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No. HAERH Bk - 3EBhEEOR S

1 | ’HARBIR BRI, W AEHEICE T AWIED 70 DB,

" WRICET 20581 L, BENoiseEi e 8T M 720

2 |KONA = . . .
T — T NDOFE

3 | RVAHTREREHE R T 2 BN ETFRE T 8HE

A FE -V URIILED MR LIS 554, Vo RI T A5OSR 5B 4

GifEIRED e, KEFHFOTHE IR

R T 2212 5 WA D REFEBREE O 720 O e 248 2
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X METZICET 2EEN | MR LECHET2EET — IOV TS - HiliE I L s s
s DOFE RO, A1, B - KICCRREAEICHIE. B 150 44, AF.
MEIFICETBRNE | BAELFEICHET 2 EEAMES £ 1 RET ARELY2—-B X

2 | 756 KONA Powder and | O"WFZERRSCHY 20 i 2 & de. #9250 H. FEATHEL 1,800 5. HEFR %

Particle Journal M 1T
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FAFE LR D 4 SOl B R S D FERURDLZ LU o ) T,

(Bl AL - T-H)

TR igdinlpe KONA & BNEMEEY D URY Y L SR EIER)
i -3 ® R =3 ® R je-3 # R ey # R
T | B | BIRAEE | M | 4 | BIREEE | M | 4B BIRRAEE | 4 | 4B | BIRAEE
H4 69 20 26,000 1 1 1,000 10 6 1,800 6 3 7,000
H5 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 (A5FAET)
H9 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
Hil | 64 21 18,000 4 2 2,000 9 4 1,200 4 2 1,500
Hi12 | 79 23 17,900 4 2 2,000 11 5 1,500 2 2 1,500
HI3 | 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
HI5 | 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 (AFEHT) 5 2 2,000
HI8 | 112 23 23,800 4 1 1,000 (AFEHT) 2 2 1,500
H19 | 137 23 21,900 1 1 1,000 (AFEHT) 5 2 1,500
H20 | 128 18 13,500 3 1 1,000 (AFEHT) 4 3 1,000
H21 A -
H22 AN -
H23 | 117 17 13,000 2 1 1,000 KT 6 | 3 | 1400
H24 | 79 14 8,600 5 1 1,000 KT KT
H25 | 119 30 23,000 3 1 1,000 KT 0 0 0
H26 | 126 23 19,400 5 1 1,000 KT 1 1 1,000
(B HAr - T-H)
N MEEBERDIEREN BRI TIITIRBD . o & &t
SN B R 5| R R kil HXBEDR ww ] &R
T fEE | R BIRAEE | R | 4 | BIRAEE | (HE BhERS%E | (HE | BIRRAEE | (| 4 | Bhe%E
H4 8 5 1,000 1 1 10,000 95 36 | 46,800
H5 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 1,400 0 0 0 124 41 | 19,380
HS 20 7 1,400 (B55EE9) 115 40 | 18,900
H9 16 6 1,200 (B55EE9) 86 42 | 22,700
H10 16 9 1,800 (55T 94 39 | 22,500
H11 22 6 1,200 (55T 103 35 | 23,900
HI2 | 26 7 1,400 (55T 7 3,900 129 46 | 28,200
HI13 19 8 1,600 (55T 7 3,000 110 53 | 27,000
H14 19 8 1,600 (55T 4 4,000 105 43 | 28,100
HI15 16 9 1,800 VA TR E 4 4,100 110 43 | 27,300
Hl6 | 27 7 1,400 | IbE& # R 5 3,100 150 44 2,560
H17 | 26 11 3,300 | ER | B BhERERR | 6 3,800 3 15,000 165 47 | 48,100
HI8 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 N 0 0 0
H22 N 0 0 0
H23 N 125 21 | 15,400
H24 N 84 15 9,600
H25 12 9 2,700 N 134 40 | 26,700
H26 | 28 9 2,700 N 160 34 | 24,100

M S e



RV TR LR FAEE No.22 (2014)

OFH 26 £ KONA E - iR

H
WiHT

00 R EABOT AL

-
I

ARy

.,

2w

—
G ==
o) :
SIS ﬂ o«f

or 9= %




I. BEEXROERBRAOBE

RV TR T AR FAEER No.22 (2014)

(R HAL - TM)

T METIFICET 2 EENSRS KONA FED AT
FE | my HBaT—< WEN HEE B | SN  REN | RTDH &%
H7 | 29 |BME70X 2I12BI1F %4 - R 5 232 3,360 13 240 2,300 7,730
H8 | 30 |JGiutRpetEm ko 7ot 2 5 144 2,550 14 200 2,300 7,490
HY | 31 |BeEifrefidl & il 6 142 3,750 15 254 2,200 7,500
H10 | 32 AL O & A7 A 6 210 | 4,630 16 256 2,200 8,190
— RS A O 2 2k LT - ’ ’ ’
HIl | 33 Bt o770 ok 6 246 4,140 17 250 2,200 7,440
H12 | 34 |IT #EZEICBIT 2 AETE 8 283 5,130 18 248 2,200 7,160
H13 | 35 |F / kTR~ AR 7 184 3,750 19 283 2,200 7,990
H14 | 36 |F /K FOEERDEH 6 208 4,160 20 276 2,200 7,920
HI5 | 37 |F /=T 427 )V -Fr /0y — 6 227 | 5,100 21 246 1,300 | 13,000
H16 | 38 |F /HEEHI#IC X 2 REEDREZD S LT 6 160 | 4,500 22 211 700 8,660
H17 | 39 |2 ZF TR/ HTFOEML 7 205 5,380 23 224 1,000 | 10,070
F 7 T 7 ERLOHE RS KT ORI &S
HI18 | 40 1 ol & AT ORI LI 6 174 | 5,320 24 252 1,000 | 13,090
FIRN—=F 4 7Ty a = HliEn
H19 | 41 . i 6 167 | 4,380 25 303 1,000 | 11,460
LA
FIR=F 4 )T ad— sl - FEH
H20 | 42 N 6 126 | 3,400 26 282 1,000 8,040
AL~ DB
F 7 aY— 2L IR0t L & Bk
H21 | 43 . MO & FpTH 6 160 | 3,130 27 248 600 6,250
B%E
F I IS=F 4 TN B ¥ T A A A
H22 | 44 |~ 6 134 | 2,660 28 242 600 3,850
Hrr e
F I X—F 4 7T ) a T — Ok L ERAL
H23 | 45 WAL R 6 174 | 3,230 29 284 600 8,400
O R
H24 | 46 |F//8—F 4 7T 70y —OIGHRHR 6 141 3,585 30 288 600 3,916
H25 | 47 |SCimh 53 E T2 2 2R L0k 6 201 6,656 31 274 1,800 9,176
H26 | 48 |ZH%e b Do) 22 2R T 0%k 6 153 4,364 32 283 1,800 8,556
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MR AIIZET ot slys o v ARSI B R S A
(tvP3>3) (Fl&:BREMKST X TN #30)
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OMMET (9 % HE 55 KONA Powder and Particle Journal No.32 (2015) DF1T
KONA FED i I AR GG X IS ZRRL SN, IR REEG 23 1L KONA FEfRE R B X &Mk L
THREEIC NS0T, CORBRITIT, 3—0v/8, TAYHIIETO Y 7 OMERES Y HIT,
FNZENOHIE L Y ENBERBEROGRL (L2 —, W) 240, IhEime L CTHE 1M,
KONA it e L CTHIL T, AREEREEIX KONANo0.32 & LT 27 (2015) 4E1 H 10 HIZSATS
Nz BEG XTI 26T, NRIE7 Y770y 72256 126, I—av/370y 7725 6k 7
AN AT TS 4FEPFRSINT D, ARIEIX 1,800 Hh % FIRI L, 5 OB EBERONIEE,
AR, KYEFICHHE LSVEIHiZETW 5

B, ARFEIIEFRE %, http//wwwkona.orjp DA MIBWTHERCTHESTLZ L TES. £
7z, 2013 4F X ) J-STAGE |[Z3#SHaG S, P26 4 6 HIZE&ETO/NY 7+ 2 N—DiFi b 5E T
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O H1EFVATVEEMGEIFEY >R LORE

Y OFES 20 FERL S FEO—BRE LT, RV B TIRINBAR LSS R P 7 4 (Hosokawa
European Powder Technology Symposium) 2014 %, “F 2649 H29 H (H) 12, FAvoT7v 7
ATNIZHBERIANTTIVERDT YT 7 Ly ALy F—TCTRELZ. Ry VRY T 2348 H
DWEREST DO TOWITOL R T LT, FEIZYST > TIERY AT I 782 (HMC) &5F
VHTTVER (HAAG) DORIEEE7:.

SEOY Y RT T AL, [H LEEEMEORIREICG T 2R TyEogm] 27—~ & LT,
TROTU 7T A0 ) FEii Sz, /2, R0 TR TEIREE H OGS 2 2nE 125> T
5972012, FPRELNNANVT, TOELRLELFEIOVWTRAEZIT o2, ARV A TH
FRER 10 4% &0, 10 ED 52T 67 DS MHH - 7-.

Hosokawa European Powder Technology Symposium 2014

Time : Monday, 29 th September 2014, 13:30-17:30
Place: Hosokawa Alpine AG, Augsburg, Germany

Theme: Trends in powder technology for new functional materials

Program:
Welcome address
Y. Hosokawa, President of Hosokawa Powder Technology Foundation
Lecture I Overview and Prospects of Powder Technology
Prof. W. Peukert, Erlangen University
Lecture 2 Advancements, Challenges and Trends in Size Reduction Technology for
Pharmaceutical Applications,
Dr. M. Juhnke, Novartis AG, Basel
Lecture 3 Design of Powder Processing Equipment by Computer Simulation
Prof. J. Kano, Tohoku University
Lecture 4 Computerization of Powder Processing Systems
Dr. S. Sander, G. Kiederle, Hosokawa Alpine AG
Closing remarks P. Krieg, President of Hosokawa Alpine AG
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3. Rk 26 FE BhRk - BBESEE

31 Fk26FE KONAE (1% ERHLIVEIEELT100 AH)

K % iR e

SN ii_'éﬁkikiﬁﬁﬁﬂiﬂ%ﬂ- LT 74N EHLE LIzZT OO
aon i ShEE - B B R

OZHEIEH

KAEFAERKE, 304ELE 27700y el LT 7a Y IVo5EE - JlEICE T 205812
BboTETBY, T7 74 VIDOMBICEHL TIHRDE-AEL L TELL 0EFEBZTFLLEL
b2, FEBELHETORKREE % EL T, 7OV VLY BELEORBIIFES LTV,
EHI, MFFXFvy I 75 )E—Tary, ZRBLPZOMDT ZADOEGLEEICHT 5 180 D EE
BUBERICBWCTENZEESZBO, BELESHCTHREL ) — P32 EOFER 2 K L 72 H
BEHUSERIS R WVICEBRL TW 5.

WigesEff e LTk, =7 a v vosriE, MEICET RIS, =7 a vy ivossd - JllEiZH
T AW EMAICHEAL TBY, 142 WO, 35 MO - R, BREEZBD LT LFHELR
ELELHELTWD, FREBESIIBWTL, ZHOBHEHEFZKESNATVWLIHELED,
%L OREFEENNAToTBY, Z7 a0V VOMEICE L TEEBRHICLE—~AELE LTHRDS
NCTw5b, BARMRIIZENAEE LTiE, (1) =7 74 )5 Offis & EEEGEOMKR 2) =774
Uy WERERHETE, 3) 7 74 VA REBH I 7 0 VK O5E, (4) =7V VT OfE, (5)
I7 O NVRTOFH, REPBZTOENL. 7OV EEET, 74V 128 LT 100 nm DL
TR THEET 1 vy iE, HRTHDTTANVY ZRTOGRIFHTLEDOTHY, [F/
Y77 —1 L LTEMEEN, REAF /T OFHIITEREZZEIT TN 5.

I7 UV T O - EEICBE T 20281, SSRGS CHRZ AMEEEN L TWwD 2
ED, BAREG OB, (FEREOWE, BNKTO5H%, PM 2.5 Ol & T, #%<
DOEFELOIFEET EML, 4 REEPSBVEEEZED TV, REEHOMW TIX, FH
SSAEMSBITF L L CAIRKFAITET L TLUR, 30U LICH > T200 % L L oFAEZEHRLTBY,
ZOREEREDL S DHRBEROSH THATE L L OREL TV 25,

FREHE L L, BELES, HAMELEREMGS, BRI 7oV Es, (WFELys, #
BRAFR, HALBREGMAE R ECTEREBD, ALY 70 )V TEOREICEE R 5%EH %
RIZLTE 51, INETOMERBEELELLT, =20 180 HNEBERIIBWT, EEH
AR HARD ) — =& LTEIL, WAL T 2 EEHBIERZEE L TRTWE. RE
2015 4R1C1, =7 74 VH BT 5 180rrCl142 EFE &, 7V 7 7 U VIV Rk E e CHRMET
LHYET, WENb A —HF A =& L THIMICERZ EDTWDS.

Dbk & 512, RAFERIE, =70V VIcBs 50 E R, FREHZELT, £ < O
BREBTF L7205 TH L, AMOBENL S PICEHBETORRZ L, BHETEOREIZEL  OFH
LT&72 2618, EBEMIZH, W7 Y7 2dul b Lzilyto 7 o)V B & o5 %
MECHERE L, 7P 7B L%ER Y b7 — 27 OBEICHBL TWh. FHERO IS DOFEFEIL,
R, BRI & > CIERICAE L DD TH ), KONAEZZEHTLDITHELWEE X,
WL L) KONA BESEFEfME S L CliEE T2 0TH 5.
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o B RERERETEME | BEF /KT ORK KA 7 =X 40
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B - A
E ST e O R o B
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W - AR H A
|y g | TRREETIERAT | GRS A=Y 0700
S| i A BRI WA
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o |y s | TPRFERSBETEMGR | R ST A XERIT T8
= i T4 HERAT O B 5
| g | N TRRELEGRS | SO EORIC B 2R TR
wle BT e apre s L s AT & 7 il
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o | 5 me | BOREIDRHRBRLFT | /R = AZLEIC S50
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ABSTRACT

Iron Pyrite (FeS,), which has received much attention as an earth abundant semiconductor material, has

relatively low bandgap of 0.95 eV. Downsizing to present quantum confinement effect enables us to increase

the bandgap. This report proposed the electro-spray deposition (ESD) method to downsize the nanoparticle

(NP) of FeS,. It is found that the fabricated FeS, contained Marcasite which is impurity phase of FeS,. The

TEM observation revealed the NPs of 5-nm diameter were produced by the ESD method. We suggested that

the NPs were produced via Rayleigh fission since the distribution of NP’s diameter were scattered, resulting

in poor fitting with logarithmic normal distribution.
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Preparation of the Novel Catalyst for the Steam Reforming Process
from the Hydrocarbon

12103

WF7ef#5H Research leader: j{@f %‘ H, Tomoya OHNO
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Materials Science and Engineering, Kitami Institute of Technology, Associate Professor

JLFAFFE#H Co-researcher: 2 H il Takeshi MATSUDA
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Materials Science and Engineering, Kitami Institute of Technology, Professor

ABSTRACT

In this research project, we attempted to prepare the novel catalyst for steam reforming process by chemical
solution deposition. Perovskite material such as barium titanate (BTO) has been widely incorporated into the
long life catalyst for steam reforming process. However, this material is well known as the low surface area,
resulting in the low catalytic activity. In our previous study, BTO hollow particles with high surface area was
prepared by template method, and this material has relatively good catalytic activity. However, the preparation
method for the BTO hollow particle was quite complicate process for mass production. To solve this subject,
we attempted to prepare the barium titanate with high surface area be one step chemical solution deposition in
this research. We selected SiO, nano-particle as a core particle, and barium titanate was nano-coated on a
core-particle using double alkoxide precursor solution. As a result, BTO/SiO, core-shell hybrid particle with
33 m?/g surface area was obtained by one step chemical solution deposition. Subsequently, metal component
such as Ni and Co was loaded on a obtained BTO/Si0, hybrid particle to estimate the catalytic activity for the
ethanol steam reforming process. As a result, the catalytic activity of the obtained hybrid materials was nearly
equal to that of the BTO hollow particle.

M % B B S HFERME L L CGREMIR ST Ra

TANA MIEEIA ORI ER L,

KHFEMRTIE, —EBEOWMISTEAERR  FBAEOERERAL. 72, BonHH#l
ez F /KRS a—T4 7 325F iz Ty /) — VIRZEKDE 7' 0 1 2258
FEaBRETAILICLY), I E CREMOK L, NAAYAHRDRFEEFEZ HFEE L LK

_24_



Hosokawa Powder Technology Foundation ANNUAL REPORT No.22(2014) 24-30

Research Grant Report

FHE O b AANOE O e A a5

MREREDHE

1. #5

FAE, 7)) — v IRV F— kL CARER FE
ETAMAPEMSER SN TS, SIS T
M3 2 KEIIHIE, RIRTA (2% ) DK
[UE 7O AL > TSN DD, L%
ERRKFEMARD 7260, A5 ¥ DA D RFEE T
PO OKRFEHEE T O 2OV THIFEINT
BY, 57— VR & OKESUE UG
IZOWTHIEAHED SN TVDE, 22T, A%
KRGS PUS I S 5 filllE & LT N/
ALO; DSEIT SN0, ZOfiEx x5 > LAk
DIKFEBLE T O b AW L 24E, BUSHIC
AT B IR FEBST SRR L, il
BIZRIGET A REMED R SN T A 20, 4T
MR LY ) — VOIRERYEFUSIZIE, TihE
T LT E L B AR D ST 5 THB

C OFRREICHT LT Urasaki Z1x, O 7 2%
A N EE ALY % il dak s LT3 %
&, AHERET RO TFEREDOHAD 12 & > Tl
BEFETHN AT I3 2 BB Ik o & —ERILIREE b
L IZSB LR FOIRREE TRk 2 FH 2R L
THY), ROTAHA MREEERY D R
filit & U CIERICHIFE R E 2 ME L TW»
% WEL U LEMAEICE ) a7 Ah A MR
AR % G T 5720121, 1400 E v
L COBERALE L 2D, ZO/HR_0 T A
H A BB A R O fil 513 K AE 25 5 mP/g
DT ERDZELRENTVE. ZLTIOHE,
KEED, EBROKIG 7Y 21225 Ofif
AT ABEORE LMEE SN TEL.

— RIS S AR O BRI AR LI, A
FA MO X )R EHIE L 72050 % S
AT D, WA TRENS ST DHE By
HEDOR T2 EH T 2 HEPBT 5N 505, R
07 AhA MIEERILO%E, €44 b
D X ) ZAE S ISHIFL A B AT 2 A
K, FO720, FORTFALT AHEE L o &

LEELREE R DD, T/ RTALT 5HTH
BES RT3 2FS—KWIZHSN TS, £
DIz ORHFFEMETIE, 7370094 XD
IT7RTII L TRA T A A S REAER LY
OF e A—T 4 Y TTLHHET, aTkT
KIS /s EEELsE, BEAEEET
BHRu T AN A AR BIED RS 24T
W, LY — )VOKERUE 7 a ANDEH
rIRET L7z

FEAEINFE TOGET, ZEREOWAH
BafEDIETTFE YWN) T DY) ATk
FADF ) a—F4 v, FLCHER TR
ANDF ) A=F 4 Y TIRHLTBY, FnE
NS BT BT 7 Al 14 & FERE L T\ B 101,
L2 L INBOFFEL, RIETH ZERE O
EHPVETH ), ZOFIEOMEM S5 Kk
FEICR L CRE REI R SN Tz, KHES
TEINS OBEERRT L7202, FOT¥
YN T ADFT TN T IV A X FRIEMEKE TR
ERLCBE, ZZTHELNAY TV T LI
FUNEREED) D ATRFRANCZI—T 1~
79 BHHET, FHOKEZREKLZIT, I
F T L AR OMEERE DS S N D 22DV TR
HEiTo7.

