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O C&#¥ C —

PNEEMEEN Y 7 7R LR
MR M IR B

LA, 1991 4F CFR 3 4E) 12 AIZREEASREBT S, 2012 4F (CFRE 24 45) 1IN D 5
e EE IR S, 2021 4F 12 HICERZ 30 BEZ M2 £ L7z, S o, BEEIIHETS
(2R3 2 BB GE B L N2 U H#E D e O EIRRZCHE, IR OB M % &3 2B - #8h %
HLT, APEB LUCHAOMELFORELIRLTS) £ Lz B L UBERE BT 28
T LA, B SR EORBRSEH»OESE, HHEE, Fittez & o%kims
THRIRL S ZZ, SOICREMERE T AT — % EHER et S 2 EHT L7200 4 O E
fRPC L CORESEMT AEELRFMSHTHY T3, BPFHITI, R 400 0B HEEL
HEFEZMELET 2 L L D12, BEIREL 30 BFERLER EORESRELZIT-oTB) 1.

BhCERZECIE, R LI T 2 BN ER I3 2 2 E (KONA H), W ELFICHET 5
Wsen 7z OMse BB (F2eBh), B A T2 28It F T 2 e &0 FER DR (1
RREHREY), BT 2R EAROEY (Y RY Y 250 EE) 2%k T
WE 9. KONA B, BELFEOFHIIBWTERERRKE SNAMREF IR ST T, EE
FINZBEN IR ERE A BT BRI RERTE SN, TNE TR 263740 ESNT
WE T 2022 4B EUR TRFEOMAFEEIE, I NSRS O H R iz o B A0S
HINFT L7z KONAEIX, HAETHEICELLIHFONEEVSHIETE L L TGRS, ERWZEH
FEOTBY, HERLLTREINLLESTEY 7.

e, MIEBEBTRIEMB L O Y R 7 2SO BRMBEM I LTk, ShFE TR¥, HH,
REOWFEHE LY, £ O - HFEZ225 B, KEEHLTBY 3. 2022 FF 1L, 0f
ZERIRICO X F LTI 98 hDIEZENH ), ZTOHNE 21 FFOWIZEHENTRIN SN E L7z, WigeE
BROBEBMIZOZZ LT, 16 FOHFEPEH Y, 10 GORFHREOFAICHEESI N Lz kL
FORBEEHDONLENCKEROFAEDE S ADOMFELMED-DOOLHESTEE T LIL, HE
FELTRERBEVTY. &b, REEDL, 2008 FENTESINT L22S, BE, BEEOH
RO AREEINTBY, HHROMAELEOIRIZ X2 &\ ) Y H 0% 2@ - 725
HKIlhoTBNET. PRIV LAFORMMBEREINICIOEZ T L TIE, 2023 4 11 HIZHE TOR#E)
TEIN TV L —BIEE ARG LR THO [T I v 7 20 E7a v A3 552 [
EEY R L] BRPITHZEICHRED F L



WHOBFEFEELEL LT, BHELFEICET 2@ maOMES & OV KONA i (KONA Powder
and Particle Journal) D¥fT21T-oTHE N 9. FM oo+ 7 AV AEETHOBIA 25 2020 4F
LD 2RO CHEEZ %S> TSN T L7256 54 MR T2 3 A mmaid, 202249 H
5 HIZHEART VAKIZT, &5 CToRfiEEtr > 54 o fH LTkl L7
auFMomh, 2ok REETERMNO TORMATLIZY, KLt 74 St dhbET
180 BB SN, {EHEAHBERICAD T L2 F72, HHIE, BEIETL 30 BELEORES
¥(O—BRE LT, KFEFFERS (F) BEROMENIE AT [Nd-Fe-B BEAH A DB % 40 4] & &
T hilemEabirbhE L7z,

KONA &Eld, MMEAE 1 5T T 2R TFEICET 2B Lo EBHFEMETH Y, HRAFO
BN D O MR TR T 2m i fm LCIHE, 20231 I 40528735280
T&F L RETE, 7V7, 309 nRBIUOT AN IDO3IOOMERBENH I L CiREsr
Mo, METHEICET 2ENREEDPREL . RROL E2—FmLE, LNVOE: 4 O
ZER LA SN TEB Y 9. T KONA ik, MHO & — 24—V B XU J-STAGE 2 & 1) ek}
THETZX2F—T T 7 ADFEMEETHY, 4 > /%27 b7 7 27 % — (JIF: Journal Impact Factor)
7o EOMEEFIEEAOWEERE L D S5 1I2m b L, &Y b TOBEGRHLOMGELMLTBY 5

512, 2020 4F 3 205 2024 4F 3 H F TICEMTEOM R 30 BELL SR EHEO B E
LT, 2022 4F 11 FICIIZE CRlfie S 7z [APE S I o fAH & FFIZBE 5 2 EIFR &5k (1CCCI2022)
IZBWT, BHFWZEE IR L TG 8114 KONA Young Researcher Award %54 73 L E L7z, £
Fid COEICHLTIE, ERSMEDLET20 ZOMEENZE SN, BERBIURIELBEL
SECHEF L.

2022 AEFELE, OO ST A VABRGIEDRAT VA T B L0722 8bdY, T F74 0 Exf
3% B L 7o s S B A S A ICHL) ANS 2 L2 Lo T, BT 30 BFEORE
TEE2E0, BUOFEETEZ2MEICE_RT LI ENTEI L SBIUBHIZ, cnFTo
0FEDOEE A H T 2, WA TEOWZEDRE, 720 CICEBEIRIRE - i s 2N a2 H A
MOBRICHEBMCTEET LGB ZmIITEVD . %L d, FRAOITELHE, L LS
LEBEVHL RIFET.



1. BEREEEBRADEE

1-1 BEABTROHE

VI TIIRETSORER, B2 BIEL T, ZO0FOMEORAE, EEoFkK, TiERE
D7z DOBR - BEFEELREAET L &, R TFIEE L 72 EHRECH & 38 O 726 O i i
SO, MXEROBSIRMAZ-OOEMEOMRZ EOHEHHEEZITo TS, 512, FEIZ
o6 U CREBI 2R D ZE L 2230 2 OMoFEFHEL . LT, FEiiL Tnwb., FHENFOMEIL
UTo#E) THs INHOFEF, FHREERICHES FRESOFRE AFRLrETCEMBSN
TW5,

1-1-1 BhEk - BESF#

VI OB - BEFEFEIZIE, 6HELHD, FH4EREIL No.l, 2, 4, 5O4FEHIZONT
RNEwITo 72, HMSEEIL, TNSICMATESII N3 DOHE (K7 THRERE) 12O
TOHOREDTEL R->TWA.

No. FAEH FENE

| | KONA & gglib: B3 2 3B SEICHESE L, BN Ie R BT B AAND
2 | FRZEBhRK R TEICE T 2 W5ED 720 OB

3 | KRYHTHREREBDE AT 2 EN AT E T 2 EE

4 | HMREFRDIEE) R LI BT AIRIC0EH T 2 KFERFE D720 OWIEFE B %Y
s 2R VURIYYLED %%Iibzéaa‘é%%, TYRT T L EORMRIIHT Y. FHR,

FERED Kifte & O EME IR
6 | HERMTITTDIRED AT B 2 W FIAT D32 B)
1-1-2 BEEFE

[ AR LRI S iEE e 131968 AR A A X 4L, FEF I LEMEE "KONA Powder
and Particle Journal” 1% 1983 FEIZEIT) S 72 b DT, SUMFOEHE, UMEIFIIRSDFHELT]
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No. A H FENE
| BETRCET SRR | BTN 2 EE T — <10 THIER - T £ B i
HeOmE HBmOS. E1E, W - ABRCRAEIC B 2E 150 4, K.
o e | BT 2 BB, 4E 1 BB, NAEL Va5
| T B R itk 20 i At 4300 FL EDRII BT 800 . 1
Partile Joumal g | TROEE, BICH, WAL LETRA. BT v —F LT
T | 5k—La~—¥ J.STAGE |15k

1-1-3 HBTEEFE

LA, 1991 4F 12 HICHAZ 5 ICHR OB AT 2oREZ Hig L LCaxiz 8, 2021 4E(2
RO 30 FAEARMZ .. INEESE LT, a2 (20200 43 HIZ, BEIRET 30 R4ERL g
ENVLD EFHN, TRONBEOFENER, FEINTWE, VIZBEIZAH 3 FREEICFERMFAT
HY, FHAEFEIT2 L 3PERS NI, 4 OE 4 REREAY 7 IR TED Y RD Y 234

SEBICFEBTFETH D.

No. | HELME | FEMEE

1 YIRS

APT (Asian Particle Technology) 2021 & > R 7 A (4HI34 10 A
IH1H~14H, 7770y MKK) T Young KONA Award D% 5

W HEIEEL 30 BAERL&aFhliE s (f44FE9 S H (), wEST
VKRR) DR

ICCCI (%5 7 e s B oo FLia 48 & BRI BY 3 % BB &) 2022
PURT A (54411 A, 1WE) 12T, KONA Young Researcher
Award, KONA Achievement Award D% 5-

BAEIEEAL
30 AFERRE | SFI44FRE

3 BEEE
4 A 5 4R

B ARERAY A TBELIEY YR A (GHISEIH, FA V)
o B fi

M 5 o



1-2 ERIKAOBE
BhiRk - BEEZEDEIR
WIAEFE LR DAE R BB FHE O FEBRRMIILL T oMY Th 5. SH4 (2022) FREEIX, 5 IR
HEEBIBLTCTIH220 HICHDW SN, 9 HOERRE - BERBICLAFEEOKE, ®HEMWICIE

1-2-1

12 AOBFEZICTHRIREMHESIGEL, /RSN
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B, FHMAEEOBEEEIIONTY, #

BaaF oAV AEEPPOR L T2 IR 2 B £ 2, FERZICT] & v CIERIIFER S Lz

o7z,
(BhHAT : T-H)
1514059 KONA & BHLERMERE 2RI Y LEREIEED
FE BB | s= ® R s ® R e # R e # R
| s | BhekedE | PR ¢ | mieedE | FEU ) e | mhakedE | TRE) 4| miedE
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 11 5 1,500 1 1 200
HO8 | 1996 | 84 | 27 15,000 3 1 1,000 8 5 1,500 (RFEET)
HO09 | 1997 | 57 | 29 18,000 5 2 2,000 8 5 1,500 0 0 0
HI0 | 1998 | 66 | 25 17,800 5 2 2,000 7 3 900 0 0 0
HIl | 1999 | 64 | 21 18,000 4 2 2,000 9 4 1,200 4 2 1,500
HI2 | 2000 | 79 | 23 17,900 4 2 2,000 11 5 1,500 2 2 1,500
HI13 | 2001 | 61 | 31 18,900 10 1 1,000 12 5 1,500 1 1 1,000
HI14 | 2002 | 68 | 24 18,300 3 1 1,000 7 4 1,200 4 2 2,000
HI5 | 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
HI17 | 2005 | 120 | 24 23,000 5 1 1,000 (RFEET) 5 2 2,000
HI18 | 2006 | 112 | 23 23,800 4 1 1,000 (B5ET) 2 2 1,500
HI19 | 2007 | 137 | 23 21,900 1 1 1,000 (55T 5 2 1,500
H20 | 2008 | 128 18 13,500 3 1 1,000 (RFEET) 4 3 1,000
H21 | 2009 N OHE O+ 7
H22 | 2010 AN S Cac
H23 | 2011 | 117 17 13,000 2 1 1,000 NG 6 3 \ 1,400
H24 | 2012 | 79 14 8,600 5 1 1,000 ANHEET KT
H25 | 2013 | 119 | 30 23,000 3 1 1,000 RNHEET 0 0 0
H26 | 2014 | 126 | 23 19,400 6 1 1,000 AHFEET 1 1 1,000
H27 | 2015 | 150 | 22 16,700 5 1 1,000 KT 1 0 0
H28 | 2016 | 195 23 13,800 6 1 1,000 N5 4 1 300
H29 | 2017 | 193 | 21 14,600 6 1 1,000 AT 5 1 600
H30 | 2018 | 132 18 14,000 6 1 1,000 REET 3 1 1,000
ROI | 2019 | 119 10 7,200 4 1 1,000 REEET 1 0 0
RO2 | 2020 | 102 12 10,000 4 1 1,000 RHEET 2 1 1,000
RO3 | 2021 | 136 | 26 22,000 4 2 2,000 KT 1 1 1,000
RO4 | 2022 | 98 21 21,000 3 2 2,000 REET 2 1 1,000
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(BhBAE - 1)
A

M 5 o

Eﬂ%%ﬁgim%ﬁb HdH)i%*LJ,ﬁ%BJJ P B 8 &t

wg | EE | e ® R e ® R = = e ® R

8| 8 | BIRRERR | FER | FER | BIERRER | FER 2% 8 248 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 | 41 19,380
HO8 | 1996 | 20 7 1,400 (BR5ET) 115 | 40 18,900
HO9 | 1997 | 16 6 1,200 (B5%E9) 86 | 42 22,700
HI0 | 1998 | 16 9 1,800 (55T 94 | 39 22,500
HIT | 1999 | 22 6 1,200 (BR5EY) 103 | 35 23,900
HI2 | 2000 | 26 7 1,400 (A%ET) 7 13,900 129 | 46 28,200
HI3 | 2001 | 19 8 1,600 (55T 7 | 3,000 110 | 53 27,000
HI14 | 2002 | 19 8 1,600 (B5EY) 4 {4,000 105 | 43 28,100
HI15 | 2003 | 16 9 1,800 RV AT W FE S E 4 | 4,100 110 | 43 27,300
H16 | 2004 | 27 7 1,400 | 3z IR 5 13,100 150 | 44 25,600
HI7 | 2005 | 26 | 11 3300 | TFER| s | B | 6 3,800 3 (15,000 | 165 | 47 48,100
HIS8 | 2006 | 16 11 3,300 9 3 1,500 3 03,000| 2 (10,000 | 148 | 45 44,100
H19 | 2007 | 22 10 3,000 11 3 1,500 3 03,000| 1 |5000] 180 | 43 36,900
H20 | 2008 | 19 10 3,000 8 2 1,000 2 1,100 0 0| 164 | 36 20,600
H21 | 2009 (AN I ol 0 0 0
H22 | 2010 AN S 0 0 0
H23 | 2011 KO % 7 125 | 21 15,400
H24 | 2012 AN I 84 15 9,600
H25 | 2013 | 12 9 2,700 A I 134 | 40 26,700
H26 | 2014 | 28 9 2,700 N % 7 161 34 24,100
H27 | 2015 | 30 10 3,000 [AEE S N 186 | 33 20,700
H28 | 2016 | 36 10 3,000 A S 241 35 18,100
H29 | 2017 | 35 11 3,300 N ¢ 7 239 | 34 19,500
H30 | 2018 | 25 10 3,000 [AEE S N 166 | 30 19,000
ROI | 2019 | 22 9 2,700 AN S 146 | 20 10,900
RO2 | 2020 | 20 10 3,000 N E 7 128 | 24 15,000
RO3 | 2021 | 24 14 4,200 [AEE S N 165 | 43 29,200
RO4 | 2022 | 16 10 3,000 AN S 119 | 34 27,000
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©O KONAE (KONAAward)

KONA 13, 1990 4ELICE, Bkfk T3 B TIZER 5742 6 NICHF ISR & CHEB L 72iF%e %
WHBFEESNTWD DT, BINEE VAT I 70 VRSP E L T/, 1992 F20 524
WHD G EHNTV D, ZEEMHE L, KONABFEERZRICL > THEESIN, EBERZHSOHE
2T, mARAICHFRTHREING.

The KONA Award has been presented to the researchers who have greatly contributed to the research and
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 ERE{ZE

2022.12
SH | TEA KONA HE%H#E s
No. | P& 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 |[FSH  A— RS WMRAROFEIE, 7 & OISR B 2 5E
1993 |IMBR  PRiE NN BRI IS 7 2 VR OWE & & ORI I B B BEE
7% A
4 1994 |VLHE GIRRF L7 a V)V OIS 5%
5 1995 |HE % NN kiR A& M5 & L7 BB SRS 7 0 A DB 5
6 1996 (¥ @ H— JUH TSR [ SR AL B OB RAR D212 B9 2 gt
7 1997 |JIIE W 3 SN FEREVERL T- O R R TR ORESE L 20 R
8 1997 O ® H LR A R B3 A g
9 1998 |H4H  GARH TR BRLR e & ONZ 7 1 OV F- O FEE & 25812 B3 % F9E
10 | 1998 |[fixa & BRI RS Tk TR O IR & R V2 BE S 2 W B LR G AT
11 1999 |t # KK kRS X CREA AR OB 32— a v
12 | 1999 |4kT3%5% GIRRF BT 0 OVRLF O ZEE) & AT EEIC BT A RS
13 | 2000 |fEE AR At K TR R OB - (LA 7 0 & 2 DB 5
14 | 2000 |FE BIA B e TENT 7 AEEH ROELBIEEA & Hih R OB 3
15 | 2001 [luA 3k B R MK T OB ERHROFLBENEN & Z oI5 H
16 | 2002 |Jgle IEH) FR TR TLEIRE T2 O A TR, Bl o FEE R & T #iPE o
L/UN
17 | 2003 |®#A & TR WAL T BCR O 2258 M & FEm A & 12 B 3 2 5t
18 | 2004 |HW# = BN WIkY 32— a vikoms FoisH
19 | 2004 |fEMH 1B HIL R WMAETOty v X BERE AR
20 | 2005 |fEFE FRE HF R TRBIRE S X B BRSOk - R OB RELICBE 3 A I H
21 | 2006 |BLILEASR IN=Y 7 0 OEREREE L APRHE T O A DS
22 | 2007 |FEHE SCHE Fb K A2 XA N —OFEHE L TS HICB S 5 F7E
23 | 2008 |EifE 0 E &R TR T X v 7 AKREOE O IEBEN I & APRHEI A JE B
24 | 2011 |FERS A= EMBATRZERE R TSEE2EICL2ET 3 v 7 2A8E 7 0 & ARME O FEAR A 5
25 | 2012 |MYIN EEXC e e R W REAT & S & 9 B LW RS BRSBTS A RFgE
26 | 2013 | H Flf W - WORRZeRE | O E 7 O 2 DR EEALIC X B ok SR A oo Al L
27 | 2014 | K% GIRRF IT7 T4 NVE EHLE LD 70 Vo5 - BREICET A58
28 | 2015 |4%EF R WAL R0 T IR % B & U 72 je 35 1 e BE R 3T O W98 B 56
20 | 2016 |FMTHL FESC PN R TR EBE LD FE W
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ZH | ZHEE KONA HZH# -
No. | M 22 RCIEL) %ﬁ‘ﬁ
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 |NEE 5 N N 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 AR B AR Advanced characterization of fine particles and the development of
novel powder handling systems
36 2022 |4 T B TRS Particle adhesion and aggregation behavior characterization and control
37 2022 | HH A N N Development of discrete particle modeling and simulations of gas-solid

flows and granular flows

List of KONA Awardees

2022.12.
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)

4
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No. Year Awardee Affiliation
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-Niirnberg
35 2021 Shuji MATSUSAKA Kyoto Univ.
36 2022 Hidehiro KAMIYA Tokyo Univ. of Agriculture & Technology
37 2022 Toshitsugu TANAKA Osaka Univ.
122 BATBEEOERHIKT

Y OWLEEE LIk OER P OEFIRTIT LT O ) Th 5. AEFITHEFEEL LT, FF%E
LEAATRE KONA Powder and Particle Technology @ No. 40 (2023) % 4ERICTFEME Y FIRI L, HART
% LI, REREIX, TOFHNIC &) SRITTEEORER T IE L 7o TR E T2 5 3
IO 54 A% 3 4EIRD ICHMEL 72

(R HAL - T-1)
METIFICET 2 EENSRS KONA 5D EAT
FE|EBE
[Ek:e HEMmET— < EEN HEE RE | S8 HEH RTHH BB
HO7 |1995| 29 |#ME7 0t 2128279504 - [k 5 232 13360 | 13 | 240 2,300 7,730
HO8 [ 1996 | 30 |sCumt&retEm £tk 7' 1ot 2 5 144 2,550 | 14 200 2,300 7,490
HO09 [ 1997 | 31 |EREEORAHAN & i Las 6 142 3750 | 15 | 254 2,200 7,500
HI10 | 1998 | 32 LEORAL ERT B — R AR, 7T 6 210 4,630 | 16 i 256 2,200 | 8,190
L AFHLE LT— ’ ’ ’
HI1 1999 | 33 |#rEZEAIL D720 Ok LA 6 246 4,140 | 17 @ 250 2,200 7,440
HI12 [2000| 34 |IT EEICB K14 8 283 5,130 | 18 | 248 2,200 @ 7,160
H13 |2001| 35 |7 /R FHE~OIR 7 184 3,750 | 19 i 283 2,200 7,990
H14 (2002 | 36 |F /K FDREFERNDREH 6 208 | 4,160 | 20 | 276 2,200 © 7,920
H15|2003| 37 |F//8—F 4270V - Fr /0y — 6 227 15100 | 21 i 246 1,300 13,000
H16 |2004| 38 |7 /&R X A2 IREEOREZDEILT] 6 160 | 4,500 | 22 i 211 700 8,660
H17 |2005| 39 |22 FCk/zF /7 RToFEMML 7 205 5380 | 23 | 224 1,000 10,070
F T 2 ERMLOEE RS T kT ORI &S
H18 |2006| 40 i A & AT OB LIS 6 174 5320 | 24 i 252 1,000 13,090
FIN=F 4 7 - Ty uaY— iR
H19 |2007| 41 6 167 | 4,380 | 25 @ 303 1,000 11,460
i IN
FIN=F 47T ouad— uH - FEH
H20 | 2008 | 42 . 6 126 3,400 | 26 | 282 1,000 | 8,040
AL~ R
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METRICET 2 EEN SRS KONA FED AT
FE \BE
E# HMeT— < EEN HEE BE |2 KEH RTHH BB
F 7 7 a Y=L DRMEOREREL & B R
H21 [2009| 43 . B EOBAE(L L FrpTH 6 160 | 3,130 | 27 = 248 600 i 6250
B %8
F 8= F 4 Ny R v TEA A A
H22 |2010| 44 |, . .. 6 134 2,660 | 28 i 242 600 | 3,850
B R
FIN—=F 4 )Ty ) a Y —OREE L ERL
H23 | 2011 45 i’ MR LR 6 174 3230 | 29 | 284 600 i 8,400
O JE i
H24 |2012| 46 |/ /8%—F 4 7 )77 0T —DIoHRATHTR 6 141 3,585 | 30 i 288 600 : 3916
H25 2013 | 47 |JCih 534 F T2 2 5 IR L0k 6 201 | 6,656 | 31 | 274 1,800 : 9,176
H26 |2014| 48 |t b 0oL ) 22 2R LED S 6 153 | 4364 | 32 283 1,800 | 8,556
H27 |2015| 49 |KpE & 28tk ls 6 162 3,596 | 33 | 357 1,000 = 7,253
H28 |2016| 50 |&h 7 ARt % 58 <A IRPiT 6 156 | 5,169 | 34 | 293 1,100 | 7,417
H29 [2017 | 51 |SCuabtRLaIR K & 2 B Rt 6 161 3942 | 35 : 287 1,100 = 7,386
H30 [2018| 52 | EMEIO &R B L ORI % 32 2 2 ki 6 161 4,657 | 36 i 297 1,100 © 7,093
RO1 2019 | 53 |@&EALT 2070t 20 L IGHORE| 6 178 | 4,673 | 37 | 271 1,000 i 7,000
RO2 (2020 — — 0 0 750 | 38 | 288 900 : 7,235
RO3 [2021| — — 0 0 503 | 39 | 277 800 | 7,278
SDGs IZEHBKT 2B L UOHE 7o+ 20
RO4 [2022| 54 H@ﬁ;}{ LA R wik 6 176 4,528 | 40 i 281 800 . 8,048
FaEl

O % 54 [l AT FICET 5B EGRS

7—7 ! [SDGs ICEM T 2 H L UFHA T O & X D&RATHE]

[HEE] 4F14 (2022) 49 H S H (H) 01 10 Ff 00 25 ~7F1% 5 B 10 4
[357] WEFRT7 VR (T 530-0042 KEHALIX Kiilifg) o2t > 514 >
[EM#] AEEEEN &V 7 7K LR ]

(dxim)] BT akah &

[#%82] kv H T Iro ket

Af4 (2022) 4F9 HSH (H) 12 4 54 M BALEICBI T 2 i admma ] 25 S, [SDGs
WEHIRT 2B L OB 70 ADKRHEI#E] 27—~ & LT KONA B Hi##i % & A&, SDGs |2
B L 728 4 e PR OB 70 & ZDREIFICOWT, 6 ZLO#EHIL S O#ENEH 72, T D 54
FHE, 2 4EATICBED T ST W22y, au Mo Zl L) 4H 344 12, FloTEH Y T4
YERMoTNA Ty MR TOREE 2o 72,

RONCHNTHBBERES S,  OMHF WS OGRS LM O ENILCORETESEICE
T AR ST S (1), 0%, KONA BEOBEX b, BILESE,S,
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2019 fEFE B O RIRKRFEWER B #0% (M 2), 2020 FEEHO 7 1) ¥ K5 Prof. B.M.
Moudgil (X13) 7 5 N2 2021 EEZEED—NTh 5 HRFRIE %% (X4) PHREAS,
FOBRMEENOSZNZNDOZEHIZ KONA BEOWEARTIE SN2, KONA BiE, WAELHED 5%
TREGERZ LTSNS IR SND 0T, HHFREDSHEE S EME ohh» o HEE
WX, EEEER 1 ISR ENTWAEDS, SE 3 EREY) OER T3 ZHoZEHICHEE SN,
COREE T, TR Ot v ¥ 3 v CHEFIR & Prof. Moudgil 7° 5 KONA B3 EE#EH AT H N,
B4 e APRHZ O TR T - B R OREREHIEH R AR & D FEom LR i b, R
LM IS ST B IZE R DB
SNz 20K, BFEEDR, EEED, SR
I 2 W72 BB BUBIC & % SDGs ~ D HUHL
HIZDOWT, k7t 2 R B RS OB
R HREIZE ATZEEDNH D, #iv T SDGs
&k L 7R - TR R IS O W T S
SR OFEFEFFHRIIE AT VEYT 6l 4,
i/74/flﬁ%,$@frm%®%mﬁﬁ
D, SEHTRENENOFHEORK, HRR L5
INEDFTh N (W5). AliE, a0kt

K2 KONAEEBERIZT MINHEAEE (k) & M3 KONAEZERIZT, MINHEE (L) &
2019 4F KONA H B #H WL 2020 4F KONA H 3 H % Prof. Moudgil

X4 KONA BEFHESAICT WIHMEE (L) & X5 A SR
2021 4£ KONA B 5B A%
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RELT, 2R CRHEARZIACHIZEFEESE L, faokim, ~A7&H, 73— Vil
T NROHEE R EOREESNSE N BEAIIIOWTIEan FEGHRI A BCRE LT, R4E S
MITR%ED Z Ll o7z,

O MMEIZFICREd 5 E 55 KONA Powder and Particle Journal No. 40
(2023) DHEFT

KONA FEDOMRE I M AT RICRFL SN, ML KONA GEREZR B S MMk L TRE
(Y7207, TOFREBREITIT, I—0vS, TAVAIDIOOT Uy 7 OHRERBEH SR
ENTBY, TNENOHIRE ) BENAERBEROR L (LY 2—, Wit £, ik
FE LT 1, KONAGEE LTHIRL TWwa, KRIEEIZ KONANo. 40 (K6) & LCHIRY & ETF
T —FIUAEH 4 (2022) AESRICHIMRE M, A5 (2023) 4E 1 H 10 HIZE TSNz lE DX
281 H, #HEGH CEUIHEE AR 168 (77 104%, 7 A7 4, I—0v/32#K) L%koTWn5.
FOCHEEHONTIZL Ca— 128 E IR L 4T, @M IOV TAMEEFRICEM Y AT 4%
FIF L, J-STAGE [ZH 53K (2021/11/13-2022/9/23) SN Twhb. 72, MEFI V&R H T —
OfF— L7 TER L, &= %7V h I —CHRIL, EFEHLTW2 (X7).

