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ABSTRACT

Inappropriate disposal of single-use plastics alongside mismanagement of plastic wastes have been key
drivers to plastics pollution and its replacement with biodegradable polymers can offer opportunities
for circular plastics recycling. Poly(glycolic acid) (PGA) has the unique characteristics such as high
degree of crystallinity, high thermal stability, high gas barrier properties and 100% compostability,
however, PGA is mechanical brittle and moisture-sensitive, which has limited its applications in film
packaging applications. In this study PGA was blended with poly (butylene adipate-co-terephthalate)
(PBAT) in the presence of an epoxy-based compatibilizer (AX8900) via melt-extrusion to achieve
flexible packaging films. The use of AX8900 not only promoted the ductility of 50/50 (w/w)
PGA/PBAT blends but also enhanced the oxygen permeation and water vapour barrier performance of
the blends. With addition of 20 wt. % AX8900, the strain at break improved from 10.7 % for 50/50
PGA/PBAT blend to ~150 % for 50/50/20 PGA/PBAT/AX8900 blends. While the oxygen permeance
marginally reduced from 125(cm® mm) / (m? 24h atm) for 50/50 PGA/PBAT to 116 (cm® mm) / (m?
24h atm) for 50/50/20 PGA/PBAT/AX8900, water vapour barrier performance improvised by ~40 %
and ~47 % respectively upon the addition of 10 wt. % and 20 wt. % AX8900 compared to 50/50
PGA/PBAT blend.

1. Introduction

Bioplastics are polymers that are bio-based, biodegradable, or both.* It implies that bioplastics
have two aspects of sustainability, green educt and/or green product. While green educt implies the
bioplastics generated from the feedstock or derived biologically, green product implies that the

derivative products will be degradable and have a low impact on the environment.? Further, life-cycle



analyses of bioplastics indicate that they can reduce carbon dioxide (CO.) emissions by 30-70%
compared with conventional plastics.® Interestingly, in the recent market data report by Nova Institute,
bioplastics are shown to represent ~ 1 % of the annual plastics production of 359 million tonnes.? With
intriguing sophisticated applications and emerging biodegradable alternatives, the market for
bioplastics is increasing at an astonishing rate. While globally, the current production capacity is
estimated at around 2.11 million tonnes, it will increase and diversify up to 2.43 million tonnes by
20243

Poly (lactic acid) PLA is the most commonly used bioplastic. * Despite high mechanical
properties, melt-processability, and transparency of PLA, its poor thermal stability, low gas barrier
properties, and slower degradation rate limits its applications in food packaging. In this regard, its
chemical analogue, poly (glycolic acid) PGA, exhibits higher mechanical strength, higher heat
distortion temperature, and exceptional gas barrier properties due to its higher degree of crystallinity
(~50 %). In addition, PGA has a faster degradation rate than PLA and is also 100% compostable under
both industrial and home composting conditions. “* However, the high degree of crystallinity of PGA

leads to mechanical brittleness, which hinders its applications in flexible packaging.

Poly(butylene adipate-co-terephthalate) (PBAT) is an aliphatic-aromatic biodegradable
polyester that has an exceptional extension at break.®” It is often blended with other polymers such as

PLA for enhancing ductility and toughness, &

where a good compatibility between the polymer
components is a prerequisite.® PGA being a structural analogue of PLA having similar solubility
parameter (Spca: 23.5 MPa?, 8pLa: 20.2 MPa'?), it also faces similar compatibility challenges when
blended with PBAT. Reactive extrusion has been successfully applied in melt-processing of polymer
blends with in-situ compatibilization. Using a free radical initiator dicumyl peroxide (DCP), in-situ
compatibilization was realised during melt-blending of PLA and PBAT.% Due to the uncontrolled
nature of this approach, products including branched and crosslinked PLA or PBAT, PLA-g-PBAT
copolymers and PLA crosslinked with PBAT were all formed. Inclusion of 0.5 wt.% DCP, 80/20
PLA/PBAT blends showed greater compatibility through reduced PBAT domain size, yielding a strain

at break of up to 300%, combined with increased toughness and tensile strength.

