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MR. ATTAPON MEEJAMRUS : DEVELOPMENT OF WATER REPELLENT FILM
PACKAGING BASED ON  POLY(BUTYLENE  ADIPATE-CO-TEREPHTHALATE) AND
POLYETHYLENE THESIS ADVISOR : ASSOCIATE PROFESSOR SUPAKIJ SUTTIRUENGWONG,
Dr.-Ing.

The demand for packaging has increased dramatically due to the increased population, but
most of these plastic food containers are single-use plastics and turned into a large amount of wastes
because food contact plastic packaging is normally contaminated with food or organic residues. The
contamination leaves the plastics waste management with a few choices such as landfill, incineration,
and recycling which is important for the circular economy. However, the recycling process is difficult
because of food residue on the surface. Therefore, the goal and motivation of the work were to modify
the water-repellent property of LDPE and PBAT by adding various types of additives which is a simple
and cost-saving method. The study was divided iinto two parts. The first part studied the effect of
additives in an internal mixer quantity below 5 wt%, where the polymer and additives could be
processed in the internal mixer. The mechanical properties of polymer compound film such as the
tensile strength and modulus of LDPE and PBAT were slightly changed, whereas the elongation at break
showed a greater reduction. This deterioration occurred when the specimen had defects caused by poor
dispersion of the additives. The wettability study showed that for LDPE, the additive that can provide the
highest contact angle was silicone, followed by carnauba wax. For PBAT, the increase in the contact
angle was found when adding carnauba wax and shellac respectively. The -morphological observations
have confirmed the additive bloomed on the film surface. In the second part of the study, the effect of
additive wettability in the blown film.extrusion process-was performed. It was found that carnauba wax
with 3 wt% cannot be incorporated into-both polymers because it cannot be compounded in a twin-
screw extruder. Thus the amount ‘of carnauba wax was reduced to 2 wt%. The melt flow testing was
performed before the blown film extrusion. It was showed that the addition of additives increased the
melt flow values, but this did not affect the blown-flim processing. For LDPE the addition of silicone was
able to provide LDPE with the highest contact angle, while for PBAT, the addition of carnauba wax
showed the highest contact angle. The mechanical properties showed a slight change for all compounds
with low retention additives. In addition, the migration test found that this packaging can be used as

food packaging because the residue does not exceed the standard.
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poly(dimethylsiloxane) (PDMS) asluiivedluta udrseliaisazaiessineuay PDMS 1

<

frantuiazyn PDMS Mdadudadnduudfisus (micro mold) Inensguiunisnaassay
wuanisiaseuiluy 2 AFWegUN 210 357 1 A1 micro-molding A 11190
poly(dimethylsiloxane) (PDMS) 1 1kaz i1 PE finasfiy TiO, tagayn1avuiaunluinsay
I ) % v v % A ad = A N a .
Wuansavareldaslululuandainadnmeaiiuiou 8nionilsfanisiadauida micro-mold
! v A, Ya & o . P
fousigansavanend Tio, kazeuniavawlulvAn lutuniouwdIfsewmansazaiy PE a
TJudinedn Feisaeanssuiun1sagyilialanuiives PE Mlaudfsnaiu uazgun 2.11 Ao

719 SEM 283 micro-mold 711971 poly(dimethylsiloxane) (PDMS) wuinfidnuaseiufiaf

aanenulutn
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Coating TiO7
w—r

thermal thermal

pressing pressing

J1L JLJL L JL L
LDPE melt

N e e erw

LDPE/TiIO; or LDPE melt

PDMS
. peeling off
| ff
peeiing © and rush
hydrophobic film superhydrophobic film

gih'?i 2.10 meﬂwmumﬁugﬂ PE gUluusne9) [16]

JU# 2.11 uaAsnIm SEM ¥83 micro-mold #1v1131n PDMS ilvinanainluth (a) Aeyusies

AuUULaY (b) AvyuNBIR UL [16]
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SU 2.12 ugnsnim SEM ¥ed LDPE Augusne micro-mold (a), LDPE/TIO, fituguly
micro-mold (b), LDPE ﬁﬁaumﬂuﬂumﬁauﬁ micro-mold aguadneuld LDPE (o) uag
i LDPE Afoymetnluitususienisnasasssumlailély micro-mold (d) uazanm

WISNYUYINUUAD Contact angle YauAaze3 [16]

930N 2.12 9z @), (b), (©) NTugUMENTzUaUN1T micro-molding i

1 (%
v = ¥ %

wildumdunedodululutitazilennaey contact angle Wudiiafigauansisiiufans
A hydrophobic wigu (d) Nufnseudlonnaey contact angle wuiniinruaeuih
1110134 (@), (b), (©) LLazLﬁaLﬁwgﬂ (a), (b), () agnuirgy (o) flA contact angle ﬁqq
figndsgu () Wunstugulnensii Tio, Windeuuuiin mold reuwdideein PE uuntu
sulvoymaulunizegfivsnuinnntudssalviiiuinautfidu superhydrophobic
INUIFBUN Francisco Klebson Gomes dos Santos uazagug [17] Tuwa Effect
of the Addition of Carnauba Wax on Physicochemical Properties of Chitosan Films &
yhn1svnaaslaenay chitosan (U carnauba wax W& stusUdufidudeds solution
cast ndntufidumageuanulusdanviiidudldianuivundudlednisdy

carnauba wax #3m15199 2.1 wazluaudTedddinnsneaauaANNNUILALNSTUNI UV La 1N

1AHaGIN1T199 2.2 NUINIINI5LIAY carnauba wax LNUINTUAUNUIALLAUNINTY
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LY

WesnlleUsinaaRasiuyilinsluanaves chitosan Ndudatulianavesesrusenauly

wax 819V b595UUD9a 18 N0 RLUDT 0D UAY AINA bUNINTWANIN9TUTN IR AIUAUN

' v '
a = ! IS IS a

WILTY dUL309N15T UM UYRIleUINUINT eI N1SLAN carnauba wax azvilwlaan WP

WALAUAUDT 40% carnauba wax 8111nNINTA1 WVP AagiSuanas

A9199 2.1 ARBEIRINARd (a*, b*, c*, L), Op Waz AE vo9auiiu3uiu camauba

LANASAU [17]

Wax (%) Op (%) at b* L* AE
0 13.56"< 0.060 -8.36°£ 0.25 10.73%£0.15 87.10°£ 0.00 17.18%£0.17
15 17.12%+ 0.005 -4.16£ 0.15 15.90% 1.04 83.90*=0.62 21.24%£ 1.12
30 19.42=+ 0.004 -4.4%0.48 17.80*% 1.05 83.90*x0.40 2297+ 1.27
40 19.91>=+ 0.010 -3.76 0.06 18.20*£ 1.02 83.26°x 0,65 2329+ 1.18
50 24.11°£0.006 -3.63*£ 0.81 22.63*£0.67 81.43%+0.42 25.72%£2.39

A15199 2.2 ALRAYYBINISTUHIUYBILRUYT (WVP) hagAuuul vesaunduSui

carnauba wax WaNANAY - [17]

Carnauba wax (%) Thickness (mm) WVP
0 0.0364%+ 0,002 2.18=0.16
15 0.0542%+ 0.001 2.05£0.02
30 0.0678*x 0.002 0.85%£0.20
40 0.0724*£0.003 0.77%£ 0.07
50 0.0858*+0.003 1.12*£0.20

INFUN 2.13 agwudnllawdis carnauba wax Usunassnndulunedwesasinlilaen

contact angle ﬁqqmﬂ%mﬁmmﬂﬂmﬂﬂammLi’Ju hydrophilic ¥03W&u chitosan [17]
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100 - =
a
o 80 -
ac
'§ 60 - bc bc
~
8 40 -
-
S8 20
0
0 15 30 40 S0
Concentration of wax %

JUN 2.13 uanradedmsunduianiuilsidurenduna carmauba wax lunedwes
[17]
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uni 3

A5AIUIUIY

3.1 Jaquazansiaiinlluanuise
3.1.1 Polyethylene (PE) tn5@ LD2026K InnoPlus, film grade 3a1nu3¥yn PTT
global chemical Uszinalne
3.1.2 Polybutylene adipate terephthalate (PBAT) Lnsa Ecoflex F Blend C1200,
film grade 31NUTYM BASF chemical UseineAansgaLdsn

[ 1

3.1.3 Triethoxy(propybsilane 99 U3§% Tokyo chemical §11fn UszinedJu 1

3

anwuzilunadla Lifid dmdnluiana 206.36 ¢/mol wazfigafianil 180 8aA

waLda gmslasainsoziansdaguil 3.1
?CH2CH3
CH3CH2CH2—SIi—OCH2CH3
OCH,CH3;

sUf 3.1 uansgnslassaiieves Triethoxy(propylsilane [18]

3.1.4 Decyltriethoxysilane 21nU3E% Tokyo chemical 417 Uiswlmijﬁu dnwouy

& a

Dumaala Widd dadnlaana 304.55 ¢/mol wasdyaifiond 150 esrwales

4ATLATIATNLUANIAITURN 3.2

Si—Q

TN N
e

sUTl 3.2 uansgnslassainawes Decyltriethoxysilane [19]


https://en.wikipedia.org/wiki/Polybutylene_adipate_terephthalate
https://en.wikipedia.org/wiki/Polybutylene_adipate_terephthalate
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@

3.1.5 Carnauba wax flake 1n3A T1 31NUTEN ATONT AasUBLITUY 31119
Useinelne fanwasindndindetdou 9nasuinad 82 - 90 o9AYaIdyd gns

lA59AT9RsUARIRIFUR 3.3

0 0
| |
O- (CH,);7-C- O-(CH,);7-C -
Carnauba wax

5UN 3.3 uansanslaseasnaves Carnauba wax [20]

< < a o s 3 IS o o N o
3.1.6 LYALANLATA AINUIYN UBINENBIU dAUIULALAA A1NHA Uigwlﬂ‘lﬁ/lﬂ UANWUS

Jundauds Aivdieondy gaslassassasuaniiagui 3.4

CH,OH CGH,0H
|CHZOH I (CH,)
(CH,) (CI;Hz)s s

2% ClHOH

(CHOH), GHOH

Ui 3.4 uansgnslassai1aves Shellac [21]

@ A

3.1.7 woAleNvauwINg (food grade) 3NUTHN ATLOUT ABTUBLITU 9111R
Uszwelne ddnvasidunsdvn gavaeunad 90 - 110 ssrwaidua gnslaseasng

WUAAIAIFUN 3.5
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]
LU L

sUTl 3.5 uansgeslaseainaves PE wax [22]

H
I

C
I
R

T —r) —
o

3.1.8 Oxidized polyethylene homopolymer 310U 3¥" Honeywell U5z Ln ¢

o a N o [ = v [ d'
anigewsn danwurilunsdnd anslassaineasianinaguin 3.6

R 0 'R 0 R 0
K)L M
0 0 OH

R= CH: or CmH)nvl

g‘ll‘ﬁ 3.6 LLamqmﬂmﬂa%NﬂJm Oxidized polyethylene homopolymer [23]

3.1.9 Genioplast silicone gum tn5A PA 445200 3NNUS¥W wacker Useineilyosiiy
a o & & % a s s a ! = ¢ v &
Tanwausiludinratonoduaskadininuiduuinndi kazdesausznaundnidu

Siloxane polymer uag fumed silica gnslATaaI9LUAAIAITUN 3.7

HO—?i—Ojﬁ?i—Oa—?—OH
A
CH, CH, CH,

UM 3.7 uanagnslaseasneves silicone [24]
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3.2 in3aedloftldlunuide
3.2.1 W3eanaunelunuuda (Interal mixer) $u MX 105-D40L50 a1nuTdniasey
el Uszmalng
3.2.2 Lﬂ%aqé’m%@ﬂ (Compression molding) 3W PR10-W300L350 31nU3ENIa3y
el Uszmalng
3.2.3 1A3098AAUUANSE (twin-screw extrusion) U HRJ-25 e L/D Wity 40
9INUTHN Enmach Co., Ltd. Uszinadu
3.2.4 Lﬂ'%lam'h%ugih?\léu (blown film extrusion) 34 TB EL 20/Bi 91nU3¥W Thai
plastic bag industries Co.,LTD Usgineilng
3.2.5 \A3oenABUANTAN1SAER (Universal Testing Machine) §u 5659 91nU3em
Instron Engineering Corporation ﬂiszﬂﬁM%ﬁ@LN%ﬂﬂ
3.2.6. Contact angle measurement
3.2.7 ﬂé’amamiﬁﬁﬁLﬁﬂmamwuﬁmﬂim (Field Emission Scanning Electron
Microscope, FESEM) 3u MIRA3 92nUSEN TESCAN UszineansnsasigLdn
3.2.8 1A30aNAEDUABENI151Ya (Melt Flow Indexen) §u Plastometer: MFR1 917
usEMLasiiAY Ussindalng

3.3 SunaUNSANELILASE

v

nsidunuasuUsesniy 2 @ wad
3.3.1 Anwuavasdisiinus 7 viaftinadenisidonandesiulnenisuayly
3o RaLLULTn
3.3.1.1 AnwIN1SWaN LDPE waz PBAT AUE1SIANLAIAANISINZH?
TudunouiilunsfnwnssuiunsraumedefuasiiuuAaansiany
i1 lneagiiniseuvidananadn low-density polyethylene (LDPE) L@ ¢
Polybutylene adipate-co-terephthalate (PBAT) ﬁqmwﬂ”ﬁ 60 psAnaaLdoadu
nan 26 FluaiieldanuTundsainiusinn1swas LDPE n5e PBAT Auansiiuuss
YUARI9E e 7 wiaseiine polyethylene wax (PE wax), Oxidized polyethylene

homopolymer (OPE), Carnauba wax (CB wax), Shellac, Triethoxy(propyl)silane

(silanel), Decyltriethoxysilane (silane2), Silicone Tusns1diu 3 wag 5 %wt (Ine
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donananuduiusasrenielaslalrianuduiy ndsantuasiarsundaniudl

¥ [ '
o ) (% 1 !

