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Fabrication of Photonic Fractals for Millimeter Wave Control
by Using Ceramic Nanoparticles

05116

MAAKRE  KBORAEAREIIZERT

#HgE M R R 35 Soshu Kirihara

Photonic crystals and fractals with three-dimensional dielectric structures were fabricated in
order to control millimeter waves effectively by using micro-stereolithography of rapid prototyping.
The photonic crystals with a diamond structure composed of alumina lattice were fabricated. The
micrometer order periodic structures exhibit perfect band gaps in terahertz frequency range. The
photonic fractals with the self-similar structure of dielectric medium can localize electromagnetic
wave energy. Menger-sponge fractal structures composed of alumina were also fabricated. In the
micro-sterereolithography process, the photo sensitive resin paste with nanosized alumina particles
dispersion was spread on a substrate with 10 um in layer thickness by moving a knife edge, and
two-dimensional images of UV ray were exposed by using DMD (Digital Micro-mirror Device)
with 2 um in part accuracy. Through the layer by layer stacking process, micrometer order three-
dimensional structures were formed. Dense alumina structures were obtained by dewaxing and
successive sintering in an air atmosphere. The electromagnetic wave properties of these samples
were measured by using a terahertz spectroscopy device. The propagation and localization
behavior of THz waves in photonic crystals and fractals composed of alumina will be reported. In
near future, millimeter wave in a terahertz frequency range will be expected to apply for various
types of novel sensors which can detect gun powders, drugs, bacteria in foods, micro cracks in
electric devices, cancer cells in human skin and other physical, chemical and living events. To
control millimeter waves in terahertz frequency range, micrometer order electromagnetic devices of

photonic crystals and fractals for cavities, filters and antennas would be used.
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Recently, many nonviral vectors modified with cationic lipids, cationic polymers, etc. for
facilitating gene therapy have been reported. However, those nonviral vectors with cationic
materials require improved stability, longer duration of gene expression, and reduced cytotoxicity.
We found that nucleic acid, which was not dispersed in the organic solvent, could be dispersed by
forming a complex with cationic lipid. Using this phenomenon, polynucleic acids for gene therapy
(plasmid DNA, antisense oligonucleotide, small interfering RNA, etc.) can be encapsulated into the
matrix of the biodegradable polymer particles which is poly-lactic-glycolic acid (PLGA) with the
emulsion solvent diffusion method. The advantages of this preparation method are its simple
process and avoidance of an ultrasonication process for submicronization of particles. Furthermore,
by modification of nanoparticulate surface by chitosan or TweenR 80 (polysorbate 80), the
nanospheres show better cellular uptake and different gene therapeutic effects compared with
conventional vectors due to their improved adherence to cells and sustained release of polynucleic
acid in the cells. In conclusion, surface modified PLGA nanospheres can possibly be applied in

nonviral vectors for gene therapy.
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AWFFETIE, EET OMINILY A B K O GBI A=
D txzHME L, #EFF¥Y 7L LTPLGAT

A7 2T M, EHIZXORFREE K ) v —Tl
fi L7, EETRERIEY A VAN 5 —OBFEE R
7o

HFRRDEE

1. EBRFE

1.1 7UoFE2RFY IRKEHAPLGAT /X717

DS

2 %PVAK25mML £0.1% D % b4 > & VAR L 72
100mM FE B #% % ¥ (pH44, 25mL) % 72 1% 2 %
Tween80/A W & iR G L, ML L7ze ZOHHH
2, 700rpm THEEET (AY =7 ¥ E— % —1200G,
HEIDON), 100mg®PLGA% 7t b > 2mLHr 12 7 fig
L7zRY)~—@WE T v Ity ABEBERE OREE
%, <~ A%Er7 (PERISTAI200G, 7 k —)
ZHWTHT L 2mL/min). 155 h7- @i
AL DB SN Do 728 ) < — 2 B0 <
729, 7 A7 7 EEL e (20000rpm, 4 T,
10min) L7z 5 N7zl v b &MiliQAK 10mLIZ
FRE L, S BRER L L CUEEORED~ v =
N — VIE 2 10mLIN 2, 24BH AL REEE (EYELA,
FD-818, BB Les) L7z

1.2 PLGAF/ X7 x 7D # ) IRKEEH AFEAE

AL 724 ) IBEIRE APLGAT / A 7 = 7 10mg
2, 7 b= MU VImLEMZ, ¥ v F I FH—
(Bmin) Z AWV THEM S 72, 522D, SDS
#01% & CREBRME @ (pHA4) 05mLZimx, U
ywvF IFH - ThE S T EL B
(15000rpm, 4 C, 10min) L, WL 7z EEATD
4 ) T B %, OliGreen ssDNA Quantitation kit
(Molecular Probes) % Hiv»THGGEET (F-3010,
HAZ8ERT) (2X D E® L7 (BhkEdkE  500nm, H#
JE R 525 nm) o

1.3 PLGAF/ X7 = 7H 5 DOsiRNAK L ER
Cy3iEaksiRNAE APLGAS / A7 = 7 10mg%* PBS
(pH74, *— 17 L—7WHE %) SmLIZO#E 87,
8 i 7K # (TAIYO incubator M-100D, TAITEC)
FIZTIRE D (B7TC, 60strokes/min) L, #EEFAYIZ
500uL$o% 7)) 7L, @O (20000rpm,



Hosokawa Powder Technology Foundation

4C, 10min) L, LiEHOCy30EEHRE % 80k
JERE (F-3010, HIZ84EAT) 12Xk bE=E L7 (i
Pk 0550 nm, #GIEE © 565nm) .

1.4 ABASMHBIIC BT 5 4 U IRKEEOMEIFAIER V) A &
S

AS49%0 8 % 1 X 10°cells/mL TS 2o CO, 1 >~ F
2 NX—4% — (37C, 5%CO,) M T4 [ 5 5 4,
ASAOMIIEAST0% 2 > 7 VTV Milh o2& 2 AT,
B AWy A L, BIMEDMEMIC /7 #1 & €724
FEA4 ) TEERE APLGA T / A7 = 7 B X UCy3iZik
SIRNAH AN HGIERPLGA S / A7 = T 2RI L 72
AIMARE 205 Bk L, @3 L 72PBSC ki (3 [H1)
L, SEMTEENEHmERIC M L 72,

15 HESAL—H—-BEHSCLIMBEARARYALD
1R EAYFTE
AB49 i % Lab-Tek Il chamber slide!21 x 10°cells/
mL TR, 14128 U TN ARFEEREZ T
7oo MM % R, MIfEZ EELT 5720 4 %RV A
77k N (04mL/slide) ZiRNL, #HEL7Z (47T,
10min) . PBST 3 [al{##{%, SlowFadeR Gold antifade

W— R EMEE (LSM510, ZEISSH:) % M\ CEi%
L7,

1.6 #UIREBOMBANRYAAEEE

142 # U 72l AL ) 3A & F2 Bk %, NaOH (IN)
200uLZimz, 154 MEE L, Mgz a7z, M
i 7 R 12200 1w L0.1% D SDS % & 1 PBSTE W % 1
mr, 1EfdRE S, 7 F > A4 1) IDNAIL
~47ua7L— K1Y —%— (CytoFluorTM2350,
MILLIPORE) 2 & 2 #G5EREIC & - T, siRNA
7 vtuA x—=T 7+ T 4% — (FLA-5100,
FUJIFILM) 2 & W&oz A 2 — T %, Mult
Gauge Ver30 (FUJIFILM) THUEMMT L, E=I2H
Wiz F70, MBI EZ100u LI L, ANEEY
B % w4 B (14000rpm, 4C, 10min) L 7 £,
BCA protein assay kit (Pierce) %MW THiE S > /%
yaERMEL, By 287 B A HIIPIELY A
AamiHEH L7,

1.7 HREENHIFEMEE (MTSE)
A 1 il 4 R SR & CellTiter 96 AQueous One

Solution Reagent (Promega) % FH\>TAT - 720 965X
7L — 21X 106cells/mL D AS494 i % $& FE 3 5
24WE[H #2, ABAOMIAEAT0% 2 > 7 VT v Ml o 7z
ETAT, BT 4 v T 2 O HINEAE & WE [
L, ¥ ¥ 70V aE S EIEDMEM % 30 L 72,
ARERI AV F 2= N L7z, &) IEBY v E
Wen ks L7ze & 5IZDMEM % s L C24 R 4 >~
FaN— b L7z MNE RO ImL & MTSH 3
20uLZIGRT L — MR 72 1Rk, <470
7L — M1 —4%— (CORONA electric) (ZT492nm®
WA ME L. v ThE#HLG L TR WHliao
WotRE & 20, Ml E B L7,