Utilising the carboxylic acid chain end groups in PLA and PBAT for reactive extrusion with
chain extenders is an alternative approach for compatibilisation.*® 2,2’-(1,3-phenylene)bis(2-oxazoline)
and phthalic acid were used in tandem in an 80/20 PLA/PBAT blend demonstrated high strain (516%)
and high strength. The increased interfacial adhesion between PLA and PBAT, as well as a decrease in
the crystallinity of the blend was attributed to the mechanical performance obtained. Furthermore,
transesterification of PLA/PBAT via 0.4 wt.% tetrabutyl titanate led to a 70/30 PLA/PBAT blend

demonstrating high strength and strain properties through enhanced phase compatibility.*



Recently, Sarul et al. used cellulose nanocrystals (CNCs), to compatibilize PLA and PBAT
based blends. Thermodynamically, CNCs had stronger affinity towards the PBAT phase however with
higher CNC loadings (3 wt. % and 5 wt. %), the authors proposed the CNCs were located at the interface
as well as in the PLA phase. This led to appreciable Young’s modulus of PLA composite but low
extension at break ~4 % for 5 wt. % CNC loading.™ da Silva et al. used Cardolite®NC-514, a bio-based
epoxy-cardanol pre-polymer (ECP) for compatibilizing PLA/PBAT blends. It was observed that the 1
and 3 wt. % ECP was an effective compatibilizer which showed significant improvement in elongation
at break and a slight increment in tensile strength compared to non-compatibilized blends. Their results
were superior compared to commercial Joncryl ADR 4300 (multi-epoxy functional chain extender by
BASF) for the same concentration.’® Abdelwahab et al. used glycidyl methacrylate monomer as a
toughening agent for PLA and organosolv lignin based polymer blends. It was observed that by blending
the epoxy-based agent (glycidyl methacrylate) to PLA itself, the elongation at break was enhanced from
3.3 % to 401 %.' This result suggests that epoxy-based compatibilizers may also work for
compatibilizing PGA and PBAT blends.

Hence, in this work, we report a new strategy to compatibilize PGA and PBAT based co-
continuous blends by reactive extrusion using a terpolymer of ethylene, methyl acrylate, and glycidyl
methacrylate for improving extension at break while rendering good moisture and oxygen barrier
performance. The blends were characterized using thermal characterization techniques, differential
scanning calorimetry (DSC), thermogravimetric analysis (TGA) and moisture and oxygen barrier
performance evaluated at 23°C and 65 % RH and, 23°C, 0 % and 50 % RH, respectively. The surface
and cross-section electron micrographs revealed that these blends were effectively compatibilized and

can be suitably used in flexible packaging films.

2. Materials and Methods
2.1. Materials

PGA was obtained from PJIM Polymer Scientific Co. Ltd. with a number av. molecular weight of
10° g/mol. PBAT used in the study was Ecoflex F BX 7011 by BASF with a number av. molecular
weight of 1.42 x 10° g/mol. A ter-polymer of ethylene, methyl acrylate, and glycidyl methacrylate with
8% glycidyl methacrylate and 24% methyl acrylate with the trade name Lotader AX8900 (hereafter
termed as AX8900) was kindly gifted by SK functional polymers. The number av. molecular weight of
the polymer was 4.5 x 10* g/mol. The chemical structures and interactions of PGA, PBAT and AX8900

were shown in Scheme 1.
2.2.Blend preparation

For blending experiments, PGA/PBAT 50/50 (w/w) composition was optimized, and AX8900 was
varied from 10-30% (w/w). (The blends throughout the manuscript were named PGA/PBAT/AX8900



50/50/10, 50/50/20, and 50/50/30, respectively.) Before extrusion, PGA and PBAT were dried in
desiccant dryers overnight at 80 °C. The extrusion was performed on Eurolab 16 (Thermo Fisher
Scientific) twin-screw extruder with an L/D ratio of 40:1. Zone 2 was set to 100 °C, while zone 3 to 220
°C, zones 4 through 7 to 240 °C, 8 and 9 were set to 230 °C and the final zone, 10 was set to 220 °C.
The feed was set at 6 %, and a screw speed of 120 rpm was used for all experiments.

