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FE | uay | 48 | BREE | gy | BN | BRSE | gy | 48 | BREE | g4 | 48 | BRLE
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5 86 31 20,400 8 1 1,000 8 6 1,800 3 3 6,500 $
6 70 25 13,800 3 1 1,000 10 5 1,500 5 3 5,000 ¥
7 88 27 15,280 5 1 1,000 11 5 1,500 1 1 200
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22 N B )
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8 20 7 1,400 (55EEY) 115 40 18,900
9 16 6 1,200 (%) 86 42 22,700
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19 22 10 3,000 11 3 1,500 3 3,000 1 5,000 180 43 36,900
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27 30 10 3,000 N ) 186 33 20,700




LN
A TR ETEREE FAEH No23 (2015) AN
NG o
OFmk 27 £ KONAE - RBKREFESER
HIE P28 423 H 22 H (K)
Wil c kv i I 7 v UHRASH R AR 12 BERAHE
T 573-1132  KREUFHCT hHEHEHE 1-9
EME  AEMEEN Y A 7R LR F]
S A IN/ A VD 5 oy i
=
KONA ¥ %5 E—
SERE 27 4EFE O KONA - BRI R RAS, AV 77 3 7 0 v Bt St A By TRl & 181
N7z RAEEEL, 2R TI186 hDIBZEII LT, #ELRBIC XL ZRIE L BEDORKS, KONA H 114, =

WEFEBh R 22 1, BFSEEE R 10 RS ERIR S 1L, SIS EE 4 B e O %81E 2,070 T & 7 o 72,
F72, KZdHDHKONA EIZIE, HEHIK (—&MEEANE R - BERR) onf
KT —~ AR B L U7z e R e A Al oW ge i 56| 25Xz,
ATk, ANEERERE, HREEHHFEOEZHRREDOR, TEERVCYBTRE— ANV L
DAz, HNBERED SRS TE SN, Z0O%, KONA B HERE MK S 2 lE %K
KLTOBREDSH Y, fil) THIRIIENSRE, MIREERISE, THREWN» S 1472128258
BB S 2 BIBRIE W GEE M T b L7z,
O f@HKRF KRFEBE AR P T s Bh#e HH Esk
[IRBIHSE 12 & B R — v I VN O RIRAEHE E OB 5 |

@ KBRERKT KFBESEAIIIOR, P B EE 6 4F R £5F
[HEREMER RS X 2 R E AL &Y O WE R

@ AV HTI7u S R AT AFERE R AR R AR
[ R Bt A3 < Rk F At 2~ PERE Ay 3R A O B Hflr ~ |

KT ORI, BEFEY T — - BEHE R &bz,

WEA - BESOSINEL, EE - Bt SE - WEBERE 2 LR 60 %/ Th 72




RV TR T AR FAEER No.23 (2015)

I. BEEXROERBRAOBE

(REHEHL - TH)

o

I
<

¢

Ry

|

L/

‘.

TH MEIFICEAT 2B EN RS KONA FED AT
FE | my H#aT—v WEN | HEE | BB | SHM | HEN ROSH g8
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8 30 | eimtREEMEA RO B 7 0 v A 5 144 | 2,550 14 200 2,300 7,490
9 | 31 |BREECRAEUN & BRI 6 142 | 3,750 15 254 2,200 7,500
10 | 32 SO = 1L Pl 6 210 | 4,630 | 16 256 | 2,200 8,190
— g EREE SO AR L e LT - ’ ’ ’
11| 33 |FrEERI O 7D ORI 6 246 | 4,140 17 250 2,200 7,440
12 | 34 | I TEREIZBITHHETLS 8 283 | 5,130 18 248 2,200 7,160
13 | 35 |F /KPR~ OE: 7 184 | 3,750 19 283 2,200 7,990
14 | 36 | /KT DEERNORHH 6 208 | 4,160 | 20 276 2,200 7,920
15 | 37 |F/8=F 42NV F27 /0T~ 6 227 | 5100 | 21 246 1,300 | 13,000
16 | 38 |7/ KEE&hlc X 2 MAEEDOEREADSLT| 6 160 | 4,500 | 22 211 700 8,660
17 | 39 |2 ZETHRAF /I RTOFEML 7 205 | 5,380 23 224 1,000 | 10,070
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ABSTRACT

Thermal expansion causes problems in semiconductor industry and optical communications where precise
positioning is required. There are a few materials that show negative thermal expansion (NTE). It was
recently found that perovskite Bi; (La,NiO3 show giant NTE around room temperature. In this study,
BiNij gsFeq 1505 powders were prepared by high-pressure synthesis at 6 GPa and 1000°C and were dispersed
in a epoxy resin as filler. TheCTE of BiNij gsFe( 505 reaches 187 ppm K ™' and it is demonstrated that 18 vol. %

addition of the present compound compensates for the thermal expansion of epoxy resin.
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Figure 1 Crystal structures of (a) low- and (b) high-

temperature phases of Bi;_,La,NiO;.
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Figure 2 Temperature variations of the magnified powder
XRD patterns around the prominent peaks of
BiNi; Fe,O3 (x=0.05, 0.075, 0.10, 0.15, and
0.20) on heating.
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Figure 3 Temperature dependence of the unit cell volumes
of triclinic and orthorhombic phases and
weighted average value of these phases,
and the fraction of orthorhombic phase for
BiNi_Fe,0;.

T4 =k LComsE, Yudygika s R
Dy NEESLZ E xR A M R OBE %
770y DFE— ) FIZIEA, BiNiggsFey 505 #7
EaH ST, BEXFHR TN L CEALE
D7z K4 (a) 1F, BEEEREA LS 300K
TO, £HAT—T L TMA TilllE L 72528
RIRELD, 74 T — DG REFETH 5.
747 —OWRMNEZ LTI o TR D2
JERR2SHNH] £ AL, 18 vol% TH & 9 EHIFK L T
Yol eMfEasns K4 b) &, 20
BiNi gsFey 1505 18 vol% LR F L fif 2 > K
T FNOBEIRAEDOR R TH 5. AR
TR OBIEZEHFI SN TE Y, 27-57°C D
VIR EHEIP CTldd 5755, LU R,SER L
TWa,

IYRY v FOMBEIRIX, KA ML T4
7 — OBWGIRIR O AL L INE Y4 TH 5 rule
of sum (ROM) X D Z/h& WA, KA MR
32GPa, 714 7 —7138GPa &\ ) ¥ v /K

(a)
80 “-. T T T L i |
c 60r 1
o=
‘© 40t 5o -
— a,
é 20F ..“~o. T
g o
(| Te——— -
1 1 I 1 e
0 ] 10 15 20
47— FINE (&EFE%)
15| - TRESmEE ' |
-- BNFO (Fe15%)
10k = ROM |
-+ Turner's model
5k 4

= 18vol%BNFO
82vol%Epoxy

e,
-5k N -
o —
;

EXT L/ 200KDEX (10°) &

200 250 300 350 400
mBE (K)

Figure 4 (a) Thermal expansion of the composites with
various amounts of filler in the temperature range
of 300-330 K. (b) Dilatometric linear thermal
expansion of epoxy resin, BiNiggsFeq 1503,
and 18 vol.% BiNijgsNij 1505 / epoxy resin
composite measured with strain gauges on
heating. The thermal expansion calculated with
ROM and Turner’s models are also plotted in
the same figure.
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Figure 5

(1]
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(3]

(4]

(@)

(a) BiNiggsNij 1503/epoxy resin composite and
(b) the SEM image.

58 Wk

IR EGE T 3 v 7 A, 44,203 (2009).

K. Takenaka, Science and Technology of Advanced
Materials, 13, 013001 (2012).

J. Chen, L. Hu, J. Deng and X. Xing, Chemical Society
Reviews, 44, 3522 (2015).

T. A. Mary, J. S. O. Evans, T. Vogt, A. W. Sleight, Sci-

S BfER AR

1.

i L FE &

K. Nabetani, Y. Muramatsu, K. Oka, K. Nakano,
H. Hojo, M. Mizumaki, A. Agui, Y. Higo, N.
Hayashi, M. Takano and M. Azuma, Suppression
of temperature hysteresis in negative thermal ex-
pansion compound BiNi,_Fe O; and zero-
thermal expansion composite, Applied Physics
Letters, 106, 061912 (2015).

R. Yu, H. Hojo, T. Watanuki, M. Mizumaki, T.
Mizokawa, K. Oka, H. Kim, A. Machida, K.
Sakaki, Y. Nakamura, A. Agui, D. Mori, Y.
Inaguma, M. Schlipf, K. Z. Rushchanskii, M.
Lezai¢, M. Matsuda, J. Ma, S. Calder, M. Isobe,
Y. Ikuhara and M. Azuma, Melting of Pb Charge
Glass and Simultaneous Pb—Cr Charge Transfer
in PbCrOj; as the Origin of Volume Collapse,
Journal of American Chemical Society, 137,
12719 (2015).

[10]

(1]

—22 -

ence, 272, 90 (1996).

K. Takenaka, H. Takagi, Applied Physics Letters, 87,
261902 (2005).

P BER], £ 3 v 7 A, 46,960 (2011).

S. Ishiwata, M. Azuma, M. Takano, E. Nishibori, M.
Takata, M. Sakata, K. Kato, Journal of Materials Chem-
istry, 12, 3733 (2002).

M. Azuma, W-T Chen, H. Seki, M. Czapski, S. Olga, K.
Oka, M. Mizumaki, T. Watanuki, N. Ishimatsu, N,
Kawamura, S. Ishiwata, M. G. Tucker, Y. Shimakawa, J.
P. Attfield, Nature Communications, 2, 347 (2011).

T. Hamada and K. Takenaka, Journal of Applied
Physycs, 109, 07E309-1-3 (2011).

K. Oka, K. Nabetani, C. Sakaguchi, H. Seki, M.
Czapski, Y. Shimakawa, and M. Azuma, Applied Physics
Letters, 103, 061909 (2013).

K. Nabetani, Y. Muramatsu, K. Oka, K. Nakano, H.
Hojo, M. Mizumaki, A. Agui, Y. Higo, N. Hayashi, M.
Takano and M. Azuma, Applied Physics Letters, 106,
061912 (2015).

19 - RA ¥ —3k

. K. Nakano, K. Nabetani, K. Oka and M. Azuma,

“Negative Thermal Expansion in Bi;_Pb,NiO;”,
The 8" International Conference on the Science
and Technology for Advanced Ceramics
(Yokohama, Jun. 25-27, 2014).

TR RO, ZRERG JE—RB, BRI, B A
KA1, BH S8, "Bi Pb.NIO; DFE
WA ERBEAEE, HAEI Iy 7 A
4356 27 MFkZFE L R P 7 4 (Kagoshima,
Sep. 9-11, 2014).

HOEM, EEABEC & A R O
RR—E R BB R AR BINIO,—, % 62
0] s F P L 27 2% R s 27 Al R T8 2% (Hiratsuka,
Mar. 11-14, 2015).

M. Azuma, “Systematic Charge Distribution
Change in Bi, Pb - 3d Transition Metal
Perovskites”, International Symposium on
Negative Thermal Expansion and Related
Materials (Beijing, Oct. 14-18, 2015).



Hosokawa Powder Technology Foundation ANNUAL REPORT No.23(2015) 23-27

7 YD T RRDER
RS | osokawa Powder Technology Foundation ANNUAL REPORT Wi

EEBILVN T OERER 7 0t X DE¥E

Development of Room Temperature Synthesis
Process of Metal Oxides

W73 % Research leader:  FiF)  fALIR Kenji IMURA
I L NV N o A IS )Ty S S £ 5 €5
Graduate School of Engineering, University of Hyogo, Associate Professor

E-mail: iimura@eng.u-hyogo.ac.jp

Wk

SEBACEALY OZIRMA NI TEE T L > THHEFEICL S TOIFFIHENNTH L. L Lied
5, FiWZ OISO E 2 5@ F Bt BB THERT A 2 L3 T L v, RFEETIE
BROIRIL N Z2ES 2 LI ECMsNTW R 00, £RBItDE ST 2RA LT LA EHE SR
Tty ICER L, Bbfishz R e L CEREROWEEEZ MG Lz, Mwme LT, 4+
OB VLIS ORIRAR T ER L2, T, AV VR B LGEIE S AR LI
WBARICE DGR E R L2MMEZH L, XRDHED SFEHEDE N Zn0 DEWRA TR TH S 2
ENGrmotz. E72, PLUERREDS &V VI SIRE R G T 28R 2 HEEbE TS
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ABSTRACT

Room temperature synthesis of metal oxides is quite attractive for not only researchers but industry. However,
that is quite difficult due to the low energy level of room temperature. This work proposes the potential of
ozone which is known to be strong oxidizer to via synthesis of zinc oxide. As a result, room temperature
synthesis of zinc oxide was possible with ozone assist. With ozone assist, the properties of product were
different form that by elevation of temperature. From the XRD analysis, it was clarified that crystallinity of
zinc oxide was higher as for ozone assist system. And, it was also clarified that ozone could reduce the

amount of oxygen defects and loading of impurities.
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Fig. 1 XRD patterns of products obtained without ozone

assist after 2 h at 60°C, 50°C and 40°C.

W SEM [ {4 % Fig. 2 (a)-(c) 27”3, Fig. 1
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Fig.3 XRD pattern of product particle synthesized with
ozone assist under 20°C.

Fig. 2 SEM images of product synthesized at different temperatures (a) 60°C, (b) 50°C and (c)

40°C without ozone assist.
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5,000x 2.00 nm

Fig. 4 SEM image of product synthesized at 20°C with
ozone assist.
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Fig. 5 XRD patterns for products synthesized with and
without ozone assist at 60°C.

5,000x 2.00 2y

Fig. 6 SEM image of product synthesized at 60°C with
ozone assist.
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g. 7 Photoluminescence spectra of commercially
available ZnO powder and products synthesized
at 60°C with and without ozone assist system.

Table 1 Peak position and FWHM for products synthesized with and without ozone assist at 60°C
Miller indices Without ozone assist system With ozone assist system
Peak position 26 (deg) FWHM (deg) Peak position 26 (deg) FWHM (deg)
(1,0,-1,0) 32.6 0.589 317 0.497
(0,0,0,2) 35.2 0.445 34.4 0.220
(1,0,-1,1) 37.1 0.49 36.2 0.502
312, F VMR ALz
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KTV Y BHRIZOWTHR T OA K % 3 &
7z, 15 kT HERR B o XRD 58 A 2R &
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I AR L, S E L 22 E I
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AR TH ) ARERTH D) Aifi & TR E =D

—26—

TGRS 60°C 12 B W CRBEICE v VB2
THEWEIT, HFicEsNAIEL SV ER
FREFAER E OB ZIT 572, 60°CIZBIT 5
FA VAR AV VERROENETNOA
B & XRD Ml E#EF & Fig. 5 1ZRT. o7
VOEHTE =705, ZNENORTH TV
FLHIN T ZnO TH D Z EHahnD, Hoh
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ABSTRACT

Nanostructuring thermoelectric materials has been attempted to enhance thermoelectric figure of merit, z7.
Nanostructuring is expected to lead to the reduction of lattice thermal conductivity or the extension of
solubility of dopants, either of which could lead to improvement of z7. A nonequilibrium ball milling process
has been employed to fabricate forced solid solutions of silicon with supersaturated antimony or boron, or
magnesium silicide with supersaturated bismuth. The power obtained in the ball milling process was
consolidated by the spark plasma sintering technique, which resulted in nanoprecipitation. In the silicon-
antimony system, the carrier concentration is found to be higher than the equilibrium solubility. In the
magnesium silicide-bismuth system, we observed the reduction of lattice thermal conductivity from the

nanostructuring.
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Preparation of an Ultrasound-Responsive Particle-Based

on Supramolecular Chemistry I?.

WA % Research leader:  J118 {2 H| Hironori IZAWA
BRUKRSE R TR B

Graduate School of Engineering, Tottori University, Assistant Professor

E-mail: h-izawa@chem.tottori-u.ac.jp

Wk

A5 IS E DDS BIADIRHZIRIM LT CD 2 &5 4 v b7 — 7 NIZE L7 Vi % 815 L
BRI T HINEEEFEG L 72, -/ KT IR CE 25 FE0F b (16kDa) % =i
D7 WARF T XAF VAL B-CD (B-CD 444E#]) THRETHZ LT, B-CD @I T4 v bT—2 W
W&t R (B-CD 4B > F k) 2567z, B-CD %25 7 MEL7Z7217® CD
BEALF M e MURYY) VEROBEALICE o TRV TV AFB L2, 0—%3 v 6G % E
TIOVEEYN W CEBEWISE 2 5H L7258, BEERNZITDRWwT T 27 TlE, 1.5 K%
WCETNVEYOILDHET T 20123 LT, BEERBFREZIT) &, K4 BORBERIBRIRERT
ENGH otz —HT, CD %757 MULAZZFOlES Y 7V Tid, BERERIIHEE IR
otz INLOENLS, CDEGTHICELES T4y VT — 7 ICEEERBE 21T &,
(/Ao | A RN N 3

ABSTRACT

The host-guest interaction of cyclodextrin (CD) involved in a polymeric network would be controlled by an
ultrasound because the energy from the ultrasound can be transferred though the polymeric network. In this
study, we examined preparation of a nano-particle with the network polymeric structure containing CD in
response to the ultrasound. The nano-particle was prepared by crosslinking of a chitosan by using a tri-
substituted caroboxymethyl B-CD. The mean diameter estimated by a DLS analysis was ca 122.5 nm, which
is suitable for the DDS. A particle composed of B-CD-grafted chitosan and tripolyphosphate was prepared as
a comparison sample to clarify the importance of the network structure. The release experiment with
rhodamine 6G revealed that the nano-particle having the CD-containing polymeric network showed a
sustained release by the exposure to the ultrasound, which was 4 folds delayed. Such behavior was not shown
in the case of the comparison sample. Furthermore, the results of adsorption experiments under the ultrasound
were consistent with the results of the release experiment. These results indicate the inclusion complexes in

the CD-containing polymeric network were stabilized by the ultrasound.
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Direct Measurement of Solvophobic Force
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BEARMES 1D11E, BUKMEOR A & O REMIZRHEE S35 1523 CFER 2L TH Y, BHEko
EENCEE LY RITT. ORI HOREICOVWTIET /1 AOKAOFEHBMZETH L L S
NEDS, FAAVHFIEL R VR TIRED L ) M@ < A, B 5V IZKUINOERTZ OTIDHEET
L, RSN AREBIIEEL o T h . AR T, TR0 BEMEE % v 72 E#E
WX DR ZRIT, SJaE bR L2BUKMERIMIZS 77 7V T — VAT X i g1 7128 < 2
EEREM L 2, BUKMSIDIEERES 2 COBMEHEL L 2R LD, T2, ARREE
HOBEAL L 72 2R IS S BRG] & Rk D5 A8 S i, KPS O @ b BUkEs 1) &
FRED [BUEPET 1] ASEBIHAET 5 2 LRI 2S5 ORI R O
AXNZE o TRECEALL, THIRERBEOEVE ML Tnb 2 EHTRIB S 7.

