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1-2 ERRIOBE
1. Bhpk - RESZEOERIAR

WAEEE LR DAE R BIBIRFEEO ERRIUIIL T O®EY) TF. 2B, SHTEEOMKEFEEIZON
TREBEEB LY ZERIEENFEATL.

(BBCAE - T-F)

igid:n)od KONA & BHVEMEIRR D URY Y LERMEIER

FE | % ® R J7uy=3 # R ey =2 # R e ® R

S8 | B | BhAREER | R | B | BhEREREE | B | B | BIRRERR | HFE | E | BB
HO4 | 69 20 26,000 1 1 1,000 10 6 1,800 6 3 7,000
HO5 | 86 31 20,400 3 1 1,000 8 6 1,800 3 3 6,500
HO6 | 70 25 13,800 3 1 1,000 10 5 1,500 5 3 5,000
HO7 | 88 27 15,280 5 1 1,000 11 5 1,500 1 1 200
HO8 | 84 27 15,000 3 1 1,000 8 5 1,500 (AZEAET)
HO09 | 57 29 18,000 5 2 2,000 8 5 1,500 0 0 0
H10 | 66 25 17,800 5 2 2,000 7 3 900 0 0 0
Hil | 64 21 18,000 4 2 2,000 9 4 1,200 4 2 1,500
HI2 | 79 23 17,900 4 2 2,000 11 5 1,500 2 2 1,500
HI3 | 6l 31 18,900 10 1 1,000 12 5 1,500 1 1 1,000
H14 | 68 24 18,300 3 1 1,000 4 1,200 4 2 2,000
HI15 | 76 24 18,200 7 1 1,000 6 4 1,200 1 1 1,000
H16 | 101 25 17,200 5 2 2,000 10 3 900 2 2 1,000
H17 | 120 24 23,000 5 1 1,000 (AFEET) 5 2 2,000
HI18 | 112 23 23,800 4 1 1,000 (A%EE9) 2 2 1,500
H19 | 137 23 21,900 1 1 1,000 (A%EET) 5 2 1,500
H20 | 128 18 13,500 3 1 1,000 (AZEHET) 4 3 1,000
H21 N N
H22 N 7
H23 | 117 | 17 13,000 2 1 1,000 AEAET 6 | 3 [ 1400
H24 | 79 14 8,600 5 1 1,000 NEET NEEET
H25 | 119 30 23,000 3 1 1,000 NEEET 0 0 0
H26 | 126 23 19,400 6 1 1,000 RN 1 1 1,000
H27 | 150 22 16,700 5 1 1,000 NEEET 1 0 0
H28 | 195 23 13,800 6 1 1,000 NHEET 4 1 300
H29 | 193 21 14,600 6 1 1,000 NG 5 1 600
H30 | 132 18 14,000 6 1 1,000 NHEAET 3 1 1,000
RO1 | 119 10 7,200 4 1 1,000 NEET 1 0 0
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(BB - T-F)
Pas

7o R 25 e Ty 4 = =
Eﬂﬂ%ﬁﬁé@?ﬁg M&%Egﬂﬂf)a P AT ) ﬁé:ﬁ =
FE | % J7ey=2 B B =3
S | 5 | BIREER | B | BB | BIREER | 248 HE 2% S| B8 | BikeEE
H04 8 5 1,000 1 1 10,000 95 36 46,800
HO05 15 5 1,000 2 2 10,065 122 48 40,765
HO06 19 6 1,200 1 1 8,000 108 4] 30,500
HO7 | 19 7 1,400 0 0 0 124 41 19,380
HO8 | 20 7 1,400 (AFEE9) 115 40 18,900
H09 16 6 1,200 (AZEET) 86 42 22,700
H10 16 9 1,800 (AFEET) 94 39 22,500
Hil 22 6 1,200 (55E) 103 35 23,900
HI12 | 26 7 1,400 (5%5ET) 7 3,900 129 46 28,200
H13 19 8 1,600 (AFHET) 7 3,000 110 53 27,000
H14 | 19 8 1,600 (BHET) 4 4,000 105 43 28,100
H15 16 9 1,800 VA IWFESEE 4 4,100 110 43 27,300
Hi6 | 27 7 1,400 JEFE FRIR 5 3,100 150 44 25,600
H17 | 26 11 3,300 H5 | | Mg 6 3,800 3 15,000 | 165 47 48,100
HI8 | 16 11 3,300 9 3 1,500 3 3,000 2 10,000 | 148 45 44,100
HI19 | 22 10 3,000 11 3 1,500 3 3,000 1 5,000 | 180 43 36,900
H20 | 19 10 3,000 8 2 1,000 2 1,100 0 0 164 36 20,600
H21 AN SR 0 0 0
H22 N 4 T 0 0 0
H23 [N 125 21 15,400
H24 A 84 15 9,600
H25 12 9 2,700 NOE 4 7 134 40 26,700
H26 | 28 9 2,700 AN 161 34 24,100
H27 30 10 3,000 N T 186 33 20,700
H28 36 10 3,000 N O+ T 241 35 18,100
H29 35 11 3,300 AN - 239 34 19,500
H30 | 25 10 3,000 A ) 166 30 19,000
ROI 22 9 2,700 N OB 7 146 20 10,900
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(R HAT - TH)
MEIFICET 2 EEN RS KONA FED3EFT
FE
1k AmsT— RN HEE | BB | S| HER | BROTBH BB

HO7 | 29 |HA7 0t AICBIF5%4 - RS 5 232 | 3360 | 13 | 240 2,300 | 7,730
HO8 | 30 |Jeimt%setEstflodlE 7ot A 5 144 | 2,550 | 14 200 2,300 7,490
HO9 | 31 |BEBEIRATHUM & Bk 1o 6 142 | 3,750 | 15 | 254 2,200 | 7,500
HI0 | 32 E%ﬁa_)i%ﬁ E AT~ B S S BE T m E A 6 210 | 4,630 | 16 | 256 | 2,200 | 8,190

AHLE LT
HIL | 33 |HrEERIN 70 O T 6 246 | 4,140 | 17 | 250 2,200 | 7,440
HI2 | 34 | I TEEICBIT A ALY 8 283 | 5,130 | 18 | 248 2,200 | 7,160
HI3 | 35 |+ /K TFHEA~OIRF 7 184 | 3,750 | 19 | 283 2,200 | 7,990
Hi4 | 36 |7 /KT OEER~DEH 6 208 | 4,160 | 20 | 276 2,200 | 7,920
HI5 | 37 |F/8=F 42V -T2 /0y — 6 227 | 5100 | 21 | 246 1,300 | 13,000
HI6 | 38 |7/ Mkl & 2 B REEDSEY & X LT 6 160 | 4,500 | 22 | 211 700 8,660
H17 | 39 |2 ZE TR/ RFOIML 7 205 | 5,380 | 23 | 224 1,000 | 10,070
H18 | 40 |F/ 77 ERLOEEZES T/ FF Ol & A 6 174 | 5320 | 24 | 252 1,000 | 13,090
HI9 | 41 ;L\/}\s_%f PN TR RS o ase0 | 25 | 303 | 1000 | 11460
o | ap |72 T ANV Ty RE S RSN e 00 | a6 | 282 | 1000 | 8040

DHr I B
H21 | 43 |F /727 /7 uy—I2X 5RO E BiFb RS 6 160 | 3,130 | 27 | 248 600 6,250
H22 | 44 ;:r/ PN=T AT NN K Y T W 6 134 | 2,660 | 28 | 242 600 3,850
H23 | 45 TN TATNT 0 O TN 6 174 | 3,230 | 29 | 284 600 8,400

JEE )
H24 | 46 |F//8=F 14 27 VF 70T =D 6 141 | 3,585 | 30 | 288 600 3916
H25 | 47 |eiih &3 F T2 2 AR LM%k 6 201 | 6,656 | 31 | 274 1,800 | 9,176
H26 | 48 |ZHiZeb Do) 2L MBI EDHNR 6 153 | 4364 | 32 | 283 1,800 | 8,556
H27 | 49 |Epfbe &bzt 6 162 | 3,596 | 33 | 357 1,000 | 7,253
H28 | 50 |&E27ZeAsRites 8 OB Bl 6 156 | 5,169 | 34 | 293 1,100 | 7,417
H29 | 51 |SElnbbRHEIAC K & i 2 B R HAly 6 161 | 3,942 | 35 | 287 1,100 | 7,386
H30 | 52 |BAMEIOGE L ORI % 3 2 2 B Rl 6 161 | 4,657 | 36 | 297 1,100 | 7,093
ROI | 53 |EEALY 280K 7 01 2 DIERE & S H O AR 6 178 | 4,673 | 37 | 271 1,000 | 7,000
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Accepted No. Award recipient | Affiliation/Position Achievement

Professor, Joining

i ) and Welding ) ]
19201 Makio Naito . Technology for High Quality Advanced
Research Institute,

Contributions to Powder Processing

) ) Materials
Osaka University

OZEHEH

Professor Makio Naito received his B.S., M.S. and Ph.D. degree in chemical engineering from Nagoya
University, Japan in 1980, 1982 and 1987, respectively. He worked at Hosokawa Micron Corporation from
1982 to 1993 where he engaged in research and development (R&D) on powder processing technology. He
joined the Japan Fine Ceramics Center (JFCC), Nagoya, Japan in 1993, where his R&D focused on powder
characterization and powder processing technology for ceramics manufacturing. He was the Vice Director of
JFCC from 2000 to 2002. He became a professor at the Joining and Welding Research Institute (JWRI),
Osaka University, Japan in 2002 where he continued his research work on powder and nanoparticle
processing research to develop advanced materials to address energy and environmental issues. He served as
Director of the Smart Processing Research Center, JWRI from 2007 to 2010, and as the Vice Director of
JWRI from 2009 to 2010. He has been a guest professor at the Shanghai Jiao Tong University in P.R. China
since 2009, and a visiting professor at the Shanghai Institute of Ceramics in P.R. China from 2014 to 2016.
He served as President of The Society of Powder Technology, Japan from 2015 to 2019. He has been a
Director of The Association of Powder Process Industry and Engineering, JAPAN since 2016. Besides, he
was a Director of Hosokawa Micron Corporation from 2005 to 2014, and was the Director of the Institute of
Nanotechnology and Materials Science, Kurimoto Ltd., Japan from 2005 to 2007.

Throughout his professional career, he has organized many national R&D projects funded by MEXT, New
Energy and Industrial Technology Development Organization (NEDO) and Japan Science and Technology
Agency (JST). He has organized several international collaboration projects including a NEDO grant,
International Energy Agency (IEA) project and Versailles Project on Advanced Materials and Standards
(VAMAS) on the development of powder characterization methods for advanced ceramic processing.

His publications cover a wide range of studies in the fields of the advanced materials and novel powder
processing and characterization. He has authored or coauthored more than 300 refereed journal papers and more
than 100 review articles. He has contributed to 76 books, edited 27 books, and holds more than 60 patents.

He has received several prestigious awards including the Richard M. Fulrath Award from The American
Ceramic Society in 2002. He has been a Fellow of The American Ceramic Society since 2010, a Professional
Academician Member of the “World Academy of Ceramics” since 2012, and has served on its Academy’s
Advisory Board since 2018.

Professor Naito has organized, as a chair or co-chair, numerous international conferences on powder
characterization and processing technology that have advanced the field, and he has presented more than 30
invited talks at international conferences, including several plenary and keynote lectures in overseas from
2014 to 2018.
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MRS Hosokawa Powder Technology Foundation ANNUAL REPORT Vg
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Numerical Analysis of Filter Collection Coordinated

with Imaging

WFFEft 2 Research leader: E *ﬂ] fﬁf{ Toru ISHIGAMI
B RFRFELARGeR dEBd%
Graduate School of Engineering, Hiroshima University, Associate Professor

E-mail: ishigami@hiroshima-u.ac.jp
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ETNERSE LR, I HOTENERBEORT 2 5 NI T 74 vy =R a7 Ly —4
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WCHEDIHRTE L 2 L R L7z,

ABSTRACT

In this study, to clarify the mechanism of the permeation and collection through a filter, a direct numerical
simulation model for multi-phase flows was newly developed. We extend this model to apply air filter and
coalescer. To represent a realistic microporous structure inside the filters during simulation, a numerical
method that coordinates the filter structure obtained by X-ray CT imaging with computational fluid dynamics
is developed. The predictions of filter pressure drop from our numerical method were quantitatively in good
agreement with the experimental measurements and the empirical equations previously reported. Finally, we

demonstrated that the present method can be easily extended to multiphase flow simulations.

MRE=E B/ RVEBEEAE LIRET 5 T uk AL, EEN
WIESHWSENTWS, ZNb6D T4 VE —55
MEHE 7 1 V& — 12 & D SR L 7R EE BEOVERER LI DWW T I N FE TE L OHEFI2S
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Copyright © 2020 The Author. Published by Hosokawa Powder Technology Foundation. This is an open access article
BY under the CC BY 2.1 JP license (http://creativecommons.org/licenses/by/2.1/jp/).
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Mino Y., Kagawa Y., Matsuyama H., Ishigami T., Permeation

of oil-in-water emulsions through coalescing filter:

CT CHIRDOARGEAGT 7 14 V& — 2 F o PERA i
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N7KII LT oM ) THh 5.

Two-dimensional simulation based on phase-field mod-
el, AIChE Journal, 62 (2016) 2525-2532.
https://doi.org/10.1002/aic.15206
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B A fRJ: [EE, “Permeation of Gas through

1. Rozy M.LF., Ueda M., Fukasawa T., Ishigami T., Filter Media: Three Dimensional CFD Simulation

Fukui K., Direct numerical simulation and ex-
perimental validation of flow resistivity of non-
woven fabric filter, AIChE Journal, 66 (2020)
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Development of the Bi-functional Catalyst
for the Metal Air Battery by Designing the Particle Formation

W73 % Research leader: WP 5 Tomoya OHNO
JERTRERFRFFE IR TR #o%
Graduate School of Earth, Energy and Environmental Engineering,
Kitami Institute of Technology, Professor

E-mail: ohno@mail kitami-it.ac.jp

W 8k

AWETIE, SRESEMOZCMBOMMERIH 2, 225BIERM A > 7 h Ok & EEBF
Tdh 5 —KRRAOFEHEIC L DT o7z, EhEhOkF DA ¥ 7 ToREElE, K+o
HEIIEN ORI, TabbY— Y BEMOHMICZ L) FERL72. CORE, I —RhF & REE
VT T IR WG, 4 Y7 TENENOR T2 ~NTORESELHT, 2
STt D R -0 O KA O ) b (R D 3 BED ) ) 2R L7z, AU LT, 1 —
RURTF ERAEEPKE Y7 I 70 A AOMERT 2 7236, A > 7 Otk 157 B
S fRo TV B T, 225 Ol - OR MO EE MR L7z, AR L 2225
T, EREMOTEIIE TS HERFEFADUSIZEH L7z e 25, 22508 Ol 570 0 K itk
2 S5 28T, A LS 2B R 2 ML 72

ABSTRACT

Microstructure of the air-electrode for metal air battery was controlled by dispersion control between catalyst
and carbon particles in the ink. The dispersion of each particles was controlled by the electrostatic repulsion
force in the ink. The surface area of catalyst particles in the air-electrode was improved by the hetero
coagulation between catalyst and carbon particles in the case of nano-particle catalyst. On the other hand, the
relatively large surface area of catalyst in the air-electrode was attained at the well dispersed condition in the
case of the catalyst particle with sub-micron diameter. As a result, the catalytic activity for oxygen evolution

reaction increased with increasing the surface area of catalyst in the air-electrode.

MEE=EEHHW BRI e =R T 5y s RFDAL I NT

DEE - RN X 5, BEmOMEE IS

JB 22 R IR i oD Ze S AR A AR L7z, ALWEBIZOWTHEL., ZLTA 7% 0
FEAE SIS M O BR A= TC UG IRy - L35 SR T OBEREZHIE T 235 T, 25N

&
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(2 BT B iR O BURRE 2 s L, ik
Ty oRmEL R LSS 2 LT, EiEtER
fil i BE 2 i RUR FEHE 1] BB 70 2B A L5 5.
A, X DRIEEO R WAL F — B OB
Mo, VFIAAF Y DRBBEFIILDET S
RERNNY 7)) —OWREPEAIITDRLTWY
., TLCTHZLIREREMZ HIFEL, HinT
ANVF—BEN) F 7 A4 F BB 10 750
bR &R R ELICET AL ITbNIRT
Wh S, BIREECTIREM S U CE T REZ: 4
BEREMIIER LI N TR, SEEAE
MOFTHEA = X200, WEICHIGT 5%
FEICHOG (ORR) (1) & FREIZHILT 5 MR
FIAFUE (OER) (K 2) 12X > TSNS,

2H,0 + O, + d4e” —> 40H" (1)
40H — 2H,0 + O, + 4e 2)

IS OBEBFACEISIIMN S LB S %
BEIED72%, FUREREICRESH ), The
NOJIBIZ KIS T 2 ERALFE il 2 nE L $
%. ZZTORRIZHIGTS A TIE, PtZeE
OEEREMIE B SN T b 20, — kB
ELToERERBEBRIHDEINRTVWS, L
7 L OER (2 i 14 7 il B B 58 1 LD D B
728, “REME L TR RE % 48 225
DOFERITIZE > T W,

FAx O NV — T TIXZOFEIZH LT,
Suntivich &A%/~ L 72 [3d BB E&EBRLWICB
T % e, LEDETHA 1.0 oM EHZ THE
G172 OER il E A5 H M % | & v ) f7 i
(Suntivich J. et al., 2011) ZF&D > 7= filt i1 15
REFEMLTE, FINFETOHMALDS,
WA RTENE &BEE I PR R ORI BV T
iEPE7 OER AR LN L HE2HEL THBY,
INLZOD&KME AR 2 2 MEE LT
(Ca,, Sr;)RuO;(CSRO) % OER fiftlft & | CTE%E
L, x=01CBVWTHEHELEPK (24 )VF—
HEDMR), ERFEEOMMEIKE W (K
D) ks T H B F A il L7
(Hirai S. et al., 2019).

L2 L 2O L7zfilliipr Rt 2 T, 4

J& 225 BRI D 22 R A e L 7oA R R R L
7ol 2B, R ASIEE R E e Bk T T
B LTLEW, MERMIHEE L2t iE s 5
R VELHER LS. b bR L 7o fll
B R EMOERMICEET L7012,
fil ik 1 & AR A TR T A2 — KT T
7 (CB) KL T O EHIEAEECH L L E 2 7.
¥ 72 CSRO filt f R T X LB ALK & <
CB A & DRAFEDPKE V., £ TARBIET
&, REEEZEATR & 7 CSRO ik 1- & CB k1
Z L CRIRZEDIN S W —f iy 70 F /) fr Tl &
L CTHI 5N % Mny Co,0, (MCO) fill AL T~ &
CB {7 DB O %, 2250 % (E 3
T4 ¥ 7 NOZKKT D& - 75 HUIREE
WX THIEIL, ZNAYBEEEICS 2 5 o2
ZDOWTHRAE L 72,

ARWFFE T L 72 MCO AL T3 Lk & D
FHELL 72 (Hirai S. et al., 2018). 72 CSRO #i
FIEEE T IV aF > FEICX ) FE L 72 (Ohno
T.etal., 2019). TEHEL L 7-fihithi 7- %, SEEREBIH]
THHTEFLyTIv2 (CB), 7144~
70 b o EBREEETHLT P T Fa Y
7~ (THF) HTRET HHET, ZBRELDOZE
Sz fHE L EBERAOA > 7 2B L
7. ZZTH T4 F VIR 2N A v
& — & LC, THF (X0 U C%wE % B %
HiEE L THALZ. E DI S5mass% D T
T4k VIEEW L KOH (0.1 M) KB EZRE
L, 333mass% D) 7 4 4 »IEEW % 1.5mL
T D, LTI OBEWIC THF 2R L
SmLOERZRABEL 2. S5 OEHRICH
LC, flERIT% 25mg, CB % 5mg /it & &
TA Y i L7z FR L7427 DpH T,
A ¥ 7 %I KOH OFRMNC L V% L, pH
A—=F =XV EEB A 27D pH T PIE L
7. LT, &pHEMTHER LA > 7 %0
W) 774 A7 M (RRDE) BT T LE
T BWCHERTE S5 2 & T, Z5mEH
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E L 7ohg s R A E L L 72,

THOREZGIE L7214 > 7 2 HWCIRE L 72
22 MO OER (ML, BAALFEMEIC L V&R
fliL7z. AWFZETIE, WERY) > 771 A7 B
(RRDE) #£i& % i\ CREAALF M E * FEiti L
TBY, EHEM% RRDE, Z &M |2 Hy/
HegO (M#BiE 1 0.1 MKOH), X% Pt & L C,
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TYYaAYy MIX)BEREELIE L.
F-EABBEAEL X OBEBICEIEN O FHE
[ <728, RRDE (d 1600 rpm T [Al8% & & Tl
5E & SN L 72, OER {f41E, Hg/HgO Z MR
FEHET 0309V (WHKFEEM (RHE) i
T 1.226-1.826 V) O #iH % 10mV/s THrl L
THA 2 ) 2R VY XA M) —DHRIEIZLD
FFAfi L7z, %72 RHE &#T 1226 VIZBIT 5
AR PT Ry =45 Q Z FH\WC, HIEENLIZ iR Hl
ExATo72. XA ) v 7R VE v X b
) —DF vV VARG R RET A2, T
)= RAAL =T Hh V) — KA —=TD¥HYT
OER {514 % &l L 7-.

A

i

FRFOX -y BMEFHL/-L 25, MCO,
CSRO, CB OEERIEEN TN, pH=42, 6.5,
75 THh o7z, Z Uik T & CB ORLE
MBI LA LRV, MCO & CBO#HAEILIZD
WTRT. K 1I2MCO & CBDOE¥— ¥ EAO
pHIKE %2R, M1 &Y, pH=5~7HE
TSR TE A > 7 AT Okt d gl
WHbH, FIARMFETIXEME L LT KOH K
BRAEFHLCWL72D, RET7Vh) MDA
VBT L L, CBOEELE pH=7 L.
ETI, BRTDA 27 TOEMEATHERE S L
LEz oMb, ZZTpH=40, 5.0, 6.0, 7.0,
9.0 DZEMFTMCO & CBR. T2 &4 A 7 %
FELL 2, SN v R TR L7222
LMROMEE % FEMICFEM 9 5 7200, BE L
IR (ECSA) ZaFfifi L, 22 50H A o filt 5
By OFmA 2 M E L7z £72ECSA %
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304 A-A—\A —E—MCO B
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S 201 = \ ]
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Fig. 1 Change in the zeta potential of MCO and CB with
pH.
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Fig. 2 Electrochemically active surface area of the
obtained air-electrode (catalyst: MCO) using the
ink with different pH.
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A 27 TR T & CBAANT OEET S
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M CZENZNSED LCIZEEL T 5
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W, FERE AR T IE OB ZIREEE 2 B
Uk LG T CROEUREBOSG &, )
RFOBEEE L D IERFICmCEELTL
F 97280, RS ORMEPSRT Lz &
EZOND. ThbbRAEENH T HRVRIC
BWTIE, MHTTBEWIIATOEESE
C O HERE L TR T ICHLD 95 TR
T C AR T & A BR S B AT RE T LA A
1572,

X 3 12 1.75V vs RHE T @ OER & it % & ®
pH IKGEE %2 RT. ZOKE, ECSA DS E 0 -
72 pH S5 O CIEE L 7S KBV TR D
BWEREELAR L. /2, EofERICE
WTHHEEBEMEIZZEILE T, OER BiLHE N
ECSA OFHNCIZIZIH-> 72 TELT4H 2 L %
HWREL7z. NSO ERLS A ¥ 7O MCO
Je O CB KL T Dok 2 filE L, RN T
MCO #7 DEREZ M &85 2 LT, FL
R EL 2 F T D IR YGE S 1D LR
IF7.

WA AR F- & CB DAL ZEHK X % CSRO
fillE 2 L7286 2R3, X412 MCO O
HEFEBRIZA 7D pH 2L EE, 4o h
® CSRO & CB O EREEZ I L 7214 >~ 7 %
W CTHERL L 72 225018 N @ CSRO @ ECSA %
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Fig. 3 OER activity of the obtained air-electrode
(catalyst: MCO) using the ink with different pH.
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ELBVEPHERIN. Thb bk T &
CB AL DRAZFEDIEFFICRE GG, 47
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Fig. 4 Electrochemically active surface area of the
obtained air-electrode (catalyst: CSRO) using the
ink with different pH.

_28—



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 25-30

Research Grant Report

—_ =
AN o
1 I

104
pH=75

Current density (mA/cm?®,, )

pH=6.5

0 T U U T T T T
12 13 14 15 16 17 18 19

E-iR vs. RHE (V)

Fig. 5 OER activity of the obtained air-electrode
(catalyst: CSRO) using the ink with different pH.
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KBS TOXT I v 7 AF /T OERBEEIZBNT, AR TFOFEREELHET2 2 &
W2EY, FIRFOFA X2 TR, IR (i) flEbEThs I Ek, TNETICRM
LT\ 5. RIFFETIEERAIEIRF v v ¥ 0 ZRBGEIC LD, SIEERENT LA 3 5 FEEBRILY
TERREL M (SOFC) MAs 1 F— 7)) 7 (GDC) +/ ¥ a—7 %AW L7z, £72,GDC +/ F 2 —
T EWAL=y FvF RF (NiO) 2846 - BRL S 72 SOFC B 2 > RY v b k%
I7aNV 7O AV ER L. EOER, NiIO-GDC F/ F2—73 VKT v bF fTh
SAEB L 72= v VR — X v MREMEIL, RNy TOBEBEREEET AL AFEIELL. S5
2, WAEITLER LB =y 7V (NI)-GDC F/ F¥2—7ayRY v b F /T 0oL
FORREAR (38T BRIF O in-situ BEFHTIZ L D GDC F / F 2 — 7O - BEEATHERE) &, i
¥ CICHZE L7: RRo s thre e R & WL €, i x S S 13 BEF TR TE S 2 L 25
AL 7z,

ABSTRACT

A core—shell anode consisting of nickel-gadolinium-doped-ceria (Ni-GDC) nanocubes was directly
fabricated by a chemical process in a solution containing a nickel source and GDC nanocubes covered with
highly reactive {001} facets. The cermet anode effectively generated a Ni metal framework even at 500°C
with the growth of the Ni spheres. Anode fabrication at such a low temperature without any sintering could
insert a finely nanostructured layer close to the interface between the electrolyte and the anode. The maximum
power density of the attractive anode was 97 mW-cm 2, which is higher than that of a conventional NiO—
GDC anode prepared by an aerosol process at 55 mW-cm 2 and 600°C, followed by sintering at 1300°C.
Furthermore, the macro- and microstructure of the Ni-GDC-nanocube anode were preserved before and after
the power-generation test at 700°C. Especially, the reactive {001} facets were stabled even after generation

test, which served to reduce the activation energy for fuel oxidation successfully.
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Fig. 1 The shape control of CeO, nanocrystals. (a) A
octahedron in the case when no organic-ligand-
molecules are used. (b) At a low organic-ligand-
molecules to CeO, precursor ratio, the preferential
interaction of the ligand-molecules with the CeO,
{001} planes slows the growth of {001} faces
relative to {111} faces, which leads to the
formation of nanocubes. (c) At a high organic-
ligand-molecules to CeO, precursor ratio, ligand-
molecules block growth on both {001} faces and
{111} faces, which leads to the formation of

truncated octahedral crystals.