2. EERTIE
21 RETAHA bEUE SR BT ERA
WOV

K7 Tld, ~a7AH A FEEARILY O
EFUMEE LTFF VN A% BRI
RO RTBRARER & P8 L7z, MEEENCIE
SIEN) TN, FEY A TURFY Rk
L, &@N\) o LETy ) — ViElh TG &
ELHERTN) T AL MF Y FEH LT,
CITHEONINY YA NF Y RETF Y A
V7 URY Fa 90 FE 1 R OLMTRIS S &
HZET, HWETL0IMODF ¥ VN
L HIBRARER 2 A L 7.

22 VA aATRANOF ) a—=T4 T
BonizF s RN T LHETERMEE T E A

_25_



Hosokawa Powder Technology Foundation ANNUAL REPORT No.22(2014) 24-30

Research Grant Report

T N—FICE OB 72 HkT R R S
HDH720, 2- A MFTITE ) — VI EBEE R
DA IE as SV R Yo% (WA al AND L JAN))
7 LRTBRRIE & 90 B S I O S TIRA L,
DU ARTFRENGFET ST/ — ke F¥
YN T ARSI OO R RAE L 72, Z
LT, #H#oNiznAgd 7 v BV 5o
B DA 7))y PRk 72 0 1 L=
Y ) — VTR L7ctk, NA 7Yy FiFEH
WCHET A EBbND, F5 VBN 7 AHIER
PRBL 3 DMK R B A SOSRED 720, K
WCHESB L (K1), Zo®ERT L), &
LEEIC X DR 2 B L, 350 BE 1 IR o
S CRIBLEE & L 72F%, 600 EE 1 IRef o S
TF 5 YN T AORRILE TS 72

23 fF SN ThF ORI

5 N7k F O S5 3 @ R 7 - B L
$t (TEM; Hitachi Co., H-9000 NAR) (Z & 1) 17\,
I—T A YT DAL TEM ElAGHE
7o T AV F — S X Mot (EDX) 12 &
DAT-72. 72, RTOREENE X — 5 B
Hl%E > A7 24 (Photal. ELSZ-1000) |2 X 1) ZFAil
L, REMIIEZRAFICIVERL &5
WO NTF T VRN T AR R AR
5CTH BN (Swt%) EEREFREICL D

M;
Z Y
o o E—

-ROH

FrL72t, =% — kERWE 7 at A 125#
ML7z. =% 7 = VKERYE OB, FUS
¥ 550 /%, [H,O)/[CH;CH,OH]=10, W/F=2.0
DEMETIT, KENELZDTORITL YK
D7z,

out

F
— M %100(%)

6 F &y cuom
Z 2T, Fjn ALY ) —e%x

CH3CH,OH
AL, FE o KR OEZRY. LI2h -
TARHETIE, =% /=) 1mol2*5 6 mol D
KREDEOLNL G A T = AL wfE LR
T 7.

3. MR
31 o p T DMk

M2i2a 7l Lz ) shifeEshs
INA T RO TEM BlE5E R 2R
2 (@) (b) £V, a7k TERo723Y) HRT
TR 200nm TH V), T OREMMIZIEHEIZ
P THBEI MR EKD, T LTS
7 v FRCF Ol & 8155 L 72465 (2 (c)
(d), FrEiEarks (K2 @ b)) &%
WEZEL T awndb oo, RfiRERIZIZa
T RLF- ORI TIRBILE S e 2o 7228 IR DY)

, 0-M,-0-M,-OR
M3

"0, , 0-M,;-0-M,-OR
M3
4
JOe
M, M;- O-M,-0-M,-OR

Reaction between the hydrolysis groups on the surface of nano-
particles and the metal alkoxide

Double alkoxide
Precursor solution

Metal alkoxide
precursor

Centrifuge separation

Si0,

Residual
alkoxide
precursor
solution

. : N

Re-dispersion -
- A

into the water O\ ’ O N\

separation

0 -M,-O-M, =0
M, \
3 O,w?—

M;

4
-ROH ,0 ~0

M, M- 0-M,-O-M,-OH

Condensation polymerization of double alkoxide
on the surface of the nano-particles

X1 AHEWRCREL-O—T 4 YV FREORIE A B =X L

—26—



Hosokawa Powder Technology Foundation ANNUAL REPORT No.22(2014) 24-30

Research Grant Report

M2 a7hTFROIESNIZNAL Ty FRTO
TEM #5545 (a) (b) Si0, 2 74T, (¢) (d)
5 N7z BTO/SIO, /N1 7)) v RhRLT-

E SR RN — T 5 F Rk
72, ZOFEPL, KRR THLNINA T v
FRLTE, BEL TV A I = AL DEB
VAT & BN 7 ZRTEE & DA T R
ILDHEFT L, F/ LNV THARIL O o —
TA YT LzEEZ6NA. LrL, 2
TCHELNITa—T 4 Y TWGDTF VAN
T LTHDLHEEMRET A2, XRD [EHTHIE
AT o 7208, AR FENNSTEL LD,
XRD TlEF % YN 7 A Ofs st % /R d [\
Py —i3gonihrol. €T TEDX &
EHL, a—74 Y TWTICTFTF e T h
WEINTVDLHETFHER L.

32 EDX 2 X Bkt

KWEFETlE, a7k FEREH T 7 RN
) ARG DETES 2 HEEMERRT A720, F/
HF- OWITH TEM B2 217\, Z OWIEm{%IZ
L TEDXICE ) EHEY vy By I afrol.
K OWITH TEM {2155 720, 1 LOICH
SNTNA T FhA &2 TR F B RHI25
s, RTE2RASELI R VBIEL Si
EWEICEZEL. ZLTHENY Y TV E
AFATAF—=I2E DY YL, TEMIZ X
0O RLF- T 2 BT RE 2 e~ TV R R
B 32BN L TR~ v BV T ORE

———50nmm Ti K 50 nm Ba L

3 BoNTNA Ty BT ORIE TEM B2k
BEROTEHEy U7 (a) WHEE, (b)) Ti
DILHE~ YT, (¢) SiOILHE~Y Y T
(d) BaojgtE~y v s

BART. M3 XY, Ti & BaDILEME (b) (d)
(X, WIHEE SR OR - EEIZ F—F v Y IKIZ
FHELTWLHEELMR L. T LTS
DOICHEME (¢) 1, HHIEHGEOR TS5 & 13
IFEFELWVWEHERNS, Balisrs Ti o)/ LA
VT SiO, FLFRMNCAFE L TV B HEEIRIE L
THBY, WETRLRTFEmMIGFEL TS
ZERRIRDOWE A Ba & Ti T L TW A HER
LCWaiEReE o7,

33 EKIEMDOWE

M4 l2Bonizng 7))y FRiF, KROYEHL
L 72 BTO HiBRAE R 2> H/EH L 72 BTO EAho
famk T, Si0, I THF DX — ¥ BEALOD pH K
HFERYT. N4 7)) v PR, BTO, SiO,
13 Z N2 600 BEIZCTHRERL L 729 % 15 12
FHLTBY, TNZNOEESLIL 3.6 39, 2.3
Elrolz, RWFETER L7204 7)) v FhiF
DEEE I, FCATBA B SER L 72
BTO #ifu DEB ML ITIFHEL L, a7k T&
LCHA L7 SO K FOERS,LSIEAEL
YT MLTWLENNS, HEo/nA T v K
KT I3 BTO 2R 2 HDFHE NS,

_27 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.22(2014) 24-30

Research Grant Report

® BTO 600°C
< BTO-SiO, hybrid particle 600°C
< Si0, core particle 600°C

Zeta potential(mV)
>
1
/

PH(-)

X4 SiO, 2 7HiT, BTO-SiO, #i-1, BTO i 1D ¥ —
5 FEAL O pH KA

34 T¥ = )VIKEGALE T at A Tofil
IR

ARIFZECTIESL L 72 BTO-Si0, /N1 7°1) v Nk
FOXRMEEAERZWEFTICLIVIELETAH
BmYg b, TNFEFTHEHE SN TS BTO
OREEOHR TIRIEFICEHEE oz, F/2
INE TCOHBEEZEDONIET, 77 L— Mk
12L& ) BTO R Z2k T2 EH L 7245, Z o
ZER T O KM IR 15mYg TH o 7272019,
ATl TN LOREHE Y15 2 LI
L7z 2, a7k FEREICHFET S BTO
IR e i SR TH B 720, TONE R
PRI DIFFICE VRIS HE S Lz L
EZHND.

X 5 12 ARWFZE T 5 7z BTO-Si0, /N 1 7
oy FRAFAffte LTHEHALTZY 2 — LKk
HEAWE 7Y 2B B KFENRD R
b, RO &EFERELY AT 5 BTO H
R RS L2b o, a—F 1 v T RFTo
TWhyYharThfazits Lzd00ikR
AT YU AKFICEESEME TS S N
AR L2 b 0TI, KFEIERIIBUG 5
M T20% % TlHE->THY, w®EMIZ BTO A%
RS 5 & Bb N s> ot & 138 5 A2
BB ER LTz, T2 LETOE T
172 BTO 22kl - & filfit & L CREH L 7235
£, KIS 4.5 B O REINEIZH 30% & 7o

50 T T T T T v T
-
40 -
o
. Ni/BTO(hollow particles)
30 1 ° 3
;\? . <& &> [ ] °
< . Ni/BTO-SiO,
2 . ‘
= J
- ¢ . *
Ni/SiO.
10 4 -
0 T L} L} T T
0 1 2 3 4 5
Time on Stream (h)

M5 Ni%a&EiEEL 7z Sio, k7, BTO-SiO, k¥
BTO HZehi & il & L72a0xy /) — )
KRG UG BT B K ENCER DR ZE 1L

7. THIATH LT, ABige TERE L 72 BTO-
SiO, A 7Y v FRLT- & fillfit & L 72354,
727 BTO filtl: & (213 [H] U 2 R 33 %
AL/, $7&bb, XRD HIHFOHE BTO ®
SO EEZRTE— 23S N Do 208
IEE M 72 BTO A5 4 7A% Si0, I 7 AL F-FRIM 12
FIEL TS EEZONSL. FAHFENET
ER T O 2 0figx BigE LT 7T
X REa—T4 Y 7IERL, —BREOH
MRS E ) HRAEBRW AER L Twaa, i
FCEBOWAHETIER L Tz vk
(ZIZF USRS O NS, Kol
AR R EZ HND.

7, goioRLET 7L — MEICK
D RS L 7z 22 B BTO KL 1 13 55 16 FE AT 4Y
15 m%/g & ARHFEIZETHON/Z33mYg Db O
IDHAEVIZHE DL ST, ABFZED BTO fit
L AR O MR 2R L TV RN, KT
O+ 228135 BIOF / I—F 1 7Tl
—ED BTO 13 )/ #f & LTHIEL TS b
DD, %< DBTOWFIZOWTIETELVT 7
ZNEVIREECTHAEL TV A HED FHRERS.
Thbb, K7ov A TEEL 72 BTO-SiO, /)
A7)y FRFOa—74 2 7ETH5HBTO
5y SE AR AL S & D HEIRE & g,
A 0145 & 72 il R DL B oD B4 AY AR R
5.

_28—



Hosokawa Powder Technology Foundation ANNUAL REPORT No.22(2014) 24-30

Research Grant Report

40

L) L) L] L) L)
.
N1/ -Si
¢ Ni/BTO-SiO,
30 = < V'S . . .
[
IS
=
£ 204 i
=
=
;; o Co/BTO-Si0,
&
10 = IS o o o -
0 L) 1J | L) 1]
1 2 3 4 5

Time on stream (h)
Bl 6 Ni KU Co % &iZH%: L 72 BTO-SiO, ¥ 1 % fill
BE L any ) — VRESSE G

B KB ORERZAL

WEIZ, —HEMICIE NI B L ) L Ev»
REIEDAFE sk 5 &8 Co 2 i L 72354
DIEY ) — VKERWE 70t 2B 5 KE
PWERORZELZK 6 1277, M6 X, Ak
TH UL NI/BTO-Si0, £ 1) b B\ KFEIEE)H
HCTEDL CoxfHHLZRIZBWT, Ni&kLY
HIRVIKFIRE 2 22 MR L7, il 7o
Y AB DI A DA 5T 2 AT o 7ok HE, Co/
BTO-SiO, fillfit # A 7o+ 2 2@ H L 7284,
Ni/BTO-SiO, fillfi DIF & [k _XT7 V7 FO4E
RS KIEIZ EAS>TBY, ZN2KEIEEE
KFERLERELR > TRz ETHL2IZL
7. $7%&bbL, BIOREMICBITLTENVT 7
ADHEAE, b LI A D OBE S TR0
WCAHTEL T b 720, B S IUCu 2 il e 14
PEONL o FHE ZOFBRIIRLTED,
Lotk &0 RSO By BTO % 2 7 k10 12
I—F 4 ¥ 7T 5 720OBIE MO R %
ENLETHLEEZOND.

4. #3

— BB O W PG IZ BT, BTO #* SiO,
JRFRENIE—I2F ) T —T 1 VT BHHIC
B L7z, 155 1172 BTO-Si0, $i - 0 FKHif 1%
BmYg b, TNFEFTHEHE SN TS BTO
HZek T O FIHRE 15 mYg % KIBICHB 2 29 &
o7z, TEMIZ X % i E8i% L OV EDX 12 &

BRI EY, a—F7 4 X7 L72Hm 2T
Ba 8.5 & Ti B DR MERR L K72, £ 72,
BoONTNA Ty Rk E L8 — VIKZER
WE 7o 2 E Lz 2 A, ZBREOWA
PO % % 70 W AUSHE S Y Sk 72 2 o 72 BTO H %2
FrF- & AT RIFEBE D iR 2 4 L T 7z S
5, G 70t ZAOMIELE v ) RO HIY
EER R EEZ NS, UL, REHED
KREZIIHLTLY ) — VKERLE 70t A
BT AKENEZIHFVE L, ThiE
a—5 4 ~ @D BTO OFERUESHETH 5
LEZON, SHOFEE 572

I 3
KW, &V h TR AR B O
W E 2o D Th L. FPEICOLE
0L 9.

S 3Lk

[1] Sheng, P-Y., Yee A., Bowmaker G. A., Idriss H.: “H2
Production from Ethanol over Rh-Pt/CeO2 Catalysts:
The Role of Rh for the Efficient Dissociation of the
Carbon—Carbon Bond”, J. Catal., 208, 393—403 (2002).

[2] Kugai, J., Subramani V., Song C., Engelhard M. H.,
Chin Y.: “Effects of nanocrystalline CeO2 supports on
the properties and performance of Ni-Rh bimetallic cat-
alyst for oxidation steam reforming of ethanol”, J.
Catal., 238, 430440 (20006).

[3] Iulianelly, A., Ribeirinha P., Mehdes A., Basile A.:
“Methanol steam reforming for hydrogen generation
via conventional and membrane reactors”, Renewable
and Sustainable Energy Rev., 29, 355-368 (2014).

[4] Urasaki, K., Sekine Y., Kawabe S., Kikuchi E.,
Matsukata M.: “Catalytic activities and coking resis-
tance of Ni/perovskites in steam reforming of meth-
ane”, Appl. Catal. A: General, 286, 23-29 (2005).

[5] Urasaki, K., Tokunaga K., Sekine Y., Kikuchi E.,
Matsukata M.: “Hydrogen Production by Steam Re-
forming of Ethanol Using Cobalt and Nickel Catalysts
Supported on Strontium Titanate”, Chem. Lett., 34,
668—669 (2005).

[6] Ohno T., Sugiura T., Watanabe S., Suzuki H., Matsuda T.:
“Preparation of barium titanate hollow particle by two-
step chemical solution deposition”, J. Ceram. Soc. Jpn.,
121, 80-83 (2013).

—29_



Hosokawa Powder Technology Foundation ANNUAL REPORT No.22(2014) 24-30

Research Grant Report

H4 BB F &k R

i L€ &

IRV RN =2 I N AT EZN S SRV

TR R, BT A, B i, AR A,
AR X DL a7 A A b HA
DF L PWRINY T AHRZERLF-D X F 2 IKZE
KRB BT B MR, Bk T aEt
51 (2014) 11-16.

—30-—

1898 - KRR —FE&

KRB R, RHE W, $OT Al B s

BAR AE, MBS RTFADTF
BN ADF ) aA—F 4 277, 2013
MR LESEMIE R RS

COREP A, ARH WL POT s, B s

AR A, WARBUC X B /RN DF 8
YEN T ADF ) a=F 14 277, 2013 4
HALZ v 7 A& BFEL v RTTA.



Hosokawa Powder Technology Foundation ANNUAL REPORT No.22(2014) 31-38

QLT
S TN DDA TSR DR S
RFHE Hosokawa Powder Technology Foundation ANNUAL REPORT Vg@E&Y

«€US

W BEE % 479 % Hr i Ti0, F 7 RiF D&% & BRBEF ]

Synthesis and Characterization of Mono-dispersed TiO,
Nanoparticles with Amphiphilic Property
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ABSTRACT

Single-phase nanoparticles of brookite, a less common polymorph of TiO, than rutile and anatase, were
successfully synthesized using a water-soluble titanium glycolate complex as the precursor and nanoparticle
growth by an oleate-modified hydrothermal growth method. The synthesized particles were approximately
30 nm in size, had high crystallinity, and were highly dispersible in water. The morphology of the synthesized
particles was a pseudocube surrounded mainly with four {210} and two {001} faces, accompanying
truncation with small {111} facets. It is considered that the preferential absorption of oleate molecules on
{210} and {001} faces resulted in the pseudocubic crystal shape. The brookite TiO, nanoparticles had
amphiphilic properties. The ~20-40 nm TiO, nanoparticles were highly dispersible in both water and
cyclohexane. The activity of the brookite nanoparticles for the degradation of acetaldehyde under UV

irradiation was higher than that of Degussa P-25 TiO, powder.
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F & VEREER AR SO T 12 B E
L7:t%, &y b7 L — % FHWT80°C Tnak
L, iEERZ L2 4357 H,0, B L UV NH;
xSRI ET B 7O\ ZHERE W) & R K\ IR
S, U 80°C THIEL LRl 2 2838 S ¥ 72,
CCICERIRE N ARCE Y 2 i S, B
72 $EAR VAW 2 mmol A= S0ml O 7 7 1 > H
BRICAN, EEKREMZLI L TEEY
20ml & L7z &, AL A VEEFNY T A
2mmol Z M X EH SE72. (pHIX7-8) 20
EE, VA VEBERCZWHEBRINA L LT
el M) o Az mImL7zb o2 HEL:. 7
T YREIIT 7OV E LR AT
LA G — 7 L—=TIZH AL, 150-200°C -
124 B O INEUZ & 0 SR O K BILEL % 47 -
7o, PrER M, A r B E CTHRGH S,
A U721 % i U BE L & o CTRUGIRE A 5 45
BEL 7o, ZEEKEHWT, A0 pH A8 74
27 % F THE L 7ok, RS HRE L
L7.

2. WRLEBH
21 F U A CBOYGENECG 2 BB

) a—VERT ¥ VEREEIRICA L A VRS b
)7 AERGINLCTAER L7230k, B X OWERE
MUY AZRMLTERL 7238 O XRD /¥
¥ — %ISR T. GG 200°C - 6 Ik
Me Lz mEkic7vy A4 MTIO, D ¥ —

5 (a)
©
>
2
£ (b)
N R BT
10 20 30 40 50 60

26/ degree, CuKa

B1 AR L72580 XRD 7$% — » (200°C, 6 ) ;
(a) BEEEF DY A, (b) LA VEEF MY
7N

JIZEL—=HLTED, 270V F IV
TiO, DT E — 7 RSN po 722 L9 b,
TNy A MNIBEHTHLZ EDRT05. T
F & —ERO 253 fFEDEFTE— 7 1T v
HA NEIORITE — 7 EALEH I 728 XRD
DOATOREIHRETHSL. £ T, Hons:
B Raman A X7 N IVOMIEEIT o722 D
iR 221 RS. WEIT -5 —ERA
D399 cm™!, 516cm D=7 HBERENL 0>
T2 e s, AT TV A4 PRI
ool H3IHE L NZHEO FT-IR Ok
AR, MFEIIE L CENI S L7z 3200-
3600 cm ' O 7 10— N 722 W (X4 BRI 35 7K O
OH MfEIREN I —3 L, 1650 cm™ & WY 1
Y FR % 7K 5> F O H-O-H ZE F3REIC — 3§ 5.

