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WA, 1991 4F (PR 34E) 12 AIZREEASREN S, 2012 4F (CFHE 24 48) 1ZIENERE 2 5
e EE IR S, 2021 4F 12 HICE L 30 B4E A M2 £ L7z, S o, BEIEHAETEIC
B9 % 28T IE s L OV IS D 2 5eE O EIFREASHE, WHIEE OB REFICH T 286 - $El &8 L
T, ZDEBLOMROBERTHEOREEZZE LTS T L Bk, R BE o irE—,
37 L D% OFEEIZBVTEE S 2 I IMIEO S VIR & o TB Y, BB LU
KT 2R D 2 A TR EE M L 2> TB Y 3. MEREL 40205 FH L
TBY ETELFEL PRFELATFEETHD, ZOEPICAEMIIFEFEZIToTBY £

— MBI, AL T S BN ZREAR I T 2 EE (KONA ), B AL
BLWZED 720 O FEE B (WFZEBh) , AR T2 2 WH2EICHEH 3 2 i5EE OB OER (W
SEBE R, BAELAICET 2RECR A ORY (¥ R Y T 2 EOERY) Th) £7.
KONA Blix, MAELHOFBHICBWTERETRE SN EOF RGN, MRS X
D 2016 FFE F Tld, HARAMEENSE INTWE L7z 2017 SEEIZMD T O =N R_R— AT
WP S OHEE Z 2T, BCkHOMIEETE SN, 2L FFEIEI A Y OLT I 75y - Za—
WXV O7Y) =Ry ve -7 LEH sy —R50 Wolfgang PEUKERT #d% 15 & UL F DR
WE—#HEPZEINTE L INFTHUROELLRMEELZEINTEY, #FELDIC
KONA E X, MATZOFBHTOREBEOMMHAELTEY, HHEREL L TREINLLESTE
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1. BEXRABTEERIRAOBE

1-1 EFEEABTOBE
MM HII A TR EZ HigE LC6 O - BEFHEL 2MOETHE, 25 NICZ0M
DI ERESEZERL T 5. FENEOMEIILTOE) TH 5.

1-1-1 BhRk - BEEFZE

No. FHEMH TS O x5

1 |KONAE WARIZBE T AWMZEIC0EE L, BN e BT 72 AN HRE

2 | FRRBARK BRLE:, BRI T 20580 720 OB

3 | RVAHTRREME WA T T 52BN BT E 0T 2 8E

4 | HREBRDE BT B 5 IR HER T 2 KFEBE A D 720 O e -8 B OB

B VLRI LED

WRTACET 255, ¥R 2 EOMBICHT 28, Fihs

| EafesEs T
6 | HARITIFTOIER T2 B 2 SR 428

ASHI3AERIE, No.l, 2, 4, 5DOHFHEICOVWTRERIT- 7.

S AFEES No. 1, 2, 4, 5D

HEIIODWTRAEDTFEL > TWA.
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FHEOMHE

HENFOME

MEIFICET 5#EHN
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1-2 ERIKIZOBE
1-2-1 BhRk - BMEEEDERIR
WERE DR DR GBI R FEDOERRIUILL T O#E) ThH L. B, FH3EFEOBRFEZEICD

WL, gy ANV AEEDPPOE L TR ZE 2, 2OBIEIROBIE,» S5 ZEA
EFEB SN o7z,

(WAL« 1)

151015 KONA & BHVEMEIRRD Y URT Y LNERMEIER

EE BB | sz ® R e E free- # R e # R

| g | BhikedE | PR ¢ | miedE | PR el | mhikemE | TR | mimed
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 (55T
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 (55589 5 2 2,000
H18 | 2006 | 112 | 23 23,800 4 1 1,000 (RFEET) 2 2 1,500
H19 | 2007 | 137 | 23 21,900 1 1 1,000 (B5ET) 5 2 1,500
H20 | 2008 | 128 | 18 13,500 3 1 1,000 (AZEET) 4 3 1,000
H21 | 2009 (AN
H22 | 2010 N O+ 7
He3 | 2011 | 117 | 17 | 13,000 2 | 1 1,000 SBEET 6 | 3 | 1400
H24 | 2012 | 79 | 14 8,600 5 1 1,000 ANHFET AEET
H25 | 2013 | 119 | 30 23,000 3 1 1,000 NEET 0 0 0
H26 | 2014 | 126 | 23 19,400 6 1 1,000 5T 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 AEEAET 4 1 300
H29 | 2017 | 193 | 21 14,600 6 1 1,000 NEEET 5 1 600
H30 | 2018 | 132 | 18 14,000 6 1 1,000 AEEET 3 1 1,000
RO1 | 2019 | 119 10 7,200 4 1 1,000 BHAET 1 0 0
RO2 | 2020 | 102 | 12 10,000 4 1 1,000 REET 2 1 1,000
RO3 | 2021 | 136 | 26 22,000 4 2 2,000 AEEET 1 1 1,000
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(BBCAE - T-H)

Eﬂ%’z%’é‘éim%ﬁﬁ HdH)i%*LJ,ﬁ%BJJ R B & WE+

wE | EE | e ® R e ¥ R = = e ® R

8| 8 | BIREER | B | B | BIRRRER | FER 248 3 248 3 | 8 | 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 (BR5EY) 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 (R5ET) 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 (B5EY) 4 | 4,000 105 | 43 28,100
H15 | 2003 | 16 9 1,800 ARV 71 TR FE SR E 4 | 4,100 110 | 43 27,300
H16 | 2004 | 27 7 1,400 | 53 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 S 0 0
H22 | 2010 N T 0 0
H23 | 2011 5O % 7 125 | 21 15,400
H24 | 2012 A S 84 | 15 9,600
H25 | 2013 | 12 9 2,700 AN I 134 | 40 26,700
H26 | 2014 | 28 9 2,700 N ¢ 7 161 | 34 24,100
H27 | 2015 | 30 10 3,000 N 2 7 186 | 33 20,700
H28 | 2016 | 36 10 3,000 A S 241 | 35 18,100
H29 | 2017 | 35 1 3,300 N ¢ 7 239 | 34 19,500
H30 | 2018 | 25 10 3,000 N 2 7 166 | 30 19,000
RO1 | 2019 | 22 9 2,700 AN S 146 | 20 10,900
R02 | 2020 | 20 10 3,000 N+ 7 128 | 24 15,000
RO3 | 2021 | 24 14 4,200 N ® 7 165 | 43 29,200
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WMHEIAE STV D,

KONA Award

KONA B 1%, 1990 ELIE, kAT 058 CHIZe 387 5 ICHBF IR E CEHB L 72F5e g
WHAEB LN TWAE L DT, BIEAY AT I 270 BRASHDBEE L Tw/22%, 1992 £ 5 24

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

RV TR T AR AR No.29 (2021)

ZEBMEIL, KONABEFEEZBIZL o THEASN, 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 ERZE

2021.12
SH | EA KONA BB s
No. | PHJ& K4 GG ) "
1 1990 |Charles S. University of Southern |Outstanding achievement in the areas of dynamics of particle flow and
Campbell California mechanics/heat-transfer relationships for particle flow
2 1992 |fbH A— RS WRAROFEIE, 7 © BRI B 2 %E
3 1993 | B PR NN BRI 7 1 VR OWE & ORI I BT B BEE
7% AR
4 1994 VLR i#E GIRRF L7 0V )V OIS 5%
5 1995 |=F % PN RN IRLR A HEE R & L BB AR R GE 7 0w A OB
6 1996 |¥ 0 EH— JUNTHRE R SRARELIE B OB RAR D 212 B9 2 gt
7 1997 IS =W 3 S e N FERETER T O RERT T2 ORESE & 2 0 R
8 1997 |BAO B H R A R B A g
9 1998 |H4H GLHH AR R IR 7 & ONCZ 7 | VIR T OB & 285BI B3 2 FgE
10 | 1998 |fi% PR iy N Tk T R O IR & R L2 BE 5 2 W B LAY AT
1 | 1999 |it # NSNS RS X CEA AR OB 32— a v
12 | 1999 |&T%% GIRRF BT 0 OVRLF O ZEE) &SR EEIC BT A RS
13 | 2000 |fEE FEI JeifpE K TR TR B OBy - (LRI 7 0 & A DORISE
14 | 2000 |H-E HAA HALK TENT 7 AE SR ROELBIEEA & SR OB 3
15 | 2001 |iA dek B AERL T OB BRI ROEBENFRH & 2ol
16 | 2002 |J)E IEH FRUE TR TLEIRE T2 O A TR, TEBh el o BB R & T #iPE o
{IUN
17 | 2003 |®# & TR WAL T4 BCR O 2258 M & FEm A & 12 B 3 2 5t
18 | 2004 |H# EH BN Wiky 32—y avikomsss FolsH
19 | 2004 |fEH 15iE FIL R WERTOty vy X BERE ORI
20 | 2005 |fEFR FAE FE S B KA TRBIRE S X B BRSOk - 5 OB RELIZBE 3 A I H
21 | 2006 |BILEAK R B RF 70 OIEREREE L ARHE T O A OREEE
22 | 2007 |FEME CE FbkE: A2 XA MY —OFEHE L NS BT 5 78
23 | 2008 |@fE  E LB TR T X v 7 AKREIE O IEEEN I & APRHEI A JE B
24 | 2011 (AR S EMBATRZERE R TSEE2ERICL2ET 3 v 7 2A8E 7 0 & ARME O FE AR 5
25 | 2012 |PFPN X 3 SN KT ket 2 R L 3 28 L WS SHNIC BT A
26 | 2013 | H Flf W - WRRZeERE | O E 7 O 2 O EELIC X B ok SR A oo Al L
27 | 2014 KA F GIRRF IT7 T4 NVE EHLE LD 70 Vo5 - BREICET A58
28 | 2015 |4%¥F I WAL R0 T IR % JRE & U 72 e 35 1 e BE I 3T O WF S8 B 56
29 | 2016 |FIL HESC FIL R R TR EE LD FE W
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TH | ZHE KONA BB gt
No. | P 22 WR (L) wH
30 2017 |Sotiris E. Pratsinis | Swiss Federal Institute |Pioneer research on particle formation, agglomerate dynamics and, in
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 | HB 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 Peukert |Friedrich-Alexander- |Particle based product innovations by understanding and controlling
University Erlangen- | particle interactions
Nuremberg
35 | 2021 R B TR Advanced characterization of fine particles and the development of

