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A bstract: Poly (lactic acid) and poly (lactic acid) -montmorillonite (MMT) nanocomposite films
60

have been prepared by solvent casting method. Films were irradiated with Co radiation facility at 
various doses in the range of 5 to30 kGy. The effect of gamma irradiation on mechanical properties of 
neat PLA and nanocomposites is evaluated by the data obtained from tensile testing measurements. 
The degree of crosslinking is measured by gel content method. Thermal behavior of nanocomposites is 
studied by differential scanning calorimetry (DSC) and thermal gravimetry analysis (TGA). The 
morphology of the nanocomposites is characterized by transmission electron microscopy (TEM) and 
X ray diffraction. Structural changes in poly (lactic acid) are studied by Fourier transform infrared 
(FTIR).

1. INTRODUCTION

Poly (lactic acid) (PLA) is a linear aliphatic thermoplastic polyester produced either 
by the polycondensation o f lactic acid or by ring-opening polymerization o f lactide cyclic 
dimmer [1]. Lactic acid is synthesized from fermentation o f renewable sources such as corn, 
sugar beat and other starch-rich products [2-4]. Biodegradability and bioabsorbability o f this 
plant based-polymer has drawn many attentions to itself in recent years. Good mechanical 
properties along with its biocompatibility make it suitable for biomedical applications [5]: 
such as prosthetic implants [6], three dimensional scaffolds [7], controlled-release drugs [8] 
and resorbable sutures. There is also a growing interest in utilizing PLA for packaging and 
disposable plastic articles since production cost has been lowered by new technologies and 
large scale production [9-10]. In spite of many good properties o f PLA which makes it a 
preferred choice for substitution with petroleum-based polymers, existence o f a few 
weaknesses in some aspects such as thermal stability, barrier properties and toughness seeks a 
requirement for its modification. The performance o f PLA can be enhanced by the 
incorporation o f nanosized particles such as layered silicates. Some attempts have been made 
by researchers in order to improve various properties o f poly (lactic acid) through formation 
o f PLA/Organoclay nanocomposites [1, 12-13]. Chemical and/or radiation induced 
crosslinking is another alternative for improving thermal and mechanical properties o f PLA 
(14-17). In this research poly (lactic acid) organoclay nanocomposites in various compositions 
are produced via solution casting method. The effects o f gamma radiation and multifunctional 
monomer on the thermal stability, mechanical properties and morphology o f the 
nanocomposites are investigated. The structural changes o f the nanocomposites are 
characterized by Fourier Transform Infrared spectroscopy. Morphology and crystalline 
structure o f the nanocomposite are studied by transmission electron microscope (TEM) and X 
ray diffraction respectively. Crystallinity and thermal transition behaviours o f the samples are 
studied by differential scanning calorimetry and thermal stability is examined by thermal 
gravimetric analysis (TGA).
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2. EXPERIMENTAL

2.1. M aterials

PLA granule was purchased from a chemical company in China Nanosized organoclay 
with the trade name o f Nanolin DK4 was used as filler. Commercial extruded blown PLA 
film was also prepared.

2.2. P rep a ra tio n  o f PLA  and  PLA /organoclay nanocom posites

PLA and PLA/organoclay nanocomposites were made via solvent casting method. A 
required amount o f poly (lactic acid) granule was weighed and mixed with enough amounts of 
chloroform vigorously via a magnet stirrer. The temperature maintained constant at 60°C in a 
water bath until the complete solution o f PLA was occurred. The solution was poured into a 
glass mould and placed on a leveled surface. After 24 hours the prepared PLA film was 
removed from the mould and placed into a vacuum oven for 6 hours at 40°C and 48 hours at 
room temperature. The PLA films containing multifunctional monomer were made with the 
same procedure. 1-3% Triallyl cyanurate was added to the poly (lactic acid) solution and 
mixed again for an hour. For the preparation o f the PLA nanocomposite films a solution of 
PLA was mixed with a dispersion o f nanolin DK64 in chloroform. The dispersion of 
organoclay in chloroform was obtained by mixing various amounts o f Nanolin with solvent 
followed by vigorous mixing in a digital ultrasonic bath for 60 minutes. The solution o f PLA 
and dispersion o f Nanolin was mixed together and put into an ultrasound bath for about 3 
hours. Then the mixture was poured into a glass mould on a leveled surface. Nanocomposites 
containing 2, 4 and 6 pph were made. The tests on PLA nanocomposites are in progress.

