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As a biobased and biodegradable polyester, poly(lactic acid) (PLA) has been extensively utilized in many

areas including packaging materials. The brittle nature of PLA is the key barrier for its broader application.

Efforts on using epoxidized soybean oil (ESO) to enhance the ductility of PLA have been done; however, ESO is

immiscible with PLA and would leach or migrate to the surface of PLA products when in use; thus, sufficient

toughening efficiency is not achievable for the products. Therefore, fully biobased, thermally remoldable, and

highly tough blends were successfully formulated from ESO and PLA via dynamic vulcanization. Two

vulcanizing agents, i.e., cationic initiator and tannic acid (TA), were utilized to induce the crosslinking of ESO

and its reaction with PLA matrix for performing dynamic vulcanization. The achieved TA-ESO/PLA blends with

high toughness were further used as matrices for the development of nanocomposites and biocomposites.

In Chapter 1, the research background, significance, purpose and the construction of the thesis are

particularly described.

In Chapter 2, the experimental materials used in this thesis are presented. The experimental methods and



WUk R 15

characterizations are also described.

In Chapter 3, thermally processable and highly tough PESO/PLA blends were prepared by melt-blending of
PLA with ESO using BFsNH:Et as a cationic initiator for the self-polymerization ESO. The weight ratios of ESO
to PLA ranging from 1:9 to 4:6 were designed to tailor the properties of the formed PESO/PLA blends. Results
indicated the incorporated ESO could form a PESO phase dispersed on the PLA matrix and a superior interfacial
compatibility with PLA matrix, which contributed to an improved toughening efficiency of PESO phase on the
PLA blends. The PESO/PLA blends exhibited significantly increased elongation at break, tensile toughness,
crystallinity, and complex viscosity when compared to pure PLA due to the formation of a two-phase separated
structure in the blends; however, significant decreases in tensile strength, tensile modulus, storage modulus, and
glass transition temperature of the blends were observed after the addition of ESO.

In Chapter 4, highly tough and biobased ESO/PLA blends were formulated through in-situ formation of
TA-crosslinked ESO (TA-ESO) oligomer as a dispersed phase with PLA matrix by dynamic vulcanization
technique. The crosslinking degree of ESO molecules and the interfacial compatibility between the ESO phase
and PLA matrix were thus improved. The properties of the TA-ESO phase and its interfacial adhesion with PLA
matrix were tailored by changing the molar ratio of TA to ESO, which significantly influenced the crystallization
behavior, mechanical properties, thermal stabilities, and morphologies of the TA-ESO/PLA blends. After the
incorporation of 10 wt% TA-ESO (based on the final blend) with a —OH groups to epoxy rings molar ratio of 0.8
into PLA system, the elongation at break (242%) and tensile toughness (57.4 MJ/m?) of the resulting PLA blend
were 7 and 4 times higher than those of the blend with 10 wt% ESO, respectively. Compared to the 10 wt%
ESO/PLA blend, the glass transition temperatures and thermal stabilities of the TA-ESO/PLA blends were
slightly enhanced due to the increased crosslinking density of the TA-ESO phase; however, a slightly decreased
crystallinity was observed for PLA after the addition of TA into ESO phase.

In Chapter 5, to repair the sacrificial strength of the TA-ESO/PLA blends and impart the composites with
electrical conductivity, different concentrations of carbon nanotubes (CNTs), i.e., 0.5 to 10 wt%, were
incorporated into the TA-ESO/PLA blends to prepare CNT/TA-ESO/PLA nanocomposites. The added CNTs
selectively localized within the PLA matrix, leading to a reduced size of TA-ESO phase. The synergistic effects

of CNTs and TA-ESO phase on the properties of the nanocomposites were fully investigated along with the
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understanding of CNT reinforcing and TA-ESO toughening mechanism. The formation of TA-ESO phase
significantly increased the fracture elongation and tensile toughness of the blends, while the incorporation of
CNTs resulted in increased tensile strength, tensile modulus, and storage modulus of the nanocomposites; the
combination of this two effects contributed to the obtained ternary composites with balanced mechanical
properties and favorable electrical conductivity.

In Chapter 6, fully biobased biocomposites with tailorable performance were successfully produced from
renewable materials including bamboo fibers (BFs), TA-ESO and PLA via reactive blending technique. The
properties of the composites were regulated by changing the TA-ESO concentration on the BFs surface, where
the TA-ESO phase was designed to function as two roles in BF/PLA biocomposites, i.e., coupling agent and
toughening agent. At a low content of TA-ESO, the TA-ESO was localized at the fiber-matrix interface via the
formation of a flexible interfacial layer between BFs and PLA. This resulted in significant increases in tensile
strength, tensile modulus, elongation at break, tensile toughness, impact strength, and storage modulus of the
composites. When a high content of TA-ESO was used, the TA-ESO oligomer acted as a toughening phase inside
PLA. The formation of phase-separated structure in TA-ESO/PLA matrix contributed to significantly increased
elongation at break, tensile toughness, and impact strength of the composites. The TA-ESO rubbery phase
induced cavity growth and matrix plastic deformation are proposed as the main toughening mechanism of
TA-ESO on PLA matrix and composites.

In Chapter 7, general conclusions of the study were made.
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