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1-2 ERIKIZDOBE
1-2-1 BhRk - BMEEEDERIR

WAERE LS D AFE R BB R E O FERIILL T O E B Y Th L. 46 (2024) FEFEEIL, 4 H 30 H
CBEREBIC L AEEORSE

WCABEZBMRLT6 H 28 HIZkEOW SN, 8 AN S 9 HOERRE
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RAEAIZIE 11 A OBFEXICTHRIREE S TE L, KE SN 2B, BELAH,S4M 743 HICH
sz
(BhBECHAL  T-1)
L5115 KONA B BHVEM B IR 2RI L ERMERB
FE |\ BB | 5= # R IsE # R s # R s # R
| 5 | BetE | FTE ) om0 pRew | TR 4 | BRes | R #4m | oRes
HO4 [ 1992 | 69 | 20 26,000 1 1 1,000 10 6 1,800 6 3 7,000
HO5 | 1993 | 86 | 31 20,400 8 1 1,000 8 6 1,800 3 3 6,500
HO6 [ 1994 | 70 | 25 13,800 3 1 1,000 10 5 1,500 5 3 5,000
HO7 | 1995 | 88 | 27 15,280 5 1 1,000 1 5 1,500 1 1 200
HO8 | 1996 | 84 | 27 15,000 3 1 1,000 8 5 1,500 (5T
H09 | 1997 | 57 | 29 18,000 5 2 2,000 8 5 1,500 0 0 0
H10 | 1998 | 66 | 25 17,800 5 2 2,000 7 3 900 0 0 0
H11 | 1999 | 64 | 21 18,000 4 2 2,000 9 4 1,200 4 2 1,500
H12 [ 2000 79 | 23 17,900 4 2 2,000 1 5 1,500 2 2 1,500
H13 | 2001 | 61 | 31 18,900 10 1 1,000 12 5 1,500 1 1 1,000
H14 | 2002 | 68 | 24 18,300 3 1 1,000 7 4 1,200 4 2 2,000
H15 | 2003 | 76 | 24 18,200 7 1 1,000 6 4 1,200 1 1 1,000
H16 | 2004 | 101 | 25 17,200 5 2 2,000 10 3 900 2 2 1,000
H17 | 2005 | 120 | 24 23,000 5 1 1,000 (55T 5 2 2,000
H18 | 2006 | 112 | 23 23,800 4 1 1,000 (55T 2 2 1,500
H19 | 2007 | 137 | 23 21,900 1 1 1,000 (RFEET) 5 2 1,500
H20 | 2008 | 128 | 18 13,500 3 1 1,000 (B5ET) 4 3 1,000
H21 | 2009 (AFAET)
H22 | 2010 (RFEET)
H23 | 2011 | 117 | 17 13,000 2 1 1,000 (5T 6 \ 3 \ 1,400
H24 | 2012 | 79 | 14 8,600 5 1 1,000 (AFEET) (A%
H25 | 2013 | 119 | 30 23,000 3 1 1,000 (RFET) 0 0 0
H26 | 2014 | 126 | 23 19,400 6 1 1,000 (A5 1 1 1,000
H27 | 2015 | 150 | 22 16,700 5 1 1,000 (AT 1 0 0
H28 | 2016 | 195 | 23 13,800 6 1 1,000 (A5ET) 4 1 300
H29 | 2017 | 193 | 21 14,600 6 1 1,000 (A5 5 1 600
H30 | 2018 | 132 | 18 14,000 6 1 1,000 (A5 3 1 1,000
RO1 | 2019 | 119 | 10 7,200 4 1 1,000 (A5ET) 1 0 0
RO2 | 2020 | 102 | 12 10,000 4 1 1,000 (AFET) 2 1 1,000
RO3 | 2021 | 136 | 26 22,000 4 2 2,000 (A% 1 1 1,000
RO4 | 2022 | 98 | 21 21,000 3 2 2,000 (34T 2 1 1,000
RO5 | 2023 | 91 | 19 19,000 2 1 1,000 (A%ET) 2 2 1,000
RO6 | 2024 | 123 | 21 21,000 6 1 1,000 N 2 2 2,000
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(BBCAE - 1)

Eﬂ?‘i%‘ﬁ?@ﬁﬁﬂ HdH)i%*iﬁ%ﬁjJ R | AR & «ﬁ

wg | EE | e ® R e ® R = = e ® R

8| 8 | BIRREER | B | B | BIERRER | FER 248 3 248 3 | B8 | Bk £%E
HO4 | 1992 | 8 5 1,000 1 1 10,000 95 | 36 46,800
HO5 | 1993 | 15 5 1,000 2 2 10,065 122 | 48 40,765
HO6 | 1994 | 19 6 1,200 1 1 8,000 108 | 41 30,500
HO7 | 1995 | 19 7 1,400 0 0 0 124 | 4 19,380
HO8 | 1996 | 20 7 1,400 (B5EY) 115 | 40 18,900
HO9 | 1997 | 16 6 1,200 (A%ET) 86 | 42 22,700
H10 | 1998 | 16 9 1,800 (85T 94 | 39 22,500
H11 | 1999 | 22 6 1,200 (B5EY) 103 | 35 23,900
H12 | 2000 | 26 7 1,400 (A%ET) 7 |3,900 129 | 46 28,200
H13 | 2001 | 19 8 1,600 (55T 7 | 3,000 110 | 53 27,000
H14 | 2002 | 19 8 1,600 (B5ET) 4 | 4,000 105 | 43 28,100
H15 | 2003 | 16 9 1,800 RV 7 T RFESEIR)E 4 | 4,100 110 | 43 27,300
H16 | 2004 | 27 7 1,400 | 53z IR 5 3,100 150 | 44 25,600
H17 | 2005 | 26 | 11 3300 | PFEC| ¢ | Biied | 6 | 3800 3 [15000| 165 | 47 48,100
H18 | 2006 | 16 1 3,300 9 3 1,500 3 |3000| 2 [10,000| 148 | 45 44,100
H19 | 2007 | 22 10 3,000 1 3 1,500 3 |3000| 1 |5000| 180 | 43 36,900
H20 | 2008 | 19 10 3,000 8 2 1,000 2 1100 0 0| 164 | 36 20,600
H21 | 2009 (A%ET) 0 0
H22 | 2010 (55T 0 0
H23 | 2011 (BR5ET) 125 | 21 15,400
H24 | 2012 (AT 84 | 15 9,600
H25 | 2013 | 12 9 2,700 (55T 134 | 40 26,700
H26 | 2014 | 28 9 2,700 (B5ET) 161 | 34 24,100
H27 | 2015 | 30 10 3,000 (A%ET) 186 | 33 20,700
H28 | 2016 | 36 10 3,000 (55T 241 | 35 18,100
H29 | 2017 | 35 1 3,300 (B5ET) 239 | 34 19,500
H30 | 2018 | 25 10 3,000 (A%ET) 166 | 30 19,000
RO1 | 2019 | 22 9 2,700 (55T 146 | 20 10,900
RO2 | 2020 | 20 10 3,000 A RYR it <) N=y (B5ET) 128 | 24 15,000
RO3 | 2021 | 24 14 4200 | IR (A%ET) 165 | 43 29,200
RO4 | 2022 | 16 | 10 3000 | TREC | fEE | BhisE (BT 119 | 34 27,000
RO5 | 2023 | 15 5 1,500 10 3 1,500 (B5ET) 120 | 30 24,000
RO6 | 2024 | 19 5 1,500 5 1 500 (A%ET) 155 | 30 26,000
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©O KONAE (KONAAward)

KONA B 1%, 1990 ELIk, kAT 058 CHIZeR 38 7% 5 ICHBF ISR E CEHB L 72F5eE
WHAEBONTWAE LT, BIEAY AT I 270 BRASHDSBEE L Twiz228, 1992 £ 5 24

WMHEIAE STV S,

T, RAEIICHESTRREINS.
The KONA Award has been presented to the researchers who have greatly contributed to the research and

ARV A TR TR FAEH No.32 (2024)

ZEBMHEIL, KONABEFEEZBIZL o THEASH, EELZRAOHEE

development as well as education in the field of Powder and Particle Science and Technology annually since

1990. It was initiated by Hosokawa Micron Corporation and taken over by Hosokawa Foundation since 1992.

The award candidate is nominated by the KONA Award Committee and advised to the Selection Committee

of the Foundation, which makes the recommendation of the awardee. It needs to be finally approved at the

Board of Directors’ meeting of the Foundation.

KONA EF LS E

2024.12

ZH | ZHE KONA B2 H# e

No. | THJ& K4 UG EL)

1 1990 |Charles S. University of Southern |Outstanding achievements in particle flow dynamics, slurry flow

CAMPBELL California fluidization, and particle flow mechanics/heat transfer relationships
2 1992 |BPH A— IR R OTEIE, B 7 & NIRRT 2 9T
3 1993 |k PRk NGRS IR =7 1 VOV O & £ OFHITTEEIC BT B B
%R

4 | 1994 VIR BIRRE TT7 OV NVOUEBIZE Y B TR

5 1995 |=F & INRYN R MFE R & LRI S RS 7' e £ X DB

6 1996 ¥ H— JUIH TR i S RAHEL T S O RAR )52 B 9 % BF9E

7 1997 IS 3#W i B AR BEREVERL T- O AT T OREE L 2O M

8 1997 |BH0 B R AR B g

9 1998 B[ GAIA TR BRLR 7 & NS L7 1 VIR F O FEME & 2581 B3 2 F9E

10 | 1998 | PR BEILFERA S TR A4 R O FH B & R4 12 B9 2 W BRA LA 1 AT

11 | 1999 |it i NN WREB & BRI T Iab—Ya v

12 | 1999 |4&:fd T35 R b7 VA OFEB) & o EEIC BT S IETE

13 | 2000 |fEEL FEEF ElRiSEYNES Tk R TR OB - LS IF R 7 0 v 2D RS

14 | 2000 |FF L BHA FALREE T EN T 7 AE kRO & Hib R o R 5

15 | 2001 |IiA HF AR AR OFE AR ORI & 2 OlsH

16 | 2002 |fEfE IEH FO R LR TRENE Lo a R, TEBIE A O ZEEER R & IS R #EEH O

LR

17 | 2003 |W#H A NS TAHBRL 53 BCR O 2258 1 & FRH A 5 12 B 5 5 B gt

18 | 2004 |Hwm dHEB) AR WMEY I 2L —a YEORIEE ZDIGH

19 | 2004 |[fEH 5 LR WRTaty v v 78 2 H R ORI

20 | 2005 |fEiR FME TS BER TRENE S X B S m ok - S5R OFRE L IZ B 3 B IEH

21 | 2006 |HLLEAR JE R 70V OIERER A LRI T O 2 O

22 | 2007 |FEEE LR FLRE AN IA MY —OHREE TARISHICHE Y 201%

23 | 2008 |EifE % TR LERAY: 7 3 v 7 AR RBIE O ZEEER ] & AR A O R

24 | 2011 |HEAR BI= FERFEAMFERY ALY E R LT 3y 7 AT 0 AR RO SRR
25 | 2012 |TfN EESC i B AR A MGt 2 Bl e 3 20 LRSS IGRIC 9 5 58

26 | 2013 |H WE - MPRRZERERS | IR 7 0 e A o EEALIC X B s v R A oo Al

27 | 2014 | R& HAE BRRE IT T AN RHLE Lo T a VoSl - BRFCEY AT
28 | 2015 |4 e WAL R0 El R Lep 2 Bt & L 72 SR I BE A Bl O WESEI 8

29 | 2016 |Fpi HESC FALREA TG RO FEY]

r';‘,\
g

i



K7 TR TEEREM HI4EH No.32 (2024)

W
m:
&

KONA B H%E

= s i
No. | V& K GG
30 2017 | Sotiris E. Swiss Federal Institute |Pioneer research on particle formation, agglomerate dynamics and, in
PRATSINIS of Technology Zurich |particular, for placing flame aerosol technology on a firm scientific basis
(ETH Zurich) for scalable synthesis of nanomaterials
31 2018 |Mojtaba GHADIRI | The University of Contributions to the particle technology on linking the bulk powder
Leeds behavior, particle characterization and modelling with hosting the young
scholars
32 | 2019 | %R NI Contributions to powder processing technology for high quality
advanced materials
33 2020 |Brij M. MOUDGIL | The University of Interfacial engineering of particulate system for enhanced performance
Florida
34 2021 |Wolfgang Friedrich-Alexander- | Particle based product innovations by understanding and controlling
PEUKERT University Erlangen- | particle interactions
Nuremberg
35 2021 | B AR Advanced characterization of fine particles and the development of
novel powder handling systems
36 2022 |fRE FHiE B TRS Particle adhesion and aggregation behavior characterization and control
37 | 2022 |HH NI Development of discrete particle modeling and simulations of gas-solid
flows and granular flows
38 2023 | Wiwut Chulalongkorn Contributions to the advancement of powder/particle and aerosol
TANTHAPANICHAKOON | University & Tokyo science and technology & promotion of bilateral collaboration between
Institute of Technology | Thailand and Japan
39 2024 | Anthony J. University of North Outstanding contributions to aerosol drug delivery systems
HICKEY Carolina

List of KONA Awardees

2024.12.
No. Year Awardee Affiliation
1 1990 Charles S. CAMPBELL Univ. of Southern California
2 1992 Hisakazu SUNADA Meijo Univ.
3 1993 Yasuo KOUSAKA The Univ. of Osaka Prefecture
4 1994 Hitoshi EMI Kanazawa Univ.
5 1995 Kei MIYANAMI The Univ. of Osaka Prefecture
6 1996 Shin-ichi YUU Kyushu Institute of Technology
7 1997 Yoshiaki KAWASHIMA Gifu College of Pharmacy
8 1997 Isao SEKIGUCHI Chuo Univ.
9 1998 Hiroaki MASUDA Kyoto Univ.
10 1998 Mamoru SENNA Keio Univ.
11 1999 Yutaka TSUJI Osaka Univ.
12 1999 Chikao KANAOKA Kanazawa Univ.
13 2000 Kunio SHINOHARA Hokkaido Univ.
14 2000 Akihisa INOUE Tohoku Univ.
15 2001 Hideo YAMAMOTO Soka Univ.
16 2002 Masayuki HORIO Tokyo Uni. of Agriculture & Technology
17 2003 Ko HIGASHITANI Kyoto Univ.
18 2004 Jusuke HIDAKA Doshisha Univ.
19 2004 Shuji HANADA Tohoku Univ.
20 2005 Yoshinobu FUKUMORI Kobe Gakuin Univ.
21 2006 Kikuo OKUYAMA Hiroshima Univ.

—-10-




ARV A TR TR FAEH No.32 (2024)

No. Year Awardee Affiliation
22 2007 Fumio SAITO Tohoku Univ.
23 2008 Minoru TAKAHASHI Nagoya Institute of Technology
24 2011 Keizo UEMATSU Nagaoka Univ. of Technology
25 2012 Hirofumi TAKEUCHI Gifu Pharmaceutical Univ.
26 2013 Yoshio SAKKA National Institute for Materials Science (NIMS)
27 2014 Yoshio OTANI Kanazawa Univ.
28 2015 Hisao MAKINO Central Research Institute of Electric Power Industry (CRIEPI)
29 2016 Tadafumi ADSCHIRI Tohoku Univ.
30 2017 Sotiris E. PRATSINIS Swiss Federal Institute of Technology Zurich (ETH Zurich)
31 2018 Mojtaba GHADIRI Univ. of Leeds
32 2019 Makio NAITO Osaka Univ.
33 2020 Brij M. MOUDGIL Univ. of Florida
34 2021 Wolfgang PEUKERT Friedrich-Alexander Univ. Erlangen-N{rnberg
35 2021 Shuji MATSUSAKA Kyoto Univ.
36 2022 Hidehiro KAMIYA Tokyo Univ. of Agriculture & Technology
37 2022 Toshitsugu TANAKA Osaka Univ.
38 2023 Wiwut TANTHAPANICHAKOON Chulalongkorn Univ. & Tokyo Institute of Technology
39 2024 Anthony J. HICKEY Univ. of North Carolina
1-2-2 BEFFEFDOERIKN

Y OWLERE Dk DER B OERIRITIIU T O L B TH L. REFITHEFEEL LT, £
YL AT EE KONA Powder and Particle Technology @ No. 42 (2025) % 2024 4ERI2F5E &8 0 FIFI L,

RS 2 & 412, WEAREEEIZH| S fe S MRS R 2 iEE s O 4 56 [0l &2 KR ChRlfE L 72
(REEHAT : T-H)
MEIFICEAT 2 BN RS KONA FED AT
FE | BE
m% I E- Akl BMEY HEE RE SN KEN RTHHE BE
HO7 |1995| 29 |#A7 0t AIZHIT A 44 - fpEfiE 5 232 3,360 | 13 | 240 2,300 | 7,730
HO8 | 1996 | 30 |JeuinbnEtEm K HE 7 1+ 2 5 144 2,550 | 14 | 200 2,300 | 7,490
HO09 | 1997 | 31 |BRIefRafifly & AR L5 6 142 3,750 | 15 254 2,200 7,500
H10 | 1998 | 32 ﬁif:f% i %i%%_@%/ﬁ%%ﬁ 7u 6 210 4,630 | 16 | 256 2,200 | 8,190
H11 11999 | 33 | #3720 ORI 6 246 4,140 | 17 ¢ 250 2,200 | 7,440
H12 |2000| 34 |IT BEESEICBIT ALY 8 283 5130 | 18 | 248 2,200 | 7,160
H13 |2001| 35 |F / kLT~ s 7 184 3750 | 19 = 283 2,200 © 7,990
H14 |2002| 36 |7 /KT OESERA~D R 6 208 | 4,160 | 20 276 2,200 | 7,920
H15|2003| 37 |+ //8=F 427V - F27 /0y — 6 227 15100 | 21 | 246 1,300 13,000
H16 | 2004 | 38 |7/ HEiEfilfHIC X 2 M kEEDOEEZOSLT| 6 160 4500 | 22 211 700 | 8,660
H17 |2005| 39 |2 Z & CTHR/zF /i FDFEML 7 205 {5380 | 23 | 224 1,000 10,070
H18 | 2006 | 40 ;{; H/ﬂ TIRRLOBLELT I HFOMME 6 174 5320 | 24 = 252 1,000 13,090
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ARV A TR T EAREE FAEH No.32 (2024)

MAETZ2ICET 2# 8w KONA 5D EAT
FE| R
[EE HmeET—~ HEN HEE BE (S BEH BOTHHR KB
JI—=F 4 7N Ty ay—  Fii
H19 |2007| 41 |0 7 7 Vo BT B 167 4380 | 25 303 = 1,000 11,460
- IN
IN=F 4 )T oad— i - FE
Hoo |2008| 42 |27 7 7 R 126 3400 | 26 282 = 1,000 @ 8040
AL~ R
VT 2 aY—I2 X DR OREREAL & HTAE
H21 | 2009 | 43 7T Imie kBB EORREAL 2 FAH 160 3,130 | 27 | 248 600 | 6,250
ik
JIN—T WoNY R v il h A
H22 | 2010 | 44 > \ 77 v FU Y TSI 134 2,660 | 28 | 242 600 : 3,850
HrrEt
IIN=TFT 4 7NV T 7 0T —DOESEEE
o3 | 2011| 45 | 7 7 TR RAL 174 3230 | 29 284 600 | 8400
O R
H24 [2012| 46 |F//8—F 4 27 )7 27 0y —DInHiHiH 141 3585 | 30 . 288 600 : 3,916
H25 | 2013 | 47 |Gl b8 F T2 32 2 AR Lotk 201 6,656 | 31 | 274 1,800 | 9,176
H26 [2014 | 48 |ZHE%nd DO Y %3 2 BT LS00 153 4364 | 32 @ 283 1,800 | 8,556
H27 [2015| 49 |BFfRE & IR T R T2 162 3,596 | 33 | 357 1,000 | 7,253
H28 | 2016 | 50 |77 Fesfethox % 55 ARl 156 5169 | 34 | 293 1,100 | 7,417
H29 | 2017 | 51 |JEGtF IRk & 41 5 BBl 161 3,942 | 35 = 287 1,100 | 7,386
H30 [2018| 52 |kl OGRS L ORI % 32 2 2 B R Fdi 161 4,657 | 36 @ 297 1,100 | 7,093
RO1 |2019| 53 |mEEALS 28k 7 0L A OAME &G H O R AT 178 4,673 | 37 | 271 1,000 | 7,000
R02 |2020| — — 0 750 | 38 | 288 900 | 7,235
RO3 [2021| — — 0 503 | 39 | 277 800 | 7,278
SDGs |2 & ik R PSR Y N A u I 7))
RO4 |2022| 54 |SDOS FHET DRRED LUK %176 4528 | 40 281 800 | 8,048
AR
RO5 [2023| 55 |$ifenl REZ tL 43 I H RS 2 MR F Al %237 4,743 | 41 @ 286 700 @ 7,718
RO6 | 2024 | 56 |JGiE#isE 70t A% 2 R & 2 DS H %240 | 4,787 | 42 = 289 650 = 7,981

©)

e Zaxd

55

F—%
[H ]
(7]
(1]
[ 7]
[#4%]

56 A #MATFICFAT 3B EN RS

D [REENE T OE X X 2 2RI & Z DS
46 (2024) 9 H3 H (K

T rFa—TRRELTNE T A v
SASEEE N AR A 7 AR AR L
RES ST IR
YA/ I S 2 Y &

—-12 -
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RV A TR AR F4E . No.32 (2024)

D Wist TANTHAPANICHAROON

6 MUIPEHEEFRIC & 5 HSRE 7 KONA E#E 12T GHJIFIEE & Prof. Wiwut
Fig. 6 Opening address by President Yoshio Hosokawa. Tanthapanichakoon)
Fig. 7 At the KONA Award presentation ceremony,
President Hosokawa (Right) and 2023 KONA
Awardee Prof. Wiwut Tanthapanichakoon.

-It," N -

8 R A e XY R 9 BB
Fig. 8 Lecture scene. Fig. 9 Get-acquainted party.

55 56 AR T2 IS B3 2 ddGt s ds, SM64E9H3H (X)) 27Ty Fa—7RKICTH
MEN7z. RETIE, ROICHNIEREREEN S, 2 Of#E RS OB EEE R 4 o E N
DBAELAGEIZ BT G 2 EIZonTHifr sz (B6). €Dk, KONA BEDOEEX;TH
n(W7), #AEF2T0 Ty REFEZLEEIZD Prof. Wiwut Tanthapanichakoon |2 KONA B O J§
DR SNz, ZOH%, KONA EZHEIC L 2 EG NS, [Jelt#l 7 u b A% 3 2 AR BilT &
ZOISH] 27—~ & LT, BERLY - B O LIS HOBLE A, S 5 HEO@EN T Hh L.
HEHAE, WEEOBHFRIICBILIBMET v 7 — FOMEL ML, T4 v &ffioiznAg
Ty FERICL 2L 2D, BEiioaESECL22b0T, & (M8 T8 A, +v 7
A4~ T157 N, A7t 240 AN L, WEAERIfE L 7245 55 MI~NOSIMAK L ZIZFR L L Ko 7. &b,
RHEFEHFARIOMENIOWTIE, ARG S ISR L Tirbnz, L, fEFwmaRICBRES
(X9) %BfEs N7z
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RV A TR AR F4EH No.32 (2024)

O MEIFIZRET 5 EXEE KONA Powder and Particle Journal No. 42
(2025) DOHEFT

KONA FEDf (I R ARG X IO REL S N, [FREHE S 1L KONA G EZH S 2k L T2 o
MEICU 72572, KONAGEREZRESI T Y7, 3—av8, 7AYA 709 7D 3DODMEER
BEPOHEHRINTEY, TN Thois L ) ELHEREOR L (LY a—, Wigeiis) %%
W, INSEMELTHELR, KONAGEE L THIL TWwWab. RIEFIE, 416 (2024) FKIC
KONA No.42 (M 10) & L CHIRIM & BT v —F A s, F4H7 (2025) 41 H 10 H
WCHATENT, HWEER 178 (77 48, 7 AV 8#E, I—uv85iF) BIXOHBEER1L
iz PFE T 18 M DFm L & 48#k L, 650 &z Ikl L, EWNYMOFE, Ky, HEMHEZ EOBRE
a5 LI, AR — L= (https:// www.kona.or.jp) (ZHHARDZENZ ATV, HIZ Web ¥ v —
TNz, 2B, REOWEICHEL, AR - EFRIIEWLIIOWTH ¥ I 1 U #EfR#EEY A
7 2 (Editorial Manager : EM > 27 4) 2SFIH SNz, GXoF » 74 YO W T, J-STAGE
ORMIAE FRIRS NG FEE - 5 — D7 EAMEE T 5 BT OB THR 2 ICAR) #EE
R L, EIRIHARE X 1562, 2023/12/28 ~ 2024/10/19 DRJZNER S L7, 72, ~v ¥, R
ML, MEETEWHELRELEDT, 7V h 5 —CTOMREBTHRCTH (K11, 12) L7z Ak
13 2013 4F & 1) J-STAGE |Z3#i0ShaAa S 4L, 2014 4F 6 HIZETONY 7 F U NN—DFHAE T LT
V5725, No. 42 (2025) DL, FdHicowTh, 17 (2025) 4£2 A 28 HIZAL HTML (XML)
BLUOPDFEEATZOBEMEE T L7z, TOH A FTOKONAGED 1 HFERBMEIE, mAY
B (2013/12/20) O 100 f:705 1390 % # 2, @EFMHAGEIL 320 TR L o7z BB,
KONA £ 2023 4F O AT aE DR E 1Y 72 FFMi $5 %% Impact Factor (JCR) 3 X UF CiteScore 1&, i<
NA4LBLUO8AIIZEA L. 72, ISTLOLOBIMEF T, RS RS 20T —%
DOIF L FNERH ZRAET 5720 D) KT 1) Tdh 5 J-STAGE Data (https:/jstagedata.jst.go.jp/kona)
WAL, 202147 H 20 HICIEXGEHA MG L, BE ROBEHL YT > A7 — 7 % Ak H

KONA Powder and Particle Journal No. 42 (2025)

) KONA ‘boufsrns..