ARAED 800 HAFEIRI L, AR OB EBMROIZEE, MEMHE KF2EICHFEL, SVitlz 5
TWa, B, REIILEiLFE %, https:/wwwkona.orjp DA MIBWTHELTHEST S Z L23T
&5, F72, 20134F L) J-STAGE |[Z3#SHG S, 2014 4F 6 HIZETDNY 7 F 2 N— D5
AT L7z, No.40 (2023) DL, FHHICHOWTL, 4HISE 2 H 28 HIZ I-STAGE ~DiB# %
T L7z, 2O A FTOKONAFED HPF AU A MR O 100 205 1000 < £ 721,
WEF AR 230 TR D L o7z F 72, KEEDOKRFEDFATHEFEFHTEEL Impact Factor 13 3.919
(FE4E2.897) EHEEL D M EL 7.

F72, IST 26 OBMEF LT, FERESIRM T 20787 — 4 O3 L FTEH 2 RS 5 72

ISSN A 4534

Powder and
Particle Joumnal

o.40 [2023)

@ Hosokawa Powder Technology Foundation

available online-www.kona.or.jp

6 KONAN0.40(2023) FiEE 7 KONANo0.40(2023) 77 A ~F 27 FRAK
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DD ARY M) TS J-STAGE Data il A L <https://jstagedata.jst.go.jp/kona>, 2021 47 H 20 H
WCIEXGER 2R L, B 1S ROBEP T Y A7 — ¥ 2 RFPTH 5.

512, KONA &ElE, MR ABO LD HFEMERT — % ~X— A (Web of Science, SCOPUS,
EBSCO, etc.) IZR SN TV 5130, REFEM A -T2 T 7 AT ¥ —F VT — & X—Z (J-STAGE,
DOAI, Google Scholar, CNKI, Cabells, J-GATE, RCA etc.) 2 IUEkx IR L TE 72 202243 A2
K EIK F R 5 SCRFAili DB-Cabells (2R ESRASE T L, 8 A4 ¥ NI KEMIBFHRT — & X— 2
J-GATE |\ & U8 SR A 2 K7z L7z, 72, 12 HKEIRFARE A5 SCEH DB—RCA (Reference
Citation Analysis) Xk H FERR L 72

1-2-3 HESFFZFDOEBIRR

LN, 1991 4F 12 HICHAZ 5 PICHFAORELFZORM 2 By & L CIZ 3N, 2021 4F12
FAL30 AR R M R 7o FEBE R4 (1992) FEED L AREIICHFHIELZFHMG L2720, FEWIZIE
44 (2022) SEEEDS, BEMFIOBRVI0EEE RoTWE, Ihaetie LT, FM2 (2020) 4
3, WHIRAZL 30 FAERAREEEN YD Lo, TROWNAEDOHENER, FEINT
W5,

GBI O NE

@ APT (Asian Particle Technology) 2021 ¥ ¥R w4 (5#13 (2021) 4£10 H 11 H~14H, 7
v 7uy bR T Young KONA Award D% 5-

@  BHEIERL 30 BRI S (9F14 (2022) 9 H S H, K

® 1CCCI (% 7 [SEAER KL Gl & 312 B 3 % EIFS2x5%) 2022 & AR T 4 (41 4 (2022)
£ 11 A, 113 T? KONA Young Researcher Award, KONA Achievement Award D ¥%5-

@ FEA4RERRIYATIBETES YR A (515 (2023) 9 H, KA V) O
FROESH 3 FEEICEBEATHD, FH4FEIIZOLE@OPFEmE N, OOEPEY Y RY
AT S EEOREL L TH#HEZED TN S,

(1) BFEIREAT 30 JEARHE B H 2 O B fik
A4 (2022) 9 H 5 H () 12 EA T VRIS THRME S 725 54 1] B R T2 258
AR IZB VT, B 30 FERRI#EHS & LT, KONA BEoMER & SELSHEI TH N,
KBRFANIRS B #d% (2019 FE2E), =6V
AR IAE 3% (2021 E2E) 12
2T, KRED S 2020 4 B H & O Prof. BM.
Moudgil % #A1% L Cit&iii 2 L CIHW7-.
L ICHEEB RS TO 6 thOFHE I X v
T, 30 RERL AR & LT, KIFFFEk N
BRSO JINE N A 5, [Nd-Fe-B ek
WA DR 404 LELT, 24T AHAD
B, BROELERLZ O, ISHIZOWTH
0 RT IRBIZE ATTEEN 2 SN (X 8).

s
o

ZORRFEEONEIZOWTIZT— TR L% 8 XL 30 JH4E AL I R AR
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o, BEICCTHHINIZATA, FO—E%2 AT Lo, $f4 (2022) ERIZHKD
WAL No. 66 (2023) I2HB# S 7,

(2) ICCCI2022 T KONA Young Researcher Award, KONA Achievement Award D% 5-

A4 (2022) FE1LHISHPS18HEIT, WREDNAF Y F) Y= bRET V& A/RIT
The 7th International Conference on the Characterization and Control of Interfaces for High Quality
Advanced Materials (ICCCI2022) (%% 7 [RISGHEAA #L STl ) & RFAlf 12 B9 2 [EIRE X5%) 23 Fifik &
N7z, Ay YRV Y MIEHHOFM 3 (2021) FEIRFEOTT, ¥ ¥R YT AERERO
HERED Lo TWbDT, ZOBEKOMH 16 HOTRIHIZ, UM FOF4E KONA H2H
Prof. Peukert (2B BB E L LR SOMBME SN (9. D%, &2 T Prof.
Peukert 75 “Nanoparticle chromatography — From understanding of particle surfaces to property classification”
L -2 HRARESM T O,

SOIARY Y RYTATIE, MHEOREREO—BRL LT, BFLRAY —5KEITo7235
i LU OF FF e % it 5 & L C KONA Young Researcher Award % #%5- L 72, KA ¥ —3KiE, &
MOHO 11 16 HICEML, 5t 69 HFOARA Y =506, MR &L 7 AW E DFEERNE % KE,
TYT, BINOEEZER 6 AMEIZHEA L, TELD 20 AICEIRERIES RS S 7.

T72, MERFOGE THELFERZ BT MEETH ), »OMELIEOnE & L TR
DFERIZFE L < HMk L 720983 127 L C, KONA Achievement Award 73%5- S 4172, L5L 6 4D
EREDLFEANHERE SNBEME 1 2T 2HEEE, BB EBICEELER, ©7 207t
7 3 v 7 AFERETH 5 Mrityunjay Singh LA E S, BIREEIE NSRS Sz (K10).

WINOE S, 11 A 17 HERIZATbNIZ N 7y MIZTC, #EZBEO Kevin Ewsuk 1 (OC
Sandia National Lab., KE) X0, EERHRIZ X 2 ZHEOBREM R T 20 & 42 HAOM
MfTbi, BEXNEhTZG-an/z (K1),

9 HMIESHHEFE (&) 25 Prof. Peukert [ 2504 10 KONA Achievement Award D2 E % Singh 18
DO B2 + & RERESEA SRR OKRIRRFE N EEIE
()

_ 14—

M 5 o



LN
RV TR T AR FAE R No.30 (2022)

\ Gy

«AUs

KONA Achievement Award;
Dr. Mrityunjay Singh
President, Global Alliance for Technology and Society, USA; President, World Academy of Ceramics, Italy;

Past President, The American Ceramic Society

KONA Young Researcher Award;

No. ‘ Awardee Affiliation Achievement
. . Fundamental study of separation of different resin plates bonded by
1 Egawa, Yoshiki Waseda Univ., JP . . X .
solvent using wire explosion by pulsed discharge.
. . . Wet mechanical route to synthesize morphology-controlled
2 Hashiba, Tai Osaka Univ., JP . o . X
NH4ZnPO, and its application for ammonia gas absorption.
. . L Synthesis of PHI type zeolite showing the structural flexibility for
3 Higuchi, Yuto Kansai Univ., JP X
CO, adsorption.
. . . Shear thickening mechanism analysis of concentrated slurry by
4 Hiruta, Daiki Tohoku Univ., JP . .
Coupled DEM and CFD simulation.
. . . Rheological properties of concentrated TiO, aqueous slurries
5 Ito, Fumiya Yokohama National Univ., JP . . . . .
stabilized by comb-like polymer dispersants with different structures.
Evolution of inhomogeneous internal structure in ceramic slurry
6 Kuroda, Hiromasa | Yokohama National Univ., JP during drying—Approach from operand observation by OCT-TG
combined system—.
X X Nickel oxide nanoparticle-decorated BaCog 4Feg4Z101Y 01035
7 Lee, Hyungjun Hanyang Univ., KR . . . i
composite cathode for high performance protonic ceramic fuel cells.
. . . Validation study on a coarse grained DEM-CFD for a three phase
8 Li, Rui The Univ. of Tokyo, JP
flow system
. . Aqueous based interparticle photo-cross-linkable suspensions for
9 Ma, Bohua Yokohama National Univ., JP . .
fabricating complex structured transparent SiO, glass components.
10 | Muramoto, Mayuko | Yokohama National Univ., JP Strength and deformation of single crystal 8YSZ at particulate scale.
. . . Effects of charged nanoparticles and weak electric field on
11 | Okamura, Takumi Osaka Metropolitan Univ., JP . X
nanoparticle translocation across cell membranes.
. . Tokyo Univ. of Agri. The role of Al-based additives to control ash adhesion at high
12 | Okuizumi. Tatsuya
and Tech., JP temperatures.
L . Quantitative analysis of powder mixing mechanisms in dem
13 | Shi, Qi The Univ. of Tokyo, JP X .
simulations by a POD-ANOVA-based approach.
. . Lo Enhancement of photoluminescence intensity of Li-M-Ti-O:Mn** (M
14 | Shirakawa, Fumiki | Toyohashi Univ. of Tech., JP
= Ta or Nb) phosphors.
Crystal orientation dependence of mechanical properties of B-SizN,
15 | Tanabe, Mami Yokohama National Univ., JP grains in high thermal conductive silicon nitride ceramics measured
using microcantilever beam specimens.
. . . Predictive simulation of oiling-out in anti-solvent crystallization
16 | Tsugawa, Yuhei Doshisha Univ., JP .
using a phase-field model.
. . . Design of highly stabilized interparticle photo-cross-linkable o/w
17 | Tsutaki, Shogo Yokohama National Univ., JP . . i . . i
Pickering emulsions for shaping porous ceramic materials.
. National Taipei Univ. Dielectric properties of SiO,-Al,05-Na,0-Ca0-K,0 glass system in
18 | Tuan, Ting-Lu i
of Tech., TW the millimeter-wave frequency range of 20-60 GHz.
Wongchaiya, Fabrication of g-C3;N,/TiO, Layer on ITO glass by electrophoretic
19 e Chulalongkorn Univ., Thailand . St . £ v &
Preyaphat deposition.
Effect of debinding process on the microstructure and mechanical
20 | Yamada, Sayaka Yokohama National Univ., JP properties of SiO, green bodies prepared from interparticle photo-
cross-linkable suspension.
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KONA Young Researcher Award £#3X,, ICCCI2022 % 4 i #i—&F (BELGH) L ZHEE
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3. FMAFE BiRk - BRER

3-1 SHM4FEE KONAE
2%, ERBIVERIEELTZNZN 100 AM)

Aro w8 W (EEE)

PRI HE . . ES i
o Affiliation / Position .
No. Award recipient ) i Achievement
(Nationality)

Professor, Graduate School of
Bio-Applications and Systems Particle Adhesion and
HPTF22201 Hidehiro Kamiya | Engineering, Tokyo University Aggregation Behavior
of Agriculture and Technology Characterization and Control

(Japan)

Development of Discrete

Professor, Graduate School of . )
] ) ) ) } Particle Modeling and
HPTF22202 Toshitsugu Tanaka | Engineering, Osaka University . . .
Simulations of Gas-Solid
(Japan)
Flows and Granular Flows

O ZEIEH

HPTF22201 Hidehiro Kamiya

Dr. Hidehiro Kamiya has realized various achievements in powder technology, particularly those related to
fine and nanoparticles, and has widely disseminated his activities overseas. Based on the characterization of
the surface interaction and structure of nanoparticles, he investigated the fundamentals associated with the
aggregation behavior of nanoparticles in liquid. He discovered an organic ligand structure with universal
dispersibility of nanoparticles into various polar and nonpolar organic solvents. By synthesizing various
ligands with different molecular structures, he discovered the optimum ligand molecular structure for
universal dispersibility. Such surface-treated nanoparticles were applied to prepare new free-standing,
rollable, and transparent silicone polymer films.

Utilizing fine particles and microcapsules measuring larger than 100 nm in diameter, he investigated the
original molecular design of polymer structures on particles and capsules to characterize and control surface
interaction via colloid probe AFM. In the gas phase, the adhesion of fine ash particles at high temperature
hindered the stable operation of various energy systems. Hence, he developed original systems for
characterizing the particle adhesion force and shear strength of single ash at high temperatures based on a
split-type tensile strength tester. Since real ash includes various chemical elements, he developed a model of
ash particles prepared from pure silica as well as other metal oxide fine particles, with the addition of alkali
metal or phosphorus. Based on the fundamental characterization method and ash model, he investigated the
mechanism of increasing ash particles generated from different plant and fuel sources. To control the adhesion
behavior of ash, he proposed the addition of alumina and other inorganic nanoparticles. The characterization,

simulation and modelling and control of adhesion and aggregation have been expanded to various industrial

— 18—
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fields, including pharmaceuticals, cosmetics, pigments.

The results above have been published in 243 original papers (182 WoS papers) and 76 review papers. He
has filed 23 patents and published 55 books and presented 37 keynote lectures at international conferences.
Additionally, he has contributed to the activities of the “Association of Powder and Particle Industry and
Engineering in Japan, APPIE” as a coordinator of the “Fine Powder Nanotechnology” group from 2001 to
2021. Furthermore, he has served as a vice chair of committee of “Nanoparticle Safety” and an editor for the

book, “Safe Use of Nanoparticles.”

HPTF22202 Toshitsugu Tanaka

Dr. Tanaka has been conducting research at Osaka University focusing on fluid engineering and powder
technology, particularly with regards to the discrete particle modeling and simulations of gas-solid flows and
granular flows, for 38 years. He has started his carrier at the dawn of discrete particle simulation. When he
started his numerical research, only the Lagrangian numerical simulation neglecting particle-particle collision
or contact and the two-fluid-model simulation were available. He made pioneering works for the modellings
of both of the collision dominant flow and the contact dominant flow.

First, he proposed the deterministic method for calculation of particle-particle collision to study the effect
of particle-particle collision on the diffusion of particles in dilute gas-solid flows, and to study the effect of
particle-particle collision on the spatial structure of particles in gas-solid turbulent flow. To reduce the
calculation cost, he proposed the utilization of DSMC method to gas-solid flows, and well predicted the
particle cluster formation observed in the riser of circulating fluidized bed.

His most brilliant achievements were the developments of the DEM-CFD model and simulations. He made
novel discrete simulation models and methods to reproduce a plug flow in horizontal pipe and fluidized beds.
Since then, his model and simulation method has been widely used for basic studies of dense gas-solid flows
and applied for many industrial applications. The total number of citations of his pioneering papers of the
DEM-CFD model is over 3400, that shows the excellence of his pioneering achievement. He extended his
work to the large scale DEM-CFD simulation of fluidized behavior in three-dimensional fluidized bed, and to
a reduced spring constant model for cohesive particles.

For the above achievements, Dr. Tanaka was awarded the Best Paper Award of the Society of Powder
Technology, Japan in 2012, JSME Fellow from JSME in 2011, Distinguished Achievement Award of the
Information Center of Particle Technology, Japan in 2004, among other awards.

Dr. Tanaka is an acknowledged world leader especially in the field of numerical modeling and simulations
of gas-solid flows and granular flows and has made significant contributions to the development of powder

science and technologies in the world.
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3-2 Sf4FEE MWMEBIK (215, #£%82,100 H5H)

(FLAEME,  Aobrng)

_ \ - P . &
BARES | o5 | B g - BRx WFgeaRRE (5)
v oy | OERRIER B TAE .
HPTF22101 | %% B TR - Db 5 1F. Hard Sphere Model D414k 100
HPTF22102 | fis— TR FERFERE LS | iARER ORI E R) <= AT 100
A WgeRE - B 0 oA 7 1
3D ) vy =ik A 4 Ui
WL AT E R RS
HPTF22103 | &R HEdl zfﬁ%géﬂﬁ¥‘%/ﬁﬁ%@ﬁ%/ikw%ﬁmvﬁ 100
kT A ¥ — A DBI% L HRIR AR~ OISH
TRy Ny = Al
| RERTRERR | e i 5 o b iR - oA
HPTF22104 | KKk 3t— | BREREERISAITZERE - , 100
o LW fift o A ik
HEHIZ
R F IR N .
B/ I=NEe = 1| g 1) 3
HPTF22105 | BLH A | ByREGIEZIIE=E - %%miiﬁﬁ%Xﬁ%m%Lmﬁé 100
e TN DR ST
HEHIZ
BB KFERFERE .
RIANA v FIRERIG ORI
HPTF22106 | #2JI1  #F | fEHIELEA5ER - # %Af/%m AH ORI 100
o 2T BVRIEE DR
HEHIZ
(EIBF) B SERAT AR
WPTF22107 | HIE A EWgEr~ VI ~7 | Kl —T4 v 2 FHAL-ET Iy 100
DU T OVBRRERE - E | 2 R T O A
R A=
HPTF22108 | FIH Fl#d AREREHAS - | 7 U7ER ) v SRARES 100
| e X B AEHIGRE
BBOR AR | % _ )
= TINA Z Y — ORI & 555
HPTF22109 | dbkt BFA | B m gl - By mﬂ%(m 7U—OEBICE AR
AN = AL DFFE
%
() JESEFATE . .
R TR EE D R %G 7
HPTE22110 | Ak KiE | &WFGER AT EHNE ?f??géﬂo<ﬁWWLﬁ@ 71 100
HERFZEEE - IR | e
. 57 B K7 5, | Skl 7R ) ~ — R A g il 7
HPTF22111 | /MR fEST 100
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) \ M o ) 4
WINES | DkRgE |  OR - % B T o .
(EIRF) BBk se
N RIS RIS | T AR UGS 5 2% TLI A 5 O B
HPTF22112 | fkjE 5L 100
oy — 2=y | FE
-5
REAR KIS
N ;f?jéf;_; FORTRICGERHROBEBILIL |
’ Y - 2, B S G 1
I Bk et
SURIRBE A RS & 2 T S iR
HPTF22114 | ¥ iz | B RF 20 5e 8 - xﬂﬂf o \mﬂ HIBLRIHRER 100
FHE O &
B
BT & KA B A ML B b 7=
e s
HPTF22115 | Yz éffifi \%fﬁkjﬂ * T3 7 AT KT OEGEALEMEE | 100
23 B .
R
R 2 o He M
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SEVIRIEL /BT IR R B R A O 5

Development of Amorphous Drug Nanoparticle-Forming Solid
Dispersion Formulations

W73 % Research leader:  fHFH  ZE4h Keisuke UEDA
TEERFRFBEIFERE B
Graduate School of Pharmaceutical Sciences, Chiba University, Assistant Professor

E-mail: keisuke@chiba-u.jp

W

AWFEClE, EWIEAE F /W F TR B 5 BUR%#5%] (Amorphous solid dispersion: ASD) O B %
B L UEWIERE F KT T AT 2 K2 B o B Rl % 17 - 72, HEKEEE TV
Wy & LT fenofibrate (FFB), K1) ¥ —4H{K & L T hypromellose (HPMC) % F\», MEFEEMEEIC X
) FFB/HPMC ASD % #i# L 72. FFB/HPMC ¥ B9 &% (Physical mixture: PM) f&ii H T,
um 7+ — % — @ FFB i dah3 7 # L T\ 72—77, FFB/HPMC ASD & ClEIES D) 160 nm & F
I RLF DI 5 4L72. FFB/HPMC ASD & H 2% % | 72 FFB i FE X, FFB/HPMC PM /&
LR L TR 86 RV EEZ /R L7z, T v MG EEMIBEAD F RO JAM % FEA L 72
FER, /A AOIESRE FFB AL T AEE/NGICI Y AF A Z L AVRIE S L7z, FFB/HPMC
ASD #8372 5 @ FFB (/L& W IPGE E 1$ FEB/HPMC PM A&7 & Il L T 38 fi5Ci3% L, FFB
BREOUEE (F)8.6 /) % LIS FFB WIS RO bz 2 L s, FESEE FFB ) / i
T O/ PRI BT 2 EEEILY AR DN 72 FFB WINEGE 245 L7z &t 72,

ABSTRACT

In this study, we developed amorphous drug nanoparticle-forming solid dispersion (ASD) formulations and
quantitatively evaluated the effect of amorphous drug nanoparticle formation on drug intestinal absorption.
Fenofibrate (FFB)/hypromellose (HPMC) ASD was prepared by spray drying of FFB as a model poorly
water-soluble drug and HPMC as a polymer carrier. In the FFB/HPMC physical mixture (PM) suspension,
um-order FFB crystals were dispersed, while amorphous nanoparticles of about 160 nm were formed in the
FFB/HPMC ASD suspension. The dissolved FFB concentration in the FFB/HPMC ASD suspension was
about 8.6 times higher than in the FFB/HPMC PM suspension. The evaluation of nanoparticle uptake into rat
small intestinal epithelial cells suggested that nano-sized amorphous FFB particles were taken up directly into
the small intestine. FFB intestinal absorption from FFB/HPMC ASD suspension was improved about 37-fold
compared to FFB/HPMC PM suspension, and the improvement in FFB absorption was greater than the
improvement in FFB solubility, leading to the conclusion that direct uptake of amorphous FFB nanoparticles

in small intestinal epithelial cells contributed to significant improvement in FFB absorption.
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MEEE BB

BRI SN T 2 FEEEmLEm o4 < 1k
HRBEETH Y, € ORANERED &R 85
BHE L TCOMBEVMEINLEZ VDL, #
WinmdGE T HIvE LT, Y% IR EIRE
THRY ¥ —H 258 S 72 (Amorphous solid
dispersion: ASD) 28 A FHHWHNLTEBD, HEiZ,
KRR ICEWIERE S /R F 2T 5
ASD BLHI 73 3fr 47 58 HE K U 1 SE ) o 15 1 BA AL
Hafr e LTIER S5, BWFERE /K
FIAFET TIE, 7NV OISR L 72328
B IR O el L C d % IR 5 B IE
ECHERE S LA 721 Tlid 7% < (Ilevbare and
Taylor, 2013; Mosquera-Giraldo and Taylor, 2015),
YR T /KA DEFEY D) ==L LT
AR 5 & THEY ORI & B i 12 S
T5 2 EPHME SN TW S (Indulkar et al.,
2016; Taylor and Zhang, 2016). L 2L, ZEWIE
e T KRR ASD (2 & 2 IR 235
PR IR AR 72 3% <, RT3 RE
LERM NS 7 ST v, 2 2 TR
e ClE, JEEE T/ R R ASD B % wx
AL, IR HURE D 53 FEEE DT 5 £ DfE
WIS GESE L EEmICHO A T2 22 H
ARG 24T o 7z

W% A&

L BURHR

E7)VEY) & L T fenofibrate (FFB) & V%
EAb#HI & L T hypromellose (HPMC) % Fiv 7z,
FFB . " HPMC &= H &= £ 1:9 ® & & T,
dichloromethane/methanol = 1:1 (v/v) HRIZTE
fiff 720 B O NTZERIZ OV TEFR R 1T
v, FFB/HPMC ASD % # L 72. 57k
KD WT, BR X #EPTHE & 1T\,
FFB O k& B 1L % #E72 L 72. FFB/HPMC ASD
J& U° FFB/HPMC ¥ 22 19 & & ¥ (physical
mixture; PM) % FFB 2% 1000 pg/mL & 72 % &
IS U ERARE AP AR (PBS) 12

% Z & T, FFB/HPMC ASD &% ¢ % OF FFB/
HPMC PM F& 0 % 1572,

2. JEANELF 2 BT R il

FFB/HPMC ASD |22\ CTE) 896 #HL = 12 &
B RLF-EE 53 A 8 M OV ARG o7 8 B B - SR A8
(cryogenic transmission electron microscopy; cryo-
TEM) HIEZ & 2 BB 21772, AT,
FRRE DWW TR GBS X 2 b S MRl
iro 7.

