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4 0 . 7 Major (POLONER SCIENCE AND ENGINEERING
Keyword : PBS PBSA PBATtB\N&REbotBarrier properties Peelable film
MR. PITAKPONG KAMRIT : DEVELOPMENT OF BI

SEAL PACKAGING FBEBODSTAHRESIS ADVISOR : ASS(

SUPAKIJ SUTTIRUEMNIG@GWONG, Dir.

Polybutylene succinate (PBS)tyéerte mlgbineddipate (PBSA) are bioc
polymers with mechanical properties similar to polyolefin. In general, a top ¢
packaging film is made{ffodegradable polyethylene (PE). Therefore,ithsudgd
polymer blend film derived from 80 %wt of PBS and PBSA as matrices with
blending with poly(butylerestadgmittnalate (PBAT), which has a good melt strenc
easier and blending \&thygrolkybutyseddydroxyvalerate) (PHBV), which has t
properties. The dispersed PHBV and PBAT were fixed at 20 %wt. The oxyger
vapor transmission rate (WVTR), mechanical propeestsofipsd|peedrddtendthilins
without reactive agents (peroxides or epoxide compounds) are investigated. Th
PBSA based blends with dispersed PBAT phase via condensatfohDBadti68 (h(
phr is sufficient to improve the compatibility between phases but the OTR and
The mechanical properties show that Young's modulus is reduced and the €
compared to neat PBS and PBSAeRediestidagthng is found to have a wider ran
open peel. For blending with dispersed PHBV phase through three systems: &
14S or DB 0.02 phr.), the condensation reaction (ECE Or&gutionanitt iecfremnrhi
condensation (DB 0.02 + ECE 0.1 phr.), it is found that the OTR and WVTR v.
compared to the PBS and PBSA film due to the improved interfacial adh@ias
polymeiThe mechanical properties after blending with PHBV change with the
Young's modulus increases and elongation at break decreases when compare
strength test after blendingogbe pesy rastyés toward higher sealing temperatt
peroxide type is changed from DB to dicumyl peroxide or DCP, there is no sig
values. However, the excess peroxide content rdisikisinntimeopolgmes ciding t
mechanical properties worse. It-is more difficult to seal and the pepefopeclad
shifts toward a higher sealing tempenadustridh stacies, it was found that the
mechanical properties stneihgdeltest show the same trends as in the lab scale €
in the eayen peel range after blending with PBAT or PHBV shows the peeling
cohesive peel, which can be easily peeled off. WheB Blenwiitng2PBSvwarPBAT, th
properties could be modified angdahepeakyange was winder whereas the OTF
remained almost unaffected. When blending with 20 %wt PHBYV, the OTR and \
while theechanical properties depended on the blended polymers.
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Barrier properties of bio-based and conventional plastics

Braskem BioPE
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PLA Taghleef PTTMCC BioPBS
e LDPE Industries Nativia
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T o PI a0
& g Starch Bioplast LA Floreon
3 *B8OPP 106/02
n
)
g
~
®
-
z Cellulose
~ repaq 19
E PET ®  cellulose
a repaq 45
S Cellulose Cellulose
" Paper/LDPE/EV NatureFlex NK NatureFlex NVS
o OH(SPI)  PA/EVOM/PE

(BAK)

® PVDC PET/CPP (BAK)
EVOH
®

WVTR [g/m2*day] at 23-38°C, 85-90% RH

K Cré mily BN K T @OT8 AMN TRk o€ dmad eplapthés kN O
bicbased polyiiidils

I n K @JOF L ihOEER iy W@k Bk G N 6 J 16K
GnJjnNnNI&FrEEONGI I EGNG & &7 O ,
& |p&r6ledmaseplastisn e n MiodaynadalylerSEREDHNTD | R O
petroledmasaolastitsii r J A ENKIT ONT T el ERKGN J h 1]
EgOENT 1 Fk NS J I KAQL I E piddeghatad &PEBE NK (
0 &nENnh E ENKI nEOENI heNIT Whk qJd
petroledmaseaplasti€@®T n E N K G'n Jhiodelyradatie BIEstiER G NNt &
é n N peairolddmasedasticsN O

ENK|] KAT | Kn E L @afriér prbpgtiekH ESON d O\ N&
L NINKTTONITNIENKGNJI| nNI cch ©ON R&EIE K

| k (Nadythér gtr@t@ire/architectdrertdildrifign NE6 g n 1 OE N |
OHEI 6 é KPR aNlcdh@® 6 ¢ RYaBK ©@ K8 h B KK é
i nNT &I EE GRGE N KEIGINIdmutigieh borxiisigaik i BIGDK
KiJeoelnnel EDhukaI OT nkNgT Nh cel ©ET (



15

I Kk NJEF@HR IOInmRi1 DNKEEK NENHENKEONGT |
ENKGNnJj nNI &IPB@IOnRmMIRA (1 ®JEN Gty ATERTLAT
Kol T OO0k NJneéel ENKSIN Ik IRNiBIKmME || K IES )i
I DRIDuNE@E B & E K gIK 5 eaexiriisionaihinatiGu« rap & N d
Dhuk QI T kN A RT OT nT nNEEAT T A1 Whk Q3
ch ®©O0KI JTAREENKE§OI N6T 6T €61 6] ¢
OBKMEEONGOK Nel I (BiugudNJEH 1R K&GBRND J I &Iq]

'Kk ANEENET Ar IJAENKOT NI T nijNelT N6T §
(hydrophiitk N oe J(mdipphdsEt NRInnGBlybiktyl coekfients 1J hu k
nanocomp@sitel '] n NE &layFyraphemiosiEx NOAT ndl o mil
EAl O1 KnTl k Nj OOk NJnél NJIayme bleding El |
5N | Arl el JAEEHIOEI ENK| KAT ] Kr
| KAT | KnEENKGnJ; n NT &I KEGTOMNIGIOK INJod | 1
' | 1

K@BOTRIrTONElI Kk AnNEEI ENK|] KAT ] K ET KK &
& NE ENNEKNLKOE |KR ] J Jhuk QI 7T KK &1 ik # [@)C

K NIPBSIPBATO ;e n o1 NJ Ok N & Th NE® NIEWT T IE
T NIBIGIN® EME ENT | N& npctphméiﬁumﬂnperﬁiﬁ@eél
Perkadbd® KNE I ¥ h ©f J@®n I KIAk - EloaGm Iap p 10 ¢
' k n E & NEPBAEK & T i 1L i Q)dfogationlatibieakhr Rl 8O R
'k A E& NEPI A EfNNKCNTINNIKG | KA T ] KN EKDONJI 8

