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630920011 : IMYINITUAZIAINTIUNDAUOT WU N LUU N 2 SzAuUTeygumUasdie

AdfiEy : wanaRniaanafialavina®anin, gauauseu, PLA/PBAT/PBS, wedlniaudnd
LR, WORTUITNAUBLALNN-LA-LLSTHNLEN, NOALAPRNLETA
WA alsy Weown: nsimunaadueigeldomsinuiouainnarainiaans s

1AMenIn e1NENUTNEINGINUSTAN | 599MENT19158 3. ANAY aNBITecd

penuanudouiilivssgomslutligtudunarainiléadaufodie ndenisld
sdafngnilsnaundemnsianesiuiva s du e uanniwanadnilldudagaumaniinain
VMasdeuanedwosfiliaiunsadesaaraldnis@inin wu High density polyethylene
(HDPE), Polypropylene (PP) iugi s1u3seia diusnfniiavinediwedfiaarofalanis
Fanaw lauwn Polybutylene succinate (PBS), Polylactic acid (PLA), Poly(butylene
adipate-co-terephthalate) (PBAT) uniaunanifang 1iu autinisiva, audfdena wey
audAvnemndou Tiansatuzusesnisnitd (blown film extrusion) iusuuuy

ganuANTauTaaefimTInInle Felunuddeilavinswleunedwesivauaviawuuily
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Aulaziinansswarfnues PLA/PBAT/PRS laglvidndiuwad PLA/PBAT Wu 50/50 Tuvsi

Y v
a2 v 1

Fneunes PBS azfiadusiaus 0-40 %wt Mnn1suRaesnuimsfinasiveaindielvined
weswausiimuniafiintueddidud i Susuldarndr MFI was Complex viscosity
FeorainanujitenindenvaisiuvesaisldwedwesBuduldannismagaey molau
uananina SEM wanslidiuiitanudndulduntudiofnsiuarssuenin dunaldann
ywnvelaudaziaRidnases 1 itlidn Kan1snaaUNNIAIBA (Tensile test) nuitned
Wostuaun PLA/PBAT/PBS wananiswaniniuuimilen (Ductile fracture) finginssunisns
dnndneiu PBS Fdlunsdildifuassusaaninuiiruegdaunndsegslsiidodifey ue
wui1 Tensile strength waz Elongation at break fAindun udadau PBS iiniu
YenNINsRNEsIREAiNTe1HA Tensile strength iinuNTY WATAN Elongation at
break flanas nsvagey HOT Fifiuiwodwosivaudfinisdeguiiussuin Te vo PLA
yindndunsuan mMavadeu DSC wudh PLA luansnsonnudnlédludu cooling ustagiinndn
Tuduliarudeu (cold crystallization) Faosidudaanundundn (%Crystallinity, Xc)
ansasunliud PLA winty iesenfinves PBS way PBAT finnsdousiuiu (overlap)
Tnswadwesiuaudiill PBS 1YussAusznauil %Xc gandn PLASOPBATS0 FailA1geqn
Uszanas 20% uenaniinsiinanssueninaealy %xc franas wailn PLOM anansath

audfnisanuanNuandeiuvesnediesudasfunldiiassumuvisvesusasals loy



INN1IMAARINUIN PBS avagusaniiont (interface) 511319 PLA fU PBAT uaziile
daduves PBS lunedwesvaudiiuiuashilddusuinerdaruduidedioaty
(homogeneous) 1Nt Fefunsvesusaziaiusuldaindn Flory-Huggins interaction
parameter @191 3Un153ugUenualtufounuiniifios 3 gnsldun PLAGO
PBATA0PBS20P0.2B0.4, PLA35PBAT35PBS30P0.2B0.4 thay PLA30PBAT30PBS40P0.2B0.4
fautAnslnamuzavaunsniludusuld uaglunssurunsfdulétusuuy
Tubular wazkUU Champagne WisiSsuifsuau @ty deuias DDR/BUR 1idu 37.57

Wag 5.2 AMUA1RU KANSNAEBY tensile WUl A1 Tensile strength Tulud MD aandnluuwug

TD wagwu3nA1 tensile strength Tuwua TD veslaNNTUFULUY Champagne dA18an31
WUU Tubular $980nAae9AUAT DDR/BUR AIAUIadlA N1SNagaunIsnuaINusauvasiayd
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630920011 : Major (POLYMER SCIENCE AND ENGINEERING)
Keyword : compostable plastic, heat-resistant bag, PLA/PBAT/PBS, polybutylene
succinate, Polybutylene adipate-co-terephthalate, polylactic acid

MISS Sarocha CHUAKHAO : Development of Improved Heat Resistant Bags
Based on Compostable plastic Thesis advisor : Associate Professor Supakij
Suttiruengwong, Ph.D.

The current heat-resistant bags used for food packaging are single-use
plastic. After use, they are often buried or incinerated together with other waste.
Additionally, the plastics used to produce these bags, such as High density
Polyethylene (HDPE) and Polypropylene (PP), are not biodegradable. In this research,
the idea is to develop heat-resistant bags using biodegradable polymers, including
Polybutylene Succinate (PBS), Polylactic Acid (PLA), and Poly(butylene adipate-co-
terephthalate) (PBAT). Various properties, such as flow properties, mechanical
properties, and heat resistance, are being developed for the blown film extrusion
method to create prototype biodegradable heat-resistant bags. In this study, polymer
blends of PLA/PBAT/PBS were prepared, both with and without the addition of
reactive agents. The PLA/PBAT ratio was fixed at 50/50, while the PBS varied from 0-
40%wt. The addition of reactive agents significantly improved viscosity of the blends
due to cross-linking reactions, as confirmed by MFI and complex viscosity
measurements.. SEM analysis showed improved compatibility when reactive agents
were added, evident from the reduced size of each phase. Tensile tests revealed
that the PLA/PBAT/PBS blend exhibited ductile fracture behavior similar to
PBS. when reactive agents were not added. In cases of non-reactive blends,
insignificant differences in modulus can be observed but Tensile strength and
Elongation at break increase with increasing PBS content. However, the addition of
reactive agents led to an increase in tensile strength but a decrease in elongation at
break. The heat distortion temperature (HDT) of the blends was close to the glass
transition temperature (Tg) of PLA for all samples. DSC testing revealed that PLA
does not crystallize during the cooling stage but cold crystallization during heating
can be observed. The crystallinity percentage (%Xc) could only be calculated for

PLA, as the peaks of PBS and PBAT overlapped. The blends with PBS had higher %Xc



than PLA50PBATS50, reaching a maximum of approximately 20%. The addition of
reactive agents resulted in a reduction in %Xc. The PLOM technique can identify the
positions of each phase based on the different crystallization behaviors of each
polymer. PBS was found to be located at the interface between PLA and PBAT, and
an increased proportion of PBS in the blend led to a more homogeneous
morphology, as indicated by the Flory-Huggins interaction parameter. Three formulas
suitable for blown film extrusion: PLA40OPBAT40PBS20P0.2B0.4,
PLA35PBAT35PBS30P0.2B0.4, and  PLA30PBAT30PBS40P0.2B0.4.  Tubular  and
Champagne film processing were studied for comparative properties (DDR/BUR ratio
of 37.57 and 5.2, respectively). Tensile tests showed that the tensile strength was
higher in the machine direction (MD) than in the transverse direction (TD), and the TD
tensile strength of Champagne films was higher than that of Tubular films, consistent
with the calculated DDR/BUR values. Heat resistance testing involved two
experiments. In the first experiment, the films were heated via an oven, resulting in
increased shrinkage with higher temperatures, but reduced shrinkage with lower PLA
content. Shrinkage also depended on the orientation in different directions. The
second experiment  involves filling a sample bag with hot water at different
temperatures. The trend of shrinkage is similar to the first experiment, but noticeable
deformation of the bags occurred at 90°C, indicating higher shrinkage percentages
compared to heat via an oven. It is anticipated that PLA30PBAT30PBS40P0.2B0.4 is

the most suitable for practical use or further development.
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Y A o
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(compostable plastic)
waradnfganedilanedinanidnisideuegrrunsvateluriosnain wu
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1.5.2 29bAULALDDNRUUITNIUAMEUIUITY

1.5.3 @ HUUINY



MUY 1 ANWINTTUIUNISABUNIIRYDS PBAT/PBS/PLA lu lab scale

LS EUADUNIIATILUU non-ractive kag reactive blend 210 PLA, PBS llaz PBAT 7

o

Adaunnae lusesnauuuuda (internal mixer) WWuan 10 wiil Ineldgamgilunisuan
190 °C feAUIEITOUNSHEN 60 SaUABUNT 9 ntudmedimesiuauaila luunmeasos
ua (grinder) nawihlumsgimaaaiinislua dunsmegeuauifnous wedwesivaunay

£ [

gninlugavuguiduguauiigamal 190 °C newaziiluveaey

Y

ABUN 2 NISIATEUNBANBTIUANALUUABLLBINI8IATRIENTAANTA (Twin-screw
extruder) wazduzuiaudeiaIaa W& (Blown film extruder)
NNsANwIauTRvesweiwesiuaualy lab scale Seusauuad Fndonneadiosivaus

¥

A Y o = wa = i i = v o W oa e
gnsiiiaudniu warlaudRnsivafiangaunainingannsatugusensosdilauls

o 5 v 5 v VW & o s & & o s Ao
UWINITABUNIIAMIELATBIBATAKUUANTA EIRINUREIADNNT AN A LUT WU UR AU
AUvuT 30 lulaswes mewsesdiiatanamnssy Mntudl ludnuasUaniniugeie

= o

gamqdl 180 °C Wilugeawn 7*1183 windnhluveasvaudfaus) ety

1.5.5 AT NANITNARDILEATUNS
1.5.6 Uszana In319 lagagunanisaiiuanuifey

1.5.6 90YIN5189UKNANSIVYLAL EUBNAINIUI Y
1.6 wafAninazlasu
1.6.1 NARNUNQIAULUVEE1UBY 1 HARNAI

1.6.2 aVuANFDULANINNTT 100 BIF AT



uni 2
LNEITHAZIUIYNNYIVD

2.1 aAnuiinganuneduanfnuadn (Poly(lactic acid) : PLA)
neauanAnuwadn (PLA) Wunedwesdinmiiaaredala (Compostable polymer)
yilanilsdneglunguezaniinnedioames (Aliphatic polyester) duasgsildainnsananin

(Lactic acid) F9nsanandnaiuisananlaannnisndnuianseuinia Feisnaiuisatiunly

[ [ Y & =

Jutngavluniswdaliduiisniulmiouinaduesdusznoundndmandiina du
d1lgvas 11and vedey ningnsdlawisaaiedunaunulvdliegeneiiies uay

PLA §aitlumesiunanadin (Thermoplastic) amnsadugulasenssuiuniswdnfildiumly

¥
=

WU N132a7u3U (Injection molding) N15AuUMeEANNTeU (Thermoforming) N13dATugY
(Compression molding) N38A%A (Extrusion) kagn15:U1u §U (Blow molding) tJusiu

Tudagdudnidelarunumatianisnda PLA minlilauwmdnluanageuasiisuyunis

9

Wanmszan Jsdemaly PLA gnialuliuseloviagnaunsvians 39 PLA finaaudfiilanisiu

a

WU @unsaaansdile nanandngRudediu (Sustainable sources) finnutduiysi wazidu

9

a [y [ Y

fnsfudanngaey el PLA daludaaniifnenmaiunsaunlulamvinisidavesluday

o a

gnnsgnltiluiandmvsundnussyiusionmsuazrdadasigulnauilandue waznendinis

¥ a [ 6

497U wAnAUeN PLA d@runsagavaansleniesdinmwiiiaunldilenavluiuleeldssesinan

—2

[
v v

= a U a A a (% a a a
auaumamsmﬂuwmamwNammmmqmumﬂqmmmmﬂmmm [1,2]

2.1.1 1Iassas19vaanaianfinwadn

UauBLBIYBY PLA i n3nuanin (Lactic acid) Falleluwasansguuuu taun wuu D-

I =

isomer wazWUU L-isomer f5U7l 1 Faduduuudlowes (Enantiomer) nflauiashisiauas

=

(Optical active) sinsfiu nanAeilgnsiatindoudu nsdnsesiluauiinldmioudu uazd

nsUnszunukaalwanlsgluianieneiy

anelovdnvosmedmosidunszild sinvzdseneuiuanueuswodain Lisomer oy
wavaa Tedu Poly(L-lactic acid : PLLA) w3oUsznouiuainuousmesiiurewaus din
agladu (Poly(D,L-lactic acid : PDLLA) Lwiéfm%’umswamﬁ—l@‘l%ma%maaﬂsmLaﬂaﬂU%qwﬁf

laenlullagiu nswdanedwesianglananusenaunie (Poly(D-lactic acid : PDLA) 1u



[

o 1l a a ¢ = cal 1 v A 1 I = . a
geludlud@amnded Feleluwesnunnansiuildwmanonnulundn (Crystalline) vosned

wes tufe PLLA azdinnnudundngs luvaie? PDLA 2zdinudu Amorphous g [2]

CH3 CH3

C"l l'C
/ IIIIOH HO\\\H \
i \cogH Hogc/ &
D-lactic acid L-lactic acid

5UN 1 lassasevesuaninuedn (2]

(0] 0

i )I\/O
Y H
CH; | I i
PLA PDLLA
O : o)
O/ )}H Mo H
Loy ot o Lo}
o) = 0
PLLA PDLA

5Uil 2 Tnssa¥1990a PLA, PDLLA, PLLA Wag PDLA [2]

2.1.2 NMSHANNDALAARALDYN

nswan PLA anunsanuslaiiu 2 35 fis nswanlaenisvildneindngiumesssumvay

ﬂ’]iNaGIIﬂEJﬂ’]iﬁﬂLﬂi’Wﬁ

a a

N3N INAUNINGEITUYA : dngaunldlunisudnaeudaniuiainunas

e

1. 35n15%

[
aad a =

nS$nenssssuvamintuludle (Renewable resource) lawn fivfdlutadussdlsenaunan
WU DN wag JUF1ULnad WelinseuIuNISHARISUALINNNISUAVS o LUt U TiazLBen
I 5 o 1 Y & s°/ o % . g a a6 a

Wunte 91nduvnnisdesndalvlonduiinia wazdnlunin (Fermentation) eaunseiing
Wunsauaain (Lactic acid : C3HO5) 3nHuENIALaARNAlAEIUASEUINAISNILAL 1D
Wasulpssasaliduansludnilassasramaaiindulrswmu Sunin waalng (Lactide) wén

o o Y o a o 8 v & X o ! a
u’]ﬂJ’]ﬂau1u35UUq€yﬁy7ﬂ’]ﬂ LW@U?ULU@EUIﬂiQﬂTNT@QLLaﬂlW@IwLUuaqﬁJEJ'TJEUULﬁiJﬂ'J'] naa

LAAGALDTA [1]



photosynthesis  fermentation

N Y

H.
com e

(CO, +H,0) Ho)\fo (lactic acid)
OH

acrobic bacteria dehydration

H,C. ;
CH,
%fo H
HO OH PLA 3

(lactic acid) U U (lactide)

hydrolytic degradation  ring opening
or enzymatic breakdown polymerization

5UN 3 JunounanuaznsUesdasves PLA [2]

