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O Z&K¥ C E—

NP EREN RV 7B R AR
MR M IR B

WA, 1991 4F (PR 34E) 12 AIZREEASREN S, 2012 4F (CFHE 24 48) 1ZIENERE 2 5
s EE IR S, 2021 4F 12 HICE L 30 B4E 2 M2 F L7z, S o, BEEIIHhAE TS
B3 % 2RI B X NS A IEIEE D EIRRACHE, WFe OB A3 2 Bk - $28) %
LT, EOEBLOMAOBKRTHOREZIIRL TS0 T L2 BEBLUOBEEBRT 20T
DR o\ % FofE & 3 2R T21E, B, SRE% EoRBoEr O EE, EHEE, Fibkz e
O ETERIRIL LA TWET. SHICEEMERE T AT — 2 SF ] gE Rkt &2 58
T 57200 2 OFERII LT, KELHEBMT2EELFMSH T, UBMEITIE, 37y
M SR FEL HEHELHMET L L L B0, MR 0FHELAL EORERERT-oTH
UR=3c

s TlE, BT 2 B oi e Ic 3 2 H (KONAH), HAETEICET 5
e 720 OB (WFZEBE), W AR 2058 0EH 3 2 eE OBl O#EY (b
FEFRARD), WERLAICET 2URBRAHOREY (VYR Y 2EORMEREY) 29l T
WET. T722028 L), BETAAICE T A8 TIEE OBN RIS T A EE (R
B OWRREE) 2GS, EFMREOA by T4 T REDLEHEEDO TN E T

KONA E %, MELFEOTHIZBWTEREH T SN EIIRG SN EI25, EEEWICE
NTWFFEER A BT B L MBS FEEZH SN TV ET. I COZHETZENNEDET
7138 4TI AT, 2023 FEFEIE, ¥ A EF 2T U r 3 Y RFEOXEHIZTH H Wiwut Tanthapanichakoon
A2 E SN E L7z, KONA BiZ, WETHEICED 2 ROMEEN HIETE & L CIEERRY
ZIEHEZHEOTEY, HERL L TAREINLCEVET.

WEZEBhak, WIEEBE B LY VR A0 MR L Tld, BEKRSE, S EA
SVOWZERBESE LY, S OHEE - HEEZ TR, KEEH L TBY 9. 2023 FE i, B
MO ZF L TUL L HDIRESH ), ZOH»5 19 FOMEHGEIFIRENE Lz, iR
BHROEMIZOEZ T L CIL, I5HOHFEFH D, 5 HORFROFEICHESINE L2, AT
DFEBAHDLN L EVRKEROFEOE S ADOMFLNRDI-DDOZTIENTE T T L1E, HFERE
ELTREREVTY. 2B, REEDL, 1AOHFENZTESINT L7225, HE, BREOHIC
HPEOTHANEENTBY, HHROBMETLFEOIRMZ X% &\ ) BB FI O H I8 - 7o F2E



Who>TBYET. VU RYYLAEORMEDICOE F LCTIE, 2024 4E5 IR CTORENT
EENTVLE—FAEFEAMGELFETHROY VR YL [HET O ZADFY Y IVY A~ OFEH
& FAE10 HICHHES CTORMEDFE SN TV 55 17 M EFRESE U AREHAMIETRESRED 5
17 MEPSESE CARE] O 20 IREnFE L.

T/, RVHTWIREFHEICHLE L TUL L0 HFOIRERH Y, TOhns 3HOMEENZHE
ENTBYFT. FRaOF 7 ANV RAEEHIEOBIMZ: E0 68 ik L TwE LB EEO I
ERA% 20243 H 12 HICHMELE LA, 340EHE LT, BEKXKoL2FHL T,
STHESHEY LCHEE L, WINOTHEERDAELZHBS LONETH Y, ZOEEDHETH
FeHEOWIIREE O & 5 7% HEEALIZ O R A UL, Lo TwE T,

ST, MEIOBHEHEFEEL LT, HAELPAICHET 2#HFmE O S £ UV KONARE (KONA
Powder and Particle Journal) DFEAT%1T->THB D 3. 2555 B A T2 3 4 T a1,
202349 H A HIZHEH — T 2 /8L 22T, Ky TOREE L > 74 ¥ TORMEZBEH L 72
TEMBHLELZ. HRaar A VAORELH), HETORMBIZSFERY ERD F LN
KL F U TA VB EHDETH 240 BHHBBMEN, KEERHEHRIIRD F L.

KONA &k, UMFDME 1 5T 2 AL T 2 O EBIEMETH ), R OB
NIWZEE D DR TSRS A e fa L CIHE, 2024 4E 1 HICH 41 52 BIT3AHZ LT
EF L7 RKFETE, 7V7, IouvSBIUITAY) IO IOOMEREEDH L T4 %
B, MERTFICETLENHEEDPHE L 2OV 2 —mLE, LXVOEW 5RO
AR SN TEY 9. T KONAGEIL, MEHOF—A4R—=TY B L I-STAGE (2 & 1) #EE T
METELT =777 v ADH4MEETH 1), Impact Factor 72 & DR CaE & L COFHMEIE AR
FELDHEH5IZMEL, Web TOEBGRL~NDT 7 2 F &L TWwb LI AT,

E5H1Z, 202043 A5 2024 43 HEF TICEML TS ) £ LM 30 B4ERL & e F 3
TIH, RAFEE L %05 2023 4E%1E, O H 1A HIC KA VDT 77 A7)V 7 HIZBWTE 4 [0 [FE
RYHBTRTLFEY PRI A% L, 60 ZOSMTEREZFEETmIERDV L 20
BafioC, FEFRELTFEBY)VERICHRTRLEILAZ LG, HEEL L UEBEVDIORHD
S

2023 FEFEIE, FlauF A VARGIED BE VAR LB OEE % £ 52 L TE
FL F ArIq el E O L s S e & AR ICI ) ANnS Z &I
LoT, BHOFEFME2MFICERTLIENTET L S8 LMEIE, BELZEOHED
%0 ICEBRM IR - 28 & TN EH) HVAMOBRICER TS T3 L) B ZHil) C
T ET. SHEL, BHFOITE, THiET LA LIBEVHL EIFET



1. BERBEEBRAODEE

1-1 EXRNBTEOHE

VT ELFOER, SR BiIEL T, ZOSHOMEORE, EZEoFk, TEED
T2OOI - BEFEELWAMET B LT, IR TR BEE L 7B IRECHR & KR 0 72 0 O A
DFfflE, FCGEROBSRMUZODHMEEO MM G EOBEFH#ELTo T D, 512, FEIDL
U CTREFER IR D B L 055 T OMOREFHEL LT, FEfiL TWwb. FENFOIEIZLL
ToMl) THDH, INSDHFHEL FHEEFEFICHES FREESOER AREETERINT
W5,

1-1-1 BhEk - REE#

VIFH OB - BEFFEICIX, 6HEN DY, FMSEEIIANELZHEH L/ No.30ME (kv
B OIOWIAERE) &, No. 155D 5MEICOWTASEXIT- 7.

No. HIEMH N

1 KONAE MR 2RISR L, BN Ie s BT AN DO EE

2 | HFEhRR AT, BAREHEICET 2H5E0 720 OB

3 | RYAHTHRRERE AT 2 BN TIEE O 5 5 H

4 | HREBRDE R B 2 WRICHE T 2 KA LED 720 OWFe 78 B O

c 2RV URIILED | HERLHIMET 2%, R L EORBISHT 2. FHa
FfERED REEED FEE 23

6 | HARMTFIITDIRED AT BT 2 BB FIAT O3B

1-1-2 BEFEF

[ R T 2B & 4 st am ey | (3 1968 4R IC I ASFafie S 4, 4EFIHESCAiTRE "KONA Powder
and Particle Journal” 13 1983 4EICAITI E N7 d DT, BMFHDOEVE, UWHAIRINS DOFHEELT]
EHHNT NG,

No. FEMH FENE
AT 2200 B 3 S5 Eae BELECET2EET —<IZOWTHIRES - BiliE 12 & % &

Fiam 2. A 10, B0 KREICTHR4E IR 2 B 150 4,

AN
uﬁﬂﬁo)sﬁﬁ i\\ﬁfﬁ

AR LIRS 5 EBAAITRS. 4 15 T. NEELEa—-BX
OWFERm 3K 20 i 2 & . #9300 H. FRIMZE4TE £k 700 #6. i
FoFE, WeE, EHEGNEE TR, 1Yy —F e LTR—