2.3.Blend characterization

Fourier-Transform Infrared spectroscopy (FTIR) was performed on a Bruker TENSOR 27 in the
spectral range 4000 to 650 cm™ at a resolution of 4 cm™ with 64 scans. Differential scanning calorimetry
(DSC) was carried out using a DSC 1 by Mettler Toledo. 5-8 mg of a polymer was placed within a DSC
pan and then analyzed under a constant nitrogen flow rate of 50 mL/min. The experiments were
performed using 10 K/min for both heating and cooling cycles. Thermogravimetric analysis (TGA) was
performed on a Mettler Toledo instrument operating with a nitrogen flow rate of 50 mL/min and a
heating rate of 10 K/min, heating from room temperature to 500 °C. For mechanical testing, blends were
pelletized and injection moulded as per ASTM D 638 standards using a Haake Minijet Pro piston
injection moulding machine. The mechanical testing was performed on 300 kN Static Instron with a 10
kN fixture and a strain rate of 10 mm/min up to 110 % elongation and then at 25 mm/min until the
sample broke. Scanning electron microscopy (SEM) was performed using a Zeiss Sigma. Oxygen
transmission rate (OTR) and water vapour transmission rate (WVTR) were measured using a Totalperm
permeabilimeter by Permtech, according to ASTM 3985 (OTR at 23°C and 0% RH), ASTM F1927
(OTR at 23 °C and 50% RH) and ASTM F1249 (WVTR at 23°C and 65% RH). To reset any influence
arising from different film thicknesses, transmission rate values were converted to permeability
coefficient — P’O, (cm® mm /m? 24h atm) and P'WV (g mm /m? 24h atm).

3. Results and Discussions

Figure 1 shows the normalized FTIR-ATR spectra of the blends in film form. Pristine PGA
shows an ester stretching band at 1737 cm™ while PBAT shows the -C=0 ester stretch at 1711 cm™.
The -OH stretching at 3424 cm™ was observed for PBAT in Figure 1(b). In PGA/PBAT 50/50, the PGA
ester stretching peak shifts to 1733 cm™ while the PBAT ester stretch shifts to 1720 cm™, attributed to
a change in the polymer crystalline structure. The -OH stretching due to PBAT was also observed at
3514 cm, see Figure 1(b). With the addition of 10 wt.% AX8900, the shift in ester and carbonyl groups
is prominent at 1731 cm™and 1715 cm™ but a change in PGA ester intensity was observed with respect
to PBAT, indicating that some of the PGA ester groups were hydrogen bonding with the hydroxyl group
of PBAT. In addition, the -OH stretching observed in the PGA/PBAT/AX8900 (50/50/10) blend
broadened and shifted to a lower wavenumber, indicating further that the newly formed hydroxyl group
of AX8900 interacted with esters along the PBAT and PGA chains. Similar observations were also seen
in the blends containing 20 and 30 wt.% AX8900 blends, where the shift in the PGA ester and PBAT
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ester are observed at 1731 and 1715 cm™, respectively for the 20 wt.% AX8900 blend; and 1731 and
1716 cm™, respectively, for the 30 wt.% AX8900 blend.

The free carboxylic acid end group in PBAT can react with the glycidyl end of AX8900 to form
ester derivatives as per the mechanism proposed by Shechter et al.*® It is important to note that sufficient
glycidyl groups are required for this reaction, since AX8900 only contains 8 % of glycidyl moieties, we
therefore selected a concentration > 10 % in our studies. The reaction schematic for the blends is
proposed in scheme 1.
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Figure 1: (a) FTIR of the polymers and blend compositions of PGA, PBAT, PGA/PBAT (50/50) and
the blending of between 10 and 30 wt.% AX8900. (b) FTIR showing the change in the OH peak in of
PGA, PBAT, PGA/PBAT (50/50) and the blending of between 10 and 30 wt.% AX8900 and (c) FTIR
showing the change in the ester peak in PGA, PBAT, PGA/PBAT (50/50) and the blending of between
10 and 30 wt.% AX8900.

