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MR. KORAWIUDIOAO : DEVELOPMENT OF CLINC

COMPOSTABLE PLASTICS THESISAABVBAH-ES3GE

SUTTIRUENGWQNG, Dr.

Most of cling films for wrapping pallets used in the transports
biodegradable plastic laderssitpwolyethylene (LLDPE) or multilayered
biodegradable. Thdntlisgpfocessed via the stretching process to i
strength of cling film. This work focuses on the alternative compos
adipatmterephthalate), PBAT to replace LLDPE cling film. Therefc
research is to study the effe€stbBipasmgohesion adhesive on the filr
the influence of the batch and continuous stretching process on me
films and coefficient of friction between filmassonifesd WHRASismwang a
and 5 phr via internal mixer and compressed into films by compress
and elongation at break of PBAT/B3 and PBAT/B5 were slightly
Biom&strong. After that, t@ ithprmnsile strength, the stretching proces
In this step, films were prepared via cast film extruder and stretcl
process with 1.5, 2 and 2.5 times. When stretching ratios increast
PBAB3 and PBAT/B5S increased but the elongation at break decre
strength and elongation at break of stretched PBAT, PBAT/B3 and F
stretching with 1.5 and 2 times. The coefficient of frRBAT efamstix
from 0.58 to 2.75 when add@istyoBipaact the coefficient of friction of ¢
PBAT/B3 and PBAT/B5 increased with higher stretching ratios. The
with higher stretching ratios. streédlyintp ratios of 1.5 and 2 times were
in the continuous stretching process in the industrial scale. The
continuous stretching process, tensile strength, elongation at break
PBAB3 and PBAT/B5 were in the requirement ranges at stretching w
the results, we can summarize that PBAT/B3 and PBAT/B5 stretc
potentially be used as cling films.
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1.4 ATTn)] KNLEéqQél EENT I Nénj
12181 NDr L nE] NF NT 7 TNNikk HINGK 6/T T NJISIGN\KE
é K N Poly(@Ldylen¢ fadgpatephthalate), PBAT
12261 NDr I L nE| Nj «IdNmg LLNMKEG TKN @ TemBNg:
& | E 1J huRrdl(bétyencradp@tephtialate), PBAT
1.2361 Nr I Ln E| NE KR apeh(bEneke&dwate K O
terephthalate), PBAT] E K N1 | BatEfNdgtintnudisN h G
process
1.3 706817 Ok NéEoelLenEnhé&l EENIT I N&nj
130 ARhT NLIT AT NOGNEE \
1.3.2ENKST Knj J6JRh1 F K
I E Rabtatidg)tviirkscrew extruder)
1.3.3ENKE& NRI KOJ 1JhukCRSt &lm ékEuBI@)E N RT KO
1.3.4E K NT |1 BSiekching BrpcBss)ld uk alJ O &
1.3.5Poly(butylene adapatephthalétéptoi@x® F blend C1200
1.0 1T ENKhnolT NI ENT I Nénj
[, K] F & JeoellJOokTnrtnenGOKNLI heé
/| , 2 EOT 1 Ok NI NEO] T ENKLNTI KAT ENI
L

[ , 3] KO] JENKOeIJnOkNIn)] EKHQT fr o

/| , anBONI ENT I Né&nj OinElFFEG6] RI O1
T I I wE| NE NoKt¢hlnkidgip@aeds F KBiom&k® k & |
stroign I L J7 A 0 §

NE E Kk
- LnNnE]l NenNOK@EdroNeé) El 6 e KRr F Ej LI O
- LnNE|l NI NéenNhfMFD A ENKel k& EI | k
- LmEI NknE|] #NT NE L n HgchnhihgEledirad & |
Microscope (SEM)
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Tkl gn Ok NENT I N&eAj T ardEHR
0 Pdly(utylene adgmteeephthalate), PBAT