METHICEATAEY
2 | 4755 KONA Powder and
Particle Journal D 3&fT
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1-1-3 ¥ESEZXE

LFENE, 1991 4F 12 HICHA L 5 IR oM A TEOMmM 2 HigE L T2 8N, 2021 42
RN 30 EMER M 2. SRS E LT, a2 (2000) 4E3 HIZ, BFEIRRAL 30 4R &4 ES
EDVULL BTSN, TRLONEORENSHS (2023) F9HFTICETHEMmI N, TERIDL
FEEICAH B4EFEICEMIFATH Y, SHAEEICIT 2 & 3VEMS Nz, FERfRAERE L - 72
S SAEREIC 4 O A RERRAR Y B TR THEY VR ADPER SNz, 416 FEREEXH 722 4
EFFEOEMITEL TV,

No.| FHaM | i FERE

APT (Asian Particle Technology) 2021 > > K< 7 4 (4 f1 34 10 A
NWH~14H, 7770y KB T? Young KONA Award D ¥5Z5-

1 AHIIAERE

WFFI ST 30 FlAERL il s (449 H5H (H), WEERT

’ EnISiE-&va WRBR) ol
30E¢§§$ BHIAEEE | \ceCl (45 7 WISt o SR I & 372 B 5 2 EES &) 2022
3 | WESXE YRV LA (FHAMEL ], 113 12T, KONA Young Researcher
Award, KONA Achievement Award D55
£ £ s ok ¥ VL S NN
4 A 5 AR FARERKRY D TIBERLSEY VR L (FHS54E9H, K1)
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1-2 ERIKEZOBE
1-2-1 BhRk - BMEEEDERIR

WAERE DL DR BN FEE O EBRTIZL T o®EY THh 5
FERFIBLCT H20 HiZHiotI o, 9 Ho®EZRE
11 HOBRESITTRIREMEDSIE L, ARSI N/
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AR HEA T, SARIRY & AR 6 4F 3 A IR S e

. 15 (2023) fEEEIE, 5 HICA
ERBICL AEAOFER, REMIZIE
B, Hifaasdy 4 )V AKGEOINKZ ED

(BBCHAE - T-F)

L5115 KONA B BHVEM B IR 2 URT Y LEREERD

FE |\ BB | 5= # R ISE # R s # R s # R

| 5 | BetE | FTE ) om0 pRew | TR 4 | BRes | R #4m | oRes
HO4 [ 1992 | 69 | 20 26,000 1 1 1,000 10 6 1,800 6 3 7,000
HO5 | 1993 | 86 | 31 20,400 8 1 1,000 8 6 1,800 3 3 6,500
HO6 [ 1994 | 70 | 25 13,800 3 1 1,000 10 5 1,500 5 3 5,000
HO7 | 1995 | 88 | 27 15,280 5 1 1,000 1 5 1,500 1 1 200
HO8 | 1996 | 84 | 27 15,000 3 1 1,000 8 5 1,500 (5T
H09 | 1997 | 57 | 29 18,000 5 2 2,000 8 5 1,500 0 0 0
H10 | 1998 | 66 | 25 17,800 5 2 2,000 7 3 900 0 0 0
H11 | 1999 | 64 | 21 18,000 4 2 2,000 9 4 1,200 4 2 1,500
H12 [ 2000 79 | 23 17,900 4 2 2,000 1 5 1,500 2 2 1,500
H13 | 2001 | 61 | 31 18,900 10 1 1,000 12 5 1,500 1 1 1,000
H14 | 2002 | 68 | 24 18,300 3 1 1,000 7 4 1,200 4 2 2,000
H15 | 2003 | 76 | 24 18,200 7 1 1,000 6 4 1,200 1 1 1,000
H16 | 2004 | 101 | 25 17,200 5 2 2,000 10 3 900 2 2 1,000
H17 | 2005 | 120 | 24 23,000 5 1 1,000 (55T 5 2 2,000
H18 | 2006 | 112 | 23 23,800 4 1 1,000 (55T 2 2 1,500
H19 | 2007 | 137 | 23 21,900 1 1 1,000 (RFEET) 5 2 1,500
H20 | 2008 | 128 | 18 13,500 3 1 1,000 (B5ET) 4 3 1,000
H21 | 2009 A
H22 | 2010 (A
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 RNHEET NEEET
H25 | 2013 | 119 | 30 23,000 3 1 1,000 ANHFET 0 0 0
H26 | 2014 | 126 | 23 19,400 6 1 1,000 REEET 1 1 1,000
H27 | 2015 | 150 | 22 16,700 5 1 1,000 5T 1 0 0
H28 | 2016 | 195 | 23 13,800 6 1 1,000 NEET 4 1 300
H29 | 2017 | 193 | 21 14,600 6 1 1,000 KT 5 1 600
H30 | 2018 | 132 | 18 14,000 6 1 1,000 REEET 3 1 1,000
RO1 | 2019 | 119 | 10 7,200 4 1 1,000 (A= car 1 0 0
R0O2 | 2020 | 102 | 12 10,000 4 1 1,000 [ S cac 2 1 1,000
RO3 | 2021 | 136 | 26 22,000 4 2 2,000 e S acy 1 1 1,000
RO4 | 2022 | 98 21 21,000 3 2 2,000 AEEET 2 1 1,000
RO5 | 2023 | 91 19 19,000 2 1 1,000 KHEET 2 2 1,000
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(BBCAE - 1)

Eﬁ%’ﬁ%"é‘gim%ﬁb HdH)i#MLJ,ﬁ%BJJ R | AR & «,%

wg | EE | e ® R e ® R = = e ® R

8| 8 | BIRREER | B | B | BIERRER | FER 248 3 248 3 | B8 | Bk £%E
HO4 | 1992 | 8 5 1,000 1 1 10,000 95 | 36 46,800
HO5 | 1993 | 15 5 1,000 2 2 10,065 122 | 48 40,765
HO6 | 1994 | 19 6 1,200 1 1 8,000 108 | 41 30,500
HO7 | 1995 | 19 7 1,400 0 0 0 124 | 4 19,380
HO8 | 1996 | 20 7 1,400 (B5EY) 115 | 40 18,900
HO9 | 1997 | 16 6 1,200 (A%ET) 86 | 42 22,700
H10 | 1998 | 16 9 1,800 (85T 94 | 39 22,500
H11 | 1999 | 22 6 1,200 (B5EY) 103 | 35 23,900
H12 | 2000 | 26 7 1,400 (A%ET) 7 |3,900 129 | 46 28,200
H13 | 2001 | 19 8 1,600 (55T 7 | 3,000 110 | 53 27,000
H14 | 2002 | 19 8 1,600 (B5ET) 4 | 4,000 105 | 43 28,100
H15 | 2003 | 16 9 1,800 RV 7 T RFESEIR)E 4 | 4,100 110 | 43 27,300
H16 | 2004 | 27 7 1,400 | 53z IR 5 3,100 150 | 44 25,600
H17 | 2005 | 26 | 11 3300 | PFEC| ¢ | Biied | 6 | 3800 3 [15000| 165 | 47 48,100
H18 | 2006 | 16 1 3,300 9 3 1,500 3 |3000| 2 [10,000| 148 | 45 44,100
H19 | 2007 | 22 10 3,000 1 3 1,500 3 |3000| 1 |5000| 180 | 43 36,900
H20 | 2008 | 19 10 3,000 8 2 1,000 2 1100 0 0| 164 | 36 20,600
H21 | 2009 A S 0 0
H22 | 2010 N T 0 0
H23 | 2011 KO ¥ 7 125 | 21 15,400
H24 | 2012 A S 84 | 15 9,600
H25 | 2013 | 12 9 2,700 A S 134 | 40 26,700
H26 | 2014 | 28 9 2,700 IO 161 | 34 24,100
H27 | 2015 | 30 10 3,000 N 2 7 186 | 33 20,700
H28 | 2016 | 36 10 3,000 AN S 241 | 35 18,100
H29 | 2017 | 35 1 3,300 IO 239 | 34 19,500
H30 | 2018 | 25 10 3,000 N 2 7 166 | 30 19,000
RO1 | 2019 | 22 9 2,700 AN S 146 | 20 10,900
R02 | 2020 | 20 10 3,000 A RYR it <) N=y KO E 7 128 | 24 15,000
RO3 | 2021 | 24 14 4200 | FIR IAE S 165 | 43 29,200
RO4 | 2022 | 16 | 10 3000 | TREC | fEE | BhisE K OE R T 119 | 34 27,000
RO5 | 2023 | 15 5 1,500 10 3 1,500 IO 120 | 30 24,000
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O S5 (2023) F£E Bk - REEXHEEX

