ANNUAL REPORT
OF
HOSOKAWA POWDER
TECHNOLOGY FOUNDATION

No. 18 2010

Ry

R

FEEAN RV DT EIRERAE]
Hirakata-Shi Osaka 573-1132 Japan.



<:>EATTgaﬁﬁ&s

KA ERERLE, AOHFAFETHIICEEL TW WA AnALREEIZ X, RKEI2H
FCHIBENE D & LT RIEMICB 25 L, Mo TE OB, <51 RHELC
BWTRHEMA SN TV B BEEHE, FRICRGIGHEISST 0 1EE, & 5 W % S B I AR &
EELEHEZRLZLTBY 3. BHERTIE, SRR~ LB ICiigE L, BI% T 55/
FThh 9,

A, KAYKIES A4 FIZAIBESR L LzfNg it (BAv A7 70 #allatt) okeEz
FlEME, HIRICET2H 50 HEM 2 BRI L, B AREA %8 L CRESERISEFEICE O % 5L
WTEW) T L7225, 2O, £HESZE L OFMMTE LD T3RE W22 & F Lz, BrRsd
WCRT a0 =—X1F, FTFTREL, FEEIL, TORBEL R22METFEOEENRD F
FTEITELCBoTVET, AWV LF LT, WEEHDLOME 2 AR, Ko T %% L
THRZDLTORETLTTENILEELLDOTHY) £,

Do s, DHEZ L NICHROBRE LA 20k E EFHE L, 68 ThEL
FAZBAE S S EN BRI T A E, ERRASIIW T 28, e - YRV v AL
DEIEB L FORMSEOHFEEY B L T2 HHEAR Y 7 7R TEREH M A 307 L, Bk
T2 b NI E DB OMIEEDOFEIZHFS L L) ET5H0TH) T9,

TR & 72 5 THEINOFEIL, NEOAL LT, NEHEZ LD FCELVEDPLHRFIZE
TH, IDIVERIZEVWTINLGILDLEHEETL2HDOTHD 9. HWE—MHIHEATE AV
7378y R TBFEORLETREFHELH7 )V RKMFEZHLTE, COMEIZELH 505 FHEN
MR LFRBO72DD—2o0FFEE 2 ), RELRIELE NI NIELFEVEH ) T A

(R PR3 4E12H20H)
WHEN RV 7 7R LR
s MO W B



H %
%Eﬁ%‘ .................................................................. }E%% %Hﬁ””:lj‘é% ............ 1
1 $% V\]ﬁ k %Bﬁ«lﬂuﬁ&)fﬁ}ﬁ% ............................................................... 2
2 ’QE%%% .................................................................................... 6
3 Eﬁ%}&%@?%ﬁ% <;}ﬂ%%> ..................................................................... 7
Jﬁ%%ﬁ%: H (k ................................................................................. 7
3-1 Eﬁ%ﬂﬂ)ﬁ)ﬁ%$&% ..................................................................... 11

3-92 TR EBER D70 ORI IR -+ vvrreeeeenrrreeee e 139



11155 K

WEEN R BRI FRBBHOBFERE L, AOXDPHRVELDBOTBY Lz, XN
20104F 3 AH31H MR L. 20, MHAOEFREOIES DA, AOBEERIGEMSNE L7z, &
LIRS REIVETICEERZECECTBY 3,

M OFFEIIBEE L BEFEICKRE LT AT TE T3, PUREHESEIIIIIEE OB,
W, WEESIHT 28R EE . HEFFEIT AR TLEICHET 2 #Ewms] O
L EIEGCHE (KONA Powder and Particle Journal) O34T & TN T4, B HOEE G 41X
BHEOERPLHETBYETN, H 779200 -V ElR) —~ v ay 712 EE LR
e GRERE OB LRI MENER L W BCIREB ICE 2L, FEOM/IN e RER ST L,
EOHEFRFNT DOV TIRIFEICE) L2 ATLED, BOELRE2EL, F£EEICE T
TONTWAEHTFEPERT LR Z T LI Lz ZOME., PH2IEED X U224 0B
FEr Tz L Lz, UMHOBBEHRICHRHEZHFETBONLE L L DF 2 IITKRER Lik7% <
HoTB 3, MHIZID & BFRIIMKA L LTHRLWTTA, BEER*ET 2501
HMZITHITTEN) F Lo TOME, HLEE, BETLIHENTETBYET. bbAAMHE
IR IREE T I DS, B Z I ERTE 2 AR D& F L7z, fE-> CTCPFR234EFE 21
W FESHH SN E T, MAOFEBRESTIHAB X2 ILFHHERICER L2 22 TH
B L FET,

COBESEEVTWALHO 1AM, BT ICEWKFECTEREN R Y IEIC X
LHEWOMGEAMT LK ENELE Lz, RFICARDFTA, BUELRDIZARS72EDHAD
2B L, o ERZz ISz L9,

ARV 71 TR TR LY
mg M )N B3



Ol BEAS & E KR ORE

1-1 ERRATOHE

L FHIIH A TAORME B LT 7RO - BEFRL 2HOATHELE/RL TB) . TOME
ETREDMEY) TY,

I. Bigk - RESER

No HEMH S AEIOP R

1| B % B B | BT BEREICET 2RO 0 DB,

2] K O N A B | BFRCET AT L, BIEEE B 72EASUI 7V — T ~DOEH,

3| RYATHMRRBE | HETEICHET @A TR T 5 R/E

FR VORIV ILE | BHERLFICHET YR, YRV AEORBE IS %M. Fis, K
O B O#E B B | FoTMEFEICED.

5 BAEMEBOEE | WELEICHET 2WIEREERFD 20 DI DUERE OB

6| MAEBEROER | HAETEICHET AW5EIC0EFT 2 REERFAED 720 O FEE B OB

7 HERHHITOEE | WETEICET S BT OB

i, P22AEEEII NS FIE Ve L E L s P23 EEEIINoL, 2, 4T AL E T,

I. ZO/NER (MHABEER)

HIEDFH HENEOPE

WAL T 2 EE T — < 2OV TONEH - HlrE 2 & 2586 & fEmoR.
41, B - KRBT R AR B o
& B #1504, 2Bo

BEIZICEYT 588
BARE O R #

R LA BT 5 EBE =i R

METZICET2EX | £ 1 HEfT, NEIZL E 22— ROWZEH TR0 % &, (F9250—) J81TH0
ST ZEKONAD F 1T | #6005, HFoE, Wiges, KEFHE TR AL

A== (http//www.konaorjp) (235K,

FREOFEHEL, FEELET L ICHE R FREROFRKREZETITVET,



1-2 REREOBE

I. B - RESEXROXRBIRNT

A FE DR O 4R I S 0 SRR T ) T T,
o FHRBIR KONAE AAEREES | SoRUY LSRR
5| B R | RBE| B R | BE| B R 5% | B R
FE | e | g DRE sy | 48 DRSE sy | 4% DREE 4y | 48 DRe®
H4 69 20 26,000 1 1 1,000 10 6 1,800 6 3 7,000
Hb5 86 31 20,400 8 1 1,000 8 6 1,800 3 3 6,500
H6 70 25 13,800 3 1 1,000 10 5 1,500 5 3 5,000
H7 88 27 15,280 5 1 1,000 11 5 1,500 1 1 200
HS& 84 27 15,000 3 1 1,000 8 5 1,500 (N5
HO9 57 29 18,000 5 2 2,000 8 5 1,500 0 0 0
H10 66 25 17.800 5 2 2,000 7 3 900 0 0 0
HI11 64 21 18,000 4 2 2,000 9 4 1,200 4 2 1,500
H12 79 23 17,900 4 2 2,000 11 5 1,500 2 2 1,500
H13 61 31 18,900 10 1 1,000 12 5 1,500 1 1 1,000
H14 68 24 18,300 3 1 1,000 7 4 1,200 4 2 2,000
H156 76 24 18,200 7 1 1,000 6 4 1,200 1 1 1,000
H16 101 25 17,200 5 2 2,000 10 3 900 2 2 1,000
H17 120 24 23,000 5 1 1,000 (5T 5 2 2,000
H18 112 23 23,800 4 1 1,000 (NFEE) 2 2 1,500
H19 137 23 21,900 1 1 1,000 (A5ET) 5 2 1,500
H20 128 18 13,500 3 1 1,000 (5T 4 3 1,000
H21 5 % € 7
H22 A
H23 BE SHAT | BH
| MREERODE | EEWHED ‘ & &
TR Ewl om R | BE| B R B Ly R
FE | w68 | DRes| x| B8 DRSE A48 | DRAE| 48 DRE 4y | 4N | DRes
H4 8 5 1,000 1 1 10,000 95 36 46,800
Hb5 15 5 1,000 2 2 10,065 122 48 40,765
H6 19 6 1,200 1 1 8,000 108 41 30,500
H7 19 7 1400 0 0 0 124 41 19,380
HS8 20 7 1400 (N5 115 40 18,900
H9 16 6 1,200 (N 86 42 22,700
H10 16 9 1,800 (N5 94 39 22,500
H11 22 6 1,200 (N5 103 35 23,900
HI12 26 7 1400 (N 7 3,900 129 46 28,200
H13 19 8 1,600 (N5 7 3,000 110 53 27,000
H14 19 8 1,600 (%) 4 4,000 115 43 28,100
H15 16 9 1,800 | &V B UHIZRERE 4 4,100 110 43 27,300
H16 27 7 1400 | & % iR 5 3,100 150 44 26,600
H17 26 11 3300 | 4% 4 B &%E 6 3,800 3 15,000 165 47 48,100
H18 16 11 3,300 9 3 1,500 3 3,000 2 10,000 148 45 44,100
H19 22 10 3,000 11 3 1,500 3 3,000 1 5,000 180 43 36,900
H20 19 10 3,000 8 2 1,000 2 1,100 0 0 164 36 20,600
H21 A A
H22 NOE O T
H23 AT - S

_3_




I. BEEXZOXBRROBE

T WATRICET 2HEHSHRS KONASED 547
£E | @% H@mer—< HEN | LEE | BB | BN | SER (RTHH 88
H7 |52 | BME 70X 2B 2504 - (R E 5 232 | 3367 | Nol3 | 240 2300 | 773"
H8 | 45300 | JeimtkperttrkloilE 7 ot 2 5 144 | 255”7 | Nold | 200 2300 | 749”7
HO | #5310 | Bt aiil & R 6 142 | 375”7 | Nol5 | 254 2200 | 750”7
- A DO ERL &R TR ET — BRI i B ; 1
H10 | #3200 | 0 v ek e 6 210 | 463”7 | Nol6 | 256 | 2200 | 819"
HI11 | 553300 | FreesEflt o720 oMK T4 6 246 | 414”7 | Nol7 | 250 2200 | 744"
H12 | 45340 | T TREEZEICBIT 2RI 8 283 | 513”7 | Nol8 | 248 2200 | 716"
H13 | 88350 | F / kTR~ WIFE 7 184 | 375" | Nol9 | 283 2200 | 799"
H14 | 453608 | /KT DR~ D R 6 208 | 416”7 | No20 | 276 2200 | 792"
H15 |#37H | F/8—F 4 2N 527 /09— 6 227 | 5107 | No2l | 246 1300 | 1300”7
H16 | 45380 | F/ Mkl X AL RELZO S LT 6 160 | 450" | No22 | 211 700 | 866"
H17 | 45390 | &2 % TkF / HTF-0ERL 7 205 | 538”7 | No23 | 224 1000 | 1007”7
HI18 | #5400 7; é; 7 RRCORERL T /RFOME 6 | oy | 5307 | No24 | 252 | 1000 | 13097
- FIRR=T A TN Ty aY— Y ¥ 5
H19 | S841I | oy 50 % 6 167 | 438" || No25 | 303 1000 | 1146
. FINRN=F A TN T T — R - 7 ”
H20 | 5842080 | oy fp o pe g 6 126 | 340" || No26 | 282 1000 | 804
— >~ NAN = A . .
Ho1 | ggagm | /77 AV IR DMEORBILET | o | 50 | 3137 | No27 | 248 | 600 | 6257
R3S
N F = F 4 TN RV T A 2 v 7
H22 | B4 | 5 6 134 | 266" || No28 | 242 600 385
OSE4EMFETHICEAT 2B EHRS
F— L F =T 4 TN R T ASE A S AR
HE::2010F9 He6 H (H)
Wt WA — 7 8L A (RSO X % 51-7-5)
(tvy>a>1) (7 £) FEAKEHEE HE EB
Wl [0 F7Ov 2A0EEIC L b EkiEEYT I v 7 ZADR]H
Wg - MEZEREE o kS Iv s AUy —E H e
HE 2 [ RT A & B R E S T RELE th O B A LA B 56
HHRSRFHE  #RRIER e BhE B OF # —
(tvy>ya>2) (7 £) PR YN AT e A /N
3 [ KT EHCR ORI R R & RS RETE AN OIS
KBRS BAREAMIZERT  dEEds B 3 O Wl
4 (AT R A YT 3 v 7 ARSI & Sigreil
FRFT S ERT MR #E R o — A
(Ev>a>r3) (F %) KPR iz WiE B3
S [ REERIAIEAN I X ALK SRR O B 5
FEEMASH L - 7ue AR SV—T7) -5 — % i< —
6 [F/RTOE - BAL T O A DR & e IR 2 &t R
RYATIzaCB O BETEMER rE A L &



OMMAETITICBIT 2 EXEEKONA No.28DHIT

KONAGEDMREIHAFMAFE R ICREL S, AR & I IKONAMREZ B S & MMk L TIREICYS 5 72,
COREEKITYT, F—uvsN, TRA)VAETOy Y OREFEESEHT, FNENOHIE L ) ERBE
BRI (L E 2 —, WeHE) 240, ZNEHELTHE 1E, KONAGEE LTHRL TWwb, REE (2010)
1ZKONA No28% L CFH224E12H25H 25T & 7z,

WHERCBULI6IR T, WX 7Y 770y 2 »h 658, -0y /X7 0y 72665, TAV A7y 7h5
SEMNFREINTV S,

RAEF6005 & A OMEBIROIZEE, EEHE, KEFICHFH LWL 3TV 25,

%8B, No20LlBElZ43t9 %, http//www.konaorjp TR CHET LI LN TE 5,



CMW (FRk23%38 1)

B E K | == kvATIrar k) W
w OB B = un # NN e
If = PANE TR e ERKELEHIZ
i 5 % | EIES Ty NES ey
mo Pk PR KB R3S H3%
ooE F Ok TR SIS
# K B OB (L) H AR TS A Y
A LN | LR RGBSR
o e NSNS
) N RN
oH s BY TR R A S %
"5 OH FE B KA Irar k) REHEREE
B = MoOE O R B EEEMT O IGHRS
BT M - ) Bl AR stEHET iR

W B B R

TR BEFRORFAEIR
¥ ANERIERPYEER
FE—EB AR

& E =] FHoLE B A HIERERE
b SNEME RROREAEERR
o BAR  RBREER
fhoH OB OM W RS B
mOBR X R HekEsdx
BoE I N SUSRPNES ¢
EN
%
%

EODRFIHEIR

™ & B MAERAFEER
=1 )| ERR N e
" — TN T3 RFEA S HIT
INELE B REEE RS
7 HE A RFAREEHIZ
® £ £ B LTI T S S & | N =5 €
Mow FHoE RRURTRSER
JI g5 oo RdbkseER
& B OB EHERSER R
oW O T RS SR
Mok e KB FH %
S - BN (/N =5 ¢4
/AR by NE=ers
= W® % =+ TUNKFHEZ
[ S TS S S N = €3
K & FH & SRR FHI%
B E E 2 JUN TR HEZ
X T BE A B LRSI
oS 7 N SRV NE = €S



()3 FEREZHEs @R

I
3-1 MRBIERRHE BIE) B X
No. | # & % %R W x> — < "
51) — T 254 IR
o o wE | R | 1) TERVET SSRGS |
| EIRERESEAEME T | S EWAREC £ A B MR T OB
JH 4
0701 BB sz e BHETEL 5 3 » 7 A DAl 16
il e | SOREAERIENGE | 2007301 FHER LA RARIBROR |
s b T s (M%) | S@EH
H SE R P B R S X 2
ool xm | ST itk b e omme i | 2
(B B | e .
08101 I BB | A vE— g CE | g L o R OREA=ARO g
ERFsEE) g
2L 2L Pa~E" i
w0l T s | e | GRS RTC X B AR |
' #) - HA
o SRR TG | R R T/ A BOR O RS S 2 L —
08103 e B () Sas 45
L | e km T | 7 ko KT LRI T XA RO
JE
08104]  FW2E WK | pen” mim) OIS 50
w106l g a | KBOCHESHEIN | ONTESBEMERERERSHACIS |
! - (CRZEROEASY Thermal Management® &
IMAF R ART |
08107 W Bt | mammms | VT T/ RTTRROR R
R () v
TRERERER TR | _ i
08108|  Zill ME | FEoAET O A T &é7b PIVEETARFTIIVRAINE | o
2T 2578 ()
S T 5 ‘ \ |
08100  LFT %t %g?;ﬁiéﬁf%¥' WS —H > ) F e T H S BEE | 74
BINKET 7 4 IN—=F )
ommfmﬂﬁgiiﬁm 5y EBEETREEN | BPOETT 7 % AOHEN - BEH~OEE | 8]
s (%0
. e e
08111 A+ e ER AL T & S it AU I S ik o % 92

%)

By




BRREKY - 8F - B4

<A 7 ST AR L2 {7

os112| NI Reeibsthencs | 00 0 97
(55%)
. KRAETEEFERIGTT | F / EEEIC & 2 BRItk KT O
o8114|  MIE W e, . 103
B BIASE KT | AT 77 AN R 2R HT
= /\
08115 fHE {4 o v 108
osie| iz | CEERAERRER | O HTA Y OFRERT A ANOE ||
(it 205%) i
TRk T R
08117| i F% Z;;gm*%k%I% Bl sme s 3 v o AR OB R RS ORI | 118
R AR YN
03118|  REME WS | BiS Ial—oa T | BERICBH LW IRES A L KA | 127
HY (Bh#)
N SIESES g A 5 ¢ = YkeHERE
08120  fhEE AUF | JBoksmatesiem | 1 )Y PT/RTOGHICED CRROUE | ),

FLTHE ORI Y




3-2 MIREBHRDL-HOBIERREE (BE) B X

No. w s & iz B MR 5 - < =]
| B BRERA LA . o _
os08 K | Ry 27 Atz | BRI RO CAREroL IR InOTEANIC | 139
v (Wb BULRgES:
FRER R AR B H A ) N ]
N . AL RN o I ek g e
08509 WA K SR g R 2R By 2 B Tk @;ﬁ;&? A4 YRUERRHE AT B E oK ER ) = 143
|FF)

(e 34F) IIARIE=




3-1 HHZFRBIRRSRERES



A7) =% 727 294 M LR B IR DA ik

Fabrication of Porous Ferrite Materials for
Electromagnetic Shielding by using Slurry

MEE R

0502

WRxE SR ILERY #Ed? % E [§ 2% Nobuyasu Adachi

Porous Ni,Zn,_Fe,O, and BaFe,,., (Ti,Mn,) O, ferrite materials were synthesized from wood and
paper templates infiltrated ferrite slurry nitrates for the application of high frequency
electromagnetic shielding. The nickel, zinc, barium and iron (III) nitrate aqueous precursor solution
was infiltrated into the cedar wood specimens and were sintered at the temperature between 800
C and 1400C. From the XRD analysis, the ferrite crystallizations were recognized for the all
sintered specimens, however, the secondary phase of y-Fe,O; were observed for the specimens
sintered below 1000C. From the SEM micrographs, 1-dimensional (1D) porous structure of the
wood was remained in all specimens although the volume was decreased with increasing the
sintered temperature. For the Ni,Zn, ,Fe,O,, the magnetic hysteresis loops showed the magnetic
easy axis lies along the 1D pore, which evidence of the magnetic anisotropy depending on the 1D
porous structure. At the present stage, the magnetic anisotropy is considered to come from the
magnetic shape anisotropy like thin film structure. The real part of the complex permeability was
measure up to 2 GHz and the values for the case of the 1D pore along to the magnetic field
indicates larger than the case of the 1D pore perpendicular to the field and 3D porous structure.
The BaFe,0,4 porous ferrite sintered at 800C showed the large coercive force He and (B-H),...
and the H, decreased with increasing the sintered temperature. The ferromagnetic resonance
(FMR) at 9 GHz appeared at the BaFe,,.(Ti,Mn,) Oy (x=345) specimens, which is the effect of
the reduced anisotropy magnetic field. The FMR spectrum of the multilayered sintered BaFe,.
(Ti,, Mn,) O,y (x=4,5) showed the superposed spectrum of those of BaFez(Ti,Mn,) Oy and
BaFe;(Ti;,Mn;) O, This result indicates that the multilayered BaFe;,,(Ti,Mn,) O can be

expected for the broad band electromagnetic shields in GHz region.
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different sintering temperatures.
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(a)

2 SEM micrograpgh of (a) cedar wood and (b) porous Ni-Zn ferrite.
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Fe,0, (x=05) ferrite depending the directions
to the porous structure.
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Fabrication of Integrated Composite Particles by Electrostatic Adsorption

Technique and Microstructural Control of Functional Nanocomposits
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In the conventional processing technique for fabricating nanocomposites, mechanical mixing of
raw powders in a ball mill has often been conducted. However, this technique might be insufficient
to fabricate nanocomposites with homogeneous microstructures due to the aggregation of nano-
sized raw powder. In order to overcome these issues, novel processing technique was successfully
developed to fabricate integrated composite powders by present author. The fabrication of
integrated composite powder involves the sequential adsorption of oppositely charged
polyelectrolytes, 7.e., PSS (Poly (sodium 4-styrene sulfonate)) and PDDA (poly (diallyldimethylanm
oniumchloride)) on surface of matrix and additive grains, respectively in order to produce
electrically charged particles. And then, the integrated composite particles, i.e. large-sized-
particles coated with nanoparticles were successively obtained by the mixing with oppositely
charged particles in the solvent. The proposed technique was one of the simplest and the most
versatile processing techniques for fabricating integrated composite particles for nanocomposite
materials. It was concluded that the proposed technique examined in this study provides an

efficient tool for fabricating the microstructural controlled nanocomposite.
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Pattern Formation of Binary Colloidal Particles
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MRAFRE R RFR TSR B % JE B T Satoshi Watanabe

Bottom-up self-organization approaches are promising for fabricating higher-order patterned
surfaces composed of submicron particles. Thus far, several techniques have been reported to
fabricate complex particulate films such as stripes, rings, and circular domain arrays. We have
been studying an evaporation-induced self-assembly technique, and reported the stripe pattern
formation on a completely hydrophilic substrate. By using this technique, a stripe pattern was
produced simply by suspending a substrate in a fairly dilute suspension, without any complicated
procedure; the stripes spontaneously aligned parallel to the contact line. In the present study, we
examined the effects of salt concentration on the morphology of resultant particulate films. We
found out that, under a specific condition, a Sierpinski gasket pattern formed in an ion
concentration region around 10™° M. The requirement for the Sierpinski gasket formation was
found out to be the use of a mica substrate and lithium or sodium ion. In this concentration region,
alkali ions with a firm hydration layer would play a role as a lubricant between particles and a

mica substrate which has an ion-exchange capacity to help the cations adsorbed on the substrate.
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T A THEE LT R DEDEIL L 720 T ofE
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HT, A4 ¥ &L 7-Sierpinski gasketlZ 5T
(&, A=A ADFEIERTIZA b T A TIRIK A A3
Lo sh (B6a), HHoOKEE LLIZ, Z0
ANTA TO—EHAIH O THEICHES TFICHIET S
NTWLEET2BIE SN (B6b), L TMAZ
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Preparation and evaluation of chitosan-based nanoparticles containing
immunestimulating agents

MAERKRE

07119

EEMREEAENSLE B0 K T

F& Hiraku Onishi

In this work, chitosan-based nanoparticles were applied to enhance efficacy of the

iImmunostimulating agents.
immunostimulating agents.

prepared as its drug carrier.