2. MINan PLA lnemsdaasigvenunsodunsigiilovangisaauandlugui 4

Direct
Polycondensation Oligomer Y
Polycondensati '
Solid-State alaisiiabeiia BT
x —
Polycondensation H0 Melt Polycondensation
# N
Chain Cat,, 8 hﬂ;ﬂ, Cot..8
Extension Low molecular Coupling \PTI' i
f welght Prepolymer Agents
Azeotrople @ A
> Dehydration l
Polycondensation -H,0 ~FTn
— > Poly (Lactic Add
m-r Enzymatic ¥ J
Polymerization Ring Opening -H,0
Lactic Acid Polymerization | Cat., A
N H,0

1 -H,0 i
» Cat., 8 W
_— v‘-*.,u.l.
Depolymerization =
Lactide

Ring Opening Cat., 4
Palymerization o

Polycondenaation

Low molecular
weightPrepolymer

31]1‘7i 4 nalnnNsdaAsIzYt PLA [2]

NSHAR PLA 3nUfisennisaiusiy Susuainnmsiiuaninuedaddivglensenda (-

OH) uagnymsuandan (-CO,H) Jsanunsainuisenisausdulamesiies nssuiunisil

v o
o =

Usznausieansazans wWu uiuazivhazansesundn tieidnifiiinennsyuauniswed
weslswdu U§Aseimsmuiuulaenssssnaume 3 Fumeu fle Msrdnesn (Removal
of water) nM3AuLUUTslealnwes (Polycondensation of oligomer) WayNISAIULLIULUY
wapUwan (Melt condensation) Sensyuiumsinandnsiilaae 1h Suilintuss nduun

Y1194 PLA NNARTULEDUENN



AsWEn PLA 21nn1sdaas1zilaenisidnad (Ring opening Polymerization) 1u3si
foalfidannded mszanunsondn PLA fiusavsunnld Tnennsudnagiuaelnduousiies
swfuuanfinuedn 2 luana warlinmeiedissUfiAse Usenaude 3 tuseu Ao UfA3e)
n13AULUL (Polycondensation) UA3enlsiinunisaiumiiy (De-polycondensation) wa

N3E9LATIZIALAENSIUA (Ring-opening polycondensation) [1, 2]

2.1.3 dUURVDINDALAARANLDTAN

NOALAARNLITANTANAIUVDY Lisomer UINNI1 90% Huldunadmasiandn

' Y
faa = =

(Semicrystalline polymer) @ uneaasnd D-isomer TussAUsznaULRNTU AzTAY

U3gvisiBauassnasiarduwalduiunedmesedugiu (Amorphous) uenanilgumgiinis

9 Y

v
[ =2 o

vaeumad (Tm) gauglinanansiuddu (Te) uazarmlundniuilvuiliuanasmudadau

Y

¥ o/
= v YY) IS .

984 D-isomer MAUTUAY AIUUNDALAARNLOTANFILATIERVUILTAUUANRAINNAY

v

N 1

Wesannluanelgnedwesidnaiuvelaloiasnuananeanu 39anunseansuulrsassunisia
UANI19TU [1, 2]

1. d@uUAn1sazaly

12
= %

msaransvesneRLanfnueatulueg fudaduewheiidussdussnoulumeldne
awes wavaudunan (Degree of crystallinity) W@ELLaﬂamLa%ﬂlﬁasmaﬁw woaneged
uavansuszneulslnsasueuiliifinguvui Wy eumu (Heptane) uaz Leniwy (Hexane)

fvazaneiindmu Poly(L-lactic acid) (PLLA) Suldud favheraneduvidlundunas
Swenvsangeesiuy (Chlorinated or fluorinated organic solvents) laganigu
(Dioxane) ladanlaiau (Dioxolane) kagiisu (Furane) [3]

2. #UUANINIBAINUAZNING

wodlanRnuedaiiaudsdumnzUszanal 1.25 Janeduananiedailsinunisiieda
(Unoriented PLA) 9giia11utUsne (brittle) 11 udaziianuasgy (Stiffness) uazilainy
ufauss (Strength) g usiilovlurunisisdn (Oriented) wuinazilautafindrawediodiau
wissinuEn (PET) wiagfndmeddalaiufiiiunisiadin (Oriented PS) uonanniluondausefs

uazwsesin (Tensile and flexural modulus) ¥4 PLA flAngandn HDPE PP wag PS weiay

NUFBLIINTEUNN (Izod impact strength) Wagn158aNALANYIN (Elongation at break) fiAn



mnInedmesTiindue audAnienunmusaneduanfnuedafikiunishsdauaylaiuns

ANER WARIFIANTIN 1 [1]

M1919% 1 auUFdana (mechanical properties) veanaduaninuwadauminluianags [1]

- laieihunsAatin HNUNNSAER
ANLURA
{Unoriented) (Oriented)*

AMNENLLIAIgaTig 6,900-7,700 6,900-24,000
(Ultimate tensile strength, psi)
P‘I’Q"lNF!I"‘luﬂ"luLL‘;'dgdﬁl'w‘P]TWH 6,600-8,900 N/A
(Tensile yield strength, psi)
NﬂﬁﬁﬁLLN?d (Tensile modulus, psi) 500,000-580,000 564,000-600,000
ATUATUNTULTINTZUNN 0.3-0.4 N/A
(Notched lzod impact, ft Ib in-1)
%’ﬂﬂﬁ:n'w'ﬂ"ﬁﬁqﬁ*ﬁmmnﬁﬂ Elongation at break (%) 3.1-5.8 15-160
A2 LAl (Rockwell hardness) 82-88 82-88

3. dUUANI9ANUSIU

IS a 7

woduaninuedaiigamniinatansuadu (Te) uazgamiivasumal (Tm) Areudiags

9

[
a a

niweslunanadinlagiinly dse Te azduegiuihminluanasutadnadiuseninduuud

Y

lowwes Inenudn Te Suwalduinduautmdnlaana n1swauiea-suuulawesiinfua-
Buuudlowesili Te Juwildlansiad WesnInduseniNleauasalnalAsei uuINUu Wy
dnydusErineasafiiu 50:50 Te aziluuilduansiaiuinian (2] Inea1nauidenuin

PLA 92l Tg Us¥unay 55-70 °C lag Tm agjﬁﬂizmm 140-160.°C gaungiiviaeuiual (Tm)

< 4 " w a a

YDINDALAARNLBTATUDYAUAINUUS AN ST ASUBINDALUDTAILLTUNY DUNNTNRDULNRIN

Y 9 q Y

s
=

gangannuvialy PLLA uag PDLA (Wedkanfnwadnanilai1uuignse) da1useuna 180 °C

wazdanauriatlutig 40-50 J/g drugauuniivasuwmaivziidtanas vnlulaseasiaivsunm

Yo9f-waalnaduesrusyneuiindu Inggaumglivaeumvatanadlduings 50 °C [1, 3]

4. guUANTsTUNILLAaLAZ YDA (Barrier properties)
audRFunsTur Ui LAY saIvsInedLaninedaiiafilndfatunedwes
vl linufuussias wu nedlefidumelswvnian (PET) vie weddladu (PS) 3
ANduUsE AN NS TURuTesieasusulaeenlss sondiau wavlulnsiauves PLA fiasn

A1 PS WANINN1T PET dunistuniuvedbounfialndimeanu @an1s199 2 uanannd PLA



Faa1u150t09NUNISENTHNUYRINAULARDNAIE FINITUNLEANFUUTEANTNNTRNINIUYD
a15U52NaUdUNTY WU 1aNaesTan way f-taludu wundalnamesiunadenaumsw

nLse 3, 4]

an3197 2 AduUsEArEN1sTuruvestetnes polyethylene terephthalate (PET),

oriented Polystyrene (OPS) wag oriented Polylactic acid (OPAL) [4]

o d‘ ]
. ANUszANEN1TTNEIU
AIDE9 AMHUUN (HH.) , -
[nn./a./(3RAunagaa)]
PET 18 282 x 10" + 1.50x10"
OPS 18 418 x 10" + 2.07x10"
OPLA 20 134 x 10 + 3.61x10"

2.2 anuingafiuneainiiadadiun (Polybutylene succinate : PBS)

aa

woddnAdudndiun (Polybutylene succinate, PBS) t1lumaslunaiadn aliphatic

polyester Nigoaaralanisdanin ddnvuenisnienmlusdudenigu danudaneuy

(Y 6 a LY

(flexibility) wazdmnuauisalunistuguilundnsioueias Jaudfiisuwindu Polypropylene

U

%3 PBS Usznaumeniienweamelsduestiviaudadiun (butylene succinate) Inaiiniaggn

—

Uu CHy,0, Tlassadrululgnswazdindoameiilussfvsyneu wansdaguin 5 vinli PBS
flgaunninisviasuwmad (Melting temperature) uayAuundngs nuaudouldds 200
°C finauanif@enanatendaiunediefidunariinmuuduswinndd PLA Fsleuldnaniuie

ivaudRenauazaniunulunsngn [1-7]
o

DWQ

C "

sUdl 5 gnslassainamaniives PBS [6)

2.2.1 nMsuannaalafaudndiun
Turausn ansfafultlun1suas PBS tawA nsadadida (Succinic acid) kag 1,4-09nu
lneoa (1,4-Butanediol) Faudunaniueinlaanunasllnsad fevinld PBS §9ms1ns

T ! a & ] =~ o aa a Y o v
ﬂaqUm?%qﬂjqwaqﬁmﬂsﬁjﬂqwmﬁlﬂ s[,uL’Ja’]m@ll’]llﬂ']iwwuﬁl'ﬂﬁﬂqimam PBS I@U@Wﬁﬂﬁqi(ﬂﬂfﬂu
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Y a

AR IngAUNINSTINYIR Wy do8 wllaludzuds WWudu Feansldinghumantiiiven

& | Y ~ | v a @ a a Ql' ° %
Ao 8@866181@1/1’1@6{1’3311W %UﬂaﬂmuwuﬂﬁiwaMLuﬂwaﬂaMﬂ NﬂjqﬂLwﬂqgaNWﬁlguqlﬂiﬂmqu

v & a6

o 1 & o [ v
AMUUTTYNUY Waure s vaedwe LWuau [5]

Acethylene
h 4
Propylene » Aryl-alcohol » 1,4-butanediol
Butadiene
Butane
]—» Maleic anhydride » Succinic acid
Benzene

JUN 6 MIwseuspuBleIINHERSUNNUlasiAdl (5]

N1HUN Fermentation

uh —» naTna] — _ i { wiadauaulalas | - [l.4-ﬁ'zmu‘lmaan
Starch Glucose Succinic Acid Maleicanhydnde 1,4-Butanediol

JUN 7 N3z ULNISeSEULaUBIDIAIIIAINNTEUIUN SN IRGAUAINGITUIALT]

O 0

oH OH  >100°C a
_ ~o TN
HOJ\/\H/ + HO/\-/\/ o a
O n

0O
Succinic acid 1,4-Butanediol PBS

Ul 8 UFASemsdaas gt PBS [5)

2.2.2 auUfAvas PBS
PBS (Wumeslunwaiadin fdv11 Saunuiutu 1.23 ¢/cm3 fefialnaldssiuaiiu
NUIMUUUDS PLA wagdl Te munn (Ussunu -30 esawadod) lnavluual PBS fauda

a A 1 [ = ¥ o a & oo v a av yaa v
NG ﬂ’J’]ﬂJEJ@WEJUEjQ mwmﬂumaﬂgq LLawumwmaﬂmqa aﬂmmaaumeﬂmaﬂma
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2.2.3.AUENS0IUNSEBYEA8N19TINN (Biodegradability)
NSUDUEANYYDY PBS aiAANIUNTZUIUNTERN8@IA18U1 (Hydro-biodegradable) 1y

iunalnuesufiisenlalaslada assuinuiussieames wegssaanglviiminluanauay

& 1

aelgduas ntulztsvaausolagldedunsgnee [5, 6] Wi Amycolatopsis sp. HT-6,

q

Penicillium sp. maﬁué: 14-3, Microbispora rosea, Excellospora japonica Wag E.viridilu

tea Wudu [7]

2.3 mwj’ﬁﬁmﬁ’uwa%ﬁaﬁﬁuazﬁ;wm-‘[a-mwﬂmLam (Polybutylene adipate-co-
terephthalate : PBAT)

Polybutylene Adipate-co-Terephthalate %58 PBAT Hunara@ndrnmiildann

a [ L3

NAR SN INLaIUIATIAT teanuIsadasaa1elanINs ISR Laztiledann PRAT wWuned

¢ o caa 1 & v s a I3 12 |
LlIE]ﬁE‘NLﬂi']gvimll%ll_uﬁﬂﬂ“UuL@ﬁLV]E]iLLa%'N@%Ii@J'W\ﬂL‘Uu@ﬂﬂﬂi%ﬂ@‘UUua']EJﬁ']EJIGZI‘Wﬁﬂ

o

(Synthetic aliphatic-aromatic polyester) fagufi 9 virtlufiaauudouss wilen Tugulddne

a a | = A wa v ~ o a aa a e .
LLazmm’lmquuq\‘i FIUAUUNAR1YARINUNDALDNAUTUAAITUAUILUUAT (Low den5|ty

=< a

polyethylene : LDPE) fanulullagiuisionis PBAT sundssgndldauluniunisudnildy

Uszinne1a9) aildurieaims fduussqinen Adunianisinyns iudu widuyuniswde
PBAT feilsnange Aedleunauiunediuesviineus wu meslunarainanisy (Thermo
plastic starch : TPS), woakanfnuadn(Polylactic acid : PLA), woddirnaudadiun

(Poly(butylene succinate).: PBS) &suaninaztiganduyunisuantaifatieusulands

oY
a =

89U [8]

O\/\/\O M\/\/\n/o\/\/\o

= _m _n

Ypananannmausenaulyin

SUT 9 gmslasaadneves PBAT [8]

a

wodlnauszAmn-la-misnnian (Polybutylene adipate-co-terephthalate, PBAT)

[ a L) Aa va a Aa A = Ly = [ L4 [ a
WUNDABDIVINNVNUANUAIDINANALLBLNYUNU PLA LU8991n PLA FAATITNINNTAAUNIY

a

555090 Hgaumiinisideuaniugaanewn3 (Glass transition temperature : Tg) g4l 50-
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60 °C 30UT1% wpniindie nlyduguaienseuIunsnieg e1n faadudsaninsaliulssauds
983 PLA lalagnisifiunedwesvlindu wu PBAT agdiawiumnuganeu (Ductility) way

[

AUATLED (Toughness) 19U PLA [4] #9398909 J. Ren hazAuz LAANYINATOINITLAY
PBAT aslu PLA/TPS wuimeRwesuauiinubanguuntudeifin PBAT wazniaifia
USinal PBAT fsthsangaunnfinisildsuaniuzadiouiaves PLA asiae denldinis
WigugunavaInIsiiu PBAT, PBS wag PBSA aslu PLA dusundailduussyiuanaie
nszUIuNTTugy (Blow film) inuisaseuans 35 rpm nelddisgumnd 160-190 °C
WU TIshIEIuNEL PLA/PBAT Usunad 60/40 wt% Tsien Modulus g9dle 1,382.3 MPa wag
A1 Tensile strength at break WU 22.3 MPa wansliiiudn PBAT flautfiGenaiid &
M3197 3 uazanunsaliufuuTaTRvesnedwesulindun ide dimedieditsuszney

PLA/PBAT fIn1suanlui@ani1sauwad wi Ecovio® vad BASF 1usy [8]

A15197 3 WlsusuauTaviluves PLA PBAT PBS iaz PHBV [8]

Properties PLA PBAT PBS PHBV
Density (g/Cm3) 1.24 1.25 1.26 1.24
MFR (g/10min) 4-8 2.7-4.9 1-3 1.2-2.5
Melting temperature (°C) 150-160 110-120 114 170-175
Tensile strength at break (MPa) 53 X 62 -
Tensile modulus 3.5 GPa £ 470 MPa 1.4 GPa
Tensile elongation (%) 60 560/71 660 2.28
Tensile yield strength (MPa) 60 35/44 31 33
Notched izod impact (KJ/m) 1.28x107 - 24 75

2.3.2 AsaaATIzineatanauasfiny-1a-wisnnILan

PBAT anunsadunsizilaanujisenisauiuu (Condensation polymerization) 94
NoUBET 3 ¥in Ao Terephthalic acid, Adipic acid wag 1,4-Butanediol #upUDULBTYI

3 gilatlanunse duesgilaannudniusianuasiinsaiidudiulne [8]
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O
oH f i
OH
HO + Ho—C —OH e N
(0]
Adipic acid Terephthalic acid 1,4-Butanediol
(0] O 0}
] 0 L=
e
e W & X \/\/>§O/ \Q/ ~o 2
S i

Poly(butylene adipate-co-terephthalate)

Ul 10 UFA3eansdaiasnzyi PBAT [8)

2.4 wadkuasiuaun (Polymer blend)

NaAWasUaua [9] Ao N1sUINeALLsAYLAFRIr Y UL WAL UNaa D uNe A asY
a l-q! I~ dy a & d’l’ oY v U [ 2= Y v
Jalnideenvvzluliamelrsawianaunts netdadenanvesnisaunmennuwInule
(compatibilization) n3en1seaudriulusziulinanaisadunalaandnuagnia
(v a 1 [~ [ S
dougnuinen wuseanilu 3 dnvue fie

1. wodwasiuaudniiuldegvauysel (Miscibte blend) 1unediuesfinaudu

s

Wewdeanuluseaulinana WesanndussBamieiseninsluananaduesgs (lustlalasiau)

Y

£
1

PIDLNANANITINNU WO RUBDSTUA VLT L auUANAUNAIUTDINDRLUBSNUNU NN TIaUU

A9 TUAUTATIAIUNITLUAUA UasNaaLDITUALIZLANIAT Te [EIAILAY?