[HEE] SH164 (20244E) 3 H 12 H (K) 13:30 ~ 16:50 (B2 - 2 H i)
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[F:] AWEEN RV 5 78 E T REL
(2] xvr 7370 rkRadt
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el T THRZEAEN B D2 B HE BRI & o THAELFEIZHE T 2 TRl O BIRE W2 HRLS#E S T b
7z.
O LB RFARFBEEER TSR AR dEHd% R A
[ SRS B L7obifoN > B » 7 o R
@  [FEA RS A fE 28 A KE
[FHESZEZFH L7277 74 7~ % — 2O 3 5 05E ]
@ RBCRFRFBE L 7e k) B AN

[BERCEE L BT 2 LML E 7V DR %

ZEHEHEOR, BHHOBR,L INE TOFEHIZOWT, BHFRTFEFEREOILSMK LD,
[R5 O 30 EDHAD THAN | L L TEREMMTDON, &EIIHE / REFERIC X M4
BEOK, el BBEPITbh, BEOWIZESRRET L.

%8B, KONAEIZOWTIE, FHEICHIEHE 70— IV TOREEZFER L, KONA BEHEAELH
O IGEERRICL DMIER 2HFAZAT, REZIE Y AEF 27000 RER L IR
ERFOXEHIZTHY), YAETEHST7 20 —Td b5 SCC LA E R @ Professor
Wiwut TANTHAPANICHAKOON 7% “Contributions to the Advancement of Powder/Particle and Aerosol
Science and Technology & Promotion of Bilateral Collaboration between Thailand and Japan” D& 12 &
DZE SN/, KONA BOBERIL, ARIE9H 3 HISAPKTHIM 21245 56 AR A LE IS 5
HHARRICTITONDL 2 LIl > T 5.
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© KONAE (KONAAward)

KONA E %, 1990 4ELLK, ¥rkifEk LFo 5 THIZER S % & ICHBF ISR E CEM L 72i7es
WHFFEONTWE 0T, BiEAYH 7 I 70 RASHSEE L Tw/z75, 1992 4F200 5 4
WG EfNT VDL, ZEEMEIL, KONABEFEAZBICL o THEASN, BEZHROHE
2T T, mAAICHFRTREING.

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 EF LS E

2023.12
ZH | ZHE KONA B2 H# .
No. | THJ& K4 UG EL)
1 1990 |Charles S. University of Southern |Outstanding achievements in particle flow dynamics, slurry flow
CAMPBELL California fluidization, and particle flow mechanics/heat transfer relationships
2 1992 |BPH A— IR R OTEIE, B 7 & NIRRT 2 9T
1993 |k PRk NGRS IR =7 1 VOV O & £ OFHITTEEIC BT B B
%R
4 | 1994 VIR BIRRE IOV O MBI % e
5 1995 |=F & INRYN R MFE R & LRI S RS 7' e £ X DB
6 1996 ¥ H— JUN SR Rl SR AR LI B OB RAR ) 2 2 B 3 2 5
7 1997 IS 3#W i B AR BEREVERL T- O AT T OREE L 2O M
8 1997 |BH0 B R AR B g
9 1998 B[ GAIA NS BRLR 7 & NS L7 1 VIR F O FEME & 2581 B3 2 F9E
10 | 1998 | PR BEILFERA S TR A4 R O FH B & R4 12 B9 2 W BRA LA 1 AT
11 | 1999 |it i NN WREB & BRI T Iab—Ya v
12 | 1999 |4&:fd T35 R b7 VA OFEB) & o EEIC BT S IETE
13 | 2000 |fEEL FEEF ElRiSEYNES Tk R TR OB - LS IF R 7 0 v 2D RS
14 | 2000 |FF L BHA FALREE T EN T 7 AE kRO & Hib R o R 5
15 | 2001 |IiA HF AR AR OFE AR ORI & 2 OlsH
16 | 2002 |fEfE IEH FO R LR TRENE Lo a R, TEBIE A O ZEEER R & IS R #EEH O
LR
17 | 2003 |W#H A NS TAHBRL 53 BCR O 2258 1 & FRH A 5 12 B 5 5 B gt
18 | 2004 |Hwm dHEB) AR WMEY I 2L —a YEORIEE ZDIGH
19 | 2004 |fEH 185 FALKRS: WMETOYy ¥y 7K DHME ORI
20 | 2005 |fEiR FME TS BER TRENE S X B S m ok - S5R OFRE L IZ B 3 B IEH
21 | 2006 |HLLEAR JEEREE 70V OIERER A LRI T O 2 O
22 | 2007 |FEEE LR FLRE AN IA MY —OHREE TARISHICHE Y 201%
23 | 2008 |EifE % TR LERAY: 7 3 v 7 AR RBIE O ZEEER ] & AR A O R
24 | 2011 |HEAR BI= FERFEAMFERY ALY E R LT 3y 7 AT 0 AR RO SRR
25 | 2012 |TfN EESC i B AR A MGt 2 Bl e 3 20 LRSS IGRIC 9 5 58
26 | 2013 |H WE - MPRRZERERS | IR 7 0 e A o EEALIC X B s v R A oo Al
27 | 2014 | R& HAE BRRE IT T AN RHLE Lo T a VoSl - BRFCEY AT
28 | 2015 |4 e WAL R0 El R Lep 2 Bt & L 72 SR I BE A Bl O WESEI 8
29 | 2016 |Fpi HESC FALREA TG RO FEY]

o/

)
'

(m‘

K

%

M 5 o



RV TR T AR FAE R No.31 (2023)

W
m:
&

KONA B H%E

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

TANTHAPANICHAKOON

University & Tokyo
Institute of Technology

science and technology & promotion of bilateral collaboration between
Thailand and Japan

List of KONA Awardees

2023.12.
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

~10-
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No. Year Awardee Affiliation

24 2011 Keizo UEMATSU Nagaoka Univ. of Technology

25 2012 Hirofumi TAKEUCHI Gifu Pharmaceutical Univ.

26 2013 Yoshio SAKKA National Institute for Materials Science (NIMS)

27 2014 Yoshio OTANI Kanazawa Univ.

28 2015 Hisao MAKINO Central Research Institute of Electric Power Industry (CRIEPI)

29 2016 Tadafumi ADSCHIRI Tohoku Univ.

30 2017 Sotiris E. PRATSINIS Swiss Federal Institute of Technology Zurich (ETH Zurich)

31 2018 Mojtaba GHADIRI Univ. of Leeds

32 2019 Makio NAITO Osaka Univ.

33 2020 Brij M. MOUDGIL Univ. of Florida

34 2021 Wolfgang PEUKERT Friedrich-Alexander Univ. Erlangen-N{rnberg

35 2021 Shuji MATSUSAKA Kyoto Univ.

36 2022 Hidehiro KAMIYA Tokyo Univ. of Agriculture & Technology

37 2022 Toshitsugu TANAKA Osaka Univ.

