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Advancement of cavitation apparatus and
its application to fabrication of nanoparticle

\S

AN Kazuto Tokumitsu

The cavitation damage is known in a field of hydromechanics, e.g., propeller and water plane are

damaged when they are moving in a fluid at a high speed. This damage is usually caused by the

shock wave which is generated by the collapse of cavities, and has been regarded as the negative

phenomena. But the new development of cavitation has been beginning in these days, i.e., the positive

applications of its mechanical and thermal effects. Mechanism of cavitation is as, quick decompression

of fluid -> generation and growth of cavity -> turn to contraction -> collapse and vanish ->

rebounding, and shock temperature of several thousands of degree are generated for micro- or

picoseconds at the last stage, therefore these two significant features of shock wave and shock temp.

Shock wave by cavitation, in particular, can be appropriated to pulverize powder, where powder is

self-fractured by shock wave, so it is called as “Media-less & Contamination-free Method . We report

WERIE 2B ) DA TH Do RFFETIE, wIVF4Y

~N
05118
MRARE AR FAERGNTIES B M Al
would be considered to industrial applications.
the application of this method to powder handling.
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Screw (propeller) Cavitation

H.Kato(ed), “Cavitation”, 1999

2-d Wing Cavitation

X1
Cavitation

Chemical ==»  Sonochemistry
Ultrasonic Cavitation

Laser Cavitation

Mechanical ==  Screw Cavitation
Pump Cavitation

Water-jet Cavitation

X2

B 3 [ H— BRI 2 AV 24T 5 IHEEOBR
HarL7ze MER, WMERYTE2ETT7 0T v —
Ry T TiHbIA, KTIEHEEDSRERE RG] L
e SHE S 205, GARIEEASL E HETILT 2 EER
MENTERBESNF Y ET 4 2 EESELZ LR
5o O, 1) HEE—E THIES % & eI E
ETLOIEEMAEY, IEROZEE TCOPHEA D
Bl e BAOT, HEMEO BRI ZIT) I3ETE
=% HE L CELELIT 2 EFET LV, LD
N, 29 LAHMREREECL > TABIZEF Y ET 11
HHELTWEDES ) ho K4 IERE T+ 0BG %
RLU7e BEEMSES ) ZVvThh, HUCRZ S
HOWENRFYETF—2ary 757 FEIFERL 0T
HbhHo O "E FWEHICFELET A ERL, WET
b, M5LE6, M7, K82, F4=7H&Ina
=Tk, NIIA M, 7 uY T oL
TRERER LT, 2~ 3PBolE T, LEftao—
WAL S NG Z L0 h 5. T ORI A 7
A T & 7L &3 D, A R 7
EOXHREHT OFEFITEALE 725 S v & v ) K

pressure
— LY

][_‘t—u : |I |

-

— |
-\.-n..ll i ||'ﬂ| | |
|

ejection injection |
(powder + liquid)

(suspension)




Hosokawa Powder Technology Foundation

#boTwad (B9). Tl YD&) 2 Hrtss
DTHAH) P ?EI0, FrEr—a VUEBEOY
VA= THOBEGE R LS, (1) Rt
A= MVORTAHEELTBY, (2) Bk T8
L EOFE L FRAE LSR5 ), (3) AFid
BT RGOEAD 2 (MW THE L, @)

15 e
before cavitation Ti02 (l'llﬁle) ;
10 ~19.2pm
mean=19.2um

E— N
0 0.1 1 10 100 1000 0.23pum
Particle size / pm

20 after cavitation
| ~0.23pm
10/ al
il
Lt 1 10 100 1000 [ ]
Particle size / pm =

5
%
10; before cavitation . ZroZ (baddelite) ;
| ~26.8um ]
It mean=26.8um
s il 3 l
L B i T T
Particle size / pm 0.46”]11
%, — — S —
: after cavitation
| L ~0.46um
I
Ik
INEL
0 2
0.1 1 10 100 1000
Particle size / pm
6
v-Fe,0;(hematite) ;
’_ r il e bR
il =Y | bimodal 1st =0.67um
i 2nd=1.62pm
l mean=1.48um
8 1 5 =
LY I hl_ll‘. T 0.41pm
i -
|
- :"i 1habr i i
ii
: _ :
H -H'i | |
- T | e T e
Furvichy sbsa | om
X7

H—H A ~OMILIZE L T 5§ HEAAN 75 7% 2
EDG B, ETNVEERELT, RNIKT MRy R
WRALIE S OFERZ IR L7ze BEERIEY =D &) 2
Ex LTwaas, WHERZIEZOHLE A Y 7 THIEL
SHROBZED Do ZOYf, SHRLIC & o TIRRR
P b e B0 T, Bt L7212 b3 5 FRHEERO

o

: (a)at starting 7% Cu-phthalocyanine;
A ] starting=3.18pm
| (split) 0.39pm
0 et 8.8pm
Particle size / um
0.032pm
* 10nm
20nm
& %
20!

(b)at ultrasound | | (c) after cavitation

. - i
o J >

o 1 10 100 1000 001 o1 1 0 100
Particle size / pm Particle size / pm

8
XRD by Cavitation

I—> No change of diffraction angle &

half width
after
cavitation
(110)
&~ (a) after cavitation

El | | before

o

z L | = B

‘z

s b) bef itati

E (b) before cavitation 2 28 30

20/ degree
20 40 60 80 100
20/ degree

X9

20 nm

»

TiO, after water-jet cavitation

X10



Annual Report No.17 2009

J5 DT R FE 5 o S ERTEAD R AR % 3 72708,
2y 7 ORI TIIMMLIZBEE Tld o7z, B12
2, FrET—3a VB L B ERom ko
CNIDVATIE . 3 Ryt I N EVYAE Lk PN )
CHFMDO A Y 7 ETELRIICHEL, v 7 EHrE
W7 3 ERIRAREL Y, T/, ML L 724 0
R A S 7 & DBALD 0\ O TREFUEMG O FE 1
A% 9 2 L3 RATIER K O B TR R
BEPHHET L L EEL 52T, ZOMmERIC
Lo, Bz LA & BOERGRAREIE L T 22 45
T2 EWELL TS, (6o T, NIRRT L
WERTERY TS maE Y & 2 ), fefiifbid g
3% be T2, 72 ZMWAMLL T, ZO&R/NT
A RF—TKTOREEHBERETHY, FrET—2
3 V2 X A ERET SRR O TIRIAKAE L, [H]
—HABTHoTLZORIRIZL > THELNLRERITE
%oTL b TDEIIZ, FAFHEE —HORA—H—
BIEHT 5 L9 %, @ToORBHIRHLTE—L~ AT
A GFETIE RV L 24T 9 56, BRI
JEEAS OTIR % BHE TS T2 L RWEAH H . #k
DI HEREFTORRZ D Z L2k > T, ZOFk
WL T2 0%, TORANEORED, F/2,
ZOMEORIIIIMOFE, FIZIETKR—V IV
DFHPHEL T2 Z I TE S, HLEFETIE, K
T OEERH T ROBA, KaaEEDZANDH ),
ZIUHE S THEOIIIREDZAL T 2 W RelED S %
CEREBLTWARLTEES RV, 20LH1Z, &
EBOIZFYET—va VEBYEZ LA, AT
B X DAL DR & IR % Hl > 72 L THED 5 0%
WH 5o

ST, FvET—Ta VMBI X 2RO,

Where is fractured ? by Cavi.
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Where is easily fractured ? by Cavi.

I—> Sharp neck is easily fractured like a

cleavage than gentle neck.
Each isolated particle is not deformed
and without lattice defect.

sharp neck > gentle neck acicular neck
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Characteristic of Cavitation ;

Mechanical operation transforms to shock wave and
heat for micro- or pico second around cavities.

Rapid Decompression

Generation & Collapse

of Cavity
——> shock wave =-» refinement
effect dispersion
emulsification

= shock temp. =» local reactive
effect field ?
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Synthesis and application of silica particles having helical mesopores

06101

mMRARE  SRULEREEEAIET #ix )k OB #X Takashi Tatsumi

We have developed the method for synthesizing mesoporous silica having helical channels by using
anionic surfactants based on amino acids. During this research, we have established a simple and
novel liquid-phase method for preparing uniform-sized silica nanospheres (SNSs) 8 —400 nm in size.
The SNSs were synthesized through hydrolysis and condensation reactions of TEOS in the emulsion
system containing TEOS, water and basic amino acids such as lysine and arginine under weakly basic
conditions (pH 9—10). After the reaction, uniform-sized SNSs were stably dispersed in homogeneous
solutions without any precipitation. Interestingly, the arrangement of these SNSs into a cubic closed
packed (ccp) structure was achieved simply by solvent evaporation. Thus formed SNSs can be
categorized into well-ordered mesoporous silicas because they have three-dimensional, interparticle
voids with high uniformity.

The size of the product silica spheres was affected by two factors, the proportion of the seed-
solution and the ethanol / water ratio of the solvent. Thus uniform-sized silica nanospheres with the
diameter ranging from 8 to 400 nm were successfully obtained. By adding a surfactant to the
reactant solution, silica spheres with mesopores inside were also synthesized. Carbon replicas with
well-ordered mesostructure were synthesized by using the array of silica nanospheres of diverse
sizes as a template. The pore size of the carbon structure was easily regulated by varying the size
of silica spheres. The pores were uniform in size and spherical; each of the spherical pores was also
three-dimensionally interconnected to neighboring pores through small holes, which were attributed
to the contact points between closely-packed silica spheres. Furthermore, by using the porous
carbon replica as a template, transition metal oxides having three-dimensional mesopores were

prepared. Some of the metal oxides were crystallized with the mesoporous structure retained.
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Fig.1 Well-ordered silica nanospheres.
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Fig.2 FE-SEM images of the silica nanospheres (a)
15 and (b) 63 nm in size.
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Fig.3 SEM cross section (left) and top-view (right)
images of the thin film of the silica
nanospheres 300 nm in size.
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Fig.4 SEM images of the mesoporous Co;0, (Route
1) by using parent SiO, spheres with sizes of
(a) 20 nm and (b) 50 nm.

Fig.5 SEM image of Ti-containing mesoporous
silica nanospheres
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Effect of functional groups at carbon nano-structured materials on
electron transfer reaction of enzymes
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Bilirubin oxidase (BOD) contains multi active center copper sites (type 1, 2 and 3) and catalyzes
the oxidation of bilirubin to biliverdin (at the type 1 site) with the concomitant four-electron
reduction of dioxygen to water (at type 2-3 sites). BOD electron transfer reaction investigations at
carbon electrodes are attractive studies, not only from the point of view for the basic understanding
of multi-copper protein reactions, but also for the application of dioxygen biocathodes for biofuel cells
operating near neutral pH solutions. Several studies on the mediated electrochemistry of BOD using
monomeric and redox polymer mediators have been reported. Recently, the direct electron transfer
reaction of BOD at carbon electrodes under anaerobic and aerobic conditions has been reported. In
the present study, we investigated electrode reactions of BOD adsorbed on carbon black (CB). CB
has an advantage for large surface area-to-volume ratios. Heterogeneous electron transfer rate

constants (£°) between BOD and CB were evaluated by analyzing steady-state catalytic

voltammograms under aerobic conditions.

ozone treated CB.
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LEEZOND, 72, BERII—BKIZHEMTH 225,
RPN L - B R OB E TR E S0 % mife 2
FxHL, BotRTEBRRE LIS LEROMEE
RO TA v, GEo T, MREEILEREZBRT 5
IS=Y DAA MIKT LHEROZTDOEE IO THS
Vo LLARAS, ZIUIHBW RFEEOEEE TR
B AIRICE R 2 GETH Y, EBEOBEOEE
BIBE S IIEE S ST &R, B ICEE
SNTBRERITH L CTEBKUNCEEG LT 5%
IEMEICE X v, FlD L, L ETREKSA
WEELGEROEAE AT LTS 20T, 2oMiEs R
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BRI L CE B RED D o FEIZ, A—RrT T
v 7D L) ZEBILERESBO TRE DT A
MWD ENTF ) =R U EM O R L, BE
Bt & OEEBEFBEBGO 72012 kE T 5 2 L i
IO A% S, INHTIIZB W T O RO THE
Thbo, KT —~TlX, 1—Kr 77 v 7 DEHE
BRREZHBEL, Ihoo0h—RRMIWNFE L7
FOETE UL HRE % 3Fl L 72,

HAEBRROEIE

1. KBAE

3% 121EMP Biochemicalstl2 &8 A L 72 Myrothcium
HEOE ) VE »FF ¥ —+¥ (Billirubin Oxidase,
BOD=52,000) % # » % ¥ 7z, BODIX, €&
YEEVNVY VIZRIEL, BREEZKISETT AR
TH 5", BODIE 4T 519 #0572 5 72 Typel
(blue copper) center, Type2 (normal copper) center,
Type3 (coupled binuclear copper) center(Z44H X1
LETAEOA A+ 2 ET B3IV TFHAF2 ¥ — €I
&9 5. Type 2 (T2) & Type 3 (T3)ix, T2/T37 5
ALY —EMENDL =DM s 7 A5 — %2R L TH
D, Typel (TL)¥ 4 P4 54913 ADOHi#EE 5 THT
it SNCEBF2FH L TRELLETFRETTL, 20T
DR LI 2 BB 245 T B (Figd)'™

KRN L2 — R 75 v 7 0 BINETH
WG E A Fig.2l2 7R T, BODIGE 7 — KV BARILT
ROLIIER L. Smg/mLOh—Kr T Ty 7
(CB, Hifp7 — K v Halatt) £ & &G DMF S sl &

O HO

Fig.1 Proposed scheme for electroreduction of
oxygen at an electrode with adsorbed multi-
copper oxidase.

77y =7 —KEM(GCE) FIZ50ul¥ v A b L,
#8472 (CB/GCE) s €14, CB/GCE_1240units
/uLOBOD% &) » EE#RE80ul %= CB/GCE LI ¥
¥ A + L72(BOD-CB/GCE)., ERALFMEIX, 1) >~
P % i P (pH6.8, 0.05M), EAZIF 5 HEE 5 mV/sT
11726

CBEMH O - BILWE %179 7280, TA 757
1y 7 ABRKREHOUVE Vv kiFEE Vi, £
72, CBOALHHIERLELIZ R D X ) 12FT o720 7T
232 H =K 75 v 27 (CB) #100mg A, Wil
W A50miin 2, 3EFH8OC DT + — % — /NZATH
B 70 20, W5 EE R % BV TG [EE 2 4T\,
SYQKTIRSICHEE LT2e FD, WL 72CB%
FUr =y —IZAI, TNEL =5 — & VT4 B
BB R AT o720 CBRENIT I/ £2BAT 572
0, T YEETHAAFHAT TS 7 AWM 21T > 720

2. BRBLUVEE

2.1 CBEELETOBODICL 2BFET

BODIX, 9 AF v 27 74 —Ah FH—FK>(PFC)
7 & O RFIERER L TOBEHEE T BB S AHE &
NTWBY Y BIRICHNTRE 2 KEEE AT 54
TFROH =K T Ty 7 &G L7-BBEHNSEZ L
T, BODZ& W 7cMRFE TR & v RN 1 4 R
BB B IESFESN L, 22T, ¢ 28nmDFL
T A X%FON—KR>y 75 v 7 (CB) % v Tt
4T % o720 BODZRGHI L2 — KR 7T v 7 154
AR (CB/GCE) % H \» TpH6.8D0.05M ") » /N v 7
7 — (PB)H T, ##5l#E 5mV/sT060V—> OV—
0.60VIZ 5> TCVIMllZE 2 4T > 720 Fig. 312 R 5% il &
TBLUOREFHMATICHT 5BODEHICB/GCED

4
X )

o &
20 nm
Fig.2 Transmission electron microscope (TEM)
image of CB.
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i 0.&
ENW va, A/ AgCl (Sa.KCl)

Fig.3 Cyclic voltammograms of O, reduction at
BOD immobilized CB/CF/GCE at scan rate
of 5mVs ™.

RNVEET T L%IRT o BRFEFHZTIZHVT055V
2 & BT BIE S 7z (Fig3EM) o 7V T~
FHA T (Fig3Bi) TIE 20 X ) Zmicik 2Bl s
NZEWZ RS, BODIC X AEEFE O R T TH
5 Z MRS N,

2.2 BODDOEFHENRILEE T
BODDE BB UL IZRD & 9 X% HwC
To7e H—EWP TOBOD & B & OEHEET
BERSIZ (DR TRENSEY, £k, BLUA,
Butler-Volmer®#» (2) Q)X X » THE SN 5,

_ anc Ft
1+ ke/ke~+ kol ke

ey

The Butler-Volmer type equations
ki=k exp[~ a(nF/RTE-E™] @
ko=k exp[(1- &) (nF/IRTXE-E"] 3

ORI, V=T AT 4 —=TERLE X ) =il
ELNEONIEEBMIZBITLEREEFRALT,
M _FEEFHCC T v T4 v 7T HTET
BOD & HEAR[H & O & F B E (k) B & EM
KIMOGEEREFRRE (It), BEMRE (o) KO 72
oL E, nIBODOTHIOETH(=1), BLUF
&7 7 77— REISAAEER TIREE E° &
TUAOE R LR TCEN (= 0460V) T %o

AR % [0 §5 £7400rpm T 1z S & C, ) o EREE T
H (pH6.8, 0.05M) TEMHH5 [ 5 mV/s TESALY:
WEZT-720 TVIVFREAT TCORVY TS T A

e T

b AT

"

w
=

FW i b et S KX W wm, AglhpD | S KA L]

Fig.4 Background-current corrected steady-state
liner sweep voltammograms recorded at
BOD-CB (No treatment)/GCE and BOD-
CB(acid treatment)/GCE. The open circles
represent the regression curves based on Egs.
(1)-(3) with the parameters.

ENw 75y NBCG)EL, BMEFMATTOR
VEET T AHEZOBCEZE LTz (Figd ).
C OBODIZ & B F R TH 2 (1) I2ED v
Ialb—va VENLE 2 A (Figd B4, BODE
CBEMM OE T REHE S (F°) = 70 (£10) 57,
EAREMOWGTEREREE (It = 75 (£05) x 107
mol/cm’% #5720 CBO K % {LA# M LALEE % Jifi L 72,
CBIEHi EAR % FHV CRBRICHAT L 72 & 2 5 (Figd),
k=130 (£10) s, I't = 78 (+08) x 10 mol/
em’F 7z, TARKM ORI (M) 1L, AR
EBDIBEFULEE oz —HT, BTFREHEEK
(B°) IZ KRB OCBEM & X, WAL % 1T - 7= B AR
3R2 FEDfl & 7 o 72

2.3 UV-# V> ECBEE% AL /-BODDEFIHE
RIESRE#ER

UV-7 > UBiE, BER SRR 5% 2 LT,
TV RFEAESE, CBRIEZHRILT 52 LA TE %,
CBEHNDEALILIE O E A ZL S LR T W &
5, UV-ozonelL¥¥ & % flv THE 21T o 7. CB/
GCEIZUV-F V' Y LHE % 1 45 L 72 2 DCB/GCE
ODEEBTBECHNTOY I 2L - a ViER%E
Fig5lomd, Zok &, WR-BHMHOEF BB HE
SER(RT) =130 (£10) s, TEMIME O MR R
(I't) =80 (£05) x 10mol/cm*% 1572,

UV-A V2 LB o WLERIEE ] (0 ~1055 [#) O AT Al
REAT o720 TORKR, FAIEFRELIE L 3 55 L
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ooses 100 pA/cm?

0 E/vvs Agagcisakey 06

Fig.5 Background-current corrected steady-state
liner sweep voltammograms recorded at
BOD-CB (UV-ozone treatment for 1 min)/
GCE. The open circles represent the
regression curves based on Egs. (1)-(3) with
the parameters.

Fig.6 Change in £° and /"t value as a function of
UV-ozone treatment.

EMA R EME(E = 140 s ) ZR L7 (Fig.6)o — 7,
T HEIZALEREERT 3 3 DABED> S48 4 12 L7z,

2.4 CEZT TS ANIECBEEE AL /-BODD

FHERICEEFHR

& N

RFZFMIZIE, Fig7llRd &9 affkae b —K>
AL E AT A ENHE SN TVEY, REBME
MZIET T AT v — P R2FFOEREIIFEL RV, £
T, TVEZT7IARUBEA I LIk, K
EERBKEIZT T AF v — V2 FEOERIEOEA %
iz TTAF ¥ — VR FEOERIEDBOD & DEE
BT RBESIC R IZTREBIIOWTHRE Lz, /2
BODDEE MIZpHAITH B Z L bY, ) YNy
T7—BERPTIEYA ST AT Y=V EH T TWLEE
AbNATITAF ¥ —VEFDOERIEDEAIZLD,
MR O TG PR (1 0) OB ]IFE L7z,

FITVEST T T AU EIT 5 72CBEZXPST

L, MFEZOBEMICBVTN(Is) HEDOE — 27 23
A TE7, FCAs)HKDOE—27IZBWTIE, &
B LUEE L OME L RRETHERO Y — 7 5
ATE, BELZELT I/ ESOERIEIEA SN
ZEDIREINT,

TVEZT T T A % 30F i L 7-CBIS i
% T, MoCBEM & M0 Hd T Lz s
Z 7 (Fig.8), ETFBEMEEH () =40 (£10) s,
BMEMOEEMRIRE (I = 40 (£20) x 107
mol/em? & 720 FEB L O It & H 12, FUFHD
CBEM & LR THRWEEZ R LTz TYEZT 7T X
~ ALEE o WL EL R (0~60F ) O M ES & 4T o 72
(Fig9)o ZO#ER, W BBEIHEEEK () B L UE
I OTEERERIREE (1) & D12, BT I
TL, —EDMHICEBE L Z EAMERR SNz,

WA OGHRERRE (MY, 7YE=T 77
A WA fE§ 2 & T L7z. BODIEY > FR#% 1
BHEPIZ BV TR A T AT v =T 2N Tw
B, BN T IAF ¥ =T RI A FAF ¥ =%

(OH
“0O0H

Carbon Electrode

Fig.7 Image for functional groups of BOD.

_I_

50 pA/cm?

0 0.6
E/V vs. Ag/AgCl (Sat.KCI)

Fig.8 Background-current corrected steady-state
liner sweep voltammograms recorded at
BOD-CB (NH;-Plasma treatment for 30s)/
GCE. The open circles represent the
regression curves based on Egs.(1)-(3) with
the parameters.
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Fig.9 Change in £#° and /1 value as a function of
NH;-plasma treatment time.

