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Most of cling films for wrapping pallets used in the transportation are made from non-
biodegradable plastic linear low-density polyethylene (LLDPE) or multilayered PE, which are non-
biodegradable. The cling film is processed via the stretching process to increase the tensile
strength of cling film. This work focuses on the alternative compostable plastic poly(butylene
adipate-co-terephthalate), PBAT to replace LLDPE cling film. Therefore, the objective of this
research is to study the effect of Biomax® strong as cohesion adhesive on the film properties and
the influence of the batch and continuous stretching process on mechanical properties of PBAT
films and coefficient of friction between films surface. PBAT was mixed with Biomax® strong at 3
and 5 phr via internal mixer and compressed into films by compression molding. Tensile strength
and elongation at break of PBAT/B3 and PBAT/B5 were slightly decreased after addition of
Biomax® strong. After that, to improve the tensile strength, the stretching process was performed.
In this step, films were prepared. via cast film extruder and stretched in the batch stretching
process with 1.5,2 and 2.5 times. When stretching ratios increased, tensile strength of PBAT,
PBAT/B3 and PBAT/B5 increased but the elongation at break decreased. The optimal tensile
strength and elongation at break of stretched PBAT, PBAT/B3 and PBAT/B5 films were obtained at
stretching with 1.5 and 2 times. The coefficient of friction of unstretched PBAT was increased
from 0.58 to 2.75 when adding Biomax® strong and the coefficient of friction of stretched PBAT,
PBAT/B3 and PBAT/B5 increased with higher stretching ratios. The elasticity of films was increased
with higher stretching ratios. Finally, the stretching ratios of 1.5 and 2 times were choose to study
in the continuous stretching process in the industrial scale. The results showed that after
continuous stretching process, tensile strength, elongation at break and coefficient of friction of
PBAT/B3 and PBAT/B5 were in the requirement ranges at stretching with 1.5 and 2 times. From all
the results, we can summarize that PBAT/B3 and PBAT/B5 stretched at 1.5 and 2 times can

potentially be used as cling films.
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ALEIS LAY (1x, 1.5x%, 2x Wag 2.5x) a) PBAT, b) PBAT/B3 way c) PBAT/B5 31nn1Y

VIAFADU CYCLE TEST 1ottt enes 56

SUN 4.10 AINSAUAINSUTDINAL PBAT Wag PBAT M15in15LAN Biomax® strong AouLay

Y

NAIN1TANIARIBNTZUIUNTT batch stretching process MenNISAEA 1.5, 2 uag 2.5 L1270

ATETNTUTU (15X, 15K, 2X LAY 2.5K) oo 57



JUM 4.11 ArdudseAnsusadenniuvesilay PBAT uaz PBAT 713in15t#s Biomax® strong
NOULAZNEINITAIIAAIUNTZUIUNT batch stretching process Aun15AsEn 1.5, 2 Way 2.5
WINANAMUETVHIUAIU (1X, 15X, 2X AL 2.5X) e eeeeereeeeeeeeeeeeeeeeeeee e eeeee e eeeeee e s 58

al

JUM 4.12 Stress-strain curve ¥oaWlay PBAT uaz PBAT fifin151An Biomax® strong Aau
LAZNAINITAIBAAIBNTEUIUNIT continuous stretching process AIBA1TAEA 1.5 way 2
Lﬂ/iwmﬂmmmaﬁméfu (1x, 1.5x way 2x) a) PBAT, b) PBAT/B3 way c) PBAT/B5 31nAg

PIOBDU TONSILE TS Tttt et e et e et et e e et e e et e eee et e e et et eeaeeeees 61

=

5U7 4.13 Stress-strain curve ¥asW&y PBAT wag PBAT fifin151An Biomax® strong Aau
LAZNAINITAIBAAIBNTEUIUNIT continuous stretching process AIBA1TAEA 1.5 way 2
WNINALEISUAY (1x, 1.5x tlag 2X) a) PBAT, b) PBAT/B3 wag c) PBAT/B5 311N1S

AFDU CYCLE TEST oottt bt bbbttt bbbt enee 63

SUN 4.14 ANSAUAINSUTDST AN PBAT Lag PBAT WiiA15LAN Biomax® strong AouLLay

Y

NAIN1TAIBAAI8ATZUIUNIT continuous stretching process AI8nN15AIEA 1.5 Wag 2 W1

DINAMUYTITUAU (1X, LEX WL 2X) +orrirreetoerees oo osesessse e ssseseeessses s es e es e s eesses s 64

SUN 4.15 Aduuszandussideaniuvuesilan PBAT Wag PBAT #in151@L Biomax® strong

U

NOULATWAINITAIBAMIBNITZUIUNIT continuous stretching process fan1Asdna 1.5 Lay

2 WINAINAIIHNISTUAU (1K, 15X LAY 2X) v oo settiesostes oo eeeessseesssssssesseeeeseeeseseesesseeeesen 65



1.1 anudunuazaruddgassdym

[

Waumdenvsefaudauildlunisiendesianrseingeg uunanlunszuiuns

9

YUAIAUAIEIUNINNEANIIA WO ALDNAUAMIUNUIUUA T UEU %T0 linear low-density
polyethylene (LLDPE) dallunwedwesnliauisawnnaatsnisdaninls lnefidundan
LLDPE luvisanaianuindlan tensile strength aglluriauszana 35-40 MPa uag elongation

at break Ha1lannn11 250% [1-3] InedloSeuiisuiuandndananibuved LLDPE wuindl

[

A1 tensile strength waz elongation at break 41U 20 MPa way 500% m1uady [4] 3

a (3

suiituladnfldunden LLDPE difn tensile strength g9n31 wae elongation at break 71fni1

waneIfldumdenuulatin1siiunssuIun15UEIUNLAD nsBUIUNISASEATAY (stretching

¥ '
= =

process) ¥l tensile strength wasauARASA LLDPE Atsau tivadaeiunisuinvaslauds

[

ilminnisanuauveinaesianvsadnguunankasyiAnaNudsmevesdua luvue
yudsld TnawarafnfiaursagaraiilanisdannfifianUalndAeadu LLDPE Afe

poly(butylene adipate-co-terephthalate), PBAT HaflAq tensile strength Wae elongation

'
1 =

at break WU 35 MPa Lz 560% muanu [5] uazaniindAydnagranisvasilauadan

U a ¢

AfeAuaNIsalunsBnAnRaTEnI NN TIALAURINALTIA Haeanudsinisvenuvsesn

naesanmrioTngiiavynnsvudeasaseusesazaeviuladilduiivinnsvieriulidfianisiu

9

loavisenqreoenvesildy lngn13dafniivesilauialaain 2 avenan Ao NsAnaIsAY
ussdiauiiuntsinfin (cohesion additive) uaznisialiifinadn laeslumddedliisnaden
thansfuwdssiafiunsdadnulilunsuiuussansinisdafeivosiiduildanmanaming
aunsadarefaldvnadanm SedamuldanAduussaniusadenureaiidy uazfnen

ANSNAVDIASIANUNITEARANAINARDANURLTING INUUYNNITANWIDNTNAVDINTLUIUNT

Qo‘d‘l ! £

sEaduNdINanoauy

a a

ATanawazAduUseaNsuswdeaniuvesilaunlaannwaiaing

hO))Y

'
=) =

aan8@lan19T20n e llAo M USUIUNISRNEISIUNSEARALAE NS IEIUNITASE AT

wingauiumahluldlunmsvuguildunden



1.2 InQUszaAvaIUITY

A e a

121 iefnwdvdnanisiuasiuusssiafiunisdafnfidnaneaudfifinavedidy
Aasnwila Poly(butylene adipate-co-terephthalate), PBAT

122 ifefnwmavesasiiuuassiaiiunsdnfnidmanomduussansusadonniu
V997aNAdeN8s Poly(butylene adipate-co-terephthalate), PBAT

123 feAn®INTLTUIUNITIY sUNduAfanved Poly(butylene adipate-co-
terephthalate), PBAT #8052 UUN15AI8ALUTEUU batch tag continuous

process

1.3 YBULYALAZTDINNAVDINTUINY
131 WawaudhidnatasaiduUseansusudeaynuvesiidunded
132 mawdsndanedmeuaniionlulilunstusuiidundsiorlfiedosdadanuy
aﬂg@j (Co-rotating twin screw extruder)
133 msluguildurdsiausuieiinsmdedaia (Cast film extrusion)
1.3.4  AszUIuMInEailay (Stretching process)

1.3.5 Poly(butylene adipate-co-terephthalate) ¥4 ecoflex® F blend C1200
1.4 uNunISANLUIIUINY

1.4.1 ifmiawﬁaaﬂaﬁﬁﬂ AR LAZEDNANDIAUNTUARY

1.4.2  99NWUUKAZILAUNTERTUSIUITY

143  wiguansniluazgunsalfiieniuanide

be

144 eufiuddonvseendu 3 nousail

paudl 1 Anwin1swanluszuu batch mixing process LagdNdnavos Biomax®

strong #IaNURALTINNG

- AnwiAussdaluaissaunuula (Torque)
- Anwmnarduinisivaveswediuesuan (MF)
- Anwidnvaeniedugiuing1veanedfwesilaudlsmaila Scanning Electron

Microscope (SEM)



- AnwENURTNNAYINa AL DS HANAY Tensile test

¥

o = = als oA a a = A
ADUN 2 ﬁﬂ‘l?}']ﬂ'ﬁﬂslallLLaSGU‘UEUWﬁN&Lu53UUG]aLan LLa%aWﬁWﬁﬂﬁzUQUﬂqiﬂﬂﬁﬂ&[’u

o

3%UU batch stretching process MiinasioauiAiTng wagAdulseansusuduaniu

Y0IMEL PBAT wag PBAT 7ifinsufin Biomax® strong

AUl 3 ANWANUATINEG waLANEUUTEANOLIHFIANIUVBINAN PBAT way PBAT 7
= a . Y X =% A a s Y oA
n134#3 Biomax® strong AENT¥UIUNTTTUTUNALFEnTldumIgssuUsialiadly

JEAURAEMNTTH
1.4.5 1ATILVNANNIY

1.4.6 @3UNaN1539

1.4.7 S18997UKNAN5IVY

1.5 Uszlgminaninazlasu

1.5.1 gunsawmiey PBAT Rilinasiiuansiduusie Mwdizaulunstuguilaundsn

a a £

1.5.2 Wduadsnues PBAT Alladudseansusidoamumuizaudinsunisildlady
Hdurdanviavaanald

1.5.3 @nsorasidumdanainwaiainiaaiesalaniedanin
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ngufuazuidenineItas

2.1 Poly(butylene adipate-co-terephthalate), PBAT

g‘dﬁ 2.1 qmﬂmaa%ﬁwm Poly(butylene adipate-co-terephthalate), PBAT [6]

PBAT Janfuustnadindunanainianunsoaaedilinisdanim dadu aliphatic-
aromatic co-polyester fiduasrildanndlasidenniunssuiunisnedweslswduuuy
AU tne PBAT Usenausie 2 dau Wufe d1uved BT (butylene terephthalate) 3
AuLds uazdIuved BA (butylene adipate) Nilmaudangu (7] Ing PBAT @1u13n
UiudsuaniRidsnaldsuidounainuszneulfeduiudiazduiidangu wuddm
89 BT funntufezsiiilaseasicuas PBAT ﬁmmmmiaiumié"mmumil,ﬁa'g‘uLﬁmﬁuLLd
AMuaNITalunsdnauInanad Tunsndududadiu BA wanazyilinuaiunsatunisen

UVINGIRURAAINEINTALUNTIUMUNISEYIUanad WnevinluaudRves PBAT daan

1
o

ARNEATANU LDPE 19U dAaannsnlun1sgnauduaueings Audumunsideguan &
Audangugs wazrdu 9 iJudu villin PBAT Falunediwesnurunldveauwny LDPE lutlaqiu

masﬁu 8]

PBAT US¥# BASF Tneld3on19n158197 “Ecoflex” msusenldnaaouliin PBAT

=

aunsaaanssile 90% nawinisaanesneadinwidunal 80 Ju Fenndeutnunldlunay

Y

A v a o o vy a v a a XY Y
EJ@'V!@J'E]'TVH? qumamﬂ‘wmmmaawmlm‘m’mmmw LLa%I%LUuaWiLﬂa@‘UNQIWﬂ‘ULLﬂ':l

o¥

nszawiietaatunisgadulivenseny wazdadiel PBAT WWuesdusenauluilausiu
a o a6 w a Aedtveo o v & o 4 o a
aunIdlagildudugdunIdilatmunilvldduussadurions iwedudinsiaulaves

¥
IS 13 I3

AunIdtistneguaziusnyiomislauiugu [9] audfniluves Ecoflex uanins

AN 2.1 WaE ANSINN 2.2



A15197 2.1 audiluves ecoflex® F Blend C1200 [5]

Unit ecoflex®
Property Test Method
F Blend C1200
Mass density g/cm’ ISO 1183 1.25-1.27
Melt flow rate
g/ 10 min ISO 1133 27-49
MFR 190 °C, 2.16 kg
Melt volume rate
ml / 10 min ISO 1133 25-45
MVR 190 °C, 2.16 kg
Glass transition
°C DSC -30
temperature
Melting point °C DSC 110 - 120
Shore D hardness - SO 868 32
Vicat VST A/50 °C ISO 306 91

A15197 2.2 audRluvesiidY ecoflex® F Blend C1200 auvu 50 luaseu filgainnis

Lﬁﬁ%ugﬂ (5]

(Dyna Test)

ecoflex®
Property Unit Test Method
F Blend C1200
Transparency % ASTM D 1003 82
Tensile strength N/mm? ISO 527 35/44
Ultimate strength N/mm? ISO 527 36/45
Ultimate Elongation % ISO 527 560/710
Failure Energy
J/mm ISO 53373 24

UUILN a/b AB NANIIRIULUIVUIUAULASBS (machine direction, MD) / AANILUIUIN

AULASY (tranverse direction, TD)




2.2 @siAuussnaaLuas (Polymer aditives) [10, 11]

o = =

A5 ANLAINDALLDS A Yaausaansmiuasluiialdsullasaudfvanaduas

q

Tngansiduuasaz lditnluildsundaslassadediny 9 vsswedmes lneyiluansiiutmniais

- dmhdilgedeiiuseansam

- AeuanysnglianMEVRINTEUIUNINERANG 9

- seudiusnelaaniiznislyanu

- gesliifnnisand (bleeding) uay blooming

- gesluifuivuayldiiiinsansenay, FolisIAgN
- pedlivihlvrudRneduesideld

arsiinudeandngnidantdlunediues 1y warahluwes (plasticizen), a13dLHu

a

(filler), @asLAN AN BLATU LTS (reinforcement additives), @a15UsuUssaudaniny

o)

N
(surface properties modifiers) LALEISAIANINNIIAIINSDU (heat stabilizers) WWudu 1

=2

(% Y % (%
v

Hazniulunensusudpandaniuiivenedwes deasusuussaudaniuitul

[

U
wawﬁ’mqﬂizaqﬁﬁgmmﬁmml,ﬁammu nsanusndsan vioazdunisifiudseqlih
Tinunediwes Wudu
p

2.3 wsaduanau (Friction) wazduuszansusadaaniu (Coefficient of friction, COF)

usnAsani fo wswun1siedeuiiuuindudafiAntusewingng vieuseiidumuy
mim?iauﬁmaﬁmqiﬂuuﬁuﬂﬁuﬁa Tngusadeanivaiunsawusesndy 2 Ussian fe 1.
Dynamic or sliding friction force fg LmL?iammuﬁl,ﬁmLﬁ'ai’mqﬁmsmﬁauﬁ Fausadeaniu

Ussnnilagilninguadeuiitias auetavilningueais wag 2. Static friction Ao usuden

v o i a z:l' z:{'
MIUNAUNTUIANINDULNANTILARDUN [12]

lngfulsnilnasovunauasAirmevewsuduavu dleg 3 fwus sl

'
a Ao o

1. PIAVBALIHFEANIUTLBE TUUsTINUR U IduE (W Tddudaiuman

o a Y v | a |
GUG’IL\‘T]"\]%LﬂﬁEJ‘LJ‘I/]I@Q’]EJﬂ’J’]N’J?JENﬂEJUﬂiGWI‘U??JiS)



'
v v =

2. WIAVRIUSUFIANIUTURL AUTUIATDIULSIIVIAIRIN AUTURIEUNE Fausall
= ' v & v 3 o 9 a & I o g w = a1 a X
138091 normal force satiuniminvesinguiadu 2 Wi viliusadeanudaniugy 2

W DLAADUNUUNURAEINU

3. NANNNVDIULTIUFAMUILLTAN TV UAUNITLARDUTLEND
Motion Motion
Pushing
Pulling " force
Frictional Block force Block Frictional
force —ug—-1, -———® torce
Surface ‘ Surface

sUN 2.2 usudganuiinafuiie Tngiianisingeud [12]

[

AU sEAnsuInAsanu (Coefficient of friction, COF) fia N15TAUTHNVBILT
oA uiiilegsenineiiuiiaesiue Jlunudneuzvesiuriminsduda Wesndanus

[ '
Y a A a a [

ratinilanvagnuRanuenaiwinlreduU ssavsusadeanulunsasduane1aiy wu

)]

v

a £ = ! v & & a A W A
UUTEENTUTIUFYIANIUTENINEIITDIVUAIBNUNUABUNIANANINY 1.0 Iusﬂmg‘mﬂq

[
[y

a £ = i =1 d & A | @ o a £
UUSZANTULTAFYANIUTZWINY NIV INBAUNUATLLUDIUANNINUY 1.6 I@Uﬂqamﬂigﬂ‘mﬁ

= o ¥ N
wssdsamumuInlanaunIsi 2.1

frictional force, (f)

dun1si 2.1
normal force, (N)



A15197 2.3 fheenern Coefficient of static friction way Coefficient of kinetic friction

[13]
Material (dry Coefficient of Coefficient of
surfaces) Static Friction Kinetic Friction
Steel on Steel 0.74 0.57
Rubber on 1.0 - 4.0 0.6 - 0.85
Concrete
Rubber on Asphalt R 4 0.5-08
Aluminium on 061 0.47
Steel
Copper on Steel 9=3 0.36
Wood.on Wood 0.25-0.5 0.2
Glass on Glass 004 0.4
Teflon on Teflon 0.04 0.04
Cast Iron on Cast 11 0.15
lron

Inglusuidelimarduyssansusudsaniuvesilaumeis Sliding angle Asuanalu
sU
Y

#1 2.3 Ing1TngeuUTuluuaminsvdulsy plate IUTYNAURLITEUIVIUNTENS

Tgiinnislaa uaryuilalumwumean Coefficient of friction AsauNsN 2.2 [14, 15]

dunnsi 2.2

U Aa ANduUSTEVBI S EuANIU (Coefficient of friction)