38 2023 Wiwut TANTHAPANICHAKOON Chulalongkorn Univ. & Tokyo Institute of Technology
1-2-2 BEFFEFDOERIKN

LR DR LR OER PO FERIRIII T 0@ Y TH A, REFITEHFHEEL LT, £EF%E
LEATEE KONA Powder and Particle Technology @ No. 41 (2024) % 2023 4ERIZFoEi 0 FIRI L,
W% &3, WEAEEEICH] & ft M AL B % A s O 5 55 [l & B Thifie L 72,

(REEHAT : T-H)
MEIFICEAT 2 BN RS KONA FED 34T

FE | BE

Ik HmeT—< BEN HEE BE SN MEHR ROBH BB
HO7 |1995| 29 |#f&7 0t 22 BI1T B%e4r - fEHERE 5 232 3,360 | 13 | 240 2,300 | 7,730
HO8 | 1996 | 30 |JeuinhnEthmt ko #liE 7 1+ 2 5 144 | 2,550 | 14 : 200 2,300 | 7,490
HO9 | 1997 | 31 |BREFIRAHM & Mk 6 142 3,750 | 15 | 254 2,200 | 7,500
H10 |1998| 32 iif:f*f i %j%%_gﬁ”%/ frihii 7w 6 210 © 4,630 | 16 | 256 2,200 | 8,190
H11 11999 | 33 |HriEsEI D720 DRI 6 246 4,140 | 17 ¢ 250 2,200 | 7,440
H12 |2000| 34 |IT EESEICBIT AT 8 283 5130 | 18 | 248 2,200 | 7,160
H13 |2001| 35 |7 / kTR~ ifE 7 184 3750 | 19 = 283 2,200 & 7,990
H14 |2002| 36 |+ /KT OESER~D R 6 208 4,160 | 20 | 276 2,200 | 7,920
H15|2003| 37 |+ //8—=F 427V - F27 /0y — 6 227 5100 | 21 | 246 1,300 13,000
H16 | 2004 | 38 |7/ Wikl X 2 M kEEDOEEZOSLT| 6 160 4500 | 22 211 700 | 8,660
H17 |2005| 39 |22 % TR /AT OFEMML 7 205 {5380 | 23 | 224 1,000 10,070
H18 | 2006 | 40 ; /T RELORERLT I HT OB E S 6 174 5320 | 24 = 252 1,000 13,090
H19 | 2007| 41 :%}:ﬂ TATN T snT ARG e 4280 | 25 303 1000 11460
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MAETZ2ICET 2# 8w KONA 5D EAT
FE| R
[EE HmeET—~ HEN HEE BE (S BEH BOTHHR KB
VEA AR 70 20 b/ AV = DA T3V F S
H20 | 2008| 42 | 7 7 SRR o o6 3400 | 26 282 1000 8,040
b~ B
J 5y a3y — 2k D RO L TR
Ho1 2000 43 |7 ’ BEOWRICSIIR o 16y 3130 | 27 248 600 | 6250
B%E
F = F 4 TNy B v A
H22 [2010| 44 | . . BB A 6 134 2,660 | 28 | 242 600 : 3,850
bR
JS—F 4 2 VT 0T — ORESE L AL
o3 |2011| 45 |0 7 7 SOOMREREL o0 3230 | 20 284 600 8,400
O R
H24 [2012| 46 |F//8—F 4 7 )7 7 0T —OIuHfRaiH 6 141 3585 | 30 @ 288 600 : 3,916
H25 | 2013 | 47 |Jciiin &8 F T2 2 DR Lok 6 201 | 6,656 | 31 | 274 1,800 | 9,176
H26 | 2014 | 48 |7 b DO ) &% 2 B K TF S 6 153 4,364 | 32 | 283 1,800 | 8,556
H27 |2015| 49 |EftE & DR OH kTS 6 162 3,596 | 33 @ 357 1,000 | 7,253
H28 |2016 | 50 |&:727 ARt % 88 Ry 6 156 5,169 | 34 @ 293 1,100 | 7,417
H29 | 2017 | 51 |SEsGH RIS KD & 4L 2 BBl 6 161 3,942 | 35 | 287 1,100 © 7,386
H30 |2018| 52 |BAM KO GBS L OFIH 2322 % B ksl 6 161 4,657 | 36 @ 297 1,100 | 7,093
RO1 [2019| 53 |EEALT A8 7 0 ZDIEAE L IGHORATH| 6 178 4,673 | 37 @ 271 1,000 : 7,000
R02 |2020| — — 0 0 750 | 38 | 288 900 | 7,235
RO3 [2021| — — 0 0 503 | 39 | 277 800 | 7,278
SDGs IZHHLT 5 ¥ S OMIA 7ot 2D
RO4 |2022| 54 | .. BT 2B B LU 6 %176 @ 4,528 | 40 | 281 800 : 8,048
IR
RO5 2023 | 55 |FEfrlAeZ th& Sk S 2 kst 7 %237 | 4,743 | 41 = 286 700 - 7,718

* A7)y PR
(&85 - v 94 v HEEARE

© 550 MAIxICRT 28BN wS
T—7 . [EEeIEE L S ICER T 2 R
[HEF] M5 (2023) 49 H 4 H (H) i 10 B 00 4 ~F% 4 K§ 50 45
(7] W —F o SV ARLRNCF VT4~
[Ef] AEEEHEN &V 7 75 R LRI
(fxim] B Rakahs
[42)] RV HT37orpktas

4 55 [AMA LA I T 2 EES /A, M54 9H4H (H) ICHEET—F 8L A2 TH

E N, AETE, BOISHIEEREEDNS, Z OHENHES OB L H o ERYFT
DR LEGFEICBIT DG R EIConTHlimE s (R1). FO%, KONA EDFEXL T b

—-12 —



RV A TR TR B4R No.31 (2023)

e L e et T e
550 M IZICHAT3EENRS

e — [} [l =

e - =

RI2T (MNHEFERL 240

X2 KONA BiZ®
H2H

At
B, LEromaicd HEE

3 W R R AR 4 BBIREGR

o (X2), HEETRFEOMBTFEEIZIL O, KRS0 H %02 12 KONA B O J5 A3 T
SNz, 20Ok, KONABZH 2 %12 & 25k, FEFE KONA BB H O R K indils 50z
2 & B REEIE NS, [ ARSI CE BT 2 R ] 27—~ & LT, MRS - B R
DOFEFELICH OB S 4 EOFEITDO N, BEESE, EEICHI &R aa 57 1 )V ARG
LA ELTER LT Y IA v 2 fliotond 7))y FIERICL ABMEE 2D, &3 (M3) T
103N, 74 T134 N, &5t 237 AL, WEFERME L7725 54 BINOS A 176 A%
KIBICHBZ 52 b o7z, BB, RBEFAHEOSEIIOWTIE, BEAHM AT SIS RE L TfT
bz, X, #EFmEBICEES (K4 2hfEsne.

O MAEIZRICET 5ZEIEE KONA Powder and Particle Journal No. 41
(2024) OH1T

KONA FEDf £ IR B AR SIS RFE S N, [WFES 1L KONAGEREZ BT L T2 o
MMz o7, KONAGEREZEZIIT7 Y7, I—avN, 7AUH 70y 7 D3I DDMRES
BEPOMRENTBY, 2oL W ELHERBEEOR L (LY 2—, Wiy 24
B, INSEMmELTHELN, KONAGEE L THIL TWwa. REFIE, 45 (2023) FKIC
KONA No.41 (X5 & LCEHIRIME BT v —F s, B4H6 (2024) 1 H 10 12%
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RV A TR RIS B4R No.31 (2023)

fransz. #ERMRmI6H (7758, 7AUP5HM, I—0v /86 BLOHEER 1MW
P17 ROFmLZ/E L, 7005 2 EHRI L, EINSAOFE, KT, HEMHELZ EOBEMRENDS
gz B A — 24— (https://www.kona.or.jp) (ZHARDORANZ 4TV, HIZ Web ¥ v —F )b
~NERL7: B, REOMEICHEL, AR - EFIIERIIOWTH v I 4 Y EfREEY AT A
(Editorial Manager : EM ¥ 27 2) ZSFIH &7z, Galo+ v 74 YHB#IZOWT, J-STAGE DR
AR (FRIRSNZZFFEEE - TR — VEDHEE T SR OBR CHL 2 AR) Figx FIH
L, FURIHRE & 0 2512, 2022/12/29 ~ 2023/9/15 DFIZNER AR L7z, 72, @RAZREL, ~v
7R, MEFSEWHELESDT, 7V I —COHREBTFRTEMR (M6, 7) L7-.
ARFEIX 2013 4F £ 1) J-STAGE 288 2B S 41, 2014 4E 6 HIZE&ETD/Ny 7 F 2 N—DEFEEH %
TLTWADS, No.4l (2024) DL, FHIoWTDH, 416 (2024) 42 H 29 HIZ4 L HTML
(XML) BXUPDF R TZFDIBHEEET Lz, ZOH A hTO KONA #ED 1 HFF AL,
A4 (2013/12/20) O#9 100 225 1100 hx Wz, @EFHEKIL 270 TR e o7z &
72, BAEDORFED LML FE MRS 1 >~ %2 7 7 7 % — (JIF: Journal Impact Factor) (& 4.1 (i
£3.919) LHEFELD A ELZ.