2. BREER
21 7> F+t > ADNARKUsiRNAFf APLGAF/ R
7 T 7D

FrlzonE T, AFA CMRETHHDOTAP
LKA S5 2 L CRER & AR IE I 25T
RIS ED 2 LKL, U & ) ERRO 5%
PSR ITHAEEM 2 LEL Lvwkpnvv
voa vEEEEGE T, pDNA% # A L7ZPLGAF / X
TrTRRMCTELZ LR IILTERY,

F ) THEERPSIRNAIL, pDNA & ARG TR L
CANEL, WEALFERCFE AL ETH D, £ 2T
INST Tty AKMEIZOWT, pDNA & [FEEELC,
KL=V g v EEEILE & IS TPLGA S/ A7
LT PIUCEATRED &9 20, F 72, EORERINTH7E
AR % BT T OOV THEET L7z

HTA B L OBREGRETR ST, 4 T
FRHEMC I~V Y g VEEEIREGEIC X R TR & 1T
572825, pDNAOHE L RIS AZIZ 1 BT
EY, BEAEBATAEIENTE o720 £V
THBIKBEROT =4 v UESTTH D0,
PLGA L OHMEMEHSE <, 1FEAEDF ) TN
AR L7z &% 2 57z, pDNATOME T
RWZL72h 74 Y HIRE CThH HDOTAP L B Atk %
EMSEDFHEICEY, 7¥F 1 ADNAR O
SIRNADPLGAF / 27 = 7O AFKIZMEL, 7
> F 4+ ~ ADNA, siRNA®DH A #3212 N555,
343% &7 o7z, TS, BAKETRTREICHNS
TEIZED, A THEBROBCEERARR SN L
LB, BUKMEDERL 2B 2 2T, AREETTOH
A, AN L7222 &, PLGA & OBUKHY 72 4H
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HIEHAMEC S L2 L ), RICEI~—< kY
v 7 ANICHATE RO EEZ BNz, 30N
FRTF DX — 5 LA OME R L, DOTAPEATE
ERTREIIE R, F /AT 2 THEICE A ST
W52 EDHER SN,

211 FEEHHF U IRKEBHAPLGAT /X7 17D
E,gg

F /A7 =T ORI EEREEWE TIBMiT 5 2 L1
IV, FIOATTIH R ERG ST A2 AT
Xbo 22T, K<y a VIEBIEEGEIC L BT
v F 4+~ ADNA K OsiRNA# APLGAF / A7 =T
A OB O ICPVA-F Y >, K& O'PVA-
Tween80IRAKBWEEZHEH L TH /X7 =7 % 54
L, B5N7/2PLGAF / A 7 = 7 Okl % 3F:4ffi L
720 T ¥ F 2 ADNAK UsiRNAIZWI 1L d, F
Y UBEERCCRE LS A7 27 0¥ — 5 &
ZIEDfER R L, FFEIEAF b THBfishTw
5T EDVHER SNz S BT, RFED RBEHIF /A
7 TR T A A R L7z, TAuE, KT
WA MY THBMiSNL 2 EI2E)E) v —EBHIE
WEh/zlzobE2 Nl £z, F M UBHIiEAT
o 7R DF AR, RBEHR IR, B EZIR
L7z THUZ, BREBZHE TR, BRIhbs Iy
3 VIHERECWAE L72F MU, 4 IEREBOIK
MNOREZIH L2 E 2 5hiz,

—7, Tween 8O0CEKMEH L 7-4 ) IEERE A
PLGAF/ A7 =71, RBiOb DL~ HAHE
AT I B EmA R S 7z KA R EER T H
5 Tweend0% BIN$ A2 12L&y, BikibL2z4Y
T OPVA-Tween807K A H T O A fif BEHS - H-
L, &) IRBOIKEFA~OJRIH I L 72720 &
ES AT (R

212 AFACHPDEOREFIHNTFYRICRIETE
=

HFF MRE THHDOTAPE ) IHERD L=
*EZ AL, BEEKROEN, 5 UK BRENE)
MEALL, RKT#thEe &5 NS ARIEEZ LITT &
bbb, £2°C, HERIIBITHDOTAPEDE
HErZfese, EERBROWHEFML Y, EEkT
#HALZPLGAT / A7 = 7 OWVEIC T $ 58 2
L7,

HFA IR E A ) IRBROEE BT VT

+ > ZADNA I O'siRNA/DOTAPH &6 % JH v Tl 34
L7:PLGAF/ A7 = 7 ORT4E, ¥ — ¥ B %Fig. 1
I27”¥o DOTAPD 7 2/ #D2FE EDNAD Y ¥
Lol (N/PIt) 281 L EDOKE, $72bHEDOTAP/
AS-ODN# &1k o E & /230 ., DOTAP/siRNA
BAEKOERILA21LU EOK, ¥ — & BALAIEOMH
1237 M L7ze U IREEO ) VRS LA EAE
MLTwZzwv, DOTAPHkD 7Y =427 I/ £0K
WAL 72720 %2 5Nl T4 RESNFY
IR H A L7ZPLGAF / A7 = 7 DR T &I
300nm T, BEROK T EDH200nmTH 5 Z L h b,
FATY M)y 7 ARICEARILILS 2HEA IR
TWb I ENRBEI NI,

F - AL, DOTAP% il T L AL
EHDLZ LWL, BmL & (Fig. ). T4
DOTAP/ A1) IR SR OBUK SR L, PLGA
EOMEERDEE 727208 E 2 bz,

- .-I
-]
i

--..":
L
&
4
JRIH
L

T R e e
vanghi 1m0

i ST PR
R Pairce @ oo [5HHN
—f— Ll el [ R LTS

R e

s i e bl [ 0]

Fig. 1 Particle size and zeta potential of DOTAP/
Oligonucleotide complex.

213 HWFACHEHEOERINFYRICRIFTR
=

T IR A T Y ERE TH HDOTAP L A
REFEEDH T LT, PLGAFT / A7 2 7 ~DHE A
N T 52 EFHSPIZ L 720 DOTAPO 7 L%
WVEHIECL7 & KB RBEMEE V. —EON/PHIZEBIT
%pDNA, AS-ODN, siRNAO#E AR % i 2 &,
P A XD/ EVSIRNAD K b B WH AR TH o 72,
DOTAP &L D & 7V F VSO E N F 4 PR E % H
WILE, EAROT A ZH/NE LY, AR L
THIEPWIFEES NG, 22T, ) IEREL LT
siIRNA % vy, DOTAPL D & 7V ¥ IV @
DDAB#% M\ TA V) I#lkE APLGAT / A7 27 D
ATV, AT CHIREO TV FIVEEEN T
P KA T B AR L7 Fig. 20IRIETH FF
P & L CHWw72DOTAP, DDABO#EE % /KT
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TIVENLVEERE VD DD, DDAB/SIRNAKE &K
ORLT1E, ¥ — 7 EAIE, DOTAPHAKROYE LI
IFFM U TH -7 (Fig. 3)o L LDDAB% 721
DSIRNADPLGAF / A7 = TAOE AKIEH FF >~
HEWE AT IR AR L7256 L 12IZR UETH
N, ZTEALESRNAZEH AT LI ENTEho7
(Fig. 4)o DDAB% A\ 72354 1ZsiIRNA & #7 N ER IS
HATLZ DMK o2 BREHL2IZT 57
B, TFVTLATAYA FEGHEEEZ WS, 75
F o) Ry AL, ) TEBROBEDOIRE & K
T5Z A7 (Fig. 5o

siRNA & DOTAPO# &KX, DDAB& Jb#L C,
WINON/PHIZBWT Y, WHELEEA R 722
L5, DOTAPHEAEMKRDIT) AsIRNAE L ) o 2%
7 MIBELTWL I EPHLN2 LR 572, DDABE
SIRNABARIZEEORE DR V720, HEKL HH¥
BRI 2 ARSI, F3MEEL CLE

a) DOwE

e W W T W
P o AT AT

Bij D TAR
g CHy
NP e TO-CH-CH HY-CH,
e P P P g g A My £y

=]

Fig. 2 Structure of cationic lipid.
a) Didodecyldimethyl ammonium bromide
(DDAB)
b) N- [1-(2,3-Dioleoyloxy)propyl] -N, N,
N-trimethyl ammonium chloride (DOTAP)
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Fig. 3 Particle size and zeta potential of cationic
lipid/oligonucleotide complex.
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Fig. 4 Effect of Cationic lipid/siRNA weight ratio
on encapsulation efficiency of PLGA NS.
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Fig. 5 Ethidium bromide fluorescence quenching
assay of the cationic lipid/siRNA complex.

