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The demand for packaging has increased dramatically due to the
most of these plastic food contairese @lastiogland turned into a large an
because food contact plastic patkaliyngorstarninated with food or organi
contamination leaves the plastics waste management with a few choices
and recycling which is important for the circular economy. However, titie
because of food residue on the surface. Therefore, the goal and motivatis
the waterpellent property of LDPE and PBAT by adding various types of
and cestiving method. The study was tlideartsit The first part studied
additives in an internal mixer quantity below 5 wt%, where the polym
processed in the internal mixer. The mechanical properties of polymer
tensile streagith modulus of LDPE and PBAT were slightly changed, wher
showed a greater reduction. This deterioration occurred when the specim
dispersion of the additives. The wettability studyshihsetithavéathbD&an pr
highest contact angle was silicone, followed by carnauba wax. For PBA
angle was found when adding carnauba wax and shellac respectively. T
have confirmed diteradloomed on the film surface. In the second part of t
additive wettability in the blown film extrusion process was performed. It
with 3 wt% cannot be incorporated-into both polyme tsebemapse! ideanimo:
screw extruder. Thus the amount of carnauba wax was reduced to 2 wt
performed before the blown film extrusion. It was showed that the additic
melt flow values, but thisfietnine bimnprocessing. For LDPE the additiol
able to provide LDPE with the highest contact angle, while for PBAT, t
showed the highest contact angle. The mechanical propertiesr stibeedpe
with low retention additives. In addition, the migration test found that thi
food packaging because the residue does not exceed the standard.
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SEM HV: 15.0 kV WD: 9.02 mm
View field: 207 ym Det: SE

MIRA3 TESCAN SEM HV: 15.0kV WD: 9.02 mm
View field: 20.8 pm Det: SE
" S

b) 26
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SEM HV: 150 kV I_—._J__I MIRA3 TESCAN SEM HV: 15.0kV WD: 9.04 mm MIRA3 TESCAN
View field: 208 pm View field: 20.7 pm Det: SE
SEM MAG: 1.00 kx Slipakorn University SEM MAG: 10.0 kx Bl: 4.00 Siipakorn 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
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Effect of CB wax contentin PBAT
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Effect of CB wax contentin LDPE
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Tensile strength at yield (MPa)
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% Elongation at Break (%)
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Tensile strength at yield (MPa)
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% Elongation at Break (%)
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E O] KENKI h LI tofthcKaddlel | Ej NI hoei | ol é
T NiKNNEF/® I0E J Ok 1 contaehafyERATE X & InRI IKIOQP ¢
E K N T cbniptesgignOnolding

Contact angle
1 2 3 4 | Ave|l SD
PBAT 70.0q 77.4( 78.3( 76.1( 75.41 3.7
PBAT/1%CB 112.9/110.4 112.( 112.24 112.¢ 0.8
PBAT/2%CB 110.3113.5112.7112.5112.2 1.3¢
PBAT/3%CB 108.7/115.§ 111.( 117.24 113.2 4.0(
PBAT/5%CB 118.7/124.7 123.5127.3 123.5 3.5{
PBAT/3%PE 74.80 75.5] 78.3( 80.1( 77.1¢{ 2.4¢
PBAT/5%PHE 82.90 82.1( 82.4( 83.0( 82.6( 0.4]
PBAT/3%silg 94.74 96.7( 98.4(100.5 97.5{ 2.4(
PBAT/5%silg 106.7| 99.2( 104.(.107.9 104.4 3.8]
PBAT/3%silg 93.00 91.6( 92.5( 92.7( 92.4} 0.6(
PBAT/5%silg 92.1( 92.7( 93.2}92.31 92.5¢ 0.5
PBAT/3%sh¢ 89.4( 89.5( 90.9( 90.7( 90.1 0.7
PBAT/5%sh¢ 108.1 114.3113.71108.9 111.2 3.2(
PBAT/3%O0OHR 83.64 86.5! 85.14 88.3{ 85.9]2.0:
PBAT/5%0HR 96.24 97.5! 96.1¢ 99.4{ 97.3} 1.5]
PBAT/3%silii 85.57 90.1] 90.6( 92.1¢{ 89.6} 2.8!
PBAT/5%silii 93.31 92.9{ 90.4] 92.6] 92.3( 1.2

sample
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| NiKNNEBOEIOE J Ok 1 contaetafylt BHBE X K NRIL IKIOQ ¢
E K N T cbniptesgignOnolding