F 72, ISTHOHOBMEF 5T, FARMESIRAT 20787 — 4 OILF L FIEH % RHET 5 72
DO R Y THAH I-STAGE Data (https://jstagedata.jst.go.jp/kona) (ZHIA L, 202147 H 20 H
WCIEXGER 2R L, B 20 ROBES T Y A7 — ¥ 2 AP TH 5.

512, KONA R, AR KO SO REH A E#R T — 2 ~X— X (Web of Science, SCOPUS,
Ei Compendex, JDream 11, EBSCO, Cabells, J-GATE etc.) 2Nk SN TV 5135, REN LA —T >
77X AY ¥ —F )T —F X—Z (J-STAGE, DOAJ, Google Scholar, CNKI, etc.) |2 b gk %E LA L
T&7. &512, WEEI SEELHEMYS (ET) M4t 7 — & X — Z Inspec, 8 ERHAHAiTH
7T (KISTI) $2ftd 75— % ~X— 2 NDSL (National Digital Science Library), KEKFIHHRI >~
Ty BLOT 7 1Y — 3 ProQuest HEMRIE S B IEAEY) V — ADMREKE T4 AN - A ¥
% —7 = A A ProQuest |2 b k% L L 7.

KONA Powder and Particle Journal No. 41 (2024)

KONA R
Particle soumal pi.

Mo 41 (2024)

& KONA ‘Bostoess,

Artificial

and Evolutionary
Particle Technology "

@ Hosokawa Powder Technology Foundation

available online-www.kona.or.jp

5 KONA No. 41 (2024) FHE. 6 KONA No. 41 (2024) 7 7 A 7 KONA No. 41 (2024) i CH
B N7 TN EN
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RV A TR RIS B4R No.31 (2023)

1-2-3 BFEFFXEDERRIR

MIENE, 1991 4F 12 HICH AL 5 NICHA O AT ofRE 2 By & L CREL S, 2021 4E12
RO 30 BE R M 2 72 FEBRIT TR 4 (1992) FEE O A HEZRG L 72720, FEEMIZIE
A4 (2022) 4EFEEAS, UMFHIOBKT 30 BIEL o TW5D, I EESE LT, 4H2 (2000) 4F
3 A, WY 30 BAERL AU EEEI L FIF o, TRlOWBEOFHENFEH SN,

GBI DN

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

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

(® ICCCI (5 7 [ISeHERFL o Frim bl & FRMIZBE 4 % EBS&Ek) 2022 ¥ > AR A (5 4 (2022)
£ 11 H, 113 T KONA Young Researcher Award, KONA Achievement Award O §5-5-

@ FHARERERY D TIBETEY VR T L (5H15 (2023) 4E9H 14 H, KA )

(1) 5 4 mERRY 7 TRETEY 2 KDY L Ok

4f15 (2023) 429 H 14 H (K) |2 The Hotel Dorint An der Kongresshalle (KA > 7727 A7)
Z) 12T, FARERER Y TIBRERTEY YR ARSI E Lo, #HIE, BELMFEO
BHHETHY, wvn7 3170 HAEMERMIIRTPAAEL VO 2 v 2 Z2E—-F (K8) 25
WBEY, [HEEENFoFRmREZAEE | 27—~ & LT, #iieE I L 2 & Lickke 24
ELoagRL—2a ks 8thoiEE (K9) »MTbii..

AHTUE, WESREE & o T 2 MHaRE #h o e AL BE B A 12 & B BN AEEE DT RIS, KT %
YOXTES T T A YRR T 5 - AT oM, U F T A+ CEMmO ) A
7 VAN LA O, LT T — AOMLEA & A4 Y AREAOMREE ORISR, ZEMAE L L
THELT T 774 FPOF L WERIALRMOMMIE N, HEDKY AT I 70 U0 SR
FFIERIC L S, HRE FA v & OB I SULIEWIZ X 52E 2 HOEWEHARTOK
IR L O BIZ OV T OERSRA SN, L, KBZEICKYAITTIVER AGH 7 =
NIy FARRIC L ZHASBRETRT L.

X8 HMINRPHEOY 2 VH LAY —F X9 RS
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K7 TR TEEREM HI4EH No.31 (2023)

KA Izar (B
KBRS B8R
TN THERY HEHIE
WHRTRY RIFE - 8%
MRS #ox

AR #d%

I SRR BRSO
KBRS #Hdx
RXvagirzar (#)
EVARE D EA
HEBKS Bz

Wi =

R AL &
W T FNA =

ALK BEHE
RVAhTIzar (FR)
HEHERY HERR
FALREY: HEEIR
Y - MR IERERE SRR

S NNV R £ €13
SRR RS RIEER - #dR
RS ZEHdR

FGHERS: 8 Hd%

i1

INBRY: HEHIR
Bl AREELEFBT R
MFERERY BISFE - #d%
Rt Ry #Hdz
FAbRE  Hdz
WK #Hix
RRRY #dz
RAvavirzar (K)
SRR #Hdz
MRE RS #d%
RARHAKY: #d%
KSR #Hdz
INCYNE I €53
YR ITERY HI%
THFRERY HI%
WHKY #Hd%
KA KT TEERZERHE - #0%

£ SHIE

RV A IBETAREME  FHRE
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3. RM5FE BIRk - BREER

3-1 SFM5FE KONAE
(15, BERsLUVEIEELT100 FH)

. . o g -1k B (EE) ‘ ,
IR TEE . i S i
. Affiliation / Position .
No. Award recipient . . Achievement
(Nationality)
Emeritus Professor, Contributions to the
Chulalongkorn University & Advancement of Powder/
Wiwut Tokyo Institute of Technology; Particle and Aerosol Science
HPTF23201 . .
TANTHAPANICHAKOON | Fellow, Royal Society of and Technology & Promotion
Thailand; Technology Advisor, of Bilateral Collaboration
SCG Chemicals PLC (Thailand) | between Thailand and Japan

O =EIEMH

TAT Yk F N F =R, S0FEELIChY, EFETEORL ST, HAT
HRT TSIV ILEEORRICEE R RE 2 R L CE 2 OBEIZSAMZEICE 59, gy
A L HREDHIIBRORAEIZS KATV S, FIHRFTILFE LR FALR, T3 AKRFETH
TR RS L, 1978 FEICFa gy ay REICEELL. 2L C, YAEV /77 /0y —%
> % — (NANOTEC) OD#WIRTr7 ¥ 547 - T4 L7 ¥ =%, BRICKRLERFERERD,
2015 FE 12137 A N & L CToD TR EEIZ I S,

F72, HARFMIRBMESOZEBWEH E LT, &RRY, HHRY:, R ITHERFAICHHL, =7
OV VK FOXEEZY 32— bEAEHNEI Ea—F— - a— FOR%, 74 V% —MEED
Mk, F/RFEREORMZE, EMNRREZTo7. 72, 241 IXBIT 2RI FOREN
MR E L COMICMO CEELREE T R-L, ¥4 MR TH¥Er ¥ — (TPTC) Mk L
g ¥ — (CEPT) 7% OB % a7z,

vy F v s = EOBEBRITFEROREZBZ, ¥4 BRBEHIRER S (TPA) 7 EDH
I TY) — % — 2y 7258 L, 2009 4E 121X TPA DS EIE L, BEEMD 2 <, HAins
BEBERREEE*ZE LTS, 28, RKOFEME LT, oM EEBEY ¥ —F Vi
300 RLLE, & A OFANEF 10172 EhH 5.

