2009 International Nuclear Atlantic Conference AGI 2009
Rio de Janeiro,RJ, Brazil, September27 to Octob2029
ASSOCIACAMRASILEIRA DEENERGIANUCLEAR- ABEN

| SBN: 978-85-99141-03-8

EFFECT OF STERILIZATION DOSE ON ELECTRON BEAM
IRRADIATED BIODEGRADABLE POLYMERSAND COCONUT
FIBER BASED COMPOSITES

Y asko K odama’, Akihiro Oishi?, Naotsugu Nagasawa®, K azuo Nakayama?, M asao
Tamada® and Luci D. B. Machado®

! Instituto de Pesquisas Energéticas e Nuclear&\(IFCNEN - SP)
Av. Professor Lineu Prestes 2242
05508-000 Séo Paulo, SP
ykodama@ipen.br
Imachado@ipen.br

% National Institute of Advanced Industrial Scierrel Technology — AIST
Research Institute for Sustainable Chemical Inriomat
Central 5, 1-1-1 Higashi,
Tsukuba-city, Ibaraki-ken, 305-8565, Japan.
a.oishi@aist.go.jp
kazuo-nakayama@jcom.home.ne.jp

% Japan Atomic Energy Agency — JAEA
Quantum Beam Science Directorate,
1233, Watanuki-machi,
Takasaki, Gunma-ken, 370-1292 Japan
nagasawa.naotsugu@jaea.go.jp

ABSTRACT

In Brazil, annual production of coconut fruit iss1billion in a cultivated area of 2.7 million hao€nut fiber
applications as reinforcement for polymer compasibesides reducing the coconut waste, would recosteof

the composite. On the other hand, biodegradablgnmok have been receiving much attention due tltmtic
waste problem. Polg{caprolactone), PCL, and poly(lactic acid), PLAsibles being biodegradable aliphatic
polyesters, are biocompatible polymers. Considettiegbiomedical application of PLA and PCL, theiogucts
must be sterilized for use, and ionizing radiati@s been widely used for medical devices steritinatit is
important to study the effect of ionizing radiation the blends and composites due to the factthieat are
based on biocompatible polymers. Is this resednoh,pressed samples based on PLA:PCL (80:20, odtio
weight:weight) blend and the composites contaimingmically treated or untreated coconut fiber (®6) were
irradiated by electron beams and gamma radiatiom f€0-60 source at doses in the range up to 200 kGy
Thermal mechanical analysis (TMA) and gel fractimeasurements were performed in irradiated samples.
From TMA curves it can be observed that thermabita of samples with untreated coconut fiber blig
decreased with increasing fiber content. On theroltland, deformation increased with increasingr fdmatent.
Acetylated coconut fibers slightly decreased thérstability of samples. It seems that no interattazcurs
between the natural fibers and the polymeric matug to irradiationPLLA undergoes to main chain scission
under ionizing irradiation according to thermabdlity results and also because no gel fraction alzserved. In
contrast, PCL cross-linking is induced by ionizirgdiation that increases thermal stability and eleses
deformation.



1. INTRODUCTION

Biodegradable polymers have been receiving mucentin due to the plastic waste
problem. Poly¢-caprolactone), PCL, and poly(lactic acid), PLAsidles being biodegradable
aliphatic polyesters, are biocompatible polymerg [b Brazil the annual production of
coconut fruit is 1.5 billion in a cultivated area 27 million ha, 140 coconut fruit/tree [2].
Coconut husk has been used for just some few apiolis, for instance, cushion
reinforcement, vases and some house tapestry, aotbags. The use of vegetable fibers as
reinforcement for polymer composites has been grgwin the research field of coconut
fiber new applications, besides reducing the wastaild reduce cost of the composite and
furthermore, would act as a social project, byeasing jobs for local population of coconut
products manufacturer or coconut juice consumpiidh Considering the biomedical
application, the products must be sterilized fagirttuse, and ionizing radiation has been
widely used for medical devices sterilization. Tilends and composites studied here are
based on biocompatible polymers, so it is importardgtudy the effect of ionizing radiation
on those materials. Is this study, hot pressed Emniyased on PLA, PCL, their 20:80 (w:w)
blend and composites containing untreated and dadynireated coconut fiber (5 and 10%)
were prepared at National Institute of Advancedustdal Science and Technology, AIST.
Sheets were irradiated using gamma radiation fra¥6Q source and electron beam (EB)
from electron accelerator using doses from 0 to RBY at Japan Atomic Energy Agency,
JAEA. The effect of ionizing radiation dose wasdsta by Thermomechanical Analysis,
TMA, and Gel fraction measurements of the samples.

