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ABSTRACT

The sound absorption panels are commonly synthetic fibers synthesized from
polyethylene terephthalate or polypropylene. These polymers are petroleum-based
polymers that are non-biodegradable which causes waste disposal problems and other
environmental problems. Due to an increase in demand of sound absorbing panels, the
amount of the wastes increases and it originates issues with waste disposal. This research
aimed to study the use of polylactic acid (PLA) bioplastic and hemp as a replacement for
non-biodegradable polymers in producing sound absorption panels.

First, PLA nonwoven fabric was prepared using the melt-blown process carried
out at 250 and 260 °C with the screw speed of 10 rpm under the air pressures of 0.3 and
0.5 MPa. The die-to-collector distances were 30 and 60 cm. Then, the nonwoven fabric
properties were compared. Later, the sound absorption panels were prepared with
a three-layer sandwich construction, comprising of PLA nonwoven fabric and hemp fabric.
Finally, the relationships between the material parameters including thickness, mass per
unit area, density, morphology, air permeability, layering sequence, and sound absorption
coefficient were studied.

The research results showed that the optimal conditions for the melt-blown
process of PLA nonwoven fabric were at 260 °C under the air pressure of 0.5 MPa at the
die-to-collector distance of 60 cm. The fabric produced under the mentioned conditions
was thicker with higher mass per unit area and higher density. Moreover, it had lower air
permeability and finer fibers which was considered as a good sound absorbing material.
Sound absorbing coefficient measurement revealed that the higher mass per unit area and
the higher thickness of the fabric had a positive impact on the sound absorption efficiency.
In addition, the study of the layering sequence of PLA nonwoven fabric and hemp fabric in
a three-layer sandwich construction pointed out that more layers of PLA nonwoven fabric
indicated higher sound absorbing coefficient than more layers of hemp fabric. The
PLA/PLA/Hemp sound absorption panel showed the highest sound absorption coefficient.

Keywords: sound absorption panel, biodegradable polymer, nonwoven polylactic acid
fabric, hemp fiber
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wodwosuazwanadnigesaaslinsirinmduianigdunidazgnuvaduids
Usinanfuafueulneenleduazin wioduiimunazin auadu neldaniazuelsdn
(Aerobic) w3elildoandian” Mirfnauvemarainfidosaansldnisdaniniiuunlag
AMYNTIUN1S ASTM D-20 58 Committeeon Plastics lé’%’@ﬁy’mmzagﬂﬁmmﬁﬁmwmaﬁﬂﬁ
govaansla D-20.96 [19]
msgovaaemaiinmdunszuiunslelasladameieuluiissujisolasansda
Mé"qsuamﬁw% Fenazuvseenduauduney 120,211 lowA A15AS21867 N15kalastada
LaENINATY (é’fﬂgﬂﬁ 2.1) Usen1susn ‘W@ﬁLSJE]%QﬂLLEJﬂEi’JU@EJﬂLﬂu%ULgﬂ 9 aslulasnaiadin

a a

Tngannauiona nsanessde] usmnang aunsd uazdu 9 1Ny lelasladaasiinyui

Y

Wuszeamesvemediues uwasluiganiluguialuais nanasuasnisnedivestedlnues

'
[ 1 |

w3 wazneuswesiavateld gaving nandasinigevaaiewaiigninunldiluunasamsven
waznasulagioulslinigluigadiiondndiuiavesgaduasnand T ugnvine 1wy
arsuaulaoenlyd waziy Felasunisvuiuwindnlunssuiunsnedunesdininwasn1svinli

& oA = v Y o & v Ao & [ a
LUULLS LW@ImUﬂQﬂﬁ%U?UﬂWﬁq@VHH VDN UUALUBIRUFDIUTENITNAINTY vLﬂLLﬂ ﬂqiﬂJ@EqJJsU'EJQ

L3

a aea a 3 (Y a 6 1 a A o ¥ a v &
1A UNIYNYDYARIYNBALUDIUINA LLEWWEJ@LlIEJiB\IWUﬂWﬂﬁIﬂﬂasﬁﬁLW@WﬂﬂWEJ@L&JEJIiL"’ZﬁJULUU

9
a & a v | a s s sy A v ¢ a a6
Fudnduiles (Fu ledlnwes lawes wazueuswes) wiendwadaunsd [22]
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UV radiation \ : -
Mechnecal forces ) & = Microplastic
Microoganism

1. Fragmentation o .. . High/low molar mass

L0

Extracellular enzymes

Biodegradation Process g £ ﬂ
2 OR 2 v
§

: A5,

o . . . ”_,Q

© Mineralization PR g 1
HO . sy

L

S
@
~N

J

: I'd
Microbial Intracellular enzymes J / §
y 3Asmmﬁkn
Soluble intermediates
Oligmer/Dimer/Monomer

5UN 2.1 NSrUIUNSE0EAaNENIaTINN [23]

waafndevaaslaniediin milaesUsvinnuan [24]
1) gegaanglane®anin (Oxo-Biodegradable Plastic, OBP)
wanafinfigesaasldniadanan (OBP) ¥ainmediued wu wediefiau
(Polyethylene, PE) waz woalnsfiau (Polypropylene, PP) uasid unauiruiilisiudlans
fAudadAndidiun ndndaei OBP l#5unsynaeumumInsgiu ASTM D6954 Lilefigayiin
anunsogosanelimisTanmiaylidufis veninddsaunsninduanldlndlfnasnegnig

1691 wagsenudaseingailaindeyatiUnmenaaisisaruiuled OPA uldlilaldly

v

OBP
2) dovaagliniai (Hydro-biodegradable plastic, HBP)

(n5oL38ng189 71 “Bio-based plastics” 38 “Bioplastics” %30
“Compostable plastics”) Usgnaunlgdagainiivludndiuiigs uaglasunisnaasuniy

1M5g1U EN 13432 w38 ASTM D6400 itegenaanevnsdanmluaniizfiawdinuludensin

NNYPAFINNIIY
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2.2 waawaannuwadn (Poly(lactic acid), PLA)

noduaninuada (Poly(lactic acid), PLA) Wunedieawnasezanifin Inevialuldun
Mnnsduanginsanaain deannsondnldainninensuyuieu wu $19lne utl dena
v3adamnadu q [25] 1unedieaimesmeslunaradniigesaaslsniadann ddnenngs
desnilauadinsmenmiemeivilriusglovilumsldnuivainvats saufensldam
AudaenssuLasnITwmg nswedeunseany wdule fidu wazussadue [26,27] Tuanudy
933 PLA lp5un1sdnuszinvinvasnselned1tinaiuanenIsunisenmsuase1vesansgomsng
(28]

2.2.1 nMsduATIEh PLA

nsawanfn (2-Hydroxypropionic acid, LA) fadumiefiifudiuysznauves

PLA ilosanidulanana chiral Tegiduassduuudlewos fe n3n L- uaz D-lactic (3Ufl 2.2)
PLA flawneslololoiuns (Stereoisomers) L Poly(L-lactide) (PLLA), Poly(D-lactide) (PDLA),
and Poly(DL-lactide) (PDLLA) [29] nsauamRnaansananlanlgnsdaasnziniaail PLA Ju
wodleaineifgesanisldniadinmiliauauladuegeunn iesanlfuiainunas
myudsunazuansliiuauaunsalunsgesaaluas Anuwlwsndang wagliiluiiv nsn
wandnfinanldtiunavinvesgdunadfonsauaninwinty Ssaavheaine PLA dwufiseine
Aweslswduluualuiiu (Condensation polymerization reaction) Tun1anssAudu N3
Fupgvimaaiiazadnednadiuiiuandiaiuresnsa L- uag D-lactic nalnnsnesa PLA
Retestunisusznauveslendnlaimes (Cyclic dimen szdunasiiilodnisumunaznisiin

wodwelsiwdunieglnasenluasadisansly Poly macromolecular vuinadinfifineusiuesues

' ' [
I aa o CY

¥4 L- uaz D-lactic [30] 3U7 2.3 wandliiiunalnnisduasigives PLA fifhiminluanags

O O
\é)LOH OH
OH OH
L-(+)-Lactic acid D-(-)-Lactic acid

sUN 2.2 Tpssaamanaiives lactic acid stereoisomers: L-(+)-lactic acid 33niulue (S)-

lactic acid wag D-(=)-Lactic acid visefi3unin (R)-lactic acid [29]
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Direct

Polycondensation Oligomer

Pol d ti
Solid-State S FRIeasel -
A —
Polycondensation H,0

Melt Polycondensation
Chain Cat.,, A \H;O, Cat., 8
5 Chain
Extension Low molecular Coupling 4
/ welght Prepolymer Agents
Azeotropic
? Dehydration
Polycondensation -H,0 o
; —> > Poly (Lactic Acid
v Enzymatic vl )
Polymerization Ring Opening -H,0
LacticAcid Polymerization | Cat., A
\ -H,0

Polycondensation Depolymerization

R 2 -H,0 1
: : Cat., 8 Pr & Cat. A W
Ring Opening 4 [ 4 L -

g _— P >

Polymerization :%LAT ’iz M

=N Lactide

Low molecular
weight Prepolymer

1%

sUN 2.3 nalnnisdansient PLA nldmidnlaanaga [30]

2.2.2 AauanURved PLA
= a = | P a Y v a =
PLA vJunadlastinin gagaaiglaniedinin wazid1nulaniedinin aa

a L3 ¥ 1

figaiudrindumadeniithauladmsunedwesantlngden Talnuaudfiiisuiinediues
nldiueg1aunsvatglulaguu wu wodteidumisnniian (Polyethylene terephthalate,
PET) waw wedlafianaslse (Polyvinylchloride, PVC) lusiu insnuszansanasiildnaunumne
adleu (Polystyrene, PS), wodnseafau (Polypropylene, PP) uazozaslalulnsa-0anladu-
dln3u (Acrylonitrile-butadiene-styrene, ABS) lodatgalunisldauidaudeanisgs 8nns
& s a da < = 9 Y A o~ <
PLA 1Tuwmaslunarafniidanuudusiasazriuendags Ianwueia dauuduazainy
wlaussguiisuldiunedalaiu (Polystyrene, PS) fioaumniiies Tunisudaldndanulosndy
A o~ 9 a = Y Aa
WaWguiuna1aindus) warlingeuiun1snuanuseunsnd
a o ¢ = a 6 1 a ff = Ao

WAnAa L-PLA W@enalvdaiulvgidunefiuesiwianiidyavasumaigs
lngUszana 180°C wazdlgaumgiinisivieuaniuraaieuiieglugag 55 - 60°C L9 PLA
astianudundniiieliiinUsslomidenunimvendndugidnsagy [31] lnsaudfniluves

PLA LAASRIAISIN 2.1
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M15197 2.1 audAvialuves PLA [32]

Properties
Clarity Clear-yello
Density amorphous, kg - m™ 1250
Density 100% crystalline, kg - m™ 1490
Glass-transition temperature (Tg), °C 55-65
Melting temperature (T,,), °C 130-180
Initial decomposition temperature (Typ), °C 335
Half decomposition temperature, (Ty1/,), °C 395
Average energy of activation (Eact), kJ - mol™ 205-297
Enthalpy (AH,,),100%, J - ¢ 93
Crystallinity, % 0-40
Heat deflection temperature,”C 55-65
Tensile strength at yield, MPa 0.88
Elastic modulus, GPa 8.6
Elongation at break, % 3-30
Flexural strength, MPa 70
Flexural modulus, GPa 3.8
Impact strength Poor

2.2.3 msldauves PLA
PLA @1115080aa18lan1atanin wazdinisldausgneaninauansludiuii
nsunng saufamadu TaseSansean llasailesihdse uarimnssuiawde [33] PLA gnld
Hutagmeiineive wwdeaiuTanildunisindn uazszuumaiides wasddldidulassiils
unﬁﬂﬁ§UﬂﬁiLﬂ%mL§UImmaqLﬁ/alﬁ'aimi [33,34] PLA lgsunseudifand1tnaunnenssunis
guvisanituss (FDA, USA) dwiuldidutanibuuna esanilinuaud@dlideliiuieui
ddey 135,36] Mslumenisunmdvamedwesiiiniuananadniulgmedanm lud

HAndueIINN1stosaany nnuandn warlildunsennsialy Juduleeagnussivg
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Fulugunuusng 9 wagonalddmsunisugnaneuasudasnssudy 4 wu luuNg ANy

[
=1

Weweaidulamuaganinisly PLA waznuindunilutanun3ndnnign [33]
11514 PLA Tunisldaumaniililavusg duanuaiuisalunisdesaalsnig

a I

= = | = oA ° o v ~ ° yal
SU'Jeﬂ'TWL'WEN'E]?J'NL@EJTWT@Lu@\?‘ﬂ'}ﬂVl']iJ']"U']ﬂV]iWEJ']ﬂﬁ‘V]l!um?Ju llﬂ']{[fﬁ PLA Lu@ﬂﬂqﬂwqﬂqu‘lﬂﬂ

v '
va o a

= vada a A o I3 = Yo Aa o & o o
LLa%ilﬂmall‘UmVl@ILEJEJNIU?W?’WVW]'] L‘U‘NﬂjiﬁnﬂVlleﬂjﬁWWNﬂmaﬂJU@VN‘ViﬂJﬂVl‘U']Lﬂua']ﬁﬁUﬂ'ﬁ

9 9

199U WAAMUMAINMAEYRINISEY PLA Huvinlinediwasinelnanaatlaninduselovulunis

Y

THuduannlaenisusuvdsulassasamenieninuaziaiednsineg q fadunauiain

Chirality ¥aansauanin luanandaudeauunsaesganiloglusiiuununnaneiug suuuy
[37]