ABSTRACT

The interaction forces between hydrophobized silica surfaces with no nanobubbles were measured using
atomic force microscopy (AFM). To obtain hydrophobic surfaces without nanobubbles, an aqueous solution
was introduced between the surfaces following an exchange process involving several solvents. In the
obtained approaching force curves, an attractive force was observed from a distance of 10-20 nm, which is an
additional attractive force stronger than typical van der Waals attractions. We also conducted the force
measurements between the fluorinated silica surfaces in formamide and found an attractive force that is
stronger than the van der Waals attraction. This result confirms that the ‘solvophobic attraction’, which is
very similar to the hydrophobic attraction, exists in some organic solvents. The interaction forces were also
measured between a hydrophobized substrate and an AFM tip, which has the small radius of curvature. The
range of the attraction was found to become smaller abruptly when the radius of curvature of the tip is around

100-200 nm, implying that the origin of the force is different depending on the size of the surfaces.
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Fig. 2

CTwabotEz b7z (b) X 10~ 15mm
BEO, 77 7FVT—VAHED L ERE#ED
FITHY, ATy FIERSN o7z, 2
zxt L, 3.1 LRk FET, ¥ -k
AFM £ IVIZH S LOFEA L TH S EiE iR
119 &, BOoNAMEANER L4 TFig. 2 (b)
CRBECTH o7, oS, RIVATIF
HTHTIADHFAE L R W TIX, 77 7
TV AJ L) b RIEREOT M < LAY
HENS FlhFLyrZY)a—), YI—F
ALY 2 EOFEEERTH I RO T AL
ANz ZORELY, BUKMES X EBE DK
THoHEZIZHEAIZELGINTIERL, HOE
T RE & OBFEIME, Thbb [BiR

E
=z
£
(2]
>
2
e
g 20r ® 207nm T
E O 93nm
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vdW force
-40 1 1 1
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Fig.3 K™ To OTS BB &M — HeF (i3 4%
207,93,22 nm) [ OFLE O A AEH fi#R

% ThE, FHEOTIIIMER LGS L)
ZENHLNI R ST,
EHIZZDRIIONVTYH, KT ORI HEZ
ZALS S THEEREZIE L/ L 25, i
FEAH L B B E & oM  HERZE L o
72, ZORENS, BHEOMEEEAMDT, Ek
EOFRMEDZE L VBRI E N
T EIEASEAR D S SN E MR T 2 L T,
BIIDSET I ENEZOND.

3. PN R A < BRSO BN e

Fig. 312 OTS |2 & ) Bk L L7226 &, il
F££ 207, 93, 2nm OFEEFRMME O, FHIkED
T r— AN =T RRY. FEEEBEAEO 12
ON, HEEPEREICY Yy T4, T YT
VT =V AGIT) &0 &R E 5 175K 28
T EFME Nz, 205 HOlEH#PIZ3.1
DGR L B 10 nm FEEE A2 NLLUT O 5 HEET
HY, JIBOLEER EVPEG L AEWVWEIITH
L EHEER I N T Bl OE RSP
HOMFELRFIIL-oTRLZSTWL I EDD
o7z,

Z Z T, Fig. 412773 & 9 12, OTS, BTS,
TEMS TEUKAL L 728REF o =L, 74 —
AT =T Hh RS BB SOV & O
RE ROz GIIOEHEREL, HEtolh=p
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BEr O M EAIVN S, FIIOVER#EPAAY X
DEHEEOY G (MERERE <8 100 nm) 121,
FEAERICII RS OB BRI L AL
RoNBWI Edbrol, TO/RRIE, Hé
DOMFBLENLBEHRE VAL, FrE
7= a VI & BEABEEDG T DREIR & E 2
LEN5D, MEPEINESVEFYET—T 3
I D12 L, MoEEDT T AME T
LI ERRBTHIDTH L. HERLFEINE
WIGEOF I EREIZ, Hoam & 5T OF —
F— 7z, 5 ORI ERST 0K
NORAZ L ALY b =R EnHITHN
DT R VH LI Sz,

FAEL G OVEHHELE & DRIFR.

BOVNS L B L L e B H B A5, FAE
100 ~ 200 nm 3t TR E BT 5 2 Lavh
Motz Thu, ToOMELFEOHIETIIIO
BUEPZALL TWAE I EERLTWAEEEZS
N5, ZOZIRILKEHORE S IZ0hDb 5
FTHEEETH - 72,

/2328 EIICT7VFRY T VLS
THRALL72Y ) vy 22 VTR
VAT I PR TEREZIT-72ETH, ZOHHE
T b HEEE O M= EEAY 100 nm £ THIJI O 1E
SRR E BT D v, K& FEED
FERDF O NIz

S5, TNOOMEEHORERZHEET 5
7280, HETOFEE A ZL S CTHEER %
WEL7ZE A, FEEOmELREIRE L, F]
DNOERER>S L) RIEMEOY & (Hi=f
>4 100nm) 121, FEEHEESH L 2 51T
ERI oM@ BRI o7 ST L
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Wik

B ANO X F T4 Mo @A % 510 L <, KT HEALEE TO CeO, bl THE I N/
ZSM-5 ¥4 74 M OFRFFEEBET Lz, BARARICLEM THALLEZ 1T 5 TE72 CeO,
At ZSM-5 TI, B R X@RErIc &L ), EELLHE 2 BT ZSM-5 O & IXIR7on D 2 &
Bbhrolz. CeO, A FOEEMIIYE — X I NVIERIC L) Bk 72585 2 &05CE, —if
DI THEERETHIZLACHEET S L% { ZSM-5 K % CeO, Wb T CTHET 2 Z LT
&7z WEROWNE % BT BAMEE TR L 72 & 2 A Ce0,(40 wt%)/ZSM-5 O CeO, B DJE & 135+ nm
BEL LI ENDbhr o7z AL 72 CeOy/ZSM-5 Tld ZSM-5 Ak O [E AR i LA 14 2 487 5 =
L, BHFALKZED Y T3 FRISEED DL EZ WL LT

ABSTRACT

The catalytic reaction systems into the electric field are much attention as energy-saved catalytic processes,
and zeolite catalysts might be potentially used in the system. Therefore, mechanochemical preparation of
compounded particles of micro-sized ZSM-5 zeolite and CeO, nanoparticles was investigated in this research.
During the mechanochemical treatment by using a powder composer, the crystallinity of ZSM-5 zeolite was
almost retained. Bead-milling treatment of CeO, agglomerates can be changed into mono-dispersed CeO,
nanoparticles with ca. 30 nm in size, and the following mechanochemical treatment with ZSM-5 can
successfully give the compounded particles. In the cross-sectional view of the compounded particles
(Ce0,(40 wt%)/ZSM-5), the thickness of CeO, layer was about dozens of nanometers. The compounded
particles showed the catalytic activity originating from ZSM-5 zeolite to promote the catalytic cracking

reactions of various hydrocarbons.
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MEE= BB

I IVHADERGTHDH XY v afbm
JFERHCEMT 2 2 e 2EE T b, BIfE, 2
5 UMBERATA (CO+H,) 2#FHLTRAY
J = VAR FT #:02 & B ALK EES R TTH
NTWRDAH, A Y 2 EFRERIROF (I 7R R
Thhb. ZTOHTCeO, % EDEMRMEEHT
B [E R AL 2 FIIN L, A A L F —
ZRHLTAY YOI H v 7)) v 7 %47 &
it SOS A B W iz X - CEER
AMLZEERCH LT LY E, X7 hbd
2 WANVBILIE T VXA TTAR T X 2 RE %
WOTWES.

ZSM-5 ¥4 7 4 Ik 4 a7 a2 A
TREARRME S L CTHH SN TWEh, 2o
THETFL U570 L v %15 ethylene-
to-propylene (ETP) 7 -t A TOFIH b at S
NTW5h. ZOZOOMBERILR % MAEDHE
HZZLETRAY U HPOBEETUEL Y E2AKT S
TOuv A xMETELEEZLNDL. L2L
ISM-57%2 EDEXF T4 NET VI 7 4 BRI
DR Td B 72O ETH Y, EEZEML
TOMEIHKZ 5T L F ) O THIZE OBl
ELTCOMHPRETH L. —F, ZSM-5 £
F 7 A4 MUTFOEM % CeO, AL T CTHET S
L CHE L -RIED Ce0, BTH T B
LoD, ZSM-5 ¥4 7 A b O EKEEfE &
L COWEMES TS 2 ETTE LD L&
L 7- RBRFZETlE, CORBTERT ST
Lo 7ull JZERIRT 5 X9 & TIrERE
BT HMEORSE % HIEL, ZSM-5 & fEE
HAE2H T 5 CeO, DBEARLT % FH T % M5
L7,

BERL T (core) & 72 % ZSM-5 (& H AR L A
D H-ZSM-5 (Si/Al=15) % w7z, F/2, T
KT (Shell) & 725 CeO, IZIZBIBALEBL Ok
bty wa V) x vz K HEA L

W2, RV A I zurvEloR T HEA LS R
NOB-MINI % v 7z,

—E A X AFETIE, ZSM-5% 6 g,
CeO, # ZSM-5 12 %} L T3, 6, 10, 20, 30,
Owt% & 7% bw, TNENERTFHANEE
IZHA L, CeO, DEA 3~ 20wt% D41
(9000 rpm, 30 min] TH AILLE, CeO, D =
330, 40 wt% O ¥4 1% [1000 rppm, 5 min] @
BIALEE D, [9000 rpm, 10 min] (2 CTHE AL
Hafro/:, —EBEEALTHE LY > TV
1Z CeOy(x Wi%)/ZSM-5 PCos & FEit T 5. (PCos :
powder-composing treatmentone_step)

TS EREAILIC L 2E T,
ZSM-5 % 8 g, CeO, % ZSM-5 IZxf L T 10 wt%
b, ENTNENFEALEBIEAL,
(1000 rpm, 5 min] @ Hij 4L @ 1%, [9000 rpm,
10min] THA(LLE % 1T > 72, AILEFZIC
10mg BES > 7)) 7 Lz FEA b0
%I1205g 5 L7z, #\vTZSM-5 12/ LT
20wt% & 2 HED CeO, w FEIZT AL, [k
DEEEFT o7, Tha S5 KL 10,
20, 30, 40, 50 wt% @ CeO, & #® &1L L 7=
ZSM-5 A L 72, i RL B R AL T
L 729 ¥ 7V id CeOy(x wt%)/ZSM-5 PCpy & 3%
L9 %. (PCpy : powder-composing treatmentqy.
proces multistep) I AL B T2 O > 7 )L 1E CeO,
(x Wt%)/ZSM-5 PCpy_pre & Kl 9 5.

BRLEHEEALICE 2T, Ho5N1T
DY — X I )VGHLEL L 72 CeO, # V72 (8¢
D Ce0, & 60 g DAKEFHVTRAT ) — 2B
L, 150 ~ 200 cc DK A o 722 EIZFA,
TNV FUE—ZX%HWT60min ¥ 1 IV Rk
WLEE L 72, ZSM-5 (8¢g) % 100 mL PP # 7K |
VIZAIL, 2 212 CeO, srikifi (18.2 mg-CeO,/
g-slurry) % ZSM-5 IZKF LT 10 wt% @ CeO, 2%
GIENLEHRAL. CeO, & ZSM-5 DS A - 72
Wz BE T ELL 72, 80°C *+ — 7 » THzlE
LTHB-REWExEALEBEIIHKALLZ
(1000 rpm, 5 min] @ Hij AL P @ 1%, [9000 rpm,
10min] CTHA(LLE % 17> 72, FILEFZIC
10mg BES > 7)) v 7 Lz FEA b0
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BIZ0S5g L7z, ol AEPLY YT
VEBILL, FEONZSM-512xF LT 20 wt% & 7
% @D CeO, & &l CeO, R L IRA L, [
FROBAEZ T o7z, SNESIHIZEDIEL 10,
20, 30, 40 wt% D CeO, % # &1L L 72 ZSM-5
B L 7o BIALEE RO Y 2 TV IE CeO,
BM(x wt%)/ZSM-5 PCyy pre & Fitd 5. Bk
ZEBBEASLTHE LYV 7 IVid CeO,
BM(x wt%)/ZSM-5 PCyy & £ il T 4. (BM:
bead-milling, PCyy : powder-composing
treatmentwet—process_multi—step)

TR O 72D I ERERRETORE S Fh
L72.100mL+ A7 A3230mL DLy /) —
V% A I, Ce(NOy); - 6H,0 % V& fif & 4,
ZSM-5 % 03 g il 2 7. Ce(NOs); - 6H,0 O =
TBER R4S TAHY CeO, 127 B ERE L, BERTR
D2 TIVHD CeO, &AY ZSM-5 (2 L T 10,
20, 30, 40, 50wt% & %2 B X 9 \ZFHE L 7.
ZSM-5 O3 E % 3 min #8 T I 7 BOLEL L C 2
SINRL =% —|2X o CTHEFRFEL, RULL
7[R R %2 600°C T 6 BEIBER L T > 7
W Rz,

LAYy Iy ) -2 a kL
T, BARXMEEP (XRD) #l5%E (Ultima-IV,
) ), BRERREA T T ST (FE-SEM)
#B1%2 (JSM-7001F, JEOL B &£ 0" SU 9000, H A7
INA T ), EmIGX M (XRF, JSX-3100R
II, JEOL) 7 &% %Ejti L 7-.

%R

B R

TP ERMEEIC L D CeOy/ZSM-5 D F L %
fFolzb”, 1IZRTSEMgETRONS
L9112, Ce0, THOFEL ZSM5 2 ET HZ &
I CT& Lol ZITHRIFEAILEEREZHOV
72 ZSM-5 D CeO, DR AL 2 fiE) 4 5 &
L& L7

2V 72RL T SEM 1% % 77§, Core #i
T LTHW/AZZSM5 454 Mk, BB X
FZEA25um, #HA0.6um, E X 04umEE
DRESORFTHY, REIZMNYDD %W

_ 46—

1 &RMEEFEIZLDFE L 72 Ce0/ZSM-5 D
SEM 14

M2 Hwiziat#oseM % (L) zsM-5 (1)
CCOZ

RTHo7. F7238%E L7z CeO, 1E, #30nm
ORI T D34 L 7 ECThH - 7.
ZSM-5 DA% 6 g ¥ A L, 9000 rpm THLEE L
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7o, IS 300W RRE L ol KL
A1 9000 rpm [AlHE & 72 FED 117775 80 W
FETH L7720, ZSM-5 ¥ K12 200 W 58D &
Do Tz EHIlr L7z, SEMBIZE LD,
WLER % D ZSM-5 R ASA A % 7 T S 1T
PR TE, BHICEAW NN FL hoT
WD ZENIRIBENT /20, ZTO5MEEN—A
WA LB 24T) 2 LI L7

¥4, ZSM-5 LFTEDER % O CeO, # HE
fbEEICEAL, —BEBTHEALLEEZTTH H
Fr L7, CoREPRLEETH LD, H
I bAME/NS L b EE 2T M
CeO, D% B $IZONE 4 ICHINT 5 75,
FFIERE BT R L, &fE L TERHE
13300 ~400W FEE L e 572, TDOHTRT
DOFFNHMT A%, CeO, BN\ & E (T
F 12 ZSM-5 KL T- D £ D #4512 CeO, D3 L
THEAELTWE, BE2HElTICoNN 2%
WEDLILTLAETHSEM B LR T X 72,
T DOEATIIEEAR DD H D) T v
5, FHOEFNAI LD ObnHsEEZS
N5, F72ZSM5 KT LAEEL TR
ATV ERGIZ CeO, AL TS F - TV B8k
TLBBREN. 2O EHh 5D ZSM-5
FLTFAZIERAMIIDITE A EDL Do T vk
HEW L 72 CeO, KL T- D B EARDSFIE S g
- TBY, H)FCHEAHETL Twin
ZEAURIEE N,

— BB AL ALEE T CeO, DK & T Bk s
FoTLEoM, ARZHL LHNE RIT
B, MEDRLUMIAZLT), o7z LR THR
TE5EEXTUTOMEZITo 72 BAMIZ
13, CeO, Z LI OMR A5 #E0) a LALHE
2179, e RSB HE A X BT %2 a7
FTZSMS Om A g IR L2 & TH
HIIIE500W 2B 2 72, 7272 — LB % % 2
HTEWZ05g L 727204 L9 OHITIdE
TL72 260 I3KE THEALIE LT |l
|2 CeO, DEHEAR % 431 S & 5\ THLEE %
1T o 72, CeOy(x Wt%)/ZSM-5 PCpy_pre @ SEM
BIEED S, %4 CeO, D35 HL L T B KT 250

ATELD, ZOMETIEDR ) BERITE -
Twiz, 72720, H#Ee L EoY > 7 vic—
BB AL ORI S N7 K & B BRI IIHERE
TEhhollcd, —EBETOMMIZH~RS L
LFELWEEPEL N EHWT L 7.

X DR EIZ CeO, D ZSM-5 ~DHEEL % HE
1885121, & 50 Lo CeO, Mk 11258k
LTBVTHH ZSM-5 LiRET 5 FHENEE
LWk EZ 7. #2T CeO, MK T DEEEMARD
Y= X VLB &0 R R ATz B
X I IVALEE % #2CTH572 CeO, Ziti. (EIEIZIK)
& ZSM-5 iR A, Holdk, BEALRETLHE & 1T o
72 CeO, BM(x wt%)/ZSM-5 PCyy_pre @ SEM
R Cl, CeO, #% ZSM-5 FMH 2 &/ I HEE S
NTWALERT 2R ICHERR T 5 2 LA TE /.
F2H 3BT L), EAEILL 28T oW
DSEMBlEDORKERPS L ) F < CeO, & T
ZSM-5 %2 TWA I E MR TE T2,

FHLFFH20D XRD 789 — > > 5 ZSM-5 D
PR 2D S &b o7z, LA L CeO,
@ (111) M & zZSM-5 ® (051) TH D ¥ — 7 i#
FEILA - CThb e, HALMHEIZX )L
Ter TNV EWEIRAICL DB L 2 T
THA4IZR LX) EF N ZSM-5 D
A E R HEAICLEEL L 723121, 2 O i
WCHRT A7 BEDKTIEEF -7 RIS
BWE ERIEPD TS, [Eo TV LK
Ry, ML L QICWHERAELINRD L, B

3 WAL B AL T 72 Ce02/ZSM-5 D
T T R 22 1%
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4 YIRS EALLEEEO CeO, & ZSM-5 D
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LB DY~ TV D CeO, D ¥ — 7 BREEDS
WL TWb LRz, EALLEZDY
YTIND CeO, D (111) H O ¥ — 27 OFfENF
P> TL TV Ens, HEILLEgC
AWM & 5 T CeO, DR THOT AT
5 A REMEAVRIE S 7z, M2 BB T g I B
FNWALNLBRE LT, CO, mAEZ 5,
RUPRRER - AUERIEEOANE 2 2 122N C, W3R
HGLZRELB L CTREROILS Y 25K & <
o TWh, THUE CeOy ~NDEMA D05
ETCeO, DT AHADPIRAIZKREL o T L

HNEEERAR

i SLFE 2

1. S. Inagaki, S. Shinoda, S. Hayashi, T. Wakihara,
H. Yamazaki, J. N. Kondo, Y. Kubota,
“Improvement in the catalytic properties of
ZSM-5 zeolite nanoparticles via mechanochemi-
cal and chemical modifications”, Catal. Sci.
Tech., DOIL:10.1039/c5¢cy01644d
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bOLEZ TN,

Parent ZSM-5, CeO, BM(40 wt%)/ZSM-5_PM,
CeO, BM(40 wt%)/ZSM-5 PCypy (22T, 1,3,5-
YAV TOELRYE Y (TIPB) BLUOY
ADI Ty X T e T A NS E L THEML
7z. Parent ZSM-5, CeO, BM(40 wt%)/ZSM-5_
PM (X &\ TIPB #2 L 3 % #EFE 3 5 2%, CeO,
BM(40 Wt%)/ZSM-5 PCyy 13755 4 12 LA
TLCTWwWoZ:, ZOZ kS EALILELERET
CeO2 AL 112 X o TH R MR A E AL S
NTWLIREEATRIB ST, FRa e Hs 5 i
L 7-filllt % BB RO #EH$ 26 £ 2 A ETlEE
Lol iiGk, BEtT 27 ETHS.