Contact angle
1 2 3 4 | Ave| SD
LDPE 92.83 91.5{ 92.5( 93.0] 92.4{ 0.6
LDPE/1%CH 92.37 93.7{ 94.7{ 94.5¢{ 93.8] 1.0{
LDPE/2%CH 93.8( 93.4] 95.2} 94.8! 94.3: 0.8
LDPE/3%CH. 97.84 95.3] 95.2] 96.6{ 96.2{ 1.2]
LDPE/5%CH 102.6 99.3(104.4 99.5( 101.4 2.4
LDPE/3%PHE 92.2§ 92.3] 90.1( 93.2( 91.9{ 1.3]
LDPE/5%PHE 97.53 93.24 92.4{ 94.4( 94.4] 2.2
LDPE/3%silg 95.5¢ 94.6( 96.2( 94.0{ 95.1]0.9]
LDPE/5%silg 96.03 96.9( 95.9( 96.6( 96.3( 0.4]
LDPE/3%silg 91.54 92.4( 93.5( 92.4( 92.4( 0.8
LDPE/5%silg 94.10 93.5{ 96.9] 93.2{ 94.4{ 1.6
LDPE/3%sh({ 98.59 96.8] 97.7] 92.4] 96.4] 2.71
LDPE/5%sh¢ 97.8C 94.5] 99.0§ 98.1] 97.3{ 1.9
LDPE/3%OHF 92.21 96.8} 92.9( 92.7¢ 93.6¢ 2.11
LDPE/5%O0HR 94.3( 93.4{ 95.0{ 91.2] 93.5] 1.6]
LDPE/3%Sil| 100.5 101.2 101.4101.1 101.¢ 0.3¢
LDPE/5%Sil| 105.0 105.2 105.4102.7 104.¢ 1.2

sample
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Contact angle

sample

1 2

3 4

Ave| SD

PBAT

75.31 72.84

72.1( 73.0] 73.3] 1.4

PBAT/1%CEB

103.8 105.2

101.5102.¢ 103.7 1.7¢

PBAT/2%CEB

105.2 103.¢&

106.§ 104.§ 105.74 1.24

PBAT/3%Sh

99.43 97.5]

99.9( 97.9¢ 98.7] 1.1+

PBAT/5%Sh

104.3 104.¢

103.7 105.2 104.9 0.6]

LDPE2026

91.17 92.6]

88.84 91.3¢ 91.0] 1.5¢

LDPE/1%CH

91.74 96.41

92.37 93.3] 93.4! 2.0

LDPE/2%CH

94.8¢ 94.4!

94.5] 93.3¢ 94.3] 0.6

LDPE/3%SIl

99.1¢ 98.7:

96.9( 97.8¢ 98.1( 1.0]

LDPE/S%SIl

104.2 105.€

104.1 103.2 104.5 0.9]

N s

I

~

NIKNWEBIGOE § Ok T Kelt teokv @SdREST N K T i # I ij

ELNOGKOGRg) LOE§IOl RSNI'T AEER OO,
| RS|] 81 « MFI (g/] AVMFI (g
Sample | g ¢ K &I N| min) min) =D
PBRAT 0.38 | 30.56| 7.46
0.39 30.48 7.68 7.33 0.43
0.35 30.65 6.85

RO |

0J
| ¢



T NiKNNEEJIOE J Ok T Kelt tokv @@aREAA N KT H#El ij OJ
FELNOG Gk O GR@ OEJ ST RSNI'T AEEHR OO0, [ ¢

T RS] &1 K MFI (g/] AVMFI (g

Sample &EK &I N| min) min) D

oeAT/106cE 053 | 30.43| 10.45
059 | 30.51| 11.60| 10.76 | 0.74
052 | 30.49| 10.23

oRAT/20%cg 081 | 45:47| 10.69
0.82 | 4541 10.83| 10.83 | 0.14
0.83 | 45.42| 10.96

PBAT/306Sh | 144 | 30A47| 2836
155 | 305 | 3049 3032 | 1.88
1.63 | 30.46| 32.11

PRAT/ESH. 144 | 20.48| 4219
1.44 | 2048| 4219| 4258 | 0.69
2.2 | '30.43|  43.38

~ ~ — —

T NiKNNEESE IDE J Ok T Kelt tokv @SaNERE N KT f I §j OJ
 ELNOGK O GRg] L OE§O©1T RSNI'T AEER OO0, / ¢

Sample | T RS| 61 K MFI 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
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T NiKNNEESE IOE J Ok T Kelt tokv @@aNBEAE N KT H# I §j OJ
/