N F =, CNOOMKRTFORRBICENLZHEELZEKIZLD, KONAE
DZEIMETLI0EEZ LN,

17—
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3-2 SH5EE MZEBIL (193, #2%E 1,900 M)
(A, Hobrmg)

&

IR

B o R

AroJg -t Wk

WFFEERE

(7H)

HPTF23101

FIEE B

(EIF) 7SS A
TR R AR AR
Xy — -

JEH

PRI L2 B AL L 7 BR A B S o
B DTS

100

HPTF23102

aH

FHR RSB 5
WFERE - FrrE e

Al % 72 R SR A IR 15 2 &
DR T

100

HPTF23103

NIt

FLAR R 22 HE T 24l
PRl o iR
BIR TR - R

PrEL R & 2GR AK T O E 2R
AL

100

HPTF23104

/NP E—RB

(20) HIL A
BRI 1
BkzL s bu=y

AR - WHFEE

JRFTFEMEGEI X b8 KT
BeAiAL & WAl

100

HPTF23105

BoE e

PN R S Y
AT L TEFR - #

%

WNT T AF v 7 OB #HEIEO
A & 2 il

100

HPTF23106

& e

FALRF RS BT
Wkl - Bk

RSB A R LB B bR OB R B 58 L B
R T O 5

100

HPTF23107

W AR

(EF) WE - #t
WF7ERE T - etk
REMEHIFZE £ >~
y— - Lt E

Bifgick a3y s 2ar7r4h
5 O Ry R A At

100

HPTF23108

T

e BROR A2 TR - o
iz

T TN L HROMEEA E FMA L 72
FEOEIFL

100

HPTF23109

TSR B 2
WhgesE - b

AT F YRR S O IR Y S e e 5
A KRB DB 58

100

HPTF23110

pSIRe)

SR H T 7EIE
A= Il i =
ERIE ¢

TG AN A F VR A N E T
W f: C02 ﬁ\%ﬁ

100

HPTF23111

BN

SR T R
SRS - AT

RGN 2 POSYs & § 2 AR
Bk VEHL

100
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- . _ , ) B} &
BIFES | B SE | B B - Bkx WrZe iR )
(EWE) g - #k
HPTF23112 |k - WHoetstE ~7 0 7 | BT ILEERK T ) V- T OE 100
- VIEREITSE 2 & HOERE 1 Rt
¥ — - FEWZEE
INE YNy T ( o
R RS % L1222
HPTF23113 | P& ik | BULREHAWIIER - Efff,‘ M% - AL 100
Rbr AR B o B 56
Bh#
() o SEF AT
HPTF23114 | P i EWFgEET - /AR | TR O PFAS & B EICKRET 5 Y 100
' UL WRRER - AR | Vo= TR O A|E
758
N N
I R iiiﬁi;#gg Bls 32 L—% 2 TR RWEIE
e T S s B o T
Bh#k
PTE3116 e | KBORFRSELE | N2 baE—fgoF /BTFEL |
TR e sdw | SRR
e VAN oy N o
NLIVERT Y F 7k 5%
HPTF23117 | #I'F & | W R T 2 , )\fﬁ*l,/_%/ﬂ kel 100
‘ B Al kL DI
Bt - Bz
HPTE23118 | 8% /A% KK F R L | FRERIER T A & RO BRI 100
B e - s SNT D%
IN=Y Ny N e
HPTE23110 CAO, Kiet | FLLRARFFTTEEL - | EmRhEL CO, ZBHD 720 D EF ) 72 100
Le Anh JSPS HEEL A BIRE | LM B O B
Ein =

*PrlE - Rk RS R A
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3-3 SHM5FEE KRYHTMERME (37, %5150 AH)

RRES | TEE R B %o &
RYNE 7 < H X HE (7:7F'§)
RS RE T | A H L BT

HPTF23301 | e il . . _ . R 50
RE R < smrn - deBE | R Y T OmEL

FIREAL RSB T AEES - off | REHKRZMHA L7 7747

HPTF23302 = B 50
S EVErS ~ & —ROANMIZEE T 278

HPTE23303 | W 4 KRR R A Laaitge | BERCE R BT 2 PLAHAAL -
PR e ET I ORZE

* ATl - Pk R R

HE it I &

3-4 SMS5EE MEEERK (5%, %% 150 HA)
37 = 532 = = N ét’\ %E
BIRE T | ERRE AT @ * L S m%%ﬁ%*<ﬁm>
ARE OB ERIC X
e N A A=A ) )
HPTR23501 | e gk | P NTRERLSEE sk onort | B BOE | 30
ZeRb - AR E L o
ZeMEREm) -
KPR KRB L | AR SRR S X 540
HPTF23502 | 435 @l | SWiseRt B b ay | (RO EEIEMEIE X 5 30
REI - LR L5 | = X A f#BH
B LSERFRFEGEY | IRIGER 2 F W 7 R 3E 5,
HPTF23503 | 3& HZ | BRIk - oA ks | S 0T & s 30
SInH b a — 2 fiE 1 D 48]
T[] 37 K Sk B
}‘\”'B 25 1) —
HPTF23504 | 1Ll BRF | TAERFALS: - AdnREL %#f%@%@7) % % Bfti—| 30
N YL 7R Sy A
TAFRHIKL
HO, Thi | B RFRFBER | Z4LELT 3 v 7 A
HPTF23505 Thanh 5% BHAfgekl - b | RIS X 2 &AM E R £ 30
Nguyen | T 707F A filiiE o> B 56

* PR - WFEEEE L AR A
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3-5 SMEEE ORI LEREREE (24, 8% 100 AA)

- = - , N . e &
WIRFT BYRE E - K| BEEEY | YRV T A0 AR = ()
International Symposium
on Powder Technology:
(—*L) #k
N ;UM_ N Realization of Digital
. L LR EE (=) Bk | 2024/5/14
HPTF23001 |{#i3 &k . . Twins for Powder Processes 50
WIS L e e s~ qess e | LD
P W LFEREY YR
o LT ORADFY
FIy A DFEH
FREEINLRER] . |17th International
Rl T RS A A o 17 [l Bt ;
FLFERES PR Conference on Electrostatic 2024/10/28
fe e 1 o, | X z S
HPTF23002 | i B B 55 0] | 7 1-1i 157 igﬁi’ﬂifi Precipitation (ICESP a1 50
g Ak T e |
BBHE - | |2024) 4517 FEIRES
o H& . s
B - U A
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4. MERRERS

RV TR T AR FAE R No.31 (2023)

4-1 SMIFEE MEBIRBRERSE BX

FIRFE = W Hr & T 5E i H
HPTE21101 | i - KB RFERZREEEHR TR | ~ A7 N7 OV )VEEE) O K E i ”7
" BRI - des B & A R
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Numerical Analysis of Aerosol Behavior in Facemask and
Optimization of Microstructure
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Graduate School of Advanced Science and Engineering, Hiroshima University,
Associate Professor
E-mail: ishigami@hiroshima-u.ac.jp

Wk
AWFFETIE, 7oA AYAZMHIEENICB 273 70 v A4 Aok 22 HL 22T 572
DI, EBEOT7 A ARA7 O XM CT WG ZEELBEY I 2L —a 27 VeR%ELE.
HIRERE ISR & LA ETE T % &, U CRMaSEM L, E O FEES 25128
MIFLEI CHE I NR T 2 b 2 b o/z. MILOFEE, ENHELHEREOETE L7725
FTLOO, FROMEICIVHEFORTLIH SNL720, 724 A A7 OMEE (quality
factor) #[M E&E5Z EDbh o7z,

ABSTRACT

In this study, a numerical simulation model was developed in conjunction with X-ray CT (computed tomogra-
phy) images of actual facemasks in order to clarify the behavior of submicron-sized particles in the facemask
microstructure. It was found that the presence of large pores inside the microstructure caused streamlines to
curve near the facemask domain, and particles accompanying the streamlines were more likely to be collected
on the pore surface. Although the presence of pores results in a decrease in a pressure drop and the collection
efficiency, the above effect suppresses the decrease in the collection efficiency and thus improves the
performance (quality factor) of the facemask.

MREE BN AARAZIZE BT OV )L OFERERIZO W

T, WAERDNEHH S 54 O eI S

WHEIR 7 A VY O—TETHE 72 A AR TWh. 724 AR A7 OIEREBO 7 0
RSB CEH I A MR L, VVOGI, B IR T OMEREICER L7
EGHE DT RCH G E OB SR BITIRPS BT 5. 724 A A7 &I
5T A, JT4E COVID-19 DiATIZ W, 7 = CHETLIT 7407 TlE, FHENRICH T
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Fig. 1 Time series snapshots of particles for D, = 0.3 um
through facemask microstructures: (a) S1 and (b)
NI1. For ease of observation, the particle size is

shown ~60 times larger than the actual particle size.
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Fig. 2 Relationship between collection efficiency and
pressure drop for different facemask domains and
for different particle diameters: (a) 0.3 um and (b)
1.25 um.
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Table 1 Quality factor of each face-mask domain for
different particle diameters D,
D, QF x 102 [Pa’!]

bm] 51 52 s3 NI N2 N3
03 3758 2593 3456 3225 2.882
125 4046 4516 3.781 4.778 4.106

2.498
3.789

() =03

Fig. 3 Initial and collected positions of particles in (a)
N1 and (b) N3. Only particles collected on the fiber
are shown. For ease of observation, the particle size
is shown ~60 times larger than the actual particle

size.
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Fig. 4 Distribution of travel distance of collected
particles in the xy-direction L, of N1.