Fig. 2 HRTEM image of CeO, (left) and Gd-doped
CeO, (GDC: right) nanocubes.
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Fig. 3 Dispersion behavior of ceramics nanocrystals in
water.

GDpC
nanocubes  npeqal Ni
Generation test
(500°C ~)

Fig. 4 SEM image of NiO-GDC nanocube composite

nanoparticles.
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Fig. 5 Scheme of new (up) and conventional (down) Ni-GDC anodes.

¥ a—=T L=y v (Ni0) F /KT %
AL S 2 IR EB) SOFC R HE H = > K
Ty bF KT (K4) AL, BRI
REDE MR L R Az TOREE, MRy T
L X)L o &R P iE (Area-Specific Resistance:
ASR =0.14 Q-cm? (600°C {EB))) 2SEHTE /-

X512, WHEITL SOk ALY GDC F/
Fa—Tr&E=v )V (Ni) 7/ kT ek
b= 7 v (Nio) + / ki) 2HE1LS
728 SOFC REMRH a2 > KT v b/ ki1
AABL, BREHRMERE OB E LRI & AT
Z ORGSR, Lotk EHE (NiO-GDC T
¥ a—T7arvRI v FF KT (K4)
1100°C BEFF 1T TrEEL) & HELL T, ASR & &
S (0.05 Q-em?® (600°C {EE))) T& 52
Ex M L7 2, EREREFEO in-situ T
DARBEN T (B 21F 600°C) 12 & 0 F/ F 2 —
TO/EE - RESHERR SN LItk bbbk

L]

Fig. 6 Cross-sectional microscope images of Ni-GDC

nanocube anode after power generation test.
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AWFFETIE, FRNAMIBAREE TER L 72, R 2R 2 EEMAT 52 L 128> T
FORE, A S S B MRET 2 AT o 720 WEHBEERIC X0 B A9 12 s im Y TR GRATP I E
d,=1.01 pm, FBATEAERAE 0,=1.22, i TEd =22nm) ZEHEMHAT L2 LT, BEHORT
BARMRFLEE, BN TO/BEANETE2ZEPHLNLE o7 FFIZ, 500°C TOMEFENN
BUC X, KRR EE 2 MR L 72K (d,=0.92 im, 0, = 1.24) T, #RFHEDA % 40mm
THWIMTEL 2 MU ERolz. 610, HIEIPURIIMEFZHEIT O T (6.4 X 107 Q-cm)
EHARTHEBMAZOFHR AL, 18000 1 TTET (3.6 X 10°Q-em) L7z, Zhid, i+
fmtEom b, RFWNEOZEROBA (EERLE), SRFOMER EPEKZEERZ NS,

ABSTRACT

This research demonstrated a simple, facile means for the production of monodisperse fine metal particles
with high levels of crystallinity and purity using a rapid spray heating process. Fine particles of colloidal Ag
(geometric mean diameter d, = 1.01 um, geometric standard deviation 6, = 1.22 and crystal size d; = 22 nm)
prepared by a liquid phase method were used as a test material to evaluate the proposed technique, and the
effects of drying temperature (200-900°C) on particle characteristics were investigated in detail. The particles
obtained after spray heating at 500°C exhibited high crystallinity (d. = 40 nm) and high purity while keeping
their initial morphology and size distribution (d,, = 0.92 pm, 6, = 1.24). The volume resistivity of the fine Ag
particles after spray heating was 3.6 X 10~ Q-cm, which was considerably lower than that of fine Ag
particles before spray heating (6.4 X 10 Q-cm) by a factor of 180. The simple method proposed in this

paper has the potential to produce high-quality fine particles of various metals suitable for real-world

applications.
35
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Fig. 2 Effect of spray drying temperature on the crystal structure of silver particle: (a) XRD

spectra and (b) crystal size (d.,).
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Fig. 3 Effect of spray drying temperature on the particles morphology (d, = geometric

mean diameter, 6 = geometric standard deviation): a) before spray drying at b)
200°C, ¢) 300°C, d) 400°C, e) 500°C, f) 600°C, g) 700°C, h) 800°C, i) 900°C.
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Fig. 4 Relation between droplet size and particle size.
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Fig. 5 Effect of spray drying temperature on the particles surface morphology (&, = geometric

mean diameter, 6 = geometric standard deviation): a) before spray drying at b) 200°C,
¢) 300°C, d) 400°C, e) 500°C, f) 600°C, g) 700°C, h) 800°C, i) 900°C.
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Fig. 6 (a) Volume resistivity of Ag fine particles before and after spray drying(SD) ,
(b) TG analysis under the N, atmosphere(heating rate 5°C/min), (c-f) Cross
sectional SEM images of Ag fine particles (c¢) Before spray drying, (d) 200°C,
(e) 500°C, and (f) 900°C.
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Preparation of the Silica Filler by Mechanochemical
Polymerization in Water
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AN I N NVEADE, BRI X0 A USRI oA Z R LB TH D,
MRS N R 2 2R~ — B CTE L HETHL. 22T, BE) A 7V ERE
DIRCEHBIHEOBEN I AZEHL, SNEAD 27X IHDNVESRIIZLY), YUh7145—-LL<T
HAHTAZ e E2 2 A 3R, BEINVD L) BRI OE BT A 77X I H L
EAGEIT) S EI2L ), KEEPICBOW TR =R T2 /RE L. 22T, KiE
A HOCERRRIC LR —WE L) A 74 T —OFEIZOWTHRET L7, 205, BY
FADRMER) Y —CIA—T4 YT EN2Y )N T4 T—OFEIHII L7z, Leh->T, KiE
BHICBWTRT I AOBIRIZEY, X777 I WNVESKISOMEITIHER I N, 72, B
FAEIZE ST, ERPORFEIXIZIT 200 nm FEETH o 72,

ABSTRACT

The mechanochemical polymerization method uses active center of the powder fracture surface to produce by
grinding operation, and it is method to approximately completely carry out a polymer coating in crushed
inorganic surface. We focused the attention on the waste glass of the car which had low recycling percentage
achievement, and we thought about reusing this as silica filler by mechanochemical polymerization
processing now. We found what a polymer generated in the water recently by carrying out mechanochemical
polymerization reaction with the high ability mill for grinding such as the planetary mill. Therefore, a
preparation of the polymer coating silica filler by the wet grinding using the water was investigated. As a
result, we succeeded in a preparation of the silica filler that surface of the waste glass was coated with a
polymer. Hence progress of the mechanochemical polymerization reaction was confirmed by grinding of the
waste glass in the water. In addition, the particle diameter of the product was around 200 nm without

depending on the particle diameter of raw materials.
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MEEE BB

H—FMTEIMRORFEVPHLE0H, o
MEEHAEDETEEME L THZ LT, &
FERRIL & B8 L W iRe 213 5 2 &A%
REE 0%, HRICER 7 713K ~—<F
)y 7 ARG S5 Z & THEIRME R m VR
A R A GERE A BB S L I ENTE
L. ZOBE, EET T2 R) v OH
Mmoo 8 v 7Y v ZHNC L) FRIaLE
END T ENL\, REUEE I3k~ b5
FIRUG 7 a2 A58 5, HEME T AoV F—%
MABZETRYY—a—F 4 YT RER AT
I INNVEREDRH L. AN T IAIVER,
W 7e & OMIERIEIC L > THEME 2155
HETH L7290, MOEBFEN IR TERIERLTF
JEASHAL T 2 2 LRI E LTHEITLNE.
F 72, R & FECHE oML 2479 2
EDNTE D20, kLo 71t 2 D 5EHED
WFFCcx 5.

AWRETIE, TRETAHD /T IHIVES
BUOSICBT AZEIC oW TIRBI R — v 2 vz [
W, BRI E o THELZ TV AINVRAF V0 Y
OEWIOREZD 720, £/ ~—HplF 72
X, n-ANT I rRAFHY 0L RIEmER
P2 EH L C, ANHHEEEFHA T CHA
FBR % 1T o T\ 72 (Hasegawa M. et al., 1997;
2002) (Kimata M. etal.,2013). L% L, X 0¥
OB WEER— VI VE HW, KbTTIL
IFEMMADAN ) I NVEARIEEIT-
2B TNV ERERE S5 & b KSR
TCTEALOETIMHER S N7 (Kimata M.
and Chigira T., 2017).

—77, 4 400 THEOBEHRESFEA L T b H
T, HEVJEOBET I A131) 1 7 VEREORK
bEWMEO—D2TH LD, £ TEIMETIE,
HEIHEOREN I A% ) 7145 LTHER
FIHSE 5720, BY I AZ#ELER—ILIVIZ
LTOMBTHLIEI2ED, MMA & DKAD A
B IANVEESISERART. BET T A%k
Mg pZ E1l2&D, fiifbe & bIZEEAARY

R—O—=T AT ENZTI)NT 4T —DFH
PR CE 5. F72, KEBEEELTHWSZ
EDTENL, HREREICS 2 5 A 2B
BIENTEDLIED, BEHOIA N7 I
DRMVDHEEZONS. T, BEHIKTHN
THEE) I VRHRE I VD X D B O m
72 Th L, REEEIZMW TN E=X IV
(Kimata M. et al., 2014) 7 & O O R
RN OIRHAIFRETE 5.

i A

1. GRS X O e

BEA T AL, KT £ 1160 ~ 600 pum B L O
75 um DL I L 7288 EHEOY A 77
(V) —=FHIKA T A) AR L7z 8RN, (k)
R EBEERTEE) A 7 vty — XD,
77T AR AR ((BR) 7 & b AR #,
AR ) —X) 12X DK 5 mm A IFRE
SN OB EIN, TNEAY T I
(H MR (Bk) %, ANS-143 1) 12T 10 4
M e L, 5 %\ HE & 1180 um, 600 pm,
75um D NS KB AL VWEHWT, a—% v
T2 A N —=I2E 5 TI10 555 BV EAT
W, HBAE 600 um D55 W EB X ON75 um D
SADLVWTIERS 720D EBRICHW. £/
Y=L LTHWZAZ 7 ) VEEAF )L (MMA)
X, THEGREE (ZZE L/ 3 v8) 2EEFHR
T, WMEARZE L R0 FHLA. £
7o e L CHW K, BRI KBS E (B
x4 A2 (#) #, =27
TW-300RU) 7% 5 FREL & L7247k 2 100°C, 30
RIEFENT) T H 2k TR T I
ST PERFE AR T FH V72,

Wit s e REOLAT2: 1 DR R —
V32V (Retsch #, PM100) %= vy, Bfezsss
NV a=THTHERE 25em® Db D%,
AR IZERE Smm D4 v b TRERY IV T
ST =X ZNENH .
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TR, R RAIAR, 2T — (B
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NWR—IVFEEJ=05 A5 ) —FHEE U=1.0
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M7 2 DR [m]
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TR T — O [m?] 5
TR L 7R — L D 2B [m] 2)

3, WRERFHKTO70—7/3y A
2T, WAL, BET T A, MMA,
Wi ek & FrEm AN, EH OB ETHE L7-.
B, BEAT A, MMA, BEEFZKOEKFEII,
1:1:8 CTh L. Hiipfdrz R I IVANIZID
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72, B, ZOWMPIFTERR T TH SR M
SR TT ) BNy FHATIT o 72 Biefld,
% DK % N Z 70 05 5 A B & AR % 45 B,
TR L7, 55N AT ) — I3 E 2R
(2 & 0 a5 7.
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BONTHEEWICH LT, EARER)~v—&E8
LU HFERFEOWE, RHBLOR) v—a—
TA Y TIREBOBS 2T o7 WIS, AW
LTV v 7 AL =t &7, AR ~—
L, R ~v—DREXITo 7. BN %
FHExEDTIRL.

R~ — @ I EBRUR SR (BEER
(¥k) #1 TG-DTA TG8210) % H\\T, ZHHEE
FHAT, S 5°C/min T 200 ~ 600°C Dl
PO 5K, K1) v —~Olx{bE % 5l
BqHL7.

BEWMOFRIIREOBILE, EARE 1Y
§5 /A EME T HMEE () HIZ#, FE-
SEM/STEM SU8000) % H\»TH79) & & I,

FHLEFH >~ 72D WT, STEMIZ X b K
Y=DIA—T 4 Y TIREIZOWTHELIT-
7z.

eFRmARN 2, BRI B Bl e 2
& (Quantachrome %, Monosorb ms-21) % >
72BET | sEIC X Dl L7z, &d, MHwER
Rax, BEEE (7vr vy 2 (#k) B, FT-101)
*FHWT, EZET, 200°C T 3 KR 2ULEE % 47
AT ET, HMAEWTROR) < —FRY) Bvizd
DEMEH L.

AR < —ORIEICIE 7 =) ZEBRI
JEGEEET (HORIBA #, FT-IR FT-720) % H\»,
KBr $E#3:12 & » Tiro 72,

R~ —0hnfElE, FVigErsax 77
74— (v — (%) #, GPC HLC-8220) IZ
£, 7hIeRu7J > (THF) #HECHE
L7

i

B R

1. Btk & R < —iffbsg

Bl1IZ, BET T ADKRBZEI D AN 7 r3IA
WVEEATHERL72RY) <~ — Ol bR 02 L
wRL7z. WO, Azl &0

-@- Glass (1160-600 um)
-@- Glass (under 75 um)
@~ Quartz (1160-600 pm)
100 T T T T T T T

Conversion [%]

10

Grinding time [h]

Fig. 1 Conversion of MMA as a function of grinding

time.
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MREEORL KLY, FREORET T
A % WS BT D R R & &
LICHALEOMIAR SN, AH ) IHIVE
A RIS DMEFTHRERR S 7z, g LRI R
PO, IIRIZHEMLTBY, K)~v—9%
AL IR FERIIA S NS, 2, A
P & 1) HERALER OIS 5 KR 5BV C L AYh
Mol ZTHUE, F T AHIEREE CHUERY
LT Ems, ARETHHBENIEL, 99
HNVOEREEHEP DLW ENEZLNA.
B, BEA T AIWMIIALF4E 1160-600 pm D F5
BIS5um LT Db O L) K1)~ — Rl )
KEWZ EDbRD. 2, MR TFEOKR
EWHPIEC X o TER SN L FEREHS
W, FIBICHES T AIEH A& ENS <
o TWAIZEDPHEKELTEZLND.
X212, o NERIH» S R) v — 2k
BAZHIE L7 7 A O LR ORFRE L%
L7z WS, AR TERRL-E X
ORERZPETORL. T2, BEEo o
720, BEN T ADH % FERFKY, KL 1:9
ThHIEL THELNCHEREZAREO 7Oy T

-@- Glass (1160-600 um)

== Glass (1160-600 um, without MMA)
-@- Glass (under 75 pm)

—-O- Glass (under 75 um, without MMA)
-@- Quartz (1160-600 um)

== Quartz (1160-600 pm, without MMA)

Specific surface area [m*/kg]

Grinding time [h]

Fig. 2 Specific surface area as a function of grinding
time.

L7z B, PO, kT % 2RIk
EfE L CHRIEL7ZIEIFEETH L. LD,
BEH T AT A & TR O FL R I Y/
SWZ LD SH. MMAFIE T COH T AD
TR IR & & bR 2ozt mL
TWBDIZH L, MMA & % 2 Wk Tid,
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WTE5um LTFO L 0Tl 1 B o BT
E—ZIELZ0L, AL Tnwh, 2y
T AR T DGR L BT DSHIF & & 2 5
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Y —OEEOIO), LREEOBIIIW 5 <

D Thoiz.

WERERIE AT 5V NVOERE & EIE
f212% % (Hasegawa M. et al., 1993) 728, BE
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D7z, [Pk A2 L7z L EORR % ¢
TRL7z, &Y, BAI 230k 78I &
59 LR EAE 9 X 10° m¥kg 73T 5 & 22 b
MLTWaEZEPMHRETEL, —F, AR
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Fig. 3 Relationships between conversion of MMA and
specific surface area.
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(Hasegawa M. et al., 1997), 4 [l D#FH R & F e
LIERDPE SN T, BT T Ak
DEIPFERELTEZONL. T/, Wk
BEOEWZLD, )BT O R —
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BB T AR DO RIGOIE A E A SUC I 2
LT3 EEZLNLD, FHlIEIAHTS 5.
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Fig. 4 SEM and STEM images of the products.
(a) 1180-600 um (5 h), (b) Under 75 um (9 h)
(Grinding time)
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Fig. 5 FT-IR spectrum of the product polymers.
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kL DWW A1 & ) Ll SNz~ )V T 3 ¥ Pickering T~ )V ¥ 3 ¥ I, FUEH R %
HWwabZ el arzgEfbd 2 FEE LTEH SR TW S, k12 X 2 WK 5 0%
A, R OEALE L L) 3T TH LD, Bk Wog FL O F iR 3R 12 BT S
T, AWFFETIE, WK TR O TR § 28 WAEDOHREWS NI L2 L2 HIE
L7z, KA OB LR T WL ) ICHICIREOR F- 2 R & Lz, $72, FERIOFH
T, 70— 7RIS 28R 2 0 5720, v E 7)) — O ERPSUHELE & v 7.
T Y KGR O TR ) & WAR - ORFEOMBE LTHEL2EZAH, HFRHASEE &EHIC
FUHRAIDNEA L7z, € ORA =, KA OWHEIZ X 5L EbH T L F— W L7k o
FRAOMBESER & B L TIRFIZRE <, BEMZRRIZL D Z LA s

ABSTRACT

Emulsions stabilized by adsorbing fine particles are called Pickering emulsions, and are attracting attention as
a technique for stabilizing emulsions without using a surfactant. The stabilization of the oil-water interface by
the fine particles should follow a change in the interfacial tension, but it is not systematically understood. The
purpose of this study is to clarify the effect of particle adsorption on the interfacial tension at the oil-water
interface. Monodisperse and spherical particles were used to make it ecasier to analyze the effects of the
particles. In the measurement of the interfacial tension, a quasi-elastic light scattering method was employed
to avoid the effect of the probe contacting the interface. The interfacial tension at the decane/water interface
was measured as a function of the number of adsorbed particles; the interfacial tension decreased with the
amount of dispersed particles. The decrease in interfacial tension was much larger than the stabilization free
energy due to the adsorption of the particles, or the repulsive interaction between the adsorbed particles,

suggesting that the decrease is due to synergetic effects of structural change of the interface.

_48 —

Copyright © 2020 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/). BY



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 48-52

Research Grant Report

MEEE BB

kLA DB IZ L ) ZElLE Nz vy 3
> & Pickering = ¥ )V ¥ = » (Pickering S.U.,
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AP, 1997), ZD% IXEA 70— 7 % ik
() IS es kit o ThELLN
OFHINZ D EOL . Tu— 7% FEICHEAh S &
L, Tu—T7ERTOMEERICED, W%
OB T AW H L. Z 2T, Kif
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Fig. 1 Experimental setup of quasi-elastic light scattering
measurement based on optical heterodyne
spectroscopy. The light scattered at the oil-water
interface with a certain scattering angle is detected
together with a portion of original light (local light)
to give frequency shift by the scattering with
capillary wave.
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LEBYIZTNTG v 2T+ b F A F— F(APD)
TZHL7. APD DfEFIE TV FIVANRY b
SLTFIAF—T7—) TEHEN, ¥—}
BHEANRT NVRAAL VTR, ZOHET
X, JRPTE L RS S A HELDE O BLELA
A, RO A 0 & —3T 5 2 & DRE S
NTHBY, ¢ IEMEICHRESL. 2B, Bt
8O0MHz 72 1T ZR E T\ 5 728, 80 MHz @
BIICHN 2 EELGIC L B ¥ — MEF % i AL
D, ¥FXYET) —EOREKEE.

3. A oEH

79 Y RGN L 2B R Y A5 L >
KL F- O FZ il F X BHMEEBIZE I & o TR 72,
100 5 DKEXFY L > X% v TR A 5 7
% BEMEREE L, R AF L kT oKMMENC
BHL TV LEaoBEREd 2 lE L. R
INEWVTZO X Z AT ADRY R AL, Bl
¢ 1L $=180°—sin '[(dR)R]IZ L kKD
T, RIFNTFOFETH 5.

B R

it %

1. REF- 20 oA o FRiisk )

BI2 1K) ATV ama@sErn >y /K
G O SRR OWERE R %, B L 72h 155
B omE (=) (LT 7ay b LK
THb. PSydbbDIE, KfraTrnwe7
O/X ) = VKEBRTH Y, 2-7187 — )L &K
MERILCTEHEREEINTVLERTH L. KT
PEINTWR L THRBABEOWRMIE S 2o
THRERHDWA L7z, 2o kid, 2-7ass
S =T v RPN A T A 2 & TR
EEAL T I EERIBLTWAE, T
LT, RTE2E&L2-7 08 — VKER%E
BB L72WmE, MFraEeuna il
MR L) KRE WA L7z HER ORI
£ 2 SRR O, A h Ok T8 A
KEVWEHEICLYVHETH 7. 2D LI,
2-708 ) — VORI CREE R %
HHTE LW ERRLTEBY, FmEICHEL
TV AR AR &R O FLHRII IR L Tw

LT EDVHLENII 5T,
50 : : : :
45} . -
i
Eaof P 2R
2 I 1
és& % i
R Iy ¢
B ]
B 30 n .
25F s @ i 4
Y
20 L | L | L
0 0.02 0.04 0.06
EBREE (mL)

Fig. 2 Experimental results of interfacial tension
obtained as a function of the volume of dispersion
solution added to the decane/water interface. The
dispersion solutions added to the system were, [> :
PSo, <l : PS;, O : PS,, []: PS4, and 2 : PSy,.
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Fig. 3 Contact angle of polystyrene particles at decane/
water interface. Dispersion solution of PS, is used
for this measurement.
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Fabrication and Application of Functional Soft Particles
Using Red Blood Cells as Template
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ABSTRACT

Using red blood cells (RBCs), we have fabricated functional soft particles, which exhibit not only several
kinds of shapes but also biologically functional sugar chains of ABO blood group on the RBC membrane
even after chemical fixation. It was found that chemical fixation of RBCs with paraformaldehyde significantly

reduces the adsorption amount of bovine serum albumin on an RBC, but hardly affects that of lectins (i.e.,

proteins that recognize blood type sugar chains).
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Fig. 1 Schematics of sugar chain structures of ABO blood group.
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Fig. 2 Scanning electron micrograph (SEM) images of
chemically fixed rabbit-RBC with three different
shapes: biconcave discocyte, spiculated echinocyte,
and sphere, from left to right.
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Fig. 3 Relative amount of proteins (GS-I, UEA-I, or
BSA) adsorbed on an intact sheep-RBC (a) and a
chemically fixed sheep-RBC (b) as a function of

protein concentration.

TT&®H o7 (BSA>UEA-I=GS-I). H w72k
MmEkix 0 B-TdH > 7272, UEA-1>GS-1>BSA

EV ) IEREDIAT = P L Twzhs, EEO
RILES TV, 78 —H A4 M A M) =2k
LR RE L KR L L, I3 0 H PR
L2 F v TdhbhUEATIZOBORIMEKE D L
DEEZFIERI L TWA2, —F, GSI1B
L OBSA 12X % O BURIMERDEHFIZITE AL
o hotz.

Fixed RBC |2/ 3 % GS-1 B X U8 UEA-T1 O
7%= %, Intact RBC |[ZX) 9 S W= & 1ZITH L
TH o7z, —7F, BSA OWFEEIIFRIMERDIL:
BEICLDFEL <AL, GS-1 B LU UEA-I O
WaEm L ZIEF Cicholz, TNHDY VI8



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 53-57

Research Grant Report

B2 X % Fixed RBC &9 L O&EIIBIZZ SN
oz,
DlEo#Rix, (1) RIMEKD/XT RV LT )V
7 FEZEICLY, RIMEREEEICHEEST S5 >~
737 B O R AR IMERE H AR O E AT 5
ZE, (2 BEY UNZEICKHA L T D IR
BEGEIE, /ST RNV AT VT FOEELZIFIC
VWb, BRBLTWS, 4, IMEkRE
DB Y X7 8 (RWFZETlE GS-1 & UEA-D
*EEEHT 5 2 LA HE L ORIMERZ FIH$
B7290121E, S HICREZBET DA TR TH 5.

H4 BB F & R R

i L FE %

1. Seto H., Saiki A., Kamba S., Kondo T.,
Hasegawa M., Miura Y., Hirohashi Y., Shinto H.,
Amplification of sensor signals from metal mesh
device with fine periodic structure, Analytical
Sciences, 35 (2019) 619-623.
https://doi.org/10.2116/analsci.18P498

2. Shinto H., Fukasawa T., Yoshisue K., Tsukamoto
N., Aso S., Hirohashi Y., Seto H., Effect of inter-
facial serum proteins on the cell membrane
disruption induced by amorphous silica nanopar-
ticles in erythrocytes, lymphocytes, malignant
melanocytes, and macrophages, Colloids and
Surfaces B: Biointerfaces, 181 (2019) 270-277.
https://doi.org/10.1016/j.colsurfb.2019.05.067

3. Shinto H., Fukasawa T., Yoshisue K., Seto H.,
Kawano T., Hirohashi Y., Effect of exposure
temperature on the cell membrane disruption
induced by amorphous silica nanoparticles in
erythrocytes, lymphocytes, and malignant
melanocytes, Advanced Powder Technology, 31
(2020) 835-842.
https://doi.org/10.1016/j.apt.2019.12.001

— 56—

4. BE R, BOR G, s AL

S Wk

Kamata K., Piao Z., Iyoda T., Biotemplating process for 3D
structured materials, Nippon Gomu Kyokaishi, 87
(2014) 140—145. https://doi.org/10.2324/gomu.87.140

KB A, ARMERDEALS: 5 2 B, TR RS,
1993, pp. 5-6, ISBN: 4130632094.

R EHE (BB, €ARDL» LI - REOFH, K
54, 2017, pp. 34-35, ISBN: 4415322646

JUR SRR, "L 7 F AGEOWEE", Lo F Ui, #
S > —, 2007, pp. 57-77, ISBN: 4762230545.

190 - RA ¥ —5k

L #F e, HEO AR, RN, REEE HSE T
W BLA—, BRI A > 2 RT o
7 - BUA L HEMHEO 70— 4 P A Y —
AT, L5455 83 4£4 (Osaka, March
13-15,2018) NI117.

2. WE EsE, CRIE Ok A LS Bk
5 - M EAERT, b TR IUN S
HEpI 2 (Fukuoka, May 25, 2018).

3. #E iR, WAHPR ofE 4 ORI T A
Krf-offag, Wok, #HME", H30 FERILK
FELAMBEVRTERRE 7O Y 2 7 MRS
PR T — TR GRS S 72 5§ % 1k 7 H e
T4 (Sendai, Sept. 6, 2018).

ARG i
ET, W Rh—, "7u—H% A X M) =B
Lranq F7u— 7RSS &
% MfE—H T A HAEFH OFHE”, 4 69 [
04 FB LR LAF] 5% (Tsukuba, Sept.
18-20,2018) 2EOI.

