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ABSTRACT

The aim of study was to use nanocomposites for bactericide packing for food. The polypropylene modified by
irradiation in acetylene at dose of 12.5 kGy, also known as high-melt-strength-polypropylene (HMSPP), with
montmorillonite (MMT) and silver nanoparticles (AgNPs) composed a mix to process by melt intercalation in a
twin-screw extruder. As compatibilizer agent it has been used a propylene graft maleic anhydride copolymer
(PP-g-MA). The nanocomposites were evaluated by Fourier Transformed Infrared Spectroscopy (FTIR),
Differential Scanning Calorimetry (DSC), X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM),
Energy Dispersive Spectroscopy (EDX) and determination of antibacterial activity. The results indicate the
formation of microstructures predominantly intercalated and flocculated. Further, the antibacterial properties of
the films were investigated against Escherichia coli (Gram-negative) and Staphylococcus aureus (Gram-
positive) bacteria.

1. INTRODUCTION

Isotactic polypropylene (iPP) is a versatile thermoplastic polymer, one of the most
widespread commodities due to its low price, and balanced properties. It is nontoxic,
nonallergenic, chemically inert, and recyclable with a relatively low melting point [1]. The
melt strength and viscosity of polypropylene (PP) decreases rapidly as the temperature rises
over its melting point. High melt strength is very important for thermoforming, extrusion
coating, blow molding, and foaming processes, etc. In this sense grafting by long chain
branches onto PP backbone is a well-established technique to improve the melt strength of PP
[2,3]. Branches are introduced into linear polypropylene (PP) to produce high melt strength
polypropylene (HMSPP) with enhanced processability [4,5].

The development of organic/inorganic polymer nanocomposites has emerged as a research
activity resulting in new applications of polymers for the great benefit of various industries.
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Polymer compounds containing functional inorganic nanoparticles have demonstrated
significant improvements in mechanical, thermal, electrical, and bactericidal properties [6].
Besides, antimicrobial surfaces implication in a range of infrastructure including hospitals,
childcare centres, nursing homes, etc., to assist in minimizing the spread of disease and
reducing the prevalence of illness and discomfort. Nosocomial infections (hospital-acquired
infection) cases have increased rapidly in recent decades, and the prevalence of antibiotic-
resistant pathogens is of particular concerns particularly to difficulties in treatment of patients
to avoid high mortality rates [7]. The high performance of nanocomposite materials depends
on the structure in nanosized dimensions and the homogeneous dispersion of nanoparticles
within a polymer matrix. However, the fine dispersion of nanoparticles in a polymer using
conventional compounding techniques is very difficult due to strong tendency of particles
agglomeration [6,8].

The use of silver metal nanoparticles received greatest attention in comparison with other
similar metals. Silver is relatively less toxic to human cells, albeit at very low concentrations.
Concerning the mechanism of the antimicrobial activity of silver, is not completely
understood. Studies have shown that the positive charge on the silver ion is critical for
antimicrobial activity. The negative charge of the bacterial cell membrane imposes attraction
to positively charged nanoparticles [9].

The conventional twin screw extrusion methods historically have been limited in successfully
producing polymer nanocomposites with nonpolar polyolefins (e.g., polyethylene and
polypropylene) [10,11], because high levels of filler exfoliation and dispersion are not
typically achieved in the polymer matrix containing clay. Recent studies have explored
modified and/or assisted twin screw extrusion setups, incorporating techniques such as
ultrasonic irradiation [12,13] and sonication [14], with the intent of effectively mass-
producing polymer nanocomposites with the desired morphology.

Several polymeric materials with different molecular weight such as polyethylene glycol
(PEG), polyvinyl alcohol (PVA), poly(N-vinyl-2-pyrrolidone) (PVP), and others, mainly
water soluble, have been used as coatings of silver nanoparticles to enable particle dispersion
[15], and silver nanoparticles stabilized with oleic acid (AO) showed clear advantages in
antibacterial activity, penetration bacteria cells, cytotoxicity, time effectiveness, efficiency,
and stability against light [16]. Fig. 1 shows the structural formula of some surfactants used
in polymers.
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Figure 1: Structural formula of the main surfactants (A) Oleic acid (AO), (B) Polyvinyl
pyrrolidone (PVP) and (C) Polyethylene glycol (PEG).

The aim of this work is to produce nanocomposite films polypropylene through the extrusion
process, characterize these films and assess biocide activity.
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2. EXPERIMENTAL

2.1. Materials

iPP with a melt flow index (MFI) of 1.5 dg min™ and a weight average molecular weight of
338,000 g mol-1 Braskem (Brazil) was provided in the form of pellets. The polypropylene
pellets were placed in a nylon container with acetylene (99.8%, White Martins). The
irradiation process of the plastic container was carried out at room temperature and at a dose
rate of 5 kGy h™, using a multipurpose ®°Co gamma irradiator. The dose used was 12.5 kGy
monitored by a Harwell Red Perspex 4034 dosimeter. After irradiation, the pellets were
submitted to heat treatment at 90 °C for 1 h to promote the recombination and termination
reactions of the radicals, (HMSPP) [17,18]. These samples were irradiated in Center for
Radiation Technology (CTR) of the Institute for Energy and Nuclear Research (IPEN-
CNEN/SP).

