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Synthesis of a rare Earth Free Oxynitride Phosphor
for white LED Application

11102

WREE LEAEASETEMEEY T B % % 2% Takashi Ogi
HEWRE 5LERFRFER TERE RS TN Egds B 11 A Kikuo Okuyama

The purpose of this research was to promote the performance of rare earth free oxynitride
phosphor (BCNO: boron carbon oxynitride) for next generation of white LED. In particular, I
undertook the following research topics, (1) Preparation of spherical BCNO phosphor particle via
spray pyrolysis and (2) Enhancement of Photoluminescence intensity of BCNO phosphor using
nitrogen containing polymer.

Regarding (1), spherical BCNO phosphor particles were directly synthesized by a modified
spray pyrolysis method using water trap. Effect of operating temperature and polymer
concentration on the photoluminescence properties were investigated. Scanning electron
microscopy revealed that the spherical particles were of size around 1.36 mm. The emission band
of the spherical BCNO phosphor prepared at 800C was observed at 467 nm under excitation at
365 nm.

Regarding (2), three types of polymers, including polyethyleneimine (PEI), polyallylamine
(PAA), and tetraethylene glycol (TEG) were used as carbon sources for the formation of BCNO
phosphors. PEI was found to have the highest internal quantum efficiency (IQE) of the three
polymers because of its optimum thermal decomposition temperature and high exothermic energy
during BCNO formation. The IQE of the BCNO phosphors prepared with PEI was 50%,
representing a 130% increase over the value observed when TEG was used as the carbon source.
In addition, the emission band of the BCNO phosphors could be tuned from 380 to 490 nm by

varying the reaction temperature and polymer concentrations.
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White Photoluminescence of Mesoporous Silica-carbon Composites

MrEE AERIERNE #z )l

Iy & H] Shinji Kawasaki

We found that mesoporous carbon-silica composites synthesized by tri-constituent co-assembly

method exhibit very intense visible photoluminescence excited by low-energy UV light. Now, a

class of stable, efficient, inexpensive and less toxic photoluminescent materials which emit white

light under long-wavelength UV light is strongly required to replace fluorescent lamps by LED

lamps. The composites we synthesized satisfy the required conditions and are the promising

materials from the environmental point of view. In this study we tried to control the color of the

photoluminescence of the mesoporous carbon-silica composites by changing the synthesis

conditions. We also investigated the photoluminescent properties of the graphene-like molecules

which were synthesized by fusing pentacenes. Furthermore, we demonstrated in the present

investigation that not only the pore-to-pore distance but also the pore diameter of the mesoporous

materials having quasi two dimensional hexagonal pore structure can be determined by analyzing

the small-angle XRD pattern.
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The Metal Porous Structure by 3D Laser Forming

11104

MrAFRE UM REE K e T S ekt T80 22 B 3K Hyun-Goo Kang
SYNOPSIS

The effect of process parameters in 3D Laser Forming (3DLF) on the forming of density
gradient porous structure was investigated. The melted and consolidated parts of metallic powders
by laser irradiation (it is called as melted part in this paper) sparsely form along the laser
scanning line. The size of melted part strongly depends on the laser input energy. During the
direct metal laser sintering, the melted parts conglutinate with each other and made the larger
melted part. It was connected to other melted parts in different way by strong laser power and
high scan rate. Especially, in the case of same laser energy density, if the scan rate become faster,
the connection between melted parts gets stronger and the high density is obtained. With laser
sintering condition for similar relative density, the microstructure of material formed by higher
scan rate shows more homogeneous microstructure than that of the others formed by slow scan
rate.
KEYWORDS : Direct metal laser sintering, SUS316L, Porous materials, Design of porosity, Relative

density
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Fig. 8 Sectional view of the multi-layered compact
manufactured in different scan rate.
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Table 2 Experimental conditions and relative
density of sintered parts in Fig.8.

(a) (b)
Laser power (W) 12 18
Scan rate (mm/s) 20 30
Energy density (J/mm?) 7.6 7.6
Relative density (%) 63.18 73.1
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Fig. 9 Design of density gradient material.
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Magnetic nano-particles Modified with the Molecular-recognition Layer
and its Application to Environmental Purification
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Recently, an effective removal of environmental pollutants is very important for risk
management in our environment. The adsorbents based on an activated carbon and its related
membranes or resins are usually utilized for the removal of pollutants. However, these adsorbents
provide non-selective and irreversible adsorption, so that high-frequency replacement of the
adsorbents and treatment of the waste materials are required.