% The value of 100% is attributed to the fluorescence siRNA with EtBr

FRIDIEE S O e
Rl Mo mee (%) = w0
Fucrescence af = Fh m i

W, SIRNADAUKA T A~OJgHAEML 722 &, &6
T IVFRVEHEPECKMIZAR LR ko2 E
2D, siRNADF /A7 2 TAOFAZRIMET L7z
LEz LNz,

22 PLGAF/ RX7 1 7h5DREBKEES

R T2 & OFI B 2B, NE L72EMOHR)
MEEDL ECOEETHL, £2C, T/ ATxT
5 ORI 2B DOV CRHI L 720

220 FYIBEFAPLGAF/ AT 2 7H5DFY
IRBRMHES
SIRNAZ # A L 72 RIEHMPLGA T / A7 =7 2 W
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T, TOMMZBE) %72, AERIZIE, pH74 ) ¥
Feefdi (37C) & Hv:72 (Fig.6)o VI NOR T2
BWTh, WHIN—A MDA LNTH, B4 ICSIRNA
A SN ShE, RFREEHEICHFEET S
SIRNAZS, #I/N—2 b & LT &, B0
AL ) RIS AR L2 LITRRTLEZS
N7zo FIIN— 2 M IRIGERIE, WSS 5
SIRNAASE ] oot & i Lt Sz e 2 5
N5, siRNA%Z F M UEHIPLGAT / A 7 = 7 K
(2 W75 & & 72sIRNA/NSH & 7K TiE, 90% LL B o
SIRNAAS24REH DI S AL, BUbfliE2sT & Cnie
o7z sSIRNAZESF~ M) v 7 AWREIZH AT 2
LT, ZOL) M N A N EWHIT S LT
&720 FX N UBHIS ) AT 2T OWEIN— Ak
DEEIE, HIIETHR L 72pDNAD i HZE) & [F#EC,
FMEMPLGA S / A 7 = T~ & sz, 2 hid,
¥ M 56 L 72siRNASf APLGAF / A7 = 7 T
b, RFREOF M55, KFREIIRED D\ I
R T-FRENEAE 1B STV ASIRNA S HEAER T 5
ZLT, N—AMPHITELEEZ N,

23 ASAOMIREERAWAET7 U FECXAUIX VLA
F K RU'siRNAF APLGAF/ X7 = 7 Din vitro
Byl
7 v F -+~ ADNARSIRNAX, HWOMBIET L4
MY 2 RS, COBETFOEB2MIET 25, 2
DEEFHEBEFFER IR TEE, L ORED
ERICHEISTRETH L. 2T, AL E H T,

120
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Fig. 6 Effect of chitosan-coating on siRNA release
profile from PLGA NS.

7 v F &~ ADNA K siRNA % # A L 7-PLGA F /
A7 7 OMIBPIELY AAFEER, A IEmEEIHRh 5,
& X7 B AR RO W CEHT 2 1T o 720

231 7>rFt2ZADNAFHAPLGAF/ X7 1 7 Din
vitroFFAh
2310 HESL Y- EEXBEMFEE AV -HBEAR
V) 3A & DR EEYFTAE
FITCHER: 7 »F+t » ADNA% ¥ A L7-PLGAJ /

e W CHRERYICER L 72 (Fig. 7)o 4 >k
PRE 7 & e AL L T vNaked AS-ODNT & i
FAPZ HEI B S 728, HOEBRE IZIRHICEE <,

M L MBI RAT L Tk 2o 720 AS-ODNIE
WEALZINE 7 =4 Yo KREEESTTHY, 7
= OB RS TR E B A L <K
<, SHITHBENIMHIEEIZF/ET 5 DNase, RNase
EVo EEEGREE (X7 LT —8) ILXoTHES
W2 ENb, ZD728®, Naked AS-ODN LA

FITC-Eablied
A= 00N

AS49 cells

Mo AN

DOTAPAS-CON

COmpiles

Hor=P LGS M

CEPLGANS

Fig. 7 Confocal laser microscopic images of A549
cells incubated with different FITC labeled
AS-ODN preparations for 4 h
Green; FITC labeled AS-ODN.
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ANORY AARBEDEP -7z EZ 5N B, FFITC
ORI O EICIREE L, RBFOKR T LD, F b
BEPLGA S/ A7 = 7 D39 <, & M 58
RHEY 2 LA & D HIBAANORL) AARARAE S D
EDVRIEE NI, ZAUE, F M UBHIPLGAT /A
TITH, EO¥—5EMNELFL, AICHFRELTWS
MINBERE & OB ICHERWAHEER A h, Mk
HAERL, L 02 L DR TAMIANIY A N7z
72 k% Z 57z, DOTAP/AS-ODN# AR D * b
I UIBMPLGAT / A 7 = 7 L[k, IED ¥ — % B
EHET 570, BEEPHBERNREELL TR,
SRV HOGEREEATEIER S 7z

2312 FrFECAFUITRXRILFF NOMBAR
1) 3A & DR 2K T

MM AICEL Y 3A F N 7-FITCIEE #AS-ODN % E &

L, PLGAF / 27 = 712 X % AS-ODNDHAE A 3% 7%

PELZ DWW CE-MIT L 720 AS-ODNR N2 0 i 35 22 1

72

MR R 224 P O AS-ODNE & % 2L S 720,
MIFLPIEL Y A A2 L % Fig. 812" T WOk T-
ZBWThH, ME~OBRMEE LA I, AS-
ODNOMIS NI Y A&k wix, ER L7z F/HHED
R C RIS, REELD D F MY BT IEL 7
PLGAF / A7 = TWNIZH A L72AS-ODNDIZ 9 25,
IOMIFEANICHD AT N TS Z EAVERIICH RS
N7z,

25 1 DODOTAPIASO complex
B MNon-PLGA NS
T 20 | mCSPLGANS
e
=
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Fig. 8 Cellular uptake of the different FITC labeled
AS-ODN preparations on A549 cells.

2.3.2 siRNAHAPLGAF/ X7 1 7 Din vitroFTil
2321 HESLU-—-Y-EMEEAVAHEBARYA
H DR E R FAE
MFDENE~Y— I —Thb6-7~1) v ECy3Ei#k L
72siRNA % $LICPLGA S/ A 7 = 7 PIC AR ICE A L
THIFEPIEL Y JAAEER 21TV, sIRNA & fFOHLY A

ZEFAi L 720 (Fig. 9)o HWERICH W R F1L, RAGH
PLGAF /A7 =7, ¥ MV BHIPLGAS / A7 =
7, SIRNA % fi F KM AE S 2 72siRNA/F b~
EHIPLGAT / A7 = THEAEKRD 3TETH 5. T 72,
SIRNARAEEABONM E %2 % £ 9 ICHifgic -7 A7
LT EBHG L, AR A ¥ F 2 N— b LB &
B L L7,

Cy3-siRNA L, 6-7 <) v, Bl F /A 727D
WS, WEFhOF ) A7 27 B #S L MBI E
WTHRE UHFTICEE I NS Z L5, siRNA
PLGAF / A7 = 7IZH A SN IKEE CTHIBLNIZHLY
AEIFNTVBLZEPHLNE o7, F72, Cy3Dm
Jix, RKBHIiOF AT T I L, F N A
PLGAF /A7 =7 D) THL {BIESN, ¥ M
BiL2F ) A7 2T R#BVWALIEICEY, KTFHY
OB AAREAEM L, siRNAZ X 1w E P

B=COLMENAR

Cy3-8IRNA

Mon-PLGA NG

La-FLEA NS

Fig. 9 Confocal laser microscopic images of A549
cells incubated with different Cy3 labeled
siRNA preparations for 4 h.
Green; 6-coumarin
Red; Cy3 labeled siRNA
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NEET DI ENTE 7,

2.3.3 siRNADHFIAER V) 5A & O E B/

SIRNA DFMHLPIEL 1) 5A AN DT 1Y 7 574 2 4T
D720 A ¥ F aN— MK NI SIRN AN
4R E L7

MINERE 22 DSIRNAEEE 2 2L S & 720, #Mifg
HNELY AR EZL % Fig. 10128 WOk 7128
Wb, MBANORMRE LA, sIRNAD#E
WELY AR, EA L7z F-ATHOKE & kLS,
KAEHI L D b F MY MBHiZ L 72PLGAY} / XA 7 =
TPNCE A L72siRNADIZ ) 25, & 0 MBEAIZELD A
FNTVRZEDVERNICORIN, LaL,
25nMUBL ETIE, sIRNADOILY AL TN T T b —I123%
LTw/z, ZhiE, B1EISTHLMIIL LI,
F N ABHT S 2 AT = 7 ORI A K w DS
DERIHES THEMNTAZ LICER T EEZON
%o

- 1
= Jd
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Fig. 10 Cellular uptake of the different Cy3 labeled
siRNA preparations on A549 cells.