Lactoferrin (LF) and fucoidan (FUC) were chosen as
As to LF, chitosan/alginate/calcium complex microparticles were

The microparticles had a size of 1 — 2 um, and showed relatively

high LF content. The LF content and release rate were depended on the concentration of the
chitosan solution used for the treatment of microparticles. Efficacy was investigated by the pre-
treatment with oral administration to rats with carrageenan-induced edema. The microparticles
exhibited better efficacy than LF solution. In addition, chitosan-based nanoparticles containing
FUC were prepared and evaluated on the usefulness. From the particle characteristics,
N-trimethylchitosan (TMC) /FUC nanoparticles were considered to be possibly useful
nanoparticles, rather than chitosan/FUC nanoparticles. TMC/FUC nanoparticles had a size of 320
nm and contained FUC at 47% (w/w).

treatment with oral administration using mice with sarcoma-180 solid tumor. In both treatments,

Efficacy was examined by the pre-treatment or post-

TMC/FUC nanoparticles exhibited better suppression of tumor growth than FUC solution. The

nanoparticles were considered to enhance the antitumor efficacy due to the promotion of immune

induction etc.

These results suggested the chitosan-based micro- or nanoparticles should be

available for the enhancement of the functions of immunomostimulating agents.

MEE R

AR, DS L2 L3R, EEED B0 IiE
WOWEEDL LHFELTBY, ZNHICE LTER I
v, F72, BERAHOBER LS, MHEREIZE &
FLGENLVONBIRTH 5, FERRIERFIZLD
FRIZBVTL, EXOREHTRIFEHAIEZ )%
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1. 57 M7 U RETFRAOHR EHH
PEDFHT

1.1 [FUBHIC

77 b7 x) ORI REANLIZOWT, F MY
B IEMHOCTRE 2T o 7205, BUBHIEAL$ L b
BHTROWI L, F MU MR T3 B B CREER L
LRIV DIENE T — T 1 v T ORI
ZEidy, B, BadT mETRERRL 52
b7 x2) 2 OUREDTRE LR T DIRE 21T o072, F
MY S TIVECRS TV WS T BRI,
AF BB L D, Dl ) RERMITFEERT S 2
EORHRESNTHENY, SHEIEZ OB ARMKT % 7
LT, 927 b7 > OMRTHRIEREZ Ra 7,

1.2 EBH*E

XNV STNFE VRS VT AEETRT O
BUZDOWTI, 7TV IV AT &l
WEIC X DAELL, TNE MY LB B 2
BROFECRE L7z, 7TVFVEES MY 4 (Al-Na:
MIEHESE T3 (Fk), 80-120cP) 300mg: v+ J 7 k
7x19 ¥ (LF:NRL77—~ (#)) 150mg% 7k20ml
L, 1000rpm THRFEL TR %t A¥ 4 LA
YEvovey v (SO-15) &HMEIVNT 7 4 »400ml
I T L, IEREEL 2. 20’ 10% (w/v)
WAL Vo ZKRBHE AmlERML, & 5121545 H
BHEL72. 20k, H#EzIko, o—% 1) —TNKL
— ¥ =% T, BET, 37TCTiELIT- 72, 7L

AREED SR T TR IR 72 o 72 i TR 22 % 11,
n-AFH A RILTERAIL, 1500 % g T1055 [ 0
SHERAT o oo TRBEWIE, n-AFH U EHWT 3
W Lize T = —THIRL, TIVFUEE D
VI AEA M T (Al/Ca-MP) % 72, Al/
Ca-MPHOLF&EA I, KT % HREISOHE 1+
BB L, KEWE HRISOH 2MICERL, Theh
IR L7ZLFOE#BCAT U A 7 vt A12L D
ko, BHIL 72,

Al/Ca-MP 800mg#0.5% (w/v) ¥ b4~ (Ch:
KEFEIL (), BACKEEE) 0 1 %EEEE AR ETIIR AL,
IR L 720 1500 % g CT1055 1 3 0 40 Bk % 47\
B K T3 HPEEL, 7T r—% -l
F N STNECEES VT AEARRT (Ch/
Al/Ca-MP) %1%7-. LF&AEIX, BRERKEWR &k
FHiPOLFREEZBCATO T4 7 v 412X YK,
bEDOLFEMLAELGIK S LI HEM L,

WToWmRE, A&a—741 v 7 RIGEEETH
% (JEOL JSM-5600LV) % Fl\C@il L, R74£,
TRk % #7720 72, Ch/Al/Ca-MP 10mg# H 15
DS mIZ gL, 37C THEF100 O & 9 G4
T2 A~ F 2 X— b &7\, 1500 X g T10%5 [ %
LB, LB HRISOEE 2 3mlx mhn L,
SEEHEIFEBRICA v F 2 N— N 24T o7z, FOBE, —E
BRI o OB L, EFE100ul 2 $RELL, i L 72
LFE*#BCA7UOT A T v I2L YRz,

BONTME T OREEHET 72012, hI75=
AFNENRS S 2 JSREFIHIRY RN OV THRET L 720 1708
YERC 5, 3, 1 HATC50mg LF eq./kg/day D% 551
T, T o B AN R, LEO AR AR O
KRG, EFAEER (2 he—)) 2770 Fa
— T REE LDV Y T EHWTEWICRS L.
1%7 Z 7 =~ O A E R0 Iml % 2 BUE IR
TIEAL, 20k, Zo%E—MH$ TORELHE
L, BEOKE &2 72, Wit o
BB 72012, BUE TR A % 2= b L2
DR %m0 BEL TERILL, 2 hvx W CRIBRIC A
7 = IR R 2 A L 72

13 RBREZBE

Al/Ca-MPiZ &k & L T90%LL Lo HIERTH 5
L, LF$131390% X & 41725 Ch/Al/Ca-MPIZxf ¥
% KL f-H§ 1% % Table 11278 L 720 “FIHRLF£1.65um T
LF&HZ22%D b ODF S N Tzo R E D0
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Table 1 Preparative conditions, yields and particle characteristics of Ch/Al/Ca-MP

Al/Ca-MP 05% Ch Produced Yield LF content LF Mean partic]e
Product . %, w/ o o :
(mg) solution amount (mg) (%, w/w) (%, w/w) recovery (%) size (um)
volume (ml)
Ch/Al/Ca-MP 800 340 295+ 5 382 2+5 52+9 1.65 = 0.15

Yield was calculated as the ratio of the product amount to the total amount of the used substances.
LF recovery was the ratio of the incorporated LF amount to the used LF amount.

Thee results are expressed as the mean = S.D. (n=3).

Percent distributed

50

40

30 1

20 A

1 1.3 16 19 21 24 27 3 33

Green diameter (um)

Fig.1 SEM image (A) and particle size distribution (B) of one lot of Ch/Al/Ca-MP. n=150 for B.

BRLRZ DT LTCLE) O, F M oEea
K12 Al/Ca-MPHUZ BRI FRAF L 7238 L v o o Aps
BUHTIEICE LD EE 2B N7z, Ch/A
Ca-MPOHRL TR & 4 X% Fig. 1127k L 720 Fig.2id,
LF®OCh/Al/Ca-MP2> 6 ORI BB % 7”37, 1 R T
FI60% DS L, 2Dk, R4S 2 2 LA
IRENTze Tz, ZOBMBEEROES, 81, %21
FOLFNIZBWTYH, R IBREREL RO 2 & D0
FENT. Ch/Al/Ca-MPIE, 1FIZERIKT 1-2 um®d
YA T, MPAN—ZA M EH D00, LF2EHT
LKL UTHEET L2 EDMERR SN, B, K
PFREMETIE, 73z arF— Y-k TFEELZ
CIFEEL 2o 7es S EOSO-15EHFMEI/NT 7 4 2D
W/OFRALSLMECIEHEE L W e Ex bz L L
A, FONIRTIA XS5/ E L, MG R
RHERERNOLZESTNETHL L VEZ LN
720
FFERICBNTIE, 20 F FOMRTB LW
Bt 2 B B 72 fehi 7 s oW TR 2 L7228, €

| 1st fluid 2nd fluid |
I T "]
100
= 75
(0]
S
[}
s
) 50
3
5
[}
25
0 T T T T T T 1
0 1 2 3 4 5 6 7
Time (h)
Fig.2 Release profiles of LF in the sequential

incubation in JP15 1st fluid (pH 1.2) for 2 h
and subsequently in JP15 2nd fluid (pH 6.8)
for 5 h. Each point represents the mean =+
SD. (n=3).
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NENOFEREFIg3, Figdll/RL7ze WILiZBw
Th, LEWEWHEICIA, k78 B 72 i IR ]
AR L7z Ch/Al/Ca-MPIE, RCHEMARL T & L
T, BENZLFOREEMEL ) 2HHITHLHZ LD
IRENTz.

2. NUXFIX YL 7245 8EW
BLFDER & HrhidE O

21 FLsic

7 a4 %y (FUC) &, WBRfbZpEsE CcaEm %
HLTBY, FMHraboR)pFrref4ra
Ty 7 AR, BETDHZIEPHLENTWS
1) ARWFZETIX, FFHFBICMY AFVF
YEHWT, 7aA4 50 F Y EEROF kT
DFBEEITH 2 & ERMTze BN, WHI/ST 714 >~
xR & 9 B PR KB CIRE T A4 A
VGG R A TS, IR TR R T O
HREETH - 72720, 14 P GEEE HVCRE LT
I k&L, BN F R FITOWT, in vitro
Lin vivoT7 a4 ¥ v F /KT OF HEO M % 17

Of:o

1.8 - —O— Control
° —A— LF solution
E o —8— Ch/AlCa-MP
=)
>
=
N
é 1.4
)
S| *
2 124
.2
3=
<
a4

1
0.8 T T T T T T T
0 1 2 3 4 5 6 7

Time after injection of carrageenan (h)

Fig.3 Change in right hind paw volume after
intracutaneous injection of carrageenan to the
footpad of the right hind paw in rats (250-
260g). Samples were administered
intragastrically at 50mg LF eq./kg 5, 3 and 1
days before carrageenan injection (total dose
= 3x50mg LF eq./kg). The results are
expressed as the mean * SE. (n=3). *P <
0.05 vs. Control (Dunnet t post hoc test).

22 EEFHE

N-bY AFUF M2 (TMC) &, Sieval® D Jy
HEEHWCHEL 7275, one-step THEOLN/Z8% K1Y
AFIWVLEDO SO L7z F /7 kT, TMC
(10mg) #20mlDKIZEf%, FUC (BEEKELS
T3 (#)) 10mg# & t/KEHIOmIZ HEE T I2E 4
T L7ze B 5N 72T 2670 X g T10mini-L L
T, EEATRHIL 72, FEATIS ST, 36000%g
T20mini s LT, OB L, Z1xFUC
“&AHTMCH / fi¥ (FUC/TMC-NP) & L7z, FUC
&HF MY kT (FUC/CH-NP) 122oWTlid,
CH (10mg) #20mlo 1 %HEER/KBTIZEM L, FUC
W& FNLIEO#EIEIX, FUC/TMC-NP & [EERI124T
vy, ERE L 72,

BRI, ERBRICAHSEI—T 10 v 7L, EREE
T-BEMMEE (JEOL JSM-5600LV) % FHwCHEUA L, i
T8, WIREFANR, T2, T oOKEBRERIZOW
T, KREEFHEOBIEHELREELS-800% H\ T
B A X, RLEE A & BI5E L 720 FUC/TMC-NP
HOFUCHEAZEIZOWTIL, FUC, TMCOICHE G
2 5N/CH &2 X, fFON/CH A 6, FUCE
TMCO# B % & L 72 (FUC/CH-NPIZ DWW T,

Ratio to the initial volume

—O— Control *
1 —A— LF solution
—— CW/Al/Ca-MP (1 h-treated)
0.8 T T T T T T T
0 1 2 3 4 5 6 7

Time after injection of carrageenan (h)

Fig.4 Change in right hind paw volume after
intracutaneous injection of carrageenan to the
footpad of the right hind paw in rats (180-
200g). Samples were administered
intragastrically at 50mg LF eq./kg 5, 3 and 1
days before carrageenan injection (total dose
= 3x50mg LF eq./kg). The results are
expressed as the mean = SE. (n=3). *P <
0.05 vs. Control (Dunnet t post hoc test).
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YA XDPKEL, PEEHEDr o 272012, MBREIZ
Thehorz).

FUC/TMC-NPOFHM A #ET 4572912, in vivo
THUES DR % Mad L 720 #930gd MEtkddy~ 7 A &
vy, Sarcoma-180 (RALKZFMNERATE & 1 #24E) 1 x
10 % e T bR T Ic Bl L CHEBIES IR E 7L &
L7zo #%5-E8RE, WG~ (Pre-treatment)
L ES A5 (Post-treatment) ® 2 DDA Y
12— )V TITo7e $7%b%E, Pre-treatmentTlE, #¥
FERTI3H 225 1 HAjE CZMH CRF7 [, 4 M15mg
FUC eq/kg ® dose T B W 12 ¥ 5 L 72, Post-
treatment Tl&, A% 1 HH2513HH £ CTHRHT
7 I, 4215mg FUC eq/kg?®dose T H W IZ#&5-
L7zo MEBY A X1, A7 HHASHEEIZOWTE
& x (Jfe) Y2 Tk,

A
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) 18t
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(Drm)
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Diameter (nm)

23 HWBREEE

1% 6 N7z KR T ORLE 534 % Figblo, EAEMEE
% Fig.6l2 7k L 720 FUC/CH-NPIZ, P39k 11245
28umT, PELH21%THY, WbhbwbF kT &
LT 2oL wa &, IEMENZ Ehs, B
AR AET LI LR SN0, SO
BEHEAT D A > 720 FUC/TMC-NPIZDWTiE, *F
YR T EAB20nm E F/ F — & —T, UKD IS
<, FUCEHZ4T%, FHAME3M4%THY, F /KT
ELTENRTVLZ DR LN (Table 2)

B ERRIC X 2 HWFEM I oW T, FigZIo# &
ERLIZoWTIUIBWTYH, I bE— VI,
FUC##E, FUC/TMC-NPW ¢ I+ A X O #
%R 720 F72, FUC/TMC-NPIZFUCHA &
L EWEEMEIIH AR L, 3 o —uiIxt LTk
HEZHH L 720 FRICEEREZITo 7205, Wi
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Fig.5 Size distribution profiles of FUC/TMC-NP (A) and FUC/CH-NP (B) in dynamic light scattering.

2 XlBgB88

Fig.6 Scanning electron micrographs of FUC/TMC-NP (A) and FUC/CH-NP (B).

bar is 1 um and 2um in A and B, respectively.

B

XGBB8 ZMm

The length of the white
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Table 2 Particle characteristics of FUC/TMC-NP

Particle size Total yield FUC content FUC loading efficiency

(nm) (%) (%, w/w) (%)
325 = 36 357£0.8 46.9 = 1.6 335+ 19

The results are expressed as the mean = S.D. (n=3).
A B
_ . 1000 .

1800 —O— Control (saline) —O— Control (saline)
P 1600 | —A— FUC solution = 200 | —A— FUC solution
g 1400 1 —@—FUC/TMC-NP g —e— FUC/TMC-NP
9 Py
E :
: E
5 5
: g

11
Time (days) after inoculation

13

Fig.7 Tumor growth profiles in mice bearing S-180 by pre-treatment (A) and post-treatment (B).

results are expressed as the mean = SE. (n=3).
symbol. * p < 0.05 vs. Control.
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Analysis of clean up mechanism of PCB-polluted sediment particles

MEARE

08101

e

()T P LB SERT = OV ¥ —Buliisedr - BEpgEE i B & M Hideki Kanda

The authors previously proposed a clean up method for PCB-polluted sediment by the use of
liquefied DME (dimethyl ether) gas. In a laboratory-scale experiment, 99% of PCB and water
could be simultaneously removed from the sediment by solvent extraction using liquefied dimethyl
ether. The energy consumed by this method was a half of latent heat of water; thus, this method
using liquefied DME was confirmed to be effective and energy efficient. However, from a practical
application standpoint, not only scale-up procedure but also basic microscopic consideration for
clean up mechanism of PCB-polluted sediment particles are indispensable. In this study, we
examined coexistence phenomena of binary Lennard-Jones liquid phases adsorbed on sediment
particle by molecular dynamics simulation. The simulation results showed that surface coverage of
PCB-like phase increased in proportion to PCB concentration in the bulk liquefied DME phase.
Based on the results, this method was experimentally tested on oil-polluted soil by using a bench-
scale experiment. The bench-scale experiment is successful in simultaneously removing both water
and oil from soil powder. One application of this technology is expected to be the recovery of PCBs
that leak into the urban rivers and other parts of the environment and from transformers that
have been contaminated by oil containing PCBs. We would like to investigate the properties of
PCBs in liquefied DME extracted from the sludge obtained from urban rivers etc. that contains
PCBs and expand the range of materials to which the DME dewatering and deoiling technologies

are applicable.
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Efficient luminescence from rare-earth elements by nitride-based nano-particle

-
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We have succeeded in the growth of europium (Eu)-doped GaN layer grown by organometallic
vapor-phase epitaxy (OMVPE) and demonstrated the first low-voltage operation of current-
injected red emission from a p-type/Eu-doped/n-type GaN light-emitting diode (LED) at room
temperature. In order to clarify the growth characteristics, we investigated the growth
temperature dependence of luminescence properties. The dominant photoluminescence (PL) peak
intensity at 621 nm, due to the intra-4f shell transitions of *D0O-'F, in Eu®" ions, became the highest
when the sample was grown at 1000C. Above 1000C, the PL peak intensity decreased because of
the lower Eu concentration associated with the surface desorption of Eu®* ions. On the other hand,
although the Eu concentration of the layer grown at 900C was only half of the layer grown at 1000
C , the pronounced decline in the PL peak intensity was observed with decreasing growth
temperature from 1000 to 900C, which results from the modification of the local structure around
Eu’" ions. These results indicate that the growth temperature strongly influences the Eu
concentration and the local structure around Eu®" ions. Therefore, an optimized growth
temperature exists for strong Eu-related luminescence from Eu-doped GaN layer grown by
OMVPE. As for an electronic device, the bright red emission was obtained with an applied voltage
as low as 3V under normal lighting conditions. At a d.c. current of 20 mA, the output power,
integrated over the °DO-'F, transition of Eu*" ions (around 621 nm), was 1.3 uW. This result
suggests a novel way to realize GaN-based red LEDs and monolithic devices comprising red, green
and blue GaN-based LEDs.