J
J

~



16

6] RT ] cch ©] NESJT Nr | Eé& méréréa?qihcﬁeuiKméjﬁ
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Dhudk NSO J | KapBATI fNNNJ ERRI L mEL k IE Ol R
PBATH é nABE /) NE NIPBANRENKGEN &0 ©T KNENK
' EGNO&T 61 Nr J é arforpa@s NRIT 4 iR B E
1407 I nNénNJIndJLndjAaLl RnIJnénNkhkE
OT Nj 7 ERErKea®ST T nr .eJ noT NJO

ENKL nERLE RESRBEhwdbliuERiE kK N[eEBNr EJ i E
6 TEpbdy@unctionalised styrene @cikléheRBE® 1QEI6) KNJ NH é
%wE n chaid dxteided! T cdriypatibifzér JE NTK 617 Tkd ] d&l @
& n RIT Kishowfi@n ektridsion m E N g Q PLAPESA/RFAEII KSa
OkANGh 6 € K Eldnél cRanEbanci®BMTE)IONI NKT gn i ]
OGNEEKOENKGNIj NNl & EEDNIGAEI KNIE N
| E E O(OGR)K NEIGANTO K NI HEOR/ARTh nie) @D KB D KEnaal- 1l
JNPLAT nj] T EAT O
N K2RTEN Ki M EO&yHeh ddiatey Mapor Perr@eaBlEMPESA N
PLA/PBSAIEBA

0
T

Sample Name OTR O, Permeability WVTR Water Vapour

(cc/mz.day) (cc/m2.24h><cm/bar) (gm/mz.dayf Permeability

(gm/m’.24hx

cm/bar))

VPLA 318.25 122.96 175.00 0.88
PBSA 365.78 15517 231.82 1.28
80PLA/20PBSA 158.53 69.65 163.56 0.93
90PLA/10PBSA 167.79 72.45 189.31 1.06
95PLA/5SPBSA 173.52 80.18 196.23 1.18
S1 109.95 49.14 129.63 0.75
S2 125.14 59.72 134.62 0.84
S3 130.88 57.50 145.83 0.83

ENKOT K] J IPHBAGPEADN MaENHhE@ kK N[&SH KO | |
Ok NT n ENK & n R Tbigvdn|filin je>r@idrrudes| Bl F ONH E BN
ceh @nbniaye@d xbNagered fiimh ] PEAT mINJOEI ENK | K
OGNEEkeél EPHBUNE] KKEO®L KT M OAENK GO.
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3.3.30 e KNr I ET h (Gag denneaGilityJiesionbBERIK K E O N ¢
BrugdeK N6 T L3] F KJAT

3.3.406 € KN | NEh WEJjelBd TeRing] MUBHFEREE KN| n 1
I KNTTKQlFNT LT KO6JOl 1T aqoéenEAhO] |

3350 e KNr I EGfik | WBIYNBNHEOOENR & D éeNj

382 ARTTFEI ENKANnOT NT ENKI N&nj
3.4.1E N K13 i KN ohdai K apoer Keifdter&IE i€k AN & 1'n | RAD K@
h el ] ENKI n bogpréssiod @dldng| ] el NI Kol T O&
ENKL™NE| NENK BPBOKARRBA] IR K NEG XJ}| KKAJIEETT |
PBAT KPABYOD | 80: R0 N INT fleEx@bi@aii ROREKNNG. AR Bho
Ok N | caridéndidiohl JEGED N JeCNpkdn #Hl) GNE NK NJj NK |
free rad@ak N | oBrddnsdEonl DB 0L PECE 0.1%hr] LA h L nl
L NKSeJnl nr EgRsMInBEKNOE HNREF NEREH/jiik BE Nh KOFET
T N K300ENI 1 fE Gl PEBVR & IN K10 pe@ide 0@ |1 Wi ré]
DB ORB T NJ EI | KNINHE NE & NK N Eehdtied €N & |
ager®l 1T A E 8 El KO EENKE k' nJEh@E | @hiaré=OmDEmi | EQ &
I n ARG INWIOS K RIOK F T 1ER ETOKN B D@F RjT & i K
OKEY NAKNTI I nNEENKj L'J @find@)Ere BNER 1 TRHE
I ni I kNS J I KijOR®P&t & Modkended RIIITGrIERN K &' R T
h el ] edmyrédski@ Imblding)tog ®h jj ®©0 Ne&nJ el NI T T
Jnéil00jmd NIOT ni@dl ©8m IR 1T In rod] O
T NIBMEAWIrnd T & ELNKOGeJnl PBOSERGXElI E N
6] RT F E€QPBANTEI T I KAEST kI hQEAT O

reaction Sample PBS PBS| PBA| DB| ECE
(Wt%| (Wt%| (Wt%| (phr) (phr)
Nomeactive PBS/PBAT 80/20 | 80 | - 20 | - -
PBSA/PBAT 80/20 - 80| 20 | - -
Freeadical PBS/PBAT 80/20[ 80 | - 20 | 0.02 -
PBSA/PBAT 80/20 - 80| 20| 0.02 -
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T NKNERNran,i/T& I+ EL NK | PBOENDE]

oeJdn
PBSA] RI  EeQPBATE T T knEST kI hQEAT O

PBS PBS| PBA| DB| ECE

reaction Sample (WI% (Wt% (wt%| (phr) (phn)
Condensai PBS/PBAT 80/20E 80 | - 20 - | 01
PBSA/PBAT 80/20 - 80| 20| - | 0.1

PBS/PBAT 80/20 [
Free radical ECEO.1
Condensati PBSA/PBAT 80/20

80 | - 20 | 0.0Z2 0.1

- 80| 20| 0.0Z 0.1

ECEO.1
T NIODEA Ailrnd T &1 ELNKS eJ n1HAB6ERO El EN
6] RT FEeqMBYEL T I KAEGT kI hAQEAT O
eaction camoje | PBS PBS|PHB| DB/ ECE DCH
P (wiosl (w2 (wt%| (phr] (phr] (phr]
Nomeacty PBS/PHBV 80/ 80 | - | 20| - | - | -
PBSA/PHBV 8] - | 80| 20| - | - | -
PBS/PHBV 80/ |
AN 80| - | 20002 - | -
PBSA/PHBV 8C |
Free radit DBYe ) e -
| PBS/PHBYV 80/ s0! - | 20l - | - loos
DCP0.02 h
PBSA/PHBYV 8C |
DCRO.02 - 1 80| 20| - | - |0.02
PBS/PHBV 80/
Condens ECEO.1 D i e
PBSA/PHBYV 8C 20 | 20 01
ECEO.1 '
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T NREAMhONni T 8 ELNKOéJnTABBKEY © El E
PBSA] RI I EeQPKIBME T T kNnEST kKT hQEAT O

PBS PBS| PHB| DB| ECE DCH

reaction Sample (Wt%| (wt%| (wWt% (phr] (phr] (phr)
PBS/PHBV 80/ )
DB0.02 ECE01 0| - | 20]0.020.1 -
PBSA/PHBV 8C