2. MATERIALSAND METHODS

2.1. Sample Preparation

PCL (pellets,M,y=2.1410> gmol™; M,/ M ,= 1.423), PLLA (pellets, M=2.6410° gmol™
My /M, = 1.518 — Gel Permeation Chromatographic values)dmgdcoconut fiber (from

Embrapa — Empresa Brasileira de Pesquisa Agropaal@vere used to prepare blends and
composites. A Labo Plastomil, model 50C 150 of Bayki twin screw extruder was used for
pellets preparation. Pellets of PLLA:PCL 80:20 (W:blend and composites containing
untreated and chemically treated coconut fiber {8 &0%) were prepared at AIST. The
subsequent processing and measurements preseiiéxzistudy were performed at JAEA.

2.1.1. Hot pressed sheets

Sheets (150mm x 150mm x 0.5mm) of PCL, PLLA, PLL&IP80:20 (w:w) blend and
composites containing untreated and chemicallytece@oconut fiber (5 and 10%) were
prepared using lkeda hot press equipment. Mixel@tsedf samples were preheated at 195°C
for 3 min and then pressed by heating at the samgpdrature for another 3 min under
pressure of 150 kgfm? The sample was then cooled by cold press usitigrnaa a coolant
for 3 min.
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2.2. Irradiation

Hot pressed samples were irradiated in nylon/pbigehe bags sealed after removal of the
air by a vacuum pump. The sheets were irradiateeldstron beam from an accelerator with
beam energy of 2 MeV and current of 2 mA, at a dase ofl10 kGypass" with radiation
doses up to 200 kGy. Samples were also irradiagegghlnma radiation from Co-60 source at
a dose rate of 10 kQy".

2.3. Thermomechanical Analysis, TMA

Non-irradiated and EB irradiated 0.5mm thick filmangples were cut into 5mm x 20mm
from hot pressed sheets. For each sample it wasureghwidth and thickness in 3 different
points and it was considered the average for cgsesional area calculation. It was utilized
TMA 60 WS of Shimadzu Co. Test was performed ugixignsion probe, load of 2.5 g; from
room temperature up to 200°C, heating rate 1®9C'. Measurements were performed in
nitrogen atmosphere, gas flow 50 min™.

2.4. Gel-sal fraction

Samples of around 20mg were weighted in triplicatee gel content of the cross-linked
samples was estimated by measuring their insolpdit after immersion in chloroform for
48 h at room temperature. Gel formed was vacuuseddti 50°C for 24 h.

The gel fraction was calculated using Eq. 1:

W
Gel Fraction (%) = ﬁ 100 . (1)

whereW is the initial weight of the dried sample afteadiation, and\ is the weight of the
dried insoluble part of sample after extractionnvahloroform.

3. RESULTSAND DISCUSSION

PLLA:PCL blends present poor mechanical propeudias to the macro-phase separation of
the two immiscible components and the poor adhebienween the phases. Processing
conditions and a variety of parameters of the pelyon components determine the
distribution of the dispersed phase that affects thorphology and consequently the
mechanical properties of blends [1].