.“»r

mgcos =N
o) Mg

;

mg sin 6

gﬂﬁ 2.3 nsnagau Sliding angle [14]

2.4 Wauda (Stretch film or stretch cling film)

A 1 (3

Stretch film w39 Waude Wuiaunatafnyliavilslungy Thermo plastic Hauds

'
A o w

wnsnddey Ao wiled la Banduas wararursanizindulaesdeslidesddniusou
a 4o a a6 A A a L 1
waaRnmisnsdeiaugaivargviauenluniaunislden wu PVC, PP, LLDPE uay LDPE Tu

nsNAnADinIsIRNE1sU 9 lesanideRaudnanisainizinduldlosarnnisiiuans

Y]

neRaaluyilinisldauldaglunisldvesnduam wenaniidelinsiiuasiuiedeily

va, ¢

wasuanLite s ununudenisluilasn s aileldisudenanindasilelnunasing diu

¥ Y Qs a6

Tngflugmannssuvudsingaziandulute “Haudawuntan”vieaisiiseonda “Stretch

A7) Y

%

. ) y U A a0 a o 1 A = as e 2
cling fitm” dndeuldlusuussatuvredudnlusdiaunn defsilduoenliieazusauiiudl

[ a

anvazAaeiinuegiuly Mlvdadalas lasmniznusaiuniandus efuaua

a v

antiasnidonduiiainuniien 3anuauaanlan wewatafnualdudn stretch film
dunnNanu191n LLDPE Wunanafinnguuilaves PE nusauseds aunsadalauinda 250
I3 &

a a v ! A Yy A o i
% Waﬂﬂﬂiu@aqﬂuaqmqﬂﬂqﬁﬁaqﬂLL‘U‘ULLa’JLLWQWﬁ']‘V]ﬂii@JVlLa@ﬂI% WBINTILUIUTELAN

YINENEAMNYAEINNTIANITARUALA 2 WU FB [16]

A4 A a

1. Hdudavudmiuenis drulngduidudaiingauiain PVC way LDPE o990

Y v v v P a & A A o
W@QﬂumaﬂU@qwqiLW@ﬂ']iUiIﬂﬂLuawaiJ"ﬂgiﬁillWTUEJ'J@J']ﬂUﬂ

a6 & A

2. WuBaviudmsunisvuas daulugdnluildudaindnunain LLDPE diniSeniuin

Adudaiunan 1o9anldaude wiawss Inen1siandivatakuuamIeiy WU kUuTIUuYUIe

aa

Anuse Hybrid film Inthndiaan 1-5 m wuuldiiofande Hand roll wuuihJunideldiu
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! ! IS é’ﬁ ! 4 1Y a a
agaunIviany IAnuvuinaus 12-30 luasew ntndeussunn 50 WuRlLng uazdnuuy
uadeldiedeadnslunisiuiidy

n1sdenldildugnvuedivanwaenisidauitsesnisldlugiuuulvu lnganilads
ANNENINTLUNITEART AUNUNIUABILSIAN ANNBAVEY duruaillvifenuinunglueg
A

fuanudeanslumsléau ddunideiazgaiuluiidudaiunianuuulddedaiesan

< A a Y v 1 ]

uniedldiuegraunsvang

2.5 nszuruMsBUgURANBaA [17-19]
nszUIUNMsTUsURaREauUseanlalu 2 35 Ae

2551  Blown stretch film 3o vertical process azvinsTuildudenszuIung
Blown film extrusion IngtmediueivaesiasiiuImenanan (circular die) fislvioasog
n3anans Wiewhlnedwesnasuidu bubble InganainiauazAImmuIves bubble 9t
ﬁﬁuaEJ'ﬁ"usummLé’whuﬁuéﬂmwmﬁammmau uazUiaasvesannely bubble Andnly
Tne bubble azdas q Busalurnisfignandssdulusimuugauounios aufisgnnaadia (nip
roll) ag bubble %Qﬂ%amasmﬁaaqmﬁ winding stations tilevinn1sn3adtaal iy

Y

WU an (flat film) waaianasduiiy Imaﬁiimﬂawﬁmﬁm%ﬁlﬁ%m pre-stretched 910
n1slau nip roll ﬁﬁulﬂmﬁmuu*umﬁaLﬂgaaLLaummmmw winding stations vinluaul
audRdanaiiatu Imﬂuﬂwﬁuma%ugﬂﬁ audarmeds blown stretch film aguszanas 20-
30%

2.5.2  Cast stretch film %38 Horizontal process ‘1/l°’m’1'§%u‘17\| auA28 cast film
extrusion lagvhnisuasunediesinasenuiwiu flat die enedweivasulvariiuesnin
271 flat die 9¢lnasenundagnnismaeifurinlinodiue suasubuiasesunniiiuay
wleieanunduilay Immiﬁa%LLazmwwmﬂéummmmuﬂuié’é’wmmL%suaaaﬂﬂga
suAulmsianusilunis extruded wodwesnasuaoni Imaiuﬂwuuuamusﬂﬂ Augn
P1875 cast stretch film 89 70-80%

IneUaflazdoidsvesiandna1nnszuIuns blown stretch film wag cast stretch

film WARIPIMISI9N 2.4
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A5147 2.4 Tefuazdaidsvesilduinain blown stretch film wag cast stretch film [17-
19]

d’! Y A v
N3TUIUNTVUSY 4o daidy
Blown stretch film AUNITEEN Haunladnugu
] 1Y) vl a o o A aa e
NUADUTITRQ LA fideedaiiondndueanain
1w
Suusalaas Hauvindtgilefanaeg
AILEIG
Cast stretch film Haunlanpiula NUABNITINZAN
AIUANAINVIUN IRE e
! a Y
VUAN15ANVIN AR
= a4  dae
deosuileaaildueanain
fiu

¢ A L4 ° 4 1 § A L

2.6 mmg’m%?\lauElwummwammmaﬁ\lauaﬂwuwuam

9

o

2.6.1 wnsgIUNAuBadudmIUieaImIs [20]

(3 S % 1

wan 1136-2559 A 41MI1F1UBAEMNTTUAAUEAUT001M1T Inelvaurignay

q

[

vazLdend Ay ¢ fall

YgUYEUBS UBN 1136-2536 Mviun ¥ia vuIakazinugiauAaIanfey Jan

anwENADINIG N1TUTTY LATBINIMLLATRATN N1ITNAIRE1UALINUNFAFTY waznIs
nageuTaNdniuvienms Fansgiuilaseunauanisidudaiuvoaivnsivivienedlia
maalsn wedlilianunaslsduasnediefau wuuldlefudlisiufsiaudaiureainsnly

Y

LY d{' LY [ wa A =2 av 9« a a ¢ A = o
AULASDITNTORLULR WeasannsAnwluauIdedun1snaniaugniuigiuann PBAT Fdl

9 eSS

auUfndnefiunediefaunuukiuidsealdunsguilunsiieudedls
a ale A = 1 a I a = =
Hevesilandnvieains vaneda uiunarainuuilaiiy 25 lulaswuns Naunsade
v a v v ' a o v ! < A Y o v Y |
warSndaifoanisiuvie wasinziniuiedls wiseanlu 2 Ussian e Mdmiuiuve

2157l wazdmiuguemslululasion anuniswesiidudessyylinaaininewuaiy
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AMUNA9LLAY 300 TaALUAST LNAUNIAINUARIALAADY + 3988% 4 WATAINUNINGLAY 300
TAALWAT NUTANUAIALAABUSEAY 5 AULYILALANUNUIYINRNEndallTpanINAN
seulinaann lnganunuivesildudesdiinausiaundoulaldiiu + 1 lulaswes lngvia

nanaannlynidudadeuduluaunssuliNaainias AoaN1unIsIASIE BNAAS s naan n

]

Y a a

PldfuomsmunInsgIuaYn wen. 656 A1in1siRndvoansiinuscsng q sxfaaludu
Nanusaduiaesly dnvainluvesilaugnassesBanduaniios ansainiziniueld
MNANAULTRINNANERN ARIUIIAIINTOUNNTDY LU BNVIA T88s0 TR8UAYIU FewUn
Uaou 1Wusy Aadnwaen 1 Ii@ndlaenadounnusiuusifia AnuBadiawin AuAuLsIEn
A hagAUlE Laneeennsedn 2.5 AuANlaendufesnsiae uiedIfunN1sAaTaIeves
a o dy = g IQI dl o U
a13tA3l UagANUADANEVBNLDNANARN WARIAINITNT 2.6 UALAITNN 2.7 ANNEINU N3
v 1% [y a d‘ (%) a = ' =] o o A < =
U5399R3UsTImg danvangauiedosiunisiinsestinyiu visesmidulanealunaide
AENITEU LATRINBLAZRAINTINABIUTIPOY NUBLFARILANIAY SNYT YIBLATBINUNY

wIssvazduase lUTlRIIUlAE AL TR YorANA S VA ANUNIIXEIIXAUT LHBUTT

[ o A

i AndsuieInunslY wastiorviviselssnunvivzanseignsAannzilou uagly

aa i v a ) A o vy v Y o
AsUNUUN1YIR U TSN A ﬁaﬂmﬂjquﬁuqﬂmiﬂﬂUﬂqﬂqlwEJ‘VlﬂTViu@VL'JSU']QWu EIJ‘V]']

(Y L3 k%

HanAugignanssuseslasulueua 1NN AMENITIUNITUINTIUNENTUNYAFIVNTTUE

WU

6 ¥ <

nIneae Ul FuEANIzfenuiIReslINgamgll 27« 2 aerwalded warAuy
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o o = a oA v a
A9 2.5 ANUANTULLTIAY AFNUEALUDYTIN AITUATULLIIRAVIA LLagﬂ'J'uﬂﬂ [20]

4 . inqudtiifnvua laitdasndn —
s78n159 ABENYIE Anadauny
PE PVC PVDC
AUATULSIAY MPa

1 SL‘HLLU’J“UM’WL@%‘IEN 30 20 60 ASTM D 882
TULLYASDS 15 10 60
Anudaiionn %

2 TULLNYUULAS DY 120 100 50 ASTM D 882
TN LRSS 250 150 50
AMUATULTIRNVIA MN

3 GLULLUTUU’IULQ%‘IBQ 200 100 a0 ASTM D 1992
TULLYASDS 500 100 40

1/ ASTM D 1003

il anula laidesnin % 89 91 90

Procedure A

& A % I

A15199 2.6 USUNdNsNarangoenunuas e ugnviuine1us [20]

51

Py T« LN
31801591 N1SNAFAY dsasaenldana .
TaiAiu
I NAL B YN SN -,
1 N % Unay 10 mg/dm?
wanlginuAsen
g13a%a8en1Uea 10% LAvdiulay
N 10 mg/dm’
U3ums
A1392A8NIALBTRAN 3% LAwdIulag
o 10 mg/dm’
. waseUiuIng®?
2 aamaeannnissevey .
asavaneevuea 20% Lavdiulng
_ 10 mg/dm’
U3ums®
a1savaneevuea 50% Lavdiulag
- 10 mg/dm’
U3ums®
o ¥ v o . * 50 mg/dm’
3 aananalalegldundy | unduieg®
** 50 mg/dm’
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dl 2 d‘ a6 = ¥ I 1
A15190 2.6 UStnauasiasangeeninvesilangnuviens (ne)

4 s o NaUTINAIMUA
s8N0 ANSNAGBU dnsazanenldann .
TaivAiu
Tangndn WHeuLdu | asazaionsawadnn 4% wmediulag
4 B _ 1 mg/dm?
i) Jsuns

wunewag arsavanefldadiaudazaiin I dusumilunismegeudsimaoannissemewas

[y

NILNAFDUAIL

(1)
(2)
(3)
(@)
(5)

*

*%

1%

WNee Faunuem s
Weda Funuemsiifingg

wneBaiunuemnsiifiueanesed

e shunuensidlasiuUssiavssiadi Wy thadn uneesua
vaneds shundownsitluududuassin Wy Tnsnim

ynei lnzussandmsulduonnsnly

nneia wnzdssandwisuldguoimslunnlulason

M19197 2.7 AudnvzsuauUaendgveullonatain [20]

. \ snauginIiua iy
5790159 ARIANEAIE
PE PVC PVDC
1| wem 100 100 100
2 WAL 100 100 100
3 WULSE - - 100
q Indnafiu - 50 -
5 Inseadanoan - 1000 -
6 Thilaraslsauousiues - 1 -
7 hildfunaslsn - - 6
8 WNLaRTIL 500" 1000? -
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[ L4 [

nueLAn deydnualwazansimiunAaduaunansiusall

- vnehe lifpandau

(1) wunede munansidangladiawnian

(2) Weds AuensYeEan 5 2 el la-(2-weiiaenda) wian lelelaludaun
a9 Lalelan@awnian ladvaunasiaziuudadnfannias

2.6.2 AAsFIURANTANUNILAN

Wesanlufinnsguiuandiiiueg1edaauisvhnisiiansanainunun Tensile

strength Wag elongation at break M1 technical data sheet ¥INaRAUNHANEARUNA

\av LLDPE wosane ¢ U3t tiethanlddumaasgiulunisssds

2.6.2.1 Technical data sheet Wauganuntan LLDPE 21nU59% Qingdao super
packaging Co., Ltd Wan31n LLDPE 100% WangaRun lanininunuifale 15-35 um dA7
tensile strength agjiuﬁaalaiﬁﬂﬂdw 37 MPa il elongation at break T#n1 250% Fauans

Tums197 2.8 [1]

A5197l 2.8 ANAIINMUA @ tensile strength ag eloneation at break vasildy LLDPE 910

US¥W Qingdao super packaging Co., Ltd [1]

Thickness Range Tensile Strength Elongation at Break
pm MPa > % >
15-17 37 250
18 - 20 38 300
21-25 39 300
26 - 30 a0 400

31-35 a1 450
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IS v

2.6.2.2 Technical data sheet Waugawun1Lan LLDPE 31nUS¥M FUJIAN YOU VI
GROUP \Junansauat Transparent stretch film #@néae LLDPE i elongation aanula way
11A1 tensile strength a4 lnenAndamiaiumun 20 + 2 um 161 tensile strength litiay

N7 25 MPa i elongation at break laisnin 350% Fauanslumsnsdi 2.9 [3]

A5t 2.9 ARULT A1 tensile strength Wag elongation at break ¥8s#&u LLDPE 910

Y59 FUJIAN YOU YI GROUP [3]

Thickness Tensile Strength Elongation at Break
Um MPa = % >
20+ 2 25 350

6 A v

2.6.2.3 Technical data sheet WanBaNUNILAN LLDPE stretch wrap film 371nUTEw

v
Y 1

Luban packing LLC Tagfl@21aunu1fauasua 17 - 30 um &A1 tensile strength 34 — 45

MPa uaz elongation at break lals1n37410 =600 % fauanslumsiedt 2.10 [2]

AN51991 2.10 AAILWUY #1 tensile strength W@z elongation at break ¥83¥as LLDPE

MNUTEN Luban packing LLC [2]

Thickness Range Tensile Strength Elongation at Break
um MPa %
17 34 410
20 39 450
23 a4 500
25 44.5 550

30 a5 600
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o

2.7 ueNNYIV09

3119143488909 J. A de Groot wazams [21] Wn1sAnwIdILUsTidenane
UsyAvBnnlunistusuresiiduda LLDPE #iugUriunszuaunis cast stretch film #aenns
VPavILUY Box-Behnken Tngvinniseenuuumsnaaesiitednymavessaudsn 3 6 fe air
gap, melt ternperature ua line speed fidiwaroUszansnnnisinsvesiidy LLDPE Tny
TuusazduUsazynisusuAsTmue 3 A1 9InTasvesiiuUsurasfwandunnsed 2.11

FIEUNTNDDNLUUDBNUATINUA 16 UV AIWERIlua1s197 2.12

A15199 2.11 rafaulavessnUsdasy [21]

SI Units English Units
Air gap 63.5-190.5 mm 25-75in
Melt temperature 260- 288 °C 500 - 550 °F
Line speed 183 - 305 rpm 600 - 1000 fpm

M135199 2.12 Processing, structure kavUoyaauUAmA1y 9 984 cast film AlAa1nnIs

2ONLLUUNITNAADY [21]

Melt
Air Gap Temperature Line Speed Load Force
Exp. Ult. Stretch T Unst. Cling
No. mm In. C F mpm fpm (%) N 1bf (g)
1 127 5 274 525 244 800 260 149 33.6 83
2 127 5 261 502 305 1000 235 152 34.1 67
3 127 5 259 498 183 600 257 143 32.1 86
4 127 5 286 547 183 600 297 137 30.9 99
5 127 5 288 551 305 1000 277 141 31.8 103
6 127 5 273 523 244 800 270 145 32.7 87
7 63.5 2.5 273 523 183 600 220 173 388 75
8 63.5 2.5 287 548 244 800 220 169 38.1 78
9 63.5 25 274 526 305 1000 205 191 42.9 55
10 63.5 2.5 261 501 244 800 195 196 44.0 52
11 127 5 272 522 244 800 265 150 33.7 77
12 190.5 7.5 287 548 244 800 305 131 294 114
13 190.5 7.5 273 524 183 600 305 132 29.6 86
14 190.5 7.5 274 525 305 1000 275 125 28.1 95
15 190.5 7.5 257 495 244 800 260 136 30.5 94
16 127 5 273 523 244 800 260 144 32.4 80

dioundeyaveny 16 MIneaeu AT smeluswnsuneada lagld ANOVA agld
A1AUKUTUTIU (variance) Aswanslunis1eil 2.13 wudiaudsninase ultimate stretch

WINTgARS air gap MUY melt temperature Uag Line speed Auafy Ingn1snaaey
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ultimate stretch 9gNA@8UAIY strain rate 3‘1\117% 1600 1/min NaU® 9 air gap, melt
temperature was line speed ifinasa ultimate stretch LLamﬁ&g‘Uﬁ 2.4 LLazgiJﬁ 2.5
WU air gap 63.5 mm (2.5 in), saungin1suasu 266 °C (500 °F) uag line speed 244
rom (800 fpom) &A1 ultimate stretch AU 195 % waziiniudy 305 % 7 air gap 191
mm (7.5 in), gauugiinisnasu 288 °C (550 °F) wae line speed 244 rpm (800 fom) Liiule

'
v 1 =

dnaudle air gap wag melt temperature WnIudINaliiaNaN1s0Rwe8eonlaNNDIUU
FedswanaUszansnmvesiauivieuunian 1esain ultimate stretch @u1safIianILan
Ialueswunnindelulagliiinnsunninuesiidn uallodinma line speed Aauandlu

JUN 2.5 19 line speed fiAintuagdsmainbvildudnoenliiosas

asneil 2.13 Analysis of variance (ANOVA) regression [21]

Sum of
Squares DF  F-Ratio P-Value

Ultimate stretch

A: Melt temp 2957.9 1 119.8 0.0000
B: Air gap 11974.3 1 484.9 0.0000
C: Line speed 1154.9 1 46.8 0.0000
BB 1142.9 1 46.3 0.0000
Total error 271.6 11 m— —

R-squared = .98; adjusted R-squared = 98

Load force

A: Melt temp 15.1 1 23.2 0.0010
B: Air gap 263.5 1 404.5 0.0000
C: Line speed 4.9 1 75 0.0229
AB 6 1 9.2 0.0141
BC 8.7 1 13.4 0.0053
BB 25.8 1 39.7 0.0001
Total error 5.9 9 — s

R-squared = .98; adjusted R-squared = .97

Unstretched cling

A: Melt temp 12478 1 40.5 0.0001
B: Air gap 2032.5 1 66 0.0000
C: Line speed 133.6 1 4.3 0.0639
BC 2174 1 7.1 0.024
AA 267 1 8.67 0.0147
Total error 308.1 10 — .