174 .
2.3 duly (Fiber)
2.3.1 anunueueaduly [38]
wule (Fiber) vianedia Jaguiaansle o Neinanessuyf wasuywdasnagu Nl
gnTdIEmINANEIsLd R LALgNaILYIAUYEeNINNIT 100 @unsadughduiile uay
v & I3 S & A Y a | 1 a vy
doilussiuseneuidnignlulassasisdmeliauisosengesludenalasn
2.3.2 Usznnvesidule
2.3.2.1 @ulyannsssueis [39]
¥ a & £ { =~ A [ £ ] v [
Wulpsssumadudulonuudodomiadudusnituuiendiu paneiu
Wulnuwazanunsedududule de wiadenls awnsaltidudiudsznavvesianuanls was
annsandeutdunduiieriwdndue Wy nszmusednvan w@uleiuiansssuvfdiulng
1 I | [ i Iy ¢ W ' [ I k% a v PN
wiseanluanuunasnan toud & dn wazuisn wazdniludulesssunadauandugun 2.4
wdulosssuvnAuneida wu duleny laaiaindauaie o esiiadn wazlauiainsssusaly
sULvudnsagy Feusenaumeidulalusiu wu vuwnzuaylvu dulowaglaa wu daihe alu

warleruwns
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Silk qSeed hairI ! Bast Fibers I ! Hard Fibers I ' Asbestos I
|

Agave

Banana
Bromelia
coCcos

sUN 2.4 Nunvendulesssuyid [39]

2.3.2.2 duledansiesi [40]

1% [ ¢ & 1 a & v :g = a I [ 1 = =
wuleduesendudulsnuyudasituy FRadudndinussuiunimils
v v & 1 & a a a s o ¢ PN
voanstiduleviavun Usenausiglianavuininiitinainnediuesduaset a1susenaud
afadulawarilliunnningiu wu arswednnllesideuvsetlnsad nszuiunsnedwels
wiuarasuingaumaniiluiussinindenesnonvesrsveudetasneuileginiu idule

fuanzinuanaeiutuinnasUsznaunaaiivasyiln
Wuleduasizvinunslidaulumalulagidulowazdme dulodunsiziv
d1Agy town luaou (Nylon) wedteaLnes (Polyester) azA3aA (Acrylic) wazwodlotailu
(Polyolefin) Feanduuseanu 98 wWesiudlasuSunanswanduledunsisd musuingeu

v a

60 Wesidudgnasludmedioanesifissngraie dulemarildmlvgldsunisseniuindu

= 1

NANAUNNIINITANTIALUAT

q

6

2323 duleAaduasieit [40]
Fulefsduasvhuranduleiinnd unusssurid dulefinguny
s3sUMRLFRsUNTEUIUNIIaAl FaRstestunsfiuie nsuentes wazaintuadis
Lﬁulaﬁiiwmaﬁdjyu‘lmﬂmiﬂéﬁ%aq‘laa Lezjagiaaﬁ‘]umiﬂizﬂ@u@um’%éﬁwumﬂuﬁﬁn AOULINENA

~ s Y o4 & Y] A o v
NNY dEaYUN LLaQ{jULﬂULaUIEJLW@VI']N']
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2.4 Fuleiyys (Hemp Fiber)

v

fitywd (Hemp) w3efiisundn anavnssuiyys Faduiialunsena Cannabaceae 1

o

Ugniiteldidulefildnnadunsewdafianiuls aruduawieiiuauunneeszning fys

I~ v A

(Hemp), Ay (Cannabis) wag Agyw1 (Marijuana) 9@ 4387 41310 @18WUS LA YIA UA
Cannabis Sativa @wangiug Cannabis Indica tuduaneiiugiignugniidude niuiliieunn

a

aeusvesymildmamsumeduaneiusuanves India uay Sativa Sevaanudufiadiag
lupsgnaiediu naudmaeiusivanlaaeiuglvi 9 8nuinune Iag Hemp wag Marijuana
Duaneiugiduidouuarddnuniianlufivnszna Cannabis ki ndnsusiisauaed
Tetrahydrocannabinol (THC) daifuansusenouiiadisnanadauszamlunyud wifgyyad

v v

THC Wesdntsadlaeuiuian [41]

o

2.4.1 SNYULUDINYY
Y 2 A v A4 A oa o ¥ o gy Y A
aunyviluivauanetgdu dnduvey aruseildnuwaenade eniundaiu
Uanouaglau Tuusgneunuuiiaie (Palmately compound leaf) Laznondlvuiatanding o
Wl AU 2.5 aenldiiliudnazasianszaniianvasuateniuuunasinedionieiy

a va a < A A ]
LNELE @aﬂlﬂmma@agaaﬂLﬁ%LUUﬂig"\!ﬂﬁaqﬁJLL?JUQG\']@J@%M?@W‘?ILW?WJ

Ul 2.5 dnwazvesiaa [41]
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2.4.2 anURvongys [42]

Gilofywaiinnuenind whusand gaduldind nuselsnsiidng wandu
awldAnindulethe dlefyuiiandusia Wuliufugeiifiduleliisssund fugimue
wianilfidnuniaauaiRTluadsedety widulefifirmdumunssiegs mreidnauas
Arusfumgaiiuiifyadmienisi Gandnefuiatueidnddauasdulsasgnidnlaiind
Wuddiu Fyvelianuvetu wds wagldaunsanenlivnlalagliidusunsienadule

A Y] | Y] - | v i & v A aqy =
Lu@qzﬂqﬂﬂmﬂﬂlﬂaqmqiﬂﬂﬂﬂaLLaSEJWViEJ'UIW QQIN&WNW?OW@LTJUNWLU@@II@ UUINAINUNUNTY

£% (%
a a =< v v A v

wagldlunswdsndouaznsy 8nvs AgusdussdansamuindulunisUanusidsansililoand

<) [ a 4 a v [ 1 ¥ v Y = = a a v
LU UDUATIHUDINIGDINAE ﬁiiiﬂi’mm@ﬂLﬁlﬂﬂﬂiU?N?DEJI‘M@W’UUﬁEJE]@JiLLE]ﬂV]W AR Llavdyad

v U

[y

Murau UsenounuamuaINIsavesislun1snsessidsansthiloanlandy nueauan
Jan iy waliuunliunaggnanadeunitdde
2.4.3 mMsluveigys [42]

(%

dulswazidudiedyvaneruneidudignin Wen nszaeu wazkiluiui

<
(%

dnsuauniln Tudad duledyysdunlddmsunisesnuuuniglulaziaiasusisniy Agyvaly
Tunsy uan dequlvg weu Wawes wasiauny

2

Ui danueaINgInI3 N dnsun1NeNsL Nsugan 1AswRlazay
Hranssuau o wuindinslitn 3 $u 6 $u waz 12 u lunnsved Sndinie wiolasis Al
auudauseniinatusasdiulovensuan dafu Sumnzegddniunisiindes Wen ae
wida wu 1nlu aneselesszens d1Aguse av dywewsninandwinglddwsvaessle

a < %
Y819 Urdan Wunu

v 1 1
2.5 dlyidnline (Nonwoven)
Aliidnline (Nonwoven) Wudanadiediivihunanduledu wasidulesns (@
favied) Ussanudimeiulagriunssudsmaadl nena auseu viedwinagaty dnludnly
[ o i a a ~ =< Y 1 Y o = M v )
nedumildlugnamnssunisndndmeiionanadian 1w ddnvain ddlildve (Woven) #3e

& (Knitted) [43] Taelassainalusime ($1e) wagihlidnlame (@27) wansdsguil 2.6
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gih‘/’i 2.6 lassasslunve (@) wavdlddnlive (¥11) [43]

Pofvesinludnluve As Anuwsilunsndndidugaing JunounisnssuLdusig
vaiuagnudneenty waznsndndesanunsariilaisindisnismily ldiiesussnsinisndnay
&£ i J & 9 wa £ JLav o J o A =
490U winszurumstiidukuunludfuindu Feldussnudeenitssuumsdnusonisnen
iuaidulng [43]
2.5.1 Tupeunsuaadilidntive

25.1.1 n13PuUwHY (Web formation) gnasiafulaeiidiulseneuasdls

(% d

NIDANUDR N152196U0 06 warn1sIalaseas1svedulsluianisessuilidnsSnasg19u1nme

q
(% (%

AoautRvamdndusitugaring n1sTusuiluunuwdseanidu 3 d@ww laun Dry laid, Wet laid
wag Spun bonded wafla Dry laid Wwtisideslagnssnunszuaunisdunuunaly Tuvued

Wet laid WutignUa3iugnainnssunisiinsea wiag Spun bonded tAetadlaensaiunis

[
U =

snfugunedimesiualuiues [43]

- Dry laid #io Wweluladifefugnamnssudme lunszuaunisil
Gl @seusnanunsoivdsuniadldiaus 10 89 500 pm) aggnansuumeniudnieaie
adatureadule fguit 27 mmiuiiluinduddelaensaadulelidosndussdoud
\S8n71 Carding Process wagnsiasyuuay (Air laid) Wunisudnusiudulelaeldnssuaandu
fmduloasgaeniudndes ulefialudnuasiinsidnvunduiou (msviudounes
wiuaziden) saudulaenisUnaleaidudn (Needle punching) Asdndaeduni (Hydro

entanglement) #3BLILANTZUIUNITNIALUTOU (Thermal process) [44]
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Ul 2.7 nszvaumsuaninludnlaimenuy Dry-laid [45]

- Wet process Ai® #8NN159ZARYAUNINERANTEATY AIULANAI

1 s D o saa 9 Yy o | = - S o
sgnUSnanduleduameinegludliinlivewuuiden asazangllearsveniuazidulugn
TNRUUEEN LA LGBITRGOUT Fudazgnszungeanuavidulenodulundy uiunldazgnuen

Wreeniiadulagn1InasEnIgnnawas il n1siafeumisansdanizdnagsiueyly

al

JURDUNAIVDINTZUIUNNST [45] f95UN 2.8

Y

Uil 2.8 nszvrumsnaninlidnlsineuuy Wet-laid [45]

4

a

- Spun bonded A Lianedwasgndanasmidudulenuiade

duleenmaasgndaneufisvlsedasuuaenudndssdunduinfadaue Tneduledn
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Anuldmeauiou Aegui 2.9 nssurunistidmalilainlddnliveniianuwluseinvuile

Wiguiunan9 (Carding) Lllosannnseoudiveadule [45]

Ul 2.9 nsvvrumsnaninlidnlsvenuy Spun bonded [45]

]
=3

Fei19nIsnil i AR 1wAUAT Spun bonded Ao 35 Meltblown
Sudumn1sonsanedwesnianunideii Wulonevaduduledu q Tnonszuaausound
AaSgemnasuuaenuEfeainduuEuiiug 4 dewdaaiu Fallauiiuniunsefien

wazdanuudusadosninviindu [45] fAsgun 2.10

Primary air

l—i Die-side of wet
L Collector-side

Primary air
v & of web

Die-to-collector

Distance (DCD)

Ul 2.10 nsvvrumssandnlidnlaimeuuy Melt-blown [46]

2.5.1.2 msdadaduleluuny (Bonding process) Wudunaundsainnisii
Tiduuiu fs msdansaduleluwinlimeduiefinanuuduse @uegiunalnnisBaiasiig
7) Nsiden3snisaswiudtuTued fupmaudinisinundnduduegwds wudesiu

Usznnvandulenld Inowuady 3 Uszuan lawn
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- FEmsendafnniuAuTou (Thermal bonding) 35uUldRuaus
waslunarainvesduleduasieiunsiaiiioasaiusenelanismvauanuiou Tuuensd
1 ¥ ) < v (B 3 A v o = Y I3
Wulouiduasesiansaldls wivesasiduluazaredmieduloassesdadsenaugn
dniglutunauni syl dunsiuiiorimifignialuniendslunssuiuns [45]
- Wnswendafan1aual (Chemical bonding) e n1slaansinfni
& ) v = g v S & | Py ' ' a '
Jwvesvaniuuwiud ansganieiltunludinysenauldivegisunsvaleuinian use1any
A1 WY warluunensaienanuaIsazatgsvinaranedunse
- BNFeNdafnngnszUINAIINIeNE (Mechanical bonding) 1Uu
ATLESUANULT LTIV LN UENNLAATUAINAISEEAAS NI dWTeTud unauIaInnI Wiy
NaNeAMURaEUly I5NseudaRnmenszUIUNTNNINaTanIUssnnan Tawn
N31918A8Ld3 (Needle punching) Fuiduidufieonuuuniiu
MAvazgnudnuazfuwiudieiudule nswizmeduausaldlatudulennussian
A Y] =3 | v v ~ = ) ~
wikllaanndnuaizvainssuIumsisldannsaliidulenasiBunuin dagui 2.11
Spunlace (138711387131 Hydroentanglement) Tagialuuaiazley
Hydroentanglement fuusuiwuuLlenvsaluuwisniilaensatsuagliidnuinssiugdn

= A o v v o = RN ] < Y
a%L@EJ@LWEJ‘V]']I‘WLE?UIEJ‘U?%EV]U?]U "?NLLi\?ﬂuu']WISUNNaiﬂi]@ﬁﬂ@]@ﬂ']"lllLL%QLL?QGU@QLLNUNW [45]

Needle board with Needles Stripper Plate

Delivery

UM 2.11 nszuaumsnasdnliddnlanauwuu Needle punched [47]
2.5.1.3 M3anuas (Finishing process) 1utumneuanyng lnganunsausuus

viseusulmdniuauanifangld Seaduldnwuunaln (Msda msies maviligu va)

wsansldansiall ieriudnuazuarAnauURfawliiui [45]
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2.6 nszUIUNISULABNRUUNL (Melt jet spinning) [48]

F3nsudmduleunly feo nszuruiideniinszuiunistunasuuuuny (Melt jet
spinning) TA&LA3 84 SR-Runder bambi (Cotton candy) ﬁ'ﬂgﬂﬁ' 2.12 danuazdugIuine,
adeudd nszurumstiuvasunuunuy liunmsiandmiunsnandulowodimesluug
lulpsiuasuazunluuns lngwedwesgnvasuazateriunishinuseulunsyuansnsnuas
MIyuTesang ntunedweiuasukuidnuuindnudraiadulelae audouignithesn
Mndadoussiuenaiiinuiige ddmatenstugiidulowssiduinuguinarsondu
leagneuin aglddasldussdulnigmSodunudiinazatvas lindndusilulssuings