2. wodwastuauanfulauisdau (Partly compatible blend) inainn1s9ined

USunaunnninaziduasiewiios (Continuous matrix phase) #99zuansautanauniimes
s v | = & . wa a s a A=
wosniUssanuosnn@udumanszaie (Dispersed phase) autfvaanaduaisialauny
nsnsgnefLarussdauien winiinsnsanemnarussdauietsenineaiudnag vinla
auURvoInedwesiuaunfvy wimnwlanszateloyniavguaznszaediliadniauaazii

ThenutRveswedluasiuaualif
3. wodwesivauandiulila (Incompatible blend) Wunedwesifinnisuenia

UYDIND AU DI WARLINADE 19 TALIULLDIDINT WD AMTYITLIINUNART YT IANDAUDITVRA

Pauviney Wy JauiRmanawgad
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2.5 @sinuanutniuld (Compatibilizer)

- a s o s Y v o a ] wa o9 va

Wesnnwedwesniuauddimeiuianuwansivesaudiniuadlviiiiinns
weniaiy dwalvaudidenasevasdstiawidenisidasiuanuiulaudaudaduang
vownedweslvivyilndundniulanunefuesdnyilanieiliiin “Sueaiiviuaud” Faae
ausaUsulsantRvemefiuesiuauninay Feasiiuanudniule fie arsindindivasly
Tunedwesiwaudmaiiuanudiiulilaefindunsisensenitng Sevimiieaieasan
L39AR Faluanavesarsiaiiluseneulumediulsenauniaeiinadieiunedwesinag
o ¢ v = = % aa 1 = % a ¢ o -
duauame Jeanunsawseulanaiedsiu nswisunsmalansdweswuuuiennse

wUUNSH [9]

v o v

2.6 MUIAALNNYIVDY
neduaninuedn Polylactic acid (PLA) tTunedmesmedinwaianauaniilaudieu

Tusuanulaanuuds (rigidity) wagarunsaunnaalen1s@ininle (biodegradability) 39

(Y L3

lasumnuaulaluniswamuientsiiunldeulugnaivnssuussyduegiedgianiiewig [2] 8n

q

aneduanfnuednviialassas1eeuila (stereo structure) huu L 38 PLLA 18m51n150Us
3U (conversion) figedsibinsnaadennsiadidul Uld egnslsinmunisimeduanfinuednil

Todnfintunisirlulden Wy ﬁmmmLL%QLﬂiwﬁqmmﬁussmmﬂﬂﬂa AReINUTUgY

°

9’1’3&Jmm%’auLLasmmam13&114msmmu¢iamm%au f1 [10] ﬂ?i%ﬂ%?ﬂﬂ??ﬂi@ﬁﬂﬂ?%@ﬂ

1%
a A v

‘W’eJaLLaﬂGlﬂLL@ﬁﬂuumumaN’W’]ﬂﬂ’]iV}W@aLN@?%U@U&J@G}i’m’]iLﬂG‘INaﬂ%W yAUSuanan

(crystallinity) WesautAnispanioudagnimualaugungiuisndiania ¥5e glass

1%
Y

transition temperature (Tg) {Wuwan Jsraaiulunedwesodugiu [11] Madoamgiiug

Lo

o [y

AEELAE S UNDALARRN L ARAB IR TIUS YN 56 °C mammmﬂsmmmamamumﬁ‘”

gumgiidanan nmsusuUssauiinsmumuseaufeuiieliansatmeduanfinuednin

' ' £
= d =

Tungumgiingsulasunsauladnuwiegraunsvanglusuideneunting Janilaluisuu

]

a

A9 PLA 3UaUAN A UND RS NATNIINISANNENTISINIT WU WeRT RauTATLus
(poly(butylene succinate, PBS) uanainil PBS fangusuusandfisiedusvas PLA 1a
1 = > 2 U &J
UMY AINITNUNIUITIUNSSURD UL
Liu X. hagAne [12] Anw1auufinianinusautaraluAn1anaveanaa s Nausening

o

wodloauanAnua®n (poly(lactic acid, PLA) Aunediensaudinaudadiug (poly(ethylene
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/butylene succinate, Bionolle) lngfinwnavasusunal Bionolle 91 5-50 wt% lagludnaiu
Auaud wodwasuayluanunsaiuls (immiscible blend) ag14lsAnu Bionolle ddwalit

& A

nsAanaAnues PLA Winty Sedealdildudn (biaxial stretch film) veanediuesnes fn1s
Bagiiatu wosdaudRianagely

Park J. W. uaz Im S. S. [13] @nwngAnssuuazlassas e anoaosnanszning PLA
U woadafidudadiun (poly(butylene succinate), PBS) Tne@inuiiusungs PBS 0-70 wt%
Tunedwesnay NMSENYIENURANIIANNSaY NUIN A1 Te vonadiuesHasLanslviun
A1 Te 409 PLA 331 Te Janauiloiudndruves PBS Wiy lneit Tm vewwedluesna
Usenaudaesn Tm 189 PLA way PBS Miiuldotnadaiau G9A1 Tm veinedimesnay 3
wualtiufianaudleinyiuinm PBS Aanmsfnwaudaiuldlagldvnguives Flory-Huggins
wuinen Te way Tm fanasluwedweiwandu Wuraunaannisdaniziu (interaction)

5817749 PLA waz PBS 1a8# PBS a@nu1sotnaNan ladenanlunediuasuay hara1u1soaina

[ '
Y I

19 PLA Tunedwesuaunanantanuy Wafnwilassasiananlneande WAXD, SAXD way
polarized microscope Wui1 lassadnmanvesnodiuesnay ddnwauzidu interlamellar Ing
fiUsunauves PBS fn31 30 wt% axwulasiadiandn (spherulite) vunmidnuazasinausly
woRlasHaY LazvuRYey spherulite siiutuiloSunaues PBS Wutu fuiudieusuna
89 PBS 11nn31-40 wi% awasualiiansusnimavosnsidananlunedie snaui

Wu D. uaganiy [14] Anwraudinisganizseninaluiana (interfacial properties) n1s
gangu (viscoelasticity) hagautAnignUToUVINB AN TNANTENING PBS U PLA lagdl
Fdaues PLA 7 20-80 wtd% 91an1sAnwINUI Nedmesiaosudnlidniy (incom-
patible polymer) 9nanwarlassasganinrasmediuonay zmunIswenndog sty
(immiscible phase morphology) leUsunas PBS Wulasaasiandn (matrix) Inelaseadn
yosnadwesnauiidnuvazifunuu co-continuous region Wlausunas PLA foandn 50 wt%
MnnsFnwanTininuSeuvemediuesuauil wuil PLA Laidswasongfnssunisiina
wEnuaznsviaeNwiaIves PBS luvnedl PBS ardwwadenginssuvasnisiinndnuuuiiy
(cold crystallization) 9849 PLA

Zhang K. lazandg [15] Anwrandfuesnofiuesuausening PLA, PBS uag wealansen

Foisalalensondansisn (poly(3-hydroxybutyrate-co-hydroxyvalerate), PHBV) lagusu
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Shsrdruvesnedmesnaud 10, 30 uaz 60 wt% ¥a3 PLA, PBS %30 PHBV 91nn15Anen
WU mm%wju (flexibility) LAENITNURBUIINTZUNA (impact strength) VB INBALLBSHAL
Wisdudlo PBS uay PHBV 1ulaseadneses (minor phase) Tnefinauuda (stiffness) uaw
AMUATET (toughness) vosnadiasramfintuilo PHBY Wulassadandn (matrix) a7n
mMsAnwssmaTia DMA Ui PHBY waz PLA lunedwesuauiimudnsuls §9 PHBY qv
damaliinisiiauEnes PLA uag PBS windu Tuvaisd PLA uag PBS axvtansiinnanyes
PHBV Waznsnusonuseuses PLA Atuainniswauiu PHBY uag PBS Taudnsidiuues

WoAWDSHAL PHBV/PLA/PBS i 60/30/10 1usnsiduiilviaudi@enauazn1snuneniny

o Aaa
FDUNANER

9

Supthanyakul R. wazaug [16] lafin random poly(butylene succinate-co-lactic

[
=

acid) (rPBSL) fivimeinifusis compatibilizer, plasticizer, kag¥iuUsuusalvaulayy
WU PLA/PBS (80/20% wt) firay tPBSL (35 phr) avdsnalimlandilduansiiuinfizeu i
anudAuld wazlatu wenaininudn Te ffnanat (a1n 52 °C Wu 43 °C) uazn1stasail
agmsumﬁwﬁu?ﬂm Fadudufsmnuiunatadluess uazdinunisanaves Tc (310 103 °C
Ju 85 °C) warmakiuturesUSinamdniassnsmsiiulaves spherulite finszaneianiy
daweriu uandliiindn PBSL azusuaugaveslamusdnuaslammedugiu wazvili
spherulites 1inag19303auazilvunian feu PBSL Fwvimthidu multifunctional
additive &u3u PLA/PBS blend

Supthanyakul R. wagamg [17] Anwinaves PLLA-b-PBS-b-PLLA triblock copolymer
7wy multi-functional additive (Ju compatibilizer, plasticizer, kag nucleating agent)
dm¥unsusuUss PLA/PBS blend Gsitdndau PLA/PBS (80/20 wi%) agyilvilduiiuuas
n15\fial PLLA-b-PBS-b-PLLA 9zdssasiong@nssunisanudnuazautd@naiduegieann g

FR318UTENINALEVRIVADN PLLA wag PBS wazUSuiuiivuizaudmsu PLA/PBS @9

PLLAGO-b-PBS28-b-PLLAGO 1 3 phr Favzdenalif Tg anas (30 50 °C LUu ~20 °C)

=

o a A o [ ' & = 1 ' <
SANUNUN5EARINn Il uaa il waglurariy NSANKANTINDE19SINEIVD PBS

q

way PLA danalmiuanulavas blend film loogrefiuseansnin

'
v =

UONANUTINNITIBUNLINUNOALUDILUAUATENING PBS AUNDAWNDIDUY Fala

MnsAneautRenge aensaneseluil
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Zheng L. wazAauy [18] vinsAnwnsweslesluana audanieanuiow audsnena
waznishanaatglaveslanediuessyning PBS way weansenaudagiun (poly(l,2-
propylene succinate) lna@nwinavesdnaiulaglua (molar ratio) s¥1ing lalelylysiun

(hexamethylene diisocyanate, HDI) AU wodladmaslaeaa (polyester-diols) lnavinn1s

[
= |

wisudegadunduiidy 91nn15Fnw) Wud1 Usunas HDI ity dsaliAnnisdenles
Tuianavemedwesifiniu wazaut@idnaluduauudausais (tensile strength) uaznis
NUADNI3AAID (flexural strength) Windu ognslsAnudlousuna HDI fifindu szdanald
Aansdarramainudnvedanediwes lusuedinsusnaaeldmedanmeeuleituey
futhwinlanauas A dusdn

Kim H. wagany [19] Anwinisusudieaudinisdanig (interfacial adhesion) aud@
Fenauavautinienudeuves PBS Tnonslansiduussiiniansssuand lunisanunil
Funsiiunaliuasnalfifelilunisiasuusifivsua 30 wioe msAnurildinasnueulale
sansweansenau (maleic anhydride-grafted polypropylene, MAPP) wodaln3ulens
autfaualniunsmlunasniaulalase (poly(styrene-b-ethylene-co-butylene-b-styrene)
triblock copolymer grafted maleic anhydride (SEBS-g-MA) U5UU5an158an1g 58 nIaned
wesuazasiuusild uonantsiinisnsiw PBS waz PLA #1e maleic anhydride (PBS-
MA, PLA-MA) #ag #an15ane nuan naskl maleic anhydride {ugnsyienas (compat-
bilizing agent) @u1sauudsanUfdinanargun)iniseeuni (heat deflection
temperature, HDT) 283 PBS tnsaniziiield PBS-MA wag PLAMA \Juastionay duu
NARINNSLAANY C=0 Wazn1sifiimsBanesening PBS Ausslinaznslsl Tnefuslsiaogly
autABsnaniganitnsln

Tneshludumouddalunisiiandnvomedwessinfwand 2 Sunousiefude 1.
Nucleation wetunounisedavesinmdes uaz 2. Crystal growth sisedumaunisiula
EUENNﬁﬂﬂ’]ﬂ%ﬁ?iLﬁNLLﬁiﬂ%ﬁﬂwﬂﬁL‘ﬂU‘U@QLL‘ﬁ\‘iL‘du talc sodium stearate calcium lactate,
clay [20-22] w30 PBS [10] wuintiaifiusiuiuindiadoauaandnuuu heterogeneous
nucleation I Taganssana1vime iy nucleating agent Tummzﬁa@uamawaammm
Tusgwinanisuiunstugufennudouuasanziuiaie shidldaushidnaditu fads

Prefinauniln (viscosity) hazauudiussveanediuesvneianiimal (melt strength)
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v
=

899 vhlvauaunsansusuneausaunnesefen1sae (W Blown film extrusion)

=
YU

ho))}

dmsumsnanilaunumesuusTetasiomsinuanuTou N siaugnIHed
wosHaues PLA Wieliiusudisanufeusomaiianisiduld wasidielildfiduds
mnuundngs Inewulildndnvuiadnuagiviinasnnfemsyaduiiosiauigasmed
LIDSNANSIING PLA waz PBS Tneazvhmihiidu nucleating agent lngafvunaiidnves
PBS TiAstuneudsdituiifnlunisdendninnazdienseulinmsdidunmsnondnues PLA 159
Y wowifusauduededlinniuegiedivsyandnm shlvmandiuundn Ssagdeazin
aruilaves PLA T3l# uenaniimaiiagaasangumgiinnsnendnidu (cold crystallization
temperature, Tco) Thilimsisnanindulfogisiivsy@vsnnaniy

dwsunisusuugsanuiulavesnediwesivaud dndnisimalulagueniviiuaus

'
aaa a

'l FeldanssduufAsenfiduoseanledsiude chain extender ilaifiutminliana
vemnedmesieiseselud

