2009 International Nuclear Atlantic Conference - INAC 2009
Rio de Janeiro,RJ, Brazil, September27 to October 2, 2009
ASSOCIACAO BRASILEIRA DE ENERGIA NUCLEAR - ABEN
ISBN: 978-85-99141-03-8

THE EFFECT OF PEROXIDATION METHOD ON POLYPROPYLENE
FILM USING GAMMA RADIATION

Heloisa A. Zen, Geise Ribeiro, Adriana N. Geraldes, Duclerc F. Parra and
Ademar B. Lugao

Instituto de Pesquisas Energéticas e Nucleares, IPEN - CNEN/SP
Av. Professor Lineu Prestes 2242
05508-000 Sao Paulo, SP

helozen @ipen.br

ABSTRACT

In this work the ionizing irradiation on polypropylene (PP) films was carried out by peroxidation method under
cobalt—-60 gamma rays source, at room temperature. The material was submitted to 5, 10 and 15 kGy doses with
a dose rate of 10.7 kGy h™'. The objective of this study is evaluating the influence of oxygen atmosphere and
irradiation dose on the mechanical and thermal properties. The thermal properties were evaluated by
Differential Scanning Calorimeter and Thermogravimetric Measurement (TG). For the mechanical test, the
samples were cut into pieces of 15 mm x 100 mm and the measurement was made at melting temperature
(160 °C) to eliminate the crystallinity influence. In this test all samples (pure and irradiated) did not break and
the extension was over 120mm, which is the equipment limitation, but the irradiated films had lower tension
stress. In order to compare the mechanical resistance another test were made at room temperature. In this case
the pure samples did not break (extension over 500%) and the irradiated break with around 50% elongation and
reduce in the tensile stress. This decrease in the tensile stress in the mechanical tests can be attributed to the
process of chain scission of the strained tie molecules after gamma- irradiation degradation. The present study
shows that the PP irradiation at room temperature in air affects both molecular structure of the chains and the
crystallinity of PP films.

1. INTRODUCTION

One of the major techniques to modified and/or improve properties in polymer is ionizing
radiation. This process leads to degradation, crosslinking and grafting polymerization, depend
on the require property.

Studies on the interaction of high-energy radiation with polymers have attracted the attention
of many researchers. This is because high-energy radiation can induce both chain scission
and/or crosslinking. During irradiation process polypropylene suffers crosslinking and chain
scission (degradation) reactions at the same time and rate which leads to degradation of
physical properties. Gamma irradiation in the presence of air strongly degraded the properties
of PP materials and several studies about this conditions and consequences in PP have been
reported [1, 2].

When polypropylene is exposed to gamma radiation under oxygen atmosphere, the radicals
generated by chain scission can combine with oxygen and initiate chain reactions. After
gamma radiation the oxidation process continues for a long period and one explanation is that
the free-radicals persist after irradiation in the crystalline phase [3, 4] and is possible to



migrate to the crystalline/amorphous boundary and react with the oxygen. Another
explanation for this degradation reaction after radiation process is a slow decomposition of
hydroperoxides groups [5].

This work shows results of polypropylene films exposed to gamma irradiation process at 5,
10 and 15 kGy under oxygen temperature. The effects of peroxidation method in mechanical
and thermal properties will be evaluated in this work.

2. EXPERIMENTAL

2.1. Materials

Polypropylene films with 100 um thickness was submitted to gamma radiation at 5, 10 and
15 kGy at dose rate of 10.7 kGy h™ under oxygen atmosphere in order to evaluate the changes
in the mechanical and thermal properties.

2.2 Characterization

Thermogravimetric (TG) was recorded with a Mettler-Toledo TGA / SDTA 851
thermobalance in dynamic atmosphere from 25 to 700 °C at a heating rate of 10 °C min™
under inert atmosphere.

Differential Scanning Calorimeter (DSC) measurement was carried out in a 822 Mettler-
Toledo under nitrogen atmosphere at a heating rate of 10 °C min™ and temperature range of
-50 to 280 °C. The crystallinity degree for PP 100% crystalline is 209 J g”' [6].

Mechanical properties were measurement at room temperature using a EMIC machine and at
160 °C using an Instron equipment. The tests were performed at a cross head speed of

. -1
50 mm min .

The infrared spectroscopy by ATR-IR was carried out on FTIR of Thermo Nicolet
spectrometer to record the spectra of pure and irradiated samples.

3. RESULTS AND DISCUSSION
The infrared spectra are shown in Fig. 1 and in spite of the irradiation process made under
oxygen atmosphere the peaks refer to the carbonyl (1700 cm™) and hydroxyl (3500 cm™)

groups do not appear, probably because the low dose used in this study didn’t cause high
degradation in the polymer chain.
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Figure 1. Infrared spectra (ATR-IR) for the
samples.

The data for the mechanical tensile test at room temperature (25 °C) are demonstrated in
Table 1. The results are in agreement with the literature which means that degradation is the
effect caused by peroxidation method [4]. In this case the pristine samples did not break
(extension over 500%) and the irradiated break with around 50% above of initial length and
reduce in the tensile stress. This decrease in the tensile stress can be attributed to the process
of chain scission of the strained tie molecules after gamma irradiation degradation.

The tensile tests at 160 °C were carried out for pristine and irradiated samples at 15 kGy.
This temperature was used to eliminate the influence of crystalline phase (crystals) on the
chain orientation. In this test these samples didn’t break, the elongation was from 50 mm
(initial length) until 120 mm which is the maximum of the Instron machine when the tests are
done at high temperature. The irradiated samples suffer a decrease in the tensile at break
value. This fact can be related to the reorganization of the crystalline phase during melting.

Table 1. Numerical results to the tensile test at room temperature

Sample Initial length / Elongation at Tensile at
mm break / mm break / MPa

Pristine 50 418.7* 21

5 kGy 50 112.5 5

10 kGy 50 78 4.5

15 kGy 50 78 3.5

* Sample didn’t break
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Thermogravimetric curves are in Fig. 2 and reveal the same profile for all samples. The
initial degradation temperature wasn’t affected with exception the irradiated polymer at

5 kGy which had a decrease in this temperature, from 440 °C for unirradiated to 424 °C for
irradiated.
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Figure 2. Thermogravimetric curves for all
samples

The results obtained during first and second scanning of heating are demonstrated in Table 2
and the DSC curves for these values are showed in Fig. 3. The melting temperature is
observed about 160 °C (Table 2) for all samples. The values of crystallinity degree (W.)

decrease as consequence of irradiation, that interacts with crystalline phase and produces
more defective crystals.

Table 2. DSC values

Sample Tm/°C T/ °C W./ %
Pristine 160 --- 47.5
5 kGy 159 162 45.7
10 kGy 158 164 48.7
15 kGy 157 164 47.2

Tmi: melting temperature; W: crystallinity degree
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The DSC curves show two different melting temperature (one likes a shoulder in the
endotherms) of the irradiated polymer, which means that crystals with different size are
melting in different temperature. This fact can be attributed to structural instability after
recrystallization step as consequence directly of the irradiation process [7, 8]. These
imperfect crystals were created due to oxygen present in the atmosphere that introduces
irregularities in crystalline phase.
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Figure 3. DSC curves for all samples

4. CONCLUSIONS

By ATR-IR was not possible to verify the presence of carbonyl and hydroxyperoxide groups.
But with the mechanical test and thermal analysis is possible to confirm the degradation
process due to a decrease in these properties. By DSC is observed that there are different
sizes of crystals in crystalline phase and appearance of double endotherms, both as a result of
irradiation process in the presence of oxygen that interacts and cause irregularities in this
phase.
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