-
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L]

Fig.10 Adsorption image of BOD by the electro-
static interaction between BOD and the car-
bon electrode surface.

FoTwbd, 79 AF v —T AT HEMEIR T,
RV AERNC X 0 BB E) UGS AN g 2 L ) T
WAELTVLIBREOHGTHEVEEZILND
(Fig.10) o

3. ¥&¥

Bk v 7 2 PFCEM R HOPG (Edgelf ) & &
X, BReE AT L A CF7 % WHOPG (Basallfi) % i
RCCEMBIZH R TEFBE A EEH () BEn &
ARG SN T Wiz, RIFZEICB TS, FHERLLE
54T 7:CBEMIL, RUHOCBEMIZLERTEWE
TREHEEH(F) 2. TT VEZT TITAT
WMFECBEM TIE, AHEAMET L2 EH 5, H—3K
VB E 73V A FAF X = VRO EREDE
FREHEEEREEME S, EATRENT,

SEOMENRAL

SROFE T, CBRADEREDEZ L Z/RT
CLENTELD, TOBENFEMICIZEDS 2h o7,
Ltk B — RV EBFEOERIEDOFREILE DO ERR
GIHT LT 4 OFER L OBF BB UL & BEE L T L
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Preparation of monodispersed nanoparticles using
highly condensed physical gels in organic solvents
N\ 4
06109
MEREE  HILRFELTWERSEMET 83z # 7L B & Kiyoshi Kanie
HEOED DTETOLANOREMIZEDLOTHEN L DL L

AWFFETIE, ARV 28 L7 By ke
FOEEBLOTZDOF A X - BRERIEE Hi & LTw»
bo HEELLIZINETIZ, SBABRILYD S % 5K
RBIEE 7 & MEEWE L LCTHW 7L — Vi
R LTE 2, AFHETIE, BRI VOB EI2 X
0 AETERC &k SR & O IR 2 4 BEASIERL S
WA X - REATREE BB & 7z AR T A5 S
NDo LALGEDS “ZIL— VL IZARICES
THALANDILRIC B TIERE 4 2 Sl & BT
3 %0 F8I2, UGIREEZ KO EI EET L7200
T BIEX R IAE e b0 2 TARIIZETIE, FH
AL, BRI D A VIR A BRI ICE B
L, MHEHEZ —nIE L 32 2 L% < Bk T
H REICEWRT 2 TFEORERET) . BRERT
B 2 WF 2 BEEETERTEIUEL, 20Tk

0.50 M InCl3 &
0.050 M SnCl4 in EG solution

-------- Stirred at 0 °C

<«—— 1.0 ~2.0 M NaOH in EG solution

[ :OH-=1:2~1:4]

-------- Stirred for 15 min

-------- Agedat 200 ~250°C,~96h

\4

Products

Bo BAKIICARIZE TR, AREEEIC 51T B BLY
FORTOGRERGE LT, BUBERAE L LT
HHSNTVABRILA ¥ Uy A2 XF / F T2 # H
L, ZOaBEDMELT->7,

IR ROERE

1. KB&E

EB T EOMERFigllRy, TFL 7Y a—
Vv (EG) 12, #E b1 v 2 AWK (InCl; -
4H,0) B L UKL A XFAMY (SnCl, - 5H,0) % %
n2nIn®* = 050M, Sn'* = 0050M& %% & 9 I29A
fig <4, In-Sn EGIEM A AR L 720 kT, KEEL
+ h1U w2 (NaOH) #EGIZEM &4, NaOH EGi&

BERLTER oo
- IFL241)a—IL (EG)

- OIFL24)a—)L (DEG)
+ J4/—)L (BuOH)

- 80 % EG/KiB&K

— Put 10 ml of suspension to Autoclave

-------- Washed by EtOH, H,O and centrifuged

Fig.l VIVKRS —< ) WEOE
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e L 720 HF L 72In-Sn EGAH % 79 A 212
AN, K& - FHETICH 5 2 OBEHICNaOH EGHER
RERWT L, 155 MRS 5 2 & CRSER ([In*]
total = 0256M) #MEL 720 TORISER Y 4 — b
7 L—71210mLAMN, FrEii s d % BRI T
B 7z PrERERIRE T4 — b2 L—7 &MY L
TKIZTEE Lz BoNEmWicx LT, =5/
—IVB IO A U 3HKIZ & D PRiEB L OO
£ B E G HE & Fnlf 0 SR 2 & TR R AT o 72,
Kft 4 X - R OB 25, DIFTOEBEIZD
WCHES 2T o 720 BEEICIZEG, Y= F Ly 7 ) a
— )V (DEG), 7F VL7 Nha—)v (BuOH) B X180
%EG-20% KIRATE (20%H,0 EG) & fl\v 72, F72,
BOS i BE %200 - 250C & CTZ 2, KSKER %0-72h
FCEZTERET->720 S512, NaOHIEE %% 2
52 L TOH &In® okt (OH /In®") #2-4F TX
A TEREIT> 720

2. RERICETBITONFERK

WIIInIE B 2 025M & I JE R L C, B4 EG,
DEG, BuOHB £ U80%EG 20% /K i A 1A il D4TE 3
HHOWTHEREIT> 720 AHEMIZOH /In*" = 3,
250C, 12h& L7zo Fig2llf8 524l OXRD /¥
5 —2%R¥o XRD/Y¥ — 5, EG, DEGZ At
& L7255 A2 0 RIn,0,0 BAHA AR, L, BuOHT I
In,0; & INOOHDEAM, 80%EG/K W TIXInOOHAS %

v
=
_J H v | 20%H.OEG
L & - "
BulH
= il | -
% i L. 5 DEG
1]
| P O W RS ...
| ® cubic In,0-801-089-4505
|| ¥ orthorhombic InOOH:#01.071-2281
] I 0 a1 O}, >#01-070- 1463

% a0 40 S0 60 70 80
2(degree]

Fig? #BBMATERLZERYDOXRDISY — )
T4 5EICEG, DEG, BuOH

NENERT LT DD o072, TNHDFBERDLD,
H,0iEIn,0;0 4 i 2 HET 2 L& 2 51, H0D
BHROBEETAET A2 L TInO 2 ERTESL & v
Z %o BUOH% & & L 72 12In,05& InOOH D A
PEONTDE, GELOEN S -7 2 L ERNT
EwrbE2zTnd, 72, EGH L WIIDEGHR T
o3 cRrwEaL LTs) (Fig2), 7
) I =V OFETTHEIC X D ERFERESER L b e
DIRIEE N7,

Fig.312ff 4 O T A L 72K+ O TEME % 7R
Fo KT DY A4 X, FBEIIDEGEERE L-%HEaD
A30nmAEE &R K E L, THKIZEWEETH -
72o OB TIZI0~200mBEE DO REFRTH - 72
DEO#EREDS, 0.IMU EDORERIZBNTL, &
UNVRY =< VEEHWS Z L TITOR BMHTESL 2
EUREE R B ENPEL N E R o720 F72, ITON
A TR T 2EGE RFEHGR & L TRIRL 72,

3. ITOXFDORREHIH

BB ORESR TR ED L) BB 252 5
PERETH72012, 200, 220, B X U250C D320
Bl HIME TR AR EITo 72, T OFEBRTIIEG
UL Lo 720 T 72, BEDS OISR,
OH /In*" = 3, RISHFRII12hB & U24hIZ[E5%E L 720
Fig.3l12XRD/%% — ', FigdlZTEM{% % /R 3o XRD

i . . 2507 24n
e o ST oo A e
POSNES IP T oo
A A s220%. 240
A A_20% 12h

200°C. 24 h

| ¥ DI.'H1E-I'|"|DI'I1I|:'IC IRCOH =801 =07 1-22 03

It sdby[ a1 |

| o eishic In{ S b =#01-078- 1483
T T L T T L] 1 ¥

b i ] 441 1) Gl Lol =T ]

2i{degree]

Fig.3 ®EMRETER L ERYDOXRDISSY —



Annual Report No.17 2009

"-“IFI‘-'.-.! o
T AV R S

Figd &EBURETER L 2B O TEME

NG — 6, 200T TIEAH R PEDER I O5A AR L,
AR EIN(OH) i A L TW AR W & 2350 o 72,
220C D B CTlidIn,O; D HARAE R L 720 TEM{S % &
% &, 200C TR IVIRIE D AR L, 220C LI LTIk

REBORFRER L TSI EDTNb, T72,

220C DL ECIRIBED B WIE SR T A AHhKREL %
STWVD I EDID b, 250C, 24hD 5B TEBL
7oL T OfE T8 % Scherrer?C X W EHE L 720 K
RIETH 530" IO —2Icxt LEIE LA

197mmé %), THUITEMBGOR FF L I1ZIT—7
52 lpb, ZORFIIEMRTHLEEZER D, ML

DT EDNS, USEZ R T 52 & TRk Z
"D ENTREE 2D Z &N hroTz,

WT, 250C CTRIBFMA0-96hE T X THT
BRAET, BEREORTEEICS 2 2812w
THE L 720 FEBRSAF1L, 250C, OH /In’" = 3T
Hbo HHMIZBVTELNZERMOXRD/SS —
v % Fig5ll7" 3o In-Sn EG# i & NaOH EGIAE D2
WARIRA L7-BRE (Oh) B X OIMELhEO AL,
TENVT 7T ATHAI DTN MBS
5 &, RO EInO MR S b 2 & 3
o tze FEERIC THEZE R O TEM4: % Fig.612 7R

o\__lﬂz\. PRI A gh

%- 1h

E Oh
L

| » cubi iy,

| | 1
| i i Jahusk COH
0 culbic n{OH):

20 30 40 ab &0 Fil a0

20{degree]

Figc &GWKEHRIZBEBDOXRDISY — >~
To MEAREEO- 1T 7 VIRMEDS AR L T2
EWGholze TORERMEDD, Sh;F%FF“C“ffﬂu:HE'E
PEIn, O b A3 AL L, % DR 25HE#E T 5 12
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Fig.6 £A RRFHIZ A5 72 B O TEM%

THRFENEINT % 2 & 2995 h o 720 ScherrersUiZ &
0 ShEARRIC AR 72k DR S F 2 Ro 728 25, 169
(3h), 175 (%h), 186 (12h), 19.7 (24h), 224 (96h)
nmTHo72e TNEDEIITEMED AV Ok 1-££
CIFE—HLTBY, FEHAREET HIZOoN, Bk
DT IFRT 5 2 L 0355000 720 B KIEF96h T,
SHRIROK T LA SN AEREHEESTAI L
THEMOMEREDOENEE L %), SRS BNTE
72l %,

4. ITORLFH 1 X

B’ /OH WEEZ L Z LI X AT A X
IOV THRET 21T - 720 UGS ONaOHIE
#10M(In** :OH =1:2),20MIn** : OH = 1:
4) L LTAHML, 156M (In’" :OH™ = 1:4) TH
L7z 0L L 720 ARUREEIZ250C, BERIX12h
HHWVIFhE L7zo £In® /OH I CTHE- LRI
xf L CXRDEIE %17 - 7245 5, In®" /OH™ < &k
BRI D 5 TInO S EA TR SN D 2 L3505 -
725

Fig.7ZICTEM% % "3 o NaOHIEE K& %2 512D
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Fig.7 &In’" : OH 12 CTAM E Nk T OTEME

T, B S NZR AT O A X210, 30, 50nm &/
EL Bholze TOLHIINaOHBEEN EH T 51201
THRTEFBD LZBERE L TOL ) ICERT 5,
In,O,E ikt %, WDIZTE/T7E)LV7 7 AIn(OH),
DL, TNEEEE LTI RSN D &%
b ZOWE, MMOH EEIIKFLT, TENV
7 7 AIn(OH); 2 % DS EHRENZEILT 5. D720
OH B E VI, AT 2RO D A
FTLOTHRTHAZXDNSL ol bEZTD, &
R IEREIZOWTIE, In® /OH HIZL 5Fudhn
DEE DI HEIRE LTz, B2, In® 1 O0H =
1: 205 CRE LA T1d, ¥ A A50nmAE & T,
WA 7 L RO g R A LT,

5. £&B

IFLry7)a— (EG) L L LV LR
=< VFEICL D, 0IMELEOEE LM TITOS /4T
THHMTHERT 52 EDMREE holze 72, G
TERHM A2 E 2 5 2 & TEOER L FARRICHIE
FTHIENTEZ, 512, USEHHOIn® /OH™
WaEZEZ 52 LT, KEZ10~50nmE TO HH 2%l
HaER L7z DEX Dy, AREEHR TORERIZE
FBITOF / RFO—EEEHB L UOZ0H 1 X - B
REM I 2 AL L 7o
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Fabrication of shape-controlled and size-monodispersed Cg, nanocrystals
-

WRRKE  SLRELOmEREEr B 8O B

N Akito Masuhara

The preparation of fullerene fine crystals with uniform size and shape would permit the control of

their specific electronic energy levels and the fabrication of materials with completely new properties.

To this end, we have successfully fabricated, for the first time, shape- and size controlled Cg,

nanocrystals using a reprecipitation method developed in our laboratory. The Cg nanocrystals

obtained were clearly monodisperse and came in an interesting diversity of shapes such as spherical,

rodlike, fibrous, disk, and octahedral. We were able to selectively control these sizes and shapes by

simply changing the combination of solvents used and the reprecipitation conditions.
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Fig.1 Typical SEM images of multibranched Cy, fine
crystals. The concentration of Cg, solution is
the 1 mM. (a) shows images of nonbranched
Cgo fine crystals, ie., rodlike Cg, fine crystals,
for reference.

Fig.2 TEM images of Cq, fine crystals, correspond-
ing to those in Figs.1 (a) - 2 (c).
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Fig3 SEM images of Cg, fine crystals prepared by
the reprecipitation method using m-xylene
(good solvent) and 2-propanol (poor solvent).
The injected amounts of the m-xylene solu-
tion (2mM) of Cg are (a) 100, (b) 300, (c)
500, and (d) 1000ul.
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Fig.4 Novel and unique shape of Cg fine crystals prepared by the reprecipitation method. (a) spherical
structure formed from m-xylene (good solvent) solution (ImM, 200ul) injected into 2-propanol (10ml,
poor solvent) at 353K and aging at room temperature, (b) long fibers from m-xylene (3mM, 200ul, good
solvent) / 2-butanol (10ml, poor solvent) with injection and aging at 273K, (c) flowers from o-xylene
(3mM, 200ul, good solvent) / 2-butanol (10ml, poor solvent) with injection and aging at room
temperature, (d) flowers from p-xylene (0.3mM, 200ul, good solvent) / ethanol (10ml, poor solvent) with
injection and aging at room temperature, (e) stars from toluene (1mM, 500ul, good solvent) / 2-propanol
(10ml, poor solvent) with injection and aging at room temperature, (f) hexagonal plates from p-xylene
(3mM, 200ul, good solvent) / l-propanol (10ml, poor solvent) with injection and aging at room
temperature, (g) nano-balls from pyridine (0.3mM, 200ul, good solvent) / ethanol (10ml, poor solvent)
with injection and aging at room temperature, (h) nano-bipyramids from CS, (0.3mM, 200ul, good
solvent) / 2-propanol (10ml, poor solvent) with injection and aging at room temperature, and (i) micro-
belts from CS, (0.3mM, 600ul, good solvent) / 2-butanol (10ml, poor solvent) with injection and aging at
room temperature.
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Evaluation of nanosized additives for environmental pollutant reduction
during solid fuel combustion

\S

06119

—

rAEE PR TERIOCHLER #i% B 3% % Yoshihiko Ninomiya

This paper aims to evaluate the nanosized additives to coal on the emission/reduction of particulate
matter (PM) during coal combustion. Five pulverized coals with different mineralogical properties
were investigated. Each of them was mixed with Ca-based, Mg-based and calcium acetate based
additives, and combusted at 1450C in a lab-scale drop tube furnace (DTF). The results indicate that
the additives tested here has a pronounced impact on particle size distribution of PM and the
morphologies of individual ash particles. For all of the coals tested here, the addition of the additives
increased the coarse ash fraction and substantially reduced the amount of ash particles smaller than
25um (PM25). This is because the Ca- based and Mg-based additives are able to reduce the slag
viscosity, which promote the coalescence among sub-micrometer mineral particles. The effect of the
additives on PM2.5 reduction also depends upon the properties of the original minerals present in the
coal. The particle size distributions and concentrations of PM10 were also compared to that predicted
by an advanced coalescence and fragmentation model developed here. The comparisons indicate that
the model can satisfactorily predict ash formation and properties, taking into account both

coalescence of included minerals and fragmentation of excluded minerals at high temperature.
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F2 A, B, DB XOWIHIZ IR 724 R OBRBEFLER THIE S N 7-PMEEA =

TIROGEW 720 D PM FE R (mg/g-ash)

R A FEYEIC L- L & PM RALL

mg/g-ash PM; PM, 5 PM;y PM; PM, 5 PM;g
A 8.1 16.8 257.0 — — —
A+Ca additive 7.4 14.2 244.6 0.90 0.85 0.95
A+Mg additive 8.8 135 2223 1.08 0.80 0.87
B 4.6 22.0 248.3 — — —
B+Ca additive 4.0 18.6 237.3 0.86 0.85 0.96
B+Mg additive 2.0 7.7 230.5 0.44 0.35 0.93
D 29.9 79.3 391.5 - — —
D+Ca additive 18.1 78.0 3533 0.61 0.98 0.90
D+Mg additive 15.6 70.7 649.0 0.52 0.89 1.66
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mg/g-ash PM, PM,s PM,y PM, PM, 5 PM;
A 8.1 16.8 257.0 — — -
A+AKFEE Ca 8.9 193 92.8 1.09 1.15 0.36
C 8.4 20.2 453.5 - - —
C+AKHKE Ca 2.5 45 475.7 0.29 0.22 1.05
E 14.7 23.7 481.4 - - -
E-+KHE Ca 35.2 61.6 486.1 2.40 2.60 1.01
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Eo—HFl%RT, SRIOFETIEEZEFHL 2
Random Coalescence-Fragmentation& 7 )V = £/ L
TWa720, FLEHETHAEL THERERERITLT L
AL LERBT, £3~5%DHEEZHL TV 5,
INSDERNH DS &I, Included#E DE 1K
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5 A7 7REZE L EDOBR

#51213G. J. Browning» O TRt OREEHER X0 S5 HH

L727,

HiEE  n [Pa-s]id,

log(#n /(T —"Ts))= 14788/ (T —Ts) —10.931

ZZT,

Ts= 306.63 In(A) —574.31

A = (3.19Si*" + 0.855A" + 1.6K")/
(093Ca™ +150Fe™ + 121Mg*" + 0.69Na* +
1.35Mn™ + 147Ti"" + 1.91S*)

Si*" + AP + Ca* + Fe"™ + Mg + Na* + K*

+Mn™ + Ti*" +§* =1

A~DRIZFNZENUIIBVWT, AT 7HiEL 1 O
WIERIFRAHE» RO O, L ERT LR T 7
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Fragmentation®® 7 )V % fil%E L 720 A~DRIZB VT,

A T TR & Included SRR T D PRIBERE O & AR S A 1)
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1) Q.Wang, L.Zhang, A.Sato, Y. Ninomiya and
T.Yamashita, Effects of coal blending on the 3)
reduction of PM10 during high-temperature
combustion 1. Mineral transformations. Fuel,
87(13-14), 2997-3005 (2008).

2) G.J. Browning, G. W. Bryant, H. J. Hurst, J. A. Lucas,

and T. F. Wall, ,An Empirical Method for the
Prediction of Coal Ash Slag Viscosity, Energy &
Fuels, 17, 731-737 (2003).

RTRWY, FERERE

Y. Ninomiya, Q. Wang, S. Xu, K. Mizuno and 1.
Awaya, Effect of Additives on the Reduction of
PM2.5 Emissions during Pulverized Coal
Combustion, Energy & Fuels, 23(7), 3412-3417
(2009).

ZEEE, BRI REE, KEBE, YR R
BE7> 5 OPM2SDARRZ K AT $EMH DR R, 554500
AR (2008.10).

Y. Ninomiya, Q. Wang, S. Xu, K. Mizuno and I.
Awaya, Effect of Chemical Additives on the
Reduction of PM2.5 Emissions during Pulverized
Coal Combustion, Impacts of Fuel Quality on Power
Production & Environment (Banff, Canada, 2008.10).



N

IR RERB DN 7)) BRI Ay

Water purification by hybridization of metal oxide powder and ultrasonication

-

06123

MARARE  FRUTSERFREREI T AR R T2 E

i C - S =

E  Akira Nakajima

Effects of TiO, powder addition on sonochemical destruction of 1,4-dioxane in water were

investigated through comparison of SiO, powders with similar specific surface area. Addition of

TiO, is more effective for decomposition of 14-dioxane in water than is SiO, Contribution of

photocatalytic destruction through sonoluminescence is not dominant to the effectiveness of TiO,

for acceleration of sonochemical reactions. Temperature changes of water or suspension during

sonolysis suggest that an endothermic process exists in the TiO,-added water. Regarding

sonication of TiO,-added water in the present study, thermally excited holes will be generated.

Intrinsic oxygen vacancy in TiO, surface also plays an important role for high decomposition

efficiency by producing cavitations. Both ultrasonication energy consumed in water and destruction

efficiency of 14-dioxane were increased by the addition of reduced TiO, powder.

