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ABSTRACT

Article history: This research aims to improve the mechanical, thermal and barrier properties of poly (butylene

adipate- co-terephthalate) (PBAT) bioplastic by compounding with nano-calcium carbonate (CaCO,;) and
Received: 2024-03-15
Revised: 2024-09-22 glycerol. Firstly, the compounding pellets were prepared by incorporating 5, 7 and 10 wt% CaCO,; and 5
Accepted: 2024-10-03 parts per hundred of resin (phr) of glycerol using a twin-screw extruder. Then, these pellets were processed

into films using blown film extrusion. It found that the addition of 5 wt% CaCO, into PBAT (PBAT5C)

Keywords: resulted in increasing tensile strength and melting temperature of PBAT. It can also reduce oxygen
PBAT; transmission rate (OTR) and water vapor transmission rate (WVTR) compared with PBAT films. In addition,
Nano-calcium carbonate: the inclusion of 5 phr of glycerol in PBAT5C (PBAT5G5C) improved the dispersion of nano-calcium
bioplastic; carbonate within the PBAT film, resulting in substantial improvements in the mechanical, thermal and
food packaging: barrier properties of the PBAT5G5C film compared with the PBAT5C film. Therefore, the PBAT5G5C film
plastic film is suitable for use as a packaging film for food products that require low OTR and WVTR. This provides

an alternative to replace conventional plastics that are difficult to decompose.
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(Hernandez, 1997; Wei et al., 2015)
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(Avolio et al., 2018; Shaari et al., 2021; George et al.,
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2023) W38N TLEWARA brLsasvad Avolio et al.
(2018) FEMIENNAEE ML TasUIIANIaFNas ok -
TnwaSnvesnsauanianuada (esterified oligomers of
L-lactic acid, OLAs) adluwadiuasaaulndaszning
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=) 6 a =
2.1 MAGTUNNTUNIIFANTININ

2.1.1 M galiawaaan PBAT, PBAT/CaCO,
uae PBAT/Glycerol/CaCO,

LATHUNRULNANWANEAN PBAT (Ecoflex® F
blend C1200, Germany) NaLTaI0A (99.5% purity) uae
wiluuaatfouairsuaiua (NPCC101, Behn Meyer,
Thailand) lasn1saulaninuduiia PBAT lugauau
Jouflgennl 50 asausaBos iuaan 24 Talud waz

a 4 a A a
wiluuaaiFonanivaiua Ngmnnil 120 ssenoafus
Wuaan 5 T2lad nuuiinInauaugasIn ad
uaadsluaef 1 droinTasdnTauuuangs (WNM ju
TSJ-35A, China) Nganndannautlauiiananiy 130-200
pImITaLEE A2ULTITOUANG 400-600 saUdDUTT
LRzaAINNIT 0% 40-90 TAUGAUNT INNHBUILTY

a_ AN o o = a_da
warg@nfi lauaatdudananadnnfainuein 2.5

JadLuay

212 n1ssaSouNsuwaradn PBAT,
PBAT/CaCO; iine PBAT/Glycerol/CaCO,

\@3BuRIUWANEAN PBAT, PBAT/CaCO, La
PBAT/Glycerol/CaCO, lasmsiidananadniliaioy
ldanda 2.1.1 mﬁwmsau"la’mwu%u‘luﬁauaﬁauﬁ
gnnd 50 avruaaLFos Luaan 24 d2lug a1ntin
ﬁwm%ugﬂLﬂuﬂﬁuﬁmméauﬂﬁfugﬂﬂﬁu (TPBI
Model SE-45 Serial no. E001/15, Thailand) an12z1u
ms‘ﬁugﬂmndmﬂauﬁoﬁ'zmqu‘vm“ﬁ 130-200 849
LIALTE ANLTITAUANF 200-400 TAUAOUIT BAT
maddau 100-200 seUdaUTTl uaziin1sALauAIY

winvasfanaglutig 50-60 lulasuas

Table 1 Samples and constituents of PBAT, PBAT/CaCO;, and PBAT/Glycerol/CaCO; pellets.