The thermal stability of the PGA, PBAT, and the blends were investigated by TGA and shown
in Figure 2. The Tsy onset degradation temperature for PBAT was 367.6 °C, while it was 299.5 °C for
PGA. PGA/PBAT 50/50 blend had the Tsy onset degradation temperature at 311.6 °C, while the
50/50/10 blend showed a Tsy onset degradation temperature at 303.7 °C. The Tsy 0nset degradation
temperature for the 50/50/20 blend and 50/50/30 blend were 306.4 °C and 315.7 °C, respectively.
Evidently, from this, it can be established that all these functional blends were thermally stable up to

300 °C, well above the temperature used during to melt mix the blend components.



Figure 3(a) and (b) shows the 2" heating and cooling curve from the DSC thermographs of
PGA and its blends, respectively. Table 1 summarizes the associated key thermal transitions. For
calculating % crystallinity (% Xc) of PGA in the blend, the following formula was used:

1 AHp
0 = (2
0 Xe= 1 (AHf0 ) X 100 1)

where, w; is the weight fraction of PGA in the blend, AH is the enthalpy of fusion of PGA

derived from the second heating curve, and AH®% is the enthalpy of fusion of 100 % crystalline PGA

(191.3 J/g).*® Figure 3(a) shows that pristine PGA exhibited double melting peaks in the 2" heating
cycle, which are ascribed to the melting of primary crystals formed during isothermal crystallization of
PGA and the subsequent melting of recrystallized crystals that formed during heating.?® An increase in
the melting temperature of PGA was observed in the blends containing AX8900 compared to the
PGA/PBAT 50/50 blend. The effective blend T, also increased with the incorporation of AX8900 in the
blends. A similar slight shift in crystallization temperature was also observed in the cooling cycle of the

blends, see Figure 3(b).

As shown in Table 1, while the pristine PGA had a %X, of 45.1, with blending, it is dropped to
37.2 % for the PGA/PBAT 50/50 blend, whereas PBAT remained largely unaffected. After addition of
10 and 20 wt.% AXB8900 (effective concentration in the final blend 9.1 wt.% and 16.68 wt.%,
respectively), the % X.of PGA increased to 45.6 and 48.0 %, respectively. This can be ascribed to the
enhanced specific interactions between AX8900 and the polymer chains, dominated by hydrogen
bonding. Comparatively, the %X, of PBAT decreased to 5.5 and 8.9 %, respectively. The initial
decrease in crystallinity was attributed to the reaction between AX8900 and PBAT. When the
concentration was further increased to 30 wt.% (effective concentration in blend 23.06 wt.%), a drop in
the % X of PGA was observed, whilst the %X increased further for PBAT indicating that the higher
content of AX8900 was reacting with PBAT and compatibilizing PGA
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Figure 2: TGA weight loss curves for PGA, PBAT and PGA/PBAT/AX8900 blends.



o o
a TnaPGA (220.6°C) o
g @ sois0130 1]
o 9}
TaPBAT (12079 Lo 511 400)
50/50/20 =
T,,PBAT (120.3°C)

— TiPGA (211.3 °C) —

S | sor5010 AT 3

\CU/ L/—/l_,_/ TnaPGA (220.7°C) ©
PGA/PBAT 50/50 g

= TwPBAT (120°C) T, PGA (207.4°C =

o PBAT Tm2PGA (217.9°C o
9 —
4('_5‘ PGA TmPBAT (119.7“0)1—'"1'3GA (205.8°C) o E
b)) TysPGA (216.4°C 3]
I I

TmPGA (214.2°C)
T,,PGA (222.8°C)
—7T r T - T 1 ' 1 T ' T T T T T 7
-60 -30 O 30 60 90 120 150 180 210 240

Temperature (°C)
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Table 1: DSC thermal transitions of the PGA and PBAT based blends.

