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Preparation of Environmentally Harmonic
Nano-hybrid Particles by CSD

MEARE

B TR E TR 9% 8% K A B Hisao Suzuki

Monodispersed VO,-SiO, nanohybrid particles were obtained by reducing V,05-SiO, nanohybrid

particles. V,05-SiO, nanohybrid particles were prepared by coating a nanolayer of V,0; onto

monodispersed SiO, particles from modified vanadium alkoxide and monodispersed SiO, particles

mixture sol, followed by the annealing at 350C for 2 h in air. As a result, monodispersed SiO, particles

were effectively coated by using acetic acid anhydride as a chelating reagent, and VO,-SiO,

monodispersed nanohybrid particles were successfully prepared by annealing the V,0,-SiO,

nanohybrid particles up to 500C for 2h in H,/Ar atmosphere. EPMA analysis also exhibited the

uniform vanadium distribution on the monodispersed SiO, particles, showing the homogeneous

coating of VO, nanolayer onto the monodispersed SiO, particles.

5iEA=1:D)

VO, ( ZERfb/NF T &) 1d 68T Talg Filffinfs
AT EFMOENT VDS o ZOEBIEE Tc LT
TIEFEEOBE X FF DI L, TclETidns
WEITEBE L EEZRY o COREZFMAL T, &
BRI OFG T 4 VA, ThbBLRE TR &
HLUERCHRIMEE ST CE DAY= 14 VY KOO
TSI RE L 2 B L IR SN B, ERANGEE,S
68C L) TcldmsT B, 7 AT v Exn R
=795 L TZOEBRELZHIHTE S KR T
iE, AY—=bU 4 Y FOIeHT 472012, F /794
A DWHRLT SI0, DRI VO, & I—T 4 v 7 S8 5
& OMTYy R Ik TH /TSR, B
WG E B ER & H O B R B A o T 37 %2 H R
To TOHMDIZDIZ, Si0y-VO, NA T v KF
W2, FEIRELEIET 2 2 L 2RlAhiz,

HFERROERE

AWEFETlX, VO,~SiO, A 7)) v N/ i Dk
B, KU VO, BiSRAER T O B AT L 72 %
Wa Bl sg5 2 LICX2HBO VO, A% A&
720 ZLTC, N Ty K RT & E SR
ANEHEEHZ LY, EBICaYRYy b T4
LEEHL, r—ru03 v 7EHEZRAE L. DT
ARBFZEDAER 284G L, SR OBEIZ OV TR S,

MRER

I. #FVO,-SiO, IRIFFFEF / BHEHFD
ARk

VO, B AR OK, FFICHEL7z2- 2 Mo T
)= VEZFOHBESEDL I EIZLD VO, B EK
TE&2 (ZOHBEEDT) . N 7Yy FFRTICB
W, BEEWOMREEZ X 5 VO, DA T, itk
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Fig.1 XRD patterns for the as-prepared and 600 C
annealed VO,-SiO, nano-hybrid particles.

DN VO, &2 570, ZOBRAGEFZHEKT, 600C
TS A L2E ), #SEORW VO, o h
7z (Fig.d) AWM OIRBEIZ L VB SN2 VO, N A T
)y N kA1, DSCHIEIZBWTIE- &0 &M
DR S N7z

I. y—F703 v 7484

RERMBOASHER) ~—Th 5K LK
(PLA) 7 A4 WAHIINA T v FF KT %585
BT EILEoTHAST /KT PLAIVERI Yy b7
1V LADEEHPEETH 5720 TR Y T 4 )V A
DFEBFILIEITE, KT O A X, KT 055k
HEWZEYVIEIND, N Ty N R RFEar
B9 P 74NN THEIEICED, IRMETAKE
% (ANT=128%) ¥—F703 v r7EurEsns,
(Fig2)o ¥—E7 13 v 7 HEMkIE, HHCREE K
rERRRLF B OHIEIC L D [ LS5 2 EASITRET
5o

SHROMADRBEL

AT L 724 7)) v B 7 kT (Rv=1.0)
IZBWT, AT=128% LtwHr—FEru 3 v 7k
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Fig.2 IR spectra for the nano-hybrid film of VO,-
SiO,/PLA.

E/RLZENTE AR—b U4 Y R0 HT 5
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W CTERELHIHT 2 LEV D L. KUFETIIWRTA
BIZ K o TR 2157225, SR zRmL, »ox7
L= FIA ko TRERMTL I ENEST L
Vo BEERIENC L 5T, B, HEviIEEnIhw
YA AR F 55T EDTENL, SHITTEMED
mMEL, KRELF—FZO3I v 7L THGEER
2RDL DR TH L EFEEN D,

ARENR £ (S & B RKRH

(1) Hisao Suzuki, Hidetoshi Miyazaki, Takeshi Fujiwara,
Noriyuki Yamamoto, Toshitaka Ota, and Minoru
Takahashi, “V0O,-SiO, Nanohybrid Particles by
Nanocoating on Monodispersed SiO, Particles”, J.
Ceram. Soc. Jpn, 112 [5], S994-S996 (2004)
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Particulate Design of Submicron Polymeric
Particle for Gene Delivery

02109

MRAERE  WERIRIRE R BT I A ¢ F Hiromitsu Yamamoto
HEAMEE  BRIERAE R #3% )Il B 3 B Yoshiaki Kawashima
HEFRE  IEERAY N W H MWl & Takeshi Sakai

O

Purpose: For gene therapy, development of non-viral vectors delivered more efficiently and safely
into cell has long been awaited. We have successfully prepared poly (D,L-lactide-glycolide)
nanospheres (PLGA NSs) for peptide delivery to improve drug absorption through the mucous
membrane by modifying the surface of NSs with chitosan. The aim of this study is to establish the
preparation method of pDNA loading PLGA NSs to improve loading efficiency and to enhance their
cellular uptake and gene expression.

Methods: pDNA (pCMV-Luciferase) loaded PLGA NSs were prepared by emulsion solvent diffusion
method. For the preparation of chitosan coated PLGA NSs (CS-PLGA NSs), chitosan-PVA mixed
solution was used as the dispersing phase during evaporation process. Particle size and zeta potential of
NSs were measured by a laser scattering method and zeta master (Zetasizer 3000HS, Malvern Inc.).
pDNA loading efficiency into NS and release behavior of pDNA from NSs were investigated. In vitro
transfection tests were performed with human lung adenocarcinoma cells (A549 cells) by luciferase
assay system. In vitro cellular uptake tests of NS were performed with A549 cells by using 6-coumarin
labeled NSs.

Results: The particle size of NSs was c.a. 250nm. Plasmid DNA could be dispersed in polymeric
organic solution. Loading efficiency into nanosphere was increased by forming ion complex with cationic
material (DOTAP or chitosan). CS-PLGA NSs had a positive charge, while PLGA NSs being negatively
charged, suggesting that the NSs were coated successfully with chitosan. pDNA loading efficiency was
increased by coating with chitosan. CS-PLGA NSs showed higher cellular uptake of NSs with A549
cells than uncoated NSs. The transfection efficiency of CS-PLGA NSs was higher than PLGA NSs. This
result might be caused by higher cellular uptake ability of CS-PLGA NSs due to electrostatic

Interaction.

W EN EAHEARNIZ BN TALET, M~ DZE AR D
Rz & AIRRANOBZFEAZBNTE  ORED

BIAFIREL, EROBSTF, & v /37 BIEERT HFELTEY, VEY—2%F /2727 (NS) %
ZEB T E v &) ZEREMER B L TR E B EOBETF ¥ ) 7T OB ST b, Lt
MEEIIET D LHfF SN TwL, LaL, #EfsTH HTIIINTTIZ, 7T FORMEERES HEEE L
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THRYFE - 7)) a— vk (PLGA) 2RI & L7
NS DR EIT>T& 7o SHII, ZOXEEL ¥ M
BT A LK), KA SRR R A
Mo T&E7z ¥ MBI FE, BHEOMED
WE SN TWB, ARFZETIE, F M TR
5T LX), MINELY AA, BEZFEBER LA
Hig L7285 1720 PLGA NS 7 O#%aH% X L
726

MR ROEIE

1. pDNAFAPLGAF/ X7 = 7 DA%

KL=V Y g VIEBRIHGETIE, R~ — - &Y
BRE LT, TNZThORIBHEMYESEHRTES
£ %, WML HEICREG L THWS, PLGA XY
ouxgyryerzuaufRiVh, Tr by EIIIERT
LA, T —ReKe ENOEMEEE IO TR,
WE, LYV a SEBILEEC X S PLGA NS O
BIZE, RNOWHEZR EOBE,» S, TR b H
WHN b, —F, REFEIZBWTHE A %3 A S pDNA
W, REICIZERT A, AREERICIEF T A
T\, $%bE, PLGAOERBHETHZ 71 b i
pDNA 2/ L CI3 B L LT, £72, pDNA DR
BT H B RBHEHIL PLGA IS L TR BB E LT
B <o PLGA A % pDNAEH I A 72 & 2 5,
Fig 1 1IR3 £ 912, BRI L % & Ebits pDNA
DOHFHIATFRD 5720 pDNA E O L% HhN & &
% &, PLGA OWEMREAMET L, PLGA O b 720
LA EHIThol,

PLGA 75#f# L, pDNA {Z#TH L T B IREE T,

Fig.1 Inner phase added pDNA sol in the process
of pDNA loaded PLGA NS preparation by
emulsion solvent diffusion method

NSOFR#E AL T A, Table 112RT & 912,
K F- 18 2088nm DKL FH3F 5 N7z As, KLFNAD
pDNA # AL 03% & MDH T, TLAED
pDNA 23 PVA KBEWTIZIRIM L TLE D 2 &AL
M7 5720

Table1l Characterization of pDNA loaded PLGA
NS prepared by emulsion solvent diffusion

method
Particle Zeta Loading
size potential  efficiency
(nm) (mV) (%)
pDNA loaded ~
PLGA NS 208.8 334 0.3

1.1 REANDHFF AEREERMOI W FPMEICRIET
=7

pDNA X, #F A+ HWHEESH AL ar T
Ly 7 AR, NEEEEEEZIET 5 2 & A5
ENTW5. HAEROEEBI Y, BARFOPM, ik
HIRERE DB &2 & ) AN OBIRIMEZ &b 2 LT
LL0EEZHNL, £ 2T, pDNA O HHIH],
NS N~DE A\ % HgE LT, pDNA & 7154
YYIRE TH 5 DOTAP & OB AR Z M S &, K
FIRBREONAR~RINL, R % a7z,
BEAEKZEESESZEI2X), pDNA OAFHHE
RBOLN%R L =Y (Fig2-b), 5472 PLGA NS ®
HALLM L (Table 2), Ziuid, BEKERT
FELZHWAS Z 12X D, pDNA @B & A5+
MEh, FRREESNOBRIE, SsHEsm L2 L
X512, TREOBUKMET VF LA PLGA & Bk
WCHIEER LAIR IR ~—< b)) v 7 APRIZE A
T&ledeEZON, /2, BEonRToOE—

a) b)

Fig.2 Effect of DOTAP/pDNA complex on PLGA
NS preparation by emulsion solvent diffusion
method a) Inner phase added pDNA sol. b)
Inner phase added DOTAP/pDNA complex
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Table 2 Effect of adding cationic lipid on PLGA NS prepared by emulsion

solvent diffusion method

DOTAP conc. Particle size Zeta potential
(ug/mL) (nm) (mV)
Complex loaded PLGA NS 0 208.8 -334
0.01 3389 -277
0.05 2834 -30.9
0.1 3045 -25.6
05 301.0 -228
1 2988 -26.6
DOTAP/pDNA complex 0.1 280.1 415
og | IZRIN$ A2 L12 L ), DOTAP/pDNA #H &K OB
o KA L, PLGA & OMBESERAG % - 727280
— .E':I L .__-"".. t%/i%ﬂf:o
i & 12 hH>EDaALTLy 7 Z%&FBLPLGA
§157 ’ F/ A7 1 7ADT 5 ZXI FDNADHA
E DOTAP & [A#12 pDNA & #ENICEAE 2 K
210 | THF MU EHCT, BTHBEEG, HAKE
A
- e AR o720 BSNIZRH T OWMES Table 3 1277 L72s
S 5 Il ¥ b4 /pDNA AR E 22 &2 X ) pDNA I
| PLGA B CTHH L% L & o7 (Figd). F 72,
K DOTAP &k L MBEIZ, NSO pDNA O F b~
0 0.25 0.5 0.75 1 EEAELEETNS O »RAIEZ A, F MY

DOTAP coane. (LgimL)

Fig.3 Effect of DOTAP concentration on loading
efficiency of DOTAP/pDNA complex loaded
PLGA NS

Y EMIZEOMHEE L L, DOTAP #A MKk T- K1
12137 <, NSHEBICH A SN TV Z LRI
726

BAERICH W2 DOTAP igE 2 2k 38, K1Y
P RT A E (Table 2, Fig3) L7-& 25,
DOTAP % @i B CTlshl, HELSEL T LIZLD
pDNA # A#E | E L7z, Zhid, DOTAP # £ =&

VURED EAT A ENARICATIE SRS Hih LD
1271, pDNA #HARLMT LA (Figh)o 7 M
&, F M SH L CABETHY, F M UIRED
BIMCE>T7)—0F b roFa8mL, 7x b
YHICHTB L CE b EZ SN, 72, ¥ MY
VIEENHEINT A &, pDNA D) v EREE AT
XM UAFHOT I HEAERE Y, HAK
DKEWED R L2720 E 2 5Nz,

1.3 ¥ b Y EEHPpDNARARICR(FTHE

NS OMINENPGAD N2 ]FE L, Kbz~ 3
¥ EIELERE I X % pDNA #HAR#E A PLGA NS #
WO OIMNMIZ, PVA-F M Y REZ A L,

Table 3 Effect of CS/pDNA complex on PLGA NS prepared by emulsion solvent

diffusion method

CS conc. Particle size Zeta potential
((%) (nm) (mV)
Complex loaded PLGA NS 0.00 208.8 -334
0.01 2372 -235
0.02 249.6 -22.7
0.04 250.8 -196
0.10 252.6 -212
CS/pDNA complex 0.20 203.8 216
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b)

Fig.4 Effect of CS/pDNA complex on PLGA NS
prepared by emulsion solvent diffusion method
a) Inner phase added pDNA sol. b) Inner phase
added CS/pDNA complex

B

Loading efficiency (%)
£ 4

] 0025 i0.05 0.075 0.
C5 conc., (%)
Fig.5 Effect of chitosan concentration on loading

efficiency of CS/pDNA complex loaded PLGA
NS

PLGA NS @ #i ¥ & 1 O 1% fii % & & 72 (Table 4,
Fig.6) o

DOTAP &1, ¥ My EEEOVWFhoBEeE
AEALZNSIZBWTYH, F M UEiEz sk e
LTHWTHBELAZNS DY — ¥ EMIZIEDOHEZ R
L, MTREDF b2 TBEHINTW S Z LA

25
O Norn-PLGA NS
— ap B CS-PLES NS
.
1y
& 15
8
=
i
@ 10
3
0 L

CSipDMA
Fig.6 Effect of chitosan coating on loading efficiency
of pDNA complex loaded PLGA NS

SNz, SHI RFESBIMER ZR L7z, T,
FFREAF M THBEAIESNLE I LIZE) R ~v—
EBRER SNz EZ N, 72, F M8
fili & 47 o 72K F @ pDNA H AL, RAEHR 12
N, BWEERR L, 2, BABEETR B
ENDLIVINVY a VRIS Lx Mo, 4
IKANDIRH 2 IH] L 72720 & E 2 bz,