Free radic DB0.02 ECE0.1 -~ | 20| 20 0.02 0.17 -

Condensa PBS/PHBYV 80/:
DCPO0.02 ECEQ
PBSA/PHBV 8(
DCP0.02 ECEQ

80 | - 20| - | 0.1 0.07

1 80| 20| - | 0.1] 0.02

3A42ENKIORN KNG I KQ|o T kil i KIfWis i ety Kgxbreald Do &
Ok N nRT KOJ| 1 hkQast inGextjuded KNr I EI A h K
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hel @hBNAIKBFEET NELOT KT fir éNfwian Né& N
screw extr@dar] & N 6 k [ drossin@niykil enl r FEoeJnnNoCGEKNERT ENY
iLEl ENKI labeddEny NEReRN @ 1+ || RBOKPBERN QRO T k
I Eé ] KNE PBAT {PREV® Ik fh HhoKhE BEGNOD o0 6k. T8
reactiveb@®nd Rr I | KA1 | KnEél NJoeoeNsBEnl oeh
@ OMNKkAEIRNET ART T n ENKB i & Kuirsiiek KO é
extrud®)n HI ij @0 NECE N & | KN 25K K (T Kl 1T INE K@
ENKj LTINOGBDERI BIRFKED 7 ;e @ ONJI §DRE R I BT |
Wk QJ 1 kAR A iasbiedekidae BT NDEBOIESN K &
170, 185¢°€C, N J 6 85R I 'K TOR L HE KijG00] 20aa0i ENE Xk dNKRFEIT
K OE E (chilR Il speinhmiTk RiIed NJ 6 KR (@ip réllk O E E
spee@5m/ninh § €1 ¥ énJdél NJ rooN&EfuxIgiin dejk IN
I AEITEON RT T n I o)
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T NKRIEEA MOl T EINKB N K& ¢ &5 1 HESipRes) eREIQ) 6
I E é Q)] &N E PBATKPHE® e (KM KTkisdiely Kx@uelaéd)n O .
Ok NénBRE KD NBEadik®trjderk aJ 1 Kk NLT NEC

Saole PBS PBS| PBA| PHB| DB| ECE DCEFH
P (Wt%| (Wt% (Wt%| (wt% (phr] (phr] (phr]

PBS/PBAT 80/20 EC 80 | - 20 - - | 0.1 -
PBSA/PBAT 80/20E - 80 | 20 - - | 0.1 -
PBS/PHBV 80/20 DE i
ECEO 1 80 - - 20 |1 0.0z 0.1| -
PBS/PHBYV 80/20 D( A
ECEO 1 80 | - - 20| - | 0.1/ 0.0z
PBSA/PHBYV 80/20 [ A
ECEO 1 - 80 | - 20 1 0.02 0.1] -
PBSA/PHBYV 80/20 [ A
ECEO.1 . 80 - 20| - | 0.1] 0.0Z
BA3ENKIT ALET AT KN(@MGN(&N@/TRE&ITD @l EE O]

NI nT KNEyWéehGansmissolRyie F R0 | E C
857 T nDhuk QI T n il [N NEBE E O] In 1
n] JIF5.084@mmr DENRKRRAhL RT EPE|

~

T
i D
X
NLTARERONI T T DhukaJThLIT Ok
6h] | (@FF PEOBGNS B & B DD K KINN
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K EI NEE XK E ®h@pdelstiengdddstie 1| INK NK&EBSHT K 016
OPRSA| RT | Eé Q)] KNFBATKPABHEISA Tk K N LOFEIATT ¢
K Nriofreactive blénkl N teactivé bi@id 1 E E N Keacti@er] N IQIQEI «
| GNE NK Née Kadigaiy NeErklegM@on & NG MEON K NT NKI
free radiEafi 7 |cahdeRsHMEgNj] OFOn EENKT hk I EF | EJ
ENKj kNG J I kb®Bodie® il jh aéEfirntendt mip ©f @1 K O
Jhuk Q1J h 1 ] E tomprasdios m@HAnIOERTON T Ted NI |
60J I KQo T kI FGpEI] KNG dReE exEdhagiN Eh N FEBKKOE
h el ] oeékKnCasHimrektrgddrh Jhuk QI 1 K NLT NE O &
AENKOKH KAJ ITK A6 T « Tirfiedhil enix@ B&ENADRT KO
ENKLI nh &ndédingfeSdion@aldin®d | NJ Kol T 0&
El Lnli TOKE@ILEENI I NenjT anRo| RI E
L J 7 n T NogejsitdadgihaaestD k N ©N 6 PBOKPBSK) kRIT h d]
I Eé q] KNE® T ;PBARPHIEVA | h @0 kWU fréSINGEN.
radicél B NIDRE] @ K NhAONKHND .cGrdeddationl JEGED N) JKON J N
pHO& N | GN E N K Nee M&BICENGENSEHSEmGB E N N
0.02 phr + ECE0.0 jiHiNKh ©1 | oirteknBl mia® N IRJ &107] |IJ
ENKLI fh & rcépteBipnm@ithapeil N egard @8 nel |



31

411LnE| Nj k & I Eé rOf © K E h6ghHRBEMRNWE! K
PBSA | RI | E®@IOR KiNGBAT KFSBE: R EndRledctivé T O
blend k N ieatlivé biend

T =180°C, 100 rpm

20
/ PBS/PBAT 80/20 DB0.02 + ECEO.1
~ 154
£
z
£
()
=}
o PBS/PBAT 80/20
g
5 10
— PBS/PBAT 80/20 ECEO0.1

A

,,,,\,,74,\
PBS/PHBV 80/20 DB0.02 + ECE071 Shbat
PBS/PHBV, 80/20 DB0.0 /

PBS/PHBV 80/2

Time (s)
K GHE niN AKX E T N RBSKPBAT 802D BRI HB\ 80/2Eblend
I n R BoiEeaktieibEnd N i¢addtivé bend

T = 180°C, 100 rpm
204 > W PBSA/PBAT 80/20 DB0.02 + ECEO0.1

/ PBSA/PBAT 80/20 DB0.02

~ 154
g
£
()
g
S 10 PBSA/PBAT 80/20
'_
PBSA/PBAT 80/20 ECEO.1
A M,Ar,.w..,v«."’"‘m" gaay
54

'//‘\Qw PBSA/PHBV 80/20 ECEO /
0

PBSA/PHBV 80/2

T T
0 100 200 300 400 500 600
Time (s)

K G1p@ niN K E 7 N RBSK/PBAT S0ETHMEEN PHBE 80200
blend n R BaEtaktideibienkd N i¢adtivé biznd



32

ENKT NAT NJ én & OKLIER @ibsoihken) & E i ™ 1K
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I NJ NKKOENRGRToshi©Kn TE A ND KB J O K il K &
E N K ®BSKPBAT@@2D n N E N KDBOREE i QIOKE T WNE MEK
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6 DR 0.02phDB .02 + ECED A pitn KEN [BOKSENGrdBRink E N K

