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Thermoplastic starch (TPS) is a bio-based and biodegradable polymer

that has tendency to replace many petroleum-based polymers. However, one of the
important weakness of TPS is moisture sensitivity. This research aims to study the
effect of linseed oil (LO) and its derivatives on moisture absorption and mechanical
properties of TPS. Because of the hydrophobicity of LO and its derivatives are
expected to reduce the moisture sensitivity of TPS. The study was divided into two
parts. In the first part, linseed oil (LO), mono-glyceride LO (MLO), epoxidized LO
(ELO) or epoxidized MLO (EMLO) was added during TPS preparation at 1, 3, 5 and 7
wt.%. TPS incorporating with LO or its derivatives illustrated the lower moisture
absorption than neat TPS. The higher additive content, the lower moisture
absorption. The addition of ELO and EMLO at 1 wt.% in TPS led to increase in tensile
strength (TS) and tensile modulus (TM). However, TS and TM of all sample decreased
with increasing additives content due to the incorporation of additives and the
interruption of glycerol-starch interaction which could be observed from the results
of SEM, TGA and XRD. In the second part, the surface of TPS specimens was coated
with LO, MLO, ELO or EMLO. The results showed that coated TPS had lower moisture
absorption than uncoated TPS but there were no significant differences in
mechanical properties. XRD analysis indicated that the retrogradation of TPS were
reduced by coating with LO, MLO, ELO or EMLO. TPS coating with ELO was the best
for reducing of moisture absorption and retrogradation. The diffused moisture within

TPS after moisture absorption acted as another plasticizer.
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v a A
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Andunsiserivluanavesiilad wagilsluanavenignaaduitiunnigluiuau

<

wUsengisulunaaflowesdnulionily  Fedawalrusdamieaseninduanaveulaan
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1.4  YBULIAVDINISANWILAZTDINNAVDIUIVY

1.4.1 YUURNISANYI
1) Fnwaudinnuiedhdenuiuaraudiidinaveuduneslunatadin dowdy
ihifuAudnniesyiusvenisiududa fvsina 1 - 7 % Tnethuiin
2) Anwaudinnuieshrennutuaransidnavesutaneslunanadin wendeuin
dethifuaudariesyiusveniiiudude
3) eywusvesihiududeildaneiondueyiusussnviaulundiwelsd (mono-
glyceride), 3fiondlad (epoxidized), waglalundiwalsndfiondlad (epoxidized
monoglyceride)
1.4.2 99310 U9991U1IT
1) wisuwtaveslunarainlnegld starch anutlssiuduends wagldndiweseadu
nanahloies

2) MAEBUNIIYAANNIUNANUYUAIS 54 % lasarunumiensidarsazanydum

U89 Mg(NO3),.6H,0

1.5  UABUNITAILUIIUIFY

Y

1.5.1 Anwienansuazuldsting ey
1.5.2 90ALUUIBNITNAABILAZINUNUNITNAADY
1.5.3 damansiailazaunsal
1.5.4 gufiuenddomuuwny lnewtinsnaassesnidy 3 @iunail
g 1 Anwinswseresyiusveniiuiudaussinmeing 9 nieuianaaey
A LY ¥ al
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1) eanuaukdanriiuniseulaanurulaiundweseauwazniy
a a Gl U s 20/ U a = a 1
AudavIeouiusvesududaUsSIueg 9
2) wauwssuLtaveslunanadnaiuinsesnannigluy
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3)  JuUSUIUNUAMSUNISNedDUANURALTINA
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2.1 anuimaluineaiuuds

wiladu homo-polymer mssssuvAfifunianils inazavegludiusng 9 ey
W 818U Tu Ha 30 visewdn ud s fivedeiy q avldanladuwaafvavanasemis
LLﬂQMIMLﬁﬂﬁ%U’]@I‘M@: mmlﬂﬂa (CeH100s), e?faﬁuauaLmaiﬁ‘%a‘wmEJS(?’]L‘quIuLaqaﬁzJaﬂ
nglea lneazuusmuwuianarnsdnsesiaveduanaldidu 2 viade eslulaa (amylose)
wazveglulama@u (amylopectin)

azlilaa (amylose)

v

= a 3 gy i I 2% o | ] ° 9

Junedwesvesnglranildnuazrouiiadudunse @dnsduseninedmiuiuse
A A 1 1 9 1@ 1o [ A o ! 1 S v a @ '
Mgeudenirediluaslguansednunuiuseilidoudoniisdnunaly 99 da 1 [9])
Tnssasafimhedndunglraiiouiuiigiiusy alpha-1,4-glycosidic linkage fanIwil 2.1
Feluanadsnamannsanusiulelofiulasansussneudunidou @ wu asanusefen
wavnsalosiy  nanewduansuszneudsdeudsliavanedle - lnverlilaaiviuiasentu
lolefuasiidnwuzianzhsiiduiduaenin  dsudsaunsaldlelefulunisnsrsasumui

Fafevlulaaludiuusenevedls

HOH,C

/%ﬁ = — branching

HOH2C,_ 5

HOH2C, 5
4 HOH,C H2C 6
/4% HOH2C, HO 7 4 HOHz2C,

/%i HO
HO

Amylose Amylopectin

AN 2.1 lassasaveserlulaauazeziulaina@y

azlulamafiu (amylopectin)
I a I al'du I IQI 1 [ a' a o = [y
Junedweivesnglaaiildnuusiluldne lnganelgnanuaziasiidnuazimilouiy
fuezlilaade Wuluananglaanweuiusiiewusy alpha-1,4-glycosidic linkage wAu3tao

drundenaelgvaniuisegaieiuiiu aseuiumeiiusy alpha-1,6-glycosidic linkage



ami 2.1 nenlgisarivunluanasgluieuszana 10-60 vidigiilvaunaluanasiulveg
nezlulaandanuusiulenss [6]
wle Wumslulewsaifiesruszneuluaisveu lelasiau wazeendiaududiulvg)

winenvaziidnievuduegUsinandntieadu Tsiu lodu viondeusse 9 Jaudndancd

a A d' = ' = | 14 ' a A 9 ' @ 2
dudevudumieagiuaziiondn a1l (floun usmndsdedudinangnainesnluaumae

[y a

Weaudandenuuiansasiondt sy (starch) Fainaggniuildduingivluguves
answildmsunisviisewing 9 leewlassaminndsligniauvasusulsdla o azgn
Seniudediu  (native  starch)  usivngnuiuusadsusuudmnzisendt  udinuda
(modified starch) [10] Unfusuteazsudiiueglusuveadautls (starch granule) Fadln
] ' a ® s | a ! v [
wlswasivusiazelinnazlidndiuveteslulaawazozlulamafuwansiaiu ONIGINLY
a 1 a v v ! =] ' a < = v L4 v [
M591 2.1 Wuigliuiugustuazauavesdautausazyiianagiiendnualianiesasai

faanalunIng 2.2 dudeilmidadazstadandfniesnaninwananaiusenliaie

Al 2.2 dnwazvealaudsiifasweny 1500 Wi vesiigudamig 9

1o A 11310 potato, B 11310 rice, C 41910 wheat, D 41370 mung bean, E 41310 corn,

F 11310 waxy corn, G 41310 tapioca, H 41310 shoti wag | 41370 leaf starch [11]



P59 2.1 UsuneesAusenausng o anuluntusazada [6]

azlulaa azlulawmafiu
Ytnvauls
sl (%) | wweluana | Jsunal (%) | wwieluana
wlsana 28 1,300 72 4,800
wdstnalne 28 930 72 8,200
udsdndn 17 - 83 -
wlasiursa 21 4,900 79 9,800
wdstnautien 0-2 - 98-100 18,500
wdasiudguznas 17 2,600 83 -

2.2 lassaduazaudavaadiauds

Waudsiilpssadrauuuiandn  (semi-crystalline) | uinTuaInnsInSeefaiuTes
angldluanaerlilawafuduty 9 sauuwisell saldnvaregsiuiulungy Juiunnis
v A v v % ! ! LY [ ! Y L4 IS
Jnssenludnvaeanaliiiesawes (clusters) uaslunmasananesasiivuinlssann 9

= o ' | o I3 a = 1A 0§ ¥ a
nm uvsdudiuazdiunne lagdiumasiduuiiangaiuanaislgieenin viliusom
Aanandnuningselinmsdmsgsnliifusedou @morphous. lamellar) waydunay
Juusnuiaeleiwsseslulamefiuiinisdaiosnuludnvusnduniegiisewiiueg

Juseideu (crystalline lameltar) Faandluning 2.3 [11]

AN 2.3 dnwauglasaasnsveadantle [12]




lassasemdnvosdeaudsanunsoutseendu 3 JUuuy audnvaen1sInEesaves
\ndeng Teevnegluaniiziifdusinudh waelinsdnidosituegisunuiy asdmdundn
sULuU A Farnnuludiauteansafivse o Lwimﬂagﬂuaﬂfnzﬁﬁﬂ‘%mmﬁﬂqa wazilng
Jaeeiiumay 9 awdnlundnguuuu B Fatnnuludautlwiniiois (il 2.4) usimn
FautafimsdnSesiariosuuuy A warsuuuu B vy asdnduniinguuuy C Sainasmly

dinwlsanitwnsznada [11]

A A 2.4 MsdnBesiadundnuuu A uas B vadluanauds [12]

nIsinaeaIf ey (celatinization)

Tuanmzdnfutsliaunsnazansluthuuld  msrzlumanavesiagliansounsn
Fudnlludwidusdnveadouddld  fesnlnanavesutausnausnaniusadamien
spyisfugann  uifmeazanunsounsiinldsd i luedugudsiivylensendadaszer
1§ shlitusglelanaussriduanavesudsinaiusouas WaudilaAnnimesiuuy
funduld (Hosmnluanainiafsriusudusauminlifnansdangulfesnsdita) Tutud

ANuntnaziiuIuagnslidmauunndn  wirnlianuSeuinunIuiusslalasiausening
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aellumanavesutswdeuas vililmanavenhansaundidnludsdundnld dwmalviin
nsvgnefiegenaiauiuniswessuuylifundu Snavihlarumiafiuduesadiuld

Taomnuinameduanatndassiiogseu o Weutlanasanniswessveadiauds d
Unngmsaifananiideniinisiaeaiilueiu (gelatinization) vieananndnegafens

a al [ [~ o % = [~ 4 v % [
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] '

a0 = [J Y a Y = v <
ANNMETNUUIDYDYIUNYIND ‘1/]’]6[,1/1Lﬂfﬂﬂ'ﬁﬂ’ﬁ’]EJG]'JM?E]WENG\’JE]@WUENLQJG]LL{]Q [9]

Y

nI9ARsINsiNsnTU (retrogradation)
wasnudeinunszuiunsiiaadlugduidmninisangumgiiae luvaeiduy

luanaveserlilaafegusnalndifesiuazdes. 9 ndeuidmiudnATInNLsFgn

£
1

szinaluana inbiAnnsdasessialmludufndulasasisnuandifsulyivuun any
ARGy Favnuwdeliauududinisdnsesdiavedluanafinanasyinl

a & = = o X i s = vy N = v
Lﬂ@LUum3ﬂ@u%5@maﬂamqﬁsqusllu LLG’]‘VT']ﬂU'WLLﬂQNﬂ')’]@JLsﬂﬂJSUUEj\TGUﬂJSWIﬂJLaqaLﬂaaquﬂqﬁ’]

1%
o %
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[
I a

ATETANTY 13anUTINgNITANNINE1NHINSANIINNSWTY - (retrogradation) 1#38N15AY
m leemsAuiivendslitediuladevany o egw wu . vilavewds  Addudy
nszvunsiirusew asvvauntsaneamn)ll seziaal Audunsaua wazd3unnues

asusznauneAiiang 9 Tuudeaas 9, 12]

