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Research Title: Delvelopment of biodegradable packaging from thermoplastic
cassavastarch reinforced by pectin and cotton fibers
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ABSTRACT

This research studied on properties-of thermoplastic starch (TPS) prepared from cassava
starch using glycerol as/a plasticizer at the ratio of starch : glycerol; 65:35, Properties of the
TPS were modified by different contents of pectin: and cotton fibers, In addition, the
combinations of pectin and cotton fiberswere also studied. Cassava starch and glycerol were
mixed using an internal mixer and, then, shaped by a compression molding machine. It was
found from FT-IR spectra that the new addition wavenumbers of 1720 crm ' was observed by
the incorporation of pectin into the TPS matrix. The water absorption was.lower when cotton
fibers were incorporated into the TPS ‘matrix. For morphology, obtained from Scanning
Electron Microscope (SEM), the results illustrated that: pectin or cotton fibers were well
distributed and compatible -with 'the TPS matrix. The highest maximum load, stress at
maximum load and Young’s modulus were obtained by the TPS modified by both pectin and
cotton fibers. Moreover, thermal stabilily of the TPS was also improved in all of the modified
TPS. Finally, the quickest degradation was found in the TPS modified by both pectin and

cotton fibers.

Keywords : biodegradable packaging, thermoplastic starch, cassava starch.
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1.1 arudunvaside
Pagtuusmnamstinanainfunliistueddeiies Wesmnwanadniisiangn v
wn annsafuth ety Susuibundndusidiizusaeineg IdhoniYagulndun 1y
sz lave uasui  vliuSinawssduinnnwaradniusinandistu delidatguilunis
i audutlymitdanansenusodunden FaiudeinisAndunasWauiwaraindanmidufing
seduundanuazaunsatesaangld eanlymmsdesamesnueawanaiintulagiu
wanafngovaaiy (Degradable  plastic) A9 wmaﬁﬂﬁgnaanuuumLﬁ‘a‘LﬁLﬁﬂmi
Wasuwadlassadrmaaineldanmsiandouiidmualfiany  AeliAanisggdandiung
Usens eannsadevaansliianiiwarainlaovily dledusatuanmuinden
Fansssumduiianilefilasummismbuwiwaadngesamelf fe utl (Starch) flesan
wadundasasiniaintsinuas wilddie saangn wagamsadesaanslfimusssuni  dafen
wmaﬁn?iﬁwmmnuﬂaﬁdnmaﬂuwmaﬁnams‘% (TPS) - wasussmalvafiulseinafideoanadndud
Hudzvdanniigelulan sandeyanvdningmuAsusienisinuas nsynsaunsnsuazainsainudy
Tl wa. 2554 Usemalnerdautiaiudndsmdanssane 23.15 §1us [1]- Usssnuadmioveauteiy
dsndsiinanldldlivseme uasfivdedmivdseen masldudauiudwewdeiinniign Ae n1s
Uilnalupiusou
Fosinvosndntusivailunanainanidy (Themoplastic Starch, TPS) e fuamanutl
wfauiRdenaihifivn: dmsgarrmdu wastirnudathsaimn esnmglulasaiibuana
voe TPS tu fwvyflensendaiiusiumnn ilidethudadasiluldoueis Safeuinisuiulg
antiitoutlatodiindangny 395l uanuloutasldfuedisundvatgorfidu nsiauds
Tassadamaail msndmamenIwsswravaflanaafindafyiunedwadou waznisudnian
aoulnan (Composite  material) fiineslumatafnaniudusmindifissednifivamiosmiuned
wesdu
usninflemnnedwesildmnut Seliweduwesdi iy inadu vie ilsihe aiillaseata
maaifiilaswaiaiugananmeaudnenlss Sawedueinguifaunsodosaaneld
wain  (Pectin) [2] WJuwediwesTaniw (Biopolymer) wiaweadiueisssuyd (Natural
polymen) #finslduetaniundugramnssuemisuasiniesdiy ngléifuarsifivanudunia
asrowwa lundafasiuoy wad warasifinanuasiivesssuuneanosdluiissiiniwaliiuay
wanSusiTiidnunmilondoload
Gulosssuwnd (Natural fibers) [3] Whiiagiildmnessund Feennsadovaaneld wdule
sssuvidudulefilianie dnf wasuiswm fedradu U (Flax) denszian (ute) whilelil
(Wood fibers) uloihe (Cotton fibers) Wusu ilosssumdutaniivaine dndisangn thwin
winazannsadevamelfemmssmned Insiluudndulesssumatianumanzalumsléiduans
wduuse esniiamuudenss uasamamuium



N,

i)'mQ"luﬁé'aﬁci'muﬂﬁﬁmiﬁnmmsLﬂ?'wLLasU%’Uﬂqqanﬂ'ﬁ‘qmmaﬂuwmaﬁnam%'umnuﬂa
fudendadedulove wezduluu (4] TagldineiianTsdatiugy (Compression rmolding) wut
maudulavauazyuasly dwalieilmarafinaniiranuleiudwendaiantiiganalagsmd
Fu snmsinwnsuiuyssiiduutangreie inaduasidulethe (5] wuhnmadinafuuasnduly
fhy FrlvautAdanalnesiuity undoumamaiu uasiduleiheuniduly  dwmaldandfidena
lnevvana

FohluemAteifadnwnisuiulguneslunanainamsy (Thermoplastic starch, TPS) 910

wilatuduendetnenediuossssued anmaiu wazidulethe Fenininneslunaainaniseh
wlsulgasanTRdinanavunasansotovaanalfnusssusis
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1.Z TAQUITRA
WeusuUgraniRvoaosluwmadinanisvnuieiudwends  (Thermoplastic  Cassava
Starch) fgmadiu uazwiulethe
1.3 Y8ULUNYTINIUANY

131 Anwimsndsumeslunaainaasgninudeiudiznds Indldndivesoalunanad
lerod lusnsnauseninandsiudvndanasnwaseadiunnsasiu Aa 70 : 30, 65 : 35
uag 60 : 40 '

132  AnmnmsuiulpeniBvesvesliwanafnaaisvainutuiudwenda Taoldmadiuly
USuneusnae - ein 0%, 2%, 4%, 6%, 8% uax 10% Tngviamin Ltazﬁu%’uﬂqﬁﬁmﬁu‘laﬁw
5% Tneniawiin
133 Jpsiiazndouadinngg fil

1.3.3.1 Apszvingilaidu
1.3.3.2 NAS18MlATIRUUREN
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2.1 wanadngeudatald (Degradable plastic) [6-7] 4

waaRnfigesaansldl (Degradable plastic) (Huanfiiusuimnislifiutusssngs
LLasL?Jw?iﬁauadwmn'lu_ﬂWﬁ'u‘lﬁ%’umwau%’u’luﬂawﬂ A.#.1960MBuwuIAnI1 9 I Uunis
uidayyuszwanadin mswauwaraindesamelidnintuegneani19emne American Social  for
Testing and  Materials (ASTM) lalWiddnfnauvenanadindesaanedndunanainiifinng
wWisuwadassadmaaiidiosgldannzuiadoniaizan 1WunaliiAnnsgyidsanifung
Uszmsdsannsainld Inensliidnsavaeuninmasgruiquaananadn Inevialuanunsaudanaln
nstesaasvemarainialiu 4 Useunn e

1. wanadndesdanslameias (Photodegradable plastic).nasdesaarslasuasinia
nnmadnasfuuss Alnarsthsolasasluwaafnviadanszilawodiaesltimfaidunie
viusziafiilinouss uanvindionaeladed (UV) 1y mdlon (Ketone group) aglulassaine iiloans
vidomyilaridudanandudatiusdyioviinmsuanvesiusenaty Wieuyadase (Free radical) i
wfies Judihufitewesd wrimiiviissaiivuduniinivoulumdldnediuad viliiAnnisue
vosentld uAnisevdanoigliintunialuteiinaviey ulsanisiadeiduiidn viousinseits
Suwanadndifinsanuseniinfivumauuing dessinanadnsgliliditatu¥dginonss

2. waaRndeudanalanaeisvanaiilasufiiuieendiatu (Oxidatively — degradable
plastic) nsgasaanerUFiseisendnduresnaiann WuUifdeinsidiesndiauadulianavas
woRweFReusaintulsiodusssumiodndg taedeondiau wezaudeu wavy? viousmana
Juthdeddny induasyseneuldlasieiosnled (hydroperoxide, ROOH) lunanafndilaifinns
Wuansiduudefivhvihiiuananados (stabilizing additive) Latuazannuiauazyinli ROOH unns
nanewfiueyyadass RO uag OH FhilafosuasiiviiiSensefiussafiuusmumisnfusuluany
lgwedwes viliiAsnsusninuazagdosudfidnaetnisings

3. wma?\nViEJ'E)aaa’m‘lﬁiﬂﬂﬂﬁﬁ?aﬂa‘[ﬂﬂa% (Hydrolytically degradable plastics) n1%
dovaangvenadiweiiiinyioames  wlewolusd wu uth wedleaned wedueulonsiud wed
mivalun wazwedginu iuujisensliiAnnmsuaninuesanslenedwes Ujisenlalasladad
Antu Tnevhluudeeandiu 2 Uszan Rl Yssaniilddassufiisen (Catalytic hydrolysis) waglald
FL39UR3E1 (Non-Catalytic Hydrolysis) Faussinnusnannsouwtsesnlaifu 2 wuu Ae wuuiild
fisufisenainasusnluanaveawaiiwesissliiinnisgosaane (External Catalytic Degradation)
wasuuuilddadsufasonnnarsluluanaves wodlwaiiaslunisisalviiinnisdesaatey
(Internal catalytic degradation) lngdaisauijisenainaieuenil 2 viln fin Fusauiseiiueules
#1199 (Enzyme) 19U Depolymerase lipase esterase uay glycohydrolase Tunsaidsmdumstos”
amovadiniw wazdnsaiiserililsieulest (Non-enzyme) 1y Tavsusannlas (Alkaline metal)
wa (Base) waznsn (Acid) #idegluaniizuindenlusssumi Tunsdiifdmdunistosaaemanil
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dmiuugaselalasladanuuiildinsewiisoinnasluluanavemedweitulémjanfuenda
(Carboxyl Group) vewijieawiad wisieluduinaarsvesmeldwodweslumsisefisennstes
darerulnsenleleslada

4. wanaRnfigesaansliagniedanmBiodegradable plastics) nMitosaaisves wodwes
Mnmsvihnuvesgdurvddlagiluinssuiunts 2 Funou FunsnasiBiunisdesameliluanaunn
gon \3uni1iu Depolymerization asifinneueniildin (UnfievduuuaiiFensos) \esnnaunn
wazauinliasmeremedued Yuvidtsduouluioanundsesdanadimeiiauuy Endo (Favuse
WUUE)  uazluY Exo (FaRuszanueusaiUmsganaustniidwiu) wliasuszneuiidnas
sntuszdngfuiians o Mineralization msusznevillfisnmsdesaintuusnazidrdiead sxgn
LUaauLfluwaqmu'lug,ﬂ ATP  fineds 9 Wu feariusulaesnled (CO,) feiiinu (CHy) fe
Tulasiau (N,) 11 indesne q wazdiana (Biomass) vinserdnlvy funuuialuveanssviumstey
g1y wioraianiswdsuulatldtuagiusiinuasneduesidesaas auniduasdaundon
fhothaty Svanensdiidusnannsafnuiiindeunduldlindningbu 4 Ussavsnmusins
dovanioaztusgiusintsiwednes (wliavesgduniduaraninuandansie q lun eendiau
Amututasgamgdl

uenaniifanudr fn5lddria waradndesdansliluaniazuindeusssueid
(Environmentally Degradable Plastics, EDP) Fa mnefs waradnfianunsainnswasuulasaudi
osniadosineg luanmaziwandan 1wu n3 A v waveonBianluosTned uaeaINAeIing us
Wusnnsnsevutedidinduuasissan vionnieulsivesgdunid vilitAansdsuuyaslaseasie
manil naeiuasiigngaia wavdesdmasolfisssauysalingyaun3dlaifaan fusulaoenles 1h
ansefiunid uavanatanan \undafasidugaine  Taonseeugaisuasmsgaiuiifoafatuls
smdaftemeiiorliviliiansasailuannsivnnden tardrimanafiniiJulinsieannzwinaden
(Environmental Friendly Plastics) wie wandinai@ien (Green Plastics) nanuda wanafniivinlinise
lunsdanisuszanas | wazdwmansznulagsanseaniizwandetosniwatainildiuagimlulu
Uagiu

2.1.1 wanaindagdarslanag@anan (Biodegradable plastics) [8]

wanafndesaaglimainmiianuvineniomdnanumamnsguoIN 103.2 seylidms
govaaislnuqiuvisdvasTannanadin (Biodegradation of a plastic material) Aenssuaunsi
hlugmswdsuadasahonasiiduionnsngdunidiagmanainesieindunaraiindes
aarglilaggdunidanuisalisls 4 Ysziande

1.MsgovaaIen B Inm(Biodegradation)

2.nszvaunswsinieriliiAnnsdesaanamadinmlngqdunid

3. nstevaas 2 Juseu TnsthuuAAselalasladansunddafamstesaaonndanm

4. msdoraas 2 tupeu Tasrkuuiisenistesamedioua neuudiduinmstesaas

N9 (Photo-biodegradation)
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2.1.2 Usuunnwaaindsgaanglalnenistianw

wanadngesamelilaendinnamsoudadu 3 ndundn Ao
a oda < 13 &
1. wanainndulalusdusznaunugiu
2. Wodlodwoi
a €y v a
3. wedlwesndovaaalaviinou

