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Abstract: The intense consumption of conventional plastics has been generating a series of problems
for nature due to the accumulation of municipal solid waste because of its difficult degradation.
Therefore, the use of biodegradable polymers becomes a good option to minimize these effects. Poly
(lactide acid)/poly(butylene adipate-co-terephthalate) (PLA/PBAT) is a biodegradable blend that can
be used mainly in applications that have a short shelf life. So, it is important to know the total
biodegradation time of this blend. For this reason, PLA/PBAT films (1.5 x 1.5 x 0.15 cm) were produced
by thermal compression molding to be subjected to biodegradation tests in soil and aqueous medium
for 180 days. The films were characterized by visual analysis, weight loss measurements, differential
scanning calorimetry (DSC), Fourier transforms infrared spectroscopy (FT-IR), contact angle, and
scanning electron microscopy (SEM). DSC showed an increase of 0.7% in PLA crystallinity subjected
to the aqueous medium, while FT-IR showed a reduction in the bands at 1710 cm-1 and 1100 cm-1, as
a result of hydrolysis for both methodologies. The blend's hydrophilic character was increased after
both degradation processes, presenting a reduction of 34.5% in the contact angle after biodegradation
in soil. From the results, it was possible to conclude that PLA/PBAT films did not degrade completely,
as expected, but showed signs that indicated the beginning of the degradation. The degradation was
more effective in the aqueous medium.

Keywords: polymer blend; poly (lactide acid); poly (butylene adipate-co-terephthalate);
biodegradation in soil; biodegradation in aqueous medium.
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1. Introduction

It is increasingly known the importance that conventional plastics have in lives once
they bring more comfort and practicality. Their excellent physical and barrier properties, ease
of manufacturing, and low production costs have made these materials useful in almost all
fields of applications [1]. However, despite these benefits, as a result of this intense
consumption, several environmental problems can be caused, mainly due to the accumulation
of packaging waste from non-biodegradable polymers, once they take a long period to
decompose completely [1-3]. As a result, a large part of this waste accumulates in inappropriate
places or is destined to open places, without proper treatment of leachate and gas collection,
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which can cause problems for human health and the environment [4, 5]. Many works report
these damages caused by leachate percolation to the people and nature that live and consume
this groundwater [6-9].

An environmentally-friendly alternative that has been gaining great visibility to
minimize environmental problems is biodegradable polymers. Most of these polymers undergo
hydrolytic and enzymatic degradation causing the polymer chains to break [10]. Their use is
beneficial for the environment because the final products of biodegradable polymers are
usually COz2, CHa, water, inorganic compounds, or biomass [11].

So, due to biodegradability, there is a great expectation about the growth in these
products’ consumption. According to the European Bioplastics Association, in cooperation
with the research institute nova-Institute [12], the production capacity of bioplastics in 2019
was 2.1 million tons, and it is expected that this capacity is set to increase reaching around 2.4
million tons in 2024.

Some of the most well-known bioplastics used in the market are poly (lactide acid)
(PLA) and poly (butylene adipate-co-terephthalate) (PBAT). PLA has great biodegradability,
processability, and attractive low cost [10]. It is aliphatic thermoplastic polyester, and it is
derived from renewable sources, such as sugar, corn, potatoes, cane, etc. [13]. It can be used to
produce packaging in general [10, 13, 14], for textile [10, 13] and biomedical [10, 14, 15]
sector. However, it is a material very brittle [16], and for this reason, it is often used with
another biodegradable polymer, as poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV)
[17], polycaprolactone (PCL) [18, 19], PBAT [20-23] and others. The case of PBAT, which
was used in the present study, is aliphatic-aromatic co-polyester derived from fossil-based
resources, and it is obtained by poly-condensation between butanediol, adipic acid, and
terephthalic acid [1, 24, 25]. PBAT has excellent mechanical properties and good
biodegradability and is used to produce plastic packaging and mulch films [24, 26, 27].

PLA/PBAT is a biodegradable blend that was developed to improve some properties.
Many studies have shown that PLA/PBAT blending can promote several improvements, such
as flexibility and better processability, without, theoretically, compromising biodegradability
[1, 28]. Even presenting their biodegradability as main characteristics, these biopolymers,
mainly PLA, present a slower biodegradation rate in soil than other biopolymers, such as
PHBYV and PCL. Biodegradation occurs due to the specific presence of enzymes that degrade
PLA and are excreted by some microorganisms. What hinders the biodegradation process
directly in the soil is that these microorganisms are found in lesser amounts in this medium
than microorganisms that degrade other biodegradable polyesters [29-32]. But the process of
biodegradation of the polymer and the blend occurs, as can be seen in the works of the literature
[30, 33, 34].