2 Nishikawa Atsushi
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Large-Scale Computer Simulations of Oil/Water/Surface-Active
Particles Systems

MEARE
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¥ SE Hiroyuki Shinto

A direct numerical method, based on statistical mechanics and fluid mechanics, is proposed to

simulate the solid particles suspended in immiscible oil/water mixtures. Our simulation method

successfully reproduces (i) the Laplace pressure of oil droplets in water, and (ii) oil droplets on

the solid surfaces with various wettabilities in water. Our method allows us to represent not only

the hydrodynamics of the particles, but the arbitrary wettability of the particles for the two liquids

(e.g., the hydrophobic, hydrophilic, and surface-active particles).
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Catalysts prepared from glassy-metal powder produced by
gas atomizing method

08104

WRRKE  EEBRFERFRELEMRN i H 2 B £ TakamiKai

Catalysts for methanol steam reforming were prepared from the glassy-metal powder produced
by gas atomizing method. The basic components of the alloys were cupper and zirconium, and a
small amount of platinum was added to the key components. The alloy powdereasilymelted and
fused together to form agglomerate at relatively low temperature in pretreatment process.
Consequently, the surface area of the powder decreased and the catalytic activity was very low.
Coating the powder by silicasuccessfully prevented the sintering of the alloys. The coated alloy
powder was used as a catalyst for methanol steam reforming after pretreatment of oxidation in the
air and reduction with hydrogen. The catalytic activity was one order higher than that of the
catalyst prepared from the amorphous alloys producedby using single-roll quenching method. Since
the reaction temperature could be decreased by 100 K because of the high activity, the deactivation
of the catalytic activity was reduced. Although the amorphous alloy by using single-roll quenching
methodwithout platinum did not show the activity, the powder alloy without platinum formed an
active catalyst for the reaction. However, the concentration of carbon monoxide in the product gas
was about 0.1%. This value is still high for the practical use as the catalyst for methanol steam

reforming.
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Thermal management by using high thermal conductivity copper with
un-bundled CNTs

08106

WRAKE  KBORFHARSMH SEEE 4 H A & Imai Hisashi

Characteristics of pure metal matrix composites reinforced with carbon nanotubes (CNTs) have
been investigated. Pure Cu powders coated with un-bundled CNTs were prepared by using the
surfactant (surface active agent) solution, containing both hydrophobic and hydrophilic groups, via
wet process. The microstructural and mechanical properties of CNT-Cu composites were
particularly investigated in detail. Cu powder with a mean particle size of 130um and multi-wall
CNTs with 20 nm in diameter were used as matrix material and reinforcements, respectively.
After dipping Cu powder into the solution with CNTSs, the composite Cu powders coated with
CNTs were served to heat treatment in hydrogen gas atmosphere to thermally resolve the
surfactant films of the powder surface. The suitable temperature for heat treatment was
determined by differential thermal analysis on the composite Cu powder. The extruded Cu
composite including CNTs indicated an increase of 30% in hardness and 17% in yield strength,

compared to pure Cu without CNTs. The thermal conductivity of CNT-Cu composites by using

wet process steadily decreased with increasing the CNT contents.
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1 Schematic processing of raw powder coated with un-bundled CNTs and its magnified surface.
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3 SEM observation of dry powder of Cu/CNT composite (a) and Annealed at 873K in H,-Ar (b).

Extrusion direction

4 Microstructures of cross section of hot extruded Cu/CNT composite with un-bundled CNTs (a) and Cu

raw material with no CNT (b).
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6 Fractured surface of tensile test specimens Cu/CNT composites.
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8 Dependence of the thermal conductivity of hot
extruded Cu/CNT composite on the amount
of CNTs.
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Control and Application of Thermal and Electrical Properties of Diamond

Nanoparticle Dispersed Films
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There is an increasing interest in applications of wide-gap materials to high-temperature and
high-power electronics. It is necessary to radiate extra heat efficiently through an aluminum heat
sink coated with a heat-resistant material with high thermal conductivity. Diamond has the highest
thermal conductivity in all materials, which at room-temperature is above 1000 W/mK. However,
at high temperatures, diamond films show low adhesion to aluminum substrates due to a large
difference in thermal expansion coefficient between diamond and aluminum.

Nanocrystalline diamond films are composed mainly of two carbon phases: the diamond phase in
form of nanograins and amorphous carbon at the grain boundaries. The thermal expansion
coefficient can also be controlled if the diamond/amorphous carbon ratio in the films can be varied.
The author has showed a way of increasing the diamond/amorphous carbon ratio in plasma-
enhanced CVD. In this study, we examine the thermal and electrical transport properties of
nanocrystalline diamond films.

The films were deposited on aluminum and silica substrates. The room-temperature thermal
conductivity increased when the diamond fraction was increased. Nitrogen addition increased the
electrical conductivity, however, the thermal conductivity decreased. This was attributed to an
increase in thermal resistance at the grain boundaries due to a decrease in the diamond/

amorphous ratio.
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Template-free Synthesis for Nano-crystalline Zeolite

08108

MrfEsE  EmERERERLIEWRER A7 o A TS (b0
WEIE % WO Tago Teruoki

In hydrothermal synthesis of zeolites, organic-structure-directing agents (OSDA) are employed
to form zeolite structure, in addition to alkali metals, and Si and Al sources. Recently, there has
been growing interest in OSDA-free synthesis of zeolites, such as MFI and MOR. Since formation
of zeolite nuclei and crystals proceeds in a strong alkaline solution, however, nucleation/
crystallization and resolution of zeolites simultaneously occurs, leading to low yield of zeolite and
poor crystallinity due to deposition of amorphous silica. In contrast, we successfully prepared MFI
and MOR zeolite nanocrystals via hydrothermal synthesis in a water/surfactant/organic solvent,
where the non-ionic surfactants adsorbed on the surface of the zeolite precursors likely induced
the formation of zeolite nuclei. Moreover, it is considered that the adsorbed surfactant inhibit the
zeolite nucleil and crystal from their resolution. Main objective of this study is development of
OSDA-free synthesis of MFI zeolite at high zeolite yield.

In order to investigate the effect of surfactant properties on the crystallinity, OSDA-free MFI
zeolite synthesis is carried out using the surfactants with different oxyethylene-chain length.
Addition of surfactant into the synthetic solution is effective in improving the crystallinity of
obtained MFT zeolite. Moreover, the HLB (Hydrophile-Lipophile Balance) vales of surfactant affect
the amount of N2 adsorbed on micropore. Since zeolites possess hydrophilic-hydrophobic properties
on their surface, there exists the affinity between the zeolite surface and surfactant, depending on
HLB values. As compared with the sample without surfactant, the yield of MFI zeolite at Si/Al
ratio of 12.5 increased from approximately 60% to 90% in OSDA-free synthesis using surfactant
0-15. The high yield of zeolite in OSDA-free synthesis is ascribed to the adsorption of surfactant

on the zeolite surface, where the resolution of Si and Al atoms in zeolite framework are inhibited.
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In the PEFC catalyst layer, the electron, the ion, and the gas vertically flow to the electrode
plane. Therefore, the structure that the catalyst and the electrolyte ionomer and the porosity are
vertically connected is preferable'. The catalyst layer based on the organic crystalline whisker in
3M company’ and the catalyst layer based on vertically aligned carbon nanotube (CNT) in the
Toyota Motor Corporation® were researched.

In this study, we propose a new fabricating process for an ideal catalyst layer structure that the
material transfer paths of the ion, the gas and the electron are ensured by using the Pt catalyst
support vertically aligned CNTs. The concept of the process is shown in Figure 1.

The process was examined experimentally. Vertically aligned CNTs of about 10 nm in diameter
were obtained by the CVD method on the silicon substrate using published technige®. In order to
take away the Fe compound catalyst and make bonding sites for Pt atoms, the tip of vertically
aligned CNTs were burned by the heat treatment in oxygen®. In this study, the Pt catalyst was
supported on the tip of vertically aligned CNT by Pt sputtering, after burning off the tip of CNT.
Pt was dispersed on the tip surface of vertically aligned CNT, as shown in Figure 2. The vertically
aligned CNT was coated by Nafion ionomer solution, hot-pressed with Nafion membrane, then
transcribed on the Nafion membrane by peeling off the Si substrate. Figure 3 shows the cross

section of ionomer coated vertically aligned CNT on the Nafion membrane.

A5 EdELCHSNTYS Y, BEIBIR CHER

MEE R

M7 51X, T, 2B A4+ v AR

INFE TR flDIT S AlEEA L & b SRR
Wit Td b Fig. NWIRLAZXH1Z, Z OBEEHEE
TOL LNl ONETlE, B REME L ROl
(=R 2), KFEA A+ 2 (EET 50O ERE (1
F /< —) BEOHT AP EET B ERIPFIET o
D&, BEEREIE, A+ v — L CER S,
WIS 544/ ~— Ll #2252 T, 44/
~ =, i, ZEBO AR B hiiiE A ER S 5 2 &
MNCTED, £LTC, 414/ v—LfEnlbicid, i

B — R VEFREDNENETNI0WFTET S &, Mt
B S IR 5 2 EE SN TWEY, I —F
YRR ERE § A0S, ETEREFEEI IO T
SCHPHICIRE SN, 1A/cm’ %282 5 EEREET
WML L) EThE, LVELOERPLELRD,
WA RRAD LS L, mERE ST 5 2 LA
bhoTEM,

BT, A4 BLOY AIEMMEIA L CEE T
NDDOT, B, A4+ v—BLOH— KN E



Hosokawa Powder Technology Foundation

EHRER
ERANEEIEE

A

Fig. 1

EICEY S 72 HESEE L vwbhT &Y, &Kl
Bem s —AR>F ) Fa—71%, Fig. 210R L7259 12
H—=RF ) Fa—TPERICH L CEERM LD
DTHb, ZOFEBERIMEELFH UL, 2B, 1
F R —BIUMEEA &b L EHICEDS > TV D
7o, SEMEERIE, EEESBREGICHEAL,
F =, BIOI =R RMEsBIICHIR T E %
ZENTFEEND, E Middelman b ) &, T AL
DOREE & FE ORI RE TIE, 1213100% (205 filt B
ERY, BAFOBEMREEOMBE & T, fill
FHFEHHRI20%, LVHEREIZB VT FEERIZH20%
M52 ENTFHEND EHELTWD, RIFFET
(&, CNT % v 7 5 8 FL m) o fil i 3% ©, 7 AL
ML RN T T N R W S KB
CIEIE T BE 7 il g OVERUZ O W TR L 72

by AENE L 7o B EICEN L 72CNTAMEE 2Pt x
B EE S ¢ 2B IC B Vv T, H/Air, Pt/CNT
052mg/cm’® & &%, 1 A/em*THIOTIVDO 5V — FE
fif. (IR-free) &R L7722 EDBSHE SN TWB Y, F72,
GSIZ LA ADRFE L 72% v THERERICNTEMEIZ BV
T, Hy/O 8%, Pt/CNT 052mg/cm’C, 15A/
e’ TIRILHG I Z FIE L 2@ b H 570 W. Lib
OPHAFFCNT #Nylon7 1 V% — %3l L CTHECA &4 5%
AR TIE, Hy/O.DHERAUBEEMRTZIR & I L T2
HEEIZE VWD OO, CNTORMABAR T 45772012,
KERBEED2A/cm* T, BESBIZ L 2 EMET
HRLENY,

e Pt
0 1FIv-

] CNT

HAZDEN

EREE
(B) EEfcld CNT ZRAV\CAREBEIS

UL R AR 55 0D L

EBEQCNT D
Foims - RE

EBEQ CNT

Si &R

EBREQ CNT D
Foimsl - RE

EBEQ CNT

Si &R

<EZEBERE CNT
(/v Y

Fig.2  SifA LICIEEEA L 72CNT OSEM {4



Annual Report No.18 2010

DloFr—=5556, KR TIE, CNTEZHW/-HE
ERCIA O ST, A AL & AN e b o
TR & A7 S 7 KRR B B C R T B 2 il g o
RN DO WTHRES L7zo RBFZECTHAE L L7l <
1%, Fig. 18 X U'Fig. 21278 L 72 & 9 12 FRIC ML
M L72CNT% H\w 25 2 & Tl o JE S IR L
CHESE L - ElEEO 70 b v B LR TRE A
TSN A, & 512220 G it L 7z i R EED 77 Ak
SR L LTHREST 5 i s s,

MARROEIE

1. #&

PEFCOffi@ I Vo b 4 F /) ~— L il b1z
EHEEDH D LIRS Twa Y, LaL,
ZORBMESMEEAEICED LD, CNET
PEFCfl#f @1k & vV MERE & O BIR % 32§ 2 i 78
AT o T & 720 FEM % M H K T H % Ketjen
Black & Vulcan-XC O PELK, filifi: & 15 1% 2SPEFC i #in
MRS RIT T BRI 25, BAFOEE M 15
O TR L 7 e i R <L, KB
TEECTH AHENETL, A4/ <v—%2@5 LT
HAPEMEA EO L) &35 L, SRR HE)
BFT2L VI THEMNEZY, HREICLRANH S
LD hoTET,

PEFCAllfiE CIx, BT, 1+ BLUOFT RTEM
TR L CHEREICHNA DT, filll, ERES 4+ /<
— RO ZEEPEEICEN S T ENLET LV DEZ
FLLHT2 5 & - 720 EMiddelman® ® 13, 2ok 7%
R 2 Fr O MR T, 1F1Z100% |25 v il ) Y 56
L), BEFOBEARIIROMIERE & T, fildE A
JHERDSH120%, L IVPEREIZ BT D FIREISR20% b ¢
BERIZA E5 5 2 PG SN Twb, 3MAETIE,
ERRAER Y 4 A —="10 } 3 & TIIEERI S —
KryF/Fa—7 (CNT)Y % H 7= il g ORFZE A
TbiTWwb, I ¥, TERNCNTZ HW72
iR, B TH L EMELTVLY, S5
LIZFRIA L7-CNTE L TB 63, EERAOR)
RIFFEA S LT v, S 512, filllE, BHEEA 4/
~ — N OV ZEBR AT 2 3RS o 7oK e O MBS O
geld, AR L7z X912, HARTIIEERD S O
ETH D70, WRBEROFEE, D%, MESLH
LI EN TR WORBIRTH %,

il

2. EMES/ WFOCNTADHER

21 EEBEERCNTO/ER

SIHMN EICFefbt&EWE T4 v 7a—MEIZXD, T
VA=V ERFFERE L THW{LE#EE (CVD)
BV Ly, WEEACNT 2/E8 L 720 JARIE#E L
WOMEAY 4 Z1E5emX 5ecmTH A%, CNTE
HETHEMEMEINTWARKEE22cm*x 2cmT
Bz, TORESOCNTEER L/, 2L T,
TER SN/ EERECNT O ZH S 0T 5720,
HERMOETA S RCNTORIR (B, BS, BERL)
% EAEMEFIEMSE (SEM) & &8 R EF IE e
(TEM) % HWCERIL 720

22 &EMIEF / HFOCNTADER

&) IS KL OCNTHFFH M ORI IC B W
T, CNTREITBE A TH L7720, HitTs 2L
BPREND, 20720, &FMBK T OCNT~D
HEBFM OB FIE, A8y 7% v C A
CNTOfil R 2 1772 o 72

A28y ZIT L) Pt $HER L - it (IS ERE T H 5
CERUEIE YIS N T D, EEUEICPtE A8y &
L 7z )8 TlZ, 06 VIZHB W THERD#1265 00.77
mA/cm?ZEK L TwWAY, £72, CNTEB50%HE L
Ptx A8y & L7-WFFEf ik, EEGTEA82M 1
Lz HESRTVWEY, LaL, EERIN
CNTIZA/S Y # 12 X DPt&HFEL 2WgEfiz Ao
e TR il A CNTIE R 1o ah R & < i iE
FTAHIELIED, FAWEHME L REESHR S, 13
12100% O FMEERI A E R T 5 2 LN TEL EH R
bNbo ke Bk sEs 2 v ML, 1) Joi
I IIE N IZCNT D Rl T H 2 Felb &1 A3
T 5720, BBANOBRADVFEZ L, 2) Ll
G BER L7 B OCNTOYIN 1L, CNTAME &
TSR E W20, PtA/Sy ¥ #CCNTIZPtAS
WAE LR T RDIEIHb, ZOEBERMCNT
D fliER R 7 1 2 0 BARN 7 Tk 2 Fig. 31278,
FEEBCACNT Z MMBULEIC X b, Jedmilo 2 Mk &
2B, 28y F g CERMBER L2
BRI, ZOHBEITE DB S NPl % IS
72 HEERCIAICNT OSEMBIEE O R % Fig. 41278 L 72,
FEEEMCNTOEREIE, #20nmTHh o7z, S 512
M el A L PSS N Tn b 2 L 5h
Mo 7ze WIZ, PLA/Sy kTPl 2 4H4F S v 702



Hosokawa Powder Technology Foundation

CNT piRANE
% I/ T
Si &k
(@ CNT D&

Si &R

(c) SImAME L2 CNT

o(‘&\

a X 4
Si Eir

(b) O, TOHERILIE

Si &R
d) RNy BT

Fig.3 #FEEAAICNTOflEAE: 7 1+ 2

EEMCNT O TEMEIZE O & % Fig. 5lIR ¥, HEHE
FLIFCNT D Sl 73 |2 Rl T d 2 Feds i 6 7z,
FeDRRIIPtOKE L) b KE L, FeDRABELHK 7
nmThHsbIEDVbRnrolz. 612, TOPtaHEX
HEERBCNTOETF~Y A 707+ 7 4YF
(EPMA) MIE% 4T o720 O N72Pta i S €72
FEFEACNTICE TN TV A IER L ERERE» &1
R L7260 2 O IZPtAS1940%, Fedsty 2 % &
INTVWBLIEDVDbhoTze TNETONRET, FEE
WA ARMEA A DA O S E 6
BEOMRB L OBILICKRESHEET L2 by
S5TWb, TD7®, EHEAEMCNTIZE E NS KE
filllit Th HFe R MMOTTRANLEL, S5 IZfEfE I
EENDLREMBEOEEZHS T2 LASHOBET
Hbo SHIT, W LMEAHEROM EIZATTOA
78y 7 G OR#EAL S RETTRE TH Do BARIIZIE
EHECNT 2 /E8 L 721, SEumiicem s nsg +
K= 2BhT 5700, BERT I A< x i UslE
Iy F VT EIT), CNTIZF A=V 252902, %
iR A IR IR ET B 720, BEHTALEB X UHRA
Eajj%ﬁ%lh&ﬂb BTy T TN ERT 50 R
. SCURALER L 7-CNTIC P 1 & S AW A S &
2% X VT Do ARBFFECIER L 72k L 0% iR

M ESEL7-0121F, BEECNTO G IZPUHR
KT 2T B0ENH D, ANy T A (ArFR)
B, BIU, HAENOREALEZIT, P T %45
L12ODFMERET D, LEIISLT, ;@Uﬁimrﬁ@
HHEIT ) T2, Ar/ORAE N A% IV 724E
RHEERDEIZ DOV T ORI T 5, E512, ﬁ’aﬁﬂ”ﬁ&&ﬂ
F PR L 72CNT % & @AV E T (TEM) 12
LB L, JoimlE B X PR T HEF O MRS
NT A= RNy 755,

3. FEEACRECNTZ AU g E O/ER

fil A FE L 7-CNT RICEMRE (A4 ~—) 2%
W7otk EREIE A INE MBS (kY N 7L A) L,
CNTHAM 2 & #HE L CIREMBEEAE (MEA) % /FH#
L7ze 2L T, CNTE BEREEOHEAEIRE, BIO
¥k Fa— T ORI SIKEL, EFHEmMEEEH
WCEHII L 720 S OTEEFRACNT & F v 72 fil i 1 5L
Tat 2122w, Fig 6ICEAMIR L. IR
¥ T, BEHEICLAIMEAOERIZB W T, FHRH,
AF ) ~—/filifE b %25 2 7ok % e MEA & {EBL L
PERERRA L C X 72 FE @0 D 50 Z OFEEHFHTIC & V) £
5N HEERHCNT % FH o 72 filt i 8 o) SEMBR 256 5



Annual Report No.18 2010

%Fig. 7R L7ze SORE, W LiSY R L 722
MEA & J_T, AKWFZETIE#E L 7ZMEAIZ, CNT®
BRI s 2 & 2o 72, NafionfIZ#RE X7z
CNTOESIE, #10umTh-o72,

SlL, A4 v —HEEOREL, vy b T LA
FFOIREE & £ O %, CNTIG %O IR 5 O
HEH OGS ATV, I E LM CNT il g o
VERLHA % FEN. T % o

4. &

T LA CNT % CVD#EIZ & » TSigEAMR I ER 4
I ENTE, A8y P2 L ) EEFRFCNT O
TGPt T 5 2 AT E 2, Z OPilifiE %
HFF L 72CNT RICEME (1 4 ) ~—) 2 8E L7274,
ARG A E 2= E (KAv b 7L A) L, CNT

R1 Pt SELEERBCNTICE TN TS

TEE & H R
= BERE | RFHEE
(%) (%)
C 54.64 88.89
O 542 0.62
Fe 1.96 0.69
Pt 37.98 3.80

NI —
TARZE 200,000 XI2K Sion [

2Ny B UIZPt— |

EBRE CNT—

€ Z/3yBLf Pt

Fig.4 A%y % TPt & 055 & & 72 3 EAC 0
CNTOSEM#Bi%

rwur  —
THOO8S 200.0KV X608K  Lina

Fig.5 A/ ¥ TPl 2 0¥ S €7 FE R ACNT O TEMEI %



Hosokawa Powder Technology Foundation

Nafion i8R

RINyHUIZ Pt
CNT
.‘ ( ; ‘ Gﬂ ) a
Si Eik Si &k
(@) PtiBRF CNT b) 1A/N—2—F 1T
CNT
Nafion f& AN .
— RNy B UTIZ Pt
WY pdopgngg)
o o o 9 e . B N d L X X J
Si EiR Nafion &

() Ry FTLUR&RIEE

(d) FeRIAZ

Fig.6 HEMEMAMCNT % i\ 72 il g o8 7' u & A

W 1 F/N—%&
AL ONT

~—Nafion &

1000%  10pm WD 9.6nun 20KV

Fig.7 Nafionl|2#55 & W= EE A FCNT OSEMBIE

M5 FEE L CIREBRESE (MEA) 2{F#T 2
ZENTE, 61T, AWIRETIER L ZZMEAL,
CNTOERIPEDE NS E Db o 72,

SEOMEX, FEERFCNT % H 7 il g o
REETfiCd %o FH L - MERMCNT, L OMIE
[MCNTOMEA%Z, 2cmX 2cm® &)V [ZHL A A A,
PEFCHEEEE % F\ CHEBMERRABZIT) . 512,
ARG, EEGREE, EIREE R EOEmEE L2
CEMBEREZFHML, A4 A8 7 A LEE, &
FARENE S EOYERRBBIR & il EREE & OBR %
5,

ZEVH

1) P. Staiti, Z. Poltarzewski, V. Alderucci, G. Maggio, N.
Giordano, “Solid polymer electrolyte fuel cell
(SPEFC) research and development at the institute
CNR-TAE of messina’, International J. Hydrogen
Energy, 19 (6), 523 (1994).

