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Development of novel functional polymeric composite materials
based on cyclodextrin inclusion complexation

Yoshio Inoue
Tokyo Institute of Technology

Bio-based biodegradable aliphatic polyesters, producible from biomass resources, are
sustainable polymeric materials, as all biomass resources from plants are products of the
ultimate resources, i.e., carbon dioxide and water. They are crystalline polymers, but their
crystallization is too slow and their thermal and mechanical properties are too poor to use
them as industrial materials.

In this study, we have tried to improve some physical properties of linear polymers and
to create new functional polymeric materials based on cyclodextrin inclusion complexation.

We have successfully prepared the films of «-cyclodextrin (a-CD)/poly (€
-caprolactone)(PCL) inclusion complex(IC). PCL is typical biodegradable and crystalline
aliphatic polyester. Its crystalline film is opaque and it loses its film shape at its melting
point of about 60°C . On the other hand, the films of ¢-CD/PCL-IC show high transparency
and high heat resistance, depending on the stoichiometry of a-CD/PCL, in comparison
to the pure PCL film. Some amorphous a-CD/PCL-IC films maintain the film state at
temperature over 150C .

An inclusion complex of bacterially synthesized poly (3-hydroxybutyrate)(PHB)/
o-CD (PHB/a-CD-IC) was found to show good nucleation ability and enhance
the crystallization of not only PHB but also bacterial poly(3-hydroxybutyrate-co-3-
hydroxyhexanoate)(PHB-HH) with HH unit content of 7 to 18mol%. Upon complexation
with -CD, the non-isothermal crystallization temperature of PHB shits to higher
temperature region and the range of crystallization temperature becomes much narrow.
The crystallization of PHB-HH with HH unit content of 18 mol% is very slow. But, upon
addition of a small amount of PHB/ -CD-IC fine particles, it can finish crystallization in a
short time during cooling process from the melt.

Furthermore, we successfully prepared a (3 -CD/polyaniline inclusion complex as a
new functional material. Upon complexation with [ -CD, the wavelength and intensity of
UV absorption maxima of polyaniline were found to be modified.



