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The search for applications of Nanofibers and nanoparticles

%}ﬁ’%ﬂ) with diverse properties has been a major interest in

summary | DiOMedical, biotechnological, and pharma-medical fields. We
aim to research and develop "usable nanotechnology". In this

research, our focus is to incorporate appropriate nanofibers

with biologically derived materials, bio-functional materials

and bio-sensing materials to design and produce three-

dimensional culture equipments and bio-sensing devices, which are expected to be

useful for wide applications in cell and stem cell research, regenerative medicine and

cancer research, as well as the drug efficacy and toxicity testing kits.
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In order to realize a future electronic terminal with
high-resolution, large-area, highly functional display
BIMD | and information communication functions, we have LY
summary | D€EN studying organic-material-based integrated circuit = N

and electro-optical conversion and driving technique. In
particular, organic light-emitting devices and organic
transistors regarding self-alignment technology have
been studied focusing on human-friendly and :
comfortable society supported by flexible products Sg'még"qmg
utilizing various scenes. s -
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Top-down photolithography and nanoimprint technologies
are commonly used for microfabrication. These are
established technologies, but have issues of multi-step and
high-cost processes. In recent years, bottom-up

nanolithography has been developed, using phase separation of
%ﬁﬁ%ﬂj polymers of different kinds and the selective etching of block
polymer, but the process has difficulties in terms of precision Wrinkle structure
synthesis and shape control.

Our group has been studying the control and functionalization of spontaneous
wrinkle structures by forming and attaching a hard silica layer or a hardened metal
layer tightly onto a surface of general-purpose silicon rubber (PDMS) and utilizing
the interfacial buckling phenomenon under a compressive stress in the surface
direction. We found that the special wavelength can be changed in a range of
hundreds of hanometers to tens of micrometers (or more) and that stripe patterns,
labyrinth patterns and other structural characteristics can be flexibly controlled.
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We prepare silicon nanoparticles called silicon
nanocrystals. Silicon nanocrystals have potential
witiop | application for light emitting devices due to their

e room temperature luminescence. We realized to
summary | prepare water-dispersible silicon nanocrystals by the
surface termination of hydrophilic organic molecular.
It is well known that silicon have non-toxic nature

IEFRNETIEBKDE S F /&R,
Photographies of porous Si dispersed in distilled

for human body, water-dispersible silicon water torminated by (@ prodlorio ad
H ionate, tenoi id, tenats
nanocrystals expected to be used as a biolabel for oo s et e it

b i omeasurements. room light and (&) propionic acid, propionate, (o)
pentenoic acid, pentenate and (¢) undecenoic
acid, undecylenate under UV lump
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Development of Polymer with High Strength and Thermal Conductivity through
Hybridization of Cellulose Nanofibers and Nano-fillers
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Herein, we focus our attention on crystalline cellulose nanofibers (CNFs), which
had not been examined by our group in the past. We previously discovered a plant-
derived hydrophobizing agent that can be dispersed in a hydrophoblc polymer, such
as PP and PE, by coating the agent to CNFs. CNFs with a
low-water content (£ 3 mass%) can be homogeneously
dispersed in PE or PP with a twin-screw extruder.
Research and development efforts are aggressively
pursuing commercial applications of this new CNF-based
nanocomposites in vehicle components, electrical
machinery, electronic products, various packaging
materials, 3D-printable materials, and other products.
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Gas permeable template in nanoimprint process can AAMNGLEREN  gARERSLESDEN NN
#itid> | improve molding defects due to air and gas generated
#2 | by volatile components such as solvent and water. A, m
summary | \Water-soluble nanopatterning material is suitable for
environmental affair, safety, easiness of handling, and A —
health of the working people, instead of the common —
developable process of organic solvent or alkaline g
developer.
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For mixing of metal nanoparticles with resins, avoiding aggregation of metal

nanoparticles is essential for expression of their unique properties, which are
iy | different from properties of balk

Aggregated
L7ESS materials of corresponding metals. nanoparticles
summary | polymeric fillers containing e irect mixing to resins & 5 @
. N )
dispersed metal nanoparticlescan ", ¢ B 8%
resolve aggregation problem of e, e U s o S S .
. . H [ I ?
metal particles to apply unique e o laige polymer 5 @@@
properties of metal nanoparticles to e +polymer @ Midng | ¢*S N '
resins by mixing of the fillers. Nanoparticles ) " Dispersed
Fine powder nanoparticles
fillers
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Bimetallic nanoparticles composed of two metal elements in a particle, exhibit
interesting optical, chemical, and biological properties. Among various structures of
#atip | the bimetallic nanoparticles, the core-shell structure is

Ui scientifically interesting especially from the viewpoint of
summary | catalysis. The core-shell bimetallic nanoparticles have
higher catalytic activity than monometallic ones.