397 cm™! 516 cm™’

(@)

/ﬁ\%jv/\A;MAAJ\ﬁ/\\
®
b |

Intensity / a.u.

JL Anatase

Brookite

o~~~ |

100 200 300 400 500 600 700
Raman shift / cm-"!

M2 ALz s~<raxs b (200°C, 6

i) 5 (a) BEEEF bV 4, (b) LA VR

F T A
siia I~ RN
2iE 8 Sioloiio 5
a [{el{eliNe] ht
@ % ¢  &igsis £
2 g Tigioie <
N 2= s
©

(b)

Transmittance / %

MY

T L )
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber / cm-!

B3 AL 723EOFTIR 227 L (200°C, 6
B 5 (@) WEBR T MU A, (b) A LA VIR
VAN RZA
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F 72 400-800 cm ™' DRI 1 Ti-O i R &) 12
—HT 5. LA VEEF M) T AERML 2R
BEEWERE S D) 7 A0 L 7Bk & TR
WORECRLZSTEY, %EIZ1700em™ 12
C=0 HOWINIFHEREINLEDOATH DL, —)
T, HIETIE CHy ZOxd R - IR R EIRE)
& CHy— O IR FRia IR E) 1258 S L 2840~
2040 cm ' IZWN A AL, SAUEA LAV ERER
BEORBBENZEEZOLND, 512
1430 cm™ & 1556 cm™ O WL 1 COO- O K}
R IEXT R AEIRED LS, 1400 cm™ @ I 1
CH,— 3£, 1715 em™ O WILIZ C=0 £ \12)7 8 ©
5. LEOKRLD, AL A VEFMY T A
I L 72RO RHIIE A L A VRS T 25F
LTV NSNS, X4 IZFERES MY
DERFIMLCOKBER L7230k, szt LA
YR N T A RGN L CKREE K L 72 ER o
TEM &% /"9, BEERT M) 7 A %2 %ML 728
FHIBEH O T v E= TR TREEHR L 727
Vo A MR kT EFERRICE Y FIZIRTH
D, SR FBLDTH o2, —FHT, F
LA VEREIMZCTER LTIV 1A NS
FF1L, 3040nm EOR THETH Y, HE
EFEOOEEE R LTz, Zoaittos
SLRTH A XIEDLS DR L L {—FHL T
W7z MR T ORFIIKICHET 57217 T
{, Yrungrok ) pEREEEIC L E
WO EE R RSB A LTz (e6).
MBI G2 DT 7 7 ¥ — DB 73
EEZOND. Y 7UuUnFH R EIDL
) R EERPES A T S -0 121E, O KR
ED L) BEEHWER L TYHEN R KIEICLY
BEXD T L, WITKD XD RMmPEEEC S
B 57201213, QRS 2% BO5S THES = B
STEDPETHA. 2O L) B+
LA VEERT TV A Y — (ZREts) 2185
CEICEoTRBTALHREINS. T, 4
LA Y EEO KD COO-28 Tit & L0912
WETAHI LI F LA VBN X F VAL
I 72 &) R C—BESHERINS. 20
WhkerIETYZ7unFH L IIHHTEBIR

4 FEEEF NV U AERHWTEK L 723 O TEM
% (200°C, 6 HEf)

M5 FLAVEEF M)y LAEHCTERLZEE
@ TEM % (200°C, 6 HE[H)

M6 FLAVEEF M) YAEHCTERLZHE
@ TEM 1% (200°C, 6 i) : (a) 7K, (b) &
7 aAN\FH

BEd &5, RICKICEWS B2 RT 7201213
FIF LB L) ICEANKENLETDH
B, A ULA VEREWE OF LA CBREm 3k
WeE (Wi N 7 a) Oz BAHEZITWY
WITRTAOF v —JICOoVTHELL 2 A,
HPEIC BT A F LA VBRI ER T O EALIX
—60mV, FEBEEORT-1Z 30mV & k& E
R o7z, FT-IR OFE R D & Wik F DK ERE: 12
L BWIGFIZKREREPAON T RN &
5, F LA UEEBETE L R T AR E B
2R L7 DRRKEBEEDNOER S H L E 25
nNs, “BHEIALA VBEKREETDH S
COO—DHMA E 27 o 2ikER L B2 LT A
FABM RIS 20KICHETCE %
Zhh5.
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22 IRIEDHAAHIZE 2 5 502

T LA YEEOHRNE % 1 mmol, 2mmol,
4mmol L EAZZTHEMLIZEZ A, NilE
2mmol DIGEIZT IV A MHEAAIPE S L.
—77, WINEAY 1 mmol, 4 mmol DX T IV v
HA MHEZZITTIE R 7 8 — R S
720 A LA VBRI LOBEIIVFIOVEAT
HY, FUSEEERO Na" B tEne 7y 4
A4 FOERDPFER I NIz, Ty A FDOHER
\ZIE Na" OIRBEEDVHHEEZEZOHND.

23 JREMRER - RBEDSHESAIC G R R
IKEGLERIR FE % 200°C (CRE5E L, JKEVLE R
Pl % 148 BEH IR > 72 & & @ XRD #ll5E B &

Intensity / a.u.

10|2‘0‘310|4‘0‘5|0l6‘0‘70
26/ degree, CuKa

X7 200°C TKREAR L 725E D XRD /8% —

(@ 1, (b) 3, (c) 6, (d) 48 HE[H

Intensity / a.u.

100 200 300 400 500 600 700
Raman shift / cm-!
X8 200°C TAEAGW L7z DT~ AT b
Va1, (b) 3, (¢) 6, (d) 48 FEfH

Y Raman 73 G EAE R Z X 7, 8129 . 11K
MoYa, 7Vy A4 MADBEROLNLLODT
ENLVT 7 AR ENS 7TH— N =2 05H
5N %. Raman DFEHR LV 7TV A4 %
MRS A EIETELZA39em! 127 F 47 —
PHOY -7 0nA 5N 3EEMOEED 1B
& FARIC TV Y H A MHEER T 2 Z L 5T
X7 u—RFhE—23Ronehotz. —
7, 6L EICT A Tu— N —2 134
CRLNRLRY), Raman b b7 54 —F
HOY =7 I ER LN oz, FHVIKERRR]
DBFEITENT 7 A, TFHE—E, Toh
4 MH, B2 ELTEETELVT T A, TF
Z—VHMHEEL, Ty b g VEMICRDL S

Intensity / a.u.

10 2|0 3IO 4‘0 Sb 60
26/ degree, CuKa

9 JKEVERL L 723D XRD /8% — > (AR

6 B ) (a) 130, (b) 150, (c) 180, (d)

200°C

Intensity / a.u.

(a)

100 200 300 400 500 600 700
Raman shift / cm-1

KEBER LR DT~ AT ML (AL
i 6 BFED 5 (a) 130, (b) 150, (c¢) 180, (d)
200°C

Xl 10
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LW T,

IRERLIRIE ] 2 6 RERTICE 72 L, /K BVL B
&% 130-200°C (22 L &€ 72 & 2D XRD Hll7E
R B LU Raman 7 GHIEZ X9, 10 12”7 .
IR EGIREE A% 130-180°C ¥4, 7w /1 4 b
MR ENDLHDODTENT 7 ABIOT F
Y — Y b MEFE X 72, Raman 25 b [ FRIZ
TNy A MAOE -7 B LT F & —¥HH
MERR SN, HETHLZ g0 o7. F72K
R % 200°C 123 52 L TXRDB L O
Raman 3G E S TV y A4 FHATH 5
Lot KREMEREY ST AHET
FHY—ERTENT 7 ADNBELLTVE, 7
Wy A MBI R B Z D h ot

24 JKEAFEM] - IREEASKFIEREICS- 2 B B
JKEVILERIR FE % 200°C [ZFH5E L, KEAIRRH %
ZALS &7 & FORFIEREDZEL % TEM Bi%E
L7oRER 2 B 11 IR 3. KRB A 1 R C
12 20-30nm & 1-10 nm @ 2 FEFH D A X D
FF2YH 54172, XRD B & UF Raman 456D #E
B TENVI T A, TFI—¥, ThyhA
NPT H T DG oTEBY, &O/NS %

KFIX7EINVT 7 AP LML SN KEULEE
A3 3 HEMIC % B & RLF-1E1% 30-50 nm & K & <
B L Cwv7zas, 1 R O R & [FEFRIZ 1-10 nm
DO/NEBRTHREL Tz, TV B A M
IKELIE 1 R & D & 3O AL < o
TWAH T Enh, KREMLER | K Ok TR
L CW /NS R F ST s 5 2 & T
W B A MESDA AN TV REE L7z L
END. KRB % 6 FEMICT 2 & KBLEL
1-3 BEf TUIAEAE L T ki Fhsi 2 L, A
HBYIZF 22—V ZIROK VRSN 6
M7ZET7ENT 7 AR T & —EIZBM S 2
{eoTBY, TORTFBT VY HA MNEEE
ZOND. & 5K % 48 B4 5 &,
6 BRI DB CHMETIED AR SN/ %
KDk LY 2 — ¥y 7 IRR 1721
MR O/ 4872 TV v B A4 NHEAHT
HHZ LS, KEFMEELTLIEIZLY
BB\ ST L T /NS ek T M5 4 127
RL Ty A MESICETB L, #¥Fa—
Ey 7 IRRFICRE L7 EHRERINS.

U IR BB BE AR FTEREC 5- 2 B e %
TR D 72, KEVILERM % 6 FEf I %E Ui

K11 200°C TREER L7230 TEM % (a) 1, (b) 3, (c) 6, (d) 48 I

12 7K

(a) 130, (b) 150, (c) 180, (d) 200°C
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ExEBbsETELNZRAE O TEM Bl %
To7z (K12). KEMLEEFEEAS 130-150°C D
E, 40-80 nm DML K 2 A+ & 1-10nm D 2 D
DA ZOWHRLT- S/ STz KENLERFE %
180°C ¥ T LA & & 5% & 3040 nm O K - &
1-10 nm Ofgkr & 2 0, SBICHR LA TWZ X
I RIR R F- A3 LT 7z, 130-150°C O
T O TEM BIZE P ICETFHE R L s L
FLTDEA NGB L T E 2ADBR N
EMD, KR TORBMEL TR 5 N7 Ak T
E BB CARBUREZ &< T5Z 81280
FikL7zEEZONE. & 5ITKBMBEE %
200°C 129 % & 180°C MEFECHR LN Tz X
) BRBRITIXE R L, B2 — Yy 2Rk T8
BIgE SNz, THUIKBILEREE A S < 72 5 12
ONTHRLTDST Iy 1 A b LT
HZEWEIDFTANIVEERELLZEEZDS
ns.

D&Y, REMPEREICBNT, 7)) a—

VEEF & 2 $ERDIAR GRS, Ty H A b
EEEOERT 5. OSSR E LK 13
DL Akl A L2 L) RIS
5. BUBEE OISR —Tld v 7z
OAEREEICENELLEEZ 5N, A X
DERLDLIEENTELEEZOND. E5TK
BOLBRASHEA TS 5 2 & THA ZD/NE k1%
BREL, 7V A A M ICEIT T 5 &
Abs.

25 BHL7zT7I)Vy 1A N TIO, Ol
W (T N T VTR RO

B L7270y A NRITIO, & T B G fil
AR P25 (7TF 5 =X/ VFVOREM) O
T MTIVTE FONGHEZMEST S LT,
SAHRIC BT B el 1% 2 574l L 72, 2 Ok
EEX1412RT. 7 M7 VT FEHARR
400 ppm & L7z, 7V v 1 A FEITIO, & P25 13,
WA E TOTE N TLVT e FOWEEICK

‘..
‘@ )
5 L
- @
‘@

He

Oleic acid

‘ Adsorption facet of oleic acid

K13 F VLA BRI KRESUST O TV 514 B TIO, D& E £ 7V
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N
o
o
ol
o
o

w
A
o

E 300 600
- £
; 250 500 &
S 200 | —&— Brookite (60 m?lg) | 400 &
[e]
% 150 —A— P25 (5015 m%g) | 444 °
Q o)
T 100 200 ©
o

A
o
L

o
»
»

60 -30 O 30 60 90 120 1;0 180
Irradiation Time / min

TNy A NEITIO & P25 LT OT 2 M T

Ve R E) 72 b7V TR FE

CO, DifEZAL

=
=

EREIRONL Do 7z RIVEIRTBE

GTHHEEDIZTE N7 VTR FIZTRT
BHEEINTWEZ EVGD 5. —T, CO, DI
EwIZEZPReon, 7Ty B A bHETIO, 28
P25 £ 0 b CO, DISLEHEEDH D - 72,

— ISR S B A 52 b T 7 U
y— & UChlabtE, LRI, ARG, &l
FEEM 2 EFm LS TWwWab, KEfseTix, 7
W A MRFDEEEZ R LB HIZOWT
AR S WO BAEP O EEST L. T LAV
MAWBESRLRETO T IV Y 714 I TIO,
K Pt 2 s X ) LT, RIS
BT CE v, THUXRMEICA L A VA
T A EICE ) EF 2N E TILHEHT 500
WhI vy TENTWELEEZLNSL, Pt S

JCEFRFEAT BENIZELAFOKE RS LT
FSONNEERER LA LA VEBOSRICEDR
O, FFEEETVA LA VR ?EJJL
TWhEEZLNDL., FZTHEAET LA
y )=V L, AL A /ﬁg%%%f])uf)lﬂb
PRz FRENCPLZ ST S 72, 20
TEM %15 IZRF. PtiZ7 vy 14 M
TiO, ¥ F FIZHH L CwW5b. HR-TEM IZ & -
T ORMOHMEEZ RfEL 572 25 210
me foolf miE LT {111l WTHDI LD

Mol TORELD, PUZFEIC 2100 @B
O {001} HICHTHLTEBY, TASIEETT

ISR X TV AR ZEE 2 6, {111

15 SEEHEFICIDPtENE STV Y A
&l TiO, @ SEM 14

HIER LRSS & T A #E S 72 L RS
5. BRALTF 7 ¥ O TIEERITTEAS, Hlo
LT TR LS 25 E N IUBEIISE S %
CEDG,oTRBY, FNEFNOMEIME TEIC
EBALD S A 12 D X)L, [
U SL T T I0 & LRSS RIBFISHE 2 6 7w

IS A Ik o T, emiEsE %
RELTHMETELZ LN #of%fw
SRIOREFIIERALTE, RICH % TLEEHIH 12
THELFTBTEIC L > TEMS %w+%ﬁ
ETCELOEOBEE S FEIL L 7 L E 2
5N5.

L) —DDELL L TEHRELNIZT IV Y T
A M TIO, Midh DR EMIZAEH L7z, — &K1
27 F 8 —BIZBWTEGE S Wb b
X (100), (001) THYH, 5O E K
HMHIZ X > CHIEIL ZOmZHFSEL2 L
THMEEIG DS B35 2 & D555 o T b,
7+ —ED (100), (001) DW-FEEF AR
BIEEICRECHFGLTWwHEEZONS. A
W2 TIES N7y 14 MEs (210), (001)
&7y =¥k (100), (001) O %
NCHhDLE, TFF—+F (100) &7V HA
L (001) DIRFEHO Ti BT OBEHN A IEH I1ZHH
PLTWwWiz F/7F7—+F (001) &7y
14~ (210) OREM S FERIC Ti 5T ORI
PIFEICHLLTBY, 7T M7V TE FOM
L REEDS P25 125 O T BIF 725 20T
F & —VOEEEEO L ) ZRIETRY % L Tw»
bl EZLND.
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TWahlzolZb g s nss.

3. kLW ® Ty AA O, R — Yy 2T
FUA VRGBTV A RTEHNLAERTHY, 450 2100 M,
I TiO, DA BRI L7z, (210), (2-10), (-2-10), (-210) THFRh,
® Ty h A NETIO, IZ/KBULERFE - I ZOMWL {001f WAEEL, £72 {1114
B, 4 LA VERRINEICK S C8ir S, HO/NSWERDSFEH LK TH - 7.
HRUEMNHHT 2 LENHL LD @ RBIBETICBT27 TV TE RO
Gdrotz. A LA VEERMEE T BV P A b 53 M SRR S C O i 14 & 374 L 72 &
X L O, REVLERIRER 1L 6 IR DL Zh, P25 % ERIZEHEEEZRL., Tl
b, KBVILEEEFE X 200°C 2SHEA O TV AT HIEEZ X - CRICHAY (210), (001),
A MEITIO 1G5 7-DICMLETH B Z W bm A (111) EHERTEX72Z LA S

L A5 o 77 e F D FEAT T BERNZEDSNRI) T H o 727280

® TV A NETIO, BT IR E O K reEZONL. Fl, Ty A A
T Th CIEMUBEETH SH 2 7 aAF4 TiO, DFEHE S 7y A+ (210),
O AMBUEE AR L Tz, 2 001) BEVWEHIZALVF—2HESOT7 F
WA LA RASKF- 210 _ECHUKZESB X Z—+¥® (001), (100) IZHELLTBEDY
OBURIEZ AT 72 B S 2SR S L EOLEEEE S EL Lo e E 2 b
NEBFERKIKR W7z RSSO AEA R OB Adk
MHEEANEARY S 3 v 7 ZAHAE 26 AIFKE

198 - RA & —3E& PRI TN BINKREEHF Y VXA

20134£9 H 4-6 H.
1. BB fE—, (KEEE) "B ot AxH
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Anisotropic Surface Modification of Metal Oxide Nanoparticles

12105

%EL

WFJEA 2 Research leader: 1o b,

- Seiichi TAKAMI

HALKRFAZ TCU BRI eI %
Institute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku

University, Associate Professor

ABSTRACT

This research aims to develop a method to realize anisotropic surface modification of metal oxide

nanoparticles. The anisotropic surface modification can be realized under the condition that the interaction

with organic molecules largely depends on the crystal faces. In order to evaluate the interaction between

organic molecules and crystal faces of metal oxide nanoparticles, we placed rutile and anatase phases of TiO,

single crystal substrate in high-temperature and high-pressure water with various organic molecules. After

this hydrothermal treatment, substrates were rinsed and analyzed by contact angle measurement and X-ray

photoelectron spectroscopy. The results showed that rutile (110) face had higher affinity with phosphoric acid

and anatase (101) also had higher affinity with amines. These results are indispensable to realize anisotropic

surface modification of metal oxide nanoparticles during their synthesis.

% B &8

HEEHE b, BRSO T CEEmR
DF I KSR KGNS 5 &, ARG &
PO BRI RR SN )/ kT
PERSINE LR 20T/ fkibk
T oM Y], 3RS EEZHE, F/
FaR - O RN HICERS T ET 5
DOTIE R, HAMIZE ) REGHISER 5 2
ENEFT L\, ZITRIIETIX, SRR
I/ fmAF ORI ER B2 HIE L, €.
FRAL o KT & H RS & oM EAEHEF
KRBE R T, BT EE L LMAED

HOFEBERITHI R HET S

MERRDBEE

W HMIR L2 X912, RIFECIIE&ER
LW F 7 sk O R IT g miE i = B L
SIERALY) O &1 AL & BRS T & O EAER
EHI L C, BEANE AL DHMAEDEORER
1O L ERBENET D, £9, HRETDHE
bW % JefbiEae 7 &% < ORREx A § 5 ERILT
yol L7 BAbF ¥ 7y —R, VT
W, TNy A bOEAEREDPELET 05, Z
CTIETFE—A, VFIVHERNSRE L 2
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NS OO F WL & A & O EAE
&ML, WA X DA SRR 6
o ERELL.