2) R K TLIIZEE, B, B R/IT, [voruk
MEAREE & LV ERe O BIFR ], SEA7IRI R it 55 w43,
1B17, p.130-131 (2006.11).

3) R K TLEEE, BB W ORIT, [l A
F /<~ —m EPEFCHREDO ISR, H48II A i,
1D23, p. 470-471 (2007.11).

4) B K TLIOSEME, ¥R, B ORAT, [ERES
TR R Al g D I A )~ —/filliEE S K
9 — R EEEORE], ERFS Fnav
¥ — - BB BF %8 & & B, FTE-07-55, p49-53
(2007.12).

5) E.Middelman, ‘Improved PEM fuel cell electrodes
by controlled self-assembly”, Fuel Cell Bulletin,
Nov. 2002, p.9-12.

6) JHvE, HTERE, MARE—, HA K, [PEFCH
el ACAICNT A O |, HATHE M 2, 1A-
15, p20-21 (2006).

7) fEIRSME, MO —, BRREGE, MTEWE [y T



Annual Report No.18 2010

10)

11)

12)

13)

14)

a7 — R F ) F 2 — 7 % T 720K 3 i kgt
DOFTELFHM ], SB461E M T, 3A-06, pl00-101
(2005).

W. Li, X. Wang, Z. Chen. M. Waje and Y. Yan, “Carbon
Nanotube Film by Filtration as Cathode Catalyst
Support for Proton-Exchange Membrane Fuel
Cell”, Langmuir, 21, 9386-9389 (2005).

M. K. Debe, “Advanced catalyst and membrane
technology with enhanced performance and
durability for automotive requirements”, 4"
International Fuel Cell Workshop 2005 - Kofu, p.61-
92.

M. K. Debe, A. K. Schmoeckel, G. D. Vernstrom, R.
Atanasoski, “High voltage stability of nanostructured
thin film catalysts for PEM fuel cells”,
Sources, 161, 1002 (2006).

H. Oshima, Y. Suzuki, T. Shimazu and S. Maruyama,

J. Power

“Novel and Simple Synthesis Method for
Submillimeter Long Vertically Aligned Single-Walled
Carbon Nanotubes by No-Flow Alcohol Catalytic
Chemical Vapor Deposition”, Jpn. J. Appl. Phys., 47
(4), 1982 (2008).

Y. -H. Cho, S. J. Yoo, Y. -H. Cho, H.-S. Park, L.-S.
Park, J. K. Lee, Y.-E. Sung, “Enhanced performance
and improved interfacial properties of polymer
electrolyte membrane fuel cells fabricated using
sputter-deposited Pt thin layers”, Electrochimica
Acta, (2008) In Press.

H. -T. Kim, J. -K. Lee, J. Kim, “Platinum-sputtered
electrode based on blend of carbon nanotubes and
carbon black for polymer electrolyte fuel cell” J.
Power Sources, 180, 191 (2008).

T. W. Ebbesen, P. M. Ajayan, H. Hiura and K.
Tanigaki, “Puritification of nanotubes’, Nature, 367,

519, (1994).

EE

Mika Eguchi, Shun Yamamoto, Mayuko Kikuchi,
Katsuhiro Uno, Yoshio Kobayashi, Mikka Nishitani-
Gamo and Toshihiro Ando, “Characterization of
Multi-Walled Carbon Nanotube Supported Pt
Catalyst Prepared by Metal Nanocolloidal Solution
for Polymer Electrolyte Fuel Cell Catalyst”, J. Surf.
Finish. Soc. Jpn., 62/3,179-183 (2011).

FRRER

Shun Yamamoto, Takuya Kurihara, Kensuke
Hashimoto, Tasuku Miyamoto, Mika Eguchi, Yoshio

2)

3)

4)

7)

Kobayashi, Takashi Komine and Katsuhiro Uno,
“Membrane Electrode Assemblies for the Polymer
Electrode Fuel Cell Based on Vertically Aligned
PRIMEZ2008:Pacific Rim
Meeting on Electrochemical and Solid-State Science,
#882, Honolulu, Hawaii, USA, October 12-17, 2008.

Mika Eguchi, Shun Yamamoto, Toshiaki Aoki, Yoshio
Kobayashi, Mikka Nishitani-Gamo, Toshihiro Ando,
Katsuhiro Uno and Yasuyuki Tsutsumi, “Electrode

Carbon Nanotubes”,

catalyst for polymer electrolyte fuel cells based on
multi-walled carbon nanotubes as Pt catalyst
supports”, 17" Conference on Solid State Ionics,
P264, Toronto, Ontario, Canada, 30 June (28 June-3
July), 2009.

Mika Eguchi, Shun Yamamoto, Toshiaki Aoki, Yoshio
Kobayashi, Mikka Nishitani-Gamo, Toshihiro Ando,
Katsuhiro Uno and Yasuyuki Tsutsumi, “Electrode
catalyst for polymer electrolyte fuel cells based on
multi-walled carbon nanotubes as Pt catalyst
supports”, 17" Conference on Solid State Ionics,
P264, Toronto, Ontario, Canada, 30 June (28 June-3
July), 2009.

WA P, BEIECREAL, AHAMES, VLOSEEE, MRS5S,
AR, P, [TEERCHCNT 2 W 72PEFC
HOMEA], #5191 H AL/ BIREC R A3 0 X5
g 01B, 7K, 2008.11.21.

W fo, TLCIEE:, BERE, W B TARE,
WAETIRET, ZHEEN, MEB, R BT

IO FERIZE AP — K v/ Fa—T%H
W 72PEFCHl it o VF 8L, Z2 T Bl 17 2% 55119181 3
REPB-19, AR+ v > 782, 2009/03/16.
Mika Eguchi, Shun Yamamoto, Toshiaki Aoki,
Mayuko Kikuchi, Katsuhiro Uno, Yoshio Kobayashi,
Mikka Nishitani-Gamo and Toshihiro Ando,
“Characterization of Multi-Walled Carbon Nanotube
Supported Pt Catalyst Prepared by Metal
Nanocolloidal Solution For Polymer Electrolyte Fuel
Cell Catalyst”, 4™ InternationalConference on
Polymer Battery and Fuel Cells, 2P-50, Yokohama,
Japan, August 4 (2-6), 2009.

A e, YLIISEME, S5l MY s, /IRy,
WAETGES, RHEHFE BT/ 304 MEREC
£ B PHHFMWCNT OFEHL & PEFCAlBLRHE, 552001
H AR LA BRI M X F7E 38 ex, 27A, S8
T R 43 fE2009.11.6.

WA fe, VEEISEEE, ARIRSE, B9 B+, iBEF m A,
ANRTFS, TR, WA, @B/ aud
R A & 1372 PHEFEMWCNT % F v 72 PEFCili i
FEPE, S50 EE It 5 G S 3E0SIE 37 5T [ B 4% fiE,
2009.12.2.



MEARE

B ORI T 7 ARADNAET) - BEFEI I~ D50

Effects of the roughness of a surface in solution on the frictional and
adhesive forces

08110
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In this study, we made monolayers of hydrophilic particles at an air/aqueous interface using

TiO, particles. In order to study the conditions and parameters necessary to obtain a monolayer
with a controlled close-packing, we studied the effects of subphase pH, subphase salt concentration,
and particle size on the ability to form a monolayer. These factors were chosen as the solution pH
controls the charge on the TiO, surface, the salt concentration can vary the magnitude of
electrostatic repulsion and therefore the attractive forces affecting a TiO, particle, and the size of
the particle may affect the magnitude of the flotation and gravitational forces. TiO, particles with
diameters of 300nm , 500nm, 1um, bum, 10um, and 20um, solution pH of 2, 6, and 11, and salt
concentrations of 0, 100mM, and 500mM have been used in this study.

We saw that hydrophilic particles could be made to form a monolayer at an air/aqueous solution
by tuning the physical parameters of the system, e.g. by pH. This was done in our case for TiO,
particles by spreading them at an air/aqueous interface, when the subphase had a pH < iep of

TiO,. The positive charge of the particle and the negative charge of the interface allow the particle

to float, due to a charge-induced capillary force.

MEE R

In this project we aimed to achieve the following:

1.

make a surface of controlled roughness by
depositing a monolayer of TiO, particles to a
substrate. Here, the surface roughness was
controlled by the size of the particles, where

smaller particles result in a smaller roughness.

. Use the above surfaces to study the effects of

the roughness on the surface forces and friction
between a TiO, particle and a rough surface in

solution.

HFRRDBE

1. Particle adsorption at an air/H,0 interface
Effect of subphase pH: The ability for TiO,
particles to adsorb at an air/H,O interface was
checked by spreading a dispersion of 10um TiO,
particles (1285 particles uL™) in ethanol and by
sprinkling dry 10um TiO, particles onto air/water
interfaces. The effect of the charge on the TiO,
particle in the subphase was firstly checked by using
a subphase whose pH was adjusted with HCI to pH 2
or with NaOH to pH 11, giving values below or
above the isoelectric point (iep) of TiO,; the iep is

reported as pH 5-6. The subphase water was held in
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a glass petri dish, meaning that the distance between observed directly after spreading and after 24 h.
the particles could not be manipulated, but that Initially, the TiO, particles were observed to float at
particles adsorbed at the air/water interface could both pH values after spreading (Figs.1 A, D, J, M).
easily be observed by an optical microscope. Fig.1 However, the behavior of the particles changed with
shows the particles at the air/water interface time depending on the pH. At pH 2, the TiO,
EtOH spread.:
Initial: Top 24 h: Top 24 h: Bottom
pH2 5
Hzo = :. I
pHI11 .
pHI11 S 4
0.5M
NaCl :
Dry powder spread:
Initial: Top 24 h: Top 24 h: Bottom

Fig.1 Optical images of D=10um particles at an air/pH 2 water interface (A, B, C) and at an air/pH 11 water
interface (D, E, F) in a petri dish for particles spread at the interface from particle-EtOH solutions, and
images of the D=10um particles spread as a dry powder at the interface at an air/pH 2 water interface
(J, K, L) and at an air/pH 11 water interface (M, N, O) in a petri dish. The images of the air/water
interface after initially spreading the particles are shown in A, D, J, and M. The image of the air/water
interface more than 24 hours after spreading are shown in B, E, K, and M,. The bottom of the vessel after
that time is shown in C, F, L, and M. The scale bar is 200um.
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particles tended to flocculate, forming an open floc
type structure (Figs.1 B, K). The particles did not
sink, but remained at the air/water interface. No
particles were observed at the bottom of the Petri
dish (Figs.1 C, L). A similar behavior was observed
when dry particles were sprinkled at the interface as
to when an ethanolic suspension of the particles
were applied with a syringe. At pH 2, the particles
attached to the air/water interface and formed loose
aggregates (Fig.1 K, L). At pH 11, the particles sank
from the interface to the bottom of the vessel (Figs.1
N, O). The adsorption of the particles and the pH
effect was not affected by the spreading technique.
This shows that the adsorption of TiO, particles can
be controlled by the pH of the aqueous subphase.
The results further indicate that the adsorption of
the TiO, particles at the air/ pH 2 H,O interface did
not occur due to possible contamination coming from
the inner walls of the syringes, as was reported to be

the cause of adsorption in other studies.

Effect of salt concentration in subphase: In order
to better understand the influence of electrostatic
effects, we added salt to the subphase. A dispersion
of 10 um TiO, particles (1285 particle uL-1) in

Initial: To

: Top

ethanol was spread at the surface of pH 11 water
containing 500mM NaCl and optical microscope
images were taken. These concentrations are high
enough to screen the electrostatic repulsive forces
acting between the particles. The particles floated
after initial spreading (Fig.1 G). As time progressed,
the particles remained in the interface and tended to
come together, forming an open-type of floc at the
air/liquid interface (Fig.1 H). Only few particles
sank to the bottom of the vessel (Fig.1 1). The
addition of salt caused the TiO, particles to form a
stable monolayer at high pH. Thus, the adsorption of
the TiO, particles at air/H,O interfaces can also be
controlled via the concentration of salt. This indicates
that the negative charge of TiO, particles at high pH
and low salt concentration is relevant for their

dispersion.

Effect of UV irradiation. 10um TiO, particles were
irradiated with UV light for 45min; UV irradiation is
reported to significantly decrease the contact angle
of TiO,, due to an increase the number of charged
species at the surface. The particles in ethanol
solution were spread at an air/pH 2 water interface
(Figs.2 A-C). The particles floated after initial

24 h: Bottom

Fig.2 Optical images of D=10um particles that were irradiated with UV light for 45min at an air/pH 2 water
interface (A, B, C) and at an air-pH 11 water interface (D, E, F) in a petri dish for particles spread at
the interface from particle-EtOH solutions. The images of the air/water interface after initially spreading
the particles are shown in A and D. The image of the air-water interface more than 24 hours after
spreading are shown in B and E, while the bottom of the vessel after that time is shown in C, and F. The

scale bar is 200um.
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spreading (Fig.2 A) and remained at the interface,
even 24 hours after spreading (Fig.2 B). Only a few
particles sank to the bottom of the vessel (Fig.2 C).
When the particles were spread at an air/pH 11
water solution, the particles initially floated at the
surface (Fig.2 D). However, no particles were
observed at the surface after 24 hours (Fig.2 E).
The particles instead sank to the bottom of the
container (Fig.2 F). This test showed that UV light
does not influence the behavior of the particles at the

air/water interface.

Comparison with gold and silica particles. The
above results indicate that the TiO, particles float at
an interface, when the particles are positively
charged or when there is significant salt in the
solution. In order to see whether this charge
phenomenon occurs only for TiO,, we placed dry Au
powder and dry Sum SiO, particles at air-pH 0.9
water interfaces for comparison; this pH is less than
the iep of both Au and SiO,. The Au particles (Fig.3
A) and SiO, particles (Fig.3 B) were seen from the
optical microscope images to be stable after > 24 hr
at the air-water interfaces. This confirms that the
positive charge of the particle affects their stability
at an air/water interface.

The strong dependence on pH and salinity suggest
that electrostatic effects play a major role in the
adsorption ability of the particles at air/liquid
interfaces. Similar results have been shown by
Leunissen and others’ and Oettel” that show
examples of quasi-adsorption of extremely
hydrophobic particles at an oil-water interface by
electrostatic forces. A similar pH-dependent particle
adsorption has been reported in the presence of a
molecular monolayer at the interface that exerts an

electric attraction on the colloidal particles.

2. Structures formed by particles once absorbed
at the interface
Once the particles have adsorbed at the air/water
interface, the particulate monolayer is affected by
lateral forces, e.g., capillary, electrostatic, and van der

Waals. The characterization of the structure as a

Fig.3 Optical images of dry particles at air/liquid
interfaces, taken more than 24 hours after
spreading. A: D=5um SiO, particles at an air/
pH 0.9 water interface; B: Au powder at an
air/ pH 0.9 water interface. The scale bar is
200um.

function of these forces, and of the forces themselves,
is a matter of actual research” and it is still a matter
of debate as to the identity of the relevant force
which drives the clustering against electric repulsion.
Information on the structuring of the TiO, particles
at the air/water interface can be obtained using the
Langmuir trough. Here, the spacing between the
particles and therefore their structuring can be
controlled by compressing the barriers on a
Langmuir trough, while information on the packing

state can be obtained via the II-A isotherms.

M-A isotherms of TiO, monolayers at air/ pH 2
H,O interfaces: Isotherms characteristic of mono-

disperse particles generally start at a II=0 plateau
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(Fig.4 Region 1). Decreasing the area per particle A
by compression causes Il to increase steeply (Fig.4
Region 2) and to finally reach a plateau of constant
I1 (Fig.4 Region 3). At pH=2, II-A isotherms
characteristic of monolayers of particles were
measured for all sizes of the TiO, particles (Fig.4 A).
The horizontal II=0 at large A (Region 1), shows
that the particles are so far apart from one another
that inter-particle forces are negligible. An
alternative explanation is that the particles formed
small aggregates and the isolated aggregates float
freely on the surface. The steep rise in II at smaller
A (Region 2) indicates that the particles are now
close enough to influence each other and may
interact with one another. The particles form two-
dimensional aggregates or islands on the surface in
this region. These islands are pressed against each
other and deform upon compression in the Langmuir

trough. The plateau of constant IT at the lower A

N
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Fig.4 1II-A isotherms of TiO, particles at an air/
water interface of pH 2 water (A), pH 6 (B),
and pH 11(C), recorded 10min after spreading
the particles at the interface.

(Region 3) can be explained due to progressive
aggregation, the filling of gaps between the islands,
or to the regime of close packing where particles are
progressively pushed into the liquid phase. Further
compression causes a large increase in II over a
small change in A. This behavior is probably due to
the compression of a compact particle monolayer,
which contains much less voids than the initial one.
At high compressions when the area between the
barriers is too small to accommodate all the particles
at the air/water interface to form a close-packing
monolayer, the extra particles which cannot fit at the
air/water interface are most probably forced into the
subphase, causing multilayers of particles to form at
the interface instead.

At pH 2 the particles all went into the interface,
except at very high compression, where they were
forced into the subphace. This allows us to plot the
film pressure versus the area-per-particle 4,
(Fig.5). This was done, as different particle
concentrations and spreading volumes were used in
each experiment. The II-A, isotherms shifted to
lower A, values with decreasing particle size. This is
expected for purely geometric reasons. To find out
whether the isotherms scale with the size of the
radius, the isotherms were plotted as the film
pressure versus A/RN, A/R°N and A/R°N, where N
is the total number of particles. The isotherms
roughly fell on top of each other when plotting IT
-vs-A/R’N. It scales with the volume of the particles.

T T T T T T
= 20um; © 10pm; e 5um
o 1um; 4 500nm; & 300nm |-

383
W
T

" "
5 platleau
o 1

(1
"close packing" % E
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Area / particle (pm)

Fig.b II-AP isotherms of TiO, particles at an air/
pH 2 water interface.
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We have yet no good explanation for this scaling.