24 JIRETOY MNRICKDZ NI EEEM
Ll i

RNAT# (RNAD %758 L CENEZETOREO
AEFERENZIH L 9 BsiRNAIX, itk 7 v F ¥
AT, EHmMRNAZ U1 5 5% 558 <,
IR TR B O, R % LB AE S I HEIR
TELIEND, MOBAICHIEDS 2 Sh, EHEGE
LTORBDHE > T 5,

Z ZCsiRNAZ#H A L72PLGAF / A7 =7 % Hw
T, MY AR, HEFBRETEFIRIRIR, & 80 B
AR ROV TR L, ZoFHEICE L TR
L7

PLGAF/ A7 = 7TPIZHE A L7zsiRNAIZ L 5 HEY
FUISOED )y vk TIAY YTy MNE

*HWCERMIZEHIL 72 (Fig. 11). ¥ —7" v b
f& ¥ 1EPKC- a & L 720 DOTAP/siRNAH & 1k %
SIRNA % $i7 7 E£ W 1275 S 2 72siRNA/NSHE AR 14
By o8y EEIHIIR Z R Lo L, F
N U BEPLGA Y / A7 = 7 T, Mok EidE %
S7Xy —vERL, bHRBICE—7PHN, Ih
X3 MY U BHFPLGAT / A 7 = 7SI A IZHL Y A
F otk FREAICHIEMIC BV TSIRNAZ U L,
EYIMmRNAZ 5 L -0 E 25N, 72
SIRNA % R 1275 S H72% b VIBHIPLGA T / A
7 = 7 TIRFH R 2 RITEED SN h o 72,
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Fig. 11 Effect of the different siRNA preparations
on the expression of PKC-a in A549 cells.

25 MTS7 v A& 37/ HFOMBREMTE
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TIEHEZ RS I EPMERIN S, HlZE, 73
70y d =% —OTIOMF 2 mTFRIRPIFEEINS
FF =5 —FTHMIbT 5 L, RERREO®MAR &
DEPFNC L RS TEEREVEZ S8HE L, #r7- 0
BRI NTWS, KETIONE 2 F CTREN
EENTERD, F /7 RFALC & o THIRRHEA S
THLOMEL L EIND L) IChotze Tz, ATH
FOREFIZENDPEAMETH - T, RIAIEML
WK ) REFMSEDL L Z L THEENENRDL Z L
bBAEEINDL, 22T, MTSRERZ H\v, Mg
i 24T o 720

2.5.1 KREEHXIER OIS

FIN DL AT A U HEWE R, Tween 800
L9 R FmEEEANE, MmO HIRRBAIE R &I H R
T A EE A RIS AN H L. £ 2T, SHPLGA
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Fig. 12 Effect of chitosan and Tween 80 concentration
on cytotoxicity with A549 cells.
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Synthesis of micropore zeolite membranes
with supercritical extraction method

\S

06102

MAEARE  FHE KRR LA 7R BB AL~

B % fE B W S Takafumi Sato

Synthesis of zeolite membrane was examined by the supercritical extraction method that is the
template of zeolite being extracted with supercritical methanol and carbon dioxide mixtures. At
first, ZSM-5 particles were synthesized with supercritical extraction method. The shape of zeolite
particles remained itself after the supercritical extraction with methanol-carbon dioxide mixtures,
whereas the particle was broken after the supercritical methanol only. The template was
extracted above 250 C with supercritical methanol-carbon dioxide mixture while no template was
extracted with supercritical carbon dioxide carbon dioxide only, which means that the extraction of
template was promoted with polar solvent such as methanol in addition to carbon dioxide. Next,
ZSM-5/Silicalite composite membrane was synthesized by the supercritical extraction method
with methanol-carbon dioxide mixtures. The hydrogen permeated through the membrane whose
extraction temperature was above 200 C. The increase in extraction temperature increased the
permeance. The permeance was significantly lower than the membrane obtained with calcinations
of template. Further, the permeance of n-butane and isobutene for the membrane obtained with
supercritical extraction method was different from those obtained with calcination of template.
The supercritical extraction method for zeolite membrane achieved the formation of membrane
containing a lot of template and this membrane shows distinctive properties such as permeance

which was different from the membrane obtained with calcination of template.
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Investigation for defect formation in nanoparticles/
polymer composite thin films coated on a solid surface

06107
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#

% ¥ W P& K Takao Tsukada

In this work, dewetting of inorganic nanoparticles/polymer composite thin films, which are

notable materials in various fields, has been investigated experimentally. Here, CeO, nanoparticles
surface-modified with oleic acid and polystyrene (PS) were used as nanoparticles and polymer,
respectively. The CeO, nanoparticles were synthesized by organic-ligand-assisted supercritical
hydrothermal synthesis by Adschiri et al, and consequently, can be sufficiently dispersed in
organic solvent and polymers. In experiment, a PS thin film with CeO, nanoparticles spun-coated
onto a silicon substrate was heated at 393 K, and then dewetting phenomena of the thin film was
observed using an optical microscope. As a result, the dewetting was suppressed by adding 0.4 wt
% CeO, nanoparticles with respect to PS, and was perfectly inhibited with 1 wt% CeQO,
nanoparticles. However, addition of 5 wt% nanoparticles causes reoccurrence of dewetting in PS
thin films. The interaction energy of polymer thin films with and without nanoparticles was
estimated to consider the reason of inhibition of dewetting in the polymer thin film with

nanoparticles.
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Fig. 1 Schematic diagram of experimental
apparatus
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substrates annealed at 393 K.
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Fig. 3 Optical micrographs showing dewetting of
PS films with 0.4 wt% CeO, nanoparticels
onto silicon substrates annealed at 393 K.

-
Fig. 4 Optical micrographs showing dewetting of
PS films with 1 wt% CeO, nanoparticels onto

silicon substrates annealed at 393 K for 43
min.
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Fig. 5 Optical micrographs showing dewetting of
PS films with 5 wt% CeO, nanoparticels onto
silicon substrates annealed at 393 K.
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diameter of holes formed by dewetting in PS
thin films with and without nanoparticles.
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Fig. 7 Interface potential as a function of film
thickness.
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Synthesis of lead-free PTC thermistor materials using fine powders
with core-shell structure
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06108

MrEKE  SERLWHSEM RSB R E R R e R
B #% W WM 18 BH Hiroaki Takeda
HEHRE & BECRSEAT R BER Y E B BRI e A

SHE A SERIRTSEE [ ¥ #  Ping-Hua Xiang

BaTiO;- (Bi;»Na,,) TiO; (BT-BNT) positive temperature coefficient of resistivity (PTC)
ceramics were successfully prepared by a wet-chemistry route. With 2 mol% BNT addition, the
obtained BT-BNT ceramics had semiconductivity and exhibited a PTC behavior at about 155C .
The onset temperature of the PTC effect increased to 165C for the 4 mol% BNT added samples.
Room-temperature resistivity rRT increased with the content of BNT added and the ceramics
changed from a semiconductor to an insulator, which was consistent with the variation of the
microstructure. The temperature of resistivity anomaly in BT-BNT ceramics also increased with
increasing BNT content. A small amount of manganese (Mn) dopant was found to improve the
PTCR effect in the BT-BNT system. The possible mechanism underlying the PTCR effect in BT-
BNT ceramics was proposed. We also observed PTC effect on the ceramics sintered in a N, flow
with low O, concentration. With the addition of BNT, the samples exhibit resistivity jumps of
10°-10° starting at 190-210°C. X-ray diffraction results indicate that the BNT phase and BT phase
formed a solid solution during sintering. An electrically heterogeneous structure, consisting of the
grain interiors, outer grain shells, and grain boundaries, is revealed by the complex impedance
analyses. The observed dc resistivity jump is attributed to the rapid resistivity rise in both grain

boundaries and grain shells.
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Development of a Geometrical Model for Optimizing Porous Anode
Microstructure of Solid Oxide Fuel Cells