2.3 wlsiudauznag

a

sudymdaduismavazauuwdaliuinusn o) Jouiidalutoueiou Tned
YoawiylsunvUaIBFBLTY Cassava, Tapioca %38 Manioc LaILATDINULAZ N LedTe
MIIMEAEAnSFe Maniho esculenta Crantz fufud1Usndmiugnendesuasiianuuiniuy
A Y L4 3 I a = o Y @ = 1
NYUAATTE LUIANITOIMITHASNITNBATWAIAENUTE TR 50 FAO wausuliilunwwmie

c{' L a A a o v 1 U A d{' <
ANITIYN 21 IugmzfmqmwmLaimmmuumwNmmmaxwawuamdmau Waganidu

[

npAunessINEIANUgnnaunulmdlaluszezandu q Nedsanansalduselevdlaainnn 9
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[13]  Tegamznszuadealulydundaunseminfedyniminensuasdaungen vl

[

NanduansssugAnsendnduniluiinsdedwndauiunfenunniu wilslulufoussy

[

¢ o = 1 v a ] I a I a 1%
U nvinannuts "Ziflffﬁll’]iﬂ?JE]EJﬁﬁ'WEJI@V]NGU’JﬂTW ﬂﬂNﬁImNLﬂ(ﬂLUU%S%%S%MIU&QLL’J@@@&I

N13693 8k uA Us v

(%
v A v a 1

N5EUIUNNSNNSHANWTITUA UL AT TN D ULAESN0aLLDUABANANS AU IULA LA

(%

Tsanugramnssy uwianunsautssendu 4 Juneundn o Lo [14]

1. MsvAnNazeInLazn1SeIoNmNua1Usnas (Washing and preparation)

[y

vifudendsazgnldaslunzinsssou Weusneniiu fu wionsivoonain
shifu foutrgnasduadssdnadiolinssiendsanysnine 4 sandnads
2. nmsuaiiiudiUsnad (Rasping)
shifufiavorudnusgryaidon  antuszgnindndintesdulifiuunabn
Uszana 1-2 i deuagduadesundieliinundnazBendetu antutuuai
gnifududathdadndiedosatnfiousnudsoonnnidulowaglaa  laens
afnsinasuwaduvans 4 iielildeuniafiandenuszana 90 mesh lutuil
fnasdmiueduasludeiodudnisinurenaunisunseiinfiesdeuls
Tuanavewdadunsnuania
3. madigendidusesiutl (Separation)
hudsfugnesnimannnifudwevdudiazgnanindniodumisuio
wonthutheenanmnsiudusvialsivin uaginliiudeiuiudg
4. ASVIWAY (Drying)
thutsusanmnsiudevdailfaggninintiusiednadeneamigs
doluthuftatuuarusndsenunanit anduutiadonilldargndadrgrions
lo¥oufiflgaumaiuszana 200 °C mnuussvesaniidheauiugaaznuds
Julumamerunssiinnasnulelnaufuioangungivesutlas douawiily

L2 6

HIunzkNIsaUafnaynAlAtivwInadilate wandsddldussyiue [14]
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2.4  AsmseNRtanasiunananin

wtushelidnvaslasaiaviloudunedwesuvumeslunanafinmly  uinduuans
auURvemedwesuuumeslun dosmnluusagmiedfidulianavengleaty
Usenousenylansendaogds 3wy Gwmlensendatanunsoifatusylalasiauseming
fuestuluanavideanelenedmeifieginadeds  Iniliusdamioszninduanaves

a

svlilaauaverlulamaiuiiingunn  dwalidedldndsnuluvinagunnlunisiaisus

[
a

= lql ! d! o dl o = d‘ g ! a0 ! o Idl

gawflersgyindluanall  Fadsnunasiangusgawmieifnanimgnimnasuiag
haneusgluaelavndnveduananediues dwudielinistianuioutuudanniusey q
sgyhlifanmsaanedvadluanautienounasiinnisaeuwazlnala MIIRziUNTY

wssuktdalidunadwesiuumalunatannsanunsslsuaninvs eaniiuslalasiau

saa 1 =

sevinaluanaasien  legdsniliidenduiinfie  nisddanswaaRleesiivyileitud
anunsangaiauselalasiauiumglansendaveseglulaauazeslulamafuld  {Wunaliiuss
gawileseninduanaduesesaslulaaunazezlilamaiuniias luanadsa@unsondouriu

fulediedu tian1svasutazlualoialasuausou

wanadluieges (plasticizer) Uaauil

anvaevhlvemana@luesfouasniluanatuindn uazdesdivyilaidun
anusaiaiuselalasiauiudussuluanaveses lulaauasezlulamaiududiulssnay
aglulassadne wu wyjlensenda vise wyelud usiu lneuszavsnmueswanad ooy

[
=

Tunsihueseundanasiunalafinauisainlaanauniawsvasnuselalasaunnntuy

€

v A

seninaluanaveswaad lwesivluanaut  leediusziudanssiuansinasyiatud

Anenmdmiuduansnanailuwesvewmlaneslunataings Faasinagienonisleiunig

Y v

Anusingnsalsinsinsiadulanansie [10]

a I3 a sala ° a a =
NALYDIDA L‘UUWﬁWaWI%L%@ﬁWUEﬂJUWQJWI%IUﬂ'ﬁLGﬁUﬂJLL{]QL‘Vlaﬂllwa']amﬂ LUBDNAIN

[ Aa [ ! v [y ! al s a A
LUUIZLIL@Q@V]%JSUUW@L’N] i’]ﬁﬂllLL‘W\‘l LLﬁSEJQlIﬁ’NlI‘U@@@ﬂEJEj;Qﬂ’JWWﬁ’]ﬁWbL“UL“U@?Uu@@u i

o o

agudu woilvea uise wie wefidulnanea [9] windweseapsildedeudmiunmsnies

wlaveslunanadnuiufe  msiinfuselalasiauseninduanavesndweseaduluiana

[

vosutaliifinauudeusanniin satudeaiunseldnundadunivuglanuianeslu-
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waradnluanzInfeNnivTinueNTuge  agviliangldluanavesidaninsanduan

Wananiuluidnasle

auvRnaluvasundaunaslunaiadn

auUAdenavesdaneslunanainazunndaiuiiuedfiuladenareusenis LU

Y a ) a

Jaduauinanunseviavessdaninunlnesoy  fantananilitnsmuwaiinedanazsinazl

q

anwauzlassadvendauds wazUSunaesdiudsenavegerlulaauaverlulameiu
wanineiy  GeasiinalagnswoandfiBenavewtaneslunatain  IngarnnisAinwisiganu
mMyidevesdunaunt nulmnldulalulisniidndiuveceslulaags o Tunswieuduy

wlaneslunatain  zdwaliuduvesiunarainnlofianuvumusoussdisgenitudanes
& A

TuwanannNlgutaiunSnsidndruvesez alaamninlunisesoy  wananiudrauddves

wiamaslunatafndsustiurinnasyUSunuvaanatan luwasinltoey  1nensiunanan-

Y

'
a0 o

lowaslulsunangaduasilianuvumudenisideUanusddiamas - wiasinliany

FUYNURBLTINTELNNUAZARINANNN Tt uNSERMvasTaRivay  eglsinuanifves

v
o

wlaneslunaraindWuegiuladeluisewenssuiunisuaganiienldlumwandugd nns
ldansiifurseansatuusy  suinmanusnevseldnuluanneiflonmgiuazanuiu

A9 9 Aume [10]

auURnlanunanvaslanesiunaasnliafisuiunaafinndnaningaunia

Ulesidoudie  anuaisalunisgesaanalavns@aninegivanysallussesnaidudu  wifdl

Y

vad o v a N < Y v a U @ 4 1 &
dguumngn m@ﬂﬂi%ﬂ?ﬁ‘lﬂﬂ@L‘Uu"UE)@@EJEUENLLﬂQLW@ﬁMW@WﬁG}ﬂ UUﬂﬂE)ﬂ’J’liJ'JQQVL’W]@ﬂ’]'m‘UU

v oA o a a1 a = | Y
aumaﬂmmﬂimmiﬁwmLL‘IjﬁLwaﬂmwmamﬂumﬂamaﬂ%m 3% a1 rUYen

Y

v v
o v A

Fenylansondatuaunsaindunsisendulianavestilan dahlullegnaaduitnluluiie
wlameslunanafnudazvihmihfaiiowlunaradluwesdnvlianils daravilyinla

weslunanafiniianugeuiigalu AnuunUeNsidegUsad [15]
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2.5 msviulsaautiaudashdennutuvasdamasiunarain

nsUsulsmseanauiathrenutuvesdunesiunatadin  aunsavilanieiu

wane By msUsudeunylassaiomaaiiveands  visenfAenisilasunylensendaves

£
'

Tuanautundunisiduminlideshseninudu 1Sennsyuiunisiidn hydrophobization

FAuNPNIUATZUIUNITAINEINNAISENT hydrophobic starch %38 modified starch 1o

Y 1

fegnaUasunyilesidundunienldun acetylated starch uaz esterified starch \Ju

2V

fu [10, 16] 9nI5NazUSUanANUTIRIRBANNTUABNSHaELRT L BslunaNaRnfuNeAwas
A av & a g v | | ¢ a a

auiliigaanuduviogeauduteendngy . mivendwiiawaglad  (carboxymethyl
cellulose) Msansuiunsalutiuyy stearic acid, palmitic acid, oleic acid 738 beeswax

adly [16] NlwIsAlGsuAN B dusgrsnnuiu ingznsaleduiingilaiduiianuseio

1Y) aa ) o o A ) ¢ a1 Y Y = A
sunsiseniuluanavesdsld | vsdilidwnilulalasansvenaseninliveuthegieiadl

ANLANIOTIIEanN1IARANTLTRIL DALl

26 1nsiuauEa (inseed oil 13a flaxseed oil)

audn  daduiiviiundfymaasegiavlanils - SPen1ainemansan  Linum

usitatissimum  @saldusglovilanalusuvesdulefildaindiuvesdsiu wagguveaiiiv

A o

Pafpunandteudn. JdasTliidiuednaudavsivsuianiiueg sz 35-45%

(% '
A o W v A

wazdamduisirsunanniusinunsalesiuludusiegiansalalutaiin (linolenic acid) il

wa A 1

AuaudRfelatlmensiinUiseoendinduludiudsenevegilulimnannn  Feavdmg

q

v
= o A v o1 o0 v o Y

bnihdfududaiinaautlunisiuialags - JulnazBenduinddudnuis  (drying  oil)
a ° | o oY . a A . H & ]
wingziunlglugaamnssuau nsviddey (paints) dndoua (varnish) thenafauldl

= a 6

ninRuiRwaadin vieuemenwils Wudu [17]
%’ v a o @) a ) v % d‘dgj v a Y
iiududalulasniwelsngaUsenaumensalediu 3 luana NEiansaludiududn
waznsaludunlidudl  unnmmegeuLal  s1seueenininhdududalsenaumense
luduldidusndudnlvgfiandt 87% uazdinsalaluain (linolenic acid) aguniia 53% lay

¥fanazUsunaaansalydunnuluiniududnegnaasdunnaniasanisen 2.2 [8]



A15197 2.2 USunaunsalesiulusnduaude [8]
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vilavasnsalusiu IUIUANTUBU: UG Y3l (%)
nsAUNANLAN
16:0 6.58
(Palmitic acid)
AFIGICRE
18:0 4.43
(Stearic acid)
nsmlaLadn
18:1 18.51
(Oleic acid)
nsmlaluLadn
18:2 17.25
(Linoleic acid)
nsabalusatn
18:3 53.21
(Linolenic acid)

2.7  mewseuhdulidusynusussnamsing o

Untiuinanmssunuuetansuseneulnsnawelsa. (trislycerides) @alaseasng

Tuanaveslasndwelsnazulsesrusznauduaesdupe

Aruveansalusiu LAYEIY

a a & a 4’( o aaa ¢l . 1 LY
ndwesea lnelasnaealsniinTuainnsvinu)isen esterification  sewinansaludiv 3

luanadundigesea 1 luana @eesdusenoumaitannnsonenaonaniuladnasimenis

UfA3eN saponification Teeldendlunisufisennsmuit 2.5 wdnsueinlaesnunfe

ndlwesea uazlufsupsuanden Famndnelansumsuondianluyiufizedeiunsan

azlondunsalusiuoanun

O

TR
HZC—O—C—R

| O

I
HC—O—C—R? + 3NaOH

’ 0
T
HZC—O—C—R

(Triglyceride)  (Sodium hydroxide)