1. VFILVRIEBALF & > BiEE S IER & A0
T L oMEAER

FEERI L, MRS S 7z (100) B X 08 (110)
D TiO, Ftix F 7z, RUBERIENEFE SmL O
EREE) T 78— vz )T 77 —oh
BUTBELRAX DR E 5 XmBF 2 a7z, W immf
S (100) BXY (110) OIVFI)VEIFER{L
FF EWEYT A X 10mm X 5mm X 0.5 mm
WCHEL, 7by, %/ —), HEKDIE
TWE T 728, Ny F )T 25 —DhiZA
N7z 25mL OFEEKIZH L TEEAT0.50 M
275 £ ICEWS T2 N2 7AW Tk
HERE2 ANTBWINY F YT 77 —DOHIZH
A L7z ABEK 25 mL 120t L CTHEES T 0%
AmWETH YR 022mL, 1- 4 7 F VR ARV
B 0227g, #7T32—)V0.137g ~NF LT3
> 0.15mL & L7z

M7 VLYFERCTNY FY) T 78 —%%
L%, FOMELTBWIRE D A meyr
Ny F YT 78 —%FAL, 10miniks )
L7z INEJEORE 1L 300°C 1278 5E L, EEr
ZATo7z. UG TR, VT 75— nEmEH
SHY L, wARHICIEALCE®w L BB
BOIREBIIEILL, 7 b2 THRE LR, ¥
RS THh O TVERICRA L7z sk
OERUZIENL L, B> ZIVERICRE L7,

WLPRTR O B % F 9 el E L XD B L
7z. (100) & (110) DORBLDIEW 2 £, H
BT 2 AT ISR ELEE % 47 o 70 B 2 AR
A TAAE T KRB % 47 o 72 364K 8 fLodIk
VxS A Rl & I E L7z, FRARIC MilliQ Ak

DR % 8 X EO TR & B fil g 2 sk 7.
ZOMEREFRIIRT

(100) 2B WTIE, BHiFTA7224° & 72 1),
b ERAIVNS o7z (100) Tl 5 FAL
Ti ¥ & Y & ORFEEA 028 nm & 72 D), Ti ¥l
KRG T L BRI T DGR A G A
e ZEDLZ ENTELDT, FFICHAM L
%%, LaL, (100) 12300°C DEEINZ, K
BUOLE AT &, REOKEEEFHNL 2 &
WXL WERFE L OB R horz/z0, Bkt
WL E27:. $72, BROTEREESYE
5 ERWTIVEOVEHIZ X0 BUKMEADSS 5 12880
L, SAFVERIBHITIE 90.6° & 7 1) i b i
PRKREL o7z, 2K, RAKRVEED
(100) THIZHEAE L7722 EARENT.

(110) 1ZBWTIE, BHiFT2503° £/hE <
oo 7278, (100) 12D &K E WA 2R
L7z, Zhix (110) #HFEE»SEZ L L,
EHOTIH ETY v VWBEG & O EED
0.32nm &7 0, Ti¥ EOKGT & EREFETH
MEERTE RV EICH L7720, (100) £
DATBOKPEIC 2 o720 (110) TH (100) & [
Bk 2 VBB OB 612 b B A AR & <
), RAKRVEED (110) REIHEA L TW»
b EPIREINT.

FevC, XPS HlE ATV, FRFEM Lo Ko
FoOREFFMLZ. (100) BL O (110) DK
W ERES T L OKRBILEE 7 VR, A
TFNVRAREE, HTa—), NFI)UT I
Y DOFAETIZB W TKEMLE L 72 TiOo, BRI
DWTXPSHIEEXITH /2. TOMELX 1 2
5 6 12RT.

M2 XY, (110) @ TiO, =R BT, (100)
DA LR, RUBLOIER T K\ Cls 3
BEA R L7z (110) W<, (100) &57%0

#F1 B

FALEE JKBAILEE FH BB RARVERILE 7 a— VLB 7 3 L
(100) 22.4° 48.6° 81.3° 90.6° 50.7° 42.4°
(110) 50.3° 60.8° 72.2° 80.2° 54.5° 36.4°
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P/Ti 0 0 0 0.338 0 0

_40 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.22(2014) 39-46

Research Grant Report

(110) TiO, Z:# D XPS fEF2 5, ER{LF %
DOE BN & o THERD T L OMEAEH A E
HZEDNHS MR o7,

2. TF 5 —ARIBLF & ¥ HHSIER & A
o & oM HAER

FBR, B iR S 7z (101) B XL 08 (001)
DT FF — LR TIO, M & H 72, BUL#R X
WA SmL OFE LT 77 ¥ — % w7z,
T2y —OMBEIERA DR E ) XnEdFE%
w7z, FmEFE Sz (101) B X0 (001)
OT7F ¥ —XEERILF Y ERETAX
Smm X Smm X 05mm ICHEL, 7k,
LY =) BEEKDNE TG T 7218, 73
FUT 7 F—OHIZANT. 25mL OFEHEIK
WZxF L CHEEA 050 M 1272 5 X ) ICH ST
*MZ AW T T FoEME AT
72Ny F)T 7y =0 A L7z REEK
25mL 2K L CHE G FORAEIZ N T~
% 0.250mL, 1- 4 7 F )V & A & ~ & (OP)
0227g, 7T ¥ NVY T F VK AKYEE (DDP)
0.135mL, "F L J)L7 I 20150mL & L 7=
MVZ Ly F TNy F YT 78— 5 %E
L7z, TFoOME L THWzike 5 medrc
Ny FN)T 75 =% AL, 10minfke 9 L7z
HIEF DR 1L 300°C (27 E L, EERZ 1T 72
OGS T 18, V7 7 & — & IEden S0 H L,
WA A L CEW L7z, RUSHROIERILE
XL, 7 TE LKk @RIETHS
2 T IVERIRAE L7z, BUBTE D BRI ENY
L, ¥ 7 IVEBIHRA L7
WUER B DB % 3 E A E 1S X AT L
7z, (101) & (001) DORWB DI 2/, H
BT % AT ISRBLEE % 47 o 7o AR 2 A%

G TAETE T RBALEL % 47 o 72 AR 8 LD
KMEZ WS 720, HfEtz Ay -okIi$ %
o 20 L7z, FEARIS MilliQ 7K D %
B X, WHOIERD SEMfA 2RO, 2Ok
FE2E 4177

E—EHEEEICXY, 75— VEERLT ¥
o (101) T & (001) HOKGTF & DOWAHEH
EDVERZLZEPHLPIZENTVS, (101) @
KIETIEE—EH O MHERE, HEEETIH
WKFRKEBAIZ Lo TR T EWET L. —H,
(001) DEMMTIIHE—EH TS, £k
HTHWAKEBEIZL > TR FERET S &
SN Twb, Zhiud (001) DOFEEIZKSD
FOMBERAEITbNLZ L2k h e FaFxy
WEDER SN, Zov ok V3EHsHiEo
KT L DRFEEREERELSEZDERNTH S
LEZHNA.

(101) HTIE, ARBIHEEZIZBWTREOB
ARMEDSHE L7z ZAUERETR L7z £ 9 1K
WCRmZWHTLZEI2LY, ZEBHIKEI
KGFF L DIRGIKEAE G D U 5 720 BIKMEAS
WL #27 72, T UVBEBIUOAF
INT R VT OB AT o oAl
WU, B DY 100° LU 7 D) FEAR O BK
Pk E WL 2z, (o1) ki
BUFARTFH VBBLIUOANF VLT IV OMES
AREN. (110) THTIE, KESLHEFETRIZE
FAEMAICRKEIWEIIE LR o7 LA L,
FUNY IF VR AFR VBT I8V TRE
B % AT o 723565, AT o7° L), & d
KEWHEZR L TIUIKRBMLERE, 720
VIF VAR AR IO HARFER LIS A LS
LN X D IEROBOKREDSE L 72720 Th D L
ML 7.

F 4 FEROEA

ESuBE IR R o L OP ML DDP LBl AF LT I AL
(101) 83° 68° 108° 82° 72° 111°
(001) 72° 74° 66° 78° 97° 69°

_43 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.22(2014) 39-46

Research Grant Report

[XPS Hl5E]

(101) B X (001) DOFRWE FHHeHT 7%
LOKBNIR, FTh W, T FIVERAK Y
W, FIUNIIFNRAKRIE ANFILT I
YOI TIZBW KRB L 727 4 — B H

——F LT 22 (101)
—F L7 T (001)
——OP (101)

==O0P (001)

——DDP (101)

~—DDP (001)
—1ifr 72 L (101)
sy 72 L (001)

201 196 191 186 181 176

7 T F ¥ — LR TIO, D P2s BFPLEANS
2

—F LT 3 (101)

—F LT 32 (001)

—1fr 2 L (101)
17k 72 L (001)

139 137 135 133 131 129 127

8 7% —EXE TIO, WD P2p BV PLEANRY

TiO, ZEWIZ DV T XPS HMIE Z AT 72, D
REKT PO 9 IR,
M7BLO8 LY, +7FNKRAKR VR
TEFVNTIFNKRAKR UV BRIETICBNT
TREVILER % 4T o 727 F & — VI HLES B AR O T
medb) >y (P) OFEPHERTEZ. ~AF Y
W7 I VT B LOERS T2 AN IIKE
WUFR 4T 5 7238 TlE, WTEROLEIZB W T
bPOHEVHERTE o2l D, Hi
BOPIZK D E— 7 BHN-DIEH A& v
WER LIS L7 THLEEZ LS.
oz, ANFINT I VI TREUL
HE2 T-72 (101) 77 & — BRI IR
DOREFZ (N) XY= 28N D, Fh
DA DGMHTIEN OFEDSHER T E b o7z

—_—F 7 I (101)

—F 7 2 (001)

=—OP (101) =——O0P (101)
——0P (001) ==0P (001)
——DDP (101 =—DDP (101)
===DDP (001) ~==DDP (001)

A7k T L (101)
=ik 172 L (001)

410 405 400 395 390

9 T —¥E TiO, FMD Nls BE-FHLE AR

MV 4
#4 (001) TiO, #:M > XPS ¥ — 7 Mttt
TRESLH OP JL3 DDP AL¥E ANFTIVT I AL
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O/Ti 0.666 0.652 0.647 0.998
N/Ti 0 0 0 0
P/Ti 2.10 x 107 8.33 x 107 9.33 x 10° 0
%5 (101) TiO, 2K XPS ¥ — 7 ik It
TRESLH OP JLE DDP QL3 ANFTIVT I AL
C/Ti 0.146 0.302 0.183 0.185
O/Ti 0.693 0.926 0.783 1.11
N/Ti 0 0 0 526 X 107
P/Ti 0 0.0141 0 0
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Study on Sonic Wave Emission by Stimulated Magnetic Nanoparticles
in the Alternating Magnetic Field

12106

F7E4 3 Research leader: I:P J | ] E‘ Takashi NAKAGAWA
KRR TR B

Graduate School of Engineering, Osaka University, Associate Professor

ABSTRACT

The use of magnetic nanoparticles in biomedical applications has been studied for a long time. When magnetic
nanoparticles are exposed to a magnetic field they exhibit various responses. We have been focusing on the
phenomenon by which magnetic nanoparticles dispersed in a liquid emit sonic waves when they are exposed to
an AC magnetic field. We term this phenomenon as sonic wave emission by stimulated magnetic nanoparticles
(SWESMAN). SWESMAN is a very recent phenomenon as it was first discovered in 2008. Magnetic
nanoparticles exposed to an alternating magnetic field of frequency f emit a sonic wave of frequency 2f. In this
paper, we demonstrate that the positions of magnetic particles embedded in a polymer gel can be determined
from the acoustic pressure of the sonic waves that they emit, since the acoustic pressure is proportional to the
distance between the magnetic particles and the detection point. We also propose other potential applications of
SWESMAN. A delay between the SWESMAN signal and the excitation current was found. We conjecture that
this delay originates from the propagation distance of sonic waves emitted by magnetically stimulated particles.

We examine the possibility of using the signal delay in practical applications.
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ABSTRACT

In this project, we conducted molecular dynamics simulations of penetration/permeation behaviors of
alkanethiol-functionalized gold nanoparticles into/across a model biological membrane (phospholipid
bilayer). In particular, effects of surface charge, length of a carbon chain of the alkanethiol, and composition
and structure of the lipid bilayer were analyzed. As a result, effects of surface properties of the gold
nanoparticles on their adhesion and penetration mechanism into the model cell membrane at molecular level

were elucidated. It was also found that more realistic structure of the lipid bilayer can highly induce

spontaneous permeation of nanoparticles across the model cell membrane.
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Development of Innovative Dry Coating Technique
Using Ordered Mixing Approach
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Professor

ABSTRACT

We attempted to prepare sustained release fine particles using a two-step mechanical powder processing
method; particle-shape modification and dry particle coating. First, particle shape of bulk drug was modified
by mechanical treatment to yield drug crystals suitable for the coating process. Drug crystals became more
rounded with increasing rotation speed, which demonstrates that powerful mechanical stress yields spherical
drug crystals with narrow size distribution. This process is the result of destruction, granulation and
refinement of drug crystals. Second, the modified drug particles and polymer coating powder were
mechanically treated to prepare composite particles. Polymer nanoparticle agglomerate obtained by drying
poly(meth)acrylate aqueous dispersion was used as a coating powder. The porous nanoparticle agglomerate
has superior coating performance, because it is completely deagglomerated under mechanical stress to form
fine fragments that act as guest particles. As a result, spherical drug crystals treated with porous agglomerate
were effectively coated by polymeric powder, showing sustained release after curing process. From these
findings, particle-shape modification of drug crystals and dry particle coating with nanoparticle agglomerate
using a mechanical powder processor is expected as an innovative non-aqueous technique for preparing

controlled-release coated particles having high drug content and size smaller than 100 pm.
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Danjo Kazumi: “Design of sustained release fine
particles using two-step mechanical powder pro-
cessing: Particle shape modification of drug
crystals and dry particle coating with polymer

nanoparticle agglomerate”, International Journal
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Creation of Inorganic Imaging Powders
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ABSTRACT

Inorganic phosphors that have luminescence switching function are expected to visualize changes in
surrounding media. In this study, an attempt has been made to develop a novel phosphor based on CeO, with
such function using its excellent redox responsibility. The Sm** ion has been chosen as a dopant in CeO,
because it shows a relatively strong visible emission due to allowed magnetic-dipole transitions in a cubic
CeO, host. Since the redox responsibility was thought to depend largely on the structure of CeQ,:Sm*"
particles, three kinds of synthetic methods have been employed, namely, the solid-state reaction, the spray
drying, and the hydrothermal method, to obtain samples of different microstructures. The sample from the
solid-state reaction was composed of micrometer-sized particles and it showed very poor luminescence
switching function. On the other hand, the sample from the spray drying was a nano-sized powder and
exhibited luminescence quenching in response to Ce*" — Ce®" reduction by an aqueous L(+)-ascorbic acid
solution at room temperature. The samples from the hydrothermal reaction had three kinds of morphologies
as cube-like, sphere-like, and rod-like nanoparticles. The luminescence quenching behavior also depended on
such the morphologies and only the rod-like sample showed appreciable quenching. The reduced rod-like
sample could be oxidized by H,0,, followed by luminescence recovery. Thus the CeO,:Sm*" phosphor has
been proven to have luminescence switching function, depending on its microstructure, and is promising as

an inorganic imaging powder.

Mm% B B HY, BIG LA TEAF IS XBREEKD
WRRIIFIES 2 BF VDL T TH L0,

WERHOCR R OR T L SLR L OfLER - SR E OMEMER L WO BRI BT IICARE
BEIAHEERICED S RA XA =2 2 7% WThHotz. ZDL) RN TIIETORS
VY — BT L ERARMIEEOHNTH S. o ERFERE T AL RIDERRRER R 5
PERDHEINCRNL, BRI R 2SR A T TENTE R\, T LTARIZETIE, &

— 68 —



Hosokawa Powder Technology Foundation ANNUAL REPORT No.22(2014) 68-74

Research Grant Report

) A BRI E B HEOUR DL B L OB
RED I & FEIAFE~DOEBEOFEFE L T,
SRR E R & TR A MAILETTG, 74
bH Cet" < Ce’” OifZA L% M L 72 8tk
MOEREA XA =YV ZICHEBT A L% H
B9

MERRDBE

L. BtV 7 LI DEK

) 7 AEFIEA TEICEOHR T HIRKOFF
TEEXH D, F50% % 5D5. TOL) 7 A
DALY TH B ) 7 A CeO, 1X, TR
WXt 3 2R AT ERAYE <, 400 nm BLT O 5
PHCRIMRZ I L, fbHERORs & LTHH
WHNTW D, CeO, DAF LRI, 3777 5t
AREETH Y, Ce* VA NI IR FREAE
Vo FAREROFMEPICIB VT, CeO, 13T
)7 Ce™™ & Ce* ORfLFEITIIE B L VERFE O
e 2 ER BRI T ENTELD,
HEJE OflEE & L CIRIL <FERInH? %2 S
TWa., ZO&) BMWEZRD Ce0, & dHE
ORfEE LTHWS Z T, F0OEMEIZA
A= v TEIRE LCRRE L SR OB -
BICHEOZEALZWHALL, =)y /7 TE%
Iz ifEsns. BIET A2 AT A 4
I Sm* PR TH L. RS, Sm’ OFF
B AR BRI X 5361 B <
PR R D BRSSP — 7SN TH A
RCHERATELIBREOHLEZ RTINS THD.
VLE XD, K2 TlE CeO,:Sm® % 72 2 FR1L
BICA A=Y VTR E LTIREL Tl

CeOy:SM* RO G K IZIX, FT D4 X%
R EWE S 728 5 72002, B RS,
ATVL—=RIAFEBIOKBGEERAL, 9
EA A= U TREE L CE R d A 15
% 720 O LSO f#E b & 175 72,

A SOS3:TlE, Sm* F— 7 & 270-10 at%
ERAH L DI Ce0, & SmO; ZiE) &, 2
My 7 =V EINZZRT 1 RFEEES L
72. 90°C THzJE S 72, 10°C/min T 1400°C

FCHIRL T 10 FERBERL L, 2 O®BRFNGE
T5ZETHHERESZ. XRDGHT LD Sm*
F— 7 =20-2at% O KR IEAHY O 7% »
CeO, A THLMESHD THEH W &b h o
7. F72, F—=T7EOWIMIZE b %\ CeO, D
(220) ¥— 27 DMEAEINT 7 b LTV EETH
Egsn, ce® (A4 Y 0097mm) X0
K &% Sm* (0.1079nm) 7%, Ce*" ¥4 MIZiE
N2 bR RELTHE, —J, Sm® F—
TEDN2at% WA 5 E (2200 ¥—2 DT T
MIRONZL D, E512C0, IZHFHL %
VNS T O = R AT E — 7 3B, B
ERT A EDNbhrol. S F—7ED
0.1 at% OHAED SEM R %X 1 1287, KT
RATTETH Y, —HH»HERE L T b, RifE
BBEZF12um TH S, K2 I2HEOlES
LVOHEEARY MV ERT. Sm*" F— T &)
0.0l at% O AETITENEZITLEALERST,

1 EAECER L7z Sm™ F— 782501 at% O
WD SEM 1% (f @ wfEs, 4 &%)

Oat%

----- 0.01at%
PLE PL .. 0.05at%
— 0,
= | A =574nm A =3445nm ___ 0 ator
e em ex 5at%
s\ & e 1at%

1 — = 2at%
= i - —10at%
©
g E“G —»-H
> i b2 712
: o
7]

c
[0]
e
£

200 300 460 500 600 700 800
Wavelength/nm

B2 BEMHEICLE s TER LA S F— T &)

0-10 at% OHEDENEES L HEA X7 M v

— 69—



Hosokawa Powder Technology Foundation ANNUAL REPORT No.22(2014) 68-74

Research Grant Report

0.05-1 at% TlX F— 7 & IN§ 512> Tt
WERENEENNT 5 2 bbb, F/2, F—7
A2 at% Pl B & HORRE A L
Tw. B, ®EAXRZ MVIZEHATW S
574 BX O 6l6nm DY — 7 13, MEEhTw
% Sm* D AAFBRICL DR RELE L
Sm’" 2% CeO, #EEHFII F—=TENTWAH T L %
RLTW5S,

A 7 V= F 37 4% T T T,
Ce(CH;CO0);'H,0 % 1 F » MK E i & &
72 KW & Sm(CH;CO0);-4H,0 % 1 F ¥ 55
RN IR S R 72K % B 2 28 L 72, Sm®*
F—=7®E0-10at% & %5 X HI2TNH DK
B2 RE L CERTI00MEELL 2o
Bl AEATL—RFI4X—"7T, AEE 200°C,
MEFE 1 0.15 MPa I CHEFE 3 5 2 & CHZEME
w1572, 2% 700°C T 40 71, B2HEG S
Tz 5 2 & TRENU K % 1572, XRD 43
2k ss, A7V — I A3 TRELZHE
FEEIC R TE =27 2370 — R TR T
A ZAP/RNEW—T, Sm* F=T&ICEDL ST
IO — 73R o T, MO
CEDIRIEE NI, SmPT F—T&EDY0.1 at% D
WK D SEM B X O TEM %% X 3 12/RT. ¥
R ORFIEEREIZ M2 S ), FhEhhs
ML TBOH A XHITIE—THLHZ 0D
WA =T, BEEO RIS O FLRE % HEFE
LTBLT, KPRV ES —RKT &%,
W2 ZFD—ERAEERE L C kb 72 L T
. BEB RO — KT DO A XX 7-10 nm T
HY, EHETERLZBELD DX 50020
X, WBEEICOWTIE, SmYt F— T8

0.1-0.5 at% O TiZ F—7EOHINE & b1
HGTREE IS 525, 1at% 2B 2 5 &b
TAHZEDbh)olz, ZOLHIZ, wBHRED
wAkE%sbSm™ F—7% (EMHETIE] at%,
AT L =TI 05 at%) AT KT
B, DI EIEFA AT U TEBEOREIZE
WTHEREITREEELFERTH 5.

