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Development of sensitive and accurate analytical systems for analysis of biomaterials
utilizing the specificity of enzymes and antibodies

AR R B IERY « Pl 25+ - mfl B
TR s e R
*HURH BRI R B W FEFT S AR 7 e Y = 7 b
RS fu e ERE R 2 — HRSEEIAE AR

Yasutada Imamura, Masao Kawakita*, Kyoko Hiramatsu*and Kei-ichi Takahashi**
Department of Applied Chemistry, Faculty of Engineering, Kogakuin University
*Tumor Therapy Project, Tokyo Metropolitan Institute of Medical Sciences
**Department of Surgery, Tokyo Metropolitan Komagome Hospital

N',N"’-Diacetylspermine (DiAcSpm) is a minor component of urinary polyamines. It was originally
identified in human urine through HPLC analysis and was found to be elevated frequently in patients with
various types of cancers. We developed an ELISA procedure using highly specific antibodies against
DiAcSpm for more convenient measurement of DiAcSpm, and showed that it is highly sensitive in
detecting early stage colorectal cancer. To establish urinary DiAcSpm test as an item for clinical
diagnostic test a reagent kit for urinary DiAcSpm determination utilizing aggregation of colloidal gold
nanoparticles coated by anti-DiAcSpm antibody was developed. The reagent kit, “Auto DiAcSpm” is
adapted for use in an automatic biochemical analyzer, and the quality of the reagent meets the requirement
for a reagent to be used in clinical examination. We also attempted to construct an immunochromatography
strip to detect urinary DiAcSpm for personal monitoring purpose, and developed a system which gives a
visible change in response to a change in DiAcSpm.
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RYT I VnfEE~——L LCHITE RN H 5 2 & 28 2L TLUBk, %< offFZen
T T&E =, 1980 FRICIE, —BEORY 7 2 U2 X3, [RPRAY 73] &L
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E}Z (72 & 2 1IEN-FTEF L 2L Fig. 1 An ELISA system for determination of
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Development of new biodevices using electrostatic layer-by-layer
adsorption of biomaterials

BB e« /NS
TR T LA

Katsuya Abe and Hirokuni Ono
Department of Applied Chemistry, Faculty of Engineering
Kogakuin University

A biofuel cell based on the biocatalyzed hydrolysis and/or oxidation of polysaccharide is described.
The bioelectrodes were fabricated using the enzyme multilayer films by means of alternate electrostatic
layer-by-layer (LBL) assembly. The bioanode consisted of polyion complex where glucoamylase, glucose
oxidase (GOD), and ferrocene-modified polyethylenimine as an electron mediator were immobilized on the
ITO electrode. When a polyion-wrapped GOD was prepared by the LBL method with another
oppositely-charged polyion, the electrochemical activity was found to be higher than that of the
conventionally assembled films. On the other hand, both dye-sensitized photoelectrochemical solar cells
and biofuel cells are promising candidates for production of renewable energy. The photoanode consists
of an ITO electrode coated with organic sensitizer dye and enzymes was fabricated by the LBL method.
Key to the operation of the cell is the coupling of the oxidation of fuels such as alcohols by NADH/ NAD"
and FADH,/FAD" carriers in the enzyme multilayer films. The hybrid cell has several potential
advantages over either the photoelectrochemical cell or the biofuel cell operating individually.

Keywords: Biodeveice, Biofuel cell, Photoanode, Layer-by-layer
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Organic sensitizer dye

\

CuPc: CuPhthalocyanine.

DA: Diaphorase.

FADH: Formaldehyde dehydrogenase.
ADH: Alcohol dehydrogenase.

Mediator: Ferrocene-modified PEI (Fc-PEI).

Y Y
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Fig. 3 Schematic diagram of bio-solar fuel cell using layer-by-layer deposited

multilayer films containing enzymes.
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Design of Novel Polymers Bearing Saccharic Moieties and Their Function
on the Enzymatic Surface

oA Tz, RN st
THBERS TS A E R

Kazuhiko Hashimoto and Haruki Okawa
Department of Applied Chemistry, Faculty of Engineering, Kogakuin University

Abstract: New styryl-type glycopolymers having D,L-xylaric, L-tartaric, and D-manaric pendants were
synthesized by the copolymerization of the glycomonomers with acrylamide. The resulting glycopolymers
were found to inhibit the B-glucuronidase activity much more effectively than not only the corresponding
saccharic acids but also the glycomonomers. Therefore they can be candidates of polymeric devices for
effective excretion of xenobiotics. The behavior of B-glucuronidase on the surface of the glycopolymeric LB
membrane containing the saccharic pendant was investigated by AFM. The inhibition mechanism of the
glycopolymers was found to depend upon the structure of their saccharic units. In addition, the inhibition
ability of the glycomonomers was inferred to be enhanced by the n-n stacking interaction between their styrene
part and the Trp587 of B-glucuronidase from the fluorescence spectrophotometry. On the other hand, the
chitosan derivatives bearing D-glucaric pendants and polystyrene-type microspheres with saccharic units on the
surface were also prepared and their inhibition was estimated by the hydrolysis .

Keywords: glycopolymer, B-glucuronidase, inhibitor, saccharic acid, cluster effect, competitive inhibition
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Table 1 Synthesis of P(VB-D-ManaH-co-AAM) ((4)

Expt. VB-D-ManaH  AAmM Mo AIBN Time Copolymer M M,,
No. mg(mmol) mg(mmol)  mollL  Mol% h mg MOlszﬁCtlon x10% M
1
1 195(0.6) 170(24) 15 100 24 184 0.34 1.4 1.9
2 195 (0.6) 170 (2.4) 3.0 0.25 24 168 0.34 3.1 3.5
3 292 (0.9) 362 (3.1) 3.0 0.05 36 208 0.30 6.4 2.0
@ Mole fraction of M1 in feed, 2.0; Solvent, Me,SO; Temp., 60°C.
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Structural Modification of Functional Protein and Sugar, and its Application to Production of
Useful Materials
B - SO BGE
TEERE R TG L2

Yasusato Sugahara and Masayoshi Sakaguchi
Department of Applied Chemistry, Kogakuin University

Chitin oligosaccharides have been paid much attention owing to their bioactivities including anti-tumor
activity, bactericidal and fungicidal activity, eliciting chitinase, and regulating plant growth, and to
suitability for diagnostic determination of lysozyme activity.

We have studied about the economical hydrolysis of chitin to obtain chitin oligosaccharides. The
preparation of chitin oligosaccharides was carried out with hydrolyzing chitin in concentrated hydrochloric
acid at 40°C. The chitin hydrolysate was precipitated in large amount of acetone and then washed with
acetone until acid free. The precipitate was extracted by acetone water solution changing their ratios. Chitin
oligosaccharides were effectively fractionated by solution composition. The increase of water recovered the
longer chained oligosaccharides. The mixture of chitin oligosaccharides can be separated by fractional
dissolution. Especially, hexamer of chitin oligosaccharide was obtained easily.

Keywords: Chitin, Hydrolysis, Fractional dissolution, Chitin oligosaccharides, Chitin hexamer
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Formation of Surface Nano-morphology Controlled by Ion Beam Irradiation
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Ichiro Takano and Michiko Sasaki*
Department of Electrical Engineering, Kogakuin University
*RIKEN

The surface properties can be changed by controlling with nano-level even the surface on the material
consisting of the single element. For example the leaves of some kinds have the roughness of nano-level.
The roughness plays the role of repelling water. It's possible to produce the excellent properties such as the
water repellant to the material surface by artificial fabrication. In this study, PTFE of two kinds (N-PTFE
and 3M-PTFE) were irradiated by ion beams of He, N, or Ar gas. The surface morphology of PTFEs was
changed by the effects of sputtering and heating of ion beams. The surface morphology changed by the ion
beams produced the high water repellent or hydrophilic property to each PTFE surface. On the repellent
property of 3M-PTFE the super repellent surface with 150 degree in a contact angle was obtained.
Keywords: lon beam, surface morphology, PTFE
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Fabrication of novel nano-devices based on thin solid films with porous structure
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Sachiko ONO, Hidetaka ASOH and Yukiko YASUKAWA"
Depal;tment of Applied Chemistry, Kogakuin University
Res. Inst. Sci. Tchnol., Kogakuin University

Nanostructured materials not only have potential technological applications in various fields but are
also of fundamental interest in that the properties and functions of a material can change with the transition
between the bulk and atomic/molecular scales. We have studied mainly on four themes for the fabrication
of several types of nanomaterial based on the principles of electrochemistry:

(1) Control of structure of porous oxide films formed on various valve metals by anodizing,

(2) Dielectric properties of barrier-type anodic oxide films,

(3) Nano-/micro-fabrication of semiconductors based on a relatively easy chemical treatment,

(4) Biocompatibility of Ti and Mg substrates coated with hydroxyapatite.

In particular, we focus on our attempts to fabricate various porous structures, as described below.

Keywords: Self-organization, Anodizing, Oxide film, Nanoporous structure, Colloidal spheres
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Development of Nanostructure and Nanocomposite Coatings
with Supersonic Free-Jet PVD
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Compositional graduation is produced by depositing nanoparticles with supersonic free-jet PVD
(SFJ-PVD). The SFJ-PVD has been developed as a new coating method in which a coating film is formed
by depositing nanoparticles with very high velocity onto a substrate. The high velocity of nanoparticles is
produced by the supersonic gas flow of inert gas. Graded Al/AITi films, graded Ti/TiAl films and graded
Al/AI-Si films are produced by depositing nanoparticles of Al, Ti or Si formed in different evaporation
chambers with controlling evaporation rate. A smooth, compact and defect-free microstructure is formed
both at the interface between substrates and coating films and inside the coating films. It is confirmed from
nano-indentation hardness testing that the hardness of the graded coatings corresponds to the compositional
graduation.

Keywords: nano-particle, graded coating, nano-indentation hardness, supersonic gas flow
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Fig. 4. SEM image and EDX analysis of Fig. 5. TEM microstructure of the
cross-sections of a) and b) the graded Al/Al-Si graded Al/Al-Si coating film.

film on the A1050 substrate.
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Development of a novel method for the fabrication of organic thin film
and its application for light-emitting devices
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Tetsuo Sakamoto and Masanori Owari-
Department of Electrical Engineering, Kogakuin University
* o o . o
Environmental Science Center, The University of Tokyo

A novel fabrication technique for organic thin films has been developed by using
electospray phenomena. This method, named electrospray deposition (ESD) was utilized for
the fabrication of polymer thin films aiming at organic light-emitting diode (OLED). It was
found that a mixed solvent consisting of o-dichlorobenzene and acetone is the best solution
to obtain flat and smooth surface. Finally an OLED device worked successfully.

Keywords: OLED, electrospray, thin film, polymer
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Fig.1 Schematic illustration depicting electrospray and thin film deposition
process
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Fig.6 Micrograph of MEH-PPV thin film  Fig.7 Photograph of the fabricated device.
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Fig.8 Photograph of the OLED during light emission
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Fig.9 Emission spectrum of OLED

BoHNTE AT PV RICHRE SN TWA LD LEETH Y, A ESD fliE7 ot 228\ T
MEH-PPV OZME 1T E = > TN T & DR TX -,

4.3 moyFIRFRE O S I22oWT

ESD IZ CTHERLL 727 31 AT RTBRENT D0 TidZel, & Z{Z PPV RO M0 3%
T DE I DOFER > TVWDL E-BbND, 2T, L—V—E (Furr47—) &
WCREOMMZTE L7, 10 alZ A 22— M2 L% MEH-PPV &, b~d ICHEfE DR 5
Wi E= W= ESD I X Ao REM 7 v 7 7 A v ERT, AV 2— MIFEF MR D720,
ESD Tid MEH-PPV JEENE L 72 510N THL 7> TV 2 ENnd, £ 1IZERLENLD
RRNHLE LIPS 2 E L0, RS2~ L, AV a— A —F/NEL, 40 nm &7
S>THEY, wiZ, ESD 0.01 wt%2 55 nm & 72> TW\Wb, ZHUIAE L a— R EIFEAEEDL
20N, IZ. 0.02wt% DB T 90 nm. 0.04wt%lZ72 5 &, 300nm FREDRD XL 92 DT
XTCLELSTVD, FHHEIZOWTHFEBROMBMA RO, ZOZ b, FRWEE L 72
BHERENENICTERLS, BHELRNWZ RSN D, BT HMNE I NZHONTIE, RIFY
LSS DR BT HMEEICH Y, X 10d O X5 M ETIEFEL L holz, 202k



226, ESD I X 2 ARE CIRV IR B TR < TRV L, B LT < b 2 Ehmno
7~

e P

(a) Spin Coat (b) ESD at MEH-PPV 0.01 wt%
(Strong Emission)

(¢ ESD at MEH-PPV 0.02 wt% (d) ESD at MEH-PPV 0.04 wt%
(Weak Emission) (No Emission)
Fig.10 Surface profiles of MEH-PPV films.

Tablel Surface roughness

(b) ESD (c) ESD (d) ESD
0.01 wt% 0.02wt% 0.04wt%
Max 40 55 90 300
Mean 10 12 21 28

(a) Spin Coat
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Multi-Functionalization of Biodegradable Resin by Formation
of Nano Thin Film Consisting of Amorphous Carbon with lon Beam

Ry g - B —8 - L FIBre

THBERY T REC L —(LER
FTTEBRY THR BRI AT L TFEH
2SI VR T AREAHS

Takayoshi Yagasaki, Ichiro Takano™® and Toshio Sato™?

Department of Environmental and Energy Chemistry, Kogakuin University
*1Department of Electrical Engineering, Kogakuin University
*2Headquarters of System Design, Kyouritsu Industry Co.

For a product made in environmental burden reduction material, authors tried to give amorphous carbon
nano thin film to surfaces of various biodegradability plastic by film forming method used ion beam. In this study,
we performed amorphous carbon nano film formation by film forming methods, the formation of the
sedimentary film by the ion beam assist method. Through functional tests of the various biodegradability plastic
plate which stuck in amorphous carbon nano film, it became clear thin film formation by the ion beam assist
method was possible, and to have effective electric resistance value. Furthermore, it became clear that optimum
conditions of amorphous carbon nano film formation were different by number of carbon of hydrocarbon gases.

Keywords: Ion Beam, Biodegradable Polymeric Resins, Nano Thin Films, Amorphous Carbon
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Fig. 1 Molecule chain of biodegradable resins.
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Fig.2  Structures of source gas.
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Table1  Thin film formation conditions
Ion beam
Ton beam assist modification
Ton species He" He"
Pressure (Torr) 6.0x10° 6.0x10™
Toluene gas pressure (Torr) 2.0x10 —
Accelerating voltage  (kV) 1 1
Current density (uA/cm?) 20 or 40 20 or 40
Irradiation time (s) 0 ~ 7200 0 ~ 7200

Table2 Formed conditions of amorphous carbon nano films with ion beam assist method

S Toluene Naphthalene Dodecane
ource gas
C7H8 Cl0H8 C12H26
Ton species He' He' He'
Base pressure (Torr.) 6.0x107 6.0x107 6.0x107
Gas pressure (Torr) 2.0x10™ 2.0x10™ 2.0x10™
Accelerative voltage (keV) 1 1 1
Current density  (uA/cm?) 40 40 40
Deposition time (s) 3600 3600 3600

]
1
—> 1
1
He"' : SO0NNnS® |5 Subsrate
—> :
i fixing Javer
\ I
1
1+ Mixing layer Mixing layer
g lay! 4 g lay
N Sputtered atom
Het —» He "
’ —> . .
L1 Plastic resin ) Plastic resin % Evaporation atom
Thinfilm <4 Thin film gty
)

(a) Ion beam modification method (b) Ion beam assist method

Fig.3 General idea of thin film forming method
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Figure 4 Results of measured surface resistivity of thin films (ZOuA/cmz)
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Fig.5 Raman spectrum of amorphous carbon thin film formed in different conditions.
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Fig.6 Surface resistance value of amorphous carbon thin film formed in different conditions.
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Development of Transparent Thin-Film Solar-Cell
Responsive to Visible Light

RS - ke - A T
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Mitsunobu Sato, Hiroki Nagai* and Chihiro Mochizuki
Department of Chemistry, Fundamental Education Division, Kogakuin University
"Graduate School of Applied Chemistry and Chemical Engineering, Kogakuin University

The relationship between photoluminescence and photoreactivity of phase-oriented rutile thin films
fabricated by molecular precursor method was examined. The visible-light-responsive rutile thin film with
high photoreactivity was post- annealed in air. The original rutile thin film did not show any emission band,
although the emission bands of the post-annealed films were observed at 800 nm. The photoreactivity of
the post-annealed thin films was lower than that before annealing. Thus, the correlation between
photoluminescence and photoreactivity of phase-oriented rutile thin films were clarified and discussed in
relation with the presence of O-defect sites. In addition, copper oxide thin films were fabricated on a
Na-free glass substrate by heat-treating of the spin-coated precursor films, which involves EDTA complex
of Cu(ll) in air or in Ar gas flow. The crystal and electronic structures, optical and electrical properties of
copper oxide thin films were examined with XRD, XPS, UV-vis and Hall-effect measurement. Hall-effect
measurements indicated that the smgle phase Cu,O film is the p-type semiconductor with the carrier
concentration of 4.385 x 10" ¢cm™. Thin film formation of p-type Cu,O was thus attained by molecular
precursor method which is one of wet processes. The fabrication and characterization of both n-type and
p-type oxide thin films were attained for the thin-film solar-cell responsive to visible light on the basis of
new concept.

Keywords: Solar Cell, Thin film fabrication, Titania, Cuprous oxide, Molecular Precursor Method
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HERM RIS OWT, § 2 IS TS BRI KA/ TV O S ROGTE P &Lk 58 't
ZFEPFARY) & LRl L7z, F70, n B8R LA S5 p MA-EASERE DL SRR Y
FTDERMOMRIZONT, 5§ 3IHIC NeUEIC KD p Wb (D IO & L TR, #
LA 4 HIZRE LT,

2. FIRSCISE RS R IR/V F/VEL AR O SEROGTE M & SR 3 i 2B e B

2 —1. i

EDTA BN Ti k& & e 7 L —H—EE Ar Qi CEULEET 5 Z LIC L5 C, UV B
T, YITMETIER LT 4 —BEA) L 0 b, SERUGTENED @O TGS L T L
(R) WEHRTEHZ E2BEICHE LT, [3] ZDX927% R EADOHME, Table 1 [IZR LT, =
DHFEINL, — RISV TFNVONISEERT 2 —BIZHlig U TSI/ NS NWE SR TE 22 b b
L7 CTH Y, TORRZMIT 52 LiE, mzhHEs n MR A R 5 7o DI H B e
TR, FH=T ONISBEORFREZES ECHBREV, fSI0R~72 X 512, R ORI
IR (3.1eV) I8H D,

Table 1 O/Ti ratios, optical properties and mechanical strength of the rutile (R) and the anatase (A)

thin films.
Films O/Ti Refractive index Optical Band edge Scratch test”
(eV) (GPa)
R 1.78 22 3.1 1.75
A 1.93 2.5 3.6 0.69

a) Scratch test was examined by using a load of 0.50 kg with a scanning rate of 10.5 N min .

Table 1 ITTRENTWAH L HIZ, XPS THIELZ R DO O/Mi tIE, A LV HELLI/NEW, T4
b, RIGMHE 7 b TF % > @ oMb Emmit L i LT, BEDIREIXKBELTNDHZ &
Dm0 BEICEWIESONEME & OMBER TRl S5, 8RO SIEEO R, Rl
HELTETER—NVORICETH D, —F, K X2 EEEmOBNBLE (7+ brI Ry
T A PL) L ECEE T —F—ARKOBFMEICKREKET 22 ERNMbNL TS, 2T,
e RIAICE T0 R OF ISR 2 (4G LT O/Ti tb 2 IERIY K S B2 il 2 8- 1ok L, b
DD RT 7 4+ VIR B A (PL) EERUNTEMEDOFBE 2 ET L, MR KB ED R 555
fd i A2 7 Uk L O 2w L.

2 — 2. FEhEHE

BEHIZ L7228 > C, EDTA & UL VILNTF 2 AT LT2gE k&2 G ie 7 L o — Y — IRk &
AR LT, FD 50 L ZFHHEA T 2 MK Bicavya— kL, Bon-7 v i—3—E% 700°C T
Ar&J (100 mL/min) o1, 30 23 RIEVAEE L TR (& : 100 nm) %R L7=,

51T, R Z2ZE&F 700°C T 15, 30, 60 437 =—/L L C R-PAn, n; 15, 30, 60 O£ 52 157,
PL A7 k/Ui%, 325 nm @ He/Ne LASER % bt & L T, 190~850 nm D EHiPH CTHIE L 7=,
B YEUSEEL, AT Lo T —KIERIE ORI E T, O/Ti beld XPS TRz, fidh
R & F L XRD CHIE L7,

2 — 3. fEREELE

Fig.1 IZ R & R-PAn ® XRD /3% —> %7k L7=, Lotgering f£%%1% 0.35 (R) ~0.75 (R-PA60)
B L[S], WTFURED EE— 7 Th 5 27.5° (B 5 (110)H~D @RS b BLm 238 & 72y & 72
Sl FEBIFREME LT ART 7 ATHY , BIERHZ BRI NEE 22 s ERT &
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Wiz TV — RIS RE A 2R T E AR IETH D 2 ENH LN E o, F,
700°C CHORA R T =—)Ltk b, fEE IR EWOESAPE IRHERE S v Tuiz,

R-PA60

R-PA30

R-PA15
R R
1 T 1 " 1 "

10 20 30 40 50 60 70 80
— 20 (Cu-Ka)/degree — 1 L : :

..
1
PL intensity/a.u.
o
1
7

— Intensity/a.u. —
|
<

p L
T
1
W
S

X o 200 400 600 800
Fig. 1 XRD patterns of the thin film R,
and those of R-PAn (n =15, 30, 60). The thin film R Wavelength/nm
was fabricated by heat treating the precursor film at
700°C in an Ar gas flow and the thin films R-PAn Fig. 2 The photoluminescence emission
were obtained by post-annealing the thin film R at spectra of the thin films,R and R-PAn (n = 15, 30, 60).
700°C in an air for 15, 30, 60 min, respectively. The The spectra were examined in the wavelength range
peaks assignable to the rutile phase are shown by the 190-850 nm at room temperature.
indicator V.