novel powder handling systems

List of KONA Awardees

2021.12.
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.
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)
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No. Year Awardee Affiliation
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.
hY 122 = L N
1-2-2 BEEBFXDOEMRIKR
(R HAL - T1)
METIFICET 2 EENSRS KONA 5D EAT
FE|BE
E1% HEMmET—< HEN HEE BE (S KEHR BT &B8
HO7 |1995| 29 |[#pfk~7 0t 2128t 5 %4 - fEER 5 232 3360 | 13 | 240 2,300 @ 7,730
HO08 | 1996 | 30 |Jcumbkneidhtl Bl oiE 7 o & A 5 144 2550 | 14 = 200 2,300 | 7,490
HO09 |1997 | 31 |ERBEPRAHIl &bk 14 6 142 3,750 | 15 @ 254 2,200 | 7,500
TR DFERL &R A g T o
H10 [ 1998 | 32 . 6 210 4,630 | 16 | 256 2,200 © 8,190
Yt Am e L T—
H11 11999 | 33 |#rEEsEalil o7z Ok 6 246 | 47140 | 17 @ 250 2,200 | 7,440
H12 |2000| 34 |IT EHEIZBIF LK LH 8 283 | 5130 | 18 | 248 2,200 | 7,160
H13 |2001| 35 | /KPR~ lRE 7 184 3,750 | 19 | 283 2,200 | 7,990
H14 |2002| 36 |7/ kT DEEER~D R 6 208 | 4,160 | 20 | 276 2,200 @ 7,920
H15 2003 | 37 |F//8—F 4 7 )V - 527 /0y — 6 227 5100 | 21 | 246 1,300 13,000
H16 | 2004 | 38 |F /fEsEHiEC L 2 M EEEOTEEZDELT| 6 160 © 4,500 | 22 | 211 700 | 8,660
H17 [2005| 39 |Z 2 F Tk /KT DFEML 7 205 | 5380 | 23 | 224 1,000 10,070
)77 ERLOBEIRSL KT O R &G
H18 | 2006 | 40 ; 77 RRLORERL T I RTOMBLID 6 174 5320 | 24 = 252 1,000 13,090
IIN=T 47 )Ty ud— Y
H19 |2007| 41 | 7 7 ST MRRAG o 06 4380 | 25 303 1000 11460
i IN
INN—=F 4 70T /ul— ol E
Hoo |2008| 42 |27 7 7 SRR o o6 3400 | 26 282 1000 | 8,040
AL~ R
F T 2 a =2 X HROREREL & R
H21 | 2009 | 43 . e HEOFEL E FHH 6 160 | 3,130 | 27 @ 248 600 = 6,250
B 3&
D IN=TF 4 ZIIINY R ¥ A HHE A
H22 | 2010 44 > 7 b ¥ 6 134 2,660 | 28 | 242 600 : 3,850
Hrr R
IIN=T 4 )T/ aTy— DR L E
o3 | 2011| 45 | 7 7 SOOMRERRLL o0 3030 | 29 284 600 = 8400
O J
H24 [2012| 46 |F//8—F 4 7 )7 7 0y —DIuHihis 6 141 3585 | 30 . 288 600 | 3,916
H25 | 2013 | 47 ol &3 T T 2 DR L0 6 201 6656 | 31 i 274 1,800 | 9,176
H26 |2014 | 48 |ZHk7% b DD ) X 2 2R T 0ER 6 153 4364 | 32 @ 283 1,800 | 8,556
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METRICET 2 EENSRS KONA FED AT
FE| R
[EE e T— < HEN AEE BE S HEH BTHH BE
H27 | 2015 | 49 [KEftE & ISR TR LY. 6 162 359 | 33 | 357 1,000 | 7,253
H28 | 2016 | 50 |77 FoRthss % 5 Wi 6 156 5,169 | 34 @ 293 1,100 | 7,417
H29 (2017 | 51 |ZewmtfRHEIRRIZ KD & 1 2 ki R Fe i 6 161 3942 | 35 . 287 1,100 : 7,386

H30 |2018| 52 | AMFEIOG RS & OFIH % 52 2 2 W KBl 6 161 : 4,657 | 36 @ 297 1,100 @ 7,093

RO1 |2019| 53 |@EALYT 2k 7 0t 2 I L ISHORETRE| 6 178 4673 | 37 @ 271 1,000 | 7,000

RO2 [2020 | — — — — — 38 288 900 7,235

O ZE54 Bl MAEITFICEAT 2B E RS

ASM3EIHTH (K ICHEEAT—F /L ARTIVIZT, [EMOEEEILICEIRT A2
Ot A 27—~k LT, #5410 WAL FICET 2EEAREVHBEINLI TFELE > TV
72h%, auFBMEIC L) SEE—HAEE L, WO TRIEEORBEY FET A LI 572,

O MEIZICE T % %5 KONA Powder and Particle Journal No. 39
(2022) DHEFT

KONA FEDOMR BT IR AGE R ICRFE SN, FIFAFES 1T KONA GERER B S MMk L T4
M7z o7e, COFREBERITIT, —0v8, TAYAIETO Y 7 ORERBES R, Th
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KICHIR S, FH44FE1H 10 BT s Rz Bl EDix 277 B, B#GH T 198 <, il
W ER 1848 (727 6fm, I—T v 85FH, TAUNTH), EHFTELRME BT 5. &
FEEHOMNTULL ¥ 2 — 1287 EWIZERL 7T, @i sll OV T AR L BFICEM Y A7 A% FIH L
J-STAGE 2R #1353k (2020/10/3-2021/10/9) SN T3, F72, Rk h&fkrh -0k — L7
HEECTIER L, &X—Y% 70V 55— CHIRILE L TWw5.

ARAEIL 800 H 2 FIRI L, AR OREBMROIZEE, MEMHE KFFCFEL, SitfizsT
Wb, B, REEIZEitEE, http/iwwwkonaorjp DA MMIBWTHER CHEST L2 LA TE 5.
F 72, 2013 4F £ 1) J-STAGE (28 ABHIA S 4L, 2014 4E 6 HIZETD/Ny 7 F v N—DEHEIE T
L7z, No.39 (2022) O3, ftHZoWTh, FHl 442 H 28 HIZ -STAGE ~O## x5 T L 7-.
DA FTD KONA 55D HFIF A EULMA SO 100 1225 1000 fF< &%= 1), #@EF
MR 196 T HEEY e o7z 72, RIEEORFEDOFATHEREFFHHE%EL Impact Factor 1% 2.897 (BE
f£2.326) LWEEL D B L.

1-2-3 BHEZFOEBIRI

MEFENE, 1991 4 12 AICHARZ 5 RO A LA0RM 2 HRY & L TRALE N, 2021 412
V.30 REEMZ D, OBV 0 FEFRS LFEFEORELT, TYTBLOTET =
T OISR T IS L 72 2e 2 BB L CW 2 BEFH 2 A FgeE # £ 35 “Young KONA
Award” % TRCIZRLIT 5 EIFS A APT2021 IS CRET 5 2 &A%, Al 2 R FEES 1 IS4 12 TR
I, TrEME) ERI N
1) EBREFEO IR

8T VTR VAR T A,

The 8th Asian Particle Technology Symposium (APT2021)

2) BRI - BfeSmPT
202110 11 H (H) ~14H OR) -aryrLraryxryyartrsy— (K
October 11""~14™, 2021 - Congre Convention Center (Osaka, Japan)

3) R

HREF A, RBUF L RFEREFEBE LAZeR TEmisefh R - #d%

Satoru Watano, Graduate School of Engineering, Osaka Prefecture University

Dean, Professor
4) KEOWZE

COESET I TIATLE Y VARV 4 (APT2021) 13 2000 4EOH L ANIHEVT, 72 7 Hilg
TH 3 CRfEE N, 2021 IO THRIC TSNS Z L% ), REOREIT VT
TOMEKRTEDOREIZE > TRELREERDSDHLLDEEZONL. REIZEMAIZIE, il 40 5L
TOEFWEREL TR E L, HERROERIZL > TTHEEEL SN KTV RIY T ATRH,
OO RRAY —5F % 5O TEAETI9HOMIEITERIITHL L2, D2 HHO® [Young
researcher award session] (25T, 5 XHTIATL TAFOZERNRERSITDONI. KEOFE
HiHE 40 HOWNFUILLT OEY) TH L. K5 :33%, Wigepr 24, ®3% 5% ZoW, Eir
LOBMEIE8 A THo/z. HEHERITF YA (&) LT 42 (web) O THFH N
A7) v FEATHESI Nz, FRYTETIIRE IC L 2 RIEICHE L CGEELREmI b S
7z.
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i 1E 72 WA OKFE, LT O 6 42 “Young KONA Award” % H L, & H O [Awarding &
Closing] (2B CHBH A BEER L ) EHIKB L CRIESEE S,

Young KONA Award R E&E & L UHRT —~<

- Motoyuki lijima (Yokohama National University)
“Interparticle photo-cross-linkable slurries: a new strategy for shaping complex structured ceramic
components”
- Yasushi Mino (Okayama University)
“Lattice Boltzmann model for evaporation of colloidal suspensions”
- Hideya Nakamura (Osaka Prefecture University)
“Numerical simulation of wet granulation using DEM-PBM coupling method with deterministic
aggregation kernel”
- Shuji Ohsaki (Osaka Prefecture University)
“Improvement of solubility of sparingly water-soluble drug triggered by zeolitic imidazolate framework-8”
- Keijiro Sakuramoto (HORIBA, Ltd.)
“Network size analysis of TEMPO-Oxidized cellulose nanofiber gel”
- Kimiaki Washino (Osaka University)
“Resolved CFD-DEM coupling model for gas-liquid-solid three-phase flows with controlled interfaces”

8% Asian Particle Technology Symposj
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3. FMIFE BIRk - BRER

3-1 SM3EE KONAE
2% BERBBIVEIEELTZhZN 100 AM)

Aro w8 W (EEE)

PRIRE = ZHE iy - S &
. Position, Affiliation .
Accepted No. Award recipient Achievement

(Nationality)

L Particle Based Product
Professor, Friedrich-Alexander

HPTF21201 Wolfgang Peukert | University Erlangen-Nuremberg,
(Germany)

Innovations by Understanding
and Controlling Particle
Interactions

TS REE R B T 7e R - L
Advanced Characterization of

¥z (HA)
Wik 15— * Fine Particles and the
HPTF21202 . Professor, Graduate School of
Shuji Matsusaka Development of Novel

Engineering, Kyoto University .
Powder Handling Systems

(Japan)

O ZEIEH

HPTF21201 Wolfgang Peukert
Prof. Peukert has brought particle technology forward like no other European and probably no other

professor at all in the last decade. With his forward-looking approaches to focus research activities on particle
interactions, he has given particle technology as an engineering discipline a new direction. From the
fundamental and in-depth research of individual processes in mechanical process engineering, which was
predominant 20 years ago, his influence has clearly shifted the discipline towards process-structure-property
relationships and, thus, towards the design of products made of the finest particles, which are often in the
nanometer range.

He has published his research results in more than 550 refereed publications with over 10920 citations
(according to Scopus), whereby he has achieved an extremely high h-factor of 52 for the research subject
“process engineering”. His pioneering concepts have led to the acquisition of the Cluster of Excellence
“Engineering of Advanced Materials — Hierarchical Structure Formation for Functional Devices”, which he
successfully led into the second application phase as coordinator. He was also awarded the Gottfried Wilhelm
Leibniz Prize (1.55 million €) for his scientific achievements. Within the ProcessNet association (as part of
DECHEMA and VVDI/GVC), he has been intensively promoting the subject for many years as chairman of the
division “Particle Technology and Product Design”. These outstanding achievements are complemented by
many other smaller successes and activities.
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HPTF21202 Shuji Matsusaka

Prof. Matsusaka has been conducting research at Kyoto University focusing on powder technology,
particularly with regards to the advanced characterization of fine particles in gases, for 32 years. This area of
study covers a number of fundamentally related topics including electrostatic charging, deposition and re-
entrainment, adhesion and agglomeration, and powder flowability and mechanics. He has used the
characterization methods to develop novel powder handling systems for feeding, transport, and particle
motion control systems. Furthermore, he established the theory and control method of particle charging based
on contact potential difference in an external electric field.