5. FEA: BEZE, MWAH R, AR R, RO
PRE L BERE HZET, W sh—, W
G, ") AR OEMERO X 71 = X 4
R, fbaE T 52434 84 424 (Tokyo, March
13-15,2019) G317

6. bk 3, WA K, BUE HSET, W L,



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 53-57

Research Grant Report

9. MM KR,

oA e, HESHIEEIR o~ 0T 7 —
IO - BOAMIRS 2 B—R 1 L~
TOBM", fLFLFR5 84 42 (Tokyo,
March 13-15,2019) PC232.

. R AR, KB MRS LR EME SR
WL, WEE pL—, BEAE HSET, B dheE, il
SO A M L7 S T OFERB L
y N7 BAEAMERHE"T, b TR 84
4 (Tokyo, March 13-15,2019) PC258.
COROR ISR, R Ll AR R, R 3,
W BOK, BAE 3T, W sh—, "Tu—
A PMAMN)=BLUPaasf F7u— T
T M SRS £ B BRBEVERL T Ol i
MPED AL, R T4 2019 45 5 HHARF
7238343 (Tokyo, May 9-10, 2019) S-13.
REAY H4s, AR 5, WK,

— 57—

10.

11.

R, W oL—, RS T e
e D) BRI X A RIERO R O
AN =X LEBT, 556 LB E A
WL K4 (Kitakyushu, July 13, 2019) CE-
2-045.

YR ZE, HEH R, R e WP Rh—,
o ks o u Ty — DIk AHEE
EERL O - BUAO 70 —H A F Xk
) — RN, 5 56 [IfLAE BE SR A IR T
K% (Kitakyushu, July 13, 2019) CE-2-044.
WM FhilE, kB EEFE, AR EME OEE
Hith, WS ph—, BEAE HSET e ke, v
707 7 — VKT B IESHIS R T Of) 5 -
BUAD 70— A~ X M) — BN, 456
o] {2~ BY 52 50 A A UM R 2% (Kitakyushu,
July 13,2019) CE-2-047.



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 58-62 /Doi:10.14356/hptf.17108

.ﬂ\’
Lt YN DB T 2R E R aaen
RFHE Hosokawa Powder Technology Foundation ANNUAL REPORT Vg@g&

P 2 B R L 7ARRETE 7 /Ry IR o 1R

Preparation of Functional Nanoparticle Films
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ABSTRACT

The surface of the particles was identified using the Hansen solubility parameter (HSP). From a comparison
of the HSP of the unmodified and modified silica, an NH, group is suitable for entrapment of the silica by
cellulose acetate as the polymer. However, with an increase in number of the silica particles, entrapment of
the silica in the polymer was prevented. Control of the phase separation rate by the lowering temperature
leaded to entrapment of silica particles in the polymer network. The proposed technique is effective not only
for spherical oxide particles, but also for non-oxides, various shapes and structures. Depending on particle
characteristics, functional films and bulk materials for thermal insulation, light diffusion, and electro

conductivity can be obtained.
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HHTO & D REEHEATRETH 525, KA} -
i (UV-VIS) 436t EEEHIC & 0 WGk &
HoOEERERRETIUE, T %ML TE
. SrEAREZ AT 512E (PVhT) 3
70 b= HCTHEHEZERL, —Ki
FEDE um BB TTHIUDCF M, Z
NLLT CHIUTET MG V5. ZRICT
BRI IR T 121, BT
BEErEZTBETL2ONEE L. KL —
W — PSR ORI, Ry 7 by 2T
o TERTTHEENHFON D DB L. i
LR SN 25E BV E T MR CRIE L2
WICHG % =TI T 5 Z L b HECTH 5.
SEUREE R WAL T 5 Z L3 HAT R E S D
MWETRETH A, LA L, w3 T L2
REZ LR TE R IUSEEREIMEL 42 5.
R < — 2 WL S L RTORIERIAER T L A
[ e 2 T A = G 1 o e /AL : R 12 S P
WLON, EOREEAREPTFIUIIINS
B OD, T EMEENTIEH 5 235 B IR
BOFERIEONL. HRPLELREGENS N
A, KESAHIESR, KR THIWETY— 7 BAL
o b, SEEEOMBN R IERIEONS.
/AN X BEBLEL (SAXS) % BV TR HAL T D 45
BB EREE A HEN S 21920 £ < ATb LT\ 5.
WL T3 BB S 18 & Ao B i OB RETE & O
BIDSEUILTZ &, KT R TE DR S LB 72
5. EALRUE R TIUEF OB ZE L T
Bonsh, EHHEEZEL O ICEE
RIEWMTd 5H. KAEREIZEA S B E R O
ERERL, RAE (IR) 736501 % F IR~
7 MU OHERRT S, KU A (Si0,) @
ity EMY T/ —)v (SiOH) #HHKD ¥ —
7 753500 cm ! AHTIZEN A O T, SUEHA & K
BT UL O =7 AT HZ 2L T
WHEAEEAEFERETE L. EAERERIE, Z=
AT, FTOMEEIZIL LT 200 ~ 400°C R
DO TR Y 5. BEESH (TG-DTA)
A CESERD ) O EAYEEEY AL A 2
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ENTES, FAMBFEHTTAZOxY N7 T
T4 —REESTEMAEDLELI LD TE
5.

CZFETT, mFEGOBRENELRL72012
VE R RANEE 4B TE2. LX)
ICRHEE LA TH L. KISEBEOZTIR
FECUE & AT ) B EE, B e L AT
EBRECHEDICERTE 5. BEKCE (X —
N7 L—7) & v 7- 8RR RS T O UG,
BIEOFERDITHY, FFHBICEALST
b ehn, WEAIOBEAR)FIZERIE &
Db L L LEERF IR R MR 58
H525580H50T, FEILETHL. £
DIE7A, SEHN OB LTINS L 728 5 KA
HCYEEIT) HELH L. LT, &
i WEANCL - TC, F2, KSEHRRED
SR - T, BASNLIYWHEEREIZR LS.

B 2 \ZEEREME 7 4 VAR BN TRHET %
5, NWHAMOBRERY) v =TI W, FE4T
R 2%06, IHEER) ~—LEIZRE72
59, R)x=EbiuL, #EL-WEHLE
bETERTLIUNEND Y, 79 % IUISE S
HIAHEETLZ IR D, KTEEET L —
AL HHIES.

ZOLHIZ, RELEE—FIZS-> CTHIFH
WEHMICE D, T, & Bl L o#y)
BAlAEDLEE, L) XL, BERICHEDS &
IHPKEV. AL, L, mEEMIITS
RO, FT%AR) < —FEMEICANSREIZ, #
L7228 R, 8 L 7S AR A D35 o T
726, VEERISRIIMEIC EATHITE N R,

Mm% B &

1. HSP %R {-il PR R
BIREINT A — 8 — 2OV TR HEISRAT
% . Hildebrand 175, WHE OEMRME/ ST X —
% — (SP,5) X, HED 1 cm® OWAEDPZEIST
B 72O E LRI OFHIRTEITE S
(6 = [(AH-RT)/V,,]'"?, AH\ZEVHEFER, RITK
REH, TIWXRE, V, 3T VEE) 2 & z2R

L7z, SPAEAST P E R L@ R IE S < &
B Eno, FIZITEBEMERIZBWT, R v —
DR L 7R R E R 28 Th 5.
Z D%, Hansen [E+ASP{H % =KICX27 ML
(5 H0H, 5iRIE, KFERHEIHE) THET Hansen
BIRIEIS S A — % — (HSP) %3R8 L7-. Fi
ZODNY7 MV, van der Waals 77, Bl T-E —
AV MNOBZEBLDT, KEFHEHEIZFF—,
TR TY—%ERTHLELIZZODIH, D
FODEFNOONZ N VI HHTE 5. HSP
b SPAE & MR, “EABLTW2 b DIEPLT
WA LDEEIRT L LW HMAEZ T TH
LD, =0, TN ODOXRT M vEHWSLZ
ET, MONPEHNTBEOEFEZHD T
WEDPEGHTELI LD, SPIEE RS
JFEFNMEN R ETH D,

Z O HSP 1H % AR O 43 FE R IS H v
LA, "HSPEAPLCT WA L DB Tw5 g
DEGETH LEVMALILENTES. B
WZERALY, A, Wit o oA X, <
4 7 0% A ZORFIZONT, 58D Lk
A2 RN 5, B D\ ISR T O HSP i % >R
LEED SNTW5 (SiBS. etal, 2018).

[ AL F- > HSP A O 3K 7 O — Bl % #8751 L
72w, =007 PV TELLZRITEM
(Hansen ZE[]) 12, HSPHEEHIOERE AR 7
Oy g5, INOLOEREEIITL, HiL
T DHRT % L K ET BB E D EAT S O
FETHET 5. X< o 7oy b
X TEDLETIY AN, BoOEHEoOTa Y M &
TEXL7ZFHERd 5 X 9 128k (Hansen ER) %
i <. Z o Hansen Ek D H.L A% Sk 1 HSP
i & 72 5. Hansen ER1%, 1WA E I, Steven
Abott #IZ S FFFE L 72 HSPIP V7 b7 = 7
ZHWTHC ZENTE .

BB E R T 2 12iE VW o0
B:hid 4. Bl 21X LUM #: 0 LUMiSizer 1&, 43
BRI % O TR LR S 8, 20 R A
DFE MBI DFERELALE AT PIVFRT B I L
MNTED. ZIhLHEEOREREERZ EE
L7z B it 2 5tE L, EEoBMEL Y

— 60—



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 58-62

Research Grant Report

TLRERE [ 25 R T A s i & I3 5. o0
WOBEEE A 2 HE LC, FBRICEME L #%T
T L, BHEREBEKEE (NMR) b,
1 R A 3 TR 2y R Vo (U a2 1 AR

EDRTE 5.

HSP R ORI, 20 ~ 30 FEFEE %
BT ENHEREINL, KT D HSPEA A
MORPRWIE, TELRTEHEDDH % HSP
i % FFO % # N3 4. £ 72, Hansen BRI,
F 3N, RGBT OBESE L5 b
AoTLEHITEDLHAH. 2O TOXRY |k
LV EFOBEB AR L CEROBEH % EfI2Kko
HZ LT, XOIEMELR HSPIEE KD L 2 &8
TE5.

LTI

B R

W% 2o RIS S5 & R0
MHEIZL > T, MILEEEE L BT 5 1%
RV 20 5. Shva, BRI EED:
(NIPS) ZJ6HTAHZET, BHILENTES
(Takai C. et al., 2014). NIPS {X, 7 1 V¥ —7
EICHWRZ R~ —ZILEREAFRS 2720
2, R~ =, BEE, ABEEO =S5
WaEIED, ThaMsEne L CREHELER
DL, R v— L BEHNRARHEE IS
U CERITEE IS 2. 2F ), K < —
ARG ZEY, oM BEEO P IZ RS
PO L) IHFHE LS L D, MSHO)
ETEBBEZRET S L, SRR Y ~—#MHE
HEEMTE L. RSB FEEFICHFEE L T
726, TOR)Y—#@EMEEE A FELT,
FFEZURDEIEDNTELEL) EERT.

RFEFOHFM T, FITWELRILTHD.
SRR EEREICTI—T 4 Y T T HEDRT
£, R REBOIAETH L. FTHR
Jvw— (ZZTiEkrva—2A7k5r— ) LiE
MWHER L IFAUE, B ~—ICIY) AEFNTER
TEEERIELTEA ). ZD2OIC, LD LI %
B FEWEEZER X v, HSPEZ 1§ -
ThRET L 7.

Wy e flviz, 4FTle, ek
WEORERD @ 72720 Th A, WEHILY 5
YAy TNy THE R, BRHEIET I/
(NH,) #& M) 7t XAF)0 (CF;) M
WU 7z RSCEHT-1E SIOH OFKYE, NH, %
QU K D AR, CF; ZRCUEIC & 0 BUK R
MTETNWLI LIRS, ILHEK 4 261
H ORI E S, LUMISizer % F\ CUASE
LT TORE, HSPHIE, KRWHET
20.79, NH, L& T 21.83, CF, S T 19.86 &£ 72 >
7o, TN TIEIEMNLENH L LITFEZ LW
B, KREEEE (6y) R 5L, 571, 8.06, 3.65
EhoTBY, EMITHV - YE—-AT X
T—bhDWDTH THLEILEEZ DL,
NH, SB35 2 & TR REAEAM T D72
EERD. KA DOKRUHE, UER T ORI
FHEMHED S, RFREO—EHIZRAET 5K
DEEZRETHE, NH,EM T2 RHE <,
Sy DRELWY LI ENRYTHL L%
FMATTBY, WHEMTFIHFLTH, oHdts
DFNNEIEEAL & L C HSPfEAME 2 5 W] Be Tk
WENWZ EEZRIEBLTWD,

NH, ZGE LY ) hE2ELVa—AT7 T —
MIZXLT30% & 7% 5 L9 Mx, NIPSHEIZ L
D RIS ILE A ER L 72, RUCER T, &
Va—2A7 27— FOAIHEE SN L DITH L
T, NH, BEZUER FIIHNEICHD AF T 5
e A, NIPSERZHWL56, BRiEHE
OGS L L HITEWOMED LA D . K TIRE
O¥EMLFEETH 5. MEOWIL, KT
BEWTL70, BEICIZHSPEO AT E&D
FNEZRITCEILEEZEN S V) DI TldZ
WS, HSP i % & b 2 T oo =14 % i
L Td =KL LRI EN 2 v,

RpE CTIL HSPE A W CRL TR OFH N
AR T 5 2 L 2 A7, BETFEHEITE-
TWBHERETIEH LA, HSPEDS, K1)~ —
<X MY 7 ANESECT A RF2R I T A A TFE
ELTAHMTHDL I LERTIENTELE
A T35,
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Design of Nanocrystal Based on Crystal Engineering
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Faculty of Pharmacy, Kindai University, Associate Professor

E-mail: nagai n@phar.kindai.ac.jp

W s

INAAN—=T NAZ ) == 7RarEF M) T7IV7 I A M) —I1I2RFESNDRFH R FHILE
YRR T ORI, SEMEYORL ABICEINL Twa. IRL0OEERPS, EHRSHSE
BT, HREEEDONA F T RAFE) 714 (BA) EHEHMDSTAEIEFICEZHIN TN S
RIFGE Tl RS TROWREF 7 77 /ay — 12X ATz fAagbesr I Licky, &
NSREOYFEL R, ZORKE, EEGIOR5 S—) (CLZ) ORmEEx8ET 52 812
B L, CNOHERETOEND T /S MAI SR O R A - LEkIC S35 2 L2 /L
7o. F7z, KT 48nm O CLZ F / fEdk 7% £ & 3 5 LENAEE (OD) S 1ER L, AH)S
MARK 22575 OD FEICHNBA DK 2 BEEETH Y, MEBIGENEHTHLZ LWL L
L7z, Dk, BEEBALE 7/ S bHr 2 ga L FEERET 2 & b12, F /45 oD §ED
ISR E IR L7

ABSTRACT

Recently, many insoluble drugs were produced with progressing the search method of novel drug, such as the
combinatorial chemistry and high through-put screening studies. Therefore, it is important to develop a
technic to enhance the bioavailability of insoluble drugs. In this study, we prepared the nanocrystal based on
crystal polymorph of cilostazol (CLZ), and found that the crystal polymorph affected the solubility, stability
and bioavailability in the CLZ nanocrystal. In addition, we designed the oral formulation containing CLZ
nanocrystal (CLZ/R-NPs tablet) by the combination of recrystallization and ball milling. The areas under the
concentration-time curve (AUC) in rats orally administered CLZ/R-NPs tablet were significantly higher than
that in OD tablets with CLZ powder (CLZ/R-MPs tablet), and the AUC levels of CLZ/R-NPs tablet was
approximately 2-fold of CLZ/R-MPs tablet. In addition, the oral administration of CLZ/R-NPs tablets
attenuated the neurological deficits caused by ischemic stroke in a cerebral ischemia/reperfusion-induced
injury model (MCAO/reperfusion mice). It is possible that the oral formulation based on CLZ nanocrystal
will be useful for the treatment of patients with ischemic stroke and that these findings will provide significant

information that can be used to improve the drug with low bioavailability.
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MEER BB

BUTE, Bl L A O 70% A HEKE
PETH Y, 15 HKBEESEY) O Bioavailability
(BA) % WHIZHEMR - T 2 08, SHROEKE
EMHRICBIAKRELHETHL. —F, T
J REENE, IR A 8 Y 2 g o
HAETTH7IZ70ry (lpm) LFOH A X
(ZHBIHIAL L 723K THhH Y, F LB LY
BONT—DORETH L. TS T RTOF
ik LC, RN RIS X B VAR, MR
BRZR B m\ 5, S E e R D
TLAHEIZEE DY B T &, BRUiALI X ) R
100 nm L F 295 2 & C, Ostwald-Freudlich 3
PO FHEIND &) ICEY) O BERELE DI
TELIEREVPEITFONG. LaL, HED
W b (7L 427 % 2:) Tid 100 nm B
TETORERBEHEDHL L, S5 7% 50
FEOWMLSWETH H. & 2 TRIFFETIE, B
BREEY THLIaAY ) —)V (CLZ) %X%F
S, [KaETOERLFATIZH b
WEOETY > 7] & [ g o=
D& AE DRI WRE OB & Z ols HE
WZDOWTRRE 2175 72.

i A R

1. CLZ F#s5hF 2 ki ¥ (CLZ/R-NPs) K O¥
CLZ JE#EF 2 k¥ (CLZ/O-NPs) DOfE#R

50% L% J —)LIZ CLZ 53 (CLZ/O) Z 2.,
120°C T 30 3 fmeE4 4 2 & T CLZ & B &
H7z. FOk, BERAEIC L D EES AT

X, | HEET L2 LT LR % CLZ
FRES (CLZR) ELCTHWwWA., 2 Z2hb
CLZ/R J% " CLZ/0 0.5 g & sodium docusate (SD)
02g, AFltiru—2 (MC) 05g % HZE
I0mm DY IVIaA=THR=) L&y, EREHA
AR—)V 2 )V Pulverisette 7 (7 1) v F =2+ I v I3
YAE) 12T 400 rpm, 24 BRI 5 2 L T
LENMHREE TN TN CLZFES,T /T
(CLZ/R-NPs) J¢ UF CLZ 53+ / %+ (CLz/
O-NPs) & L7:. F72, CLZ/R, CLZ/O D
AT A LR LIS iREG Lo~ A2
1 #; - % CLZ/R-MPs, CLZ/O-MPs & L C A
FeCTHW7.

2. CLZ 1PN ESE (CLZ OD $¢) i

JEIZEREL L 72 CLZ/R-MPs, CLZ/O-MPs, CLZ/
R-NPs, CLZ/O-NPs |2, 797 I, K
—nv¥uyy/r (PVP), D-¥» = k=)L 4,
HPBCD Z N2 5 & & THRHL L 7= 8t %,
PTP > — NI L, —80°C |2 C—H & L 72,
Z D%, HFEHCHERC CEERIBICE LS E72b o
% CLZOD §t (25mg/ $€) & L CLLTN D FBx
WCHW72, R 1ICIEARSE TH W2 CLZ OD
FEOFB Z R T

3. HPLC 2 & % CLZ BDOHllE

CLZ BEOWEIZIL, Edfkro~ 7T
7 4 —%E LC-10AD (EE#IEAT) = Hw7e.
71 1% Inertsil ODS-3 (2.1 X 50 mm, ¥ — T
WA T AR AEIRL, BEMHIZIET
b bUNS AL 7=V IK=35/15/50 (viv/
v), WEEIENY Y72/~ (1pg/mLin A% J —

Table I Compositions of CLZ OD tablets.
Content (w/w%)
Formulation Treatment
CLZ DS MC HPBCD Gumarabic PVP Mannitol
CLZ/O-MPs tablet 17 4 17 2.5 47 2.5 10 —
CLZ/R-MPs tablet 17 4 17 2.5 47 2.5 10 Recrystallization
CLZ/O-NPs tablet 17 4 17 2.5 47 2.5 10 Ball mill
CLZ/R-NPs tablet 17 4 17 2.5 47 2.5 10 Recrystallization, Ball mill
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V) EHWz. BEH O R Z 0.25 mL/min,
AEHEAR 0L & L, WP E 254 nm 12T
1172,

4. CLZ OYPkem

B 1y #EL - 2 KL F £ 92 %€ 1 Nanosight
(Malvern 1) Jt OVEZER 7' 0 — 7 B EE SPM-
9700 (BEHUERT) 12 TR K DR TIRD
Bl 24T > 72, IR ERERR I LR B A 2
w e S E DSC-8270 (V) 7 4t) K ONE R
BRI E 2 1E DSC-8230 & /2. CLZ/
R %3k & L 72888A00 DSC 1%, #UFE 2 mg,
AR EE 3°Cmin! & L, N, (30 mL/min) &
M THIE L2, 1 kA%, L < 3°C
min' 12 TR L, 50°C 12T 10min ¥ — 7 L
7%, 42T 2 WAL O 3 IR A & AT\
W7 L7z, CLZ/O Z 3k & L72BRICIE, 1 RA-
Mm%, & 51220°C/min! |2C 125°C F TR L,
[ 4012 C 2 kAR O 3 IRA- IR % 47> CLZ/
R &R L7z XHRIAIAT - RERAZE (XRD-DSC)
[E]#EH 72 13 XRD-DSC SmartLab 2 kW (1) % 7 #t)
XD ATV, FRAEE K O R AE L 5°C min!
EL72. XRD I, H/740kV, 40mA, A¥ v~
A ¥ — R/ GHEEE 40 deg/min, FE 5 [A] T
Fell e L 7z.

5. Invivo 5 v MRS FZE

FER AT LIRFE O Wistar RHEMES v N %
s, ABRKIZCHAEL L 72 CLZ/R OD $ED 45k
Way  TICTROKS L7 Bmgkg). Z0D
th, HEEIRD ORI 2 SR L, Soh
7IME D EiEICE TN D CLZ i E % ERtIoR
L 72 HPLC 2Tl L 72,

6. WORMGPAZERBESRINGG &~ 7 A2k 5 CLZ
OD S D SRR RFAM F2 5%

AV TNVT VREET, 7 AR EAICEE L,
SHBHAR, MNSHBIIR X O/ SHBIIR % 78 1 & &
WEHENIR B L OSSHBIIR 2 N NREE 5K TR
L7z 61T, KEEEML X S ORSEBIIR %

YL, EWrsyary (Far—L® /) K)

— 65—

Ta—7 4 ¥ 7 L7 KERF 0.3 mm ik (A
Ly A7V 7 — T X8 48 & ARSHEIRIC
AL, WSHBIIR~E L KRB AR 25 I3 4 1
ML 7z, R 2 RERH 2R o Join & A SHBI AR
FCRL (FFRETL), THRETT 72 WERIFRICHN % 3%
WL7z L7t AT A — (LA
YA LA AT T 12T Bregma SR
5% 2mm MECEIWT L, Wik % b2,3,5- V)
TV F FFVU YA (TTC) THEL, HE
THFE L OMEFE % %2 L 72, CLZ OD $2 (3 mg/kg)
O 5L 3 Bl 210V v FIC TR OG-
L7z

B F

I

1. FREAY CLZ Ptk - MG IC RT3 508

¥ 9" CLZ/O K U CLZ/R DIRFEIZ D\ CEFAM
L72& A, BRI CLZ/O Z H B ARIRT
Ho7zDIZR L, CLZ/R 1Z 5 mm Rif£ O &
oS IRK %2 A L7z, T2, HilEE (25°C)
D CLZ \ZBIT A A% % XRD (2 CHERE L 72
LA, CLZ/O X, CLZ D54 M %2R
Form A (20=13.0° = 0.2°, AHIREIZ ST HEZ
IR SL), Form B (20=21.5° = 0.2°, HARER
SN RE e A $H KA ), Form € (20=
25.0° £ 0.2°, MRS ICHEEBI R E— 2 08
FIFEE OEE CRAEL TWAH DR L, CLZR
IZBWTIE, REELTH S FormA 2B 5
E— 7 BEDREL 2> TBY, * L CHERER
T& A Form B & OF Form C O ¥ — 7 5 EE 134K
flERLZ (1), Zhix, Hi&tz1T)
C L CRBETEOREZEASRI Y, REEl
THAHForm A DREUENEE o770 L% 2
57z,

Stowell 5 (X, CLZ D #2181 % @l
fRImE % Z 21 Form A (~159°C), Form B
(~136°C), Form C (~146°C) Pl L E#F L C
B, DSCIZTCLZ D#EME xRS 5 2
ENUETH D, T TAREICBWTYH, %
HSAR DSC 12T, CLZ/O Jt U CLZ/R & 1 RF-
M, WEIBO 2 AR, 3 RAMIZ OV TEIEE
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L7z (KM2). Zof%, CLZOIZBWT, 1
KAIRTIE 157.7°C ISR & REE Y — 7 3B
7203, FGEMETO 2 KA 3 RATIZ BV
TIIE =2 2 MRS HZ ek ot Z
D7z, -125°C T THH &, WD T2 KA
RO 3RAMEIT-72E 2 H, 2RARICE
W L € 157.7°C IRk & BB E — 7 53,
—76°C, —14.8°C, 3.9°C \ZZ N Z I/ & 70 W 2
Y — 7 2N S N7z, & 5123 RARDBRIZIL,
-32.6°C, —17.4°C, —1.9°C, 27.1°C 12 B\ T/h

CLZ/O

CLZ/R

T T T T
20 (degree)

Fig. 1 XRD patterns of CLZ with or without

BB - PR ONE E LB, FHizl
68.5°C IZTRERIEEYE — 793, Hit\2T 147.4°C
TREGWEY — 7 BN, RERIE, 2K
FIRIZBIT S F TForm A #R- 72, 3 kA
MlCC Form BICHERL L 722 & RR EEZ S
N7, F7:, CLZOIZBWT, 2 RARMED 3
RABEAT) DD, Mk — 27 25
N2 L&y, FRISHECARLE LK RIRRE L
b ENREENI. —F, CLZRIZBW
TlE, 1 RF W TIX, CLZ/O & U< 157.7°C
WCRERWEYE — 7 SHNZ0S, 2 RARICE
WT, 80°CFLIZ T RELRFEHRY — 7 DA%
TSN, FDH 134.8°C 12 TR E R —
BRZIT N7z 3RARICBNTIE, 2 KA
e BB ZRL, HEESHERIN 2
DX I, CLZOIZBWT 2 RABBE 3K
AU PR NS R BB R OB Y — &7 DI F
SN, BEIVPALETHLDIZH L, CLZR
T2 RARBBIE—Z RS, HHED
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Fig. 2 Thermal phase diagam of CLZ with or without recrystallization.
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Fig. 3 XRD patterns of CLZ/O and CLZ/R under the 119.0°C, 120°C and 132.6°C.
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ABSTRACT

The human society has abundant and various environmental vibrations caused by working factories and
running vehicles. Most of the vibrations are lost as thermal energy and are regarded as pollutions in our life.
Recently, the technologies utilizing these environmental vibrations is developing.

When a powder layer undergoes vertical vibration, the unique characteristic patterns appear depending on the
frequency and amplitude of the vibration. Regarding theses pattern formations, the behaviors and the
properties of the pattern formations have been investigated to understand the mechanisms. On the other hand,
motion of objects on vibrating powder layer that may be applied for their transport remains less studied.