Synthesis of Functional Nanoparticles Using a Microreactor !

KO N Powder and
Particle Joumal

.42 (20280

g Hosokawa Powder Technology Foundation
available online-www.kona.or.jp
10 KONA No. 42 (2025) 11 KONA No. 42 (2025) 12 KONA No. 42 (2025)
FRGHE TTANT 7 NRAR Fi 3L LA KONA
Fig. 10 KONA No. 42 (2025) Fig. 11 KONA No. 42 (2025) Fig. 12 No. 42 (2025) sample paper.
front cover. sample abstract.
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ARV A TR TR FAEH No.32 (2024)

Thb.

& 512, KONAGEE, SR A & AE 0w H i 7 — 7 X — X (Web of Science, SCOPUS,
Ei Compendex, JDream 111, EBSCO, Cabells, J-GATE etc.) (RSN T W5 ITH, RFEML L — T
T7EAY ¥ —F VT —FX—A (J-STAGE, DOAJ, Google Scholar, CNKI, etc.) 2 IUk%E LA L
T&72 E512, WEED S EELEHEMFES (IET) M0 7— % X— Z Inspec, #ERFFEHAM1E
e (KISTI) $2fitd 7 — & ~X— 2 NDSL (National Digital Science Library), “KEKTFHHRT >~
T Y BLUT 7 0T — 3 ProQuest MRS B IFELE Y V — ADMEKET 4 AA N - A ¥
% —7 = A A ProQuest |2 b k% fEFLL 7.

1-2-3 FHEZBFDOEBIRI

LN, 1991 4F 12 HICHAZ 5 ICHFAORELFEORM 2 By & L CaiZ 3, 2021 4F|2
RO 30 AR R M R 7o FEBE R4 (1992) FEED O ARKEIICHFHFE LG L2720, FEEWIZIE
44 (2022) AEFEDS, BEMFIOBKV0EEEL RoTWE, Ihaetie LT, M2 (2020) 4
3 HIZ, MHEIR 30 FERLAHEFHRENS L LTSN, FTiRlONEDEENEHREN TS,

HEIDONE

@O APT (Asian Particle Technology) 2021 > ¥R w4 (4f13 (2021) FF10 H 11 H~ 14 H, 7
F 701y FKRI) T® Young KONA Award D% 5

@  MEEROL 30 BRI S (5F1 4 (2022) 4F9 H 5 H, KR

® ICCCI (% 7 [MIJeHER KL FLim bl & A2 B % EIBS2Rk) 2022 & >R A (40H1 4 (2022)
f£11 A, 1L3L) T? KONA Young Researcher Award, KONA Achievement Award ®3%5-

@ FHANEREY D TBETISEY YR L (5H15 (2023) E9H 14 H, KA )
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ARV A TR T EAREE FAEH No.32 (2024)

2. XEL ERTE SMT7TEIA)

RV Iray (BR) MHikE
KBRS BB

HRUR T RS %E8HE

LIRS #o%

WA RS #o%

KBRS #o%

KBRS #Hdz

S EILERY %
FxvaTIrzar (k) REIGHE R E
WP RIEGEET  EWIET RN A —
TR AERIE

R Ry B

KA Irzuy (W) B
YRR BEHR
JUNTEKRY: HEHT

WE - MR TERRE  FERINTIE R
I B SERL R B HIR
BAGHAN R AR B

AR AR EEAT TR

MHSFBERY: Bl R - 8%

ALK #Bd%

WALKEE ST BRI TR RIREZE T &
HAHCRS B

HURE: Bk
AvagIzary () #IxE
R %

i IE VAN €S

BRRHKS BTk AlEBE AR -

B - #d%

RBRARE:

KRR Bk

THFBERY:  Bid%

FRGHLRS: Bz

WHURS: Bz

RIS TERER - TAmoeRR

RV AR TAREYE FHRE

—16-

- B

Wr5e

- i



ARV A TR TR FAEH No.32 (2024)

3. RME6FE BIRk - BRER

3-1 $F6FEE KONAE
(15, ERsLUVEIEELT100 AH)

Aro w8 W (EEE)

PRI SHE . . ES ##
. Affiliation / Position .
No. Award recipient Achievement

(Nationality)

. . ) Outstanding Contributions to
Emeritus Professor, University

HPTF24201 | Anthony J. HICKEY . Aerosol Drug Delivery
of North Carolina (USA)
Systems

O =EIEMH

Professor Anthony J. HICKEY i, BT FRICEWZEOL-OOHEKE L UM AETAIIBIT
%R 2 BRSO H 1L, KONA B 2024 = E L 72,

Professor Anthony J. HICKEY [XiZ, 1977 124 ¥ ADKR—y v A TR (BEOR—Y < A
KF) CTHEYRFOFE LS EZIEL, 198524 FU A ON=3I Y F L) OF ANV RETHSE
5 2 BT L7z, 2003 fF 121X 7 A by REECHEEE L5 2 B L, 2010 006 / — A0
4 FRFEF ¥ NV VB DBEHIZITHRATE LT Wb, F72, 2012 4EH 5 2024 4FEF TRTI A~ 5 —
FLaF VOB T ca—%B0 555, TAY BRERBIGAZ I U LT L84 REE - Mk
D7 U —%FELTV5,

Lok, =7a Vv VERNBLTT 75 v kE Y AT LAOMERIIERNL, fF ORI &
EIEICET AL WFEORSICEHS L TE7z. F/-, 58, EER #Hla sy bl
T, FRAREEROBRICEMT AL L 110, BUFOBORICOEEEZ G2 Twh, FHEB L O
DOREEFZ 400 LA EIC R O, FEO#E S X ORI 5 EH 2 EREORREIZB VT,
SR ¥EEE LIFCnb,

Professor Anthony J. HICKEY [id, SN OH DM LFEDOFRIZE T 5 N OHFELREHKIZL D,
KONA EDOZEIZET A AN TH 5.
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3-2 Sf6EE MEBIK (215, #£%82,100 HH)

(FL A5 NE,  oPRng)

IR

B o R

AroJg -t Wk

WFFEERE

&

(7H)

HPTF24101

HFI R

FOU TR R e
TERRZE b LaE B
TAERY - B

FANT o NRS R L7k

O R5E

100

HPTF24102

[

it H

il

v
»

AbHEE KRBT
FHF TR R
M - HEHdZ

SWRICHESEGIANC X ATRE LE Rt T
3w 7 ADR)E

100

HPTF24103

HEAS

B B R A7 AR ALy
Mgy TAERE - SR

EERPFEICL AR T F AT L — |
D EAREEAL

100

HPTF24104

KPR E R B 2
TEARIF TR RN A
B - HEHIR

IS B £ 7 07 7L N OBAL

100

HPTF24105

(RIS &2iel
B 58 - 305

B 38 i R SR 0 S BLE 7' b A
EEEAT OB %

100

HPTF24106

RT3

BB T 228 - Bu%

I GREN LI AR I X B i B
5E PERFAM 2 O 37

100

HPTF24107

fi] FH e ACHRS

B RS2 ET R 7E S
MBS - i
oz

NMR & 55— &3 A T A2 & 5 JH3E
Wi TR O R #EAL

100

HPTF24108

(EI) R SEHAT#E S
WHFERT = AV F— -
BREE PRI R AR
JEERMBEE T /NA A
WHge 7 v — 7" - £AE:
W9t B

LEREREmLE €TV E L7k MR
IS 7355 DAL

100

HPTF24109

NS ST (IPN
FBER IR
i seRt - B

IALEHE S I v 7 A0S E1E
FSAEOREEAT

100

HPTF24110

FIRK A ZR R
7R - HEHIR

FEAGERL - IR E AL & B IR B
(AL TAS R A §

100

HPTF24111

(=) W8 - 4 RHIE
JeRktE - T —% T
7 =7 AR
+ % — (MANA) -
TW—T1) —F—

HTINA AR 2 S 4 )/
R~ st B 58

100
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PRI

Bl ot 5

om0 Bk

W FERRE

&

C7H)

HPTF24112

R 1118 <

Wb KAL) Ert
FRZEHTANA 7))
K 3 AT L0f%e
G - Bh#

FLAr - IRiE4 7 7 2 & — O HEAHTLREH]
1 & W PR

100

HPTF24113

M F5A

EHRSERERLT L
SRR L
R - B

ATk S USHLT- % B 7= i ol £k
Yk 156

100

HPTF24114

HE—

HALRFZ T E R
FFFERT AR AR
FHAL 22 i 78 0 B -
o

EETERRFEICH S T A Y — OFEIR
B TR DR AT,

100

HPTF24115

AT R A
S o7 0 9 4 2
% - i

SEES ARIIBAN MO SRS AL
TFORE LAY

100

HPTF24116

FAHREF RS BE T4
W e R L 2f T2 0
W Bz

H CBRERL 7 % B W 7o A L 4 o
¥ — IR OREL

100

HPTF24117

JUNTIERFER B
TEEmreke B 1A
WroER - Bh#

BERMAOWEE &SRB EEIZ X BB
A A O i

100

HPTF24118

fisp 3

HE
G

AR S STIUN
SFEL T AR IO LA
R RL - B

ZILEIRALE ) 7T~ ORI A >
7 I flE B 56

100

HPTF24119

iR

FAHREF RS BE T4
W e R L 2f T 0

Y- fEHdR

V7 MU R AR T — PR
HHR OB

100

HPTF24120

SEPTIANI,
Eka Lutfi

INSYNEYNES Sy
BT ARHAFFERHE
HEFE TRAH A B I -
TR

IANFE—IFEKY AT LD DOMAL
HpR - ORETEAL

100

HPTF24121

TAN, Wai
Kian

SAEHANTR AR AR
EHE - #EHBIZ

M T A MR O R & TR
T % ]

100

* Hie

- PRk AR IR A
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3-3 SHM6FEE KYHTHERMBHE (17, ¥%s50HA)

- ~ ) 4
TRER | o FREIa : %
BIRTE = ZTEH roJE - & B E3 i ()
pTeouaos | g, | SBORFEEE BTG | WURAE R LT A
R m B BB b e s

* TR - 1 R R

3-4 SHe6EE MEEBK (5%, #%E 150 FH)
_ _ - 3 . 4
BIGES | B gE i J®*x WFgeatRE WroEfRE g~ 51)
HrHAT R L 72
e N s
HPTF24501 | 4205 25 ¢%*%ﬁi&$ T RS A | ke B | 30
WFoERE - K598 LEAR T
DFA%E
et T BB AR O H R 52
HPTF24502 | Bt gy | - B NFRFRLERE | e eom | m w30
2R} - AL T s
A 7 I
TUER TIEMkAE R | RO Z 5 74012 %k Bk
HPTF24503 | H K | B L=RbAnigek)l - 3% | &2 - 8EE O A oI  Hey #EA) 30
FFLEEIL it ] He 48
KAUTSAR, | Jh B RFRFBRGHER | B—RTET7) ¥ 7
HPTF24504 Duhaul TAREFEEeRE - Jode | 350 BB OMTL | 3K & 30
Bigal TR FE I B&i
A ATNASARI Jis B R R B e B | A S o H AN X
HPTF24505 Delvana V| RRMERRGEEE - B | B &ML T o KAHM | FE Mz | 30
Y BT AR a—Fa

* T & WFFC 63 (3 H e o
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35 SM6EE JoRIILLEREER 24, #%200AAH)

A
o S T TR e A PN Sl R E‘;Ff
The 8th International
Conference on the
HPTF24001 | Fh&2 | )R Ly | )R L High Quality Advanced o 100
& &R & .
Materials (ICCCI2025)
55 8 [a] Bk S O FFAll &
w3 % BB
10th International
(— etk 31 | (— At |Conference on Discrete 202571
HPTF24002 | %1€ Fi% )Mk L5 | ) ¥ A4 |Element Methods (DEM10) s 100
EIE =3 = 55 10 [o] BEFCE L IR
et

*PTIE - B & ORI H SR
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4. MREBRRE EHE (BIE)

4-1 SH4EE

ARV A TR T EAREE FAEH No.32 (2024)

MMZTBhR R RE BK

FIRE B | HiEE R M 02 H
J=y e N A = 1 2y S
HPTF22101 | %% (HIE ;zﬁﬁ%k%ﬁm R f51F. Hard Sphere Model ®iE5114L | 26
P10 | s | RIREFAEBR TR - W RROBILE KD =g |
= I T N 7 R
oTeootos | g g | CTEERFRFBHIIG W 5 2 L RERRE OB
T Bl - e AL D A
E T VAN e
B S } F A G =
HPTF22105 | BLE SR | S RE-SEAE0 - ks - 39
e s s REFOSA ¥ TRERHOWIE |
STRGER) - HEHE NAESE VilidoY 7
praoior | b ey | ()RR ETIEAT - ST 1 v YRR
S e E 3y o RER T DA
KPR ERER AT - | S UFE A MY VAR
HPTF22108 H 1% B o 54
P A e s K12 & BRAAHIET
TEagi00 |kt o | EESFEMEIREIL | A FEIA T ) — OIS |
SRR - B 2B A T = L O
(EIWF) FESEHAR G & FFZeRT . ‘ \
\TA VA I/E :% S = %\/,‘
HPTFO2110 | AKE i | SP I EHI BB r - | AR AL |
e t 73y 7 ARG
JLH
oot | (g | ERRERFER TR | TR ) < — REGHE |
N e B 75 X< B ORI
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{&1F Hard Sphere Model D54k
Parallelization of the Modified Hard Sphere Model

WF784t3E % Research leader:

#Z% 1HIE  Masato ADACHI
TR RFEREE TR Bh#k
Graduate School of Engineering, Kyoto University, Assistant Professor
E-mail: masato@me.kyoto-u.ac.jp

&

R ERBHR O AT I S A B ZER T, KFMEZORHEISER T 2 5HEAMOMENSH 1, ke
e TRA L 72 L S NFHEThN Tz, RFMEZEOFHEICIE, MFEEZR )RS Z2HEL T

L CREETT & BRI X DBl ) 538 < & % 2 % Soft Sphere Model 23— JICfEH S C & 72, —, 24
FEDS A 7 WA R A FE il ) D BB S WAL, EBNE A & BURARENC X 0 22 ok TR E % oK
¥ % Hard Sphere Model 23/l ST &7z Lo L, ZHIISEEMICHEHT TE Wiz, RTH1HEE L 7REE
WIEEACTE ol 2 TRIFFZETIE, R EHZEOBEREL M > TEREM % SN2 T & 2 151E Hard
Sphere Model % fil%E L7z, & 512, FHEAM OMEZ I % 7290125 1E Hard Sphere Model D IEFI{EIZ DT
DRET b IT o 72,

ABSTRACT

Discrete Element Method (DEM) has been widely utilized to analyze various granular physics, although it faces computa-
tional load issues due to complex calculations on particle collisions. The Soft Sphere Model, which considers the overlap
depth between particles as elastic deformation and calculates contact forces based on repulsive and frictional forces, has been
conventionally employed in many applications. In contrast, the Hard Sphere Model, which calculates post-collision particle
velocities using the conservation of momentum and the coefficient of restitution, is used in systems where the frequency of
particle collisions is low. However, this Hard Sphere Model cannot handle multi-body contacts, making it unsuitable for
dense particle conditions. This study developed a modified model based on the conventional Hard Sphere Model for particle
collisions, capable of retrospectively calculating multi-body contacts by tracing the collision history. In addition, the study

considered the parallelization of the modified Hard Sphere Model to improve computational efficiency.

K@ EE L E9 s A (Mioetal, 2000). F 77, FEEEMY

Jede e r
L BRETTEE T B L TR £ b B E T E B

TEME 72 AR AR TR B % AT 3 5 7230 |2 1) B 35 755 Discrete
Element Method (DEM) (Cundall and Strack, 1979) % H
WHEY S 2L =Y a YRS TWS. 2O
HPAILIL <, AR AR AR ZE SR [ C O B F2 il
% AT SRR (Petit and Sperl, 2023), JiLfARSEAT &
i & 725 (Deen et al., 2007), ¥ LB & L

o, BIEFELE (Wang et al., 2018) R 5 H LB 720 &
(Kawamoto et al., 2021) T3 fH I N TS, Zilfich
72 EBGOMFIHEH SN TE/-—HTDEMIZH
MEIIFR SN TH Y, FICHHEAMORE S L2
) BB S OMIBE & v ) FEIZEINZ b7z o THHE
TETWniw,
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WREE R EOFEEFVICE S THNEZH S DD
O, EHZEFEI BT B EHRE AR OKE TR A A
YERDORRICERT 5. 512, DMEN T2 &0%E
X, FORMAEERL DSR2 6 v X9 IR Z) A
NS THRLEND Y, FHEARIISSICHEKRT 5.
COMBEIZRIGTA72012, NRETHHRIZG LT
Fea REHHEETIVNHEIN TN L, T2, ko THflch
TE % RERIYICAT ) 720\ ETRE 22 [ 2 AR 2 X8 - TRE
HEZmA &8558 (Mioetal, 2005) % GPU % fii i
L 72 KM HEHE (Shigeto and Sakai, 2011) 7 & 72597
b, ZORGEDMEE AT TR A 2 HUD flA & S )s
fibhT&7. La»L, ZNTOHELFEEDO AT — )V
TRHEDMTR DM TH Y, a2 TI% H L 7= fing
fLENFED T TN S,

DEM D¥r 225t T, RFRIEZ Y 2E S 2k
TREE LT, ZOREBIZLLEMNZEE T 5 Soft
Sphere Model 23—#HIZfEH S 5. S IUT LA
FHETE, WHIEHE L SHESE VDS, R L TR

KRB DVRERISDVEL DL EMPFHERT 720, FERZIA
NS EDBRLENHDL. D120, MRAERFR R

MHRZ R E LICEHR 217 ) ECTREDN RS, Zofl
WA EE R RN & ) R ORI E 2 KD 5
Hard Sphere Model 75& 5. 2 AU13 18 2248 12 R 41 2 A%
AT 720, EEME DD e W& R E N R B o
WEI/NSTIUSHM A AL KE(TE S, 72720, £
REERRICEF T E Rz, R AE L 2R 130
HT&Zhot.

KR TIE, FHEAMOMELFRT 27200120
Fi L LT, £k Hard Sphere Model % 2 B L 7215 1E
Hard Sphere Model # 5L, S HIZEDT IV T X A
DIEFAULIZ DT DML E AT - 72,

2. B

2.1 Soft Sphere Model

1127”9 X 912, Soft Sphere Model T3k 1 [F L%
B o -BOMEEIEEN S, KL BB L 5%
WA SR F VBRI % & L CRIED TS, 1%
O N7 BRI HEAL ) % SR O EBy HFEICIMA 5 2 &
T, NMAEH~NOZEZFETHI LN TE S, HMD
i ooy (eq. £, ki), BEEET))
BB RO PF TEREDE S, SARHEIC LI

overlap

Y/ n,

e’b Cni] kIj ' kuj

6; W@
overlap @ Ty

Fig. 1 Soft Sphere Model.

TX, MEHEETITNTY AL LHELLT V. L
ML, MEOK T EEET 2546120%, IR LT
WRLZER VRS LD, BWAET OFHEHS T
WHEET B 720, BlH A /NS CRETLLEND Y,
FHEAROMARER L 7> Tz,

2.2 Hard Sphere Model

Hard Sphere Model |3 B) s R A7 HI & 78 28 11 £ 0 3 i
VD PSR B R R L T 22 DR F 3 EE % 5K 6
LFETHY (K2), To@EELZDOMOIERIIOML
oINS, B L LT E2FHRE T 20
T TIE 720, ReHIZ A IS E 2L IR S v,
TDTD, WDV T UK TR O E B | 252
G2 WHFACTHEMAALZ KX CEETE S, Had
Sphere Model Tl&, 224 A% T X7 ZER51T1 o
DI 2 WED DY, ZORTHEDNE N EE 7
W, ZEREEIGHEATE 2. 2070, K17 EE
35 X9 %Bi5 25 L T Hard Sphere Model %% X
BT LI,

2.3 {&1E Hard Sphere Model

#it % @ Hard Sphere Model % # % & L 7z 15 1E Hard
Sphere Model Ti&, ¥4k % & 2 Ke ) A 55 721 A Ik
B L7212, 2O ORTMEZROERE 2 5 L,
HEE 2L HEF ST (M3). SR L /-
f&1E Hard Sphere Model O FH8E. 7V 1) X 4 % B 4 127K
3. 2 TUE, B Verlet I R L TR 0B % 5
v s. 7, tREICRKFICEH N5 124 B2
ORTOREZFHT S, S512, FHE SN ER
YRV, #aBoNTFNETFET S CoBEO#
FECHE S R 7L oFHR et L, 222 LT
HIA T ThHRADMELET 5 F TORM At gigon % 71

@\:’tL ivs ] : earlier than ivs k

N At
collision calculation -4 ; 4_@ no overlap
e

based on the At
conservation law
of momentum

move iand j and calculate their collision first
then, move i and k and calculate their collision

Fig. 2 Hard Sphere Model.

Aty collision calculatipn based
SN Ay, on the conservation law of
10 momentum, considering

.)Q; the collision history

ok

A
! 7 move all particles simultaneously for Az,
calculate the time until each collision
that occurs within 4z,,, and then process
the collisions in chronological order

Fig. 3 Modified Hard Sphere Model.
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calculate the velocities of all particles at t
+1/24¢ using the applied forces at time t

v

calculate the positions of all particles at t
+ At using the velocities at t + 1/24¢

i

calculate the applied forces at t + A¢

!

detect all collision partners occurring
during 4t

]

store information on collision partners
for each cluster

!

calculate the time Az ;50 from the previous
step to each collision for all collision
partners in each cluster

!

rearrange all collision partners
in each cluster in chronological order

i

determine the post-collision particle velocities
using the conservation of momentum and the
coefficient of restitution for all collision partners
in each cluster in chronological order

!

calculate the velocities of all particles at t + A¢
using the applied forces at t + A¢

end

Fig. 4  Algorithm of Modified Hard Sphere Model (Calculation
flow per step).

HYD, ZLT, DA gigon DV SWVNEIZHEZ2IEHR
W_Brz, BRI -C, &8 RrH] & R D
S ZE Ok M EZ R 5. RRIZ, H2EHROEE
WX LT, t+ A FPREICRL 2B AV 1D B At B DR
TORERFHET D, COTNVIT)RLIZLY, KTEE
SR % AR I FS8) S & 722 A% 5, Hard Sphere Model 12 3
WTEELHEROMEZEZEE L CFHRETLZLPTE
%. B Hard Sphere Model Tl3kL D7 ) A3 4E L
WX HICEIE &1L 528, 151E Hard Sphere Model Tl
SR FIEHE L WERA AL 52 5720, BEIRIZKTO
HR)DPHEEST D, TOREEITL ATy 7420 ORF
OBEEDM/NTH D Z L ZHiTEE LT, HEMAENID
WANEXIEIET 5. 72, WP R OFEMZZT TR,
RN B O/22 123 LCh FARICEIRE 21T 2
EDIHETH 5.

3. WFZERk A

42 | 7215 1F Hard Sphere Model & fi£ 3 @ Soft Sphere
Model 2 H L T, 3 DOK FANIIZFFIZEZET 5 E
TIWVOFEEITo 72, BRI A T3NS WA,

Aty N Aty
cluster P
X -

PRy ()
Al A Clusters 1 and 2 are 4% cluster 2
independent and can
be processed in parallel

Fig. 5 Parallel computing of Modified Hard Sphere Model.

Soft Sphere Model T & {5 1= Hard Sphere Model T % [a] £
DEIEAERIE SN, LA L, Soft Sphere Model Tl
RN ADKRE {2 B ERF DB E DAL EIIR Y, B
MR ADKEL )T XD EFHEIIEL CRHEIKRT
LTLZE»7. —Ji, MIE Hard Sphere Model Ti%,
i L 72 518 412 B> T Soft Sphere Model X 1) 3 ;[
A A% 1000 fERE L LCHRBRDRIEM R EHEL 2 &
WCTE. T/, MEONEFE*EET LI EDPEETH
D, ThEEOTIFELZIT) LHEROR T REDNB
ML DR HEIEN ol TOEHIZ, I’
F XN 725 1E Hard Sphere Model (3R] -7 22 51455 0 ¥ FE
ARFEL D OEMAEAE L NG, 72720, HLFE
T b EE)E ORAEHI & SOSARE T 2RI R O R F- R B A ET
BT&, MR X 2 EBPKE LRV E ) &ht
HETANOBAICRESINS.