3. FFB RO E R

BRI L 7ok 2w BRI X )
S, b o FFB S 4 HPLC % W
TE=LT.

4. FEMEF 2 W F 5 IRRE R

DO ZHWCHELAPBSIZF I AN Y 7
NN & L T trimethylsilyl propanoic
acid (TSP), = HWNEEEYE & L T maleic
acid (MA) # ZNENMZ 7. ZOEWEH
W CH IR @ 53212 C FFB/HPMC PM % UF FFB/
HPMC ASD il & 3 L, 37°C 2BV T4
SEEL O "TH NMR AX7 ML a2 HU% L 7. FFB
BXUMA E—27OMHELD?S FFBIRE % H
L 72,

5. Insitu —BEG (single pass intestine
perfusion: SPIP) %1C X %5 FFB WISl

v N &\ 72 In situ SPIP 12 & 1) &880
75 O FFB /MW 2 17> 72, & T,
HILEN COIERE FFB F / f 1 O WL ZS &)
% A9 % H T, Nilered (NR) 7k ASD
EEW T T v MBS L, 2.5 BRI S
R A NVIN R T A DA Tas A DYATAN 1 NI
THE ST L — % — B (confocal laser
scanning microscopy: CLSM) % F \» 72 @Bl % %
1To7z.
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B R

1. FFB 7+ 2 }i¥- Okl

1a |2 1& FFB/HPMC PM & U FFB/HPMC
ASD %38 ¥ O i G B S I % & 7R 5. FFB/
HPMC PM #& W Tl&, um + — % — @ FFB
E D33 B L Cva72—7, FFB/HPMC ASD hﬁfﬁ%
T CUEAG 1 % 7R S 22 WERIR OWE 3B 52
7. EJJE‘J;‘::H&—EL&%}ﬂwtm%«iﬁ%mﬁlE%
1T - 7= #& F. FFB/HPMC ASD & & W X
161.0 nm O FIg¥; £ % 7~ L, FFB F / AL+
DI FED b7z 1b 127~ L 72 FFB/
HPMC ASD $&&{HPD cryo-TEM {745, 100-
200 nm F2E DO WIHERE ORIk T S .
NS DOKFEH, S, FFB/HPMC ASD & |2
BWITFFBIERHE S /KPR E N2 &
AN

v

2. FFB #ffEOER

FFB/HPMC PM %% & i ' @ FFB & it = (&
0.23 ug/mL T & - 72— 77, FFB/HPMC ASD
W O FFB 1349 1.98 pg/mL Z 78 L 72,
FFB OIS B AL IZ & - C FFB & R & 7% 8.6 1%
3% L, FFB/HPMC ASD &% |2 3 \»C FFB
A FAARIREEZ TE L T b 2 EAVREN
7z. FFB/HPMC ASD #/%i{ Tl, FFB %° Liquid-

a FFB/HPMC PM suspension  FFB/HPMC ASD suspension

‘ 100 nm

Fig.1 (a) Polarized light microscope images of FFB/
HPMC PM suspension and FFB/HPMC ASD
suspension. (b) Cryo-TEM image of FFB/HPMC
ASD suspension.

liquid phase separation (LLPS) % #2Z L FFB i
MHAE R L CWbEEZ NS, L722- T,
FFB JF &t & F / *ﬁ%fﬁﬂfﬁﬁ}z L T\ % FFB/
HPMC ASD & 12 BT NIV 7 DK
@ FFB {# & (X FFB @éF%%ﬁ@ﬁH@fﬁ%é
NTWB EELRL .

3. VA 'H NMR &

X 2IZFFBOFHFHER 70~ » H kO NMR
E— 7 SR8 6 1L A (KRGS 5HIS O NMR A X7
N VDL KK % RS . FFB/HPMC PM #& 1K C
X FFB ICHIKET A 'HE -7 IZFBo 6N o

o A A SRS I R AU — AU F-AH
1’?%6;& DHE—Z %L 7u— L,
A NMR CUEBI S Lz v, iz T, FFB/
HPMC PM %81 TIE/N )V 7 ORI VERR L 72
FFB %% (0.23 pg/mL) %% NMR O # i BR 7 DL
TCTHhol2728, FFB Y — 27 BB S ho
7oL E% 7. —7J, FFB/HPMC ASD /&l
I2BWTIE, FFBH®RO 'HE— 7 »@Big s
7z. L7 L., FFB/HPMC ASD %% ifi v (2 VA %

FFB

H3C CH3 CH3

FFB/HPMC PM suspension

7.6 7.4 7.2 7.0 6.8 6.6 6.4
'H chemical shift

FFB/HPMC ASD suspension

HS, HI2
—222 0 HI3 H7

M

7.6 7.4 7.2 7.0 6.8 6.6 6.4
'H chemical shift

Fig.2 'H NMR spectra of aromatic region of FFB in
FFB/HPMC PM suspension and FFB/HPMC ASD

suspension.
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LT\ % FFB i 13# 2 pg/mL & NMR OF#H
JEELITCTH A28, NMR A7 FLIZBW
T 5N72 FFB ¥ — 71380 7 OKHIZ
fEL72FFBICHET 520D TIE L WEE RS
N7z, \EOWMEIZB VT, KB CHAEE
AL S L7 o T AwRBIRE (T,) 25
WEE L) IRV E, s HIREE IS 5 3
WO HE— 7 PEBENMR TBll S s 2 &
MR & AT\ b (Ueda et al. 2019; Ueda and
Taylor, 2021). FFB @ T, (-20°C) 13l 52 i £
(37°C) & H# L T+ 4 121K <, FFB/HPMC
ASD B TRl S5 N7z FFB ¥ — 7 I3RS
FFB F /K. FH D FFB IR T 5 L £ L /2.
Bz <, FFB/HPMC ASD & l2 BT, JE
i & FFB 7/ R IZH2k$ % FFB ¥ — 7 Ofi
FEE 2 5 5 L 72 FFB 2 1 995 pg/mL T
D, HEARERE IV FFBIEE 2R L7z, L
F oS X ), FFB/HPMC ASD % & i if O
FFB (2 K& A9 FFB F / fi1-& L Cor
BLTWBZ EATRENT.

4. In situ SPIP :12 & % FFB WIUH: SEAM
JESE FFB F / #717° FFB Db E WU

IR B TREZ BT 2 HT, 5y MNEEx

F v 72 S ISR & 4T o 72, 3 |2 FFB/

—8— FFB/HPMC ASD suspension

Plasma concentration of fenofibric acid (pg/mL)

0 0.5 1 1.5 2 2.5
Time (h)

Fig.3 Plasma concentration-time profile of fenofibric
acid in the in situ SPIP tests of FFB/HPMC PM
suspension and FFB/HPMC ASD suspension (n =
3-4, mean = S.D.).

_3] -

HPMC PM %% % i Iz U FFB/HPMC ASD %% i
5% @ FFB O i A ¥ T & % Fenofibric
acid D MAE IR — e[ 7’0 7 7 4 V&2 IR T
FFB/HPMC PM %% & HL# L C, FFB/HPMC
ASD 8 2> H O FFB WU ME I BAZE 12 2ess L
7z. FFB/HPMC ASD #&3% i O I 4% Hh R FE — Iy
M7 a7 7 A4 )® Area Under the Curve (AUC)
|Z FFB/HPMC PM JHE & Foi L CH 37 f5 &
WEE R L7z (R, 9y MNBIZBIT A
FFB OWIN flux % 5E = A9IZEHi3 5 HYT, 2-
U= XY FNETFNEHOIENT 24T -
7z. FFA OF RN H. 0¥ 5- 7% O LY E g/ ¥
A—=%ZFHLTHE L7 FFB O B D&
BRE (U, %FI1IZRT. FFB/HPMC PM
SRYEE & i L €, FFB/HPMC ASD % & i ¢
GHED Sy, 1379385 B L 72, PLEORER LD
FFB # 3 FIIL I C & ) FFB O W A B 3%
e 5 2 AR E N,

5. AR ASD BRE & BV 7z FFB kS
BRI A Gl

NR % i\ CTIESE FFB F / R T % a6 Rk
L, NR G ASD & 2 3 L 72, X 4a-b
121X, NR £ ASD &R & UF NR BE x5
H O /NG O CLSM Wi {5 % 7~ 3. NR 125
ASD i K OV NR BB 5- 8 12 B W T,
NR O HEICHV N FR M D F-7 7 F > K O
oM OMBBEIZFED bz, 72, Mdcll,
NR % " Hoechst O #& 8 B 7> & 5 L 72 #HE
WART. NR OFME L NR 8 5-5
& JLEE L C NR 5% ASD BB % G- I2 B W
THEICHGWZ EAREN. D EOFERLD,
JESLE FFB 7/ R I2H A & 172 NR 29/

Table 1 AUC of fenofibric acid and apparent flux of FFB

(Japp) calculated from the plasma concentration-

time profile in SPIP test (n = 3—4, mean = S.D.)

J

AUC -h/mL app
(ng'h/mL) (X 1073 pg/em?-s)
FFB/HPMC PM 0.20 = 0.04 0.41 £ 0.04
FFB/HPMC ASD 7.48 = 0.10 15.65 = 4.87
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0_

-0.1

Integrated density ratio
(NR/Hoechst)

NR labelled-ASD suspension NR suspension

Fig. 4 CLSM images of intestinal tissue cross-sections
after 2.5h perfusion of (a) NR-labelled ASD
suspension and (b) NR suspension. NR is
represented in red. Cell nuclei were stained with
Hoechst 33342 (blue) and F-actin was stained with
phalloidin-iFluor 488™ (green). Scale bar =
100 pum. (c) The fluorescence intensity ratio of NR
and Hoechst 33342 calculated from CLSM images
of intestinal tissue cross-sections after 2.5h
perfusion of NR-labelled ASD suspension and NR
suspension (n = 24-28). **p < 0.01.

LR MR SN2 e E R S, JEAE FFB
T RA-DER NI ZH) A E T2 2 EHURIZ
Shie.

6. BE

7 v b & H\v7z SPIP iR D 4% R X V) FFB/
HPMC ASD &&. 72> 5 O FFB /INGIPGEE 1%
FFB/HPMC PM %% & Hi L TRy 38 fisch st
L7z, — MBS BRI & 2 3 Bk
() TR K9 2 SR T A LA R A
L 7= e lc el 9 4. LA L, FFB/HPMC
PM & & g L 72 B FFB/HPMC ASD #%
T O FFB & O 138 8.6 5 TH
0, WGRREECEE R & I L CHEE IS/ S W E
Tholz. —F, KWFEIZBWT, FESE FFB
TR EE M F MR L DI AE T
WA ZEATRIBENT WA, /NGB 53
WGRERS & L C, Yo ifRiicmz, =
R A~ =3 2% L7 REBDA 20 W) L D) SA A
BBPHET S, Pz REHZZ Y KA
M= AR E LCTHIONS 7 T A YA AEM
IV A b= AR RF TIAERET S R
A F=2Z0E, FEIH 200 nm LLT 0RO
WY AARIHEGTLIEPRESINTND
(Rejman et al., 2004). —F, ¥ 27 0¥ /A h—
T AD & E pm DR O AA R 17
9 % (Lim and Gleeson, 2011). 3JF &4 & FFB
F KT ORTFFEIL 100 ~200nm T > 722
ED, INHLDOIY R A b= ZAREHE N
LC, JESLE FFB F 7 K125/ NG 0 & BT
DIAFNZEEZON 0L ICIEHE
FFB 7/ R F I X EEHAL Rl % A L THLY
AF I, FFB ORI A SET 5 2 L AVURIE &S
nr.

FEA B AN X 5 B EESEY ORI
X, EEYBBM ORI X BB L7z
WINSEDEECTH L EEZ LN TE. A
2 CH 72 FFB O i Kl (IE & E 5
B/ AGRTEIRRE) 3R 86 fETH D, BEITHR
&SN T L EKEVESEY OB R 5
PO TRBREED D OHNEL Vv (Almeida e
Sousa et al., 2015; Indulkar et al., 2018). ¥ o
Kol b A HY IR AR B EE R TR O 3
ISR A S & R L 7 SR AT R O

op
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Flow Based on Particle Characteristics

Wi%efi %% Researchleader: JEIE  2—HR Koichiro OGATA
Ko TSR PSR TR Bz
Department of Mechanical Engineering, National Institute of Technology, Oita College,
Professor

E-mail: k-ogata@oita-ct.ac.jp

Wk

RIFFECTIE, IIEREH BRI & > TR OB & B ITT R TR RE 2 A L. %
Bcld, W EEMEENRELSL S5um & 16um DY) BHTB L8 um OEM Z 7z, 74
IR V0 (B (7%57)) LEHoORARTEKICE) CRili L, TREIEIZHEAIRERH 24721
DO ARE HE L EEREEOE OB S L 72, S 512, IEEHRBEOREE S 55 A
FBIUONY S —LF xA—8 —ORIEFR LB L7z, TORKE, RFEIVNSWI ) HIZBWT
VDT L, WEMEASEEN TR SNz 72, AREORCEER MBI L, HE)
MHEL R DI Dotz INOORENS, FTESLHEE R &R T WD IEROA EE
RSB R G525 ENHLNE B o7z INZT, IEREH RO & B O FH IR
MR CTHRBOEMAR SNz, 2O Lb, LB RO B & RBIE O R0 —
DLLTHATELEEZLND.

ABSTRACT

This study investigated the effect of the particle properties on the flowability and the cohesiveness of the pow-
ders using a test of the powder discharge by air pressure. The particle used was the silica particles of 5 um
and 16 um, and the quartz sand of 8 pm. Cohesiveness was evaluated by the Bond number (Dimensionless
quantity that expresses the ratio of separation force and gravity). Flowability was confirmed by the mass flow
rate of the powder and the air pressure during the powder discharge. The obtained results were compared with
the measuring results of the powder tester and the powder rheometer. As a result, the cohesion of small silica
particles was high, and the flowability tended to be poor. In addition, it was found that the cohesion of quartz
sand with low circularity increased, and the flowability also became poor. These results clarified that particle
physical properties, such as particle size and circularity, affect the cohesion and flowability of powders. Fur-
thermore, the results of the powder discharge test by the air pressure and the existing evaluation test obtained
similar tendencies. From this, it is considered that the powder discharge method using the air pressure can be

applied as one of the powder cohesion and flowability evaluation methods.

—34—

Copyright © 2023 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 No.30(2022) 34-39

Research Grant Report

MEEE BB

WAIEZTM, b5, A, Bk ETER
D4 RGBT CTHH SN TS, 3 ER%
B3 5 2 & THEmMBESHEA L TN
METELREDFEEETAH720THD (N
5, 2011). L22LZad 6, MRk FEH070h
S ERTAIAER T AE IS L TR
DB IR E LR, FEESEINT
B EDMENTWS AT (i), 2006).
Bz X, EEREE A aek v 28— o4
fa 9 HEETIE, AR CORIE DR ZES,
ERDBRR A S 228 MICm T 7o v v v 7
EVo e NTTNEELL, ZO0, BikE
NV R YT B BRI R W o0 B A
R, WIRRENZ R L LT TAEN L G35
CLEEELRETHLH. 2T, MEERE
AT Ao K E RRORNEEZ S L,
EEDOFTTAREOBEIZYI2MER L TAUT
EEBICHEIT A, o, WEMERAEOT
B2 IR RICER T 2 1R FECARIER
ZE L 7CmEEHMlio HE e T 5 2 LIdEE
ThHhbEWR Db,

RO TEINE A FHI T 2 ke LTEL DN
EAEET 5 (Matsusaka, 2010). 2 O H1 T,
Carr (1965) DOULEIETR L & Wi 155 AT
BEHELSHWSENRTWS. F72, T4, /8
YA — Lt X — % —2 X BEN L REE R
17 EDOFM (Freeman, 2007; Freeman et al., 2009)
DEIATHOILT L, LIPLENE, Ihb
DFHIETIE, Bk U728 R ICVER 3 5 Z2B i fk
FE AR ARG BIRE D 22 R 58 % Z g L 7 TR B Rl
HENTELT, KAite & b IZIRET H0%E0
MEMEORHE & L TlEA T EBbs. 2o
7o, MERBICER ML TEY) 74 A5
MARZIE S5, IEEEEEHWT, BE
VAR 2R R I O 22/ %2 Z 58 L 720k
BB L O E ORI % 17> T &7z (Ogata
and Ouchi, 2017). X 512, B EOFEIMEICIE
BT ERR T IR G E ORI R 2 5 2
LTl HOENTWS.

Z T, ARWFZE TR %2 TR -
FERIRDE L 5 2 IO L) 71 L EHRS O
FEBRE ATV, W EORBIMER A E I KT TH
R DB A L 2R E RS, S 512,
IS FT AN K B N R iR A 1 O
i, BLONRNYF—LFA—F—|2L587%
BN A E ORI & DI A 1T - 7o R %
ZNER

W% A &

1. fEHTR ¥

ARWFFE T, WAROTREIMER B RIFT
KPR B2 RS 5729012, PR &
EMEDS: % 2 TEHD ) 71 L E &
L7

12, KR THEH LD B EEDORN
TWHEERT. RERTIE, PR TEIEIL—
HF— [\ Aok A E R E (MS3000, <
WoN—= 228G ) T 4 HOVEL)  FHIEZEE LR
KAl E 2w (Morphologi 4, ¥ L /¥—
YRF)TAANVE) AHCTHELE 22
T, SLIZY U7, QSIEMZE®T 5. Fh
D x, \Z WAL THE L 72 50% FLF£E, p, 134
THEE, y IAEEZRT. DT, KifhE
HFTlE, ook % SI-5, SI-16, QS-8 &
-5,

HWEMERELD, ) hOR T3 52 um,
16.4 um C, MIEEIZZ 12110935 0985 T
HY, HEIENENWZ L, —F, BSORT
13 8.4 um, MIEREIZ 0903 THY), U h &
D HERILEIMR KT TH D Z EDTH5.

Table 1 Particle properties.

Sample  x,[um]  plkem v []
SI-5 52 2200 0.935
SI-16 16.4 2200 0.985
QS-8 8.4 2650 0.903
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2. VRENE K OV G PR oW

ABFZETlE, BIEI TRz X912, KFER
KT TIRDER T R E HNT, Shbo8T
A= DPEERA A RS 2 5 B 2 il
HZEEHAME LTS, 22T, KREITIL,
NG FTF A ENT T —LF A—=F =% i
TEENE N OB EDOHIEIZ DWW TR B,

9, ORI TIE, 75T AY (PTX,
wUATIsa ) ERHWC, REBR RO
FEOREERITo72. /X7 ¥ T A F1L, Carr D
DB TR E & R PETE . (Carr, 1965) % 2
TXLEETHL. NI TAYTHUETES
BARR 20 HH I, ZEA, EME, A3 2
T, BEERE, B, R, £, 050
PSR, HONIEE, H—ETHLH. Kif
ZeTIE, 2H D) EEMIIH LT, ZR
A, EMEEE, ANF oI LEERETHEL T
MEER R KD F7o, AEMEORHGE L
THEEEEDMEZ V72,

WIS, RIFZETIE, 75 =L+ A—5—
(FT4, Freeman Technology #) % H\»THAD
B e B R 2 AT o 7. REEISE OB
7B, AW, NV 7 R e T
X LHETHDH (Freeman, 2007; Freeman et al.,
2009). HMIEEH & L CIEREMklEr, fids
1LatlR, HAEER, & AWTEER, BER R,
JEAE SR, EEPERBRSH ), RFEETITE
AWTEBRIZ X 2433571 ORI E & s o FF %
iTo7z. HAWNERTIX, TANREBH LV
MW THERBIZ—EDMEZAT, EEISZ
Mz 7-IREETHREZEAR L7 L EOF AN
JEH 2 WE L7z, ARERTIE, e L - EEIG
T & AWNETH S BEE ARG & € — )V &2 AE
WL, Ehevu—77r 7 araHliL
7z.

3. AN AR

RIFFETIE, B AR O B & R 25T %
e L Otk e i3 5, IR HEER 2 Hv
TRILE & B IRENT 2RO F ML L Ok

Table 2 Experimental conditions for the powder

discharge test by the additional air pressure.

H.
i _ - -5 m3
Sample [mm] & [-] 0,= 0, [107° m¥/s]
SI-5 95~99  0.634~0.649 1.67~6.67
SI-16  71~76  0.428~0.461 1.67~5.0
QS-8  84~85  0.657~0.661 1.67~5.0
ORI = 17 - 72.

%18 (X BEH (Ogata and Ouchi, 2017) & [AlERIZ,
A 50 mm, &S 150 mm OFEH7 7 ) VELO
WRTFECATR E 2 O B L IR 3T 7 225t
FRER B & OBMARBIGE CHRERL L 72, 2245 iERG 50
ERMEFE T AT BN IIH IR B~ E e 2R %
AT LH7-0OIEES 6mm OF ¥ Y NA &R E
L, BEREFOFRINIHELE 4mm O Y
T4 RARRBRT T BREICIEI T Ly ff
ML, ¥ 2E5i=ld~vA 70 -3 b
O—J CiE L7z, FEBRTIX, MR
¥ 5 25ET ERpkoEbEZE£ ok
0— R CTllEL 7.

T2 ITHIE RO ERSME 2R T, RE
ERCIImERoOMIFTCTARE M, 12 150g & L7z
ZHOH ZINIBEBORES, ¢l 3HhEED
WIHHZEREE, O, & O, XA O i & EERIC
s L -5 EE £

A% Bk R

1. Btk

K3 FTRAY (PT-X) &\ ¥ —1L
F A —%— (FT4) 2 & BEEE LAFE T DN
EMEZRT. £HO C I PT-X 12L& B EEE
CIZFT4 D AMRBICL LMK TH .

Table 3 Measuring bulk cohesion using PT-X and FT4.

Sample Cp C [Pa]
SI-5 45 136
SI-16 16 59
Qs-8 84 304
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RKIFZE D AKIERER TIEFE 0.5kPa & 52 C
HE L7z

KLY, RTFEDONS SIS O EERE
BILORE NN 2@ AR oNE. i
&, KT EOMA L & D ITHFFEESHEIML -2
ERFRLTWDLEEZLINLS.

S 512, FTEDFEED QS-8 DfF%x R
% &, SI-16 R SI-5 & ) b &R L E IR
ECWINT A2 L MERIN. 22T, £l
TRL7zE I, HE ) 7 &L THE
ERERWEEIESNTWES, 20720, QS-8
THAE DM L 728 R 121, M OMEED
HELL-oOTRZVW LIS NS.

WIS, IERE T, BR OB HBRAGEEO
JEJ) % TR B ORI 2179 . AWFZETIE,
W B IGRF O ET) py & EBET — 7 B3RO T
RV N Bo #HM L, fIEMOFNZ 1T - 72.
Ry FEIEENICHT L2058 HOLTH D,
DToXTcHl &5 (Ogata and Ouchi, 2017).

A _ 6p;
F,  ppgx,(1-&)(13.8—175-232(1-¢))

g
(1)

2 4 \TARFEBRDOPNEAE 2> & 3K 6 72 W HY B 4R
DIARIE DIELEET] pg &R > N Bo ZIRT .
FLY, WTEO/NE S5 D)8 SI-16 121
RTCHVWENER-> TS, 512, HEERN
v QS-8 DJE T4 SI-16 X SI-5 12 H~_ T <
o TWwWh, INHORRIE, £33 TRLAS
TEFAZEINT T =L F A —F — X D
JERAF AT OMERRE L OISR O S, K
2, Ry FEE LB % LR RO/ E v S5
DS IR Y FEOMEA SI-16 & Lz L TR E L

Bo =

Table 4 Initial air pressure at the beginning of the powder
discharge and the Bond number.

BN A@EmEaRLTBY, IMFIZBWTH
EUDE NS DS h D, £77 QS8 DAY
FEUE SIS & RO AR, [
WEEZLND.

2. B0
5128057 25 THlE L 72 Efa i
FW kIS ¥ —LF A—%—TClllEL/-70—
J7 v vay FFOERERY. ZIZT, FW
& FFOfEIL, EOMEPEIZ SRBIEA RV
EWVWIHEiiE B 22T, 7A—T 7y YT
IR TERS NS,

FF=0,/0, )

RHFD o IZTEFE=NVDOIRTHP SO N LK
FIBTI, o \ZHBEMEIRE TH 5.

FXD, S5O FW L FFIESI-I6 DIE XY
bR Eh s, KAFED/NS SIS DFH,
BT EEDTK &\ SI-16 & LB L T B A E
EWVIRERPE SN UL, B TRz
BEEEEEL TWLEEZLNDL. E 51T,
M EE A QS-8 D FW & FF 75 SI-5 % SI-16
WL TIRWEZ ALY, BN 2 & A3
fERE s 7z,

B 1 AERE S & B BRSO — 1 &R
3. AWZETIE, B (Ogataand Ouchi, 2017) &
FEARIZA ) 7 4 AH 5 OMEE HE & RIS
YER 3 2 ) O BARD S AR O T sh % % 5#- L
7z, BHIZIE SI-5 & SI-16 O HATHER S 72 1) oFy
PRI my, &R IR O A 2R E I D)
W Puwe® 70y FLTWE. 22T, MHDHE
TNIH AR EER DT OWEME 2 T W 5.

MLy, ZLDIE52XERONE DD,
KT RED /NS SIS IR Z I 572012

Table 5 Flowability index and Flow function.

Sample p, [Pa] Bo [-] Sample FW -] FF[-]
SI-5 497 17559 SI-5 37 22
SI-16 283 1225 SI-16 54 4.1
Qs-8 765 15485 Qs-8 21.5 1.2
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Fig. 1 Relationship between the mass flow rate of
powder and the square root of the averaged air
pressure at the bottom of the powder bed for SI-5
and SI-16 particles.