6 J N r ABS/RHBYISTRINION E N KOBI0.0 AP IO J i E
+ECEOMphE| k E ©é n NOKET Nh K hblrdadji® E E N |
OT n k nOKI&ET MEhKErbskliekd GINNG NE OL nHCE 6.1 E N |
pheed n L n Ej kT B é& rENNGHS B Qi SARBEORKNORE EkEl NnKQ
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I Eé Q) &KREIDG I Bl ROBANL QF EeNOLhEEérT
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r 1 N&NK H NBATHh {DBG.0R IBHOB) .02k E@EIL 1 |
nenNhngl NENKel kT Ar khk EIJNEL
& nRI PHBH KIBH. OB D62+ ECEDA phO
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OPNEYHh | L n E 6DBT, pre0iOE & WEITE it (EETKWNIIOK E T
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View field: 83.1 ym Det: SE 20 pm
SEM MAG: 2.50 kx Bl: 3.00 Silpakorn University
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3 o e RAT NI s <™ =
SEM HV: 5.0 kV WD: 8.62 mm | | MIRA3 TESCAN|
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PBSA/PBAT 80/20E| [/ ++7, 2 4 £33, 0¢&£. ,
BAT 24 /] 1%/ ] 5 0°t£3, |
PBS/PHBYV 80/20 3 27, [zx1, 0 0¢°tx1,
PBS/PHBV 80/20DB 3 1+x2 3, /[ kx2, .| 0<«%1,
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(4 + t+]
01 323 ) [ Ex2, 0
PBSA/PHBYV 80/20 o221, [ [x. , 2 [ &l ,
PBSA/PHBV 80/200 1 01| [ (x/ , .| [ £/ ,

MBSA/PHBV 80/20E(- .0 .1 0, [ ¢x1, 3 [ %/ ,

MBSA/PHBYV 80/20 D
ECEO.1

RHBV [ 2+ 1] 4« , 4 1°%t+. |
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ENKLNE]| BE EEONGENKEGNDHed DDA 0D
tesE I E1 I k N ®BS «REFH) ¥ R<I T | hEGGAN FiKHNSHELY i« B G
F AT KNL ni Tfréeaadi6ad | SORY NEED OKI i HDK i | 0AJD |
phi©Ok N|] GN E N K NrgeNagiEall 1E jictnlchEaongRo GRKING
,phrG BCBHhGOH r E e | DRI MOA IEK Y dNIE ReraEi@eN R K OT
e RO NT 1 OChTtEIINOLEEDANED WO M0 é KNy |
| Hntei@a&miger) N & n RT K O| 1Jhuk @pinpr&sign moldiad) n -
6hj el TendEw@inel NII'T N] KNINHO/ .

421 nE| Nj k & Eén NRBERHBV N il@OK NWrOl n
PBSA/PHRYd n R BdEEa¢tNG bieiak N ieattivé bend

14

T =180°C, 100 rpm

124
PBS/PHBV 80/20 DCP0.02 + ECEOJ1

=
o
1

PBS/PHBV 80/20 DCP0.02

Torque (N-m)
i

PBS/PHBV 80/20/

PBS/PHBYV 80/20-DB0.02 + ECEO.

Time (s)
KGHee n NOK ET N RBSKPHBVBONZD Blddij@Eialtdsl £ O
blen® k NDBDHIONIECE 0.1 phr, TDPREDER + ECE 0.1 phr
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T =180°C, 100 rpm

=
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1

PBSA/PHBV 80/20 DCP0.02

=
o
1

PBSA/PHBV 80/20 DCP0.02 + ECEO.1

£
£ s
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(o] _
e 6
ey

4 S

2 PBSA/PHBYV 80/20 DB0.02 + ECE0’1

0 T T T T T T T T T T T

0 100 200 300 400 500 600
Time (s)

KL i NOK E T N RBERHBY 80/ EhisiE o@ deaier B 0O
blend k NDB00Z BCE ©1 phr, TOOREDER + ECE 0.1 phr

ENKT NAT NJénNOKET Nnhtekal fikei) N IE g 11 1K
180 ¢ NJ 0 K R1I0® I i Eh E RGN B HOE@BEHEAN KON C
PBSAAT 0] RIOH EPHBUK NE | RT 802DK R B EDF K T
K 1 i @ NrEd\rad@gh NDOR ONDA @il N NOe n NOKEY Nh J
EDB0M2Phe N6 J N IDBHIDRE FONJJE ENKEERNNOT iy
crossligkl Ej NE OOk NE N K 6@ NeFd & @iiamNIND G NNEKN
codensatibmh JDER ,NMHOECEpHDD | n Nen NOKET Nh J
DCP 0.02phrii ] EF J n NEShn] | @Osslitkk ® N]T H N
6gnT6hﬁ]iE [

enNhngl nE NKwel k&N EEB N KjNBI i TKIGp N
OT ki hdn k n E| ErossisdaN @ N jn N KIEEOES N B @ &6 N K 16
phe NJnénNOKEDBRIh| KX X KR IEDJ NasadtGR B E TN(

ENKT fir EKN ItébssiMid o N aNE DR i &1 B e el

crossli ' NJT 6 Gn1 I k N8 J I KQ]T NE LreakttileE K N ¢
aget ] RT ENKO1 Nr JT RnI'TAEG6JOKENnK®&L |
el NJrTnalarLOE&nNRI
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KOS f Nn § 1 i ENKRBBHBEI2EhlchdeRE3\/PHBK (]0 |
80/20 bldndi R BEdEdaktieibierd NDB1 ;1 BOEGPIr@CP . 0 O
ph© KDRP®, EOEQrdD

| T=180°C, 100 rpm

35
] PBS DCPO0.02

30- oty

25 4 PBSA DCP0.02

Torque (N-m)
S
" 1 1

i~

PBAT DCP0.02

PHBYV DCPO0.02

T T T T T
0 100 200 300 400 500 600
Time (s)

KGO @ n NOKET NRBSHW.A2 ph PEBN®R phit, PENT B O
0.02 pbrPNEXB.02 phr
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ENKS1 NrJénRIl BAPD.6XPHNOK EN 66T RHE!
PBS kPRSAN EPERVM N @&.& IDE®MNroOLs) GCK iN.O NI
[26, 2@ DB BYREA HRINKCBE NEDA T r 1189 26, EOnJTN O
el NJ OpeoXitpNERMDNEOIOTREIMNEEAT EI KNI |
1 K NodroxitEODED 11 L n 140% & N EDEBHOFDER sENB@|1 El
o ENR | GIENKN)&(N(@GNEB INfE O n tvaBskidNI6 E N h
KNFinNEENK I k1 h Q]

422k NE| ANL A B NEIT PERPNBWK rblEX NNEOE N
PBSA/PHBYV blen&k lbdEEAStING bieik N keattivé kiend