Srimalanon P. WagAuz [23] ANwIn1516384 In situ PBS/PLA compatibilized reactive
blends Tngtfin DCP 1w initiator TuuIu1atioss (0-0.5 pph) WunIsHasuUNEL melt
blending 91AN1SANYINUIIAIILMTET (toughness) 783 PLA tindun1uuSuias PBS i
i WAENYANTIUAITUANTINVDY PLA wWaguan brittle Tuiduuuy ductile Fanisiiiy
DCP aza8Liiy elongation at break waz tensile toughriess Yayianlaod1naudn lng
U3uau DCP fluiunzaufa 0.2 pph ioganytali storage modulus ag complex
viscosity ¥egdu PBS/PLA LU usnanidnisiiy DCP ladwwasie surface color v@4
PBS/PLA 8nene

Adrar S. uaganiz [24] ldvinsuw3es PLA/PBAT blend ludndiufiuansiafulagnis
NELLUUTaeN warld multifunctional epoxy oligomers Wuans compatibilizer Falu
FENTNNITNAURUUTUBARN compatibilizer agaunsaviufiseiuanels PLA wag PBAT
doiuauBangulunisvasy aunile wazarmidafuls wonANHNISAL compati-

bilizer §3¥38UTUUTIAMUAUNIULIFILAE impact toughness ¥ae PLA/PBAT ladnaae

'
v a

d1UN158AMINIAUIALAY notched impact strength vaanediuesivaunianiy 75.3 uas

q

12.3 71N%949 neat PLA
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[ a

Boonprasertpoh A. wagaadg [25] laviinis@nwauifseslad, dnwasdusiuing)

<3

wazauURInaues PBS/PBAT ﬁmumwaamam AW SEM LLﬁmIﬁLﬁuﬁﬂﬂ’]iLLE’mLWﬁGUEN
PBS wag PBAT lng PBS90-PBS70 9enuUaeAUTENaUNTINALNTEANEAI0Y d3u PBS30-PBS10
WUBYNIANTINANLAT 93919 (cavity) luvazil PBS60-PBSA0 Wans co-continuous

morphology Han1sAgeuUIealadwuin Storage modulus (G'), Loss modulus (G") hay

[ [

Complex viscosity (N*) 983 PBS/PBAT wanuwudlunvimilouiu uananianwusdugiu
IEIdImasaNgANTIUNIAEAVDS PBS/PBAT
Ravati S. wagAg [26] lAN®¥INIIASIUAUATUIENING PBS PLA wae PBAT §4971n113

AATINWEUTIWINNLazBENUBI 33%PBS/33%PLA/33%PBAT Wuindausetliodi

1
s a Y

g9 39 PBS 9r0g5ening PLA WAy PBAT wagnedwasivauailiinisgadingnuin (567%),

Young’s modulus (1130 MPa) wag impact strength (271 J/m) ﬁgﬁ wazd storage

a v

modulus gen31 PBS U3gm5 50% Miaaumngilnies

Y



undl 3
2/NTANTUNUIY
3.1 Faquazasaiinidluauide
3.1.1 wedtvidudagiun (Polybutylene succinate, PBS) 1nsm BioPBS™ FZ91PM
NUTEN PTT MCC Biochem 910 AUMUILUYL 1.26 g/cm? &A1 Melt flow rate (MFR)

WU 5 ¢/10min (190 °C, 2.16 kg) [27]

: \MO/\/\/O\ ‘

n

o

UM 11 lassafunandvesmedinnaudagiun (28]

3.1.2 WadwarRNWada (Polylactic acid, PLA) 1na Ingeo™ Biopolymer 4043D 91A
USEN LWwosIsAd Wy WUTRA 97800 AuRUILLL 1.24 ¢/cm?® TiA1 Melt flow rate

(MFR) 11U 6 g/10min (210 °C, 2.16 kg) [29]

0 OH
HO 0)
0 n 0

5UN 12 lpseairamaiiveanaduaninuadn [30]

3.1.3 weddaaussinu-la-nosnvniian (Polybutylene adipate-co-
terephthalate, PBAT) 1n3m Ecoflex® F Blend C1200 91nU5¥% BASF chemical 4119
AU 1.25-1.27 g/cm? diA1 Melt flow rate (MFR) AU 2.7-4.9 ¢/10min (190 °C,
2.16 kg) [31]

0 0 o)
I

0
1 1 | |
%C—(CHE}J—C —O0—(CH)—O C C—O0—(CH,)—O
X y

JUN 13 lassaamamiiveaneddaiquesfivnm-la-maisuvan [32]
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3.1.4 @a1sUsznoaulUesoanles Diltert-butylperoxyisopropyl) benzene
(Perkadox® 145) :nUIEM AkzoNobel fiUsinaveaadoanlumusyinn 40% Iagtmin

wazdinsrusznaudus) [Wunaa@eumsusiunwazdan

(.’2H3 CH,

C‘ZHs C|3Hs c’:—o—o—c|:—c:H3
CH3—C—O—O—?@CH3 CH,

Uil 14 Tnssaiamaniives Perkadox® 145 [33]

3.1.5 Anti-hydrolysis (Bioadimide 100XT wag 500XT) 91nUTE% saWsiuoa WA

Do
-
ho]

N=C=—=N

5U# 15 lassadamamilves Bioadimide

3.2 AvesllonaunazdusUBu N ldluanuldy

3.2.1 isaanantuuln (Internal mixer) §u MX 105-D40L50 wanlagu3®n 193y

GERRGG

3.2.2 1A3998ATUFUTUIL (Compression molding) 3u PR10-W300L 350 wanlng
UTEN leyviad 9119

3.2.3 \ATemaNSATALUUANgE (Co-rotating twin screw extruder) §u HRJ-25 Han
IgUIE¥M Enmarch 9110

3.2.4 1A301AUUTAY (Blown film extruder) 9MNUTEN Nung TugnaInnssy

Do
-
ho]
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3.3 LA509laNAERUANURAYINDALLD SN 1Y IUIUIRY

Y

3.3.1 1pseedndutinisluavesnedwes (Melt flow indexer) 9InUSEN LIy

3.3.2 ﬂé’a@amiﬁﬁ%Lﬁﬂmammuéaqmm (Field Emission Scanning Electron

Microsco-py, FE-SEM) 5u MIRA3 91nu3en TESCAN

&

3.3.3 1asasvngauantinisaeda (Universal Testing Machine, UTM) §u NRI-

TS500-58 91nUSHM Usunsduansuiu 311

3.3.4 \n3eanaasugavgilunisdnievesian (Heat Deflection Temperature,
HDT) a3190UUAZIARDURLILATAANATETH ASTM D648, 1O 75

3.3.5 In3nsnadevantivediaglagoidamuansianisaiuieu (Differential
scanning calorimeter, DSC) q'u PerkinElmer 8500

3.3.6 ﬂﬁ@ﬂﬁ;ﬁﬂiﬁﬁﬂiwaﬂi% (Polarized light optical microscope, PLOM) ﬁu
Olympus BX51 1953y hot stage 31 Linkam TP-91 dwmsudananginssuni1snnuanves
LNER9e)

3.3.7 \n3esilonaaeuantdseslad (Modular compact theometer) U MCR-302
INUIEN Anton Paar

3.3.8 1A304 Fourier Transform Infrared Spectroscopy (FTIR) a1nU3®W Perkin

Elmer

3.4 YUABUNITALUUIY

MUY 1 ANWINTZUIUNISABUNIIRYDS PBAT/PBS/PLA lu lab scale

a

Unfianediuesis?u PLA, PBS wag PBAT weauldanuiiudie Dry oven Ngaumngd

Y

60 °C WWuanegetes 6 lus ntuviinisiwausanuuldiivazianssuomadnluieses

wauwuula (internal mixer) {Wuna 10 wii neldaaumngilunisuan 190 °C Mg

(%
Y [

SRUNISHAN 60 SBUABUIT LAgEAAIUYDINDALUDSLUALA LARIAINITIN 4 NNUUUINE

s &l 1% Al . [ ° a s I oo A o
wosiuaunilaluunmisp3osun (erinder) neutluilasizvimatsusinisivauazduduni

Y v

iiuldsaemaiin molau wenatninwediwesivaudasgninluusuluiunusiniedn

Yu3U (compression molding) Migauuail 190 °C newazilunageuandiaus sely

Y
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nsmARyinisiravesnediuasivaun (Melt flow index, MFI) ag¥inn1snageu

a

PILLIATEIL ASTM D-1238 Wanmniinszuanviaeu 190 °C futiwiinng 2.16 kg

navageu molau Wuweiaflddusunisindfisenisdenvedussuiaa
suflumstaethiede 5 ndu wavanglusviazaeraslswedy 10 fadndy sntuiis3i
gamagiiveadunan 3 Ju udwhnsdunadnuasvesasazany ndutieaiiistuinun
Nauiu KBr Ldivnaaumewmnaila Attenuated total reflection-Fourier Transform Infrared
Spectroscopy (ATR-FTIR) ﬁué’uﬁwﬁﬁ%mﬁlﬁwﬁu

N1sAnwdugIUINeIeInedlesiuaun (morphology) szthunudmasuiuing
JuzUsae compression molding wudlululssioumandung 5 uifl awduauinnig
Wi andurlatunueenineg 19519152 UahaIsedsuRmTuuRuAnTRdELNE
Atfu-nesnoufiaziilu@nwduguing1ieiedes Scanning Electron Microscope gl
ANNARANSLAN 5 kv

ASANYIANURIRINAVDINDALUDSIUAUR LagNadauaNURn1sAdn (Tensile

[ (4
= a ¥

properties) ag¥1MN159AYUFUTUINAUG UAINAADUAILUINTFIU ASTM D-638 Type V lag
14 load cell awn 1 kN A13SalunsAtEa 10 mm/min

nsAnweamgilunisinieradian (Heat Deflection Temperature, HDT) wdntu
sUBUMLARENREN IR 13 mm MUIBETYeE 3 mim WiMAdeuATANATEIY ASTM D-
648, max stress fiber 0.455 MPa

NsANEIANTUANIIANLSDU (thermal properties) Mmewinila Differential scanning
calorimetry (DSC) agatfiun1sluluun heat-cool-heat Faasintuau tensile umagdau
Uszanay 5-10 mg lagldydrsgaumagiinisnagey 25-180 “C mednsIN1siinusaunsesni

n3viANLEu 60 way 20 *C/min Famnuundnves PLA anansamuialaanaunisi 1

AH,,,—H
%X, = AHm—OX]C"C x 100 (1)
m

do  AH, e wumatildluniswaeundn (melting enthalpy)
AH,. Ao eumatldlunisnasunan 1009% w9 PLA (93.7 J/g)

AH..  As umalnlslunisanaanuaeliniuseu

f Ao dnd1uvae PLA Tunwedwasiuaun (PLA fraction)



24

nsAnwINIIRNNANYeIuAazanlsmaila Polarized light optical microscopy
(PLOM) ¥Mlagtnsauduanuilaunuiuszunad 30 ulaAsiuns 30nn1sAnTuaIuUe9ueu

Tensile ut@ntipgLAWIINITTRDNSTNININTEANdlandowey A1ntulrmnuSaunnTuuls

a

wilogu)il Tm Uszuia 30 °C isaudseiiniennuieu Mgdnsinisiiaiuseu 50

Y

"C/min 91nUUYINN1S cooling Awigaungil 25 °C medns1 1 “C/min

AN5199 4 ERFIUYRINDABSUALA

Samples PLA PBAT PBS Perkadox | Bioadimide
(%wt) | (%wt) | (Ywt) (phr) (phr)
Neat PLA 100 X . - -
Neat PBAT ¢ 100 - - -
Neat PBS 3 - 100 - -
PLA50PBAT50 50 50 . - -
PLA45PBAT45PBS10 45 a5 10 - -
PLA4OPBAT40PBS20 40 40 20 - -
PLA35PBAT35PBS30 35 35 30 - -
PLA30PBAT30PBS40 30 30 40 - -
PLA50PBAT50P0.2B0.4 50 50 - 0.2 0.4
PLA45PBAT4A5PBS10P0.2B0.4 45 45 10 0.2 0.4
PLA4OPBAT40PBS20P0.2B0.4 40 40 20 0.2 0.4
PLA35PBAT35PBS30P0.2B0.4 35 35 30 0.2 0.4
PLA30PBAT30PBS40P0.2B0.4 30 30 40 0.2 0.4

Aaudl 2 nsimTeunedwesiuauduuusiailafiagin3esdainange (Twin-screw
extruder) uazdugUilgugieiaTaatiifidu (Blown film extruder)
PNNsAnwantAvenefinesivaunluy lab scale Seuiosuad Judennodiues
wandgasiidaudinty wasliaudinislvaizauiinininazamsotugudeedonin
dule uwhmseeumdmeiriesdninuuuanss Tneldlusindgumgilunauain feed
zone U84 die {u 100/130/150/160/170/175/185/190/185 °C sirgauisiseuany 450

1 I [ 1 [ PN [ < o s a = <
5oUMDUNT Laedndlrulun ISNaNLAAIAINIS199 5 MmmﬂuuumauwnmwlﬁlﬂmugﬂLUu
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fdundaumun 30 lulasues Mmeipssad fduresusen nungugnaivnssy 9119 lag
THluslnidgaumaiiann feed zone U4 die W 150/165/170/175/175 °C auisasouang

11 Hz saumgfivaedu 8.5 °C Anusvesgnnatlun1sfsilan 9.95 Hz antuihludnuas

UsndnAugaseaamadl 180 °C Iiugeawn 711 17 uddauilunaaevaniiduy sely

n1snagevanUitinavesilay Inenaadeuandinisneda (Tensile test) ay
1MW ASTM D-882 uazvndau seal strength aunsgu ASTM F88 Tagldnauisalu

A15A98m 50 mm/min load cell vua 500 N

N1sneaevaNUAnIIAINToUvRT AN YA UNINTIIUEAAIMNTIN F98riNTin

o (%
(3 U 1 v

YPUIARIUAT 1AL ALYV NAN T N ULA YEINAFEU NTUAIUIMUDS K UANISN AR

WINHIUANNTaUNDUM T WU svnaesseandu 2 NMsvaaed el

1) didulununuseuludeuiigamalisieg 1Wuwan 30 uil dawseamall 60
"C uariuduiiay 10 °C gsagnaaeuliauisgamai 100 °C

a

2) wssn1Tounaun)ll 50-100 °C UsH195 500 mt 3 nuuninFauasluge ud?