% BET M COR T ORHELZE CTIL, #
EHATA TR - AR TR W72
Wi ZZICRLCHELRT .
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180 - KRR ¥ —FE&

1. &Rt AR Bz, wikE B, R 1L,
EH W%, SSZ-13 % SAPO-34 THE L 72
core-shell B it B D FHEL, 55 31 R A+ T A

N BF 92 38 3 &% @ 7 AR 4R, p.4S. (A26;
November 26-27, 2015, Tottori) (November 27)

20 MK R, IIH SR, REdE MR, EEH

WFHEeLEEEAH LY THE
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ZSM-5 ¥4 7 4 MO, 55 31 [
T4 Mg RS T RE, p.65. (Bl4;
November 26-27, 2015, Tottori) (November 27)
O FRIE MR, EH FMEE, Ak RAh, B R ML
ey BLSE, P4 5, W s, A A/
I A VALEL L 3 7 )V LER & B L 72w
BIRMEEHT 5 ZSM-5 ¥4+ T 14 b ORI,
#5116 MM FR 2, e A TS (USB
memory) (1E21; September 16-18, 2015, Tsu)
(September 16)

SRR AL, RRIE MR, BEH M AT
I IVILEEE S OHERALEEL L 72 ZSM-5 £
T4 N OEEERMBERE, 30 YA T A
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Wik

Wity > Z AT TNV &E/AF 2 N—=T L2y Y 7 AT7 70y AR MWO; (M=Cs,
Na, K, etc.) 1&, & 7 A7 U NREETMIRETH 5720, HHETHEN S, FRICHET
Bk e REE R OIS SRR S NS . RIFZETIX, KB 70 A Z2 & LZBREIZR S
LW 7 M IANTab 25 FHL, BICHVERVEEE 7V a— L% RSER S LR, &k
BT 2T AT IWVLRISIZ X 2 K5 FORM Z BEICHTE 288 VR —< )LV 7ot X 242
FL, Mex B OR T A X5 & R AR TRIRE Y » 7 A7 ¥ RMLEWE—F 7 KT
DAV OFRIVRE AR, MR, RS EEANDIG I DWW TGS L 72 R
I 5.

ABSTRACT

The synthesis, structure, and the multifunctionality, such as conductivity, NIR shielding property and
biomedical thermal therapy of the mixed-valence tungsten bronze based materials (M,WO3;) were
investigated. The environmentally friendly solvothermal process was carried out to synthesize the well-
crystallized nanosize materials with controllable morphologies, particle size and chemical constitution. In a
typical synthesis process, the mixture of ethanol and desired amount of acetic acid utilized as a reaction media
was introduced in a Teflon-lined autoclave and heated at 200°C for desired reaction time. The esterification
reaction between ethanol and acetic acid led to the formation of a desired amount of water, which acts an
import role on the crystalline growth in the solution. By controlling the amount of the acetic acid, it is
possible to control the water molecule formation, and consequently, affect the particle size and the
morphologies of the products. The tungsten bronze nanomaterials with homogeneous morphology possess
more excellent visible light transparency, electronic conductivity and UV/IR shielding ability than tungsten
trioxide and even commercial ITO glass materials, indicating their extremely high-potential applications in

transparent conductive thin film, smart window materials, and biomedical materials.
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PEREVER L ORI T IEHE & 4 X &% 55121
WIHIEICE-T, TORREICHET L4FR
B BERETE 2B s 2 LI T & 5. B
B S O R O fI NI, B REE
BT ABILMOEGHDO N Fe b, KWL,
REICELWY 7 MER TR A Z W, <
FEREEETESTAY VAT T YR
MWO; (M =75 &E) Rk o a5
AT, WEIOEESHIE I NS A7
ORCF R A L, ARYMSLERR R, SRR
ML FE A A GEMEE L COILH % ST
L, ¥ Y7 A7 70y A oEE~ v
FREBEED LN ZITH) L2 HIYET S

REM R EWSEME LT, 0.1 MHCER %
H v, 0.1 M K,WO0,-0.2 M K,SO, 1R A T i O
pH % 1.02.0 IZFHEL, 770 yWR) AT~
L 2B EEEICEH AL, ERHFH 200°C T
24 h KBS 24TV, A % AL, Pk f O
Bl L, 5vol%Hy, (N, N— ) H Al T,

400-600°C THEICMH Z 1T\, ¥—7%F /74
TIRK WO, ZIER L7z, 72, FBOFZEIC
LoT, NaDFy Uy 7 A7y 7ary XL 8L
7z, Fle, Iy — ) -FERIESEED T
TIWVALBOB I & D PR RICRE (8t b
RBKGTFEDS M TELHHY VAR
#— <) 7 g+t A (Water Controlled-Release
Solvothermal Process (WCRSP)) (S. Yin et al.,
2010, 2011) U212 Hwvs, ¥—F 2 kT O A
1To 7. ZOFHERTHETIEX, WCly o
& ) — VA 50 ml 12 MOH (M=Cs, K) % if
ML — 2% EmA s 6z, 10 ml OFEfR &
12, 100mOTF 7O YHEY AT 2L A
M2 EJ AL, A 2 M:W =0.33:1,
[W1=0.015M & L, BXIFHFTEIRE CHIE
BB+ 52 L1k »TC, H—%ay FIR
Cs,WO; -/ KT DER EIT- 7.

i A

B R

1. 7 A5Fv7Tay XF T8

WE. YU AT 7y RFEMHKIEED
ERETEBRENTWABES, A kX
{, EHEREISIC B A BRSO R E

Fig. 1

SEM and TEM images of the tungsten bronze samples with different morphologies and

particle size synthesized by solution process. (a) Csg33WO3 nanorod; (b) Rbg33WO;3

nanorod; (c) (d) Nag 33 WO3 nanowire.
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M b, FAIBEWRILTH B VIR —~<)b
TurAxFIHL, ZLOHTY YT AT 70
Y A EE 200°0C FEEORKE 722 A28 5
THB L7 (J. Liuetal, 2000) B RIS
OHZERTBRAA O IR - filC L o C, F/ay
K, F 774 XEIEE—R T OB L
7z (Fig. 1). =% J — V—FEERIRETEBED T 2
T IALBUGIZ & D RFRRICRE (B2 5 2
LRGFED S LN TELHH YV IVARS—
<) 7t A (WCRSP) ZFIH§ 52 &I2&k o
T, B—7%uv FIRCs,WO, F / KiFDERIC
B L7z (Fig. 1-(a)).

2. REBTMRESY V7 A5 7Ta sy XD
PRI Pk

W DA% &t WO3 KT MyWOs5.,, (M=K,
Na) (ITHRIVRIEET) % 7R S e r o 7255, MO &
W DA E T lIREE D MWO; 12BN 72 R-A
WILRE D ARERR S N7z, B, MWOs.» &K
FRICTHIET, ¥ T AF 70y Ak
PER SN, REET (HHETF) BEN L
L, ITO LAMKICHHETF D77 XEXI2LD
TV E MRS 5 2 &N TE S, it WCRSP
7ot AEMHAL BEHEH—-LZov FIK
Cs,WO; + /KL FDEWNRTE, N7 ¥ —7
L—FEHV, JER125um OFEREER L,
BRI O 7 W K ORI AR PR L D W TR L
el A, B F R ERNBL AL

iUV VIS =
100 ;

T EN TG E RS 2 RS & 3R,
<300 nm @ & H43H I ) OF 780-2700 nm O )i #i
B 72 ARAVEEIS S 0 - C, BN R & 5
BEEs L2k L7 (Fig 2). M, BEER
10-20 vol% RN L 72 FUG A Tk, & b k4
A XH/NE K, SRINRAEIS BT 5 BHZE 70 ik
BRDHERR S Tz,

Fig. 30 &) ZilmfE LAY I2L—2 3T
e sy RIS D nEE BA S

~

Photograph of the simulated experiment; sealed
boxes with a facet covered by quartz glass, ITO
glass and Cs,WOj; coated glass, respectively,
were irradiated by a 50 W halogen lamp.

NIR lights
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40 |oooflr NN
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Fig. 2 Transmittance spectra of (a) WO3, and (b—e) Cs,WO; particles synthesized in ethanol-acetic

acid solutions at 240°C for 20 h.
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Fig. 4 TEM images of (a) graphene oxide, (b) graphene,
and 15 wt% GR/KWO before (c) and after (d) H,
treatment.

[P T A (T2 7) BIFITO AT AR,
Cs,WO; F / K F ML, BRI - )
EERL, AX—bY A FUMEELTO
ISHP SN S,

3. BEETRESY v 725 vy 7Ty X
JiE o R

¥ 2T AT 70 v AOEN T ARYE R
&, REFRTMIREIRE S HEET O
ENRKEVWLRERNESINL, ¥ 7 A7 70
v AL, 1TO & [FARIC A #iPH 2 ARIMEIIC B 1
LERRe R A3 5 Lk, HHETHPES T
LEBEUENPHFETCEZL0, Alah:
MWO; (ZEEMWM L& L COISH L THETH
%. FRCWCRSP 7ot 2%#FMM L, &Lz
¥—7e1y IR Cs,WO; (&, 7z w1565
P&, SRAVEIE N OV A 70 ARV I 5 13
NGRS B S 2 LI L 72
&I, ARVERIRST (3.58 Q-em) HFEHT
&/ Fo, AEENY ATy TR R
(M,WO;) FALEF PR & FUS SR £ -
T, HHETEEOHIEAEETH Y, HAH]
AR, FRERAT AR THIE 21T 2 &1
£ 5T, ITO DEMEST (Sasaki et al., 2010) @

= . —
(0.5, 14.33) NG
10 x a3
E 7975 ——KWO,
e 1,5.493
= 35 266)
2 (\, 3.662)
=
2 2, 3.088)
3 (A 1.587)
X fo15
8 1F 1
*§ (5,0.549) (10 0485) (15/0.470)
1} (5, 9,503) (10:0.478) K .0,ﬂ51)

0 5 10 15 98 100
Weight Percentage of rGO / %

Fig. 5 Electrical resistivities of the pressed powder
tablets of rGO/M,WO; composites with different

ratios.

ERBEOBEN/EEN (0.96 Q-cm) B
L7

YU AFyTa YR T 57 4 (1GO)
E DA X 2 WEALFREE O L IZOWT b
MEt L7z, Fig. 412137974 ROV T 7 4
YEBEAELZY Y IVO TEM BB 2 /RS, 7
FTIAFFHTARNRET T 714 ZIZHECEIR
WEDFERTE, o7 A7y 7ar AL
fLad7\y, KERLBEFIZTIEZI Y RY Y PO
EREDERCTE S, Fig 51237974 v K
PMWO; & OEAEEROE IR EZ RS, b
BICEICE BT 71 (1GO) 1IMFEE e
T ORKaH % S HER &SN B 7280, ZF DEEHEIL,
7TT4 VRROEBEERINEKLS 2D LS
W LA LRSS, 7T 74 v ERATE IR
By v 7 A5 7ury AMWO; LA S,
IR G L2k, TIEFIRET] ofkZ >+ —
DHIFEICE D, BRIESIAET CEEMEML)
LT EITHIIL 7.

4. REBETFMIRESY VA7 7Ty XD
RIS I X 5 2Rl

¥ 2T AT 7y R EN T AR RS
WEETDH, FRIMLERO A 51 = X A13 1TO
W & 572 . 1TO HEIX F IS & ) R4
MOERICR L, Yy ATy Ta A RT
BRI £ > TRAMVEE#RAFEE L 725
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Fig. 6 Thermographic images of K,WO; powders (a) and thin film(g) under irradiation of a 50 W
halogen lamp for (b) 0's, (¢) 3s,(d) 5s,(e) 10 s, (f) 20 s; (h) 20 s.

I, bRy AT T AF kAL, B
N2 E M &, <300 nm O 284V 5E I8 K%
¥ 7802700 nm O Jis i 72 ARV EISC 0 B BRI
T EZ R LT b, RIS X 5
M EARD RGN A AHRBGEEICH T 5 2 &
RRETE L.

Fig. 6 12 K,WO; 7/ fif K ONEEE I N1 7 >
7 VT ONE RS L2 E OE LAY —€ 7
TITAY I A A=V RRT. IR L o
T, HOHPICIRE AR TE 5. JEMg
WEOMILI R, BUIFVWEEYET 5. 4
YT AT TR EA L, R
BN OB CRIOLE BT 2896, Fllao A
AREPUZ IS L, FET 5 2 L AWIRET &
B Baxey 7 AT 70 Y AR S
2 & B FARRE R L7228, KT AR
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Fig. 7 Schematic diagram (a) demonstrating the photothermal ablation of human cancer cells with
Cs,WO;3—PEGS nanorods; TEM images of (b) as-prepared Cs,WOs3, and (c) Cs,WO;—PEGS
nanorods (scale bar 50 nm); (d) UV-Vis-NIR absorption spectra of suspensions containing

varied amounts of Cs,WO;-PEGS nanorods; and (¢) temperature elevation of sets of

Cs,WO5—PEGS aqueous solutions as a function of NIR irradiation time, PBS was used as

control.

RRDVHERTE, WP ZME 5 2 &1
Lo T, JEMINE AL S 50 EHP (>42°0)
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RGeS > 7 A 7 ¥ RLEWIE, BENTARIMR
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PLE, il TG gl 7 e+ 2 | <l
TV a— v EFEEED T AT MALIZ & B KD
FOB AT AR L, fEmRICRE (s
525K F2® o ) poREIRt €5
CLIEoT, BOoMHEHSY -y v I AT Y
A= AV L vIE SRRy Ry

BEE o/, BoNiy v ATy 70y R
JAEEE, ETEREERAME - RAMEOERAT L, &

%ﬁ*ﬁ*ﬂﬁﬂwmﬁﬁﬂ,%ﬂﬁmi%ﬁ
Gyl :%'Jﬂﬂﬂﬁétciﬁiﬁﬁ““%‘ﬁﬂk L COIG
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TIT-72bDTH L. FFFIZGE D EHE L
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[17  Guo C.,Yin S., Zhang P., Yan M., Adachi K., Chonan T,
and Sato T, Novel Synthesis of Homogenous Cs,WOj;
Nanorods with Excellent NIR Shielding Properties by a
Water Controlled-Release Solvothermal Process, J. Ma-
ter. Chem., 20 (2010) 8227-8229.

[2] Guo C., Yin S., Yan M., and Sato T, Facile synthesis of
homogeneous Cs,WO; nanorods with excellent
low-emissivity and NIR shielding property by a water
controlled-release process, 2011, J. Mater. Chem., 21
(2011) 5099-5105.

[3] LiulJ., Ando Y., Dong X., Shi F., Yin S., Adachi K.,
Chonan T., Tanaka A., and Sato, T., Microstructure and
Electrical-optical Properties of Cesium Tungsten Ox-

ides Synthesized by Solvothermal Reaction Followed
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ARV LFLEE (PLLA) $HWHEO T I AF v 7 THY), h—KRr=a— N NITNVEMETH L7720,
ZOFH D HERIRBEALDOFH I D EWIFF S LTV 2 &5 TMETh 4. PLLA & SEGEMEAED
MR THHAR) DILEE (PDLA) (3RO PLLA & XFIZ7% o TREMEFICFTE S, AF L4 a v
TL w7 Afh (Se ) BAERT S EFMOENTWS. 2O Sc fllZ@l A 220°C TH 1Y), PLLA,
PDLA ZNZNHM T I NS o D@L 170°C ([ZHNE L, IR ZH$5 2 & 08505
NTwab, L»L#EEOPLLA/PDLA 7L ¥ FCTIEFEEICo MR ENTLE ) 20, #EIRWIZ
SciuZBn T LIz L. 2T, AWFFTIZPLLA & PDLA Z W2 fLIED#EF ¥ £ VAT
Ffilh &5 LT, ScEmbs b & & QITMAL A XL 72F - =T 4 7V EHD 2
EaRRARIz. Fz, FOREREAEREM L L TORME LR L 72,

ABSTRACT
Stereo-complex crystallization of poly(l-lactic acid) (PLLA) and poly(d-lactic acid) (PDLA) was performed

by flowing their blend solution through nano-channels of porous membranes. The spacing restriction within
the nano-channels induces the contact between PLLA and PDLA chains. The stereo-complex crystalline
structure of the obtained material was confirmed by differential scanning calorimetry and X-ray measure-
ments. Morphological observation by scanning electron microscope indicates that the characteristic nano-
particles with the diameter corresponding to channel width aggregate each other. Such nano-particles play a

role of nucleating agent for matrix crystallization when they are blended with pure PLLA.

M % B B Ve, ERREE, BRI L W KEA R E RO
DTMETH L. EEDEFIZBW T UEME

RUFMEIE, LA Laolros LTRSS AE LI, AREat Hh
WENLAMmEFEEE LTBY, T/, 208 E2EO LA LEEAETOIHVLNT
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Wh L Lahs, — iR IR TH S
LABOEASE - K1) LAEE (PLLA) D@l
1349 170°C TH b, THEMEEIEE LTI S
NTWAER) AL v ERLNVOE RS
boo, R)TFLUTLT78L— NEOFH
AR T AT )V ORET 240°C 12 R TE L
O EAESOFE L hoTnh, 22
T, LIABROGFEMEARTH 5 D 7B % K
a=v e 5K DI (PDLA) &, Al
DPLLA ExfIZ% B L) /8y F 73N T, A
TLAaAr Ty A (Se) dEEKT AL
BHIGEN TS (K1), I Scdh DRI,
PLLA 3 X U° PDLA O HARDTEHL T % o s Ol
J170°C I T, 230°C &\ ) B E % R
$UHEL LA L, PLLA & PDLA OREER A
SEI A ST TR AL 5Ly 53
A o mOVERMICERLTCLE). £oT,
Sc FH DA% EINICEK &5 2 L IZHEET
5B Sc i mRNEMICHES 720121, PLLA
£ PDLA O T8 %, H 2 Lo
BTITNELZEPEETH L.

Z 2 THA UL, FEVZERIIZ PLLA & PDLA [
HOR) AW T2MLADLZET, AT L

E';

a- form Sc-form
108 helix 3" helix
Orthorhombic Monoclinic
Tm =170°C Tm = 230°C
Fig. 1. Crystal structures of a-form (a) and Sc-form (b).
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Illustration of the formation of PLLA/PDLA
nanoparticles during passing through porous

Fig. 2

membrane.
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Fig. 3

SEM photographs of the obtained PLLA/PDLA particles. Globular particles prepared by direct blending of

PLLA/PDLA chloroform solution and methanol (a), through PTFE membrane filter for 1 minute (b), 5 minutes
(c), 15 minutes (d), and through porous alumina membrane for 3 hours (e).
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Fig. 4 Size histograms of the particles prepared through
membrane filter for 1 minute (a) and 5 minutes
(b) and 15 minutes (c¢) and porous alumina
membrane for 3 hours (d).
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Fig. 5 Averaged size of nano-particles prepared through
membrane filter for 1 minute and 5 minutes and
15 minutes and porous alumina membrane for

180 minutes.
DEZEDOFYEE KD, H5ITR L. Fn=
AOTaY MIAYTL Y T4V —%, Fuv
WAOTay MEITIVI FR—F A% vz
BEDMEERLTWEL. AV TLYTA4)VT —
THONIHERZ T 5 &, &#EREH 2K <
BHIZONTNN=T A I VIINEL o Tn5
ZENVhhA. =), TIVIFR=F AETIE,
ATV T ANV =R =D& 7
IN=T A T NVHPIFENTD, T OWEEED 5 &
WEEEAZRCLELL, PR LML ENT
Ehdrolz. Lo T, TNLEEIA YT L
YITANY = AT EMEREZITH) 2L &
L7zo B, BEERHEIX—FE—ro/h Sk
=T 4 TV ENIZ 155 E L7z

3) DSC HI5gIZ X 5RO €
BoN/zR)FER S—T 1 7 VoOiEE R % H

ST B 72012, DSCHllE % 4T - 72, 3
EEBER 143, 54), 15 CTIEONIBRE

FE X720 DL, PLLA/PDLA 7 O T k)L A
Bl E ALY ) —VICERETL Y FLTHLES
LU0 THL. s oFEHIA
L CDSC Al sE 2 T o 7245 R &2 6 1I/R L
72, BB C170°C RIS NS By TV E— 7,
20°CHEICKRELRY V7V — 7 IS
Tw5, KR)FAED o B ORITIE 170°C TH
HOT, EREHOF T NVE — 713 a fOR#HE

‘mm¥\ﬁ_##//«\///\¥,
@ﬂ\_\____i/v¥///\__
ﬂm____d_—/\x,//\y_

1 1 1 1 1 1 1 1 1 1
60 80 100 120 140 160 180 200 220 240

Temperature(°C)

Heat flow endo.