2. b M EREME (AS49IfE) ZRAV L
pDNA# APLGAF/ X7 = 7 Min vitroFFih

v b EREEMIE TH B AB49 e % v C, pDNA
ZF A L7z PLGA NS DY AALFEER, IR TF5BI%)
SEFM, K OHIRREE IS DWW CEHE % L7,

21 HESL-—Y—-EZEREZ AV -RERYEEE
1000nm, 400nm, 200nm (2RI T-£5 % WA L 7290k
Tk PLGA NS DAL D sA A FEER 21T\, LR
L= — M X A HE MR T o 22
(Fig.7,8) o #Miia> 7 7 F » % TRITC-phalloidin (/%)
TR L, BgLITo72,
W NORFEIIBWTE, MaMNIEE»BIEE S

Table 4 Effect of chitosan coating on particle size and zeta potential of pDNA

complex loaded PLGA NS

Particle size Zeta potential

complex (nm) (mV)
DOTAP/pDNA 2834 -309
Non-PLGA NS CS/pDNA 2372 -235
DOTAP/pDNA 3255 25

“PLGA N
CS-PLGA NS CS/pDNA 3025 45
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N, PSP ICH) A F TV S 2 L AR S L
7z (Fig7)o F7z, #ONOWMEEL, K FEO/NSWFL
TR L, NSRRI EMBENANI) A e T
W EATRIEE Tz,

KL F-200 % 3 b2 TIEHT L 72356 b Rk o &
%0, MIRBAANKF2SED AT N TWD 2 EPEIES
n7- (Fig8). F7z, ZoHiE, RBHiOHELY
s, F M UBHiE T 2 LX) MBS OIY
AV I NG T EHREBE N/, ZiUE, F MY
V56 PLGA NS 75, IEO¥—sEMZ2AL, AlZH
WL T A MR & ORI ESHEER A F

a) Hen-FLGA 1000

) C5-PLGA 400

o) CE-PLGA X0

Fig.7 Confocal laser microscopic images of A549
cell incubated with Non-PLGA NS
a) Non-PLGA 1000 (926nm, -32.5mV)
b) Non-PLGA 400 (435nm, -32.6mV)
¢) Non-PLGA 200 (215nm, -29.6mV)
Green; PLGA NS containing 6-coumarin Red;
Cellular actin

N, MEEANERE L, L 0% oRF DSl ~H
DIAFN7z b EZ SN,

22 F/RTITREFHEBARVAHICRIFTE
420

MIFAAEL Y AR TR, MIRZERL, #t~—7
—THhb6- 7<) e+l LickhEENE
KLF DOHIFBAILY JA AR OFH A 4T o 720 FLF I IEAT
£ 400nm O A5 Hfi PLGA NS % F v, Hi 7B 1R
MEDA ¥ F 2 x"— MM T 4 FER & L7z,

MURRE 2P ORL TR A 2L S W72 L Z M
WY AsEZELZE Fig9 IR d . ZHUTED, ki

8] C3-PLGA 1000

b} Hon-PLGA 400

&) Non-FLGA 200

Fig.8 Confocal laser microscopic images of Ab549
cell incubated with CS-PLGA NS
a) CS-PLGA 1000 (1116nm, -34mV)
b) CS-PLGA 400 (458nm, -4.2mV)
c) CS-PLGA 200 (245nm, -3.8mV)
Green; PLGA NS containing 6-coumarin Red;
Cellular actin
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25 500pg/mL LU O &P T, #EE A 12
FAWNHCY AAmid B L7ze Lo L, DT 500ug/
mL DL ETIE, 2O AL=O LAIZALNT, A
JAPIEL Y SAADSEIANZE L7z SAUC & D, HIfPI~
ORLT- O SAAIL, I % F L 72 AL Cld e <,
SEHLEIC L VI ATV 5 2 EATRIE S 7z,
23 F/RT7 7 EHEMERESHEARYALICRE
%

NS BB IRIMBED A >~ F 2~ — | FF A A A
DRI BT T HBIZOWTHRE L 72,

NS MR AR 2 1 R, 4 ERE, 12 WeR & JE
R3E2120E, AR Y JA & & BEIME R % 7R L
720 S, HEBE LR T OBk O RE R ARVl

la«lﬁ» S
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Cellular uptake
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Fig.9 Effect of particle concentration on cellular
uptake with A549 cell

100
Mon-PLGA 200
.. 80 - Maon-PLGA 400
o B — Mon-PLGA 1000
825 60| :
2 —
58 & .
2 o Eaj T I
FE W irrs
[ -]
= = T
20 B
i I
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Fig.10 Effect of particle size on cellular uptake with
AbB49 cell
Non-PLGA 200; 2154nm,-27.5mV, Non-PLGA
400; 382.6nm, -36.4mV
Non-PLGA 1000; 926.3nm, -26.5mV

ANOR Y AAE DI L 727208 E 2 5, Zhi
L0, MBEPOBY) ARE—BEO L DOTIERL, &
BEAICHCY) A E AR ICERE SN TW A Z LS
MmETR o7,
24 F/ 2T 27 OWNFEIHBEAER Y A& ICRIEFE
=7

LT L — - B A X A HLY ARG T
(&, ALFEORAIE IR O HOEO TR S A3 < 7
LAEAH 517z 2 2 T, 1000nm, 400nm, 200nm
7 DR RO RMEH PLGA NS % H v Ch 7%
ALY AR RN FAT T B OV CERMN A% 17
-7 (Fig.10)o

B 0TNORTIZBWTH, MFEANDEY A
PHERR S, TOHY AkhmlL, BEKFHNTHLZ
EDRHO N oz T2, EIEREMN T, MIPIE
D IABNATEIFIDH S Tz

T/, KTEAREVIZE, BV AAREERL,
SR Y sAAm S BWEEA R L7z, ZAUZLD, &)
WAz R F 2 VD 2 L2 X )RR & R 2 e
AN AFELZENTELZLE LWL E L o7,
25 F MY LICKZEREARBHSHBARYAHLICK

FIeE

F MY MBHIT S LA L )R REAIEEN A
TAHEHC%, MR L mCAHEIER L, MRRA
WO AREEEZRITTZENEZOENL, €T,
F ML B EREEHI ALY AR KITT R
BIZOWTHE L7z (Fig. 11),

120 - O Non-PLGA 200 '
& CS5-PLGA 200 l
100 -
z l l
- B
2R
58 6ol P,
= E" PR O
St 40-
=
E
20 -
|} =

0 500 000 1500 00 2500
Né conc. ug/m2|5
Fig.11 Effect of chitosan coating on cellular uptake
with A549 cell

Non-PLGA 200; 215.4nm, -27.5mV
CS-PLGA 200; 253.2nm, -3.2mV
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F M BHIA RS EICED, RABH NS 125N,
MIFBNELD SAK R IZ B L 720 2 ORLD AK R E%)
FUE, FFRICERR (RO SNz, Ziud, F b
Y CRMEMEMS 25 L1280, MIBEREANORTH4
L WY AREANMELZ D EEZ SN, T2,
FLF RN S WRLF T LA R RIE, B I RN,
kLT 72 E DM DOHLY) AT T Y FH A F =2
ENT B EDOMENLHEN TS, L0 il 4
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Fig.12 Transfection efficiency of pDNA loaded
PLGA NS with A549 cell
Non-PLGA 200; 223.5nm, -27.8mV,
Non-PLGA 400; 452.3nm, -32.2mV
Non-PLGA 1000; 1030.5nm, -28.8mV
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Fig.13 Effect of chitosan coating on trasfection
efficiency of pDNA loaded PLGA NS with A549
cell
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Table 5 Particle size and zeta potential of pDNA loaded PLGA NS

Particle size

Zeta potential

(nm) (mV)

Non-DOTAP/PDNA loaded PLGA NS 286.6 -25.8
CS-DOTAP/pDNA laded PLGA NS 354.6 48

Non-CS/pDNA loaded PLGA NS 302.2 -284
CS-CS/pDNA loaded PLGA NS 3224 38
pDNA/CS-PLGA NS complex 475.6 32
DOTAP/pDNA complex 280.2 426

1.E+07 |-

1.E+05

1.E+03

Relative light units
(RU/mg cell protein)

—0O— Non-DOTAP/pDNA
loaded PLGA NS

—e— CS-DOTAP/pDNA
loaded PLGA NS

—6— Non-CS/pDNA
loaded PLGA NS

—o— CS-CS/pDNA loaded
PLGA NS

—+—pDNA/CS-PLGA NS

— Naked pDNA

1.E+01 : : : :

0 24 48 72 96 120 144 168
Incubation time (hr)

——DOTAP/pDNA

Fig.14 Effect of incubation time on transfection efficiency of pDNA loaded PLGA NS with A549 cell
P < 005%, ** P < 0.01%; significantly different from pDNA
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Fig.15 Transfection efficiency of pDNA loaded PLGA NS 1 vivo
Dose; 51 g pDNA, Animal; ICR mice (6 week) Root; Intratracheally administration
*P < 0.05%; significantly different from pDNA
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Development of Photo-triggered Drug Delivery System
with Mesoporous Silica

02112

MERKE  EERRY M P Bk % T Akichika Itoh

Recently, it has become easy to obtain medication without regular hospital visits as out-patients

or previous hospitalization. This is mainly due to the development of the drug delivery system

(DDS). However, to cope with the aging society in Japan, further investigation is necessary to

establish a highly effective DDS. Against this background, an important project is to develop new

materials which constitute such medication. Mesoporous silicas, which possess uniform pores to

incorporate medicines are noted as new materials in a wide range of research fields. In this

context, I have studied development of a photo-triggered drug release system with mesoporous

silica through photo-decarboxylation.
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Postponed Dewetting in Two-layer Particle Dispersion Coatings

02117

MEAFE  JUNTERFTHE B#dE 10 & 5 A Masato Yamamura
HEMERE  JUNLEAFLHE % % B £ ¥ 2 Hiroyuki Kage

The effect of particle addition on the de-wetting at a liquid/liquid interface was observed by
optical microscopy. Evaporative organic solvent film was coated on an immiscible silicone oil to
form two-layer thin liquid coatings. As the solvent evaporates, the solvent film became thinner,
spontaneously ruptured and promoted the de-wetting at the solvent/oil interface. The spherical
silica particles with a diameter of 54 microns were dispersed in the upper solvent layer at a
particular range of particle concentrations. The experimental results revealed that the onset time
of de-wetting significantly increases as increasing particle concentrations in the upper liquid layer,
Le, the liquid layer was stabilized by the particle addition. In contrast to the suppressed de-wetting
in a single dispersion layer (Barnes,2000), the suppression in our two liquid layers was induced by

slower growth of fluctuation at the liquid/liquid interface, rather than the meniscus self-pinning at

particle/liquid/solid interface.
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Formation of Structured Particles Based
on Reaction-Diffusion Kinetics in Gel

\S

03101

HrFE  WEAETEIWELE TR B ¥ JHF # /A Akihisa Shioi
HERRE IR KRB T eRHE LRI R ZE A Zhang Yanlin
HEAMEE WK KFRE TSRS £ B T #&  Chiori Satoh
HEAWMEE  HARAENRRS BRIPER W (T P B ¥ Takahiko Ban

Oscillatory zoning of solid solution of (Ba,Sr)SO, was investigated in gelatin. Then, Ba*" and Sr*
diffused into gelatin, and SO? also diffused from opposite side. Periodic change of molar ratio Ba*"/
Sr**, which was firstly found out by Putnis et al. (1992) in silica gel, was well reproduced. However,
we were able to obtain fine-structured particles which are quite different from those in silica gel.
We investigated effects of gelation time and gelatin concentration on the structure and chemical
inhomogeneity of particles. Experiments with 16% and 24%-gelatin gave results that core portion
of solid solution was composed of BaSO,, which was different from the results in silica gel.
Furthermore, we were able to make various kinds of particles with novel structures by controlling
gelation time and gelatin concentration. For example, different structures of particles were
successfully formed in separated zone in gelatin. As another, white turbid zones containing
particles were clearly separated by a transparent gel. These particles were formed spontaneously
without special operations. This was achieved by a reaction-diffusion mechanism. Gelation time and
gelatin concentration controlled the diffusion rate mainly, which induced dramatic change in
particle growth process in gel. On the basis of these findings, we discussed the mechanism of

particle growth in this system.
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Synthesis of Nano-composite Thermoelectric
Materials by Solution Process

03102

mEREE  KBokE BEdg Bl 7% Shigeru Katsuyama

¥ -Na,Co,0O, is well known as a candidate of high performance thermoelectric materials. y -Na,Co,0,~
Ag composite was obtained by sintering the powders prepared by the citric acid complex (CAC)
method. The observation by the scanning electron microscope (SEM) indicated that in this composite
fine Ag particles were dispersed in Na,Co,O, matrix. The addition of Ag was effective for the reduction
of the electrical resistivity ( o) of ¥ -Na,Co,0,. The composite with small amounts of Ag shows
moderate Seebeck coefficient (S)and thermal conductivity (k), but with increasing Ag content they
became unfavorable values to the thermoelectric performance. The maximum Z7(=S°7/ (o xk))
of 122 was obtained at 950K in the sample with 10 wt.% Ag. We have also consolidated Na,Co,O,
powders by the hydrothermal hot-pressing (HHP) technique. The measurement by the X-ray
diffraction and the observation by SEM indicated that the sintered Na,Co,0, ceramics with the
plate-like grains aligned along the pressed plane can be obtained, and the larger pressing pressure
and higher treating temperature in the HHP process are favorable to obtaining the samples with
high orientation. The relative density of the samples also increases with increasing pressure and
temperature in the HHP process. The Seebeck coefficient and electrical resistivity of the samples
treated by HHP are generally smaller than those of the sample untreated by HHP. As a result, the
power factor (S%/p) of the sample treated by HHP under 523K and 200MPa is slightly larger than
that of the sample untreated by HHP.
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Fig.2 SEM photograph for Na,Co,O,~Ag composite
with 10wt.% Ag.
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Fig.3 Temperature and Ag content dependence of
(a) Seebeck coefficient and (b) electrical
resistivity for Na,Co,0,~Ag composite.
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Fig.5 Temperature and Ag content dependence of
ZT for Na,Co,0,~Ag composite.

Fig.6 SEM photographs for Na,Co,0,~Ag prepared
by the CAC and HHP methods. (a) shows the
cross-section along the pressed plane, while (b)
shows the cross-section perpendicuiar to the
pressed plane.
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Table 1 Calculated Lotgering factor f and relative density D/D, for the HHP-untreated
and HHP-treated Na,Co,0, prepared under various conditions.

HHP-treated

HHP-untreated

473K, 100MPa

473K, 200MPa 523K, 200MPa

f 0.74 061
D/D, (%) 956 939

0.81 0.87
974 99.1
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Fig.7 Temperature dependence of the (a) Seebeck
coefficient and (b) electrical resistivity for the
HHP-untreated and HHP-treated Na,Co,0,
under various conditions.

L NERL TV D, 473K, 100MPa THAKE A v T
7L AR L 7B 0¥ — Xy 7 AR ALE O 3R
LD HNELBoT0EY, MHIREL L OETIAK
EL BB E =Ny ZREITRE (Y, 523K,
200MPa CTHLEL L 72 O T IZIZREE IR > T
o KBy N T L AL 723 BT L RE R
Y=y ZRE NS R BESIRPIEREEZ RS W &
LT, WEFIZBT 235 D Na DIBEPEZ S
N5, —HmIZ Na,Co,0p Tl x 2N EWEE D H A
RPN SV, ¥ =Ny Z7RHL ISR D
ZEPHESINT VDS, KEGKY b7 L A7
DEELWEHTICBI ARG TH 5700, WHAFIZH
W Na,Co,0y 25— L, Nad kL TLE D
WREMEDSH 5o FERE, SEM %2125\ T Na,Co,0, 7%
GiRLTELEEBDLNL Co0, DITHIA T b
PTIEDLDVEE SN, £ T, Kk M T L
A, ENOBVEBHIBWTTTE -y 7 {RH0s
KEL Y, —Fh, BXIRILEIVNE 2 2BR 0
SN DIE, BEEAAE RS SRER M & B EO EA
ZEBrdbnEEZLNS,

Fig.8 |2 BEAE R R O T P=S"/p % K> 72 4%
R%EIRT o 523K, 200MPa THKE K v b7 L AULE

2000—————t .
1800
<~ 1600
i 1400
£
= 1200
5 1000
8 800
u- -
b >
2 600 5
T 400l 5 @ HHP-untreated ]
\ 0 HHP(473K,100MPa) |
2001 0 HHP(473K,200MPa) |
I & HHP(523K,200MPa) -
i ! i 1 1 L 1
9200 600 800 1000

Temperature (K)

Fig.8 Temperature dependence of the power factor
for the HHP-untreated and HHP-treated Na,Co,O,
under various composite.