To overcome the drawbacks, we previously developed a photocatalyst modified with molecular
recognition ability by a molecularly imprinted technique. Thehybrid-photocatalyst allowed the
selective adsorption and photodegradation of a target compounds in environmental samples.

In this study, we newly developed a magnetic nanoparticle enabling the selective adsorption of a
toxic compound, saxitoxin which is one of shellfish toxins. We optimizedthe preparation procedures
and evaluated the selective adsorption ability of the prepared materials. The results suggested that

the magnetic nano-particle modified with molecular recognition layer was successfully prepared

and the selective adsorption ability in the pseudo environmental water sample was achieved.
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Fig. 1 Schematic image of interval immobilization technique for TiO.,.
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Fig. 2 Preparation image of magnetic nano-particles modified with molecular-recognition layer.



Hosokawa Powder Technology Foundation

*22'-azobis (24-dimethyl) valeronitrile
1.2 N7y FRIGFEREMBERWV M4 M
&Y T 2WMERR
Benzyltriethylammonium chloride (BTEA),
TBTA, decarbamoylsaxitoxin (dcSTX) % 50% MeCN
aq 2 L, 05~20umol/L (BTEA®D &A1.0~4.0 u
mol/L) DB =AM L7z, wic, FHHEL2BHLO
mL, A7) v FEGF-ERRA 20 mgZ e L, 10
min F RIS L7z, BE KRR, EiRT24 hike
I L7ze IRE D&, BEABEBZREIL, ks o~
k7T 74— - HESE (LC/MS) TS EZ 5
W L7z LC/MSEFEHIFRIZIRT EBN TH S,
LC Conditions: Column, Zic-HILIC (150mm X 2.0mm
id.) ; Flow rate, 02mL/min; Mobile phase, MeCN/100
mM ammonium formate=50/50 ; Temperature, 40C,
Injection volume, 1.0 u L.
MS conditions: Ionization, ESI; Polarity, Positive;
Interface voltage, +4.5kV; Interface temperature, 200
C, CDL voltage, 50V; CDL temperature, 250C; Heat
block temperature, 200TC; Drying gas, 01MPa; Nebulizer
gas, N2(15L/min) ; Monitoring, SIM (BTEA, 192.15
m/z; TBTA, 23715 m/z).
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Fig. 3 Microscope images of Fe;0, particles and silica-modified particles.
(a) TEM image of Fe;O, particles, (b) SEM image of the silica-modified particles.
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Fig.4 FT-IR spectra of nanooariticles. Left, full scan spectrum; Right, zoomed spectrum.
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Fig.5 Adsorption of BTEA on prepared nanoparticles.
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Development of Innovative Ceramics Process
by Local Selective Reaction Controlling

\S

11106

MEREKE  HHEITERE HPES / N—FEltL 5 —

Foa7boIv s ME#EE H OH 2% Takashi Shirai

Abstract

Functional ceramics were synthesized using ceramic powders activated by mechanochemical
processing. The activated powders were dispersed in an alkali-containing solvent to dissolve the
metallic ions at the powder surface and effect re-precipitation between the grains. The “non-firing
ceramic process  afforded high-strength ceramic solids without the need for calcination. The key
step in this technique is surface activation of the ceramic powders through mechanochemical
processing. We investigated the bonding and activity of the atoms near the surface by
spectroscopic analysis of desorption of the adsorbed water molecules, a convenient and quantitative
method. The powder surface contained an increased number of uncoordinated defects after
mechanochemical processing, and powders with high compact strength showed high activity and
had high surface AlV content. Diffuse reflectance infrared Fourier transform measurements of the

desorption of water molecules allowed for easy and rapid determination of differences in the

surface activity, which was not possible when using alternative analysis methods.
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Soft Interfaces of Giant Vesicles Studied by Atomic Force
Microscopy and Computer Simulations