Sample PBAT CaCo, Glycerol Abbreviation
(wt%) (wt%) (phr) Formula

PBAT 100 - - PBAT
PBAT-5CaCO, 95 5 - PBAT5C
PBAT-7CaCO, 93 7 - PBAT7C
PBAT-10CaCO;, 90 10 - PBAT10C
PBAT-5G-5CaCO, 95 5 5 PBAT5G5C
PBAT-5G-7CaCO, 93 7 5 PBAT5G7C
PBAT-5G-10CaCO, 90 10 5 PBAT5G10C
PBAT-10G-5CaCO, 95 5 10 PBAT10G5C
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2.2 MINATIEAFNUAYDINSTUNI1GANTININ
221 ﬂ75@75?ﬂﬁ@ﬂﬁ7ﬂ%ﬂﬂ7iﬁﬂé)&l,Z‘Viﬂ

Bdana1s@n PBAT, PBAT/CaCO, WAz
PBAT/Glycerol/CaCO, ¥1%11N13031980UA1ATHNT
waowlna (Melt flow index, MFI) 81989083 5010337%
ASTM D1238 tiaTaaruarnnsnlunislnaame
'vmawmmmaans:mumﬂfugﬂmaa PBAT uaz PBAT
Wefimalin caco, usznivweses lasiidanaadn
@T’Jasi’mmauuﬁﬂuﬁauau%auﬁqm%gﬁ 50
psroaifoa (uian 24 Falus uddthuasIaFay
draziinisnaaulnadioiasastasainislnayme
waa (MF30, INSTRON, USA) luan1izniasiagay
‘ﬁ'qquﬁ 190 perLTaLEus uaztiNwinNATLYARL

2.16 Alansu lasyinnsnasssdratnang 5 €0
2.2.2 MINaRaUaNLaN1INa [l nuausiag

%1a10819Aau PBAT, PBAT/CaCO, uae
PBAT/Glycerol/CaCO, i m?aﬂﬁﬁmﬂugﬂﬁmﬁw AWEN
Fauning 2 lTuALNAT WATANNEID 10 LTUALNAT
dunagaudisLa3eInasauaNTan1Ing Tensile
Tester (C610H Auto Tensile Tester, Labthink, China)
WaldnIuAIANAFIUNIULIIEY (tensile strength)
#BELNnnzUIRANR, MPa) A13088:n150900 30
U1@ (elongation at break) (1138 %) LLa:@imaqé'a
(modulus) (Wihetunnzthaaa, MPa) iz uny
Lﬂ‘%ad (machine direction, MD) LLazluLLu’J‘meﬂ%a\‘i
(cross direction, CD) inwnaanizfiltlunisnaseu
619890100133 % ASTM D 882-02 laaldlnaaioas
211a 50 Nlafian AIMeanINSUYINAL 500 Tafiuas
gawf uazszozlunmImasay 5 louiluas lagvinnng
nagauMae: 5 9

2.2.3017ATI9RAVANLANIIAIINTOUAIL

inaita Differential scanning calorimetry

mimnaauqmwgﬁmnﬂﬁumﬂa: goannd
mMalasugonuzasnousa (T,) amnninsauinad
(T,) LLa:qmﬁQﬁmﬂﬁﬂwﬁn (T,) 184 PBAT,
PBAT/CaCO, W&z PBAT/Glycerol/CaCO, 631tA389
Differential scanning calorimetry (DSC) (DSC1 STARe,
Mettler Toledo, Switzerland) lagliauTaunuiau
m"'ms_hwfm@iqmﬂgﬁ -80 19 250 84FLTALTHR Gae
gaMTiaNTan WAy 10 asroalfuadauif

wazvinliidu (cooling) asudgmnnd 250 fi9 -80

admTalTus arudasnnisiliidu iy 10
gdalTalfuadawif lasvinn1inasasnneld
vssomalulasian Sefsamnsinavesie iy
50 AadaaIdawf

> —~ . 6V
224 N1IATIIRAVDATINITTNNIBYIA1D
DANTLIU

o o '

aaala819Wan PBAT, PBAT/CaCO, uaz
PBAT/Glycerol/CaCO, TWiiursnaufifvuiaidurnu
gunany 50 dadluas dlae9az 3 Fu tldusu
am’;:‘ﬁ'qm%gﬁ 25 aamLTaLE s ANTUANNTT
$apay 0 1wnan 24 Falug SAANURINIVEIR28 LN
uaazunuarelulasdinasuuudineananinly
@329V AINNNITUHI BV IR TRONT L% (ASTM
D3985) MpiaIasinsaTnITuRInTasfTaanTIan
(8001, lliinois, USA) flannzgmwnil 23 aseimaifus