In our research, objects with various structures on the powder layer with various particle size under the
vertical vibration were observed. Moreover, the kinetic mechanism of the motion of the objects were

considered from the relations between the behaviors of the powder and the objects.
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Fig. 1 (a) Experimental setup and (b) shape of gears on
the powder layer.
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Fig. 2 The self-organization of 10 screws on the
vibrating powder layer.
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Fig. 3 The change of the ratio of standing screws against
the amount of screws on the powder layer.

IZBIg SN, ZNHLOHEDLSL, EREho
DIVBDORIZONT, AT OB HEL
Lzt odEsa (EEe (o) DR
3R T. T OERED 5-15 KDARTIE,
ETORIVNPENT LRI E L. —F
T, ATVOEREDNS KULORTIE, 02502
~ 08 DL VHFIF THMEZ MY RS &hb
Mol UL, BFERNDO XY OBEEDEEINT
HTEIWZEY, BINTWA AT DOEENICL T
B L72A VDB SN LRBIEZ 72720 TH
LHEEZOLNDL, INLOMENS, ATVOR
2T AT PHAE L, BELICEY O 51k
R RARRE FICREE L CRT % &, BrRiARE
X 24T OB O & ELOREIZLD
WROBL A, B ORI 2 282 R g

—7 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 70-75

Research Grant Report

Zkbror.

2. MHRIC X % B Hio @B

K4 IZEZ0Smm DY T ALY —=X@ED EI|Z
SRR OB & 5\ 1 SRR O L % 3%
L, REFEIRIEE ZNZN30Hz & 1.8 mm
LT, Brhifkig L R IR L7z & E O
OEEEZRT. BAMBOREE FH /s X,
IR Z 1D 5 &, HELEEERHE ) 12 [m# % 450
L, ZO%RT IhiEE kD Fofk, iE
By A BEICEZ RS, REIHNL T v
T LNAFEE) T SRR T OBIg S Nz SRR
BIOWH 2 FV 72, IR ICHE - T, B
SRR D I [ EE) 2 iR 72, Z 0 E) X
IR Lke 2R ke sz, 2o k9,
HOTIRIARAE L T — 1A~ [l Ref i [ 2328
bbb ENDbroT:.

i HL o (A8 D IRBY U 6§ B KA 2 ET T
L7202, 9 A — XONFIgHR 115 L EIE %
FNEN, 05mm & 1.8mm & LT, EEHKE
30Hz 5 SHz Z X I2HmE -8 X0k
OEB = BIZE L 72, K512 30, 35, 40 Hz THII
RL72E ZOWEDOEFORRT &, fMAEEDKH
ZAbERRT. TNOOHEIL, CORBEOE
BRIZB VT S A CRUETE ) (2[R 5 8kT-2°
Bgash/:, s 7006, ThEn
DRIZOVWTHAMED 7Ty MIIZIESD &S
HBHHOO, RXHREHEIEBBGA—EDA

Fig. 4 The rotational motion of the line symmetry shape
gear and point symmetry shape gear on the
vibrating powder layer.
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Fig. 5 The dependency of the rotation of the point
symmetry shape gear on the vibration frequency.
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Fig. 6 The dependency of the rotation of the point
symmetry shape gear on the particle size of the
powder layer.
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Fig. 7 (a) The motion of a red tracer particle in the
powder layer and (b) the configuration of the
powder layer around the gear after the stopped
vibration.
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Establishment of Preparation and Evaluation Methods

of Drug Amorphous Nanoparticles to Dramatically Improve
Drug Solubility and Absorption
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A

Antisolvent {112 £ V) 2 Fi D F7:C, HEKEMESEY glibenclamide (GLB) K 0% %2 /LF| hypromellose
(HPMC) 757 A3ESE F /28 L7, 8 A Tld, GLB % iAf# S & 72 DMSO il %
HPMC KR LT A L, nano-A BE T Z 1572, #HE B Tld GLB X U8 HPMC % 3L 12 i #
S 472 DMSO VA & 2888 IR LA L, nano-B & # 1572, Nano-A X UF nano-B D FLEEIL Z
NENETEO 2Bk T L EFRTE O R ER T TH > 72. Nano-A & ILE L nano-B 12 B\ T H-IEEFE A
D GLB JEf B2 EALATEE S 7z, 2 1id nano-B H' D HPMC & GLB D R4 A nano-A &
L CEwio e sn/z. F /T F o GLB IESE 0% eI 3K L 72 GLB &
HPMC DRMMEDOREE 2 KE 2T AT EAvRI NI,

ABSTRACT

Amorphous nanoparticle composed of poorly water soluble glibenclamide (GLB) and stabilizer hypromellose
(HPMC) was prepared by two antisolvent methods. In method A, DMSO solution containing GLB was
poured into water containing HPMC to prepare nano-A suspension. In method B, a DMSO solution
containing both GLB and HPMC was poured into water to obtain nano-B suspension. The morphology of
nano-A and nano-B was spherical hollow and deformed non-hollow particles, respectively. The GLB
amorphous was more stable in nano-A than in nano-B during heating process, because GLB and HPMC in
nano-B was more miscible than in nano-A. The stability of the amorphous GLB in nanoparticles was strongly

affected by GLB/HPMC miscibility, depending on their methods of preparation.

—76 —

Copyright © 2020 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/). BY



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 76-80

Research Grant Report

MEEE BB

IARFFE S N5 BEAALEY D 70% Ll E IR
WIAEER R L, BRI OUEE DS EANTT R &
b — AN\, FOiz, HKENEY O
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AL T/ R OB, R K ORI LS
ODWTIIHL L DFENRHSH. —FHT, FEmE
T RT DR - BEAA D =X LT 2
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BIZRET LI ER LB ZomoHis s
LT, #06REIC X 5 F /K O FEY 5 HR
REDFHl, X-ray photoelectron spectroscopy 7€
2 & % BRI OTRINF DAL O FFA S
D3 % B Z NG OFETREN TV LIS,
Y= A Vi O/ o N = S A B 1Y RO T
DEEW LRI ORAMEDEETH S, Ll
Z DIRAVIRAE % S EFM L 72805 1340 7,

AWEZElX, BT VEY) & LT, biopharmaceutics
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AR =)V L7 RHE MRS T 3E0 glibenclamide
(GLB) %, Z5E4t#| & L T hypromellose (HPMC)
%\, antisolvent 512 & V) 3y BB %

P, 22T, #4520 HPMC
Wk E R 2 LT, Bon3EYIEe
B KT OTRE e U F-IKEE % & 5547 T4
T HWCEHI L7z, &%, 55 7z 3k
B RF OISR SFIREN S, /IR E
KT A T = R LNZDOWTEREL 72,

Nano-A 2 O nano-B {& % ik O i Hl

Antisolvent {£12 £ V) 2 1% @ /5% T nano-A K
¥ nano-B #RE i & S EL L 72, FHELE A TUE,
GLB % {#f# & ¥ 72 dimethyl sulfoxide (DMSO)
&1 % hypromellose (HPMC) K& IZxf L T
5% (viv) T2mg/mL DHEETY T AT 4 v 7
AY —F —HHETITTHEAL, nano-A BREH
%1372, FE4E B Tld GLB LU HPMC % 3k12
7 S 72 DMSO Wl & 88 KIS L ERd &
FRED S THEA L, nano-B R % 1572,

Nano-A }% U¥ nano-B O #ij#!

Nano-A J% U nano-B &8 & HAGHZIR S 5 Z
& T nano-A % Uf nano-B % # # L 72. Nano-A
& U nano-B %% & {8 % 40 43 [ 8 o0 AL B
(150,000 x g) L7:t%, LiEZWHERLZET
BT ERELL KB EHO5 0L D
—40°CIZIHH L 72AR N7 4 Fx ¥ N—NT2
R A S, X502 2 BRI A TRJE L 72,
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B R

I

GLB 7/ ¥ O 3Pl

S £ O BRI D\ T eryo-TEM I %E 12
5> /KT OREBE T2 (K 1a, o).
g2 S NTRL T O TR OV 4 X1 nano-A #&
)% O nano-B #EI T 72 > TH Y, nano-A
BRI 3\ TR -1 80-140 nm D ERIZ DHiL
@i, /2, KrhuHoar b7
A RPN LD, FFHLDE S HE W,
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FIENICHZERREE T AT ThHLH LE
2172, —74, nano-B BEWEICB W TIIH—
%3y bT A O KIEOR DB SN
Nano-B &% O Fi 713513 nano-A FEEH I & LKL
LTRR/NEL, 50-110nm T o 72, W%
% 4°C T4 BFRIBFE R L 2B 128V T

Fig. 1 Cryogenic-transmission electron microscopy
(Cryo-TEM) images of (a, b) nano-A suspension
and (c, d) nano-B suspension. The (a, ¢) and (b, d)
shows freshly prepared and 24-h stored images,

respectively. Each bar represents 200 nm.
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7
16 18
1 o\\s//t)
o 1 A 1Y KL
Cl > N 1 (b)
5 2 H 9

R=H, CH3, CHyCH(CH3)OH

b, WTORIRE Y A ZI3HBE R L 2T
HCThorz (Kb, d). DLLEoERLIY,
BB h o ) 2 KT o E R LCH
V72 HPMC OFINTHIZ L ) #2202 0IEkE
TR ROMEF SN S E o 7.

RS GLB F / i 10 B

2 12 nano-A M OF nano-B {2 2 W\ T, solid-
state C NMR {Hll5€ %17 o 7245 R 27”3, Nano-A
K O nano-B D GLB ¥ — Z g Wit d IESE
GLB LAk 7 0 — FR¥—2%RL7 ZO
FEH XD, nano-A M UF nano-B @ GLB I3 JE &k
HIRBEE L THET LI LR ENT. £,
GLB Hk D ¥ — 7 121 2T 70-110 ppm 312
HPMC ICHI3R T % ¥ — 7 pEig s 7z (K
PLRE). GLB 2B & LTF /RFAbT 5
BRIoKREH R S L ITARE B IER L Tn»
% HPMC A fiFHIZs <L Az b ok

gLz,

% X ¥t & DMSO-d6 |2 % f# L, solution-state
"H NMR {#Hll%€ % 47 > 7z. Nano-A & 0" nano-B @
AT PVIZBWTIE, GLB KU HPMC IZH
v b E— MGG SNz, GLBD X b

9,16,17,18
—_—
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_AJVWJ \/\w
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(e)
18

120 90 60 30 0
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Fig.2 Solid-state '>*C NMR spectra of (a) crystalline GLB, (b) HPMC, (¢) amorphous GLB, (d) nano-A,
and (e) nano-B. The insets show enlarged HPMC peaks.
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Bl C— 7 g sz (M 3a). JEAE GLB
“inwﬁﬁmﬁﬁxE?E—a 130°C fif
DFEFILE — 7, 170°C £ O GLB # & O

ﬁ‘ﬂﬁfﬁﬁ — 7 Blg S N7z (K 3c). Nano-A (2
BWTIX 63°C D H T AR E— 2, 130°C
P DALY — 27, 170°C £ 342 O GLB #% &
DOREEY — 7 g s n (K3d). —7,
nano-B Tl 63°C 1D H T AtEfE ¥ — 27 138
BZanzbon, LY — 27 K10 GLB # 5
OFFE Y — 7 1IZFEFINE L o7z (H4e).

(@)
(b) f
o3
B
o
=)
~_ |8
2}
o
—~_
- x [ \
3050 100 150 200

Temperature (°C)

Fig. 3 Differential scanning calorimetry (DSC) curves
of (a) crystalline GLB, (b) HPMC, (c) amorphous
GLB, (d) nano-A, and (e) nano-B.
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Fig. 4 Schematic representation of precipitation process
and structure of (a) nano-A and (b) nano-B.
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W sk

H—FRrF ) Fa—7 (CNT) & EDF ) MEHIAEENANOELY ABBREO MR IZ B W TEN
BIZE o THERPICEDLDNLZ EDPHMOENT VD, ZD LX) ) /) MEEHOEAEOWAEREITE
HEaaFEMEINTBY), +/ MROARNEIRESCHSE2 SIS Br 5256, LrL, EHE
a0 FEEGEBRICBIT S MR EEEOMEAERIZ O W IR T TR Z m b 2. K
JECIE, CNT A RHICETEORAEWAERBZIER L, 2o, WA L-EAEZMBILS ¥ 5 EH
RETAHIEEWSICILI. CORBRLEEEIZ T 2 MR O AR BIRE IS A SRR & L TR
DL ENS.

ABSTRACT

Nanomaterials, including carbon nanotubes (CNTs), are coated by proteins in early stages of their uptake into
biological systems. The protein layers around the nanomaterial surfaces are called protein corona, which
determines the fate pathways and biological impacts of the nanomaterials. However, little is known about
interactions of proteins with the nanomaterials during protein corona formation. In this work, we discovered
that CNTs form thick and dense protein layers on their surfaces and induce oxidative stress on the proteins.
The proposed protein oxidation mechanism will advance the fundamental understanding of the biological

safety and toxicity of nanomaterials.

MRE=E BN 2011). ZHEPE 20 F 13RO 4R B AE L2 iR
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(Albanese et al., 2014).
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572012, BEHEOVEDTHAH Y VIMLET IV
73 v (BSA) %W & &7 CNT OKEHEF
TOERALETCBUS % ARG~ 7 SOVl g
WX o THBIZ Lz, BIbEITRSICIZEL LT
pH ZAbx FIH L7z, —#%I, BT & RR
FIZ LD CNT OERAILASHEA, CNT D Ey /N~
RAIZHY T 2 RO A R 7 I OVEREE OALTT
BHELDL. =B, KW THEH L7 CNT X
HiPco iEIZ L > TR ENTZLDTH 5.

2. CNT & EHHEDOMBALE TS

CNT L EHE (HorWiET 2 /ER) DM
A U % BRALER TC UG & ARYDEIRILA < 7 OVl
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9 (Zheng, M. and Diner, B.A., 2004) .

4(eh ey +0, +4H" > 4(h")or +2H,0 (1)

_82—

CORISIIXIEFEERZE T b 5T 5
728, FISOMEATEIZ pH 1K E S HET 5.
728 21X, pH MRV EEMEIZ & CNT X T (e7)
rEEbLNDL. —KIZ, RHOETOZITELIE
WS T OEEIZL > TR SN B 720, &H
B A ORENEE CNT OERLIE TG D SUG
PED AL & ) BT h 5 BRI FRE L 72
(Nakayama et al., 2018) .

1113 BSA BXOHREHEEAOVEDTH
L RTFVVEREES N 7 4 (SDS) FWEAE &4
72 CNT O 43 i & (2 11 2 4L CNT-BSA &
CNT-SDS) DARFMEIINA < T + V%R LT
W5, WAEEICBWTH pHOET & & DI
E;; /N F (940-1350 nm) O Y — 7 5REAVET
L, CNT OFRALHERE S N7z, HEH I R&EIT,
CNT-SDS |2~ T CNT-BSA @ ¥ — 7 i O
TAVNSWETH S, D7D 1(a, b)
RSN E— 27 - @ pH KL% X 1(c—e)
\27 0y b L7, CNT-BSA (3G BiA pH 3
AT ICBIZE S N 72012xk L, CNT-SDS (£ pH 5
fFIETdH ), BSA A CNT OIS = R H 1
WZHIRI L TW B 2 e SR o 7.

CNT (33> Fvfbd % @ #E THRFEII A
AR Mo Ta— FEp#EL &2 A
CNT-BSA lZ % / — ViRNNC & o THE S
728, Ey /Ny FOARZ MLOY — 7 g
T IR 5 2 L AMERE S 172 (Nakayama
etal,2018). ZOfEREAH L, BSA IX ONT &
HZREICRAE T 5 2 EATRIESND.

=

2. CNT & EHEDOBALECIOL
FREOFERRIZ L o T, HHEIXCNT OEMH
27 L, CONT LA M oMbz %
PIT2RE 2L O ERHLNI R o720 L
ML 5, CNT & & E OB o7
JEZ DWW TIERMZ B D S, Bige g 13
A2, TR @) IciE-T, ZEHED Y AT
1> (Cys) BHED AL 7L F) v (RSH %)
MCNTIZX DV Efbsh b2 xR LTS
(Hirano et al., 2017a; 2017b).
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pH dependence of the absorbance spectra of SWCNT-BSA (a) and SWCNT-SDS (b), which were normalized to

the absorbance at 625 nm. Normalized absorbances of SWCNT-BSA and SWCNT-SDS at peaks I (c), II (d), and

III (e) as a function of pH. (Nakayama et al., 2018).

2(h )y + 2RSH <> 2(e h )y + RSSR +2H*
(2)

—J7C, SHEOBALIZIAGE T 2 BREE A
TN E o THITT LI ELHMOENTED,
CNT DA R ICFIH & 2 EF 48 il i ik
DOEREBEREEA + S LRSI S35
CENFHEN. ZZT, &4 DOF L —
NI TdH 5 EDTA * FIH L, CNT & SHED
AL ITCSUBIC BT 5 BREE A 4 » ORE %
FFE L 72 (Hirano et al., 2019). SH #& % £:> 1k
GHELTE, TI/VBROVEDTHS L-T
274 (Cys) *FH L7z B, FHLZ
HiPco £ ® CNT (&, filtil:& L T2 FIH S
TWB720, #AF U053 e L TIHIFEL T
W5,

2 1213 CNT-SDS O 73 8 # i 12, Cys X
EDTA D37, AAIIZEA 4+ (Fe** & Fe*')
IR L72BED, 1800 s $2 DARAMEIN A < 7
MV AR, R (no additive) 12HE-X, Cys
WHNEAZIZ AT MIVD E /Ny ROE — 7 i
EoRENEEZE SN 2L CNT O3 7T ([F
B2 Cys O L) 2R L TW3, &I A,

Cys & EDTA %[RRI L 72880 ¥ — 7 g i
DO EAE I T2 o 72, T OREFIL, Fekt
T DA T Y DPUNICES- LT3 2 & &RIE
LCTw5%., —7%, Cys & EDTA & 3L12 FeCl; %
Iz 72BciE, €= 27 EIL Cys DADEH
ERREICHE L. LALEYES, BHICT
TE5 5912, BRLHITH % FeCl; (+EDTA)
DATIIE—Z7HEIZEL KT L, #ITHIT
% % FeCl, (+EDTA) DA TIIE — 7 I35
W& IR L7z,

B 2(b) 121, 1250 nm FHE D ¥ — 7 OFxtid
B (Oent) DOFEEEZALZ RS (Oenr 1345 ONT
(263 % e CNT OFIEI2HH2) . Cys DA
IZHX, Cys & EDTA % [FRFIZAIN L 72 B 121,
Ocnt TEO MR HEEDE L IR T35 2 & 25H
Ak ol FICHEHTREE Cys &
EDTA & 3£1Z FeCl; Z M2 72 DOFERTH %.
Ocnt THIZER T & 2o\ 3 & DR T 0.1 A3
FTETLAZDL, 1000s1ZETO09ffILE T
SICEE L. ZofRIE, swiicix
Fe’" 75 CNT Z AL S 2 S s 5 b
DO, —EHO Fe** X Cys # BE{L &4, Fe*' I
ZALL, TN CONT 2 EIC S 722 & 2 RE
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Fig. 2 Redox reaction of the CNTs with Cys. (a) Representative absorption spectra of the CNTs in the S;; and S,,
regions under different conditions more than 1800 s after sample preparation. The concentrations of Cys, FeCl;,
FeCl,, and EDTA used in this experiment were 100 uM, 50 uM, 50 pM, and 10 uM, respectively. (b) Time courses
of fractional concentrations of the reduced CNTs (fcnt). The fractional concentration of the reduced CNTs (Ocnt)
was defined as the equation Oy = [CNT]/([CNT] + [CNT™]). The concentrations of the additives were identical to
those used in the experiment described in panel a. (¢) Time courses of the value of fcyr in the different
concentrations of Cys along with 50 uM FeCl;. Reprinted with permission from (Hirano et al. (2019)). Copyright
2019 American Chemical Society.
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= 0 OR2HS  ssememmecsmasscns
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g - ime (s) ime (s)
k, d 101 e 20r f 1or
»
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9] k3 ? pos o —— default
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l,’ Fey 0.00 uM Fe' - 0 10 20
0 i 1 i - 0.0 1 L 1 00 1L 1 L
0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
Time (s) Time (s) Time (s)
Fig. 3 Numerical simulation of the redox reaction of Cys with CNTs mediated by iron ions. The redox reaction of CNTs

via the O,,H'/H,0 couple was ignored in the simulations because the change in pH in the experiments was
insignificant. (a) A suggested reaction scheme described with the reaction rate parameters (k) of the elementary
processes, where the values of k are as follows: ky=5 X 10 M'shk=1x10"M"'s", kb=1 X% 10*M s,
and k&3 =2 M5!, (b) Time courses of the values of Oyt obtained from the numerical simulations under the
different initial conditions described in the legend. The initial value of Ocnr was set to 0.6. (¢) Time courses of the
values of Ocnr under different initial conditions with the initial concentration of 50 uM Fe**, as described in the
legend. (d) Time courses of the concentration of each component obtained from the numerical simulation under the
initial condition of 100 uM Cys and 50 pM Fe*. (e) Time courses of the values of Oy under different initial
conditions with the initial concentration of 100 uM Cys, as described in the legend. (f) Time courses of the values
of Ocnr using the modified values of & described in the legend. Note that the data using &3 =0 M ' s almost
overlapped with the data using the default value throughout the time period. Reprinted with permission from
(Hirano et al. (2019)). Copyright 2019 American Chemical Society.
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LTWw5b., 20X 7% Cys M L7z Kin D
B 2(c) (2R L 72 Ocnr TED [AITE O Cys
B2 S DS NS,

Z 2T, M3(a) IIRT RUSET IV EHE L7
B, FUBHEEEIZOWTIE & ERUS OB X
DIREL7z. TORER, F3(b,c) IIRT L9 12,
X 2(b, ¢) DEEEME R % T I FHHT LK RS
Bonlz, ZofREb LI, S AR
DUEFEDREREEAL 2 Fl S L 72658, L7
#Y, Fe* OEEOKT & 4512 Cys OEEDE
TL, —HTFe* & Cys DERALITH % 2 A
F > (Cys-Cys) DIREEDHMNS 5 Z LAHIRS
7z (X 3(d)). Fe*" OfiiiEshFix, Fe*" o
FEARAFEDORE RS QHETH V(X 3(e)),
Fe' A1 X 5T Cys 12X % CNT DEITTH
EILLCRIELZZEPHONII T B,
Fe*" IR & 5 IS #I O CNT Ot
RS IC L 2EREN LG TH L7720, S
HE (k k) CKELMKET LT, COHD
CNT D& Tl Cys & 4 L 72 M 2 JUS THh
B728%, FUSHE (k) IZKE KFET S (K
3()).

PE® X9 7% CNT & Cys OFEALEICRIE 1Z
Cys A HTHETNVEHEICBWT LB
&7z (Hirano etal., 2019). ZD X 91, CNT
EEHBEDOBALRIC UM INERIRE STz
EENZETREOIEIC, BREBBEEA 4
Y ORISR T 5 O ODFET S 2 LB
HOPIZh o7 (4). Z2DI1FANT, CNT IS
L 2EAEOMALIISIE, KT 2EBEEIC
Lo THET ZHEEREM (ROS) TERT %
CELRESNTBY (GeC. etal,2012), &
NSO JISIAT L TERAEDOMRLE ED 5 2
EPESINS.

3. %0

AEARPIIZELY A F 72 ONT I ZER 2 I &EH
HiZEbN, EHEIUFRIEKT 525, &H
HaaFEHIZL s ONTREHEZDLOD
WEZALIZ DWW T, ZHE TR Z B2 S
Molz. GRIOBRIZE > T, &EEEILCONT

iron particle

-
-4
=

uoJ)2eal UOJUD

protein

Fig. 4 A scheme of redox reactions of the CNTs with
proteins. The reactions include iron-mediated
redox reaction, direct electron transfer and ROS-
mediated redox reaction via the Fenton reaction.
Reprinted with permission from (Hirano et al.,
2019). Copyright 2019 American Chemical
Society.

DOERMERIZHICHAE L, CNT ~NOEHEED T
7R AERMHT MRS H L L, 6T,
EHEOD Cys BBEGEFETLERERE A4
DAL > TCONT ORITERENITHED S
&[RRI Cys BRE DAL D Z L A 5 A
WX ofz, TNHOHRIE, /RO AEN
FHREICBE 3 A A L LRIz o &
ffshs.

S 3Lk

Albanese A., Walkey C.D., Olsen J.B., Guo H., Emili A.,
Chan W.C.W., Secreted biomolecules alter the biologi-
cal identity and cellular interactions of nanoparticles,
ACS Nano, 8 (2014) 5515-5526.
https://doi.org/10.1021/nn4061012

Ge C., DuJ., Zhao L., Wang L., Liu, Y., Li D., Yang Y., Zhou
R., Zhao Y., Chai Z., Chen C., Binding of blood pro-
teins to carbon nanotubes reduces cytotoxicity, Pro-
ceedings of the National Academy of Sciences of the
United States of America, 108 (2011) 16968-16973.
https://doi.org/10.1073/pnas.1105270108

Ge C., LiY, Yin J.-J, Liu Y., Wang L., Zhao Y., Chen C.,

The contributions of metal impurities and tube structure

— 85—



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 81-86 Research Grant Report

to the toxicity of carbon nanotube materials, NPG Asia
Materials, 4 (2012) e32.
https://doi.org/10.1038/am.2012.60

Hirano A., Kameda T., Sakuraba S., Wada M., Tanaka T.,
Kataura H., Disulfide bond formation of thiols by using
carbon nanotubes, Nanoscale, 9 (2017a) 5389-5393.
https://doi.org/10.1039/c7nr01001j

Hirano A., Kameda T., Wada M., Tanaka T., Kataura H., Car-
bon nanotubes facilitate oxidation of cysteine residues
of proteins, The Journal of Physical Chemistry Letters,
8(2017b) 5216-5221.
https://doi.org/10.1021/acs.jpclett. 7602157

Hirano A., Wada M., Tanaka T., Kataura H., Oxidative stress

S4B 5 R AR

i S FE 2

1. Hirano A., Wada M., Tanaka T., Kataura H.,
Oxidative stress of carbon nanotubes on proteins
is mediated by metals originating from the cata-
lyst remains, ACS Nano, 13 (2019) 1805-1816.
https://doi.org/10.1021/acsnano.8b07936

2. Nakayama T., Tanaka T., Shiraki K., Hase M.,
Hirano A., Suppression of single-wall carbon

nanotube redox reaction by adsorbed proteins,

— 86—

of carbon nanotubes on proteins is mediated by metals
originating from the catalyst remains, ACS Nano, 13
(2019) 1805-1816.
https://doi.org/10.1021/acsnano.8b07936

Nakayama T., Tanaka T., Shiraki K., Hase M., Hirano A.,

Suppression of single-wall carbon nanotube redox reac-
tion by adsorbed proteins, Applied Physics Express, 11
(2018) 075101 (5pp).
https://doi.org/10.7567/APEX.11.075101

Zheng M., Diner B.A., Solution redox chemistry of carbon

nanotubes, Journal of the American Chemical Society,
126 (2004) 15490-15494.
https://doi.org/10.1021/ja0457967

Applied Physics Express, 11 (2018) 075101
(5pp). https://doi.org/10.7567/APEX.11.075101

I - RA ¥ —3k

PP B ORI A, HAF S, Rl A,
=R F ) Fa—=TIXDBH N ED
FRALEUS I BT 2 SR e E ORMR", &
557 —Vvy-F ) Fa—T - TT7 TV
AT AR T 7 L (Sendai, Sept. 11, 2018)
1-1.