MEARE
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¥ SE Hiroyuki Shinto

We have successfully immobilized a single giant vesicle onto the chemically modified surface of a

cantilever for atomic force microscopy (AFM). The giant-vesicle-immobilized probes allowed us

to measure the surface forces between soft interfaces. Additionally, we have carried out the

simulations of the corresponding systems using the computational micro-fluid dynamics to

reproduce successfully the force-distance curves, which were in qualitative agreement with those

from the AFM measurements.
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Preparation of Quantum dot-loaded Liposomes and its Application for DDS

N\ '

11108
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We have developed submicron-sized liposomes modified with a mucoadhesive polymer to
enhance peptide drug absorption after oral and pulmonary administration. Liposomal behavior in
the gastrointestinal tract is a critical factor for effective peptide drug delivery. The purpose of this
study was to prepare quantum dot- (QD-) loaded submicron-sized liposomes and examine
liposomal behavior in the body after oral administration using in vivo fluorescence imaging. Two
types of CdSe/CdZnS QDs with different surface properties were used: hydrophobic (unmodified)
QDs and hydrophilic QDs with glutathione (GSH) surface modifications. QD- and GSH-QD-loaded
liposomes were prepared by a thin film hydration method. Transmission electron microscopy
revealed that QDs were embedded in the liposomal lipid bilayer. Conversely, GSH-QDs were
present in the inner aqueous phase. Some of the GSH-QDs were electrostatically associated with
the lipid membrane of stearylamine-bearing cationic liposomes. QD-loaded liposomes were
detected in Caco-2 cells after exposure to the liposomes, and these liposomes were not toxic to the
Caco-2 cells. Furthermore, we evaluated the in vivo bioadhesion and intestinal penetration of orally
administered QD-loaded liposomes by observing the intestinal segment using confocal laser
scanning microscopy.Indocyanine green (ICG) was also used as a near-infrared label of liposomes
and was used to observe their dynamic behavior using non-invasive in vivo imaging (IVISR

imaging system) after pulmonary administration to rats.
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Fig. 1 Physicochemical properties of hydrophobic
(unmodified) QD-loaded SA liposomes. The
lipid composition was DSPC:SA :Chol (=8:
0.2:1). Photographs of QD-loaded liposomes in
phosphate buffer, (A)liposomes without QD
before ultracentrifugation, (B)liposomes
without QD after ultracentrifugation, and (C)
100nM, (D)200nM, and (E)400nM QD-loaded
liposomes after ultracentrifugation. All
photographs were captured by placing the
samples under a UV lamp. (F) TEM image of
QD-loaded liposomes. The scale bar is 100nm.
(Reproduced from Tahara K. et al, Journal of
Pharmaceutics., Volume 2013 (2013), Article
ID 848275; with permission).
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100 nm

Fig. 2 Physicochemical properties of GSH-QD-loaded
liposomes with different surface charges.
Photographs of GSH-QD-loaded liposomes in
phosphate buffer: (A)DCP liposomes (DSPC:
DCP:Chol=8:2:1) and (B)SA liposomes
(DSPC:SA:Chol=8:0.2:1). All photographs
were captured by placing the samples under a
UV lamp. (C)Representative TEM image of a
negatively stained GSH-QD-loaded SA
liposome. The scale bar is 100nm. (Reproduced
from Tahara K. et al, Journal of Pharmaceutics.,
Volume 2013 (2013), Article ID 848275; with
permission).
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Fig. 3 CLSM images for the bioadhesison and
intestinal penetration of a)coumarin-6 labeled

labeled liposomes b) quantum dots (QD) labeled
liposomes or c¢)QD labeled liposomes after
ultracentrifugation in sucrose density gradient
at 2 hours after intragastric administration to rats.
Scale bar is 200 u m.
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Fig. 4 CLSM images for the bioadhesison and intestinal
penetration of a)glutathione coated quantum
dots (GSH-QD), b) GSH-QD labeled liposomes or
¢)GSH-QD labeled liposomes after ultracentri-
fugation in sucrose density gradient at 2 hours
after intragastric administration to rats. Scale
bar is 200 4 m.
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Synthesis of Perovskite Oxide Nanocubes

