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T . Eﬂ%ﬂ_ﬁh&‘ _ KON@ E _ iﬁ&+5§ﬁ%¢%ﬁﬂ 2 :T/ 7 Aﬂ%ﬁﬁf&%ﬁﬁ
e m% _ ® R m% ‘ # R EB% _ ® R m% _ ® R
S8 | B | BIRREER | FER | FE | BIRREER | FE | B | BIRREEE | B | B | BhAEEE
4 69 20 26,000 1 1 1,000 10 6 1,800 6 3 7,000
5 86 31 20,400 8 1 1,000 8 6 1,800 3 3 6,500
6 70 25 13,800 3 1 1,000 10 5 1,500 5 3 5,000
7 88 27 15,280 5 1 1,000 11 5 1,500 1 1 200
8 84 27 15,000 3 1 1,000 8 5 1,500 (AFEHET)
9 57 29 18,000 5 2 2,000 8 5 1,500 0 0 0
10 66 25 17,800 5 2 2,000 7 3 900 0 0 0
11 64 21 18,000 4 2 2,000 9 4 1,200 4 2 1,500
12 79 23 17,900 4 2 2,000 11 5 1,500 2 2 1,500
13 61 31 18,900 10 1 1,000 12 5 1,500 1 1 1,000
14 68 24 18,300 3 1 1,000 7 4 1,200 4 2 2,000
15 76 24 18,200 7 1 1,000 6 4 1,200 1 1 1,000
16 101 25 17,200 5 2 2,000 10 3 900 2 2 1,000
17 120 24 23,000 5 1 1,000 NEET) 5 2 2,000
18 112 23 23,800 4 1 1,000 REEET) 2 2 1,500
19 137 23 21,900 1 1 1,000 NEEET) 5 2 1,500
20 128 18 13,500 3 1 1,000 INHEET) 4 3 1,000
21 N T
22 N 4 7
23 117 17 13,000 2 1 1,000 NEEET 6 3 1,400
24 79 14 8,600 5 1 1,000 RNHEET N
25 119 30 23,000 3 1 1,000 NG 0 0 0
26 126 23 19,400 6 1 1,000 KT 1 1 1,000
27 150 22 16,700 5 1 1,000 NG 1 0 0
28 195 23 13,800 6 1 1,000 NHEAET 4 1 300
29 193 21 14,600 6 1 1,000 NEEY 5 1 600
30 132 18 14,000 6 1 1,000 N 3 1 1,000
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(BhpHAL - T-H)

=z = 4—4= =
. Eﬁ%%‘ﬁ%@?ﬁﬂb w#&%%lgﬂfﬁb e SR EN =) Wa+
TR | #® R A ® R ) ® R
T Rl P e : TR | . | B | R T
8 | 5 | BhRkEER | B | B | BISEE | 4 2% HE 2% T8 | 43 | BhEkEeEE
4 8 5 1,000 1 1 10,000 95 36 46,800
5 15 5 1,000 2 2 10,065 122 48 40,765
6 19 6 1,200 1 1 8,000 108 41 30,500
7 19 7 1,400 0 0 0 124 41 19,380
8 20 7 1,400 (AT 115 40 18,900
9 16 6 1,200 (A%EE9) 86 42 22,700
10 16 9 1,800 (A%EET) 94 39 22,500
11 22 6 1,200 (AZEHET) 103 35 23,900
12 26 7 1,400 (RFET) 7 3,900 129 46 28,200
13 19 8 1,600 (AZEET) 7 3,000 110 53 27,000
14 19 8 1,600 (AFEAET) 4 4,000 105 43 28,100
15 16 9 1,800 RV T IFFESEE 4 4,100 110 43 27,300
16 27 7 1,400 Is-3 AR 5 3,100 150 44 25,600
17 26 11 3,300 R | % | BhliedR 6 3,800 3 15,000 | 165 47 48,100
18 16 11 3,300 9 3 1,500 3 3,000 2 10,000 | 148 45 44,100
19 22 10 3,000 11 3 1,500 3 3,000 1 5,000 | 180 43 36,900
20 19 10 3,000 8 2 1,000 2 1,100 0 0 164 36 20,600
21 [N 0 0 0
22 A - 0 0 0
23 N OE 4 7 125 21 15,400
24 N OE v 7 84 15 9,600
25 12 9 2,700 AN 134 40 26,700
26 28 9 2,700 N T 161 34 24,100
27 30 10 3,000 N T 186 33 20,700
28 36 10 3,000 N S 241 35 18,100
29 35 11 3,300 AN 239 34 19,500
30 25 10 3,000 A 166 30 19,000
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(RERHAL - 1)

T MAEIFICEY 2 EEN RS KONA FED3EFT
FE @y HwaT—v WEN | HEE | BB | SN | REH ROBH| 8E
7 | 29 [BMAT U RIIBI B R4 - AR 5 232 | 3,360 13 240 2,300 | 7,730
8 | 30 |JeimbERElMEM RO EE T O A 5 144 | 2,550 14 200 2,300 | 7,490
9 | 31 |BRERAEEIN &R 6 142 | 3,750 15 254 2,200 | 7,500
10 | 32 %i&@iﬁiﬁ il e 6 210 | 4,630 | 16 256 2,200 | 8,190
LAEHLE LT -
11| 33 |[FrEERI o7z ORI 6 246 | 4,140 17 250 2,200 | 7,440
12 | 34 |IT BB ALY 8 283 | 5,130 18 248 2,200 | 7,160
13 | 35 |F /KR~ 7 184 | 3,750 19 283 2,200 | 7,990
14 | 36 |F/KTFOEER~OEH 6 208 | 4,160 20 276 2,200 7,920
15 | 37 |FI/8=F 42V T /0T — 6 227 | 5100 | 21 246 1,300 | 13,000
16 | 38 |F /HEEHIENC X 2 EERDOIEREZD ST 6 160 | 4,500 | 22 211 700 8,660
17 | 39 |2 ZETRAF/RFDOIML 7 205 | 5,380 23 224 1,000 | 10,070
8 | 0 ;;/ T 7 FELOEERD T R Of# &k 6 178 | 5320 | 24 5 1000 | 13,09
19 | 41 :%;j_:r 17N FronI— FTAREE | 167 | 4380 | 25 | 303 | 1,000 | 11,460
20 | 4 |77 T AT Ty T IR 126 | 3,400 | 26 | 282 | 1,000 | 8,040
AL~ D b
21 | 43 ;;1;:7 /B & BRHEORARIL & FrerH 6 160 | 3,130 | 27 248 600 6,250
22 | 44 ;é;; ST AINNTEY Y TSI 6 134 | 2,660 | 28 242 600 3,850
23 | 45 T A Ty Y - OSSR 6 174 | 3,230 | 29 284 600 8,400
O JE il
24 | 46 | T/ N=F 4 7 )VT 70T —OIEHRATHT 6 141 | 3,585 30 288 600 3,916
25 | 47 |Seln o iR F TR Z AR L oM 6 201 | 6,656 | 31 274 1,800 | 9,176
26 | 48 |ZHERb DO X R BMETF DML 6 153 | 4364 | 32 283 1,800 | 8,556
27 | 49 |ERfRE & IR 6 162 | 3,596 | 33 357 1,000 | 7,253
28 | 50 | &R HE OB IR B 6 156 | 5,169 | 34 293 1,100 | 7,417
29 | 51 |SEEHEFPEHEIBC K 5 I B By Al 6 161 | 3,942 | 35 287 1,100 | 7,386
30 | 52 [MARMEIOGRERB L OFIH % 322 A IRl 6 161 | 4,657 | 36 297 1,100 | 7,093
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O ™MEIFICEAY %335 KONA Powder and Particle Journal No. 36 (2019) DFA1T
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FOVIETFEL 31 4F 1 H 10 HICHEAT SNz, BEGR I 18T, WRIE7 Y7 7ay 725 7,
S—u"y/X70y 065, TA)ATay 255 5k H
IR LRSS b. AREIZ 1,100 H2 FRIL, 5
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3. ¥R 30 FE BhRk - BBEEZE

3-1 FH30FEE KONAE (1 ERBLIVEIEELT100 AH)

FARE 7 SHH T - 1 K S i
Accepted No. Award recipient | Affiliation/Position Achievement

Contributions to the particle technology on
) o The University of linking the bulk powder behavior, particle

180201 Mojtaba Ghadiri o . . .
Leeds, UK characterization and modelling with hosting

the young scholars

OZEHEH

Dr. Mojtaba Ghadiri is a Professor of Chemical Engineering at the University of Leeds, UK and for the
period 2001 to 2011 was the Director of the Institute of Particle Science and Engineering at Leeds.

He graduated in Chemical Engineering from the University of Tehran (Iran) and has an MSc from Imperial
College (with Distinction) and PhD from Cambridge, UK. He worked for Unilever Research for two years
before taking up an academic post at the University of Surrey, where he worked for 18 years before joining
Leeds in 2001.

He is a Consultant of the International Fine Particle Research Institute (IFPRI), and has a wide network
with other academics and industrialists worldwide. He has served the editorial boards of five learned journals,
and until recently was the Chairman of the Europe & Africa Board of KONA Powder and Particle Journal,
and the Subject Editor of Chem. Eng. Res. & Design (ChERD). He has acted as an expert assessor for the
Australian, Canadian, Italian and Norwegian Research Councils as well as the Engineering and Physical
Sciences Research Council (EPSRC), which is the UK s main agency for funding research in engineering
and the physical sciences, and as an expert witness for a number of legal cases. He has contributed to the
organization of a large number of national and international conferences, most notably World Congresses on
Particle Technology, Annual General Meetings of the IFPRI, the European Symposia on Comminution and
Classification, International Symposia on Agglomeration and national meetings via the Particle Technology
Subject Group of the Institution of Chemical Engineers, UK.

He was awarded the P.V. Danckwerts Prize during his PhD period at Cambridge Univ., UK. In April 2010,
he was awarded the linoya Award of the Society of Powder Technology, Japan, for his contributions to the
promotion of international cooperation in powder technology. He was also elected as the Fellow of the Royal
Academy of Engineering, UK in September 2016.

His research has been focused on the development of relationships between microscopic and macroscopic
properties and phenomena; i.e. the way in which the microstructure of particulate solids and the
micromechanics of their interactions in process equipment influence the performance of the process and
product characteristics. It covers a number of fundamentally related areas: (i) mechanical breakdown of
particulate solids, encompassing attrition and milling; (ii) powder mechanics; (iii) particle characterization;
(iv) tribo-electrification & electro-coalescence; (v) granulation and agglomeration; (vi) modelling - the
discrete element method (DEM) and computational fluid dynamics (CFD) & CFD-DEM.

He has extensive collaborations with a number of internationally-leading R&D organizations supporting
on-going projects at post-doctoral, PhD and MSc research levels as well as short term consultancies. Further

information on his research activities and collaborations can be viewed at: http://ghadiri-group.leeds.ac.uk/.
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Production of Nanosheets with High
Aspect Ratio in Liquid Process
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School of Materials and Chemical Technology, Tokyo Institute of Technology, Assistant
Professor

E-mail: arao.y.ab@m.titech.ac.jp

L

7772 RESNBF T — ME, EElE, BEETH L L LB, fLEEEEICT R, 2
OBLEVEIZ L EN L 720, e RISHPHFEIN VWD, SIS O ZRARICEIES &5 72
DIZ, TELLRTHELPOKREETHSL L)%, /= bOET AT MHALSRO LN TV
F /= MIEMHTIREET L7202, BBL NV E TRHEET 572023 B 2 )V E
L7 AHFIEEIC B LTI, FIBETREZVAEASNMP 2 EORLY i 08 L WIBBLIZEE S TB D,
COEBEORIRDSEH 2 5 HBEIERKOR MV Ay 7 Lo Tz, IS ORMAEBED K S (K7 A
Ry N, BEERIBR) 2 iR, BRI OB, BEEER, TR O®ER LT P
T, B EOBIELRINT A I LT, WHTHIET AT /= DOXh 775 IHIVIX
IBEBISERITIENTE, /v — MOBEEIERE 7T ARY FMUEAKIRICHEHESND Z & 25
L7

ABSTRACT

We have found new process for mass production of high-aspect ratio nanosheets. In liquid-phase exfoliation,
layered materials are gradually fragmented by shear force. During the fragmentation, active species are
generated at the edge. In general, these active species lead to agglomeration of the nanoparticles. In this study,
we added small amount of salts, and the salts can react with the activated edge. The chemical bonded salt
enhances the negative charging of nanosheets, and this contributes the exfoliation of layered material in
incompatible solvent such as water, alcohol, and acetone and so on. The aspect ratio of nanosheets is also

improved by adding salt. This finding will pave the way for the effective usage of nanosheet dispersion.
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Fig. 3 AFM image of graphene on mica substrate.
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KR TIE, JEMRIE BRI BT 2 R 28R, AR S BB REEZ Tl 572003 3 2
L—23 Y ETNVORSEEIT 72, BEREMERIE CIIER OB 2 B Z8 2 KB T 57217 Th
, FEHERE DR T OB 2 RIBWEELR 2 EDUETH 5720, JEERIR T OEE) B L OB
ZRE) % BT REZ: ADEM  (Advanced Distinct Element Method) % W, —#iliEiEalERT
155N % JER AR & BRI O LA ROIE R B O BRI O W TRET 21T > 72, JFEMITE O £ 0 #&
BLRIMEDG O N D DS, R ESRE T X5 LA REIMK T 3 2R E2MH72. 32—
Va Y TIREMEZ AL 2RO BROREE BT L, ¥ Ialb—TarbRO5NLHlHE
& RBIARGREE I\ AHBIBAAR DS B Z L D3RI S 7.

ABSTRACT

A new simulation approach using Advanced Distinct Element Method (ADEM) was proposed to predict the
compression behavior and the characteristic of the compact. Relationship between compression load and
compressive strength of compact have been analyzed. The breakage behavior and discrete motion of particles
during compression was simulated by ADEM. ADEM parameters represent the property of samples, it was
determined to fit the experimental results of load-displacement curve obtained by single particle compression
test. Internal structure of compact was measured by X-ray CT imaging, information of particle breakage and
density distribution was obtained. High density compact could make as a result of high compression load, on
the other hand, compressive strength of compact decrease when the compression load was much high. There
was optimum condition to obtain the tough compact. Simulation analysis could visualize the compression

behavior of compact, fine powder ratio suggest the optimum compression load for powder compact.

25
Copyright © 2019 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/).



Hosokawa Powder Technology Foundation ANNUAL REPORT No.26(2018) 25-31

Research Grant Report

MEER BB

WARDEmEIEE, 93y 7 AAMN #
RSO BB B CTRERY K 2 L&D 2 B fE
ThD, FRHKZEY 2R EEH L7
IR L 572012 7bhTwb. JER%
RIPNCTE L, EL TEEZIT) DS, KL
WA — R R TS TH L L ZOHBROBER 71
L A B B BFRBEERSILOFEDZR &
V), BEGREOET B IERE Y KT
ZEns, RIBRNOMEENE 205 X9
WCHET 52 AR ENTVE. EHEEFOH
KON, B X 5 Y 2SR A 125
BARITTZ e, BROTIFREZIERL,
WUNIRETT A 2 EPEETH ), FRAEE,
O IEMEBIE R O By R RO R % il 5 2
ENEENTV D, WHEREMERI ISR 2 55
B BEHE i < 2o FERINTBY, EMBIE
WRRIZ BT A I T & IR o B R &
S E AR (Donachie M.J. and Burr MLE.,
1963), t 7 3 v 7 AMEOM, SEMEZ T
S b L728Er (Murakoshi Y. et al., 1995) 7 &
DA SN T 5E, EBRI R BRE OAERIC
0L OHAPHE SN TNEY, BiEkoh
LR BREN B R RITTRFIIREY 2L, #
B RO B % 5l B B B 1L AT RR I 7 5%
R LASRZIATDRTBY), 7ak 20K
LD T &> T 5,

—hT, EEOFERR ORI, 3
YVa—% v Ialb—va ik BETEREE
() 72 SERT TR0k 4 72 lE3E 770 2 A DB R EIA
RHHELICE L TB Y, W EREMERIIC
BTy Ialb—3a VX B@ENDERE
ErbNb, YIial—varOEAIZLY,
H— DR R & AR RO LT, Wi 1
IRTF BB OBBREHLNMIT LI ENTEN
&, ERMEE D S Bl e BB R R ET S 2
EDUTREIC R D, FEERT A b ORI, FEFE
7 a A N OHRAERG T & M, BMEEMEIE
IZBE9 A EBH R BEROBENE OB DL LD
EEZHNA.

Z ZTARWIETIE, MBI B 55
Hr 28 Bl AL 2 © BUBARGHE 2 Tl 5 72
HOYIaL—Ya YEFVOREEHNE
L. ADEM (Advanced Distinct Element Method)
(Ishihara S. et al., 2014) % HI\ > C —Bll £ A S5k
TH & N5 JEk e & JERLRE O L OB 2 8) O
FBIRIZ D W TS % 17 o 72 (Ishihara S. et al.,
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Fig. 1 Displacement of joint spring.
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Fig. 2 Photos of experimental situation and sample.
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Fig. 4 Cross section filling area as a function of the height
of particle compact influenced by compression load.
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Fig. 5 Relationship between compressive strength of

compact and compression load.
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Fig. 7 Simulation results of cross section filling area as

a function of the height of particle compact
influenced by compression load.
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Fig. 6 Compressive behavior as a results of compression load.
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Fig. 8 Relationship between fine powder ratio and

compression load. Compression load can divided
into deformation region and breakage region.
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RIFZEIE, 7 =4 ¥ &2 WHE L7z 12Ca0-7AL0; (C12A7) Z4LIEFKIE % 7 /3% 4 MERmCHEL 2
a7 -2 o VR ERET A L2 HMICATo 72 FHEITIX, O CI2A7 F/ #Edx ARL,
@FEHAET /NI A MELTIT - 2 VSR ZFR L, OBPMRBZEEIC X ) ARBAE O SR
AT FETH o725, OCI2AT ZILEF /R OBZIZOWTORER T E 7. CI12A7 bR
THHLNA FuH—3ty FaEKT 57280, Ca(OH), VIV & AOH), VIVEIRE - ki L7z 55
N7 A PO —4y OB X ) KEEEROBLEEIC S ZILE L L & D12 C12A7 D5 F LS
2D, 50mYg Bz ALK Z AT 5 mEkEi e U8 CRAT R TORSIIE L. i
TOEOHE LN OBV HRIEZ ERTE, RO HIIZIR >R TH - 72,

ABSTRACT

12Ca0-7A1,0; (C12A7) is composed of cationic cages in which various anions are incorporated.
Conventionally, most of reported C12A7 were synthesized by solid state reaction at high temperature above
1200°C using starting reagents such as CaCO; and y-Al,03. This strict heating condition causes the
undesirable problems such as increase of the C12A7 particle size and decrease of specific surface area (SSA).
Liquid phase process is one of the potential methods of synthesis of C12A7 fine particles with high SSA,
which does not require high temperature for heat treatment. In this study, C12A7 porous particles were
synthesized from 3CaO-Al,05-6H,0 (hydrogarnet) as precursor prepared by liquid phase process. The
synthesized C12A7 were cubic-shaped particles with porous surfaces and the SSA reached the maximum at
55 m?%/g.

nE) wUETLIEETHSL (K1), 7T=F
VERLE T C12AT 1ML EFHLK D C12A7

MEER BB

~ A4 L+ A4 b 12Ca0-7A1,0; (LLF CI2A7)
X IEB 2 O — USSR 4 D2
44> (F, CI, OH, O, 0,, O, S*, H
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Fig. 1 Unit cell of C12A7 crystal. Spheres indicate Ca,

Al and O elements in descending order.
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3Ca0-ALO56H,0 (C3AH6, /A FO#— % v
N BHWAMAR L, Cl2A7 OFLERELZ
Hig& L7z

EHIZ, CIRA7 ERH % 7 /87 A4 Mg CTH
BSH, CRATPEHEEST LT =4 Y HIZ Lo
TERMMHTHT LT85 4 ¥ 2 VOB AE
L, 37— = VHIZEFEN 208 % Fi8
TT7/37 4 bOsMHEMEEZMLZ Ex HIGE L
7. A KB X2 785 4 b Cag(POy)s(OH),
WCREEND T35 4 MEEWIE, AN TERH
B KL, DNAKEE S 7 ZICFH S L Tw 5.
OH # 4 MIADO7 =4 VIZEWTE, 7=

FUHIZL S TT 87 A4 N OAKBRER TS
Bl E0VEAL S 5. T4 v aiEEREY a7
2§52 ETT/NY A4 bOMEEILE T -
VD% Ty b S R R Y ) - S S B
KIFFETIET /8% 4 b % CI2A7 KHIZAK T
HZENTET, RIHIZOWTITRERTH S

SHESICE Y HE SNEEKBEEICL -
T CIRRAT HIBMATH /N4 Fu i —+ v b &
GRL7E REORLR LKBIEH VYT A
Ca(OH), & /KERIL T )V 3 =7 2\ AI(OH), % Hi%E
W L L CHW/ . 1o Ca(OH), & Al(OH);
ML (Coarse) 7 HHFSIEAL & EFR L 72, Mk
(Fine) JEEF T 2 KEALWV VIZRD & 9 12
P72, REERA VT A 4 KA & REER 7OV
ISV LA 9K EENT Ca/Al=3 L2 5
I EL, TNENMAKICHERS 72
Ca-OH K& IZ 10 M KPERIL T b Y 7 2K
%, AI-OH JKIBEHIZ 25% 7 ¥ & = 7 KB %
Iz 20 4L 72, 155172 Ca(OH), I B
X 7H 7= a2 X ), AIOH); JLI 3%
LT BEIC XD, o BE PEE L 72 Ca(OH), &
Al(OH); ZiRA& L, K%M Z T 100°C T 1-5 K
Mz, 77—t CWElA#E L, —HE
BRI L 72 155 N EE R K % 500-900°C
T 1-6 I BERL L 72 1%, BIAMAHTa % CaO
%23 %72 0.1 M NH,CI/MeOH A1 T i
L, CRRAT BrKZ1%7-. 561 7250kHE XRD,
SEM, N, Wil & 1 &Fffi L 7z

o
7

kit B X
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Ca(OH), & AI(OH); O A 43 WX Wi % N 2
L7zt Z2h, FEFTHAS Ca(OH), & & I
NA K aH — % v b & CaCO; K H1 Wy
(C3A2-CaCO5-H24, C3A-CaCO;-H11) 2HEFE S
7z (X 231). BERFEIL C12A7 & CaO D E—
7 HHERR S L (X 2(11), CaO % 0.1 M NH,Cl/
MeOH & % W CThrE$ 5 2 & TCI2AT H
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DR SNz FERRF- & 900°C T 6 g BERL
L7-3Bo SEM 5§ % X1 3 127" 3. MR TR
Al(OH); & x5 EANEIEHLF-43, fths Al(OH);
x5 & —25 1-2 mm F2E O N KL T-AY
AR L7z, BRI T OIEREIL, Ca(OH), Fiff &
X B AR 2 < AIOH); KL 22 O A IZ KA L,
Al(OH); DRLEED/N S WIGEIZNA Fa 7 —
v NOBETH L ITIRE T AR L7z,

fkr AI(OH); % FWTA R L 72N A Ra A —
v MIPERREERFOR T Tho 72, B
i f2 12 CaO % B bR 23 % 2 & TEIHIZ 100~
200 nm FEEOFLOSER L7 (K4). IR %
fLAA® BET IR mA TR AT S5 mYg 278 L,
BEAHE: A L 72 C12A7 O L F R (1 mYg)
ERER REICE 2272, INHEDZ EDD,
BUOLHELEMAE CRIBMATH 504 Fad—% v b

- C3A2:CaCO,-H24 . - CaO
(I) As-prepared _C3A-CaCO. -H11 (II) After HT (900 °C, 6 h) - Ca(OH),
- Ca(OH), -CI12A7
- hydrogarnet
()
| -
= @l (b)
o | PRI O V0 O I
£
() (c)
L L I
L@ g L ] L@
§I \ PHE I (RN TNTRTIOT I I
g | | | 1 | |
5 o o N
10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50

CuKa 26 (degrees)

CuKa 26 (degrees)

Fig.2 XRD of (I) as-prepared and (II) heat-treated samples. The samples were prepared from (a) Coarse Ca-OH and
Coarse Al-OH, (b) Fine Ca-OH sol and Coarse Al-OH, (c) Coarse Ca-OH and Fine AI-OH sol, and (d) Fine Ca-OH

sol and Fine Al-OH sol, respectively.