Fig. 6 DSC thermograms of the precipitated PLLA/
PDLA globules and the aggregates of nano-
particles prepared through membrane filter for 1
minute and 5 minutes and 15 minutes. Heating
rates was 5°C/min.

Table 1 Heat of fusions for a-form and Sc-form crystals

estimated from DSC thermograms in Fig. 6.

Time/minute 0 1 5 15
AHOL/Jg’1 35 6.4 8.8 8.3
AHSC/Jg’] 43.7 37.7 38.0 43.5
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Fig. 7 Crystallization mechanisms of PLLA/PDLA

nano-particles in pore channel of porous alumina

membrane (a) and PTFE membrane filter (b).
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Fig. 8 Comparison of WAXD profiles of the samples
reprecipitated from PLLA/PDLA solution adding
with methanol (a) and the PLLA/PDLA nano-
particles prepared by passing through membrane
filter for 15 minutes (b).
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Fig. 9 Results of peak fitting of WAXD line profiles for the samples precipitated from PLLA/PDLA solution adding
with methanol (a) and the PLLA/PDLA nano-particles prepared by passing through membrane filter for 15
minutes (b). These WAXD measurements were performed at room temperature.

Table 2 Composition of percentages for a-form, Sc-form
crystals and amorphous content estimated from
WAXD profiles in Fig. 9.

Profile o-form Sc-form Amorphous
(a) 16.8 43.0 40.2
(b) 16.3 31.8 52.0
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Fig. 10 Duplicated line profiles extracted from the series
of in-situ WAXD patterns recorded during
heating for the samples reprecipitated from
PLLA/PDLA solution adding with methanol (a)
and the PLLA/PDLA nanoparticles prepared by
passing through membrane filter for 15 minutes
(b). Heating rate was 5°C/min. The intensity
was represented by a color gradation from blue
(low) to red (high).
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Fig. 11 Temperature dependences of relative crystallinity

of a-form and Sc-form for the PLLA/PDLA nano-
particles prepared by passing through membrane
filter for 15 minutes.
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ABSTRACT
Solar cell is recognized as clean energy. Si type of the solar cell dominated the market of solar cell because of
high efficiency. On the other hand, dye-sensitized solar cell (DSC) had good merits those were flexibility,
colorful, cost and installation location in spite of the low efficiency. Most researchers focused on materials of
DSC and relatively improved the efficiency. We focused on the fabrication process of DSC for improving the
efficiency. We applied the micro 3D printer for fabrication of titania layer to control the thickness and porous

ratio in the titania layer.
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ABSTRACT

In the present study, a useful method to prepare a well-defined metal-organic complex nanoparticles has been
developed. Namely, organic ligand was first nanocrystallized by the reprecipitation method, and then metal
ion solution was added to the organic ligand nanocrystals dispersion liquid to produce complex nanocrystals.
As a result, insoluble fluorescent complexes [Cu(u-Br)dppb], nanoparticles were successfully fabricated.
Furthermore, fluorescence properties of [Cu(u-Br)dppb], nanoparticles were investigated. It has become
apparent that the fluorescence peak position of the [Cu(u-Br)dppb], nanoparticles was red-shifted compared

with the corresponding bulk crystal, and that the fluorescence intensity increased by annealing treatment.
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P HRINEARADHRTYH, HEEL AN aRT A4 FNEIOFEELR B 2 1E CulnSe, and Cu,ZnSnS, (3 K
BHAE L LTREREHBZEDTBY, 2o %F /A XML L7280 ) 7 #5 ERE T
JEAECELRERA) Y VEAT L, T THRIFZETIE, HLVEEEMEE LT -7 > F
E v —Ti#E (CAS) 2 H L, CuSbS,, CusSbS, and Cu;,Sb,S;s & W o7z F iz &KL, Z0
KBRS U CORMEZ TRz, Sk ARG ET COSBSIEAOBGHIZL Y, FitodE
ks A L7z, BHHT (XRD, UV-Vis-NIR, TEM, XET5GHIE) %17 o 7248,
GHRL72ODIE, HET 2N EREHEEZ AT AT /MM Tdhdb I EPHERTE. Gl
J / # b & F T ITO/ZnO/CdS/CuSbS,/Au D E D KM 2 /EH L, Z DN E 2 H~7-L 25,
CuSbS, [ZDOW TR 2 LB E B 2 R 2 &b o 72, —Ji T, CusSbS, and Cuj,SbyS; 1
T A RS o7z,

ABSTRACT

P-type nanocrystals of copper-based chalcogenides such as CulnSe, and Cu,ZnSnS, have attracted increasing
attention in photovoltaics because of their prospects for cheap solution-processed solar cells. In this study,
copper-antimony-sulfide (CAS) nanocrystals including CuSbS,, Cu;SbS, and Cu;,Sb,S1; were synthesized by
a hot-injection method. The crystal phase control was achieved by changing the reaction temperature and
starting precursor ratios. Crystal morphologies significantly depended on the crystal phase; CuSbS, and

Cu;,SbyS; were rod-like crystals while Cu;SbS, was angulate crystals. Photoemission yield measurements
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and UV-Vis-NIR spectroscopy revealed differences in the electronic structures of the three phases. Devices
coupling CAS particulate films with dense CdS layers exhibited a diode like behavior, suggesting the
formation of pn junction between them. Devices based on the structure of ITO/ZnO/CdS/CuSbS,/Au
exhibited a PV response with the power conversion efficiency of 0.01% under simulated sunlight, while
devices with Cu;SbS, and Cu;,Sb,S;3 showed no PV response. Although the obtained efficiency is very low
for practical applications, improving the film quality by sintering and optimizing the thickness would further

improve the performance.

% H 8
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1.6-1.8 eV &I L a > 10* em™) & FF
%, CulnS, % CuZnSnS, ? KW & G U £
ERIFEOHREVSHIFFCE 5. MOV —T
HEFHEIA W XD CuSbS, DKBFEME LTo
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AE P EAENE & FIH L 72 AR O R 2B BN B L, K28 % B CiERR T 5 & LICEHR 217
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FPZExHEcE s LR ns.

ABSTRACT

The purpose of this research is to control the particles motion in the ultrasonic standing wave. The results of
simulation have been compared with experiment in order to examine the possibility of particles motion
control in the air. Simulations have corresponded with experiments on acoustic pressure distribution and
particle motion. However particle motion control was impossible in this experiment because radiation
pressure acting on particle was poor and gravity force dominates. Then, simulation showed that the particle
motion is changed if the sound pressure is increased. This means it is possible to control the particles motion
by ultrasonic if high acoustic pressure is applied. Additionally particle can be collected by changing vibration

mode even though maximum acoustic pressure is not changed.
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BIRIRE) % 5- 2 5 3 TR 2SWERB) O i O & 45
~NEFTLHEDNG o T b (Kofu K. et al.,
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Table 1 Air properties

Domain fluid Compressible air

L Eddy Simulati
Viscous model arge bddy simulation

(LES)
Specific heat [J/kg K] 1006.43
Thermal conductivity

0.0242

[W/m-K]

Viscosity [kg/m-s] Sutherland’s law

Temperature [K] 300
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L, H Y AORBGEREE L7 b D% R ()
N

[ LLa0-— [ po¥-nd 4

Qoy pt Aoy
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(2)
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%3y bua— VR 22— LRI A
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PPy (t+ AAt) —Pet @
t

=" Z (p(o.l_/";l.AA)faceP—jJrL (3)

j=123
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140 |
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o INLET {QUTLET
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Fig. 1 Calculation area
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= nEHVI. BHOMRD A% IRE) S 9725
HTIE, LR LIERERZ A SED 2 L hvHE
Lro 72728, SREHE TG OWR % ke &
4% . Vibration & it L7255 & 7= b AIRE)DJE
DO EZER L TZRITEMEIRE) S EFHHE T
5. =B, WEE— FOEEKIEINX 4) T
5.

Ay = A4, sin(2nft) - sin (ZTE x) (4)
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Vibration plate
Resonance rod
Bolt-clamped

Langevin type
Transducer

Laser doppler vibrometer

Fig. 2 Experimental apparatus for acoustic pressure
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Fig. 3 Experimental apparatus for particle motion
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Vibration pla 1227
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(b) Simulation

Position in x direction [mm]

(a) Experiment

Fig. 4 Acoustic pressure distribution
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Experiment

Without ultrasonic

. - Calculation (with ultrasonic
With ultrasonic ( )

. Reflector
Sodium hydrogen | | -
carbonate

dp=60pm

Vibration plate ™ - -

White fused
alumina
dp=5Tum

White fused
alumina
dpy=14pm

<L

\

Fig. 5 Particle motion for ultrasonic vibration
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Fig. 6 Particle motion for ultrasonic vibration

(Sodium hydrogen carbonate, dp = 60 pm, P,,,, = 2 kPa)
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60

(a) Simulation (b) Experiment

Fig. 7 Particle motion (Styrofoam, dp = 500 um)

i |
(a) =8 pm (b) d;=57 pm

Fig. 8 Particle motion (White fused alumina)
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(b) With ultrasonic vibration

(a) Without ultrasonic vibration

Fig. 9 Acoustic flow
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Fig. 10 Particle motion for ultrasonic vibration
(Sodium hydrogen carbonate, dp = 60 um, P,,,, =2 kPa,
N=1)
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Wik
AV b v KA ORI FEBLOE & 7 i S AT 2 /N X BEEGEL (SAXS) & HLLIZAT o 72,
HZER T O SAXS BUELBIE A &, Y o VAT 5 o a X VRS ICREDHELEL, TSRS
WEYRTFOTL—2ICHHFHET H I ENRE ST, SAXS-PDDF 7107 7 4 VIZH SN /-ET
BESAORIE, YA T — O RGEELZRLTVE. TNLOREPLS, RGEHRSZ
ETY) AT L= LR, BWEELOSEC 5 L E 2 S, BEENEHO—RZH- Tn
BT EARB SN,

ABSTRACT

The micro-structures and derived physical properties of skeletal nanoparticles were investigated using
microscopic, macroscopic techniques. A scattering function of hollow silica nanoparticles from a small angle
X-ray scattering (SAXS) indicates that defects among siloxane bonds in silica shell. It can be thought that the
defects also exist in the silica frames of the skeletal nanoparticles. The bias observed in the SAXS-derived
PDDF represents characteristic silica frame structures such as width, length, window size, etc. From these

results, the existing defects in the silica frames could contribute to skeletal particle’s specific functionalities.
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Reaction time [min.]

1 Time-dependent changes of skeletal nanoparticles as (a) 15, (b) 30, (c) 60, (d) 90, (e) 120, and
(f) 240 minutes. (g) displays TEOS conversion ratio at each reaction time.

—90—



Hosokawa Powder Technology Foundation ANNUAL REPORT No.23(2015) 88-95

Research Grant Report

EDICETHIPEBLICLL BoTW0BI D
5, YUATL—ANEL, BEIIRoTWD
CEWIDPDZD.

K212, WFHEEFRORLR LTIV — VARG
THB L 72K T O SEM B E %2 /7. AR
% B UIHITRCTHE LEHTER L2 DTH
5. HW7-Ei L iFERE, () 25/
(32.66), (b) =% 7 —) (2455), (c) 1-7 1
87 =) (2045), (d) 1-7% /7 —) (17.51),
(e) 1-+ 2% /=)L (1030) TH5H. A5/ —
WHITHERL7ZOIZHZERTFTHE. 7 T4
L HTTHERE L 7222kl X D) R ASE S T
Hotz. TH =), 1-7a)x)—), 1-7%
= VHTIEAT VN CREEN RSN -
7% 7 — )Tk, TEOS KILHFED 7 7 79
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&, AR LAV b REEICRE RETRS
nNg, SEIZZOMEZEML,. TEeF»
FRDEIEIED IR TIE 7 <, HEEICR§ % TEOS
DRI Z BB T 2 LED D 5.

2. A4V b VR ORRERE & Ytk S

K31, A7)V h VT TEM 2% TH
L. AREE G S, FTHNEPEBRLTBY R
BEH VS ADRFEENEFIZ R > TWnWAT &

hhdb, HERFOTEM L2 ), o
RPN, TPV 7L —ATH

L. EEEGE IBIgTLE, TL—AICE
SIZIEBRBRONSE. Y7L =412, Y

®

[\®)
(e}
T

TEOS conversion ratio [%]
=

20 30 40

Relative permittivity

2 Changes in skeletal particle formation under different solvent systems; (a) methanol (32.66), (b)
ethanol (24.55), (¢) 1-propanol (20.45), (d) 1-butanol (17.51), and (e) 1-octanol (10.30),
respectively. The values in brackets are dielectric constant. (f) displays TEOS conversion rate as

a function of solvents’ relative permittivity.
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BEHREEBLENTEXS. FHAL 72y 2 VIE (12nm) X DR BEED S
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T2 RER A VY ™7 I ) T8 ) — VB D (a)
ErELEE S & (b) PDDF 278§, BELIREE X
T BB A p(r) O B CAHB B E D 7 — 1) 1%
Bl oo T, HEEOTERZ 78 L LR
FEOREZHELTETNTA v T4 V7T 5.
E—RBUNABEO R T M Q RO OM)
(2B % HEL AR O D S IR 2 H#El T &
L., ZIZTIRHGP THELTWDLZENBHRT
KEHFHETH LI EDPHENTES. (b) 128
F5 rix, B—RTFHNPLEEICEALIZ2 HO
BELH D OHEECTH 5. pir) DK E SITHT
NTEDLZENTEHLESOEBIZLAL,
pr) D30 IR 5 r OflITR T ORKEL B
K5, 22 TIHERARFED120nm TH 5.
—RKLTHH 80nm TH A5, 12K T TH
MLTWwWBENnZ B,
MS5SIZE3IDORBANY T8 %TF T L—k
ELCTER L 72 z2hi 70 (a) BRELHIAR & (b)
PDDF T 5. HUELEEIZIRKER S V7 A L
BLTRELBLLTWEDIE, REINVD Y
LED)NDBTHEEDEIILIDLLDTH 5.

3 TEM images of skeletal nanoparticles.
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4 (a) Experimental SAXS data of calcium carbonate template with IFT fitting curves as red line.
(b) displays corresponding PDDF curve to estimate particle size.
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DOPDDE CIlEINFTERLRLTTT 74 )V
POz, wAFEIZ 120nm T, BXZ 24
THEOEE TH H. PDDF O 20-40 nm (2
FEESHOIIDR =R oNL. P YA 7L —
LA ONE, WBBKOKE S % E, A7)V b U
EOWHEEFR L TWbHEEZLNL. LHIL,
SAXS % Hv> THIME TR % AT L 7235 2812
(127 <, PDDF 707 7 4 V5 7 L — Atk
EHliT 5 2 EAREETH L. BE, ETILVO
W2 5 PDDF 24l 5 &) 70t AT
FEAT % DT 5.

3. XL®
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5 (a) Experimental SAXS data of hollow silica nanoparticles with IFT fitting curves. (b) and (c)
are corresponding PDDF curves to estimate particle size and shell thickness. (d) shows TEM

image.
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6 Changes in skeletal structures before/after acid treatment evaluated by SAXS. (a) and (b)
display raw SAXS data of core-shell and skeletal nanoparticles. The indirect Fourier transform
(IFT) curves are also shown as red solid lines. (c) displays SAXS-derived PDDF.
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7 Changes in skeletal structures before/after acid treatment evaluated by SAXS. (a) and (b)
display raw SAXS data of core-shell and skeletal nanoparticles. The indirect Fourier transform
(IFT) curves are also shown as red solid lines. (c) and (d) display SAXS-derived PDDF and
SEM image.
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KFFED B, AH 77 I AIVEE (MCP) &~ A 7 ajBs (MWR) O#MAEDLEIZL S F
JAYRY Yy POERTH D, FEBRIIEZmILA X (Sn02) F /T &AR) 7 vifbe =1 7~
(PVAF) ZH\W/z., THORAMEICAD 7 r I ANV G L 721%, ~A 7 aEliy+s2&T
57 v ALERIL A X (SnOyF) B LU SnOyF & KENS DT/ TV RY v bOE % A7z
BonweH:, XMBEHT (XRD) B XX MHEETF50E (XPS) 12X o TEHilil, x4/ 7
IMVIRE VA 7 OERE B X OEN S OEERNEREWII LD X ) RN E LY b 72
53D xRRE L7

ABSTRACT
The goal of this study is to rationally prepare partially fluorinated tin oxide (SnO2:F) and synthesis of
nanocomposite consisting of SnO,:F and carbon. For this purpose, a mecahnochemical process (MCP) and a
microwave irradiation one (MWR) were combined. Physicochemical properties of MCP, MWR products were

investigated by measuring X-ray diffraction (XRD) and X-rays photoelectron spectroscopy (XPS).
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Copyright © 2016 The Author. Published by Hosokawa Powder Technology Foundation. This is an open access article
under the CC BY 2.1 JP license (http://creativecommons.org/licenses/by/2.1/jp/).
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T AV F—ZFATICINZ % 2 & TRIGA
2D, —J, wArzugETurAid, WEO
WL KR, REaZ EOARY— IR L v
A 7 T PRI O A5 | &GRS 3R A
XD, BT REREAREELS. INET
DOEIEET, 0.1 mm T 500°C O 4 Bl A3 2%
ENnTwni Bl

CDAN 2 I NNV E <A 7 Tl A
HGbEL, MEOARE I L 52T 5 0:ER
B SBLL, A H 7 7 3 5V UG ORI A
22 & o THEL LB e A —Ic~ A 7
O EIEd 52 8T, <A 7 aiEInEE
HHCcx 5.

EQAYYE S NG ECY/AEEIN  SSRNO) S L (AR e
RT vy v VEZERET &L, WEBENTZEL
RO TMAEENETLE 2 775 I AV

Fig. 1 The picture of microwave single mode cavity

Table 1 Sample names and preparation conditions

e~ A 7 aEoNA 7))y bTa AL, A
B I ANV & - THEL 5220 % B
L, 222X 77 I A)VEISIZ & 04 A HIE
TR —MIZ L A~ A 7 a e PUmE ¢4
U %A% A8 ) & L7 EIsic £ 5,
T aAYRTy FOFH AR T T A HIRE
T 5.

2.45GHz ¥ ¥ 7 )VE— FIIRE O FEBRL i %
Fig. 1 [Z/R7. SRS PEARSSIRE: (REFH
AR (BR) BLNJZ-2450A) T, B
2.450 GHz, ZEHITI CWISOW A L7z, ~
A7 aix, BRE,rOTAVL—%, Hakt
ek, TLTCTA)AZRTEFEYETAICA
H., A 70WF v ET AT A ) A &K
WZHbHTT VX DRIZ, TEI03 E— FOELLE
W T 5.