Dr. Matsusaka also developed novel methods using atmospheric pressure plasma jets and the photoelectric
effect arising from ultraviolet radiation. In addition, he established a dynamic model for particle deposition
layers formed in gas-solid pipe flow, considering simultaneous particle deposition and re-entrainment.
Applying the airflow method, he developed a system measuring the adhesive strength distribution of fine
particles to characterize different adhesion forces including van der Waals forces and electrostatic forces.

To analyze and evaluate the flowability of highly cohesive powders, he invented the vibration shear
method, which was effective for micro-feeding of nanoparticles and micron-sized particles. Furthermore, he
developed the constant-volume shear method and the vibration-induced fluidization method for
characterization and applications.

For the above achievements, Dr. Matsusaka was awarded the APT Distinguished Paper Award in 2018,
Best Paper Award of the Society of Powder Technology, Japan in 2018, SCEJ Award for Outstanding
Research Achievement in 2018, Best Paper Award of the Imaging Society of Japan in 2010, Distinguished
Achievement Award of the Information Center of Particle Technology, Japan in 2002, Best Paper Award of
the Society of Powder Technology, Japan in 2002, linoya Award of the Japan Association of Aerosol Science
and Technology in 1995, among other awards.

In recognition of his research achievements, Dr. Matsusaka was appointed as Editor-in-Chief of Advanced
Powder Technology. During his tenure, he elevated the journal to a top ranking in the field by increasing the
impact factor from 1.6 (2013) to 4.2 (2019). To achieve this objective, he made effective use of the financial
support provided by the Japanese government and established overseas editorial boards in Europe and North
America. He has been a longstanding proponent of various international programs.

Dr. Matsusaka is an acknowledged world leader in powder technology and has made significant

contributions to the formation of a global network of researchers in the field.
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3-2 SMIEE MBI (26 % #2%E 2200 5 M)
(FAZE, Hhemg)

HIRE S | B 5 g -t Wkx Wroe iR
HPTF21101 | T3 - I B RFRFEBGER T RE | ~ 2 7N 7 0 VBB O FAEfRAT &
T R - e T
. FESEFNT RS ATTZERT 7O | v NEREIRE O S Hs HN & 2 IETF
HPTF21102 | Il #HE " N . = |y " .
R IEZEERY - B R | AR RO A
HpTEoii0s | g | DU RRORRRAERIER - | WREA S b RS
R //E B A B
HPTF21104 | Hids  FIHE M5/ NEy N e R BEWRE—XINVICEIAEFFY b
B - WrgesiEE A
e YR - MR e R MR | I BERS 12 & B R BRI @A O U
T Ui - MR X i CT ez
KBF ST REFREF B LA 5E | EARERE ) /BT OAER A B = X 4
HPTF21106 o 5E
Kl B B - B D & B A
WPTR21107 | R b i BT RF R AR | mRNA T 2 F VRAKI 75 v b
N R 7+ — LHAF OB ERZE
HPTE21108 | e 52 Sl EITEREGEL S 3 v | Pk ) RO~ 70l 75 X<
STy AR Y v — - TS | SO L kR
WE R Wk — A N OFREI B
s N Ly :PA% .
HPTF21109 | dbAy WIA | RECRSAaEEE - B 2 IR
| AR L T RESE | RV VPR o [ A S AR o i
HPTF21110 | AGEAR £ |
A - Bh# e
AEPIRE I £ 2 &P RS R T D
SHT T Er N 25T BrER L 55,
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BIROE D 2L A B (MT
HPTF21113 | mdf Tl | BeRARS LA - Bk ﬁ% FA R IC R RS (MT )
TN %
HPTF21114 | 1 N KIRKFRFBEFERE LFAWEFE | G 2 R 3B bgk o 55 71K/
T R - e R T4 B

—15—

HE it I &




AV A TR TARE 4R No.29 (2021)

TIRES | Bl 5 s -t Bk W 7E R RE
HPTE2L1S | Hk R F B 2R - W8 | - KT e e EA ARz i L
SRR ¥+ 2 &R KR
HPTE2ILG | i % AL RFRF B TR - | GRS CRER O A L35 A% ¥
HEHAZ 7 =)V RO 5
HPTE2I117 | B EEFMARAWTET~ NV F~ | RKEEK T ANV EFIH L72R) ~—
2
7)) T OVIRZEEM - BFE R | SRR OB 5
HPTF21118 | MR BRI FE beikiE s | CIP B 2 228 Biast~ + 1) v
T R e y ZRE ORI
[ A KR TSR | BB PLGA -/ R 100 I B 345
HPTF21119 | #&4 Mz | _ -
Bl - #Hoz M oOBA%E
R TRFRF B 71— ‘
| PORRERTERERT BN IR T OB
HPTF21120 | ¥ JCH | VA 2 X—2 a3 Uiff%ekE - B N
3 B EAN D5
%
. BITH R BRI R T il - e | A B ) ~—F A3 ELE O EL
HPTF21121 | AR St B . e
Hiz 70 A DRESL
\ el RFRF R LA | Sk SRR e T 7 5 v o
HPTF21122 | filiifl A B .
WE e s P
TR G LR T T
HPTF21123 | #adF & | IIERSHEAE - # ;Z RS A MR
HPTR21124 | K HE RBURF SRR Be LG8 | A A % 72 DEM HIH3/ 3 5
TR B A — 5 HEBEOR5
HPTE21105 | e 5 B LK S22 R gE e AR | 25 7t E s & Liza7 ¥ = Vil
PR - wRge s R T s A
McNAMEE, Y . \
AR B SR S AL R S T
HPTF21126 | Cathy | EHNASEMIAERH - #4002 g“kwﬁ%”§“ BT
Elizabeth

* g - RS PRARE

—16-

HE it I &



3-3 SHMIFEE MEEERK (14 %

RV TR T AR FAE R No.29 (2021)

$a%8 420 A M)

(T A5 NE,  oPRng)

HIFES | BT 5E g Wro iR iEiRiE =
Ui R Ed vy NG oy e 1 s .
e Yy An e SN
HPTF21501 | M FRSF | LR b - Adn R Hﬂgﬁw? SR % % Sfl—
- 1471 roER
TAHHEI
AR R LS | AR O RILIZE D &
HPTF21502 & B JE 5
P e raen | Mook T a0 S
KBRF 37 KRR T .
i BRIRESY I 2L —Yarok
HPTF21503 | AEH  1ids | S2WFgeRH e - 1La% L - Tl
J== EigEi] ;imﬂﬁa (=32 SR - AL O 5 iy S
HWHORSF R TR
Y474 bOBIEEKIZMIT 7
HPTF21504 | fkH B | Wige R L A7 41 IR i I 1
L j;ﬂ1%/ 4 FOEME R B B L I
%-ﬂ-]ﬁ
FIRTFF v T O
UK B T2
HpTE21s05 | g | O STRERLSE e i rommeEs | B
Bl 127 Hi e .
iRl
WLUE TR R A
HPTF21506 | #HE i Yo A5 NISHRER | AR B0 2 W R O | LENGGORO,
T g AR -y 27 LIS R O A & R Wuled
I
FEA R RFEREEE L | S 70+ 2281 %5 NaCl ki
HPTF21507 | &I o N3
BB | e s B8 | T 7 = 4~ BGAEHomn | T
HPTE21508 | I ek KIKERFR KT | TG TELVT 7 ARKICEDS H i
N BRI | RS ORI !
WK RS
HPTF21500 | J2 A R R O i Bl j N
J& A e ey B3 A AR O i B A WwHEH B
W RERERLER (NN LEHERAT Y D A0k
HPTF21510 | Z£J5 Eik MR
PO e | R0 R
AKRAMI LB TERFRFEE | AAZHIVA LA AR
HPTF21511 S%m, TR ay - o | L7z Tio,-1 Gl 2 FH v 72 Co, | ik =3
(| #=a=Ng DA~ DYk
EDALATI LB TERFRFE | AAZHNVA P LA AEL
HPTF21512 Pmﬁ’ Tz kb dEay - IOl | v o ¥—BEtoEie = |k =3
| ga3=20g DI
sty NGUYEN, iigigigigi A RO WA £ THI | N
Tue Tri TR 2 ek AR o B 5 -

ETUT T N

17—

A
\
SO

DN

—-.'

HE it I &



RV TR T AR AR No.29 (2021)

BT | g Fr J&* r7E & WrgeigEs
. T Applications of silica nanoparticles
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Hosokawa Powder Technology Foundation ANNUAL REPORT No.29(2021) 23-29 /https://doi.org/10.14356/hptf.19101

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

BV ROEY & M L 7- @A F 7 B ¥ o8k

Preparation of Metal Oxide Nano Particle in Hydrogel Reaction
Field

W73 % Research leader:  fRJHE {2 Takehiko GOTOH
[ BRFRFBEER TRBAZER B
Graduate School of Advanced Science and Engineering, Hiroshima University,
Assistant Professor
E-mail: tgoto@hiroshima-u.ac.jp

A
KGR ClX, B Tr VN CEERRLY -/ 2 AL, BERE, 7V, wieE A 4+
VUEMREE, B A A 2O F— THRAAERBCCOUIIER 125 2 B B R R L. RIEREE
H 85 & BRI OB AMRAE S IV CTRUBEEESHINT 245, R SET X5 0T 0
R EENVE DT L F WAEE IR T L2, $72, FVHERAZZ CESTHO A Y T —2
WEENFTN T 13 ERL T OB R B & W] S WURBESE AN 2 2 LS Ik o7z &5
AR E S I ER T EARNE L 2 Y, MEEESEINT2—H7T, BEIET XL
FEESMET L CEEA 4+ v O AREDET L TR FEAEEMEL 20, G2 T L7z
T2, MOEEAF 0% F—=T$DERLD ATV BRROBEL DR T RO, =7
L7-&EA 4+ V2 L 28T L IEILOFRE S OHNC L 1 MiEE AN 2 gk VR S 7z,

ABSTRACT

In this study, metal oxide nanoparticles were synthesized inside hydrogels to examine the effects of immersion
temperature, gel composition, initial metal ion concentration, and doped metal ions on particle formation and
photocatalyst properties. When the immersion temperature was raised, the oxidation reaction of the metal
hydroxide was promoted and the catalytic activity increased, but if it was raised too much, particles grew and
agglomerated, and the catalytic activity decreased. In addition, it was clarified that the denser the network
density of the polymer chain by changing the gel composition, the more the growth and aggregation of
particles were suppressed, and the catalytic activity increased. Furthermore, the higher the initial solution
concentration, the higher the particle content, and the increase in the catalytic activity. However, if the
concentration is too high, the swelling degree decreases and the amount of metal ion intake decreases,
resulted in the decrease of particle content to reduce the catalytic activity. It was also suggested that the
catalytic activity may increase by reducing the average particle size due to the influence of different ion radii

when doping other metal ions and suppressing the recombination of electrons and holes by doped metal ions.
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Fig. 2 Effect of preparation temperature of composite on
degradation amount of BPA.
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Fig. 3 X-ray diffraction pattern of the composites
prepared at 25°C and 50°C.

Zn* solutoin : 0.02 M
Irradiation time : 24h
(DMAPAA : MBAA )= (1000 : 50) £00

12
I

£ 10

% ; 4%5
S 8| =
£ 300 &
=1 7
a 6 @
S | 200.2
R :
2, 100 ™
=3

&

L Il i 1 [l 1 0
0 10 20 30 40 S0 60 70

Temperature [°C ]

=]
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Fig. 5 Effect of composites prepared at different initial
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Fig. 11 Effect of immersion time on MB degradation.
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Fig. 12 X-ray diffraction pattern of the composites.