Fig. 2 IZ& WD PL AT bV &R LTz, —%IZ, M LT L 085 O3 61T 450 nm
B SND D, RIZEITRE L TW I ERgnd, —J7, R-PAr X, HEERO110)H D
5 LA L 800 nm IZHEIE/N 2 RE&7R L[6], & DR RE X R A 7 =— V2 K< 35 L1
KT HMHMER LT,

Table 2 12, WA b7 =—/LHTHOIRIZ X 28R T & IHEI T Co YO Z 7R L
Too WEATCILEEWAE L AR L D/ RETH LT, KBHE T CERWIGEEEZ 22

Iz

EMIND, KR, AHDEREIC X D1EE O S ITRREICET 5,

Table 2 The v [nmol L' min™'] of decoloration rate of 0.01 mol L'
MB solution by the photoreaction with each thin film under UV or vis
light irradiation. The decoloration rate was measured by the decrease
of absorption value at 664 nm of each test solution. Those obtained
from the data measured under dark are also indicated. Calculated

v /nmol L™ min™

Film
Uv vis Dark
R 25(1) 17(1) 3(1)
R-PA15 20(1) 15(1) 3(1)
R-PA30 21(1) 16(1) 3(1)
R-PA60 20(1) 15(1) 3(1)

a) The estimated standard deviations are presented in parentheses.
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A NT =— LEi# O O/Ti teid, XHEHERT 1.74 (R) 72>5 1.94 (R-PA60) (2, WHEBTIX 1.75 (R)
5 1.85 (R-PA60) (KL, RA N7 =— /U X DB R, REANE LY bl 2
HEBIVIRRERDZ S O, Table2 IR L2 K H1C, RA M7 ==/ Lo TRIGTEM IR 3
%o LU, FKili COME TR & MBI ORRIZITR, JHUE, EIROSEROGTE D 2
VD B+ — R — L 121 TR <L EECA U ki bRV b 2 b ST x BNMER LT
IPET W RZHERTOMETH D, [4] TNOE2FZHOTEERZ &1L, VFIVREITE O 1HER
N, BEFER—NVOFEMEEEZRETAERO—STHLZ NI EINTETHL, Zb Dk,
Fe%& FT Fig. 2 \ZR 3 X 91T, Bl Lo RV T VIR R OR LG ORMET VERET 5
TENTED, RANT == K> THZIE R-PAr Tlid, 210 ORBE R~ ICEFEFHE S
T, FBREDDS X0 BEREMICEL L, ZHICHE-STPL BEME DR K L | SERIGHED
THABRSHIZZ L85, B, FROFRA M7 =—/LIZE 9 Lotgering £RE DB K I, FEE
NEEINTEFBENEH L2 2K L TV D,

(110) plane

=

Surface

v
Substrate

¢=2.97 nm

@®; Titanium (; Oxygen &}:; Oxygen deficiency

Fig. 2 Plausible structure of the (110) plane-orientated O-deficient R thin film.
Cell parameters were refined by a least square method.

ek, FH =7 i oK TEICALEE LTRSS L, fds R OEENMECE H LRI T
DTV, HBOSEMEIIRRE STz, [7, 8] AWFFEICIW T, BRFR RIE N TEME &
B DD Z &2 LN TE 7, MFARNEIL, 772 — 8RS L BT LE 7R
T EiE VTFAR KRR E A T AREEEZ AR L TR Y . Wb oMt s S s T
T2 =B OEEOARNE Ziin 2 L CHEERMRA L EZZ LN D,

3. BREICKD p BIERLER)EIED AL

3—1. i

p BEERIE, KEGEMA XU &8 KFE L L THEHET, FICWEiEZAIE TS
TV, 9,101 —F, pBEEROBREYEETZAIL, KEERm~DISHEZHIEL 22, K
i FE A B 22 b 2R X IE I K D AFZEBNER TR 0 . BRI e 5 Tl oS LTz
FEFE RGN AU TD R, [11-13] AIFETIE, D7V h—Y—iEa2mfA L <, 7 ohl
T T AT T & HIEEFHEAN T, MEETHOBE LT Cu0 O p BSR4 st
L. DFNCREBEL TS OO, fifECHEE LB A #Ek LT,
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3—2. FEhLWPE

WERRHI(D Z e & LC, Cu(Il)® EDTA $RZ2 157, o ldiikz=s 2 — i@, ¥
TFNT E= L EDORIGTHEH K (Cu® B 0.5 mmol/g) 2 AR LT, ZOF L h—H—
W2 T VA U AT AR (20 x 20 mm®) _BISH T L, A B> 22— & (1% step 500 rpm/Ssec, 2™
step 2000 rpm/30sec) T L TCT LA —Y—RZpk Lz, 7L —H%—fKz 500°C T, ZE5
FF ArmEF (i 1.0 L/min) C 30 3 EMLEE U 7=, TEEGEREO XRD, %S A58 & &
ie XPS, WS, Hm—2hFE2HE LIz,

3— 3. MiRLFER

225 (@), FIE Ar K H (b)) CEVLER L TR L 72l XRD /3% —> (Fig. 3) 1%, &
ZAVHARRD CuO &R D Cu0 OH—FHIZIRIE T E 7,

- v Cuo !
v V¥ Cu,0
08|
LS
;
S Qo6
> :
® s -
o] ", 5 .
..°=3 Loat U
= <
02
Na-Free
20 40 60 80 0 200 600 800 7000
— 20(CuKa)ldegree — Wavelength/nm
Fig. 3 The XRD patterns of the thin Fig. 4 The absorption spectra of the thin
films fabricated on a Na-free glass; (a) in films fabricated on a Na-free glass; (a) in
air and (b) under Ar gas flow. air and (b) under Ar gas flow.

BHEDWIL AT R V% Fig, 4 1ZR Ui, WL b 30 K % K U CIRIED & < | Cu0
TIEL, AR 22 IS o R3S 7z,

XPS (2 L D&MD S FAoHrE, Cu DEMAE—72Z L Z/RL, CuO ® Cu 2pyy E—7 1%
ClO DFIE—Z XV H 1eVETRATXT—TT7 M LTEY, MHAOBMOBRNRIHLNE 272,
fErh o R FE L, 22T THREE L2 CuO 2%, Cu0 LV H%< ., BEIZTKMETH T,

Table 3 12, MR &R — VR RIMERBREZ F LD, (QDF— VR FITEEREIMRN =D I HE
REEE » 727, D)DFR—VEMEIZEY, Fv U T7NEERT, pAEEETHD 2 LR
Mol

Table 3 Film thicknesses and the results of Hall effect measurement on the thin films.

Film Thickness Concentration Mobility Resistivity
nm cm” cm’ Vs Qcm

CuO 90 — — —

Cw,0 180 4.385x10" 4.298 10 3.312X10

2O X, Cul)® EDTA §kk%E 7L —H— L3 5BAIEIC LT, FITAEWRE~Dp
TARRA LA G AR D TR & 2Rk LT,
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4. KIS L HEE

LR L0 ARFIEO BRI TH D AL ERLE K Bt &2 kT 2 7201z, n B
WKL LCF X =7 HERZ . E7 p BB 8K E U T bH(D)ER O 2 Rk Lz, 3
T2, YFOF X =T HEWHEEZ p MY a2y FICTER LIEAIR T, ERENATRER = & 26k
BLT, 20X oic, AFETIRE L TV D H7- 72 KEGEM ORI B U CR ] K 72 B Jn 57,
BERETEX T, 0B, bTMIcRBE L TV D S ODOHMPECEE LI EHI) HIEOIA % bFr
WD TER L, Z0Op B8 kAR L2 L DERIZTFDICEWEEZ L, 5%, KEBD
JRIN 25795 L, nBRSEARE L A ST, EREHEIICHE L TR 2k 5, BN
BT HHBIL, MR Ty 7R EDEL T 3P —I2 L5 n%L, REBORXSLHE
WI 5, ZOXIREER W p — n#EEEEK LIESE, O HE O A BN S W 5w REk:
L, BN T-ND,

KRG DOHEREIZ 2 7= > T, BRI R THW AR OB — 202, AKHEAEER. Bk
R < .
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3. 1.1 F/MgERmE A T o4 RE A Ry OB ST
Development of Biomimetic Robots with Nano-Functional Surfaces

%ﬁ@ﬂ EE S, =it
hk%l HIL 2 VA e & B
SFBE R R

Kenji Suzuki, Hideaki Takanobu and Hirofumi Miura )
Department of Meclianical Systems Engineering, Kogakuin University
Adviser, Kogakuin University

Two kinds of insect-inspired miniatrue robots with micro- and nano- functional surfaces have been
studied. One is a wall-climbing robot based on adhesive mechanism of ants. Adhesive pads made of glass
and PDMS were fabricated using MEMS processes and adhesive properties were investigated. Then, a
hexapod robot with glass and PDMS pads was developed. The robot successfully walked on vertical and
inverted glass surfaces. The other robot water strider robot that is able to stay and move on the surface of
water using surface tension force. Various kinds of supporting legs with hydrophobic microstructures were
developed utilizing MEMS techniques. The lift, pull-off and thrust forces of these legs on the surface of
water were investigated experimentally. Then, two kinds of autonomous water strider robots with
hydrophobic legs were developed. Actuation utilizing resonant vibration and “origami structure” that is
assembled by folding a flat plate were proposed. The robots successfully moved forward and also made
left/right turns on the surface of water.

Keywords: Biomimetics, Insect-inspired Robot, Surface Tension Force, MEMS, Microstructured
Surface

1. ¥E  AUFEiEs, E%@%@@%Lk% Fe LT, 7/~ A7 oI X
D EREEEEEBRT L LI ,E%kﬂ%@%%%ﬁom@mﬁyb%%%ﬁé:k%ﬁ%
ET5. EE&&@%¢@$%T@,Z&~»@%% )7 I C R O BAE

FH OB NG N D T2, i DORERE 2 FERRI | ﬂﬁbfﬁﬁ%HOTwé.:@iiﬁﬁ
HHEHEZ TR RIA L, /M e Ry MOSHT 2 Z EIck - ¢, fekicidevngiLina R v b
m#%ﬂ#%%hék%i%ﬂé AHFGETIE, HIRERTHDLT A ROKEBE L, T
U OBEEAATIZHH L, 7 AVRIE, WREDOZHDOEOHE L, HBAMEOD v 7 205U
J:V)jﬁﬁ%ﬁ%vk{m“é LIZEoT, KifibxBE+s-enTcExs V. 2, TV o
JEUZ & B RISy R e, 22D SN DRI ZFIH U CHERE R K Hm 2135 LT
WHZENIOENTNA DY, bR b REMOMEERZFIM L 60T, MRk
WA DRESNTHY, A7 —VOMPEEZENLTEBEIFRETHD EEZOND. 25 ORI
e e /M a Ry MO LKE SRR COBEN 2 RHTHZ L1k, vRy FoiEshHE
BN KBRS HE R S UGS FHO ATREVERS LN B 721 TldZe <, B OEBEIEIED 2 I = X L OfRiIz
HLORNDLZ ENEIFEND.

2. TUVRBELE LISy RORWE T VUDOMNE Sy FEflEiE LT, oAl y hOREICHE
BT HAEy KE MEMS $iflia HOTRVE L 72, 7 U 23 il 2 BEm & 4T3 BRI, mg1
VT LD ITHEED 2 KOO G arolium & FEE 5 KR53y RE2H L CREmIZE A
S, IBHITHMHERY RPOIRERZ WL TEY, RIKOERRRIIOMYESD, Sy ORI
CFEMALTHBELTNDEEZLNTWS 3. ABFZETIE, HAKMEMEITA =20 2 ORI
DWIFFCE DN T ANy RE&, FMCRER & OFAMENRE L, REREBENPHFFCE S PDMS
(Polydimethylsiloxane) /3> R 2 A RUYE L. A=A WA LiE, 2 FhEMICHOT DR EAR
DIFET D L&, REBHAOERTES IO Z L THY, FiEMABUKMEOSE TS, K
PEDLEIIR D7D,

&Ny Rix— E CHATTCRYWE L2, 1 EEOMEBmIZIEZN T A £ PDMS %V, ikik%z
-5 72O OEE 0.16mm DN % 6 HEL LT-. 2EHIZIZ PDMS % AW CiRiA %2472
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Tube PDMS
Flow channel

Adhesive surface Hole
(Glass or PDMS)
Fig.1 Adhesive pad of ant Fig.2 Adhesive pad fabricated with MEMS process

DI ZR LTz, YV arv=—RIJER7+ P LA b (SU8) w8l - gt L TRilE >
<V, PDMS %#ii LIAACTIEIRZIRG L=, 2 DO EH5E L,KICT = — 7 2T 5 2 LI
KO, Fa—Throfiis LBk ERmORNPoHES L ST L.

IAFE Ny FOMERMFHME  fUELZ 2FHOME Ny REHWT, TI7AU z—"KET
OIMEE ST, R OMENZRE L. PATFEBRIEROESRIIH T AT = —ZEEL, U
= ARMENIATE /Ny REREICH LT THl &3 & 2 oEhRDZE %2 L —F—ZA1 5 CHl
EL, NERDT. Ny RRT = —FKEHD OB DB O S &2 BB G OME L L, £,
(158 K& T AT 2 — NI UM R RICE -ED & OmE W, BEHRGmON %%
nNZEN 2 oORIFRAEHNTHEL, Ny RBRT0H LR (FEEE D) Z28807m
DFENE LIz, £l RoTnHEEOBEEENLHAE L. T A3y ROfE IO ET
1%, IR E LTHiIKRZ Y, By hEHWTINEND T = — "FHICHHE L TEBREZIT- 2.

— 100 =
é & 63[mm?] A = 500 7| # 3tstic friction foene
i A = o
:. 80 B 35[mm’] Iy o 400 | % Friotion forcs
(5] Q
S 00 (@ 15[mm)| & 4 W S 300 f
240 bgoonts 200 - ¢
3 4 B ‘@7 L
= | 4 o 100
R I T R S S H B
< 0 ¢ & ¢ ! ! <
0 50 100
0 40 80 120 160 200 Normal Load [mN]
Normal Load [mN]
Fig. 3 Normal adhesive force of PDMS pad Fig. 4 Tangential adhesive force of PDMS pad
280
= 50
E 240 i * gz Emmz]] | B ¢
2 | M +
S 200 ¢ ¢ ¢ . E 10
S 160 330 L4
5 * ey
g 120 ] 90
; 80 L B E
= ] 2 L 4
E 0 O Il Il
Amount of water [ul] Normal Load [mN]
Fig. 5 Normal adhesive force of glass pad Fig. 6 Tangential adhesive force of glass pad
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Fig. 3 1X, PDMS /%y ROEE GO EOPERBREZ R LTS, Sy N, LT H
DI & bRV ENBEMLTWD Z ERxbas.  £72, Figd |3 35mm’ D PDMS /<
R OB ORIEEEE ), BB Z R LD THS. WIFR G LT IIEIEHH] LT
MEDBHEML TS, Fin, §IEEEIITEIEER I TIEFICRE <, FHIEEBREITN
4.6, BHEEBAREITH 0.6 L 72 o7, LLEDOREFR LV PDMS O 5O RN, BEFEREfE IS
L0708 1 #E 2 B, #ULMATIZE > T PDMS AETE L B MmN+ % = 212 X
DB BT 2 B2 bd. TEETTHOMNEINEAEERITm O D) (FRLEE ) 7
REVONFFETHD.

Fig.5 1307 A%y NIZHaT KO8 L TE SF W OMENORBREZ R LTINS, T ANy R
T, KEHAE LAaWEAITE A MBI 00n, KE 02u 525 & K& 5%
AL, KOBZBINEES LAMENTROTS. 2, MAENIM AT T ESF, Sy R
HRHCIZIEIE G LTI 5. Fig6 (X, 23y NERE 36mm’, KO 0.2ul OBEOM LT H
T DR TN E N2 R LT b D Th D, T A0S, #ibEE ) & BEE o2I3F
EAETR L, BEBRERI IR LA 71 60mN £ TR 025 EFEFIZ/NEVMEE R LT, BLEORER X
O, HI7RKEMRG LI EEDFBENFTA AT AR ERFEZZ BN, LT IR X
59, KON HWE ERE SR E B NRSOND. EER )T O T B 5
WZHART/AE VDO DRFETH 5.

4. BEEAITERy bOBRE  mifiOWEICI VGO 2 FEOME Ny ROREEEDL
T, BERB X ORIFEEBRITT D 6 B TRy FE2RIEL. BRFMOMNEDTZDIZEHO
SENIC PDMS 73y RARLE L, FEE WO E DT O T 7 A%y R& TSR L.
T A%y RIZIE 0.3 DR E MBI DS U, #E I 0NS W2 & 2RI U OB T REmr ok
fih SE7oEFETROEDL LI, HWOEIZIX Fig7 X2 72) 742 v, DC £—
AT Ty 7RSS Z I LD HOSGENEA = ARIGEWELEZ RIS Kol L. &
7o, BRBOBATERERS, A 3ROMEFERHC B2 [ H =T 21T7hbE s X5 Ic%
MO OB ZEZRE LT, SZE A = AFOHLEORLDIZH > TROIC BT Z Lick Dy,
OS] B N2 /NS THTENTEDH, LTS 320 PDMS 73 RO
MOBEE TRy 2L TELL91C, ey FOERBIZT—X2E0DTCo5g L Lz, |HE
IRBEETCIX, EHICKVENGEEN L S LT 2B%MEDY OE—R 2 EMB T2, TT7 ARy
RZ/IFICEE L, (AL DWmEDE—A 2y MaAESET. —F, RImEEHITT 55
WZiE, BHEMBENESGVEDOELTD, I ANy ROfEEZEMIBICER L. HF AR
v FIZH 6 UMK E 0.3ul f1F, vRy b&2H T AmICfH g SR8 6 mEm, KHm
TOWTEREZITo T2, ZORER, EHLL0mIZBWTHAA =N X 2Tk Uiz, BT
OFET-% Fig8 (IR,

\\\\\

14.8 [mm]

Glass pad
PDM
Orbit of the pad S pad
adhesive pad Fig.8 Photographs of hexapod robot walking

Fig. 7 Mechanism of the robot on vertical and inverted glass surfaces
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5. KEBEIZ ARy hOXFEMET VL  AFECIIEGSTeR Y FEWITLT, TAVREH
Fil L, REENZXVKEZBEIT20Ry NOBRRBEITo72. 7 A ROFIZITMNEN
BHELTRBY, SHICHMEBEmmIIrDO X IICKEIZCSHEEZ WL TS, MEIOLFRME
ERMMOILRONEIZ LY, EOEAEEBETHAED, 72, BELEORICA VAL G A
I Ly, KEMOBEAEZ S HIZED TS, OO ZEHNKE ZHED Z &7
SEEENZFH LU CTKEIZENSZ ENTE D,

THRIND 2 WITET V% Fig9 1R TDO TR r OF < —BR22 MR & RE L, RO
%6 5. XEICERT2BEMES ST OXEH FIX, RiiEH F&, PO FHICHE
THKRNOZIT DR FaOfETIR 0, Fy, Fg 1%, TREMEAED LI (S) LA (S,) 2B\ T
PR SN AKDOEREIZE LN ERHM LTINS,

FHES Fs D KEE, BEAMETHIE,
KOFRMEE v O 21% 2y=0.146 N/'m) L7205,

& AKNSFIE BIF D & Xi2iE, Kok
0 _EA3Y Fig. 9 & [AAEZ2 B 2S x il L Cxt \
M7l cBin s, Pc@< sl = L X, F water  y
& ORMIRS) Fg iR Fy OfnE 5. 3-phase

contact line

original free surface

6. Z2 I I PR i & R O K M SRR oD BR %%
BEARVEOWE L, REIZMMIEEZRITHZ & Fig. 9 Two-dimensional model of a supporting leg
W R VEERMEDRIRD LD Z ERHBINTND.

T AUROMORE S, ZEOETHDLN TS Z & TRAMENBL SN TS Y. % 2 T, MEMS
Fetfi 2 VT, R WM A8 2 RO LU 0 4 FE O E SRR 2 Bl 7% L7z,

O D& & DI L HMEDM T [Fig.1(a) ]

YAy BIZERET 4+ N LU A b SU-8 T A ERLL, PDMS(Polydimethylsiloxane) % i
LIABMERI DR 2 SUET 5. 2% ¢ 0.5mm O EEHIHRIT % X A1 HOKA] FS-1010 28745 =
LIZEoT, TAVERDED L) iEENELND.

@SU-8 Z i ] L 7= i~ MY L [Fig.1(b) ]

SU-8 ZIZRIZ LV ¢ 1.0mm OEHIFRIEBAM L, MEmE 5 EICSTCELEL, BT 52LT
M &2 BUWET 5. ~ A7 3% — AXEAL 100 um DT, [FFEIEL 50 um TH D.

@&RBY A YDz v F L XA MM [Fig.1(c) (d)]

YO 4+ R LU A D OFPR ZIR{EIC LV &RV A VIZBA L, MfEmE S EIZ3T TR —
VEHBNL, BT 5H. 20%, ERUVAYOU Y by F U0 A B ET S, &R
MEHZ, 7 EERE AW, v A7 82— ER 100 pm O T, FBEIE 80 um TH 5.
@EHY A v EIZ PTFE #8014 G THKAIZ A7 L —8A L2 b O [Fig.1(e)]

Sl

(a) PDMS (b) SU-8 (¢) Aluminum (d) Brass (e) PTFE powder
Fig.10 Supporting legs with microfabricated structured surfaces.