K QIO Gilr K5 Boiydutyle e dipdtepBtiaalate), [FBAT

PBARROOGEREEAT 6] RITJIiNEE® alipipicOGR T
aromaticpmoyesteri r LN E6 € KNNT geeh ©6& NE] 6 T |
el TOPBAPKNEI 7 h el ] GWaylenpdrephthdliie) 1 B
el NJ Oé& RBAJQyléne afipate)s] I @ RPRATNNE INJKA n
] KAT 6] kArj T LITNT NOGGNEEK ®h Ol Al 61
¢ IBE@ J NE&nhRT ABRIENNT] nNGE! L eNGT eNKKE LA GENNEKE |
el NJLNJINKT El ENK]jBAMMSH T&nNE\aiedEENDEE K
eT 8NhLOE&NRI OT n @ hGhrE] LT NI r B )ias JENKT
é kK ONjDBEEGME EOAITM@ T NJ L NI NKT El ENK] RDh
el NJJ nhl ] nnPBAROEEDRG KRN |1 KDNEEIJIQH R &md Tl
IJNBENRI

PBAT K BASAH jOEG © dNTra HnldNER KK af@ AR hneN C
I NJ N kdRvaONH. ETTIMENKE B k § N 1 BT NJTI0T T nkINNOB
T DRI ned I NI NK o NpEBgaki NijLN INED ki EGNG a\
EKNAN| 61 Rr |t EEPBEANKhOEESRH KRE
enk NTTNKBH @8 h] Kivgk GJ n Bee® 1 f MT NIAMR
enkNT T KAT Agnl ] 7 Q9LHINGAN Brofkas) B o
T N KRIOEINGGR20E T A 1 O
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T N KRNEIT A Tedoller@Enadad 1O E O

Unit ecoflex®
Property Test Methc E Blend C1
Mass densit g/ ch ISO 1183 1.251.27
Melt flow rat .
MER 190 °C. 2 g/10 mit 1SO 1133 2.74.9
Melt volume r| .
MVERI0 °C. 2.1 ml/10mi 1SO 1133 2.54.5
Glass transit o DSC 30
temperature
Melting poin °C DSC 116120
Shore D hard u ISO 868 32
Vicat VST A/ °C ISO 306 91

T N KRBOEI T iAr T Nekaflex® eBleadeCEIIE K QN O3 . Oced é
ST K

0] k[Blée nRI KOJ
. ecoflex®
Property Unit Test Methot F Blend C12
Transparenc % ASTM D 10 82
Tens@rength| - N/mm? ISO 527 35/44
Ultima®trength ~ N/mm?2 ISO 527 36/45
UltimaB ongati % ISO 527 560/710
Failure Enerc o 1SO 53373 24
(Dyna Test)

[ I NG@@EMImT NL T N Emadthihédirdctod) M) E NiE & K
Eni thapvkdkectioR, DS
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6h] LNKOT NIJOT nEéEN®eInNd&EON® 6] Kirj
JAaLIT AT NRAET ARO

- I nlrTONTfAreho] nNEJA] KNLNT T Nijj I

- TOFEJ8LTA] KijNj &l ©Lij NI NéF EEKNT |

- TOFEJLT AT KijNj &l ©Lij NI NENK E§ OE |

- T 6l E cejblpeniidneonng T EL 1 O

- T 6FrEeIndg) RIJ®I EBdNMdNg NG GBE®6 E N

- T 6lE®inlin@E oL Ji Al NI F k N6JI KQ0o |
LNKST NIOT nET nk NIBE BaaEdeNIK GhdEEa

iller, NKo6T NJ oemfoE:emema additde) K KHIOK KQ & L
&urface properties mOaifiRrg) iN Ké [EKNHEedt QabilivefsyHI T ©1 (
ENIT I Nenj T AR&ENST ©T ce) T NEENK]| KAT | |
'k N] I nTTn] KNLEeqQqlT AREENKOSI Nr JOK
E 6EAT 1T F kN3 J KOs RIT Ol
2.30 K E 0 Fricjo) k N L © & Jh K NebefitantoEfrdtior, SQF) |
OKEdLNAN] AT NI-Oénl OOKET ©NT ENKG € |
ENKSeéekDr+tITnaré&LElIATTine] 7T ANRT |
Dynamic or sliding fricéoP fo@eOKEB B R PENR S I Nr I | A
] KNoijT T nR&NI n &l eIOmIISTé]nﬁiﬁrleﬁ@m,rOOKlEﬁo,r