The oleic acid (AO) was purchased from Labsynth (Sdo Paulo-Brazil), average molecular
weight 282,460 g mol™, and density: 0.895 g mL™, which acted as a surfactant for the
AgNPs. Silver nanoparticles (AgNPs) were purchased from Sigma Aldrich. The commercial
nanoclay Cloisite 20 was provided by BYK Additives Company; IRGANOX B 215 ED by
Ciba and compatibilizer agent and propylene maleic anhydride graft copolymer (PP-g-MA)
was supplied by Addivant (Polybond 3200).

Two different formulations containing the polypropylene were prepared and are represented
in Table 1.

Table 1: Composition of constituents of polypropylene nanocomposites (wt%o).

Samples | Matrix | Dose/kGy | PP-g-MA | Irganox | Cloisite | AgNPs | AO
PP1 HMSPP 12.5 - 2 - - -
PP2 HMSP P 12.5 2 2 3 0.25 10

2.2. Preparations of the PP-MMT-AgNPs Nanocomposite Films

The HMSPP 12.5 kGy in pellet was mixed with Irganox B 215 ED and PP-g-MA in a rotary
mixer and maintained under this condition for 24 hours. Then the mixture was processed with
the addition of clay (MMT 3% by weight) and silver nanoparticles (AgNPs 0.25% by weight)
in a twin-screw extruder Haake co-rotating, model Rheomex PTW 16/25, Fig. 2, with the
following processing conditions: the temperature profile (feed to die) was 175-230 °C, with a
speed of 100 rpm. After processed, the nanocomposites were granulated in a granulator
Primotécnica W-702-3. The PP/MMT-AgNPs films were produced in planar sheet extruder
and the material was placed directly into the hopper of the extruder with a temperature profile
(feed to die) of 175-220 °C, screw speed of 20 rpm and torque of 31-40 Nm. The films were
produced with a thickness of ~ 0.05 mm. A Unique ultrasound equipment model USC-1400,
with a working frequency of 40 kHz and maximum intensity output of 135 watts, It was used
to deagglomerate the silver nanoparticles solution with oleic acid.

Fig.2 shows the production of polypropylene films with nanosilver via extrusion processing.
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Figure 2: Extruder Haake-Rheomex device used to process the polymeric films.
Polymer Laboratory at Center for Chemical and Environmental Technology (CQMA) /
Nuclear and Energy Research Institute (IPEN).

2.3. Methods

2.3.1. Scanning electron microscopy and dispersive spectroscopy

Scanning electron microscopy was done using an EDAX PHILIPS XL 30. In this project, thin
coat of carbon was sputter coated onto the samples.

2.3.2. Fourier transformed infrared spectroscopy
The analyses were performed using attenuation total reflectance accessory (ATR)
transmittance in the Thermo Nicolet spectrophotometer, model 380 FT-IR.

2.3.3. Differential scanning calorimetry

Thermal properties of specimens were analyzed using a differential scanning calorimeter
DSC 822, Mettler Toledo. The thermal behavior of films was obtained by (1) heating from 25
to 280 °C at a heating rate of 10 °C min™ under nitrogen atmosphere; (2) holding for 5 min at
280 °C; and (3) then cooling to 25 °C and reheating to 280 °C at 10 °C min™.

2.3.4. X-ray diffraction

X-ray diffraction measurements were carried out in the reflection mode on a Rigaku
diffractometer Mini Flex Il (Tokyo, Japan) operated at 30 kV voltage and current of 15 mA
with CuKo radiation (A = 1,541841 A).

2.3.5. Determination of antibacterial activity

An aliquot (400 pL) of a cell suspension of either Staphylococcus aureus ATCC 27853 (10°
cells mL™) or Escherichia coli ATCC 25922 (10° cells mL™) prepared using the method
described in JIS Z 2801[19] were held in intimate contact with each of the 2 replicates of the
test surfaces supplied using a 45 x 45 mm? polypropylene film for 24 hours at 37 °C under
humid conditions. The size of the surviving population was determined using a method based
on JIS Z 2801. The viable cells in the suspension were enumerated by viable cell counts on
MacConkey Agar after incubation at 37 °C for 24 hours using a 100 puL sample taken from
the test surfaces.
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3. RESULTS AND DISCUSSION

3.1. Scanning electron microscopy and dispersive spectroscopy
The SEM-EDX results are shown in Fig.3.
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Figure 3: SEM micrograph and EDX of nanocomposite PP2 film.