M-A isotherms of TiO, monolayers at air/ pH 6
and pH 11 H,O interfaces: Non-zero surface
pressures were measured, when the particles were
spread at air/pH 6 or air/pH 11 water interfaces
(Figs.4 B-C). However, regions of close-packing or
plateau regions were not measured. This indicates
that the particles did not form structured monolayers
of particles. The time dependence optical microscope
studies from above that showed the disappearance of
the particles from the air/water interface confirm
the instability of the particles at the air/pH 11 water
interface. This result indicates that the particles in
the monolayer detach from the air/water interface
and move into the subphase, such that the number of
particles at the interface decreased with time. Thus,
the number of particles between the Langmuir
barriers is decreasing as the barriers are being

compressed. An increased film pressure accelerates

D=5 um

D=10

D=20 pm

MidIT

the suspension of the particles.

Optical microscopy of monolayers at the air/pH 2
H,0 interface: The existence and behavior of the
TiO, particles at the air/pH 2 water interface was
observed with the optical microscope using X 20 and
X 50lenses. As the resolution was limited to 0.55um,
we only investigated the 5um, 10um, and 20um
particles in this way. Fig.6 shows the optical
microscope images for each particle size for low
(Region 1), medium (Region 2), and high surface
pressures (Region 3). For all sizes, the particles
tended to aggregate at low II and form small
aggregates. This led to particle rich and bare air-
liquid areas. At medium and high II, the 5um and
10um TiO, particles formed a close-packed
monolayer. The magnified image of the layers
formed by the 5um and 10um TiO, particles at high
surface pressures show a layer comprising of

seemingly polydisperse particles. Some

Fig.6 Optical microscope images of TiO, particles spread at an air/pH 2 water interface using a X 20 and a x50
lens magnification lens. The images were recorded together with the II-A isotherms, which were
recorded 10min after spreading the particles at the interface. A., D=bum, I1=0mN/m; B., D=5um, II
=28mN/m; C., D=5um, II=65mN/m; D., D=10um, I[I1=0mN/m; E., D=10um, =3.0mN/m; F., D=10um, II
=9.0mN; G., D=20um, I[1=0mN/m; H., D=20um pm, II=6.0mN/m; I, D=20um, II=15.0 mN/m. The scale
bar of the X 20 and X 50 lens magnification is 200um and 40um.
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polydispersibility of the particles cannot be ruled out.
However, this image is thought to be due to the
particles being forced into the subphase under a
layer of TiO, particles at high compression areas,
due to the insufficient area between the two barriers
to accommodate all the particles at the air/water
interface. As a result, a multilayer of particles is
thought to be formed at the air/water subphase at
small areas (high surface pressures).

The 20pum particles did not form a close-packed
monolayer at any compression areas. They instead
formed a connected network of particles. The high
magnification images of the particles at high IT also
showed pinning of liquid between neighboring
particles, and areas of dark color. Such dark areas
were also observed as dark rings around single
particles (e.g., Fig.6 G). The darkened areas indicate
that the height of the interface was lower in the area
next to a particle than that away from a particle.
The 20um TiO, particles began to form chains of
particles at medium II, but did not aggregate enough
to form a close-packed monolayer at high II. This is
in spite of the fact that the II-A isotherm looked
similar to a close-packing of the particles or a
collapse of the monolayer under these conditions.
The chain-formation ability of these particles may be
explained in terms of the lateral attractive capillary

force between particles.

Scanning Electron Microscopy of particles
transferred to silica substrates: Information on the
structure of the 300nm TiO, particles at the air/pH 2
water interface and the ability to transfer
monolayers of the 5um and 20um TiO, particles was
obtained by transferring the particulate monolayer
to a silica substrate using the Langmuir-Blodgett
technique. The surface pressures that were expected
to give the closest packing were chosen for each
particle size. This was the plateau region in the case
of the 300nm and 5m particles. The 20um particles
did not give a close packing at the first plateau
region, ie. at [1=10mN/m; these particles were
therefore transferred at 15mN/m. Fig.7 A shows an

image of the silica substrate covered with 300nm

300 nm Ti0;

1 é.lﬂlﬁunl‘.

5 pm Ti0,

20 um Ti0,

Fig.7 Scanning Electron Microscope images of a
silica wafer, after TiO, particles were
transferred by Langmuir-Blodgett deposition
at pH 2. A: silica wafer after deposition of
300nm TiO, particles at II=6.5mN/m; B: silica
wafer after deposition of bum TiO, particles
at [I=5.8mN/m; C: silica wafer after
deposition of 20um TiO, IT=15mN/m.

TiO, particles, after being transferred when I1=6.5
mN/m. Here, a layer of TiO, particles can be seen,

confirming that even our smallest particles were



Annual Report No.18 2010

aligning at the air/pH 2 water interface. We
determined that the TiO, particles gave a mostly
closely packed monolayer by scratching a line in the
300nm TiO, transferred film and taking an SEM
image showing the cross-section of the transferred
film (Fig.8). The 5um TiO, gave a closely-packed,
dense layer, when the film of particles at an air/pH 2
water interface was transferred at I[1=5.8mN/m
(Fig.7 B). The transferred films of the 20um TiO,
particles from an air/pH 2 water interface at I1I=15
mN/m showed a loose packing. The particles tended
to aggregate to form chains (Fig.7 C). The optical
microscope images of the particles at the air/pH 2
water interface and the SEM images of those
transferred to a substrate show a similar structure
for both the 5um and 20um TiO, particles. This
similarity demonstrates that the particle layer at the
air-water interface is preserved during the

Langmuir-Blodgett transfer.

Effect of salt: The effect of salt on the structuring
of the TiO, particles at the air/pH 2 water interface
was investigated by adding 100mM or 500mM NaCl
to the pH 2 water subphase. These concentrations
are high enough to screen the electrostatic repulsive
forces acting between the particles. Observation of
the interface with the optical microscope upon
decreasing the area showed that the particles still
formed close-packing monolayers (Fig.8). The
particles initially formed islands of closely-packed
particles, and converged to form a complete closely
packed particulate monolayer upon the compression
of the Teflon barriers. I1-A isotherms of the other
sized TiO, particles spread at an air/pH 2 solution of
100mM or 500mM NaCl showed the similar results
that particulate monolayers could form at the

interface.

Lateral forces between floating particles. TiO,

particles of particle diameters < 10um were seen to

Fig.8 Optical microscope images taken with a X 20 magnification lens of 10um TiO, particles at an air/pH 2
water interface 500mM NaCl interface at high II, as A was decreased by compressing the monolayer
with the Langmuir trough. The scale bar is 200um. A-D are shown in the order of large to small A, ie,

low to high monolayer compression.
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form small aggregates at low surface pressures and
closed packed monolayers at high surface pressures,
when the subphase was pH 2 or for pH 11 with high
salt concentrations. This indicates that the total force
was weakly attractive so that aggregates form, but
that the attraction was not so strong that it
prevented the particles from rolling and sliding over
each other to form a closed packed monolayer upon
compression. For larger particles (R > 5um) and at
pH 2, an interconnected two-dimensional network
was observed. This network was stable, which
indicated that the particles experienced a strong
attractive force. The attraction was so strong that
rolling and sliding was hindered and no closed-
packed monolayer could be formed.

We need to consider the lateral forces between
particles at the interface in order to interpret these
observations. Early observations of lateral forces
were mainly interpreted in terms of an interplay
between van der Waals attraction and an
electrostatic dipole interaction.”*®” The dipole
originates from the surface charges of the particles
immersed in the aqueous solution and its
counterions®? While van der Waals forces are weak
and short ranged,m an electrostatic dipole interaction
is long ranged. In addition, lateral capillary forces act
between floating particles. They can occur due to
three different origins: (1) The weight induced capil-
lary force is caused by a deformation of the liquid
surface, due to the weight of the particles.* ¥ (2)
The meniscus can also be deformed by a zig-zagged
shaped three-phase contact line caused by surface
roughness or a heterogeneity.* ¥ (3) The electric
field that originates from surface charges and causes
the dipole moment of the particles deforms the liquid
surface due to image Charges.w> This leads to an
attractive “electrocapillary” force. The combined
force (dipolar repulsion and electrocapillary
attraction) is repulsive.'* ' The five sources of
lateral forces include:

1. van der Waals attraction
2 . dipole-dipole electric repulsion
3. capillary forces due to interfacial deformation by

the weight of the particles

4 . capillary forces due to interfacial deformation by
contact-line undulation

5. capillary forces due to interfacial deformation by
electric stresses.

The weight induced lateral capillary force (FC)
between two similar spherical particles can be
estimated by calculating the capillary interaction
energy and then by comparing that energy with the
energy of the thermal motion, 27, where 2 and T
are the Boltzmann constant and temperature. The
lateral capillary interaction energy is given by

6 2
TR PTiO; 3 L
W=— 2—4——=+3cosf —cos” 6| K
18K4< o TR ) o () )

where K is a modified Bessel function of the second
kind zeroth order and k= \/m is the
capillary constant. Using g=9.81m/s” and a surface
tension of 0.07N/m, we obtain « =2.71lmm. For small
distances (L < k) Eq. (5) simplifies to

2
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with the Euler-Masceroni constant y,=1.78107. When
Prio=4000kg/m® ©®=33°, and when the particles are
in contact (L=2R), we can use Eq. (4) and (5) to
calculate an adhesion force. From Eq. 5 we calculate
particles with 2R of 5, 10, and 20 um to give | AW | /
kT values of 0.013, 0.76, and 42.6, respectively. Hence,
the weight induced capillary force is much higher
than the thermal energy for the large particles (R >
10 pm) while it is negligible for the small ones.

The lateral electrostatic repulsion force (Fz)
between small particles depends on the surface
charge and the salt concentration. Weakly charged
particles or particles in a subphase with a high salt
concentration tend to form aggregates, due to a
short-range van der Waals attraction (source 1)*®
and capillary attraction caused by a zig-zagged three
phase contact line (source 3). Highly charged
particles floating on water with little salt tend to
repel each other. This can be explained by a
repulsive dipole-dipole interaction (source 2).!* %
The surface charges plus the counterions in the
diffuse layer cause an electric dipole moment. As the
dipoles of two floating particles are oriented parallel,

they repel each other. * Since the particles are
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immersed in two media in which the electric field
distribution is very different, the force contains two
components with different distance dependencies.
The structuring ability of the particles in the
monolayer is interpreted as being caused by the
attractive van der Waals interaction at short
separation distances (source 1), repulsive
electrostatic forces at larger separations (source 2),
and inter-particle attractive capillary forces due to
the zig-zagged threephase contact line at shorter
separations (source 3). At large separations (large
A), small particles would repel each other because of
their electrostatic dipole. When they are compressed,
they form a densely packed monolayer because the
repulsion keeps them mobile until the end of the
compression. The larger particles experience a
weight-induced capillary attraction (source 4) in
addition to the dipole repulsion, causing them to
aggregate. Once the particles are close enough, the
van der Waals attraction also becomes important.
Region 2 is the area when the aggregates start to
overlap and touch. If two aggregates touch each
other, any further compression would lead to a
bending of the aggregates. We term this behaviour
as two dimensional “steric repulsions. In essence, at
some point one particle has to roll over the surface
of another particle to allow for bending. The large
particles therefore behave as if they repel each other
at large distance (and low film pressure), while they
attract each other at close distance. This behaviour
also explains why the 20um TiO, particles show a
chain formation at high II instead of a close packing
formation like that which was seen for the bum and
10pum TiO, particles. If a particle wants to get into
contact with the chain, it must therefore come to the
end of the chain. We therefore assume that the
repulsion is due to dipole-dipole forces and the short
range attractive force is caused by the capillary
attraction or the attractive van der Waals force. We
would, however, still like to acknowledge the open-
problem character of understanding the forces that
control the structuring of particles at an air/water

interface.

Conclusion:

TiO, particles with diameters of 300nm, 500nm,
lum, 5um, 10pum, and 20um formed stable
monolayers at pH 2. At low surface pressures the
particles formed small two-dimensional aggregates.
Aggregate formation is attributed to lateral capillary
forces cause by a zig-zaged three-phase contact line
plus van der Waals attraction which overcomes
electrostatic dipole repulsion. Particles up to a radius
of 5um displayed close-packing at increased surface
pressures. Particles of 10um radius formed a lose
network which is attributed to the strong adhesion
caused by the weight-induced lateral capillary
attraction. Every monolayer of the particles could be
transformed to a solid surface by the Langmuir-
Blodgett deposition. At pH 6 or 11, the particles did
not form stable monolayers at the air/water
interface. They were instead dispersed in the
aqueous phase and eventually sank to the bottom of
the trough. At pH 11 the monolayer could, however,
be stabilized by the addition of salt (0.5 M NaCl).

An article entitled “A straightforward way to form
close-packed TiO, particle monolayers at an air/water
interface” has been accepted in Langmuir, an
international journal. (see attached PDF file)
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Numerical model for the motion of large solid objectin flow with dense particles
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In a number of industrial applications that include flow with dense solid particles, large solid

objects are also existing in the flow. The behavior of large objects is complex due to the existence

of interactions with surrounding gas/liquid flows, small particles and walls. In the case of fluidized

and spouted beds, especially, it is still difficult to predict whether a solid object rises or sinks

depending on its size, shape and density. In the present study, we try to develop a numerical

model which reproduces the behavior of large solid object in a bubbling fluidized bed. Discrete

element method (DEM) - Computational Fluid Dynamics (CFD) mesoscopic model is coupled

with immersed boundary method (IBM).
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Fig.2 Large IB particle’'s motion in bubbling fluidized bed
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Fig.3 Effects of a tube on particles’ behavior
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(a) with tube

(b) without tube

Fig.4 Effect of a tube on bubble’s behavior
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Flow reactor syntheses of functional hybrid nanoparticles
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Monodispersed spherical particles have been claimed to be promising materials’ morphology for
such applications as liquid crystal display spacer, photonic crystal, liquid chromatography stationary
phase etc. depending on the size, composition and structure. Since the monodispersed spherical
particles of silica and polystyrene in the size range of several hundreds of nm to microns are
commercially available and also their syntheses are possible in the laboratory, their syntheses and
applications have been published extensively. If the monodispersed porous spherical particles are
available, one can extend the applications by means of host-guest chemistry. However, this type of
materials is only available on surfactant templated nanoporous silicas. In this study, we examined
the syntheses of nanoporous titania spherical particles. Titania possesses unique properties
including high refractive index and UV absorption and photocatalytic abilities, therefore,
monodispersed spherical particles may find applications where silica based nanoprorous silica
spherical particles do not have an access. In the present study, we applied a microfluidic reaction
to obtain well-defined titania based particles from titanium alkoxide and octadecylamine. Reactions
occurred within micron sized channel have been known to show characteristic features such that
temperature and concentration gradient are negligible, having potential to realize uniform reactions
which directly correlate with the homogeneity of products. Nanoporous amorphous titanium

dioxides with the surface area of 620m*- g and BJH pore size of 2.2 nm was obtained.

2k Makoto Ogawa
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Alignment of Functional Oxide Rod-nanoparticles via Nano-transfer Methods
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Metal oxides have recently renewed the interests due to the resistive memory switching
phenomena based on the electrically stimulated change of the resistance of a metal-insulator-metal
(MIM) memory cell, frequently called resistive switching RAM (ReRAM). The ReRAM devices
are expected to be future nonvolatile memory devices used as alternatives to the current flash
memory technology. The nonvolatile memory characteristics have been intensively investigated
using the thin film forms, and excellent memory characteristics have been demonstrated. However,
to achieve high-density memory and improve the performance of the devices, it is crucial to
reduce the size of the cells beyond the limitation of current lithographic length scales. In addition,
details of resistive memory switching mechanisms, including the switching types (bipolar and/or
unipolar), have not been well understood. Thus the scaling down of the cell structures is strongly
desired not only for understanding the underlying memory mechanisms within a confined
nanoscale but also for improving the device characteristics of ReRAM. The bottom-up approach
using self-assembled nanowires is a promising solution for scaling down the size of memory
devices. Thus, single crystalline oxide nanowires formed via a self-assembling fashion would be a
candidate for overcoming the above issues. However difficulties in both fabricating nanowires
composed of metal oxides and evaluating electrically the insulative oxide nanowires have impeded
investigation of the resistive memory switching events in oxide nanowires. Here we have
demonstrated nonvolatile bipolar resistive memory switching in heterostructured oxide nanowires.
The self-assembled oxide nanowires are expected to open up opportunities to explore not only the
detailed nanoscale mechanisms in resistive memory switching but also next-generation nanoscale
nonvolatile memory devices with the potential for high-density device integration and improved

memory characteristics.

T, AREWIETIEZ OREN RS 22512,

MEE R

ORI T A XBRA % 0 |0k L 72/ KL
PHAEEH SNTw57s, F /i zIHE ()2
YEE) FEMCETHEEICRYIRIES 5 2 L WETH S
CEPLZOBMMEHARE CHIRSNTVE, 22

¥/

FR Gk & O TRBEMEBRILIRIR -/ KL & 2R 112

— 103 —

FCH I3 2 Hei 2 BIFE L, & OMREM % £iE3 5.
HEDBETTINA A - BN VTN, A EHRBEED
BRAL - EERRALIC Y, NS £ ) FFOKRE
ALK E RHAGREE 2> T b, R EY



Annual Report No.18 2010

FTOREFSFIIEEMCTHBIZHEELTED
Thitfh OARHEFEME A ) KT ORFESEE v F T
NTwa, FlziE, wFEMEL M L72FeRAM,
¥ AIVEERIREUE R L 7-MRAM, % s A 2L % F)
M L7ZZPRAME SR EN 2R TRELTETONS
A, AR R o CEB G BRI & H v 7-Resistive
RAM (RRAM) 8% O FE A& HALE, m#EA A
v 27 (10nsBAF) HEMESED S Thitth O A % % AN
HEUAE)ETFLLCFEFICHEIRBRTDOH 5, —
i, ZOBRFFEIKIAA v F ¥ THEDO R T = X 4
IR B3 5% <, HoOMilin T4 o B A3
B Ao C&72BIE, ORIBRS 2 2EMIZ BT 2 BHFH
REIRILA A v T~ ZBIG OMGE, QN TR % &
I EER L 7o SIS BT B B m BRI
J RERER R WA S 2 B ) RIS B Bl
FEHSRThit#h @ BRI E A ) T34 ANJAlLT
TROLN T L, HOEEWIIFERS N ERILY —
KICT / TAVEEIZORERBEMHTH L0, ER
FEIEIA A v F ¥ ZFHR 2R REWN 2 SRERILY
MEHEZ — Ko/ 7 A YIEEAILT 5 2 L1320
e A 1 = A L OFEHEIBRIC & 0 WEECdH - 720 AR
728 ClE, OF 7 L— bEhbHERBRIS T4
YHEE R OVER % Z OfE ISR X 71 = X 4 O & 3k
ZE L, @in-situd/ 74 Y 77— MEERHW
T, JEREEETDH > 7-well-defined e N7 1 FLH % 4
T L ERERBILY~T O F T A VSR B3
5T EICEY) FREMEAFTHRL, HIC®F 5k
RwTATatd /) IA4XiEERE T/ T3 ANE R
B L7z BIC oW THE 4 5,

2. MIRMROEIE

2.1 EEREIE

S fit % /- L 7zvapor-liquid-solid (VLS) #:12X D
FRAL >/ T A VEEER 2 AF R L 720 FRICH W23
EIZL—HMBEETH B HAFHMIER LICHTE D4
filiii s 2 AR L, CORBMEZMR 52 EI2L )i
& 7% B IR AEAR - 2 AR L ICAER T 2, RV, BT
Y OE)EE = ks LInE S 722 TVLSE %
FEBLT B o ALY VLSHE S R 12 3515 2 N - (&
WOmEE, SREET), Smm 4 X FURMitRE 7 7
v 7 L) BAMMICZLSEL I LI ) ZORE
e A 2 XN T 5 2 L 2l ATz KT, [E

PXNZBRALF 2 7 A4 Y LA T ol Fin-situT
TR 5 Fiha s L7zo RFHRIIREARE I ~
FOREOHILZ T 5, FiZ, ERINF T
A XHEBEROMAMRE S, MR, A B
% XRD, FESEM, HRTEM-EDS, ~ 1 7 0k E&
(BRI X VR L 720 HIS, F/EEEEZ A
T, MRS BRIt 7 1 YRR L) 3
UER IR L, &/ BmAET SRR,
H—0F /7 A XY HEEROBSEAIFE L O 2 € ) 4
PEZEMIET 52 AT L2 SR L 72,

