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Abstract
The effects of three different fillers (i.e., talc, calcium carbonate, and cassava starch) and surface functionalization by 3-ami-
nopropyltriethoxysilane (APTES) and vinyltriethoxysilane (VTES) on morphology, thermal and tensile properties of the 
poly(lactic acid) (PLA) composites were comparatively examined. Dynamic differential scanning calorimetry (DSC) results 
revealed that the incorporation of filler can facilitate the cold crystallization of PLA, as confirmed by lowered cold crystal-
lization temperature. By fitting DSC data with Avrami model, the highest isothermal cold crystallization rate constant k and 
the shortest crystallization half time t1/2 were obtained for the PLA/talc composites under isothermal temperature of 100 °C, 
implying that talc was the most effective nucleating agent for PLA in this study. The average Avrami index n of neat PLA 
and its composites lay within the same range of 3.0–3.6, which reflected the three-dimensional spherulitic growth of PLA 
with the mixture of instantaneous nuclei and sporadic nuclei. In comparison with the composite cast films, the thermoformed 
films had higher degree of crystallinity as well as higher tensile strength and Young’s modulus owing to the chain orientation 
upon annealing. Furthermore, the addition of silane-treated talc, especially APTES-treated talc, fastened cold crystallization 
rate and enhanced tensile properties because of the improved interfacial interaction between talc particles and PLA matrix.
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Introduction

Considering the waste disposal crisis and global warming, 
biodegradable polymers have gained a great attention to 
replace the petroleum-based polymers because they can be 
synthesized from the abundant renewable resources (e.g., 
corn, potato, and sugarcane) and they can be enzymatically 
decomposed into  CO2,  H2O, and biomass in a short time 
[1, 2].

Poly(lactic acid) (PLA) is the most well-known biode-
gradable thermoplastic aliphatic polyester that has been 

extensively used for diverse applications, e.g., eco-friendly 
food packaging [3, 4] and drug delivery devices [5, 6] 
because of its unique properties including biodegrada-
bility, biocompatibility, high transparency, high tensile 
strength (75 MPa), and high tensile modulus (3.2 GPa) 
[7, 8]. Agricultural feedstock is converted into lactic acid 
monomer by bacterial or yeast fermentation, followed by 
ring-opening polymerization of lactic acid monomer into 
PLA. Nevertheless, PLA has several shortcomings such 
as high brittleness with elongation-at-break less than 4%, 
poor melt strength, poor thermal stability, and low gas 
barrier properties. Furthermore, PLA has slow crystalliza-
tion rate leading to a very long processing cycle time and 
low crystallinity. As a result, the end-use packaging will 
have poor optical, thermal, and mechanical performances 
[9]. Annealing at isothermal temperature between glass 
transition temperature (Tg) and melting temperature (Tm) 
of polymer has been carried out to increase the crystal-
linity of the formed polymeric packaging; however, the 
final crystallinity of the unmodified PLA is still relatively 
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