Pressure drop, 4p [Pa) Pressure drop, 4p [Pa]

Fig. 5 Relationship between collection efficiency and
pressure drop for different model facemask domains
and for different particle sizes.

Table 2  Quality factor of each model face-mask domain for different particle diameters D,

QF x 102 [Pa]

D, [um]

MF-NP MF-50 MF-75 MF-100 MF-150 MF-200
0.3 2.530 2.318 2.935 3.168 3.560 2.999
1.25 4.103 3.573 4.471 4.841 5.773 3.398
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Fig. 6 Distribution of travel distance of collected droplets
(Dp = 0.3 um) in the xy-plane L,, with different
model facemask domains: (a) MF-NP, (b) MF-50,
(c) MF-75, (d) MF-100, (e) MF-150, and (f) MF-
200.
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DETEMRA LI ENTES, WYL KREED
LIk oT7 24 A< A7 OMRE (quality
factor) 25 L4 5 2 EAURIBE L.
KIFFEIL, 7 4 V5 — OIS E 2 7
SALIRIZTEEIZOWTORR L ED L 2
bl = N DA = 3 S TN = G - 2/ I R I ol
B2 @PEN R & MR E KT 57290102,
L) BIEN R AOBRREUE2RET 2 TFETD
5.

S 3k

Kajishima T., Takiguchi S., Hamasaki H., Miyake Y., Turbu-
lence structure of particle-laden flow in a vertical plane
channel due to vortex shedding, JSME International
Journal Series B Fluids and Thermal Engineering, 44
(2001) 526-535. https://doi.org/10.1299/jsmeb.44.526

Lee K.W., Liu B.Y.H., Theoretical study of aerosol filtration
by fibrous filters, Aerosol Science and Technology, 1
(1982) 147-161.
https://doi.org/10.1080/02786828208958584

Rozy M.LF., Maemoto Y., Ueda M., Fukasawa T., Ishigami T.,
Fukui K., Sakai M., Mino Y., Gotoh K., Direct numeri-
cal simulation of permeation of particles through a real-
istic fibrous filter obtained from X-ray computed
tomography images utilizing signed distance function,
Powder Technology, 385 (2021) 131-143.
https://doi.org/10.1016/j.powtec.2021.02.072

_32-




Hosokawa Powder Technology Foundation ANNUAL REPORT No.31(2023) 27-33

Research Grant Report

Rozy M.LF., Ueda M., Fukasawa T., Ishigami T., Fukui K.,

Direct numerical simulation and experimental valida-
tion of flow resistivity of nonwoven fabric filter, AIChE
Journal, 66 (2020) e16832.
https://doi.org/10.1002/aic.16832

Ueda M., Rozy M.LF., Fukasawa T., Ishigami T., Fukui K.,

Phase-field simulation of the coalescence of droplets

permeating through a fibrous filter obtained from X-ray

H4 BB F &= R

I.

i S FE 2

Hada K., Shirzadi M., Fukasawa T., Fukui K.,
Ishigami T., Numerical simulation of aerosol per-
meation through microstructure of face masks
coordinating with X-ray computed tomography
images, AIP Advances, 12 (2022) 125119.
https://doi.org/10.1063/5.0129087

Shirzadi M., Fukasawa T., Fukui K., Ishigami T.,
Prediction of submicron particle dynamics in fi-
brous filter using deep convolutional neural net-
works, Physics of Fluids, 34 (2022) 123303.
https://doi.org/10.1063/5.0127325

Shirzadi M., Fukasawa T., Fukui K., Ishigami T.,
Application of deep learning neural networks for
the analysis of fluid-particle dynamics in fibrous
filters, Chemical Engineering Journal, 455 (2023)
140775.
https://doi.org/10.1016/j.cej.2022.140775

198 - RA ¥ —3Ek

WH LK, S K, Irwan M. Rozy F.,
Shirzadi M., i 2RI EE AL

computed tomography images: effect of the filter micro-
structure, Langmuir, 36 (2020) 4711-4720.
https://doi.org/10.1021/acs.langmuir.0c00640

Zhang D., Zhang R., Chen S., Soll W.E., Pore scale study of

—-33-

flow in porous media: scale dependency, REV, and sta-
tistical REV, Geophysical Research Letters, 27 (2000)
1195-1198. https://doi.org/10.1029/1999GL 011101

KMCTHEIEL 72T 2 A AT AZHOLT
TOVNVERY I L—Ya Yy, BRI
& HIIe33 4 (Himeji, May 18, 2022) .
AR T, P HUR, TR R, Irwan M.,
Rozy F., Shirzadi M., % 5088, fRHt 1,
Mirzaei PA., "7 24 A AN 7OV )
F B ZEE 120k B oA i 0 s B Rl 12 B
TAHERMHEY I 2L —2ay", RBMHEY VR
T 2 2022 (Tokyo, August 20, 2022) .
Ishigami T., “Direct numerical simulation of
granular and multiphase flows through filter mi-
crostructures obtained by image analysis”, 7th
International Conference on the Characterization
and Control of Interfaces for High Quality
Advanced Materials (ICCCI12022) (FujiYoshida,
Nov. 16, 2022) 1-1V-F-02.

A, CTEREAT A L EiE Y S 2
| Il N O A D) P PN A e N~ )]
RO BN, H AR BN &
2022 4 FEEE 2 £ L A B4 (Kyoto,
March 1, 2023).

. Hada K., Mohammadreza S., Fukasawa T., Fukui

K., Ishigami T., “Numerical analysis of aerosol
capturing behavior in face masks obtained by
X-ray CT”, The 11" International Conference on
Multiphase Flow (ICMF2023) (Kobe, April 2-7)
P20.




 NEEe,
NA

Y7 0y A

->

AL IR B EA

.
v

Hosokawa Powder Technology Foundation ANNUAL REPORT No.31(2023) 34-38 /https://doi.org/10.14356/hptf. HPTF21102

HPTF21102]
DBV R D R v BT X 2 FESTHHG i PR AR D £ R

Non-Equilibrium Crystal Particle Fabrication by Submicron
Molten Droplet Quenching

Wigeft %% Research leader: /7 JI]  F#RE Yoshie ISHIKAWA
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Research Institute for Advanced Electronics and Photonics, National Institute of
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Wk

A DHE L CTERTFEHRETH AW L — W —ERE% vy, ZnO & Mgo Z 7213 Mg(OH),
REK T2 5 Zn Mg KL T D& E Rz 2 A, BEILETHRI LT ENHLNE o7z,
ZnO 1~ Mg O 75 x 1& ZnO FiF & MgO % 7213 Mg(OH), DA T AKTE L, BeiidEsE:
TiEx=0.09, ik TIEx=0.20D Zn_ Mg EIRFL T 2345 5 7z, HibECcixdk$ 5
Mg(OH), KL T2V &, & B IZHMIEFREE & TE_T ZnO & Mg(OH), 257V EE THfil L 72 IRBED
REMTPRONDT-0LEZLNDL. 4 R ILED ZnO & Mgo Z 721x Mg(OH), DA EUEH
TR HHGRHEBELEmL L72E 2 A, KFHEIZBIT 570 R ZnOo ~D Mg O [E7ER X
020 £ 024 DHIZH B Z EVHOLNE Y, JERO—HEW YT I v 7 ADREH L THE S 1L
Twb Mg FEBRAETH S5 x=0.2 L EBREORKENES N

ABSTRACT
We attempted to synthesize Zn;_xMgxO particles from a mixture of ZnO and MgO or Mg(OH), particles using

our original particle synthesis method, pulsed laser melting in liquid (PLML), and confirmed that an alloying
reaction occurred. The solid solubility x of Mg in ZnO depends on the mixing method of ZnO and MgO or
Mg(OH), particles. The Zn,_Mg,O particles with solid solubility x = 0.09 and 0.20 were obtained from mix-
ture particles prepared using mechanical mixing and coprecipitation methods. This is due to the smaller
Mg(OH), particles produced by the coprecipitation method and the higher frequency of contact between ZnO
and Mg(OH), compared to the mechanical mixing method. The solid solution limit of Mg to Wurtzite-type
ZnO in this study was found to be between 0.20 and 0.24, which is comparable to the Mg solid solution limit
of x = 0.2 reported for the conventional solid phase reaction of common ceramics.