1. %8H, #EHDOHE - EHRVA YOy F UL MMENT LR S 30mm O X
(Fig.10 (d)) 2V, KENLOESE, B L, XFfh, sl&BE L HoOBMRER A~ JER
F% Fig. 11T d. SFRNIE, SFHOES DI O THEINL, RKMEICET D &b
W9 5. TR K 2D KET D L, XRENXIFEE eI s. RO PR E I I 5 A
ERLSHLTEY, Im 47208 02N (20gw) B G6ND Z Enbnd. —J7, sl ZHEL X
KEDHOE S ORI E & HIZBMNT 523, 5l 8L IORKMEIE, FHHEE 0 b EBREO TN
INESUVME E IR o7 2R, BEERTCIIKIEIRZ 2 RT EBUE LTV D DTk L, SEBRTIIEN
KGR D BRI KE A 3 RITDOMEEIIK LR D7D TH 5.
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Fig. 12 1%, PTFE #0112 & TR KA 2 840 L72 & & S0mm O XZFFH (Fig.10 () %, /KifilZxt
LCAEICEN D LI E & DkD T (HEtES) ORERETHD. HWOES T 1~5mm, Bk
FE1E 50~400 mm/s OFIFH & L7, Kifi b COHEE T 1T K% ﬁ;@k%<&é ERRENT. F
7o, KR KE BicH D & X, BHOBENE U S X HEE TR S IEIER B LT L, %
SA[A U 20 B 1 EHERE 71 BE N BV ME OIS 2 & AR E T it,%@ﬁﬁﬁﬁwﬁe
mﬁféﬁé#ﬁwfé mR b & EREIT D EICIE, HEE ] O & K S B PICIROLE TR

WCERED L, TEAEIEEODLE THE L TKOER 2R ST ENAEITH D.

8 4
= | O :submerged = 50[mm/s]
% 6- Experiment 3.5 === 100[mm/s]
: Theory Z 3 —&— [50[mm/s]
g 4 E 25 g 200[mm/s]
:‘;’ g wfem 250[mm/s)
= 9] E 2 =@ 300[mm/s]
? 1.5 == 350[mm/s]
=
=

o == 400[mm/s]

Pull-off force
L o
S
o —

'4_6 4 2 0 2 4 0 1 2 3 4 5
Depth Height [mm] Depth [mm]
Fig. 11 Lift and pull-off forces (Length: 30mm) Fig.12 Thrust force (Length: 50mm)

8. KEBEIvAy bOBEKE R IIHG M A I T U 72 BEARME SR A €, Rk /) ©
KRS, AN BENT 5 2O Ry N ERELZ. —2U1F, 12 ROKEHROM 2 5,
W@%ﬁ%ﬂmbfﬁﬁfé%mf&é 1Ry b OAMEE Fig. 13 1R, B, BERUA Y
Dy F X OMMMNEEGL7-b &2 HW-. 77 F 2x—2 213 FOVE &2 FF R8T
— 4 Z M), PWM (Pulse Width Modulation) Hll#EIIZ & 0 #REIE A Hil4# L 7=, #REhE — & O[RERIC K
0 RN 2 RE— ROENRBAL, MEUEZHIOCTIREIL, KEZt5 2L TuRy M3%
#1425, F72, Tablel [T X IICKHORESNEZ2->THEY, BT K > CTHIET 2N
{tL, 109Hz CE#E, 115Hz THNER], 132Hz CTEMERINAETH S, VF U LR ~—FEih b
T—H, %ﬁ@%%ﬁﬁb BHEL785g ThbH. MOREOAEFHIELIm THY, K 20gf DX
FEONGOND KO ICHEFF SN TV D, BACTKEBEIEREZITo TR, 7 u s 7 M- T
ERva:bl %ﬁﬁ%ﬁméﬁ,mﬁifpﬁ,EﬁE,EmE%m&ﬁbﬁézamﬁmbk.%
AL X EAED 70mm/s, FEEIDS S0mm/s TH o 7.

Table 1 Roles and resonant frequencies of the legs
Resonant Duty

Leg No. Role Length frequency | factor
L-1,6,

R-1.6 Support 85mm . .
L-3,4, 0
R-3.4 Forward 90mm 109Hz 32%

R-2,5 Left turn 80mm 115Hz 34%
L-2,5 Right turn | 70mm 132Hz 39%

Fig. 13 Water strider robot with a vibration motor

Ho—fHOuRy hE LT, 6AROHICENEN 2 AHEDT 7 Fax—X 2iE L, Kifi
BRI K AKIEREE) & B AT RREZ2 e Ry EBRELZ. ol y hOBEEZ Figl4 [ZR7.
JlA{A & SCRER oD Fi] oD J i iZmem//nw%%%&ﬁb 2RO BMF (h%« a2—KL—v
a LM Bio Metal Fiber) (2 X D A5MEEEN 21T >7=. BMF IXEEZHIUME, HBHEITHZ LT

—114—



A2 0 RTINS T 7 F oo —2 Th D, Kili 2 BE1T 2 BR21E 6 RO % [FRF I BRE) L,
B2 b2 AT DBRIEE IS ZERBRE RO L O ISR DNIEIZH D 3ARDREZAZHIZ BT D 42
H =T 2T o 7. & XFNCIE, PTFE 0K 1% S e KA 2 B L2V A YRV /L —
TRICHIT 72 b O ), 2K 1060mm, e R3F ) 16gf L7 bkolcLiz. vy hoHE
1310282 THh 5. MOIHIZIZ Ny 7 7Rz A B E 23T, D KmEICx LTk
TS XLz, £, BEDZD —&mﬁﬁm%ﬁ%ﬁwf uT/%KW%%%L
k%%%Mﬂ67ﬁtx(7¢b)/&774 txyFor)lckomTL, ZiaEdro s

Lzl UjW%&%%éiﬁbtﬂﬁjﬁ‘:@fﬁﬁﬁﬁﬁjm,¥0@$ﬁ%Hij
mw%m%gn ATEHERIIAM B OB ETE 2RI 95 2 L IC L 0 BEEO R VEB N EB TE 5.

COREEIC LY, USSP O — LAY, TR O L L E b A F2E
LT ENTET.

Folding

Fig. 14 Hexapod waterstrider robot Fig. 15 "Origami structure"

Kﬁ fj:7J®ﬁﬁ$ﬁ:biUTf/T@mﬁ%ﬁ&W@ﬁﬁ%Lﬂ%M%ﬁﬁbhmMs
FAfric L0 Bl & R RE A FF ORI E 2 fUE L, MRERHMI 21T o7, £, ZhvooEm
Mgz ARy SOMIZHWD Z Lic k0, BEmBEia ARy &, KEB#Ei e Ry ORI ZIT- 7.
BEmi R TR v MR L CBLFORRE S S,
() 7VDOME Ry REHEE LT, #F AL PDMS O3y K% MEMS 1tz X 0 flfEL 7=,
Q) 5Ny ROMEFENERE L, HT ARy RiZA=AD AN X DEmEFHBEOMERKE
<, PDMS (ZHA T OB NDRENT & Z s L.
3) 2FHHD /Ny ROFEEZANLTzedRy NERWEL, BEm, K@ COBRTICHKII LT,
AKEBEIa R v ML CLAFOREENE L.
(nmmmﬁﬁ%%wf%ﬁ Thk & p~ A 7 IS A RO KM SR 2 B RS L 7.
(2) BHFE L= KE I C T 2385 Lol & B L D, #EdE ) 2 0E L7z, R ME L K<
—H U7/ 7z, KETOHENIKF I b REL, BEHEICRDIEERMT 5.
(3) BHZE LR A W C 2 O KEBEI o Ry 2 RUYWEL- MOIEZFIH LR v
NCIX, —oOF—FICL B, AAOERBIELFEBL L. o ffEEz Hviza R
v NI, RMROMEZ — R L, £ 2 B HEOERC L0 KEEwHOBE) 2 28 L7z,

2% 3CHR

1) Davld L. Hu, et al.,“The hydrodynamics Water Strider locomotion” Nature, Vol.424, 2003, pp. 663-666.

2) Kellar Autumn, et al.: Adhesive force of a single gecko foot-hair, Nature, Vol.405, 2002, pp.681-685.

3) Walter Federle, et al.: Biomechanics of ant adhesive pads: frictional forces are rate- and temperature-
dependent, Journal of Experimental Biology, 207, 2004, pp.67-74.

4) Y. S. Song and M. Sitti, IEEE Trans. on Robotics, Vol. 23, No. 3 2007, pp.578-589.

5) Y. S. Song and M. Sitti., Proc. of IEEE Int. Conf. on Robotics and Automation, 2007, 980-984
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3. 1. 2 EENREKIE(CE Bis LIZEEB LR L O
R - EARE AP 3 & SRS O fil i

Development of SOFCs Working at Lower Temperatures

by Controlling Interfacial Nano-Structures

A - RAKINE—RE*
B R TR L TR
*HOR R PR A G USRI R R 7ER

Hidetoshi Nagamoto and Junichiro Otomo
Department of Environmental Chemical Engineering, Kogakuin University

"Department of Environment Systems, The University of Tokyo

To propose next future fuel cell technologies, we have developed new electrolyte and electrode
materials. Lowering operation temperature can guarantee the construction of reliable Solid Oxide Fuel Cell
(SOFC) systems. At the same time, however, we have to satisfy higher efficiency of the systems. To solve
the contradictory requirements (i.e,, higher efficiency and low temperature operation (or reliability) ), high
ionic conductors and/or high efficient electrode materials should be developed. We report new approaches
to enhancing cathode reactions in terms of controlling microstructures of electrode materials. [(ZrO;)oo
(Y203)0.1]1x(Ce0,)y electrolytes exhibited the ionic conductivity higher at the temperatures under 650°C than
YSZ and its electronic conductivity could be controlled practically. The addition of Ag particles increased

the amount of the oxygen atoms adsorbed and the amount of oxide ion over the electrode surface.

Keywords: SOFC, Low working temperature, Interfacial nano-structure

1. #E BB E(SOFC) OWFERHTE 1%, RERFO(SHENE - A MER EoBLE
ﬁ&moc&ﬁir@ﬁﬁmmw ATWDH, RIRE L TRIEFHECM O HIIR 72 & D
%%@KT%U WAEENEE 2 TP DM Ed S Tnb, Hrld, /ERoMEL Y b
w%ﬁ/m§$%ﬁﬁéﬁmgﬁﬂ%&m BEDOARWFERA OB R 2 MGt 2 2 & T, 7F8)
I ORI L2 BT L C& 7o, ABFETIE, BRI, BARE R L OVEMOBMEEHIEICE B L, Fr
(SR OREXEFIEENC X DA A BB RO I L O & PEHTIC 38 4E T % AR O S BT
DEIUZ DV T LT & 72l SRk 19 4EFELIRTO W OB Clk, RS ThiRIgi(150-300 C)
CHEEY 9 2 B E B AR R EHEM OB 2 B & L, B OMBESEHEB L 07 e s Az
GMERRRIR (U Uik KFEE UL (CsHPO,) ) ORFAliZ4T > TE 7o, Pk 20 R KO
BASAERE (PR 21 4EFE) 13, SOFC OEBNEE DIRIBAL D 72 OB H  (SOFC BARE M ELE
FO Y — RMELOB%) &1T-72,
T A — L O FUE TIEA A ik BIGI BD D RE R BIG S W S D, SOFC DM
BB EHI BT H, R T 25 ORI R 2 LR E OB L DA A %5%E
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RAOEBENTHIND, BEEREMREOMIETIE, Y 7ROEMRE L L T(CeOy[(ZrO2) 1«
(Y203)sl1y #4880 P, &V 7 REME ORI T H 5 IKERE /3 E CTOEHEBERBLOIH & &
AT HEREERT DI ENERE R DB, EARE O BRI B HIEI K D HE T R
OIFFEITHEA TV D23, — 5 CLEMOWREE R RAERCRIIC A B L7 AFEfili T iy b 72 <
KRN L 5 2 D ROSFEBRE L LN TIERV, FHIAEE (REKEE) Tk, BEEOD Y
— FMEtOKRF Z5 & FE L7z, — DX REHME TH 5 LageSrg1Co0;45LSC) &
Lag 7Sro sMnOs.s(LSM)Z# H L, #UE RO RFERIE 21T 5 2 12 X 0 225 23 v 7 NGy &ORL
RER SN G- 2 DEBICOW TG LTe, E7o, RS AZ1T 5 2 &2k, SOFC DKk
{b~DR#HZ2HHZE2HNE LT, O —2i%, EFEEEOE VI NV L« 72T 4 RN
a7 A% A MZFE R LY Ui - 23N 5 2 SIS X 2OV TRET L, Z 2Tk
Lag 7Sto sMnO5 5(LSM)F3 L TY Lag ¢St 1C0o0;3.5( LS C)E il 22 S D H5 M, (CeO2)y[(ZrO2) 1
(YeO3)xl 1y SREME OEE R, BLOREMi = Vs« 72T 4 F R0 T AT A NEMD
R OV TTIR R D,

2. EBRFIE
2.1. BFERZESME (Lag,SrCo0s.5, La;,Sry,MnO;.5)

BIVEMELE U CEEAIRAZE T L A LTz CeooGdo102.5(GDO)IAM (IEAE 10 mm, JEF 1~
1.2 mm)%& 2, 20 EIZZE5MBMENCH 5 LagoSrg1Co0s5(LSCY K & Lag ;StgsMnOs_5 (LSM)K
K% RF v 73 by A%y Z 468 2 O CHEMGREE 400 “C TR L 7=, st 2250 C 600 °C
F 7213 1000 CORPRIZ X HRAEEHIE AT 5 Z & C, WA OERIE S F 2B (LS, ABtoF ¥
F7 2 P—va 3 X ﬁlﬁlﬁr (XRD) & EERE BB (SEM)Z W TIT- 72,

aﬁkﬂ:%{ﬁﬂ WL AR KO A v B —F v AEE W T S A CHIEETT- 72, 1EH

Fix 12 @%ﬂ%%ﬁkﬂ%wﬁw%ﬁﬁwm RN I1E Pt X— & N & W2, ZEBICITERE O
AT (2 Pt ﬁ%#%o CE U, IEREE 1X 400~600 C., HIE & #50E 10 mHz~10 MHz, #|
ER 72 E 7213 0.1~100 %0, & L7,

2.2. (CeOz)y[(ZrOz)l-x (Y203)xl1y REMRE

@D (CeOx[(Zr02)0.9(Y203)01l1x. @ F— 30 b Oflidh % 2 2 723 B, @ (ZrO2):[(CeO2)os
(Y203)o2lix 2BV TOE@IXx =0, 0.1, 0.2, 0.4, 0.6,0.8,09 725 X H12, @O E@LAD
AT, QD x = 0.8 ZHIT 3D I b—oDR S EESHET, 20 2 50OEENED D X
HNZ, EEEHE A - SRR T L, 1050°C CHEMEUG SE b D% 1550°C THER L., ¥
Rkt L L7z, 1060°C TR S 72k R 2 2.5 tlem? T 1 min [, 71 v ZWRITHERRAL L |
1050°C CiihEts. 1550°C THERS S® 7, BERE 7 2 v 71 Pt X—A MZ XV, Ptfi&EmE LT
AT 72 b o2 flE ek L,

B Ra ek 2 XRD JIE IS THIEMIT 217720, ffa R 2 AE LIEFEBZFEIN L, bR~ =
v 7 OEER & AR R K 5T 600~900°C T, EILHEHN O IEREFHA FPoz = 1~
10726 atm) CHIIE L 7=,

23. REMI VR - T2 T A FRRXuT AHA EE

WEfRH % VY Sri1xCexCoOs- s (SCC ByA)IZ(x = 0~0.2)1Z. LSCF ¥Ki% LaoeSro.4Coo.sFeo 203

DO, CZY BAFE AKX (Ce02)0.81(Z1r02)0.09(Y203)0.10 DAL, SDC 3 K 1% (Sm203)0.20(CeO2)0.80
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O IEIE T U7, CZY iR % ¢ 10mm O SER AR T 2t/em?2 THEMERE% . 1450°C
2h THERE SH 72 b O & JE HEME & LT, 22541 LSCF, SCC # #hZh/E &t 7:3 T CZY
MELIREL, Tha S v F—(a-T/IERE =L =F b ru—2A=HE&IL 41DE 111 OE
BIIC2 2 XORAE L, K7 2 —7 b— REIC XY EBMER 0.15em2 12725 £ 512 CZY EME
ALy b RIC®H Lz, 2 EZE5H 1150°C, 2h CTHERR L., £k, i Bz AgNOs KigiK
(20wt%) Z ¥4 L, 400°CE i, 800°CT 3h MRk LEMiA 7o, 0%, EHMm, xti, 2
RZNZHUC Pt 8% Pt ~X— A b CTHEETR, 800°C, 1h ThEpk L. MIEH OB A2 ER LT,
FEEm e R RO SEM B2 51T o 72, EMMEREIL, Current Interruption #%
W, ZERH, 600~850°C(50°CHIA) TITV Y, RIS FEE & FEHLE L Ty L CRMR IR A B L
7. B En=EwESE 7 L=Ay7a v b LIEM b= VX —Fa Z#8HH L7z,

3. EBRERBIUVER
31. LSMBXOLSC BEEEDO X v 77 &2V E—a

O EIEORE 21T 7o iR, 2w AT O LSC WK & Bighih o LSM M EIE L Tv5
ZEDMERR S, £70. SEM Eifg X 0 ERS AR S TR Y BRI 1 pm THHZ &
il Lz, v= 7 —:& SEM Hif§ K 0 KR A KD 755, 600 C TEVLEL A1T - 7230k CIE 10
~16 nm T&H Y, 1000 CTEEEZIT - 72 3B TIX 300~1000 nm F2EE T - 70, HRIA 72 3R
SEM B E (LSC) % Fig.1 lZ/”d, BLBRIZ J > CRROHIEAFRETH 5,

Fig. 1. LSC ®# i SEM GH. (7 =—/WRE : /£ 600°C, £ 1000°C)

A v B =& ZAPEN B BT Cole-Cole 7' MIEWT 3 DD MBS iz, J&
W OB OREIEGTT S Ry Ry R, & LT, TIUH O S RHEEER, op oy 0, ZK
Wiz, 7Y — RZET 5EMEN 2L S TG EIT oy oy OIEITEMRENIZKF LRI > T,
—Ji. o OMITEMENNKRT DIRFEDRHEGR S, 6o T, o IFFRRICSOSITHET S Z
EDRE S, LI o \CE B L TRIT 21T o 72,

HEMRE 600 CCEPRIEIC LV ME Lz -V WER R A Fig2 l[ZR-d, £, FmEES o, O
TR A7 % Fig.3 (29, Fig. 2,3 OFEFR LV, LSC il (BVILELEE 600 °C) TlIfkir-{kiz
Fo THRINEBROWE EANHRIN, HROFHFILLDZ DO THLZ LRI, —
J. LSM T, ki F-OREWIE ) BNte LAREEELRN EHT RN G LN,
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T [*C]

25 0 —800__ 550 500 450, 400
< 20 iLsmeooic:Lsceooic 5 o A LSM600°C O LSC600°C
E 15 LSMi000 Lsciooo @) ‘e _4 O O  ALSM1000°C ® LSC1000°C
= ©) ® S -8 @)
mel S % -10 a9

0 ) 2 S 2

0 0.1 0.2 0.3 0.4 0.5 -12
1.1 1.2 1.3 1.4 1.5
-E [V] »
1000/ 7 [K™']
Fig. 2. i/t (UERE 600 C) Fig. 3. JHPEHESR o IREKRFE

SIS EZR D O, 7y EARTFED FEERFEFR L 0 | LSM HIROEAIZIE 04 1% Po, D 0.03 RE0 R)IC
KT L, ZORERDD oy (XFEMREIPUCH KT D &35 2 70, [RERIZ, oy 13 Po, @ 0.08~0.13 ¥ (=1/8
R)Tod Y EMRNTORIIA A A=EWMRRICHRT D B 270, £72, 0, 1% Po, D 0.26 R(=1/4
W) Thd Y WAEREOBMEMILBICHKT 2B 272, —F, LSC HIEIZIB W\ TD 0, 3EMKTT
A2 2 A, FUSBRRIZIKIET 2 o IZREDIKIEEZ R 2 LR S 7=, 24X LSC
P I CTIEIE TR ZZAL(Vo IR EE DN E U ME EWAE Ohg DELY IABSSIEEE 2SI 5 726D RSt
D Vo IRENASLIZDZENLD HLEWZ LI Lo TIENMEESNT-EEZ NS, BT, g
{22, CPE(Constant Phase Element)Q; DfE 5, QO = Y (jo)' DREFEAXEZH T, 7 KIZ v
A Y, Oz L7z, Fig. 4 12 Y, OIEOMEZEFEDEIC L TFry h LT, 2O KD LSC
(BVAERFE 600 °C) @ Y, OEAAEIIIE Lic T X COFE S EOFIEL T, KEWEERTZ &
Nhmnoiz,

_1 i
o :LSC 600 ‘CErALER
# :LSC 1000 CEAALIE O
1.5 | A - ° .
2 :LSM 600 °CEhhnzE (Junnanannun o BURRRLL LIS ..
4 :LSM 1000 °CEhaLIE 'b
& "
|E —2 t>
(3]
b
Z -25 i
o @ @ ] FaY
s ﬁ & ﬁ £
.
-3.5
-5 -4 -3 -2 -1 0

log(Po, [atm])

Fig. 4 7 N3 v & ZADOWEFEEMAFNE

T, YOMEPERF ¥ N F A COfEZE KL TV D EHrT 5 & (RIFEICEB W T n=
0.6~0.8), Vo HEEENLLFORNG ¢ &S 5P,
2 oo
=2F‘i;]AL a
- T, LSC (BMLERIREE 600 °C) @ Vo IRENIOBHI LR KREWZ LVRIB I, ZOfG
Fix, LSC TIHRKiF(LICEE D Vo IRED EFIC X > T, B Y — FUSEHEDO ) B35 argett &
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TR L TS,
3.2. (Ce02)y[(Zr02)1x (Y203)xl1y R DEER