11AN1 50 nSusie 10 w1l Bnvie anuanndaguarianwuriawilvinsnaufndtansuni

—
Nozzle & &
Hot — El
niroutleﬁ}o . L E
— o
- @ . O
Gj(;"“mr { e j‘_"‘mr\\\ﬁ\ﬁ“_%\'
Hot Al
air inlet EEzgs ®
Control
temperature @
3 Control
air pressure

SCIew

SUAl 213 nszvaunstiuvassuuuny [48)
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%

2.7 Yaaaduides

v . = (% a (Y] a [y A
N139ATULEES (Sound Absorption) vneils MsInUInunwaeUignTusenaNAaY

' '
a o d

Heudleaduniuaunuivesianinuun JUN 2.14 wanausingnisalasyiou ganau was

9 Y

[ '
v v A a [y ] =

deinudssvesing Weriudssdudanuiiuiivesdan drunilaweinduazasyioundu diumnds

nzarukardnmaegnaadulagianies lun1sgeaduidesvesianaviindulagnsidey

o [y

adudedliluniuiow migadudesdudsdndudmsvaniuiudes Tannfianusumniu

v ¥ LY A [ LY LY = Aaa
aﬂwaﬁ%QWWZﬂaﬂUﬂU@WﬂWﬂﬂ@UUUQﬁQfH&ﬁSQWﬂWQW[49]

H;umm: nu ’

B3k
ARUATH U

=
S

- “
AluUdENoud

tﬁuqiqn

a
Annau
v

JUN 2.14 Usingnisalasview aandu uazdwudeswesing [50]

(%

Wesndanezaain/uHugaduidsaudazydniiy 919NERNTAATNILANAAY WaY

9 Y Y
Fanusazaiafidanuauisatunisgaduidefinieiu dedu nsiiaensuladn Yanuialad
AauURlunmsgaduidsaiiounlutynidesisudewmerioulduniaady $dwineg Aassly
\eusenaun1siiasan aadeluil

- nIgeduides runedle Msnleldsauntwnnsenuiuan ladanvile uaiae

funsdungnaeaduliluian uazdiuniviesvgnazvieussnll Judeanasvioussnluazd

¥
U LY U o = & LY

nasuvsessuniuaiiiadesane deiu Janaeduideins Juduianigaduidesan

Y

) %

wiasndaenbiiudieslaunn wasidendnudsaasviousonluiosiign

=

- SAC %38 Sound Absorption Coefficient 11884 dndiuveanaadesiignan

[y o

FulUllonsenuivianaaduidss suiundenudeinuvaaniie endiegrau vinian
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gilaniaian SAC Wi 0.80 Aivuneaudn Janrlatuasgadundsudeld 80% Weflides

UINTENU Azl 20% Mndegnasyviauseniy

1Y

- A1 SAC asuUsdulUmuanudvendusiiy Jeinligninfivateninud taun

o o

125, 250, 500, 1,000, 2,000 uag 4,000 Hz fatu lunsiieniangaduidss d1mnia1saiien
SAC AADANTUNNUAEAIAIND InegArudiedlild sieluiiinase desiavn

v & | a o a a o X a ! E v
ﬂ53WU1UW@ﬂuu galUUINNITAIAITMUALAYD NIU 1Uﬂ75W‘075m'}ﬂ7 SAC ‘Vﬁ@ﬂ']ﬂ']s@@l“ﬁ‘ULaEN

[
0

a A a o

Uy GadlAnunngd
- #1 NRC %30 Noise Reduction Coefficient visngfis Arfivsuandslunisgadu
deosweadan lne NRC anidudnadenss SAC Fegninfimnudidedduszausing « laun 250,

500, 1,000, 2,000 Hz wagdaimlyioe 0.05

' [ Y7
v A v

- aniazelainluianaaduides msazdan NRC og#l 0.40 Ul visil Yol

Y

AL LU AN ALENANULANFA1IVDIAT NRC Aisinaiuwiies 0.05 19 andlag1aiu asnaanty

[y |

Janfile NRC 0.70 U 0.75 yvaustazueniiesndn Jaans 2 dugeduidesladneiu loy
M3 2.2 Insdunviiavesiantasiudssainmduyseavsnisanasvaades (NRC)

- lunsdendaniiounlatgymidesie ideagyiouly 51a1unso R b

91nA1 SAC Uag NRC windeign Ae n1399eA1 NRC vaadansng q laemisifeniisausseeu

9 U

1%
o U

0.0 Yuld Wiall dwmsuaauiindrulvg azidenfiansanianaina NRC wuiu wadimnidu

a0

Acoustician ¥3BEl¥EIVYMUANENSITBUAS AEiRNTINTUTANTA1 SAC [51]

q
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M3 2.2 MsTunviinvesiagdesiuidesanedulssdnsnisanasveudss (Noise
Reduction Coefficient, NRC) [52]

UszdnSnimnisganauides NRC Tanuiiaging
a a a U a
fUsgavsANNTRATULde g 1.0
0.9 Tanlasuniseenwuuiivaylid
0.8 ANNANTALUNTAATULF TG
0.7
0.6
ARRERTERI TGP RFGTRVER
0.5 W alueslssyy
U
A3EaN
WYL
= a a o = 04 dy A Ao
fUsgansnInNIseRd UL NUAUS U
U1unand 0.3 ilsnainglivselans
NIUAUIUUNUADUNIA
v a 02 v dg_; ¥ AN < 4:1' =) q.'/
ALVIoULAES wWdldvsamanilutinuie
R\ o
WS nnn
0.1 fulsl
UV

MiaNIEan veuntneall
0 Yulananes wiuguduuese
ABUNINRNUSEU DgLARDUE udau

N52LUBIMND BUN

2.7.1 Yssnnvesiangaduides
1. JangeduidsUssinnaaiusy (Membrane Absorber) w3afiiondn unamie
fgatuuvulaezunsy TdauauTRidosazvisuvesuumusuiiogaduidsslutisanuiuay
Usznousedulelisanazusulidnseu muriatanudmieauds wu wanafn Wofindsuy

NI UBALAUAIETBIINNDINALAY bHIFTEUATITIDULAYNANAAULELS TUNSAIY LdUleazsan
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[
a v

Widensdendludne nssuiumsnmuaddamaliinisgadundsnudes seuuslowuuding
ANNEAvEUTRIDINALATINATaRdUlY Al NsgaduIninTuinnudislowuudwed (53]

2. Yanpaduidesssinnilulngy/ ¥ea (Resonator or Cavity Absorber) tJu

Ao

Fanianvasdutos/Inssivunauandsiulunis vielassasavesing lnetanussunniiasd
Usgansnmlunsgaduidesniinnudininia 1,000 Hz lngagaiunsagaduideslaasanlugig
AIUD 100-300 Hz wazUszdniainazanaaiendnudgeluy [54] wanindnisnauiangady

Aearindu wu lowi vielediu adluluresinenisly Soundbox Aagvinlsilmnuaiuisaly

4

v o | oA &
nsaeduldeslutiemuanninedu [55]

1Y o 1Y

3. Janaeduidessziandule (Fiber) vioTaniiigngu (Porous or Dissipative

Absorber) Tngyiald Tawn weu ﬂizL‘ﬁmaz@aaﬂ Irluezaain (wadidn) s vieuds dihe

'
a

] | % v & v o= & o A ] = a &
LLASYULLT LUU Lﬁlﬂﬁ]LLﬂ? Wuny SZNLﬂu’Ja(ﬂmllﬂ']ﬁLLWiﬂig"\ﬂﬁlsUaﬂLﬁENLﬂG]GUUﬂ’]EJIu3W3UVI
L%@Nﬁi@ﬁ\? UUIUéJﬂUﬂJ ﬁWaﬂ']ﬂﬂ'J']@JMu@LLa”ﬂ'J"INﬁ@UV]{LWLﬂﬂﬂ'ﬁaaqﬂG]'JGUEN‘V\IaQQ'WULaEJQ 2]

@m%uﬁﬁgmuﬁﬁu@&hqLLWs"wawaiuﬂws%’ﬂmﬁmmé’wulﬁm IuwﬁfﬂmﬂLLazamWLLmé’amﬁﬁ

i’aqwqu fio \odewnnasnuuutanivani ImLaqama@mmmzLﬁmmiﬁué‘hmﬂuﬂiaa’iwuaq

[y

Fangu loedaudveinsdusiniuaudveLdsinnnieny N1sdumvedluanaveseInie

a [

Hagyiliiinnsagidendeu ewinnisideaniu uagai1umile (Frictional and Viscous

Loss) Ineildnwaznisgadenasuaiansiunmi 2.15 [57]

OO§~ (®)
O

o@'og
o

ooy

£o%
%Q X
O’Q 'Eo@’o

a) Viscous losses in b) Mechanical friction

air cavities losses caused by
fibres rubbing

?@é

5..._.

———— ——— —— — ——

sUN 2.15 uansnalnnisaaiemvesnasnudsaiiosainanuviaiasisadenniu [57]
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2.8 wpsaslionazwmaialun1sinsizi
2.8.1 Lﬂ'%'awmaaummissuﬁﬂwﬂwa (Melt Flow Index, MFI) [58]
msmaaué’mwmﬂmmaaLﬁmwmaaﬂL{’Iumimmaauamamﬁ’amﬂmaﬁwaq

NAFRNLNAITININ Thermoplastics MUNINTFIW DIN 53735 (MFI, Melt Flow Index) ASTM

2 o

D1238 wag 1SO 1133 (MFR, Melt Flow Rate) n1snaaauilazaatafiunis Extrusion A wu
nsvaeumaINaaAntunszuennaaeu (Cylinder) Aggumgiidmun uailddmdnnaniy
ANl uiunaasuuLriang (Piston) lagliuvianansgviviunanainivaineglunsyuen

negaunaainvalnaz lmanuagleenu ndIntuit watannilvasenuilutaiiniin

= a 1

Weuduan 10 Uil 1sfazlaaives MFI vasnatadin deiinuiedu n$u/10 wii Melt flow

U 3

. ) wad o I ! a v oa Y a I (J
index WuaaaudnIndusenisuds Jagtuiimsldtanduasieiussinnnaradndudium

q

1N M AAelssuREGs (Produce) WUs3U (Process) waginduanly (Recycle) Yoenansious

wanaRnunTuduiy Ysinagydevemataintunisnanluudaz Junfunnauiy yadives

< o

nsaayde wieunauluanudemedudingAvauiaesesinslulsu wswaniaiunn

%4

nskinsuRaNRNgnAes visomumMINzaNYIRuaNTRveINaIEaRn I HERTId0esing

Y

asrapuAnAIMTesingiu A1ty 1 Jusisedddwarafnduingivlunsndnfidunatafnusy

a =2 & i a

U9 £98 wardu 9 widngAudife Wanaafnilnnaudhlinsauieiesdnsldndald ns

9

a a &

geyidenaziinnae 1319 0eEeRU MseTadlanatafna 1y uaze1IUNIEAUEEY B
v & o - =] a Ay 2 a a9 1w - o -
AowmeaLATosdnsieseLlinnatafnlmivzenndanarainiildiinluluesesdns e Extruder
inlmasesdnsidenigldnishilisemenniesdns iedouusy 319518la AuyuNISRENTIY
UIANY UAdIBLATBINAgaUNIATiinIsaaulua (Melt flow indexer) AMLEEIING 1IN IS
Y & 4 A va (Y a °
dufisgdesas nionualy MR ITunIsneaaeunuantfnisinadiveanataininaidinan
Thermoplastics #1u11%357U DIN 53735 (MFI, Melt flow index) ASTM D1238 uag ISO 1133

i Ly

(MFR, Melt flow rate) m'ﬁmaauﬁwﬂmaﬂums Extrusion a8 tJunisuasumaInanaminly
nszuannAaau (Cylinder) ﬁwqquﬁﬁﬁmum wdaldhainnanuenTisunusunaacuy
W9 nA (Piston) IQEJWLWNﬂﬂﬂszﬁwﬁuwmaﬁﬂmmﬁagﬂumwaﬂmaau naaRnaNY
Tnashumedesnun wdsantuftmanainiilvasnunludsiwindsuiunat 10 wift 1597
axldAves MF 903 wanadn Jsfivthedu ndu /10 wifl wemageumsnsinisinauenain
Timasarnmsinavomaafnudaddfifunszuaunsmedenlunisuenaniminvesluana

youfianarain (Molecular weight)ls didinwanafniinaaaum Melt flow rate fiAngsiuans
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37 diawanafin Molecular weight #1 wazaaiiientu Melt flow rate Fauanisrinuanuise
Tunsvaeulnavesiannieldussiume

2.8.1 MInAasudnwuedugIuINeInlendesgansatwuultuas (Optical
microscope , OM) [59]

Optical microscope #® ﬂﬁamamiﬂﬁl,wul%mgﬂLLUUMﬁqﬁWLLmLﬂuﬁuﬁﬁw
Tumsiliueadiunm lnowasazisiussuuiauding 4 uazlinsdedluiiingrouiuasazdes
nuirganens denasiiegaeluszuuiiasyiounduiinganemimagiliisuiiunmldleg
NSUDINIULEUE Eyepiece

2.8.1 ndnmsvihen : 1undesganssmiuvulduasguuvuviailduaadusm
Paglunsilviesiiunim Inonasaslwiiuszuuiaudsing q wazinmsdedluitingieuiuasas
dossinudnganenia Jauasiiegmeluszuuiiagiiounduidnganenisagiliisudiunm s
IngN1TUBINIULAUd Eyepiece

2.8.2 msUszgndldau : WadnwurAuimesiunuluguuuvassdalag
AT MUANRIVYIEANLAINABINTLA

2.8.3 dnuagfiegeiiviniamaaey | Surudvuiadnnediaynsasuuuiu
19Tng Lol Tneduauasniunssesie (Grinding), N159AL31 (Polishing) kagn1sAnnsou
(Etching)

2.8.4 @UTENOUAN 7 TBINADIRANTIAL

1) §1u (Base) iwiindl Sutmdnvisnunuesndosqanssmidsusng
AvdAsuiornay fignuagiiludwiudadaluin