H C—OH
2

H_C—OH
2

(Glycerol)

O
. n - +
R*—C—O Na
O
5 n - +
+ R—C—O Na
O
; N - +
R°—C—O Na

(Sodium carboxylate)

il 2.5 UA3e0 saponification vodlasndiwelsd
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271 mIawssuayiusvenifuussinvluluniwelsa (mono-glyceride)

ayusvenhiulsziamlilundwelsizUsznoulumediuidunsaluduwazdiui

v !
0 w =

Wundweseawumentuinsiudadulnsndwalss  wewaneaiunsanonsadiuveansa lusiy
wazndwesea Inslulundwelsavesitiuariidruidunsaluiusediuveinawesealusns

1 ¢9 1 Wwa ssiiluniswesenlaulundwe lsauaainuiudsanuisawseulaaaakuuda N5y

Uisen transesterification dieRodovindiuitiunsaludusenanisuiiu
lnsndiwelsdansdin Wndodies 1 duvhiufifefuszegiundiwesea udisiroudng
gaennuagldanneireuinsguuss  Wesuiuuuuiaestustenldnmsuenieinsalusiy
sonniduivaanouuddninensaluiutunvuiAten  esterification  Tnemsaty
ﬂfﬁmasaaé‘ﬂﬂ%’jﬂmaﬁ’aﬁ’ﬂﬁﬁmﬂﬁﬁ%mﬁmwu 1 ¢9 1 lua (mono-glyceride) 39 2 mo 1

Tua lunsdifidesnislandwelss (dirslyceride) fan1ndi 2.6

272 mawsusyiusveaiiulszinndiendlad (epoxidize)

'
a Y

g v aa 1 ] %’ v a o -«-&J J (% = LY 2/
Unsiunfinnulaidusas Lsﬁuuqlluaua@‘ﬂ%LEJEJG]EJﬂ’]TUi‘U‘UEQ‘WiEJ@@LL‘Uaﬂiﬂi\‘iﬁiN

Y

(%
1 (-7 1

Hesnnunaidunyiuseguanivisdhnonsiinuiiser - Gamsdaudasiduinuiu

Y

¥
Y @ o @ a

TnsunnAenisiaguinfiuliilutdudnendled - lewminnidienledaunsaiaufisen

v
fal o

dll [y ¥ o t% & [ 1oap e Y a o a e a aaa
L‘UEJ?LIGU'J'NﬂUL@QIWWqﬂLManqﬁﬂﬂJUEﬂLﬂULLNUV\Ialle@ EJﬂ‘VI\‘]'WJJUEJW'E]ﬂi%ﬂuaﬁﬁqmqiﬂm@ﬂaﬂﬁﬂq

Y al ¥

[ A a Y va o as a 3 = v o aaa
ﬂ‘Uﬁ/i%lﬁfﬂi@ﬂ“UavLﬂﬂ@ﬂ@?EJ IﬂEJU'W%JU&UE‘WEJWEJﬂ%IWUﬁ’]@ﬂiﬂLmiﬂmlﬂﬁlqﬂﬂﬂﬁﬂ’]ﬂgﬂiﬂ’]

a o

donTady (epoxidation) MansiAIinenIng 2.7



H C—OH
2
R—C—OH +  HC—OH

H C—OH
2

H C—OH
2
2R—C—OH +  HC—OH

H.C—OH
2

H C—OH
2
3 R—C—O0OH + HC—OH

H-C—OH
2

(Fatty acid) (Glycerol)

i
HZC—O—C—R1

HC—OH

H C—OH
2
(Mono-glyceride)
O
[
HZC—O—C—R1
O

T
HC—O—C—R

H C—OH
2
(Di-glyceride)
O
|
HZC—O—C—R1
| O
n
HC—O—C—R
O
.
H €—0—C—R

(Tri-glyceride)

M9 2.6 UATen esterification veinaiweseaiunsaludu

+ 2HO
2

+ 3HO
2
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0
HO, HO—0—C—R
H SO
2 4
0
2,0 HO—C—R

0
HZC_O_C
| N v/ 5 ' v
I O O O
HC—0—-C
| O\/V\/\_/\/\/\/\—
Il (@)
C

NN 2.7 Y381 epoxidation vesiniulpsnaizelsn

273 nawssnoyiusveshdulssinnlulundiwelsndfiendlad (epoxidized mono-
glyceride)

auiusvenhiulszimlilundwelsidnendladaunsamsauldainnsvifise

onTady  (epoxidation) vewitiulalundwelsmieasuiusza (C=C) Tulpseasns

Y

aa

Tanalumidiienlsd  (CO-O)  wWwfsriuiuniawiesuhiudiendladunfduandly

AR 2.8



I
H C—O—C\/\_/\/\_/\/\_/\/
2 - S -

HC—OH

H C—OH
2

HO

NN 2.8 YATeT epoxidation vasinsiululundigelsa

19
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2.8 MUYV

Yogdng  angeid [6] lavimsideiieiunisuiulpaudiinisananuduveuds
a v A v Y G ) 6 a le v aa
weslunaafnmenisindoumensa luliunioeyiusvaslAlagUAI ULV UIUAIETD
solution dipping wazannsiiuliluanizuindeudelnnuiuduivs 53% Wuaan 15 Tu
d‘ dy 1 a d‘ = v LY} Gl o 6
\enaaaunsgaauunuiwduveslunarainmiadeusiensaludunseoyiusves
lalnwu szdianuiethvernuduanas ienddfelinganuuloauileisuiuuls
a d‘ [ & a 1 QI a d‘ =l a ¥
waslunanafnluniunIsedauRl  naenizegnedatamasiunaiainiinaauRnensa
lofuainidiuanluamt Feanunsaannsgeanuduadanit 73% Weiguiuudanesly-
a d' [ = a ‘1! d‘ % C% go’ C% 1 o‘:ll
NANERNNUEIUNISAFOURY TNl IINtATIES 19BN salvdua N uA luaN Y
Hunsaleduwuulidud vilianunsainuizen oxy-polymerization fisunisiuszaues
nsnlusfudananle dwmalivylalasaisvauaeenvamnsaludumonfuduiiduiuiuse 39
@ o ¥ 4”4" =2 1 v d’l’ : = 1 a [y v
Dunavilvienugududulaein - msgaanuduveduinuianasinnid  duduliain
miﬁm:ﬂL%QU‘%mmﬁuENmiLﬂﬁawyjﬁaﬁ%uﬁumﬂwlmﬁuﬁwwmﬁﬂ FTIR A9mN5199 2.3 @99%
WiuINsa sl duTsnsduuee A L/AL, A0ad i AL/A, AeRANRNIINTY waneld
wiutensinufisevesiuseglunsaludulidudmiveendanlueinie  wduinnsden

YafusEMINE gl URInIAlsu

ATNT 2.3 LAAINISIUSIULTNEUDRTIEIU A /Ay UaZBATIEIU AL /Ao VDIATLARDUN

Junseluduriang g fu 6]

R 5 aNI18U Aco/Aco aMN318U Aco/Acco
YunvaInsabuiiu T T
AUN T [ WUNT | WUN L5 | UN L | UN T | UN 15
NIAELAESN N/A | N/A N/A 0.26 | 0.26 0.26
nsAlaLadn N/A | N/A N/A 0.09 | 0.09 0.10

nsalusiuannindunenniungsy | 0.09 | 0.07 0.05 0.09 | 0.10 0.11

nsalusiuanningunenanlugyi | 022 | 0.19 0.08 0.02 | 0.03 0.04
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Jing Li waganz [16] Anwmaven1svin octenylsuccination AllsioauiAldanalay
nmsuSulssaudiananadhirennuduvesidudaiwsenanudaiud vy Inedudeiy

N%ﬂuﬂﬁﬁﬂﬁﬁ%aﬁﬁu 2-octenyl succinic anhydride ileidu octenylsuccinated sweet

Y d‘

potato starch (OSS) #ifiszunsunudl (degree of substitution) s 9 fu e 0.0134,
0.0236 ,0.0325 way 0.0425 Ipelddegetumnuiu FDS1, FDS2, FDS3 way FDSA auasiu
mﬂﬁfuﬁwmmam?ﬁugﬂLﬁuﬂéuﬁ’wﬂﬁw‘%a native starch Tusmsiau 1 fs 1 laeunn

FaransEnwautRnIsgeauTuresiiduivisulannnisazatedl,  §nIIN1STNHIUTES

lown, yuduiaun (contact angle) uagnsBurIuvenniy wandlun1sei 2.4 wuinie

2
= 1

SEAUNSWNUNTRY octenylsuccinate §99u AN1sAEANEU1 Wagn138usuvatlaunveile

1% £
Y

anad win1sTuHwYesukasNALNEUNTAIgY wandliiu i duwSelatiau Dy

[ £
=

hydrophobic  geiuflesgdiumsunuiigedu - Heradowiannnsiiuduvesdiuiduy

lalasAnsusuaegnnlireutnusnuUaua et 19ileved octenylsuccinate ANSEAUNNS
wuntueuhlvaunladaudidesiutiiaganudug W

P13V 2.4 HANINAFBUNITATAIELT NITUNIULRILOUT YUANAEUT Lasn1STURUYE

(%
o w

UUU [17]

Film Water Water vapor Contact Oil permeability
code solubility permeability angle (°) (g.mm/m?d)

(%) (g/s.m.Pa)x10™

FDSO 19.99+0.84 7.18+0.065 63.78+1.26 0.053+0.012
FDS1 19.72+0.62 6.50+0.008 70.69+3.07 0.099+0.011
FDS2 18.67+0.85 6.27+0.018 79.37+1.56 0.122+0.013
FDS3 17.28+0.08 5.76+0.017 83.10+1.14 0.136+0.017
FDS4 15.25+0.81 5.69+0.074 91.59+2.36 0.149+0.010
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[ '
== =

dwiuandAlienanuine tensile strength agilAnanadilieszAunIsunuiaty Fwmsaiy
PufiuAT elongation at break aaanslunmni 2.9 Iaenaluuain tensile strength 9z

Fuagiuusidamierszninvanslaluana tuuandliiiudy octenylsuccinate Mfiuasliuy

starch agyilvuwssdawtiensenisluanaveswdwnasmeldaunsaniouduiuladiedu

270

1.4 - 240
] b I
1.2 ] \ 2

g Nge P L 210 &2
= 10 ~_ b~ o
o G S 3
0.8 1 “*'*»-E_H e 180
1 s
0.6 -
] - 150
0.4 c% O— EAB
| —8—Ts
0.2 — 120
F-DS-0 F-DS-1 F-DS-2 F-DS-3 F-DS-4

Film code
At 2.9 audRidnavesiidunan octenylsuccinated/native sweet potato starch [17]

Ramzi Belhassen — Wavag  [18]  Anwimsusuussudaneslunanasiniie
N2UIUNNT melt reactive blending /U epoxidized soybean oil Tuwp3osrauniely wuin
A1sWiin epoxidized soybean oil SiNason1sifintuveidl Young's modulus wae tensile
strength  ABUTI9N Lﬁaamﬂmﬂﬁ@ﬂﬁﬁ%mL%maNﬁuizijmﬂamiaﬂ%mmLLﬂQﬁ’U
NI epoxide U849 epoxidized soybean oil Tusgninsmiswau silvianslglaanaganie
funiuuarudusanniy Tnednsannsiiy epoxidized soybean oil 7 3% Taerimin
2z19A1 Young’s modulus uag tensile strength qqﬁqm mnddluUsinagnanindazvinld
Avaesanas (Ml 2.10) SwuerailownanmisdenuafuresaeleluuSinaanniy
yliraeliadouinuiuliontu amumiadigeunniu domeusudourusnaiorain