22 WREEE

221 BWEMHBREOMBOATOF/ T4 ViEE
DR

TV 7L — & D T B AL - T A
YHEEAZAHL, ~A70F /714 v#EELT 5 27
Z AL L FOBERICOWTHE L7 ERIC DOV
Wb 5, 22T, &RMEEE AN LS
RS (VLS) & Hw TR I 7 A ViR % 1
WYL AN AL Ciimmx o 5, VLSEL
196441 Au-SRC 1 IRTEHE R T2 A = A a k
LTIBENZLDTH D, RAH =X LITWE =AM
W5 D M RSB A AR L L 7B 2 JEE A o
Y ATH B0, LB RTHSAu-SIRIC
BWTHZFOHMAE A 7 = XA IBIETHHERONS
Lo T0D, BB OVLS 7B A28V T,
OFMETHARIL L 7z @B | BRI E D &R
JF7 B7 M apBYAENR, Q&R Cilfafl
Wags =B SN, OEEFENIC BT 2 IR 2 AT H B
G UREE ALY AT T 810 & o T HLES S L
JIA XYHEERDPERT L, INHOBETIE, T
WERALIEL & U CRRAL SR R FEAR & L C UL
B (BHEOBRESEBRLY L OBENIAETESE) T
boHEEEEYRT LRI Ay a (MgO) %
WY FIFCn2, minE 7z BRI 71 Y
EEREVLSA A = X AL D ERT 2720120, £
HHEFZ2 LB URE0F /2R 5 2 L
FEARTRTH D, BlzIX, VLSHEREE 702128
WCHARAL L 72 @ Al A5 7 AP AE Lt 5 EED D
B0, ZOIRMEX EBLT 2 B FHEKOERE - 7]
REEICHIE L, S b COLEND S £
7o, ®BETFT FT7 A% ERISHCRAL L 722l ik
BERANEAT B 720021F, EWEREILEEHR )/ 7

— 104 —



Hosokawa Powder Technology Foundation

A YHTE COREBR EHIHT 5 2 LR RTH
D, Z ORI L) REYISEREND S T A
YIRREIIKRE KRR D, 2D L) IZEHOHMEF &
R A S = XL OMBYEZ BEFS 5 2 L2 &) Edh
B 7 B ERE 5 2 T A YRS R OEE AR Tl
REE %250 —HIIICERIL~T 0TIk, ZoNT
O FUHIREE SR S OE i e B A RT3 2 L S
MRV DOOH b, 22T, Lit~TaF /U4 Y
Ak 70t A & Fr 2123 L Zzin-situik & F v AT
W, OREERE ) BRI OFLz#T 5 2 L1
IV mmE AT UREERL 2 Lkl Az, ZOF
P2 &0 HEREETILE KA #E 7 well-defined 22 7
0 % AT BERL A~ T 1 F ) T A YRR E FEE
THZENREL I bo FAIIRFELZHND Z LIC
L0, NiO, TiOZHEDHERVLS A H = X 4% 1k
PO EE 7 BERSBRILWEEONT O )/ 7 A Y
BIZHT L7z B IS FEBI/ER S 72MgO/NiO
AT F /T A Y EEROFESEM - HRTEM{ % 7R
Fo M2SWHOR L), FEWICBEELRZaAT Y o)V
1525 Owell-defined e N7 0 F & IZEH S
TW5b o, REFEEZ D2 win-situi: 12 B0 2 260
LARETORR, Eam BRI ~T O ) ) T A Y
A ERT H7200EELRRT L LT, O~T a5
BT BEFRA, @=KILH 2T T ¥ = VIER O

TS, OY o VHERRRIZBIT 2 FHEILEL - $4E
B T YN KIS 5 2 EDBNEETH D I DS D
Erolre MATATOE ZIZBWCEEL 008

EE BSR4 YT L= TH
D, BB LZT T L — b EER AT OIS L
KA XD o CTEME Rt ~T O T4 Y
R R OVERAEH XN D,

222 F/HBBERICELBIE—BREYANTOF/ T4
YREFOERBXFMEFTME X TEUHRE

IR OIREE
H—TF T4 VESEEORELFHE T2 2 L1320
RS 7 22BN BT DR R OV 2 T3 A 24
DERICBVWTEELRRETH L. B2I121F) /G
FEERNLCTBL~T O T T4 X% )/ EwRAE S
W2 TNA AREEE TR BESINF 2 T4 YI
MgO/NiOI 7 ¥ 2 b ~FUF ) T4 X Tdhb, {EH
ENTTNA AfErE R HC, HilBES 2 EEIC BT
ERALW 5/ 7 A XK o0 TE AL R 2 BRI L 7o
W5 S N/- B - BEEFE AR 3 1R T, HIEIXER

Electrode / NiO nanowire / Electrode

———— 300nm
I —|
m T ———— J

\
\ \
\\ MgO template nanowire
'NiO shell-layer

B
o
: A

e - 4
\ X *§§Q§§§ J

\
\ ‘Pt(contact layer)
"Au (for holding) 300nm

|Current| (A)

Voltage (V)
X 3

— 105 —



Annual Report No.18 2010

KEE T TITo 720 M58 SN2 EiE - BIEFEDL S,
H—DWA T 7 7 A YREERIZ B W TOREESEE A £
VREDPEH L TWD 2 LD THEZRE SN, On
REED 5 O IREERS L < (ZOFEIREE 2> 5 OnREE~N DK
PUEALPBIZ SN, Z OIMPUELH I AKAE L 72
BipolarBREI) TdH 5 2 & 2350 b o ARIRPUAILH S
ANTFOF ) TAXERRICORBRIN, a7F /T
AXOREEE LS RE g SN2 ro7:, |
5, BSE SINEIZEBIRIE Y 2 VIEEALTREBIL
TWwh, MZT, OffIKEEAD 5 OnIRENDER 71+
AZBT L EREEHIRL7Z2HEIL, OnREDOER
EIUEASRAIE LT A2 2 A L7 Z0B%
T T A VHEEARICEEET 4 7 X 2 AR
L, ZTOEmEOFEAICL ) IEIIELBZR 2 FBL T
WL LEERRETDLLDTHD, HIZ, IEHIIZIZH]
BRELZHET 22 LI2E ) 2 ') FTFOLMELT]
RECH DI LR FAIFIRIET 50D TH S, RNT,
RFET & A TRIEFENE 2 £ ) SR O ERFICE S
kA, FOTTU—FL LT, 1) FHAB
BRI L B F v ) THREBROERERTL, 2)

a

500nm

A (Anode) ] C E(‘Datrl_ﬁ_odé‘)“ %

i

| Current (A) |

LT HE S & B Z2RIIIC & OFRAL TP L) L
TVRLDOPICOVTOEENZIREIIRL, 3) 1#
RIBPAHRE -5 0 DA FHEEIZL ) X v ) 7 2nkl
HELIpAEITHL Z LR AT D L hikAhz
RxE4, ®5, R6IIRL7z. fERTITMEETE L
T SN T & Z2p-BIRALY B8 A0 F v ) 7 5%

10"

100 g———b<iresi3a=izisy:

Oxidizationt o 70¢ 1 ) N S

T' 0,

Current (t)/Current (1s)
(Readout Current (t)/Initial Current (1s))

10+ I 0:(20% in N,)
I Vacuum (10-3Pa)
_l | Ha4% in An)
BRdEton Readout: 2V
102 e

100 10° 10? 102 104
Exposure Time (sec)

X 4

Readout: -15V

4
10 5 0 5
4 Ve (V)

—
o

1
o]
leo (X 10°0A)
& ®

Isp (X 10°10A)

1/,

comp

= 10°A

ON state B

Al <

10° § Anode Cathode
o

-10 "*:.O 9

10710 loomp=5 X 10A

by

) A-C OON QOFF
A-B OON OOFF
B-C OON @OFF

OFF state B

A[=—l=x|c
1013 e

-10 -5 0 5 10 15 20
Voltage (V)

1013

-V swee
12, P
10 inA-C

X6

— 106 —



Hosokawa Powder Technology Foundation

B, ZOHGmTEBHATE W L0 TH LRI
o T&7ze FAMMBLAWHEFVIILUTOLD
Thbo TTHEICEARRICE Y FERILDPICB
WTREAF U~ A 7L —varEilRZ L, b
B AL Op IR LY FP 2 B\ C o F o v ARG
HEARMT I LIS L o T EREAHRSME A € SR
TV A IREEATRD TR oz 2O DAL
GERTNA A BHETT 59 2 THMO TEERANA L 7%
5o

23 £&O

AT, BN TR 2 8 L2 /il THD
AR SN LA ~T 1)) 71 V&g z
BRI, 731 2L 2 FHRIZOWTHE L7z,
PERBAN TIXER D HWEE T H o 7245 BB ERIRIL
Wz —KT T /ST 2 e TR REL, 20
BFHMEFREL 72 ERE 2 EHEMRE LT, O%
JE s % A L 72 BRAL — IOCHE R R D A ) = X L
W& 2o, @n-sitwfElc ks 70474
V(L7 0t A, @F /BRI &) B— ity
T A YR T TN AR A Tk Y L
F, BonmREZO X = A8 EITHEE L 72,

i
RFTE 2 esd B 1T, RBORFESEREIEERT IEm
TR, AOIEERdR, eHEsEL RE—HEE
B, REOHIC, KIBORELEReR BB TEIRICE K
CHHERTEG . S CICHTEERRT S,

2E Xk

1) Nagashima, K., T.Yanagida, H. Tanaka and T.Kawai,
Appl. Phys. Lett., 90, 233103 (2007).

2) Nagashima, K, T.Yanagida, H Tanaka and T.Kawai,
J. Appl. Phys., 101, 124304 (2007)

3) Marcu, A, T.Yanagida, K. Nagashima, H.Tanaka and
TXKawai, /. Appl. Phys., 102, 016102 (2007).

4) Yanagida, T., K.Nagashima, H.Tanaka and T.Kawai,
Appl. Phys. Lett., 91, 061502 (2007).

5) Nagashima, K., T.Yanagida, H. Tanaka, SSeki, A Saeki,

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

— 107 —

S.Tagawa, and T.Kawai, /. Am. Chem. Soc., 130,
5378-5382 (2008).

Marcu, A., T.Yanagida, K.Nagashima, K.Oka,
H.Tanaka and T.Kawai, Appl. Phys. Lett., 92, 173119
(2008).

Yanagida, T., K.Nagashima, H.Tanaka and T.Kawai,
J. Appl. Phys., 104, 016101 (2008)

Nagashima, K., T.Yanagida, K.Oka, H.Tanaka and
T.Kawai, Appl. Phys. Lett., 93, 153103 (2008).
Yanagida, T., A.Marcu, H.Matsui, K.Nagashima,
K.Oka, K.Yokota, M.Taniguchi and T.Kawai, /. Phys.
Chem. C, 112, 18923-18926 (2008).

Oka, K., T.Yanagida, K.Nagashima, H.Tanaka and
T Kawai, /. Am. Chem. Soc., 131, 3434-3435 (2009).
Nagashima, K., T.Yanagida, K.Oka and T.Kawali,
Appl. Phys. Lett., 94, 242902 (2009).

Klamchuen, A. T.Yanagida, K.Nagashima, S.Seki,
K.Oka, M.Taniguchi and T .Kawai, Appl. Phys. Lett.,
95, 053105 (2009).

Oka, K., T.Yanagida, K.Nagashima, H.Tanaka, S.Seki,
Y .Honsho, M.Ishimaru, A.Hirata and T.Kawai, Appl.
Phys. Lett., 95, 133110 (2009).

Nagashima, K., T.Yanagida, A Klamchuen, M.Kanai,
K.Oka, S.Seki and T.Kawai, Appl. Phys. Lett., 96,
073110 (2010).

Nagashima, K., T.Yanagida, K.Oka, M.Taniguchi,
T Kawai, J.SKim and B.H.Park, Nano Lett., 10, 1359~
1363 (2010).

Oka, K., T.Yanagida, K.Nagashima, T .Kawai, J.SKim,
and B.H.Park, /. Am. Chem. Soc., 132, 6634-6635
(2010).

Suzuki, M., Y.Hidaka, T.Yanagida, M.Kanai, T.Kawai
and SXKai, Phys. Rev. E, 82, 011605 (2010).
Klamchuen, A., T.Yanagida, M.Kanai, K.Nagashima,
K.Oka, T Kawai, M.Suzuki, Y.Hidaka and SKai, Appl.
Phys. Lett., 97, 073114 (2010).

Klamchuen, A., T.Yanagida, M.Kanai, K.Nagashima,
K.Oka, T.Kawai, M.Suzuki, Y.Hidaka and SKai, /.
Cryst. Growth, 312, 3251-3256 (2010).

Klamchuen, A. T.Yanagida, K.Nagashima, M.Kanai,
K.Oka, S.Seki, T.Kawai, M.Suzuki, Y.Hidaka and
SKai, Appl. Phys. Lett., 98, 053107 (2011).
Nagashima, K., T.Yanagida, M.Kanai, A Klamchuen,
K.Oka, T.Kawai, J.SKim and B.H.Park, Nano Lett.,
(2011) in press.



INATF ) T7AN—% R L 7-& 8 T/ R+ DRI 3

Synthesis of Metal Nanoparticles Templated by Bio-nanofibers
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We have prepared silver nanoparticles on the surface of bacterial cellulose (BC) nanofibers. The

synthesis of silver nanoparticles incorporates 2,2,6,6-tetramethylpiperidine-1-oxyradical

(TEMPO) -mediated oxidation to introduce carboxylate groups on the surface of BC nanofibers.

An ion exchange of the sodium to the silver salt was performed in AgNO3 solution, followed by

thermal reduction. By using oxidized BC nanofibers as a reaction template, we have prepared

stable silver nanoparticles with a narrow size distribution and high density through strong ion

interactions between host carboxylate groups and guest silver cations, which have been

investigated by scanning electron microscopy, UV-visible spectroscopy, and a small-angle X-ray

scattering method.
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ADENVT—RAI 70T 4T YVRRIZEY, IE
50nm, & 310nmD ) RVIRDF 7 7 7 4 3= THEK
ENTWh, Lhao—A3I707 47 )Vidka—
A5 F O E D) SR Th A OWIEICEN, Y
> 7 H#RIX138GPa”, Bl R ) I I2GPa", A
RAREI301X10°1/KTH A7, L >TBCH/ 774
IN=ZOWTH PP RO TERL TS, L, BR
HnEROEZAL, SEECKIERLEBCT , 7 7 4
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IN=3HERE LCHWRETH % % 51X, &|F /H
T HEEICEEILT B 20O FREIEM & L THZEM S
Nbo TNOOFFBILISEHERTI AN, WEWEZ [ RS
® o720, BRRLACE, Ml AREESR T RS
HEICEBETH D, £72, BCIEZY— MRTH B0,
T/ A XOGERNFEEHIIMYEH) LB TE
5o

VO =A% &R /KT OHR L LCRBEYT 5%
B3I ohh b, EZEERAF VLT —A
FTORBE— 2 NOMESER, &5 widtrn
— AMHEN D F A OB E RS 5 HETH
BEBY U h L RS, NSO HERERA A
AMAETHIZEH T VICTHV0, SRS RTOIL
R, T2, AV FESICR->TLE ). &o
T&IET /T & SIEEr O BB T 572012
BEB/A T v Eenn— ZHEOH BN % 5 b
EH 5,

PV — 2K TN T — A HAT 70123 ODK
IR R BT A HBROFEEBE L TV L7720, Ek¥
REVEM B2 T AV § 2 20 0BEEEZ A LT b,
¥t 4R, 2.26,6-tetramethylpyperidine-1-oxy radical
(TEMPO) Xt )b — RIZH IVRF A8 AT Al
B LTHEBERTWAS?, Lra— 2DC6LD—
K EEIE S TEMPORMERRALIC & 0 R Y o U ERICA
Bod 2 2 L HTE D, BCICTEMPOf R 1L % 3 1
T5ZLIEDROFEAPETOEND, (1) BALKE
FIRA R KRS CTIFbILD, (2)BCH/ 774N
— OFEEH A RIS B®, (3) VR
FUIIEIBCH /) T 7 AN—DOEFMIIBVTOHER
ENde 7/ 77 AN—OKMERITEA SNV
REFEVERITHLTAF 2RI D EEAF V2R
MIEAT B ENTELH Y, £+ D%, &
TRISIZE 5 TH /) 7 7 A N—KAOEEIEY &8 )
JRTOEMT LI ENTED, £ THAIIBCE
&8 T HEELT A8 L A L, TEMPOfil
AL L 7-BCORMEIZHR T / kT2 HEF S22 ik
R LD THET 5,

MARROEIE

1. KBRFE

1.1 EEBRHEM
5%D33FYINTESUDATU— A% EThiE

% WEEE CTpH 3ICTE L2 7 1) 7 (Acetobacter
Xylinum F-83) # 10H A L7z FiIC LV Eo N
5F % 7222 IEBCHMEDT 1 % TN T WD, 10X
10x 1emiZs v F L72BC% 2 %NaOHH 2 i 2 b
L CHE DN 7)) 7Rz, K T2 H & ik
F L2tk EAPX 1mmIZeb L), EZ2RTF, LA
WCHEM L KW TINE T b /IR L TKER
F L7tk S0ETA455M, 2MPadE)ITHy b7
VAL, ¥ELAZBCY— M2/,

1.2 N5 70— ZOTEMPOIEER{E[22]
TEMPO (1.25mg) & NaBr (125mg) % 7k (37.5mL)
WAL, ML 72BCY— b (530mg, 10x10cm) %
Z L7 R, 11% iR FEE S 1) 7 4 (5.0mmol/
g cellulose) ML, BRALBUC % B L 720 R H
AW OpHE105127 5 & 9, 05M NaOHZ s L
FEE L7z 12BERIfR, 0SmLO TS/ — )V ERML T
FRALBOG % 551k L 720 BRAL L 72BC (Cell-Na') % 758
KBEIOLY ) =V THHIZHRE LT ZOH 2TV
% 65 T—HRIZIE L 72,

1.3 BIWA—XF/ T 7AN—EADRF/HFD
1BiF

WAL L 72BCO&IE /1 F 4 » #Na' 2> 5 Ag IZ @i §

% 7212 AgNO, (1.0 mol/COONa) % #f# L 7230mL

DAKIZCell-Na" % & L TRDOET, ZiRICT—BRE L

7ot FERKTRHE L2e RO TRAFHAT

1008 T 1 e L <& L7z,

1.4 BIEFHE
TEMPOfil#EE 1L L 72BCO # VR * ¥ & I EL S
EREEIC X D ER L 72Ys UV-VislRILA <27 b L
(ZJASCO V-5504 G EE T 2 W EGELCFHE IS & D
L 720 —EOBCRAEIOIRA X2 b VIZFT-IR%
F&F (Spectrum One, Perkin-Elmer Japan) \ZATR7
FyFAy bEMNELEEE VTR, A%y s
FI%03 160, 73 fRfEIE 4 cm ' Td 5. SEMBIE D 720,
BCY— MIAF Y AR Y —TT5FF&#EHL,
R O T E A R e (FE-SEM, JSM-6700F,
JEOL Ltd.) THEI% L7z, /IMAXMBELZIZIE ) 77
Ultima IV#Z W7z, R 7 ki TR L Ay 7
k=7 (NANO-Solver) # iV CREES - 727,
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2. BREBE

BCA M & L7z /R F OB LA AF — 4
1I2RT, ¥— MRIZEIEZ L 72BC% TEMPO/NaBr/
NaClODKIFEWIZ B W TEETo 72, L E—ZAD
CORr D — Rk #13 TEMPOMEER L I2 & - T %
WWICibE N s, Lra—21gdh72H50mmold
NaClO&Z H\w/-& 2 A, #IIVAF T HE12084mmol/
geellulose TH 5 2 &L BELFILEEHEL L) b o
720 TOMIILIRTOHE L L TR4YTHY, 7O
DK TN 2 —ABALH 720 1 DDA IV KRF TV HEHHE
T2 ERMESON, $4bE, BCEEO—HK
WIEDIZITTRTHANRF RITEHBRIN TV L L
R E N2, BLL2BCOF + v A3 1X1.0mol/
COONaiE D AgNO /KA Z & - T (COO Ag")
WCER L 720 X 5 2Cell-Ag" ® 3 I0 KUt (2100 Tl
gL EI2L D T, BCY— F2EE2LKE
WZKE AL L 720 B ISR ICHEOUV-VisHEL A <
7 MVERT . Cell-Ag ldWINA XY MVASH &7
Mo 72h, MBI & > Tdd3nmax Ik & § ALY —
T DRERRE NIz ZOE—Z XS IS IR
JRT ORI XTI HET 2L DTH
B, ZOZ LB BC LA F v 2 BRI
IETTT A72OICAMTH A L 2REL TV 5, #
FEDAgNO, (10.0mol/COONa) & H\\T A F > 5l

1.4

12 |

ol
08 |
06 |
04 |

02 |/,
O l\”\\
200 400 600 800
Wavelength (nm)

X1 TEMPOf#ER L L 72BCH H VKR U ERIR D
UV-VisA_Z7 kv, (a) #BGEICH, (b) BuE

— e

JLAR.