EWENPLEE 2o TWAEI LRGN 5E. &
D ElE, RO/ S\ S5 OB
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INHOFRDE, MEEHERIZ X 28R
ST FTF AT D FW RS F— L A —% —
O FF ORIER R E—FLTBY, IEmRE
& o TKILE & b IZHENT 2k omBhit %
MY A2 LR THDLENVZ D, S5,
TR IR E DI R O A LT BRI K &
LB ES LI ENHLNE T

3. %0

AWFE T, MEEEEERIC L > T2 @D
) N LR OAF A L BN ORI % T -
72, ZORER IRF D) I ONEEDE L,
MEEDE C 2 AEHADR SNz 72, M
FEDIR BRSO AL, B b EAL
THZED G ol INSDRERNS, KT
BRMEED L5 ek T s R o<

— 38—

MEMEICEBE 2 525 2 LN E o7z,
SHIC, BoNTERE T T T Ay LNy
F—LF A—F —Of R L L, TR R
B & BEAF O Gl ER TR ORE 0T 5 7z,
ZDOZENS, BEROMENESCTHEIED R
Fo—o2E LT, MEEHEZEHTE S L%
ZAoN5b.

S 3k

Carr R.L., Evaluating flow properties of solids, Chemical En-
gineering, 72 (1965) 163—168.

Freeman R., Measuring the flow properties of consolidated,
conditioned and aerated powders — A comparative study
using a powder rheometer and a rotational shear cell,
Powder Technology, 174 (2007) 25-33.
https://doi.org/10.1016/j.powtec.2006.10.016

Freeman R.E., Cooke J.R., Schneider L.C.R., Measuring shear
properties and normal stresses generated within a rota-
tional shear cell for consolidated and non-consolidated
powders, Powder Technology, 190 (2009) 65-69.
https://doi.org/10.1016/j.powtec.2008.04.084

Matsusaka S., Flowability tests for powders, Journal of the
Society of Powder Technology, Japan, 47 (2010) 545—
553. B, By RO UREN LSRG, BT
AE, 47(2010) 545-553.
https://doi.org/10.4164/sptj.47.545

Ogata K., Ouchi K., Evaluation of flowability of cohesive
powder using test of powder discharge by air flow, Jour-
nal of the Society of Powder Technology, Japan, 54
(2017) 460-469. &I A—HB, KA pebf, Z2&Riiic
L B WL Z T 7oA A AR IR O S B P O FTAf,
IR TL2E43EE, 54 (2017) 460-469.
https://doi.org/10.4164/sptj.54.460

PRE He55, BRI (), WA &5 S REd,
AL R, BT (2011), ISBN: 9784627241817
<https://www.morikita.co.jp/books/mid/024181>
accessed 18042023.

WL (), SAHR KT8 - o0k - SrBkEE
U R Lo 0 553 %), HPI LML, wut
(2006), ISBN: 9784526055805.
<https://pub.nikkan.co.jp/book/b10019648.htmI>
accessed 18042023.




Hosokawa Powder Technology Foundation ANNUAL REPORT No.30(2022) 34-39

Research Grant Report

H4 BB F &k R

188 - BA ¥ =%

AR BR, BHE ORE, B A—RE TN
FEME 2 O 7o R O B & A& 112
ST RA-1E & 22RO E, %27 BT
g - T Taky vy Sy VR Y LG
i L% (Online, Dec. 16-27,2021) 44-45.
. Ogata K., Ariga D., Tsukuma S., Hirose Y.,

“Influence of particle size and void fraction on

—39—

evaluation of flowability and cohesiveness of a
test of powder discharge by air pressure”, CHoPS
2022, 10 International Conference on Conveying
and Handling of Particulate Solids (Salerno,
Italy, Jul. 5-9, 2022) p.138.

M K, BRI R, B S—/F h
OB & AFE M AT TR ED R

2 HARHRFSBEHEILY ¥RV 7 4
2022 #{# L4 (Online, Aug. 19-21, 2022)
E0064.




NS
(o)

N2 AT
BT RE

X
Mol

Hosokawa Powder Technology Foundation ANNUAL REPORT No.30(2022) 40-45 /https://doi.org/10.14356/hptf.20103.v1

[ HPTF20103)]
F & VR FE 2 ECRILW DN A F SIS 5 e
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W

WMHff7E 7V — T THBUSEE L T b PAA-TIO, NPs 1, in vivo 2B W T —EHMER ICER L, ik
IR R AR L7220, JERDANVCOBR O MR SNz, £ 2 TRIFETIE, FESYFToOERN
#lxz B L, FlzshFoiiEfitlomsziTo7. BEAWIZIE, 7R cafzEHT 5
Glucose Transporter 1 (GLUT1) # Ry & L7z, K1) 7 =/ — VELHERTH % a-Glucosylrutin (RutinG)
s L7z mER LT ¥~ F /R F (RutinG-TiO, NPs) OfE#IZ) L 72, RutinG-TiO, NPs (2 i,
PAA & [RIBRIZKF- 50 f2 4T ) BERED D D, WU HE AR & B0 5 Hy0, DRI 2SHERE S L7z,
FIZIE, in vitro THUESHEIERI R ZFFOZ L 2/R L, GLUTI R % BRE) ) & L 72k F O MABELY
AR EIGIN & FERE T & 72,

ABSTRACT

Our research group has successfully synthesized polyacrylic acid modified titanium dioxide nanoparticles
(PAA-TiO, NPs), which are titanium dioxide nanoparticles (TiO, NPs) peroxidized with H,O, and modified
with PAA. PAA-TiO, NPs retain H,O,, which increases the radiosensitivity of tumors, inside the particles and

release H,O, slowly into the dispersion. In vivo, a certain number of PAA-TiO, NPs accumulated in the tumor.
However, accumulation normal organs was also observed. In order to improve the retention of TiO, NPs in
cancer tumors, 0-Glucosylrutin (RutinG) was investigated as a new modifier to target GLUT1, which is over-
expressed on cancer cells in this study. RutinG-TiO, NPs were prepared by following procedures: (1) Coating
TiO, NPs with RutinG, and (2) Adding hydrogen peroxide. RutinG + PAA-TiO, NPs were also prepared by
adding RutinG to PAA-TiO, NPs. Next, to verify the radiosensitizing effect of RutinG-TiO, compared to
PAA-TiO, NPs, the amount of H,0, adsorption and desorption was quantified by the chemofluorescence
method. These results suggest that GLUT1 is involved in the subcellular localization of RutinG-TiO,. RutinG-

TiO, NPs assumed to be used as a radiosensitizer by active targeting in cancer therapy with X-ray irradiation.
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MEEE BB

LfgE 7V — T THW WL EEE LT 5~ F
J ¥ ¥ (PAA-TIO,) &, —ERILF ¥ v R 112
KU T 7 IVER (PAA) %56l LTIl Cmisr
bzt 7-0b, BRIKFZELERILEES 2
ko THEONLRTTHY, BEILKkEE
FNN) —=F 52 EDTELMFRMOKTTH
L. BUE T CTICAHIE 7V — 7 TIREITIFZE IS
BT, g~ T AZREHIRI G S 172 PAA-
TiO, (X T VIRASANES - —E SR L, gt
WS R E /N AR L 722 & % in vivo 12
TR L TWwA M PAA-TIO, DBRAEM: 134 T-5
HZWAE L 72 HyO, & HUB#RIC & 0 B L 2 i
% (ROS) KT AHEEZLNTWA. L
L7 H 5, PAA-TIO NI IES D13 2> 12T %
IR L LMozl b EREA 6N L Z &8
birolz, TOZ LS, TO, DEEEILKFE
DR R LoDb, ZORE % Rl
TLUEDRH - 72

W EGNOREN Y — T T4 T DL
Y—D—DL LTI NVI—ANT VAR—¥ —
(GLUT) H»ZF 5N 5. $HiZ GLUT1 O388 1L
el e 72 &%  OIERMIE CHER I T
BY, FIvr7F)N)—ns =7y e LT
% OWEIFTbN TS BB ZnF Toff
FEICBWVW T GLUTLIZ 7 Vv a— A 7217 T <,
HG7 b—ART ) — A% ER e R O
OFEREYF Y FE LTEELTBY, F/
K2 en o o256 L, RREINSY —7 7«
> 7% BIRTWIEDSIETR & o T WL |
"L, €T /KT 2SR L f
S5 B FBHR 2 HE e L3 5 121385
DB AT v THLETH ) O f{ER A
7 v T THERLZ ZR T 5 BTS2 &
SNTW5,

F RF O RREM OERIEMOFEE LT
WAERY) 7 = /) — VEHER2NER S Tw 3.
ZOW T, AW THH L 72 o-Glucosylrutin
(RutinG) 17 IR/ 4 FHR7 5K/ —VHED
)Vt F » (Quercetin) FLHERTH 5 IV F »

(Rutin) %, MEEBEHEEZzHVLZELTr Y2
WAL L 72 E TH . Quercetin (TN ¥
DY G 2 ODKENE FaF 3L E S
NitiECThHrhra—VEEELTHE. =
DV DOPDORY) T /)= VHhFEOohFa—)
W& 1L, Israelachvili 512 & - T, KHIZBW
THkA&E, 7 3Iv o, GH0R) ~—K@
BT AHZERHORE > TnDH T F 7,

RutinG (771 2 2 WVALIZ & » TEHWIKE N %
HLTBY, Kb THBEEO &MY %Dt

EV%F 0 TAY = ERL, SEEERED
LERENHLEHLNIZH > TWE, HIZ,
RutinG C&F /ff %I —74 v 7 L72kKT
2, ZVvay RE= Y /¥ RIigat L CRRRY
WAEx BR300 3) v ADBERN L
EPHERINTWE B nsofifrs,
RutinG & TiO, NPs O 7K 5 VA 1 i o 43 itk o 1
PRIZE 2 EPRFFEOEH &, 7V asy FED
~ v /¥ FEC & A GLUTI ERfE ) % £ 5
TEBhEfAFIE L THEHATEZ 2 EEZ LN,
PLE & ) REFFETIE, TiO, NPs D45k n{H
P& & TiO, NPs D HS ASEE N &% ) F S &
%728, a-Glucosylrutin (RutinG) #15£fi#] & L
THE L7, RutinG CI—F 1 ¥ 7 &%
fbtFs v F 7 RFx Ty ATy 7T TREL,
H,0, % #fefb &% = & 12 & 5 T RutinG 15
wigfbF % >+ ¥+ (RutinG-TiO, NPs) D7
% HI5 L7z, KIZ, PAA-TIO, NPs & RutinG-
TiO, NPs D #fRAL K F i &R ESFED N7 v
)N — 2B B R LB L, TiO, NPs
DOI54iH & L T RutinG 2% TH 5 2> % Bt
L7z. £ LT, RutinG &£ X % TiO, NPs ®
GLUTI # IR O F % M5 L, RutinG-TiO,
NPs 2SHEBNN & — 7T 4 ¥ 7% 4TH) T L TE
LRSS & L CHBETH 2 0% i %
ZEERHBE L.

i A

1. RutinG &fiiBgILF ¥ > F 7 K1 DFEH#
RutinG 1@ fR{LF ¥ > F /7 fi11%, DT
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DOFNMENZFE - THREZE L 72

1) RutinG 100 mg % 7554 7K 49.5 mL |22 L
72 KIBEWIZ TiO, NPs 0.5 mL % % 27 4 F v
JAY =T —THRIELZPHMZ 7.

2) 3,000 MWCO OREA A7 4 Vv & —I12H#
L, ZZHKTIRA A8 (5,000 X g, 30 min)
% 5 [EfT o 7.

3) ZOHPBS HIRML, il 7-# DK
L % RutinG-TiO, NPs & L 7-.

4) E#L L 72 RutinG-TiO, NPs |2 30 wt% O jt%
Atk FEZ | mL L 7.

5) 3,000 MWCO DR A58 7 4 )V & — 128
L, ZHAKTHE A8 (5,000 X g, 30 min)
54T 7.

6) ZDHRARE K% TN L L 7235 0 0 N5
i % RutinG-TiO, NPs & L 7z.

2. PAA-TiO, NPs } UF RutinG-TiO, NPs ®
e

1) DMF 48.75mL & PAA (M, =1,800) % 180 mg
F 721X PAA (M, =5,000) % 500 mg ik
AVATIZ TiO, NPs 1.25 mL Z 78h0 L1548
L7

2) {RA BN % K2 SO0 % B2 25 HU-50 12
AL, 150°C % 5 BER USSR Y 7271
VIS H & i L 72,

3) KISE#EKICANTI v F 7 L7
%, 7% b ¥ 150 mL |2 RS % 30 LoE
L BE (5000 X g, 20 min) & ATV, E
A B 7z,

4) Rl J— )% 150mL (@R L, &
L BE (5000 X g, 10min) 12X D, 1E
ALY B 7z,

5) ZDOPREHOKR T2 10 mL O ZEE K E N
AT E 721, 30 wive D EFR{EKFE &
2.5mL L 72, 10,000 MWCO @ R4+ A
MW7 4 )VF =12 L e BEK TR A
# (5,000 X g, 30 min) % 5 [AfT - 72,

6) FRAL A TS 7z 888 S w0 o) B
(10,000 rpm, 30 min) %17V, A EHL
DERWT2 5 12mL OB KEINZ 7.

7) BEREEE T30min TS ELZDOL,
TR L NIk A O RE I« PAA-
TiO, NPs (M, = 1,800, 5,000) &3 5.

8) RutinG % 100 mg ZZ 47K 35 mL IZ¥E 2 L 72
IZ, PAA-TIO, NPs (M, = 1,800, 5,000)
Z 05SmLBFEL 2 HMR 5.

9) 3,000 MWCO DR# A7 4 )V & — 128
L, ZERKCTHA LA # (5,000 X g, 30 min)
% 54T 72

10) 1% 5 1172 % 1 O 45 Uil % RutinG + PAA-
TiO, NPs (M, = 1,800, 5,000) & L7-.
(i

B R

1. RS

TiO, NPs % H A} 3t 0 7K R i C 43 i &
B 5720 WE 7% RutinG xR T 452 & %
HfgL72. 22T, 20mg ® TiO, NPs [Zxf L,
RutinG % fk % 72 B TR L 721 & %, PBS
TlmgmL 2% 2 X ) ICHMRL, 24 BEHZO
REMOMT 2MER LA, £2T, Tmgll b
@ RutinG & AN L 728128 C 24 B2 D 7L
BE LW EDghode (K1), Dk,
RutinG/TiO, D E & LAY 720 L2722 X912
RutinG Zifsfnd 52 & & L7z,

RutinG
WINE 1 25 5

(mg)

Fig. 1 Images of NPs dispersion and precipitation when RutinG was added to 20 mg of TiO, NPs at various concentrations.
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XKIZ, RutinG-TiO, NPs |2 @ (LK 3 % 70
L TiO, ®#fzft % HI§ L 72. RutinG-TiO, NPs
% K F 7213 PBS THHEL & B 72 HR L
H,0, 2N L7236, Z8ROK T s w7k 1
I CIZIEBEA: U202k L, PBS Toik s
BT I E L o7z (H2), Zhik
HOED pH IZERKT 5 LE2 55, 30 wt%
DBELKFZEKRD pH IZ 3 ~ 4L TH 57280,
WBERALKFRK &R BRI L 723556, 4
B pH IXEEEIZIED <. RutinG D7)V 3 &
N1 pH 25 PEA I THRBEDTEH N Z L 22 5,
SIHCEDERIE 7% o 72 60 FO 55 £ ), &
EVNELTLE) EEZBNSD. LA L, PBS
WKL T % B & 2 72354 1 PBS OFR B zh#
WX, BELKREREZRIMLSAETDH pH
UMD 720, EETHI &% L
TiO, NPs O # gL 2 > 25 Z L3 TE % L HfE
W5,

2. (EGRLT O B EE ALK R WA A O WRGE

ZNF TOFSEIZ BT PAA-TIO, NPs (318
FRALKFECTLHS 5 2 & THO, W L, J&
PRI HyO, AR WERBRICR S b LS L 72
H,0, # &M T A2 ENHL N E L o TV A,
% 2T, AW T RutinG-TiO, NPs 275 -
BiA&$ 2 H0, mallE L7z, £z ik, &
ffiFIZ X % TiO, NPs @ H,0, D - BiE~D
8L PAA-TIO, NPs & H#X L 72 RutinG-TiO,
NPs O FHREIEEA] & L COREEIZ DV Cignm
5.

24 W O WERALIK T % RN L 72 PAA-TIO,
K UF RutinG-TiO, NPs 73 #UE D A0 6, £

(A) (C)

Fig.2 Images of NPs dispersion liquid. (A) TiO, NPs,
(B)RutinG-TiO, NPs, (C)RutinG-TiO, NPs, (D)
PAA-TiO, NPs (M, = 5,000), (E)RutinG + PAA-
TiO_ NPs (M, = 5,000)

Z 608, 206 umol/g ? H,0, A5 H & 11 7z
A BB D IZIZFRBEOHKENE LN &2
5, BEEIREIZRoEHBILA 24EMO
SO HyO, A5, PAA-TIO, & UF RutinG-TiO,
NPs (205 L 72 H,O, W& =1, 390, 795 pmol/g
EHEEND. PAA-TIO, NPs & IfE L, RutinG-
TiO, NPs 13#9 2 f58 D H,0, #RFF L T 5 2
bl N

A B LT, JeAThigE & MAR IR F-22m
WA SN2 H0, ST RCFAET A2 & id 7%
Moz 24 B2 5T PAA-TIO, & OF RutinG-
TiO, NPs 238U 2> 5 132121, 827, 245 umol/g
D Hy0, D3ENTMI L SN2 &5, PAA-
TiO, % OF RutinG-TiO, NPs 7 & Z L2, 220,
40 pmol/g O H,0, 3iAE L 72515 & 72 % (X 3).
2 F ), RutinG 1EHi% i L 723855, PAA 15fi
W ZHARDIART MR IZHE LT\ b 2 EAH G 2
o7z, ZOHMBE L TPAABEIC L 258
ZHZIF S5 N 5. KORTUC T Tldk 7va »
B b)) ABIe N7 Lo E W ERIKEE
2 & o TEERILKFE D57 E 57 % B IE S
HE AR N OFRFIREE 2 HEFE T 5 2 L IZII L
Tnp PO = = ¢ 2B Sz PAA X B
07X VOFERO—DOTHL I EIZEH L K
WFZE THV 72 PAA IZZEE STV b 0D,
RutinG & sy ve LTColEx A L
TwhbeEZHNA. 2%, PAA-TIO, NPs

Absorbed H,0, (umol/g)

o | =1
: = =

0 5 10 15 20 25 30 35 40 45 50
Time (h)

~6-PAA-TIO, + H,0,

—4—~RUtinG-TiO, + H,0, —5-H,0,

Fig.3 Absorbed H,O, concentration on titanium dioxide
NPs when NPs and H,O, were mixed in 1 mg/mL
and 1000 uM, respectively. Data represent the mean
+ STDEV derived from three series of individual

experiments.
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WA L7282 b mRIbkEDO—EIE,
TFIVEDEPAA L N T v 7ENTEBY, TiO,
ERUGR L T\ 72T #1722 iU 2S T iE T dh
HEHEMTES.

3. in vitro [T % FIBHIRL 1 O BB H Ik
D IR

ZNE TOWZET, in vitro |28\ TEEEL
IKFE &R & 2 MG E 1 B 2 HHER) R
FRNRDE)ZT, a0=—T7 v A EIHNS
NCT&7, au=—7 vk, TRRT-HD
y =y M E Y — VISR L, ST
RL7=0b LGRS ONE LS. £ D%
M2 Z2S L, LWL — M CHERET 5.
i SN2 EMEl e =% RS 50
TLF L YT —THEEITV, 5T 5. 2
Dk EFizoNnza0=—%12 &k 5 T Plating
efficiency (PE) MU Survival Fraction (SF) %%
9 %. SFIZBERILAKE & S O MLE % i
L7205 —7y NSAMIBAEGFEZRL, K
W EZOWEIZ X HMllaEESENEER D
TENTES.

FATHIZRIC BT, BEHIRS O A DR IZH
~ PAA-TiO, NPs % il L BURH#R RS 2 17 - 72
BV THIlBAEFEREIREEP Lz L%
AL TWA, K ClL, RutinG &l X %
TSR KA R~ D528 L PAA-TIO, NPs J%
UF RutinG-TiO, NPs @ 5 #3807 52 %
MGEST 5N, au==T vt i, Z0
Ml A frE 4 A - i L7z (K 4). RutinG-
TiO, & " RutinG @ SF O fiE A, Control O fif &
R ol OF D, RutinG IS HEHRE
BRI B E RITE W LD o 7.

RutinG 23D PLERALAE I IZ & o THES#Eh
HEREDH D ESHON T LM Tio, A
2§75 L 72 RutinG @ & C I3 U B A Rh 3£ 13
BHnhzweEzZon b, $72, RutinG-Tio, &
PAA-TiO, NPs T | PAA-TiO, NPs ® SF 25 & 1)
INE R IR LT2Z &5, PAA-TIO, NPs ®
R ARSUR=ARY & LE T8 0% vIE S N B/
Polz. ZOFERE BERIUKEREBIEOME R &

2

£ 23

o X
) = 34
& NS &89

LA AL A A LA A A “o-ounny
RN o oz

Survaival fraction (-)
o

*

0.01

Fig. 4 Radiosensitizing Efficiency of RutinG-TiO, NPs,
RutinG-TiO, NPs, PAA-TiO, NPs and RutinG
Collaborating with 5Gy X-ray irradiation were
assessed by using a clonogenic assay. Data represent
the mean = STDEV derived from three series of
individual experiments.

o LabETEZSLLE, RutinG-Tio, £ 1 b
% { O B\ERALKFE A S 115 PAA-TIO, NPs
1, L) EVBEHRE R R E R L7 2 L A%
HTE 5.

S 3Lk
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Wk
R TR 2L RO, HERERSRKEWRR LRSS TH L Z L b, 7NV 7 ERH Tl
REE N Z BRI B UG R T 5. FICRULAER T 2 HEUL, S — R FR1H T O RS OA
EERVENDE S LTV A REMEAEM ST 525, REMZRREIZRZHoIcHE S Twn
R\ R R BUGYs & L7 BUSHEREIZBE L CRIBIAZ S5 v old, ki Tl 2 b % K
FIETHRD) TN A LTEDGHNET B HED o720~ NTh D, KEEETIE, MAT%
2 TR T X 2ELANFEFRMN (EDB) W/ H—K 700k L, Mk hoiz s
FOSHIER R OREZHS 2T A2 2 HIYE Lz, RALKR— T, RESHEOVDEDOTH
% e MR (QELS) OfERZ s § 5.

ABSTRACT

Tiny droplets have high specific surface area and hence they experience unique chemical reactions, which do
not occur in bulk phase solutions. Especially, the enhancement of chemical reactions in small droplets is of
great importance and is associated with incomplete solvation of reactants at the air-liquid interface.
Nonetheless, the fundamental understanding of the origin of the reaction enhancement remains to be
understood. Here, this research project aims to develop single particle analysis to advance our understanding
of physicochemical properties of small droplets. This report will mainly present the results of quasi-elastic

scattering method.

MREER B/ FTIIREIY Z Wi S #HET 5. 6

ZIE, TIVI—= 50N IVE Y EEOERKIL,

k- Tk 2 2L E OGS, REEASSR  EREESE IS LD A L sk (BUNE)
EVRBRR IS ThDHZ ENnD, NV ZEHR ZRUSGETA5ZETMETE, IR RO
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WAL NV 7 RIS IZ T 10 f5 DLk,
20mgh! DATr = VCTHIVR VB G TE
L ENRESIN TS (Zhu et al., 2019). %
BT TR A RSO MEERIE, NV 7 TR
IZHARTI10? ~ 107 fERE W T & FEBRIIZ B
HWENTWD (Wei et al,, 2020). = OREEE
DKL, SAH — R 5 T O RS OATE A
RS S- L T B I REE SRR S hhTw
B0, AREMREFIERZ TSI T
v (K. 4 b FERIC, Rk 1Ho
BoeiE, Ef OV 7 ER) RO RIBZHART
BIMIZ W Z & 258 L T X 72%% (Zhang and
Gen et al., 2020; Gen et al., 2019), Z DNHEIESR
OFEE T TIIFEHTE TV, Bk % KUS
Y& L7 BOCHEREICBE L CRBIHZ S % w0
X, kR CEC A SE RKJIETHhA2) 7
WA LTEDRNES B ITED R0 72DOH
—WTH A, RIRETIE, BRT %22 O
TEL2BESANFKI (EDB) &\ /- H—k T
GIIHTEE RIS L, kLT RS Z A RSN
HBROBFEAZHOPIZT 5. REMEZ: &0
(22l ] OIREZEFHES 2DIIHETH 5.
ZD720, KWL TIEEERS D25
DIRFER TS L Z L2 E 272 ARG T,
i D Z IR T % FHEIC & 2 GG ELEL S
% EDB & HlA G DY, KAET22) TIVY
A L TR OREIREEDOZAL 2 5HI L 726

HLICRT .

Bulk phase vs Aerosol

Aerosolization g
r-T-=" ; """ \
; ksurface >> kbulk:
A+B | A+B |
kbulkg C+D E ksurfa(& |
! C+Di

____________

Fig. 1 The objective of this study.

W% A &

1. BRIFRFEDORTE

B21RT &9 %, BRIFRMF (EDB) %
f%E L7-. EDB I T2 HEXN EE O
FVEVICEYZERIZNT Yy 7L, REFTlE
Z Bk T BEEEAEAL A AR IS FBLC X 5 FEER
FETHDL. BENICKRTEZ NI v 735720
\ZHE % 7% EDB QR EFL, MUHEMmA & PR
ROBEMREMAGDEMETHL. ThEh
12 (AC) BIE L E (DC) BEEZEIML,
KL F- DK IR & SRE MO8 & % HIH§ 5.
KW TIX, RAZ7aVVOERSTTH S
WAL Mo AR R EGRBEREHEL, £
BETZHCTT 4 ARV =% PR

(a) Piezoelectric generator

Induction plate !