AnuSeuinTugunnauldihaevseiiiianisunnesnvesaeldlana  Julumeli
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auUAdenaanas  agaINNIsAN¥INITAATUANNIUTIAMUTUANTINS  40%  WUIINITLAY

epoxidized soybean oil avibindameslunanafiniinanuiu hydrophobic getiu

250 4
1 —#—Tensile modulus
—u— Tensile strength

3.5
200
] 3
2.5
= 150 =
g 5
= A
g ] g
s 400 1.5%
£ 5
- 1 F
50
0.5
0! T T ul]
0 1 3 a

ESO content (%)

A9 2.10 audigenavasidamasiunanainiiiu epoxidized soybean oil [19]

Vanessa Dias Alves wazany [19] ladnuinaveslsuiunawaseavazeslulaa Ml

& A

soauTRvesiduanudaiudUsuas wuInnsuazlilaglulsuiuiuniy  agvinliiaud
va a r-:l‘:’f( < c’{ =4 :’/ = 1 g @ U [ 1 a =

AUURTINARTY BULSITY - DNINNSTLEIUYeslaNATanaI9Y - WANISRNNABTPA b

USunaumsnntuagyilinisdusiuvesled wasmsbaoanvesiiduaiy aaumneiuan stress

at break, Young’s modulus la¥ puncture strength 1azdlAanas

Pengfei Liu wazmuz [20] Anwanavesnsaladuiilszauanuladudinig q fu 7l
1 wa a6 U QIJ U d‘ 1% 1 a a a
moandRvesiannutlaiudivniu Tnensaludunlaloun nseafiesn (C18:0) nnleladn
(C18:1) uaznsalaluddn (C18:2) FIHAINNINAABUYTUFININGVDINUTANATLG
WAAIAININT 2.11 QnUNRIVesLNUTALziinmuSsuNnluilafunsaluiuadly uag

s a a

MNNsNagevantRlnalsnuIidulRunsalududuiiaclian tensile strength geni

[
Y

Hdudunsaludulidudy  vsllenalissnanluanavesnsalufiudumaunsaifniuse
< [ oA = LY % a o A o £
wlawssiuluanasslulaauinnindeisuiunsaludulidui  Buduldanuanismeaeum

A1 complexing index AaEmALlA UV-VIS spectroscopy Tupn5197t 2.5
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AN 2.5 HaveInsalusiunszauaulidNfmA1siuseA1 complexing index [21]

Type of composites Complexing index (%)
SPS-SA (stearic acid) 21.23 (0.56)
SPS-OA (oleic acid) 14.23 (0.44)
SPS-LOA (linoleic acid) 1.15(0.29)

o Bte S0V Sagel A 53 Date 29 b 2004 e i ] BHT « A0 Sgue A 36 Date 20Mov 2018 1y
WOz §dew Mage 10ERX Towe a1 | WOz Rk e Mage 130C) T 15474
a. Control b. SPS-SA film

ST« 00w Som A iE2 Dew 0NV 2012
WO+ a8 Magr 1200 Tre 15647118 |

¢. SPS-0A film d. SPS-LOA film

AN 2.11 microstructure wasiaNNaNszIwtsiuNTIuiunsalusiurdagg o [21]
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una 3

NsANIuUIY
asadinldluniseseuutanaslunatafnuazayusvasungiu

wtlsdud1gnds (Tapioca starch) U38% Siam Quality Starch Co.,Ltd. Usginelney
drsuaudn (Linseed oil) 1n30 Refined U3 Winsor & Newton @wsee1a14ns
nawesea (Glycerol) USEN UNIVAR Useinrioadinsiay

lenenlansanlan (Sodium hydroxide ; NaOH) USE% UNIVAR Usginrooginsias
nsalalasmaasn (Hydrochloric acid ; HCL) USEM QREC Usewnailaduaun
nsnweanein (Phosphoric acid ; HsPO,) USE EMSURE Usgineleosuil
Unsideudines (Petroleum ether) U3EM QR&C Usyinathfiuaus
Tonsndamnueulensa (Sodium  sulphate anhydrous ; Na,SO,) US®W QREC
Uszimnatiduaun

loneulumsusius (Sodium  bicarbonate ; NaHCO;) US®% UNIVAR Useine

OLATLAY

10. nsagaia3n (Sulfuric acid ; H,S0,) USE% QReC Useinainduaun

11.

nsanesiin (Formic acid ; CH,0,) UM UNIVAR Useinroaainsias

12. lelasiauilesoanlen30% (Hydrogen peroxide ; H;0,) US®W QREC Useine

TTaun

13. uwunf@euluwmsmanvrlowss (Magnesium nitrate hexahydrate ; Mg(NO3),.6H,0)

U3En QREC UsenATnLaun
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3.2 AsesaN luniswIauTIuauntanasiunananin

1. geougannA (Vacuum oven) 31 VO200 3INU3¥M Memmert Usgineigasul

2. 1A30sUAmS (Grinder) §u RTO4 nU3EM Mill Powder Tech Uszinaléiniu

3. ipseamaun1ely (nternal mixer) U Plasti-Corder US¥n Brabender Useind
ol

4. Lﬂ%"aqﬁugmwmmé’m (Compression molding) 4 FOR LP-5-50 U3® Labtech

Engineering Usuindlne

3.3 pseslianldlunisnadeuuaziigationaneal

1. insewlgiSusnsudnesudurisnsnanlnsiimes (Fourer transforms infrared
spectrometer ; FTIR) 'i;u Vertex 70 US¥W Bruker Uszwaleasuil

2. wiessunuanlasiines (Raman spectrometer) U Senterra U3t Bruker
Useinalyosudl

3. asesiundesuuniudnslauundanlasiives (Nuclear Magnetic Resonance
spectrometer ; NMR) j‘u AVANCE 1l HD U3 Bruker Uszinalyasuil

4. nApIansIAUBEaNRIAULUUABINTIA (Scanning electron microscope ; SEM)
34 TM3030 U3¥W HITACHI High-Technologies Corporation ‘Uizmmjiju

5. \nsemaaeUaNTAlenavialy (Universal testing machine ; UTM) §u 5969
US¥M Instron Engineering Corporation UseiNAaNsgoLsnT

6. WSOINAROUNIINTZMIN (Impact tester) iu CEAST9050 U3¥w Instron
Engineering Corporation Usginanigausn

7. wsesinsinisidsunlaniminvesansainarudey  (Thermosgravimetric
analyzer ; TGA) U TGA/DCS1 38 Mettler Toledo Useimaanigaisisni

8. A3dlATEnNsasULeISaEEng (X-ray Diffractometer ; XRD) $u

MAXima_X XRD-7000 U3 Shimadzu Corporation Uizmmjﬂu
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3.4 35n1537n
341  MswssNauNUsvasuaudn

3.4.1.1 mIwssueyiusvesiududauseanlulundwelse (mono-glyceride

linseed oil : MLO)

v a o

AU 1 N1SLm3eUNsAbUTUIINUTUALER

nsw3sunsalvduvesiniuaudadaudasanauidevesgiuy [21] Taeisumens

Unduaudnunldviniunaunioulinudeounazniusig  magnetic  stirrer  AUATENS

gaumnifie 90 °C AnUuANansaraty NaOH Aantutu 1 M Tldusunas NaOH 0.1358

o

nsu/AduAuER 103U [22] 5aUfATen 90 Wil anntumanstanTisuenas wieuAnlngu
adlundemeantiey  warseliansazansnentuiy  antudslvansazateduarsnialy

I S v P 1l & Ty ¥ . & oz v o
LLa%GLGUuﬁIQUﬂa'Ja'N?{']TWL‘Viaa@%@ﬂﬂigﬂqm 2-3 A Imﬂimmmwum\im ﬂﬂgiﬂLUusﬁusUaﬂ

£ '

aydunieenun  vdmnuutamtinvesaynlauaaiinniinueukasniuiiy  magnetic
stirrer UNTEYIRMUNYIRY 90 °C BnATY uAIRFANAITAZA1ENIA HCL Adandudy 1 M v
Uifseniivay (Sodium carboxylates) sednstd 151 Wa Juian 90 wdl antium

aslansienenans wazlvaisazatotuasnisly faslanselusiusonin

maui 2 N3vinUfisen Esterification
n3vUfATe - Esterification  vansaluduwaniiweseasnulaminaideves
Choudhury [23] Tngthnsalasiunlalumeun 1 -wldluvannunan 3 A9 wiauiulAu

laieulansonlen 0.1 % lagumidn Welssdfizen anuubiauieulneniuaisnaoniial

a

Ae magnetic stirer aeldannglulasian aunseitansliogamall 180 °C uddFaAy

Y

ndweseangulianuseuselioguaradluuiunm 1 lwavesnsaludu se 3 luavesndivesea

(%
v =2 a

(ndwaseatiune) umseliuisendniduly 6 $alue Mntudweaufiselaeiie1vinly

a 1w a v

Juudlugraiiuaunseiiansazanedoamiviiuanmgivies INUUINANNTA

Y 9

(% |

Phosphoric 85% adlUiiianidn alkali catalyst a1ndutansnlaazanslu Petroleum ether
wanndweseanllvinujiseteenmuansazaty Sodium sulphate ALty 20% Tu
W legldnsewen wazadansaludiunlivinujiseieensisansazaieves  Sodium

bicarbonate AMUINTE 10% Tutn Taed1eussanm 2-3 A9 WanI9a19IgaEITaraiy
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Sodium sulphate AMMLNTY 20% BnATAEIIAlVAYNOIUAATY  UAWAL  Sodium
sulphate anhydrous asluluansagangiieminAuduvsenawdmmaaviony aavine
N3RImENIEMYNIaLEINasavaenwdelunauneldaneayyInAfiauenien

DAY

Petroleum ether Midusnvinazatsaan fazlalulundwelsdvosiiuaudna (MLO) aanin

34.1.2  nswissnayiusveniududaUssinndiendled (epoxidized linseed
oil : ELO)

U a a a Al

aa a %,’ <3 Y a v . . a ¥ o
I5nswSeutnududndnendladannUada1nauddeves Saithai [24] BUAIENT5UN

790 3 ABYUIA 500 NadanT UANUINUANEAUSUN 100 n5Y, Toluene USuaw 50 NSy,
Sulfuric acid 98% Usu1es 0.5 f1adans wag Formic acid 90% Usua 12 n5u a1ntuily
TinnuSeuaunseitgaumniing 60 °C udiroe | ea Hydrogen peroxide Miudidulivsuna
84 n3use dropping funnel Walsurepudrdunabiuiiseirnduluauasu 6 dalus lag
. o & ' = a a o & a

vuznen Hydrogen peroxide agdunaiuilansazaloazaoy o Ldsudandusanlud

widesgu Weasu 6 Hiluswaamaskdnseuenudidiseinauaunseinidnadandu

nan ntuihasazateimdolunaunielianmzagginiediowsnial Toluene MTusa

v
vV oa a a

Mazangean mzlausiududndnendlad (FLO) aanan

3413 maessueyiusvetuauisussavlilundiselsdfendlad
(epoxidized mono-glyceride linseed oil : EMLO)

Tulundwelsminsuaudndfiondled — (EMLO) - anhsawsenldsenszniuns
Wuienfutunswssinuaudadiendled « (ELO) lwide 3412 feaddewuld
Tulundwelsaisiuaudn (MLO) Awdenldainide 3.4.1.1 Wuasseduununislaisiu
Audn
342 mswsndunuuanedlunanain
AoUTl 1 N1sAANEIUNEN (pre-mixing)

1huwdsfiu (Tapioca starch) lﬂa‘ula'mm%uéf’mmémauqzyzmmmﬁqmmﬁ 80 °C
Hunan 24 Halas nduihuleiuiudlungnuaniundiweseamelurinehiivhain
wanain PP Tudhsdu uils 70 % / ndlwesea 30 % laedmin wleuaiuasifiuuss

(Undududavseeyiusvasiiuaudn) Winasluusunu 1, 3,5 5o 7 % legumtn 910ty
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mswgegnuanliidiiy Wunaidszana 30 wiiiebidiunausns 9 nszateiegn
O e & A a Yy & vy a saa &
i ndumldga@unanain LOPE waniulinglumdiawmesndanuiuen Ussunu 12