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 87-93 /Doi:10.14356/hptf.17113

.(4
e RYADB G T HRME TR KO
MRS Hosokawa Powder Technology Foundation ANNUAL REPORT Vg

IDEICEAZ TV IVOBRERKEDY I 2 V-3 v

Numerical Simulation of Aerosol Coagulation by LD Method

%;;
kY |

Graduate School of Engineering, Muroran Institute of Technology, Associate Professor

WF%efi## Research leader: A T Toshiyuki FUIIMOTO
FW LR RFRER LR s

E-mail: fjmt@mmm.muroran-it.ac.jp

W s

L7 NVRF DT LT T v s & SEUELE E H v TEB 3 % Langevin Bj/)5% (LD)
ko TRTOBBI A EFEFEL, =70V IVOREREEHOBNEEMR. BIEOZEMATO
BROKL T & H— DR T O 2R IR & 576 2 5K 5 MTBC xS L, EREEBIZEIT
DEEMEEREFIE L., ERE TOR TIBREOMIEZIT > TH O N BEREE LI, Flux
Matching ¥ (Fuchs (1964)) |2 & > T 5 N2 BREMERE L LI L THT/NE < 7% ), Fuchs D1T-
TAENZEIIZIE L W EAVREBE Nz, T2, FTOBREREIC L ARTROMAOEE
ETIWALT B 720102, W{EMLEEL = v b (Graphics Processing Unit) % FJ\» TRMAHATRIRE 2179
GPGPU 12 & ), X ) RBUEZIEHIFHRE 21TV, ZRONTOEE) % FFICFHRE T2 2 & T, #E
HEERE AL L7

ABSTRACT

By calculating trajectories of aerosol particles by Langevin dynamics method, in which random motion of
aerosol particles are represented by pseudo random number, coagulation coefficient of acrosol was calculated.
Both interval times between collision of one particle with other particles, and concentration distribution of
particles were calculated in MTBC method: it was utilized to investigate the coagulation coefficient in
transition regime. Coagulation coefficient obtained by the MTBC method corrected by concentration of
particle at infinity are smaller than that obtained by flux matching method by Fuchs (1964). This suggests that
the assumption made in the flux matching method does not hold completely. Then, in order to develop
numerical model of change in particle size distribution by coagulation, GPGPU was employed to calculate

the coagulation coefficient by parallel computing of motion of large number of particles.

MEEEEED Dynamics Equation; GED) 2 & > Citik & 415,

GDE | I3 BERLE & # e T D — D DERBD D 5

LT @D HE R & B R 1S Gelbard F. and Seinfeld 4%, BEEE TR 725 Inom LT OE /) ~—
JH. (1977) @ —#% &) J1 % 5 #£ X (General 75 pm 4 — ¥ — O A HN—F 5121, 7

_87—
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RIT N BUVEHCT % 80§ 5 H i itk
Nel), ZNE2HELZEIFIZIIATRETH 5.
HitH o> GDE b I < fijigAb L 7236 & v T
HFEHE L ZEDTERVZD, 15O T1£
GATDET VAL LI L % 5. KIEHER CVD
FlL 270y VoERTHE XTI,
Sectional ¥ (Geldard F. and Seinfeld J.H., 1980)
R Z N % FEkE S 72 Discrete-Sectional i (Wu J.J.
and Flagan R.C., 1988) 2SH\» L L 2565055\,
Discrete-Sectional % T3 € / ~— DR - Bt
2 & RS DOZALZ e b FREIZEBIT &
A0, FIEIAMDPRE L, B X SR
TIIBEIEBI & 0 B ISR T 5 & W
I R D% % (Fujimoto T. et al., 2005)

Buesser B. et al. (2009) &, kK FDT T >
THE) 7 SEPEL B 2 VT 5 Langevin B)
J1% (D) #:12 & - T 2000 DR T &8 %
BEHERIHET 52 LT, KT ESMm2MS M
Mok aed, BEICLINFESMD
AL tETE AW etz R L7z, HBHidBL
SLARE I X MRS 5720, WAiREDIE
HIZEWE (BHDET 1% ~ 30%) TOR
HeftoThh, XVHENZFETOREAER
TOIIEKRIER 2 v ¥ a— % oM & o
WS > 7.

ABFZEBIRTIE, L BENZZT OV ViR
FEZE W R TORF O&REBREDETIVILE
HIE LTWwa2S, ZofE—KRleE LT, LD
BIZLo TR FOREREERTHEIT 5
MTBC EZFZE L, RV ON T bl
FERBOME 2179 & & B2, ARRISMIGLEEC
& N5 BiGEEFRE 2 FV CRBIB 2 6515
#H %179 GPGPU (General-purpose computing on
graphics processing units) (2 X % %5 H5UE 5E KL
DEtEEITo 72,

W% A&

1. BEEEHRE e R
RIEIC/R L7z GDE %  729121%, KT D
BEORELIELLEHT LIVLERH L. T

OOVHL T DB & B C ORI
— iz
T 0
ERIN, pEEEREER LS BEAE
ERINL, T AGFONIEH BT A, LRS-
FEOHTH D7 2 vt v B Kn(=24/D,) D5/ &
v (Kn<0.01) # 5§t 3838 (Continuum Regime;
CR) TIIHTFDIFT 7 v 7 Ao h,
Kn VK & 72 (Kn>10) H H 45> F 5818 (Free
Molecular Regime; FMR) T, Ak 45F O
g2 L [AIRRIS, FEZEWTTHAR & R BY) 7 BB B) 0D 3k
EH/ELNLEENTVEG, ZOHHE ORHIK
(X BFETHIK (Transition Regime; TR) & X5 .

1.1 Fuchs D% R L

BREIRTO&EIL, KT OIHUS X 2%
&, B FH BN O ) O BN 5 720,
Z OFFMLHE L <, Fuchs, N.A. (1964) 252%
L 72 Flux Matching {512 X - TEE S 7z 5 4E
HEEREANA C HWwH N T E 72, Fuchs 1, HI
T OMmIZPEDE 12, KOV HE BTN
LHEHINLESORIEERkZEL, €O/l
TITRF LRI & o Tt S, AEITIEHE
MR EB) 5 EBUE L7z, K228 Dy
D i K- &AL TEAS Dy D j R B 0 B 4 8
ERE,

2n(D; + D;)(D,; + D,;)

Dy + D, " 8(D;+D))
D, + D, +2g; c;(D,+D,)
LEREND. 2T, DIFILERE, g (dH
RIROIL S T, ¢, 12 =8 T O MR 2 BUES)

HE =+ TH D,

12 LDECLET Tu—F

JT4FE, Gopalakrishnan R. and Hogan Jr.
CJ. (2011) I E R T DA 20 5 E B 12 DWW T
LRI, ZOMR, BEREERLITRON
THRITCILTE D Z L ZRL.

ﬁ Fuchs —
2
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)B:uij

~ (DD, Y (3)
%)

22T, owy, fy EFNENREE & (mimj/
(m;+my)) EIREEBRE (ff/(i+f) T, K
T D BRI ER T v CROATHEK S
n5.

£ =kTID, @)

CIT, kIR ER, TR
Thb ZHTOMFHLEE*EET S &,
HERTCAL S N7 B 2 B H AL RO YLEL >
Xt B Kny DADEEE 7 5.

2\kT w;

KnD ) fz’/'(Dpi"'Dpf)D (5)

COFRBTIX, HHHGTHEEF 7L pEHIE
TO HIZRDOATEINS.

Hyg =81Kn,  (Knpy —> ) (6)
Heg =4nKn%  (Knp —0) (7

Veshchunov M.S. (2010) & Knp— o, Knp—0
DR TR (6) BLO () & —FT 5%
’ELL.

1= 4nKn? + C,Kn +~/81C,Kn;,
1+ CyKnpy + C,Kn? + C,Kn}

®)

Ci, G, Gy, C, 13 BRI Lk § 4 /37 X —
% T & %. Gopalakrishnan R. and Hogan Jr. C.
J. (2011) IZLDEICL ) —~BORE S BT
DEZEHAED 10 5 40 f5D T HRIKR O Z2 A
TOR A OEE) % 5 8E 3 5 MFPT (Mean
First Passage Time) %12 X0, GEHEER %
B L, € =25836 C,=11211, Cy=3.502,
C,=7211 272, FLWVWRIEEMFITRER S
TS, FHEZEENCOR T OFRFESRIE
10° 225 10° BETH 72 Ll s 5.

2. B8R
2.1 LD HRERIC L AR T OESDEE
MTIHMER L 72 Wil il L 72 &8 T o IR
T @ EH) X, K D Langevin B JJ 5= 75 #2 5
(Chandrasekhar S., 1943) TF*E &I 5.

m& oM x ©)

dr T

CZT, mi3KTFOEE, vIZATFOREN
7 b, XM, 3R AR AT T Xk
FIVEHT AT 72 )1TH L. X9 20
ThHE, 1A LAT Y T At TORADHRE,
v Ef0E, r OZAEDSE S5 (Ermak D.L. and
Buckholz H., 1980).

v(t+ A =v(t)—v(t)1-e )+ B, (10)

r(t+At) =r(t) + t{v(t) +v(t + Ar)}

l_efAt/r
X[WJ'FBZ (ll)

B LB 37T VEBNILD TV F AR
FELMLEOZEALZ R TIHT, KV < Y554
ey, (By) =0, (B,) =0, (B,"B,) =0 T 573,
THEEEIRENENRORX Z T

<Blz> _ 3k7T(1 _ efzm/z) (12)

2 —At/t

(B))= 6"’:’ {A¢/1—2G:WH (13)

ARFZE TlE, Mersenne Twister 7 (MT19937;
Matsumoto M. and Nishimura T., 1998) (24X - T
S S E 7 [0,1] @ —Fk5EBLEL B % Box-
Muller % (Box G.E.P. and Muller M.E., 1958) |2
£ o TEEMEIEF A IZ0E 9 FEREL RIS L,
OB EB,EREYALATy FTTERE L.
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DADIEREND LI L A &, FHEZE
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T DR T IREE Cy oo D O HE M E E AR D I
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FHEZEMNTOR FORF ST 10° & L
TEHHE 17> 72. 114 Gopalakrishnan R. and
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ZATo TV DL PR > TS,
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RIFFEREDO RN 2 HECTH 5, kT D%
EHEEDETIVLZATH 720 121E, Buesser B.
etal. (2009) A¥7-o7-& 912, FWERSLM*
W L 722N C ok T O % 7S 5 Tk
DHETH L. TORMEZ L) KRBT 72
¥, GPU (NVIDIA® Quadro® P5000) 7% fiff 2 7=
av¥a—y# MLz GPU Wit
%179 72, C++ Sl & CUDA® Tool Kit % ]
WTHZica =71 v 7 efrv, K (10)-(13)
&Y, 75y VBN X AL ORAOFE,
FLEDZALAIE L  EBITE TV L2 HERR L 72
BEREORIE, K 1LIDORT L)1, mh
WA MBS RS2 EH L2, —2o
F& L, KH VO RZEMN TR T 0 E)
AETE L TR wAIS, ZOZEENICN,
ok 1%, FUEET HWTT v ¥ AICHE
L, Ry afillie) &9 ICfisEs 5

(¢

4
Number of Particle=N, NIN=1/8

Fig. 1 Schmimatic diagram of calculation space and

change in particle number employed in GPGPU
calculation.
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E—E(—Z)ﬂC )
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TR $ 5 & B ¢ TORTIEE C X

C
== (15)
1+Cypt

eFRENLH KNS5 2EET L L,

1 1

E—a"'ﬁt (16)
L), KFREOMBOKEMZZ 71y b
ThE, HEDPOLEERESVHEONL Z LD
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Fig.2 1/r plot of concentration distribution of particles

of 20 nm in diameter.
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Fig. 3 Time evolution of inverse of particle number
concentration due to coagulation by GPGPU
calculation.
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Fig. 4 Coagulation coefficient in transient regime.
Coagulation coefficient obtained by MTBC method
and GPGPU calculations are plotted by red line
and purple squares, respectively.
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A Jewel Beetle Coating Process
by Structural Color of Colloidal Crystal
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National Institute for Materials Science, Group Leader
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W
NAF IATA T ADT TU—F TR LAY OEBZEMT 2B T 70 A2 HEL T\ h. H
Sra T A FRCF2SH CAER T 3 WITICHAIEY) 3 2 L #0777 v TS & o THEE B FE
B9 5, R, KR, ERTREZHARTLILETHELORTET, SHLBERERFTTE S,
T2, 7Ty FARERZT TR MYREMOSH S 3 WICEKENZ T T A NSO % T EET
HbH. FHRLNVTRYOLHYDOR) ZAF L VEREZHEL, A3 AT —VOREI~OBTLTE
LT lwR L T, BLIBOVFARY Y 3 V3 H A ZVAHET, 204 kS aE b SiEa
WECTHET 5. AEWE*E T2 VIHHEM T ANVF—HEOL L WBREAT OV Wi L i
HEOBTHME LTHIfFTE2. L L CRFAMELEZEOT L3014 FEROREIC R
MR ELR 2D, EETAL ANILEDPLETHD.

ABSTRACT

We have been developing a new coating method for structural color film caused by colloidal crystal. Three-
dimensional objects treated with hydrophilic surfaces were immersed in polystyrene colloidal suspension.
Liquid film of colloidal suspension wetted for the objects’ surface and furthermore the liquid surface was
covered with a silicone oil liquid. The objects pull out from the colloidal suspension at 60 um/min rate and
coated with colloidal crystal film showing with structural color. The color from blue to red has controlled with
the size of the colloidal particle, interspacing of the particles and the refractive index of colloidal crystal film.
In addition, our new coating method enables us to coat of high-quality colloidal crystal film on a three-
dimensional surface having irregularities or curvature. At the lab level, a polystyrene suspension equivalent to
80 L was prepared and an A3 scale size coating was demonstrated. From a different viewpoint, the suspension
can be recycled and a colloidal crystal can be formed at around room temperature. We believe this coating
method environmental friendly process with low energy consumption. However, since the deposition rate of

the colloidal crystal thin film is very slow, a practical coating process needs improvement.
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Fig. 1 Comparison of periodic nanostructures: A) Cross-
section TEM image of Jewel beetle (Courtesy of
Dr. Yamahama, Hamamatsu Medical University),
B) Cross-section SEM image of colloidal crystal
film assembled with monodisperse polystyrene

particles (204 nm).
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Fig. 2 Flowchart of creating a Jewel beetle by the resin
replica method.
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Fig. 3 Deposition of colloidal crystal thin film on the surface of the jewel beetle replica: A) a snapshot of coating, B)

before and after the coating of the replica.
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Fig.4 Comparison of optical spectra: A) measurement
of angle dependence, B) reflection spectrum of real
jewel beetle, C) reflection spectrum of biomimetic
jewel beetle.
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Fig. 5 Vertical coating process covering with silicone oil layer: A) The coating equipment (stage elevating method), B)

Crystallization area near the liquid surfaces, C) A conceptual illustration of crystallization.
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Fig. 6 Effect of coating speed and suspension concentration on the thickness of the colloidal crystal thin film.
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K, RIEVEEIEARR LI E LD 71 v — FirE L CHER SR Twv % KNiF, B IR Ni
HRO 7T ZAH A MEAW Ln,NiO, (Ln=La, Pr and Nd) OREGELIAIZE) = M5t L, REESGERET T
ML EMAF T 5 2 e TE R T O AFMM KT 2 2 L2 HIBL T b, Kx OLIETOME
(2 X AUE, LapNiOy 1% 12 T Ok BB TRALASTTRETdH 5 25, 1 T LUT OfREE T Cidi vt
B SN oz, ZTHUSK L, FE A RBCHIE 2 56 L 72 30R 2 WV THRES &2 D 7R, 728 2
X LU 27”3 PrINANIO, Tld 0.9 T OfGHERBE F CREMAL S BE 22 Bk -2 XET CT& A 2 &%
Motz FRFOWALESEMIE ciTHL e R L7z, i X 28BN et L2k
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ThbeEEZHNT.

ABSTRACT

In this study, the magnetic orientation behavior of K,NiF, type layered Ni-based perovskite compound
Ln,NiO, (Ln = La, Pr and Nd), which has attracted much attention as a cathode material for low-temperature
solid oxide fuel cells, was investigated. The final goal of this study is to develop effective process to fabricate
oriented cathodes on electrolytes in a low magnetic field. According to our previous study, La,NiO,4 can be
oriented in a strong magnetic field of 12 T, but no orientation is made under a low magnetic field of 1 T or
less. On the other hand, as a result of this study, it was found that, for example, PrNdNiO4 shown below was
oriented in a low magnetic field of 0.9 T, leading to materials design for high performance electrode particles.
In addition, the easy magnetization axis for PrNdNiO, was the c-axis. Higher conductivity was obtained on
the ab plane in conductivity measurements. From these results, it is shown that high performance oriented

electrode of PrNdNiO4 can be fabricated by applying a low magnetic field parallel to the surface of electrolyte.
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Fig. 2 XRD patterns from the surfaces (a) perpendicular
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PrNdNiO, bulk fabricated by slip-casting in
magnetic field. For comparison, powder XRD
pattern of PrNdNiOy, is shown on (¢) in the figure.
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ABSTRACT

In the present study, we have studied the impact on a granular bed by a hydrogel sphere. The impact of an
object will lead to the formation of a crater. The diameter of the crater is proportional to the 1/4 power of the
kinetic energy of the object for low speed impact of a solid sphere. For a liquid drop impact cratering, some
scaling factors (from 1/6 to 2/5) have been reported due to the complexity of a liquid drop impact
phenomenon such as deformation, splashing, and penetrating granular bed. Considering only the effect of the
deformation on the scaling relation, we investigated the impact cratering of a hydrogel sphere which deforms
without splashing and penetrating. For spheres with high Young’s modulus, the relation of the 1/4 power law,
which is reported for a solid sphere impact cratering, is observed. On the other hand, the power is smaller

than 1/4 for the impact of the sphere with small Young’s modulus.
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Fig. 1 Dynamics of impact on granular bed.
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Fig. 2 Morphology of craters.
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ABSTRACT

Filtration is widely used to separate or concentrate deformable particulate suspensions in various industrial
processes. In the filtration process, particulate fouling, which causes a decrease in permeation flux, is
generally inevitable. To design the filtration process for effective suppression of fouling, we must understand
the fouling phenomena essentially. A numerical simulation is an effective approach to understand the fouling
mechanism of deformable materials. In this study, a novel simulation model was developed, which enables to
independently evaluate various factors influencing on membrane fouling and visualize the particle motion.
The simulation of the cross-flow filtration of a deformable particle was conducted to investigate the effect of
the particle deformability on membrane fouling. The simulation results demonstrate that the present model

can reproduce the dynamics of deformable particle in the filtration process.
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Fig. 1 Deformable particle represented by two-phase

fluid model.

(a)

@~ o

___________________

Fig. 2 Model for deformable particle.
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Fig. 3 Computational system.

3. YIalb—¥arih
KEfFEClE, 7oA7uo—A@E70t 2B
T % VHLF OMIFLIEE TOZEE) % 2 IRTERIC
BWCEE L7z, BHESEE 3 1R,
DIKEBIZH— A ) v MIRHIFL A FFOE % Bl L
7. BREHRIEORNE RHT 572012 &
AR A G-z 72, SISO LB T HE
—EDOWMALMN %5 2, AHUBERBLOTHRO
MFLE &t 2 5272, 72, BEICT
N BEREM G 2 72 R 10 pm O B —
VKL NI AR R E L, PR B
B % Tz FVRLT OPERAR & EE
FUmATHL &L, %1000 kgm®, ki
1.0 mPa's &% %E L 7-.
(i

B R

1. BABRNGIZE T 20 OEBEH)
FAPICB T DR TOEENEHTELZ L
MRS B 72012, AW TO 7 VR T
DOEIEE OISR 1T > 72, 200Ax X 200Ax O
R I O H YL T S0Ax O & BLE L,
FETOBER + 965 X 10° OEETEE) SH7-.
WFOEROLRT S () Zkd LM
Filads L TR ON B k, k 2ELE
G EOEEIRBICB I 2R TIIREZ M 4 12
AT kB LWk EMT 5 ICONTHRF O
ZIEIINS L RY, k, k=100 TIZRIEH
T LRkkOBEEZR Lz $72, BEFIREICE

- 112 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 110-114

Research Grant Report

() k, k= 0.01 b) k, k=10 (©) k, k,= 100

Velocity
-0.009 0 0.009

Fig. 4 Spring constants determining particle
deformability.
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Fig. 5 Effects of deformability on pore clogging

behavior: (a) rigid particle, (b) deformable particle.
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ABSTRACT

Liesegang phenomenon has been extensively studied experimentally and theoretically in the field of nonlinear
science. However, there are few studies for its applications due to the high nonlinearity. The particles
produced with the Liesegang phenomenon have been limited to microparticles of sparingly soluble salt for
many years. In this study, in anticipation of more engineering application of this phenomenon, metal
nanoparticles are synthesized by diffusing metal ions into a gel containing a reductant. At that time, we
investigate the influence of diffusion conditions on particle formation. As a result, we found that the size of
resultant particles depends on the gel position. Furthermore, we construct mathematical model expressing ion

diffusion and particle growth based on Ostwald ripening to discuss the particle formation mechanism.
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Fig. 1 LaMer diagram (Build-up method).
I Increase in concentration of solute (7 < #,)
IT Nucleation (f, <t <t,)
III Particle growth (1, <t <t;)
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Fig. 2 Experimental setup.
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Fig. 3 Snapshots of resultant bands and TEM images of metal nanoparticles formed in agar gels.
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Fig. 4 Calculation Result of our mathematical models in (a) Au and (b) Pt systems.
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W s

RIFFE T, 7% Y ERA X SnTiO; DA I 725 bO%FEIT- 72, 9, F—FHHEEIHICLD,
BaTiO; 8 & U SnTiO; O X MET L7z, /7 9 A —FET NV EH TR T AT A4 MEEDFT
B AT\, SnTiO; & BaTiO; L [AIERIZ A VA A+ U SKETY) v F IR 2EN LYV LETH D
ZEEHOLMNMILA. F72, SnTiOs 1 BaTiO; LI L T, KT AT —HV/hEWZ L 2H5
ML, F/RTALDOWREMEAVR Sz, F 2 RTARIC X D, #ELERTED SnTioy M ELT 5
BREZE L, BERKSYE TOAMEME L7z, BaTioy 7 /K7 b L, Ba Kz £ &L 5
HERBL, ZOFRMETAXEMAT, F5 VBAXDER % AT

ABSTRACT

First-principles calculations were conducted to study the possibility of the formation of SnTiO53. Nanocluster
models were used, and BaTiO; and SnTiO; were studied. SnTiO; was stabilized with Sn rich surface similar
to the BaTiOs. Also, SnTiOj; has smaller surface energy than that of BaTiOs, suggesting the possibility of the
formation of nanoparticles of SnTiO3 and stabilization of the unstable structure with nanometer-size. As a
result of nanoparticle synthesis of BaTiO;, Ba deficient structure was elucidated. Under the condition, the

synthesis of Sn-Ti composite oxide was studied.

B TR, REICET 2RI a5
L20PELEALETHS.

MREE B/

H—EBEEE AW RIC L), xa T
HANDATA MIAX % GELEAMRILYH
FEEME L L TEWERE 2 RO T B2 &
7% 5 Cw5b (Taib M.EM. etal, 2013). 2@
72, FF UEREVER SN TW L EEEOR
B, WA ERDF & VRN 7 L OB R
ELTHIfF RN CwA. LAL, ZORBUITE

KEfFZeTlX, F% VERAXF /K DOEHSE
HaatEILEIC L - THEE L, TOEME Mt
L7, F7 VAL, Xu72A04 MDA
YA MCAXZEGHEARILTH Y, —ffio
REOAXPHEESINL. NUMio A X% B
1 MIEBRTTAAA MISBER ST
B0, AT A MO A X B S EATR LY
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BT A ERIESTIE W LT
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2. EEERUKEE R

2 5 mL O AT 0 A BE 55U S g %
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Fig. 3 Tetragonality of BaTiO; cluster depending on the
dielectric constant of a solvent.
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RS ENHALNE R oT. FF UEENY L
DIRBSENZ BN TKREEIR E WA
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HERT 52 EPMEENTEY (Hakuta Y. et
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Fig. 1 Structure of A-site (Ba) surface rich BaTiO;

cluster.

Q 4
) 4 °
9.
2 ~

Fig. 2 Structure of B-site (Ti) surface rich BaTiO;
cluster.

Fig. 4 Structure of A-site (Sn) surface rich SnTiO;

cluster.

Fig. 5 Structure of B-site (Ti) surface rich SnTiOj; cluster.
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Fig. 6 XRD patterns of synthesized Ba-Sn-Ti oxide
particles with different ratio of starting materials.
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ABSTRACT

Ceramic-based fiber reinforced composites based on silicon carbide (SiC) and alumina (Al,O;) have been
expected to be applied in the aerospace, environment and energy fields as next-generation highly reliable
heat-resistant materials. The fiber/matrix interface in ceramic-based fiber reinforced composites plays an
important role to develop excellent mechanical properties, and it is important to form optimal interface layers
in the composites and to control the interface. The aim of this study is to develop the novel formation process
of nano-scale coating layer (interfacial layer) with the thickness of several tens to several hundreds of
nanometers on the surface of ceramic fibers (micro-scale substrate) by electrophoretic deposition (EPD)
method, and the formation process of carbon coating layer and hexagonal boron nitride coating layer on the

conductive and low-conductive SiC fibers by EPD was studied.
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Fig. 1 Appearance of unidirectional SiC fiber preform.
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Fig. 2 Schematic illustration of EPD apparatus.

2. EPD I X A 0B Sic ##: (7€
7 7 A SiC #i#E) Ki~DH —K PEEo
TE B

RIF7EClE, BEEEM: SiC ke m 15BN
RK)~v— (KR)¥a—) Ppy) #HET L
EWEDEEEELMNE L, EPDEICLD I —
RUFRHEBEZEH ST 2 70 A2 WE L7z %%
BAKIZERALH 2 001 M & 722 5 X 9 (2L,
WIZR=TF% 001 M & 725 X ) IZEH L.
FOWk, F7AYEOYTIZTENVT 7 A SIC
WiAE (Tyranno ZMI, #BAERE 10 pm, 50 HL2E B
% —RITHENCECY) - FES 52 & TIE L 72
1 A7) 7+ — 2%, BALKIR O KN —7
Hl % & TKERICIRE L7z, RiEE, Yao—)
001IMEZBEIIICHTL, SMERICH
WCEO— VOESZGSE. EARER
0°C, AWML ISKEM & Lz, 20k, #i
MET) 7+ — L mHefR L7z 155172 Ppy
BT EIV 7 7 A SiC #k#E o P aE 2 K O
SEM |2 & 2 Wi ZE % 17 - /2.