2.1.2.2 autfvawwadiwas [8]
venwmilennnsgesaangldivisiininuds TPS vransadiansaasansluthdndae PBSA
duwananiigesaaslimadinnuasiansaniiniaesunatainiuin inmsidonuiudienay
fu PBSA ludndiudesas 5 - 30 Tnorhuiin eudl Tensite-strength  #nn 751 PBSA agaiiien uay
Tensile strength zsandntiosdlaviinaudiviiu venviniiUunaudaitifiududdmatosunn
siaqmvxqﬁm‘svxaaummuazammums'ﬁugﬂ
2.1.2.3 nistiosdanen19tdnw [97
nstesaneaiinmtemaaaniiiuadussdlssnaunuguasintuiisudenlnalad
Ansgninlianaitialnseulsd vilimamenasisnedmesfuas wasiuonsdesamslng
nszummsmetaadl dwmiuneainfiiiuadusaduszneviosniniesas 60 sumavasutaimiin
Dusussanuetniden wandudmiiiansdovaany faanainasuandandududnudn q Wiy
wingligndevaangedreanuzal
e PNNIRdeUAISHnauwudulEunefiedmosduassiaiilasead s vansldnsail
ansndegaansliegrauuzainiely 8 dUamit kavannnsinviunafiignisueulaeenlys
Annsnageulasnisilsnau wudinisiduyiusuduiiosiovas 5adlu  PBSA Vil
wanadingndesaanglsiodunaiiailenouiiouiu fisl PESA ot
o ileann PvA azaiglni fufunistesaasvemandinsdannudesaniu PVA Saferiu
Ufisenlalaslada uazmsa’aaaawame%’qmwuaﬂmaqaﬁﬂma

2.1.2.4 nM3aAsIeidnusINNaRIYanssAu [7]
(n) nsl¥ndesganssed
dl' o = U = = [y i o - ' ‘J | -
diadunawadnasnausevinawadioRdudundafithduduian 6 ey naufissdn
° [l [ [v3 v X a ' a P i o ) o %
dnindesmenaeaganssal sswuiduloveuvesiadyeguunednes uwazillatnndauasdunae
ndesganssml sewugdng lunedwei@wandiiuiudmnwediwesgndosaatssoaundd -
(v) Mm3ldndesgansimiBidnasounuudeinsin (SEM)
' a ¢ a aa o PN a cda - = I3
wyuimwedwesuauvosnediefautuutda A lududianvdsundadly wasiivuisidnas

A = a a a o I - & o ‘A a ¢t ° &
Wesanniinsiigiivinvesgdunidludmndunts venandfiwuiniiu  wedwesigadmazilu
e Fuanriudndesaany wdsiesdiuveaiiteidu



2.1.2.5 msAmssiiesunlnsalaUelauasdunmnse
awnlnsaledeinuadunnisa Wualeadiefildindnuarmaeiivesagnefiuesuiiten
dninasdurnsavesfedwimdnlnilunedwefasiliAnnsgaduauenaduludisding 1
Aniudfumsdsuwlasssiundanuvedluanavdenguesmenluluana Amuvuiuivveinsgadu
wazAue AT AsLovanedy deldnvazvesunuiianizsi 1ﬂ‘77ua§1:ﬁuaaﬁﬂsznau

YaviaveIwedies

daunlnsalalvdauasdunise Tunmsirssivsnawdmelulussninnsdesaany
wodlwes uonaniivuziigduniddesanisudwsiingluiuinunuiinedweingmarliagll
miveulpeonlediintu Faausanmaialdnawninsalalelinuadunim

2.1.2.6 MINATINABAUTOU
Wiwssimoanuieuivaeds liud nsdiasizisauasuinaindn lay Differential
Thermal Analysis (DTA) %38 Differential - Scanning - Calorimeter. (BSC) mMFiasziiming
goydelagld Thermogravimetric. Analysis (TGA)
- msdAnwalasld DSC Wi lusswinnisdodaly _dnwmsadmgau (Amorphocity ¥89
woAniaranas laefidiuedugiuremedienaussgndasiasgaunsdlinnnindaundn
- nsfnwnlasld TeA ivisiiwtag g lWAnwmsteraaioudslunedwesueay
sevIn wedtenaunuids InslitassmiSnandenounaswdnisdasanny

2.1.2.7 mmasoulasn1stlinu
2 L - o v <, o < N a o
AINAFEVITFRdatannasnsnadeuIlusUAMRENRUET YUY 2 Jafiluns 30 x 120
Qo 2 L ] Q‘l o =t - g L ) v o
fiadlns” fedray 2-Fu Mlupudnyssann 10wufuns Wuaean 35 Ju msiuisgeieai
muszinsziufissnnfmonasnssnsldiuiu inmswSoursuaelagiindetienaiing

2.2 ul [10]

waduansuszneudsuauneduganlsd (Polysaccharide ) ~flagluiiunuynuiln flvuin
Tuanalvg Uszneudemienglaa nssuaumssdauteiusiegvareisiuegiusinvastan il
wdnnsialy Ao uenidaudinnesdusyneudu Wy duls Tusiu indous mintuinlivigudlas
msiah vinsthusnuazeuwis lunssuumssdamdrdagldudauassluth iosmnudil
avaeluiudu

autRvewtaunsousnls 2 Ussian Ae

1. Starch wanldnfivwanisinensvatesids 19y 410lwa 112878 waz et
Wy ¥ Tudsud dmsunssuaunisrdnudeddduuuden (wet erinding) “Favinlviuen
starch 98nula

2. Flour w@alsianluuuuuis uaznandestAvssneuvedlusivegme Jaihlvaudfising
luvn starch



o
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whiudzwdaduvsuan Starch iauds (Starch granule) Tiazanglyithidu usway
yaveniinutiuegiuuvaaesivniliuds

2.2.1 asrusenaunteluuds [77
waduaslulawmsaiivseneusonisuey lelasiau way sandiuludnsdi 6:105 1
E“‘lﬂiLﬂﬁIﬂﬂﬁ;’J‘[ﬂﬁa (CeH1gOs), ululumedinasvanglaa Fausenaudae Anhydroglucose  unit
\Beudefumetusy  Glucosidic linkage MAsUBufUMLT 1 Medunoulmevesaowodiuesil
wﬂwn@lmﬁﬁnguaaﬁbﬁ (Aldehyde group) 138n91 Reducing end group ullsUssnaudewed
wesvanglaa 2 viln Ao axiilaa uay oxdilamniiu (3719 2.1)

o e b @ a a o~
A5aR 2.5 autRndrdguetozilaawazesilawniiu [7]

audn aviilag sillawwniiuy

dnuaelaseasne miﬂssnawmﬁﬂmanqiﬂa #1558 0VY8 A naled
e dudunse iRt

WusEAisy @ —i1Lg a—1, 8 tasa~1, 6

U 20 "7/ wanndh 10000° wilenglad
0-2,000 ymhsnglaa

NMsaLanYy avanldteans azanErnlFEn A

maviuiRsetuleledy Ay Auaaiag

MsIui deldrnusoundielSezdus  Lifusndunsuuds

& 3 o
LUURAZ UL

asrUsznouvdnatliudautls ldun

1. ozllag (Amylose)

2. azflawmnfiu (Amylopectin)

3. @15@Inan (Intermediate “material)

r. aziilas
srilaafunedwesifuduiivseneumenglaayszann 2,000 mihedeuseiumeiussngla
fin (Glucosidic linkage) wlinueaw - 1, 4 (@—1, 4) Uit 2.1

CH,OH CH,0H CH,0H
0 0 0
OH OH OH
H 0 0 OH
OH OH OH

gﬂﬁ 2.1 lassaswvesesilad (7]



4,9

ey sy v a
15790 2.2 auvanalassaivesesilaa (7]

 uviasuds USunew B - Amylolysis  wue Jnu meen lana
villaa Limit (%) Twona  awads  meowds A
(%) (OPNads  (NO) (cL) (%)
wdeand 28 88 1,300 4.8 270 27
uiledralne 28 82 930 2.7 300 44
wthgnudn 17
- Bufm 73 1,000 4.0 250 49
- 9lulia 81 1,100 - 34 320 31
wlaiudenas 17 75 2,600 7.6 340 42
uilasurl$a 21 TN 4,900 9.5 240

317t 2.2 udatandinidlassadnaresesilon dnmlmesezilaaneludiaudsduegivans
Wugvosudls eviiladursdsueglunguossnsilawniu_uviediunssansagisludiuadagiu
(Amorphous) uagdiunan (Crystalline) nasdnvimaiinwaitudesautaiugds wuerilaaludy
sovuenvoninutlennnifiasegludnilanaradiauth sxllaativmaluanalvgisznuduindensg
fuesilamniivaglanaraiauty dmsvesilagvuinluanaidnagnuegamrauiin  Tassash
yosesilaniioogluaisasaussiivaisglusy Ao dnvazduindunin (Heli) | inderfinanad
(Interrupted helix) w3aifuessliianyss (Random coil) luansavarsilonmyivieserilaanglu
Snwardundorhudendsiaaei uwluinharasuiinesileasseglusnuazihusdn
Liwwsr venanillasddnvoserilaadtuedivoualuanase  osilaafithiminluanaey
Tugae 6,500 fis 160,000 avagludnuaizindengiiuds (Double helix) desillaaiithiwiinluana
tloani 6,500 vieunnnda 160,000 vziluanaludhuegntliinizas uasenaiividiuazansld

2. aiilamniiu

seilamnfiudunadwefidsiwvasnglaa druiidudunsivesnglaalousefufeiuss
ngladdAn a-1, 4 uavdwiduisaniifunedweinglaaaody fuualuana (OP) aglutaa 10
f9 60 mive Weudefushewusenglad@inuiin a—1, 6 fMgufl 22 audinulasiadrevesesiilam
funnulewtingne q wandlddanisned 2.3



CH,OH
o]
OH
H o}
OoH |
CH,OH ¢ CH, CH,OH
O o] g
OH OH OH
H 0 o OH
OH OH OH

] v - -
JUN 2.2 Taseaievesesiilamniiu [7]

mienglaaiiingladfinuilin. a-1, 6 logussua 5% vesuimmngladlu sxilawniiy
wanua sualuanaveserilamnfiulundwavyiingeiidseinn, 2 dnmie esilamniiudl
vhwiinlaanayssnas 1,000 wihwesasiilad fo Usrana 10"fe 10° mnadu waziidaslumsiu
s itesinesilamnfufidnuaslassasinduis

d s } 73 aal -
AN 2.3 auUivelaseasievesesilamniiu (71

wnaauta Y3t YU pNNEY] - dwu . andemats lana

oxilaniiu  Tutanalade oy | aowde - nguonads M

_ (%6) (DP) (CL) (NC) (cL) (%)

uleand 72 4,800 19 250 13 5

utatnalng <) 8,200 22 370 15 6
udatrian 83

- Bufen : 4,700 21 220 14 6

b 12,800 19 670 13 5

- gl 18,500 18 1,000 12 5

wthaiudrenas 79 9,800 24 410 15 8
wilasfuel$s 83

ko4 t 4

3. @1INaN
. asshinandiissdutesluntiunedn esduszneviiiihwinluianadesnitesiilam

g
a [l

nfiuusvginitesfilaa wasansinansiifilassairadudnvandfadufortvesiilamniiu_ udezdl
Aefionnd Uuamdedadiuveseriilaa exlilamniin wazarsinanludaudalineg dusgiv
anmmawizdgn Wy anlumsimnsugnuazUiinaniiszninnismisugn Husiu
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4. dyudsznouduq aeludiaus

dudsznevdu q meludauts wiseendu

1. duilaldutefiuonidatnuls (Particulate  material) laun Wsnuitliazany wazsil
\waddnsinansenudenszuunsanuds

2. duinfuiuiavondiauth (Surface material) mmmsﬂanmaanlv‘ﬁmalummmmmm
wthe

3. douiidnegnigludiauts (ntemal  components) annsousnoenidlagnisyiaedin
wtle wu lufulundlandyitn wazansusznavlulasiauluuds

4. dhulsenaviuiiinarosnunsiarauaniiveaaudeiiddy dun Tusiu uwh uas
woawada daiiuinauansaiuluutiudasyiia

2.2.2 Tassadrsuazmssnaiadudauds
wilsiinulusssumfssnuegliguidauts (Granute) PUIALAN Tmmuamwmanumummmm
utlsviinmng manaawamsmuuwﬁssumuavLLU'uaLanmau (Scanning" Electron Microscope)
wudiaudegsiioung gUsw Ltavanwmu\,mnmqnuiﬂ‘uuaanmmawam{]auu 5 '
LuﬂLLﬂﬂlﬂﬂNﬂiNLUuLLU‘UﬂQNﬁﬂ (Semi-crystaltine) lntlatanavesaziiloauasesilan
Auesindosludautadulaswadriedauridundnwasdedagy mumaiwaaasu‘[mwnwu
s¥n3ueiludnunsinduadoug (Double - helices) Faundariinlaseadeiidundn due
é’mmwauumu’]wuﬂsunaumEJI:JtanamaqauuTaaua"maT%mwaaauu‘[mwn'vm inudesil
Fnwaurlaseadiwan 3 LLUU'uuaanumﬂwmLLuu'lummmsst'uaamasnﬂ
2.2.3 gudAvads [7]
2.2.31 n”ﬁmwv‘um nswassawazNsasatal7)