After Heat Treatment of
Precursor
(900 °C, 6 h)

Coarse Al-O

Ca-OH source

Fig. 3 SEM images of sources and heat-treated samples.
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Fig. 4 SEM images of heat-treated particles after
removal of CaO.

5 CI2A7 & CaO %5, Al Tdh % Ca(OH),
X CaCO; 2 H CaO 2% 4 i L, 0.1 M NH,Cl/
MeOH VA 12 X > T CaO DA I N5 2

H4 BB F &k R

198 - KA ¥ —3Ek

1. P4 #E, RRH &, B M, Ak sAR,
CI2AT hi FOWAHER E =L 7 F I A F
t", HARY I 3 v 7 2142016 4E4E %
2016 4F 3 A (HBHFEFR).

2. SFAY R, RRH B, B LT, A A,

ETCRATHME LTHROLNAZ L, 72,
NA RO =%y bOBGHETIIAY ) —F )L
BIEDO LD BRI E D 2 LATRIB S L7z,
B, BONT CI2AT LIRS Lk %) ~
BRIEIZIRIE L, RENOT I8 A M & R
RIS, ABGME RS, 788 4 MR
WIEES o7z, SHROFEE L2,

S 3k

[1] Hayashi K., Ueda N., Matsuishi S., Hirano M., Kamiya
T., Hosono H., Solid state syntheses of 12SrO-7Al1,05
and formation of high density oxygen radical anions,
O™ and O,, Chemistry of Materials, 20 (2008) 5987—
5996. DOI: 10.1021/cm800666p

[2] Sango H., Miyakawa T., Synthesis of 3CaO-Al,O5-6H,0
in aqueous solution under the atmospheric pressure and
rehydration of their thermal decomposition products,
Gypsum & Lime, 1987 (1987) 88-98. DOI: 10.11451/
mukimate1953.1987.88

OTEER, NA Fa i — % v FRETEA O
MEBRE CI2A7TZ L 7 N5 4 FOE#”,
555 1T 3 v v AR S, 2017
1R (DB,

3. FRH ¥, SPA B, AR M, Ak AR,
A4 Fad—2y MMk E R L7 =%
VAR B C12A7 DFEE, 2017 FEEEX T
v 7 ARAMITES, 2017 4E 9 B (IIHESEFR) .
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Temperature Control in Induction Heating
of Spinel Ferrite Nanoparticles

WFFEAL £ ¥ Research leader:  77IHf %2 Tomohiro IWASAKI
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Graduate School of Engineering, Osaka Prefecture University, Associate Professor

E-mail: iwasaki@chemeng.osakafu-u.ac.jp

W

WENA N—H— 37 (RAIRERE) (IFBEMESEL b O/ T/ KF & V7228 AGHE T
HY, AR ERE ST R T 2 BRI L DB L, EFEME LD D BmEoK
BAMBBO AR EZES D, LIz > T, FENA 78— — 3 7Tl /2 R OFE o]
HHPMO CEETH L. £ I TARIFIETIE, BN EREEEE FEMBEFEE b O~ 7/ AT 7 A
W7 254 bEBIEF 2 RTFOETFIVICH, Z0OR 1% EBIEREICB U 2 84E - pHHE
IMBNZ TN TRV CERN B L OBHEICHE L7z, TORE, 7 VviA+ LA 4
HREEER G~ 7R AHE 7 = 7 4 MEWRAIL 3 DT O pH T /KT O&ED A L,
GHOREEICHARTRAOETAR SN2 &2 0, FEMBOHIHTIEREMET /R TOR T2
T CEEE - THURESEE L BERT TH LI LB bh o7z,

ABSTRACT

The effects of particle diameter and aggregation of magnetic nanoparticles as heating mediator on the
induction heating of magnetic fluids in an alternating magnetic field have been studied experimentally and
numerically. As a model magnetic material, magnesium zinc ferrite nanoparticles, which are biocompatible
and have excellent induction heating properties, were used. The magnesium zinc ferrite nanoparticles were
synthesized via mechanochemical treatment of the precursor, followed by aging. The water-based magnetic
fluids consisting of the magnesium zinc ferrite nanoparticles with different diameters were prepared using
aqueous solutions including citrate ion and nonionic surfactant as anti-aggregating agent. The magnetic fluids
that the nanoparticles were well dispersed showed a relatively large temperature increase rate. On the other
hand, when the nanoparticles aggregated at low pH conditions, the temperature increase rate reduced, which
was also numerically confirmed. The results demonstrated that not only the particle diameter but also the

aggregation/dispersion conditions could be the important factors controlling the induction heating properties.
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MEE= BB

WS AL 1981 4F LLRE T H AR N DI R NELL O £
1l ZoTBY, DPAIL LITHITE 4B
MLTWS., PADHBEED ) L, BRI
IZHED VTR EDGEE L ST 5 G
(X, Bl SUTHVERFAR, ML, BRI
D3IDTHAH. TAETEITLWIEEED 1Dk
LT, HAMIE OS2 M & 0 ek
BEFH L7 3—=F— 37 (REGEE) 8
HFHESNTBY, FEGEICITEEO K
0, B EHEINN S WL EORERH L. H
DGRBS HNA = =3I T TlE, I
TAWRIE L, FEMBICL ) EZFOREE
FIFEFEPHCSEN TS (Nakagawa et al.,
2010). COHETIE, PAMIRZT TR IE
HHRRE LIRS NS 720, IEH MRk OHEE A
FIZEF LWL ), BATMIOEED LR
i 43°C L shTwab, LaL, Milassahd
IR A 1°C 112 SR BB BRICHE AT %
720, EHFEARERE LT LHICE, BATMLD
A EPR IR T & 2 M HALETH L. £
ZT, FHEIBEEE b OIS TR W
TR NA 7= — 3 T I A RE ST AR R
AATHOIL TV 5,

— WIS, BEERANA N — 37 L3 nm
DT ORglEF 2 i & Wik & U CRlRiES
L, DASMICEBESEL 2 LT, MRS
L) BEOAREZINET 5 2 LATE LIHEET
Hb. LIhBoT, RN /=% =3I 7Tl
Wk R OF BB O AR O TEIET
H5.

FEINBER % b DR T KT 2SS Ty
IZEPNIZGE, WAE— A Y POBHIOEN
R L CTH23 % (Rosensweig, 2002). A
E— X U N ORMEEICIE, KT HETOBR
E— A Y MDA AL L ORI BHE L &
9 &9 5 Néel SAIEME L, KT BAO x|
£ D K3 5 Brown SEFIBRIE DS 5. Néel #%
MO E, $onm O FEOEWNIZ X Yk
FORMENRECELY, BREIRKAL %

LRTEORBEN D 5720, FAFZEOHIEIZ
M3 AW 7ED A AT T & 72 (Jeyadevan,
2010; Murase et al., 2011). —75, Brown #&H1H%
HETlE, R EEOREERIC L) BT 5720,
—UHKL B L OBEETRMDOENDP R S,
S 6\, BEEERNT 5 &R T OBKE— A
Y homER, BEEIEZRKIGERS 2 Hixo i
DR DLE, BINOENOELRLEEZ LN
bH., FTDD, KFOEELIRFEIZ XD Brown
% AIARHE O % A RE [ 232540 L, Néel #&A  H]
& Brown AR O FIA S TH 2 55 %
AR S 2T 5720, FEE IR T D&
FIRBIZRMAET L EERZ LN,

Z ZCARIIZETIE, BN AKE A L FE
MBUFEE & O~ 7 2 L8 (Mg-Zn) 7 =
7 4 b (MgysZnysFe,04, LLF MZF & B4 §)
(Hirosawa et al., 2017) Z k7 / K f-DET )V
R, ZOEEE - SR KT
Bema L.

MZF F /Ko &, #fesk ) A
ARFIW) 5.4 mmol, AL~ 74 7 L RKIKAIW
1.35 mmol, EALHESS 1.35 mmol % 1 F ¥ &K
57.5mL 2L, 2412 1 mol/L KEE{L S b
U7 AOKEEW 324 mL RN L TSR/ A 4 >
DKL) % ik S 7-1%, BEEEIHIHIE LC
7T U= M) T A ZIKFIY) 5.4 mmol & 7%
MU CHSAERARE L2, SN ZEE32 mm
DAT v L A (SUS304) #AR— )L % FgiE L
7oRR By R — )b I V% gR (SUS304 B, N %
90 mm, HAT X 80mm, % 500mL, K— )b
FEIHE 40%) IZAN, HaaNO5HE 7V T ¥
TR L CHE Lok, A bEEE 140 rpm
T24h OA I ¥ 7L % 1T 5 72 (Nishimoto
etal,2017). IV Y 7 RICHEONTIEER Y
110°C T 24 h DINEFAR 21T - 721%, HFH N7z
L OB E B X OEE 5 #EZ 1T 9 Z & T MZF
WA ZRE L2 2B, Zomknkz
80°C D ZE453 H THAMG: S 4, ¥y K X A 4T (XRD)
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Fig. 1 XRD pattern of the MZF nanoparticles.

%1% (Shimadzu, XRD-6100, Cu-Ka #t) %
WCRHTHREOMEXITH T & T, MZF 7 =
FTA MOY—MHOERTHERLZ (K1), &
512, MZF O KBIHIEE 27/~ 3 (311) 1 (A
#if20=354°) oFTT—r 2RFEMHE LT
Scherrer AZ X DK FELXHEH L2 T2 A,
9.1nm TH o7,
WrESAB IO -y BLVOHETIE, 5
LN RAEET lwt% D7 T V= 1)
A 1 wt% OIEA & R EYER] (Triton
X-100) % & &K AT TR L CRET- 1 % 3R
(R EOAAE 1.4 X 102 wi%, T—%
BAMEE 1.1 x 107 wt%) L, —EDA %~
s Chr T Al % - 25 mmol/L, ¥— % &
L% © 17mmol/L) & 725 X ) ICHEEB L O
IKERAL T b 7 AKEWIZ LY pH X IT -
71k, BIRGEGEL AR R E 2 E  (Malvern,
Zetasizer Nano ZS) % F W CRFEFL#E 0 fT T- 135
SHEBLOE—-FEMEBEL, B4E - SE0R
RE A BT L 72

F 7, BB OFEMEGEE % 0T 5 720,
PR L 72RO 2 R TR 11 wive 2 UM L
JIUB=F M)A (Swi) LIEAF M
BRI (Triton X-100, 1 wt%) Z 7800 L 7214,
HEWEIRGIC L) B s, pH 2 3EB TR
Bl R AREE HEEER
(THAMWAY, T162-5723), F ® #% & %
(THAMWAY, T020-5723), % (& £& 4 mm,
W 3mm) %21\ & W73 AV (HEFE

70 mm) THERL S, A VEZ N S 5 A
KIZE ) a4 VAKOFEREIF L 72 &b,
FER TSR O R & i = e h T
600 kHz & SkA/m & L7z, FEEINEFEE O R
L LT, HAEEDOR 2 AR & 721 12
FEA T A BE & RTINS (specific
absorption rate: SAR) [W/g]l Z: L () I X W&
L.

saR - MG+ L= (47 N

m det

ZIT, Cu[I/(Kg)] (=0.68J/(K-g)) & Cpy
[J/(K-)] (TZFNZI MZF L KD ILEF &, m[-]
TIEE S BT D MZF F /KL O &R,
(AT/dt) ey [K/s] VXSG 7 7 4 N =R EFE (FISO
Technologies, FTI-10) |2 & V) % L 72 5
A CORNIBEAR TH 5.

it %

B R

MZF + / fi O # EREE Tl pH =4 T
Y=Y BEMPRELL R, MZFF / HFIE R
T L 7275, pH = 3 TldiEd 2 [ H°
Rons (K2)., 22T, pH=3.0B X180
O T FE SR B A D\ TR N BRI % BTG L
7282, HIE DAL SAR=145W/g Th o
72DIR L, BB TIESAR=175W/g L% o7z
(B43). b DBERIZE—O MZF + /i
T CHEB SN TWD 720, Neéel SR FEE &
EZONLHZ D, B L %S Brown f&H1
DEALIZ L > TSARDEH L2 EZ HN5.

2T, WMk R T OB X B EENE
DEAL & BRI FFENT L 72, Rosensweig (2002)
DFFEMABIEGIZ X, SRR T ORI
DIEEE P [W/g] Tk AXTEINS.

wt
1+ w?c?

1
P=?a),u0)(0H2 )

Z T, o [rad/s] IEEIIN S A7z A8E0RE S O £ JE
B, o [Hm] 1 ZEZEZOEHR, z [mke] 1
HERALEE, H[A/m] FEINEEY; OIRECTH %
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Fig. 2 pH dependence of median diameter and zeta
potential of the MZF nanoparticles in dilute

suspensions.
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Fig. 3 Influence of pH on induction heating properties

of the concentrated MZF nanoparticle fluid.

T [s] X FERIREFIRF T 1), Néel #EARERH 7y [s]
& Brown & fIRE [ 75 [s] OMATFIE TH 2 &
ns.

1 1 1
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T N B (3)

—39—

S5, & g lEENTRKRATEINS.
K
= l)3
N =T exp[6kBT j 4)
n
g = 2T Dy? %)

ZIT, 1o [s] \EARAIREHIERL, K [Im’] 13RS
BB, kg [VKIERIVY < Ve (=138 X
102 J/K), D [m] \X5 88, 5 [Pas] (& O
KitEAREL, T [K]IEIREE, Dy [m] (34T O jik
NFENERETH 5.

TEMEGRAR A58 L 72t >/ R o — ks
TECHERINLYE, R ED LmENFEn
B Dy HEH 5 b — KK T4 Dy [m] 125 L w
EERBHE, X@), X6 2HWT—RAT
D1y & i,

nK
TN = Tg €X] D3 (6)
N=Tp p(6kBT 1)
i
= D3
B 2euT I (7)

b =0, WM R F AT TR
T AW h, BT T 5 —KAF O
K 7#% D=D, [m], BEEAEOTMAETIFIELE
% Dy=D, [m] & LTHMKIZ oy & 15 ZKD D
& nwidi(6) THZH6NED, ik @®) T
RKEND.

__™ 3
= Dkgr e ®)

B

oo L), XE) P T—RAT &%
RARDFERNEAER 1) [s], 1,4 [s] T ENTI
Ko, () LY —kFDZEEE P [Wg] I
X3 % BHRR D FEE Py, [W/g] DI Poy/P) 13
KATHZOENS.

DT ygq
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Fig.4 Theoretical curves of induction heating ratio as a
function of diameter ratio of aggregate to primary
particle of MZF (K = 15 kJ/m®, @ = 3.8 X 10° rad/s,
7,=1.0 X 1075, T=300K, 7=8.9 X 107 Pa-s)

ZZC, WK FEDS D, =6 ~ 15 nm O #i
IZBWT, — KA B BRI ORI
D,ge/Dy | ﬁbf BRI Py/Py 70y T
e, MaptEoins., %8B, MZF OEAE
HEB KL, B b TEE SO 24
DFEMFTERL, Z15 0 SAR & ) FEERAYIZ
K=15kIm’ & PLE L 72, Py/Py & Dyy/Dy @
BIARIZ Dy L6 L CHEHELZ 22 L, Brown #% 411
PHEIC L B2 HBNITI LA, RN S N
— KR FZEOHP (D, =6 ~ 14nm) T, %t
LIZXDFEEMBDSERT LI e bhro7.

HEf R AR

198 - RA ¥ —3k

L A 54, Al AR, A B, A BGE,

L7 L, Brown fEMALEAZ, HEAGKE W
ﬁ%%@“ﬂ(m=m5~mhm>fi,ﬁ%
CXDFHEMEBSNMETT5 2 EAUREBI N,

S Wk
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Synthesis of Photocatalytic Powders with
Infrared Light Shielding Property
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KWGENE S Y T AT TV RRy VT AT VT F XA REDY ¥ 7 AT ¥ N— AR
BEBEIM M B 2 BRI 1B L WY 7 M IV 7O AL o TR L, F/ - <A 7 alEEofli
AT, RINELER RO B R L A EI T A LIRS, el 2 AR E oS LR AT, <
VT BERE VGRS R 2 SEHL L 7. IR ARBR R EL & H W, ~ L T BB MR B S A R A L 72
IO A Z B S, FELRRIVEE D v ML, FRINREGHRZER L, RS LM

HOSYNVFEEENEZETAAS— b Y4 VY RO ELTORT YUy VR L. Rifsenar v~
MEFE 4 2GR BN OB AT RE T H 1), ARYNEREE O Fr B RE 2 4 5- L 72 Ul & 8}
&, IR EEMEAOBEMHEZRL, IV FEEEEA~Y— Y 1 v Kotk e LTosHDs
Wfrsh s,

ABSTRACT

In this research, the synthesis of tungsten-based infrared shielding materials such as tungsten bronze and
tungsten sub-oxide was carried out by an environment-friendly soft chemical process. The nano- and
microstructure was also controlled in order to improve their infrared shielding functionality. Furthermore,
their composites with photocatalyst nanoparticles were also prepared to realize the multifunctionality of
photocatalytic materials. Also the photocatalyst thin films were synthesized by using the functional composite
particle materials. It is expected that the multi-functionality consists of visible light transparency, ultraviolet
rays/infrared light shielding and environmental purification effects can be realized. The concept of the present
research can be applied to various photocatalyst materials. The photocatalytic composite materials imparted
with infrared light shielding functionality show great potential on novel building material applications, and

are expected to be applied as multifunctional smart window materials.
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MEER BB

BESEIA S FIH SN A BRBERRER Z D S8E L
ToB8EMRIAY e L, REFEROFEZRFERIZ
oo T\ 5., —7, Ul AR 3oL F —
ZFHL, HRRREMFENICE{LTE L2 L
MEHENL. BRILF & VI S5 i
X, RIS —RERE L 2729, AR
AR RE 2 M S5 2 L 10 & o T,
FLWEAREY AT HAY— 74 ¥ Kokt
BrE LCIfEE LS. ARWIZRIE, HEREMEM R %
WEICELWY 7 NI V7oA I2L-T
BB L, W% RIERE &R A Xshil S 7z
y 2T AT = AFRINE R R AR AR D
F Ay afgE R T S &S, el
T B ERAE L OB AL E ATV, SR O
VTR R O SEBL & MERB R 2T o 72,

W% A&

2018). AfF7EiL, WCRSP 71+ 2 % v, # 4
BTV EBBA T v REGELY VAT 70
Y ADEW AT 72 HIZ, Nb-TiO, b [AfED
Tt A% HWTERBRIZED L7 (Asakura Y.
etal,2018). 2mMDF¥ T bF A4V 70N
¥ F2EERR T8 ) — VIRE B 60 ml H1IZ
Iz 7:%, Nb F—7®&D 15mol.% & 7% 5 L9
=% 7 (V) Ry Z T v FERML,
30 min FEHE L 724, 240°C T24h KIp &8 5
Tk, Bl TY A X%HAT 5D Nb-
TiO, &R L7, 72, Eii 70X A THK
L7 T4 o v a7 —X iy
J=)v/ana P YHIZAR, 600rpm T 24 h
WL, s skl F2 ¥ —=7L—F
Tz v, EA 125 um O R % 5L L 72,
FEVERTA & LT, ARV RREE 7T K UF deNO,
SRR 1 O FEAl 2 1T - 72

B R

it %

INET, BEOKBINNIK DY VT AT
Y7a Y AR VT AT N — AR RO
AT, A4 PEORE% Cs W8
G AT ATyTA Y AD b YR OVEEEIC
CsWADNIZK L, ALY ¥ 7 AT Vb
AL, WFEEBICRFOELAHER T, A
WL ETH A ZoRE T2, K&
R X A IEOBELE L <, B ke
¥ E2 AT HEEOABIINEETH - 72 (LiuJ.
etal, 2010). JT4F, FAlZT ¥y /7 — )b - FEfRR
BEEO T AT MBS & )RR ISR E
CHBEG 2K TH0wo L Yk c&E sy
JVARY — <)L 7t A (Water Controlled—
Release Solvothermal Process (WCRSP)) % [ %
L, WClg DT ¥ / — ViR 50 ml \Z CsOH %
WMLE— % BEPELONTH (Cs: W=
0.33:1, [W*1=0.015M), 10 ml OF:EEE 12,
100ml ® 7 71 YWk AT > b BT £
BICHAL, FrEiiE oirERRs: 2 &
12k -C, H—%uvy FIKCs,WO; T/ FiT-D
A L 72 (Guo C. etal., 2013 ; Bx &,

YU TAT 70y AEEE YA T HIRAR
FAMIREE I E A WA 9 5 [R5 - A3 5 72 2 fiff
¥ ETIREEZE(MAEYTH Y, L%
b WIRATEFMRREE TIX R L 2 B LR T
BCETFP BERL, BHEHBFELLZLIZL
D AR A K OV 22 A B S 5 JET
fifzEh A &, AR Hk 3 2 58
Yo AL AR FE S L% (Zhou C. et al.,
2010). % v 7 AT ¥ RBEERFMIREEAL &Y
E W e WS A2 —AN% <, HH
BFAWTEWIHARL, K—70r0%)
FAZ L) GHRAA L, RIS BT B XS
BEMEE L0 L, RIMER B R 2R L
AR = b7 Y RUMEE L COMMAPHIRES
% (Yin S. etal., 2018).

T =) ETNVER VRO T AT WALRUEIZ
L2KGFHRWo DL T 8B 7T 0 €2
(WCRSP) #FMH L, + /%14 X MWO; M
=7 N) &J/ITEE) RURZ LR A X
D W09 BN TE D, W0, DEE, KT
YA XH/PNEL BT L& o T, HRySERE
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PEAS B L7 LSRR CTE S (1), ’A
JE TR REAL B DKL T4 A X &35 2 &
IZ&oT, FEHEAR—TO L ORIEIHL 2D,
TRNFER RS HE IS D 2 L 2R EED
7o W, KA XOBAIEG, OFELDS
WAL, WHSRICB 2 EEE B om
B2 2%2%), MEE L COE LR L HEREEN
EDHIRETE 5.