Tabasi and Ajji [35] studied selective degradation of biodegradable PLA/PHB/PBAT
blends in simulated laboratory composting, and the authors explain that the disintegration of
blends can be different from neat materials. Weng et al. [36] also realized that the degradation
of blends of PLA/PBAT in the soil could be slower than neat PLA, even without noticing a
difference in the chemical structure.

For this, there are several types of laboratory tests using different types of
environmental compartments (such as soil, compost, and aqueous medium) for the assessment
of polymer biodegradation [13, 14]. These tests are performed in the laboratory to simulate
ideal conditions of temperature, moisture, and oxygen to measure the degree of intrinsic
biodegradability of these materials [37].
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The vast majority of biodegradation studies of PLA and PBAT are related to
composting conditions [34, 35, 38—-40] and few about biodegradation under soil [30, 33] and
medium aqueous conditions [41]. The number of works is even lower when it comes to the
PLA/PBAT blend in different biodegradation conditions. The literature reports only a few
works about under conditions of biodegradation in soil.

Weng et al. [36] studied the biodegradation of PLA, PBAT, and the blend of
PBAT/PLA (40/60), in real conditions of biodegradation in soil and observed different
degradation rates for each polymer after 4 months of degradation.

Freitas et al. [42] investigated the thermal, rheological, and morphological properties
of PLA/PBAT blends (45/55) containing montmorillonite clay (MMT) and/or chain extenders
(CE) after 126 days of biodegradation in soil. The authors verified that the blend without the
other components' addition showed the highest amount of CO2 released and more signs of
degradation compared to the other mixtures.

Palsikowski et al. [43] also studied biodegradation in soil of PLA, PBAT, and
PLA/PBAT blends (25/75) and (75/25) compatibilized with a chain extender and verified that
the effect of adding the chain extender was to delay the biodegradation process after 360 days.

For this reason, it is interesting to better understand the biodegradation time of this
blend without the addition of another component and to know how it would react under other
conditions, such as in aqueous medium conditions. Thus, a study on the biodegradation of the
PLA/PBAT blend under an aqueous medium becomes important to compare it with soil
conditions. In this way, this work's objective was to study the biodegradation of PLA/PBAT
blend through the performance of biodegradation tests in soil and the aqueous medium.

2. Materials and Methods
2.1. Materials.

Poly (lactide acid)/poly (butylene adipate-co-terephthalate) (PLA/PBAT) was provided
by Basf (Brazil) with the name ecovio®. Ecovio® is a commercial blend composed of 45%wt
of poly(lactide acid) and 55%wt of poly(butylene adipate-co-terephthalate) with a density
range from 1.24 to 1.26 g/cm®. Commercial garden-fresh soil from West Garden® (S&o Paulo,
Brazil) was used for the biodegradation test.

2.2. Method for obtaining PLA/PBAT films.

PLA/PBAT films (1.5 x 1.5 x 0.15 cm) were obtained by thermal compression molding at
200 °C with a pressure of 1 ton for 3 min, using a hydraulic press (MH Equipamentos, Brazil,
model PR8HP). The average mass of the samples was 0.25g.

2.3. Biodegradation tests.

Two biodegradation tests (biodegradation in soil and aqueous medium) were carried
out on PLA/PBAT films for 180 days. At the end of both biodegradation tests, the films were
washed thoroughly with distilled water to remove adhered material in their surfaces and dried
in a vacuum oven (28 °C = 2 °C) for 24 h until constant weight. All the samples were
characterized by visual analysis, weight loss measurements, differential scanning calorimetry
(DSC), Fourier transformed infrared spectroscopy (FT-IR), contact angle, and scanning
electron microscopy (SEM).
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2.3.1. Biodegradation in soil.

The soil biodegradation test was based on the methodology used by Braga et al. [44].
For the biodegradation test in soil, the films of PLA/PBAT (n=6) were buried in commercial
soil Falcon flasks (50 mL), and the humidity was controlled at 60% of the retention capacity.
The amount of soil was calculated from the relation between the mass of the soil (ms) and the
mass of the film (ms), according to Equations 1 and 2.

Relation = == (1)
mg

mg = Relation X mg 2

After that, the Falcon Flasks were placed inside an incubator (LUCADEMA -
Incubadora Shaker Luca-223) with a controlled temperature of 30 °C (+ 2 °C) for 180 days.