Hosokawa Powder Technology Foundation

L7230 B DR LB b DI HRETRE L
o 72, —HRIIZKEGR Y N 7L AL L - 5E
DFIVNSNlER LTz,

4. £&O

KWL TIE, Na,Co,O, BEALARDIERIZ 7 T > PRk
REEKRBR Y N L AL W) RO A %
R L, IR O HeREE, &5 SRACIANIREE %2
HHT 2 2 LI &k o TABEBLIME & L CoMlROM
FEHiRL 72

AgkmmMmL7-RBClE, 7 VEREMABICL D
Ag A Na,Co,0, ¥ MY v 7 A IZAMIZ 5 E L 72
Na,Co,0,-~Ag I v R v MEEMKZFR ST L2 &8
TE7. MIMECKFET 200, Ag HINLERIK
PR L BREREORBICENTH Y, Agx 10 E=
% Ml 2 72308 TH 950K 12 B W THROKHY 1.22 D HERTT
VERETREL ZT D315 5 7z

7 ISR L KBGR Y N T L AR A DY
7RE I, cEATT L AW B EICEMN L 780 7
BRI R AR 5 2 &S T & 72 B Iz
LOKREA Y M TV ALZZEBTIE TV AMIZBWT
BRI O A 51, 523K, 200MPa T 7k 2
Ay b TV ARE L Z2HE O BT P ISR O
boxFET LRI 72,

SHEOMENRAL

L EWEHL L 72 Na,Co,0,-Ag T v BV v MERET
&, AghFOBEN RSN, SFHIE L ZZamyk
TFOF LRV TOR M) v 7 ARAOGEUTFERT
LI ENTELNoT. 74 /) ¥ ORESHAE LA
WEEIZIBIT 5 EE 2 5NL720, BRI T-HV)
SV I EBRERORESHIRFTE 5, 4%, B
FMEOME, F707 T U MREEREDSN O J o #H 7
ElZEY, AghFooitREZHIE L 72vweE2 T
Wh, F/2, KBGky T L REERHWIETIE,
BULH S % Biat L C S S ISEEmYE O B Rk R SR
BER LW EEZTWE, T2, BEOEETIZY
L AT E D@ B BERARRAE 2 F 5 2 2 & A
L, =Ry 7358 X OEREIEORE I &
] U5 1) C B8 53 52 A3 0] B 70 BEAS AR GURE 2 VR 5
BIENTELholz, 4tk KEOUREZEDT,
Y=y 7R B X OERESERORE R & U
M TOBMLEREME L, ZT OFFliEITVInwEE
ZTWh,

AN &S & B R

SXKatsuyama, A Kishida and M.Ito, “Synthesis of Na,Co,0,
by the Hydrothermal Hot-pressing and its Thermoelectric
Properties”,

J. Alloys and Compounds (2006) in press.



F/ - 3P A T —)VoiFEEE K )

Wettability and Surface Forces on Nano-
and Micro-meter Scales

MARARE

SRR TR BE B 8 % 3% Hiroyuki Shinto

While the wettability of solid surfaces and pores (adsorption and capillary condensation) is relatively

well understood, the force between wetted bodies is still largely elusive. Detailed understanding and

exact description of the force between solid surfaces both in vacuum or dry air and in capillary

condensed fluids have been a central subject not only in colloid and interface science, but also particle

technology and tribology. Deep knowledge of the adhesion phenomena is important, from an industrial

point of view, in the process of particulate products such as ceramics, catalysis, and pharmaceuticals, in

the manipulation of microdevices and micromachines, and in many operations (e.g., particle filter,

fluidized bed, and painting and particulate coating).

In this study, the wettability of solid surfaces and the surface force were investigated computationally

by Monte Carlo (MC) and Lattice Boltzmann (LB) simulations and experimentally by atomic force

microscopy (AFM).
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Fabrication of TiAl-based Nanocrystalline Powders Using
Polyphase Microstructure Formation Process

03105

MEREKE  IUNKERERQEHLEMER BT K% £ I Satoshi HATA

Phase transformation processes and thermal stability of nanocrystalline microstructures in TiAl-
based alloy powders have been studied. Ti;Al;Mos(at.%) alloy powders prepared by a plasma rotating
electrode process were ball-milled for 96 h. The as-milled powders are composed of nanocrystalline
grains of a (hep-A3) or B (bcc-A2) phase smaller than 50 nm in diameter. In very early stages of
annealing at 873-1373 K, the milled powders transform into an equilibrium three-phase state of
a,(D0)+ B,(B2)+y (L1,), followed by the formation of the y phase from the a(or «,) phase. The
annealed powders have an equiaxed grain structure and exhibit a small increase in grain size after the
heat treatment. This result indicates that the coexistence of fine a, f, and y grains with the different
crystal structures and compositions significantly retards the grain coarsening in the annealing

processes.
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Fig.1 X-ray diffraction patterns of PREPed TiyAl;sMos
alloy powders before ball milling (a) and after ball
milling for 345.6ks (b).

Fig.2 TEM micrographs of as-milled TigAlsMos alloy
powders. (a) A bright-field image, (b) a diffraction
pattern and (c) a dark-field image using the 0002,
and 110, diffraction intensities indicated by the
arrowhead in (b).
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Fig.3 X-ray diffraction patterns of the ball milled
TisAlisMos alloy powders as a function of
annealing time at 973 K.
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Fig.4 TEM micrographs of the ball milled TigAl;sMos
powders after annealing at 973 K for 0.3 ks. (a) A
bright field image, (b) a diffraction pattern and
(c) a dark-field image using the 200, diffraction
intensity indicated by the arrowhead in (b).
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Fig.5 Time-temperature-transformation diagram of
the formation of y phase at 873-973 K determined
by X-ray diffraction and TEM observation.
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Fig6 Bright-field TEM images of the ball-milled Tis,Al,:Mos alloy powders annealed at 973 K for 06 ks (a) and
604.8 ks (b), at 1173 K for 06 ks (c) and 604.8 ks (d), and at 1373 K for 0.6 ks (e) and 864 ks (f).
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Fig.7 Schematic illustrations of equiaxed grain structures
composed of two ( o ,+ y ; left) and three phases
(a,+ B ,+ v; right). The differences in gray scale
denote different phases.
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Micro Ceramic Pattern with Nano-sized Particles Using a Micro Mold

03106

MEARE  WH - MEBIERE  MORTTERT R e R L — 7

FALWE R ANEhSE & Hiroshi Fudouzi

HEWRE  WHE - METSEEE  MORITZERT BRERLE MR v — 7
EEEME 4 ZH # F Jyunko Imasu

HEIRRE WE - MOEMFZERSRE AP RFERT R a ke A v — 7
F1Lr%— H #% M Yoshio Sakka

Micro molding in capillaries (MIMIC) is promising a bottom up approach to fabricate micro-
pattern using nano-sized ceramic particles. In this report, we have recently achieved two
techniques for MIMIC process. One is a replication of PDMS micro-mold without using a master
mold made of silicone wafer. The technique provides cost effective PDMS molds using duplicated
from polymer master molds. The other is a new MIMIC technique to fabricate ceramic striped
pattern with nano particles assisted by infiltrative liquid. For example, striped patterns with lines
of 10um in width were constructed using about 30 nm SnO,. The line length of the patters reached
up to 2 mm by infiltrating the step of 5 times repeat. This new idea improved the issues in
fabricating ceramic patterns with long length in conventional MIMIC process. At the moment, we
are making master molds made of silicone wafer using lithography technique. We will promote the
investigation on MIMIC process for nano-sized particles suspension in a comprehensive and

systematic fashion.
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Fabrication of Lubricant Layer by Electrical Discharge Machining with
Powder Suspended in Working Fluid

03107

MRRERE  BHTEAFTYR B#EdE & & 7% 7 Katsushi Furutani

Solid lubricants, such as molybdenum disulfide (MoS,), gold, silver or polytetrafluoroethylene
(PTFE) are often used on the sliding parts exposed in the space environment. When MoS, powder
is mixed in the working oil, MoS, layer can be deposited on stainless steel during the finishing
electrical discharge machining (EDM) process. The deposition process must be clear to improve
the endurance of the lubricant layer. When the electric field was applied between the electrodes,
MoS, powder reciprocated. Eventually, the powder was concentrated on the positive electrode side.
Therefore, the positive polarity is preferable for the tool electrode. Then, the influence of the
working oil flow was investigated by rotating a copper disk electrode. MoS, was observed on steel
under all conditions. The reciprocating friction test in air was carried out to investigate the
influence of machining time and measured point of the deposited layer. The lubrication duration
was decreased with an increase of the rotation speed of the electrode. Because the lubrication
duration was saturated over 30 min, the deposited MoS, was removed during deposition in the case
of machining for a long time. The influence of the thermal properties of the specimen was also

investigated. MoS, could be deposited on the metals with lower melting point than MoS,.
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]1 MoS, iR AREIM ISt

Electrode polarity Negative
Electrode Cu ¢ 16 mm
Discharge current 2A

Pulse duration 2 us

Pulse interval 8 us

Open gap voltage 320 V

Jump height 0.8 mm
Jump time ls
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Development of Particle Manipulation Method Using
Capillary Electro-osmotic Flow

03110
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Bi¥dz B 1IFE B Masayoshi Fuji
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¥ w5 B 2 Minoru Takahashi

/i

/

The technology to assemble particles as a method of the technique for making material in recent
years attracts attention. The particle assembly technology is the technique to fabricate a new
functional material and device by assembling two or three dimensional periodic structures with
particles such as metals, oxides, and polymers.

It is expected that the material which has a multifunction and an intelligent function in the future
can be made by assembling the particle with various functions arbitrarily.

The purpose of this study is a new technical development of the particle array with the capillary
electro-osmosis used for the microanalysis method. We would like to apply the capillary electro-
osmosis, which is actively researched in the field of chemical analysis, as a new technology for
making materials. The under mentioned merit exists when this method is applied to the material
processing. An indispensable device is only a power supply. It is easy to control a quantitative
particle transport which uses the electro-osmotic flow by setting an electric experiment condition.
The particle can also be arranged to the non-conducting material because the electro-osmotic flow is
used. The composition of the cathode or anode side solution can be changed arbitrarily and
independently. This is one of methods with which the contradicted requirement of dispersion and the
flocculation is satisfied at the same time. Chemical or physical condition that the particle coheres can
be set on the solution side which the particle extracts. On the other hand, the condition of dispersing
particles can be set on the solution side where the particle is supplied. In this paper, the particle was
arranged at an arbitrary position on the substrate by using the advantages of the capillary electro-

osmotic methods; especially an indispensable condition to achieve a minute array was investigated.
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Fig.1 Capillary electrophoresis apparatus for
particles arrangement.
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Cathode solution:
2A is pH6 (water)
2B is pH4 (HCI)
2C is pH2 (HCI).

Fig.2 Optical micrograph of the arranged silica particles
with a diameter of 12 um, fabricated on silicon substrate
in various cathode solutions. (Arrangement
condition: Voltage was 3kV, Stage movement
speed was 100 um/s).
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Fig.3 (A) Optical micrograph of the arranged silica
particles with a diameter of 1.2um, fabricated on
aluminum substrate in poly (acrylic acid) solution.
(B) SEM image of the arranged particles as
shown in (A). The sample of (B) was dried up
after removing polymer solution. (Arrangement
condition: Voltage was 3kV, Stage movement
speed was 100um/s).

Fig.4 (A) Optical micrograph of the arranged silica
particles with a diameter of 5.1 um, fabricated on
aluminum substrate in poly (acrylic acid) solution.
(B) SEM image of the arranged particles as
shown in (A). The sample of (B) was dried up
after removing polymer solution. (Arrangement
condition: Voltage was 6kV, Stage movement
speed was 150um/s).
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Synthesis of Carbon Nanomaterials in Organic Solutions
by an Electric Plasma Discharge in Ultrasonic Cavitation Field

\S

MERRRE  FILREL T EAANET 8 %

AT 2% Takashi Nakamura

HEFRE AR FELTWERENER B F 4% M B B Etsuro Shibata

A newly-developed method permits an electric plasma discharge to occur with relatively low

electric power in insulating organic solutions due to the presence of an ultrasonic cavitation. A

stable electric plasma could be generated in an ultrasonic cavitation field containing a thousand

tiny activated bubbles, in which the electric conductivity could be improved due to formed radicals

and free electrons, using copper electrodes and a titanium ultrasonic horn. This method allowed us

to synthesize pyrolytic amorphous carbon nanoparticles smaller than about 30 nm in diameter from

benzene liquid. In addition, we synthesized TiC nanoparticles about 50-150 nm in size, and copper

nanoparticles smaller than 10 nm, which were encapsulated in multilayered graphite cages. Finally,

we used GC-MS and MALDI-TOF-MS to observe and analyze the polymerized compounds and

the degree of polymerization of the benzene liquid after the plasma treatment.
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K1 RBRTEOSWAEI-—KRUMEUTES PO —RAMBDO T <> X5 XA FER
Raman peak position (cm-!) Raman FWHM (cm™) .
Samples I/
D-band G-band D-band G-band
Carbon Powder in this study 1387 1573 337.7 109.1 0.75
Synthetic graphite powder 1359 1581 474 242 0.23
Synthetic diamond powder 1331 — 53 — —
DLC film*® 1378 1541 376.7 157.3 0.56
Amorphous carbon (milled graphite)® 1390 1586 351.9 1264 1.38

* Diamond-like amorphous carbon film prepared by the plasma CVD method using C,H, 2

" Graphite mechanically milled by stainless ball for 1000 h (amorphous carbon)

¢ Full width half maximum (FWHM).
¢ Intensity ratio of D-band to G-band.
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(1) 1-phenylpropyne (CyH,)

(2) 1,4-diethynylbenzene (C,Hy)

(3) naphthalene (C,,H,)

(4) phenol, 2,6-dimethyl- (C,H,,0)

(5) 2,5 dimethylhexane-2,5-dihydroperoxide (C,H,;0,)
(6) bipheny! (C,,H,o)

(7) biphenylene (C,,H,}
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(15) o-terphenyl- (C,gH,,)

(16) naphthalene, 2-phernyl- (C,;H,.)

(17) berzene, 1,1-(1,3-butadyne-1,4-diyl)bis- (C,;H,,)
(18) fluoranthene (C,H,,)

(19) mterphenyl- (C,gH,,).
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Development of Food-Starch Granules Structured with Surface Coating

\S

MARKE  IRERFEREE D30z

03114

H

F i Takashi NAKAMURA

We have developed a new production process for food-starch granules structured with surface

coating. This process consists of two ideas, modifying with food materials and under the dry

condition keeping with starch powder. We investigated the utilization of gellan-gum as a food

material and the application of Agro Master (manufactured by Hosokawa Micron Corporation) as

a dry-modifying machine. The surface microstructures of the modified starches were observed

under an atomic force microscopy (AFM) to analyze the coating of starch granules. The starch

surface treated with gellan-gum was a smooth structure and not the same as native starch surface,

which showed a rough protruding structure, 5-20 nm height and 50—150 nm diameter. The

gelatinization properties of the starch treated with gellan-gum and then Ca-cation were analyzed.

