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Abstract 

This research project aims to apply the use of radiation processing to prepare biodegradable 

composites from poly(lactic acid) or polylactide (PLA) and cassava starch. Cassava starch, a 

natural polymer that is inexpensive and abundant, especially in Thailand, will be used as 

starting material. Functional group of cassava starch will be modified first in order to render 

starch more compatible with PLA. The monomer with desired functional groups will be 

grafted onto the backbone of starch via radiation-induced grafting polymerization. Different 

parameters will be examined to determine the optimum conditions for the grafting 

polymerization. The modified starch will subsequently be blended with PLA, with and 

without clay, to form biodegradable composites. In order to further improve the thermal 

properties, the blends and their composites will be subjected to radiation to induce 

crosslinking between the molecules of PLA and starch derivatives. 

1. Introduction 

PLA is a compostable thermoplastic obtained by ring-opening polymerization of lactide 

monomers which can be derived from renewable resources such as starch or sugarcanes. In 

recent years, PLA has been receiving a great deal of attention, essentially due to its 

degradability. With this environmental-friendly property, along with a highly transparent 

appearance similar to that of polyethylene terephthalate (PET), PLA has undoubtedly become 

one of the most promising alternatives to non-biodegradable synthetic polymers 

conventionally derived from petroleum-based chemicals. Nonetheless, two of the most 

important factors that prevent PLA from being commercially and widely used are its thermal 

stability and high cost, compared to commercial plastics such as polyethylene (PE) or PET 

commonly used in packaging materials. Renewable resources such as starch are relatively 

inexpensive and therefore able to offer a competitive commercial strategy. The proposed 

blending between PLA and starch derivatives is designed to combine the processability and 

PET-like properties of PLA with the high thermal stability of starch derivatives [1-3]. This 

work intends to utilize radiation processing as a means to overcome the aforementioned 

shortcomings associated with PLA, by blending PLA with starch derivatives and using 

radiation-induced cross-linking to improve thermal stability of the blends and their 

composites [4-7]. 

Blending is one of the most convenient and practical techniques used to modify properties and 

expand applications of various polymers. Blending PLA with other polymers has been applied 

in a number of works. In this work, blending PLA with starch derivatives has been proposed 

to improve the thermal stability of PLA, while simultaneously reducing the cost. The major 

problem of blending PLA with starch is a very poor compatibility between hydrophilic starch 

and hydrophobic PLA. 
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Environment-friendly, cost-effective and energy-efficient, radiation processing can induce 

grafting and cross-linking without any initiators and can be done at ambient temperature. Two 

major objectives of this research are to use radiation as a means to induce grafting in order to 

modify the functional groups of starch and to induce cross-linking between the molecules of 

PLA and modified starch in order to further improve their properties. 

Our previous research [8, 9] has applied radiation processing to improve the compatibility 

between silica and natural rubber by modifying the silica surface using radiation-induced 

admicellar polymerization. The hydrophilic nature of silica and the hydrophobic nature of 

natural rubber make them incompatible, resulting in poor properties of the rubber compounds 

containing silica as a filler. The modification of silica surface by admicellar polymerization 

has been applied by a number of researchers. However, most of the previous works often 

utilized thermal process and chemical initiators to induce the formation of polymer film. 

Unlike the traditional thermal reaction, radiation can initiate reaction without any catalysts or 

initiators. Radiation-induced admicellar polymerization was hence proposed for the 

modification of the silica surface. The modification was done by the polymerization of 

isoprene monomer on the silica surface to enhance the compatibility between the hydrophilic 

silica surface and the hydrophobic hydrocarbon elastomer as well as to improve the 

mechanical properties of natural rubber products that use silica as a filler. The results from 

FTIR, SEM, TEM as well as elemental analysis have shown and confirmed the formation of 

polyisoprene film on the silica surface. The silica modified by radiation-induced admicellar 

polymerization was applied as a filler for the rubber compound. The results showed that the 

mechanical properties of rubber reinforced with silica modified by radiation-induced 

admicellar polymerization were superior to those reinforced with unmodified silica or 

commercial grade silica. 

2. Preliminary Results 

Radiation-induced crosslinking of PLA has been done, in the presence of a crosslinking agent 

(triallyl isocyanurate, TAIC), using gamma radiation. The mixing of PLA and TAIC was done 

using a twin-screw extruder. Optimum concentration of the crosslinking agent and optimum 

dose were determined. Figure 1 shows % gel fraction of the film samples as a function of 

TAIC concentration and radiation dose. The gel fraction was 0% for all T0 (neat PLA without 

TAIC) samples, implying that, without TAIC, gamma radiation cannot induce crosslinking 

between PLA molecules. 
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Fig. 1. Gel fraction of PLA-TAIC samples with different concentration of TAIC (0, 1, 3 and 5 

phr) irradiated at different doses. 

Figure 2 shows the DSC thermograms of T3 (PLA mixed with TAIC at 3 phr) samples at 

different doses. The unirradiated T3 sample showed three peaks at approximately 56, 120 and 

150
o
C, corresponding to grass transition (Tg), recrystallization (Tc) and melting temperature 

(Tm) of PLA, respectively. For T3 samples irradiated at 20, 40, 60, 80 and 100 kGy, their Tg 

peaks remained a single peak at approximately the same temperature as that of unirradiated 

sample. Yet, their Tc and Tm peaks disappeared almost completely. These results confirmed 

the crosslinking between PLA molecules which hinders the chain mobility of PLA molecules, 

thus eventually restricting them from undergoing recrystallization and melting processes. 

 

Fig. 2. DSC thermograms of T3 samples irradiated at 0, 20, 40, 60, 80 and 100 kGy, from 

bottom to top, respectively. 

The results from gel fraction and DSC experiments have shown that gamma radiation is able 

to induce crosslinking between PLA molecules, in the presence of a suitable crosslinking 

agent. Currently, samples are being prepared for the testing of mechanical as well as thermo-

mechanical properties.  

The starch modification is under investigation with the following points as specific objectives; 

to determine the appropriate functional groups to make starch more compatible with PLA, to 
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find the optimum condition for starch modification by radiation-induced grafting, to find the 

optimum compounding formula for blending PLA with modified starch, with and without 

clay as well as to characterize the properties of the blends and their composites. 

3. Future Work Plan 

Functional groups of starch will be modified first in order to render starch more compatible 

with PLA. The monomer with desired functional groups will be grafted onto the backbone of 

starch via radiation-induced grafting polymerization. Different parameters will be examined 

to determine the optimum conditions for the grafting polymerization. The modified starch will 

subsequently be blended with PLA, with and without clay, to form biodegradable composites. 

In order to further improve the thermal properties, the blends and their composites will be 

subjected to radiation to induce crosslinking between the molecules of PLA and starch 

derivatives. The thermal, mechanical and biodegradation properties of PLA and starch blends 

as well as their composites with clay will be characterized. 
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