F B L 72 381X, SnO, (Aldrich,
-325mesh) 12 10 mass% @ PVAF (Arkema Inc.)
AWML 7-WER A 7z, REM KT
ER—=—NVI N (71 v F 2f: % P-7 Classic
Line) T 1HMEAL A S /7 3 B VIS ALEE
1o/, TNOLOREH R ERPELIEE
22T, 245GHz ~ 1 7 0 IR & H T
<A 7 OB E AT 72 RO 72D aRAEIN
BH AT o7z, Table 1 [ZFERK L 7230 o N 45

Starting mixture Sample ID Preparative condition Atmosphere

SV00? SV00 As-mixed (without MW)
SV00-M600-A MW-Mag 600°C, 1 h Air
SV00-M150W-A MW-Mag 150 W, 1 h (max 700°C) Air
SV00-M600-V MW-Mag 600°C, 1 h Vac

SV10» SV10 As-milled (without MW)
SV10-E600A MW-Elec 600°C, 1 h Air
SV10-M400A MW-Mag 400°C, 1 h Air
SV10-M600V MW-Mag 600°C, 1 h Vac
SV10-IR600A IR 600°C, 1 h Air

a) SnO, + PVdF, as-mixed
b) SV00, co-milled for 1 h
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Fig.2 XRD profiles of the sample heated for 1 hour at

600 degrees Celsius in vacuum and air

D HRDPEE STz F 72, Fig. 2 (b) |2 SV00-
M600V, SV10-M600V @ SnO, @ (110) T @
Y — 27 QIR Z RS, A BEVRE 22
1 600°C T~ A 7 e L 7-50ebTix, [
-7 oEAaEN~0Y 7 bR sN, 728
2L (110) O IR 0.3% I L7z, =
DM, AH 77X INNVKIETEE AL
D, ZELAXHPICERERBSAER SN LE
Abb.

2. WO IREOZEAL

~ A 7 TP A 4T o 723 E & XPS 12
X0, Sn, F,0,C 7% &L AIREIZ DWW T
MEf L7z, 209 b, 7 v FE0ORERNLREH %,
Fls D A7 MV % Fig. 312R$. SNFEFTD
Wfge2> 5, PVAE o C-F#EEICBS T4 F &
SnO,:F FHPLDIRFEIZH % Sn-F & D Fls DAEA
IANVF—IFZFNZEI, 687.8¢eV, 6852V i
IZEiEE S5 U Fig. 2 @ SVI0 A7 b L2
AONLMYE =7 D)L, Z2EH, 400°C < A
o TP nEGE TIE, Sn-F BBl o> IR FE o A k)
E— 7 AL, CFREAICHEGT2E -2
M L7z, —77, 600°C <1 7 aijim#Este
I Sn-F EHBLOREOMHI E— 2 & C-FiEAIC
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WHGR L7222 6N, ZRNTOMNE—2

Intensity (a.u.)

SV10-E600A

I ! ! 1
i RAN RRA RAN RAK mna

Binding energy (eV)

Fig. 3 XPS spectra for SV10, SV10-M400A and SV10-
E600A
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Fig. 4 NMR spectra for (a) original PVdF, (b) after micro-

wave heating
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1. S. Takayama, M. Senna, M. Fujii, T. Shirai, S.
Sano, “Anion Doped Oxide Organic Nano

Composite via an Advanced Microwave Route
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HiFEIZINFETIL, HiICTHRATH 28 (4 U fk) 25~ A4 7 aiBE T Coiie b2 L%
RML7z. 22T, A3 V) 7 2 HEBAEOA + VKO ELRE S THLHZ s, RifFETiE
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R A ETHRBORBEILZHET L, ImBEEZRITFIC AN ETIVERSE LT BREET,
F MR~ A 7 a AR RS, BREEOBRTREE L. 2OE WEMOBESCTA
ML CTILHE L T AERSE, L CERLIHIT 2205 TE 5 2 LAVRENT.

ABSTRACT

The synthesis of imidazolium-presenting silica nanoparticles and the role as a heating source under
microwave irradiation are described here. The series of modified nanoparticles with various kinds of counter
anions were prepared, and their enhancement abilities of heating under microwave irradiation were compared.
Finally, it was summarized that the dielectric loss originated from the interaction between imidazolium cation
and water molecules should play a crucial role in the heating effect. Next, based on the modified
nanoparticles, thermal enzyme deactivation by the imidazolium-presenting silica nanoparticles with the
microwave irradiation is presented. The modified nanoparticles were synthesized, and it was observed that the
modified nanoparticles can be a heat source in the buffer under the weak-power microwave irradiation.
Finally, based on the heat-generating ability of these nanoparticles, deactivation of glutathione reductase and

alkaline phosphatase with the modified nanoparticles were demonstrated.
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ABSTRACT

Particle concentration control technology is important for increasing the load changeability of a coal-fired
power plant. In this study, momentum transport and particle dissipation behavior in a mixing layer with and
without wake flow. Results show that momentum transport and particle dissipation is enhanced in the region
where large-scale eddies are generated in the case of without wake. On the other hand, in the with wake case,

particle dissipation is promoted in some region and suppressed in some region.
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Fig. 5 Instantaneous distributions of particle position. (a) Type-A (b) Type-B
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ABSTRACT

Fluidized bed is widely used in the processes related to heat and mass transfers such as drying, combustion
and gasification. It is not trivial to observe these transport phenomena occurring inside of the beds
experimentally and the promotion of our understandings on internal transport processes by numerical
simulation is important. In the present study, extension of DEM-CFD mesoscopic model to be able to consider
heat and mass transfers was conducted. We especially focused on drying process of wet particles in hot
fluidized bed. By comparing the results of drying experiment using wet Silica-gel particles and the proposed
model, validity of the model was successfully demonstrated; the proposed model enables quantitative

prediction of the drying process with acceptable level.
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Fig. 2 Temperature distribution of particles (z = 600 s)
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Fig. 3 Moisture content distribution of particles (simulation results)
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Transformation of Carbon Dioxide by Diamond Powders
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Wik

T A F—FE L MR LOME R RIS 572012, “ERLRFEOHIE & b I12H AW E 122
FTHHMBEIEE SN TWE. A Y EY FIZZ0ENYMEH S e £ & L CofFEiE
, WY RFx v 7T ANF—55eV U LEORTHETIVUE, BRI AV F—%FD, Kif
eI, KICHIE L 72 LRFEDOBETTE VAV EY N THY) 2 L2 HIE Lz, REORL
52D T A Y E Y FRT (ND-A: 250 nm, ND-B: 20 nm) % ffivy, 222 nm O A5G % B L,
T bR FE OB TS & N BB OISV E AW TEREITV, JAEEYE T A2 0
XNTTT 4 =T LA, FEBWIE—MRILKETH-7. ND-ABLUFNDBIZL-T
AR Sz —BR bk 1L, 10 umol/g & 95 umol/g TH -7z, F7z, RN AR ITo7-L2 25, &
AL ZBALRED S OBRIIEN TEH - 7205, 54 YTV FRTIC L 5 ZBIb i E O Sflitn
BILERT S ENTE .

ABSTRACT

Development of photocatalytic system to produce useful fuels and chemicals utilizing pollutant CO, has
attracted much attention as to address the issue of energy demand and global warming. Recently diamond has
explored for its excellent photocatalytic behavior. Though diamond has band width of 5.5 eV, it opens the
new avenue of diamond research on photocatalytic application. We demonstrate the photocatalytic
performance of the nanodiamond (ND) on reduction of CO, in water. Two types of ND such as ND-4 (size:
250 nm) and ND-B (size: 20 nm) have been investigated in the CO, saturated water under UV light irradiation
of 222 nm. The experiments carried out in the airtight photocatalytic cell and the UV light is illuminated
through quarts opening. The gas chromatogram analysis of the gaseous product revealed the formation of
carbon monoxide. The CO generated by ND-4 and ND-B is 10 and 95, umol/g, respectively. The proof of CO
source from CO, reduction was carried out with '*CO, isotope experiment. This is first report on diamond

particles based photocatalytic process.
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Figure 1 Experimental set-up of diamond photocatalysis

for CO, reduction.
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Figure 2 Band diagram of diamond and schematic diagram
of electron transfer from diamond to electrolyte.
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Figure 4 Mass spectra of CO peak in GC-MS analysis. (a) unlabeled CO, and (b) *CO, labeled CO,
saturated electrolyte, (c) gas chromatogram at ND-B, (d) enlarged view of *CO (m/z 29) in the

circled portion.
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Wik
RHFZETIE, & 237 B - Bt RT2REDATHE S8 OMIEE HigL, 7V KRF
VR KENE T LT KT OB EIT- 72, Tl SR E % H Y, 3,4-dihydroxyhydroxycinnamic
acid Z N F & L2 @A 2 minm K Tod 5 Z 12X KIS L TEmwWiritEz a4 %
MRAbgk - Wikt ) v 2 OB AR L7z, AL /RFI3RERTZRIMT 22 &, %
FESGZ G E R S 2 WEREEEEZ AT LI Ebho .

ABSTRACT

In this study, we have synthesized of COOH group displayed metal oxide, Fe;0, and CeO, nanoparticles via
thermal decomposition of 3,4-dihydroxyhydroxycinnamic acid (DHCA)-metal complex in high temperature
and pressure water. The COOH groups useful for binding the protein and nanoparticles were displayed on the
synthesized metal oxide nanoparticles. In addition, the synthesized particles have narrow size distribution and
water dispersibility. Cytokines such as IL-12 and TNF-a were not produced from the dendritic cells of mice
by co-incubation with our synthesized nanoparticles. This indicates that the synthesized nanoparticles had no

immune stimulating property for the dendritic cells of the mouse.
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Rl 7 bu=7 A~OIH%E, 4 H&EIC MERO—>2Th LBk (Fe;,0,) /KT IX
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(b) 260, (c) 300, (d) 350°C.
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Fabrication of Hybrid Monodispersed Microspheres
with Well-Defined Surface Textures
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W #%

B, B, pH 7 & OFMBHIEICIS U RS 2L 2 USSR, v v T
KTy ZFIN) — 7o Faz—4—7E~OIEH% BIF L TEAIIIEI TR TW S, AHF
FECTIE, B - RN 7)) v B2 B FICAN RSS2 A T A A EOF A B o7z,
BARBYIZIE, R N-AV7aELT7 27907 3 F)PNIPAM)- A 70 v KLU B2 @K, Bk
BRI AFvaxty (PDMS)- 2 7 2 @D 2 O R: 2R 2 FR L 72, B o7t
FHIZNENEREISE S L OB EE L /R L, REBHE IS g o/ HEkr
HRERRIIC X D RIS 2 2 EATHRECTH o 72, TNOHME R T & LTERT A LT,
Z O & O TLIRARL T A4 IR E AR T 5 2 & 2 EBRIWICHEAD ® 72, folding 15 =2 AL
TR EF O R EZ R TAMEHC L D ARTRIBC L 2 FOF v v F & ) ) — AW
TEETH o 7.

ABSTRACT

Adaptive functional materials which exhibit responses to external stimuli, such as temperature, humidity, pH,
and light, have been a topic of interest towards applications of sensing, drug delivery, and actuation. In the
present study, novel stimuli-responsive microstructures were designed on the surfaces of hybrid bilayered
films, and their structural features, as a function of external stimuli, were closely investigated. PNIPAM/
hybrid silica and silica/PDMS bilayered films were demonstrated to exhibit thermal and solvent response,
allowing the appearance/disappearance of the surface textures (wrinkles and folding). Moreover, the surface
wrinkles and foldings were successfully formed on spherical core-shell particles. The morphological features
of wrinkles on a spherical surface depends on curvature of the sphere, which is in good agreement with a

previously-reported theoretical description. As an application, catch & release of micro-particles has been

demonstrated.
—-123 -
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Fig. 1 (a) Schematic showing the mechanism of wrinkle formation on a bilayered film. A bilayered film composed of a

stiff cover layer and a soft bottom layer forms wrinkles upon releasing accumulated stress at the interface. (b)

Typical surface texture of surface wrinkles formed on a silica/PDMS bilayered sphere in contact with EtOH. (c)

Variation of wrinkle morphologies as a function of diameter, R of PDMS spheres. SILPOT:CAT =

40 min.

10:1. UV/Os:
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Fig.2 Folding structure formed on SiO,/PDMS coreshell
sphere. UV/Oj; treatment was applied for 30 min.
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Fig. 3a l2/N4 71 v K1) 7 /PNIPAM &
JEEKTHN BT 2 BUSEERE IR & O T & 7R
F. 34°CIZBWTEREIZ7 7 v P TLDOHEE
B L T o 7245, 28°C £ THEIT A
ERMREE SR L7z, 8 51220°C F THH
$ % & Folding iEDSTER L7z, —@E D2 kI
WA ERITETH o 72, HHEHEE (folding
&) ORFIEANA 7)) v FI ) hEOREIC
BBILTBY, Zhizxsr—1) v 7H & Buvn—

\{%7 o A=159pum
S Ty

(b) Spinning rate of coating /103 rpm (C)
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Fig. 3 (a) Optical microscope images of surface microstructures at different temperatures: no visible wrinkles at 34°C;

microwrinkles at 28°C; folded structure at 20°C. Inset illustrations depict cross-sectional surface morphologies. 4:

periodicity of wrinkle (folding); 4: amplitude of wrinkle. (b) Periodic length of microwrinkles vs film thickness

of hybrid silica layer at 28°C. The inset images show surface microstructures prepared at different spin coating

speeds (scale bars: 500 um). (c¢) Optical microscope images showing the formation of hierarchical wrinkling with
folding. PNIPAM was polymerized at NIPAM/MBA = 1000/3. The sample was observed on cooling at 24°C after
being submerged in water at 36°C. The red arrows and circle represent typical folding and hierarchical wrinkling

structures, respectively.
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Fig. 4 (a) Optical microscope images of folded structures encapsulating fluorescent polymer particles (30 pm). (b and c)
The folded sample encapsulating the particles was immersed in water at 20°C and 40°C, shaken for 1 min, and
the respective surfaces were observed. (d) Water used for the shaking process three cycles. Image under UV
(365 nm) illumination. (e) Illustration showing the release of particles at 20 and 40°C.
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Development of Exothermic Nanoparticles Fabrication
Technique for Tunable Exothermic Performance
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Wk

RWFFEClE, Mg R RERIESGEE~ORH LT BIgL, AAMEO T & Si Ok S 1,
HORIBFEEASUL 2 FEH T 5 580 /K OREBW 2 % L7z, 610 nm BED 2 ) A ki1 &
$100 ~ 300 nm FEEDRY) AF L v E— A LHKk» S 2 5B E I A MEL, ZheKEr S5
HANOREAR L FOBSAFIET L TEHILET Y F /T2 L7z BRIFIRE, EHRiK
w, RYAFL I A XBLORELZLSE, NTOmEEESREEZEL L KIC, HEET
TARBIRFELEH T ) DR TORBITCE AT, TOMEE, SILERNTORKEH S TIZTY
HHOMRFERE L 27 at% T TTITAZ LTI L7225, BRI SiIIHEITT A LI TE hroT.
ZOH, ANy FRBEEIE A v XEAMTCEILE ) AR ORME L IS T 2 HERE S0 Ti
B WK FICESRS Y 52 72488, BOEHREESUSERT 2 & MR L 72,

ABSTRACT

In this study, we focus on developing a fabrication technique for self-propagating exothermic nanoparticles,
which are made of biocompatible materials, Si and Ti, used for cancer treatment. Atomized heating method
was employed to fabricate porous silica nanoparticles. The influences of heater temperature, nitrogen gas flow
rate, polystyrene particle’ s diameter and its density in the slurry on the size and shape of the silica
nanoparticles were investigated. Then, the fabricated porous silica nanoparticles were deoxidized by molten-
salt plasma electrolysis technique, which could reduce oxygen percentage in a particle to 27 at%. Ti was
deposited in pores and on the particle by dc magnetron sputtering to make exothermic nanoparticles made of
Ti and SiO. By supplying an electric shock, Ti/SiO nanoparticles successfully reacted, and the exothermic
reaction gradually propagated. The combination of atomized heating, molten-salt plasma electrolysis, and
sputtering techniques enabled us to realize producing self-propagating exothermic nanoparticles made of

biocompatible materials.
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ABSTRACT

In this work, we attempted to synthesize the novel small platinum cluster via common ligand
(tetraoctylammonium and phenylethanethiolate) and polyol reduction procedure. Then, some clusters were
synthesized size-selectively by modulating the simple parameters, i.e. reaction time. MALDI analysis
revealed that minimum phenylethanethiolate protected platinum cluster contained 54—57 platinum atoms and
12—16 sulfur atoms. Finally, we tested catalytic activity of oxygen reduction regarding obtained clusters. The
results indicated that the catalytic activity of small cluster is about 1.5 times higher than that of conventional

platinum nanoparticle.
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Fuel cell

Pt cluster

Figure 1  Fuel cell and role of Pt cluster.
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Figure2 Ligands used for synthesis; (a) tetraoctylammonium
ion, (b) phenylethanethiolate.
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Instrument used for this work.
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Figure 4 TEM of tetraoctylammonium protected Pt cluster.
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Figure 5 MALDI mass spectra of tetraoctylammonium

protected Pt cluster.
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Figure 6 MALDI mass spectrum of phenylethane protected
Pt cluster.
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Figure 7 The comparison of activity.

FORTLD b A VWERIERTHRE b oL R
F&Ed 57z (Negishi Y. et al., 2015). L2 L 7%
P, EHEOHWAIF 15 HBRETH- 2L %
ZEIZAND &, REOMMEIZ, LFLLHA
&7 Ay —BHEROFEER M LI LD TR
HWZ EHAIRBENT, A XD/NERAEY
T A5 —OFIE, FTBEEOWEEZET S
%H00, [ U HSMHETEED LR
EFRESHWERIELZENHERL -0, kL
L ClE i Im b L SRR E NS,

S 3k

[1] Dass A., Stevenson A., Dubay G. R., Tracy J. B., Murray
R. W., Nanoparticle MALDI-TOF mass spectrometry
without fragmentation: Au,s(SCH,CH,Ph),g3 and mixed
monolayer Au,s(SCH,CH,Ph) 5 (L),, J. Am. Chem.
Soc., 130 (2008) 5940-5946.

[2] Kurashige W., Munakata K., Nobusada K., Negishi Y.,
Synthesis of stable Cu,Au,s_, nanoclusters (n = 1-9)
using selenolate ligands, Chem. Commun., 49 (2013),
5447-5449.

[3] Kurashige W., Niihori Y., Sharma S., Negishi Y., Recent
progress in the functionalization methods of thiolate-
protected gold clusters, J. Phys. Chem. Lett., 5, 2014,
4134-4142.

[4] Kurashige W., Yamaguchi M., Nobusada K., Negishi Y.,
Ligand-induced stability of gold nanoclusters: thiolate
versus selenolate, J. Phys. Chem. Lett., 3 (2012) 2649—
2652.

[5] Negishi Y., Igarashi K., Munakata K., Ohgake W.,
Nobusada K., Palladium doping of magic gold cluster
Aus3(SC,H4Ph),,: formation of Pd,Auss(SC,H4Ph)oy
with higher stability than Ausg(SC,H4Ph),4, Chem.
Commun., 48 (2012) 660—662.

[6] Negishi Y., Matsuura Y., Tomizawa R., Kurashige W.,
Niihori Y., Takayama T., Iwase A., Kudo A., Controlled
loading of small Au,, Clusters (n = 10-39) onto BaLa,Ti,Os
photocatalysts: toward an understanding of size effect
of co-catalyst on water splitting photocatalytic activity,
J. Phys. Chem. C, 119 (2015) 11214-11232

[71 Qian H., Jiang D.-e., Li G., Gayathri C., Das A., Gil R.
R., Jin R., Monoplatinum doping of gold nanoclusters
and catalytic application, J. Am. Chem. Soc., 134
(2012) 16159-16162.