ATV, RS L CERE O AgNOZ BE L2k,
BICEAT - 7285f, FOUV-VisAXZ FVIZEE )L
D AgNO, (1.0mol/COONa) ¥4 & ik L TZ&ALAs
mirolze ZOFERITEEILDAGNOE HWTA F
YT HIEIZE 5T, ERMIZAGITHER I N
ZERRIEL TS, ZOERNLIEA T o HEE)
2D W T TEMPOfMEERL L 72 v b — A & FwC
e 5T W52,

X 2 12—#DOBCHEMARDFTIR-ATRAXR Y bl %
R o RAELDOBCIF1500~1900cm 12 B > THRIH
RSN 7% 0o 7228, TEMPOf#EERfLIZ & - T
160lem  IZWRICH ASE N, v — ZADCERLIZ 71 )V
RYBOF b7 AEPFEIEATRIE S N7z, Fiv T
AgNO, THLHE$ 2 = 12X 1), C=OffiiiEiRE) 12 sk
TAHE =7 MREBMNC Y 7 N L2 Es, Y
T AR ICER SN2 EAURB I Tz, HIS
Cell-Ag %100 TEL S 2 & L 12 X ) C=OMHEIRE)
WHRT ARG 121727ecm ™ I2 Y 7 b L2 2 b,
BRICHBIZ L) ANV ARF VIBITEM I N2 L 2 RIE
LTWwWh, 374bb, Cell-Ag" DA+ 0 i
2R E N7z, Lk, FTIRAXZ LX) F |
V7 A AF UHERISHA 4 VICER SR,
100 C 1 BEIINENS 2 2 Lic X Y sealc s sk
ZEPRWIEENT,

COOH

(d) Cell + Ag

(c) Cell-Ag* COO-Na*

(b) Cell-Na*
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P o

e YA N ——— e ]
1900 1800 1700 1600 1500
Wavenur:w)ber (em”

2 —EONZ T TR a— AFEAOFT-IR A
N7 MV (a) RALHEBC, (b) TEMPOfif #
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L L72BC (Cell-Ag"), (d) TEMPOfilf## 1L
L 7:BC_LAZER - / ki1 % $H%E
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T BCOF /a2y EY Y FOFIKESEM T
filiL 720 B 3 IZTEMPOfili# 1t L 72BC (Cell-Na”)
B OVRALT- % $8%7 L 72BC (Cell+Ag) DSEM% % 7R T
B 3aTldARUEDOBC L [ D IEAB0~100 nmo> 1)
RRF 7 77 AN=DEBENn2", —J, E3b
BLU3clZBWTIEBCOEREMT /¥ 1 XDORFIZ
Lo THEDLN TV, TNHOMIIBCEDO A IVAF

X3 (a) TEMPOfi it # {LBC D SEMZE: 2 (Cell-
Na"), (b, ¢c) BCF/ 774 /3— Lo+ ki
T (Cell+Ag), A7 — U NN—0DlFiZvEnd
100nm.

EDTRNA F VAHELEHIC X o THEA 4 2 EA
THRAMNERILE LTHREEL TWAZ E2RIEL T
Who $RAF VIFBULEIC L D HWVIZEEL, o
I RTICER SN D, ZORE, EREIZED D
BEECREDE S 7288 /T A2 LB 774
N—ZEEILT 22D TELS B, BeuniF
RT3 —Th Y, ZORZEIZI0-20nmTH - 72,
VLR, NMAXEMELE: (SAXS) & v CIERER T
WEB L ORESM 2 /AL 2 FESRWZSTw
BB BC EICHHF; L2 8F / K- OSAXS 71 7 7
ANEZDH =T T4 v T4 27T OFERTE 41K
To F72, ZOKHEERBEREL RS RTORE L 5
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SN FREIZI3InmTH Y, ToHKLs
SEUEEIE529% TdH o 720 T DFIGRZIISEM & 1) 8
BEINDLREE —FL T 5D, RRIIBCEMEIZEA
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Preparation of ZnO nanoink and its application for transparent electronics
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JEBE SR R A R, Tran Viet Thu

A

7 Shinya Maenosono

Al-doped ZnO (AZO) nanoparticles (NPs) have been synthesized via the thermal decomposition

of metal acetylacetonate precursors in a nonoxygen and nonpolar solvent. Long-chain alkyl amines
have been utilized to terminate the growth of AZO NPs and to stabilize them. The NPs have been

characterized by a number of techniques as monocrystalline, exhibiting a hexagonal (wurtzite)

structure with sizes from 8 to 13 nm. The composition of Al in the resulting NP is related solely to

the composition of the reaction mixture and the size is controllable with the temperature of the

reaction. The AZO NP dispersion has been proven to be stable over a 24 h period by dynamic light

scattering measurements. The influence of the synthetic conditions, such as temperature, reaction

time and the Al doping content, on the properties of NPs have also been investigated. An optically

transparent AZO thin film was fabricated using the AZO nanoink by spin casting followed by

annealing. The resulting film resistivity was measured to be 50 10™° Q-cm.

MEER

ZnOfhiF1%, 1 < 25 BRI S
NCELRENOEHCEELZWETH L, £72, ZnO
WXIENY R¥F v v 7OnRINE8KTH 5 5720, FT4F,
o I EI KR B O MR EHEAR O, &5 \n»
XFENETNA AMEE L COIRHAPIfEE LT 5,
NSO TINA ZIBHIZEE LTI ZnOMk 1 % HRAL
TLULEDND D,

L2 L 72 ZnOfoRL 7 % AR ZERR_F 12 A S0 L
TZnOMEZ T 2 %56, ZnOMRLFA3 5 # s 7z
EGEIEIRD 2 DO FM &7z LT RIFuE % 5 7%
Vo (1) SR ESONm LT D Zn0F /KL TS B i 12
SGEL7aBeR (F/RFA 7)) THY, 2)FD
AR ENDEN T VDL EThH b, FEIRKEVE
PR EATEE T 5 2 LW e 22 0, F20kREIC X

o> THEEEN B b D, R IEEFR VL,
ZnOE D E IV 7 + 0 ¥ — 2 fEIE O HIH A E L
5o Yo THIE DR FIREE L5~ 10wt E L EH 2
TENEF LV, LL, BffoAGETHLND
ZnOF / KiF % VTR S HoR 2 R L 72354,
SRR EETEC, BEREZEERT 570108 —%
InOHEEZ B 2 2 LN TE %0,

RIFFED HENE, B O gl o @ Zn0F
JRTA V7 # A B 72012, Zn0F KT DA,
KIMEH, HEGERZ EOMEE2TV, BohizA v
7 e HWTCEHEBR R EOET TN A2 ET L2
EThb
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1. ZnOHB LVAIN—TZnOF/ RFDEK

Zn0F /fifid, A7 87 BLTFLANVT 3
YERENTNEED L ORIRER L LTHY, N
A A SALT330T £ TMME LA L 72 f%, Hish
7XF VTt ) — b [Zn(acac),] & PIVZ V&
EEEA Yy 7Y a—YaryEEREATLIE
IZE > THBL7z0 AlN—77ZnO(AZO) F / fi T4,
Zn(acac), & 7 VI = AT EF VT NF—}
[Al(acac);] # MV VIEMSELA Ny 7V 2
—Ta v ERBEFEATLIZEIZL > TAEK L,

2. WEEET

EL72F 2 kT E, XEEYT (XRD, U A2
RINT-2500CuK et #), #E#ME -3 #E (TEM, H
37 H-7100), T4V F—5HAEIX#HS6 (EDX), B
L OEAEBAVE T HEME (STEM, HA®ET JEM-
ARM200F) & o CaHiliL7z0 £72, F /K F5#L
W an A FEE B HGELR &2 & (DLS,
Malvern HPP5001 high performance particle sizer)
% I CEHM L 72

Fig.1 TEM images of AZO NPs synthesized under
different input molar ratios of Al(acac),
(a)0mol%, (b)2.5mol%, (c)5.0mol%, and
(d) 10mol%. Bar 100 nm.

3. BREEE

Fig.112 Al(acac) ,® A A& % 0 mol%7* & 10mol%
FCESETER LT/ RTFOTEMG %R,
WTROEE LIRIZERIROF /TS5 N TED,
PR 8 -13nm THRAE A IEAIEN TH o720
NoOF R ERAEEEEIC R CTHMSEL T e
TE, DR EED BV,

Fig.2a®B X Ubl2, BULREE %2052 5330C £ TX
L& THESNZAZOF / RiT [Al(acac) ;0 H:3A &
& 5mol%], B & WAl(acac), D fEirAAEZ 0 0 5
10mol% F TEAL S TSNS /KT OXRD/YY
—VERENTIURT . EOGAIIBVWTY, Hoh/:
F KT DOXRD/NY — I v SEIZnOD /X F —

=)
o
-

(@) s,
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Fig.2 (a)XRD patterns of AZO NPs (5 input mol%)
synthesized under different temperatures 205,
230, 280, and 330C. (b) XRD patterns of AZO
NPs synthesized under different input molar
ratios of Al(acac)4 0, 2.5, 5.0, 7.5, and 10mol%.
Red bars represent the reference XRD
pattern of ZnO (PDF #01-070-2552).
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vEe—FL, Mit7nvI=22s (ALOy), H—F4 b
(ZnALO,) HHVIZER/TIVI =7 AZHKT S E
— 3SR otze TOMENS, AUETIZ
ZnO#Ed O —FH O Znli+ & B E 1L TZnOKS i
WZHDAAFNTWBEZ ENbrb, £, LNREZ
FFBI2HE-TA01) E— 2 OfLEIRAAMIZY 7 b
LTWwa, Ihix, BUSEELZ BIF2IZL72h 5T
Ink ) b AT VEFEDONS VAL — T EmDETE
L, BTHBEEP LI rEZ b5,

AlD F—=7% S 5ICHERT 579, TEM-EDX#%
HWTAZOF 7 ki F (Al 10mol%, SIS EE330T)
Ml OB Z AT > 720 7 O B AIDTEAE DR
SN, ZnOF /R FICAURTFEBbA L F—=7aNnT

Al content (atomic%)

o 1 2 3 4 5 6 7 8 9 10
Input molar ratio (mol%)

Fig.3 Al content plotted vs the input molar ratio of
Al(acac),; Dashed line corresponds to the
single exponential fitting curve.

W5 ERbholz, Fig3llAlftiAAE EAIN—F
HEOBREIRT,

Fig.4lZ AZOF / HL 7 @ % 4 B § 6l B 4 %
(HAADF)-STEM{% % 7R3, 4~ DAZOF / Fi+f 1
BELZVEALZY) LTBSY, INIFEL T3
ZENbhb. 72, FigdbllRmd X HIZAZOF / Hi
THOEFEINIMO TP oTHEY, Thbnt
JRTDRITHER TH LI ERRLTWD, TDZ
EAITEME 25 AfE b - 72 FIgR#£ £ XRDE — 7 %
53 x 7 —REHCTRED o - PR FEIIT
—BTHZERLBEENEV, DFED, AEL7:
7Zn0B L WAZOF /7 kL T3t ed TRE DT E WV & v
)T EERL TN D,

Fig.5(2Zn03 X TAZOF / R+ kit (F /4
¥ 7) OFEEERY . GERDZnOK {5 Hi L HE L

@ B

Fig.5 Photos of AZO NPs dispersed in chloroform
at concentration of 10mg/mL. (a) AZO NPs
(10 input mol%) and (b)ZnO NPs.

Fig4 HAADF images of AZO NPs (10 input mol%). (a)low-magnification (bar 20nm) and (b)high-

magnification (bar 2nm).
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Fig.6 SEM images of the AZO thin film (a)before and (b)after the annealing. The inset in (b)shows the cross-

sectional SEM micrograph of the annealed film.
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Collision and deposition behavior of nanostructured ceramic particles

08117
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BAEBONRIE RS degd o BF #f 32  Nakano Hiromi
The University of Auckland Senior Lecture Michelle E. Dickinson

This research studied about the bonding mechanism of supersonically accelerated solid ceramic
powder material in cold spray process. In order to understand the bonding mechanism of the solid
ceramic particles, the structure of feedstock titanium dioxide (TiO,) particles was carefully
observed with the scanning electron microscope (SEM) and the high-resolution transmission
electron microscope (TEM). The SEM and TEM data clearly reveal the deformation and adhesion
mechanism of the sprayed ceramic particles and the substrate. We have discovered three essential
factors for solid ceramic bonding and these are related to the structures of feedstock powder.
Firstly, powder has to be agglomerated to a size of about 10um. This is the suitable particle size
for high particles acceleration in the supersonic gas stream. Secondly, the powder has to be an
agglomerated porous structure with nano-scaled primary particles. It is believed that porosity
assists with the breaking down phenomenon of particles occurred during the cold spray process
and this phenomenon influences the adhesion of ceramic particles. Finally, the powder must have
primary particles that are agglomerated and oriented within a single crystal axes. This particular
structure is believed to be responsible for the adhesion between TiO, particle and substrate. These
three unique structures of the feedstock powder material are required to obtain thick and defined

coatings of TiO, via cold spray process.

A LER B L OB R T ORER BIF S

MEE R

Bk R EETH ST — IV FA T L —EIC &
YT 3y AR ORI L LT, BT R
ThbF /it T 3 v 7 AR OmERTFEHEZD
B fEh TR OBIEE, QH WK T- O %25
AP, ORI T AR BIEE 2 & DO EBRR T L V) A
L, I3 v 7 AEBRHTFOREBLONE AT =

FRROEEE

it B R M EEFE 3% T I < IV B LT 2 IR TR Bl
TH 5HEHH: (Thermal Spray) OFEARJFEIL, AEE
RKEINIBT T A~ A L7 FAE & Rl E 721
PHERE S S RAOIE L, HAFE IR E T TR

— 118 —



Hosokawa Powder Technology Foundation

EEREELLDTH A, THIHL, Ta—VFAT
L—ETIRER R B S 2 WwAPKE CRR
Bo A=)V FAT L —EOREAREERBIE, R1ITR
T LI, FAMRE, HAME e -5 —, R
et N NSRS N D MEB T A L LTI,
BHR, ANVTL, BLRIELZGENSORE N AHME
ENb, EEF AL, =% —I12X ) EHEOR S DL

E—%5—

mE/ XL

M1 I—)FA7L—ZEEER

M2 a—-VFATL—I2k%
(a) N SR T-HMBL (o) SHEZRSEITIRL,  (c) /A1 5t

ToiRE (FiR~1000CHE) 1ome s, JeiiKL
BOWM#E, AV ) BEEHRE TNHESND, O
WA ADBRFEFIRIC L Y, FAREE2WIIRT %,
Z OFBEHET AT FR R E A LTI S+,
BAHIREE D £ F M EHICHZE - RPSETHES
&, INEEKHICIT) ZETREBEEZERT 5,

I— )V FATL—OREEIEE LT, BEHEORE
B QBB TR EIND e, FICHR
TNVIZT L7 EOWHEEGIE X FOICHFESED S
T2, STNETIHWE SN TVEHARL LT, &
VB IRHREE & R L 2R D) s R, 8 A F V7o
FIBMEEE M D Do Tz, FRROMA % HE
FEL AL ORI AT REZ: & & 225, Ta, Ti
Cr, SnBXUWZni ED ANy &) 75—y M
BOEFEIZOHAVLENTVS, THSERBMELANC
b, FTETIEIWC-CoZz EDH— X v RO E B
BIZDWThH, EH BRSO 2R L T
JEASFEH L T\ 5,

CHICHL, T3y s AR OB TR
LENTEZ, a— VAT L—ETIR, B EM
BIAE R WAL 2 2 LAk b b 720, I

°

B

100pm

g ket f X100 100um

— 119 —



Annual Report No.18 2010

MHHETHDET I v 7 AMKROARFFEMH & T 5 H
Pk, FEEMICIEIATEEEZ 5, TNETIZT—
FATVL—EICEDET 3 v 7 AREMERE LT,
TiO,, WO, ZrO,7z E KA LN T DA, 1%
KFOBELEF2EO MR\ 20, W HER T
HPEEM OB L) BB THE L TWbDHT, Hifk
KT Atk T- 25 HERE L T RS Rz st v % 15 %
FTIZEE> TRV,

ST AT Tu—FE LT, EZLIEXT S —
YRR F & » OFERH R &b T5 2 LI2X 2K
fEa i Arze =V FRATL—{kI2L ), R EH)
AL LT L2 TIO R IR D Wi Bl 515 o — i %
B3R 7. &)kl (SS400) HMBLUET 3
v 7 (INAX, ADM-155M) ##f O w342 3 100um
DEDE S ORESTEE I N T LI b b, f§
H L 72 ER K ORAZEDS5umBE TH 5 2 L h 5,
D 7EE S OWIETRON DR T H—FE D A D Rk
T %, BERTICEDER SN WD T LD HER
T& 5%, F72, BAITRTERH RS LR X
MRS, REIZVFIVEIANOREFHZEREE R
LTBELHT, FRKREFE LT 75 —BHEMEFREL T

B3 I—)FATL—I2 & o TIERLL 72TiO, 2 i
(a) BkSHZEH, (b))t T 3 v 7 HM

WBZEDNDIL, TOZERS, T—VFATL—
W& 7F 5 —ERTIOD A LR S LB EFED
EBLSTTRECH B Z & #FEE L 726

CDEHIZ, A=WV FATL—FEEHwL I EICE
> CTTIOBEDVEREAUFETH 5 Z LATRE Nz, T
X, 28T Iy 7 ADORENTREL o720 3
—)VRATVL—FEIZBIT 1T 3 v 7 AR 5SS
fEHD 7=, WiLF & VR RS L TEET-
720 MR, KRR % f/NEALTH 5 M0 4 OFLT-
WEHL, TORNERELIAELHERERT, B
RLFAFAETEREDS T 0 2 A Gt 6520 T BB i
5720, FAEENH A G CRFIEEIT, H—RT
WEREOBExTo 7. RAIHEBT AL %
10MPa—%E & LIEBY# A RE % Z(L S84 0
BEER A, RS I/EEN T ARE A TT3K—E & LIEH)
AT R BACS R OBISEER TR T, BIED
KR, BURHR T IE BB IR I WEEZ A L TV 5 DI
L, @EALTOWE L FERRICET - W% 8 TR
LTCWBIZENHLNE ST L, &k T
BEICHEICHND &9 % 70w AT AEMFOE NS
2R 2 R RE O 2RISR S N e r o oo E
5T, A= VFATL—EIIBNWT, TOL AT AS
HAKLF RIS KT T BRI L A LW &8
HEMNE o7,

0.4MPa

0.7MPa

1.0MPa

B4 &I AT T ORI A TR R

— 120 —



Hosokawa Powder Technology Foundation

373K

573K

773K

5 & AU TOR A AE T REBIS KSR

=WV FAT L=l o TERESNDWILT ¥ VK
BEiZ, FEHMMEOENIC L > THEEBREICKE 2D
Bz, 22T, EMMESE—RTORTVIEEIC R
TR OV R AT, BIEHELE6 1R
Fo XY, FT7IVI = 4 T USRI O AR HEAR R
TOHEEETH D2 L—F —PHE—k T OIS
BlEINT, 6o T, TNODOHEMITHERE L 7-(LF
y URAIEMIIE 2 G272 DEFEZEN5, L
ML, SAEM RICHER L 7RIS B ERE R R L
7200, FT7IVI = AEM FICESLL 2oL F
DX BIERERE Do T2 HEo T, EME RO
L OH ML B I A5 SR | ok L CEIRIT B 2 52
Wb DOEEZ LI, FM OB R R R A
w55 ECORLBERMETII BV EARENT F 72,
EM Eos L —8 —oFEDIOR FRTFIEEICE =
LGRS LD 72,
FRALF & » B—Ri 725D X 9 Wik Z A L T
WERDPEFET L7200, BIEEIT A TR %%
v, BT OWHEEOBISEZ1To72. B7I2ME

SUS304

SS400

C1020P

6 AHEIES - TORF AR R

— 121 —



Annual Report No.18 2010

0.4MPa

0.7MPa

1.0MPa

7 & AT T O R WS A

By AL % 1L0MPa— 52 & LIEB 7 AR % 2 L &
HoGEOBISEMERE, K8 IC/ES) 7 A % 773K
—5E & LIEBY T AL ) % ZAL S ¢ 725 O B —h 1D
WIS R 2R o —HB4MF TR L IBICPeiiE
BEDTRAT L T %o BIEOMEE, H—k T ORFIE
B ORI LRI, (FB)T ALMHITRRT 2 L A5
NDEEEREBIIBR SN Dol EBIT A S %
MhHd, H—R WA & O BIF42 %5 %R T/
WL, BEDVPATHTH L LI % EEI 5
ILENDEMICH B, S I, B LRI IERN T
WIE O NHEAHES, ZFUR 2 SEIU S HERR R DT TH 0
FEHECA T AEND D D 0T, TDLI R
AR T 22 R ORI RE DB LIZ L o TA L2 b
DEEZONL, F72, BALT & VR T BIER R
o B EM OERIIBE SN o7z, fEo
T, SUS304HEEM E~O®ALT & » OfF 75 TIEIEM S
BHA B2 EIZRESRETIIRVE WS Z AL H
X7 o720 LU, BZEIC X BEMOERIFR 5%
WG, EMEOFAERORBIIT S bTINICE TS
LEZON, ZORDPEALTF & RO TR E A
DEBERE L KR TRWERO—2THhD L EZ b
%o