2.3.2. Biodegradation test in an aqueous medium.

The biodegradation in an aqueous medium was carried out according to the
methodology reported by Hong et al. [45] and Silva et al. [46]. For this biodegradation test was
used the mineral salt solution containing 900 mL of distilled water and the following amounts
of salt: NA2HPO4 (2.788 g), KH2PO4 (2.385 g), NH4Cl (0.270 g), MgSO4+7H20 (0.432 g) and
more 900 pL of another solution containing (NHa)2Fe(SO4)2.6H20 (0.05 g), ZnS04.7H20
(0.013 g), MnCl2.4H20 (0.013 g), CuS0O4.5H20 (0.0005 g), NazB40O7.10H20 (0.0005 g) in 250
mL of 1 M HCI solution. Both solutions were autoclaved for 20 min at 121°C.

To prepare the microbial inoculum, it was necessary to extract the microorganisms
present in commercial soil to add to a culture medium. It was added 280 g of vegetal soil and
400 mL of water in a flask. After that, the mixture was stirred and remained for 1 h at rest.
Then, the system was filtered to remove suspended particles. The proportion used was 40%
(v/v) of filtrate solution and 60% (v/v) of culture medium containing glucose (0.3 g), peptone
(0.3 g), yeast extract (0.3 g), and 300 mL of distilled water which had also been autoclaved for
20 min at 121°C.

The initial concentration of microbial cells implanted in test solutions was controlled at
around 50 mg of dry cell weight per liter of the test solution, so 1.9 mL of the microbial
inoculum was added. The number of microorganisms in the reactional medium affects the rate
of biodegradation of samples. So, the authors determined the mass concentration of dry cells
in the microbial suspension because it was a fast and available method to quantify the number
of microorganisms, which compares with other works. The same methodology was used by
Silva et al. (2019) [46] for the biodegradation tests. The average mass of the films was 0.25g.

After all, in Falcon flasks (50 mL), was added 20 mL of mineral salt solution, 1.9 mL
of microbial inoculum, and samples of PLA/PBAT (n=6). All Falcon flasks were left
semiclosed for gas exchange inside an incubator (LUCADEMA — Incubadora Shaker Luca-
223) under stirring at 120 rpm and 30 °C. The biodegradation time was 180 days.
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2.4. Analytical characterization.
2.4.1. Visual analysis.

Images of PLA/PBAT films were taken using a photographic camera (Sony® Cyber-
shot DSC-HX200V) before and after biodegradation tests in soil and the aqueous medium to
analyze surface degradation after these biodegradation tests.

2.4.2. Weight loss.

PLA/PBAT films (n=6) were weighed on an analytical balance (Marte - AY200) before
and after both biodegradation tests. The percent weight loss was determined using Equation 3.

Wt.loss (%) = 2 X 100 3)

w
Where Wo is the initial weight and WHf is the final weight after the biodegradation test. The test
was performed in triplicate; the weight loss was calculated by their average.

2.4.3. Differential scanning calorimetry (DSC).

Differential scanning calorimetry analyses (DSC) were performed on Netzsch
equipment (Phoenix® DSC 2014 F1). Approximately 10 mg of each sample was dried and
placed into aluminum pans. After that, samples were heated with a heating rate of 10 °C min™
from 25 °C to 200 °C, using a nitrogen atmosphere with a gas flow of 20 mL min™. The degree
of crystallinity (Xc) of the films was determined by Equation 4 (for PBAT fraction) and
Equation 5 (for PLA fraction). The melting enthalpy of the hypothetically 100% crystalline
polymer corresponds to 114 J.g for PBAT (AHmp1) and 93 J.g™* for PLA (AHmp2) [47].

AHmMp1
XCI(%) - AHmPBATrlr:)Z())%xO.SS x 100 Eq. 4
Xc2(%) = AHmp2 x 100 Eq. 5

AHMPLA100% x 0.45
2.4.4. Fourier transforms infrared spectroscopy (FT-IR).

PLA/PBAT films before and after both biodegradation tests were analyzed by Fourier-
transformed infrared (FT-IR) spectroscopy in a PerkinElmer Spectrum One equipment, using
universal attenuated total reflectance (UATR) from 400 to 4000 cm™, to verify the functional
groups present in the films.