2) wyu (Arm) Wudwadindes uazgrulideduldidui duan
\ndoughendesgansed

Ly N o

3) @1naed (Body tube) udiufiegdeniiedu danvauzilurienads

Uaneiuuuiiiaudlndmaiusgduuy dnaunisdiyavesaudlnging Jefinegiuarumyudn
1360791 Revolving nosepiece
1 [} . [~ 1 ) [ & @ 1 ~
4) uviudneing (Specimen stage) LJuwviudmivinealas daeg1em
v = v < = N ] Y o ! ! v oo =i
aeensdne danvasidunvudmdsunsainardsivauasainvaenlndeswirulgaingn
AoINIAn® winingianunsaideuduiouasia
5) fndlualas (Stage clip) aguuwiuneingdl 1 a lddwsunilvaladl

AANULYNLINGIRG
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6) Yuusunmueu (Coarse adjustment) Wuduvuialng T4luns
YSumsseenn

7) Yuviunmazden (Fine adjustment) Wuduvuiaidn imiily
nsusun RN

8) taudlnding (Objective lens) utaudvansniwiioglnding &
Maavengseiy ndewsazduzd 3 aud fe

- iudlndianidsvenss (Lower power) Maswens 4X uag 10X

- audlndingiaarenead (High power) 40X

- Llaudlnataawuy Oil Immersion YUY 100X AMWALRAINLAUE LNA

q

[y

[d a o [
NNALLUUITIINAU

q

9) audlnam (Ocular lens 38 Eyepiece lens) vutinfivengnndla
Yo vl 1 a v I = LY [y
Pnaudlnaingidvualngau amildasdunimaiiowiingu

10) 91umu (Revolving nosepiece) lmiu iWedssnisivisuidaveny

Yo

Yoaudlnding

[

11) taudsinuas (Condenser) azag aulavesuniuineing viwiin

'
v v =l

ALY WindaluTinaidain1sAne

9

12) nsganien (Mirror) utinflagiieuiadainsssuwd wiennuasaln
meluiedlidesiuing
13) lo3a lnezunsy (ris diaphragm) agllaudsiuuas viutdiviu
Usinauasliingiaudluuinaidesnis
2.8.2 NSVAABUNSIARIUUBI81NA (Air Permeability) [60]

AFNIaasUlAToUARNNITINANIUYDI8INIA ~ BRIINTINaVDI8INTALY

(%
a o

WUIRRINENUUS NI IUNE LR AMLANA19YBIANNA UBIN AN ATRUATE NIV LRI 98D

Y a L2

Y0333 - vawdme uagldlanuddiulugsaudsione | dgeauisde, dviy, #du, ddn,

4

Andudy wavdlng fre1aliniunsusvanin dvuialugunn dnsiedeu indeualewsdu
w3an1UN1sUSUan A3 U lnevllasianadunuly Sy am® /s/cm? waznuleiia-
Uous 1Ju f® /min/ft?

'
[ a [y a

nsbnanuvesemadutladeddglulss@niamuesiandane 1wy danses

fing drdmsugeaniisde el andneduegs suydn luse Wiy wazieiosgadu uonaInds

AU LY DLANINITIZUIEDINAVDIENNNUSDANMDINALaz U UlADNee Tadeaiunis
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roafauazmaliansnnussannsadmasionslvariureseinia TasvilmhAnnsuasuuas
Tuausmvssdunenisivavesenmeinugh dfiifuiomstuiiaesiuainsolrariures
1A uansnstulddueg fuiianisvasnisinaveseinia dmiudme nsdnduded
Arwdduiy Wedafindu duiugudnasweadudnsuarilade insounquazanas Asll
wfumslvaruresena nistafmesdudnefifistuorailiduieftaumuuugsd
Snwunurnaumnfuansasudrdetululasaiainess \uumnmieumsivariy
YaseInATianas

ndnnsusnnananyesiigniadiiuinissmaaeu uagsonsly
wdnsnaru ussiuauiaindu sstuiidiunisvesin nssuaauasinduandiudreiiiuseiy
auguhuinlumsuiiiusafuaush andasnisivaveseniatasfmunauansalunis
InaruvetoInN1Avewrn

283 ﬂﬂiﬁ@ﬁ@ﬂé’ﬂﬂiz?ﬁﬂéﬂﬁﬁ@ﬂ%’uL?im (Sound absorption coefficient) [61]

L2 = =

AanIalunsganduldesvesiagaandudssuanla sy mduUsedns

(% [ a

n13aAduLdes (Absorption Coefficient, Q) DU U UNS 1B Bei A nnsEnURUNS 191
Feafignganduvesiantiu uazarduuszdninisandes (Noise Reduction Coefficient, NRC)
Huaedsiavadnvesindilszanimagaduidssiinaud 250 , 500, 1000 uag 2000 Hz M3
Wiguiiguanuanunsaluniseaduidesvesianyiasiie q agldA NRC lumsiSeuiieu n1s
medulsrdvinisgandudsadiotiludnmedulssdvinisandswosnddoiorld 33
aoslulasinu oldAduussansmagaduidssudinhlumadulszavsnsandesosian

AT UNaUNN WS IULNBUNY

a v d' d' v
2.9 9MUYNLNYAVDY

Prathiba Devi [62] ¥N13ANYIHAYEINTITITABINIINEAMABAMENTRNTaAEYS
299NN LUNBN YN NEALRALM DS haLLEUlENDALFMDS LUUNAUDATIAIUNRNAY 3

a

WUU 71 82 GSM uag 52 GSM nandaewaia Spunlace wuin Anlddnlamedisl Gsm gendn 4
AN dswalvinislariureseiniadesas uasanstauseuiigaiu uenand
flsidnlaineindnse 52 GSM Tdnmnsivariuvesornedia uifldinisihanufeutiosni
MnNNIeFpufoEwavLaTiszssAuTuusey 3 seee WATEER 6 Fu nud Weduves
fuarszovviaiindu fogafinisgaduidsanniu nanie dwalinisdemidsanisuen

o

anad 1eea1999nNU GSM WU ABg NNLEREIUNDALFADSWALLE Ul ENDALDALADSWUUNAIN
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windu (50 : 50) Simsgaduideagean wazfetsiinanseidulonedioanes 100% finsga
Fuidsssan uennnddmuindmuduiuslaenssseniahnindemaaunstunsandes
Tuiueafeniu fegiinansmeodulonasifivesidudguisnsnsgeduidesligeian (e
Weuiudulenadioanes 100%

Tao Yang wagany [63] AnwiUszdniamdesvesdnlidnlineangla (Struto

= IS

nonwovens) kagN1ITUNIUYBIRINIAVRINT Han1sAnwInuId 1 lddnluneanylad

ANAINTAIUNTAATUTIATIDI9AUA 3000-6400 18504 Tuvaueliifiussanganiiaduden

[

n91 3000 Bsnd Snvisinlaidnlaineanslaiid GSM uagauvUNYesingeliusEANEA Ay
Fosfifdunazn1sfusinureseiniadii esandidulegydennuminuagndanufess
nsgelulusUuuuremdsnuaudouinndy dunenuindudadunniuiunsukiuees
91 IneiidudsyAnsanduius (Correlation coefficient) 0.95 asuldin1sdusiiuvasorni
annsaldifunasinginssunsgaduidsswesilisnlineansln uasnsBusinuveserniedion
niwandliiiudsransnimnisgaduidesiaty

Zengxiao Cai uaganiy [64] AnwiAnauTAniudsavesianauiuiddivuigiald
(Polyester (PET) way Cotton/Polyester (CEL/PET)) ANYIHATBIAUMULU YOI LT AN

v sinveuduly wavidunugudnaiwesdulesedrdulszansnisgadudes iiendnriil

& a

dnlainorudnd (Wool nonwoven materials, WNM) a1rnduleaeiatasiduloaudmnivsans

q

Ingld38n1sUndaeidu (Needle punching) wudn iduruaudnatsveaduly ﬁuﬁmaﬁaqiﬁ
fnlaive Tnssadanuumanedy anumun wazanavmuduvesiudiunundwolunuauds
nagaduides uonaIndl WAM findntudediaanunuidnaiu (egszming 18 8 29 ua) wow
AravuLuTesiiudl (audt 460 fs 790 GSM) wansliifulsIngnsain1sgaduIdeiifiden

Turreanuddesnuasundasiy

= 1%

Ching Wen Lou wagmug [65] Anwdildinlainenedlnsiauwasnedioanassluida

i
a a =

4{' a < a (| A & s ! £ 5 1 a
endndunsulndngaduidesaniiussdnsnin ddunssuiunistusUiududlddnlivened

Insidugnuasuduumindisdu uasdudiunefieamasiduarsduanlunonlnds a1

a =

duuszansmisgaduides wud Jageeslndnndsniuiiussansamlunsaaduaauidssninud

Y 9

galspgafien Ineneinanudaindt 2000 1B3ad 1o nAeulndnusenoumiensdn 1Ay
Fudu wazdulovesinlidnlinenedieawmeindtliazaty egnslsinu Usz@nsnmnisgadu
= a o a a o % a !

deavesnaulndniiadunuunanawazanudiainsausullalagmsiiiuanumvun udag

anasluvaziaurIwiuYeRellndn NIy waznanLiiuliGesreUssansamnsgadu
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|
o =

= a & wu o o au & Yy v 1w o a A
deswasnedlndniudldnunandaaumnninluandded Faannsldilddnlinesludalie
Hanpeulndnaaduidusi ansoanlyveadeaindmeunasdagigliiminensnauanld
Inllseeasiusgdnsamunniu

= U =

Zainulabidin, M.H. lagats [66] ﬂﬂmmiqmuLﬁawaﬁaqé’qmswsﬁamﬂismw

(%

v A < & a o w o o ! LY [y = ) Y o a A v e 1
Togdnseadudu 9 Tagdandulazdnuiugunieny ’J’d@]‘WLNLU‘HG]’JQWZI‘ULﬁEJ\‘WIﬂE)u‘UNﬂﬁLu‘U'N

a o = o

a0 < Y = A v aa a 1Y [ g P o Y
Auden wavdniagmiadudigaduidesnAoud1afinyasanudgs saududuty o eadam
¥ A Aa 1 o w1 dd v X v sa v = =~ ] o w 1Y)
Aeduidssnfinindmsurismnudnniedu naansilagnilseuiieulundvesiiduvesiaguas
uuturesTaguaudnsuLiazfMog1s wul1 NsTINTan 2 Tudiseiu lnetaguiaduda
o Aada a5 a o Y o Aad = o va & o
Aedunanaude wardndaaniluluimgadunanianudgeihiiiiaduaunaaeuiivihay
laAnindagietednafien Megranmudurinuldanitluguanudini@u dduiaziiuiu
YAYRITANNALI NI NARY 19NN ORI NYMEAITYATULHY d1nuresTaninagaundusaan
dulsgaAninisgaduidsadeduiutunaniuty luvaein1siiuduiusiazh i uany
nageuviularvulugaauaNnIwY
Asis Patnaik wazAy [67] AnwiauiuiumusaulazauIuiudeInmuIanvy
dnimdens (Waste wool) wazidulenedieawassiaida (RPET) dmsunisldnuluanaimnssy
feade IneTugluasnagou Nonwoven mats NuAnsineiu 5 wuu bk Coring wool (CW),
Dorper wool (DW), Recycled polyester (RPET), Coring wool product (CWP) e g Dorper
wool product (DWP) Tagyinnisnageuauiuiuaiiioy nsgaduides n1sgadunnnuiiy ns
w9l wazngAnsIunIsdouaaIen 9T In NN 93 LATIEYN1TLUaIANT UBud uns &1y
asuaulaeenladlnegdsnisminidulian 50 Tu wuin Double layer w04 RPET/Waste wool
mats (CWP uaz DWP) uansfispnanduauiuiuanuiou nmsgaduides nsgaduainuidu uas
AautRNsAnlnnANgn aunsodesaatenisdiniwle 65-70% lunisitndvesdendnidu

181 50 Ju ansagaduidesnannsenulauinndt 70% Tuyasadnud (50-5700 Hz)
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uni 3

ASAUUUIRY

[
[ a

JunouaLiunusuIINMITamingau Ae waraindinindssinnneduanfiniedn

4

(Poly(lactic acid), PLA) wagtdulunywe Inevinnismssudilddnldneanweduandinuednivu

[

sUMensyuIuNMItunaauiuuny Wemansimuzanlunisiiludsenuiuwiuduledy

%3 Ineiinsadulasuansuresduduwuulaseasaeudv 3 9u nturinnsneaevautRsig

9 Wl duiangaduides

3.1 BRUNIALLUY
3.1.1 Anwduaifeyauaznuideiiieades
3.1.2 TIUTINTRLARAL NN UNTATEUY
3.13 davningRuuaziniesiiofililunismaaes
3.1.4 vhnaeieuimeduaninwedauuulidnlineshonszuiunsturasuuuuniy
1) gomndldlunistusuduau 1dud 250 °C uay 260 °C
2) Lmé’fuauﬁh’ﬂum?ﬁugﬂ Tauwn 0.3 ag 0.5 wngUlaaia
3) ANULSITEUVDIAN] 10 FBUsOUIi
4) szaunuiiegnnimeitgunsaliuiiega lown 30 wag 60 wuRuns
3.1.5 vedauauURaIg 9 vesRinedkanfinuedauuulddnlive laun
1) i’mmm‘wmLLaxﬁmﬁﬂmm@;m (Thickness & GSM)
2) wasuaaemnzms%ugﬂ@iaé’mgm"?mwmﬁwwaﬁLLaﬂaﬂLL@%@LLUUI@JﬁﬂhJMa
menaesganssAtkuuldias (Optical Microscopes, OM)
3) MshaNIUBIDINA (Air Permeability)
a4) %Jﬂ'izawémiﬂﬂﬁmﬁm (Sound Absorption Coefficients)
3.1.6 vhnsiengieumuvesineduaninuedauuulidnlivedifidndulseans
nspedudssiunzay Wethinusznufuuiudilefyraduuulaseiuedy 3 4u ned
nsUSudeussuturessiudulowsazdu

