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ABSTRACT

Oil palm is an important economic crop of Thailand, especially for vegetable
oil manufacturing. Inevitably, there are a plenty of empty fruit bunches (EFB) left over as
a waste material from the manufacturing process. Oil palm EFB contains cellulose as its
main component. Utilization of the palm oil waste; therefore, is not only important to
the environment but can add value to wastes from the manufacturing process.

This research focused on the preparation of cellulose microfibers (CMF) from
oil palm EFB. The CMF, then, can be used as a reinforcement material for biodegradable
polymers. The CMF production comprises 3 steps: bleaching, alkaline treatment, and
acid hydrolysis. The alkaline treatment process, in particular, was carried out using a
hydrothermal process with 5 wt% potassium hydroxide (KOH) solution, at 90 °C. The
effect of reaction times of 6, 12, 18 and 24 hours, and the acid hydrolysis was conducted
using 32% H,SO, to produce CMF. The CMF, afterwards, was used as reinforcement
material for polybutylene succinate (PBS) composites. The effect of CMF contents at 1%,
3%, and 5% in the PBS matrix on physical and mechanical properties of the composite
was investigated.

The characterization of CMF using FT-IR analysis confirmed that the
hydrothermal alkaline treatment could remove hemicellulose more effectively when
the reaction time increased. The XRD analysis showed that crystalline index of CMFs
increased from 68.57% to 84.68 % at the reaction time of 24 hours. The morphology
study using SEM confirmed revealed that a diameter size of 2-6 ym. and the acid
hydrolysis using H,SO,4 resulted in the reduction of fiber size, and the increase of
crystalline index. The biocomposites of PBS reinforced with 1 wt% CMF revealed a higher

thermal and mechanical properties.

Keywords: cellulose microfibers, hydrothermal process, biocomposites
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mmmmmiumﬁugﬂLﬂumémﬁmsﬁqa savhsdsdiauifdenauazantinisanuieu fifndn
waduamdn (Poly-Lactic Acid: PLA) [6]

TurAdeifnwmanisudilslilaswaglaaainnnnzaneudufidutaqumiods
yIMIINEAITINNSEUILNIKAMNS ST Eguanysal dhuarinags sSuneviuedivg
Janinvays Mmenszurunstalasmestoatiudunssuiunsusuaninmaad vinsAnw
waveanaidrensduanpidulelilaseagloa uasfnwandinaaiiuazauifnioaimues

wulellaswaglaawsSeuls antdwhmswseuTanmeulndalagldidulelilaswaglaaisly
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aa ada U A

wodlandudadiumiiulduansiadunss uasfinwaniimaeduazaudfiniennvesian oy

Indewseula

1.2 Jaguszaen

121 ednwiniswisudulelulasivaglasainninnzaisidusmenszuiunis
lalasinesuea

1.2.2 Wefnuautinmuninazantiniaimenmveadulylulaswaglaaainnin
yzaneUduTisenld

1.2.3 WieAnwimsnsoutagaeulndnainneddnfidudadiundldidulelulng
waglaaanninreangUnduduansiaiuuns

1.2.4 iefnwautiniaed] audinisnenm autiinisaiuiou wazandiidna

o

vosTanpenlndnanmedtafidudadiuniléidulelulasiwaglaaanmanzaieundy
1.3 wauLun
131 dnwinseiendullulesaglagainninnzansundy dunsudel
1) nszvIunIsWend (Bleaching treatment) saelatfsunaslsnsiuiung
DYTRAN
2) nsvurumsdanlat (Alkali process) sheesesufnsaiuuulslnsivesuea
(Hydrothermal) lunwissdnwinavesian lawn 6, 12, 18 wag 24 h.
3) nsguaunslalasladanionsa (Acd hydrolysis treatment) Taeld
nsadaWnanududun 32 wtd
13.2 nageuantanneg vosdulelilanvaglaaainmnnzansunduiiouls
1) neaeulassadiminaisienseayiosnuanesudunsisaaalng
Awmas (Fourier Transform Infrared Spectrometer, FT-IR)
2) nageualUEAne s puS N sTRvLSAATneS (X-ray diffractometer,
XRD)
3) NAFBUANYAZANFIUINGIAIUNEBIaNITIAUBLANATOULUUADINTIA

(Scanning electron microscope, SEM)
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[

1.3.3 Anwinmswssuianaeulndnainneddannfudediunildidulelulasivaglaa
& I3 a
ANNINNEA8UIaNLUUETLATULTS
1) AnwiravesUTamsiiudulelulaswaglaaainninneaieliaud 1, 3
way 5 wt%
2) yhMsTUgUAIENsEUIUNNITae (Cast film)

o

1.3.4 vaaouautanie vestanaoulndnainwedtafidudadiundlfidulelulas
waglagnninnzatedunduansiasuuss

1) ManeasvanTRnIsdomIuLaIeImAdanIgandusdvesansiiaglutis
Ultra violet (UV) wag Visible (VIS) (UV-Vis spectrophotometer)

2) naaeulassaiimaaiidioinsesiiosnsuaresudunssnaialng
;a3 (Fourier Transform Infrared Spectrometer, FT-IR)

3) naaeuanudundniawnssnenussarunsnlafivies (X-ray diffractormeter,
XRD

4) NedeulateTnINNIeAIILTaufIgeslunswitunInoutlada
(Thermogravimetric Analysis, TGA)

5) nagevantinIsnSeuiiemadiafrinesisudeaawnuiunasiines
(Differential Scanning Calorimeter, DSC)

6) NAABUALUAAIINAIUNIUABILIIAY (Tensile Strength)

1.4 Usleviifianndnazlésu

1.4.1 lﬁamasﬁmmsamﬁm%’umam‘%wLﬁuLﬁuialmiﬂiLszjaq‘[am’mmﬂmzma
Unay

1.4.2 lﬁLﬁuialuIﬂiL%aqiaaﬁawuﬂiﬂLm%mlﬁﬂ1ﬂmﬂmmaﬂ’léuﬁwmzmumi
lalpsmesuea (Hydrothermal process)

o

1.4.3 lpannziminzaud msunswseu Janaeulndnanneddinaudagiunild

dulelulaswaglaaainninneaneUiduduasiatunss

v
o w A

1.4.4 uyadlvnuiagvaeldvenszuiunisuaniniunyainuidudiii
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D.

umn 2

N8 uazaUIeNNYIVaY

n1sdanisiuiaeiagmdenslunszuiun1sndnvesgnaInnssunIsuanuliuney
foludsddgyidesilds Inen1sdansanunsavilavaleguuuy Wy n15idn n1siiuyan

a o w

Felunszurunswanhiuuiduiu wieianmdensiie nanzateuidn dwlve) unisiiiy

[
av

yarlades suddelllaaulalunisfinwiniswisuuieaglagainninnealgurdunie
nszuaunisialasinesuea weiluuwimialunisdnnisiuninneaieliay wagwuImiauiy

Usgansnmuasyadilinunzatgunaulaenisinwondennnguiuay uidenneitesal

2.1 waglad
waglaa (Cellulose) fignslananafio (CHi0s), waglaailunediuesdinan
(Biopolymer) 7 @unsngevaarslilesniusssusiausynounigasaisiulainsn

(Carbohydrate) Usgianwodudnailsa (Polysaccharide) sdinlalunodudnalsa

' 14
a o

(Homopolysaccharide) il ninlananags dmsulassaiiwessaglaaUszneumegluiana
voenglaa (Glucose) Niivyjlansanda (Hydroxyl group) Wuminanuiesretumeiuselng
Talas (Glycosidic bond) 1@ 1unusT#1-1,4 ( B 1-4 glycosidic bond) latduareena
Uszneumeluanaveanglaandi 1,000 - 10,000 Wana 7nsdnsesiiuegradusaeu
waneegUN 1 lnewaglaavziimiiediiitends walalulea (Cellobiose) uazyn 9 Miediass
vasnglaaddenululianaveswaglagazaiunsavyuls 180 °C iniduniuselalnsiausening

1 a o 14 I < I a L% 1
niilansondaluluiananglaa viligaglaalinuudause daungiinisvasudias wagly

aunseazanglaluasazanedunsgnil



UM 2.1 dnuwagnisinsesnveduanangladluwaglas

11 : http://th. wikipedia.org/wiki/Awaglas

waglaailuasdusznevfianunsanulsluwadiivuazuuaiise dmiuniuvadie
(Plant cell wall structure) 1y fn wald wansyiy wsotduladia (Vegetable fibers) ag
Usgnausielaseaine wedwes 3 wiade waglaa eiwaglaa wazdniu vieiiundnanly
waglaa (Lignocellulose) TnsuTinausagladlufizuonainasiuegfuninatauivlauazany
fusvosiivudn Sstuagiuriiaiio iy vhadn vudes Feining fuuduends i
voswaglaa lefwaglaauazdniuiiuansiistu uansisnsed 2.1 lneiwaglaasinegsiuiu
ieiwaglaa waznniiu WlevimihladuaislassaiavesdifunasAsiuielidauudause
1Ny uaﬂmﬂﬁl‘da@;aﬁ{fﬂLﬂULﬁUIEJEﬂ%ﬁ (Dietary fiver) sdiafilaiavansluii wazlsianunsa

goglameoulsdluszuumaiuemnsvesuyuduasdainssinizied [7]
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M19197 2.1 BsRUsEnauvesdnluwaglaalua1s¥iug

dudsznavvesdntuaglaanigluiiy (%)

Fa
\waglad \ellwaglad anilu
19917 32.1 24.0 12.5
W97and 30.5 28.4 18.0
BIUDDY 33.4 30.0 18.9
FIT 1IN 45.0 35.0 15.0
AUl 37.14 30.59 22.32
AU U A 32.2 13.85 26.96

a a Y] = Y = a 19 ax
NI ZJW'T]V]EHaEJLVmIUIaEJWQJSQQNLﬂﬁ']WﬁguﬂiLﬁua, i’]&lazLE]EJWlJaquJamimwmmWU’izLﬂm

waglaa (Cellulose)

2.2 wluwaglas
2.2.1 dnwagnluvesuluwaglaa
dulefiwdadudulefinudiulaie wu Wiinalidu Ausznevduandule
\an9 (Elementary fibrils) ﬁﬁmﬂszmuﬁ’uagjé’aemﬁ‘[ulmmmﬁwﬁu%sﬂdw LWARU

(Pectinous gums) Ainvagunyisludiuntswadugugd (Primary wall) wag niaaiiuaan

(Middle lamell )émLUua’;uwmuwuﬁamaaL%aaaaamaaw Gk iusymwwwsnmmmim

Y

nilvgadugugdaziAulakazieonganisiataiule lelanaiady (Cytoplasm) agjmsﬂu

LUEJLEJEJ sclerenchyma 2% WA V\’WIMNUQL%@&LiiJ‘IﬂU’]GUUIWEJﬂ’ﬁLWNGUWUEN SRR Elﬁfl ‘Vm']

9

a

wazuds Fuintuneluvominradugugiuarasradulowaglaa niuwad yivglasiiaty

mﬂmiﬁuawiaLﬁaﬂsuaqsi'fulﬁdaqiaa Fanuseanifuarudugos (S1, S2 wag S3) Gi'fuﬁagjmqnmq

(]

< gj a = 1 wa v ¥ a
vugundiasyn a@ wisnelinaseaudanianisninveduly Ysznaumelulaslnusa

o
% 3

(Microfibrils) ﬁvﬂL gaituudn LaumﬂuaﬂmwaﬂﬂﬂﬂWUia E]EJ'i‘”VT’J'N 10 - 30 wlu

a

LUAT aNuWey ﬁOW A ﬁuaﬂmqaiwmmL%aawmaﬂma llll?JENﬂ'ﬁ"ﬂ@LiENG]’?J“UENL‘(JaaIﬁﬁIMIﬂi

Y

TvluSa (Cellulose microfibrils) AuAFNIaaNVDLAULE 1ummLUuﬁ]iaLmazﬁuuaaammmu

voaduleiinisisesnunnaeiu Fadudnvauzianizvoudulonsazsin LaraInALAU

a

vosntgaanie gl livesinseninueadusoguu (Lumen) Jvunadnas (Raguil 2.2 uag

Y

Qe

2.3) nisvengadily (MedruvewmtngadUguginavadugaaniogd) dniduiaguas
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(Composite) Usznouseidulatwagladluiuia (Cellulose fibrils) Heiogluiile (Matrix) fidu

anflu (Lignin) uazieiwaglaa (Hemicellulose) [8]

= Pectin

» Cellulose
microfibril

*Hemicellulose

* Soluble protein

Secondary
wall (53)

i Rosette {8 Secondary
wall (1)

Uignin

p Prim
i Celluose oy

wall

Middle
B Protein lamella

AL Hemicelludose

M Middie lametls
M Primary wall

JUN 2.2 annisdnaeadule (Elementary fibrils) lae n) nilsgadnillulasinuiawaglaaed
waglaa wedy anllu wazlushiu v) euledisaglad synthase Miogluguvesnen
AVATULTegaU (Rosette) A) lignification iisduluntiswad

fiyn : www.nature.com/nrg/journal/v9/né6/full/nrg2336.html

.

[LTLYCIN
A
19q

Interfibrillar molecules Non-crystalline region

Ul 2.3 aadUsznouveslulaslviuiafiegmeludle
fiun https://www.intechopen.com/books/cellulose-fundamental-aspects-and-currenttr

ends/crystalline-nanocellulose-preparation-modification-and-properties
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2.2.2 Uszamvesuiluigaglad

uluwagleadudulowagloaifivuiaduiiugudnansszning 10 - 200
uluwns Feunluwaglaavielduiiinlule uiluaianiadaines (Whiskers) unlulviuia vio
wilulues uluwwaglaadauundu 2 ¥dandn fo cellulose nanocrystal (CNC) ua
cellulose microfibrils (CMFs) ﬁ%aﬁﬁffﬂiu%a cellulose nanofibrils (CNFs) #37 Habibi wag
Ae, 2010 3814‘135 n3olunsmn1unanaes TAPPI (Technical Association of the Pulp and
Paper Industry) (2011) 16 nsudsuluwaglaseenidu 2 Ussivilvg) (5UAl 2.4) fe udsa
Ussiamuazmalasaine Tuusasis dianansautsusndenlddn 2 wuu ielkiesenisandy
lagurlugaglagaiuisaanalaanudusadvesingdudnluiwaglaa (Lignocellulosic
materials) A1835A19 9 L1 A51T9na (Mechanical) 151A3LTINE (Chemo - mechanical) uag

wallaeulesd (Enzymatic techniques) Wu@w [9]

Nanocellulose

Cellulose
Cellulose
( Nanostructured
Nanaoobjects
Materials
| | | | | |
Cellulose Cellulose
Cellulose Cellulose Nano
Nanocrystals Nanofibrils o .
Microfibeil Composites
(CNQO) (CNF)

Ul 2.4 msuvsUssianvesululeaglaa
fiyn : Ashok K.B, (2015), Energy Efficient Manufacturing of Nanocellulose by Chemo-

and Bio-Mechanical Processes: A Review
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nsutsUssanvasulugaglaaniy TAPPI ansnsouuslddsd
1. Cellulose nanoobjects Lun1suuauluwaglaan1uisnisudn lag
wiadu 2 wuu Ae cellulose nanocrystals (CNC) way cellulose nanofibrils (CNF) [10,11]
9I3U7 2.5 way 2.6 Usuanfsndnuuans1eszning cellulose nanocrystals (CNC) uaz
cellulose nanofibrils (CNF)

- Cellulose nanocrystals (CNC) Wutwaglaadilsainnnsldasiasivi
yhufAzefieNagyhnsdnansldlinanaseninslassaireiidundn (Crystals) uazlasaadnad
\Juedugiu (Amorphous) Tnvansiaiifldazidueulstinsansenis 1wy nsndaiiadn (H,50,)
leAeulansenled NaOH Wusiu CNC 92d vwiadurngudnad 2 - 20 WIlAs ANETIVOS
waglaauinndn 100 - 600 wiluns

- Cellulose nanofibrils 158 Cellulose nanofibrils, nanofibrillar
cellulose, nanofibrillated cellulose, microfibrillar cellulose, microfibrillated cellulose
Hustu Bs ONF 1 fuuluwaglaaiiinainnisendeiisendsna (Mechanical method) lunns
yillassaufnmsuaniinsyninslassarsndundnfundnvi lvuadusiaudnansves

CNF 211 5 - 30 wiluns ANNgIvaRTaglaaunndt 1 lulaswns

[}
HO_ ,

4N
o’ o

HO HO 3 o
o © ngi 1o
T ~)—
0%/ =
\,/L‘}(, 9, HO %\1}
Crystalline Amorphous \ J\;
domain domain * _—
l l C“‘C N —————— ////
“\\6 ’t
S o
T
—_—e "
,"t‘cl, CNp
an;
dI," 5
Cthog * =N

Ul 2.5 mnuuAnAesEnIng CNC way CNF
‘ﬁm : Rahimi Kord Sofla M, (2016), A comparison of cellulose nanocrystals and

cellulose nanofibres extracted from bagasse using acid and ball milling methods
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Crystalline AmorpI;ous
regions regions

Cellulose fibrils ‘
« Width 5-30 nm '
* Length >1 ym

j\/l' Pretreatment and shear

Cellulose nanofibrils (CNF)
* Diameter ~5-30 nm

St 1 w

Wood cellulose fiber @ Hydrolysis with strong acid
« Width 30-40 ym
* Length 1-3 mm

Cellulose nanocrystals (CNC)

« Diameter ~2-20 nm ¢ o
{'» Length >100-600 nm 0 p/

5UN 2.6 ANUUANFNSTENING CNC Uag CNF

fian : httpy//www.tut.fien/about-tut/news-and-events/X157407C4

2. Cellulose nano-structured materials LﬂuﬂﬁiLLUQUWIuL%a@JIaamu
auURveadan

- Cellulose microfibril ( CMF) n3e #i#e138n8n 30 91 cellulose
nanofibrils (CNF) #slasea¥isnes CMF tAaainnissausdavesinuiauuuusund (Elementary
fibrils) $1u2uan Teewwaglaalulasinusasiaudfidanafinbeulasiiddalunda (Young's
Modulus) g4 138 GPa uazfimnudumuussfegeis 2 GPa uazileduussansnsveisninm
Soudtanunn [12)