B y=0 DEHr/SF — 1% YSZ O E R L, CeOz R—7#IZI VD EH M~/ L,
Q1 DEOE—271F F—=7mENE & IERALERICS 7 b L, IENROKFERDL c/alx
ST EBZHNDH, 20 mol% K—7 TRUZILTF L, 60 mol%io E&F- L7z, #1503 E
AmatE L CORDIRBX6 L Je ) | H—FTHh o7z,

T00COEERDOFER D% Fig. 5 1T, BEESED 1020 atm PL FIZHBW T, 10 mol% N
— 7 TCIREERNA A EERE FE -5, 20 mol%a Bz 25 & By & FHEERNIEED 2
xR LT, 700°C, Poz=1atm THIE L7-A A4 EERE Fig. 6 12777, 20 mol% E CikiE &
WEEDLLIRNST2), ZRELED R—=7"TIERT Lic, A A 8ERDOIEME(L— RV F —I%, YSZ
7 140 kd/mol 7> 5 10~20 mol%? 134 kd/mol The/IMEA LY |, ZALL EORETHIM LT, LA
FORPE, 10~20 mol%® RK—/3 K CeOz IR EENMRIE(LIZITARITH L Z LMootz

® (Omol% 22—
4 10mol%
B 20mol%
v 40mol%

3 L - L - ) . | L . | . | )

-20 -10 0 20 40 60 80
log Py CeO, concentration [mol%]
Fig. 5 700°CIZ81T 5 EEROMAEAL Fig.6 CeOz F—7 & & A A EER DR

33BEMia NNV - T 2T A MR T AAA NER

A EHZ B R EARE S Ag RN 5L EMIEHIN KERH T DL RINTNWZD T, 22T
1% LSCF 3L SCC & &Mk, CZY L1 SDC (Sm-doped Ceria) ZEME L LT HA1ZOWT
WEtL7I-, Fig. 712 LSCF. LSCF-CZY-Ag. LSCF- SDC-Ag O &M ) & B U 7= Bt
DFEFR AT, WTFNOIRE T, LSCF-SDC-Ag O EMIEHIE, LSCF-CZY-Ag L v &/h&<
R T T5% DRz %4~ L=, £72. Fig. 8 {C SCC, SCC-CZY-Ag, SCC-SDC-Ag O fixith
BIE DR U B ORE R 2 83, TN OREIZE W T LSCF & [FEEIC, SCC-SDC-Ag
DEMESUL, SCC-CZY-Ag LV b/hSUME L 720 | KT 83% DRI R 2~ LTz,

CZY X0 WA A FEMDE N SDC Z B BHI RIS 2 Z & ¢, CZY i & bl L LY
A F 2 EFEEOE LV LSCF-SDC &M<, SCC-SDC M 2 EHAN I B W TR L.
Air/cathode/Ag FLifiCEMEZ i CHA T 2 B(LW A A > OFEMNGES TOILHEL - 123% % — ETEE(L
FTHZENTELLDEEZLNDT, 5%, ZOMLWA 4 OBEREREZ Eil+ 5 2 & 2%
WTHDHD,
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1o —e—600°C s —e—600°C
1 :a' 1
'~ £ °
Y -650°C g 05 650°C
[o] o v
£ oF i 700°C 800 S i 700°C
b 8 05 )
2-05 o 2
& —»—750°C . 36— 750°C
-1
o, -15 . : o
18 LSCF LSCF-CZY- LSCF-SDC- 800 C scc SCC_ SCC_ 800 C
e e 850°C CZY-Ag SDC-Ag )
Fight-4 &EBMHOBBERLBEOR . Fig5.5-4 &BEMHORELEBH —®-850C
Fig. 7 LSCF IR& S5 o> EAGHEHT 0 5 (k7 Fig. 8 SCC iR A TR BABHLHT o i FE (K71
4. #E

1) J1 Y — FEE(LSM, LSC)DMET 24T o 7o, R &R L LT, LSC #ilEizIs T, 600 C
~400 CO PRI CHMEE 2 HIEHT 2 2 LIc kv, REROFLSLEZ OGN REEERD L5
DR ST, BRI TEIZHE D Vo IRED BN Y — REOSFHEO M BI85 KIE L7 vlHE
PR & | SIS SOFC DARIRAFELIC AR FBRETH H 2 L AVRIE S LTz,

2) Y203 10 mol%® YSZ 12 CeO2s % R—F L7224, 10~20 mol%® F—7IZ L Y &R To
A FVEFERERoT-EE, BTEBROBBLHH C& o, EEEROEH LR LF—%
YSZ L v/hE< sELZENTE, RIEFEENCE T2 2 Lot

3) LSCF, SCC Z=&Minlc CZY M. Ag UM % 2 & TEMHTAKIEIENR L, (KR
WAREZR 2 & AR STz, FTIREG T D2 EMEM B2 X 0 Bk A A4 L FEMEDO RV SDC 12T 5
Z LT, WITEMBRFTMER L, ZEKWRO @SR I ITERE ., Ag IR OEMSIRD A 48
BUENEECTHD Z LRI NT,

51 F SCHR
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Reduction in platinum use or substitution of platinum
by nano surface control for platinum-based catalyst

Fotfel B - B B
TR TS bR

Akira Igarashi and Hajime lida
Department of Applied Chemistry, Faculty of Engineering, Kogakuin University

In order to reduce in the amount of Pt use in Pt-based catalysts for water gas shift reaction at
low-temperature (LT-WGS), the effects of supports, Re addition, Pt precursors, and the drying conditions in
the catalyst preparation on the catalytic properties and activities of Pt-based catalysts were examined. The
Pt-Re/TiO, (R: Rutile) had superior catalytic activity for LT-WGS among the prepared Pt-based catalysts.
In addition, the sub-critical drying (SubCD) with Pt (CsH;O,), precursor was an effective preparation
method for the reduction of the amount of Pt use by the increase in the Pt dispersion and catalytic activity
of Pt-Re/TiO; (R).

Keywords: Water gas shift reaction, Pt-Re/TiO, catalyst, Sub-critical drying

1. 55 BAAemEmMENT. AR TRCBT2EE T 7V OSERA L7 4 o DOKRFELEIBD
& LT, AEEEOPET AEEBER AL S HI(VOC) D 3 fiR7e &0 S F & F 7 il s
AENnTW5D, @i, AaemmMiT, HIEE Xidh 2 &Rz b OEMR-CEERR 7 L
DOFA BICE R Z S S HESEAME S U TR SN D, AeikEE, BREOHIKNAS 0 &
fMiCHHICH N ST, Bl CIEERER M L CORANEH L TRBY., 2 b Ofdo
H i H OIS 2 VI B SRR MBE OB AOE I T\ 5,

ST, [ERE D TR ER (PEFC)D 728 D ALK DKREKRSEIC KX o /KkFERET n& AT
X, PEFC DOREMBRZ#F+25 CO DB D=2, WE TRICH W TRIEKMEST 227 b
(LT-WGS)SEAMT 7205, ilH . LT-WGS SUGIZ AWV S35 Cu-Zn SRR T3 <7k
PEERTHOD, BALFEFHA T CTOMAVEICIIEN S D 2 L b, AR 2 58 H 3 2 550
b5, L, BFMET Cu-Zn Bt & e~ TIRIRIEMEDMEN 2 & 2D | il B 2 o0 /)N
b3 L O A S BRI O 72012, 3 P TR 2 R 3R SR O B 23 038 &
SNTWb,

Z ZTARBIE TR, AARO R TH LI-WGS FGIZ T <AV il ME 2 =44 E; Pt it Voo
TEEM B3 KOV PL B O 7201, HIKOFESE, Re M, 38 X O Pt I VB OFEFADS Pt
OY SO ETE N 5 2 DRI OWTHRETZ A D Z Ll Lie, S 612, i E~D Pt OFE Sy
BARRF O 720, it RE I C S W TR 2 I &, 58 Pt il oo — 8 o EFRE(LIC X D Pt i &
DIEWEXD Z E2HIE Lz,

2. FEBR  fHEF PARECT, ZARWEE, BZEYE (TD), &R R (HTSCD), 46 X OME
B S E (SubCD)E & - TR L7=, Table 1 12, KO HRERIZ/R L, 25 O HFREE
(2, BERCALER (500 °C, 1 h FHiR, [FHREE, 1 h £RFF, ZER&IEH) % L CTHIKE L7, Pt O HRR
BHZ I Table 2 (2R L7z S FEEHD Pt{LEWE ., Re DZF I L =T AT E =T L2 HEH L
Too PRISWEIEVEC X 2 iR -Cik, HEHIER 2 28 2 C 3 MOt 2 305 U 7=, T8 Re & fHEF
L5 Pt 2 HHEF L7 filllt (Re—Pt), 12 Pt Z#HEF L CTH 5 Re Z4HEF L2 filllt (Pt—Re), B X
VPt & Re Z[RIRFIZE TR LTS L7-filit (Pt - Re) Th 5,

HTSCD #5 & U SubCD filtfifix, LA FOFNATHE L=, F3°, Bepk (500 °C, 1 h FH, 1 h fREF, 242
LA L7z TiO, 8K (filil s 2 Bt IRC-TIO-6, FIFLAFE 0.5 ml/g)c, L =7 ABRT
T LTH ) — VIR Re AR 0.67 wt% b 725 K 9 ICER L, [ASMHCRER L T Re/TiO,
RYEGT-, DXL, EATEF LT N FASE (PH(CsH,0,),) F 7213 B4 S Ky
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Table 1  Support source

Support Support source Manufacturer

710, 7r0,-xH,0 Mitsuwa chemicals

ALO; JRC-ALO-6

TiO, (A: Anatase) JRC-TIO-1 Reference catalyst of the catalysis society of

TiO, (R: Rutile) RC-TIO-3 Japan

JRC-TIO-6
Table 2 Pt precursor

Precursor Purity (%) Manufacturer Solvent
H,PtCls* 6H,O min. 98.5 Nacalai Tesque Inc. Water
Pt(CsH;0,), 97 Aldrich Chem. Co. Ltd. Ethanol
[Pt(NH; )4]Cl, min. 98 Tanaka Kikinzoku Kougyo K. K. Water
[Pt(NH;)4J(NO3), 98 Aldrich Chem. Co. Ltd. Water
cis-[Pt(NO,),(NH;).] min. 98 Tanaka Kikinzoku Kougyo K. K. Water

(H,PtCls * 6H,0) V= R & PHHOAR B 1.0 Wt% & 725 K 9 IZE R (RELMIFLAREL =23, =
MR 24 h JRE) L7, n-Xr &2 (BRFUEEE: 196.8 °C, HEAES): 3.32 MPa) & i Al & LC
SubCD (150 °C, 3.0, 15.0, 20.0 MPa, 0.5 h), % 7-1Z HTSCD (300 °C, 20.0 MPa, 0.5 h)Z 1772\, [FZfk
THER L C SubCD filfft & HTSCD filtlit A2 457-, F£7-, Bz (TDSIL, [FERICE R Lo,
TD (100 “C, 0.1 MPa, 12 h)%& fits L CHi#d U7z, 7pds, Hefgfiilt & U Criifik® Cu-ZnO filiflt (C18-7, X
— R X —fili 2 Uiz,

fib M RE R I IE, FIEBER AN IEE A Lz, £, M 0.5ml 251 Ly 7 X
KT ABOFS B FEE U iR TALER (500 °C, 1 h B, [RIVEEE, 1 h 4448, Hy &) & i L
Too DEIZ, Ny ZHKFT175 CETRIR L7, HO, BT ZADNA TG 2 BRAG L7z, J5k}
HAIZIE CO (99.95 %) D W FERELE A A (CO: 10 %, COy: 15 %, Hy: 75 %) & H L7, KGiE
BEIE 175 CHvb 275 °C. ZEIHEEIE 9,500 h~' (CO Hi¥fE) E 7213 40,000 h ™! (total) T 5,

B it > TEM 8122121, JEM-2010F (JEOL)Z i [l L 7=, CO LW EDOHIEIZIL, ER
A B SLIE (ASAP2010C ; Micromeritics)Z& VN2, £ DER, Ml 137 DI A<USLEE (200 °C,
8 h, HZZHER) & MBLER (300 °C, 0.5 h, He XUiiH)Zfiti L, 35 ‘CTRAEFRMEZG, I, Pt
IHCEE X, COMTRT Pt EIZPt/CO = 1 OEFmLTWA L7z EEL T, COLFRAERND
B L7, £/, #—rA—"—HE (TOF), 72D LIEEY A N Th D PtEgtHREAINLZD D
TEMEIEL. LT X 9 ICEE LT,
TOF = FeoX Xco / (VeoXM/0.0224) (1)
T 2T, Feo 3RS L2 CO EAHIE (mol s7'), Xco 1E CO #E{LR (-), Vo ld CO bWk &
(m’-STP/g-cat), % LT M Ifillii& (o) Th 5,

3. MR EBE FF HIROREHEER Pt il o TR Pt /B G- 2 D 5T OV TR
& % 72, Table 3 \ZHHEF Pt il D ffiBEIEE & ¥ % 7~ L7223, PYTIO, (R)X° Pt/TiO, (A: Anatase)
IE. PUY/ZrO, < Pt/ALO; £ ¥ & BET KFEX® CO (LR A RmA/NS WIS H 03030 B flyE M
BN ERNbND, ZhUE, PRI OMHEMEIC X 2IEMS O8N E v & Pt S HEOHAEERIZ X
DGR OB 22 LTS O BICKRE KB L TWD Z & 2R LT\ 5, £72, PYTIO;
(R)IZ PUTIO, (A)L Y & BET REFEIMET & 2300 b FAMETEED E A 24U PYUTIO, (R)
D Pt 3 HEE DS PUTION (A)DZ N LD H REWZDTH D EHEZ HND, Pt 1g 4720 OfEE %
g4~ % & PUTIO, (R)YDZ Ui PY/ALO; DI 20 [ TdH 1 | TiO, (R)DFE FH 23 KM 72 fl iiETis 14 o> )
& PHEHEOIRBIZENR D B 5 Z &R ST,

O, B OABOTIMIOW TR ZMA -, HEESREMELCE SRZNLE TdE
i DGR 22 il L L, UV SEH L =7 — S U SN B D, PYALO; i~ Re 7
A PRI OWAEE 725 L, fEFRE LTNT 7 0  OKRF(LRE IIH L <, FEERILAK
FrEIERDETHEA T Z AT Y Y o DOINRDE L2 b 6F 2 ERRESA TS Y, 22

—124—



Table 3  Effect of support on the catalytic properties and activities of supported Pt catalysts

Catalytic activity per

. . 2) . : 2)

Catalyst” BET surzface area Pt particle size © Pt dispersion CO. : unit mass of Pt
(m7/g) (nm) (%) conversion’ (mol bl gpfl)

Pt/A1,04 180 2.2 50.5 1.7 0.30

Pt/Z10O, 75 2.4 47.6 16.9 1.76

Pt/TiO, (A) 74 4.0 28.1 33.0 3.82

Pt/TiO, (R) 44 2.9 38.6 52.3 6.05

1) Pt 3 wt%, Pt precursor: H,PtCls-6H,0.
2) After LT-WGS.

3) Feed gas: CO(99.95%), Reaction temperature: 250°C, H,O/CO = 1.5, S.V. (on the basis of CO) = 9,500 h ™.

T, PYTIOy (R)IZKFT % Re WA it i 14
2 D3RO T T, Fig. 1 1%, Pt <E
Re OFHFFLLF & HEFFINEF A4 28 2 Tl LU 7 fik
BEDMIETEECTd D, K6, PEEFRED 3.0
wt%, Re fHEFERN 20 wt%D & X2, ot b
IR E RN TN E XN s, —J, HEE
B % 28 Z2 CRid Ltﬁﬁlﬁt@ﬁﬁ%{%ﬁ%tbi&#
B & RIS G 2 DT Pt & Re D
FFHERIZORE S RON, b o &b\ filit
EMEA R LD, Pt & Re % [AlHFICHHEF L7
et v . RO Cu-ZnO fillit 2 # % 2 fik
BEME 2R T 2 b D, Rk, Eofilut
t 250 CLLETHED A & OFIAENZED B
MT=73, COy R #1399 %Ll | Tdh - 7=, Table
42, PYTiO, (R)& Pt-Re/TiO, (R)? TEM 47>
OF LT Pt KL DR (AT U B)E
CO #xfbf, TN O BHEM L TOF, Pt 1g
Wi OfiliitZ R Uiz, 5, PYTIO, (R)
~O Re iIMNMN Pt KL ORGEE 7= 5 L,
TS YEDE FICHE S L TWD Z LN
Dind, Fiz, Ptlg 470 OfIEYEIL, Re
DI K - TR 2 528 L. Re DWW
Pt il HEOEZ & 7254 2 LAVRER ST,

100 ———————
Equilibrium™ == --0
80 |
~
=
N
560
7
$ot
5}
=
S 40 : None
o @®: Re 1.0 wt% (Re—Pt)
o A Re 2.0 wt% (Re—Pt)
20 A: Re 5.0 wt% (Re—Pt)
. Pt—Re (2.0 wt%)
H: Pt- Re (2.0 wt%)
0 , <>: Commercial Cu-ZnO

150 175 200 225 250 275 300
Temperature (°C)

Fig. 1 Effect of Re addition to Pt/TiO, (R)on catalytic
activity.
Pt content : 3.0 wt%, Pt precursor : H,PtCls*6H,0,
Feed gas: Quasi reformed gas (CO (10 %) - CO,
(15 %) - Hy (75 %), S.V.: 40,000 h~', H,0/CO
=35.0.

Table 4 Catalytic activities and properties of Pt and Pt-Re catalysts

. . CO .2) .2 Catalytic activity per
Pt particle size TOF ~"'x10 .
p (am) conversion "’ » unit mass of Pt
(%) s ) mol h g 1)
Pt/TiO2 (R) 32 33.0 16.9 1.11
Pt-Re/TiO:2 (R)’’ 2.1 65.0 21.6 2.18

1) Reaction temperature: 225 °C.

2) TOF was calculated fromthe Pt particle size on TEM micrograph.
3) Pt: 3.0 wt%, Re : 2.0 wt%, Impregnation procedure : Re—Pt.

S b6IZ, Pt OHREIFEHI SW TG 2N A Tz, ETEE R OS5 HeRIEIE, RO RO
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BOHEE L, BLOEROHBFEEHIRE KFET 2, Zhid, EMEESEREO M AR
DLW AEREC O RIBIEE, D WIEENDLIT
HT 2 Rl DR 7 & OFk 2 72 BRI 100
TR G B D BOREE IS A 5.2 5 72T
D, £IC, Fx O PHIEEEZ VT 80
Pt-Re/TiO, (R)ZFHML L, filiGElc 5 2 5
W OWTHETE N A 7=, Fig.2 1%, i
OO OMBTEETH D, 728, Pt HHEF
(% 1.0 wt%, Re HEF 513 0.67 wt% CTH 5,
TS ME D 811X Pt(CsH;0,), > HyPtClg
6H,O > [Pt(NH3),]Cl, > [Pt(NH;3),]J(NO3), >
cis-[Pt(NO;),(NH3),] T HoT,

Table 5 1=, i 0 Pt HHFJE0ER A & FHL L 20
7= Pt-Re/TiO, (R)fl i O fisl iy 14 & Wbk %
LW, £, PH(CsH;0,), Bl L7 0 L L L L
D Pt 3B EE DS & o & b2 &b 175 200 225 250 275 300
5o LTeio T, [FfRIED 3 a7 bl Temperature (°C)
PEIE, PY(CsH,05), DFEFIZ X 5 Pt D7k O: H,PtClg*6H,0, @: Pt(CsH,O),, A: [Pt(NH;)4]Cl,,
fRICERT D EEZEx D, o, Ptlg O: [Pt(NH;),](NO;),, M cis-[Pt(NO,),(NH;),],
720 OfEEEMEIX, €D H,yPtClg + 6H,0 <&: Commercial Cu-ZnO
DR F DK 1.3 i Tdh o> Fig. 2 Catalytic activities and properties of Pt-Re/TiO, (R)

60

40

CO conversion (%)

Too S OIZ, [AEEOMETEVET, OGS catalysts prepared from various Pt precursors.
FE 250 °C CHlR® Cu-ZnO il % #8 7 Ty Pt content: 1.0 wt%, Re content: 0.67 wt%,
% = L int. PH(CsH,0,), DHFIIC X - C Pt Ism\g)ri%n;t)l(())r}llP}ro;ec(l)tx;eégt-:l{le%Feed gas : CO(99.95 %),
A EZ 1.0 W%l TR TE 2 2 &3 T o -
ANy
Table 5 Catalytic activities and properties of Pt-Re/TiO, (R) catalysts prepared from various Pt precursors
CO ] ) Catalytic activity per
Precursor conversion? ©F dispersion TOF (s ) unit mass of Pt
(%) (%) mol h™'gp )
Pt(CsH702)2 59.7 52.5 22 214
H2PtCls - 6H20 48.6 385 23 16.6
[Pt(NH3 }4]Cl2 46.4 276 32 16.3
[Pt(NH3)1](NOs3 )2 36.8 245 29 13.0
cis-[Pt(NO2)2(NH3)2] 26.9 11.0 48 9.7

1) Reaction temperature: 225 °C, 2) A fter reaction.