Y

UnUngameniiaen 21399l 5w

M13199 5 dndiuvesnedinesneun Ind msumTeLusUaY

Samples PLA PBAT PBS | Perkadox | Bioadimide
(%wt) | (%wt) | (%wt) (phr) (phr)
PLA4OPBAT40PBS20P0.2B0.4 40 40 20 0.2 0.4
PLA35PBAT35PBS30P0.2B0.4 35 35 30 0.2 0.4
PLA30PBAT30PBS40P0.2B0.4 30 30 a0 0.2 0.4




unil 4
NANSNAADILAZIAITUINANITNAADS
ﬂ’lu"ﬁ%Jaﬂflliﬁﬁﬂmiﬁlwmqwumm%’aumﬂ Polylactic acid (PLA), Polybutylene
adipate-co-terephthalate (PBAT) wag Polybutylene succinate (PBS) Fudunanadini
ganedalanadinn lnsuwusnismsnaasseanidu 2 neu TuneuusnilumsiwSounediues
waudluszu lab scale Mupdoswanuuudn (internal mixer) anuulifuuaz iy
reactive agent SntuAnwaNTRvomedwesuausiily warlunisnaaemeuiiseadunis

HONNOTIDTUAUAGATNWINZANIINNITNAGBINBUN 1 UIYINITABUNIANIULATIBATA

ane (Twin-screw extruder) kagdugugamuanuieumiaaiotUflaugnainnssy (Blown

film extruder) antutAduAlAUNANBIENTRRISE

4.1 RNWINTZUIUNTADUNIINUBY PLA/PBAT/PBS Tu lab scale
NMSANYINSEUIUNTSABLNARUBY PLA/PBAT/PBS sieuuuitldifiuuasfiuanssuen

fivl (reactive agent) agAluntsresemaNLULTA (internal mixer) Tngldinanlunisnay

10 w1t wagldgamniinassas 190 °C A3 T0UMTHEL 60 rpm FaAUssTnTENINeNg

HELLAneRegUN 169951l farsandsedamanauvesediwesivauanlidiinisifivanss

=

woma wudn PLASOPBAT50 aziiAussdnfiuszanal 6.8 Nm waziiuuiltuanaqsios PBS

a1

NausIue ag1alsinuAusIlanITiaveInediwe Siuaun NiinsiRuasTLe RN TA1ge

ninnsainliAuyndadIunsHay §9019AnURRSENSTRNYIITENIEe T luana dane

9

1% 1%
=

laannnsnigetnlugaaailssin 100-200 3w dwalmhninluanauiniuy Aaumia

Y

v
= 1

VBITLUUFITUY AMTITANISNANIININTUAY TIHANITNAADITADARGDINUIIUITEVD

Cherykhunthod W. [34] wag Wu F. [35]

v
v 6

usnandeussiansuandamnudstusiuaumiavesnediues deanusafionsan
Nnedviinislvaveamediuesle nanFonedwesfinmuniingiazdediussdnnssauiiunn
uiazdendriinislvadion Tnenismendvinisivaveswodiwesluenidedldsniunsna
11ATgIU ASTM D1238 dsligamglinaveasy 190 °C uaglifiniun 2.16 ke Tnsndsann
manalufessauuuulansy 10 uiudh nediwefuaudilldargninlilviAusaas 9amiu

~ o Y a . Y o | & a ° | v oA =
Juhluunmeases grinder wdtlusulanudunsuiagiiumageumeaisuinisive 9

HANINAFULAASLARIFUN 17 Rasannsdivesnediesivauailifvasueainnuine
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'
L =

sutinslvafialndifssiu FeeglutiaUssana 11-12 ¢/10min Tumanduiuedwinigiva
Yosnediesuauniiuaisswonfinanasegefitedfy Fadunaunannsifiviuves
fmﬁ'ﬂiuLaqawé’amﬂﬂ'1'3Lﬁmﬂﬁﬁ%mmsﬁamawﬁul@q [34, 35] wagdanuinmauiinislva
zdiimasmudndiuves PBS lunedwesiuausifiniy 1osan perkadox Sariuen
fol (reactive) ffu PBS wnfign leifisuiu PLA uay PBAT fetuumainisifionynienans
wnnFusudadauves PBS lunedwesivaudiundy iedwinluanaunty arumiaves
STUUgITU A1 M Ssansinas fafuarnnismesesisiuasdiuldiaussdantsnauuayen

futin1sinainnuaenAdodiu

30

PLASOPBATSO0 = = = PLAS0PBATS50P0.2B0.4
PLA45PBAT45PBS10 — — — PLA45PBAT45PBS10P0.2B0 4
25 PLA40PBAT40PBS20 = = — PLA40PBAT40PBS20P0.2B0 4
PLA35SPBAT35PBS30 = = = PLA35PBAT35PBS30P0.2B0 4
PLA30PBAT30PBS40 = = = PLA30PBAT30PBS40P0.2B0 .4

Mixing torque (Nm)

0 100 200 300 400 500 600
Time (s)

JUN 16 AusadnnsHansznInvmMINaNveIneilesiuaun

| M non-reactive W reactive

MFTI (g/10min)
[=] [3¥] = (=) -] ;

JUN 17 edwiinislva (MF) vesnefiesusgvsuasnediuasivaun
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1.00E+05
1.00E+04
=
&
E 1.00E+03
=
o
=}
=
S
& 1.00E+02
i
b —i—PBSO0P0.2B0.4
—a— PBS10P0.2B0 4
1.00E+01 { —e—PBS20 —&— PBS20P0.2B0.4
—8—PBS30 —i— PBS30P0.2B0 4
—e—PBS10 —&— PBS40P0.2B0 4
1.00E+00 T T
0.1 1 10 100
Angular Frequency (rad/s)
1.00E+05
1.00E+04
=
%} 1.00E+03
=
=
=
3
=
% 1.00E+02
S ——pBs0 —&—PBSOP0.2B0.4
—e—PBSI0 —&—PBSI10P0.2B0.4
L.OOE+01 4 —e—PBS20 ——PBS20P0.2B0.4
—e—PBS30 —+—PBS30P0.2B0.4
—e—PBS40 —&—PBS40P0.2B0.4
1.00E+00 . .
0.1 1 10
Angular Frequency (1ad/s)
L.OCE+05

1.00E+04

1.00E+03 §

Complex Viscosity (Pa.s)

—&—PBSOP0.2B0.4
—&—PBS10P0.2B0.4
—&— PBS20P0.2B0.4
~—&— PBS30P0.2B0.4

~—d— PBS40P0.2B0.4

1.00E+02 A
—&—PBS0
—e—rBSI0
LOOE+01 § | —e—pgs20
—e—PBS30
—&—PBS40
1.00E+00
0.1

JUT 18 auld@sesladvesnadiuesiuaus a) Storage Modulus, b) Loss Modulus uag c)

1

10

Angular Frequency (rad/s)

Complex Viscosity Uasnadiuasivaua

100
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~ ~ a ¢ s Yo ~ ! a s s a
Naﬂ'ﬁVlﬂﬁ@U'ﬁ@@IaﬁlsUa\‘lW@aLN@?LU@U@LLE‘I@QIWW\TEUW 18 NUIMNBALUDTLUAUAYILHIU

as3uanfnilan storage modulus kag loss modulus fganinnediuesiuauailifanss

'
a ) a

wonfn Fadunaurainnisianeldluianaiinlaseadiemiufmsofinnisweuei1elu

[}
g

U9NNUNIAT storage modulus kay loss modulus FaNNTUAMUIUI PBS 7ILANTU

a a a

dl LY = = = Yo a i a0 1
\l937n PBS finnusueniniu perkadox unniign Jaziiulataigieauiay lneaindn

1Y
o Y

A1 modulus MaFuil iann1sAdmnluanaiudulaziinisiiguii (entangle-
ment) 881911nY0IlATIATINENAR dewaliiAl complex viscosity HINgWUMe uananil
= a Y A oa A a = I Y a ¢ s
nsnenelgluanaiinlassasismidunwvseiinnswenyiedidanalinediuasiuaunil melt
strength Migediume lagnan1snaassilasnnaasiunuideves Wu F. [35, 36] Lavaannaed

fUNaNISNAEBUATRNST A

Neat PBS

SPBS10P0.2B0.4

»
=3
)
L3
=3
-9
=
»
@
o
v

T40 PBS20P0.2B0.4

T45 PBS10

PLA30PBAT305PBS40P0.2B0.4

PLA40PBAT40 PBS20
PLA35PBAT435PBS30

PLA30PBAT305PBS40
PLASOPBATS50P0.2B0.4

PLASOPBATS0

{ U 1 U a a Q‘ a
JUN 19 nan1snaaeu Molau test vdsaniuly 3 Ju vemedueiusansuasnediues

wauanauullifulaziiuansswonn

AN5197 6 USunauaa (Gel content) vaanadiuasiuausntiifiukasiiuansswanfin

Sample Gel content (%)

PLA30PBAT30PBS40 1.07

PLA30PBAT30PBS40P0.2B0.4 9.60
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S U = aaa A a X a v = o
ﬂ?iﬂﬂﬂﬂﬂﬂﬂﬁﬂiﬁ?ﬂmﬂﬂu ﬁ’]ﬂﬂiﬂW%’]ileﬂ‘UWﬂNaﬂ'ﬁ‘lflﬂﬂ@‘l.l Molau @9sUJun15U"

[

wodlwesivaunluazarglusivinaraieyia (cood solvent) dnsuinuideifonaslsneosy

(chloroform) waeBidunan 3 fu dvnflaisuviuassvsednuus MIuaaintuLandin

¥ '
= =

flassasvuialngifintu Fee1ainanuiseinisveuvineiianuaiunsalunisazaiy

Tudhazatsanas nan1smagey Molau wandlddegun 19 annguasiiuledn aaslsnesy

o

Hufvinavanefindmdu PLA, PBAT waz PBS dulunsdlvosmediwesiuausiunuindiuiy
YBURAANTY ImEJLa]aﬁLﬁmsﬁuaaaagJJU'%nmmuuusummiazm&JLﬁmmﬂﬁmwmeLﬁuﬁﬂaa
niraelswesy Fensdvemedesiuausitinisfivansiwenfnasi dndiuve waaiutu
11NN deAAABINUNUITEVEY Jeensikhong K. [37] TnaUsunaiaa (Gel content) wanala

F1015197 6 azifiulédnnsdlves PLA3OPBAT30PBSA0 9¢iatindy 1.07 % &1y

(%

PLA30PBAT30PBS40 P0.2B0.4 92illaatinvy 9.60 % uananilufiiseniswonvined
AnvuluneawesAuaissuonfndadudulaainns i FTIR fagui 20 asiulddnfiad

2.864 uay 1,423 cm Fudufinves -CH, stretching tag bending muadu awUsIng Al

1A

PLA30PBAT30PBS40 ity (tAuEU1RY) wWetilofuansswanin (dudnne) wuaniinniand

£ '
= I

ey {l9991n N1 WRNYINALARTUNA UL -CHa- U84 PBS [38] Feimaus aviduiia

YDINDANDINIEUTIANNIHOUTUAL (overlap) [38, 39]

N T
\ f 1.423cm? VN (A7
s |\ \ % \—\ = Y
\ ‘ ; [\
‘ / 2,864 cm? ‘ﬁ \ bending Al v |‘ l\
o [/ -chystretching | \ |
& | ‘

85

Transmittance [%)]
7% 80
1
I

T Y v ‘.( 951cm1
"‘\ | C-0 stretching

70
1

\
tg n \I ‘ v\)r \ (\\ |

| 1,461,1,384 \ [\

\ cm’ S
8 \) - CH; bending \\/

1,726 cm
€=0 stretching, 1,268, 1,170, 1092, 1043 cm!
ester C-0-C bending
T T T T . . .
3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

U 20 FTIR spectra 189 PLA30PBAT30PBSA40 (Wudtiniiu) way PLA30PBAT30PBSA0
P0.2B0.4 (1&#UFLAY)
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nsfnwduguIneieiiansantemuiiulivemedmesivaudtuinlalag Ui

[
= 1%

le d‘ d‘ A ¥ d' 1 [ 4‘ Y . . I
FUNUAMALURUATHUEATUTUAELATEINABA (compression mold machine) w gl
Tulpsiawmal waviIiTuULAN A N8 19dUNEY 1AUUTIRINTITUIIUUTNUARA NS
uwaniinludesiiendesganssmididnaseunuudainiin lnenmduguineivenedwes
s o = | o a a s sa 1 a = = <,
LWUAUAKAAIAIFUN 21 Annamnuidaugiuineivesnedwesivaudilidvanssuansnidy
WUUNEIU (coarse) Fauansdaninuluitniuvesnediues (immiscible blend) lnudsnnle
NnVUInBILNanfeutsirgLaziuTe U TesRasEnILalfog s TRy Tandasiung
[ Y @ [ dy a a ¢ =t PN Y ' 1
waReenUalayNIAan sy U TurauUuiuRmIng Javlainszangdiey Andd
| I3 & | = a s sa a a a
112z10u droplet v03 PBS Miluvases @rulunstlvosnadiuasivaunifualsstons
1 [ a a d’{ & ) dy a U
WUNAUFIWINYIANNELLYA (fine) WINTU MIBlaAIAULTULLBLAEINY (homogeneous)
49( 1 =] =3 1 < Y v P a a 1 a
113U wsaziialvuindnateduwiulide 1HownaINaIsT Lo ARNIZAALIITE IR

v

(interfacial tension) sewInuanmazina ValinsaBamnternseninaiInin (interfacial

adhesion) AU daNaliIAUENAULINTUTIULEY dDaAdBITUNANEY $1UIT8 [38, 40, 41]
wenanilduiulainazivenniafinszaresieglitntuniudadiuves PBS Nuinvuluned
s caa a = = = = 4 A X aaa =
wesuauAniinsaNasILeafivl 1iaswinain PBS azliadumilaiiuduanufisenisiwey
U279 MtunsTiviveunImvwntng e tnszaemlumrsnduinay enaviiauiidng

° 1 < a ) 1 Y [ ! A& a
ansnas agelsfimuannivaia SEM 1 ilidaunsavenlaagnwidainusdazimaniiufonad

WSIRALR F9ReIIINTSENYINILNATADUNBN UG WLRLLAL
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SEMHV: 5.0kV. WD: 932 mm MIRA3 TESCAN|
View field: 41.5 pm Det: SE 10 pm
SEM MAG: 5.00 kx BI: 1.00 Silpakorn University

SEM HV: 5.0k WD: 9. SEM HV: 50KV,
View field: 41.5 ym Det: SE 10pm View field: 415 pm
SEM MAG: 5.00 kx BI: 4.00 Silpakorn University SEM MAG: 5.00 kx

: ’ > .
Sevnso: sonks s soons | meim

SEM HV: 5.0kV
View field: 41.5 pm
SEM MAG: 5.00 kx

Silpakorn University

gﬂﬁ 21 dug1uINe1ve3 (a) PLASOPBATS0, (b) PLASOPBAT50P0.2B0.4, (c) PLA45PBAT45
PBS10, (d) PLA45PBAT45PBS10P0.2B0.4, (e) PLA40OPBATA40PBS20, (f) PLA4OPBAT40
PBS20P0.2B0.4, (g) PLA35PBAT35PBS30, (h) PLA35PBAT35PBS30P0.2B0.4, (i) PLA30
PBAT30PBS40 waz (j) PLA30PBAT30PBSA0P0.2B0.4 m1saNsU
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auUFNaveNaAwe SLUAUA LI YBIAIUNUNTUABNITANEANYAZBUAILLAT DS
Universal testing machine aMu11%5574 ASTM D638 Type V A288n31n15A%8A 10
mm/min lngFuunaaeugnIUIUNIUATEUILNITNASATIEMYH 190 °C uazldiian
. a Y d' a [ v 6 !
cooling 5 W1 NAN1TNAFDULAASLARIFUN 22 NATUINTINAIUEUTUSTENIN stress wae
strain (stress-strain curve) 3NNTINNUIINBALID WAz TTAINGFNTIUNITUANANTILANGS
M 1ng PLA 28uanangAnssunIsuaniniuulsie @ PBS wag PBAT Lananginssunis

waninuuumilen lnensivass PBS azdunaiiugaasin (yield point) laogedniay

£% '
U = =

& = a . a a N v a ' o
wanINUTENGANTIU cold drawing ATy FeAnannisaneleluananfounuiy
Turus PBAT uaninginssunanedalalames (elastomer) illasaindunaiiugansin
(vield point) latiidniau uananiduianishsgalauinfgailioisuiu PLA wag PBS

dll = Qll % % 1 a a 6 L2 1 a
Weoaninisieaiuduvesanslelaana lunsalveimefwesivauanuiinganssunis
wanindidnvazadtunalgndsiyu PBS @yazdanmiiuganasin (yield point) aziiy
WANI3U cold drawing LANTUBENNTALAU TABAIAINY NRAINNITNAFBULERIAINITNT 7
szuiuladnAInINdIun U 883U (Modulus), AIAIUAIUNIULIIRIER (Tensile
strength) LaglUosuAnIsEaRINoUNTISLANRN (%Elongation at break) veanodiues