1%
o o Y 3

2.1.7 AwIN5Ind1sUveItURIAUISENaUANNEINaALarRnLadaLuUludnlunaLay

s
a o

wrudulefyveieduyszavsnisgaduides annsmaaeudiall

1) Jaanunuiazidmvtnunsgu (Thickness & GSM)



2) MSaNIUY981NA (Air Permeability)
3) duUseAnsnisgaduides (Sound Absorption Coefficients)
3.1.8 TIUTIUKANAZDU INUUTIINITIATILANANITNAADS

[y

3.1.9 a@sUnan1svnaaes Lagdnvinguiay

3.2 Jaauaraunsalinzasiianldlun1sive
3.2.1 ngau
1) Wianeduanfinuada (Polylactic acid, PLA) 1A 6100D 31AUSEM Nature

Work 3110 (Useineanigeisnn)

;nlﬁ 3.1 dieneduanfinuedn (Polylactic acid, PLA)

2) uruduledgus (Hemp) Sun197n US¥W wewsilne 971n (195 wy 8 Ay

NI D.WUNTE 2.910 63160) wamduspuduleisausosndn
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gﬂﬁ 3.2 wiuduluiyws (Hemp)

3.2.2 asasilefildlunisvnaes
- ipestluvaennuuni (Melt jet spinning we Cotton candy) U SR-Runer

bambi 99nUTEN Nihon Yuki (Ussnadiiu)

Ul 3.3 nsesiumasuuuuriu (Melt jet spinning) Ju SR-Runer bambi
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JUN 3.4 gunsalifudusiednd

3.2.3 wsesilefldlunisnegau

1) ATemAFBUAIEAINTEU (Hot air oven) 818 Binder $u ED53

sUN 3.5 AsewndaUMEAIIUTeU (Hot air oven)

2) W Plate 9u1d 100 x 100 mm
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SUAl 3.6 ki Plate

3) A3 eatnAununlanafisnea 9% Mitutoyo Ju 192 (Digimatic Height

Gauges)

U 3.7 1A89IAANUNUIAINGA

CaN

9) \idoadaimin 4 sus Be METLER KEJIAN §u XP105

a2



sUN 3.8 LAsestantn 4 sums

5) nSemngaumdviinislua (Melt Flow Index; MFI)

sUTl 3.9 isesnnaeusainisiva (Melt flow Index; MFI)

6) ﬂﬁaﬂﬁ;amﬁﬂﬁuuumﬁmﬂ (Optical Microscope, OM) s Olympus 31 GX41
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Ul 3.10 néesqanssmiuuulduas (Optical Microscope, OM)

7) \p3sampdeuaudIUNIURBNIT a8 I81NA (Air Permeability) 8%e SDL
Atlas3u MO21A 11@5§14 JIS L 1096-A

gih'?i 3.11 p3emadeunuiunIuienIsiaisuveseInie (Air Permeability)
8) A3owndouanUAnIndes Acoustic Duct System N0.9301 (Usginein1nga)
ANNINIFIU 1ISO10534-1, ASTM E1050, JIS A 1405
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K

sUN 3.12 ipTeanaaeuandiviades (Acoustic Duct)

3.3 YUABUNITABLUUNY
3.3.1 NMswseuEweakaninkadawuulidnlinenienszuiun1sUunasukuuny o

JUNDUAIL

33.1.1 1hidln PLA meulanuuiigamgd 80 °C lunan 12 lug

Ul 3.13 eulln PLA
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3.1.1.2 1udia PLA umegeauesviinisuasulva (Melt Flow Index)

3.1.1.3 vIM3TugUmenseuiunsUumasuhuuny fen1s19m 3.1

M1390 3.1 anelunsTugudineduanfnuedawuulddnlinesienssuiunslunaey

WUUNY
LN
any MNARINANAY I1UIU 3
(@ 0.4 fadLuns/s)
gaumngll (°C) 250 uag 260
ANINSITOUA] (50U/UNT) 10
useAuay (wngdanna) 0.3 uaz 0.5
szezinuiieg19nnetisgunsal (WuRuns) 30 uag 60
Sruauseuiiiv (sev) 1

3.1.1.4 edeuanUan1s 9 Yewineananfinuedauuuliddnline
3.1.1.5 dhdmedianinuedauuulidnlineuusenudeuiuunudulofysadu

LUUIASIAS LYY 3 TU InefinisUSUAsUa1AUTUYBILRULEUloWAAETU FIRNS19 3.2

A15190 3.2 nsdnanauturesiineduanfnuedauuulddnliviewaz wuuiyv

Web number  Web code  Layer 1 (A) Layer 2 (B) Layer 3 (C)

1 HHH Hemp Hemp Hemp
2 LLL PLA PLA PLA
3 HLL Hemp PLA PLA
4 LHL PLA Hemp PLA
5 LLH PLA PLA Hemp
6 LHH PLA Hemp Hemp
7 HLH Hemp PLA Hemp
8 HHL Hemp Hemp PLA
Note : L = PLA
H = Hemp
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3.1.1.6 ANWIN15INSINUVITUBIAUTENDUINHINBAAARNLaT AUk dn e

uazuHudule oy

a7



VUADUN 1 ﬂ’]iGUUEUN'TW@aLLaﬂmﬂLLB‘ZIﬂLLUUlﬂJQﬂVLQJVI@ ANLAUNLAZ LT

[y [

ANwULAUTIUINGNIENART OM

<3

[

Sananadin NAADU Jusvnldanlinenie

Y

» NedpvANUR |

PLA MF] nszuIuMsUuvaauuuny

ASAARIUTDIDINA

aufigaumgl 80 °C Wuaan 12 Hilud

v v 4

duUszAnsnisgaduLdes

uRauN 2 nsTugUisugadudssndineduannuedauuulidnliveuasiduledyy

pnlaidnline PLA

UsenUEaUNUN ULUULATIASN P ANUTUILAaZUNLN
wEUAY 3 U Inelinnsaauagy NAFRUENUA
SFUVITY — A5 AN UYDIDINA

WU s (Hemp)

Ly duUszansSnisanduids

Y

UM 3.14 FupaumIAiua

a8



3.4 ASNASDUEANUR
3.4.1 nedouAInssviinisiua (Melt Flow Index; MFI) vaawdin PLA 6100D
- ynssaguugAfildde 200, 210, 220, 230, 240, 250 WAz 260 °C LAY
nsdade 10 Jundl Wdwinne 2.16 K
- dudanedwesiiaznsvaaeuldadluedes wdrhuiandnnadanediwes
Tl lunszuenliuiy thlnasiidesnismeuuuvis Piston vivdnvediuanazos o nawodies
Tilvioanud 9
- m%wxﬁwmiéf@waéma%ﬁlmaaaﬂmnﬂ 9 10 Jundl vmedwesiildainnig
Favaaedesludanimin manedoudiahfuaviilalunsenasiiniossslamsuiinasluasenun
3.4.2 MIVedEUNTIAAUML LAz TN TR ne AuanRnuadauuUlaldnlsl
b
ihfneduanfnuedanuuliifnlive Taaumuaziwdninasgulaenis
drlaignlanefimiouls indalildauin 1 x 1 cm 99N TAANMUIAI8LAS DI ARINUMNUALUY
Dial wagyhnsFsveingaeaiosts 4 dumnis Tngvinisinmumuisazdaimiings 10 fegns/
gns MnTuRIMNALRA
3.4.3 dnvazdugiinermeqanssmiuuuiliuas (Optical Microscope, OM)
Farneduanpnuadauuulidnline fnssulalridnwasmunsaunnnisiiu
Mavualad 9nduihdunuindesiisdevene A 10X ¥IN15818NT LU IR TaLduRIy
Audnatsvasduleainameate OM lngldlusunsy Image |
3.4.4 NSVAABUNSIRaRIUUBe1INA (Air Permeability)
mi%whwuaqmmﬁgﬂi’mmmmgm ASTM D737 8% SDL Atlas U MO21A
Tnoisuidn Switch 1a3es selefias asldauaud unineedn Ready ¥nisidennuled azdn
Calibration #9A1ALSY 125 Pa wazfiufineaeu 38 cm® wuaefild Ao cm¥cm?s ¥rdusu
Frog19197LAS pavndoU nAWYLAY Lock mﬂﬁu%umu%gﬂé’l’u'ﬁmazﬁmqmmmmm%'méfuiﬂEJ

FalwlR soANuntnaaludilen uwaituiinal neasdnasaiienany Lock
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3.4.5 NAdauN1IRATULEE (Sound absorption)
1ngld Sound Impedance Tube fa Geonoise U SWA22+SW4T77 (Uszineau)
AUNIMTIIU 1I5SO10534-1, ASTM E1050, JIS A 1405
fegregndneanidu 2 suiaiiuansisiu (30 waz 100 uu.) Tneldinsosdn

Mage Tdvieruna 100 wu. ienaaeuaduUseansn1sgaduidssiiarudslugig 125 s 1600

Doy

|

Hz wagldviovuna 30 uy. WenaaeuAdNUsEanENsgaduLdssinudgelugia 500 §1 6300 Hz
IagyinnIs Calibration Nounaaey Yuiieg19NdaLlTuredInsUNITNAaRY MIN1SNAdaY
M0819 3 f19819/gnT 11viaUUIA 30 Uar 100 Uy iielinseuAguAURanUANHYI9TEnIng

125 14 6300 Hz AduUseansn1sanideesuniu (NRC) vesdaniiamuaduinauauns (3.1)

(@250 Hz+ a500 Hz+ a1000 Hz+ a2000 Hz)

NRC = (3.1)
4

o

NRC fio wWoesidudvendesniangatu (Wesidusvendesiliazvioudnluluies) 1du

ﬂ'f}Laﬁmaﬂé’mﬂiz%w‘émi@m%’uL?wq (o) 1 4 @A 250, 500, 1000 @z 2000 Hz
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uni 4

NANISANRUIULAZNTIATIZI

[
=< 1%

nnnsweuilidnlineanneduaninuedafitugusonszuiumsiiunasunuuniy
Womanmefuuzanlunmsihludssnuivuiudule fyse Tnefinsaduasugisuresdudy
wuulAssadteusude 3 4u andurhmmesouaudiong 9 e luindutaggeduideslduanis
nadou fail

Y

4.1 nisnedavauvAvasiinednaninuadauuulidnlinaNvugudlenseuiunig

Junaeuuuuniy (Melt jet spinning)

4.1.1 Wan1sNAEaUATLNITINavaLLiin PLA
wansaaeudviinislnavessin PLA wansiaguil 4.1 iguvniinagey 200-260 °C
U1 MFR v89 PLA LﬁwfuaﬂwuqﬂLﬁaqmmﬁlﬁwfu 1nMIMaaesfigumgiiuinnin 260 °C
wuin PLA flansmanegnann uaglnaseninadnenn swihliiedemaaeuldaunsadaiuaumn

Famiinle wandliviiudy PLA Sanumiamuagivalaieneaumaliadu

100

80
60
40
: |I|
200 210 220 230 240 250 260

Temperature (°C)

Melt flow rate (g/10min)

JUN 4.1 wavessaiinislvavedin PLA



\esnnnszuaunstunaeuiuuni (Melt jet spinning) {un1stuguiduleainida

waaRnlaenss wedlwesvasuaniAzesdasnzgnawruludwhidn dlaufousyseuraia vinli
wodesvasuiluanuidagniiunszaiemeauiouniiauiigs Jaedwesinasueonuniy
ADUTIUMAIBE NN USIiurasaNiRsdnrunadiwesivasusanild Mnn1snnaesduUinned

waadnuedauuulidnlive wuil Neamgiiidasindt 250 °C wuledinnuniiadeudanyinli

'
=

anfouniagseugmdaioonundudulelils wasiigaumalivhdauinndy 260 °C wuin dulefinns

9 Y

' v
Aa v a A =<

Inavenuiiliseilie Ay gaumgiidnianusotusudimeduaninwedanuulddnlineld laun
QauuiiTiadndl 250 war 260 °C Fanediosiaumalegaundvilianunsoduguls Ssammad

1 (% ! o Ia LY ¢ vé’j I ! U 1 o
Ananuies 10 °C uARaRA g lauuTANLLANA1IAuBE1aTALY

4.1.2 WAYIIAUNUILALUNUNVBIENBALaARNLaRaLUU LN N

NAYDIAIUNUN AU (GSM) U8R WedwanfAnwadakuuludnlunewansbing

'
a

JUN 4.2 (n) wag (v) vnmstuguinladnlivelasldaumgina@a 250 uag 260 °C wseduaIne

= U

0.3 uay 0.5 MPa UarszeiiUTLIUN 30 Wag 60 cm Wu3 Weaumniiidn usadiueinia uag

(Y v a

=Y A a X 1 4 v oA X 1 v o a a
3wzmmjm’1uwmeummaiwmmwm g GSM YBDINWNHVUDYINHUYFEALY IWSVIQQJ%QNV’JQW

o

' '
= =

71 260 °C U399UBINIAN 0.5 MPa wazs¥EZN VTN 60 cm fiA1 GSM wazAURUININTgn
nsfnwIuInnetasiunsgaduidsduiannisnsuldveauin nsgeduidesiniuen

9 9q 9

I [ v Y o Y1 U ! aa 1 IS I =
AnudunuslnensanuAIILwun [68] Faunalaiiieg199d GSM GNNTINSUANUNUININNTIT U

¥
o

aniANULIINNTUIRY AN IRRdULEEIRUY
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1.5
B30 cn 60cm
~ 10 4
£
E
2]
¢
L 05 4
X
O
2
|_
0.0 . . '
0.3 0.5 0.3 0.5
250 260
(n)
200
W 30cm []60cm
150 A
€
o 100 4
-+
£
o0 50
[0] U
=
0 . . .
0.3 05 0.3 0.5
250 260

(¥)
JUN 4.2 wavesmnuvuwazdmtinvesinedianinuedauuulidnline (umgilvinde = 250

WaY 260 °C, WSIAUDINIA = 0.3 WAL 0.5 MPa, S28LAUT WU = 30 Wag 60 cm)