2.3. I rrad ia tio n  o f films

The PLA films were cut into strips and irradiated w ith gamma rays at various doses 
(5-30 kGy) in presence o f air.

2.4. M echanical P roperties

Mechanical properties o f PLA and poly (lactic acid) nanocomposites films were 
characterized with a Zwick tensile testing machine. The films were cut into the strips with the 
dimensions o f 10 cm length x 2 cm width and stretched with the gauge length o f 4 cm and 
speed o f 5 cm /  min.

2.5. F o u rie r T ransfo rm  In fra re d  (FTIR ) Spectroscopy

Infrared spectra o f the neat PLA and PLA/organoclay nanocomposite films were 
obtained using FTIR machine Series 8300 manufactured by Shimadzu Company in Japan.

2.6. D ifferential Scanning C alo rim etry  (DSC)

Thermal behavior o f the samples was investigated via Differential Scanning 
Calorimetry by Shimadzu DSC-50 Japan. The test was performed under Nitrogen atmosphere 
between room temperature and 200 °C.
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3. RESULTS AND DISCUSSIONS

3.1. M echanical properties

The following results are related to the neat un-irradiated and irradiated extruded 
blown PLA films. The tests on PLA nanocomposite films are in progress. The results obtained 
from tensile testing on extruded blown PLA films w ith a thickness o f 250 micrometer shows 
reduction in elongation at break with increasing the irradiation dose from 5-35 kGy (Figure
1). This implies formation o f crosslinks between polymer molecules in the amorphous regions 
o f PLA films due to subjecting them to high energy gamma rays. There is also slight increase 
in tensile strength o f the samples up to 30 kGy which confirms existence o f three dimensional 
networks.

Irradiation dose (kGy)

Fig. 1 : Tensile strength and elongation at break versus irradiation dose.

3.2. T herm al behaviors

The DSC thermograms o f the blown PLA film at 0 kGy and 30 kGy are displayed in 
Figures.2-3. The unexposed PLA film shows a glass transition temperature (Tg) at 53°C and 
melting point at 147.51°C. As it is seen the glass transition remains nearly unchanged. A 
slight increase in the melting point (about 2°C) may indicate formation o f crystallites with a 
bigger size upon exposing to high energy gamma rays. Figure 4 displays the DSC 
thermogram of the PLA cast film. The glass transition o f the latter shows higher value than 
that o f blown film (67° C compared to 53°C). This can be explained by the fact that 
commercial films may contain some processing additives which lowers the glass transition.
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Fig. 2: DSC thermogram of unirradiated blown PLA film.

Fig. 3: DSC thermogram of irradiated blown PLA film.
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Fig. 4 : DSC thermogram of solvent cast PLA film.

3.3. F T IR  Spectroscopy

Chemical structure o f  the unexposed and gamma ray treated blown PLA film was 
characterized by FTIR spectroscopy. Apparently there are no significant changes in the FTIR 
spectrum of the irradiated film to that o f the virgin sample (Figures 5-6).

Fig. 5: FTIR spectrum of unexposed blown-molded PLA film.
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Fig. 6: FTIR spectrum of blown PLA film at irradiation dose of 30 kGy.

4. CONCLUSIONS

Increasing the irradiation dose from 5 to 30 kGy increased tensile strength and 
decreased elongation at break which indicates the radiation induced crosslinking o f the 
extruded blown PLA film upon exposure to high energy radiation. Glass transition 
temperature o f the irradiated films remained unchanged while melting point increased slightly 
that may suggest formation o f crystallites o f bigger size. FTIR spectrum of irradiated film 
shows no significant changes compared to that o f the virgin PLA film which needs further 
investigation. Further work on cast PLA virgin films and nanocomposites are in progress. The 
resulting poly (lactic acid) nanocomposites could have potential biomedical and industrial 
applications.
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