Proton Conducting Hybrid Materials

Phosphate Glass-Drived Hydrogels
½ A phosphate
hydrogel
derived
via hydration of the
glass powders.

Proton conducting phosphate hydrogels are
easily derived from the reaction of water with
some kinds of metaphosphate glass powders.
The hydrogels show high conductivities of ~5
mS/cm at room temperature. The high
conductivity is suggested to be due to the fast
proton transfer promoted by coexistence of large
amounts of acidic POH groups and water
molecules.

¿ Schematic drawing of the phosphate
hydrogel structure.

A fuel cell prepared using the hydrogel electrolyte
generates the high power density of ~160
mW/cm2.
An electric double-layer capacitor (EDC) with
capacitance of ~30 F/g can be also prepared by
using the hydrogel, which shows low a
self-discharge rate and a fast charge/discharge
capability.

¿ Polarization curves
of a fuel cell using the
hydrogel.

¿ Cyclic
voltammogram
of the hydrogel.

Anhydrous Hybrid Materials
A novel hybrid material was prepared utilizing the
reaction of zinc metaphosphate glass powders with
imidazole. The resulting material is a viscous, amorphous
product and shows no decrease in weight even after
heating at 200oC.

¿ Schematic drawing of a hybrid material
derived from imidazole and zinc phosphate
glass.

The anhydrous material has great advantages over
proton conducting imidazole or phosphoric acid at
intermediate temperatures. It shows high electrical
conductivities of 0.2~4 mS/cm at the temperature range
of 110-180oC. MEA using the material as the electrolyte
worked with a maximum power density of 16 mW/cm2
when utilized in an H2/O2 fuel cell at 150oC.
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Calcium Phosphate Glass-Based
Materials for Biomedical Applications
Bioactive Calcium Phosphate Glass-Ceramics
Load-bearable, machinable ceramics, which
can be machined using conventional tools, are
used for various applications in surgical or dental
fields. A novel machinable calcium phosphate
ceramic to form a chemical bond directly with
natural bone (bioactivity) was prepared using a
glass-ceramic technique. The glass-ceramic
consists of bioactive phases such as β-Ca3(PO4)2,
β-Ca2P2O7 and a glassy matrix. β-Ca2P2O7 crystal
plays an important role in its machinability.

½ Microstructure (the polished face)
of the 60CaO-30P2O5-3TiO2-7Na2O
bioactive glass-ceramic (mol%).

1 µm
¾ Drilling test of the
glass-ceramic.
Diameter of the tool
is 1.5 mmφ. Cutting
wastes are observed
on the specimen.

The glass-ceramic can be strongly joined with a
new β-type titanium alloy (Ti-29Nb-13Ta-4.6Zr).
The bioactive coating is expected to be applied to
artificial bones such as hip joints or
Kirschner-wires.

½ Contact microradiogram (CMR)
of cross-section around the glassceramic-coated titanium alloy after
implantation in the femurs of
Japanese rabbits for 1 year. The
direct contact of bone tissue with
the samples can be seen at many
portions.

Novel Dental Sealing System using Glasses
Our new idea for prevention of dental caries is to seal
the fissures in teeth using ceramics. CO2 gas laser is
effectively adsorbed into phosphate and OH groups. The
possibility of a new type of phosphate glass-ceramic
sealant utilizing CO2 laser irradiation is now examined.

¿ The Image of our
novel dental sealing
system using the rapid
sintering of phosphate
glass powders by CO2
laser irradiation.

¿ Apatite-containing
glass-ceramic obtained
by sintering of the glass
powders by CO2 laser
irradiation.

The powders of fluorine-containing phosphate glass
35CaO-30P2O5-25TiO2-10CaF2
(as
a
nominal
composition) are rapidly sintered by CO2 laser irradiation
at a low power (e.g., 2 W) for 5 sec. After the irradiation,
Ca10(PO4)6(O,F2) and CaTi4(PO4)6 crystals are
precipitated in the glass, resulting in the induction of
excellent chemical durability.
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Nonwoven Membranes
for Bone Regeneration
New Materials for Guided Bone Regeneration (GBR)
GBR is a well-established therapy to repair
alveolar bone defects. GBR reconstructs new bone
using a barrier membrane to guard the defected
area from invasion of other tissues.

½ PVC nonwoven with
excellent flexibility.

GBR
membranes
require
not
only
biocompatibility but also stimulation for bone
formation. Also, connective pores are needed for
channels to supply nutrition from the outside. We
believed that flexible cloths are great candidates
for the membranes.

10 mm

Novel membranes consisting of poly(lactic acid)/
silicon-containing vaterite composite (PVC) were
prepared by using an electrospinning method. The
membrane is a porous nonwoven cloth of
200~300 μm-thickness; the sizes of pores formed
by entangling the fibers in the cloth are less than
200 μm. The diameters of the fibers are estimated
to be ~10 μm. The membrane can be easily coated
with apatite layers. The cloth membrane has
excellent flexibility.

¿¾ Scanning electron
micrographs of the
PVC membrane.
(¾Magnified view)

Nano-sized vaterite particle
containing silicon species

Bone formation in the PVC membrane coated
with apatite after implanting for 12 weeks on
defected area in the cranium of a rabbit (New
Zealand White) were observed. Newly formed
bone tissues are stained in green color by an
Villanueva-Goldner method.
¿ Histological observation of the specimen after
12 weeks of implantation in the cranium of a
rabbit (Villanueva-Goldner staining).
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Stimulatory Effects of Silicon Species on
Cellular Activities
Gene Activation by Silicon Species
Releasing
factors
from
biomaterials for cellular activation
are expected to be useful as
implants and scaffolds for bone
reconstruction
and
tissue
engineering.
A trace amount of silicon species
has been recently reported to
stimulate cellular activities and to
enhance bone formation.
The
species are expected to be great
candidates as the additives in
biomaterials to enhance their
bone-forming abilities.
À Silicon-doped poly(lactic acid) /
calcium carbonate hybrid material.

¿ Cross-section of bioactive coating
with silicon releasability on mullite

¿ Our strategy for developing new biomaterials.

Silicon-Releasable Materials
Silicon-releasable hybrid materials, consisting of
silicon-doped poly(lactic acid) and calcium carbonates, were
prepared by sol-gel method. The hybrid materials enhance
the proliferation of murine osteoblast-like cells, the
osteogenic differentiation of human mesenchymal stem
cells, and the mineralization of human osteoblasts.
Bioactive coatings with silicon releasability are used to
provide cellular compatibility and bone-forming ability to
bioinert materials with excellent mechanical properties, such
as titanium and mullite. The coatings consisting of silica
layer were easily prepared on the materials using water glass
and showed the ability of hydroxyapatite formation in
simulated body fluid.

References
・Enhanced in vitro cell activity on silicon-doped vaterite / poly(lactic acid) composites
A. Obata, S. Tokuda, T. Kasuga, Acta Biomaterialia, in press (Available online).
・ Stimulation of human mesenchymal stem cells and osteoblasts activities in vitro on
silicon-releasable scaffolds
A. Obata, T. Kasuga, J. Biomed. Mater. Res. A, in press (Available online).
・Preparation of bone-like apatite coating on mullite ceramics with silicon-ion releasability
A. Obata, N. Ogura, T. Kasuga, J. Ceram. Soc. Japan, 116, 14-19 (2008).
・Cellular Compatibility of Bonelike Apatite Containing Silicon Species
A. Obata, T. Kasuga, J. Biomed. Mater. Res., 85A, 140-144 (2008).

1