KEGETIX, BICTFMEHRE LT Sm™ F—
TEROBET AT, DUNIORT AR T 0.1 at%
ML TW5h. Ce(NOs); 6H,0 % A F ¥ 55
AN VEIR S & 72K EW & Sm(NO;);-6H,0 % A
F VAWK VR IR S R 7K % Bl & 2 A
L, Sm® F—=7&EN01at% & %5 LHI2FN
FNERAL, SR TI00BEHEELZ. X512,
EEE (16 M) @ NaOH /K& i % # i L 72
A VKB E, L 2975 NaOH
TR 25 T 7213 80°C THIR CT—4IZIRA
L 30 7 fHEEE 5 & & THIERG VOV % 15
7z, ZORIBMEVVIER R T 71 v KB S
WZHEWTHEM L, 100 % 7213 180°C T 24 ]
L, ZOBRIFRICTEHAL. Honsitk

B A m D AR X D PG BIL, Ihvr
60°C TS5 2 & THIAEZE. 512

KEGREE 100°C O S TR nLzhiRiE, =
{7 5 100°C/h TH- L, 700°C T 2 K[ BERL
L, TOBBAKGH L7, &8+ VKB
& NaOH KB DR A i A% 25°C 2> D 7K il
FE25 180°C D 41 T3 & 72 WK & K B GUR)
A, RAIME 25°C - KEJRIE 100°C O 54T
SO IZBER L 7oAk & KGR B, TRA T E
80°C - KR FE 100°C D 4TS 5 IZBERL L
TR E KRBGRE C £ 5.

3 AFL—FIAFECIoTHEELZ Sm F—7ED50.1 at% @ (a) F2BAD SEM 1%, (b) BERMIA

D SEM B XV (¢) BERK KD TEM 4
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XRD FHTIC & % &, KEHE A BBLU
Cldvgind CeO, A TH o7, W42

5 ORE D FETEM % 7R 3. KEGUE A 1,
—HOFENHEAT 220nm O F 2 — TIROK
¥, KEGUE B &, EED KT 70 nm D K
Kok, S HITKAFE C 1L, BEEIHEK
Tl16nm, EEARATI40m DT v FIRD
BT Thd. BERTOELETIE, 7 XTOR
RO — KL T DFFT /8 — Y SAKR Y h3F —
YERL, WIhoOK b HEERTHDL I L
oz F iz, KEGUE A ORF-ERTIZ {100}
HTEHLNTBY, KEGE C R R

il MTELNTVALZ b bhol. I
WZRFL, KEGEUE B TR E o S Em

WHATWRW, 2B, KB CIZABX
OB LI 2 L, REOFEESLREAL
JEFBEHASELAL TV 72 ARERGURL 0 BRI,
e, HOG AR MV & B ITRE REAbIE % <
WD CeOySm* HOUIK L L TORMEZ A L
Twie,

2. WD 2=V ¥ TYEE

CeOy:Sm™ HILAR DLW B DS E %
i 272012, wieklE LT L(H)-7 A3
U W 2T o720 ¥, EfEB
LFOCAT L= RIAFT X DR L 721810
LT, 0.lat% K— 7 CeO:Sm*" M1k % Z 2
NO3BLT0I5g A7) 2a—FlZiE») Lo
72 THIZ0-05M D L(+)-7 ATV E VERK
B 3mL 2z (OMIZZBIRF DA + > 255
K), FEEEL 2SS =IRT 30 400, 1 B, 24
B OBETTCE B o7z, RISKT#H, 14>
2K A F TR DB &0 PR - L
90°C THAIE S H 2 2 & Tricimfkz 572,

Bl 5 12 b7z ITk A, 344.5 nm Dk
& FREF L 72354 @ 380-780 nm 12 BT B G
FEAMEL RS, b, HOUESMELIL, —
12, BoNEIBANRT NV E D D P FEH
THSTAHILETHONLLDTH D, EMHE
THB L7z CeO:Sm™ A TIX, EDBEED
L(+)-7 A2 )V E U BRAKBFEHTREL TH, £

4 KEFHE A BB LU C O FETEM 1%

1.05

N

Relative Intensity (-)
5

0.9 ‘ ‘

Reaction time/h

0 4 8 12 16 20 24

(b) B
1¢50—
——0M
0.8 -{+-0.05 M
=0 0.10 M
»=0.50M

Relative Intensity (-)
o
[0)]

o
[N

o
i
'! 1
i
i
[
b

0 4 8 12 16 20 24
Reaction time/h

M5 (a) FMHEBLE b) A7 —FI4EIL > TEBR L CeOpSm* BHMED L(+)-7 2 2V ¥ ¥ Bk

W (0-0.5 M) WLBRIC X 2 A0 sREE D 2L
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DOHCFE TR LA L T, Ziuzx L
TATL— FIA4ETH L7z CeO,:Sm> ik
T, 17 ¥ K TG S 7R TR HEE
FEOPBREEIZZALE T, L(H)-7 A TV Y VERK
T CRUS S B 745K Tl s YR 5 R EE A5
LCTWa. ZOENILTO L) ICHATE 5.
M TAH B L 72 CeO,:Sm> #5148 O K 12 53
12um THH72DIZxFL, ATV —FI Ak
TEHEK L 72 CeOy:Sm* AHADFIFIL 7-10 nm &
WUNR DTH 572, CeOy:Sm™ BHEDEITK
JSIZBWT, RISAHE & % KA 5 OHFHA -
FToTwir &3 oL FEMHETERL
CeO:Sm’> I RITHRE DK E o 72728, EIC
B o THRTOREMNED T —EH L »
FOBHET, WEBD R BULHE 2> & O HOGARH
SN2 ehEZoNDL. —F, ATL—=FF
A HETEB L 72 CeOr:SM™ IR DR F 1L/ X
Mofzfz®d, BILEITH LKA ORI DS
L, A L-eE2zoN5. b0k
F LD, CeOySm* HILERIEEICNE L V) 1L
FIBREZ L0 L CHOEDOTEIE & W ) InE k2R
Zk, HHOEASVIE, KTOY A XRIR,
KIFE 7 & OIS (K5 2 LAVRIE S
N7z, L L s, TiLs O RIZEa
PRELBL D720, T4 X725 Th<,
HT RN FEH LT 28550 5 AL & 5
VIR EOREL R, ZoZ L HE
B L TV AIWREEDH L. LoT, KER
BHE DB L OKBFEEH TOlEZ B %

i = —— 3
- B - ( a
2 — N
g 0.8 ~ .’ -
L F 1
So6fF ]
2 | —e— kEEHA ]
004F —m— kEEKB ]
2 F --e- kastec ]
<02F 2
o &(ﬂ | ]

0 1

0.5
Reaction time/h
X 6

& X oFIETRE DAL

AT LIk, UTFTRIVFELVWEZLZR
Hb.

0.1 g DKRBGRE A-C IR LT, 14 i
KFE 7212 05M D L(+)-7 ATV Y BRKET
2mL # Iz T, ZimT307ME T 1 R
L7 2otk dREEO008EC X0 kg -

FLL, Th# 60°C CEIESHE DI & TEID
B RS2 KIZ, EICL 72 0.1 g DKEGUE

CIZR LT, 44 XKLL 15 wt% Oith
ALK FE K 2mL 2N Z T, EIET30575H
7o 1 RERHEERE L2, 2ok, ka0
WX ) #EH - ML, 2% 60°C THAME X
% 2 L THEIG - LR R 1R 7.
IR O K EGE A-C @, 500-700 nm
DY BHH T O FIRE LK 6 \IRT. &
B, MHPTIE, Mz [ODER, #EhE 3OO0k
SrEEEE L, WEETOHOGR S EEY 1 & LT
Wh FT, A AR TR L 7286 T,
TRTOMEDOHICIEFEEEIXITE A EEILL
TV, RIZ, L(H)-7 ATV YE U ERKETR
THILL 728546 Tld, KBEGEFABLIUBOD
HIREDTREIITE AL L TRV DIR
L, KREGE C o HOLRE 77 8 1 &= o /E R S
EDHS0% FTHTFLTWS., ZDL9HI,
FICVERIC £ ATHGEENE DA U2 ERH &
LT, [RTFoH A XLRKR] BLO [RT%E
HDFEFRHOFELAIL] D2 OWHITF L5,
9, [RFH A XERIRINZOWTEERET .
— %12, CeO, ik % EIC (KFE) BT 5 &,

31L<-——;___fi
2 EN >~ =4
s F ]
So6fF . 3
T F M |
& 04 —e— Katst@A ]
2 F —m— kamEus ]
B02F - —e— KEatHc -
[ (b) .

RN

0.5
Reaction time/h

KEEE A, BBLUCE (a) A4 HKEZIE (b) 05ML(+H)-7 ATV Y ERKEE CULELL 72
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# 500°C THiFRIMASEIC S 1, £ 820°C T
RAONMETEILEINDLZ EDVHMOENTY

L. REFZETIE, CeOySm* I24F L T LH)-T
ATV E Y ERARET & IV CEIR TR LE %
BIhoTwb I ehs, KEGUE A-C Ok
FNEIEETAEH OB % 273, ffERED
AVBRTCVEH OB T LEz oMb, Z
T, FRLAKTFORES (AlT—E2 K
T220nm O ¥ = — 7K, BIFEZEIHKRAT
70 nm OERIK, CIEEZEDP R AT 16 nm, £ S
ARAKT140nm DT v FiK) 2 EET S &,
WToORR»SHOLFE TORBEIEVABL
OB Tld, fTafkicx L CRITEHORE
A DR b WARE o A N A VAT S} 2 b v RS
L, RFoFKb» S .0 TORBED R
W C TR, RO REBGETIEH OB %
ZFAOWEETLEEZLNS.

WA, [HRFEREOFRFESOFEA] 1220
TEZA. CeO, DA ELI & £ D& ITT/EH 1)
T 5 IBEIZOWTIEES K OENRH Y, FEIC
11 oSS & R TEETH Y, &
TLINZL WEW)EREERSH L. L L,
A OEBRFE R S1E, KEA {1000 HTHE
biLTwicF o —7IRRF ORBGEA) &0
L, {111} mWTEbLA TV zay IR+ (K
BEEC) DIy PERITEINRTVwEZEZbN
WEEFPET A, COERE LT, WTEREO
FEFEHOENEH TSN D, LitofHiEics
JAERETIE, RFREIZAT v 7 RERE K
REDRBNZEERIRELTWA. LAaL, Abf
ZECTER LA FOEREIZIE, ATy T RED
FFERY O NS Y, K2 111 mTaEb
vy R OREGE C) 13k
T HAREFHOJEF A SEAL TV S, CeO,
R B KA A MBS E W20,
KEGH A N %% o REGUE C IZ&ETEH
W2 L CHEETH D, TOMR, hokiFizit
RTCHEBLLRTVWEEZ NS,

THIE L 72 KB GRE C L2kt 3 2 ER bk oK
TOBRLLELIZ DWW, BRI ORE Ok
FTREZM 7R d. ZOMTY, &=t - R
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0 1
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7 FRICALE L 7oKRBGRE C B A R HIK T 72
1315 wt% B LK TR TR L 72 & & odE0t
TE R D ZEAL

LI O #CFE R E 1 & LT b. £,
A F VWK T L 72354 Tk, SuiEs R
FEIZIZE A EEILL T, T LT,
BB T L 72354 T, F otk
ITEEEEILAY 90% £ THIEL CTwab. Dol
Em D, KEBGAKEC T, BICICL-oTAEL
72 Ce*t DU Cet ICER b, ERfbE T UG
WX 2HEHBAAL v F U 72 BIRALIE
ML NE RS T2

3. ¥&¥

CeOy: S AR D HOLIF AL R IRBEIC &
DENISETDLO0%, BEREHET AT
D& EDTHAELL. FHEBLIORT
L—FSAFEICXY, 370094 IHEB X
Ok k%A L, Shs Z2=REICTLH-T
ATNVE Y EBKRER TR, ZoHE6R
BERBE L. TOE, I 70 A Xk
DHOLIZHEE T, b ARoEtizEtL, &
TCIZ & DI T OIRER T A X, KInfESE
DB E RIETH E VD) T Ehbhro .
F 7z, R A XRTAK, R 2R1H O S T &
LR wkEGIZL ), 3HEEORL L
B (Fz—7IR BRIR, oy FIR) ZFEOH
7 CeOy:SM* F/ ifk 2 AR L7z. b
OWEERICIILS 5 & Fa—TRKETB X
OERIRELF- 09 6131F & A 82 bed, oy F
WRTF- OIS L2, oy FRK T ORI
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R S OR A1 L CTENTEB Y, &ITlEH

12X % CeOy:Sm* DIEIZIE, KT A AR

S BF 5 R AR

3. kA

1.

198 « RA ¥ —3k

Kaneko Natsumi and Fujihara Shinobu:
“Nanosized CeO,:Sm*" Phosphors for Redox-
State Imaging”, Materials Science & Technology
2013 Conference & Exhibition (October, 2013,
Montreal, Canada).

&1 wmEE, WA, HEE 2, "Ce0ySm™
A% — PHGEIZ L ZMILETE=S ) ~
7' AARY T I v 7 RS 26 MEkEE S
YARTT L Q01349 H, BN, BEH).
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PEDEN T EDTR SN

ALHEMRBEICISET A AT — b
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N AV | =B V787 I N ) fe g 2
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A, WRIHEARY, HERKX).
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Development of Estimation System of Harmful Effect of Moon Dust

12111

Wi7efi %% Research leader:  FRAN ;3%3'& Yasuo MORIMOTO
FESEE R R A RER AT eI %
Institute of Industrial Ecological Sciences, University of Occupational and

Environmental Health, Professor

L[ AFSE% Co-researcher: i)ﬁ;%l ?Hiﬁﬁ Masanori HORIE
PESRERR S pE SR RER AT 28T B3
Institute of Industrial Ecological Sciences, University of Occupational and

Environmental Health, Assistant Professor

ABSTRACT

In order to explore whether lunar regolith induce airway hyperreactivity or bronchial asthma or not, we
examined cellular influences of lunar regolith simulant whose component are similar to that of the lunar
regolith. Particularly, we focused chemical component and particle size because the difference in the gravity
between earth and moon, affect the different in the particle size of respirable dusts. The regolith simulant was
fractionated to <10 pm, <25 um and 10-25 um by gravitational sedimentation in suspensions. The particle
size with less than 10 um means the respirable dust in earth, and particle size with less than 25 pm means
respirable dusts in moon by calculating the one sixth of gravity of earth. Additionally, we also examined
cellular influences of fine regolith simulant. Human lung carcinoma A549 cells were incubated at
concentration of 0.1 and 1.0 mg/ml of these regolith simulants. After 24 h exposure, cytotoxicity, oxidative
stress and immune response were examined. When the concentration was 1.0 mg/ml, cell membrane damage,
mitochondrial dysfunction and induction of IL-8 were observed. Compared with crystalline silica which is
positive control, cellular influences of the regolith simulant at concentration of 0.1 mg/ml were little.
Secretion of IL-1p and TNF-a was observed at concentration of 1.0 mg/ml, however, induction of their gene
expression did not observed at 24 h after exposure. Induction of cellular oxidative stress was small. Although
the cell influence tended to be strong in the <10 um particles, there was no remarkable difference. These
results suggest that influence of chemical components and particles size on the cellular influence of lunar

regolith simulant is small.
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% H 8

HO¥UATH L L T ADEERIER B
Ve FHET 20T 572012, HLTY A0
SIS U AR BRI CRE L, RIEREK T
DEEREE MRS L7z,

MERRDBE

1. Abstract

2004 FF LK E KA AT K E~O NEF]E &
HEFHENOBEHR T AREFIC TR L2 2
& % 9 ¥ T, National Aeronautics and Space
Administration (NASA) % 7.0 & L7258 B3
BIfRE L, HHifAERELZEIH L, ANOREE
BMELZ70Y 27 POH#EATWS, Ll
A OO 720 OBEEEEFMIE B MICE L <, FF
WHoLVIY A (A LCA) OFEWEFHIMbE,
RODBEE Vo THB|ETIE RV, EHIZL
T AOMEEZFEINT HD1E, MINEIITH
L. LA, BUNETT T, S ElE
HEHET 5720, FEHRICEFED) DX, FH
RO WA RIAEENC BT, S HR 560
RBEBENB 5 I EDEEIND. KO
Higix, AoV I ANERIZE 2 5528 % K
T 72D A ZXDELR L AL ) AFEWH
CA%xHWCHilamESE Lz e Lz, 7HRap
Hbtlioz AL 3 A LAOMEZFH>H L
TYVAYIaTry b, WHTREEICLD
KA 10um LT, 25um ML F B X 08 10-
25um &5 LW L7z oW A X5
IZDOWTIE, HEHEROFTEOENIZ X LA
PRLTF- DO A ZDENE KL T\W5hH, HIERIC
BU B AR T A4 X%, 100um LFTH D,
HOENIZ1/6G THDHZ EEMEL, 25um
WFofiE L7z, 351012, T 25%5%H
LIY A Iagy baflni, ThHooR L
TVAY 127y bM%, 018 L01.0mg/ml
DIEE T Ml LRk AS49 M I2ie 5L, 24
Wi a1, MM, BRILA P LAFEB LV
RIEFHENEZFF L 72, IR 1.0 mg/ml D & X,
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M OEBEE I ba v B THEEOKRT &,
IL-8 D533 L EIRFIBLO EASRRO 5
7275, 0.1mg/ml TIXZNHDEZEL R\,
TLNEL, BRI & L 724 S Sio, 12k
NRTHEEBII/NE D o7z BE 1.0 mg/ml Tl
BeAg B IL-1B B £ O TNF-a D53 As A 5
7278, 24 B ORET T I NS D@L T O L5
RN o7 T2, fMANERILA LA
DAL /NE o7z Mg EE <10 pm O ]
ACHERWEN DS o 7228, BHEREWVIT Lo
72. LEDOKRES, invitro DRAEIZB W T
LR OTH A & DML EIT/ NS <, KT
DWEDLZNIIEREL BNV EAVRENT.