The swelling power and the soluble-sugar value were decreased with modifying combination of

gellan-gum and then Ca-cation. These results indicate that the starch modified by structuring with

surface coating shows the lower swelling and solubility of the granule during gelatinization.
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Structural Characterization and Low Temperature Synthesis
of FePt Nanoparticles

03115

MERREE KPORFEER#seir BFE (£ B Ml /A  Kazuhisa Sato
Two-dimensionally dispersed L1,-FePt nanoparticles as small as 12nm with orientation was
fabricated by electron-beam evaporation and post-deposition annealing at 873K. After a prolonged
annealing at 873K for 86.4ks, the increase of coercivity was almost saturated and coercivity
reached 5.5kOe at 300K, which is very small compared to the values reported on FePt
nanoparticles with larger particle sizes. Long-range order parameter of the fabricated
nanoparticles was determined by electron diffraction at 200kV taking the multiple scattering into
consideration. Obtained order parameter remained 0.55 for the nanoparticles with an axial ratio ¢/a
of 0.961 = 0.003. The low degree of order is thought to be responsible for the small coercivity in
spite of the long-time annealing as high a temperature as 873 K. In order to enhance the L1, phase
formation under the lower annealing temperature, effect of Cu addition on the atomic ordering of
FePt nanoparticles were examined. As a result, a low temperature synthesis of isolated and
oriented L1,-FePtCu nanoparticles with high-density dispersion has been achieved by conventional
rf-magnetron sputtering technique with a single crystal NaCl substrate. Hard magnetic L1,-type
ordered phase with a coercivity of about 1.4 kOe was directly formed at low substrate temperature
as low as 613 K without any post-deposition annealing. Hard magnetic properties were sensitive to

Pt concentration. It is considered that additive Cu replaces the Fe-site in the L1,-FePtCu phase.
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#1 FePtHHIEGEDYNVF AT A AFEICHWNF A —F

Alloy Fe-Pt
Composition 56at%Pt
Space Group P4/mmm

Lattice constant

a = 0386, ¢ = 0.371nm

Temperature factor (B)

0.003, 0.01nm*
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Accelerating Voltage 200kV
Absorption (Imaginary Potential) 10% of Real Potential
Spatial Frequency Limit 30nm™*
Slice thickness 0.1lnm
Zone Axis [116], [001]
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Exploring Novel Nano-composite Strong Ionic
Compounds for Lithium Storage

MRAERE USSR R A H T e

Pz 1 B % K Atsuwo Yamada

Strong electron localization in ionic crystal has hindered their application to the electrochemical

devices as lithium batteries. However, recent advances in nano-composite formation with

conductive phase have opened the door to examine hitherto-unexplored materials as electrode

applications. Lithium iron phosphate, LiFePO, is a good example of this. As a result of some

screening of fluolides, oxyfluolides, and silicates, Li,MnSiO, and Li,CoSiO, were found to show

electrochemical activities for reversible lithium intercalation.
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Preparation of Sol-Gel Derived Inorganic — Organic Hybrid
Particles and Their Periodic Arrangement

03118

MRRERE LBy WETS%: Edw % H B #i  Atsunori Matsuda

Preparation of monodisperse inorganic-organic hybrid particles and their periodic arrangement on
substrates are very attractive research topics in recent years. In this study, phenylsilsesquioxane
(PhSiO;/,) and phenylsilsesquioxane-titania (PhSiOs,-Ti0,) particles were synthesized by the sol-
gel process from phenyltriethoxysilane and titanium tetra-z-butoxide. Monodisperse, spherical
PhSiOs,, and PhSiO,,,-TiO, particles were obtainable by varying the mole ratios of ethanol as solivent,
hydrochloric acid for hydrolysis and ammonia water for polycondensation. PhSiO, , particles softened
and sintered by a heat treatment at higher temperatures than the glass transition temperature at
around 150C . FT-IR spectra showed that PhSiO;, and TiO, components were homogeneously hybridized
in the PhSiO;,-TiO, particles through Si-O-Ti bonds. The refractive index of the particles was
monotonically increased from 157 to 1.62 with an increase in TiO, content. The PhSiO;,-TiO,
particles were electrophoretically deposited on indium tin oxide (ITO)-coated glass substrates to
form opaque, thick films. The deposited 95PhSiO;,,5TiO, films became transparent with a heat
treatment at 400C because of the thermal sintering of the particles.

Pregrooved substrates were useful to linearly array the monodisperse particles on the pregrooves
in a short time, which was achieved by the ascending liquid flow on the substrate and the attractive
capillary force between the particles. SiO, microparticles were successfully closed-packed by
sandwiching the colloidal suspension between the barriers using a newly developed setup for particle
arrangement. PhSiO,,, particles were selectively deposited onto the hydrophilic areas of the
hydrophobic-hydrophilic patterned ITO substrates by electrophoresis. The films composed of
aggregates of PhSiOs,, particles became transparent with morphological changes from aggregates of
particles to a continuous phase after a heat treatment. After the heat treatment at 200TC , convexly
shaped PhSiO;,, micropatterns were formed on the hydrophilic region of the pattern. These
patterning techniques have a wide variety of applications such as fabrication of micro-optical

components.
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Fig.1 SEM images of PhSiO;,, particles prepared by changing the mole ratio of
PhSi(OEt); : H,O (0.01mass % HCI) : H,O (4 mass % NH,) : EtOH=1:40:70n: z ;
(a) and (b) are for z = 6.25 and 25, respectively.
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Fig.2 DTA and TG curves of PhSiO,,, particles.
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Fig.6 Optical microscope photograph of monodisperse
Si0, particles which were aligned on the
V-shape pregrooved polymer substrate using an
ascending liquid flow.
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Fig.5 Schematic illustration of particle alignment on pregrooved substrates using an
ascending liquid flow and an attractive capillary force between the particles.
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Fig.8 In situ observed optical microscope photographs of monodisperse microparticles on
a glass substrate during sandwiching the colloidal suspension between the barriers.
(a) is at the beginning and (b) for the ending.



Annual Report No.13 2005

D FFELF 73 AR FE DT L T SRS (b) 238
REINIze ZORRDP ORI ZINA S Z LT,
WEAETI DR TIZERT 5 2 & DS LHHAIZ BT
LAY &, JHRER 2R T & 2 LI L 7,

5. ARk — LERABHEEA
WAL oaiNg—=2%

PhSiOy, #L FHEFRIERE L, KT 12 & B GHELD 720
NERATH H205, TN 2B 5 L RIRK O &S
far SRT-FU O 2 W — RN L LT 5720, &
MR BEHRIER A5 LN TE L, REMIEHT
X, V- FIVESIKEIEELICB VT, #AR—HK
N — YR L7 ITO R A EmRE LTHY, #
TKEB D BN PhSIO,, AL T-HEFEERR 2 /R L, 20
BB 2 2 LT, BKEO A S AEIRE AT
% FHH 7 PhSiOs, A/ 85 — > 2R L 72,

ITO #EMRIZTF & =7 i, BILUOEKMEEZET S
NTIFHTINFATINI) A NFY T VS O
— ML, ZTOEHIZT 5 b7 A7 ZAH L TERISEES
AT 2 &T, K=K =R L2, T
BAK—BAKINSY — v RFK S 721TO W %
PhSiO,, kL T D A T 3 VIZiEiE L CELIKE
BAEXITV, BILHET 2 2 & THKBO RIS A
REETAE 722 VI Ve AFF 3% Vil sy —
AR 72,

BAR—FAKY — VRS 72 1TO A v
TERKBEEEIT) 2 LT, BRI ARG
PhSiO,, #i T % Hefk S5 2 & AT & 72, Fig9 (248
K—BIKIS 8 — > EAZTHERE L 72 PhSIO;, K F- 0 UL

2

5 i &
Fig.9 Optical microscope photograph of convexly

shaped PhSiO;,, microlens array formed on
a hydrophobic-hydrophilic pattern.

100 pm

HEBEONFHEMBE TR 2R T . BULHEANIAEN 2R
fECdh o778, B 2 2 & TEW YR &
AL, BARHOAIEES 10 um D OIS — >
RES L 2N TE, YA 78 L Y AT LA
G EE LTOICHPHIFETE 5,

SHEOMEDRAL

ETHTF, ~A4 270l v X, JGEERL SO+ 77
1 7 A58, ERIEEE MR, mEL -, 7+ b=
I ARER T ED T+ N =7 A5E, B D IS %
R LN A F BB IS BT, A
NA Ty FIEB X OB T OE#E LIS B9 2 BT
Z2DIER K AThN T B, 72, WEeEIR
DO S AR 2, V7 NIV T ke
2N &) B S, R EIC I 2 oS A T
AL, KIAT NS 2 BT B 720 O FERERA
LT, i, ENAOBLOAIERICE V. ABFZET
FERL 72, QRFDr I ANTHFAL Y, @QREB IO
SATOFE, R TEANC X B 3 7 v FEIREE O
HEORE L, BR—FHNA T v FRTFE25TF L
NOVTHEICTYA V352 EICL o THWIREEN %
BHMSELEE, VI N IANVEFEICLIVRT %
KIEFEEAR EAZEH] & & 5 720 OFEARFGT % ST 5
CLEEHBTHICKRE L DL LE R D,

RWFFEIZ & o T, H.5HL PhSIOs, SOk %0 B 551k
PhSiO;,,-TiO, Ak - 2 F T & 2 T L SFEFES 1L
7oo F7o, HBONTMETE, WEITEEAL, MK
(2 & o TEERAL - BIAEFEEZ I CE 2 2 &S
L olzs AEHRE L 72RO LA & e
FH THEAR AR T % JEIACY S & 2 i o — o
FECToNY T AR L TH ) BRI S & TR R ISR
% TEELY) S M, AR 2R T ELY T A
DZBHDTHL. KFHFHIIIEE L 7z BARHL
T ERAE L 7R —8K Sy — LD S HIY —
Y, A0t T T4 7 A5 Eaois o R
SNb,

LStk A OSBRI L RY) IV A ¥ 4 FH v
AL 72NA 7))y Rk TR L R ED 5\
MRS E O m— 7 R T AR R EOG
I & BERER S 2 FERINICAT 2 9o F 72, KIEAEZEMA
DA EREFISAIT, X0 RGO %R EIRL
% WEHCERT 200 FEEERT %,
PhSiOy,, & N— A & § % ki1 O BRI % FIH L 7241



Hosokawa Powder Technology Foundation

BHI~ A 7 1Ry — 2 OREELRRTS

N7z I BCs R

EROIFREER 2 &2 AT ) TETH %,

1)

SE XMk

K. Katagiri, K. Hasegawa, A. Matsuda, M. Tatsumi-
sago and T. Minami, /. Am. Ceram. Soc., 81, 2501
(1998).

A. Matsuda, T. Sasaki, K. Hasegawa, M. Tatsumisago
and T. Minami., /. Ceram. Soc. Jpn.108, 830 (2000).
A. Matsuda, T. Sasaki, K. Hasegawa, M. Tatsumisago
and T. Minami, /. Am. Ceram. Soc., 84, 755 (2001).
A. Matsuda, T. Sasaki, T. Tanaka, M. Tatsumisago
and T. Minami, /. Sol-Gel Sci. and Tech., 23, 247
(2002).

T. Sasaki, A. Matsuda, M. Tatsumisago and T.
Minami, /. Ceram. Soc. Jpn., 110, 1005 (2002).

A. Matsuda, T. Tanaka, K. Tadanaga, T. Minami and
M. Tatsumisago, J. Mater. Sci., 39, 903 (2004).

REIREIC & B ELRRABY
RE 5

. K. Shimoike, A. Matsuda, H. Muto and M. Sakai,

“Synthesis of Monodiepersed Inorganic-Organic
Hybrid Particles from Phenyltriethoxysilane”, Key
Engineering Materials, 317/318, 677-682 (2006).

. A. Matsuda, Y. Higashi, K. Tadanaga, T. Minami and

M. Tatsumisago, “Electrophoretic Deposition of Sol-
Gel Derived V,0; Microparticles and Application to
Cathode for Lithium Secondary Batteries”, Key
Engineering Materials, 314, 107-114 (2006).

. K. Tadanaga, K. Takahashi, M. Tatsumisago and A.

Matsuda, “Micropatterning of Phenylsilsesquioxane
Thich Films by the Electrophoretic Sol-Gel
Deposition Process Using ITO Substrates with
Hydrophobic-Hydrophilic Patterned Surface”, Key
Engineering Materials, 314, 159-166 (2006).

. A. Matsuda, K. Shimoike, K. Katagiri, H. Muto and

M. Sakai, “Periodic Alignment of Sol-Gel Derived,
Monodisperse Phenylsilsesquioxane Particles on a
Pregrooved Substrate”, Journal of Non-Crystalline
Solids, ¥Am+

. K. Takahashi, A. Matsuda, K. Tadanga, A. Hayashi and

M. Tatsunisago, “Characterization and Electrophoretic
Deposition of Poly (phenylsilsesquioxane) -Titania
Hybrid Particles by Sol-Gel Method”, Journal of the

American Ceramic Society, $<ha

. A. Matsuda, Y. Higashi, K. Tadanga and M. Tatsunisago,

“Hot-Water Treatment of Sol-Gel Derived SiO,-TiO,
Microparticles and Application to Electrophretic

11.

. BHEH - SiEE

W B BRHE

. R A - Eﬁﬁ?é(nﬁ o IS i -

LN RIfE - AR HEES - R

Deposition for Thick Films”, Journal of Materials
Science, T&kmrh

FRERERR

Bk - REMELL Vv
—7»&_ibﬁﬁtt$\%7;ﬁw/w{x#ﬁ
FA Y —F & =7 SRR T O B AR LS
FAELHHA T4, 2B6-42, pl24 (2003.3.28-21)
INEBE - UKW - %
REFELL Vv - ZVETIER L 72 Si0,-TiO, #k:

FOWKLIE & BRI EAER~OILH" HAYZ
Iv 7 AMAELSERTRE 1BI3, pl7 (2003.
322-24).

o TR - ARIERE - T - AR v -
VEEIC & VM’F%U‘:“ 1) 1 SR H A BERIR IR T 1A
EHAM A0 3 7 O FAMES” ER 15 EEORE S
IV 7 AMAREB LI MR BRRBHERE,
A6, p30 (2003.12.5).

EIEER - RHEH - BUKEG - REMEL " -

EW& D72V VRS FFS L -F T

SRR T OVESE & B PEREMT OB 28 SE 2R R 2R S
FEETAEE, 13, p.6 (2004.3.16).
C RREEAT - PRI - AR HEES - IR VT &

BAETNC L B ) T Aok T OBAT HAR L~ JE I
Mﬂ"MSEk?Ey7Xﬂ%%%mﬁm7D%xﬁ
FeRtEm R TR (7], pp.17-18 (2004.3.22).
WHFEW “PhSiO,),

HO B e & BRI HALZ 3 v 7 A

SHOESCER 29 MHOEE X 7 3 A MARRE & 2004 4R
HFEE I+ —, P28(C) p49 (2004 527-28).
miEE R - LK - RHEE - REDELL VY -

7V w%@%%$c;%ﬁ*—ﬁmﬂ7 > BT
Lt%ﬁi«@7l_w/wkx#ﬁ#&/ﬁﬁny
—VOER HARYET I v 7 AWBEE 17 MkEY v
RO Li##ETR4E, 1G15, p126 (2004.9.17-19).
EAEEE - KT - AR R - REDELL - BHE
#fi “Fabrication of Phenylsilsesquioxane Micropattern
by the Electrophoretic Sol-Gel Deposition Method
Using a Hydrophobic-Hydrophilic Patterned Surface”
XX International Congress on Glass, Abstracts,
0-11-014, p.208, Kyoto, (2004927—10 1.