I EL NG GK O Gk@)ﬂ,DCEgelRSNllnEEhoo £

Sample | T RS| 61 k MFI AVMFI| SD

LDPE/1%CB 0.39 | 45.42| 5.15

0.43 | 45.51 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 05 45.39| 6.61

0.53 | 4543 7.00
0.55 | 45.38 1.27 1.22 0.43
0.57 | 45.35 7.54
0.58 | 45.38 7.67

LDPE/3%SIli ~ 0.44 | 45.44| 581
0.46 | 45.65( 6.05
0.46 | 45.38| 6.08 5.88 | 0.18
0.43 | 455 | 567
0.44 | 4553| 5.80

LDPE/S%SIli 043 | 4557 566
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
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ED K ENKIhAT K6 § NE Hersil®fetirgNKT h LI T E|
T NiKNN&EEGeg I0E J Ok T tensitereSaEAIE N KR IKIOP |

E K N T cbniptesgignOnolding

~

Sample You(nl\gz'sal\)/lm %Elongatic Tc:(r:z::je (T\;f:

PBAT 67.0+x3.2 1191x65 7.5x0.5
PBAT/S5CEF 71.7+4.7), 818 +47 7.3x0.3
PBAT/5She 70.94+1.4 1086+54 7.7+0.3
PBAT/SPE|  74.7+2.0 88095 7.7+£0.3
PBAT/50F ~ 79.5 +2.8 21+ 3 7.9+£0.5
PBAT/5Silig ~ 72.8 £+2.5 19+ 2 6.6 £0.2
PBAT/5Silay 68.6 £1.1 1102+42] 75x0.2
PBAT/5Silay 68.2+2.9 1251+12{ 7.2+0.3

E K N T cbnipiesgignOnolding

| NiKNERR IOE J Ok 1 fensitetesdgBEHDT N & IR IKIOP |

Sample You?hgﬂg'sal\)/loc %Elongatic Tir;z:lde (T\;Irlng

LDPE 185+ 18 907 £ 84 9.0+£04
LDPE/SCE  185%2 401 = 63 9.1+£04
LDPE/5She 184 +3 32+4 8.7+£0.2
LDPE/SPE 160 £ 7 433 + 84 8.9+£0.5
LDPE/SOF 185+ 3 252 + 88 9.0£0.5
LDPE/5Silic 138+ 6 5017 8.0£0.1
LDPE/5Sila 148 t4 856 + 80 8.7x0.2
LDPE/5Sila 146 £4 839 £ 86 8.6+0.2




T NiKNWEBg@iegd J Ok 1 tensiereSdgEATH N K& InfRI IKIOD

E K N 1 biownHilin >x@rusion

e

sample Direction Youg\gj'sal\)/lm %Elongatic T(:(r:::;e (T\;Irlses
PBAT MD 50.5+4.4 904 £55 6.9 8.5
D 50.0+2.7 94859 6.3+0.2
PBAT/1%CE MD 50.1+1.00 929+18 6.9+04
D 49.3+2.2 958+35 6.5+0.3
PBAT/2%CE MD 521+2.3 936 *13 6.8+ 0.4
D 51.4+3.4 967 +26 6.6 0.4
PBAT/3%SH MD 554 +4.8  766+111 7.30.6
D 53.2+3.9 804+123 6.5%0.2
PBAT/5%SH MD 56.7+4.1 840+115 7.6+0.5
D 55.0+£2.8 903 +90 6.4+0.8

T NiKNERISIer J Ok T tensite ressdgBHER N K6 IniRU KTOQ

E K N T blownHillh €x@rusion

sample Direction You(nl\gz';al\)/loc %Elongatic Te\:(rilz::je (T\;IrF?es

LDPE202 MD 160+ 6 439 * 56 10.2+0.4
D 206 £ 3 638 £ 28 8.3+£0.3

L DPE/1%CE MD 162 + 8 438 + 70 10.3+0.4
D 207 £ 7 650 £ 29 8.1+£0.3

LDPE/2%CE MD 162 + 6 386 £ 95 10.0+0.4
D 2055 638 + 30 8.3+0.6
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T NiKNW&EBJI@iegd J Ok 1 tensitereSidgEHRER N K6 IR KKIOQ
E K N T biownHilh x0@s)qri

sample Direction Youg\gj'sal\)/lm %Elongatic T(:(r:z:gwspt;s
L DPE/3%Sil MD 151+£5 432 £ 52 95+04
D 202+10| 575+1320 85%0.5
L DPE/5%SIl MD 136 + 3 453 + 57 8.4+0.2
D 177 7 586 + 21 7.4+0.3

~
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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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