[8] Ryul.H.,HanS. S., Kim D. H., Henkelman G., Lee H.
M., Ligand-induced structural evolution of Ptss

nanoparticles: amine versus thiol, ACS Nano., 5 (2011)

— 140 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.23(2015) 136-141

Research Grant Report

(9]

8515-8522.

Wang Y., Ren J., Deng K., Gui L., Tang Y., Preparation
of tractable platinum, rhodium, and ruthenium nano-
clusters with small particle size in organic media,
Chem. Mater., 12 (2000) 1622—-1627.

S BF 5 R AR

1.

i SLFE 2

Niihori Y., Kikuchi Y., Kato A., Matsuzaki M.,
Negishi Y., Understanding ligand-exchange
reactions on thiolate-protected gold cluster by
probing isomer distributions using reversed-
phase high-performance liquid chromatography,
ACS Nano, 9 (2015) 9347-9356 (2015).

Sharma S., Kurashige W., Nobusada K., Negishi
Y., Effect of trimetallization in thiolate-protected
Au,, ,,Cu,Pd Clusters Nanoscale, 7 (2015) 10606—

— 141 -

[10] Yamamoto K., Imaoka T, Chun W. J., Enoki O., Katoh

H., Takenaga M., Sonoi A., Size-specific catalytic ac-
tivity of platinum clusters enhances oxygen reduction
reactions, Nat. Chem., 1 (2009) 397—402.

10612.

. Negishi Y., Nakazaki T., Malola S., Takano S.,

Niihori Y., Kurashige W., Yamazoe S., Tsukuda,
T., Hékkinen H., A critical size for emergence of
nonbulk electronic and geometric structures in

dodecanethiolate-protected Au clusters, J. Am.
Chem. Soc., 137 (2015) 1206-1212.

19 - RA ¥ —3k

. Negishi Y., “Toward the Creation of Stable,

Functionalized Metal Clusters”, PACIFICHEM
2015 (Waikiki, USA, Dec.15-Dec.20, 2015).



Hosokawa Powder Technology Foundation ANNUAL REPORT No.23(2015) 142147

S
S TN DDA T IR DR S
EWE  Hosokawa Powder Technology Foundation ANNUALREPORT Vg iaY

ZALAIC BT 5 BRIk & B Sl LR

Quantum Crystallization and Self-Organized
Criticality in Porous Materials

W73 % Research leader:  WPF)  TEH) Ryuji NOMURA
FOE TR RFERH TEI7ER Bi#
Graduate School of Science and Engineering, Tokyo Institute of Technology,
Assistant Professor

E-mail: nomura.r.aa@m.titech.ac.jp

ik

BIEZ O TN T AMIRIRICBWT, BT TEITT S —RMHEBERBD 5 1 F 3 7 AZEBRE
W m T RHROFEHROMEFTE L. IV AT TOY 2V &) ZALE TO *He OFEEAL
WREZ AT 2 2 LIS DR HREERITEEICL > TRECEIL, SERTIXES 2%
REHET (7)) —7) Lo THEL, RETEERWIIHKET S Z L0350 o Tz, THUdEk
BOELENOBESICE 2HREEMRROEBER TH L EEZ ONL. S ERE L ERERD
MERAEORMEL?S, 7)) —TI3BIES JICL28E, SHIEET M AVRIRICIZHETSH
BT EPIREINT W, FLFROT A X5MDPRNIRL TN EZ T 52 05, RAHCHBALE
FBURREBICH A Z E Lo Tz, AT 1 OMEEZFHICHLED, EH—FEDDL & TOERH
c;of%mWW#Eﬁ Er R L7z fdEEOREEZHM ) 72012, A Lo#ETICIET
TuY VR T He #E5ED, 70 Y 2 VHEANOEREOMBENAN K THLH, 70T
W TOMERAILDOELTIZ, T2 OGS COEEMENTTRETHL 2 L 2R, THFEF
REE 72 5TV D *He Mg OBREAME L B#E ST L EZ2 b1 Ah. 7272 LERLORMRIRE X, #®F%i
et SN T L BEERIERIRE L 13—FE3, IVRETH-o72. ToZ Lid, HEWEHER
BEAREBIRELT TH LI EIILESMNTH - T, & FIFIZEIUERTR T O A 0 %258 fHIN

WZA S THID TREIEDHED 2 & 2 BR L T 5. BREERM & Z 1L T oAb o5 HE 7 1 H R
PRERLIZAND TORRER/L Z ENTE.

ABSTRACT
Effects of disorder on the dynamics of the first order phase transition are intriguing in the low-temperature
limit where thermal fluctuation ceases and novel quantum phenomena would emerge. We have been
investigating crystal growth of “He in silica aerogels visually. Crystallization of “He in aerogel was revealed
to exhibit a dynamical transition in the growth mode. Crystals grow via creeps at high temperatures and via

avalanches at low temperatures due to the competition between thermal fluctuation and disorder. It was also
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found from a crystallization rate and a nucleation probability measurements that crystals grow via thermal
activation in the high-temperature creep region and via macroscopic quantum tunneling in the low-
temperature avalanche region. In the low-temperature quantum region, avalanche size distribution has a
power law which indicates that the system is in a self-organized critical state. Here, we demonstrated that a
crystallization on cooling at a constant pressure was possible in aerogels, using a variable volume cell to
independently control the pressure and temperature. Crystallization was induced by cooling below a particular
temperature, indicating that mass transport occurred from the surrounding bulk crystals into the acrogel below
that onset temperature. While a possible explanation for the mass transport would be supersolidity, the onset
temperature of the crystallization was lower than the reported supersolid transition temperature. Therefore,
the supersolidity was found to be one of the necessary conditions for the crystallization to proceed and the
stability of the crystal phase in the aerogel was another important condition that governed the crystallization.
This result was the first indication of a strong connection between the crystallization in pores and the

supersolidity of the surrounding crystals.
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ABSTRACT

The structures containing 2D ordering of nano/micrometer-sized monodisperse particles have several key
applications in materials science and engineering. The study on the geometrical packing/arrangement of such
particles has been proposed and developed for fabricating colloidal crystals with 2D or 3D ordered structures.
However, localized ordering of particles occurs in limited areas, leading to the aggregate containing spatially
partitioned domain structures with anisotropic orientations. In order to overcome such a difficulty, the

application of electrical forces to fabricate 2D or 3D close-packed structures was examined in this study.
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ABSTRACT

We report effective uses for discarded shells as an additive of plywood adhesive because more than 200,000
tons of scallop shells are disposed of annually in Hokkaido alone. In our previous work, we proposed so-
called “nano-grinding method” in which nano-sized scallop shells were produced by planetary ball milling
under dry condition and subsequent water addition. By mixing the shell nanoparticles with a resin, it was
found that the emission of formaldehyde from the resulting plywood could be substantially reduced. Results
of formaldehyde emission from plywood will be reported, followed by discussion of the effects of specific

surface area of the shell particles within the resin on the emission of formaldehyde.
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Fig. 1 Specific surface area of shell particles obtained

by nano-grinding method. Reproduced from S.

Yamanaka et al., J. Soc. Powder Technol., Japan,
51(6), 400406 (2014).

Fig. 2 SEM image of fine shell particles obtained by

nano-grinding method. Reproduced from S.
Yamanaka et al., J. Soc. Powder Technol., Japan,
51(6), 400-406 (2014).
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Fig. 3 Formaldehyde emission from plywood using

scallop shell particles with several specific
surface area. Reproduced from S. Yamanaka et
al., J. Soc. Powder Technol., Japan, 51(6), 400—
406 (2014).
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ABSTRACT

Most catalytic micro/nanomotors that have been developed until now use hydrogen peroxide as fuel. The fuel
is difficult to apply because they can cause skin irritation and often form disruptive bubbles. In this paper, we
demonstrate a novel catalytic Pt micromotor that does not produce bubbles and is driven by the oxidation of
stable and safe primary alcohols and aldehydes. We confirmed that primary alcohols and aldehydes are
oxidized to aldehydes and carboxylic acids, respectively, using dissolved oxygen on the Pt surface. This use
of organic oxidation mirrors living systems, and lends this new motor essentially the same characteristics,
including decreased motility in low oxygen environments and the direct isothermal conversion of chemical
energy into mechanical energy. In addition, the exerting power of the produced micromotor is roughly the
same as that of a bacterium. These motors work even at fuel concentrations as low as 0.2 vol%, which is
roughly equivalent to blood alcohol concentrations resulting from moderate drinking. Interestingly, motile
direction is reversed by replacing the reducing fuels with oxidizers like hydrogen peroxide. Therefore, these
micromotors not only provide a novel system in nanotechnology, but also help to further reveal the

underlining mechanisms of the motion of smaller organisms.
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Effect of Main Particle Diameter on Improving Particle
Cohesiveness in a Fine Particle Admixing System
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¥ =7y b &R D ERTORTFESERLENRICRT TR E LR Lz ERTFI1213 397,
1566 nm, VRMKLF121E 8, 21, 62, 104nm D) AR T F 72, FrEOEETRA LR O
FEEFTEZRLZHE L, RIRMOSAE LI L7z, 8RR OWEIREE SEM 12 X V) T L 7.
FERL D, BRI 5 R T ORFERAREVITE, AEESENRESE LR T VI LB
oo/, SMEIT IR Z @A L7723 MFEEETIVICE > THTE 5 Z EATRENT.
T/, FRFEIRKEVIIE, EBEENRIPRKE 2D WERIVNS o7z, THUTFRTF
DHERIZHED  FARA L OEMIEERIZ L > THITE 2 2 LRSI,

ABSTRACT

One of the techniques used to improve particle cohesiveness is the admixing of nano-particle to main
particles. However, the mechanism for this improvement in cohesiveness has not been clarified yet. In the
present study, we focused on compressed packing as one of the operations that is affected by particle
cohesiveness, and we investigated the effects of the main particle diameter on the improvement in the
cohesiveness. The main and admixed particles were 397, 1566 nm and 8, 21, 62, 104 nm in diameter,
respectively. The main and admixed particles were mixed for various mass ratios, and compressed packing
fractions for the mixed particles were measured. SEM images were used to analyze the coverage diameter and
the surface coverage ratio of the admixed particles on the main particles. As a result, the improvement in the
cohesiveness was obtained easily when the diameter ratio (=main particle/ admixed particle) increased. This
was explained by the linking rigid-3-bodies model applying the principle of leverage. Furthermore, the
surface coverage ratio showing the most improvement increased with main particle diameter. This was

explained by the contact probability of the main particles based on the curvatures in the main particle surface.
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ABSTRACT

In wet granulation, it is important to accurately predict the liquid dispersion for process optimisation and
quality assurance. In this work, a new contact dispersion model was developed by taking into account the
partial wetting of particle surfaces, which was incorporated into the Discrete Element Method (DEM). In the
developed model, individual particle surfaces are sub-divided and the liquid redistribution between these sub-
divided surfaces are tracked with time. The proposed model was applied to simulate the liquid dispersion rate
in several granulators. It is implied from the obtained results that the conventional contact liquid dispersion
models, including the Shi and McCarthy model (Shi D. and McCarthy J. J., 2008), give faster liquid

dispersion especially when highly viscous liquid is used and the mobility of liquid is poor.
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Fig. 1 Schematic diagram of experimental set-up.
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Fig.2 Snapshots of wet particles in a rotary drum obtained
from (a) simulation and (b) experiment.
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Design in Adsorption Characteristics of Porous Coordination
Polymer Particles by Controlling Particle Size and Shape I . I
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Wk

AWEge T, £ 4L & )8 #5 1K (Metal-Organic Frameworks; MOFs & L < 1% Porous Coordination
Polymers; PCPs) @ 1 fTa& % Zeolitic Imidazolate Framework-8 (ZIF-8) % X} R2, ZIF-8 A58 3 4F
R WAERE 2 R - TR & o THIE X, B ZIF-8 b+ E il 7’0t A offdE &2 Hiy &
L7z, HR A A LV L2 XF VA IFT V= VREREYA70) T 7 2 HWTRALIZEZ A, Ny
FRTOEW LY FRAKEE A & 70 ZIF-8 Skl F- S m B TR O Lz, RFEIRIE, ik
TERT 5 LI HETH 72013 L, Riigff (5°C) TIET AR =R Es 07z 2 2
FNA T =V EHEA A P DENILR OB EBET LI2E A, RVREL D LR T A X
50nm FC/HELAD, 61, TFIVT Iy EEMTUL, 20nm @O ZIF-8 fiF255 5615 2 &
R L7z Roi: ZIF8 Mk FOEFWAEFEMEZIE L& 2 hH, FEIWNSCRBET— b
WAL IR~ 7 b2 2 e /ML, KZEICK 27— NEGEZEEFIE O R L7,

ABSTRACT

The present study focused on the synthesis of zeolitic imidazolate framework-8 (ZIF-8) particles, which is a
family of porous coordination polymers (PCPs) or metal-organic frameworks (MOFs). We simply mixed a
zinc nitrate solution with a 2-methylimidazole solution in a microreactor with high mixing performance.
Taking advantage of the rapid and uniform mixing, the microreactor successfully produced ZIF-8 particles
with high reproducibility. The synthesis at room temperature resulted in ZIF-8 particles with chamfered cubic
shape, while a lower temperature of 5°C produced raspberry-type spherical particles. We then investigated the
effect of the ratio of the concentration of 2-methylimidazole to that of zinc nitrate on the particle size, and
found that the increase in the ratio decreases the ZIF-§ particle size, and the minimum particle size is 50 nm
at the ratio of 200. Further decrease in the particle size to 20 nm was achieved by the addition of n-butylamine
molecules. We measured adsorption isotherms of N, in ZIF-8 particles and found that smaller ZIF-8
nanoparticles show the gate adsorption at higher pressures, demonstrating the possibility in the gate pressure

control by particle size.
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ABSTRACT

A numerical investigation of the motion of spherical and non-spherical particles with/without gas blowing-out
in a vertical uniform air flow was conducted in this study. A sphere, spheroid and pulverized coal particle
were targeted. The shape of coal particle was three-dimensionally modeled by scanning a coal particle using
the X-ray CT method. As a first stage of the research, the Arbitrary Lagrangian-Eulerian (ALE) method was
validated by comparing with the experiment and the existing equations of drag coefficient, Cp. Secondly, the
direct numerical simulations of spherical, spheroid and coal particles with or without gas blowing-out in a
vertical uniform air flow were performed and discussed in terms of the rotating motion and the variation of
Cp. The results showed that the particle with the equivalent volume had a similar accelerating motion to that
of coal particle than that with the equivalent surface area. In addition, spheroidal particle showed the similar
motion to coal particle than spherical particle. The spheroidal particle with the initial angle of 0 degree stayed
without rotation in the flow, while that with the initial angle of the other never attain the stable position and
kept rotating. The value of Cp was fluctuating with varying Reynolds number, Re. It was also found that the
probability density function of Cp behave as that of sine function. This suggests a possibility to formulate a
Cp equation with Re and particle’s orientation. It was revealed that the value of Cp decreased with the gas-
blowing out due to the reduction of friction force on the particle surface. The probability density function for
the spheroidal particle with the gas blowing-out could be expressed by the sine function as well. It is also
revealed that the motion of coal particle with irregular shape is significantly dependent on its shape, especially
with gas blowing-out. A new model in which this complex shape effects can be considered is required to

describe the irregular shape particle.
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Table | Cases performed in experiment and simulation.

Diameter . Density

Case Material ; Re
(mm) (kg/m’)

CASEO01 1.5 glass 2560 360

CASE02 2.0 glass 2480 600

CASEO03 1.0 steel 7850 430

CASE04 1.0 tungsten 14800 660

ICEX FIiZBWT 1024 HHNZ LY, STHAT v
TEHE L2, 15— 247204 6 e o 72
R2IIET — ADO#RE & FHERAEEZ RS,
FHAE OB ITERR L ITITHL <, BRERD
SV EDbAL, K212 T HEEOREMZAL
DFEBRE DB A RS, 72720, v Id#&mHE
FECHESIUb SN/ HEE KT, M5, ALE
FECHELFHREIFERL ZIZ-HLTnEZ
EDSOND. HTARROYE, IR E
LANCHEDRENDH HHS, T LI-BHIZD
WTHIEMEICHBTE T 5.

Table 2 Comparison of terminal velocity obtained in simulation and experiment.

CASEO1 CASEO02 CASEO03 CASE04
Simulation 0.223 m/s 0.265 m/s 0.393 m/s 0.591 m/s
Experiment 0.218 m/s 0.271 m/s 0.383 m/s 0.590 m/s
Error +2.3% -2.2% +2.6% +0.2%
||
Fig. 1 Computational domain.
1.2 1.2
1 e
0.8 £
— /11
06 ;,
' 0.4 |4
i CASEO1 Sim. — égj‘ CASEO03 Sim. —
02 cens - 02 G
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0 0 100 200 300 400 0 0 100 200 300 400
t[ms] t[ms]

(@

(b)

Fig.2 Comparison of velocity variation between simulation and experiment.
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Table 3 Cases performed.
Initial Relative Relative .
Cases D1 (um) | D2 (um) | D3 (um) . i Sphericity Note
orientation surface volume
COAL00 0
60 42 40 1 1 0.85 Fig. 4 (a)
COAL90 90
SV 42 — — — 0.8 1 1.00
Fig. 4 (b)
SS 46 — — — 1 1.3 1.00
EV00 0
EV30 30
60 35 35 0.9 1 0.96 Fig. 4 (¢)
EV60 60
EV90 90
ES00 0
60 39 39 1 1.2 0.97 Fig. 4 (d)
ES90 90
ESP90 60 20 20 90 0.5 0.3 0.85 Fig. 4 (e)
100 < 100
X \Mﬁl\
10 10 b
° —sv °© — sVG \
1 % Ped 1 " Kirose
-~ 24/Re & Cliffe
0.1 0.1
0.1 1 10 100 0.1 1 10 100
Re Re
(a) (b)

Fig. 3 Comparison of Cp between SV and empirical expressions.
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Fig. 4 Particle’s shapes for (a)coal particle, (b)spherical particle, (c¢)spheroidal particle with equivalent volume,

(d)spheroidal particle with equivalent surface area and (e)spheroidal particle with equivalent sphericity.