T, (°C
o) CC) Tc(C) Tm(C)  T.(°C) % Xe %Xe
Sample PBAT,
PGA ~ PGA  PBAT  PBAT PGA PBAT
PGA
21422,
PGA -, 514 190.4 - - 45.1 -
222.8
PBAT 287, - - ; 118.6 75.9 - 11.1
PGA/PBAT 206.8,
-28.9, - 190.5 120.6 83.9 37.2 13.4
50/50 2175
280,  207.4
50/50/10 190.5 120.6 83.9 45.6 5.5
37.9 217.6
-30.19, 2116,
50/50/20 194.0 119.8 77.1 48.0 8.9
38.5 220.5
297, 2111,
50/50/30 1925 119.9 77.4 38.1 13.4
39.4 220.3

The effect of AX8900 on the mechanical properties of PGA/PBAT (50/50) is shown in Figure 4. While
the average tensile stress of pristine PGA was 120 MPa and pristine PBAT was ~24 MPa, the

uncompatibilized 50/50 blend had an average tensile stress of 7.5 MPa. PGA had an average strain at

break of 5 % while that of PBAT was ~ 775 %. The uncompatibilized 50/50 blend exhibited an average
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N—r

Young's modulus

strain at break of 10.7 %, suggesting that the PGA and PBAT phases are not compatible. However, the
tensile strength and the elongation at break of the PGA/PBAT blends improved with the addition of
AX8900. There was a marginal increase in the tensile stress from 7.5 MPa to 10 MPa for 50/50/10 and
to 10.5 MPa for 50/50/20 blends, respectively. Although, there was a significant enhancement in the
elongation at break with addition of 10 % and 20 % AX8900, there was no improvement in the
elongation at break after 20 % which suggests that AX8900 is an effective compatibilizer for the co-
continuous PGA/PBAT blend only at concentrations <30 % (effective concentration 23.1 % by weight).
PGA/PBAT/AX8900 50/50/20 showed the highest elongation at break of 145.2 + 16.8 % and tensile
stress compared to PGA/PBAT 50/50.

Figure 5 shows the difference in mechanical properties of the 50/50/20 AX8900 blends (tensile
strength and strain at break) with values taken from the literature for other biodegradable co-continuous
blends. Evidently it can be observed that in co-continuous regime, the blends exhibit low extension at
break (<120 %). Further, pristine polymers like PGA, PLA and PLGA also exhibit low extension at
break. But, with inclusion of AX8900 as a compatibilizer, the blends exhibited extension at break~ 150

% which is a key requirement for flexible packaging films.

Figure 6(a) and (b) shows the SEM micrographs taken of the fractured surfaces of PGA/PBAT 50/50
and PGA/PBAT/AX8900 50/50/20 blends. The cryo-fractured samples show that prior to introduction
of AX8900, 50/50 PGA/PBAT blends show large phase separation with some spherical domains
measuring over one hundred micrometers. Upon addition of 20 wt.% AX8900, the size of the phase
separated domains decreased to between 20 um — 100 um and the number of phase separated domains

also appeared reduced, indicating that AX8900 was compatibilising the two polymers together.
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Figure 4: Effect of composition on the mechanical properties of PGA/PBAT blends. * indicates that

the results are statistically significant. (Determined using ANOVA post-hoc analysis with p<0.05 and
n=>5 specimen.)
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Figure 6: Surface SEM images of cryo-fractured a) PGA/PBAT 50/50 blend and b)
PGA/PBAT/AX8900 50/50/20 blends.