(n) AU, () vt (GSM)
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4.1.3 WavasnNnuILLuvasiiwaananfnLadauuulidnliine
anuviuuiuvesanfudndadevidunsivuanudnuazvosihlidnline uay
fuadumiaseneyuuns (g/cm?) Anumuwiuidvidnasse Impedance Acoustic 1ieaan
Bufiuaudimuanisasfieuvesian fivenuinfagiifanumwiugadesninafifisduasiiu
UszAnsnmmsgeduides [69] egndlsfimu UssAvsnmnisgaduidesiinnuiiiunaiaazaimd
sannsausulssldlasnafiuanunun uiazanaduvmedauruuiures Yanifiadu [84] T
137 4.1 gangiivesiadafiutu anuvuwiuresilddnlivefinty Ssduuliiuiiedionds

v v

WAUAT GSM UazANNLY WBININFUBNa0UMAIEITY [70] WATILSIIUINALAYTEEY
2 & cs' 3 \ v | v xY | ~ ) =

AUTUUTLINTU demalianunuitduresd i liidnliveanas iesainussdueiniaf 0.3 MPa
syeziAuTuaud 30 cm @uleflvunaluguaznsyatemilanite luvagindule PLA Svuiadnas
warn1snszareivenduloLavanioliunssiue1n1Af 0.5 MPa szolAUTUIIUN 60 cm [71]
wanSlAANILT I UDINAT 0.5 MPa LagseaztiuTusuf 60 cm dwralianuvuiwiuzesiill

dnlineanas Juhluguadnsnlaannuansfineininauidedieiu

AN5199 4.1 WaYeIPNUNULUUYRIRNeALarRnLaTaLuUlldnline

Temperature Air pressure Collector Density
(°C) (MPa) distance (Cm) (g/cm?)
30 0.146 = 0.01
0.3
6 .130 + 0.01
250 0 0.130 = 0.0
30 0.139 + 0.01
0.5
60 0.140 = 0.01
30 0.176 = 0.01
0.3
169 = 0.02
260 60 0.169 = 0.0
30 0.155 + 0.01
0.5
60 0.141 = 0.01
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4.1.4 dnwazdugiuinguazidurugudnany

NAvBIANTIENNITuFUREnsTUILNMIt unaeLUULRed gL AN Az
Audnatsvesineduaninuedauuulidnlive wanduain OM uagn1snszargvuaduleves
AARAINS (Cross-section) vesimeduanAnuedauulsidnlsne Tusui 4.3 uaz 4.4 wuin 1
nuguinarsvendiloanasesilfivdduiiofingamaiivadn usadueinia uazszezvinsvessn
utunu fissandt PLA ivaeuvaaudeiasaiu Sansstu wasBneenuntudieldusanaiigeiu
Feavyhlvvunduloanas LLasmmﬁuamﬁqqﬁmzﬁﬂﬁlﬁmLé’ﬂﬂﬁﬁsﬁ&@ﬂdﬂ [72,73] §aths g
Wisusssuemehlugnisanunaduriugudnansveaduleluimeduaninuedauuuliidnlsine
finaeuazane [74,75,76) uenaniifauinanarumiines PLA fiviaouinan @1 PLA fivaeuman
farumilngaiugniivsiinieayseuigumainisudsusih Juils PLA fAfiamiaundu
Tefvwalnajuasdnisnszaedluiniie fudy PLA fiflarumaommangedsgnaniouinagig
sowdles dwaliwunamdilouaznisnszaeiduleanas [74,77,78] Ellison uavaae [74] 9189770
wodweslunszuiunisiadluau (Melt blown) nisiilagldauiou nuindurugudnansvesidu
lvanasegniidoddndesnngumgilunszuiumandndiniy auvmuanmsiudures
Temperature window filfufinisaaneuvesdulaifiogumnifiduguiindy fdu gamgily
nsduguiigetuiliidulenedmoidasesluaniusvaoumandunaiuuniuarldsunis
anvouiuifureuinedwesasudestrnumsnnadnifissmenienaiedusdugu uenainidd

a

= | A a = aw | P A
AUVUARNDIDY 1NUINLUBLNUGUNYY [74] 9NNSANWINAIIUIY [66] WU VUIALEUleNanAY

'
a 1o [y

ifiuAduuszansnisgaduidss Jaianndidulednninasianniunguuinndn v linuidula

'
U a v A =

AuldeanannsenuaInTu wui1 gauvadiadail 260 °C ussAueINIAT 0.5 MPa wazsraziiv

1% '
a )

Fuawn 60 cm dawalivuinvendulyanaiaziinanungueg 19N
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)

Frequency (%)
2 =

L )

g 12 15 18 21
Diameter (um)

o
w
@

[53
o

204

Frequency (%)
G

=3

0 3 [ 9 12 15 18 21
Diameter (um)
25
20 [
& 15
=
&
@
3
£ 10|
w
5
|
1] T
) 3 6 9 12 15 18 21
Diameter (pm)
25
20
%«s,
=
sy
2
g
@ 10|
w
54
0
0 3 6 9 12 15 18 21
Diameter (um)

4.3 SnYaLdNgIVINGIIINNITVIAGRUAIE OM KazNIINSEINBTUIAEUlEURINIARATI
(Cross-section) vaan1naakanfnwedauwuulianline ﬁamasqquﬁﬁaﬁm - 250 °C,
(WsasuoINIALaYsTEzLAuT U : n) 0.3 MPa, 30 cm, %) 0.3 MPa, 60 cm, @) 0.5
MPa, 30 cm tag 9) 0.5 MPa, 60 cm
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a
I

Frequency (%)
b

1 allllA]

0 3 3 ] 12 15 18 21
Diameter (um)

18- -
16
14
£12
g
£ 104
El
El
L 84
w
6
4]
o I
(1] T
0 3 3 9 12 15 18 21
Diameter (ym)
16
14
12 .
2104 H
>
3 d
[
S 84
=
3 4
[
4
24
0 |
0 3 6 9 12 15 18 21
Diameter (um)
30 -
25
20
=
3
o
ERE
o
L
w
104
) H_H
0 T ™
0 3 [ 9 12 15 18 21
Diameter (um)

4.4 FnuurdugIVINgIINNITNAFOUAIE OM 1130588 VUINEULEVDINIAFATING
(Cross-section) vaan1nadwanfnuwadawuulianline ﬁamazqquﬁﬁaﬁm - 260 °C,
(LLix‘lﬁJua’m’]ﬂLLa%J’iSEJSLﬁU%umu) : 1) 0.3 MPa, 30 cm, ) 0.3 MPa, 60 cm, A) 0.5
MPa, 30 cm wag 9) 0.5 MPa, 60 cm
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navesdnwurdugIuINeIvesidyssuulidnline wanslunmdnvusdugiu
INYRINNINAFBUAIY OM YBIN1ARAYINN (Cross-section) vosrnrigyenuulddnlineaingua
4.5 uanslisiuan @uledgusdvuinluguaznisnszasauiaduleuinnindineduaninueda

| ] Yo a o [ ¢ Y] a v A a a1 o
@EJ'NL‘WN"L@ISU@ BAYIN Laum']u@uaﬂa'NSU'ENLaUIQNﬂqiLLTJiNUVIQQLLﬁSNEUi’N‘Vﬁ,NaﬂJ’]Lall@

[

sUN 4.5 dnuardug uing1nInnismaaeunle OM 38901AfRYINe (Cross-section) YeNfity

o

gawuulddnline

4.1.5 WavaIN1sTNRINBINIAYaIdIweRLaRRNLadaLUUlidnlling

naveadmeduaninuedauuulidnlinedenisdurituennia wandlidsgud 4.6
dlosnimeduanfnuedauuulidnlineduinfiiiusnain svevvasswinadulevunalngvi
Tronmdulvglvariugositanadld wilddeitlugamnivhdn ussiueniauarszeinaes
Fafud uaui nnuanddifiiuiifinsd uluveseoniafianaseg el toddy Wuieaiu
UsgAnSamnisgaduidss dadunannainanuunnsisuesdn GSM wazaumu1vein [63]
dmiuiwoduanfnuedauuuliidnlinedill GSM uagauvuveeingsnit Tnssainedmeasd
ANLNTULAzYRTINeIMATRenIuilele A le [79] FunalFinnisTusueseiniauesdn
weduanfnuedauuuliidnlimefunltianasile GSM uazenunuesinifinty Seednefurinds

el anvgmaninnnsanvEInduE AU natswedulomeksuaMATL LUl UTEN I
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sl maeuazany dulefiazidenaniniilignmsanvuingniy Jwwefidniasusspdulodanan
IeAnazuntu danaliansin1sduriuvetsonniaiuinanas [80] Fenaawsiilamdululufiania

Wenfuanwarduguing1dgun 4.3 uag 4.4 inaYeeu

__ 800

E i ) W30 [760cm

5’ 400 l(/

ol

2 0 | Z 7 7 ,

g -

L, 7 R W), W

< P0.3 ‘ PO.5 P0.3 ‘ P0.5
1250 T260

v a

JUN 4.6 wan1sTurNuveseIMAvesiIneiLaninuedauuulidnline (gaumgivida = 250 uay

i
260 °C, W399UDINIA = 0.3 WAz 0.5 MPa, S8e=AUTUIY = 30 kag 60 cm)

4.1.6 Wavay GSM u,a::m'lwmﬁiaé’uﬂszﬁméms@ﬂ%’uL?wq
\WoAnwInares GSM LLazmmwmm'aé’mﬂszéwémsam%’uLﬁawaw’hwaﬁuaﬂaﬂ
wedauuvlidnlave TneAnwn GSM 7 229 s 502 GSM warAINUNUIG IS 6.50 &9 14.75 mm
Imaﬁugﬂé’aaﬂizmumsfjwaamLLUUWuﬁqmmﬁ 260 °C L597U81NA 0.5 MPa Laysyagiiy
Fuawit 60 cm Fam15199 4.2 wudn dmeduaninuedauuulydnlinedid Gsm WAAIUNUNES

a v A a

nadsmalimduuszansn1sanduidesndudloisunu GSM tazautuINaIni1e819ltud Ay

Y

3 a

wenaniuansliiiudulszavsnisgaduidesigavudioiieuiuusuigueniinaiumun 10.05

mm wasendliudl 1094 GSM dunaiiuledn Ussdnsamnisgeduidsavesunuiyvianadly
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Uuedl GSM ifindu nwansnaaeuananaléi deslilanunsangauIug NIV ote N sue ALY
fywaiid GsM gelél danalviFesaziiouuiniy

weninissdunaiiuld navssarumundmeduaninuedauuulddnlimed
GSM agluthaieatiu wuin mageduidesvesiniivin 14.75 uu. fimsgaduidedldunnninfinam
w1 13.92 mm 10.67 mm waz 6.50 mm auaiy (fa3uf 4.7) Fauandiifiuinmnisgaduides
szdanalsdandetsiinuininflofisuiuiegisiuinii ielidsanszaelasusad saniu
pAuAdoatlulutanfifngu Semnemnuinsdisnguuuiuiavesfagfomeifiolides

9 Y

Huwazaaduld [81]

1.00
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0.40 4

Sound absorption
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125 200 315 500 800 1250 2000 3150 5000
Frequency (HZ)

v

UM 4.7 nanmsgaduidesvesdineduaninuwedauuuliidnlive (@aumliiida = 260 °C, usadu

9171 = 0.5 MPa, S¥8LAUTUINY = 60 cm) WagLHU Y
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] | o a £ v o o a a a
M13719N 4.2 NanIENUUDs GSM LLa3@'3quﬁuqm@amﬂsgaWﬁﬂqiaﬂ%ULaENSU@QN']W@aLLaﬂG]ﬂLLaGU@I

wuulddnlane (@aumgividna 260 °C, wsadue1nie 0.5 MPa, SEuAUTUIY 60 cm)

WAZLAUA QY
Sample Thickness (mm) GSM (g/m?) NRC
A 6.50 + 0.25 229 + 3.35 0.13 + 0.06
B 10.67 + 0.58 384 + 5.25 0.18 + 0.09
C 13.92 + 0.58 492 + 6.03 0.19 + 0.02
D 14.75 + 1.75 502 + 9.00 0.21 + 0.01
Hemp 10.05 + 0.19 1094 + 24.84 0.11 + 0.04

*AB,Cand D = PLA

4.2 n1sveadutuvesiineduaninuedauuulidnlinewazduledyvauuy
Taseadrauaude 3 9u
4.2.1 HAYBINTIAEIRUTUADNSTURNUYBIDINA
NaYBINTIRENTUTUABNIS TR IEINE TR TSRS ULt UL Ans U
1,2 way 3 94 WieAnwsuIutu uaznisneiumdsivumindlndunasiudanssuaan 970

SUN 4.8 (197171 1 9U WU dnedsandnuadawuulidnliune dwanon1sTUEIUYDID1IN1AN

U

v 1 Y

foundriniaes (L < H) Bnvis frdruau 2 Fu wuin derimeduaninuedauuulidnlsive aglng

Aunssiaay (A1unin) a'ﬂmam'ami%um'msuaqmmﬂViﬁaaﬂdﬂﬁwﬁmjmﬁ'aq%ﬁﬁ’umzLLaam

(Frunid) (LH < HL ) wanslidiugn Tassadrsvesdmeduanfinuedanuulidnlivne fiduwuu

azdun wasdaurnvenduledidniundndilndnssudandanalinisdunuvesernidanas
A U U w ‘:4'

Wesntagidduladnninvzdianunguinnndt Feihlinulsdudadunssugaufinnnsznuin

X = =2 1 A o ! VY @ a a v o a Ao
YU ‘ZNﬂ']i‘fjllN'TL!GEJENE]'Wﬂ’]ﬁ‘V]Gﬂﬂ’NLL?ﬂ@ﬂfViLVU‘U?S&VIﬁﬂWWﬂWiQ@‘U‘ULﬁEJ\WlWUu [63]
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v
2 100 |
o
o
g 80 A
&)
2 60 -
2
& 40
£
g 20 A
=
O T T T
L H LH HL
ANNUIUVD IR

JUN 4.8 WaveINsInaAUTURBNSTAURILYBI0INA (L: PLA Wag H: Hemp)