- Cellulose nanocomposites LHunisuewluwagladuvinuiize
Faufunefiuesiuning (Polymer matrix) 2801580 dn3a Mwnwseu (Casting) Wudu
WlemsUsudgeandAdanavesian

2.2.3 nmswisadulouluwaglaa
nsafinaglaasniufesefonszuiumsatmaretuneulneduainnisadn

aa A A o o ¢ & v ! aa a ' .
F15UER9NANNNTNUINIFIUATIEN ITNUUABINIUNTEUIUNITNDNENLTYNIN bteachmg
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Tngeandeufidereendindu (Oxidation) Tuniswen Lilefdnasdwnndndudadudulszneu

ddrydnunidufivfiinadnuninseuinnistesruandmnilondudiasiiuriunseuiunis

gosunaiiolildwaglaavmdniizondn wagladlilasedada
fupounsatneaglaautadu 2 duneundn fe

1. Humewdena (Mechanical process)

2. Sumoumanil (Chemical process)
Fupowdsnaasinlagdsnisiavieuniiedossuavenielsl (Pulp) TWivwe
Bnas Mnduaginsadneaglaalngliduneuniaaiidainlivans s

1. andseulwiluniseoy

2. 91fun1sAnU NS hydrolysis Fawvsoandu acid hydrolysis was
basic hydrolysis

Taelunszuiuniswieslulasuazunluisaglaaudald 2 38 1A FBuuy
Top-down kag 3FuUU Bottom-up F933uuy Top-down axidunisidieuleyd wieansiad
Tunsafinuenansduiilildwaglaaeanty wu Tusiu lusfu uazdniu Wudy wiluwaglaa
afailduwendulelagldusina wu nsldwdedsludluwes (Homogenizer) Wudu dwis
WUy Bottom-up aztlunisudn iwaglagainnglaalasuuailisedinan wedlawuaines
(Acetobacter), alnsuuAiiisen (Agrobacterium), aqaﬁgimiml,ua (Pseudomonas), bstaview
(Rhizobium), wag damaiawua (Alcaligenes) Wudu [12]

WUInNABNI5an wasdnwaznedugingn (Morphology) anunsawusunlu
waglaadu 2 vila liun

- waglaauiluaTada vie nanuiluwaglaa (Cellulose nanocrystals ;
CNCs) %38 Nanocrystalline cellulose (NCC) %#3® LLazL%aQIaalmImﬂ%aﬁa (Cellulose
microsrystals ; CMCs) viseqananiwaglaa (Microcystalline cellulose ; MCC) #35n15arinlag
Idansafivssinnnsn wu nsadansn (Sulfuric acid) nsnlalasaassn (Hydrochloric acid) 10
fu wianaddenuin nsndainilussansamlunisatnfifian lnonsnazidiluiufazen
p3sdIuedugIy Wielvinuvdsusidiundn Sevinlisnsndindnvas (Aspect ratio) i Lwaglas
uluasadavidendnuiluiwaglaa fiduinugudnandaeiadosening 4 - 25 unluwng uagd

AUYIRAYTENTN 100 - 1000 w1lwns Uazgananiwaglad dvuinvuineieegh 20 -

Y

2
a v Y Y =

120 lupseu lnsanuenuegivyiavesiamiunluingavasiu dnvasvemdnilituagd
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JUN5IAG1849% (Needle shape) waziiuseqau Judnussnannislniirading (Electrostatic
repulsion) Fwaeludeanistostunsrustuvewdnyldssuuiianuaios [12]

- Lsaagiaauﬂuim%a (Cellulose nanofibril, CNFs) %158 Nanofibrillated
cellulose (NFC) 30 twaglaalulaslnusa Microfibrillated cellulose (MFC) #35n15a1in
waglaalagldasinliuseinneng wiu leieulansenlen (Sodium hydroxide) waatnsuen
dulseenaindulagliusenadailiAausadouneldnnudugs duleFufnnisuenduay
Ainnsadialasesaunanudd (3D-network structure) anmudule daflarwanasalunisduti
Huumamnn waziidnsiaudnuny (Aspect ratio) ¢ waglaauilulviudaduiivisdudidu

1 b4

HEN wazedaugiu Jvwinanuenluseavlulasiuns druduriugudnadlagadesening

[
v vV 1

10 - 100 wluins FuegivrtinvesiivniunduingAuasiuguiu nsdunuiinisldngy

wulediwagiaa laun Cellobiohydrolase kag Endoglucanase $aufiuazyigannsldndeau

Tudumeunisitinsedaludludwes wisandruuseulumsniuesodlaludludigosas 1iaaan

wulgddazdluiufiseludiundn wazdreirlmninanuldiluszifovvesdassadng

waglaawaglaaululiusatuivszgauuiu Jadnduuswannidlihaing (Electrostatic
. d! 1 d' U U W ¥ -] ¥ = a

repulsion) @etaglusesnslesiunmssuimiuresdulevinlvissuuiianuados [12]

2.2.4 msldnudulelulpsuavunlusaglag

g A a |

waglaadauisailuuszenaldluiiudu 9 8n 1w dunisunnd audan

A IS

Y ¢ Y = ° & v = Y a a ' < ]
U590 wagaulAsodd1ene Luay 1Wewindefre danudangu udawse waglusauas
wanauisadesiunnuruldnvu nilanannluilesduin uily waglaatuduiagmig
a aa Y] Y a 2 . P wa Ao w
Fanmndaudiulanis@iniu (Biocompatibility) Iamuaudfvainvaly washddguily
waglaaanusagavaaelilagnszuIun1sneiInIm (Biodegradability) viliunluwaglaagn

uUszendlglugnaiinssuoganinewIng

2.3 FaqAwmdeangnanunasuudutingu
nspvaunsaiaifuduiianavndeluureandsldun vzarourdudan
(il palm empty fruit bunches) tdulauldu (Palm pericarp fiber) Anilonaundy (Palm
kernel cake) nza1U1dal (Palm shell) Mamznouadas (Sludee) wavuosvas Ao 1 (Palm
oil mill effluent, POME) asrusenauwaznsinlldusslevianTanaunisvedlssnuanin

Wuiauannszviunsanatduauneliindanaumniodnwiuan
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1. duleudu (Palm pericarp fiber) \udruldenuonveswaurauldiiu
Wawnasliduntialouediarursatildldiluemisvesdaiipedeals Iaeldluseeu
10 - 20 enl4lu s¥diuiga (40 - 60) Azvilvinisiunazn1sdeslavesdnianas

2. nnilawauldy (Palm fennel cake) tWuninilaainnisadinuisiuainiile

< I3 I~ QAI o [y v 6 d’l dy 1
wanly Undudusimsiwunzaudmsudninedaaaganislauunasin

3. mMnwaau1duLngy (Oil palm seed meal) WWunniilaannisaininsiuves

! v
< A o L%

wanUdngediumnUszann 6 % vemaliduanwariunduegadtia 51 % (w/w) vlinan

14
o w a

< 3 & & < o Y @ 1 vl

wanUduthduiinsngauazilowdasiuiuldduomsvedlinsenslaa
4. n1nurduLniu (Oil palm meal) #San1nU1&w (Palm cake) [Wuninfiwde
ginmsaianiuvesiduiawa Ussnausmaildonuennzaiuasiiel uvesudaanunsonasly
8n31 50 dwfuidedlaiu vise 10 - 30 dAmFulRdInTEINETIN WU T3 A wanaNNTLY

Juemsdainmnurauihdudslddudnssyfiten (substrate) lunisidesve

5. ngaewan (Oil palm empty fruit bunch: OPEFB) iudiuvemzanafiaan
¢ v =t = s e r i) 1 I a 1% - <
naUrdueenuuaLaldslusfnnzatslrduuandunslitymisediwindeuniniilosarndudn
1 v = Ao a 3 1% R v =
NelUveniwsn Fuduiuaininfiuganiiduwasening AmulsuIzfanImeaIalaId
laginifiesaindauugs wataguulaldvzatowdnluiaglunismwiziie uddiens
ilUldusslenivaziiivgaailduinninisinziin Weswinludiuunuvemearednduaay
I Y A A o v v = % 1% o o o
fdulemieraunsathunldnauwnuduleanudenueniale wenantunsaigwandad
USinas1nemnsge (lulesiau 1 % Weaneda 0.7 % uaslwunaidey 39 %) danunsaurly
Judagluniswandendnidaunimls Tussdssimainasleldvratoamquanluaiulidy

idunsignsaneatuduinawesdunseingiidAgdeaaiadiudivanuaessine1ms
wyudsundufugiu sanunsalimaunusineimsandeniinie Tdswuiulewdale Traud

va AaX a & o 9/ a o 2/ a [ [ @ _a 1 a
AanUAn1aNIgn ATy anviedegiguiulassasefuinlrmniginduludasiu 9ieiiy

v '
A ]

arugeatuiiiulselevdrefivdniedmaeludoniuus auansinaadliitudesly
oH gasAudiiviu duaslinudianmundesiivnzudnsiesaiulnuasswilinananvos
Unduhfuduiudndae venainivzarstrdudaiiiutanfimdennszuaunisuanuidy
thifu Sausgnaudae ngleaa lelaa Andu 18 uasdu 9 Fwandlilunsed 2 Wesanly
nzarpUrduUarazillelaauaznglaaussdusznou Fafiuszlovidedrannlulsanu
anamnssy lnglelagainvzateuiaudan Wussdusenevrensiiwaglaaluuredlyuan

[ a

(Xylan) Fsaznuunntuldonvesinuaznald demhanladuingnvlunisdunsyilednea

q
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IS

FalldnwuzunanadvIwarilsa NIUAd18 AUEIMIaNTIELAAL IANSIUA1NIN taelednea
220NN ITIUIRANNATIN AIUDINST 87 LAZLATBIAND19UBNANNTNEAeUIANTIUSENUM Y

Y q

Feanunsod g Uselewdldlumsgaanunssy wu lelaaaansailundeaduledneals [13]

A1519% 2.2 89AUsENRUTRININNEaEUIaY

asrUsEnauvRININNEateUIdy  Usuna (%)

nguAY 42.85
Touau 24.01
antiu 11.70
Fal 0.52
Juq 20.92

fiun - http://www.em-group.co.th/Technology Biomass.html

sUN 2.7 nnuzaneUndy

[

=

NN : http://www.em-group.co.th/Technology Biomass.html
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2.4 msduaseidagaienszutunislalasinesuea (Hydrothermal

synthesis)

v

nMsduATIEETaRMenszUIUNSbalasmesuea WunsEuIUNISNaITazanenseans

q
[

wunaesetansaaiului aujiseneamgigilunisusaigldmnusudunisdunsiz
MaAiiveInan wsonugslinoonlenusAINUINLANAIINNTEUIUAITOU 9 LU Laa-1aa
Gl 1 U a U a aaa L2 dl a
W3BNIANALNUIIN Ingarduanmgivaranusulunsinufiseiduandlusuin 2.8 gaumgll
Mldogsening 100 °C uis gauniiingm 7 375 °C UAYANNAUEAIRS 15 MPa an1igdined
Talun1ssnwavesasazarelinani1seasud1euIa ialinan1sag e NalngsIuYed
ANHUkAzRUTaINsaaandenuBassdmTumsiaaniateslananuduung nalnves
nszuruMsineunarsineanlenesuigliidunszuiunisazalsuazn1sanazNou 13e
nszuaunsasundainieglu (in-situ) natnvesnisazalsuwaznisanaznauinlulloaynia
S v =2 & & & & & P
vasarsnnudnlueenlen lansenlaanieesdlsznouveteanlanaiunsaazalgidng
asazareiialuasazatedum adudfisenneldanzdnandisiu uazanezneuy
BUNIATBINARANIN U3InIEAUIIIARURASNINANRANAYBINIasaelise NI

wasanlenuay a1sasiunasaeliioenianvseansdunasivien [5,14]

AR ANIAIUALNANAUN

\

A1SHTUNANTAZANE

v

Upfsenlalasines

)

MsanANAUNIely

e | nN15A589 115819 NSIILA

NINANAZLD YA

Ul 2.8 msdaanevichenszuiunslalasimesuea
fiun - Jaturong Jitputti, (2007). Synthesis and photocatalytic activity for water-splitting

reaction of nanocrystalline mesoporous titania prepared by hydrothermal method
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PolalUSeuvainszuiunisislasnesuea awnsoagulanal
1. nszuluNsiltansisaundsiabiung lawn sanlesn lansenlen Aasalse
WAL WAL lULATHYSD1ILLDAABNA bUUNNNTE

2. arsaefuiseivegangiiveinisiinljisenaiunsaniunidusening

% 2 o v 6

nszuIuns lelasinesuea Wiesnwiusunaduius (Stoichiometry) vasufizeniadunans

s

159180 vSnuaeesrUsEnau NlANuUSansadls

9 Y

N

3. nszuiunstiinduiioamgiisinii 300 °C lunsdiinnasulunivusussy
a3 neluagldgaumaiilidiiv 250 °C Faduganaeumaiveanasu nsldaamaiiligannil
elemnuduaznaiissiaansfiiasnsiuiatostazUeeiunssindinuuesas nansuias
inifinTuigaumaiias lneujnsenluaniuzvesmds (Solid-state)
= a < . . =i

4. NITVIUNTUAIUITONANBUNIAAITALA18UBILTI (Solid solution) NAIUAL
13 NILINYVIVUINAUFIUINY AL BIAUTENBUNILATINT UG DU 131 N1TFAATIZINLLYIIEN
wasenalng (ABO,) Miamelanzuatsviln vuinlulasiuns vsourluwns lng mauay
nsyUIUNsIindaAda waznsaule

5. uawsininaamenszuIunslalasimesuealifawinuiunounslwne3
WsonsnAalgunszuIunsilaudfyson1sduazvinangasiaiualnimus (PZT)
nilauUIgvsgeuay asdUsEneuLIUeY Ins1sansanlys (PHO) sevefigumniiainit 800

v & A N ¢ a ¢ a
°C LLﬁ%i%m‘EJVLG]QJ’mGUUVIE’]quQZJ MupaletkarunasnuUng

6. nsduaTzinsyyineluszuuladsarsiadaiuisadinduunldls Jadu
nszuIUNIlvhanedandeu

7. n3gurunsiatunsaveteianangseuvana inssulus1aiauuaINg

Y

\wANIAMMNLAZANNUTENSgUMToUAY

JRRevaINsTUIUNISIElASIWasUea LAk

1. LAIDILDIIANADUTIILN

2. AUamIssriungInunseuIuMsitigITaaiuALMIES

3. NISANNTRUVRLATRILBTMARAINATANSBaT LTI atawes
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2.5 nslalasla®@a (Hydrolysis)

nslalasladafunisdevaarsnedueiveniinia nieluluudaailsdlvauas
anunsavile 2 33 Tneisusnie nslelasladaseansadl Seanunsounvdladunislelaslada
frensauazang WilnuiseivinisiSeuiisulsinamesenueaiildainnislalnsladase

nIAkAzAaNYIY Usunameeniusaitaainnisialastadanionsatuaziivsuiaigandi
lalasladaseniaUszana 3 Wi wazdamuindinisidaaduarsiadilunisusuaniningiu
oA o awo 1 a v a P oV Y g Y oo
111N dnnslunuidedrunnfenldnsalunislelaslada Wesnviladreuasiiannldvia
UfAserdunaznuinnsldanslunislalasladaluiivensulunisldidndniuesn daens
PN Y a a o & da Y o aaa aaa =
WasuwUaslassasiswesdniusaznisiiunuiiialunisidinujasen siaesde nslalag
lagasmeloulv [13]
n3¥UIUNISERY (Hydrolysis) tlasarnngateurauivaliansminiaglad [13] uaz
a = & a & & 13 v & = o o 1 ¥ ’oj
wlwaglaafululndugaailsaduasdusenaved asluliethuinisdesaagazlaumia
panulagainnsdesdasiwagladedisauysalaslananiamiviadiediufe nalaa widinis
govaareiinlianysalazlaninglag wwalalulea (Cellobiose) wagwinledlnueanailse
(Oligosaccharide) Yufiu dquialigaglaailiegosaaisfazlauinianalsyidaluiuduiu
lassasweniaalukaiiwaglad nstevametuausavilamelvg 9 fe
2.5.1 nsUsgdalsniedlsiall (Chemical Hydrolysis)
nsgegaaumIgnsarsenttlnglzluriatenusslnaladnnsgnineasueu
DEAOUANILIT 1 AURaNTIY dulnain1seeeaan sl UULABINITANTIENTULIY
1) nsgevaanemiensa (Acid Hydrolysis) @1auwusleidu 2 nsguiuns Ae
1.1) Homogenous process WunszuIunIsAldnsaun 1w nsnlalas
Aaesnusansadansnidudu nanduanlddiulngiduiimanalea wadedefs azdedinis
=

wennsneeananiinaneutilulduastinsanduinldlng (Recycle) sunsdayminisgeade

nsnluivdunligndesaans waznmannseuvedasasiisanmslinsaun

D

1.2) Heterogenous process {unszuiunsildnsnseuussodldgumngl

Y

¥
a S

gand1 180 °C man1sgesre waglaadulilassasraluduluay (Fibrous structure) 35n1silay

e

Wanunsadnsanduanldlng wiaggnyilidunansiieyuen visuaaideuasuoim
nsgeamensn lunsdeaudesiansa Hydroxonium ion (H,0) agviujfsen
Aueendaulu a (1,4) elycosidic bond Tuduneusell Biannseulu carbon-oxygen bond ag

g191UN oxygen atom tAnan1zAilidiafies tAn high-energy carbocation intermediate
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oantuinUATeN iU Wn hydroxly group 8nasenila fsgu 2.9
N38e8lATIEs U INTINUAIEnTA N1stodaalsWuse Glycosidic linkages Tu
6" [ Y a [ ¢ g = 1 < [} ..
aslulalnsamensalanandaeiiduiinia Fsnisgeadunisunneenuediiusy glucosidic
wiaudunsiy luanavesludiluana 2 diufie daunsu H wasdndiunieiu OH
UffsenvensntuniseesazUsznaunie
1) nsnseaneandvedusneuludsduilu lignoccllulosic matrix
2) eondaulrlusneuludaiusslondndines (Cyclic ether) Se%319 sugar
monomers Laazed
3) Mauiuszdmes
4) aseensveuiieiduanssisduns (Intermediate)
5) AsUBUgNATaNEFIL
6) Wineuavgnadatuuibviiieasisiuszdmeslidu suger monomer,
oligomer %39 polymer TUAUALAUIUDINUSEDINDS
7) Mavugnisenasduiugusng uazrunavesingdu
nsanflesldlunisdes Ae nsadaysn (H,S0,) nsnlalanaesn (HCL) nsnlalas
1gee3n (HF) nImadRn (CH,COOH) Usunanimanlaazduiuyiavesingdv 1iargumgd
Y v g v v v a i a H N a aa
wagAUdutureInsaly Ineaududureinsainaseysunninnialaluvausngumgiid
a a 1 | a ‘éf a @ ¢ a A a qoj & a aaa 1 Y
dnswangunndonIsiinluvenanfursindulaeiaamulaauusiinujiseseladu
furfural wag5-hydroxymethylfurfural (5-HMF) Wi niamiatenlas Ysunuaes furfural wag