Pegazdana1snkliitinsadidansnauis liausatuusvandRnuweuln)

a

ludumeouiiayldinIas internal mixer fanandlugui 3.8 lunisuavazldgaumgiinig

Y

NANOEN 140 — 150 a3 Yaida AUEITOUTBIUAR 60 TBUBUNT YN THAN

< ] A a ! g v a
Wukaan 10 u Iﬂﬁlgmi‘ﬂ&lallLLE‘I%U?&I’]ENEI’]’W]’N 9 NYvoanodiue

WARSAIANTINT 3.1 ey A1 3.3

(%

sUTl 3.8 16304 internal mixer 3u MX 105-D40L50 anU3Emiasainil

S99 2 ¥finaY

A19199 3.1 LanonII@UNITREN LDPE Auanstausssingnss Tudnsidiu 3 uag 5 %wt

Additives (wt%)
Compounding | LDPE (wt%) | g PE
Shellac OPE | Silicone | Silanel | silane2
wax wax
LDPE(2026K) 100 - - - - - - -
3CB 97 3 - - - - - -
5CB 95 5 - - - - - -
3Shellac 97 - 3 - - - - -
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A19199 3.2 LAAIORTIEIUNIINEN LDPE Auasiiumsatingee Tusnsndiu 3 uag 5 %wt

(%®)

Compounding

LDPE (wt%)

Additives (wt%)

CB PE
Shellac OPE | Silicone | Silanel | silane2
wax wax
5Shellac 95 - 5 - - - - -
3PE wax 97 - X 3 - - - -
5PE wax 95 - - 5 - - - -
30PE 97 - - J 3 . - N
50PE 95 - - - 5 - - -
3Silicone 97 - 7 < - 3 - -
5Silicone 95 \ > - - 5 - -
3Silanel 97 t - - - - 3 -
5Silanel 95 5 2 > - - 5 -
3Silane2 97 - - - - - - 3
5Silane2 95 . - < - - - 5
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A91991 3.3 LARIRTIAIUNITNAN PBAT Auanstauusiartingee Tudnstdiu 3 wag 5 %wt

Additives (wt%)

Compounding | PBAT (wt%) | g PE
Shellac OPE | Silicone | Silanel | silane2
wax wax

PBAT(c1200) 100 - - - - . - N
3CB 97 3 - - - - - N
5CB 95 5 - - - - - N
3Shellac 97 y 3 N - - - -
5Shellac 95 - 5 Ly - - - -
3PE wax 97 - - 3 - - - -
5PE wax 95 - - 5 - - - R
30PE 97 - - - 3 - - .
50PE 95 - - - 5 - - .
3Silicone 97 - - y - 3 . -
5Silicone 95 - - > - 5 . -
3Silanel 97 - - - - - 3 ,
5Silanel 95 - - - - - 5 -
3Silane2 97 - - - - - _ 3
5Silane2 95 - - - - - - 5
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3.3.1.2 Anwaudfsnee vosidu LDPE waz PBAT fiiiuansannsinnziin

® LASEUTUNUNAY

nswIouduenulfduiiduazinlaenisyidanarafninaufv
A9LPLLAIannIsINERLTNsUReLAs sl R uTuEN g Aeund
ﬁﬂiﬂﬁugﬂﬂiSUQNﬂﬁiﬂﬂﬁﬂLﬁ@%ﬂgﬂLﬂNLLNNWﬁNMU’] 200 + 50 pm lagly
1A384 Compression molding) fananslugud 3.9 fegamgll 140-150
ssmaaidea Ingldiaan preheat 4-5 undl waznash 1 niindsandufias
W3pntunuiiensnaaeunisionfinlnenisiaildaliivunat uauning
X 917 WY 1 x 5 cm TaesaalriduildnaaevdudatuilonIofns
wdntuAaE s sIt LUl dadevansRiBinadeinies tensile

testing loedlauinduaiuuuin 1 x 4 97 wavtAuBunuivualunassdenindl

FanwaaiataefuauIu

gﬂﬁ 3.9 1A383 Compression molding) 3 PR10-W300L350 21nUSeniasayvie
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o Anwnsiluniiaveswardinaiemailan1sIn contact angle

Tuns@Enwand®nisUeninagyinnsnaaaulngNsunTUIILAS oL
UIPUIANINE X 813 LN U 1 X 5 cm UNAdaun1sleniinlginade
contact angle lagaziinisuean DI asuuduilaulaglyd micropipette tay

'
v v

lindasegluundudaiusenirafuiidudiuau 4 easeegruaiinly

[

Tasalagldlusunsy image j wanhunmanadeuasan e wuuuInggy

o AnwautAn1snIEnfIeLAIeY (tensile testing)

TunsAneraudinisiedngiuisainlalneldindos Universal
Testing Machine iu 5659 91NUTEN Instron Engineering Corporation #14
wanslugyi 3.10 Wnslunismagsudziidusuifudndsuduuy
Amdsuiudisuin 1x 4 i) Tuneasudutanisieda (tensile) fretados
universal testing machine NAgaUAULINIFIU ASTM D 882 laeld load
cell 9w 5 Aladasiu wagldnnuslunisistunuyiAu 500 fadwnsde

a nl
UM

3.10 1A304 Universal Testing Machine U 5659 31UTEM Instron Engineering

Corporation
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¢ AnwdnwarmeduguIngnemalla Scanning electron
microscope (SEM)
Tunsfinwdnwagnsdugvinevesilaunediuesainsavilalag
n5lEndee9anssAmiuuudaang1n (Scanning electron microscope : SEM)
fit&avenesnsqsiilfasefnuiiuiivestan wun wargUT1eRnee lay
Tunsneaeuiiisaessuiedmageulpsnmiiduilladnwaufing

a

WeunRamuda nualaan contact angle Nigsigaunfnwilngazdrfausin

Y 9
Juzwang lnevnulvdudaiuilendeimdanfnasuu carbon conductive

tape ta2nlUAAUY stub 91nduUIFUIUlUINSIARoUAETIY NI

N3EUIUNIT sputtering Wiadasiunisasaulseyuaeyinn1snaaauazn

(% ' o
] a I

FUUNAs Ul UIATIE N URIVD IH WAL LDPE, LDPE MLANa15anNS
gaLNNziD, PBAT wag PBAT MANa15anN15NISRIN8LA584 Field Emission

Scanning Electron Microscope, FESEM 34 MIRA3 91nU5%% TESCAN 614

wandluguil 3.11

gﬂﬁ 3.11 1384 Field Emission Scanning Electron Microscope, FESEM ju MIRA3 31N

US®N TESCAN
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3.3.2 Anwnavasansiiundsiinasentilenialunszurunisiagelnenauly
twin screw extrusion LLazﬁugﬂﬁwnSSU’mmi blown film extrusion
3.3.2.1 Mmsw3sunediuas LDPE uas PBAT MiiAuasifuusann1sin
inzRinuazdugulugedaenszuaunis blown film extrusion

® NISLHTIUNDALNDIABUNIIN

Tun1sissuna AN NNANA1TAANISTALNNIZAUAITAANITINIZRD LD
U lulgrugulunszuaunis blown film extrusion 9g¥inlagniseulia

a

wanafin LDPE way PBAT uavansifisusiefigaumail 60 ssriwaidoaiuna
24 3l it dostumainyfAzerihadsdusenitnssuiuniuan fou
¥INISHaNFELATEITATULUUANE twin-screw extrusion Fu HRJ-25 911
US¥ Enmach Co., Ltd ﬁ'ﬂLLamTugUﬁ 312 waranneildlun1snanas
LARIAANN5197 3.4 UazA13197 35 Amisisouansiililunisuauiniy

250 sauReuIfiaznaaiiusneulauugl 25 ssrngaded 910wl

NOAUBDSNANAITANNITENIZRT NATINNTFUIUNITIATULIPAAELATD 957

<
bR

JUT 3.12 1AT998ATULUUANSA twin-screw extrusion $4 HRJ-25 3MnU3¥W Enmach Co,,

Ltd
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A15197 3.4 §RT1AIUNTHANLALRUUNINIKEN LDPE Auansann1siniziia

Component (wt%)

Sample Temp profile (° Q)
LDPE CB Silicone
LDPE2026 100.0 - -
LDPE/1%CB wax 99.0 1.0 .
85, 100, 110, 130, 135,
LDPE/2%CB wax 98.0 2.0 -
140, 145, 150, 155, 145
LDPE/3%Silicone 97.0 - 3.0
LDPE/5%Silicone 95.0 - 5.0

A15197 3.5 §R1AUNTHANUALRAUANNIINAN PBAT fluansann1sinzila

Component (wt%)

Sample Temp profile (° C)
PBAT CB Shellac
PBAT 100.0 - -
PBAT/1%CB wax 99.0 1.0 -
85, 100, 110, 130, 135,
PBAT/2%CB wax 98.0 2.0 -
140, 145, 150, 155, 145
PBAT/3%Shellac 97.0 - 3.0
PBAT/5%Shellac 95.0 - 5.0

® NAgauU melt viscosity VBINBALUDIABNNIINALN1TINAT melt

flow index

TunsAnen melt viscosity vasnedinasaginlaenisindanaiain
= a ay vy v = ' o =
ANANaITaANITNIERINEAIINNTEUINNITTAT UL UAN AN YIINITOUT
gaungll 60 aerluiian 24 Hluniiedidnanuduneuiilunaaeusiy
LA309 Melt Flow Indexer §u Plastometer: MFR1 2 nuTemLasayviel o

wanslugua 3.13 lnganneilslunismaaeuegamall 190 ssrigaides

v
a o

wazdidmtinng 2.16 Alansy AuunsgIu ASTM D1238



SUT 3.13 1A309 Melt Flow Indexer 3u Plastometer: MFR1 annu3smiasaie]
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LY L3

® yadavlvlnluanavaweaaIilemAalia GPC (Gel

permeation chromatography)

lunmsnegeurminlutanaiiievuninluananuisundadly
993 PBAT uay PBAT Adln1sify Shellac 1fuasiiuussiiiosainainnis

NAABUNIAT M WUINTNISHRNT RN aNadaun1sUasukladvund

1%
o o

Wmdnlaanaves PBAT ffia Shellac Anhwinlutanaanasasuiiadunis

uUUNATDIAT MFI Magunuasann

g o , .
® JusuNANAI8NTTUIUNT blown film extrusion

Tunstuguilufiduazyilaenisindanefuwesinauansiiuusisan

a

maimzialueuldanuiuludouiigamni 60 esrmiwaldeaiduina 24
Falug AoutluTugudienssuaunis blown film extrusion fe1ATes
blown film extrusion 34 TB EL 20/Bi 910U 3¢ % Thai plastic bag
industries Co., LTD é’mamlugﬂﬁ 314 Wielwladuunuilduuns Tneld
ANU5I58U screw Uszanas 30-60 sousieundt Tneveadaudsaneg s

gauniNtdlun1sTugy AnuvuIvesiiay WuruAudnanwesiiay A1 Blow
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up ratio (BUR) Uagfn Drawdown ratio (DDR) ¥84n35¥UUNN5TUFUIZUARS

AR5 3.6

gﬂﬁ 3.14 @304 blown film extrusion 3U TBEL 20/Bi 91nU3¥M Thai plastic bag
industries Co., LTD

M19199 3.6 ANTRIALTluNISTLUNDRLBSAIENTEUIUNIS blown film extrusion

Parameter
thickness Diameter
Sample Temp profile (° O)
of film of film BUR | DDR
(um) (mm)
LDPE, LDPE
100 + 50 145 345 | 2.90
compounded 90, 120, 135, 165,
PBAT, PBAT 170
100 = 50 135 321 | 311
compounded
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3.3.2.2 NAdUANUAR S UBINANNAERN

= v = a b4 a
® ANYIANUANISIUYNNINIWNAUA contact angle

WIUTUIURAUNA1@RNNTUSUINNTLUINNST blown film

U

extrusion LWelAdvUIANING X 817 WIHU 1 x 5 cm UINAABUNISTENRN

(%

farunaila contact angle lnwagiinsrunul Dl asuuduilaulnels

' (%
A v v v [y

micropipette waglindesae sunundulaiusenitaiuildudiuiu 4 90

9

asirag1audniluinyulagldlusunsy image j waiuimiAnaienazan

e uunInggu

o AnwautAn1snIBnvasiaN (tensile testing)

%

a < a6 a A .
SYATUIUNAUNAIERANNVUTUIINNTEUIUNTT blown film

Y

extrusion WELALYUINNING X 81TV 1 x4 17 U1NN1SNAdaUaLTR
=~ a A [ a 4 . .