Information about the actual phase of the specinmaiuding its thermal and mechanical

history can be obtained from the first heating ph&¥hen thermoplastics soften, especially
above glass transition, orientations and stressag ralax, as a result of which post-

crystallization and recrystallization processes roagur. On the other hand the specimen
may deform under the applied test load. [4].
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Fig. 1, 2 and 3 present the radiation dose effecthermal stability of PCL, PLLA and
PCL:PLLA 20:80 (w:w) blend studied by TMA.
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Figure 1. TMA curves of EB-irradiated PCL
samplesup todosesof 1) 0kGy, I1) 10 kGy, I11)
20 kGy, 1V) 50 kGy, V) 100 kGy, V1) 180 kGy
and VI11) 200 kGy.
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Figure 2. TMA curves of EB-irradiated PLLA
samplesup todosesof 1) 0kGy, I1) 10 kGy, I11)
20 kGy, 1V) 50 kGy, V) 100 kGy, VI) 180 kGy
and VI11) 200 kGy.
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Figure 3. TMA curves of EB-irradiated
PCL:PLLA (20:80) samples up to doses of 1)
0kGy, I1) 10 kGy, I11) 20 kGy, 1V) 50 kGy, V)
100 kGy, VI) 180 kGy and VI1) 200 kGy.

Crystals of rigid macromolecules show no known Hoiim effects of mechanical
deformation on melting transitions, since their th@&annot maintain a tensile stress under
equilibrium conditions. In a network of molten, Xible molecules, a state of stress can be
maintained indefinitely given the proper boundaoyditions of strain. Even if the molecules
are not permanently linked through covalent crogss| entanglements or crystals connecting
portions of molecules may set up a network forfécsently long time to change the melting
point. When held at constant length the force nmustease on melting, raising the melting
temperature of the remaining crystals [5].

In this study, non-irradiated PCL samples starié¢form in the range of 65 to 90°C due to
melting, as it can be observed in Fig. 1. By insmeg radiation dose, thermal stability of the
studied samples is slightly enhanced although #ferchation under load decreases as a
function of temperature.

PCL samples submitted to absorbed EB radiationsdos20 kGy, 50 kGy and 100 kGy have

shown a second step of deformation under load piglhue to the start of cross-linked gel

fraction formation. This behavior is not observed hon-irradiated sample as well as for
those submitted to higher radiation doses suct8@k®y and 200 kGy. The higher doses are
able to enhance the degree of cross-linking andemprently gel fraction, which seems to be
responsible for the melting temperature increasel@mer total deformation of PCL samples

under the same load.

When the PLLA iexposed to a gamma-ray or an electron beam, thean®al and physical
properties of the polymer decrease due to reductiche molecular weight of the polymer
[6]. In this study, it was observed that non-iretdd PLLA samples start to deform at 75°C
when submitted to constant extension load. Thisrdadtion can be associated to the glass
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transition. A second step of deformation can beeplei at around 180°C, which is attributed
to the melting process. Fig. 2 shows that raisemjation doses the deformation increases
meanwhile the thermal stability of PLLA decreadesLA samples irradiated with 180 kGy
present just one step of deformation, suggestiray #LLA undergoes predominantly
degradation as observed previously [6].

TMA curves in Fig. 3 show that the presence of R&LPCL:PLLA 20:80 (w:w) blend
affects somewhat the thermal stability of PLLAiradiated samples. Moreover, the decrease
on the glass transition temperature of PLLA, PCGioahduces decreasing in the measured
deformation (%) of the first step of the TMA curyedtributed to PLLA glass transition,
mainly for samples submitted to higher doses sici&) kGy probably because of PCL
cross-linking. In the dose range studied it is gaeg0 observe two steps of deformation for
all doses.