Sl Td HERILTF & v RS EN
e R A L, BT A IZE 5 NO,
REENEMICEEINL T M T VT FED
SABELE % DT THETE D05, FINE
W E 2 LORE RV, F YT AT Y R—=A
RAE IR LA IR LIS e =% 7 K —
THALT ¥V EOEE S KT AL S
5T EIZE - T, 800 nm LL_E iR EIE
BN ARBERERE 2 R 9 & [FIRELS, WELGE
WP e OSBRSS IZ 317 % deNO, BEJJ Z PR T
E5h. THUTXD, AR Ol
RO~ VR RO D KT Y b
WEERAIBTX S, HIZ, aVEYy MokE
Fo&—7L—FEICL)EELAERL, B—
F /o RFENBTAIEICL ST, BN
MBI A FEB T & 5 L3010, RYNEMHEE K
QIR FEBR 22 ARGV - T, N7
PEAHERE S L7, JEA 12,5 um DHEETIE, &

UV =VLT

—_
(=3
(=]

[ ]

[SS I e N
(=

Transmittance %

[=]

T T T Pr— T Small
300 600 900 1200 1500 1800 2100 2400 2700
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Fig. 1 SEM images and transmittance spectra of mixed
valence state W3Oy particles with controllable
particle size synthesized by novel water controlled

- release solvothermal process (WCRSP).

N7z HEEAMEZ R L, GG X 2 ER
72 deNO, BrERe NI 2 A3 5 2 L fERR S 7z
([ 2-A). M1, <300 nm O 28445638 K OF 780
2700 nm O J7 & PH 22 ARSI 2 E - T, B
TR AR S e (K 2-B). AFHED
BN EMERT H720, Cs,WO, 7217 Tid7 <,
B4 AL DWW T b BEEZ ATV, 2 1TRL
7z, MWO; (M=NH,, K, Rb) 2D\ T
L, ZOENMESMHRTE L, AL 2HERIT
B 72 deNO, Yl B 7B & AR e 1 &
PEEFFO 2 L1 L7z (LiuT. etal., 2016; Wu
X.etal,2017). F72, nNar v v TR
JVHEELAYI2L—varTid, AT
2 (7T 7) BUXITO HT AN, HE
F 7 ki F RbyWO5/ZnO O #H i ix, Ei /iR

Cl Light on | Light off

(NH,),WO,/Zn0

K, WO3/ZnO

DeNO, ability/ ppm
o
s

\\

0.5 K,WO4/Zn0O ()

0 10 20
Irradiation time / min

UVE—VIS—™ NIR

ZnO —KWO0;

804 — RbXWO3
X — (NH,),WO;
E 60 — K ,W0;/ZnO
g ——Rb,W0,/ZnO
‘s ——(NH,),WO+/ZnO
Z 40~
5]
[_‘

T T
1500 2000 2500
Wavelength / nm

5(.)0 1(300
Fig. 2 (A) Photocatalytic deNOy activities; and (B)
Transmittance spectra of M,WO3/ZnO (M =K, Rb,
NH,) composite films together with corresponding

pure M,WOj3; and ZnO.
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Fig.3 Simulated heat ray shielding test, using the boxes
covered by quartz glass, ITO and Rb,WO3/ZnO
composite thin films.

ERIEEERL, A= bY a2 RUME
ELTCHTRETH A Z L ZRE L (143).

JCRREAT R & ARIRE M EHZ O WT,
DEELIZ & > TENENDOHE R TH5 T
B eI, HEXTERT 7200/, ¥ 7 =8
Tl R RS 5 720, BRI L BN A~
T —DMFEBENLETH Y, 55 N7 HEIE
BREOZE LW T2 57256 L, HEOREMELL
AT SN T AR O RN AR
OMEO TV RTy b EEBEICT LI E RO
7 A O Sl & ROV R R % 12 F%
JE3 %5, St & ARG RO RO R e R
ERIEZ ATV, ZNEN O Z fRRIZES
HTED L) ITHEERIB AT, EEOMA -
SHE - SR AT 2 LICE o, &
N2 HOGERNE, BREELREE 2R3 & [
2, AL RN R I R A 2 RIS
B L7z (X 4).

Y 0T AT 2R — AR TR FAMIREE AR i
WO 2 % % 70 S R BE LB - ki - L AL
DT EITE o T, FRIMEER N Ok
% B3O X 9 2~ oV FRRBE b & Al L
TE, TOHEMEEMIEL7-. ALz VK
Ty MIFHLWEEEEEFL, Av—bU~g
Y FUMEE LTosH RSN, KBtz
ANV F —OEERFA, SRR & 5 5R
i, RAMLERRIC X 2 HORWNIRE LA
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Fig. 4 UV-vis-NIR transmittance spectra of the
composite thin film and two-side thin films.
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Fig. 5 Schematic illustration for multi-functional smart
coating, with photocatalytic and IR light shielding
properties.

il 72 &, PLE NGB RO B2 5 2 &
PHIRFTE S (X5).
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W

I7 0 WAL L 72 TG E R & SR REARIEARI ST L, 5h { BeE S eRIL T 2 FEIC Ly, EEBHF -
EEAZEZEE WS M) T AL F CEMEREIER L, VT VR Nb-doped TiO, B L) b1 »
T4 (InP) OFEBER 72 ARREEE & fofiifg s 2 372, JKERE B THTEL L 72 Nb-doped TiO, 2° 5
e BEMIZBNT, KT A R BT A XOEG D VR BRI 2 TR E S 2 R §
CEEMELE. eItk ALEmoh T, IhFE TRIL T &7 Sn,P; BRRIZK TR
InP BRART 2 Lo 7z, BRI E OGS E AT Q&R 25, InP 1E Na WEFE IS In &
PICOHT 2 edbhrotz. Lz oT, @B ImMEPPHIALORNERMTL L LI, £
DEVETEEMEIZ L) NayP HHOZ LWETREMEZ M- 72720, InP BBIZEL - EREE R L
72bDEEZLND.

ABSTRACT
We prepared Na-ion battery anodes of Nb-doped rutile TiO, and indium phosphide (InP) without conductive

additive and binder by using an aerosol process in which active material powders are sprayed onto current
collector substrates and are strongly adhered to form film electrodes. In the evaluation for the electrode
comprised of Nb-doped TiO, synthesized by a hydrothermal method, a better charge-discharge performance
was obtained for Nb-doped TiO, with a higher ratio of crystallite size to particle size. Among various binary
phosphide electrodes, the InP anode showed a good performance next to an SnyP; anode which has been
developed by the authors. The nanostructure analysis of the electrode active material suggests that the phase
separation of InP occurred during its sodiation to form elemental In and P, and that InP anode showed good
performance because metallic In phase relaxed a stress from P phase and compensated a poor electronic

conductivity of Na;P phase.
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MEE= BB

Rk FAEOFEJICHT, BEREBFELEE
EBREWBICHVAYF Y A4 F &M (LIB)
RF MY T AL F EM (NIB) 12IE&)—/E
%D LT b L < Na® %W © & 5 B
(EWE) ORFEPERSI N TS BTO
LIB O L& TAE TIIE W B ik = Bt 5 7
Ov ZADEEICHEZ LTV h, oMk 7Ta
CZEWBED LIB OFENZMERR & i E & 3L
Z5HEMTH D (FRILER, 2011 £ 5 B,
2011). KIARBBMOEWE2EY; LT,
o7 AFFEDLYFHEV O LTI
5. ZOTRTIE, BEEELT 2720055
FHE GRER) & BMOE 8 %R
B72OD T — R M CEEIHF) 2iWE &
R, TNEZEFIPTRIELZATY) —%2£E
BREMUN AT LERE 155, EEBIF R K
EEWE OFE R I RIRIZE | & 9 720 12 0H
DM TIED LA, —H TR E R 720,
FBUEWE A ERT 29 A TOREIIHL 2o T
W7z,
COMBEIZ L, MREREESD V- T
HATHRY T ar (GD) HEEHHTEHERLE
WROVERZ @A Lg% [X] > T & 72 (Sakaguchi
H.etal, 2007). GD#EIZ= 70/ WAL L 72iEW

| Gas-deposition (GD) method |

Solidification by

BURMA & S B ST LB O £ F 0BRSS
AL %479 FhEchsr (K1), ANy s1) v
THEELITE L) RIS LB B R VW20
AR OIREE GRS - AR E) (380 AR
DENEFFETHY 00, EEH - EED
Fl 2 L 72\ W72 ORIBUS O 8 % b U725
i G Td 5 (HEFHEFEAT - WIS, 2016).
—T, PERFEO A EMEIIAEEHEF ICHR
FTHEIEEEL ) 5200, EHEME L
TOWREE R A9 2 TIIXUHEDOFHMIETH 5.
Z 2T, ARWIFETIE GD LTl 7- M & A&
WO TIZB W THRREBRRZIT, Thth
TR KB S5 2 & T FEM 72 B
MR ORI & FEhE L 72, FRMlATR & 3 5 EtA
BHE, BTNV — TAEGERSICEI LT & 2L
F- )L B Nb-doped TiO,, Sn,P; B L U InP & L 72,
VTV TiO, (X Z DO FE & D ¢ B 5 17112 Li'
DER CTRE)T X IR Z A L T\ 525
ab NI Li" L8O TEL, $72,
BIREEIMEN D0 F F/ALTLREW
EREDHFON VT ERH SN TV, 2
WL, BFZRFEE LN - A ViEER WAL
FEIZ TIO,ICNb A F—=T7 352 TCEDET
fEMEZE L, AT, A XERHE
YA X% @Y FEE L C e BT O ANDILEEL
TLi" R TFHHICE TCHE TS L1275

Direct evaluation of
original electrode reaction

high-speed impact

Active material

Aerosol

Carrier gas 1) Br=smm

(Ar, He)

‘ Conventional slurry-based method |

Binder and

Mixing conductive additive

-
Active material

Coating on substrate

Fig. 1
conventional slurry-based method.

Active material particles
with strong adhesion

No post-process  Current collector

Origin of side reaction
A

\
Binder

r "
Conductive
additive

Active material

Heating, drying

Preparation process of rechargeable battery electrodes by gas-deposition (GD) method and comparison with
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L TLIB AR EE I ETHZ L%
R L C& 7 (REO#HHE - #IHREAT, 2018).
X512, 2 Nb-doped TiO, FffiiE NIB (2B
TORIFARMREZRTZEEHALTEL K
WIZETIE VIV = PV Eb ) KREGE R % H
W CHES L 72 Nb-doped TiO, (2 2WTED L9
72 NIB BARTEREDS 5 1L 5 2% GD BARIZ &

0l L 7.

Sn X P X, TiO, ® X 9 |2 Na" 3&F M 12K
S NALIETIEZR <, Na k&4 - L&
LT B ERT I ETCHVHEGEREZET S
EWETHDH, —hHT, INSDEWHEILNa
Wik — H RIS 500% HifE: b O L WIRFEZA AL
b v, THCE o TRERISHDFAT
L7280, FTESA 7 V&) K-S & EE e
DODRBEZPLRETEZIZ S, MAZT, PlENa
EofbEMILIZ L WV EFEEMEZ K-> TLE
V, Sn I EFTEEDOMED BT ) HIZEELTL
FOMEEETAH. T, TNENEHEM
THEBMEHIHW G IZIZZ LA 7 )V
EWELPEoN N EMeNTnG, 2
ThitbitiP & Sn DfLEWICEB L, %o
DO Sn-PALEW O FHL L Gl & 1T o 7o K5 R,
SnyPy 5 7 AEMAT150 34 7 VPl EiZh 7z
D EREEREICHET 222 INETICA
WL T&7: GRS, 2018). ARIFFETIZ,
Z D SnPy B OEN - EREDORIFEEZED 72
O, Sn DAoL DeFE L)y ofLEWr S
e HhEMOVEREZ A EM TR+ 2 & & b
2, FRICEREWEREZ /R L 72 InP 12D W T
GD FEARIZ & 2 (iR & AT &2 92kt L 72,

1. JVF )V Nb-doped TiO, £

Nb-doped TiO, (Ti;, Nb,O,) Z/KEA %
HWCTHE L 79 a— VERKREB I
Titanium tetraisopropoxide & Niobium ethoxide,
B & U 2-propanol % Il 2 ##F L 72. Niobium
ethoxide (X TiO, ~D Nb F — 7' & x %7 0.06 &
A EHNEML7z. ZOREEE % KEEK

AAFIZAN, 200°C DR THEL L 3-12 R
G S&7. ibEWmEs Ty 7 — )T L
400°C THLEL % 1T 9 2 & T, Nb-doped TiO,
WAREZEZ. COHKE GDEICLY Ti ik
W L, REpf e Lz, s HRIC Na &8,
FEfEWE 21X Propylene carbonate [ZJE2E T M & 72
% & 9 12 Sodium bis(fluorosulfonyl)amide % ¥ fi#
X2 b0%RMFHL, o (e ki
L 72, F£ & & B 1E, 303K, 50mAg!,
0.005-3.0 V vs. Na*/Na O FA7 & P Tt L 72,

2. SnP; BEUF InP FD I6RY VLEW
BREEWE I A= v TaA s (MA)
FICEDHABE LA RedP (R ¥) & In,
Cu, Ge, SiB LU La ZFEEFIZHWT, Az
380400 rpm,  10-30 FE [ 0 &4 T MA AL
B % 17\ InP, CuP,, GeP, SiP 8 X UF LaP #
KuxF72. 47K 1L Styrene-butadiene rubber/
Carboxymethyl cellulose (5/15 wt.%), &7 B #ll
WE7EF Ly T Iy 2RV, EWE LS
Fl & EEBF A 70:15: 15 OERILTRHEL
7o AT — R EER LICEA L, ) ALEW
MO LBAMEMEIER L. BLEIL0.8-
1.O0mgem? & L7z T aalRfme L, i
WNalg e VX af vV 2 gsE L7z
W f# 12 1E N-methyl-N-propylpyrrolidinium
(Py13) # F #* > & Bis(fluorosulfonyl)amide
(FSA) 7 =4 ¥ H 57454 % VAR Sodium
bis(fluorosulfonyl)amide (NaFSA) % % £ 1M
b EHBRESE bRV TE
BRI B EE 50mA g, AL &G B 0.005-
2.000 V vs. Na/Na, iR 303 K D5 TIHEM L
7z, InP ORI DAL Z X2 7260, Na i
HE 2 O BEAR RS Lt B E - B (TEM)
BIE 21T o 72, TEM SIS RHEFEHRE (K
PR E gL v ¥ —) OFEOT
THERL7Z. oL, BAEMRTIHEEDH
RAEAEH] b FRHCBE ST L EWIHEDE DM
MIRE & AR LD Bz, GD B % T
TR ST 2 4T o 72,
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Fig. 2 Crystallite size, particle size, and R, of Nb-doped
TiO, prepared by hydrothermal synthesis for

different reaction times.

I

B R

1. JVF )V Nb-doped TiO, £

TREAE B O SO RS I & 25 2 TR L 72 Nb-
doped TiO, DFE G T A4 X Lk T4 4 X D%
2R, WINOUSKE-IZBWTD,
VI = FViEOY4A (12.60m) O 3 fELEO
A X GRS 26T 5880561
FEIZ, 6h DL EICROERUEDPEL 2B L
Bhhol, —hH, FMFHAXE3h256h
TR L, ZNLLEoRISERTIEZ1t
BROENZG D57z R4 A IR % i

P4 ZDEE (R) 1F, 6hiZBVWTRAMEE
ELZ ENDbrolz. 2N OEEE HWTE
B 7- GD BEMOFIEY 1 7 )V 1ERE % 57 L
7z, G (Na' i) AEOFTHEY 1 7 Vi
Wb ) B M3 IRy, e LT, 2
NETICH TNV —TPRELTEZ, Yv-7
JUEETHAEL L 72 Nb-doped TiO, BB O #E 5F b b
HC/RY (Usui H. et al,, 2015). R, Db K&
WG 6 h OF Uk & 70 2 MDA b BAT
ZMEReR /R L7z, BUGKEH2AS 3 h @ & 13 TiO,
NONbD R —TEDRL R0, 6h DYE
DFERIZL DR LR S oz, M, X
IS A 120 IZHEIE L 7238 12 B VT b
DWFIZR SN o2, T, TiO, D
mEAPME T L Ry DA E B w722 LT, KT

—_
W
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Fig. 3 Cycling performance of GD-film electrodes
consisting of Nb-doped TiO, prepared by different
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Development of Functional Dry Powder Formulations
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KHFZe T, BERAUHERITHL327) ¥ X)L (PTX) 1KY ZFL 7)) a— LEFEk %2 ik
s 52 & CH# L7k - 2 8 2 80EME - /2 5 (aPTX) W AK] & L CEFED
3L, EMESHEEMETE (SFD) #I2 X 2B R#EHFILE A, ZOHHMEIZOWTHEE L 7-.
AL LTuv sy (Lew) #HWVAZ LT, BHEBALEZD nPTX DR T - PTX O -
PUBTEEDS T ICRFF S LB & & 012, BNk E M % 513 % nPTX SFD fh 1 O B 5 12 D)
L7z. 2@ nPTX SFD ki 1%, 1ERD PTX #H|ITdH % Taxol & HEL T, M52 PTX %
LD REERICE D NICHERE T4 & L H12, MARREEES LV EMTHL LWL NIT LT,
¥ 72, nPTX SFD ki T DMl 512 IS FREEE L 72 nPTX 2SR 20 IZH A~ AT 35 2 & & AU
L7z, BRHEE T IV~ 7 A% W72 EHEFEMIZ BV T, nPTX SED Mk T-Oii# 5-12 & 2 9%
RN RO REVEDSRIZ S 4172,

ABSTRACT

For application of functional nanocrystals (nPTX) composed of paclitaxel (PTX) and polyethylene glycol
derivatives with sustained release and pulmonary retention abilities to inhalation therapy, nPTX-loaded dry
powders were newly produced by spray freeze drying (SFD) and their utility as inhaled formulations was
investigated in the present study. The nPTX-loaded SFD powders produced with leucine as an excipient were
demonstrated to allow reconstruction of nPTX with almost the same particle size distribution, sustained PTX
release ability, and anticancer activity as the original ones after their dissolution and to have high aerosol
performance for pulmonary delivery through inhalation. Furthermore, the nPTX-loaded SFD powders were
clarified to show both more prolonged retention of PTX and milder irritation in the lungs after pulmonary
delivery, compared with Taxol, a conventional liquid formulation of PTX. After dissolution of the nPTX-
loaded SFD powders on the respiratory epithelium, reconstituted nPTX were found to be rapidly transferred
to the lung tissue, followed by prolonged pulmonary retention. In therapeutic evaluation with lung metastasis
mice, the nPTX-loaded SFD powders were suggested to exhibit anticancer effects in the lungs after
pulmonary delivery. These results strongly indicate that the nPTX-loaded SFD powders are promising to

apply to inhalation therapy against lung cancer.
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Table 1 Particle property of nPTX constituted before
and after powderization by SFD.
Formulation name | Mean particle PdI
size (nm)
nPTX SL 171 =2 0.160 *+ 0.012
nPTX (10%) DPSL 187 =3 0.166 £ 0.004
nPTX (20%) DPSL 185 =1 0.151 £ 0.019
nPTX (40%) DPSL 166 = 2 0.147 £ 0.015

SL: solution (or dispersion), DPSL: SFD powder solution.
Each value represents the mean = S.D. (n = 3).
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Fig. 1 Scanning electron microscope images of nPTX-loaded SFD powders: (a) nPTX (10%) DP, (b) nPTX (20%) DP,

(c) nPTX (40%) DP. DP: SFD powder.
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Fig.2 (a) PTX release and (b) anticancer activity of nPTX constituted before and after powderization by SFD. PEG:
polyethylene glycol derivative, SL: solution (or dispersion), DPSL: SFD powder solution. Each value represents
the mean * S.D. ((a) n =3, (b) n =4). The value shown below each PTX formulation name in (a) is PTX recovery
(% of added amount). In (b), the data for PEG SL were plotted as PTX concentration in nPTX SL with the same

PEG concentration.

Table 2 Aerosol performance of nPTX-loaded SFD
powders for inhalation.

Formulation OE FPF | UFPF | MMAD
name (%) (%) (%) (um)
Leu DP 917 | 689 | 494 | 083

+44 | £34 | 240 | 015
nPTX (10%) 905 | 68.7 | 447 | 122
DP £50 | £42 | £42 | £0.13
nPTX (20%) 92.1 | 545 | 258 | 2.68
DP +48 | £32 | =17 | £0.19

DP: SFD powder. Each value represents the mean = S.D.
(n=73).

T, nPTX =755 10% @ nPTX SED Bk 1T,
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L 72 nPTX SFD ffi ¥ 235 515 2 LD & 20
Lol
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PTX 25 & ) REERIMIAICTRRE L 72 2 T D
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WRBATL Tz (M3). Z0#% S nPTX 778
WOFETlE, PTX ASEE M ) MRk
S04 LC W72, BALF OMRE I 4312 DT,
Taxol & 1) & nPTX 53 H O ¥ 5- D575 PTX O
SGRENLZ VL DD, 51 RHETHGED
#9 5% FEFE & M= TdH > 72. nPTX SFD ki 1-

OG- TH, nPTX 7HGHE B & N nPTX SFD %
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Fig. 3 Pulmonary PTX distribution after intratracheal
administration of nPTX-loaded SFD powders into
healthy mice: (a) lung tissue, (b) BALF (supernatant
fraction), (c) BALF (cell fraction). SL: solution (or
dispersion), DPSL: SFD powder solution, DP: SFD
powder, n.d.: not detected. Each value represents
the mean = S.D. (n=5-8).

DERRRIC A LTz, SNHDRELD,
nPTX 254§ 2 BT IE 2 & NS EO
FEREDS Iy REFLR D IRIF SN D Z S
Lo,

7. nPTX SFD BRIl N+ 512 & 5 iRk
Rtk

BALF 1o LDH Js it & (X 4) 2B L C,
Taxol * nPTX 4 #Lif - nPTX SFD fshi 1% 5-#f
E LI PTX DGR TL D) B %
RYERmS RS20, AHTF4TaAv b
O— VORI HFERET R, £2RY
T4 7ay b= VO RTFIVEREESF B ) A
(SDS) FxGHE LI L THEICRMETH - 72
— 75, PTX & L C50pug DG EIZBT 5
BALF H O Mz % (X 4) (2B L T, Taxol %
G TIESDSHEEGH LY b EMEZRLZDIC
xf L, nPTX 23 H0i 8 £ U° nPTX SFD ks 1%
ST GELFAROBETH 72, Thb

LDH elution (mU/mL) &

N.T. SDS Taxol Taxol nPTX nPTX nPTX nPTX
[25 pg] [S0 ng] SL SL  (10%) (20%)

[25 ng] [50 ng] DP  DP
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D X O
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.
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N.T. SDS Taxol Taxol nPTX nPTX nPTX nPTX
[25ugl[S0ng] SL  SL  (10%) (20%)
[25 ug] [S0ug] DP  DP

[25 ng] [50 pg]
Fig. 4 Pulmonary injury caused by intratracheal
administration of nPTX-loaded SFD powders into
healthy mice: (a) LDH elution, (b) cell count. N.T.:
no treatment, SL: solution (or dispersion), DP:
SFD powder. Each value represents the mean * S.
D. (n =3-6). The value shown below each PTX

formulation name is PTX dose.
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Fig. 5 Therapeutic effects of intratracheal administration
of nPTX-loaded SFD powders in lung metastasis
mice: lung weight and body weight on Day 11 after
inoculation. N.T.: no treatment, DP: SFD powder,
HM: healthy mice, LMM: lung metastasis mice.
Each value represents the mean = S.D. (n = 3-5).
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1. Okuda T., Ito T., Niwa N., Okamoto H.,
“Development of functional paclitaxel nanocrys-
tals and its application to dry powder formula-
tion for inhalation”, 6th FIP Pharmaceutical
Sciences World Congress 2017 (Stockholm,
Sweden, May 21-24, 2017) P-B-034.
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Research, 33 (2016a) 922-931.