B4 DFET7VT) ZLIZBWT, H2ed bk 1H+:
DORT G AE, BT 2T HEICERY R 52 &
TART7NT) XL ZWHFHRTRES 52 L3 TE 5.
R HER TIIEZENAE OEHR A SN D Z L3
W, NEFFIL O 2 B ZDHOEZE L HRT
HEFHRIZOWT, FFHE TRt 2 (X
5). RBFETIZT7 VT XL DM E TITo 7205 4%
DOWFETIZZNZFEE L T L) KBIELRETIVICHET T
5 EIZEoT, KEtETHEOAMEELHALL TV & 72
vy,

EE BN
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Powderization of Liquid Metal and Straightforward Preparation of

Polymer Hybrids
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% &

NI LEA T AOGREWIHRUT OS2 FROWGEREE L THON, ERELTORVER -
AR L, AL L ComEE - BN ZFEROMA LM TH L. IF, 0L RlEEEZ S0
MR EBEEIT 22 LT, FldtdrES - BWEEY O 7 v FMESIREENSOH 5. L L,
BRERITHNRERZ 2720, WMo L —IC80E s 2 VHTERIKR L LTO R 008Uk T
o, AT, HESEBAFORM e ARSI T THET LI Lo THTFALOMEZHET S &
THrdbHETH2 L) IR FEeML L. ZORKEEREZ WD Z LT, BERPERT R
EOMELFHEIZ L o THARER LR )~ —DEEME 2155 2 LA TET.

ABSTRACT

The eutectic mixture of gallium and indium is a type of liquid metal due to its melting point below room temperature. Hence,
it exhibits high electrical and thermal conductivities, fluidity and deformability. Recently, liquid metal-polymer hybrids and
composites have been developed, enabling access unique electrical and thermal properties. However, there are still limited
easy and robust strategies to prepare those composites due to the high surface tension of liquid metals. Herein, it has been
demonstrated that surface modification of liquid metal microparticles with organic surfactants prevents the coalescence of the
particles and affords powderized liquid metal microparticles. Liquid metal-polymer composites can be prepared through

simple methods, such as mixing and solution processes.

WA LY, MR L2 35 2 EAE
HTHh, HEWOIERIZIIHIRY S 5.
CORERTRT 572012, WERESE & MR LT 5
TR LSS FEAER SN TS, lifE
FIBBHALF (LMP) 2 LEILT A 7212, #orF3Kif

1 WFREWREHM

AR ERMICRAZ OSBRI TH D,
WEMEZ 555 208 5 MmO ERRENE 2 EORREROME
BremdHReMETHL. comTh, HErfFey

KIS MEN T ) a4 vy a0 FREAEY
(EGaln) XA HZiAERE L L GEEFEHENTED,
RN 2 =M DBEEIIZ X o TEEEM B EHYRE
W7 4 VLR EDEIM SN TE 7 (Style et al., 2021).
—77, WHRESEIIRERIPKE L, K~ =K

1B 2 5 &, AREE OMYNEHE R T O Rl E % [H
ETE, WASEHNFZHAEE LTENTE S Z L0
MENTWD, ZOLMP RS E, Ky~ —ik &
WSR2 B CTIRET 52 EOFEIC L o THi#EIC
HEW % F#C X % (Matyjaszewski et al., 2019). L 7%
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LiEk, REMEHEH % 2= IV 2 O — 1T, LMP AT 22 E THBELZ. FFA Y FF—1D03M
HICEENLEEETH50wt% Ll s, ERfmE i&/—w@@¢fE&mmﬂw7ﬁﬁKE%ﬁ
7% EOWARERIHROMWE & OWREME OV IX K (42kHz, 70 W) Z 4 2 2 & T, WESEBT O
7otz SRR DNz COGHEE T =L T REE
RIFFE T OEL RIS 572012, Ko TEOFE F%Lt% I —VEMZCHSE, mOa, -
HEHIR T D FT0 »F A — Ve THlfORE  EREOEREHE 7O L AZ IR 20k, [k
D& EAEH L 72 LMP OFERICHUY fLA7Z. R L @%Mf«/hkaﬁﬁﬁt#% BRETEIRIZ X 0
T, ARG H025wWt% LT CTh 2 HEOER LY KEEZNTT S LMP o7z (K1),
e L7z, 2512, TOLMP &R v —E—AEKHIZ
FEL-EEME G L, AEEMNICL > CEREANE 22 LMP - R —HEMEO/ER
b3 2R 2R L 72 R I AF )N uxt s (PDMS, Sylgard™ 184) DT
{LRIARIZ LMP 2 & A0, 20, 80wt% & 72 % X 9 12
. %n%n{ﬁLE%MﬁLtm 120°C THfLE &5 2
2. WRII LIZE Y, LMP-PDMS A 2 72 $THIE K
21 LMP OF# 7 RVEEER R 2 R L7z
EGalnix, U vk A vy A% EE] 755245
TREL, WIANATIVHEY N 7L — | ET70°C

Powderization Method

Washing process

EtOH (5 mL, 3 times)
bath sonlcanon cenlrlfugatlon then benzene (5 mL)
EIOH
180 min solvent removal

EGaln

dodecanethiol vortex mixer
0.3 mol/L
»U bj:::;i:é U freeze drym:q @ t
LMP
Fig. 2 Photographic images of LMP-DT (a) before and (b) after
Fig. 1 Preparation of LMP. shearing.
a
50.0 pm
1 2.3 4 5 B f
Partical size / ym
SEM image

0 100 200 300 400 500
Temp./°C

Fig. 3 (a) FE-SEM image, (b) size distribution, and (c) EDX images of LMP. (d) TGA profile of LMP-DT.
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3. WEZERCR

3.1 LMP O

TELL 72 LMP 1Z B 2a 127R T & 9 IZIK H B o 85 K [
REEDHEIRTH o7z, TOBRIE AT 2T 7 & THAR
WO T 5L, /N7 O EGaln DIREEIZRE S
ZEnbhrosz (M2b). —7, SUHMIREMEI % 2T
BWEIIZTHI LT, BRFERRICEE L) R L7
DT 5% EOWYPFNATE LMP O I 7 ok %
M2, FE-SEM BI% %177 o7 (M 3a). k11X
WFIZEIRISEWIZIRT, KI3b DL I28E nm » 5%
pm OS5 b B, FEHF 27 um BETH - 72, EDX
TR ORER (K 3c), EEBKEGTHET) LB &
WA Vst bz, FA—IVHROWmEN L
TWAZEDRDLRY, FFh o FF = VHIREE A
FOFEEGHIZ L T\W5Z DR IN. KiThiZe X
D, WAREEOREHIZERLT) 7 A (Gao,) & FK
GETHEm BEOMBALEEICE DN TBY, 7K
YRR T A — VT EORRES T REEAR & LRI
TXAHZ EHISNTWS (Finkenauer et al., 2017). 2k
FEHE (TGA) 12X > TLMPIZ&E TN LA D
wEr REL 7225, 2NV KD 0.25 wit FEE T
Hot: (W3d). T, &S5 FHEHRLHZLMP
DO (>50wt%) & D HEEIZA 7%, SEIER L 72
LMP 7%, &BEIEELZ b OME2B27-DICEHTH
LI LlERLTWVD, EBE B THEREZHW:
LMP O T, FEMERLIWIIZ & > T/VV 7 @ EGaln &
HAETLIEIEITE TV o7 (Matyjaszewski et al.,
2019).

3.2 LMP — RV < —#EME O il

WIZESN2 LMP 2 HHWT, 2 RARM LTI A b~ —
THAHR) IV AF)uxir (PDMS) & DS %
TR L 72, ZoEAWI, BAE{LHET O PDMS Hi SR 12
LMP Mz, A/SF 2 F THIEL 2%, IMEWELs %
CETHEET 2 ENTEL. ZOEEYWOMKIIFE
FTOMEOREIT L > THHEIZHIETE, 80wt% D
LMP & B COMERI R CTH 72 T/, FTHHNIC
Lo THF v OV ER R 2T & 72,

%572 LMP-PDMS (X 4a 12789 & 9 12, LMP [
ROIKATL AR L. BEEPICEAES N &EGRIE, T
LIRE OBRIZ Do 2R EM 2 EDIETIIC L - T
LMP O F-RLAFAE L, NV ZDEGan -7
ExRRLTWAS. 155172 LMP-PDMS D5 [5E sk F
X 4b DL BY THDH. 20wt%, 80wt% &, LMP &
HEIWEMT 2L LBV ZEPMETL, L0FESR
WHEHI e B 2 Db b, T2, 20wt% SHAEHZ B W
Tix, bEDOPDMS K LT LA LHEUBTOFA%
R L7z—7, 80 wt% BN BV TR O3 A2 L

a bg
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— microparticle 20wt%
6} — microparticle 80wt%
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Fig. 4 (a) Photographic image of LMP-PDMS composite
containing 20 wt% of LMP. (b) Stress—strain curves of
PDMS and composites. (¢) Current-strain dependency of
the 20-wt% composite. (d) Plausible mechanism of strain-
induced electric conduction.

CIERTFTLZ IhiE, LMPEEEDSHEMT S 2L T
PDMS & LMP O S ASEEIN L 72 2 L ICHk 5. DIk
DOBELZEERFTIE, L) DFEREDE W 20 wtd% 31
B w7z,

5 iR EAERE |2 5% 1E L 72 LMP-PDMS & 3Bk A 1ohf L
T RIS AR & e L Ch | IREER & [ R 1 B e &
T o7z (K 4c). BHABRBAMGIEIL, BIRANTE A EHH
ENY, OTAHREHINSETHELL e oz, —F
10% FTOTAEZMA-OLICHRET TREL, HE
DT RS 25 L, B TEHELLEREIHMT S &
Whholz, S5, OFTHRAN - 70t 2 %D
B2k, RREREIMEAICEATAZELD
o7z, FE-SEM BIZ DGR 6, WHIKE TIE LMP
DR TREEDTHERF SN TB Y, MM OEBREEA 2
WA, ONFAREIN - #B R 7 0 A2 X o TRk 12 ST
DB ATAER, MR EEOMEIHEZ ), EERRK
WHERT 5 Z EAURE sz (K4d).
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TFRTE 2 X9 12% 0, HEROBFILEE TIIMERAH A EE
RolBENHEEMEPRONL ZENY LN E R o7z

ites for soft multifunctional materials, Advanced Functional Ma-
terials, 31 (2021) 2005804.
https://doi.org/10.1002/adfm.202005804

Sk Yan J., Malakooti M.H., Lu Z., Wang Z., Kazem N., Pan C., Bockstaller

Finkenauer L.R., Lu Q., Hakem L.F., Majidi C., Bockstaller M.R.,
Analysis of the efficiency of surfactant-mediated stabilization
reactions of EGaln nanodroplets, Langmuir 33 (2017) 9703-

M.R., Majidi C., Matyjaszewski K., Solution processable liquid
metal nanodroplets by surface-initiated atom transfer radical
polymerization, Nature Nanotechnology, 14 (2019) 684-690.
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AL) SN o A - A Ty AR EE % 3.

W72 EE SR ) ~—EEMEORIL", 272 15
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Synthesis of Metal Oxide Catalysts Composed of Low Valence Titanium
and Foreign Elements

WiFEf## Research leader: KK 25— Ryoichi OTOMO
JeiEE AR A et ERBRSE R AT 7E e HEHR
Faculty of Environmental Earth Science, Hokkaido University, Associate Professor

E-mail: otomo@ees.hokudai.ac.jp

W %
Ti,0, 70 E DIRJE T F & ~ BRI Tld, Z2RBHEIC L > TRTERMICEET S T PESHIC TV ICIb s 5,
F72, Ti,0, DALT-ERME7ZT THRLATHHO TiY T TOLMIL SN D LR THEEA TIO, ICHEEZLLTLE )
MER D 5o RIFFETIX, Ti,0, % BT 57200 FE TiO, 128 L TH 52 LoOBEbE 21 WRESE %
RBAEL, COREBEETTLZIEICEoTT0 2L, FTNEOBRILE 212 & 2 &2 Lo #IZHL
DHLATE, ZOHFEIZE-T, ZRZFN5E5mol% @ Al, V, Cr ZHL)AAZ Ti,0, SNz, T b0 RfS
& DA X - T Ti0; OFLBIIGIREDS K E { LA L, BEESIE OB AL X 2 BRI RIS /.
RE &R OB AL, KT AT T NRISIZBIT S Ti,0, OfEEEB X O AEo R I 8RN TH - 7.

ABSTRACT

For titanium suboxides such as Ti,O., Ti®

,0, on the particle surface is facilely oxidized to Ti** by exposure to air. When Ti**

inside the particle as well as on the surface is oxidized, the entire structure of the particle transforms into TiO,. In this study,
in order to suppress the oxidation inside the particles and the resulting structural change, the effect of incorporating foreign
metals that are tolerant to oxidation into Ti,O, was investigated. Ti,O, incorporating foreign metals was synthesized by the
reduction of TiO, incorporating the foreign metals with TiH,. In this way, Ti,O, samples incorporating 5 mol% Al, V, and Cr
were successfully obtained. The incorporation of these foreign metals significantly increased the onset temperature for oxi-
dation of Ti,O

,0,, demonstrating the effect of suppressing the oxidation by the incorporation of foreign metals. The incorpora-
tion of foreign metals was also effective in improving the catalytic activity and stability of Ti,O, in the reverse water—gas shift

(RWGS) reaction.

SNz FOtk, 2XEEE L7 Ti,0;, % 50°C T H, &t
HFIZEC E T AT IcH®RIc s (K1 E). Ti0,
OFEMF & Y E TR TS LR e < 5 &

1. WIEHEsEHM
F ¥ U OROEELR R T THsH, 74 i

COMIZ T ZEORETiz L 52 &0 TEL,. i
1E, TiH, 2 #IcHN 72 Tio, O EHEICIC £ 0 KR
TAF & VAL %155 A EZ S LT\ 5 (Nagao
etal, 2020). CONETEHER L7 Ti,0, TlE, ZBREE
2 & o TR RIENAFAET 5 Ti* ORI Tir 12HE(L

—34-
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AT, I L L, EKEAHIO TiY BERICZE 52 7% <
AN bhrol (MLITF). 0 Ti0, ki FHNE OB
rPHICE R, BRI SERILY & LTS
DOIEHIRD D 2 EDMAFTE 5.

TiH, 7 ZE LA Z WV 72 Tio, D EITIZ & % Ti0, D [H
MAB T, MBI 5 TiH, D5 #IC X > THR
L7z2&E Ti S TiO, KL F O KT % FE\y, &8 Ti & Tio,
DAL T RIS AR F R ET A 6 W IZHEA, Ti0, 234
K95 (M2a). 2%0, KFWNEBOF ¥ 2 I3EFE TIO,
WCHISE L, EEATTEOF 7 LEE TiH, (SRS 5.
C DOREAFETTD A B = A LIZFED T, Ti,0, DFFH
AR T A EETIO, 2, o LoBbsizdw
IHOICHELTEBL ZET, Ti,0, DR THERTORERL
Pl CcE L ETFHENS.

Z 2 TARWIZETIE, BEE TIO, 12 L Th S LOlE
fbxZ I VWEREEBE*RAETAHILICL- T,
Ti,0; ORLF-PIT O & Z 1 X ARG L% B L
Ti,O; L TR TO Ti" OF R aEtts 5 2 & % Hig
L7z (K 2b). RiECTRALEITEZ 2T A8 L THESE
BAFIFA I N TS5, RIFFE T2 CIA < FIH
ENTWELERBDT Y O BERID DO AR
*HELTBY, ZoMEHEOERITKEN

Ti3+ HOZ Ti4+
2

Oxidation of the
particle inside
Ti3+ %02 Ti4+
(’ S

TiO,

Fig. 1 Oxidation and reduction of the surface and inside of Ti,O
particle.

3

Ti,O4

Fig. 2 Plausible formation mechanism of (a) Ti,O, and
(b) Ti, M.O

2z 723"

2. Wk

2.1 REHEERE L #HAIL L7 Tio, M-TiO,) DA E
FEICE B ERk

HiE4E M EHAL L 725 Tio, (M=TiO,) % $fk &
AP XY A L7 (Steiner et al., 1992). = Z T,
Ti,0, # T 5 Ti" % RESE A 4 v A FEHER S 5
ZERMFLTC, UL +3Mlioh F4 > & 7 2 Bff 4
J& % HLOIZ Tio, &AL s E 7.
EEBEELT, FE T IAVTURFYF (TTIP)
19 mmol & H3E 40 )E O RS EE £ 72135518 1 mmol 2 H
W7z, 200mL DY — 7 —IZHEEFE AN, FIIZTT
L 27 ) a—)v500mmol, 7 T ¥ k— KW
120 mmol, TTIP & RAEGEIFE % Nz 72, ¥B— R #RE
Wai857201280°C TLhICh D HIRL 2. 0tk
180°C T8hII T A 2 L TEBD 7 T U ERSEAZ H A
S EAERBRICHEBTAID B E, 270°C, 5h#EMK
THIETEARLZ LS. ZojitwE TV F
L4k T 10 min BE#: L, 500°C, 5h#Ep L T M-TiO, %

B

2.2 TiH, Z l\»72 M-TiO, ®3&E7C

M-TiO, &F N5 Ti®IIS LT, EIVIHT TIO/TiH, =
23 L LT, IThH K %E T IV I FFLERT 5 min B
RBETHZETHBMAZE2. INEAET T ABE
BINZ T, BZ2HER L 2455, 200°C T 1 h izl S84,
700-800°C T24h M L /2. F D%, BEZEPE L 2
LERFITHRIRL, o IV EHBEELSTY L7
CDEHIZLTHELY Y T IVE M=Ti,0; L FH§ 5.

2.3 Cr-TiO, ® H, &L

Cr=TiO, I 2 W T, TiH, # V7212 z T H,
rHWEITL b ITo 7. AEEIZEE Cr-Tio, 059 %
A, BERIBRIRIFICE v M L7z, Z 212 H, 20 mL/min
i L7225 150°C, 1h /78— L72f%, 750°C, 24h &
JTTEAITo 7.

2.4  M-Ti,0, DEALFF:EA

M-Ti,0; %, BAEmESHEE (TG) % HwWwTZAH
TMEST L L2k > T, ZOBRLEEZFEM L 72, Pt
NI M-Ti,0, 10mg = A1, ZEim7 5 1000°C £ T
10°C/min OHETHIRL, TG 707 7 £ V%157,

25 M-Ti,0; Z W78 KEH A Y7 RS
M-Ti,0, % fiftf5 |2 I\ Tk e A 2 2 7 b OGS (X (1))
Biro 7.

CO, +H, = CO + H,0 1)
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500 pm LU W2 EERL L 72 filliE 0.2 g 2 A9 7 7 A BEUEL
BlCRE L, TNEMBERFICERE L7z N, SR
(50 mL/min) C 700°C, 1 h JiN#k L CHldE ORI % 47 >
72, ZOf%, 500°C F TRER L 72, &A% CO/H,y/
N, = 2/4/44 mL/min O{&E H A2 0 2 KIS % BdG L
7z. 500°C T 40min #£ £ L 72 ® %, 550, 600, 650,
700°C & 50°C [ % T 51 (10°C/min) L %2255 S % 17>
72, FKimE TORFERH A % 45min & LT, ZORMIC
3EDY 7)) v TR, FONVHMEE SRR L
oo AZFAF—R[NETAZzOT NI T T IKERA A
Meigs (GC-FID) & F v CRUBAE M % 7347 L 7=

3. WEZERCR

3.1 M-Ti,0; DHMK

AR L7 M=TiO, ® XRD X% — » #3127~ T. %
Dy TVIZHEL T7F ¥ — AFTIO, ® XRD /¥
H— UPFEIZHASNTZD, Sn=TiO, TIZ IV F LRI D/
& — s hei g aE < Bl S 7z, Co-, Ni-TiO, Tl 1 )V
AP A MEEIRBEINL SNy = AN IR
SOEB/ETH L EIFANAF A MO SRR
EOLDLZENRALNTEY, & Tio, DEEHH
BLiztEZOLNS.

NSO M-TIO, %, TiH, # FI\VCTEIT L 72EKY O
XRD /¥ % — ¥ % Pl 412~ 9. Al- V-, Cr-Ti,0; T &
Ti,O; DEFT/35 — > OADBBMES N, ZNZTNOER
AF M LT ORE SICESWEHTHEOY 7 k28
AONT. T LA 4 VP RORL L REEE A

—Sn

—Ni

Intensity

——TiO,(Anatase)

—TiO,(Rutile)

20 30 40 50 60
26/ degree

Fig. 3 XRD patterns of M—TiO, samples.

M* 25 Ti,O, Z HErE N O Ti*" % [ &R 35 2 & THT
DRESDVEALL 72720 THLHEEZONSL. 2F D,
N0y TNTIE, RESEA 4 258 Ti,0, Offik
I AE N2 982 5. Fe-, Co-, Ni-Ti,0, T
EANVAF A FRREENALNTEY, FEE M-TIO, |2
GENTVLONEILSNT IR 7-bDEEZ LN
%. Sn-Ti,0, TIZEJE Sn 7 & DAY [T A% £
BNz

Cr-Ti,0; IZ2 W T, Cr&E% 5mol% 7217 T7% < 2.5-
50 mol% |ZZ 2 TR (T 7. TOREZK5IZRT.
10 mol% £ Tli& Ti,0, WA /XY — Y BHALNTED,
Ti, 03 OREENIZ Cr ST sAF TV 72. 15 mol% L 1=
W27 % &, CITi,0s IZJFE SN /8y — S E I8
W E 7z, 40 mol% LL Tl Cr,0, DT /87 — > A3
ShTEBY, e b T oA LIZ#E L 72E4 1 Cr At
40 mol% AKiii Tdh A Z &b o7z,

Cr-Ti,0; I2DW T, Cre% 5mol% 72 1F T7 < 2.5-
50 mol% |22 2 TR E T 7. ZOREZK 5 IR,
10mol% % Tl Ti,0, DT /¥F — A LN TED,
Ti,0, DAFIENIZ Cr HSHLY) A F L TWv72. 15 mol% DL E
127 A L, CITiOs IZ)RR S LA M /N Y — S F 28]
&7z, 40 mol% LL - Tld Cr,0, DT /8 % — A3k
BENTBY, e & T oEALIZHE L 728 &1F Cr s
40 mol% Kiili TH 5 Z &b h o7z,

CrTi,Os Z AW L 72 MBI N T TIIEEAE Lo
7. Z2T, CTi,O, O&EKE HIWE LT Cr=, Alisk
tEoME %475 72 (K1 6). Z D54, Cr & 25 mol% FEFE,
H, BITIZ X o THIE D E W CrTi,0s 234K T & 72,

—Sn

I T Y VO S

—Ni

Intensity
ES
=1

l H —Al
o e
20 30 40 50 60

26/ degree

Fig. 4 XRD patterns of M-Ti,0, synthesized by reduction with
TiH

2
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26/ degree

—Ti,0;

Fig. 5 XRD patterns of Cr-Ti,O, (Cr: 2.5-50 mol%) synthesized
by reduction with TiH,.

33, TiH,
33
25
z VA.LL_LLMJ.—_A—AM__‘
‘®
c
i)
= 15
10
A Ti,Os,
...JL.___....JURL_._J‘L.A__JL__JALJ___
20 30 40 50 60
26/ degree

Fig. 6 XRD patterns of CrTi,O, (Cr: 10-33 mol%) synthesized
by reduction with H, or TiH,,.

3.2 M-Ti,0, DALYk

M-Ti,0, ® TG 71 7 7 4 V%R 7 127”7, Ti,0, T,
TiO, ~OFALIZPE S B AT 200°C FEN HIEF ),
300-500°C DO #iH TR AR INAA S, 800°C DL 1T
FEEIRIZIETEE o/, BESEEZEALZVTR
D M-Ti,O; IZBWTH, BWMAEEHEMONE E2%)
A ERENBE L TB D, $I2 Mn-Ti,0, TIEiLH
ATV IEJE AT 500-700°C D L 72 V), Ti,0; & T 300-

12 _
<10 f
S
o 8
j=2}
5
IR .
z Ti;0;
k=) 4 r Cr-Ti, Oy
z,| AT, 0,
[ — Mn-Ti,O,
2 . . . .
0 200 400 600 800 1000

Temperature (°C)

Fig. 7 TG profiles of Ti,O, and M-Ti,O, samples.

30

g
o
[
2
o
(s}
10 7 Cr, 10 mol%
Cr, 5 mol%
s Cr, 2.5 mol%
Ti,O4
0 . . .
500 550 600 650 700

Temperature (°C)

Fig. 8 Catalytic activity of Ti,0, and M-Ti,0, samples for
reverse water gas-shift reaction.

500°C FERE S ANIC BB L 72, S S oI, RAid
JBDE AN L > T Ti0, AL ZZTI2 oozl &
*HOPTRLTEY, BESEOEAIZL DRI HE
EENTEERA.