R-squared = .92; adjusted R-squared = .89
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- 191 (7.5)

Ultimate Stretch (%)
8

""""" + 140 (5.5)

..............
"""""

Air Gap mm (inches)

...............

277 (530)
Ilalt'l’om"c (°F)

288 (550)

gﬂﬁ 2.4 3-D surface plot 984 ultimate stretch fiflariduiu melt temperature Uag air
gap [21]

Ultimate Stretch (%)

Line Speed mpm (fpmxma)

JU# 2.5 3-D surface plot ¥84 ultimate stretch eduiu melt temperature uag line
speed [21]
pg19malin1siflanansavstefmusednlauindu Afewanuifnien1siu load
holding force leoaaslunisuiluienian Far1daya ANOVA (115197 2.13) wansliiii
I a a a 1 - [ . 14 .
318NoNaNEINaNB load force NgamaLUU air gap MIUAIY temperature kag line speed

1nenaues air gap, temperature wag line speed azdinane load force TuviAn19mTIAU
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AU ultimate stretch fananalugui 2.6 wag3ui 2.7 19 air sap wag temperature

WU load force agdiAanas wa line speed Lituagyinli load force 1l

151 (34) |

142 (32)

Load Force N (Ibf)

305 (10)

e N i wae
133(%0) by B FN257 Line Speed mpm (fpm x 107 )
o i, S

288 (550)

gﬂﬁ 2.6 3-D surface plot 984 load retention fifladdunes melt temperature Wag line

speed [21]

196 (44)

160 (36) |

Load Force N (lbs)

37 305 (10)

125 (28)

gﬂﬁ 2.7 3-D surface plot ¥84 load retention fiflerituves air gap Wa line speed [21]

Tnvaudfduiidfydeuszandamlunisventianass cast stretch films Ao
ANEINTALUNITEARARY (film surface cling) Auamnsalun1sdafnaunsavilalaeds
@13 tackifying agent 41 polybutene (PIB) #3ae1ailaglnasssuvnf (inherent) vasidin
resin fitu1vinfidu Tag inherent cling vasfiduBaasdauandrafuinnduogiu intrinsic

properties YA resin F391NTayaN153AI1¢% ANOVA Tum15139l 2.3 daudsiiinase
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ANaINIsalunsEafinuInigane air gap M1use melt temperature LBAIMY 2 {A1

[ a1 a

o X = a aj s av 1 = £ o N
sy anuauselunisBafnvesfiduiiliiunisiafasfidniutuduandusuil 2.8 lng

NISLANTUVY air gap kaw melt temperature 8198IKHAlY inherent cling ¥o¢3aqLAn

» 108
g
E’ 9
o
£
O 88f
®
§ of [LLTTIFIFHH
§ .............. 191 (7.5)
5 esf
140 (5.5)
i Air Gap mm (inches)
m(m ....... m,s. o®
Melt Temp C (°F) L

gﬂﬁ 2.8 3-D surface plot 983 unstretched cling filardniu melt temperature Wag air
gap [21]

1N91U398 G. M. Menally wagamy [22] vf”m']iﬁﬂwmmfmﬁﬂiuLaqaﬁuaq
polyisobutylene (PIB) Tidsrasaaudfnsdnfnvesildudnuiia Polyethylene nuie cling
strength :ﬁv-ﬁmm%mﬁaﬁmﬁﬂimaqaéuaa PIB 1Ay 100 (PW 1775), 300 (PW 1776) uag
1200 (PW 1777) ¢/mol g1y ilal3auiiioudy PIB fuastimiinlanana 300 fu 2100
g/mol (PW 1778; M,, 300+2100) i1 cling strength #ni1 PIB Aihimiinlanana 1200 us
il PIB ddnlaana 300+2100 Wevinisusfigamgd 45 0C v 3 $u fid cling
strength 0.3 N iaifisuiu PIB drwifnTaana 1200 fewsinfu 0.29 N iesainluids
wdvdmsliinanuiu 3-4 Yu uarlugaungigailildifeanudu fafufiduiiddesia
cling strength ﬁaw%’amﬁgﬂ%ﬁzﬂzLaaﬁguiuﬂﬂiLﬁmauﬂ’ami%amLﬁ@iﬁtﬁ@ﬂid%ﬁmaﬁqm
uaziilogdvdnavesgnmgiilunisuumuiy Lﬁaqquﬁiumﬁﬂmqﬁuﬁﬂﬁmié’wﬁmaa PIB

W7Radlen1anndudwalian cling strength RN
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0.4
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0.35

=
[

S
[
tn

&=
—-
n

Cling force (N)
=)
(3]

]

0 -

1

3 7 14 21
Time (days)

AU PW 1775 (M,, 100) [22]

28

S
~
h

S
T

Cling force (N)
=
%

3 7 14 21
Time (days)

28

B(40°C)

| | E25°C

045°C

2.9 navesEnMITLATIA N SUNTITINGRe cling strength was FidN ML2518FC Tina

| | W 400

m25c

| |O4s5°C

2.10 HavesANTITRAZLIANUNSULTITNGRS cling strencth vas &L ML2518FC fina

fiu PW 1776 (M,, 300) [22]
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0.4 —

=
i
tn

|
[

=)
w
\

=
b
h
|
[

| B ’7 ’7 | | ®a00)

0.2 ] @E25C
| | O45°C

0.15

Cling force (N)

0.1 7 ]

1 3 7 14 21 28

Time (days)

Ul 2.11 navesanzuaza luNsUNTENase cling strength ¥es du ML2518FC finas
fiu PW 1777 (M,, 1200) [22]

- I [ B || =00

d25C
| | O45°C

Cling force (N)
=
o
|

1 3 7 14 21 28
Time (days)

Ul 2.12 navesanmizuazalunsUaiinasie cling strength Y84 Fidu ML2518FC fina
flu PW 1778 (M,, 300+2100) [22]

NIIUIWVDI Yunjing Chen wazAuy [23] INN1IANYIBNENAVDISNTIAIUNITAY
fafifinase microstructure, auUANIIA LS o ULaraLTRATINav0 9 PLA/SIO,
nanocomposites AINIUN15AIBARIENSZUIUNIT uniaxial pre-stretching Tnavin1sindes
WNUTN PLA/SIO, nanocomposites TaeLiu SiO, nanoparticles 5 wt% uauasli PLA

g./l o t:’; < [l a v [} g ) | al
mﬂuumlﬂwgﬂL‘Uuumuwmaﬂizmumaﬂmamﬁuugﬂimaﬂmummﬂwmagw 1 mm
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Nt uRLEN PLA/SIO, nanocomposites Tuvnsasiiniisnstaunisiadia (PSR) i
0.5, 1.0, 1.5 wag 2.0 Inemuinfeaunisil 2.3 #1en35zuaunis uniaxial pre-stretching Tu
Q‘Uﬂiiﬁ high-low temperature environmental chamber maiﬁqmﬂqﬁ 60 °C ﬁ]’mﬁ?uif’l
LHUTN PLA/SIO, nanocomposites lunaasuani@idanaaingul 2.13 wudn PLASSIO,
nanocomposites NBUYIIN1IANBAAIBNIZUIUNT uniaxial pre-stretching AngAnITUNIT
LANFNLUY brittle Warnda1nyinisfsanuinfinginssunisuaniniddeuluann brittle
\Ju ductile lngglaainnisiiyn yield fifmau 3n15iAn necking srowth waziliia strain-
hardening Wiy ilavhnsisdeaitensdiunsisdnfiiinduasnuindia strain-hardening 7
FAunndu denavilidan stress Aigedu uvinli elongation at break Aoe q anas

Idl a U a U
LUEN?,JW"\]’]ﬂLﬂ@ﬂ']T’\]G’ILiENG]'JGﬂlILLU')LLN‘YJ@\TIZJL&Q@ PLA

PSR = (L/Lg) - 1 aun1si 2.3

18 L, wag L Ao gauge length 98908 19A0ULAL RAIASEN

Tuauzyinn1snagaunae tensile test @auiMaanaves PLA/SIO, nanocomposites

& A ' =

LanIRegUN 2.14 Wevin1shalianensadiunishalia (PSR) 0.5 wuinA1 elongation at

break fiAwingeUuAs 168% luazidganiuen Tensile strengthAfiAniinduguiieiu us

A modulus fifanaudntoswuldifiunisiasuulat devinisidafishsdiunsnada
Fiuduidunuingn elongation at break nauilandes o anas luvasd tensile strength
uaz modulus SR isdusgriulddn lngisovnmsisdaiisnnaiunisidngsan (PSR =
2.0) Wu1A1 tensile strength ey modulus fAfiutu9n 58.1 MPa waz 1,947 MPa \{u

101.6 hay 2,725 MPa Aua1nu
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(a) . Undraw
100 - L - =05
.' rd — -
. ¥ ' P 1.0
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.’y L T
g s A o e
@ ’Il
@ P 4 O e i, e
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B o
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Y.
D
0 T T T T T T T
0 2 4 6 8 10
Strain (%)

3‘1]17; 2.13 (a) N5 stress-strain wa4 PLA/SIO, nanocomposites ADULazaIN1TASEAAILY
ASTUIUNIS pre-stretching ﬁqquﬁ 60 °C (b) AN stress-strain a4 (a) AN strain
i [23]
flaifin elongation at break azilranasudftadigaia 56% Failmganinnniledisudy
PLA/SIO, nanocomposites ibirnun1s@aBa (elongation at break taenin 8%) wansli

Wi PLA/SIO, nanocomposites MIN1UN1IAIENI toughness ‘171’@&
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_—
0
S’

—=—PLA
—o—PLA/Swt% Si0,

—

n

=
1

100

Elongation at break (%)

=

: T T T ¥ T T
0.0 0.5 1.0 L5 2.0
Pre-stretching ratio

(b)2750 { —=—pPLA
—e— PLA/5Wt% SiO,

—~ 2500
)
s
~ 2250
»n
-
—
=
§ 2000

1750

T T T T T
0.0 0.5 1.0 15 2.0
Pre-stretching ratio

©)  Te—rra

100 —® PLA/SWL% SiO,

Tensile strength (MPa)

0.0 ' 015 ' 120 ' 115 2.0
Pre-atretching ratio

gﬂﬁ 2.14 n3luansrn (a) elongation at break (b) modulus wag (c) tensile strength U84

PLA wag PLA/SIO, nanocomposites NauLazainIsAIgnnIunszuIunisg pre-stretching %

gauvgi 60 °C [23]
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PNINednusuIgunan FUnsulsrasA [24] 31nn1sAnwINsUTUU s dRNISU
LSINTTUNNUDY PLA lagvinn1swan Biomax aslu PLA 15 phr lagfinisiduuaz i@
reactive agent 1n8 reactive agent lddo perkadox 14-40B-PD U3y 0.2 phriuizU‘U

a (% a a s . Y @ 1 P o a
N1suaNLUVTA IINFUFIWINE1VoINBAWBT PLA/Biomax kanslyiiiudnilaiin1swiy
perkadox 0.2 phr asludswarinlaanudnfiulasening PLA way Biomax Wniulauinau

N58ARNTENINRIATY welidINARDIINOUNIAYBY Biomax 11NTN

JUN 2.15 g ingweanefuesiuaudsenine PLA/Biomax filsannnisvngeuau Ui

AU UIsELs NSRS liRutesPn perkadox [24]
PnnsAnwIaNTREenanUIe modulus Sranandnifeeiieviinisiu perkadox
asluniswan uaddralitan tensile strength lag elongation at break fanfiuunniy e
Wisuieufiunisnaniilafinnsifiy perkadox wanein perkadox 0.2 phr Helausfidana

£

YDINSHANATITY
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2000 120
@ 100 o
— 1500 - <
g 2 o |
= 5
5 1000 - o 60
3 &
8 o 40 -
= 500 a
220 A
0 0
Neat PLA PLA/Biomax 15  PLA/Biomax 15 Neat PLA PLA/Biomax 15  PLA/Biomax 15
phr phr+per 0.2 phr phr phr+per 0.2 phr
50
g
s 60 A
m
o
[+a]
= 30 A
5
En 20 A
5
o 10 A
.1
0
Neat PLA PLA+Biomax 15  PLA+Biomax 15
phr phr+per 0.2 phr

glh?i 2.16 LLNuQ:ﬁLLamﬂ'W Modulus, Tensile strength a2 Elongation at break U84 Neat

PLA, PLA/Biomax Wag PLA/Biomax tA3l perkadox [24]
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unil 3
/ANTUNUITY
3.1 Fagitldluauide
3.1.1 Poly(butylene adipate-co-terephthalate), PBAT tn3n Ecoflex F Blend C1200
9INUIEN BASF chemical Uszinaanigowsni ddnwasidudinnandvnaiy Teamgiily

mwaamﬁﬂagjﬁ 110-120 asAwaidea awdl tensile strength 35 MPa tiaz elongation at

break 560% lAssaiauanafaguil 2.1

3.1.2 Biomax® Strong 120 (Ethylene Copolymer) a1nUS¥n DuPont™ 1¥u PLA
toughening modifier iéj%mmaumi’wﬁmﬂ Chemical Innovation Company Limited,
Uszinelne danwazidudna elastomer JUsdla wazdlasausenaudu Poly(ethylene-co-

acrylic acid) [25]

x - -y

31]‘17; 3.1 1A59a319 Biomax® strong 120 (Poly(ethylene-co-acrylic acid) [26]

3.2 A509daN I YluIIuIY

Y

3.2.1 1304 internal mixer §u MX 105-D40L50 13w Ladgyim $1dn Uszinelne

Y

3.2.2 w383 Compression Molding Machine 3 PR10-W300L350 9MnUTH Lasayyimil

11m Uszwelne

323 m%aé’m%‘mmuaﬂg@j (Co-rotating twin screw extruder) L/D = 40 §u HRJ-25

US®N ENMACH Co., LTD Usewneau

3.2.0 1A3098nIALHUTSL (Cast film extruder) §u LBE20-30/P 91nUTE™ Labtech

Engineering Usyindlne

3.2.5 Lﬂ%@ﬂ Uniaxial machine
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3.2.6 LATDINAABUNIIAYEA Universal Testing Machine 31 5969 21nuU3¥ Instron

Engineering Corporation Uizmﬂawiﬁ@uﬁm

3.2.7 \ATRMNAABUNIAIEA Universal Testing Machine 31 NRI-TS500-58 U358
WIUNSBUENIEIUN iin
3.2.8 wsemadaudytinisiua (Melt Flow Indexer) Ju Plastometer: MFR1 91nU3Ew

L3gyviA Uszinelng

329 nde49ansIAudLannsauwUudeInsIa (Field Emission Scanning Electron

Microscope, FESEM) 3u MIRAZ 91nU3#W TESCAN Useineians1sassguin
3.2.10 gunsaivaaeuMAANUSEAVE LI RAEANNY

3.2.11 1a3098n3aunuRlsy (Cast film extruder) 2anU3EM Modem Machinery Co.,

Inc.
3.2.12 1A3093a-Bnidu Heat Film [B3F-YM-AO7]
3.2.13 gaannasaadule roll cutting [B3F-YM-A08]

3.3 YUABUNITALEUIUIRY

(Y

o a 1 I ! &
ANTANUUNNUIZ UMY 3 @)U A9l

3.3.1 Anw1n1swaNlUsZUU batch mixing process LazdNSWaY8Y Biomax®

strong AoduUALITINavaINaN PBAT

3.3.1.1 M3wSeY PBAT wae PBAT fifn st Biomax® strong

a

3.3.1.1.1 vhn1seudln PBAT flgaunndl 60 svanwaided urian 24 42109 1

Y

Y]

vnslanudu antuyinn1sway PBAT 11U Biomax® Strong 120 vintiniidu

A19LANLAT TR cohesion additive AauUIuad 3 phr kag 5 phr TulA394 internal

a

mixer fauansluguN 3.2 Ngaumaiiniswau 130 ssrngaded wazdanuiiseuedly

Y

AIUNAY 100 SUMUTT tTUAaY 10 U9 laedndiuni1sNansenIng PBAT AU
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Biomax® strong kanslum1s1edl 3.1 ntuile nedimlesnaulaiaInsualielila

Winnaae ey

i

CX s

SUT 3.2 1309 internal mixer u/MX 105-D40L 50 nu3smiasayvien]

o

A197199 3.1 uansERdIUNNINANYDY PBAT Mlin15tAu Biomax® strong

PBAT Biomax® Strong
Samples
(Wt%) 120 (phr)
PBAT 100 -
PBAT/B3 100 3
PBAT/B5 100 5

3.3.1.1.2 mawssuuuvegeuliegludnvuzvesildunedweimefianed

wesildan 3.3.1.1 lnstfianeaiwosainde 3.3.1.1 (PBAT, PBAT/B3 uay PBAT/B5)

a a

JusUmsnTzUIUNITNABATNYARYN 160 miwaldva lawldliian pre-heat 4 Uil nau

Y 9 Y

n1snadaduiian 1 uidl Wilddnwazduidudaiiunuieglugae 300 um

lnguszana umazihludalieglusunssmundmualiluntsneaeuaudfldeng way

o a £ = = 9 A A N v
NINAFBUANFUUTZANTUIIALANIU LLaz‘U‘ug‘Uaﬂ‘UﬁwLL‘VI\‘lamaEJiqum (rectangular
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shape) LitounlUnageudugiuine Tngldaan pre-heat 7 uadl neuviinisnadadu