- HEFEK “Synthesis
of Monodispersed Inorgaerrgamc Particles from
Phenyltriethoxysilane” The 3rd International Sympo-
sium on the Science and Engineering Ceramics, Abstracts
NM-P-23, pp.94-95, Osaka, (2004.10.31-11.3).
EAEEE - BHIEE - BOkiER - KRB EIL “Blk—
ANy — BRI L2V — VESIKEIE A
72V NVEAFFFH O, 70N —=
I EAS TG AB LT+ b= AMEERRS
M E 4, pp64-65 F-1 (2004.11.25-26).
RBesEwE] - IRHEHE - ERSAT - SRR R 7%



Annual Report No.13 2005

12.

13.

AR & 7B ) B R ORI ECS” R
6 FEEHARYL T I v 7 AWM SEA M 7E 56 =
ST RE, C24, p82 (2004.12.3).

TR - RAEEEE - SUBREAT - SRR T 2=
2V A 2 R T OV & RS
HARALS 258 85 B4 (2005) iH FHatE, 2H4-
06, p.434 (2005.3.26-29).

FAHEE - RERIEAT - TR - FIEK “Synthesis
of Monodisperse Phenylsilsesquioxane Particles and
Periodic Alignment on a Pregrooved Substrate” 2005
International Symposium on Glass in Connection with
the Annual Meeting of the International Commission

14.

15.

— 100 —

on Glass (ISG / ICG' 2005), Extended Abstracts
P-45 pp.1-2, Shanghai, China (2005.4.10-14, ).

EGE A - AUk - ARHER - REBEIL VL -
TOVESIKBIEA EIC & 2 BB OER & 63

—= 7" BRIV = FVEEE 3 E A& TR
. —MEE 2, p34 (200584-5).

EABEE - EUKIEG - A Rk - RHEHR - ROE
L = POV X D R 2R /)bkxﬂez”ﬂe
I UBRL T OB HAET I v 2 AHEE 18
ML VR Y 7 AE T R4 1Q23, p.385 (2005.
9.27-29).



F IR FIV TS5 T4 —T O ADTEEFD I H

Preparation of Photoreactive Nano-spheres
and their Patterning Properties

MAAKRE ALY

03119

AR - BiEd% BE JE i . Seiji Kurihara

Photonic crystals having a three dimensional periodic structure have attracted much attention

from both fundamental and practical points of view, because of their unique properties in

controlling the propagation of light. One of the promising techniques for fabricating three-

dimensional photonic crystals is preparation of self-assembled colloidal crystal. In this study, we

prepared two kinds of colloidal crystalline sysmtems having photochemically patterning ability and

investigated their patterning properties: one is colloidal spheres containing cinnamic moieties, and

the other is silica colloidal crystals containing photocurable resin. The photochemically patterning

ability was identified for both systems.
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Study on Powder-Supplying Device Using a Piezoelecrtic Disk

03120

#owoEm BOM

#  Takehiro Takano

H & ¥ 8 Hideki Tamura
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Wr7E R
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# % & JIl 3 PBH Yoshiro Tomikawa

A powder-supplying device using the bending vibration mode of a piezoelectric disk with a two-

step cylindrical projection at its center is described. The device has simple structure by which

powder on the surface of the vibrator flows out the tip of the projection. Two degeneration modes

of B, vibration of the disk were considered.

The structure of the vibrator and the vibration mode by FEM are shown. Two kinds of powder

were tested in the study, one is fly-ash (D,5=15um), the others are several kinds of white fused

alumina and their powder-supplying characteristics were measured. The results show that the

device can supply the powder composed of its particle size smaller than the size of 10 um at flow

rate of less than 1mg/s.

5iEA=1:0)

e, RSN R AR, T 2 1L Lo b T a kR4
HRETHEIHH SN TV S, ZORhTHEEES
BROFEMZR & T, B o/INEMERL RN O w6 ks
FEALASTAEZRIEATEB Y, ERERBEEE &
R ITEDORTED R EEN TV A,

§EF S IBETWERAE L L UERIBLO S ViR %
AWz Elcky, RECINET AL 2 &4 <
BRI AT DR CTE A2 L, SHICZZ D
AT 2 FIH T 2B T NA A —EL, 20
TN ADLEOBROERI R BE - SIS
FHTELZE2WMELTERYY, LaLiadrs s

OFETE, — ISR EIVN S WIHEITE, 1T
NOBRDILY) A BB RPEAE O e B 7 & IZRIED
Hozo

A e ot - Bt HNE L CEERIREI©
M L2 I o Rons 7Y, 20—2135 >~
VAN RREI TR, KENLTH T A R IR
S THHRZETHR S LHETHY, ButEED
MEOHBERE THERCMHTEL 2 LG INT
VB, FOEBINEL FLEBANPLETHD Y,
Z 2 THRALBEEIRE T EER RIS 2, BTN
ERBLHECERLEY,
AWFFETIHIRE)IT-& LT, ZOHEIIC 2 BDoEid
2RO EMABRIRE T % H W 72 I D W TR L

— 106 —



Hosokawa Powder Technology Foundation

720 MM OIERFRZ IR HIRENC £ - T, 2SR OEmES
DR S A IREYIC X - TR Z RS Wik & TG L
BoTwh, EBIZIZ2 DOHMEYT 2EHE— FIZX
S>THLS, SEHmTBOBMER AT L TED
LEBMAGA T E B 2 & 2 EBRIIHEDD 7207 R
FZH10umm LT O % Ilmg/s BE DT E TEE
AR TE B Z LR SN2,

R ROEE

1. EBTFOBSLEHT-F

REHTIXY 290 VETFRigllaRy )12, M
WOHNZKA 2 BEOHEIROER 2 F 5, i3k
RGN L THO L) ICEEL T3, IREI T4t
13 40mm, WEFTSOE S HH 3 mm T, HLLJFNE
a2 o CTRID & 9 I2E AT — X% AT T b, BEE)
HoOEEL7 I v 27 A (BE 1mm, #ME40mm, W
£ 14mm) IRETOTHIZ, ERT 5 2 OOMHIEH

54.0

44 0O
==.U

4060
=U.U
392

11.0

(a) Top view.

=

— e —

O Supporting jig

Piezo-ceramics | | L |3
(p40x1, 314) L 130

=—20.0

(b) Side view.

Fig.1 Piezoelectric disk with two-step cylindrical
projection.
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Table 1 Dimensions of the disk vibrator.

almm|] | b[mm] | ¢[mm] | d[mm]
PRE)T 1 11 13 1.2 14
IRE) T 2 11 13 1.5 14
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(a) Top view. (b) Back side view.
Fig.2 Piezoelectric disk vibrator with two step projection.

Fig.3 Degeneration modes of B,; vibration mode.
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(a) Side view.

(b) Cross section view.

Fig.4 Vibration mode of the trial vibrator.

Fig.5 B,, vibration modes of the vibrator by LDV.

Amm TIZH AT o Twb, THIEFig7 DL —
PRy 77 —REETOWELS PS5 2T, HEHD
GO THERBHGRENDZEIZOWT, SREE 2
ZBTETH 5D,

2 FHERE) I & 2 Ml R 58 v o> g Y E B o i A&
Fig8 IC/R L7z, i, HEHE DH LA —LThD,
FeImEB LI OEE 2 LT 5 2 Ehb 05,

3. BAftiatie

BlfzE— N2 MB35 E80E, SR OEFES) %
FIUH$ BRI TREICEEST 2 Y Fig.9 12l
BFEEmr N SN LIMEOBEE SR L7, 2D X

120.0
1000 |

F>d

©
o
o

Velocity [mm/s]
> o
S o
o o

N
o
o

o
o

0.0 50 100 15.0

Distance from the top of projection [mm]

Fig.6 Vibration velocity at the two step projection.

Fig.7 Vibration velocity by LDV at the two step
projection.

Fig.8 Elliptical motion of vibration velocity of the
top of the two step projection.
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Projection

Fig.9 Picture of powder flow from the hole at the tip
of projection.
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Fig.10 Picture of powder dropped on the moving
paper.

INTHRITER IS S N5 25, S0k b Bl
ENb,Fig10idm il LR o1 2R L Twab,
CNEFHIEHO TICHROMKETRE, ZoHKE —EH
B (8mm/s) TREIL T, MR ORET % #lgE
L722bDTH b, RE)JT 1 T7 V3 F Nol CFIHE
B 2um) #HV72bDTHDLH, LT 7% LEEICH
HENTHLD05 05,

W AL G 5 & Fig11 ~ Fig.15 127”9, Fig.11 ~
Fig.13 o5, IRE) 7 RISk k%2 73 L - IREEC,
10 ~ 30 MM ATIE N ML, 6 S s 0%
U720 OFHERZROZLDTH D, WTFIOY;
5 3MOWEETTY FLTWED, NTYFiED
%<, 1mg/s HiEOMAEREOMBHASTRETS 5
ZERRLT 5,

Figs.11,12 1%, Mi&EHOWNE D Z N 21 1.2mm,

€ Dp50=24m

45 T @ Dps0=4um
4]
E 35  +Dp50=144m +
= 3
[0)
§ 25 t 8
2 L
o 2 -+ * .
5 15
R :—

0F—» ¢ L .

0 1 2 3
Input power [W]
Fig.11 Powder flow rate of the device using the
vibrator 1 (c=1.2mm, powder : alumina).
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Fig.12 Powder flow rate of the device using the
vibrator 2 (c=1.5mm, powder : alumina).
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Fig.13 Powder flow rate of the device using the
vibrator 1 (c=12mm, fly-ash).
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Fig.14 Amount of powder vs supplying time (Input
1V, powder : alumina No.3).
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Fig.15 Amount of powder vs supplying time (Input
2V, powder : alumina No.3).
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Preparation of Multilayered Photoelectric Conversion
System with Metal Nanoparticle

03121

WMERERE  doky LoowEREes BiEde =V 5t Masaya Mitsuishi

Hybrid nanoassemblies with metal nanoparticle monolayer and polymer nanosheets containing
ruthenium (IT) tris(2,2’-bipyridine) derivative (Ru(bpy)%") were fabricated by the Langmuir-
Blodgett technique and immersion method. Metal nanoparticles, gold and silver nanoparticles, were
immobilized onto polymer Langmuir-Blodgett films containing amino end group (p(DDA/
DADOO)) through immersion into a metal nanoparticle aqueous solution. This allows monolayer
formation of metal nanoparticles which were uniformly distributed on polymer LB films. Emission
intensity from the ruthenium complex was enhanced approximately four-fold in the presence of
silver nanoparticles. Besides effective photocurrent generation was achieved by p(DDA/Ru)-Ag
hybrid assembly system. Localized surface plasmon of the silver nanoparticle effectively excites
ruthenium complex, while the excited ruthenium complexes were quenched by gold nanoparticles.
This is due to the spectroscopic properties of metal nanoparticles immobilized on the polymer LB
films; strong absorption band of silver nanoparticle arrays were overlapped with absorption band
of ruthenium complex, and that of gold nanoparticle arrays were superimposed on the emission
band of ruthenium complex. These findings suggest that spectroscopic optimization for the
combination of photo- and electro-functional molecules and metal nanoparticles are of important in

order to utilize localized surface plasmon electromagnetic field more efficiently.
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Self-organized Lattice Control of Hydroxyapatite and
Adsorption Property of Bioactive Substance

\S

MRARE
HRFEE
HEMEE

03123

TN N A= 20 R O
RLAS AR b R e Rt Bhsos
RIS RS b HAREF R R B T B 58

e
Sl

AH Akiyoshi Osaka

Satoshi Hayakawa

==

=3 Kanji Tsuru

We prepared nano-crystalline Zn-containing hydroxyapatite (ZnHAp) by the wet-chemical method

and examined the selective adsorption of essential proteins, taking bovine serum albumin (BSA) and

pathogenic protein such as B,-microglobulin ( 8,-MG) as model proteins. Transmission electron

microscopy observation and X-Ray diffraction analysis indicated that the increase of Zn content led to

smaller crystallites and their specific surface area of ZnHAps increased with increasing the Zn content.

Furthermore, the amounts of BSA adsorption on ZnHAp particles decreased with increasing the Zn

content in spite of the increase in the specific surface area. It is thus concluded that nano-crystalline

ZnHAps had a high selective adsorption property in regard to 8,-MG.

5iEA=1:D)

v Fa¥ 7788 4 b (Cay,(PO,)s(OH),; HAp) 1,
BOEELERBRERTH ), BRINBRwE O
RIZBWTALE, #i#sEe LTSN TV,
NIRRT AT T4 T4 — 2 AR NI T T
A RADN T AFHEA L LTOHEAIN TS T4 1,
M A LFEN BT B MR OFRER & > /87 B % B
THWAERE LT, F /RO HAp IZHEH L TWw
bo TNETIZ, KEEGEAL FUX T T7T/85% 4 Ml
WEEMEEHRSY Y08 B,-Ir7vara7) v,
Bo-MG) \ZxF 9 % IR 2 WA R 2 7R3 2 & 2 B
52002 L7zo HAp #mEFHNO P-4 b & OH-
A4 NDIRERA & v CEBE SN, KEA A VEREENK
EWiIE, fg-3Irzuruaryr (f,-MG) 2%
RN W EREER L, 202 LhDn,
HAp #MEH A + >~ (Ca™, PO}, OH) O—iB% 5
DAFVHETERTLI LI THRRESY v 828

(B,MG) \ZK§ 2 &R S 51210 LT % hE
Wi bo (f,- 3077y B,-MGIE, Bk
BAEOBENBEDOFENT I 04 F— 2 ZAEFEFOJF
WWE L s Twbo)

Z 2 CTARBIZE T, HAp O & O S A
F U ERBERITEE L THMOoNTWDEEEA 4 ofy
5, b NEELIMFEPTOEELMETLED 1 DTHLIE
A (Zn™) EBIRLU7zo F /8D Zn A F
YEGHTLETNYA MDD YBANVT T A
(ZnHAp) %o b 7ot 212k - THE L 72,
WK v BEOMAEIFIE LT B,-MG &, WHS
YRZBEELTOFMET VT Iy (BSA) et
A /87 BEMAIEKPIZ ZnHAp 2 BIE L, &

5 28y B OWAEEDERFERIZEDOTHE S >3

7 BAIR S B Wk Br e & REAR L 2o XA T
(XRD), #FmfitillE (SSA), 7T E 1 W8

(TEM), £— % BALHIE & [ P # I IB 50
#: (MAS-NMR) & o T ZnHAp O - PytEo +
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1. XB

Ca/P(=5/3) DALZFEMENVILHED HAp &, L
HV T AKFIY (Ca(NOs), - 4H,0, +H 54 F
A7) &) VERKET =7 4 ((NH,),HPO,,
FTHITATAZH) XD BAEIZ L o THEL 720
Zn*+ 730 A & 6mass% F T #i T HAp ¥ T &
WZHCY A E D &9 12, IEERHL SR KAL) (Zn(NO,),-
6H,0, &7 747 AVH) ZREERA VT T HIKEE
2 A L7z NH,OH TpHIOIZ L72Y v ERkE
7 V'S AKER % 60C DOEMT CTHIEED Zn 1
T EREHET BRIV Y T AKEHIS—E DT HE T
W L72t%, 24 BEBIEREE L 720 AT L 72 Y ERA OV
T A EEHERETOREL, BEAKTHEL, 24
BEf] 100C TR L 720 Zn EAEICHKDOE, Ink &
HTH5) IV Y AHERIE nZnHAp (h=1 ~6
smass%) & LTELL.