] | a a = A A ' | = =~
wauanawuuldiiukagifuansiuaafnirnagsening neat PLA Uay neat PBAT @alunsdl

a s 3 L a L) I 5 U 4 = A ¢ (3 A
0N AL UaUALUUIRNEI T LOARNTUNUINAINAUNLSRsEnLazUDSITUANSER

' '
a

Y o v a X o a ¢ o = = v
AINBUNITEANTNT UL UANIUAUEREI LY PBS TUNa @l uaun ALY bag DN
\ ) o a ¢ & a a = ~ Yy o X
ANAIIUATUN LT IS AVDINDALUBDSLUAUANANITLANETI WD ARN AL T U TULLN LY UMY
{na1uvDd PBS MANTUWAEINY ek U oI asidusnsiasinauniIsuaninng
wanegeanll AsliAtanamnudnaiured PRS Tunadiuasiuausiiiudy d9anindunaun
a ~ ~ A ) | v a = P =
2NN157 PBS Ausuanfnne perkadox ABUTINNIN USHIUINITRDUUINNTININTUAY

U3 PBS Mu1nTu Aeiu PBS Fellmnunilauintudusyniaudanss9nefeg niguanu

Y

v

Fanmd 21) uenaniidsdenalifnnisAeniutusganvesaeleluana daazlusiin
nsindousvesmelsvnziedn Wefdudnsdamnounisunniindsiidianas [30, 35, 36]
oglsfimuitsnnudunsussiedauasiosifudnstamnounisuaninuemediues
wausLuuilansiuendviiidrgsninsdinlifnndadiunisaay iesan perkadox Mifuas

Tuduaeldnedwesivaunimudulauindu Fadudulaannain SEM Miuusazinadl
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< 1 <@ Y o Y o a a Id . ~ a d a
wmaﬂmamqmulm@ Vlﬂwamgm’mmwaaumu co-continuous LUBLANEITILDAAN

[36]
70
a) —FPLA
——PBS
60
’ ——PBAT
50
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=
£ 30
g
%
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77
10 f/—’/
0
0 100 200 300 400 500
Strain (%)
70
b) ———PLASOPBATS0
- = =PLASOPBAT50P0.2B0.4
60 ——— PLA4SPBAT45SPBS10
- — —PLA4SPBAT45PBS10P0.2B0.4
——— PLA40PBAT40PBS20
. - — — PLA40PBAT40PBS20P0.2B0.4
30 ——— PLA35PBAT35PBS30
- — —PLA35PBAT35PBS30P0.2B0.4
—— PLA30PBAT30PBS40
40 - — — PLA30PBAT30PBS40P0.2B0.4
?
£ 30
S
%
3 2
S 20
R
@
10
0

0 100 200 300 400 500

Strain (%)

U1 22 Stress-Strain curve ¥84 a) WeABSUITEVEUAY b) wedllesiuaua
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A13197 7 audRenaveaneduosuIgvsuasnatiuesiuaus

Modulus Tensile Elongation
Samples

(MPa) strength (MPa) at break (%)

Neat PLA 1609.3 + 94.5 625+ 32 104 £ 1.5
Neat PBS 382.8 + 45.9 36.88 + 2.5 284.9 + 34.2
Neat PBAT 59.2 + 6.4 204+ 24 899.0 + 50.9

PLA50PBAT50 528.0 + 34.1 18.8 £ 0.6 719 +99
PLA45PBATA5PBS10 559.9 +41.5 218+ 1.2 122.6 + 33.0
PLA4OPBAT40PBS20 5435+ 47.4 224 + 1.0 134.3 + 50.5
PLA35PBAT35PBS30 656.4 £ 42.2 283+ 2.7 240.3 + 50.2
PLA30PBAT30PBS40 552.7 + 42.8 28.4 + 3.8 295.9 + 45.62
PLA5S0PBAT50P0.2B0.4 595.9 + 53.4 271.6 +2.9 342.4 + 31.6
PLA45PBATA5PBS10P0.2B0.4 | 645.1 + 46.3 30.7 + 1.8 351.7 + 20.7
PLA4OPBATA0PBS20P0.2B0.4 | 588.1 + 56.3 26.6 £ 4.2 2379 £ 61.3
PLA35PBAT35PBS30P0.2B0.4 | 519.7 + 71.6 269 +0.9 2134 + 14.1
PLA30PBAT30PBS40P0.2B0.4 | 488.4 + 76.2 29.9 + 2.7 2451 + 21.2

AUUANIIAUSOUVDIND AU DS UAUARN B LALAENITNARBILUY non-isothermal

al

DSC &ainpgavggnivmnuseunssusn (first heating) lUdtanmaiingneanazauuseifinig
Aufou (thermal history) 31nnszuun1stugy laglunsnaaealaminisilseuliieudns
v } % . 1Y [ < . ~ 1 [y A
nshiauseu (heating rate) Wagdns1iAULEU (cooling rate) Muanenaiu Ao 20 wag
. A a o =~ a W a s Y]
60 °C/min LieAATILNTINTANNENTLANA LD INDTIDTUAAZEN
#1915047 thermogram wasnadiuesusanslugui 23 anaimasiiuledn PBS aud
WAYBIN1ITVABUNAN (melting peak) NUszaNagUmMall 120 °C isluduvesnisiiaiuseu
& & ' & . a =~ A = v
ATIUINUALATINEDY dIululy cooling AznuiinvesnInasunanUEUI 60 °C Liald
. N A A g . | = |
scan rate 60 °C/min %387 80 °C Wold scan rate 20 °C/min lA8919U89N15ANNAN AL Y

(%
Y |

Tugregaumgiaaus 40 °C Tdaudis 95 °C lunsalves PBAT tunudn thermogram fA11y

= o

AG1EARTU PBS WANAUBINITNABUNENILADUTY broad Fevrsvesasunanagluyis



36

Weaiunu PBS Aefgasuszuieas 80 °C lUaudle 145 °C d@aulutu cooling HunuUI19e
AN UNATDINIIANKNANDY PBAT lauansla scan rate 20 °C/min windu NUsENneu
40 °C d1%3U thermogram ¥8s PLA tunuiINagiaeyiegauniinatansuady (Tg) Ussuiu
70 °C waziinrasnisuasunani 160 °C Tuduvoinislinusouasinsn dsusuanlain PLA
AUNTANHANTATUTURDUVDINITIAS BUTUIUAIBITA15NADA (Compression molding)
dulutu cooling HunuIaglinufinreIn1SAANENTY 2 scan rate Wan931 PLA ldanunsa
ANKANLALLSEIN9NTS cooling uananiilutuvesnislinuseunsaiaesiuazlinuiinues
NSNABUNANYDY PLA WanagaeumigsniIni1siiniuieu 60 °C/min tiesannidu scan
Aad a ] < a . . a X v o a
rate M3 AAULY upaztiunsiin cold crystallization tinduaaglinnuseunuszunu 140
°C MuMENATDINITHaNRANTIUSEIIaL 160 °C AHUIINa11AIT scan rate 20 °C/min
PLA agliianansannuantaludu cooling unaganwanluduvssnisiiainuiou
TunsalvoswodiuesiuauavluuniANLagANETILoARNIZLEAS thermogram
991 scan rate 20 °C/min kag 60 °C/min Nindngafsiu (5 24-28) Asluduvesnisiv
AUSDUAS NI WU Tg U9 PLA AiUs¥ann 70 °C mumefinnuseuias 115 °C Fadu
a = A a v U P a =
NAUDINITNABUNANVDI PBS tay PBAT MAnnIstousiuiu o ndgnueinisnasunan
1 1 a (% 2 d' a & a s PN % a
aglutrfeiufeuansly thermogram YBINBAWBIUIANG (UM 23) MUl iAYeINIs

waau PLA fUssaans 160 °C a@ulutureinis cooling nuinagdsingiinuean1snnuanue

1% '
v a A

\iesaeedia Lieeann PLA liaiunsannudntudu cooling lANs 2 scan rate afinfigauny

pd)}

) = =

aninasilufinvesn1sanudnves PBAT diunifiafioamgigendiluiinvesnisnnninges
PBS uarluduveinisivauseuasanaemuiiiauadeadaiulutunisivaiuseunss
usn uiaziulainANgaesiianIsiaouNaNeY PLA asnauileld scan rate 20 °C/min

ysahinueelald scan rate 60°C/min
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Neat PBS Neat PBS
1% Heating > 1° Heating

o | Cooling 1 0 —— Cooling
_g 2° Heating \ _g 2° Heating 1
@ \ v
=
S 3
= | 1=
-— -—
© ©
o] [«}]
I T

£ Wity

5 Wilg

40 60 8 100 120 140 40 60 B0 100 120 140
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Neat PBAT Neat PBAT
S | s | S L
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U1 24 Non-isothermal DSC #1 20°C/min vasnafiesiuauilidivasiuenin a) 1°
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Heat flow endo up —

Heating, b) cooling tiaz c) 2° heating.
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g PBS40 E
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=
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3U#1 25 Non-isothermal DSC 91 20°C/min veanediuesiuauaiifsanssuonin a) 1°

Heating, b) cooling Laz c) 2° heating.
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Heating, b) cooling wag ¢) 2° heating.
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3UN 27 Non-isothermal DSC #1 60°C/min vesnadiiasiuauamAnasskendn a) 1°

Heating, b) cooling &g c) 2° heating.
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97A DSC thermogram U9INALUDTIUAUAYIIN scan rate 20 °C/min wag 60
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°C/min Wualuduaesnis cooling lunufinn1sanndnues PLA wazlutunouvesnisiianiu
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SounSeansiiuiinvesnmsanuaniduiiadng wiselimiuae Aaiugidedaiansaanudy

Y
T Y

NANUBY PLA 91n3UUTITUFUMIENTZUIUNITNASATITIING cooling FuanuTuan 5 ud
FagmsamuiInlaann melting enthalpy 989 PLA 9100519890151 05 0UASIA 1
Tnenan1sAwiaIdundn Gecrystallinity, Xc) U89 PLA WEASAIATTINT 8 1AM 19U

Taanudunanuas PLA Wuadukled PBS wWuassusenavlunadwasivaunsieg d9a1u

[ [
= =

Wundnaziutuasandalseann 20% Wity Ineanudundniiuduianiniienannduls

Y 9

o o & A = PN . Py I3 A o Y o = .
910 2 A58 A9l nSeinia N5 cooling Fuwduaan 5wt il ens1Aklunis cooling

(%

<

Fusuduaull dadu PLA Swsdslilannsannndnldneouluduneni wiafinnnanldneu
9879 PBS Favhmiifiduansnendn (nucleating agent) Wity PLA fsanuidenatenaudils
naald [13, 14, 35, 38, 42, 43] Bnns@nilene PLA sssaiuisannndnlidou &9 PBS i
fansegluannynasummenaimiifindofunananlwes (plasticizer) Maydioifianis
waeulm (mobility) 98 PLA ¥l PLA @snsasaiesinlundnlduiniy dawaliaan
LﬂuwﬁﬂﬁﬁwuamlﬁLﬁm%uﬁuLaq (44]

wonanidnunisiaeldnoawefiianslenvainduannszuanunssueniu

waus ylrsrdanisiaaeulna (mobility) wpsaneld dawalmianisdnisesiudundnlaenn
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U [35, 36] FALUTINUIADUNENUDIN DRI NINISANATT R ARNAZ AN I UNTaI Lal
a ] = a A a a A a X o
WY hagANUTUNANLaRaIANLYSUIINTS BNV VS ORNUUSHNIUYDY PBS M ALTULULD S

drupnudundnued PBS waz PBAT wuliaiuisasunals issaniiafinnisdeauiunu
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a2

SnuilamallaldFnwmduguinervesmeduesivaunae PLOM damaannaulssin
VN9ANIN5DU (thermal history) U89TWMUlURAT 987 NSANYINGRNITUNIIANKANTDY PLA
Wiold scan rate 71157 (50 °C/min) Wa13au1 PLASOPBAT50 wuiniiievinn1s cooling 0819

TnSneamgivasun§igumgiiviesiu (UM 28a) sswiuuinadiimaluguduansds

Y Y

==

birefringence 9INN135I1UFAIVOINAN PBAT druuInadvuyuuuansds PLA fildaiuisann

=~ a . g o & o | v Y Y] a o~ = o ad
WNANN coolmg rate U wa\‘lmﬂuumaEJN%QHI%M’]M@UWEJ\‘IQiu‘VIQﬁJ 145 °C Gﬁﬂwqmﬁq&lu

ee

WANYBY PBAT zgnuasuvianaauds (9ldainnsin DSC Tugu# 23c) dsdulugui 28b
=] a a o b ' v ! 14 ¥ v a ° = ad
Wiuusnuddwanigll Tussludegiazgnlianuiouludigungi 180 °C Ngungilil
ndvzgnnaeNvianue feliudaldiiuaauuanseiuszndnagun 28b uaz 28c Weosan

PLA ldmna@n# cooling rate 50 °C/min dmSunedilesivauniiil PBS [Wuesrusynaume

& o

WAAIAIFUT 29 aziiiuledanisiifl PBS agviliiiudngnuivendl 25 °C uansnslufie auiitu

9

Y
v a 1

USHIMLEAI9TuanDananNYes PBS nsyangegnyusu dulunin 29b Naaumigil 145 °C

14 PBS waz PBAT ¢Qnnasunun LUI31Ngavniviasuyaanafiuesivaadagdiauseunn

o

Wiy wenanlgldiruanuuandIesenInegun 145 °C uay 180 °“C Wulhgafudy

2
CY

PLASOPBAT50 wiiesain PLA lalaunsennndnit cooling rate fiiuas

Ul 28 nwiene PLOM w83 PLASOPBAT50 a) 1 25 °C, b) 145 °C wag o) 1 180 °C el

scan rate 50 °C/min
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i‘U‘VI 29 AN PLOM 2949 PLA4OPBAT4OPBSZO a) ‘VI 25 °C, b) 145 °C wag ¢) ‘Vl 180 °C

$ield scan rate 50 °C/min

NNIINAFDY PLOM ummm‘uaﬂlmﬂwaamaimau ALULARIFUFIVIN LU
immiscible morphology szmwmulm"umLﬁ]umaamﬂizna‘umammﬂwgﬂ FatuLeNaz il
| P - y

wiaves PLA anedn 3s@oeviin1s cooling $288ms1 1 °C/min 9 ngaumgivasy laglunis
NPABIHLEYN1SANEEI9E1S PLASOPBAT50 LA PLA4OPBAT40PBS20 éﬁ’a;mﬁ' 30 way 31