1387 2 W1 MELATee compression molding Aaanslugun 3.3

o

3U# 3.3 1A309 Compression molding $u PR10-W300L350 3nu3sniasayvieitl
3.3.1.2 NMSANHIENUNLYING WAZAIFUUSEANSHSWTIANIUVRINAY PBAT

way PBAT M13in151As Biomax® strong

3.3.1.2.1 n1sAnwIAsrinIsivaveswedesnal didianediuesnaunlaain

a

nszuIumMsNanluAIes Internal mixer ¥viinaseUNaamall 60 sarmwaideaiduiian

U

24 Flunienidanrudunsuinlunnasunlsiaios Melt Flow Indexer §u

Plastometer: MFRL nuS¥iaSeyviend dananslusun 3.4 lavanngildlunisvegey

Aol 190 aarwaldua wazliuminng 2:16 Alansu Muu1nsgIu ASTM D1238
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gﬂﬁ 3.4 1A309 Melt Flow Indexer U Plastometer: MFR1 9nUSeasayvia
3.3.1.2.2 N13ANIAN BUENIIEUFIUING1VINB AW BT HANAI8mATIA
Scanning Electron Microscope (SEM) I@aﬁﬂ%quuﬁ%ugﬂﬁﬂwmzLwiﬂ?im?iauﬁus’h
(rectangular shape) iudlululnsiaumen wdmelfzunuiniiednwiaudiuly
YDINITHAN FI8LAS0ASD Field Emission Scanning Electron Microscope, FESEM

$u MIRA3 99nU3¥W TESCAN fatiandluguil 3.5

gﬂﬁ 3.5 1A3049 Field Emission Scanning Electron Microscope, FESEM §'u MIRA3 910
USEN TESCAN

3.3.1.2.3 nsAnwaudRlanavesilaunie Tensile test Aa8LA389 Universal

Testing Machine U 5659 91AUS®¥M Instron Engineering Corporation ﬁﬂLLaﬂﬂugUﬁ
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3.6 ¥IN15eSeuTuuNaN IR Nz JuAmAsLRuIvLIn 1 x 6 97 Waryiinis

VAAOUAINNINTEIU ASTM-D882 Lngldlvian 5 kN fiednsin1shsdn 50 mm/min

31]17; 3.6 1A309 Universal Testing Machine §'u 5659 NUTHY Instron Engineering

Corporation

13

3.3.2 Anwnsuanuazdugunaulussuunaiiias uazdnswanszuiunishsgalussuy

batch stretching process NdinasoauuAldINg LazAFUU Iz aNSUTATYANIUYD

W&y PBAT waz PBAT fifinsifiu Biomax® strong
3.3.2.1 nMswseudianadiwas PBAT waz PBAT fifin1suiu Biomax® strong

nswisudanodmesuauiiourlulflun1sdugy cast film extrusion Tagyin
n1seuiiin PBAT figaumndl 60 ssanwaidea Wunan 24 $alus iftelannuduiiens
noliAnFAse i adesluszrinenssuaunsnay nduhnisuaudia PBAT fifinng
{Biyl Biomax® strong faunudnsadrufinanslunisned 3.1 wdniludnindeniodn
IAUUUANSA (twin-screw extrusier) 3U HRJ-25 31nUS¥WM Enmach Co., Ltd slauanslu
Ut 3.7 luanmzgaumniinisway 85 - 145 ssmisaifoa lnoswazidontasgamginig

U q

HANUEAII U971 3.2 é’aam’mL%aiauaﬂgmﬁﬁumswammﬁu 200 - 300 TOUADUN
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waznasdusieingungld 25 esmngaldod antudidunsdwesnauiliann
nszUIuMIonsaunshuvalmluteuiietrluunluiaies grinder Wasann PBAT dana

willeafireudsgaiiliaunsadndu extrudate sonunduldegsauysal

JUN 3.7 1AT9I8ATULUUANSA twin-screw extrusion 14 HRJ-25 91nUSHM Enmach Co.,

Ltd
ATl 3.2 INIFIULAYOUNYANTHENVRY PBAT Uay PBAT 75917 Biomax® strong
Biomax®
PBAT Temp profile
Samples Strong 120
(Wt%) ©)
(phn)
PBAT 100 - 85, 100, 110, 130,
PBAT/B3 100 3 135, 140, 145, 150,
PBAT/B5 100 5 155, 145

é’ a ¢ aa a 14
3.3.22 yuguwWau PBAT wag PBAT MdN19LAU Biomax® strong A2e

N92UUNIT cast film extrusion

a

Undanediwesuavliovlannuiuiioungll 60 esrngal@ea Wunan 24

9
[

FlUe AewrnNIsnasukar YU IUTAUMeIATRIdnsALKUNATARN (Cast film extruder)

a

Fauanslugud 3.8 neldanmgiinszusnnasulutag 105, 130, 140, 150 ssaneaLdea

Y
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gaumnnAusnaiinig 160, 160 srngaidd memuiIseuanjUszuia 35 SoUne
undl, guugiignnawmaeifu (Chil roll temperature) i 25 aarLeaiBoa, A1iE)
gnnaamaeifu (Chill roll speed) 1-1.5 m/min uagAIMIEIVOSgNATIUNI AT
(Nip roll speed) 1.5-2.5 m/min IasauauAuvuIlduliiiaiunug 100 = 20
lulasns Tngvhmsiannumniiduseededlulasives Ingvhnisinanumuives
Asus1uau 9 90 udriuimiAnade anduifidulugndienssuiunis batch

stretching process ¢gLA38Y Uniaxial machine

SUT 3.8 LAR0adnuNLTlEN (Cast film extruder) §u LBE20-30/P 91nU3® Labtech
Engineering Useinelng

3.3.2.3 N15A98ATN A% PBAT wae PBAT fifin151fy Biomax® stronghiae

NIEUIUNIT batch stretching process

° s A

Uilduiilaann 3.3.2.2 wwhniseabiluguamaesiuinawn 2 x 5 91 9ntu
i lURsBaR8nsEUIUNIT batch stretching process AaeLA3OY Uniaxial machine #19
wanaluguin 3.9 Mmen1sasin 1.5, 2 Wag 2.5 WNANNETITUAY (1.5%, 2%, 2.5%) lag

Mmnsaluanizninislianuisumeauiauan heat gun
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Yumusuiduiidy Yurununisfisdn

Adulau ‘ 4 ATl

g‘dﬁ 3.9 1A384 Uniaxial machine

3.3.2.4 AnwauUfAlgang anudangy uazAduUsEansusadeaniuvasiay
PBAT waz PBAT f1in15LA3 Biomax® strong A18n53UUNS batch stretching

process

3 } %

3.3.2.0.1 ASANWIAUUATINAVDINAUA I Tensile test A8LATDI Universal
Testing Machine 34 NRIF-TS500-5B 21nU3#% W3uniduanjiiun 91in dauanslugud
3.10 ¥1n15058uTU LA LIS nwu D UAMASURUEIYUIA 1 x 6 17 hazyiing

VAAOUANNINTEIN ASTM-D882 Lneldlvian 5 kN meansIn1sasen 50 mm/min
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5UTl 3.10 1A384 Universal Testing Machine 31 NRI-TS500-58 91nu3e u3uniduans
Wusl 4119
3.3.2.4.2 N15fnwIALEnngU (elasticity) vasiauniy Cyclic test AeLAToN

Universal Testing Machine 1 NRI-TS500-58-91nuU3¥w Wsunssuansidus 91 v

nswssuuundlrRdnwus dudmdsuiuiivuin 1 x 6 17 wagvinisveaaulae

a1

IR Max stress = 30 MPa #e3i1N13A98aNaNsI88751N5AEA 50 mm/min auilen

Stress YoaNANTaATIMMIUA INTUULAATENTBY cross head FIUUUNTUNINATUAY
G . 14 (% < al YY) =< A A a 1 . a

%39 Min stress = 0 MPa fg8nsIsuaeIiudnIIn1shade 1iveRnn1uen strain 91 Max

stress WAz Min stress Li@1UIAILINMIAINITAURINTUVRIRENIINAUNITA 3.2 Wawg

a

AudanEU (elasticity) 3nnasuALRINGUkasNaIUNgadeluannunlalases

Y

A5 stress-strain curve

Strammax stress ~ Stl’alan stress

% Recovery = : x 100 auns7 3.1
Stra I nmax stress




39

= ! g a Q‘ a v o
3.3.2.4.3 n13AnwIAduUssAnsusndenniuvesilay aieaunsainisin

duuszandusadoaniuegaineduantlugui 3.7 Inegui 3.7 a) Wugiudiuyu uay

'
v a

b) lWuandulfinininan N1snaaauLIIviInIsiessuduuiaulridnwauz iy

Y 9

a4 & o oo

AMAYUNUEN 2 x 4 U7 WarEmaeudInsa 1.5 x 1.5 17 1nen15nndauaduussancwnsa

q

(3 v a

Weanuvesilausening 2 WUl Ao RaTlduiuRafldy IngvihnsiituyuvedwauUSuyy

N 9 5 831 Gnsinguaglindniminsalaeindadiuainue1ivesnun satuyLLag

a o

AuBaiuyulAlaAvnAy tan 6 iyusig 9 Fan1svedeus1azdiiay 1.5 x 1.5 43 fin

' ¥ 1%
[ Y o a Y v o U o

Wil wazdian 2 x 4 17 fadrdugiudiugu antudignauLiy

9

[y

Wwinuan
Y

2B

v
o L3 a b4 (%

UmnfdeflaussuTesuneasuRkiuau AR ogiug uUSuLLLaIIINITUT UL
ungnauiiudminifailduaziianisluauazanysive AnnumAduU s ansuss

LEUANIUINNEUNITN 3.2

Coefficient of friction = tan © ﬁ&lmi‘ﬁ 3.2

uszandusudeaniuediesdig a) guuiuyy b) gnauiiniimin

o

3.3.3 ANYIAUUALTING WasAIFUUSLANSHIWFIANIUVBINAN PBAT waz PBAT il

'
1 IS

N134A Biomax® strong Aa8nT2UIUN1TTUIULALAEANduA8sTUUdRINa Ty

STAURAFNNTIH

3.3.3.1 YugUNdu PBAT uas PBAT #11n151Ax Biomax® strong A2

N93UIUNIS cast film extrusion lusxé'uqmmwnisu

Yndanediued PBAT uay PBAT fifin154ia Biomax® strong 3 wag 5 phr 7ikd

a

NN15TUFUAIE twin screw extruder Woulamuduiigamgll 60 esmwadea Uy

9 Y
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1381 24 Tl AewinnIvaeNkasTuTURANAIEIAToIBASALHUNAARAN (Cast film
extruder) Aawandluguin 3.12 NPFUANUBYATIEIIINUTEN F.10%.40 ae1uan 9119

lngldgungiinsyuenvasuluyie 115, 135, 145, 155, 165 aaAnsaded gungil

)=

USneiine 165, 165 ssruaalded Anusisevanguszunn 40 seudeund, gumadl

]

gnnaanasidu (Chill roll temperature) 71 15 paAgai@ed, A1NL5IgNNAMADLEY
(Chill roll speed) wagAM5IvBIgNNATLUNITAIAEN (Nip roll speed) Siautioules

fulaeldaiusi989 10 m/min Ingaruauadunuiauliininunun 100 + 40

Y 9

I3

Lulasiuns deuthdnmeinsodsa-tafldy Heat film wasyngnnasiadule roll cutting

JUN 3.12 1A389803AWNUTEN (Cast film extruder) :NU3EM Modern Machinery Co., Inc.

(l9SumnuawATIRIRINUII F.lav 0. #8u2181 911A)

3.3.3.2 n15AeBaTlau PBAT was PBAT #i8n151Au Biomax® strong §28

NIEUIUNIT continuous stretching process

1Y
ard A=

AaunTulaan 3.3.3.1 Nlaundnigiasedsa-gniidy Heat film (¥31) Wazyn

v
a = v

gnnasiadule roll cutting (H1e) MlAsuaNeUATIERAINUTEN wdnwate AT d1in

TAgMNRUANITAIER 1.5 kag 2 WNNAMUENMSUAU AElAFN1ILAITIAAINSDU KU

(% '
a

Wiaduseauan Heat film 91 60 ssmwaidea lnaiisuainaiusiseuredgnnaed

D

Uhamtesedsn-gaflauuasgnnisveagagnnasaadule Tnernualiaiusiseu

gnnasdianusiiunnansiuvesgnnaantiaiesin-Saildy wazgnnaswesyngnnasis
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'
& A

wulen 1.5 uay 2 Wi wastauiniunsisgaluneaaevandfiiena anugangu way

AdUUsEEVSLSUEEANIUYBITAL PBAT wag PBAT 7lin15iAx Biomax® strong

SUT 3.13 1easin-Bafidu Heat film [B3F-YM-AQ7) (177) uazamgnnasiadule roll

cutting [B3F-YM-A08] (#18) (I45un1uawAs18#nusem wonnane 7 1)
= va a = 1 1o a £ = a ¢
3.3.3.3 Anwrantngnga AnuEangy wazAduUsEansusudsanIuvasiay
PBAT waz PBAT #1dn15tA4 Biomax® strong A28n5%UUN1S continuous

stretching process

(3 ¥

3.3.3.3.1 NsanwauURlianavesilaunie Tensile test A8LA389 Universal
Testing Machine 3u NRI-TS500-5B 91nU3¥% WSunsduangiiun 91in dauanslugud
3.10 ¥N19e58uTu Uil dnlridnwusduaivdsuiuvuin 1 x 6 17 hazyiinig

VAAOUAINNINTFIU ASTM-D882 Lagleilvian 5 kN aae8ns1n15hsen 50 mm/min

3.3.3.3.2 MafnwiAmdaneu (elasticity) vasildudie Cyclic test feipdaq
Universal Testing Machine §u NRI-TS500-58 31nU5¥% WSunssuangidus 9ia v
Mswssutuuglvisn v Sudmasuiiudauin 1 x 6 92 uazsinismeaoulag
#ap1 Max stress = 30 MPa W&vhnnsisBaildudnednsinisasdn 50 mm/min aufidn
Stress vasiguTariinmun Mndulfiaiesdounduiniiqaiudu vide Min stress = 0
MPa #188m3 15 0R e UsnIn15AsEn Wafnmuad strain 71 Max stress waz Min

stress LOWINIAIUINMIAINITAURINTUVDITANINANNTTN 3.2 UazAAIUEANEY
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(elasticity) MNndIUAUTINAULAzNAIUNgadsluaniuilalaseinsiul stress-

strain curve

3.3.3.3.3 nMsAnwA1dudseAnsusudeaniuvesildy dreaunsainisin

duuszandusadunniuegaineduanslugui 3.7 Taegui 3.7 a) Wugiudiuyu uay

< v a Yo o

b) lWuandulfinininWan N1snaaauLIIvInNIsessuduudaulridnwauz iy

Y 9

AnRguiui 2 x 4 97 uagdmdeudnda 1.5 x 1.5 11 lngnsnaaeuaduuseansuse

v A [

AN IUYDIANTENIN 2 WURD Ao AaflAuduRIaY Tngyinisiiayuveauiul sy

ANUTUNIIVUAYLBEN 15 - 45 B4A7 MENITHNTUVBIYUNN 9 5 B9A7 FIN1TNATDY

o [y

gAY 1.5 x 1.5 43 Ansdrdugnduiiiudiviln wavdiilay 2 x 4 97 Aainiugiu
UFuya NUUNgN AN TN IAATALISE UTBEU 1IN VUKL AT IRABY AUg U
UFuyuuavihnsusuyguaungnauiiniminidanduaziianisivauazand1yuiiie

o 1 U a Q{ a d‘
ANUIUMIANANU T AN TUFANIUIINAUNITN 3.1
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uni 4

NANSNAADILAZIAITUINANITNAADS

[
av A

MARelvinsfnwdvSnaresnsiin Biomax® strong Fivhuindiduansiiiuuss
FiAfNN15ARn (cohesion additive) w¥oustednw1dnnanisaedalusyuu batch uas
continuous stretching process ¥o9ldu PBAT fifinaneaudfidinanasarduuszansuss
Fuavuvesiidy PBAT wisliflausifimunzautunsldmuduiidunass Tnenanisnaaes

[

aunsanuseanialdu 3 du fadl

d1uil 1 Anwinisnanluszuy batch mixing process LazdNSWaved Biomax®
strong AIRaNURALTNNG

dud 2 Anvinsnankagn1sTuguiauluszuusiailios uardvsnansyulunsmedn

lusguu batch stretching process idnas saudRAINa AUEAMEY WagATUUTEANTUTS

\Fuanuuesian PBAT wag PBAT #3n15LAN Biomax® strong

g 3 Anwrandfizana mnudaneu wasArduysyavswsadenniuvesiiay PBAT

Wag PBAT 71iin15i#u Biomax® strong shenszuiunisiugdiassdalusyiugnamnssy

4.1 Anwnswaulussuu batch mixing process WazdNSWavYdY Biomax® strong i

AUUALIINEG WaYANFUUTLANSLSUFEANIUYDINAN PBAT

[y

Tudun 1 9988 1 WuN1TAnwINITHaN d@UTARena tazAduUsyansusuden

MUY PBAT 7fin151@n Biomax® strong 120 Aivinutiiiu cohesion additive TuuSuna

[ [
=

3 phr wag 5 phr lagyinisuasluszuule (internal mixer) wazdusuRaumMen1Tenugy

AEANTOU (compression molding)

4.1.1 AnwrAnselnlusesninenisuaunazaviinisiiavas PBAT wag PBAT 913l

N13LAY Biomax® strong

INNTSHEN PBAT 1U11U Biomax® strong #9vi11ti191.Ju cohesion additive %
gaumndl 130 °C Anusaseulunsnan 100 seu/uiit WWuiia 10 Wil mewnsewauuuuln
(internal mixer) AL50ANAAMINLAIINNITHANYDS PBAT MANASIALULAIMARIATIUN 4.1

wuindlerinisua Biomax® strong 120 luu3unay 3 wae 5 phr (PBAT/B3 waz PBAT/BS)
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¥ il
=< I

danavilvidusslnlugaaaai 10 wail daiugadu 11e931n Biomax® strong &

(%
[ o

psAUsznoudu ethylene acrylic copolymer 713 nuwauzl¥u elastomer %ﬂﬁu’mﬂ'ﬂimaqa

Mraudegs [27] vilianumvilavesnediweivasuly chamber ¥94A304 internal mixer &

(% 1
= =2

Anumiaiigedu Feaenndesiuawiyinisivaduandugun 4.2

25
T=130°C
20
- \
Z; 15 1
Q
35 ]
=4
O /
= 104
PBAT
5
0 / : T . T L T . T . T .
0 100 200 300 400 500 600
Time (s)

a

gﬂﬁ 4.1 AULSIUATENINNITNENYDS PBAT, PBAT/B3 g PBAT/B5 ﬁqmwgmmsmam
130°C
mﬂmﬁmaauauﬂ’amsluaﬁqmmﬁ 190 °C wasnedesndwunsnanlun3os
NaELszUUUa (internal mixer) Lﬁa@miL*d?1‘&muﬂamaaamﬁ’amﬂwamu@h melt flow index
(MFI) ﬁ]’mg‘dﬁ 4.2 Wu31 PBAT §ifn MFI winfu 6.2 + 0.3 n31/10 wadl ievinisifiuansiiiu
W9 Biomax® strong asluluuSunu 3 phr uay 5 phr a1 MFI fidnanaadu 5.5 £ 0.4
N$1/10uNT wag 4.4 + 0.5 n$u/10un7 muddu wanslidtuindlodu Biomax® strong ¥