3.3  M-Ti,0; Dl iEFEE

WK AT 7 b RIS H T 5 Cr=Ti,0, O filt fiFE 4
ZhEtL7: (X8). Ti,0, & 500°C T CO UK 18% %= 5-
Z72H, % 500°C 12 B &85 & 2SI EEET
L CCOWEIT12% FEEIIKT L. ZORITIREL
FIPEo T COMELEAIZ LA L7z, W OEMERT
X, Ti,0; 2SCO, ICL > THfb SN/ EHRETH S
EEZHND. L7zdt-> T, 500°C Th b7z ki
W CO LEEIL Ti,0, DEFREE{LIZ X > THER L 72 CO 28
EENTBY, MR MBS DR L ILT 2 v,
Ti,O; (X ERIL % 521} 72 & & T 550°C LL_LTldffk v COo X
BLPRS oz

—7, Cr-Ti,0; TIX 2D & 9 ZiEMHEETIEIALNE
Motz CrDEAIZ L - T Ti,0, B ERILZ 2112 < <
ol:lz0THAHEEZSLNS. Cr-Ti,0; TIEKISILE
D EF IS T CONFEA EFH L, 550°C PLETIHEIZ
Ti,0; LV EWCONEEZLG 2/, ZDLHI, CroE
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AL o TTi,0; DBRALAIHI SN2 & TEmTH I
BRI WG RS 5 2 LN RIS R o 7z

S 30k

Nagao M., Misu S., Hirayama J., Otomo R., Kamiya Y., Magneli-

1.

phase titanium suboxide nanocrystals as highly active catalysts
for selective acetalization of furfural, ACS Applied Materials &

S EE Y
158 - RA ¥ —% ek

W B, ik RIE, Kk se—, M f—, "HiRR
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Establishment of Fundamental Production Technique for Inhaled

High-Dose Dry Powders

WFJeft# 4 Research leader:  BLH  JIF  Tomoyuki OKUDA
E YN S S e
Faculty of Pharmacy, Meijo University, Associate Professor
E-mail: tokuda@meijo-u.ac.jp

L

RIFZE T, BOKBEEOF RIS (APD 122WT, Hi4 OFINFE % v CEZE MRS (SFD) B L
sz (SD) IS L ) BEEWM AR KA Z Az, EERE THEMEHZICB VT, 50% O APl 551
% SFD kLT CIEEAEDS 5-15 pm CTHIZE L FLME O BRIRTR T, 90% @ API 25 i % SFD ks - Cld 73 »
02 A ZO— kLT CHERK & L4 B4R 1K, 50% @ API 2> 5 B % SD ki T CIE A 0.5-5 um T MR OM%
Koz e/l oz, [ mE Mg COBMRHm S, B KR 1 O HaE 2V 72 RIn# o % 41k
DI EWC & 2R TE 2, WA ESMMEL Y, SD A & D b SFD Mokl 1 D A3 i o3 #E 12 13
NLLOD, WAZREMHTLZ L TOTNOMERMICAF TSNS Z EPEIESI N, =70 VG
iz 5, 90% @ APl 225 %% SFD i1 T 50% O fine particle fraction (FPF) % 3Em L, K& D API % il
NEETELIERZHSENIIL 7.

ABSTRACT

In the present study, we attempted to produce inhaled high-dose dry powder formulations for an active pharmaceutical ingre-
dient (API) with poor aqueous solubility using several additives by spray freeze drying (SFD) and spray drying (SD) tech-
niques. Scanning electron microscopy revealed that the SFD powders composed of 50% APl were highly porous and
spherical microparticles with diameters of 5—15 um, the SFD powders composed of 90% API were aggregates constructed
with submicron-sized primary particles, and the SD powders composed of 50% API were corrugated microparticles with
diameters of 0.5-5 um. Toxicity assessment using an air—liquid interface-cultured cell layer confirmed the relatively high
safety of the additives used. Particle size distribution measurements clarified that both the SFD and SD powders could be
efficiently dispersed in air using an inhalation device, whereas the SFD powders had higher air dispersibility than the SD
powders. Aerosol performance evaluation demonstrated that the SFD powders composed of 90% API achieved the fine par-
ticle fraction (FPF) of approximately 50%, enabling the maximum possible amount of API to be delivered to the lungs
through inhalation.

N T e B—7i, SEWEACTH A% D AL N 2 &

ERRC, MR SR DI 0> 72017 B 2 i
WA T R I L IS ORI o RINA E R BI A AS K TH S (Pilcer and
T B [WANHRH) OFHTENE CRBENATY  Amighi, 2010). — %, ZRMEOE AL HIE, Zh 50K

—39—
Copyright © 2025 The Author. Published by Hosokawa Powder Technology Foundation. This is an open access article
BY under the CC BY 2.1 JP license (https://creativecommons.org/licenses/by/2.1/jp/).



Research Grant

Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.22105

AN ETHELZEDRET L. TNETICEED
W&, AR O 22 FLIERD R BORL 1 & B VAR e S AR
V2L T AR 70 MR 7 CUMBRAE 2 (SFD) ICEHR L, W
AFISHZ NS TR - Bt ot o TE 7.
ZO\ET, BUKET I /BEOT A Y 2RINENZHW
% Z & T, SFD kD5 #lER & Ok EM %
MR ETCEAZ 2S5 NIZLTW5S (Otake et
al., 2016). F7z, FEHALE N AR KF O FEERE DS
HHEZGZE (SD) HIZBWVWTh, oA Y YORMT
SD Mk T IR OMFEZ B 7263 2 e HiE S hTw
% (Alhajj et al., 2021). O X 5 ZRiEMNHZISHT 5 2
LT, BEROEIEDSEDL WA KA ORISR T
&%, FEBIZ Shetty 5%, MiIFEFETHL L 7 7ax
PRI EHL, TA D 10% EAH CEN
EENE %R SD AL OFIFEIZHITI LT % (Shetty
etal,2018). —JF, FI BmFl, B MEEL S
TEL RS - S 50T, EYoEEEWR AN
FEFNEE WA MG L 72 s 63 e T,

Z ORI T, BOKBEEOBERKS (AP) %E
TIWHEY L LT, 3MORMA (Ad: AdL (B A1 2 2),
Ad2, Ad3) W, SFDEB LU SDHEIZ L Y EE
B A KBEFN L E R AT 155N & ORFAKRLT-
DWW T AR A% BRGES 5 2 & C, R/AED
ININA TR E D APl & fli 5 Z W BB R L7 - Bas St
DOFEEHIG L72. 7B, AP, Ad2, Ad3 DFEflIZD
W, FFRFBEEIEIC L VIEAR L T 5.

Table 1 Atomization conditions for SFD and SD powders.

2. MRk

2.1 BRmk o8

KUITR LG - B2 FE S L 22 i o,
SFD 8 L U'SD I & 1) BBy Kk 1 % Bk L 72,
HEREMED APl B VEMES D720, VAL LT tert-7F )L
7N a—) (TBA) BLUxT¥ /—)v (EtOH) % KIZ
mz 7.

APl & F o Wy R 121X, EEH 7 NVAlE L
T7NVF LA+ b7 a (FINa) % 1% 02 7-.
SFD T, Wimmm 2 el 2 X (CAN) Tk
BHEPICEZER, 5O NKE T BAEEERENICRE L
KoykFAHEST L L THEMR 21572, SD T,
B 2 IRE A v ¥ 23 A (VMN) TEilEit
HICHETE L, KO8T 5 2 & TR RMALT %2157
L, TIAPI =] [BE] [AdF5]] ol T
WL, A—OMKE L Ok CRE SRR 5
BICHA ORI BTz (1), 50% SD1 B L O
50% SD1’ O #ETIE, ADEEL 22 50°C B L
70°C IZREE L 72

2.2 B ARBRL T DA% E Sl

SEEME S — AR UTE T — 7 B, MRS EERINE 7N
4 A (Asai et al., 2016) % FI\C, & D& Kk T
aniv ey | APV AT AL M DY & N ¢ e ok = e e e
Y7 L7tk EERETEMEE (SEM) 12X DR 11
HERBE LT

Component solution

Formulation name

Atomization

Components (W/w%b) Solvent (v/v%6) Concentration (mg/mL)

0% SFD1 FINa/Adl = 1/99 Water 20 CAN (150 kPa)
0% SFD2 FINa/Ad2 = 1/99 Water 10 CAN (150 kPa)
50% SFD1 API/Ad1 = 50/50 Water/TBA = 40/60 10 CAN (150 kPa)
50% SFD2 API/Ad2 =50/50 Water/TBA = 40/60 10 CAN (150 kPa)
50% SFD3 API/Ad3 =50/50 Water/TBA = 40/60 10 CAN (150 kPa)
90% SFD1 API/Ad1 =90/10 Water/TBA = 20/80 10 CAN (150 kPa)
90% SFD1’ API/Ad1 =90/10 Water/TBA = 20/80 20 CAN (150 kPa)
90% SFD2 API/Ad2 =90/10 Water/TBA = 20/80 10 CAN (150 kPa)
90% SFD3 API/Ad3 =90/10 Water/TBA =20/80 10 CAN (150 kPa)
0% SD1 FINa/Ad1 =1/99 Water 5 VMN (medium)
50% SD1 API/Ad1 =50/50 Water/EtOH = 15/85 2.5 VMN (medium)
50% SD1’ API/AdI = 50/50 Water/EtOH = 30/70 5 VMN (large)

SFD: spray freeze drying, SD: spray drying, FINa: sodium fluorescein, API: active pharmaceutical ingredient, Ad1: additive 1 (leucine),
Ad2: additive 2, Ad3: additive 3, TBA: tert-butyl alcohol, EtOH: ethanol, CAN: compressed air nozzle, VMN: vibrating mesh nozzle.
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2.3 BrARWAR T DR

bt b FEASA (Calu-3) A% VTR L 725
TR R AR RS, MRS EENIE TN A (Asai
etal., 2016) % HI\>C 0.5 mg O & Kk 1% 45 B
L7z, % 120 532\ B (TEER) ZMIE L, e
WTMTT 7 vk A 2479 2 & TRl FERZ KD 7.
FapnfiB & L CARMEL (No treatment), FptExtfigé L€
50% EtOH &N & 2T - 72,

2.4 B KPR T~ S o e S EA

B RMRL T 2 S aE L, L= L Bk
TRESARERAIT - 72, EMERIC L A S 5ELTIE,
0.2 MPa D43 FUE I 3% 5E L C & A8 RIRL T & 1HH205 |
L7z, WMAZGRZ N L7250, S8 Rk (SFD
k¥ - 2mg, SDAIT :5mg) 2FHEL7z25h 7
v % W A% (Jethaler® Standard, ~ ¥ 2> A7 4V
Ja—3ary X (b)) IC&iE L, 60 L/min OiiE T
gl L7,

2.5 BIARBK 07 a > U PERESH
FTEROEREMMFxFREBE L2 T2V %
Jethaler® Standard |ZFRE L, Y VFATF—TY U F v KA
YE YT x— (MSLD) (ZFfE L7z, 60 L/min D iL# T
ARG 1%, SEBAICEE L2 APL ZER L72. 155
NIZRE XY — 2 2 HIZ, WAZRD D ORI PETEEE &
L C output efficiency (OE), JfiifafFisi~o 2 R H
& L T fine particle fraction (FPF) % ZM 21L& L 7.

3. WRFERR

3.1 BARMR OB - Ytk

AW H MR AT T, 50% Lo APL 20 5 %
DGR KEFE % 3Tz, APLDSKIZEEENE, 7 v a—
v (TBA B LU EOH) ICHEETH L DIRL, @
FNIARICBELE, 7V g — VICHEEAN: & B o Bt %
FRTIEND, KETNI—VOREHNEL LA D
B A W TRMEROMBE L BET L. 2o/, K
DL TN I VOSPBEERROBEE WL &I
L7z, F72, WOERAYEETE R, R 1% [
INTE WA EOMED RO S N/20Y, Iz 112
TRY G THE L 72 BISH R 2 T & 72, ER
T RE 7l K AP & A 512D W, SFD #:Cld 90%, SD
PFTIE50% T - 72,

O NIRRT 12OV, SEM BlE21To72 (M
1). 50% O API 7> 5 i 5 SFD Bki - Tld, APl # & %
WA (0% SFDL B X 18 0% SFD2) & [l Kk 12 £ 2)S
5-15 um CTHIZEZ LM IS E LERIRIEE YR S 7zl 2xf
L., 90% @ API 7> 5 ki % SFD Skl T Tl 25 4r < 5
%Y, T Iza st A Ao—kk A RS S B B

fRe LTBgs Nz, —h, WINFIOEIZOWTIE,
SFD fslohE - D1 1 (B 22 SRR O b Lz 2o 72,
50% @ APl 2> 5% % SD AL T-CTld, APl & F 2\l
A (0% SD1) & [AFRIZIE{EAT 0.5-5 pm TN IZE Tr—
WhL T CHER SN D Bk & L CRIZ S 7z, 50% O
APl 751 % SFD A ¥, SD ki FTdH, APl =& F
WA L ARTH A ARWEICL D 0D HL S 7z
A API DEHELANIT VI — V%% St iiilit a2 Fwv
Tl Lo EZOND.

3.2 ByARBK DR
W 2 ERGr (99%) &3 BB RBR 122 T,
SRR MR 2 v CRet e BEE L 72 (K 2).

0% SEDI 0% SiFD2 50% SFDIL
S fom 5w 5 [mon
S ooy
W% SFDI® 0% SFD3
S0% SIpi®
1 peon 1 peon 1 pwon

Fig. 1 Scanning electron micrographs of SFD and SD powders.
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Fig. 2 Cytotoxicity of SFD and SD powders in Calu-3 cell layer.
TEER: trans-epithelial electrical resistance. Each value
represents the mean = S.D. (n = 3-4).
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TEROG RS, FTHEEIIH T 5 0% SFDL, 0%
SFD2, 0% SD1 @ IEMK DR M= IE, T4 21%
(0.093 mg/em®), #J 18% (0.081 mg/em®), #J 30% (0.13 mg/
cm?) TH o7z BRI TH % 50% EtOH AINEE T,
TEER T#HJ 19% * C, MAEFFETH 42% T TENE
WET L, BEeMilastzmMilcaz. —F, MEtL
72T NOREME FRINETY, TEER B L UHifgE
3L 128 100% Zx L, MgEtEEfio Sk o
7o, IR S S ITREEST A LEXH LD DD,
WMRMR I E NS AL, Ad2 & b2 IR
W EATRIEE N,

3.3 Rk ¥ DKk

JEAME A TR L 2ok 7254 (B3) 12D
WC, SD Bk 7Tl 4-6 um & 50-200um TE — 7 %
IR IEME A ASER D BNz D IR L, SFD k1T
12 5-15um TY — 7 Z R B o fix R L7722 & h
5, SFD AT DAY & 0 & 4 B A A ) A5 B
272 # U TAPI % & SFD ki 7-Cld, APl 24 F
WA &L AT Y — 7 2R TR DV S WA ASEE
LHN, T, BiEE L TTBA R &L 2 & TR
RADPMET L, MEROWHEEN/NS S o722 L12n
Z, APl % 90% & &3 A I IZERIR A S &AL L2 2
LB EEZOND. —F, BIFIOMEEIC X % Wk
EWVIIR SN o 7.

W A% A L TR L 7Bk 254 (1K03)
IZDOWT, W NOR KRBT C b AR TR L
L7zBE LD /&R (1.5-3 um, 50% SD1 < 90%
SFD1' < 50% SFD1 = 50% SD1') TV — 7 % R¢ Bl
SADFRD bRz e, © N TOWABMEIZL T
ERETEI M END Z L AURIE ST 50% SD1
X1 b 50%SDL DAY — 7 #RTRAEI/NE Do
i HIE, SEM R ToO— ki FOBEEE WIS LT
B, BEREIHWZ A Y 2094 20D iEEo
LB EEZLND.

3.4 BERME o7 v L

W - BESEMEORECIIN A, TR VNOTEEE %
EZT, FBERME o7 0 VG R BGEE L 7
(K 4). Bl L 729X COMEMKTC OE 1% 75% Ll E
RERL, TV LOREEINTL B TH S
CEAURMBE Nz, # U C APl B & SFD Bk 7T,
APl % & F 72 WA & T FPF MK T 9 % @[ 2580
SN2, % DEAET 30% LI kD FPE 2SE L & 1,
FEHL S N2 AR EA] (20-50% O FPF) & [d]%E DL 1
ORfiEEEA AT H T EE2FEILETE72. 50% D APl H
5% A SFD ¥ (2mg FelH) O Tlx, Ad2 % #H
L 72B& 12 FPF 25 e =il (R 50%) %7 L7278, FoiEE
Z5mgllm T AT L TFPFAS26% £ TIRTF L7, —

10 0% SFD1 ()

N 0% SFD2 (-)

S

& 8 \ 50% SFD2 (-)
s 6 \ 50% SFD3 (-)
> 90% SFD1 (-)
L 4 90% SFD2 (-)
® 90% SFD3 (-)
£ 2
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Fig. 3 Particle size distribution of SFD and SD powders after
dispersion in air. (-): without inhalation device (0.2 MPa),
(+): with inhalation device (60 L/min). Each value
represents the mean (n = 3).
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Fig. 4 Aerosol performance indices for SFD and SD powders.
OE: output efficiency, FPF: fine particle fraction. Each
value represents the mean £ S.D. (n = 3).

77, 90% @ APl H 5 %5 SFD Bk (2mg FiE) o
T, WIFNORMAITDH 35% LL LD FPF 251% 5 172,
RIS, MEBEROB S ERREE Y 2% 12D THEE L2
90% SFD1" Tli&, FEHEm A 2mg & 5mg D1 /5 T 50%
% HZ2 5 FPF % ¥R T & 72, 50% O API 2> 5 B % SD
Wk (5mg FSHE) T, 50% SD1 @ FPF 75#J 43%,
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50% SD1" @ FPF %% 49% & 441 b BT 72 i R4 s M At
oo, LRI, SRR L-&ofT
1%, 90% SFD1" % 5mg FoiE L 7B, sKED APl &
Ji~EETE DI EHRBRE N

S 30k

Alhajj N., O’Reilly N.J., Cathcart H., Leucine as an excipient in spray
dried powder for inhalation, Drug Discovery Today, 26 (2021)
2384-2396. https://doi.org/10.1016/j.drudis.2021.04.009

Asai A., Okuda T., Sonoda E., Yamauchi T., Kato S., Okamoto H.,
Drug permeation characterization of inhaled dry powder formu-
lations in air-liquid interfaced cell layer using an improved, sim-
ple apparatus for dispersion, Pharmaceutical Research, 33
(2016) 487-497. https://doi.org/10.1007/s11095-015-1804-1

OHBFER A

158 - BA ¥ —%%

1. Pk e, BLH R, SRR RS, MA - Iy

Otake H., Okuda T., Hira D., Kojima H., Shimada Y., Okamoto H.,
Inhalable spray-freeze-dried powder with 1-leucine that delivers
particles independent of inspiratory flow pattern and inhalation
device, Pharmaceutical Research, 33 (2016) 922-931.
https://doi.org/10.1007/s11095-015-1838-4

Pilcer G., Amighi K., Formulation strategy and use of excipients in
pulmonary drug delivery, International Journal of Pharmaceu-
tics, 392 (2010) 1-19.
https://doi.org/10.1016/j.ijpharm.2010.03.017

Shetty N., Park H., Zemlyanov D., Mangal S., Bhujbal S., Zhou Q.T.,
Influence of excipients on physical and aerosolization stability
of spray dried high-dose powder formulations for inhalation, In-
ternational Journal of Pharmaceutics, 544 (2018) 222-234.
https://doi.org/10.1016/j.ijpharm.2018.04.034

T)RY T a =y e dRin L7 AR KA B 5!
MEFFE IS X 2w G- E Y ABK L O FHkE
H A A 74355 38 4F 4% (Nagoya, May 16-18, 2023)
1-4-16.

— 43—



B

S

T iz PR

Hosokawa Powder Technology Foundation ANNUAL REPORT No.32(2024) 44-48 /https://doi.org/10.14356/hptf.22106

HPTF22106

RERFRINA ¥ FREGAK DBIETE BT BB D RS E

Effect of Thermal History on Moldability of Wood Powder with
Natural Binder

WF9EfL#%# Research leader:  HEJI|  FH P Shohei KAJIKAWA
BAOBERFRFEEERI TR dE8dx
Graduate School of Informatics and Engineering, The University of Electro-Communications,
Associate Professor

E-mail: s.kajikawa@uec.ac.jp

Wk

TEERIVE IR T d 5 AMGHROEFHARKD N T WD, KIFFETIE, KRMEED S 4 2RO 2 B
WS 2 HEE LT, AMICAZ 0 —ZABLO 7 T VB2 ORER SN KRR Y ¥ 2RAL, BEIL
TLHERET D, WIEEICB A2 INBRE - BB L OB T A4 XARB ORI, 75 CICREmOR
BEIZRIZTT By ET ) —RERBIC L > CHE L2, IERE, BB LR TV A4 X 2#iEbs 52
L2k oT, ApEEVRBIGA R Lz, 72, RERBEFORESE 22138, HHBEROMEILE <
oo fz, MEIABGERICE DX, SHERIER B IR 21T o 72458, AARORIERES5 2 LI L7z,
DLEO#ER LY, RIRJNA VT ERRE L2AR RN LT 2 10H 725 C, #IER MBS L KRB OK
TH A ZEWHLNIZ L7

ABSTRACT

There is a need for the effective use of wood resources, which are recyclable. In this study, we propose a method for manu-
facturing products of various shapes from wood resources by mixing wood with a natural binder made from sucrose and
citric acid, and then molding it through thermal-assisted flow. The effects of the heating temperature and time during mold-
ing, as well as the particle size, on the moldability of wood powder and the strength of the molded products were evaluated
using capillary flow tests. By optimizing the heating temperature, time, and particle size, the fluidity of the wood powder was
increased. In addition, the higher the temperature during the flow test, the higher the strength of the extruded material. Based
on the results of the flow test, an injection molding and back extrusion test were conducted, and it was successful in obtaining
a container-shaped molded product. Based on the above results, the appropriate heating conditions and particle sizes of wood

powder mixed with natural binders were clarified for application in wood powder molding.

BT, AITEESRZ L2, &RlZ w7

Jode 5 r
L BRI EHIY WP TR BT TS & »C, BE A KEEET S = b

TIAT v 7 TR K BMEFRERPE L 2o Tnb
i, EREVEIR T D2 AKM % &5 2 & 4 S HEIDRIEM
TTA2008MAROLNT WS, ST ST REED
FIZBWTHWONL ZEDNLWERRS T T AT v 7

ML, AW ETITAF Y 2 EEAILLIZKRE T T A
F v 7 RRIEIMTLT A2 HELETOND, — Kk
FAF v 7 EHRIEL R LD 30% LLETH Y (Kojiro,
2024), T AT v I EAFRETITAL L, BIBHIFKT
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5.

HEOIE, A7Uu—2ABLU7 VBRI OEBRESND
RIANA T RIIRET A2 EI2E T, Ayl
MEMEZ G L, BRI 2 HEE2REL TS
(Kajikawa et al., 2020a, 2020b; Suzumoto et al., 2021). &
FHEIZ XL o T, RIKHEREIR 100% OE i % KL %
CENUEETH L. ALEICBWT, WEERBIEMD
SREEN, BVBEREOREE IR 2T B WD B O F AR
WCEVHS IR o T D, IILEREGZIROE NI
L oT, RN % BERRIZZLS 5720, BVEED
HEOLIRBIVETH .

AWFIETIL, A7 U—ABLU7 T VB0 SRR S L
B RIFBDNA ¥ E&RAE LR % BIEICHIEM T
L, ZEMICHEERIMRICEN-RR 2155720, NEk
ImE - K¢ 72 & D BB FE DI O AN AT 722
FAEL £, FvET) —FHW BT 1T,
KRBT A ZDEEIZOWTHRE 1T - 72812, #EIE
R A XIS CHIBIE O E 2L, #IEL IS
PRamEt L7z, 25612, GFHBOREERR #2773 sk 2
T, FrvE7) —HBEROZ LML MGEL 72,

2. FY ) —HEBRIC X 2BUEEL X OARBR 1Y
4 ZD B O i
2.1 FEEE

it e LT, AFOFy TERHEH L. Fy TR
Wik, S50t 24r-72. HBIE 03, 05, 1.0, 2.0,
28, 40, 5.8mm D 7 HEHEDOLLVEHEL, EAER
THALZ, RECHEBLIZA Y V2 A XERTHA
AdEERL:. KRR V5 ELT, AZU0—2AB
L7 T VBOREM R L7z, N U FI2BITA A
JU—RL 7 T UBROEEIIZT5:25 & L. Al
NA I EEILT0:30 ICTRA L.

B 112, Fx 5 —3BRICHW 72T OB % 777
—EHME TN F e LAARBOMELZET L L
2L o, mEMERFEM L 72, R 1 ISRBREt 2 R T
FEEmE TS L - &Micst B2 AL, k%24
RIPIZCRTERE M t, B L 7. 2ok, —aE#Ey, =

t _ Punch

= Heater

Sample i

sy |

Capillary l Container

Fig. 1 Schematic illustration of capillary flow test.

0.1 mm/s T8V F 2 LAKR, BEZXFYET) =25
LW L7z, 282 FMHE P A% 200 MPa [ ZF5%# L 72 F 5

HB\EN Y F— ZOVIHBEHEE L, A3 5 mm AT HEE L
7oHERTTON Y FOWAB L, HAERERT L7z i
B RIS % 720, BRI RIG R A I L Lzt
FAPA—2 s=5~15mm OXEIZBIF 5/ 0 F
[HJE Py B3R 72. Py RV L, B omEIME Ew
EEZONDL. RERIL, HEMHFICOE 3BT OFEM L 72,
B m O5REE 2 AT 2720, JIS Z 2101 2 5%
AW BRZ T 72, IR 20 = 2°C, /¥ 65 + 3%
OFEFSICHET LI LIk o TR 2 FE L7
%, HEE 10 mm/min (2 T EIEMEZ AR L, £0
BROmAMEF 2% L7z, CANRS c 12 TFToR &
HRD7z.

r=4F / (nd) (1)

22T, d MBI OIMETH 5.

2.2 T

FYET) —ZRETHARBRFOLREHDO Y I 2
L—aryaHEME L2ARERE: (FEM) T %2175
7o B2, BITETIVERT. MR IZ X Rockfield
Software fL I CRIE SN AR EZEIH I — F
ELFEN 2 H L7, EFNVIZTWIC - FH O ¢ AobkEE
&L, BRI TIRAT L 72, R LI & 2 R 9.
BEES B L OVFARIE x B L Oy W, B x FTD Ak
RL72, EAUCHEF, 25 2 72802, THRICAELT 5K
JIF, Z &ML 72

23 ABRTFHA XBLOF v ¥ 7 ) —EHHRHE
B & OHHRIE S DR RT3
ABORFH A XdBLEFy ET ) —fEd, 25iH

; F
& [Gowro]
T d

Side wall and Bottom plate
d. - Constrained in x and y directions
—_ SN — Upper plate
: Constrained in x direction

Sample
— | (Mesh size: d/7)

y _
X 'g [Bottom plate

Fig. 2 Schematic diagram of analysis model.