Luatmumaﬂuu{]ma mhwamwnwaqmﬂu{]w ﬂﬂevumwmuaa‘lﬂma'lmam'sv
UIFEINIAVDIND aummaumas"m'\ammwma‘lmuﬂuﬂanummmuuavmm'uu'luusimmﬂ
Usmmmmﬂﬂmm.,‘zmaanuamwnnuavmwmuauwm wadnwmgionausanieliussenia
Unm“umﬁu‘vu 100917 %

mwaa’lmumm’]maamanu 3.3UlU B ¥rluwdn (Crystal  water) m‘lusﬂwlmaas"
(Bond water) LLa.,m‘lus'Uaasv (Free water) Tﬂaumswnuuﬂalmuumummu wazutlafiianatu 8
fia 10 % mmsnwnuuﬂmuumwu.ﬂawummwmmw Luaomnmsawmmnwﬂamamaw
ASUBURUMIT 6 vanglaaunay shovoatlagls  amsulululawmsn [n(CeH100s).H,0]

LL{]amu%"luavmsmmamwnummﬂammmamwlwﬁ ifiesnniiwustlelasiaudainen
wuiamamja‘um‘luLanau{]awaa“lna 9 numaumanuaﬂ meaamwnmmmswaumu{]qquaqmw
maammu‘lumswmw”lufu Wuszlalasiauasgninany Tmanammuwummwnwu‘lsman%w
Judasy L:uﬂLLﬂqmmmswmmm’tvxmsaumammwumLLaumw'laqumnw audiveinisin
sxuruwaslwanlsd (Birefringence) tudiautsasnualy Yaduiitinaranisneaswazauannsaly
msazans fe sfinveauds amnuuduswardnvusyessaunagludinuds Fadevumeludioutlad
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Tldaslulawsn USnamnluansazanoudl sﬂu‘uu’lumswmmuaumsa"mmmmmm’]umawuﬂ
avusﬂuuummnmanuiu

2.2.3.2 maimaaitlugdu [7]

luanavestvusenaumenylaasenda (Hydroxyl  groups) $1uauunn Baniziusiag
wuszlelasiou TaudAveuti (Hydrophilic) wAllosnniiaudegluguvasitun (Micelles) Fafy
msdndesnludnasiasiliutazasluiubulfon fafurnsiuteghniiBudnutaazgady
vhuay waam’tmanuau whilelimioutumsazmethuls Wusslslastouasamedhas @auts
wgmiuaznasiy dunauveniudsiianuviianiuiarlatu desnnlmanavenhidased
wieagsou 1 Wiauluvdetesas Waudaedoululdentuilifnaiuniin Ysingnisaiil
Buni nisiiaeariiluiedu (Gelatinization) aoamgiiiutaniiludinasFonyniiin gumnifidy
Wasuuasenuvila (Pasting terperature) Misuanfisuanuivasnumiln (Pasting  time)
Favzumnsaruluutausiaziin

msLﬁﬂL%mﬁluuzrﬁwauﬁﬂu{]mﬁﬂﬁ 3 lszoy svezusniiautesgaduinbulfedn
StauaziAnnsmesiuuuiunduld - Wesniunse mwduwaaamwau‘lmmnﬂ ANUNTIATDIANS
wwuasazliiintuauiivlide Wiautadiasinusuinuasiassafuuuiiianisiauasssuny
Tnanlsdlé \ioldansiniivieliumamgilfarsazasihutionutaseancs. 65°C | (@uugiifusios
Fuiuriinveautly) osudigsssi 2 Wantasmesiietnnndy Sumsemindlusadnielugio
whazgouuons \fiosantiusslalasaugniinans Wantsaadinidaminnuasianiswefauuy
funduld Fendinstiemandiluety wsudlimswasusyssasiasiaiuuuiiiinnsaua
szuinanlsdld arumiaosarserasduteniuiuesatsni wivesanglfsduazans
onu1 ufumdssiendwlatasvenasavarsteleduadludndlassifingihdudy afinnaifu
guvgiaeludnaudngseesi 3 Juadiautiasbivivou msasasveauteasiiindy evnluvia
Whdussiananiluadurasutosilimflonsendavositisannsavinufidorfuamsdu q 6Ty
iamzaw%'auﬁwgndaUﬁwﬁ'\dawm lasingn

2.2.3.3 Msfiasnsnsiaty (717 ) -

WoutlslsiFuanuieusuisgampiiamailugdundlvinnudoudely axvildislauts
wasLRLTuRgafinesifiufinesuansen Tuanaveverilaavunadnasnssdanszareasnunyin
Tanuvilaanas Wevdesliduda luanaesilaafieglndfuaziianisindusmiulmisoiusy
lalnsiauszwrinluana Aadusraunanudia Tﬂsqas'm'lmuummsnaumua.,luumsmmmmman
fenumilanahunty Rednvameaminndeidumiondn LsanUS'mgmmu’n mafadlnsins
WU (Retrogradation) n30n135AUR7 (Setback) msﬂw 2.3 Luaamamwnu‘lwmaﬂﬂananwmumi
Fossvaslaseainasuiuinniu ‘Imanaaasmmmwaama’[umnnuuaaﬂmuanma Fa3undn
Syneresis U'iwngn1snmaaaaumm'lwmauanwmwunwua"um'mwumqu‘uu

nsfusvesdadonuazasasaeutilimsazaeutdinmumiaiisdy fdnvusy
wazfiuuas induduitliazardluntiaoniifou Wiansanmsnouvssoymautiiliazats vihld
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WnisauagTuanamignivesnuueniaa 'lummum'uamﬂuuaanuamww 9 AANIANASNBY
mamm'uuamosam'mm'lwmmmamu

msfuivewiluegiutadonateussnis 1dud wliavesute arududuveuts
nszuaunsinuiou  nszurunisbiniudu gumgll svesiian audunse-ua (pH) v8q
asazany Ulwauavuuinesilaa esilamnfiu uaresduszneuvnsiafidu q luuisluanmsi
gampiiuasaududuvoutigy wsaunsodudldd Tudas pH 57 wtlanunsodudalsisiign
dmfutn pH Figwdemndniutasdudlithas Tunsvzasnisusveutazlfindeiiiusey
auwasvan 19y unalenluasy wasgSe nalnmsAusveudauandldiegui 2.4

vinnuarnnaveserfilaafimudnsenisiuiavends uleiifiuiinuesilaages
WansAumlfinnuesdiniuteiiviinuesilamniiuge dasilums  Audiszdege (Msazans
drfign) Werneluiana (Degree of polymerization) uadarilladivihiiu 100 s 200 ShsnsAuda
wanandleluanaveserilaagnamdodunini lunmsinlesilTaaiifumnduinasadlddnafanis
sodldgampiigedia 100 fs 160°°C sxllamniuasiinaviliiinnisdusiniseun fafuudausazuiia
wdidmimsAudfiuananefiu uanaianisid 2.4

¢
H

v‘(ur:wdwtumqa uﬁnﬁmqﬂum
Tuslautia -
: thniusanvinee
oH
i gn

niAus ——»  Wussrowinnoesiilan

d o o
JUN 2.3 maiaslnsinsindy (7]

ot

Uil 2.4 nalamsAugheesuda [7]
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A L9 < 7 ' -
ATITI 2.4 dnsn1sAumesLtiuiazsiin (7]

wlinuoaud ~ %MsAnAznauTedIud iavans

' ' 5% 10 ju 30 Ju
wtlasiuel$s 10 o 15 20
wthadnalnn 37 48 62
wdsand 45 48 52
wladiudusnas 11 12 13
wthinlwawmilen 0.2 0.5 1

2.3 wlsludwenda [11]
23.1 anufidesiuieafuidaiudsmie

fuduzwds JeImeraans Manihot: escilénta (L)-Crantz lunwdangquazGonudeiu
d1Uendain Topioca starch, Cassava starch, Monioc: starch LfJuﬁmmmgﬁw?iénﬁ’ty‘uﬁmﬁwaa
Uszindlne desnnvesivdtsndaiutleluviuaanusiiansdvy wu Tusiu Tutfu Tivdinud
Fuduumdeutligniduan fawiseatnesnunl fieuaziinumnsaudenisiluldlfeds
vanvany auandRTddyeiutaiudsudeie uldvn bifindu nutudenlavaziamumiien
@ FoaniRmaivibivleiudlsnddiemuasmnuasioufivailvlivautuasudndusduas
asuded uenaniiudiends Seanunselflluingivlugnaivnssuaszudnmnng Wy weysa
anslimnuvuuesueanased tiufu asUssneumaaiiveslaiudwevidauandumsai 2.5

517 2.5  aspusznaunaiveawtaiudivgudalaealy [11]

NAYUTENBY - Usunal (Fawaz)
A 1259
uda L 870
Tugiy 0.1
sk 0.1
W 0.2
Woaweia 0.01

2.3.2 andinemeanmuasmaadvesndaliudena [11]
diaudaiudwendafidnvusadotolianuenaiduiiuaudnais 4-35 luaseu duriou
audnaraiislagdiuaumingu 20 luaseu lsnsisasusiandssganssduuulduasinanlsdasiiu

v
1Y <

anwausmMnumdnienia Birefriengence moluidinuthuseneuiiy evlilaauas exlulaamniiuda

= LY - e

fnsdmSeamsnatundeladu wuu Ae  wuuwsnanewedwesvoseslulaa Suwnvuruiuestadu
suilsulovlulaa vdiwsssvuutvdiuiiluangassdiuuan vaseslulaanniiunasdnfnsusiie
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b o o H’IU ) ] [} = ~ A L) dvd 1
wuas“la‘lm%um‘lﬁ[maqausntuu UVNUBTNNUIRUU LA UUITNYANULIGY UILIUULIENIN

]
o w «a o

Crystalline %38 Micelles \udrudrdgfivinliiindnuwue Birefriengence vaudinutla’Crystalline -
. o H v o ) o - Y ' ]
regions HAruatnsalunisgain waz wesdTAIn drunvuiasdluanaisssiubenclidu
sufou usfgassninmenediwesveseslulaauaverlulaaiwnfiudaniwuuusn viwiiingg

AnFushvasluanauuuiiiiondt Amorphous  regions [Wudufigainlen uaz wesdalding

233 nyaudsmsndnutieaiudends Sfunsunisndndeil
1. dhshudendaniitadiadosdnhmintaeffusveuteriiuiiiu
2. MsvhewazeauasdwSouiasiy  Sudauiiiiuanddiedestounntududeadn
dindaane tiievhauazaaiiinudiuindgintesdu uasymuFeniieliiaiufinnadnauas
usniewUdensenudinginieun
3. aumaiauds swdadneTosain (Extractor) wsnteamnuazthutleanaindu nndfuil
asgmitlumnuanliuiaiiebidudausnavemsdnd — |

2.3.4 mahudanvinduvesluwatadinamss. (Thermoplastic-Starch) ‘

wiaduneduyanilsdifinglaaifuyausiwes - dstullegtulasingAnun uas waadu
nandusifgosaansldainuilimarnvaiduin Wesnnuindudngivitasunsanldieiuinly
sssumuasiagadiewsuisududianaafin Vedlussasusuiinnsliudaduasiiile
(fille) Tu polyolefin. -sewnfinsufuuslasastmoutiliaunsatugulamonssuunmudaia
nanedunsuiduiifiamauiRadeiu low density polyethylene Toevhlusaldansarudlan
%ugﬂtﬂun%mﬁm%ﬁmq- I#anASmstugy. thermoplastic ¥ ld snzuthosliiinnsivaduite
s liusou 'luﬂszmums%ugﬂ Fadunnsasiaudamvindu thermoplastic | starch Sududl
sHaiy plasticizer 18U _glycerol, ehanolamine, Wosinlus uas goiliaasly %ﬁms’lﬁqmwgﬁqq
Uszana 90-180  ssmnwalivauaslaiuusadeustisissweasvitliutannsanasy waglvald
awmsnﬁwm"zﬁugﬂ%umuﬁaanszmumwha'] 167 19y single screw . extrusion, twin screw
extrusion, compression molding )

woslumanainanisy (Thermoplastic. starch)— Wi ingiianusavasuiauasirlutu
JUwvuaneg 1o Tnensldanuiounasaunuy Pnaudhiveswtefinddrduasiivitlnesssu
wdr uddifianantiidumeswanadnlalagnisldansiiuuse (additive) Ao wanadluiged
(Plasticizer) Tavililassadaveadautiafinmsvasuiifigaumgiiinas. Jasililuanaveseslulad
way axlilaamniiy Wudaszuniy Fufusdahudantusuibuuusmagls famanadndindalilag
Risadund mesluwanafinamsy (thermoplastic starch)

2.4 wanaRloiwes (Plasticizers) [9]
asadduanmwanainviefidnduluuy waradlewwes (Plasticizers) Wuansiadifiduasly
wanadnuazsnaitovlinanaingeusuazdaldals vilaunsotugundn fasi wanefindigamgish
vinduasieiivsianiinuigminnldlugaamnssumanainaoudali Alexander Pakers R
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Parkesine lgldimzdulunanadlaves wmm Hyatt ldiusdunanluagladlulasn Wity
WinanadintugUldine

e umanaileesmsitauss

1. \HumisUszneudun3d dasnnidureanariiiaaiangensihwinlianaeg i nissaina
300 Srewmiigamaiivesiaiisnsmsasarsluenefiue

2. msinsfimeinisazaslndidsesiunanafinvdesnsfina

3. wanadloweshimanuinlurngumalivusldnu Buidewdihawnsofiausdgadmg
Aunedwesld

wihiesduremaradlowes o dreliiAntariteseninluana wivnlunsmyuiusy

“(Bond rotation) maﬂmwﬂmwaatuaﬂv:almwamwnummwamwnummmam (Decomposition

temperature) vmut,wswmsﬂismvlumauaunuwmamvLmsnaqs.,mwiuLaqa'umwaamamg
whiuasauudaunsevoswedwes g 1 -
asunhilddyvesataflawesldud .
1. anAunila’ adofiiaratsuazasnesauanuse van der waals  szwinaldwed
wes uduansamndvhasans aseddiresidiminlulanagausemna. 300 efiesldliszvesen
PNHARTUTINAFANULALYI9TENINNIS LY