5 EAN=:p)

RO EWIRGHL, REERRICLE A (AOT :
Advanced Oxidation Technology) ® 12T, F
Y YT —3a YHIRICE SR - SEIREOIEER,
ZIUHE) OHT ¥ 71 VR BERLKFE 2 k1L
EETHALEEOARIZL Y, HRWERRNICH
fit - BRAETE, KEELHEAME LMo Tw2,
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WIS % Z & THED OIERED LT 5 2 LEAVR
SN, ZOFEKRE L THORAAF Y ET -2 3 V&
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720 TN E TITHIR ST 4 DB EEERDORER DS,
COEZHIZEMMETLEEbN L,

—H T, UEERIZB W TOBR L o dsim
ICHARCTIONRICEN TH B 2 H, &RKRFO
HEAR, BILKEOARSLIZL Y, EBRIICHIES L

SRR
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% (NIN, )

HMEEFL

0 1q 20 _ED 40
Time [ min ]

720 (# X, M. Kubo et al, Biotechnology Progress,
21,897 (2005) X V5. AfEmASHE T P HRGIER,
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OV V3 A vty A& 2R (Ogi et al,

Ultrasonics 40, 649 (2002))

@TiO,ORE TOEEFEDO L EEDOIEKR (Lawless et

al, J. Phys. Chem. 95, 5166 (1991))

@F vy E7r—Ta viZkbibs v v 0Bk

(Mizuguchi et al, /. Appl. Phys., 96, 3514 (2004))
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Design and evaluation of metal powder with nano-particles for
electrical conductive paste

\S

06126

ARREKE  KBORFHEREEm  dxdz ¥ )l %% Hiroshi Nishikawa

Electrical conductive adhesives (ECAs) are being investigated for the use in microelectronics
packaging as a lead-free solder substitute due to their advantages such as low bonding temperature
and simple process. However, high resistivity and poor mechanical behavior may be the limiting
factors for the development of ECAs. Conventional ECAs are composed of micro-sized filler metal
and polymer matrix. Currently the conductivity of the ECA is considered to be generated by small
contacts formed among the micro-sized particles during the curing process and by the tunneling
effect. In this study, a new class of ECA, composed of nano-particles and micro-particles in epoxy
resin, was designed and developed. Especially, the effect of the addition of nano-particles on the
electrical resistivity of ECA was investigated and the configuration of nano-particles and micro-
particles was observed by using scanning electron microscopy. As a result, it was found that, when
nano-particles were added into the ECA filled with micro-particles, the addition of a small amount of
nano-particles helps to get lower electrical resistivity of ECA. Namely, some nano-particles were
aggregated and acted as bridges between micro-particles. Then the contact points between micro-
particles and electrical path were increased and the electrical resistivity of ECA was eventually

decreased.
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Thh, TOERERIEILDORE, BBRNICIES T
TE7ze L2 TRFZETIE, NV &R LD Ll
HOBNF 7 RFAFIHL, INFETICRVEEREY
1T —DFFEBIRIZET, FIRTIGZBE
BeUEIC L 2030, BEEEEH ORI EL B
¥

HFERROEIE

1. RBFG&E

REBRCTHME L 72 4 BHEOEBEREER OME % £
1WRT. &8 714 9 —O&EHRIE %92mass% T
—BE L, ¥4 7% XOHBHRT LT, <A
yuaAghif) LF A AogkT (LF, 5/ Ag
HT) OREBEEGEELSE. HFH LR TOFY
RifElL, A4 7 0AghiFT3 um, +/Aghi¥+T5
nmfEETH 5, BEEREEEHAOELEIZE, <17
OAghFDOHTH Y, BEUEFEAHFIB, C, DOFAEIZ
&, A 7 uAghifaiaEL, +/Aghifxzhe
N 2mass%, 4mass%, 8SmassBiRiL7z. &J&E~7
1 I =L OEMICOnTIE—FEE L, N—2®FIC
TR SRR 2 A L 72,

FRICARFEBRIC B WL, FEEMEER OEENE %
HREEIIC L Y -l 2 2 & & L7z, MRS L
T, RAEL72EER 2RISR T &9 ICFR-4E4K
Fizxs <22 2T —EDBIK (25x5x%
02mmt) &AL, +—7 v THLEEZb0%EH
Wiz, LS, TFERR L LTB I ko loREE
#F#E (DSC) Mg DK 5, BEALIEEE200T, il
fLIEIIh T —E & L7ze F7-RREIEPIE, i 4 I
TFEC L ) LBRORBOBREI A ME L 2%, B
RlEE B v, HRERPTE AL L7z, BfbiioE
B ORMIMRL W EIZ O WTIE, EAR
ETHMEE (SEM) * W TS BI ko7,

Table 1 Ratio of micro- and nano-particles in
conductive adhesives after curing

Conductive | Micro-particle Nano-partic Resin
adhesive (mass%) (mass%)
A 92 0
B 90 2
Epoxy
C 88 4
D 84 8

2. RBBERRUEER

21 BEMESRRONBENT?E

FEEMEFEAEH OLEIHERIZ DWW TSEM%E Hw 7z
B2 B o7, BONTBR R RTIVEEE >
2 1R Y. EEEEEROMILSMIX, 200C, 1h
T—ETHh D, WL L7-HOBEEESEFADOEEC
X, EB7 47—~ A 7 UAGNTFDATH LM
FWFREFERELTBY, BBLXZHIHET - T
e bhrbk.—F, BEWEEHFB, C, DO¥AEIZIE,
FAGRFAER D, T bbb~ A 7 uAghlF 25
LIZLD, &7 4 7 —DRFEIET—ETHD D
DD, %A 7 aAghl T MIZZERH»HE 2 2 EHMIZH S
bbb, A 7 uAghiFHEORADEIZE 2
~ 8mass% DHEIFHTH 575, ~ 4 7 UAghi T-HonzE
BUEIMERICH ), ~ A 7 ok T o L =B OB
I AR 2 IR DS A B T F 70 B A A
B, COSEMEE» S b0 b X912, ¥4 7 aAghiT

500mA/A\
I \ZJ
N
Cu probes __¢
1" Conductive adnesive |
Cu *pad Cu pad

Glass epoxy substrate

Fig.1 Schematic diagram of a test piece for
four-point probe method.

Fig.2 SEM images of surface morphology for con-
ductive adhesives A-D after curing. (Curing
temperature; 200C, curing time: 1h)
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MOZERIZIE S 2 Aghi TN L 7272012 TE /2T
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ML DX REE L 7R FA~ A 7 k- o 22
D LIIEE - T, UEDX) %I, vA47
O Agh - & ) Aghi 7 OiRAEIE 2 mass % F2 2
169 %7209 T, BLEROBEEEREER ORmIMBIIK
ELBLT B 2 EvbA Y, EEEEER OEEMC
bBBEREERSATVWLIENTFHEENS,

I Aghi¥ ORI 2SS RS I W O RLT-55 76
1252 BB RIS B7-012, A4 7 aAgh T
LIS RS E B kol FEBMEAHIC
DWT, BB THOKT 2R3 IR, K3
(@)D 5bnd &) ITEEEEERADEE, <47
OAgh T CHi L Cnb &2 AL Fy v TP
ENTnL LA ENENBEI N, B3 (b)IZ
RY T Aghi 775 2 mass % &H ST W 5 EE
EHBOBEIE, v A 7 a0 Aghi T REIZ T/ Aghi
THEEL T LT/ Aghi TA5~ 1 7 1 Aghi
FHOF Xy FHGICEET L2 LI2LY), w70
Aghi TREDRDORANT WD L) kT Blgsh
720 F72F JAghi T 4 mass% &l STV AHERE
PEFER C OGRS HA 50, B3 (c)
R LI, F /AR FOBEMRICLY, B
ZHEDIR Y A 7 1 Agh 1 T b 4T R & D3 TRk
ENTWEZEWbrd, —h, BEEHEERDOY
A1, SAITRLAZE YT A 7 uAghi TR D
AR EnS, <A 7 uAghiT-H %+ / Aghi
TFOBRERDOR L) ZHEEIH T VBIEINT,
FAGRITHEEL DO~ A 7 U Agh T-RIMIZH
B L TORRTPECALN, Z0k)nI L

Fig.3 Enlarged internal morphology of conductive
adhesives A-D.

6, F AghlFils oS BB Ve F N O KL -5
252 BEEIZOWTIE, F /7 Aghi T-A EE R
ENTVLEEICIE~Y A 7 oAgh T % HH L EW
MEPHEONLLDEEZLNLDS, v A 7 0Aght
FEES LBE%E, F/ NTFoORENRALNE
LhHhbokEZLND,

4 ISR L EROEEEEEHIA, B, C, DOKFEIK
MOWEFRREZRT. R41%, F /KT OEE &R
EIMOBRIZOWTRL T WA, ¥4 7 OAghi TO
HOBEEHEAER AT, 7/ Aghi 252 % &
AEINTWLEEEELHBOBEIE, FEEITE
0BT LTBY, F /7R THRMOBWEIENH
NTwz, LaL, F/7AghTOEEHN 4%, 8%
ERINT B 725, AR IICER U T\ 5,
INSOFERIL, B2, B3 OEEEEAEH OB
Erodbrsd L)z, F /7 AghFoEmItEs T,
YA 7 UAgi TORIIBAIT LI s, ¥ 70
AghiT-H O 2RI IEICH Y, F /7 Aghi T Ok
FEL72BEamT A XORFHPHFET 20D, <A
s ukFHOERERD L, i~ A 7 ak I
BRI ELZ T 2 ICEES o E 2D
N5, B5(a), (b)ICZNENORKDA X — V%
~Y. B5 (a)iE, F/RTA~YA s akiFEOF

TESIBRET LI EIZEY, A 7 OAgh T
LAORHY, BIFRERSADTEEENLEETH
D, B5(b)iE, ~A 27 UAgh THROZERNILL, ~
17 akfM%E > Aghi FOBREREOL LI %
WEEROBVBEDA A=V Th b,
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— LA L
816’, o D
G14 ‘
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i .
2 g
56|
g 4
|JJ2’
0 L L L
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Content of nano-particle (mass%)

Fig.4 Relation of electrical resistance and silver
nano-particle content.
(Total silver content; 92mass%, curing
condition; 200C, 1 h)
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(@)

(b)

Fig.5 Scheme of role of nano-particles among the
micro-particles in conductive adhesive.
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Composite powders coated with un-bundled CNTs and their application

MERKE  KIOKFAEEREZETT  FHENER

07102

Y.

Mg H #f F Umeda Junko

In this study, the advanced coating process of un-bundled CNTs on metal powders has been

established by using surfactant solutions containing CNTs. When applying the process to sponge

titanium powders to prepare the CNT-Ti composite ones, the extruded titanium composite reinforced

with CNTs and in-situ formed TiC nano-particles showed extremely high tensile strength and

reasonable ductility.

5 EA=1:0)

INEFTICH—KRYF /) Fa2—7 (CNT) DEiR
- mElE, mEREN, KRWERE & o BN
PIBRRREE & R L 7- B OB AR R AT ATl
LNTWDLA, F/EICER L REZRTEO 7 7
YTV =)V AN & HCNT O SR AR B
Y, HIZCNTH R ORI T2, £
CCARMIETIE, FRROBEHR LT, FE
T PER) O T B 2 R L CIE AP ICCNT & HARIR
HECHHE - s es 70w A2, &N hE
H~OCNTHEIZ & 2 AL 2 LT 5,
ZoO@EAF L LT, CNTHAHUZ &5 F 5 Ak E
1A DA LEERE ORI, 7 S5 ONZSILE Y ) RN
DCNTHBE L T A7 2Bk OBEILIZ & B
BBV R O 21T o

Sl 2L
HE X

AARROEIE

1. CNTEREFEMOLEM & BHEIE

CNTIE A D 2 ORI % b L 72 7
B BAB LUTIFEE 24 Lo HRBOHEMY

THDHI b, ENTHEERRICET 0%
Wz, 0%t - FREEDOFAICE L TIRIE V5B T
DD EAIHED SN TV EY, ZAhTY, CNTE
Bl ® 2 \WVIZERE & OEEIC L RIS I T 5
WFIEDKETTBIIZAT LN TV B A, RIS TR E T 5
CNTh#a B EEAM OB EICB WD, CNTO
DEEENEPRO T REGMEL 25, HIZIX, —i&H
LR BrE T O AIZBITACNTOEAILICE L
T, MEOHEEICL 2058 (KMEaemil) LBk
LB HRES L EOMEND S5, W, KEVEE
MR E MR L T2 REEEONHAPERTS
BYE T BRI R OB L LT, g
R I NVRHFE R — IV IV 7% SRR 7 By Fehn Tk
VBB ENOCNT D — 58 255k H 5
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CNTOEGELAKMY DEAITINZ, ARDOCNT D &
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Waals5 [ 712 & - TIRAEWHZ ICHRERALR * F%
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Fig.1 Schematic illustration of splitting bundled
CNTs by using surfactant solutions.
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Fig.2 Atomic force microscopy observation on un-
bundled CNTs via wet process.
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Fig.3 SEM observation on sponge titanium powder
coated with un-bundled CNTs.
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Fig4 TGA results of metal powder coated with
surfactant films and those containing CNTs.
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Fig.b Stress-strain curves of extruded titanium
composites reinforced with CNTs and TiC
nano-particles.
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Fig.6 SEM observation on extruded titanium
composites reinforced with 0.64mass% CNTs
fabricated via wet process.

Fig.7 Granulated amorphous and porous silica
particles coated with un-bundled CNTs via
surfactant solution dispersion process (CNT-
SiO, hybrid particles).
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Fig.8 XRD profiles of raw silica particles and
sintered Mg-CNT/SiO, composite materials.
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Fig.9 Changes of the friction coefficient (u) of sin-
tered magnesium materials including CNT-
SiO, composite particles of 10 mass% (a), 5
mass% (b) and 0 mass% (c), which are used
as disc specimen, when employing a SUS304
stainless steel ball as counter material in the
dry wear test.

Fig.10 SEM-EDS analysis result on primary
particle boundaries, where synthesized Mg,Si and
MgO compounds exist, of sliding surface of sintered
magnesium composite with reinforcement of 10
mass% after wear test.
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Fig.11 Dependence of wear loss of magnesium
composites on sliding distance (a), and
relationship between total wear loss and
mean friction coefficient (b).
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Environmentally friendly growth of
functional nanocrystals with upconversion fluorescence
-
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BINKFE Tt TR % F U8 B 98 Teshima Katsuya

Highly crystalline, NaYF, and NaYF,;Ln (Ln=Yb, Er, Tm) crystals with upconversion fluorescence

were successfully grown by the cooling of the solo NaF at a growth temperature of 1100 C. The

basic forms of NaYF, and NaYF,Ln crystals were a sphere and hexagonal cube, respectively. The

crystal system, form and size were affected by cooling rate. In addition, the upconversion fluorescence

property of the grown NaYF,Ln crystals was also dependent on the cooling rate, that is, the crystal

system, and type of dopant. The red, green and blue upconversion fluorescence of NaYF,Ln crystals

were clearly observed under 980 nm laser irradiation by a two- or three-photon upconversion

process. The upconversion fluorescence of NaYF,:Ln crystals was successfully controlled by changing

the cooling rate and type of dopant. Furthermore, the NaYF,:Yb Er crystals were successfully grown

using a mixed NaF-KF flux cooling method at a growth temperature of 800 C.
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Development of fine-powder processing route for nitride phosphors
for white LEDs

07104

MRAREKE FALRFL IO BRI W% K B P& & Takayuki Suehiro

In the last few years, highly covalent Si;N,-based oxynitrides (SiAIONs) have been developed as
an important family of phosphor host materials due to their great potentials for white LED
applications. Generally, SIAION-based nitride phosphors are synthesized by the reaction sintering of
Si;N,, AIN, and other constituent metal oxide or nitride raw powders under pressured N, atmosphere
at ~1600—2000°C, followed by the postsynthesis grinding step to pulverize crude reaction products.
This obvious low manufacturability is a major obstacle to their widespread use in LED applications,
triggering the intense investigations for developing more sophisticated processing techniques.

In this regard, the present authors have developed the gas-reduction—nitridation (GRN) method,
which enables direct synthesis of fine SIAION powders from the multicomponent oxide system by
using an NH;—CH, gas mixture as a reduction—nitridation agent. The Ca-a-SiAION powder
produced by the GRN is characterized by high phase purity, nonaggregated fine particle morphology,
and very low impurity absorption throughout emissive regions, all of which meet the demands for

phosphor applications.

MEE R

KR DO—MIIER L H S 2 HELEDO R
FEHCIZ IR R R T T AV ¥ — %

THIERDORZEARD SN T WD FTAE, SRR
BRI & BN 2T A 2 R & 3 2 bRl
HAEDHFEITE LR E o T B8, BlRIZE W
THESL L T 7 WETTR BN O 35 G A3l
DRI ERANDREE 72 > T b ARFFETIIAE
HOHICK YRS N ARIcE1LE (GRN) % H
WA ZEIZED, Ca0O—ALO—SIOMEEHZ7 5 HE

LED A # fo 3 646 Ca- o -SIAION:EW ki 7 O E 4
WAEITH TUut ARFET L7,

AFRROBEE

2.1 GRNIZ & B Ca-a-SiAIONH F &R R ED
RiE{t
BETHL ¥ ££0.23um @ JE i B SI0 8 & % H 58 A
v, B K % CaggSigeAl,OpsNis2 & L 72Ca0—
ALO—SIORBEA R T2 LB L VAR L2 (K
1)o IEH AL LTNH,—15v0l% CH, % vy, Ak



Annual Report No.17 2009

K1 Ca—Si—Al—OJiEROFESEMG &

I E1400—1500°C, PR 0.5—4h o &l TGRN &
& AT 720 3 1121500°C—2h D —E 4 T H- ik
% 750—200°C/h @ §i [l T4 AL & & CGRNE K % 17 -
TeREREITR T o WINOFEHFIIBWTHIZITEELRE
LA ER S N5 25, F & E O &K T
B -SIAIONMDEH (~30wt%h) & ILFEmFE O TH
BHE L 0B 2 EDG Do FIRINIZ200°C/h D HH iR 4
i, a HEBF=~92%, FFE0.21umoD &l BRI
F2ES NI T OFRERITFERIZ BT 5Ca0—
ALO—SI0,% D #5722 WAL 2 #5252 £ 12 &
D, BET 5 BHOARK &R ORI ORI A ] FE
E BT ERIRL TV A,

VPl Eosm R &o % FiRsE200°C/ho —E &0
T, BHUREOREL AT o 7EREFR 2 ITRT, &
O OUF A AT X AHME ~90%, FIR £
0.19—0.35um® Ca- a -SiAION#R. T 255 5 7z 58
EEALIZE T 5 UG 131425°CI2 B 1T 54h 0 5
1500°CO05h F THA L7zo mili e 4k & % B
AR T- OIS AR T 575, TR pEFE I

F1 fEx OFHIRIEE T1500°C—2hDGRNIZ & Y

X2 (a
(

) 1425°C—4h(C6) 3 X O (b) 1500°C—0.5h
8) DEREMIT L VG 6N RDOFESEM

H
| = AT
1 1=
1
}
§

S

| S,

i

Intensity
g

EIT RN T BIT T

I ) L] ol ] u,l- T (1]

M degrec)
3 1425°C—4h o BE ik # N,T11700°C—4h @D &R % b
T ==V EIT o AR (C6R) DXRD /S
—

FTAEME o720 F/2XHRY) — bV MEITIZED
FFED 57z a -SIAIONHE T Hi~ D Cad FEFE o & 7
& (xfH) Zas prepared®IKEE T HAZH Wk 0812 K}
L044—05TIEECTH - 720 B 2 1AL L 7212
L) AR SN RCeB L OC8DR T TREZE R,
SEHED L V02—03umD I — 7 1 JFLT-H S K &
o ZENMER SN,

F 3 IZ LA ECE, C8% N,ZHA H11700°C
—4hDFEMETRA N7 == )V L7zt (C6R, C8R)
OFEE, B EUR 3 ICHBICOROXMEIHT /85 — > %

%3 1700°C—hDHR A 87 =—/L# D

5 DI BRI R O it B R R D R
heating rate Seer  Dper SBET Dger
sample  (°C/h) phase assemblage AW /AWpeor (m%g) (um) sample phase assemblage x (m%g)  (um)
C1 500 o (70.7%), B’ (29.3%) L.o1 4.61 046 C6R  « (single phase) 0.816(10)  0.712 259
C2 750 o (69.8%), B’ (30.2%) 1.05 163 114 C8R o’ (99.1%), AIN (0.9%) 0.797 (9) 0.999 1.84
C3 300 o (85.4%), B’ (14.6%) 1.03 589 032
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sample reaction conditions o content (wt%) x AW b/ AWihaor Sagr (m¥/g) Dggr (#m) carbon content (wt%)
C5 1400 °C. 4h 89.6 0.57(D) 0.96 6.50 0.28 0.06(1)
(a3 1425°C. 4h 89.6 0.47(1) 1.00 535 0.35 0.09(1)
Cc7 1450°C. 1h 80.7 0.44(1) 0.98 10.23 0.18 0.11(1)
C8 1500°C, 05k 919 0.50(1) 1.03 9.57 0.19 0.53(1)
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Development of an efficient method for
the preparation of functionalized nano-particles

07105

WRRE  KBORFEER2men  #% & k4 B Sasai Hiroaki

HEMRE  KWRKFEER I #E5de & 2. Takizawa, Shinobu

Immobilization of asymmetric catalysts has been achieved utilizing the spherical nano-particles
that function like dendrimer. Asymmetric catalysts such as Al-Li-bis(binaphthoxide), Ga-Na-
bis (binaphthoxide) and p-oxodititanium complexes were successfully introduced on the surface of
either micelle-derived polymer (MDP) or monolayer-protected metal cluster (MPC). In addition,
utilizing metal-bridged polymers, a simple and efficient method for the immobilization of catalyst
without the need for a polymer support has also been realized. The Immobilized catalysts thus

obtained displayed high activity affording the corresponding products with high enantiomeric

excesses.