Table 1 Test and analysis conditions.

Young’s modulus, E / MPa 1187
Friction coefficient, u 0.4
Distance between side wall, d / mm 2

Initial distance between upper and bottom plate, | /mm 4
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MG 2 BB ERAE L. £TRE T 132 160°C, Hnzk
BEfT 6, 1d Omin & L7z, 2 IZEFEMFICB T, A
BAFIZmE) L2232 Rd. d = 1mmOae, &«
FHIREI L e o7z, d,=2B L0 4mm 04, d=
1mm U EOFEFHIBIFICHEI L. —F, d2¥1mm
XD/ SVEHTIE, mEILICS K 2B EmMERLT.

K312, WEIL 7258w, Kbk FH (4 Xds
VX v ¥T ) —£&d, DNRBIRE DI FTHE Py 12
BAZTRELART. d DK E VI P, I THB) L
72, dOEEINEVL OO, d=03mm DEUETIE,
o d & HRTP, 2855, dA1Imm X ) /& WiE
Wk, d oAby, BB EAL S 5 T EE
HW2H 5.

X412, WM O AW RS , I2RITTAR
WHRTHAZdBLOIF Y ET ) —£d, OFEEZIRT.
dBLOd, DFEBEIZR ST, 1,126~ 18 MPa D &i[H
\Z5AE L7z,

24 YIal—¥a vIZBI AR A XD

X512, FEM#FTIZBWT, FARICAEL LRI F IZ
BAZTHRFH A XdBLOWEF, ORELRT. d=
05 mm DA, d DS F IZRITTHERIR SN o 72,
KEBEAE o7z, —F, d<05mm DOEA, das

Table 2  Effect of wood particle size d and capillary diameter d_
on number of flow (Total number of test n = 3).

Wood particle Capillary diameter d / mm

sized/ mm

0.3
0.5
1.0
2.0
2.8
4.0
5.6

O O O O o o o |k
W W W W w o NN
W W W w W NN

200
180 Capillary diameter d, / mm
160 | 02 o4
140
120
100
80
60
40
20
0

Average flow pressure P, / MPa

0.0 1.0 2.0 3.0 4.0 5.0 6.0
Particle size of wood powder d / mm

Fig. 3  Effect of wood particle size d and capillary diameter d_on
average flow pressure P, (T =160°C, t =0 min).

INEVITZEF T3 2SR SNz dAVNE L
bk, RFMOBEmML CWAHEBESBML, g
WIS 5. dA/NS WIS, fifE F, 29 BRI X o Tl
s, FAMET L2 EZLOND. EEORG O
BZBWTHRBROBEE S EAEL, dhW/hEwnk, Ny
FUIZTMATZENIDRF Y ET ) — RIS TR TS 472
O, WEIMEPSRT L ZEEZ NS,

25 IMEAEEE S K IRERIASEENEE S K ORI ERIE
DFFEIC BT T3

TR T B X O t, 2SR Eh 25 2 % 58
L L R ET Y —FFd i 2mm, KAFORTH
AAXdix28mm & L7z #3112, FELMFICTBVT, K
DS B2 E) L 7o BR I B2 7R3, T = 140 ~ 150°C
DA, WENMEDZE L e\v—7, EREMomEc X 3
MEMEDZ LIZ/N SV, T =160°C L o4, #Y7%
LICBVTRE L CHREIT 52—, TAEL251EE
EREE OMEIZ & o TREIMES Kb A E 2R L7z
B 6 (ZHEEIEE O FIG8 > F I Py 2 S T I EGR
TH LWt OB ZRY. T=140 ~ 150°C DI,
t, 3 Py ICRITTREEIZ/N S v, T =160°C LLEDE,
TOEFEELIZ, PAIIETL, T=190°C 2BV T,
Pl bR o7z, —75, t, QML o TPy A L
HAL7z L7z, Skt Es57-0121%, &Sik
POFRER OIS ER TH 5.

B 712, DNEGEEE T B X ORER ¢ 2540 B & o 2
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§ 18 |
< 16
E‘“ 14
2 12
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g 4r
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Fig. 4 Effect of wood particle size d and capillary diameter d_on
shear strength z, (T = 160°C, t=0 min).
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Table 3 Effect of temperature T and preheat time t on number of
flow (Total number of test n = 3).

Temp. Preheat time t / min
T/I®C o 2 5 10 15 25 40 60
140 0 2 3 1 1 2 1 0
150 2 1 3 2 1 0 — —
160 3 3 3 0 = — _
170 3 3 3 0 — — _
180 3 3 0 — — — _
190 3 1 0 — = — _
200 3 0 — — — — _

200
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~ 160

‘f 140 4 o
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lwg o 8 o

g 80

= 60 ‘ 7 Temp. T/°C
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Fig. 6 Effect of preheat time t and temperature T on average
flow pressure P, (d =2.8 mm, d =2 mm).
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Fig. 7 Effect of preheat time t and temperature T on shear
strength z,.
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Fig. 9 Effect of particle size d and backward pressure P, on
appearances of injection molded products.
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Molded products
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Fig. 10 Schematic illustration of forging.
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Fig. 11  Appearances of forged products.
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Preparation of Ceramic Hollow Particles by Using Vapor-Phase Deposition
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REf7eix, L&A (CVvD) 2 w7 v L — MEIC L 22T I v 7 BRI TOAR 70 v A &
5728, CVD DI —F 4 ¥ 7D 2RO ¥ = VIE S R, R MU S T T 2
Rz RBANY AT T L — MRFICHEECYD ICE VY Y I EEa—F1 v 7L, Boha7 v o
K2 MBS 22Ty el T2 Lz 7T 7L — MRETEIRZEFL, ¥ 2 VE )T 10-
30 nm O ZEREE A FED ) AR TSR S L7, IR R 240 min TYEELL 723 A 2Bk T- ol R T
FEIZ75mYg TH Y, BEROEHEIZE D RN, KRR 60 min Tl 466 mP/g TH o7z T2, KT
Ot ADIA—F 4 Y IBEFI=TETHIETFITHENTFAERTE, EHhtT Iy 7 hZRiT4&
B~ T REE & R L7z,

ABSTRACT

The present study developed a new route for fabricating ceramic hollow particles by a template method using ceramic coating
via chemical vapor deposition (CVD). The CaCO, templates were coated with silica layers using a rotary CVD technique,
and the hollow particles of silica were formed by removing the templates via acid treatment. The effects of the silica deposi-
tion duration by CVD on the microstructure, specific surface area, and pore structure of the silica hollow particles were in-
vestigated. The silica hollow particles had 10-30 nm thick silica shells with angular morphologies inherited from those of the
templates. The specific surface area of the silica hollow particles increased from 75 to 466 m?/g as the deposition time de-
creased from 240 to 60 min. Additionally, the preparation of titania hollow particles was demonstrated using CaCO, tem-
plates coated with titania layers via rotary CVD.
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Fig. 1 Schematic of preparation of silica hollow particles by
coatings using CVD.
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Fig. 2 TG-DTA spectra of core/shell silica particles prepared at a
deposition time of 240 min.
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Fig. 3 Morphologies of the CaCO, template (a) and silica hollow
particles (b)—(f): SEM images of CaCO, template (a), silica
hollow particles at deposition duration of 60 (b), 120 (c),
and 240 min (d). TEM bright field images of silica hollow
particles at deposition duration of 60 (e) and 240 min (f).©

2-50nm) DFFEDRE SN g E X O
BmE & b2 L 72, Barrett-Joyner-Halenda (BJH)
2 X AMILASATIER 35 nm ¥ — 27 25 10 nm DL
ECIRIE WEOMILA A L 72 B0 %5 3.5 nm o #iIFL
X CVD 2L BV HEOBEBIETY 2 VIR S
NizbobZz 5155 10nm L EoffLik CVD #
BTERINLUAMIY, 7T L= MNEEROY =V
OBEIETBI IS T B REERH 72 S 512, X
<4 7 afifl (<1.5nm) (EX 4m) IR T -7 a >y b
B X D MET L2 M ERER 120 3 X OF 240 min Tl
0.3 75 1.5 nm O T = EMAIEML 72. —7,
AR TE 60 min T4 0.6 nm TAGE S 22 N, W45 = D
BMAHER SN, I~ A 7 aflfL TOBEEHREIC X
BLDEEZ LN, BEHTARENEISBESN-4
HRME (Spw), FHLEMEME (Spen) BLUF~A 71
FIFLIL R HIRE (Spiere) O RIS D S22 % X 4(c) 1 27RT
JE B RF I 240 min O & LERTEAE I 75 mig TH Y, BE
BEM O HMEIZ & D 2\l L, B EE ] 60 min T
466 m*/g TH - 7z, RS 120 B X UF 240 min & LK
LC, BEBERER] 60 min O &L EEEITFELIEHL, 2
TR EER 60 min Tl = vz % < o~ A 7 affl
FL (Spieo = 223 m?g) AR SNz LSRR Lz &

-51—



Research Grant

Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.22107

600
@
Coating duration
O: 60 min @®: Adsorption K
O:120 min O: Desorption o

400 A

200

N, adsorbed amount (cc(STP)/g)

Relative pressure

600
1(0)
500 A
4 ©:60min
O:120 min
400 1 o240 min

Increase

Adsorbed N, (cc(STP)/g)

0.0 0.5 1.0 1.5 2.0
Nitrogen thickness (nm)

500

IN

o

S
L

‘total
external

000

:S
:S
:S

'micropore

w

o

o
1

200 4

=

o

o
1

Specific surface area (m?/g)

o

. . @
0 60 120 180 240

Coating duration (min)

Fig. 4 Adsorption-desorption isotherms of N, (a), t-plot (b), and
specific surface area (c) of the silica hollow particles
prepared by using silica-coated templates via CVD at the
deposition duration of 60-240 min. [

) 71 OB ENIC~ A 7 OHIELATER S5 D5, B
EESR 120 min LLETld~ 4 7 offiflzd oo 1) %
BOBEISHENTLIIDEEZ SN, 2D LI,
CVDIZL AR a—F 1 v ZIZHh R ICERICHEH
TH Y, BERMEIC L) MILEEOHRESTETH S 2
Ebros.

34 R~ OEH

[Al#E CVD & CaCO, 7~ 7 L — MRLF-12 & A 221
DEWR T T LA ZMOMEARNRR T 57205 5 =7
ERTOERE AR, T =T HZERTOAKIZN 1
VR LZFRfO 7O AT o7z, 22T, F4=7D
CVD & ¥t & L T Titanium Tetraisopropoxide % i \»,
CaCO, 7 v 7L — MR TIZFF =T a—74 v 7 L7zt
R L) 7o T L= NeRE L BohlTsy
Z 7 hzER A O TEM IRE G Z M5 1R, 7 7L —
MALFIEIR (VA b OSEHEIR) & BEE L 7222t

200 nm

Fig.5 TEM bright field image of titanium oxide hollow particles
by a template method using a rotary CVD technique.
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Design of Inhalable Combinations Using Cyclodextrin-Metal-Organic
Frameworks
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A

RIF7ETIE, BWAERSHEEZRL, ZEEDPBNI &L, BHGHICBWTED SN T 5 &R A S
fk (MOF) O—fiTdhHsr>7u7F A1) » (CD) % AHEA & LT L7/ CD-MOF #3512, #Hi7-zk
W Ak -3 v ) 7 & L COMH Z A7z, BEEEREIC X )R L 72 CD-MOF Fi I3 B LTk TIER L
2bDIHRD E, BHEOL R 70X VKN A ERSEAZ LTI L. 72, MiNOXERLE
BB L BB TR R L 7o F 2 T 2 LIEFICE R o TV D T LR TE 72 E612, A
EHRIOBFEHIBL, 47 I 7V FNVEBEA V=7 Y FEBEBGEIC L ) AR L 728 T3 358 oA R
Do, iz B MEOEY 2 ST FRERET 2 2 LI L7

ABSTRACT

We focused on cyclodextrin-metal-organic frameworks (CD-MOFs) as a novel carrier for inhalable microparticles. CD-
MOFs have garnered attention in pharmaceutical fields owing to their high biodegradability and safety. Particles produced by
spray-drying were found to successfully achieve a high loading of levofloxacin (LVFX) compared to the antisolvent crystal-
lization method. Furthermore, a significantly higher delivery rate to the lungs was observed when comparing particles pre-
pared via spray-drying with those prepared using the antisolvent crystallization method. Additionally, aiming for the design
of inhalable combination drugs, particles were prepared via spray-drying with 4-aminosalicylic acid and isoniazid. These
particles demonstrated the formulation of cocrystals, enabling the simultaneous local delivery of drugs with different proper-

ties to the lungs.

e MOF 3£k 4 =57 CHIgE S, FRICKMEDIFRL - 478
L BREEE B e O il 72 & Ci < A S LT b (Hartlieb et al.

&R A AR (Metal Organic Framework: MOF) 1X 2016). MOF OHiC, &7 1 5% A h1) > (Cyclodextrin:
WRDOR—F AEM LR THERBEDIKE L, SR CD) %V »h—& L CH# L7 CD-MOF 321l T, &
ML e e DY\ (Dou et al., 2014). F72, At u\él—:ﬁ: SRR R L, BEEDE N E s, B
ThorE/RI=y N ROHEEYY ¥ —HPEHIERT IZBWCTEHSNTWDS (Tseetal, 2022). CD & &8
B0, Bka RGBT 2#BEL &Y. INET A F ¥ OENIAE A TTE D CD-MOF (3% 7 AL &
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AL, BB X OBUKMESEY % R ATE 5.
RIRETClE, CD-MOF % FIH L, W% fFs &7z
W A KEH & L COMBEZAAT. HER D CD-MOF
BT E LT, ASILHEES R ST 525, FEH
MIEF AN, REH TR, F 2T, BEBETE
T O WE SRR X - C, W EH O CD-MOF % #i
L7z, WCHEBEECRE LR T3 BE MK < Bk
EThby, MEETLOCHL WA CD-MOF %
A REFNEH 5 72012, WA, Mtz &
KAoOWrEzaEM L7z, 2512, WMABRKREFIZT LS
ETHENROWUERT N7 F v AN EHFEET X
L. WABMERORE L L Cid, EEZRESTH SR
TBY), TNETIHERET T2 ErHWa sy R KTy
ML T- O REFHC &0 W ASFE BN AR R H O B %
MAThHIL T &7 (Kadotaetal, 2020). L2L, W
BETARL, B REHOwEE A L CRF OIS %
WIS BEREDSHES TS 5 720, SEY R iminAl A3k kg3
IR ERFPEOND I — ADE ., D720, HE
DoFH HRER S 5 i 2 T D RS, MR
TR —3EY S R OB L 22l o
TIEEAERENTW AR D572, CD-MOF ~NH#F &4
BN, A IR OEHESZ 5T FEEISE, &t
FHFNZ B L7z

2. Wk

2.1 FEBGARE X ORIk

KERALA ) 7 & (KOH) K OBEIRA ) THETH % y-
PruTFX AN Y (3-CD) & &EAERE RO R
ELTHAL F72, EFVEME LTIIEEE LT
MEIAWEBICHEIGZEHES LR 70 x4 v VKW
(LVFX) % v 7z. 25mM y-CD & 200 mM KOH &
4mg/mL LVFX % K |2 & &, W 28 (Buchi
mini Spray Dryer B-290) 2 & )i 1-ZFHEL L 7. FHE
TA=FRFRIOL)ICEE L. HEBEHRELT, &
VRIS AT R B OSFRR I © b ARk ISR T2 FR L L 7.
& 512, CD-MOF (Z3HFE & & 2 Bl Pufif% 3 <l H
END 4737 FIVEE (PAS) &4 V=7 F (INH)
IZoWT, SRR O W T b ISR X ) EE
L7,

Table 1 Values of the spray-drying parameters.

Spray-drying parameter Value
Inlet temperature (°C) 130
Feed rate (mL/min) 5.5
Gas flow rate (L/h) 473

2.2 WPEEEME X O in vitro W AU PESEA

TR T- R TIIRE & ORI RE % A A B T 9AM
$i (SEM), # I DWW TR R X #EalPT2iE (PXRD)
R ORAEEAEER (DSC) # HWTEHIiL 72, 2512,
Y EAEIZHPLC 12X ) illlE L 72,
ETIVEYTH S LVFX & & CD-MOF fi 78 L O
PAS-INH % & A 725 F- 12D\ T @ in vitro WA FEVE LT,
Anderson cascade impactor (ACl) % f{\», HPLC TiE&
LEFIL 72, %3, WAT/NA AL LT Jethaler® ( k¥
IVATAY ) a—arR) 2HWT, B 7RV
DO #E Emitted dose (ED) B & ONHEA DI~ D F
FERTEIEGOIRE L LT, ACI O Stage2 PLIEF]#E# T
& 5 Fine Particle Fraction (FPF) # L F O 58 L 72,

Total recovered dose — capsule dose

ED (%) = x100 (1)

Total recovered dose

Recovered dose from stage 2 to 7

FPF (%) =
() Emitted dose

x100 (2)

3. WFZER A

3.1 BB & BRI K S5 CD-MOF F
T DI

SEM 2 & V) %2 |72 CD-MOF OHi T EEEZ X 1 127K
3. CD-MOF OfifIEREIL, ZRAMLHFGEIZ L DR L
PR FE LR, BB X R L7107
HIETH o7, BEEFIZHEM & L7 y-CD & KOH 23
—IHFELTWEzHEEZLNDL. —T, BB
12X ) FE L 72 CD-MOF KL I3 ERIE 2 /R L, kL HEDS
NSV, EFETERCIE, B CROHAL S A7 A B
JATHIE S NG 720, W NBIHO R > = VST &
N/t EZL25.

B 2 12 %A F- 0 PXRD #i R 2 R $. ZASILHE KO
BRI X D L L 72 CD-MOF L 113 vkt A

Fig. 1 SEM images of CD-MOF particles prepared by (a) vapor
diffusion, (b) poor solvent crystallization, and (c) spray-
drying.
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Fig. 2 PXRD profiles of CD-MOF particles prepared by vapour
diffusion, poor solvent crystallization, and spray-drying.

Table 2 Drug content and inhalation performances of CD-MOF

particles.
CD-MOF particles
Poor solvent A
Method L Spray drying
crystallization
Drug Content (ug/mg) 6.46 22.40
ED (%) 99.09 99.33
FPF (%) 1.76 25.17

@%TT — 75, CD-MOF & 75 B2 kLT DG S PR AR .
BFETIRPIZ X B CD-MOF fif-1&, Mo 7Ll

@n‘é LA R OB A3 {, CD-MOF KL F-23JF &

BIRRETHELTWDLEEZLNS.

ZFIT, EYPLLTLYFX &4 L Tw5b CD-MOF
WA OEYEHRIIOWTEHM L7z (£2), #HRLD,
MEFF ORI T2 L D LVEX ZEH A L7z 2 & HURIE
SNz —f%97% MOF O & L TSR A LT
5 ENEETHY), ZoORmEETICEY % REFT 5
BB H LMo NTWS. L, WEEGEEC
Lo TR L 720, RIS Rwb oo, 3
CHENEC, FREATHY 2R LEYERFEL T2
ZEDHERR I N, HE S ORI B WT, EE
FEMERL T B BUK M 2 7R 37 LVFX 25 & 1) R fkh 12
EENlOEEZLND.

3.2 LVFX &4 CD-MOF OWe A¥ETE

312 ACI & IV CEEA L 72 AR DORE R % T
BFIZ, BiANOEERE % IR FPF 12D W CE BT

SRR CER L o T R BT A &, WEFEA RS
FADOBEERDPIEFICE L Lo TWDE Z EDFERTE
7. WEFBEAMRESC X0 L 2RI, EP%%P’)IQW/C“,
/NE W CD-MOF KL T- 284 1% L, #Eflide G- CHRALIC
BET L72ODORE LR T > TV hTzD 2L E 2
YR
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Fig. 3 Deposited percentages of levofloxacin in CD-MOF
particles prepared by poor solvent crystallization and spray-
drying on the capsule, device, throat, and preseparator and
the stages of an Andersen Cascade Impactor.
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Fig. 4 PXRD profiles of SDPs of INH, PAS, and cocrystal.

3.3 PAS & INH DL %@%Mﬂi
412 PAS & INH & L2 FE 2% L 724 1- @ PXRD

R IRT.
PAS-INH % JL |2 g7 8 L 72401 PXRD [ /8% —
VT EAE BAEE R SRR SN2 b o UL T

BY, T 1:1DPASINH LY J — ViEi % EFE
B35 EI2E D PAS & INH OfE S 2 T 5 2 &A%
TRETH o7z, MEEIRIC L DL 72 PAS, INH,

PAS-INH &5 fh o fr 2850 A 2l g L7 & 2 A, PAS
& INH OREBGEER FD X VT V5% Dy 1ZFNZ N
34pum & 139um T, FFESMOTREEL LTHE L
Span fHIZZ 21 56.1 & 11.1 TH-72. PAS & INH %
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Fig. 5 Deposited percentages of PAS, INH, PAS-INH (1: 1) on
the capsule, device, throat, and preseparator and the stages
of an Andersen Cascade Impactor.
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Study on the Dispersion Mechanism of Polymer-Added Slurry via the Solid

Kneading Process
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A
AT, VF 244 VEBBOBBEEIZBWTHHEINLIKRT =R ZA5) —2/]RI12, [FEH#HEH | H»

7\7’)—'430)7&% DHCIRREIZ G- 2 A2 2 504l L 72, FERED 1%, Ek iR OARRE TH R & il o 7212 IR
THIETATY) — 2Bl TZ2FHETHY, Ko HERET L HEE L TRBEIN TS, RIS T,
O BEOR FEE 2L ST AT) — %L, ZOAF ) — 2Lz, ZOME TEFL VTSI
7 A7) =TI, R KEORLFIREEDS R T EARRPREEEAMKT L, e S M a M g s e, —7,
75774 MAF)—TlE, PVEFIAF O —Z (CMC) OFINE EFEY 12 & 0 kT 25549 A 1A
PEIE I, TNOORERIE, FEHVICI VLT LA SHDMEES N DT TIE R, FHICE > TEHD

WENAE L LWREENSH L 2L 2R L TBY), HEROEMYICHTL2EZHERETEoNTICRDLEEZ
Y

ABSTRACT

In this study, we investigated the effect of kneading on particle dispersion in aqueous carbon slurries used for the manufacture
of lithium-ion battery anodes. Kneading, a method involving the preparation of slurry with a high particle concentration
followed by dilution, is traditionally recognized as a technique to enhance particle dispersion. To evaluate this process, slur-
ries with varying particle concentrations during kneading were prepared, and their characteristics were analyzed. Our find-
ings revealed contrasting effects depending on the type of carbon material. For acetylene black slurries, increasing the
particle concentration during kneading reduced the relative viscosity and improved particle dispersion. However, in graphite
slurries, the addition of carboxymethyl cellulose (CMC) and subsequent kneading resulted in particle agglomeration. These
results indicate that kneading does not always enhance dispersion and may, under certain conditions, even lead to agglomer-
ation. This study highlights the need to reevaluate the conventional approach to kneading, suggesting that the process param-

eters should be carefully optimized to suit the specific materials and applications.

ANZBWT, AT —HORToHCREL, #arEhE
Jedu z
L BRRETREHY LmTéE%&%%f%é ENHISNTW D, Wz
MR FRNCB G 2 8ET 2 Tk 2BV, kT iiﬂ@ﬁifiﬂ%#%%tfwétﬂﬁwﬁm
AT —bTLFHEILEL LN TWS, 2o 0 5@1@@&?@,%Eiﬁﬁm$ﬁﬁitétb,E
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HEWDS, B ICOWTIREHOLM, IR TEE
DI AE DR RRLTIEEDZELIZ DWW THRFED T Hh L
TWinZ &, BLUREMY PERWRIREZ R L2 L8
PREMICHE SN TWAE Z IR L TWwb LEEILE
ZTWh. ThbBEHD OREI OV TR M=
T BRHER L EN TV ENE W) L THAD.

PIE &b [0 S RESE A B Bl 728, Bk
PACD A H Z A NIHS I o T neEEZ s,

Z 2T A ATERR D ORI TN OV TEMIHENT L, #
BIRST 2T LR HRYICIIZER4TH) 2 & & L7z
R TR ZDOTAEDIZ, VF 744 F o BHLEMOEL
ECTHOWONDLKRZD N =R A5 —%R5IZ, ik
) B DRI ORI OV THRE 17 - 72,

2. e ik
2.1 FEBREUR

AHFETIZY) F 7 LA F ¥ BIHOERDKZELLE TFH)

Fig. 1 SEM image of particle: a) Acetylene black, b) Graphite.

&N 28 B 2w KRoH =Ky A5 —%
L, WEERATo 2. BRI T F LY T Ty
2 (LLF AcB, DENKA Black Li Li-100, 7> 71 ¥k &4t
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BLU7 5774 b (LLT Graphite, SG-BHS8, 1R
PR T EMR AT, IR T4 8.58 pm, FEE 2.23 g/em’,
w1212 mYg) %\ 7-.