& o o ew
BLRZAMNDTURNNANDTIDLAE O

2.2.5 MIATIFAUININMNITUAU [dvas a1

o o '

aaala819Wan PBAT, PBAT/CaCO, uaz
PBAT/Glycerol/CaCO, liflursnaufidouiatdunin
guinany 50 dafluas dlatdaz 3 Fu tldusu
am’;zlums‘fnmmai‘%wﬁﬁ;%amLﬁm Wuiaan 24
2109 TAnNuRuITaIRIa g IuARLHUE Y
lulasfinesuuudineananinldamareusannisdu
rhuvadlain (ASTM F1249) dasie3asiasasnniida
H1wwo4'latin (Permatran-W 3/34, Mocon, USA) 7
P

§NNZQMANH 25 BIALTALTUN LATANNTUTUNNS
Saway 50

a 6 v 3 fa &
226 mmmn‘:%mynaa\i@ammuamnmau

WUUREINTIA

rmsaraseulanaiianavesilay las
%1@288719Wau PBAT, PBAT/ CaCO, U@ 2
PBAT/Glycerol/CaCO, ¥18aasuuwniaisuauiiaa
vunsadagfiioy uaziildiafeudionainia
u,wamaﬂfummlﬁama:qtgzywmmﬁ'ammmwaau
MINTLNBAIVaI CaCO, (1WaNIZA8a7) UnLHUHRY
MadnmondasanitaidianatewiuugaInTaziia
Aanadan (Field Emission Scanning Electron Microscope,
FE-SEM 34 JEOL JSM7800F, JAPAN) lanldaa1u

g lWwaszndng 0.5 Aladtad
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2.2.7 MIIATIANANWRDG

Anmsiaiadouazdwdonuunaiuses
Taya ULazANWULTUTIN ANOVA (Analysis of variance)
LRENAROUANLANAIIVEIALRALEI85T Duncan's
New Multiple Range Test (DMRT) 152aunnuLdasi%
Youaz 95 lasldldsunsn IBM® SPSS® Statistics

Version 24

3. HANITIVYLATIITINA
3.1 muaSouAauwaIgdndinn

MMILATUULTANANRAN PBAT/CaCO, WAz
PBAT/Glycerol/CaCO, WLIN&1aNI0LAILNLTAWAFEAN
PBAT/CaCO, lan4 3 szauanudiutufaniosaz 5 7
uaz 10 lasshwin (%wt) SMnsumsiassadanaiadn
PBAT/Glycerol/CaCO, WuinmatdunitsavaatIunm
5 §I%luIa8&I% (parts per hundred of resin, phr) 738
o v & A A Aak < X
Mldidanarsdndanusinisalunslnanadn ot

r| a ° v A a &
Wasannnatsasaarinninfidunanadloioes uay
1 v al J
sanaligmngiilunstuglanad (Ayoub et al., 2021)
uatlanansanmstiudSunmnaiwasaaain 5 phr tw
10 phr wui ldaansaasoudananadn’le thasan
mMylravasdanangfnnaauinalfnuniinly aaku
ilawatadnniaSunle @a PBAT5C, PBAT7C,
PBAT10C, PBAT5G5C, PBAT5G7C aey PBAT5G10C
A o = a o & & A a
waziilaidawana@naandiandustiduisuwanadn
WUI1a18819 PBAT5C, PBAT7C, PBAT10C,
J ) a U
PBAT5G5C uaz PBAT5G7C munindugiiduildunld
U Qs 1 1 J I
gNLIRAI8819 PBAT5G10C VLummsmugﬂLﬂuﬂﬁu
v A < a & =1
1d 1hasnnanumalzasdanaadnunzugiidu
Adwanninld Mlvanuudissveswaadnidaadlu
RFDNUAABNLARIGT (melt strength) 39 ldtwanzanlu
& & a Y WA o & a
maugdiduidudrsnszuium s Wy danuidu
warganTrn wnaSuy'led @a PBATSC, PBATYC,

PBAT10C, PBAT5G5C, PBAT5G7C
3.2 MINATIEHRVLUAYBINIUNAIFANTINIW
3.2.1 MIaTagauaIaTinIvsay ¥a

nMIaTaFauaasiniviaan lna (MFI)
WU MFI 2a9ianangdn PBAT dandszunm 11.3
nsuda 10 waft (g/10 min) tHetduunluunatdow
AN3UBLUA (CaCOs) adlulu PBAT fiszauanuidutu
57 U8z 10 %wt WUI161 MFI ﬁLLmIﬁfmﬁu‘ﬁvuag

