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Abstract

This work aimed to study the properties of poly(lactic acid) (PLA) and wood/poly
(lactic acid) (PLA) based composites including mechanical, thermal, antibacterial,
barrier properties and biodegradable performance. The first part of this work,
Poly(lactic acid) (PLA) and wood flour/PLA composites were prepared and blended
with two antimicrobial agents, triclosan and silver-substituted zeolite (Zeomic), using a
twin-screw extruder. The mechanical and thermal properties, antimicrobial activity, and
biodegradation performance were investigated. The addition of wood was found to
increase the Young’s modulus of the composites, whereas the tensile strength,
elongation at break, and impact strength dropped because of its incompatibility. The
mechanical properties of the PLA and wood/PLA composites filled with Zeomic were
also found to drop, especially at a presence of 10 %wt wood, because of the degradation
of the PLA matrix as a result of a hydrolysis reaction between PLA, water molecules in
the zeolite structure and absorbed water molecules by the wood particles. However, the
mechanical properties of PLA and wood/PLA loaded with triclosan did not show any
definite trends. Differential scanning calorimeter (DSC) data indicated that the T value
of neat PLA was 63°C, whereas those of wood/PLA composites were lower. When
wood and Zeomic were incorporated, PLA exhibited double melting peaks. For
triclosan system, Escherichia coli (E. coli) and Staphylococcus aureus (S.aureus)
growth appeared to increase with contact time for PLA, but to decrease with contact

time for the wood/PLA composites. Based on the results and quantitative evidence, it



was proposed that the wood flour acted as an “antibacterial promoter” for triclosan
blended wood/PLA composites, which facilitated triclosan migration onto the
wood/PLA composite surfaces to kill the bacteria. The molecular interactions between
PLA, triclosan and wood were quantitatively characterized experimentally by water
contact angle and Fourier transform infrared spectroscopy (FTIR). However, Zeomic
did not show antibacterial performance under the test condition. Biodegradation tests of
neat PLA and wood/PLA composites showed that after a 60-day incubation period the
biodegradation rate of wood/PLA was higher than that of PLA. PLA and wood/PLA
containing Zeomic were found to degrade more quickly, suggesting that wood and
Zeomic acted as biodegradation promoters. On the other hand, triclosan could be
considered a biodegradation retarder, since no biodegradation was observed for any
triclosan-loaded samples during the initial 20 days of incubation, while neat PLA and

wood/PLA composites began to degrade within the first few days.

For the second part, the PLA, triclosan, wood and Cloisite® 30B were compounded
using twin screw extruder. This part focused on determinations of mechanical,
antibacterial, thermal and barrier properties of PLA composites. It was found that only
the tensile modulus of PLA composites increased while the others decreased when

10 %wt wood was loaded. The effect of triclosan and Cloisite® 30B compounding did
not change the mechanical properties and glass transition temperature. However, by the
presence of wood and Cloisite® 30B, T values of the composites exhibited double peak
characteristic which was related to an increase in crystallinity level. Antibacterial
activity of the PLA composites was improved with the Cloisite® 30B content, and this
was attributed to cationic bactericide quaternary ammonium group between the silicates
layers. Hydrophobic material triclosan obviously changed water vapor permeability
(WVP) of the PLA from 8.24 x 10 to at 7.26 x 10™ g.mm/mm?.h.Pa for triclosn/PLA
specimens. All PLA composites samples with 0.5 %wt clay content showed a

significant increase in oxygen barrier property as a result of the exfoliate dispersion.

Keywords: Antibacterial Agent/Biodegradation/Organoclay/Poly(Lactic Acid)/
Wood polymer composite
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