A uviinveanediuoTNauilA LYY Feaennoiiunavasrlssnlugun 4.1
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T=190 °Cand 2.16 kg

—

! I
PBAT PBAT/B3 PBAT/BS

a

g‘dﬁ 4.2 etinsiua (Melt flow index) 484 PBAT, PBAT/B3 iay PBAT/B5 ﬁqmmumi

Y

NAEDU 190 B9ATAREE Aeulndnng 2.16 dlansy

4.1.2 AnYINaaNEAULTUFIUINGINAINITHAN PBAT uaz PBAT Nlin151Ax

Biomax® strong

ﬂwimaaué’m@uiwsn‘u‘%mmﬁaﬂﬂiLLﬁﬂﬁﬂmaa%quululuImiLf\]ummsuaa PBAT uag
PBAT 751015481 Biomax® strong (PBAT/B3 way PBAT/B5) vt nti17idu cohesion
additive f1er&ve18 10,000 W leRiansadnumedugIuing1ues PBAT, PBAT/B3
LAy PBAT/B5 WandfagUf 4.3 Wudn PBAT/B3 uay PBAT/B5 ATn19lANatsiiuud
Biomax® strong 3 Wae 5 phr %ﬁqmmﬁuaymmaﬂ Biomax® strong NTa18629879
alnaueegluumindues PBAT Ingaynia Biomax® strong fiunindeglulumindves
PBAT lailAin interfacial adhesion fuwm3ng PBAT dsdunnlfainveuveseynia Biomax®
stong AN15LUIENAUTALIUTENTI9BYANIA Biomax® stong waziuning PBAT Fevun
ounIAvTaaNanszaeileLfin Biomax® strong 3 phr xfluundaud 0.25 - 1.25 um uaz
dlowfinuimandu 5 phr axflvuineyniaiilugdudu 0.5 - 1.75 pm 9u1A983 Biomax®
stong fiflawmdnsziululasunsuansliiiu Biomax® stong wWatuldursdrufuumsnd

PBAT
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3 & o 48 s 5 .
¥ A L B
SEM HV: 5.0 kV WD: 5.10 mm RN MIRA3 TESCAN

View field: 20.8 pm Det: In-Beam SE 5um View field: 20.8 ym
SEM MAG: 10.00 kx BI: 1.00 Silpakorn University SEM MAG: 10.00 kx HEX Silpakorn University

g

SEM HV: 5.0 kV WD: 6.34 mm ] MIRA3 TESCAN
View field: 20.8 ym Det: In-Beam SE
SEM MAG: 10.0 kx BI: 1.00 Silpakorn University

JUM 4.3 dnuaurdngIuIngweIduauiiIunsnAsaTugUved a) PBAT, b) PBAT/B3 uag

0) PBAT/B5 Tiinlululnsiaumen mugsu
4.1.3 AnwnuaautABnavasildy PBAT waz PBAT #ifinnsifiu Biomax® strong

AsAnwaNtRdenavestuaTuiidy PRAT way PBAT #iiln1siiiy Biomax® strong
ndsmanauluiaiomauuuulanasdusudenszsuiuntsnasnlildbuusuiidu g
uuTlaNAlFumaae UL TR afesns1n15AeBA 50 mm/min Wefiansanildn PBAT
uaz PBAT AifimsiiuansifuudadiewiunisBafin nuirdnwainsm stress-strain uanssagy
il 4.0 wamsdnvaizBusuuuumies (ductile) Tnsdannannisiimsiings yield fidaiu i
151 necking ARty [23] 91nA5 M stress-strain curve vasildy PRAT fldulaliinnisain
1neA1 Young’s modulus, tensile strength iag Young’s modulus wanlunsed 4.1 dadl

A1 elongation at break 11NN31 872% Wueasanves limit N13As8AvedATEY universal

testing machine &A1 tensile strength 111U 21.7 MPa tazilA1 Young’s modulus AU
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85.3 MPa usiiiloviin1siiu Biomax® strong Tuusuna 3 uag 5 phr Jaduansifiunistaie
(cohesion additive) 11U PBAT (PBAT/B3 Way PBAT/B5) dinayinliian elongation at
break wa tensile strength anaslantoy Lﬁaﬂﬁ]’lﬂmaﬁmgmammmaﬂ PBAT/B3 Wag
PBAT/B5 Tuguil 4.3 uanliiifiudneyninves Biomax® strong lailfin interfacial adhesion
fulmIng PBAT usflvuineyniaiidnseduluaseunansfenudniulduisdiusening
uA Biomax® strong fuwming PBAT vilviAnduanaussunssliiuiuemu Jahls
Furuianisvindietu TnedewSeuieu3unmnisiiia Bomax® strong 7 3 phr uag 5
phr 9zilA1 elongation at break, tensile strength wag Young’s modulus wnuaglaifinang
WANA1AY wanliiinI1nN15@Y Biomax® strong d@swalvranvidnaanaifiswinies
witfu Tneen tensile strength Lag elongation at break wesWauAasA LLDPE [1-3] (waud
LLmﬂugﬂﬁ 4.4) §afien tensile strength Tu%a9 35:40 MPa wadl Elongation at break laish
171 250% Wievhn siUSeulisusn tensile strength 989 PBAT, PBAT/B3 uaz PBAT/B5 laid
anslaaeiidAeglurisuesildundsd LLDPE Jadoaiiidy PBAT lrunszuiunslunisis

8 (stretching process) WBLNLAT tensile strength YasaL

A0

Elongation/at-break

—PBAT
—PBAT/B3 e sl
40 PBAT/BS | 35-4

30

Stress (MPa)

I T : T : T v T
0 200 400 600 800

Strain (%)

gll‘ﬁ 4.4 Stress-strain curve VasTl&y PBAT waw PBAT 7ifin15ifiu Biomax® strong
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A15197 4.1 @ Young’s modulus, tensile strength Lae elongation at break Y83 PBAT

uag PBAT MiN15LFN Biomax® strong

Young’s Tensile Elongation at
Samples
modulus (MPa) strength (MPa) break (%)
PBAT 85.3 + 0.5 21.7 +0.1 > 872
PBAT/B3 68.0 + 0.7 18.4 + 0.9 802 + 29
PBAT/B5 775+ 2.0 19.2 +0.9 816 + 26

[
Y

AILUAINNITNAAD VAN URLTINAYOINAN PBAT way PBAT 718n15LA1 Biomax®
strong 9INNINAERULEAIIALTYIINSLAN Biomax® strong dwwalandfilsnaanasiiie s
dnteawiniu Jslilunisuuusantfidnavesildy PBAT dusieluiuilufinuwsomenis

[

HaLwazTuFUMeTTUUseLlaawaytl U unTEUINMT batch stretching process

<

4.2 Anwrnisnaunazdusuianluszuunatlias hasdnswanssulIuni1saestalussuy

Y

o/

batch stretching process NilNanadutflna wazarduuseansusudoaniuvasiau

PBAT waz PBAT #idin1sifial Biomax® strong

[

NnAnwIntsnasluszuy batch mixing process #BLA30S internal mixer uazAugy
Hdudae compression molding auvRFInakazAIFIUSEANBLTUAEANIUVDITSY PBAT
Wway PBAT 7ifn151fiu Biomax® strong ludaul L n1sifin Biomax® strong Aiviawniidiiu
asiuwssriafiunsBnin llaunsaufulssaudidanaves PBAT IHATULE uinudinis
sl Biomax® strong azlUUsuUTaRduTse Ansusadeanuvesiidy PBAT TlAwfinty
Tngludauil 2 agshnsnauuastusuidianaraiinlussuy continuous mixing process #e
ABsaTAaNge (twin-screw extruder) uagtuzURidufBiAIosdnInTidunatafn (cast film
extruder) Tngvhnmsmuauanavvesidumedweslildusyanm 100 « 20 pm wniuth

Waunlaluuiunszurun1snedaluszuu batch stretching process A281A3849 uniaxial

machine afEnwauURInaLasAELUSEANSLIWFUAN1UVDINAL PBAT
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< 1 [

4.2.1 finwnisuauwazIusUNaNlusTuUsalaIwasaNYULHANNDUKASAINIY

Y

n15n98aTUsSZUU batch stretching process ¥a4Wau PBAT waz PBAT 3n15LAY

Biomax® strong

N1TMEN PBAT U Biomax® strong TuszuumeLilad (continuous mixing process)

a

MBLATOY twin-screw extruder figaumninisway 85-145 asawaidea saanusouly

A
A13HAY 200-300 59U/UT luraznistuglansniugeanuniudy extrudate T
USu1ain15iiia Biomax® strong 7 3 phr uag 5 phr widieuluidiaIesiadanuinly
anunsasad extrudate Tivneenls afostindu extrudate snvalidudeuiiionluit
P304 grider tlaunsenuniudinnedwoifuanslugui 4.5 Taogu a) 1uidla virgin PBAT
du b) waz o 1Juilin PBAT/B3 uaz PBAT/B5 ldannszuiunisnanluszuuseiilos

[ <@ ! & ay v | P I~ o 1% a .
AU/ 7\]5LWU’]WLELI@‘1/]191%']ﬂﬂi%U?UﬂWiNﬁMIUiSUU@@Lu@ﬂLiJEJVI']ﬂ'ﬁUﬂ@’JEJLﬂiE]\‘] grider

< aa d‘ a i 1 [
dinagdiianvgusvuasiidnivalldwiiny

lotnidla PBAT uaz PBAT/B3 Lay PBAT/B5 snguguiluiidudnonszuiuns cast

film extrusion lagldgamagiinssvenvaeuluday 105-150 smsalged guniuIIn

ANE 160 B walded MeriITeuaniUsyain 35-45 sauseunil, annglignniavae
18U (Chill roll temperature) 7 25 aspLaded, AIXLSgANGInasLdu (Chill roll speed)

1-1.5 m/min kazaut59veegnnaslunasisildn (Nip roll speed) 1.5-2.5 m/min lag

¥ [
=

muauauvuadlviiadiamul 100 + 20 lulaswns Tuvasduguiaunutymlunisd

Y

U Wenedweivasumailvasenannmil die 1AUShManndamaeLdu uneiiuesnasy

wiadusleoanunduauiay
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JUN 4.5 uansanuazilinnedmesnanlusyuukewlosan twin-screw extruder a)

virgin PBAT, b) PBAT/B3 Liay ¢) PBAT/B5

' v
a a a a 1

FawuinWay PBAT, PBAT/B3 way PBAT/B5 finsinednfiusnaannaswasiduiiierinnistu

Y
1

sUilaululasz oz uilafiauasinizAnnuanndanasiduliutnies 9 auvhliilauiinnisein

Y Y

wazlugns PBAT/B3 uay PBAT/B5 aziinisinisfngnnasuaeiduuindsdu Tunistuguildy

Y

Jadesldmnuiisevang anusiseuvasgnniamasidu uarauiivesgnnatlunisiaildy

' [ Y
= a a 1 a =

f1 WalmAnn1sdafnvasldunus naannarastdunt1gsdu lagaurueasveanlay

Y

PBAT, PBAT/B3 Waz PBAT/B5 wanssan15199 4.2 Taevinnnsinaiiumun 9 AUAIUININ

L3

ANRAY AEWUIIAUNUIVB TSN PBAT/B3 way PBAT/B5 flA1uui1aninninfidy PBAT

= v 1% < =4 o oA a a a s A e &
Luaﬂf\]’lﬂﬁlaﬂ‘tﬁﬂ’a’mL’i’ﬂ‘lAﬂ’l'iGUUiiJ‘Vlm’m’J1Lwaamﬂﬁm@ﬂ?i@ﬂ%aﬁﬁ/\lauw’gﬂﬂmwaaL‘EJ‘L! e

Y

5ﬂwmzﬁﬂémmmﬁqgﬂﬁ 4.6 WUTldy PBAT 7ifin 15 Biomax® strong (PBAT/B3 was
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a a ¢ o

PBAT/B5) Wauazilmudu wazin1sdndnssninatafNdaunuRalduuinniniay PBAT

1
A a6

\18991n8YN1ATBS Biomax® strong nszanesaglulileiidy PBAT

1Y
v

M990 4.2 ANUNURGEVRTEN PBAT wag PBAT 7ln154Au Biomax® strong NUuUme

N3¥UIUNNT cast film extrusion

Samples AUWLILREY (um)
PBAT 97.00 + 4.35
PBAT/B3 83.08 + 10.33
PBAT/B5 78.00 + 6.50

5UTl 4.6 &nwauzinfidy PBAT wag PBAT iflmsifia Biomax® strong 1uA3s cast film

extruder a) PBAT, b) PBAT/B3 way c) PBAT/B5
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nsAsBafanlunszUIUNT batch stretching process fewA3ed uniaxial machine
Tuanngnislianuioumeausauan heat gun MLguMYIUTELIM 60 BIALTATLE lnY
MN1IANEARIBNTSASEA 1.5, 2 wag 2.5 WANAMNTUAN (1.5%, 2x Wag 2.5%) lneaneuy
mamamwmaﬁ\léuﬂ'@uuamé’qmiﬁqﬁmLLamﬂugﬁJﬁ 4.7 wurdlevnnsisiafisruauii
fisnnTuanun ilduaziinnsaenEnas A giNNNTY LaYALMLNYeTId

a1 A
ACUAINTNA

[

SUT 4.7 Enwauzynanen milds PBAT waz PBAT 715n131#u Biomax® strong fieuuaznas
NSAIUAAILNIZUIUATT batch stretching process MIBNISAEA 1.5, 2 Lag 2.5 LV113n
ANBISUEY (1x, 1.5x%, 2x Lay 2.5x) a) PBAT, b) PBAT/B3 w.ay c) PBAT/B5

4.2.1 Anwdndnan1snedaluszuu batch stretching process fisinagusRidena

vaelda PBAT wae PBAT #iiin154fiu Biomax® strong

N13AN¥IINTNAN19AIEALUIZUY batch stretching process U3 aL PBAT La
PBAT 71iln154#ial Biomax® strong lagilduinduguainiasesdnsailaunanadin (cast film
extruder) 41%NN15ANEAAILLATEY uniaxial machine AI8A15AYEA 1.5, 2 way 2.5 131N

AUENNSUAY (1.5%, 2X Wag 2.5%) tagvinn1sgnluan1ienini1siiainusaumeausauan
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heat gun MERUNYIUTEUIM 60 BIANTATYE UaNRUTRUATAsEALMAGRUALTR
WaNanI88nsINI15Aega 50 mm/min lagns1n stress-strain curve YasilAY PBAT uay

PBAT 911n19LA1 Biomax® strong NouLarnain1shsdn 91n13vadey tensile test WARIAT

'
=

5UM 4.8 Wavn13Hiansanauduveansul stress-strain curve FeuUauaniied1 modulus

'
=) =

YDITUIIU WUIANUTUNFAILNAUS Strain = 100% L19VNN15AEARNIBNTAIEATIINUIUN

' [
a =

WNgetuAuduresnTmaziinuduliingu wanslidiuianisiiia strain hardening

Y

effect Fadawarilvien tensile stress YasuUIANANgWY [23] LHBaaNNsiian13dnEes

v o =

AN UMULUILTINITAIVDLATDY uniaxial machine vasanela PBAT vinlvanglamaauitny

FulAe1nNTUIIAINATATUIIUT A ULDTIRTIAUTY [28] wetuvsidelfuazdanayinle

elongation at break U03¥UIUANANIDAIBANILINUIUYINTANNTY

——PBAT
604 a) ——PBAT 1.5x
PBAT 2x
—— PBAT 2.5x
50
= 0 I
2 __l__L__/__| _ SSEEEEENEEENNS
7
2 304
n
204 /
104
n T T s T T 1 L T
0 100 200 300 400 500 600
Strain (%)
——PBAT/B3 — PBATS
604 b) ——PBAT/B3 1.5x 60 C) —— PBAT/BS 1.5x
PBAT/B3 2x PBAT/BS 2x
——PBAT/B3 2.5x " 2.5;
504 50 PBAT/BS 2.5x
T 40 S 40- /f\
o [ (-9 |
Z e __ _ b3 / o
g 304 £ 301
204 o 204
10 | 104
0 T T T T T T 0 T — T T t
0 100 200 300 400 500 600 0 100 200 300 400 500 600

Strain (%) Strain (%)

E‘Uﬁ 4.8 Stress-strain curve Yadildu PBAT way PBAT #ifin15ufisl Biomax® strong flaouuay
NAINIAIBAMIBNTEUIUNTT batch stretching process AaBN15ASEA 1.5, 2 Wag 2.5 19N
ANLETIS UG (1x, 1.5x, 2x wag 2.5x) a) PBAT, b) PBAT/B3 wag c) PBAT/B5 21nn1s

NPEDU tensile test



54

I 13

TogauvAdananaulalunisinunlddedunnumnzadlunistdnuduidunden 2

[y I

frsanautidenadidged 2 ae19 e tensile strength uag elongation at break vaailsy
[HosnnsTinuvesiidundsifesusensuisluvazieuianuazannsadasililusedu
vilafeldlliiAansunnvinuesilauiiieiuluislognisda Inews tensile strength vasilan
Adan LLDPE luviesnainilAaglugie 35 - 40 MPa uaz elongation at break laitfaeni
250% [1-3] Feuanslilounseudunslugud 4.8 1ilefa13aunAn tensile strength wag
elongation at break ¥asidu PBAT waz PBAT #ifln15fis Biomax® strong fiH1uA15AeEn
TuN52UIUNIT batch stretching process WUlafa15011A7 tensile strength a3 PBAT,
PBAT/B3 way PBAT/BS arfianfisswesanisurlldnuluidundsdidernisfsiai 2
ey 2.5 WanAnuesuy wasiiiofiaisan elongation at break agWu3n#lau PBAT,
PBAT/B3 way PBAT/B5 Wiorunisisiafl 1.5 whainmiuend Suduagdaimuizausy
msilUldou widevhnisieded 2 wharneauenasuduagnuindieidy PBAT/BS 71l
A1 elongation at break la@gwinfiu 256 + 12% Fseglutisfimnzaniunshluldanuned
WAT &Y PBAT/B3 fif1 eloneation at break ladumiafy 230 = 16% F9dA1sn31947
wnzauendniies daunsidndi 2.5 wiheneraueaasuduiie elongation at break i

auAuld fdudnuwinngdiludneilunszvannistsdaluseuu continuous process Tu

) a A A ' a v
JEAUYAFINNIIUABNNTONGAY 1.5 Lag 2 11INATINYIILINAY

4.2.2 AinwrnnuBaney wagBnsSwan1sAsEinlussuu batch stretching process

inanNNEAntuVINaN PBAT uaz PBAT Nan1siiu Biomax® strong

ASANWIAINISAUFINSULAENURALANS 1INV stress-strain curve NlAaNNISNAEDU
. A a | a s A va s A o R v A o
cyclic test iioUIvBNANMUEANEUYBIHAUNB N dNdlaviN15EATNTRguaIaINTa AU
o oA | 2 a o o vl ° . v a . .

