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Abstract

In this work, nanocomposites were developed and evaluated using high-density bio polyethylene (BPEAD)/Cloisite
20A (3 and 6%)/commercial antimicrobial additive (0,5 and 1%) containing 1% of zinc pyrithione dispersed in vinyl
acetate (EVA). The samples were prepared in a single screw extruder using the melt intercalation technique and then
by flat extrusion to obtain the films. X-ray diffraction (XRD) showed an increase in basal spacing and exfoliation of the
structure of some films. The Fourier Transform Infrared Spectroscopy (FTIR) analysis illustrated the main functional
groups for BHDPE and EVA. Thermal analysis indicated that BHDPE degradation did not change with organoclay
addition, but crystallinity increased. The mechanical properties showed an increase in the elastic modulus and a decrease
in maximum tensile strength. This work contributes to the development and improvement of the natural properties of
BHDPE in order to enlarge its applications.
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1. Introduction

Biopolymers and their innovative technological processes
have been studied in several applications. As known,
primarily for their environmental benefits, biopolymers
are considered promising alternatives to petroleum-based
polymers, as most can help reduce environmental pollution
and greenhouse gas emissionst'-?.

Although the term “biopolymer” has several different
definitions depending on the area involved, the most widely
accepted one relates biopolymers to biobased and biodegradable
materials. According to the [UPAC (International Union of
Pure and Applied Chemistry), biologically-based polymers
are derived from biomass or produced from monomers from
its derivation. Hence, green polyethylene is an example of
bio-based polymers!>#.,

Green polyethylene or bio polyethylene is produced
from sugarcane ethanol, converted to ethylene via
dehydration. According to life cycle assessment studies, bio
polyethylene has a smaller carbon footprint than petroleum-
based polyethylene. Furthermore, it has the differential of
capturing carbon dioxide during its production, contributing
to reducing greenhouse gas emissions, and maintaining
the same properties, performance, and versatility of the
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conventional resin, which facilitates its application in the
chains of existing production and recycling?®7..

Biopolymers have a lot of potentials. Despite increasing
production capacity, they are still quite expensive, arousing
interest in modification processes such as blending with
other polymers and adding plasticizers or fillers!®!.

The use of polymer/clay nanocomposites has been
intensively studied in recent years, mainly due to improvements
in mechanical, thermal, and barrier properties®'?. In this
work, montmorillonite organophilic clay is used to produce
nanocomposites. The packaging sector has invested in
developing these nanocomposites, as the nanoclay, when
dispersed in the polymer matrix, results in a homogeneous
layer, creating tortuous paths, making it difficult for molecules
to diffuse throughout the matrix!'3!14,

The homogeneous dispersion of nanoclay in an organic
polymer is not easily achieved due to the hydrophilicity of
the clay, so the clays are organically modified to increase the
affinity between the clay and the polymer, also growing the
interlayer distance and lipophilicity of the nanoclay!'*!. This
behavior was reported in studies with nanometric clay to
polyethylene. In this case, the authors used montmorillonite
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in proportions of 3 to 5% in the polyethylene matrix to form
nanocomposites and obtained improvements in mechanical
and thermal properties'®’. In another study, the researchers
added montmorillonite clay in 0.5 to 2.5% fractions and
acquired better mechanical properties when incorporating it
into the blend composed of polyethylene and polyamide!'”.

Compatibilizing agents are also used to improve the
intercalation of nanocomposites by increasing the interlayer
distance of the nanoclays!'®; they may also contain biocidal
groups incorporated in the polymer structure, thus conferring
an antimicrobial character!’®. Chemically, antimicrobial
additives can be classified by their active components.
In this work, zinc pyrithione dispersed in a Vinyl Acetate
(EVA) matrix was used. In addition to having antimicrobial
activity against fungi, bacteria, and algae, this coordination
compound has a melting point at 240 °C and can be processed
with most thermoplastics and elastomers”.

