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Abstract: Nanocomposites, particularly polymer/clay, has been the subject of research and developments with
regard to intercalation in polymer matrix. Polypropylene is a commodity and when modified by gamma
irradiation polypropylene with high melt strength (HMSPP) is obtained. In this work nanocomposite of HMSPP
was obtained with nanoclay (Cloisite 20A), the nanocomposite was processed in twin screw extruder where the
clay was homogenized in the melt. The material was pelletized and thermopressed to dumbbell samples
submitted to natural aging for a period of four months. The aged dumbbell samples were characterized by
Tensile Test, Differential Scanning Calorimetry (DSC), Scanning Electronic Microscopy (SEM) and Infrared
Spectroscopy (FTIR) in comparison with a pristine HMSPP. After four months appears some superficial cracks
and a decrease in the values of elongation and tensile stress was found in the nanocomposite with Cloisite 20A.
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1 Introduction

Polypropylene (PP) is one of most versatile
commodity polymers. Owing to its low cost,
relatively good properties, and steady improvement
of physical properties, and new applications are
continuously expanding [1]. Recent studies have
been made adding clay to the polypropylene to
nanocomposites, in particular, is focused attention
on layered silicates (nanoclays) [2].

Nanocomposites formed from clay represent a
potentially attractive approach for improving some
performance characteristics (mechanical, thermal,
etc) [3], and clays were considered to be an
appropriate reinforcing agent [4].

Extensive efforts have focused on the performance
of PP nanocomposites prepared by melt
compounding. Temperature processing, shear rate,
screw speed, resistance time, mixing strategies, and
screw configuration have been the main challenges
in the melt processing of polymer nanocomposites
[5].

To merge the polymer chains into the clay layers is
used a coupling agent, graft polypropylene with
maleic anhydride (PP-g-MA). One of it main tasks is
to improve the interaction of polymer/clay, another
function is to assist in the exfoliation of the clay.
When we analyze the dispersion of clay in the
matrix two main phases are observed: Intercalated
phase, when the polymer chains are intercalated
between the clay layers forming a multilayer
structure orderly; Exfoliated Phase: where the clay is
uniformly dispersed in a polymeric matrix,
maximizing the polymer-clay interactions.[6]

In this study the polypropylene was modified by
gamma irradiation under an atmosphere of
acetylene. With this modification the matrix
performs greater resistance in the molten state. This
new matrix is knowed as high melt strength
polypropylene or HMSPP.

One major problem associated with the applications
of polymers is their stability to weathering. Various
reactions are responsible for the instability,
including rearrangements of the chemical structure,
formation of oxidation products, cross linking and/or
chain scission [7].

When UV irradiation is strong, the changes caused
by photo oxidation occur preferentially near to the
surface. This is because the oxidation process is so
rapid that oxygen is consumed near the surface
before it can be diffused far in the interior of the
polymer [7].

Natal-RN, July 16-19, 2012

2 Methodology

The PP H603 manufactured by Braskem and Maleic
Anhydride used as a compatibilizer agent (PP-g-
MA)  polypropylene-grafted-maleic ~ anhydride,
Polybond 3200 by Chemtura (USA) and a sample of
clay Cloisite 20 A by Southern Clay Products.

The samples of iPP (isotactic polypropylene) were
placed in plastic containers added acetylene and
were irradiated in a *Co source (gamma) at dose
rate of 12.5 kGy in order to obtain the HMS-PP. The
formulations obtained are shown in a tab 1.

Samples | Matrix | Dose PP-g- Cloisite
(kGy) AM 20A
(Wt%) (Wt%)
Hl HMSPP | 12.5 - -
H2 HMSPP | 12.5 3 5
H3 HMSPP | 12.5 3 10

Tab 1 : Samples of the legends

The samples were homogenized in an twin-screw
extruder (Thermo Haake Polymer Lab) to better
incorporation of clay in polypropylene and HMS PP
12.5 kGy, at temperatures used of were 170 to 200 °
C, with speed ranging from 30 to 60 rpm, the
material was pelletized.

The dumbbell samples for testing were obtained
from thermal molding pressure at 80 bar and
temperature of 190 °© C with the corresponding
dimensions of the type 1V, according to ASTM D
638-03 [8, 9]

The dumbbell samples were arranged in a device for
environmental aging, according to ASTM, and
exposed in the period 2011/May to 2011/December.