\S

06110
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A geometrical model has been developed to optimize the microstructure of porous composite
anode electrodes of solid oxide fuel cells. The model takes into account the coordination number
theory applied to a random packing of binary particle mixture, together with the percolation theory
introduced to provide percolation paths for electrons and ions. The predictions confirm that the
effective triple-phase-boundary (TPB) index deduced from a geometric analysis depends on the
pore size as well as the characteristic parameters including particle radius ratio, contact angle and
composition ratio. The influence of pore size on the effective TPB index is particularly conspicuous,
suggesting that the pore size optimization should improve the effective TPB index significantly.
The model has also been applied to estimate polarization performance of Ni/YSZ anode electrode,
taking into account the electrochemical reaction according to the Butler-Volmer equation along the
TPB active sites as well as electronic, ionic, and gas transport phenomena. The calculations confirm
that the polarization distribution along the anode becomes uniform with an increase in the anode
thickness when the electric/ionic particle size ratio is unity. When the anode thickness is larger
than is required, a large part of the electrode does not supply any electrical current. When the
anode thickness is smaller than 20 um, in contrast, the result of partial hydrogen pressure
distribution indicates that neglecting the mass transfer phenomena in the anode micro-pores would

provide an analytical solution of the Butler-Volmer form.
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Fig. 1 Scheme of solid oxide fuel cell porous anode
composed of electronic and ionic conducting
particles, and possible path for hydrogen
oxidation on the electrochemically active site.
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Fig. 3 Relationship between the effective TPB
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Fig. 4 Relationship between the effective TPB
index vs. pore size and the particle radius
ratio when the volume fraction of el- and io-
particles are f, = f,,= 0.5, and the other
parameters are the same as shown in Fig. 3.
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Fig. 7 Distribution of the polarization along the
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Fig. 8 Distribution of the partial H, pressure along
the anode (particle size 7,=0.1 u m, hydrogen
humidified at 25T, ie. H, : H,0=96.83:3.17).
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Fig. 12 Influence of el-particle radius on the overall
electrode polarization in the case of CO fuel
(carbon oxide humidified at 25T, ie. CO:
H,0=96.83: 3.17).
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Effect of Flow and Particle Behavior in De-NOx Catalyst on Degradation
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Effect of flow behavior in a honeycomb rectangular tube of a de-NOx catalyst on the adhesion of

particles to the wall is studied in terms of a direct numerical simulation (DNS). The results show

that the adhesion of particles to the wall is strongly affected by the turbulent-laminar- transition

flow behavior and is enhanced by the turbulence in the upstream region near the inlet. This agrees

well with the previous experimental observation, in which the degradation of the catalyst appeared

in the region near the inlet. The adhesion of particles is found to be enhanced not only by the

stronger turbulence but also by the larger particles. In the downstream region, the adhesion on the

wall near the rectangular edges is suppressed, since the turbulent-laminar transition progresses

from these regions.
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Fig. 1 Schematic of computational domain.

Table 1 Cases and numerical conditions

Case Inlet Turbulent Particle
Intensity [1 Diameter [ 4 m]
EUN1 0.048 8
RUN 2 0.012 8
RUN 3 0.048 30
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Visualization of He crystallization process in aerogel
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Freezing of a fluid in small pores is a common phenomenon often seen in a natural environment.
Water remains in a liquid phase even below 0 Celsius when contained in a fine soil and freezes into
ice at lower temperatures. However, this is sometimes a very complicated phenomenon and
consists of several slow processes other than crystallization, such as a viscous fluid flow in pores
and diffusion of latent heat. These hide inherent features of the crystallization in a quenched
disorder by introduced by pores. Using low temperature 4He in the superfluid and the solid phases
causes the flow in the pores to be fast enough to reveal the nature of crystallization dynamics. As
a porous material for the experiment we use silica-aerogels. Aerogel consists of silica beads in a
few nm size. Aerogel has a very large open volume and its porosity is very high, ranging from 90
to 99.5% in volume. It introduces a quenched disorder to the phase transition of 4He within it. We
can alter the strength of the disorder broadly by choosing the porosity of the aerogel. Aerogel is
very transparent with a low dielectric constant and suitable for visualizing the dynamics within it.
Here we report a novel dynamical transition of the crystallization of 4He in pores. The crystal-
superfluid interface advances via creep at high temperatures and via avalanches at low
temperatures. The transition temperature is higher at a higher interface velocity and lower in
higher porosity aerogels. The transition is due to competition between thermal fluctuations and

disorder for the crystallization process.
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Synthesis of Calcium Apatite Particles using the Enzyme Reaction
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#HdE M A 3% f1 Hidekazu Tanaka

Layered calcium phenyl phosphate (Ca(CgHsPO,) g0, (HPO,)0sCa*1.3H,0: CaPP), which is
composed of a multilayer alternating bimolecular layer of phenyl groups and amorphous calcium
phosphate phase, was treated in aqueous media including an enzyme such as alkaline phosphatase
(ALP) at pH =96 and 37C for 1 - 48 h. The CaPP was transformed into amorphous calcium
» Hap) by

treating for 1 h. The formed amorphous material possessed no phenyl groups. Furthermore, the

phosphate with the same Ca/P molar ratio of calcium hydroxyapatite (Ca;,(PO,)s(OH)

plate-like CaPP particles were vanished and the rod-like particles due to amorphous calcium
phosphate with ca. 43nm in length and ca. 8nm in width were generated. These facts suggested
that all the phenyl phosphates in CaPP were hydrolyzed to generate inorganic phosphate species
such as PO,
Then, the molar ratio Ca/P of the product was 1.68, almost corresponding to 1.67 of the theoretical

". The low crystalline Hap nano-particles with irregular shape were produced at 3 h.

ratio of Hap. The crystallinity of Hap was increased by elongating the treating period up to 6 h and
then almost constant. The yielded Hap was rod-like particles with ca. 100nm in length and ca.
10nm in width. On the other hand, when the CaPP particles were treated in aqueous media in the
absence of ALP, the CaPP was dissolved and the formation of Hap was not recognized. From these
results, it can be presumed that the layered CaPP was dissolved, hydrolyzed and recrystallized to
Hap nano-particles by using the ALP. This phase transformation of CaPP in Hap with ALP

resembled to the formation mechanism of Hap in animal organism.

MEE R

TN AL MEIANVIT LA FOF T TINF 4 b
(Cay(PO,)(OH), : Hap) IZRE SN LIEREEE)E)
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Fig. 1 XRD patterns of CaPP treated with different
ALP amounts at 37C.
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Fig. 2 Plots of yield of the products as a function of
additive amount of ALP.
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Fig. 3 IR spectra of CaPP treated with different
ALP amounts at 37C.
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Fig. 5 TEM pictures of CaPP and CaPP treated
with different ALP amounts at 37C.
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Fig. 6 XRD patterns of the products at different
treating periods. The additive amount of
ALP was 10.0mg.
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Fig. 7 IR spectra of the products at different
treating periods. The amount of ALP additive
was 10.0mg.
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Fig. 8 TEM pictures of the products at different
treating periods. The additive amount of
ALP was 10.0mg.
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Numerical Simulation of MAGIC Abrasive Production
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MAGIC (MAGnetic Intelligent Compound) is a solidified magnetorheological fluid containing
both magnetic particles and nonmagnetic abrasive particles of micron size. In order to produce the
effective MAGIC abrasive for polishing, it is important to know how abrasive particles distribute in
MAGIC fluids under applied magnetic field. The influences of the volume fractions of particles,
diameter ratio of abrasive particles to magnetic particles and shape of magnetic particles on the
microstructure formation of particles in MAGIC are examined. In our study, numerical simulations
of the particle method are performed to investigate micro-scale structure of particles in MAGIC.
In this report, we show the effects of diameter ratio of abrasive particles to that of magnetic
particles on the microstructure formation. As the magnetic particles form chain clusters, the
abrasive particles are rearranged in the field direction. In order to arrange nonmagnetic particles
in the magnetic field direction, the diameter of nonmagnetic abrasive particles should be slightly

smaller than the diameter of magnetic particles.
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Development of dust collecting technique in a vacuum vessel
by use of thermal creep flow