%12, Pt OESEEREF O 7= IR EE I SOWTRET 2 N 2 72, UAFZESE Tl & IRE
Rtk (HTSCD) MMEMESE O &0 Bk X 2 HERE R i o migElbica 2 ch i 2 L 2 R
WELTWA DT L, HTSCD & % WO R AT o Bl SR EE DUF O 4o F CREME S % HER SR
ik (SubCD) 12 & 0 filil -G U, GRS DS Pt Ay B OB E PR IC 5 2 2 B DD Tt
ZINZ 7T, Table 6 (ZHZMEESTIEDS PtEFFR & Pty BUEIC - 2 DB %R LT, £7. P(CsH,0.),
DR U 7= il > U Tid, HTSCD it o> Pt FHEF R 0.8Wt% Tdh 5 DIt L C, SubCD fili 4kt
L TD fiiE D ZE, HAHRETH D W% THDHZ EBbnsd, 2O E)rn, HTSCD TliFz
BEFRIZ 1T D Pt OWKRNBEE L 725 Z E DA B E7e o572, F 72, SubCD filtiilod Pt Z3 eI,
TD fififi<> HTSCD it D> Z 31 L 0 v, —J7, HyPtClg » 6H,0 7> Bl U 7= il iz > T,
SubCD fili#ifix TD filfit v & Pt HHEfE, Pt HBE L BRI LD, ZDZ &b,
Pt(CsH,0,), % 72 SubCD 78 Pt #8729 Z L 72 < fillft BICm B S 2 kL L THS)
ThHDHZENHLMNE -T2, Fig. 3 12, P(CsH;0,), & FHV Tl 4 OREREIC I 0 GHEL L 7= fil i
D Pt 77 HEEE & TS TE O BEER 2 R U, F2EREAR T Pt O INFE 8 57z HTSCD il 2 firu
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T, Pty & CO HALRDOMICITEOHABINGED Divie, AL, HIEIEIC & & FHIEE (%

PEY A FTh 5 Pt OFEHEK D720 OFENE) 2—E T U | fRBETELED Pt o U A LT

2 LR LTV D, R LIofiiED 727C, @iV Pt 3 HUE 2 -0 SubCD filitid, TD filiese
Table 6  Effect of drying method on catalytic properties of Pt—Re/TiO; (R)

Drying Amount of CO Pt
Drying ¢ ¢ Pt content . 2 . . )
Pt precursor emperature chemisorbed dispersion
method
(C) (%) (cm’str/gea) (%)
Pt(CsH702)2 100 1.0 0.51 46.8
TD
H,PtCls 6H,O 100 1.0 0.46 38.1
350 0.8 0.37 42.5
PUEsHAO2) 0.8 0.43 46.3
HT-sSCD" ————— 300 ’ ' )
H,PtCls 6H,O 0.8 0.07 7.8
200 1.0 0.48 40.6
Pt(CsH702)2
SubCh" 150 1.0 0.56 49.1
U H2PtCls 6H,0 0.7 0.09 10.9
1) 20 MPa, S/P ratio =2.3.
80
o: SubCD
eo:TD
o: HT-SCD
—~ 60 I
é
=
.2
4
5 40
=
S
S
o
U ’/
20 e
//
//
//
///
0 4 1 1 1
0.0 0.2 0.4 0.6 0.8

Amount of CO chemisorbed (cm3_5Tp/g_cat,)
Fig. 3 Relation between the amount of CO chemisorbed
and the CO conversion.
Feed gas: Quasi reformed gas (CO(10%)-CO,(15%)-H,(75%)),
Reaction temperature: 250 °C H,O/CO = 5.0,
S.V.(Total) =40,000h .

HTSCD filftt 3 0 &4 7= fillim 2 ) LT 5, LA ED Z Ly s | PYCsH,0,), & V7= SubCD
73 Pt-Re/TiOy(R)D{E M i KON PHEHEDOIRBIZAE RN TH L Z LR ST,

4.  ¥FE  LT-WGS RS2 T A7 s 2 7R 3R PtARBEOTE MM 3 KO Pt il i B 4K
W7, HEOF, Re WM, XV Pt M FEFO FEECAR R UL I SV TR &2 I 2
7o & T A, P(CsH,0,), 2 VT SubCD (2 & 0 fi# L 72 Pt-Re/TiOy(R)fi S Pt HHEF & 1wt% Tl
O Cu/Zn itz 8 2 2 fkiErE V2R3 2 L 2 RWiZ LT,

5=k

1)  H. lida, K. Tahara, H. Higashi, and A. Igarashi, Adv. Technol. Mater. Mater. Process. J., 4, 62(2002).

2) HHE BWL, AAZEDW, “/LERH No.34, MBFF", 22 Z—, 55(1982).

3) S. Sugita, M. Ohta, and A. Igarashi, 2000 International Chemical Congress of Pacific Basin Societies (PACIFICHEM
2000), INOR 540(2000).
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Development and Characterization of
Nano-porous Ceramics and High-dispersive Ceramic Nano-particles

KA FIH - IR S8 - JIEI fiw]*
THPERFETES~ T U 7 AARER
g7 7757 ) ad— &t

Toshinori Okura, Hideki Monma and Hiroshi Kawazoe
Department of Materials Science and Technology, Kogakuin University
*Kawazoe Frontier Technology Co. Ltd.

Firstly, a low crystalline silicoaluminophosphate with the chabazite-type nano-pore-containing structure
was clarified to be easily subject to change from crystalline into amorphous by evacuation at 200°C. Such a
structural change seemed to correspond to the loss of structural OH and H,O. A similar change was
observed around 1055°C on furnace heating, and also by mechanical grinding. Secondly, magnesium
phosphate (MP) glasses with a nano-order network structure were demonstrated to be superior for the
immobilization of Simulated High Level Nuclear Wastes (SHLW), compared to currently used borosilicate
(BS) glasses. The introducible amount of SHLW was much more in MP glasses than in BS glasses. The
water-leaching rate of a MP glass with 50 mass% SHLW was in the order of 10°® g/cm™day at 90°C, which
is lower than that of BS glasses. These properties could be discussed from the standpoint of isolated ions
such as dimeric (P207)47 and monomeric (PO4)37. Thirdly, NasYSi,Op,-type glass-ceramic Na'-superionic
conductors (NasYXSi) were prepared by crystallization of glasses. Polycrystalline NasYXSi glass-ceramics
have been obtained with X = B, Al, Ti, Te, Ge, P, V and Mo. The effects of X elements on the
crystallization of the phase and the microstructural effects on the conduction properties of the
glass-ceramics were discussed, and the crystallization kinetics of the glasses was examined by DTA
analysis. The conductivity of the glass-ceramic NasYBSi with the Na; ;Y gBo 151,909 composition was
431 x 10 % S/cm at 300°C, and the activation energy of the specimen was 17.0 kJ/mol.

Keywords: SAPO-CHA, SHLW, Phosphate glasses, Glass-ceramics, Na'-superionic conductors

1. 1ZL®IZ

BRER BB L ONA AR FEME LTCOIREY v BhLv T (ACP) A Fhif, BX
OBRES « =3 VX —EILEM E L TCOT7 A I TR/ RT T I v 7 A2 (NPC) WEK, Z
NZNORIRL &R - g - B 7+ Y —HlHZB%T 5, K6 nm O—RKLF% H > ACP
B L Tl AR CITEER 7 & LTI LT LE V., aoi&EEMTE7ERcx T
WV, TV R R NPC HEEIRICOW TR, 7 A lg, VU Uik, SR T HE OMER T s
Aot EE 2, T AMUEBIOT T ARMBIEEZSRA LT, BA 4 AZEED ) ) RT3k
REER DA EZH LN Lz, BUE, T/ RT 2 A Al 2 & U-BERERE. -/ 4
— X =%y U — I KEEEFIH U@ VU BBEEMI B EAL T T A &y o ToBREM Bk~ D Ji
Bz > TW5d, ZioOBFERRIEMEHE S, & - BREE - =X — B B ORI
RELFETLHHDOTHSD, LT, ZHUDROMELZRET 5,

2. Chabazite H1F / R—F X SAPO DAL & T E/N T 7 ALBIG:

(Synthesis of Chabazite-type Nano-porous SAPO and its Change from Crystalline into Amorphous)
<HFFEDOE R L HEY>

Silicoaluminophosphate (SAPO) 1%, Si, AlB X O'P DRAMIEM R vy NV — I iiELZ L, =
B DOMAIZ KLY . T A —F — ORI Lk BIZJRAE LTl R A & il i © & 5 R &
5, Bk EOWMRIENR 2 GHET D DI A Ao Ens, £, 740 - T
oI Y 38 silicoaluminate ThH D EAT A M, BRHEEHICE 45 MHEF T O TREIE D53
2372 S#U. Chabazite #§3& I IR T4 8 DERMEEAZ A L, AT A FOR Theb /NS WAIFLE
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b, MEHRETIE I E TS, TIREVEREEME R L L L TOICHD RS 115 Chabazite
Al SAPO (SAPO-CHA) DOWEBAESEAMRICIBN T, [F—D N, FiE TOWE R, [HE L >
B L] DX DI —RAR R/NBEfR EWilisd 5 2 L 285 Lz, TOERE LT, ZERWAH
EWCBT DT A (L) # ol ofE2 . GEREL) BNExbhb, ABFETIE, 20
BrELSICB L, Dl A LB, BVLERES L OVERMLERIC K A RS Z (O F ) DRETE1T - 72,
<FEBITE>

Intensity

32h

72h

144h

S)

Transmittance —

E/VEHT 0.60 (Si0») @ 1.0 (A1L,O3) : 0.80 (P20s) : 1.70 (C¢H 1NH,) : 1.0 (HF) : 80 (H,0) ™ X 5 (Z#d
A LIk 26 - IRA L, A— 7 L—7 180°CT 192 HR#HE L CANM 2 Ail - il
. 560°CC 24 IfEMEBE L. SAPO-CHA #1537, Z OERMICOWT, BT AL, BVl X
OEEMHLERC X DS (TEALT 7 2{b) ZREt LTz,
<fERLEE>

B 1 & X 3 ITRBER DOFEID XRD /X% — 2 &g, ZILbOFERNG, #i D Chabazite ik
ZFFD SAPO-CHA WA SN2 EnbhoTz,

XRD HE XV, SAPO-CHA |2 ZW AWM EDOIA A (RTALEL) OREACHEEZ(LL TN DH T &
Doz, ZIUT L > THY ALBROBRIZ LR mFE WD L, 2 ORER, SRR LA DO
R L7 D THDH I ENnbho
770 Wi A ALER D & DR S CHEE 2L, the crystallographic data
LTS MMERRD T, 2R 5N I+ 1 " i
NI T DA A DR % 25 S 1 -
FIBET ST, EEE 1O )l | oo
ZAVE O | ZEFBEWAEHIE DM AT AR
R THELEHICXRD DE— i | A A 18h
FEIZFL Ipo T 2 Eboo Tz,

UIZ SAPO-CHA & i Atk D453 AL A .

BED FT-IR A7 V%K 2 1277,

Jbi A ABER O BEINIZ LV 3400em™ £+ A A , .

D O-H WifEB O v — 2 &

1650cm™ LD H,0 OZEM[IETO & e e A —————e

—7 @{ﬁ/}\ﬁ‘%ﬁ%ﬁ =72, SAPO-CHA 1.0 . 2lo . 3.0 . 40
DOREEND Hy,0 D& T5HZ L 260/° (CuKa)

THGEE(LT A Z N EZHND, s ) -
312700~ 1500 °C 04 5L G 2L 1 %?ﬁ%%?ﬁ“&&:j’o‘ﬁéﬂ%ﬁ XH#Fﬁﬁ%Eﬂﬁé’@f:ﬁ*/l'@

B L 7= 30BD XRD /% — o %5, XRD 752 =~

BVLELIZ 0 900 CHHTD & IESE

R O~xa —H3 8L, 1055 CfH T

BT 72 5 72, 1070 CHFE D & B O

il L SAPO-CHA & 3572 Hfkdh S

HF—UNR BN,

WIZ SAPO-CHA & ZALEE# D43k

BED FT-IR A7 MV E[K 4 [ 2R,
1055 “CfHED & 3400 em™ 137D O-H
HfFIRE O v — 27 O R S A
77 #BHZ 1000 CloBWTH 22 koh
SEPICRAHHE L, OH B L LCHALE o | jﬁgizij
LTCWAZERbholz, ZIuH DR |||1||\\—1 PoP T

FIX XRD OFEE L% LT 5, 3500 2750 2000 1750 1500 1250 1000 750 500
LR K D 7 AL oD BT 1 Wavenumber / cm!
PRLERIC &5 b RIS HERR S T, (DSAPO-CHA, 0h  @18h @32h @144h

ERLFE 2 K< 35 L & BT, XRD
E— 7 R 20, IERELT D [ 2 RHREWENEICIIT DA AR % 2k S -3k
ZENbhoT, FT-IR A7 kL
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3. UVBERMEA T AN & DA LoV I B R (SHLW) O EAL

(Immobilization of Simulated High Level Nuclear Wastes with Phosphate Glasses)
<HFFEDOE R L HEY>

IR J158 BT DRAET DR FTRRE O BB TR T, & VO EBER (HLW) 2347

BESND, T L VVBEHERRIRIZ, T A LIRETENL, [Frx =27 —] LIFHIND AT
VUAROREBEA LD L, R LTED S (U7 A, BE, BEULAT 7 23R T 7
AP T ARMER S TR Y, HLW G4 &35 K T 25mass% & e > Tnd, LinL, ZOH 7

AL PyOs DIRFEEDHEMT 2 LML TLE D T ERdd S TWD, HLW il OHIZIE AR
a2 —EHRT LT 7T R EDTE BT D, AWFZETIE, HLW [ELT 7 A D~—
AHTAE LT, @EMES, KB RkA RFEHEO TR LI IAD DFHEZFFO U R 5
AWCHFEH LIz, B CH, VUV~ 320 0T A%, A XM (BT MgO/P,0s=1) {1 C
FERK - PVERTIC Y B R BIG L W D M2 R L, anomalous & A IZ STV D
2L DOV BET T ATHIEEEZ AT LI LN TWAHEN, VB~ 71y v L0 726i
FRRIZE D “oD 2 A4 TOREEE G B Z B, —DIEMgO/P,0s<1 DEXTT hTAX Y
MG 2 S b0, b DI MgO/P0s>1 DL ETER D UIEEEZ G LD THL, O
RPN RFBRZ SR LWL EEZIOND, AMFETIE, VB~ XU LTT7 A%
FWT, B HLW %{Eéﬁf:ﬁixlﬂ:ﬁi ZOUWNT, B EMERCTN AR E O REAM,  HRE) A~

7 S vE O TEE A L O RBET 21T, v RRE BRE S L 2 ORI O W T H R L7,
<FEBRHE>
W 7 AE RO ERL

RHAAT Z A L LTz MgO-P,0s (M-P) 524 T A LT CaO-P,0s (C-P) 524 T A%, MgO:P,0s
=40:60, 47:53, 50:50, 55:45 3 JL O Ca0:P,05=40:60, 50:50, 55:45 (E/Vtb) 12725 X O ICFEE - iR
A L, 600°CT 3 WfEMEME . X 512 1250°C T 1 Wffyaml L, 2un LTz, M HLW [Eb 7 Z
Z1E, M-P T 2D WL C-P AT AZi L, £ 1 IR L7 HLW 3303 25 B L O 45
mass %IlZ72 % X O IZENTIRA L, 1250°C C 2 BRARLt: . 2 L, Soni-47 A2
DWT, BERE, DTA ICL 5 [T AEBA (Te) —fEfbBMIRE (To) ) ZiEE & LA
Z A (E{bR) Z2@EME, 500°C T 2 REINEA U 7= 3B O Rk d b O A 1 R HLW & A OB
X5 H T 2D FT-IR B X Laser Raman 7> 5 A 7= &2 b, B#sdEl okt 90°CTo 20 H IR
ﬁ?& @’Eifﬂw\i?ﬁ D AT ARFIRME (MCC ), Z§Hii L7z, AT, T ABEGARDS B #

ICHR S D RIEZ B 2, vt (Co-60, A 10 pR) ZHS L7=H T AFELIRIZ DN TO
%L e b et L7z,
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<HERL L EZE > Table 1  Composition of simulated nuclear wastes.
B oA T AEBIRICRH & FERRE R A K 212

FF. M-P AT A CIIBEREM a4 R/ BIIN LT 25— peseR B mass%
72T AREORE ZER T2 Z E N TE=DICK Na NaNO, 64.8
L., C-P BT ATIIEEMEEAIEDLLETATOM Sr SrO 2.9
E‘Z&:%b\fﬁfﬁ%'ﬂ: L/f:o La La203 16.1
Tg 355 O To LRI E A BASIINT 5 & 8T 45 Mo e
o7, 1T ADE LB & AT RSN Fe Fe,0. 6.6
T 5 ST L7223, MgO:P,0s=40:60 LIALD M-P 55 Te TeO, 0.9

Z L CaO:P,0s=50:50 O C-P H T A%, FEEMEA &
WCHEEBEZTIRNI LN oTo, M-P AT AIZBWCIL, B U Uigids % < Gkl
RDIE D WEEMEIIFE L RD DTVt B2 55,

KIZKT HRERBROFE RS, MPBLOCPH T ADOEL LB, BEEED LS £
RV AR IUT EEICE IR < AR SO, BRI S A RSN 5ok, it
KMEIZE L ol BRI LT, M-P BT ADIZH 0 C-P T AL H B 5 ZR RN
RVRERIC 22 572, M-P H T 22BNV TIEL, MgO:P,0s=47:53 THBFEIY & A & 45mass% D
B T 2 DRHEIT 10%/em? - day A —& — & 720 | BUEMH S TWDHR T 7 A i h 5 A
1bAR (BEZEM & AT R 25 mass%) DR 2.5x107g/em? - day & TRV IRVME L 7572, 2O
RN, AEOERIZBWTIE, ZOMEBEETZ AL LTHEL WD EBELxHND, C-P
17 ZNZHNTIE, Ca0:P,05s=50:50 CTHUEEFETEW) & A &Y 45mass% D BT 7 A DI = A3 i
ARV MIE 2R L7223, 6.85x107°g/em’ day & 78 7 47 A BRIEH T AFULIA L D bV ME & /e o 77,

H T AMEACAED FT-IR A7 L& 5 & X 612, FT-IR JHIZEF L O Laser Raman | & O #iti 54
F£3 EFA4ITFE LD TRT, Laser Raman JIEEDFER NS MPBIXOCP H T ADEL HIZBW
Th., BRCHLR O E DS EHRFEIEY TR I L > THI S LD 72012, PO PO R ED E—
7 OEIRBZRE N, UL, FTLIR 27 MLICEBWTIE, M-P & 2 Tld PO; X PO, D
INE =273 LCTnWe, Ziud, SEFEIEY S A mSENT 2 & BRI E-Ca A & Ok &
. PO;=X° PO, ORI A IIHINNT % 28, HEFROZEAERLSE M-O-P (M=BEFEW £38) OREEN
U727, B ERINE — 27 13 Lieb D EB 26 b, ZO X ) RiEERnds L
HIARy NT—=THOIaRX Vo r—VOEENBEMLTEZ L2y, ZoZ ERERTZ
ZDMAMEE T LSO EEZBND, Lo, C-PH T ZIZBWTIE, PO;R° PO, &N
LTCWeleh, HITARy U= HO7a R« U r—OBENMKEICRKE S EEST LD
TlEZnh Bz N5,

yRRERST 2 Z LIz o BHEIT ML EL 257223, FT-IR, Laser Raman £5 5 D A
A7 MUC S BBRTZ ISR R ST, KREENE TR & 202 B30 olz,

‘Waste content ‘Waste content

0mass%

RGOS

—_—

25 mass%

25 mass%

45 mass%

Transmittance —

Transmittance

45 mass%

T AN
750 500
Wavenumber/cm™!
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Fig. 5 FT-IR spectra of M-P glass waste forms. Fig. 6 FT-IR spectra of C-P glass waste forms.
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Table 2 Properties of obtained glass waste forms.

FERR BEEME A & B XRD i 5 H T ADEENE B HE
(mol k&) (mass%) (g/em?) INEET LM% (Tg-Te/ °C) (g/cm?- day)
0 2.454 ) ) 235 4.69x10™
MgO:P,05=40:60 25 2.670 o o 166 2.06x10™
45 2.913 o o 119 1.11x10°3
0 2.247 o ) 244 5.90x10"
MgO:P,05=47:53 25 2.725 o x 129 1.44x10*
45 2.890 o x 132 6.85x10°
0 2.465 o o 151 6.26x10
MgO:P,05=50:50 25 2.734 o x 110 2.18x10*
45 2.946 o x 108 3.81x107°
0 2.507 o ) 136 4.08%10™
MgO:P,0s=55:45 25 2.750 x x 109 2.01x10™
45 3.017 o x 106 3.24x10°
0 2.671 o x 170 1.42x107
Ca0:P,05=40:60 25 2.856 o x 170 9.18x10*
45 2.992 x x 91 2.99x10*
0 2.755 o x 83 1.23x107
Ca0:P,05=50:50 25 2.936 x x 106 4.07%10*
45 3.044 x x 98 6.85x10°
0 2911 o x 77 1.01x107
Ca0:P,05=55:45 25 2.963 x x 140 5.00x10*
45 3.141 x x 105 2.73x10*

Table 3 Results of FT-IR measurements.