5-HMF MAnTufvusgiuannldlunisgose

U

Y a

Uofvo9I5n13 Diluted acid hydrolysis FeifleiUssuifisuniuisnldieules fe
Usgndauazazninndl Wesaintunsunisgesnigioulaitueialidunounisusvanin
(Pretreatment) @ssiadldtaailunis brcakdown Tagaulinanesduiinmia 38015 diluted-acid

hydrolysis T¥USinansaiieainties wazdlisimngnniteulssl Bnvianatlunisgesdund
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H30
3 *
A
CH20H
0
i \J
_ \oOH 1_[7.
OH

CH20H CH20H

0 H o,
OH 2 + ol A

OH OH

-H» + H20

CH20H
0. H E

OH
/6! OH

OH
5UN 2.9 nalnmsgeelassainwveandeiense

1‘7im - AU SPUzNUNTY, (2543), Biodegradation of cellulose and pectin substances

nstesiwaglaadeonsmduujisenionin Heterogeneneous reation
ordetadevmnanen mdufsafuujiseinisdesaarsfvansiaiing o U naln acd
hydrolysis veswaglaa (nsgewaans [ 1-4 glycosidic bond)

Uijis8n Acid-hydrolysis Suduainnistesaanel slycosidic Oxyeen linkage
Ye3tAa 2 TwanavilimAnnisaansveaiiuse C-O conjugate Aadu cyclic carbonium lon
wazidlafhinAntulu UFA3e1 fire suger wae proton axgnUdeseenunniaiia intermediate

1%

carbonium ion 9zLANTUNUTLIUMBUUAIBUINNTINBUNAI9Y09d78 polysaccharide

[

pegU 2.10
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HOHC  H OH OH ot ?H CHyOH H
<z SOLBH T >
y H
HeY PP— . U/‘OH — e SEH oM
H

H CH;OH aH CHxOH CHz0H

iy T I

|
i
CH0H H HOH OH
= H ? Hyty H #H0 : O\EH H §
+
Ho ™M @},« ] : H Ho S
‘OH
H 204 \ H H HOH
+H™

il g
nr

oH
HO. B ™
H
CHOH

Dominant Patlay

5U# 2.10 nalnnsgeslasiasiaveudaiienia
M1 : AUN SPULAUNTY, (2543), Biodegradation of cellulose and pectin substances
nsgesaansniun1l (Alkaline Hydrolysis)
aswniiniideuld Ao a1savanslefoulensenleniiadang eiaaulnoviiy

a

= @ v = o § v = ¢ caaa da X voud
wazwauluily Uudy aziinavilviangvedndugamlsnduas lngufaseniiintulangamad

U

a

geUseuna 160 - 180 °C wagspiniseendiaululsinananesddldlunisgesanieisi-

waglaa (4a3d w3mi, 2555) [13] sagy 2.11

4] ‘ H ; W) 0 H H
;. —_— +
o
o o o

Oon
H
OH

U 2.11 Msderaaeluianavevaglaanisnng

fian - Reilly, (1980), Structure and Funclion of Myothecium verrucaria for Fuel and

Chemicals
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2.6 Tannaulndn (Composite material)

[ | a

Yaneoulndsmnedanaifagious 2 vdafilifuguauifduaiuasidndiunnsis
fuswanfuudhlifaniliilassasdndfifani@ifty Tnesasansausnignia (Phase)
vosTaquinzUssinviuileTanneulndnls Setannoulndnay Ussnaude 2 drundnie dau
wn3Ng (Matrix) kazauasuuss (Reinforcement) [15-17]
2.6.1 duun3ng (Matrix)
drunmindidudiuiivisieruuasdadiuiaiuusadiseiu iielidau
iesuussegluiumisasinazinisdadosiinuiidivun Taemluwnsndinasdanumiengs
wifinnuudausauasilugdafinnindiuaiuuss wihflvosunindluianaoulnda Ae 97e
ShwiAulatiesregUIUazIEIN SN¥IN1INTEANERIvRIEIUESULTY nTanaoulndn
annsanuenisidoanimaneldgunginioussnseiilelussfunis uazdreundosdiu
i@Sunsanmsdsanimainasundould lutegtumeindfdeslddiunnn léun nediues
Tavie wazlwsila WWudu dnsunedwesitouldidumning amnsaudslsidu 2 Ussian Ae
wiasluwanadn (Thermoplastic) tagmasluiwm (Thermoset)
wodlunanafin (Thermoplastic) [18] w3o1s3u WWunaradniildfusgia
unsnanefinuantATiilolfiunufeuszsousataumansalasusuing uazilelduau
Buazudeiagulild weslunaraninillassaisluanaifuaeldnsasnn dnsidense
sewinaneldnedestoninnisannsa Ransuassumadld viellorun1sdnsousigeids
sgliivhanelassaraduiliaiuisainduimasuiteldlnililaofiaudalddsuudas

Y 1 a % 6

Matandnduainiandduguin 2.12 dusumeslunarafnieuldiuegraunivarenily

e

\9u wedlediau (Polyethylene, PE) wadlwsiau (Polypropylene, PP) wodalnsu

(Polystyrene, PS) waynealiflanaslse (Polyvinylchloride, PVC) tludu [19]
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JUN 2.12 uansiegunandueinvihinnmesiunaiasin
3 - http://www.ferret.com.au/articles/infocus /recycling-the-unrecyclable-a-new-class-

of-thermoset-plastics-n2514349

weoslumawatadn (Thermoset plastic) [20] Wunanadnfifiaumuniuse
maUdsuulaeumgiivazdnnuudiseiedlaniianunsundsiunseuiunnMmieng
v = o = S d' [ = < La ! v a '
SounSeusviuiigansufel Weaduimasvziinnuudann ldifnniseudidnuasliaiuise
Wasuwlasgusednlafelinudeudadisainmesiunaiain uidlvigamgiianiulufag
Annsuanuayindiaangly mesluwanarafindnaziluanadzwonlonudusiuwniuiuuiy

fussBamierszninduananiudusann Juhbiliaunsaduivasumadlndlinisdugy

'
=] o

wanafnudailidugudnuaeng q lnensiiliedlugdvesnainianuniesfaunsolna

aaa =

Tumuwuursewifianild antustuazgnualaenistiaiuieunseiinufisenaivinliiie

=

nsWeusiaiuszninasly vibiudaiinsgusnelild dsdegandndueiivanddug uin 2.13
wasluwanatafnideunuldogrsunsnatsdnatssie 1y 153udwand (Epoxy resins)

wody3nu (Polyurethane) uazwedleawesuilalidus (Unsaturated Polyester) 1usiu[21]
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JUN 2.13 uanaiegunandueinvihinanme sl

fiyn : https://plasticsrecycling.org/beyond-bottles

2.6.2 @unasuwss (Reinforcement)

[

1 a [ ] A o Y a a I Y a o
a’JULﬁ’ilILLiQLUUﬁ’luVWHVU']WL‘Wllﬂ’)’lllLL‘NLL?\‘IIMﬂU'Jﬁ@ﬂ@iJIWﬁG] I@EJ‘VI'JIL‘U

9

savflenuudaussuasialugdaigannnindussind Wudusuismdnvesianaeulndnd
deeluN1NUAINgG Uszﬁw%mwmmdama@uLLsaﬁuﬁuagﬁwmmLLazgﬂi'wuaamsLﬁmLia
Hudwdey ansfilfiaduussenafdnvasiazsuiidlivarowvy Wy wiudule syninuue
B wagilud WWusy Sadunandusud 2,14 drueduussiitodldaminajazidnvasdudy
Ty (Fiber) nsanaifudulosmsiaies viaduledufldmesaudulefiteldlutageeulndn
wiu Ldulewia (Glass fiber) wduleasuau (Carbon fiber) duleazsiia (Aramid fiber) uay
Wulesssund (Natural fiber) Wusiu Tassnnidulefiazinnldifudimaiuussluiannouln-
anmsfinuautidsd Ao Svuauasdnuusiiuinvesduleiainane falugdags e

uTausege waghifanisdvan nldlusewinanssuiunsvugulie]
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Continuous Fibers Discontinuous Fibers, Whiskers

JUN 2.14 uansdnuazuaznsInteswnvesduaiunse (Reinforcement) ludanaeslndn

‘ﬁm : Myer Kutz, (2002), Handbook of materials selection. New York: John Wiley & Sons.

Aanugvendulelunisiauussianneulnds danason19n5Ea18RIVIAIULAY

= o | A A P P | Y a P
warANUAsERUUUaNeEUly nanfelamntevessduleiuIuIrdINa biusaUanaEuly
fanueunazAnTenanad Mlmaule it udiusulsandswIuun NS N la Ny
MEtNduNasErInunsnduastaulolen aatulenesinlitinisiaLnizsenInuunsndunay
v A A a d, ) a =3 Y] | a ¢ 9 o & )
wulefieiiuanundaussesianreulnds n1seanigiussninausnsnduasiduledandudade

drdglunisimunauantsivesianmeulnds lnedaguiazUsenvazinalnuasaiuaiuisoly

L% ¥

ANSEARATNLANANGAY YUsEUSNBUZYRLEUlswAZILNS NN

Y

2.6.3 Ussnnvasianaeulndn

[y

Fanpeulndnanusaduwunuudlibulssandns 4 lngeaduunmudssinn
YauunIngn1sTasesvaduly uazUssianvesansiasuuse lngisianuisawlsiagaoulndn

[

sonlu 2 nqulvgimuviinvesdulelddifeianmeulndnyinduledu (Discontinuous or
short-fiber system) @adiviawuudasasluianiaufeniy (Unidirectional) wasdni3eaiuudy
(Random) wagdaneeulndnviiadulos1i(Continuous or long-fiber system) M19193mi3eslu

Aen1nfganu (Unidirectional) wazdadudurin (Fabric) Asuandlugun 2.15 dwmsuiag
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paulndniiasuusesiaidulegnagaiunsanuaunisinsesiivendulylaing vinlawnse

mannnantRvesiagaonlndn Wy AuLTanss (Stiffness) wazAINUTITS (Strength) Iél

witunenseiutuleldidulsduluianmeulndnazliausanuaunisinsesivesdulale

auysaidamamantivesianaeulndnlisn uwavaudhvesianmeoulndsluudazynenadiniy

LANFNNAUAIE [22]

Discontinuous and
randomly oriented

Continuous and
aligned

U

wuutduledulazwuududlesn

DEconﬁnuousand
aligned

Gl
"
i

"

I‘I ]

-4
.
EEEsEnn

'R E'N
lgl

5
5
#

".v.%._.

-
o
e
e

S

ll’ll
“

4
II‘
.ﬁllﬁ.ll

'mm'n
’Ial N
nn'n

i
.
S

Fabric

UM 2.15 wanguuuunisdasesivesdiasunsingluianneulndaudazussiannaly

fiun : Bruce A. Averil, (2012), http://2012books.lardbucket.org/books/principles-of-

general-chemistryv1.0/index.html
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2.7 weatiaudadiun (Polybutylene succinate, PBS)
woddafaulunedieamesfidunsziiumeUfizen1saauwiy (Condensation

polymerization) sgninansadaddanay 1,4-0nulaoea Jaususiuesisaosriaiidu

anduiaunsondnvuldanuradinsiniiviosnfeingAuainessui
A15UUN Fermentation
wls—> nglaa AsAYATIN unadanaulalad 1,4-Tawulneea
Starch Glucose Succinic Acid Maleicanhydnde 1,4-Butanediol

£
Y

JUT 2.16 nszuIUNSWTELLBUBWBIAWUAINNTEUIUN TN IngAUIINGITUYR

fiun : 1€nAdldann https:/packaging.oie.co.th/new/admin_control_new

PBS fiFovnienisd 1eun Bionolle nanlaeuS®M Showa Denko way GsPLA wanlng
USTW Mitsubishi Chemical 1112891999 PBS A8 CoHy,0, havaunsadaasizvldlagende
2 wuImavan Laun
1. NI¥UIUNIS trans-esterification Tngadudadiunlaloaines (Succinate
diesters) \Juslouaias
2. N5¥UIUNNS direct esterification lngandansagadianay 1,4-Uwulnoea
audilanadludrady dadu 33vluildlunisuantsdu PBRS Auszneudie 2 Juneudes
Fastoluil
2.1 nmsimssulodlniuesaas PBS (PBS oligomers) lnan1siiu 1,4-09nu
Taeaurnifunelunisiufiseinulatedn (nsedpdiin) wazfdaiieananszuuLitelss

Ufnsenlunisasraledlnues

HE o  ~— .+ | N S « N -

s ) 1,4 Butanedial ’ PBS Cligomer
SUCCINIC ackd

Ul 217 nsiwsenledlnesves PBS

fiyn : https://en.wikipedia.org/wiki/Polybutylene_succinate
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2.2 A9 trans-esterification ¥84 PBS oligomer mﬂﬁaquzyiymm

Wialiild PBS Afiumiinluanags ddlutuneuidndudesededisaufizen (Catalyst)

oy ayiudveslminden welalloy duinsd viowoundey [Jusu

0
0 ) Vaccum i oH
HO” NN 07 NN ﬂ;H —‘W \[. O/\/\/OEI\ + o NN
n
0

Oligo(butylene succinate) Poly (butylene succinate)

g‘dﬁ 2.18 N1 trans-esterification ¥4 PBS oligomer

fian - https://en.wikipedia.org/wiki/Polybutylene succinate

PBS 1Junediuasnauisadasaarslaniesssuvflvndnsuanidulinay
Agp1suoulnoanlad Fududnuianarafinniadean n1sdi PBS WUIdi&senevauLnii
Tunaussdae wavnguunandusiuuulgaiasetnaiiie (Disposal items) 1y Waun19

nanens Jaamnaimnssy Tannienisunng Jusiu

Ul 2.19 fegrsnsilldvessdu PBS

fian : Widsldann https://packaging.oie.go.th/new/admin_control_new

Ingusseiuaan PBS Inslusuuuuvesiidy g niandes Medmsueimisuas
w3eed1819 uanIntludagtuil PBS lngnimunluldnienisinuasmslusuuuvesilduuas

annruaunIsUanUasedenaseeiuuas uludinstugy PBS WWumnviedlduseleml

N19N15USENG [23]
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v a

AN59N 2.3 wansauddlanendluvesmeaiinaudagiun

auiRvanediues woataaudadiun
1Assas19veInediues nodloanesanelynss
AUUANIINILAIN

ANURUILUY (nFu/ua.) 1.23
anuALgeng

ANFUNLUTIRSTFAATIN (MPa) 62
%aaaxmi%éhﬁa;mmm 710
LanAaLSINA (MPa) 470
AUUANINANTOU

HDT (°C) 97
gaumngiinivasu (°C) 90 - 120
gauniiaaeia (°C) -45 3 -10

2.8 ywATeineades

Zaban uaganiz (2000) [24] liAnwSesnavesnsduasizvineaness lnniie
lneanlenmienszuiunisialasmesuealaglafnuidnsnareinislinsnluninuaznsauwadi
nsgmiensdansed SednansenuselastainendnaoasosdsuisnisAnyinadaqansael
Bidnnseuuvudos uuuuA1SATlas (Dark-field TEM) Tassadsiufinfiuansneiu duade
Usednsnin veuwaduatoindnsedunied anuan1sAneilassasianudn lnnudey
Ineenludiidaaszsilaiiumaeuma (Anatase) 92.6 % uazuinlasi (Brookite) 7.4 % Lile
l¥nsmozdfn (Acetic Acid) wuirUTumoULMA 93.2 % uay Uialavi 6.8 % Aladeves
aunAliuanaeiuLng AsEann 12 - 13 nm

Jaturong waganiz (2007) [25] IaAnwiiTes msduameikazmMInsssujidensae
uas dsvdiisenmauentivesmmideufifluenauwuuluesadalaifinioulngilelas
woduea andnuily Mesoporous TiO, Wun1sduasigidienszuiunis telaswmesusa
Tnel4 Titaniam butoxide ifuansdesilumsdnaeit udrthudinmeiauausimaeiuag
V9N1BNN §28 XRD, SEM, TEM &9 TiO, fiilasastsveunaoung (Anatase) flvuin

a

Uszanad 8 nm egslsimunisdaasgilumidenladiiuifiandounszawesnunlim o lay
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WAYTUIANUNEIT I 215 m2/g anulivesUfizenduasain Tio, inliniauialalasiau
MgU3e1N15 wendl TiO, WethuwingumvninganeaumiIsazmuzauiunsiiaufisen
a = ] . A Y Y o g v
W NNTANINUI TIO, NilATIATIvaLNau1Lng (Anatase) @1311309NNTEAUYINLY
Anudfseduadlafnanisfauialalasnululiinanunuasonmgliinasenisiinujise
NTUENUN

Manisara Peesan Lazay (2007) [26] laAnwAganuidunanvesangzluda
lalneu (Hexanoyl chitosan, H-chitosan) kagwaduaninwadn (Poly(lactic acid), PLA) gn