Tug9d5z81m4 16.2-18.3 g/10 min Nadtitadsanuilu

a 6 IS v A @ a
waaLdauaTuatua Luansandnluszauuluuasn
U lunsnszninggols PBAT #aauLnan

1 J ) =3
mm:mi"l,v\avl,ﬂmuLLiaLaauszmwmwugﬂLﬂuwm
WANFEANABUNIIALUNITTUINATEAIA LS F9¥inlan
o v a X .
arinmInaed lnaduuwilsiuAndu (Tuteja et al., 2007;
Liang et al., 2011; Shelesh- Nezhad et al., 2013;
Nekhamanurak et al., 2014) waziilaRaNTaNNIILAY
USunfiwesaanIzauaNaLTNT% 5 WA 10 phr

D @ A, A X a . .
wuhdaziininasulnadanfnduaniduaglugag
U3zunmh 18.6-32.1 g/10 min @INIWA 1 NIHLHkaI9n
a o o A a = v &
narasaarinninmidunanadloises Seginaliida
WANFEANT b UANNRIAFARI LBt TANAI&AN
ABUNANIG PBAT5G10C waz PBAT10G5C lusunsa
& = o A D {
Justhiufanld lesnndrarfininaaninafiuin
dinly dldenuudussvasmaadniiisagluaniug
H 2 ' &
HRDULANIAT (melt strength) ﬁ]dvlllmm:auluﬂ’lﬂugﬂ

WJuRdudranszuinmsuhflay

30

20 o

Melt flow index (g/10min)

PBAT PBAT PBAT PBAT PBAT  PBAT PBAT PBAT

5C 7C 10C 5G5C 5G7C  5G10C  10GSC

Polymer pellets

Figure 1 Melt flow index of PBAT, PBAT/CaCO;, and
PBAT/Glycerol/CaCOyg pellets.

3.2.2 mwwaaumm”ﬁmma?umeuwﬁa

NAIINNNIATIIRDLFUTANINATBINANA2E
Twuaussfs (Ml 2) LEAINIINAIAITLEIUNH
W398 (tensile strength) (MW 2a) Frfasaznsasiia
T 39U1@ (elongation at break) (n"l‘wﬁ 2b) LA
VOANF (modulus) (Mwit 2¢) Maluuwamutuieies
(machine direction, MD) LLa:‘luLmewam%aq (cross
direction, CD) WU W&y PBAT JA1anu@n1uiis
A4 drfauazn13tsida m 90170 uazdnaqas lu
WWITWIUALLASEY (MD) L 10.7 MPa 695.3% sz
14.6 MPa audey uasluuwizi1ae3es (CD) Ay
10.3 MPa 609.9% W&z 7.2 MPa au&1ay LLa:LﬁaLﬁN
wiluuaatfounfuaiua (CaCo,) adtdlu PBAT
f32aUAMNITNTH 57 uas 10 %wt WUIT 5 %wt

CaCO, NlAA1AuA NI BUTIA IECRHLLEE
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A X
vAnUudn 13.7 MPa uaz 16.9 MPa luuud MD was
9.8 MPa 12 9.6 MPa 1wl CD duesasazmsaiia
o 39710 119w MD uaz CD daaadidn 365.1%
R = { A & &
WAz 404.7% NUEIAY TIFANNLTILTINAN TN 1
A a A o o A
HANIIINMTAN U I ULAAL DI UANTU DL UATINNRINN
\JuiRQIETUUTI (reinforcement material) 39T 8L WAl
AMULTILTININALANY PBAT wazdInabia1n13a9
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Figure 2 Tensile properties of PBAT, PBAT/CaCOs,
and PBAT/Glycerol/CaCO; films.
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Figure 3 DSC thermograms of PBAT, PBAT/CaCO,
and PBAT/Glycerol/CaCO; films: (a) heating cycle and

(b) cooling cycle.
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Figure 4 Oxygen transmission rate of PBAT,

PBAT/CaCO,, and PBAT/Glycerol/CaCO; films.
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Figure 5 Water vapor transmission rate of PBAT,

PBAT/CaCO,, and PBAT/Glycerol/CaCOyj films.
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PBATSC

CaCO, particle

PBATSGSC

PBAT matrix

Figure 6 Field emission scanning electron microscopy (FE-SEM) of calcium carbonate particle (x50,000 magnifcation)

and surface of PBAT, PBAT/CaCOg,, and PBAT/Glycerol/CaCO; films (x3,000 magnifcation).
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