MEER

T AEOAFIED S RKEOAEE AR EZ G T X
B BB A GEL, RIS BIT B s
HOVEED K% 5§, BEFHIE 7 0 & ARZEOB
M6 bEETH L. AL FEENT S &, Kt
T OB D [T - PR ASEE 22 B E T RE & 72
BIED0 Th G EBDORRLESH LD LD,
ZFOEREISSIETE b, AFEMT2R) AFL
YEORIMANT V7 AEAT B ODEELD K
LFETHL, LhL, RIJAFLUREDEHEDOR
NV —%EME LTHWEGES, ) ~v—0#EIcX
DREEIRALASR Y < —FRICILY A, AR Ofill
LHEFCE v, &5 WIS 2SR ) <~ —
WEBIZHLZE LT L F v, 3—RME & o T

MROEND Z &AL,

F41E3TIZ, BINOL#HEET >~ N~ —DHERIZ
WL, ZORETARFMBELEES S E, B - H
FIHTREE 252 L2 RV LTwaY, LaL, 1
FEH I HE S AZBINOLIHFE 7> )~ —% ]
Wh L, EREROBNVES THHLDOD, TV F
)Y —DEBINILEBOIEE LEE 5,22 T
AR NRSEk- I NOL: Sk g Lol all vias kil i A NS0
L., AFEOEZEIIGHT S8 & Lz,

BAEMRE T AL LTk, DRIk L&
Al-Li-bis (binaphthoxide) filt#* (ALB) 3 & 1°Ga-Na-
bis (binaphthoxide) filt #™ (GaSB) % H.(: 2 BiaT L 720
CNHIE, BELORERE T & Rl (Multicomponent
Asymmetric Catalysts; MACs) IZ5 T &, #WED )
FCII 2 BT 5 B OBINOLL = v b OAHAS
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Bl 2 fil# L CoRY v — LISEATE vy, ALBI,
2-cyclohexen-1-one (1) & dibenzyl malonate (2) & ®
ARESA T VEISIZBWT, [0k 3 % &=99% ee
THz25% (B’1),

1. BRF/HFEERT SEEE

L1 BRI BLIRERY v —OXREFE

SIS BUKRIME S & OBUKR IS 2 A3 2 FLE R
1, KH TS X VB (critical micellar concentration:
CMO) M ETIEI EVEEHRT 5. I LIVIE, LW
FIWIEETH HBUKMMHEEHTREL TV 5720,
TR & REEEAR D R L T b, ANFERAT % FmiEE
E/w—AEHME IV VERELTOESKEE
A BUSZ &) AR E AL T UL, REICAHFR
% EE b L7 v B~ —3UERIKE - F o5
IZABTE % L% 27 (B2, method A)s

BINOLELAZ ¥ % BRIRK U ~ — D REIZEELT 5
7212, BINOLHAL % V) & BRI s8R AR 2 2
& TR 2 HESE L, BOKMERRAZO K ImIZ X & &
DOVERZEEA L 22 RS ) v — 4 A L2 —
212, B & 30 — AEH o FURNE A 13,
BRI V2R LT Ve FEETETE /S ~—41,
BRI E S WBINOLEZ A LT b 720, B
WX BHEEALDBICS, BORZMER LR elIfFL
2o B/ X —4IIKBIOAY ) —VIZITETH Y,
quinaldine blue chloride/Ki& K % > 5 & £
L, RIEGVERE % #EFE L 72 (CMC: 90mM at 25T)"

COFREEM.E ) ~—4DNT VA NVEE RIS EAT
o 724538, triethylborane, potassium peroxodisulfate
H L\, 22-dimethoxy-2-phenylacetophenone %
W A ICE A UG HET T 5 2 LR L
720 H1 T 310 mol%MDtriethyl borane % EA BAAH &
LT, 0CTRILZEAT- 72356, SIFf CRUEZERS L
KIS, THFEB L ORI 2 F L IS Zemicelle-
derived polymer (MDP-Ia) % Hf EAk & L CTHE 72,
25C TDOSEC-MALS##T 2* 5 MDP-TalidMw = 1.88
x10°, PDI = 181, 6. 7nmDEIRE ) ~—Td 1,
STM#I£ TIXHISnmDIRIRK FTH 5 2 & 2R L
72(E3)o

WIS, BUKHEHFRALTH 5BINOLD V) & FRIEHAL O
b a7z MDP-TalZ& el & L CTLIAIH, % Nz
IGREHI IR, REMAISZEIL LK, x5/ —
WpHR) =% L, EOo8Eic &) BalEE

o}

o]
o O Catalyst (10 mol %) o
+ - .
ij BnOJ\/U\OBn THF, 1t OBn
0OBn
(o]

1 2 3

72h, 88%, 99% ee {using ALB)
143h, 45%, 98% ee (using GaSB)

o\APo O\Ga>0
l ! oo l ! l ! o0 l !

Ai-Li-bis(binaphthoxide) (ALB) Ga-Na-bis(binaphthoxide) {GaSB)

Fig.1 Structure of ALB and GaSB and their
application in enantioselective Michael

reaction.
QNa
O:R
00
Hydrophilic DXV
region
ligand
(igand) 1) Formation of
Micelle
= 2) Polymerization
Hydrophohic o 0
region \ }—
4

Micelle-derived
polymer (MDP-I)

Chiral surfactant
monomer

Fig.2 Polymerization of chiral surfactant monomer
under micellar system (method A).

Fig.3 STM images of MDP-Ia: (a) 200 X 200 nm
and (b) 30 x 30 nm.

MDP-Ib% H.# L7z MDP- lalx, TATIViEE%H
LTEBY, LIAIHZETTIC L 502 GEHRI N O
@, LIAIHZTTBH O R ) < — i O'H-NMR, IR
AT CIL, FERICEW RO E — 7 A3 S e o
o7l e, TATIVEMLOGREITEE Thians
EERMERRL72o AL 7-MDP-Tb#AEIX, & bk
WOEEHZICLICHVWONEF 5 U HRIC L %
benzaldehyde (5) & diethyl zinc (6) & DARE 7V F )L
LRSI & Y EF L 727, L2 L, MDP-Tb? & [ 52
LT >l FE L CARF TV F VALBOGIZ B L
Th, [ELFNEBLOARFRNEIIR 2o 72 (KT,
entries 1 and 2). FEMZIRMNTORK R, S, Lo
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Table 1 Catalytic asymmetric alkylation using
micelle derived spherical polymer-
supported Ti-BINOLate complex.

H
9 MDP-Ib, 1eq Ti(O-i-Pr), H, 3
W o+ Etyzn 09— L
o CH,Cly, -10°C, 10 h
2 e
5 (2 eq) 7

entry mol% of MDP-1b? yield(%)® ee(%)

1 10 28 38
2 20 36 63
3 BINOL(10) 91 89

@As a monomeric ligand. “Determined by '"H NMR

LiAIH, 8760 414 C IEBINOL® 1) > Wik S 455 4

JIIBFETES, FozoFy VO &
ZORIEETH - 72 PRI N, L2 LS ER
MLiAIH, CHLBEL§ % & MDP-Ta») = A 7 )b iﬁfiﬁi‘/\ﬁ’q’:
L, MomEicH] (NaBH,  721ZLiBH,) Tld ) > BRIEHE
MidEc&Eerol,

Z T, SBICERIRKLF 2 HESE L, BINOLECAL T %
% 5 A 9 Hmethod BIZ & 5 BINOLIHFFER AL T-
DEREMRFFLEZ(AF—L1), £/~ — 8 (cme
6.0mM at 25C)% & 2L > @ 1 %t 1 D BFEH AT,
2.2-dimethoxy-2-phenylacetophenone fF £ I, tEE

MeQ OMe

en o o
Pn)ﬂr ’ SO
AN y Ho o on POy
PO g OO (10 mok%) Q ’/{ a3 °
mol%

NaH. Nal
8 + — o

"
/\@ Hz0. 20 °C. A THE, 90%
o O~
Teq - 7
Micelle-derived polymer
MDP-11

oH

OM o O oM
“‘7 °
OJ
- 3
CH Cly. quant. OJ
o
‘}o %
o ~  MDP-II g & MDP-Iva
M o o

"
1. Mel, NaH, THF. 34N o
2. TsOH, CH,Cl,, quant Ho, %

o 1e0

¢ Y ¢

N, L

a

:

¢

[aXA MDP-IVb
3

Scheme 1 Copolymerization of 8 with styrene in
water and introduction of 9 onto the
surface of MDP-1I (method B).

Kb & 4T o 72 & 2 A, KIZAE 7 micelle-derived
polymer (MDP-II) % H & {4 & L TH#:7zc MDP-II
IISEC-MALSH & USSTMMMT 2 5 ERIRE 70+ Td %
Z L ERMRRL 72 (M,=284x10", PDI =285, diameter
=32 nm as determined by SEC-MALS at 25°C and
STM analysis) o

MDP-ILIZ THF (2 W ¥ T & 1) 'H NMR#AHT 7> 58&
AF L Y OEARIZINITH > 72 MDP-ILIZBINOL
FHEARYZE A L TMDP-1I1% #4726 MDP-III~D9D
EARIEITH NMRIEAT X D 90%Td - 720 EA L
BINOLOMOMZ: % i {7 L CMDP-IVa% 1§72, £
72MDP-IIIORSD v K a ¥ 2 3a X 5 )V 3 C#
L 7z1%, MOMZE % i fr 5% L MDP-IVb % Fi # L 72,
MDP-IV®»BINOLHFf 13'H NMRIEHT %5, Zh
ZNMDP-IVa: 1.32mmol/g, MDP-IVb: 1.31mmol/gT
Hotzo W, THFBEEHR T EAFL % 151
THES L THES N Slinear polymer (LP) (XF— LA
2)® 9 OHFEE130.025mmol/gTH 1), MDP-II~D
9DF VAL, R)v—FEBIZk Fox I p
BHLTWEZENEREEZEZ LN,

WIZ, MDP-IVOEEILlE: & L CTOrkiEEX 5L 6
EDARFT N HE ML TR L 720 LA F L V&
WA TiI(O--Pr), & ilsINS % EARF T & 5D~
fmERE LIESNT, TNEBRT 5 &2 Rl
e LTHWwWAEZ A, MDP-IVa (9 mol%) % Bt
FL L7zt 70%51% yield, 76% ee T H 7z (F
2 entry 1)o —7i, AFNVETHEL 7ZMDP-IVb (9
mol%) AT & L THWS EETOIFEB LD
AFIWHE O M LA S A (entry 2), MDP-1Vb (18
mol%) & Ti(O-i-Pr), 224 & H W2 56121, 75
96% vyield, 84% ee T 5 417z (entry 4)o LP-SBH 5
AL 7z LT & o SRS % 2 & 205 (entry
5), MDPiRA B E Lo =G EOBA I, g
PEEEAZDIE & A EDERIRF ) v —EKBIZHEHE L T3
e EZTWh, 1, MDP-IVbA & [H 2L ALBfk
WAFHLIGE 1L 2 EORF~A VIS TIE
TEINKIEHERLMERERY, KAFETIE

AIBN (10 mol %), styrene (1 eq.)

THF, 60°C

Linear polymer
(LP)

1) NaH, Nal, THF, rt Linear polymer
LP+9 supported-BINOL
2) TsOH-H,0O, CHLCly, 1t (LP-SB)

Scheme 2 Linear polymer-supported BINOL.
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Table 2 Catalytic asymmetric alkylation using
micelle derived spherical polymer-
supported Ti-BINOLate complex.

Ligand , Ti(O-i-Pr),

5 + 6 _— 7
2 eq) CH,Cly, -10°C, 10 h

entry Ligand (mol %) Ti(O-i-Pr)s vyield’(%) ee (%)

1 MDP-1Va (9)7 1.0 eq. 51 76
2 MDP-1Vb (9)° 1.0 eq. 60 81
3 MDP-IVb (18)? 1.0 eq. quant 79
4 MDP-IVb (18)7 2.0 eq. 96 84
5 LP-SB (18)° 1.0 eq. 50 25
6 BINOL (9) 1.0 eq. quant 89

2As a monomeric ligand. Determined by '"H NMR.

BINOLOAHXSACE % |l 52 2 L IIW#EETH B 2 &
WS E RS2,

12 &7 525—-DXREFR
FA=NRTANT 4 FFET, &7 725 — %l
Wb r 525 —RBIZF I — Vo TIHECERL
72 monolayer-protected metal clusters (MPCs) 7% 1%
55" YANT 4 KO BINOLEAL T % #
AL, ZOFETTEZ 7 A5 — 2B ML, £E
\ZBINOL D #Hxf B & A3l S 7z EAMAA SRS D &
EZ720 FFRAFXF—LIITRTREFEL~6DEED
) U h—% KT Adisulfide 14% A L7z 14PDtoluene
BT, 2 YmoiEamks & 0 (CH,y,) NBrEfE T,
NaBH,#/llz7-& 2%, BINOL#EEFMPC 15% v

MeO ‘ ‘ MeO,CCgH12,COCH, AICI;
e e,
MeO n=4, 75% MeO.
n=5, 62%
n=6, 69%

10 11

1) Et3SiH, TFA SBr
2) LAH 1) (NHp)p=C=S
3) PPhg, CBry MeO 2) 15, aq. NaOH
n=4, 62% MeO n=4,71%
n=5, 72% OO n=5, 75%
n=6, 72% n=6, 69%
(3 steps) 12 (2 steps)
ok
MeQ BBry
nee
13

14 (n=4,5,6)

Scheme 3 Preparation of disulfide 14..

YIAEREAEGE L TR (R4), TR O
D6 FZNZNOBINOLEA. T O HEF & 13, 15a
1.30mmol/g, 15b: 1.28mmol/g, 15¢: 1.26mmol/g T &
N, AR=F—ORSIZL2HFEEOZIZIZLAL
WMoz, i, MPC-15bid, TEM#HN 2> 5 1E
ZS5nmLL T ORI FTH B I L 2HRL TS (H
4),

JFEOMDPE R, FFIX5L6 LORFTVF L
AL BUIS % i CREEfLiEE & L T ofRe 2 57l L 720
MPC-150 351 b x 7 L > 8&& 12 Ti(O-i-Pr) & @0
L, BEEMAARFFF Vs Lizs KIBORE, A
—H—OEI L) AFRFRICEI RSN, MPC-
15b (n = 5) ZHW/HEIZ, 7 %98% yield, 86% ee
Ti572(F 3, entry 2)o R#EFEIL, MDP% EAHIZH
WeBE LD b, G < (R 2, entries
1-5), ¥—F%F ¥ YOG L HETH 72 (F 2,
entry 6)o ZHUE, FF—NVOFOEER~OHTH
&A1 & D BINOLECAZ F25 @ G ICLE &, S 512

)
() < "

14a:n=4
14b:n=5
14c:n=6

1) HAUCI44H,0, O _
S s
(n-CgHy7}4N"Br HO
14a-c - T HO A
2) aq. NaBH, OO u
3

Y

HO

Ho CI‘D

n

15a:n=4
1Sb:in=5
15¢:n=6

Fig.4 MPC-supported BINOL (MPC-15) and TEM
image of MPC-15b.
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Table 3 Catalytic asymmetric alkylation using Au-
MPC-supported Ti-BINOLate complex.

MPC, Ti(O--Pr),
5+6 W

entry MPC? n® Et,Zn time yield® Ee

(mol%) (eq.) (h) (%) (%)
1 15a (10) 4 2 7 92 80
2 15b (10) 5 2 7 987 86
3 15¢ (10) 6 2 7 95 72
4 15b (5) 5 2 7 95 80
5 15b (10) 5 1 16 33 73
6 15b (10) 5 3 1 95 84

“As a monomeric ligand. “Lengths of alkyl chains as
spacers. ‘Determined by '"H NMR. “Isolated yield.

@%

OHOH OHOH

§ﬁr@

HoHO

%ﬁ

5
HO~—"% ___ OO o2 _ ”
o :: Lo, = oo S0,
Au-MPC-Supported BINOL M'=Al, Ga

M2=Li, Na
Au-MPC-Supported Multicomponent
Asymmetric Catalyst

Fig.5 Au MPC-supported multicomponent
asymmetric catalysts.

FOELEAEDNEY FAY —KBIZER L TREIELS
nN7ot®Ez b b, WICMPC-15b7 & [H E 1L
ALBfEDO R A 5 L 72 (R5),

L2LaARS1E2LEDARFYA T IVEIBIZE N
T, 3SORFIERITT% eeb o7z THITANR
—h‘—@ﬁéﬁféﬁwfa@ \ZALBRfE D & 9 70 g5 1R

ERMETHEETET WD EEZBNL, 72

ﬁzm—%—wﬁéﬁ = 16OV ANVT 4 R21% &
BLT(REx—L4), EHOAR—F—%2HLTO
BINOLECA, F D E KA~ D [E b % A 720

AL 7221% FHIWCMPC-22% i3 L 72 (R 6 )0 T
FOMO#EFH 5 MPC-22021 DHFE131.09mmol/g
THholzo 210EALE, MOM#E % i f#7# L TBINOL
HFFMPC-23& L7zo 1, MPC-231%, TEMM#HT %5
SnmPA T OERIRF /KT THDH I & FMERL TV 5,
KIZMPC-2312GaCl; £ NaO-t-BuZ &M L <, =L
GaSBﬁmﬁ%%éJﬁ%%L 122 DRE<A T IVIIEBIZ
WHLZ(FEL), W RFEEHI6D ANR— Y — %

o)

OO H OO St coame
MOMO IPh3P{CH2}14COzMe, MeONa MOMO Pd{OH};, Hp, AcOH
MOMO. OO T~ o=  MOMO OO T e

16 17

Oy oo oyt
Ho MOMCL NaH 1o LiAH,
HO. ] l quant MOMO ] O 5%

18 19

O‘ 160H 1) PPhy, CBr, / heS
MOMO' 2) (NHz).CS MOMO
MOMO. OO 78% {2steps) QOMO
2
21

20

Scheme 4 Synthesis of disulfide 21.

1) HAUC 4 4H,0
(7CaHr )aN'Br o OO e
2) aq. NaBH, TSOH

- MPC22 ——» HO Au

21

MPC-23

Fig.6 Preparation of Au-MPC-supported BINOL 22
and 23.

3 ABINOLIHFMPC-237> & #i # | 72 [ %2 1L GaSB
il x, BSWAFHERLRL, entry 412777 &M
TIEBWT, 3%98% eeTH-Z 72, ™, 21OMOMZE:
SEITBARGE L CMPCAE R L 72354, TEMEIZ T
(&, 200nmbL b o EEASBE S0, £ oEEA
GaSBfili:ix 7 & Ik 3 5.2 72,

2. 2EFEBLESTHIE

BINOL 7% # #% L 72 Bt f2. 76,6 -bi (BINOL)®(24) |2
LIAIH,Z N9 % &, NEtEo 824680+ (Al-
bridged polymer) 24K L, EfHiAfAEZ &< BEE L
f‘b\ALB@%ﬁiﬁ%ﬂiﬁ%bl&% EHIFECE A (T ),

BB ES T OEBA *+ Vidmo TREEOE LA
%ﬁﬂﬁ% B BEE R LO2o0EEEE T S, ERS,
6,6'-bi(BINOL) DTHF AW IZH—RTH 5 b DD,
SR T CLIAIH %N Z % &, THFIZARE % H ik
W L7z COHRMBLEEZ1IE2EDARF~ A T IV
IS DI V72 & 2 596% ee THINE 3 2315 51
72(%5 entry 1)o KIZ, MBEMAMHZME L2 2
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Table 4 Asymmetric Michael reaction using Au
MPC-supported GaSB.

MPC-23 (20 mol%)?, GaCls, NaOt-Bu

1+2 3
THF, rt, 72h
entry GaCls; NaOt-Bu vyield? ee
(mol%)  (mol%) (%) (%)
1 15 65 44 85
2 15 75 58 97
3 15 85 67 88
4 20 85 67 98
5 20 95 89 69
6 25 95 87 70

“As a monomeric ligand. “lsolated yield.

Table 5 Asymmetric Michael reaction catalyzed by
Al-bridged polymer.

LiAIH(0.2eq), n-BuLi(0.1eq)
Bi(BINOL) 24 or Bis(BINOL) 25 (0.2eq)

1+
THF, MS 4A, rt

entry ligand time yield ee
(h) (%) (%)

1 24 48 86 96
2 24 (1°" use) 72 88 96
3 24 (2"9 use) 98 86 87
4 24 (3" use) 98 74 85
5 24 (4'" use) 98 60 77
6 24 (5'" use) 98 59 77
7 25a 48 94 6
8 25b 48 69 17
9 25¢ 48 89 88

5, ArZFBRSECE, A ICEEIET S5 500 56
DEMHAIZBNTHTT% eek T3 T OERM 2R
L 7z (entries 2-6)o F1 I OB 12 H A BINOLAC
VPR TE RN 25, MBEEEOEKTIX, )
T LA EIEOMBN S OEHPHKNO—2 L EZ BN
%o

i

o N
A
SN
SONNG
LiAIH, o 0
: Pl

N

o <ol ee
L (>
P
0
Al-bridged Polymer
P ged Poly

(R.R)-6,6-BI(BINOL)
Homogeneous Solution

Al-bridged Polymer
Heterogeneous System

Fig.7 Self-organization of 6,6 -bi(BINOL) with
LiAlH4 to form Al-bridged polymer.

l OH
JoN
25¢

Fig.8 Bis (BINOL) derivatives.

¥/, FHEBE A= —12F T 5Hbis(BINOL) i
725 (RM8) AWML T, MR LALEZ A,
TV b EEEEAL T-25a, A & K ELAL F-25b 10 M AY
i < (entries 7 and 8), /%7 @A EL AL T-25¢ T 1388%
ee & B WARFIPE CTHINMA3HDE: 5 1172 (entry 9)o &
i, 25a%°25b @ I B AR A BALF Tk, — B
ALB#iADHEE R & B DD, AW IZEESR L
B DI L, 6,6 -bi(BINOL) R°25¢ 0 145 5 8 4% it
7T CIXALBESMAOREE 2 185 L THEIMO D 5 =
FTHEEZEET A0 EZLND,

B T SR AR T B o TR O FEAT % AT b D
D, HHRBEICAELZZORNETH 7. 22T
STM#% v % K1) ~— o W #HAL % 47 - 72, Bi
(BINOL) 240 & REHCLIAIH,Z Nz, 35— E
AL CT CICSTMBIZE L2 2A, 9mIRICH
M 2T & 2 5N B H10 nmDEAR %
AL (E9). HmARSEMLTHEONH—ERIE, 48
REI2I2IE, RE—EEE 20, RE—ERO LR
#STMTHBIR L CLES T &R TE LD o7
IR —BHEO LERZ, 12 EDREFA 7V
FUBIZ BTG 2R &3, ANEMEE G % it
F 5 & 3 H591%ee TSz 2 & 5 B IETERRIL,
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2.5 nm

8 nm

Probable Structure of 13 nm
Al-bridged Polymer

Fig.9 STM image of Al-bridged polymer.

NEWEsFORRBMELEZEZSND,

SIEGNGTE S TR O VA% AH S 22T 5720
12, u-oxodititanium 4 J& 22 A% B & 43 1 fl 1 (Ti-
bridged polymer) ##i# L, 26&£27& OARF A IV K=
V= IV ROBI BT BB L OHA A2 #ET L7
(%£6), Bi(BINOL) 240 F VT ¥ i 12 Ti(0O-i-Pr),
LREMZAA L, REEOLBELAER LT, Tt
— 7V LR, AEANVERZV - JUGICH
Wb &, 88% vield, 88% ee T H DA ANA28HE &

Table 6 Application and reuse of Ti-bridged
polymer in asymmetric carbonyl-ene

reaction.
.
o
Qo oS0
fee 40 90
oo
EtOZCj\H ’ )J\Ph Ti_bndg::(z,o z:iﬁ = Etozc/?:)LPh
26 27 28
cycle time (h) yield (%)% ee (%)
1 98 88 88
2 98 72 92
3 98 71 89
4 147 88 88
5 147 66 88

“Isolated yield

29a (5 mol%). La{O-+P1)
(heterageneous s,

MS 4A. THF,
85% yield, 86% ee

B Al-Pd-bridged polymer as heterogene complex

C,,,
J - LAk, %ij ‘ J:(\/[ @
o > 2) PA{OAC), : t :0
Fig.10 La-bridged polymer and Al-Pd-bridged
polymer.