N398R (tensile) MI8LATD Y universal testing machine A1NUIATFIU

ASTM D 882 Tneld load cell vun 5 Alafiadgu wazldainuisrlunishs

FUNUYNNU 500 UABLUIASADIUIN

o/ ¢ 1

o - AnwIN1suWIvesansluussnaigen1s (migration test)

v

n15AN¥INITUNIVEIaIstuuss i udinaaauLlasandsudey

Y

NeINUTaNUAZUTTYANaIaAnNduide 1 stne MuualAIanuss i

L £%

wagansnduiaiuamnsdeslifinsarewasluussdaaidngemslusedu

Y al

d‘ 1 Y a U 1 = 1 Y a d' 1
NralMNnduUAsI8RBNUSIAA nSanalinan 1stUasuklasag9untu

[

99AUsENEUYRIIMT W3Bliviianwaen1In1enIw Wy 3U 58 ndu & in

v

N9 URBULUAY WANEANVIEUNABINNT Iumumamqum NANFRNYUNYT,

(%
[

natannvidanatedu (plastic multi-layer material and articles) hae

(%

A da o & o a a a A . =
NWa1@NNNUANWULLUUFTUNTONAE@ANNLAFBY (coatmg) ‘ﬁ\ﬂﬂﬂiﬂUjUﬂ'ﬁ

NanWaaRndN1Slea15RIAU (starting substance, monomer) Lagdin1sLAw

a o

asiuunanelinarainiinaandfnineeins 1y @15 phthalate,

q

plasticizer ansimanililudaluianadesdsasiarlannsaiaiio uggan
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usTAfainaainlugonmsiiuagananeiindunseseauninvasiuslan
[25] RlAvINNIINAADUNITUNINTEILVBIAITERIMNTAY 1BN.1024 %30
won.656 Tnemsiauluutasluaisazats 4 sdafdusunuvesomisudas
Usziande dinduluiunuresemsiisldn pH v 5, nsawedinany
dududesas 4 Wusunuresomisiifian pH ldidu 5, wofiaueanased
emuutuSesay 20 WWushunuvesensfitueanesed wazuesialeuiny
Dusunuvesemisussanlatunas iy ndsanturinisssine
emaza'1EJLﬁa@miﬁmmﬁwmﬂusi@ﬁmeﬁwmaaﬂ 1A8AINUINTFIUNT
nagoulanInuAUIUIUNITENTNT2181AY5U 38R Overall Migration
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uni 4

NANSVIAABILAZIATUNANTNARDY

v
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uATeifimugduiitgrhnsusul pantinnloninvesweunaiiiiiss dwsy
woAlofidunarwoatafiduesimmlanusunian ieannisBanizvesimseimsfiidiuy
wanaRnuagvilannsadaEunszuunslaAalFazainunniu Wielurasandunuly
nszUIuMIAITheNaveateunsleda wenaniisnsusuilEiEmaRuasfuuss
drluiitedaelunisuuandinistamein uenanidfiinsfinwau hidana audfinisie
inziveveamial andinisive wardnuwaisnsdugIvine) TnelunAseiiazutsoonidy
2 daugil
dufl 1 AnwinsuasmeduesiuanaiiuudiannisBangiia 7 via laons
wanluiASoaNanLUUTn
dufl 2 Anwinavesannifuudsiinarensdenitlunsruunsidinlag
W el twin screw extrusion LLazﬁ‘fugU AIUNTEUIUNIT blown film

extrusion

4.1 ANEINISHANNBALUDINUAITHNLANAANISEANIZAL 7 Yiln tnensHauluATaINE

wUUUn

4.1.1 ANWINSEUIUNISHANNAIEANAULRNASRNLAIAANISINSRIVRAAE LAz
U3aauvasa siRsusATilAN

NSANYINTEUIUNISHALEIANEI@AN LDPE wag PBAT fiu low retention
additive %3 7 vladail Ao polyethylene wax (PE wax), Oxidized polyethylene
homopolymer (OPE), Carnauba wax (CB wax), Shellac, Triethoxy(propyl)silane
(silane1), Decyltriethoxysilane (silane2), Silicone Tusnsau 3 waz 5 wt% laglu
Funouiiayldiaies internal mixer figaumgfinianay 140 - 150 ssriwaldoa lnodn

i
v A

wseadnlunskanyeInediuesis 2 ¥iiafe LDPE uay PBAT asuaninegui 4.1 uag

a

sU7 4.2 wieldlumsfnwinisiasuwdaatasiuiniinisiuaeuwlasues LDPE uae

PBAT Ailnswiuansiiusswazliifuansifuussasnals
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91AN15HEN LDPE AUASLANLAIY 7 ¥lanl81ATeY internal mixer 7
aUNANT 140-150 °C AIULEITOUVDWUAA 60 FOUADUNN hazuIALIITAT AL

9 Y

LU%&ULﬁsuﬁuﬁaLLamﬁqguﬁ 4.1 wuridlefinisifivansifiuudsasly LDPE auvilsien
LLiaﬁmamaqLﬁaqu’m'mm'ilﬁmwiﬁLﬁuaﬂudauu'mLﬁua’ﬁﬁﬁﬁmﬂ’ﬂiuLaqaﬁaaﬂ’jw
woAwes driuansluanadnariagvhmihiidumudeduliiuneawesisdma
TWaneldwodwedaunsandeuiildievinliwedwesanunsalualddounty a
u5s0n3adimTianasuazsafivilraussdnunnsndiduuinie LDPE fisinsiiu
carmauba wax 199910 carnauba wax Wilenasuaridnuwaradettuiinunin
vl lunanfuneaiwesdsluiadouil chamber wazwodiuesviilriaiuty
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dll 1 ) 1 a I @ [ al a [ d‘a
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=) d'Q = o 1 a 1 v o d‘ o a
YU UAANAUNIBNRIVDY chamber 3a3nAsIDalUlA “d1ann1sHaLal1ned
e LDPE inaufiy carnauba wax 881370 chamber wu31aunsananeanynla
) T a a = | Ao a a oA a
NewnUz kTN 1A NUanTILANH19371 LDPE AliTinsiuasiiuwmansaiin1swiu

asifuuAilng 9 NIziinsinvenadiuoIAeN AN UARDEY
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91NANSHEAN PBAT AUaNSIANLAIRS 7 viladaota3es internal mixer 7
gaumgil 140-150 °C mNuFIUan 60 seuUsiounit waztheussDndilsundIeuiio
ﬁ’uﬁmamﬁqguﬁ' 4.2 wundlednsiinansiiuussasly PRAT azvhliaussdnanas
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dwalitanelanedweaunsamdoudildioilimediwedansolualdineuniy
Ausidndadiarfianasuazifivhldaiussdnanatotisuinio PRAT fidnisiia
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sl ldidnlUnaufunedwesselundoudi chamber waznodiues dwmalily
Frausnfidsldwedueslifiy chamber liAsgiinedwesinsfiiauanuaunse o
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Vinauiu carnauba wax 801390 chamber ansnsongaeonuladewnuazliiinds
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4.1.2 AnWauURA19e) VBINAIERNTINIUNTZUIUNSASNEANAUEITANNTISINZH?

Tutunoun1sAn AN TRRI99) VOINAERNTINIUNITNANAUANITANNITIAZAY

s 1

axvilnenTiMeALD STH UM SHENRUASaANISINNE R NABUT 4.1.1 1¥hns
uadsaIesuniieliilvunidnaniieliauisetluldeureldazainunauy
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compression molding figamgil 140 - 150 asmiwalTea Atz lEEuTHusi
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7

waz PBAT MnaualsanniIstninig udud1fefanvasnulteiilasainsiaiunse

b 9
v
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Al hydrophobic figeunnfian wazmailendvesiidunediwesiuunindule
Woeign Falutuneuilazyiin13inA1 contact angle YDNBEIN 4 YARDAIDE I

o N ° a a o
YIULRAYLAENINSIUIIULNEUNY

n1sAnwIaNUANITIYenR299 PBAT lngn15inA1 water contact angle
& v ae A a . . 1 9
WesauvaslaunriunisuanluinIas internal mixer LaglugunIenszuIUNIT

compression molding Wultledin19Anansanni1sin1zialu PBAT A1 contact

angle fuwildunfinduiiiosarnasiiulidmlug duniniladien (hydrophobic)
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d ) A
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NilA1 contact angle 116 + 3 DIFNUBDLANAITLANUGAT 3 W% LaZIUDLANEITLANLLAS
5 wt% @nu1saliinan contact angle 1an 122 + 2 89A1 @1UF59909@UT

\iuen contact angle lageAa Shellac larin contact angle 90 + 1 asmLilaLfy 3

+

wt% Lagiilalfu 5 wt% a@mnsaiium contact angle 19 111 + 3 a3e
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Additives (Wt%)

U 4.3 uanaAn Contact angle Y83 PBAT Wag PBAT idinasiinansiiuusssiiafigg Tu

DRTNEIU 3 kAT 5 Wt%

nsAnwiantfnilunidives LDPE 1nen15InAT water contact angle
& 1% a6 A = . i 1 o
Wesauvasilaunrunisuanluinies internal mixer LagTuIUAIBNTEUIUNIT
compression molding Wuatiladin1stANaTsIANLASIY LDPE A1 contact angle 3

wnlduAisIuandesiesanarsmdnludwlng duninilafitouas LDPE Adu

o
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lifitreguaidainlviinasiudeuuyasues contact angle ldunnidlaiieuriy
PBAT ffin1siUfiguudasvad contact angle lagaunnniiuagaingun 4.4 wuin

A9LALLAINEINITaUTUAT contact angle U949 LDPE #1ilA1 contact angle 92 + 1

=

a3 lfaafianfie Silicone M13A1 contact angle 101 + 1 BaAIBLANATIANLGAT 3-

q

Wt% LazLilaLALaITLANILGS 5 wt% A1 contact angle &A1 105 + 1 83A7 LaTANN
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1é1’wﬁﬂmuﬁzjm7imﬂ%mﬁaamﬂﬂmau silicone TuUSinaufisnntuagyiilfanaifuuss
N3 bloom senunfiiaunniusazsiiiiinnisasuwdasiiinlneiilidiuing
Aguiiindu druaniuudssosaanfiaiunsnifiudl contact angle légefe
carnauba wax (CB wax) l¢im1 contact angle 96 + 1 gemilowiin 3 wt% uaziile
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U 4.4 uanaA7 Contact angle ¥a9 LDPE war LDPE Ninisiiansiiuusisviingnes lu
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FefiansaniUSouiisusn contact angle ¥89 PBAT waz LDPE fagud 4.3

WA U 4.4 WUIEITAANITINIEHINYINIA PBAT 1A contact angle 71g471anfo

¥
v

P k4 ) 1 1 P a
carnauba wax LH8991n1lAT9@3519%89 carnauba wax LUUIGUG]NLL@ZI&JN’U’JLN@L@N@Q

Tu PBAT ud79193¢ldidniunagAien1si carauba wax aunsannudnladavinld
Ann1sanNanuNegNiIves PBAT dinaliiiivesildy PBAT Sanududinaile
oAU URI I LAAY contact angle N18961931NAMSIAN carnauba wax Tu

LDPE 1w51% LDPE laifitnyinlviiawdusa carnauba wax fiv@uniiauiuai1aaziie

A15N5219821U matrix Y99 LDPE 9 aaian1sanuanwas bloom 89nu1inale
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Yoy uara15annsinERITIlRAY contact angle ¥99 LDPE gaflgnde silicone
{99310 silicone Tinasuuazid1iu LDPE uiawisanszaredlaimsizaziiiy
flauilddamuininduuazasifiuduyea silicone Unaquuuiinvesiidy LDPE #if
n15LAY silicone

4.1.2.2 NedauauUABnavaswanaRnfin LN SHENAUAITAANSINAY

nadevaNUABINave moALLDd 2 viade LDPE uaz PBAT Wadifina
asiAnurarlinauasiinunlagn1snageuaznadauniu ASTM D 882 148nsn
15797 500 fadwnsaeiundl Winanvuin 5 Aladadu wsizdunisnegeu
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maasuulannndesdisslaioAneidiolinsivasiuususassialuugies
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nnsnaeuaLTRTinaves LDPE waz PBAT fifinsiiuaisannisinisin
LLazlﬂLﬁmﬁQLLamslugUﬁ 4.5 wuindm3u LDPE uaz LDPE 7ifin 54y carnauba wax
(CB), Shellac, OPE A1 modulus ldiUAsuuiasus LDPE Afln 51y PE wax,
Silicone, silanel, silane2 wu31in15anadvas modulus Lﬁaamﬂ PE wax vJu
polyethylene ﬁﬁﬁmﬂﬂimaqaﬁﬂﬂ'jw LDPE FavilsAtnluvinnisunsnluanalegues
LDPE leuasvinindiuansvaedudwmalianslandoulnilddiea modulus 34
anas [27] 15 silicone awidnluvilfansvidetandenuduensfiinniuiiosnin
silicone gum Fivfindanufiuniaidia LDPE Favilndeinluudam modulus 34
Aflanas @qunisidy silane 1 2 wilinazyilian modulus anauilosain silane
annsanllunsnanuansleves LDPE Mduazviminfindneg fuy plasticizer [28]
danaliansldvosmodiuasindeulmliiien modulus $9anas wiannIsnaaey
tensile testing daulu PBAT wudnilefnisifinaisannisiniziandaA1 modulus 3
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AINNITNAFDUNUIIAT tensile strength Y89 LDPE Lag PBAT azanad
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AnALNEUANTDUD19LAADIINA T RLLAIRLLIN U9 SR UTIvR saN e
A15N92NULSIFNAR P ENUINTUL BT NSIRLESALLA B SULSIR N U EyiN A
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U 4.7 uanan Elongation at break va4 LDPE way PBAT Miiuwagliiifinansannisnig