S 2 e
SEM HV: 5.0 kV WD: 8.88 mm 1 | MIRA3 TESCAN

View field: 83.0 ym Det: SE 20 pm

SEM MAG: 2.50 kx BI: 4.00 Silpakorn University

@} =

RN
" WD: 8.88mm [ {1 MIRA3 TESCAN|
o Det: SE 20 ym
SEM MAG: 2,50 kx BI: 4.00 Silpakorn University

K ouzon( AEOHENL a)FH’@SXHHB\Nw PBS/BHBEIRE, O 0 O
phr, (c) PBSARHERCE . piO@dNRBS/PHBVECE ., CEOEDHIrd
T ArT AEGE el 6T KoeT ol ki OT



MIRA3 TESCAN| SEM HV: 5.0 kV
View field: 83.0 ym
SEM MAG: 2,50 kx

Det: SE 20 ym

BI: 4.00

View field: 83.1 ym

SEM MAG: 2.50 kx Silpakorn University

| MIRA3 TESCAN,|
20 pm

View field: aawm
SEM MAG: 2.50 kx

Det: SE

Bl: 4.00 Silpakorn Uni SEM MAG: 2.50 kx

K QIRIk i

Det: SE
BI: 3.00

fEDHK L &)RESWE 8K/20] ARBBBE2OBECP 0.02

phr, (c) BBEBY 80/20 ECEXA)HB&HBY 80/20 DCP 0.02 + ECE 0.
phi Ar I AEEl el 6T Ko&T 6l kI O]

KNEI ANLABRGNI I NT'J NélFEi I kN3 J I K
kA B& OREGI KO hoel ] el’zmwt@um 6 mE 1O
thHg NT ["NT j NEBOEPREN Wd J IE K CBHBMWITER @) 6

o J6KI] B & N B RN K dréactiei @]@ﬁﬂg,mmmm O
0.02 phr + ECEI0.L phij Ne Ek J & N,rJJNE nRT Ok
[Kﬁiﬁteyfapiqlﬁd@sﬁibhl'r]NEiNiTn,rhn RTéI-E

E N BEEfdRdDO
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423LnE| NL J7 #BS/RHBN KSREBINRHEV Behd O
El KnbHedctye bledak N keactivé biend

ENKL n Bl k\EBSKNGENEDRr 8 i@RDRS IEREOD K N J N |
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50 47.38
T
m <4
X 38,02 40.55
[Te) B
M 40+ 37.27
; L
o
m |
,E 30
©
©
~ 204
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@ | 13.73
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65\? F PR e
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KQR® n T ONE N KGTRIFEFIRIESBY HdEda® BSR/RHBY
6 . bldhll ®R EaEbastixeibiEng NDBI 1 BOEQ@EPr@CRP . 0 O
phO DR, EOEQrdD

FAT KNENKGnN JOTEM KNG |-KENE QNG BOG NG
& PBORHEXN r 60| RI | EBHENMKING|F BT KIALEKWH K(
6 hj 6 DB IDRP IOk NEDANWERE €M Nk hk ES J NDr | ¢
noreactidel Nyt I E& NEI kn E gdddive higer & K |h KOYE
interfacial adhédioh I n NEj NI -8+ E1 F «k N6 J I KQ]T A |
6] RT 6 & K EJLE-GNEEN TR GnQHf | B NKKNISIBHT K| K A T |
' EGNO ® Q©mNdeln It BEh [@dfdRiten NIEE R BB B K |
& lpad@ide N eh ©®©L NE|] kT nl AT KNENKGNnJ3 | r

4.2.41 n E I6RENEPBEPHBY bizkEBSA/PHBYV blehdR E EI
K Niioire@ctive blensk N teatlivé blend
ENKLNE I & I E e piednas 0D 10
K NJ @ iki®ihga[o e Mkl miget) N IOH f ¢ WRIOKR O T
gNRT ENT T h L I ASBWIKypeEN ErT T RN JI InNTNKRG NE
0 é Whidarshl EeQing rhaching | mimi/nfElHSHORIKNO/ . O
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T N KIMLET Tiirr TOBS/BHEE2E kiéndPESA/PBIBVblénd O R E EI
K Nrioire@ctive blénd NDBEi0r0? + BCE Q1 phr, OB EO0R2
+ ECE 0.1 phr

Young's | Elongation Tensile strej

Sample modulus (M break (%) at break (M
PBS 15, 1 0.x2, | 1/ , ¢
PBS/PHBYV 80/20 3.227, [ z+x1, ( 0tx1, (
PBS/PHBV 80/20DC| 4 .+14, [/ z2+x0, I 022,

PBS/PHBV 80/20 DC
0.1

PBSA [ 27, 8 2155 ] 0&+0, !
PBSA/PHBYV 80/20 0:+x2 1,

/
PBSA/PHBV 80/20D¢ 0 .1/ | | #x0, ¢4 | ¢%] | |
PBSA/PHBV 80/20 I

ECE 0.1
PHBV [ 211 1 4 %] , 4 1tx, |~

LIT AT NG §NEEK I kK nderdxideNBENIOBE @y | Eh G
OT 1 61T ©Jet ELJIT nDB peddive ajendN TREeNyEN
radicdl h | ' k R OlEBKRKEIZ+ RGEDI1 phE Wi &I e U q

moduldsii & n N 3EloRgatidnianbReheMNRNNEKNEN G ] T E n T
I n Mdfsild sBength dtlwelE € NEENKOT k1 halJnéenN
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425ENKLME|] Nel NJOEREOKEé&Il EBNKk
PBS/PHBV KierEBSA/PHBV blandk EhaRiedctNg ble@k NK NT T
reactive blend

ENKLNE|I NLJIJT nT NENK] huhj 1T ealB\ I EI
openpeéh J 1T n DO RK KiQmeh & hikh KONBE RK 13
& | E IDKhGkINI EerNCE T n RI I n ENK G PBRSbehd] é i
shedt i 1 JEO@UEONENT MRO T h L | Pedtréndedi ME OK
I n WDk AT nr ceimi@sal k&b hEcim «J NS TMAEESH T0h
(Techniqué §)J ELSENAKI kK- NEECRDR marh/riiify N IBad Bell D O
PONGn r E OK B.35GX2A N/p5IHmnR 17 COOEET ngrnli NEJON K
&asgpen peel)