Wige gL R, mloaas F757 7
A MR RREW A MK Z, 0.3 wt% B — K
VBRI L -7 FVT I U RDRR
322 & THREIEO pH % 10 ~ 10.3 (ZFHH
L, Ppy#ERL, F/ldpPpyETELVT 7
A SiICH#kHfETY) 77—k auaf 7T 774

M REWIZERE L, 1K SiC##ifE 7)) 7 + —
NE iR, B — AR WA EME L, EPD I &
O MkHERENC Y — R 2B L 72, EPD %#1T-
7z. EPD &JE & 3 V/em % 721X 5V/em, EPD
BRI 1 BRf & L7z, EPD &, Mkl 7 4 —
L% 120°C CHEMR L 72

3. EPD iEIC X 2388k Sic ##E GR5AE SiC
W) Rm~NOANHHELEYH (h-BN) #
BRI

FEAEL SIC ABHE (Tyranno SA, ARAERE 10 um,
FEEES) 2770 oD 71— kT HIH
Ihey &, BEL. PICEE L2 1 IRIT
SICH#kHE 7 7 4 — L Z AR L, Mk
WOy A2 » 7Rl zRE L% -2 %
MEAE EERIC®AT L 72, h-BN AR CRIERIZ
<0.05 pm) DIKRIRE I % FVCTIREDT 0.3 wt%
&% L) I h-BN BEER (A #K) %23
B 7z BETH O h-BN R T I38EE L T D
720, BEOSMMOY I IZTRK—ILxEHwn
72 HERAER X ¥ — (2000rpm) (2 X D, 10
SRS 5 & T EREE D BT 7 h-BN A&
WA 72, O h-BN BB O pH A¥ 10 & 7%
XN n-TFNT I vESEFIMLZ. 1K
JCSICHEMET ) 7+ — L b =R UWEZNE
MR Ot & L, F8 L 72 h-BN &2
ZIE L, EPD I & 1) #MiAEZRTHIC h-BN 287 L
72. EPD %+ 2 O EPD EiiZZ 121 4.1 Viem
KON 1 & L7z, EPD 1%, ###E7") 7+ — 24
% 120°C THZEEL 72

F 72, EIRLEE 2.1 pm DO AR h-BN KL T- 0
10 wt% AKRIEE T 2 AL L 72 1%, #BE ki E
TR AW K B R [ O O 55 Uy Rl
17928128, FHREORL L 2HEHD
h-BN KR E R CFAEE 0.3 pm L O8 1.3 pm)
AL hBNIEEIT 1wt% & L, W%
WA TpHM 4 &5 L) ICHBL 7.
1IRTC SICHHET ) 7 4 — D & — KR Wx %
NZNEm L O & L, #% L7 h-BN BiE
WZiRE L, EPD IZ X 0 i1 1C h-BN % %
B L7 EPDEEKVEPDHHIZZNZN

- 128 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.27(2019) 126-132

Research Grant Report

Fig. 3 SEM micrographs of the surface of (a) as-received SiC fiber and carbon-coated SiC fiber by EPD using
(b) 0.1 wt%, (c) 0.2 wt% and (c) 0.3 wt% colloidal graphite suspension.
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Fig. 4 SEM micrograph of Ppy-coated SiC fibers.
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Fig. 5 SEM micrographs of carbon-coated SiC fibers by EPD.
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Fig. 6 SEM micrographs of h-BN coated SiC fibers by
EPD (a) Surface and (b) inside of fiber bundles.
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WG
KWFZECTlx, &R AEMEE (Metal-Organic Framework; MOF) OWEH & L COFEHER % 7k
20 HRIREEBANOBCEE 70 v AOMEE L1585 N2 EEHRORE LS & G FHEO i & 3l 72
Ay =)V EKDBEEBEEIZES 72 MOF K%, ~A 7 0N T7 v ZRME BRI TS
Z T, EEMIBRETE K - B4 5 2 LT, MOF K FOEAKRZ/ER L 72, £
2BV, REBEEOBRILAD 1:1 0L JWHOLENEE MOF KL O B E AL L, Bk
WRERAEIEONLZ LA MM L7z, FERARIE, ZREIBB L2 03 BELEBLEIST VS
2IEH L T, EREOEAEIIHEDOELE L) /NS ko7, TN 2 FTRIEL 25500k
BRI, EEEOHTPREZ LR L7.

ABSTRACT

The present study focused on the self-assembly of porous metal-organic framework (MOF) particles into
spherical superstructures and characterization of structural and adsorption properties of fabricated
superstructures, aiming at practical applications of MOFs in separation processes. Self-assembly was
conducted by mixing MOF particles dispersed in MeOH-water mixture with fluorinated oil to make
suspension droplets, followed by the drying. Spherical superstructures formed at a MeOH-water mixture
volume ratio of 1 : 1 possibly because both the droplet and dispersion stabilities are enhanced. Porosity of
superstructures was approximately 0.3, indicating that the structure is close to the close-packed one. Adsorbed
amount in superstructures was less than in MOF power, although the adsorption rate is larger for a
superstructure-packed bed than powder-packed one because gaps between superstructures act as meso/macro

pores to promote mass transfer.
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RS, BHALENICBW TG L, ML
YA APKEL BB ET, WERDVAT Y T
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WA 2 HD 5 7O IR A& /RS T
HEMKELTONY R) U Z73HLL 2D,
FEHPOHESPLEVH) T L Y ERNA LT
L. 851, WEME L THWAZDIZE,
mm DXL v MRIZSER T 5 LED D 505, T
A ZRT 2 ZDFFERL Y MET B EET
HEPKRELRY, _Ly NNEE TERAEDE
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Fig. 1 Hierarchical porous structure.
FRRICHA LA 2T, FIMEE LTon
YR IEEMESES,. S50, 04K
fkxx=v b LTXLy MRICKET L2 &
T, EREFELOBBEABAN 2 XY /<70
LokEIxR-L, <Ly FNHE~NOWERE)
PRI NS Z EpifFEns (M), 22
TARBIZETIE, Soft MOF #if% I 71> A —
NVOEEENEMA LT HHCER T T A0
WL RAI. 2O LT, 155N/ HRIRERE
DWW AEFFERE 2 47 - 72,

M %" B &

1. Soft MOF i ¥- (ZIF-8) D0k

xf 5 &9 5 Soft MOF (21, HighA + > %A
R TFTHDE2AF VAL IFS— )b (2
MelM) 234G L7-V — % 5 4 b AL & Sk i
% H$ 5 Zeolitic Imidazolate Framework-8 (ZIF-
8) IRM L7z, ZIF8 K T OAEBITLLT O X
I AT o 72, Zn(NOs), KA & 2-MelM KA’
rENENTY) Y UIZFHAEL, 10 mL/min Tk
WL~A 27077 % TiRA& L7 (Watanabe et
al,, 2017). {REH, HRLPLIIRSIEHEITL, <
Ar7u) 77y HOPS A2 ) 2 —5FIZHINL
72 BOEIE S CICHE LIRD 72, 1 R E 1%,
BB 3500 rpm T 1 IR O o0 BE A2 AT o 7
%, LEREEBREL, A —VIZHSETS
7, COWFERELL I 1IEHEIEL,
ZIF-8 R I % 1572

2. ZIF-8 ki T DA

B S N7 ZIF-8 F / ki (CF¥Ek 1 #%
230nm) % A% J — )b & KOBEVEBIZ E s
w7z, 2O ZIF-8 F / ki T i& %W & PFPE-PEG
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D) YVRYTEHWTYA 7 aiifh TN A
W L7 (K2). fHashz2@sene
RN D IHIELELTRBY, Z2 T2l
HEENDL T ETYA 7 Ul RB IR
L7z (Vogel N. et al., 2015). 55 /- i
WiE, A7) a—FIZHRNL-0L, HinTi
s, KT OEBELEL. REBHO XS
J =)V EKROEFE, B X ZIF-8 F / KiTfD
ERESE, A 7071 AOGKIEY 2L S
T, HONLEREOT A ARk % 57l L
7z.

X L 72 ZIF-8 - / KL F D £ R IE SEM 12
Ko TIREBIZ L, WG A O FAHLEE
D, %M L7 F72, WERREZ AT <,
77K TO N, WEFRBHEEIT- 72, T OB,
PFPE-PEG 71 v 7 LEASMHLZY) B 720
12, BRFHAT, 300°C T 1 BB L 72
B R

I

1. BRIRERBOMER

Gy & A7z ZIF-8 F /KL T o EH ' G R
¢, =0.05, ¥ A 7 TJiiElE W=50 um, A%/ —
WV EIKRDIEFELLAT 50/50 DT TREL /24
FEIRD SEM 1% % [X 3a |I/R ¢, SR SN/ 40
RIZERIRTH 2 Z L 05, RO TIRA L &
NTWDLZEDHERTE L, BBEOERZ 2
5 =)/ K= 1525 DRMEIICT B L, Hhze
ROERFRAENL CBE SN T, Ay ) —
N DOENE D% < 7 0 A AP T8 R & T2
LIk K rofeledeEZ6N5. —HT, X
¥ ) =) /K= 12575 DEFEHTIE, BRIKT%

Fig. 3 SEM images of superstructures composed of ZIF-
8 particles fabricated with (a) ¢, = 0.05,
W =50 um; (b) ¢, = 0.05, W =100 um; and (c)
$y,=0.10, W= 150 um.

WENZEEN RSN 2L, ZIF-8 fi T
AR T AL E MR N 720, HEEfET
FFDEELTL T, HANZEEDTEHK T
EhpolzlzbbEZoNDL. Lz2oT,
REBEKOIERIIL, WHOLENM, L ZIF-8 KL
FOFHEERDOWM I NEETH), 25/ —
WEKOERFEEN1: 1 DL E, ZNH2D00
TEWRWILTEXLZENHLNE o7,
85 N B R ORI EITESN DT
% ZIF-8 fi 5B L OVH ISR 5 L& 2
bNA. WE, ERIIEIE W THRES L
LeEZoNL, #ZT, HAD$, WTH
BEAERL-E 25, KNTFEOREL LERK
BELN (K3b, o). 22 &b, H£F
RORFEEIL 4y, & WIZX > THIETTEET D 5
Z b hrotz.

2. ERIRGERIA O WA 1 VL SF Al

fE#L L 72 ZIF-8 F / i - O ERIREFE AR AR
WS 2 X 4 1R3[4 120E, o7
DIZ ZIF-8 F /7 Ry KOS S TR L
TWwWa, Ihalial, ZIFSHEEILEL T
ERAROARAER RN LD IL. T
(X, ZIF-8 &/ K F DS IREICHAET 52 LT,
W75 A A DSEEFRAR D HLE E TR L T e
TeHEEZLND.

Z 2T, WEMEEREHET <, BRIREREK
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DEBRE #EH L7 e (XBIHENO ZIF-8 1K
G ¢, BT A (1) 2 S EHE L 22 BAER N
D ZIF-8 DAKFE Vyps & SEM 15 O [ {5 f# AT 2
LNz D, 2R Q) ICRAT S L THEE
L7z, 22T, pl3&FELRL, BEEHEEX
WAZEE LW ERGE L7z,

uspension V —
= Pompemion g -8 (1)
Pzir-8 s
6
e=1- —I;ZIF’: (2)
6

D,=20.8 yum DERERAED e ZHHB L 72 &
Z5, MRERDS IR ICTIE L 7235 D e (=0.26)
I REVWZ DD (F1). 2o
EDe, ERKNE O FEIEREE X540 DAL
L, el ZRMEIETLTIIARE L, FLEBTIE/MN
SWEHEH S NG, TORSE, WA AT EKH
I L2 BE T ET, ERARO AR AE
HEIIETLZEERONL. $72, D,=2038,
79.9 um O FEAREREAROWAE Finit 2 &, Al
W IR TR L T inZ by
L. I, EREARNONERREESEM L Tw»
LlzobEZHoND. 2T, WD e % g
L7z Zh, FEETHLEIHERSIN

Table 1 ERIKREFRF KD 2[R
P [ W [um] D, [um] e [-]
0.05 50 20.8 0.32
0.10 150 79.9 0.35
(F1). ZoZbkhrs, EEEZHEETLE

T, MILERZHEL ) 2 & CERBEROR T2
AL S LT ENTRRICL S LT 5.
S FI A & OZALIZM 2 T, X 0.7 X
102 3 & 2.0 X 1072 3 TOWEZBIZHFH
T2 &, BRORETIZAT v TIROW A &1
MR S5 —FT, HERETIIHESLH,ICE
BEHPEMLTWE I EDbnb. BHROWESE
WA R SN2 ATy TIROWAE =N 7 —
MG EMHEN D, REEET &P R s
ZBEHZ X AL D THDH (Tanaka H. et al,, 2014;
Ohsaki S. et al., 2017). T L xEF 2 5 L,
ERRICR SN TG R INE, £
HENERD ZIF-8 1d & % WA P = CT—FI2 T —

FEEZFEBHEL TWAbIFTIERWT & ZRIE
LTWwa., i, EREENTTOETHAMIC X
LHDLEZLN, WENADOIFE HE L 7%
W EOEBI RO 5N 5.

Ly MELZZBEOR % 59 5 720, 1F
B ERERRE T2 — T HICEET A 2 &
TARLU v b &R L 7o o Was S 2 e L
7o, ZORER, ZIF-8 WK% FolE L 7o Mk & b
BT, KERICHAEEEABIML 72, g,
FodE S N2 S L7z B2, BRIREE
FBEOEEDOTNRE L, TN WERE %
HEL-0EEZONA. DEDXHIZ, WE
e m L& HIY & L7z MOF K70 F / kit
fLid, BRIRER A OIER LA G DEL I LT,
W AT &®5 2 <Ly METTRE
ThabILopmashiz, 5%, EBIIRL Y
MEL, ZOWERER X UMY O FHm
NROHENG.

3. ¥¢9
<A 7 OFETINA A & H T2 ZIF-8 F / fi
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AR D EE & 56 L T\ 2 vy (Hirata Y. et al.,
1992; Davies J. and Binner J.G.P., 2000). Z® 7=
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— 5T, o3I F CIRBEFKENZEIC X

% R4 BCIRRERTAM % $228 L C & 72 (Tsubaki J.
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JEAT) —ORFoiiREL T2 L &b
2, TOREENY — MEIAAOEE L BT S
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B R DB E

1. #a

AT A FATHA R AT < EEREAS AR &
LTHIONTEDY, BEREBIFHI O Z LTl
TR ES D 2 LN EETH S (Khodaei
M. etal, 2019). TN E T, RILT 1 FBEREAE
OVEREE LT, RUFE L iRF 2 BERDF &
L 7z BEFHBERTE DS S ST 505, BERSImEE
752000°C % 2 % b, BB PEE AV [ RE
B33 % (Prochazka S. and Scanlan R.M., 1975).
— i, ALO; 72 & % v 72 9 A BE A Tk,
~1900°C DFERGIREE TE VIR 2 155 2
EDTE DN, BEREBIFI DT M 2 s
B 728, iR 2SS B o M R N N =
(258 <MK 9% (Rasouli S. and Taheri-Nassaj E.,
2010). F72, Wi FEL, kILr A EH
K& BERE A 2 MR E T A 720 —RE
BNEETH 5.

YR ECEIINE T, AT A ERY)
TSR E LTT VI 2 AN — A
L 72 RiBER & - T, RIS A Z TERL L 722 v
THRR 720 b B RAL A A FRARHE % A SR AR e 12
LTVERTHIEIZHII LTS (Ishikawa T,
etal, 1998). AHFZETIE, FEEIZBERBIFI & L
TTNVI=ZoazEHAL, Rt 4 ZHEROH
AR TERESRHL LT, TELNLTY
—RAL, #iEN TR X 7k A EAAHRES R %
FT, RS TR L 70 W BERE IR & R
T5EEREHNT S, RE T, Rl
ELTHEETHLT VI =T ADEH L7z AL
TAFEMEOEH AN ET 5.

2. EBE

TN = NEER LRI A4 EHER (AL
SiC) &, & FuX* L TEOS, g7 IV =
AR, 7 LV EREEEE 6 7 T VR
SAEABICLI DAL B, TLVI=Y
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LOEMEIZ, SiC A 2 BERFLLT TH
505wt%& L7 ¥£72, v Fox 1L TEOS
 1mol CHEEL, WIS A7 L 2lkExZHE)
SHH T LT, HIMERERTIZBEIT S SO0, &
COEAEZHEL, 512 Al-SIC ' TOFAT
KFEEOPFIE xR ATz BEMHNTIE TG-DTA,
XRD, Raman 2 & D17\, JEREEIE B X 0T
F4HTIE STEM THT - 7-.

3. WiREEE

AIERRRT K I2 & £ 15 K FE =% TG-DTA
WX ERL (1), SiC ZET 1%
J& (Si0,+3C — SiC+2C0) A3 b= & f 19 12 A
T3 501, Hiw L C/Si0, 7°3.0 DEETH D,
7 I TETRINE A5 2 mol DIEIZ C/SiO, 78 3.0
FiEIZ R o TWE Z e o7z,

WIS, 7 VERININE 1.6~2.4mol THL L
7B DRSS 7 XRD ICX DRERE L 72 (M 2).
WINOBAEIZBWTY, BHYWTH S B-SiC

3.5

--- Theoretical value =-----=------------

C/SiO, /a.c.
- g
W (3] W W
[ ]
[ ]

S0 +3C—SiC+2C0

o
W

f=}

0.5 1 1.5 2 2.5 3
Citric acid / mol

(=}

Fig. 1 C/SiO, ratio of Al-SiC precursor.

® B-SiC
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20/°

Fig. 2 XRD patterns of Al-SiC powder.

PO TWA Z Dotz 72, B
Fle LTIRIMULZ27 0V 2 =7 LAZHE L 72455
BENPR LNV E0nS, TV LR
b7 AR LCTEEBEL TS ERIBEIND.
—J, 336 icH b E— 7 ICH L Tk
a-SiC & SiC DO T L > THEL 5 HE
K& O REYEDSDH H A%, XRD TIXHH % B
KBS 5 2 ke h o7z,

ZFIT, IRVARY MVEIEL (K3).
B-SiC IZHZK L 72N> FIERED H 7225, a-SiC
WCHE LY PN TR o7. 5
12, B-SICDO/NY FaEmDLE, PWOILNY PRI
XA LTV b, (IHEE R AHE U7z
IR ON L5 E —F L Twb7-9, XRD
2B 5 33.6° DY — 7 3R RIGICHE L 72
borLEZONL. F72, 1000cm™ PLL% A
A&7 T VBRI 2.0 mol LLE TARL L 7230k
TIREICHE LN Y FEFELTWL T &
Woahd, Lo T, 7T YEREIN 2.0 mol
Db o nzmibr 4 EHRISTERFIRED
EINTVWLEHEEINS.

WAk FmE % TG-DTA ICTE= L7z (X 4).
7 T UBRINE 1.8 mol LLF CTHABL 7235 &
C/Si1F1E1T 1.00 LAbF R AL O KA A
MEIMELNTVWDL D9 hb. —F, 7T
RN 2.0 mol LLETER L f_ wWhlE DB
KIHEW, FRFRFEDHRKLTWD 2 Lh%y
WD TIUE, TV ARY MVORER Y —3%
LCTw5. C/Si0, A% 3.0 LLT O T ik 37

itric acid : 2.4 mol4 ® )
Citric acid mo a ° ° :

A
Citric acid : 2.2 mol
A o A 0 A

Citric acid : 2.0 mol

Citric acid : 1.8 mol

Citric acid : 1.6 mol

200 500 800 1100 1400 1700 2000
Raman shift / cm™!

Fig. 3 Raman spectra of Al-SiC powder.
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Stoichiometric
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<
=
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Fig.4 C/Siratio of Al-SiC precursor.

——— 250 nm IMG1(framel) C——— 250 nm

250 nm Si & Al

——— 250:nm SiK

Fig. 5 STEM images and EDS mapping of Al-SiC

precursor.

BHELTWAE DI, 1150°C 55 F 5 Si0 D
FEIENZ L 5T, RNTOMB TN E L 72720

S Bf SR AR

198 « RA ¥ —3k

1 HEINBERRR, “#rfl 7 SiC EARBERS (kD Bk
Py & Py 55 7 8 NIMS B 25 4R
JEPLE > VAR 7 4 (Tsukuba, Aug. 30)

2. BEJIBERER, “BEREBORIBL) % &A L7288

ThhHERBEEING.

WEIZT IV =7 AD55EUIREEZ STEM O
EDS Vv ¥y 7IZ X DiERRL 7 (K5). 7
RS2V LAETARISH L TRET 22 &% <,
BW—I120 ML TWwWb Z e b, XRD O
REHEWNHIWT 5 &, AL 1 F ORI
EERFESFI, BTFHNICTELNVTT IV =
T ABEFDEEL TS EHEES NS,

S, INETICHE LK EHTAEBLT:
AlSIC K& W T, BEREROER B X O
HEHHICEF T2 FETH 5.

3k

Ishikawa T., Kohtoku Y., Kumagawa K., Yamamura T.,
Nagasawa T., High-strength alkali-resistant sintered
SiC fibre stable to 2,200°C, Nature, 391 (1998) 773—
775. https://doi.org/10.1038/35820

Khodaei M., Yaghobizadeh O., Naghavi Alhosseini S.H.,
Esmaeeli S., Mousavi S.R., The effect of oxide, carbide,
nitride and boride additives on properties of pressure-
less sintered SiC: A review, Journal of the European
Ceramic Society, 39 (2019) 2215-2231.
https://doi.org/10.1016/j.jeurceramsoc.2019.02.042

Prochazka S., Scanlan R.M., Effect of boron and carbon on
sintering of SIC, Journal of the American Ceramic
Society, 58 (1975) 72-72.
https://doi.org/10.1111/.1151-2916.1975.tb18990.x

Rasouli S., Taheri-Nassaj E., In situ preparation of Al,0;—SiC
nanocomposites via sol—-gel method followed by pres-
sureless sintering, Journal of Alloys and Compounds,
496 (2010) 678—682.
https://doi.org/10.1016/j.jallcom.2010.02.167

WAL A FH RO G, SAT7 27 /1
Y — 23—/ —22020 (Tsukuba, Jan. 24,
2020) P-10.

3. WINBERRR, ANEGL, BERBIAI R % 35
—IZEH LA A FRROGH", HAR
7 3 v 7 ARH4x 2020 4£4E4 (Tokyo, March
18-20, 2020) 1P200.
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W
NROT AT A N F/wEed, SREETE, SEFIERSEOBENEEE A L, INEET 1 A 7L
ADFNFEE LTRSS, Lo L, st A XGHE S5 tEELRL CHElTcE s a7
AT A b T REEOVEREAN OWMESLIIRAHTH 5. EREERE D, FHFZ, T A PTV PR
TR T A A b REEOT A ARUMEEAT 2 R_E L, ARG T, A XRAMEICHES
FENBEBOEALZE FFY L 7.

ABSTRACT

Perovskite nanocrystals (PeNCs) have superior optical properties like narrow half width and a high quantum
yield and are expected as a photonic source for a wide color gamut display. However, precise controlling of
the PeNC sizes which is capable to demonstrate the PL peaks in wide range has not been developed. From the
above background, we have been proposing a down-sizing protocol preparing for the PeNCs using Ostwald

ripening, and we elucidate the PL behavior from the down-sized PeNCs in this report.

BERE OHE XN TWD. 74 AT L A DEmIRIEICIE,

B IO OEMELDLETHY, I F Rl
] T /& BRI, B2 2RI RS B
EEER S OFRICE Y, B, ®=EE  BINTE &FETIE, KBEbMEE LT
BWHTA AT VAREBHT A ATV AE0 Wit a7 JMeghua 7 AH 4 b
S —RB R BB T 4 A 7L A4 OREH (AMX;, A = CH;NH;, Cs, M =Pb, Sn, X=Cl, Br, I)
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H~Ht om FCRUMES o RT T AA A
b /A (PeNCs) 2%, @& \WihE I
(PLQY >90%), %k |- f# iF (FWHM <25 nm),
INET R X B DL T oS RO
F == (dp=405-730nm) FHEDOENT-
FEHEEEE RT 2 & A (Zhang F. et al.,
2015) SNTW5. ZD7=H, PeNCs IE, L
B OEMELE R T & 556 E L ClIfr
ENTEBY, BIE, PeNCs DIEILY A 4 — F
(LEDs) ~OJLHWIZE S BRI S Tw
5.

BRlz, EERa 7 A A ME, A F U T
HY, EMREMETICTER 7T A2 X 55
b E D -0, e BERFHEICLD
PeNCs DG & DO WEHE DN TR TDH 5.
INFEFTIL, vy M P =23, Ligand-
assisted reprecipitation (LARP), & i & B,
I VAN Y (Shamsi J. et al., 2019) &
NTBY, BV LY A X - JBIRO S
AL ER SN TW5D. F72, LARP 2 N— A
CROGIREE - ARRECAL T OFEME - IR S0
S 2 £ B PeNCs D A X % /G Hil 9 5
XA (Polavarapu L. et al., 2017) b & % 25, E
Ji o R SIS H oo B PR R 566 % 7R 37 PeNCs
OFEELE, R7ZNETH 5.

—J, WEESE, HF A N7V RE
IZAEH L, MEMEDE PeNCs D A X il 1)
BfiziRE L T&7% A7V FHREK
(Ostwald W.Z., 1900) & &, HIAK 773500 =

¢ (’

b Shrinking

ANV F—DE UM AT 2RI 5 2 & T,
X5\, FORTYI A X e iS85 A E
TakAE LT, I<HMb5NTwE, AT
WV REELTIE, —f%i, BREZROM KR TI28E
MM THYS, EHHIL, 22T, HATHER
AWK TICER L2 BlL, A TV Rk
B A AR AE S &7, LR L7 & B B
(ZET, BRTHMHTOAEZMBTE, &

FEHIIZ, PeNCs DY A A/ Mba ER T % &
#z 72, BAKEYICIE, LARP Z VT, TOM

# L 72 PeNC 7 HIGIE & IR RIS €% 2 & T,
FTAPMTIV AR A RESEL, ZHITLD,
ML 2 HUD B 72 1%, PeNCs O 4 A%
17nm 2*5 Snm ¥ TRUMES &5 2 & 128D
L7z, %72, PeNCs O A Xf/MUIZHE S &F
A XD ROFEBE AHEICHER L 7. € ORR,
H— b A 5 7% A MAPbBr; PeNCs (2 C,
ZOFNWEEZEIL < (517nm »* 5 456 nm)
flfcxsrz ezl LT

Z ZTAWIZETIE, REBRICBIT2H %25
FA NIV RSO E BigL, A Xk
b & 72 PeNCs DA FEME R, X ) FEMNIZET
fliTsZExHE L7,

2. EBRTI L

LARP & #+ A N 7V R &M AEDLE-F
(D) 12X, ROFIEIZT, PeNCs O
A AfME % ER L 72, 2Abdh (3.emg) LB
fbxXF V7 v E=Y L (147mg) % NN- T A

Fig. 1 A schematic illustration of the preparing protocol for precisely controlled PeNCs via Ostwald ripening.
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Fig. 2 (a) TEM image of the PeNCs aged for 2 h. at 50°C after removing the coarse crystals. (b) Photographs of the
PeNC supernatants aged for 1-4 h (after removing the coarse crystals). (¢) Absorption and PL spectra of the PeNC

suspension aged for 0—4 h at 50°C.