MINAIFU TULINFAeg 19Ty nivmuTeulyaubegamgll 190 °C wdiree* cooling a9u

ufisgungdl 25 °C 91301 PLASOPBAT50 91ngunuin figaumad 190 °C VIﬂLWaiijuﬂﬂ

9

[
= d

naeweg ANy al lagagifiu PLA spherulite iintuilgungfi 125 °C FaaziAntuogly

a

a

U3 droplet vuialngidsunseiiliauunns ntundnes PLA fasiianis growth

sty Fullegnmgiianaswnieszuna 110 “C wudn PBAT agBunnnanfioamaiitl &

9

[

annld
MnnBEuTuaninTuusnasnanididunin antdundnvewdeunaniase s growth aulEsaE
mMavnaeuileangugiasauds 25 °C Fanjuazidiuliimdnves PLA durseddvuiai

Iuainan PBAT
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At 190°C At 125°C

At 120°C # 2 T At 110°¢

o

e

I 53

54 @
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At T05°C8

L e
e P

a =

31]17; 30 ey PLOM 489 PLASOPBAT50 ﬁqmmmmm Wield cooling rate 1°C/min

Y

finrsunlunsdives PLAGOPBATAOPBS20 (3U#1 31) fivnnsnaasaisaiu nudi

FnwaznIsanuanaatemaiuiu PLASOPBATS0 o PLA azanuanidumansndauinnielu

1% ] & A

droplet vunlug) @ PBAT fazanudnegluuinaniiddundt undiuanseluiufed

aauunTUsEUN 95 °C AeiuNananuinTuusnuseninaa (interface) 199 PLA Lag

q Y

PBAT Falatiiduiaves PRS uos



a5

At 115°C At 105°C

At-100°C

AT 85°C.

a -

Ul 31 naweing PLOM %@ PLAOPBATA0PBS20 Tigaimniisnes Wleld cooling rate
1°C/min

AINUANNNTTIATIZIIDEN9AEATA PLOM @13150 IUaUBNUSIUNANY LAY

walsog1ataau F9anmseasstasnuiaulanfendnvas PBS MAsTusenInanawad PLA

fu PBAT deanadndsingnisaiiunaziumsy PBS vimdhilaiiou emulsifier o
compatibilizer Tunadluosivaun d@walit interfacial tension 5¥1119 PLA Waz PBAT anad
wazn158 PBS 919V AANISUAUIINITIINFIAUUDWE PLA ey PBAT 9adgnIzUIun1s
NADUNAL ﬁ'ﬂﬁ'uﬁqLﬁulﬁdwﬁmimiwm%mmmamﬁam (refine phase morphology) 1117

[
o |

Yuilodndiuves PBS lunediuesivaununiu deuwandluzun 32
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31]17; 32 a7 PLOM i 25°C 9o a) PLA45PBATA5PBS 10, b) PLAGOPBATA0PBS20, )
PLA35PBAT35PBS30 d) PLA30PBAT30PBS40 #8391nN13 cooling 9e8msn 1°C/min

YONLIUATFAIINUIT interfacial tension @11750AUIUTS M LAANNTAINAAETT
[45, 46] @sluguAdedazly Flory-Huggins interaction parameter (X) N105UNALRUIUD
urazina mnuaniseulleAINFILEnINARSUASASEN (interaction) MUTILTITENININA

seod loga X mildanaiunasil 2 [47)

/41 ,
X =030+ — (81- 62 (2)

] o

\ie V A molar volume wa303AUsENaUN 1, T (K) fie gauiifinediasnsassvasy (453 K

9

%3 180°C), R # 8.314 J/mol K, waz 01 waz 62 fe solubility parameters vosnodiues

wRazAlundIe (J/cm?)V?

gslun1suaal interaction parameter (X) ¥esnadinasusiaze (PLA-PBS, PLA-
PBAT uway PBS-PBAT) azldinsnaqsiedl léun molar volume ilfannnsiasiziann Van

Krevelen (Vp 4=54.81 cm?/mol, Vpgs=140.70 cm?/mol, Vegar=349.92 cm>/mol) [47],



a7

solubility parameterl@ain literature (0p4=19.28 (J/cm®)?, 8pps=20.93 (J/cm?)?,

Orerr=22.28 (J/cm?®)Y?) [48, 49]

HANTAUNBLERSLARIR15197 9 azLiiuladn PLA-PBS dlA1 interaction parameter

(%
[

infian Aeiudadumanainitlundnues PBS feeglndvsesgfniuiuimaves PLA luns

=b.

YY) 1

naufuAgeigaredues PLA-PBAT @il PLA fiu PBAT 3uiausananiu (repulsion) 3110

[ S LY 1

iga Judun158ududn PBS agsening PLA uag PBAT ag1autiuauy @9 PBS Magseninany

9

ADUNALWIANLTINANAY LAYNANITNABDIAAIYAAINUNUIIUATENVIINISANBINSLUAUR

[
= o

awesAUsznavIInnedesvlinge [45, 50-52] Mnnan1svnasdtdsvenlaindugiuinen

o = a |4 A o a s cal X o § v wa
LLagigﬂUﬂqﬁmﬂNaﬂﬂLﬂaﬁJUIULll@a@a'ﬂusﬂa\i PBS IUW@aLﬁJaiL‘Uau@WNWﬂsﬂu V]']I'Viall'Um

\BINAVDINDALUDILUAUARVUSINANITNAADIN N IT 19U

A19199 9 WANITATUIN interaction parameter (X)

Pair of polymers X
PLA-PBS 0.38
PBAT-PBS 0.41
PLA-PBAT 1.18

4.2 nMawssuneAeuaUALUURB B IR BIATasTRIRANgE (Twin-screw extruder)
uazliugUildudaniadaatfidy (Blown film extruder)
Tumsvnaesmeuiifuntsiennediuesuaudansifnnudnfuaeiaudfinnslad
wzanfinainrannandugUioirient fald fmnsned 3.2 svhmseounaddeg
insesdniauvuanss Tneldluslnidonmnilunauann feed zone TUds die iu 100/130/
150/160/170/175/ 185/190/185 °C fgauisIsauang 450 seusiowi nrntuthmey
wditldluguguiduiiduiitanumun 30 lulasiues dowedoudniiduresuem nungtu
ananssy 9 lneldluslndemngiian feed zone TUds die 1w 150/165/170/
175/175 °C audrsevany 11 Hz gaungivdeidu 8.5 °C aruniivesgnnasiunsfiaiida
9.95 Hz Felunstuguilduaziieuifisunistugufidnsfugesuuufouuy Tubular uagkuy
Champagne Iaguy Tubular AU AY Blow up ratio (BUR) kag Draw down ration

(DDR) Tsdu 0.94 wag 35.32 muaeu @unuu Champagne Awadlaidu 2.26 uay 11.77
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'
o w =

AuERy FardeanntuasiiludawasUantiniugaieaumad 180 °C iilugevuin 7%11

1 uardahluneaevautfous meld

M15197 10 audRWenaveslaunVugULuy Tubular uag Champagne

Tensile
Elongation at Seal
Bubble strength
sample break (%) strength
shape (MPa) "
N

MD 1D MD 1D

56.8 | 30.4 159.6 | 346.4 8.5+
PLA40OPBAT40PBS20P0.2B0.4
+13(+£20 | £150 | £195 0.7

a47.8 | 27.6 180.8 | 363.9 7.7 +
+14 | £18 +6.1 | £16.3 0.3

PLA35PBAT35PBS30P0.2B0.4 Tubular

41.5 | 22.2 1479 | 2838 | 135+
£26 | 1.2 | £124 | +42.7 1.1

PLA30PBAT30PBS40P0.2B0.4

52.7 | 36.2 147.5 172.9 10.5 +
PLA40PBAT40PBS20P0.2B0.4
+33 | +£07 | £10.2 | +£13.1 0.4

39.4 | 315 136.0 | 255.0 155 +
+ 1.0 [ £27 +84 | +£145 0.5

PLA35PBAT35PBS30P0.2B0.4 | Champasgne

35.8 | 239 114.6 | 208.1 14.4 +
PLA30PBAT30PBS40P0.2B0.4
+19 | £1.1 +54 | +£11.2 2.4

HANISNAFOUANUATINAUDINAN A1UNINTFIU ASTM D-882 waznaaay seal

strength M uLIASgIU ASTM F88 Taeldnnuialunisisda 50 mm/min wanslansnisad

5%
(3 =2

10 91NANS NV ST U3UKUU Tubular kag Champagne wanaA1 Tensile strength
Tutua Machine direction (MD) gen1#1u Transverse (TD) 9ngns 1edannildugnisdn
fegnnaslilufiansaaiesinsilinisdndeswivedelumanalufiomsdganiiluuun
TD denndesriuA DDR Aidwinild uwazAn DDR vaduuu Tubular 1103 kUy Champagne
JedanalsiAn Tensile strength Tuuua MD vesfiduiituguuuy Tubular fidngend Tunn
nauriu Tensile strength Tuwwd TD vesildunuu Champagne denaind \fleanndien BUR

11nN31 uonanilA Tensile strength Huullduanasiedndiuves PBS Tunediussivaun
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1NTU RNe158U1A1 Elongation at break a1nas1aagiiiulainnisilauanunsadasaluwus TD

%
A I

17111371 MD ﬁaﬂimmugmwﬂ Tubular kaz Champagne @2UA1 seal strength WU
wulthufstunadndiuves PBS nediwosivaudifiniu fsnndorafinanaelsluanad
Aansdonunefusniu dwalifeddusaftefdinasonndufistuiiues
mMsvedevantinauiouvesiiauuteanidu 2 n1sneaes dmsunisvnaadun
gifdalUrinuanudoulugeuiionmnisneg Wunan 30 it duusigaumgf 60-100°C ae

wifinTuiiaz 10 °C ntuAwIUasidudnIsnndl nan1smaaeduandlanigun 33 diu

=

n1snaaesfiaadliiniswssutfouigamgil 60-100°C Mnduwmldadlugadiedne geay

]

500 ml 91nTUYiNN15TANT9e19a2%95 5 w1 WeasuaIyinN1smUIa8nbaIAIUI N

Woslduinisuadiegud 34 Taegun1snnaeduaninsguil 35

13 % (3

TunszurunsTusuNaun835 15U NaY (Blown film extrusion) vinlwAduan

Y Y

Jaseaiiluluaesiianisfegnfsgamegnnimiuuu MD uazveneiieantuiwl TD lagay

£ '
= o =

diinly FeansdnSeeimiazgniagaulenaulasuainuseudnass lngagldluanaingn

Y

dniseesmlulufianiemneg agnereuAusinaun iy random coil Ylmswiudduinnis

waddialasuauseu (53] F9annnanisneaadasiiuleiesigusnisradivialunul MD

¥
=

waz TD %Lﬁmmﬁmﬁaqmmﬁqwu Imsm'wLU@%L%uﬁmWm’waﬂémﬁsﬁugﬂLLUU Tubular
a2 Champagne @1113083u18l89n a2 DDR/BUR Feruaasléidu 37.57 uwaz 5.2
ady daduniniansalndefdudnisnasmvesisdesnisnaassasiiuldiniduiiay
sULUU Tubular 3¢ fn1suadatudiu MD fiuannda Tunsdndufuiidufidusduuy
Champagne azinmsnadslubin TD fnnnth uenannissdaunaifiunmsuaifitosamy
dndrufianasves PLA Tunsdimesivaud (osarnuares PLA Saudy amorphous
AN PBS uaw PBAT Mettuiilefdugnliaamuieuganit glass transition temperature
(Tg) PLA fazaqidanisdnisaeiingeauysal lasiudnisuadidawlsiuniudndiuves

PLA Tunadilasiuauntiuwed A9na1dtudulagad Pietrosanto A. [53]

' I3 ~ o % a Qll & Vi als
@Uqﬁlﬁﬂ@qﬂﬁ]’]ﬂﬂq§W@a@ULV]EJUﬂUﬂr]{LSN’]u{\]ﬁ\{LUEﬂV] 35 ﬁ]gLVUIW'ﬁqwaﬂJaqﬂquﬂ

[% '
o v = a

usspnfeulalaeliinsdegulafsgamall 80 °C whilleussurseungaumgil 90 °C (nsou

Y

'
a

dung) widilduazdirsussqundouldungefsuiinisdesuediniulddailioweuiud

gaunNFINIT



% Shrinkage of width (TD)

10
9 B T-PLA40PBAT40PBS20P0.2B0.4  © C-PLA40PBAT40PBS20P0.2B0.4
® T-PLA3SPBAT35PBS30P0.2B0.4  ~ C-PLA3SPBAT3SPBS30P0.2B0.4
8 .
= T-PLA30PBAT30PBS40P0.2B0.4 = C-PLA30PBAT30PBS40P0.2B0.4
7 i
[¥]
ép 6 |
25
% 4
o 4 |
=N
3 .
2 .
1 .
0 .
60 70 80 90 100
Temperature (“C)
%o Shrinkage of length (MD)
10
9 = T-PLA40PBAT40PBS20P0.2B0.4 -~ C-PLA40PBATA40PBS20P0 2B0.4
BT-PLA3SPBAT35PBS30P0.2B0.4  ~ C-PLA3SPBAT3SPBS30P0.2B0.4
8 7 = T-PLA30PBAT30PBS40P0.2B0.4 = C-PLA30PBAT30PBS40P0.2B0.4
7 .
&)
&h 6
]
E 5 |
v o4
- 4
=)
3 -
2 ]
1 .
0 _

60 70 80
Temperature ("C)

90 100

50

JUN 33 Woesiusinswadiluduning (TD) wazdue1 (MD) vesiiauiirunisinnuiou

Tugau 30 w1



20

—
th

—
<

%shrinkage

25

20

—_
n

%shrinkage

J—
(=}

% Shrinkage of width (TD)

B T-PLA40PBAT40PBS20P0.2B0.4
C-PLA40PBAT40PBS20P0.2B0.4
= T-PLA3SPBAT35PBS30P0.2B0.4
C-PLA3SPBAT35PBS30P0.2B0.4
mT-PLA30PBAT30PBS40P0.2B0.4
C-PLA3OPBAT30PBS40P0.2B0.4

ol e Juial ned RN

60 70 80 90
Temperature (°C)

% Shrinkage of length (MD)

B T-PLA40PBAT40PBS20P0.2B0.4
C-PLA40PBAT40PBS20P0.2B0.4
uT-PLA3SPBAT35PBS30P0.2B0.4
C-PLA35SPBAT35PBS30P0.2B0.4
mT-PLA30PBAT30PBS40P0.2B0.4
C-PLA30PBAT30PBS40P0.2B0.4

60 70 80 90
Temperature ("C)

51

JUN 34 Wasiwudinsuadaludiuning (TD) wazdue1 (MD) Ue9afinIun1sussqUsoud

UNATAIL9)
3 ]
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EAARA

PBS 20%wt

LYVYVV

JUT 35 AMAEUNDULAEVEINITNAGOUANL LTI U DAINNTOUND UM IIA199

va o

wenandITulmidudeg v magaumevaia DSC Ade scan rate 20 “C/min

Y v A | [ =2 Y 1 a éd a1
LLﬂﬂQNﬁﬂWimﬂaaﬂlﬂﬂﬂ(ﬂ'ﬁ'}ﬂm 11 ANENTINUNANUTUNANVDS PLA 91NAI08 19N ANLAN