& CALI - M2 EUEEREFRTE
VEBUSA i+ 5 2 & T, fEdutEo s kT
BONE LG E NI CuS KT % 7 IV INIZA
WY B ENTE ., KEGHIITHET Tl
flERE 2 R L, AW E ST E 5 2 EAUR
EYAYAS

S Wk

[1] Tiirkyilmaz S.S., Giiy N., Ozacar M., Photocatalytic ef-
ficiencies of Ni, Mn, Fe and Ag doped ZnO nanostruc-
tures synthesized by hydrothermal method: the syner-
gistic/antagonistic effect between ZnO and metals,
Journal of Photochemistry and Photobiology A: Chem-
istry, 341 (2017) 39-50.
https://doi.org/10.1016/j.jphotochem.2017.03.027

[2] Zhang Y., Wang X., Liu Y., Song S., Liu D., Highly
transparent bulk PMMA/ZnO nanocomposites with
bright visible luminescence and efficient UV-shielding
capability, Journal of Materials Chemistry, 22 (2012)
11971-11977. https://doi.org/10.1039/C2IM30672G

[3] Mahdavi R., Talesh S.S.A., Sol-gel synthesis, structural
and enhanced photocatalytic performance of Al doped
ZnO nanoparticles, Advanced Powder Technology, 28
(2017) 1418-1425.
https://doi.org/10.1016/j.apt.2017.03.014

[4] Saranya M., Ramachandran R., Samuel E.J.J., Jeong
S.K., Grace A.N., Enhanced visible light photocatalytic
reduction of organic pollutant and electrochemical
properties of CuS catalyst, Powder Technology, 279
(2015) 209-220.

_28-—



Hosokawa Powder Technology Foundation ANNUAL REPORT No.29(2021) 23-29

Research Grant Report

https://doi.org/10.1016/j.powtec.2015.03.041
[5] Sahiner N., In situ metal particle preparation in cross-
linked poly(2-acrylamido-2-methyl-1-propansulfonic

H4 BB F &k R

188 - BA ¥ =%

1. tRER 2, Il AR PR RO
TV THERL 7R LS )/ KL D FERE IS

—29—

acid) hydrogel networks, Colloid and Polymer Science,
285 (2006) 283-292.
https://doi.org/10.1007/s00396-006-1562-z

G257V VT — 0 BEOFE, ALy

TH#AHE86 FEAMEEHRES (Mar.
3.20-22, 2021).

L AR, TR B2, IE AR, "Cus

JRFENE LA F v HEESTF T VO
A" AL LA 23 MRS
(Mar. 3.6, 2021).



Hosokawa Powder Technology Foundation ANNUAL REPORT No.29(2021) 30-35 /https://doi.org/10.14356/hptf.19102

PO
Lt YN DB T 2R E R aaen
RS Hosokawa Powder Technology Foundation ANNUALREPORT VgEaY

REERTEAR 1) =12 & % i Tk PR SR A R Iy D Bl 7 m

Development of Tape Casting Technology of High Flexibility Sheet e
by Soft-Flocculated Slurry -

W73 % Research leader:  {EEMR K1 Hiroshi SATONE
B 4NN/ = o B e = S €
Graduate School of Engineering, University of Hyogo, Associate Professor
E-mail: satone@eng.u-hyogo.ac.jp

W

A F ) — OBATERIEIEE \ZMRIL VAT TR S CTW 525, lE BB 1B X ORI 5
DIzHORBEOTHHZTMT 52 ELTHBY, BB LU Co HilEANDREN RS INT
X720 AR TIE, BOFERESEHEHCT—HRFE2 BOEIRIEE Lz0b, BREERINT
& LTI RNG V2 855F 50 B & X O BT 2 FEO IR O 551 % 3N L CRF-R I O & 55155 Bios)
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ABSTRACT

The tape casting process is widely used in various industrial processes. A plasticizer is added to a slurry to
improve moldability and provide flexibility to a sheet. These results in quality instability and an increase in
CO, emissions. A soft-flocculated slurry was generated in this work employing polyelectrolytes as a
dispersion and a linear polymer with a charge reversal to the charge of the dispersant at both terminals as a
soft-flocculant. A well-dispersed slurry was prepared by adding dispersant beforehand. After that, a soft-
flocculant was added to the well-dispersed slurry. By adding soft-flocculant, the well-dispersed slurry was
changed to a gel state because of the crosslinking of dispersant. The resultant gel was soft and could easily be
changed into a liquid by shaking. The soft-flocculated slurry was optimized by selecting the appropriate agent
and controlling the additive amount of the agent. A tape was casted using the doctor blade method. As a
result, a thin tape could be cast without the use of a plasticizer using an optimized soft-flocculated slurry. The
quality of this tape was comparable to that of a conventional method. Furthermore, the cast tapes showed high

homogeneity and good flexibility resistance to bending use.
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Fig. 1 Schematic illustration of concept of soft-
flocculated slurry.
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Fig. 2 Schematic illustration of evaluation of sheet.
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Fig. 6 Photograph of folded sheet using polyvinyl
alcohol.

Fig. 7 Photograph of folded sheet using magnesium
chloride.
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Fig. 8 Photograph of folded sheet using agent A
(39 mg-(g-polymer)1).

Fig. 9 Photograph of folded sheet using agent B
(26 mg- (g-polymer)-1).
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Satone H., limura K., Suzuki M., Nasu A., Reversible control
method for particle dispersion and flocculation using
ionic crosslinking of polyelectrolytes, Journal of the
Japan Society of Colour Material, 91 (2018) 357-361.
https://doi.org/10.4011/shikizai.91.357

Satone H., Iimura K., Minami N., Nasu A., Effect of multiva-
lent ions on ionic crosslinking of polyelectrolytes ad-
sorbed on particle, Journal of the Society of Powder
Technology, Japan, 56 (2019) 496-500.
https://doi.org/10.4164/sptj.56.496
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Control of Charging and Motion of Particles using UV Irradiation
and Electrostatic Field

W7t 3% Research leader:  JE 1] HiZs Mizuki SHOYAMA
S aem R atserT el
National Institute of Occupational Safety and Health, Japan, Researcher
E-mail: shoyama-mizuki@s.jniosh.johas.go.jp
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FERHELT 57280, MU HERE S &7 BB 7% LM X OHEY & SRS L - T E-
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7= Lo THFGB L. R TO7 9y 7 ALEHB L K FHAT O ERZ KO 724
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TR DX 40% HIFHERICET T 5 2 L 0no7z. S612, RIVEREHZIC L& 0B
XEINT % &, BEBTEIIEEINT, ETCORTIERCTHEITETIRG L. $72, Ko
BEMMCE ST, LDEORTFITFE LD, #iElN2iFgEabnihr o,

ABSTRACT

Particle adhesion and deposition in dry powder processes can result in low quality and productivity. In this
study, to establish a method for controlling the charge and motion of particles and for removing them without
using fluid and/or mechanical external forces, dielectric particles deposited on an insulating plate were
charged and levitated using ultraviolet (UV) irradiation in an upward electric field. The particles in the top
layer irradiated by UV light were positively charged by photoemission and levitated by the Coulomb forces.
The flux and motion of the levitated particles and the charge of each levitated particle were experimentally
obtained. The results showed that approximately 40% of the levitated particles descended because of the
change in particle charge due to negative charge clouds formed by the photoemission from the particle layers
and the levitated particles. Furthermore, applying an upward electric field after UV irradiation, all the
particles were levitated without descending because the negative charge clouds were not formed. In addition,
more particles were levitated due to an increase in particle charge, but the continuous levitation did not occur.
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Fig. 1 Experimental setup. Reprinted with permission from Ref. (Shoyama M., et al., 2022). Copyright: (2022) IEEE.
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Fig. 2 Particles levitated from top layer. Reprinted with permission from Ref. (Shoyama M., et al.,

(2022) |EEE.
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Fig. 3 Flux of levitated particles as a function of elapsed
time. Reprinted with permission from Ref.
(Shoyama M., et al., 2022). Copyright: (2022)
IEEE.
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Understanding of the Physical Phenomena Caused by Interactions
between Laser and Agglomerated Particles

W73 % Research leader:  Jif)T  #C Takafumi SETO
GUURFEPLTHIFR, 0%
Institute of Science and Engineering, Kanazawa University, Professor

E-mail: t.seto@staff.kanazawa-u.ac.jp

W

T BEROMHENER L, KFESMORHIRL, GHELHE, L —F—T7 7L -3 3 Y2 L0k e
7 & MRIE W RICBWCEELRIERETH 5. FFICTEERESA SN L F /AT O5E T,
BEEE L TR TR RTONY FY 7@ LTOXROFHMNER SN Tw5. KIFZETIE,
NSOV —F—EBREOHMEERD ) H, 82 F kT EERO G E EEELERSR GRREBER S
< UHELD ICEB L, TOREBEHSOMBIE) AT REER T ~ L HELE, SR T O &%
WKRE (F7RTFHoarysy 7 L) OREMFERZEHELHRICBWTERE L 2L, Z2T, BEY
PEE L7281 VR FIRBR OB L VRO N2 70 VA EESRIEEIC L) 5k L ChE
FEIREL B L7, BoNDEERT BN RIS (FRE) S8, RmEMmT ~ o fik 2 50 L 72
EZ A, KFHOREIBD TET ~ VHEUEIEIR 2 BT 2 2 L 2o 0L o7z,

ABSTRACT

Surface-enhanced Raman scattering (SERS) is a phenomenon in which Raman scattered light of molecules
adsorbed on noble metal nanoparticles with a diameter of about 50 to 100 nm is greatly amplified by surface
plasmon resonance on the metal surface. Since it is possible to detect trace components, it is expected to be
applied to ultra-sensitive analysis in a wide range of fields such as the medical field and the biological field.
In SERS, it is known that when particles form a dimer or a further aggregate, an extremely strong
electromagnetic field called a hot spot is formed between these particles. Since the target molecule is
selectively adsorbed between such particles, the SERS effect is expected to be further amplified in the
aggregated particles due to the synergistic effect of these two. However, the relationship between the
aggregation state of such particles and the surface enhancement effect has not been completely elucidated. In
this study, we fabricated a nanoparticle multilayer film by atomizer and verified the SERS effect due to the
aggregate structure of the particles. The SERS effect was obtained with the nanoparticle accumulated film that
prepared by 70-nm Ag nanoparticles with colloid concentration of 4.3 x 102 particles mL™.
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Fig. 3 SEM images of generated Ag agglomerates.
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Fig. 5 Droplet size distribution and the predicted number of nanoparticles in each droplet.
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Fig. 8 SEM image and size distribution of the classified
agglomerates.
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ABSTRACT

In the production of pharmaceutical solid formulations such as tablet, the spherical crystallization method, in
which crystallization and granulation are carried out simultaneously in the same system, can integrate the
downstream in the pharmaceutical production process, thus enabling high efficiency in pharmaceutical
manufacturing. On the other hand, process enhancement such as filtration, drying, and formulation after
crystallization has been an issue. To solve this problem, we developed a one-pot processing system with
hybridized powder processing operations in addition to filtration and drying functions. This desktop-sized
device has a highly functional rotating spherical chamber that can handle all the processes of filtration,
drying, powder mixing, and wet granulation at once. In this study, we confirmed that the suspension of
fenofibrate granules prepared by the spherical crystallization method can be processed by the one-pot powder
processing equipment. It was also found that the wet granulation of acetaminophen granules was possible by
spraying binder from the spray nozzle in this apparatus.
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Fig. 1 One-pot type powder processing equipment
(filtration, drying, powder mixing, wet
granulation). The spherical chamber has a diameter
of about 10 cm and a maximum capacity of
1200 mL.
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Fig. 2 SEM images of fenofibrate crystals. a) Commercially available material, b) Granules prepared by emulsion
solvent diffusion method. Adapted from Ref. (Tahara et al., 2018).
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ABSTRACT