2. Introduction

7 A1) 71 L 22T 1 J5) National Aeronautics and
Space Administration (NASA) 12 & %24 A H %
EREEASERSIN, HHEARELZEIE L, H~
DEFEEZBEELLZTOY 27 PHHEATED,
EAFELSMEEH LTS, HmEIZIE, AL
TN RAEMHEINEE LTS, AL T R
I H DO AOEZERLFHELERIC &L - T
A OEBH;HEE S, DL T L%, A
MIZHERE L7 0T, HOEKMMEZHLrF~
Ty FOEITES>TWE., 7RO 11 5H
FTZEE L CTUSR, ANEIZH ToFS) = e
Lg% 2EtHASSI CTHNTE 72, HHEEEORE
WZiE, AL IV A Ez2Bi7dh b IR X
DEMTTAHIET, ALY ANEE EDD.
LT A2, /R (EE2Y1-100 nm O
KT) & & Ok TR E & E
HZ L, HOEJNIHEROK 1/6 THHZ L
5, BEENP-ALIT) RAFELEBHIZZT
OV E L CFET A INHOT 7V,
UNES T T, AR AT 5720,
FHRICE L DY O E, FHIROGAE LA
FZBWTh, SHRLMIMNEREEIBZ 5
CEPEESIND. FEBEIZ, 7RI 155 T
FEHMOTT O v 7 NTFEHIREZFWZEIZK
HOLI)RIZBWEK L omER, 7RO
17 5 TIRFHREZBECEICAL ITY A 2R A
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L7z DWiENH L. E->T, HEITOH AHE
HFIZB72oT, HLITY ADMRERIIAT§ 54
EWEZFMT L EDPLETH 5.

e NN X BIFRER~ DB % % 2 184, Wl
fo g CTHLHET A TEDIRAKDE (EBRIIFE
) LLT1loum TH Y, FFIHiE L vz
LAELRTWEEE23um EE 5N TWAS.
WEIZBWTIE, ZOXH1210um BLTO#%
AMAT e T EEZOLNTBY, (FEBRE
BHREIZOERBICONLINEHTRETH D,
HIECIXEIIAN 16 THLHH 720, kLD
DIV RERFFIEFIZEEEFLIEDD,
WER ETIEWA L Z2WE ) RRE kT2 WA
TRV 5. AOEN 2 EZE L2 %E,
W EoVve o7& 2% 025 FBOR T
FrFFORFDIWAR R E 2D, AHIIZBNT
b BRI FETTRE e RIS LT v e B 2
ENBED, KO RELRRELFEONTFEZRAL
T2 DREII S DTl

— B LA X ZHiEEORKF & LT, Hii
NTHLCATAEELME~ a7 7 — VR
fa BRI A N A v, rENA L
L, MEMlBOEHREVOEBIL, 7)—-5Y
HNRLT T T =X &L iOMEEE %
FIE, INODHT S 2 LI X ) IB1ERER &
L CHiOMMALATRZ ), A2 b e 7
D, WEIIIEREERIC O 08s EEZbN
TWa, XoT, flilg~rua7y—y Rl t
FA S EAESNLTA ML VR T ENA
JE, LA KBIIEEDRMDOAT v 7L
LCEEIHEETH D,

HL3) 206 EWFMIEL, 7 Ra» kS
Jao/ AL T ZAE WL L RbE LT
LS, BIZROAHL. 22T, ALITYAD
Wrzeizix, AL 3 AOMB T of R % 2%
W2, KK ko gL R E LT, AL
TR EFEREOMBE 2D X IR LA L
TVAYI 2TV ML HVWLENRTWS,
AW T, 2HEOAL IV AL I 2T
N &, LS & RRROELT A S, B AR
Ja a3 2 B2 MEt L7z, KX 10 pm B
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LFOZFD 25D 25 um THBE L2V T A
22T v hMERHW SHITFER TS um
OALVI) AV 27> befve, Ml

S L 7=

3. Materials and methods
31 HVIYARAYI=2F 2 F

RIFZECIE 2 EEOAL T AL 32T 2 b
W7z, FIS-1 (JAXA & iK% o B
2 X D) B LU ISC-1AVF (NASA 12 & 1) Fi%E,
PIF fine &589) & W72,
INBHEOLTY AL I2T Y MIIAXA &0
AT L7z FIS-11%, AHILREERIC X 0 2258
HEF 10um LLF (<10), R L < 25um MLF
(<25) BXU10-25um O 3 FEHEOR F X% &
G L7z K s TS ) 1 Min-U-Sil 5
T USSilica2H5BALZ. £325 B
X OE 43 1&, 180°C, 2 FH: [ oD 17 B R i LB %
L7-0L, @EWHEME% HVT 10 mg/ml DENE
TR ZR RPN L7z, 2K HeE %
i 10 R oA L, By b Hoi & 5
L7 (LR, RLITV AT I 2Ty ot
A L) A580R) LT 5). LT
VAV I 2Ty MITHEEh CEDLRET 572
O, R EGRI S E RIS L, R
L7zobfifaicks- Lz, 72, £ 325>
kB X OS2 DWW T, 120°C, 8 W E 22
SAMEODOL BET FEIZ L 0 ILEHEZ, 7TV

1 ALITVRAY I 2Ty boEERREFHEME SR
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#1V)EEO DL, ICP-AES |12 £ 1) Si, Ti, Al
Fe IZDOWCTHROWMEEIT- 72, I bIk
DEE (wi%) &, EEHE»SERIRE L L
THM L7z, JSC-IAVF 2D\ TE, K5 Am
RE L7z, REEAFT A5 ) VBE Na B
HFIZaELL, REYF A TI0 0L
DL, A r8ahTy 7 RESKE (HERE
MT-3300EX 1) (2 & V) $ifE55 A &l L 72,

32 MihaEEE st
Mg, LDH il & 2 MR 5 &
WST-1 7 vt A12& %3 bay B 7iEtkoil
EN & o TEHEi L 72, A549 flifie B X OF THP-1
ML, BEALFRIGETNA ) V= At v & —
EDATF L7 A549 M IE 10% IR R IME 7
M NNy 3% A — 7 )V EH (DMEM, ) H,
THP-1 a1 & 10% 2 & Y2 I 78 i RPMI1640
B (FHI4T7 A7) T 37°C, 5%CO2 5
PR CE;E L 720 AS49 I, 2 x 10° fil /ml
DULEETHME L, 24 FER B ICERICH W7
THP-1 Al ld & Phorbol 12-Myristate 13-acetate
(PMA, ¥ 7 =TIV vF) ORMIE)~=
a7y —IRRIZLE 0 2 x 10° M8 /ml
D FE CHEAE L 72 THP-1 MAE 12 #9260 ng/
ml & 7% % X9 ICPMA R RN L, 48 Ky R 4
B EE L L2 MRRL, THZEIZ3
5 ZSHh 2 AT\, FEERIC 72 MR R
i, M0l BL O 1.0mg/ml DEFETL I
) ASBR R ¥R L, 24 BRI GRS EE R g R
[, 13000 rppm, 10 73 D& & D RIES
BRI Lotk MG EERE S b
PLUS (LDH) (HY 27754 FH AT A)
W&o TllE L7z, Mgz, x—7—o
7a b )z HE, HlilasEMSE (Cytotoxicity)
ELTUToRICENER L.

M EME (%) =220 -1k > ba—
S Earyha—)—fKar hbE—)x 100
ZZT, Koy bu— i EEE, Ha
v ha—)uidF v MR ORI L) ez
BRI EEEV .

WST-1 7 vt A%, Mgzl 39 A58 %

e, 24 BRI 12\ 20 #2553 T 10 REARR L
7= Premix WST-1 cell proliferation reagent ( % 7
TNA ) AL, S H1237°C, 1R E
#L720OB, 440 nm OWGE 5E L7z

33 HMUREPIE R R L~V Dl E

HIEA ROS L XV iflsE 1L, DCFH #E1Z & D)
To7z. MBI T 2Bl 245 L, 24 I
22450l % 10 uM @ 2',7'-Dichlorofluorescin
diacetate (DCFH-DA, ¥ 7' <7 )WV K1 vF) %
A, MG Z & RWVE ISR L 72, 37°C
T30 AR, N 7Y VI X ) e A
[EL L, PBS C 3 [Pk L72. PBS IRk L
Ta—H A b A—%—|2X ) FHE 488 nm, &
It 520 nm T 5000 fE O 2 WE L7z, HEfE
&, LI AEFRGMBoEL Ve 1 & L
7R OARHE TR L 72,

34 HA M4 v OFWHE

M IZ L I A0 = %5 L, 24 Rl 1%
(2 B3 % B, 13000 rpm, 10 45 3012 &
DIRTET DRFZBREA L2k, LiEHoIL-8,
IL-1B B &£ UF TNF-a i & % % 4 Human IL-8
ELISA Ready-SET-Go!, Human IL-1 beta ELISA
Ready-SET-Go! 3 & U} Human TNF alpha ELISA
Ready-SET-Go! (eBioscience Inc.) % Fi\»Cilll%E
L7z

35 AFMLVAIBEBLUHA M A V(R
FHEHL O %
BIZFFEBULY 7V 4 4 PCRIZ & ) FFA
L7z Mfgic L ) A0 2 5L, 24 1
M2 B2 B2, PBS T 1 [HI{%# L RNeasy
Mini Kit (7% >) 12X ) mRNA Z AL 7-.
RNA & High Capacity cDNA Revers Transcription
kit (Applied Biosystems®) (2 & 1) ¢cDNA & L7z
?D%H, TagMan® Gene Expression Assays (Applied
Biosystems®) % J\2721) 7V % A & PCR #:12
£0 B-7 2 F viEfnA = NERLE £ T HO-1,
MT1, IL-8, IL-1B 8 & OF TNF-o # 1T D5 H
xRAT L 72, FEE (R T O TagMan® 7’10 — 7
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I% Applied Biosystems® 7 585 A L7z, Assay ID
% DUF 2R, HO-1: Hs01110250 m1, MTIH:
Hs00823168 g1, IL-8: Hs00174103 ml, IL-1P:
Hs01555410 m1, TNF-o: Hs01113624 gl.

4, R

41 HL IV AT 3252 bOYHERHEIR
2HEEOAL IV AL I2T5DH B, FIS-1
22w TiE, ZZRBFE 10um BT (<10),
F U< 25um LT (<25) BELT10-25um D 3
FHEHOR T2 ELWIZaE L7z, ThbH0
IaT Y MIonwT, HL I ZAOFERST
5 Si0,, TiO,, AlLO; B L U FeO IZ2oWTHL
AT AT o 72, A3ENC & B OZELIE D
519, FIS-1 & JSC-1AVF @ B2 b #k o K
EREWVITI RN 13T 50% % Si0, 25 O
TBY, 7RO 4 5PHEELRKo72AL I A
CIIZFEOMK TH o 720 b FE R,
<5um M43 X ) b <10pum [ 4 T K & <,
<10pm B IC X DS R TFAREENLE L
7RI L7z, Fine O HULAIEE (D50%) 1 5.10 pm
T, 0.7-37um OFEFHIZIERGALTBY, It
KL FIS-1 O HH 57 L) b/hS o7,

42 ALY AL Iy boMENE
0.1 B &£ U 1.0 mg/ml DI D45k % M2
5L, 24 W20 MNE A S & e L7z,
Ptk g & LT, Wdsicxt 3§ 25523 5
NTWLEESMES ) CLRABEOREE 1T -
7o, MM O E M, A549 MG, THP-1 7
Fo & IR R E Lzt s ) 1 Tl b R
Eolz LI AGEiE x5 L 72/l TIg,
THP-1 M2 ® Fine % Fx X, 0.1 mg/ml 134z 5
DEBIFED SN Do 72 AS49 Ml Tk 5
WICL2BEROEIIR SN H o 7275
10 pg/ml TR R EEDTTH AT 253 5 A7z,
THP-1 #i g Tl&, Fine B & U' 1.0 mg/ml ® <10
OHTHIRRGEELBO N I ha vy R
) 7IEE R TR S L7, M40 28I
IS, mHBEFREROWMD A SN 1.0mgy
ml, <10 pm #53T b AL 20% HETH -

720 AN X B HIEAAFERAOREIIRRO b
Lmrolz.

43 ALIY AT I2T Y ML BEBIEA
b L R FHE

Fit sk D FRE R TH 5 AS49 MBI L T
) A EG A G L, 24 BRI R ISR N O
ROS L )Lz fll%E L7z, MilaN ROS L \Lig,
<10 um ¥ G- W57 TO A, FEHFGHMMILH 1.3 15
FEEBENL 2. 512, %5 24 FER 12 m1L
A ML AIBE S 87 E HO-1 O#Efn 138 %
PRI E A, BE 1.0mgml 2B WT fine B
L OV <10 pm [ 73 TR 2 AR E O FEHL O 5
MRED BTz,

o

44 AL IV AT IaT Yy MIXDENE:
B

ALI) AT 3295y MIEDEEFLENS
Mt 5720, ¥4 bHA Vwa a7z,
L a0 R4 & 5 L 72 AS49 fil i T I,
<10, <25 B L U7 10-25 5312 BV THEEE 1.0 mg/
ml T IL-8 O 55 W 2S84 N L 72, <25 i 43 T &
0.1 mg/ml TH EHADFED H 7z, 24 BEE A2
BT 5 IL-8 EIZ PR A0 RZ R L.
THP-1 fifZI2BVTH 1.0mgml DL T1) A4
B OG- T, EFEFRAD IL-8 D55l
CEHEIRFHEAO LAV LN 561,
THP-1 Mg 12 BT, KEMETF A A A >
IL-1B B £ O TNF-a O FEH % #at L 72, IL-1B,
TNF-a & b (282 B THEIC LA L2, —
FHT, &5 4 BHBZEORLTIX, LI A5
B OS5 L 2 B2 F RO LA IR N
o7z,

5. Discussion

AIFEIZ BT, Milgkke LChila~ 20
7 7 — ¥ (THF-1 #ihe) & Ot b Rzl (AS549
M) HskOME Az BBV THEAL
72BN L TR T 2 odhile~ 7 1
77—V il LM TH Y, b o
OG- e Mg d s ik EOT & 412% 5. 4%
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TIZF JRFRT ANR b7 EOMHERYE %
EOM LA L AMIEEDOFMICIE, Zhoo
HINELC & 2 BOGE & il & O BIE A 2 T
W5 koT, L ofilatko ) B, RO
fa~ 277y —2 Liifla bR iRk % %R

L7,

AL T A5l MR R & M A A=
DT 2R LD, OO 1.0 mg/ml
T, 0.lmgml TIEEINSDEEITR LN W
A, FEEINE o7z, S50, MFREREE
HEEPMSN TV ERFERMES ) FIZHR, /N
Ko lz BE1.0mgml I2BWTIE, ki
mOLITY AT I 2Ty M, EHREICE-
THfE RICHERE L CB ), FERICITMaoRE
BEIIESHICEP2EEZONAL. HIBIZH
L CHEME/RTR T, MICEREA P L A%
LB EDNS N, LI AR ERS L7
A549 i g TUE, 24 FE %212 1.0 mg/ml & <10
05D A THIILA ROS L X)L D EFHD580H 5
N7z, IERGMBLIC IR 13 BREETH > 72,
F 72, &5 24 FEHIEE T TOMILA b L AISE
¥ V7 B HO-1 Bz FOFEBED EA L Tw
2. IRHORRIE, LAV RTEELS
i<, MICETOMILA P LAPEL S
ERRET S 512, ARERTIR, RENT
EANAELTHONT WS IL-8 DFEARE
MaEt L7z, ZOIL-8 1%, Mifa~ro7 7 —2
R FiRE R MR 2 & A & B R 2 IR ER
WEKRTTHY, invitro IZBIT L EAREIL, in
vivo |2 BT B ik & o B b fEf S Twn
5. MEFE 1.0 mg/ml DL I A5EGE OG- T
iX, A549, THP-1 A5 1ZB T IL-8 D4 WD
LHPED 7. THP-1 Ml I B T,
L) A5 EE 512 X 0 IL-8 DS IR
L3, RIEWEYA M A VIL-B &
TNF-a O3 b 1.0 mg/ml CTEF- L7z, —5T,
524 Wy [ 72 OB L CIE IL-1B B £ UF TNF-a
BIZTORBUIIRGMB L Zr e h o7z, L
T AR OG- T, BB L
~rnu7 7=V CMIEERE, I bary U7
e LA ML ABRMBLIOYA ML 2O

SIIAHSRRD HITZAS, WD 1.0 mg/ml DF
RESFMHETTHo 72, FFISHMLA ROS LN )v
IZ2OWTIE, 1.0mgml THIFEAELEAITR

LMol Z emb, BLA ML APEL
ELTYH, HO-1 OFEHEHIRILRDOE AL
LoT, BALA PLAKRBBIZIEE > TRk
Zzohl, DEOHENS, inviro DFRT
LI AOMBICHT BTN SnEER
sz,

—7J, BEINSWL 00, MR
LA ML ZAAMTIE, WEO/NS LR TF2EE
A5 T &) MITEREA L) SR E 2D -
7o, Thbb, BEETIIZVWHOD, <25 W5
£ 0 b <10 M5 Tl fa IR 5 2 #ile A ROS L
NVOEABLYREL, NS FE2EER
VA 10-25 53 T B b /N S WD S -
7z. BETEIC X % HRMARIX, FIS-1 D4 HIZ
£ 5 <10 B4 T 232 m%g, <25 M4 T 12.4m%
gL BLZI8BHEEDOENH Y, <10 512
LSRR FRERORTPEENL EER
57z, —J5C, ISC-1AVF @ -3 % 7% 1%
510 um Td - 7273, WRMEIL <10 L 1) b/
S0z <10 O HEKMFE L JSC-1AVF O 6 %
BETH), MEEOREREZHMIZREZD
ATiimd 5 Z LMY TR, RTINS
UL, HEAEENZ) ORTHENS kDS
DD, HMIZBEERMEBROZE,»D Lz w

TROENVFVFELIF--AL T AD[LE
B, BXZ40-50% % SiO, O 5. K
e THWZHLITY AL 3252 MFIS-1 B
L WNISC-IAVF X, 7HRB 14 [FFb -
7= H A5 (Sample 14163) & MDA & 5
> (Papike and Simon). Sample 14163 O E 74l
B 1% SiO, 47.3%, TiO, 1.6%, ALO; 17.8%,
FeO 10.5% T, Z®DIIH MgO 9.6%, CaO 11.4%
7 &% E e, FIS-1 & JSC-1AVF O TIE, TiO,
EFeO THTOMEDDH LSOO, MEIEB
BURAFELTH-o7. F72, FEICEDHEO
ZALb RN hoi.

KEFZETIE, AL I R & FABEOMEZE Ho
LIV AYI 2Ty ML AR Z MG L
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7o, ZORE, AR OE A H O/
NS, RTFEORELZNIIERE RN
EDTRENT.

AHEIZBITLAL T R L HER EOR T D&%
bREHEIX, BEHOBENCL L RERTO
FAEDIIA, RIENAEWHROE Y OWE D
HIETH L, MER LTI, W% CEEEh ok
TIEZFOERMIT Y FhF L BB RED
B e AR RO ERCLEWE AL, 2

H) B R AR R

i S FE 2

YEiT PhEE, T,

=AM, KM ELZ,

—81—

NS DWEWEDT LIV ¥ — UGS k8
rplERIFTIENIPEIN TS, Lal,
AW ZEVPEEL WS &S, RT3
NOHEARHRYE OWE X\, —T, A
TIEL I ATFEHBIH R EOBEHKIZS S
ENTW5E. F/2, AL I RIIHFRIEAEE
HLTBLT, SRLRREDL DD L, A
*FOEHEOENLH L. S, LFHE DS O
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Developments of Accurate Simulations for Particle Dispersions
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ABSTRACT

We developed a unique numerical method for direct numerical simulations (DNS) of dense colloidal
dispersions. This method, called the smoothed profile method (SPM), enables us to compute the time
evolutions of colloidal particles, ions, and host fluids simultaneously by solving Newton, advection-diffusion,
and Navier-Stokes equations so that the electro- hydrodynamic couplings can be fully taken into account. We
have applied the SPM successfully for simulating the dynamics of various particle dispersions including the
following problems.