[2] Otake H., Okuda T., Okamoto H., Development of
spray-freeze-dried powders for inhalation with high in-
halation performance and antihygroscopic property,
Chemical and Pharmaceutical Bulletin, 64 (2016b)
239-245.

2. FCH e, B VR, R TR R i —
NN G- ORERRIE S 7 ) F R V) R
g DR BYREREA B L O AR KA LD
Meat", %533 [ H A DDS %% (Kyoto, Jul.
6-7,2017) 1-E-5.

3. BLHH FUIE, BOH s, R TR A
T SRR R R R L L7
WA KA DOBIZE", 45 34 B HA DDS &
(Nagasaki, June 21-22, 2018) 2-E-6.

— 59—



Hosokawa Powder Technology Foundation ANNUAL REPORT No.26(2018) 60-65 /Doi:10.14356/hptf.16108

.ﬂs’
S TN DDA T IR DR S
RRBE  Hosokawa Powder Technology Foundation ANNUAL REPORT Vg@ &Y

R e RN DR E 2 HIE L 72 AR R Gl oL

Design of Combination Dry Powder Inhaler Formulations
for Efficiently Delivering to Deeper Lungs
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Pharmaceutical Science, University of Pharmaceutical Sciences, Lecture
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W

AROFFETIE, ZEHIE L CHBRZMA D ANDOZEEPE R Z MR L7za KDy PRFICX
% DPI A O T o7z, EREMA L L TEICHH SN T2 EESEERIRTF A M)~
(Highly branched cyclic dextrin: HBCD) (2 & 0, WAB KA O~ ) v 7 AFEH L LCHIET LS
&% HIE L7, HBCD (3K TORTEIL20 ~ 30 nm OEETH ), BAKEED B X OBUKESRE
WEMBAER ST, MEBERICIVEART2IER L, A OSEYIERHmS & O AR EFAf
AiTo7z. B0, BT I 2L —a yEHWT, CT &, 555N MiNEEToOR 28812
DWCHENTI T o7, ZO/EE, HBCD X)) 77 Y EY U BIXUIA V=7 Y FOEYIZONT, il
EEHANOFLES A R THEA50% Db ooz, 512, BEY I 2L —2 a3y 2w ThiNHT
DORLTF BB DO TIRNT L 75 R, R THEEOE WIS X ) Ii~OLEZEE R 2D, [ UEREX
THHEIFNORFILEDNL e b EIZ R L7z

ABSTRACT

A synergistic study on computational fluid dynamics (CFD) simulation and sample preparation with highly
branched cyclic dextrin (HBCD) as an excipient matrix for dry powder inhaler formulations were performed.
The fine particles with HBCD were prepared by spray-drying. HBCD formulations had the highest drug
content in terms of both isoniazid and rifampicin. Larger surface areas were obtained for SDPs of HBCD than
those of other sugars. Regarding inhalational properties, HBCD formulations had higher emitted dose and
fine-particle fractions than formulations of all other sugars tested. Our results confirm the feasibility of the
formulation of hydrophilic and hydrophobic drug substances into a single-dosage preparation for pulmonary
delivery using HBCD as an excipient. CFD analysis revealed that high inhalation performance was related to
the true density and particle size of SDPs. The results on CFD simulations made a prediction about the

particle behavior or deposition in pulmonary airways.
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MEE= BB

BERAF L LT, 7745 =X AH],
0 o g N A K], W A K H (Dry
Powder Inhaler: DPI) 7% & SULH ST 5.
7T A AW AN, EEEHEIPERTE
MicHy, HGICHEME225 2L, MEEE
MG AFNIEEY AT O RT » MIBRSE
5720, ALF R OB RZETHH 2 &N
VETHY, WHTEILEMHPRLN TS
e EOMEESH B, —F, DPIEFNI/NRT
BB 7= O EPER P OMLI A N TH L L
25, HEPHFEENTWS (Bonzel H.P. and
Bradshaw A.M., 1989). DPI #.#] & | C3EWY %
FiCRR R B S 4720121, EWRT-0
22/ IIHMRL T8 (Aerodynamic diameter = #%
2R 28 X (RLF 8B R IR AR AR50 2)
WOSTumBEE TH L T ENRKDLN S
(Markus A. et al., 2009). & 512, ZE5JIFA0%
TR X o THRERMII R > TV AEHTD, %
ER S N I DY AS R RAY Am a5 351 Wi O R R (o
BAMICRFEZTENSSLEI ETHE, 2
DX R T, IRE I A RRENED
KELRY, WEMED T I WAH T /3 A
AR H T NVHANDILEY DFEAE % & OREH
ALV, 2o k) 2lEZwRT 5 HED
1 2L LT, WK1 %702 oMKk 1
R ESIELX Y TESFHWSENRTW S
(Mettam G.R. et al., 2009). ¥ ) 7iElZBWT
3, R IR ARORRICE D F v Y T
B2 O 0HEES I, RS OLESHIFTE
B ZOFXF ) THEE HHRENRTHWEELD
DPI #ANZH VSN TV DL DS, GaEIE—E)vE
<, Fx ) THRA YR & OB THELEH
PAEL, YRS OMNELERD/NT Y
FLIEFITRE WV, 5|2, FX VT ERLHE
TFATAFFEDTR & CHRAFT 5 Lo -
LETFOHND.

AW CI3 A & L T2l A2 AND
LEWNECEHEA A L2a v Ry MT
\2 X % DPLEF OB % %17 o 72, BEHEHIZIE,

FINE & L CERICRH & T 2 E I
IR 7 % X b 1) » (Highly branched cyclic
dextrin: HBCD) B X OEHBRMIMA & LT
FHENTWDLTFANT VIZ2WT, WAK
FKHO M) v 7 AKFE L THETSAZ L%
Hfg L7z, HBCD &5 & 45 40 J3 TR T
DR T 20 ~ 30 nm OHEETH 5 Z & 2
WENTWE, T2 TFALT VIZOWTIL,
RGBT RER 720, EIOREE % 221t
SHLIENUEETHAS. T, HBCD B &
CTFFAT U 2MHL, BUKMEREY B X OB
ARMESEY) E M EAEH S8 C, EEGERICL VI
BRI ER L, BH O KFEY LS £ O
N 21T o 72, E512, B I 2L —
Ta rEHWT, CTHIE2 46NN ED
TORTEENZ OV 21T 5 7.

W ARy RBAFN OFEFI & LT, BHRMA & L
THHEN T2 I (LAC) ZiE L9, B-
yruarXFANY Y (BCD), AFIN-B-T 7
07F% A MY ¥ (MBCD), % L C&E 5 ks
K7 % A bV > (Highly-branched cyclic dextrin:
HBCD), ¥ A MF v Z®INL 72, 22T,
HBCD OF HMEZFIRL 72012, 3T AN
KBHOFEFE L THHINTWE A7 0—
A, oruaTFAN) VEOHEE L L.
F7:, ®EHITHDHHBCD & EYH TOMESE
a5 7-0121-F7 8 (1-NPA) 2
IVEHMlL7z. 22T, EFVEYE L THR
K#Thsr) 77 EY Y (RFP) BIUA Y
=7 YK (INH) #Hwi-.

I-NPA X IZRFP # T % / —)L|Z, INH B &
U"HBCD % FE8KICHEM S E 7%, £hth
D # Wy % HBCD VA H 12 400 rpm THEFE L &
755, 2mL/min T T L A& & W (1-NPA/
HBCD = 1/10 (w/w) or RFP/HBCD = 1/5 (w/w) or
INH/HBCD = 1/10 (w/w)) % L 7. REH
oLy ) —)b EREEIKOEE % 300 mL |2 [
EL, BRPoOLy ) —VEIGEELEE, A
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7L — F 7 A4 % — (Biichi mini Spray Dryer
B-290) % F\»C, MWEFEFZIEA T (spray-dried
particles: SDPs) Z{E# L 72. & 5|2, HBCD
DEFNEHNANDOBEHICOWVWTHRSL 72012,
INH/RFP/HBCD = 1/2/10 (w/w) D # & HF 12
DWTHIER L 72,

{E# L 724 SDPs DR Tk 5F- L 72, &
7z, SDPs H DHY DAFAEIRFEIZ OV THIANR S
72912, 1-NPA % ffio THOEARZ MVHlES:
(RF-5300PC, Shimadzu) % M7z, 512, #
YTdh 5 RFP B L UV INH % ¢ SDPs O in vitro
Wz A B4 1L, Anderson cascade impactor (Tokyo
Dylec) % V> -CaFHifli L 7z.

FiNEBIZ BT 5, K EEDO T ZIT) 7290
(2, Bl HRCFREE R, RF#E) & H
W, CT BRI L D155 N E L TORIE
TR FEI L DRI HE T 72,

%R

DS

1. HBCD HT® 1-NPA DAEAEIRGE
M1y /= VEGg22bsEcL &0
HBCD OV -2 b2 Rs. =8 /7 —vE
AN 35% Ll ExiB 2 A L HBCD Of TN EA
B ES L, HBCD OEENHEETE 5.
K224 Ts /7 — VESETHE L 72 HBCD
& 1-NPA @ SDPs, P i di & & 72 1-NPA,
HBCD & 1-NPA (2 X 2 W #R & o 56 A X
7 MVKERZ IR, % SDPs IZWHEIR AW & I
LT, #EANRY PUVPMKIEEMANY 7 PL
TWh, R L 728 ICES T ickED
I-NPADEIEL T W 5B Z 2350 5 (Rico-
Ramirez V. et al., 2010). 1-NPA OF#% 5L &
gL THEEEMIZCY 7P LTWE I EH
5, SROHERNGART MVOREREH~D T 7
MEEWOFFERILORLEIZ LD TIE R W
T EPIRENTZ. SO ICETIREE L BEIRED
AV HFHEL L 72 SDPs % i § % & VAW
RETHE L 2R FOHDEIBANRS MLOK
BRMA~DY 7 MR E Do 7z, EHIKEE T
WML FORPHEL IR FHTELD
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Fig. 1 Change in the hydrodynamic size of HBCD as a
function of the ethanol concentration.

A)
YA

Normalized intensity (-)

330 380 430 480
Wavelength (nm)

Fig. 2 Solid-state fluorescence spectra of 1-NPA. (A)
PMs of 1-NPA/HBCD, (B) SDPs of 1-NPA/HBCD
at 16.7% ethanol, (C) SDPs of 1-NPA/HBCD at
35.0% ethanol (D) evaporated samples.

1-NPA 235 FIREECHrE L T B U BEMEDRIZ
Y AWAS

2. HBCD DG HIZEAI~D#EH

HBCD @ INH B £ N RFP D& #IFEH & LT
DERMEIZOWTHTNRD 2012, Mok % FH]
ELTHWEEAS EOFY S8 B X O in vitro
W NSRS AE Slc D W L 72, FE 1108
WG R e VS FF e L TR L 2R T o &%
B LEY S AR, M (DSOMH) ZRd. 5
NTOBANI BT, FEWERIZHTHOSH
FEMA LTz, 72, HBCD Z3:FH]& LT
i L7354, INH B & O°RFP @ SDPs 1 D3
W& &131313 90-110% TH > 72 DIk L T,
D% FHK] & LT L7258 03 &Eh
BnwZ EBER I N, 2O EHh 5, HBCD

—62—



Hosokawa Powder Technology Foundation ANNUAL REPORT No.26(2018) 60-65

Research Grant Report

Table 1 Bulk density, drug content, and particle size (Ds,) of untreated INH, untreated RFP powders and SDPs.
Bulk density Drug content (%) Particle size (um)
Samples 5
(g/em’) INH RFP Dy,
plain INH 0.684 * 0.095 100 = 0.0 — 206.8 = 6.2
plain RFP 0.475 * 0.026 — 100 + 0.0 332 £ 1.90
SDPs (INH/RFP/LAC) 0.055 £ 0.005 238 £ 0.5 293 £ 2.1 1.79 = 0.05
SDPs (INH/RFP/BCD) 0.033 * 0.002 21.2 £ 0.7 70.5 £ 19.6 1.79 £ 0.08
SDPs (INH/RFP/MBCD) | 0.151 = 0.011 23.0 £ 0.6 582 £ 1.7 1.86 = 0.07
SDPs (INH/RFP/HBCD) | 0.021 = 0.001 97.1 £ 6.2 92.1 £ 3.1 6.50 = 0.10
30
= INH = RFP
£ 254
Z
g 20
)
p]
Z 154
)
<
o 104
2
=
SR
o s ) D D ) ) SEANE
o & & & & & & -
VY oY a¥ DAY ¥ 5o o o8 %@sé’“\}&
C‘c o /b o Hb\ o P P v %@"0 N %@‘%/Q, '\
& & N
oY WY WY »Y o¥ N
& ol v NN

Fig. 3 In vitro aerosol deposition profile by use of an Anderson cascade impactor of SDPs (INH/RFP/HBCD).

VBRI [ OBROK A3 ) O A % fRFF T
XDLIREENEZOND.
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FPF % M8 L 7245 %%, HBCD X RFP 721 CT7% <,
INH OWAFFE S KIEIZH € Tn5b 2 e
Ghrolz (K3).

HBCD % 2:# & LT L 720, INH B
LK U'RFP @O FPF (F 2N Z11 526 + 6.8% B &
512 £6.1% TH -7z, FFICINHIZHEA O
BFICHERTRIBICER L Cw Zhuid,
HBCD @ 7K H1 T D IKHIEAT 20 ~ 30 nm D i
ARLTWAEZEND D, B CTHEY & MHE
TER L, WEZEZBERICEYaRE< P v 7 A
LREARFEIERLTCVWE I EEZRBLTY
5. SHIMERE LR TIL, HEROR T A AR
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Fig. 5 Particle deposition between experiment and simulation of (a) 1.55 pm and (b) 6.21 um.
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Fig. 4 Particle deposition in lung model.
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4. L9

AW i L7 HBCD I22o Wi, fho
B B LT b ERIKR A~ DO BIKME % 7”9 INH

B L OBUKEEZRT RFP & B IR~ OF]
EWEART FPE2850% L b & o7z, ZOJE
K& LC, HBCD &M EAHEMERL, &5
VIR FAE R IS R 22K TSR L 72720 T B
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Bonzel H.P., Bradshaw A.M., Ertl G., Eds., Physics and
Chemistry of Alkali Metal Adsorption, Elsevier, Am-
sterdam, 1989.

Markus A., Linder C., Strongin P., US Patent, (2009)
20090268780.

Mettam G.R., Adams L.B., How to prepare an electronic ver-
sion of your article, in: Jones B.S., Smith R.Z. (Eds.),
Introduction to the Electronic Age, E-Publishing Inc.,
New York, 2009, pp. 281-304.

Rico-Ramirez V., Napoles-Rivera F., Gonzalez-Alatorre G.,
Diwekar U., Stochastic optimal control for the treat-
ment of a pathogenic disease, Chemical Engineering
Transactions, 21 (2010) 217-222, DOI: 10.3303/
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T., Kubo K., Uchiyama H., Tozuka Y., Effects of
inhalation procedure on particle behavior and
deposition in the airways analyzed by numerical
simulation, J. Taiwan Institute Chem. Eng., 90
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2017.11.008
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analysis on inhaled powder of fluticasone in the
airways”, The 7th Asian Particle Technology
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AR, Z2ERIFRE OB N 72 HO, MIEAHAFE R S, FESR DI 7T A7 A B E OF &
SEBEAMELE L CHEH SN T 5D, HfysZrs0, (HZO) 1%, HEIREEIZ B\ TIA Wy HE/Zr AL
TZEf#E Peca2, DE TR EMEZ L D 5 2 EH SN S5, FAIFIE L 72508 2 8 o 7245 &
HEE AR O A TH 5. A2 TIE, AU X 2R s IR 2 B Ot %
FIFHLT, A4 =A%) 7k 2HMBGELZFH L-EHTE S ¥ — 12X ) HfO,-
Zr0, FEAERO T E S 2 v VIEIZWO TR L, H&EmONGERMIER FHMEEZIEH L <
W o R, R R T A AN O N AL UEEA LML, BB L
FRERD Z D DR RAE T O LR LICATT R TH L 2 L2 H O NI L7

ABSTRACT

Recently, HfO,-based novel phase without spatial symmetry, which is interesting ferroelectric material as Pb-
free and non-perovskite-type structure. Hf,Zr; _ O, (x = 0-1) (HZO) thin films are one of the representative
materials with the orthorhombic phase Pca2; in the wide compositional range. We have attempted and
realized the epitaxial growth of HZO thin films with the orthorhombic phase Pca2; using solid-state epitaxy
with ion-beam sputtering followed by rapid thermal annealing. We have also described the nanoscale
morphology and the domain structure of orthorhombic (Pca2;) and coexisting monoclinic (P2,/c) phases in
HZO thin films using the aberration-corrected scanning transmission electron microscopy. These results
indicate that two effects, the solute and the elastic constraint effects, are necessary for the stabilization of the

orthorhombic phase.

LA el = 10| 2> & 37540 — IE /54 — Bl & B Ents %
RCTHFBEMARTH LA, TEBFELZIEH
7Zr0,, HfO, K O'BHEA KL, HEF CTE 9 5 HIO, W ERM IR &, JES»o
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Fig. 1 XRD 20/o profile of an Hf, 5Zry 50, thin film

deposited on SiO, glass substrates followed by
annealing at 1073 K, (b) enlarged profiles of (a)
around 30 deg, and (c) simulated powder diffraction

patterns.
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Fig.2 (a) XRD 20/ profile of an Hf 5Zr, 50, thin film
deposited on YSZ (100) substrates followed by
annealed at 1073 K, (b) enlarged profiles of (a)
around 35 deg, and (c) simulated powder diffraction

patterns.
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Fig.3 (a) HAADF-STEM image of Hfj 5Zry 50, thin film
and (b) selected area electron diffraction pattern.

(a) HAADF 2 )
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Intensity / a.u.
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Distance / nm

Fig. 4 (a) STEM-EDS mapping, using the net intensity
of Y-K, Zr-K, and Hf-L characteristic X-rays, with
a HAADF-STEM image obtained simultaneously,
and (b) the line profiles of Y-K, Zr-K, and Hf-L
elemental maps, which were integrated along the
in-plane direction.
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Fig. 5 (a) an atomic-resolution HAADF-STEM image of thin film with (b) enlarged images of typical region in (a) for

orthorhombic, monoclinic, and cubic phases (YSZ) with corresponding diffractograms. Here, the notation “Axy”

signifies A (orthorhombic or monoclinic) phase with the orientation x-axis and y-axis in the out-of-plane and in-

plane directions.
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SH, RENIEEA 2 THEAME 7O ATHHIN TS, BEBICEEZMZ % &, KT LiE
LIZTEM b3 5. BRECCIRE 2 EORBSEMIIO LT, SF SR ERmRsi/ Ny — 2 258ns 2
EVHONT VD, GBSy — %, KA X, BEBOREERT AR MOEEL 2T 5.
IRENAD R IE N O E DRI FENZ 0T 5 i & BRRIRO R E 2572012, BEFEFRD: (DEM)
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ABSTRACT

Nowadays a vibration is often utilized in various industrial powder processes. When a vibration is added to a
powder bed, the particles move like a fluid. Various powder flow patterns appear, depending on vibration
conditions, including frequency and amplitude. The flow pattern is also affected by particles size, bed size,
and aspect ratio. In order to examine the effect of powder amount and container shape on the convective flow
of powder in a vibrated powder bed, both numerical simulation based on the discrete element method (DEM)
and the Positron Emission Particle Tracking (PEPT) measurement were conducted. The obtained results
indicate that the convective velocity of powder is independent of the column size under the present
conditions. Then an equation to estimate convective velocity was derived from the simulated results. From
the equation, it is conjectured that the convective velocity strongly depends on the vibration amplitude. The
average velocities obtained using this equation were compared to the values measured using PEPT. When the
frequency was less than 90 Hz and dimensionless acceleration was greater than 5, good agreement between

the estimated and measured values was obtained.
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Fig. 1 Principle of PEPT measurement.
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Table 2 Sizes of containers and powder beds.

Case 1 Case 2 Case 3 Case 4
(1/1 size) (1/2 size) (1/4 size) (1/8 size)

Width [mm] 139.6 70.35 34.65 17.85

Height

105 52.5 26.25 12.6
[mm]
Bed height

75 37.5 18.75 9.375
[mm]
Number of

259,195 64,799 16,200 4,049

particles [#]
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RHBBERE R (DEM) Z W T, B EBHh TOPRIEH O I 2L —v a v 2fro /2
BrikiE OIS (KRS A ) AU RIT SR 2 ET Lz, CofE, HHlo
SEHIRREIZ BT 2 P IEFEEIIR L CIRITEMRICIEINT 5. 72, TEEPRVWIGE,
EHNE PR OMEST & & SIZ—EMEIET 225, TTERDE L 22 ENEABMIIRE BT 5
—HEOIRPL OFEBIEAEDOMTE D LR R XIS 2. BNE ORI FLIEROMEN 25, W
AR & RS IIRE 2 35105 (57X 1) AR S e w—77, FIFSEER AT O &N
Jedin 2 O KL RE RN [0 79 PHERSIRr 2R S Mo 2 Ldvbhro/z. 612, TERDP VY
&, SO PR OEITICHE - T, FIRINICZ D, ST A AIVED S lAE & 3RPU ORI B
5.