2. AIVIMINTAW AU UaNdl TR NI SAINUBLHERTUN 12U WRLAIN DUV IRAALAENY

\nsanAl Tg maqwa&uas’ﬁﬂﬁamwﬁ@Tﬁqwduﬁuﬁu%’uuﬂvLﬁ@ﬂ?mm'umwaqaﬁlcmaﬁﬁu“ﬁuv‘h’lﬁ

m’mmuusqmwmwaaLuasamaumm"mm': 3" ‘\]ﬂ‘lﬂﬂ‘UBQWBﬂLMEﬁLWN‘UU 3']1JVNﬂ')'11JVlULL3\mSuLLWﬂﬂ
‘U‘UWJEJ

Glycerol

- Fawadl IUPAC 1,2,3-propanetriol ;1,2,3-Trihydroxypropane
_ Founilvialy Glyceral, Glycerine

- gasluana GHs(OH);

- gasluana

HO/\l/\OH

OH
audinnanenmuazautiniaeaiiveandiwesoananlunisien 2.6

sy,



3 wa : = a
ATINN 2.6 dUUANNNEANLALLANYDINALYDIDE [9]

annus , YBInA

qa . Tandrenisiu-
ndu _ ' Lifindu
hwiinlsiana 92.90
nviten (°0) 290
yavasswal (°C) _ 18
ARSIz = 1) 1.26
AMUNIA (MPa.sec ) 1400

| audule (uuusen) 0.0025
AnuMLLUladUNUS (@1na = 1) 3.1
auansalumsazaneth (n$1/100ua) avanslii 20°C
arudunsass (pH) 5% 20°C
w2l °C) : 199
ananiwléies ) 370

2.5 wARY [2]

2.5.1 unasiinvsunaY

weRuduasisenevindiesinuluningadussfiutiugs dmfumsisznou aslule
wsm Wuiea iy wiwasigaglad winweudnfeziiedusnludofieveiviidnfnegiu
peusznavTasliaiaanuaauazdaiiiuanumuvesringad uaundeainaiuildluninsd
firoutradrta wssamuausalumsifelassadieronsarpanaiu Seduagivuunaluanauay
SERUMIUNUTIFo1Ba (Deeree of methylation = DM) WmawesnARufiuanieiy inaRuiliaed
anuaansolumsiiaalaluanizuanedaiu

LWﬂﬁuﬁﬁuauuwnwuagﬁmmwaémamalﬁ Wuesewnafidduasinnudidg ity
AoUANTRM19 voendniue wselinaaniilunisiiaizale aduldainveavdslunssuiunsuin
vhals! wu weuida & urum Wevewniniliinhaa wioveandennnsataima WWuinsw
fuiinduundsiirveanaiuiifinunmilsnnnidenuzign Yinamadulunaliviada q uwang
Tumsndt 2.7

2.5.2 \pseaiavaunaiiu
weiuwdulndusanilsdidsdouiiusznousonsaniuaaylsia (galacturonic acid) 150 -
500 e (hwiinlaiana 30000 — 100000) uaz duiignioawading (esterified) funguimsend
(methox group) dnfiiiiuanelenss (backbone chain) 9zUsznauMe waa swlud (L- rhamnose)

I a

wasdiduistvarsiendnfiegudnalndifes Usznaushe Td- & - auaalnlwsilua (B-0-

N



»¥E

17

galactopyranose) waz woawt usasandluyanlua (Q-L-arabinofuranose) (U 2.5)
13199t 2.7 USinaumaiulunaliivdiasia 4 (2]

vinNy i USannanu
fida 5.98%
dunda ~ 3.90%
dundes 3.45%
UM 2.90%
du ' 2.36%
WATEN 2.00%
NANoY 1.24%
nsuiigy 1.11%
naaeY 0.94%
|y | 0:83%
wouila 0.78%
ansowins 0.75%
dude 0.70% i
24U 0.19%
TGREN 0.18%
| umen 0.16%
 dudyin 0.09%
WINLTY? 0.09%

= o a
3UR 2.5 lasaisveanaiiu (2]
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2.5.3 sudAvasiwanu
1.msavans iaduazaeliluhiBuianidoulimsaraesiienudunile uiliavansly
fvhavanedunid  Ugmiiiaisseds Aensudulufenvesnaduderluazared Bnsudly
Iﬂa%lﬂﬁau'['ﬁ'm%;awazjﬂ'amL?’an'ziw’tumsasa'mtwmu Tnereudumaivluiheugungd 60-
80 swmgaldua wionviadaedesmmniigaduian 5-10 unit
2 arumiinszainnvidetiosiuagiussiunsieameifatureanaiu anadudu gamad
Ay uay indortinmnae '

]
@ o

3mafiana daduaniindAyigndunlivssleniunugramnssu

v v

anmnsonvaladu 2 wuulseldsesunisieainasiva

[l
Y] <l

3.1 waRuAlissRunsuuiisaemiiiiage (High -methoxy pectin : HM) g3} DE
nndn 50 wedidun ansaimaalfisleiveuds fasaeldidumnats Uniinsldylnsa
1nndn 55 Wesiud Aifimnuiunse- shaade 20 = 3.5

3.2 nARuAsEAUNSWIURmBUgiam (Low methoxy pectin LM) 9¢dl DE finin
50 Wesidudannsanaealgiielfunadelsesudusmioni was awnsadaldied
YDILT ﬁasma‘lﬁﬂuéﬁnmﬂuﬂ%mm 10 =20 Wodiiud feanudunsa - saade 2.5 -

6.5 anetiaaunsavilmnnmareawafulauAils 0.5-1.5 wWasidus

2.5.4 Uszlogivaainafy

finsldtuegnanirelugnamnssuamsuasinsesssindaunilag T Suansiinanu
Huniln ansrowea lundndusiu was wevaaitamunmesssuunearoydlunissiniwalil
waskAnfuriiidnunsdendnonad Tut 2-3 wessuitusninniwefunl flunmandunssu
warguEmNIINLNRINNTLEeE 4 asnmaRuliaRlamsivihlimuseiunldiuinuieds
g1 Wiy way Wulnd o uas Fadumsiulamsaussionlived v3e wdulvemwmsithigndes
Tnsiaulesiluszuunmsdeslusne mawed FlsURTuaulaeintlnsuInIsundu ns1zanns
IWlumponinitonsiifiinuesgaazdistostuninfalsndns 4 vislumanduiuaufiiuemisiid]

Inhwestipeitinnudssaziinlsai q ladetu

2.6 dulefny (Cotton fiber) [12]
hoduduleffomnnigalunguiiloweglaa  f8nsnandauaznisldanugs Usewai
devanthaidumnan Teun ansgewdn Ju dudly Uritaau weri3nn Husiy
theouanyeihevesfiznssga Gossypium  wagiivanswiin witduluholunaindanlngiin
Tenduiugiuiioiidedn neadlen Sagsu Gossypium hirsutum) uas nes@den vunaud
(Gossypium  barbadense) nuszinaaiint ilethefinnuuansiaiuluiZasnnuenn mn
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udause msBadi Anuaziden (‘ummé’umuﬂuénma) mmu.mndwaﬁmmnﬁ'uéu.azamwmﬂéaulu
nsugnéhe 1y Uiy Uinamnnuity Usmmumumﬂ wasmaiuiien i

' Ehmﬂumaaiaawmmu'luﬁis:u'um fodu Tassamaaail Ao poly  (1,4-4-D-
anhydroglucopyranose) Wwanafagud 2.13 Tassaunisusnvasiheneldndasganssmd wduly
thefinauazidgauin ummamau‘tamm 10-65 Hadiuns ‘uunumumw'uamau'[a Fvumiduriu
gudnantssinn 11-22 lunseu Lulasins=10" wns) asfusznaumuAll auldinmenwuay
wilvendulothouanduniseit 2.8 uazguit 2.7 9 muddy

2.6.1 gaAUsENBUNTLAL

P ¢ - 1%
51971 2.8 asAUsenaunnaaiivandulethy [12]

Components. Whole fiber (%) Primary-Wall (Fiber Surface)
(%) @ .
Cellulose 94.0 54
Protein 13 14
Pectin )09 9
Wax 0.6 8
Ash 1.2 3
Others - 4
[ SCH OH

}_‘

H
Lo ﬂ
OH' 'H H

n

E‘U‘ﬁ 2.6 Tastasnas e poly-(1,4- B -D-anhydroglucopyranose) [12]
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2.6.2 guUANTMenInwasaNUAniIwail

d’ e b v
AYRI2.7 aulinn o vouduladie [12]

Property Evaluation

Shape Fairly uniform in width, 12-20 microns; length varies
from ¥ to 2% inches; typical length is % to 1%
inches.

Luster Low

Tenacity (strength)

- Dry 3.0-5:0¢/d

- Wet 3.3-6.0'g/d

Resiliency Low

Density 150:1.56 ¢/cm’

Moisture absorption 8.5%

Dimensional stability Good

Resistance to

-acids

- alkalies

- organic solvents
- sunlight «

- microorganisms

- insects

damage, weaken fibers

resistant; no harmful effects

high resistance to most
Protonged-exposure weakens fibers

Mitdew.and-rot=producing bacteria damage fibers

Silverfish damage fibers

awv o d v
2.7 UIWNLNYIVY
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Ydan wasnuy [13] Anwduusiaafildainudaiudivsnds wasnagauaudd lngwuin
Fduuderudilends Afauvannuizanihlvldusslendlsa annseseutiudesndanududuion

ar 5 uasifugesiveassvar 30

& a ¢ VoA e av va o a a
LUUWﬁWa(ﬂlqu?jai LLNUW?\N‘VﬂﬂNﬂﬂUm’J‘lﬁ NILEU ATIUNUN

088 0.063 Taduns TAINITAIUMIULSIINNR 1.77 dlansuse Jaduns n1sasnsosas 10.13
ANISTUNIUYDIDONTAU 6 LABUATHOAITNLAT au1sasuniieiuld 120 Ju devaanula
lnggdun3dlusisumna
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ATy gieany wazang [14] AnwnnssSameslumatafnivIouanutl (TPS) T
iudwasndiveseanaufufeinissdndawuuindomueug  wihduhluiuguiduiusiedreie
wiadansoadudfun Tlumsvaasalaldudaiudivenas udedrudn wazutsdnution nauiundie
aseaTensEIUNAITeIa 15%, 20%, 25% uaz 30% w/w SIuieAnwIn sVRuaLUR3anares TPS
MemMsfinrawnauvundutgudnats 0.25 -0.355 wi. uay 0.038-0.150 uy. wanfuwlelu
SAIAIURILNAY 1% Uas 3% w/w Nan1sRassnudn TPS fiwSeuanutleimisnuazniivesea
15% w/w A1 Tensile strength mn‘i’iqﬂ WaTMILFUHILNAVYLIA 0.038-0.150 Wal. USLTRY 1% w/iw
vl TPS & Tensile strength Waz Impact strength g\i'ﬁu

Zznad Taed wazane [15] iaumeflunanadnamsaldianuiadhsemutuanas
TnensindouRunesiunatafnamsviy Fatty acids, Chitosan wag Chitosan derivatives 9013
nadevautianutedhionisgaaut nida tusiumeslimanafnanisufiindouiinfinasge
autuldtesnintunumeslunaradnaniuilildedouin Tueiniindeuliwine Chitosan wae
Chitosan derivatives finsBaanfusswinasiinniadsuinfumeTawanainanidoldmnintuny
wsluwanadinamiaiieasusng  Fatty add ustusmumedlunanainanisuiadouiiafe Fatty
acid fimsgaduanutldiesniidunuimeilmaradnasniuiiindousan Chitosan Wwaz Chitosan
derivatives n&antiutusulluanvsa i ndui i s3% - Juean 15 | Fuviliaudian
FUYNURBLI I LAY ALY UABI SIS ATDR L e SluwandRnamsyitld e g uRaiinng
Wituwasanas GlowSsudisuiudunuidinmsadouin

ARG ATENanNg wazams [1] panflsuAsuUszmulfanutedrnduasutlety
dAzvds Ao whuthiraiduasudafdends sanfunfivesea wie ndlwosoaluludifivisn Jovay
0.2 5 uar 10 Tnelfiadasdadalumanas winmsUSulsssdsinundmeseadiiutuhliuiuiid
MetdnuazFouiy wanuniusensuaniionuanas msnaundwesealyluadiosslulSuimdes
av 5 way 10 luuSiwdeiu Lidmwaneanuidguvesidy wazvnnisnanudaiudsvasiuniie
ov8a Wuidy fanala Javgud dmiduivinnndindmaniundlgesoa iidvngu Bangu
wold wasidunuileidaddinnusisnamiddimanuiudends