! P 1% ) s = & a
naeIna1Tazagnaunaenndesiulunaslinesy  lanaelsiinuviowmnselalasyse
a £ ¥ ¥ a6 ‘dl a 9/:.’/ [ U = L3 AQI

woANIIUNMTARNEfImeALTeuvsauNaunSeu lilueglusyiuUunansdisesAusEnaun
U3ans wazlulinansenvedaliveddgainlssinnvesiivinasalenas wHulduNauNaIy
& a = v X I I3 = | a v v & =
VamuakansguiinisiisuanusumIuedivesruseneunils winafilawandliiiuiening
Whiuldusduvesdiulseneulumadugiuiiileves H-chitosan i1 anundawmeglaginaiin
nsianseunleimazay LHullaunannsenlaainasavansnanlunaslsnesuuaslanae-
Tsfimununisuenavesesrlsnauisdensenisvemamaidntes i ad1elulauudlsl
oA & a ¢ o a s o & & ¢ Y & 1Y) I3 =2
ADLLDINADATIIUNING Y19N19ILATIZRANTDULAZLONGLTIuanslLuI TEAUANULTUNEN
YIEAIUUTZNIUTDINDALAARNLOTA LN TNANARAILUUE N Tnsn1siaandrinazalsnaznis
WnUSHNYee H-chitosan wesnsnasliiinasolaseainsuesnannoduanfniodn

Atsuhiro lwatake UagAniz (2008) [27] Anvinmisiasuusenieiduloulugaglaaves
woRLaARALETA TunsuMINAnLieLAnNIINTEINEfIvITaglaaululuSasgwaiaNe
luansusenau PLA Mims@nwuwagiinsnginuaudfiienatazaudivianeslulaundindves
wuTannasndunsEvIumsirnuieu uenanldsldiduleanlingeningeleeiad
Won (Needle Bleached Kraft Pulp : NBKP) #isinun1sdainaiuaiiitaAnwinavesgudugiu
Wewesilaaes WewaglaauilulvuTanauiu PLA Tngldivhazaieduniduasdiunaula
gnuauliidndunaenisidndivinagate wuingaglaguiluliuaduinnisnszaeeeng
megadavely PLA waznmsifiawaglaaululiuia dwalvidndadugdatazainuiiuniu
WS9R9UDS PLA 40 % Wag 25 % aua1au Tuvme?l NBKP Auasenanas 30 % Lavanman
uause 15 % Mdulenfidunauvaaduls 5 wt %

Martha Merchan wazaaig (2010) [28] laAnwinedlilamaslsainsanienisunng
ananuUasglesulanidadulugemnuduty 0 - 5 wt % laemallan1sudediinazany

lagld cyclohexanone wag N, N-dimethylformamide naaaulngldnaosqanssatnas
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NNINAFDUKIIRN LAZNA0IganIIAUBLaNATOULUUADINTIA  WeNIINLNISNAGaUnNEAULTe

wupiiisslunasanaassiuLuaAflToLATLAY (Gram-negative) LazlkUALIELATUUIN (Gram-
positive) gNAIMUALAEAITNAFBUNITENIVRITAN 1n1snaaeseUjTrusludinquias

1

gyvinentudindedagnasiaaaulag UV-vis spectroscopy KAMSITENUIUNUIMTAEARUe

Lo

favhazaslududuguinet msudenuaiise uazmsUdesdnuuziameves ampicillin
uenanifslduuuirnesnsadinmanifudoyadildainnisfnuidoifiossydnwue
JaunamaninisUanUaoeveauiidaduainszuunedhilanaslsn - s1U e

Yoko Okahisa tazAue (2011) [29] Anwinaveinisisdaniiueantunszuiunisnae
uluwaglaa wendnuiuiidulaulureulndn lasdunounismdnibonszaunoufiasiinlush

¥

Wuwdulesedvuly SndudesuSuannaelafounaalss (NaClo,) wiefiagn

[

Aanlluoen
TuaAdefnwinsidniueenaintwindidniu (bideudaduladuiudiony 2 U) wazliiilad
anfiu (bilegeulmauladslidiui) wuinmsldludeunaslsd lunsvirusavseravilmdule
waglaaidenauliosnnsnuindnyugnsdugiuinewazauaudanie 4 veuduleuily
waglaananalaaindruvesldinnlddusslovd wenanilunisviwnluneulndnainldln
\agauilAn1sderIuLaINTIIANNYIARUARINTT

M.K. Mohamad Haafiza Wazagy (2013) [30] Anwinisinieugananieaglaaain
nnnganeUau (OPEFB) Minaassuvesdald (TCF) lnansyuiunisialasla@anionsa uay
nswend (TCF) vihnsld sandau-lelwu-lelasiauaseanlas n1sinseilassasiamaail
e FT-IR wandliiiudnnsinlelasladasensalidmansenuselasiaiamaaiiveusaglad
v o a = Y v fa
anwazdugIineveandnsaglaa gnasavaeulaenislindesganssaidiannseu (SEM)

Y 1A 2/ ‘:4' C & Aa = & a £4 L4
wandliliuindlassaianneinsauagNuniivivse WenaNUNIMNURIIINNABIRANTIALILTS
azaou (AFM) vanivdnwaizAulunsinay n153As1e XRD uansliiiuiinisduasiz
= = ¢ <, = = gy 13 v

Jandnwaglaaiivefiduanulundn 87 % lnegandnwaglaalaanninveaieurduuansly
2 1= wa = % o gy o  w v
Wiudauaudinnuaissnmnisenuseunauasidnenimdmiunisussyndldnnainraie
i nFuunlupeulndsiiasuusineqandnuaglas WuTanuwazivda

Ali Abdulkhani wagasy (2014) [31] urluaeulnds PLA/CNF gninSeulagldisnis

I @ o = = 2/ a a & a I a £4 oA

naedvhavarelasfiilmuneieasisunluneulndsiidulinsdeduindou SEM wui1dn1s
nN3¥MeivateuNIAUIluag 1A NaLaluLNSNG AW CNF A1 (1 uag 3 wi%) wafl CNF
a9 (5 wt%) CNF Angmandaiulade ddviliaaaudfdnaresuilunoulndnanas Aueiy

W39As (TS) waglugdabaveu (EM) vasuilunaulndnnd CNF 1 wt% Lilduananmsivaeunas
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a v o w

pgnsfidedAty Wosiiudnisdnda (E) linduunnnin 60% TS, EM way E wasuuuasesiall

v o w

Soddayuuluneulndndll ONF 3 waz 5 wtoe Belunirdunsmanululiuesiintuogne
Husyansamluumsnd PLA nansialuussvesunlunaulndn PLA/CNF vilvigaumgilaangu
warguugivasuaraeindudniion

N.Rambabu kagang (2016) [32] Anwin1swandulouluiwaglaaaindiuiaves
lauduaw IneAnwinssurunmsusvanmmaeiivazaudidanavesiiduuiluwaglag wuin
faunaudulowaglon femsiunmussifuarlundageiy wogiimsfnwautfsng q veq
wulowaglaaliun ssduszneumaail anwaenad@ugIuIve) Kanwazaudinauioulay
19 HPLC, FTIR, SEM, ESEM, XRD waz TGA wudran1ieiunglunisinden Ae NaOH finanu
Wutu 4 wid uavansazanelafeunaslsviienndudu 5 wt % nmsieszsiesduszney
veadulowuinfiiwaglaa 89 % efiiwaglaa 4 % uazdndu 6 % uazidulounluwaglaad
wizeule Sidusugudnaegsendng 5 8 25 wiluuns Iavilndnasiia 70 % waziadesnm
yeufeuiinauvesdulenly uanvinmnzandwiumakanneumodniinmszduuly

Loo Yu Xiang uazaaiy (2016) [33] Anwinisinseunanlulasiwaglaa (MCC) fiafn
nMNNaUIaNUET (EFB) Muuazaan Jesenidnyasniaeiifidnduasiineilasaiig
9ama dudulofuiuiinuiwaglaagafian (42.43 %) sesasunie EFB (32.33 %) wazaen
(18.83 %) n1ud1fu uenaIntusmuiiusinadniuwasiituesfiudviadesdiaede

Wisuiiauiu EFB Gennsilasizit SEM uaashiiiunisivasuudasiidfaieaiudugiuine

[
A a 1%

nuivendulenasanszuiunisain NM33wsiedt FTIR wandiiiuinfiinveseliwagladuay
Anfutulaifoglu MCC it WosiGusamulundnues MCC fiadnléan EFB (82.5 %), Ay
(82.2 %) waz non (86.5 %) \Wawluiu MCC 1nsnMIAn (81.9 %) namsisenuindulefud
AN ALLINNIETUNTSHER MCC InensAinumginssunisiva wansliiudieaiau
wilnfildfinnuuansneszning MCC nsanisiuasinu lurasfinunsadauusiaosuandls
Lﬁuﬁﬂﬁ%?tﬂﬂ?ﬂﬁﬂiﬂﬂ’]i?ﬁﬁaaﬂmiLUgEJULL‘UanUiNﬁ‘ETUy@uﬁumﬁ’mmﬁmizij MCC-
hydrogel #9915

M.K. Mohamad Haafiz uagag (2016) [34] laAnwunseuigaglaguiluiaines
(Cellulose nanowhisker, CNW) iiera3uusalifunaduanfinuedn (Poly(lactic acid), PLA)
ABwAtlAnNITUaaEITazats lay CNW QﬂLLEJﬂﬂ’%jﬂLL'ﬁﬂE]E)ﬂR]'lﬂL%agiaﬁlﬂﬂﬁﬂ%ﬁmaav\nwa

Unaninduilan Ineld 64 % H,S0, wazgnivualiilu CNW-S ndesganssmiiuueaUfda

wansliiuineun1rvuIntngves OPEFB-MCC gnyinateaslagnszuiunisnisialaslada
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n&osganssAusternoufusuin NW-s fld¥uduaglurunulumnawassngludnune
A&IBuAEY CNW-S Alddugnaamdndu PLA T 1, 3 uaz 5 wt % sBudwiumandnuly
poulndn PLA-CNW-S annduuluneulndafidnaszitumiuazgnosuisaadnumzues
AnantRLssfaLaziafiosnmnsaadeuduiiiaulainnissam 3 phr/ CNW-S Tu PLA %28
finauiunIuLsAaldie 61 % uenaininisinan CNW-S Sauandlidufonanszny
ysuInderlugdadiues PLA mnusn1sBafafignuna (Elongation at break, Eb) vasunly
poulndniuananiiofy CNW-S ndesganssmididnasouuvudesnsaulnflasdiatunas
ndosansseididnnseunuudesinuuansliifiuin CNW-S nszaremlddlu PLA fimsussas
wfishnindeufiezBudusudufouiinisussnn CNW-S figsndn (5 phn) m5As st DSC ves
ulupoulwandldFunudne T, Te wag T, 109 PLA dunmsuiuusailolvan CNW-S aghdls
fnuannnisiiesedt TGA wuinisdfistures CNW-S Tu PLA dudwadewadosninmnanin
Sou (Tyo, Too Wa% T,on) vosulumoslndnanasdudunsadiolnan CNW-S

RZ. khoo uazemuz (2016) [35] Tusmidded CNC gndnaszilasnislelasladade
n3n Mnlulasasasialadwaglaans (MCC) uagdaunsouulumaulndn PLA/CNC lngldinaila
Msndesiea1savate nN15Anw EFTEM wandliiiudn CNC filassadendnedu (neuseuna
10-20 WluluAsUazE1? 250-300 WITWLIAT) N1536AT199 DSC wansliiiiudn CNC (gadis
5wt9%) anunsavimtifidudauny nucleating asent dmsu PLA n1531A5129% TGA uansliidiu
heampinisaanssivesunluaoulndn PLA / CNC gendnwes PLA U3avis

Jiulong Xie wazagy (2016) [36] dulewluwaglagauisouenladisaanlililag
maibiduresaimelulasnnsindunszuiunmamsaiivasnssuiunsdansileiin n1svii
T Huresmardnelulasvaunsaidadndululdlildifeuiomn uasldusinumaglaags
aelu 7 uit uazanunsovilfeaglaauiandliegrsiemelas nsrurunsmaeiilunievds
HAN13IATIZY SEM Lag FTIR Wag X-ray spectra wansloiiuinnissiuiuvesnisinlndu
veawmadglulasiinuaznszuiunsmanaiiivszansaim amisaiidaaisusznoudilaily
waglaa Ultrasonication gnihanlfifiensn nanofibrils sanandsmndnaiiteusnduleunly
waglaa a1 TEM Budfunisilegues fibrils 99nnsiasesi TGA wudnduleunluivaglaad
wonlédemadalmiifiafiosnmmeanuiougedelsatindulouluivenldannsailuld
Jussdvsznauauussluian@ininla

Hyo Won Kwak wagag (2018) [37] unluiwaglaalasuaiiuaulalugiusian

a Aaa ::4' o wa d' ] a s a =
LaﬁllLL?\T‘V]WVl?j@LW@ﬂiUU?Q@mﬁ@JU@WWQﬂWUﬂ"lWV]‘UﬂWi@Q‘U@QIW@"U']ﬂLll@iﬁiillsﬁ']m I‘Uﬂqiﬂﬂ‘@q
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Tudagtuldinisiniomdulounlumaglaaildanlsils (B-CNFs) wazldidusiasuusslunns
USuupsnnaudfiiganavesilaugsdu B-CNF lansgaieiiegealulunsndiesduniwosea
wanadnlaglifinssamdaiuilelnan B-CNF 10 wio Tuvnigiduleuluwaglaaiismsiiu
Usingiundaninnisivan B-CNF 20 wt% n13nszarwegisasiniaueves B-CNF Lalftesus

aa

USuuannantivesiauesdu widsdwmaseamautinveuinvediaululeulunaulndnsiie

o |

nsfunuiatuayunsliidueifuaiuussie B-ONF luussyiasionms Jandndseuas
FanUauna TngAunedweisssunAnldiussansnmuasiuinsedundey

Shaoping Qian LazAas (2018) [38] mu%’aﬁiﬁaﬂ%’uﬂﬁamﬁ’aLSTNﬂaLLazmm%’au
veanisvaeneulndn PLA Ingldliiwaglaauiluiaines (BONW) 1duasiaduusadl BONW
#1991 (0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 kar 4.0 wt%) HaN1TIENUINUASALIFEAALAY
ma%éﬁﬁqmmﬂ 427.72 £ 19.32 MPa wag 22.27 + 3.50% agjﬁ 2.5 wt% ag 1.0 wt%
pudwiy fmsduneemnuuifoiieiusasndniidudon n1siiy BONW denalsivuandn
vosTanuay PLA / BONW ifisduegnainiis a1 dundniilugfianie 30.7 + 0.9% lasd

BCNW 2.5 wt%
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unin 3

35115 LUIIU

3.1 wWuMsAIUNY
3.1.1 Anwdoyaniideiiiedos
3.1.2 FIUTIAZINUHUNTANTUNY
3.1.3 dawioningiu gunsal uazia3eslenis
3.1.4 Anwnmawdsndulelulaseaglaaainninvzansundy Tduneuded

1) nszvunswend (Bleaching treatment) shanislaleinaunaslsnsiuiu

D
3)

NINBLTAN
2) nsvvumsdanilald (Alkali process) feiniasfnsniuuulslasimesuea
(Hydrothermal) TunwiseAnwinavasian laun 6, 12, 18 uag 24 h.
3) nszuIunsialasladaniensa (Acid hydrolysis treatment) T¥nsadaysn
fiannandudu 32 wto%
3.1.5 naaevaulirsqvendulelulasivaglasannamzaneUrduiiniols
1) naaeulpssadimaaiisonden)Seinsuanosudunsusaaalag-
w3 (Fourier Transform Infrared Spectrometer, FT-IR)
2) veaeupruduwdnienioadnassinunsnladwes (X-ray diffractometer,
XRD)
3) VIPFRUANYAUZANFIUINGIAIBNA09aVIIAUBLANATEULUUEBINT I
(Scanning electron microscope, SEM)
3.1.6 Anwinsinienfanaeulndnainneddnidudadiuniliidulelulaseaglaa
PnmangagUduduasiasunse
1) AnwinavesUSinanisiudulelalaseaglaaainninmzateundud 1, 3
uay 5 witd%
2) ¥nstuguenszuIunIvde (Cast film)
3.1.7 neaouantinng 9 vesTanaeulndnanneddiidudatiunildidulelulas
waglaannnnzatgidanduansiasuuss
1) weasvautinisdesiunasnomaiianisgandusidvesansioglugag

Ultra violet (UV) wag Visible (VIS) (UV-Vis spectrophotometer)



2) neaoulassadramaaiifoiedesySosnsuanesudunsisaaalng
;a3 (Fourier Transform Infrared Spectrometer, FT-IR)

3) nagourdudndaeiosenussanusnlafives (Xray difffiactometer,
XRD)

4) yadeulafysnInNIeAINSeunlgmesiunsIlunSnoullads
(Thermogravimetric Analysis, TGA)

5) nedevautineuseumsmedafnivedisuTaaunuiunasiines
(Differential Scanning Calorimeter, DSC)

6) NAADUANTAAIINFIUNIUGOLIIAY (Tensile Strength)

3.1.8 SIUTIULALIATILANANITNAADY

3.1.9 ajyunan1ivnaes
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dl o a
A15719% 3.1 Ueun1seuuYelasinig

JUHDUNITANLTUIY

2562 2563 2564
UP- | WL~ | NE- | WH- | WA~ | WA- | WA-
da. | aa | aA | 5.0 | Wy | 5.0 | fA.