HYtinR19

PNNIINAFOU tensile testing WUI1A1 elongation at break AziiA1anas
ilefinnsifuansussvisly LDPE uag PRAT éﬁ’ummiugﬂﬁ 4.7 Wlosnmsiinansiiu
wsaru i lUsnvenseaeuiivesansld LDPE widnsunan wax ieidy
Usinaiiunnagyiliannisiarnanisiedeuiivesansleiunniudssaliiinnisanas

299A1 elongation at break 111NN duansiAnLAS shellac Wotduaslulu LDPE
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naaeuuTnamalaziluganuusuduibiiAanisuialdiewazuenain shellac

druansifunea silicone iotRudnlulu LDPE uaanwuine elongation at break &
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gelufgaunuluipvaes silicone NIgYRYNHINaL mgﬂﬁ 4.9 wazlutnr119nIs
\asuiivesanslefwilie elongation at break anas dmsu PBAT wiefinnsify
415amN156n15RMN silane 9u7ialiiA1 elongation at break WasuuUaudnios
d1Un191AN wax 3891119A" elongation at break Minuilduanasnilounu LDPE
desanifanisdavanenisedoufivesanelefiuntudwaliiinnisanawe
elongation at break flunnn31 wid1sannIsAzATIlHAY elongation at break
993 PBAT anaqo8auinfed siiuwse OPE uag silicone wiawiuasiuly PBAT wén
finsnszanedidilinesiidesenlpsiadiamaeifiunnssiurilinaufulddess
UaNaNANATId PBAT Finea silicone yzindumiioungquess silicone nzaney
g MR aMduawinlruuiaw dsAniiu defect faguil 4.10 wazienaaouayyinli
Uinnuvanienduganuusadurliaanmauneldiemlie elongation at break
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4.1.2.3 fnerdnwazneduguInervuialaudemaia SEM
(Scanning electron microscopy)
NsAnyaNwULENIFugIVIEIweslay LDPE, LDPE NHNSIANasIANIeS,

PBAT wag PBAT NIN1SLANATSIANWASIAEFINEaNUINA@aUAeNay LDPE way

a

PBAT fiflmstinansiiuusiauazanunsaiiiudl contact angle lngeaniveazlainia
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A a 2> | aa N ~ o N a A
110 WalnNSLAY Silicone AENUINRIVBS LDPE imlo Uil Tusmd auuuRbia9uiann
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W lugmmdu Siloxane polymer iy LDPE Feiinnnsuanduiu uwaziiie
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PBAT finasl Shellac aznuinfiafienuaguszantuniloufituniadeuiiindade
& awenedu 10000 wiazuansiiduindinilou erain wdeufinadadunann
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Wagukuag

SEM HV: 15.0 kV 1 MIRA3 TESCAN SEM HV: 15.0 kV WD: 8.33 mm

View field: 208 pm View field: 20.8 ym Det: SE

)

\

SEM HV: 15.0kV. | MIRA3 TESCAN  SEM HV: 15.0kV WD: 8.42 mm L1 | | MIRA3 TESCAN

View field: 208 ym View field: 20.8 ym Det: SE

c) cl)

SEMHV: 15.0kV MIRA3 TESCAN SEM HV: 15.0 kV WD: 9.21 mm 1 MIRA3 TESCAN
View field: 208 pm View field: 20.8 pm Det: SE
SEM MAG: 1.00 kx Siipakorn University SEM MAG: 10.0 kx BI: 4.00 Slipakorn University

SU# 4.1 uansnmiuRaves a) LDPE, b) LDPE/CB, ©) LDPE/Silicone fifdswene 1000
Winkae al) LDPE, b1) LDPE/CB, c1) LDPE/Silicone fif&swene 10000 1
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SEM HV: 15.0 kV WD: 9.02 mm | | MIRA3 TESCAN SEM HV: 15.0kV WD: 9.02 mm | MIRA3 TESCAN
View field: 207 ym Det: SE View field: 20.8 pm Det: SE 5pm

4 /“/ x - //‘ —
b= bl
D) =L S 9k

> < . 25 J 2 S

zv'/
S

i X S o n
SEM HV: 15.0 kV WD: 9.05 mm | MIRA3 TESCAN SEM HV: 15.0kV WD: 9.04 mm MIRA3 TESCAN

View fieid: 208 pm Det: SE 50 ym View field: 20.7 ym Det: SE

SEM MAG: 1.00 kx BI: 4.00 Slipakorn University SEM MAG: 10.0 kx Bl: 4.00 Slipakorn University

C) cl)

SEM HV: 15.0 kV WD: 9.12 mm MIRA3 TESCAN SEM HV: 15.0 kV WD: 9.12 mm | MIRA3 TESCAN

View field: 208 pym Det: SE View field: 20.8 ym Det: SE 5pm
SEM MAG: 1000 x BI: 4.00 Slipakorn University SEM MAG: 10.0 kx Bl: 4.00 Slipakorn University

SUT 4.12 uansamituiinuas a) PBAT, b) PBAT /CB, ¢) PBAT/Shellac fifduens 1000
Wiwaz al) PBAT, b1) PBAT /CB, c1) PBAT/Shellac fifmdsuena 10000 i
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4.2 Anwmavasansianudsninasiansilenialunszuiunisidigelaenadlu twin screw

extrusion WATAUIUAINTZUIUATT blown film extrusion

4.2.1 MMNISHAUNANFANNUEITAANITHNIZH?

'
a

ludunaulaziinisiiengnsnananieasALLAANanNa11150aAN"3

o
v v

LN1ERIVBIVDUNAITTINUNAERN LA mediuesiua1sannIsiNIERINIIINISHE
fulagldia3os twin screw extrusion Insgumaiilday§1sdanainnszuiunis
wanlagldia3os internal mixer Ingldgamgivseana 150 ssawaioa lunis
N3¥UIUNITHALANSANNITIN1ERATI DY WENA U PBAT Ao carnauba wax wag
shellac @1u@15ann15tN1¥ATazd L NaNfU LDPE Ao silicone way carmauba
wax TneUSunamesansiiuudsildasdonldmuusuailsldnounoummslunies
internal mixer WANUIINISLAY carnauba wax WaluluUSunm 3 wt% agsilu
carnauba wax lUirdsuseusinsay barrel silsiluanusadsanuiagyinlined
wosdnlulwaludanthdsmalilalfiidy extrudate lwasonunannit die fatuds
FoevinsanUSuanIsin camauba wax tieliaunsarinisaeundlausnis

YSuUSunasRuLaI N sinAdeainn1sAnwamUasuwlasauaIunsalunig

Jeniveanedimesiiuandsuansluun ¢.13 wazsui 4.14

311157 nwIaNTAN 15 enA9998A0 contact angle 989 PBAT LA
carnauba wax USN10uf149 #Uaen contact angle azanadiilousuinnisiiy
carnauba wax anaduAfinsiiN carnauba wax luuSanes 1 wt%, 2 wt% lu PBAT
gNUIA contact angle laiunnshafudslusuil 4.13 Feinnsanusunanisiis
carnauba wax a9UWAD 1 Wt% uay 2 wt% wieviiianunsarinisnaulagldiados

extrude Taluindeym



Effect of CB wax contentin PBAT

140.0

120.0

112.0 112.3
100.0
o
2 800 75.5
©
+—
(&)
©
t 600
o
O
40.0
20.0
0.0
0 1 2 3 5

% Carnauba wax

gﬂﬁ 4.13 ugneA1 Contact angle vas PBAT uag PBAT fifin9iAn camauba wax 1u

9R3dIU 1, 2, 3 uay 5 wt%

Effect of CB wax contentin LDPE
120.0

100.0 943 96.3

80.0

60.0

Contact angle

40.0

20.0

0.0

0 1 2 3 5
% Carnauba wax

gﬂﬁ 4.14 uanA Contact angle 499 LDPE Way LDPE fifin1siAy carnauba wax Tu

9RMINEIU 1, 2, 3 Ay 5 wt%

50
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Pndymdunisuaunediesfuansifiuuss carauba wax finanilureu
wivhlse s sAnwnsUasuulasUsinanmsiiiu camauba wax fidsuasanis
Weninves LOPE fauanslugudl 4.1 §unnléd1 LDPE Miiiy carnauba wax wuin
dlefinsanUsunainisiiin carnauba wax asagvitliien contact angle anasusnIg
/Al carnauba wax 71U3a 3 wit% FuluavdsnasionisnaudieLA3ed extrudedisti
59¥iNn"5Way LDPE fU carnauba wax AUSUR 1 wi% uae 2 wit% tinduusisg 2
Snsdanlifianunanssiusuaudinisdonia iesainan contact angle Ll
{19

4.2.1.1 nageuautAns avaswedmesiiivasaanisinizianeuiily

%ugﬂé”mnszmumi blown film extrusion

NI NNSRALND BN OSAUAITANN1TLNTERIRI6LAS B twin screw
extrusion Lavziin1sNAEevANTRN s IMavDINeABS LA Ne LD TINaNNTANNTS
LNIZR Lﬁa@dﬂamﬂamﬂm:ﬁmimgsJuLLiJaqashalsﬁwﬁau%ﬂﬂﬂ%ugﬂﬁw
NF8UIUNTT blown film extrusion LLazmfmﬂimmaauauﬁ’amﬂwaﬁwméaq melt
flow indexer ﬁqmmﬁ 190 o9Aalaen melt flow index (MFI) aun1319dt 4.1 G
wansliiiiuan PBAT filifinasiinansiAuussaziion ME wiadu 7.33 + 0.43 nfuse
10 wft wazdlefinasiAuansiisuns carnauba wax 1y PBAT azwuiian MFI §ian

[

g9ty 10,78 + 0.7 waz 10.82 = 0.13 n5usio 10 w17 1lewfiu carnauba wax

USHNau 1 wit% Uas 2 wit% Aualsiu §9n1sian MR RuTudunauiain Carnauba
d‘ a ¥ -] £ d‘ ¥ 3 ] 4 Y dy o b4

wax MdutinlUazyinntindeans lubricant ¥1ls PBAT aunsalvaladieduvinle MFI

sl A54RL shellac wudn A1 MFI @1 30.32 + 1.89 uag 42.58 + 0.61 nYusa 10

1%
=

Y19 Leudy shellac USHaw 3 wt% whag 5 wt% AMuaiau T9n159A1 MFI LN
I~ 96’ v & d' a 1 ) ¥ d' < 1 d'

Junaunnnisanasvasdminlyianansenisiansiinussimtiiduaisvaoiu
wasuR YNl luasenunlau1ntu ddu LDPE Alufnisiuansdunsanuindan
MFI 574 + 0.11 NSU /8 10 U9 waLtlaln1SLANANTANLAY carnauba wax U
LDPE agwui1A1 MFI dagetudu 5.99 + 0.59 way 7.22 + 0.42 n3usie 10 w¥l
WaLAY carnauba wax USUNad 1 wit% wag 2 wit% MIUaIRAU §9n159A0 MFI LALTY

I3 A a 1% ° Y a v oAl = a
WUNANIRIN carnauba wax ‘V]LC‘]&ILGU"IVLUEUSV]']‘V?H']V]@@']EJa”ﬁMﬂaaUL‘VilIE’JUﬂqﬁL@lﬂu
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PBAT d1un15uey silicone wu3nAn MFI 5@A1 5.88 + 0.14 kag 5.90 + 0.12 N5U 79

10 w9 LWWeudy silicone USunad 3 wit% way 5 wt% fuansu

'
)=

A15197 4.1 wanar melt flow index voswedluasuazNoAWDITINISHANANT ALUA

Anadefuiings
Sample

ua (g/10 w1#)
PBAT 7.33 +0.43
PBAT/1%CB 10.76 + 0.70
PBAT/2%CB 10.83 + 0.13
PBAT/3%Shellac 30.32 + 1.89
PBAT/5%Shellac 42.58 + 0.61
LDPE 574 +0.11
LDPE/1%(CB 5.99 + 0.59
LDPE/2%CB 7.22 +0.42
LDPE/3%Silicone 5.88 +0.14
LDPE/5%Silicone 5.90 + 0.12

4.2.1.2 nagaulninluiana

L19917191NINNNTNAFBUFNUANIS 180 IND B LU STLAUAITAANITINIZR?