B 1 EAEETHEMSE (SU-8020, #RAAILH I NA
727 ) T L - &R0 SEM % 2 7R ¢. K 1-a) L 1),
BRI BWTT v F LY 7y 7 i3kERE D - T
WLDIZHL, K1-b)yD 7 I 774 MuTiE7€FL
VTG B LTNTI NG I o TWD I EDRGH
L. B A KA W N =123
F LA G Y EMOBABOAKREE T, B LU
WHE LTHWONLE A VERFD AF )LL) a—RAF b
) a (BT CMC, R b CEpkatt, P57
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22 AF) —i#

AT) —DOREKLTIREL, 79774 A1) =1
100vol%, 7tFL 75w 7 A51)—1x08vol%, &
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KWL TIE AR Z RO L 217572, £ L TR
O FULEZ [EHED | LD, ORI BREColn
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AF) — &P L7z BARR R PR FIEL F T RERE D
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Fig. 2 Slurry evaluations by apparent viscosity in each additive
amount of CMC: a) AcB slurry, b) graphite slurry.
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Controlling Particle Size

AF KilE  Hiromi KIMURA
FESETA A ISR 0T R AR E I 5830 R R
Research Institute for Measurement and Analytical Instrumentation, National Institute of Advanced

WF784t3E % Research leader:

Industrial Science and Technology, Researcher
E-mail: h.kimura@aist.go.jp

Wk

BEHET I v 7 ZAFKRIEROMEIEREE L TEBENTEBY, HID 7, LY X, L—W—, @b % EH4
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HE LR O A i & B L, VIR 2 R T IES SN T b, AR TR ZER LT I v 7
WEBL, ZHET I v 7 ABRBEFBOECICI2ENEB L OWHICS 2 2B RHEMICHAE L 72
LiBr, NaBr, KBr, RbBr, CsBr 2 L ORALMICHE T, BERGEMTEEZREILTL2ZLIZEIVEHELTI IV 2D
BRACEIIL, 60N L USRIMEOUR T 2 L2 & 24, JEt 28 L 72, 2oHTh Eu
TR CsBr & X A% 2 BE 255 < WL IS VLE S A e % /R L7z, RIFZE TR S R IE, b st
OMEARATHLHEATETH Y, SHBOEWHLT I v 7 Z0OMBIZBWTEELRMATH 5.

ABSTRACT

Transparent ceramics have been used in various fields such as HID lamps, optical lenses, lasers and phosphors. In recent
years, our research group reported that the optically stimulated luminescence properties of transparent ceramics prepared by
spark plasma sintering showed superior luminescence properties compared to those of single crystals. In this study, we fo-
cused on bromide-transparent ceramics and investigated the effects of differences in sintering conditions on the optical and
optically stimulated luminescence properties. By optimizing the sintering conditions for bromides such as LiBr, NaBr, KBr,
RbBr, and CsBr, we have successfully developed the transparent ceramics. Regarding optically stimulated luminescence
properties, the Eu-doped CsBr showed high sensitivity to X-rays and performance comparable to commercial products.
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PLARDBSBAIEL ¥ X7 & Ok R0 i g ke
AL L TOLALETHLICLEb ST, rgeslidss
. FOHBEO—DIZENEY T I v 7 A ORI
IR 13 % O, &KL L TWARWT EAEITH
N5, FREOBEE,»S, HEEROR T EHFHE LT,
BEAG SR DE VI L 2 BB L OIS 2 5
SZAEECHAEL, Et S 3y 2 20RO EART
R e GRG0 252 L2 HNET L. &
SIZRAL 720 T (Mo ELRICOBH L, BR4 25
HWEWL T Iy 7 ADOREEIT.

2. MRk

21 EWHEIIv I ADEM

RIFFETIE, SPSIEICE D T A I NT A REHET
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TEDE K A &) BEAGIRE, BERERERH, FEEE, B
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IR R R 720 AL 72ERHE, PRI X D I
TP % i L 7. LICERL2ZEHYS Iy 7 ADE
HAERT.

2.2 JCHEE - CREOER TRl
o M L LT, 40 6 Ot B (Shimadzu,

Table 1 SPS conditions of bromide-based transparent ceramics.

LiBr NaBr KBr RbBr CsBr
BERSIREE (°C) 420 500 550 550 450
BEREEERD (min) 20 20 40 40 20
A EE (°C/min) 10 30 35 10 50
f&imHE (°C/min) — 10 10 10 —
S (MPa) 80 33 25 25 6

Eu:LiBr Eu:NaBr Eu:KBr Eu:RbBr

¥The Eu i -5%. 10 mm

Fig. 1 Photographs of alkali bromide transparent ceramics.

SolidSpec-3700) | & V) JLHuE# A <7 bV &Ml L7z,
BN TICB T 2500 L LT, 8 IERHIEEE
& (Hamamatsu Photonics, C11347-01) % W Clphig - &
AT MV L' TPEEZ S L 7.

SR L LT, 1Gy @ X HEERES 2 o0 Y
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(JASCO, FP-8600) (2 X ) il 52 L 72, X #5842 &
(Spellman, XRB8OP&N200 X 4550) DEEMEB L VEE

WEFNZN40kv BL O 12mA L L, HERITEE
# (PTW, TN30013) (2 & D IERfT - 72, MEICEIF

P LT, ke4 ZfiE (0.01-1000 mGy) % BRSO
TR SRR EE & e L7z
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3.1 eIk

2 |2 Eu ¥ 70 LiBr, NaBr, KBr, RbBr, CsBr i%& B
tI 37 ADWHEBBANRY MV EIRT. EToORE
13 25-60% DILEEBEE 2R L7z, BERE RIS & D &
PR ELZALT 222900, BEiGIRE - FsE
OmEibic L, wvaEEFEEFEI L/, F 72 NaBr,
KBr, RbBr X HRGHOYE, 77 v 0 BE L7290,
MR E ORI EZFTH) LT, 799 7Dtk T Iy
7 ADOVEFIZR ) L7z, 2T oOEHE 300 nm 3T 12
Eu” @ 4f-5d BRI ¢ A0S >~ R & RERE L 72 (Saeki
etal., 2016).

3 |2 Eu ¥& 70 LiBr, NaBr, KBr, RbBr, CsBr & FH
tI3Iv 7 ADPLEHER L UEE~ Y TERT. &T
O AL 350 nm £ 3T D JEhEE T T 450 nm fF 127 0 —
FRZBE—27 2R L2, 2505 GIZEHO Eu
W7 VA 7a< A R ERBEORHES X UFE Ny R
BRI EDS, EU O 5d-4f BRIERT 5T
&5 LN SIS (Douguchi et al., 1999).

100
80
60

40

20

Diffuse transmittance (%)

/ e

0 e n 1 L l L L L
200 300 400 500 600 700 800
Wavelength (nm)

Fig. 2 Diffuse-transmittance bromide

transparent ceramics.
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Fig. 3 PL excitation and emission maps of alkali bromide
transparent ceramics.
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Fig.4 OSL emission and stimulation of alkali bromide
transparent ceramics after X-ray irradiation (1 Gy).
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Fig.5 Dose response functions of alkali bromide transparent
ceramics.
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Development of an Airflow-Type Plasma Reactor for Surface Modification
of Fine Polymer Particles
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ABSTRACT

We have developed an airflow plasma reactor for hydrophilic treatment of 3 um PE powder. In the R&D, we designed and
manufactured an air flow plasma reactor and evaluated its production capacity and processing capability. The PE powders
enable hydrophilization in an extremely short period of time by ensuring uniform dispersion in the airflow. On the other hand,
the reactor with an electrode inserted inside the reactor was found to have problems in terms of continuous processing, such
as blockage due to particle adhesion and particle melting at the electrode. Therefore, a new helical plasma reactor without
electrodes inside was developed to solve the problems, and continuous treatment was realized by using the helical plasma

reactor.
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Fig. 1 Schematic diagram of a straight tube air flow plasma

reactor for powder treatment.
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Fig. 3 Relationship between plasma treatment time and contact
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Fig. 5 Powders in a straight tube plasma reactor and plasma
treated powder, (a) inlet of the reactor, (b) inside of the
reactor, (c) wall of the reactor, (d) plasma treated powders.
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Fig. 6 Schematic diagram of spiral tube plasma reactor.

Fig. 7 Plasma generation of spiral tube plasma reactor and
plasma treated powder, (a) plasma generation in spiral tube
plasma reactor, (b) inside of the reactor, (c) plasma treated
powder.
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Porous Microcrystals Shrinkable by Near-Infrared Light
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ABSTRACT

In this study, we synthesized porous crystals ("PMOF,) of fused porphyrins using an extended z-conjugated system. These
crystals exhibit volume contraction through the photothermal effect of near-infrared (NIR) irradiation and return to their
original state when the NIR irradiation ceases. Furthermore, we proposed the construction of porous nanoreactors that enable
efficient material circulation by taking advantage of this property. The "MOF, crystals demonstrated effective substrate
uptake, conversion, and product release within the pores by leveraging the thermal energy produced through NIR absorption.
Moreover, through the development of a synthesis method, the crystals were successfully miniaturized to yield a fine powder
sample while preserving their functional properties. These findings underscore the potential for the advancement of NIR-

driven reactors and in vivo applications.
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AW TR EEIE 2 - R PEE I X 2 mBELEM A2 L, /7 A7 — Vs Sl s Fokiett s
AL R OB BV E 74, INE CBEHEELIGR L LTWE&ERL LT I v 7 AMEE KL C,
SR 3N C BE AR EDPEREITH 5. ARWFRIE R S BEDE W PAVEX BEZ M L, BEFTAD
iRIC & ) &EE % g TR AR ICEEE R S, AT AHmBE 2 AECHHT A, NI R Tik
%19 GPa OB BELJJIC & 0 BUE L LW TR LB L, SR A ER L7z, —7, CuFeS, ik K Tlddy
9.8GPa DL/ T CHMIISARE T V), HIEEL T 2 MAMMBREIEICIZEDS 2do72h, ESEEF 2 — )V
CuFe,S; DEM A HERR L7z, RWFFE R & B OFHA GO WL L /RE L, SHOIHPFTE 5.

ABSTRACT

This study aims to develop functional metal sulfide materials with nanoscale crystalline grain structures using a shock solid-
ification technology based on cylindrical compaction with explosives. Compared with metals and ceramics, which have tra-
ditionally been the subject of explosive shock solidification, metal sulfides are characterized by their brittleness and low
melting points. In this study, the slowest detonation velocity explosive, PAVEX, was used. The expansion of the explosive
gas was employed to drive a metal tube at high velocity, causing it to impact a sample container at high speed, thereby gen-
erating shock waves utilized for powder compaction. In the case of Ni fine powder, densification and particle refinement were
achieved under a shock pressure of approximately 19 GPa, resulting in significantly increased hardness. On the other hand,
for CuFeS, fine powder, decomposition reactions occurred under pressures of around 9.8 GPa, and the desired microstructure

control was not achieved. However, the formation of a high-pressure phase, cubanite CuFe,S

,S; was confirmed. These findings

suggest the potential for novel phase synthesis in metal sulfides, and indicate promising prospects for future applications.

B OB T. (Hokamoto et al., 2014) 7z ED5Z1F 51
5. BEESAEEL L TEROZEAYLVFT VUV
VR AXYEY RTENELEREL T, BENT
3Rz 5EOEME S, LD REEOML - &5

1 WIERREHM

PRI X D IBEHS, R e 2 o e
JIOFIHL, 1950 £ 2 5 K E R H vV #CTHRE B9 1B

FEEINTEL BESCKEHIILITHEETLIZ AL
F— B ZFHAT AL, @Bt I vy
A AEDOFELEIE (Chen et al., 2020), FL4E 0 428 A [H]
+2BAT HEIEES (Hokamoto et al., 1999), 4 /&H

MWHRETH 5. HARBELICBWTIL, kbR & i
L CREMMOBREZIZ, BEMEZ VR W0, WmE
RLEANOMAEOm LA 5. EHEEZFH L7285
REALICET 2 2N FE TOIfZEZ KBS 5 L RkD 3 D12
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FFHNs.
O FRAEEH N TEHBTHILZ R S L FHiE
(Huang and Mashimo, 1999) .
O = INMEQEERY L3RV Sk S MAVAR QI L3
@ B EEFEOZ-HEOR D IEEEZRL, B
5l T 4 MEEMED: (Takashima et al., 1990).
Mashimo et al. (1996) I3 1 Bl —ff & KEEFE 2 FH vy,
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O IREAL A S L 72 mBIEE A v E—F A7y
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EBEEJ1HY 10 GPa Kiili Tdo 5 L FLIIA T TH D),
20 GPa Ll L CIl3 A LA 2 & # S IC L7z,
@D :ld 3 IO THBM S ISR EIER B L U
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KRR E O R A2 125 B R A BT &
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BTE5. SFICFRIEEEICE 2581 1 RTofiL e
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N5, FEE, o X9 A Ii#mn e &5k 72 [E
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PAVEX (H¥ 27 - VxS 8) %M L7 PAVEX %
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FEEARA L, R EOMIE YR 1IRT. NE
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E 75100 mm @ SUS304 BE 7 vy, Z OHIZEEM &
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FECELZ (M1).
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(Xue et al., 2002) & XN 5 R (1) THME AT 12 1722
THLEOHEEZHNTE S,

0=

U,=V2F 23 ()]
m mY R+r 2r
O
c c I R+n,
ZIT, BEldA—=—%# RIITELBEEDE I,

WIRAEREZ LC m/e I3RFNE LR oEE A KT
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Ni U R Cld, #9 19 GPa DIFEEIE /IS HFE D 5
iz EEEINMZ T, BIET OFRGEER b ik
IR EAY 52 28BN TH L. MFEEEEICBIT 2
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Fig. 2 P-U Hugoniots for Ni and CuFeS, powder compression.

Fig. 3 Microstructure of explosively compacted Ni fine powder.
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Fig. 4 X-ray diffraction patterns of compacted Ni fine powder.
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Fig. 5 Microstructure of explosively compacted CuFeS, PPL
powder.
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Fig. 6 X-ray diffraction patterns of compacted CuFeS, PPL
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SMBBEA BRI L VBRI T & T BALESR OB AR T 2 R L, MACESOMEREOLE Az AR L
ToRFL, RAFANIZE—ICF 8 VRS EHSEFAGA L TBY, BILT Y VIZIERETHEL T Z e
SN E o7z Wl T albRic & AT ERMERFMEERIC K 0, BLE s IIm b7 % v AL T 62 L I2d»
T Zn” OFEESEHI S, WERES L2 SRS N F, BT Y v oRGEERMINSEL L
T, MWERMEEA LT RIS o7 BRILT ¥ ) BALEERIE G A 13, SRV & L < WRILT 2 SRR B 1
& LT, AT 7TALHESIO T & B RERAURIE X 7z,

ABSTRACT

Zinc oxide (ZnO) is widely used in cosmetics as a UV protection agent to shield the human body from ultraviolet (UV) radi-
ation. However, its low acid resistance poses a challenge, as it tends to degrade on the weakly acidic human skin. In this
study, titanium dioxide/zinc oxide (TiO,/ZnO) composite particles were synthesized using a flame aerosol process to enhance
the acid resistance of ZnO. The synthesized particles exhibited a uniform distribution of titanium and zinc atoms within each
particle, indicating titanium dioxide existing in an amorphous state. Acid resistance evaluation through a sulfuric acid drop
test confirmed that the elution of Zn** was suppressed, and the acid resistance of ZnO improved upon compositing with TiO,,.
Furthermore, increasing the amount of TiO, in the composite further enhanced the acid resistance. These TiO,/ZnO compos-
ite particles demonstrated potential for application as UV protection agents in sunscreen cosmetics due to their broad UV
absorption properties.

LB E [ HERRERAL I B R CRERL S 12 SRAMREGELHN IS KB &
’ ) % B = pdic (i) oSIMREELRNE, AOPLICHE
TREDF YV VEBHBIEIC L o C, AR EMEMENER  BEA SN A HEMICEE S, FICEBLF ¥ >~ (Tio,) -
Br 5 2 2R oOBFESEML WL ok MRALHisn (ZnO) R EDMERH I NL. BRLT ¥ Y idFIC
LEREEOD &, IS D NMED L% 5F 2 SR AT UVB #H38 (290-320 nm), &L HE §5 13 12 UVA #H I8
FOBRIEANATDOI TS B SRALRBHH L — (320-400 nm) D FHIZE & L CRIME 7 7 AbHE S 12 H
Bz, () BRALEY CTRERL S 5 SEAMRIIGE] & (i) BEINTWD, NMRICEEERAM T 5 EIMINH] % 55
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Fig. 1 Experimental apparatus diagram.
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Fig. 2 XRD patterns of 30Ti/ZnO particles with and without a
quartz tube.
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Fig. 3 XRD patterns of the prepared ZnO/TiO, particles annealed
at various temperatures.
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Fig. 4 Acid resistance performance of 30Ti/ZnO after 0-5h
annealing at 400°C.
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Fig.5 SEM images of XTi/ZnO prepared at various TTIP
concentration.
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Fig. 6 Acid resistance performance of XTi/ZnO prepared at
various TTIP concentration.

Fig. 7 Cross-sectional analysis of 30Ti/ZnO annealed at 400°C. (a) FIB-SEM image and (b) EDS maps.
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Fig. 8 Particle size distribution of TiO, nanoparticles in 30Ti/
Zn0.
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REFFETIE [ 70 ) BEOKR B R ] & TR ek R %2 S F S E LM CERL, BOomStoR
REBWFEIC L)AL, KREBVLEIRE, R, 7 E=7/KE, OleM HE%FHEHK L
LT, CVIlEZEHMZERE LT, SVR (FR— bRy ¥ —[[lJg) 5% vz EBROESR, 220°C, 24h,
NH; & 3.00 ml, Ole/M 1.00 |28\ T CV il 11.4% % #H L, HAHUIm I 2 RF25F 57z, CV IH & Bk
S SVR TS & D IS 2 L7275, 5517 CVEIX 25% L HifF% TlH-7:. S5CkEE CVIH
RRAE DR ELREE L SVR W 21T o724, B AHEBMEAENEL B Z 51T, K CV HOHEED
Wt THHZENHLNE R o7z, 72, TS ) BREEEZ VT CeO, T/ HF 28L& A,
KLEE 3 A DSIR DS AR ASA H L, MIBEEROBRENEETH S Z LA L. SH%ITHR/D CV EOHEPLFEE
FMOBRZLIZLY), CVIEDO S5 % A% HiF .

ABSTRACT

In this research, near-monodispersed iron oxide nanoparticles were synthesized using the alkaline-treated hydrothermal
method under various conditions. Machine learning, specifically support vector regression (SVR), was employed with the
hydrothermal temperature, time, ammonia solution amount, and Ole/M ratio as explanatory variables, and CV values as the
response variable. The experimental results showed a CV value of 11.4% under conditions of hydrothermal temperature
220°C, hydrothermal time 24 hours, ammonia solution amount 3.00 mL, and Ole/M ratio 1.00. SVR was performed to esti-
mate the relationship between CV values and experimental conditions. However, the obtained CV value was 25% which was
higher than expected. To address this, a new evaluation index that combines particle size and CV value was introduced for
estimation, however, the predicted value did not exceed the actual measured value. Finding conditions that yield lower CV
values is challenging with the current method. On the other hand, the CeO, nanoparticles synthesized using the alkaline-
treated hydrothermal method showed a broader particle distribution. This highlights the importance of selecting appropriate
initial materials. As a next step, further exploration of synthesis conditions near the lowest CV, validation of the experimental

results, and refinement of the dataset will be conducted.
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1. WIEEsEHM

1.1 WFgEl s

250°C LLF oo f i FAHIS 0 7K B Bt 3K A1, 2l
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12 5.
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HIERRML, COHEICIYKBER LT /KT
DHAEIZEVIREETH 5 2 & #3172 (Makinose Y.,
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Fig.1 TEM images and size distributions of iron oxide
nanoparticles  synthesized using alkaline treated
hydrothermal method (HT temp: 180-220°C, HT time:
6-12 h, NH,: 3 mL, Ole/M: 1.00).
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Fig.2 TEM images and size distributions of iron oxide
nanoparticles  synthesized using alkaline treated
hydrothermal method (HT temp: 180-220°C, HT time:
6-12 h, NH,: 5 mL, Ole/M: 1.00).
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Fig. 3 Scatter plots of CV value vs (a) Ole/M, (b) NH, amount,
(c) HT temp, (d) HT time).
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Fig. 4 Correlation coefficient of CV value vs experimental
conditions (Ole/M, NH, amount, HT temp, HT time).
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Fig. 5 Estimation results of SVR using random generated
conditions (a) CV vs HT time and HT temp, (b) CV vs HT
time and NH, amount.
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Fig. 6 TEM images, size distributions and XRD pattern of iron
oxide nanoparticles synthesized at HT temp 220°C, HT
time 0.35 h, NH, amount 2.3 mL, Ole/M 1.00.
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Fig. 7 Plotting of Particle size vs DCV + LimD (Gray), LimD
(Blue), DCV (Orange).

RAE % fdifE & L7z

REINT A—=FIIUTDOEB)TH 5.

S CV EREEE T 10 B (A4 AHIBR & oEIA 1)

< ZHIR : 5.0nm (6.5 nm LU IZETHI 2445
cexp fEE 2 6 (MEFHE EEOFTE)

<A XHIREEER 0.5 15 (BEA~OEHIE A % BE%)
B 712 CVEICR§ 2 R-ifE 70 v b 2IRT. A
ZNZHRE L CHIIEAE X 6.5 nm LT CTW % %57 g1 HI AN
BE, 50nm TBLZ 6%, 4.0nm TBLZ 25% O
E2nEEN S,

B 82T v AR L - FEERSEM I3 5 SVR HEE
MRERT, BRELT, &KAMEIXT7.97, ZOFERSEM
X HT temp 217°C HT Time 23.8 h, NH, 1= 4.18 mL, Ole/M

- 89—



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.22115

Estimated DCV+LimD.

Fig. 8 Estimation results of SVR using random generated
conditions: (a) DCV + LimD vs HT temp, (b) DCV + LimD
vs Ole/M, (c) DCV + LimD vs NH, amount, (d) DCV +
LimD vs HT time.
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Fig. 9 Test data plot of SVR (vertical axis: actual DCV + LimD;
horizontal axis: calculated DCV + LimD from SVR).
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Fig. 10 TEM image of CeO, nanoparticles synthesized using
alkaline treated hydrothermal method.
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Competitive Adsorption of Particles and Surfactants at Liquid—Liquid

Interfaces and Its Applications
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W %
Afzecid, ¥y Ah) 7 T< )b a s (Pickering emulsions) @ HIEMFAILE, FULRL T ORI L 724
T & TSR & OZHSE & R L CEHT 28 L iAokl Lz, SIS R oKL, #E i 2 K
TR (BIEE) 2 TER T 5 7208 EEIME {, AR FOREICHE L TR FrZaIlcdifkd 5 2 & ik
TERWDS, RIfZETIE, FEHEOIPMBIZE SIS TEWAEBROHERIC X0, o Fm 2 FRIm S o
2 IR (BEMEIRE) 2B 5 2 12X o C, WK FRHICHES L T 20T 2 FHERRE 12 E) L Cliias S,
Eon)r 73y a sy BEMNIRANESEL 2 IR L7:,

ABSTRACT

This research explores a novel approach to achieve spontaneous demulsification of Pickering emulsions by leveraging the
exchange reaction between particles adsorbed on emulsion droplets and surfactants. Surfactant-adsorbed films typically cre-
ate two-dimensional liquid-like film (expanded film) with low surface coverage, which is unable to fully exclude adsorbed
particles from the emulsion surface. Therefore, to realize spontancous demulsification of a Pickering emulsion, the surface
phase transition to a two-dimensional solid-like film (condensed film) of surfactants on the droplet surface was utilized. This

phase transition successfully realized spontaneous demulsification of silica-stabilized Pickering emulsions upon cooling.
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Fig. 1 (a) Interfacial tension vs. temperature curves at the
tetradecane - CTAC aqueous solution interface in the
absence (blue) and in the presence (white) of silica particles.
(b) Pickering emulsion samples prepared at 15°C (left) and
after continuous cooling to 6°C (right). Adapted from the
data published in (Shishida and Matsubara, 2023) (CCBY).
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Fig. 2 (a) Interfacial tension vs. temperature curves at the pure
dodecane—water interface (yellow), pure dodecane- silica
aqueous dispersion interface (green), FC100H dodecane
solution—water interface (blue) and FC100H dodecane
solution—silica aqueous dispersion interface (red). (b)
Pictures of silica dodecane dispersion and water mixtures
before (left) and after (center) sonication. The picture on
the right was taken after the addition of FC100OH (at the age
of 24 hours).
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ABSTRACT

This study focused on utilizing two types of hydrogel particles (microgels) with distinct surface properties to precisely con-
trol interparticle interactions in aqueous environments and construct unique particle assemblies. The effects of electrostatic
attraction and steric repulsion on the structural formation of assemblies were investigated in detail by systematically varying
particle and salt concentrations. The findings revealed that raspberry-like aggregates formed at low salt concentrations, while
medium salt concentrations maintained a uniform dispersion state, and high salt concentrations led to random aggregation.
Furthermore, it became possible to directly observe swollen structures using fluorescence microscopy by utilizing fluores-
cently labeled microgels. This approach enhances the simplicity and efficiency of structural analysis for real-time observa-
tions of particle dynamics and assembly behavior. The results provide critical insights into controlling interparticle interactions
and offer a foundational methodology for designing functional materials and achieving precise structural control at the na-

noscale, with potential applications in material science and biological fields.

