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Most of the substances found in our environment belong
to soft materials; e.g., polymers, micelles, membrane, and
various biological systems. Recently, soft material science,
one of the new fields in physical science, is attracting much
attention of the material scientists and engineers because
new methods and theories have been developed which are
convenient for the treatment of complex systems and in-
homogeneous systems. In the Eco-Soft materials research
unit, we use the knowledge of soft material science as a
tool to solve the environmental problems and to improve
our environment. Environmental protection and improve-
ment, adequate treatment of wastes, and development of
eco-materials are the goals of our basic study. Since sev-
eral inventions are actually proposed from soft materials
science, we are aiming for strong cooperation between soft
materials science and eco materials engineering under their
hybrid term used in this research unit.

The measurement of dielectric constants in a microwave
frequency (1-20 GHz) is a new technique only realized in
these two decades. A highly sensitized instrument called a
network analyzer enabled this measurement that had been
difficult previously. We assigned the relaxation process ob-
served in 103-10' Hz to be a libation of the polymer main
chain. Temperature dependence of the dielectric constant
of plastics implies that the efficiency of the dielectric heat-
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ing by microwave will be enhanced. In the microwave re-
gion, the dielectric absorbance of poly vinyl chloride (PVC)
is hundred times larger than those of other main plastics,
poly ethylene (PE), poly propylene (PP), and poly styrene
(PS). The behavior of dielectric constants suggests that
the selective heating of PVC is possible even in mixtures of
plastic wastes and that effective dehydrochlorination from
PVC should be realized without any extraction or selec-
tion. Dehydrochlorination from plastic wastes is indispens-
able as the pre-treatment before their feed stock recycles
as a coal substituent for a blast furnace. A series of bench
scale experiments was performed observing temperature on
plastic surface and weight loss in situ and the dechlorina-
tion process was investigated. A practical size instrument
was also used in the co-operation project with Kobelco Co.
Itd. A significant enhancement in the efficiency of dielec-
tric heating was observed on raising temperature and we
concluded that fine measurements of thermal parameters
and dielectric constants of plastic materials is necessary
for the design of effective microwave treatment and high
performance microwave applicator.

All of the plastics used in the world as commercial prod-
ucts are a mixture of main polymers, plasticizers, property
extenders and other additives. Therefore the physical pa-
rameters should be measured for each resin product and
accumulation as the database is indispensable. Now we
started to accumulate our original data by use of a net-
work analyzer (dielectric constants) and a hot-disc instru-
ment (thermal conductivity).

We also develop a new program of electro magnetic sim-
ulation reproducing the dielectric heating in an applicator.
This program is designed for the super computer system
of Riken named RSCC (Riken Super Combined Cluster)
system. The program also has compatibility in the data
format with the thermal flow simulation program avail-
able in the computer center. A full simulation of dielectric
heating brings new benefit in the technology of RIBF to
analyze RF property of accelerator equipments.

As one project of soft material science, we also investi-
gate the property of material transports occurred in extra-
cellular matrices (ECM) by use of fluorescence correlation
spectroscopy (FCS). Hyaluronan is a component of ECM
which forms an effective network structure in its aqueous
solution. The material transports in hyaluronan matrix
shows a characteristic property of anomalous diffusion in
which the value of diffusion coefficients depends on the
diffusion time or the diffusion distance. The information
exchange between cells through ECM should be affected
by this property. We proposed a new FCS technique called
sampling volume controlled (SVC) FCS to directly observe
the space dependence of diffusion coefficients.

Research Subjects

1. Selective dechlorination from poly vinyl chloride by
microwave heating

2. Dielectric property of polymers in the microwave fre-
quency region

3. Computer simulation of dielectric heating by mi-
crowave

4. Anomalous material transports in extracellular matri-
ces

5. Fluorescence correlation spectroscopy and its exten-

sion
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6. Development of medical examination tools using fluo-
rescence correlation spectroscopy

7. Extraction of valuable soft matter from wastes and
marine resources

8. The investigation of surface dynamics by use of laser
spectroscopy
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