Laser for Raman
and QELS

10 mm

(b)

EDB chamber

S

Fig. 2 (a) Schematic and (b) photo of EDB chamber.
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Broum RBREE O E 54 Lz, 54 L2
Induction plate % F\» T & &8, EDB 7 ¥ ~
IN—IZEAL, FY Y N—=HNTrIFv 7L
F v 2 N— O (2 2245 & iR 2R
DRAIT L D HIE L 72

B3 &K 427" 3 LI, EDB ICHEGHMEFT
BLi%L (QELS) & FEmME#iFELE: (Raman) % i
Fard, PR O MRS &AL FHIIT & 2
LIl 185mDY A F— L —%F—%
T, QELS & Raman #ll 7€ % [{] B 1217 2 4

EDB

QELS measurement

Quadrupole - ————
Spectrum Trapped
analyzer APD ™y partjtte
~-/ ~?
C O

QELS ; ;
spectrum Side view —

Intensity (dBm)

100 200 300 400 500
Frequency (kHz)

Top view '

M ! (laser diode

Quartz window

XL,
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ABSTRACT

Hemolysis assay using red blood cells has been widely used as the simplest cytotoxicity test for nanoparticles.
Nevertheless, the hemolytic action mechanism of nanoparticles is still poorly understood. In this study, the
hemolytic action of silica nanoparticles with different particle diameters (5-120 nm) and surface functional
groups (none, amino group, and carboxyl group) was investigated under different exposure environments:
temperatures (4—43°C) and phosphatic buffered saline solutions (additive-free, serum added, and serum
albumin added). Adding to the hemolysis assay, the adhesion number of nanoparticles to red blood cells and
the aggregation/dispersibility of red blood cells were measured, whereby the overall picture of the hemolytic

action mechanism of nanoparticles was given.
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Fig. 1 Hemolysis of RBCs [5% packed cell volume (PCV)] as a function of particle mass dose after 1-h exposure to 70-

nm Silica-bare (a), Silica-NH, (b), and Silica-COOH (c) at four different temperatures (4, 15, 26, and 37°C).
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Fig.2  Number of particles (70-nm Silica-bare, Silica-NH,, and Silica-COOH) adhered to a fixed RBC of as a function
of particle mass dose in DPBS for 1 h at 4°C and 37°C.
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Fig. 3 Hemolysis of RBCs (5% PCV) as a function of particle mass dose after 1-h exposure to 70-nm Silica-bare, Silica—
NH,, and Silica-COOH at 37°C (upper panels) and 4°C (lower panels) in three different media: (a) No additive, (b)
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Fig.4 Hemolysis of RBCs (5% PCV) as a function of particle mass dose (a) and total particle surface area (b) of after 1-h
exposure to Silica-bares of different sizes (5, 12, 18, 26, 47, 83, and 120 nm) at 43°C.
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T HEGIRPEDOREM S ICEBRTIHTTHLIEFWENII L. MOEIZETNLNAL
T—EDHEOZFN L VEMIZEZ W L 2EETHE, BNTT L AR SN ZE#EMERIMCHRE S
LR, MEOEIIEZALRLTVOTIE RV, LIS NS, MT 1L, kT OfrE & HiE D 53
WZBWTH, WhYLEEREICEU LIS 2L, sFRER L2 BigTFEL LToR
FHIFRECE 5.

ABSTRACT

In order to functionalize the powders, it is important to understand the relationship between the powders’

structure and their functionalities. As one of the techniques, the Mahalanobis-Taguchi system (MTS) has been
utilized because that effective variables which improve accuracy of classification can be visualized. The
surface-roughness-related variables were the effective powder structure which improve accuracy of
classification into male/female of Japanese beetles larval droppings as the model powders. Considering that
binder concentration in the females’ dropping was higher than in the males’ dropping, the females’ droppings
could be deformed during molding process through the larval gut. The MTS can be expected as the effective
way to improve the accuracy of the classification by visualization of the relationship between powder

structure and functionalities without individual differences.
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2-time

shedding

Fig. 1 The life cycle of Kabutomushi (Japanese rhinoceros beetles); Egg, larva, pupa, and adult. All the scale bars are

10 mm.
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diameter (F)  P/F, A/F  Solidity = 4n* Projected area/Perimeter’

Fig.2 Schematic illustrations of the used variables;
Width, height, major, minor, perimeter, projected
area, Feret’s diameter, roundness, circularity, and
solidity.
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Fig.3 (a) Normalized Feret diameter and (b) Normalized
larval body size which were determined by image
analysis.
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Fig.4 Abnormality rate of larval droppings using 7
variates when GU14 was fixed as the unit space.
Green-colored and orange-colored bars indicate
male and female, respectively, while gray-colored

bar indicate gender-unknown ones.
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Fig. 6 Abnormality rate using 2 variables; A/F and
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Drying Process of Particle Suspension by OCT Operando
Observation
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T FIEE T 2 4D B MR O BLE 7 10 & Z IS B T, BRSO X A R R AR TR
RVERE L BRI CHR T A 720, WIELOBELHIHIHEZ I N TS, L, SHEERTH2H
FICHET 20, D, ERET COHROBERN L MFIIRECTH 572, REE T 5
<, MHEOEERREEOBERN A 7 — )V Td % 2SRRI MO W E & N EZ L0 BI%E % [IR 21T
VI EDNTELFNRT Y MY AT 22 KR THE L2, ¥ AT 2 3BIEHOWRERT G
t—LYAMEZT 74— (SS-OCT) &, EEZALEZNET 2ETF R, BEEOREEZLEZN
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W O S 2L & SR & A AR S, EENARFHEATE LI 2O
E 512, ALOs AT ) — OFEKIEEE KL T O 43 BB 4 DSR2 AL Mz R R I 2 M35 5B D B
S,z L7z,

ABSTRACT

The particle aggregate structure formed during drying is desired strongly to control elaborately and flexibly in
products and manufacturing processes using particle suspensions, because it is critical to the final
performances. However, a direct understanding of the phenomenon under the actual environment is difficult
due to the complexity of various factors that affect each other. To solve this issue, an operando observation
system that can simultaneously measure the drying characteristics curves, which is the standard-scale of
materials, and observe the internal structural changes was constructed in this study. The system consists of a
swept-source optical coherence tomography (SS-OCT) for observation, an electronic balance for measuring
weight change, and a probe for measuring environmental temperature and humidity change. The drying
behavior of coffee droplets and Al,O5 slurry was observed using this system, and it was found that the internal
structural changes during drying could be directly correlated with the drying characteristics and evaluated
quantitatively. Furthermore, the influences of solid concentration and particle dispersion/agglomeration in

AlL,O;5 slurry on the internal structure change and drying characteristics were also clarified.
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Fig. 1 Overview of operando observation system.
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Table 1 Main specifications of SS-OCT (IVS-4000).

Center wavelength 1700 nm
Sweep width > 135 nm
Axis resolution 94um(m=1)
Transverse resolution 11.8 pm
Depth of focus 0.3 mm
Swept-frequency 90 kHz
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—35E (#22°C, 24%RH) |ZL7-. 0, &
By TR —%4F (02ml) LT7 v
Fa— N CHUKMLEE L 7295F 7 mm ORI 2 v
A, HULE R 1700 nm @ SS-OCT %1 (IVS-4000,
Santec (ff) #) o7 —7 %8O L HIZHE
L7z, #1IZOCT DEFEANRY 7 &R T. H
FErR D OCT B2 1%, BIOBEL 2 F1) — % Al
T HHIPF (X=8mm) T (1fps) LTITo
7o, BIRLFEFFICESNEEZMGL, EEXL
MBIl o 7R THIE R T L7z, Holpfk
D 3D A A — VIEZ2[H 57 HE 8.9 um/pixel THL
Bl WERIESHRENRRKOERD S
I mm OE SHFHCHEX 2 EHALML THEHL
7z.

LTI

B R

1. ALO; A F V) — D MHFED NP EE
LD BRI BLEE & ve R

B4 2 13 R FE 20 vol %, 43 BRI FE 1 mg/m?
D ALO; AT —DHIEBEETH L. KA F
1) — Oz DO ERZLIL 600 min [T ETO
WCEELA-Z D, W T Lz L
72, B3E, X2 OFR A ICITAER L 7252
TR CH 5. fllLHEIEE OGRS, it
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BDOANRy 7 W3y — > (FEHELOFHIC
EVEL LGRS — ) OZEAL)HHE
RHEIFTH L. 3, M3 DOXH A (0-50 min)
T, TR D S &K IS T
BCIRMEEDS SIS B A L2k, — Bl ko 7.
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Fig.2 Drying process of 20 vol % AL,Oj slurry.
(Dispersant concentration: 1 mg/m?)
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Fig.3 Drying characteristics curve of 20 vol % AlO,
slurry. (Dispersant concentration: 1 mg/m?)
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Fig. 4 Changes in OCT images in section A of Fig. 2, 3.
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Fig. 5 Changes in OCT images in section B of Fig. 2, 3.
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—— I mm

Fig. 6 Changes in OCT images in section C of Fig. 2, 3.

EzobNb, K5 Ekh, X B TEMEEDE
AT LTWwWb s, X C CIlEiEb
JBOEIEDHEATT H EEZONL. ZOEET
W OWCIRAIIAE R 72 0, SRR R
FEMHE Z o TRZES (BhL) D5ET 5. K3
K[DFEHEE, Mie BELIEE 2 5K & 2R, K
ALO; KT 20 5 72 5 S O B & RIFIZ N & &
HZEEFTHLDOT, #IRST — VIINER
HIETH UKL X L% B L 7225
EEZOLNS. T2, WY — VDD 2
J = A LNIDOWTUE, REEEIHFIET 5K
KIZ & o TREROBEDSHIR S L TEHT 5
LB, FBTESICERIES o TERL
TAEREEZEZOND.

B 7 1%, X[ D (490 min LLEE) @ OCT 1T
HAH. OCT B TIE, HEIGEIZEZ ST,
X 6 THA L7zitk Ny — v X ) THEOE S5
FEH IR E L L DI EF L T LTS
N7z, THUIREEBEOWIRKS R o722
EAZ & o TS TR L 72 KRR DS FMNIS
BE)L, FRICHRM SN2 EZ2REL TV,
X 3 OFERIEMEHARIC BT, KM D Tk
EAREORT & & b ICHERE S 2B T L
TBY, WEEIETOREINELT L 722 LR
Ehi Fh EHREZELPLLS ko7
600 min Tl&, I F THME L - KO A
R s 7z, K8 IE, EREOHEREL < v ¥

—— 1l mm

Fig. 7 Changes in OCT images in section D of Fig. 2, 3.
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Fig. 8 Attenuation mapping of dried body.
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Fig. 9 Comparison of OCT images (LUT: 16 color)
immediately after formation of concentrated layer.
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Fig. 10 Drying characteristics curve of 20 vol % Al,O,
slurry. (Dispersant concentration: 0.5 mg/m?)
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Table 2 Attenuation and variation coefficient.

Solid concentration/vol % 20 20 40

Dispersant/mg-m=2 0.5 1.0 1.0
Attenuation/dB-pm™! 13.2 6.5 4.2
Variation coefficient/% 19.3 38.2 59.2
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Development of Particle Measurement Module by Using Phase
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W

AKWFZEClE, MVAHBEA T 7T 7 4 FBIC LB FRHEY 2 — VORBEE B o7z, ZOE
Ta— VOV AT AL, 2HDOH A TR EINT GPUEBOY Y SV R—-FarEa—7%,
TN)—=Y ==L, E—2 A7) v ¥ THEINTVEL. E5IZGPUIZEN ) TIVY A AFEN
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T, MIREMHICE T o Cwoku 7 7 4 5t e BEEETREOAL Y T4 v - T4 Y HIET
FIHCTELZ E xR

ABSTRACT

We have developed a phase retrieval holography module for microparticle measurement. The system that this
module has comprises two cameras connected to a single-board computer (SBC) with a graphics processing

unit (GPU), a diode-pumped solid-state green laser, and a beam splitter. Furthermore, the GPU provides real-

time reconstruction. The system can record the shapes and positions of particles falling in a static flow in a
three-dimensional volume as two holograms generating an interference pattern. Phase retrieval holography
with two holograms solves the twin image problem that arises due to the lack of phase information. We also
present the requirement of this module for experimentally recording and numerically reconstructing
holograms of particles. Finally, we conclude that holographic measurement, limited to use in a laboratory, can

be used for in-line/ on-line measurement of powder production processes.
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Fig. 1 Recording (a) and reconstruction (b) of hologram
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in particle measurement.
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Fig. 2 Hologram intensity with conditions (dlD =62 pm,
A =1532nm, z, = 50 mm).
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Scorpii: 8X 532 nm, Edmund) % %675 L CIEATIG
AR L TRoh IS L, Az BENUCEE L
722 8B ® CMOS # * T (BFS-U3-31S4C-BD2,
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Fig. 4 Optical setup for particle size measurement using
phase retrieval holography system with a GPU-
equipped SBC: (a) laser; (b) objective lens; (c)
collimator lens; (d) ND filter; (e) observation box;
() beam splitter; (e) telecentric lens; (h1) CMOS
camera 1; (h2) CMOS camera 2; (i) NVIDIA Jetson
Nano as GPU-equipped SBC.
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Fig. 5 Comparison of reconstructed volume between Gabor holography and Phase retrieval holography: (a) and (b) of xy

plane, (c) and (d) of xyz volume.

—75—




Hosokawa Powder Technology Foundation ANNUAL REPORT No.30(2022) 72-77

Research Grant Report

SDK & JetPack 4.6 & Hi\:72. 3\ (4) TEHT
% 2 IKJC FFT 1Z CUDA cuFFT 7 1 7 1) Tilf:
FIWERS 4. HAETO 7T 0L 0SDT 7 1)
AT AMOBEEO AT OpenCV 4.5.4
W FROXHICH AT, GPU, HE{FHAL
HEzNZTNOTA 77 %M L CHAEFEL
P A7 HERESEL 7.
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Wk

Ag PHFHfiE I =7 L ¥ BIRMBALSOCE TR SN T 5. ZOfEERE LI2IE, Wil Ag %
WRALST AP EELREEL 2o TWDED, AgDY < VIREIMEL, BHIZEET D -0k
LR EETH o7z RIFFRIZEB VT, BREBESSY TREE S L7z Ag/Tio, O HEAEH (Strong
Metal-Support Interaction, SMSI) |Z& 1) Ag 7 7 A% —%%wELT5Z LT, Inm~2nm D Ag 7
T AH —% TiO, 12 20 wt% HIFHRETH 5 Z & 2 A L7z, SMSI EHIZHET 5 Tio, DA K=
Ag BRI X V2L L7 Hy 7OV ATE5EIC X 0 JIE L7z Ag BREIE, Ag HiE 0NN
Lo THMLD, AgED 30 wt% U EOLAIZERmREIZIZIE—ETH -7z, TiO, IZHFS N/
Ag 7 T A —DOREWE, BBEABEM, AgfiErE, BLT ¥ L OERBIKET DI LAUR
WS 7z, S1RIEBITS L7z Ag/Tio, MANE I & RS B SR A HRET 2 FETH 5.

ABSTRACT

Ag particles supported on a metal oxide support have been used for various catalytic reactions (e.g. selective
oxidation of ethylene). To improve the catalytic activity, size reduction of Ag particles is desired. However, it
is challenging to obtain small Ag particles due to the low Tammann temperature of Ag. In this study, we
successfully deposited 20 wt% of Ag clusters (~2 nm) onto TiO, using flame spray pyrolysis. The Ag clusters
were stabilized by strong metal-support interaction (SMSI) between Ag and TiO, which was induced in the
combustion reaction zone. SMSI formed TiO, as confirmed by X-ray diffraction. The amount of TiO,
depended on the flame conditions and Ag content (10—40 wt%). The surface area of Ag clusters was estimated
by H, pulse titration. The Ag surface area increased with Ag content up to 20 wt%, and by further increasing
the Ag content to 40 wt%, the surface area did not change. The stability of Ag clusters depended on the Ag
content, the flame conditions, and the specific surface area of the titanium oxide support. In the future, we

will explore catalytic activity of FSP-made Ag clusters for some reactions.
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MEEE BB

FRALIEAR IS B RL T 2 $0FE L 73553 fil
L, TEMLSAHEIN TS, 2Ok
EHEERTH e REMEE IIKF ST L2 L0
7z, WHIZEER T OmAL & SRR
ALZ TS 25705, EFEIZ S P HE
RiEE o TV,

Ag il Z = L v BN OS5 T LM
RSN TS, £ 4 XH2-3 nm £
DAg”Z T AY — &7 )a— v #ERMEA
(Shimizu and Satsuma, 2011) % 71 ¥ L 3R
fR{t (Leietal,2010) BUSIZ 3BV TRE %R
ERTZEMRLEHEIN TV S,

BREMAALICIE, R4 ERPBIToND.
ZOHTHIFEEE LRI E T 500 S 1LE
EChD, LhL Agldios)Es L L Ts
Y VIREDME L (~330°C), filthE RS IS
BOWTESIZEET L. Lo TAg LIHAEKMD
HWOOEEBL, AgDEHELZ VI »
B, Agki b 2 5. &E &R oM
H {EH & L T Strong metal-support interaction
(SMSI) 2" < 7 5 %15 LT A (Tauster,
1987). SMSI &, TiO, % DEIC SN W
L cHEFE L - BeE (Pti) %2, H, % T&
TCL7ZBICEBT 5. RIIIRT X912, %
ENEER T X o TEMAL S Nz & TTH
(H, %) PEALYifkz #cd 5. Bixsns
AL ESERN T O (—F) RixES .
Z DEITTHEALY I 300°C FEFE O FEL SR A T
bEET, AghiF DR Z I T & 2 W REME
BdHhH LLAgldHy Ixr L CiEtEE 13T
BSTEALYZ TrICRBITTE R W2, Ag
12 &% SMSIEBLIZHRE SN Twiv, —/T,
Ag & PtSBALTF & >~ BT B4, Pt
LN BEICENBEALF ¥ 0% Ag & SMSI HRFE
W2 7% 5 2 &R HwE ST v 5 Baker et
al. (1983). X o T, & H» 0k kL
W) A& RICT XL, Ag il 12 B VT SMSI &
BB SELZENMRETH 5.

Z 2 TERATRBEAREIZ LD AgTIO, &

Metal oxide

teraction between
and reduced MO,

/ =5

Metal oxide
(M:0,)

6+ 514 S+ &5+
M= O-M-O-M -
Fig.1 Schematic of Strong metal-support interaction.

L, KEFIZEEND TV HIVT TIO, & %
TLLTSMSI S ESEL LT, AgZ T AY —
AL T A ATz BEAFOWFZE (Fujiwara et al.,
2014) I2BWT, BBEAREIZ XD AgTIO, %
LS B &, SMSI AMFEBL L TR 1D Tio, (x
<2) BAERL, SVOLBEEEE RS L%
FaZRBLTwa, Ly L4REgECldobfin
MEEVEZ A 9 A K a M Tio, o AERICEH LT
MEEITo 72720, AgmRRBESRMEIZ L - T
Ag A XNRED L HIZEALT 5 NIEAHT
Holz.

AWFFE T, RBEEBIEICL D AgTIO, 2 &
B L7-BRIC 5B 2 SMSIZFIH L, Ag 7 9
Ay —pHHFETE L BRI BB
2 Ag HHEE (1040 wt%) =2 b s+, {HEF
ENDAg 7 TAY =D A X252 52
DWTHE LD THETS.
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1. BBEARIEIC X 5 Ag/TIO, DEMK

2 |Z7R”9 Flame Spray Pyrolysis (FSP) St
frx H\W T AgTIO, fL 2 Fi 8 L 72 WEBR Ag
(99%, Sigma-Aldrich) # AR AL21:1 D
7 b=V (>99.5%, Sigma-Aldrich) & 2-
IF AT H VR (99%, Sigma-Aldrich) |2
L7z, Z OB 1 vol% OEEEE N Z 721%
Ti(IV) 4V 7 a0 R*F 2 F (97%, Sigma-Aldrich)
ZIMZ, AR AL 72 C ORiBRRE
#i% P=3mLmin' ¥721% 8 mLmin' Tiffk
JANWIZED, SLmin! D5 EHT A (0, 12
L mEE L WSS R RS &
CH,&0, (1.5Lmin"'/3.2Lmin") 784 @ > bk
RTOHENKLTRBES /2 KEXDER L7k
TUEHEZER > 7 (SecoSV1040, Busch) THi%E L
H5 ARMET 1+ V% — (Albet LabScience, GF6)
THHE - AL 72,

2. 5 HEAPRHREEE O 25 b

FAELL 72 Ag/TIO, KL - D5 Al 2 FE S 5 72
DR X HEIHT (PXRD; MiniFlex Rigaku) il
ExATo 72, FEmFoY 14 X132 O Scherrer

»

Particle growth

»

Nucleation

Dispersant gas(O,) Precursor
(Ag + Ti)

Fig.2 Schematic of Flame Spray Pyrolysis (FSP)
synthesis.

OREHTHB L.
K
xwo = p cosf (M

Z 2T, K Scherrer £t (0.89), A 1% XD
HE (0.154nm), BIERIHTE — 27 OF(HlE, 0
A — 2 fEETH 5.

Ag KT DY A XL @57 RE T HMEE (JEM-
2100F, JEOL) % HWB% L7z, k1% 0Hs
Ty )= NVm, H—RKWECu ) v
(NP-C15, IGHIREE) 12T L7z, s
THF% TEM 7)) v RIZHHEEL 72,

N, W7 50554 1# (BEL-mini II, MicrotracBEL)
I2& ) —196°C 12 BT AN, =% % L,
T O I FHEFE % Brunauer—Emmett—Teller {2512
I&EB L

H, 7SV AiE2EE (BELCAT II, MicrotracBEL)
VT, AghifFoRmMBEEZHE L7z Bk
BIZHALZY Y70 Q0mg #2E) OEMEIZ
WG L 72KE % RE 3 4720, 50 ~ 150°C 12
BWT50mLmin' @ Ar % 1 FFfE 5t S G Leg
L7z, (BPALERREE X, H, 2SIV A el E D
JE & LA 150°C |ZRKE L7z, ) AjLEifg, 1%
HEARFEIZ BT B KR A 0.966 cm® @D 10%H,—Ar
% 50 ~ 200°C IZPRFE L 7230 ~NE A L, Aghir
TRED Ag,0 & H, # & (Ag,0 + H, = 2Ag
+ H,0) &H72. 10%H,-Ar DAL, KIS
L% Hy WHEBIE SN2 75 F THEENNE
AL7Z. Zokx, AghiTEKMIZ Ag0 77T
H—BZIHFELTEY, TiO, & H, D KIGA
MR CTEDLEIETLHE, UTFoLD) AgF
M2 HEE T2 DR TH 5.

SSADnﬁgg;J=£iiﬁgﬁfgﬁl )

Ag

Z 2T My, [mol g ' IZEURIERE Y720 O H,y
wE N, 7T R AP u (602 X
10 atom mol "), Ay, (EHAZTHRE & 72 V) IZHFAE
T4 Ag T oOE% (115 x 10 atomm™?) T
HAH. 1 EHOUERTH, 150°C I2B VTR
F% 10%0,-He IR T 52 & T, Aghi T3
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HIZ Ag,0 TR L, FFE Hy 7SOV AHE X 1T -
7z.

I
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1. I N7z Ag/TiO, DH5HHAH & e K i
3(a) ([ZHTEKMATE R (P) A3 mL min ' D5
T L 72 AgTiO, fii 7 D PXRD /¥4 — ©
2. AgHFEREIZED 6T EE LR TIO, O
WAE T ;=R TH o 72 255°fFE D
TiOy(101) ¥ — 7 X D155 N2 48T 1 Xig,
AgEIZE ST —% (6nm ~7nm) Tdh o7,
Ag200) DY — 7 L 44° P CRIZ S 7z, Ag

O Anatase & Ag (a)
A Ti,0, vV Ti0; N
AN v o

] (@]
Ag, wth
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Diffraction angle, 2 6, deg.
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Fig.3 XRD patterns of FSP-made x,, Ag/TiO, (x,, =
10—40 wt%) prepared at the precursor feed rate of
(a) 3 mL min™! and (b) 8 mL min!.
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OFEETH A X, AgiHFFREICE 5T 4nm ~
5nm TH o 72, Ag?ﬂ?ﬂ“kiof, Ti,0; (29°
&£ 31°) & Ti;0s (33°) @2 FHEFD TiO, (x<2)
WCHRT 2 E— 7 PBIE Sz Agm OB
P> T TIO, D ¥ — ZBREAEML TH Y,
Ag ZHFFL TV AW TIO, (x4, = 0wt%) Tid
TiO, 3ER L e pr o7z Lo T, TiO W5 Ag &
D SMSIIZ X o> THERL7Z EAVRIBE L.

M 3(b) 12 P=8mLmin" D5 THREL 7/
Ag/TiO, $ii - D PXRD /¥ ¥ — » % /R§. P=
§mLmin"' DT TiO, AER L, SMSI D3
BDPHER SN AgDRTH 14 XL Ag &
WCBH 5T 50tm ~6nm THY, P=3mLmin'
DFMTHE L 72 GE L AEEThH -2 T
5 — ¥ TiOy(101) D& FH 1 Xid Ag &2 &
57, llnm~ 12nm THY, P=3mLmin' ®
S CTHE LA 25 TH o 72,

TiO, D& & T A A 3B, wr BRI =
DI L o TREPRL 2D, KEFITH S
VT ARMDPIELL o722 LIZKRFT 5.
BUBRARTE R O X 20 TR, B4 127R
FTIHEHE»S LN TH - /2 P=
3mLmin”' & 8 mL min™! O THRELL /-5
DOILFEER L, N2 157 ~208m> g & 91
~1lm’g' THY, FIBRAEREIKE %50

THBE LK FOHP 15~ 2B RERMET
Hol:. FOREmMBEOEIL HFIND Ag
200 A
Tuo A
~ A
i 150 A
o
2 | e
g i [
‘§ 100 [ J PY
(;% 501 Precursor feed rate, mL min™
3
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0 T T T T
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Fig.4 SSA of FSP-made x,, Ag/TiO, (x,, = 10-40 wt%)
prepared at the precursor feed rate of & 3 mL min~!
and @ 8 mL min~'.
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Fig.5 H, consumption of FSP-made x,, Ag/TiO, (x,, =
10—40 wt%) prepared at the precursor feed rate of
(a) 3 mL min~! and (b) 8 mL min!.
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Fig. 6 Specific surface area of FSP-made x,, Ag/TiO,
(x5g = 10-40 wt%) prepared at the precursor feed
rate of (a) 3 mL min! and (b) 8 mL min!.
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Fig.7 TEM image of FSP-made 20wt%Ag/TiO,

prepared at the precursor feed rate of 3 mL min!.
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ABSTRACT

A new crystallization process for producing nano-order ultrafine crystals was developed by combining anti-
solvent crystallization with electrospray which can generate nanomist acting as a crystallization field. Anti-
solvent crystallization was performed in a batch crystallizer using glycine as a crystallized material and
alcohol as an anti-solvent. The effects of the operating conditions on the mean diameter of produced glycine
crystals were investigated. The experimental results clearly demonstrated that the crystal diameter tended to
decrease with increasing applied voltage and decreasing flow rate. A minimum mean crystal size of 192 nm
was attained in a batch crystallizer. Next, a unique counter collision crystallizer was introduced and the effects
of the operating conditions on the mean crystal diameter were investigated. As a result, the higher voltage and
the lower flow rate produced smaller crystals similar to the batch crystallizer. The counter collision

crystallizer could successfully produce crystals with a minimum mean diameter of 295 nm.
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Fig. 1 Schematic diagram of batch crystallizer.
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Fig.3 SEM images of glycine crystals.
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Fig. 4 Effect of applied voltage on crystal diameter in
batch crystallizer.
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Fig.5 Effect of flow rate on crystal diameter in batch
crystallizer.
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Fig. 6 Effect of distance between electrodes on crystal
diameter in counter collision crystallizer.
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Fig. 7 Effect of applied voltage on crystal diameter in
counter collision crystallizer.