Wio 72tk (2 a4 NRT) A5, HAIE L <ESI L 72

Par= ==X 4 ’
L BIRERREHN FT-ERERIE, CFIAMEE R % W CF OREE K
BtF/ A=t~ A 70 X—= b LDV A XD LD BFEZ EHBETE L2 05, BT ORY)

— 06—
Copyright © 2025 The Author. Published by Hosokawa Powder Technology Foundation. This is an open access article
under the CC BY 2.1 JP license (https://creativecommons.org/licenses/by/2.1/jp/). BY



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.22117

Research Grant

REEFFHTLIETNVE LTELSHRICIHEH S TWw
5. S50, TOHMEEEAD 72 & THE 2oL Fe ik %
FAL, gt riGEH LB =05 Th
FRAPEOLNTEBY, RTERKE, F/A7—n
TOAEERELEFIE 25T 78 2 WM Rt o Bl & L CiEH
wEOTVD.

RS, BRI, EROES THES LH
CAHIILETH Y, BEEGHE S BEISERT 25
T, A X IR - REFEEEZHIETE2 2205, K
THBEROBRERE LTEHSNL TS, LarL, K
ATV » e EOMERE I, AR O - IS
B9 % DLVO Hfm bl S5 K H 12, KT H
fihd % L AT I EESE L, KT ok - BREIRREL
WA LS L 2 IR CH L. —F, ma T
DO=ZKILA Y VT —=IREEER AL, KPP CTEE L 720N
R o vk ik, KE L 728 RIS R $ 5 3R
KLY, BOWr#EEx T 5304 FRFE LT
Mo Twag, Wi, FHOBEEELEZFML T, Wi
LR 2 R IC B b CE A MEE MG TEaB 2k
e, B 7 R T TIVE LTEHENT
w2 [1]—[4].

Z 2 TAWIETIE, RAFENRL S 2 HO 7 IV
WTZ2EHAT52 LT, KFICBY LR THAHESERO
BRI AL, Bl Tldh LB WR T EREOR
FAERHBL R ZITo 7.

2. WEFEDiik

2.1 K - BRI

A OBETIDHEEROEHICLY, 2SS
Wk TR R OB S HIES 5. 22T, A X454
DR HAATRE R LB EAE T A @A L, £€/ ~v—
(N-isopropylacrylamide, NIPAm) (Zxf L, 1EdH %\ id &
WiFET 23/ v — 2B AL V% &1L
72, OB, JERBEMEEIC X 0 VRTSERE R R

AL ES & T 5720, ImEHIEE L Feed 2 iG H
L7k EAET 2L, 37094 X7 VB
DER BT 72

B O NI VKA1, SERELE R SRR E 2 F T L
YA XD -2l L7z, RFREOMEREIL, &
SUKENFEBYE 1 &0 A L 7.

22 2MHDO T VR ORE - FFil

TieRs, RriRfE, WrRE % & ok HAHE/EH
IZ B A5 25 EZONLHTIZERL, HHTDK
DGR R L1k, 2 BN FOSHIRT IRE
L7,

OB, BONEATEO R B R s s v
WU BRI L7z, RSB A EIREO R

THRBEAEOMEIL, FEBSTIC L VBB L. I,
W2 B IRRE OB |3 TE - BARER BIEE & OF T L ATl L 72.

3. WFZERRE

3.1 KA - GFM

X 1 (LB AT S L7 IR 7 7 VKL T D K
I TS L7 MR A R Y. IR
Feed F: & LA G DOELLGEIZBVTY, 1 X5,
AR IR b CE 2 2 2 fERR L 72 (1A, Iz,
JE/—%BALIZZET, FNENEDHDLWIZIEID
T L7z VBRI AR D7 2 & R ERE L 72,

32 2HEE S NK T ORI K 2 RND5THEL - §
HoBlg:

WTIREYZE 2T, 2 8E7 VI T A L
7o ORET & B E M EEIC L DB L7 (K 2).
W EEDS RS, IRETT OSBRI Z e &Ny
Bzt e L Cn7zhs, IREBRICIEBREEIHLIR 70 Be
WaTer L7z, iU, AEM & IEEM O 7 IVk 1 H
\ZEEF I DMEER B 28 THETOMETE 512
CBICE L2 EZOND, —J R TEEDOEE,
IR CIREED TR SN b o 727%, S BAmEE B2 (X
2) BLOEAEMEFEMERSE (M3) L1, AEMN
D7 NGRLT- OB, B 7 VR T 258 2 L
TREEZER L TWD 2 EDMER SN, BERE 405
DREDPSOBIER LY, 2 FETS VKT 200 51K 5 £5E
RiZ, EBRECTRELERLAEEZERLTBY, 7
WIHTEHFE OFHEEZ A L TW5b 2 EATRE N

FNT, FWFRESEVEHTIZBWT, HEEIN
THEBAROTERN KT T B ZFHMICRE L (K4).
Yol 2 By 2N S 2 5 M2 T, R4 ICHBIZE D
BEMEDVER SN R o7z, LIL, ZOHRELHIC
Vg2 HmsEs L, HOBENEEICELL LI
ootz T OBISRERE, HEIRE O T O
TEIZED X ) ICHEL RIF T E Ry EE IR E L
ol

Microgel(-)

Microgel(+)

Fig. 1 Optical microscopic images of negatively and positively
charged microgels dispersed in water.
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Fig. 2 Photographs and optical microscopic images of binary mixtures of negatively and positively charged microgels as a function of

particle concentration.

Fig. 3 Scanning electron microscopic images of the aggregates
composed of negatively and positively charged microgels
at a dried state.
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Fig. 4 Photographs and optical microscopic images of binary mixtures of negatively and positively charged microgels as a function of

salt (NaCl) concentration.
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Fig. 5 Fluorescent microscopic image of micron-sized negatively
and fluorescence-labelled submicron-sized positively
charged microgels.
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ABSTRACT

In this study, fine-grained Zn samples with excellent mechanical properties were prepared via spark plasma sintering (SPS)
using fine Zn powder and heat treatment. The as-sintered sample prepared by SPS exhibited fine grain size and random crys-
tallographic texture. Moreover, heat treatment induced recrystallization and reduced the dislocation density in the vicinity of
the grain boundaries of the as-sintered samples. Mechanical testing revealed superior properties in the sintered and heat-
treated samples, with the sample heat-treated at 650 K demonstrating an exceptional elongation exceeding 80%. The remark-
able mechanical performance is linked to the initial microstructural characteristics and dynamic recrystallization (DRX)
occurring during deformation. These findings suggest that the combination of SPS and heat treatment is an effective strategy

for enhancing the mechanical properties of Zn, presenting potential applications in advanced materials and biomaterials.
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Fig. 1 (a) FE-SEM image and (b) particle size distribution of the Zn fine particles prepared by the arc plasma method.
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Fig. 2 The IPF (Inverse Pole Figure) maps and the pole figures of (a) the as-sintered, (b) HT600, and (c) HT650 Zn samples.
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Fig. 3 The KAM (Kernel Average Misorientation) maps of (a) the as-sintered,
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HT600, and HT650 pure Zn samples.
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(a) IPF map, before tensile test (c) KAM map, before tensile test
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Fig. 6 (a, b) The IPF (Inverse Pole Figure) maps, (c, d) KAM (Kernel Average Misorientation) maps, (e, f) AR (Aspect Ratio) maps, and
(9) AR distributions of the HT650 sample before and after the tensile tests.
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Fig. 7 Relationship between d_and AR before and after tensile test on HT650 sample.

RO AR R 7 = L —#E de OFRZ A 7 IR
5 IREABRATE, 2 < OFEERLIT d: 2V S AR B E Ao
—HT, FIEREZICHITS AR L d. OFRIZ 2o
DI FGAY =\ ETAIENTES. 12HIE, K&
de LIV AR ZHEBLE T OMER TH L. Mo s

FAL —IE, S de EEC AR BB E S5 B 2
SR TH D, ZORRIE, FIRETE T IZEIR TR D

L7 E%2RIEBLTWAS,. Zn OFlEIE 420°C (693 K)
THY, BRIFH043IT, ITHYE T2 (T, BlE). Ih
L0, FEiRITZn 2 > THEBEWERTH 57-0, ZEi
ERPIZERFEREEPE LS Z EIIEHENTH L. B
FRESIENEE2ERT SS90, 5IRLERZD
KAMEIZZHIEE LR L oz ZE26N05. L2
255 T, HT650 M 2B @I -5 IREM X EIR T4
7B BN ERNTHLEEZ LD,

S 3R

Liu Z., Li R., Jiang R., Li X., Zhang M., Effects of Al addition on the
structure and mechanical properties of Zn alloys, Journal of Al-
loys and Compounds, 687 (2016) 885-892.
https://doi.org/10.1016/j.jallcom.2016.06.196

Mineta T., Hasegawa K., Sato H., High strength and plastic deforma-
bility of Mg-Li—Al alloy with dual BCC phase produced by a
combination of heat treatment and multi-directional forging in
channel die, Materials Science and Engineering: A, 773 (2020)
138867. https://doi.org/10.1016/j.msea.2019.138867

Mineta T., Saito T., Yoshihara T., Sato H, Structure and mechanical
properties of nanocrystalline silver prepared by spark plasma
sintering, Materials Science and Engineering: A, 754 (2019)
258-264. https://doi.org/10.1016/j.msea.2019.03.101

Mineta T., Torii S., Nagayama K., Sato H, Effect of passivation treat-
ment and arc current on the properties of Zn fine particles pre-
pared by arc plasma method, Powder Technology, 388 (2021)
1-6. https://doi.org/10.1016/j.powtec.2021.04.065

-104 -



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.22118 Research Grant

AT L) https://doi.org/10.1016/j.msea.2025.148097
e 158 - KA ¥ —3&

2. ik hFE, Rl AP, ZH e, Ak iz, "SPS
12 & 0 VB L 72 @B kA i 65 o0 BUILEE & S22 5
", 23 M H ARG E 7RI L KRS
(Hirosaki, Dec. 4, 2024) P-15.

1. Mineta T., Nagayama K., Sato H., Kamite Y., Improved
mechanical properties and extraordinary plastic isotropy of
ultrafine-grained pure Zn prepared by spark plasma sinter-
ing using fine particle and heat treatment, Materials Science
and Engineering: A, 929 (2025) 148097.

—-105-



B

S .
Ko%éﬂﬂié£17'7' -

T iz PR

Hosokawa Powder Technology Foundation ANNUAL REPORT No.32(2024) 106109 /https://doi.org/10.14356/hptf.22119

JRTEIN TR B A 72 98083 o3 - S 38 D 1 W
Molecular Chain Structure of Starch with Superior Molding Processability
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Wk

RIFFEIE, KA Mo BRI 72 A R AR T 2 b O ThH L. HINORL S 3 ODOFEEEITH
CLTTIN—AGEBIVGTEOEVDEORFEICS 2 2B EZWALIC L EEHIZ, 7TIEg—X
GERVPBRLDLRNE T LY FLES W ZFHG L 7. ZOE, 7 30— AEENEWIT EIMEE O IF R
(G BLEAL, NrOIEENMLET LI EPHL NI E o7 WIS, KKRER % F 72k g 2 17 -
2. bHKBICT IO —2A%RINT A ET25°C~65°CHTDG % LA IELZEDNPHLNE o7,
WBRIZ, BFRORLDEBEAERT I 0 — A% HWAEEIEEZ T 72, B FEOT I0—AE7I0—
ADTIEIZA LT 25°C ~ 65°C AT TOD G #BEFH|ICIH L X5 2 EAMERENT. TNODRERN,S, Ik
B G R EHROIVEICEETH Y, ZOHEE7 IO AGEB L0 TEIIKGE TS 2 L2VREN.

ABSTRACT

This study provides fundamental insights into improving the moldability of rice batter. To clarify the effects of amylose con-
tent and molecular weight on batter properties, three experiments were conducted. First, rice flours with varying amylose
contents were blended, and their bread-making properties were evaluated. The results revealed that higher amylose content
increased the storage modulus (G’) during heating, thereby enhancing the bread’s expansion ratio. Second, the viscoelastic
properties of natural starches were measured. Adding amylose to glutinous rice starch significantly increased G’ in the tem-
perature range of 25°C to 65°C. Third, enzymatically synthesized amylose with different molecular weights was employed
to assess viscoelasticity. High-molecular-weight amylose markedly improved G’ in the same temperature range as the second
experiment, showing a clear dependence on amylose concentration. These results demonstrate that G” during heating plays a
crucial role in the expansion properties of rice flour dough, and this characteristic is determined by both amylose content and

its molecular weight.

- e LTROBEIEE>T0A. LaL, Kk
L BISEHRZHB FEHO LD ICHERTRELTORS VI s, Bl
AR B, AEAMICRETREZ Ao HORMALEE SN TE7z MRREZIINET,
xR HIEL, KB OGT-HEE OB EIS R ERORSSICEY M T, BERH E RISk
PCTHIETHA. 100% CTH /S AW 5 &k #5387 L 72 (Yano et
IR, NET LIVF—EBEOMINIEY, INEORE: al, 2016). dnfET & ICE SRR B EIFE, ko
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FHEAIE 2.5°C/min, AIEIRE 25 ~ 90°C, U9 0.1%,
£ 8 9% £ 10 rad/s THIE L 72,
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HHRO L BRERB LG TEORL ZBEAT 3
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BN AT Io—2™) 2HHLE b g
TV RL, 221 L FERRDO L TEM BEE 2 /FR L 72,
2.3.2  BRREHEE I &

222 LARED TETER 21T o 72,

3. WEZERCR

31 TIu—RA (HHEE) HFEORZL KA
DB YA

127 30— AEEORL LKA M2 SR L7z
Ny OWEGEEZ/RT. 73I0—A&® (AC) 27EW
FERCOFEENEL, BRSNS Z &2
SN0z, BAKIIZIE, 7 I0—AGENEVAR
TR ORI T — LR E o Tz,
B2 1K ERP DT I O— A&/ E /N DIEERD
MRzRYT. o7 Io— 2468 (AC) &l kb
FENRORERIEIE L R o72. AC0% & AC 20% %
T 5 E5aEI A FREOESR S

B 3127 30— AEENEL LA HONNERE O i
W (G) AT, K EMIIMEAT L & TEMA
WfL L, k) #4504, 40°C 205 65°C O&AH %R G
DOEFAZZOMLIC L B REPHEI L D, T2, &
HROREBIZTHE T DG 21T 4E, 73I0—
AGENEHWAERIIEGC PEL DL I ENHL I

Amylose content (AC)
AC 0% AC 6.7% AC 10% AC 13.3% AC 20%

I 10mm I I 10mrnl ! wmmi I wmrnI I 10rrm1|

Fig. 1 Cross section of rice bread.
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Fig. 2 Relationship between amylose content in rice batter and
expansion ratio of bread.
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Fig. 3 Storage modulus (G’) of rice batter with different amylose
content during heating.
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Fig. 5 Viscoelasticity of suspensions prepared with enzyme-
synthesized amylose (Mw = 4,500 and Mw = 96,000).
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W %

BT MR IZER R DS F ST HCALERASNS. HEMEMERIC X o TRFA2EMUICE L7285
B, W SR T 2T AHAMT ORI LEIC R 5. RIFFE T T % EAWAH 5 A S5 7-0038EH &
LT22-TVER@RAFNTFEZ MYV (VB9) AL v—77) —FALEAEEIZL ) EICHE
TR)AF L U272 KIS VB9 2R v — a0 4 RERISHRIMLAEY 25 L v k112 v-59 %
WS/, COMRTIEEEN 2 OB WA T S, ZOERIENRZ KR Chns L EZ8Rm 12 E
L7z AF L AT EROD V-59 O R % e LS R T A &l 8972, ZofE, EREE» SR
ATV ARTF OBAE KT L7z, I 5 V-59 OREXMMEE5 &, abmbLinEoR) AT
LU RT oA ST ENTEL., REMIZEBICESE L TV EES M FICOEDTH Y, HHAE
W WREEB AR OBEHMTH L LT 2 5.

ABSTRACT

Polymer particles are widely used in various fields, such as paintings. When the particles were adsorbed on the substrate by
electrostatic force, it was important to develop techniques for removing the particles from the substrate. We used 2,2’-
azobis(2-methylbutyronitrile) (V-59) as a foaming agent to make the particles desorbed from the substrate. First, polystyrene
particles with positive charges were prepared by soap-free emulsion polymerization. Second, V-59 was added to the polymer
colloid solution to encapsulate V-59 by the polystyrene particles. The particles were adsorbed on the mica substrate with
negative charges. Finally, the mica substrates were heated in water to emit the nitrogen gas generated by the decomposition
of V-59 inside the polymer particles adsorbed on the mica surface. To evaluate the desorption efficiency of this method, the
mica coated with adsorbed particles was observed using SEM to calculate the surface coverage from the SEM images. The
desorption ratio increased with the amount of V-59 inside the polystyrene particles. Therefore, the nitrogen gas emitted from
V-59 inside the particles played an important role in removing the particles from the mica surface. This removal method is
environmentally friendly because it does not involve the use of organic solvents.

TR STV D, DAUb I 5 Bk 1 i e B
st 5 r

L WREFR L A B % AL S OBk TR A S & B\ 13

BT TR R 2 C O LR S U T— 5 4 v IR O TR R I B

LT, PRI b o S T B L L FI DS B8 AN UM R L AT
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70°C, 6 B, FEHEEE X 130 pm & L7z, HAK T,
FEVAFH] & L CRE AT 10 R T67°C 0 2,2°-7 V' ¥ A (2-
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Fig. 1 Chemical reaction of V-59 and desorption of particles
from the substrate by nanobubbles generated from inside
the particles by heating.
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[ 2 12 V-59 OWAHT# TORKF O TG Mt % R4,
V-59 O PN EIAE % N 2 72 k11 V-59 DRI K D)
HERVPE LI ERG0s. KERED?D V-59 TR
DAF L NS sAE N D Z E SO L 7
D, V-59 ORI IZ TS A S B B HR AT A DAL OB
HEEIEH TE L0 EHLNIT A EIZL.

32 RYRAF VU UMBFICHNBENS V-59 DRI
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V-59 R 0, 14 mM DKL T- D it O FT- % X 3
2R, V-59 & N L T 2 WKL F- D i 75 13 BRE Y
ThHY, MBRIEERICKE RREERP RV EEZDS
A, —J5, V-59 % A L 728k 12 n#di e & n 2
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Fig. 2 TG curves of polystyrene particles with or without \V-59.

Fig. 3 Desorption of particles on the mica substrate before and
after heating: (a) before heating without the addition of
V-59; (b) after heating without the addition of V-59; (c)
before heating with the addition of 14 mM of V-59; (d)
after heating with the addition of 14 mM of V-509.
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Fig. 6 Desorption of particles before and after the addition of
V-59 to polystyrene particles adsorbed on the mica
substrate: (a) before heating without V-59; (b) after heating
with the addition of V-59 to adsorbed polystyrene particles.
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B ORNFEORBEICKII LR 5.

S 3k

Yamamoto T., Tsutsumi K., Kawai Y., Making hollows using nitrogen
gas emitted by the decomposition of VAm-110 in polystyrene
particles, Polymer, 202 (2020) 122761.
https://doi.org/10.1016/j.polymer.2020.122761

Yamamoto T., Tsutsumi K., Decomposing oil-soluble initiators in par-
ticles: a template-free method for the preparation of hollow
polymer and silica particles, ACS Omega, 6, 47 (2021) 31677—
31682. https://doi.org/10.1021/acsomega.1c04197

Yamamoto T., Tsutsumi K., Maeda S., Green synthesis of hollow
structures through the decomposition of azo compounds incor-
porated inside polystyrene particles, ACS Omega, 7, 32 (2022)
28556-28560.
https://pubs.acs.org/doi/10.1021/acsomega.2c03351

Yamamoto T., Maeda S., Hara M., Hollow particles synthesized by
water-soluble and oil-soluble initiators and the mechanism of
incorporating an oil-soluble initiator, Results in Materials, 19
(2023) 100421. https://doi.org/10.1016/j.rinma.2023.100421

-112 -



3. Fuilr B,

Research Grant

OHRIEFRAL)

158 - RA ¥ —%k

1A e, mrHE EyR, 7 VL E W WIS & B Rk

Forzefe”, (L5 88 [Al4E 4 (Tokyo, Mar.

16, 2023) J220.

A L, A By, TR RSS2 o
iR E", MR T AR HUIE5E S (Himeji,

May 14-15, 2024) —fi% -24.

FRE R, LA e, N - FIEIc &

Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.22120

-113-

5 B DG FHALFOBE", b3 TrR% 55
[ #kZ A4 (Sapporo, Sep. 11-13, 2024) G321.

Jul B, ARE SEHE, LA fAct,  Chngh - Faic &
B FEM EOWKL A ORLAE", 5 26 BLy TRyt
FEREH 26 ML LR ARERE (Mar. 2, 2024)
H27.

Maruyama Y., Yamamoto T., “Desorption of polymer parti-
cles on substrates by heating and foaming”, 15th Korea-
Japan Symposium on Materials and Interfaces (Seoul,

Korea, Nov. 27-30, 2024) 83.



AR -
VN O 4 1 A _

»

AL IR B EA

Hosokawa Powder Technology Foundation ANNUAL REPORT No0.32(2024) 114-119 /https://doi.org/10.14356/hptf.22121

B PRS00 100 720 OO R 722 W40 36 00 A S AT

Simulation Analysis of a Spatial Particle Velocity Distribution

in a Container for Improving Particle Discharging Flow Rate
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ABSTRACT

Understanding the local flow behavior in a hopper container is important to improve particle discharge flow rate from the hopper.
In this study, DEM simulations were used to analyze the effect of discharge flow rate from a hopper container on a spatial par-
ticle velocity distribution in the container. The Hamaker constant, friction angle, and particle density were varied to change the
discharge flow rate. As the discharge flow rate increased, fast and slow flow regions became distinct, and spatially asymmet-
ric local flow was observed. In addition, the difference in average particle velocity between the zones near the wall and the
center of the container decreased. From the results, the particles in each zone did not flow at a constant velocity, and instead,
fast-flowing discharged regions appeared randomly at each zone, and switched frequently between these zones. In addition,
these trends were similar regardless of the particle properties. Thus, the results suggested that the same guidelines could be

used to control flow behavior to improve the discharge flow rate, without considering the differences in particle properties.
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Fig. 1 Schematic of container from which particles were
discharged.
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Table 1 Simulation conditions
Parameters Values

Time step At 2.0 x 10°® [s]

Number of particles 1500 -]

Particle diameter 2r 60 [um]

Young’s modulus E, (particle) 49 X 10° [Pa]
E, (container wall) 3.9 X 101 [Pa]

Poisson’s ratio g, (particle) 0.23 [-]
a, (container wall) 0.25 [-]

Hamaker constant A, (particle) 1.0 X 102-8.0 x 10# [J]
A,  (container wall) %Ap M|

Angle of friction 9, (particle) 10-40 []
o, (container wall) ?, []

Particle density p

20 X 10°-9.0 X 10°  [kg/m?]

R HRTHEHEREZ S50, A% 1.0 X 107 -
80 x 10%), ¢, % 10° —40°, K % p % 20 X
10° kg/m® - 9.0 x 10° kg/m® DHIPH TEAL L H /2.

3. WRFERRAR

3.1 Hamaker &1, BEigf, KN TEEOEILICES
PEHGEREE ORGSR

KL @ Hamaker 5E8L A, EIES o, KL THEEp DX
LR 2 HEH S Q # A7z, B, RME T,
A, =250 x 10, ¢,=20°, p =416 x 10°kg/m’ O
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ZAL S 72 ZORR, A B LT g, DWW QS
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Fig. 2 Contour diagram of the vertical particle velocity.
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Fig.3 Dependence of velocity segregation ratio S, on the

discharge flow rate.
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Fig. 5 Dependence of inter-regional velocity difference between
regions (3) and (1) on discharge flow rate.

CHEL T, B rp gL (3) & BT E I (1), (5)
DREEDVNS L B 2 EDbrsb. oML, QD

MDD % 22 ML 5720, 5 IZHIH (3) &
() MOMERELE Q L OBRERY. MELD, 2
B O®EZAREE Q DMIZEOHBIBRI LT X 5.

7P, FHIK(5) &I (3) M D b A AR DM I 2

-117 -



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.22121

Research Grant

7y

E 006

= (a) Q=6361s1 (A, =1.0 X 10%2))

=

>

'S 0.04

o

[«5)

>

E Region

5 %% * )

2 @ (3

] ® (5

S 0.00 : : '

o 0.310 0.312 0.314 0.316

Time, t [s]

i

£

E, 0.06

- (b) Q=5194 s (A, =8.0 X 1021))

=

8 004t

(5]

>

E

i [ Region

T 0.02 * ()

- < (3

= ® (5

& 0.00 ; : !
0.310 0.312 0.314 0.316

Time, t [s]

Fig. 6 Dependences of v_ on t for different regions in the particle
bed.
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W&
AREERL, BHEET, STRFHILDEERETE, BATEXL40L, BUEIS V. KR n BUERKP
SERIE, complementary metal-oxide-semiconductor (CMOS) [HE& (2R 72O E . L2 LiELH D,
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AHEHHET2 CMOS BIEUZED S, AT, nBAEEEROGTRIIDPBEEICKRE (BT LI EIE
HL, AR SMERERIC L 205 FEAIGIHEIZHRE L 7.

ABSTRACT

Organic semiconductors have many advantages: abundant resources, tunable functionality by molecular design, and easy
coating process. In particular, n-type organic semiconductors have been in high demand owing to their requirement for com-
plementary metal-oxide-semiconductor (CMOS) circuits. However, n-type organic semiconductors have lower electron mo-
bility than inorganic and p-type semiconductors. Achieving an electron mobility of 1 cm?/Vs in n-type transistors would
enable the fabrication of CMOS in combination with conventional p-type semiconductors. In the current work, we focused
on the significant influence of the molecular arrangement of n-type organic semiconductors on their electron mobility and

aimed to control their molecular arrangement.