A I IR, FEIEM & R OB S 5 B4
(cm™) ) M-P 5 5 A C-PHF %
1300 (P=0) (stretching) B N2
1200 (PO3)asym Q2 (stretching) Wl il
1100 (P-Oy B Zibie L
1050 (PO3) Ql Wb Hm
980 (PO~ Q0 (stretching) Wb s
920 (P'O'P)as) m (stretching) %(&3’;&1&“&: v l‘ %“ﬁfi L
720-790 (P-O-P)sym (stretching) B Bik7 L
480-570 (POY” Q0 (deformation) ER AN 7 EEENC 7 N
Table 4 Results of Laser Raman measurements.
ek e BEFEM &R B OV 2 58
(cm™) M-P # 5 2 C-P H T A
1300 (P=0) (stretching) N2 R
1200 (PO3)asym (stretching)  (P,0)* Wb Wb
1050 (PO)sym (stretching) (POy)* HaEN HATN
950 (POy)* il 4
760 (P-O-P)sym (stretching)  (PO,)* HEAN HATN
700 (P-O-P)sym (stretching)  (P,0,)" {525 ek

4. NasYSi,Op M Na BRI T 2O L Si B 5

(Synthesis and Effects of Si Substitution on Various Properties of NasYSi O -type Glass-ceramic
Na'-Superionic Conductors)
<WFTEDE R & B>

Na,0-R,05-Si0, (R:Aii HHHILHR) BB Wi, MR AL AVLBNE L IZ X > T\ NasRSi;09 (N3
). NasRSi;O1; (N5 ) | NagRSigO13 (N9 ) D = >DfEgHEZFF>, 722vTH N5 B Sio, MU
RO 12 BEMEZ R TG L7 3RTD b 2 iEafib Nat 2% v U7 —& LI LET
WA A EEEA S D, SNETREZY &L, Si O—#& A A4 83 KOO 272 50k
T L 7oA T 7 A 2R L ERARHI AT > C& 72, ZH b DG 300°C T 107 S/em
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FEEDEVVESEZR LI, AMFETIZIRAZY &L, Sio—#% B, P, V. Mo, Ti, Te T
L 72— AR AN (Nasise, Y1.B,Sis, 00 (NaYBSi) ), [(Nas.s, Yy, (Ti, Te) ,Siz, 00 (NaYTiSi,
NaYTeSi) ] N [Na3+3x_yY|_x (P, V) ySi3_y09 (NaYPSi, NaYVSi) ] N [Na3+3x_2yY1_xMoySi3_y09 (NaYMoSi)]
M5 NS BIE—FHORERE T 7 A Z2/ER L, Si Z BT 2 50EO@EWIZ L D i boTEE b
TRIX—DE(, BFEHROEL, BEER X OEEOEEL R VX —DZ(k, SEMIZXD
BLED O WREEOEWEZ T,

< FEk >

7T AR IR R am ik A2 e, SRR LT NayCO;. Y505, SiO, 38 KUY Si it
j‘éii CE L/"C H3BO3\ NH4H2PO4\ V205\ MOO3\ TiOQ\ T302 i’*&"%ﬂﬁkﬂ&l%olﬂf%i’b%“ﬂ
DOEAEHTREO B | -84 L, 1350°C T 1 REfVEHL L 7=, iRz Mk 72 7 7 4 MR
i LiAZx, @A, 7=—V 7%, 7 AREZHGT, ZNHDOH T ADREbEEZTH~2% 7
WIZ, FIRIEE o 2252 T DTA WIEZATV, W T AEBIRE T, #a bBIERE ., fdmko
FENE — ZIRE Ty 2 RD7=, DTA DT — % %t EIELE Kissinger O (1) 2 W CREbE G
pailR) OIEME b2 ¥— (E) Z2HEH L7,
§z§§%§ = - @ 4 ponst. (1)

£y -2

oI AERE T 7 A% L, XRD 12X » TREBMZ[FE L, 81 E %25 Lz, SEM % H
WTHIBE DB 21T o, F7o, R W HEIC K 2ERT NI o X U AREN S BEE %K
W, Tr=uA7ay hOEE N LEEOIEHE (L RV —E2H T LT,
<FERB LOHELE>

Si D AEMOITLFETEBELIZBEATHHE Lo NS BE NSO, o fill & A&
FEICHBWT S O— & BT IR OA AL EENPKE L R DICoN, TS a & BAL 71
FIIRE L 2 o7, c B TIX Si & —EHRT 2R OA A L RIS Tl 2R S 2o Tz,

AFUBHT 3 otz E L, (1) RUcB W Tm=3, n=4 ZHVTHHEEITo72, Si O
BT D ILROA A L ERPKE 2 DI200, MdmbOIEE(b= R =N Rk Lz, L
L. P CE@ERLIEGAIEINCE TUIE ST, MmbOIEM b= R — 131 4 R0
BANSOB L0 bANSR AR L, SHUZZ A BN T AP 2RI 5 2 & CREm LIRS
KTFTDENIMENDHY . AREHCBWTEH P ZIRINLZZ & TREGBIRENME T L, Z0%
B EDIEM b= XL ¥ — b/ NS hoTebD LB Z BN D,

Naz 7Y 8Bo.1Sir 000 MK DFEFAL AT T ADHFET FI v X U A EZX 712, Tr=v A7 oy
F&2 8 IENEIRT, 150CTIE 2Ol A4 &, 200C ETid—2D Ml &< HET
R v & o AR BIE S vz, JEIREED A3 21220, R OEEE N KIFIC EA L7
DI, B E—=2OMNCR 57 2B X Hivd, Nag7YosBo1SiaeOo ML DRI T A DEE
13 300°C T 4.31x107 S/em, FEMEALT %L 3 —13 17.0 kI/mol DB 2457~
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oG
350°C
04 1 300°C 2 r aGe
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0.3 EREN:
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Fig. 7 Complex admittance diagrams Fig. 8 Arrhenius plots of conductivities of
of Naj;YsBo 151290 glass-ceramics. Naz 7Y .8Bo.1Si2 909 glass-ceramics.
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Ill- 3 Influence of Filler on Kinetic Crystallization Behavior of Nanocomposites
Dept. of Mech. Eng., Faculty of Engineering
Sadao Sato, Yosuke Nishitani

Abstract

The kinetic crystallization behaviors of neat PP and PP composites that contained 5 wt% of MMT and Mi, respectively,
were examined experimentally, and the use of a new technique was discussed in order to obtain the relative
crystallization degree from the occupation area of the spherules projected by CCD camera. Moreover, the relative
crystallization degree was evaluated using the Ozawa theory under nonisothermal The relationships between the
spherules morphology and the mechanical properties of the PP composites were also examined experimentally. In
addition, the influence of VGCF and thermoplastics elastmer (TPE) on the mechanical and tribological properties of
PBT/VGCF/PTE composites was investigated.

The conclusions following as a result of the investigation were obtained.The crystallization temperature of PP
composites at a cooling rate of 1 C/min shifted to the high-temperature side (right) by approximately 2 to 3.5 C
compared to one measured by DSC. The spherulite size dominates the mechanical properties of the PP composites, i.e.,
the impact values and the elongation rate of PP/Mi composite were enhanced because Mi filler generates the optimal
number and size of spherulite, as compared with that of the MMT filler. It was found that Ozawa theory is applicable to
the evaluation of the kinetic crystallization behavior of the PBS compound material. Relations between mechanical
properties and the crystallization are as follows; Both surface of molded specimens were removed 200~300um and
mechanical properties of these specimens were measured. The tensile elongation rates of all specimens decrease as the
removed thickness increases because the spherulite size and rigidity increase toward the inner part of specimen. It was
found that the elongation rate, Izod impact value and specific wear rate for PBT/VGCF/TPE composites are closely
correlating to disperse size of the VGCF and TPE.

Key words: CCD camera, Composite, Relative crystallization degree, Kinetic crystallization behavior, Tribological
properties, MMT Mica, VGCF, TPE

1. # &

7T AT 7 REHER ORI AR 7 R, WEREE- O A X5 TR S E TERS R TIE
WX TRAELNTND., FHIRE 27— FEE LCUIT7 4 77— L OBEALH DVVNTRFEEFR Y ~—
FIITTA Rw—LDT VLU R, ThbLR)~v—TaA/{bThs, 4H, ERINDHNRE, FHE
X IT FEEIZB O TR A BRI IME SV RS EEE 1-7 /3 A & ZOmtERE bR Ot om) ECih 5.
FNHDOERIZIGZ D —2>DHEE L CIE SR U ~— B EROREIRIEGRE R A R, fEmok, b
LDz ha— )V E S S 7 TR R LT a2 Rm Yy MERH .
ABFFEDRTH2005-2007) TR U 71 'L (Polypropylene : PP) & 43457 (Polylactic Acid :
PLA) (2 /%A X7 4 F—DFFY a4+ (Momtmorillonite : MMT), <A 7 2% A X7 ¢ F—D
ERF (Mica : Mi) ZZH2H SW%IEHEL PP 2 OYMMT 3wt% FeHE PLA -/ 1KY b O i) & [E R
I D £ ORI FIE T SR O B O T/ INBIE RIS 25 < ISR R Eh 2 CCD
(Charge Coupled Device) 71 A 712X HFHIMMTIEDBRR 2, $4£42007-2009) CiX, MEWERTHIFEM, FF
VB NE T3 A DVNTAA N LA T A R=T Y T AOBF% B L CRlS OO T A 2 66
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(Polyamide66 : PA66), KU 7 F L7 L7 4% L— | (Poly Butylene Terephalate : PBT) % X—ARY <—
LT DEMRET ) B —7R A#E (Vapor-Grown-nanoCarbon-Fiber : VGCF) | I D4 (Carbon Fibber :
CF) FEHPBT KU'PA66 -/ 2Ry haHul & LI HilsRM OBIFs 2 B & L CHRBRIC KR LTz,

2. £ &
21 &R B

R AEBO IR LTRBH S, RATZHDEBEMOR Y 73 'L PP (1900GP, M, =35% 10",
Th=164C, p =0901 X 10%gim’) . ZHALFRROENMRIER Y ~—PLA (LACEA H-100) %, FobihAic
[ — = L (RO RERIBEE Snm OA IS € U G |k MMT (S-BEM NX, Size:0.3~15 um) % 3~
SW%FEHE L= 500 & LM RER) D FIZEEE MiA-11, d=03~15um, p —1.92~220X 10°kg/m’) Swi%FcHi
L7= PPMMT, PPMi L UNPLAMMT -/ 22 Yy kTl .

. BFT AL AANVA R TA R TV TAOBGEE B LTSRS O L RO
V7F V7 L7 % L— b PBT(Torecon 1100P) K OHIBUZEWRR)DOA Y 77X K 66 (Ube Nylon P2020) T
D FTFHWEL LT R LSRR T/ 71— R i VGCF(L=10 pm, d=0.10 pm and 0.15
), YLAI CF 13835 > 7 A(KR) 0 PAN-CF(HTA-C6-NR L=6mm,d=7 x: m) & KB H Z{LF(kK) 0 Pitch-CF

(SG-244 L=700 1 m,d=13 pm) % EIZ41 1~10vol%FEtE L 7= PBT or PA66/VGCF, PBT or PA66/PAN-CF or
Pitch 7/ 2 LRy B CH D, Table 1 [ZAHFIE CHWE_R— 2R Y =—L 7 ¢ F—K %D SEM &
% Fig | 157,

Table 1 Matrix and Filler used in the present experiment

Matrix Filler content Note

MMT PP: Idemitsu Kosan Co., Ltd (J -900GP)
PP . S wt% MMT : Hojun Co., Ltd (S-BEN-NX)

Mi Mi: Yamaguchi Unmo Co.Ltd (A-11)
PLA MMT 3 wt% PLA : Mitsui Chemicals Co.,Ltd (J-900GP)
PBT VGCF Showa Denko Co., Ltd)
PA6 PAN-CF 1~10vol.% Toho Tenax Co., Ltd (HTA-C6-NR)
PA66 Pitch-CF Osaka Gas Chemicals Co., Ltd (SG-244)

f) Mica

1on BO1S

Fig.1 SEM images of various filler used in this study
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22 FEREE
2.2.1 fEFRA BN DBIERLERE L fiftT
FEr BB W@ TS S OVREICT LY L2 b O T, Fig2 IR LAY Loz ()
DIHRICTEWEL (BX50), Yx/3u AT 7 (R OF 4V 2RGUEHINEL « HERRIE = b o— L3k
(LK-600PH,L-600 A) & CCD # A7 TR ST D. GERIZ W CIIAFZEREE Y A k No. 1 or 7 )

Xoo

Sample

Thermo couple

Water
L-Nitrogen
Mitrogen gas
5 . - sage Fig.3 Spherulite images of neat PP observed
Healng & rolng e {\Eif} Polarizing plate by CCD camera at temperature T.

Fig.2 Heating and cooling device for film specimen X1, X'+ Xy are individual a spherulite areas.

IINEERGEI IS RESM BN ORI, fESk, DSC (Differential scanning calorimeter) (= J 2 ftitd bl
ZRWTCWE L, %5 DX Figd ([ORT X 9 RFTEDORERRE FC CCD 5 A 7B H D Eififk
X EERHNZ 5 2 Bkt b O mifE 2 R (1) TR, FxIREBEE Re=Xy/ X 22 2) (WA LT L7z,

X = Zn: Xy (1)
i=1

log{— ln(l - ;—;H =n log(%j +log K‘(T) )

Z 2T, nid Re- ¢ FUXIOMEE THEGEOIZIEZ 7R, ¢ IFMARE, « (XFELEHE CIRE OB TH 5.

222 FIA Ru Ok
kT A AR P—REEORIE T JIS K7218-A KIZHE L Figd (O~ (@) R—A LT AR A Y Ty
27 (EFM-II-E)  (BR)D (b)V > 7 A w7 L— NG U BEEYEERERIRIERE Z Ko 72, GERIC DUV TRk
FU A L No26, 27, 28 ZHH)
Load Load

Counterpart
(Ball: ¢ 3mm)

Sliding surface

Test piece

Test piece Sliding surface

a) Ball-on disc type b) Ring-on-plate type

Fig.4 Schematic drawing of sliding friction/wear testing machine
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SEBRIIF T S45C (Bhwikad FRIRSREN) 4 FHV, W3 0 3 0.3m/s, FEELMER 150N, (f/E : £ 0.75Mpa)
DEAT T, W0 HHE350~1500miZ 31T 2 FRAEEEGREL 1 S ONLPERERE Ve 2 JHIE L 7=

3. fERLER
31 PP EEMORESR O L By
@ 60 25
= 50 = | PP:006 um/s  ppMis
B =2 PPMMTS : 0.12
£ 40 2 o - pp
& g 15 [ PP/MiS : 0.17
o 30 g
o 5
520 10
= 2
g 10 25l PP/MMT
Z R
0¢ 0
0 10 20 30 40 50 60
Time (min) Time t (sec)
(@) (b)

Fig.5 Relationship between (a) number of spherulite, (b) spherulite diameter and time for neat PP and PP
composites. (Cooling rate: 1°C/min)

AP ORERmROBIT Figs @ (@) 1 RT X 912 MMT FEEOEARM OB & 242558 Mi 1IZBWTH
RS OBINER. SN2, F72 PLAMMT #EEMIZBW TSSO I A bz, ek
U Z FNo.l 8 | S B IZEREEES & IR OBIFRIRX 5 | Fig.5(b) D EHROME & | TR 275 L

PP Tl 0.16 um/s . PPIMMTS5 TiZ 0.12 2 m/ s PPMI5 T 0.17 pm/ s Tl b iRV W RS 251

32 CCD H A Fikk DSCIEIZ & B HExHEm L & R b SsEfetT

3.2.1 FHxHRSERIGE

CCD {£ & DSC EIZ X o TROTARRBRERALEE Re 1RO ENREE (kA7 LTl S b IR >
7 kL STl e R c=0.5 ORflh & O RUTRERAGIRE T ¢ [N 35 LT, wigow S Tz A4
HC Fig6 ("7, [AA 5 PPMMTS A O S FHlifiL DSC IZ L2 b DL v @iz~ ML, #&
bR (Re=0.5 il & DA DFEA) ) 1E 3~5%FEE S\ NI Bl S .

1

1 °C/min

£ 0.5

100 110 120 130 140
T (°C)

Fig.6 Relationship between relative crystallization degree and temperature
For PP /MMT5composites obtained by DSC and CCD camera.

—137—

70



322 FESRAEBNOfRYT
Fig.7 135 TI2I61T 2400 R 501 PLA OfEa(b28h 2/ INSEBIER K 0 ffbr L=, M Iafse
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Fig.7 Relationship between relative crystallinity and cooling ratefor
PLA/MMT composite at various temperature.

Vesplistin) O E b 2 28 2 F COMREL I T DHRBRS AL EEE Re=Xy/X., & RENHEE ¢ 270 (1) ITfUA LR
BHEEE T 235 A =22 R— ¢ OBIERK AR LT-. 20Ol ORI TR S, EHROMBE n
R (Aviami FEEICHEL %) LIEEND SO Tn =1~4.5 FBREDE CEHRGDOIEZH DT, 472
B, nOEA 1, 2, 3, EREL QDTS THERA, Hetkdh, Bz gL Sh T2, 22 TEn=
25~4 BEOMEAR L. F7o, Vo =0 (or ¢ =1) (ZHBIF Dl & R & DI EDOFAMT/NT A—H D
FUEHEEE T (2d61) HHRHRE A L 27 g

3.2.3 BIROMEIC RIE s Lo
Fig.8 1% 80,120 COATRR TS H U 7= pliIodh D & L~ VRIS [ O % #100 O 2 Y —HE T
EHMANT 200, 300 um BRE L2 EaE OB RIS Z27R U7z, AR 80°C CRIE Lialklo 5 [3RR X 135t
DFEEDOERUTTIER U TR A AR E < e plz o TS idm B35, Ziuast LT 120°C Ty
A AWE BT E LIEL 7257205 3RV iR S 138375,

40
PP/MMT5 PP/Mi5
35
8 f R I S
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—go 25
g 20
515 5
§ 10 = £ Opm
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80°C 120°C 80°C 120°C 80°C 120°C
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Fig.8 Tensile strengths of neat PP and PP composites removed 0 pm, 200 pm
and 300 um from the surface in the thickness direction.
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3.3 [RFEHRHE CF F5H PBT & PAG6 BHAMEID T4 N U—4ek

PBT/VGCF A OEEFER: Vs b SE 57203 L LR Y ~—OH RN E 2 R H T 2 b~
—TPE (Elastomer) 20wt% M L7=. GEANIAFZERE: No.28 ) o5 PBT/VGCF/TPE @ 3 Ji A5G
MO HPEEFER: Vs % Fig7 (Rd. HEEFERE Vs 12 TPE ORINC X - TEERMO & OIZHA~TRD L, H1iC

E 3 & 1.0
7z L VEGUFBBT
E s / = |
= - o E 0.8 P
= SE5-EP £ ,//’M v=0.5m/8 |
— 4 DD i E 5 B o K
< - T 0.6
ot 4 I - Vi,
S A o spmsa 3 0.6/ ~
ol % / =
= } - ;’
T b . = 0.41 v=0.75m/s
3 _ K'\"%m (= tdy
= -5 o =5 : [ S o
o o - = ' e T——
3 \ - = e v=1.0m/s ik >
= , g 0.2r
— +BEEPE-0EH =13 3 i
= L=1300m ,
g- “ﬁ f i i 1 ’E;'=§}.5m."3! :
“ 0 5 10

L i 2 3 4 5 &

Volume fraction of fiber, Vr(vol. %
Volume fraction of fiber, Iy (vol. %) - Vi 0)

Fig. 9 Volume fraction dependence of TPE on Fig.10 Volume fraction dependence of VGCF
specific wear rate for PBT/VGCF composites on limiting PV value for PA66 composites.

SEEPS-OH iR & DOHE LW &R T 20 2 & BRI BN MR CH D Z L 2 LTV D,
X 512 Fig.8 (3 0 HE % /3T A —H|Z PA66/VGCF HEEM ORI PV EIZMIE T TR FE A2/~ T, [
KB 52372 8 9512 PV EITNE 0 R KE < 725 AT & ORI 38\ T bAHD S HEBL LIRS
HINE L Tp D L RIFFTINEWEDE Y PA66 13 VGCF 5vol %l d 5 = & TRRIZAR S,

4. %%

F YA XJ N~ A T ah A ADT ¢ T —%FH LT EEM OfGRLRE L o= T X h~—Fno
R ~—T aAEEM DOIENEF A VLV AP N T A R=T U T, <A 7~ — K OEEET
M OB % BN BRI L72fER, RO X5 2R 2157,

I

1) DSCIZ & H1ERDOFERA B DOMNTEI AR 2 fbTiE & L CCCD I A Z12 K Db LB O 7= 70 i
iz RS Lz,

2) PPMMT AR D CCD 71 A T2 K 2 BiG OBk A R O 157 ki bEE L DSC I LD b DI
HE B L, RERALIEEE L 3~5% DRI T8 5.

3) /NP IS < IEERRAS SR EIRNTIZIS 1T D PLAIMMT AR ORI « (HREN R L 72D
2O %.

4) PP, PLA KON OLEAMOREEEENZ T, MEBEE L Bk A X 2/, 74 77—
FEEEZAER O & UCTERT 2720 TGO #3003 5. F72, BREOBSREEREIL7 « 7 —
DOFIEE > THIKT 5.

5)  VGCF FEi# PBT/VGCF £ & O TPE %/l PBT/VGCF/TPE 2 A#41% Svol. Yo fEfE /D BFEHHIZ L » Tt
JEFERNT TPE ORI S 14~28% /) L, SEEPS-OH T7 A L ~—ifIDH DO TlE
48%W 5. Febh, MEEFEMEAN L LIgEh & UGl L7 AR S -

6) VGCF5vol.% e PA66/VGCF #5441 0.8MPa-m/ s DV OIRS PV {H4 777

7)) THEWEDE PBT & PA66 2 — AR ~v—bF5F ) 74 F7—KOITT A hv—&D 3 TLREGH
VIEEBERE ) S WMEERENE & BRI PV iz ) L xE 5.
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3.1.4 aR ) ~v—7 7 v E RIS B E R ORI
Creation of thin films with nano-structure by intermolecular
phase-separation of copolymer brush.

NG SFlTIE R, OHpkhE =
TR R TS A R

Tadatomo KAWAI, Shinya TERAMACHI, Yuzo ITOH
Department of Applied Chemistry, Kogakuin University

Hetero-arm cylindrical copolymer brushes were synthesized by free radical copolymerization of two
kinds of macromonomers. Utilized macromonomers were polydimethylsiloxane, polystyrene, poly(methyl
methacrylate) and poly(ethylene oxide) macromonomer. These macromonomers were copolymerized in the
benzene solution. In the much combination system, there was the phase separation. The copolymer
brushes were analyzed by dual detection size-exclusion chromatography, eluent gradient HPLC and FT-IR.