nduiioviewazinfiniuinglan Inevinn1smeaay cyclic test feLA309 Universal Testing
Machine MIn157agaulagsaA1 Max stress = 30 MPa Lil9431AA1 tensile strength V84
Ady LLDPE Tunosnarnda1vunsauludig 35 - 45 MPa 397 uualiaIn1snad@ausinii
& v Y o =% A a6 YV W = A . a1 a e = 1 a
BNTBY LAVNNITANEANANAIBENIINTAIEA 50 mm/min 2uUiAN Stress VBINANDIAIN
AmunNulATaede cross head MMUUUNSUNTIYALTUAY Y50 Min stress = 0 MPa

F89RTUSUAINUTNITINITAE A LNDRANINAT strain 1 Max stress wag Min stress Lo

YUIAIUIUAIAINITAUAINAUVBINANNNENN1ST 3.2 InelunisnaaaunuITWaunauNIuy
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A1SANEARALAAIHIUNITAIEAN 1.5 WI19INANULIRIUAUADIVINNITNAABUNAT Max stress
Tu9 15-25 MPa 1i19931nA1 Tensile strength voslauiia1lafie 30 MPa Wafiarsaniuy

Teins stress-strain curve Tun1snAdsy cyclic test ﬂwaﬂﬁﬂwﬁwmﬁaiyﬁa (Loss

Y
v ¥

energy) Wludnfitunuiiansidesy (deform) Tu 1 cycle wamasagndluiuidundusy
71 4.9 a.) FaUSeuifisuldiu Loss modulus vesildy waranunsadansmdseuaamdslunis
AUFN&U (recovery energy) vostunuldanauldswosnsilugaen strain 7 Max stress
uay Min stress (wansf1081slufufiddlusud 4.9 a) FauIoufisuldfy Storage
modulus Ya5M&L 9NN stress-strain curve Ya4ilda PBAT, PBAT/B3 Wway PBAT/BS5 s

AauLaENaINIUNITAEAlUIEUY batch stretching process Tusue 4.9 wuiulavinng

[ ' 2
A ¢ v A

VAFBUIUATU 1 cycle IsnuiladnourunssuIunIIisgnasdnunlansmiunianiuse

fnsgayidendesnuludiunduauianisdesiuinian uazazidranaudefauny

s A N A

NS2UIUNSASIANAUTNNISANEA NI UIUMWALTY BaZtlaRATUNUNLANTINAT aNaIIUTY

N13AUFINSUVDITUINU LI T UN AU N D UNTONEINIUNTLUIUNITAIER NUIMDZTNAI9Y

=

awndalunisAudndunlnameenunanaliwiuluusnuiunadilusui 4.9 b)) Weun

Y

Y I

[ & = LY [ = U [ d' = dl> @
nasnuasndslunishudmInduuniisuiundsarunagdoly Fatudiunusening storage
modulus MU loss modulus WUHBITINITANEANINUILANALYUAAFIUNSINUALTAD b

= U % aa a QI 49{ dll 1 (v} =} = L% v a
NTAUMINAULLDNENANNINNTY DI INdIUVINAIUALARBlUNSAURINAULIAIND ¢
WA widIuYaINaIUngydsluresiu A andaead G4 storage modulus wansdiy

a I R Qy P o | Ao | A oa -dy [
wgAnssuAuL Ty elastic YoITUIIU LHDYIIAITAEANT WU NLINTUALT Y

< =

elastic vasldunaziiautu elastic MLy
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Recovery
T T
1 1 ——PBAT
40 a) 1 1 ——PBAT 1.5x
I I e PBAT 2%
I I ——PBAT 2.5x
I I
- : : Stressyag
R S R e T e S e R ]
= /| 1 1
E /| 1 1
< I
X% ; |
2 |
2 204 [/ [ 1
w / ‘ 1
‘ | : i
1 1
10+ 1 1
I 1
I 1
I 1
1 '\

0 T T T T
0 /wu 200 36\ 400 500
H 0/
Loss energy Strain (%)

Recovery energy

T 1 T T
b 1 1 1 1 —PBAT/B3 ——PBAT/BS
40 O I I ——PBAT/B L5 40- c) ——PBAT/BS 1.5
1 1 1 1 ~—=PBAT/B3 2x ~——PBA'I/BS 2%
1 1 1 1 — PBAT/B3 2.5x ——PBAT/B5 2.5x
1 1 1 1
1 1 1 1
. 304 1 | 1 1 -
z i i ] 5
S % 1 1 s
< /1 1 <
% I 2
£ 20 i £
7z i 7
10

]
|
1
]
1
|
|
T T T T T

100 200 300 400 500 0 100 200 300 400 500

Strain (%) Strain (%)

gﬂﬁ 4.9 Stress-strain curve adilds PBAT way PBAT #ifin1stia Biomax® strong fauuas
NAINITANBAAIBATEUIUNTT batch stretching process MIBN1SAEA 1.5, 2 ag 2.5 ian
ANNETISURY (1% 1.5%, 2X Waw 2.5%) a) PBAT, b) PBAT/B3 uaz c) PBAT/BS5 910013
NAADYU cycle test

WaNATUIAINITAUAINGU (recovery) UaIN AU PBAT wag PBAT N1dn151AY
Biomax® strong NouULANaIN1IAIENRIBNTZUIUNT batch stretching process NiN15As8A
1.5, 2 4ag 2.5 1M191nANNENASUAY (1x,1.5%, 2% Way 2.5x) AMUIbA1NAT strain 91 max

stress WA min strain LLafﬂﬂu;nJﬁ 4.10 WuIWAL PBAT way PBAT Miin15LA3 Biomax®

1 ' '

I = A o

Y =% & ao A = a1 A v o oa X a
Strong RAINTUNTITIAIYANITUIULNINGIY U ﬁ]%uﬂﬂﬂﬁﬂum’ma‘UWQfl%u LLAZHUATGINGALNDNN

Y Y q

NsAsdin?l 2.5 WihnANNeTIFY Bsaenndesiunaenuigydeluuasndsunauieoly

nsAumNauTIiasanlaniiuilins vveansn stress-strain curve Tugui 4.9 Fauansd
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A A

< . a =~ 1 = o A d’! < a I . A a d’”
ANULUU elastic va9ay LSJE]N’]'Llﬂ’]iﬂﬂEJGWIQ']‘LJ'JUW]'W]QQ‘UUWQ%NWJ’]&JL‘U‘Ll elastic NWUIY

LazdlANNNSAUFINAUNLINTU

80
60
s
540—
=]
: Ly
=4
20
0
s 2 fas[ o s 2 fas[ 1 [is] 2 ]a2s
PBAT PBAT/B3 PBAT/BS

JUN 4.10 AnsPiusnauasilda PBAT uay PBAT Miin13LAx Biomax® strong fiauuas
NAINIAIBAMIBNTEUIUNTT batch stretching process Aa8n15AsEA 1.5, 2 ey 2.5 L¥iaIn

AMUYINITUFY (1%, 1.5%, 2x Wag 2.5X)

4.23 Anw1B3NENaN15ABATUSZUY batch stretching process NANAAN

a a £ = a =~ a .
auﬂizﬁ‘wﬁuﬁﬂLﬁﬂﬂ%’lﬂ‘lli]ﬂ‘l/\lé&l PBAT uwag PBAT NiN13LAU Biomax® strong

INNITNAFBUAAUUTL AN ITWFLANIUYBIRUINUNAY PBAT way PBAT Aidlnsuhu
Biomax® strong naulkaznain13asdnluszuu batch stretching process Aaen1sAsdn 1.5,

2 uaE 2.5 WAINANENITUAU (1x,1.5%, 2x WAy 2.5x) Bavin1snaaeulagnsiiuyuves

Y a

WHuUSUAMNTUNN 9 5 81 udyunsufignauin ninIAauHuaAAnslaaun

Y 9

AIMIANEIUsE AU SLAYAMIUYBTAYN WUTNRINFUN 4.11 ArdudszEnSusudeaniu

Y
al

Yoaflau PBAT NusUlusyuusaiilaanieiniag cast film extruder neuvinsagnluszuy

batch stretching process f181AT84 uniaxial machine HAENUTEEVELINFYANIUTENTNY
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a

AU U dumaAY 0.58 1Wev1n19n15LAN Biomax® strong 3 phr wag 5 phr agly

=< A

(PBAT/B3 Wag PBAT/B5) wulnedudseansusaduamuilanduduidu 2.75 wWevinnisita

[
= (3

Wy nudeduuseansusudenniuues PBAT daiugedu Wy 1.73 wWeviinishsdandu

IS (3

1.5 kA% 2 M1NNANULINIUAY WA 3.73 LLDYNN1SAEATNAY 2.5 1Y191NANUEIILSUAY

A a6

way PBAT/B3 wag PBAT/B5 fanduuseansusadenniuiiiududu 3.73 Wevhnsaadeildy
1.5, 2 W@y 2.5 WN9INANNYNISUAY A9UUNSEATaNaIUTYNITANEUUSE AN LAY

VUYL PBAT wag PBAT Niin154#ial Biomax® strong diAiiugadule

2.5

2.0 1

1.5 4

Coefficient of friction

PBAT/BS
PBAT/B3
PBAT/BS
PBAT/BS
PBAT/B3
PBAT/BS

— | PBAT/B3
t> | PBAT/B3

._.
n
e
n

JUN 4.11 ArdudszAnsusadeanuedilay PBAT wag PBAT Min194Au Biomax® strong
NOULAZUAINIIAIBAMENTZUIUATT batch stretching process fen15AsEN 1.5, 2 Way 2.5

WINANNANENUIUAY (1%, 1.5%, 2X Wag 2.5%)
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o/ a

UUsEANSHsLFEANIUVDINAL PBAT wag PBAT Mdin15ihy

. v £ =2 A ad Yy o Y
Biomax® strong ﬂ?ﬂﬂizU?‘UﬂqﬁﬂugﬂLLagﬂ\iﬂﬂV\la&lﬂ?EﬁzU‘UﬂaLuaﬂTﬂigﬂ‘UQWiﬂ'\Wﬂiﬁ&l

4.3 AnwrauURLTING wazA

NNIIANYIBNINAVBIN1TABATUTZUU batch stretching process foauURLTINg
ANNEAnEY warAduUsEAVSULIUWHsANIuYeaTIAY PBAT way PBAT 7in15i#iu Biomax®

strong Wu313AT tensile strength way elongation at break AlndlALlazivunzauiunIg

(%
=

Pl nuduiidundasiinisieda 1.5 waz 2 wihananuensudu 3aden 2 S1wiuwing
uhnstugudenszuIunstusluasAaafidudeszuuseiodussdugnamnssy Ty
ihluTuzufidudeines cast film extruder AlFSuALOMATIZHNUTIN A 10710 A8y
a1 $7fin wazthAduiilalugaluszuy continuous stretching process faeiA3ad 1A3ad3A-
Bafldu Heat film uazynganasasdule roll cutting AlFSuauoyATIZRaINUTEN U
wnane A 9180 TnefvuanIsaade 1.5 waz 2 Wiheanmnuensudu aeldaniiennsTy
ANuSauRLNLSaUaINLASEY Heat film 7 60 asdwaidod Tnawflouainainuisasounes

(%

2 a a 1 4 a A as = L = v ° v <
ﬂﬂﬁﬁ/]cUiL'Jiﬂquﬂﬁaqiﬁ-ﬂﬂwallLLagaﬂﬂa\TsUa\‘lsq@IQﬂﬂaQ@\ﬁLaiﬂﬁl Imﬂﬂqwu@IVﬂquLijia‘U

D)

(%

nnAsfiANEIUANARINYEIgNNAMTLATEIEA-BaTldn uargnnaswesyngnnisfadule

D)

71 1.5 wag 2 i uazihflauilalufnwiandhidena anubangu wazAmdudssansusaden

U

4.3.1 Anw1dNSNaN15AsEATlUTZUY continuous stretching process NANANUR

\Benavasilau PBAT uae PBAT 7iin 151 Biomax® strong

NIANWIBNTNANITAIBALUIEUY continuous stretching process Uosan PBAT

way PBAT 713in151Au Biomax® strong lagtilauivuguainiaiessninilaunalasin (cast

Y

a o

film extruder) 31NUTHM A.lev.10 ag1u1an i laesldeumginszuenvasuludig 115-

165 pamwaidiva oaumiusnaiineg 165 ssrugaldva AuEIseuanjUszann 40 sau

¥

, gaungilgnnaanastdu (Chill roll temperature) 1 15 asawaided, Amu5Ignnas

=b

ADUN

1 <

aoLgu (Chill roll speed) LLasmmL%amaqqﬂﬂaﬂumﬁﬁ\léu (Nip roll speed) diA273
Fouloeiulagldauisiegn 10 m/min IngaruauAIumLl 100 pm wazdiaauning 50
cm 1vnshsEncesesin-Bnildu Heat film wazgngnnasfadule roll cutting u3em

1Y

3 aa o Y = A | a v °
LOWNANY AU 1NH ABAITANEA 1.5 LLag 2 LNNNANUEIUIUAU (1.5x LLag 2x) Iﬂﬁﬁ/ﬂﬂrlﬁ
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& aa v Y 1% v . v a a v
Bmiuaﬂqjgmuﬂqiﬁlﬁﬂquiau@jULLNU?@U"U"]ﬂ heat film WUUQNMQN 60 aeAILYaALYd LLad
o a6 a1 = A wa a 19 Y = A . A a

YIAUTNIUNISAIERUNAZDUFNURLTINAAILIRTINITAEA 50 mm/min tlanansauIns N
stress-strain curve U9W AN PBAT wag PBAT 7iln15tiy cohesion additive ADULAEAAY

HIUNTSAIEAMIENTEUIUNIT continuous stretching process kanslugud 4.12 wuinaay

' [
a1 =

Fuveans W stress-strain Yol auNHIUN1TTUTUUazA1TAeEaluszUUdaLlaslusEaY
guamnIsudanuduiliiugadu WelUTuuiieun strain = 100% Fauanafian1siia strain
hardening effect ¥ilvislein tensile strength MLiiygaTu WWasaINNsANTIALSIMiUNY

A 13

LALSINSAITBLASRSEnTiduvasaneld PBAT vilvaneldindeuiiiufuldoiniuisdia
Tusuiamundwsafiniy Tnedq tensile strength way elongation at break voeildy
Adsr LLDPE lutiosnandsile tensile strencth Tusing 35-40 MPa uaziien elongation at
break laitfosndn 250% fikanslulsudiuadlugui 4.12 Wefiansane tensile strength uaz
elongation at break va4Mau PBAT Wz PBAT #iin1si@in cohesion additive fin1un1sis
Salunszuauns continuous stretching process NUAiafiansauan tensile strength ves
PBAT/B3 aviiAanfisananensinivldauduiisundsisliorinisidndinisiedn 1.5 uaz 2
WiNaINAINEINS LAY dauTdu PBAT Waz PBAT/BS asildrfmnzauiloviinisaedafl 2
winaueasuEy Tnelunisiednvosilsy PBAT Way PBAT/BS finisisiia 1.5 1wian
anusTuRiiAn tensile strength tegniesantioewiniu liaiilymeenisurluldiy
Duilduadan Jaflannaiu 33.542.1 Wz 34.742.2 MPa R8s waziiiofioisaunan
elongation at break wu31#las PBAT, PBAT/B3 waz PBAT/B5 dlevinisiedafl 1.5 wag 2

W191nAU812L5UA Y JA1 elongation at break laign11 250% FalAeInoAaNS

Ul dundundn
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Elongation at break > 250 %
——PBAT
60 1 a) ——PBAT 1.5x
| PBAT 2x
504
P e S A S
=™
2 __ o ____ DENOANINEEENENNNNNEE
2
3]
7]
0 1 T I L] I T T
0 100 200 300 400 500 600 700
Strain (%)
—— PBAT/B3 —— PBAT/BS
60 b) ——PBAT/B3 1.5x 604 C) PBAT/BS 1.5x
—— PBAT/B3 2x PBAT/BS 2x
504 A 50+
/
/ A
~ 4 /
= 404 Y A R =40+ {
= i
s A s /A B
P / 2 ’
5 30 / 5 30- Vs
@ n

¥ T T T ¥ T ¥ T T T v T ¥ T M ¥ T Ll N T M I L] N T
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Strain (%) Strain (%)

gﬂ‘ﬁ 4.12 Stress-strain cUrve Yasilan PBAT Waw PBAT fin15t@u Biomax® strong Nau

LaZUAINITANEARIENTZUIUNIT continuous stretching process fEN1TAIEN 1.5 Ly 2

WnANETENRY (1x, 1.5x Lag 2x) a) PBAT, b) PBAT/B3 way c) PBAT/B5 910N
NAADU tensile test

4.3.2 AnwrArnudandu uazdnswan1snegaluseuy continuous stretching

process NUNAANNEANEUVDINAN PBAT wag PBAT Mn15AN Biomax® strong

nMsAnwmMsAusnduLaruTlinTnves stress-strain curve RldaANTSNAFDU
cyclic test tlpvsuanauBamguvasilaniiiolifiduilovinsdavuinguédnaunsafusn
nduiilovieuas Sndnfuingléd Tagvinismageu cyclic test feLAZas Universal Testing
Machine ¥n1snageulaefann Max stress = 30 MPa 1ilpanan tensile strength U84

Ay LLDPE Tuvimamanadanvuneaulugldg 35-45 MPa 394m1uua lia1n1snaa@aumingn
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I oA

<@ v ¥ o = A a) 6 ¥ % = & . a0 a6 =
BNUBY WAIYNNNSANEANAUAIEDRITINISAIEA 50 mm/min AuilA1 Stress VBINANTIAIN
AmunntuliaIedien cross head MUUUNSUNINIYALTUAY M58 Min stress = 0 MPa
12 1Y < a v v = A A a 1 . A . c&'
AIYBHIIIIAYINUBDNTINITANYA LWDRARIUAT strain 91 Max stress Llag Min stress W8
PIUIAIUIUMIAINITAUFINAUVINALNENNST 3.2 Teglun1snaaaunuInWaunauaY

= A 4 o

NSANEARADIYININITNAADUTNIAT Max stress Tuaig 15-25 MPa 1i0931nA1 Tensile strength