BEFREEIL L ecm? Vs IZ D727\,

1. ¥

HREPEERIL, BREERITEILERY, oT&FH
L) BREREBEIES T, B TE 54 L, Bl WY,
PRI n U B8R0, BT 7o BT 72
complementary metal-oxide-semiconductor (CMOS) [n] (2
VLT OFENECE L L, nBUAREERIT p
Al (BEEE LT>10em?/Vs) L) BEIEIKL, 20

Z 2 TAMIZETIE, n BUARASER O T BLY 2 T
BEEICRECEET LI LICERL, BUNREDH
L C &7z p BUABEE AR o B ARRCH 2 0 B 12 2
D&, (1) REFEEMOKFREITED, n BERKE:
BARD 53 S5 DT % #8307 W 72 43 - BLH | ) i
S, (2) HRETOS RS % il TRIZEET nm
DT o#BCEIY 52 FEE2MLS 5. FEKT, (3)

-121-

(@O

Copyright © 2025 The Author. Published by Hosokawa Powder Technology Foundation. This is an open access article
under the CC BY 2.1 JP license (https://creativecommons.org/licenses/by/2.1/jp/).



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.23501 Graduate Research Funding

AT HBE R AT E 2 WA E ML, %5 LT
LT B Lom/Vs 2 3BT E B n A FE k15 % i
W5, NSRRI L LT ILL, ReReArE
5T ORE RN F A & B2 B BRI OB Ok

ST DM R o 7.

MAT, I9EEMO/ERE7 Y — 7% n B HEE
K7 OIERFHEEHICRALTBY, e K
~— OTFHIT n BB RO RER_EIZI) LA
7z,

2. JEBRDI

21 nBUARCEEARE D OO

KA CTHEEZE 2 DB TBE)ED RN E W
1,8:4,5-Naphthalenetetracarboxdiimide (NDI) % &EE 1% (2
HT5HYHNVESE (NDIDMC) % #%E - &L 72
NDIDMC &, ifi % % o 5 v 7 3~ 8 (1,133
Tetramethylguanidine (TetMeGua), 1,5,7-Triazabicyclo
[4.4.0]dec-5-ene (TBD)) %, A% /) — )VHTREL I &
T, AWEZ ZNEIER L2 VR VERIZA VR~
B & IEARCTEREEE DMK 720D, FREIFEIIRIZ I 37X il
Eo7 I vV XHEBERITICL->TTIvo
TR IG U 72 A BRER Ofs i 2 2 2 e L7z,

22 FuFEEHOLHi2% n HABEERRY v —
DIERL
AREEARR) v —1d, RESES TH L0, 70
2L THRAER SRR TE 570, EFRHICHITT
WZEEREATH LB LhrL, R —EHICIE/ ST
T AR EDEEMEE VL)Y, BENEEL <, SEr
FEIBETETCVARWE RESEIZEWMREICKE
BT LD, BEEEDORWERY) ~—EEN LS

Table 1 Molecular arrangement of NDIL.

THh.

ZFZT, BLAICTHLIATRICERL, RI1IIRT X
I, NDI 2 REHETLE/ v—LavErEEd
TMESHEHET 27217 T, nBIAERPEERR) v~ — % 55K
L7,

3. RIRLEH

3.1 n R BRPSEAZ B O A BRI O RS Wi SR T

n B B 35k o & 1 B B 13 lowest unoccupied
molecular orbital (LUMO) & %< Bt 5. & T1ba5T
25, NDI B X U8 NDIDMC @ LUMO |+ 1L &1
-36eV, 3.7eVTHY, NDI & H)LARFIHDMIZA
FNVEEZBEAT LI LT, NDIOEFIREIZIZEAL
WBREZ B0, AVEFVIEEREATE.
112, TIVBIUOFANPFIIE U2 AEBIEOR
sl &R T A 5 NDI O R EEE I < T3.3 A
THY, t AY v 7 OREARE ST, K 1Entry 1
BIUO#ELIEnry2ld, A% v 7% LoDY,
NDI O 4 T-BiA B L O s K E CRAY, &
TREBEOZLMFTE S, £1Entry 31k, A b
& L CTH 72 benzonitrile 2SFE S ICE TN THB D,
BETRBEONSAZERLTANDI DO A Y v 7 % HEL
Twa, PUEhrs, AHEEZHVLZET, 7T v0HfH
2L U T NDI O 43 F RV A 4 70 5 HREFEA D
FETER R OB BRI L 7.

R
O N0 | . Oy N0
B 2 Deposition D
» 2
- LI .’ \ oo
N O7°N"T0 \ - v O7°N"T0
R R
®|

Monomer

2 Polymer

Fig. 1 Schematic of iodine-based chemical polymerization
method.

Entry Functional molecule Amine

Arrangement of NDI

dcenter (A) dpl.a\ne (A)

_%, dcm,—\ —ﬂglane 3.6 A

3.3A

4 %A,d 4.7 A

i Yablane

;:—:—:.'l.\
3.3A

Alternating-stack

Guest molecule : benzonitrile

36A 32A

— ) )
Lvagplane

-122 -



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.23501 Graduate Research Funding

n =10

6300 7300 8300 9300 10300 11300
m/z

4600 6600 8600 10600 12600
m/z

Fig. 2 Matrix-assisted laser desorption ionization-time of flight
(MALDI-TOF) mass spectroscopy (MS) of n-type organic
semiconducting polymer.
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Fig. 3 XPS spectrum of n-type organic semiconducting polymer.
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ABSTRACT

Tablets are formed by compressing powder filled in a die using upper and lower punches. Although the tableting process
seems apparently simple, tableting failures, such as capping, may occur depending on the tableting conditions. However, due
to the unclear mechanism of capping, the tableting conditions have been traditionally determined by trial and error by skilled
engineers. Thus, we attempted to develop novel capping prediction methods by measuring die wall pressure which is a key
factor influencing capping. This approach could contribute to earlier detection of capping occurrence. Furthermore, it en-

hances our understanding of the tableting process.
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Fig. 1 Schematic representation of continuous measurement
system of die wall pressure during a rotary continuous
tableting process.
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Fig. 2 Temporal changes in die wall pressure during single
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Fig. 4 Crack distribution inside tablets which were compressed
at (a) 15 kN, (b) 20 kN.
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ABSTRACT

Cocrystals have attracted attention as a promising approach to enhance drug concentration in water. Our study explores for-
mation of pharmaceutical cocrystals using fatty acids as a safe medium and their role in controlling drug concentration. In
this study, calculations of the Gibbs energy change and experiments on cocrystal formation revealed that the ability of sol-
vents to form cocrystals is attributed to the stability of the drug and coformer in the solvent.
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Fig. 1 Schematic diagram of cocrystal.
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Fig. 4 PXRD patterns of (a) TPL, (b) NA and (c) TPL:NA/LA.
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dotted, dashed and solid lines, respectively.
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ACN, ACE, OA, EtOH, MeOH, LA and NMP.
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ABSTRACT

To apply the spray freeze granulation drying technique for nitride fabrication, we prepared silicon nitride slurries using a
mixture of tert-butyl alcohol and cyclohexane as a solvent and attempted to understand the internal structural changes of the
slurries by observing their freezing behavior. In addition, the ceramics were prepared using granules obtained via the spray
freeze granulation drying method. It was found that the microstructures of the freeze-dried bodies differed depending on the

solvent mixture ratio and the structure of the organic additive.

IR END 72D TH 5.
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Fig. 1 Fraction of pixels determined to be in motion and
temperature during cooling slurries with different mixing
ratio of TBA and CH.

@)

Fig. 2 Fracture surfaces of freeze-dried bodies made from
slurries with different mixing ratio of TBA and CH (a)
0: 100, (b) 20: 80, (c) 40 : 60, (d) 80 : 20, (e) 100 : 0.
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Fig. 3 Fraction of pixels determined to be in motion during
cooling slurries with different amount of OA.

B A 72 35A SO, $ um FEEE DMK 7 2B 28
MR ENz, ZOZEBIE—DOHOBRERD Y — 7 |2HI6
L 72 T IO RS OB O 78 S RS & A K 7 B4
DERIERT AL EZ 515,
INHDORT) — % FCHUEZ SR &0 R
L7ZHRIT VI N A EREC, A ORET O/ S 2w
WERMERTHDL I D bh oz, LAL, 0:100 DA
7)) — % TR L 7 2 SRR L 72 AR O B
i, OB 25 ORBA L) bEWEEZRLZ. Ih
IFiBHlE L CIEH T % OA DEIENE W20 EZ S
N, OA XEEPER OMENNEICKE BT LI LN
TRIE ST

FIT, EEERALD40:60 & LT, WY S
PEI-OA ® OA X HHAEALSH/- AT ) — TR L
HAEZEB O OCT Bl %17 -72. M3IZHEAT ) —DF)
REORKZALEZRT. WINOAT ) — QBEEEORK
BRI BT OEREZERT 22D~ DHK
HHEFR SN, ZOFflETEIE OA X EFEDOHHNZ L/ E
K7V, HRICET LML o722 EDTRIES L
7o, &5\, REIERICHIE LZREZRLE R 4 18T, &
FRED OABEAENEVIT LR LD ENbh o
7o, T, OASEBENEL RDIZON TR FRE &
SRR L OBAMESLE SN, BAEROODO T RV
F—ERENKEL o220 ThHHLEEZONSL. Th
O DOBAEHZ R ORI 2 Bl 3 5 &, MALEIL OA &
BEFEVIZENS L ol ZHIIEEIREDMR V2
AR L CRESBERE X WA REESRE o
72720 TH L EHHEINS.

F 1IZPEI-OA ® OA G ZLI /22 7)) — o
SR N R AT ZRT. OAZBEIEHWITEE

-30
,0mol% 10 mol%

g 35t
(5]
E
o
g 40|
5 30 mol%
'_

-45 ! ! I

55 65 75 85

Time [s]

Fig. 4 The relationship of temperature and time during cooling.

Table 1 The properties of granules and relative density of
dewaxed bodies.

Amount of OA

0 10 30
[mol%]

i h
Compressive SUeNO 143 + 43 168 + 3.4 211 + 39

[kPa]
H .

ausner ratio 15 14 14
[-]
Relative density of

49.3 49.7 49.8

dewaxed body [%]
Relati ity of

elative density o 96.4 973

sintered body [%]
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TR D S, BHE CREE 2B AR S
7z,

4., ¥E
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> (I=IrOy/Ti0,) Rif-1%, B - L FAICLETH D Z LICMZ TRWERGESEZ AT 5 2 L b, BIkE
IR E R AR R & U CEWIHAMEZ R T Z EAVREN TV D, ABFZETIL, Ir=IrO,/TiO, Ki 7 DER
BEMEOM BB X OB ZEREZRET 272010, KRZT7Tr Y LT ot A TER LR IS BERRALER % fiti L,
BRASENE LRI T TEREIC 5 2 DB L5 L7, BERLER AT 2 BillE, Ir-IrO,/TiO, KL 1132 fLE D ERIR O 4%
Exbb, FEER I-Ir0, FEA ) — |2 TiO, R & 78 5 WHEAZ A L Tz, 750°C TOREMZ I W T, Ir-
IrO,/TiO, KL - H D Ir-IrQ, IEfEim b L7223, ERIROZUEMEZ MR L TR Y, BR-AZEMEE R L. 20
& X, I=IrOy/TiO, Ki - D EXAS G, BFERLATO 1.05 S/em 7> 5, 750°C BEkfz TIEL 1.85S/em £ T EFL, Ir
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ABSTRACT

The development of metal oxide supports with porous structure and high electrical conductivity has attracted considerable
interest for diverse applications, including polymer electrolyte fuel cells (PEFCs) and water electrolysis. Among these sup-
ports, iridium oxide-titanium oxide (Ir-IrO,/TiO,) particles stand out due to their unique properties. In this study, we synthe-
sized a porous catalyst support consisting of titanium oxide particles with a low loading of iridium—iridium oxide species
(Ir=1rQ,) using a flame aerosol process. We examined the effect of annealing these flame-made Ir-IrO,/TiO, particles to boost
their electrical conductivity. Prior to annealing, a spherical morphology with a porous structure, and the Ir-IrO, species were
amorphous but uniformly covered the TiO, surface. After annealing at 750°C, the Ir-IrO,/TiO, particles retained their spher-
ical morphology and porous structure, demonstrating their excellent thermal stability. By increasing the annealing tempera-
ture to 750°C, the electrical conductivity of Ir-IrO,/TiO, particles improved significantly, rising from 1.05 S/cm before
annealing to 1.85 S/cm, demonstrating the effectiveness of annealing treatment in enhancing conductivity. These findings

provide valuable insights into optimizing the performance of catalysts for various applications.
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1. Introduction

Conductive metal oxide materials, valued for their high
chemical and thermal stability along with superior electrical
conductivity, have garnered significant interest for applications
such as water splitting, sensors, and polymer electrolyte fuel
cells (PEFCs) (Bohm et al., 2021). Among them, iridium-
loaded titanium oxide (Ir-IrO,/TiO,) particles stand out as
promising electrically conductive and durable metal oxide sup-
ports (Oakton et al., 2017). In a previous study, flame-made
Ir-1rO,/TiO, particles with chain-like structure of Ir—IrQO,
demonstrated excellent electrical conductivity. A membrane
electrode assembly fabricated with Ir—IrQ,/TiO, particles con-
taining 10 wt% IrO, as the anode catalyst support exhibited
exceptional stability after 20 minutes of operation at 1.7V,
whereas the significant degradation was observed in a carbon-
based catalyst support (Ho et al., 2023).

Further enhancement of the electrical conductivity of flame-
made Ir—IrO,/TiO, particles is necessary for broader applica-
tions. Since TiO, itself has poor electrical conductivity, the
conductivity of Ir-IrO,/TiO, particles depends on the conduc-
tivity of Ir-IrO,. Increasing the crystallinity of 1rO, by anneal-
ing treatment is a key strategy to improve its electrical
conductivity (Lodi et al., 1990). Additionally, flame-made par-
ticles often require post-annealing at high temperatures to re-
move unburned hydrocarbons, control the oxidation state,
promote crystal growth, and optimize nanostructure and poros-
ity (Kim et al., 2013). However, annealing temperature critical-
ly affects transformation,
crystallinity, especially at elevated temperatures (Pourrahimi,

phase crystallite size, and
et al., 2015). Higher annealing temperatures also influence
nanopatrticle size and morphology, significantly impacting their
physical and chemical properties. Since flame-made Ir-IrO,/
TiO, exhibits high conductivity due to the precisely designed
network structure of Ir species on TiO,, understanding the ef-
fect of high-temperature annealing on its electrical conductivi-
ty is essential. Moreover, comprehending how annealing
temperature impacts the structure and properties of Ir-IrO,/
TiO, particles is vital for designing nanoparticles with tailored
characteristics for specific applications.

This study reports on the effects of annealing treatments on
flame-made Ir-IrO,/TiO, particles with porous structure. The
porous structure promotes mass transport of reactants within
the catalyst support to the active sites, thereby enhancing the
catalyst’s performance. The porous Ir-IrO,/TiO, particles were
synthesized using aerosol techniques, a gas-phase particle de-
sign method renowned for producing nanostructured materials
(Hirano et al., 2021). We examined how annealing treatments

influence the morphology, structural properties, and electrical

conductivity of these porous Ir-IrO,/TiO, particles.

2. Materials and method

Iridium-loaded titanium oxide (Ir-1rO,/TiO,) particles were
synthesized via a flame process, an efficient gas-phase tech-
nique for producing nanostructured particles continuously and
with high productivity. Following previously detailed proce-
dures, TiO, nanoparticles (99.5% purity; P25, Nippon Aerosil
Co., Ltd) and Ir(NO,), (4.757 wt%, Tanaka Kikinzoku Kogyo
Co., Ltd) were dispersed in water at a mass ratio of 10 wt%
IrO,/(TiO, + IrQ,). This precursor was atomized into droplets
and introduced into a diffusion flame using nitrogen as the car-
rier gas (5.0 L/min), with methane (2.0 L/min) and oxygen
(5.0 L/min) forming the flame. Synthesized particles were col-
lected on a polytetrafluoroethylene membrane filter (HORKOS
Corp., Hiroshima, Japan). The experimental setup is shown in
Fig. 1.

The Ir-IrQ,/TiO, particles were subsequently annealed in a
tubular furnace at 500°C, 750°C, and 1000°C (heating rate
10°C/min, 60 minutes in air). Samples were labeled Ir-IrO,/
TiO,-x, with x representing the annealing temperature (e.g., Ir—
IrO,/TiO,-500 for particles annealed at 500°C).

3. Results and discussion
Fig. 2 shows the XRD patterns of Ir-IrQ,/TiO, particles

Bag filter l

Vacuum pumg

M~
Ir-Ir0,/TiO, particles

diffusion flame —

HEl 1N
o, ] 0 ¢7Carriergas: N,
4 ( ;) I(NO,),,

Tio, (P25), H,0

Ultrasonic nebulizer

Fig. 1 Experimental setup of flame method for the synthesis of
Ir-IrO,/TiO, particles.
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before and after annealing treatment. Before annealing, the
particles consisted of a mixture of anatase and rutile TiO,
phases, along with metallic Ir. The sharp diffraction peaks of
TiO, suggested its high crystallinity. As the annealing tempera-
ture increased from 500°C to 750°C, the intensity of IrO, peaks
increased, indicating improved crystallinity and a larger
amount of IrO,. At 1000°C, the diffraction peaks at 27.4°,
37.0°,37.8°, and 38.6° decreased, reflecting the transformation
of TiO, from the anatase phase to the rutile phase. This transi-
tion aligns with reports that anatase converts to rutile between
600°C and 1000°C (Kumari et al., 2021). Meanwhile, the dif-
fraction peaks of metallic Ir at 40.7° and 47.3° diminished, and
the intensity of IrO, peaks grew, signifying the oxidation of Ir
to IrO,. As the annealing temperature rose to 1000°C, the IrO,
peak intensity further increased, indicating both the formation
of additional 1rO, and the sintering of IrO, particles at elevated
temperatures. This observation aligns with prior findings that
metallic Ir begins oxidizing to IrO, in air at temperatures ex-
ceeding 400°C (Bernt et al., 2021).

Fig. 3(a-1)-(d-1) shows SEM images of the Ir-IrO,/TiO,
particles before and after annealing. Prior to annealing, the par-
ticles formed spherical aggregates consisting of nanoparticles
with a porous structure. Numerous voids between the TiO,
nanoparticles (indicated by yellow arrows) were observed
[Fig. 3(a-1)]. This porous structure likely enhances mass trans-
port and increases the diffusion rate of reactants to the catalyst
sites. In PEFC applications, the porous structure of the catalyst
support improves performance at high current densities, there-

<& < TiO, rutile
O TiO, anatase

m 0, &ir

1000 °C

Intensity (a.u.)

500 °C
Y G S N
s

Before annealing

S N

20 30 40 50
2 Theta (deg.)

Fig.2 XRD patterns of Ir-IrO,/TiO, particles before and after
annealing treatment.

by boosting overall efficiency. As the annealing temperature
increased from 500 to 750°C, the particles retained their spher-
ical shape and porous structure [Fig. 3(b-1)—(c-1)], highlight-
ing the excellent thermal stability of Ir-IrO,/TiO, particles.
However, at 1000°C, sintering of the primary particles oc-
curred, the surface of Ir-IrO,/TiO, particles appeared smoother
[Fig. 3(d-1)]. Sintering at these temperatures can reduce poros-
ity, potentially impacting mass transport of reactants.

Fig. 3(a-2)—(d-2) presents HAADF-STEM (High-angle an-
nular dark-field STEM) results for Ir-IrO,/TiO, particles, where
bright regions correspond to Ir and IrO,, and weak bright regions
to TiO,. Initially, Ir-1rO, species uniformly covered the TiO,
surface [Fig. 3(a-2)]. When the annealing temperature was
raised to 750°C, the Ir-IrO, species remained homogeneously
distributed on the TiO, surface [Fig. 3(b-2)—(c-2)]. However,
at 1000°C, the Ir—IrQ, species (red arrow) aggregated, forming
larger particles instead of remaining uniformly distributed
[Fig. 3(d-2)]. This aggregation disrupted electron transmission
pathways, potentially increasing the volume resistivity of the
Ir-IrO,/TiO, particles.

To clarify the effect of annealing treatments on electrical

st
500 nm ! 4 50 nm

Fig. 3 SEM (left) and HAADF-STEM (right) images of Ir—IrO,/
TiO, particles: a) before annealing, b) 500°C, c) 750°C, and
d) 1000°C.
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Fig.4 The electrical conductivity of Ir—IrO,/TiO, particles
according to different annealing temperatures.

conductivity, measurements were conducted on the Ir—IrQ,/
TiO, particles. The electrical conductivity increased with rising
annealing temperatures, from 500°C to 750°C (Fig. 4), reach-
ing 1.79 and 1.85 S/cm, respectively—an improvement over
the pre-annealing conductivity of 1.05 S/cm. This increase can
be attributed to the phase transition of IrO, from amorphous to
crystalline, which shifts its conductivity behavior from p-type
semiconductor-like to metallic-like. The enhanced crystallinity
between 500°C and 750°C significantly contributes to this con-
ductivity improvement. However, at 1000°C, the Ir-1rO, parti-
cles began to sinter, reducing the electrical conductivity
sharply to 0.12 S/cm. This decrease results from the formation
of larger Ir-I1rO, particles, which disrupt the continuous con-
ductive network. Therefore, maintaining a well-distributed Ir—
IrO, network is crucial for achieving optimal electrical
conductivity.

4. Conclusion

The effect of annealing treatment on the morphology and
electrical conductivity of flame-made Ir-IrO,/TiO, particles
was examined. Both before annealing and after annealing at
750°C, the particles maintained a spherical morphology with a
porous structure. The porous structure remained intact up to
750°C, demonstrating the excellent thermal stability of Ir—1rO,/
TiO, particles. Electrical conductivity of Ir—IrO,/TiO, particles
increased with rising annealing temperatures, peaking at
750°C, where the particles reached a conductivity of 1.85 S/cm,
before declining at 1000°C. This study highlights the thermal
stability of porous Ir-1rO,/TiO, particles and the significant
enhancement in electrical conductivity achieved through an-
nealing, with 750°C identified as the optimal temperature for
conductivity improvement.
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Table 1 Number of participants by country.

Area Country Participant Presenter  Total

America 5 Canada 0 1 1

USA 2 2 4

Asia-Pacific 147 Australia 2 1 3

China 15 14 29

India 4 4 8

Japan 49 38 87

Korea 2 5 7

Taiwan 3 5 8

Thailand 1 1 2

Indonesia 2 0 2

Philippines 1 0 1

Middle-East 1 Egypt 1 0 1

Europe 22 France 0 2 2

Germany 2 2 4

Hungary 1 1 2

Poland 1 2 3

Slovakia 0 1 1

Sweden 4 2 6

Austria 2 0 2

UK 2 0 2

unknown 0 0 0

Total 94 81 175
(EAWi7es#H)
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Oct. 28 Oct. 29 Oct. 30 Oct. 31
Large Medium Large Medium Large Medium Large
Seminar & Seminar AV Study & Seminar AV Study & Seminar &
Conference Room9 ! Conference Conference Conference [ C [
Room Room Room Room Room Room
Room Room Room Room Room Room Room
9:20-9:30 9;50;‘?;00
Opening || Exhibition pening
e s Session 9:30-11:30 | 9:30-11:30 | 9:30-11:30 9:30-10:50 | 9:30-10:50
Xhibition i
e—— (K-Yoshida) | Session7 | Session8 | Session9 [|Exhibition] Session10 | Session11
9:30-11:00 (H.J. Kim) (M.Frank) (A. Bily) (R. Ono) (M. Kocik)
ESP School 1 Coffee break 10:00-10:20
(K. Yan)
10:20-11:20
Coffee break Exhibition Masuda Coffee break
11:00-11:20 bl Lecture 10:50-11:10
(Y.Ehara
11:20-12:50 11:20-12:50 11:10-12:10 § 11:10-12:30
Exhibition | ESP School 2 Poster 11:20-13:00 Exhibition! Session12 ! Session 13
(K. Yan) . Lunch (H.H.Kim) | (C.Nagata)
12:50-14:00 & Exhibition 12:30-14:0
Lunch Lunch
13:00-16:00
14:00-15:50 Poster Mini | 13:00-14:40 | 13:00-14:40 { 13:00-14:40 14:00-15:20 | 14:00-15:00
Exhibition { ESPSchool3 || Exhibition | Presentation | Session1 | Session2 | Session3 Session14 | Session 15
(I.Kiss) (Y. Ehara (H. Clack) (J. Sanchez) | (K.Takahashi) (M.Okubo) (T. Taoka)
&K.Urashima)
Coffee break 15:50-16:10 Coffee break 14:40-15:00
Poster Mini
» 16:10-17:40 » prosentation | 15:00:16:00 | 15:00-16:00 | 150016:00 Coffes break 15:20.15:40
Exhibition | ESP School4 || Exhibition (V. Ehara & Session4 Session 5 Session 6
(I Kiss) K.l.irashima) (K. Yoshida) i (Y.Kawada) i (S.Kanazawa)
16:00-18:00
Poster 15:40-17:00
13:?:2;20 Session 18:30-20:30 Closing
Reception & Exhibition Gala Dinner Session
- (Y. Ehara & (R.Ono)
K.Urashima)

K1 KREATFTa—
Fig. 1 Conference timetable.

B2 FEEHOSINE ORKT
Fig. 2 Participants in the audience.
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Hosokawa Powder Ti

M3 HE5H
Fig. 3 Conference participants group photo.
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