06120

WRAKE  HICRFRFEE LSRR o 4 )L F — TR

# OO ¥ Ml /A Yuki Kazuhisa

In order to develop dust collecting technique in a vacuum vessel, characteristics of thermal creep

flow is numerically evaluated by DSMC method first. The results clarify both creeping velocity

profiles on a plane wall with temperature gradient and the optimum regime of Kn number for the

dust collection. As the second step, dust collecting experiments under vacuum conditions are

performed to verify the numerical predictions, and the some developments needed for the dust

collection are suggested, including the prediction of drag forces acting on a spherical particle in a

rarefied gas by using the velocity profiles obtained by the numerical simulation.
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Synthesis and magnetic property of boron nitride nanoparticles

MERKE  WHEETZIE TR

B fd  J&  Takeo Oku
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Wowm B HO— Ichihito Narita
HREMRE KB EER S ZET
LA N H Bk 5L Naruhiro Koi
HEMRE KBRS EER AT

#H ¥ oE ¥ W W Katsuaki Suganuma

Boron nitride (BN) nanocapsules encaging Fe or Co nanoparticles were synthesized by using

Fe,N/B or Co (NH,)Cl,/KBH, powders as raw materials, respectively. The Fe,N was reduced to

a-Fe during annealing at 1000 C for several hours with flowing 100 sccm N2 gas, and the reaction

was predicted by Ellingham diagram. Co nanoparticles with BN layers were also produced by

annealing the powders at 1000 C in nitrogen atmosphere. These BN nanocapsules with magnetic

nanoparticles exhibited soft magnetic characteristics and good oxidation resistance.

BN nanotubes, nanohorns and nanocoils were also synthesized by annealing Fe,N and B powders.

Especially, Fe-filled BN nanotubes, bamboo-type and cup-stacked type BN nanotubes were

produced. Formation mechanism and nanostructures were investigated by high-resolution electron

microscopy, high-angle annular dark-field scanning transmission electron microscopy, electron

diffraction, energy dispersive X-ray spectroscopy and molecular mechanics calculations.
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Fig. 1 (a) X-ray diffraction pattern of Fe,N/B
samples annealed at 1000C for 1 h. TEM
images of (a) Fe nanocapsules coated with
BN layers, (b) bamboo-type BN nanotubes
with Fe nanoparticles.
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Fig. 3 Hysteresis loop of BN nanocapsules encaging
Fe nanoparticles.
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Fig. 2 (a) TEM image of Fe-filled BN nanotube. (b) EDX spectrum of
Fe-filled BN nanotube. (¢) Enlarged image of (a). (d) Electron-
diffraction pattern obtained from (c). (e) Filtered HREM image
of the nanotube. (f) Enlarge image of square in (e).
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Fig. 4 (a)X-ray diffraction pattern of Co (NH,)4Cly/
KBH, samples annealed at 700-1000C for 2
h. TEM images of (b) BN nanocapsules
encaging fcc-Co nanoparticles and (c)
enlarged image of the BN nanocapsules with
Co.
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Fig. 5 Hysteresis loop of BN nanocapsules encaging
Co nanoparticles.
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Preparation of Nanoparticle Probes for Multimodal Bio-imaging
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The nanoparticles of solid solutions between Y;Al:O,, (YAG) and Gd;Al:O;, (GAG) are
synthesized from yttrium acetate tetrahydrate, gadolinium acetate tetrahydrate and aluminum
isopropoxide at different Y/Gd atomic ratios in 1,4-butanediol by autoclave treatment at 300C for
2 h, ie, by the glycothermal reaction. On the other hand, Yb*" doped Y;Al;0, (YAGYb*)
nanoparticles are prepared from yttrium acetate tetrahydrate, ytterbium acetate tetrahydrate and
aluminum isopropoxide in 14-butanediol by autoclave treatment at 300C for 2 h. Moreover, Gd-
YAG and Gd-YAG:Yb* nanoparticles are prepared from the mixture of gadolinium acetate
tetrahydrate and either YAG or YAG:Yb* colloidal solution by the same autoclave treatment as
YAG:Yb*. Properties of structure, near infrared photoluminescence and magnetic resonance
contrast enhancement are characterized for as-prepared nanoparticles. The solid solutions between
YAG and GAG work as T, contrast agent for magnetic resonance imaging, while Gd-YAG works
as T, and T, contrast agents. Gd-YAG:Yb*" nanoparticles work as T, and T, contrast agents like
Gd-YAG nanoparticles, and show near infrared emission at 1030 nm due to the f-f transition of

Yb** under the 940 nm excitation using near infrared laser diode.
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Fig. 5 Near IR photoluminescence spectrum of Gd-
YAG:Yb*under the excitation by the laser
diode (A = 940 nm).
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Material-binding peptide utilization for the Inkjet patterning of ZnO particles

N\ f

06124

WMRAKE SRR IERR ##dz M 3 6 Y& Mitsuo Umetsu

Recent advance in biotechnology enables us to find the peptides with the affinity for nonbiological
materials and with the function of mineralizing inorganic materials. The use of the functional
peptides is attracting a growing interest for bottom-up fabrication approaches of nanoscale devise.
Zinc oxide (ZnO), a semiconductor with a wide direct band gap, possess unique optical, acoustic,
and electronic properties, so that it is one of most widely studied metal oxides for solar cells,
sensors, ultra violet nanolaser, blue light-emitting diode and so on. This wide variety of applications
requires various fabrications of morphologically and functionally distinct ZnO nanostructures. In
this report, we describe the immobilization of ZnO using an artificial peptide with affinity for ZnO
at room temperature, and further, we showed, using ZnO-binding peptide and ant-PHB antibody
fragments, that strong spontaneous immobilization using biomolecular recognition enabled stepwise
stacking of inorganic particles on PHB-coated plates only by mixing operation in neutral solutions
at room temperature. We show the potential of recombinant anti-material peptides and antibody

fragments for the bottom-up stacking procedures using Inkjet patterning.
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Development of Hybrid Structured Material by Gradient Powder Processing

-
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Grain refinement is well known to influence the mechanical properties of materials, especially the
strength characteristics. The promising method for grain refinement is a SPD process and it
produces the homogenized nano grain material which exhibits very high strength and limited
ductility. Recently the grain refinement technique by the SPD in powder metallurgy (PM) field has
received much attention. The SPD-PM process is one of new processes combining mechanical
milling (MM) or alloying (MA), heat treatment and sintering processes. Microstructure of the
SPD-PM materials is easily controlled by the MM condition, and hence we can intentionally make
a heterogeneous microstructure. In the present study, SUS316L stainless steel, commercially pure
titanium and pure copper powders are applied to the SPD-PM process. These MM powders are
sintered by Hot Roll Sintering (HRS), and the SPD-PM materials demonstrate a heterogeneous
microstructure and high strength and advanced plastic strain. The microstructure of materials
consists of a shell and core hybrid microstructure, that is, a shell structure with nano grains and a
core structure with work-hardened coarse grains. In case of the SUS316L stainless steel, the shell
area has an (austenite + sigma) nano duplex structure and the core area in the work-hardened
structure has an austenite phase. All of the materials fabricated by these processes demonstrate
not only superior strength but also enough elongation. The mechanical properties are strongly
influenced by the shell / core microstructure. The nano / meso hybrid microstructure by these

processes has been proved to be very effective to improve mechanical properties.

SUS316LAT > L AR LT, Ah=H N3
WED "
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>
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Fig. 1 Schematic illustration of HRS process.

Table 1 MM conditions

Powder Weight 200g
Composition SUS304
Ball Diameter 50mm
Weight 1600g
Weight ratio g1
(Ball: Powder) ‘
. 250rpm X 240s
Rotation speed 200rpm X 60s
MM time 36ks 108ks 180ks
Atmosphere Ar

BIFIEZ 5 EEE DR I & D BEREd 5, (Fig
1(b))

2.3 #ang

HRSH OBHIAREHIEIC X 2502 b i~ 5 72
W12, HRSH % ArFz & H T1073K, 1173K, 1273K
D K T18ks, 36ks, 72ks? B LE (HT: Heat
Treatment) # B 7% -7, 2D & X DOBERE%*Fig. 2
2R

3. BRESLUVEE
3.1 HRSH O AR

Fig. 3IZMMAT D ¥y K O #EE & MMAG K o Wi i o &
BRVE MG ERY . MM RSB KL T D

LITS-HRS

ELe

Fig. 2 Heat history.