AsudludugunuinefiuesiAnalsannisinieiy PBAT/Shellac He1 MFI 9

WnYuLndasdedninaineslsuazaininenaasiinuisenisinansldves PBAT

guLllaau191n Shellac Ty hydroxyl group #10193uLinludnanelgNilumy ester

Yad PBAT vl wiinluanaanasdsdanaliidn MFI Liiuauy

1NN1INAAOU Gel permeability chromatography U731 dn15aAa9U84

96’ L a = a a 9(1 L4 IS N
Umdnlaanaasaiiedinsiiiy Shellac dmtinluanainisildsunlasainain

77261 10U 52131 dallon fmn51971 4.2 Fauansianeldgninidosannifinufjizen

hydrolysis lnafinsadudusatawandlugun 4.15 uasdwalidaduinisivaniiy

1N
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A99il 4.2 uansimitnluianaves PBAT uay PBAT way shellac

molecular weight
Sample polydispersity
Mn Mw MP Mz
PBAT 35148 77261 54951 | 146627 2.20
Shellac 2021 3224 1937 5222 1.60
PBAT/Shellac 24049 52131 39621 90187 2.17

Acid Catalyzed Ester Hydrolysis

Ho +
i ? i __.—H2O A P — "9 H,0
R™ + OH R * 2 2
R1 O/ 3 R1 O/ 1- \O/R i
H
HO 2 ol . H o
1 -~ p—— ™ __R P— + 2
R |;0 RW%OJr R1J\OH R—OH
2 HO ||

JUN 4.15 uanaUfjisen hydrolysis Aifinsmdudasafizen

4.2.2 91MN158U3UA8N5EUIUNIS blown film extrusion

Tnelun1svusuiausenssuIunis blown film extrusion 3giin1sNadau

Y

fuinIsianaunuINAIseings iavas LDPE Nin1stuanswiukasazildsunlad

! v A

= @ o/ & ] = A X A a a 1 v 1
PNYAANUDYLNIUU d3U PBAT Nﬂ']ﬂ‘ﬁ‘Lm']ﬂ‘ViﬁLWN%UL&I@&JﬂWiLWNﬁ’ﬁL@&JLLGNLLG]I&J

a

denadonszuIun1sTusUnantuazhlvwuUlneldaumngil 90, 140, 165,

Y

175, 170 n1sildgaumgiinganiimeuiinnisnauiioswnainnmsldoungiiuseuiu

150 99ALALeE 3¢ LALAALAaNAAINNIS B NADUVDINDALUDSIIUIUNIN LY

1 [

LDPE waz PBAT tllaaainwodiuasnuiudalulu barrel voaa3os blown film

. AY o ) o a o q v a ¢ & =
extrusion Mduiiszeziialunimasudaliiismenazilvinediuesuasuvianun I
Aewvimsiiugamailiviaunimeuminnsnadiievilvine e svasunmuanou

wayld screw speed 405 rpm Iaefl blow up ratio 1Uu 3.45 wag drawdown ratio
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Uy 2.9 sy LDPE daulu PBAT & blow up ratio Ju 3.21 uag drawdown ratio

a s

Hu 3.1 Wietuguiduildy

4.2.3 NagauauURn19vasHauNaain

4.2.3.1 ANWULNINIBAN

IINNITENNASNvEYeITaL LDPE way PBAT #iléa1nnszuiunis blown
filn extrusion WuT#l&y LDPE wiefinsifiu carnauba wax lilfesdinisildsundas
Snunzasuenisidedy silicone nuhiianuguinniunesfifidudauduun
Fu dmFUTdy PBAT nnsiiy carauba wax lalvildnwainsusnidsuudasus
o shellac sswuiniimsasudiduimasigounardnvaz Suasuansdinisnd
4.3

AN5199 4.3 LAAISNBAEIRITRNNTUSUINNNTZUIUNS blown film extrusion

U

AnwazUaINdy
Sample " -
MWNau a
LDPE Ta, laidid
L DPE/CB Ta, ludid
LDPE/Silicone duu




55

5%

M19197 4.4 UARIENYLYBINEaNNTUFUAINNTEUIUNIS blown film extrusion (1)

AnwazUINaY
Sample — -
AnaY Gl

PBAT V1YY
PBAT/CB V1YY

GNGRY
PBAT/Shellac .

20U

a

4.2.3.2 adauauuinIsileniavasiaunanasin

NAEU contact angle A8 sTldunaI@RnAlAN191INNTEUIUNTS blown film

. A A o a ~ a Yo a e a Y
extrusion LWBYAYUINAITANNTTLNISHA a']ll']iﬂaﬂﬂ'ﬁl,ﬂEJﬂN'ﬂ"Viﬂ‘UwaiJW@aLﬂJaﬂﬂ

¥
! ¥ o =

LaEQI101711n153UFUAIENTEUINNT blown film AFunileufunlsesanunan
gana1aRnagyilvien contact angle dnsiufsuwdasnntasunalnulaglutuneoud
32911N153AA1 contact angle Y8989 4 IR 1a N NRALRALYIINT

Wgunigunu
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PBAT

120

103 105 105
- 99 =

100

80 73

60

Contact angle

40

20

PBAT PBAT/1%CB wax PBAT/2%CB wax PBAT/3%Shellac PBAT/5%Shellac

Sample

SUT 4.16 usnsAn Contact angle ¥4 PBAT WAy PBAT ifinsifuansiduuss Carnauba

wax 1, 2 wt% wag Shellac 3, 5 wt%

NNITNAFBLU Water contact angle WuanWay PBAT dA1 contact angle
E)gjﬁ 73+ 1 99a7 usidlofin1siis carmauba wax USias 1 wag 2 wto% anansosiiy
A1 contact angle WY 103 + 2 uay 105 + 1 89A1 MINAPU @IUN15LRYL shellac
Ul 3 way 5 wt% mmml,ﬂ'uﬁ’] contact angle Wu 99 + 1 uay 105 + 1 99

o w v & o a = a a 1 . 1% N
MNEIFU Aatudfannsaann1sania waziinaudu hydrophobic launiiga

o o

d195U PBAT A8 carnauba wax N3n15661 USuad 2 wt% Lie9a1niuSunanissiy

Ppenin shellac kazuonaInil PBAT U carnauba wauidnnulalirssmidosain

1AT98519NTAULANANA UL NBAZANUL T UT I BAN AN NS 1 PBAT Tanutduy

<@ 1

TUANUDYNUTIINMYVOI ester group kag carboxyl group WAlATIATI9UD

1%
[ R 4 =

carnauba \Ju ester uldnssansenae vlmdulassaseiidlosuindsdamaln

'
aa (% v (%

carnauba +inn13 bloom 1AIEIEIEUGURIEANYENFugIUINETLMT oY
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(3 o 1

NanY VuRITENTILIUNIN daaliAl contact angle Y89 PBAT L1aIlU AIuanS

Tuguil 4.16

LDPE

120
104

98

100
91 93

*
+*

80

: 3
2 3

60

Contact angle

40

20

e e

& 3
s 3

HY

LDPE2026 LDPE/1%CB wax LDPE/2%CB wax LDPE/3%Silicone LDPE/5%Silicone

r

Sample

5UN 4.17 uansan Contact angle ¥84 LDPE Way LDPE #ifin sidnansifiuuea carauba

wax 1, 2 wt% tag Silicone 3, 5 wt%

IINNTNAFOU water contact angle ALuanIRagun 4.17 Fanudilay LDPE
A1 contact angle 91 + 2 9971 LALIDANITIHAY carnauba wax USHTa 1 uag 2
Wt% @1115aLiNAT contact angle 10U 93 + 2 uay 94 + 1 93A1 MUEPU dWT
Wy silicone USHad 3 wag 5 wt% @1un5auiisAn contact angle 10y 98 + 1 uay
104 + 1 03 AstumNaunsaannslonia waztiiuaudu hydrophobic laann
.:4' ° ) A . P . a Aa & a4 o v
7gna11IU LDPE A Silicone LUa391n silicone 1NANIT bloom JNNNITIEULUNIE

o o a a & P o = a | va ¢ al ya |
aﬂ@mgmqﬂﬁmiqujwEJ']V]LﬁuLﬂNBUN‘UUNWLﬂaaUUUNQ aﬂwaiuﬁl\lauwlmmmmyuuaz

fiaudu hydrophobic #13nTue1 contact angle FaLiiugEvy
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4.2.3.3 NagdauauUALdng

Mé’wwmléfﬁﬁﬂfﬁﬁugﬂ LDPE, LDPE fiiiuansannisinizfia, PBAT uay PBAT
Finansann1snIein §enszuanns blown film extrusion uaaRasA&uTleun
wisnlitiwn 1 x 4 TuaviumeseuauURiBinadierdes tensile testing Ingld

load cell Y19 5 AlaNIRU WALORTINITAIN 500 LARLUATADIUY

Young's Modulus (MPa)

U 4.18 UansA1 modulus ¥ee LOPE wag LDPE MiAxNa15aan 15Nzl eluwin

machine direction (MD) L@zl transverse direction (TD)

INASNAFBUNUINAT modulus 989 LDPE Tunul machine direction (MD)
cl' T a a 1 a0 1 % 1 T
PlidfinsfuansAukaadA1vinniu 160 + 6 MPa hagA1 modulus bifinnsg
WasuwUadilaiinisiiuasiiuwaadu carnauba wax L8990 ISLALATTANLEAS
TuuSunaladiiu 2 wtoe wilounulusuidsves Hojun Lee wazamiz [29] Fen15i@u

a 1 ¥ 1 [N 1 va a 1 d' =1 a a 1 I~

AN5LALLAITRENIN 2 wi% Az lldsnaneaudmdng wadladin sianasiulaadu
silicone 9gWUIN15ana9U9e modulus tWu 151 + 5 kag 136 + 3 MPa wilaiins
WAL silicone USUed 3 wt% wag 5 wt% suaneu vieauna1nni1si silicone Ay

Huanunsananseluuazdusuladnevilvidiesinisidu silicone aslulu LDPE uan
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deualyiA modulus anastantae [30] Fakudlduveenisiuasunlas modulus
Wislaununeluul machine direction (MD) kagwud transverse direction (TD) 4

LLam‘LugUﬁ' 4.18

12

[any
o
I

Tensile strength at yield (MPa)
[}
1

JUN 4.19 uaneen tensile strength Y84 LDPE wag LDPE 7lAua1sannsinizi aluiun

machine direction (MD) LLazLlul transverse direction (TD)

IINNIVAABUNUTIAT tensile strength vee LDPE 7ilifinsiinansifinussluwun
MD i@ 10.2 + 0.4 MPa wazen tensile strength lifinsiUasuutaadiofinisifinansifuusi
Ju carmauba wax Wosaniimsiiuasiunasduuiualaiiu 2 wioe wilouiulusnwivy
204 Hojun Lee wazAmiz™ [29] Ban5iinansiiuwiatiosndt 2 wit azlddwnanaaud?
Fana wailefinsiduasiuwiadu silicone asnuinfinisanadues tensile strength
Enteeiilefinisifiu silicone Uunas 5 wt% o1vaziinainaisiuussazidnludnuinanis
\ndpuivesanglinisnsranouseduinldonuniudeinsfvasiuusaiieldsunssiad
TagylfAnnisvnldineunaudswualdumiioufuialuius machine direction (MD)

WazWU transverse direction (TD) éﬁ’mamﬂugﬂﬁ 4.19
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% Elongation at Break (%)

sUT 4.20 ugnsen Elongation at break ¥4 LDPE wag LDPE fiduansannisinzia vislu

1LY machine direction (MD) LLagLlil transverse direction (TD)

PNAITNAFDUNUIIAT elongation at break w83 LDPE 7ildfin1siduasidumasly
W2 MD $1A1 439 + 56 % wazunuldiinnsidsuuladeiinsifvansiiuuaady carnauba
wax Wesndnisduasidnuasludsinala iy 2 wtd% wlsunulusuideves Hojun Lee

4! a a 1 v 1 LI 1 va a 1 dl =

WATAME® [29] TINISLANAISLALLANLBENIT 2 W% g lidinanaauifdna witilainns
a a @ -~ o . & v A a
WHATLAUANLUY silicone AENUMUNNTANAIYDY elongation at breakidnUagLloin1sLAL
silicone USu1au 5 wt% 91292LAna101H09910lAssasanay AL Judmaenus avinle
ansiaunsaT1iu LDPE ldnazludauinanisindeunvesatslgidusg1auiniainlvan
elongation at break anawn@alualtindlounuysluia machine direction (MD) tag

W7 transverse direction (TD) fauanslugud 4.20
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]
o

D
o
|

52.1 51.4

w B o)
o o o
| | |

Young's Modulus (MPa)
S
1

10 +

JUN 4.21 wanee1 modulus U8 PBAT Uay PBAT 7lliiuansann1sinieily Misluuua

machine direction (MD) ezl transverse direction (TD)

AINNITNAADUNUI1A1 modulus Va4 PBAT Tunu? machine direction

(MD) flfinastAnansiuwasiiavinfu 50.5 + 4.4 MPa kagA1 modulus lifinng
a A a a & A a a a |

WasukUaddladin1shuanstiuwaady carnauba wax a9 1nIn15ANANTLANLA
Tuusunadlaiiiu 2 wt% willsunuluauidevss Hojun Lee wagamza [29] an1siau
ANSLAULAILENIN 2 W% Az ludinaneat Rt inavainediuas waswilainisiiy
asuAuweadu Shellac Usunal 3 wt% wag 5 wt% 2z nuUINinIsiNIuantasnse
wNUAL LANAN9INPNT U UL p UA Ul ULLY machine direction (MD) wag

