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The Effects of Additives on the Crystallization and the Thermal Property of Polymers
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At present, polymer material is being used in the wide field. On that occasion, the use of the
polymer additive is indispensable. The properties of the polymer materials change by the polymer
additives. Therefore, it is important to know the influence of the addition medicine.

Poly(L-lactic) acid (PLLA) is attracting much attention from the ecological point of view and the
expansion of industrial application of PLLA is being expected. One of the most concerning issues in
the crystallization of PLLA is its crystallization kinetics. It has been reported that the crystallization
rate of PLLA is extraordinary slow compared to the other polymers. It is specially the acceleration is
equal to importance of the crystallization rate at the low temperature, and the mobility of the
molecule chain is low at a low temperature. The plasticizer is known as the type of additive, which
affects the fundamental properties of the polymer such as melt viscosity and glass transition
temperature (7).

In addition to the controllability of the mechanical properties, the plasticizer also affects the
crystallization kinetics of polymer since the mobility of polymer chain is greatly affected. Many
researchers report the influences on PLLA of the plasticizer. But, the detailed mechanism isn't being
explained about the influence on the crystallization rate and crystalline structure. Improvement in the
movement of the molecule chain by the addition of the plasticizer originates in the change in the
environment of that surrounding molecule chain. Because of that, it is important to know relations
concerning the position of the polymer before and after the crystallization and the plasticizer. It is
necessary for the understanding that a plasticizer is more detailed than the thing of the influence on
the crystallization of the polymer.

Aim at the addition of the plasticizer clearing it about the influence on the crystallization of PLLA
in detail during such a background by this research. Because of that, it aimed at clearing it about the
nature in detail concerning effect on crystallization promotion, the crystalline structure (crystalline
form and lamellar structure) and the heat of the formed crystalline structure.

First, this study examined the effect of the concentration of the plasticizer (SAE). This result
cleared that the addition of the plasticizer caused the steep improvement in the crystallization rate of
PLLA, the thickening of the lamellar and high ordering of the crystal. This examination proposed the
crystallization model of the plasticized PLLA. Those are the exclusion of the plasticizer molecule in
the tip of the crystal growth and plasticizer concentration improvement in the entailed Melt matrix.

Furthermore, this study examined the effect of crystallization temperature in the high plasticizer
concentration. Formation temperature of o form shifted to the low temperature side more than
homo-PLLA in the crystallization of the high temperature. This result showed that the crystalline
form could be controlled by the addition of the plasticizer.

The plasticized PLLA formed the structure called mesophase in the crystallization of the low
temperature (40°C). Mesophase is middle order structure with the crystal and amorphous. The



detailed analysis of the structure of mesophase strongly suggested that helix structure of mesophase
of PLLA had the disorder 10/3 helix conformation and packing manner. Furthermore, morphology of
mesopahse is the granularity structure of the diameter around 200 nm.

Next, this research aimed at the understanding of the formation mechanism of mesophase of PLLA.
The examination of the isothermal crystallization process of mesophase showed that the overall
crystallization rate of mesophase of PLLA had the peak in the high temperature side and the low
temperature side. Mesophase is formed at the low temperature side. These results suggest that the
formation of mesophase is controlled by the kinetics. The result of the small angle X-ray scattering
(SAXS) measurement at the isothermal crystallization process showed the phenomenon that the peak
of the periodic structure of mesophase shifted in the mesophase formation process. This
phenomenon suggests that the domain forms from phase separation of spinodal decomposition in the
initial stage. Then, the mesophase is formed with correlation lengths of 10 nm in the domain.

Next, this study examined the thermal properties of mesophase of PLLA. The observation of the
heating process of mesophase showed two continuous peaks of the sharp exothermic peak and the
small endothermic peaks at the around 80°C. The analytic results cleared that this behavior
originated from the transfer phenomenon due to the fusion of mesophase and the recrystallization of
o form. Furthermore, this transfer phenomenon was examined from the Fourier-transform infrared
spectroscopy (FTIR). The result of FTIR showed that a decrease in interaction between the molecule
chains occurred before the fusion of the helix structure in the fusion of mesophase. This result
showed that the fusion of the helix structure was induced in the decline in the interaction. This study
reported the above-mentioned transfer phenomenon from the change in the interaction for the first
time. This study showed that quantitative observation was possible about the identification of the
crystalline form and the crystallization and the fusion phenomenon from the strength of the
interaction and the regularity of packing.

This thesis was cleared the influence on the crystallization rate, the crystalline form and the
lamellar structure by the addition of the plasticizer. In addition, this study explained the behavior of
the plasticizer in the crystallization process of the polymer. These results of this study can be thought
to become very important knowledge for the control of the material property and the prediction of

the molding condition of the plasticized polymers.