25

—&—PBS

| |—®@—PBS/PHBV 80/20
—A— PBS/PHBYV 80/20 DB0.02 ECEO.1
—4& PBS/PHBV 80/20 DCP0.02
-1 |~ PBS/PHBYV 80/20 DCP0.02 ECE(.1

N
o

[N
a1
|

Peel force (N/25.4 mm)
=
o
1

1
|

90 160 I 1:|L0 ' 1|20 ' 130
Sealing Temperature (°C)
KGIRPE K NDe | N Peehfaitennr 111 NG NjIFBRIRNNERO E§
6 . blénd ©R BaEbaktideibierg NDB1 1 BOEGPIr@CP . 0 O
ph© DR, EOEQNiAPES blend sheet
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25
—m—PBSA
] PBSA/PHBV 80/20
—A— PBSA/PHBV 80/20 DB0.02 ECEO.1 C
PBSA/PHBV 80/20 DCP0.02
— 20 |-6—PBSA/PHBV 80/20 DCP0.02 ECEQ.1  /
e PHBV
e ] .
15+
~ / /
Z | /)
q’ 77777777777777777777777 Y J ET T '7 77777 Jo o
o / T
S 10 / /%
©
o /
o /
/ /
54 T,,,,i,,,,,,,,,,’l ,,,,,,,,,,,,,,,,,,,,,,,
0 r

8|0 9|O ' 1(I)O I 1;LO ' 1|20
Sealing Temperature (°C)
K GIPSE K N D é | N Péelfaligent 111N NjIFRBSRMBEIG EQ ¢
6 . bléhd ©R BoEbaktideibierg NDBI ;1 BOEGPIr@CRP . 0 O
phiO DR, EOEQNiAPES blend sheet
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& \DB QDRB 1Or E & N I'DTE dRdtivéeagent Ln NP fkIEE § 8lr
ERTHEOONET ) EIT NEDCRNEn RIE] BINT 6B
El e ANENKO T kI h 0 Ockobshakk NOING 1] NNEKOEETNNKH ]
T NREAT T NW &N & Ei W Osahd fieEim@Dac Gnr E
L n PBBATRO | Eé GPBSAN R T E R MlE kil @ DGR §t
easgpen pdelit @CEC

JNr k1 NENKHAN kT dadypel peBEINNKGSI-EH Il |
Ok N KEDH 1l mrNG ndeiegive [62E1In 16 5 OT I+ ®INHE NjKO J
K I E I dolieéivie sl ENKT k | EI | Eceh ©En Nj
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2 EINKST K] J1 F kN6 J I K grvisaelv rexiylderj T n
Ok NEnRT KO| 1JhukGAsk filrddxfude® K D1 | EF A h KA

ENEENKIThkIFEENnFT I TONI ARO6] RI ENI
' nT L NI E KK JL&rhB TnnlabNegBeTiNEK ENT TKE § 1T K M T
6 hPBO® PR RT | E é q)] RBWER 7 & | ki isdidiivix K FhEJ
blen'n EGEDIQIRI NOL n I K PHEVN K O ] R Irdadie K T ©
blen@ n r ge®ddén \NEJGA N h EDB|OKEEE Q. HPRDOKED 1 n N
0.02+ ECE@ImhrET n ENK O T k | Q) @IBIGKH Uongl K 13
K h Twisttevexdgia® é n RT KO | IJhuk Gpbthildl | 6
extrud@nNh j ei 7 éendeéel NJlumNeél EDhk aJdi I kK

(b)

(d) (e)

Kapek n EDHNT NEENJ ij Ni@&IRE KIOg Noduk IO @
| K Ndask fikrEet®(d@ P BS/PBAT 80/20 ECEO.1, (b) PBS/PHBV
DB0.02+ECEOQ.1, (c) PBS/PHBV 80/af) BBBA/PB/ECED20 ECEO.1,
PBSA/PHBV 80/20 DBOGMINEBED/PHBY 80/20 DCP0.02+ECEQ
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& NE E NK |l lhJ Kiifagted éddedN DA ENK & n R
0 & eaddfilnt exti@dbr] T n ENKeé lpm@émd el MK &aiNEm
T n NE & &peeih OO E K T FHEY|OR kd IhLAKEME @
DCP 0.02 + ECEQ: 1l N RBOAREMN @RI it EER@]] KNE I T
69 Nr I J & iDEHE 1EN KIHINEENHRANE NKITEH BN T O ¢
cast film extr@ddrn L NI NKT e[ 7 & n (in@dh D6 Th N 18 &K
ENRI KO|] EIl ©6Jhuk Q37T NEKEOWIuk 0 J & N& NF
''T NJ NE & n BRIl & Ergr NESH S i RO il N B
I 1/ N® QediDBRSA/PHBV DCP 0.02 @ ECE D3m0 timis O

431LnE]I NLJIT AT NENKGBRSDk RBSK [RH 1 |
I E e 0] KINER: 7 @BNHKPREWD Krdactive®@ldn®| ] 6 é KN |
K i h Twissréne eQtrud@® N8 n RT K O] 1Jhuk CRStHildl | O ¢
extruder)

700+
600+
500+

1 408
392
400+

300

200

OTR (cn? / m? day barat 23°c, 50 % RH

K@uz?i nt NENKG’nojnﬁ)n NI & k K BEONGERISI E 6 N
6] RTH TEBKOH fKHNGBAT HBBFZOD Kaadtive®lend r j n NT E
KO| Whik 0J h ©iCastinteruderE | 1 h K h |
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100

85.90

WVTR (g / nf day)at 23°C, 75 % RH

KQpg nT ONENKGTR)Y jEq N Tk &NI-BBQe@EaR i & h G
I E € Q)] oKI Nk i &N BFD Kdhdtive©lend r j n NT E N
Jhuk Q13 h ©1 ] CasKfih extiadery h K i h 1J uk

ENE] KENKTALIETENKGNJI | n RBSXINEOE O
PBSA| RT I E é Q)] RBRSE IR 1T okl EeCHERCK G Ejivi G@\
OTRK W¥TRNONNEEKk S8 en] EEAT Dk QT i
E RHBY|] R 1 6 1J L BE-0BDH BCREHBANG0.02F ECE ORL @hpN C
OTRK NV TRNQE & B E I g N IO I | K @piokide DB 6 E O ¢
O |IDREIONL NE] kT OTREMYR] knrjI O] kE&I E
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OTR [cm®/m?*day] at 232C, 0-50% RH

WVTR [g/m?*day] at 23-389C, 85-90% RH

K Pk @TRAWTRE NEES®KIT hk F EO6h] 1 k RIFTT
E N K (@Barder clabslfid@jon)

ENEj KENKI hkl EFnT KNE NKI&nsgglen NT ¢
O KERN h A KK 3O 1 NQTE QNFEET EGEONHEERET QNI 1 T K
GnJj nNIT 8 EEONGFIFEGNSel O Ok Nel I R
kK EmPBRE n HaIh &6 TEDe)WWOTR Nr J L OE&ENnRI 6
'k A EOEl L iPHBE&) RENmNENINT Genl Jhj GRENNTT8Q E E O
LNEj k E 001 IGohlr EEHREENIOGEHT § NNk @ k
El KriactiveDl | 6T ©J e EENKGOTR) qWMDOE R EE O
OT 1 61 ©Jkh k Ed kK BErdoseaciive NPt BE& NE En
interfacial adnistoi | n NEj NI & E1 F k N6 J I KAl n
ENKOgNRr I JBIENBESH RI Mje KEnR IKIONNEG Jilr K G