TndiAesiu wazdslnarssnnudunaniiduialfain@uinu compression feiudsoranan

l1nszuIuns process ikananstiuliladwmananuilunanues PLA

A15199 11 auiRnIeANNSauYIRIBeeil

6

auUn

1Y
a

A1SNAABUMIEWALA DSC 91 scan rate 20 °C/min

Au3Ul Uy Tubular Wag Champagne 310

Sample AHmM AHcc | PLA fraction | Xc (%) of

(J/9) (J79) (f PLA
C-PLA40OPBAT40PBS20P0.2B0.4 7.06 0.13 0.40 18.5
C-PLA35PBAT35PBS30P0.2B0.4 5.62 0.49 0.35 15.7
C-PLA30PBAT30PBS30P0.2B0.4 4.41 0.56 0.30 13.6
T-PLA4OPBAT40PBS20P0.2B0.4 6.69 0.03 0.40 17.8
T-PLA35PBAT35PBS30P0.2B0.4 6.18 0.04 0.35 18.7
T-PLA30PBAT30PBS30P0.2B0.4 5.29 0.43 0.30 17.3
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n1sAnwrgungiilun1slngevesian (Heat distortion temperature, HDT)
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a
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614 590 587 583

Heat Distortion Temperature ("C)
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NNINARDIINUANUI nFBensgauaudounidelaiauaululdam ais
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Tfussemsigungiluifiu 90 °C wagminUSeuieunaIugns wuin PLA30PBAT30

PBS40P0.2B0.4 winngauiasilUldumniadugasmidunvzdiluimunsdenniign
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crystallization) aUes@unarradundn (%Crystallinity, Xc) assafuiniddue PLA

CY Y
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Rt (interface) 581319 PLA fiu PBAT wazillodngdiuves PBS Tunedmasivauaiiuauay
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Huggins interaction parameter Aruanle
° ) = a s ¢ oA 1% :1' o a ] X a ¢
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fagnansAuuanuundn (%Crystallinity, Xc) ¥84 PLA

A15199 12 nAEWIN A. wan1saaeyu DSC Tudunsliauseunssil 1 91 Heating rate 20

°C/min

Scan rate 20 °C/min

Sample AH,,, (J/g) of PLA X (%) of
AH.. (J/g) of PLA
PLA fraction PLA
PLA45PBAT45PBS10 10.26 2.08 0.45 19.4

ausaAuIn %Crystallinity 909 PLA Tunedimesiuaus PLAGSPBATA5PBS10 laan

AUN15A91

%XC > o
AHy Xf

x 100

do  AH, e wumatildlunswaeundn (melting enthalpy)
AH.° A wumatlalunisvasuran 100% w04 PLA (93.7 J/g)

AH.  Fe wumalnlalunisanuanvaglinnuseu

f Ao dnaluvee PLA Tunadwesiuaus (PLA fraction)
I 10.26—2.08 .
=X
PREPA T 93 7%0.45

=194 %
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§798139n15AU Flory-Huggins interaction parameter (X)

A1 Flory-Huggins interaction parameter (X) Awiadlassaunisaeludl

41 ,
X =034+ — (61- 62)

Lﬁa V Ao molar volume maﬂaaﬁﬂizﬂauﬁ 1 (Vp 4=54.81 cm*/mol)
T(K Ao gupiifiwedmesvisaesviasy (453 K vise 180°C)
R A 8.314 J/mol K

01, 62 fe solubility parameters vasnadinosudaimlumiig (J/cm?)"?

(8p14=19.28 W/em?)2, Bpog=20.93 (J/cm?) % )

1Y

am15aAUI Flory-Huggins interaction parameter (X) 989 PLA-PBS lansil

XpLares = 0.34 (19.28-20.93)°

" (8314)(453)

=0.38
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Abstract

Compostable plastics such as Poly dactic acsdy PLA, Poly/butylene succinate) (PBS) and Polyibutylene adipateco-
terephthalate) (PBAT) have been extensively used in many applicats from dity to cngineering ones
These plastics offer the circulanty of the carbon cycle. However, cach of them has ad ges and disad 2

The ternary blend of these three are therefore very interesting in terms of phase morphology and thesr physscal
properties while offening compostable practices. In this work, the blends of PLAPBATPBS were studsed.
PLAPBAT was fixed at 5050 whereas PBS was vaned from 10 to 40 % wt. In order to ensure the compatibility.
peroxide and carbodismsd pounds were used The results show an immascibilsty of PLAPBATPBS blend,
with contmnwous surface of PLA and PBAT while PBS is dispersed phase. However, it shows the better interfacial
adhesion of PLAPBATPBS when reactive compounds were added The hanscal propertics indicated the

modulus of all blends hagher than neat PBAT 52 MPasand PBS -377 MPay However, it inssgnificantly changed
when increased PBS contents, similar to the tensile strength results

Keywords Circulanty, Ternary blend, Compostable plastic

1. Introduction distorti P and barrier propertics beside
There uammmonucmh&n’e plastic fimited application (Chaiwutths Chuayjuljit.
waste Many ing include the new Smsomsub, & Boonmahstthesud 2019;
lnti : i by Ellen MacArthur Hongdslokkul et al, 2015; Pitivut, Suttiruengwong,
uEllal MacAnhu FaunMan. 2020, Plastics and & Seadan, 2015:F Wu, Misra, & Mohanty, 20201
carcular economy have been put into the solutions in Many hers have pted to improve
forms of the new design of products and processes the properties of PLA to make it more widely
as well as the materials substituton In terms of applicable One method that is widely used for
Is regy and inability, biobased mmproving the toughness of PLA 15 to blend PLA
and biodegradable plastics are obvious chosces with a flexible polymer such as PBAT and PBS
Depending on the applicati Is" bam . Be {Hongdslokkul et al. 2015; Pibvut et al, 2015:
wlmm&gw lbr:'culnnt) Thus. one of Prasong, Ishigami, Thumsomn, Kurose, & Ito, 2021:
the for plastics can be le plastic. D Wu et al, 2020:. Polybutylene adipate.co-
lﬁldlcmpmxd:ﬂlccoupmmgopmnmdmm phthalate) PBAT) i aliphats % polyester
carbon and nutrients for the plant growth. Among Although PBAT has been commercialzed with hagh
postable plastics, polykctic acidi PLA) is ooe toughness and flexibility, st still bas low modulus (D
of the most studicd one because it has many Wau et al, 2020 Therefore, blending PLA and PBAT
advantages such as high strength, high modulus, can balance these properties. P Chaiwutthinan et al
bvegisle, . mal"-low:; st miwell m (2019)and Pitivat et al 2015) studied the propertics
cun.m:n:nh?znon on a large scale However, PLA of PLAPBAT blends in different ratios The :
1s highly brittle and has low toughness and heat 3 1 that the addition of PBAT could i e
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clongation at break of PLA while young's modulus
amd strength deceased with  increased  FBAT
combenis

A few studies have involved in the blending of
PLA and PBS, as PHES was a biodegradable polymer
with good processability., high fexsbility, high
impact strength and betier beat resistance compared
to oiher biopolymer such as PLA and FBAT
{Prasong et al , 2021; Ravaty & Favis, 20031 Prasong
et al (202 1y reported that PBS acted as a nuclesting
agent of PLA and mduce. crystallinity in PLAFPBS
blend Improving the crystallinity of the polymer
resulted in an increase m the heat resistance of the
blend However, a study of termary blends between
PLAPBATPBS has been limited wp o owr
knowledge. Ravati, Beaulien, Folali, and Favis
12014y studied properties of the PESPLAPBAT
temary blend in the equal mtio. SEM micrograph
showed all phases were percolated and creaied a tn-
continumes  termnary  PLAPRS PBAT immiscble
blemd The presence of this mécrostnacture resulbed in
the termary blend showing a very high level of
properties incloding a high impact strength, high
youngs modulss, and high elongation at break F.
Wu, Mizra, and Mohanty i201%; developed super
toughened polwlactsc acidi-based ternary blends vin
ephancing interfacial compatibalsty. The results
showed that the moorporation of PLA ensured that
the blend with modulus above | GPa and strength
above 30 MPa In addstson, the modulus moreased
with increased peroxide contents. On the other band,

dogy, Suan 5 dha Ragabt Imiversity
1 Materials and Methods
11 Materials

Polplactie acidi (PLAY 40M3D grade was
purchased from BC POLYMER MARKETIMG
OO, LTD., Thailand Polwbutylens adipate-co-
terephthalate) (PBAT) Ecoflex F blend CI200 was
purchased from POLYMATS CO, LTI}, Thailard.
Polybutylene succmate; (#PBE: FERIPM grade was
purchased from PTT MCC Biochem CO, LTD,
Thailand I itent-butylperoxyisopropyl: benzene
iperkadox §4ds) was purchased from AlzoMobel Co.,
Ltd Beoadinide 1MIXT and S00XT were purchased
from Optimal Tech OO, LTI, Thailand

12 Preparation of PLAPBAT PBS hlends

Prior to usage, PLA PRAT amd PBS resin were
dried in an oven at 60PC for & hours 1o remove
madsture. Then PLA PBAT and PBS were blended
via internal mixer (CHAREON TUT OO, LTDyat
190 *C with rotor speed 60 rpm for 10 man The
compositions of PLAPBATPES ternary blemds

bath with and without reactive agents in this stady
were listed in table | PLAPBAT mtio was fixed at

50150 while FBS varied from 100 40 « wit Perkadox
Pen and bioadimide (BioAd 0.2 and 04 phr
respectively were used for each of compositions to
form reactive blended polymers.

Table 1. Compositions of PLAPBATPHES blends:

ag s FLA  FBAT  FBS Per B
the addstsan ufp:nn'u‘!.r u:ln Em blends resubied aEh ek et ghn ghn
mn I}E-mletular chaims with hl.y:ﬂy branched nr . T - -
crosslinked  structures. It lmited  the chain Nest PHAT . 100
movement, leading o the decreased elongstson at Meal PHE E E 100
break PESH ) 50

According o literatare, the effect of PES PESID 45 45 I
combent on the properties of PLAPRAT PES ternary PHETH) el ia m
blends has nat been reported before, Thenefiore, the PES30 oo
PES40 ki) an 40 - -
obgective of this research was io study the effect of PSR 2804 0 50 . oz o4
PHS content on the phase morphology and physical PES | PR 2ENE Fis 45 1] oz o4
properties of PLAPBATPBS termary blends with PES2IPR 2Bl S A an n [ L]
amd without reactive agent. PESIOPRIERS 5 35 an oz o4
PESAOPR 4G4 kI i 40 oz a4

Vall¥, Mo DOLIE. 14456/ sty 2022 10
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13 Characterization

Melt flow mdex MFIL of all samples was
measured at 190°C2.16 kg, according to ASTM
D238 using Plastomer: MFRI «CHAREON TUT
T, LTDh The aryo-fracture surface marphology of
meat polymers and thewr blends was examined by
Feeld emision scamming electron  microscope
(FESEMMIRAZ, TESCANoperated at 50 KV and
samgples were spubiered with gold Youngs modulus,
tensile strength. and elongation at break of all
samgples were determined according to ASTHM D63E.
5 with a crosshead speed of 10 mmmin usang
mniversal testmg machime (NRETS501-1508-58,
NARIN instrument OO, LTDy

3 Results and Discussions

31 Mixing torgue

Mmxing torgue at 10 min of the sample with and
without reactive agemts is shown m figure 1. The
mixing torque of neat FLA PRAT and PES are 849,
1018 and 5.46 Nm respectively. The mixing forques
mply the melt viscosity of polymers. Therefore,
PRAT has the highest melt viscosty wherens PES
bas the lowest melt viscosity. Considening the
mixing iorgues of the blends without reactrve agent.
the results showed that mixing torques decreased
with increased PBS contents. Omn the other hand, the
torgque value of the blends with reactive agents
ncreases with moreasing PBS content due 1o
Perkadox being highly reactive with PES, resulting
i modecular chain cross-linking (Cherykhumthod.
Seadan, & Suttinsengwong., 2015 F. Wa et al, 2001%:
In addition, the presenoe of bioadimide as a chain
exiender can also increase the viscosty of the
polymer. Thereby, mcreasing viscosity of the system
led to higher torgue value.

Val (4, Mo2 DOLT0. 14456/ st 202210

Eal lasgies ol 10 mis i)

R

Figure 1. Mixing torque at 10 min of neat polymers
ard their blends with vanious PRS contents

Pinad PR

Ham PLA.
rnmt FIAT

L A

Figure 2 Meli flow index of neat polymers and their
blends with various PBE comtents.

32 Mebt Mow index

Figure 2 shows the melt flow mdex of neat
polymers and their blends The results showed MFI
of meat PLA PRAT and PRS were 645, 608 and 9.58
gllmin respectively. In the case of the blemds
withowt reactive agemt. MFI was increased with
moreasing PBS contemts wheneas MFI of the blends
with reactive agent decreased with incressmg FES
contents This result is ina good agreement with the
mixing forque. That &, polymers with high torque
values would have kow MFI or high viscosity
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Figure 3. Cryo-fracture surface of auneat PLA, b
neat PBS, o neat PBAT by SEM

3.3 Morphology
SEM micrographs of neat polymers were shown
in Figure 3 Neat PLA shows a smooth surface,
dicating the brittle cha whale neat PBS
and PBAT show a relatively rough fracture surface
Figure 42 and 4b show the morphology of the blends
with PBS 10 and 20 st respectively and without
reactive agent. The result indicated an immiscibalaty
of PLAPBAT PBS blends, with smooth continuous
surface, probably PLA phase while rough
continuows  surface, probably PBAT phase In
addition, PBS as minor content is dispersed In case
of the blends with reactive agent Figure 4c and 4d,
the phology changed, mdicating that addang
perkadox was able to improve interfacial adhesion
of the ternary blends. Therefore, the blends exhabeted

Vol09, No2 DOL10.14456/sssty. 2022.10

34

a more uniform surface and dispersed phase was
smaller.

Figure 4. Cryo-fracture surface of @ PBSIO0, b)
PBHS20, «) PBSI0P02B04 and ) PBS20P02B04
by SEM.

34 Mechanical properties

Young's modulus of all samples is shown in
figure Sa The results show that neat PLA had 2 hagh
modulus 1,574 MPa) whale neat PBAT had a low
modulus (~52 MPa; Blendmg PLA and PBAT in the
ratioc 5050 resulted in modulus between both
polymers The biends combined with PBS had lower
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modulus valuez In addition, the modublis of all
blends was higher than meat PRE 377 MPu
However, it insignificantly champed when increased
PBS content. similar o the tensile stremgth resulis
iFigure 5 Conversely, the elongation at break of all
blends decrensed with increased PBE  content
Moreover. the addstson of reactive agent resualted in
lower elongation at break compared i the blends
without reactive agent dee o perkadox causing
cresslinked or branched molecular chains (F. W et
al, 2019
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Figure & ix Youngs modulus. ibi tensile strength
and «cielongation at break of nest polymer s and thear
blemds with various PBS content
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4. Summary

In this work, temary blends of compostable
PLAPBAT PBS which fixed PLAPBAT at 5050
and varier PBS from 10 to 40 swi were prepared via
mberma] mixer 2t 19PC for 10 min with rolor speed
6 ipm. Mixing torques of the blends increase after
reactive agents weore applied, indicating an increased
melt viscosity. From momphology shedy, it represents
the better mierfacil adhesson of PLAPHAT PBS
when reactive agents were added In addition, the
tensile modubus amd strength differ msignificantly
upon  inoreasimg PBS  content From  all  the
experimental results mentioned above, it may not be
clear what proportion of PLAPBSPHAT is the
optimum. More studies on the phase behavior and
crystal structure of the termary blends are needed io
explain the mechanscal properties In addition, this
rescarch can be further developed for various
packaging applications
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