LU transverse direction (TD) ﬁﬂLLamﬂugﬂ‘ﬁ 4.21
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Tensile strength at yield (MPa)

JUN 4.22 uanee tensile strength wed PBAT Uag PBAT MlANansann15in1ild Mialunua

machine direction (MD) ezl transverse direction (TD)

AINNIINAADUNUINAN tensile strength U9 PBAT Tuwua machine
direction (MD) Ailalfin1stisansifuussdansianu 69 + 0.5 MPa wazal tensile
strength 13ifinasivasuidaniiefnisiiivarsiiuunady camauba wax wpsainid
nsiinansinuAsluUsaliAY 2 wt% widlounuluasuideves Hojun Lee uag
ANIZY [29] TIN5 ANATSIRNLASTE8NT 2 Wt% azlddananeauTRidnavesned
wos wavilefinsfvasiiuudadu Shellac Usunas 3 wt% waz 5 wt% azwuiail
MsiiuTuEnesnseunvazliuandsanniiy daualdundioadsiustaluwun

machine direction (MD) Lazlu transverse direction (TD) éﬁ’\‘iLLa@ﬂugUﬁ 4.22
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% Elongation at Break (%)

U 4.23 uanrn elongation at break ¥e4 PBAT war PBAT fifisiansannisinizis nisly

1LY machine direction (MD) LLazLlu transverse direction (TD)

1NNIINAGDUNUIIAT elongation at break o1 PBAT afilidin siAw
ANTLANLAIIULUT MD 67 439 + 56 % wazunuliiniswasundaiiadniswiy
a 1 [~ P a a a 1 a 1 a
a5 AULAUY carnauba wax b9991ndin15uANE1sRLkAstuUS L ala 1AW 2 wt%
A (% a o . d" a a | ¥ 1
wilauAuluwsuITe99 Hojun Lee wazammue [29] F9n1stANasiAuLsspenin 2
(] 1 wa a 1 41' =1 a a 1 I~ 1A
wt% 2z lidsmaneauifdna weladnistiuansiiuwaady Shellac agwuindinig
anasve4 elongation at break Haulilasainoratian1sindislegves PBAT
WU D UAUN UL machine direction (MD) kagwku? transverse direction

(TD) fauanslugud 4.23

InnIsedevaLTRLTInaves LDPE ua PBAT Hamuanudndn modulus
waz tensile strength In151asunlastosuinnIownuldivdsunlas waan
elongation 989 LDPE 9zanaantaeiiofnisiiu silicone drulu PBAT A
elongation azanasdntosiiodu shellac daun15iiu carauba wax lddinass

auURLg9nave9 LDPE way PBAT



64

4.2.3.4 NAERUNTSUNIYR9E15TUUTIYIN9Ige1M5 (migration test)

MNIINARBUNITUNINTLNVDIANTERIMNTANN 1DN.1024 7138 U9N.656

Taen1siaunusulnannszuIunis blown film extrusion WaIVNNISNAZBUIAAN

U

% =

contact angle lu1NAgANIMAADUNITUNIVOENTER s Iae NS lUugasly

q

a15azane 4 UM JufLNUTDIIMISLRasUTELANAD UNAULTUFIUNUTDI91UNS

A a Aa Y v oy [ Y Aa 1
NUAT pH 1NU 5, NTALBYANAINULVUTUIBYAS 4 VUUAILLNUYDIDINRITVIUAN pH 1]

a

AU 5, Lo7ankeanagadanAultuTusasay 20 WU unuYe9IMNsNiLkeanoges was
yosalgUmududiinuvosa misuseunntusiulazingy 91nn15NaaaUnNUINAN

YSUNeudainnA19v09 LDPE kay LDPE Niwdy Silicone 21nm15199 4.5 hagmns1an

'
1A

4.6 AArnliuandefunasiosninTuiaansnnA1ensulan 1IN sgIuLandn

o LY o Y & [ s v o o 14
FUTUHNANNU LDPE LLﬁSa'ﬁﬁiﬂiﬂll'ﬂfﬁL‘U‘U‘Uiif\!ﬂm%ﬂisﬁﬁqﬁi‘U‘U35’@@'1‘1/1’]51@

ldl ! a d‘ e 2 v Y ) LY 6
AN 4.5 LanIAIUIUIUEITNRNANSTBY LDPE 899 n@Nang@nseangngunuLnNuangns

AnAensulaniunsgy

ey YsiauFannans (@adinsime. | i muUeaIsaNA9EeEn
ansazvaneildana (LDPE) /A . .
ANUIANATLUAT) ({AANINADYNUIANLATLNAT)
Wnau laiwy 30
ansavalenInesdfin Seuaz 4 Tainwy 30
41993878L9NIUDA S08aY 20 Tainy 30
UosUIALEUMY 10.4 150

M1519% 4.6 LanIANUSUNUEITNRNA19YBY LDPE NNaUnU Siliconenadannannmigalsyans

WeudunaeiasnnAnsulaaunnsgiu

¢ o %

asazaneildadn USinaidanndng @adinsusie | nasifidmusansnndnsgean

(LDPE/Silicone) ANUIARATLUAS) (TadnSusiegnuiAfinTians)
1hndu Tainy 30
a1sazanenInezdAn Jeuay 4 Tainy 30
a1savanglenIuea Jeuag 20 Tainy 30
uasuealEUiny 10.4 150
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15199 4.7 hanIAIUSUUESNIANAN9U8Y PBAT a9 nannni8a@1sealemiaunulnuians

anAensulaniunsgu

asazaneiilyaia (PBAT)

USuaudannang (Dadnsuse

¢ o 1%

PN UATIANATIEIE R

anuIALATLINS) (HadnsusegnuiAnnTiuns)
hndu 1esni1 5 30
a15aza8nInesdRn Sevay 4 5.7 30
asazasleyuea Seuag 20 8.2 30
Uasuvalguu 7.4 150

A157199 4.8 LARIAIUSUINEITNANAN9UD9 PBAT NNaUAU Carnauba wax ada1nadnnnae

anszanaLieuiunueiasanAansulangsgu

ansazaneiildaia (PBAT/CB)

USuaudsmnnane (Wadnsuse

sl o v

Lﬂm%%ﬂ']‘lﬁu@ﬁ’]i@ﬂﬂ’]ﬂgﬂfjﬂ

ANUIANLAZNAT) (HadnSusisgnuefindians)
hndu Tainu 30
g15asa18nINRLYRN Souay 4 Tainu 30
g15a5a18LeNUeR 5088% 20 198na 5 30
upsUoaEgUmY 8.4 150

AINANTNAADUNUVINAIUS U UEIIRNA19UBS PBAT way PBAT AiNaw carnauba wax

a = ! a a 14 A A 1 1 LY b4 !
PMNANTI 4.7 wag A15999 4.8 wuinusuanasinnaiiailiuanateiulas tosnin

UsuaansanAensulamuunsgIulansitamnsoininauiu PBAT uazaunsaununly

[ LY say v o [y v
Juussydauailddmsuussgemisia




66

uni 5

ayunanuIdeLasdalauauue

5.1 a#5UNAUIY

sATedldinsUuUsanTRnsdenitvesiiduneiofidu (LDPE) wazwod
TriduerAmmlanasrinian (PBAT) Tneniswedwedin 2 eflaunifivasifuusannis
iz Tneiliaguszasdiiiednuinszuiunmsaay waz@nwivdauaznansidvasis
usiwsnegfzdwasoauiinisleniavesiiauiild uenanidldiinisinmunisidsuuas
audBilenaves LDPE way PBAT wiefinsifuansifuuss sauludsladnisfingnis migrate
YOIENTTIDBNUIAANIATE IVDIUTIYFusid W UUTTR 03 Taelunisfnwianunsautanis

[

naassoenlu 2 daulnegq @il

NUITEdIuR 1 Anwinavesansidiuuds 7 9da Twn Carnauba wax, Shellac, PE
wax, OPE, Silanel, Silane2, Silicone Atnanonisilenind esdulnensnanluinIoswas
wuula Mnnsvaasinuindledinisiuarsduudannisimsaandluasilimussdninns
anaudntooudlifiUamiunsnailafintuisly LDPE uaz PBAT fluwiltuvesiusednd
ARNUARINU

AnwaudHidena wagn1sBaNIBRITeINaIERNTIHIUATEUILNITNAYN 21NA1SVAADY
WUINdmSu LDPE fefinsiiuasiiunns silicone Usuias 5 wit% asviliiian contact
angle 117U 105 + 1 89A7 910 92 % 1 9477 FAALTUNINT AN wazd1m3u PBAT wuin
asifuuAsianusiiiuan contact angle lénniigaAanisifiy camauba wax U3unm 5
Wt% @11150uia contact angle 990 75 + 4 aarn 10w 124 + 4 peen waswuIltuilowdiy
ansRnLAILnTuRzYialian contact angle 11Ny 91nnsNRassENRLBinaves LDPE
wuinioduasifuusaudin modulus Tufin1siUasunlasunaiiy PE wax, silicone,
silanel way silane2 flazyinliAn modulus anas A1 tensile strength LivAsuwUas A1
elongation at break Wiafn1siuansiiuunsazyiilian elongation at break anas dmsu
PBAT wu31A1 modulus Suwdlduiiunndudefinisifiuaisiivusa A1 tensile strength
anaudniesiiiowiy silicone A1 elongation at break Wilafin1siinansiiunssazyiliiad

elongation at break fuwiltuanas wonanddilainismaaouanwaeNIdugIVIne e
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Wunnstuduidesns bloom vesasiiuusseaniunfinivesiidy LDPE uaz PBAT wuiiiin
115 bloom FesasLRNLATIRIve TSN

AT 2 Anvinavesansiiuusdiinasonisidenialunsruaunsidigaleg
nauly twin screw extrusion LLﬁz%ﬂJgﬂﬁ’JﬂﬂizU’Mﬂ’li blown film extrusion 311N1S
naaoanuinsldansifiuusa CB luusunafiuiniiu 3 wtd sy lifidan-lunszuiunis
NAUFIELASRS extruder ¥nldsanUSuiansiiiu CB anundsliiu 2 wioe wazldiinig
nagevanUAnIslwanun LDPE wWiofuansiiiuusa CB udavzviliiianduiinisinadiiinunn
Fudrunisiin silicone Tildsnaserduiinaslua dwdu PBAT wuinilefinisifiuansifiuuss

o9 YiI o o a & oy v - a
%‘1/1’11‘1/1?11@6014?1’1‘51‘1/16L‘1quu LLagu@ﬂ‘r\]qﬂU'ﬂQi@mﬂqiwma@‘U GPC LW@@Jﬂ’]iLﬂaEJULLUaQGUQQ

PBAT 7fiul shellac wuindwiinlutanadinisanas

NagoUaNURA19g YoITANNaIERAN INN1TNAABINUI1E11SU LDPE d15LANUAY
silicone USunau 5 wt% ag3iqluiiian contact angle 1171U-104 + 1 89A1 910 91 + 2 991
6‘5@@31%14Mﬂﬁ21@ wagd Sy PBAT wudtansiiuusans CB U3uas 2 wio uag Shellac 5
wt% ﬁaﬁmimﬁuﬁ’l contact angle 9711 73 + 1 83A" 101 105 £ 1 09r1 wAE 105+ 1
09rn Mudu uagiuliudloduansifuudsnntuasidlia contact angle 11NTU 97N
n15nAaesan URdenaved LOPE nudnil ol uanssiuwndudaAn modulus lfinns
WasuwUawiuumby silicone fiagilifen modulus anas @1 tensile strength dn15anas
dntioadlowdisl silicone An elongation laiUAeuuuas @115y PBAT wu31A1 modulus was
A tensile strength lillUAsuuUas A elongation at break Wiefinsifiu Shellac azviliien

[

elongation at break anadiniay LagaINNITNARBINITWNIVOIANTIALUAITUUTIYAueig

91mInuasTianAsliliui 1on.1024 uag wen.656 AMnuaaNNsa i TuUTIYTUeIUIIY

2159

5.2 UDLAUBLUY

1
LY

5.2.1 Wesanluanuidedfinisi carauba wax sduasidnusswazyhnsuauiu
wodles AslumsiAnluUsnalainu 2 wio% edesiunsifalaymlunswaunediwesiu

carnauba wax AELAIBY extruder
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5.2.2 §1dpen1sannisinzilenianinty 9199291192835D UL RULRLLTY 115917
amanerunalilasuasuuiuRive s lridnvazseg Fsnaazyhiedimsvhainaieun
annasesatestuguidiofidueenurugnnisasindumsuuifidundiluAnwana
nsEanziasialy

5.2.3 a]Wﬂmufsé’aﬁamﬂiaﬁﬂlﬂﬂﬁzqﬂﬁﬂumﬁmamLﬂuqumaaﬂﬁm%’umsa;a'Wm
vieveavanfifids wunsld LOPE uwwuifmilesanweduesfifuasiuutudugidy
panadndiauiRidenalidosiasuniadeansoltumiliia Ssaansdnfnveaayeins
fldahlrannsoisduasdinssuiunsiludaldieuniy