2.4.5. Contact angle.

PLA/PBAT films were submitted to measurements of contact angle, using an advanced
goniometer (Ramé-Hart, mod. 500), before and after both biodegradation tests (n=4). The
wetting liquid was distilled water with the sessile drop method (1.0 pL, 25°C). Then, the
average of four measurements was calculated to verify the wettability of the films.

2.4.6. Scanning electron microscopy (SEM).

The surface morphology of PLA/PBAT films was observed by Inspect S50 (FEI
Company® microscope), operated at 7.5 keV before and after biodegradation in soil and the
aqueous medium. The films were fixed on aluminum stubs and coated with gold.
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3. Results and Discussion

3.1. Visual analysis.

Figure 1 shows the macroscopic visual analysis of PLA/PBAT films at the initial time,
after biodegradation in soil and aqueous medium for 180 days. At the initial time (Figure 1A),
it is possible to see that the film presents a smooth white surface. However, after biodegradation
in soil (Figure 1B), the films became a little rough and with yellow spots on their surfaces. In
contrast, after biodegradation in the aqueous medium (Figure 1C), the films presented only a
rougher aspect.

Palsikowski et al. [43] studied the biodegradation of PLA/PBAT(75/25) and
PLA/PBAT(25/75) blends and observed the yellowing of the samples and some deformations,
followed by breaks only after 180 days, being more effective in the blend with higher amount
of PBAT. The authors justify the better resistance of the blend PLA/ PBAT (75/25) because it
has a higher amount of PLA and a glass transition temperature (Tg) above room temperature,
hindering its biodegradation.

In the case of biodegradation in the aqueous medium, the effect of biodegradation was
also very moderate. Moreover, the authors explain that low degradation can occur because the
laboratory conditions are not as aggressive as the external environment, mainly concerning
temperature [43].

Figure 1. PLA/PBAT films: at the initial time (A), after biodegradation in soil (B), and in the aqueous medium
©).

3.2. Weight loss.

Figure 2 shows the weight loss percentage of PLA/PBAT films after exposure to the
biodegradation test in soil and agueous medium for 180 days. The result presented is lower
than expected for a biodegradable material. According to ASTM 6400, [48] for a polymer to
be considered biodegradable, the organic carbon present in the film should have a degradation
of approximately 90% in 180 days. What happened was an increase in the weight of the films
after both biodegradation tests. The increase in the weight of the films may be related to water's
presence, characteristic of the hydrolysis process of biodegradation in an aqueous medium,
necessary for the biodegradation of the material. According to Rydz et al. [49], at the beginning
of biodegradation, due to hydrolytic degradation, the weight loss slowly decreases, which may
be the case of these studied films. Furthermore, it was possible to observe the effect of
biodegradation, possibly due to the formation of colonies of microorganisms on the surface of
the films, mainly in the biodegradation in the aqueous medium. The presence of
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microorganisms is important for the consumption of hydrolysis products, promoting
biodegradation [42].

After the biodegradation in soil, the PLA/PBAT films presented an increase of ~0.7
wt%, while after the biodegradation in the aqueous medium, the PLA/PBAT films presented
an increase of ~1.4 wt%, indicating that biodegradation in soil, possibly will be faster in longer
periods of degradation, due to the action of microorganisms present in the soil, causing the
breakdown and/or consumption of the PBAT chains [40]. Furthermore, according to
Kijchavengkul et al. [40], the biodegradation of PBAT is caused mainly by microbial
degradation and hydrolysis, as the BA structure is more susceptible to hydrolysis than was the
BT structure; that is, the non-crystalline portion of PBAT can be more readily biodegraded than
the crystalline portion.

-2.5

-1.4+0.05
-2.04

-1.54

104 07002

Weight loss (%)

-0.54

0.0-

Soil Aqueous medium

Figure 2. Weight loss (%) of PLA/PBAT films after biodegradation in soil and in aqueous medium for 180
days.

3.3. Differential scanning calorimetry.

Figure 3 shows the DSC thermograms of PLA/PBAT films before and after
biodegradation tests in soil and aqueous medium for 180 days, and Table 1 summarizes Tg,
cold crystallization (Tcc), melting temperature (Tm), and degree of crystallinity (Xc) for
PLA/PBAT films.

It is noted that the films, at the initial time, presented Tg and Tcc at 59.9 °C and 88 °C,
respectively, both referring to the PLA and two melting peaks at approximately 151.6 °C for
PBAT and 166 °C for PLA.