IS

voailduiianlalds 30 MPa weRansanituiiléns il stress-strain curve lunmsnageu cyclic
test Usuanfundsauiigayde (Loss energy) luluduiiunuiinniaidesy (deform) Tu 1
cycle FulSoudisuldiu Loss modulus 2esildy wazanunsadunandanuasiolunisay
§andu (recovery enerey) vastuaulgatndauldawasnsinlugaedn strain 7t Max stress
waz Min stress daSeuniiauldiy Storage modulus ¥8IHAL 31ANT1N stress-strain
curve wosTldw PBAT, PBAT/B3 uag PBAT/B5 fiusiuazriiunisidialuszuu continuous
Tuszugpamnssuuandlusud 4.13 nuddledmdanuaunelunisausnduuiisudy

wasungaydely Fududunusening storage modulus U loss modulus wudfev

[ '
= [ 1 v A [y a a

N15A9EAAILINUIULVN TR UTUAAAIUNAIITUAINABIUAITAUAINAUTL AL T NS WAL

1INTU LHDINAIUVDINAIITUALNAD LUNITAUFINGUN AIWD &) AN LAFIUTDINSIITUN

P

guduluvestusuliifantesss §3 storage modulus wameisngRnssuaudu elastic
Y A o = A v ° A a X o . Al & a I
YDIVUNU LUDNINITANEARIFAIUAUNLNNUINVUAINLUY elastic v IWaNNzUANULYU

elastic ﬁLﬂmqﬁu
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PBAT

40 a)

——PBAT 1.5x
PBAT 2x

Stress (MPa)

0 T

T T T T T
0 /(UU 200 300 400 S00 600 700
Strain (%)

Loss energy Recovery energy
b ——PBAT/B3 ——PBAT/BS
——PBAT/B3 1.5x ]lC ——PBAT/BS 1.5x
40 4 40
PBAT/B3 2x PBAT/BS 2x

30

s i . o

Stress (MPa)
Stress (MPa)

204

y B ey T ——f————— 44—
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700

Strian (%) Strain (%)

gﬂﬁ 4.13 Stress-strain curve Va3Wau PBAT Lay PBAT ﬁﬁﬂ’mau Biomax® strong Nau

LaZUAINITANEARIENTZUIUNIT continuous stretching process fEN1TAIEN 1.5 Ly 2

WnANETENRY (1x, 1.5x Lag 2x) a) PBAT, b) PBAT/B3 way c) PBAT/B5 910N
NAADU cycle test

WaR1TUIAINISAURINGU (recovery) voalau PBAT wag PBAT A15n15LHu Biomax®
strong AOULAENAINITAIEAAIBNTZUIUNIT continuous stretching process 71 1.5 Lag 2
W90 ANINTUAY (1x,1.5x hag 2x) A1UIULAINAT strain 91 max stress Wag min

strain wanslugudl 4.14 wuinildn PBAT uay PBAT #iTinn9i@x cohesion additive n&ari1u

' (% ' £%
A ] v v a0

= ° oA = a = A = = A o = & o
N1 AN VIUIUNTINGIVUY %Nmmiﬂummquwu LL@B@M’]QW@@Lmammimm‘m 2

Y

| a = v o o d' = o Ql' & A o o A
LV11INAITNYNILAU %Qﬁ@@ﬂﬁ@ﬂﬂUWﬁqquWﬁﬁULaEJlTJLLagwa\T\ﬂumﬂﬂLwa'EJsLUﬂ']iﬂu@'Jﬂa‘UV]

TR

fiasanlaanniuilansveansin stress-strain curve Tuguit 4.13 Feuansfeniiudu
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1 ¥
A A

elastic Vel Worun13AsBaNTuuITauvziinuiu elastic MinTuLasia

ANTAUAINAUNNINTU

30

201 T | | l
— I
g . I |
Z = : T
g T I +
o 1
3 1
o'

10 +

0

Ix [ 1sx [ 2x R x| s [ oax
PBAT PBAT/B3 PBAT/BS

JUT 4.14 FnsAiudinduresilay PBAT way PBAT Miin1siiu Biomax® strong fiaulas
NAINITAIBAMBATZUIUNTT continuous stretching process MUN1SANEA 1.5 wag 2 1

ANAIMNEINIUAU (1, 1.5X BaY 2X)

4.3.3 Anw18Nswan15As8aluszuUu continuous stretching process NfNaAN

duuszansusadeaniuuasilay PBAT wag PBAT #iin15tAY Biomax® strong

MnMsMadeUAdIUsTAVB LS IEIANIUYBITUILTI&L PBAT was PBAT fifinsiiu
cohesion additive flauuazndin1smedalusy Uy continuous stretching process 7 1.5 wae
2 WAL IENAU (1x,1.5% Lag 2x) Seimamaaeulagnisiiiusuveusiuyiuaudy
ﬁﬁmummgﬁ 15 - 45 93A1 ﬁaaﬂmﬁwﬁumawm@ﬂ 9 5 937 WWULRgInunIsNageulu

! d' Y o A v ° Y a £ a a s ! =
A3UN 1 way 2 LLa'Ju’]HﬂJ‘Vl‘l@llqﬂquqquﬂqamﬂﬁgaWﬁLLiﬂLaﬂﬂ%qu%aﬂwam W‘U'J”IQ']ﬂE'U‘V]

T Y
=

4.15 enduUseansusadeaniuvesilan PBAT ausUluszuureiilosnioinies cast film
extruder NOUNIN15AIEATUTEUU continuous stretching process A8LATOY uniaxial

-

. I~ BN a £ = ! a a6 v a6 = o a
machine UANFNUTLENTLIIFYANIUTEUINNINAUNUNANNINY 0.58 LUBNINITNTLAU
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Biomax® strong 3 phr kaz 5 phr aslu (PBAT/B3 way PBAT/B5) wuiiA1dudssansuss

=~ o 1 [ =

Fean udladindu F98ANvnAU 1.19 hay 1.43 aNa1au 1evinn1sasdaldy wulnan

'
a

Fulszandusaduaniuves PBAT/B3 Saiiudulu 1.43 Wevihnisasdndl 1.5 uag 2 wih
MNAMNLIIIUEY waz PBAT/BS flandiudwdu 1.73 wevihnnsisdedl 1.5 uag 2 wiain
AuEIBLSY sniumduUss anusadunniuues PRAT Tuasunamsmiunisassaly
S¥UU continuous process fatunisiailduanunsaviliadulssavsusadonmuvesidy

PBAT/B3 Wy PBAT/BS5 fiAnfiugetuld

2.0 T r T T T .

—
W
|

o
]

CoefTicient of fritction

<
(o
|

0.0 +

PBAT/B3
PBAT/BS
PBAT/BS

— | PBAT/B3
v | PBAT/B3

—
w

JUT 4.15 AdudseAvisusudeaniuvesilay PBAT uay PBAT M3n15i#u Biomax® strong
NOULAZNEINTIIAIBAMIBATEUIUNIT continuous stretching process AIBN1ASEN 1.5 uay

2 WNAINANNISUAY (1x, 1.5X Lag 2x)
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uni 5
d3UNaN133Y

NIt vnsAnwdvEwares Biomax® strong Aviwtn?idu cohesion additive

| LY

PinasoauUATenawarAdUUTEANTWSUAIANIUVDINAN PBAT LagyinNIsAN®INTZUIUNS

I
v =2

JUSUNAUARINVDY PBAT NF0UNIANWIDNTNAVDINITAIEAIUNTEUIUNITAENNINTE] batch

Y

s
a

LAY continuous stretching process NadWandauUATING AUEANEY wagAFuUTEENS

(%
=]

wsadsanuvesildy PBAT Tnenanisdnwiasnsaasulendu 3 dw e

Tudauft 1 Anwinasuanlusgu batch mixing process wazfiny13n3naveas
Biomnax® strong AaautRidinavesfidy PBAT wuinilevnisiiy Biomax® strong v
w70y cohesion additive TuuU3uas 3 phr wag 5 phr aslu PBAT vi1lfiA1 tensile
strength Lay elongation at break anauileadntosmiitu Feen tensile strength Tansel
PBAT waz PBAT iiin154fiu Biomax® strong iifn tensile strength sningefiumuzauly

s lUTguvesduedsnwunLayiviniain LLDPE Tuviasmnain

2

| N = = ale oo a a = A
d@3UnN 2 ﬁﬂwﬂmiwauLLaS“ngiJV\laﬂu%UUGlaLum LLaSQVIﬁwaﬂigUUUﬂ’ﬁ@QU@lu

YUV batch stretching process Nilnadaau UAGINa AUBaMEY wavAduUssansuss

=

\@oanuuesilay PBAT az PBAT 713n13tAu Biomax® strong WUIANHMUENINAIEATNYDS

Ay PBAT 1001563 Biomax® strong ATUFUIIMNLATAY cast film extruder Wanazdininy

3 v A

#8u wazin1sdafnseninelaNaufuRaNdunnndaidy PBAT Feuansliifiuainan
duUszAndusadsniuresilay PBAT 91in15thin Biomax® strong (3 way 5 phr) dawvindu
2.75 La¥nUINNISLAN Biomax® strong d@snaliirn elongation at break vasWdu PBAT fifn

1

AuFudnios WeAnwdndnanishedalusyuu batch stretching process Wuikdinying

—

fadnfinnsAsdafinty AduUsyanausadeaniuvosiidy PBAT, PBAT/B3 uaz PBAT/BS il
Afiugadu uagarmduraans M stress-strain curve famduiiintuiioiouioud
strain = 100% WaAslmiiudean15Aa strain hardening effect danavilatuauiian tensile
strength ﬁLﬁmqﬂﬁu dleunluieudisutuan tensile strength way elongation at break
2097ldx LLDPE fivnglusioanann wuindieviinisisdnildn PBAT, PBAT/B3 way PBAT/BS 7
M5A9DA 2 Wag 2.5 WinnAmEaENsY Azl tensile strength aelluriafilndiAuay

WMUEENAUNITITIIU @9UAT elongation at break azdiA1nlnalAssLazinuizanlunig
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UlUlgauinishidn 1.5 wag 2 wi131nA11N81586U lngaubnnguuesildy PBAT,

¥ '
ISP A Y =

PBAT/B3 way PBAT/B5 azilAnfiuduiilosnsinsisdadfiudy

g 3 AnwraudRizana anudaveu wazAnduusyansusadenniuvesiidy PBAT

WAy PBAT 7iin154#u Biomax® strong Aenszuiun15uslnasiagnnieszuusaiilodly

[y

JEAURRAMNTITY NUTIIINNISANEILUEINN 2 F9deN15AEAN 1.5 wae 2 1INAIY

g1215uA U TunTrUIUNISAsEn batch stretching process 1Anw1lusEUU continuous

A =

stretching process lusgAugnaImnssy wudrddunniunszulIunisisinlussuy

continuous stretching process L&@n 4 strain hardening effect LULABIAUNTLTUIUNIT

[ '
1 = I a 1

batch stretching process @sWavinlia tensile strength AA189TU LWONA1TUIAT tensile

Y

strength wa elongation at break WU Hdx PBAT/B3 fiiunismedail 1.5 uay 2 waan

2/ a0

ANNEITUAY UA7 tensile strength Wag elongation at break aglugiaimanzauiunisly

a 13 1

NuuNduAAIn wANdN PRAT waz PBAT/B5 agwidnz @il aNauN1un1SASEni 2 winain
AMUEUSUAY LA LUNITANER 1.5 1RINANNEISUAUYDINAL PBAT wag PBAT/BS AN

tensile strength Hesninfissdnusewiniy Jshiudidamrenisirluldanuduiduein

' '
a1 a A A o

lgA1AMUEANE LAY N 15AUAINGUYDI NI LANRUVULDTANHIUNITAITAN TN

WILTU AL AAUUTLENSLSUEIANIUVBINAN PBAT ABUNIUNTLUIUNISASERLTANLALTU

a0 a

WoYN15LAN Biomax® strong 3 phr uay 5 phr kagdlaiiudutiioWau PBAT/B3 wag

' ¥
a = 1

PBAT/B5 NAUNSZUIRNITAEANTIUAUINANTY ke dy PBAT Tuiinni1sasunlag
faUUN Ay PBAT/B3 wag PBAT/B5 AINIUNISAMEAN 1.5 WAL 2 t71131AAINYIILIUAU

winnzaudunsulUIruluiduagen

VDLEUBDLUY

lun1snishsdailan PBAT Tussuusailiadluseiugnainnssueeniyilufsdame
LA399 Vertical Machine Direction Stretching Units (MDO) Wieliilaausstinlaaiaualy

WRSREgUUUINUNAL
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AMANUIN



AARNUIN N

ALAZNANIINAFDUANURAANG o
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n-1 an1snadauAInuiinisivia (melt flow index)

70

M139AIAKUIN 1.1 ToyailanNn1snaaay melt flow index ved PBAT uay PBAT ¥13in1s

1Al Biomax® strong 71

a

Nl

190 a3 EapuInnM 2.16 ke

Melt flow index (g/10 min)
Sample 73 73 73 Avg.MFI SD
ATIN 1 AN 2 AN 3
PBAT 6.5844 5.9801 6.0812 6.22 0.32
PBAT/B3 5.048 5.5519 5.749 5.45 0.36
PBAT/B5 4.0763 4.2749 4.9812 4.44 0.48

N-2 NANISNAEBUEANUNLTINARAIY tensile test

A191901ARUAN N.2 A7 Young’s modulus, tensile strensth tiag elongation at break

1RAYINANADULAT A INIUNTTANEALUTEUU batch stretching process

Modulus (MPa) | Tensile strength (MPa) | Elongation at break (%)
Sample | Stretching ratio
mean SD mean SD mean SD
1 78.1 3.7 23.0 1.5 556.0 7.8
1.5 39.9 4.3 26.9 2.1 298.7 17.7
PBAT

2 57.7 3.1 42.9 2.9 208.4 24.3
2.5 74.3 3.7 55.5 2.0 1535 17.2
1 70.8 9.3 19.9 1.6 538.9 36.0
1.5 39.5 2.0 28.9 5.2 311.4 20.2

PBAT/B3
2 49.6 5.5 37.2 6.3 229.6 15.7
2.5 56.6 3.5 45.3 6.2 188.6 33.2
1 64.3 3.2 21.4 14 594.8 35.7
1.5 36.8 1.7 27.7 2.0 3214 213

PBAT/B5
2 45.3 3.6 37.0 2.5 256.2 12.6
2.5 55.8 5.1 46.2 4.9 199.2 6.5
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A191901ARUAN N.3 A7 Young’s modulus, tensile strength LLag elongation at break

A Al s Y A . . Y]
WAyl AunULaT NAHIUN1TAEATUTE UL continuous stretching process TusgdAU

PAFINNIIN
Modulus (MPa) | Tensile strength (MPa) | Elongation at break (%)

Sample | Stretching ratio
mean SD mean SD mean SD
1 71.6 1.7 26.5 1.3 494 38
PBAT 1.5 67.6 2.6 335 2.1 463 0
2 73.6 1.0 43.8 3.2 410 26
1 65.2 1.3 30.5 1.5 680 34
PBAT/B3 1.5 529 2.0 34.7 2.2 615 25
2 60.0 3.2 48.0 2.4 412 30
1 62.7 2.3 28.2 1.5 671 30
PBAT/B5 1.5 574 0.7 34.7 2.2 575 16
2 66.9 1.7 50.2 1.2 354 32

N-3 NaN1INA&dU cyclic test

A19NIANUIN N.4 ANNISAUAINAULRRSVDINAYNBULAENFINIUNITANTA I UTZUU batch

stretching process

Sample Stretching ratio NISAURINAUY S.D.
1 15.47 1.05
1.5 20.53 3.79
PBAT

2 35.50 3.27
2.5 64.17 9.25
1 16.46 1.37
1.5 23.28 2.46

PBATB3
2 47.69 71.32
2.5 72.05 2.15
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AI9NIANUIN N.4 ANNISAURINAULRAEVDINAUNBULALNAINIUNITANEA b USZUU batch

stretching process (519)

Sample Stretching ratio NISAUAINAY S.D.
1 20.46 0.64
1.5 24.20 576

PBAT/B5
2 30.10 6.69
2.5 67.18 5.05

A1S19NIAKNUIN N.5 ATNISAUAINAULRASYDINANN D ULALNAINIUNITAITATUS LU

continuous stretching process Iuizﬁuqmammim

Sample Stretching ratio N1SAUSINEY S.D.
1 16.19 0.24

PBAT 1.5 17.04 0.58
2 19.67 0.99

1 15.25 0.23

PBAT/B3 1.5 18.45 2.59
2 19.17 2.25

1 15.82 0.99

PBAT/B5 1.5 15.44 0.59
2 22.81 2.71
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9-1 ANSATUIUNANENUSEANSHILHEANIUYasiaY

AINFUNIN 3.1

Coefficient of friction = tan O

f79819 NSANLIUAAT coefficient of friction
NNMTIAYUYBIFIUUTULN = 30
LNUAT Coefficient of friction = tan 30
Coefficient of friction = 0.58
9-2 NMTATLIUAINITAUAINAUVDINAN

MNaUNIN 3.2

Strain - Strainpin stress

max stress
% Recovery = )
SJ[rammax stress
§179819 N15ATUIBL % Recovery.
0 Strainmay stress = 429.76 %
Strainmiy stress = 358.1 %
WA
429.76 - 358.1
% Recovery = —— x 100
429.76

% Recovery = 16.67 %

X

100
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ANARNUIN A

HANISNAFDILNULAN
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A-1 AnwnaduUAdInavasildy PBAT, PBAT ftiuastiuuis way PBAT wau PLA

WaazlaRuan SR

definsaniidunediuesnan PBAPLA Tudnsnadrunisua 90/10 waz 80/20 wuin
elongation at break uag tensile strength fA1anaseg1aiiulatnain 872% anasinie
544 + 39% Lag 289 + 23% Laga1n 21.7 MPa anadnae 13.6 + 0.8 MPa Wag1l1.3 + 0.5
MPa mud1du 1lea91neynaves PLA finszatedalumaves PBAT Liminane vun
ouATTlng way interfacial adhesion #lsif yil¥iAnn1sugaoonveseynia PLA fidiety
uaziAndugaaudnunsuiniy daarilauannsalunsfdatunuanasiailsien
tensile strength anas Wodunnaviiudniausuam PLA Windwidu 20 %wt azvinli
elongation at break wax tensile strencth vasildunoawasnay PBAT/PLA Beflananas ws