1) electrophoresis of charged colloids (DC/AC fields)

2) thermal diffusion of colloidal particles

3) rheology of colloidal dispersions

4) motions of a chain in shear flow

5) hindered settling of particles

6) the motions of colloidal particles in a compressible fluid

Recently, the SPM is extended for dispersions of self-propelled particles (squirmer) and also for dispersions
of rigid particles. One can download an open software called KAPSEL, which implements the SPM, from the

website.

Mo% B O® FR) (SRR B OEETH 205, € OHHE

TNVF A=)V (270 nnm~ A um) DM

V7 vy — (&5l aaA 8- JEHERE D720, B R R EIRAR T Ak
V- FUETEER 72 EOBHETE S W E O L EMFOR—Ar— )V Ialb—3 3 VT
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WAL v, 3 7 uEE OB KA

M2 AV RERE I Me 28b R 2L — 3

R, WEE BAERICERE T A VT A —

Vo Ialb—2a ERERTHY), HEES

AN 10 4F R BASS LI Y HLA 7200k 755 R

DEAERTED: (SPM) R ZORIIBITH L. K

WEClzZ o hEsFHICEESE, ThE ol

DR EE T - 72 LT ORI E~OEH % 28]

L, M- 7ot A O IR & L CHEL

5.

1) ffE a4 NRTOBELKIKE (E/5CH
)

2) BILHCT B kT O % B

3) auA FOECROL 40 Y —%8E)

4) UGG T OFEIRALF 0 1EE

5) RT-OT Wik

6) R OBk T- D258

MERRDBE

1. #i5

a0 A FOECR &SRS A MBS
SGELL-WE AR L, COMWHE ISR T o%
EERDE B BIHEWTIR D S 2V IRIZZEAL
T5. F72, LIFLIEGHk 38R 25 0 C
BY,BREIAA VR EALEBREBERTH 5.
au A FoERIERENLZY 7 b5 —Th
D, FEERIIIC D BRI D EWIIEO L & 3
oW, AEHE CIEEERY (32— ay)
DL L T, i/ a4 Fo#EcRo
B OWTE R TAL, BRT/aa4 F
SHCR T AR T BB OB % /i L 725 E
TEMBELERDE 720, TFIE R o
DETER S LOBEELMBEE 5. S512, fif
oo FCTIIRE#ICR S —u Y HELEH
PHEAETZOT, ZORYFIZOWTHERE
TLUENRD 5.

KITTIX, 284 FoHCRCTHIILZY I 2
L—2a yFEr, KB kEIT A2MEYD S5
4537 ZSH L7-FE S RS ETRAIC
TN Tn5b. ZOL) RMEDZ, HPRAT

W CoMR TERMIDEAA, MEPRHR
GELLESE LA AN AL THOHEMES
5. WAEMDZ IHRED S M OTHEIROHEE
R, REEMZFCR BT BHIEMN 2 EE)
2L > TRPZEET 205, 20 X9 RiMEY
DY R EE), FFIZEEEB)I RIS 5 20 R
OHFIZZE L BN TS, ZOMBEICEL T,
B4 HH DT - 2WZEIC oW Ch it 4.

44

2. auf FoitknyIal—
SPM
PIalb—TarougpsRi-aad Ry
BCROBRNE, EHTREZERM - RO 7 —
WHET - 3 F DI 7 a7 A7 —)v & H_THF
EWIZKREWIETHAH. auf FRTOESR)
720 T, FRROTAER A F 212 & 2 Rk
FHEAEH O 720 1 KRB 2 R EEh 25k 2 1
AR BB A 7 — L (~10°8) L idhlT
BENL72 107 ~ 100 B2 IC b 5 L MR AIRE ] 2 7R
. 2O L) B auA FOECROERRE OER
BEL, BEOFFENFYIab—va 5
T 5 B ORHEH (~10°8) &idn
WEERCTBY, I 70hETIVIEDSWST
)% (MD) #Ecaug Foichelkz EiE
My Ial—2ar3bZLIEATHRTHA.
DD, VT MY —GHTIEIAV AT —)
ORBULET NMICHES LY I a L —3 3 viE
L.

auAf N/ RFIHROY I 2= gy
#: & L T 1%, Brownian Dynamics (BD) k%
Stokesian Dynamics (SD) #: M 72 & itk osE
eIl RE L 2w HEPEL (bR TE
72, INHOHEOREFTIIIERMETE W
ETH DY, EE L L BEEEA L= 2 —
R E LTV AN DI, BREBERRE
B E HHEE D & 2 BEHETAR IR F- 2358 L T
B RNDOYLRDSKEETH - 72 1980 FAL 14}
(2 SD ¥EEY; L CLR 104D FH o 7%
fbIZ 7 Hr o 7225, 2000 4F % B IR PLIZ B 12
ZAb3 5. auf ROy Ialb—ar
FEOREE, SRR OHEAM 25 a9 15

g v
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oy =7y bERY), AEBILOMHEZZL
TWwa, LFIicHc B0 ialbise L2k
o, INFETITRESNEHEOMNEDT
WOV HLIZIR RS
BHERARANDYLIR % % 2 72954, BD %% SD
B L) ICHEBOEBEEZTAEITHLTLE )
DTIE. BITEEI 0 LNV TRE 2 £ TV
2 52A5ZELREEOBLE,OEL Y. T
A FRADR T —ViZabe - lilte 7L %
HAWTHEEZLAR L, a8a 4 RO ER) &
B €2 EHEERHE (DNS) 2"ARITH 5.
ZONE, EOLHIEREETIVALT 50,
ED L) BT aa A R LB EE)
HE) S L0 2 2L — Y 3 v OFEFTETT
7%, HiIEE LTIX, Navier-Stokes (NS) /5
#£50%° Lattice-Boltzmann (LB) (%12 & - Tiifk
TIF W BE 2 0 J7:%°,  Stochastic Rotation
(SR) {7 % Dissipative Particle Dynamics (DPD)
FalD X )z, Btz IR CTHEZIER S
FEDPEICRENTWE, 2 2 THEITFLIHIC,
ETFMUIE L DML R D EHRIEE TR 25,
NS FRA CTHEED RS = ik § 2356, &
B2 N FOES L EE S L7012
&, I A PR EHEEOREIZBE VT, NS
HRXNICHEA RN LRI LEDDH 5. Finite
Element % (FEM) 7 ERFIIKIZZ7 4 v P L
TAHAE T2 2 OB 2 HETH 5
B, BHHEENSERKICZ>TLE ) MEXD 5.
RIEEO N BIE, — R BARE T2 T
TEROFEZRIT) T ENET LW, SEIEH%
FoRREaa A PRFOXKBENGT 1 b L
Rz, BREMOP A IZNEEDP AL 5.
AREAD a0 A FRA %, JEFHOEBEIZHEN
TRERMERZ RO E LTET VL,
M DR Z FUH T S IC B S5 2 &
T Z OO MY % [X - 72 @ 7% Fluid Particle
Dynamics (FPD) % (HH - 5iK) Tdh 5 Bl
= O TAS RNy SR AT N Ui DYk N §
o2, FEs s omEEicIs U7z
Bh 228 % i CRENALE OFRE 21TV, NS
PR LT OES) Z EE) S L TEPRES
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M1 HM b Dy v — TRk T Lk .
L — DRk JEHE DR EA L T
R~ & LR o B 2 B ISR L 72 b .

Lo TRESN TV B e BHFEL 72
Smoothed Profile % (SPM) B¢ & [d] £ 12,
1 O &) IHAFONME & AME 2 FI I 5 720
WD OMIERZBEANL T 5ED%, FrHLeE
o S| AR BN 31 e o R =R NS T )
L TEERIER ML L, MR OYLRME:
bIFEH L7, DNS Db K& =l miiL, WEb
H HEE % $F o 7o BRI BN OILIR DS 5 72
HIZd s, auAf PR EEEICZ, NEH
HE (EfEEE CHOHNIRITN 2 A 4 VIRE,
B TR THh IS T ORI S %: &) O
TEE) A B S hZ X v, SPM DA, Hiab
DORF DNV KT 2 /A HwCau
A FRF- /B NEB B HEE D F G O 72 v E B
HEHIN TS WBL Z o SPM #5EH L7-
YIialb—varyJ7ursJak L TKAPSEL
RSB LT B [0

3. SPMIZX%auf FHHROYI 2L —
vav

FADBFEL/ZZSPM Z VT, ZhFETI
KFOELRE, GE, LAod—7% LI
D12 BLRIZOWVWTDNS 2f7ToC&72AY, 2 C
TIEFICRE R 20 4 FOHCRNOISHIZ DWW
THENT D, BRI FE CHGHN 2 AT O#E L
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1T NEDES
s (T/V1R): k1

T i
BFEBDOEL

X2 ko

DT

DA OWTRNT 5. BREERT 2 ER
KI5 a3 a4 FRFRANIGH L72RR % X 2
IRT. 2OY3Ialb—3arTlE, aaA R
K, A4 > OWEY;, HEORENGD 3 >0
HHEZ 2N O FE—FHIZHESWTH]- T
Wp U K2 () o X9z, HNY 24M0E
Bhsgan & ZIIIkENEE D IEL, A4 v ida
O A PR DR IZIZIFEFICoM L Tw5
S, INBEG DK E L % L REIEEIT R %
D, FESES ORI L EEEE OBEIED 2 D D%)
RIZEY, A+ 05 mEIEFHNICRL. K
2 () BHRTHOTHII L2, $RTELR
KEND BRI R FTHAE R TH 5.

4. SPMIZX2HCHEEN FOY I 2L —
vav

JKH % KB B AR X SR S A R
B, ZOWEREDEN XN EEED B S (X
3). Y3al—3arTHIomEnERBL:
Hwmr TRETH DD, WERWER & Ot
WOMMAEZHR L 2ETF VT, @Edh
WZHFIET 5 1 HOMAEDOES LT & bI2Y
Ialb—yardarZEidtkewn. FLTR
JEB Ok % 8 L CHESER T 2 MAEmER O
Y3ialb—YarE{T) LR EIEEINT,
N%FEHT L7201 MEDDFORE %59
Tl ETIVOKRIBLR B RD 5N,

-
—
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ARG 2T A =% 4 BEXUKEI T 2REI0 A FlEFOE#HEY I aLb—ay

T \ J ;
N/

A

N7

3 KA KB 2 EZBEOMEY () /N7 71 7,
b) 77 3IFEFA) LEFO squirmer £ T
)V ((c) pusher, (d) puller)

T

-

(c

ZOL) BETIVOMBBLIZHEICE K2 EE
TS EV)FEM BRI OARL ST, B
DA DIRT SR BB REL L, 20
JFHABRT 5720120 REEMTH S, HE
DAY OFFOBM IR E T 7 714 7au A
F&LTwozAfMIEILL, REZ W7/
DINT A= THEMBHORT ZHEILET Z
T, BRI ETVCTIERA G WAEISHES 2
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ABSTRACT

In this study, we propose polymerization of monodisperse silica particles using organic reactions between the
particle surfaces. The “monomer” particles are prepared by modified Stéber synthesis and contain organic
functional group on their surface. The “polymerization” can theoretically be carried out between the same
kind of organic groups or between two kinds of reactive functional groups. The latter reaction will result in
the formation of “alternating copolymer,” which allows the formation of mesoporous solids with various pore
size distributions. We have optimized the combination of silanes, reaction conditions for the formation of
monomer and polymerization. The structure has been analysed by nitrogen and water adsorptions, SEM,

DLS and Raman spectroscopy.
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Table 1 Conditions of simulation

Primary particle diameter [mm] 1.0
Agglomerate structure [—] FCC
Time step [s] 1 x10°
Compressive speed [mm/min] 10
Joint-spring coefficient [kN/m] 1.5
Maximum strain [—] 0.09
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(a) Experiment (b) Simulation

Fig. 1 Particle shape and breakage behavior.
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1. Ohsaki Shuji, Tanaka Hideki, Yamamoto Daigo,
Watanabe Satoshi, Miyahara T. Minoru: “Free
energy analysis of adsorption-induced structural
transition in ZIF-8: A molecular simulation
study”, 2013 AIChE Annual Meeting, 359-67,
USA, (Nov. 2013).

2. Ohsaki Shuji, Watanabe Satoshi, Tanaka Hideki,
Miyahara T. Minoru: “Free energy analysis for
adsorption-induced structural transition of col-
loidal ZIF-8 particles”, 11th Korea-Japan
Symposium on Materials & Interfaces, Jeju,
Korea (Sep. 2014).

3. Ohsaki Shuji, Watanabe Satoshi, Mae Kazuhiro,
Miyahara T. Minoru: “Microreactor flow synthe-
sis of zeolitic imidazolate framework particles
with controlled size and shape”, The Kyoto
University SGU-CH 1% International Workshop
—Micro/Flow Chemistry & Engineering-, PP-11,
Kyoto, Japan (Jan. 2015).

4. Ohsaki Shuji, Takada Kento, Watanabe Satoshi,
Tanaka Hideki, Miyahara T. Minoru:
“Microreactor flow synthesis of ZIF-8 particles
with controlled size and shape.”, 7th Biennial

Australian Colloidal Interface Symposium,
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[17 Moggach, S., et al.: Cheme. Int., 48, 7087 (2009).
[2] Tanaka, H., et al.: J. Phys. Chem. C., 118, 8445 (2014).
[3] Sakata, Y., et al.: Science, 339, 193 (2013).

PP025, Hobart, Tasmania (Feb. 2015).

5. Ohsaki Shuji, Takada Kento, Watanabe Satoshi,
Tanaka Hideki, Miyahara T. Minoru: “Synthesis
of ZIF-8 particles with controlled size and shape
by using microreactor”, Chemical Engineering
English Colloquium, 4, Osaka, Japan (Mar.
2015).

6. Kk I57], Hb 78, ¥ 7, =i, %
FLVEEE AR - 37§ W 5 A i i A B
FOHTYIaL—a VRN, 2014 4
B R TR EFRIER SR, S1-26, U,
2014 4£ 5 H.

7. Kl A%, Hb FH8, L E, =5
“ZIF-8 WKL 7878 3 W A AR S R A2 B R
DTV Iab—a VRN, 2014 4E55 2
B AR ERAE IS AE D FEEHRICB § 5 R &,
H#li, 2014 48 H.
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Toa VAT, AR 5 46 MIEKFER
&, W322, fa@lil, 2014 4F9 A.
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Titanium dioxide (TiO,) is one of the prospective
catalysts because it possesses excellence properties
(e.g., chemical and thermal stability, harmless, and
inexpensive). With these advantages, the production
of photocatalyst material with low cost production
will be achieved. However, pure TiO, is only can be
activated under UV light. Therefore, preparation of
TiO, with high photocatalytic performance is
inevitable. Extensive efforts have been devoted to
solve the above problem. One of the methods is by
combining TiO, with other material semiconductor.
As an alternative of photocatalyst, tungsten trioxide
(WO3) has been proposed as a good candidate. WO;
has been widely studied because an excellent
prospective material for a wide range of applications
due to its affinity for visible light. Therefore,
combination of TiO, and WO; becoming an
interesting subject in the photocatalytic field.

Here we reported the synthesis of composite

WO;/TiO, Nanoparticles using a flame spray-
pyrolysis method.l") Ammonium metatungstate
(AMT) and titanium isopropoxide (TTIP) were used
as a WOj; source and TiO, source, respectively. The
mass ratio of AMT/TTIP was varied: 0/100; 10/90;
25/75; and 100/0. The effect of mass ratio on the
particles morphology and photocatalytic activity is
shown in Fig. 1. The results showed that the particle
size decreased (from 89 to 24nm) by increasing
AMT amount. We also found that the increases in
the AMT amount influenced the decreases in band
gap energy, and increases in photocatalytic activity.
Below than 25 wt% of AMT, the change of
photocatalytic activity is mainly influenced by band
gap energy. However, the surface area also plays
important role in the change of photocatalytic
activity.

Based on the previous research, the next subject
we focused on the optimization of WO; material for
photocatalytic application. Many researches about

this material have been reported, especially the use

—100 -
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AMT (wt%) Sger(m’g™)  Eg(eV)

k (min)
0 1.84 3.35 1.74
10 2.40 3.33 5.05
[ 230 1 __316 | ___981_ | _
55 3.40 3.04 11.40
70 3.89 3.00 12.18
100 4.60 2.98 12.94

Fig. 1 The effect of AMT amount on the physical and

chemical properties of the prepared particles.

of WOj; nanoparticles for catalyst material. The
use of nanoparticles is effective to improve
photocatalytic performance. However, the special
treatment regarding to the reuse or removal after
photocatalytic process is needed. Therefore, design
material in larger size with good performance is
important.

Here, nanostructurization of WOj; nanoparticles
with controllable porous structure using spray
drying method has been successfully.[) WO,
nanoparticles (7 nm) and Polystyrene (PS) sphere
(250 nm) were used as WO; source and template,
respectively. To control the porous structure, mass
ratio of PS/WQO; was varied from 0.00 to 0.40. Pt
was added as co-catalyst material. The effect of
mass ratio of PS/WOj; on the particle morphology
and photocatalytic activity is shown in Fig. 2. We
also analyzed WOj; particles prepared from
ammonium tungstate pentahydrate (ATP). The
results showed that the number porous structure
increased by increasing PS ratio. 0.32 was the
optimum mass ratio to produce particles with highly

ordered macroporous structure. The broken particles

[°”‘ m ra —1Jum

Type A/fAdense particte (BET) k (10 min™)

Dense particles 1.00 0.97
Aggregated particles 7.5 235

WO; Nanoparticle - 2.98

WO; macroporous 27 6.14
Aggregated particles with Pt 7.5 13.52
,P_t/WO macroporous 27 17.18 |

Fig. 2 The effect of PS/WOj; mass ratio on the particles
morphology and photocatalytic activity.

were produced when the mass ratio was above 0.32.
Photocatalytic activity increased by changing the
morphology of particles. WO; particles from ATP
have a lowest performance because of the lowest
surface area. Aggregated WOj; particles have a
lower performance than WO; NPs. However, by
adding porous structure, photocatalytic activity was
higher than WO; NPs. The presence of Pt NPs
considerably improved the photodegradation rate. It
can be concluded that the presence of porous
structure and Pt NPs is effective to enhance

photocatalytic activity.

S 3Lk

[1] Arutanti O., Nandiyanto A.B.D., Ogi T., Iskandar F.,
Kim T.O., Okuyama K.: “Synthesis of composite WO;/
TiO, nanoparticles by flame-assisted spray pyrolysis
and their photocatalytic activity”, Journal of Alloys and
Compounds, 591 (2014) 121-126.

[2] Arutanti O., Nandiyanto A.B.D., Ogi T., Kim T.O.,
Okuyama K.: “Influences of porous structurization and
Pt addition on the improvement of photocatalytic per-
formance of WO; particles”, ACS Applied Materials &
Interfaces, 7 (2015) 3009-3017.
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Arutanti, O., Nandiyanto A. B. D., Ogi T.,
Iskandar F., Kim T. O., Okuyama K.: “Synthesis
of composite WO;3/TiO, nanoparticles by
flame-assisted spray pyrolysis and their photo-
catalytic activity”, Journal of Alloys and
Compounds, 591 (2014) 121-126.

Arutanti, O., Nandiyanto A. B. D., Ogi T., Kim T.
0., Okuyama K.: “Influences of porous structur-

ization and Pt addition on the improvement of
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photocatalytic performance of WO; particles”,
ACS Applied Materials & Interfaces, 7 (2015)
3009-3017.
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. Arutanti Osi, Ogi Takashi, Nandiyanto Asep

Bayu Dani, Okuyama Kikuo: “Synthesis of WO;
Particles with Controllable Crystallite and
Particle Sizes Using A Spray-Pyrolysis Method
and Their Photocatalytic Performance”, PP09-
007, 2014 International Aerosol Conference,
Busan, Korea (Aug. 28-Sep. 2, 2014).
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BENSH . g B
sy PIARHS B
B R O E

gt o 3 v 7 Hli CER L A m g &
MEMS 7Ot A THER L7274 — ¥ » 24
HE DRI EREFERNLTT ¥ — ¥ SEERE
DI AT - 72D THIET 5.