1500 T T T T

1250

1000

750

d [nm]

500

Glycine / Ethanol
V=5kV

250 295 nm

0 1 1 1 1
0 03 06 09 12 15

Q [mL/min]

Fig. 8 Effect of flow rate on crystal diameter in counter

collision crystallizer.
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Fig. 9 Glycine crystals produced by counter collision
crystallizer.
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ABSTRACT

A microlens array is the optical element which has many lenses with a diameter of several to hundreds
micrometers on the substrate surface. In the present study, we have tried to prepare the meso-lens array with a
diameter of hundreds nanometers from the non-close-packed (NCP) colloidal monolayers, which are prepared
by the convective self-assembly (CSA) using a quartz glass substrate and the silica particles grafted with
cationic polyelectrolyte, poly(vinylbenzyl trimethylammonium chloride) (PVBTA). The PVBTA-grafted
silica particles and the glass substrate were applied to the CSA process to prepare the NCP monolayers, and
then the obtained monolayers were annealed in a muffle furnace for several hours. The annealed particle
monolayers were observed by a scanning electron microscope (SEM) and an atomic force microscope (AFM).
As a result, we found that the height of the silica particles decreases with an increase in annealing time, and

the partially fused silica particles integrate with the quartz glass substrate to form a meso-lens array.
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Table 1 Hydrodynamic diameters and zeta potentials of
silica particle and PVBTA-grafted silica particle

(PVBTA-SI).
D, [um] {[mV]
Silica particle 0.52 -55.0
PVBTA-SI 1.08 43.7
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Fig. 1 SEM images of PVBTA-grafted silica particle layers annealed at 1423 K for different time periods: (upper row) top
views of SEM images; (bottom row) SEM images tilted 45 degrees.
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Fig. 2 Height profiles of PVBTA-grafted silica particles annealed at 1423 K on quartz glass substrate.
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How Small a Grain Will Exhibit Mechanical Behavior? /
—Grain Limit of Jumping Behavior of Cyclic Aromatic Disilane
Molecules: Chemistry between Crystal and Powder—
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=
Si-Si o fH AL C=C n #& & L FU O FUBER W EZ R T, RIFFE 7V — 7 Tld Si-Si o #& & O FHME
RHEEEERIEL O on HEREEHL, HART I VEE~ 7 a4 7 VO, ik Pits
ElZOWTHFE LTS, §TIR2&k (7 I3 737077 y) ORBKEIREEIIC X 2 MR
BIZOWTHE L TWwa., 22 TE3IENR 4820~ s a4 7 VoemE mEZEIC X %
DOIVEZEAL, HERBIZOWTHIET 5.

ABSTRACT

Si-Si o bonds exhibit reactivity and physical properties similar to those of C=C 7 bonds. The research group

is utilizing the flexibility of the Si—Si 6 bond and the 6—r conjugation with aromatic substituents to investigate

the synthesis, structure, and physical properties of various disilane-bridged macrocycles. We have already
studied the synthesis and temperature-dependent behavior of a dimer (tetrasilacyclophane). Here we report on

the synthesis of trimeric and tetrameric macrocycles and their crystal structures at different temperatures.

MREER BB B, HE S SOV TRE LT g TH
TTIWK, 280K (b3 ruT77Y) @
Si-Si o fH AL C=C n #& & L FHUDOFULER BSRCIREZEIIC X 2 HE2 IOV TIIMES
Wik E RS AR 7V — 7 TIEZ OB R %[k LTWb5DT, ZZTIR3ENE 48hkn<y
AL BT L% | EIFATWSDS, Si-Sic TOH A 7 VOEKRRImEERIIC X L EE kI
A OFHMR A FRERRILL O o-n %2 DWTHET 5.
HL, Bc%y v 3G~ r7ad 147 Vvos
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Fig. 1 Structures of dimer, trimer, and tetramer.
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Fig. 2 Titration experiment of the trimer with Ag* ("H NMR, CD,Cl,, 400 MHz).
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Fig. 3 Jumping phenomena of the tetramer as a function
of temperature. (a) Temperature decreasing process.

(b) Temperature increasing process.
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Achieving Transparent SiAION Based on Elaborate Powder Process
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W
HFTNA ZADER IO 72012, BB E A 2 8 EEHMEA AR SN Tn 5. Rif3ET
EEVEY - BRI TE 2 R L ORISR L TR SN T E 72 a-SIAION £ 7 2 v 7 RIZFH
L, BE7 0t 20ERIbIc X 586 - WIUR O X > TH MBI HEEH Lu-0-SiAION:Ce*" +
T3y 7 A% EH L7 Lu-o-SiAION:Ce*" £ T I v 7 A1 Ce iBENHWIT EHbE RS EREM
AT T ML AT, Bl R R R VBTSSR ET S 2 EDHL IR o7,

ABSTRACT

Owing to the growing demand for high power optical devices, the durable transparent materials with
fluorescence are demanded. In this study, we focused on 0-SiAION ceramics, which have been developed as
structural materials by taking advantage of their high thermal and mechanical properties, and realized blue
light-emitting transparent Lu-0-SiAION:Ce*" ceramics. A higher Ce concentration resulted in a red shift of
the fluorescence. Furthermore, using finer raw powders of rare-earth oxide improved the in-line transmittance
of Lu-a-SiAION:Ce*" ceramics.
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Fig. 1 XRD profiles of (a) Lu—0.5Ce, (b) Lu-0.1Ce, (c)
Lu—0.05Ce, (d) Lu(F)-0.1Ce, and (¢) Lu—0.1Ce(F).

Table 1 Phase composition of fabricated samples.

Sample Phase composition (wt%)
name o a-Si;N, B’ J-Phase
Lu-0.5Ce 67.7 243 8.0 -
Lu-0.1Ce 90.9 5.7 3.4 -
Lu-0.05Ce 90.3 6.6 2.9 0.3
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Fig. 2 Appearance of sintered bodies after polishing both
sides with 0.1 mm thickness under (a) room light

and (b) UV light.
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Fig.3 Optical properties of Lu—0.5Ce, Lu—0.1Ce, and
Lu-0.05Ce.
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Fig.4 Photoluminescence spectra of Lu—0.5Ce, Lu—
0.1Ce, and Lu—0.05Ce excited at 377 nm.
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Fig. 5 Optical properties of Lu—0.1Ce, Lu(F)-0.1Ce,
and Lu—0.1Ce(F).
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Table 2 FWHM of oa-SiAION (102) measured from the

XRD profiles.
Sample name FWHM of a-SiAION (102) (deg.)
Lu-0.1Ce 0.167
Lu(F)-0.1Ce 0.151
Lu-0.1Ce(F) 0.156
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Fig. 6 Photoluminescence spectra of Lu-0.5Ce, Lu—
0.1Ce, and Lu—0.05Ce excited at 377 nm.
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WABARL A B BT, MR O BERE P BIAE Z X BEARAT I ORI B RS C & B A% A BB FE O BRI ASANTT
RTHA., TE, BERIIEEA R CHEIT T2 L2 h o TE 7208, BEEEZRED T L WHRA
FEAHTH L. KR TIIHELER - TRIRDHiAE 7 Lennard-Jones 431722 & 7 % IR OFZ AL
BRI Ialb—a i), BT XS 28K FOMHLEAALL L EHIZ, HFORE
filize & FEpE % TS 2217 E TV OMELITo 72

ABSTRACT

To control particle size and crystal polymorph, it is essential to understand the nucleation process, which is

the initial step of the solid phase deposition in particle syntheses. Recent studies show that the nucleation
pathway significantly varies from a one-step pathway to a two-step one via a liquid cluster depending on the
types of molecules as well as operating conditions. To clarify the physical factors that determine the
nucleation pathway, we performed molecular dynamics simulations in a binary Lennard-Jones system and

developed a thermodynamic model to predict the pathways based on the molecular properties.
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BeTH Y (Vekilov, 2010), Z D X 9 KD
SRR VE DTG LR B O BRI 70 Rk & IRIEE LS LT
5. flx OFRORERIE, FIZELESTTOYI 2
L—23 2k 2% < OHEH (Sosso et al.,
2016) 3B AN, LD LD LYK T AR &
REDTTVLOPEARHTH L. &2 TR
FeCix, MHEALER - 2R AT H A 7 Lennard-
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f1o72 (V7 b =7 : Gromacs, PLUMED).
LI 3 FE = FHOMEAIER ¢; KR TR S
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eDHHESERHOMRE, o 3T A4 ZI2xed
L. 22T, BEMB X OWEREROMHE

() Solution (1) Liquid cluster

TER O E (epp, eap) E AL S &, BiAZ
By a2 L7z, WA EAEH O ST ez =
2.0kJ/mol, 5T A XL osp=0gg=0,3=3.04
L7z BMoAERERIET %728, Tribello 5
D (Tribello et al., 2017) (2D W TRAD
BB A —HOEESFHn, ERRROM
bR OBE ST Bone w5 L, TOREEL
ZaBERL 72,

3. WiIREEZE
3 YIal—variERE

HAIZAE & LT eppn=3.0kJ/mol, exp=2.0kJ/
mol DEHTL Ialb—Taryafifoe 2
2, RITISRT X9 ICHERKRE 1) »53EE
PHREFICESG L TRZ 7 A5 — () 2K
L7z, #ifh (D) ~E 25 ZERORA R 8
WISz, ToOBBIZBNTn & ne OfEIZH
20D L ) ICEALL, W7 T AY — DR LE
bk, T end 2 BREORFLREM (1,
) ®ELT. COBRBIGEEDND gxp, eap D
TR S5 EMMEORF BRI AR o
TR E 2 ) (B2b), exp DA T A
SELLEFELRM R CHEEPEELL (K
20). ean DA EWR S A2, fFHE
7 A L2 E s ms sk st L7z (1K
2d). LED X HIZ, e DEIC & o THEARZ
BL4BYICE DL Ebhrol. TDLED
BREB DAL eap, epp eap DIBEDHEL &
LI T 25520 KkD L) ICHHATE
. BWENEFEFoTHI TAY — 2K T 5

(I Crystal

Cross section Cross section

Fig. 1 Snapshots from MD simulation for a parameter set of ¢, , = 3.0 kJ/mol and &, , = 2.0 kJ/mol, in which only solutes

are shown for clarity. The lower right insets of states (II) and (III) are the cross-sectional views of the assembled

structure.
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Fig.2 Time courses of n; and n. for four parameter sets of (a) ¢, , = 3.0 kJ/mol and ¢, = 2.0 kJ/mol (4e = 1.0 kl/mol),
(b) 4, = 4.0kJ/mol and ¢, = 2.55 kJ/mol (4de = 0.9 klinol), (c) &,, = 3.0 kJ/mol and ¢,, = 1.5 kJ/mol (4e =
2.0 kJmol), and (d) &, ,, = 4.0 kJ/mol and ¢, = 2.0 kJ/mol (4de = 2.0 klinol). In figure (a), time zones I, II, and III
correspond to solution state (I), liquid cluster (IT), and crystal (III) of Fig. 1, respectively.

X, WhIDAE A LB B O EET
HbH. ALBREYWOHDHEED, A-BIHAEAE
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OFOEMT L2 METHLZ LIEAL L, &
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IFRFHEEZOND., —F, BE) vTF%
W7 7 A5 —OfEFALDEEBI /1O R & 213,
epp X exp 1 ZIEH F VIKAFE T, eqp TRED L
FRING., EBIC, BEOEGIRHEITE X
72D e SR E K 2¢, 2d D 2 S, — BBy
FEHDEBI S N2 DL eqp DR XV 2b, 2d D
2EMETHY, de, exp DI/ AEDLET
X2 OFERA JFEINHHTE 5. LzA- T,
I 7 12iE de ([R5 F- ) & Betdi 7 [ o A
HEH DM EDE) & ey AEDFHEOME
EHO®ES) Mz RO 2 BEERNTTHL L
EZHN5.

3.2 KA LIRS A BTIEE TV O
VIIal—a ryCTHMNESNI RS %

— Crystal core
(Pure solute)

— Solute rich shell
(Solute fraction: x,s)

|— Solute fraction: x4, |— Solute fraction: x4,

Fig.3 Schematic of the proposed model.

PRI 2 T A H 3T 2 7280, ST OB
HRE 7V (Kashehiev, 2020) % 431 %o il BR
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E25. CoOBEOEMIAVF—ZEILAG I,
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Fig. 4 Free energy profiles on the n; —n. plane calculated
via our proposed model for parameter sets of (a) ¢, ,
= 3.0kJ/mol and &, = 2.0 kJ/mol and (b) ¢,, =
4.0 kJ/mol and &, = 2.55 kJ/mol.
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W&
BfEY 32— a3 rTifbild DEM 32 O E, BHEEM RO TRV, € 2 THRIFETI,
WWEEETVE T VY AEBET VMG bYE, HEEHEEH 2 SETTUST L€V
Recurrent Neural Network with Stochastically calculated Random motion (RNNSR) %2 L7, 25 L
72 RNNSR 7% [H#iz N7 28R EHIEH L, WHRREEE), SHEEEOB A5 £ D% 41 % MEE
L7z, TO®E, RNNSRIZE > THELCBHEETHRREY 32 -2 a Y2 TTEL2 L
TRERR L 7.

ABSTRACT

The discrete element method (DEM) is widely used to analyze powder mixing processes, however DEM
simulation is limited by the computing capability. Hence, we proposed an original model, namely Recurrent
Neural Network with Stochastically calculated Random motion (RNNSR), to simulate the powder mixing
with low computational cost. RNNSR combines recurrent neural network and stochastic model, adapting to

powder mixing simulation in rotating drum mixer. The performance of RNNSR was evaluated in terms of

& o} o B S

degree of powder mixing and effective computation speed. As a result, RNNSR was able to simulate the

powder mixing with ultra-fast speed.
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Fig. 1 (a) Mixing behavior of particles after 10 seconds, (b) Temporal change in the mixing index at DEM, RNN and

RNNSR.
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FAU BIY A Z 4 M, filllE, WEMB I O0EEEEZ &L LTRACHH SN TS, BEAED FAU
AHEUEFIZ, 100°C HIATHHBOMBUZ L D AR SINTE 2. RUFRTIE, BRLHIZ XD B AL
B AR AL, Zhx OGO B WIEREEE L LT, M RINE LA sbes 2 LT,
i (180°C) - 4HHER (3 BER) T/NA ¥ ) FAU # &R L7z, F72, 5172 FAU i3,
BEFR D FAU & LB L TN 72 AL 2 A5 A TREMEZ /R L 72,

ABSTRACT

FAU-type zeolites, which are one of large-pore zeolites with 12-membered rings, are widely used industrially
as catalysts, adsorbents and separation membranes for various molecules. In general, conventional FAUs are
synthesized under hydrothermal synthesis conditions of around 100°C and several days heating. In this
study, high-silica FAU was succeeded in synthesis under the condition of higher temperature (180°C) and

short heating time (3 h) by combining highly reactive dealuminated amorphous matters, prepared by acid-

& T} ok & H

treatment, with a seed-directed approach. In addition, it was found that the obtained FAU-type zeolites have

unique Al distribution compared with previous FAUs.
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Fig. 1 Hydrothermal synthesis conditions for FAUs in
this study and previous reports (He et al., 2016;
Oleksiak and Rimer, 2014; Zhu et al., 2020).
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Fig. 2 (a) UV-Raman spectra of the precursor amorphous
matters (Si/Al = 5.2) and dealuminated amorphous
matters (Si/Al = 20), (b) XRD patterns of the
obtained FAU wusing dealuminated amorphous
matters at 180°C for 3 h and seed crystals, (c, d)
SEM images of the obtained FAU and seed crystals,
(e) 2’ Al MAS NMR spectrum of FAU (as-made), (f)
N, adsorption-desorption isotherms of FAU
(calcined), (g) 2°Si MAS NMR spectra of FAU (as-
made), and (h) The fraction of Q*(1Al) of obtained
FAU and previous FAUs prepared by direct
synthesis or post-synthesis treatment (Engelhardt et
al., 1983; Koranyi and Nagy, 2007; Melchior et al.,
1995; Oleksiak et al., 2017; Schroeder et al., 2018;
Zhu et al., 2020). The circle represents directly
synthesized FAUs and the triangle represent post-
synthesis treated FAUs. The dark blue line is the
fraction of Q*(nAl) estimated at a particular Si/Al
ratio in the zeolite model with a random Al atom
configuration following a binomial distribution
(Akporiaye et al., 1996; Mikovsky, 1983; Soukoulis,
1984; Vega, 1996). The light blue band represents
*+ 5% calculation error.
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Fig.3 SEM images of solid products obtained during synthesis of high-silica FAU from dealuminated amorphous matters
with DMDMPOH.

Table 1 Relative crystallinity, Si/Al ratios, Na/Al ratios, solid yields, and OSDA contents of products obtained during
FAU synthesis from deAl-Amor with DMDMPOH.

Time [h] Rela.lti.ve SUAL[] Na/Al L] Occ':luded Solid Yield

Crystallinity [%] Organics [wt%] [wt%]

0 3.4 5.77 0.91 5.69 17.3

0.5 21.2 3.97 0.93 7.64 7.5

1 25.5 4.04 0.96 6.34 11.3

1.5 36.1 4.05 0.94 6.62 13.2

2 56.3 4.19 0.87 8.20 12.5

2.5 73.5 4.22 0.76 10.8 14.1

3 111.4 4.24 0.63 14.1 16.6

Using the six peaks of approximately 18.9, 20.6,23.9,27.3,31.0,and 31.7° from XRD patterns, the relative crystallinity
of each sample was calculated based on the peak area of the seed crystal. The Si/Al and Na/Al ratios were measured by
ICP-AES. The content of OSDA in solid phase was calculated by TGA. The solid yield was calculated by the follow

equation.

Weight of solid product containing orgaics
(Solid yields) = e P g orgaics)

(Si source) + (Al source) + (Seed crystals)

Allt, AR OGHEE, BEEPEFEINL 4. K5

Na/Al i3 L7z, Z4ud, SEM Eifg2 &R KiFgecit, FISTEOE VB AL JE8 B A
B ENTBIERE LR EDY A I v 7k LR B RIE L A AL bEDL LT
L= L7, 2O ehs, FEFEHE, FEAE 180°C, 3 B[ & s E5ii TR & S
B LU Na" 27 FAU OFZHUZ, DMDMP™ 34E g7 s g s 12 BN C. N4 1) % 7% FAU O
nRIBAEIZ B 5 Pore filler 12, BLALIEE: appi-mmy L F 7 B0 7 FAU IS,
B BRIESR G e FIRT 2 12OOUREDS w207 L7 ALET %2 < & b 7
CIRGITT VS )= R OWRIRIS, S wype a2 W REMEAVRIE SR/ 72, FAU
TNHOCHLEEHEZE S L 2 EARIRS N7, DEEEALEB A D = LT, KERSRES

FBEE 2SN L7z KRR L7288
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ABSTRACT
Particle Size Distribution (PSD) analysis for nanoparticle is important for productivity improvement in
Chemical Mechanical Polishing (CMP) process. CMP slurry, which consists of nanoparticles in suspension,

contains multi-modal PSD due to particle aggregation. In this study, we suggested a novel particle sizing

& o} o B S

method using nanoparticle chip (NPC). NPC can maintain the aggregation condition of particles to transfer
the particles from suspension to the substrate. In this report, a fundamental experiment was performed to

investigate the evaluation method of equivalent height diameter using NPC.
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THILENUETHD. EXOHIE, TOLH%
FETUER L7z / W@l B & ORI EEEH
OFEM HES > TN) BF I KTF v T L
ATV,

F O RTF T AL, RS A
REBOR T2 BB, FEESN2Ec ok
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1. Numbering particle 2. Transferring small droplet
containing a particle

in suspension

0.1-10 pL

3. Positioning
droplet

4. Positioning
particle

'o %0 %
© 0 %
7O SO go

substrate

Fig.1 Concept of nanoparticle chip.

F %3 C SEM % AFM THi%Z4+ 5 2 & T,
FEAR L ORLF- Ok 2 (HREAH 4R 5 S HHAE)
AEHI L, RESMAEZFMICX 5L EZONS.

3. BT & GHli

F KT ORIEEGAGIC BT, RN T
(X, KIS AEHEORS, AR F R F M
DD LENH L. SEM E VA
FEMMLET 27 2 L —FE0 IS0 Ei |12
LU 7-RAED D B A5, AFM OA T, BUIR,
A5 A I ORE e DSHE . ST B 5, 1SO
REHE (IR ISR L 7R DS e v, £ < OBF%E
T, BIRICEY] S Nk T O R ICE S 2>
SBERE L 72 o kT o LR o R EE % R E
L, FEOMHEREE RICER S RS H W
LENTRY, ZNLATIR, RToORmizow
TZDOREMED S EROIEENE L TORS
TEFRLIBIEEVPH SN TS (Misumi
etal., 2018).

FORAFF YT TIE, AT =B —
KR % LSO L, EBRICEETE 572
O, M & OFLF O TR 250w S AH L% % i
WL THIERBEHNTE L. fEoT, F/HT
Fo TEHWEEAEOE SHYEOERE L
T, M2 2R dHE%R_ET S (Zhuetal,
2020).

AFM 70— 723K F D b v T xRl d 5 A
XY=V INRRIBNWTC, KTONy THhE

Scanning path
q. ‘ I Height= d

Fig. 2 Definition for equivalent height diameter.

AL D FLIENTE E TOMMER B SHLEE LT
EF L2 BRKFo%E, Ryom SI3hE
EELLRD.

4. FEBRHAR

F 2 RFFy TR WTESE 100 nm LT O
KT ORZEZFHICE 2 0WEES 5720, 7
KT-F v FICFEE L 72 AL 08 SH4E %
B L 72

[ 31X 100 nm ¥ 7D AFM {5 L V71—
THRRF O 7a 7 74 Vard. K305
B ERL T E F R Ty T OIEAR B HMT
FETE TSI EDVMHRTE S, 72, Kt
OWIH 7T 7 7 A Vs, FTOE SHUEIX
91.7nm & HIES N5,

w2, FRATy 7 EICEEL S kT
BENGE T — & 12 FeD W TR AR SEAf AT AE T
H D PWGET 5728, FEAR EIZ 100 HOF T %
e L, BEEfbS ek 7o S AL EOHE
i SHKTOFIGRAR L IES D E ZHIE L 2.

O SHLEOWEMIL 103> 7
W— 7L LT, FEHORT OFIgh 28 % W5E L,
10 MR OIS L NES 2 & 2l
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? 4 6 8
0 x position (um)

10

Fig.3 Equivalent height diameter for 100 nm particle.

L7z, ZOfR, “FHREOFEEIZX 97.3 nm,
AHEN S 1L 69nm (LERKELk=2) ThH 5.
—7, FEAER T OREOFLFEIZOWT, KT
OFIGHRAFIL 100.2 nm, PR EDO AN D S 1%
1.3nm TH 5.

F 2 RTF TR FGCHRIE L7z SR E
OFIfEE, W ISR L 7R O3k
FEORFEME & B —3 L7z & SHUEDOAHE
NS, R T O PR DN, S &
THEREWD, ThzowTiE, MlEY Y7
VEE TR, REEEICE O L E R
Y

Xl 4 12 50 nm k77D AFM E % & Wi 71 7 7
ANVERT. H4ah5, 50nm kT MRS
BEP L CHEEEN TSI EPHERTE 5.

F 7, RFERIIEDN S VEHWREER R DO
LI ENTWBA, Tk i h ook
KO IRGOREREEZ ONL. RTFOAF Y
YU TIRANG, KFORKE S 1L 47.50m
Thb. ZOMBKEEMHLET S, ZOREDL
5, 50nmFLFICR LT, FIRTF Y T
HSHUEAIETE D REME AR L 72

100 nm -1~ & [ A2 50 nm fi 12D W T3
T SHLEO IR E Y M 5. B SHLE
DFIEEL 51.9nm. —FF, EER T ORIED
PRAEMELE, FIREA 500 nm TH Y, & SAH
LEOFIMEI L IR EDORIME & —ET 5.

ZDIE%, 50 nm KL T OIS, KT =L
B L7220 SMOHESEOH, 1 HOMESIZ
WAL TFHHER S NIz, T RTFF v T TIE, K
FOWHTORFAIREEZ RO Z LAWHETH 5
728, AT —HO—KAF & KT ORI
NHRETH L. F/RTFF v 7T EO—KNTB

W B W
= o

height (nm)
=

4 1

2 3
o X (um)

Fig. 4 Equivalent height diameter for 50 nm particle.

UK FOBE T b A5 EIZED
AT —HOZRR T OEHE LR TS L LE
AHN5.