Effect of particle shapes on self-propelled motion of the particles suspended in solution was studied with three
different shapes of polymer particles including spherical, dumbbell-shaped, and snowman-shaped particles.
Iron oxide nanoparticles (NPs) with a catalytic activity to decompose hydrogen peroxide were
homogeneously heterocoagulated with the differently shaped particles to examine the shape effect on the self-
propelled motion without considering inhomogeneity in catalytic reaction caused by the NP distribution on
polymer surfaces. Heterogeneous Fenton reaction to decompose hydrogen peroxide in the presence of
ascorbic acid used as a reduction promotor was applied to the polymer particles supporting iron oxide NPs.
Mean square displacements of particles in in the Fenton reaction system were measured to evaluate the self-
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propelled motion. The snowman-shaped particles supporting the NPs exhibited self-propelled motion more
strongly than the other particles, indicating that both particle shape and catalytic distribution on particle
surface should be precisely controlled for further development of particles with a strong self-propelled

motion.
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Fig. 1 Examples of anisotropic particles.
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Fig. 2 Synthetic process for polymer composite particles supporting Fe;O4 nanoparticles.
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Snowman-shaped particles

Fig. 3 Electron microscope images of polymer
composite particles with snowman and dumbbell
shapes.
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Fig. 4 Electron microscope images of polymer
composite particles with snowman and dumbbell
shapes.
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Fig. 5 MSD plots for snowman-shaped particles
observed at [H,0,] = 5 wt%.
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RN F—s33 v (PDA) 05N, @A T v EITEAFH LTI AT v 7 ~OEEHO > X5
MOBFICI) AT, FBHiE LTEMTHLR) 7uL r (PP) HRHEMMIZ, F—s¥3
DEAIZE) PDAERLAZIER S S5, F=RNIVOT7 Y EZTMETTOEAIZLD T
T8O PDARRIRK T ERERL, T v T a—F 1 Y2 X 0 RO P % i L 725
B OREE % il A7z, BB O PDA K IR 25 & EITHEE, SEICXDHIET 2 e
T&7 F72, KTEOMILE HNE LCHE LR TFHICZ VS VTV T e K (GTA) 12X %4
EERR ST R EZOBRMICERRE = v 7 v-1) >~ (Ni-P) ©-> %L, &EHEL
AR OFEAE 2R L 72 25, PDAKFHAEEOHAKDE L UK FH O ST & ) AT
A LS ONLUREMEAR SN, LA LEENIZEZERANZEBA» S IIAT5THY, &5
% IR DB T B .

ABSTRACT

We attempted to develop the electroless plating technique on plastic substrate employing polydopamine
(PDA), which showed the adhesive ability to various solid and reducing ability of metal cation. Polypropylene
(PP) plate was preliminarily coated with PDA thin film via polymerization of dopamine. We prepared
spherical submicron PDA particles by polymerization of dopamine catalyzed by ammonia, and attempted to
integrate the prepared particles on the pretreated PP plate by dip-coating. The adhered amount of PDA particle
was controllable by withdrawal rate and solvent of particle dispersion. The inter-particle bonding was formed
by adding glutaraldehyde (GTA) for the purpose of strengthening particle layer. Electroless Ni—P plating was
conducted on the sample plates coated with PDA particles and the adhesive force between metal plate and
each sample plate was measured by peeling test. The results of peeling tests demonstrated the possibility for
improving the adhesive force of metal plate by increasing the amount of adhered PAD particle and forming
the interparticle bonding. However, the adhesive force of metal plate is not sufficiently strong for practical use

and further investigation is needed.
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Fig. 1 Formation scheme of polydopamine (PDA) and schematic image of metal plating using PDA particle layer.
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NH; 0.1 wt%

Fig. 2 SEM images of PDA particles prepared with different NHz concentrations.
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Fig. 3 PDA particle diameters estimated by SEM and
DLS as functions of NH; concentration.
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Fig. 4 SEM images of PDA particles dip-coated on PP
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Fig.5 SEM images of PDA particles dip-coated on pre-
modified PP surface with different withdrawal
rates.
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Fig. 6 SEM images of PDA particles dip-coated on pre-
modified PP using PDA dispersions with different
solvents. (V = 0.01 mm/s)
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Fig. 7 SEM images of PDA particle layers before and after crosslinking by GTA. (Solvent: ethanol, V = 0.01 mm/s)
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Fig. 8 Appearances of samples after electroless Ni-P plating.
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Fig. 9 Result of peeling test on Sample 1.
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W

KfgElL, ZILERA R 70 A TS 25612, 70k AD05M: L EO LU O MR
OFRICET A A2 L 2 HMICER L 72, WREFEPRZ2 2 -HEON—KRTT v
(XC-72r B L U Li-100) # W CEILERZER L 72, T uv 2oLt LT, A—Kr7Iv 7
SR DO OBE BN B L Y 2y MEZ RS S D20 OMBRE A H K47,
BONLILVEB LT, KE, B#EE L ORI SIES X LILEBEOFME A, &
WHI Li-100 O TIIBEE L & I L 72012xf LT, XC-72r DIETIXIIZ—E L o7z K
T S X R 10k U CHIBE 2 @I HMERE C E o 72 b O D, 4 EVE DR AR5 A5 A bi-modal 72 A
TN =POWRBE LTI =R 7Ty 7 OBEICLOTRELC R o7 TNSOFREICHT S
BERE X ORI SO, 7—RY 7Ty 7 ORIRB LA ) —h ok 5540 7 5 S,
BETHLIErHRLT.

ABSTRACT

This study was conducted to reveal the relationship between properties of porous membrane and process
conditions, when membrane is manufactured via wetting process. Membrane in this study was manufactured
using two kind of carbon black (XC-72r and Li-100) which have different specific surface area. Time of
ultrasonic dispersion to disperse carbon black and heating temperature to evaporate medium were process
conditions to be changed. The thickness, permeability and surface roughness were measured for obtained
membrane. As a result, permeability increased to the thickness in the case used Li-100. On the contrast, it was
almost constant to the thickness for the case of XC-72r. Although the surface roughness did not depend on the
thickness obviously, it became larger for the membrane used the slurry of bi-modal particle distribution for
carbon black than used the slurry mono-modal. Consequently, it was revealed that the tendency of
permeability and surface roughness to the membrane was understood by the morphology and particle
distribution in slurry of carbon black.

—62—

Copyright © 2022 The Author. Published by Hosokawa Powder Technology Foundation. This is an open access article
under the CC BY 2.1 JP license (http://creativecommons.org/licenses/by/2.1/jp/). BY



Hosokawa Powder Technology Foundation ANNUAL REPORT No.29(2021) 62-67

Research Grant Report

MEEE BB

W% A &

ERE 5 F IR M (PEFC) o filii g <
NF AL F U BEBBORNSL =508 AR
DRFRELCATY) — 2 HBREICEMA L0
L HIE AT A L TIER I NS 4ILE
EDFIEZ . BR T A THEREN LD
ZILEMEILX, AT — R ORT O HUIREE
BATSM:, IREE R I INL EEZ D
N5b00, BREEHEPZILVEREICB XIZT
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Fig. 1 Non-uniform structure in the catalyst layer of
PEFC. Adapted with permission from Ref. (Inoue,
G. and Kawase, M., 2016). Copyright: (2016)
Elsevier B.V.

WEREEDPELZL0HEL LT, h—FKr7
Z v 27 (CB) T& % Vulcan XC-72r (XC-72r)
B & 0" Denka Black Li-100 (Li-100) % Fv»7:.
FAL, ZILE I TH 5 Sigracet GDL 28BC
W, RLCEGTHEO R FEB LT
I # W % o8 9 (Maeno S., 2006; Liu et al.,
2010)

21227 — OB S B EZ D DRI E
FCTOFIEEZRT. T3, A ¥ — L5l
EE R CIRA L2, S S0 E
AHZETCBEELAT ) — a7z 2
DLE, FTHEBIUNA V¥ —OEEITFN
ZN5wWt%, 10wt% & 75 X ) IZFHEL 7.
AT) — ORGSR RE L, B3 ITRT
I K2 % =71 — F% 50mm/s TRE) <&
HZETAT) —REMREICEA L. RE%L
BHSL720CHERETL—-FOMEBHZ
365 pum 7 &5 665 um ¥ T 150 um BB CHAET L
7o, BIEBO T =y N EIZIEAE A S IR EE T,
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Table 1 Aggregate diameter and specific surface area.

Aggregate diameter Specific surface
[nm] area [m%g]
XC-72r 500 201
Li-100 300 62
Binder,
dispersed solid IMI

I
| Ultrasonic mixing |
I

| Ultrasonic mixing |
T

| Homogenizing |

Measurement
of particle distribution

| Coating |

Measurement
of membrane
thickness, roughness
and permeability

Fig. 2 Flow of experiment.

—-63 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.29(2021) 62-67

Research Grant Report

LC, BE, RSB L OERELNE L.
R 345 5 72 CB BED—ER % B O B> 72430
OEEEE LCHlE L7z, R SR
A9 AL —H—BAMEE OLS 4500 |2 X % K
ROPERERNS, EBFIEHT AT —FEICL
BIEN L EDOEBEN S ENEKD 7.
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SRV & LT XC-T2r, GrBiiE Ll LTy ) —
)V (Ethanol # %5 T, = 80°C), / V< )L 7 1/8 ) —
WV (Ty=97°C) BL W/ V<~V 7% 7 —) (n-BA

pressure |2 & o TR F-[A LD RIFEDNA A > TH
BT BANCRL T AL SR L7720 &3
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B4 L 72 AT ) —DRESA ZRT.
AKWFZETlE, K2 1R L2EBRTFINHIZB T 51
HHEBHORMIZL>T, A7) —HdDCB D
FiAE 45 A % Bimodal 8 X UF Monomdal (2 il L

Table 2 Summary of process conditions to manufacture
the crack-free membrane.