72 (entry 1)o Ti-bridged polymer!d i & R EEHE 2%
ET, ZEEGRST T k) & & AT &5 D FEF)
2BV THEWAFIEETHIME28% 5:-2 5 Z L8
BH & 7 & 72 > 72 (entries 2-5) o

b D 4 8 2845 Bl & 4 Tl i & L T, BINOL-
MOPO#AEELAL T-29a & La(O-i-Pr) ;2 H A L 7-La-
bridged polymer?SAH TR F VALGIZHERI TH 5
ZrERHL TS (E0 KDY ¥ 72, BINOL-
MOPE#ERAL F-29b1%, LiAIH, %Mz % Z & TBINOL
HALSALBEE R 2 TERE L, #5t < PA(OAC) , DN £
D22 OMOPHLASPA & TR 5 2 & T, Rfgto
RI¥g— AR Al-Pd-bridged polymer# 5-2 % Z &%
HoheroTwD (K 2)%,

3. ¥&O

AR, LT A VORGSR EINL L)k D,
BERNO A5 EEBEOEE D, FTFETH
T2 EPHENTV D IR A D EILAFEERTZEA,
HEOZ—-XBR, MY ORRICEKTE 5 &
VEHBEL T E 7,

STMIZ L B /R TFOBETBIERIZZ) L
KPR F SR ZeRT - A M #d%, Hp AT
+, A O EROAT T BHETIC R D F Lo KBORS
FEER AR AT Y 5 —D A Y v 7D 412
T LET,
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Development of crystal-oriented functional ceramics through
magnetic orientation method and subsequent reaction sintering

N\ f

07108
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ks H O S47  Satoshi Tanaka

HEMEE RREEMRE RS LFETWE - AR
i FE Y B = Keizo Uematsu

We have applied a high magnetic field to fabricate functional ceramics with textured structure.
Bismuth titanate ceramics families, which are candidate for piezoelectric materials, were prepared
through well-dispersed slurry preparation, orientation in a high magnetic field, and subsequent
reaction sintering. a- and b- axis oriented bismuth titanate ceramics Bi,Ti;0,, had been prepared by
a high magnetic field. In this study, the crystal oriented bismuth titanate families MBi, Ti,0,; (M=Ca,
Sr, Ba) ceramics was fabricated by using oriented Bi,Ti;O,, particle and reaction sintering. The
MBI, Ti,0,5 (M=Ca, Sr, Ba), which has high coercive electric field and high piezoelectric properties,
has been expected for application use. Bismuth titanate particles with about 1um were used as host
material. Reacted additives were perovskite titanate materials MTiO; (M=Ca, Sr, Ba). Well-dispersed
slurry was prepared by mixing bismuth titanate powders and other titanate powders. The slurry was
poured into a mold and set in a magnetic field 10Tesla until drying. Bismuth titanate particles in the
slurry were highly oriented in a magnetic field, that is, the dried powder compact was consist of
highly oriented bismuth titanate particle Bi, Ti;0;, and random MTiO; (M=Ca, Sr, Ba) particles. The
crystal oriented MBi,Ti,0;; (M=Ca, Sr, Ba) ceramics with ab-axis orientation were successfully
produced after sintering. We examined the reaction sintering process between oriented bismuth
titanate particle Bi,; Ti;0;, and random MTiO; (M=Ca, Sr, Ba) particle. Influence of particle size ratio
of Bi,Ti;O,, and MTiO; was discussed on the reaction and microstructure of MBi,Ti,0,; (M=Ca, Sr,

Ba) ceramics.
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Fluidized bed synthesis of particles covered with catalyst layer for partial

\S

oxidation of methane
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High-temperature fluidized-bed coating on alumina balls of 300- um was carried out to produce
particles covered with Ni-calcium hydroxyapatite (Ni-HAp) catalyst layer for partial oxidation of
methane. The attrition durability of the catalyst-coated particles was investigated by a cold-model
fluidization method. The catalytic partial oxidation of methane (POM) was demonstrated at 1073K in
a fluidized bed reactor, where the catalyst-coated particles were fluidized by the reactant gas
mixture. The effect of Ni loading (25wt.% and 124wt.% of the catalyst layer), superficial gas velocity
on the CH, conversion and H, yield was investigated. The results clarified that the coating efficiency
was improved by decreasing the superficial gas velocity. The catalyst particles produced in the
present work had fair attrition durability, showing 5wt% loss of catalyst layer after 48h fluidization
at 0.60m/s. The CH, conversion increased with decreasing superficial gas velocity, reaching more
than 95% at 0.18m/s irrespective of Ni loading of Ni-HAp catalyst used in the present work. An
optimum superficial gas velocity was found, at which the CO selectivity and the H, selectivity were
both high.

CH,+1/20, = CO+ 2H,
AH=-35 kJ/mol

(1)
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Table 1 Component of catalyst layer on medium
particles

Catalyst ID Ni/Caratio [—] Nicontent [wt%]
Ni0.5-HAp 05/10 2.8

Ni25-HAp 2.5/10 128
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de = particle size of medium particles [ um]
D, =column diameter [m]
Fewyy ~ =mass flow rate of CH, [mol-CH,/s]
L =static bed height [m]
t =time on stream of reactant gas [h]
T =bed temperature (K]
U =superficial gas velocity [m/s]
U, =minimum fluidization velocity (m/s]
W, =initial weight of medium particles [kg]
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Wi =mass of Ni content in fluidized bed  [kg]
w, =weight of catalyst-coated particles [kg]
Xemu =CH, conversion (-]

Greek letters

Yco =CO selectivity [-]

Vm2 =H, selectivity [-]

n = coating efficiency [-]
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Fabrication of rare-earth-doped LaOCIl nanophosphors by using spray dryer
M 4

07111

WRAFE WHIESSHEMER #EE /N Pl Tomoya Konishi

Fluorescence bioimaging is a technique to visualize biological phenomena both in vivo and in vitro
by specific adsorption of fluorescence probes to target organic tissues. One of the most serious
problems in the fluorescence bioimaging is the limitation of observation time due to color-fading of
the organic fluorescence probes and damages on the bio system, both of which are caused by the
excitation of ultraviolet irradiation. This problem will be solved by using upconversion emission of
rare-earth doped inorganic nanophosphors under infrared excitation. For the practical application of
inorganic phosphors by using upconversion emission of doped rare earth, it is essential to choose an
appropriate matrix with a low maximum phonon energy for efficient emissions and practical chemical
durability. It is also important to prepare the phosphors in small particle-sizes with nanometer-order
to probe micrometer-order cells. Lanthanum oxyhalides (LaOCl), as an intermediate host between
oxides and halides, have both moderate phonon energy and chemical durability. LaOCl nanoparticles
containing trivalent erbium ions (Er*") are prepared through a self-hydrolysis process of hydrated
chlorides of lanthanum (LaCl;) and erbium. However, this process costs much time ~12h to dry
LaCl; aqueous solution. In this study, the acceleration of this process was demonstrated by using a
spray dryer. The powder prepared by spray drying of Er*" doped LaCl; aqueous solution was
calcined at 700 C in air and nitrogen (N,) atmospheres. The samples after calcination were evaluated
by fluorescence emission, X-ray diffraction, and dynamic laser scattering. X-ray diffraction
measurement showed that the sample after calcination in a N, atmosphere contained LaOCl
nanoparticles in LaCl; matrix. Dynamic laser scattering measurement showed that the average
particle size of LaOCl was about 600 nm. The Er*" doped LaOCl nanoparticles showed visible
upconversion emission around 500 and 660 nm after calcination under excitation at 980 nm. It was
shown that rare-earth doped LaOCl nano phosphor was prepared by spray drying followed by

calcination in a N, atmosphere.
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Fig2 Powder X-ray diffraction patterns of powder samples as-prepared by spray-drying of Er*'-doped LaCl,
aqueous solution (a) and those after calcination at 700 in nitrogen atmosphere (b) and in air (c).
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Fig.3 Upconversion luminescence spectrum under
excitation with 980-nm LD of Er**-doped
LaOCl.
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Fig.4 Particle size distribution of Er*"-doped LaOCl
phosphor dispersed in 0.1% (NaPOQ,)s aqueous
solution. Spray-dried powders were calcined
at 700C in nitrogen atmosphere (a) and in
air (b) before immersing in solution.
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Fig.5 Infrared diffuse reflectance spectra of Er*'-
doped LaOCl samples as-prepared and those
after heating at 120C in various solvents.
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Synthesis of porous carbon materials utilizing polymer particles

\S

MEE R

[, AL, A T3E, fLHEM TR &k

ETBHIZBWTREIZHP SN TS, — ki, {8l b OFRI % CRAEHRILL T2,

07112

WRAKRE  KRTERE AR S TR A e =
I

#OmAE 7% H] Syuji Fujii

A series of colloidally stable near-monodisperse polyacrylonitrile (PAN) latex particles with a
submicrometer diameter were synthesized by either dispersion or emulsion polymerization and
examined for their performance in the preparation of highly stable latex foams. Poly (N-
vinylpyrrolidone) was used as a colloidal stabilizer, which adsorbed at PAN particle surface. The
PAN particles were extensively characterized using scanning electron microscopy, fourier transform
infrared spectroscopy, and dynamic light scattering method. Submicrometer-sized PAN latex
particles were invariably adsorbed at air-water interface and stabilized foams generated by simple
hand-shaking or using a foam column, with no additives (e.g, surfactant, salt, or cosolvent) being
required to induce latex destabilization. The foams stabilized with the PAN particles could keep
their 3 dimensional porous structures even after drying. Scanning electron microscopy studies
indicate near close-packed PAN particles within the dried foam, which suggests high colloid stability
for the PAN particles prior to their adsorption at the air-water interface. Annealing the particulate
foams up to 1000C under nitrogen atmosphere led to black-colored materials. Thermogravimetry
and fourier transform infrared spectroscopy studies and scanning electron microscopy observation
confirmed that porous carbon materials were successfully synthesized from the PAN latex-stabilized
particulate foam. This particulate foam-based method should be advantageous because only
particles, water and air are required, and production on an industrial scale is much more likely
compared to a template-based synthetic route. Potential applications for these porous carbon

materials include catalyst supports and novel electronic and optical devices.
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1. KBRFE

1.1 2HES, RUEIELESICK BPANKF
DIER

100mLAE—HO7 7 A a &z UsEae L, 7Tha—
VIR 1-7% /=), 2—-70/8) =)\, =¥ /) —
WV, FlidgAy =) BT, RYyE=jpEny K
(PNVP, 4rT#360000) % 5#i&sEshl, 77 AL
V7 Fu= M) JV(AIBN) Zfl#aH & L, ERFEER,
70CIZ T4 7 7= )L (AN) O5EES
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1000C 12T 4 BRI R — )V R4 5 2 & THILHE % 17 >
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2. RBERRUEER
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FTRCOGHES, ROFANMEEGRICBWTEEY
DN EEE = PNVP-PAN T 7 v 7 ZA0M3 5 7z,
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Table.1 % (Dn), £%8J% (Dw/Dn), B ODLSIZ X ) #lsE L22iAEI20% (D), £4580%.
Acrylonitrile (g) 5.0 50 50 5.0 5.0
PNVP®’ (g) 05 05 05 05 05
AIBN (g) 0.05 0.05 0.05 0.05 —
AIBA (g) — — — — 0.05
1 Butanol (mL) 50 — — — —
2 Propanol (mL) — 50 — — —
Ethanol (mL) — — 50 — —
Methanol (mL) — — — 50 —
Water (mL) — — — _ 50
Number average diameter (D,)” (nm) 210 335 244 279 233
D./D, 1.04 1.03 1.07 1.01 1.01
Hydrodynamic diameter (D,)° (nm) 379 496 386 314 504
Polydispersity index” 0.070 0.176 0.075 0.086 0.122
Surface tension of 702 700 717 716 717

Supernatant after washing (mN/m)

70T, 24h, N,, 200 rpm (magnetic stirrer bar)
“)M,, 360K (Fluka Chemika) ° Measured by SEM

¢) Measured by DLS (Malvern nanosizer)

PNVP, Poly (N-vinylpyrrolidone) ; AIBN, 2, 2'-Azobisisobutyronitrile; AIBA, 2, 2'-Azobis (2-amidinopropane)

dihydrochloride

PHLNE R 572, 72, TRTORIZBWTHMAES
FEOF BB FRL ) RE CllEIN, &
L, DLSHEIZE IZKRGEIRETITbI D 72729,
PANKLF-FH W75 L 72PNVPE AR L TV 575,
SEM T3z B 2 Bl%2 9 % 72 ®, PNVP2SPANKL
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5o

2.2 PNVP-PANKIFRE(L:Z Dl

TN I— VAR 1-7% /=), 2—=70,%) =),
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JAENY Ry oA 7128 Danrfm oz, RIZ,
FAIBE S THEBEISER L TV BPNVP, B L UBH
HI R AEY OREEZ BRIy E L, #O0%E % 5 BTV,
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NOWAREIR AT o 124K, TRXTORTHY Frx
A 7L D EERIENPER L7z, Fig. 21213 KEAKH
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L7 T RTORIIBWTEGEREMPER L TE D
ZOVDH A X554 % FEARBARM GG L O TR L
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/N —=)VHR 12um~15mm, ¥/ —)V%:14dum
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7k, ATA KT T A RICESTHREZRESE, {8
DIREAL LT L 720 ZORER, 1-7% / —LR

a?r;:aﬁol
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PE, WREIREE TR E R WA L7z, Fig. 3121k, 7
Va—)v, FRKEARTER L 72K T2 W TiTo
7oiatk, R ONaOREMFHHOR R EZ R L7z, K
RCEWR LR TR T, RE D EE4cmDiEd
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WEASTRTHER L R T Ol B EWIEREEEZ R L
BOZERDE NI L ERL TV 5, KT ORISR
T T OHEMADOREIFENIT L, ki T2 E I bian%
EWNEL %5 EN—HEIZMONTEY, RER
FICBWTHESGEAOBMEDE I LY AR
PNVP-PANFL TR H O BBUKEAZAL L, S5 H
TOFEMMIHELY G2 T LIRS H 5.2 2T,
EABEARAPNVP-PANKL 72K 1H O KA~NOFH I
ZHWEEWPSPIZT L7720, BRI T 2 &S
FERGEL L CHERL L 72X L b Tk oo 3 /4 5 %
fTolze ZORSE, BMmxl-7% /-, 2-70
N =) (B2FE) >x 8 /=), X% =) (50)
>k (40KE) &7, IO ERTER L 72k T
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DFEVIE, KTEEOPNVPI SR, FEHENV 7+ 0
VA OEWVIGERTLODEEZ ONDL, LLEOKE
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WIS, 7+ =N T 5% MH LIaOEREE (5T,
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5 ) — VIR TA B L 72PNVP-PANK. T % F v 726
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LNTEF AR L7 (Fig. 4) #°, 5T, 25CTlg,

1-Butanol, 10 wt%, 5 mL

Ter;1p.-controlled dry nitrogen inlet (25 °C; 50 mL/min. flow rate; around 5 min.)

Fig.4 74— 277 412% 5PNVP-PANK I &
D EAL L 72ia ok e, % e T
(1-Butanol%, 25T)

(A%, ML & DT L, 4RI I135E
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720 DLEORER LY, (a0 fEd g biaowE s %
25 P CHEEZRTTHLILEEHL ML LT,
23 HILERFMEOBIE
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Preparation of powdered porous silicon by stain etching method
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The effects of thermal oxidation on the photoluminescence (PL) properties of powdered porous

silicon (PSi) are studied using X-ray photoelectron spectroscopy (XPS). It is found that the PL

intensity is steeply quenched after annealing at ~ 300C and recovered at above ~ 700C. The

XPS intensity of oxides formed on the PSi surface is also found to strongly depend on the annealing

temperature. The comparison between the annealing temperature dependence of PL intensity and

that of the oxide XPS intensity suggests that the formation of thin disordered SiO, layer

accompanies the quenching of the PL intensity, and that the formation of thick high-quality SiO,

layer results in the PL intensity recovery. These results indicate that the thickness and quality of

SiO, layer play a crucial role in the PL properties of thermally oxidized PSi.
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Fig. 1 Porous silicon powders in trichloroethylene
for various etching times.
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Fig. 2 PL spectra of the porous silicon powders for
various etching times.
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Fig. 3 (a) PL spectra of the porous silicon powders
annealed at various temperatures. (b) PL
peak intensity of thermally oxidized porous
silicon as a function of annealing temperature
(solid squares). Solid line represents guide to
the eye.
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Fig. 4 XPS spectra in the Si 2p region of (a) thermally oxidized Porous
silicon and (b) bulk Si (100) substrate annealed at various
temperatures. Solid lines show fitted results as explained in the

text.
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Fig. 5 XPS intensity of the different oxidation states
normalized by the Si 2p core level intensity
for (a) thermally oxidized porous silicon and
(b) bulk Si (100) substrate (closed symbols,
left axis). Open squares represent the
FWHM values for the SiO, (Si™) state (right
axis).
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Fig. 7 PL decay rate of as-prepared and thermally
oxidized porous silicon powders at 900C as a
function of emission wavelength. Inset shows
the PL decay curves of as-prepared and
thermally oxidized porous silicon powders
detected at 800 nm.
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Microfluidic synthesis of monodisperse polymer microparticles with
tunable concave/concave shapes

07116

MRAKE  WRLEAFBEBE LA B#% P 8 & & Takasi Nisisako

We report a microfluidic technology for making biphasic emulsion droplets and shape-controlled
nonspherical polymer microparticles. Microfluidic channels on a glass chip comprise a Y-junction so
as to form a two-phase organic stream of polymerizable and non-polymerizable phases, and a
T-junction to produce phase-separated droplets in a cross-flowing aqueous stream. The biphasic
droplets at equilibrium formed a Janus configuration consistent with minimizing the interfacial free
energies among the three liquid phases, according to the three spreading coefficients. The biphasic
Janus droplets were highly monodisperse, e.g., with a mean droplet size of 119 um and a coefficient of
variation (CV) of 1.9%. Subsequent UV-initiated radical polymerization yielded monodisperse
particles with controlled convex/concave structures, which were tunable through variation of the

ratio of the flow rates between the two organic phases.
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Fig.1 Two microfluidic geometries for producing
biphasic emulsion droplets. (a) Formation of
Janus droplets in a symmetric co-flowing ge-
ometry. (b) Schematic illustration of a cross-
flowing system for producing biphasic drop-
lets.
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Fig.2 Microgrooves on a glass chip fabricated by
deep reactive ion etching (DRIE). (a) A
T-junction. (b) A cross-junction.

Fig.3 Microgrooves on a glass chip fabricated by
mechanical machining. (@) A T-junction. (b)
Magnified view of the T-junction.
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Fig4 Formation of biphasic Janus droplets. (a)
Four sequential images showing the forma-
tion of Janus droplets when the stream of sili-
cone oil (S) is located upstream and the
stream of the monomer (M) is located down-
stream of the cross-flowing aqueous stream.
(b) Formation of Janus droplets when the
positions of the two organic streams were ex-
changed, compared to (a). The breakup rate
was approximately 200 drops s. (¢) Forma-
tion of janus droplets from two opposed
T-junctions. The flow rates are @, = &, = 0.2
mLh? (01 mLh™' x2), Q. =20mLh™.
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Fig.5 Effect of the cross-flowing stream on droplet
size. @, versus D, at two fixed values of @,
(=02mL h' and 04 mL h™"). Open triangles,
open squares, open circles, and open stars
represent @, and the positions of the two or-
ganic streams for which droplet sizes were
measured, as shown in Fig. 4a and 4b, respec-
tively. Error bars indicate the standard devia-
tion of the measured droplet sizes. D, is the
hydraulic diameter of the orifice (= 100 um).
The solid line represents the scaling law D,/
Dh oc QC-I/S.
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Fig.6 Biphasic Janus droplets at equilibrium. (a) A
photomicrograph of the main Janus droplets.
The dyed segments are the polymerizable
HDDA phase. The scale bar is 100 um. (b)
Size distribution of the main droplets. (c) A
2D illustration of the balancing of the three
interfacial tensions between the three phases.
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Fig.7 SEM images of nonspherical polymer microparticles produced at various flow-rate ratios between @,/
and . (a) Hemispheres with a shallow concave surface at @,/®. = 0.25/0.25. (b) Thin, sliced particles
at @,/Q. = 0.1/04. (c) Spherical particles with a deep concave surface at @,/@, = 04/0.1. Here @,, + Q.
=05 mL h™. The insets are estimated 3D shapes, based on numerical calculations of the three interfacial

energies using Surface Evolber™.
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Preparation of metal-loaded oxide nanoparticles for gas sensor applications
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The deposition of Pd nanoparticles onto thiol-functionalized SnO, nanoparticles was carried out

at the aqueous/organic liquid/liquid interface to prepare high-sensitive gas sensor materials. The

method is based on the self-assembly deposition of Pd onto dimercaptosucinic acid (DMSA)-

functionalized SnO, nanoparticles prepared from a reaction of Na,SnO; with HNO; at room

temperature. Pd nanoparticles of 2-3 nm in toluene were prepared by thermal decomposition of a

Pd complex at high temperature (120-150C ). The mixing of the two suspensions containing the

SnO, nanoparticles and the Pd nanoparticles, respectively, produced Pd-loaded SnO, nanoparticles,

as confirmed by TEM observations. Thick film-type device using the prepared Pd-loaded SnO,

nanoparticles was fabricated and tested for its sensing properties. The fabricated sensor using the

Pd-loaded SnO, nanoparticles exhibited high gas sensitivity to hydrogen in air.
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Dimercapto-succinic acid (DMSA) .
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Surface effect of surfactant on properties of Fe-Pt nanoparticles

07120

MRERAFXE - KR TERTE - KRERESS I TSR E R A I
#Hd% Jb A {7 2% Yoshitaka Kitamoto

Effects of surfactants on synthesis and properties of Fe-Pt nanoparticles were investigated in the
present study. Fe-Pt nanoparticles were synthesized by a polyol method using Fe and Pt organic
complexes in tetraethylene glycol. Whereas the addition of Poly (diaryldimethylammonium chloride)
(PDDA) or poly (N-vinyl-2-pyrrolidone) (PVP) influenced the atomic ordering of Fe-Pt
nanoparticles, that of oleic acid/oleylamine did not have an effect on the formation of ordered alloy
Fe-Pt nanoparticles. Surfactant-coated silica microspheres were used for the growth of Fe-Pt
nanoparticles on their surfaces to investigate preferential sites for nucleation of the Fe-Pt
nanoparticles. Fe-Pt nanoparticles were selectively deposited only on surfactant-coated silica
microspheres although Fe-Pt nanoparticles were formed in a solution without any surfactants. When
Fe-Pt nanoparticles were synthesized with silica microspheres and a surfactant such as PDDA in a
reaction solution, few Fe-Pt nanoparticles were observed on the silica microspheres. These results
indicate that the nucleation of Fe-Pt nanoparticles commences selectively on surfactants such as
PDDA, PVP, and oleic acid/oleylamine. In particular, polymer surfactants such as PDDA and PVP
influenced the atomic ordering of Fe and Pt, leading to the formation of ferromagnetic nanoparticles

at room temperature even though the particle size is less than 5 nm.
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Cicaaril

(a) TEM{E

Fig. 1
and (b) XRD pattern.