11109

MRAXRE Fks % B % — Kouichi Nakashima

Synthesis of barium zirconate (BaZrO,) nanocubes with perovskite structure was carried out by
the composite-hydroxide-mediated (CHM) approach. The synthesis was conducted using
zirconium dioxide (ZrO,) as a zirconium-source starting material and barium hydroxide [Ba(OH),]
as a barium-source starting material. Through the use of these starting materials, BaZrO; was
prepared with a mixture of anhydrous sodium hydroxide (NaOH) and potassium hydroxide (KOH)
as the reaction medium at 170~230C for 0~72h. Measurement by X-ray diffraction (XRD)
confirmed the presence of perovskite BaZrO; and indicated that the lattice of the obtained BaZrO,
was cubic. The amount of BaZrO; increased as the reaction temperature increased. Scanning
electron microscopy (SEM) and transmission electron microscopy (TEM) observation revealed
BaZrO; nanocubes. The results showed that BaZrO; nanocubes could be shaped from ZrO, and
Ba(OH),. In order to clarify the formation mechanism of the BaZrO; nanocubes, various reaction
conditions such as the processes of increasing, maintaining, and decreasing the temperature were

investigated. BaZrO; nanocubes with sharp-edged corners were formed via the CHM approach

when the temperature was maintained at 230C for increasing periods of time.
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Fig. 1 XRD patterns of the products with various
starting materials as zirconium-source.
Temperature: 230C, Time: 18h.

Starting material as zirconium-source:
(a) (CH,CH,CH,CH,0) Zr, (b) ZrO,.
O:BazrO,;, B:ZrO,, A :BaCO,
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Fig. 2 SEM photographs of the products with various
starting materials as zirconium-source.
Temperature: 230C, Time: 18h.
Starting material as zirconium-source:
(a) (CH;CH,CH,CH,0) Zr, (b) ZrO,.
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Fig. 3 XRD pattern of the products at rapid cooling
to room temperature.
Starting material as zirconium-source: ZrO.
Temperature: 230C, Time: 18h.
O:BazZrO,, H:ZrO,, A :BaCO;
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Fig. 4 SEM photograph of the products at rapid
cooling to room temperature.
Starting material as zirconium-source: ZrO.
Temperature: 230C, Time: 18h.

] 2

A
|

WU“JW“.WWM

10 20 30 40 50 60 70 80

20/° (CuKa)

Fig. 5 XRD pattern of the products without keeping
time. Starting material as zirconium-source:
ZrO. Temperature; 230C, Time: 0 h.
M :7r0, A:BaCO,
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20/° (CuKa)

Fig. 6 XRD patterns of the products at 230C for
various times. Starting material as zirconium-
source: ZrO,, Time: (a) 3h, (b) 9h, (c) 18h,
(d) 36h, (e) 72h.

O:BaZrO,;, W:ZrO, A :BaCO;

Fig. 7 SEM photographs of the products at 230C for
various times. Starting material as zirconium-
source: ZrO,, Time: (a) 3 h, (b) 9h, (d) 36h,
(e) 72h.
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Fig. 8 TEM photograph of the products at 230C for
72h.
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Fabrication of Novel Ferromagnetic Materials
by Modification of Surface of Iron Nanoparticles

-

WRftkE SR LaOwERENET D% b o &

% Masafumi Nakaya

In order to fabricate the high performance permanent magnet, we had prepared the following

materials as the precursor of nanocomposite magnet by using core-shell structure with Fe phase

as soft phase and ¢ -Fe,O; phase as hard phase. In order to prepare air-stable metallic Fe

nanoparticles, iron-oxide nanoparticles as precursors were reduced in a hydrogen atmosphere and

then their surfaces were oxidized under low concentration of oxygen. To obtain Fe,O; phase, we

treated iron oxide nanoparticles with silica shell at several temperature. The size of magnetic

nanoparticles affects their magnetism. We had also controlled the particle size and crystal

structure.
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Fabrication of Flexible Follow Fibers of Mesoporous Silica
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11111

FAHPRF R LML Ll e R

%'E ’f§ $ﬁ Shinsuke Nagamine

Hollow nanofibers with mesoporous silica walls have been fabricated using electrospun polymer

nanofibers and surfactant micelles as templates. The nanofib