5. WS
KEFgETlx, WFER CMP R 1) — Ok 5
MaEHET 5720, F/kFFv Tk
FE A R AT 2 R L7z, > /R F 7T
(&, WK T % 200 HuREL o7 F 125
WANEETE D720, K EOR T ORE %R
i 52 &2k CMP A5 ) — O ES A 7F
A e TH A, CMP AT ) —Zxf L Tl
£& 10 nm ~ 1 pum DAL F DKL FE 53 A7 5l 75 0 22
TdH L. KFaTIiE, SEM Tilll % H° A 8 7
100 nm L F Ok 205 & LT, AFM & Hw
TR DOWIE 70 7 7 4 Vh SO S Y4
BrHEMTE 2 FEB2 S, 100 nm KT O
BHREEIE6 222 ELCHIETEZ. 50m
KPR LTh, ZoOFERELRETE .
FEEROFER DS, AFM Z W, F /T F v
TNEA T ) = O— KT & KT ORI A
WHETH O, — KRR T OE SHUZEFHETE,
FIFE 10 nm ~ 100 nm D FL 1 O RLEEFEAN O 1] 7E
HrRL7z.

S 3Lk

Baalousha M., Lead J.R., Rationalizing nanomaterial sizes
measured by atomic force microscopy, flow field-flow
fractionation, and dynamic light scattering: sample
preparation, polydispersity, and particle structure, Envi-
ronmental Science & Technology, 46 (2012) 6134—6142.
https://doi.org/10.1021/es301167x

Boyd R.D., Cuenat A., New analysis procedure for fast and

reliable size measurement of nanoparticles from atomic
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force microscopy images, Journal of Nanoparticle Re-
search, 13 (2011) 105-113.
https://doi.org/10.1007/s11051-010-0007-2

Misumi ., Sugawara K., Takahata K., Takahashi K., Ehara K.,

Size measurements of standard nanoparticles using me-
trological atomic force microscope and evaluation of
their uncertainties, Precision Engineering, 51 (2018)
691-701.
https://doi.org/10.1016/j.precisioneng.2017.11.013

Zhu J., Hayashi T., Kurokawa S., Nanoparticle sizing for

poly-dispersed particles using Nanoparticle chip,

54 BB F = R R

1.

BEELES

Zhu J., Hayashi T., Kurokawa S., “Measurement
of number-weighted particle size distribution for
poly-dispersed particles using nanoparticle chip”,
19th International Conference on Precision
Engineering (ICPE2022) (Nara, Nov. 28-Dec. 2,
2022) C065.
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Zhu J., Hayashi T., Kurokawa S., Measurement of molar con-

centration spectra for nanoparticle with multi-modal
nanoparticle size distribution using nanoparticle chip,
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2. R KB, MR, B R, R Ty

TR R R 4 A B A
2B A0 (55 3 ) —AFM % V725
A B OFEM—", 2022 EFREHE L HE
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Synthesis and Dissolution of Particles for Advanced Mass

Transport in Plant Bodies
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W 8k
FORRAEPE AT R 2 RN, ISR SN 722 28 LTRSS N 2 Eid = or iz e v e
WE SN TV D, RO ZIEROBINTEE L MO, SIERZ RIS 2 HErH 5. Ly
L, MEEDSER L 72KIE R OREE T ORRETEII L EERIITEM TE 2w, ABIZE T ERREE
ThHY 2% L, ELTORNTFOBERLGEIHSTL L2 HIEL, AL 72200 R0 T O ffiiE
o EORHEDS, ERRFIEIC S R BB R T

ABSTRACT

Fertilizers, which are essential for food production, are absorbed by plants in less than half of the amount
applied to the soil. As an efficient method of absorbing fertilizer, there is a method of absorbing fertilizer from
the leaves of plants (i.e. foliar route). However, the method of transportation in the form of an aqueous

solution in which the fertilizer is dissolved is not applicable to macronutrients. In the present study, the goal is

& o} o S

to control the dissolution of particles on leaves during the particle transport in the solid state. The effect of
properties such as crystal structure of the synthesized multicomponent particles on the dissolution properties

was investigated.

-125-
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KR 0 H =B

1. WIRHE

A 2 AR A R LRI LB R T dH
. TSN, Lok TFI2E S
N5, WTOWKENRET %L, MK
WENLEIFPFTUTTH D, HWOLEESE
D—DTHhb) v (P) 1F, TERTAF L
LERTIVI = bl dEET 5720, fiil
D TIEP S OWIRDEIL 10 ~ 20% 1K< %2 5
(Baligar et al., 2001). ZEE, BERIIEIEWOIL
HELEML L9 &, BERE I3 nED RIS
WMEMAH 5. F72, ) L IFBEER > S O
AL WO EFEEEZ, UV DERE RSB ¥
AP THEONIIHET 5 EOFHH»H D
(Cordell et al., 2009), ERIFETOFHAIKD 5
ns .
ZoxndE LT, Mo mot AL <o 32w i
NEZON5L. ERORRALIEE RO 11K
BECHIBICHA L, WAL SE5L0T,
KAEOF AR 2 Ut LBRE AN 2 R S &
W OA&FEWZ ) XSS5 R0 H 5 )k
L CHlFEMZEAHE M L T 5 (Raliya et al.,
2018; Dimkpa et al., 2018). ZEMFM 1L, HFEH
R L 7RI % O RE LS L CHRE O 28128k
T HHETHDL. ZOTETHEEDOER Y
B3 % &, RBLEOM I & D) R A5 4E
T5720, ) rEGULSEERIIEIMS 2 Lt
TEZ\V, KEFZETIE, BRIEER T % 3128k
L, HAICED TR 2R S8 THREIC
W &5, Fi-@mis AT L5M%T52
EERHEMEL, BT A—F (MEER L)
AEALEEL T EIZLY, KT oREEER &
DEEDVRIRFEIC ED L ) B2 52 50
Rz,

2. FEBE

AKWFgETENA Fax 788 4 |
(Cajo(PO4)s(OH),) D & 9 7 Ca—P RHL T % K} 5
272, HOR 71X, AV rnEy) v
Bk YR CIRA LoKBH s MR (27
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Fig. 1 Heating profiles for preparing hydroxyapatite.

L—FI74Y—) CHRSEAEHERE L2
T, NY =i~ ivOMBFEIZL ) BLIF
WCHNEY (B §AZETHEBLZ. K112
INEGREZb 2 /R 3. IR ORI R Al % b1
G272 ANVF -8 EEZ, TNEFNOmE
THEAEMED?E L 25 L) SRS RE THERR
% e % G558 L7z, JRBETR DR T 1380 K X f
B4 (PXRD) T dh{ % 57 L 7.

AR L 72k % pH 1.2 DEIC AL, 10 47
MiREH L, L2 % 022um DX >~ 7L
YITANY —TAHBL TR, WEEEX
M (XRF) THIET 572012, A IS
TTA4 U R=FVIRICAY T L, ZOHIC
10 AT L7z, WO %, XRFETH
JEIEEE 2 e L7z, R R Ok IEREDZAL
% EARIE WM (SEM) THEIZ L2,

3. Wb XoEsgt

K2z hiEToRERD
PXRD OfER 2T, XAREFT DI85 — 5
WENOMBSHETH N, FaF T 787 4 b
DFESDEREINT-Z DRI N, INEEA:
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Fig.2 Powder-XRD patterns of hydroxyapatite samples
prepared at different heating profiles.

S0pm : 50pm

Fig. 3 SEM images of hydroxyapatite particles (a) before
dissolution study (b) after 10 min dissolution.

DOZALIZ X1 iR L7245 SAICZ b /L o i,
INE — il (INBVREE 800°C, H-iRHFE 18°C/
min) DAL 40° T IC ¥ — 7 BHER S e
o7,

ESK%MTﬁ,LK@ﬁW%@ﬁ%wﬁ
BERT. 1070568 5 2 & CTHEMSHELT
L, MFEIP B um BT 5L b2, RTFk
HOMNH 7% e VIFOH NI R B ONEE S
7z.

X 4 (25 AER RO A % XRF THIE L 72
Ca & POIROLAMHEREZIRT. /88—y
(hn#GEE 550°C, F-iHEE 18°C/min) @ 3, 5
e EIE S, oMETTEE L AR PITH LT
CaN & )& LB L7z, MBITEDZEALIC &

22
_ 2 v
5
©, 1.8 |
O ann
516 | gl
G4y i -e-800°C 4.5C/min
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Fig. 4 Ca/P ratio in the filtrate measured by XRF.

D EIRERE OZALIZIT TR L, {LEWDO R T
WIZHEED A+ v 2 S5 2 EATHET
HDHEEZOND. BEROWECLY, YO
BREEICBWTUEL 2 b RERLTEMD

LT E D, —ROFA TR T T AR %
AN E A ERMEAVR S Tz,

S 3k

Baligar V.C., Fageria N.K., He Z.L., Nutrient use efficiency in
plants, Communications in Soil Science and Plant Anal-
ysis, 32 (2001) 921-950.
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Cordell D., Drangert J.-O., White S., The story of phosphorus:
global food security and food for thought, Global Envi-
ronmental Change, 19 (2009) 292-305.
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HARIZ B W TS % 50 L CihE SN b 720, B3 KEERD Br 1 F ¥ % O
HEEND. AR MR S OMEE 7 SR EAN B 3T 2 e s Tw s
B, AHPBCGADFM 2 A B = X LFHS P TIE RV, F2TARETIE, HFy3Ial—var
L DHGA X 1 = X A DOERT 2T\, RSB ORIN BT 245 5 — A O A +
NIt A YN YA

ABSTRACT

In this study, molecular dynamics simulations of NaCl crystal growth were performed to analyze the
adsorption mechanism of solute ions onto the NaCl surface during the initial growth stage. Both Br™ and I
were found to decrease the adsorption rate, but the impurity effects of these ions were different. In the
presence of Br~, the adsorption rate was decreased by the limiting effect of the adsorption rate of Br™. By
contrast, in the presence of I, the adsorption rate was reduced by the abundance of I near the interface as the

supply of CI” near the interface was limited by electrostatic effects.
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KR 0 H B

1. #a

HARTIZA A > ZHafE 2 v Tl L 723k

G L A, ASe b L THEAMES LT
W5h, L72h3o T, BTk RO A
Yas& £ CTwv b (Ogata and Suzuki, 1993).
*ﬁQCCT%@%@§7< VT B RS TRAR B BELS
HISR L, BEEEASah 2 AR 3 2 A+ S BRI ASHL
DiAEND b D (HE) & BEEH OAFKE A3
MEMICNAET A0 (EE) 2555, 1
O f, TS PUANI K, Br ANEEAE T
EIRPWIZWM Y AEINEZ EPHLNTNS
(Sunagawa and Tsukamoto, 1972). PUAISGIZH
¥4 %K', Br igEIIELPOEE ~TF ppm
BEICHEL, fREEGETIEIRETERWD
MR TOFERE 2> TWAE, THH AW
(K', Br) ORGARE % RIS % 720 OB 5EA
WO ThNTEY, HEREREIZBITS
NaCl #5 s~ ORI AR 5~ 71
LHEPEAIZHS PR ) 2DOH 2 (Kubota
et al., 2000; Matsuoka et al., 2002). L 2*L,
NODBRIIHETTLI /R AT— )V TH
Fo72bDTH LD, FEBRNTHTIIEFMZ
FEATIZINEE T 5. LTI, 55 FEI)5% (MD)
Yialb—arilky, #HEEEOST LA
VTOREMBEN 2 HEAEA TS (Liu and
Sun, 2019; Jiang et al., 2019). L L, Br X T
DI AABRIZOVWT, MDY I 2b—T 3
YERWIHREIZFRA OB RY) TIERL76
%\,

Z 2T, NaCl &S~ OAHY DI A A H]
LE5FLVNVTHES 572012, NaCl i i
& NaCl-NaBr Z 7213 NaCl-Nal 7K O B A))
W B 2 R T OB LS MD ¥ 3 2
L= a XD ENT L, NaCl#S &R (20
B A DB O THREET L 72,

2. FEE

KETFTIIESPCEET VERHBL, A4~
E 7 VIZ1Z Joung-Cheatham £ 7 )V & $RH L 72,

Fig. 1 The crystal growth simulation model. (a)
Calculation cell (b) The crystal plane in contact
with the solution.

FRAF Y HMOMEERRT v vid T 7
YTNWVT =V AMEASER E RV R R ERT
Lennard-Jones ;R 7 > ¥ ¥ )V & M HEAEF %
9 Coulomb K7 > ¥ v VA G HEZ
(1) OZHKRT v VBB THER L.

12 6 I
PRI I N R QiaQp
(&%)4%{@J [2J}+§§4mww

(1

PRI 1(a) D & ) T AS 2 @7 1A
Eﬁ&ﬁﬁ%k»@%?w%mmt ZZT,
T3 ARG & 7 D NaCl i CTHh D |
iﬁmt&éanmnitimaNﬂ*
B THAH, FEEEHIH 1) DL HIZAT
TRV RBRL, WMFEIIEEE L.
i & BRI E L2 % 300 ps [ F 1AL L 72 7%,
FH 2 PR S, RBEEIREE 363 K, B REHIE
20fs CT2ns MOMMBEEY 32— a3 v %
f1o7-.

3. FEBRRIRB X UER

3.1 AF Y OLEEB LUK AL F—
FTHiff

NaCl, NaBr, Nal, NaCl-NaBr, NaCl-Nal 7K
BWHHICBI A4+~ —H,0 BT 4V F—
i B %A X 2 127K 3. NaCl-NaBr /K& T,
NaCl KEH & L CCI-H,O O ¥ — 27 &
EPMELC, Na-H,0 O Y =27 E &K o
Twa., F72, NaBrK&EW LD & Br-H,0 [
DY -7 EHENEL, Na-H,0 MO ¥ — 7 &
SHEL BoTWAEIEDDbHNDL, TiLENa'
DA T RNFIT LY, NaCl 255 L3 %
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KN FEAY 7 T 5700728 E20605.
7% b B, NaCl-NaBr K& H O CIm O e
X NaCl KB L ) bK<, Br e kIx
NaBr KEWH LD bEnwZ Losbro/z (K
2(a)). NaCl, Nal, NaCl-Nal K& 2B W T
® NaCl-NaBr K& O W4 L Rk Na™ o
WA F R KD FRRDOMEIT DG S 7z,
NaCl-Nal /K& Tld CI-H,0 [, T-H,0 [ ®
V=7 B EPRELSET S LR SN
(X 2(b)).

ZZT, A4 Y H0 BT ANF 57
& KAV F—%HHA L, NaCl-NaBr 7K
A @ CI & Br, NaCl-Nal K&+ @ ClIo
ET OFENZ LB Lz, 2oRRe#E1
\Z7R" 9. NaCl-NaBr KiEHHIZBWTIE Cl &

.......... Na*-H:O (NaCl aq)

........ CI"-H.0 (NaCl aq)

— + -Na*-H:O (NaBr aq)

Br--H:O (NaBr aq)

Na*-H.O (NaCl-NaBr aq)

— CI"-H:0 (NaCl-NaBr aq)
Br--H:0 (NaCl-NaBr aq)

www-Na*-H. O (NaCl aq)
......... CI™-H:0 (NaCl aq)

— - =Na*-H:0 (Nal aq)

— - =1"-H0 (Nal aq)
Na*-H.O (NaCl-Nal aq)
——CI™-H:O (NaCl-Nal aq)
——1"-H:0 (NaCl-Nal aq)

-20 -10 0 10
U[x1029]

Fig. 2 Energy distribution functions between two bodies
of ions and H,O: (a) in NaCl, NaBr, and NaCl-
NaBr bulk aqueous solutions; (b) in NaCl, Nal, and
NaCl-Nal bulk aqueous solutions.

Table 1 Hydration energy [kJ/mol].

Na* ClI- Br- I
NaCl aq. —509.78 —342.28 — —
NaCl-NaBr aq. —460.39 -293.03 -266.61 —

NaBr aq. —400.52 — —218.76 —
NaCl aq. —509.78 —342.28 — —
NaCl-Nalaq. —-366.77 —151.50 — —-180.98
Nal aq. —293.53 — — -124.27

Db Br OKFT AL F—HKkE {, NaCl-Nal
KB PIZBWTIECE L0 & T DKM AV
F—/hE v, DF D, NaCl-NaBr K& Tl
CI" & Br OKHIT AV F — O R/INBEFRI iz L
7\ 738, NaCl-Nal /K Tld CI & T DK~
A F — O K/NEFRA L L 72, 2 4id NaCl
& Nal TIEEEEOZEDRKE {, Na* O3t A
T URNEDOENRENTDIZEEZOND.

3.2 AL — R I BT B Vi
fidh — A WAHOREEZRRD 72012,
NaCl-NaBr & NaCl-Nal K& = R & L 723
EOBEESAAEFE L (K3). REAHTT
ZBEEA A OBENLEALTEBY, Nat i3l
B E bHEFERENICE L, BA 4 (Cl,Br,
) OREY— 7 35BN E D LEENAE
WCOHFET 5. IEBNICBITLA 4+ OE—
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% 72, NaCl-NaBr /K& CTIE A5 a5 12
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Fig. 3 Density profiles: (a) using NaCl-NaBr aqueous
solution; (b) using NaCl-Nal aqueous solution.
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Fig.5 Time changes of adhesion ratios: (a) in NaCl-
NaBr aqueous solution; (b) in NaCl-Nal aqueous
solution.
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ABSTRACT

The purpose of this study was to improve the solubility of three poorly water-soluble polyphenols by
amorphous formation with naringin (NAR). All spray-dried particles showed a halo pattern in powder X-ray
diffraction measurements and showed a single glass transition temperature in differential scanning
calorimetry. The spray-dried particles of poorly-water soluble polyphenols and NAR improved the solubility
of hydrophobic polyphenols, especially the solubility of naringenin, which has a similar structure to NAR,

was significantly increased.

B R O#ME RF4 =2 a VBT LT A v kR
PHAEMATEH SN TWw5 (Hammad et al., 2021).
1. "R Lo L, HEREVEASM RS OB EEES LIEL

WA, EEEHEGE MRS LT, vy RMEEE 2L BRUICERoTh T, R
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HIREDALEW % KBS 5 F IS8 - B8
LT HEMDE L O ENT WA, TET
&, KEEEDFOND Y IR+ % FEF I F)
LT, =7y MbaW & BRn+2ERI O 55
FHAAHEEHICLY, =7y MEawoIER
BAIREZ LT 5D EA AT TV S
(Lobmann et al., 2011; Liu et al., 2020). AWZE T
&, HOKEMESREE 225 K) 72 — V%
=7y Mbae LGEIRL, FEREIC X
%R T x ) — WD ERIEUGE & AT

2. HY L E®

=y MeEmE LT, K72 /=1L
HTLT7 IR/ A4 FICHEEINDLT IRy, 7
VeFr, FUYrZvEERLE (K1),
BN X —5 OB, ML %
D2 ODALEWIIHBEEICENS Z LS TPHE
N3, 22T, 79K/ 4 Femgrio
75K 4 FEEERDF 1) Y (NAR) =
A& L CGEIRL 720 NAR ISR IZZ
L<, BOFGHOFEEIENZ TR
L. IS NAR I E -2 LTH, oK
) 7z ) — VLS L 7o BUER LR R PLRIE
Ve 2 o700, K1) 7/ — VHEHOMFE %
MY A EDHIFTE S,

3. WEZEE

3.1 NAR OWE L ay B Rl

NAR O L] %2 DSC 12 & 1) FFfli L 72 &
Z A, NARIFHEIL LIZ < Wo T A T 2454
ENBILEWTH -7z, FEFEICNAR & AT
WEFREZIE L 7R T3, R XGR BT E I L D),
IMEIRETH D Z LAMER S L. DSC 12
X ) NAR Hffiod SDPs D 4T AR HE (Tg)
R L72& 2 A, 932°C TH o7z, —fiki,
Tg 5 < % B ICONCIHMBEIREBOZEMED
E R BEACH L. IEE E T LRI
HWbHnAR)E=Z V7V a—)vd Tg (73°C)
CHBLTLNARD Tgldm <, #HFE LT
NAR % i\ % & & TS B RA o 2w i b
PFETE 5.

3.2 NAR % H\ 7 MEFE A T O BT
HEVATEILAE Y INAR DEIVIEAS 13 &7 B &
IR =T 7 — VIR L, MR
I2& D, At (SDPs) ZaHE L7z PR L /-
SDPs O iyt % FHI 3 2 728, #3oR X e
HWERITo728 24, WEFRLRERICHET S
HOE2RRE—2%RET, NARTHWALZ L
T3 HHOEEMAL AWM 2 IR ELT 5 2 LI
W L7z 72, B 72 SDPs O Tg % ¥

d OH OH
HO&&O 0 O
aaae
0
HQZZQ# OH O
HO [

Fig. 1 Chemical structures of (a) flavone, (b) quercetin, (c) naringenin, and (d) naringin.
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2019). F7:, WL R v —H 05T M
TER OB S1E, B LR ) v — 0 bpEiE
KT A2 ERAENT WD, Lo T,
F 1) v = & NAR H O 5 T FAEAEH 53,
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Fig. 2 (a) Differential scanning calorimetry thermograms of SDPs of flavone/NAR, SDPs of quercetin/NAR, and SDPs of
naringenin/NAR. (b) Powder X-ray diffraction patterns of SDPs of flavone/NAR, SDPs of quercetin/NAR, and
SDPs of naringenin/NAR after storage at 25°C at 75% relative humidity.
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Fig.3 Dissolution profiles of (a) flavone, (b) quercetin, and (c) naringenin.
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ABSTRACT

The effects of polydispersity on the physical properties of granular matters are poorly understood. In this

study, we investigate the binary mixtures of jammed particles with large size dispersity. Especially, we aim to

clarify the nature of the elementary excitations in the binary mixtures. We found that structural properties

exhibit apparent correlation near a critical point in the binary mixtures. We also found that the binary mixtures it
o
have more low frequency modes than the monodisperse granular matters. 7t
&
B
" Gutn nr & — s b&

B R O HE FEAES % & A IR OB % 7R85 [ R 72 TRAE LS

AL 5. THEY v I VTR LTINS IR

1. B% - HIY

RIS P TE 2 L) 2EHNZ
HAARATHY, KMFOFTHERIIGLT, £ON
FRFEARE CEALT 5. BEETIE, #ED
£ LB RIREICH LT, SEELT

P O—fTh D, et EL O & I
DWW AT AEMEE L T 5 (van Hecke,
2010).
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B 5 22127 - 72 (Manning and Liu, 2011).
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3RO TRATH 5.
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Fig.1 Phase diagram of binary mixtures. The solid line
represents the transition line which separate L-phase
and LS-phase (typical configurations of the two
phases are also presented). The filled circle is the
critical point where the transition line terminates.
The dashed line represents the state points in which

we explore in this study.

% (Hara et al., 2021). 2D, KFEHT
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Fig.3 The -correlation function of jammed small
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Fig. 4 The vibrational density of state of binary mixtures.
The slope of the solid line is 1.
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ABSTRACT

Experiment was conducted on water vapor and aluminum powder combustion aiming to a micropropulsion

system for small satellites. The water vapor pressure was approximately 80 kPa, and aluminum powder was
spherical and —250 mesh size. The experiments clarified ignition delay, maximum pressure, pressure
increasing rate, and combustion efficiency of the combustion. As a result, the propulsive performance of a
micropropulsion system using water vapor and aluminum powder combustion was roughly estimated, and its

future potential was confirmed.
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Fig.1 The schematics of the experimental.

Table 1 Experimental conditions.

Initial Charged Al .
Exp. No. Mass ratio
pressure, kPa mass, mg
0 733 £ 1.8 0.0 —

—_

712 16 6313 £04 0.51 *0.01
63.8 =12 6186 =04 047 = 0.01
682 14 602704 051 =0.01
762 £ 1.6 4225+ 04 0.81 = 0.01
65.1 £ 1.6 412704 0.72 = 0.01
68.7 + 03 3858 04 0.81 = 0.01
689 £ 12 3894 04 0.80 % 0.01
692 1.6 278.1 £04 1.12 = 0.01
682 1.6 3345*04 092 =*0.01
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Fig. 2 Time history of combustion chamber pressure in
each experiment.
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Fig.3 Time history of pressure increasing rate in each
experiment.
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CO, ZRELR COIZEHT 5 2 L id, HEKEBLOGHEE RS 27200k Th 5. Lk
55 CO, ZE#HZIL, 7TFF —BHENVTFVIZED TIO, BRI S HW LN TV, KifETIL,
mIERLD (HPT) 2L o THE TIOTMHZ G L, Yoz k2 co, Bk 2. Ing
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THNEL, Wy RRI T a VPSRV LR, CO, BIDNfEEENS VHEEHTH L EEZ O
72, ZO2HIZOWVTERNETELL)NEZHEDLTFETH L.

ABSTRACT

Photocatalytic CO, conversion is a promising and clean way to convert the CO, to CO and useful
components. TiO, is the most investigated photocatalysts for CO, conversion but it suffers from large
bandgap around 3.1 eV. Using the rutile and anatase titanium oxide phases is prevalent for photocatalytic CO,
conversion. Despite several attempts on photocatalytic CO, conversion of these two phases, the columbite
TiO, (TiO,-1I) phase as a high-pressure TiO, polymorph had not been investigated for this application. In
current work, we employed high-pressure torsion (HPT) to produce the defective TiO,-1I high-pressure phase

and examined it for photocatalytic CO, conversion for the first time. Introducing the TiO,-11 phase

~ 145
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significantly decreased the bandgap and improved the photocurrent density and photocatalytic activity of TiO,

for CO, conversion.

B R D B E

1. Introduction

Global warming caused by the excessive emission
of CO, into the atmosphere, which influences humans
and other creatures, has become a critical crisis for
governments and scientists (Forkel et al., 2016)].
Conversion of CO, by various strategies to useful
components such as CO, CH, and CH,OH is a
strategy to reduce this harmful gas (Forkel et al.,
2016). Photocatalytic CO, conversion is the cleanest
way to decrease this material from the atmosphere
(Forkel et al., 2016). TiO, is the most investigated
semiconductor in literature for photocatalytic CO,
conversion. TiO, includes rutile, anatase and brookite
phases at ambient condition (Hanaor and Sorrell,
2011). Anatase is the most investigated phase of TiO,
for photocatalytic CO, conversion which shows the
higher activity than two other phases (Bourikas et al.,
2014). But the problem with this material is it’s large
bandgap which limits the efficiency of this material
as photocatalyst for CO, conversion (Bourikas et al.,
2014). In this regard, there are various type of
reported studies in literature which have introduced
different strategies to improve the efficiency of this
material for CO, conversion. Despite these various
attempts on anatase TiO, for photocatalytic CO,
conversion, the high-pressure phase of TiO, as TiO,-
IT (columbite) did not investigate for photocatalytic
CO, conversion yet. This study shows the first
application of TiO,-1II for photocatalytic CO,

conversion compare to anatase TiO,.