The compositions of the core and the shell of the
bimetallic nanoparticles produced in liquid phase depends
on the ionization tendency of the atoms in these layers.
In this study, we have investigated the vapor-phase
production of core-shell bimetallic nanoparticles that was
independent of ionization tendency.
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Nanocarbon materials, such as graphene and carbon
. nanotubes, are expected to become building blocks of

%’%@ future electronic devices due to their extraordinary =1 L= 3 ZAnEkE

summary | Properties. On the other hand, irradiating high electron to
carbon nanomaterials is expected to become a technique to tailor the structure with
desirable properties. In my laboratory, we have developed and performed molecular
dynamics (MD) simulations including electron irradiation effects based on a Monte
Carlo method to study the nanofabrication process of materials with electron beams.
MD simulations are a powerful tool to reveal the atomic scale behavior of materials.
We introduced the interaction between an incident electron and the material as a
stochastic process in the MD simulation, and studied the structural changes of the
materials under electron irradiation.
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Nano-scale Oxide Particles Dispersion Strengthened Metal Made by the Selective
Reduction Method
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The conventional design of the alloy, which added the
rare metals, will reach a limit because of the problem of
resources or recycling. In this work, the new method,
"the selective reduction method", to make ODS by using
reduction of solid solution oxide have been developed.
This method is carried out manufacture and uniform
distribution of nano-scale particles simultaneously, so
the simplification and a cost fall of a process become
possible. And this method is applicable to manufacture
of heat-resistant materials, the electrode materials of
fuel cells, abrasion proof materials, etc.
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Controlling the crystal growth condition changes
the morphology of functional materials under

%E;’Tg) nano-micro scale. That changing enhances not
summary | ONIY chemical property of the functional materials

by selective crystal face growth but also physical
property such as permeability, sedimentation rate,
and tap density, etc. Purpose of our research is
finding the crystal growth parameters to
synthesize target functional materials with good
reactivity and usability.
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This is precision polishing technique for non-
magnetic materials utilizing Magnetic Compound
Fluid(MCF). MCF is functional fluid on changing
viscosity in response to magnetic force fields.

Magnetic cluster is made by magnetic particles
%ﬁ’%@ there in dispersed MCF, therefore magnetic

cluster resist on flow and increase viscosity of
test fluid. In this technology, abrasive grain was
controlled by magnetic buoyancy from magnetic
cluster. Therefore MCF magnetic cluster is able
to control non-magnetic-abrasive with polishing
tool rotation. This polishing method would have

o BT BY -~ ai0=—2

Summary
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Ag composite nanoparticles and Cu nanoparticles were
prepared by high pressure jet milling. Their nanoparticles
had the properties with an antibacterial, an antiseptic and a
sitioo | function to extend a lifetime of a cut flower. The relation

i between the particle size and the properties was
summary | investigated. There was the size limit from the milling. So,
the combination of the milling and beads milling was carried
out. The characteristics of the method were shown. Now, the
explication of the atomization treatment by the high pressure
jet milling and the improvement of the apparats were
studied.
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Toyama Industrial Technology Center introduced a
multi-nozzle electrospinning device, and developed a
st nanoﬁber_sheet with Watgrproof breath_ability,

e stretchability and productivity. Using this, we developed
summary | the pharmaceutical materials which are thinner and high
comfort.Furthermore, we added the cellurose nanofiber
which had high reinforcement effect to these materials.
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Techrology | Diamond cutting tools fabricated by utilizing focused ion beam irradiation
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In this research, diamond tools for the ultra-precision
cutting were developed utilizing a focused ion beam
(FIB) based micro-processing. Though the FIB-micro-

%E;’J%@ processing is effective for fabrication of arbitrary shape
summary | Of diamond tools, this method induces affected layers

on the machined surface. We improved the cutting
performance of the diamond tools, shaped by the FIB,
by applying a heat treatment. Diamond tools with
superior cutting performance was also developed by
means of the micro-texturing on the tool surface,
which induces reduction in friction at the tool and chip
interface.
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Using a screen printing method, ferroelectric
thick films preferentially oriented along the c-axes
i | can be prepared on substrates. The ferroelectric

= properties can be enhanced by their orientation
summary | along a preferred direction. The electric properties
of the prepared BaTiOs-based thick films were
higher than those of the bulk ceramics. Screen
printing is advantageous for its ease of pattern
formation and potentiality for low-cost mass
production without waste fluid.
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Technology | Microfluidic Chips for Size-based Particle Separation
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We developed microfluidic chips which could be used
for size-based particle separation and recovery. We
D carried out separation tests using cell line spiked to

i blood, and showed that 98% of these cells were
summary | successfully separated and recovered by our
microfluidic chips. In comparison with conventional
silicon chips, the use of this polymeric chip can
drastically reduce the cost of such separation system.
This chip could be used to separate circulating tumor
cells and has a potential to be used in cancer
diagnosis, cancer study, etc.
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Silk nanofibers were electrospun and aggregated into spongy structures which
might be used as a biodegradable scaffold in regenerative medicine. In non-woven

sheets constructed by common

it electrospinning methods, nanofibers are

= packed together densely, reducing average
summary | pore sizes. On the other hand, in the
spongy structures suggested here, silk
nanofibers aggregate sparsely, by which the
cell migration into the sponge as a scaffold N ‘
could advance. Additionally, modifying the S ; :
surface properties of the silk nanofibers by By ) : - ;
an aftertreatment, the response of cells '
adhering could be changed. | T
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We studied the development of mothproof nanofiber
sheets that could apply to high-performance clothing or
%E}’Em industrial materials. We obtained the nanofiber sheet
&miry with 90% or more of the repellent effect for Aedes
albopictus. It was confirmed that the repellent effect for
Aedes albopictus of the nanofiber sheet lasted for 3
weeks.
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