Fig. 3 SEM micrographs of powder (a) as atomize
(appearance), (b) after MM180ks (cross
section).



Annual Report No.16 2008

> VR & IR a7 RIS BV T T & 7 B IR
BEALTVS, 20X L, Yx)b - aT7TH
15 &5

Fig. 41390%HRSHM % & J7 10070 & #R%% L 7265 BR Y
HEHEZMAAEDLELLDTH L. RDEHFINIHEK
PRFIC > TSI LDHERTE S, /2, Wi
DOFMDPS LY ) - ATHEEEHEREL VWL L8
R TE b,

Fig. 51290% HRSH o i% % 7l 7 T~ PR 85 G- . % 7R
Fo Fig. 51, 90%HRSH L ¥ = VI & 3 7 FHis
AYRIE L 72 AR 12 2 > TV B 2 E Db h o
¥ VR A SR AR 2S50nm ~ 100nm R E D -/ &
BRI CH B Z EAERTE, S HICEFHEHTO
JEFTAE R LD (v+o) O2MHMBETH Y, KAkl
WTHALZ EDV DI ol T/, I TR TR

ZEH200nm~1 pu mFEED X Vs SR TH Y, &

MND

4

D

10 e m
BRI
Fig. 4 Cubic OM micrograph of 90%HRS.
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Fig. 6 Schematic illustration of grain refinement by MM/HRSand HT process.
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Fig. 7 Relationship between UTS and elongation of
909%HRS and Conventional SUS316L steels.
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Synthesis of Positively Charged Calcium Hydroxyapatite
Nano-Crystals and Their Adsorption Behavior of Proteins

07113

MRRE RSB AFUEYIHpsE#HE % = M 5 M =

Positively charged calcium hydroxyapatite [Ca;,(PO,)s(OH),; Hap] nano-crystals were prepared by
using S -alanine and clarified the adsorption affinity of these surface amide functionalized Hap nano-
crystals to proteins. Colloidal surface amide functionalized Hap nano-crystals were prepared by wet
method in the presence of various amounts of [ -alanine by changing molar ratio of £ -alanine/Ca
(p /Ca ratio) in the solution. The rod-like nano-crystals were lengthened with addition of S -alanine
though their width did not vary; carboxyl groups of f -alanine are strongly coordinated to Ca** ions
exposed on ac and/or bc faces to inhibit particle growth to a- and/or [ -axis directions and enhance
the particle growth along to the c-axis. No difference can be recognized on the crystal structure among
the synthesized Hap nano-crystals by XRD measurements. However, the large difference was
recognized by TG-DTA and FTIR measurements. Those measurements reveled that [ -alanine is
incorporated on the f -alanine-Hap nano-crystal surface up to the £ /Ca ratio of 1.0, though they are
absent in the nano-crystals synthesized at f /Ca ratio> 2.0. The zeta potential (zp) of /S -alanine-Hap
nano-crystals prepared at f/Ca =04 and 1.0 of those incorporating f -alanine exhibited positive
charge at pH<59. The saturated amounts of adsorbed BSA for the positively charged f -alanine-Hap
nano-crystals were increased 23~24-fold by their electrostatic attraction force between positively
charged [ -alanine-Hap nano-crystals and negatively charged BSA molecules. We were able to control

the adsorption affinity of Hap nano-crystal by changing their surface charge.
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TEM pictures of Hap nano-crystals produced at various
[ /Ca ratios.
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Table 1 Preparation conditions and properties og f -alanine-Hap nano-crystals
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Fig. 2 XRD patterns of Hap nano-crystals produced
at various [ /Ca ratios.
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Fig. 3 FTIR spectra of Hap nano-crystals produced
at various [ /Ca ratios.
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Fig. 4 Illustration of surface amide functionalized
Hap nano-crystal.
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Fig. 5 Plots of zeta potential of Hap nano-crystals
produced at various S /Ca ratios as a function
of pH.
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Fig. 6 Adsorption isotherms of BSA onto Hap
nano-crystals produced at various f/Ca
ratios as a function of pH.
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Fig. 7 Plots of saturated amounts of adsorbed BSA
as a function of f/Ca ratio.
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Fig. 1 Effect of alcohols on the dispersion of SWNTSs in aqueous solution containing pepsin at pH 6.5 (A),
hemoglobin at pH 34 (B), and lysozyme at pH 34 (C). Absorbance of SWNTs with protein in aqueous
solution at 600 nm was measured in the presence or absence of various alcohols.
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Fig. 2 pH Dependence of the dispersion of SWNTs in aqueous silution containing pepsin (A), hemoglobin (B),
and lysozyme (C). HCI and NaOH were added to the SWNTs solution with HFIP (closed circles), TFE
(open circles), BuOH (closed squares), EtOH (open Squares), MeOH (closed triangles) or no alcohol
(closses). Plots with asterisks denote no addition of HCI or NaOH.
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Carbon nanotubes (CNTs) has strong van der
Waals force and tends to agglomerate and because of
this, it couldn’t be homogeneously dispersed throughout
the matrix. There are few cases of success in fabricating
MMC (Metal Matrix Composites) reinforced by
CNTs. Here, we propose an alternative fabrication
process for AI-CNT composites using spark plasma
sintering (SPS) and hot extrusion from CNTs mixed
Al powder prepared by a nano scale dispersion
(NSD) method. The SPS is employed with the aim of
densifying the insinterable mixed powders by
utilizing its characteristic sintering principle. Then
the microstructural orientation in the sintered
compact is enhanced by the hot extrusion. In the
present work, the AI-CNT mixture powder was
prepared by Nano-Scale Dispersion (NSD) method.
The contents of CNTs in composites were 1 and 5
vol. %. The obtained Al-CNT mixture powder was
sintered in a f15mm carbon mold under a pressure of
50MPa using a spark plasma sintering device
(SPS-S515) made by Sumitomo Coal Mining Co. Ltd.
The sintering temperature was 600C , and the
heating rate and holding time were fixed at 40C /

min and 20min, respectively. The microstructure of

composite was observed using optical microscope,
field-emission scanning electron microscopy (FE-
SEM) and transmission electron microscopy (TEM).
The tensile tests for three test pieces in every
volume fraction were carried out with a universal
testing machine (AUTOGRAPH AG-I 50 kN,
Shimadzu Co. Ltd. Japan).The results reveal the
importance and implications of processing CNTs
reinforced metal matrix composite. Fig.1 shows the
CNTs with the diameter of 10~30nm were
homogeneously and well dispersed on aluminum
powder surface. Fig. 2 shows the stress versus strain

curve of the extruded AI-CNT composites, compared

Fig. 1 Morphology of the AI-CNT mixed powder.
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Fig. 2 Stress-strain curves of AlI-CNT composites.

to extruded pure Al obtained with the same
processes. The extruded composites exhibited a
tensile strength of around 200MPa, which was 400%
that of the extruded pure Al
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GORPELIGH ], F28 a0 FFREFALENEBSE], £ 38 [BRmcBIsv7h~y—] &L, F
H BRI & F — / — M EEE, PRIATIUITIST AICHNEZ 4 20ty ¥ a Vg FEEL 7.

B 1#:
6 H1H (HREH)
16 :30 Rai BRE KRBEITEEER)
16 : 40 F:EFHiEE 45 v ¥ Wageningen KFLuuk Koopal #3% HUMICS, SPECIAL COMPONENTS
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17 010 KRS HEHIZ Capillary Condensation in Ordered Mesoporous Materials

17 :30 wWE TaEERstr ¥ — He #3% Mirco-interface Processes and Application in
theTransformation and Control of Environmental Pollutants

18 : 00 Welcome mixer (## T H#IZ, SFHIE, WHHIE, WaiteBd%, Borkoveck#i%)

6 H2H (HWEH) ZH1E8 (ML E FmIZ BT 2 WA R O R L0 H |

9 .00 ZFEHE TIEEKREE &THIZ Structure of ions and molecules confined in carbon nanospaces

9 :30 HHBAKZF BEJE#HIZ Phase Behavior of Simple Fluid confined in Nanospace— Finding Phase
Diagram and Exploring into MOF Nanospace —

9 :50 >KE Yale K% Elimelech #d% Antibacterial Effects of Carbon Nanotubes

10: 10 IERKRE: £#3%  Control of Morphology and Nanostructure of Carbon Cryogels

10 030 HELEEARSF IMO#EE  Micro pore filling membranes and their unique performances~from Bio-
inspired materials to polymer electrolyte fuel cells~