FNVENVLT I FImLIZE»L, 27T VT
IV20pL £ A LA VEEOSML RARML, i
BRI L7z, P L 7-EW T a7 A
HA NOEEBETH DL 700KV AIEALT
%, wOAEE LR 20D Bz E 72,
A% 50°C THNRRFFT 52 & T, £ AL
TV RER AR L7, 0%, FBE, Ok
L, MAK T2 R Z LT, PeNCs D
B A A MbE ER L 72,

BRI FUAMEEIZ L V), PeNCs O A X -
TR % G- L 72, F 72, F 4 OSGEEEE % R -
FEIICCEERE, FOtFRaT - MXTFEGE T IER
I E 218 & O CERA L 72,

3. WiREEBE

REFATIE, BEHELE L TLIIHLENS
VI by, zaakVazHvg, ¥
ORIV AL MV N, EEEENE
PeNCs % 50°C T—iE R, MimPriF$ 52 &
T, PeNCs # %52 L (PeNCs 25fiEd %) &
&, FAMTIV R ERETE L. EBIC,
PRI OB HNIC & B PeNCs D A Z/ME
(#1) L2 BHBEEDOT V-7 b
(4 2(c)) %#WEFR L7z, HFIZ, PeNCs % 2 ],
IEREET 2 &, FoIRDs, WAL S ERE
(K 2(a)) 12ZfLL, 4 XH 170m 2*5 7nm
FCMMb L7z, 72, 517nm A5 489 nm F

Table 1 PL peaks, shifted energy, FWHM, and morphol-
ogies of the precisely controlled PeNCs via aging
for 0—4 h.
Aging ApL AE |FWHM | Size
. Shape
times/h | /nm /meV /nm /nm
0 517 - 21 16.7 Square
1 508 42 20 12.1 Square
2 489 95 25 7.2 |Spherical
3 472 91 26 6.1 |Spherical
4 456 92 26 5.3 |Spherical

T, BHBEEOT V=27 MEZELZ (AMp =
PeNCs % 4 I, hnim o £f
ThHE, FOVA XL 5mm T TRUMEL, =

28 nm).

S b,

X, MAPbBr; DilE KR — 7 FETH %
3nm (Sichert J.A. et al., 2015) & X IZTFFEED
RESTHAH. O EIL, 456 nm 7~ L,
iR PR & R, BEHFEIC T V= 7 b
(Mpp=61nm) L, Zhid, &1 XxhFIC
LBKRIEZRNY FEY Yy 7T A VF -0 A%
ERLTWAD, 512, 4 AMuMbER7
PeNCs OFNlE, W9 FlmE (FWHM =
2026nm) %7~ L, PeNCs O¥H—MEDE S %
RIELTW5,

A ZW/ME S 72 PeNCs Db F s &
TAF I 7 ARRET L2002, F5HF PL
Fav (X3) LML PLETICE (F2) HIE
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PL Intensity (a.u.)

0 20 40 60 80 100
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Fig. 3 Time-resolved PL decay curves of the precisely
controlled PeNC supernatants via aging for 0—4 h.
at 50°C.

wFERE L7z, BSOS ToPLIBEMAIL,
2IMARTTA YT A 7T, REEER] oo h
I RE D ZEedar 0 7 arfl & ZtE IR S
LU EEHEGORGILOEE (X3, £2) %
WIRECRERE L 72, B%1C, MRRFEFT 28O
PeNCs D38 tFamiE, 32ns & 10ns Z 7R3 75,
IWERMILL L, IR 5 &, EO3NFH I,
51ns & 2ns F CHEMLT S, 72, Bh=E
FIEE (PLQY) o, MRS HE o8N
£V, 4 OINERRFET, €0 PLQY I 47%
(£2) FTHA L ZoPLQY DA,
ERE o MEMEEIC &), PeNCs O £ 12
XX o ¥V T LF 7 FNVT I VEORMTO
A <> A X IMEIZ R D R TR O B nsEHs
EZONBD, Gtk 5% LS E)
DRI UEET D 5.

4. Wia

REBRAZBITAFT A MTN P E, X1
HEICHBT 5 2 LR B, A AuMES
72 PeNCs DN F Ol = 1T o 72, %
DFER, PeNCs O PRFFRE [ O BN AL S
P4 ZME (17 = 5n0m) & WHREZR 6 R
DTN—37 b (517 —=456nm) % FEFEL 7-.

Table 2 PL Lifetimes, PLQYSs, radiative decay rate, and
non-radiative decay rates of the precisely controlled

PeNCs supernatants via aging for 0—4 h at 50°C.

Aging Tay PLQY K, K,
times/h /ns /% 107/ 107/ns™!
0 23.8 57 2.4 1.8
1 22.4 58 2.6 1.9
2 8.1 70 8.7 3.7
3 4.8 64 13.4 7.5
4 4.9 47 9.6 10.8

7z, WA PL 75y & Ao PL & -0
EORER, 3R EOMEREICLY, FHL
{, ZDPLQY 2D § 2 2 ENLRIZR -
720 I, Fx vy y LR TF OB
LB ERMARIBHEMEZREL TWbERZ 5.

S 3Lk

Ostwald W., On the assumed isomerism of red and yellow
mercury oxide and the surface-tension of solid bodies,
Journal of Physical Chemistry B, 34 (1900) 495-503.
https://doi.org/10.1515/zpch-1900-3431.

Polavarapu L., Nickel B., Feldmann J., Urban A.S., Advances
in quantum-confined perovskite nanocrystals for opto-
electronics, Advanced Energy Materials, 7 (2017)
1700267. https://doi.org/10.1002/aenm.201700267

Shamsi J., Urban A.S., Imran M., De Trizio L., Manna L.,
Metal halide perovskite nanocrystals: Synthesis,
post-synthesis modifications, and their optical proper-
ties, Chemical Reviews, 119 (2019) 3296-3348.
https://doi.org/10.1021/acs.chemrev.8b00644

Sichert J.A., Tong Y., Mutz N., Vollmer M., Fischer S.,
Milowska K.Z., Garcia Cortadella R., Nickel B.,
Cardenas-Daw C., Stolarczyk J.K., Urban A.S.,
Feldmann J., Quantum size effect in organometal halide
perovskite nanoplatelets, Nano Letters, 15 (2015)
6521-6527.
https://doi.org/10.1021/acs.nanolett. 5602985

Zhang F., Zhong H., Chen C., Wu X.-g., Hu X., Huang H.,
Han J., Zou B., Dong Y., Brightly luminescent and
color-tunable colloidal CH;NH;PbX; (X = Br, I, Cl)
quantum dots: Potential alternatives for display tech-
nology, ACS Nano, 9 (2015) 4533-4542.
https://doi.org/10.1021/acsnano.5b01154
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B R DB E

1. #i5

AT IIOVEIEE, TR & OB =
ANVF=%MZ D LN > TREWIZT] &
CENDALFEETH %o WIZE D AH 7
IV, MEHE R B IRALE, ) A 2
Ve vo 2Lk I TRE P TN TV
(Kim W. et al., 2009) o L 72>L, ABWEEED) O,
DMK TSR EE T 5728, BUBIZHE S 56
RIS, S HICZORISHEBIEH S 2027 -
TV, 20728, A 7 I HIVEIGEFIA
Lz7 ot AEFERLENT, BEfIclEoTw
LOVBIRTH S, 2T, KWFZeILRESEOI
WP LT b ST RE 2 X ORI R
(XAFS; X-ray absorption fine structure) 4347 %
W7z AH 2 IAOVEOBIRE ) #EE A L, £
72 F OWERHEHS 2T 5 2 2RA T,

2. il - EBEE
41, BEHt (KatoT. etal., 2019a,b,¢) (2T

AL A LA 1T LT, R -V IV
RS LD A 2 7 IHVEIBE LTEY 74
DORICTIDHVHEL S T L 2HE L T D, Kk
T, AA /77 IH VIR &) AR A 1
HIA I U B a2, B LU oI
Z XAFS pATIZ X ) A TRER 2 WG 5o
FERT B KO, 73 5 o #ENE BE R (Kato
T.etal,2019a,b,c) IZTHEFFATHY, 22
TIIHHACZ OBE 2B~ Do

FEERIZH 72/ 7 7 ) J L FERE o i k5%
A A, #O6 X MRS (XRF; X-ray
fluorescence, Rigaku Corporation, ZSX PrimusIII+)
BIOL—F =7 7L -3 v ICP EESH
(LA-ICP-MS; Laser Ablation Inductively Coupled
Plasma Mass Spectrometry, Agilent Technology,
7500 series) % VT, fLiEfipids & O LA
BAHRBEEZ ENEIWHE Lz, £72, ST
fift At %% & (MLA; Mineral Liberation Analyzer,
FEI Co., QUANTA FEG250) % Fl\T, #iAH
DA T HHE = [ L7z,

JEALFRRE A A o L ClER AR =V 3 L
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(Verder Scientific Co., Ltd., PM100) % H 7245
Wea it L7z Bredefhiy, BURE4% 0.5 dm’
(2R L C, FEHERMEOFIEE 0.22dm’ & 72
L9102, HEHAREL 100g, BRI
19mm D7 10— L§EK25 e L7z 72, B
PHRER 2 0-720 47, 35 & UVHIHR L & 300 min™
L7z O NIMIEWIE, Ce-Ly ¥ (Kato
T.etal,2019a,b) $ L U Ce-K ¥ (KatoT. etal.,
2019¢) 25, YU ar N 7 MatigE (SDD;
silicon drift detector) B XN 19 KT 7V ~="
2R H 2 (SSD; solid-state detector) % & 4L
THHWT, & b IZHOEEIZ X 5 XAFS 7047
*EM L 720 B, XAFS AT IIRHAF AT 2T
HMHdnEY 270 bha ittty ¥ —o BL5SI
&R AR EE N E LR R s v 8 —
SPring-8 @ BL14B2 |2 THii L 72

3. EBRRB X OEE

3.1 EULER A TS A OX Yy I 7 7)) -
vav

RFZETRR & L 72 JmALTR & 580 o
XRF 53T 8 £ O LA-ICP-MS 7T a3 1, 2
127”3 (Kato T. etal, 2019a, b,¢)o F72, MLA
GRS, A HFEIEY & L C britholite-(Ce) ((Ce,

Table 1 Chemical composition of weathered residual
rare earth ore [mass%].
SIOZ Fe203 A1203 Others
68.6 16.2 7.3 7.9

Table 2 Concentrations of rare earth elements in
weathered residual rare earth ore [md/dm®].

Ca, Th, La, Nd)s(SiOy4, PO4)3(OH, F)), cerianite
((Ce, Th)O,), cerite (CegFe(Si04)6(Si03, OH)
(OH);3), monazite-(Nd) ((Nd, Ce, La)(P, Si)Oy),
xenotime (YPO,) @ S ISR S Nze Th
5O THHIW D 9 5, britholite-(Ce), cerite 13
& 0¥ monazite-(Nd) 2% 3 fii ® & V) 7 A #L 1y,
cerianite DAV 4 flidt 1) 7 LW TH 5o

3.2 X RIS 28 o0 AT kG R

Ce-Ly ¥ © XAFS T 2T R b7z, %
WVEEEY T O 3l & 4 DX ) 7 L OEIE R
312773 (Kato T. etal 2019a, b)s 3 2 5,
M oI tE, ) ™ A0BITh T
CEDHL NI R o7z RIAFIZ 4ot
7 1% cerianite & L COARGFHET H I 0D,
AH 2 I HIVEOZAE D 2 {b L cerianite
DORELDEEZLZ b,

X112, Ce-K i A 5 XAFS T # 47\ 15 5
N7-EE A% (RDF; radical distribution func-
tion) #7K3 (KatoT.etal,2019c), ¥ 7z, RDF
% 72 EXAFS T O G RIS 5 L7z, Ap s
il & Ce*™-0 DI FHIFEREDOBIRZIX 2 1I27R 7,
EXAFS AT OFE SR, Ce*"-0 @ J5-1- [ 1 #1345
ewEf 10 0 THINS 545, Z0®%EAT 52
& DEFE & 72, Cerianite #f i i 12 8 25 /K [
DA C72YE, M3ITRT 200/ EZNS Z
EDHEE XN TS (Ohashi T. etal., 1998) ik
FRMaE LT Type ADE U724, Ce*-0 D
JE - EEE BN L, Type B 234 U726,
Ce*"-0 DT MR AT 5, YLEX Y, #
BRI DS WA 121, F 9 cerianite H i F1 12
Type A TEEINLRHRFEHE L, W

Sc Y La Ce
; 0 S Table 3 Ratio of tri- and tetravalent cerium in samples
53 14 X110 93 x 10 25 x 10 with and without grinding [%].
Pr Nd Sm Eu Grinding time | Ratio of trivalent Ratio of
24 % 10° | 9.0 x 10> | 2.0 x 10° 11.2 [min] cerium tetravalent cerium
Gd Tb Dy Ho 0 50.7 49.3
2.2 x 107 37.4 2.4 x 10 50.4 10 54.5 455
Er Tm Yb Lu 60 70.2 29.8
1.5 x 107 23.1 1.4 x 10 19.6 720 89.8 10.2
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Fig. 1 Radial distribution functions of tetravalent cerium

oxide for samples with and without grinding.
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Fig. 3 Two models expressing the local structure around

oxygen vacancies in tetravalent cerium oxide.

BRELZZI1IZONT Type B TRINLEER
faoE &MLzt E2oNb, 72, BE
REGDSEL 2 Z & T, JEABRE L 4lio+)
LDEH L CWZEFPEERICEIN, £h

ZREPOL) T AeELIELIET, Y
TCRUBDHE L7 EE 2 b N5,

4. Wis
FHLIE, XAFS T x W7z x 0/ 77
VIR E LTEL L) 7 2 O@RTTCISIZEED
R EZ8AL & & ORI % 720 T OFER
g2 L e L CEERRGAE L, Zhiifbvt
VY ADRIGISVEL L EZHLNIZL
720 RRFFRIZTHES MBI, GhAN 7
SAIVEIED S 6 7% 2P, FERIZET T
AR a2 2 08T/,

]
F

e
AWFFE D XAFS Hl7E 1L, FHEA2H 7 28 i B 5
Hwbyrrzuabartry—o BL5ST (FE
BRF5 0 201801021) & A% [ N B
B 2E 1 ~ & — SPring-8 @ BL14S2 (GRE%
5 1 2018A1696, 2019A1777) THEE L 720

S R

Kato T., Granata G., Tokoro C., Evaluation of acids onto the
light rare earth elements dissolution from weathered re-
sidual rare earth ore activated by mechanochemical
treatment by grinding, Journal of the Society of Powder
Technology, Japan, 56 (2019a) 174-180.
https://doi.org/10.4164/sptj.56.174

Kato T., Granata G., Tsunazawa Y., Takagi T., Tokoro C.,
Mechanism and kinetics of enhancement of cerium dis-
solution from weathered residual rare earth ore by plan-
etary ball milling, Minerals Engineering, 134 (2019b)
365-371.
https://doi.org/10.1016/j.mineng.2019.02.017

Kato T., Tsunazawa Y., Liu W., Tokoro, C., Structural change
analysis of cerianite in weathered residual rare earth ore
by mechanochemical reduction using X-ray absorption
fine structure, Minerals, 9(5) (2019¢) 267-278.
https://doi.org/10.3390/min9050267

Kim W., Bae 1., Chae S., Shin H., Mechanochemical decom-
position of monazite to assist the extraction of rare
earth elements, Journal of Alloys and Compounds, 486
(2009) 610-614.
https://doi.org/10.1016/j.jallcom.2009.07.015

Ohashi T., Yamazaki S., Tokunaga T., Arita Y, Matsui T., Harami
T., Kobayashi K., EXAFS study of Ce,_,Gd,O, ., Solid
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State lonics, 113—115 (1998) 559-564.

S4B 5 R AR

I.

i S FE 2

Kato T., Tsunazawa Y., Liu W., Tokoro, C.,
Structural change analysis of cerianite in weath-
ered residual rare earth ore by mechanochemical
reduction using X-ray absorption fine structure,
Minerals, 9(5) (2019) 267-278.
https://doi.org/10.3390/min9050267

158 - BA ¥ =%

Kato T., Tokoro C., “Structural Change Analysis
of Cerium and Yttrium in Weathered Residual
Rare Earth Ore by Mechanochemical Reaction”,
44™ International Conference and Exposition on
Advanced Ceramics and Composites (ICACC
2020) (Daytona Beach, USA, Jan. 26-29, 2020)
ICACC-S8-024-2020.

Ik W, Ar T, “XAFS 0#T B X ONZ
W EwmE H W2 A0 2 7 3 H VG % )
HL7EMRRRL 7 7 — 2 AP b D+
Vs - Ay MY AR AR AR AR
IR LR 4 2019 4F EERK I 72 56 72 % (Osaka,
Japan, Oct. 15-16,2019) BP-6.
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. Kato T., Tokoro C., “The Comparison between

Mechanochemical Process by Planetary Ball
Milling and Heating Process for Crystal Structure
Change of Cerium and Yttrium Minerals in
Weathered Residual Rare Earth Ores”, 2™ Global
Forum on Advanced Materials and Technologies
for Sustainable Development/4™ International
Conference on Innovations in Biomaterials,
Biomanufacturing and Biotechnologies
(GFMAT-2/Bio-4) (Toronto, Canada, Jul. 21-26,
2019) GFMAT-041-2019, p. 8

. Kato T., Giuseppe G., Grabda M., Tokoro C.,

Tsunazawa Y., Takagi T., “Effect of Planetary
Ball Milling and Solid Sodium Hydroxide on
Dissolution of Rare Earth Elements from
Weathered Residual Rare Earth Ores”, European
Metallurgical Conference 2019 (EMC 2019)
(Dusseldorf, Germany, Jun. 23-26, 2019)
Voll 309.
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1. #i5

MRE S 7 KL % M L 7z BE 38 5 2% 3% Bl
(DDS) (&, EIEH OB RO _FHs
Wiffc& s, T, EEmzERLRE)S/
A Rl = ey N £ B/ =X N TV B i 0 N
CEFMESIN TS D (Sato Y. et al.,
2016), FERIERIRE -/ BB IITRE
EEICHIE T 2 LEr DD, BE, REEHE
TICHIETE 2R FERFELE LT, ¥4 71
M EMEH SN TS, BEE 2Ty /=)
TR SRR AT & AR K R AR e &
DIKABEWE ~ A 7 QHAETINA ANITEAT
B2 & T - RES /2 FTE
B, AIFIINETIS, FEREROTRESMC
£ o THEIHRFEA 20-100 nm DIFE F- / Fi %
10 nm M [R@ CRAZAGIETTREZ ~ A 7 a0k 7N
A A% B L7 (Kimura N. et al., 2018). BZ
L7278 A%, WREEWNIS/N Y 70 CIREEHR)

HEFRE SN TBY), REBRRTorsy / —
V% EGH AR B 2 & TR RARFIEE 2 R
L7

—HT, <A 7 Uik L DR ERELC
ERNICEREDTY ) — L FRE L TWnb 7z
B, WY IR E THRT S RIS LB
Thb. B, BRUETOXLADITEAEHN
W7 AT —=VDBENRERY T4 ¥ 7K D7
RIZXoTIHFDRTWSE, LI L, Ny A7 —
VOFEERIZBWT, JRERFONNTTY ) —
WVIRBEDS R 70 2 W B R A RS s 2 &
e EN T 5 (Paxman J. et al., 2017). Z
CCAMIETIE, WP EREORE LY ) —
AHMTHHEEICEHL, Ny TVTINA AT
BB EF KT O A ANG 2 5%
a7z, ZOMPIHEDSVT, fTIEH
OB 70 v 2 F TR ERL L RS
BTN 2 %S L 7.
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2. BT O AR T A ANG. 2 B
AW TIE, EFVIEEE LT YVIRED
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine
(POPC) Z VTR T2/ L7 F72, AR
FrF- ORI B EHEELEE 2 v -CllE L7z,
F9, Ny 7NV TINA A 13.4mM POPC/
Iy — VR EAMARKEEALLY / —
VD3 25%v/iv FREE 9 Bk TR A R L 7z,
L 728 B 2 FHEE /N TV TN A AN
APAEAKE EBITEAL, BRELY ) — Vil
FEDS1%viv & 72 B KT ¥ TN A THM
L7z, DEROBAEE S P CTLE R4 A X8
80-100 nm DR T-& e 57205, 4 ¥ T /N4 AT
VLB L 7o R F X i TAaRT 5 13 SRR
A L7z, SNy VTN, R L - T
BT OTS ) — UHSHGE - 3 — IC AR S i,
2S5 ARl e WL S SR 11 | R A WA AT S R Y
ns.

3. HBHILT A A DB

INY T NTFINA AN E B RELRE T Y ) —
W OFHERNEDS B T OR S 2 #3562 &
BHONE e o270, FFEREBZLELY &
AL L7~ A 7 0k T34 A% &ET L7z 1k
7R LT N A A % Vv C POPC -/ i T
DOmEFENBH L7

<A 7O TONA AN X BIREF / RTE
BIZBWTC, TN, A— 72 1) Of TN
M E&EE 77O —F L LT, FERAERICES
BEOREBRTH VL2 HENSH L. Lo,
HE BT BE D BAIIN A » AR T[] L 0 B R
BLEE LR T b0, KIEEOIRE AR
*HWCHE L7256 0k L A4 X—
Px ERERESRGCHET A 2 L IEHEET
& -7 (MaekiM. etal., 2017). ZZ T 13.4mM
& 67.0mM POPC/ = % / — Vi % v C,
PER D 24 W] D FENTEAEIC L o TIRALBL L 72
i LR T N AT L 7ok % el L
7z.

BHTEREIC X o THRULHE L 72 POPC F / KL T-

i, 13.4 mM OIREER % 723856 12 Pk
T4 X5 60nm, 67.0mM DR BB O
(280nm & o7z, —HT, ERILT /N1 A
Lo TR L 2R 1E, 67.0 mM DRE R %
V72812 BT L FERTF-4 4 X560 nm
Tholz. B LIZERILT NS ATIE, 7R
HBEDRENEDLL Z &7, HRER (28 ms)
TSHEREEET H I LRI R o 7.

4. Hiaw

MBS/ RFERRI R Loy ) — v %
RS D HREARLT A RN B 5 2562k
WHSMME R 572, TNIEINY TVTINA A %
Hwb 2 & T, AERFOWNER & AMEBICHA T
BHILY ) — VIEE AR R - H—IIHRTH 2 L
MRTE, ERfTREORE I L2720k
oMb, FREF KT OMER &R
DO¥ERE# R L 72Ny 7 VTN 2%, A
B OBEPAE LR T VEIREIRESRGETICS
WTHREE I L 72, RERMILT NS AT X
D, YA XE—HOENREF ) RT E2 RO
PRSI X 0 LA IC T 5 2 L AT BRI
otz FOH, Ny TVEEERFR L~
A 7 Ok TNA 2 X BIRE S KT T
Ot A5, JRE T/ EHEMBEAESCEEICBWT
HEks 2 L IfEs LS.

EE BN

Sato Y., Note Y., Maeki M., Kaji N., Baba Y., Tokeshi M.,
Harashima H., Elucidation of the physicochemical
properties and potency of siRNA-loaded small-sized
lipid nanoparticles for siRNA delivery, Journal of Con-
trolled Release, 229 (2016) 48-57.
https://doi.org/10.1016/j.jconrel.2016.03.019

Kimura N., Maeki M., Sato Y., Note Y., Ishida A., Tani H.,
Harashima H., Tokeshi M., Development of the iLiNP
device: Fine tuning the lipid nanoparticle size within
10 nm for drug delivery, ACS omega, 3 (2018) 5044—
5051. https://doi.org/10.1021/acsomega.8b0034 1

Paxman J., Hunt B., Hallan D., Zarbock S.R., Woodbury D.J.,
Drunken membranes: Short-chain alcohols alter fusion
of liposomes to planar lipid bilayers, Biophysical
Journal, 112 (2017) 121-132.
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B R D B E

Introduction

Pulmonary delivery has several advantages such
as avoidance of first-pass metabolism and rapid
onset of therapeutic effects. To maximize the
potential of pulmonary delivery formulations such
as dry powder inhalers, the drug-loaded products
should be well delivered into numerous stages of the
lungs, including a deeper level, i.e. alveoli. To
evaluate the delivery rate of powders to the deeper
level, the aerodynamic particle diameter is widely
accepted as an essential indicator. Thus, the spray-
drying method is often adopted in the preparation of
dry powder inhaler formulations, owing to its ability
to control the particle size of products.

Although the spray-drying technique can give a
variety of properties to products, influences of feed
solution composition on outcomes were massive.

Sugars such as dextran, lactose, and mannitol are

adopted as excipient-matrix to prepare composite
spray-dried particles (SDPs). Highly-branched
cyclic dextrin (HBCD) is a new dextrin we are
interested in. It is originated from waxy corn starch
by the cyclization reaction of a branching enzyme
transferase. The potential of HBCD as an excipient
matrix was revealed by our previous studies!' 4.
We investigated that one or more APIs can be
embedded into the HBCD matrix environment
regardless of their hydrophilicity. However, the
molecular state of an API in the HBCD matrix
environment is unclear.

The model compound used in this study were
4-aminosalicylic acid (4-ASA, Mw: 153,14) and
4-dimethylamino benzonitrile (DMABN, Mw:
146.19). 4-ASA is a hydrophilic second-line
antitubercular agent. DMABN, a fluorescent
compound, has properties similar to the second-line
antitubercular agent 4-ASA. The calculated logP
values of 4-ASA and DMABN are 0.89 and 1.94,
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respectively. Because of the similarities of the two
compounds in molecular weight and size, structure,
and hydrophilicity, DMABN was selected as a
surrogate to model 4-ASA.

The fluorescent compound DMABN has a unique
characteristic, by emitting a locally excited (LE)
peak and a charge transfer (CT) peak at the same
time. The CT model introduced by Grabowski et al.
is called twisted intramolecular charge transfer
(TICT)P!. The theory indicated that the rotation of
the dimethyl amino group is induced by electron
donation. The molecular state of DMABN is
responsive to the solvent, triggering the intensity
change of the emission peaks. Solid-state fluorescence
spectroscopy is adopted to evaluate the TICT
intensity of DMABN in SDP form, compared with
other forms of DMABN, such as a mixture with
excipients and the untreated form. On the other hand,
as a competitive excipient candidate, hydroxypropyl
methylcellulose (HPMC) was also included in the
evaluation of solid-state fluorescence spectroscopy.

This present study aimed to prepare and
characterize composite SDPs containing 4-ASA or
DMABN using HBCD as the excipient matrix.
Parameters including particle size distribution, in
vitro aerodynamics, morphology, and fluorescence
emission spectra of SDPs were evaluated. The
similarity between the two types of SDPs was also
discussed. Moreover, the present study investigated
the behavior of APIs within the excipient matrix
environment as DPIs regarding the API-excipient
interaction and TICT of DMABN.

Properties of composite SDPs of 4-ASA/HBCD
or DMANB/HBCD

Particle sizes of the untreated compounds and
SDPs are shown in Table 1. Compared with the
untreated particles, the size of the SDPs was
significantly reduced. The D5, pf SDPs of 4-ASA/
HBCD and DMABN were 1.91 um and 1.79 um,

respectively.