Freitas et al. [42] studied biodegradation in soil of PLA/PBAT blends (45/55) and also
observed during the DSC analysis before biodegradation test, the occurrence of two melting
peaks related to PLA and PBAT with Tm’s similar to this work. Musiot et al. [50] also observed
the occurrence of these two melting peaks, but the Tm’s were close to 145 °C for PBAT and
150 °C for PLA. However, the blend studied by the authors was composed of 40% PLA and
60% PBAT, different from the present study that used the 45/55 ratio.

After the biodegradation tests, it was possible to observe that there was a slight change
in the thermal behavior of the films. After the biodegradation in soil, PLA/PBAT films
presented Tg at 62.5 °C (+ 2.6 °C), Tcc at 87.1°C (- 0.9 °C), and two Tm’s at 151.6 °C (0.0 °C)
for PBAT and at 164.8 °C (- 1.2 °C) for PLA, when comparing with the film at the initial time;
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while after the biodegradation in aqueous medium the PLA/PBAT films presented Tg at 61.8
°C (+1.9°C), Tcc at 84.4 °C (- 3.6 °C) and two Tm’s at 150.3 °C (- 1.3 °C) for PBAT and
164.1°C (- 1.9 °C) for PLA, compared with initial time films.

Although the literature reports that a decrease in Tg is expected over time [30], a small
increase was observed in both biodegradation tests. This fact may be related to the breakdown
of the largest chain segments of the amorphous phase at the beginning, which is more easily
bio-assimilated or crystallized due to less restriction by the crystalline phase. However, the
remaining segments of the amorphous phase are smaller and more difficult to break, increasing
Tg [43]. Besides that, it is worth noting that the samples were exposed to biodegradation under
conditions of lower temperatures than that adopted in composting simulations (58 °C), which
may explain a longer delay for the degradation process [51].

Regarding Xc values, it was observed that after the biodegradation in soil, the
crystallinity of PLA decreased 13.8% and for PBAT increased 1%, while after the
biodegradation in the agueous medium, there was an increase of 0.7% for PLA and a reduction
of 0.2% for PBAT. After biodegradation in the aqueous medium, there was an increase in PLA
crystallinity, indicating that PLA hydrolysis occurred, being responsible for reducing the size
of the chain segments in the amorphous region. So, as degradation occurs, the greater the
mobility of these chains, increasing their crystallinity [43, 52].

40 60 30 100 120 140 160 180 200
Temperature (°C)

Figure 3. DSC thermogram of PLA/PBAT films at the initial time (A), after biodegradation in soil (B) and in an
aqueous medium (C) for 180 days.

Table 1. Thermal properties of PLA/PBAT films at the initial time, after biodegradation in soil and in aqueous
medium for 180 days.

Sample Tg (°C) Tcc (°C Tm (°C) Xc (%)

PLA PBAT |PLA |PLA PBAT |PLA |PBAT
Initial time 59.9 - 88.0 | 166.0 151.6 | 813 1.8
After biodegradation in Soil 62.5 - 87.1 |164.8 1516 |675 2.8
After biodegradation in Aqueous Medium 61.8 - 84.4 |164.1 150.3 |82.0 1.6

3.4. Fourier transform infrared spectroscopy (FT-IR).

Figure 4 shows the FT-IR spectrum, behavior of the functional groups of PLA/PBAT
films at the initial time, after biodegradation in soil and the aqueous medium for 180 days. At
the initial time, it is possible to identify different peaks, such as 3000-2800 cm™ bands related
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to C-H deformations (symmetric and asymmetric bends), a large and intense peak, around 1750
cmattributed to C=0 from ester groups, and 1267 cm™ assigned to CO stretch [53].

According to Kijchavengkul et al. [40], some functional groups may show signs of
degradation, such as hydroxyl (OH) and carbonyl (C=0) groups. Therefore, hydrolysis chain
scission can result in ester bonds, terminal alcohol, and carboxylic acid groups and form
smaller molecules or oligomers capable of permeating out of the polymer matrix and reducing
carbonyl absorption.

After both biodegradation tests, some changes were observed in the films. In the 3350
cm* region, an increase in OH groups can be seen, especially for biodegradation in the aqueous
medium [40]. These changes are related to the bond scission, which is a characteristic of the
hydrolysis process [54], or to adsorbed water, which would justify the weight increase reported,
especially after biodegradation aqueous medium [55-57]. A small reduction in the bands at
1710 cm, corresponding to stretching vibrations of -C=0, and at around 1100 cm™, attributed
to -C-O groups can be noted, also as a result of hydrolysis [40, 58, 59].