INTTArTONI TNl I ATTNENnlFT OENRENKDS €
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2. 81 Nhéel EOKESLA] AT NT @nRIT ] On
0 K ngrmbOfolcéd ET A RT T ONT RnlI T AE&LF EI AT T
ST NnNoJNRNrloekNr T TaAar7TT 1 DRI j NI 6hT
3. T NLITNE&FIEOKEOGLMA] AT NT éNJAT N

Motion Motion

Pulling force

Block [t force Clock -

Fricuonal
force —ug—-1, -———® torce

Surface Surface

K@ KES 7] hl NI T iRl ENhénRI &

~ .

énNL nJ | KEdedient Bf$rictisnBUOE)TE T MhQ K
OL AT AT NI T A r@mrk & RINE i Bd\ﬁérﬁzh“é&é NN
Kk NgT NAhIJAkAE]L #Ni RRT j NI TaAr OT ET nNE
Lnd | KNLELNT T N$ OKEoL ] AT NT KNI i nNE
LnAd ] KNENT 1T N$ OK EESKNIGR 1& B 8 & K id K B Wa j
OKEo LA] RIIEINKA iir ®@h && NE
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T N KR8IE | najeifdet of sthticdri@Netficient of kinetic friction
Y/ 1]

Material (dn Coefficient ¢ Coefficient @
surfaces) 1 Static Frictid Kinetic Fricti
Steel on Ste 0.4 0.57
Rubberon|  1.@4.0 0.60.85
Concrete
Rubber on As 1.413.5 0.50.8
Aluminium ¢ 0.61 0.47
Steel
Copper on S 0.53 0.36
Wood on Wc 0.250.5 0.2
Glass on Gl 0.94 0.4
Teflon on Tef 0.04 0.04
Cast lron on | 1.1 0.15
Iron

6h] G ENT T N&nj T nRI liding byl B O LKANE (

, rfn i AT T ni NEplate RN 1) nkdnnr JIERIT O]

| AT T noENRE NK cEbsffiGékoHiictioR 00l B MR T beh €
5 ohg. | s e
>C)%Tn O LJERKT fir

ue Bh BL A J | KCoeffdient dfic)ES L ] h T NI O&
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K C2BH Nk ISkdihd: arfit

0 JJ 2u®SH&tdgh filrh @ &tretch cling film)

Stretch firK N I O tuk Q]3] N h Therm&diakituk Jjdn T
6GI NNTArktnénGoeéenrosriaji OE O] N
I fir T nd Nj x NTPVGy R MDRMIE 1 [k N

ENKj kKNTTOFEIJRENKOT NJLNKERK® OK O
OENNT Nhoe©eNe T nE 6ENKE)OENI cch O
OLEOhRRhO I Nr k& Pk qQITTTNITnFENKC
E GnElFFnT LNI EWKE 60 NEE KBREB &N K
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KNE| ANék ONJ I eERhANER] OGH EGNE EI QI
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%Ik QJ] Ph & T kNhJIAT]T GIIAN B I N B NKNG
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) NnNEOI Knl4eaNpPp&IJa&l NOI'T BNERBAE | ¢
O REGONe KNr F EEAEKE ENKiI Al Uk Q)

ENKOKNIFEEIOWhkAI] DhénRI ] OnE
el NILNJINKT E ENK] RDAT Al Oél NITTT NI
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O] RTTArlI Nf JEISGEAT I ] nNEOI Kn Tl k Nj
0 EXAQT I T ENIRIBINRT KO|] Whuk @J ] Nh

EKNTYT [ T ENKENRT KO] Dhuk @3] RhOT nEL

2.5.1Blown stretcH fiknrticaDproéeBsT n ENK é n R1T 1Jtuk
Blown film extréigion 6 ] k N1 I k N8 Jdirdglar @iehlr I G kil
T KEEKNEOG ! N bubbi jkeNi@ Jof 11 axbiEb@ i NKegjr |
ENRI ] OnEAT €1 NhoOLOI | nhibble ®F P O]k K B
6 b Nent ] Of OPE Bh R befEh & RONETEIX INTREEHE
rolld kotbBle N7 OE K i i wirliGxsiBoiGrE i In 1E x £ N KE K |
Oj n flatFitxkdgd01&n ENK J ©1 1 6 EpRStrQdhédi E K K .
E N Kip foll TOE 8 n RT 2] 1 NE h @Nding $tadidn€Hl ©I1Jdu
LIT nT NGOENEB&E i ihiioiNIRaEch-fih Kn0H KINUKN
1%