2. Experimental procedure

To achieve the objective of this study, the TiO,

anatase first was proceeded by high-pressure torsion

(HPT) for 4 turns at room temperature and annealed
(to remove the bulk oxygen vacancies) at 773 K for
1 h. The initial anatase powder, HPT sample and
anneal sample then were characterized by various
methods. Crystal structure of each material was
investigated by Raman

diffraction (XRD) and Rietveld analysis. Specific

spectroscopy, X-ray
surface area was examined by Brunauer-Emmett-
Teller (BET) method. Oxidation state of elements
and presence of oxygen vacancy were examined by
X-ray photoelectron spectroscopy (XPS). Since
microstructure and formation of lattice defects
significantly influence the catalytic activity for CO,
conversion, microstructure was analyzed by
transmission electron microscopy (TEM). Because
the formation of oxygen vacancies is a critical
parameter in catalytic CO, conversion, electron
paramagnetic resonance (EPR) was performed to
analyze these defects. Recombination rate of
electrons and holes and lifetime of the excited
electrons were examined by steady-state
photoluminescence (PL) emission spectroscopy and
time-resolved photoluminescence decay (PL decay),
respectively. Diffuse reflectance infrared Fourier
transform (DRIFT) spectrometry was conducted to
understand the absorbance mode of CO, on the
surface of each catalyst and to understand the
conversion mechanism. Photocurrent density was
measured for examination of the electron and hole
separation.

To determine the catalytic activity of samples,
photocatalysis test was conducted in a continuous
quartz reactor under UV and visible irradiation light

in a liquid phase system.
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3. Results and discussion TiO,-II phase generates the current much better than

Fig. 1 shows the XRD profile of anatase powder

and samples after HPT and after annealing. It

powder and HPT samples. This sample finally

C g . . v W wvw vvww v v v vTiOll
indicates the formation of TiO,-Il phase by the £ ° o o o Rutile
appearance of some peaks corresponding to TiO,-II 2 k¢ ® o O X Danatase
. [
phase after HPT and annealing. Band structure of c M
TiO, improved after HPT and annealing as shown in E Anneal
Fig. 2(a). It shows anneal sample thermodynamically S HPT
©
can cover the reactions better than initial anatase E
powder and HPT sample. Fig. 2(b) shows the 2 l Powder
. . o DU T TV
significantsuppression of electron hole recombination I : . : .
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photoluminescence intensity. Potential of these
materials for photocurrent generation is shown in  Fig. 1 Formation of TiO,-II phase. XRD profile of the
Fig. 3(a). It demonstrates anneal sample including initial anatase powder, samples after HPT and after
annealing.
a b
cB
S - | Powder Anneal ,CO,/HCOOH s
LS HPT /.C0,/CO a
W ook --CO,/CH,0 L
z NU2H M, 2
é .F .CO,/CH,0H [
ol - P ——— . “COyCH, 8
o ! =
2 2 | &
w | | U0,/H,0
VB 2/112
3

400 500 600 700 800 900
Wavelength (nm)

Fig. 2 Improved band structure and recombination suppression after introducing the TiO,-II by HPT. (a) Electronic band

structure and (b) PL emission spectra for initial anatase powder, samples after HPT and after annealing.
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showed considerable photocatalytic CO production
rate much better than anatase TiO, as shown in
Fig. 3(b). These promising results are attributed to
formation of oxygen vacancies, heterojunctions and

high-pressure TiO,-1I phase.

4. Conclusions

TiO,-1I was produced by HPT and examined for
photocatalytic CO, conversion for the first time. The
material showed better light absorbance, lower
bandgap, more appropriate band position for CO,
photoreduction, lower recombination rate of electron
and holes and higher photocurrent density compared
to anatase. This high-pressure phase significantly
showed higher photocatalytic activity compared to
anatase for CO, conversion, suggesting TiO,-II as a

new active photocatalyst for CO, conversion.
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ABSTRACT
Using the clean fuels such as H, is a promising alternative to be used instead of fossil fuels due to global
warming issue. In this regard, photocatalytic H, evolution is the cleanest way to produce this useful
component. There have been various attempts to introduce the photocatalysts for this application and among
them metal oxynitrides have attracted attention due to their low bandgap. High-entropy ceramics are also new

and promising materials due to their superior properties specially in catalysis. In this study, the concept of
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combination of metal oxynitrides and high-entropy ceramics led to design and produce a new high-entropy

oxynitride (HEON) for photocatalytic H, evolution for the first time. This HEON successfully produces the

H, because of its high light absorbance much better than relevant binary and high-entropy oxides and low

bandgap around 1.6 eV. The H, production amount of this material was higher than GagZnONg as a

convectional oxynitride for this application.

B R D B E

1. Introduction

Excessive CO, emission from the chemical
process has resulted in global warming as a great
concern of human beings (Moniz et al.,, 2015).
Photocatalysis is a new promising strategy that has
attracted attention to produce clean fuels such as H,
under solar irradiation. The drawback of this process
is its low efficiency compared to conventional
methods (Moniz et al., 2015). Metal oxynitrides are
promising materials for photocatalytic H, production
due to their low bandgap (Takata et al., 2016). On the
other hand, high-entropy ceramics are new interesting
materials that have been considered to be used for
various ranges of applications due to their special
features. These materials contain at least five
principal elements and have a configuration entropy
larger than 1.5R (R; gas constant). The presence of
five elements makes the structure of these materials
distorted and generates significant active sites for
catalysis (Akrami et al., 2021). Moreover, the high
entropy leads to negative Gibbs free energy and
consequently makes these materials chemically
stable. These materials have shown high potential for
catalysis due to their superior structure and presence
of defects which can act as active sites, but their
applications for photocatalysis are limited (Akrami
et al., 2021). By considering the concept of metal
oxynitrides and high-entropy ceramics, this study
shows the first application of a high-entropy
oxynitride (HEON) for photocatalytic H, production.

2. Experimental methods

The equiatomic fraction of Ti, Zr, Hf, Nb, and Ta
were mixed and processed by high-pressure torsion
(HPT) and then treated by high-temperature oxidation
and nitriding to produce TiZrHfNbTaO /N, HEON.
The material was examined by different characte-
rization methods. X-ray diffraction (XRD) and
corresponding Rietveld analysis were performed for
crystal structure analysis. Raman spectroscopy was
conducted to examine the crystal structure. Scanning
electron microscopy (SEM) and Brunauer-Emmett-
Teller (BET) method were used to examine the
particle sizes and specific surface area as important
parameters in catalytic activity. Energy dispersive
X-ray Spectroscopy (EDS) analysis was conducted
to examine the elemental distribution and determine
the atomic composition of high-entropy materials.
UV-vis spectroscopy was performed to examine the
light absorbance and calculate the bandgap value.
X-ray photoelectron spectroscopy (XPS) was
performed to evaluate the electronic state of elements
and measure the top of valence band. Transmission
electron microscopy (TEM) was conducted to show
the formation of defects such as dislocations,
stacking faults and grain boundaries as important
factors in catalytic activity. Scanning-transmission
electron microscopy (STEM) with high-angle
annular dark-field (HAADF) images and relevant
EDS mapping were also performed to confirm the
uniform distribution of elements. Photocatalytic H,
evolution test was conducted under UV irradiation in

a batch quartz.
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3. Results and discussion

Synthesized HEON  with TiZrHfNbTaON,
composition has dark brown color which can be
evidence for its high light absorbance compared to
corresponding high-entropy oxide. Particles size of
these HEON was measured using SEM photograph
as 46 um which is quite large for a photocatalyst.
Fig. 1 shows the XRD profile of HEON. It shows this
material is dual phase which includes FCC and 20
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Fig. 1 Formation of dual phase high-entropy oxynitride

(HEON). XRD profile of TiZrHfNbTaO(N; HEON.
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Fig.2 Enhanced light absorbance and appropriate band structure of TiZrHfNbTaO(N,. (a) Uv-vis spectra of HEON
compared to relevant high-entropy and binary oxides and (b) electronic band structure of HEON.
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Fig.3 Enhanced photocatalytic H, production of TiZrHfNbTaO(N,. Photocatalytic H, production amount versus time for
(a) TiZrHfNbTaO(N, and (b) Ga,ZnON, compared to HEON.
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in agreement with the color of sample. Fig. 2(b)
shows the electronic band structure of this HEON
demonstrating the synthesized HEON can support
both H, and O, evolutionreaction thermodynamically.
Finally, this new material could produce the hydrogen
under UV irradiation without any co-catalyst as
shown in Fig. 3(a). Reproducing the H, in four
different cycles confirms the stability of this
photocatalyst under reaction condition. H, production
amount of the HEON was compared with Ga,ZnON
as a convectional oxynitride for photocatalytic H,
evolution and the results are show in Fig. 3(b). The
material has higher efficiency under UV irradiation
which can be attributed to the high light absorbance
and low bandgap.

4. Conclusions

The first HEON photocatalysts as highly active
photocatalysts for H, production was introduced in
this study. This material has a low bandgap as 1.6 eV
which is lower than most of reported oxynitrides in
literature. The high-entropy oxynitride showed a

light absorbance much better than high-entropy
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ABSTRACT
Porous pectin particles were developed as a protein adsorbent using a template-assisted spray drying method
with calcium carbonate (CaCO;) as a template for pore formation. The specific surface area was controlled

from 177.0 m*/g to 222.3 m?*/g by adjusting the CaCOj; concentration. All porous pectin particles showed

& o} o S

rapid adsorption (~65% within 5 min) and high adsorption capacity, increasing from 1543 mg/g to 2621 mg/g.
The high percentage of available binding sites located in the macropores resulted in a high performance of
this material, making it a promising advanced adsorbent for various macromolecules in the food and
pharmaceutical industries. The porous pectin particles are derived from a natural polymer, contributing to

sustainable development.
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1. Background

Proteins play a critical role in biological processes
and the biotechnological and biopharmaceutical
industries, making it essential to develop efficient
protein adsorbents. In recent years, nanostructured
particles, especially porous particles, have emerged
as efficient adsorbents (Ogi et al., 2014). However,
the utilization of conventional porous particles such
as porous silica and carbon for large molecules such
as proteins is limited due to their poor accessibility
of the binding sites in their micropores (Xiao and
Thomas, 2004). To overcome this, recent interest has
combined advanced synthesis techniques to introduce
macropores into particles. Macropores have the
potential to improve the accessibility of reactants to
the active sites and increase the protein interaction
performance (Pavel et al., 2017). Aerosol methods,
such as the spray process, are useful for preparing
porous particles with low waste. Natural polymer-
based materials such as pectin are a promising option
for adsorbents as they are biocompatible and have
low environmental impact while demonstrating high
strength and chemical resistance. Our group has
recently fabricated macroporous particles from
pectin using the template-assisted spray drying
method (Nguyen et al., 2021). In this study, we
investigated the effectiveness of macroporous pectin
particles with different specific surface arcas for
protein (lysozyme) adsorption and elucidated the

adsorption mechanism.

2. Experimental section

The porous pectin particles were prepared by
template-assisted spray drying, followed by a
chemical removal process, as shown in Fig. 1. The
pectin concentration in the solution was kept at 1.0%
by weight, while the proportion of CaCOj, was varied
by using ratios of 4, 8, and 12 in relation to the weight
of the pectin. A BUCHI B-290 mini spray dryer from

» Pectin
Precursor

solution

N

Caco; . '«

Two-fluid
nozzle

- -+ Product

—> Gas

@ Pump

Aspirator
Drying
chamber

Pectin-CaCO, Macroporous
composite pectin

Fig.1 The method for producing the porous pectin
particles.

Flawil, Switzerland was used during the process,
equipped with a two-fluid mixing nozzle featuring a
0.7 mm liquid orifice and 1.5 mm gas orifice. The
precursor solution, consisting of raw pectin, CaCO,,
and deionized water, was fed into the spray dryer at a
rate of 3 mL/min. The inlet air temperature was set to
150°C, while the spray gas-flow and aspiration rates
were set to 357 L/h and 37000 L/h, respectively. For
comparison purposes, pure pectin was also prepared
through the same process and labeled as PPT-0. After
the spray drying, the composite particles were treated
with citric acid and stirred for 15 min to remove the
CaCO,, then centrifuged and washed with ethanol
before finally being dried in an oven at 80°C for an
hour to obtain the porous particles. The final samples
were labeled as PPT-X, where X represented the
weight ratio of CaCO, to pectin (X =0, 4, 8, and 12).

The study aimed to examine the adsorption
capacity of a prepared porous pectin. Lysozyme was
used as a model molecule with an isoelectric point of
10.5 and dimensions of 4.5 nm x 3.0 nm x 3.0 nm.
An aqueous lysozyme solution was created with a

concentration of 0.8 mg/mL and a pH of 7 using
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phosphate buffer. The prepared porous pectin
(10.0 mg) was soaked in 50.0 mL lysozyme solution
and stirred for 120 min. Changes in the absorption
intensity of the supernatant were measured using a
UV-Vis spectrophotometer and the adsorption

capacities were calculated using the formula

(Co—-CYV
m

O = (1)

where Q, is the adsorption capacity of the adsorbent

1 um

at time ¢ (mg protein/g adsorbent), C; is the initial
protein concentration, C, is the protein concentration
at time ¢, which was calculated from the calibration
curve, m (g) is the weight of the adsorbent, and V
(mL) is the volume of the protein solution. All tests

were performed three times.

3. Results and discussions

The morphologies of different types of pectin

particles were studied (Fig. 2). Dense pectin particles

Interconnected
pore network

'

Interconnected
pore network

@ﬂ@ Interconnected pore
network

Iz

Fig. 2 SEM images of porous pectin particles with weight ratios of CaCOj to pectin of (al)—(a3) 0, (b1)—~(b3) 4, (c1)—(c3)
8, and (d1)—(d3) 12. The images at different magnifications are classified into three categories: (1) images of one
particle at magnification of X 10.0k, (2) images of the surface of a particle at magnification of X 35.0k, and (3)
cross-sectional SEM images of a particle at magnification of X 25.0k.
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Table 1 Characteristics of the macroporous pectin particles (different superscript letters indicate a significant difference
(P <0.05) compared with the other samples as assessed by two-tailed Student’s t-tests).

Specific surface , Total pore
Sample ) micropore mesopore macropore
area (m%/g) (cm¥/g) (cm¥/g) (cm¥/g) volume (cm?/g)
PPT-0 1.5 0.000552 0.00472 0.00232 0.0075
PPT-4 177.0 0.065° 0.39° 0.78° 1.2
PPT-8 193.2 0.072° 0.56° 1.6b¢ 2.2
PPT-12 2223 0.082¢ 0.59b 1.9¢ 2.5
(PPT-0) were obtained through dryi i 3000
- gh spray drying a pectin- .
only solution, resulting in spherical particles with a g 2500 & i
L]
smooth surface (Fig. 2a). Porous structures were E ; g B
> _
introduced into the pectin particles using the CaCO, ’§ 2000 i 3 } ¢ ¢ 1
template, which was later removed with citric acid g 1500 A §} } A
o
(PPT-4, PPT-8, and PPT-12) (Fig. 2b-d). The number ¢ P i f i
¢ . 4 with ; . tration of 2 1000 1 1 Zeta potential
of pores increased with increasing concentration o g_ « PPT-12: -34.1 mV
the CaCO, template, showing the ability to control & 500 A + PPT-8:-34.2 mV
pore volume. Calcium ions formed an egg-box model < 0 A PPT-4:-35.4 mV
. LN R B L L R B L L L I I L L B B L L B L B B
with pectin, which contributed to the stability of the 0O 20 40 60 80 100 120

porous particles and reduced their water solubility. In
addition, the cross-sectional SEM images showed
that the porous pectin particles had a densely
interconnected pore network, which is favorable for
adsorption applications and can improve mass
transfer and processing efficiency.

A nitrogen adsorption—desorption test was
conducted to examine the surface properties of the
porous pectin particles and the influence of the
CaCO, concentration on their specific surface area.
As seen in Table 1, the specific surface areas of the
PPT-4, PPT-8, and PPT-12 were 177.0, 193.2, and
222.3 m%g, respectively. An increase in CaCO,
concentration led to a rise in the micropore volume,
mesopore volume, and macropore volume, resulting
in a significant increase in the specific surface area.
The specific surface area of the PPT-12 particles was
150 times greater than that of the nonporous PPT-0
particles, due to a notable increase in the micropore
and macropore volumes.

Our study examined the impact of the specific

surface area and pore size on the adsorption capacity

Time (min)

Fig.3 Adsorption capacity of lysozyme as a function of
time under the following conditions: initial
lysozyme concentration of 0.8 mg/mL, dosage of
adsorbent of 0.2 mg/mL, pH of 7, and equilibrium
time of 120 min. Error bars represent the standard
deviation of means values corresponding to

triplicate experiments.

for PPT-4, PPT-8, and PPT-12. Although the zeta
potential values were similar for all particles, there
were noticeable differences in their adsorption
capacities, as shown in Fig. 3. This highlights the
outstanding adsorption performance of these
particles. This performance is not only due to
electrostatic interaction as the driving force, but also
because the porous structure promotes protein
diffusion to the binding sites. PPT-12 exhibited the
best adsorption performance. A macroporous
structure with a high surface area helps with protein
adsorption and improves the diffusion process

because pectin particles have a large surface area and

- 156 —




Hosokawa Powder Technology Foundation ANNUAL REPORT No.30(2022) 153-157

Young Researcher Scholarship Report

interconnected pore networks, which provide many
active binding sites in the macropores. This verifies
the success of our strategy, which aimed to create an

interconnected porous framework with macropores.

4. Conclusion

Macroporous pectin particles were made using
spray drying of pectin and CaCO, with varying
specific surface areas. The specific surface area and
total pore volume were improved by increasing the
ratio of CaCOj to pectin. PPT-12 showed the highest
specific surface area and protein-adsorption capacity,
with high uptake of lysozyme. The porous structure
facilitated diffusion-promoted adsorption and the
formation of a monolayer. Porous pectin particles
have potential for protein purification, virus capture,
and micro- and nanoplastics recovery, as it was
synthesized from a natural polymer using a simple
spray drying method. The release of active ingredients

will also be investigated to evaluate its applicability.
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ABSTRACT

Water scarcity can make plants experience drought stress. This can happen from the germination stage. The
seed priming method with silica nanoparticles was used to overcome this issue. Tomato seeds were soaked in
a suspension of silica particles (average size of 10 nm). Drought stress was simulated by using polyethylene
glycol (20,000) with concentration of 10-20 wt% in germination media. The results showed that the method
of priming with silica nanoparticles was able to withstand drought stress and improve seed germination

performance.
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1. Introduction

Water availability is very important in agriculture.
Water is useful for plants to grow and develop. Plants
will not be able to grow and eventually die without
water. The function of water is to transport nutrients
and play roles in photosynthesis. Water is also very
important for seed germination to break the seed
dormancy and activate the metabolic activities (Nile
et al., 2022). The availability of water is scarce in
some areas, so they rely heavily on rainwater for
irrigating crops on farm land. This causes several
crops to experience drought stress due to lack of
water for irrigation. Seed germination also will not
take place without sufficient water. This incident
makes a decrease in productivity. Combination of
(nano) particles and agriculture can be the solution to
overcome this problem. The nanoparticles to be used
are derived from one of the plant micronutrient
elements, silicon (Si), that was the second most
abundant element on earth (Ma, 2004).

We used tomato as the model for this study. Silica
nanoparticles (SiO,) were applied to tomato plants
through seed priming. This method allows the
nanoparticles to surround the seed coat (testa). This
priming method was expected to provide seed
resistance during drought stress. Polyethylene glycol
(PEG) was used to simulate drought stress during
seed germination. The use of PEG would reduce
the water potential of plants due to osmotic stress
(Ahmad et al., 2020).

2. Methods

2.1 Preparation of nanoparticles suspension and
seed priming
This study used colloidal silica nanoparticles
(Si0,, SNOWTEX® S) with diameters of 811 nm
obtained from Nissan Chemical Corporation, Japan.
Nanoparticles were used as received and were stable
at alkaline pH of 9.5-10.5. Concentration of

nanoparticles used for priming was 1,000 mg/L.
Viable tomato seeds were selected and immersed in
the nanoparticle suspension for 24 h in dark condition
with constant stirring at 100 rpm using classic linear
shaker. The seeds were then taken from the
suspension and dried in an oven at 25°C for 24 h
(Vijai Anand et al., 2020).

2.2 Seed germination test

Germination lasted for 7 days in a dark place by
placing the seeds in a Petri dish layered with cotton
puff which had been moistened with 20 mL of
distilled water or PEG 20,000 solutions. There were
five treatments used: control (without seed priming
and without the use of PEG), PEG10 (without seed
priming and using 10 wt% PEG), PEG20 (without
seed priming and using 20 wt% PEG), PEG10-Si
(using primed seed and 10 wt% PEG), and PEG20-
Si (using primed seed and 20 wt% PEG).

2.3 Evaluation of seed germination performance
There were three parameters used to assess the
germination performance: mean germination time
(MGT)(measure the time needed for germination),
germination index (GI) (measure the percentage of
germination coupled with the speed), and coefficient
of velocity of germination(CVG) (measure the
rapidity of germination) (Siddiqui and Al-Whaibi,
2014). The formula used to calculate some of these

parameters is as follows:

MGT = Znx/Zn )
Gl = (7Txm)+(6xn,y)+...+(1xng) ()
CVG =[(n +...+n)/ (T, +...+n,T)]x100 (3)

x is the days needed for germination, n (or n, n,
n; ...) is the number of seeds that germinated, 7'is the
number of days since the initial day of germination,
and 7 is the number of days for germination until
harvesting. Seed vigor characteristics were also

measured based on fresh weight and seedling length.
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Fig. 1 Seedlings observed after germination.

2.4 Seedling elemental analysis using XRF

Seedlings obtained from germination were dried
in the oven for 48 h at 50°C (Faizal et al., 2021).
Dried seedlings were weighed 0.001 g and was put
into a mechanical press machine under 100 kgf/cm?
pressure to form pellets (0.8 cm diameter). Pellets
were placed in the sample holder for an X-ray
fluorescence (XRF) spectrometer (JSX-3100RII,
JEOL Ltd., Japan). The XRF conditions were tube
voltage = 30 kV, collimator = 1, and live-time value
=100s.

2.5 Statistical analysis

Data obtained in this study were evaluated with
IBM SPSS Statistics to calculate analysis of variance
(ANOVA) and Duncan’s multiple range test (DMRT).
p-values <0.05 were considered statistically signifi-

cant.

3. Results and discussions

3.1 Evaluation of germination performance
The overall germination performance was

improved by priming the seeds with silica
nanoparticles on media containing PEG. This was
indicated by the differences in seedling growth
observed after germination (Fig. 1). All tested seeds
germinated 100% on day 7 as shown in Fig. 2. The

mean germination time observed in PEG10 was 5.28

---0--- Control
PEG10
120 -PEG20
°\° _____ .
= -#--- PEG10-Si
@ 100 |+ _PEG20-SI .- O----f===
[o)] /o s ’/',/'
E P RO AR
5 80 S /. S
S o ey,
2 60 Vel
5 A Sy
=40 / o ;
2 A e
E 2 /g/’:"' el
5 i e
o P e
0 Lg—ne

Fig. 2 Germination percentages observed during 7 days

of germination.

35 d
30

25 c

d d c
o [
. [

MGT

OControl @IPEG10 mPEG20 mPEG10-Si mPEG20-Si

Gl CcvG

Fig.3 Germination parameters observed during 7 days
of germination (The letters (a, b, ab, ¢, bc, d) are
assigned from the statistical analysis and used to
indicate which means are significantly different
from each other.

+ 0.37 days and in PEG10-Si was 4.28 + 0.3 days.
The germination index observed in PEG10 was 13.8
+2.14 and PEG10-Si was 18.6 + 1.5. The coefficient
of velocity of germination observed in PEG10 was
19.21 + 1.6 and in PEG10-Si was 23.47 + 1.57.
Similar observations also applied to the use of PEG
with concentration of 20 wt% as shown in Fig. 3.
The vigor characteristics of the seedlings also
increased by seed priming in the presence of PEG.
The use of seed priming could increase the length of
the seedlings and the fresh weight as shown in Fig. 4.
The increase in germination parameters and vigor
characteristics of priming seeds in the PEG treatment

was still below the value of the control treatment.
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Fig.4 Seedlings characteristics based on length and
fresh weight (The letters (a, ab, ¢, be, d) are assigned
from the statistical analysis and used to indicate
which means are significantly different from each
other.
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Fig. 5 “Heat map” of seedling elemental information.
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The data visualization shows the magnitude of the
element intensity derived from XRF as color in two

dimensions.

Utilization of seed nano(particles)-priming was

expected not only for drought stress but can also be

used to overcome other problems such as heavy
metal stress, salinity stress, and cold stress
(Feghhenabi et al., 2020).

3.2 Seedlings elemental information

Elemental analysis of the seedlings detected the
presence of 8 elements, namely magnesium (Mg),
silicon (Si), phosphorus (P), sulfur (S), potassium
(K), calcium (Ca), manganese (Mn), iron (Fe), and
zinc (Zn) as shown in Fig. 5.

The color of elements visualized for P and Ca on
PEG10 and PEG20 was yellowish red, but the color
of PEG10-Si and PEG20-Si is red like the control.
This difference was determined to be statistically
significant (p < 0.05). This showed that there was a
change in the elements of the seedlings during
drought stress and these elements became the same

again as the control with seed priming.

4. Conclusion

The use of silica nanoparticles as a seed priming
agent could increase seed resistance during drought
stress. The results obtained indicated an improvement
in germination parameters and seedling vigor
characteristics. This will be useful for maintaining or
increasing agricultural productivity in water-scarce

areas.
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Photo 4 Conference participants group photo: Part 3.
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