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w3 B B Studies on rheology and ecrystallization behavior of poly(lactic

acid)

~Effects of polymer blends, crystalline nucleating agents

and flow induced crystallization—~

Poly(I-lactide-block-acrylic acid) (PLLA) has been attracting attention from the
early stage because it is eco-friendly biomass plastics and has biodegradabaility.
Among biodegradable plastics derived from plants, PLLA has characteristics
such as biocompatibility, excellent mechanical properties, physical properties
such as gloss and transparency, and chemical properties such as water resistance
and oil resistance. Therefore, so far PLLA has been widely used such as, medical
instruments such as transplantation instruments, foodstuff packages.
Furthermore, since the mechanical strength of PLLA is comparable to that of
general purpose plastics, PLLA has been developed for the purpose of
substituting hard plastic substitutes such as PS and ABS. There is a
disadvantage which becomes an obstacle in the application development of
PLLA. One is that molding failure is caused by blow molding or film forming due
to low melt tension of PLLA, and molding processability is low. Another issues 1s
low heat resistance due to the slow crystallization rate. In order to improve the
crystallization rate, nucleating agents which are nuclei of crystals are added.
Various compounds have been evaluated as nucleating agents for PLLA.

The purpose of this study is to improve the physical properties and
processability such as film blowing of PLLA from the viewpoint of the melt

rheology and the crystallization under quiescent state and shear flow.

Chapter 1 provides the background of this study by referring previous important
reports: research and development trends of biomass plastics concerning the

issues on the physical properties, processabilities, and the cost.

Chapter 2 the effect of the blend of PBSL, which is also biomass plastic, on the
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melt rheology and crystallization behaviors of PLLA is described. It was found
that the effect of PBSL blend on the rheological behavior of PLA depended on the
type of PLA, semi-crystalline or amorphous PLAs.

Chapter3 provides the effect of the nucleation agent of OMBH on the rheology:
An addition of PMBH above 1 wi% showed an abrupt increase of G’ of PLLA at
around 160 °C, while OMBH was miscible at kneaded temperature of 210 °C. The
rheological behavior indicate that OMBH forms three-dimensional network
structure on PLLA. However, the enhanced & was decreased under shear flow

due to the collapse of the fibrillar structure.

Chapter 4 addresses the effect of shear flow on the crystallization of
PLLA/OMBH. The increase of G’ at crystallization temperature under shear flow
assumed to be equivalent to time evolution due to flow-induced crystallization.
The half-crystallization time of PLLA/OMBH was much shorter than that of
PLLA. However, the effect of shear flow on the crystallization of PLLA and
PLLA/OMBH was almost comparable by evaluating dimensionless half-
crystallization time. The unusual Avrami exponent with shear rate of
PLLA/OMBH showed that the crystalline growth mode was changed by local
inhomogeneous growth on the OMBH fibrils, depending on the structural change
of fibril structure, long to short 1/ 7 4.

Chapter 5 provides summary of the study.
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