AuATTayaUITaLAY

aa v
NOYHNLNEIVB

MANUNITANTUIY

a o a U L3
WIBUIngAU/ EnaUnTl |

wissnwagladlulasiniues

3
INAANLAYUIAN

NAERUANURAN 9 V99

waglaalulasliives

[y

JugUianaoulndn PBS/

Y

waglaalulasliues

NAFBUANTURAG 9 VBITHR

ARLLNER

aUlarIATIZINANTS

VG0N

dpvinguiasIneninug

LARILAUNITAIUIIY

LAMINISAUUIIUDF

3.2 ngAuLazaITAll

3.2.1 MnngaeUna 9NUTEN guanysaliiiiuligy 91in

3.2.2 nsApz@Rn (Acetic acid, C,Hq O, ) USEN Merck Usenalgasau

3.2.3 lopsuaaalsn (Sodium chlorite, NaClO,) USEW Ajax Finechem

3.2.4 Inuna@enlansonlas (Potassium hydroxide, KOH) US®% KemAus

3.2.5 nsagaiasn (Sulfuric acid, H,SO,) US¥N Merck Useineiluasiu

3.2.6 iawaa@n PBS (FZ91PD) U3t Mitsubishi Chemical Corporation
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3.2.7 aaslswesu Chloroform, CHCly) US®W RCl Labscan®

3.2.8 8sdlnu (acetone, CsHgO) USEN Merck Useinalgasaiu

3.3 gunsaluazialasile

3.3.1 dnsufnsaiuuulalasivensa (Alkaline treatment-The Teflon lined
stainless steel autoclave hydrothermal reactor) Siie Buchiglasuster 3;‘14 cc075 (Uszina
G EpRIMERY)

3.3.2 dadlianudeunuuniu (Hot plate stirrer)

3.3.3 Wil o3 (Thermometer)

3.3.4 Lﬂ'%laamum%m (Centifuge)

3.3.5 gougmmngilas (Drying oven)

336 \Aestsazdun d fwis 8o SARTORRIUS u BP2215

3.3.7 \nsesiFesvsuanosudurisusnaalnsiines (Fourier Transform Infrared
Spectrometer, FT-IR) 8o Thermo scientific U Nicolet is5 (‘Uizmﬁﬁjﬂu)

3.3.8 isononussanuilsnlniines (X-ray Diffractometer, XRD) X-ray
diffractometer 8 PANalytical X'Pert-Pro 'a:u PW-3040/60 (Uizmmﬂﬁu)

3.3.9 ﬂﬁaﬂf\;amiﬂﬁﬁLﬁﬂmamw‘uﬁmﬂi’m (Scanning Electron Microscope, SEM)
§9e JEOL §u JSM-5410LV (Uszinedjiu)

3.3.10 La3suneslunsidwasneutlada (Thermogravimetric Analysis, TGA) %o
Perkin Elmer U TGA4000 (Usinaan3goidsna)

3.3.11 taSedfrlinlesisuiTsaaunuileunass e s(Differential Scanning
Calorimeter, DSC) fvie Perkin Elmer i‘u DSC800 (Useineiluasiy)

3.3.12 \nsesnnapuaNTRANEUMUsiBNsSRe (Tensile Strength) 8% Instron Ju
ASTM D 882-07

3.3.13 Lasesviliuianuuntifenuds (Freeze drying)

3.3.14 Lﬂ%aﬁgﬁﬁlﬁaamﬂimﬁma% (UV-Vis spectrophotometer) %e Thermo

fisher scientific i(:u EVO-600 PC (ﬂizmﬂﬁvﬁgmaﬁm)
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3.4 Fvn1saiiuey
341 masdeudulelilaseaglaa Itunoudsil
1) n3zuIuNIIWend (Bleaching process)
thnnnzaie1duiiniunisuaazidensuuisudidiuiy 10 ¢ ldvangy
FuyvuIn 1,000 ml. FnduuTinng 300 ml ndsnduiuledeunaslsi 12 ¢ uazfu
n3mexdRAn 2 ml. wdIwihnsmuniexliaudeuiigaumad 75 °C et 1 h. vinsfs
lyiounaalsy 12 ¢ uazlhunsnasdfn 2 ml. %,Mﬂ 71 h. quAsy 3 AS3 nturhinisnses
mamgaerdudiothlUldlusuneusoly
2) nsgviunsvanlall (Alkaline process)
thnegsfildanmsnsesluted 2 wishe Tnunadoulansenladiiai
dutu 5 wit% U3ums 240 midunan 24 h. disedsldiniesuinsainuulelasimesuea
gl 90 °C Hunan 6 h. nduthannssswazdedstinduaud pH Hunang
ynem: 1. insmeasstuin uidsunattunmaassiedesuinsaluuulalasines-
woadu 12, 18 uaz 24 h.
3) nszuiunsialasladanionse (Acid hydrolysis process)
ihwesufsiildarnninsesluded 2 (Fa2 wuv) snfunsadayEniiaanu
it 32 wto U3anes 100 ml udwhnsmufigamagl 45 °C Wunan 45 min. :ntuiian
BunduiitevgnufAteuduilluvisadieusnarsazarsnsnooniiniuiiasey 4000
rpm. Wuan 50 min. thusadusaglaaildlutsuanmlfdunarsheludouleasenlend
anadudy 1 wioe audunans
1) msvinédulelalesiwaglaaliukadundlneinsesiuiuuuumien
indulelulaswaglaadldainded 2 ldamsdeuazindueadosi
whwuy wddenuddlasisanmgiauveneadosiionmgdl 30 °C Wunan 29 h. ndwnty
dndulelilaswaglaawisluyhnmsiwseinaaudasng o sdely
3.4.2 nwegdauaudRnige loun
1) mAwneilasiamaaiifeniesiFoimnuarlesudurisisaaalng
Awmas (Fourier Transform Infrared Spectrometer, FT-IR)
ihiegradulelulasiwaglaaiuiansuuiiaiadandeiniuriinis

AATILINILLATDI FT-IR 1A7N0817AAY 400 - 4,000 cm’
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2) msanwedusdnmerIsaenasdAnunsnlndiwes (X-ray Diffractometer,
XRD)

Y

degrndulelulasiwaglaauualazden Unlunauuukuead (wiu
A52aN) VU9 1 x 1 97 BIN1sUSURIMENF88 1905 89U 91NHUIINNSIASIEHRL8  Cu KOL
radiation (A= 1.54°A) Fausesululdirnldidu 40 kV waznszuanld 30 mA 913909M5IATIZY

aunudl 20 910 5 - 80 a9rn wafild A AR viiaTuNEn (Crystallinity index, Crl)

PIENUNTOAUIUAILFNATT 3.1

Crl(%):%—xloo (3.1)
ct'am

g Ic  fle AAudugeaniiszuiu 002 Fauansddruidundn
lAM  fo aArenudufissuiu -111 uas -231 Feunudruiidusdugy
3) AnvauzdugIuIngIniendsganssAlBiannTeuLUUAINTIA (Scanning
Electron Microscope, SEM)
megndulelulasivaglaamualiaziden waziunlseuumninig
ANSUBULAIINIUULNUINT U UNBNMEDY nTuLlUpdaumenadtasnagaunelianiig
gouenia senszualniln 15 Alaliad Yin1siaennusNNRBINITwaaEN N
3.4.3 mawssuiageedlndnainweddntudadiunilddulelulasiwaglagainnin
I3 =3 a
NeareUIauUUaSLETULSS
1) w3guildunedinautaBiunuIans
WYudin PBS 1 ¢. azaneluaaalsnesy 10 ml. ﬁqmmﬁﬁmu@zmmﬁunm
4 h. AUALANYIUNUALALLNAILUNLNWAINAL1n Udssneliviialrdivinazanessined
Qmmﬁﬁamﬁumm 4 h. aglauruidy PBS uSans
2) wissnianeeulndnnwedtinaudadiusildidulelulasigaglaaainnin
I3 =3 a
NeareUIauUuaSLETULT
o & ¢ a A v I
Wdla PBS 1 g. azanglunaslsvlesy 10 ml gaumgiiviesuwazniunduiia
4 h. uazagaunue Mnduiudulslilaswaglaaanninneateiauieseulaluusuum
wanenefiy Ao 1, 3 wag 5wt % nmuaudndulefeaiuneumgliesssana 20 h. wasinas

ia ¢ v A ' Ay Ao Yo o a{' a v I3
LHNWHNWLLNIN S DR ‘UaE]EWNVL’JLwaﬁlwmmaza’lEJ‘isLMEJVIE;mMQJJMENLUUL’Ja’l 4 h.
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a aa U A Nt

3.4.4 mvaaeuandisngeg veianpeulndnainnedtiidudadiunnlddulelulas
waglaaninveateduduansiaduusy (PBS-CMF)
1) mimageuauiRnisdesinunashemaiiansgandudsdvesansieglutag
Ultra violet (UV) wag Visible (VIS) (UV-Vis spectrophotometer)
QRPN PRI NIER N
yhnsintageeslndnainnedtafidudadiundldidulelulasivaglaa
MnnmnnzatsUduduasiasunssiidesnismeaeulvilvunweiiunialdsegalasiiaiy
1119 1 cm. wAEAINET 3 cm.
4n1En1Inaaey
vmsnageuiagaeulndnainnediafaudadiunildidulelulag
waglaaainninnzatenduiduansiasuusslaefndiuiinuunauasfalfidrfusiuasdessinu
WAWIININAFDY
2) FnwilassarnaedimeesosSesnsuanosudurisisaaalasiines
(Fourier Transform Infrared Spectrometer, FT-IR)
thihegrsTanmenlndnainmeddaiidudndusildidulelulasivaglaasin
nnnganeUduiiuasiasuusisuwhasafandannduiinsinseideedos FT-R
ANLE1IAAY 400 - 4,000 e
3) Anwrnudundnmeiesotonasdfnusnlnfines (X-ray difractometer,
XRD)
thinetsianaeulndnannedtaiudadiunildidulelulasivaglaasin

3 I~ a I & 1 Qy v a v Y a
ANANEA8UNANLTUANTLAS ULTIINIUULE LT (WAUNTEAN) IR 1 x 1 U7 USURMTN IS gU
& o a ¢ v <. p = ) g v &
PMNTUYIINITIATIZIRA8  Cu KOL radiation (A= 1.54°A) Fauseauludraldidu 40 kv way

Aszuadild 30 mA Frsvesnisinsziawnud 20 990 5 - 80 aeen
4) NAABULANEIAINNINAINSaUAI8LNBSlunsINIIunSnaullada
(Thermogravimetric Analysis, TGA)
NSWSUUAIDENAEDY

aa ada Y A

instalmintanaeulndnanneddandudadiunildidulelulas
waglaaanmnveaterduduansiasuusafisieanisnageulagliluminuseann 5 - 10 me.
U539a1508 1989l uN 1Y UEUTIENTHIREN (Pan) waWIMImAgey

dH1IEN1INAFEU
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yhmeaoulnglinnuieutufiogisiigamndl 30 °C fla 600 °C lag
sns1mstimnuseutumediadu 10 °C/min meldsnsinisinavewda Nitrogen
5) vadevantRinmusoussmalafnessudsadunuiunasiines
(Differential Scanning Calorimeter, DSC)
NIILAIYURIDLNNAADY

'
a Y A I

nstaimintagaeulndnainneddnfudadiusildidulelulas

1%
o Y

waglaganninvgateUrduluasiasuussidesnisneaeuliiiumunyssuia 5 - 10 mg,
U559A9lUN1YUEUTIIETF70E14 (Pan) 21nTin1sanLtumenIasiunaue1InAlla1unse
WnlUla wdhnismaaeuiUSeuiisuiun1vuganggIu
dn1EnInaaey
Mmnsnageungldonsinisiviaveuia Nitrogen famns199 3.2
= o a I3 = a aa 13
A13197 3.2 A1TNBEAsENIEAIINAgeUIATeANesulTsaaLnulwaaesine s

(Differential Scanning Calorimeter, DSC)

Step 1 Heat 20 to 200 °C heating rate 10 °C/min
Step 2: Isothermal 200 °C hold 3 min
Step 3: cool 200 to 20 °C heating rate 10 °C/min
Step 4: Isothermal 2085 hold 3 min
Step 5: Heat 20 to 200 °C heating rate 10 °C/min

$nwrgaumgiil 200 °C Wuan 3 min. wierhda Thermal history
6) NAFDUANTRAIUAIUNIUABILTIAY (Tensile Strength)
NSATEUFAIBENNAFDY
vhnsdinianeoulndnainwead fidudatiundliidulelulaseaglaa
nnmanzaneduduasiasuusaiifesmveaeulidvuaniie 3 cm. wazen 10 cm.
GHRPERRPVELIY
ynsmaaeuanaeslndnainnediafiaudasiuniliidulelules
waglaainninnzatsrdnduasaiunslagly Peumatic Grip Tunsdutusy Tagiedn

9msIPreload 1 mm/min 8MSIAUASEASUAY 10 mm/mm.min
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4

=b.

UNn

NALAZNITIATISUNANITAT U

nsinseuanaoulndnneddafidudndiuniiaiuusshodulelilasiwaglaaainnin
yrareUnduiinieudonszuaunislelasnesuea Usznaude 2 dunou Tneduneufindedu
mnnsassudulelulasiwaglaaainninngatsundy Jaazusznounszuiunend
nszuaumsdanlatdioiadesufnsnilelasinefueauaznizuiunislalasladadionse

(%

imseEnwantine o Ao andAnisnienin wazandiniaail Juneuiaendunisnieuisn

aoulndnlnstmeddanaudadiuanauiuidulelulasgaglaaainmnnzaeUiauinseulan
9M91dIU 1 3 Az 5 wt % 31nUuN1sAnwEauTRse q Ao audfinisnienin audfniaal

[

auUAN19ANNSDY tarau TR INALANINANITIATILIIRIT

4.1 wan1sweseudulelulasiwaalagainninnzaigunay
Y

4.1.1 Han15-UagULUAIANWAENIINEAINUBININNEA1UNAY

UM 4.1 mnngateUay

mMngateU1annuiTn auauysal MduingAuvdn Ui 4.1 wandliidiuduled
thaadufifiauuds fAunazdsanusnioruegseniadulodusnauunn 9annisinin
ngansUrdumneuazualviaziden Weluiunszuiunisend wasdnvinavesiatlunis
wivudulelulasiwaglaasionszuiumssamlatingldiriesufnsallelasinesueaiinainis
NABDIANN 9 lAuA 6, 12, 18 waz 24 h. wazldansazanelnuvadenlaeonlen 5 wto laidule

VLaJIﬂiLszjaqiaaé’agﬂﬁ 4.2



Ul 4.2 lelalaswaglaaiiinunszuaunssamlatdseriosfnsaluulelnsimesuoa
fa1ng 9 (1) 6 h. () 12 h. (A) 18 h. (3) 24 h.

9103V 4.2 wansliifiuinnszuviunissamladlaelfiniesujnsallelnsinesuea
anusnanswinvendulonnnzatslanlidvunadnasiiaulianunsaveanududulaladme
puan dleflddavdsuluandhmadududuniennies weedlefunatlunsdanilad
Tnelfindesufnsallalnsmesuoarvamalimdulefldfmuvniiunnty nefignvasduled
§innnznguiutesasuazanuinaniiiat 24 h. arnduidulelulaseaglaadisiu
nsvvaumssanlaseiaissufnsaluvulelasmesueaiinne 24 h. uinisanvuadule
mensyuiunslalasladanionsn 32 wid fegy 4.3 nuimamindtunssuiunslelaslada
sensaudnduledldfiduniuians uasdnuasidlefliinisinig nauiudosas fveaing
serhadulennndu enduiguldderdunszuiunslelasladaududulefiliivundnas

=
ENRIRNAY]
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Ui 4.3 dulglilaswaglaaiunszuiunissaanladmeinsesdfnsaiuuulalasinesuea
e 24 h. uaglelaslagamensa 32 wt%

4.1.2 wamvienegilasaiamaaiveadulelulasvaglaganninngaieuiay
argimataiioinsiuanesudunsiisaaidalasiuns (Fourier Transform Infrared

Spectrometer, FT-IR)

23
3336 cm >, -1 1
24h ; 2900 cm 1730 ¢m —~ 4250 cm 1

: 71100 cm”
18h § Fo\
—\/\/, : 5 )

12h f i i

6 h

Transmittance (a.u.)

Bleaching

Material

T — — T T T : T T T T
4000 3500 3000 2500 2000, 1500 1000 500
Wavenumber (cm )

U 4.4 Burseaidnesuvedlilaswaglagainninneaieurauiniunssuiulalasines

NOATLIAGN 9
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HAN1SANBINSIWIENNINNEA18UIRNAIEATEUIUAINENE (Bleaching Process) Way
nszurunsdamlatl (Alkali Process) seiniesufasaiuuulslnsiesusaiinanlunismaaes
snen ilerhdnaniiuuasiefieaglaaiiy wdhuinneilasaiamaaidemeda ATRFTIR
fa5uil 4.4 wuimnmzaeuduneufivginunseien mavzanerduiikiunszuIunsend
sufanszuiunsdanladieiniosufisaluvulalanmesuea Using  findl 3336 uay 2900
et Fufinainnisduveaiuse O-H Stretching wag C-H Stretching wansislaseaseiivdule
waglaa fiaddunis 1250 e uanssiuisvesdndu wag 1730 cm’! uansiuvtveaed]
waglad [39-41] nuirfiadiunisdaos quielundaninngatsurduriunisusuanin
nszuaunIsanilall (Alkali Process) sataissufisainvulalasiesusaiiieaninnisvi
UiAseneldlnunadeulneenles audeunazanuduiuannsomdndniuuayied-
waglaaeenluld uaznanfiindulunszuiunssanladieniesfAsiuuulelnaneuea

o Y & 1 °o ¥ a a a Y
'UQLLﬁ@QIﬁLVu’m NIan 24 h. a’lmmmﬁmaﬂuuuam‘amL%ﬁ@Iﬁﬁl@ﬁ]Uﬂmm

3300 cm -

-1
2900 cm 1100 cm_l
32%H2504

Bleaching

Transmittance (a.u.)

Material

4000 3500 3000 2500 2000 . 1500 1000 500
Wavenumber (cm )

sUN 4.5 Burseanasuveslulasiwaglaaainninneateunauiniunseuiulalasines

1aLkarNIZUIUNSbalasladaniense
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InNaNMIUTuanInnsEUIUNITEanlal (Alkali Process) meinsasuisaluuulalasivesuea
a1 24 h. dhusunseuIunstalasladanionsa wanwansy 4.5 wudl fiedl 1100 cm™ 4

anudnunnTunansliiiunisiogueasaglaaiudnuniy

M13197 4.1 Han1Tiasieilassadnaeiimematiaisesnsuanasudursisaaalns-

s
ALaAUs (cm™) nflaridu
3400 - 3500 —OH stretching

2900 CH, groups
1645 Water
1425 C¢ (@aromatic ring) group
1100 C-O-C stretching
896 C-H (anomeric vibration)

NFUA 4.4 uay 4.5 ansnsndienziiazaguvileituldiemened 4.1 dumiedt 3000
- 3500 cm™* Lﬁmmﬂﬂ’ﬁﬁu%wyj _OH Funds 2900 1ina1nnsduaas CH, [41-43] s
1645 cm'! ﬁwaﬂﬁams@msﬁuﬁw fain1nn 19y (Bending) wasTutanatiseninsdufiy
Tuianavesiwaglaa [41, 44] fuyis 1425 e Rendosriuluanaveslalasiaululassaiaoy

Tsanfnlalnsansuau (C6) [45] fumus 1100 cm 1ARINNI5EUVES C-O-C strecthing wagdl

s 896 cm tgadesiunsduves C-H lulwana B- slucosides (anomeric vibration)
139, a6) WJuidulelulasigaglaafinaunszuiunisnend (Bleaching Process) was

nszuIun1sdanilal (Alkali Process) meipsasuisaiuvulalasmasuoaniiailunisvnaes

= o 1

A9 9 loun 6, 12, 18 wag 24 h. wudndisnaiudiu finsiuris 1100 cm™ danudniauuin
Pu FuAnannsduvesiuse C-O-C strecthing naNABnNIzUIUNITBaRlauMIBLATBIU N0l
wuubalnsmesuaalnun1SANWINAYRINANTLANTL @11150AN199A93aUE Sea9RUsENaUDUY

9 Y9anIAvzatsUraulauIndu ieaniudu [47] wazn1sanvuinveadulaylaainnis

o 1

ATLUIUNTTLELASINDSURAMENTEUIUNTS Ll ladamensa 89 lANAGILALS 1100 cm™ &

1
=

) = o ¥ a A = 3 « yaa
AMUIALAUNINYU LAZEINITONIAA LDV 15009AUTLNOUDY i 1@@8\‘17]1«4
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4.1.3 wamsbnseilassaimdnveadulelulaswaglaasewaiadngsdan

unsnlans (X-ray Diffractometry, XRD)

16" 22" 34"

24 h

18 h

12h

Intensity (a.u.)