(RS BB A S R EGRRER A 7 B~ DIS H]
PHIFEI N TW5, FePt%/ﬁ%#%&éﬂu%@ﬂﬂ
KA R FCEERIC AV 5 72012, LA
THAEEZERT LH9E% hif ’”t;ofét
2, FOPTHESFTHAR) L= VETY) R
(PVP) % fREH & L CTHOWZRY & — VTt
ST, HAE KNS OD260C DO RIGHEET4E — 5
nmOf FEOHAEGSH T2 EMT 52 LI L
Twa (Fig. )Y —HT, F LA Bk EDEST
O FUEEMER & W72 ERO%E, [FRE O RKISRE
IBEALHAEGELT A LT CHRFED 3
nmAEEL T CERTIEBEEELZ RLT, 20k
(RIS B KPR ARG S I C F TREET L 2 L
WFIEFICHRE L, ZORTOIKIZE 2 23R %
RLDIEIBHRODHDHZETH D, RWFFETIE, KMk
EHIOMFL LTH I/ BTOEBIITGZ22b0E, &

B L 72T O FREER) b U C R ISR L I
T2LDOLEFEBL, HVEREN L EST LIS T
BHGCHERL 72,

2. X8

Fe-PtJ /713, &JEAIEKADFe (acac),(acac =
[CH,COCHCOCH,]-) & Pt(acac), &ETH Y Ho
BIAHITLHLT VI FL 7)) a—) (TEG),
R ORMHRER % =107 7 A AL CTHREER, 7
VT EIRFEDIRAE T AFZHA T TE L THTED X
IS ICE L 7o, 2MBUGSE5 2 128D ARk
L, Fe-Pthi 7235k L - BaEimx 572, BARNZ
AHTERERY VIR L2 BY) Th b, MBE

T

EHE?

D n

¥} 0 A 50

26 (dug)

(b) XRDs 4 —>

8 T HOD B0

Fe-Pt nanoparticles synthesized at 260C using PVP. (a) TEM image
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Fig.2 TEM image of Fe-Pt nanoparticles
synthesized with silica microparticles

without surfactant.
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Fig.3 (a) XRD pattern and (b) temperature
dependence of magnetic susceptibility of Fe-
Pt nanoparticles synthesized with silica
microparticles without surfactant.
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(a) PDDA

{b) P55

() PVP

Fig.4 TEM images of Fe-Pt nanoparticles synthesized with silica microparticles and surfactant of

(a) PDDA, (b) PSS, and (c) PVP.
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Fig.5 TEM images of FePt nanoparticles
synthesized on microparticles coated with

surfactants of oleic acid and oleylamine.
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Fig.7 TEM images of FePt nanoparticles
synthesized on microparticles coated with

surfactant of PDDA.
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Fig.6 (a) XRD pattern and (b) temperature dependence of magnetic susceptibility of Fe-Pt

nanoparticles synthesized on silica microparticles with surfactants of oleic acid and

oleylamine.
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Fig.8 (a) XRD pattern and (b) temperature dependence of magnetic susceptibility of Fe-Pt

nanoparticles synthesized on silica microparticles with surfactant of PDDA.
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Spontaneous classification of functional fine particles by
dynamics of the precipitation bands
-
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When an outer electrolyte diffuses into a gel containing an inner electrolyte, rhythmic patterns of

precipitate are formed, which is known as the Liesegang phenomenon. The patterns are static and

stationary in the sense that the formed precipitation objects stay at the given position. Dynamically

changing precipitation patterns can be formed if the complex formation of precipitate is possible. In

this study, spontaneous appearance of traveling waves, spiral formation and chemical turbulence of

precipitation bands is reported. The formation of spatiotemporal patterns allows us to spontaneous

classification of fine particles because size distribution of particles varies with location. We

investigated the effect of the inner electrolyte and gel concentrations on morphology of precipitation

bands.
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Fig.1 Propagation of precipitation band formed in a test tube. (a) 2 hour after starting the experiment; (b) 6
hour. (c) Time course of location of precipitation band at 0.01M(QO), 002(A) and , 0.04M([]) of Al

concentration.
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Fig.2 Patterns of precipitation bands formed in a
test tube. (a)Stratification pattern at
APP"'=0.28M; gel=2wt%, (b)helix pattern at
AP"=0.32M; gel=2wt%, (c)double helix at
AP"=034M: gel=4wt%.
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Fig.3 Morphological phase diagram of precipitation
bands formed in a test tube. (X) homoge-

neous, (&) stratification, (O) helix, and (@)
double helix patterns.
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Fig.4 Patterns of precipitation bands formed in a Petri dish. (a) double spiral pattern 5 min after starting the
experiment at AP"'=027M:; gel=2wt%, (b) spiral pattern 5 min at AP*=032M; gel=2wt%, (c) chemical
turbulence 6 min at AP"=035M; gel=2wt%. The scale bars are 15mm. The red lines are measurement

point corresponding to spatiotemporal plot in Fig. 5.
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Fig.5 Spatiotemporal plot of precipitation bands
formed in a Petri dish. The measurement
point of (a), (b), and (c) corresponds to the
red lines in Fig4.
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Fig.6 Morphological phase diagram of precipitation
bands formed in a Petri dish. (X) no, (&)
double spirals, (O) spiral patterns. Reproduc-
ibility of formation of chemical turbulence is
not good. Occasionally, chemical turbulence
can appear even under the conditions in
which spiral forms. The closed key represents
sucha case.
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Mechanism of enhancement of particle motion in gas-fluidized beds with
coarse particles by adding liquid

07122
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DEM (Discrete Element Method) has been employed by many researchers to simulate the motion

of granular particles. Additional forces, such as the fluid drag force, van der Waals force, liquid bridge

force, electrostatic force, can be introduced easily in the DEM simulation. The DEM simulation has
been combined with the CFD (Computational Fluid Dynamics) technique, and the DEM-CFD

simulation has been applied to the fluidized bed by many researchers. Some researchers have taken

account of the cohesive forces to simulate the small particles, such as A-particles or C-particles in

the Geldart's classification. Recently, some research groups reported that the addition of the liquid in

the fluidized bed with coarse particles enhances the particle motion. However, the mechanism is not

understood yet. In the present study, a liquid transportation model is introduced in the DEM

simulation to understand the mechanism of the enhancement of the particle motion in the fluidized

bed by adding liquid.
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Magnetic properties and application of microparticulated Ni-Co-Mn-Sn
metamagnetic shape memory alloy

\S

MEE®

07123

WRAEE Sl lES T EREmei B % Mg 3 B Rie Y. Umetsu
HERRE  SILKFLITOWEREET % B H B % 4 Ryosuke Kainuma
AL RFRF R LEmges B £ B [ P KouheiIto

Ni-Mn-X (X = In, Sn and Sh) based ferromagnetic shape memory alloys have been intensively
investigated. Because their martensitic transformation can be controlled not only by temperature
but also magnetic field and stress, these alloys are thought to be good candidate for applicable
materials. However, the polycrystalline specimens are difficult to use for the application because of
the considerable brittleness. One of the methods to improve the brittleness is the powder metallurgy.
In the present study, mechanical and magnetic properties of Ni-Co-Mn-Sn specimens fabricated by
spark plasma sintering (SPS) were investigated.

Ni;;Co,MnyeSny, (at.%) alloy was melted by high frequency induction and powders were obtained
with using conventional nitrogen gas atomization. Powders with a diameter between 25 and 63 um
were selected, and specimens were obtained by SPS technique at 1073 or 1173 K for 15 min. The
microstructures of the specimens were examined by optical microscopy. The magnetization was
measured by a superconducting quantum interference device magnetometer. The mechanical
properties were examined by compressive test.

Microstructural observation revealed that the sintering is hardly proceeded in the specimen
sintered at 1073 K, on the other hand, sintering at 1173 K is sufficient to obtain a specimen with high
density. From the magnetic measurements, change of the magnetization is observed associated to
the martensitic transformation, in addition, the martensitic transformation temperature decreases
about 21 K by applying the magnetic field of 7 T. For the stress-strain curve at room temperature,
the fracture occurred at a strain of about 13% and a large plastic deformation of about 7.7% is
obtained in the sintered specimen, while the fracture started at a low strain of about 1% for the
polycrystalline bulk specimen with same composition. It can be said that the ductility was drastically

improved without any large loss in the martensitic and magnetic properties.

WTBIEPURTHEIEND, T/ FaL—

& —

HEOEEEL V- EFA IR EN S, L
NiCoMnIn# & O'NiCoMnSn&#r il 2 & W IRED MLEDS, INSOEED/NV 7 MIZIEFEITNEC,
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Recycling of Mg alloy chip scraps by applying a nano-mixing technology

07124

WMERKE  BHEARSRE TR gz B O #ik Makoto Nanko

Optimization of the recycling process of Mg alloy scrap chips to obtain superconducting MgB, via
a nano-mixing technology was carried out. In the present process, the an attrition type mechanical
milling process without a milling media was used to mix and grind AZ31 scrap chips with
commercial B powder. Fine AZ31/B powder mixture can be fabricated via the mechanical milling
process in vacuum. The milling process can also reduce the volume of the mixture up to a half of the
mixture by the blending in a plastic bottle. An AZ31/boron mixture via the mechanical milling was
successfully reacted completely to MgB, by heating at 700C for 3 h in reduced-pressure Ar gas, 50%
shorter in reaction time than the mixture by blending in a PE bottle. The powder-in-tube (PIT)
technique for producing an MgB, coil can be conducted by using pulsed electric current sintering
(PECS) with the recycled MgB, powder encapsulated in a stainless steel tube. Dense MgB, with
less MgB, phase can be obtained by the PIT technique with PECS. The PIT process is also useful to
suppress the evaporation of Mg from MgB, powder during sintering. Any significant reaction

between stainless steel and MgB, was not observed.
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ZDt%, TERLMgBmEEZ LG THIEL, /v
A i & Bt 4% 1 (Pulsed Electric Current Sintering,
PECS) 2 & W MgB Btk a2 ER L7z, R1 L 212
MgB, & B & OB ROV G 2R §

BO N ERIIXBEP (X-ray diffraction, XRD)
AW THIRIER1T> 720 XRDIZB L T3 ¥ — 75k
P OMgB,DEREEWEBAL T, &L oT

1 AZ31YIHIE

F£1  MgBARSEM

MeB, & B FFaF i
2@—5 %\;E a;;[:#lﬁ 1%*%@]]1}%, 17'??#51’]‘ ﬁﬂ ,
SMI | FRU R 500C.
SM2 TR D H Ar 0.02 288 24 & 30h

. Ar 0.02 700 600,700C;
SM3 MF#HR 3~ o4h

22 MBS RO Al
Wk PR
oy AT

#i Mgk | PERRE, *ﬁﬁﬁf L s, MPa
SM1
SM2 %-%M%)';OO 5 25
SM3 ’
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W L7z PECSTIER L 7285 R IC D\ CTIZXRDIZ
L BHMEEICIZ T, EEREFHEME (Scanning
Electron Microscope, SEM) % F\7-#HikEiZE,
I a7 IVF AT AL L BEEB X ORILE
DREERAT> 720
NIV ZBEREEIC & B Powder-In-TubeiiDH&ET
AZ3IGIHIE EBHE (WL 7 A% ) v 2 4E8,
F£99.7%) % ENVI1 © 21CIRE LB EE T =—
WL (700C, 6h, ArZZBSH) TMgB Il A L 726
AT vV AE (SUS30484, #44F 5mm, WE 3
mm) % ZLEE (900C, 12h, HEZ2) L7-b D% 7z,
HENICMgBAT K Z A4, 1hiH], 0 —% 1) —K>¥ T
THZEG| & Lctk, BEZGIELHMFH ARy MNEKET
T L720 MgBREHALZZAT > L AEZ R
R H 23 A LPECS% 1T7\v>, Powder-In-Tubei 12
X DML EAT 5 720 B OPECSEAFIZR 3121 T
SRR & LC, X#EHT (XRD) 12 & AHFEE,
EAREFEME (SEM) 12X 2Mik#g, BI0
MVI YW T IVF AT AFICL 2 HEL L UR
LEOME AT > 720

%3 Powder-In-TubeZE O 41

FlAH I +77 =]
a ;;;ﬁg 1000C 95 MPa 5 min
ERERPLUVEE

AN/ 71— aliEIlLEB>E

224K 72— a VETIREWRLREH
KEPEAMTRALZLOOIERERT, & H1220g
DMK THHD, AHh /) T7a—TariFziilzbo
IEFEDES T TR L TW B2 EDbh b, A%
THWAZAZSIYIHIBIE Y =V LR E L TWDL 0
TENREV, 2O EiE, TORERLERIELT
KELBETH b, £72, MgB,OEKIZB VW TH
AZ31 L B R OEM A A 7% < 72 5 O TG &
K BBB-NDH D G, Ah /) Ta—Tar FEIls
WTHAAZANTOAL TG RIRIE D5 7275,
EEDFRHIRDTE D &) BIRTEAEIRE W
EWVWZ D,

Abeb " 2k id, MKAEMgH R EBHAE A 7
J7a—=JaviEli) 2= anvral 45
ETMEB P ET 52 ENHRETH Do TDHES
EzhHE, KWL THER L /-AZIYIEIEIZZ DK

WCEWMgORATFIEL, AH /) 7a—Yarrak
AHIIBM R E D F W EMAEON b ozb DL
ZHNDe G- AZIIYIEIE I YIE] TARd
LLBfbsnhTnwizdbnbEZ N5, Lz T,
BRALE DD WEIHIB R R E WYIHIBCla A/ 7 2
—Var7at APICMgA e IENE IS HTAE T AL
L3, AZBIEBOHMOES Y, 2omd
2L BB bDLFHRENLOT, AH=HNTHS
FENRTL DLV L) MAT, KREVWYHIE
TS HITEPREL 22 TRRESHLDT, TOA
FIRFEICEETHL L WVWR b,
TEREHOREL

R3ICAH /) 72—V ar L7zabk (SM3) @700
COXRDAEREZ RS o REFFFHB3h2> 5SM3TIX T &

Mixing in PB

K2 A#/ 72— 3 %0AZ31YEIE, Bk

REKDOIER
MFEy MgO MgB,
Ar 0,02 MPa |.
| moc ] | 3h
a - '\-—-—-'. / I"‘—-.n—""-—n..r"'"‘"‘-—u—n—l-r'"'r\-l- .1
= 6h
£ |
E L= J\___* and L
E| | 12 h
|
e I-..!'...:' . A ":'-.- et
. T -

Diffraction angle, 2 #/ deg

3 MFESLT00C THTEArA A T TG L7
SHE (SM1) o s
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AEMEB D EZZHHIZ R o T B I ENDbh b,

J8EBHRZIRE L7255 a1 AT O ML |2

SM1, 2, 30zE»S, Mgk MgB,OE—2712xf1 5% S CEXLE R D AN/ 72—V 3 IZLYRIG
Mgt —7 oEl&xENL, FLH2bD2E4~6 THE% KIS 2 2 EDTRETH LI EITREN

WRT s SNHDORIIBWT, MgkMgB,n¥—7 |2
T HMgE— 27 DEEEXET DL
> Iy

> Ing + Inigs,
Ll be T TLAIMED ¥ — 750, [,,13MgB,
DE—VRETH L, KPOHTIIXDMHETH 5,
4—6705, LF{ MgxB&IZHE L TMgB,I2&
&N D DIE700C, 3hTho7ze B5ISRTSM2D
AECIE, RBFE I MgrBEITHE L TMgB, I A
ENBDIXT00C, 6hTH 720 B 6 IZRTSM3IDH
BTIE, O HE MgEERITHE L TMgBll AR S
NBDIXT00C, 3hTHh- 7z ZIITHFEIZAZIIYIH]

X = x 100

Too T72, BZEFHA (SM1) U3 ) 2TArzBl& (SM2)
LN ARIEHHENZ EPRbh DL, TNITEEFHAT
EIMgDsZEFE L CSiE RIBT 57208 E 2 b b,
KRIZBERE OB G 50 R 7 I2EHE DR
JALRZ IR T O EA & & S IZHSILRHA L
TWwh, FXFDOGr 7 /N—IZPECSHIZ#HE = 7 5
774 b (Gr) WK THE-> CPECSL 7B %R,
Gri/N—IMgZ&Z 2 WHl 32 b D TH o725, Mg
EIEIZE D E VR, MgBOAEKEZMS 25
CLIETE Loz, LAL, SHEOBE T, B7
WRT L HIZGr A N — DSBEEALICE RN I < & & A8
bmolze THCHLTUIZOHEHAVPAHTH Y, 7F

30 - 1200s |
|1unum1¢dpom:lu e

< - s nﬂ].u: m

=20 0= X =20 ASOS X mn

g smsT |Asos XA g X100

'515- / X100 515.

. — ]“I e

2" 2 | ) AT
5 5 758 |

} 4501 |

) 600 700 800 $bo 600 700 00

Holding temperature, 7/C
X4 PEA#FCHMESLEZPRTRIS L Z2HEE

Holding temperature, 77°C
M6 MFRE LBEArS AT CRE L7z (SM1)

(SMD) DRI O R
1200, S0, . :
cn i = shaked powder - Anneal condition |
28, | BT T |Ar0.02 MPa = 40! T00°C 6 h
< ) B 0= X;<S50 & | z :
g ASDE X<100 =30 -
£ 520 .
= 0 gl
2 . £ 10l I Hand shaked, VAC (SM1)
4 & T2 o B Hand shaked, ArL02 MPa (SM2)
| 4 MF, A2 MPa [q\.-'l'l-]
3.1 * 663 L (ABEIGrHA—EL) |
45 = o ~ R i 1060 1100 1200

Holding tcmperature, 7/C

X5 PE#R#THAMES

LIEEAr # A T RIS L7z

B (SM2) @Rtk
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M7 BRE DS LETH Do
JNIL ZBERERE K S & B Powder-In-Tubeik D% 5T
X 8 |2 2 A WIKMgB,#4 D4l (a) & 2 Dl (b)
ERY, INERLEAT VL AHE & MgB,OR T
HZ o ALERIE LTV R W b h b, $72,
PECS% HWTa A VIRMEM 2R T 52 LA TE
%o BEAEHTOREED S 24 VIBRIZH VLl T
B\,

(a9

B8 A7 ¥ L AHEIZE AL MgB, KRB ED
HHER

" !
| oMz ®EMgOD]

e

= | Wire

e | { ™~

:::.!- . d ﬂl a E:'-. ¥ ¥ IJ.‘_ .‘k

-E ¥ |

F | 1

= |

[ =

= : " Bulk 1
lve %t Wl ywt oltve ¢ 927
e NS " T | B R—

Diffraction angle, 2 &/ deg.

9 NV IBEEE AT VL ASE P CRE LGE

DXRDAE R D HEL
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.:;ﬁ'
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ﬁ“ it |
s
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s | i
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- i |
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10 /S 7fEkEE A7 v L ASE R CRERE L 72356
DMgB, LD Lk

LT ]
o
H 3
L
¥
K
(]
Tiprs. sy, %, | %
. I
g
B

= Ly fiah
w FYEN

11 2NV 7Bk & AT o L A POl L8 A
DOFE & FARILEDE

E9 £1012XRDIC & ) AHFEERE S & MeB, Bl & D
BREREY ZNZIURT . Mg ¥ — 27 ki s hTw
bo TAUIBEREH, BUICIREL IV H D70, HIEL
7oMg7s, REMMERVEFI T Lz b0 LEZ b
bo Flz, 2NV ARIZIATHS O 5 A MgB, A i
FHIZHENTVE, SHIEAT Y LAETEHESRT
V572G L - Meghi B AL S e vz
LEZLNS,

BN EENEFAROIEZ RS, #itfidbBER
LEELLTWVAE, SHIFAT Y L AEDEFIZ L -
THRIZMEL TS &) S RERIEDMb o727z
HEEZOND, 72, BEMERKEIrOAT VLA
i 1255 2 MgB, kb K O FEI R IR 5% <R L
TV LEZLND,

DlEofER LY, 25 L AHE %2> TMgBA
KEE AL, PECSIZ X ) MgB Mt %155 2 & 5n] g
THHEZENbro7z TANVKRIKIELIZAT VL
AEEEHCIIBEE I A VAR 5 2 L AR
Thbo

5

Mg&EYIHIBOFEAM ) 4 7 vkl LT, BEX
WMD) > 7 2R L7-MgB,D A& - B2 Mt
L77e AW 72—TarsFALT BHEEDR
EWWERATH) 2 LT, MgB,OAK 71t A%700T,
BhCHET EHD I LTI L7, #EORAIZHEN
TERT O AZ YT E e AN ) T2 =
3 VERYEIBOEZ RS T LA TE L7220, Mg
EEEBHROEMPUZEINDDLEEZ LN,

7V A SEEBEREEIC L AMgB,OFEIbIc BT, 7
77 74§ A N—1EMgZFEHHN X R R T
D72, BEANOBENEDP TR S Nz S S ITE
TR 5 2 & TEGRH B2 VW MgB, BB 235
LNBEEZLND,

o

— 150 —



Hosokawa Powder Technology Foundation

T/, ATV AME KL L7z MgB b K % A
L, 79OV ABEBREEIC L) BB SRS L
THLIEIWHILze COFETIEAT VL AHEIC
BHATHZETMgBERTIIHITE, T2, AT
YUV AE R a4 VIRICLTREET A 2 & Ta A ik
MR OVEEIZ S I L 720

#om

RIFFEBRATIZE 20, REEANR RS S %
WZIEMgtIHE o3, A g =%, MALERGE
FEAEBAZIZ OV A BEREAEREE I L THERE 2 X > T
THW 720 E 72, RIORFHERHAMZE AT NSO EZ,

Prs e, TEEELIZE A ) 7a—-Ta
KEOFBICERZX o> THE, MgB,AKICET %
B BE2HW, ZO%EHE) TRHOEERL
72\,

1)

2)

3)

4)

5)

7)
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Development of nanocarrier for gene delivery to improve cellular uptake

-

MEARE  ZHNFERAFEIER

07125

Bh# H J& #F *F Kohei Tahara

We previously developed modified poly (D, L-lactide-co-glycolide) (PLGA) nanosphere (NS)

prepared by an emulsion solvent diffusion (ESD) method as a gene delivery system. In this study,
PLGA NS was modified by chitosan (CS) and polysorbate 80 (Tween 80, P80) to improve cellular

uptake. We investigated cellular uptake, intracellular distribution and transfection efficiency of P80

modified PLGA NS for a plasmid DNA delivery system in A549 cells. Cellular uptake and transfection
efficiency of P80-PLGA NS were greater than CS-PLGA NS. The uptake of unmodifed and CS-PLGA

NS was mediated, predominantly, by clathrin-mediated endocytosis. In contrast, specific endocytic

pathway could not be determined on cellular uptake of P80-PLGA NS. Intracellular distribution of
PLGA NS depended on the surface properties of PLGA NS. P80-PLGA NS did not show cytotoxicity
for A549 cells. Thus, P80-PLGA NS could serve as an effective gene delivery system, and the surface

properties of PLGA NS are key parameters for optimal intracellular uptake and distribution.