In this context, packaging has reinvented itself with
more attractive features, the so-called smart or active
packaging. Active packaging is a system that combines the
benefits of measuring, estimating, or predicting different
aspects of food quality or safety with the release of an
active substance that extends the shelf life of the product®'.
Among active packaging, antimicrobial packaging becomes
an up-and-coming type as it provides for the addition of an
extra barrier (microbiological) to physical barriers (oxygen
and moisture)??,

Many studies with PE and its composites have been
dedicated to the development of antimicrobial packaging,
as in studies® that incorporated zinc oxide nanoparticles
(ZnO-NPs) in low-density polyethylene and in studies!
that incorporated ZnO-NPs in high-density polyethylene.

Faced with many opportunities, this study aimed to
produce nanocomposites of high-density bio polyethylene
(BHDPE), organophilic clay, and a commercial additive
containing 1% of zinc pyrithione dispersed in vinyl
acetate (EVA), which was used in the ratios of 0.5 and 1%.
The films were produced in an extruder by the intercalation
technique in the molten state with coupling to a matrix for
flat films. The films were characterized by X-ray diffraction
(XRD), Fourier Transform Infrared Spectroscopy (FTIR),
Thermogravimetry (TG), Differential Scanning Calorimetry
(DSC), and Tensile Strength Testing.

2. Materials and Methods

2.1 Materials

High-Density Bio polyethylene (BHDPE, SGM9450F),
MFI=9.3 g/10min, ASTM 1238 at 190 °C, was supplied by
BRASKEM'’s Petrochemical Complex in Triunfo (Brazil)
and used as received. The filler incorporated into the BHDPE
matrix was Cloisite 20A supplied by Southern Clay Products.
The antimicrobial additive used was Sanitized MB E 22-
70 provided by Clariant. The active compound used was
zinc pyrionate dispersed in a vinyl acetate matrix.

2/8

2.2 Preparation of nanocomposite films

The samples were prepared using EVA BHDPE/Clay/
Masterbatch containing zinc pyrithione, according to the
proportions described in Table 1.

The mixtures of BHDPE, organophilic clay, and the
antimicrobial additive were extruded in a single screw extruder
(L/D = 26), model AX-16 from AX Plasticos, operating
with temperatures ranging from the first to the third zone,
respectively, between 200 °C, 205 °C, and 210 °C and screw
speed at 50 rpm, conditions established in the laboratory.

After incorporating the additives into the polymer
matrix, the films were prepared in a single-screw extruder
with a flat die of 220 mm width and cylindrical cooling
rollers, model Lab 16 from AX Plasticos, with a temperature
profile of 205 °C, 210°C, and 180 °C and screw speed of
60 rpm. The thickness of the films was determined using a
thickness gauge, and the averages found for five (5) samples
were: 0.06 mm (BHDPE), 0.12 mm (N31), 0.11 mm (N32),
0.22 mm (N61), and 0.15 mm (N62).

2.3 Characterization of nanocomposite films

2.3.1 X-ray diffraction

The nanocomposites were analyzed by the X-ray
diffraction (XRD) method in a Shimadzu model XRD
6000 diffractometer operating in the angular range (26) of
1.5 © to 30° using CuKa as incident radiation was used to
determine the crystalline parameters of the films.

2.3.2 Fourier Transform Infrared Spectroscopy (FTIR)

Fourier transform infrared spectroscopy (FTIR)
analyses were performed on a Perkin Elmer SPECTRUM
400 (FT-IR/FT-NIR) spectrometer scanning from 4000 to
650 cm’.

2.3.3 Thermal analysis

The thermal properties of the samples were analyzed by
thermogravimetry (TG), and differential scanning calorimetry
(DSC) techniques in a TA Instrument a TA Instrument
SDT Q600 V20.9 Build 20, operating at a heating rate of
10 °C/min, from ambient temperature to 600 °C, under
100 mL/min nitrogen gas flow. The degree of crystallinity
(Xc) was calculated according to Equation 1, where AH,;
is the melt enthalpy of an ideal polyethylene with 100%
crystalline HDPE (289 J/g[**]) and AH, is the melt enthalpy
of the nanocomposites. The (x) values were adequate for
the matrix weight fraction in the nanocomposites.