B TR IR Tl M-I X - TIEERL
F & VRT DL L > THEMOEEAEL S Z LM

373K

573K

773K

B8 A7 Al T O A KL T RS R

RENTze £ 2T, EMMESRFEEEIRITT R
Br SHICHET D720, KIMICHE LN TOW
AT o720 HRERIITIRT . BISHERLD,
TV =7 ARSI IHRE 7 A ATEAS, ST
TLDOTDIEM OB HR S Nz ZDMOES
(LSUS3042E 44 T OB AE A & [MIARIC B BT RE 22 2T
BER SN olze T2, TV =7 238 &3
AR L 72K T 0 W X ZE RS Roki - e R 7
ED, ORI L 7R W LB 2 i o8
SRV AT LB 7 LR ZEALAYEAE L T\ B & ASHH
DI 0Tz TIUIEMAELT 5 2 & THZET &
WE =PI SN, BT OB A5 L 7o
TlehbEZOND,
H—pFOILES L OWHBig 4 L <, BRtrs
¥ RTIX A 2R I R L 2 R IR LA 10 R
LHIEDIRENTZ, #2T, 53 v 7 AMETH S
AL T & o HF OWE ARz 1T Re I L 722N 2 Fi A3
%780, FE R 2 EATE M (SEM, FE-
SEM) B OEBAEFHEMEE (TEM) 12X ) Bl
{1072, TOBEHERZRN0NIRT, EXHIE, 2
DHE10(a), (b), () DBIZEH R LY, Ta—V FATL
—BICBULEERET Iy 7 ZRTANEICBITLZK
ZRAERM L, %35, B10@) 1RSS5S L1,
HLT AT 2 — BT X DR S LB A4S, 15umiR

— 122 —



Hosokawa Powder Technology Foundation

SUS304

SS400

C1020P

B9  KAEE b T O AR W B S R

FEORTEICETREL TS, BikoEBY, B
KT TIIHREZ2EET A ENTET, HEICES
B\, FORW, E—ORTELT, BEIZED
15UmBEE DR TFETH D T EHRD LN b, KIZ,
10 (b) 1278 & L AFE-SEMIC X 5 ki1~ i B 284
Mo, ZILELHEBTH L Db, a—ILFA
TL=IZBWT, FEEHROSILEITR FAEICKE
CEEL, Z2iLE% L OEERORTFEIREL, 8
WTHbH I L, T — Ay MOV THE
ENTWD, EORTIE, ZOSILE LR THEET
bbo wiklz, E10(c) DTEMBEZEHEE L D, 3nmiE
ED— KR T-DHER T X B0, T ORI EZ 5 &,
BEO— KR T2 THEEL TW D2 bbb,
DX K FHEEIIEY X VT vy T
X277 20 A NELTHESNT VD, EMICE
L I L AN TH 575 MBI AR 21TV,
RLFRETE 2 H 8 L 7o BGREEBRICBWVW T, ZoREx:
HTDMROBDTEERETRETH o720 207280,
EZORTIE, EERICRET - S LAV

HTAMEMETHLE VD, COZERZ2T
K2 BEETHESELZEICLY), BHERIE
WIRPHR AR L, M5 - T2 852 T
Wb,

Z DX LR OB 3 5 EE %R
HY L7720, BNEEEF /ATy =%t
I AT Ty FREEIZ X o TH—RT- 0% AW 5 R
AL 720 FOMREKINIR T, B (a) (LS
HARE % TIBK—E & L7125 T O1EE# AE T A
H—h AW BEEREICRITTHELRLZLOT
HY, B (o) IZMEEIH AFE S Z1OMPa—E & L7245
T T OVEB) 7 AR EEAS . — KL A WT8E 25 3R EE |2
ETHELRLZODOTH L, LD, BAEEE
FIAVTFE =T ) A7 Ty FRERIZL -
THE 4 ORLF O+ AWIEEIRE % FFli§ 2 2 & 12
L7ze ZORER, BT & v 3B —k 1 TIld15-
25MPa k DA REE OFEF (IMPallF) & i
L ClI0RE LA L@ W EZ RS Z LS Il % o 72,
T, BH—WTOEEBREIZIZESDEDPRENDLD

— 123 —



Annual Report No.18 2010

10 HEEMRILT ¥ v f s
(a) SEM#Ei%(%, (b) FE-SEMEI%Z%,
(c) TEMER%(%

D, Ve8I AT B L OB A ARED EAIE - T
H—R T OBEEBEDIEIT HEA A SNz, T
L0, R 2SR (R AR P RE B & O T AL (2
EHEERIZE Wb OO, BT ASEHOZEILIC &
DR T HAERE X ET 2R D B 2 LS50
nolze fEoTC, BREEZHKT 2BREIZBNTHTO
FABMELRT SERE/PDH L LV D, TNUEE

—_~
}--]
~

B
<=

73
n

73
>

N~
n

—
n

Adhesion strength [MPa]
[
=]

—
=l

) l I I
0
0.4 0.7 1.0

Process gas pressure [MPa]

373 573 773

Process gas temperature [K]

B 7 227 F v FEERIC K 2 H—h 8RR
i

w
wn

w
>

[ 34
wn

—
wn

Adhesion strength [MPa]
— )
= =3

wn

=

B E R T A — = VR CH D EE LS
Nbo == v 7RI AT R TS %
ZefLEM L O R L CEBEOMELICEHIKT 2 BT b A
TBH, ZO—J THERE L 72 IR OIS & ok &
HBEVIETLELTNDE, F07-0, EEHICH
T3 2RI D7z B—FF L ) b % AEREEDKIE
WIERTTA2b0EEZ N5,

F7o, A—5HNTHRTOBEEREIAKE L
SOLIERE 5722 L, R R %
T 572012, EEMEOBERREHRFRN FE I L1250
HL72o ZO8EE, RN2RT, KLY, HERF
BEAEINT 2129k o TH—HFOBEREIIRTT 5
CEBPHONII ol T, MEBVT RIET)
1OMPa, TEB)A A IRETTIKSM CHi%E L2k 712D
W E OMERER T 2 L ISR T IEEIE 247> 720 £
DiERZBENNIRY o R FEAVNEWIZE, £0
WITHI (2 80T 2 B 72 SIS0 |5 30 2 B A SN 5 s
HOPIZR o720 BIROEBY, B TR B v
THRUB R IR S AL FUR R HI & D) b BAF 2 Bebt &
DOEZERXRTMENID D, o7, PMMERTIZEZD

— 124 —



Hosokawa Powder Technology Foundation

15 L 4
10 ¢

Adhesion strength [MPa]
[
<
/4
L 2

9]

(]

2 3 4 5 6 7 8 9 10 11

Remained particle diameter [mm]

B12 AR LT O % A D B RTAGA S

R B 5 BIF %5 RS HEBOE SN2 572
O, BWEEBREERRLIZLDOEEZONS, HIZE
LB RIS T OBEEICOWTIEE AEHFS L TW
BTN DEEZ LN,
RIFFETHRONIBREY, BILT & R F O
WHEBZHOBELSI— IV FAT L =BT 5125
IV ANFNERE T ESET S, £3, MR
F A ZO—YWRTF-HEL L CHe4E L2 ORIBRIZY
F A XDZIDEAET DL TH Do —UHLA [
TATEA A ZE L 720, W e s 25 L
L L7-BEOMITIC L VN 2 %54 L
L5HDEEZBEND, FNOHDEIET AV F — THAM
SND T L TEMICES - BT 22 L THAEICES
bOLEZOND, Z Ol % g2 CEiE - [EL
FTAHHREIITO I VFTERY Y a VBB ET 3
v 7 AR OHEFEREAE T d 2 H iR B E LG
DLDTHHLEEZOLND, ZNUE, EEIUMFEE L
TovT 3y 7 AT EsCEM I L /2RI,
MO NP OBE 2 &2 > TEMAEB X
DA Ol b2 2 L, Z2o#EoR Tl S Lz
FrAEm R FHoOEZERL, FbT 28K TH
%o ZOBRIIEEOBUEIEWER 7012 AT
Hbo LrL, TOHRNPEI LR TRIITHIEIDH
D, Blum% 8 2 2 KT, WE OB 22 £ L,
ML LRI DEENEMEL Yy F 2 7T L50ORTH
bo 5T, A=W FATL =BV TEIIHVS
NA5um LR FIZIZZoBHRITREZ 59, M %
TIANT B, EMICONALDOARTH L, T
L, AREFZECTHW B LT & R iE ik of s %
HLTWE720, RFEZERE I — IR L OV OB
R ~BIEDTRECTH Y, KEEICET 2 MR 2
V73550 THE, ZDOF /A ADELEHTH

16, 1pm

B13 AR AL O W T B A R

YT I v AT L D REERET, i -
LS NBBIRIE, FFHZEREHETEEMIZAELS L
EZOND 720, HERRLT O YLl s CRUE 7o MLk
BlEsns@EarAonzbntEZoNb, TO—
ﬁf LT AN F—REORRD S, T Wi o

BEITIHREIC L o THIET 2 0ATREILEI NS IZE
LhmolzbnbEZ NS,

DEX Y, REfgecHWZBRLF & Tk, 20
KT SR MR & (2 & > TREFZZHR ISR L B L
FNDEREI AT =2 Lo TEMS N, FELT s
ETHEMIZEE L, M LMo 2ORE 2T LA
RS/ EZONDL, 5T, I—=IVFATL—ik
BB YT 3y 7 ARAONNEOLESRME, K3E
BR O L2 8EBLF 7 vk H e 73 za s~
F 7 A DI ZEREI AT 2 D) O 2 iliiEE T h
LrEzZbN, A=)V KATL—FOMmOLT I v s
AN OB T REPEARIE S 7z,

B

1) M. Yamada, K. Shima, H. Isago, N. Tjitra Salim, H.
Nakano, M. Fukumoto: Particle nanostructure for
solid ceramic deposition in cold spraying, Surface and
Coatings Technology, #%f5H.

2) M. Yamada, H. Isago, K. Shima, H. Nakano, M.
Fukumoto: Deposition of TiO, ceramic particles on
cold spray process, Proceedings of International
Thermal Spray Conference 2010 (ITSC2010),
Singapore, 2010, CD.

— 125 —



Annual Report No.18 2010

PoRK Fukumoto: Cold spray deposition of TiO,
nanostructured particles, 12th International Ceramics
1) 1 B 3 %, ME. Dickinson, & % — i, N. Tjitra Congress.
Salim, HHHE, BAREZRE: a— )V FRATL -1k 3) M. Yamada, H. Isago, K. Shima, H. Nakano, M.
F ¥ R OFERERHM, H ARG 5592 (2010 Fukumoto: Deposition of TiO, ceramic particles on
EEKE) SEFEHAS. cold spray process, International Thermal Spray
2) M. Yamada, H. Isago, K. Shima, H. Nakano, M. Conference 2010 (ITSC2010).

— 126 —



N

W RSRIZBUT D8 L IRED I & Bl & KHBLE 58

A New Theoretical Approach based on Langevin type Equation for the Driven
Granular Gases under Gravity
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We propose a novel approach based on a Langevin equation for fluctuating motion of the center

of mass of granular media fluidized by energy injection from a bottom plate. In this framework, the
analytical solution of the Langevin equation is used to derive analytic expressions for several
macroscopic quantities and the power spectrum for the center of mass. In order to test our theory,
we performed event-driven molecular dynamics simulations for one- and two-dimensional
systems. Energy is injected from a vibrating bottom plate in the one-dimensional case and from a
thermal wall at the bottom in the two-dimensional case. We found that the theoretical predictions
are in good agreement with the results of those simulations under the assumption that the
fluctuation-dissipation relation holds in the case of nearly elastic collisions between particles.
However, as the inelasticity of the interparticle collisions increases, the power spectrum for the
center of mass obtained by the simulations gradually deviates from the prediction of theoretical

curve. Connection between this deviation and violation of the fluctuation-dissipation relation is

discussed.
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Three-dimensionally extended functional interfaces derived from the hybrid
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Three-dimensionally extended functional interfaces were built using hybrid nanoparticles
synthesized by the unique break-down and bottom-up approaches. Here, we report the processes
in detail and the applications of the hybrid nanoparticles for high performance solid oxide fuel cells
(SOFCs). The first generation NiO/yttria-stabilized zirconia (YSZ) hybrid nanoparticles (~100
nm) was fabricated by a dry mechanochemical process without milling media. The nanoparticles
provide the uniform three-dimensional networks of Ni, YSZ and pore phases suggesting the
formation of large amount of triple phase boundaries (TPBs) in Ni/YSZ anode. The anode showed
the performance high enough for the practical applications and good long-term stability at 700C.
More uniform Ni/YSZ anode microstructure and resultant better performance were achieved
using the second generation NiO/YSZ hybrid nanoparticles (<100nm) synthesized via a modified
co-precipitation of hydroxides. We found that the homogeneous hybrid nanoparticles can be
synthesized at pH >13 through this method. For further higher performance of the SOFCs, we
newly developed a co-precipitation method of third generation NiO/YSZ and
(LagssStois) 0ssMnO5 (LSM) /YSZ hybrid nanocrystals (<10nm) using YSZ nanocrystals of ca. 3nm,
perfectly dispersed in aqueous medium, as the seed crystals. The obtained hybrid nanocrystals
successfully forms nanostructured electrodes consisting of the homogeneously distributing nano-
sized grains. The homogeneous nanostructure provides huge amount of the functional interfaces
within the electrodes. Finally, SOFC consisting of the nanostructured electrodes showed the very
high power density of 0.18, 040, 0.70 and 0.86 W-cm * at 650, 700, 750 and 800°C, respectively, under
the constant cell voltage of 0.7 V.
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1 SEM micrograph and corresponding elemental distribution mappings of (b) Ni, (c¢) Zr and (d) Ni/Zr in
the Ni/YSZ anode fabricated from NiO/YSZ hybrid nanoparticles synthesized by a mechanochemical
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Fig.3 SEM micrographs of NiO/YSZ hybrid
nanoparticles synthesized by a modified co-
precipitation of hydroxides.ﬁ)
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Fig.4 (a) Size distribution of the YSZ nanoparticles
in the colloidal suspension and (b) optical
appearance of the suspension.” ®
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Fig.6 (a) TEM and corresponding elemental distribution mappings of (b)La, (b) Mn and (c) La/Mn in the

LSM/YSZ cathode.”
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Control of the particle morphology and particle outer diameter (from nano and submicron sizes)
has increasingly captured the attention of researchers for decades. The exploration of unique sizes
and shapes as they relate to various properties has become a great quest for large field
applications. To meet these demands, this study covered our recent developments in an aerosol-
assisted self-assembly technique (a spray method) for particle processing. The particle processing
of several morphologies (sphere, doughnut, encapsulated, porous, hollow, raspberry, and hairy
shapes) was discussed in terms of the selection of material types, the addition of supporting
materials, and the change of process conditions. Controllable particle outer diameter was discussed
in terms of the adjustment of the droplet size and concentration, and the addition of specific
techniques. A theoretical mechanism was also simplified described, especially to describe how
particles are designed with various sizes and morphologies. The performance of various particle
morphologies was also demonstrated, which was essential for an understanding of the importance
that shape could exert on practical use. Because the method outlined here can be broadly applied
to the production of various types of functional materials, we believe that this report contributes
new information to the field of chemical, material, environmental, and medical engineering.
Keywords: Nanomaterial processing, Spray Pyrolysis route, Functional nanostructure, Composite

material, Morphological control of particle

materials, etc.

1. Introduction

Recently, control of particle morphology has
received a tremendous amount of attention. The
change of shapes has caused unprecedented chemical
and physical properties that differ markedly from
those of bulk or dense material. Great potential for
use in various applications could be achieved with
morphological control: electronics, catalysts, drug

carriers, sensors, pigments, and magnetic and optical

In this report, a spray method was used to
produce particles with different morphologies.
Several parameters, which could alter morphologies,

were investigated.

2. Experimental method

Inorganic particles with controllable size and

morphology were prepared using a mixture of main
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and supporting components in the specific solvent
with different initial concentrations. The mass ratio
of main and supporting components was fixed at the
optimum ratio. The mixed solution was sonicated
initially in an ultrasonic bath for several minutes to
obtain a homogenous solution. Then, the mixed
solution was sprayed using a spray-equipment
system. In briefly, the apparatus consists of
ultrasonic nebulizer (Omron Corp., NE-U12, freq. 1.7
MHz) for generating droplets from the precursor,
laminar flow tubular furnace (a ceramic tube; D = 13
mm, L= 1 m) and electrostatic precipitator or filter.
The generated droplets were then heated with two
heating zones in the tubular furnace. The first zone
(T = 200C) was used to evaporate the solvent in
the droplet, resulting in large particles of composite
main/supporting component particles. Then, the
second zone (T = 500TC) was used to evaporate the
remained solvent and change the particle
morphology. In addition, flow of N2 gas, as the
carrier gas, is approximately 1 L/min. Filter or
electrostatic precipitator was used for collecting the

particles. Then, the morphology and particle size of

prepared particles were characterized using a
scanning electron microscope (SEM, S-5000, Hitachi,
Tokyo, Japan, operated at 2 kV) and a transmission
electron microscope (TEM, JEM-3000F, JEOL,
Tokyo, Japan, operated at 30 kV).

3. Result and discussion

The spray-drying method has great potential for
the synthesis of particles that are rich in desirable
properties. A simple process can be achieved, which
involves only solvent evaporation and self-assembly
of materials inside the droplet system. The control of
particle shape is also possible by adding some
technical modifications. The features of the initial
raw material (e.g., initial particle size, type of
material, physical and chemical properties, and
surface charge) and process conditions play an
important role in producing various products.

Fig.1 shows a conclusion of our work. The
effectiveness of this method in controlling particle
morphologies that include dense, hollow,

encapsulated, hairy, and doughnut forms had been

Dense particle

Hollow particle

Hairy particle

Raspberry particle

Fig.1 Various particles morphologies produced by spray method
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described. An explanation of the various
morphologies could be simplified as follows:

(i) The spherical particles are basically prepared
using the spray method because the particles are
produced from the droplets with a spherical shape,
and the most stable shape for a droplet is the
spherical form.

(ii) The particles with doughnut and hollow shapes
could be prepared by changing the process conditions
(e.g., flow rate, temperature process, addition of
surfactant).

(iii) The production of particles with a multi-
component was possible when multi-components
were added to the initial precursor. Well-mixed
component particles could be created when the

component fractions (i.e., size) were almost the

same, while the possibility of the particle
encapsulation phenomenon could be prepared when
the component fractions were different.

(iv) The hairy particle could be produced when the
specific material (ie, a CNT catalyst) was added to
the precursor.

(v) The particles with porous structures could be
formed when the template component was added to
the precursor.

The various morphologies of particles exhibit
many potential applications for their uses in future
technology (Table 1). Enhancement of particle
performance could be achieved by a change in

particle morphology.

Table 1 Correlation of particle morphology with material properties.
. . Enhancement
Parficle morphology Precursor Density Porosity Properties
Completely .
. Solution type _ _
Spherical Dense {e.g. alkoxide} P = Pae =0 e
Particle 9
Small Rough .
. Manoparticles
Spherical Dense P ™ Pae s~0 Near to Momnal
Parficke (. << o)
Highly Rough .
Spherical Dense Panzp;]rbcles [ . =0 Near to Momnal
Parficle e
Hollow Particle E\mpu:h!;a:ﬁa'e P01 p &> 30% Ultra low refractive index
. Effect of High Surface Ama
Doughnut Particle |y dvnamic P P 5> 30% Lowr Refractive index
Additional _
Very high surface area
Porous Parficle tﬁnpplauim 03P <P < P 0=s=T0% Very low Refrachve ind
Encapsulated Multi component o - .
Parficle [doo< 2 dg) P ™ Pae s~0 Protect Core material
. . Multi component o - Specific Properties
Mixed Particle (d,.,<3d,) Pa ™ P -0 {e.g. dope material)
Multi component
{d,=3d.q)+
Hairy Particle Additional CNT P Pt & =0E CHNT-related Properties.
catlyst
component

Note: *depend on the CNT population and tube size; p, = particle density; p,,, = appearance/real density;

€ = porosity; d,; = size of component 1; d,,, = size of component 2
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4. Summary

Critical issues, associated with the development of
the aerosol-assisted self-assembly technique (using
the spray method) to obtain effective strategies in
designing particle morphology, had been discussed in
this study. The types and the concentrations of
precursors, the selection of process conditions, and
the addition of supporting materials all played
significant roles in the production of particles with
various sizes and morphologies. Exhibition of unique
performance could also be obtained by the
management of particle morphologies. We believe
this report contributes new information to the fields
of chemical, material, environmental, and medical
engineering because the method had shown that
broad application could be born from the
management of particle morphology. Finally, size-
and morphological-controllable synthesis of particles
is of both great significance and challenge, and need

to be further explored.
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Table 1 Physical properties of synthesized betaine resin
Contents Properties Methods
Pore size 15.6nm Surface Area Analyzer
Specific surface area 84 m’g"
Pore volume 0.38mL g™
Particle size 64um Particle Size Analyzer
Quantity of functional group 0.17mmol g™ Titration
0.18mmol g* Combustion (Sulfur)
Residual amino group No BC-NMR
Water content (in CH,CN) 6.7% FT-IR
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Fig.1 Recoveries of nucleobases, acidic solutes and neutral solutes on Betaine resin.
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