Keywords: molecular brushes, macromonomer copolymerization,

1. LI

R~ aE /) <v—L KSR EFFOEy (w7 et /)~ —) e EARTHI LICEVE
LD 7 T VRES T T MM OPEBRERZNRIC K VRS 7L LTEDL EWIRmMEZ R
ERHOLENTWE, ZOBOKIIL, v/t /) ~v—00FEIZELY nm~% 10nm A4 — % — |
KTxLH, —hT, Ty saR)w—r 57 baRlv—iE, TNFRORLT T a v 7§
HEHL, ST MOEEEZED Z N < MmbhTWn5D, ZbOEEEZRA+TIE, B~
st ) v—0HERICIVERLEZT I VRO aRY v sne ) v—, ThbbafRl)~v—7
Z V0%, NS BEC L0 B OB EREZ R L, Blm Lo A — L DOg 2 I T & D
WHEEORmAZAT 5, T/ HOBREEEE AR T 5 2 Ll CE 5, iR v/ nE /) ~v—
O, EHBXOHOS TR, REERFEGTLIEiIcE, 29 LEERMEY Ik d )T/ A
=V ORIRAEE DO FBUIFREL B2 b D,

AW TIE, flix D~ 7 0E ) ~v~—DOMAEDLREICLIHEESEZITVaR) ~—T 728K
L., TN TREEOHTEZIT Y, THALDaR ) ~—7 T NS AFR U, J 5y B
WD TS EMSREMEDORIRZ A DS T 5 2 L2 HIE LTV D,

BEETIZ R Y Y AF v a X3 A(PDMS), R U AF L APS), 7R Y A&7 U Ui XA F/UPMMA),
RYZF L oAF T RPEO)D~ 7 BE /) v —[OFMAGOEICHONWTIES 2T, BEAME
WZDWTHRET L CE AR O AG DI, BEARY v — JEEEER ISR ORI 2 HfE
L, Hx OB THEANMEI DL Z ERHLNE 2ol AEETIX. ZOFER S &R~
HZlET D,

CHa/ CHa O CHs
2. o
KR R—E‘ri O—Sii CaHeO~C~C=CHa
= CHa CHajn
21 #Art ) Polydimethylsiloxane macromonomer
ARFETIZ RN OAF LRI v s BT ) v — 0 CHs

(PDMS-m, MW 5,000, F V/ #H42{), U AF L -~ HsCafCHCH-YCHiCH:0—C-C=CHa
7 1 ) ~—(PS-m, MW 6,000, HEEA AL, R
AR VPR AF -~ 1 ) ~—(PMMA-m, MW 5,000,
HARAHRD, ) 2 F LAy fov e v— o oh
(PEO-m, MW 2,080 & MW 1,100, V=T VR T H‘(C:)—CHZ S*(CHz}gﬁ—O—CH2~CH—O—6—é=CH3

Polystyrene macromonomer

i
C=0 O OH

WM Ui, RIBUSIR, VPR A2 2 UAET |
bbH, BRERLIFEITAZ 0 THTH D, Oflg‘gfy (methyl methacrylate) macromonomer
2.2? ;ﬂsl:iﬁfj‘?:jzf)ﬁ ﬁ(i@fff/ NN CHo{O-CHz CHz}no—c';q-gSéHs

FRAREEZ . RUGIRE & 7 U 60°C Chsd L 7=, Poly(ethylene oxide) macromonomer

Fig.-1. Sample of macromonomers
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2.3 HEA

flix D~ vt )< —OMHARKICI W T, o B 2 BlsAANINC AIBN Z v, 60°C
WCCT U HNIEERETo -, LEA%., EHIIC 2 ISBRIRENED bNT-RIX, ThFhno
A& EL LR Y~ —Rl sy Z R L7z,

2.3 o TEEREAT

TR Y~ —DAERHERICIE, SEC &Mz, FHMAUE, 'H NMRIC XV Rdiz, Eiz, W
W27 7= b HPLC {2 & VMO OffHT 2, FT-IR 12 XV mkIEE DT 2. 2 ivak A
7=,

3. RREBE

3.1 Macromonomer 1,”Macromonomer 2, Benzene & DFHINEE

FARRE DERRIZ. Fig-1 \R Lz~ 7 0% ) = — & lHB DT 12, Bl 7268 ot
=Sy R FEK % Fig-2 (2”7,

Fig.-2(@)!Z1%. PDMS-m,PS-m Benzene 52 DAH &7~ L 7o, FEBERD 80% (3T {2 HH S3 ffe i 2358
DBV, IRV TS 2 = b ooz, & BICHABKRIZ 20y & T EARRICH
TBEERL 2 L, MDBEL 7 E N TR OO IEFITRY . EFIE THICHEREFE L AT L
GRMED - T, [AREORE R, PDMS-m,/PMMA-m, Benzene 2., PDMS-m, PEO-m, Benzene
F. THHoNT,

Fig.-2(b)IZ1X, PS-m/PMMA-m, Benzene % DFHXIZ 7R Uiz, AR S0%fTUT I HH 23 BIE dh#R A3
BOLIL, HTEERINH DL ODOEMRICHESBEZEZ L=, £7-. PS-m/PEO-m, Benzene
RICHBWTHEBK 50%F T I BERBR TR D S 7z2y, 2R T, B4R R BT
TREERDNHE LS EEREECH - T,

Fig.-2(¢) 121X, PEO-m,/PMMA-m,Benzene -ZDIHX %7~ L7z, Z DR TIEL, 60°CIZIBWTIA
UK HEPH CH)—F & 72 5 Z s L & Tz,

Benzane
EYe

Benzens
Y

V4 %4
s 24 s 24 o8, s
/ A / a* 5
\ /N RN / N
N/ S NS \
/ \ S N/ \
/ '/ \/ / ; Y,
o8 ¢ o % ) 26 f o3 a8 £ < o2
\ I\ /N 2 / \ / \ / A 7N f N SN/
\ SN SN SN S \\ / NSNS NSO\ /
N/ \ \ NS NS /
| \ \
s N AV N v ] s N / a s \/ N V4 N/ 5
o a2 a4 a8 ag 3 Q a2 o4 o6 o8 e oz

PDMS-m

(a) PDMS-m,PS-m,Benzene (b) PS-m,/PMMA-m, Benzene (c) PEO-m,/PMMA-m,Benzene

3 £ 3 r3 ©
PR PEC-m PMMA-m

Fig.-2 Cloud points curves of Macromonomer 1, Macromonomer 2, Benzene at 60°C

32 aRrY<w—T7 7 VDOER L RIT
aRY ~v—T T VOHEKIE, Fig-1 IR LIE~v7 0E /) ~v—0OfARbETITo/, D55
PS-m,/PDMS-m. PS-m,/PMMA-m. PS-m, PEO-m (Z-2D\\C/Rxd,

3.2.1 PS-m/PDMS-m,~Benzene &

PS-m,PDMS-m, Benzene #i%, ¥ —RTli~7 nE /) ~—BENMIW-D, HOEERTT Y
INHEREIToT,

FPHESITENT D, I 75% CORMKIGCOWFE % 3B L& ORI ZRE LT, fHoBEL =%
NZENOMHOMBUIIEFR IR Y . EFIE FHICHAREF LS AF LU EERERME - T,

LHEGIE, fix D~ 7 vE /)~ — AT, W 75%., BR4AAIZ AIBN Z v 60°C T 48 Hf
MfT -7, HEEH S EMMNIC 2 OBEIREDNHERF STz T, 2R En oM %E oL, R
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Table 1. Preparation of Poly(PS-co-PDMS) by radical copolymerization in benzene at 60°Cfor 48h.
Feed (g) Styrene Content ( wt.% ) "

Sample C toninth Fractionated
Code PS-m  PDMS-m Benzene AIBN phase Omposttion 1n the ractiona ez)
respective phase  Copolymer
Upper 3.33 3.20
PSPDMSS28 0.6876  2.6730 8.6881  0.0504 Lower 7567 79.03
Upper 8.06 3.82
PSPDMSS46 1.3316  2.0195 5.6994  0.0494 Lower 9.07 8813
Upper 8.44 5.24
PSPDMSS64  2.0191 1.4158 8.7458  0.0508 Lower 8278 8870
Upper 5.36 16.19
PSPDMSS82  2.7406  0.7020 8.9234  0.0511 Lower 387 90.20

1) Determined by H NMR; JEOL EX270, CDCl,
2) Fractionated by SEC

U~—a&E Lz, ZREROMNLELRZaRY ~—fHkid, EREAF Lo ERBME
<V FHIFAF L UEERE L, MRRISROZNENOFHOMARIZTHE LT D Z E N5
IRR Ay

COFRTIE, K e~vrZuE® /) v—LaRY w—NSECIZ L DEEFRETH -7, 2R
~—Z%Z Rl U, SRR AR (UV) — R 2R P HERRD) R SEC 12 &0 BT o5F &I
R DAL A T, THERBH SEC 1%, RIBHERC LV 2R Y ~—0, UVRHEHZI I AF 1
vazmy NOFNENOREZ IS 2 7ET, HIRAER Y v —IZBW UK com 14
A AN RZ ARG D Z ENAEET, “HMRIH SECIZX VA TEICHTHATF L=y K
O ZRDDZENTED, aR)~—T T TlE, OF A ANFOFEENFEALHTE
RV, ARy v —ERMILY 7 v ) v —ORNIFAENTH D, HERH SEC OFERE 2R
U=—80DATF L U ERPRIIEDOEITKHE LTz, ZORIZEBWTIEK, ENENOFT
HEANMED, KRESHRORRL aR) ~—0 AT 252 L8, ool
FIHIEEASERE WS T P h HPLC (2 X D/ A Ot % 7k 7=, 7' Y= h HPLC
&, ORI D 2 FEORBER O Z IR S D Z LI X VRO R R ~—0 1%
BT D HET, Hita R =777 haR) =—0OMESmOREICHEHA SN TE -, K
Bk aR ) ~—7 T ORI O LRI 23 7z, Lov L, 2Tz 5 5y BEseft:
OBFHC L b 5T, R b~Z u® /) ~—&aR) ~—ORBRSEN SN, /2, M
RN U2 IR N B S X B DIAHIED 7 v~ 77 W E R VMO 2 LT 5 2 L IET
o l, KIETOMNINREEZOIX, 2R ~—7 72 L0 ) B0 S hsk+ 2
ZEMNRBEI NI,

LI EX Y PS-m,/PDMS-m, Benzene 52 Tl&, ¥— R DAL B < ATE O D 2R Y ~—
TIVEARTHIENNETHDLZ L, IS AR ~—T T O FRHERITICE D £ TIZ
2L ODNREES DB SN E o7,

3.2.2 PS-m,/PMMA-m,Benzene &
PS-m,/PMMA-m, Benzene 2 Cl, ¥J—% EHOBER CTHEE LT,
FPHLELSITEN D, B 50% TORKIGOMFE 2 57 B L Z O 2 P8 LT, S HHOFRIE

Table 2. Preparation of Poly(PS-co-PMMA) by radical copolymerization in benzene at 60°Cfor 48h.
o/ D
Sample Feed (g) CStyrenc?t.C0n'tel':}tl (wt. A)F) —
Code PS-m  PMMA-m Benzene AIBN phase —ormposition i the ractonases.
respective phase Copolymer
PSPMMA731 1.0507 0.4520 2.8198  0.0067 57.0
PSPMMAS551  0.7750  0.7506 2.8100  0.0066 41.3
PSPMMA371 0.4497  1.0501 2.8306  0.0066 21.7
Upper 70.2 65.8
PSPMMA732 1.0575 0.4610 1.5252  0.0045 Lower 449 44.0
PSPMMASS2 07540  0.7590  1.5179 0.0045  UPPeT 33.6 4.9
Lower 31.8 21.6
Upper 24.1 28.9
PSPMMA372 0.4532  1.0640 1.5096  0.0047 Lower 237 216

1) Determined by 'H NMR; JEOL ECX400, CDCl,
2) Fractionated by SEC

—142—



RONRH Y, EAITTHICHRAF L UEGRNEmD -T2,

HESIE, Hix O~ rmE ) < — (AT, B 65% DY) —% & TR 50% O HER & T,
BHAAAIZ AIBN Z V> 60°C T 48 Efil{T o 72, ¥W—RTITEAK T TH— 1 #HHTHE T L, HIE:
BEAEROBEIERITIFIE 100% TH o7z, —J7, HOBER T, EEOEITICHEWEIR O RN |
H U7, EA%IE, BIRSIEH L 00EMINZ 2 NBERETH - T2720, ZTNENOFE 5y
LAY ~—pldr 2 Lz, Lo LR & < B REEZ (o 72 720 BIER X 85% 7 5 95%
Thotz, B LB B oML, FHIZATF L UEGRRNEL THIZATF L UEGRMEL . W
ARG FRDEFOMRN G LT, Zhud, EAERRICB O THOEEL 724 % DT~ 27
0 ) v —XF OO TG L, EEOEITIZHE ) SHOB COWEBIIHE R 5
RNk Nnz b,

SEC IZBWT, KRG~ 7vE®/v—XVEoTEAC2RY v—2F2 65— 7 038D
bz, SECIZ LY oK) ~—%%45 L UV—RI —#E#H SEC 12 X 0 BT o4y 8ok
HRURZ T, fERIE, 2R =0 DAT LU U EFREPRIIS DB RE LTz, F857
BERTIE, TNENOMTHEEGNEZ Y, ALK & IXR R 5RO 2R Y =N AT 5
ZEMHLMNE IR, FT, IO OES TR TIE, AF LU T DA RS
iz 7=®, SEC /Bl C b MG 21T > 70,

SEC st L7 2R Y w—Z M\, UV—RI "HEMiHH SECIC LV ifT 21 To7c L 2 A, KV &Es
TREOIRY v —fERO AT L U EGEME T T DHEAPED bz, SEAVWTWS~ 7 ax )
~—DORIGFISMEIEIA X 7V a A VEETH Y | ALFRISHSE T HIVULEE O /) ~— ik
EHZ 1 IZRVWMETH D EFRENS, LL, B0 FEEITIEIAT LV UOEFRNTRL T En
5, ARy ~—7 I OMEEIZ~ 7 nE ) v —DIEAKISITBIT D RSEOGHES T Tids
L RABDPOESFRIOMABERANMS Z ERTPHREINZ, £/, H=AR Y <~—0 HPLC (2
X DHAERSI AR DFRNT 2 A3, 2 O BEGRIE TORGHZ & 30 B3, FHARIZ IS U 72 iR A i
SRR DIRHO 7 a~ 7T ANEL., £, BT A~OREER AR Z Y EEA
R A EA SN T DI EIXTE oz, IRV w—DH T LA~ORWVEREIE, IR ~v—
T T2 E ) BRI 72y TR EIC T D 2 B AURIE STz,

INHaRY v =T F IO TERIEE DN % | FT-IR \Z Ciriz, XUBUBRIHKD ST
FADLT N EREHERRD S, AF LU ERNTND E 1493em™ N B o B s HEE) )
RIEMIZS 7 L, 512756 ecm™ & 699 cm™ C-H [fiFMNE A HIREN D v — 7 SREEH S8 T L 7=,
INHDOENIL, v eE ) v—HBEEELELLOTIIBIE ST, aR) ~v—T T oE
WCRIRT 2 Z EAVRB ST, 728, PMMA HRD 2 7 F /UIZIEZENRD e ho Tz, T
BIZONWT, T~ Ul K DRNT 2TV @RS ORI 2 G L T\ D,

Xz, FTMAOEMEEIC LY 2R ) ~—7 7 VOB LKA, BIROS TIRIENEIE S
Nz, UL, sBlERENEERNTE S TW WD, E5R55BEE21T> T\ 5,

PLEX Y, PS-m/ PMMA-m,Benzene & Clid, AR DR & HILEAROMAE L Ok =
R~ 0% ) ~—0OYHMITHE VBN L TWRNZ EG, HOBEL 7284 D TOES
FOisiE, BEAOHEITICHE S SFMHOB TCOWEBENIH F VR LRNEBZTREY, R¥—RIC
BWTHHAAMEE BT 52 Ik HOIBRELEOMKO 2R ~—T 728K T 52
CIFFRETHD LB OND, B, LVESTEEKO 2R ~—7 7 Tl bk =
Ll BRRENZETH D,

3.2.3 PS-m,/PEO-m_Benzene 5%

PS-m, PEO-m,”Benzene 5% ClZ. PS-m & PEO-m OALAMRLIE, 3:7. 5:5. 7:3 & L. & 65%
D LRI 55% CTEHA OEITITHEWHZBET 2 WREMED & 557 & T, BlAAAIC AIBN % v 60°C
T 24 B T o 72, HEABAERIL. W TH > =N EA OEITICEWIAR ORPEN EH L,
T RTCORBFCHBDGRD LN, ~7 aeloBHIE 2 5o 7, £7, Al 55%& Lz
RELDZ ATV A Uz, AalBHE, BURSRZBIC K 0 [ L 7=,

[ L 72 HEE AR OIS, 'H NMR (Z X VR85, dBHE, ZVsy & & A7 kie Tl
E LT,

ZOFRTIE, Kb~z vt/ ~v—EaR)~v—E, SEC WIZHBENARIEECH -T2, &
T & 0 KRG PEO-m Z IS BER AL K0 RS PS-m DBREEZRAATZ, RIKIGE~7 2E /) ~<—
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DIEMEERIL, SEC &, #il=aR Y

~— ORI H % TH 5 HPLC
ZHAWRALTZ, L, SEORE
W, FOVIERGr DTFETEIZ L0 Z Dbt

NCERNSTZ, 70% PEO-m DHL
MES BTV,
TIVDEREHER LT NG,
PEO-m "2 2 HHREMETE / = —DNRAE

G N AER Lo nReEDR & 1
'"H NMR (= & 2 /AT & & Wl RE
PEDSRIE ST,

b aRl)=w—7F IO T
KIS DT 2, FT-IR |2 Takldr
7o MILEAKEEZHHZDOaRY
~—7 7 &Y 5 &, PEO #
-CHy-H3kD> 7LDy 7 kL
FELBAL SR BT, TaHkE L
725 PMMA H3k C=0 ¥ 7 /uizix
BAEDFRO LN En G| KX
Jts PEO-M NRrEINDHZ EI2LED
R Y w—7 T ORISR N
L. fE¥L LT PEO #HHkn 7
FTNEAERRO Tz & Bbivs,
BN, ED XD 7emEmkiE
EZ R L TWDDOMNE,

325 FofioRk

PDMS-m,PEO-m,Benzene 52 & PDMS-m,” PMMA-m,”Benzene &3, ¥J—
/&%V?Mfﬂ‘t&’) FBER CF Ul vt
W7z aR ) ~—7 7 NG ENT-, PMMA- m/PEO m, Benzene &I%, JAV
fEx DO~ a® ) ~v—EEIC
PEO-m %I BN T/ /LN W %

D 7= ¥ Fpi
AP T — M L 7o T2 7,

Table 3. Preparation of Poly(PS-co-PEQ) by radical copolymerization."

Styrene Content

Sample Feed (g) (Wt.%)?
Code PS-m PEO-m Benzene AIBN ~ Composition inthe
respective phase
PSPEO(2)731 1.401  0.600 3.710 0.014 71.0
PSPEO(2)551 1.001 1.006 3.720 0.014 493
PSPEO(2)371 0.600 1.400 3.727 0.014 27.5
PSPEO(2)732 1.400  0.600 2452  0.007 69.3
PSPEO(2)552 1.352  1.350 3.308 0.008 50.7
PSPEO(2)372 0.600  1.399 2462  0.007 30.0

1) PEO macromonomer molecular weight: 2080, Solvent: benzene,
Temp.: 60°C Reaction Time; 24h.
2) Determined by 'H NMR; JEOL ECX400, CDCl,

Table 4. Preparation of Poly(PS-co-PEQ) by radical copolymerization."

Styrene Content

Sample Feed (g) (Wt.%)?
Code  pSm PEO-m Benzene AIBN ~ Compositionin the
respective phase
PSPEO(1)731 0.702  0.303 1.860  0.007 -
PSPEO(1)551 0.501 0.501 1.860  0.007 31.3
PSPEO(1)371 0.303  0.700 1.859  0.007 30.5
PSPEO(1)732 0.701 0.299 1.237  0.004 73.1
PSPEO(1)552 0.497  0.500 1.242  0.003 66.4
PSPEO(1)372 0.302  0.703 1.227  0.003 71.5

1) PEO macromonomer molecular weight: 1100, Solvent: benzene,
Temp.: 60°C Reaction Time; 24h.
2) Determined by '"H NMR; JEOL ECX400, CDCl,
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3.2.3 MERELETLIEB®ET /7 T AL—DEREICH

Synthesis of Novel Transition-Metal Nano-Clusters
and Their Application to Organic Synthesis

L PARNEEUL Y
IS PR e S T
PR T AR

Hiroyuki Kawano' and Shinji Nagumo?
"General Education, Faculty of Engineering, Kogakuin University
*Department of Applied Chemistry, Faculty of Engineering, Kogakuin University

A dihydridoruthenium complex RuH,(CO)(PPhj;); is a good starting material for generating a zerovalent
ruthenium atom. The generation of the zerovalent ruthenium atom proceeds under very mild conditions.
The zerovalent ruthenium atom combines with each other to form a novel ruthenium-metal particle with
diameters less than 1000 nm. On the other hand, the active zerovalent ruthenium atom reacts with another
metal complex to form Ru/Rh-, Ru/Pt-, Ru/Pd-mixed metal nano-sized particles. These processes to the
nano-sized particle are totally chemical. During the formation of the Ru/Rh-mixed metal particle, a
Ru/Rh-mixed dinuclear complex is generated as an intermediary species in the reaction mixture. Trials to
isolate the intermediary Ru/Rh-mixed dinuclear complex, however, have resulted in failure because of its
unstability. The Ru/Rh-mixed metal nano-sized particle shows a moderate activity depending on the
particle size in catalytic hydrogenation and oxidation in which neither the mononuclear ruthenium complex
nor the rhodium complex has the similar catalytic activity.

Keywords: Inorganic and organometallic chemistry, Ruthenium-containing nano-sized particles, Chemical
process for nano-particles, Catalytic activity of nano-particles.