AH £*100
Xe= S " (1)
AH® ¢ . xHDPE
Table 1. Sample concentrations.
Samples Green HDPE Clay Antimicrobial
BHDPE 100% - -
N31 96.5% 3% 0.5%
N32 96% 3% 1%
N6l 93.5% 6% 0.5%
N62 93% 6% 1%

Source: Personal archive.
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2.3.4 Tensile test

Tensile properties of the nancomposites e films were
determined according to ASTM D882-02%%! in a Shimadzu
brand AGS-X mechanical testing machine with a speed of
20 mm/min and a load cell of 5 kN. Five test specimens
were used for each composition with dimensions of 120 mm
in length and 25 mm in width.

3. Results and Discussion

3.7 X-Ray Diffraction (XRD)

The diffractograms illustrated in Figure 1 show the peaks
of Cloisite 20A, BHDPE, and nanocomposites containing
the antimicrobial additive and clay. For the BHDPE, a non-
crystalline halo and a very intense peak between the 15° and
25° angles and other less severe peaks between the 26° and
40° angles were observed. As well, three crystalline peaks
at 20 =21.55°,23.89°, and 36.36° which are characteristic
of the (110), (200) and (020) planes, respectively, in a
crystalline region of polyethylene!®.

The diffractograms of BHDPE and nanocomposites
illustrate similar behavior and sharpness in the characteristic
peaks of BHDPE. It is observed the peaks of the clay
Cloisite 20A at 20 correspond to the (001) plane and basal
interplanar distance of 3,4 nm!®. It can be seen that the
nanocomposites showed an increase in the basal interplanar
distance of the peak corresponding to organophilic clay for
the nanocomposite with the highest content of clay and
antimicrobial agent.

This same behavior was reported?” in studies using
HDPE/montmorillonite/zinc oxide nanocomposite, observing
an increase in the spacing between the clay layers with the
addition of zinc oxide and HDPE.

3.2 Fourier Transform Infrared Spectroscopy (FTIR)

Figure 2 illustrates the infrared spectra for nanocomposite
films with clay and the antimicrobial additive additions.
The characteristic bands of polyethylene, 2918, 2849, 1469,
1463,731 and 720 cm' (CH, angular deformations) appear
in all spectral?*?®!, Studies*” with nanocomposites using

Intensity a.u.

10 20 30 40
2 (0) degree

modified vermiculite with Zn** particles in the HDPE matrix
also observed the same characteristic bands of pure HDPE.

The bands of the antimicrobial additive, composed of
EVARS31 were not detected, suggesting an overlapping of
the BHDPE bands due to the low concentration. However,
the presence of bands in the range of 3620 cm™ indicates
the presence of O-H vibrations for AI-OH and Si-OH, and
in approximately 1042 cm' the absorption of the Si-O from
to Cloisite 20AP?. In studies with nanocomposites using
modified vermiculite with Zn?* particles in HDPE matrix,
bands ranging from 1007 to 1041 cm™ were observed,
corresponding to the stretching of Si-O of vermiculite,
as well as an increase in the intensity of these bands with
an increasing amount (3, 6 and 10% by weight) of the
modified clay®’.

3.3 Thermogravimetry (TG)

Figure 3 illustrates the TG and DTG curves for BHDPE,
Cloisite 20A, and nanocomposites. The BHDPE showed a
single stage degradation, starting at 454°C and losing up to
50% of'its mass at 482°C, having a degradation peak at 489°C,
as shown in Table 2. Similar results were found by authors
who analyzed the thermal behavior of polyethylene!*334,

Cloisite 20A shows three degradation phases: first,
dehydration before 150°C; then, decomposition of organic
molecules between 200 and 500°C; and finally, dehydroxylation
of aluminosilicate groups between 500 and 700°CI5-3¢,

For nanocomposites N32,N61, and N62, minor variations
were observed in the degradation temperature with 10%
and 50% mass loss. However, for N31, a 10°C decrease in
degradation temperature was observed at 50% mass loss as
shown in the data reported in Table 2. Studies®” with EVA
and silicates showed that the degree of clay dispersion affects
matrix degradation and deacetylation of EVA, promoting
an acceleration of degradation.