Rheological characterisation of the polymer blends is shown in Figure 7. As 10wt.% compatibilizer is
introduced, the storage modulus, loss modulus and complex viscosity of the polymer blend is unaffected
across the entire frequency range examined. However, a small shift in the Cole-Cole plot, Figure 7c,
shows a small increase in the storage modulus. This is due to interaction between 10 wt.% AX8900
operating via an interaction based compatibilising mechanism, but insufficiently compatibilising the
PGA and PBAT. After introducing 20 wt.% AX8900, both the storage and loss modulus, and complex
viscosity of PGA/PBAT (50/50) increased by one order of magnitude. In addition, the Cole-Cole plot
shows a big increase in the storage modulus and confirms that AX8900 is compatibilising enough PGA
and PBAT to significantly affect its physical properties. Finally, after the addition of 30 wt.% AX8900,
a further increased of one order of magnitude is observed in the storage modulus and complex viscosity,
but not the loss modulus, demonstrating an increase in the elastic behaviour of the blend. The greater
increase in the storage modulus in the Cole-Cole plot shows that 30 wt.% AX8900 further increases the
compatibility between PGA/PBAT, which is reflected in the mechanical properties of Figure 4.
Furthermore, as the compatibiliser content is increased in PGA/PBAT (50/50), the crossover point for
the liquid-to-solid like behaviour transition of the polymer blend occurs at higher frequencies, occurring
at 0.05 Hz, 0.9 Hz and 27 Hz in 10 wt.% to 30 wt.% AX8900 additions, respectively. Without AX8900,
this transition is not observed, see supporting Figure x, demonstrating the increased elastic behaviour
of the blend.
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Figure 8(a) and (b) shows the permeability data of oxygen (P'O at 23 °C and 0% RH and 50%
RH) and water vapor (P'WV at 23 °C and 65% RH) for the polymers blends used in this study
respectively. Kureha’s PGA has an oxygen permeability of 0.013 cm® mm m day * atm * at 20 °C and
80% RH3 while from our study we observed the oxygen permeability of PBAT as 82.1 cm® mm m™
day ‘atm™ at 23°C and 50% RH. Since we have already established that PGA and PBAT were not
compatible after blending, the av. oxygen permeability of 50/50 at 23°C and 50% RH was much higher
than PBAT (P'O; = 124.73 cm® mm m day ‘atm™). The oxygen permeability was even higher for the
50/50/10 blend, which can be plausibly explained by a double effect. On the one hand, the addition of
10 % AX8900 was not sufficient to induce enough compatibility between PGA and PBAT so to have a
relevant effect on the diffusion of oxygen. On the other hand, the addition of AX8900 might have had
a detrimental effect on the oxygen barrier performance to its mainly aliphatic chemical structure, that
is, the hydrophobic tail suppresses the cohesion of the polymer network thus decreasing its density,
which was eventually reflected in the dramatic increase of the oxygen permeability of the blend. With
a AX8900 concentration > 20 %, the av. oxygen permeability value dropped significantly from 124.73
cm® mm m day ‘atm™ for 50/50 blend to 102.6 cm® mm m day *atm™ for 50/50/30 blends. In this
case, the decrease in oxygen permeability can be explained considering the contribution of the increased
amount of AX8900 to the compatibilization, which overcompensated the detrimental effect owing to
the hydrophobic features of the AX8900 tail, as described before. This data supports the previous
observations in mechanical properties as well. Apparently, the oxygen barrier performance was not
improved upon increasing the amount of AX8900 up to 30 wt. %, corroborating the finding that after
20 wt. % of AX8900, any further addition of AX8900 in the polymer blend did not bring to any

improvement.

The water vapour permeability of PGA was reported to be WP = 0.165 g mm m? day * atm™* at
40 °C and 90% RH?®! while from our experiments, PBAT showed an av. water vapour permeability of
6.34 g mm m? day * atm * at 23°C and 65% RH. With blending a different scenario was observed. A
decrease of ~ 40% in the av. water vapour permeability was seen for PGA/PBAT 50/50 blend. An
additional improvement of the water vapour barrier performance was observed upon the addition of 10
wt. % and 20 wt. % AX8900 (~ 40% and ~ 47%, respectively, over the PGA/PBAT 50/50 sample). This
trend, which was significantly different from what observed for the oxygen permeability, can be
explained considering that AX8900 contributed to the improvement of the water vapour barrier
performance both as a compatibilizer and by its hydrophobic tail, which acted as a chemical barrier to
the diffusion of water molecules across the film thickness. However, as observed for the oxygen barrier
performance, no statistically significant difference was observed in the P’'WV value of the PGA/PBAT
50/50/30 sample, once again confirming that the most efficient concentration of AX8900 is 20 wt. %.
We attempted to correlate the observations with crystallization behavior of PGA. However, we didn’t