4.2.2 HavY2INTAINANUTURDNIINATULHES

1N3UN 4.9 Aiesgrimenisgaduidsddagiaaagunlasiaudsiieiy fde 125

v
a o

- 6,000 Hz Wu31 1AMARM 125 - 1600 Hz wiugaduideavesmnaiduduiuuilduvesninisge

' '
o W = al

Fuideaiiintuegefitudfsy Ninnudas 1600 - 6300 Hz wud1 ansgaduidesanadegnlidu
Teddgy Weowniinnuddn nspaduidssdiauduiuslagnsaiuanuvu wasiaudgs Ay

P a 2 v ' o - Y ) 9 . . =
VUUHALNGLANUBYABNITAAT UL Y AIUFBAARBINUNITAUNUVBY lbrahim wag Melik [82] @4
wansliiiiugn lunessiudiuiuanudgeieuuivesiandanansenuiiisudniiosnonnauun

nsgaduLdesveianisngy NANNRAINITAATULEERLLNITUNINANUVUIYOI TAR TLIITY

9 Y
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125 200 315 500 800 1250 2000 3150 5000
Frequency (HZ)

sURl 4.9 wavesmsdadifutudedulsyAnimanaduides
mammma%’@ﬁﬁwg’wiami@m%’mﬁaﬁmﬁwmaé’fmwﬁwﬁwﬁgmmwmﬁ’u 3 fuma
mrnedlandnuedanuuludnlinsuasuruiyvs nauulassadaewiv (Sandwich structure)
3 4u Tagnsdannasiumisning q e 3 sums Ae it Andfuunasiudadoanniian)
sunds (ihanuvdadiiindssnniian) wasnsinans sauandusissil 4.3 audiulean usiuid
Furysseglndfian (Frumin) vislnattan (Frunds) nuvasmsivavesaduifies suflaadud
viaieatu tismandndumiafionasoudnisgaduides ausadansnsdadduduresdild
2 ngju lungud LLH, LHL wag HLL (@f1uausu PLA 110091 Hemp) wud1 #1 LLH fie1 NRC

1NN LHL wag HLL auandu waglungurd LHH, HLH wag HHL (H9713ud Hemp 110077

=

PLA) WU #13lA1 NRC TndtAssdu wanslmiiuindloduiutuvssinnedtaninwadanuuludnly
oMLY denadoAIn1IaAduLdgINAIINGUATTIUIUTUVDIIYYINUIN 819LTBIINNTTLIY
1AS985199090INBA LaAR NLATALUU L NLUNB T 570 U TAENISIAUT UVDIFINAVINIATUNTN
wra el aldes [81] 8nie Fawudn 61 PLA/PLA/PLA (LLL) da1n159adutdeauinnin
Hemp/Hemp/Hemp (HHH) wii31figyaagdl GSM 111031 winduansansgaduidaaninia PLA

1 1 I3 = 1 v = 1 3_', 1 dy d'
2819110 8819L5AMIL PLA HA1umuin1nnil Hemp Wiinagiisngsnuan Maanuniuiuyosnui

(GSM) wazanuvudadwiiiinauaiAnisgaduides asdulainmnuminvesiann PLA uay

63



Hemp funumdiAgylunisusuugsauantinades leasnanuwansislulssinnvaadulens
gosduinlvnuandaimadeannsieiy [81] uare1ainanALUTHUaIUBIdURUAUENA1YRY
duleuavgusenliadiausveadule dgyyeeavihiviidunisiiaadsiluunsduuindaunadu

[66] FeasUladn Ardudszansnisgaduidesvedngudn PLA/PLA/Hemp difnisaaduidesinign

a (% =)

A1NNNTAUIAIFNUTEANTNNTARTEAUAMUSIUDREY (NRC) Tousaanidu 3 vile

1owA Fansian NRC sind1 0.1 Wutangaduidewin Janiiian NRC ogszning 0.2-0.4 {Wuidanan

q

v Aa

Fuidesiunans wagdanfidan NRC aindn 0.4 1ludangaduidesgs [82] TneAuiuadudseans
ATANTEAUANUAIVBLALNANUD 125, 250, 500, 1,000, 2,000 Lag 4,000 Hz vastludnline

Aa915099 4.3 wudn feneglugas 0.5-0.6 InITuTangaduideas

M19199 4.3 AduUsEavsnsaaduidssuaznisilinesliasiasieninmsindinudusiiaiu

Fabric Thickness (mm) GSM (g¢/m?) NRC
HHH 29.06 + 0.50 3292 + 38.70 0.50 + 0.02
LLL 42.25 + 0.71 1483 + 33.83 0.59 + 0.03
HLL 35.62 + 0.82 2121 + 34.69 0.56 + 0.02
LHL 34.87 + 0.62 2112 + 23.12 0.57 + 0.04
LLH 35.89 + 0.64 2083 + 36.67 0.60 + 0.03
LHH 32.57 + 1.57 3107 + 44.20 0.54 + 0.07
HLH 32.06 + 1.50 3114 + 38.56 0.53 + 0.07
HHL 32.53 + 0.94 3120 + 26.86 0.53 + 0.05

64



UNN 5

ayUuasdalauaue

5.1 d@5Unan15Ie
a N ¢ 1 A ve o & gy s A = DR'INEY I =2 wa
nenlinusiauiladnidulaedinguszasiiiodnyinstuguinlddnline Anwiaudd
NeMenn wasAnwandinisaaduidesvesinneduaninuedanuulidnlineuavidulosssuid
PMnNNTsENRIwedLanfnLedawuulidnlinemiunszurunstunasunuunu Lazunudula ey
%3 lnansfnwnaautivesrimeduaninuedanuuliidnline wWeihinyusenuiuwiudulodysa
wuulassadaugudy 3 9u ntuintnsnaaeuantRnie q veunugadudss kan1smaaesasula

[

&
PNU

[ v a

uansfnyanmgiungailunstugufangeduidssandmeduanfnuedauuulaidn
laivte WU gaumgf 260 °C ussduan 0.5 MPa wagsvezLiuTuaLil 60 cm denaliglidnlined
ATV GSM WagALTULLEeTY Bnvisdinansduriuresenmedidenas uasrunavenduly
Bnas Femadnsvaniidulumuiiadoiidsmariatangadudesiia anduinistuguimeduaniin
wodauuvlifnlimesiannzimnzandisiusnannumunfiunndisi iefnw GSM uazam
ynseduUsansnIgaduides 1uln GSM ez iinndsualinisgaduideaiiafian e
GSM 1 502 g/m? LagAUNUI 14.75 mm

uamsAnumMsdadidutudentsturiiureseimavesimmeduaainuedauuulsidnliine
Aunsuys nuin fneduanfnuedanuulidnlinedwentsfuniuresoniafitesnindfays
wazilefmeduaninuedauuulidnlinestlndtuuvasininnszuaay (Frund) dsuasenisdu

'
1 a

uveseMAtesniviAnusteglndfuuvasindanszuaan Ghuvth) (LH < HU) flesanan
filmunveaduloidnninveiinumsuinnniy Seihliuiduiatunszuaaniinnnsenuniniu
LLazmamiﬁmsnms%’mé’ﬁé’u%’jwiaéfmﬂ53?11/1%'15@@%%Lﬁaamaaﬁwwa&mﬂamm%mLLUUIJJé'ﬂ"LaJmﬁ’U
WHUARYTILUUTATIAT 1LY 3 Fu wuin dlesauturesimeduaninuedauuulidnline
Lﬁ'mﬁudqmaﬁiamé’uﬂszﬁwémi@jmsﬁmﬁmmmmﬁﬂdmﬁﬁﬁﬁmu%umﬁzgmﬁum uazLilefmed
wandnuedauuulsifnlinesglndfuuvasiuiados (unih) dwalimduussaninisgaduides

ATu WWeamnAnuwlsiugwesduiugudnarsveuduleuazsusaldasinanevendule iy

o

a o =]

LAENUI1 NFINEIRUTUTDINT PLA/PLA/Hemp TAndudseansnisaaduidesanian dadndndu



U =

Tanaaduidesas lnvanunsagaduidedld 60 % wansliiuinanunsatuvinduiangaduidesd
& a | a 1% N B4 & = o w o Ay vy = °
Juilnssedawinden awnsaiuyarl uazidumadendmiunawnuiannldtlasiGeudiuiy

1nluauAAle

5.2 Ualaualug
PNuansANwLHLgadudsInnedwanfnuetauuuliidnlinewazidulefiyye wuiid
vhdetihaulahluvinsmaasudisiy iund
5.2.1 yhmsneassiluldnuaie ileansnsasesen waziannnirgnamnssuseluls
522 Anwmsiisuluwaglaaluiaggeduidss WesmnaunsafiuAinsgaduides
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Abstract

This research studied the utilization of biodegradable polymer for nonwoven fabric production and applied
to fabricate to a sound absorbing panel by corporate with natural fiber nonwoven fabric. PLA was used as a
biodegradable polymer and hemp nonwoven was used as a natural fiber nonwoven fabric PLA nonwoven fabric
was prepared using a melt jet spinning process. The spinning process was carried out at 250 and 260 °C with
screw speed of 10 rpm and air blown pressure of 0.3 and 0.5 MPa. The die-to-collector of fabric production was
studied at 30 and 60 cm to compare the nonwoven fabric product property. The relationships between the material
parameters. It was found that the process temperature, air pressure and die-to-collector distance have significant
effect to the nonwoven fabric thickness, GSM, and fabric density. Air permeability decreased with high fabric
thickness as well as fine fibers which supported the property of sound absorbing panel. Therefore, the suitable
conditions for sound absorbing panel fabrication were process temperature of 260 °C, air pressure 0.5 MPa and
die-to-collector distance of 60 cm. Sound absorbing coefficient measurement revealed that GSM fabric thickness
showed effect on increasing of sound absorption. The effect of nonwoven sheet order and arrangement of PLA
nonwoven and hemp nonwoven of 3 layers sandwich indicated that the layers order of PLA/PLA/Hemp showed
high sound absorbing coefficient comparable with PLA/PLA/PLA due to fiber size and arrangement.

Keywords: Sound absorbing panel, poly(lactic acid), nonwoven, hemp fiber

1. Introduction kinds of acoustic materials has been used as either
The environmental concern on pollution from sound barriers or sound absorbers to reduce noise or
plastic waste has high impact on the utilization of sound in vehicle to a comfort level or silence. Solid
bioplastics to replace the conventional petroleum- and impermeable materials were used as a sound
based materials. In the automotive industry, the barrier which reflects the incoming sound in order to
effects of an increase in greenhouse gas emissions prevent sound transmission. On the other hand,
and a greater focus on environmental sustainability porous materials, including foams and fibrous
and vehicle end life management, have all attributed materials with internal pores, were effectively used
to this trend. Bioplastics are one of the best as sound absorber, especially in a high frequency
replacement materials for conventional plastics as range. Porous sound absorbing materials have been
well as metals. widely used in the construction of aircraft,
Noise is a major cause of industrial fatigue, spacecraft, cars, trucks, and ships.
irritation, and reduced the productivity of industrial Nonwovens are fibrous materials assembled
processing and cause of occupational accidents. It directly from fibers having high porous structures
has been reported that continuous exposure of noise and high surface areas. From these properties
of 90dB or above is dangerous to hearing. Various nonwovens are attractive for being used as sound
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absorbers for many technical applications. When the
sound wave enters nonwoven, it moves through
tortuous passages and contacts with the fiber
surface, resulting in energy dissipation into heat
loss. Nonwovens offer advantages over foams as
they can be recycled, and their manufacturing
methods may have less environmental impact than
conventional  polyurethane sound absorbers.
Compared with foams, nonwovens can absorb more
sound over a wider range of frequencies.

Glass fibers have been used for sound absorbing
material from their sound absorption characteristics
and air flow resistivity among fibrous absorbers.
However, due to the potential risks posed by glass
fibers such as being unsafe to handle, non-
recyclable, and posing health risks when inhaled,
natural fibers are increasingly gaining attention in
diversified engineering end uses in place of glass
fibers. The application of natural fibers and
biodegradable polymer fibers for sound absorbing
panels have been continuously studied. The effect of
combination of natural fiber and nonwoven fabric on
sound absorption proficiency has not been reported.

In this study, sound absorption of three-layered
nonwoven consisting of single and multiple types of
fibers were reported. The fiber layers comprise of
poly(lactic acid) (PLA) nonwoven panel and hemp
fibers. The effect of processing conditions of PLA
nonwoven fabric property and sequencing of the
constituent layers on sound absorption were
investigated.

2. Materials and method
2.1 Materials

Poly(lactic acid) pellets are of Ingeo
biopolymer 6100D, with a melt flow index of 24
/10 min (210 °C) and density of 1.24 g/em? (Nature
Works LLC). Hemp used in this research was
obtained from Hempthai Co. Ltd. (Tak province,
Thailand).

2.2 Sample preparation

PLA were dried in the oven at 80 °C for 12 h.
PLA nonwoven was fabricated by a melt jet spinning
machine outfitted with a die with three 0.4 mm
spinnerets and a hot air outlet at the center. PLA
pellets were fed into the hopper and molten by the
extruder process. The screw speed was set at 10 rpm.
The nozzle has three holes of spinnerets with
diameter of 0.4 mm that located above the hot air
outlet. The nozzle temperatures were varied for 250
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and 260 °C. The air pressures were controlled from
0.3 and 0.5 MPa by the air pressure controller. The
collector distance between the nozzle and the
collector, which is referred as the collector, was
varied at 30 and 60 cm. The molten PLA was blown
and stretched by the hot air flow. PLA nonwoven
were collected on a roller mesh collector at different
processing conditions. Three layers of webs from
PLA and hemp nonwoven were stacked as given in
Table 1 (Figure 1).

Y —

Figure 1. Schematic of multilayer structure of
fiber webs.

Table 1. Layering of fiber webs.

