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for the development of environmentally-friendly bioplastic composites

Thesis Summary

Bioplastics which possess biodegradability and renewability are expected to be used as alternative
materials for the conventional petroleum-based plastics. One of the drawbacks of the bioplastics is their
poorer mechanical properties than those of the petroleum-based plastics. In this thesis,
environmentally-friendly bioplastic composites with electrospun nanofibers were developed for the
improvement of the mechanical properties of the bioplastics.

In Chapter 1, the backgrounds and the purpose of this thesis were introduced. The background
includes the present situation and problems of the bioplastics, the mechanism of the nanofiber fabrication via
the electrospinning, and the previous studies on fiber-reinforced composites. In Chapter 2, cellulose acetate
nanofibers (CA-NF) were fabricated as the reinforcement material for poly(butylene succinate) (PBS).
Moreover, the CA-NF could be aligned by collecting the CA-NF with a rotating mandrel at the rotating
speed of 430 m/min or more, and the CA-NF/PBS composites with the aligned CA-NF exhibited higher
Young’s moduli compared with those of the composites with unaligned (random) CA-NF. In Chapter 3, in
order to fabricate regenerated-cellulose nanofibers (RC-NF) with high Young’s modulus, the electrospun
CA-NF were saponified to convert the acetyl group of the CA-NF to the hydroxyl groups. The obtained
RC-NF were compounded into polylactide (PLA) to the improve the mechanical property of PLA. It was
revealed that the RC-NF possessed insufficient interfacial compatibility with PLA matrix, because RC-NF
was hydrophilic and PLA was hydrophobic. Due to the compounding of different materials and the
incompatibility between RC-NF and PLA, the transparency of the composites were drastically decreased by
adding RC-NF. Meanwhile, since the RC-NF possessed higher Young’s modulus than CA-NF, the RC-NF
showed better reinforcing effect than CA-NF for the PLA composite. In Chapter 4, self-reinforced PLA
composites were developed by compounding stereocomplex polylactide (sc-PLA) nanofibers into
poly(L-lactide) (PLLA) matrix. The sc-PLA nanofibers were successfully fabricated by the electrospinning
from the 7 wt% solution with dichloromethane:pyridine = 7:3 (wt/wt) mixture solvent. The self-reinforced
PLA composite with the electrospun sc-PLA nanofibers exhibited high visible-light transmittance over 75%.
The Young’s modulus of the composites linearly increased as the nanofiber concentration increased.
Moreover, the storage modulus of PLLA at 80°C increased by 23.1 times at the nanofiber concentration of 15
wit%, indicating the compounding of the sc-PLA nanofiber improved the heat resistance properties of PLLA
matrix. In Chapter 5, the conclusions of this thesis were summarized.
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