Organophilic clay has two opposite functions in the
thermal stability of polymer/clay nanocomposites: barrier and
catalysis effects. The first improves thermal stability while
the second accelerates degradation™!. Another factor that
leads to faster thermal degradation of the matrix is related

| Cloisite 20A

| Antimicrobial Additive

N31 § 2849,

&
o
5 [N32 ;
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Figure 1. X-ray diffractograms of Cloisite 20A, BHDPE and Figure 2. FTIR of the antimicrobial additive, BHDPE, N31, N32,

nanocomposites.
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Table 2. TG and DTG(derived thermogravimetry), BHDPE, Cloisite 20A and nanocomposites.

Temperature (°C) for mass loss

Samples 10% 0% Tp (°C) Residue at 500 °C/%
BHDPE 454 482 489 0.0
Cloisite 20A 299 - 312 72.23
N31 428 472 479 0.65
N32 453 481 481 2.74
N61 450 480 483 2.99
N62 453 484 489 4.93

Source: Personal archive.
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Figure 3. TG and DTG curves of BHDPE, Cloisite 20A and nanocomposites.

to the alkylammonium cations present in the organoclay that
can undergo decomposition by Hoffmann reaction. Their
decomposition products catalyze polymeric degradation.
Therefore, when a low fraction of organoclay is added to
the polymer matrix, the clay must be well dispersed for the
barrier effect to be predominant®3%. For N62, better clay
dispersion was observed, as shown by the XRD analysis,
and consequently, better thermal stability than the others in
which the catalytic effect prevailed. The observed residues
may also be due to other fillers and carbonaceous products.

Heat Flow (J/g)

3.4 Differential Scanning Calorimetry (DSC)

DSC curves illustrate two essential parameters for the 100 200 300

study of thermal stability: crystallinity and melting point.
Figure 4 illustrates the DSC curves for BHDPE and its Figure 4. DSC curves for BHDPE, N31, N32, N61, N62.
nanocomposites. BHDPE showed an endothermic peak
at 139 °C related to its melting temperature, enthalpy of
melting of 134.75 J/g, and crystallinity of 46.3%, according
to Table 3. Similar results were found by authors who
analyzed polyethylene by DSC?7).

Temperature °C

In the analysis of Table 3, there is a slight decrease in the
melting temperature for the nanocomposites. The addition
of clay in N31 and N32 made nucleation difficult and

The N32,N61, and N62 nanocomposites did notundergo  gecreased the degree of crystallinity. On the other hand,
significant variation in the melting temperature. However,  increasing the amount of clay led to increased crystallinity.
N31 showed a 12 °C decrease in this parameter compared The increase in the EVA content also led to higher degrees
to BHDPE, as shown in Table 3. Similar behavior was of crystallinity in the nanocomposites.

displayed by LDPE/Cloisite] 5SA/EVA nanocomposites, This effect corroborates the results presented in the
where a decrease in melting temperature and crystallinity ~  literature!*'*!, which indicate that nanofiller help accelerate
was observed“?. the crystal growth, which leads to crystallization at higher
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temperatures, but can also, as in this case, generate a structure
with a lower degree of crystallinity, so that a more significant
number of smaller crystals are obtained.

3.5 Mechanical properties

The tensile strength of BHDPE and nanocomposites are
illustrated in Figure 5, in which BHDPE had a maximum
tensile strength of 58.77 MPa and nanocomposites N31,
N32 and N62 showed a decrease in strength, while N61 had
an increase of 21%, these values are dependent on film
thickness, load direction, and processing conditions. Among
the nanocomposites, it is observed that the increase in clay
and EVA favored the increase in strength.

In general, the addition of Cloisite 20A and the
antimicrobial agent was expected to increase the tensile
strength, as occurred in N61. However, the formation of
agglomerates in the matrix can occur, causing defects that
concentrate mechanical stressi***44 and weak interaction
between EVA/Clay as reported in studies based on PE, EVA,
and zinc oxide nanoparticles!?’..