A" Young’s modulus fidns1dnu 90/10 fidnanatan 85.3 MPa tlu 77.2 + 2.5 MPa u#ae

'
a

fiiutudu 120.0 = 5.7 MPa wlowfinusinn PLA i 20 %wt dlevhnsiivasifiuuss
reactive agent 2 %iln A Perkadox 0.2 phr iaz Joncryl 0.1 phr Wui1A1 elongation at
break, tensile strength LLag Young’s modulus Tuia 2 Swsadrunisnauildniniudle
Fleufunsdifiliifin1siiuens reactive agent 114970 reactive agent denariilil PBAT wae

[

PLA wiulsiiuunniu wazvidliouniaved PLA Manastdensiaaeulaainanvasdugiu

3 U

Angiliinisanen MilnsingaquiTmnswasmMmstavinenisinisossvosansly
Tuianaves PBAT anad WagiilovinnsiAsansifiuusd Biomax® strong 5 phr aslunedlies
N&s PBAT/PLA #15in54@udns reactive agent wui1winlia1 elongation at break, tensile
strength Tuths 2 §nsndruntsnaniiAtinTudntes urvild Youne’s modulus anas
Antio 1194910 Biomax® strong 1ilUTamAUBYN1AYEY PLA Wazsig Biomax® strong

\Ju impact modifier Ty PLA 9il# PLA fiaa1al toughness fiannty
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A131901ARUIN A.1 A1 Young’s modulus, tensile strength tag elongation at break U494

Ay PBAT/PLA

Young’s Tensile Elongation at
Samples

Modulus (MPa) strength (MPa) break (%)
P90/L10 772+ 25 13.6 + 0.8 544 + 39
P90/L10/Per0.2/J0.1 104.3 + 2.6 18.0+ 1.6 656 + 52
P90/L10/B5/Per0.2/J0.1 959+ 2.1 20.4 + 0.9 764 + 27
P80/L20 120.0 + 5.7 113+ 0.5 289 + 23
P80/L20/Per0.2/J0.1 158.1 +13.9 17.0 £ 1.1 466 + 45
P80/L.20/B5/Per0.2/J0.1 1419+ 85 171 £ 1.0 521 + 32

A-2 AnwnanIduUsEaNSuswasANIUYaINAY PBAT was PBAT NANISLANEISLAULAS

A o = a
LNDLNUNITUARAN

Tunsalfidunediesiuaus PBAT/PLA Y14 2 8ns1@un1snas 90/10 wag 80/20 vuiiisuay

il Reactive agent WuIHAIENUSEEVBUSILEUAUYDINANNDAWasSIUantl PBAT/PLA

laiRensasulUasiiowioudUilay PBAT wi1azin5t@u Biomax® strong LUnlutagiia
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AITINNIANUIN A.2 ANELUSEANDLTIFUANIUVDINAY PBAT/PLA

Coefficient of friction (Film-Film)

Samples

Angle (°) COF
PBAT 20 0.36
P90/L10 20 0.36
P90/L10/Per0.2/J0.1 20 0.36
P90/L10/B5/Per0.2/J0.1 20 0.36
P80/L20 20 0.36
P80/L20/Per0.2/J0.1 20 0.36
P80/L20/B5/Per0.2/J0.1 20 0.36
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Abstract

The single use packaging is widely used in various products; ranging from food to non-food contact, from
commodity to specialty purposes. Most of these materials are derived from non-renewable fossil resources. In a
sustainable manner, it needs to be recyclable or compostable. Good mechanical properties together with
biodegradability can make the product more recyclable. In this study, the elasticity for films consisting of
polybutylene adipate-co-terephthalate PBAT) blended with polylactic acid (PLA) (10, and 20 s«wt), additive and
reactive agents were evaluated. The blends were prepared via a twin-screw extruder. The film specimens were
prepared by cast film extrusion. The films were then stretched with different ratios (1.5, 2 and 2.5 times) by the
uniaxial machine. The mechanical properties, elasticities and surface morphology of uniaxially stretched PBAT
and PBAT blend films were characterized by tensile testing and scanning electron microscope (SEM), respectively.
The tensile strength of stretched films tended to improve while the elongation at break reduced at higher stretching
ratios. The surface morphology of stretched films revealed that the degree of orientation was increased after higher

stretching ratios. The ability to recover in the plastic deformation region of stretched films was increased at the

higher stretching ratios.

Keywords: Elasticity, Polybutylene adipate-co-terephthalate, Biodegradable plastics, Stretchability

1.Introduction recycle or composting options for such a plastic. For
composting options, the existing compostable
polymers poly polybutylene adipate-co-terephthalate
PBAT), polylactic acid PLA), and polybutylene
succinate) PBS) are the most popular ones. In 2020,
global production capacities of biodegradable
polymer were more than bio-basednon-
biodegradable polymers. Top 3 of biodegradable
polymers are Starch blends, PLA and PBAT,
respectively (European Bioplastics, 2020). In the
packaging use, PBAT is generally considered the
most suitable alternative to low-density polyethylene
based products due to its properties similar to LDPE

Nowadays most of the food and non-food
packages are made from fossil-based polymers such
as polypropylene) (PP), high density polycethylene)
(HDPE), low density polycethylene) LDPE), linear
low density polycethylene) LLDPE), polycethylene
terephthalate)and etc. These plastics, particularly the
single use plastic, are generally not biodegradable
and accumulate for a very long time. Based on the
single-use plastic waste statistics, 380 million tons of
single-use plastic or 50% of the total plastic
production) were generated each year and we use

them only once, the same amount of plastic becomes and because of its high molecular weight and long
trash in a year (SeedScientific, 2021). Regarding the chain branched molecular structure, high elongation
single-use plastic packaging, the thin films are most at break, high failure energy and good processability
dominated in terms of the applications both for food on blown and cast film lines BASF, 2013;
and non-food items. It is interesting therefore to find Pietrosanto, Scarfato, Di Maio, & Incarnato, 2020).

sustainable solutions. Two of the main options are

Vol09, No.2 DOI:10.14456/ssstj.2022.8
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In recent years, the research development and
improvement of PLA and PBAT have been popular
in many applications (Chen, Han, Zhang, & Dong,
2021; Deng, Yu, Wongwiwattana, & Thomas, 2018;
Hongdilokkul et al, 2015; Li et al, 2017; Su,
Duhme, & Kopitzky, 2020). Su et al. 2020) prepared
uncompatibilized PBAT PLA blends with different
techniques. In blown films production, using PLA
contents (10-30 «wt), the tensile strength of blown
films tended to increase in MD while the elongation
at break increased. However, the tensile strength of
pressed panels and flat films processes were not
different except 30 %wt PLA in the pressed panels
process, which decreased. For the same composition,
the mechanical properties of blown film production
were higher than pressed panels. Hongdilokkul et al.
(2015) used peroxide as a reactive agent in
PLAPBAT blends. They reported an improved
interfacial adhesion between PLA and PBAT phase,
leading to the improvement of the drawability. When

blended with 20 <«wt PBAT, the drawability,

processability and toughness properties of PLA were
greatly improved. Likittanaprasong, Seadan, and

Suttiruengwong 2015) enhanced impact property of
polydactic acid) with different flexible copolymers.
They used 6 flexible copolymers. When copolymers

were added into PLA, tensile strength and modulus
of PLA/copolymers were decreased as a result of

elasticity of copolymers. PLA/copolymers were
more flexible than PLA. The elongations at break of
PLA/copolymers were increased resulting from the
PLA/copolymers samples more ductile than PLA
sample. The results indicated that different
copolymers had different impact resistance. Chen et
al. 2021) prepared toughened PLA nanocomposites
by combining the modification nano-SiO, and pre-
stretching. The modulus and tensile strength of
PLA/SiO> nanocomposites were higher than those of
pure PLA because SiO» nanoparticles played a
reinforcement role in the PLA matrix. After pre-
stretching, a brittle-to-ductile transition occurred in
the PLA/SIO» nanocomposites. When the pre-
stretching ratio ®SR) was 0.5, 1.0, 1.5 and 2.0, the

elongation at break, modulus and tensile strength at
break were higher than undrawn PLA. The

Vol09, No.2 DOI:10.14456/ssstj.2022.8
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elongation at break was decreased with increasing
PSR while modulus and tensile strength at break
were increased greatly. This was due to the degree of
orientation, which was increased with the increment
of PSR. Thus, in this work, we proposed another way

of improving the mechanical properties of PBAT
and PBAT blend films by stretching method. The

effect of stretching on the mechanical properties,
elasticity and surface morphology of PBAT and
PBAT blend films were investigated.

2. Materials and Methods

2.1 Materials

PBAT grade Ecoflex® F Blend C1200, BASF
was purchased from Polymat Ltd. PLA grade 4043D
was purchased from NatureWorks. Di (tert
butylperoxyisopropyl) benzene (DB), Perkadox 14s,
having 409 of peroxide, was supplied by Akzo
Nobel, Netherlands. Multi-functional epoxy chain
extender (ECE), Joncryl® ADR4368C was
purchased from BASF Co. Ltd. Ethylene copolymer
(E) Biomax® strong 120) was purchased from
Dupont CO. Ltd.

2.2 Methods
2.2.1Preparation and stretching of films

The PBAT/PLA blended with additive and
reactive agent was prepared by a twin-screw
extruder. The melting blending process was carried
out at temperature profile of 80-190°C with a screw
speed of 200 rpm except neat PBAT and PBAT_ES.
Both compounds were carried out at 80-135°C with
the same screw speed as the PBAT/PLA blends. The
compositions of polymer compounds were shown in
table 1. The compound films were prepared by a cast
film extruder. The cast film extrusion process was
carried out at 105-150°C meat PBAT and PBAT_ES)
and 110-210°C PBATPLA blended with additive
and reactive agent) with screw speed 80 rpm. Then
the stretched films were fabricated with 1.5, 2 and
2.5 times of original length by a uniaxial machine as
shown in Figure 1. The stretching temperature was
provided at ~60°C by heat gun. After stretching, they
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were cooled down to room temperature by air before
they were unloaded from the grips.

Figure 1. Uniaxial machine.

Table 1. The composition of polymer compounds.

222 Tensile testing

The mechanical properties of samples were
measured at room temperature with a crosshead
speed of 50 mmnin by a universal testing machine
NRITS500-5B) according to ASTM D882. The

standard films were cut from the unstretched and
stretched samples along the stretching direction

2.2.3 Cyclic testing

Elasticities of the samples were measured by a
universal testing machine in cyclic test mode. The
cyclic tests were performed at maximum stress (Gmax,

Samples PBAT PLA Riliglee DB ECE
copolymer phr) @hn @hn
PBAT 100 - - -
PBAT_E5 100 5 - -
P90_L10_DBO0.2_ECEO0.1 90 10 - 02 0.1
P90_L10_E5_DB0.2_ECEO.1 90 10 5 02 0.1
P80_L20_DB0.2_ECEO0.1 80 20 02 0.1
P80_L20_E5_DB0.2_ECEO.1 80 20 5 02 0.1
of 30 MPa and a crosshead speed of 50 mmvmin The PBAT
specimens of unstretched and stretched were cut the 40 ::'iﬂ’ltumu 2 ECE0I
same as tensile testing — i
P&)_L20_ES_DBO.2_ECEO.1
2.2 .4 Scanning electron microscopy (SEM) 'g & | .
) S\_u‘faces mox}_)hology_ of the sax_nples were % 7| //' &)
investigated by a Field Emission Scanning Electron & 2 J/_,/"/ e il
Microscope, FESEM) MIRA3 TESCAN CO., LTD, Z ’ P s
Czech Republic. Gold sputtering was performed to i0d /'/ //
coat on samples before testing. //:/
3.Results and Discussions 8 0 100 200 300 400 500 600
Strain (%)

3.1 Mechanical properties
The mechanical properties of unstretched PBAT,
PBAT E5 and PBATPLA blend films were

measured by tensile testing at room temperature.
Figure 2. showed the stress-strain curves of
unstretched PBAT, PBAT E5 and PBATPLA
blend films. Unstretched PBAT film showed tensile
strength and elongation at break at 254 MPa and
551.29%,

copolymer, tensile strength of unstretched PBAT
ES5 film decreased from 25.4 MPa to 21.9 MPa while

elongation at break slightly increased from 551.29

respectively. When adding ethylene

Vol09, No.2 DOI:10.14456/ssstj.2022.8
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Figure 2. Stress-Strain curve of unstretched PBAT,
PBAT_ES and PBAT/PLA blend films.

to 561.89%. For PBAT/PLA blend films, elongation
at break of PBAT/PLA blend films was decreased a

lot after blending PLA into PBAT while tensile
strength slightly increased except tensile strength of
P90 L10 _ES5_DBO02 _ECE 01 film slightly

decreased. When compared neat PBAT film with
P90_L10_DB0.2 _ECEO.1 and P80 _1.20_DB0.2_
ECEO0.1 films, tensile strength increased from 25.4
MPa to 274 MPa and 27.8 MPa respectively,
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Figure 3. Stress-Strain curve of unstretched films
and stretched films (1.5x, 2x and 2.5x%) a) PBAT and
byPBAT_ES.

whereas elongation at break was decreased from
55129% to 224.65% and 209.08+% respectively
because PLA is rigid polymer when compared to
PBAT.Rigid polymer has high tensile strength and
modulus (Pitivut, Suftiruengwong, & Seadan, 2015).
‘When comparing PBAT/PLA blend films with and
without additive, tensile strength of P90_ L10 _ E5
_ DB02 _ ECE01 and PSO _ 120 _ E5 _
DB0.2_ECEO.1 decreased from 27.4 MPa and 27.8
MPa to 22.6 MPa and 254 MPa respectively while
elongation at break increased from 224.65¢ and
209.08¢t0 298.13%and 214.5 1+ respectively because
ethylene copolymer was more flexible than PLA
Likittanaprasong et al., 2015). Tensile strength of all
unstretched films was slightly different but
elongation at break of unstretched PBATPLA

blends film was significantly decreased. Therefore,
unstretched PBAT and PBAT _ ES5 films were

Vol09, No.2 DOI:10.14456/ssstj.2022.8
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Figure 4. Surface morphology of unstretched films
a)PBAT and byPBAT_ES5 and stretched films 2x)¢)
PBAT 2x and d)PBAT_ES 2x.

selected for stretching to improve mechanical
properties and studied elasticity after stretching.

After stretching PBAT and PBAT_ES films,
Figure 3. represents the stress-strain curves of
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unstretched and stretched PBAT and PBAT_ES5
films with different ratios. It was obvious that the
tensile strength of stretched PBAT and PBAT_E5
films were different after stretching. With increasing
the stretching ratio, the stretched PBAT and
PBAT ES5 transformed from a ductile to brittle
behavior and tensile strength of stretched PBAT and
PBAT _ES5 films tended to increase while elongation
at break tended to decrease because of stretched
films in the cold drawing zone of polymer and the
orientation of the polymer chains during in
stretching process (Su et al, 2020). At the highest
stretching ratio 2.5x), tensile strength of stretched
PBAT and PBAT_ES films increased by 164 drom
25.4MPa to 66.71 MPaand 186 drom 21.9 MPa to
63.22 MPa) but elongation at break decreased by 714
from 551.29% to 165.19+%) and 63+ drom 561.89% to
206.15¢), respectively. This may be due to the fact
that by stretching, the stretched polymers chains
were oriented along uniaxial machine direction and
the degree of orientation was increased with the
increment of stretching ratio (Chen et al., 2021).

3.2 Morphology of unstretched and stretched

films
Figure 4. shows Surface morphology of unstretched

and stretched PBAT and PBAT_ES5 films with
stretching ratio 2x. Surface morphology of
unstretched PBAT and PBAT E5 films show
droplet voids on film surfaces were illustrated in
Figure 4 a and b). But unstretched PBAT and
PBAT_ES5 showed different film surfaces. When
adding ethylene copolymer into PBAT, film surface
of PBAT_ES5 film was rougher than PBAT film
because ethylene copolymer particles were
elongated and dispersed on the film surface After
stretching PBAT and PBAT_ES5 films. Surface
morphology of stretched PBAT and PBAT_ES were
shown in figure 4 ¢)and d), the droplet voids became
elongated void due to the orientation of the stretched
films in uniaxial machine direction. It confirmed the
increased degree of orientation with the increment of
stretching ratio, resulting in tensile strength of
stretched films increased while elongation at break
decreased as mentioned above. The increase in
tensile strength may be resulted from the degree of
the crystallinity. However, a role of the crystallinity
was not investigated in this work.
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Figure 5. Stress-Strain curve from cyclic test of
unstretched films and stretched films (1.5x, 2x and
2.5%a)PBAT and byPBAT_ES.

3.3 Elasticity of unstretched and stretched
films

Elasticity of unstretched and stretched
PBAT and PBAT ES films were tested by cyclic
testing. It was reported in the form of «recovery. The
cyclic tests were performed at maximum stress 30
MPa. Figure 5. showed the stress-strain curves from
cyclic tests of unstretched and stretched PBAT and
PBAT _ES5 films. In case of unstretched PBAT and
PBAT_ES films, they cannot be tested at maximum
stress 30 MPa because tensile strength of
unstretched PBAT and PBAT_ES5 films were 25.4
MPa and 21.9 MPa, respectively. The unstretched
PBAT and PBAT_ES films were tested at maximum
stress 20 MPa and 15 MPa, respectively. It found that
srecovery of unstretched PBAT and PBAT_ES
films were 18.09% and 25.25%, respectively. After
stretching, «recovery of stretched PBAT and
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Table 2.«Recovery of unstretched and stretched PBAT and PBAT_ES5 films.

Sample Stretching ratio Recovery (%)
PBAT 1 18.09
PBAT 1.5x 1S 24.80
PBAT 2x 2 4841
PBAT 2.5x 25 7424
PBAT_E5 1 2525
PBAT_ES 1.5x I5 40.11
PBAT_ES 2x 2 64.64
PBAT_ES5 2.5x 25 86.15

PBAT_ES films increased with increasing stretching
ratio because increment of stretching ratio resulted
in tensile stress of stretched films equal to 30 MPa
at lower cstrain. At lower sstrain, film showed
higher elasticity than at higher «strain because when
the film was drawn continuously, the film entered
more deformation zones. Thus, the film possessed
higher strength.
4. Conclusions

The stretching process can improve mechanical
properties and elasticity as indicated by tensile
strength of PBAT and PBAT_ES films increased by
1642 and 1862 but elongation at break decreased by
71% and 63% respectively when stretching at the
highest ratio 2.5%) due to stretched films are oriented
along the uniaxial machine direction and the degree
of orientation increased. The elasticity shows in the
form of «recovery. ««Recovery of stretched PBAT
and PBAT E5 increased when stretching at the
highest ratio due to elasticity of films increased.
SEM shows surface morphology of stretched PBAT
and PBAT_ES5 which indicates the longer elongated
voids when stretching. It confirmed stretched films
are oriented along the uniaxial machine direction.
More work needs to be carried out to ensure the
application including the coefficient of friction, the
shelflife and the economics analysis of the products.
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