Palsikowski et al. [43] also report small variations by FT-IR analysis after
biodegradation test in the soil after 360 days of the PLA/PBAT blend. The authors explain that
this degradation is very complex and depends on the environment in which it occurs.
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Figure 4. FT-IR spectrum of PLA/PBAT films at the initial time (A), after biodegradation in soil (B) and in an
aqueous medium (C), for 180 days.

3.5. Contact angle.

Figure 5 shows the contact angle for PLA/PBAT films at the initial time and after
biodegradation in soil of 180 days. Unfortunately, it was not possible to measure the films'
contact angle after biodegradation in the aqueous medium due to the greater degradation of the
films, greatly increasing hydrophilicity and making measurement impossible. After
biodegradation in the aqueous medium, the contact angle for samples was close to zero,
meaning a complete spreading of the water drop on the sample [60].

PLA/PBAT films presented at the initial time an average contact angle of 70.4°,
indicating hydrophilic character since they have a contact angle less than 90° [61]. After
biodegradation in soil, it was observed that there was a decrease in the contact angle, which
means that the hydrophilic character of the PLA/PBAT films increased. PLA/PBAT films
reduced about 34.5% (-24.3°) after biodegradation in soil when compared at the initial time.
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According to Schusser et al. [62], a decrease in the contact angle occurs mainly due to increased
mobility and as the sample gets rougher.

Kalita et al. [18] \wverified the biodegradation of PLA/Polycaprolactone
(PCL)/microcrystalline cellulose (MCC) polyblends under composting conditions. The authors
explain that the increase in hydrophilicity occurs due to the formation of new oligomeric
components on the films' surface. Besides, the change in wettability behavior is also
responsible for the formation of biofilm.

80+ 70.4+0.2

<
2 601 46.1+3.3
&n
g I
5 404
< -
=
o]
© 20-

0 T

Initial time Soil

Figure 5. Contact angle of PLA/PBAT films at the initial time and after biodegradation in soil for 180 days.
3.6. Scanning electron microscopy (SEM).

SEM micrographs of PLA/PBAT films at the initial time, after biodegradation in soil
and the aqueous medium for 180 days are shown in Figure 6. At the initial time, the films of
PLA/PBAT had a smooth and homogenous surface, which can be attributed to the PBAT
morphology, which has a ductile fracture surface, characteristics of the elastomeric nature [1,
63].

However, after the biodegradation tests, the surface became rougher, especially after
biodegradation in the aqueous medium, but without the presence of cracks or cavities. This
change on the surfaces could be traces of soil, mineral deposits, or the formation of biofilms
[64, 65]. Bonilla et al. [41] studied biodegradability in aquatic systems in materials such as
chitosan, PBAT, and high-density polyethylene (HDPE), also noted the presence of colonies
on the surface of the PBAT.

The same behavior was seen by Olewnik-Kruszkowska et al. [66] on the surface of
PLA, PLA-based composites of montmorillonite or Nanofil2 with and without the addition of
poly (e-caprolactone), as a compatibilizing agent, after biodegradation in different
environments, such as in soil, composting, and in water.

Moura et al. [67] explain that biodegradation occurs preferentially in the amorphous
regions of the polymer since they have greater mobility, favoring the accessibility of
microorganisms. Such microorganisms, like fungi, can use polymers as a source of energy from
the source of carbon and electrons [68].

4. Conclusions

This study showed how the PLA/PBAT films behaved after 180 days of biodegradation
in soil and the aqueous medium. The results indicated that the films did not completely degrade
at the end of that period and that both biodegradation tests showed very similar results. They
showed signs that the degradation was occurring, mainly due to the presence of water,
characteristic of the hydrolysis process, and the increase of roughness on the surface of the

https://biointerfaceresearch.com/ 842


https://doi.org/10.33263/BRIAC121.833846
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC121.833846

films, possibly due to the presence of biofilm, traces of soil, or mineral deposits. However, we
believe that the biodegradation was initiated, even in a small proportion, due to the changes
observed in the samples as a whole, not individually. It was expected that this process would
be faster, mainly because the film is composed of two biodegradable polymers, PLA and
PBAT. So, it can be concluded that the 180-day time for the biodegradation tests of PLA/PBAT
films was not enough. Thus, the films would have to be exposed for a longer time to
biodegradation tests in soil and aqueous media for complete biodegradation to occur.
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Figure 6. SEM micrographs with a magnification of 1,000x of PLA/PBAT films: at the initial time (A), after
biodegradation in soil (B), and in an aqueous medium (C) for 180 days.
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