o a kI, B oK XORRIEIT (XRD) (RINT2500, RIGAKU)
THERR L 720 WEIREDY VA VT 7 W KRD N, T
EERMU N, 7 AW 328k (GEMINI2370 Micromeritics,
SHIMADZU) 2 & o CTf37z. HEHfE (SSA) &
2-30nm OH P OMILES AL, BET #: & BJH %12
Lo THEE L7, F v 7V ED pHTA DX — & BT
1%, ZETASIZER(ZETASIZER 3000HSA, MALVERN)
THIE L7z ¥ v TR T, &EEE T IH
$ (TEM) (JEM2010, JEOL) THIZL 7. H v 7L
MAROMIL, @mREEFESEE T Z X~ (ICP) %
Je43 6 (ICPS-7500, SHIMADZU) 12 & - T4#T
L7z V) VIRTEABORFTLS M, B P A%
A (MAS-NMR) 462 & - Tz, PP
MAS-NMR AX%Z s ViZ705T (FA5) N T
> IYINOVA300 FT-NMR 43 56aH2 & 0 #llsE L 72,
TNV, EE Tmm OB A E TN - Fa
— 7IZ AN, MAS [l#x#EEE (L 6kHz THh - 720 G
JEWE 1214MHz T8V 2 F1d 35us, P NMR b2
7 M ppm TEILL, SEBOZE (Oppm) & LT,
85% M HPO, & AW 720 Ml E LT v EE=H VY
W & (f-Cay(PO,),: B-TCP, +# 54 F A7),
EA4% 4 & (CaHPO, : DCPA, 7V K1) v F, USA)
&E7NVy ¥ x A b (CaHPO, - 2H,0 ; DCPD, +7

A7 A7 4) ®FP MAS-NMR A% ’ b b il L7z,

& o8y EW AL, AR o A 7
V73Iv (BSA) & p-3z7urnua7) >y (§,-MG)
UL, 35mg/mL i ® BSA & 15 u g/mL B
D B,MG DRESY 87 B AR L 720 REY
YT EERO pH X, MY ANY T 7 —TpH74 1
P L UV T T AR (01g) %, BES
X7 BT O 10mL (2RI LT 6 R S 272,
#7 420nm & 630nm DI FED VT, BSA & -
MG DAL, UToRICHESEEH L7 :

Con/Con =Agn/Agh,

2T, Cldy w37 Bk, A 13420 & 630nm D
WIERE % #56

2. @R

Fig.1 1 24 K[ 100C THzf:% 0 HAp & 1-6ZnHAp
DXRD /XY — V&R T, BETCHOE—71F, e FoF
785 4k (JCPDS : 9-432) I2J7 8 S 720 ZnHAps
O EMEDS HAp X VK<, Zn EAHREOWINZ LY
AEmTEAMET L7z,

Table 1 2R T % /R$. (Ca+Zn)/P lLidfbE&
R HE D C Ca/P D 167 L D /hEnZ &n b,
HAp % THEEFOA N7 2 A4 MIRELH S 2
EWbNb,

Fig.2 ® P MAS-NMR A X 7 » )L i, HAp &

6ZnHAp

3ZnHAp
1ZnHAp ) / "

HAp

Intensity / a.u.

|
20 25 30 35 40
20/°

Fig.1 XRD patterns for Zn-containing hydroxyapatite
dried at 100°C for 24h.
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Table 1 Ca/P ratio of Zn-containing hydroxyapatite
as dried at 100C for 24 h.

Name Ca/P Zn/P (Ca+Zn)/P
HAp 1.59 0.00 1.59
1ZnHAp 149 0.02 151
2ZnHAp 147 0.03 1.50
3ZnHAp 140 0.05 145
6ZnHAp 1.30 0.13 143
’lp 2.7
J 6ZnHAp
2.9
= HAp
~
~ 14
z
W)
=1
] DCPD
=

B-TCP
]
20 10 0 -10 -20
Chemical shift / ppm

Fig.2 *P MAS-NMR spectra of Zn-containing
hydroxyapatite as dried at 100C for 24h together
with those of various calcium phosphates.

Fig.3 TEM micrographs of HAp and ZnHAp as dried
at 100T for 24h.

6ZnHAp #5 C P J& T J& B O /T 9 72 {L 224 8 i v
RT o M ZnHAp # & 6ZnHAp 2L L 72 AR
7 NV EYS 27, o012, f-TCP, DCPA,
DCPD & &M L7z, 6ZnHAp AX% Vi 2.7-29ppm
(A1) B4 4+ > POT ICRBEND) 1E, HAp
THOHND L HIZPOT I2—3K L7z, 6ZnHAp & fhod
ZnHAp ¥ — 7 28 HAp & A THRIA 72 > 72 B IE
3% &, ZnHAp ORI % R L 72 Fig.1 ® XRD
HEDREREBL—BLTWE, ZORKEIE, Hoh
72y TNDETOCa A M RIBI T 85 A MR
FHEETHY, INT T LA bO—E% Zn HAEHR
L72HAp THAHZ L 2R L TW5h,

Fig.3 1%, 24 K§[H 100C CTHZMEH O HAp & ZnHAp
® TEM B EH 2R3, HAp O PR ZITE &
Z10nm TH o7, InGAHEOEINIZ L o T
ZnHAp O IR Z T A L 720 6ZnHAp DRI,
20nm EKiili TH - 72,

Fig.4 (X, 24 BEfH] 100C TS O HAp & ZnHAp
D IFEHFE (SSA) %77 F . HAp ® SSA 1 50m’g™
THhotz, L,L, ZnDEAIZL Y 4-6ZnHAp T
220m°g" F THIM L 720 SSA AR DA THIAN L
72D, Figd TRENLHERIE TEM BIEOK R L
B8 L Twa, Fighld, N, WaLsimmicto<
BJH i 6 k& 72 /4L 534 2 7" 9. Fig.3 ® TEM
SAMBIEEIC X 5 &, ZnHAp O— &K1 ERIZ %L
HETIE RV, L72A > T, MIFLIZS AL oW I fiAE
T2 L %EWT 5, 2-30nm OFPHOMIFLILERE S,
Zn OB AN X ) Hn L 7. $F 12, 0-3ZnHAp &

250

[\

[

(e}
I

[

wn

<
T

N
(o]

Specific surface area / m?g’!
—_
=
<
[

0 | | I | |
0 1 2 3 4 5 6

Zinc content / mass%

Fig.4 Specific surface area of Zn-containing
hydroxyapatite as dried at 100C for 24 h.
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Fig.5 Pore size distributions of Zn-containing
hydroxyapatite as dried at 100C for 24h.
@®: HAp A: 1ZnHAp M :2ZnHAp W¥:3ZnHAp
O:4ZnHAp <:5ZnHAp [1:6ZnHAD

2-30nm DOFLEFIHIZHE 2MILERY — 2 2 b 727
WS, 4-6ZnHAp ORMIFLE AR 1 10nm TE — 27 123#
L7ze 2O X912, 10nm OFLEFEHEOMILAERE I,
M8 & A i A dmass% % LAl - 72 & &, ZnHAp 2%
10nm OH A4 XTENEL DAL DT LERL T
5o

Fig.6 |, HAp & ZnHAp HKRIC X o TE SN S
BSA OWAEZ L f,-MG OWFERERT. TNH Zn
A& T 2mass% TI0% L LIZET L E T, T
WIZAE E 5D B,-MG 3N L7z —75, BSA W
MR 707 7 A4 )V &R L 720 BSA WA F L

100 100

(2]
o

80

e
(==

60

PN
<o

40

20 20

Fraction of adsorbed B,-MG / %
Fraction of adsorbed BSA / %

0 1 2 3 4 5 6
Zinc content / mass%

Fig.6 Fraction of BSA and f,-MG adsorbed on Zn-
containing hydroxyapatite as a function of Zn
content.

2mass% F THEIN L C, 4mass% F Tk 4 L 72
4dmass% Ll E®D Zn B A TIE ZnHAp 12X o Tl3 & A
EWE SN Lol Lo T, dmass% Zn & &
A 72 ZnHAD 75 B, MG IR 3 2 i b B W R 15
HHEr b oL I NG,

3. EE

y Ny B E R AR, FEI R A & ML
BOANARAT S Do BT OERMMEBEM WAL >~ 737
BOBMICAEH L E, REOFIILANLERNTDH
bo FT2, ¥ YN EORE SPZIRKAHNOMALE
WKEBLTILNIZ M 7 v TE3NBmE121E, &8s
BEIDOT A ZOBMRIZEZE TH L, WEINY ~
Ny EEEITHEMEROED - ) OWE =L, Fig7
12X, Y IIVORMHES -0 ICAET D B,-MG
& BSA oW E% Zn SHEOBEE L TRLZ,

ZnHAp @ f,-MG =3B L % 20ugm™ TH -
720 THUIK LT, BSAWAEARED 7T 7 7 4 Vi ]
LFEMTH o720 15mass% THRAMIEL, Zn&H
BEOMFE L L T4dmass®% TlI & A LI L T
%o BSA & B,-MG OB NIL, 2 pH42-48,
pH56-5.7 T, pH74 DT TIEM T & bWty ~
NI ETH D, L72D > T, pH74 O IMLHE H T,
Lo-MG IZBEICHET 2, SOZLIE, Ihbngy »
N EHIENHE T 2 RMICWAET D 2 & 2RET
5o BREIMEAER T T VIZEEDITIE, pH74 TIEIZHT
BT AHDOT1-4ZnHAp OFKHIZENS DY VN0 B
DOWAENMFRAE TR UL R 5%\, —F, pH74 T
BIITET DD T5-6ZnHAp DEMMATY » 7327 BHK

5 1.5

~
|

Amount of adsorbed p,-MG / pg-m2

Amount of adsorbed BSA / mg-m

0 1 2 3 4 5 6
Zinc content / mass%

Fig.7 Amount of BSA and f,-MG adsorbed on Zn-
containing hydroxyapatite as a function of Zn
content.
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BIZEoTHE LRV, ZNTh, 2-4mass% Tk
SEHEOHMEO ZnHAp Tl BSA W& &1, 220k
W HENDEREE SN T ORERISEEM R
ETNVTIRIFERTE 22\,

MIFLERE, & v 8 HOWME R XRTH D) —2D
HELRDLERNTHL, LYREL—KKTFEZEZATY
BB AROYE, 100nm #ED HAp K F (Fig.3) O &
D7, FRKTOT T LNy X T EET DL
&, BN F 2 FEAY AT VIR DT LD
Uiﬁw 2%, 100nm DR F2FLE D B 728
CHEEET A LT UE, FLEATBSA R B, MG D F v
NI BEORESITHYG L v, FEBIZ, FighTd
HAp 728 2-30nm OfLEHFICHE R -2 % b 2%
otz FIREIIZ, #20nm (Fig.3) O —Kki 175k
ETDHLE, AVIAPGRZONRTNE L SRV, E
K12, Figh5 121X 4-6ZnHAp By K CTik 2 v L (B
10nm) DFEEPREINTW D, MILESAIZB VT
10nm T¥— 72 %#/R ¥, Fig.3 1213 4-6ZnHAp A5 —
KRLTF DK EZNZBVT 20nm Rl TH 5 2 & 2R
To TDLHIZ, BRD A VILIE, BEL—KAT
F'HEJODI?EFE?&%K%O BSA WK E & (4 x 4 x 16nm) i%
AVILOH A4 XX Y RKEWV, 4-6ZnHAp D X VILT
IEBSAZMWAETAHIENTEL L7, LT, Z
D EH I, BSA WA AR = KA IZ AV ILOTEHL
WZEoTHEALIEZEZOND, LL, B,-MGOD
KEE (45 x 25 X 2nm) /DN EWVWDT, ,-MG i
4-6ZnHAp D A VL TLHEIC b T v T &N Tz,

SHEOMENRAL

TS A METFHDOH N T LA MZHSEA 4 >~
FEWOERTAIELICE ST, HEWHEE SRS
B MG IZx T 2 BRI A FHEI L 720 20
JRRE, AREEFICHRIM L7201 4 > OB L) IE
g% T 88 A b =R EORA AL i H i~
POV F— L RMEEMDOZALIZ & D BSA 12K T 2 W%
BT, HVy o L4 M EERT LS 4 >

DI AIREE L B,-MG O EAER, RTFHBEHIC L S
ML E L E0Z K ORT I EET L EEZON D,
COFEERN R & v 2% o BRI O AE Y 75 5 R
HO0I12, T35 4 MERTREOZEEZ LTS
72, BERTEOES-e Fad v 787 4 MTIC
xf L CHESR A & > DR ER 2 ATV, HESRh A A 2 DO
it L B,-MG OWGEREO G 2 ME L, 2

WA R 2 0 BT 2 720 O R REHRE 2 ML 5 T
ETH Do
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SiC Coating on Carbon Nanotubes and Its Applications
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A new SiC coating method on multi-walled carbon nanotubes has been developed by using the

reaction between SiO vapor and carbon at 1250C ~ 1450C in vacuum. The growth mechanism of

SiC layer was clarified. The SiC coating improved significantly the oxidation resistance of carbon

nanotubes. SiC-coated carbon nanotubes were applied as reinforcements to wear resistant

materials. Dense SiC-coated carbon nanotubes reinforced SiC composites were successfully

fabricated by spark plasma sintering. These composites showed superior mechanical properties.
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Alumina crucible
Graphite cover

Carbon felt
Multiwalled carbon
nanotubes

/

Carbon sheet

Sio(s)

Fig.1 Assembly for the SiC coating of diamond
particles.

Loan )
‘/4\3 -SiC (111)

=T __4-.-_‘-._'_".'-‘1‘"‘- |:
T rﬁ

3544
CNTs (002
e TS(002)

o

MWCNTs

Fig.2 TEM photograph of the SiC-coated MWCNTs
treated at 1350 C for 15 min with carbon source.

—RY TV bR LCERBI KRS/ Fa—T%
AT S, Tz HIOBERE CHLE T 57215 T
SICHEIER SN S, HMELIH—F> 7o)V b
=Ry — MTHEHESN, SIOTAZMD ET 5%
FEAR T A % — s RIS S 2 a2 -

Twb, Fig. 20 HR-TEM BEIIRT L )12, 71—
RrF/Fa—=70(002) & f-SIC O (111) HAH
MBI 2B S, SIC HEANER STV D 2 LYl
ATE %o

2. 7/ SICHRERAEMEE

Fig. 312 1350C T 15 4 Ml o LB 4 i L 72 SiC
WEHI—FRvF /) Fa2a—7DSEMEHE%RT, (a)
(TR OHABLE THELE 21T o725 @, (b) &
H—=Rr 7V, H—FRri—rz@fEs, HiE
W2 SIO fk & @ h — K> F ) Fa—TDHRER
BLTHELEL 757D TH b, SICHEESD — K
Y ) F =T ORERPHELNICRLoTED,
(b) O > 7 NVEHIE () DLOL LB L TESH,T
Hbo ZORMIAROZETIT SIC PO A BBk AT
AT ERRLTWS, 72, Fig. 4127”7 XRD /¥

—VIZBWTHHBEREVA RSN L, (b) O~
TNV CTREBRED LAY, A—KrF /) Fa—

ISEKNT 2 E— 7 OMEMETLTEY, 1450C %
25 EIFITEEICSICENSICFH /8y Fizko
TWhe ZHIZHL, (a) DY Y T NIZOWTIIHE
ME D EFHIZEN, B-SIC DY — 7 BREEAHENN L T

AP bod, I—KrF/Fa—-TDE—-7
BREEICKE 2 bIE e v, 2F D, (a) IZBWTIX
SIC WA — K> F /) F 2 — 7 ONEBH N RS
HDOTIERL, =Ky F /) Fa—7EHIERLTWY
L550DLEZLND,

DLEo#ER2 S, WD &9 7 SIC WML Btk 3%
25N b, SICHEBEAEROWIIZB VT, SIOH AL
LN =Ry F ) Fa—TORAVKIET S & TH
W SIC BT S L5,

Fig.3 SEM photographs of the SiC-coated MWCNTs treated with carbon source
(a) and without carbon source (b) at 1350C for 15min.
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Fig.4 XRD patterns of the SiC-coated MWCNTs
treated with carbon source (a) and without

carbon source (b) at various temperatures for
30 min. A : MWCNTs @ : S-SiC H : a-SiC

100
80 H
=
3 }
n L 1 -
< 60 ! 1250°C
@ i 1
= :
40 -
20 [} y
‘\\ as-received

________________

e

0
Holding time / min.

Fig.5 TG curves for the SiC-coated MWCNTSs
heated at 650 C in air. The coating was conducted
at various temperatures from 1250TC to 1550C.