CRIET

AaUN 2 NsHaNNelaAINNSTULAT LS URDU

a

Wdurauneeun 1 lunaumewesemaunigly  (Internal  mixer) g

Y

140 °C Mmeasy 100 seudeur? Wuan 8 wiil fagldudaneslunarafnesnuily
anwgduiuvualveg antuhlluameasesunifisanvuialilvuaanasiieliiesne

mMsdnivaznIsTugUsiotl

< & Y
HRUN 3 misuugﬂsumm

wdaneslunaradniwieulalleulannusumeldannayayiniesnasan

£
=

gamall 50 °C Wunanszna 12 Halus ntuihludugdmeesetiuguuuunadad

Y

gaunQil 160 °C anueiu 85 bar lngldnan 15 wilun1sausy wagldualfiud (mold) 7id

@ i~

anwausluguiunu micro-tensile veulNami7idugUTuny impact udIAN1INAROU

Y

a

o & < v & Ay v o = o v 4' Y] ‘:1'
ﬂaﬂf\]qﬂ%uzﬂLaiﬁ]LLaUGUUQWUWIG]ﬁ]SﬂﬂquUaU@ﬂﬂﬁﬂG]'J'EJLF’WENE]ULLUUalli@uV]amViﬂll 50 °C

Y q Y

Dunan 24 dalus aantudunuazgnldlilugedunanatin wasinuliluedamesilunm

981498 48 TalNenaumFUIUNARDUAIBITAN 9

3.43  mMswasuRlTuUklameslunanafin

a

wlaneslunaradnitldlaidsasifuusaganssnlannide 3.4.2 azgninewniuly

v v 1%
L o o =] o w Aa

ihifuaudn Wlundwelsiidufuan dsududndfentled vie Tulundwelsdihiiuaudn
Sfendled iowndouRivestunuieasing 4 fandn lasasviinisgu 3 eds adeas
Uswanas 23 Al udwiuiunuliteeddniiuin anduiiluuenfluedieme i
slica gel  ogngluifieliiansindeudiufunenosnainiestunuiasiieliarsadon
Anuffzeniueentiaunareifunsuiidunndovin Tngldnaussnn 24 $lus Fsazahly

NAABUAIBIDHN 9 folula
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344 Megeuariialiendnual

(% '
€0 v a a 4a

3.4.4.1 msiigaillassaianaaiveseyiusinfiududandansela
1. negeumewnaila Fourier Transform Infrared Spectroscopy (FTIR)

-] 901 U Aa a A v 6 g v a A d‘u 1% ]
thdududavisesyiusvesduiudanduneilauenasuuwiy
Usznuilduwdn KBr ieusynuansuanilunegeusioeios FTIR [Vertex 70,
Bruker, Germany] Tugagiaunausaus 400 cm™® §1 4000 cm™ F1uIUMTELAY 32

asslngldmuazidenlunisageun 4 cm’
2. nMInadgeunluwaila Raman spectroscopy (Raman)
o ’oj v a A A v 6 g v a a Ao 1%
hdududavisosuiusvesiiuiudandunseilaunthuasuunsean
wasuRaUsinaanies 9anduihlunedeudisiaies  Raman  spectrometer
[Senterra, Bruker, Germany] Turraavedudas 50 ecm™ 99 4450 cm™ Taglawaa
sl =
LaLINANNYIIAAY 532 nm
3. MInedaunlsnale Nuclear magnetic resonance spectroscopy (NMR)
hiududensesyiusvenifiududandunsnevlauazaisly
Deuterated chloroform (1 #8Av83U3U /1 Jaaansveesiyinazais) antuiinu
TdvapanaaauvaaATes Nuclear magnetic resonance spectrometer [AVANCE Il
HD, Bruker, Germany] laglvisgaupinugevedansarangluvasavagauagiuszunn

4 wumuns wagldaufaduing 300 MHz lumsnaaey

3442 nsnadeudltRsuing o vestusruudaedlunanaiin
1. nsAnwanwaedugIuineInie Scanning electron microscopy (SEM)

Wenaaeunsnszaefuazanudifuldveautaneslumarafinfuasidy
wie Thlglaenstihtununedenszaeses anuiluudllululaseuman
(liquid Ny) unaszana 30 Wil wdhdahendunusindnesnainlaglda
uazdounuasuutuny  deldimvinnuiivhesuesdifateunds  dluRauuwsy
stub fewueiuey udhlundeunasddienes sputter coater 108 tHulaan
1 Wit ntidaenludedieeios SEM [TM3030, HITACHI, Japan] fMBLIIAU

(voltage) 15 kV fifdwens 200 waz 1500 i
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2. nafnwaniRinisgeauty
thiususunssdivasuiiuiiuun 13 x 63 x 3 faduns (119 x 812 x 91u)
fhegnsay 35 durundaimdn  wdihafuinwlileeliudasuennialy
wdameiiingluliendusuinogiivszann 54 %RH Sseuaudisaisazany

U

AUFIVDY Mg(NO4),.6H,0 nwinstaninuaiumn 9 24 Frlusaunssna

YUTNYDITUNUAS  LR8AIUN TN NTIEUNT0UNN N NUIUEN NI TR LA N D AN
% N13RAAINTU (% moisture absorption) VesTUNUle

[

o o vidnBunundsgaainadu-dminBusnutudu
% NN3YAMINNTU= T @ x100
v

YNYUIULSUAU

3. NSVAEDUANURAAINUATUNIUABLTIAS
1TuaU micro tensile HIAULINAMLNTI LATAIMLNUNYBITUITLS e

nodilumavies  Weumilusaasainnsinanuiumds  (Fedisay 10 T
ﬁm%’ugﬁyumuﬁé’alﬂshumaammm%u ey 3-5 %uﬁm%’u%mmﬁcjmmi@@m’]wﬁu
W) ntanhluneaeudeieses  Universal testing “machine (UTM) [5969,
INSTRON, -Americal m1u3m3§Iun15uaday ASTM D638 lagld load cell vun
5 kN sgenssalunisie 1 mm/min

4. NSVAARUANURAIILATUNIUABLIINTELNN

(% (%

TUNU impact 41INTUIAAINATIL HAZAUNUITOITUIUMEL DL

ANAUBSNUINAUNINANNTUIU AI8871982 5 FUNUAMSUTUIUNINDULAL RTINS
AnANTY MntulunaaeuaIelAIes Impact tester [CEAST9050, INSTRON,
America] MUNNTFIUNINAFBU ASTM D256 Lagld load vu1a 1 J

5. ASYAFBULENYTAINNIGAINNSOU

]
[ o 1

iy ﬂﬁ]ﬁ ALUILIAINTUIIU micro tensile UTDTUIIUY impact Usguned 7-10
108050 W MA@RUMELATEY Thermogravimetric analyzer (TGA) [TGA/DCSI,

Mettler Toledo, America] nmeldanTiglulnsiau dausigaungil 50-600 °C MenT

Y

[

AMslrANSoU 10 °C daud lagasiuaduanudun1snaaaunal
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[ '
v a

Tuil 1 lanuseumeaamaliaadin 50 °C Wunan 1wl

[ '
v a

fui 2 WarufeulnerBeuuasgamgifeus 50 °C f1 600 °C
ud 3 Wenufeusegaugfiesiil 600 °C ihuan 1 wfl
6. nsnageuaudundn
thusy impact flauysaiimaaeudaewrias X-ray Diffractometer (XRD)
[MAXima_X XRD-7000, Shimadzu, Japan] Fflunaariudnuas X-ray fio Copper Kq
ANNEIAAY 1.5018 A° flus9du (voltage) 30 kV LazANYIN1TNIALY 20 faus 10

= Y < a = v av v °
29 30 AT MIYAINULIY 2 BNA/UN %Q?J@ﬂ;ljﬁﬂl@ﬁ]’]ﬂﬂ']iﬂ@ﬁauaqll']iﬂuqln

AuaAUSInaedundnlAangunng

AC
%X = %100
A+A,
mg %X, fp Sewavaudundn
A. e funldnsduidundn

[

A, Ao Nunldnsdrunlaidungn

NG © NITANYINISARSINSNIIATY (retrogradation) Agfnu¢U impact A

[
= a

pUszanal 2 wumes dnsulaludidudatiuaiu (sample holder) ¥091A309 XRD
Ingaziivdunuliluediawesnnigluliarusuduimsegnuseana 54 %RH a9
AIUANAILANTALANEDUFIVEL Mg(NO,),.6H,0 savthunussnaiesnumaaeuly

Uit 0, 3,7, 14, 21 way 30 Yu

345 MFIASITANEDR

ANSNAFBUANUANITAIUNIUADBIIANEALALALURNITATIUNIUADLSINTLUNN SN

auUAnsgAANT N mege UL NIUaNsTUNUseniiiag e iinIg
nsrAeiveIeyanIaaey RApniMIInngureslayanuIsnsneaiiftiienly

1%
[

drmnuazwiug lunsISoUNsUNANISNAa9UaMAarA10819  IngluanuAdetiagimsngii

¥ ¥

Yo3an18 One way ANOVA NszAUAIUTONY 95% (AMNAUKIUTOINISIUSBUTIEU 5%)

Y

MyTENISHENUAINNGNTeYaYe Tukey tnengudayanie 9 awUTINYUUNTINYTEAITIHA

msveaey  Tuguvessiendnusnudinguinerndeveseys viedudnuwsniwdingy



33

sgwilawiainsmlunanismaaes  Fanniiveyayalaeglunduimdnuyiaediulansittoya

Y

Aananiurartulidanuuenansiueeeditudfgy
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uni 4

HAN1INARBILAZINTAINANITNAADY
4.1  nsigadlassaiemaaiivesiududauazayiusvasundiududa

4.1.1  n19IATIERME Fourier transform infrared spectroscopy (FTIR) Wag Raman
spectroscopy (Raman)
Tumsdieneilassaamaaivonitududauazoyiusvonidududn 2214 FTIR

spectroscopy Way Raman spectroscopy. Usgnaufiuiiieannnnise1umna | uesnauwnas

Mldvunlaslulu Raman spectroscopy  agdunusiunasaulunsduresiusy Feagiian

YY)

whiufunasnungnaanaulasiiaslanuugly FTIR spectroscopy A3t Raman spectra
=% oo A v = A & ] a & & o v o oA A Ay
Jullanwazieasrdsmizoduduuiudeiueaziuiu FTIR spectra namfe uiaiill
Usinguseusingegalidaiauly FTIR spectra 91938Us1ngly Raman spectra ladniau

A1 [25]

(%
0w a a

- wuauEn (linseed oil : LO)
diaudaduansuszneulsuanlasnawelse  (tri-elyceride) ﬁﬁﬂmmlﬂﬁuﬁaqq
uazannsninUfizenldneesniusealulassaaliianaiinnadeshenisiin
UfATen Fsamnsadndsuidaslassaiisnanaldognsainvas Tag FTIR uaz Raman

A PN
spectra UOIUNIUAUANIZ ARSI UNINT 4.1

1650 ; C=C st.
FTIR T
b | 7 7
- . Pl
TN v i 1= o
OV - or. T Al
A 2 i o O
N8 O T . T
S <31 B2, o
o o N < o N
ok 9 ~ f O )
& i Q N
Raman L s — T~
|||||I|||v||I|||||I||||v|vI|v||||I|||||

4000 3400 2800 2200 1(?00 1000 400
Wavenumber (cm™)

AT 4.1 FTIR wag Raman spectra 9a3insiududn
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RNNNMT 4.1 Raenanwalvesunsiududadfglu FTIR way Raman spectra taun