Figure 6 illustrates the elastic modulus values for
BHDPE and nanocomposites. BHDPE had a modulus
of 1384.85 MPa, an increase in this property is observed
for all nanocomposites compared to HDPE. N31 had a
lower modulus compared to N32, although with similar
thicknesses (0.12 and 0.11 mm, respectively). N61 had
the highest modulus of elasticity and the most significant
thickness (0.22 mm) compared to N62 (0.15 mm). In this
case, it was not possible to observe a relationship between
the increase in clay and antimicrobial with the increase in
the modulus of elasticity.

The decrease in mechanical properties would be
associated with the high mobility of the EVA phases, which
accentuates the defects around the interfaces formed between
the polymers and the nanoparticles agglomerates. This
effect is accentuated due to the immiscibility between the
nanoparticles and the polymer matrix. Because the polymers
(PE and EVA) are hydrophobic and the inorganic nanoparticles
are hydrophilic and, when mixed, form agglomerates that

Table 3. DSC of BHDPE and nanocomposites.

prevent the transfer of mechanical loads throughout the
polymer matrix of the mixture?”).

The mechanical properties are listed in Table 4, noting
that the yield strength follows the same behavior as the
ultimate tensile strength, showing a decrease for N31,
N32, and N62, while for N61, there was an increase. It is
possible to observe that nanocomposites did not present
great deformation compared to BHDPE, considering the
applied stress and modulus of elasticity, confirming the
behavior of increasing stiffness.

80,56
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50
40
30
20
10
o
N3l N61 NG62

BHDPE

Maxinmim Tensile S

N32

Figure 5. Maximum tensile strength of BHDPE and nanocomposites.
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Figure 6. Elastic modulus of BHDPE and nanocomposites.

Samples Tm (°C) AH, (J/g) Xe (%)

BHDPE 139 134.75 46.3
N31 128 90.47 31.9
N32 139 104.9 38.8
Né61 138 136.5 49.8
N62 133 142.2 52.1

Source: Personal archive.

Table 4. Mechanical properties of BHDPE and nanocomposites.

Samples Yield Stress (MPa) Tensile Strength (MPa) Strain at break (%) Elastic Modulus (MPa)
BHDPE 58.16 £7.1 58.77+7.6 58.81+4.1 1384.85 +38.6
N31 3721+44 46.48 £5.6 53.78+3.2 1772.19 +£34.8
N32 39.04+4.5 47.35+4.6 61.79+54 7809.2 +75.6
Né61 70.85+10.7 80.56 + 6.0 68.58 £6.5 9201.29 +£101.2
N62 51.76 £3.8 54.28+49 49.61+3.7 5176.6 =45.5

Source: Personal archive.
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4. Conclusions

The interest in the production of polymeric nanocomposites
comes from the wide range of resulting properties and the
possibility of varying additives and production processes.
In this work, BHDPE/Cloisite20A/EVA nanocomposites
were studied. Through XRD analysis, it can be verified that
the nanocomposites showed an increase in the interplanar
basal distance due to the incorporation of polymer chains in
the clay lamellae. By FTIR, it was possible to observe the
presence of clay in the spectra of the nanocomposites, not
being possible to observe the characteristic bands of EVA,
since the bands may have overlapped and also due to the very
small amount of EVA in the system. The thermal behavior
of nanocomposites was similar to that of BHDPE, with a
reduction in degradation temperature and melting temperature
only observed for N31, in which clay had a catalytic action.
Thus, compared to BHDPE, nanocomposites did not have
their thermal stability compromised. The inclusion of clay
and EVA in the BHDPE matrix resulted in a decrease in
yield stress and tensile strength limit for N31, N32, N62
and an increase for N61. As for the modulus of elasticity,
there was an increase compared to BHDPE, but it was not
possible to establish a relationship between an increase in
clay and EVA and the increase in modulus. Therefore, it
can be seen that BHDPE/Cloisite20A/E VA nanocomposites
are promising since it is possible to maintain or improve
some properties, conferring antimicrobial properties, it is
necessary to deepen the study of the proportions of additives
and interaction mechanisms between Clay/EVA.
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