Web Web Layer 1 Layer Layer 3
number code (A) 2(B) ©
1 HHH Hemp Hemp Hemp
2 HLL Hemp PLA PLA
3 LHL PLA Hemp PLA
4 LLH PLA PLA Hemp
5 LLL PLA PLA PLA
6 LHH PLA Hemp Hemp
7 HLH Hemp PLA Hemp
8 HHL Hemp Hemp PLA

Note: H=hemp, L =PLA

2.3 Thickness and mass per unit area (grams
per square meter, GSM)
Mass per unit area of fabric sample of 1 cm x
10 em for 10 pieces (g/m?) were cut randomly and
weighed in grams. The thickness of the fabric is ten
measurements were taken from each sample using a
thickness gauge (Telclock Dial thickness gauge SM
112P).

2.4 Morphology and fiber diameter evaluation
Morphology of PLA fiber and hemp fiber

was observed by optical microscopy technique
(OM) (Olympus Microscope, CX41) beamed at 10
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times magnification. Fiber diameters were examined
from OM photographs using Image J software.

2.5 Air permeability

The fabric transport property that most
sensitive to fabric structure is air permeability,
defined as the volume flow rate per unit area of a
fabric when there is a specified pressure differential
across two faces of the fabric. Air permeability of
the samples were measured based on ASTM D737
Standard Test Method for Air Permeability of
Textile Fabrics [14]. The measurements performed
at a constant pressure drop of 100 Pa (20 ¢cm? test
area).

2.6 Sound absorption coefficients
Sound absorption coefficient was measured
according to ASTM E 1050-08 standard test method
by using an acoustic duct (SCIEN-9301, Korea) two
microphones. Samples were cut into two different
sizes (30 and 100 mm). The 30 mm tube was used to
test the sound absorption coefficient at a (low)
frequency between 125 to 1600 Hz. The sound
absorption coefficient at a (high) frequency from
500 to 6300 Hz was tested using the 100 mm tube.
The calibration was performed before conducting
the test. Samples were mounted into the sample
holder, which was clamped onto the tube for testing.
For each material, three samples were tested in each
tube size to cover the whole frequency ranged
between 125 and 6300 Hz. The noise reduction
coefficient (NRC) of all the materials were

calculated according to Equation (1).

a250Hz+a500Hz+a1000Hz+a2000Hz (
4

NRC =

3. Results and discussion
3.1 GSM and thickness of PLA nonwoven
fabric
The effect of GSM and thickness on property
PLA nonwoven fabric is shown in Figure 2 (a) and
(b). The fiber was produced using air pressure of 0.3
and 0.5 MPa and die-to-collector distance of 30 and
60 cm. The die temperature was controlled for 250
and 260 °C. Increasing in die temperature resulted in
high melt of polymer, and increasing in air pressure,
and collector distance evolved in significantly
increased in GSM and fabric thickness. Numerous
studies that dealt with sound absorption in porous
materials have concluded that low frequency sound
absorption has direct relationship with thickness. It
is observed that the samples with higher GSM
showed higher thickness. It was reported that
thicker materials showed better the sound absorption
values. From Figure 2, the condition at temperature
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260 °C, air pressure 0.5 MPa and die-to-collector
distance of 60 cm, the fabric GSM showed highest
thickness.

160
140
120
100
80
60
40
20
0

m30cm  B60cm

GSM (g/m?)

260

250

1.2
1.0 m30cm @060 cm
0.8
0.6
0.4

Thickness (mm)

0.2

0.0 I

(b)

Figure 2. GSM and thickness of PLA nonwoven
fabric (Nozzle temperature 250 and 260 °C, air
pressure 0.3 and 0.5 MPa, collector distance 30 and
60 cm) (a) GSM, (b) thickness.

3.2 Density of PLA nonwoven fabric

The material density is another factor to
characterize the nonwoven fabric and is defined as
mass per unit volume (g/cm’). Density influences
the acoustic impedance as the impedance determines
the reflection of materials. It was reported that noise
reduction coefficient increases with decrease in
density. In Table 2, increasing in die temperature
resulted in increasing of the nonwoven fabric
density due to the thickness of material. However,
increasing in air pressure and collector distance, the
density of the nonwoven fabric decrease. Therefore,
the process at 0.5 MPa and die-to-collector distance
of 60 cm was the most suitable condition for
production of sound absorption panel.

Table 2. Density of PLA nonwoven fiber.
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Temperature Air Collector Density
pressure  distance
©0) (MPa) (Cm) (g/em?’)
30 0.146 + 0.007
0.3
250 60 0.130 £ 0.009
30 0.139 £ 0.011
0.5
60 0.140 + 0.008
30 0.176 £0.012
0.3
260 60 0.169 +0.017
30 0.155 £ 0.009
0.5
60 0.141 +0.010

3.3 Morphology and fiber diameter of PLA

nonwoven fabric

Figures 3 and 4 present the OM photograph
and the distribution of the PLA fibers at 250 and 260
°C, pressure of 0.3 and 0.5 MPa and collected at 30
and 60 cm. In Figure 3, the PLA fibers at 250 °C are
large with near die-to-collector distance while the
fiber diameter decreases with long collected
distance. The fiber sizes and the distributions were
significantly decreased when increasing  air
pressures and collector distance. In Figure 4 the
fibers size and fiber distribution of the nozzle
temperatures at 260 °C showed similar tendency
with 250 °C. The PLA fibers size distribution at 260
°C with air pressure of 0.5 MPa, 60 cm were smaller
than the process at 250 °C.

It could be considered that the molten PLA at
250 °C was faster solidified than at 260 °C which
would result in large fiber size. Finer fibers were
produced at higher air velocity and collector
distance. Consequently, the increasing of the air
pressure led to the declination of fiber diameter in
PLA melt blown nonwoven fabrics. In addition, it
was attributed to viscosity of the molten PLA, which
high viscosity of the molten PLA was difficult to
blow by hot air at low processing temperature.
Therefore, at 250 °C PLA fibers sizes were large and
exhibited broad distribution. Thus, at 260 °C the
molten PLA was continuing blown by hot air, which
resulted in the reduction of the fiber size and the
narrow fiber distribution. Ellison et al. reported that
polymers in their melt blowing process showed a
significantly reduction in fiber diameter because of
an increasing in processing temperatures. It was
attributed to an increment in the active temperature
window that provided the fiber attenuation when
processing temperatures increased. Thus, the
polymer fibers remained in the melt state for longer
periods of time at higher processing temperatures
and encountered an additional attenuation before the
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polymer solidifies via sufficient crystallization or
became amorphous. In addition, an increasing the
temperature would result in a substantial decrease in
viscosity.

The sound absorption coefficient increased
with the small fiber size in which smaller fiber has
more porosity and more contact surface with the
incident sound. Therefore, the suitable conditions
for nonwoven PLA fabric fabrications were at the
nozzle temperatures at 260 °C, air pressure 0.5 MPa,
and die-to-collector distance of 60 cm.

Figure 3. OM and distribution of PLA nonwoven
cross section the nozzle temperatures at 250 °C
(pressure and collector distance): a) 0.3 MPa, 30 cm,
b) 0.3 MPa, 60 cm, ¢) 0.5 MPa, 30 cm and d) 0.5
MPa, 60 cm.



Available online at http://www.ssstj.sci.ssru.ac.th

Suan Sunandha Science and Technology Journal
©2020 Faculty of Science and Technology, Suan Sunandha Rajabhat University

Damewrim)

umeterlam)

pr——

Figure 4. OM and distribution of PLA nonwoven
cross section the nozzle temperatures at 260 °C
(pressure and collector distance): a) 0.3 MPa, 30 cm,
b) 0.3 MPa, 60 cm, ¢) 0.5 MPa, 30 cm and d) 0.5
MPa, 60 cm.

3.4 Air permeability of PLA nonwoven fabric

In order to examine the effect of fiber
deformation on the measured air permeability of
PLA nonwovens fabric, different pressure gradients
at 0.3 and 0.5 MPa were chosen to carry out air
permeability testing. The measured air permeability
is shown in Figure 5. Since the PLA nonwoven
fabric is a loosely bonded fabric, the large spacing
between fibers enables the majority of air to flow
through these gaps. Obviously, in high nozzle
temperatures, air pressures and collector distance
show much significant lower air permeability. This
is also attributed to their difference in GSM and
fabric thickness. For PLA nonwovens fabric with
higher GSM and fabric thickness, there is less
porosity and air space in textile structure to allow air
to go through. It is observed that air permeability of
PLA nonwoven fabric tends to decrease with the
increasing GSM and fabric thickness, which is
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similar to conventional textile fabrics. This is mainly
due to the reduction in fiber diameter with increasing
air pressure used during melt blowing. Finer fibers
lead to reduction in pore size better packing of the
fibers, resulting in reduction in air flow rate through
the webs. Also fibers interlocking in nonwoven are
the frictional elements that provide resistance to
acoustic wave motion.

Figure 5. Air permeability of PLA nonwoven fabric
(Nozzle temperature 250 and 260 °C, Air pressure
0.3 and 0.5 MPa, Collector distance 30 and 60 cm)

3.5 Effect of GSM and thickness on sound
absorption
The effect of GSM and thickness on the
acoustic properties of PLA nonwoven fabric was
investigated by fabricating PLA nonwoven fabric at

®30cm

@60 cm

Air permeability (Cm*/Cm?/)

processing conditions the nozzle temperatures at
260°C, air pressures at 0.5 MPa and collector
distance at 60 cm with different thicknesses ranging
from 6.50 to 14.75 mm, which was fabricated by
melt jet spinning method with different area
densities of 229 and 502 GSM. Table 3 shows the
thickness and area density of the fabricated PLA
nonwoven fabric and hemp nonwoven fabric. It was
found that the sound absorption coefficient of the
fabricated PLA nonwoven fabric and hemp
nonwoven fabric as shown in Figure 6, The PLA
nonwoven fabric with the higher GSM and thickness
resulted in better sound absorption coefficient
compared with the lower GSM and thickness. It also
showed a higher sound absorption coefficient
compared to the hemp nonwoven fabric. GSM of
nonwoven fabric refers to the number of fibres in a
certain area, and higher area density indicates the
presence of higher proportion of fibres in a specific
area, which induces more resistance to the sound
wave and contributes to the higher sound absorption
tendency.
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Figure 6. Sound absorption of PLA nonwoven
fabric (Nozzle temperature at 260 °C, Air pressure

at 0.5 MPa, Collector distance at 60 cm) and hemp
nonwoven fabric

Table 3. Effect of GSM and thickness on sound
absorption of PLA nonwoven fabric ( Nozzle
temperature 260 °C, Air pressure 0.5 MPa, Collector
distance 60 cm) and hemp nonwoven fabric.

that the sound absorption PLA/PLA/Hemp layers
showed optimum results.
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Figure 7. Effect of layering sequencing on sound
absorption

Table 4. Sound absorption coefficient and structure
parameter Information of webs with different

Sample Thickness GSM (g/m?) NRC sequencing.
(mm) _
A 6.50 +0.25 2294335 0.13£0.06 Fabric Thickness GSM (g/m) NRC
B 10.67 = 0.58 384525  0.18=0.09 (mm)
c 13.92+£058 492603, 0.1940.02 HHH 29064050 32923870  0.50%0.02
D 14.75+ 1.75 502+9.00 021 £0.01
Hemp  10.05+0.19  1094+24.84  0.110.04 LLL 4225+0.71 1483£33.83  0.59+0.03
* NRC = Noise Reduction Coefficient HLL 35.62 +0.82 2121 £34.69  0.56+0.02
LHL 3487062  2112+23.12 057004
3.6 Et:fect of layering sequencing on sound i CXTITY T TR Y P
absorption \OD" A'~J,

The effect of layer sequencing on sound LHH 32.57+1.57 3107+4420  0.54+0.07
absorption was measured with three different HLH 3206+ 150  3114+3856  053=007
placements of the reinforcement fiber layer, i.ec.,

HHL 32.53 +0.94 3120 +26.86 0.53 £0.05

hemp fiber layer, in the composite ‘‘sandwich’
structure. These three different positions of the
reinforcement layer were front side (closest to the air
flow source), back side (furthest away from it), or in
the middle, as shown in Table 1. The fabrics where
the reinforcement was nearest to (front side) or
farthest away (back side) from the air flow source in
fact were the same fabrics, just flipped to the other
side for sound absorption coefficient testing. The
material parameters of the fabrics with different
layer sequencing are given in Figure 7 and Table 4.
it is scen that the fabrics that had their reinforcement
layer 1 layer (sample HLL, LHL, LLH), tended to
have higher NRC values. In Table 4, the sequencing
of each of the fabrics, in the fabric group HLL, LHL,
LLH had distinctively higher NRC values than the
fabric group LHH, HLH, HHL. This suggests that
the hemp layer had slightly higher resistivity than
PLA layers, although the average diameter of hemp
was slightly higher than those of PLA. The high
variation in fiber diameter and the irregular shape of
hemp fibers might have led to higher tortuous path
to frequency through the fabric layer. It was found
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4. Conclusion

PLA nonwoven fabric was prepared using a melt
jet spinning process. The spinning process was
carried out at 250 and 260 °C with screw speed of
10 rpm and air blown pressure of 0.3 and 0.5 MPa.
The die-to-collector of fabric production was studied
at 30 and 60 cm to compare the nonwoven fabric
product property. The process temperature, air
pressure and  die-to-collector distance have
significant effect to the nonwoven fabric thickness,
GSM, and fabric density. Air permeability decreased
with high fabric thickness as well as fine fibers
which supported the property of sound absorbing
panel. Therefore, the suitable conditions for sound
absorbing panel fabrication were process
temperature of 260 °C, air pressure 0.5 MPa and
die-to-collector distance of 60 cm. Sound absorbing
coefficient measurement revealed that GSM fabric
thickness showed effect on increasing of sound
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absorption. The effect of nonwoven sheet order and
arrangement of PLA nonwoven and hemp
nonwoven of 3 layers sandwich indicated that the
layers order of PLA/PLA/PLA showed higher sound
absorbing coefficient than the Hemp/Hemp/Hemp
due to fiber size and arrangement. However, the
sheet layer order of PLA/PLA/Hemp showed high
sound absorbing coefficient comparable with
PLA/PLA/PLA.  Therefore, produced from
biodegradable polymer and natural fiber can be
effectively used for sound absorbing panels.
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