(a) Ethanol
Tb = 120°C> %Fﬁlf\f, 7 7 7 7 U "—O)E‘ZH% Th H 365 515 665
£ = . = S S ) o
FHEBET L7z, 729 v 7 ORI E 23R (None) - Crack Crack
SIZE DRI L o THLNIZENTIEW
- 40 — Crack Crack
5500, EBINZZ T v 7 7)) — CTHEEEZ
e e . . 80 Crack Crack-free Crack
SMHEH VAR S L ICHE T 2 LEN D B (5) nPA
n.
(Shishido 1., 1987). 212, 7997 71)—®
— iy . . T H 365 515 665
BB S ORETRE R 2 R . TR T OB T, n
Ty = 80°C THA A CEMRE S LB A DRI Y (None) Crack - Crack
7y 70 —OER SN CO/RE, 5 40 Crack - Crack
B D) FE S S RE A8 72 6D, Osmotic suction 80 Crack-free  Crack-free  Crack-free
(c) n-BA
Th H 365 515 665
' Coating blade Wetting film (None) Crack — Crack
H == Substrate
0 Heater 40 Crack — Crack
Fig. 3 Schematic of coating process. 80 Crack-free Crack Crack
40 | XC-72r of monomdal [ XC-72r of bimodal
30+
g 20t
S 10f
Q
S 0 e T T s
; 40 | Li-100 of monomdal r Li-100 of bimodal
E 0|
[c
> 20+
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Diameter [pm]

Diameter [um]

Fig. 4 Distribution of CB diameter in slurry.
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Fig. 5 Snapshots of surface for manufactured membrane.
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Fig. 6 Dependence of membrane thickness on the gap
between coating blade and substrate.
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Fig. 7 Dependence of surface roughness on membrane
thickness.
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Fig. 8 Dependence of permeability on membrane
thickness.
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Inoue G., Kawase M., Understanding formation mechanism
of heterogeneous porous structure of catalyst layer in
polymer electrolyte fuel cell, International Journal of
Hydrogen Energy, 41 (2016) 21352-21365.
https://doi.org/10.1016/j.ijhydene.2016.08.029

Liu Z.Y., Zhang J.L., Yu P.T., Zhang J.X., Makharia R., More
K.L., Stach E.A., Transmission electron microscopy
observation of corrosion behaviors of platinized carbon

Li-100

Monomodal Bimodal
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Fig. 9 Schematic of carbon black deposited on porous substrate.
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A

WRIRBEED D) A 7 VB AIHIE, Rt RE R BRI A MR T 57207217 T , BEEY LI
AOBRDO7-DIZ b EEE L T D, TNFE TS, Flr BT) ORERFEOECZERL,
IRENRENE 2 2 Et L C & 2. CoNEERIRL CEAT A 720121, REIEAT
DAL T DOEEATE & BRI T 2N R E 25, AW TlE, HBmA L LT To,
rutile, TiO, anatase B &£ U8 ZnO OFp k% vy, IREYREIE 2B 1T 5 BEARDOTEH S L OBIEIZ L
TR TFRMEORELRE L. BREE SoZbeEDBELHEEL, Zhb % b &2 Ergun O
NExHWTEERY A XL EE L, BEAOTZH & 3% % FHm L 72,

ABSTRACT

Recycling and reutilization of powdery/dust waste are becoming increasingly important not only for ensuring
a sustainable environment, but also for decreasing the cost of waste disposal. In this regard, we have been
examining component separation using a vibrating fluidized bed, based on the differences in the
agglomeration properties of the particles in each component. In the proposed separation method, the
knowledge of the agglomerate formation and destruction of fine particles in the fluidized bed is essential. In
this study, the effects of particle properties on the agglomerate formation and destruction in the vibrating
fluidized bed were investigated using custom-made apparatus. TiO, rutile, TiO, anatase, and ZnO powder
were used as tested powders. Changes in powder layer height and pressure loss were measured. Based on the
obtained results, changes in agglomerate size were calculated using Ergun equation, and agglomerate
formation and destruction was evaluated.
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1. ABR A

SERH K 121X TiO, rutile, TiO, anatase, ZnO
Wz, RLICHERBEOWIEEZ RS, Bk
DAL, BB ERICWELMARL Y M &
TERCL, XL v bOFEmE X ) Rumpf O

ANETHE L7, 511X Zn0 255 b K& <
BEEIEWETHEING, —FT, LEMAX
TiO, rutile 7% b /N & REIWED E Ao 72,

2. IeEhIRE)ILER

PREN i B2 & OWENE 2 X 1 1R

W 16ecm OAF T AL, ERES3em 2T
R AR ETE UL L. 7T A
TE L D EIREER T A B AAE L CFI W iR
0.04 m/s), NIEREZ v CACE AN IRE) % 5-
Z7z. REIEWEBIE 20HZ & L, IRIEEZHEL
72 (1.6 ~32mm). NAAE—=FH X5 %N
WCEE SOREE(bE, TY5IVEEEH
WCENREORIZELZHE L7z,

3. AW EORHERY 4 XOREEAL

B EREF & LUT @ Ergun 3% WV CHEER
A AOREREZEAL (BREDMEITE) % 57l L 7.

_e)? _ 2
AP so =) p 55 (1=8)pu

- ed, e3d, D
Glass tube _
Stand
< > Vibrator

. Powder
High-speed |ayer
camera (30 mm)

Flow controller Filter

Pressure
gauge

SN

EMCTHBLL. ZEAGEAETICL 5 Fig. 1 Vibrating fluidized bed apparatus.
Table 1  Physical properties of teste powder.
Rutile Anatase ZnO
Median diameter [um] 0.64 0.53 0.73
Density [g cm™] 4.2 3.9 5.6
Adhesion force [N] 6.3 x 107 49 x 10°® 7.9 x 1078
Angle of repose [° ] 435 44.8 45.9
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Fig. 2 Changes in (a) the pressure drop, the bed
expansion ratio, and (b) the estimated agglomerate
size with treatment time (TiO, rutile, Amplitude
2.4 mm).
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Fig. 3 Changes in the estimated agglomerate size with
treatment time for various tested powder and
amplitude.
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Fig. 4 Relationship between equilibrium agglomerate
size and amplitude.
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Fukasawa T., Toda H., Huang S.-Y., Hiraiwa R., Huang A.-N.,
Kuo H.-P., Fukui K., Component separation in a vibrat-
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W

BEE R (DEM) TiX, ) YV FVRTF LD MG IRR S ST VR F 2 3 5 2 & Th
MAAERELCED, 32— a IilhrbtBIAMNETITAZ KN THL. T,
BT OV I 2L =2 a3 IZBWTIE, HERER OB AE ) B 2 = AV F—wa b <7z
B, RO AL TCNENE AT =) ¥ 75 FEPEFEREEIN TS, ZOTFEIR
BRSOV 7R L CREME L TV A BR800 L CIIEFICERICTH 245, i Ic B0 %
BOHOH ) GVHHIID Z &0 S, BERNE L Vo A EEIREZ 5§ 2 2 L 258 L v,
AWFZETIE, BV R L 72 B T VRIS LT, EDORD D ISR EREE A —) v T
FTHLFERREL. F72, RETFEZEAE NS 2DV Ial—Ya v ~E@EHL, BER~OkR T
DfFHE & o 728 70 REE & B2 B & v o TR N L 2 2B & [F IR BRI RE T S 2 b ATk
L7

ABSTRACT

In Discrete Element Method (DEM), it is common to reduce the particle stiffness artificially from the original
material property to employ a large time step and reduce the computational cost. When simulating cohesive
particles, however, the reduction of the particle stiffness can cause excessive energy dissipation due to the
prolonged contact duration, which can make the particles become more cohesive than the original ones.
Recently, several scaling laws for attraction force are proposed to overcome this problem. Although these
scaling laws are effective for dynamic systems where particles are fully fluidized as a bulk body, they are not
applicable to relatively static systems since the instantaneous force balance is not maintained. In the present
work, a new approach to reduce the viscous damping coefficient instead of the attraction force is proposed.
The proposed model is applied to simulate cohesive particles in a rotary drum, and it is confirmed that the
static phenomena such as the particles sticking on the drum wall as well as the dynamic phenomena such as
the dynamic angle of repose are well replicated at the same time, which is difficult to achieve with the
conventional method.
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Table 1 Simulation conditions of cohesive particles in a
rotary drum.

Particle diameter [mm] 3
Particle density [kg/m?] 2700
&in [-] 0.81
Poisson’s ratio [-] 0.25
Original spring constant [N/m] 245925
Reduced spring constant [N/m] 2459.25
Sliding friction coefficient [—] 0.38
Number of particles [-] 4500

Attraction force (particle-particle) [N] 0.01
Attraction force (particle-wall) [N] 0.1

(b) Reduced particle stiffness
(With attraction force scaling)

(a) Original particle

(d) Reduced particle stiffness
(Without scaling)

(c) Reduced particle stiffness
(With damping coefficient scaling)

Fig. 3 Snapshots of cohesive particles in rotary drum.
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Fig. 4 Total kinetic energy of cohesive particles in
rotary drum.
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W
B IEFSHIUC X 0 E U727k USSR O 225 RS & F A U Cs %0 Sr LB & Jil i i
DFHM % fHICAT ) 72012, RRHEL T T 4 b & v CREHEDE oW A3 e 2 F R R E T o
Al A HIR L7z, FAU-Y RO LTA BURZSHA P 5 A4 M2 BT 5 BSHRIBE I 2 TOHEBA RS K
VafllsE L, Hghs i ae % 57 L 72, FAU-Y RO LTA BURUH 2B W C, AR gt s g ko pk
9 HOGIREE O RABIH S, HEFIOICHTT R R S 7z,

ABSTRACT

After the accident in Fukushima Daiichi Nuclear Power Plant, evaluation of radioactive wastes in
environment, such as Cs and Sr, is required extensively in Japan. Therefore, we aimed development of
dosimeter exhibits adsorption property by using Ag-exchanged zeolites. In this study, we investigated
emission property in Ag-exchanged FAU-Y and LTA zeolites before and after irradiation of ionizing radiation.
In Ag-exchanged FAU-Y and LTA zeolites, the emission intensity increased with increase in absorption dose.
This result indicates that Ag-exchanged FAU-Y and LTA zeolites are candidate for dosimeters.

B EOHE 2B TIBERKICE F 5 gt Cs LU Sr @
BB T 04 25 902 50 B B o IR 7240
LR SRASETE L e 575, Cs b HB LT Sr o4 I3
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Fig.1 Emission spectra in (a) FAU-Y:1Ag and (b)
LTA:1Ag before and after X-ray irradiation and
sintering.
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ABSTRACT

As effective utilization of seawater resources, a development of the recovery method of Ca dissolved in
concentrated seawater discharged from the salt manufacturing process is desired. In this study, a recovery
method of Ca in the concentrated seawater by continuous crystallization of hydrocalumite (HC) using a
Taylor vortex crystallizer was investigated. Furthermore, effects of the operation parameters during the
continuous crystallization on the powder properties of HC particles was predicted by constructing a regression
model using deep neural network.
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HARQHEYE 7ot A Tld, #kzERENB
KON L DR T A Z & T NaCl & #
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NaCl D #LEE 12 & b 7 WHE & 12 i ik
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B CREZE 2 o 5 T b (Aydin F, 2021).
DNN 1, B E €7V a2 lBET 2R FENL
FHEO—DOTHY, TFNNIIBIT L85 4 —
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GRUCER L7z, AfTid, WERBEOMRE
BB R B 2 EHCTE L7147 =RV T v
7 A2 (TV) %AW, HC O T 2 Mt L
72, &6, ENTREOFEERGEAY HC DR by
MTHLHFEBL VAR 2EELT
W4 272012, DNNEFIVEREEL, Z20%
LPEB L O FHITERE & B L 72,

2. FEBRB KOG
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ABSTRACT

In human respiratory system, fluid behavior is complicated and drug particle behavior is unknown, since drug
particle shape is irregular and its drag force is different from sphere particle. In this study, behavior of
irregular shape particles in cascade impactor throat was analyzed by using DEM—CFD. Drag force model of
irregular shape particle was applied for DEM—-CFD. Based on the numerical simulation, drag force model
suggested by Bagheri and Bonadonna agreed well with the experimental results. Also, it was found that many

particles remained at inlet of cascade impactor throat due to the recirculation vortex.
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Fig. 1 Ratio of residual cuboid shape particles in cascade
impactor throat; (a) experimental result, (b) Bagheri
and Bonadonna model (c) Ganser model and (d)
Holzer and Sommerfeld model.
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Fig. 2 Behavior of cuboid shape particles in cascade impactor throat.