Dose effects on thermal stability of compositeshvé®o and 10% untreated and acetylated
coconut fiber studied by TMA can be observed on &igp to Fig. 7.
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Figure4. TMA curves of PCL:PLLA (20:80) with
5% of untreated coconut fiber, EB-irradiated up
to 180 kGy radiation dose
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Figure5. TMA curvesof PCL:PLLA (20:80) with
10 % of untreated coconut fiber, EB-irradiated
up to 180 kGy radiation dose

Thermal stability of samples with untreated cocdithgr slightly decreased with increasing

fiber content. On the other hand, deformation iaseel with fiber increase, as observed in
Fig. 4 and Fig. 5 compared to Fig. 3. Deformationréased with radiation dose for all

composites.
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Figure6. TMA curvesof PCL:PLLA (20:80) with
5% acetylated coconut fiber EB-irradiated up to
180 kGy radiation dose.
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Figure7. TMA curvesof PCL:PLLA (20:80) with
10% acetylated coconut fiber EB-irradiated up
to 180 kGy radiation dose.

Acetylated coconut fibers slightly decreased théstability of samples as observed in Fig. 6
compared to Fig. 3, Fig 4 and Fig. 5. Deformatidracetylated coconut fibers composites
increased with increasing fiber content. Furtheemaleformation increased with increasing
PLLA glass transition and PCL melting processes, thie second step of deformation is due
to PLLA melting.

When polymers that predominantly crosslink und@izimg radiation, chemical bridges are
formed between adjacent molecules which become genily linked. This may result in
significant properties alteration as mechanicalavedr, solubility and swelling. In a wide
range of doses, the number of such bonds is asstorierlproportional to the absorbed dose.
Gel sol fraction analysis of irradiated polymerkowl to estimate important parameters of
radiation effect as cross-linking and degradatigels dose, and correlate them to some
physicochemical properties [7].

It can be observed in Table 1 that gel fractiomtste® present measurable values above 100
kGy for both PCL gamma and EB irradiated samplésAPand PCL:PLLA 20:80 blend do
not present gel fraction values, even though ithesen possible to visualize some fragile gel
portion on the blends irradiated above 100 kGgatft be suggested that PLLA predominantly
does not crosslink in the dose range studied. EBurtbre, comparing gamma radiation and
EB allow verifying that radiation dose rates do affect the gel formation. Also for the
composites irradiated with doses above 100 kGy at wossible to observe a gel like
formation. It seems that fiber presence does rietiafel formation. In addition it looks as if
no interaction occurs between fiber and polymehase, because fibers were dispersed in the
solvent during measurements.
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Table 1. Dose effect on gel fraction of PCL

Gel Fraction (%)

Dose (kGy)

Gamma EB
0-70 Not detected Not detected
100 30 -
150 - 40
160 45 -
200 49 47

From the results of gel fraction measurements it lsa observed that EB irradiated PCL
presents 40% of gel fraction when submitted to R6Y of absorbed radiation dose. Even
though, PCL gel formation has been observed, ndogeiation was detected for PLLA, in
the dose range studied. This fact suggests tretiaited PLLA undergoes predominantly to
scission. For the blends and composites of all esmations of chemically treated and
untreated coconut fiber, just a very small quartitya gel like substance was observed as a
circular line in the internal wall of the vials daming the samples irradiated with doses
higher than 150 kGy. This looks like the PCL frantundergoes some cross-linking reaction
even being dispersed into the PLLA matrix. The catofibres of the composites were
released from the polymeric matrix for all samplesing the gel fraction analysis. It seems
that no interaction occurs between the naturalefiband the polymeric matrix due to
irradiation. Only for PLLA homopolymer hot presspthtes preparation it was observed
some bubbles, which suggests that PLLA is veryibnto thermal processing.

4. CONCLUSIONS

In this study, PLLA undergoes to main chain scissioder ionizing irradiation according to
thermal stability results and absence of gel caniercontrast, PCL cross-linking is induced
by ionizing radiation that increases thermal stgbénd decreases deformation. Furthermore,
gel fraction is observed at doses above 100 kGyL RCesence affects PLLA
thermomechanical behavior in the blend. Coconuérfipresence slightly affects thermal
stability and deformation with its increasing cont@nd radiation doses. It seems that no
interaction occurs between the natural fibres d&@edpolymeric matrix due to irradiation. To
improve this study, thermal and mechanical propentif those composites have been studied
and the results will be analyzed and the final lteswill be presented in future works.
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