6h

Bleaching

Raw Material

10 20 30 40 50 60 70 80

20 (Degree)

5U# 4.6 XRD pattern vaaduleninngatedrauainnssuiumsdanilatmeasesufnsal

wuulalasiesueaiiaannig ¢

16\ 22* 34"
24 h HyS0,
3
)
2
2 24 h
(V]
g
£
Bleaching
Raw Material
T T L T T T T T T T T T T
10 20 30 40 50 60 70 80

20 (Degree)

UM 4.7 XRD pattern vaaduloninngatgUrduannszuiumssanlatsiiginsesufnal

wuulalasimasueanunszuiunistalasladanionsa
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mﬂgﬂﬁ 4.6 waz 4.7 uANI XRD pattern YosuAnTiAn 20 ag’ﬁﬂizmm 22°(002) uaez
finfiuansfvdnvuziluedugiuian 20 agiiuszuia 16° (-111) waz 32° (-231) audiy
91nwWa XRD pattern dhandruauadeiianudundn (Crystallinity index, Crl) Aaeaunis 3.1

[48], [49] WARIHARIATIT 4.2

A15199 4.2 Adwiiaandundn (Crystallinity index, Crl) vasninngatsUaufaunssuIL

nssamladmensesufnsniuuulalasinesueaiiaaisig 9

Nz lelasesuea Adasdanudundn (%)
raw material 68.57
bleaching 73.45
6 h 76.01
12 h 79.39
18 h 81.17
24 h 84.68
24 h : acid hydrolysis 32% 87.63

TnevhluiwaglaaUszneuselassaiaidundnuazedugiu [50] Inonsieoundu
Telulasiwaglaasenszuiunisenduaznszuiumssanlatisneiedosufnsauuulelnsimes
ueainaine tu amaliauilanudusdn (Crystallinity index ; Crl) qﬁmﬁmﬁwﬁumn
nyangUndundlaildtihunszuiunsuuanimuazanuing Gnsed 4.2 esninnseuiunis
wonddeluieunaslsitiutunsatudunisiindniu waznszuiunisdanlatdfoinios
Ufnsaluuulalaswesueaanusaridneiiwaglaaeenty viliannisdnsedassasidlulves
druedugiuluwaglaa dwmaviliaidedaimdundngetu 51 uazidoifiunaives
nszuvaumsdsanladfeiniosufnsoiwuulelasivesuea an 6, 12, 18 uag 24 h. wui1e
dadanudundnifiutudu 76,01, 79.39, 81.17 uay 84.68 % awdiu uandotidulelulas
waglaaflldannszuaunslelasmesuead 24 h. mrunszuaunslelasladasmensanuii
siinrundundniuiuain 84.68 18u 87.63 % ilesannszuaunislelasladatuuenain
sgtwanruInud Suedaduilidundneondwmalirianudundniiuanseanindaiiiy

497U
Y
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4.1.4 wasnwazduguinendulelilaswaglaaanninnzaieuiay

SEI" 20kVi " WDi13mm  SS50 O i e
MME RMUTT. R 10800 28 Jan 2020

5UN 4.8 dnvaizduguingrvesninngateyay

N3UN 4.8 HANIIILATIENaNYAETNgIUING1vININNEa18UIauN D UNIY
nsruIunNITHandnwaznszuIunisdanlatieinsasufnsaiuvulalasimesueanis ndas
qanssAiBianasaunuudensin wulnnnzaneiduldnvasidudulossdeidiemivgusy
wazddsanusninizndulausnuiuuin

~ P ¢ a a '

U7 4.9 wulglilaswaglaaanminnzangrsuiiunseuiunisvenduas i
nszuaunssamlaumeasasunsaluuulalasinesueaniiaidieg laun 6, 12, 18 uag 24 h.
wuindulefivuiaidnasedramiulatadinssuitsuduninnzateudun delaniunszuiunis
YSuanimuazanuuin anwstdulodudusiituusaiiod dulafinnsnszanesusnainiuly
[y o I~ 1 2 A a v = 61 Y} 3 =1 o w
Juandunguieu asannszuiunsnendmeleifeunaslsvisiudunsatudunisiida
anilu waznszurunmsdanladsieiasesujnsaiuuulalasinesueamunsamdneiivaglaa
ponty lidulefivundnas [51] Wenarlunismeassmsiaiosunsaluuulalasmesuea
Windu vuevesduleiinsnseanediuinu [47) wazgui 4.9 () lalasimesuea 24 h.
lalasladamensa 32 wt% wandlidiuinnisanvuinsenisialastadatiudsalmdulonlag

N19NTEUFNATY wazdnvaziduleNnlatvunduadlazianasuInTu
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X

N

3\ ‘ Wa! &
SEE20kV WDA3mm  SS50 X { 1‘=Qoium - % SEl. « 20kV WD12mm SS50
MME RMUTT | 1 oo el Var 2020 \ MME RMUTT

SEl 20kV 4 WDimn 4SS50, & . X200 4 | — ‘ i 00 100N m  ———
MME RMUTT: L2 v 1 \ 8 Q000 28 Jan 2020

T "" 4 2y !
TN 32X

™~

v -

SEI, 20KV WD12mm’SS50 X200, H100um
MME RMUTT X L0000 28dan2020

JUN 4.9 dnvarduginevesdulglulasiwaglaaanminngatguauisiunsyuiunssa-
mlatmewnsasufnsaiwuulalasinesueaniial (n) 6 h. (v) 12 h. (A) 18 h. uag (1)

24 h. waz () lalaswasuea 24 h. lalasladamensa 32 wt%
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(n)

T T
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— —

20 -

(%) Aousnbaig
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s

QR
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R
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25
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T
o wn o
—

20
15 4

(%) Aousnbaig

iber diameter (LLm)

F

SUN 4.10 N5 NBalaLNTUUDL

Y

[ 5%
IRIY

sUrUMskanwaatagalulasiniue

4

NUAUINANNUDINT

AU

Y

(M) 6 h. (W) 12 h. (A) 18 h. (1) 24 h. uaz ) lolas

24 h. lalaslad@aniense 32 wt%

s

U9

w3naufnsailalasine
Wosuea
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25

(@) 1

Frequency

0-2 2-4 4-6 6-8 8-10 10-12  12-14  14-16

Fiber diameter (L4m)

Ul 4.10 nsmBalaunsuvenduruguinaisweanszuumstanisagladlilaslviuesie
wwsesufnsailelasimesuea (M) 6 h. (¥) 12 h. (A) 18 h. (1) 24 h. uaz (3) lelns

Wasuea 24 h. lalnsladamensa 32 wt% (s8)

91n3U 4.10 wansnsnsraneivenduiuguinaise udulelulasivaglaadie
nszvunsldiaiesufnsainnuieudigumgd 6, 12, 18 waz 24 h. uaz 24 h. lelasladade
n3M 32 wt% nuindt (n) 6 h, Wulelaedrusnazegluzag 6 - 10 lulasuns @) 12 h. 1#ule
Tngamunnazeglugie 2 - 8 lulaswns (A) 18 h. wdulelavdiumnnazeglugis 2 - 8 lulasuns
waz (9) 24 h. @ulelasdmuinazeglugas 2 - 6 lulaswns Faansdsiduindeldinaly
nszuumslalannesueamniussilirunvesdulodnamazauaduleiinisnszanedh
wnfulutag 0.1 - 6 lulasms waz (@) lelasmesuea 24 h. uarlalnsladamensa 32 wi%

dulelagdiuunnazeglutag 0.1 - 4 lulaswaes wansbiviuindulefawindnauazivianis

] 2 '
aalaf A 1

N3N0V AUleNATULIDH1UNTLUIUNS LA laTamIenIALa?
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v A

4.2 mawmsendanraulndnainwedtiaiidudadiunildidulelulasiwaglagain

3 I =
NNNzataUIalLUUaISLEATULIS
4.2.1 dnvauenenenInvesilaydagaeulndnannedisaudadiunilddulyly

laswaglagainninnzaneridanduansiasuus

P %

(ﬂ) it T.ai‘lnimnni'm 7
j u‘lumﬂ: Q figngd & ’u,_ il 12110

——d

| -
T TIARTTYLT
Sunefqnd SawimbnusT 12110

NIRRT
4 suneign Sawimbuent 12110

aa aa £ ¢

gﬂ 74.11 wamseseuilduaeulnds (n) Waunedlinaudndiunuigns uasildunaulndni
THhéuleluleswaglaaanminnzanerduduasiasuussiidnndiusing q fufo
() 1 Wt % (@) 3 wt % waz () 5 wt %

dewniomdulelulasiwaglaa (Cellulose microfiber, CMF) 31nA1AMEaNe
Undudenszuaunsing 9 1iu nseuau nswend nszvaunisdanilailagldiniesfnsal
lalasmesueadinainisnaasing 9 1w 6, 12, 18 uaz 24 h. fearsazaslnunadoyla-
ponled 5 wi% waznszuaunslelaslada wasiwaiidigrandunounisedelulasvaglaa
fio Saalaflneldiniosufnsellalasinesueadiviat 24 h. wazlalaslada 32 wtoe 210wy
thunedsuusuiiduneulndndonszurundetugulnsnmaiuidulelulaneaglaasinnin
nzaneU1dulunedinsaudadiun(Poly(butylene succinate), PBS) iUSina 1, 3 uay 5wt %
Han1siwseuauaeulndnwansangy 4.11 wud (1) kansinseuiauned dasaudadiun
U3avs nuhdnuuvestueuildifundeutieu widamsaueadufmilsdouasa wig

o a e a 49y v ¢ & a gy !
daau warfiduasulndnildidulelulaseaglaaanninngateunauduansiaSunssngnsidu
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19 9 F () 1 wt % (A) 3 wt % waz (1) 5 wt % audisu dledinuSunavendulelulas
waglaaanninnzatstduiiuansaiunsaidandusing q lumaeSeuilaunoulndnnes-
SiFudatiunudashliilduneuTndndléfsnums duduguiiuunndy shildauanuse
TunsweaitusniiiieuszninanasmuddunmadiuUinoneaglaa dnfudoyiinaiwaglaa
dintuagrilidnuasnamenimuesiidunoslndniiliguiy

4.2.2 wamslesizimvegevaulinisdesiiunaes Janaeulndnanweddon-
sudrtiundlfidulelulaswaglaaainninmzanedundumsiaiuussinomeiianisgandused

suaamiﬁasqjﬁluszm Ultra violet (UV) wag Visible (VIS) (UV-Vis spectrophotometer)

100
80
60

40

Absorbance (AU)

PBS

P . | PBS/CMF1

PBS/CMF3

PBS/CMF5

o L—i
200

T T

™ \ J T Q} L~

T Y T T 1
300 400 500 600 700 800 900

Wavelenght (nm)

UM 4.12  wansvedeuanUinisdeauuasesianmaulndnanned anaudadiunilidy
Telulasiwaglaaainninneateurduluansiasuuwssinmaiianisganaussdves
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LE3ULT 1, 3 waz 5 wt% anulusddadsatwasdnvasusinguasaiunasulasiua iy
(550 WLULUAS) AB 95 %, 68 %, 60 % waz 60 % AuasU [52] Bauandliiiuinnisiudule
llaswaglaaaslUluneddnnaudadiuniunisdesiuiameosauneddsiudadiunszanas

I 1 § a v A & =2 ' aa ad o
Wuee9un L‘W51313&?13LsziaQiaamﬂmﬂwmaﬂwamaﬂwmwLUumaﬂmammaamﬁau%ﬂ-
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a A

Fum donndedfiunansiasgilasiaimaunaivaznansiaszianududniidefudule
LulasiwaglaaaslUlunedtifudadunudiszdwmalangldvemedtiiaudadiungndaving
yhlsilduesaudueduguiiiuty wasanududniianas

4.2.3 wamPnneilasaiaaeiivesiagaeslndnainneataidudadiundliidu
Tolilasiwaglaaannnnzansdunduansiasuussieiniesisoimsuanosudunssnaun

158w (Fourier Transform Infrared Spectrometer, FT-IR)

)
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PBS/CMF5 2900 cm (CH groups) P 3
s \1" 2 1100 cm stretching)
PBS/CMF3 :
= ~
= ;
@ E
= PBS/CMF1 :
[} '
9] =
o t
© C
= PBS I
& z
e (=3
© :
M i
= :
CMF :

T ' T | T ' T I T ' T . I T
4000 3500 3000 2500 2000 1500 1000 500
-1
Wavenumber (cm )

a v a A

UM 4.13 wanslengilassaiamaaivesiagaedlndnanneddinaudadiunilddulely

Tasiwaglagainninnganeridanduasiasuusanuuasng 1

69



JUN 4.13 uansliiuinnedda5audndiun(Poly(butylene succinate), PBS) uasian
roulndnvnneddnnaudadiunnldidulelulasiwaglaa(Cellulose microfiber, CMF) 37010
nzangldunduansasuusaivinnunng 9 uansdnvaziinfindneiunaieyn uafia 1,753 cm'

v

niidnwazilungueanes C=0 [53] Feanusaesuieliiujisenseninadulelulaswaglad

PnMnngatgraulaviuningnediniaudagiun 0193sdmanIENURBN1INITEINLFIVDINGY
B

Yanreulndnainwedinnaudadiunntadulelulag

9

wawmasluiufindnuazodugiug
waglaaainninnzanenduduansiaiuuss dawlug) C=0 iudmusznoviiduedagiuuay
daszoglunedinidudadiunuians nsindulslilaseaglaaannnmzatgrdnluyium
fanntulusmindagrianisiedeuiivediwedwesdailugnmaanaswesdnmdiures C=0
Tufaneeulndnanneddidudasiunilfidulelulasiwaglaannninnzaeurduduans
W@3uuse Geanunsadansléanngy 4.13 Aifla 1,753 1363 uay 1100 cm'’ MileifinySunn

waglaadn 1 (PBS/CMF1) 1u 3 (PBS/CMF3) uag 5 (PBS/CMF5) wt% anuddiuuds fim

a

Usingliiiutuduasnuaiu mnmsiiuvsunadulelulaswaglaaainninneaieurdud
o w A a 1 aa aa Y gj | v [~ =
I1AN15ARBUNVBIAIUUTENBU C=0 TUNoATINAUTATLUNLUUDILAINA LA UNEAN
anas uazillesanmsiiudsunausaglaaniossnn 9 o1akidwala  Aunedtsaudadiuni
HsrUsznoumaaiinaenu auisabudulseinnudundnlamenaannIInNIsTIASIZReIL
Wundnmsiesasenasdnninsnlpiives
a & ] ¢ Y] a Aaa ad o a Ag v v

4.2.4 wamsipsznanuilundnvesianmeuindnanwedtinaudagiunildiduly

lulasiwaglaaainninnsarsUrauluaisiasuussansonangsdfnunsnlafives (X-ray

diffractometer, XRD)
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waglaaannnynzasUiauiluasiatuusnuTmeg 9

N3UN 4.14 uandbiiudniied 16.5° veadulelulaswaglaagnivualiluedagiu
(Amorphous) [53] waziiafl 22.5° Wuwdn (Crystalline) dmisuianpeslndnainweddaiidudadiun
o v v s a A a ' =~ 1
ddulelulasigaglagainnminueangdrauiluasiasunss IUuname o uansgngeniial
d! o L = ¥ (3 Y @ 1 ¥
FagniwualaednvariiaveadulelulaswaglaaainninnvargUrduuandimiuindulelulas
waglagnninvgateuaugnivendnguvindweddnsaudadiunlidnss Inefieil 21.8° uanq
famsfegvendulelulaswaglaalusming PBS ansuwmisonaggnd 22.5° wandiiiuinfing
Wasuuasludiuvewdn (Crystalline) Wossnnsmaneanuitmsiiaduveadulelulasigaglaa
NAngaeUIRuRvTINMe 9 ununaghiliaeulanaiwinvediagaeulndnainned-
A ad o o A4 A A o s = A a &
idudagiun wasillamuvsinadulslilaswaglaannninngatsuiauludSunaimugedy

o
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4.2.5 HaNTIATIEMENININVIAINTaUYRLTanARUINEnIINNOF U UTATIUA

nlddulelilaswaglaaninninvgatsUrdgunluansiaduusadsmesiunsniunineuilada
(Thermogravimetric Analysis, TGA)
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dadiunildidulelulaswaglagainnmnvzaisUiduduasiasunssiidonsidn g o wudnig

wudulglulasiwaglaaainninngaeraunusunasig q dwaligungiilunisaaiedives

'
[y 1 a

anmoulndndAniiugaty n1svduressumginisaaeiniaaduwandliiuin jaunus

[
=

senineflaaesiuiunsngnafiuesavu [54] 3nidulAs TGA uaz DTG (U7 4.15) n1siiiuaiy

aa ad Y a

vosgaungiilunisaangiiveanedtindudadiunnldidulelulaswaglaaainninnzalguiay
< a o ! ! = £ A < = = d'
JuansieSuusafidnsdiun 9 eratleunnandulelulaswaglaaniiaudusndnluuiunui

g4 daandanusoninuseu Wesrudiuwmsndweddanaudagiunvseiiuadssn1nmig

aa ad o

Aufouvasnediinaudadiunuiansiiiiugedu lnemsiiudulelulaswaglaan 1 wt % &

Havinlioungiiiadiesn1mniesauTe uing@Wunnn I nea Ui naudagiunusans uwillawiy

'3 Id

Uunandulelulasiwaglaaainnminngatgurdaudu 3 uag 5 wt % dwaliadissnmnieaiy

aa ad Y a

Younartaneenlndnanasunlndidesiuneddandudadiunuigniidesanmaiudulelulas
waglagainninnrzatsUrdnludunaiiiugsduagilfiinnissudiudunseyn
(Accumulation) [34,37) vesidulefieglutanaeulndnmediaiaudatiun dwaviliaeldyes
woaThfidudadiungninvnsuasiinnissmsniuilifvesdruuminduazdiuiaduuse sl

o

gaumiilunsaanedivesfanmeulndnainweddanauderduenldidulelulasgaglagainnin

3 < a a1
negawUauluasaINLIAIanas

4.2.6 wamsneautainienusouvesianaoulndninnediiiaudadiunily
dulelulaswaglaaanninnzatstidauluasasuussiamaidafvivesisudoaaunuis

wAae3imes (Differential Scanning Calorimeter, DSC)
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aa aa U A