SiO(g) + CNTs = SiC(s) + CO(g) (1)

Z AU RIS & B SIC AR & [FRE O SUE
THb, HWHNIZH—Ky 7=V, H—Kr—1}

OV RRFBRDFEL Z\WInE, 2 ORISR
BNCHERTT B 2 &Il b ST L, AEEICH
WTEL T OIS TEIZSIC PER L TWEH b D LR
bbb,

Si0(g) +3CO(g) = SiC(s) + 2C0,(g) 2)

COHF ARG (1) 2z, #—KRr—pEL
SIO TAELDIBIZE > THhER SN, T/, b
(2) 12X > THEEEND CO, HAFHBPIZIFET S
WE O RFRE ST A2 & T, HIZCO HAZEMH
5 IS (2) OHEATEREST S (UL (3))o
H—=RryF /) Fa—THELRFRE LTH A,
(b) D ¥ TNIZBWTHHET O SIC RO HHIE S
A5, FEARMNII U (1) 12 & > T SiC BT &
N5,

CO,(g) + C(s) =2CO(g) (3)

SO XD, REFIEREE L CVD EATRLE L 72 H
BFRETHY, FFICHMHEL L, BOTHMZ Y — R
YREHIR L CRIRI 20 CH 5 MO RIS T
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Fig. 5222k, 650CICBUII A —KRyF/F =
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Bo N—RYF ) Fa2—T% 545 T BIL
NTVLOIZx L, 16550C THEMEZ Lz — KR
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FAEOR EZRLTWEDS, ZIUIBEEOBEIZ
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Fig.6 SEM and 3D images of the indentation: (a) monolithic SiC, (b)
MWCNTSs/SIC composite, (¢) SiC-coated MWCNTs/SiC composite.

Table 1 Effect of test load on the microhardness and fracture toughness.

Materials Microhardness Fracture toughness
(GPa) (MPa-m"?)
<98N>  <196N>  <98N>  <196N>
Monolithic SiC vol% 26.1 255 40 48
MWCNTs (5 vol%) /SiC 20.5 258 44 46
SiC coated MWCNTs (5 vol%) /SiC 343 30.6 7.1 54
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Fabrication of Electrolyte for Low-temperature SOFC by Electrophoretic
Deposition of Ceramic Fine Powders
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%%  Motohide Matsuda

H

In order to fabricate dense yttria-stabilized zirconia (YSZ) electrolyte films supported by NiO-

YSZ anode substrates, electrophoretic deposition (EPD) was used. For the EPD, graphite films

with thickness below 1um were pre-coated on the surface of a non-conducting porous NiO-YSZ

composite substrate. YSZ green films were formed in quality on the reverse sides, which did not

have the graphite layers. The green films were transformed into dense bodies with thickness of

5-10 um after being co-fired with the substrates.

A single cell was constructed on the ca. 5um

thick dense YSZ films supported on the anode substrates. In the single cell, La(Sr) Co(Fe)O; was

used as the cathode. It was observed that maximum output densities of ~ 0.19, ~ 0.61 and ~ 1.02
W/cm? were attained at 600, 700 and 800 C , respectively.
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1% KFEFZFR T IZHB1T 5 A -DNA-Pd M IZH 5 &
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AR E A LB oKE L > — 21
T E AR /R L 720

1) BlgEn, JIMRS0Z, fmEtk, KES, SRH—
MG “DNA-PA ./ HCHBALE Z v 7S &k
KFEVH=", F/FEEE I MRS

2) Elsgs, Mook, JIASGE, KERE, &R—
FIGURESE S FEME & LT o DNA FE% FH
L72F 70 A7)y SR oRIR”, STILRF/ N1+
PA LV AT VRT T A

3) BliFs, HrEud, JNIAS0E, KER, &RH—
MHESC "o FEBE & L To DNA F§ik % FIH
L7z /A7)y FHEORIE", £555 7 MEH
Ry — U RIY L

4) Yoshiharu Hatakeyama, Mitsuo Umetsu, Masahiro
Minami, Satoshi Ohara, Seiichi Takami, Tadafumi
Adschiri “Assembly of Nanoparticles on Artificial
DNA Conformation”, 7th world congress ofchemical
engineering

5) BILFESE, IS, Mrdstds, KER, &RH—
Yaf, MR "EEEKE % HiBL
DNA-Pd HTHAMAL T / MO G, P 17 45
L RFEH RIS
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— % — AFM O8R5 175 72,

RYAF L VHT-ORAR - REEEIZO VTR
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IS BTSRRI 5 T AT RS 2
L7260 SIS OMUINKLF-2SBEAF O R TR
THEEEREICIDAEL, HTrRESELILE
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HY, THEHICEZRECERETHLEEZOND,

SFH

1) T. Yamamoto, T. Fukushima, Y. Kanda, and K.
Higashitani, “Molecular-Scale Observation of the
Surface of Polystyrene Particles by AFM” J. Colloid
Interface Sci., 292, 392-396 (2005).

T. Yamamoto, M. Nakayama, Y. Kanda, and Ko
Higashitani, “Growth Mechanism of Soap-Free
Polymerization of Styrene investigated by AFM” J.
Colloid Interface Sct., in press.

FRER
1) T. Yamamoto, Y. Kanda, and K. Higashitani, “Soap-
Free Emulsion Polymerization of MMA investigated
by Atomic Force Microscopy , 2nd International
Symposium on Polymeric Microspheres, Fukui, Japan
(2005).
WA, fhHE—, B’ B TR OB
B REBEREOSTF L NVEIE E58Rauf KB
L O bFR RS, FHRE, 200549 H
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SRR O R DG A RIS, BESHE
ARTWIEDRERKY I 2L —3 a3 VRS LHER
LI P TER, $72620mol/l D& &, HRITH S
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HETHEREDRZIIKRE LS R D, 2T U DM
HETYA L= a >y LTCWEE A v D355
DX > 7 OEFITHAAEN, ZFOHPIHE S
M EICERP OBEESFRMEINL 720 TH b, D

F D REREEIRZ 5701203 F IR R ITE I
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L—Yarvl, ¥V I7RA7y 7TV AENL L
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1) MEfML, FHEMRT, TRESF, B%sE, HEE
B, MD ¥ alb—3a 2B ERrHRTF Ol
REIE B I B9 2 MRS, %8 70 M4E R LA T
R R, 2005 473 H

2) FHER, FHAL, FTREF, Bl%Es, HESED,

VE— S 75:*' F 9 % # AT HORL - O TE IR 4812 B
T HMET, BI0EERILF IR A ERY,
2005 4E 3 H

3) Kazunori Kadota, Mayuko Wada, Atsuko Shimosaka,
Yoshiyuki Shirakawa and Jusuke Hidaka, “Molecular
Dynamics Simulation of NaCl crystallization for

, 7th World
Congress of Chemical Engineering (Glasgow).

4) ERM, MEAR, TREF, BlEE, HeED,
EHRON, SRR RER 7 OV T A OILRETL R
55 37 MR R &AL T, RWIILRS:, 200549 A

5) WARM, MHEMAK, FTHETF, A%y, HEED,
EHIRN, MC ¥ 3 2 L= 3 Y2 X BHEIR R
Iy AOTREFRAZ T HET", K E s
&, AAEAZIT—, 20056411 A

particulate morphology control”
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Development of an LDMA-FCE System for the Measurement
of Submicron Aerosol Particles
-~
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R BRERER TR R AL S X 7 A H

PR R 3 48

MEOEEOEEE  BAL EBRFAFRELFHRMWELS Y AT LB % 1%

MABRROEIE

BEF /7 A—PVORESEZLOY T I 70 kA
R4 RIEZETEREEATED, KEFIZBW T
HREWEARM LS, $7-, MoOMEEc F &
THIENTELD, MEROZMEHEE A OMEICE
KB RIZTT, LA oT, 73 70r% 14X
ORTFEHINEEETH L L VW2 5 ZF 2 TERIFFE T,
Y738y TR ORLE A O RE O R
M EHl 2 TTEEIZ T 5 72912, DMA (Differential
Mobility Analyzer) % Fl\:7z5HlFE OGS %47 -
720 BIE, DMA IZ &) BRIk & 7k % &t
B3 27-00%iE L LT, CNC (Condensation Nucleus
Counter) ZSEIZFH SN, =70V )Lki+FHllE &

e siy Floa, i1 =

L B
Sa—— =g

Fig.1 Structure of LDMA (Long Differential
Mobility Analyzer) and FCE (Faraday Cup
Electrometer).

L TDMA-CNC Y AT ADFEIL SN T Wb, L2 L
DS, b7 I a rkFRHIOYE, DMA-CNC
VAT LI, WODPDORENH L. 9, DMA
B LTI, BRI RE AL F RO 20, K
SEREPICE AT LY 7 I 70 VT 25T 5
Z PRV, IRICCNCIZE LT, —HBd72Y
DAAMPEL, FRREREN % EOBRIEREEICH]
R 5, HREVEITOLND,

A 513 Long Differential Mobility Analyzer (LDMA)
HZET 5 2 & CERHIT RE 2 A TR O R 2 L5k L
720 LDMA O i o & S13@FEH S b TSI
DMA 3081 £ 1 &% 16 cmE\ye —75, fidA T O
waE g U T EEEE % 50§ % Faraday Cup
Electrometer (FCE) (&, MWERHMZRMET, T2
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Fig.2 Electrical mobility (a) and particle size (b)
distributions obtained with the LDMA-FCE and
LDMA-CNC system: peak diameter of SiO,
polydisperse particles.
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CNC & 0 &2l CHAEBRBZ B3 2Bl v &
WOREZAEL TS, £Z T, 413 LDMA & FCE
FHAEDbEY7Izar oy o VT EHIIY A
T LD EITV, ZFOY AT LOMRER EERIYI
L 720 Figl i, ARWFZETHEA L7z LDMA & FCE
OEEX TR T

Z OWF3E Tl LDMA D53 #k g% © U2 LDMA-
FCE ¥ A7 A2 X Bk A sl 247, FCE o
F=F )Y arTaw A ERB LR Boh
7o T I o a R ORESA &GER D LDMA-CNC
AT ATERN L 725 At —F L7 (Fig2) Z& T,
LDMA-FCE ¥ A7 A% 7 3 7 0 YR O FHll 58
HTE 52 & REI L

COWIZE TR O N RIE, KREBRBEREESTIC
B 2R EHIEAMR A~ OIS AR S N b, 5N
BORIT LT OMEFERC RIS THREL 72,

R

1) Shimada, M, H. M. Lee, C. S. Kim, H. Koyama, T.
Myojo and K. Okuyama, “Development of an
LDMA-FCE system for the measurement of
submicron aerosol particles”, Journal of Chemical
Engineering of Japan 38 (1), 34-44 (2005)

2) Lee, H. M, M. Shimada, and K. Okuyama, “LDMA-
FCE System for Measurement of Submicron
Particles”, Proceedings of 4™ Asian Aerosol
Conference (AAC-2005), Mumbai, India, Dec.
13-16, 2005 (No. A-30)

3) Sasakura, H., M. Shimada, H. M. Lee, K. Okuyama,
T. Myojo, and H. Koyama, “Development of an
LDMA-FCE system for the Measurement of
Submicron Aerosol Particles”, Extended Abstract
Book of the 22" Symposium of Japan Association
of Aerosol Science and Technology, Osaka, Japan,
Jul. 28-30, 2005 (No. HO5)
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B AT 5D BaZrgsY .0, s EOKF /7 HE] LD VR
7 A 2004,
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Sachio Okada, Atsushi Mineshige, Takeyuki Kikuchi,
Masafumi Kobune and Tetsuo Yazawa, ‘Hydrogen
Separation Membrane Using Fine Particles of High
Temperature Proton-Conductive Oxide and Palladium”,
Submitted for publication to Thin Solid Films.
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T, -t BEERED OO “warm gas cleaning”
= Key word & L, 3 LWHEEICEARAALZRER Y
YRV ANDFEE T STz,

Session 4

3. THOBE

SElE, 2006410 H20 H~22 H, KR AEA
77 —EEME Y ¥ — TR S, BRI
HERRERE 18, — Ak o4 1, AFEF 1124, WAt
18 71 [E# 75 44, EIN 100 4 D& EF 175 DB %1572,
AIEKRE RS, RRE R T0 Bk, 2N 120 458 T
HY, HEE BMEEE L ISKIBICHmL 72, &%
&R R ZE I S 7z E A 0 [ Advanced Gas
Cleaning Technology] (ISBN4-915245-61-6) 213 4%
W 2 DT T 96 oA S, &
7z, [EIFEBAfE O H AR R L 2 T RBOR R T3 R
(10 H18~21 HA ¥ 7 v 7 AKRBIZTHIE) 12, [%
T AKEE | BRI — v R, REEBINGeE, A
MR, Rep &8 20 R RIRDMTh 7z,

Zyikni H @ 19 Hid, Pre-conference tour & L Tt
JUIHTT IR & % BRSSO A k7T AL T~ b
DREEDFTbNTZe 2OV T —BIMEIFKRKIIES
72 19 B2 5 Welcome reception 25t > ¥ — 1 %
HETHME S, #5100 %O TRAGFIR 2 7 Bk

Welcome reception 12T, i X AR
(BEE) %80

FE?2 WHFmORA&EA. KU Plenary lecture ®

a4

JSRA R SNz, F72, TOUAE TR Z KO FE
AEE BV L (BE1). FKIZESE, fR
LBy EsE (PFBC) 7 Iv 7 AT74 V8 —5
IREE S 2T A OFSE %, BIRFZEEHILIUNEIASEE
FICOFEMFARBREZ B CHMEL TE /2o KV AT A
DRSS L K559 & Z Do TEH - &7 AR
V3 AV Ay ARV N

20 HH,5 2 HOZHMIZh o5 HEOE&HD
FANT—TNER2ICRLI. BE2D L HI220

F2 % Session chair (HFrmg)

Session 1-1 Filter media material % I KR W EE
Session 1-2 Particle and dust removal (R TR zeRr)  mt RA

(7877 v JeF5ERT) g kS
Session 1-3 Particulate behavior (& R —E IE
Session 1-4 Operating experiences (& 8 B %) fid
Session 2 (B migenT)  B¥mE, HHH=
Session 3 (EAFHFRR) B —ER
Session 4-1 Mobile source (B # ®h NEAF
Session 4-2 Stationary source (G # ®H INEE B2
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boleT 4 — YV EREIFEAE K O T O EE
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FE4 MEREAE (G) OFEIZL LR

Session 4-1 & JF45 O ®iR Y TOR T 2B IZHT 5
Session 1-3 2% H & MR O THIfiE S i ize 4 2
HEOT#HIE, ZOHDREH L %225 KB L3R
BPANDYT =L WnH LTy Y a Y EELT, B
Ui ARG RIEIR Y — NSNS & TEN LT,
HFHREEZ2RBICH D ERT IV —F VI
L, AR - BHEHEROFEXIZL S
Conference dinner % Bifi L 720 A LHEERE DM
HGAME SR 30%, B AR R TSR S B L
LSRR8 #%, Sarofim 4% 12 T 7272
wiztk, MNEE RV AT I 70 HEORHOEH
THERIERETHIEL 2. (BE4) COVE
KOEVEZ—E LT, ARHETHEM LR EICHE
WEN/2 93 MO LD H» 5 #ITI 7 Best paper
award DEEN (BEES5) »Mfrbhs. TEEIL &
LD 2 44 O FH OFFHl FIZ D & % Session D
Organizer 23R L 7249 10 - D EHli 56 L O h 5 #
L7z T2, ARHEOMBICH7Z )RS EBD D -
TEHRFERLIRFPFEHEOAELICHBESEE S