2.1 Mechanical Test

The samples were tested in a universal testing
machine EMIC DL 3000 model with strain rate of 2.
107 57"

2.2 FTIR (Fourier Transformed Infrared
Spectroscopy)

Infrared spectroscopy was performed at Thermo
Scientific (Nicolet 6700) Smart Orbit Diamond,
range from 400 to 4000 cm.

2.3 DSC (Differential Scanning Calorimetry)

Was carried out in a 822 Mettler-Toledo, under
nitrogen atmosphere of 50 mL min™ at a heating rate
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of 10 °C min-1, in the temperature range of -50 to
280 °C, keeping in 280 °C for 5 minutes and from
280 to -50 °C at a cooling rate of 50 °C min™ and
reheating from -50 up to 280 °C at heating rate of 10
°C min”. The polymer samples at about 8 - 12 mg
were placed in closed aluminum pans.

2.4 SEM (Scanning Electron Microscopy)

Scanning Electron Microscopy was performed in
equipment EDAX Philips model XR-30.

3. Discussion and Results

In fig. 1 we have a graph of tensile test, it appears
that there was a considerable improvement in tensile
strength on the nanocomposite. Over time the
sample with 5% of clay was more stable to aging

than the comparative sample with 10%
clay.
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Elongation clay samples had lower values therefore
become more rigid. Over time, that values tend to
fall because the samples became more fragile.

The following charts, tab. 2 and 3 show that the
addition of the clay in HMSPP increases the melting
temperature. Over time, the melting temperature
decays due to chain scission mechanisms promoted
by the weather and solar radiation.

Tz (°C)

Samples Zero 1 month | 3month | 6month
H1 160 161 159,5 153,4
H2 161,5 161,3 160,1 156
H3 162,8 161,5 160,3 156,1

Tab 2 : DSC - T,,; (°C) = Melting Point, of samples
with environmental aging

X, (%)

Samples Zero 1 month | 3month | 6month
H1 46,1 45,6 42,3 45,5
H2 44,9 42,2 47,8 47,5
H3 48,2 441 49,2 43

Tab 3 : DSC - X, (%) = Crystallinity, of samples
with environmental aging

In tab. 3, sample H2 has became more
crystalline due to effects of chain cleavage and
segments crystallization in the amorphous
phase. The sample H3 was more instable due to
the high amount of clay dispersed without
interacting with the polymer.

Studies indicated that layered silicates
accelerate the photo-degradation of PP, but do
not change its mechanism. Three possible
explanations are considered: the adsorption of
stabilizers on the silicate, the catalytic effect of
ferric ions, and the decomposition of the
surfactant used the modification of the silicate
[10]. The SEM images on the first aging months
exhibit signs of beginning degradation. With
fourth month there is the formation of cracks
which are clearly of degradation effect, fig. 4
and 5 in comparison with fig.3.
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Fig. 8 . SEM of HMSPP + 10% Clay
Fig. 4 . SEM of HMSPP + 5% Clay 6 Months of environmental aging

4 months of environmental aging
In the FT-IR spectra the band showed between 950
to 1150 cm™ is characteristic of silica.[11, 12] The
band, 1719 c¢cm’ [12], is attributed to carboxylic
groups of oxidized products, that detected in the
sample with 10% clay (at six months of exposure)
and in the sample HMSPP 12.5 kGy at the fifth
month of exposure is also attributed to carboxylic
groups of oxidized species, Fig 9 to 11.
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The cracks became more intense in the sixth month
of exposure fig. 7, in reference with aged HMSPP,
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fig. 6. It is also apparent that the sample with 10% 8 © |
clay, fig 8, reveals more intensely the presence of % |
cracks than the others. 2
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Fig. 9 . FT-IR HMSPP + 10% clay
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Fig. 6 . SEM of HMSPP 12.5 kGy
6 Months of environmental aging
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Fig. 10 . FT-IR HMSPP + 5%clay
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Fig. 11 . FT-IR HMSPP 12.5 kGy
4. Conclusion

The addition of clay has improved mechanical
properties and thermal properties of the material.
The sample with 5% of clay showed during aging,
more stable than the sample with 10% clay.
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