MEER

Ferlx, EENEEYE - ESBESSTFTHLERY
FLWE - 7)) a— vl (PLGA) %M ET LT /KT
(F/ 2727, NS) &, 7I9vbh7+—2kL, Z
WICHE 2~ 0 %Y % 3 A L, DDS (Drug Delivery
System @ FWEEL AT L) NOILHAEAATE 7,
INETOBFIZBNT, X7 F FHESEY % PLGA S
JAT 2 TWEANEATLIEIZEY, IR %S
FOH L WDDSOBFEICKI L TWwb, T/, EH
H B A L 7zhRett ) 2 AL o B ZE 12 b #Eb o> T
%o &5, siRNAZ EORREMALERIC X 2E% % H
BLCERTFF YY) TORMBELZH#ED TS, 20720
(2, KB CRER R & 2T R 9 W AKER & A

FAR NI RN EA T 5 Y AT AHPRETH H AL,
ED X W EPLGAF /) A7 = 7RG 5008
BCTHD, Tz, AT TIC, FTEmEZDF A~
PEDF bR, FHNGH ] 2 & ORI -H TIE 4
TAHI LD, KA AEERLHIEAANOILY A A=
D¥INZ &, Fi7z R IRG- S Y OWIE DS
WARTHILEHRL VA, UL, FTERmZK
B L72PLGA T / k¥, HMIEANDILY A K& 75
KIBLZEDGTHoTHDEN, FHLOVIY AR AN =
A LIEH S T2,

Z ZCARWIIETIZ, FIHAEHT T/ K-S HIE N~
DIAENL AN AL EWS2ICT L4, S/ RF
DOABINIZ BT 2 288) 2 56 ICT 3 50 € 2 TIRH
NZZMRERTRRENC 7 0 — FNw 2 L, X )RR
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REETF /XY ) TOREEIT) L HWET
5o

AR ROEIE

1. #S

BaF (BRR) BIEEHFIE, BT+ Tx71
TF P HWTHRE R HMENEA LEE T EET
5 HETH Y, BIZHERHE R EOEEREEICN T S
FLWIEEEE LTS Cw b, BREEEOIER
MITHIIEANTH 57-0, BT ERT 57-0I12IEEKR
BFTHLEBEMRNNEAT LLENH L, L
LA2Ss, HRBIIKEEOBENED T CThoD,
Az BRI L D ERT A2 &L <, F2
BRI S ST 0 ISR 75 S\ X0 53 - 20
LZ DR LG T 5o & o CEIETFIHRLERT S
7oL, BIZTERINBRIE S RE L, AN ~E
L& EAT LEME (N7 & —) T L0ED
Bbo NTH—IUET AN R %D HED R M
WANDEARZED E DS, b EFHCE 2 VEIfE
HSE SN Tn5E720, 94 VA HWRWIEY A
WVANY & —DRSEIHMETRTWDY,

Freixang g, EENSRE - BEER) v —
THHRVEEE - 7V 32— VEE (PLGA) ##&Me+
547370y A4 XOESRERKT (/A7 <
7, NS) W2, BIETF %2 &SI E A3 2 5l % B
L, FEvANANRY =L LCORHERT BiFL
T&72Y, 8512, PLGAF / A7 =7 KM% H F+
R < — R FLENE HH & CREMBHTT 5 &
T, SVELDF I AT THRIY R A F—Y A
L MBI A F N, Eis T OMIENEA RN
ETBERRBLTWEY, LALRAS, w1l
ARy — L BT 5 &M FRAMFIEIER IS
D, HHMBNEANROLEPLELE SN,

T/ A7 27 EHRICHIBWNICE & S N ZRRE S
H, FOEREE RIS 5720121, T FY—2/0
AR L7, MIREABATL, S/ AT 2T B
MREIED) ) — A SNBLENH L, T/ AT T
ERIB DA BRER F /A 7 = 7 OB EA 2
WEEL 257705 =000, s oz
FIRATZTEFNT 4= FNw 7 L, X )EhEN L
BETNZ ¥ —ORBEPTRE % DY, &2 THRIZ
T, /27 =27 OREFEDHIILNILY JA A A 71

= X5 B ORI IR T V25 B SRR L
BRI ATEE AT 5 BET S/ % 4 ) 7 OR
Firate BiRL 7

2. EBFHE
21 KBEITILY 3 BEHEDEIC K APLGAF / R
7 T 7 DAY

100mgDPLGA & 1 mgd6-7 <Y ¥ (KFDHEN
X—=N—) &7 Mr2mLPICERL, Y -
Z1lmLinz, R)~—@wRE L7, Thz, 2%+
JE= V7 a—) (PVA) @EHES0mLAZ, HET
NN AR THHCTHET Lz, 155 N7z 8E
WA APVAR LY B 729, 7/ A7 27 %
L8 (20000rpm, 10min) L7ze XL » b % 458
KTHB® L%k FIEE OGS (20000rpm,
10min) %1757, AWML NIZRL v b & AFH
KIOmLIZFRA8% L, 4R aE R L. -/ A7
7 T NOFREEHI, B FF oG RERY) < —
ThHbF M (CS) KUOHHIEWRTdH 5 Tween
80 (Polysorbate 80, P80) % f\ 7z, & b4 A5HGHy
12, 2 %PVABW L F MY o % i L 72 WEmE % 1
W (pH4d) DR %, Tween SOEHIFEICIX, 2 %
PVAI & 2 % Tween 80VA T DIRIE 2 ¥MH & L 72,
PLGAF / A7 = 7TRE WO TR KR O ¥ — & BEALIZ
Zetasizer (3000HSA, MALVERN) % v CHl%E L 72,

22 MTSHERZ AV /-llassE

R e M BRI B AB9E vz, —%E
WEDOABMMINL 2 7L — M ICHERERR, a7 LTy
MZ7% % F TR L2 Bibx g Lotk MR
WIBE LT /A7 27 2EMT A LI2LD, B
EMIBIZS /A7 27 WY AL 7z, MTSHEIZE
< CellTiter 96 AQueous One Solution Reagent
(Promega) %\, BHFHEERZIT- 72,

23 FEAL—¥—FEMAC LS MEARYREHO
AT

F /AT 7 RRE % ASAA IR INtR, 4 KRR
A rFax—bL, BT VEWGIRE Lz, Miax
PBST 3 ml¥Eii, MIaxEElLT 57004 %87k
VATVTE REfiml, =ik 305 MFHE L 72,
EALHILIZ0.1% Triton X-100% #01 L 5 Z0#HiE L 72,
TRITC-phalloidin (Sigma) &I X Y M0 7 7 5
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v gem L,
(LSM510, ZEISSH:) (2 X gL 720

24 F/ 27 7 ORI AH X 5 = X L5
FIAT 2T REEWE FERI Y YA P A/
EH) & ASAGMIL /I L 720 — BB A ¥ F 2 R —
Mg MIREBRL, TOEREEAY ) —/20
ORIV ARE (10 1) IRL, 6-7~<) raiH
HHEFCTER L. 7 7R YAERT Y B A b
—VAMER L LTEEA Y O—ABHE, It T
FER T > R A4 b= AMEH & L CFilipini4 il
(lug/ml) %, ~Z70E %A b= AHERE L
T30uM Cytochalasin D& % FHv 720

25 F/ 27 x 7 OHRREREETE

T/ A7 2T %W A/ ABMMIEIC, 1 mLo
01% 7u+—E@E@ERwmmL, 4CTTIHA ¥
N—hL7Y ZOHI0uLOFBSEMAT, 70+
— YOS e iFIE S 72k, Mz mEL, ook
(500xg, 5%4) %{T-720 FiE05mL% 3mLod X ¥
J—=v/raakRVaRiE (1 1) [ZEmL, #t
JEEERHC X D MIfBERMICRAE L T\ 56-7 <) Y E%E
g L77e F72, 5Nzl v bIProteoExtract™
Subcellular Proteome Extraction Kit (X V27 ) %
WCHIlEE B L, &4 OFEOD6-7 <) Y EEER
L7z

3. EBRERRUVEE

3.1 REEEPLGAF / X7 = 7 DR T
KA TN FEFTIIDDSHDO R v 77X v ) 7Ok

Bk e L ORI~y g & B EGE OB FE )
L, kv ) 7TORAMEICOWTHE L TE 7,
Z2C, KbhIwvy g VEEEEGEIC LY, e o
R~ — CTRMEMGH L72PLGAT / XA 7 =7 % fi#l
L, ZORFYHELFHI L7 (Table 1),

LR O YL RARN R F 3 B 2 fb#l & L TPVAK
BERERACCRELTHONT /A7 =7 CRIGH,
Non-PLGA NS) &, K5 Ai 3 —T, PERFE
349250nmTH o720 HFF R —THLHF b
I CEEMEH L 72PLGAF / A7 =7 (CS-PLGA
NS) O¥— ¥ &\, RIBHOK T L, 20l
DIEANZY 7 ML, F MY U TCEREBHINTNE D
EDHERR S Tz S B0, KT BE 2R L7z,
AU, RT-REAF M TBMi SN EICLY,
R —BIFR SN2 E 2 5N, Yokih
IZTween 80 (P80) A% /N L TR T A 4T -
72%0F (PSO-PLGA NS) O¥é, Kok 1L It
BLTYH, MR- BEMIIKERELIIRS
g, IhsoPlErsTida—T1 7 ERTw5
C LR TE Lo T,

3.2 RS EETE

FMNF DX BRAF A UWER, Tween 800
&9 R FETEMHERNL, FilZ T 2 & HsR
THMEHB LRI HBEVH D, 22T, AMBEAIIC
BWTT P IV T AR RV SV EYIIER S
LEBIINE R L 5 5 MTSHEEBRE v, Mgk
i % 4T - 72 (Figl)o WFNOEREBEHHIZB VT
b, 0.05% O THINg# R 2 17 - 728,
EIZERD BN D o 7255, 0.05% 2L EOyREE TldAil
HEAEERIT60% VAT & 72 D SR il g B e BIEE S 7,

Table.1 Physico-chemical properties of surface-modified PLGA NS
. . Zeta
Particle size (nm) ) . .
. potential Polydispersit

Modifier

Before freeze After freesze y

(mV)

dry dry
Unmodified

251.2 254.5 -31.0 0.098
(Non)
Chitosan (CS) 298.5 309.1 18.6 0.190
Tween 80 (P80) 247.4 248.1 -30.9 0.084
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120 |

100 |
- —O— Non-PLGA NS
E gt ——CS-PLGA NS
2 -0~ P80-PLGA NS
] 60 I —A—CS soln.
2 40} —=- P80 soln.
5]

20 |
0

0 1 2 3 4 5
Dose (mg/ml)

Fig.1 Cytotoxicities of the different PLGA NS
formulations and surface modifier solutions
for Ab549 cells. Cell viability of treated cells
was determined by MTS assay. Symbols
represent means * SD (n = 6).

NSRS, F MR Tween 80% K IZHK
59 2 B, WOV IR TR § 2 REMEAVRIE S 7z,

PLGAIAEMEN RN, EAEEICENR TV D0,
MHBIZE o TERDTH Y, Bl EZ R T TR %,
ZFIT, TNFTITHBSINF MY U IBER D
Tween SMEHIPLGAF / A 7 = 7122 W OMIaH
MBI 24T 5 720 F M R Tween 807K T 13 i v
FREHEEEZRTZEVPHLR L L o728, INHOR
) v — % REEHiF & L CHW - REGHPLGA T /
AT 2 TIZBWTIE, M@t b h oz,
T/ AT =2 TANOREEHIRZIE, SR F P
R Tween 80V & RIS % A%, &L 70 BERRAEIC
TEDOREBFEIHEZT SN, HﬁAf/X717%E

W LT\ A F MR Tween 80, ML
WL G WIREOFF AL VWETH S Z LEAVR
e S 7z,

3.3 XREEHPLGAT/ X7 1 7 DRI A &S

KWTEPY7Isus A X2 b e, FT2HIR
WAL AEND 2 2 ENEHME SN T E, 20
B, AT OY AR, FORTEEFEIK E L
MBS L, FICAREITIX, KEBHILLF /A7
TIZOWNWT, &77U>Tﬁ%@%b,%@ﬂ%Wﬂ

L, $Eﬂﬁ@é¥fﬂ]i%1To 7z (Flg.2)o &ﬁ, KLF-IRm &
DAY FaX— M EFHEIZ4RERE L, #ilsoT 75>
# TRITC-phalloidin (%) THeft L TEIZ % 1T - 72,
WINOKRTFIZBWTYH, MIEMICEEATEIZE S,

L7 DSHIINICEL D A E TV B 2 & SRR S Tz,
FoHOLOMELL, RMEMOR T X ) b EREEA L 72

a) Non-PLGA NS b) CS-PLGA NS c) P80-PLGA NS

ST W
S
- Rk

Fig.2 Confocal laser microscope images of A549
cells incubated with surface-modified PLGA
NSs. After 4 h incubation with a suspension of
6-coumarin (green)-containing PLGA NSs at
37 C, A549 cell actin was stained with Alexa
Fluor® 488 conjugated phalloidin (red) and
examined using a confocal microscope. (a)
Non-PLGA NS; (b) CS-PLGA NS; (c) P80-
PLGA NS.

WA DOFHHHL, F MR Tween 80 TR EEH %
fid 2 L2 & o THIFBAANORLY) SAADEHE S D
EDURME S Nz KR, FKHEAH] & L CTTween 80
VT AT 2T RN L A i b iRV G
PRSIz ¥ M U587/ AT = TIZIEDE—
YEMNEFOZ LS, AICHEL T2 MigRmE &
BRI L7272 05~ OB JA S A
WARLZEEZ SN, Tween S0IT AT A TH
%2 Ehb, Tween 80& Hefil L 7z MIfafBIC @ & A3
AL, MFPHRDAENR T holzbE b7z,

ICHFET S A b= ZABERZ AV, F 7 2
7 . 7 DFREFFEARL T DMLY A RFEIE 13
FTRBIZOWTHGET L7z, #iR%ZTable 2127”73, &
BRA 70— A NI D AR @A L7 &
Mo, RBHIROF b MEHIOF ) AT TR T
AN UHHRL Y P A =V AP EORETH L Z
EWIRENTz, Tween 80IBHTF / A7 = 7 OFMEN
B0 AR, SRR L3 XTOMERT, B L
722 EPSIY R A b=V ARBEEFETZ Lho
720

34 PLGAF/ R 7 x 7 &ififazkm & O E 1E M
AfaRm e M <HEERA L TWaRF%, Mlgici
B 5 2 SR K AT 85 y/i’ﬁﬁ@&%ll%
T HLIENTELTUF—EBTUET LI LI
ThZe L, RIS L T LT & MBANICEEIC
BYAFN T LR FEZ ERICEEML 7 (Fig.3)s
MBI A F T B RIBHIPLGAT / A7 =7
BiE, MBERICESE L TWAKTOBLZ2HTH
o720 Fiz, T NEEE LR, MR R
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Table.2 Effects of incubation temperature and endocytosis inhibitors on uptake of PLGA NS into A549
cells. Two different temperatures (4 and 37 T ) were used to evaluate the uptake of surface-
modified PLGA NS. Cellular uptake of PLGA NS by Ab549 cells in the presence of hypertonic
growth medium (inhibitor of clathrin-mediated endocytosis), filipin (inhibitor of caveolae-
mediated endocytosis), and cytochalasin D (inhibitor of macropinocytosis). Results are
percentage of control (non-treated A549 cells). Results are the means * SD (n = 3), * p < 0.0],
p < 0.05, significantly different compared with control.

37°C
. Cytochalasin
(Non-treated) 4 °C sucrose Filipin b
Non-PLGA 11.7+1.4 125.1+6.6
100.0 £ 18.1 66.3+6.9 * 97.1+2.8
NS
21,662 674+34 113.0+£2.3
CS-PLGA NS 100.0+38.2 x . 90.5+15.9
P80-PLGA 205+1.6  79.6+£3.6
100.0+0.8 83+ 1.7 ** 17.2 £ 1.4 **
NS kK kk

a) Non-PLGA NS b) CS-PLGA NS c) P80-PLGA NS

27 27 12
E E T
= 3 =
o5 1.6 | —®—Internalized NS 0T 16 § 05 10
S E —O—Membrane-bound NS S £ SE 8 |
Sg12f S22y S2
Sc L S 67
3 35 3=
3208 s 2 08¢ 32 41
O uw O O w
o o o
< 04 2 04 1 < 2l
0 1 1 1 ) 0 L 1 L J 0 1 1 1 J
0 30 60 90 120 0 30 60 2 120 0 30 60 90 120

Incubation time (min) Incubation time (min) Incubation time (min)

Fig3 Time course of cell binding and uptake of surface modified PLGA NS by A549 cells. Different surface
properties for (a) Non-PLGA NS, (b) CS-PLGA NS, (c) PS80-PLGA NS. A549 cells were incubated with
NS suspension for 30 min, washed, and incubated with fresh medium (0 min time point). Medium was
removed and cells were washed and analyzed for NS cellular uptake levels at different time points (60
and 120 min). Results are percentages of all PLGA NS added in the system. Symbols represent means *
SD (n = 3).

T4 L, MRS 2T, MIEPICED A F
NIRFIL L DA T MDA SNz, HIfEZRE
ORI O E & B ICHIFBA~NR Y AT h, =
YRV = AHAORTIZY V) — LR TR S NIz,

LI Y A7) v 7RI &) s S
TV AL REEDRIEEI N7z, F M, Tween 80T
KB L 72k Fidvahd, RBfir/ A7 712
B, MR IS LT Ak, MIFAICELD
AENTAAEITE D ITWIML, FFIZTween 80M5HT

F AT =T &G LM TR AAARLFEId R D
WL 720 72, o PV ERBRELG, MEEEE
W s 5 &, RIBHOEA L K, MR AT
AR, MFERICEC) A NRFIE E B ICEAT
LAEM A B 7ze F 7z Tween S0CEMESH L 725
J A7 27T, MIIEBEREIZIA, MEAICHY A F
NIRFOEEPEWEE R L7,

3.5 #faSEEE AU BT OB REE OERT
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a) Non-PLGA NS

b) CS-PLGA NS

c) P80-PLGA NS
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[ 0 [
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g 20 o 20 5 20

& a =
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Incubation time (min) Incubation time (min) Incubation time (min)

—O— Cytosol —<—Nucleus
- SmBF%HSfSFE%HSHS —{ Cytoskeleton

Fig.4 Time course of intracellular distribution of surface

modified PLGA NS. Different surface properties for

(a) Non-PLGA NS, (b) CS-PLGA NS, (c) P80-PLGA NS. A549 cells were incubated with NS suspension
for 30 min, washed, and incubated with fresh medium (0 min time point). Medium was removed and
cells were washed and analyzed for NS intracellular distribution at different time points (60 and 120

min). Symbols represent means = SD (n = 3).

70 F— CALHEL % fii L 72 ASAOMIIE %, i 45 ] s
MM A EICL), MEEE MYV, T -
FNATAT, ¥, MIEEKD 4 5B L TR %
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REX FEEFAYICERM L 72 (Figd)o RIBHIPLGA S/ A
7 = 7 OMIBAGAE, B OR#EE & b1, MiaE
WOEGHINNT 2 2 Ebrolz, 72, EICHE
LTWwa ¥ b EBEIPLGAF / A7 =7 1%, - F
WV IT AT SN ARAE T B AR & L7z, T, B -
FNHATOEICHEBEL TWAHIEE HEfEE EICHE
LCTWaF /A7 2 T7EAMDOF M VP EHEN A
Vel % L7z E 2 5N/, Tween 8OTIES L 72
PLGAT/ 27 =7 T, KIEHiR* M MBSk T
DL ITFFED T ENEET 2EHAIE SN 2D o
720 DEORR I WRFORTFELZZLE L L
W&k oT, HIRWNICBITAESTF /A7 27 OFEE)
A O— VT LI EDPUWEETH A EHRESIN
726

SEOMENRAL

KEFFEIZ BT, PLGAF/ A7 2 71%, F M
R Tween SOCKEBGHiTL I LI2LY, MIEA~D
WY AABEDSHARL, ZOMBENILY Ak X =X 4
B OMIRaNZ BN, RFREREEICRE CIRET 5 2
EMHORE Lol ATFFER)Y—THLF

U CEREMBHIT LI EIILY, KT - MM OEE
KUMHELEHB S, F72, FEEMER]TH 5 Tween
BOEMIEHITAH I LIZL D, HBHOLY P A b —2
AREEEDSAG-9 5 2 L&), MBENANOIY Ak
M) LT 5 2 L REEATRIZ E N, SRBROBGETE L
T, ¥ MY R Tween 800 & I HIEREDF 72 5 2
HHOKHBHMETCI—T 17 N4 7Y v Fa
=T A7) T5HIEERA MBEBANNOELR L #ER
FEARER L& HIFL Tw &z,
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nanoparticle-eluting stents in porcine coronary arteries
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Formulation of nanoparticle-eluting stents by a cationic electrodeposit coating
technology: Efficient and safe nano-drug delivery via bioabsorbable polymeric

~
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Background: The enthusiastic use of currently marketed drug-eluting stents presents a serious
safety issue because of the associated increased risk of potentially fatal late thrombosis. Nanoparticle
(NP) -mediated drug delivery systems (DDS) are poised to transform the development of innovative
therapeutic devices. Therefore, we hypothesized that a bioabsorbable polymeric NP-eluting stent
could provide a more safe and efficient DDS.