The polypropylene nanocomposite film, Fig.3, there is a micrometer agglomerated/aggregates
clay and the incidence of nanosilver, characterized by EDX. Larger particles (encircled) were
observed which can be attributed to inhomogeneous dispersion of clay particles in PP matrix
due to their inherent incompatibility (mix).

3.2. Fourier Transformed Infrared Spectroscopy

Fig. 4 presents the FTIR spectra of the polypropylene films with silver nanoparticles, oleic
acid, and Cloisite nanoclay.
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and sample (PP2) nanocomposites HMSPP 12.5 kGy film with oleic acid.

In the nanocomposite samples a band at 3634 cm™ related to the OH of the Al-OH and Si-OH
a band at 1041 cm™ and 468 attributed to the Si-O group of the clay can also be seen [20-22].
The strong peak located at 1712 cm™ was due to the stretching of C=0O characteristic peaks of
a -COOH functional group [23,24] and absorption band with a peak at 1831 cm™ is
associated to the asymmetric stretching of the carbonyl of the maleic anhydride, according to
[25]. The peak at 722 cm™ was attributed to the C-H bending vibration of HC=CH links [26]
and peak at 521 cm™ was attributed to the Si-O-Al vibration [22,27]. According to FTIR
spectra the polypropylene film with silver and nanoclay (PP2) shows Si-OH a band at 1041
cm™ and 468 attributed to the Si-O group of the clay (Cloisite) and from C = O in 1712 cm™

derived from oleic acid surfactant.

3.3. Differential scanning calorimetry
The DSC results are shown in Table 1 and Fig.5.

Table 1: DSC parameters for various polypropylene PP1 and PP2.

Samples | Melting peak Crystallization Melting peak Degree of
temperature, Ty | peak temperature, | temperature, Tr, | crystallinity,
/°C (£0.1%) Tc /°C (£0.1%) /°C (£0.1%) Xc 1% (£0.5%)
PP1 164.6 127.8 163.6 48.4
PP2 161.9 127.5 163.1 40.8
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Figure 5: DSC curves of PP1 and PP2 nanocomposite.

Crystallization was affected by clay addition since nanoclays serve as nucleating agents. In
consequence of clay content, the crystallinity shoud be higher. As shown in Table 1 the value
of the crystallinity of the PP film is much larger than that nanocomposite film PP2. The
question is why this occurred. An possible explanation was reported by Waldman [28] and
Ataeefard [29] in research of the polypropylene with MMT. Results after the two heating
cycles processes show that the nanocomposites crystallinity has a decreasing tendency as a
function of higher clay content nanocomposites. This behavior can be attributed to the
presence of the lamellae organoclay, which causes difficulty for the polymer chains segments
to move. Furthermore, it can be noted that the crystalline melting temperature of the samples
did not change with the addition of organoclay.

3.5. X-ray diffraction

In such intercalated nanocomposites, the repetitive multilayer structure is well preserved,
allowing the interlayer spacing to be determined, Fig. 6.
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Figure 6: Typical XRD patterns from polypropylene HMSPP 12.5 kGy (PP1),
polypropylene HMSPP 12.5 kGy nanocomposite (PP2), and clay Cloisite 20.

The finite layer expansion associated with the polypropylene intercalation results in the
appearance of a new basal reflection corresponding to larger gallery space [30]. The sample
PP2 showed intercalated and flocculated morphology. In X-rays analysis, Fig.6, diffraction
peaks corresponding to interplanar distance of PP2 sample: doz= 17.9 A, don=12.2 A,
d10)e=6.1 A, doa0)a=5.1 A, di130)e=4.7 A , dios0)u=3.4 A. The appearance of peaks in 6=4.9°
with crystallite 12.7 nm and 6=7.2° for crystallite 8.3 nm were indicative of intercalation in
the nanocomposite sample PP2.

4. CONCLUSIONS

The polypropylene nanocomposite film PP2 showed micrometric Clay aggregates. Larger
particles were observed and attributed to inhomogeneous dispersion of Clay in polypropylene
matrix, as well as, in X-ray patterns indicated que the polymer chains were intercalated
between Clay platelets, whereas no evidence of exfoliation was found. We can explore as the
results obtained, the processing of the composite materials was not sufficient to exfoliation of
Clay and this factor contributed to the heterogeneity of the system and also hinders the
dispersion of the silver-particles. The crystallization was affected by Clay addition since
nanoclay serve in principle, as nucleation agents. The characterized, the value of the PP film
crystallinity is larger than that of nanocomposite film PP2. This behavior can be attributed to
the presence of the lamellae organoclay which causes polymer chains segments difficulty to
move. The films PP2 did not show efficiency to combat the bacteria E. coli and S. aureus,
therefore, our challenge for future work.
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