A13197 4.3 waandinisauseuvesianaeulndnainnedtanaudediunnldidulylulas

| [

waglagainninnzatgrauduaisiasuussivsunasiig q dmemeladvies

LSUTYAAWNULILAADSLUNS

Sample Tn O Tc(°O  AH,0/9  AH.(U/g) X¢ (%)
PBS 120.35 83.94 69.63 57.98 63.12
PBS/CMF1 120.37 88.63 62.47 57.90 56.63
PBS/CMF3 120.28 88.75 59.24 55.30 53.70
PBS/CMF5 120.72 89.17 57.59 55.54 52.21

NNFUN 4.16 mesluunsuuazsnsei 4.3 uanauianieauiouvesiannaulndn
aa ad o o P s & a a a ]
PnnedtiiaudrdunilddulelulasigaglaaanninnzasuiduduansiaSuusanusunueing
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dudndiunlidimadogauuginisvasuivaidieisuiunedinsaudaBiunuIgns uwidwans
a a = A a v ¢ o v og a
gaumginisiiandn sedlamudulelilasgaglaaanninnzateurduildluasasuunsedy
USunuiiinduazdwalvigamgiilunisiiandnvesianneulndniugu lnefigamgiluns
Aendniiingstuazvibinnuduninvesianreulndniananiu 56.63 53.70 uag 52.21
o U i g aa a U a a A‘ { Y1 { ‘QI QA
% muanu Welilsununeddanaudadiunu3gnan 63.12 % azwuldinfleiuuiunalulag
1 < = < ! d‘ 1% s A
waglaarmanulundnanaaluegiean weswndulelulasgaglagainninnegaieurdui
Wuasludagreulndalddauinnisiiandnusiinedda8au  dadiunfiidududias [55]
genndestunanisieszdmulundnuasianisliasziiadesnmmemiudoudidlodiuidu
lelulasiwaglagadluluneddindudadiuaualrszyiliinnissaudadudunszyn

aa aa U Aa
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4.2.7 HanTRATIERANTRAMUAUNIUABLIIFY (Tensile Strength) YasianABLlN-

dnannedtnaudrduniliidulelulaswaglaannnmnnzaeurduluansiasuuss
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JUM 4.17 wan19imseiandfinnudiuniudensifg (Tensile Strength) voe3an

Y

aoulndnanneddafiaudadiunilidlelulasiwaglaaanninnzatsurdudumsiasaunss
wuiwanszvuvasnnAndulebilasieaglaadenmautiusfoiwedtafidudndiun uan’
AndurisluduaudiuniuussiaarnisBadadionn Tnefiaudunmuussiwesiagaou-
Indnlisunsuugwnenmsidudulebilasoaglaad 1 wt % neuflazanaudloduuimnandy
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AMNATURDNIULTIAY dnaliUIEENTANALNINTY [34] drnsuimegreiifudulelulas

aa aa U a

waglaauINndl 3 wid% AUmUNIUReuTIRIetianAeulndnInwed il iaudagiunldidy

Tolulaswaglaaainninveatsduluansiadunsanadds 70 % AU uUMIULsIAianasil

LY

Annnssandiudunsyan (Accumulation) [34,37] veudulelulaswaglaafiogluianaey
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Tumanduiumsiasigiewn (Elongation at break, Eb) vasianmaulndnanadatig
mﬂLﬁaLamLﬁuiaimiﬂiL%agiaaiuLw‘%ﬂsz?waaﬁ’sﬁﬁu%’ﬂ%t.um é‘f@gﬂﬁ 4.17 wagA" Elongation at
break fidnanasidos 4 Wevimnanisiudulelulasiwagloaifisdu avhlinead naudad-
waszanniu Tasfidulelilasiwaglaafigniuazdnlusiamsindeuiivesldudesvosned
Saidudndiusluszrinenisnaaouussis uonniseldTunanssnuandadauvesnisnszans
srveadulelilasivaglaauazufduiusseninsiiamesuazmvdndMillefindimaiaassily
UiunufifingstuardawaliiAnnissaudia fudunsgan(Accumulation) veadulelulas
waglaaldiety

Tugdawesds (Young's modulus) vesiannelndnannweddnfidudadiundliidule

Lulaswaglagainnnnzatelrduluasiasuwsadid vy deowudulelulaswaglaaain

% I

nmgaeUIdun 1 wt% fsgunl 4.17 amsiiudulelulaswaglagainninngateuraulingd
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Y
soTanaoulndnainneddandudadiunildidulelulasgaglaaanninnsarerauduans

WETULS MTLiiuTuvedlugdavrasds (Young's modulus) Wisluanilaiaesifiuduaiunsneduiy
Taanuanisulsimainduanilataesdaduanvasinluvesiialass / wedluesnoulndn

a o

wenanilsviianudundnigeveadulelulaswaglaadaduaivnvili Young’s modulus
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MinTu A1 Young’s modulus axanaudevTuandulelulasiwaglaauinnit 1 woe
desanldsunansgnuandadiuvesnsnszareivendulelilaswaglaadiliaiiaueda
Ildufduiussevinsflaeoiuasuminddlad [30] wazuenaind nssausfudunseqn
(Accunuﬂaﬁon)[3&37]QWﬂﬂTnﬁmU%uwau%aqiaaﬁuﬁﬂﬂdﬁ 1 Wt% 8989Halitn159nL5 8967

o

Agwunluianaeulndngninvinedsdamalilugdavesd (Young's modulus) &

a

Y99naaULaY
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ajUuazUaiauauue

HansEnwINswisudulelulaswaglagainninneaieuian menssuiunlend waz

nszuIunsdamlalsisnieslfnsallalasmesueaiiiaidia 9 ntwessuianaeulnds

v A A a v

sewinaneddnfdudadiuniifudule lulasiwaglagainninnzateunduimsenladuans
wsunsalasdugumensruiunsdusumenmsvdsiagyinnisanwandasng q feunseasy
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vo &
ANSNAARILAEaLl

5.1 @junan1maass

5.1.1 wulglulaswaglaaanuisamssulaannnszuiunisvendsmglufsunaslsn
' 1Y) o ¢ v = a I3 a a ' 9
Swiunsa wagnszuiumssanladmeasesdnsallalasinesuea Moamgi 90 °C Sy
Inunadeulneanlon 5 wt% a1 6, 12, 18 way 24 h.

autAnenienn wansinwasdulolulaswaglaannssulatidvn dnvasduled
uadnunledunafienar wazannasAnwanyazdugiuingivesninnzaisUiay

! £ = [ ' < Y dl' a Aa a o w i a
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[ [

Snvnuzdugnivevenduldlilansaglaativuadnas warlintsnszanedanntulugi 0.1 -
4 lulAsins

audfnaand 91ndunsnanasunansliiiiuiinszuiunisnend was
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nszvrumslelasinesueatt 24 h. siunszuaunslelasladamensanuitAdviaudu
WANaTuaN 84.68 1 87.63 %
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AN519%7 N.1 WU INAAWINLARIN XRD Pattern ¥a9n1nngatsunay

. AN A
nazvIunIwdIguninneatsliau
1 2 3
Ingundn 377.74 876.46 23.85
ASEUIUNNSNONE 77.66 289.52 26.95
AILUIUNT 6 Sﬁb’ﬂmx‘i 235.68 787.13 12.82
sanlauseades 12 F2las 211.05 887.58 19.36
Uinsaluuy 18 4lais 200.20 916.90 12.40
lelasimesuea 24 SZQJIJ’JI?,N 144.55 862.50 11.39
nsyuunslelasvesuea 24 2l
113.85 925.31 16.71

wazlalasladanmensa

A1519% n.2 wansnanseIusstaNudundn (Crystallinity index ; Crl) 91nN@ XRD #ag

aa -’-&J d‘ ¥
FFnsvnunlansn

. ANMLAUINA
nszvIuMTLUTgUMINTEAUaL — = Crl (%)
Gl DANTIU
WRAUNAN 876.46 401.60 68.57
AS¥UIUNTWBNE 289.52 104.62 73.45
NSYUIUNTT 6 Flus 787.13 248.50 76.00
Saalataendes 12 $lu4 887.58 230.41 79.39
Uinsaluuy 18 4laig 916.90 212.60 81.17
lalasinesuoa 24§13 862.50 155.94 84.68
nszvumslelasinesuea 24 4l
925.31 130.56 87.63

wazlalnsladamensa
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anunsarulIMsesazauldunanliannaunisvea (Rosa, Rehman, De Miranda,

Nachticall and Bica, 2012) sfaunsi (32], [33]

Areacrystalline

%Crystallinity = x100%

Areacrystalline+amophous
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M19197 2.1 Han1siassiiduiugudnarsdulelulaswaglaantnainnisinsisian v

dugnuinesiendesganssmididnasounueudesnsiaiiiunszuiunisvend
nszuIunsdanitatnisnsesunsaiuuulalasmasuoainiiainng 9 wagkiu

AszUINNslalasladaniense

U vunavandulelulasiwaglaa (lulaswng)

(4u) 6dlua  1240lue 18 dalus 20 lws 24 alua lelasladadensn
1 8.04 6.08 12.54 16.81 6.16
2 11.02 4.11 5.77 5.42 2.46
3 9.30 3.94 8.71 7.39 2.90
4 8.96 4.53 5.77 11.57 4.10
5 14.17 4.32 11.21 8.74 6.31
6 9.49 3.44 6.41 4.51 12.19
7 8.68 3.82 8.19 4.03 6.31
8 7.62 5.14 6.93 3.36 6.16
9 7.79 5.27 6.45 6.72 5.89
10 3.34 3.63 4.08 8.10 5.52
11 5.38 8.24 2.72 4.25 4.38
12 9.09 10.68 5.85 4.51 7.40
13 4.72 12.45 3.96 4.89 3.42
14 8.02 3.63 4.56 7.24 3.68
15 6.68 4.11 5.31 8.21 3.99
16 3.34 12.82 8.22 3.92 8.93
17 9.86 4.32 8.19 6.20 5.47
18 8.04 5.40 3.46 5.54 3.68
19 6.97 6.08 8.27 512 6.31
20 7.47 3.02 6.41 11.09 9.58

93



M13199 2.1 (9) nansiaseidurugudnaradulelulaswaglaailiainnisinsgi
dnwardugIuIng19IendoIganIsAudanasouLUBUdINTIATINIY
nszuIunsHend nszuiunisdanlatmesesufnsaiuuulalasmasuea

Anamng o wagrunszuiunslelasladamensa

U yuaveadulelilasiwaglaa (lulasiung)

(1) 6dlus  1247lus 18 4dhlus 24 4hlus 24 Falus lelasladasiensa

21 7.79 2.78 12.78 6.62 3.06
22 10.22 4.11 9.54 6.20 2.74
23 8.07 5.44 5.85 3.43 2.74
24 10.37 a.77 11.58 3.92 1.53
25 6.16 5.44 5.48 2.77 3.42
26 7.10 2.86 7.23 4.03 3.49
27 8.26 3.37 3.96 554 3.49
28 6.68 3.63 4.90 2.69 3.06
29 7.62 491 5.48 3.92 4.93
30 6.88 6.22 4.81 9.14 2.82
31 5.74 15.55 2.15 6.20 2.46
32 8.04 491 3.66 3.36 2.82
33 9.30 AW 3.84 1.50 1.53
34 12.55 7.55 2.45 4.09 2.46
35 6.34 9.06 3.04 277 3.68
36 10.44 4.87 4.76 2.85 1.93
37 6.16 3.94 3.04 2.69 0.68
38 7.62 5.40 6.41 11.09 9.58
39 9.49 4.32 6.80 3.36 3.06
40 5.74 6.22 1.36 3.36 6.20
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M13199 2.1 (9) nansiaseidurugudnaradulelulaswaglaailiainnisinsgi
dnwardugIuIng19IendoIganIsAudanasouLUBUdINTIATINIY
nszuIunsHend nszuiunisdanlatmesesufnsaiuuulalasmasuea

Anamng o wagrunszuiunslelasladamensa

U yuaveadulelilasiwaglaa (lulasuns)

(1) 6% lus 124008 18 dalus 24 4hlus 24 Falus lelasladasiensa

a1 7.22 9.09 3.96 4.75 9.13
a2 5.38 4.87 5.48 3.92 0.68
43 9.09 7.55 6.12 5.78 1.53
aq 5.71 3.02 7.75 4.30 091
a5 6.71 4.87 4.90 3.36 2.88
a6 11.06 5.44 (A0 1.50 3.49
ar 8.96 5.40 7.60 2.01 0.68
a8 5.38 9.41 5.48 242 2.05
49 9.45 6.75 3.40 6.76 0.68
50 5.38 12.83 13.13 3.36 11.64
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A1319% A.1 wansraautRniauseuvesiagaeulnanainweddandudadiunildiduly
lulasiwaglaaainninvzagdrduduansiasuusanusuasig 4 memadadn

Wassulyaaenulaaassuns

Sample T (°O) T (°0) AH., ()/g) AH ()/g)
PBS 120.35 83.94 69.63 57.98
PBS/CMF1 120.37 88.63 62.47 57.90
PBS/CMF3 120.28 87.75 59.24 55.30
PBS/CMF5 120.72 89.17 57.59 55.54

A15199 A.1 wansnsAuuesIdunnsiinRanveIneaLLes(percent of crystallinity, %X)

Sample AH,, U/9) AH.(J/9) X ¢ (%)
PBS 69.63 57.98 10.56
PBS/CMF1 62.47 57.90 4.14
PBS/CMF3 59.24 55.30 3.57
PBS/CMF5 57.59 55.54 1.85

5§ 13 a = a 4 gl ¥
Wesiduan1siinuanveinediues (Percent of crystallinity, %Xc) ¥laanaunis

AHpp —AHg

AH® ¢

Tefi  AH, o ndsuildlunisaanendn (Heat of fusion (J/g))
AH. #o wdauildlunisiiandn (Heat of crystallization (J/g))
Are; fo ndsuitlilunisaanenaniiiAniusgaanysal (Heat of fusion for the

completely crystalline polymer (J/g) 53 158 AH°; was PBS wiifu 110.3 J/g
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o a a ¢ wa v ' P . a
M99 4.1 DUARNUNANITIATIZUFUUAAINUAUNUNDLTING (Tensile Strength) VBINDA-

Taausagiun

Sample Tensile strength (MPa)  Elongation at Break (%) Modulus Young's (MPa)

1 19.52 6.16 753.88
2 19.83 6.65 661.78
3 12.96 3.50 539.77
4 22.39 71.23 659.23
5 24.87 522 928.00
6 10.91 3.82 40.12
7 6.60 9.00 243.37
8 10.77 7.07 440.69
9 11.80 6.57 530.07
10 10.27 3.33 555.36

o % a a ¢ wa P ] = . 'Y
M1399 0.2 ToyafRunan1TinTeiaudRnNmUNIUABILSIRY (Tensile Strength) vesian
roulndnainweddnautediuniildidulelulasiuaglaa 1 wt% anninneaiy

Unauduansiasunss

Sample  Tensile strength (MPa)  Elongation at Break (%) = Modulus Young's (MPa)

1 28.43 4.97 2,7107.30
2 52.99 5.07 3,413.00
3 5.88 2.73 902.16
a4 7.98 2.00 603.08
5 19.21 2.74 2,462.40
6 6.87 1.83 481.48
7 6.17 397 279.57
8 2.49 2.49 388.00
9 7.03 5.33 407.51
10 10.74 3.07 481.79
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M99 4.3 ?J@Ha@IUNaﬂ'ﬁ'ﬁLﬂﬁWZWaNU@ﬂ'ﬂqﬂquu‘ﬂqum@Llﬁ\WN (Tensile Strength) sﬂaﬂjaﬂ

'
U a ¢

roulndnnneddnnaudadiunnlddulelulaswaglad 3 wt% anninngans

Unduduansiasuungs

Sample Tensile strength (MPa)  Elongation at Break (%)  Modulus Young's (MPa)

1 4.48 3.88 24554
2 5.14 3.74 255.80
3 4.02 291 282.83
4 3.09 2.32 231.60
5 7.73 4.12 306.90
6 3.86 3.14 525.08
7 3.62 2.49 aoa.77
8 7.61 3.24 402.14
9 5.65 3.34 403.00
10 7.94 3.73 555.14

A3 .4 ToyaRuNanITIATIERaLURANMUNIABILSIRY (Tensile Strength) vasTan
roulndnainneddandudediunildidulelulasigaglaa 5 wt% anninneaiy

Unduduansiasuusa

Sample Tensile strength (MPa)  Elongation at Break (%) — Modulus Young's (MPa)

1 5.45 291 439.69
2 3.09 299 254.96
3 4.05 25 34597
4 3.95 294 283.68
5 3.83 3.16 266.73
6 6.46 2.79 326.52
7 4.12 2.66 418.83
8 2.16 2.49 365.21
9 4.86 2.66 431.76
10 3.83 3.57 368.02
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Welcome to The 5 International Conference on Smart
Materials and Nanotechnology (SmartMat(@2020)

On behalf of the organizing committee of The 5" International Conference on Smart
Materials and Nanotechnology (SmartMat @2020), we are delighted to welcome you to this
important scientific event from December 1% — 4% 2020. SmartMat{@2020 aims to bring together
leading scientists, researchers, and research scholars to exchange and share their experiences and
research results in the field of functional materials and nanotechnology. You will walk away with
newperspectives, concrete ways to shape a better future and a brand-new group of collaborators.