=C-H stretching NavaduyUszaa 3020 cm’?
C-H stretching NavAaulsza 3000 - 2800 cm'™
C=0 stretching NavAduUszaad 1720 cm’™
C=C stretching NavaduyUszad 1650 cm’
C-H bending Mavaauuszun 1500, 1450 cm™
C-O stretching NavAduUszaI 1300 - 1100 cm'™
Cis-HC=CH- stretching MavpduUszau 720 cmn™
(@] (@]
Jj\/\/\/\/\/\:/\/A JW/\/:\
o o Saponification O
A~~~
o 0 Esterification QOH
OJ\/\/\/\/\/\/\/\=/ OH
Linseed oil (LO) Mono-glyceride linseed oil (MLO)
O O o)
JJ\/\/\/\/\/E/\/=\ Jj\/\/\/\/\/\7/\/u\
© 0 Epoxidation © 0 o)
—_—
N N OJ’\/\/\/\W/\_,/\_,/\/
O ©] (0] (@] O
OJ\/\/\/\/\/\/\/\—_/ OW/
Linseed oil (LO) Epoxidized linseed oil (ELO)
o} O 0
S NN AN J’\/\/\/\/\/\7/\/“\
O Epoxidation © o
_—
OH OH
OH OH
Mono-glyceride linseed oil (MLO) Epoxidized mono-glyceride linseed oil (EMLO)

A7 4.2 1A aNIeiivatan SRRz aiusae 9 Yanidiuaudn

1%
o w

- Tulundwelsairdududa (mono-glyceride linseed oil : MLO)

v '
U ]

llunfwelsiuhdududannseuldanmsuenluanarendivesea  uazluanaves

nsaludiueanainiu ntudadiensaluiuninuiseiundweseadnass Tnearunulv

a

Aeudisenduwuy 1 @ 1 dsdulassassluanalulundwelsdinfiuaudnidivglansen-

a = = ! [ ! ! & o L ! d’J ! 901 U
Favesndweseamasagnslulaswaing uinylaidudsnaniaglivsngluluanavesidu

a A

Audeidulnsnawalsd A915ulAs9as191aeTleaInA 1IN 4.2 Wa15au0 FTIR kay Raman

1%
=

Y voa o = = o = s 6 o a Y PN
spectra m@ﬁu’]muaua@L‘Ui?J‘UWlEJ‘Uﬂ‘UIiJIUﬂaL%@li@u’]ﬂuaua@l@"ﬂqﬂﬂqw% 4.3



(a)
LO V W
U]
9]
c
(L]
E
£
(%]
5 O
= ML .
< %
I
@)
o
(@)
LN
o
||||YI|||||I|||||I|||||I|||||I|||||
I I I I I
4000 3400 2800 2200 1600 1000 400
Wavenumber (cm™)
(b) “ 8 |4
.= £ 9 0
S 289
o 1l t o o
2 S YR 32
C ) N —
9 o N~
o . - A
c . J |
©
S
)
o
MLO ;\ A
,,,,,,, e -
|||||I|||'||I|||||I||||‘|¢I||W||I|||||
I I I I I
4000 3400 2800 2200 1600 1000 400

Wavenumber (cm™)

AN 4.3 Spectra YosuNuaUEn (LO) wazlulundlwalsnundududa (MLO)

(a) FTIR spectra wag (b) Raman spectra

36
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1%
v a o w

al' 1 v Y] 6 1 S a a 2
NN 4.3 %LM‘lﬂMWWﬂL@ﬂﬁﬂHﬁUG}N 9 GﬂaﬂuqlluauaﬂLLainJIUﬂﬁL"?jalﬁﬂuf]ﬂJ

a o A v = o 44' =
auﬁ(’ﬂu FTIR e Raman spectra VTUANWYUSVAFIYATINUNIN Lu@ﬁ"ﬂqﬂIUﬂqiLmiﬁJN

(% [%
v oa a o

Tlundwelsdnifududetuy  andudissnsandadiuszninduanaveindweseauaznin

(%

Tvsiuaavingy (lwsndwelsalidadiuseminandwaseasonsalusiudu 1 : 3) saiuiafans

nanwaln1e 9 veshdududauarlulundwelsnunduiudndedsnunilounn unneaiies

= =

Tulundwelsandiuauds aziiiausngIuitavaaulszana 3500 cm? Fawansdaiusy

= 0 a a A 1 | = a §0 o a o Y
O-H mamﬂamaﬂ%wLwam’maqﬁummuﬂaL?jaiaaiuimLaqahﬂuﬂaL%iimu’muauam 9N

(%
Y ¥

wandlun g 4.3 (a) uenIlleae Raman spectroscopy tuliiusngiinnenaiau Tunind

'
=

4.3 (b) fnluaresauuanisvestnsduuilaiinvewyilaiduay 9 WenIsuiey

(%
o a [

1 1 g U a = a & o a d'
AMUWANAN9SEITuALdEtazllundmelsnundududn sakandlunisnen 4.1

MI57 4.1 Snsraruiunlananig 9 lu Raman spectra vagungiuaudn (LO) waz

Tulundwelsauniududs (MLO)

Peak area ratio
Bond
LO MLO
C-H/C-O 38.0 28.7
C=C/C-0 4.8 4.5
=C-H/C-O 2.3 1.6
C=0/C-O 0.6 0.4

d' d' d' %,’ U a o I a e‘goj v a | [ |
NA5199 4.1 Wewdsutnduauaadulilundwelsaindududnasnuinonsiaiu

X Ay va = v &
Punlanaves C-H/C-O C=C/C-O =C-H/C-O way C=0/C-O 2¢anad TIaAIbAALIN

(%
%

angldluanadiuidulalasasveuaeenanas  eananmswsenlulundwelsauniiy

LY a

audnazauaulinsaluduiaujiseneamesiieduiundweseawuy 1 : 1 setuduidu

1%
§ 0 w a a a

lalasmsusuasldenvesiulundwelsadududnasiitesninluiniududn 9nwas1 9
o A ! v P o v | a a ¢ 8 v a o 'Y} ¢ v

HINNAIUNT9AU Flmuinnswseululundwelsnindududnannnisadunsiziinng
NSEUIUNSHRANDITLATUSEUININADToakaNIAMAY  (direct esterification) Usau

°o &
Wagb3
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v
0w a Aa Aa

- WiuAudndiendlad (Epoxidized linseed oil : ELO)

1
aaa a a v o

P va o aa Al s ° & v a o = d'
uqﬂuauaﬂawaﬂsﬂﬂemmiﬂﬂiﬂqﬂﬂ'ﬁ'V]'ﬁJQﬂiﬂqﬂwaﬂ‘ﬂLﬂsﬁuﬂJaﬂuqﬂJuauaﬂ Wwallasu

1%
Y ! 0w a a &

Wuszg (C=0) lulmanavenhiududadunydienles (wandlassasimaailunmi 4.2)
Welihdududadanudutuiivunnty  deduiuszalulassadsluanavesiduiudnee
anas aalandlun iy 4.4 fadu FTIR wag Raman spectra apstsiududaussuiisunu
P va o aa al L4
Wnslududndnendlad

AT 4.4 szirulainfinfiavaiulszana 3010 1650 was720 cm Ypsungiy

qudn Fawansdaiuse =C-H C=C way cis-CH=CH sudsu dzilAanasilavinujisen

1%
o w a

ac a v x (] a 1 - A [ « Y Y

sonduluidudendlad lesnnisidsuilasesiusealunsaludulaidusily
Tuanavenhiududaludunddienles Gsdunaldainfiaiiusngiuuinaiavaiulszana
820 cm’ veuhffududndiendlad Suuansiiniusy C-O-C MAnTu [26] Tawause

NITUINANITIATILINTIUTUIULAINA1S197 4.2

MITNT 4.2 Srsrarununlananig o Tu FTIR 4@z Raman spectra vosunsiuaudn (LO) waz

ynifududndnendlad (ELO)

Peak area ratio
Bond FTIR Raman
LO ELO LO ELO
cis-HC=CH-/C=0 0.8 0.3 - -
C=C/C=0 0.1 0.0 8.1 3.2
=C-H/C=0 0.2 0.1 3.9 0.5
C-0-C/C=0 0.0 0.1 0.0 0.3

PNMTNT 42 wusesiauiuildfavesiusy  cis-HC=CH-/C=0 C=C/C=0

a

way =C-H/C=0 aziranas Wawdsuinsuaudaduiisuadudadiendlad Tunianduiuay
PNUIBRTIEILNUN A RAVDINUSE C-O-C/C=0 Haniudu  Fs8udulainnisilasuniusye
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aManuan n.1 dayaldannisfnwinsiindndududauazayiusvesniuauda

11 deayannmvadeuandinisiulsins

ANSIHUIN N.1-1 NANITNAFDUANURANITTULSIAIUD9TUIN UL TS IunaafnMAuasuhu

AR 9 NBUNITAAAINAY

Additives Modulus Tensile strength % Elongation at

content (MPa) (MPa) break
TPS30

0 wt.% 158.83 + 2.84 13.44 + 1.28 9.10 + 1.06
TPS30 LO

1 wt.% 152.71 + 4.77 13.17 + 0.85 9.22 + 0.81

3 wt.% 145.14 + 7.92 9.82 + 0.66 7.93 + 0.54

5 wt.% 12197 £ 3.78 7.25+0.80 6.40 + 0.79

7 wt.% 107.65 + 5.86 6.23 + 0.26 6.58 + 0.57
TPS30_MLO

1 wt.% 133.81 + 6.18 11.34 + 0.22 12.32 + 1.09

3 wt.% 131.95 + 5.48 9.75 + 0.38 8.40 + 0.36

5 wt.% 119.48 + 3.30 9.29 + 0.42 9.33 + 0.45

7 wt.% 94.71 + 3.37 5.55 4 0.46 735+ 1.13
TPS30_ELO

1 wt.% 202.34 £ 3.05 15.42 £0.75 8.04 + 0.49

3 wt.% 229.84 + 17.04 14.41 + 1.06 6.73 + 0.61

5 wt.% 220.44 + 8.70 12.83 + 0.42 6.14 + 0.29

7 wt.% 230.04 + 3.77 9.54 + 0.71 4.40 + 0.38
TPS30_EMLO

1 wt.% 215.83+8.98 12.05 £ 0.48 6.15 + 0.46

3 wt.% 186.30+8.31 10.49 + 0.49 6.48 + 0.22

5 wt.% 167.51+£5.76 9.64 + 0.22 7.50 + 1.11

7 wt.% 121.95+4.16 7.16 + 0.32 5.68 + 0.64

*Foyalunsnuandluzuresen

Average + SD.