BH5 N MRLHEEEO—AL 4507 FHY
K2 Salatino g () DR
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KAy =B Aho=ZEH %383, P E Huazhong K&
Xu ¥4 B OA SR R O I R I wFge i - Wi 1
Ko ZTHEETHED L o720

4. BHUIC

HIECRER S % 11l 2 50, s 2 %0, sl
DTN — TN LBl 2 & 3dy o 72 6 7
] EFE#ET/ZEZ A, T will say only one word.
Congratulation, this successful conference” & Shbil
7o 2 EDHRICEHIRIIE 5 720 RIEIERE D T. Wall %%
&b, Al PM RfE s 4 # L v Session % K al
DkGE L A3, TEA 7 LR/ FEFREE A3k Y 12
L CWAERY v R b Em L2, F
7o, FEZZELRBICERERLTEY, 4%b51E
fit & MmO FER;IFES NS,

WRIZ, ASmoOES, EE0eTerdFTeoHT
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F7., WEZEH, HBEZELIILD, REEOKID
72OV I o 720 2 I EHE L £ 9
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%, BrEOBGIZEL, BEICEMLTWE, 20
AHEZZTFTTVER—F AEEOMIE KL% ik
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AERFEFOOIY—7
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R—IF 248 f O 184l FE B Ak
Ba f£ #§ [ - 20054 9 B21H ~23H
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_J &
The International Symposium on Hybrid Nano Materials
Toward Future Industries (HNM 2006)

B 2 B[ Pk18E2 H3H~5H

Bl & 35 T - ERSEE RS
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ZW5EAT O 21 4 COE 71 ¥ = 7 b O 4[4 7#% (The
Joint 21°* Century COE Symposium between
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University), HARZAMRIES (JSPS) & @ ER 7 EL
Mg sy (KOSEF) 12324 S M7 WuRKFHROK
REEEIEFEPE 70 Y = 7 b (CUP) O 13 b E B
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Core University Program between Japan and Korea)
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HEAT B9 A EFE Y RV 4 (The International
Symposium on Novel Processing and Related
Technology for New Nanotechnology Composite
Materials) D&M E LTS,
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DEOBRKOREHTH %,

HBRESOBEK

WERRARE, REBATRARA RN EHIE L F
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&1 HNM2006 DAMiEZEE S

International Symposium on Hybrid Nano Materials Toward Future Industries

(HNM 2006)

The Joint 21* Century COE Symposium of Nagaoka University of Technology and ISIR, Osaka University
in conjunction with
The 13™ International Seminar on Core University Program between Japan and Korea and
The International Symposium on Novel Processing and Related Technology for New Nanotechnology Composite
Materials

SYMPOSIUM PERIOD
February 3(Fri) - 5(Sun), 2006

LOCATION
Nagaoka University of Technology

SCOPE OF SYMPOSIUM

Sponsored and organized by the 21% Century COE Program of both Nagaoka University of Technology and ISIR,
Osaka University, the International Symposium on Hybrid Nano Materials Toward Future Industries (HNM 2006) will be
held in Nagaoka from February 3™ to 5™, 2006, in conjunction with The 13" International Seminar on Core University
Program between Japan and Korea supported by JSPS and KOSEF) and The International Symposium on Novel
Processing and Related Technology for New Nanotechnology Composite Materials by Extreme Energy Density Research
Institute, Nagaoka University of Technology. The purpose of this joint symposium is to bring together state-of-the-art
developments on all aspects related to processing and properties of advanced nano materials including ceramics, hybrids
and composites. This symposium will be focused on the industrialization of above mentioned new materials that is

essential for the sustainable future society.

ORGANIZING COMMITTEE

Honorable Chairs:

Y. Kojima, Nagaoka University of Technology, Japan

Chair:

K. Niihara, Nagaoka University of Technology, Japan
Co-chairs:

Y. Hirotsu, Osaka University, Japan

K. Ishizaki, Nagaoka University of Technology, Japan
S. Kamado, Nagaoka University of Technology, Japan

Members:

W. Clegg, Cambridge University, UK

H. Hahn, Darmstadt Technical University, Germany

Y. Hirata, Kagoshima University, Japan

Y. Ikuhara, University of Tokyo, Japan

T. Ishikawa, Ube Industries, LTD, Japan

Y. Isono, Nagaoka University of Technology

J.Hojo, Kyushu University, Japan

Y. Kagawa, University of Tokyo, Japan

T. Kasuga, Nagoya Institute of Technology, Japan

M. Kawahara, Hosokawa Powder Tech. Res. Center, Japan
M. Kimura, Nagaoka University of Technology, Japan

H. Kobayashi, Osaka University, Japan

T. Kobayashi, Nagaoka University of Technology, Japan
T. Komatsu, Nagaoka University of Technology, Japan
S.-W. Lee, SunMoon University, Korea

J. -B. Li, Tsinghua University, China

J. —F. Li. Tsinghua University, China

H.T. Lin, Ork Ridge National Laboratory, USA

K. Maruyama, Nagaoka University of Technology, Japan
K. Matsumaru, Nagaoka University of Technology, Japan
Secretariat:

Hisayuki Suematsu, Nagaoka University of Technology, Japan
Tsuneo Suzuki, Nagaoka University of Technology, Japan

1. Nishiguchi, Nagaoka University of Technology, Japan

M. Takata, Nagaoka University of Technology, Japan
T. Sekino, Osaka University, Japan
K.-B. Shim, Hanyang University, Korea

T. Maruyama, Nagaoka University of Technology, Japan
M. Mutoh, Nagaoka University of Technology, Japan
M. Nanko, Nagaoka University of Technology, Japan

Y. Miyashita, Nagaoka University of Technology, Japan
Y. Nosaka, Nagaoka University of Technology, Japan

H. Ono, Nagaoka University of Technology, Japan

T. Ohji, AIST, Nagoya, Japan

H. Saito, Nagaoka University of Technology, Japan

H. Sakai, NGK Insulator, Co. LTD, Japan

H. Suematsu, Nagaoka University of Technology, Japan
D.-W. Shin, Gyeongsang National University, Korea

J. P. Singh, Argonne National Laboratory, USA

M. Singh, NASA Lewis, USA

M. Takeda, Nagaoka University of Technology, Japan
W.-H. Tuan, National Taiwan University, Taiwan

Y. Uchiyama, Nagasaki University, Japan

K. Uematsu, Nagaoka University of Technology, Japan
Y. Ukyo, Toyota Research Center, Japan

K. Watari, AIST, Nagoya, Japan

T. Yokoyama, Hosokawa Powder Tech. Res. Center, Japan

Tadachika Nakayama, Nagaoka University of Tech. Japan
Koji Matsumaru, Nagaoka University of Technology, Japan
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ZmE (B#E) 2 HBINE LiEES ShnEa

C O E B 88 (1) 8 0 96 (1)

ED I B% 61 (8) 4 0 65 (8)

CUPR#% 88 (49) 1 (9) 98 (58

& & 237 3 (9) 259 (67)

() hLED S oINEH

BE, A=A ) T7o0 3HOFEE (3 F) DAL TN BRI T o720 NV 7 v O
OEMHBH Y, —HRICHED, ERMORES LSE2E 7z, RAZ—HoBRERXITHY, COE BRI LD

BLTWwW, ZoOFFER, KEBRSED ML
bREGEMZ L72ZEZRL TV,

Y URI I LDBR

MHD 2 H 3 H (&) OF%3:30 S 8EEMiaL,
6:30 058 ML LTy a yERELE. SER,
200 4L I RO AR =42 HE E0BRE 0K, 2
e 30 IV HH2 LD VRV Y AICH L TE
R % L3, SHOERBSHLFEIZEICE L TESR
T LBV dNTz, REATHTIE, KRIERFDHE
DWTHEY, HHED & ORITHEE O FE 22~ D F &
IZBAL CRENAE U S Z EANLEL S NZDS, BMED
MOWBEIZ XL DD, RIEDTRNDL Z LR {AETHA
L= RIHEAT,

2HE®2H4H (1) 1, 2IEZEAL TV
RTINS 3 HDINA TR O R MEMFH R
gL, 9:30 25 KMEMMARFRTCHERBERED
NEEBEZORESOBRBE ORI, FRiHIERRRY L
R EAM R Ko 21 4 COE 71 77 412 Btk
L72BENH -7 12:00 ~ 14 : 00 1ZIZEEEZIY
BHREDNIMDORAY —58EK N H o7z FRD 14 :
00 251 2 DO 424, 21 {42 COE 7'u 7
7 AOHRTEE R EGTFREIE, TT A, SER
DNAT Ty FMEHIEST 2 58E£05H D, BubiE
R ITh N7z BIZ, 16 :30 9 51 CUP KL O
EDI |ZE44% L 7z, “Hybrid Nanocomposites” & “Hybrid
Nano Materials” D+t v ¥ 3 ¥ CIRF#HHSB L O—ik
WA D), MHOFEERITTER 305 EER,
17 140 ZTAHITHT L7,

BEIGOBSKIL, 18:30 5SSy
v MY FECRBIAE N Ny MTIE, B
WA RFROBE, BELT I v 7 AHasE, K
BROR 5 SR AT SR RIT R O 0 %12, Sk
BIZXAHH ) ORI, FERFEBLUTEROEEZ
HHH DL ANDHIEE T2, 250 AL Lo

ZHHE 4N CREREL), CUP R UEDI B2 5 D
ZHEDS NISMEEZEPSEBOFENEZES 12,

5H (H) &, 9:0025 2&%12B8wT, “Nano
Biomaterials”,
“Hybrid New Energy Materials”, “Hybrid Nano Coating”,
“Nanostructured Materials”, “Multifunctional Materials”,
“Hybrid Nano Materials II", “New Processing & Nano
Particles 1", New Processing & Nano Particles II" O+t
v ¥a rCEET 43 ORI L O —BGEE DM T H L
(R3IBHW), FHRBECHELTELRFTwSIH Y, T
ZOFTORRELZICHE L CHERAL BRI D > 72

30 TENOHEZOBEBEICB T, HHEHHET S &
I, SEOSE TR I NmL, EREERIC X
HAFRDFIZ, Journal of Advanced Materials Technology
FEICERCE LTHIRE NS Z L2 s S 7z,

B, REORTHRIIFIHEDL S OSINEDS,
WEOHLEES LW VRIYTLATHY), £{DZ
ExBAHEZENHRIED, BIZIEX T should like to

thank you very much for your kindness and for

“Hybrid Environment Materials”,

having given me opportunity to attend HNM 2006.

I really enjoyed the conference and I was sincerely
impressed by high level of the lectures. I enjoyed
meeting with important personalities in the
nanoscience; for me it was outstanding interesting,
and useful. It was obvious from the number of
participants and their value that the conference was
a great success. I am looking forward to learning the
results of your future research activity in the field of
material science.” DFRHEHNED A A VARV TV 3
HEHLIRA 2\

I

RERY VY RTY a0%, BEIEAER Y I 7B R TR
W, HAREARMES, SBERAEARES, I ORI
BB RFOFTHEDO b LIRS, SREBEETED
CEMHRIZEERRL, BRI LET,
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=3 HNM2006 28T 5%

Friday, February 3, 2006

Al ORI & Ty [ 1

18:30-20:30 Welcome Party at Nagaoka Grand Hotel

Saturday, February 4, 2006

Room A
Time| No Name Remark
9:30[1A01 Kojima Opening Remark Plenary
9:40|1A02| Nishiguchi NUT (21COE) Invited
10:10{1A03 Hirotsu OsakaU (21COE)
10:40]1A04| Kawarada WasedaU (21COE)
11:00/1A05] Nakatani OsakaU (21COE)
11:20{1A06{ Yamamoto OsakaU (21COE)
11:40|1A07 Asahi OsakaU (21COE)
12:00-14:00 Poster and Lunch at Secom Hall
Room A Room B
14:00|1A08 Minato NUT (21COE)| Kamado NUT (21COE)|1B01 |14:00
14:15[1A09 Uno OsakaU (21COE)[ Niinomi TohokuU (21COE)|1B02 {14:20
14:30{1A10{ Kitagawa KyotoU (21COE) Takeda NUT (21COE)|1B03 |14:40
14:50({1A11 Huang Taiwan (21COE) Inoue OsakaU (21COE)[1B04 |14:55
15:10-15:30 Coffee Break
15:30|1A12 Saitoh NUT (21COE) Nanko NUT (21COE)|1B05 ]15:30
15:50|1A13 Yoko KyotoU (21COE) Tane OsakaU (21COE)|1B06 [15:45
16:10]1A14| Komatsu NUT (21COE) Sekino OsakaU (21COE)|1B07 [16:00
Hybrid Nanocomposites Hybrid Nano Materials 1
16:30{1A15 Sajgalik Slovakia (CUP)|  Ikuhara JFCC (CUP)|1B08 [16:15
16:50|1A16( Hannula Finland (CUP) Ukyo ToyotaR&D (CUP)[{1B09 |16:30
Mori OsakaU (CUP)|1B10 {16:50
18:30-20:30 Banquet at Nagaoka Grand Hotel
Sunday, February 5, 2006
Room A Room B
Nano Biomaterials Nanostructured Materials
9:00[2A01 Swain Australia (CUP)| Nakagawa TokyoU (EDI)|2B01 [9:00
9:20{2A02) SW Lee Korea (CUP) Polat AIST (CUP)[2B02 |9:15
9:40{2A03 Kasuga NIT (EDI)| Nakamura TokyoU (EDI){2B03 [9:35
9:55|2A04 Watari SagaU (CUP)| HG Park USA (CUP){2B04 |9:50
10:10{2A05 Seino OsakaU (CUP)[ KB Shim Korea (CUP)|2B0S |10:05
10:25-10:45 Coffee Break
Hybrid Environment Materials 1 Multifunctional Materials
10:45[2A06 Majima OsakaU (CUP)[ WH Tuan Taiwan (CUP)[2B06 |10:45
11:05|2A07 Matsuoka OPU (CUP) Ohji AIST (CUP)|2B07 [11:05
11:20{2A08] DW Shin Korea (CUP) J Yang China (EDI)|2B08 [11:25
11:40{2A09 Tanaka Daihatsu (CUP)] HW Lee Korea (CUP)|[2B09 |11:45
12:05-13:00 Lunch
Hybrid Environment Materials 1T Hybrid Nano Materials 11
13:00|12A10 Suda ToyotaR&D (CUP)| DH Riu KICET (CUP)|2B10 |13:00
13:15[2A11{ Imanaka OsakaU (CUP) Kato JFCC (EDD)|2B11 [13:15
Gao China (CUP)|2B12 |13:30
Hybrid New Energy Materials Grigoriu Romania (EDI)|2B13 [13:50
13:35[2A 12| Kobayashi OsakaU (CUP) Nowak Finland (EDI)[2B14 [14:10
13:55|12A13 H Lin China (CUP) New Processing & Nano Particles 1
14:15|2A14 Hirao OsakaU (CUP)| Takizawa TohokuU (CUP)|2B15 [14:30
14:35]2A15 D Wu China (CUP)[ D Wang China (CUP)[2B16 |14:45
14:50|2A16[Sameshima|  KagoshimaU (CUP)| Uchikoshi NIMS (EDI)|2B17 |15:05
15:05-15:25 Coffee Break Hirai USA (EDD)|2B18 |15:20
Hybrid Nano Coating 15:35-15:55 Coffee Break
15:25|2A17| Matsubara JFCC (CUP) New Processing & Nano Particles 11
15:45|2A18 HS Lee Korea (CUP)|Nakayama NUT (EDD [2B19 |15:55
16:05|12A19 Zheng NagasakiU (CUP)| Suematsu NUT (EDI) |2B20 [16:10
16:20|12A20| JP Singh USA (EDI) Kumer USA (EDI) |2B21 |16:25
16:40|12A21 Goto TohokuU (CUP) Sarathi India (EDI) [2B22 [16:45

17:10-17:15 Closing Remark at Room A
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