-89 —



Hosokawa Powder Technology Foundation ANNUAL REPORT No.29(2021) 88-91

Young Researcher Scholarship Report

Velocity [m/s]
0.0 35 7.0

Fig. 3 (a) Velocity contour of fluid and (b) velocity vector of fluid at inlet in cascade impactor throat.
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Fig. 4 Fluid drag force on removal and residual particles
in cascade impactor throat. Red line was removal
particle and blue line was residual particle.
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ABSTRACT

In order to reveal the mechanism of powder processes, the application of numerical simulation is required
because it can provide a detailed information of particle behavior. To apply numerical simulation to industrial
systems, it is essential to take into account the non-sphericity of the particles and the complex wall boundary.
In this study, we developed a new numerical simulation method for the system with arbitrarily shaped
boundaries and non-spherical particles by applying the wall model based on the signed distance function to
non-spherical particles.

B R OHE D4 BEREEIZBWTIE, FEEFhoEIREE
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Fig. 1 Theillustration of contact detection in the potential
algorithm  between particles. Reprinted with
permission from Ref. (Mori and Sakai, 2022) under
the terms of the CC-BY 4.0 license. Copyright:
(2022) The Authors, published by Elsevier V.B.
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(b) Scalar field of the SDF

Fig. 2 Schematic diagram of ribbon mixer. Reprinted with permission from Ref. (Mori and Sakai, 2022) under the terms
of the CC-BY 4.0 license. Copyright: (2022) The Authors, published by Elsevier V.B.
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Particle shape Numerical simulation result

Fig. 3 Snapshot of numerical simulation. Reprinted with permission from Ref. (Mori and Sakai, 2022) under the terms of
the CC-BY 4.0 license. Copyright: (2022) The Authors, published by Elsevier V.B.
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ABSTRACT
All-solid-state lithium-ion batteries are expected as next-generation batteries for electric vehicles due to high
energy densities and high safety. Approaches to a further improvement of energy densities include the
analysis of electrode structure. In this study, DEM simulations were performed to calculate under compression

process. The effect of the particle size ratio and plasticity ratio on the packing property was investigated.
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Table 1 Conditions of Compression Simulation.

Particle size ratio — 1,4
Total particle volume mm3 0.201
The inner diameter of the cylinder ~ mm 0.9
Cylinder volume mm3 0.636
Diameter of coarse particle pum 50
Particle density glcm®  4.750
Poisson’s ratio — 0.25
Young’s modulus GPa 71
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Fig. 1 Snapshots of compacts under the different conditions. (a) d/d; = 1 and 4, =0, (b) d/d;=1and 4, =0.38, (c) d/d;
=4and ip = 0.38. Gray and purple particles are coarse and fine particles, respectively.
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Fig. 3 Snapshots of compacts under the different conditions of mixing ratio. Red and blue particles are elastic and plastic
particles, respectively.
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ABSTRACT
We numerically investigate the rheological property of wet granular materials. We show that wet granular
materials behave like solids even below the jamming point of dry grains. For the pressure, the extended
theory of dry granular materials and the simulation are in good agreement. On the other hand, it is confirmed

that the behavior of the pair correlation distribution function was different between the dry and wet granular

materials.
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ABSTRACT

The production of carbon-based materials with controllable shapes and structures from biomass in accordance
with sustainable development goals is of high interest and encouraged. In this work, the carbon spheres were
successfully fabricated via a spray drying method followed by the carbonization process, using Kraft lignin as
the carbon source and potassium hydroxide (KOH) as the activation agent. The spherical carbon particles
could be precisely controlled from dense to hollow sphere by varying the KOH concentration. In addition, the
produced carbon has a high specific surface area (2424.8 m? g™) and could be used as active electrode
materials for supercapacitors.
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1. Background

In recent years, the rational design and synthesis of
nanostructured particulate materials with favorable
morphologies have been attracted tremendous
interests. Carbon particles with a spherical
morphology are an important class of carbon
nanomaterial and have received a great deal of
interest due to their remarkable physical properties,
such as good fluidity, smooth surfaces, and good
packinglll. These outstanding characteristics make
them good candidates for use as electrodes in energy
storage devices. From the perspective of
sustainability, lignin as the second-largest abundant
renewable natural biopolymer after cellulose and the
most dominant aromatic polymer on earth has been
increasing attention for numerous applications(2l.
Therefore, lignin can be considered as a potential
sustainable material for preparing carbon spheres
(CSs) because it possesses a number of distinct
properties, such as high carbon content (>60 wt.%),
high thermal

stability, extensively crosslinked

polyphenolic structure, and low costl?. Several
techniques for preparation of colloidal carbon
particles based on lignin or lignin derivatives have

been reported. However, these approaches still suffer

Lignin-KOH aqueous solution

‘o Lignin |
'+ KOH_|

(i) Spray drying

Lignin/KOH particles

(ii) Carbonization
(700 900°C)

from some drawbacks such as the spherical structure
destruction during the carbonization process, high
cost of templates, low yield, time-consuming, and
complicated manufacturing process, which may
limit economically sustainable and large-scale
practical applications. In comparison to the other
strategies, spray drying is the most promising method
for controlling particle morphology as a versatile,
continuous, and rapid processl. The particles/
colloids prepared by this process has adaptable for
large-scale production, narrow size distribution and
good spherical shape, which can be adjusted by
altering the spray parameters.

Although lignin has been used as a carbon source
to prepare carbon materials, reports on the successful
conversion of CSs derived from lignin-based material
using spray drying are still limited. Spray drying
technique has become an established method in
several research fields, however, the capability of
spray drying has not been fully exploited and
reported yet, particularly in examining the formation
mechanism of lignin and lignin composites (e.g.,
lignin/KOH composites) and controlling the structure
of the finally obtained carbon by adjusting the KOH
concentration. Aiming at the problems mentioned
above, the objectives of this present study are (i) to
synthesize spherical carbon particles with high

(iii) Etching
(10% HCI)
Carbon sphere
particles

Carbon/Potassium
derivatives particles

Fig. 1 Schematic representation for the preparation of carbon sphere particles derived from Kraft lignin, which has been

published by our group[“-1,
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specific surface area (SSA) through a spray drying
method followed by carbonization process using
Kraft lignin as the carbon source and KOH as an
activation agent, (ii) to demonstrate the effect of
KOH concentration on particle morphology and
structure, (iii) to provide an in-depth understanding
lignin/KOH
composites in spray drying, and (iv) to explore

of the formation mechanism of
these CSs as active electrode materials in
supercapacitors“.l5],

2. Experimental

The preparation of carbon particles consists of
three steps as shown in Fig. 1. Kraft lignin was
dissolved in distilled water with different amounts of
KOH to form a homogeneous solution, and then this
solution was stirred at room temperature (RT) for
30 min. The solution was spray-dried through a two-
fluid nozzle system at inlet temperature of 200°C
using hot air as carrier gas with a flow rate of 10 L/
min and precursor feed rate of 2.5 mL/min to obtain
the spherical lignin/KOH composites particles. The
composites particles were carbonized in a horizontal
tube furnace from RT to 700-900°C under a flow of
N, atmosphere (1.0 L/min) with a heating rate of
5°C/min and maintained at the designed temperature
for 2 h. The carbonized samples were cooled down
to RT and washed with an aqueous hydrochloric acid
(10 wt.% HCI) solution to eliminate KOH and other
contaminants. The resulting black solid powder was
centrifuged and washed several times with distilled
water until the wash water had a neutral pH. The
final carbon particles were dried in a vacuum oven at
105°C for 12 h and marked as KLC-X-Y, where X
represents the mass ratio of KOH to lignin (X = 0.17,
0.33, 0.67, 1.00, and 1.33), and Y denotes the
carbonization temperature (Y = 700, 800, and 900°C).
For comparison study, the carbon sample without
KOH denoted as LC-700 was prepared through the
same procedure as described above at a carbonization
temperature of 700°C.

Fig.2 SEM (left) and TEM (right) images of carbon
particles in the case of (a) without KOH and with
different KOH/lignin mass ratios of (b) 0.17, (c)
0.33, (d) 0.67, (e) 1.00, (f) 1.33. These results have
been published by our groupl“1.651,

3. Results and discussion

3.1 Synthesis of spherical carbon particles
derived from Kraft lignin

The morphology and internal structure of carbon
particles in the case of without KOH (LC-700) and

—-108 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.29(2021) 106-112

Young Researcher Scholarship Report

——LC-700 ——KLC-0.33-700 ——KLC-0.67-700 ——KLC-1.00-700 KLC-1.33-700
(a) (b) (©) ks
_ 800 5

= 700 ”ni = 0.05 -
E -

S 600 ;.E: 11 £ 004
Z s00 (_'_,_,:J B, E

s = =003 A
2 400 i'___.—.«—s*—-ﬁﬁ‘;’; a =

2 300 - &2 0,02 -
£ 200 = =
g,lm) ,- el B A Z 001

0 . 0 - 0
0 0.5 1 0.5 0.7 0.9

Relative pressure [P/Po]

Pore size [nm]

Pore size [nm]

Fig. 3 (a) Nitrogen adsorption/desorption isotherms, and pore size distributions as determined by the (b) HK and (c) BJH
methods for the carbon particles derived from Kraft lignin.

with different KOH/lignin mass ratios (KLC-X-700)
were studied through the SEM and TEM images as
shown in Fig. 2. In the absence of KOH, spherical
structures were not produced after carbonization
process as confirmed by SEM observations (Fig. 2(a-
1)). This image demonstrates that the majority of the
particles exhibited a non-spherical shape with
wrinkled surfaces. In contrast, when KOH was
present in this reaction system, the particles with
highly uniform spherical shapes and smooth outer
surfaces were successfully generated, as shown in
Fig. 2(b-1-f-1). This result indicates that the shape of
the particles could be adjusted by controlling the
presence of KOH. The TEM images indicate an
interesting effect in which changing the KOH/lignin
mass ratio in the synthesis solution modified the
structure of carbon particles. In particular, in the
absence of KOH, the hollow non-spherical structures
were formed (Fig. 2(a-2)), whereas the KOH/lignin
mass ratio increased, the structure of carbon particles
changed from dense to hollow sphere (Fig.
2(b-2—f-2)). The dense structure was produced at low
KOH/lignin mass ratios of 0.17 and 0.33 as shown in
Fig. 2(b-2) and 2(c-2), respectively. The continued
addition of more KOH to the reaction system until
the KOH/lignin mass ratio reached 1.33 resulted in
hollow spherical structures (Fig. 2(d-2—f-2)). These
observation results reveal that by varying the KOH
concentration, the structure of carbon particles could

Table 1 Textural properties of LC-700 and KL.C-X-700
(X=0.33,0.67, 1.00, 1.33) samples.