2.5.2 Cast stretch filkiHorizadtal procesE N K & daRR filmJ ruk G
extrusibnh f T n ENKT k I Jlat digk NGrJ 1 KIGkaN & J- - KEQ]
& Nl&E @ N oel ket QEEEIKNNREH knl 6] RI T n &l &1
OBRET nishll ENKOEMNER DiO@Nel NI T NJh
Jol 1 6ERY etri@dedK RN& I NEGKRI EF ERE RO
h © tapt istiefibh B0 5 .
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el NJEI ©NE®eIJndo ENIT O1 OJNkkNoJTK
INkKEBAA&K NJéekNhdéekDrk T KelF] k NO3
KNY nel el ir Gk NEOSh] el NIT 1T Né&lI EWh
I K NLT NET Anr E 61l nlBhukdj NhT ©6IES6] RI
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T NKRBEHTNJIITOONT OKEhnEOEéI NYPNDhSJINDyr |
. SERH@@IMI B, . _ .-
K N H E | N |
R enNHKN 5T pPvc TP '
el NJTMPA |
1 |ElI Ol I 11 30 20 60 | ASTM D ¢
El Ol | el 1 15 10 60
el NJJUh q
2 |@&I OI'l 11 120 100 50 | ASTM D ¢
El OI'l &1 1 250 150 50
el NJT emN
3 |E&I OI'l 11 200 100 40 | ASTM D ]
&l Ol | &1 .1 500 100 40
4 el NJE2O( 89 91 90 ASTMD
’ Procedurt
T NKRSJENIINALNKT Ar k NRaJj I EINé T EJh
KNJ ENKT AL LNKKkNknNj 1O ERHC
eJ n G
61 O1 L0 G N ) . .
1 5 TP iyt | RnEK AT 1@hg/din
I NKKNkNGaL L
S = T 1
| KN’J NT K 0 mg/dm
CNKKNCNGBERTE e
2 LNrEThrtJ'K'ﬁq'lKNJN
| CLNKkNkN@aEL 10 mg/dn
| KRG NT K J
L NKk Nka9®o @ t L
| KNZj'NT K 10 mg/dm
e . A ( Ony/dfa
3 |[LNrETAarll Rek3InT 1 NG .
( ( rgRdir
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| N K NEK NI NOFOL, KT fir Kk NKNF FFEJINEFEW
= T . 0 EFHH
KNJ ENKT h L LNKKNKNJIO 5 q
eJ n ¢
kI NI'T nLNKkNkNAEKR .
2 T NEnAar i ] KNJ NT K / nag/dn
' INERKANON] T Ar GBFOLEAROI nkNgI Nh C
i NI NThALIFYThA Eiﬁﬁ
@ INF TnEOT AT OTTIFNINKTArJnl R
@r INJ TnEOT Al OT T FNINKIArJnEK
@B IN] TnET Al OT T FNINKIAarJdnol k
@ INF T nEOT AT O T NI NKT fir Jnoeé
GY INF TnEOT AT OT T I NI NKT fAr Jnoeé
(CDDION] T NMEOB6 GI NN| KNJijT Lnl KAT &E
(AOION]GITMIENG KNOijT Lnl KAT E§OFnnl

T NKREBEN HikrniCE | ANAONITYd .NJ ] kI hijnj &l E

A _ 7 L OGERHQENI T hd
N S AT AN =0, PVC | PVDC
1 |TNEATri 73} 100 100
2 [6enhodngd [ 100 100
3 0T 6Knj J - - /.
2 |eeh 7V NI T Nkl - 5 -
3 |cel KéknGNk - 1000 -
4 |oel T Nkékl oe - 1 -
5 |l T Nk Nh Al - - 4
6 |O1T okl KI J 3 &/ [ &0 -