Considering Dsy and span), DMABN/HBCD
SDPs were similar to 4-ASA/HBCD SDPs after
spray-drying.

The in vitro inhalation properties of 4-ASA/
HBCD and DMABN/HBCD SDPs evaluated using
the ACI are shown in Table 2. The differences in the
ED and the FPF between 4-ASA and DMABN were
not statistically significant (p > 0.05).

The appearances of 4-ASA/HBCD and DMABN/
HBCD SDPs were equivalent (Fig. la, b). 4-ASA
and DMABN were possibly embedded inside the
HBCD matrix because of their hydrophilic properties
and molecular sizes.

The properties of the SDPs of 4-ASA/HBCD and
DMABN/HBCD were similar, supporting the
validity of using DMABN as a surrogate for 4-ASA.
These findings provided a clue for understanding
the interaction between 4-ASA and HBCD by
investigating the fluorescent properties of DMABN/
HBCD SDPs.

Investigation of fluorescence spectra of SDPs

Fluorescence emitted from composite particles
containing DMABN is shown in Fig. 2. The
fluorescence spectrum of untreated DMABN

exhibited a single peak, indicating the original LE

Table 1 Particle-size of untreated compounds and SDPs.
Sample D5, (nm) Span
Untreated 4-ASA 5.08 £ 0.12 1.91
Untreated DMABN 23.13 £ 2.08 1.90
Untreated HBCD 13.12 £ 0.81 1.91
4-ASA/HBCD SDPs 1.91 = 0.04 1.52
DMABN/HBCD SDPs 1.79 £ 0.05 1.72

Table 2 EDs and FPFs of 4-ASA/HBCD SDPs and
DMABN/HBCD SDPs.

Sample ED (%) FPF (%)

4-ASA/HBCD SDPs ~ 96.79 = 230 22.15 * 3.02

DMABN/HBCD SDPs 98.17 + 0.89 21.34 * 10.20
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2 pum %5000 2 pm %5000

Fig. 1

emission. The mixture of DMABN/HBCD exhibited
a diminished LE peak and a weak emission. In
contrast, the mixture of DMABN/HPMC emitted
two significant peaks. The SDPs of DMABN/HPMC
emitted two peaks at approximately the same
wavelengths as those of the mixture, with a minor
difference in intensity. Both samples including
HPMC emitted a strong primary peak and a weak
secondary peak. On the other hand, unlike the two
broad bands exhibited by the mixture, the SDPs of
DMABN/HBCD emitted two intense peaks. Further,
in contrast to the particles consisting of HPMC, the
SDPs of DMABN/HBCD exhibited primary
emission, which was lower compared with the
robust secondary emission peak. The ratio of
intensities of the secondary fluorescence peaks of
DMABN/HBCD SDPs was significantly higher
compared with those of the mixture and the
DMABN/HPMC samples. Hence, the change in the
molecular state of DMABN might be more robust in
the HBCD environment than in the HPMC
environment.

DMABN is a symbolic compound that exhibits a
dual emission band upon reaction because of TICT.
The TICT reaction triggered a secondary emission
peak. Grabowski et al. proposed TICT to explain
these different configurations that account for the
dual peaks of fluorescence emitted by the same
molecule.

The difference in properties of HBCD and
HPMC, such as molecular size and hydrophilicity,

SEM images of (a) 4-ASA/HBCD SDPs and (b) DMABN/HBCD SDPs.

—DMABN/HBCD SDPs
—DMABN/HPMC SDPs
—DMABN/HBCD PM

—DMABN/HPMC PM
—Untreated DMABN

Fluorescence intensity

250 300 350 400 450 500 550 600
Wavelength (nm)

Fig. 2 Solid-state fluorescence spectra of untreated
DMABN, the mixture of DMABN/HPMC, the
mixture of DMABN/HBCD, DMABN/HPMC
SDPs, and DMABN/HBCD SDPs.

may lead to diverse matrix environments for APIs to
embed. Thus, in a water/ethanol suspension, HBCD
retains a hydrophilic macromolecular dextrin
structure and develops a cluster that allows water-
soluble APIs to embed. Hence, APIs can be
incorporated into the HBCD matrix via spray-
drying, which will simultaneously generate a more
robust interaction with the excipient. Thus, HBCD
is anticipated to serve as an outstanding excipient
for preparing DPI formulations using the spray-
drying technique, by achieving sufficient FPF
percentages of various APIs such as isoniazid,
pyrazinamide, rifampicin, theophylline, and 4-ASA
regardless of single or combination drugs
embedded. These superior properties are likely
explained by the behavior of the API within

particles, which was revealed by the present study.
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Conclusions

A DPI formulation containing the second-line
antitubercular agent 4-ASA was fabricated. We
selected HBCD as the excipient to prepare 4-ASA-
containing composite SDPs using the spray-drying
method. The particles had a geometric median
diameter (Dsg) of 2.3 pm. According to the results
of in vitro aerodynamics, the values of the ED and
the FPF of the 4-ASA/HBCD SDPs were 96.8% and
22.2%, respectively. Hollow composite particles
were observed using SEM. Regarding the
similarities between the properties of 4-ASA and
DMABN in their untreated and composite particle
forms, DMABN was employed to simulate the
behavior of 4-ASA within the HBCD matrix
environment. The TICT intensity ratio of DMABN
within the HBCD matrix environment revealed by
solid-state fluorescence spectroscopy served as a
reference to determine the state of 4-ASA within the
HBCD matrix environment. Thus, the HBCD matrix
environment might provide a better environment for
DMABN to initiate TICT compared with the HPMC
environment. This investigation revealed more
robust interactions in the HBCD matrix environment
versus another excipient environment. We believe
that the present study contributes insights that

scientists can apply to their studies of the molecular
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Fig. 2 Depiction of relative ion trajectories during a single molecular dynamics simulation (100 kPa). Each ion (center
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1. Background

In the past decade, tungsten oxide (WO;)
nanoparticles have attracted much attention as an
efficient material for photocatalysis, phototherapy,
and electrochemical applications, due to their favor-
able physical and chemical properties. Their
relatively narrow band gap of 2.6-3.0 eV allows for
excitation by visible wavelengths, which is desirable
for photocatalysis applications. The favorable sur-
face interaction between tungsten oxide and organic
dye molecules also makes it a good adsorbent. The
interaction between dye molecules and WO;
nanosheet surfaces has been reported previously.
WOj; nanoparticles in the form of films or
nanosheets were used as adsorbents, and exhibited
selective adsorption properties, though the amount
of adsorbed material was not high. Another report
proposed the structuration of WO; nanoparticles to

enhance their surface area, which improved their

adsorption properties and photocatalytic perfor-
mance. A nonstoichiometric phase of WO3; known
as tungsten blue oxide (WO,) nanoparticles has re-
cently received much interest. The presence of
oxygen vacancies within its structure provides sev-
eral advantages compared to WO; (Song J. et al.,
2015; Ghosh S. et al., 2015). For example, oxygen
vacancies in the transition-metal oxide figuratively
act as dopants, which decreases the band gap in a
way similar to the addition of Pt onto TiO, nanopar-
ticles (Arif A.F. et al., 2017; Rinaldi F.G. et al.,
2017). Hence, an intrinsic semiconductor can be
converted to a hypothetically extrinsic semiconduc-
tor with a donor activation energy at 0.01 eV. WO,
nanoparticles also have the ability to generate free
electrons (N ~10*! cm™). Numerous approaches
have been developed for synthesis of WO, nanopar-
ticles, including approaches based on supercritical
fluid, sol gel, hydrothermal, and chemical vapor
deposition methods. WO, particles can reportedly

be produced by heating ammonium paratungstate
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for several hours, which is feasible for industrial-
scale applications. The use of WO, particles in
various forms and morphologies, such as Ag/WO,
nanorods, WO,—TiO, composites, WO,/C nanocom-
posites, and WO, nanorods, for photocatalytic
application has been previously reported. Such re-
ports have shown that other than the presence of an
additional dopant or cocatalyst, increasing the
amount of oxygen vacancies inside the crystal struc-
ture could improve the photocatalytic performance.
However, most resulting products were reportedly
larger than 100 nm. Nanosized particles (i.e., smaller
than 100 nm) are preferred because higher specific
surface area gives them higher activity. To the best
of our knowledge, there are still no reports on syn-
thesis of WO, nanoparticles smaller than 100 nm via
thermal reduction methods at reduction temperatures
in the range of 300-700°C. Furthermore, there are
also no reports regarding the effect of reduction
temperature on their catalytic performances under
dark condition and light irradiation for organic dye
degradation.

In this study, WO, nanoparticles were synthesized
from plasma-synthesized WO; nanoparticles via a
thermal reduction process under 100% H, gas inside
an electric furnace. The effect of the reduction tem-
perature on the physicochemical properties of the
resulting WO, nanoparticles was investigated sys-
tematically. The degradation of rhodamine B (RhB)
under dark conditions and visible light irradiation
was studied to evaluate the adsorption and photocat-
alytic performance of the as-synthesized WO,

nanoparticles.

2. Experimental

WO, nanoparticles were synthesized from
plasma-synthesized WO; nanoparticles (used as re-
ceived from Nisshin Engineering Inc., Japan without
any additional treatment) with an average particle
size of 6 nm. In a typical process, 0.5 g of plasma-

synthesized WO; nanoparticles were loaded into ce-

ramic boats, which were placed in the center of the
furnace. The reduction temperature was varied from
100 to 700°C, with a heating rate of 10°C min ",
and reduction was carried out for 1 h. Throughout
the entire process, high-purity H, gas was flown into
the furnace chamber at a rate 1 L min~'. A photore-
actor system equipped with a solar simulator was
used as the visible light source. In a typical degrada-
tion experiment, 100 mg of WO, nanoparticles was
dispersed in 200 mL of RhB solution (12 mg L ™).
The adsorption process was monitored under dark
conditions for 3 h before starting the photocatalytic
activity measurements. The photocatalytic activity
was observed for 2 h under visible light irradiation.
For this analysis, a UV—vis absorption spectropho-
tometer was used to obtain the absorption spectra of

samples at given times.

3. Result and discussion

Fig. 1 shows X-ray diffraction (XRD) patterns of
the plasma-synthesized WO; nanoparticles and WO,
nanoparticles synthesized under reduction tempera-
tures ranging from 100 to 700°C for 1 h. The XRD
pattern of the pale green WO; nanoparticles could
be assigned to the monoclinic crystal structure based
on PDF no. 43-1035. The main diffraction peaks at
20=24.2,26.7, and 34.0° corresponded to the (020),
(200), and (202) planes, respectively. Similar XRD
patterns were observed for the WO, nanoparticles
reduced at 100-300°C. However, the color of the
WO, nanoparticles gradually changed from green to
bluish green to teal blue. The change in color was
caused by oxygen loss within the crystal structure,
which led to a change in the W valence state. During
reduction, some of the initial W®" were reduced to
W and W*, which were responsible for the color
change of the nanoparticles. WO, ¢ nanoparticles
with a navy-blue color were obtained when the WO3
nanoparticles were reduced at 400°C. The XRD
pattern was consistent with PDF no. 05-0386 of the

monoclinic WO, 4 crystal structure. As discussed
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Fig. 1 XRD patterns of the WO; nanoparticles and WO,
nanoparticles reduced at different temperatures for
1 h under a H, gas atmosphere.

above, the darkening of the WO, nanoparticle color
was associated with an increase in the amount of
oxygen deficiencies. More oxygen vacancies within
the crystal structure resulted in darker particles.
When the reduction temperature was increased to
500°C, the dominant phase the WO, nanoparticles
was WOj3; monoclinic crystal structure. A weak peak
of WO, ¢ monoclinic crystal structure was still ob-
served, as well as new broad peaks at 20 of 40-55°.
The color of the WO, (500°C) nanoparticles was
peacock blue violet. The broad peaks could be as-
signed to a set of complex structures of different
phases of WO, nanoparticles that were hard to dis-
tinguish. WO3; monoclinic peaks were observed
because the nanoparticles had a very active surface,
which rapidly oxidized when exposed to the atmo-
sphere. When reduced at 700°C, nanoparticles with
a black color were obtained. The XRD pattern
showed that the WO, (700°C) nanoparticles were
pure W metal, and that the WO; nanoparticles had

been over reduced.

e s e

Fig.2 TEM images of the (a) WO; nanoparticles and
WO, nanoparticles reduced at (b) 100°C, (c)
200°C, (d) 300°C, (e) 400°C, (f) 500°C, and (g)
700°C.

Fig. 2 shows transmission electron microscopy
(TEM) images of the WO; nanoparticles and WO,
nanoparticles synthesized under different reduction
temperatures for 1 h. Fig. 2a shows the pristine
WOj; nanoparticles, which had an average diameter
(d,) of 6 nm. Increasing the reduction temperature
from 100 to 500°C yielded monodisperse WO,
nanoparticles with d, values of 7-11 nm, respective-
ly, as shown in Fig. 2b—f. Fig. 2g shows a TEM
image of the sample prepared at 700°C, in which the
nanoparticles were sintered with a d,, of approxi-
mately 20 nm. WO; nanoparticles reportedly readily
sinter at annealing temperatures higher than 300°C.

Fig. 3 shows the degradation of RhB solution as a
function of time over the WO; nanoparticles and
WO, nanoparticles reduced at different tempera-
tures. The degradation process of RhB, which
includes adsorption and photocatalysis processes, is
shown in Fig. 3a. Fig. 3b shows a plot of their cor-
responding —In(C/C,) values against the visible light
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Fig. 3 (a) Degradation profiles of RhB over the WO;
nanoparticles and WO, nanoparticles (b) —In(C/Cy)

versus irradiation time plots.

irradiation time. C and C, represent the concentra-
tion of RhB solution at any given time and its initial
concentration, respectively.

Fig. 3a shows that the adsorption—desorption
equilibriums of RhB in dark conditions over the
WO; nanoparticle and WO, (300°C) nanoparticle
surfaces occurred after approximately 10 min. The
RhB concentration after measurement for 3 h in
dark conditions and 2 h under visible light irradia-
tion over the WO, (300°C) nanoparticles decreased
only slightly from that over the WO; nanoparticles.
The corresponding RhB concentrations were 93 and

96%. The rate constant (k) for the photodecomposi-

tion of RhB under visible light irradiation by each
sample was evaluated using simplified Langmuir-
Hinshelwood kinetics, and the results are shown in
Fig. 3b. The WO, (400°C) nanoparticles showed
higher adsorption and photocatalytic performance,
with remaining RhB concentrations of 74 and 66%
after measurement in dark conditions for 3 h and
under visible light irradiation for 2 h, respectively.

The & value for this sample was 1.48 X 10 min .

The degradation of RhB increased significantly
when the WO, nanoparticles were reduced at 425°C.
The remaining RhB concentrations for these
nanoparticles were approximately 30 and 19% after
measurements in dark conditions and under visible
light irradiation, respectively, and the k value was
7.5 X 10 min". This k value was 93 times higher
than that for the WOj; nanoparticles. The above re-
sults indicated that the amount of RhB adsorbed on
the particle surface increased as the reduction tem-

perature increased.
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Bag filter systems are increasingly being installed
in incinerators and coal-fired power plants to control
the emissions of dust and harmful materials because
of their economic appeal and collection efficiency.
Polyphenylene sulfide (PPS) and polyimide (PI) fil-
ters have been increasingly used in these systems
owing to their excellent chemical, thermal, and
mechanical properties.

The pressure drop across fibrous filter is a key
factor in estimating filtration life and required oper-
ating power, and this pressure should be as low as
possible. Several researchers have constructed em-
pirical equations for the prediction of the pressure
drop across a fibrous filter. However, the effects of
random orientation of the fibers were neglected be-
cause of the assumption that the fiber arrangement
was either perpendicular or parallel to main flow
direction.

Numerical simulations are useful for investigating

fluid motion within porous material because the mo-
tion of fluid can be ecasily observed, and various
parameters can be independently evaluated. In re-
cent years, several studies involving membrane or
filter simulation have been reported by other
researchers. However, they used unrealistic fiber
arrangement. In this study, X-ray computed
tomography (CT) will be used to re-create realistic
geometry of PPS and PI filters. An experiment was
also performed to measure the pressure drop across
the fibrous filter. Then, the simulation results were
compared with the experimental results and existing
model proposed by previous researchers to validate
our model.

In this study, the direct numerical simulation
model is constructed to realize the permeation pro-
cess of gas through the fibrous filter. Conventional
computational fluid dynamics is utilized to solve the
Navier-Stokes and continuity equations numerically.
To calculate the hydrodynamic interaction between

solid and fluid, the immersed boundary method
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developed by Kajishima (Kajishima T. et al., 2001)
is used.

To create the filter domain, several further pro-
cesses using Adobe Photoshop and ImagelJ/Fiji
software platform were carried out on the X-ray CT
image results. In this study, we used the linear trans-
formation of the text file data from ImagelJ to
determine the value of solid volume fraction used
for immersed boundary method. We constructed the
filter domain using voxel data, with dimensions of
156 X 156 X 78 um corresponding to the x, y, and
z directions, respectively. It should be noted that the
size of the filter domain was kept small to reduce
the simulation time, and thus, the arrangement and
porosity of fibers varied considerably with their lo-
cations in the actual filter. This variation may
significantly affect the pressure drop within the fil-
ter. Here, we prepared six filter domains with a
different porosity for each filter type by selecting a
small part randomly from the X-ray CT image to
correspond to the unbalanced fiber arrangement in a
filter.

Fig. 1 shows the computational domain used to
simulate the permeation of gas through filter media.
The size of the computational domain is 156 pm X
156 um X 234 um. The computational domain is
divided into 100 X 100 X 150 grids. The computa-
tional domain was divided into three sub-domains
of the same size, which were the fluid domains in
front of and behind the filter, and the filter domain

Uniform inlet
velocity

i Fluid 6@‘“
2 NN

1 78 um \ 78 um \ 78 pm \

Fig. 1 Computational domain for simulation of

permeation through filter.

(b)
Pressure
[Pa]

Fig. 2 Pressure contour of (a) PPS and (b) PI filters with
the same porosity (¢ = 0.853).

created by the X-ray CT image. The main flow di-
rection was set according to the flow along the
Z-axis.

Fig. 2(a) and 2(b) show the pressure contours of
the PPS and PI filters at same porosity in the steady
state with a superficial velocity of 0.1 m/s. The pres-
sure in front of the filter domain was high, and then
it significantly decreased inside the filter along the
main flow direction. This result indicates that the
pressure drop occurred owing to the presence of the
filter. In addition, the pressure in front of the filter
domain for the PI filter was higher than that for the
PPS filter. From this observation, the pressure drop
for the PI filter was qualitatively higher than the
PPS filter for filters with equivalent porosity.

Fig. 3 illustrates the relationship between the cal-
culated pressure drop per unit thickness and the
superficial velocity at various porosities. PPS-1 and
PI-1 were the filter simulation domains with the
highest porosity for each type of filter. Contrarily,
PPS-6 and PI-6 were the domains with the lowest
porosity. It was found that the pressure drop across
the filter increased with a decrease in porosity. This
can be explained by the fact that with decreasing fil-
ter porosity, the effective pore size for fluid flow
decreased, and the surface area of the filter in-
creased. This led to an increase in the flow
resistance of the filter, which resulted in an increase
in the pressure drop. The black line in each figure
represents the experimental results for each filter.
For the PPS filter, the experimental result (¢ = 0.768)
was located between the results of PPS-4 (¢ = 0.825)
and PPS-5 (¢ =10.752). For the PI filter, the experi-
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Fig. 3 Effect of superficial velocity on pressure drop (a)
PPS and (b) PI filters with various porosities.

mental result (¢ =0.818) was located between the
results of PI-4 (¢ = 0.853) and PI-5 (¢ = 0.797). Both
results were also consistent with the order of filter
porosities. The reliability of the simulation results
was qualitatively proven by this result.

A number of previous studies have been carried
out toward developing pressure drop relationship in
a fibrous network. The comparison of present simu-
lation results and the prediction model result from
previous studies is plotted in Fig. 4. The result
shows that in the high porous filter (PPS 1-4), the
PPS filter results fit the results from Happel for flow
parallel to cylinders (Happel J., 1959). This is be-
cause the arrangement of fibers in the PPS-1 to PPS-
4 filters was mostly parallel to the main flow
direction, as shown in Fig. 2. The PPS-5 and PPS-6

30 A PI
\ o PPS
25y " — .. Drummond & Tahir (1984)
3 \ - - -H Yang (2018)
3 L e Davies (1953)
20 \\ \ —. -Happel (1959), Perpendicular
S Y B Happel (1959), Parallel
) \ N
o 15T
" NAWN
B A,\ \
O . N \\ . N
5k O N \\ . ~
LN
I 1 Y

0 1 1 Y
0.7 0.75 0.8 0.85 0.9 0.95 1
Porosity []

Fig. 4 Comparison of present simulation results with

existing models.

results were located between Happel’s results for
flow parallel and perpendicular to cylinders, proba-
bly because the fibers were arranged in parallel and
perpendicular combinations to the main flow direc-
tion. For the PI filter, the results closely agreed with
the results from Davies (Davies CN., 1953) and
Yang (Yang H. et al., 2018). This result is reasonable
because the PI filter has an irregular arrangement and
complex geometry, which was the case for the filter
structures evaluated by Davies and Yang. These re-
sults quantitatively support the reliability of the
present simulation results.

We extended the present method that expresses
the filter structure based on X-ray CT images into
multiphase flow simulations. First, the preliminary
results from simulations of droplet motion of water
in nonwoven fabric filter based on X-Ray CT imag-
ing. The free-surface algorithm is adapted from our
previous study, where the wall boundary of the fiber
is enhanced by the present approach. Our numerical
framework for the calculation of two-phase flow is
based on a phase-field model with a wetting model
proposed by Iwahara (Iwahara D. et al., 2003). The
permeation behavior of water droplets with a diameter
of 8 um, a density of 998.2 kg/m°, and a viscosity of
1.76 X 107° Pa-s through the nonwoven fabric filter
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0.35 ms

0.675 ms

Fig. 5 Permeation behavior of water droplets through a
nonwoven fabric filter (a) PPS filter and (b) PI
filter.

(PPS-1 and PI-1) was considered. Four droplets en-
tered from inlet boundary. The contact angle of
water droplets was set at 90°. We note that this con-
tact angle is not an actual value but can be easily
changed to estimate the actual angle.

Fig. 5 illustrates the permeation of droplets
through (a) PPS filter and (b) PI filter. In the case of
PPS-1, three droplets were captured by fibers, which
then remained on the fiber surface. A single droplet
passed through the filter domain without making
any contact with the fibers. This occurred because
of the inter-surface distance between the fibers and
droplets, and because of the velocity distribution in-
side the filter. In the case of PI-1, one droplet
immediately passed through the filter domain, prob-
ably owing to its high velocity inside the filter

Fig. 6 Permeation of oil droplets through PPS filter.

domain. The other three droplets attached to fibers
and then wetted on the fiber surface. Among them,
two droplets remained behind the fibers because the
droplets were likely within a low-velocity region.
The permeation of oil-water emulsion through
fabric filter also simulated using the present method.
Oil droplets with a diameter of 8 um and volume
fraction of 8% were fed from the feed side to the fil-
ter domain with velocity of 1.0 m/s. The oil droplet
contact angle was set to 90°. Fig. 6 shows the per-
meation of oil droplets through PPS filter at
0.0033 s. The result shows that most of the oil drop-
lets were captured on the feed side surface and
inside of the filter, and the coalescence of the oil
droplets was promoted on fiber surface at perme-
ation side. In addition, the coalescence of oil
droplets was significantly promoted on closely ar-
ranged fiber surfaces. This is because closely
arranged fibers has large low-velocity field that
made the force acting on the droplets become small,
so the large droplet was formed. This result indicat-
ed that the present method that expresses the filter
structure based on X-ray CT images can be easily

extended to multiphase flow simulations.
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Table 1

Symposium program.

- November 20, Wednesday
9:30
Opening Address
Prof. Makio Naito (Osaka University, Japan)

Session 1
Chair: Prof. Dongliang Jiang

9:50-10:20

L. Chen

10:20-10:50

T. Song, S. Sun, D. Lee, J. Kwon and U. Paik
Hanyang University, Korea

10:50-11:20

Q. Liu, X. K. Xu, Z. Z. Zhou
Shanghai Institute of Ceramics, PR. China

11:20-11:50

M. Naito
Osaka University, Japan

Prof. Dongliang Jiang (Shanghai Institute of Ceramics, PR. China)

“Chemical bond hierarchy and disorder: Tuning up intricate transports for thermoelectrics”

Shanghai Institute of Ceramics, Chinese Academy of Science, China

“Design strategy of Li metal protection layer for lithium metal batteries”

“Novel preparation and high throughput screening of inorganic luminescent powders”

“Microstructure control of advanced materials and their applications by smart powder processing”
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11:50-13:30
Lunch break

Session 2
Chair: Prof. jingxian Zhang

13:30-14:00

“Fabrication of ceramic based core/shell particles”
Z.Y. Fu, Kun Wang

Wuhan University of Technology, PR. China

14:00-14:30

“High performance of ceramics and manufacturing process innovation”
Y. Sakka

National Institute for Materials Science, Japan

14:30-15:00

“Chemical solidification of surface-activated inorganic powder by mechanochemical treatment
M. Fuji, H. Razavi-khosroshahi

Nagoya Institute of Technology, Japan

29

15:00-15:30

“Strength recovery for brittle ceramic and its mechanism”
W. H. Tuan

National Taiwan University, Taiwan

15:30-15:50
Coffee Break (Open to all participants)

Session 3

Chair: Prof. Junichi Tatami

15:50-16:20

“New sintering additives for achieving high-performance silicon carbide ceramics”
Y. W. Kim

The University of Seoul, Korea

16:20-16:50

“Self-assembly and anisotropy of tunable composites by low dimensional nanomaterials”
S.M. Dong

Shanghai Institute of Ceramics, PR. China

16:50-17:20

“Direct observation of flowed particles in concentrated slurry using confocal laser scanning microscopy”
S. Tanaka

Nagaoka University of Technology, Japan
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- November 21, Thursday
Session 4
Chair: Prof. Makio Naito

9:00-9:30

“Combinatorial synthesis and high throughput screening of solid state materials and devices for the energy sector
B.E. Hayden”

University of Southampton, UK & Ilika Technologies Ltd., UK

9:30-10:00

“Laser manufacturing of ceramic composites — versatile but challenging process”
D. Kata

AGH University of Science and Technology, Poland

10:00-10:30

“Powder screening and processing for the stereolithography of zirconia ceramics’
J.X. Zhang, X.B. Li, D. L. Jiang

Shanghai Institute of Ceramics, PR. China

s

10:30-11:00

“Directions for obtaining fully dense ceramics

S-J. Kang

Korea Advanced Institute of Science and technology, Korea

11:00-11:30

“In-situ observation of internal structute of ceramics during dewaxing and sintering by optical coherence
tomography”

J. Tatami'?, F. Sakamoto', M. Kato', T. Takahashi’, M. Iijimal’2

! Yokohama National University, Japan

2 Kanagawa Institute of Industrial Science and Technology, Japan

11:30-11:50
Closing Remarks
Prof. Dongliang Jiang (Shanghai Institute of Ceramics, P.R. China)
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