IR & L TR i ds ik o 2 BRGHE
AAEH SN TG, BREEFEH I IS
WA B O a7 I2&B T A Y 2B E O 2R
g% & o, BHEMTH D ¥ — ¥ L
Micro Electro Mechanical Systems (MEMS) 711
A LI S B EREN 2 SR & L 720
M THA &2 5 & & THEROBEMUIN T2 1t
AT EHG B /N 2 BRI S DS TE R T RE & 72 o
72, Lo L, BEHEED LD 7 ZIRICHAE D%
A% Z MEMS 7 10 & A TO/ERL AR T 2
% 72 O BRI ERFEERO/NLIZHEETH -
7z. Z 2T, MEMS 7' U0t A T §E 7% 3
GG DS 7 5 A3 FVIRIRO T 4 Vv % v
e b A ST b, L Lt #l o
A HEETdH 2 72DFEHS G 2 Y AL 72
DIITIANVHETEZ A T HLEDPD Y, A
o] ¢ O NERIRBL OB N & W DT IZD %08
L. ZO7n, E /AN ERGEEASSE

D720 1T B D X 9 7 = ITECRE & T
Wa7x b o/ NIFRRBRSLETH D, £
CCHAZZRICEAR & VR R A BN L 721
KAl s L T RGBSR Th 2 REL T I v
JHMNCER L7z, EYT I v 7 Hilid/NE
BIRTEERT2H8MTH Y, BMH S
72T 3Iv Y= MEET A ETERITH
WMefrofihch s, Tz, wEEsIv %
b 2 & TR E RIS 7 2289 %
CENTRETH B, HELT I v 7 HAlT T
L2 % & MEMS 72 & 2A TR L 72
¥ — U R EbE D I L TR IEERED
FEHETH 5.
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1. Takato Minami, Endo Hiroaki, Maezumi
Kazuaki, Yokozeki Yuji, Saito Ken, Uchikoba
Fumio: “Development of Miniature

Electromagnetic Devices Combined with Silicon

and Magnetic Ceramic,” Applied Mechanics and

Materials Journal, 704, 305-312 (2014.12.17).
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Yokozeki, Y., Kaneko M., Nishi T., Endo H.,
Hoshi K., Yoshida N., Hosoya K., Saito R.,
Takato M., Saito K., Uchikoba F.:
“Electromagnetic Induction Type Micro
Generator Combined with MEMS Air Turbine
and Multilayer Ceramic Magnetic Circuit,” Proc.
of 2014 International Conference on Electronics
Packaging (ICEP), pp. 384-387, Toyama, Japan
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. Takato Minami, Endo Hiroaki, Maezumi
Kazuaki, Yokozeki Yuji, Saito Ken, Uchikoba
Fumio: “Development of Miniature
Electromagnetic Devices Combined with Silicon
and Magnetic Ceramic,” 2014 10th International
Conference on MEMS and NANO, and Smart
Systems (ICMENS), pp. 17, Dubai, UAE
(2014.12).

. MR HE ], Rk BAME, AU AW, EEE e,
R, NRY S8, BRI I v Z
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ity & M v 72 B % MEMS 7 N 4 A @ B
%, JPCA Show 2014/2014 ¥ 4 7 oL 7
ha= 27 Ay a — A (2014 7 7 7
I v 77T L% CD-ROM AP-29
(2014.6).
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. Tsunazawa, Y., Tahara K., Ogino S., Tokoro C.,
Owada S.: “A DEM simulation for appropriate
comminution to concentrate tantalum from waste

printed circuit boards”, IMPC2014:International
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Mineral Processing Congress (Oct.20—Oct.24,
Chile), p. 307, 2014.
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boHEEZEZ LN, KEKEEHIEWE (anti-Ice
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ML L2 irbi T od, TENZIL
721203, IKBZEBOBIHRIZN R % 2
PER 2 BET I, RIMER I 2wt
DFHlT S LN 72 5.

AR T, R ORENZIKEET VY
B & LT AglfiT, anti-INAs & L CZ1fi ¢ T
EMRISHPIFRE SN BT FTHHRY
Y =)V 7 )2 — ) (Polyvinyl alcohol: PVA)
LR E=)vEn ) K (Polyvinylpirrolidone:
PVP) % H\ T, Agl KNI BUT 2 IKDOEAR L,
ZF O FFEPNHIR) AN DT EER IR L 72

21 WAHALEEC X AR RGREE O E
A L 72 TR LR E O BEEE X % Fig. 11277,

AR TIE, KOBAERREZHE X CHET
572012, A4 (0) FIzIrzaryd—4—

DK (W) 2075 S 72 WO vV 3
VREHRALL. VY a [ lwWhsA I LT,
ZNZNOKFEOBALEFE & MAZIZFHET X %
72T, ZEOIKEOHAEIREE D & #at iy
KRR EOL I LN TE L, KERT
&, WENEE —4°C/min T 5 —50°C £ T

Sample
Cover glass Stainless steel foil .
¢ (50-um thick) Mlcroscore
Sealant W/O emulsion )
Nitrogen
Level sensor  Insulator h_LQaS

—

%.

Thermocouple

Foil heater [
Light source
Copper sample cell

Liquid nitrogen|

Fig. 1 Experimental apparatus to observe ice nucleation
cross-sectional view of entire apparatus.
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WEIL 72, RO § 5 L RERLIC X o T, 2R
TEOKFEH S fAIE - 72 TEREICH & 212 Z kT %
728, IXIVY a YKEIZOWT, BIRZE L
BIRE KD 72,

3. anti-INAs 2 —HBERICE X395

31 FEEEEB L OHE

IV a B R RERT AR (0) &
LCid, FALHE L Ta4wtn DV VE S » b
) A7 7 L— 1 (Sigma, SPAN 65) % iAfif S+
n-NTE v ERGE R (w) 1, %
FHEAK 4ml ZREBREICHEL, ToORBRE
2 Agl i F% 0.2 mg 2, WHE % TE (Branson
model 1510) % HI\>C 60 45 M8 & AL 5 %
L ThHEEE. 2ok ClL, MRRT R
Y B 72D 2@ % 7 4 V% (Whatman,
ashless grade 41) 2@ # &5 2 & T, MM
FB L Agl K FOREERLTIY &, FE
3um LT O Agl KL F- O ADBHFLET 5 & 9 % g
WA S LT L. 2, ANES
TR AR T A2, THHHTH 5 Agl
BT A B L 72 K2, PVA £ 7213 PVP %
W 1.0mgml & 722 X)WmL 7. BB
[ A2 e AH 6 ml V240 B 3 ml % 1 45
JTIRAIMZ b0 —4 — AT — & — AR
EY A Y — THIHEE 1200 rpm TEF 6 45 H
WHL WO Vyarya##ELL 20
IV 3  OFGEEIE L R LEEE Z L
THIZL, HHICK Y 2hehoKiEoksE
JSIRBE & e L7z,

32 FEEERB L UEE

Fig. 2 |2, #IAKD A&, Agl K % 7 & w72
JKiE, PVA B L OV PVP % iR L 72 7K O B ik
M 2 oRd . SRS &0, EKiEEED ) B,
HAEDEE U 72 2o 72 KIEO BB OE G %, IRE
WXL T7uy FLZADTH 5.

9, MKOFFHMMTIE, 35°CHHETE
B A DEST L, 50% DK A HE L 725,
T b bRk DOH AR E X 37°C T
Hotz. WIZ, FAKIZ Agl BT 2RI % &,

1.0 -

£0.8 £ /

- at /
S 3
=06
54 /
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g ‘
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c #°  a PVAsolution +Agl
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4 @ 1 1

-30 -20 -10 0
Temperature, 7[-]

Fig. 2 Frequency of ice nucleation temperature of water
droplets in W/O emulsion for Agl-dispersed water.
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D B DTG & HARMEJL PR C B 24 U
THHT, AglRFIIIKEEH Y 528D
RmE 2 AT L DRSNS,

PVA Z I L 72K OSSR ICE B T 5
L, —12°CHEP L HAEDPIBE D, £ 60% D
KA -36°C £ TICIRAIZHM L, 7R O
40% DOIKIE I, WA RIRE & IZIZFE Uk
FE36°C LUTF TRBUIHM LTz, 34hbb,
PVA OKMZIFHEIHIRIRIE, Db 2o
DTN T B, £ 40% OKEIZEENS
Agl RE TR U ClE, 1 FIE5E 4 SR 2 0 L
TWBZ EGhoi.

PVP Z I L 724582 A 5 L PVA L [AERIC,
“12°CHFE D R A ZHEEPHE D, 9 80%
DK A -36°C £ TITIRAICHAE L, FEH D
#920% DK XTI —FZ A K & [ U -37°C {3
TRABICHE L7z, PVP D, B M %h
RiE, 2ol Eb 2008l ToNE T L
B2 % 05, PVA K0 S IR R34 T
<, SEAIHRE & HH] S 72 KB O FE 138
20% FEETH L Z EDmnol.
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4. FRAETEVEAE Y E D WA & e T o FFA
PVA, PVP % Agl K FFRHEN A S 721,
i % OBERNEERIT) 2 & TEOWEREN
FTAM L 72

41 FEBEEB LU

Agl B % B RBREIICE T % 1.0 mg
ml &5 X)HRMLAE Rvry 72 A%
VT 1 oSS, Aglk TR Ic—HA
BT AW Sz RIZ, WL ER,
F 7203 1 REEERE L 721212, KB O Agl A
T O BERE L2 X D) 6000 rpm T 1 43 i A0
SrHEEL, MK TRREE S A 2 BRAE 2 AT BE Ao
DR L7z, COBIEICEY, AglRTEE»S
BRETTHERET 02T IhsOh
EBWER T 721812, TV a v R,
THALEE 2 W CHAERIELZAT o 72 Agl
T 7 S K O A EAE 2 Bl L7z

42 FEEAERB L UEEE

(a) PVA

Fig. 312, WAEBRIEOA M X 2 HAG R EO%
fLIZBIT 2 EBREREZRT. KB OOATRT
BLAEBRE R AT > 7oK OMERE A D L, —12 ~
24°C 135 F TUEBAERIES TS E &2
DR ZRLTWD. LA LARDS, —24°C

1.0 pyi

= '

%~ 08

c
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© 06

®

e

—

c

o 04

N

o &

= # a Pure water

S 02 " o PVA solution + Agl

] © PVA solution + Agl (desorption)

A PVA solution + Agl (desorption after 1 hour)

0.0

-40 -30 20 -10 0
Temperature, 7[-]

Fig. 3 Frequency of ice nucleation temperature of water
droplets W/O emulsion for Agl-dispersed water
(PVA).

20 6 B B KTEOEEGIREL LY, B
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IZE AT HAE 2 JH L T2 PVA 45 T) AF
Agl Br T HREA S BAE LT, M5 OAREEL
PETIIAIL S LA Z &b hro 7z,

(b) PVP

Fig. 4 12, PVP D% % AR IZ &l L 7292
BRAER 2R, WAEREREMAE W & X1,
PVA & [ABRICILAE SR S L7 0S, AR %
THECT AL, BHEMBIZLA AL N L
A EDNDbhol. ZOHENS, PVPT
(T3 A A BE R A RS 5 2 & TSR
EMWENI EL, BAEREEZIT-> TLZOHFHH
FIEEDSHEIRENTVB e bhrolz. 20
Z L, e— MR Y SREE ORI DG
HIZHLTOERZARTHL LEZONS.

6. ®5

KIFFETIE, AglbiF2HWT, AEST
DRI & B KO SHEHIHIRDF 12D TFFRA L
7z.

- AglRIT- % &t SRV HE O B TLFE 1A Ak 0 3
FEIREE L D BN L, 80% DK AT —20°C £ T
B L, 20% O 7KI# 1X -30 ~ —20°C T H#UHRS

1.0 (
08
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c ¥
g 06 & A

& o
= ;@M g
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S 04 V-5
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b o o PVP solution + Agl (desorption)
L 5 f A PVP solution + Agl
’::‘ o © (desorption after 1 hour)
0.0

-40 -30 20 -10 0
Temperature, 7[-]

Fig. 4 Frequency of ice nucleation temperature of water
droplets W/O emulsion for Agl-dispersed water
(PVP).
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L7,

- PVA % FRCEREICININT 5 &, BRI
BHE IR L, 40% O 7K 13 Al 7K o B
CARIEE UEE F ORBERZ IR TE 5.

* PVP Z iR LT b FERD BE IR E DT A3 A
ENDD, TN —ILERAIIH] T & 72K
HOEEIE 20% FEETH > 72,

- PVA OBAEBIEERAT ) &, SE2IT B % H
TETCWAKESIZITEL 2D, SREHIHIR) R
AR L 72,

- PVP OAEBREZAT) &, [FERICBHEEIHIR)

BAMEIH L 7228, HiALEL L LT PVP W75 R
Wz IR U, BREIIHIR R 2 M T
XL ENHBNELR ST

AW, MOLAT B N SR R A I Se T
OFFHZHKB L OVNMUFEEROR %515 T
TWE L7z F72, A EENKR Y 7 T8k
TEREM OB K% 21 TITWwWE L7z JEL
BILHL LT ET.
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F 7 51— k& PVDF O#EGHER & SEWRIDURTE ST i
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o TWwWh, TOEREBEFIBIEMEHL T
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#EPVDE W) b DffioTnwb. Z1LTC, it
koEERBEEIZ20mm O3 — VR L7

DR E LTEIFFITH A APKREL LT
LE)oeRa— YRERI-DIZFH 00
. F-boWfEHE LCidEBED L) Y
TN E TSR R ER T 5 L) O
T & %. CNT/PVDF iz 5 HI J OF CSCNTs %
PVDF HIZHE AT @ 2 flH O E O % %
R T2 I 2 2 &2 L7z (1),

PVDF H11Z CSCNTs % 43t & L7z > 7 vid
CNTs/PVDF iz 51 X 1) =AM 25, 95%
Tty —LLTHEWw (M2). 72, #E
BOMIZF DT, B3 CNT S EEMERY
=B AHDOT, L ERIZEERET
ELTENRETHAHZ ERMER L (1K3).
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3 AT TS ERHERF

M ER 5 R KR ning”, A-01-025, 5th International Congress on
Ceramics, Beijing, August 14-21, 2014.
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Hong-Baek Cho, K& AFE, iR WA, #r
1. Huynh Minh Triet Tan: “Fabrication and electri- B pE— ‘7 Hh—FKFHREPVDF OHEAE
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RBCREFREEBEHETE T2 FE R RE R R B 112 IRRAR 2 4F

RBCREFREEBEHETE T AR FE AR RERI L B HERIR

BUNEH:  faklE B—HP
R e T R - N o
BEOHE

& T HH BY B % 85 1% (Correlated light and
electron microscopy: CLEM) 365 - &1 Wi
B X B —FEOBEETH ), AFREEIC
FHTH ., a3k CLEM 2 38ET %
R, B E BRI L - TS 5
T HRERS - HOBRR - 2 S L7 TR
ISR L 2B IC A L8 THAET
Mt (A Y — VIt v+ A CL)
A A=V U TICHWAZ LT, o ETRA
DFE % Z T TR O HCHEBMEE IR TR W

22 ERETDA X = VTR 2 b, —
HT, HEADERED BT RIVEZ G
57y 7aryN—=arEt (UPL) % Hw
B2 LT, AL DL R IRV 5 B85
EHBLTEKDO LV IETOBILELEHT 5.
UEDCL-UPLA A=Y Y 7 2B L7, &
KT REDOF /) F—F—TOEENS, Ml -
DO em A+ — ¥ —CTOFHE WL T 572012,
Fk 413 CL - UPL BUK % %83 % CUPL #HGIRAL
FAERERE L, ZOFICHE % 5 L 7.

Figure 1 |2FA% L 72 Y,0; : Tm, Yb CUPL 7
JENERL T OB FHMBER LR T, REE

a :

Fig. 1 (a) Scanning electron microscopy and (b) transmission electron microscopy images of Y,O03: Tm, Yb

nanophosphors. Inset: Size histogram of nanophosphors. Nanophosphors showed in (b) sized about 33 + 5 nm.
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Fig. 2 (a) UPL and (b) CL spectrum of Y,03: Tm, Yb CUPL nanophosphors.
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1 pum

Fig. 3 Correlative (a) scanning electron microscopy, (b) UPL, and (c¢) CLimages of Y,03: Tm, Yb CUPL nanophosphors.
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In this study, we prepared core-shell typed a”-
Fe (N, NPs with alumina and silica as the shells by
gas phase method. We improved the method by
introducing oxidation process prior to reduction and
nitridation as a common method to prepare iron
nitride NPs. The core-shell a”-Fe 4N,/Al,05 and
a”’-Fe 4N,/Si0, nanoparticles were synthesized via
a four-step procedure; a plasma-synthesis process to
prepare core-shell a-Fe/Al,O; nanoparticles. An
oxidation process to form y-Fe,O; core phase.
Reduction process by flowing H, at 300°C to reform
the a-Fe core phase and remove the oxide layer in
the surface of core, and a nitridation by flowing NH;
gas to form the a”’-Fe 4N, core phase. SEM, TEM,
XRD and SQUID measurement were conducted to
characterize the prepared iron nitride particle. The
results showed that by introducing oxidation process
prior to reduction and nitridation process improved

the yield of a”-Fe (N, phase.

Especially for the silica shell case, by common
method which only apply reduction and nitridation
reaction, no o’’-Fe 4N, phase was formed. The
effect of oxidation condition on the yield of a’’-
Fe 4N, phase was also investigated. The oxidation
conditions were varied at 300°C for 6 hours, 300°C
for 4 hours, and 350°C for 4 hours. The highest
yield of a”’-Fe 4N, phase of up to 90% was con-
tained at the samples oxidized at 300°C for 4 h
which contained the highest maghemite amount.
SQUID analysis results confirmed that improved
magnetic performance was observed following nitri-
dation. A magnetic coercivity (Hc) and saturation
magnetization (Ms) of nitrided sample increased to
1.82 kOe and 142.8 emu/g, respectively, compared
to that of the as-prepared core-shell a-Fe/SiO,
nanoparticles (0.68 kOe; 102 emu/g). (this result
was published as the first publication)

For the case of alumina as the shell, the same phe-
nomena with the silica also occurred, where the

yield of a”’-Fe 4N, increased especially for the large
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particles where it is very difficult to form a-Fe to
a”’-Fe 4N, phases by direct reduction and nitridation
process (nitridation required more than 30 h). A
combination of 4-h oxidation at 300°C, 15-h reduc-
tion at 300°C, and 15-h nitridation at 145°C
increased the yield of a’’-Fe 4N, to 98%. These
results imply that the introduction of oxidation
before the nitridation process facilitates a”’-Fe 4N,
phase formation, improves the level of nitridation,
and decreases the nitridation process time. SQUID

analysis results confirmed that the magnetic prop-

S BF 5 R AR
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1. Zulhijah, R., Nandiyanto A. B. D., Ogi T., Iwaki
T., Nakamura K., Okuyama K.: “Gas phase
preparation of spherical core—shell a”’-Fe;gN,/
SiO, magnetic nanoparticles.” Nanoscale 2014,
6, 6487-6491.

2. Zulhijah, R., Nandiyanto A. B. D., Ogi T., Iwaki
T., Nakamura K., Okuyama K.: “Effect of oxida-
tion on a’’-Fe 4N, phase formation from plas-

ma-synthesized spherical core-shell a-Fe/Al,O4

erty of the particle improved after nitridation. The
magnetic coercivity of the particle improved signifi-
cantly up to 6 times after the nitridation process
(from 239.5 (as-prepared sample) to 1450 Oe). The
saturation magnetization of the particle increased
from 146 (as-prepared sample) to 156 emu/g after
the nitridation process. These results indicate that
the present core-shell-type a”’-Fe (N, particles have
good potential for magnetic material applications.

(this result was published as the second publication).

nanoparticles.” J. Magn. Magn. Mater. 2015,
381, 89-98.
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Condition via Gas Phase Synthesis Method”,
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