1. #E £BF/HFOILBEHERE : &R/ RT L, BEENT/ A— Fmm, 10°-107 m)
YA ZOERRI DO ETHY, B L TEE»S THEREOE BRI bR STV
LRI ThH D, ZORE OSBRI FIZIE, MWEREFIRCE A XN S
52 Ao EZ GO FISEB TE 2REE L O R D, &R R
WTHEF )P AT ABHHWNET /T 7 ) ar—0ncB T2 EERFEME L THERINL TV,
IO XD 7 T R OWEROFITIEIL, VT ORI E L TR ICT 5 [t
M) 7207 CdH 72, (Scheme 1), LU, WERA etk TR 8L L, iﬁ#éﬁ%@#%%%
—RRICa b= AT L ENRETH Y, BRSO RESBERT BT 2G5 7201, i
NI A R DN VETH D, LIehR-> T, JFEHEE ORI 22 & NS %_Eﬁé

@ @ @ The conventional "physical" process
O P s /=Y
Y, @ﬁ%ﬁ

Lump of metal Crushing into small pieces g@g@g
Coh QG@@@@ Metal-containing
ohesion @@@@ nano particles
Precursor Zerovalent Cluster “0°0
$® o202
metal complex metal atoms complexes $ 4 * @ Q70

L///, II_ wbL |:> :> ‘ ‘ ‘
AN i
L Reduction The novel "chemical" process

Scheme 1. The "physical" process vs. the "chemical" process for the metal-containing nano particles.
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TRENAX =D EHLLOBENL L, MBI R TEIEDRNTHL L VWb E D2 2720, &
ikt L, ImETIRESREA A% HEFR ) IZiEe L CEM 2 bW & R -2 58 E &
HAHEET R TARIENE I ST W5, (LFIIERT 2 A rkiE ik, Sl s
AT ChRELZ L br— LT 52 L TE, 7/ A— b A XOLBRIF %2 KEICHES 2
LINTE D,

LR e R T R ARIEDOHREWE & LI BIshn LR END, —RICHDO 4B
FREBA T NIRLET, L OBERIT-EHICLENT-VEE LY L CHIMTIIFET
TRV, BT SRR S D 2 & TEREILEN, OB T LEROMES LD, —
F. R R L, EEIIRES E XX D 0T RO E A T Z & TEEATE,
HEASNTND, LEEN- T, &RIEARS 2L > CORMITF L &R/T /R 12 & > TOMRH#
ROERIZI@ETH Y, 2D L LERIEROBN T &2 0 bR, HIE L7540 Tl
SHNTEET R RAERT D ETHRTES, ZOBZNAREHREOEKCH D,

BREREARLST /ITITILORBR  EBcE 2T O0ER L T2 B8RSR0, B
DOEMNLA2S, BERABIR OB ZH AR O EZ 07 H < D X TkAa L TndZ bk,
Z AV BNL - OFEFE & BAI A HIE S5 2 & THOESEOICMENZERIZENTHZ L TH D,
ERCREMANAETH IO OREIX, @RESAERFIHT 2T /=7 U T A~DIGH & BRI
HLTW5,

R FERREEDOKI G DO & 72 DT =0 MEERDY 6, VT =0 LAORBLIKEEIZ-2 72 H+8 £C
DHHPHIRREEZD Z ENTE, ZHITHEAE LT IENLFHEH 4 0D 7T ETENTZT 41Z
BATNDDT, Fix iDL T =0 MEEABIER SN D, £, VT =7 LR THRHEG L,
T = AL EBEE T 5 EERE LIZLISERT 52 L b MO —oTHY ., 2D Ll
T = WRTDNEE LIV T =0 WG T RN EIERT D REME A2 R LT D, T
= AEBSERNE OBEE OB P LOWMIFNFIC L - C, BEONLT =0 LG5 L B 72 2 fil i
RS 52 L, FRCHEESEMANEI L CE RSO EIE A & e - iEME b Tc& b 2 &
TE<mbEnTnD,

Fo, AR T R ARIE TR, BESREE o0 ki rHRicERRAER T ki1
EORTEDLZENFLETH D, T /R TFAROBICREO S BIEA L IE S5 2 LT, B
& JE T R E I RIS S Z &N TE B, 2 TideRESA o B SRR EE R LTy
%O T, FRCOHE NS EL S Wi T IR B AR T )R- NERKRT D, MRS ~D R 2% 2 2 54,
ZOXIBRBAEET I RTIE, BRESBZIN TN RR R TS 2 LT, LR
HIZRfIEE & 2R D ATREME N B D, B2, —HDO&RIZTEE L THRES FOMIIcES L, 95—
FOEBPEEDOEMREZH YT 5L N2 N EZ NS, LER- T, IBREERET /K10
b OfESOSTETEOBFZEIE, BEIC TEAICHIHA STV 5 SR R — R OfFEET L L L
THETHD LR, RESEZE TR EFIH LIRS OBRIC SRR LD TH D,

Z N\ Ph—=""
RUHL(CONPP: 7 ol s> TS
S OC\R'U/ \R‘U—‘CO - OC\R'u/—\R‘u"CO With a reactive substrate:
Ay PhyP” \P/ VPPh, PhsP” \P/ YPPh, Fast reaction to the dinuclear complex
Ph; Ph,
/\Y
- " N\
active "Ru(0) B O
species \S‘ % F
, Ru
S LN Ruthenium-containin
3 _Ru—~Ru . Ru—7~Rog > A
\Q \§u7l—Ru > particles
> = Y @/ \/ \®
Ru
PPh;
- i With a less reactive substrate:
@ + ligands Slow reaction leading to cohesion
PPh,
~ 1 _-H
Ru With no substrate:
thpf | ~co Self-reaction (intramolecular)
PPhy

Scheme 2. A possible route to the nano-sized ruthenium-containing particles.
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2. WFERE LT LSBAMENASILTZOLERT /HFADRER VT =7 L(0) Sl
W55/ C-H fiGDA L7 4 ~OMIIS[L, 211, #@FEiEE LS Uz < WEB LAY O
C-H A0 C-C R a T = U A0S CHEBESMA - UIlT 5 2 L 280 L L TRV, (KR
TV T =0 LR AIEME 2 fE & & S RIIEM b CE 5 2 & ZREF LT,

ZONEHCIBNT, FxIEVE U KT =0 AADESAE, [RuHy(CO)PPhy)s & A L7 42 & D
Bt C RO AN AT IRV T = 7 I (0)SE IR FR(BURE U CHLE X [Ru(CO)(PPhs),] (n = 2 or 3)
EHEE STV, HEBR ED C-H A AFIVEED C-H A ZFEHE b TE 2 2L N
ICLC&E, £, AT =0 A(0OBERFEN AR L2, E BT D AEAY A E RIS AFTE
L7aWGEIZIE, BOHHICHA L2 PP AL+ D C-HFSAETUIKI L CLE D 2 ENHB N E
725 72[3],

ZDZEE, FERCHBEEEHTHEEWME D LRV T =0 L(0)8E5K & ORISRV ES
WEFIHTIUX, 22 7N TO PPhy /L 1 C-H #E G Ui 2 #l 2. oo, VT =0 LGRS 1M O %R
Z il C & D AIREME 2 ok LTS (Scheme 2), AMFZERRBELIATORR Y #1ATIX, F4 7 = 215
VT =T LOVWER & SOS ST GEI1, T4 7 20 1 0 FICx LvT =0 AE8EIRM 2 55 FBO6 L
7o THREERDG BT [4),

T, EEALT =T A0)EIRIZ, KOS LIZK WF T Y — v aiEhsw- L 2 A, TARE
DHEE:DH DV T EONT = MEMAREO A RITHEGR TE T, LT =7 A0)EEE, b bEL
FEFELSTNT =0 DRFORENER, 287 T A% —% T 1000 F / A — b VA OB
DHDEGELINVT =0 AR ERK LT, FEROBRL 1%, VT =0 A0SR E Ry~
TG EDORIRTHAEM LTz, 235 ORI FORIEIT S 5 72 DB PPhy O U CHilf# ] RE CTH
0 . BN PPhy SRR DOV T = 7 DJFAIZENL U CREEIC X DRI O K Z2 M2 T\ b =
Enbmnolz,

WTZOLERREEBMAFOER : VT =T LAOMEADORELHIET L2 L TLT =7 A
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JIGH LTz, EE LT, AT =0 A0)EKE v o0 AR E OMAGDOEERF LIS, LT =
7 LO)EER & R LIRRE D F T2 5 VT = U A(IDEERIS KOV T 20 LD D 5 T A DS R
72 LR A X TORG SRR T-A RS AT,

T = LAOEERIZE LWE RO P ADSHA[RKCI(PPh;); ). —FEO/LT =7 AIDEEK,
[RuCly(1,5-cyclooctadiene)],. [RuCly(PPhs)s]. 7$F 2% AIDEEA[PACL(PPhs),]. 3 L VA AN A
[PICL(PPh3), ] & s S /T2 & 2 A, WTNOGAEICH AT =0 AO)R 1 & BESEA A3 111
CRS LTEM D AR BN R <5 O, 2RI CH oM S ThiREz e L &
ZA 10720 L 100 7 A — VORI E b OIRGERMKL - CThH Z Lo l, 2T
VT =0 A0V & OISO BREFARICIE, WTHIC B EEA 2 (CIOHD BN & LTH
FNTWD, AR LTEMRII2iE, T XTHEMA Ao RNEEN TV, T7bb, Zhb 0K
BT M2 Bkl Cl3 e < &RIEL D B 72 DAL EWIIRL - Ch D Z E R LN~ T,
BB Sz 2 6 OMKL T OBRESEN IR E I H W 2B SRS R ORI L #ip - T
WA, RIS ERE Lod < BT PPhy 23RN L C BRI~ D8R E 2 52 2ICHlill-« 5 Z L3 T
o,

active "Ru(0)"  Rh(l) complex

species 3 O o
.\Rh\ /@ 0C_

? .. @/ Cl 003 P 0C—Ri @30\ /Ru7CI .
®\R o Ri—ph—Q@ o O ,Ru—-/mk » Ru/Rh-mixed metal
o JU\CO \CI/ \® Q;/Rﬁ; R—h@ CI\\\RC/L_?L,—CO" particles

= \. Rh—¢

Cl %
@ : ligands

Scheme 3. Formation of the Ru/Rh(1:1)-mixed metal particles.
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T =0 A0SR E 0T ADSEROIRGEZ L 2, 0 Py LARBFIO M TG ZR A D & |
WRTARE T D EO 1 20 L TREER[RCL(PPhs) 25, A Lo PEOTEE E L TRUSERHIZ
AR UTe, BOSTRIRD B3 57 RURh IBE GBI T OMEIE, VT =0 hEa Py AORE
ERIZD )b 537, 1EIE RhRuCI(PPhy), s Th o7z, ZDOZEND, AT =0 hEr Ty ANEES
&JRMRL T2 AT DB, £T, AT =0 A0 K E B YT ADEEA L ORTC, RuwRh — 4%
BERNARL L. Z O8N H CMRRbT 5 Z & T RURhIBAEBAFPNERLTWHWD EEZD
U5 (Scheme 3),
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U AMIEROIGARNIT, T EESE R AL EN ST DB E S D 2 L 2R A, KSoitE
TR DHEEIZ FI-NMR 2EAZHWTHE Lz, £, A7 =7 L Bl LR =LK
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HonlzoRTHoT,

U bEDZ &6 RuRh IBERBHKL 23 ERT DFRI2, RS LT Rw/Rh 285K —H
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Me L THEESN TWRWD T, 7820 AN EEE L T Ru/Rh RS RIKL - IZ A S 1228
BT 2 DNCHONTOEZEZHFDITIEE S TR, RAEERE BISEROHEEED-I121E, Tl
HIBB BRI AERLICL K, T8 (BRWUIZENLNERES LU, NED) $EERD AR
DERNZ 72 5 MFEWE L OSSR 2R T 2 8BRS 5 L Bbhv b,

Ru/Rh EAEBHAIFOMBEERDRE . = 2 TH O RuRh IRA B MR 1%, RIEHE
INSZFDY A XD 100 T/ A — FIVELEELLF T o 72, TR D5 2o & 13 R 72 R TH 5 3,
ZORE SOEBRIIEE O EEREREODRESCE T A AEN WS D, £io, KIFSEHE
RELZ B U CHFZE 0 ORI EEIE, =270 R TR VIR = UEEIR[Coy(CO) |\ T /L 3% o % ZRKG L
EHDLZETT AR VRBOMAME L (LS, BHEOIGEMETIEA RS R EE 2 K BBRILS
M OBRII A A FIREIC 2 D Z E Z/R L[S, YlboZ et vr=vlhlbarouhbin)
FEO&EZ 1 @ 1 OhFETET RWURhIBEEE®E T /R r-£EIZEBWN T, AEEMNRED L S
A, IR s s 0iZERN b oD, S oIE T EEeROWEIERIC X > CTHIlo LT =
U LEERD D\ IR VT AR L (TR DK 2
IEETRTZELBE LA LND, £EIT, vYy 0 Catalyst
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1772 7= (Table 1), o)
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BENT, EEENFO PP ARMULIZE ZAT LT FORENEZ V., BEEOFEIZ ) D
SFHNR UMW 6 BNERK LT, PPhy OFRINIL, F /RO A X7pu LEEIRIEZ HE32 L&
ZHN5DT, RU/Rh IBEEET /Ri11%, R A Rk > TRAR D GEMEET S, IEEIC
KRR 7ER 2R Z E NN o T,

Table 1. Catalytic activity of the Ru/Rh-mixed metal nano particle.

Entry Catalyst Solvent  Additive Gas Time Product
1 RhCI(PPh;), CH,Cl, - Ar 20 h 2 (quant.)
2 RuH,(CO)(PPhg3)s CH,Cl, - Ar 6 days 3 (22%)
3 RuH,(CO)(PPhs); CH,ClI, - H, 10 days 3 (47%)
4 Ru/Rh 7/ ki CH,ClI, - Ar 38 days 3 (3%), 4 (6%)
5 Ru/Rh 7/ ki CH,ClI, - H, 8 days 5 (39%)
6 Ru/Rh 7/ Ki+ CH.Cl, PPh; Ar 5 days 6 (26%)
7 Ru/Rh F / Ki+ CH.ClI, PPh; O, 11 days 6 (29%)
il i

PLEIZR AR K512, vT7 =0 LA0ERTEZ VT =0 AR OHFGIR & 3 26 EHE 8 7/ bt
BRIET, VT =0 LR T /R R L OCRGERILEMM T 28R TE 52 & &, Pk

Hifif & FEICIZE SR> T2 b DD, AN 1

1 O K mEE R & it TR SR R

DERT DENA O L e oTe, £z, IRAESBRMRIFIZ. T D ORD B2 72 V5
IR 2R 2 L b BT o T, TORCRIT, FEEMEERERE 2 LA IniiE 2 A5 F

IR DOREFE A ATREICT 2D THDH E V% 5,
51 FH ik
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[2]
[3]
[4]
[3]
[6]
(7]
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F. Kakiuchi, S. Sekine, Y. Tanaka, A. Kamatani, M. Sonoda, N. Chatani, S. Murai, Bull. Chem. Soc. Jpn., 68, 62 (1995).
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3.2 b ysiman o OBRAS X ORERBEE ST OHIE
Control of Nucleation and Size Distribution of Crystals from Solution

BB TR gk i
BB TR B
BB TR Bl M
BB TR fhm 55
R TE] SN S VA

Department of Environmental Chemical Engineering  Naotake Katoh
Department of Environmental Chemical Engineering  Tsutomu Nakata
Waseda University [zumi Hirasawa

In order to generate nano-size crystals, we attempted to irradiate ultrasonic wave into a batch cooling
crystallizer. In case of usual batch cooling operation, nucleation did not occurred at saturation
concentration and occurred at supersaturation condition. Conversely, in case of batch cooling operation
with ultrasonic wave,nucleation occurred at undersaturation concentration. Experimental results showed
that KNO; crystal size of order 1 micrometer was obtained at undersaturation concentration by use of
ultrasonic wave. Furthermore,we attempted to irradiate ultrasonic wave into a batch reactive crystallizer.
Experimental results showed that by use of ultrasonic wave reaction and nucleation process were strongly
influenced whereas crystal growth process was not influenced and CaCO; crystal size of order of 3
micrometer was obtained.

Keywords:batch cooling crystallization,nucleation,ultrasonic wave
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KRIEERDFFRIL, ODOF Y T A ARPESAAPEREE CRELV—E 7 v 748 %2 W CRATIEN Of5
HERROA 2 DAL BERTXAZ L Thbh, ZOEBOFIT, L —W— b — ANK T2 RY) AR &k 17
RENEHFTHLE N Z LT &L,

Online Crystal Size Analyzer
Crystallizer

Ultrasonic Homogenizer
Trembler
Thermostat Bath with Controller

SICIZIC)G)

Fig.1 Schematic diagram of experimental apparatus

3.2 FEhR 5k

3.2.1 AT

FERTFNEOBIG % Fig.2 1277, #lik 200 [mL] %% 500 [mLIO Y v 7 v ME@ATRE@IZ AdL, BHEIK
Xy ML, #likz 35 [[CIREEICT D, ICiEfED U 7 A(KNOs) % 75.68[glfikicHA L, 584
IR, 2 75.68 [gli, fliZk 25 ['Cl, 200 [mLICORMEED U w7 ORI 5, 15 2 1 E R
BIREE 28 [ClETTF, FBRMDIZ X 58548 L O EORIEZ B L, 7 1u /5 2 2GH
gt PCC-7000)(Z X - T 40 [minl 27 T 20[°Cl &= THEN L 7=, B SRR A EG)(= A = 47— UH-50)
FE R 20 [kHz), 50 [WICHIERLAEE & & ICHE L, JIER T TR LgiT7-, and L7k 951z
AREBROFRIL, B EHEHTIZB T 255E O FBRMOIZ XLV, A7 A4 U CHIETE S &,
L7ehio T, BEROERE, MmRE~DEBEAN ML ENTEH L THD, £7-, FBRM X 0.5
pm5 1000 u mE CTORRENET D ENTEX D,

HEWIC L0 TR PNICKTaR AT 2 Z L3t B2 bid, T2 T, fMmOAE, R
(AU 2Bl BX51) IZX->THHMIELE, 20L&, o7 VOIRE L REMIUTFE CIZRD LI
L CH o b OfE S O ARSI IR 2 85 < T- 012, IR 2 20°CH 5 28°C & LTz,

Adjustment of KNO 5 solution -+ 35[C]

v
—| KNO ; undersaturated solution

Ultrasonic
wave

- == 28[C]

A 4
KNO ; saturated solution

=== 25[C]

A 4
KNO ; supersaturated solution

-++= 20 [C]

KNO ;3 crystal

Fig.2 Experimental scheme

3.2.2 it bt
FEEEREITIFIE Fig.l L [REETH 5, 300mL OEAHTHEIZ LD L 7 2K 100mL ZF A, WRIC 5
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Abstract

We have interest and are studding on lasing operation from infra-red to deep ultra-violet spectral region by
semiconductor lasers. BAIGaN or AlGaN semiconductor has high potential on the lasing operation in the
Ultra-Violet of 350nm down to Deep Ultra-Violet of about 220nm spectral region. In this report, current
status and recent prospect of the AlGaN Deep-UV semiconductor laser and crystal quality of AlGaN
compound semiconductors are discussed.
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Formation of Substrate Surface Exhibiting Bi-stable Alignment Properties for Liquid Crystals

it sl i
RPN A S R S

Taiju Takahashi and Susumu Saito
Department of Information and Communication Engineering, Kogakuin University

Novel five methods are proposed to adapt bi-stable anchoring properties on the substrate surface for
liquid crystal cells. In the first method, a mixed solution of PVCi and PI in same weight was used as
an alignment material and a conventional unidirectional rubbing was conducted on the
alignment film. In the second method, aluminum film was evaporated in vacuum on substrate
surfaces was etched in a stripe pattern using the photolithography techniques,and the stripes
of aluminum were anodized. In the third method, the periodical groove structure was formed on the
substrate surface by copying the structure on the grating film on the market to the photo curable resin coated
on the substrate surface, and the substrate surface with groove structure was rubbed along the direction
perpendicular to the grooves. In the fourth method, a mixed solution of two kinds of photo-alignment
materials was used as the alignment material. Those two materials makes LC molecules align parallel or
perpendicular to the polarization direction of UV light according as the expose energy of UV light. Using
the two step irradiation method of a polarized UV light through the micro stripe photo mask, the patterns
with a period of 5 um were formed by stripes of alternating parallel and orthogonal alignments to the
polarization direction of UV light. The fifth method utilized the exposed UV light energy dependence of the
alignment direction for LC director on a photo alignment material.

In this report, experimental results on alignment properties are presented for sample cells prepared by
those methods.

Keywords: Bi-stable Liquid Crystal Display, Alignment Materials, Photo Alignment Material s
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Evaluation of Solder Joint Reliability of Electronic Package System under Thermal Loading

VASINSE RN T P RN
TR T T

Gotoh Yoshiki, Tateno Msayoshi and Kokubo Kunio
Department of Mechanical Engineering, Kogakuin University

This research project aims to develop micro-materials evaluation systems and technologies. Mechanical
behaviors such as deformation, fracture in micro scale structures are not well understood. When a size of a
structure approaches the micro scale, mechanical behavior can change dramatically. The project studies
how mechanical behavior changes at the micro-scale for structural materials such as electronic package
system, and small devices.

This study appears the relationship between singularity stress near edge of the interface and the
mechanical reliability of bonded dissimilar materials. It also provides Young’s Modulus £ of small lead free
solder by means of load-unload-reloading curve under room temperature. The fatigue and strength
evaluation testers for micro-sized materials are designed and developed in this project. Fatigue and strength
properties of aluminum fine wire are evaluated by the developed testers. These results are to contribute to
establish the optimum structural design for micron sized machines.

Keywords : Micro-sized materials, Interface, Solder joint, Tensile test, Stress singularity
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