- I'INJTNEOeInT 6 ETHALIT

AFr INJT NEOenNOT 6kT KIi J6GI NNoehT NI

@2F INJTNEOenNOTs®F KNdé6t EGNR x DOI
kT Oceh el 6 GO hGNK OT 6 kT Oceh YT NI T N1
0, 4, OOINT KgNT WDhuk@J] Nnhi1 AT 1 NOKI
6T NrF EENE®InJInINT KNI TTansil®L h E

strength kelngation at brégéthical ddteet | E|j k NT ij n # H Q]
rol

O KID@BEF ET k NJ OFf OT KNI AT O6 1 N

-1 nJ NG

2.6.2.1 Technical ddfalsire6]J jLUDRENE [QiKdidoxstped
packaging Co., L tLLOPRAEIDUK G1J J Nh 1 n FLigNdRd niNi ¢
tensile strehgthO n El - §MRdAeiEadion bt foedal (T AcmiiEH &) IDHOR

HI NREEI[A T O

T N K8BEN Nier | @nsilé stradgiNnoution at Bréall LUDRENIE O
T K Qimgdab super packagifig Co., Ltd

ThickneRange
m
1517
1820
21-25
26-30
31-35

Tensile Strengt Elongation at Bree

KN_OF # OF
37 250
38 300
39 300
40 400
41 450
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0 , 4Technica) dataldhteet ]J JLUDREN it IFUIRE ¥MAUG|
GROBR R 1 Tran8phréntishdicHixhl bP@baya@®d NJ EL 0O
J rtensid\s@etighk] | k NT ij n mrdGidersieNsexogih f 1NeD0]
El nMRa@Da@adon at bedak35yhniER IONNRSERHT i r O
N K28BEN Niér | @hdilé stragaNngktion at Bréal LID@ENIE O
K RUJIAN YOU Y[3BROUP

—_C =

Thickness Tensile Strengtl  Elongation at Bre
nm KN _ OF # OF
0. Ox00 25 350

2.6.Z:chnical dataldtreet 4] J [ LDPEIstietch wasiliiti K N | |
Luban packing BLE J i e | NLJ-3@indN fidusildBdengiidB£ OT n
MP® keldrQation at bedak 1 +4 n%hl AnESORLIRMNENEDI [ r O
T NKRNE R Neé dmsié siraiigidurontion at Bréald LIDPE d]J O
& N E LukaN pagking2].LC
Thickné&ange Tensile Streng Elongation at Bre:

Hm MPa %
/5 12 21 .
0. 37 2 3.
01 2 2 3. .
03 22, 3 33.

1. 23 4 . .



27ENT I NénAj T nrdEnrji el E
ENEENIARGOAOk NEBDONE NKLNE] NT Al
| KN L NTTTKNGj) NELE P EBhhKETRTR RagsDdtretaprfile | ETKEIN K
I h k IBEBRMiNkK6G ] T n ENKIF | EOQOT T ENKI &irk | EO
gap, melt tempetadime Speedi 1 L N Ej kT n I JLUORELNT T N
El OT n NEINKI] InK &@MINT ARET Jh DRNEQRANO
Gnr ELNINKTFFEOT T NRRENEh O] AREI Jh

~

T NKRNERBEDATr LYIOEg& | ET Al O] KI NLKNO

S| Units English Units
Air gap 63.5190.5 mm 0 53jiB O
Melt temperature 260288 °C 500550 °F
Line speed 183305 rpm 6001000 fpm

T N K242Prbcessing, st@atuné & © 1 J O wcdstiilinn i &h @ & N
I+ EOQT TYBEONKT hk I EO