0381 visda uasanis [16] Anwaniivesiduuisnourasudiiiiuasinaiu sl

Wudusing q Gesaz 0, 1, 2 waz 3) wur-Haunutadradain s mun LTIt wilinsaslin

a9ty Ingfidvinfu 4.58 MPa uas fevar 4540 mudrdy warflduiusuUssdomaiuia 3
araududufinisdumunssiaiugeiunuedudures medufiinndu Taefidsewing 10.25 -
38.56 MPa dhumsisdavesiidu Liffenuuansefuneadid - uaznisuruegslathuesmsazans
thvesiduusznevanas earududuresnaiuiugdu uasiiduusznavanutednidmen
ARy irmdududovas 3 fnsduruveslevuasmsavarsivesiidushfigainiu 59.2 ndusie
AINUAT WasTouay 40.77 Uiy

g1 FsrInsUsEAns wazans [3] Anvimswieuiidudesaangldannutiandne Tneldng
wosealuwanadloiges wazsUsuupantRivesfiduarnudndememaiuuasidulodhe Tanstu
sUfEIBmsivvde Weldasaranomaiunazidulethe yilduutndeinadundngsdu diw
anvinmsgaduihdunuaindonaunaiu 50% finmsgadutanniign dmsudugwinemuin
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fimnuihfuldsswinutndeivasazaemaiu uaganmsliaseingilaidunudn msiulgs
somadutanduihe dwalifiafighumis O-H stretching innisindeufivesmuminavaauiianas
vuonand wut Mduudaindreiildmsasaomaiu 10% wasdulothe 10% andhidanaiiian
wavdmiumsaudisunsuivesletmui Fduudaindreiunadu 50% HAnsTuraleoni
geitan uazannsAnwigunglinsaasiimnnueuvesfiduutiindrenuiniiouuamaiiu
wisdudwalifduiiaiosnmmenaufounniu diuaudRnisdesaatefaonisilaiu wuiifidy
Mnudandreiiusulpandichodulethe 10% fumliudesaanstiian

gndw guiues wazams [17]  AnwiandAnameninuaznianaveausiuiidudinnd
amsadesaaneldmnlalag - wadu Tnsdnwandsinaesiiiasmanenmeeslalaguinanld
Anwinisavanglalaeulunsa 3 9ia laun nsauansin Insileda  war m3n saudemisi
asazanglalaeuilalundaduwiuitdutalagiu iansuiuy saud@nenisnin uas manaves
wiuidildnasgulaenadiwatadluges 2 alin Ao-nfwesea waz woiovoa titalils
uriuitdalAlauiiilauBntu ransnaasmutn lalrsuiindalaTufesu fis fenmiiuiosay
6.85 Usunailusiufosas 6,34 lufudoway 0.1 wihdevey 0.25 szdumisidanyesifaiovar 86.7
uazAAIMiln 230 1guRwosd Gaaalndidterulalrvuivisnuviesann lunsilalaswdinga
Wilunmaeadunkuildudanmm Wiansdmdontadosis q Afuadoandaidn wu viinalalasy
wiinuarALtuTuYINsABUNIE Usuinsvetanssaralalagiugnsid@iuved teanfiu sruieviin
yomanaRlowaianyay wuldioun 20 x 25 o’ Awieuminasasatslalnvuuasivaniu
fovaz 1 lunsnlwsilelindutuiovay 5 U51as 150 wa. daslidunanvaanivesea Sovag 0.5 W
anvRvaauduidiiiian TnedauRsd Mmsfunuuseis 70,385 dau/m.” fansiadaiionn
13.463 u3./48. WS UMV 617.7 findilaiu

R. Sothonvit-az N. Pitak [181 «nAdeiilifnumsdusinuresfinwoandiou Ainadefldy
wande Taoldh 1007 -fladdms wilendauuBunnse 9 Ay Ao d 6 uaw 8% laethwiin ndw
0508 30 WAy 50 % laethwiin inaRy 0 uas. 1% TaeiwmindgamgiinisAneaniluwdy 75 f
80 swwwadva Wunan 10 Wi, mnthniludhgey feumnd 505080 ewwadva W
12 Falus wuiutndrelidnunzudadmdes wllinfeoivsulndaneiuiidmuuousfgedu
deieusuiiduntandas duiidiniififidaunauniwesea 50%  Wiawdediduinsadngean
wasdmuindlendwesoauar  weduiiviinasnntuinlinnsduriuvesingeandiavluudanday
anas uenIniiTanusTauriomswiidiansadesaaelsiodasnsilaiu

M. L Fishman  uas Az [19]  Anwanmsiwdoufiduiiudsemilduasdesaaeliian
uwananaiulastuguieiinisdain lnvindlweseaiunanadleweslunismaasanauwafiuuay
iautheitiorlilaags wasndiwesealutinae 4 Insvhmstuguiriesdadauuuindemueug 1h
Hauildnagouandidananeninuou fewrdas Dynamic mechanical thermal analysis (DMTA)
%wanﬁqmsLﬂ?iﬂuuﬂaqQquﬁuaxﬂ‘s‘mmﬁw’[uswiwn'l'sé'ﬂ?m“&'l,‘z’flumsmuﬂumsLﬁmmmmuqﬁ
yoautlsld wardoyaininaiin OMTA Wy wBinuaudunasmsidsuwagamgilussning
nszuIuMSsnin dwadsmsiamailudvets dsfinadeantAiBanavesiduutmanmaiu waz
wuhgumgiiasuanugadeuts (Te) e -50 esnwaidea duiigamgivesiiduannsaitedald
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C. Xiao uag Az [20] Anwinswanlalagufuudayn (Konjac glucomannan) wdwinnns
wdeRdufiauFuussaniaidana wasauamsalunsazaeivesiidulalneiu wuh  Shsrday
sewinlalagudautls 7:3 anunsanaudriuldavian uaswiuiduilatianla sauidadiandinng
ATmieu  (Thermal properties) ATANINUTILTIF (Tensile  strength) wazAn1sBa o gav A
(Elongation at break) gafign \flessiniuselalnsiouseninmjeriiluvadlalasuiumylensend
aveautlyn uazdmyindlaifisyiinautiynusiuiduildasamorhlsatu

M. Hasagawa way anig [21] FnvraudRvesfidusswinlalavuiviwaglas wuidlawia
UuilalasunnutiuvesusuiduisnsBsunuasssning 12 -19% Tasthwmin uas oy
gampiilumswanuiinaanudundnveuduiiduanas Inglalaudarinanisansdnvenvaglaa
Snsdwililalavu 30% WaniAdnadiign Wamwnwaglaatulalaey fenududs Jaie
Wusglalasiousznineiu uadlalavwiltdinedgatatessagladanas wasifinusadmmeseuii
Twana uenniidanudn maufen iliuduRduilitiauimdsnannas Tnsnnudomiaiouse
seninlaana

Y. Lu wazanz [22] Iddnuanifveaneslumanainanissnonlmananutistnandiiea
duledusd Tnoldanuen 53851253 inlues auadusueudnana 85,4253 wiluns
WewSuuduildusnenszuaunsuasuuy (Casting) Tnglduiina 1duledt 0%, 5%, 10%, 15%,
20%, 25%, 30% way 40 9% Taediuiin Sramadnuaia mmLtﬁaktsaﬁauazmaqﬁatﬁwﬁu \leld
Uinandulonndu wasAefifudingsiein o gavnenas usnIniimsTiassissimaiange
anssmiBlénasaunuudasnma (SEM) wudr dulefinsnsganeififuuamidupauts Snviaile
Umanduloanniy vinlvimeulnanesninnasgaduauduliiosas Fananlsdn msuiulgeandi
vauneilunanafnanivlagldiduletnsd iilassadevasnsilndnddnwdzndulassvauild
waziusanseirsendniuselalasiaussnnadulodudule uagiduleduminduasuts

L. Dobircau ~wazame [231  ldAnvamesTunaradnamsvanutiinandaiiiusiugs
wiuusadodulefhsanngnssvuluuesisdediunsg Tnevinistugufionszuiunissain
Uhinandulothedld @o 0.5.7:5 10 way 15 % Tasthwiln ynstaussaesduiouyinisonsn
fomtesdninviandumueiiss  9nnsfnmauidna wuidletdulounntuyinlrenisisiia
isadlnsianizedneBeiiuiina 15 % lagthmin sansisdniilionas 78 % aiiouiumesly
wanafinanuilildnamdulothe uasiiviinudilothe. 10 % Tnedwiin Taudidnaifian
esnnuduloihefuyindiinnudfulad uasiinenssanedia wavdwaliiAanisnszaionse
seviadulothefuamindfiamuaitans wandowSoufisufunsaiunssieduloviu (Flax)
wuhwwlinvesaniBidnadulyluwidsiudainuudussuasnsidaganinisididule
e uiihnstuguisgldannznisdninfigaumgiivasaruduiedu uasniman SEM uandliiiiy
finsnszneiifinvendulovuaming widlsldidulefimniuly nuidulesudusiiudulien
uanmsAnefiusinansTidule 15 % Taowtin msnsenesusndulodulinivarededma
Waudfidnaidrandias wavarnwaiianisidenvuvesis@idng (Xray  diffraction) uanalyifiuia
msidsduleaslulildfinadennubundnvesnsuinanild Inodnvuriaadofumeslunaiadin
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ansuilalanaudule dmsvandinneannusauninnisiinseying TGA wuan nasladulelidea
TauTineanussuiimswasunilas
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=
unh 3
3sn1satiusiuiae

(4 g P -3
3.1 asadinazagildluamidy.

1. wdaudends #51977 910 USEM Wanseeiials 2999 (Muwawes) 310 Tnad

29AUTLNOUMNIANTIN 3.1

= ¢ P v o o o
A5 3.1 sdUsenoumaaiiveawdaiudusndalaenaly

29AUTENBY YSuu (Seas)
Ay 1259
uds 87.0
TusTu 0.1
TUshu 0.1
i 0.2
Woawoid 0.01

2. nilweiea (Glycerol) INTANTSA ANUIEN Lab System
3. IWARUTIANS A0 VST Saeil 1986 30 Tnelnarusenauninisnen 3.2

< a
A19199 3.2 89AUTENOUTDANARY

s19as 98 HAILATITN
Stability Index units 141
Degree of Esterfication (%) 72
Loss on drying (%) 8
pH in a 1% solution units 3.6
Particte size on 60 mesh ( 250 micron ) 0.3
(%)

4. Fulethe fosausznaunanslumsnan 3.3
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audinTy Wil il
ANue (L) | ' mm 2.00
Wurhugudnans (0) Hm 1
L/D ratio - 200/1

d .
3.2 \asgeilefililuntsunass

1. \n3eamanszuuln (internal mixer) : Brabender 3U PL 2000/PL 2001
2. 13038nUu3U (Compression Molding) + LABTECH ENGINEERING §u LP 20
3. inTRmadaUBlUNUIaA (Universal Testing Machine) *LLYOD INSTRUMENT LTD.

U LR 5K
4. 1ASDITIMTN ; Precisa Instrument
5. WiRNNYUY 2 Daduns

6. Lﬂéaqwﬂaaumqm’m%'au TGA (Thermogravimetric analyzer, TGA) : Perkin Elmer

Instrument Co.,Ltd-gu Pyris | TGA HT

7. ndesyansImiBianaTeuluUdaINI N (Scanning electron microscope, SEM) : LEO u

1455VP

8. inspsdunsnsaanivsiWladiwas (Fourier transform-infrared spectrophotometer,

FTIR) : Perkin. Elmer-§u|FTIR, Spectrum GX

9. \desinnisifeaLuutBaidiand (X-rayDiffraction) : XRD 3u-D 8 Advance

10. w389
11. nesiiies
12. lulasiiwes

3.3 A5MSNARDY

P - o + P v v o o a4
AoUN 1 N1sAnwIBRTIdIuNINsauTswITndsudUsvasuaznidilgesoa
3.3.1.1 Fahwminutwasn@wesoa ldaslunivue audnsidun 70 : 30, 65 : 35 uay

60 : 40

33.1.2 i 3 gastheiuufivlumeusleainiduna 1 Au delindigeseadudiluly
wte vdemiuhvesanneieulaunnaumsniaranszuula (Internal mixer) 9
goumgdl 140 eerwadua [5] uasfinau3a50u 40 seusawdl Wunan 5 il

FUNASNYUENNEANVDIVDINANTALA

3323 hweslunarainanmivusiasgasiliannisuansigiaisananszuula (Intemal
mixer) ¥10ufigaumadl 105 ssrgaidua 1uan 2 Flin ieldvmioanuiueen

NnsSlunatafinan v
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3324 Jugumeslunanainamiviliseniasdatugy (Compression Molding Tagld
wifuATiumuT 2 feduns vhanuasermusifuiudmiaiudalay (Siicone
oil) adluvuwifanishuisimsdudatume Slmanainands MesuTauuuifu

3325  ldwesluwaiainamsvadluwsifiu uastusfuiluldaossatugy uazlin

Foufigumgd 140 °Cifiunan 5 wifi Tngliifimsusznuwliind snifufugutunud
gumgll 140 °C (gaumgliFenAusunisnaumeslunaradinani$y) uazldmudy
Tutas 1300 psi i 5 it mnmfundeiBustedn 5wl

3326 ntuFouliisudnuuzvesiunu 3 gas Ao Aonadnszriutud v

waxndlwesea 70 : 30 65 : 35 way 60 : 40 wavidengnsNinvian

aouil 2 mawSeumesTuwanainamsusanuliaiudlsude
33.1.1 dadminuduazafivssen ludnmdiu 65 : 35 Aogrsiisinstusumnsaniian
3.3.1.2 \iuvawmanilalumvusivaaimlunat 1 fu tialindweseadudluluull
ndrniuthvessauiirienlmnuasiaaissaszuuda (ntemal mixer) i
9aumpil 140 semigaldua waeinaNsIeu 40 sausiousdt Wuan 5 Wit dune
AnYIENIMEAMNYBIYBIHAL TS
aaudl 3 nstugumeslumarainamsumnudaiudsuds
3.3.3.1 diveslumanainamsvusasgasiifnnmsiausioinsssanssuula (intemal
mixer) n8uiigamil 105, aarigaidse it 2 dala Lieldwiemuiusen
NS LUNEIARNARNSY
3.3.3.2 %ugﬂmaﬂuwmaanamiﬁlﬁﬁqs;m?laqsi'ﬂ"z"fugﬂ (Compression Molding) 1ngld
waifayiTRaum 2 | Hedwns amarerauifiiidmadhifudalay (Siicone
oil) agluvuwiRuWd i sdufatueunarafnamsy natilavuuifud
3.3.3.3 ldwesTuwatainansvadlulsiu uasthudfsilUldndosdntugy uaslimuiou
fgamgil 140 % ¢ Buim 5 it Teelifinsussavustinud ndutuguiunui
gamnil 140 °Cuagl¥mamdilutng 1300, psiviune 5 i sntundeifudedn 5
il
3.3.3.4-1hdunusonainuiiud wdnilunadeumeismae

aoufl 4 msuiuuautRveaveslunanadnamsvannudauiudsvavhomaiuwesiduleihe

3.3.4.1 UfuupanifveameSumarainamivarnutiaiudznda feSeulsluneud 2 1
USuuseserawaiu 0%, 2%, 4%, 6%, 8% uaz 10% lamin wasthgnsinvan
uFuudeduleihe 5% Tasimin .