10 : 50~

11:10 fhs

11:10 IEBKRF F#EIF Gas permeation properties through ultra microporous inorganic membranes

11:30 IEBRS {LIO#HI% Reversible NOx Sorption-Desorption on Pt/mixed oxides

11:50 JEERYF KUW#EIE Mesoporous silica-based composite materials as molecular selective
photocatalysts for purification of water

12:10 KE New Mlxico #iIHT3¥ K% Bowman#¥% Surfactant-Modified Zeolite and Its Application

to Treatment of Qilfield Wastewaters

6 H2H
14 : 00~17 : 00
A-session (AW %)
AfE RS FRIGEIZ  Consideration about Bacterial Attachment as Soft Colloidal Particles fil 7 14
B-session (BREEMEIIZ BT A WeaE & MFLILED
fEMRE SuLifE#E%  The Direct Determination of Intermolecular Structure of Pollutants in Micropor
Using in situ  X-Ray Diffraction Mt 7 f4:
E-session (BRIEfREE)
WY /IEHIE K-doped Microporous Tectoaluminosilicate for Soot Combustion it 7 £
F-session (34 & FHA:)
JuMNRE:  fERHESSE SPECIATION OF ARSENIC IN TREATMENT OF GROUNDWATERS SPIKED
WITH ARSENITE USING PERMEABLE REACTIVE MATERIALS i 7 4
17 : 30~20 : 30
KA —tvar (1134)
6 H3H (KIEH), %2 [auf FHmEHEEH & 55
9 :00 EHFFEE XA RV 2Ax—T K% Michal BORKOVEC#%Colloid Stability: Sixty Years after
Verwey and Overbeek
9:30 27 I4 78T 73— Nataliva MISHCHUK  #3% The state of interface and nearest layers
of water and its influence on interparticle interaction
9 :50 FA—AbPFUT AWKV KZFE Wiliam DUCKER, Lubrication Forces in Squeeze Films
10010 HAPKREY WA HIZ  Molecular-scale Structure on Surfaces and their Interaction, Adhesion and

Friction in Solutions
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10 : 30~

10 : 50 fREH

10 : 50 LK% EE#HIZ Polyelectrolytes at Solid-Liquid Interface Studied by Surface Forces
Measurement

11:10 #HHRETERY: i #E#d% Bacterial adhesion and cell surface structure

11:30 EEFMBAEWIE KIHF FIEWILE Ilon-sieve Adsorbents for Selective Removal of Minor
Tons from Aqueous Solutions

11:50 F—AFF51) 7 New south Wales K% Waite#k#% Generation of the superoxide radical anion at

biological interfaces and impact on iron acquisition by aquatic organisms

6 H3H 14:40~17:40
A-session (BREEAHET T4 FHIH)
7V F > Bahia Blanca K% Avenadf#i% Consideration about Bacterial Attachment as Soft
Colloidal Particles il 7 14
B-session (I WA F/EGR & BiEBE)
E T amEiEflett v ¥ —  Ge #I%  Distinct mechanisms of particle aggregation induced by alum and
PACI Floc structure and DLVO evaluation Al 5 {4
E-session (BRBZIEIEHAM I 51T % FHFHF)
FEEFAMZERT KR Bf9EE Synthesis of Mesoporous Carbon Thin Films il 7
F-session (ERBZICHIRE L7247 042 R)
75 A ENEREMESERMEE D, Sharrier #f%8EE  Thermodynamic and kinetic processes at coal
interface for CO, geological storage il 7 4
18:00 ~20:30
Cultural Events & Banquet
6 4H OKBEH) 3% [BRHICHETLY 7 b~y —]
9 100 FEFFE W AkY¥ THEIZ Electrokinetic Boundary Condition Compatible with the Onsager
Reciprocal Relation in the Thin Double Layer Approximation
9 130 FUEBKE IUAUHEHIZ Direct Numerical Simulations for Electrokinetics of Colloids
9 :50 75 A Nancy k% Monitoring the electrochemical reactivity of pyrite/humics/electrolyte
solution interface by electrokinetics of the second kind
10 010 LB KRS #¥#d%  Permeation and diffusion through nanoporous inorganic membranes
10 : 30~
10 : 50 fREH
10 : 50 LT ZEKRYE HH#EIE TRANSPORT PHENOMENA ACROSS MEMBRANES IN SOLUTION
11:10 FEpERKRE KBE#IZ Effective viscosity of a suspension of soft particles
11:30 dbiEdEke: L3H#d% Fractal Materials and Their Functional Properties
11:50 5 v % 7 —~=r% ¥ K2 Arie de KEIZER # ##% Antifouling surfaces obtained by
adsorption of complex coacervate core micelles
12010 EEHERIRS EHMEHIR  Sugar-Based Gemini Surfactants

6 H4H 14:00~16:40
A-session  (FH1H & BEIC BT 2 BEBIR)
LIRS R fRH#I%  Interaction of a small molecule with polyisoprene surface studied by molecular
simulations il 6 14
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B-session (=714 NE#ERIfLAEY) Bl %)

KAy =1 v eifgets ¥ — Klumpp##d% Transport und deposition of Pseudomonas fluorescens
in porous media: Role of the cell 1 6 4

E-session (13EEEEL a0 A )

INYHY)— &4 M KE Tombacz #d% Surface charge heterogeneity of 1:1 and 2:1 type clay particles
in aqueous suspension il 6 ¥

F-session ({5 4Y)

AT A% 2 Aidarova#kdz THE EFFICIENT PURIFICATION OF OIL-CONTAMINATED SOIL BY
SURFACTANT fih6 £
16 1 45~17 : 00 PN

2 B #

BRMHIE I % 2 0B THaR STV 57, TAPO HIIE £ O TAEH) 2 5l o ZERE I SR AHA YR C Bb - T
BY, T xZ0BEro0OREBEHWREOSNOD L+ — TV ICEmRTHI LIZE > T, FHBHEERLELD
BEBRPEANAERE L L RO TEETHH 2 L 2 RRWICHERT 5 2 L TH L. TAP2008IZB W TIXHH D
Z O BIZHEAN D 5 D60 % B 2 A BNE & BN LOFEREIZE DL BMBEOFTEICL > GER SN D
DEHW S NG, FFIZ, MK BEFN R REEEZT TR, HRARIIIEAREICE DL LR ERME, <56
WIZBEFRHRERICHED ZWIEED, —FICR L 2o@RE R 8L, ROV DLREBERE
otz T2, SHIAPEFOHTT V7 HINTHEME L 7225, FRICEBFREFER L ERWFELBHIN TN D
FEP S RBOBMEN B -7 LITFHET 5. 55 N7 R HAROHAHME & L TR L TW L lifEDH
2HDLHBTE S, LEIZOWTIE, mEHICKSHEOKwmE I AT—H LT

[ From Interface Against Pollution to Interface for People |
WK I,

BRI Z2 R E LTI, £ 1ETIE, BEHEL a0 FREAOMWE L2 KE CELT 2 MF0EE & HAEHR IS
DWW, B ER O 7% £ S REBIICHEER IR OEA TV LGP OREDOZ 2 L, TIEHRR & THE
B EA S N A T O R EB BB R LA OE T IVLIZOWTEREL, WENEEEOEVIGE €T IV OL
SRR 2 REW O RIEZNI O W THERD R SNz, FE 2T, BESINE EI0 4 FREEREME
EOBEM R A B of (1, KRS, BUEY) ZEIZEVICH L 2BLEE LR BRPICBIS
WEEIRE L &, BB AT Ly — e LT, aaAf FRERZOEREPEREM SN, E5IZEIEHT
FEHRHBEHRSC LA O Y — % E LA ROME~GFRE SR S, SHIH 1, 52 Hoss s s
Nizo SO LY, KEWIIAY =003l B2 5% & U728 ) 1IMAT 2 2 & 3 2 BRIERIE I B 5
HanA NREFEOEROEFH VWS N E o7,

IAP2008IZ BV CRIER S N72NEIE, BEMEQISHSHICBWwWTanf FREFFOREREDFIET 2 b0
Thh, HEIZEE L THRA LRBOEFH AR SN L. THMIZIE a0 FREFEE IS 2 727, N1 F,
REZ ) V7 SEEABOBCEBRHIERR ORI E 726 L, ERLNVORBEOREIH LT EELR L
VNEHZ DRI o7 LT S,
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