ANSIHUIN N.1-2 NANITNAFDUANURANITTULSIAIUD9TUIN UL TS IunaafnMiuaiswiy

WAANT 6] MHINTANANNAUTANIZANUTUENWS 54 % 1Tunian 24 Fu

Additives Modulus Tensile strength % Elongation at

content (MPa) (MPa) break
TPS30

0 wt.% 7.52 +0.02 2.24 + 0.07 113.51 +3.04
TPS30 LO

1 wt.% 7.43 + 0.39 2.28 + 0.08 120.67 + 4.33

3 wt.% 6.93 +0.22 2.14 +£0.08 115.25 + 8.40

5 wt.% 6.87 + 0.38 1.92 £ 0.03 86.31 + 4.89

7 wt.% 7.02 £ 0.15 1.53 +£0.12 61.94 + 3.72
TPS30_MLO

1 wt.% 8.30 = 0.52 2.34 + 0.05 114.20 + 6.94

3 wt.% 7.76 + 0.18 1.98 £ 0.04 82.11 £ 4.52

5 wt.% 7.51.+0.30 1.79 £ 0.10 71.76 + 13.40

7 wt.% 6.93 +0.17 1.17 + 0.06 32.37 + 2.19
TPS30 ELO

1 wt.% 10.02 + 0.00 2.15+ 0.00 74.18 + 0.00

3 wt.% 8.99 + 0.09 1.86 + 0.07 52.03 + 3.07

5 wt.% 8.72 + 0.33 1.50+ 0.23 36.80 + 7.57

7 wt.% 8.33 + 0.70 1.48 £ 0.18 38.23 + 7.65
TPS30_EMLO

1 wt.% 10.96 + 0.13 2.04 + 0.06 47.33 + 352

3 wt.% 8.04 + 0.05 1.78 £ 0.10 45.64 + 3.75

5 wt.% 7.86 = 0.72 1.71 + 0.07 43.31 + 0.48

7 wt.% 7.12+0.23 1.23 +0.08 30.05 + 2.34

*JoyatunsuanduzUvosen

Average + SD.
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12 deyanminadeuautinisFuksanszumn

ATNUIN N.1-3 HAN1TVAGDUANTRNIISULTINTZUNAURITUNULT e slunaafn i@y

a ' 1 1 [ dy A d’lj v v 6 < [y
AITANLAIAN ] NBULAZURINTITANAITUYUNANTICANUYUTNNNT 54 % wUuan 24 U

Impact strength (kJ/m?)
Additive content
Before moisture absorption | After moisture absorption
TPS30
0 wt.% 6.35 + 0.29 19.40 + 0.26
TPS30 LO
1 wt.% 3.03 + 0.31 18.43 + 0.15
3 wt.% 2.84 + 0.32 18.50 + 1.86
5 wt.% 1.63 £ 0.10 15.38 + 0.47
7 wt.% 2.15+0.70 13.43 + 1.41
TPS30_MLO
1 wt.% 3.06 + 0.95 21.21 + 2.09
3 wt.% 4.83 + 1.61 17.17 + 0.17
5 wt.% 3.09 + 0.52 15.77 + 0.68
7 wt.% 2.49 + 0.26 17.55 + 1.64
TPS30_ELO
1 wt.% 4.63 + 0.91 23.39 + 0.25
3 wt.% 6.09 + 0.37 2241 + 1.68
5 wt.% 461 +1.54 18.78 + 0.99
7 wt.% 3.12 +£0.42 18.89 + 1.68
TPS30_EMLO
1 wt.% 453 +0.33 24.26 + 0.62
3 wt.% 6.50 + 0.48 21.53 £ 0.71
5 wt.% 5.49 + 0.43 20.23 + 1.01
7 wt.% 351 +0.75 18.29 + 0.38

*Joyalumsnuanddusuvesdn  Average + SD.
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ManuaIn n.2 dayaildannnisAinemsinfauiafeunliuaudauazeywusvasingiv

Audn

n.2.1  dayanisiedeuiiutaneslunatafinseuniufudauareyiusvesiiluiudn

(% (%
[ [

nsedeuiilagnisiiedunuguaduamsadouy 3 Ast aSwazUssinn 23
eival] nuuInheeniviiuuasuiuidliluediawmesNigannansumuANALTY

neludunan 24 Falus lngimtinvesasinfiouNinuuTuuglaaINAIseKLIN 1.2-1

ANSIHUIN N.2-1 ANUNNUNIARALYDITUITUNDU-NEINISHAFDU WazUVUNlnRAeYDq

A5 ARBUUURITUIY

fsedeu | vvtndunudewadeu | tudndunuvdsadeu | dwmidnaisiadeu
LO 3.5856 g. 3.5951 g. 0.0096 g.
MLO 35856 g. 35048 ¢. 0.0092 g.
ELO 3.5856 ¢. 3.6435 g. 0.0579 g.
EMLO 3.5856 ¢. 3.6226 . 0.0370 g.
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MITNHUIN N.2-2 KANTNAFBUNITAAANNTUYBILTLneslunaaRnindouRnIensiy

dudnvosyiusvesiiududafianeanududuivng 54 % Wuna 9 Tu

Times (days)

% Moisture absorption

TPS30 LO coated | MLO coated | ELO coated | EMLO coated
0 0.00 £ 0.00 | 0.00 + 0.00 | 0.00 + 0.00 | 0.00 £ 0.00 | 0.00 + 0.00
1 193 +0.04 198 +0.04 | 1.98+0.02 | 1.91 +0.02 1.99 + 0.09
2 3.19 £ 0.06 | 3.28 +0.10 | 330 +0.06 | 3.17 +0.04 | 3.32+0.12
3 402 +0.07|4.13+0.12| 414 +0.08 | 3.98+0.08 | 4.16 +0.16
4 486 +0.08 499 +0.14 | 497 +£0.10 | 479+£0.12 | 500 +0.21
5 570 +0.10 | 584 £+ 0.17 | 580+ 0.12 | 560 + 0.17 | 5.84 +0.27
6 6.72 £0.11 [ 6.78 + 0.16 | 6.78 +0.12 | 6.56 + 0.16 | 6.79 + 0.26
7 735+ 0.12{735+021| 734 +0.11 | 710+ 0.14 | 7.27 +0.12
8 7.85+0.11 {781 +0.17| 781 +0.11 [ 7.56+0.14 | 7.73+0.11
9 8.23+£0.08 815+ 0.11 | 817 +£0.07 | 791 +0.15 8.07 = 0.07

*JoyalunsuanduzUvasen

Average + SD.
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AITNUIN N.2-3 HAN1TVNAGDUANURNITTULTIRBsuuLlanesiunatafn e o uRy

AILEAITHAN 9 NBUNITANAINYY

Coating agent

Modulus (MPa)

Tensile strength (MPa)

% Elongation at break

None (TPS30) 178.73 £ 1.83 1495 + 0.43 12.13 £ 1.35
LO 183.79 £ 5.23 15.44 + 0.23 10.70 + 0.36
MLO 178.93 £ 1.59 12.34 + 3.78 7.87 + 2.80
ELO 179.34 + 14.34 14.20 + 2.66 9.47 +2.64
EMLO 188.83 £ 4.19 16.51 + 1.46 10.33 + 1.18

*JoyatunsuanduzUrose

Average + SD.

ANSIHUIN N.2-4 NANISNAFDVANTRANITTULS IR UL T unaslunaafniadauin

FIBENIAN o) NHINTAARNNIUNANIIZAMUTUSUINS 54 % LTuan 24 Fu

Coating agent

Modulus (MPa)

Tensile strength (MPa)

% Elongation at break

None (TPS30) 752 +1.02 2.24 + 0.22 11351 £ 3.11
LO 7.92 + 1.06 239 +0.14 109.11 + 10.86
MLO 9.10.+ 0.51 2.48 + 0.09 107.31 £ 17.77
ELO 9.08 +0.63 263+ 0.14 108.02 £+ 1.69
EMLO 8.91 + 0.38 253 + 0.09 107.36 + 8.13

*Joyaltunsuanduzuvosen

Average + SD.
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n.2.4  UayadInMsnageuanUAnITTuLIINTEWIN

ATNUIN N.2-5 HANITNAGDUANURNITTULTINTZUNNVRITUNULTMeslunaa@nd

A a v J 1 [ & A X o o o« )
LARBUNINIYEAITINI 9 ﬂE]‘LlLLﬁSWﬁQﬂ’]i@J@ﬂ')’]QJ%UWﬁﬂ?’)gﬂ’l’m%‘uaNWWﬁ 54 9% wJunan 24

[y

U
Impact strength (KJ/m?)
Coating agent
Before moisture absorption After moisture absorption

No (TPS30) 4.67 +0.11 20.16 + 1.27
LO 3.68 +1.74 20.85 + 0.94

MLO 4.83 + 0.58 20.75 + 1.35

ELO 4.98 + 0.52 19.34 + 0.68
EMLO 462 +1.13 18.51 + 0.56

*Joyatunsuandluzuvesl  Average + SD.
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AAKUIN 2.1 N5UINTNYaIaNsRaauduldvesnanluasasauniely (Internal mixer)

iemuadliUsInaANuruILUuYasasneluiemaua - S1duazdosAnuium

1
S| o

Yrinvesansnazyinnsidlavesway  eeluanuddeiazmuunliasiiyasluivsuins

D 75 % vesUSunsieana FsanansamuiauSinauasang g neesduliiluduneunsi

1 AUIMANNUILUULAESILVB A TYIINUATIALLRY

DensityTotalz (Weight ratioS X Densitys) + (Weight ratio_ x DensityG)

Starch (S) : Density 1.4600 g/cm” : 70 weight %

Glycerol (G) . : Density 1.2570 g/cm? : 30 weight %
Densityo = (0.7 x 1.4600) + (0.3 x 1.2570) = 1.3991 g/cm”

2 AmutndnvesasnanuanazifuluiAs o

Weight, | = Volumeg smpe, X Ratio x Density.

Chamber volume with Roller blades : 50 cm?
Weightrga = 50 x 0.75 x 1.3991 = 52,4663 ¢.

3 AU NUNYDIEIS I AT TUN

Weight = Weight ratio. x Weight,

Weights, - = 0.7 x 52.4663 = 36.7264 g.
Weightgycerg(= 0.3x 52.4663 = 15.7399 g.

4 asolfvansiiuLsssdudesivtnvewdenaznawosoali

. Weight(S+G) Weight ratio, x Weight(S+G)
Volumey,,mper X Ratio = +
DensityTotal(S o Density
LU LA Linseed oil  : Density 0.9172 g/cm’ : 1 Weight %

Weight(S+G) . 0.01x Weight(S+G)

50 x 0.75 =
1.3991 09172

Weight(5+6) =51.68 <.
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Weightsn = 0.7 x 51.68 = 36.1760 q.
Weightgycerot = 0.3 X 51.68 = 15.5040 g.
Weightjnseeq ot = 0.01 x 51.68 = 0.5168 g.

AANWIN U.2 Mianilesidudlngluavemydiionledainnsin NMR

Tun1sm % lneluavesydiienleafiuaeunnannyiussgaunsadnalanngns

. Az 853,23
% Epoxide content = x100

RAs 29.5411A2853 23

1007 Aggssss AD NuTléiAlY [H-NMR spectra dauansdiangdionlad (-CHO)CH-)
As 20501 FO MUTETATL TH-NMR spectra Fauansdavafiusee (-CH=CH-)

WU H-NMR spectra vasthduaudndiondlad (ELO) Tunwi 4.9 qgil

Asgs53.23 =357+ 376 =1.33
As29-5.41 =0.70
7.33
% Epoxide content = ————x100 =91.28 %
0.70 +7.33

AIANWIN U.3 MIATLINNSEUANIINAAIILTY

Tunsmen % n1sgaauTuaIsaaIMlingns

v [ dwinfunundsgeanuiu-dvdnTusnutuey
% NIAAAINNTYU=

y ¥ - o x100
UIAUNTUIULIUAU

Wy Juaundaveslunaiain Sududmidn = 3.6862 n3u Lavlilod1uN13OAANLTY

Wuan 9 Su dmdn = 3.9863 nu

. (39863 -3.6862
% NINAAITNTU = (

) x100 = 8.1412 %
3.6862
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AANLIN V.4 NMsAuILUIaATduREn
USunauanadundnuse % Crystallinity @snsamuladlaainnsid XRD Tneiuiila
nsmAdududunslunmazuansdiauiinadmduedugiu (amorphous) wasiufilansm
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Abstract

Thermoplastic starch (TPS) is a bio-based and biodegradable polymer that
can be adjusted for various properties. Therefore, thermoplastic starch has tendency to
replace many petroleum-based polymers. However, one of the important weakness of
thermoplastic starch is moisture sensitivity. This paper aims to study the effect of
linseed oil (LO) and its mono-glyceride (MLO) with different concentrations on
moisture absorption and tensile properties of thermoplastic starch. MLO was
successfully synthesized by direct esterification reaction between glycerol and fatty
acids of LO by using NaOH as a catalyst. FTIR technique was used to characterize
the chemical structure of the prepared MLO. TPS sample was fabricated by melt
mixing and compression molding processes. TPS incorporating with LO or MLO
illustrated the lower moisture absorption than that of neat TPS. When compared with
neat TPS, the addition of 7 wt% of LO and MLO into TPS can decrease the moisture
adsorption value by approximately 12% and 9% respectively. However, the
hydrophobicity of LO and MLO leads to decrease in tensile strength, tensile modulus,
and elongation at break of oil-filled TPS. This phenomena may due to the influence of
the different polarity between LO or MLO and starch molecule.