ABSTRACT

The plate drag in dry granular materials was simulated using a large-scale discrete element method (DEM).
The effect of initial packing volume fraction of the materials on the drag force acting on the plate was
examined. The results show that the force averaged in a steady state increases approximately linearly with the
volume fraction. In addition, a volume fraction-dependent oscillation occurs in the force: at lower initial
fraction, the force reaches an approximately constant value as the plate advances, while at higher initial
fraction, the drag force has a larger amplitude oscillation. The observed force behavior is consistent with that
obtained experimentally in previous studies. The analysis of local volume fraction in the materials during the
drag shows that at the higher initial fraction, a clear shear band (slip surface), reaching from the plate tip to
the free surface, is observed but not at the lower initial fraction. The force oscillations are attributed to the

consecutive appearing and disappearing of the shear bands.
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Fig. 4 (a) Magnified figure of drag force F in the plate displacement X = 280-360 mm in Fig. 2. (b) Local volume

fraction ¢y, at four different plate displacements corresponding to points A—D in (a).
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ABSTRACT

Water-swollen hydrogel microspheres, microgels, are expected to be useful in various applications including
coating, sensor, and carrier of drug delivery system. Until now, various types of functional microgels, such as
core-shell microgels and hollow microgels, have been reported, anisotropic microgels, whose
physicochemical structures are not homogeneous, remains to be studied. Therefore, in this study, our group
tried to prepare such new types of hydrogel microspheres by modification of homogeneous polymeric

microspheres at the interfaces.
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Fig. 1 Optical microscope images of each microgel

observed at interfaces. (a) before chemical
modification, and (b) after chemical modification
of hydrogel microspheres studied in this project.
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Fig. 2 Optical microscope images of hybrid emulsions
stabilized by hydrogel microspheres. Photographs
of the emulsions prepared at different NaCl
concentration; (1) 0 mM, (2) 10 mM, (3) 300 mM,
(4) 350 mM, and (5) 400 mM.
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ABSTRACT

In this research, a novel particle counter, in which particles were detected by spectral characteristics of metal
mesh device with periodic through holes of several micrometers, was developed. When the solution of latex
particle with larger than the hole was passed through the metal mesh device, the infrared transmittance of the
metal mesh device changed as the concentration of latex particle increased. A linear relationship between the
concentration of particle and the change in the transmittance of infrared was confirmed. On the other hand,
the infrared transmittance of the metal mesh device did not change, because the metal mesh device did not
collect a small latex particle. The metal mesh device could collect and detect only latex particle with larger
than the hole in the coexistence of small latex particle with 10 times higher concentration. It is expected that

size distribution of particle can be measured by lamination of the metal mesh devices with different hole

diameters.
_89_
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Fig. 1 Particle counter using IR transmittance property of metal mesh device.
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Fig.2 SEM images of MMD with a hole size of (a) 11.28, (b) 7.28, (c) 4.33, (d) 2.45, (e) 1.77, (f) 1.04, and (g) 0.89 um.
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Fig. 3 Collection percentages of latex beads with
different particle sizes through MMD and
membrane filter.
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Fig. 4 Change in transmittance of MMD after passing
latex beads with different particle sizes.
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Fig. 5 Dependence of change in transmittance of MMD
with a hole size of 1.8 pum after passing latex beads
with particle size of 1.0 and 2.0 pm on concentration

of latex beads.
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ABSTRACT

In this study, we developed the platform of numerical simulation to predict the particle deposition for drug
delivery system (DDS) in lung. In particular, we focused on conducting airways and alveolar regions. In
conducting airways, we proposed an averaged airway model design based on four healthy subjects and
numerically evaluated its effectiveness for predicting the airflow and particle transport through an airway. It is
necessary to use the individual model to obtain the particle deposition rate and distribution in detail, however
the direct-averaged model may be useful for predicting the individual airflow and particle transport on a
macroscopic scale. In alveolar regions, the deformation during respiration should be not ignored, and
previously, the alveolar deformation is assumed to be homogenous self-similar. In this study, we reconstructed
the heterogeneous realistic alveolar deformation by the image-based morphing and evaluated the particle
transport. Compared from under the homogenous deformation, the particles under the heterogeneous

deformation were transported and deposited widely in alveolar region.

— 94—

Copyright © 2019 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.26(2018) 94-99

Research Grant Report

MEE= BB

KB N ORI 2L PM2.5 O & ) R B
HYE 2T TH MR FZ v 7 7)) —
(DDS) DA D 5. FifkEdH K7 v 7713
V=IO XD AR L GETH 05,
I 2 B AR A I 2 0 GRS HHE i T B
72O REERLAETILO BAE S ) DSEIERFIZ L
HTHb I TRBZEDHBIE, Nk
DDS O 728 OS5 EWHLT- ik 7 O A BTl o
TeOOBMEEET T v b7 r — L OWEETH
ETHhAH, FIZ, PHRRERIE & il
WHLZ, HRAETIE, f4F CT HifE Hwv
MY I 2 L= a3 VI X )RR LA
F M 2R S LT b (Koullapis P.G. et al.,
2016; Kolanjiyil A.V. and Kleinstreuer C., 2017).
—F, RERIRIIEABIIESDE8H 5720
W ikaE bMANENDHZ ZEDFHEND. K
e Tid, 4 AOFBHEMERE OMWER CT W% &
D FRESE L - EBRI IR EE TV E NG &
BT LR EET Ve v, EfRES X
O PIAL 8B LTt L 72, g s ©
1, PERABMZETZAC X 2 I RIUHEE 7V & v
72 Wk 9¢ (Darquenne C. et al., 2009; Hofemeier P.
and Sznitman J., 2016; Sera T. et al., 2017) 237
NTWZH, RIFFECIXE—T 14 V7L B
L2 B L 2RI ER 2 ) A, HOH
2SI % Hs U BtRa N ks F- B 4 |2 Je (T3 5028
R L 7z

W% A&

1. AR SR B
AWFZETIX 4 NOfEHE 2 B IEHEE (A1,
A2, A3, A4) DOFGE CT &% F\ 72, 5 fRfe
05 mmOHERE Il mmDObDONVH L. £,
Al DIFRSE T 12 & L SR O &R CT i 15
L0, SEiEZNENOREE L BEGLEY 7 b
Amira (Visage Imaging, Germany) % H \» T
L, R o 5 s o4 s 2 U L 72
72, A2-A4 O EROMKRE SIS L7z 4

DOHIEERIE AL 225 A4 ZNENEE D
5 Weibel @ J7#: (Weibel ER., 1963) 1ZB1) %
A6 A EH L7 (K 1(A1-A4). FIH1t
AL, TR L 7218 2 DR ETIRIZ O W
T, TNENAS DX T X N THER S LM
MALT— & 2 ER L, FEALIC X DAL 72
KEPSIEM E G 2 HEHme L
BIRONEEDEE L2, 7 AV T E
VBT 2 3T OO RERE & £ % SEAL L 72
(X 2(B-)). IfBIZ 3 RITHIFRAL AL % v
T, FMLRERIRE BT L7 (X 1(B)).

SGE N AL O F-Bi % - TR R R i —
EOWEIFIZOWTITo 72, §XTOMEIIIR
EEIALIZIR T, OpenFOAM (OpenCED Ltd.)
HWT, dEEoNE T A =27 2%

A2

e [mm]
0 100

A3 A4

 + [mm]
00

—_— [mm]
0 100 [mm]
0 100
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Fig. 3 Streamlines depicting the inspiratory flow for the
individual models (A1-A4) and the averaged

model (B).
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Fig. 4 The deposition fractions for the 1-, 5-, and 10-pm
particles in the individual models (A1-A4) and the
averaged model (B); DA represents the direct-
averaged value for models A1-A4.
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ABSTRACT

Water-soluble networks containing the coumarin luminophore were prepared with polyhedral oligomeric
silsesquioxane (POSS), and interaction with various particles was investigated. In particular, the relationships
between optical properties of the dye in the networks and chemical composition as well as size of particles
were evaluated. The POSS networks were constructed from octaammonium POSS by substituting with the
coumarin derivative followed by connecting with succinic acid. From the optical measurements, we found
that the coumarin-modified POSS and POSS networks showed bimodal emission spectra in aqueous solutions
and changed the intensity ratio depending on their concentrations. The yellow emission of the POSS networks
was influenced by coexistence of specific types of particles. The emission bands in the blue region were
enhanced in the presence of polystyrene particles (PSPs) and poly(lactic acid) particles (PLAPs), meanwhile
significant changes were hardly observed by adding the silica particles. Moreover, PSPs or PLAPs with the

diameter no less than 1 um slightly affected optical properties of the networks.
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Fig. 1 (a) Emissive POSS networks for the size-discrimination of silica particles. (b) Plausible model for the detection.

(c) Changes in the optical properties of POSS networks in the presence of various sizes of silica particles.

B B8 L 72 IREECH BT 2 2 e TE
7. ToZ L, WERORF ORISR ZE M
DAL K S 3, A4 XD A% Bk
THHILEZRELTVS.

KIZ, POSS D 8 THMIZ3- 73/ 7u )ik
# A3 % Amino-POSS & 7-(Y = F V7 3 /)
7<) ¥ 3= VAR YA OS E 4, Coumarin-
POSS (C-POSS) & L7z, & 512, CP x4
DI ANVEVYEBREIETSH I EIZLD,
Coumarin-POSS Network (CPN) % &8 L, 7K
BPEM 5 (WCPN) %4572 (M2). C-POSS ™~
DPOSSEAY, YHNKUBRIZED A b

7 — 7 BKGEE1E '"H-NMR A7 b L b HEE
L7z

C-POSS, #% wCPN % 7 ~ 1) ¥ #a 5 T
10 X 10°MIZFAEE L2 KEW %, FEE
50 X 10°M & 7%2 X ) THROKRY) ZAFL V1%
7 (PSP) RAE#L L7232 k7 (SP) @
R (EWAE S8em?mL) LRA L, FOI%
TR ED LA & fERR L 72

it %

B R

C-POSS [ /KBTERT DEEIC L > TEDIEN

-102 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.26(2018) 100-104

Research Grant Report

o
Ny~ “OH R R OH R R R
R R m \ R / HO \ 7
R \ ? a N oo RO o—Si—/'O—,Si N ./O'S,"‘/_E)O_/Sl
N L0-Si~IO=>Si S Si=0+-8i-0" | o SiIZ0+-8i-0" |
Si—01-si-0" | o1 o 590
| ol o EtzN.DMT-MM o Jo Et;N.DMT-MM ? : i
o Jlo. | 0-§i-05-Si > _0-Si-[-05-Si
| 0-$il-05=Si_ DMSOyrt. 200 /sli’—o,’—s!/o “r DMSO,rt24h /Sl’—o,—s|/° “r
Si— /7SI\ R R R R ? \
ROR R % 20%

R=RiorR; R1:R;=59:2.1

R=RjorRyorR3orRy
Ry:Ry:R3:Ry=17:20:33:1.0

Re g NHC Ri= %" NHCI
03 Ry= 2\/‘NH30|
Rp= NNUYD o
Ho%o NS Ri= N2
N SN0~
C-POSS §
o H
Rs= )g\/\uj\/\'r'k/\z
0
o
= OH
Ry %\/\HJK/\J
CPN
Fig. 2 Synthetic scheme of C-POSS.
1.2 1.2
===10pmO0d ——10umld ——CPNOd
[ {——1mM1d ---1mM1d+10pumld o ---CPN1d

(2)

Abs(Normalized)

0 — T T oo

300 350 400 450 500 550 600

Wavelength(nm)
1.2
-==10umo0d ——10um1d
1 ——1mM1d == =ImM 1 d+10 uml d
2 = b
2z by A ®
Z 0.8 K R
E y \
B 0.6 . A
= / \\
5044 }f B
4 4 N
\J \\
0.2 L b
0 T T T .‘ T
440 490 540 590 640 690
Wavelength(nm)

Fig. 3 (a) UV-vis absorption spectra and (b) PL spectra
of C-POSS with the excitation light at 427 nm in
water at either 10 pM or 1 mM with variable
incubation time. The concentration was based on

coumarin D-1421 unit.
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Fig. 4 PL spectra of CPN in water at various incubation
time after dilution of stock solution (1 mM). The
concentration was based on coumarin D-1421 unit.
The excitation light was at 427 nm.
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R REE O r — 7 I8 BT B USRI, KR RIRR & RS & 2 B2 A U A I iRk %
Ked 2. ok FHMBORE S 2T 5720, MFORBICEREINIBRL ERBROE S %
FH L 72 BY B ED < MY A X Dy, OFFi /7O S 217\, 1EROFHHRE (BKELE
D, ¥y E7)—MUED,) LHBL7z KTEORL D PMMA K T2 HWTER L2 —7
D Dy, % 7l L 724G 5%, Dy, (& Dy, D, & FRIZHL T DT IR dsg DVNE < 7 B DITHEVVIE
R BAEIAD S 572, Dy &, 77— 7 WIRHL apy DR EZ W E SN R L EANEON, F— 7 )E
Ok T FEMEOFMICHEHTE L Z LG h o7z fix 0K T (PMMA KT, NS A (BH
O—2, BRIV 7 L), PbSO, Zn(OH),) 2 &1 Dy, &&Fli L7255, Zofixitix D, D,
LT 1/4 ~ 110 BEDIETH > 72 Dy, & [FFFIZFHE S 1L 5 KK FEM L g, (38 F ORHHIZK
L, TOMMEIZBLZ1 X 10225 1 X 102 C/m? OHFHOMHEEZ R L 7.

ABSTRACT

The performance of cake filtration depends on the pressure drop due to the permeation of liquid through cake
layer. The size of gaps between particles in cake layer dominates the pressure drop. In this study a novel
characterization method for the size of gaps based on the thickness of electric double layer around particles
was developed and the results were compared with conventional methods based on hydraulic diameter Dy, and
capillary diameter D,. The effects of size and morphology of particles were studied with PMMA latex
particles, JIS powder (KANTO loam, sodium bicarbonate), PbSO,4, Zn(OH),. The specific cake resistance,
0.y, decreased with the decrease in the average particle size. Dy, and D, were decreased with the decrease in
Ds,,. These results showed the smaller particles will make smaller gaps in cake layer. The Dy, could be
determined by the analysis of the dependence of streaming potential of cake layer on electric conductivity.
Dy, showed almost same trends for particles as D), and D, while the absolute value of Dy, showed 1/6~1/10

smaller than Dy, and D,,. This result shows the Dy, is useful for the characterization of the size of gaps in cake

layer.
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Fig. 1 Experimental set-up, 1. compressed air, 2.
pressure controller, 3. KCI solution, 4. Pump, 5.
Feed tank, 6. Pre-filter, 7. pressure sensor, 8.
electric conductance cell, 9. digital multi-meter, 10.
filter holder, 11. platina back electrodes, 12.

electric balance.
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Table 1  Relationship between Dy, / g, of each particle and particle properties and cake characteristics.
gt g dsg Ay € D, D, q Dy
f M Tk [um] | [m/kg] [-] | [nm] [nnpl] [C/lif] [nn;)]
MP1600 | PMMA 0.80 | 42 x 10 ] 029 | 173 | 109 | 1.9 x 107 | 30.8
PMMA MP1000 | PMMA - 0.40 | 1.1 X 10" | 036 | 130 | 82 | 23 X 1072 | 184
R F MP2701 | ML PMMA 0.40 | 62 x 10| 0.41 | 185 | 117 | +1.8 x 107 | 30.2
MP1451 | CsH;0, 0.15 2.0 X 10 | 047 | 104 | 65 | 2.0 X 102 | 16.4
JIS8 i 82 | 54 x 10" | 057 | 329 | 208 | 2.8 x 107 | 42.6

BT — A4 Si0, X AlLO; ANBLHN

JIS11 fi 43 179 x 10" | 049 | 313 | 198 | 42 X 107 | 29.6
T e | JIS16 6.1 | 1.5x 10" | 044 | 915 | 579 | +5.0 X 10° | 21.4
ANV A IS17 A ac0s AR 32 |24 x 10" | 048 | 712 | 451 | +7.3 X 107 | 14.2
7.8 | 1.8 x 10" | 0.63 | 881 | 557 | +4.4 X 10° | 28.8
PbSO, (Bt A T) PbSO, SRR ] 106 | 7.2 X 10" | 0.66 | 1516 | 960 | +5.8 x 107 | 36.6
11.7 | 6.7 X 10" | 0.69 | 1638 | 1037 | +5.4 X 107 | 39.4
Zn(OH), (HFIPLIE) | Zn(OH), VIR ] 103 | 84 x 102 | — | — | — | +48 X107 | 6.6
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5 Wk

MR 2, EB—AH = X5 L08R - IERBH,
My N EE, ISBN4-8052-0421-4

Nakamura K., Application of electrical phenomena in
membranes and membrane separation processes, in:
Hiroyuki Ohshima (Ed.), Electrical Phenomena at In-
terfaces and Biointerfaces: Fundamentals and Applica-

tions in Nano-, Bio-, and Environmental Sciences,

S BF 5 R AR

1.

i L FE 2

Nakamura K., Nakamura J., Matsumoto K.,
Filtration and backwashing behaviors of the
deep bed filtration using long length poly-
propylene fiber filter media, Journal of the
Taiwan Institute of Chemical Engineers, 94
(2019) 31-36. DOL: 10.1016/j.jtice.2018.01.011
R —BE ER OR—, KRRV T LD
ISEATIC BT BEWO A+ Ve E—%
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Wiley, 2012, pp. 599-616.

WA —A8, SREVEAMIEIC & 5 AL R O #
JERH, B, 38 (2013) 25-30. DOI: 10.5360/membrane.
38.25

AR —F T 7o) 7 EREIC B S,
I, 39 (2014) 28-34. DOI: 10.5360/membrane.39.28
Newman J.S., Thomas-Alyea K.E., Electrochemical
Systems, John Wiley & Sons, Prentice-Hall, 1991.

BAL DAL, b L2325 U4, 44 (2018)
29-34. DOI: 10.1252/kakoronbunshu.44.29

FTHHR R & —38

. Nakamura K., “Application of electrokinetic

phenomena in membrane separation processes”,
ELKIN2017 (Dresden, Germany, Sept 11).

. Nakamura K., “Challenges of water infrastruc-

ture against changes in circumstance and de-
mand in Japan”, VACI2018 (Hanoi, Vietnam,
March 4).
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Development of Novel Powder Mixing and Dispersion Method
Using Nanosecond Pulse Field

BFJE(t % Research leader:  HI[I]  JUBl  Tadachika NAKAYAMA
TR BAMRAR AR E TR Bd%
Nagaoka University of Technology, Department of Mechanical Engineering, Professor
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tI Iy 7 ARTORETFEE LTCENEER, A=V oy, Yoy bIN, 4270397 A%
EOEYE RE, CAMTRASR R EVPHVWONTEL. IROIFEFICHEICEAEDTRTDH
L5, AVHIA—Ta YOMEPERIN W 2 LT, AfREICBWTIFEY T
T Iv I ANTOEELZHIET 2 FEERE L CE/. 22T, AIEIZBWTIEELZ HwTa
Y IF—TarERISHVWTHTRADVP TCE LW T 72, &R, F /B OV A8 %
s 52 &2k, @EOBEREROMGIIEETL 2B 2ELEZHMTA52Z 085 TEE2 L,
F72, FOZLIZENV LT I v AR T EEME THREI S ZENTETHL I L ZERL.
EOICHFEFREAIEL, ZHEORL BRI 22 ) -y TN TERAT 52 LR
EhBZExHLNE L7, Do brs, BRI FRAOH /2 REMEZ I L 72

ABSTRACT

As a method of mixing ceramic particles, ball milling, jet mill, stirring such as cyclomix, mixing, shear type
mixer, etc. have been conventionally used. Although these can be mixed very efficiently, problems of
contamination have been pointed out. On the other hand, in our laboratory, we have developed a method to
control the movement of ceramic particles with an electric field. Therefore, in this research, we examined

whether particle mixing could be performed without causing contamination using an electric field.

CHUZKT LT, RV —TI2BwTizan
FCICESZHAVWLZLETET Iy 7 ARTD

MREEE B

I IVvIARRETHFEL LTER -V
IV, Vv b3V, A 20I v 7 ABED
B e FEDPERLEN TV DS, ZowTh
LAV I A=Y arOliiEEAELTWA.

FLAHIHS TR TH L I L2 FEAEL T D, Z
T, WERDENR, KHEY E 726121,
MRBIRELEORENH ), ThIEmVEL
THINE 22 ENTERWVEV ) HELDNDH
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Fig. 1 Electrical phenomena affecting particle driving.
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BUWTEBLI 7% 2 BRI RAMR A DT, AT
TR EME AL R EDTLRTHS.

7T AW (AS ONE, 1-9645-11) @ 112 A
74 R4 A (AS ONE, 1-9645-11) % i L,
AFA4 RHTADFIZEROEM % FLE L7
I IVIANTTHEF Y =THFRT
A=y ILfFERELZ BEELTIY
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BN HGEIZ B Lz F72, A E
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5. ZOHBIL 200, KL T OEMAEIZ L 55
BThHhrEEZLND.

DEoiERLy, kMEEOS WY IV a=
TR ThHoTh, BHHIILYE=-a v
a2 PO— A RETHL L Rl L7,

EHIZ, FEZTF I RTFOGEDO TR
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O — U A OVIEHIZ 500V OB 2L, &
AR PR 200 pm THEERZ 1T o 72, RAAYIZHR
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Fig.2 Observation of particle behavior of zirconia particles by high-speed digital microscope at 500 V.
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Fig. MSP-150
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Fig. KMP-598

Fig.4 SEM image of different shaped silicone rubber

particles used in the experiment.
Fig. 3 Digital microscope image of titania nanoparticles
after dispersion with 500 V.
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Fig. 5 Digital microscope image before and after
treatment of dispersion effect of silicone rubber
particles by electric field.
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S BF R AR
Pl B¢ 2 AR A

1. Nguyen T., Nakayama T., Takahashi T., Tokoi Y.,
Suematsu H., Mohd Pauzi M.B., Moriya K.,
Niihara K., “Fabrication of Three Dimensional
Nanostructures by Two-Photon Polymerization
Method and Their Motion Control in Electric
Field (Invited)”, 43rd International Conference
and Exposition on Advanced Ceramics and
Composites (ICACC 2019), Jan 27-Feb 1% 2019
Daytona Beach FL, USA.

2. Nakayama T., “Motion control of ceramics parti-

cles by electric field and its VTV analysis

AERZITF SN Do 7.
SBFINSOMEEZHIL TV Z LI
O BHEFHEOERIMEFICASL EEZZT
Wb,

S 3k

[1] Zhang C., Khoshmanesh K., Mitchell A., Kalantar-za-
deh K., Dielectrophoresis for manipulation of micro/
nano particles in microfluidic systems, Analytical and
Bioanalytical Chemistry, 396 (2010) 401-420. DOI:
10.1007/s00216-009-2922-6

(Invited)”, 43rd International Conference and
Exposition on Advanced Ceramics and Composites
(ICACC 2019), Jan 27-Feb 1st 2019 Daytona
Beach FL, USA.

3. Nakayama T., “Motion control of nano/micro
sized ceramics by nano second pulse field
(Invited)”, 24™ World Nano Conference, May
07-08, 2018, Rome, Italy.
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Effects of Electric Double Layer in Colloidal Hydrodynamics
in Electrolyte Solutions

BFEfU## Research leader: #5111 FEl  Yasuya NAKAYAMA
JUNREER A B Lortffgebe eHdz
Department of Chemical Engineering, Kyushu University, Associate Professor

E-mail: nakayama@chem-eng.kyushu-u.ac.jp

W

BEIKENZ, FHEICRS AT OIS L BR_EBD A F » OINE O BN O HLE L 5 ok
TOEHTH L. BRAEB BT L4+ V355 L NI & > TIREWELT 5720, 450
ZALIZHA T 2 BRIKENSEDBALIZOWTINFE TRIBHTH - 72, A+ ¥ OAOBMBEER S
DELFXBOIFHIEEIZ OV THRL, BRZEEOILEIZOWTHLNIZT L2012, 14~
A ERALD F A F 2 7 A % Smoothed Profile 112 & A EHELUEFTE TRV 72, #M50 5 S OB
Erbiz, BRIKESEEIIHIMICE U5, & HICMWIClaMT 5. CoOEEMICRELRL 2
DOIBEE, A F v OMiRHEE L BEX_EE A 4 oA OIEFFMELIZ L RO FEICL L LD
ThHHI Ehbhrol:.