(a)

(b)

Fig. 5 Computational domain for (a)coal particle and (b)spheroidal particle.
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Fig. 6 Time variation of (a)velocity of particles, and (b)fluid force acting on particles in main flow

direction.
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Fig. 7 Drag curves for (a)SV, (b)EV90, (c)COALO00, (d)COAL90 and (e)EV00, EV30, EV60 and

EV90.
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Fig. 8 Distributions of pressure and fluid force on particle surface for EV90.
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Fig. 9 PDF of CD for (a)EV30, (b)EV60, and (c)EV90 and sine curve.
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Fig. 10 Comparisons of velocity variation and drag curves between with and without gas blowing-out.
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Fig. 11

Fluid forces acting on coal particle’s surface.
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Fig. 12 Distribution of pressure on particle surface for SV and SVG at different Re.
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Fig. 2 Typical SEM images of particles.
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Table 1 Simulation conditions

Volume fraction of solid phase

18.8%

47% | 9.4% | 14.1% 23.5%

Aspect Case Case Case Case Case
ratio 1 1-1 2-1 3-1 4-1 5-1

Aspect Case Case Case Case Case
ratio 3 1-2 2-2 3-2 4-2 5-2

Aspect Case Case Case Case Case
ratio 5 1-3 2-3 3-3 4-3 5-3

(a) Case2-2 (b) Case2-3

Fig. 1 Initial conditions of needle-like particles.
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Fig. 2 Relative viscosity dependence on shear rate and aspect ratio of rod-like particles.
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Fig. 3 Rod-like particle orientation vector for Case 3-3
(Shear rate : 100 s71).
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Fig. 4 Typical snapshot for Case 3-3 (1= 0.05 s).
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Fig. 5 Rod-like particle orientation vector for Case 3-3
(Shear rate : 1000 s™).
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cal physics 102.5 (1995) 2254-2260.
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(1979) 47-65.
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J. Series B, 44 (2001) 526-535.
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(1959) 137-152.
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Fig. 1 Line element analysis of NaCl-Glycine composite

particle (green : Na, purple : Cl, blue : O)
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5. —5T, FHMALEOHEKE L 22
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DN A K FERERE (BREREERE
50% FCToOHEM) FHALZ (K3). Zh
TIZERIRPZE L ) h — 7V 3 F O ZEEEE O
G, ARHFSECHIE L 72 %P o 22 BE R Tk
& A EKREIERE BN N & 2
LTWa. L7zd > T, KREFEEEITMILE
\AKAFE 5 2 E DRI S N7,

BoOMETE LT, BRIRPZES ) -T 3
¥, BRIy - va=T, ERkpEy
VH=FF TN ETNHEL, TNhoDi
BEST VBT R T VIR GIRIGETEIC G- 2 2%
BIZOWTHE T 5. ZRAEFEBEEEO
FERPD, TRTOREHIIZIZFRFEORESL L

D
E4

OCHZERRELZH T 5 2 PR TE (K4).

| ry
ol SE NI,BH 2 £ 0. 14wt
RG] —0 0581 iﬁl}g =
4 i MEHRE0.8 g
P 16
iy P
AR R o
Ny TOTIR= R
1 /g A
1.0 0.0581 ni
AN 0.1163 o
& 0.5 0. 2325 o
ﬁ i 0. 4650 o8
~N 0 4 | | I
0 10 20 30 10 - |
W/ min

M3 #FLH-T7hF=ram T L zskikbEs
V=TI FOT VEZTET VHIKG
(e

(a), (b):ERIkFZE Y H-T LIS
(), (d:ERKFPE Y D-VVa=T
(e), () :ERIRFPZEL ) H-FH=T

4 ERIRPZED Y 7 - SRERALY O ZEIE BT
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|
~ ’
e LogRkikZES Y - Fa =T . i
~ IERRFZES Y - Ora=T P ASAN
o M RRPZES Y B - TS
tl. 5 8
A

1. 0fF NH,BH, L £ 0. 14wt%
A TR
P\\O,B WEHE:0.8 g
i3
% 0 ) Il ] ] L ]
0 10 20 30 40 50 60

]/ min

s kIR -&lEiitho T v E=T K
T AR R

BRI AWAEEOWERER > S, FEHMILEDS
L ORFEEFRED T XRTOREHZBWCRZEOME
L7, TNHOREERDNS, FIZROERKIRF
2 h - ERBIY T ET L EHNTE
2. INSOREHNTT VEZT KT U0
KGEE AT 72, ZOREE, S, Bk
PI)A =TI NAZTBIOERIRFZEY ) S - T
o TIREIRPEL ) - T I FERKLT

S4B 5 R AR

i P2
1. Naoki Toyama, Haruki Inoue, Shinobu Ohki,
Masataka Tansho, Tadashi Shimizu, Tetsuo

Umegaki, Yoshiyuki Kojima, Adv. Mater. Lett. in
press (2016).

198 « RA ¥ —3k

1. Naoki Toyama, Haruki Inoue, Tetsuo Umegaki,

2. Ghi m, KK E

HWKEFAEBLOEREZRLE (K5).
INHORK OB S E & TRRIEFIC L B P AE
EIWZXDHET S &, BRIRbhE ) h-Vva
ST BIUOKKRPEL ) D - F 5 =T O E
HERIRPZEL ) - TV I FE B L TEWE
AR, ZOZERL, ZLOMEREYHET
LERIRPZES Y - TN a= T B X OEkR 2
DOH-F Y ZTREEETH B EHTREE S
nre.

S R

[17 N. Toyama, T. Umegaki, Y. Kojima, Int. J. Hydrogen
Energy 39 (2014) 17136-17143.

[2] N. Toyama, T. Umegaki, Q. Xu, Y. Kojima, Key Eng.
Mater. 617 (2014) 166—169.

[3] N. Toyama, K. Kamada, T. Umegaki, Y. Kojima, Trans.
Mater. Res. Soc. Japan 40 (2015) 81-84.

[4] T. Umegaki, S. Imamura, N. Toyama, Y. Kojima, Mi-
croporous Mesoporous Mater. 196 (2014) 349-353.

[5] Z. Deng, M. Chen, S. Zhou, B. You, L. Wu, Langmuir
22 (2006) 6403-6407.

Yoshiyuki Kojima, Advanced Materials World
Congress 2015, Stockholm (Sweden) — Helsinki
(Finland), Oral, 2015.8.

FEAT IR, K M,
HdE e, /NG 9547, 56 117 ISR R 2,
KB (&), 25—, 20163

3. Naoki Toyama, Tetsuo Umegaki, Yoshiyuki

Kojima, 4th Annual Conference on Engineering
and Information Technology, Kyoto (Japan),
Poster, 2016.3.
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B R DB E

1. #5

EAARLT 2 & BEA M, BRA, 13
HEHNIZBWTILSBIHINDL., TOHTY,
Brkifk % St CBE L S ¥ 2 5 REE L, [E
[OAHMOBBIGITH V), B, PRBE, HlE,
R, DEER O Ta v AIZIE L HwSNRT
W5,

B D% DISHIZBWT, B ORE A
FH A XE¥—Tld % <, MEMEARIZH~TIE
WICRELMARIEINRIET 5. 0L L)E
WIZBUT BT A ADORE RV, Wik
WAL Vo 2RI R AR LS8 5 2 LAt
HMoENTWES, Lzd o> T, FBiEhoR Y
ROZE % Fll$ 52 LIZEETH LD, HE
JE& & 3 RICHIICEY X B 2 MRk %, BRI
BT 2 D38 L <, REZOEB)L 41
PR STV 2\,

TLEyE T OM R REE) & FUEET RIS L o C
Filld Bt & LT, Tsuji 1%, WBIE NI

NWOFEMATIZIL K v SN Twb, DEM-
CFD 1 v 7)) ¥ 7 &7 )V (Tsuji Y. et al., 1993)
ENR—A L LRHRET VRS L7 (Tsuji T
etal, 2014). Tsuji 51, FMEE T IVOMEL &

LT, ToicmBb S e %1c, [ATA % 45
L2, Z2OHROMKWEOR S % F6 & K
THHEERAL, EREMh—RTs2L%
fEFE L 72 (Tsuji T. et al., 2014). L2 L, ViHE
L ORI OME R, FARWERICVER T %
DoV TOEEN T, Toicidzsh
THEHY, HRLMGEDPLETH 5.

Z ZTAMIZETIE, BB O H—IRIZH K
PfkiC@E < INCAEE L, BERHRE S L OERT
BonHREsEELE L. 2 BARUZET
&, AR EOFREENCKE (D2 EHESH
MG DOTINONTOAREH L7z, FEERIZBIF
5IIOFHANL, Harada 512X » TR E N7,
Lagrangian £ > % — > A 7 4 (Harada S. et al.,
2011) #HWTAT- 72, COFHY AT 40,
HHZEE T 2 WIRIVER S 5 0%, FEEEmMT
S5 2 EATEETH B,
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2. dRETN

itk @ DEM-CED 1 v 7' ¥ 7 E 7V T,
WAFHEICH VD VoA X%, KT A X
LD L RECHEL, FAFERIC, BNICEE
TLRIAD L) B AV AT — VAEEDT A X &
DENSCHRET DUEDPDHL. TD20D, fit
0 DEM-CFD 71 v 7)) ¥ 7 E T VIZB T,
FEE VA XL b RE YR ERER) 2
EIEATRETH L. 22 TTsuji HiE, TD &
I BEE VT A XL Db RE W%,
DEM-CFD 71 v 7'V ¥ 7" 7 )V DR A N T
9 F: & LT, Fictitious Particle Method % Bl %€
L 72 (Tsuji T. et al., 2014). O FFETIE, &
BHAEETEO—f Td %, Volume penalization
% (Schneider K., 2005) O#& 2z % &2, WK
2N SR S OFESRE ET VLT ST L
T, WK - AR OMEEH 2RI L T b,
MAFHE ORI, KITRT RS E
WKW T 2EROXNEEHHFELNTDH S
(Anderson TB. and Jackson R., 1967).

0
Ee-i—V(su):O (1)

0 €
E(Su)+V~(euu): —EVp+f (2)

Z 2T, u, p, opy elIFENEN, FATHF
YW nommRE, 171, MO, 22
Thb. T2, fIF, EE - AR OES) =S
WA RIFTHTH L fOHZHIZTODWTIT,
Tsuji HICE > TRELCHHSN TV S (Tsyji T
etal., 2014).

B AEEN I, % ORT-B L 0K A RIZD
WC O & RO H RN EE 2 L
LoTRMEE NS, T/, BRB OERIIL,
R, ¥y aRy FBIUOEBEBEATA & —
THERL S 72 DEM O#fil /1€ 7V &2 W T 5
27

3. FEEBRTFIL

FEERZ BT B, MRWEIZE < oEHIN,
Harada 5 |2 & o TRl 3 & 172 Lagrangian & >
Y —3 A7 2 (Harada S. et al,, 2011) & T
fTo7z. ReryrH—2 A7 40%, 3HHEE &
A=, 3EERE - B X OERE D 2 —
VTHERENTEY, ISP EFORED LS
WKHEEENTWS, ErH—5bnfE51E, &
HMTPCIZHELND.

ORI R 7/ Nl v s/ NN s = (VRN
7 MVEDOBRERT. MEEL =250
WX, AR R IIC & 2 B 2 s
alZNzZ T, BHMEE g bEEFNTVL7:0,
HJIMAEEER ST DA 2 ) B K BB H S, L
ML, EEOLRSE L LMRMRIZBNT, I
WY =W IIn s, EIIINHEERK S O &
BRETAHDIZE L., 2T, Harada 513,
HLFE CHMONTRS x5 2562 8T, C
N & fPge L 72 (Harada S. et al., 2011). = D4}
R L, R Y-l ko TR S, Z
OB pEHVEZ LT, EIEEIZRRIC
Lok s.

b

£ =kl 3)

K@) EHCLZ LT, BINMEE ald, &K
KoL) ITRkdDHNS.

z » magnetic field

l magnetometer output
5=(5..5,.5.)

gravity g ¥

acceleration sensor output

a=\a,a,a,

Fig. 1 Output of sensor located in magnetic field
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a=a-|g (4)

=i o

K@) THEOSNABRINEE a 12, HAWIE
DEEHNT LI LT, HAWEICE L AR
DHIENTES.

4. FEBRIB X ONHESAE

TEIE X, BLAT X 150 mm, T& 150 mm D%
ERBIETH 5. Bk e L CTHERT 2807
(&, EE 2.3 mm, FE 2443 kg/m® DT A Y —
ATHY), MMEEL 150 mm (ZEE L7z, M
KWAEFIEZIOmm DK TH Y, HEIL
990.3kg/m® TH5H. Dk &, FrilIREEDK
TRBOD»EEFEIL 147 kgm® TH Y, MY
e TREEDEELIZ067TER D, T2,
VEBIR AR I 225 2 Fvy, 2835 1.4 m/s T

Table 1 Calculation conditions

Particle and large object

Particle diameter: d,, [mm] 2.3
Number of particles: N, [-] 326577
Density of particles: p,, [kg/m®] 2443

Bulk density of particle bed: py, [kg/m’] 1471

Initial bed height: /; [mm] 150
Diameter of large object: d; [mm] 30
Density of large object: p, [kg/m’] 990.3
psipy -] 0.67
Gas
Superficial velocity: u, [m/s] 1.4
Viscosity: s [Pa s] 1.81 x 10°°
Density: p¢ [kg/m®] 1.205
Calculation
Time increment: Af [s] 5.0 x 107
Calculation domain
Depth: L, [mm] 150
Width: L, [mm] 150
Height: L, [mm] 600
Cell size: Ax [mm] 5.0

BN T A & — BRI A S8 72, RIFE T,
FITNEEER H O/VRRES &, AR % TR
@D ETFICEET S LT
FHELMFIZOWTIEFR VIR T. FEB &
DI, KRR E (3 2 T g
THb.

5. HIKWIRICVER 9 % )1 & € 05

K2, 312, EBBIUOEIEICBITA, HK
WIKDOBEIORT % FNFIURT. S EOSM
TlE, MRk LR T L OBEIL0.67 T

1=06s 7 1=0.7s

t=05s

Fig.2 Snapshot of large object and particles (experiment)

Fig. 3 Snapshot of large object and particles (simulation)
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Normalized vertical force [-]

0 L L L Il L
0 0.5 1

Time [s]

Fig. 4 Vertical force acting on large object (experiment)

Normalized vertical force [-]

N

0 0.5 1
Time [s]

Fig. 5 Vertical force acting on large object (simulation)

HBHIEDS, HAMKIENBIZEAT ST
52l BERIMETETERL TWDE
THBIg I N 4, 512, FEBB L UEHE
THELNz, HAWRIZE S SEHImO))% %
NZIURT. 2O, EHRG 2T Bz
BN OAREZRLTND, 2B, HIZOonT
i, SREEMEEIEE LTCBY, HAWAKIZE
CENTEFILLTVS. M2, 3ITRENT
WAL, 4, SHIZHPNTWERHIO

Kz nsd 5. KEoRME, FH
EON Lo THAMERIE ER L, 20 1m
EONHMWRELTHEETTH. T LK
fRiL, fr7Rg BECER L, ok, KE%
LI xR EEIZEL L. s —HOM
KOEOES) &, KIS 5T OELDkE
T, FEBEFTHETEL ;L TWD I L%

RBEnsz. o, Do¥—sfER, €—2 DM
B EofFmd, ERREFIETHRA—ZL Tw
B ENITIND.

6. #i

By E N ORI AR < FHEH DTz
W, BUEMENTRE S &, Lagrangian & > — |2
L BRI R 2 BRI L 72, 2 ORER, WE
TR % —R RS .

KETIE, HRWES K FRENTICE AT %
DR, BREMNEZFE L TV LT
DR TH o 72728, SRIEEANE % B HES)
THEGETORBEZIT) TETHA.

EE BN

[1] Anderson TB., Jackson R., A fluid mechanical descrip-
tion of fluidized beds, Industrial & Engineering Chem-
istry Fundamentals, 6 (1967) 527-539.

[2] Harada S., Kobayashi Y., Sawano T., Noguchi E., Di-
rect measurement of fluid force on a particle in liquid
by telemetry system, International Journal of Multi-
phase Flow, 37 (2011) 898-905.

[3] Schneider K., Numerical simulation of the transient
flow behaviour in chemical reactors using a penaliza-
tion method, Computers & Fluid 34 (2005) 1223—-1238.

[4] Tsuji T., Higashida K., Okuyama Y., Tanaka T., Ficti-
tious particle method: a numerical model for flows in-
cluding dense solid s with large size difference, AIChE
Journal, 60 (2014) 1606-1620.

[5] Tsuji Y., Kawaguchi T., Tanaka T., Discrete particle
simulation of 2-dimensional fluidized-bed, Powder
Technology 77 (1993) 79-87.
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1.

19 - KR & —FF#

Higashida K., Yamada T., Tsuji T., Tanaka T., “A
numerical model for the motion of large non-
spherical object in fluidized bed”, ASME-JSME-
KSME Joint Fluids Engineering Conference
2015 (Seoul, Korea, Jul. 26-31, 2015) AJK2015-
32744.

Higashida K., Rai K., Yoshimori W., Ikegai T.,
Tsuji T., Harada S., Oshitani J., Tanaka T.,
“Vertical force acting on large object floating in

gas-fluidized bed (Direct comparison between

—214-

CRH RS, F KR EHRE,

numerical simulation and Lagrangian measure-
ment)”, 2015 AIChE Annual Meeting (Salt Lake
City, USA, Nov. 8-13, 2015) 140c.

2 KE,
o a, L ECE, A E, Eeb o, T
SVRENE PN OV KR VR 5§
HE DTN DWW T (BAEMFAT & Lagrangian
U= L AENIOEEILE) ", 45 21 A
WEL - WTF7uty sy vy RY YA
(Kitakyushu, Dec. 10-11, 2015).

oAb AR, HBH A%FE, WA i, “DEM-CFD

1y T VI X B R B E AT
5520 [AI AR J127 Y~ R Y 7 2 (Fukuoka,
Dec. 15-17,2015) E04-5.
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1. #5

KR SRR 2 B S LM B AL S5 1A
(MOF) %, 77— N& EMIEN S, WA T
WA OBEDOENIZB W TR EEETE %
Moo AT v TIROWAEZET) 2 /R4 2 &L THIS
NTW5b, ORI EAEEZIL L 5T FRike
O TZENRMAME XS <, T AEEM WA
v — MRS TSR EAOInH ST
W5h, E5IEEICIE, Zor— MRED, AL
FEE OWE o 7oA S F S 2 bk L
BoZ s ey W 2o RMRER
BHEZ SIS, HIHT2Z EATREE oL
3, FENARGEERATICE o TRELRTLAZ A
W=, b ENTFRENE. LELEDES,
FIRL AR FRREARIE 1L B A 27— NGB B DO FSH
BT O RPZAH L SHBLVODBIRTH 5.
Z Z TR O ORBR & LT,
MOF ®—#ETd % ELM-112 ([Cu(bpy)(BF 1)1l

bpy = 4,4’-bipyridine) ® CO, 7" — MK % %t 5
& L72B R X MR & AT 12 EE O RHRERER
BIRE S, 7 — MREEBOE T IALELT -
PR VTR T 5.

2. JEER

I 195298 K (1281 % ELM-11 @ CO, W&
SEmA % BELSORP-max (MicrotracBEL) 12 X -
THIE L7z, 72, ELM-11 ®EZETF (273K)
BLUCO, ZHAT (195298K) 2B 54
KX # AT (XRD) % %, SPring-8/BL02B2 & —
LTA BT T 72 lE L7 XRD /XY —
Y, B R X S EAT T 5 Rietveld i
ENTFYIal—varEHasbEMED
FHEBICX V@I T 52 LT, 5281
% ELM-11 OfiEE TV 2L 72

3. B -
7= ML A NS L 72 open IR

HE & closed IREED H HI T %)L F — 72 AQpg H3E
0O&RbENIBNTED S M

vIal—Tav

-215-

Copyright © 2016 The Authors. Published by Hosokawa Powder Technology Foundation. This is an open access article
under the CC BY 2.1 JP license (http://creativecommons.org/licenses/by/2.1/jp/).