Methods and Results: We report the first successful formulation of an NP-eluting stent using a novel
cation electrodeposit coating technology. NPs encapsulated with FITC were taken up stably and
efficiently by cultured vascular smooth muscle cells. In a porcine coronary artery, FITC was
observed in neointimal and medial layers until 4 weeks after implantation. The magnitudes of stent-
induced injury, inflammation, endothelial recovery, and neointima formation were comparable
between control and NP-eluting stent groups.

Conclusions: Therefore, this NP-eluting stent is an efficient and safe NP-mediated DDS that holds

promise as a platform for innovative nano-devices targeting cardiovascular disease.

MEE R
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78-9%) BAT Y MAEMTH L, HEDAT ~
b (RT7AFZIVAT VN Tlrvo 7z AR L 72 M
WIEDSTROR < 72 ) BROE, B O ZE D 58 & R
72T FERAEN20-30%ICAE LA Z EDRETH > 72,

C O OREILREIRIF > 0) AR E T —T 4
7L ERHEH AT~ FCypherRASAK S 7 1)
FERENVEIT—FT 4 7 L7-Taxus®BSEHEINIZ LD
FIREP I N2 BEb N/ £, Cypherd &R
WFZE TR IIRT X 7 VAT~ MR, BRI
UETLZEMONTVAEYY, Lo, A5 v b
WCT—=T 4 v 7 &N NS OFEHNL L b I
DEFEILE S =7y e LTWwh7o, ME T
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72T S MBI b IEFR R 2 U R 2 A
L, BANEALORERIE, 2%E, HB L7147 VL
# O & Vo ZZBIEH, & CIZBfio 27 > AL
K iE (Late in-Stent Thrombosis) % &9 5 Z & 4%
Virmani b O 7 )V — 7 H#E s hTn s Y, £/,
BASKET-LATE (Basel Stent Cost-effectiveness
Trial—Late Thrombotic Events)® [ K &t 8 < (&
Cypher A7~ N 6 2° 5184 A% oEEHIC 7 0
Y RZVIVONREHIE L7236, (WIEIE, SEEr0
ARZEDINT A Z IV AT ¥ MIHARTH 3 -4 fE8hn
T5IEIIRENTZ,

51, INHOEREAT Y MII—T A Y IF
L7DICHVENTWE R v —ZEARIEE S, 4
RIEIETH V), ENICKAITEFT 5. K ~—
DERAFIET 4 70 YDA, TUVVF—=E, RIED
i, MBS SIIEIIIA 7 > b NIIARE O FEHE 12
HHEFTBHEEZLNTWEY, $72, fERHVWSERT
Efza—7 4 v R 3REMTH Y, PRt
FITHAHIO Y LR, N7 )T XL EOFERDa
=74 YZIIRE LTV, KENWTH L BIZTFR
BATFAbEMEa—T 4 V7T 5DIIEHEE v, B
o T, HERBEEEDDERBINEDSEY) - #IZTF v
V7 —, EHIZ3FY VT —0a—-—74 77 /0
VOB NLETH D, TNHD T LHHBAETTIR
SNTWBIEANERRI A 7 > MIEEREZR & L TRE
WO EFELTVh, L2 >T, Fo7z{H LV
77 /0y =B8R LKA T Y b DRSS <
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WAE, A TAERRIUE, AEEAEICENES
T THHIM - 7V a— VI E S (co-poly-lactic
acid/glycolic acid ; PLGA) % [ #FEIaAT % (6) |
W& F KT T L LB, T TF RRHEET T
FAI NG EREHATH D T VALEAMT 2 B L 72
PLGAIZ AR ERE A5 OME & L T304 DL ERRIR
THHAINTBY, PLGARA 7 0fifI2L5bY) 2 —
TV (FERRY) 22— 7a L) RIEREESF) ©
FiER EP O QERATORZEEIIRESI LTV S,
S 512, PLGAF/ Z 7eVkiTix, FIv 77 YN
) =Y A7 24 (DDS) & LT, EYOBERTHNS
DURFERLIEY O I 72 & o E OREEEIZINZ T,
AARIEAS A 11 & 2 A R b, ZAUTERS
5 EW O IFFTIEE OYERIC & 2 FEYWINORLER & D
FEREREDBE IR STV B,

RIFFETIIBATOEYE M A 7 > b OFRIRAYRE,

H M E % iR 2720 12T 2 Sz HiEE L
721 1) PLGAF /K1 % A7 > s EH L~ FEEIHYIZ
I—T4 YT REMORE, 2) F/KNFI—T 4
YITAT Y S OF KT OMmEMR Mg~
) N — =R O

HFERROEE

MR ETE

KBTI vIVY 3 B EBUEICEZFITCHAX M
ERFPLGA T/ R F D1ES

F O RFEER R Y AT I 70 kR AR & o dtE
THro 720 PLGA2g% 7+ b »20mLIZ VA L 7214,
% ) — V2R L 72FITC100mg % 10mLi N L T &
)R E L7ze TNERAFET2wWt% DR ¥ =
V7 a—)v (PVA) KiEW0mlx B L 2D, 4
mL/min®—ERETHT L7z D%, TEhr&
IH ) —VEBFRLTHESNPLGAF / ki 1Bk
(o OB G INI#EE41000G) TPLGAF / kit
DA BIL, K CHRE S, PLGAZKI
WCWAHE L o 2R/ BPVAZRE L, 2212
002wt% ¥ b4 > (AT v » ) v #) KEHE0mL
AU, 1 EFRIEERREA Lok, — 458 CHUEE
L CFITCH A ¥ M4 Y MEHIPLGA F / ki % ¥ K AL
L7z

EEE NEBROETFEHHRANDORYAHK

SMGM-2 (7L v b % v bSmGM-23Fi 5 #i iz F
GRS L) (IR IE Y i R EEAT10% & 7k B &
I L THAAR & L7ze CORERIC TR MEB)
JIR M 8 A (1 x10°  cells/well) %, 37J%,
5%CO, FCTHEFE L, 480 FZICFITCH A S /KT
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Wiz 7 ) —OFITC25mg/mL (Sigma) % %7 =)V
72 D 25uliin L 720 @sIN#R54y, 1547, 3047, 6047,
O B & ON24 15 ] 2 (B o7 B RS CRIER LM
FANOR) AR BIER L 720 72, 3 KICBIE 1T
I 7, L —BEE (£ 28 R) E Wl
O F KA O AKIRFE R BI%E L 720

AF o MAOEEI—FT 1T
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Y MEAT Y MINLHEIOMNZELImm, #HME1L3mmo /Y
A7ITHEL, BRE L BBICIIREBRLE L 72
WFHEDIEE, AT v VAN, THRERE 2D L9
2 A% &R R 38 45 25 1 (DC power supply, Nippon
Stabilizer Co) # & V&I 2 EFIHAHE L, il 5
mAEET & MRS 2 &) B2 % L1077 H@E L
72 ONIza—T 4 YT AT ¥ POEKH T EREE
FUEMEE CBIZE L7z,

B ER

F KT O AR 2 E T B 7o BB NS T
RER % AT > 720 FITCHE A F b4 IBEPLGA T / Hi
Fa—74r7A7 >+ (N=3) %TrissEDT AR
AR Ut S ZZFITCHE A F + 4 I5#iPLGA
T RLF O HOGHE & RIS HIE L7,

T A BEIRNDFITCHAPLGAF /RFIA—F 12T
A7 NDOBE

SHD T ¥ OEENNRICI2ZARDFITCE APLGA S /
WFa—747A7 2y MEEEL, 7TH% 14HTA,
28 H R IZHM A AT, MR I KT O R HERE L
7oo EEICHLAT Y PREOIHEI LD N7 7 1)
»330mgB L U8 F VT v 1 H200mg % & IO#% 5 L
7o AT M RE L 7EBIIRIE10% HPERRE R L~
D CTHEEL AT > b2 Bl s L, a i
(&S S ITHER TN 2 5350 L TR 7 138 A NS & A )
DO FEEFOCHMBECTBE L2, bORHEATF
AFTy FEIRBHYE Yy b THRZEL72%O0CT 2
v v K (Tissue Tek) (2@ LKA % E#
L7ze mEAEIET 2 7 Ey MSI008 R IR L, 5
umOB PR AR 2 R L 72, SRS IEPBSTH
AL L 7-1%, KREEHEE AF) (Propidium Iodide (PI)
T L AWM & Vectorshield) THEA L, #OGIAMEE
(A0 28 A) TEE L7z, BRI A 1L,
TEERTAMEE I TS 21T, SETRE, BEREE A
a7 L7z, HEB X ORIEREIEEEOHE IZHE W
BEATYIANTy MECEBLZOTFE RN L

709,

HRET AR

T T RO 2 EH#ERETR L. £T—5
% Prism software program (GraphPad Software) %
HWTT 24T o 720 BETRE, SIEIRBOMET T
I/ »7%F A 1) v 7 Mann-Whitney#%E, #ra:

AEIE R i un-paired thR5EIC TIT - 720 PIEAN0.05LLT
ERRETF EOEEEE L,

HR

F/ RFOEECERLE T EHMERADBAE

Bt bRBIIRIME AR o st R E AT/
T OB AR % BIER L 720 MLk 2 I 2 7B a8 2
7% % OPLGAF 7 #iF (0.1mg/mL, 0.25mg/mL
B L U05mg/mL) Z@#ML7zE& ZAPLGAS / fi+
(26055 LANIZ90% DL ol IcHL ) sA s & & o5
Zans (Figl)o F/HBRIEWT &I EFICER
LTV B EDBIE S iz, AR & RERIICBI%E L
7ol CHIRBED S KT Tho>Th 54%I121360%
Vb, BREZE0O%L LMY A

B L7 ARSI 2R D A
TWwbZ ExER L7 (Fig.1C)s

HERE A EER

FARBEMEE B & CHOLEREME TBIR L2 25
FITCH A ¥ b4 &6/ RFld A7 >~ M EEIZH
=T —T A4 T ENTVLOPEDLNT
(Fig.2A)o & HIZEAME ML D F 7 hTa
—T A4 VTHROAT Y VRERBIELZLZA, AT
YIMNEWCF I RTFRY—ICa—T 4 Y 7ENTH
D, RFORENEF LS 5N b -7 (Fig.2B)o
REEN T B ABR O R, #945% D F kT
AR (C4RFHI DN ISR S 7z hi e ok, —E=
WEM Q8HM) ICh7)EHENsZ EBHLNE
o7 (Fig2Co /2, B LT /KT 2&T
Triss-EDTARBMR 2 B2 icmzaze 25, 13
AL ORINBIZIERE- TR JAAE NS Z EAHERR S 7z

(Data not shown) o

FITCHAF /HWFIA—FT 1> TAT DT 2EE
IREBEHDF / WFOIEEEANDOHEAFHE
FEARBAREE & F CHT A AIR & SRR A & FEAREOE
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401 H AR B IRIE L2 A4 - ST S CER204E7H 10
H, K3 VLB : AEWINIES DDSA T » M2 X
HEFIMEN T/ EEOAIH (Featured Session).
SE10BINTTVE H AE S REM gE s (CPR204E7THI7H, 18
M) LSRR - SRR AR I LM B AR
JDDSA T ¥ M X2 HEFHWRERMEN ) EFEOR
B & CRERIGEE).
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The 2nd Oriental Congress of Cardiology (May 30, 2008,
Shanghai) Egashira K: Drug-eluting stents; where are we
and where we are going? (Special lecture)

The Annual Scientific Meeting of Taiwan Society of
Lipids and Atherosclerosis 2008 and The 8th Taipei
International Vascular Molecular Biology Symposium (Sep
20, 2008, Taipei) Egashira K: Impact of Nanotechnology
on Innovation of Cardiovascular Medicine (Special
Lecture).
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Study of nano and micron structure control of the materials by
novel-free ink-jet printing

MRARE

HEAMRE  KBOEEREREET %

FEEY S 3 7 AR WFZeRI%EtE AF I A #i Hisanori Yokoyama
W —-

4 B Makio Naito

Optimization of slurry for nozzle-free ink-jet forming was investigated. 10mass% aqueous slurry of

colloidal silica was prepared, and the effect of the slurry characters on the droplet formation process

and the printed characters was examined. Surface tension and apparent viscosity of the slurries had

the influence on the droplet formation and the printed dot diameter, and the dot diameter decreased

as the viscosity increases. Using the slurry with the phosphor powder (mean particle size: 1.8um),

the clear pattern was obtained by nozzle-free ink-jet forming.

MR ER
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A MATZo
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1. RBFG&E

AU —lZidaaf4 vy ) H A5 —7ZL (HiE
b8 [HI4520mass%) = A 4 » K T10mass%
WAL 72 AT ) —Z W20 A5 ) —OREETHRIL,
2massCMCKBRAMZ H T LIZX DL, AT
1) — OFRMERIIEFILEEFISN Y = v 1363 (¥
TaB) ZRML7. Tablell2& AT — O # S

HaRRTe AT —HEEE L CRENTREEE % [l gk
5 (MarsTl : HAKKE#) 12X W C60/1a—> 7L —
b —%F —%HWCTHRE20CICTHE L. £ DR,
) EE 2 10s™ ' 51000s OB T 7 T BEIN L,
ZTYHETO 1 5EEo AN R A L LCH
Wiz F72, RME wLmENE (ESB-V @ Al
BREED) 2Ty o VAL I =L D HIE L 7,

AV 7Yy MEBICIBERETEEICLSE 2 AV
TN—=A Ty bEEF /L —F (kv AhT3
rayE) 2k ) mEEEE 1T o 72 FiglZHEER
OB EOBEE %, FiglltHoARE2 RS, &
MR, BRI L VA & S RRBE I IRT
WX D EEREER S, ERALEY S A
B EW A vV MNEEET) HETH S,
L, Fig2(A)ICRT &) ICHERFORBENRIZAT
) —Z 0 R E AT o 72 R, AT —EBENE

Table.1 Slurry condition and slurry characteristics.

No. Slurry Amount of Amount of Apparent Surface
concent. 2% CMC agent viscosity tension
/mass% /mass% /mass% /mPa-s /mN/m
(shear rate:100°s)
10A 10 0.0 0.05 1.4 59.9
10B 10 0.0 0.1 1.4 36.9
10C 10 0.0 0.15 1.6 32.7
10D 10 5.0 0.15 6.3 33.3
10E 10 6.0 0.15 9.5 32.4
10F 10 10.0 0.15 21.7 33.5
Plastic | —— | ——

slurry holder

Fig.1 Photograph of delivery part of nozzle-free
ink-jet forming system.

O Droplet O Droplet

.

~
Slurry

Acoustic
source

Acoustic
source

(A) (8)

Fig.2 Schematic diagram of nozzle-free ink-jet
forming system.
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FTLEEFLHOAIAT ) — 25T 5 HRE L
Too MHIREZBIRT 5720, N AE—=FA AT
(EX-FL7 ¥ A aHERKE) 12X ) 1/3000HETE T
T T o7z, MHIZ AT Y —EHD 530mmiE L 72
427 Y=y MARIFAOHP 7 £ )V & KUV H T A AR
FIZFy MXF =2 L7z, 20K, [ U&EMHT
LAt 22 C 5k &8, il Sz By boEE
OFEERD L FFA LY, HEHEAREE R S 5 —
VERFHNL 72, MEWEERE TI21X10449MHZzE T- % H
vy, IR EFER 1150~200ms 12 28 2 T ERER & 0 L
oo ML L2 Ky FoEZFIZ~Y A 70 23— 7 (VCR-
FRM50LZ : F40 » %) 12X ) FHAIL 72,
JANT) =4 7Ty FORAKOERIE, M
BED ) AWVICE B ANVEEE ) OFED RN LT
Hbo TDI0, KERXTHVWLZET, /JAVEH
T54 27Tz bTRIFEATRER K & ki TE0
WMEA T ) — DO RS 5, €T, #Hltky
RIick ) 250 —F/BEIT, JANVT ) =AY
v MEIZK TSy —= v 2 Az, Huezdk
MR D & 5 B EH K Green : NP-2830-01 (H
HLZH) ThHY, BTy /- VEMFEHL, AT
1) — % #F45mass%, Ef2mmoO I NI =T HEEL %
HWT3HBER—VIVIRE - BeEiT o720 Btk
DEIEAARD IR T FIEHI8umTH Y, —H#5
pumBl EORF OFIENHR SN0 KATY) —%
75mass%lC AR L HEHREBICH W2 2T, 74/
— NV EREBE UCHER L2 EE, SRR IEm ks
ML, K=V IVERE - B &0 ARERL R R
WFEEINE2DTH 5,
60 —r —

[ - 10C
50. 10D

40

30

20

Apparent viscosity / mPa s

10~

102 10°
Shear rate / s

01

Fig.3 Shear stress and shear rate for colloidal silica
slurries.
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TablelZEH L72AF ) —D AT —HEE R,
F72, Fig3llv U AT ) =03 1) #EEE BB
BEOBBERYT. A5 1) —10A, 10B, 10C% Hi#k+
5 & AR ORI X ) RIERID AT L7z,
—fRIZHER SR TR A 7Yy ML Y7 OFEH
E1320~60mN/mTH Y, wFhozF) —bZ
OFFANTDH > 720 F1Z, EHEAF % 01mass®% L ik
M3 52T, REEINZAOMN/ MU T E/NS LR o
720 —7, CMCAKEEHE DI & Y 2 7 1) —HhiEE X
BINL 720 Fig.30 3 1) U & K O BIFR 2 5 CMCK
BHRINED 6 massBL FTDO AT 1) —i3i3lT= 2 —
b B R R L72AY, CMCI/KIA T % 10mass% il L
7oA T ) —10F IS MRE 2 R L, fEL S
Lolze MW A YTy NHA YT OREITEL
mPa-s~10mPa-sEI £ D IEH IR E R T 1) — A3
EN, INHDAT) —ld=a— b VB ERTGE
NI REBRICHH L7225 — 251 —10F
PAHZAETIOmPa sl T C=a— MBI TH Y, A
YoV NHAG) —IZHELIZAT ) —EE R
%o

Table. 2|2 KRS DOEL 2 2 FFDO AT 1) — %
VOB R PR ST RR T 200ms COHP 7 1 )b 2 W Hli L
7Ry NEZEIZOWT, U T VEKIZS HTHEN
PR VEEFEAE LR T . RERIONEHATY
—10CIZA TV —10AIZH~, R&E% Ny NEZEE %
ol BIRBRY—< VARSIV 2y b A%
T RIS 50~78mN/m D i A O - H 548k % 54
L, HEEDDPKE EMEZR A~ 712 L)
HNs 5 & & 012, HEESHENITE Ny NEEN
KRELBBERELTVDEY . ZOFRTIEIA Y70
KERDZTTRAKHEOEEL D H 720, Table.2
WRTRER LGS R @ TH o720 —F, RERIH
T8 TR TLE T A L 722 ISR S L5
2RI (T 94 8) ORETLIHEEDNE
BT EDHENTWEY, 22 THNf AE—F
AT HGTHAREZBIE L. CofR, £l
RATDME RN K & s, 7914 bossk

Table.2 Printed dot diameter of slurry 10A and

10C.
Slurry No. Dot diameter/ mm Standard deviation
10A 2.30 0.17
10C 2.55 0.14
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BROONTz, 72, MEREIDOA T ) —10C Tl
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FHTEENIES L D Fm FTHBTE22 8D
b o7z Figdll 2 1) —10CHH: HRFE D 1/300s%5
DEFEGFEE RS o WHASTH L D ILARIZE D EAT>
7o WEPTE SN D 2 EDHERTE %,

Fig5lc A7) — O RENTREE (370 #E100s™) &
T PR ST 180ms TOHP 7 1 )V 4 FIZHiH L 72 B
v MY = OEZROMBZEERT. Ny MEFIZAT
) —¥EREL b IZENS otz =<V
DAY 7Ty MIBWT, 4V 7HENREL R AT
O R O R R TR T Y E e, A v
7RIS L D RD 2L A 2 IV AE LMK
ML Ry MEOBRTIE, LA VA E <&5
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IOV ZEEE R EE LI LA v 2 KBRS RS S
s, KKEA 2 IEE Ny NERPKEL R D

Fig.4 Photographs of droplet formation process by
nozzle-free ink jet forming (slurry 10C).
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Pulse irradiation time : 180ms
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Fig.5 Relationship of apparent viscosity (shear
rate:100°) of slurry and printed dot diameter.
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RS2 LvHEETH L, —F, S AVLAL VY
Vv MIANVEFT ) ORER VWD, 29 L
A7) —OFBFAE LTI E, £2T, P
MR8 umOENEMEE 2A51) =L LT/ AL
ALV sy —VHIRERA T, L7
HICHAEA F ) —DKEEIZ281mN/mTH ), &
WIZT s ) —VaRER L oauf V) AT
) —ZHARKRHERD PR o7z —F, 370 #E
100s M2 BT 5 RENT R EE 1313 7mPa-sTH ), L A
Oy -3 =2 — b VB R R L7z,

ﬁ%%@xiu—%mmf/fw7u—4yﬁvl

WCED TV I FEREIC R Y Mo%F — &3 L
f:o C O, XM 8y — a0, TV
FEANERAIR A L 720 — MBI L7z Ky
MY =2 DT Ty 7 T4 MIEEEOBE % Fig.6ll

Fig.6 Photograph of printed pattern of phosphor
slurry by nozzle-free ink-jet forming.
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2) Yasui, K: “Pigments Dispersion Technology for Ink
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38, 195-202 (1999).
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Lundgen: “Nozzleless droplet formation with focused
acoustic beams” , J. Appl. Phys. 65, 3441 (1989).

5) Suzuki, K. and T. Amari: “Dynamics of Jet Printing
(1) Ink Droplet Formation and Physical Properties
of Jet Ink”, J. Jpn. Soc. Color Mater., 70, 291-299
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Fig.1 Schematic diagram of experimental set up for studying the effect of oxidation temperature with mixing
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