ABSTRACT

The drift motion of a particle under an external electric field, which is termed electrophoresis, is originated
from the coupling between the responses of the particle and the ions in the electric double layer surrounding
the particle. Since the response of the ions varies as the level of the external field, physics of nonlinear
response in the electrophoresis has not been understood. We investigate the nonlinear electrophoretic response
of a particle in a salt-free medium. Hydrodynamic equations for the dynamics of ionic distribution and solvent
flow are directly solved by the smoothed profile method in order to clarify the response of the electric double
layer to the external field. The electrophoretic mobility turns out to first increase and then saturate with an
increase of the strength of the external field. These two different nonlinear electrophoretic responses are found
to originate from the gradual counterion stripping and the change in electroosmotic flow due to the

asymmetrized ionic distribution of the electric double layer.
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AR R IKEN D W T OFEER 2 BE Tl
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vVn, =DV, + kDT V~[en+ (VV/ - Eexl)]’

B

eV =—e(n, +q),
0=F"+Fet0=NH,

ZZTuw, p, oy on, qlIFENFILEEY, £
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(Manning, 1972), ERIKKLFI2DOWCTIXHBRO
RGBT A 4 Va2 A (Imai and
Oosawa, 1952, 1953). %t A 4 ¥ EEHaHSEE Z 2 i
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1952, 1953).
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Fig. 1 Nondimensional surface potential as a function of

charge parameter. The solid line is the approximate
solution in the cell model by Ohshima (2002).
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Fig. 2 Electrophoretic mobility as a function of strength
of external field. The counterion condensed for
Z =100 but not for Z=20. The solid line is a
prediction assuming the electric double layer is
fully stripped off for a Z = 100 particle.
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Fig. 3 The number of charge within a spherical volume
of the radius of r around the particle center,
Zacc(r), normalized by Z. When the counterion
does not condensate, Zacc(r)/Z varies as — which
has cap-convex shape. By contrast, when the
counterion condensates, Zacc(r)/Z shows a sharp
decrease near the particle surface representing the
condensed layer.
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Fig. 4 Electrostatic potential along the line through the
particle center in the direction of the external field,
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Fig. 5 Distributions of the velocity and the counterion
density around the particle for the mobility-
increase regime (top), and the mobility-saturation
regime (bottom).
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Effects of Particle Properties on Agglomerate Formation of
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ABSTRACT

The knowledge of the agglomerates formation from fine particles in the fluidized bed is essential in the
powder handling. It is known that fine particles exhibit the unique agglomeration behavior. In this study, the
effects of particle properties on the agglomerate formation in the vibrating fluidized bed were investigated
using custom-made apparatus. ZnO, TiO, rutile, and TiO, anatase powder were used as tested powders. The
formation mechanism of agglomerates in the vibrating fluidized bed was clarified by the observation using a
high-speed camera. In addition, changes in powder layer height and pressure loss were measured. Based on
the obtained results, changes in agglomerate size were calculated using Ergun equation, and agglomerate

formation was evaluated.
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Fig. 1 Vibrating fluidized bed apparatus used in this

study.
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Fig. 2 Typical snapshots showing the states of the bottom of the fluidization bed for ZnO powder 10 s, 1 min, 5 min, and

10 min after the onset of fluidization.
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Fig. 6 Change in the estimated agglomerate size with
treatment time (ZnO).
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ABSTRACT

Information about the physical properties of the air/water interface has been obtained by measuring the forces
between an air/water interface and a particle (probe) in the water with the Monolayer Particle Interaction
Apparatus. A silica particle was modified to be positive charge by using N-trimethoxysilylpropyl-N,N,N-
trimethylammonium chloride. The effect of the pH of the water on the forces was measured by adding HCI or
NaOH to the water. The presence of a salt on the force curves was determined by adding NaCl to the water. In
the absence of NaCl, the water surface was determined from the force curves to be positively charged at
pH 2.0 and negatively charged for pH > 3.0. The charges of interfaces for the pH 2.0 and pH > 3.0 solutions
were explained by the adsorption of H" and OH ions, respectively, to the air/water interface. The surface of a
10 mM NacCl solution was seen from the force curves to be negatively charged at pH 2.0-7.0 and positively
charged at pH 9.0. The addition of NaCl to the water therefore caused the charge pH 2.0 and pH 9.0 water
surfaces to reverse. This charge reversal is explained by the specific adsorption of Na* and CI ions to the

OH  and H' ions, respectively, that are at the air/water interfaces.
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Fig. 2 Dependence of the forces measured between an air/10 mMNaCl interface and a hydrophilpos particle in the
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BRI 7 R % A 3 AR 1L, WEATZZA IS 7% (liquid-in-air (V/a) 7380%R) & %%
1695, VamBCROREGIE LT, LAz BT LICIDBRENS FTA
Td—4— (DW) BT 5 N5, DW I EROMETH 55, Ml TICLoTEDNIYA Y
OX— MUY A XOKEELSEICECYWETHSD. DW OKFEHIZHTEA S S5 S 54,
oil-in-water-in-air (o/w/a) ZTELRDVTE S NS, o/wla 77ER1Z, DW EEBEDOHAIRWETH Y,
W LI Ny a b LISy —IRo~< vy a vy LIS, FREEIC BT A KET O
M OB B HE DWW AV Z B BT 2EELZNFTH Y, KAHOKEOB, FIFHEE DA,
MDA, KM EMHHOBEEZOF I L DV ZEfbPMREINL 2 EATRENTWE. —T,
DW DK IZEI0D 0B S 72354, air-in-water-in-air (a/w/a) THGR E 7 5. aiwla 50HGR (B
b n7zimd L3y ¥ —IR7 + — &) OREIIBNTYH, owa TEROLEIIZBIT S
EEEFHSHEI SN Z DI S NS, RIFZETIE, KHOMELRE T2 2 L I2L ) 5Bok
By 2 B L, e b s g 2 L EIRT

ABSTRACT

Colloidal particles can be irreversibly adsorbed at fluid interfaces, such as oil-water and air-water interfaces.
The particle adsorption leads to stabilization of dispersed systems of two immiscible fluids and particle-
stabilized, that is, Pickering-type emulsions and foams can be prepared. These materials show some unique
properties as a result of adsorption of the particles at the fluid-fluid interface. One of the striking phenomena
is that liquid drops can be dispersed in air with the liquid-air surfaces coated by liquid-repellent particles.
When the liquid is water, a water-in-air material, named dry water, is produced by aerating water in the
presence of very hydrophobic particles. The dry water is a free-flowing powder which can contain significant
quantities of water as micrometer-sized drops. Emulsions with water-continuous phase have been also
powderized by following the same method. The prepared materials are regarded as oil-in-water-in-air (o/w/a)
materials (powdered o/w emulsions). To prepare the powdered o/w emulsions efficiently, it has been shown
that the extent of creaming of the oil droplets has to be suppressed. It is expected that, by applying the

strategy used to stabilize the powdered o/w emulsions, air-in-water-in-air (a/w/a) materials (powdered
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aqueous foams) can be prepared. One of the difficulties to prepare the powdered aqueous foams is the

significant density difference between air and water, which could enhance the extent of creaming of air

bubbles during the preparation and leads to their disappearance due to coalescence. We have reduced the

extent of creaming by increasing the viscosity of the water phase and enhanced the preparation of powdered

aqueous foams.
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Fig. 1 Preparation of powdered aqueous foams.
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Fig. 2 Dependence of viscosity of aqueous phase on
hydrophilic silica concentration (Wjggysion) at a
fixed shear ratio.
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Fig. 4 Properties of powdered aqueous foams prepared
at different hydrophilic silica concentrations: (a)
angle of repose, (b) amount of aqueous foam which
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Fig. 3 (a) Digital photograph of powdered aqueous foam. (b)—(d) Optical micrographs of powdered aqueous foams
prepared using at different hydrophilic silica concentrations; (b) 0 wt%, (c) 6 wt% and (d) 12 wt%.
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ABSTRACT

One of the biggest problems when computational approaches are applied for novel engineering targets is that
the software often does not support necessary inter-particle force models or boundary conditions needed to
reproduce proper situations. Many previous simulation studies are based mostly on scientific and academic
interests or focusing only on whether already known experimental results are correctly reproduced or whether
the reliability of the model is acceptable. This prevents computational approaches to be used as an effective
tool to develop new materials and processes. In this project, we aimed to enhance the applicability and
functionality of a colloid simulator KAPSEL, which has been developed by ourselves. Specifically, we have
achieved the following points.

1) DLVO model was implemented as an interparticle force model for efficiently simulating charged particle
dispersions with thinner electric double layer compared to the particle diameter.

2) The simulation code is parallelized so that more realistic larger-scale systems can be simulated.

3) The external-electric-field induced anisotropic interaction between like-charged colloidal particles is

calculated.
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Fig. 1 A schematic illustration of the dipole moment
between two particles aligned (a) parallel and (b)
perpendicular to the external electric field. The
former induces an attractive inter-particle force and
the latter a repulsive one. The geometry of the

simulation setup (c).
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Fig.2 (a) Force curves acting on a pair of particles when
Ey=0.3 and 0. <w* <5.(b) The magnitude of
the dimensionless inter-particle force for 7* =8 as
a function of w*. Attraction appears only when
w*<1land E,>0.2.
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Fig. 3 Simulation snapshots depicting the time-evolution
of 12 free particles, initially configured as two
stacked linear chains aligned parallel to the
oscillating electric field (a). Application of electric
field leads to particle aggregation within the same
row (b). On the other hand, particles on opposite
rows exhibit a repulsive force perpendicular to the
electric field, which causes the two rows to move
apart ().
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ABSTRACT

We report here the preparation of metal/metal oxide core-shell particles as phase-change materials (PCM)
which work as a latent heat storage system. In this study, silica-coated tin nanoparticles have been prepared.
Sn nanoparticles were distributed inside for enhancing the thermal cyclic stability. After immersing the
solution of Sn precursor, silica matrix was treated by hydrogen thermal reduction to obtain Sn@p-SiO,
nanoparticles. The porous silica matrix effectively prevented the coalescence or sintering of the Sn
nanoparticles. The product did not show considerable changes in melting behavior up to 100th cycle of a

freeze—melt cycle test.
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Fig. 1 Schematic illustration of nanofluid containing phase change material (PCM) nanoparticles.
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Fig. 2 X-ray diffractogram (XRD) of Sn@p-SiO,
nanoparticles. Broad peak between 20° to 3°
indicate amorphous SiO,. Sharp peaks are

corresponding to those of B-Sn.
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Fig. 3 Wide-scan x-ray photo-spectrum (XPS) of Sn@
p-Si0, nanoparticles. We can easily find clear
peaks corresponding to Sn and Si.
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Fig. 4 DSC results for 100 melt-freeze cycles for
Sn@p-SiO, nanoparticles.
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Abstract
The microwave heating mechanism of CuO was investigated by the newly developed single mode type of
microwave thermogravimetric (MWTG) apparatus. The result shows that the microwave absorption efficiency
and the permittivity loss of CuO in various temperature conditions are in good agreement with the literature
data. It clarified the reliability and effectiveness of the MWTG apparatus. Moreover, the synthesis of NiCuZn
ferrite nanoparticles by microwave direct denitration (MDD) method also was examined. The
Niy 5Cay 1Zng 4Fe,05 with excellent magnetic properties can be synthesized from the mixture of metal nitrate

hydrate solutions was revealed.

R R 0O #HE purposes, such as food processing, drying, coal

treatment, synthesis of organic and inorganic

Microwave heating has long been used for diverse materials, and so on. Microwave heating enables the
149
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direct, rapid, and selective heating of a material with
higher efficiency compared with conventional heating.
Therefore, microwave heating is a promising
method to synthesize the important material, such as
ceramics and catalysts, that involves the chemical
reactions. However, the mechanism of the chemical
reaction during the microwave heating process has
not been explained sufficiently. To clarify this issue,
it is necessary to investigate the reaction temperature,
the microwave energy absorbed by the material, and
the change in the mass of material, simultaneously
in situ during the progress of reaction that involves
microwave heating. Therefore, a microwave heating
thermogravimetry (MWTG) apparatus should thus
be developed to enable the measurement of these
parameters. Moreover, the application of the
microwave heating method on material synthesis,
such as NiCuZn ferrite, and CuCeZr oxide nano-
particles were also investigated.

The mechanism of the microwave heating process
throughout the development of the single-mode type
microwave heating thermogravimetry (MWTG)
apparatus was investigated. Fig. 1 shows the schematic
diagram of a developed MWTG apparatus.

The temperature distribution, microwave absorp-
tion efficiency, and permittivity loss of copper oxide
(CuO) pellet heated by microwave irradiation were
investigated to clarify the validation of the developed

single-mode type MWTG apparatus. The result

PID controller|

Wave guide

CJ------------

shows that the temperature distribution and micro-
wave absorption efficiencies on various temperature
reaction of the CuO determined by numerical
simulation could be validated by MWTG apparatus.
Moreover, the temperature dependence of the
estimated permittivity loss of the CuO agrees well
with the previously published results (Samouhos M.
et al., 2011) as shown in Fig. 2. In addition, the
mass measurement of the CuO sample during the
microwave heating process measured by MWTG
apparatus have a good agreement with TG-DTA
measurement.

The application of the microwave heating method
to material synthesis was also investigated.
Niy 5Cuy Zny 4Fe,0, were synthesized from a

mixture of metal nitrate hydrate solutions. As a
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Fig. 2 Comparison of previously published and
presently estimated permittivity losses of CuO.
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comparison, NiCuZn ferrite was also synthesized
from the mixture of metal oxide powder by solid-
state reaction (SSR) method. The result shows that
the microwave heating method could provide the
single phase of NiCuZn ferrite powder with an
average particle diameter of about 30 nm at a
reaction temperature of 900°C. The particle
diameter was less than one-fifth of that by SSR
method at the same reaction temperature. The
saturation magnetization of product synthesized by
microwave heating method was found 25.08 emu/g,
which was more than three times that by SSR
method. On the other hand, the coercivity of the
product synthesized by microwave heating method,
55.21 Oe was found about half of that obtained by
the SSR method. This result suggests that the
microwave heating method could provide more
attractive soft ferrite magnetic characteristics of
NiCuZn ferrite nanoparticle to the product powder.
The microwave heating method was also applied
to the synthesis of CuCeZr oxide nanoparticles from
the mixture of metal nitrate hydrate solutions. The
Ceg 621y 40,:Cu (CCZ) nanoparticles were synthe-
sized by microwave heating method and compared

their properties with those by the citric acid method.
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As the result, the CCZ nanoparticles could be
obtained below 20% of Cu doping ratio by both
methods. The microwave heating method could
provide the larger specific surface area of CCZ
nanoparticles product than those by the citric acid
method, i.e. 68.0 m?/g and 30 m?*/g, respectively.
However, the CCZ nanoparticles synthesized by
citric acid method had a little higher oxygen storage
capacity (OSC) value than those by microwave
heating method due to its crystallinity phase. Further,
the ratio Ce*"/Ce content of CCZ nanoparticles
synthesized by microwave denitration method is
comparable to that by the citric acid method, i.e.
4.2% and 5.6%, respectively. For the conclusion, the
CCZ nanoparticles synthesized by microwave
denitration method has a comparable microstructure
and OSC value with shorter treatment time than that

by citric acid method.
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Fig. 1 Schematic of the horizontal convective self-

assembly.
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Fig. 3 Optical microscope images of colloidal particle
films formed with pure water and nanofluids.
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Fig.4 Optical microscope images of colloidal particle
films formed with water and nanofluids under the
conditions, i) pH = 10.1, 70 mM, and ii) pH = 6.3,
1.2 mM.
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Fig. 6 Force curves measured at a high velocity.
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Fig. 7 Frequency distributions of friction forces.
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1. J¥i

WA 2S5~ 70 XA — MVEBEO<Y A 71
HBNICEEREEVWAL—Ty b (Fx— 1
VR LLE) TS &, 8L T a R I
ROVER O A TER B L, GLEEWTTH OB
RIS, BT 5. BRSNS
(inertial focusing) & PEIEND ZOHGE%EFIH L
T, MifaZe & ORI % 4Bl - MG B BT A
TR ICHFZE S LT % (Di Carlo D., 2009).
TEVEERZEENL, WHOVF AN —, LA
VA (Re), FiF - g A ARFOLES
ZFHZENHENT NS,

PERDOMFRII FIZTEE T /N A A % FV 72528
TR HOTHRLN, BEOA A=
¥ T E RS RS H B IR

FHOWAEIIFHIMEAER O RN - EEr %
I E b THETH 2 (558 - HH,
2018). C O HALDRFUIENEY I 2LV —2 =
YRRV CRWIRT A2 EPTE S, Ih
F T 1R RE 2 iR L 7 BUiE SR SE S
W ODPFHEL T2 o0, BEHR TR
AR L7WIRIER S i Twiz, FHE I3k
1TWEgE GBI - JEIE, 2017) 12BWTC, BEECE
#1: (the Discrete Element Method, VLM “DEM”
&3 %) 12 H FEFH % (Direct Numerical
Simulation, LL'F “DNS" &9 %) % s &
72 DEM-DNS % 5§ 5 2 & T, BEEHF
DHEXZEZIE L BEET 5 2 L 12O TR
L7z (iR - I, 2018).

PR OEY I 2L —2a v, fih
TN B R 2 T 5 BB D 5. B
BT DK BB % o 72F %8 (Chun B. and
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Ladd AJ.C., 2006) 1, TiEEOFEEIZR SN
Lol R RTWAELDD, Re~200I128Wn
THE IR 2 TR Wi 2 — - — i
NOBE) - EHISR SN, EERTIIRERZTH
% L OHFFE (Abbas M. et al., 2014) |28\ C,
1 KT B L CE R OB 5 1
TBY, EbOTHWRERTIXIE L WEKH
ENOBEE L (HESIND Z L5 E SN
Tz, Lo L, BB BB IOV Tl
EOZBIIINT TR TV ad o7,
ABFFECTlZ, DEM-DNS % H v CJE I
ST ENTMEEDO R S DR AFBE}NCE 2 5
HRERRAN, EHBHOYI L —T 3 VIl
MR EERIRET S, 20 LT, £HBHO
TV =05 2B LR IRERRZH S I
T 5. RERDRIISEELIEOR)E LR IR D
LEELZ Ny 7 THHIZHEDLLT, WAL
DR EPHHTIEEAEHES N TN
Pol-DIZMAZ, FUSEHOD & —F L7k
ZEITRENTE S TRAZH L BENDY D -
72 (Zhao T. et al., 2016; Kazerooni H.T. et al.,
2017).

2. BlEEHRTF

HHE O, AT OBk - EH, 2017)
&6 U < DEM (Cundall P.A. and Strack O.D.L.,
1979) IZDNS ® — O T & 5 A &3 F ik
(Kajishima T. et al., 2001) % & & >+ 72 DEM-
DNS L& Hw 7z,

DEM-DNS % % #1233 5. £ 3HAR
RSB L7zhvy, BRI R A X&)
Ll 7))y RpElL7-& 2B\ CEIE
MOERESE o % b &AM B L OREEME O
REED D T B A HHE

U=(1-a)u; +u (1)

EFTAH. MMAEHOLR HFENIX, oK
HEUxD EICL-EROABL LT -
A k=27 AR

V-U=0 )

p{%g+v1ﬂq=4@+VﬂJyU+WUf]

+f+Fp 3)

THb. 12720, p T EEE, pIl3ED,
(JEPRGEE, FIRLT - AR, Fp 13
B2 TR TS 72O OB ) T 5.

KOG - [l EEY L, A - AR
TEROFHIAf 2 AR5 2 L TRONA.
YRR E T

d(m u,)
%:_V{deJrFC, 4)
d(I ,w,)
__§71_:_jrxde+zb. )

"

THhh 72720, m IHTER, u, BT
AHEFREE, V, (EFE T H B R FNES, F,
|X DEM C&Hli & 7222110 9 & I @B~
DEGI, LK T OBEMEE— XY b, o,
AEE, riZh LS DOMENY MV, T, &
DEM CaHii S 7222 D 9 & [z E B~
FHHGTH 5.
RIS Gl - IR, 2017) 2SHR
SNz,

3. Wb XUEE
3.1 R OE

JEASE R A AT SN R R AR T- 28812
25882 HO2IIT 572012, BEPER
A EHWTC Y I alb—ar&iro7z. W
PEAE L, SRARIOK, BERRLFICRY) AT L Uk
T (R a=4um) OMEZHNT, KTiEE
1L ¢=0.84% & L7-.

M1 2 EOMBE COER» B L7
Re=250 TOR 28 (EHIRE) ZRT.
L=20a DEWVEETIE, AT 13450 g
WZEH URLTH) % o LEEAERFZE & 0 Bvw—3K
M5 N7z (Liu C. etal, 2015). 7272 L, i+
I 6 DIZAI LN O DRF TR LN
FUE, S OWREDSERZEE)IC L o THERWEW
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@@ L=20a (b)

8

Fig. 1 Snapshots from the front of the channel at

Re =250 with varied length: (a) L = 20a, (b)
L =5a.
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%0 BELW o DEALZE KREICBWTRL
72, OIS L TIHEEB I VREEDOZE L
FEAEROGN o7 LAL, 5o 2D

TlE, L=20a DB TEDWEETH 4512 ®
ZEWEDTE S 20123 LT, TRish % <
B L25w, Bans OTEEED ¢ =0.84%
WCBWTEEFICR O N, ZNLAORETIX
COL) ORI R SN o7z D
L OWERNS, L=20a BEOTHENZ YT
BB L L7z,

32 A B)ORRERT

KT R 13 B LB O SR M I Z B o B 7
NG A—=FThb REN—EMELEBLL L,
T MO F A EAERIC X ) EH%E D
TL=0 7035 ENRMENTWD, &
DULERFUIEE L TRBE ICHR O N T e o
7z (Martel J.M. and Toner M., 2014)..

B 3125 L=20a TEME L 72 Re =250
$=1.68% T O K T O 2=/ 4754 # /R 7.
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Fig. 2 Lateral distances of particles as a function of
channel length L. Sketches (left) illustrate (a) the
lateral distance d; and (b) the cross-lateral distance
dcL, respectively. L, d; and d¢ are made dimen-
sionless with relative to particle diameter a, & and
w, respectively.

Fig. 3 Snapshot from the front at Re = 250, ¢ = 1.68%.

LA NVAEBEINSETLBE I N Do
7z,

BT ¢ 1%, RTHOEMNES (B2
L) 720 Ok % (length fraction) & LT
EXHETZEHNTES (DiCarlo D, 2009).

CHW ¢

= (6)

72720, HB XU WG I o &
SBLOWE, m I ZWTEHNIC BT L B HF5

DO TdH AH. Z D728 length fraction 1E, &
RN O T F A M) = BN L

72 &0 WM AR & e B S AT SR ORGSR (6
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1. #i5

B DWE OWEEN ALY 5 BO6 % IRk
BG &V AR TIE, FodhTy, 1L
FOBR AR BV TR RN OEE R
RERTHLRFEAL Y (H) IZHEHL, H i
FEDEI 2 LS % pH JRE) KIS % F v CiF
FeEATo 72, pHIRBEIEULIE, FA72H D AMENA
TDNA DY — MEERD T V¥ 53 A Vg
ICHEEZ LT A L ISR STEBY ) Th
127 55T pHZILIZ L AL AV F =25
BT AT -2 EANT I EE, X DEGH
FIZEP L7z AV F—EH S 2T 5 DRI
WCEHBTE b EEZLNE. LrL, IhET
W2 2T B IRIEASK & 72 pH IRE) 5L
&, [EI5RT 1AL ARENE S, I b
IANVF—Z2ZHYHT LD LV, £2T
KRR TlE, 2D X 7% pHIRE IS TH 5

Methyleneglycol Sulfite Gluconolactone (MGSG)
POt vy, BRI B TR IR
52T, RERBIKOWME AL F 7
MGSG BUSTE R L HAEEMHETH 2 4+ L A
YR AETL, b3 pH AR ZIEH L
T 2 FEAC A (2 B EE R 5 FEECR OB L
ZDEE X H = AL DR AT 72,

2. EBE
2.1 Wkt 2 31#R1C & A pH 2 Lol
FEERREE X Z X 1a RS, HAEES )Y
L01M EEH S 3 wt% OFERT IV % NE
9lmm DM IMLIIEREL, €O/ IZ, i3
Bk b A, WiAEEEAKE S N T AD&E
FEAT0.0025, 0416 M TdH LARMEHE &, 7V
357 by, RVATIVTE ROZEREN
0.0067, 1.0M Td % i % 25 ml § D NEIZ IR
LIAATE, Zo& %, ¥#ilE Bromothymol Blue
(BTB) (Z i pH=6.0 ~7.6) Tt L /2.
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(a) Point for pH measurement (b)
Agar gel
‘ Oleic acid ‘
Solution

Fig. 1 Schematic representation of experimental setups

(a) with stirring (b) with oleic acid droplet.