Key Words: Thermoplastic starch, Linseed oil, Mono-glyceride

Introduction

Polymers from nature are widely studied to replace the synthetic polymer
materials produced from petroleum resources. Due to the current situation, almost
every activity in daily life have to use plastic. This implies a greater demand for
resources, but petroleum resources are unrenewable. Moreover, most of petroleum-
based polymers are non-biodegradable polymer, which may create a problem about
the waste and the environmental pollution. From these reasons, polymers from natural
are becoming more interested, because they made from renewable resources and most
of them are biodegradable.

Starch is a natural polymer that has a potential to be used as substitutes for
petroleum-based polymers. It is cheap and biodegradable. Starch is usually prepared
to be thermoplastic starch (TPS) by mixing with a common plasticizer. The
mechanical properties of TPS can be adjusted by varying amount and type of
plasticizer. However, one of the major weakness of TPS is a moisture sensitivity. The
molecular structure of starch and the most widely used plasticizer, i.e. glycerol,
contain the hydroxyl group, which can easily form hydrogen bonding with the
molecules of water. Water molecules can also act as plasticizers leading to reduce the
mechanical properties of TPS.

This research studies the effect of the addition of linseed oil (LO) and
mono-glyceride of linseed oil (MLO) on moisture adsorption and mechanical
properties of TPS. Triglyceride molecule contain both hydrophilic and hydrophobic
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parts. The hydrophilic part can interact with starch molecule, whereas the
hydrophobic part can prevent the penetration of water molecule into TPS. The fatty
acids in LO consist mainly of unsaturated fatty acids such as oleic acid, linoleic acid
and linolenic acid [Popa et al., 2012]. These double bonds in the fatty acids can also
reacted with oxygen and forming to the film coating on the surface of TPS, which
likely to affect moisture absorption and mechanical properties.

Objectives

1) To study the preparation of mono-glyceride of linseed oil

2) To study the effect of linseed oil and its mono-glyceride on moisture
absorption of thermoplastic starch

3) To study the effect of linseed oil and its mono-glyceride on tensile
properties of thermoplastic starch

Research Methodology

Materials

TPS was prepared by used the native cassava starch (Siam Quality Starch,
Thailand) as a main component and glycerol (UNIVAR, Australia) as a plasticizer.
Refined linseed oil (Winsor & Newton, UK) was used as additive. Analytical reagent
grade of sodium hydroxide (UNIVAR, Australia) and hydrochloric acid (QReC,
New Zealand) were used for preparation of fatty acid. Phosphoric acid (EMSURE,
Germany), petroleum ether (QReC, New Zealand), sodium sulphate anhydrous
(QReC, New Zealand) and sodium bicarbonate (UNTVAR, Australia) were used for
the purification process of MLO.

Preparation of mono-glyceride

Preparation of fatty acid from linseed oil

The saponification reaction of linseed oil was done in three-necked round
bottomed flask. to separate fatty acid soap and glycerol from. The reaction flask
contained linseed oil was heated to 90 °C. Sodium hydroxide was then poured into the
reaction flask. The amount of sodium hydroxide was based on the saponification
number of linseed oil (0.1358 g of NaOH/g of Oil) [Certified Lye™, 2018]. The
reaction was discontinued after 90 minutes and then the reaction mixture was poured
into separation flask. The upper-layer soap was kept and subsequently washed by
warm water for 2-3 times. Received soap was heated to 90 °C in the new three-necked
round bottomed flask. Then the 1.0 M hydrochloric acid solution was poured into the
reaction flask by a molar ratio of 1:1 with the soap. After 90 minutes, the reaction was
discontinued. The fatty acid was received after washing with water in separation flask
for removing excess HCI [Chadarat et al., 2009].

Preparation of mono-glyceride of linseed oil (MLO) by esterification of
Jfatty acid and glycerol
Fatty acid from linseed oil and 0.1% sodium hydroxide catalyst were
added to three-necked round bottomed flask. Then the flask was heated to 180 °C
(controlled with thermostat) and stir with magnetic stirrer. Preheated glycerol was
poured into the reaction flask by the molar ratio between fatty acid and glycerol was
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1:3. The reaction was carried out under nitrogen atmosphere for 6 hours. For
purification, NaOH catalyst was eliminated by using phosphoric acid. Subsequently,
the solution was dissolved in petroleum ether and washed unreacted glycerol by 20%
solution of sodium sulphate in water. The free fatty acid of LO was also removed the
by washing with small portions of sodium bicarbonate solution. The residue soap was
eliminated by washing with sodium sulphate solution. Anhydrous sodium sulphate
was used to remove water molecule from the solution. Finally, the purified MLO was
obtained by evaporating petroleum ether under vacuum oven [Choudhury, 1962].

Preparation of TPS with and without additives

Cassava starch was dried at 80 °C under vacuum oven for 24 hours. Then
starch was premixed with glycerol and additives (LO or MLO if required) at a weight
proportion of 70/30/1-7 in polypropylene bottle and then stored in LDPE bag for not
less than 12 hours. Afterwards, the premixed was added in the internal mixer
(Brabender, Germany) with two counter-rotating roller blade at 140 °C and 100 rpm
for 8 minutes. After mixing in the internal mixer, the sample was crushed by grinder.
Crushed TPS was compressed to obtain specimens that followed to ASTM D638
standard type V for tensile testing by hot-plate hydraulic press (Labtech Engineering,
Thailand) at 160 °C.

Characterizations

FTIR spectrometer (Bruker Vertex 70, Germany) was used to confirm the
chemical structures of LO and MLO. The infrared spetra were collected with a
resolution of 4 cm™! and averaging 32 scans in 4000-400 cm™ wave number range.

Specimens of each TPS formula that obtained by compression molding
were placed in the controlled environment desiccator at 50 % relative humidity (RH)
and measured the weight every 24 hours. Three data of moisture absorption in each
TPS formula were averaged. Moisture absorption was determined by

— %0 5 100

w
Moisture absorption =
Wo
where wo is the weight of sample before placed in desiccator.
w is the weight of sample after placed in desiccator at times.

Tensile strength, tensile modulus, and elongation at break of TPS
specimens were measured by universal testing machine (Instron 3300, USA) equipped
with a load cell of 5 kN. The specimens were dried at 60 °C for 24 hours by hot air
oven and after that stored in desiccator for not less than 40 hours before testing. The
rate of elongation was 1 mm/min. The results were averaged over at least 10
specimens of each TPS formula.
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Characterization of linseed oil and mono-glyceride from LO

The chemical reactions for preparing MLO are represented in scheme 1.
The FTIR spectra of LO and MLO are illustrated in Fig. 1. The spectrum of LO and
MLO are almost identical in every wave number. The characteristic absorption band
at 3009 cm™! corresponding to the alkene (cis = C-H) stretching vibrations, at 2926
cm™ and 2857 cm™ corresponding to the asymmetric and symmetric stretches of
methylene (-CHz) group respectively. Highest absorption band at 1744 cm™ was
assigned to ester C=0 stretching vibrations. The band at 1456 cm™ and 1374 cm!

corresponding to scissoring CH: and

symmetric CH3 deformation modes,

respectively. The band at 1238 cm™ and 1162 cm™' corresponding to C-O stretching
vibrations and C-O stretching bond. Finally the band at 720 cm™! corresponding to
-cis CH=CH- [Lewinska et al., 2015]. The only difference is absorption band about
3500 cm™!, which present to O-H group in the structure. FTIR spectra of MLO has a
peak at wave number 3532 cm™ but its none in LO that demonstrate success in
synthesis mono-glyceride of linseed oil with direct esterification method. The free
fatty acid is not presented in the synthesized MLO, since the absorbance peak at about
1710 em™! corresponding to carboxylic C=0 stretching vibrations was not observed.

(Linseed Qi : LO)

l NaOH

OH
E_—m oo, = = \
OH N?@:/U\/\/\/\/\/\/\/\/\

(Glycerol) (Soap)

S X

(Fatty acid)

HO

0.1 % NaOH l Glycerol

o
{ -
OH

x = .

(Mono-Glyceride)

Scheme 1 Flow chart for preparation of mono-glyceride
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Fig. 1 FTIR spectra of LO and MLO

Moisture absorption

The moisture absorption of all studied TPS specimens increased with time
and reached a relatively constant value around 15 days. Steady-state moisture
absorption of TPS with and without additives are shown in Fig. 2. The moisture
absorption of LO-added TPS is lower than that of neat TPS decreases and it
monotonically decreases with LO concentration in the specimen. The same
phenomenon also occurs with the addition of MLO. These result may be due to the
hydrophobic hydrocarbon chain of LO and MLO increased in hydrophobicity of TPS.
The interaction between TPS and water is thus reduced. Similar results have been
reported by Ghasemlou and coworkers [Ghasemlou et al., 2013], and Song and

coworkers [Song et al., 2018].
9.8

9.6 [m]
9.4

9.2
9.0

8.8

% Moisture absorption

8.6

84
0% 1% 3% 5% 7%
Additive content

-@-TPS30 -@-AddLO -A-AddMLO

Fig. 2 Steady-state moisture absorption of TPS with and without additives
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The moisture absorption of LO-added TPS is less than that of MLO-added
TPS at all concentration. This probably due to MLO molecule has two hydroxyl
groups and just one hydrophobic hydrocarbon chain, whereas LO molecule has three
hydrophobic hydrocarbon chain and three ester groups. Therefore, the incorporation
of LO, i.e. a higher hydrophobic molecule, into TPS shows less moisture sensitivity.
When compared with neat TPS, the addition of 7 wt% of LO and MLO into TPS can
decrease the moisture adsorption value by 11.9% and 8.7% respectively.

Mechanical properties

Tensile properties of TPS with and without additives are shown in Fig. 3.
When LO is added into TPS, the tensile modulus, tensile strength, and elongation at
break decrease with increasing LO content. This phenomenon probably due to the
difference of a polarity between linseed oil and starch which make heterogeneous
morphology. In addition, LO is in a form of liquid at room temperature which will be
present in the form of low-viscosity droplets dispersed in TPS matrix [Song et al.,
2018]. For that reason, the morphology of LO-added TPS is similar to a porous
material containing a liquid in a hole, so resulting in a decrease of tensile strength,
tensile modulus and elongation at break.

The same result is obtained in TPS with MLO addition. The structure of
MLO molecule has two polar hydroxyl groups and one non-polar hydrocarbon chain,
thus MLO will behave like a surfactant. Song and coworkers [Song et al., (2018)] also
found that the tensile strength and elongation at break decreased by incorporation of
Tween surfactant into corn and wheat starch film.

w16
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2 5 E E B
@ =t =i
i EEEE
= 0% 1% 3% 5% 7% 0% 1% 3% 5% 7%
Additives Content Additives Content
mTPS30 mAddLO #Add MLO mTPS30 ®mAddLO #Add MLO
w14
212 7
210 % .
HE FFP
S6 = E J s
i E EEE
: B EEE
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0% 1% 3% 5% 7%
Additives Content

=TPS30 =AddLO #Add MLO
Fig. 3 Tensile properties of TPS with and without additives

The 8th National and International Graduate Study Conference (NGSCRIGSC 2018) s217

" Thailand 4.0 Creative Innovation for Sustainable Development "



115

Conclusion

The mono-glyceride of linseed oil could be prepared with direct
esterification method by using 0.1% sodium hydroxide as a catalyst. The moisture
absorption of TPS decreased when increasing amount of added LO or MLO due to the
increment of the hydrophobicity of TPS. However, LO and MLO have a different
polarity with starch molecule. The tensile modulus, tensile strength, and elongation at
break of LO-added TPS and MLO-added TPS, therefore, are lower than those of neat
TPS.

Recommendations

Although the incorporation of LO or MLO into TPS could reduce the
moisture absorption, the mechanical properties of TPS with oil additive also
decreased. This may due to the difference in polarity of starch molecule and LO or
MLO molecule. In order to improve the compatibility between starch and LO or
MLO, the polarity mismatch should be alleviated. For example, the epoxidation of LO
can increase the polarity of LO. The polarity of this epoxidized vegetable oil will be
closed to starch molecule, which may lead to the increment of the mechanical
properties.
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