5.2.4 flosanlunmAfedlddnwanifveodiuesuuunauiuasannisinizig
Tugmamnssn nmsvhnmsuaunnadsindalinefiiuty FensiinisAnvinsinsuand
Hu master batch wiethlUmsaufunadieifiaslitusy uasvinnsAnwaudfseg deld

5.2.5 pasvinnsanwanisannisideninveaiidulngldansiuundun uduuas

° = = ) au A A g - = awv 1
‘mmL‘UiEJ‘ULVI‘EJUﬂUQ’]u’J?\]EJULW@L‘U“LJLL“LJ’WI’NM%EJVINLaaﬂ“uaﬂﬂ’mjﬁ]w@lﬂ
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n-1 wan1snagaunsieniiaflemaila contact angle

¥

M1919NARUIN N.1 VayanlaaINnN1sneaeu contact angle ¥4 PBAT #1u3Ua N

N3¥UUNTT compression molding

Contact angle

sample

1 2 3 4 Ave SD
PBAT 70.00 | 77.40 | 78.30 | 76.10 | 75.45 | 3.74
PBAT/1%CB wax 11295 |'110.81 | 112.07 | 112.20 | 112.01 | 0.89
PBAT/2%CB wax | 110.32 | 113.50 | 112.70 | 112.50 | 112.26 | 1.36
PBAT/3%CB wax | 108.72 | 115.87 | 111.08 | 117.25 | 113.23 | 4.00
PBAT/5%CB wax | 118.76 | 124.72 | 123.54 | 127.32 | 123.59 | 3.58
PBAT/3%PE wax 74.80 | 7553 | 7830 | 80.10 | 77.18 | 2.46
PBAT/5%PE wax 8290 | 82.10 | 82.40 | 83.00 | 82.60 | 0.42
PBAT/3%silanel 94.72 | 96.70 | 98.40 | 100.50 | 97.58 | 2.46
PBAT/5%silanel 106.70 /| 99.20 | 104.05 [ 107.92 | 104.47 | 3.87
PBAT/3%silane2 93.00 | 91.60 | 9250 | 92.70 | 92.45 | 0.60
PBAT/5%silane2 92.10 9270 | 9325 | 9231 | 9259 | 0.51
PBAT/3%shellac 89.40 | 89.50 | 90.90 | 90.70 | 90.13 | 0.78
PBAT/5%shellac 108.10 | 114.30 | 113.70 | 108.90 | 111.25 | 3.20
PBAT/3%OPE 83.64 86.55 | 85.14 | 88.38 | 85.93 | 2.02
PBAT/5%OPE 96.24 97.55 | 96.19 | 99.43 | 97.35 | 1.52
PBAT/3%silicone 85.57 90.17 | 90.66 | 92.18 | 89.65 | 2.85
PBAT/5%silicone 93.31 9298 | 90.47 | 92.67 | 92.36 | 1.29
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¥

A1TNIANUIN N.2 VayaillaannImaaeu contact angle ¥a¢ LDPE 7iusUann

N3¥UUNNT compression molding

Contact angle

sample
1 2 3 a4 Ave SD

LDPE 92.83 | 91.58 | 9250 | 93.03 | 92.49 | 0.64

LDPE/1%CB wax 9237 | 9378 | 94.74 | 94.59 | 93.87 | 1.09

LDPE/2%CB wax 93.80 | 93.47 | 9525 | 94.85 | 94.34 | 0.84

LDPE/3%CB wax 97.84 | 9532 | 9527 | 96.69 | 96.28 | 1.23

LDPE/5%CB wax | 102.69 | 99.30 | 104.20 | 99.50 | 101.42 | 2.42

LDPE/3%PE wax 9228 | 9233 | 90.10 | 93.20 | 91.98 | 1.32

LDPE/5%PE wax 9753 | 9324 | 9248 | 94.40 | 94.41 | 2.22

LDPE/3%silanel 9558 | 94.60 | 96.20 | 94.04 | 95.11 | 0.97

LDPE/5%silanel 96.03 | 96.90 | 95.90 | 96.60 | 96.36 | 0.47

LDPE/3%silane2 91.54 | 9240 | 9350 | 9240 | 9246 | 0.80

LDPE/5%silane2 94.10 | 93.59 | 9697 | 9328 | 9449 | 1.69

LDPE/3%shellac 98.59 | 96.82 | 97.77 | 9247 | 9641 | 2.73

LDPE/5%shellac 9780 | 9452 | 99.08 | 98.13 | 97.38 | 1.98

LDPE/3%OPE 9221 96.85 | 92.90 | 92.79 | 93.69 | 2.13

LDPE/5%OPE 9430 | 9348 | 95.08 | 91.22 | 9352 | 1.67

LDPE/3%Silicone | 100.50 | 101.20 | 101.29 | 101.15 | 101.04 | 0.36

LDPE/5%Silicone | 105.02 | 105.20 | 105.41 | 102.77 | 104.60 | 1.23




M13NIANUIN N.3 ToyailAannn1smaaeu contact angle ¥ae PBAT wag LDPE Nidugy

U

1NNTLUIUNTT blown film extrusion

Contact angle
sample

1 2 3 q Ave SD

PBAT 7537 | 7284 | 7210 | 73.02 | 7333 | 1.42

PBAT/1%CB wax | 103.88 | 105.20 | 101.50 | 102.07 | 103.16 | 1.70

PBAT/2%CB wax | 105.27 | 103.88 | 106.84 | 104.82 | 105.20 | 1.24

PBAT/3%Shellac 99.43 | 97.51 | 9990 | 9799 | 98.71 | 1.14

PBAT/5%Shellac | 104.35 | 104.96 | 103.75 | 105.27 | 104.58 | 0.67

LDPE2026 91.17 | 92.63 | 88.84 | 9138 | 91.01 | 1.58

LDPE/1%CB wax 91.74 | 96.43 | 9232 /| 9331 | 93.45 | 2.09

LDPE/2%CB wax 94.89 | 94.45 | 94.51 | 93.38 | 94.31 | 0.65

LDPE/3%Silicone | 99.18 | 98.72 | 96.90 | 97.84 | 98.16 | 1.01

LDPE/5%Silicone | -104.20 { 105.60 | 104.16 | 103.25 | 104.30 | 0.97

N-2 HAN1SNAFaU melt viscosity A28n153nA1 melt flow

a

M1TNIARUIN N.4 VayanlaanNnIsnnaau Melt flow index vae PBAT figaungil 190

Y

paFadyd THUMTENNe 2.16 kg

vuedn A MFI (/10 | AVMFI (/10
Sample . 4 SD
(n7) (Au) min) min)
oBAT 0.38 30.56 7.46
0.39 30.48 7.68 7.33 0.43
0.35 30.65 6.85




M1TNANUIN N.4 TayailaanNn1snaaey Melt flow index ¥ae PBAT ¥gaun

psmwadea T viinng 2.16 kg (5i0)

74

a

a4 190

U

i 8 MFI (/10 | AVMFI (/10
Sample " .. SD
(NSY) (A N) min) min)
PBAT/19%CB 0.53 30.43 10.45
0.59 30.51 11.60 10.76 0.74
0.52 30.49 10.23
PBAT/29CB 0.81 a5.47 10.69
0.82 45.41 10.83 10.83 0.14
0.83 a5.42 10.96
PBAT/3%Shellac L4g 03 28.3p
1.55 30.5 30.49 30.32 1.88
1.63 30.46 32.11
1.44 20.48 42.19
PBAT/5%Shellac
1.44 20.48 42.19 42.58 0.69
2.2 30.43 43.38
AMTNANARYIN N5 Teyailliainnisnaasy Melt flow index a3 LDPE figaimail 190
sarwalea lHwinng 2.16 kg
Sample Ymitn L3810 MF] AVMFI SD
LDPE 0.42 455 5.54
0.44 45.63 5.79
0.43 45.26 5.70 5.74 0.15
0.43 45.33 5.69
0.45 45.29 5.96




M1TNNANUIN N.5 Vayailaann1snaaey Melt flow index ¥a4 LDPE figaum

psmwadea T viinng 2.16 kg (5i0)

a

a4 190

U

75

Sample vhwein e MFI AVMF D
LDPE/1%CB 0.39 45.42 5.15
0.43 4551 5.67

0.46 45.45 6.07 5.99 0.61
0.48 45.32 6.35
0.51 45.5 6.73
LDPE/2%CB 0.5 45.39 6.61
0.53 45.43 7.00

0.55 45.38 7.27 7.22 0.43
0.57 45.35 7.54
0.58 4538 7.67
LDPE/3%Silicone 0.44 45.44 581
0.46 45.65 6.05

0.46 45.38 6.08 5.88 0.18
0.43 45.5 5.67
0.44 45.53 5.80
LDPE/5%Silicone 0.43 4557 5.66
0.44 45.5 5.80

0.45 45.54 5.93 5.90 0.20
0.45 45.59 5.92
0.47 45.54 6.19




-3 NANIIVNAFDUANURINNAAIBNISNAFDUNIIASEN (tensile testing)

M1TNNARUIN N.6 VayaiilaaNn1snAaeU tensile testing ¥oe PBAT NuUME

N3¥UUNNT compression molding

5%
2

Young's Modulus

Tensile stress at

Sample %Elongation
(MPa) Yield (MPa)

PBAT 67.0+3.2 1191 + 65 75+0.5
PBAT/5CB 717 £4.7 818 + 47 73+03
PBAT/5Shellac 7094 + 14 1086 + 54 7.7+0.3
PBAT/5PE wax 74.7 £ 2.0 880 + 95 7.7+0.3
PBAT/50PE 79.5+2.8 21+ 3 79+0.5
PBAT/5Silicone 72.8 £2.5 19+2 6.6 +0.2
PBAT/5Silanel 68.6 + 1.1 1102 £+ 42 75+0.2
PBAT/5Silane2 68.2 £ 2.9 1251 + 128 72+0.3

Y

M1TNIARUIN N.7 VayanlaannIsnaaeu tensile testing U84 LDPE NTugUsiie

N3LUIUNIT compression molding

Young's Modulus

Tensile stress at

Sample %Elongation
(MPa) Yield (MPa)

LDPE 185 + 18 907 + 84 9.0+ 04
LDPE/5CB 185+ 2 401 + 63 9.1+04
LDPE/5Shellac 184 + 3 32+4 8.7+0.2
LDPE/5PE wax 160 = 7 433 + 84 89+05
LDPE/50PE 185+ 3 252 + 88 9.0+ 05
LDPE/5Silicone 138 + 6 50 + 17 8.0+ 0.1
LDPE/5Silanel 148 + 4 856 + 80 8.7+0.2
LDPE/5Silane2 146 +4 839 + 86 8.6 +0.2
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M1TNNIANUIN 1.8 TayaTildnINn1snedeu tensile testing ¥ad PBAT

N52UIUNTT blown film extrusion

e

v

NYUsUM Y

Young's Modulus

Tensile stress at

sample Direction %Elongation
(MPa) Yield (MPa)

PEAT MD 50.5 + 4.4 904 + 55 6.9+ 05
1D 50.0 = 2.7 948 + 59 6.3+0.2
PBAT/19%CB wax MD 50.1 + 1.0 929 + 18 6.9+ 0.4
D 49.3 + 2.2 958 + 35 6.5+03
PBAT/29%CB wax MD 521+ 2.3 936 + 13 6.8+ 0.4
D 514 +£3.4 967 + 26 6.6 +0.4
PBAT/3%Shellac MD 55.4+4.8 766 + 111 7306
1D 532 +39 804 = 123 6.5+0.2
PRAT/5%Shellac MD 56.7 + 4.1 840 = 115 76+05
D 55.0 + 2.8 903 = 90 6.4+0.38

A151901ANYUIN 0.9 Feyaiildannnismnaey tensile testing 483 LDPE ATugusie

N32UIUNTT blown film extrusion

Young's Modulus

Tensile stress at

sample Direction %Elongation

(MPa) Yield (MPa)

LDPE2026 MD 160 + 6 439 + 56 102+ 0.4
D 206 + 3 638 + 28 83+03

L DPE/19%CB wax MD 162 + 8 438 + 70 103+ 0.4
D 207+ 7 650 + 29 8.1+0.3

L DPE/2%CB wax MD 162 + 6 386 + 95 10.0 £ 0.4
D 205 +5 638 + 30 83+ 0.6
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5%

M1TNNANUIN 1.9 TayadildnnNn1snageu tensile testing ¥ed LDPE NITugue

U

ASLUIUNTT blown film extrusion (79)

Young's Modulus Tensile stress at
sample Direction %Elongation
(MPa) Yield (MPa)
LDPE/3%Silicone MD 151+ 5 432 + 52 95+04
D 202 + 10 575 + 132 85+05
LDPE/5%Silicone MD 136 + 3 453 + 57 84+ 0.2
TD 177 £ 7 586 + 21 7.4+03

n-4 wamsmaauﬁmﬁﬂhmqaé’wmsmaau Gel permeation chromatography

dwtd(logM)
Cumulative %

530 5680 540 520 500 480 480 440 420 400 38 360 340
Slice Log MW/

sumanuan n.1 nsmluansdimiinluanaves PBAT




dwt/d(logM)

dwtid(logM)