3.3.4.2 vintudulilunustiadunm 1 fu washvemaniivioslfinaioniomay
55uUTA (Internal mixer) figuvindl 140 ssrniwaldoa uaziimuiEisey 40 seuse
widt Wuna 5w

3.3.4.3 ldweslmaainamivadhuusifiont wasiwifuiluldriodatugy  wazliao
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$oufigaumgd 140 °C e 5 wfl ngliimsusznuusifn indutuguiunud
gamgil 140 °C wagldmusdulutg 1300 psi Wunan 5 unit ndumdelfudedn 5
i

33.4.4 thiunuesnanuifisnt wdniluneaeusely

3.4 Fsmsvadau
3.4.1 MmagsumMianeinmgeidu
Ansrzinamyilaiduvesansiedlagléinaiindunsusaauninsalal (nfrared
Spectroscopy) Tngthansiegnaun 2-3 fadniu nwaswiuinunadenlusludfavuroudisno
0.2-0.5 n¥u Wiy Tdasluwifuiudnidnadesdadinaeldnnudu 10 kg/em” w5 uift ud
Wdiaeenanuaiind udnhluinszsivmvyilaidu ' '

3.4.2 maasnuudiend (X-ray Diffraction) [24]

Aasvivlaseadlaeyin wwinusteynALaeIAUsEnauNATivesasieglagly
wdnnsideauuresdadidndfinnnsemuminndnveiarsdiegeiineeian du  ilessyigna
periUsEneuvesansinatie Insidaeginnlinsyidniades Xray Diffractometer Insin3onans
fetefiainumun 200, Wagruanvesannszn Uty (20) Tugae 3-33° fednsds L aniud
UdeuSedendidtusatag

3.4.3 N1339@ (Color measurement) [24]

MadpUITId NN 1ssATusUSeT e IdMNANNIE 1 ASTM D-1925 1A3gusta
Tnosedumilitivnniduinugudngi 2 euiuing udnSudisvdtuunnasgilnefaiedu 10
0 Lieuanenmsidouiasdvestunumusyuutes Hunter was CE nitldinaariuinuasivaay
wiedueu D 65/10° g

L* e TdinuadiaiaIne (Lightness)

L=0 = perfect black sample

L =100 =-perfect white sample
a* : ¥ vundunamsedite) (red-green)

au + Feelulufimmsvesdun
awu - desllufienvesdidyd
p* Timundindemsedinu (yellow-blue)
biu + Aesllufiansvesdingos
by - Herllufiamevesdiihidu
C* : Anuanlavesd
ansofaldan = @+ bY)
h’ Dushaviissydumivesdiimiodueen
awnsefdmnaldnn  h° = tan’ [bY/ a¥]

172
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3.4.4 U‘%mmmsgm{fumm-‘gu' (Moisture absorption)
v1maau'“z?uq'muﬁqﬁ"[ﬁ'\lqnmsé’mﬁugﬂmummﬁm ASTM E 104 [25] thiusnusheshaitls
Tueuliwisfigumnd 105 asmsadoa anduinld smbmihlufivluussemaisusdsunadon
Aaalsa (CaCly) ﬁqmmﬁﬁamﬂunm 30 Yu Arutuduims 50% wastindy (Distilled water)
ALTUFNS 100% Tﬂaﬁw%umu%umﬁ’uﬁmfmﬂ'nvm=] 1 Fu Vnumsgaduauiiuanunse
Amwaldnn
My (96) = (W,, — W)/ Wy x 100

We M, fe Wesdusanuiin
Wy Ao dminuasiuiuisuvagey
W,, A9 UMUNUBITUNUNEIAEEY

3.4.5 MIVMABUTUgININGT

né’amamsﬂﬁﬁLﬁnmauuuudmnsm (Scanningelectron-microscope, SEM) (Cryogenic
fracture) W3ousetneiilalastiitususaiudlilulnsiaumar (Liquid nitrogen) waswnud
winiuhuafieumeveianiiduaios sSeM el lasfinwmsnssaiosvoawaiu  laln
gy wasidulofhaluvaslunanafnamie

3.4.6 n1snagovANURING
NAFBUANUR MINNNTFIN RIS IN 3.4 (26]

o d wa a - ¢ & o v
ATTNN 3.5 N'\ﬂiﬁ']umﬂur\']ﬁﬂﬂﬁ'ﬂUﬁlJU(51L‘INﬂa‘lla\llﬂaﬂuwaqaﬂﬂﬂﬂ'\?ﬁﬂL(ﬂiﬂlﬂ.ﬂ

auus mmsg'\uﬁl'z’fwﬂaau wisfisienu
W59 (Load) ASTM D 638 N
AMLTaUTIF (Tensile strength) ASTM D 638 MPa
wenad (Young’s modulus, E) ASTM D 638 MPa
nsMvEm (Elongation) - ASTM D 638 mm
Wesidudmsielin ugavin ASTM D 638 %

(% Strain at break)

3.4.6.1 w399 AULTIUSIRS NagdE MsAsiia wazadidusin1shiida a gavIn
yansnadeuiisiaiamageuanTidng (Universal Testing Machine) nevindeaumisl
RS ASTM D 638 wieunaldlusunsy WINDAP  Susuillélunismageussidnuaniy
sURILUAd (U7 3.3 wau 10 Fueu e 1 gois ydeURLANTIE ATl
Test speed : 40 mm/min
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Gauge length : 40 mm
Load cell : 100 N

e
I N

] Y & Y < <
FUR 3.1 dnvagTunuiuiuadiihumageuatniasas Compression molding [26]

Arnundausaii venda uasefdudnmsisdn o gaenm aunsosnalFnnaunisdeluil
' ANUTILTIRT (Tensile strength) = F/A
wegae (Young’s-modulus, E) = (-F/A)/[(L-Lo)/ Lol
Wesidudmsfidn o 39919 (% Elongation at'break) = [(L-Lo)/Lo) * 100

o /F#e usillifedatususandra (V)
A fio Huiividaesiunugiesns (mm)
Lfla Syasvnsasnringaaosandsiimsient uainiaet e (mm)
Lo A9 srovfituiioguuauiiannasiinuividarinuiy (mm)
3.4.7 MIVAFRUANUANINANSOY
Anwngampfisusinsaanei (Onset degradation temperature) Uaz Wesidudnisanas
‘Uaaﬁl’mﬁnﬁqmwn‘,ﬁL‘%uﬁumiaa’\ﬂ% (% -weight loss at onset degradation temperature) 84
frethaneflunaradnanisusaaiaiosmaslunsiuninueunlawes (Thermogravimetric analyzer,
TGA) Tngdsansiagnatszann 16 fadniu udninmiiesigimeiaios TeA ngldusseiniavas
ulasiou (N,) figungilugae 50-700 srnsadea uazildnsinisiiugamail (Heating rate) 1 10
ssmwsaldoa/nd . eld TeA esluwnsiudr Inwnieuiusvadmesluunsy (Derivative
thermogram) Talu DTG
3.4.8 nsviagounisdesaatslngnisiediu [27]
dnYaniisoanismaaouiusudwmdsnfiudmu 2 1a. wn 20 x 50 ua” Helududn
Uszana 10 wudns Tnensildudiiidanandunsa-arainiy 7 gumgiilunisdesaans 32 + 2
pariwadus nuauautuluAuliogiutag 15-20% wasifusegnaiennuseiassds 9niug
madsunlasifuinvestunuienieshinoauasndedidinnseunuudeinii
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uni 4
NANISNAaD AL NUSIENaNTINAaD L

aAteidumsinwauifveveslunarafnamivanutiaiudendeiitindweseaduna
adlowed uazuuusmomaiu lalneukasidiledis Tuudumdieg mnduinsinuandd
Wana duguinet aud@nanenin audainiainuieu wavnisdesaaigianisileiu ain
nsAnwaniivesmeslunarainanivanudeaiudsndiiviulsssdmaiu wandulotheldua

il
4.1 msﬁm:nmsm‘%suuazmsﬁugﬂ
mamdnsduiimnzauszniudeiudendiundiwesea Wnafansiedt 6.1
AT 4.1 é‘a’nwmwaq"ﬁumuﬁ’ﬁu@ﬁwnszmumsnmé’m
INTIAIUTENING
ulendiwesea

Snwazvsstusuitlfanassulunisnnsa

Auaubiinituy dhvarduntu Weeanlduddlud3mamn

70 : 30 viuld visliimesluwmatinanisediaanuniags dawalvilvaliia
wiwuy

65 : 35 JuonauLiUY Anvgdungy

60 : 40 Funuhuialiuy Shwasdandu

RNNAT9T 4.1 wuirdasdaussuiutlsudsuduasniwosea e 65 35 war 60 : 40
Thnvarvestunuiifiuiiuuumiiouiy waswesluwarainanivannsalualdodseiier uss
Fondnsdruseninutiudausdanasndiweseadl 651 35 tawngnsndn 65 : 35 19 ndly
ssoaluvinaiitosndn vialiunuiinimudwsiinnniisasdan 60« 40 FuuanAtuiaed
Saduszviudafudsndsseniiwaseadl 65 : 35 amimsuiuusessemaiu lalasuuasidy
luthesioly

4.2 MmsAnumsuulpauiRueaveslumanafinanifuiivsul edewaduuandulethe
AsAnyInasufuysaneslunaradnanisyannudeudiuzndeifindieeseaiiy
wanaRlaiged femaRuuTinm 6% war10% laothutn uaswesTumanainiiufudgadeduleihe
5% Tneniwiin wazusuugademaiu 10% soufuidlotihe 5% Taothwin Weansmnaesdeil
4.2.1 Fourier-Transform Infrared Spectroscopy (FT-IR)
NN13ANYT Fourier-Transform Infrared Spectroscopy Upuvaslunatafnamsvsainudl
fudends Ingfnwimaveintsuiudmeslunanadinaniiviemaiuwasidulothy fiadsingd

[

nuzadeiy Muandlunisnd 4.1 U 4.1-4.2
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A ] [ e; -3 [¥] oy ) o) []
5197 4.2 wiieiduiinieutuveaveilunanainamssusiagiiet [28-29)

\avAdy (cm™ ) Fnwaensdu
3200-3600 (v) O-H stretching
2800-3000 (M s) ' Alkanes C-H stretching
1640 Bounded water '
1445-1485 (m) O-H-bending i
1410 (s) C-H wagging (in-plane bending)
1300-1000 (s) ‘ | GO stretching
1200-1000 (s) ' ¢-H-bending |
900-940 (s) C-H out-of-plane bending
800-860 (s) C-H out-of-plane bending
735-770 (s) / C-H out-of-plane bending
723 (s) C-H w8¥ CH,-rocking

%T

40000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600.0

cm-1

o

U7 4.1 Bursusaanviuveaveslunanafinanissanudafiudsndanuiuls

fowmaiuluudunuaneg @) TPS (u) TPSP6 wag (A) TPSP10

U 41 wasaiunniuvauneslunatafinanisvainuthdudruznds Ausunw WARY

f9q wuirdursusayngasiilassainmdniindeadeiudadulassaiivenvaglaanmdnvasdiil
o & ~ -1 < . - o
wouRiafiANeAdY 3200-3500 cm” WWun1sduLuy O-H stretching Mnuthwasndivesea uauiia
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Tut2e 2800-2900 cm” Faflumsduuuy CH stretching w89 CH, vawuilwoudia 1650 cm” da
mmsna%maﬁqmsLﬁu%umaﬂugaqumﬁmﬁm Dehydration 13anusingnisalin msifadinsins
widu Fan1s Hydrated e OH group Tuuth fiatae 1400 cm™ Jufirves O-H bending WAEA
1300-1100 cm™ dnwaurnsduuuy C-O stretching vadutle uazwauRAdas 1200-1100 cm dnvoie
Msduluy C-H bending AT 800-850 cm” dnwaisn15duLuY C-H bending [28-29]
ﬁw%’umwLmrwi'm'ivwiwmaﬁuwmaﬁnams’wﬁ‘[:ﬂﬁﬂ%"U'd‘Nuaxﬂ%'uﬂ'saauﬂ'ﬁﬁwl,Wﬂﬁu
wmnmsmmwmuaq‘lﬂ lRafisumis 3200-3500 cm” vmamanumumsauuuu O-H stretching
Aansiadeu (Shift) Wilavaduanas uanidatusslelnseuifistulng Fsnamsvnassiiaenndasiy
aMATees APawlak and MMucha [30] was KAoi et al [31] Tngsreaniidessandlindiy wusy
Talaswuiilintusswinaotasduseneuiinauiuauisodnuildainnada FR  Taedidledes
paUssnauiimudnRulE sVl Ansunsistalifusewinsosduseneu (fuselelasiaw) 7 1 uas
asuszneudl 2 Tawlvdursisnaaniuinswdsuwvatlifedouiisuivesdusenauidenn
venniifalmiiintu fe fivszunas 1720 cm | Faduiinainnisduniu C=0 stretching  Faiiana
itumasinansTdwafuiint (6% uaz. 10% Tastin) é’imamﬁmgim%van%a (COOH)