Sample hame SSA Vtotal Vmicropore Vmesopore
[m?2g™] [cm®g™] [em3g™] [cm®g']
LC-700 471.9 0.233 0.179 0.058

KLC-0.33-700  936.0 0418 0.361 0.063
KLC-0.67-700 1536.5  0.750 0.596 0.091
KLC-1.00-700 1779.4  0.929 0.699 0.177
KLC-1.33-700 1996.2  1.206 0.774 0.253

be easily controlled from dense to hollow structure.
A plausible particle formation mechanism in spray
drying at different KOH concentrations has been
explained in detail in our publication[!,

3.2 Material characterizations of carbon particles
derived from Kraft lignin

The textural properties of these carbon particles
were further assessed by N, adsorption/desorp-
tion analysis, as depicted in Fig. 3(a—c). The
corresponding structural parameters including SSA
and pore characteristics are summarized in Table 1.
As illustrated in Fig. 3(a), the isothermals for LC-
700 and KLC-0.33-700 samples demonstrated
typical type | isotherms, which is attributed to the
predominantly microporous structures. On the other
hand, the isotherm curves of KL.C-0.67-700, KL.C-
1.00-700, and KL.C-1.33-700 belong to type IV with

—-109 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.29(2021) 106-112

Young Researcher Scholarship Report

(d) 1200 (e) 6 ® 025
KLC-1.33-700
.:,;” 1000 1 % O ~KLC1338300 | 3B 59 KLC-133-700
£
§ 00 A £ 4 ——KLC-1.33-900| = ——KLC-1.33-800
E 0.
£ g 3 s ——KLC-1.33-900
g 600 A el B a
g s S 0.10
] 400 1 KLC-1.33-700 5 2 1 %
— —
= 1.33- >
3 200 ; ——KLC-1.33-800 = Z 005
——KLC-1.33-900
0 +— - 0 r T 0.00 T
0.0 0.5 1.0 0.5 0.7 0.9 2 20

Relative pressure [P/P;]

Pore size [nm]

Pore size [nm]

Fig. 4 SEM (up) and TEM (down) images of carbon particles derived from Kraft lignin at carbonization temperatures of
(a) 700°C, (b) 800°C, and (c) 900°C; (d) nitrogen adsorption/desorption isotherms, and pore size distributions as
determined by the (e) HK and (f) BJH methods for the KL.C-1.33-Y series.

clear hysteresis loops, indicating that each one had a
porous structure composed of micro- and mesopores.
These results are consistent with the pore size
distribution curves shown in Fig. 3(b) and 3(c). The
SSA and total pore volume of LC-700 were
determined to be 471.9 m2g! and 0.233 cmd g1,
respectively. As expected, with increasing amount of
KOH, the resulting carbon particles in the samples
from KLC-0.33-700 to KLC-1.33-700 exhibited
both an increase in SSA and total pore volume,
demonstrating the importance of KOH activation in
achieving well-developed porosity. The KLC-1.33-
700 sample showed a large SSA of 1996.2 m2 g-!
and high total pore volume of 1.206 cm? g1, both of
which were higher than the other samples. This result

Table 2 Textural properties of the KLC-1.33-Y (Y =700,

800, 900°C) samples.

Sample name SSA Vo micropore_~ mesopore

[m?g™] [em*g™] [em®g™] [cm®g]
KLC-1.33-700 1996.2 1.206 0.774 0.253
KLC-1.33-800 2207.3 1.341 0.904 0.276
KLC-1.33-900 2424.8 1.566 0.934 0.467

indicates that the textural properties of these carbon
particles could be optimized by altering the KOH/
lignin mass ratio. The optimal KOH/lignin mass
ratio of 1.33 was found to be the most effective for
achieving the best SSA and pore texture.

The effect of carbonization temperature on the

final structure of KLLC-1.33 particles was investigated
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by applying temperatures ranging from 700 to
900°C. The SEM and TEM images in Fig. 4(a-1-c-1)
and 4(a-2—c-2), respectively, show that the resulting
carbon particles retained their structural integrity and
spherical shape with hollow structure. The N,
adsorption/desorption isotherms and pore size
distributions of carbon particles prepared using a
ratio of 1.33 at different

carbonization temperatures are shown in Fig. 4(d—f),

KOH/lignin mass

while details of the surface textural characteristics
for all samples are provided in Table 2. As illustrated
in Fig. 4(d), the isothermals for all samples reveal
typical type IV adsorption/desorption isotherms,
which correspond to micro-mesoporous structures.
The SSA and total pore volumes were gradually
increased as the carbonization temperature was
increased from 700 to 900°C. The KLC-1.33-900
had the highest SSA and total pore volume in
comparison to the other two samples, with values of
2424.8 m? gt and 1.566 cm? g1, respectively. These
results demonstrate that increasing the carbonization
temperature greatly enhanced pore development
during the activation process. This effect is also
evident in the pore size distribution curves presented
in Fig. 4(e) and 4(f).

3.3 Electrochemical evaluation of carbon spheres
derived from Kraft lignin

The electrochemical measurements are conducted
in a two-electrode system using an aqueous 6 M

Aim KLC-1.33-700
—KLC-1.33-800

L

—KLC-1.33-900
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o oz
L — i

b
®) ,
8 p
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= 61
g ——KLC-1.33-800
N 4
——KLC-1.33-900
2 E
0 p

=

=

Time (s)

100 200 300 400

KOH solution as the electrolyte. The galvanostatic
charge—discharge (GCD) curves obtained from the
KLC-1.33-Y samples are displayed in Fig. 5(a).
Each of these data plots is close to linear, indicating
that these materials behaved as ideal electrical
double-layer capacitors with good diffusion of the
electrolyte inside the pores. The gravimetric specific
capacitance values of KLC-1.33-700, KLC-1.33-
800, and KLC-1.33-900 specimens at a current
density of 0.2 A g were calculated to be 29.4, 31.1,
and 31.8 F g1, respectively, all of which are higher
than that of the commercial activated carbon Kuraray
YP-50F (29.2 F g™1). The electrochemical impedance
spectroscopy (EIS) spectra and Nyquist plots of
these KILC-1.33-Y electrodes are shown in Fig. 5(b).
It is apparent from Fig. 5(b) that the KL.C-1.33-900
electrode exhibited a straight line at 90° and no
obvious semicircle in the spectra, which characterize
the feature of low resistance between the electrolyte
and electrode with a high double layer capacitance.
These indicate that the KLC-1.33-900
electrode had a better pore structure as well as a

results

suitable pore size distribution and good connectivity
of pores. These characteristics would promote rapid
diffusion of ions between the electrode and electrolyte
turn could enhance the

interface, which in

capacitance.

4. Conclusions

The spherical carbon particles derived from Kraft

Z (Q)

Fig. 5 (a) GCD curves acquired at a current density of 0.2 A g~* and (b) Nyquist plots for the KL.C-1.33-Y samples. These
results have been explained in detail and published by our groupt!.
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lignin have been synthesized via a spray drying
approach followed by the carbonization process. The
carbon particles generated in this study could be
obtained with spherical morphologies and it could be
precisely controlled from dense to hollow sphere by
altering the KOH concentration. In addition, the
high SSA (2424.8 m? g') with micro-mesoporous
structure of hollow CSs was achieved at a low KOH-
to-lignin mass ratio (below 1.5), which was in
accordance with green chemistry principles. These
carbon particles have applications as electrode
materials in supercapacitors for energy storage
devices. These results suggest that our approach will
open up opportunities for the development of
advanced carbon materials and high value-added
utilization of Kraft lignin as a promising material for
potential applications.
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ABSTRACT

In this work, the aluminum surface was modified with different characteristics by anodizing and etching
techniques. Two-type of modified surface aluminum of oxide film type and spike type were introduced as an
aluminum substrate with various preparation conditions. Then, the modified surface aluminum was coated
with a synthesized zeolite particle using silane as a coupling agent and became a composite adsorbent with
25-200 pm of layer thickness. The adsorption isotherms of the aluminum composites were investigated at
30°C.

B R
1. Background

A

promote the adsorption chiller cooling performance.
Even though, this method yields the benefit in terms

The adsorption cooling technology has become of heat and mass transfer on the other hand this

an alternative system to substitute with vapor
compression cycle in environmental aspect. The
important parameters that influenced the performance
of the adsorption chiller performance are bed
configuration and adsorbent layer thickness. For the
bed configuration, one of the selective techniques is
coating due to low mass transfer resistance and high
thermal conductivity!™. These characteristics can

process reduces the adsorption capacities of coated
adsorbents. Moreover, the peeling strength of the
adsorbent coated layer is weak compared to other
techniques. In a previous study, silane was used as a
coupling agent to coat the adsorbent such as zeolite,
mesoporous silica, and silica gel on the aluminum
substrate by dip coating. However, the amount of
water vapor adsorption is decreased because the
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coupling agent replaces water vapor in the adsorbent
pores. To enhance the adsorption capacity, the
aluminum surface was modified before performing
adsorbent coating by anodizing and etching method.
In this work, the aluminum substrate will be
modified into the oxide film type and spike type to
enhance adsorption ability and peeling strength. The
zeolite was used as an adsorbent because of the
largest amount of water vapor adsorption under the
real operating condition of the adsorption chiller.

2. Materials

Zeolite (AQSOA-Z01, Muitsubishi
Japan) was used as an adsorbent. The physical

Chemical,

properties of zeolite particles have shown in the
table.

3-Trimethoxysilylpropyl Chloride (Purity 97%,
Tokyo chemical industry Co., Ltd.) was mixed as a
component in silane solution to bound the zeolite
particle attached with aluminum substrate. The
chemical structure of the coupling agent shows in
Fig. 1.

3. Experimental

The experiments were divided into two parts. The
first part introduces composite preparation. The
second part represents the adsorption investigation
principle and method.

Table 1  Physical properties of zeolite AQSOA-Z01.
0.72 nm

240 m?/g

0.18 cm3/g

Mean pore diameter, D,
Specific surface area, Sger
Pore volume, Vp

Particle diameter, D 3.9um

?CH3
CH,0— Sli ANl
OCH,4

Fig. 1 Chemical structure of 3-Trimethoxysilylpropyl
chloride (TMPS).

3.1 Composite preparation

The aluminum sheet with 12 mm x 30 mm x 0.
3 mm was prepared as a substrate. The aluminum
substrate was cleaned by using sulfuric acid and
sodium hydroxide for removing a contaminant and
greasel?. The first type, the oxide film was formed by
the anodizing method. The aluminum substrate was
installed as an anode and stainless steel for a cathode
supplied direct current in electrolyte solution at
20°C. The electrolyte solution composition was
0.5M of H,;BO, and 0.05M of Na,B,0,-10H,0.
After the anodizing process, the aluminum oxide
barrier film was detected by scanning electron
microscope (SEM) represented in Fig. 2(a). For
spike type, the preparation methods were anodizing
and etching. The anodizing process was performed
by using oxalic acid with 0.3 M of concentration as
an electrolyte at 21°C and providing constant direct
current at 200 A/cm?. The aluminum substrate
surface turns into a porous structure (Fig. 2(b)) after
ending the anodizing processtl. Then, the anodized
aluminum was soaked into the phosphoric acid 3%wt
at 40°C to transform the porous structure to spike
presented in Fig. 2(c).

The next step is the zeolite coating process. The
silane solution was mixed by ethanol 90%, water
5%, and silane coupling agent 5% and stirred for
24 h for homogenous mixing. Then, the modified
aluminum substrates were dipped into the silane
solution and dried in an electric heater at 80°C for
24 h to obtain the silane bonding layer on the
modified aluminum substrates surface. After that, the
zeolite particles were mixed with the silane solution
as 1:3 of mass ratio of zeolite and coupling agent and
became a zeolite suspended solution. The dried
modified surface aluminum with silane bonding
layer was dipped in the zeolite suspended solution
and dried once again at 80°C for