EGNOJ &

]
i NNT & EEONGI I EG I OOk Nl I Rn oeh €
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| 1O & hh SIBATKKRBBE KrbeictiveOblehd | | 6 e KNy | E
gwiscrew extru@rR) N&é n RT K O| 13 ukGask firdédxfuded) K N 1
ENKLNE] NL J&Tnd NG @aRHRE « K Gupn e | N EoE
extrudBrN J J ASTMBBENA 1O T hn®rérdaldestiigeathidDd o K R
El E N KLB.% rind iNfiRj | |GaiNde ReY
T NKIRIES TnR TONEG & ¢ R EPBSH KRR T R h Bdizd Ok jT KN
Eni ®BAT RAEED Kdactivedlendr j n NT ENKE&nRIT K
| Kk NCakt NiE é&xguder)

Young's | Elongatiah|Tensile stre|

|

Sample modulus (M break (%) at break (M
Cast PBS 2i+1. | 0C+0, | 0<+0, !
Cast PBSA 1 £27 ) 24%) , % [ ¢x] |

Cast PBS/PBAT 80/20 19+1/ | 4%+*01, 01/ , °

Cast ABPBAT 80/20EC 0./ 6 [ 1x1 1, /7 . , .

Cast PBAT 5. 1 813 ,| [ €£1, (
Coot POSIPHBVENR (gk2 3]/ ex0, 1 /820,
EgségiS/PHBVSO/ZO 3210, / 4+0, ¢ /[ 7%/ , (
Cost OSAPRBVEOE 5 x07 ) ssxr ) car
CastPBSAIPHBV 82 , . | ,¢.0 | /14 |

ECE 0.1
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6JNr k1 N&NKHNL Joashfiim\siog N PESKENEOI]
PBSA] RT F Eée Q)] KNEI TPBXATf RO & JJNRCE EXDE N
ph® T | W< IneN@yro& mi is BlorgitionGitdieakir N @& n R
6] KAjJ T o6T Aj T ENT 1 I xkPRIBVG T K@ RID 16 NI KE ¢
DB 0.02 + ECEQ.;p@f0.02 + ECE O11bWMNO | e UJghOek mmith
61 @K NHBérigdido at bréak@ NR ih [k & | 6KINk | K@K NNE] Ki KB
6] k i rpgraxigeNDNIDEBICPRORO e nJnj kT nlF ENKOS

A33ENKLNE|] Nel NJOEREOKEe&I EENKK
1k N6 J IPREN&ABLKAE | hRJ| 61'h B @JiGE GKINGRB AT KK-#H dD
PHBEEN KréaQive blémd | | 0 é Kridisdrely lextrindd®yiNhel nERS O
Uk Q1J h ©1 ] 6 @aktilm exEdder)h K h IJhuk QJ 1 k NUL

25
—l— cast PBS
—@ cast PBS/PBAT ECEO.1
1 @ cast PBAT
A cast PBS/PHBV 80/20 DB0.02 ECEO
A cast PBS/PHBV 80/20 DCP0.02 ECEQ.
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Sealing Temperature (°C)
KOIB@B KNDe | N Peehfaigainr T T napdidif EEIRNN &id | ERGap
6 hEB8 fi BT | EceTaN fKHBRNITHIHREDEdadtive Olend r
i NNT ENK&nRIT K O Castiikm@imdesSsjblénd gheet | E
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Abstract

Poly Butylene Succinate (PBS)is one of the biodegradable polymers with good physical properties but its barrier
properties such as the oxygen barrier are poor. The aim of this study was to investigate the barrier and seal
properties of PBS by blending with biodegradable poly hydroxybutyrate-co-hydroxyvalerate PHBV). PBS and
PHBV (8020 and 7030 «w:w) with and without reactive agents were prepared using an internal mixer. Film
specimens of 100 micrometers in thickness were prepared using compression molding. The morphology, barrier
properties and peelseal strength were investigated. Morphological observations using scanning electron
microscope (SEM) showed an improved dispersion of PHBV in the blends after adding the reactive agents. The
oxygen barrier and water vapor barrier were determined using ASTM D3985 and ASTM E96, respectively. The
results showed that the addition of PHBV into the blend films led to lower OTR and WVTR when compared to
the neat PBS. The addition of reactive agents can further improve the OTR and WVTR of PBS/PHBV blends due
to the compact and dense structure of the films. Peel-seal behavior of the films was examined by the different
sealing temperatures, which determined the failure mechanism after peeling. The blend films with reactive agents
after sealing temperature between 105 and 115°C were peeled from the substrate with adhesive and cohesive
failures showing the easy peel mode.

Keywords: Poly®butylene succinate), Polychydroxybutyrate-co-hydroxyvalerate), Reactive blending film, Barrier
properties, Peelable film

1.Introduction usually sent to landfills after using. With the high

The growing environmental concern on plastic material property requirements of these plastics
pollution has gained global attention. It was reported including a light weight anicro-scale thickness), high
that more than 340 million tons of plastic waste were toughness, complex structures (multi-layen and
generated around the world, with around 46+ of this contamination due to direct contact with foods (Wu
waste from the packaging sector in 2018 (Wu, Misra, et al., 2021y, the collection, separation and recycle
& Mohanty, 2021). For the food packaging are very complicated. Urgent efforts are directed
applications, it is a single-use packaging alone that towards finding alternative solutions, including the
generates a large amount of plastic wastes. Amongst use of renewable, biobased, and biodegradable
these, the plastic top seal for sealing trays is one of plastics Rodriguez Uribe et al, 2021). One of the
the interesting items, which is difficult to be options can be the compostable plastics as they offer
replaced with the sustainable option. Top seal is the composting option, especially for a food contact

packaging, where recycling was complexed by the

mostly made from non-biodegradable polyolefins :
economics of scale and waste management. For food

and polyethylene terephthalatey PET) or even . '
packaging uses, the poor water vapor and gas barrier

Itilayer films. Th re not easil led and 2 2 g
SRS e properties of most biodegradable plastics are the
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major limitations for top seal applications. The main
approach to improve this performance of
biodegradable plastics includes polymer blending.
The method is easily adopted in the industrial
processes (Wu et al., 2021).