" Tulaseasraveanaiv [32]

7 9N

*wT

0000 3600 3200 2300 2400 2000 1800 1600 1400 1200 1000 200 60090
em-1

Ul 4.2 Surisuseanniuvesmesuwanainanivanutiaiudendaiiuiuug
mowadunasidulotheludiuiusnag (n) TPS (v) TPSF5 uag (AY TPSP10F5
L
dedudulethe 5% Taedmin adluefluwarafnanfvasnufinfifidnwasaieiuiia
ol ilesmnutuasdulothe dnvuzlaswaiefingoty
Fvduaruuansesswirameslunwanainanivanulaiudsndaililiuugioduls
fhonasuiuugsedulethe U 4.2 () nnanniuvenduleihewufiail 759 cm” Wudhwaizns
&UUUY CHy- rocking wenINTTINUIAAa 33003500 cm” Fiwdnn1sduves O-H stretching 1013

Wwasusuvivesavaduludmuntiianas uastawusslalasiauiifatulyi senineesadsenoui
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1 uazasdUsznoudt 2 vhldsuwsusaanniuiinnswdsuwasiuidewsoudioutuesdusenouiieny
[30-31]

dmsuamuusnshesswiaveimanafinaniranutaiudzndenlhiliuiuustasyiulyp
fomafuwasidulehe JUR 0.2 () wufiafl 1713 cm” Fadufneinnisdunuy C=0 stretching
Fouansaglumyilariduaisuenda (COOH) wauwaiy uasnufiafl 760 cm (Wudnwawnsduuuy
CH,- rocking wedulete ysnantganuinfia 3300-3500 cm” fuannisduves O-H stretching &
mandeuluduunminaradufianas wansdeiusslalasnouiifatulsewinudaiudsnds ey
wasdulethe Sisunsiseniinadasifadussrinutaiudends maduuasiduloihouansiaguit
4.3

OH
: ~— H-Bond

A
0
OH 0— Starch

H H
0
!

OH _OH OH
q : 2 ~«— H-Bond
OH o OH
NG Uas
H O N y
—0—<poH 0 0= .0H 0~ Fiber A
OH CH,0H OH .

d‘ L o d' ) a d’" J o o o Lo v
Uit 4.3 SunsiBenfinminAetussninudaiudends wafutasdulethe

e
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42.2 mehareifseisdianateavuvesiidiond
nmsfnwilassuvundnveunesluwanadnamifvanudaiudiusndaiifins vl eandd
Fremaiu Tnelfiadosianisideaiuuresdsdiond (xray Diffraction) Tnsuavesyumnnsenuiild
20 Tutas 3-60° saednsnda 1 unit Tinansvaaesdegud 4.4 uay 4.5

20.6° 28.4°

12.7°18.6°

()

Intensity

ey (%)

T T-1 .5 T T T T T T T T (n)

2theta
A a o
U 4.4 fvuvsnlaunsusavaslamamafnani v

a o L sy 4 7 -
() wlaludrzuaauignn. (1) wdulethy uaz (@) tnaiy

9103V 4.4 (") waad X-ray diffraction  pattems  saatNiudnznduians Wiiadyu 20
witu 150 °, 17.8 Cuas 237 © Saillassadamdnuuy Botype [32] (1) Waad X-ray diffraction
pattemns voudulufhanufiafiyis 20 wiatu 17,72 23.5° dag 26.4° Tssas1auuu Cellulose | (33]
(A) uam X-ray diffraction patterns TouwARUWUTIAML 20 iy 9.3° 12.7° 18.6° 20.6° 28.4°
waz 40.3° uanslassadnnanuuu B-Helix [34-35]

dothutiudzudandiungzviunsiugiwazlivUssomaiutazidulethe wui
Tassaeudonely Andulassadelmifdanmdundnanas (Vitype) [36) Ltamﬁ'agﬂﬁ 4.4 (n)
Tifinvasndndiyg 20 Wity 19.8°

U 4.5 (v) (R) wae (3) Wana X-ray diffraction patterns voameslumanadinanyanudaiu
dusndsfiviuussshomaiu ssuianuduvesiindiyy 20 vinfu 18.2° waz 19.9 ° iy
ey lasmninaRusifiauudisumia 20 wiiitu 18.6 © uas 206 ° Weuimaumaiuiuinndy 3e
Ran1sdouriufusewirsutaasinadu vildanuduvesfinfiiugedubnios dwaldinesly
wanaRnfiusuusssomeiu  fuwnltammdundninnniuneslumarafinfililiuul esomaiu

Ul 4.5 (3) wa (3) uama Xeray diffraction patterns veamaslumanadnamivanutaly
dusmisiivulssomaiuuazdlohe Winvewdniiiatulml Ae fiuu 20 Wity 26.5° dafa
nmsdudulothe wasinfiyy 20 windy 18.1°  was 19.8°  Twwaliuenuduiugedu e
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wWisuiiisuiugasililaviuughemaiusasiduleine Fawanawualiuanudundniisntiudie
WisuiisuiugasithivSudsshemaduuasidulethy

19.8°
18.1° 26.5°

Q)
9.7°
18.1° 26.7°
th\\,m___'\ @

.9°
]8.3".///\\
gt 19.9° M’M‘ (ﬂ)

182°

Intepsity

19.8° . (v)

(n)

10 b Kl 40 5 &0
2 theta

Uit 4.5 AursnlaunsuvesmesmaaRnansuiiinisuiulsdnmaguuasidlathe (n) TPS (1)
TPSP6 (A) TPSP10 (§) TPSF5 Wae () TPSP10F5

4.2.3 n13Ind
Anwinsasuiwaduaanoslmandinamis fuulssanifdomaiuluuiinod
W v oo o o O Y =
wansnafiu Tagldiases Spectrophotometer LiainA1 L* a* b* C* uay H ™ HANTNAADINIATTI
4.3
= ' W e a ¢ o v wa v a v
a9eft 4.3 Amsindvesneslunarafnansviuulpentimemaduuasidulede

. . Amswasunlasd

f9819 o)
L* a¥* b* Cc* H

TPS 44,2 -1.0 3.5 3.7 74.2
TPSP6 253 2.7 16.5 16.7 73.4
TPSP10 20.4 5.8 16.6 17.6 70.5
TPSF5 64.9 1.9 9.6 9.8 78.6
TPSP10F5 28.3 9.6 18.0 25.0 67.3
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e A1 L* Mvuaainuadng i a* Amuedindemiedider i a* > 1 uandun uagi a* <
L wamsiiBes i b* Mmuadivdendedibu 61 b* > 1 uanddindes uasth b* < 1 uansdidu v
C* uansAinNanlavedd uasal H° seysmumivesdiisuiuunnsgiu

ANANAIT (L)

IINATNA 4.3 Wud TPSF5 Sldnmnuadnanniian sewnldun TPS, TPSP1OFS, TPSP6 waz
TPSPI0  suddu yaimuinnelunanadnamfviinnsituduloihofidannadiadiute dwmiu
wosTunarafinani$uiusul ssantRmnomaiu wuindesimsumediu vivlifpuainesdun
fhetaiimanas Saanlidiuidunumesaiinafunafuifduiu uasflofosunivinm
wauwamuﬁl«vmanu (6 way 109%laeriwin) wuhdvesdunuiesneiiuulindutu - asGinam
ARuTRAY

A1 a*

TPSP10F5 TAeanuasiniian sownldus TPSP10, TPSPG-am TPSFS Hideanlumaien
uaz TPS uansdiBonnniigatas Sofsnytinatsameduildinati (6 uay 10 %lnewin)
widumiidwnadutinilousunavesmaiusnniy

A1 b*

TPSP10F5 Hdpanindesnniian ses ‘A TPSP10, TPSPG6, TPSF5 Uat TPS ilefiansan

USUUTRUNARUAEAAY (6 Wag 10%la81aviin) nuinTusuidwaounsvuileysunuvsunaiy

Nty

AN C*

TPSP10F5 | 5840411 TPSP10; TPSP6 Gaflalnaiduafiy dau TPSES uaz TPS fmanuania
Youiign eRnrsanuSuiateaiaduiliseiu (6 uax 10%laptianiin) wudadusuiediediag
anlavesdiinTuiiatSinao AR LNy

1 HC

fdumiwedd (H) wlossuiisufunessuresmeslunanainamiy  fidranauile
U%mmwaama%‘nmﬁuﬁu oftsanUTinuesmARuRdAetI (6 warlo  %lasiwin) wud
TPSP10F5 1vidn H® aqammmﬂsanmaunumtmuwmau'msmu TouawsuuEITunuiegevesd
geonlunadinna LuamnwwmLwﬂmunauumwusﬂmumaﬂuwmamnams«uuamma Jsdama
Tdusiideanlunsiima

4.2.4 m'smﬂﬂ'nwu

ﬂm-nmsmmm'mwmaamaﬂnwmamnamiwumiﬂsuu‘NmaLWﬂmu waziduluihe  TPS,
TPSP6, TPSP10, TPSF5 way TPSP10F5 meldanutuduing 50% waz100%. u.ammsﬂw 4.6

sUw 4.6 LLammsmmmwmu‘ummaﬁuwmamnamswumsﬂsuﬂsamﬂLWﬂmqusmm 06
was 10% Tnsvmdnuay Lau'lsilwﬂsmm 5% Tmumvxun fautudunus 50%  uaz  100%
muddy melussesinan 30 Ju nuiilugae 10 Tuwsndueu umig}ﬂmmmummuadwLﬁuiﬁ‘ﬁ’ﬂ
wazidorarihulunsgaamnutuiidnfisdudntiosaunsevisdus Taowedidusnisgaanuiues
wedlunanafinanissfinnutuduiug 50% ves TPS, TPSP6, TPSP10, TPSF5 uae TPSPLOFS wiriy
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22,6, 24.6, 26.6, 16.9 uay 18.6% auddu war AmnuTuduwug 100% Lﬁa‘ft%uﬁﬂﬁi@ﬂmw%ﬂ
Wity 39.1, 429, 45.6, 30.T uaz 34.3% mudidu Fs TPSFS Trnvedidudmsparutiutasiian
dlesnnduletheiinnudundnunniwdadudivends ﬁodama’lﬁl,ﬁu'wéha@ﬂﬂqnu‘?'fulﬁﬁaania
uwlaarnuamsnnassiilddenadesiuenitoves MGaspar et al. [37] wenandudulethod
Usznausuwaglaatisssvuuiy uasdawiududutug fahlianuauselunsgearuduties
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PROPERTY MOBIFICATION OF THERMOPLASTIC CASSAVA
STARCH USING PECTIN PARTICLES

Vipawan Pitpisutkul', Jutarat Prachayawarakornl’z'

!Department of Chemistry, Faculty of Science, King Monghuts Institute of Technology Ladkrabang, Bangkok 10520, Thailand
2 4 dvancéd Materials Research Unit, Faculty of Science, King Mongkut s Institute of Technology Ladkrabang, Bangkok 10520,
Thailand

*E-mail: ksjutara@kmitl.ac th, Tel. +66 2329 8400, Fax. +66 2329 8428

Abstract: This research aimed to study the preparation pectin- modified TPCS polymers were examined for
and properties of thermoplastic cassava starch (TPCS) water absorption, morphology and function group.
polymer modified by pectin particles. Different contents of analysis by FT-IR.

pectim particles, fe. 0%, 5%, 10%, 15% and 20% were

used to modify the TPCS polymer. Different TPCS .

polymers were mixed and shaped. using an internal mixer 2. Materials and Methods

and a compression molding machine, respectively. It was ==

found that stress at maximum load and Young’s modulusy 2.1 Materials

of 20% pectin modified TPCS polymer increased . .

significantly ~ for approximately 180% and 800%, Cassava starch was obtained from Tong Chan.
respectively. Morphology from SEM technique revealed (Bangkok, Thailand). Glyc-erol (plasticizer) was
the good phase compatibility between the pectin particles obtained from Lab System  Co.Ltd. (Bangkok,

and the TPCS polymer. Moxeover, IR peak shift was-also Thailand): Pectin particle (food grade) was obtained
found for the pectin-modified TPCS polymer, indicating

ok
new hydrogen bond formation. In addition, water uptake: frrgﬁxagg)]’o?e C:cetr'r‘x,l;al 1.986’ Co,, Ltd. (Bangkok,
of different pectin-modified TPCS polymers was also PR
studied. 1
2.2 Sample preparation
1. Introduction ; )
Cassava starch andglycerol were presmixed in

Nowadays, plastic usages- are = now causing ¢losed ‘container and kept ovemight. The weight
environmental problems. Starch can be replaced by ratio of cassava starch and glycerol was maintained
plastic material, because of its low cost, availability and at 65:35. The polymer was ‘compounded using an
plastic biodegradability. Starch can. be mixed with a internal mixer and'the specimens were shaped by
plasticizer under the action of high temperature, compression technique. The property modification
pressure and shear. With this process; a conversion of of the TPCS :polymer was carried using different
the molecular structure to thermoplastic starch (TPS) is contents of pectin particles, i.e. 0%, 5%, 10%, 15%
acquired. TPS is a totally biodegradable polymer.! and 20% by weight of TPCS polymer.

However, TPS has disadvantages when. compared to

synthetic plastics, i.e. poor mechanical properties and 2:3.IR spectroscopic study

high water absorption.”