RTIARTA Y7 AY—F—=%HFWT5 5812
100 rpm T 15 P EFHIEZ 1TV, pH 2L %2l
L7z, ERT D HEAIRS M) 7 ADMEET
L MORIBIZE D pHB EFA L, 2D,
W va 2 7 b oo T
X Q) DRUNIZE Y pHATES 5.
- pH 5B
2CH,(OH), + SO;* + HSO;"

— 2CH,(OH)SO;™ + H,0 + OH™ (1)
- pH T RESUG
CeH006 + H,O = C¢H,,0,” + H' (2)

22 & LA VRO EB OEIE
FERREX Z B 1b 127, 2.1 L [AFRDIER
TN ENRPN)IMOHIIERE L, 2.1 & FERE
DRFEE TNV ) T 7 N =KRIVATIVT
b R@EWRE ZILEN25ml 3200 LiAATE. A
Y —Z =2 X BT OY, Wi R 200 pl
DX VA VEEEFHT L, MEOES & EROMh
ZAbR B L7z, F72, MR E W ClEN
Xt & AR L L 7z

3. EBRIRB L OEL
3.1 WiediRIC X % pH IREIOFFi#E
—HWOWEUCIE, FISWE &6 3877
WV 2 RB) PO IZRRE L, WE O O A
#AT9 AR E WA Z LT, EiEiEET 5
ZEPHENTnE B 22T EXIVHIL
TEHEER 7 1) 7 28RBS S B |15 5R
2BV, IS pHELRME L. 2
D& E, EHFEICHEEZIT ) & ICHmR S b
) A KEICEH SN, pHOS LA T HDA

12

10 |

8 L
o 6T
a

4

on e
2 | 5 min !
15s
0 1 1 1 1
0 500 1000 1500 2000 2500

Time [s]

Fig. 2 Change in pH with intermittent stirring.
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Fig. 5 Spatiotemporal plot at & = 0.
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Fig. 8 Autonomous movement of oleic acid droplet encapsulating W/O emulsion on the agar gel containing Na,SOs. (a)
Captures of experiment, (b) Trajectory for 20 min (Circle expresses the boundary of agar gel.)
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Fig. 1 Schematic illustration of the Multi-Scale Simulation.
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Fig. 2 Schematic illustration of setting the boundary
condition.
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Fig. 3 Velocity profiles along characteristic lines. In (a),

circles are for ¥R = 3, triangles are for ¥R = 5 and

diamonds are for xR = 6. In (b), circles are for
/R =2 and diamonds are for /R = 3.5.
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Fig. 4 Results of the MSS. (a) Flow profiles at typical times: (i) =0 and (ii) #z. = 500. (b) Magnitude of velocity. (c)
Snapshots of the superimposed conformation of all the polymer chains for two typical points.
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Me,N") counterion (right). (b) Synthesis of the anisotropic hydrogels using aqueous dispersions of as-prepared (left)
or washed (right) titanate nanosheets. B indicates the magnetic field vector. Adapted with permission from [7].
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Fig. 2 (a, ¢) Scheme and optical images of the anisotropic hydrogels ([TiNS] =
=5 mM) and (c) washed TiNSs ([Q"OH ]

dispersions of (a) as-prepared TiNSs ([Q OH]
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0.8 wt%) prepared from aqueous
=0.3 mM). (b, d) Strain-

stress curves of the anisotropic hydrogels ([TiNS] = 1.2 wt%) with (b) as-prepared and (d) washed TiNSs upon
orthogonal (navy) and parallel (magenta) compressions to the cofacially oriented TiNS plane. Elastic moduli (£) of
the hydrogels were obtained at strain = 20% upon orthogonal (£) and parallel (£)) compressions with respect to the
cofacially oriented TiNS plane. Adapted with permission from [7].
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358) OFEDLVIZL)HOFEREZ R T/
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DOILFHEEHIL 42.9) X acrylamide (7 )V D LFHE
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Fig. 3 Strain-stress curves of the anisotropic hydrogels prepared from three kinds of acrylamide-derived monomers with

washed TiNSs ([TiNS] = 1.2 wt%) upon orthogonal (navy) and parallel (magenta) compressions to the cofacially

oriented TiNS plane. Elastic moduli (£) of the hydrogels were obtained at strain = 20% upon orthogonal (£) and

parallel (E)) compressions with respect to the cofacially oriented TiNS plane. Adapted with permission from [7].
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FarVoNFENEFENT X —FiEehTh
51£85ThY, HHFHRAM (15 2REL
FRZEERE R o7 (K3), BHIZ, L)@
BHMNT A =5 2T 5 PO 7 IVIIRIEA
BRI TN SRR R RS 2 & DB
Sk lrol Ul

k=
3. o

FHELIE, DLVO Himh 685 2 00H
PR MR A2 WD 2 & T bF ¥ v v —
NG R (- VIR S -y N | AP S N,
R TTINT A= ZHTHe Far Lo
VESLZ D) L7 U RBfgeig, #ebRkeaa 8¢
34 TREBIICFHH SN T b o 2HE
B EETT 57280 O — %1 7 g % $2oR§
B, INHOME, HEH e BRI R &
T ABOE I IR B LIRS NS,

S 3Lk

[11 Scott J.E., Elasticity in extracellular matrix ‘shape
modules’ of tendon, cartilage, etc. A sliding proteoglycan-
filament model, The Journal of Physiology, 533 (2003)
335-343. DOI: 10.1113/jphysiol.2003.050179

54 8B F =k R

i L€ %

1. Sano K., Arazoe Y.O., Ishida Y., Ebina Y., Osada
M., Sasaki T., Hikima T., Aida T., Extra-large
mechanical anisotropy of a hydrogel with maxi-
mized electrostatic repulsion between cofacially
aligned 2D electrolytes, Angewandte Chemie
International Edition, 57 (2018) 12508—-12513.
DOI: 10.1002/anie.201807240

2. Zhou W., Umezawa N., Ma R., Sakai N., Ebina
Y., Sano K., Liu M., Ishida Y., Aida T., Sasaki T.,
Spontaneous direct band gap, high hole mobility,
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1. 5t HW
EIHEmOFGHIEOHRTH, WAFIE AR T
TZAMRATUA N, A A) 7Y, fili/
JEI~ORPEHS25EHEHNE LTw
LBEHITH Y, TN ACTHE SNBSS
(API) % BIERAZIRMICEE ST L 720 DFL
TREFIDEEFN T D, FRICW A KR (DPD)
ZNEITHR LR T 0L or% <, HEOMNA
LDz 7a b s 5720, A & DI
WHEETHL EENE. SHIZEREMEIZR -
TWB 77U Y HARBHL 2wz, BEZT
T CBRBECLELVWBAITHL L. HEN L
DPIIX, #—%—F3IZ7AFx— (OM) &If
ENn sk TFOEEGETVERKT A, ik
60-90 pm O F v V) TR F- DKM IZ, 1-5 pm D
APl # Wi S ALHETH V), W ARRIEMEIC
L0 APIO AN HET 5 2 & TR~ EET
% (Steckel H. et al., 1997). OM JER D 7281214,

<7 ) TVRLT IR L CIRRERI 2 DR # A 72
YWREEAT)VLEND L. Fo8EEe TN
A ZADRFEIC X > TERIR TOERNRE (%
5728, BHE L TORIEN 2 5H iR %5 L 72
HEREY AT L OREEED AL SND,
RHEMBEICBITHRE TR L L, FHEDY
—W2F TR, R AR, R L
DRI RINA O 5545 % 3 L CIEMRERe 2 e
e EORFNFEICE LW EEER G2 2EERT
BThb RELEE—HY U TIVAREIEIC
BEONNETH L5, 5ie B KR R Ww
B O BRI BEER A ST 12 W % il 2
TBY, HLLPLBEICESL FT, FWITEL
e 247 LT A (Otsuka M. et al., 2004) .
ZOH L WEr & L TR SN0 RS E
B4 (X1, RAMT, Resodyn) T&» 0,
K O 5% w6 L 7R E 2 58k S8 %
CLTEHBOYRAETFEHT D (Asachi M.
etal.,2018). L2LZOEMAKNREEGEAHI =X
LAIBHINTES T, 2O LIGER L TE
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Fig. 1 Hypothesized mixing mechanism by RAMT.

S EE THREANOBAIZFER L Tnin
AWEFE TIE RAMT ZIGH L, DPI D729 D
BT 2 ITo72. BiE I 2L —2 3 vilk
BiREFEOR#ELE, TOEMICTEREIT
W, BFH N OIERERE M, £727NT
AL EDbETHRMMAREEZME L. 2L T
RAMT DiEE AN Z AL EET LI LT,
BT BT A5G A 5HM L 72

2. WETERRR

2.1 Sefbmadifl & —ik & oK

LWL RAMT I T 23V D %<, £
AHNZALTEEH A, REWHEZIZED LS
RAREPELNL OB A TH 72 fE- T
FFMDICHEY I 2L —3 3 v 2 HWTHE
RECBT 5 5&M0REILEITo72. ZD%
RAMT & —#kfy7: vV AR A TR 2 FHE L
BonzRE IOV THBEKBE Z4T - 72
(Tanaka R. et al., 2016).

RAMT IZDOWTEHETEX L7372 —¥F — &
IREN DML & R TH 5. Fd 72 i E o
HESE X AT 728, RAMT OIRIE, IRE) O B,
oW T oRTETFosSEE B L,
FORRED LT VAR AZRHEEL
72 BN THA v ANR— R L REFERERIC &
D, INEREEIE 980 m/s?, JEPEEIE 60 Hz & T 5
OIS BWFHETH A EGroT,

VEGRE L OEBGEEBRTIX, ¥ TEL
T W A HI O FLBE — JK R ¥ (98 wt%, DFE

pharma), API & L TS N/zT 4+ 7 1)
> (2 wt%, Shizuoka Caffeine) % i\ T, K&
wWH| O MR IT o 72, RERBEHT,
RANA A= 72 A5 A (PerkinElmer) 1
LB HBEMESRM L, Ak o~ 7T
7 4 — (HPLC, Shimazu) 2 & % 5E &= il & %
M L7z, ZORFE, RAMTIZ VEGEAE LI
L, 900 ffoHS TH—RELXFEH L. F
72, AN R ORI S 2 fE T 5 2 & T,
RAMT (ZHF 120 L CIREHTH L Z &8
oM ERo T2

22 WATINA A ERAEHET= DPI OFHI

AL TR FERR N 4 & R & B W
ATNA A% [3 L (X2, Takahashi N. et al.,
2017), ZZIZEH AT S APLAL T %2 &b ETEE
fiig% & & C, DPI O#HKIFE %17 - 72 (Tanaka

Fig. 2 Drug-containing integrated device.
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R.etal., 2018).

E7OVELH]L Advair® 250Diskus® (AD, GSK)
EL, WHNE%Z &b T2 EEOWAFIHIL
B — K F1 W (LA, 82.8 wt%, 14.6 wt%, DFE
pharma), VA F O — )L ¥ F REEIE (SX,
0.6 wt%, Aarti Industries) & (N7 )VF ' 70
Yt VERT A5 )V (FP, 2 wt%, Aarti Industries)
Rz, BONREHRIZE L T a8
SEEI & 2B PERTAE, HPLC 12 X % 8535 —
HEHi 2179 2 & T, AR 150 s DED
L X, AD LREULEOEERPEONLZ L E
MR L7, 2ok, EAZETHEMSE (JEOL)
&L I< oA A= 7 (Nanophoton) |2 &
DR TICREORHE, F7288 e 731 X2 Aa
EbE, Tk AR — AL 7 5 —
(Copley) % H\>72 In vitro 12 BT 2 W AR ERE
filfi % 52 Ht L 7z

R E LT, #FHL AD &R, Fx ) TH
FDFIANZ APIs 7507 L, OM DR e 72
a7z (M3)., &6 LN ZBRIIFR
EAr AR, T N4 A0 6 OFEFHEH 2, Fine
Particle Fraction (X3 XT AD & A ELRED W
ol EH, Fx ) THRA L
BN T T0 EE) EH) ORBEZITRT

A

~
~

>~

gl

Intensity

&=
~
>

LA

2

1 ' | ! | L J
900 1800 2700 3600

Raman sift (cm™)

Wwicw, WAEEMRFTE v, —7J5, APIs (3,
van der Waals 7712 & V) F % V) 7R F &9
%. RAMT Tldm#REN I L ) Bk F o
FETZ#DEL, BESTTRAEZIT) 2L
PR EIND 720, AT —NV7T v TGO
ERDIRENVFEHTESE. 2%, RELZWA
AN & o TRFH A X% EIRT 52 &£ TOM
TEASHEFRF S LB L fGam L 72,

23 RAMT % Hl\W 722 Y A7 L O

RAMT OFEHM 2 EE THENO#BMH D720,
FEH & B E A 2V S LT\ D Process
Analytical Technology (PAT) 3 ffl & Quality by
Design 7 70 —F O FEH 2 A A7z, TDV —
VOO EDE L ThRRIV6E (NIR) % FIH
L, JEmEE - JEREMC X B lllE %2 3 A 72 (Tanaka
R.etal., 2017).

HLCHC A (E K FLKE (LA, DFE Pharm), /N
LA agsF 7 (PS, Kosakai Pharm), 7 7
7 4 1) >~ (TH, Shizuoka Caffeine) & L 7z. 30
ME7 A TREET VHE L, 45
IR ICEROESHEL, £=5) Y THE
L7z. Micro NIR (JDSU) |24 ) NIR A% h
VE RS, SN sRmE D LA G DY

B)

Fig. 3 (A) Raman spectra of SX (green), FP (blue), and LA (red). (B) Raman imaging of RAMT sample at 150 s.

~177-



Hosokawa Powder Technology Foundation ANNUAL REPORT No.26(2018) 175-179

Young Researcher Scholarship Report

13()‘ AT T T T T T T T T T T T
—o— LA

120 & PS
—e— TH

—
—_
(=]
T
|

—_

(=3

(=]
T

1

Predicted (wt%)

[ed]
(=]
T
1

70

5710 15 20 25 30 35 40
Time (sec)
Fig. 4 Quantitative predictions of LA ( <> diamonds),
PS ( A triangles) and TH ( @ circles) as a function
of the RAMT time.

% L TR & IC B 2 M £ 7OV & g ST
L 72 (LA: r*=0.939, PS: > = 0.947, TH:
?=0968). HEIN/ZETFTNVIZHE S { RAMT
=X VT ORER, S OERN
OB ZFEML, DT 12 TR IR LIE
BRETHENZ2E—EAZFEH L (M4).

3. B

ARWFFEIC X ), RANT & DPI O 8 5& TR 12
BWTHHTHY, R 2@HE 2T 22 L8
TRENTz. F U TIE, FEIE A S
T ADEANIE, REEHAOTL IV 7
BT AH - EPFMER I N TV 5D,
RAMT @ & 9 IZE &2 DO IFRER 2 AR E &
B ZEE 2 2 RT2A9 . FRITEr v
T A TR FHI O BRI Th A ARFHT X, DPI B
FER0 T OMESE M E~NO B SN S.

H4 BB F &k R

i L FE &

1. Tanaka R., Kojima K., Hattori Y., Ashizawa K.,

Otsuka M., Audible acoustic emission data anal-

S Wk

Asachi M., Nourafkan E., Hassanpour A., A review of current
techniques for the evaluation of powder mixing, Ad-
vanced Powder Technology, 29 (2018) 1525-1549.
DOI: 10.1016/j.apt.2018.03.031

Otsuka M., Yamane 1., Matsuda Y., Effects of lubricant mix-
ing on compression properties of various kinds of direct
compression excipients and physical properties of the
tablets, Advanced Powder Technology, 15 (2004) 477—
493. DOI: 10.1163/1568552041270563

Steckel H., Miiller B.W., In vitro evaluation of dry powder
inhalers II: influence of carrier particle size and concen-
tration on in vitro deposition, International Journal of
Pharmaceutics, 154 (1997) 31-37. DOI: 10.1016/
S0378-5173(97)00115-4

Takahashi N., Nakamura Y., Otsuka M., Tanaka R., Powder
inhalant, inhaler and method for producing powder
inhalant, JP Patent, (2017) PCT/JP2016/077132,
WO02017/047650.

Tanaka R., Takahashi N., Nakamura Y., Hattori Y., Ashizawa
K., Otsuka M., In-line and real-time monitoring of res-
onant acoustic mixing by near-Infrared spectroscopy
combined with chemometric technology for process an-
alytical technology applications in pharmaceutical
powder blending systems. Analytical Sciences, 33
(2017) 41-46. DOI: 10.2116/analsci.33.41

Tanaka R., Takahashi N., Nakamura Y., Hattori Y., Ashizawa
K., Otsuka M., Performance of an acoustically mixed
pharmaceutical dry powder delivered from a novel in-
haler, International Journal of Pharmaceutics, 538
(2018) 130-138. DOI: 10.1016/j.ijpharm.2018.01.001

Tanaka R., Takahashi N., Nakamura Y., Hattori Y., Ashizawa
K., Otsuka M., Verification of the mixing processes of
the active pharmaceutical ingredient, excipient and lu-
bricant in a pharmaceutical formulation using a reso-
nant acoustic mixing technology, RSC Advances, 6
(2016) 87049-87057. DOI: 10.1039/C6RA16209F

ysis for active pharmaceutical ingredient con-
centration prediction during tableting processes,
International Journal of Pharmaceutics, 548
(2018) 721-727. DOI: 10.1016/j.ijpharm.2018.
07.028

2. Tanaka R., Hattori Y., Horie Y., Kamada H.,
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Nagato T., Otsuka M., Characterization of amor-
phous solid dispersion of pharmaceutical com-
pound with pH-dependent solubility prepared by
continuous-spray granulator, Pharmaceutics, 11
(2019) 159. DOI: https://doi.org/10.3390/
pharmaceutics11040159

198 - RA ¥ —3k

. Tanaka R., Hattori Y., Ashizawa K., Otsuka M.,
“Built-in quality of cocrystal between indometh-
acin and saccharin at high shear granulation pro-
cess”, American Association of Pharmaceutical
Scientists 2018 PharmSci 360 (DC, USA, Nov.
4-7,2018) M1130-10-073.

. Tanaka R., Saida Y., Hattori Y., Ashizawa K.,
Otsuka M., “Cocrystal engineering for dry pow-
der inhalation using spray freeze drying technol-
ogy”, The 6th International Conference on the
Characterization and Control of Interfaces for
High Quality Advanced Materials and the 54th
Summer Symposium on Powder Technology
(Okayama, Japan, Jul. 9-12,2018) P-A-17.
AR R, IRER thar, HEE —3E, EAR
TH, RE W, "rmFEIC LS 74

~179-
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KLOFEE" 55 35 A &R FREEFS R
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A R, ARER RhAY, FEE 3 ORIR K,
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SLAE I & BN RATT, H AR F 2 33
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o HEE, AR R, BES F2, R

Hidr, HEE -k R M, WAFINOIS
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(Shizuoka, May 30—Jun. 1, 2018) P3-33.

YRV AHE, HAR R, NI ED, S OE,
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B R DB E

1. iR

AR, % OEZEMBERILE Y AT HEK A3
WTHy, TNHITHLE TOBBEIK
RRRAE SEEVE S INE R LYk w N T3 Y 4
vy, KA X TN E TIZ, a-Glycosyl Stevia
(Stevia-G) % H\»"C Z O #EEMEIEY) O &
AYELTCEZ INETORFFICBNT,
Stevia-G (55 FHNEEEH 2 A L, I vk
DEERZEZERTHZEEZHLNIZENTET
(Uchiyama H. et al., 2011). & 5 (2, 3£ &
Stevia-G @ 2 J§.455R12 3 s H & L C ARG 14
FlZRIMT 52 LT, 285 RICHREYOE
WIETRMEDSE S, ZAL05 Stevia-G & FLT G
HHOMTOREILNMIZLDELDTHLI L
b kiE LT\ 5% (Fujimori M. et al, 2017). L
PL, ZOFEMIZOWTIEHL TRV,

2. AWIEOHIY & %
ARFZED B, RALKFEDR S F7% % [

UM 2 A3 5 7V F )V R iEHwA &
Stevia-G DIRA I L IVIERL & B 5D 7513 C R
L, Stevia-G & FHIEMAITIEHR T 5RE I
WANDIRFHORESOEEAZRFATHI L TH
5. 3512, Stevia-G & FHETHEHEHIORE I &
WIZBITHMEEHZFHEL, €ORAI BV
12X YO HEL A = X L DR % S A
72 KRWEZEIZ £ % Stevia-G & FRTEGE A &
B HEEEEY OB ER R ISR T,
Stevia-G & FIATE 147 i O AH B AR V2 B3 5 2,
TR R BRI, B - AR CRELE o
T 5 HEEMEA R O R i B S~ OIS A3
fFshs.

3. WFZERR

3.1 BT X — 5 —DEH

fifi U 72 ST I 1 A R SH AT 14, 16,
8OFYAF VT EZTAZEFAF
(C,TAC) C,TAC, CTAC, CsTAC T & 5.
Stevia-G & C,TAC DFHEAEH /8T A — & — 14,
REIENVAROFHME L T—HIICHERH ST

— 180 —
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The CMC values of Stevia-G-C, TAC mixed system (1) C|,TAC, (2) C;4TAC and (3) C;3TAC systems obtained

from fluorescence probe methods as a C, TAC of the mole fraction of C,TAC in the bulk solution in water. The

ideal values of CMC (solid red line) were calculated from Clint’s equation.

V% Regular solution model @ Rubingh 312 & 1)
#H L7z (Rubingh DN., 1979). 73, Critical
micelle concentration (CMC) 1%, Pyrene /KA
L, SO OtEE 2 v T Pyrene @
AT MV EHlE L7z (fhEN R 330 nm,
47 6 9% 5 384 nm). Pyrene O i & &AL » 5
CMC ZH M L7z,

ZN5H D CMC O EAEEIZ Clint DX 2 53K
B, TN EFEIEE EDE TR IR,
Stevia-G & C,TAC & L7233 XRTDOY »
TWIZBWTEMO CMC ITHELAME L 1) 4K
Mol INHOfEEHCTHEEH ST A —
¥ — (B) #HMW L7 fEH L7 Rubingh €7
VT 2 FED FERG RIS EAEH LT\ 555
&, MHELERST A—=8 —Th s pOEIEE
RYZ EDHE SN T Wb (Kakehashi R. et al.,
2004). FICKRERIZE DSOS NHHEER
INT A =8 —%RT. pIEIL, TXTHOE%
/R L, Stevia-G & C,TAC O 4T HIZB1) %
HAERAP RSN, F72 pHITASWITEHMH
HAEHPREWTZ L &IR L, Stevia-G & DA

Table 1 Interaction Parameters of the Micellization of
Stevia-G/C,TAC Mixed System in Aqueous
Solution.