Hosokawa Powder Technology Foundation ANNUAL REPORT No.23(2015) 215-217

Young Researcher Scholarship Report

(@)

Fig. 1 ELM-11 Of§E (273K)

AQOS=AFhOSt+PAV_I;NOpen(P')deP' (1)

ZZT, ARy BEEEIHED) SA FOBEBT
PVF—ZAL, P D), AV AKFEZAL, Nopen -
open ARFEIZ BT % W& SFimAl, V= (Ou/oP)ry
THhsb (u:ftFERF v ), T:RE). ¥
72, AFyoq \AZ LU N ISR 81 5 O BAFR DR
URvAe)

AF‘hosl = A[Jhost _TAShost (2>

22T, AUy B & OV AS,, 13 Z 2Rk Z b
DHHZANF—BLOLY Fub—ZLTH
. A (1) D Nypen 1FFEMDA AR T
& % 7%, Grand canonical Monte Carlo (GCMC)
Hx W7z open fEE I T AW AEY I 2 L —
YavIilL o THIBAETH A, GCMC 125
7 % Force field |2 iX Lennard-Jones 8 & (N 7 —
0y R7T Ty xVEMREL, ELM-11 /57
A—F\20E, EBRE OB L) RELL
UFF %5 {oupe i}, {0.74eupe ) (k2 TR &
DFT ## (GGA-PBE/DNP) X V) 3k 7-%455 %
T {qi} = W72,

4. RRLEH

bk o #EE BT IS XD, ELM-11 ©
closed #3135 X U open & 2 T L7 & 2 5,
EDFEMIZBNTH T EIEEE R 254% LT O
B E R HEEETIVERET 22 LITRIIL
7z. ELM-11 1 Cu & bpy 2> S S L 5 1% 1
WaD LAY —»fg LfE s AL Cnwb 2
&, FCOMAEICLD LAY —FEA 30 %
¥ m L, monomer unit (Cu(bpy),(BF,), ; LI T
MU & %K58) H72 D) 2D CO, 7 F & ALY &
LI EPHLNE RS (Fig. 1), WEEL -

(a) closed Hi#&, (b) open fffit

100

80

60

40

AQ ¢ [kJ/mol-MU]  Adsorption [mI(STP)/g]

0

5
-10i(b) =
15 . ;

1E-4 1E-3  0.01 0.1 1 10 100
Pressure [kPa]

(a) MAEZRME, (b)) HEHZ A VXF—ZE
(F 195K, Y7~ 1223K, % 248K, #8:
273, % 1 298)

Fig. 2

open i (195-298 K) % VT, GCMC ¥ 3 =
L—3 3 2 &0 SIS B B AR 2 W
SEIRAR Nopen PETH 21T o 72 (Fig. 20). T 5
ST HZ LT (1) OHBHE 3 HERD,
EBOr— MNEIZBWT, X (1) OLEB1EY
OE%bd k)% AR, 2 kD-E S (Fig
2b), WEICH L CHIBIZR 2 2 LD ho T
(Fig. 3). CTolEPEHE2HR 2) FHWT,
AUyos = 30.6 kI/mol-MU, AS. = 65.9 J/mol-
MUK % %72, % 72, closed 1§ i & open 1§ 1%
DFNZFNIZDOWT DFT-D FHEZ 1TV, AUy
wRDI-EZT A, 31.2kImol-MU &7, HEH
IANVF NI L ) RO 78 & BIEFIC—30T
LI EWghrotz, ZoZ ki, X (1) B&
Q) by — b NEEETVORL YR
RIELTW5,
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ELM-11 O ¥5Hf 7 Atomistic € 7V % HEEE |,
15 NI E TV % V725 RHE I e i

Hb BF 5 R AR

i L FE %
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and Minoru T. Miyahara: “Modeling and
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Toward a Better Understanding of Gate
Adsorption Behavior”, The Journal of Physical
Chemistry C, 119, 11533-11543 (2015).

2. Ryohei Numaguchi, Hideki Tanaka, Shotaro
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theory for gate adsorption on soft porous crys-
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Miyahara: “Understanding gate adsorption be-
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Mo, 7= NEGERBI AT FN T R
BIZXoTETIMELTEDL I ERFEFEL. L
oz Enrs, F— MEEEZHIET S BT, Ik
EIZ L DEELDFHG, KA ONEBL AL F—
ZAbB LTy bu ¥ —21LD 3 DDOHTFHE
FECTHHI WML KWFZeX ) 157
MAE S &2, 7 — NRGESEN AR A FAL
REREE 2 T 2 DD S DOETH 5.

EE BN

BWRAES, BRLFRE 3 FEFRE (2013).

[1]

[2] A.Kondo et al., Nano Lett. 6, 2581 (20006).
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3.0 S BIRER, Hh HE, BE AR, CSALIE
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1 Abstract

The unipolar fatigue behavior of undoped
LigosNag 50K 4NbO; (LNKN6-a) and the same
compound with additives (LNKN6-b) was observed.
Unipolar cycling was performed between room tem-
perature and 100°C under a high unipolar electric
field of 4 kV/mm. Before performing fatigue tests,
the flexural strength o, was 111 MPa and 177 MPa
for LNKN6-a and LNKNG6-b, respectively.
LNKNG6-a fatigued under crack formation through-
out the examined temperature range. In contrast,
mechanical degradation was not observed in
LNKN6-b. Noteworthy is the fact that at 50°C,
fatigue-free behavior was observed for LNKN6-b
over at least 10° cycles. The results suggest that a
smaller grain size is an advantage in case of crack
formation during unipolar fatigue. In addition,
LNKNG6-a showed after cycling a bimodal Weibull

distribution. Under room temperature, the highest
mechanical degradation of about 35% was observed.
The influence of phase transition on this fatigue-free

behavior was discussed.

2 Introduction

Piezoelectric ceramics in actuator applications,
such as fuel injectors, nanopositioners and pulse
drive, demonstrate high efficiency, unlimited resolu-
tion and ultrahigh accelerations (J. E. Huber et al.,
1997), (M. Zupan et al., 2002), (E. Aksel et al.,
2010). The coupling of mechanical strains with high
electric AC fields, lead to decreases in piezoelectric
and dielectric properties of lead zirconate titanate
(PZT) after a certain amount of electric cycles. Two
main processes can be deduced as the main reason
for fatigue during unipolar cycling. The first is space
charge accumulation, which describes the shift of
space charges due to a depolarization field and their

accumulation at the grain boundary. The second and
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more critical process is micro crack formation. Be-
sides causing a decrease in the electric and piezo-
electric properties, additional degradation in the
mechanical strength occurs (Y. A. Genenko et al.,
2015), (D. Lupascu et al., 2005). On PZT, many
studies have shown that cracks form and propagate
in piezoelectric ceramics under cyclic electric fields
in dependence of grain size (Q. Jiang et al., 1994)
and temperature (M. D. Hill et al., 1996).

Doped NaysKysNbO; (NKN), such as
[Li(Najy 5Ky 5);«NbO3] (LNKN), are promising
lead-free alternatives. LNKN ceramics have a lower
permittivity € than PZT and consequently do not
generate much heat during application (M. S. Se-
nousy et al., 2009). Furthermore, LNKN ceramics
can be cofired with Cu(G.-L. Zhao et al., 2010) and
have high piezoelectric properties and Curie tem-
perature (7¢ = 460°C) (Y. Guo et al., 2004), (M.
Matsubara et al., 2005). Therefore, these materials
are promising for industrial applications, such as
multilayer actuators under high temperature condi-
tions. However, only a few publications dealt with
the fatigue behavior of alkali niobate ceramics and
none of them observed the mechanical degradation
under high electric fields (J. Glaum et al., 2014).

For this reason we measured the changes in flex-
ural strength of LNKN ceramics after unipolar fa-

tigue tests at different temperatures.

3 Experimental Procedure

For fatigue tests under unipolar AC loading two
different materials were used: Lig osNag 5:Ko4,NbO;
(LNKN6-a) and Lig osNag 5,Kq 4 NbO3 with addi-
tives: 0.65 mol% Li,COs3, 1.3 mol% SiO,, 0.2 mol%
MnCOs3, 0.5 mol% SrCOs3, and 0.5 mol% ZrO,
(LNKNG6-b). More information about the materials
can be found in (K. Hatano et al., 2015). The ceram-
ic samples were rectangular bars with a thickness of
about 0.6 mm, width of 2.1 mm, and length of
10 mm. The bulk densities were determined via the

Archimedes method, before coating the largest sur-

faces with silver and annealing the samples at 700°C
for 5 min. Subsequently, the samples were poled in
silicone oil under an applied electrical field of
E =3 kV/mm for 30 min and a temperature of
100°C for LNKN6-a and 150°C for LNKN6-b. To
apply the cyclic electric fields, the samples were
placed between a metallic needle and electrode. To
avoid arcing, this set-up was immersed in a bath of
silicone oil. A function generator (Multifuncion
Synthesizer WF 1943A, NF Corporation, Yokohama,
Japan) connected to an amplifier (Model 610D,
TRek Inc, New York, USA) was used to apply a si-
nusoidal unipolar signal with a frequency of 50 Hz
onto the samples for up to 10° cycles. The amplitude
during these fatigue tests was 4 kV/mm,; this is ap-
proximately four times the coercive field £, for
LNKN6-a and approximately 3 times that for
LNKNG6-b. The fatigue tests were performed at se-
lected temperatures between room temperature and
100°C. The temperature of the sample during the
electric fatigue test was measured by using a tem-
perature sensor (Keyence thermosensor, Osaka,
Japan). Care was taken that the applied electric field
was aligned in the same direction as the polarization
field of each sample. 3-point bending tests were car-
ried out using an Instron 5582 with a load cell ca-
pacity of 5 kN and a crosshead speed of 0.1 mm/min.
To quantify the average bending strength and reli-
ability of each composition, the flexural strength
data for each material is fit to a Weibull distribution,
which is a common practice for determining the
material strength of ceramics. The Weibull distribu-

tion is described using the following equation:

R A

where F is the probability of failure and o is the ap-
plied tension. The average strength o, provides an
estimate of the strength observed over the entire
sample set. The Weibull modulus m gives a measure

of the variability in the strength data, whereby larger
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values of m correspond to a smaller amount of vari-
ation in the data. To determine the Weibull distribu-
tions, 15 samples were tested for each composition
and fatigue condition, including the poled case as

well.

4 Results and Discussion

The microstructures of both materials were ob-
served via SEM and can be seen in figures 1 (a) and
(b).

Noteworthy is the decrease in grain size, which
was obtained using different dopants. The average
grain size, as well as further basic physical and elec-
trical characteristics of the compositions are shown
in Table 1.

The density p and Young’s modulus Y of both ma-
terials did not differ much and was about 4.30 g/cm’
and 80 GPa, respectively.

Figs. 2 (a) and (b) show the Weibull distributions
of LNKN6-a and LNKNG6-b, respectively. To ensure
an overview of the results, only the distributions of
room temperature and as-poled samples were linear
fitted in the figures.

It was shown that LNKN6-a did not change sig-

Figure 1: Microstructure of LNKN6-a (a) and LNKN-b (b).

nificantly the flexural strength after poling. The
values for unpoled as well as poled were about
115 MPa with a Weibull parameter m between 15 to
20. Due to smaller grain size, LNKN6-b showed
improved mechanical properties, which increased

after the polarization process (F. P. Knudsen, 1959).
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Figure 2: Weibull distribution of LNKN6-a (a) and
LNKNG6-b (b) for different fatigue temperatures.

Table 1: Various electrical and physical parameters of LNKN6-a and LNKN6-b.

. . . Young’s
. Piezoelectric coefficients
Grain size / Density p modulus Y
Material (pC/N)
(Mm) (GPa)
Absolute (g/cm’) | Relative (%) dys dy,
LNKN6-a 8.6 431 96.0 175 90 80
LNKNG6-b 3.5 4.30 95.9 150 60 75
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Unpoled samples showed a flexural strength 6, of
131 MPa, whereas as-poled samples showed an im-
proved value of 177 MPa. The Weibull parameter m
was similar for the unpoled and as-poled samples
and was estimated to 9.1 and 10, respectively. Many
studies for different materials observed the toughen-
ing effect after polarization of the sample (A. Kolleck
et al., 2000), (A. B. K. Njiwa et al., 20006), (W. Yang
et al., 2001). A major reason is the additional con-
sumed energy due to stress-induced 90° domain
switching processes in the vicinity of the crack tip.
This toughening effect depends on the energy need-
ed for 90° switching, and the number of switchable
90° domains, which is determined by the orienta-
tions of crack path and polarization. Indentation
tests showed that the fracture toughness increased
parallel to the poling direction whereas a degrada-
tion can be observed in perpendicular direction (Y.
Shindo et al., 2001).

To receive more information, the force displace-
ment curves are shown in figures 3 (a) and (b).

In both figures a nonlinear behavior of the
force-displacement curves are apparent. During
bending tests, the applied stress has the ability to
switch domains. This ferroelastic process occurs, if
an applied stress is high enough to cause certain do-
mains to switch, leading to additional strain of the
sample. Due to the fact that LNKNG6-a is ferroelec-
tric softer than LNKN6-b, more domains were
switched, which concluded in a higher strain (A. B.
Schéufele et al., 1996). Due to the fact that a low
energy is needed to switch domains via stress, reori-
entation through polarization did not improve the
flexural strength of LNKN6-a after polarization.
However, toughening was observed in LNKNG6-b,
due to higher energy necessary for switching and
parallel orientation to the crack propagation. These
figures further show, that samples, which decreased
in the flexural strength also showed a degradation in
the elasticity after fatigue. This behavior was espe-

cially apparent for LNKN6-a as shown in figure 3
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Figure 3: Stress-strain curves before and after fatigue for
LNKNG6-a (a) and LNKN6-b (b).

(a). On the other hand, figure 3 (b) shows the behav-
ior predominantly observed in LNKN6-b. Hereby,
the force displacement curve did not change signifi-
cantly, even after fatigue experiment were per-
formed. It should be noted that only a few samples
of LNKN6-b, which were fatigued at room tempera-
ture, have been affected.

Furthermore, LNKN6-a and LNKN6-b showed
no significant self-heating effect during fatigue.
LNKNG6-a showed an increase at room temperature
of about 5°C. At higher fatigue temperatures this
temperature difference was not observed. LNKN6-b
showed a slight increase of 1°C for fatigue tempera-
tures from room temperature to 100°C. We conclud-

ed that changes in the temperature are not significant
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enough to show an effect on the mechanical degra-
dation. The most likely process was therefore to be
considered micro crack formation. SEM images con-
firmed intragranular cracks, which were observed
for LNKNG6-a. These cracks are rarely observed
during unipolar cycling, because the introduced
stresses are usually too small to initiate cracks. The
crack originated from the largest pore, meaning, a
certain pore size and density was needed to form
cracks in the sample. During fatigue, crack formation
and propagation appeared then in a small fraction of
LNKNG6-b samples, which fulfilled this specific con-
dition, whereas the rest remained unfatigued.

As shown by Jiang et al.(Q. Jiang et al., 1994),
different factors influence the formation of cracks
during unipolar fatigue. The following equation was
used to calculate the critical grain size /¢ for various

materials.

2g/ 28y
l,="5Y =
3Ey 3Y - [(d33 —d31) E]2 )

where Ey is the anisotropic volume energy, Y the
Young’s modulus, d3; and d3; the piezoelectric coef-
ficients, E the applied electric field and g, the frac-
ture surface energy of the grain boundary. With
these values, the critical grain size for LNKN6-a
and LNKN6-b was estimated to be 8.1 pm and
11.2 um, respectively. With the larger grain size of
9 um, LNKN6-a was more susceptible to crack for-
mation and propagation, which is consistent with
the results we measured. Further proof can be found
in the Weibull distribution for LNKN6-a after fa-
tigue at room temperature. The two different gradi-
ents indicate a bimodal Weibull distribution. The
occurrence of a subdistribution can be caused by
different crack densities in the as-poled samples of
LNKN6-a. During fatigue, crack formation and
propagation appeared then in a small fraction of
LNKNG6-a samples, whereas the rest remained unfa-
tigued. This fraction of the first subdistribution de-

creases with increasing temperature and the mea-

sured flexural strength of the first subdistribution is
lower than the initial values measured for poled
LNKN6-a. For PZT, with increasing temperature a
decrease of the crack density was observed (M. D.
Hill et al., 1996). This behavior can be observed in
our case due to decrease in the fraction of the first
subdistribution. The flexural strength o, of the sec-
ond distribution remained relatively constant over
the temperature range, thereby strengthen the argu-
ment of increased crack resistivity with increasing
temperature. The varying Weibull modulus m can be
explained by the fact, that not a constant number of
samples was observed while fitting. Due to different
distributions the number between the first and sec-
ond distribution varies. The values also suggested,
that during fatigue under room temperature a more
significant degradation of the mechanical properties
appeared compared to samples fatigued under high-
er temperatures. It is quite possible, that phase trans-
formation during fatigue experiments occurred,
especially since samples fatigued at temperatures
larger than 50°C showed a significant different be-
havior compared to room temperature. Furthermore,
partial phase transformation was observed before in
previous results (A. Martin et al.). As domain switch-
ing is a major reason for crack formation in the
material, phase transformation from tetragonal to
orthorhombic is most likely. The orthorhombic
phase has an increased amount of domain walls,
such as 60°, 90° and 120°, compared to the tetrago-
nal phase with only 90°. In order to decrease the
stress from domain switching, the orthorhombic
phase increased and allowed for more switching

possibilities.
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1) Preparation of Nano-SiO,/carbon
composites by drip combustion method in
a fluidized bed reactor followed by dry ball

milling process

Nano-SiO,/C composites were successfully
prepared by the drip combustion in a fluidized bed
reactor. Kerosene was employed as a solvent and
carbon source in the precursor solution. A solid
particle formation mechanism in the drip
combustion in a fluidized bed reactor afforded nano-
Si0,/C composites containing nano-agglomerates
with a hierarchical fractal morphology and SiO,
primary particles of approximately 50 nm in size.
However, the as-prepared material exhibited an

initial charge capacity of 319 mAh g at current

density of 50 mAh g over a voltage range from
0.01 to 3V versus Li/Li". After a high temperature
annealing at 900°C in a N, + 3% H, atmosphere and
high-energy DBM process, the obtained dry-milled
nano-Si0,/C composite showed a markedly
improved electrochemical performance with an
initial charge capacity of 533 mAh g 'and
Coulombic Efficiency of 46%. Throughout this
study it could be appeared that high carbon contents
in the sample prepared by the drip combustion in a
fluidized bed reactor impeded the mixing and
dispersing efficiency of the DBM process. As a
result, a poor distribution between nanostructured
Si0, and carbon inhibited the electrochemical

properties of the nano-SiO,/C composite.

2) Synthesis of SiO, carbon nanocomposites by
spray pyrolysis combined with dry ball milling

process

Si0,/C nanocomposites were successfully
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synthesized through the combination of SP synthesis
method with DBM process. Sucrose was introduced
as a carbon source into the precursor solution of SP.
Physical characterization of the SP samples revealed
that SP synthesis affords dense amorphous SiO,/C
microparticles ( ~ 1 pm) of spherical shape with a
narrow particle size distribution. Moreover, a careful
inspection of the cross-section of the sample by
SEM-EDS analysis showed that sucrose additive
facilitate a homogeneous distribution of carbon at a
molecular level inside SiO, microparticle. A DBM
process was employed to downsize micro-sized

particles to nanometer scale ( ~ 100 nm), and
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1. Anara Molkenova, Seitaro Kato and Izumi

uniformly disperse these particles in AB matrix. The
final SiO,/C nanocomposite prepared with 0.1 mol
L' sucrose concentration exhibited the 1% charge
capacity of 848 mAh g ! (1344 mAh g ' SiO,) with
a Coulombic efficiency of 60% at a current density
of 50 mA g in the voltage range between 0.01 and
3 V. A slight capacity decay observed over 20 cycles
might be attributed to the mechanical degradation
coming from volume variation of Si during lithium-
ion insertion and extraction processes. The out-
standing lithium-storage properties of the prepared

material are attributed to the SP synthesis method.

Taniguchi (2015). Synthesis of Nano-Sized
SiOx/C Composite by a Drip Combustion in
Fluidized Bed Reactor and Its Electrochemical
Properties. MRS Proceedings, 1775, pp 13—18.
doi:10.1557/0pl.2015.850.

2. Anara Molkenova and Izumi Taniguchi (2015).
Physical and Electrochemical Properties of SiOx
/C Composites Prepared by a Combination of
Spray Pyrolysis and High Energy Ball Milling.
MRS Proceedings, 1775, pp 7-12. doi:10.1557/
opl.2015.739.
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