Pectin, a natural biopolymer; is.a, gelling agent in A sample was characterized by FTIR analysis on
fruit preparations and sugar confectioneries and that is a»Spectrum 2000.GX spectrometer (PerkinElmer,
often incorporated in foods, e.g., as gelling agents for USAzlusipg KBr disk technique with a resolution of
jams and jellies. Pectin chemical structure is a-complex 4 cm-'-using-16 scans per sample.
group of heteropolysaccharides appearing in the middle
lamella and primary cell walls of different plant tissues 2.4 Morphology
as anionic structural polysaccharides. Pectin consists of
a linear backbone of (1,4) a-D-galacturonic acid Morphology of a sample was observed by
residues ; these are partially esterified with methanol, Scanning Electron Microscope (LEO 1450 VP). The
and with attached neutral sugar side chains.? Pectin sample was immersed in a nitrogen liquid before
represents the functional groups of chemical structure fractured. After that, the sample was sputter-coated
i.e. hydroxyl group, carboxylic group and methyl ester. with a thin layer of gold to prevent electrical

The purpose of this study was to investigate on the charging during the observation.
preparation and properties of TPCS polymer, modified '

by different contents of pectin particles. The effect of
pectin contents on mechanical properties, determined
from tensile testing was studied. In addition, different

Pure and Applied Chemistry International Conference 2015 (PACCON2015)




2.5 Tensile properties

The tensile testing was carried out using Universal
Testing Machine (LLOYD Instrument, LR 5K, UK)
with 100 N load cell and at a crosshead speed of 40
mm/min according to ASTM D688. The samples were
performed by compression molding at 140°C for 5 min
at pressure of 1300 psi, the cooling time was applied for
5 min. These were conditioned at the temperature of
23] °C and relative humidity of 60£5% before testing-

2.6 Water absorption

The sample was saturated in closed container using
distilled water. The amount of water uptake by the
samples was measured for a month and was recorded
every day. The percentage water
absorption was calculated using the following equation.

Water absorption (%) = (W, — W)/ Wy x 100 —=—-(1)

where W, and W, were the initial weight and wet
weights of the sample, respectively.

3. Results and Discussion

3.1IR spectroscdfﬁcﬂ,‘smdy

Figure 1. IR spectra of different pectin-modified TPCS
polymers (a) 0% (b) 5% (c) 10% (d) 15% and (e) 20%
The y axis.is transmittance, the unit is.percent (%) and
the x axis is wavenumbers, the unit is reciprocal
centimeters (cm™)

FTIR spectra of different TPCS polymers are
represented in Figure 1. The TPCS polymer showed
main peaks at 3500-3200 em” (O-H stretching of
TPCS), 2900-2800 cm™ (C-H stretching of CH, of
starch), 1650 cm™ (O-H bending of bounded water),
1300-1000 cm™ (C-O stretching of TPCS ) and 1200-
1000 cm™ (C-H bending of TPCS).? It was found that IR
peak of O-H stretching shifted to lower wavenumber
and the decrease of the peak intensity was detected for

. Pure and Applied Chemistry International Conference 2015 (PACCON2015)

the pectin- modified TPCS polymer, indicating new
hydrogen bonds between the TPCS and, pectin.
particles.

Ir addition, the new peak of pectin-modified
TPCS polymer was found at 1748. cm’ , indicating
the C=0 stretching of pectin. The 1748 cin” peak
intensity was also found to increase slightly with the
increasing contents of the pectin particles.

3.2 Morphology
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Figure 2. SEM micrographs of the TPCS modified by
different contents of pectin particles. (a) 0% (b) 5% (¢)
10% (d) 15% and (e) 20%

SEM micrographs of the different TPCS polymers
are represented in Figure 2. It was observed that the
surface of the TPCS polymer was homogeneous and
smooth. However, when pectin particles were added
into the TPCS polymers (Figure 2(b)-2(d)), the modified
TPCS polymers showed good phase. compatibility
between the.starch and pectin particles without pore or
crack. 4

3.3 Tensile properties

35
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Figwre 3. Mechanical properties of the TPCS
polymers modified by different contents of pectin
particles (a) Stress at max load (b) Young’s modulus
and (c) Strain at max load '

The effect of pectin particles on the mechanical
properties of the"TPCS is represented in Figure 3. It
can bé seen-in Figures 3(a) arid 3(b) that when the
contents of pectin particles increased, the stress at
maximum' Joad and Young’s modulus of the 20%
pectin- - ymodified TPCS' ‘polymer increased
significantly -for approximately 180% and 800%.
Conversely, the strain at maximum load in Figure
3(¢) tended to decrease. .

This ‘could, be due- to the function of the. pectin
particles as the reinforcement for the TPCS matrix
and to the similar chemical structures of starch and
pectin, leading to good compatibility between the
TPCS and pectin particles (Figure-Z).

Moreover, the improvement of tensile properties
could be confirmed by the mew hydrogen bond
formation (Figure 1).°

3.4 Water uptake

—+=TPCS
~~ P&t

—&— | Pettin
e 1595 Pectmy

e 4 et

© Bl 5 o e s o g e it s e g ey e

&3 2325878 PHENMLURERT BRI BUIBIRND

Thme (Dwys

Figure 4. The relationship between water uptake and
time of the TPCS polymers modified by different
contents of pectin particles at 100% RH
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The result of water uptake of different pectin-
modified TPCS polymers performed at the temperature
of 30 + 2 °C and 100%RH is represented in Figure 4. It
was found that water uptake slightly increased with the
addition of pectin. The 20% pectin-modified TPCS
polymer represented highest of the percentage water
uptake.

This is because pectin contains various hydrophilic
functional groups (i.e., hydroxyl group carboxylic group
and ester methyl group) compared with starch
hydrophilic group®.

4. Conclusion

The biodegradable pectin-modified TPCS polymers
could be prepared using an internal mixer and shaped by
a compression molding machine. It was found that
stress at maximum load and Young’s modulus of the
modified-pectin  TPCS polymers significantly were
improved by the addition of the pectin particles. Good
phase compatibility was also observed when the pectin
particles were incorporated into the TPCS matrix,
Morover, the IR absorption bands at 3400 cm™,
assigned for -OH- stretching, -shifted to the-lower
wavenumber, indicating new hydrogen bond formation:
However, water uptake of the modified TPCS polymers
tended to increase with the increasing contents of the
pectin particles.
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Abstract: Increasing awareness of environmental damage 2. Materials and Methods
has led to development of environmental friendly plastic
film. This research focused on preparationr and properties 2.1 Materials

of cassava star¢h film modified by citric acid. Different

Cassava starch was obtained from Chaopraya
casted films were modified using different contents of h was ) fr pray

citric acid, Le. 0%, 1%, 2%, 5%, 10% and 20%. It was Phuchrai 2999- Co., Ltd. (Kamphaengphet, Thailand).
observed that deflection and strain at maximum load of Glycerol (plasticizer) was provided by Lab System
the citric acid-modified cassava starch fikms increased Co., Ltd:-(Bangkok, Thailand) and c.ltnc ac1(} (ff’Od
significantly. Furthermore, IR spectra of the citric acid- grade) were purchased from Chemical Innovation,
modified cassava starch films showed the new peak Co., Ltd. (Bangkok, Thailand).

approximately 1730 em?  assigned for the carboxyl and
ester carbonyl bands resulting from crosslinking reaction.
From morphological structure from SEM technique, the The solution-casted starch films consisted of
cassavax starch films modified by high content of citric acid 10% ‘cassava starch.were prepared. - The® starch
were homogeneous without pores or cracks.-Moreover, o MThbd by el 1 o Jatinized
water absorption of cassava starch films clearly decreased SODIO PYRUCGQ QY 81 Cero \' sciaumzed on
with increasing citric acid concentration. hot Plate for 45 min under vigorous stiring. Aft;r
cooling down to room temperature, the citric acid

2.2 Sample preparation '

1. Introduction was added  into. the - solution using different
concentration of citric. acid, 1.e 1%, 2%, 5%, 10%

Starch is a highly promising biopolymer for the and 20%: The mixture was casted in plastic tray and

production of packaging ‘material. It is renewable, dried \at 70 °C for 5 h, with further curing at the

available in high purty at low cost, .and fully temperature of 150 °C for 10,min.

biodegradable [1]. However, native starch films show

poor mechanical properties and high water absorption. 2.3 IR spectroscopic study

One approach to modify mnative starch film 'is-to A sample “was_characterized by IR using a

chemically modify the starch through cross-linking {2]. Spectrum 200 GX spectrometer (PerkinElmer, USA)

Citric acid is a naturally occuming organic acid with using KBr disk technique-with a resolution of 4 em™

three carboxylic groups and is generally classified as a using 20 scans per sample.

safe food additive. Hence, it can be used in food contact

materials. It was reported that the addition of citric acid 2.4 Morphology

decreased moisture dbsorption and reduced water vapor Morphology ‘of ‘a_sample was observed by

permeability of potato starch films (3]. Scanning Electron Microscope (LEO 1450 VP).The
The purpose of this research was to_study: the sa{nple was immersed in a nitrogen liquid before

preparation and properties of thermoplastic “cassava being fractured.-After that, a sample was sputter-

starch films modified using citric acid. Different casted coated with a thin layer of gold to prevent electrical

films were modified using different contents of citric charging during the observation.

acid, i.e. 0%, 1%, 2%, 5% , 10% and 20% by the starch

weight. Mechanical properties, morphology and water 2.5 Tensile properties.

absorption properties were, then, investigated. In The tensile testing was carried out using

addition, functional group analysis of different citric Universal Testing Machine (LLOYD Instrument, LR

acid-modified cassava starch films was examined using 5K, UK) with 100 N load cell and at a crosshead

IR, : speed of 50 mm/min according to ASTM.D882. The

samples were conditioned at the temperature of
234] °C and relative humidity of 60+5% before
testing.

i
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2.6 Water absorption . 3.3 Tensile properties.

A sample was saturated in a closed container at 50% The efféct of citric acid contents on mechanical
RH using sodium nitrate (NaNO3 ). The amount of water properties of different cassava starch films is showr.
-absorbed by the sample was measured for 21 days and in Figure 3. It can be seen in Figures 3(a)-3(b) that
was recorded every day. The percentage water absorption when the content of citric acid increased, the stress

was calculated as followed :( Eq.1). at maximum load and Young’s modulus decreased.

On the contrary, the strain at maximum load and !

Water absorption (%) = (W, — W) Wy x 100 -—---(1) deflection at maximum load of the citric acid-

_ modified cassava starch films increased significantly
where W, and W, were the initial and wet weights of as shown in Figures 3(c)-3(d), due to crosslinking
the sample, respectively. - reaction.

3. Results and Discussion

3.1 IR spectroscopic study

IR spectra of the cassava starch films with different
contents of citric acid are shown in Figure 1. The citric
acid-modified cassava starch films showed main peaks
at 3600-3200 cm’ (O-H stretching of starch), 3000-
2800 cm™ (C-H asymmetric stretching of ~CHp=~CHs-
of starch), 1640 cm” (H-O-H bending 6f bounded
water), 1460 cm™ (O-H bending of starch), 1300-1000
cm™ (C-O-C stretching of starch)and 1200-1000.cm™
(C-O-H bending of starch) [4]. In addition, the new- IR
peak was observed at 1730-1735 cm’; assigned. for
C=0 stretching of the carboxylic and ester-group. The
result confirms the formation of chemical linkages
between citric acid and starch [5].

3.2 Morphology

SEM fractured micrographs of the cassava starch
films are shown in Figure 2. It was observed from
Figure 2 that the surface of the cassava starch films
were rough and starch granules were still observed. The
addition of low contents of the citric acid Figures 2(b)-
2(c) caused more rtoughness in the, casted films.
However, the more smooth films were detected for the
cassava starch films modified by high contents of the
citric acid (Figures 2(d)-2(f)).

Figure 2. SEM micrographs the cassava starch films
modified by different contents of citric acid (a) 0%
(b) 1% (c) 2% (d) 5% (€) 10% and (£) 20%.
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Figure 1. IR spectra of the cassava starch films modified by different contents of citric acid (a) 0% (b) 1% (¢) 2%
(d) 5% (e) 10% and (f) 20%.



s

%

(L]

@

®)

(c)

@

30

('8

5 10
Citric scid content {*owr)

$ 10
Citric acld content (Yswr)

10

w

Citde aeld conten (3ow?)

=
Z =
R
g;;«
30
2
5 s
| -
o
Y It
L)
2 600
A
3
2
E
H
)
2
[
01
18
316
b £
i
£10
£
%6
2 4
g‘|
£ *
Zo
01
E s
26
=5
g
g 4
R
s 2}
21
B
Y
2

o
-

-

H 10

Citric 2cid content (Yot}

20

446

Figure 3. Mechanical properties of different citric acid-
muodified cassava starch films (a) Stress at Maximumload
(b) Young’s modulus (¢) Strain at maximum load and
(d) Deflection at maximum load.

3.4 Water absorption
The result of water absorption of different cassava
starch films performed at the temperature of 30 £ 2 °C
and 50% RH is shown in Figure 4. It was found that
water absorption of cassava starch films, clearly
decreased with increasing citric acid contents. Thiscould

Figure 4.

Waler urdsorption ()

be due to crosslinking reaction, led to lower water -

absorption of the citric acid-modified cassava starch
films.

4. Conclusions
Biodegradable film from cassava starch. could be

prepared using casting technique. The IR absorption
bands at 1730 cm™, assigned for C=0O stretching of

the carboxylic and ester group stretching was

observed, resulting from crosslinking reaction. It

. was observed that strain at maximum load and.
_ deflection at maximum load of the citric acid-*

modified cassava starch films increased significantly.
For morphology, the citric acid-modified cassava
starch films at high content of the -citric acid was

’homogeneous without pores or cracks. Moreover,

water absorption of cassava starch films clearly
decreased with increasing citric acid contents.
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