OeuTAC Ci TAC CsTAC C3sTAC
0.2 -4.780 —6.064 ~7.203
0.4 —3.443 —6.407 —7.007
0.6 —4.479 6.215 —6.963
0.8 -4.014 3.228 -7.113

£ 1 CgTAC > C\4TAC > C\,TAC DJE T %
CEMWHENER ST,

32 EREEEER
SR E T IVEEY) & L T Rebamipide % H
V72, Rebamipide 50 mg, Stevia-G & C,TAC %

Table 2 Values of MSR, K, and log K, of Single and
Mixed Stevia-G/C,TAC in Aqueous Solution.

Ocptac MSR K, x 10°  log K,
Steia-G/C 4, TAC
0.0 0.0066 0.0390 3.59
0.2 0.0106 0.1696 4.22
0.4 0.0139 0.3106 4.49
0.6 0.0193 0.8371 4.92
0.8 0.0243 1.1953 5.07
1.0 0.0310 1.4507 5.16
Steia-G/C,TAC
0.0 0.0066 0.0390 3.59
0.2 0.0109 1.2246 5.08
0.4 0.0143 2.3783 5.37
0.6 0.0236 6.1562 5.78
0.8 0.0506 3.6058 5.55
1.0 0.0759 10.574 6.02
Steia-G/C 3 TAC
0.0 0.0066 0.0390 3.59
0.2 0.0067 0.2185 4.34
0.4 0.0121 0.6802 4.83
0.6 0.0262 2.2166 5.34
0.8 0.0555 8.8276 5.94
1.0 0.0819 8.9302 5.95
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FERE TREELK 25 mL IZURIN L, 37°C T 24 B
MoAfyFax—33ar,2fTo7. FD,
02um D7 4 )v—% —HLEL Z 4T\ Rebamipide
D {E W % Il %2 L, Molar solubilization ratio
(MSR), X vV - KHetRE (K, #HEH L7
ZAN A BE L2 B 1T A Rebamipide O H 21T D
BIREZ 70y N5 EEMAICENLZ. 2
DEMHOMEE DI MSR Z2/RL, ZOMHEDS
K, %RKoD72. F2IZMSR & K, log K,, % 7”7
ENFTEDP 02005 0.6 1I2BWT, % C,TAC
DK, & T % & CTAC D K, 23t b 5 W
fE&#R L7z, THUE C\TAC H3 b ] i L Rh 3
BRENWZEEZRT. T/, BIVGEIN0~ 1.0
D HiFH T D Stevia-G/C1,TAC & Stevia-G/C 3 TAC
D log Ky O V¥ # W % & Stevia-G/
CisTAC DFIHEDO T HMEWEZ /RS, i
Stevia-G/C s TAC @ X £ )V IZ BT 5 Rebamipide
DUFEALRI DS, B G OSAREEIZ L 5T
WZHNT2Z EITRERT .

3.3 i

Rubingh € 7V % I\ 725#(i > & Stevia-G &
% C,TAC ORI\ TAHEAEH A HERR S, &
DM THEEKRDZE A RE S L7, Stevia-G
ECTAC DR A FRIZB W T, HMEMEMIX
CsTAC > C(TAC > C\,TAC D JJE T & - 7= 77,
WHEALR RS D K E D o 72D T Stevia-G/

H4 BB F &= R

i LI 2

1. Uchiyama H., Srivastava A., Fujimori M., Tomoo
K., Nakanishi A., Tandia M., Kadota K., Tozuka
Y., Investigation of physiological properties of
transglycosylated stevia with cationic surfactant
and its application to enhance the solubility of
rebamipide, The Journal of Physical Chemistry
B, 122 (2018) 10051-10061. DOI: 10.1021/acs.
Jjpeb.8b07515

C\TAC T - 72. = #LIE Stevia-G/C s TAC |2
BWTIIBAKREB G OAREEPEL L7200 TH
LHEEZHNSL, F72, Stevia-G |2 FHH i EFH]
T HE CMCHE LTS 5. 20D
FAZ XD Stevia-G & O LA L D AN
TOMEILER: SN2 X Ao E LTI
WEIRIE RIS RETH .

2 3k

Fujimori M., Kadota K., Tozuka Y., Mixed micelle system
produced by interaction between transglycosylated ste-
via and an ionic surfactant improves dissolution profile
of mefenamic acid, Journal of Pharmaceutical Sciences,
106 (2017) 1117-1123. DOI: 10.1016/j.xphs.2016.12.
024

Kakehashi R., Shizuma M., Yamamura S., Takeda T., Mixed
micelles containing sodium oleate: the effect of the
chain length and the polar head group, Journal of Col-
loid and Interface Science, 279 (2004) 253-258. DOI:
10.1016/j.jcis.2004.06.044
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pp- 337-354.

Uchiyama H., Tozuka Y., Asamoto F., Takeuchi H., Fluores-
cence investigation of a specific structure formed by
aggregation of transglycosylated stevias: Solubilizing
effect of poorly water-soluble drugs, European Journal
of Pharmaceutical Sciences, 43 (2011) 71-77. DOI:
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1. Fujimori M., Uchiyama H., Kadota K., Tozuka
Y., “Investigation of mixed micelle formation
between transglycosylated stevia and cationic
surfactants with different carbon chain length”,
The 6th International Conference on the Charac-
terization and Control of Interfaces (ICCCI2018)
for High Quality Advanced Materials and the
54th Summer Symposium on Powder Technology,
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1. #ia
@A T v LRI SR S b %L
HEEAR (MOF) @9 b, W&kt % b O Soft

MOF (2 ZDEEDOFT O EW 212, &5 HMHE
DFETZBTHEEDIE L, #i/zZ2Mflosd

FNLHZETWERIAT v TIRICHMT %
(Horike S. et al., 2009). = OF¢ 5 72 W 75 %58 1%
7 — ME LI, BEEDET T A (T —
NEAEE) AHETOME DR ETITEAEIC X o T
ERr RELSEBIONDLZENS, TADHR
GTEr =L LTCOIBHAMFESN TV,
CNODISHIZENT, 7 — NREE ORI
SLE 2 BNS, 7 — MIEIE I Soft MOF D Ff%H
(& o THIMICE R D720, ZORIET5 I35
VENTW v, ZOBRICH L, JT4H, Soft
MOF DM AT X % W5 5 1) A8 3 16 58 12 3t
HRHLNTBY, BEIIZE > TF— MEEED
PEIRETH A 2 L s hTws. Lol
HIFLZE = D Soft MOF DIRIKILICKTE S %729,

HIFLA = DR E {7 % Soft MOF R+ % &
bL, 77— PIRGEE 2 RIS X o TRl L 72
Vit LA E D FREICRE 2L TLE ).
CORMEMRIEST DFIND L LT, FKLld,
Fukushima 5 (2 & > THE &7z, Soft MOF @
REEAF L TH-TH, HAEREFa T =
WIS E AR T — NG ERR R 5728w
I FEIZHEH L 72 (Fukushima T. et al., 2012).
CORERIE, = FRAEED, EAEOD Soft
MOF 254§ J@ L 72 FE O HE I KF 5 2 & %
AR LTBY, FHOmMEZ BIFEHICZT 52
&C, MIFLER & 7 — MRS E QML L 724
PR S NG, AHEEH T, FHIOMEIC X
% — DA I E TS AT T, ZIF-S,
ZIF-67 & ’EN 5 Soft MOF # fl\ 7227 ¥ =
WHLADERLE € OWAERFERHE 21TV, S
DHFED T — NREFBZG 2 LB e L
IAEREMET A, 2T, HELoMEE L
7z ZIF-8 |, HighA A+ ¥ 2 HHREN T Th 5 2-
XFINVA I =) (Hmim, V) ¥ 51—) H724
WBWLizy—%54 Mo EERHL, ) v
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71— O RER IR S 2 SRR 2 I T 5
(1) (Fairen-Jimenez D. et al., 2011). — /5 ZIF-
67 1%, ZIF-8 DHLEHA F >33/ M A F T
B SN/ ZT0LDTHY, HESFELLT
Wa720, BEILDPESLTHLEEI R E
L7z,

2. BT
AIfFECIE, ZIF-8 # 37, ZIF-67 % > =)
&9 5% ZIF-8@ZIF-67 ki ¥, EHlZidar7e vy«
V& ANEER 2 72 ZIF-6T@ZIF-8 Fi-T- DA 1% % i
BTz AT R AF T B ZIF-8, ZIF-67 #i 1 1L
Watanabe 5 |2 & - THis S L7z ZIFS K D&
T % 2 08 L 72 (Watanabe S. et al., 2017).
[Zn(NO;),] = 50 mM D 7K ¥ & [Hmim] = 3.0 M
D IRE A & PR F 4% 230 nm D ZIF-8 Fi -
%, [Co(NO;),]=50mM & K & i &
[Hmim] =5.5M O K & 7 & V39 K F 1%
170 nm @ ZIF-67 KL % &R L7z, BEbhiza
THF1E, Hmim D A ¥ J — VI I E S 8
724, ¥ = VI D Soft MOF D& & A 7 > D X
¥ — VB~ A a7y ¥ TiREe, K6
XgprzlcaryanibrRiai Bon:
KT OB X o THUXL, SEM, STEM,
N, WA MBS & o TR L 72, 72, KiFWN

Zn Gate adsorption

Linker rotation

~N Hmim linker

Fig. 1 Structural flexibility of ZIF-8 framework.

D 48 ICFHE DL I X ICP 365 e ATk 12
Lo THIE L7,

3. REREEE

ZIF-8 fi 1 H = B & W = 5.8 mg/mL,
[Hmim]=02M ® % ¥ / — )b 5§ & i &,
[Co*]=25mM DA% J — ViEl = iRE L TH
5728 T O STEM-EDX 1§ % [X] 2a 12785, Hif
FHLERICHER TR, A REEERIC a0 b IT
EZHWHEENRTWE I LW S, ZIF-8@ZIF-67
KT ORISR TE L. T2, FFEOFEIC
£ o T, ZIF-67T@ZIF-8 K. DR b fERE &
7z (B2b). —7, FEEHED/Ny 5T ZIF-
67T@ZIF-8 KT &G L7 25, H—0 ZIF-8
K2R L Tz, ZhiE, Ny FREARD
B, IRAWENERWD, ¥ Ul Soft
MOF % ¥ 3 % &g A 4 v A3 7Hi T O K
WZIEER S % £ COWBE R 20, Bih T
—HER L7z EzoNLE. 2O LR
5, MHERRAN T ¥ 2 VAT ORI ITE
BETHHLIENbhrotz. S5, KTHNIZB
V% B o AR & Hl R, B O Soft
MOF 255 HACHE g L7 2 @il a7 ¥ = VLT
DEWERAI. B LIzaT7 v VT %
TEL, FBROFEETHCTELIZY 2 VR
S LEEEMED R LIz A, LRERMaY
T VR ORESHR SN (M2e). 20
£ ML EATEE T EH IS RFEEID
M3, Bz 33 @D Soft MOF D &1L
Y, SREMEAIESPRETE 5.

5 N T DOWAERE 2 3§, A
AN E 21T o 72 (¥3). ZIF-8 A D&

100 nm . 50 nm

Fig.2 STEM-EDX images of core-shell particles.
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(a)

(b)

500 T
—e— ZIF-8
—#— ZIF-67
—— ZIF-8@ZIF-67
Physical mixture

400 1

Amount adsorbed [cm*-STP/g]

N,@77 K

—— ZIF-8@ZIF-67
Multilayer core-shell particle
—¥— Solid solution

N,@77 K

—

300 ) -
0.5 1.0 2.0

Pressure [kPa]

3.0 4050 05 1.0 2.0

3.0 405.0
Pressure [kPa]

Fig. 3 Adsorption isotherms of N, at 77 K in core-shell particles.

FIZHR SN S 0.7 kPa ffird & U 2.0 kPa fiHr
ATy TIROWAEEIEINE) > —RIFRIE K
THL75—MREICLLZLDTHSL (X 3a).
ZIF-8@ZIF-67 ¥ DWW A SF AR &, ZIF-8 fii ¥
& ZIF-67 K OWHEFmM 2 £ LEbEZD
DIFERLZ 5722 b, RTFWIZHEED Soft
MOF 5337 L 72 f 0 A 52 70 W 5 25 B S 56 3
T5HIENbProl, EIRENT &I, FEHEE
I3 H.— 0 Soft MOF Fi¥- & [Al KR 2 f& T C O
FEa AT v TIROWAEEEME R L 72Dk
L, a7y xS, ZRERars VR
A2 e AE =N AR L7z (F3b). 2,
MEEREIZ X - T ¥ B — DORIEEEE A E 2 5
CLERELTEY, AR Soft MOF O W&
R IR ROC R ORI T sk nwa
Elbrolz, T2, Y VORBESEINT S
IZONT, WEEWIMILVFBIC 722 8
MNH, AT EY IVORHOHEIZ L > T »
H—OREREHAL L2 EZzOND. 2O
FMEAEH UL, BREEZE2 52 %<
7= NEEEFOHIEATREL 2 1), LA =
& — N EE O L 7 H SRR S 5.

4. WS

2HEH D Soft MOF # i/ LT 452 L12& 5
WA AL 2 R _ <, a7 v = vk
TOERE FOWERENFMEIT- 72, K&

iz~ Aoa) 778 5HwAZ LT, a7y
DrVRTFB ISR T Y o VT OEK
WS L7z Boh/za7r s 2 VAT Ol &S
iR aflE L/zE 2 A, H—0 Soft MOF 121
RONB VR ZIERBFESE SN, 0%
B2 1L Soft MOF D{EKIL L D b, FFHND R
A Y DORESREDPEL Do TVL I L%
RES HAERDE N7,

S 3k

Fairen-Jimenez D., Moggach S.A., Wharmby M.T., Wright
P.A., Parsons S., Diiren T., Opening the gate: Frame-
work flexibility in ZIF-8 explored by experiments and
simulations, Journal of the American Chemical Society,
133 (2011) 8900-8902. DOI: 10.1021/ja202154;j

Fukushima T., Horike S., Kobayashi H., Tsujimoto M., Isoda
S., Foo M.L., Kubota Y., Takata M., Kitagawa S., Mod-
ular design of domain assembly in porous coordination
polymer crystals via reactivity-directed crystallization
process, Journal of the American Chemical Society, 134
(2012) 13341-13347. DOI: 10.1021/ja303588m

Horike S., Shimomura S., Kitagawa S., Soft porous crystals,
Nature Chemistry, 1 (2009) 695-704. DOI: 10.1038/
nchem.444

Watanabe S., Ohsaki S., Hanafusa T., Takada K., Tanaka H.,
Mae K., Miyahara M.T., Synthesis of zeolitic imidaz-
olate framework-8 particles of controlled sizes, shapes,
and gate adsorption characteristics using a central colli-
sion-type microreactor, Chemical Engineering Journal,
313 (2017) 724-733. DOI: 10.1016/j.cej.2016.12.118
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Atsushi Fujiwara, Satoshi Watanabe, Minoru T.
Miyahara, “Synthesis and characterization of
core-shell metal-organic framework particles”,
92" ACS Colloid & Surface Science Symposium
(Pennsylvania, USA, Jun. 2018).

Atsushi Fujiwara, Satoshi Watanabe, Minoru T.
Miyahara, “Unique adsorption behavior induced
by interfaces in core-shell soft MOF particles”,
ICCCI 2018 (Okayama, Japan, Jul. 2018).

3.

4.
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Atsushi Fujiwara, Satoshi Watanabe, Minoru T.
Miyahara, “On the role of interfaces in gate ad-
sorption properties of core-shell soft MOF parti-
cles”, PBAST-8 (Hokkaido, Japan, Sep. 2018).

BRI B, R W, HE s, a7 v
By 7 b EALESERORIE & 2 DRER IR
HEEBOBET, BARLESRENRERS
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1. #5

InGaN & LED 7 v 7 & # B H K (Ce i
I Y;A10p,) Z#lAGHE7-HE LED 33T
WEHALLSN TV L%, SiRT (100°C 20 5
150°C DIE) 1B 1) % 3865 o s /b R it
W OFIREA RN & o THBMEIME LT &8
ML %2> CTw5b (Bando K., 1998). il F T
FENRESWMAT HERE LT, LR
FRLHENT (2R S TS, Wil P CEA A v
fbL, BHICEHFEG L Al VB IToND
(Ueda J., 2015). @i FCTOBA F MLIZ L B
MR PIHT 27200213, (ZE5E T & 50
HULORhREM O = 4V -7 UE) &K
ELTHLENDL. AEZRKRELLEBRTT
LEWRBREZ MR CX LX) I2T 5720,
TA RN RE¥ Yy T2ET LHGKICER L
7z. 22T, RESiO, R MK (RE=7 18
A4 ) &, N FFryy 72 VF— ()
HREL (~7eV), 150°CHEEOFHIRTICH

W H BIROFNBE 2 HEFFT 2 2 L ifE s
% (Zhang Z.,2011; Kurosawa S., 2018). F7-,
E,WRENZ EDS, Fdi s LCTRET
BICHEOBEIE A 2, L0 L E P R
DEVHREHENEOERNTE L. £ 2 TR
ZECIE, BEREE AW L E L TE %
7RINL 72 RE,S1,0, (RE=Gd,Y) #Ekt T 3 v
7 AENR R L, REREEO Bk
TR DRI B K V5L FE o I B R 1 AT A &
1To7z.

2. EBE

JFOE AR & LT, #EEE 99.99% Ll E @ Y,0;,
Gd,03, Eu,05, SiO, BhRZfEMH L7z &L
7otk A oFske e CRSRA L, WES
LAKETHER LAL Y MRICEEI L7 /RS
2Ly b REGEHS DT 1550°C T 12 K
R BERE 2 1T\, Z D% 1600°C T 24 I i DL
R RITY, BRET Iy 7 ARER L7
VEBL L 724 > 7 Vi3 8 oK XA (8l 37 0 58
(XRD) & DA%, ZZEBEOREZIT /2.
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#HI%€ |2 1 BURKER D8 DISCOVER #% fi i L il
EL F7o, U= MV MEFTICE D, BT
ER, mEEA L BRI FE L7
ZFOH%, Xe T v TIRICE AT+ VI Ay
+ >~ A (PL) #l5€ (Edinburgh, FLS920) %17 -
72, EHII, E MO 72025 E LT
Ce % MM L 72 Ce:YPS B £ U Ce:GdPS ¥y 15+
T3y 7 ARMERL, FHIRRGT O 57
WFZEAT UVSOR T/ > Riihie ¥ — 27 ol E %
fT-o7-.

A%, #xS PL &1 IR 72 24 & (Hamamatsu
C9920-02G) % JH\T, 25~ 300°C iR i
TEFPERO IR 2 17 - 72.

3. FEERIRB L OB E

TERL7-MEET I v 7 AR 1IRT.
K XRD #Ml%E £ U, Eu:Gd,Si,0; (Ew:GdPS) &
Eu:Y,Si,0, (Ew:YPS) Ok & 22t )i
SR (ZEMHE CPna2l) CRIETHIENRNTE
(I 2) (Smolin Y.I., 1967; Christensen A.N., 1994).
F72, RLIRLZY — MYV M EFT ORGSR A
5, HtEALT N GAA L oY A+ I
b b ERTEBITDT ISR, At
AL v ERFEMEREL 252 LG
EroTz.

BT, 3 ICHIEANRT VB X Uik A
N7 MVERT. EBE50% Y TNIIBNTD
612nm T Y ¥ — T HREE - BHR LN
72. Ew:GdPS B X I EwYPS I2B W T, 612nm
RO, AT BRI X 5 °DF,
BRIZLILELTH D, B I2BWT, 4F#L
B OBLSAE T BRI B CTH L7120,
Eu:GdPS B & O Eu:YPS Tl i o x #rtkhs
M 2 LT fbshzeEIoNS.

GdPS BLU'YPS D E, & FLFE D 57201247 -
72 Ce:GdPS & Ce:YPS Dl A7 M VHIZED
MR A 412RT. Ce:GAPS & Ce:YPS DN
FigEe K 5 ¥ — 27 252 L2711 170 nm
(Eg:7.2eV) & 178 nm (Eg: 7.0eV) IZA STz
ZHUE, CeYAG D E, (~4.7eV) &HA~TIH
WIZRERMBETH LI EDPWS IR -7 (Xu

(Eug o1 Gdo99)251,07 | (Euggr Y0.99)251,07

[ l |
|

Lo
|

e,
10’mm‘”T"

|

10 mm
|

Fig. 1 Photograph of Eu-doped RE,Si,0; (RE =Gd, Y)
sintered compacts.
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Intensity [arb. unit]

Fig. 2 Result of Powder XRD analysis of Eu-doped
RE,Si,0; (RE = Gd, Y) sintered compacts.

1.4 || Emission spectra 4
—— (Eugg; Gdgg0),Si,0-, €x=275nm
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=
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Fig. 3 Emission spectra of Eu-doped RE,Si,04

(RE = Gd, Y) sintered compacts.

Y.N., 1999).

Eu:GdPS & Ew:YPS O &= T IUE O R EFFEEE
M D#EHR A 5 127K T, 465 nm THE 21T\,
25°CIZBIT 5 EFIER%Z 1 TR L LZEZ
A, WIFRoH 27V b 300°C 128\ T 25°C
TOEFPEREFABEOSMELZMERFTE 2 2
ENHLNER ST, TOERELT, BhEs
N7ZZEFPEE T TOEA L ML 2w &I
Mz T, Jo4 bT v TEMICHESNTWE
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1.0} [ Excitation spectra
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Fig. 4 Excitation spectra at 7 K of Ce-doped RE,Si,0,
(RE = Gd, Y) sintered compacts.
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Fig. 5 Temperature dependence of quantum yield of Eu-
doped RE;Si,0; (RE = Gd, Y) sintered compacts,
quantum yield of 25°C were normalized to 1.

T T T 7y TR OSBRI SN, O
FRNTFG LIZENEZOND.

4. Wia

i N T EW IO & MEREC & RS
HEEEROHERZ HIW L LT, Euil il
Gd,Si,0; B L ' Y,80L,0, Bkt T I v 7 A1k
. FFM % 1T - 72, PLMIE DK HE, Eu:GdPS
B LT EwYPS 2B WT 612nm T2 Eu® @
DyF, BRI L BRES AN F72, E,
DWIENZ & > T EwGdPS B & UF EuYPS O E,
X, CeYAG &) b RELT70eVEETHLZ
EDHLNE RS AT, EFIEROMmE
VRS O K5 8, 25°C O & F IR % 300°C 12
FEORRTICBWTOMFFTE L2 LWL
Erolz.

KifgeCld, FtFLELTE A4+ Y ORH
I L 72 RE,Si,0; #OGIRDIERER 217 > 7228,
41, RE,SLHO, HIGHIZ Eu A 4 » DAL 55k
HUL R N L 72 R B 5 bk O 3R S e &
n5.

o
AT & 56 5 ECHIBE TR 72k 7 )
B A TR 1 B e L P %

S Wk

Bando K., Sakano K., Noguchi Y., Shimizu Y., Development
of high-bright and pure-white LED lamps, Journal of
Light & Visual Environment, 22 (1998) 2-5. DOI:
10.2150/jlve.22.1 2

Christensen A.N., Investigation by the use of profile refine-
ment of neutron powder diffraction data of the geome-
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