The Smarthat Conference Series was initiated in 2004 as one of the very first international
conferences held in Thailand. The First Smarthat Conference, called SmartMat 2004, was held in
Chiang Mai, Thailand on December 1-3, 2004. Four vears later, The Second SmartMat Conference
(SmartMat-2008 ) was organized and held again in Chiang Mai, Thailand on April 22-25, 2008,
With the success of the first two in the series, the next two SmartMat Conferences were then held
as a crucial part of the main two international conferences, ie. The § ™ Asian Meeting on
Ferroelectrics (AMF- ) on December 9-14, 201 2 ( Pattaya, Thailand), and The 5 % Thailand
International Nanotechnology Conference (NanoThailand-2016 ) on November 27-29, 2016
{Makhon Ratchasima, Thailand). It is noticed that this conference seriesis successfully organized for
every 4 years. Now, SmartMat@2 02 0 Conference, identified as the fifth in this very suceessful
SmartMat Conference Series, 15 co-organized by ACerS-Thailand Chapter and i-STEM on
December 19 — 4 2020 in Nongnooch Pattaya Garden and Resort, Thailand.

Due to a difficult travel situation in this uncertain COVID-1 9, SmartMat@2 020 is then
organized in a hybrid format, in which international participants (with travel difficulties) can
present and attend the Conference via On-line Platform and the domestic participants still attend the
Conference on site. This way both groups of participants can still enjoy the benefits of attending an
international conference in COVID-19 situation. Amidst this COVID-19, SmartMat(@) still attracts
more than 600 on-site participants and 25 online participants. There are more than 30 plenary,
keynote, and invited speakers, some presenting their work via online system. There are also more
than 250 contributed talks, and 239 poster presentations at SmartMat@2020. We are also very
grateful to the kind support of our 12 co-hosts and 4 sponsors to make this event affordable for our
participants.

Therefore, T wonld again like to express my sincerest gratitude to all of vou for your
contribution and participation at this important scientific event from December 17 — 4 2020 both
on-line and on-site in Nongnooch Pattaya Garden and Resort, THAILAND.

Sincerely yours

Qaﬂd.om XW

Prof. Dr. Rattikorn Yimnirun
Chairman of AcerS Thailand-Chapter and Chairman of The Organizing Committee
The 5" International Conference on Smart Materials and Nanotechnology (SmartMat(@ 2020)
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Poly (Butylene Succinate) Biocomposite Material Reinforced with Cellulose
Micrefibers from Palm Bunch Produced by A Hydrothermal Process

Piyakamon Thongmng', Sommai Pivsa-Art®, Weraporn Pivsa-Art"”

' Department of Chemical and Materials Engineering, Faculty of Engineering, Rajamangala
University of Technology Thanyaburi, Pathum Thani, Thailand.
‘Department of Material and Metallurgical Engineering, Faculty of Engineering, Rajamangala
University of Technology Thanyaburi, Pathum Thani, Thailand.
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Abstraet. Cellulose microfibers were prepared from palm empty fruit bunches under alkaline
treatment processes using a hydrothermal reactor. The alkaline process was carried out at a
tempetature of 90 °C for 6, 12, 18 and 24 h in a 5 wit% potassium hydroxide solution followed by a
hydrolysis process using 32 wi% sulfuric acid solution. The FT-IR analysis verified fiber
components including cellulose, lignin and hemicellulose. Lignin and hemicellulose were
successfully removed under the hydrothermal alkaline process with increasing reaction time which
was confirmed by XRD analysis. The crystalline index was increased to 84.68%. The morphology
study verified the reducing of fiber size of cellulose microfibers in the range of 2-4 um. The
cellulose microfibers size was found to reduce as well as increasing the erystallinity with hydrolysis
by sulfunc acid. The composites of poly(butylene suceinate) reinforeed with cellulose microfibers
were prepared. The thermal and chemical properties of the biodegradable polymer composites were
investigated.
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Introduction

Research on synthesis of nanocellulose fibers has steadily increased by using several types
of fibers, such as agricultural materials including fruit skins, bamboo and others [1-3]. L.Y. Xiang
et al. studied the preparation of microcrystalline cellulose (MCC) extracts from empty fruit residues
(EFB). FTIR analysis showed that hemicellulose and lignin peaks were not present in MCC.
Extracted percentage of crystallinity of MCC extracted from EFB (%¥2.3%) [6]). M.K. Mohamad
Haafiza et al. stodied the preparation of cellulose microscopy from palm bunch (OPEFB) by acid
hydrolysis and bleaching. The test results show that it has a compact structure and rough surface
area and a crystallinity index 87% [7). Jawrong et al. studied synthesis and photocatalytic activity
for water sphitting reaction of nanocrystalline mesoporous titanimm prepared by hydrothermal
method. The results show Ti0» with Anatase phase structure is approximately 8 nm []. Y. Okahisa
et al. reported the effects of delignification in the cellulose nanofibers production and
nanocomposites through a comparison of plants with lignin (2 years old lignified mature bamboo
culms) and without lignin {immature bamboo shoot culms) [9]. The NaClO: treatment might have
degraded the cellulose nancfibers. The developing of production processes to be more effective,
easier, and more environmentally friendly, such as reducing energy use or reducing use harsh
chemicals has been reported [10,11].
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Polybutylene succinate (PBS) is a linear-structured polyester. PBS has physical
characterstics as opaque white resin flexible (flexibility) and high product formability. It is able to
withstand high heat as well as better biodegradable than poly(lactic acid), PLA [12-15].

In this research, we studied the preparation of cellulose microfibers from palm bunches
which is agricultural waste from the palm oil production process of Suk Somboon Company using
the hydrothermal and chemical treatment process. The effect of time on the synthesis of cellulose
microfibers, the chemical and physical properties of prepared cellulose microfibers were studied in
order to find the possibility and value to palm bunches caused by significantly increasing daily oil
production. The composite material was prepared by using cellulose microfibers as a reinforcing
agent added to PBS. The chemical and thermal properties of the prepared composite material were
investigated.

Materials and methods

Materials. Oil palm empty fruit bunches fibres used for preparation of cellulose microfibers
were received from Suksomboon Company, Chonburi, Thailand. The stainless steel. hastelloy
reactor was used to ensure high resistance against acids. The magnetic drive ensured efficient
muxing and stirring of the process media as well as excellent heat transfer. Reactor size range was
100 - 450 ml, maximum pressure 350 bar, temperature -20°C to 350 *C. Analytical grade KOH
pellets, NaClO:» B0 powder, Ajax Finechem, and polybutylene succinate (PBS : FZ91PD)
injection grade plastic granules were used.

Preparation of cellulose microfiber and composite film. The procedure used o preparation
of cellulose microfibers includes a combined chemical and mechanical process. The chemical
treatments used to remove hemicellulose and lignin. The detailed procedure of this process is
described below.

In the bleaching process, 300 ml of distilled water, 12 g NaClO: and 2 ml of acetic acid were
added to 10 g of crushed and dried palm bunches in a 1000 m] Erlenmever flask, stirred and heat at
75 °C for 1 h. NaClOz (12 g) and 2 ml of acetic acid every 1 h for 3 times. Then, the mixture was
filtered and the palm bunches was used in the process. In the alkaline process, the sample was
soaked with 5 wi% of 240 ml KOH for 24 h. The sample was placed in a hydrothermal reactor at a
temperature of 90 °C for 12, 18 and 24 h. The product was washed with distilled water until neutral.
The acid hydrolysis process, 32 wi% of 100 ml Hx80y was added to the solids obtained from the
filter and stirred at 45 °C for 45 min followed by addition of distilled water to stop the reaction. The
mixture was then spinning to separate the acid solution at a speed of 4000 rpm for 50 min. The
mixture was neutralized with 1 wi% sodium hydroxide until neutral. The powdered cellulose
particles were freeze-dried to receive the cellulose microfibers. The frozen process condition is at
=30 °C for 29 h. The dried cellulose microfibers was mixed with PBS to prepare a composite
material. PBS was dissolved in chloroform at room temperature and stirred for 4 h until completely
dissolved. The cellulose microfibers svithesized from palm bunch were added in different
quantities: 1, 3 and 5 wi% and stirred until homogeneous at room temperature for approximately 20
h and poured into a clean glass mold. The solvent was let to evaporate at room temperature for 4 h.
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Figure 1. FT-IR spectra of CMF at times 6. 12, 18 and 24 h and acid hydrolysis process.

Figure 1 depicts the FT-IR spectra of CMF prepared from palm empty fruit bunches using
bleaching process and alkali process by hydrothermal reactor at various trial times. The bleaching
process was applied to get rid of lignin and hemicellulose. The FT-IR spectra confirmed the -OH
and C-H stretching of palm empty fruit bunches through bleaching and alkaline processes at 3336
and 2900 cm' verified the structure of cellulose fibers. Peak at 1250 and 1730 cm™' confirmed the
position of lignin and hemicellulose, respectively [16-18]. These peaks disappeared after the
hydrothermal alkali process.

The FT-IR spectra at 3400-3500 cm! is caused by oscillation of the ~OH group. peak at 2900 cm
! is caused by oscillation of CH: [18-20] and peak at 1645 ¢cm”' indicates water absorption, which is
caused by the bending of water molecules between the cellulose molecules [18.21). The peak at 1425
em! relates to the molecules of hydrogen in the aromatic hydrocarbon structure (Cs) [22] and peak at
1163 cm'! is caused by the vibrations of C-O-C. The spectra at 896 cm! relates to the vibrations of C-H
in the molecules of B-glucosides (anomeric vibration) [16,23). The spectra at 1100 cm™ caused by the
oscillation of the C-O-C strecthing bond of the cellulose microfibers increases through the bleaching
and hydrothermal alkali and acid hydrolysis process at 12, 18 and 24 h.
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Figure 2. XRD pettern of CMF at 6, 12, 18 and 24 h. and 24 h. acid hydrolysis 32%.

From Figure 2 the crystal XRD pattern at 20 is approximately 22° (002). and the peak
showing the amorphous nature of 20 is approximately 16° (-111) and 32° (-231), respectively. The
crystallinity index (Crl) is calculated from the XRD pattern with Eq. 1 [19,20]. The result is shown
in Table 1.

Cri(%) = -i—xmo n
fo+tam
Where j~  is the maximum intensity at the plane 002 which represents the crystal.
14 isthei ity values at pl -111 and -231 which represent amorphous structure.
Table 1. Crystallinity index {Crl) values of CMF.
Hydrothermal process Crl (%)
raw material 68.57
bleaching 73.45
6h 76.01
12h 7939
18h 81.17
24h 84.68
24 b : acid hydrolysis 32% 87.63
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In general, cellulose consists of crystalline and amorphous structures [24]. Preparation of
cellulose microfibers by bleaching, alkaline processes with hydrothermal reactors at various times
and acid hydrolysis process as a results in the crystallinity index (Crl) of cellulose is higher when
compared to the initial palm bunch, as in Table 1. The bleaching process with sodium chlorite and
acids removed lignin and alkaline processes with hydrothermal reactors removed hemicellulose.
Rearrangement of the amorphous section increased the cellulose crystalline index [25] to 76.01.
79.39, 81.17 and 84.68% of the alkaline process time with hydrothermal reactors from 6, 12, 18 and
24 h, respectively. The acid hydrolysis process eliminated the amorphous structures causing the
crystalline part increased from 84.68% to 87.63%.

The morphology of CMF

.:_aEU ...

Figure 3. SEM Images of OPEFB (a) and CMF at 6 h(b). 12h(c). I8 h(d),24 h(e).24 h
and acid hydrolysis 32% (f).
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From Figure 3 the cellulose microfibers from the palm bunch underwent bleaching and
hydrothermal processes at different times. The fibers were found to be significantly smaller when
compared to the palm bunch as a main raw material. The fibers are characterized by a continuous
long strand. Each line is distributed separately from each other which are not coagulated since the
sodium chlorite bleaching process in combination with the acid eliminates lignin. The alkaline

s with hydrothermal reactors can eliminate hemicellulose. The process made the fibers
smaller [25-26] which has been shown that with more time spent in hydrothermal processes, the
fiber size is smaller and the fiber size is more dispersed in the range 0-6 um (Figure 3 (f), 24 h).
The fibers were distributed in the range 0-14 pm, with most in the range of 0-4 pum with the
hydrothermal and hydrolysis acid with 32 wt% H2SO4. The fibers were smaller and had a better
fiber distribution range after the acid hydrolysis process.

When the cellulose microfibers were prepared from palm bunch residue by various processes
including bleaching and alkaline process at 24 h. hydrolysis with 32 wt% H2SOs, the composite film
was prepared by casting process. The cellulose microfibers from palm bunches was added to PBS at the
content of 1, 3 and 5 wt%.

The chemical structure analysis of composite materials PBS/CMF.
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Figure 4. FT-IR spectra of composite material PBS/CMF at various amounts.

From Figure 4, it is shown that PBS and PBS composite matenials using the cellulose microfibers
from the palm bunches are reinforced at various amounts. The spectra at 1.753 em™' ester group is
charactenized by a C = O ester group [27]. which can be explained by the interaction between the micro-
cellulose fibers from the palm bunches and the matnx. The PBS may affect the distrnbution of ester
clusters in the crystalline and amorphous area of the composite material. Microcellulose fibers from
palm bunches are mostly reinforcing agents in an amorphous region. The addition of microcellulose
fibers from the palm bunches in larger quantities to the matrix limits the movement of the polymer
chains, leading to a decrease in the C » O ratio in the composite matenial. This can be observed from
Fig. 4 at the peak of 1,753 cm™", where when the cellulose content was increased from 1 to 3 and 5 wt%a.
the peak appeared shortened by the liver. Increasing the microcellulose fiber content from the palm
bunch limiting the movement of C = O component in PBS resulted in a decrease in crystallinity. This
can be confirmed by the results of the crystallimty analysis using an X-ray diffractometer.
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The crystalline structure analysis of composite material PBS/CMF.

The peak at 165 ° of the CMF in Figure 5 is defined as amorphous [27] and peak at 21.8 © is
crystalline. Peak of crystalline PBS can also be observed at 22.5 °. The peak i ity at 21.8°1 with
addition of CMF to PBS indicating that CMF from the palm bunch were successfully loaded into the PBS
matrix.
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Figure 5. XRD petterns of composite material PBS/CMF at various CMF quantities.

The cellulose in the PBS matrix from the position of the peak at 22.5 ° showed very little change in the
crystalline fraction, meaning that there was an increase in CMF at different volumes. Increasing the CMF
content from the palm bunches resulted in a higher peak of 21.8 °, the amorphous peak of the composite
material. confirmed a decrease in crystallinity.

Thermal stability analysis of composites material PBS/CMF.

From Figure 6 the thermogram shows the thermal stability of a PBS composite material using CMF
from palm bunches as a reinforcing agent at various ratios. It was found that adding various amounts of
cellulose microfibers from the palm bunches resulted in increasing of decomposition temperature of the
composite material. The higher shifting of the decomposition temperature showed an improved interaction
between the filler and the polymer matrix [28] which could be observed from the TGA and DTG curves
(Figure 6). The decomposition temperature of PBS reinforced with CMF as reinforcement at various ratios.
This may be due to high amounts of erystalline CMF combined with the PBS matrix, it increases the thermal
stability of pure PBS. Addition of 1 wi% CMF, the temperature was the vocal stability is higher than pure
PBS. However, when increasing the CMF content from the palm bunches to 3 and 5 wt%, the thermal
stability of the composite material was reduced to pure PBS.
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Figure 6. TGA analysis of composite materials PBS/CMF at different ratios.

Thermal analysis of composites material PBS/CMF.

Figure 7 and Table 2 show the thermal properties of a composite material from PBS
based on CMF from palm bunches as reinforcement. At various volumes It was found that the addition of
CMF as a reinforcing agent in PBS composites did not affect the melting temperature compared to neat PBS,
but affected the crystallization temperature. This 1s because the increased amount of cellulose microfibers
from the palm bunch used as reinforcement will increase the erystallization temperature of the composite
material. The higher the crystallization temperature, the lower the crystallinity of the composite matenal.
Since the CMF added to the composite material blocked crystallization while PBS is cooling [29]. The result
is consistent with the results of chemical structure and crystallinity analysis in which the PBS chain is
interrupted of increased amorphousness and reduced crystallinity. The CMF does not show the effect of a
nucleating agent to PBS. However, the flexibility of the composite material containing CMF from the
palm bunches may result in higher flexibility.
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Figure 7. DSC curves of composite material PBS/CMF at various quantities.
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Table 2. The thermal properties of composite materials PBS/CMF

Sample Tw(®C) To(°C) AHwilig) AH.(Jg) X%

PBS 120.35 83,94 69.63 5T98 63.12
PBS/CMF1 120.37 BE.63 62.47 57.90 56.63
PBS/CMF3 120.28 B7.75 59.24 55.30 53.70
PBS/CMF3 120.72 59,17 57.59 353.54 52.21

Conclusion

Cellulose microfibers were synthesized from palm empty fruit bunches under alkaline
treatment processes using a hydrothermal process. The alkaline process was applied to remove
lignin and hemicellulose with vary reaction time 6, 12, 18 and 24 h. The cellulose product was
subjected to a hydrolysis process using sulfurie acid treatment to remove the amorphous parts to
remain the crystalline parts. The FT-IR analysis venfied including cellulose, lignin, and
hemicellulose components in the fiber and confirmed removal of lignin and hemicellulose under the
hydrothermal alkaline process with increasing reaction time. The XRD analysis confirmed
crystalline index was increased to 84.68%. The cellulose microfibers size was reduced in the range
of 2-4 pm. The cellulose microfibers was studied as the reinforcement material for poly(butylene
succinate). The thermal and chemical properties of the biodegradable polymer composites were
investigated. Thermal stability of composites matenal PRS/CMF was not signifcantly changed compare to
the neat PBS.
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