79

|
420 400 380 360 340 320 300

Siice Log MW

sumanuan n.2 nsmluanaimiinluenaves shellac

-
-
-
o
-

0.00

90187

MP=39621

z+1=134210
z
Mw

540 520 500 48 460 440 420 400 380 360 340
Slice Log MW

sumanuan n.3 nsmluansdmiinluanaves PBAT 7fia shellac

Cumulative %

Cumulative %
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n-5 A159AYN contact angle A28lUsNTU Image J
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¥-1 N1FATUIURIAT blow up ratio (BUR)

. Bubble diameter
37N Blow up ratio (BUR) = ———

Die diameter

e Bubble diameter (\urugudnaaves bubble MnlaainiaTes blown

film) (mm)
Die diameter ({@urUAUINA19VR4 die) = 42 mm
§179819 N15AMIA BUR 989 LDPE
toyafililunisdnin Idun bubble diameter = 145 cm

LVIUAT

145
blow up ratio (BUR) = s

blow up ratio (BUR) = 3.45

-2 N15AIUIUNIAT draw down ratio (DDR)

. Width of die gap
ouly! Draw down ratio (DDR) = ——
film thickness x BUR

We  Width of die gap (9311958199000 die mulunaziuuen) = 1000

um
Film thickness (AMuMWIwasiiduiils) (um)

BUR (blow up ratio)

82



83

A29819 N1SAIUIUNIAT DDR U89 LDPE

Si’fa;gjamﬁﬁuﬂ’liﬁ’m’sm lAwA Width of die gap = 1000 um, Film thickness = 100
pm, BUR = 3.45

1000

olhl Draw down ratio (DDR) =
100 x 3.45

Draw down ratio (DDR) = 2.89
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Modification of Water Repellent Property of Poly(butylene adipate-
co-terephthalate)(PBAT)
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Abstract

Food contact plastics packaging is normally contaminated with the food or organic residues.
The contamination leaves the plastics waste management with a few choices such as landfill or
incineration. In this respect, biodegradable plastics can be a good candidate for organic recycling of
the end-of-life option. On the other hand, such materials can be recyclable if needed. This requires
the segregation and cleaning prior to recycling. Therefore, in this work, we aimed to investigate the
effect of various additives on the water repellent property of polybutylene adipate-co-terephthalate
(PBAT). Four types of additives were used in this work, including polyethylene additives (PE wax,
oxidized PE homopolymer), natural wax additives (Shellac, carnauba wax), silane additives
(triethoxy(propyl)silane and decyltriethoxysilane) and silicone. The melt blending was performed in
a single screw extrusion at 30 rpm and 130 to 170 °C, depending on additives. The water contact
angle(CA) is measured and analyzed. The results declared that the hydrophobicity of PBAT increased
when adding the additives. Natural additives provided larger CA compared to PE wax. The efficiency
of all additives will be presented and compared in terms of the contact angles before and after
immersing the films in different polar solutions. The recycling possibility was conducted after the
solution tests to ensure the existence of additives and hydrophobicity and will be discussed.

Keywords: : food packaging; wax additive; silane additive; hydrophobic film, polybutylene adipate-
co-terephthalate

Introduction

The demand for packagings has increased dramatically due to the increased consumption.
Most of the packaging industries have attempted to shift towards more sustainability and circularity
concept. However, due to the coronavirus pandamic, any attempts will likely to be delayed The
hygeine and safety concerning of reusable packaging is one of the major issue. In terms of the food
packaging, there have been the increase in single-used plastics waste [1,2]. With the conventional
plastics, the end-of-life option for the organic or food-contaminated packagings is very challenging.
Options such as landfill, incineration and recycle are often chosen in many countries. When the
biodegradable/compostable plastics are used for the packaging, the composting or organic recycling
can be considered. In fact, two types of the end-of-life option for biodegradable/compostable plastics
namely mechanical and organic recycling are possibly applied. Mechanical recycling refers to
operations that aim to recover plastics via mechanical processes (grinding, washing, separating,
drying, re-granulating and compounding), thus generating the recycle that can be converted into
plastics products. Organic recycling on the other hand refers to the closed-loop of activities involved
in the collection and processing of organic materials as well as the recovery of a recycled product as
composted for the planting.
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The biodegradable/compostable polymers are considered as alternatives for the conventional
polymers due to their sustainability and circularity. Amongst the biodegradable/compostable plastics,
poly(butylene adipate—co-terephthalate)(PBAT) is very popular for a soft packaging and food
containers. It is an aliphatic aromatic copolyester manufactured from petroleum-based resources
consisting of two types of comonomer, a rigid butylene terephthalate(BT) segment consisting of 1,4-
butanediol and terephthalic acid monomers, whereas the flexible butylene adipate(BA) segment
consists of 1,4-butanediol and adipic acid monomers. PBAT possesses excellent ductility with
elongation at break around 700% and low modulus of elasticity [3]. PBAT is generally considered to
be the most suitable alternative to low-density polyethylene based products, sharing many similar
properties including flexibility and resilience [4]. Many applications including antimicrobial
PBAT/silver nanoparticles composite films and weathering resistance of PBAT/PLA blend films
have been reported [5,6]. Soares Alves and co-workers [7] studied carnauba wax on films of poly
(butylene adipate co-terephthalate) and sugarcane residue for application in soil cover (mulching). It
was found that carnauba wax increased the film transparency, and the compatibility between PBAT
and sugarcane residues.

Since most single-used plastics are utilized in food packaging applications. Liquid food residue
frequently remains in food packaging [8], which restricts recycle process of this waste. Therefore, the
goal and motivation of the present work were to modify the water repellent property of PBAT by
adding various types of additives. This would result in an easier segregation and cleaning before
recycling. Four types of additives were used in this work, including polyethylene additives (PE wax,
oxidized PE homopolymer), natural wax additives (Shellac, carnauba wax), silane additives
(triethoxy(propyl)silane and decyltriethoxysilane), and silicone resin. The effect of there various
additives on the contact angle(CA) between PBAT surface and water was investigated. Moreover,
the effect of reprocessing on PBAT and modified PBAT were also investigated and discussed.

Materials and Experimental
Materials

PBAT pellets (Ecoflex® F Blend C1200, BASF) were purchased from Polymat Ltd.,
Thailand. PE wax (food grade) and carnauba wax typel (CB) was purchased from DMC Co., Ltd,
Thailand. Shellac was purchased from the Northernshellac Co., Ltd, Thailand.
Triethoxy(propyl)silane (silanel) and Decyltriethoxysilane (silane2) were purchased from Chemical
Express Co., Ltd, Thailand. Oxidized PE homopolymer (OPE) and silicone were kindly supplied by
Applied DB PLC, Thailand. Acetic acid glacial (RCL Labscan, purity of 99.8%, AR grade), ethanol
(RCL Labscan, purity of 95%, common grade) and olive oil (ondoliva, extra vergin) were used to
prepare solutions for immersed films. Before melt-compounding, extrusion and compression, the
polymers were dried at 60 °C for 16 h to remove the moisture.

Sample preparation

The compositions of polymer compounds are listed in Table 1. The compounds were melt-
blended in a single screw extruder. The temperature was set at 130-170 °C with rotor speed of
30 rpm and the extrudates were pelletized. For the recycling of the compounds, the compound pellets
were fed to the extrusion process again. The compound films were prepared by compression molding
for further testing.

Solvent test

Distilled water, olive oil, 3% v/v acetic acid, and 10% v/v ethanol were poured into the small
cells as illustrated in Fig. 1. The 3 cm x 1 cm film specimens were immersed in each solvents for
24 h and then dried with cotton pad prior to the contact angle(CA) measurement. Three film
specimens were used for each solvent.
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Characterization

Contact angle (CA) was measured from a liquid droplet placed on a surface using a
micropipette at room temperature three times and the average value was calculated.

Fig. 1 Experimental setup of the solvent test for PBAT and PBAT-additive films.

Table 1 Composition of polymer compounds

Samples PBAT (g) Additives (g)
PE wax OPE Silicone Silanel Silane2 CB wax Shellac
PBAT 500 - - - - - - -
3%PE wax 485 15 - - - - - -
5%PE wax 475 25 - - - - - -
3%O0PE 485 - 15 - - - - -
5%0PE 475 - 25 - z - . -
3%silicone 485 - - 15 g g . =
5%silicone 475 - - 25 g s . "
1%silanel 495 - = = 5 = s B
3%silanel 485 - - - 15 - i »
1%silane2 495 - - = 5 5 s ”
3%silane2 485 - - = = 15 = &
0.5%CB wax 497.5 - - - - - 2.5 =
1%CB wax 495 - - - = = 5 =
0.5%shellac 497.5 - - - - . . 2.5
1%shellac 495 - - - 3 = - 5
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Results and Discussion

Four types of additives were added together with PBAT in a single screw extruder and
compressed into the film specimens. The effect of additives contents on the contact angle were- shown
in Fig 2. From the results obtained, it can be seen that the contact angle of PBAT films were increased
after adding all additives, but specifically nonpolar additives. The most effective additives yielded
larger contact angle degrees. These additives were carnauba wax and shellac as indicated by green
and blue dot respectively. Importantly, the amount of carnauba wax and shellac used was lower than
other additives but the contact angle degrees increased more dominantly. Therefore both additives
were selected for further recycle study.

After compounding of PBAT and additives, the extrudates were pelletized and fed back into
the extruder again. This was aimed to study the effect of the processing on the existence of the
additives. The film specimens were prepared for recycle PBAT/additives (R1) for comparison with
PBAT/additives films (RO0). The effect of recycle process on the PBAT samples were shown in Fig
3. The contact angle of PBAT films with carnauba wax as an additive after recycle (R1) showed
higher contact angle than R0. There are two possible reasons for this. Firstly, CB wax could migrate
to the film surface during reprocessing. Thus, the hydrophobicity increased. Another possible
explanation could be the large difference in the melting point of CB wax and PBAT, which caused
poor mixing, leading to the migration of additives to the surface. In contrast, PBAT with shellac as
an additive after recycle (R1) showed lower contact angle when compared to RO. This may be
explained as following. The migration of shellac does not affect contact angle. It should also be
pointed out that the melting point of shellac is close to that of PBAT, thus lesser migration to the
surface.

110
» PE wax
» OPE
105 - 2
+ silicone
g . silane1
g 100 - = silane2
g ° : « CB wax
(]
5 95 e Shellac
c
@©
©
S 90 -
c
(e} &
O
85 - '
P! L ]
80 : : : . ;
0 0.5 1 1.5 2 25 3

Additives (wt%)

Fig. 2 The effect of additives content on the contact angle(CA) of PBAT films.
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films for various additive contents.

To ensure the migration of the additives or the loss of the surface energy, the film specimens
were immerged in the solvents. The water contact angle (CA) of film specimens were measured and
compared before immersion. The contact angle of PBAT film specimens which immersed in various
solvents are represented in Table 2. When considering the contact angle of PBAT with CB and shellac
after immersing in solvents, it was found that for the distilled water, the contact angle of PBAT films
increased. When CB contents increased, the contact angle also increased due to the smaller molecules
of CB resulting from the possible migration of CB. For 3%v/v acetic acid, CA 0f 0.5%CB and Shellac
significantly changed but for 1%CB and Shellac, CA increased. In the case of Ethanol, CA of film
increased but CA of shellac decreased. This was probably due to the solubility of shellac in ethanol.
For olive oil, CA of PBAT films decreased. The olive oil is liquid at the room temperature and after
immersion the olive oil can dissolve some of the additives on the surface of the films. More studies
are however required to evaluate the hydrophobicity of the additives on films quantitatively.

Table 2 Contact angle of PBAT films with CB and shellac after immersion in various solvents.

160

Sample Distilled water Acetic acid Ethanol Olive oil
Before After Before After Before After Before After
PBAT 83+1 76+2 83+1 771 83+1 81+£3 83+1 75+3
0.5%CBwax 84+2 82+1 84+2 82+1 84+2 84+3 84+2 8l+1
1%CB wax 101 £3 113+1 101+3 1156 101 +£3 115+4 101+3 85+2
0.5%shellac 98+1 106+2 98+1 95+3 98+1 98+5 98+x1 84=x1
1%shellac~ 98+5 105+1 98+5 108+l 98+5 91+1 98+5 87+1



91

IUMRS- ICA The 215t International Union of Materials Research SR P
Y, Societies-International Conference in Asia (IUMRS-ICA 2020) ( @ |
. g % /

A" 2 0 % : . " 4 "t
& MRS ~Thailand 2021 23-26 February 2021 The Empress Convention Centre, Chiang Mai, Thailand

Conclusions

In summary, the additives can improve water repellent property as indicated by the contact
angle measurements. CB and shellac were the most effective additives for adjusting the water
repellent property of PBAT. A small amount of CB and shellac was required when compared to other
additives. Recycle process can affect the contact angle of PBAT films. Using CB as additive increased
the CA of PBAT film after recycle, but applying Shellac additive, the CA of the recycle PBAT film
decreased. After immersion in the distilled water and acetic acid (polar solutions), the contact angle
of films increased. The solubility of additives in the solvents could cause the reduced CA such as
Shellac. The CA of films after immersion in olive oil decreased in all cased due to the possible
dissolution of CB and shellac.
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