Poly butylene succinate or PBS is one of the
biodegradable aliphatic polyester and is synthesized
from 1,4-butanediol and succinic acid monomers by
the polycondensation reaction. PBS has mechanical
properties comparable to polyolefins like
polyethylene ®PE) and polypropylene (PP) Muthuraj,
Misra, & Mohanty, 2017). On the other hand, the
disadvantage of PBS with packaging application is
its poor barrier to moisture and oxygen Rodriguez-
Uribe et al,, 2021). A study conducted by V. Siracusa
et al. (Siracusa, Lotti, Munari, & Dalla Rosa, 2015)
reported the oxygen transmission rate (OTR) of PBS
films prepared by compression molding and with a
thickness of 144.7 ym was ~281 cm®>m?2day!barl J.
Xu Xu, 2015) reported the water vapor transmission
rate WVTR) of PBS films made by using hot-press
and with a thickness of 51 um was 83.8 gmZ2day!.
To obtain high oxygenwater vapor barrier blends,
one component with a high barrier should be
incorporated. Accordingly, the polymer blending by
high barrier properties materials can result in
products with better barrier properties. Among
biopolymers, Polyhydroxybutyrate-co-
PHBV) as a family of
Polychydroxyalkanoates) PHAs) has relatively high

hydroxyvalerate

barrier properties and proven biodegradability has
attracted the attention of the packaging application.
This group of polymer is a polyester derived from
microorganism, including bacterial fermentation of
starting raw sugars or lipids Nuchanong, Seadan,
Khankrua, & Suttiruengwong, 2021; Rodriguez-
Uribe et al., 2021). Since the oxygen barrier of PHBV
is much better than most biopolymers such as PBS,
Polylactic acid (PLA), Polycaprolactone ®PCL), and
some commodity polymers such as PP and PE, it is
a good candidate for blending. This polymer is
however still very expensive. Although the water
vapor barrier of PHBV was inferior to that of PP and
PE, it is clearly better than that of biodegradable
polyesters such as PBS, PLA, PBAT and PCL

Vol09, No.2 DOI:10.14456/ssstj.2022.9

@Rodriguez-Uribe et al, 2021). Thus, PHBV can help

to enhance the barrier properties of biopolymer
blends. The poor barrier of PLA films has been found

to improve with the addition of PHBV by L
Zembouai et al. (Zembouai et al, 2013). The OTR of
PLA was decreased by about 35.3, 432 and 81.5%
with the addition of 25, 50 and 75 wte: of PHBV for
PHBV/PLA blend, respectively. On the other hand,
the value of WVTR of PLA was decreased by about
22.7,36.6 and 58.9+ by addition of 25, 50 and 75 wtes
of PHBV, respectively. M. Cunha et al. (Cunha,
Fernandes, Covas, Vicente, & Hilliou, 2016) studied
the melt blended PHBVPBAT (7030). It was
reported that WVP of the film was close to PHBV,
but the elongation at break of the film showed the
low flexibility. The compatibility between PBS and
PHBYV was poor, resulting in relatively large particle
size and a weak interfacial adhesion in their blends
by Y.J. Phua etal. Phua, Pegoretti, Medeiros Araujo,
& Mohd Ishak, 2015) and P. Ma. etal Ma, Hristova-
Bogaerds, Lemstra, Zhang, & Wang, 2012). Certain
compatibility needs to be introduced into the blend
system in order to acquire better performance. To
achieve oxygen/water vapor barrier and mechanical
balance in biodegradable polymer blends, effective
compatibilizers were normally applied (Wu et al.,
2021).

Therefore, the objective of this work was to
study the addition of reactive compatibilizer in 8020
and 7030 wte: of PBS and PHBV blend. The polymer
blend with and without reactive compatibilizer was
evaluated by oxygen transmission rate (OTR), water
vapor transmission rate (WVTR) and seal strength
test for study the possibility to use with top seal
application.

2.Materials and Methods

A commercial grade polybutylene succinate
PBS)FZ91PM with MFR 5 g/10 min, density 126
gem?®, melting temperature around 115°C  was
purchased from PTT MCC Biochem Co. Ltd.
Thailand). Polyhydroxybutyrate-co-hydroxyvalerate)
®PHBV) Enmat YI1000P with 3  molsx
hydroxyvalerate (HV) content was purchased from
Tianan Biologic Material Co.Ningbo, P.R. China). It
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has the density of 1.25 giem®, melting temperature
around 175-180°C. Multi-functional epoxy chain
extender (ECE) Joncryl ADR 4468 in solid flake
form with epoxy equivalent weight 310 g/mol was
purchased from BASF Co., Ltd.

2.1 Blend preparation

PBS and PHBV pellets were dried at 60°C
overnight before further use. The ratios of PBS and
PHBYV were 80:20 and 70:30 by weight For reactive
blending, PBSPHBV with various contents of ECE
were studied at 0.1, 0.2 and 0.3 phr. PBSPHBV
blends with and without reactive agents were melt-
blended using an internal mixer at 180°C with rotor
speed of 100 rpm for 10 min. Films were prepared
using compression molding at 190°C for 3 min to
obtain films of about 100 pm thickness.

22 Characterization

Scanning electron microscopy (SEM). To
investigate the morphology of PBS/PHBV blends
with and without reactive agents, all blended
samples were cryo-fractured in liquid nitrogen and
sputter coated with AuPd. The fracture surface was
investigated by Field emission scanning electron
microscopy FESEM) MIRA3, TESCAN) with a
chamber pressure <0.009 Pa under high vacuum
mode. A 2500xmagnification was used for all
samples.

Oxygen transmission rate (OTR). The oxygen
transmission rate (OTR) was carried out according to
ASTM D3985 using Gas Permeability Tester (type
GDP-C, Brugger Feinmechanik GmbH). OTR
measurements were performed at 23°C at 50% of
RH, and the results were expressed in cm’.m?day
Lbar,

‘Water vapor transmission rate (WVTR). The
water vapor transmission rate (WVTR) of the film
samples was studied using the «Cup method~
referring to ASTM E96. Silica gel was used as a
desiccating agent, and the cups had a specific
exchange surface of S =4.59 cm” The experimental

setting consists of a cylindrical vessel filled with a
desiccating agent and sealed with the investigated

Vol09, No.2 DOI:10.14456/ssstj.2022.9

film. The mass increase in the cups, due to the water
absorption of silica gel, was plotted against time. The

WVTR was calculated from the slope of the mass
uptake of desiccating agent profile versus time at
23°C at 75% of RH, and the results were expressed in
gm?2dayl.

Seal-Peel test. Heat sealing process involves
sealing temperature between 95 and 110°C and
sealing time 8 s (18 rpm) were directly set on a
continuous sealing machine BSV-5I, Tupack Co.,
Ltd). All of the films were sealed on a PBS blend
sheet. The sheet prepared from PBSPLAPBAT was
about 800 um thickness to imitate the container rim
or the trays lip. Peel strength of films was measured
by a supported 180° test (Technique C)according to
ASTM F88. The grip distance and peeling rate was
254 mm and 200 mm/min, respectively. The testing
machine was a universal testing machine NRI-
TS500-5B, Narin instrument Co., Ltd) with a load
cell of 5 kN. Peel strength values were the average
values of five repeated measurements.

3.Results and Discussion
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