see a direct trend between the barrier performance and crystallinity, probably due to the fact that facors
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other than crystallinity affected the overall diffusion mechanism. For polymers like PLA, it is well
established that polymorphism of crystals, the fraction of rigid amorphous content, and degree of space
filling all contribute to the barrier performance.®3* We assume that since PGA is structurally similar to
PLA, these important factors may also be valid for PGA as well and need further investigations.

Table 2 compares the permeability data obtained in our work with some commercial polymers
and flexible films. It can be seen that although some polymers do exhibit lower oxygen and water vapour
permeability but, due to improper waste segregation and plastic management practices, they contribute
to plastics pollution. PGA and PBAT both are completely biodegradable and can close the plastics
recycling loop. Further, the barrier properties are comparable to the conventional polymers making

them suitable for packaging applications

Table 2: Comparison of oxygen and water vapour permeability of commercial polymer films with the

present work. The values are from reference *

P'O; P'WV
Polymers

(cm2-mm/m2-day-atm) (g-mm/mz2-day)
BASF Terluran ABS Film 45.6 - 81 3.1
Dow Acrylonitrile ABS Films 47 - 102 20-6.3
Dow Trycite Oriented PS Film 98 - 138 1.3
BASF AG Polystyrol 168 N GPPS Film 101 1.2
High Density Polyethylene (HDPE) 26.3 - 98.5 0.1-0.24
Mid Density Polyethylene (MDPE) 98.5-210 04-0.6
Low Density Polyethylene (LDPE) 98 - 453 0.39-0.59
DuPont Mylar Films Polyethylene Naphthalate

1.13-1.18 0.38 - 0.57
(PEN)
Fluorinated ethylene propylene (FEP) 295 -394 0.087
Polytetrafluoroethylene (PTFE) 222 — 387 0.0045-0.30
Ethylene Vinyl Alcohol (EVOH) 0.01-0.15 08-24
Polyvinylidene Chloride (PVDC) 0.00425 - 0.57 0.025 - 0.913
DOW Saran PVDC Films 0.00425 - 0.00625
PGA (this work) 46.61 - 61.21* 4.78 - 5.68**
PBAT (this work) 71.4 -92.8* 5.58 - 7.1**
PGA/PBAT 50/50 (this work) 110.03 - 139.43* 3.04 - 3.94**
PGA/PBAT/AX8900 50/50/20 (this work) 104.01 - 128.01* 1.65-2.07**
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* At 23°C and 50% RH, ** At 23°C and 65% RH

Conclusions

In the present work, we investigated the compatibilization of co-continuous biodegradable polymer
blends of PGA and PBAT by using a unique epoxy-based compatibilizer Lotader AX8900. The blends
were characterized using DSC, TGA, and FTIR, while mechanical properties were evaluated using
UTM. It was observed that the compatibilized blends exhibited good thermal stability up to 300 °C, and
the 50/50/20 blend was the best among all compositions. This blend exhibited good extension at a break
of 145.21 + 16.82 % and had a spherical morphology as observed after the cryofracture of the samples.
Rheological analysis showed that the introduction of the compatibilizer increased the elastic behaviour
of the blend as the PBAT and PGA were compatibilized. It was observed that 20 wt.% AX8900 was
required to have a significant effect on the physical properties of the polymer blend. The blend also
exhibited a superior barrier to oxygen and water vapour with oxygen permeability and water vapour
permeation 116.01 £ 12.0 cm3-mm/m?2-day-atm and 1.86 + 0.21g-mm/m?-day respectively. Taken

together, the proposed biodegradable blend may be suitable for thermally stable packaging applications.
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