Melt

Air Gap Temperature Line Speed Load Force
Exp. Ult. Stretch Unst. Cling
No. mm In. C F mpm fpm (%) N Ibf (g)
1 127 5 274 525 244 800 260 149 33.6 83
- 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 2717 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 38.8 75
8 63.5 2.5 287 548 244 800 220 169 38.1 78
9 63.5 25 274 526 305 1000 205 191 429 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 29.4 114
13 190.5 7.5 273 524 183 600 305 132 29.6 86
14 190.5 75 274 5256 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
oJNDr Il néeel JOkel EI h RE ANORXAEMN KOl 1
enNel N/a]n&;fr;\m EON kRtB&H inm 0T aliimatp strétechr J 7
J N E Taif gdji Ny Jnfel@beimmeafurkiNe spdedNJ k nh AT O6 hj



ultimate strétcN 1 h L dtrdinira@d 100D k &air af, Gelt
temperat@elime Spebdi 1 dltimate siradch MREPUD & E2AD i r O
| T faings 1imm3EBiny B I ij O J RBRESRFR Kk lsphetd 4G O
rpm (800 faniukimate Strétdh n NADIK ING /1 N3l HegaRIP1 | R
mm (7.50lin)) H I ij 0SB BB die spded @800 fpri) R T ceh
§ n hdir gal rdlempe@iureNr J @ N RT L nEj kK EI ©1Jh
Gnr ELNEj kT nl | KN LuNrmateNStijgigd JeN-KE IhhnkEd]
ofRle0 | FEKNIp EEh AT 6 h{ deJ n 6nE HseEINEKOQThEET (
K @0l Jifilg speddi € n' N6 1 N1j & R IEchLeq Bl § Tk rEC
T N KRNEnalysi@diiance (ANOVA) [@dtession

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 — —

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 12476 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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Melt flow in@g20 min
Sample EKA| 6K f?i‘ 5 K)ﬁ Avg.MF  SD
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

EO Oj K ENKI h ltdndildtest 1T N6 gNEEk h ol j O
T NKNEij NeeiyM ol e QF O& @bG Kelrgatiod atbreak g j

| NKNEij@er I OEDibeltswondePBEANPRAOR L U1 61
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6 Gkiirj &l Ellhk 0 bakch strétabinghpfoeessE | n NT E N
. +Modulus (N Tensile strength Elongation at bre
Samp| Stretchtae mean SD| - mean | SD| mean SD
1 78.11 3.7, 23.0 15| 5560, 7.8
PEAT 1.5 39.9/ 43  26.9 21| 298.7| 17.7
2 57.7, 3.1 42.9 29| 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 | 5389 36.0
1.5 39.5| 2.0, 28.9 5.2 | 311.4| 20.2
PBAT 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
PBATH 1.5 36.8| 1.7] 27.7 20| 321.4| 21.3
2 45.3| 3.6 37.0 2.5 256.2| 12.6
2.5 55.8| 5.1| 46.2 49| 199.2| 6.5
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. Modulus (N Tensile strength Elongation at bre

Samp| Stretching mean SD| mean | SD mean SD

1 71.6| 1.7 26.5 1.3 494 38

PBAT 1.5 67.6| 2.6/ 33.5 2.1 463 0

2 73.6/1.0 43.8 3.2 410 26

1 65.2, 1.3] 3® 15 680 34
PBAB3 1.5 5291 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
PBABY 1.5 57.4| 0.7 A7 2.2 575 16

2 66.9/ 1.7/ 50.2 7.2 354 32

El1 Oj k Edydfidtdst I T O
T NKNEij®gNENKOBIERA [T O NI & & KaichnjNg E|
stretching process

Sample|  Stretchiiagjo ENKeDNnl S.D.
1 15.47 1.6
1.5 20.53 3.79

PBAT
2 35.50 3.27
2.5 64.17 9.25
1 16.46 1.3
1.5 23.28 2.46

PB

A8 2 47.69 7.32

2.5 72.05 2.15
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stretching prdcesd

Sample|  Stretchnagjo ENKeéDNI S.D.
1 20.46 0.64
1.5 24.20 5.6

PBABS 2 30.10 6.69
2.5 67.18 5.05

~ - ~ ~ ™~ 7~

T NKNEij3@aNEINK@D,] Emi EQuNBGKBET f B
continuaitsetching préEés& Nh a7 F nT L NI EKKJ

Sample|  Stretchnago ENKeéDnI 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/B] 1.5 18.45 2.9
2 19.17 2.25
1 15.82 0.99
PBAT/B! 1.5 15.44 0.59
2 22.81 2.71
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Coefficient of friction = 0.58
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| NTJ NT-Aroceeh®l nENKLNE] NOIT n & ©ENK
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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
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