_34-—

Copyright © 2024 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.31(2023) 34-38

Research Grant Report

MEEE BB

FalZ7 OV A L = — % Bl 723 R T O R
TERT UL ATHD [P L — —ERE:
(pulsed laser melting in liquid ; PLML %) % 4k
HICBZEL, 20X = X AR HMEO
R, ERRL T OISHIZOW TR iT-> T &
7z (Ishikawa et al., 2007). ZDFETIE, KUk
THLTIRDPARIA T KFHKRPLSY /) —
W 7p EOPLHB R BERHWRAI TS, 221
T KD 2 A5 B YR TEE) 2 4
WE—BED/S)VAL —F =% OV A0E:
~%ins) HWEET L. SV AL —F -2
UL 729 7 KPR 0 i B AL, sl
FICERET L LEEE E 2 5. —T, BART
HAHEBHOWAKRILERTH L7200V AL —
P—HI L 2 ERNREE AR S 2w
EMD, AR L 7o AR L 2 SIS (100K s )
S (Ishikawa et al., 2023), F(ZH73I 70>
YA ZOHKKFAELNDE (W1, 2ok
ZOWHHEBEIZTERMONTHETELT 7 A
AEOGHHEE (10°Ks?) LIl TH KIFE
WKEHETHY), COFRIILI-oTHROLNLGEE

Before

Laser pulse

After

®© (s}

/..
stirrer

Fig. 1 Schematic diagram of pulsed laser melting in
liquid (PLML) and comparison of particle shape
before and after laser irradiation.

RLEELEW OB BEIRGE .

AIFFETlE 7 vy #i5 ZnO & AR MgOo
PR G4 TH D Zn,MgO I2EH L7z, ZnO
DNV FF¥x v 713337eV TH LD, Mgia
e OB NN Y RFE v v THAHKRL,
V=5 =754 v Kby —7 EADILH R
RAERRMEE R VRS, Zn0 ~D Mg DE)
R EERFUE x=4 (mol%) & SNTBY,
EEE D Mg DVERIZ X > TESIZEEAI O
SEEAKEZ L. TIUTH L, Ohtomo 52X 5
By RNEEERMNT LNy 77 Eas vz
PLD #: (Ohtomo et al., 1998) # i U & L,
MBE {7 & O 5T % S EECHIE L 225 5 K kg
T 5 EFEELETEIC X 5 Tx=40 T2 2
b OV SR EA Zn, Mg, DERK DR
ENTWEY, —FEZEMHYZ I v 7 ARG
HNR— AL L7 AR Tl x =20 AL
¥ ->7Twh (Lietal., 2015; Singh et al., 2015) .
Z 2 TARWIZETIE PLML ¥ % v 72 Zn,Mg,0
KT OE R E A, PLML DO SE) Mg [ 7%
XK RE L BGEEL 7.

i A

1. BORHR AR o i e

AW TIE— et T I v 7 ABHAR %
L 72 ZnO & MgO Z 72 1% Mg(OH), O ik & ki
FERERE L, 205 VAL ==
#IRET 52 L2 X B Zn MO R T DA%
A7z, ZnO & MgO % 7212 Mg(OH), D& 41k
HHEZ 5 72D IE TS ORL DS FE 3l L
TWARLENDH L. % 2 TAZE TIIHEM TR
FrikFEo 2007 70— FI2 X L EEHES
KT OF % A AT

1.1 B

ZnO (Aldrich, 544906) & MgO (&7 A v
LA, 133-00281) DT E D E IV TIR
G LR F2ERR—)V IV (Verder Scientific
Co., Ltd., Retsch PM100) % f\y, =% /) — ) %
AR & L C 300 rpm T 3 R RIHEMARTE L 72
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12 depkik

Zn(NOy), (& | 7 4 )V & Ik #f 3, 263-
00335) @ 1M /K & Mg(NOs), (B + 7 4
v AFIYEAESE, 134-00255) O 1 M K& % AT
EDENWVIE 2D L) ITRA L 72KIEWIZ,
NaOH (&7 1 v AHDGHiEE, 197-14891) @
2MAKBEWR Z pHA 12 & 2 5 FTHRML 72,
BonzHmLEE 77 5 —k 2 Fvy TRy
L, KESRPHA 250°C T 10 FE RINELEL 2 17 -
T ZnO & Mg(OH), DA FERK T % 1572,

2. L —¥—MgF9RER

ZnO & MgO % 7213 Mg(OH), 2SHTED ILHE T
RAE LR T1E, ZnO OEEAT 1 x 104 gmL™
E D XK H S S, ZORATH
WEmMLICH G HEGT THBELZPH
Nd:YAG L — # — (Quanta-Ray, Lab-150-10,
7OV AT S s, 7SV AR 10Hz, ¥ — AHE

£ 8mm, & 266nm) ZHRGL 72

3. BRI T DB & 4 PESEA

o Nk T ORI AT E T S
(SEM) (Hitachi, S-4800) % Fl\»CH@IZE L, #&
s % X AT (XRD) (Rigaku, Ultima-1V)
wHWTHL NI L2 vV #R Zn,_,Mg,0
H o Mg [l AR x &, Zno ® (002) DY —2%
MEOY 7 bE&2LEES o7z, o h+
D W R A BE RS A 7 b

(Shimadzu, SolidSpec-3700) % I\ CEFAM L 7-.
i

Bt AR L 72 ZnO #77- & MgO #7-7-
? SEM B E.% X 2(a)(b) 127”3, ZnO KL 11349
50-100 nm, MgO #IJ- (& 200-500 nm @ Ik 2%
A mIERFTH 5. X 2(c)id Zno &
MgO % 1:1 DR A F VI THEM IR 12
100 mJ cm™ pulse™ T 45 min FR&} L 7240 T %2 7R
9. 300 nm DERIRKLFH3F 5 7z,

HEG 2 DR D XRD HlEAG R % B 3 1R 7.
VY8R ZnO O ¥ — 7 HHERR S, MgOo @

—-36 -

(a) (b)
(c)
Fig.2 SEM images of (a) raw ZnO (Ishikawa et al.,

2013), (b) raw MgO, and (c) after laser irradiation
of mixture particles prepared with mechanical
mixing.

Intensity (a.u.)

30

40

50
20(°)
Fig. 3 XRD patterns of the particles after laser irradiation

of mixture obtained with mechanical mixing.
(Zn0:MgO=1:1)

20

Y= 7 I3MERRE N2 02> 72, 345° D ZnO
» (002) ¥— 27 ZFEMICIRIT L7225, &
THDH ZnO LB L C0.07° EmAEMIZY 7
FLTW/z, ZNETO Zn Mg,0 DIFFEIZ &
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0. VY giE ZnO 1E Mg [ 7 & O B KIS hE
WCHIENEHL 252 MBI NRTEDY,
(002) ¥E— 27D 7 M EHDH Mg DEAE
WAL AT L)T& % (Ohtomoetal., 1998).
FREICL CMgEBEEX Z7FHliL728 25, X
=0.09 & AFED 5172 ZnO & MgOo DiREE
VA 1:2 TORALE A, BHEEXICK
X REALIIHERR CE e h o 7.

B2 XD ZnO: Mg(OH), # 1:1 D E )V
WERTHREAR T OB FI% O SEM 5 H %
41289, IREFRETIZ 200 nm 1T D & ThE4
RO NAER®ZO L 10nm #E E o
Mg(OH), KL T DR EW TH - 72. T OREH
T- D53 HE % 100 md cm™ pulse™ T 45 min fE 4+
L7-& 2%, FEIZ 200-300 nm D ERIRAL T35
57z,

(@)

(b)

Fig. 4 SEM images of (a) before laser irradiation of ZnO
and Mg(OH), mixture obtained with coprecipitation
and (b) after laser irradiation. (ZnO : Mg(OH), =
1:1)

LT TR S N R AR T O XRD Hl 4G
#5187, 34.5°FHED Zno @ (002) ¥ —
7w EMICAT L2 2 A, RETH D Zn0O
b L CHREZRIZ 01T EAEMICS T ML
THBY, Mg EERITXx=020 & WED 5N/
EiElcBWRAEVILE 12 THEORZR
SRFZBE LA, BEEXx=024 6D
TR R S5N7225, MgO DE— 27 H b
FTRIFER I N2 LS, VY #8 Zno
D Mg D EERFIE 020 & 0.24 DREIZH 5
EEZ BT

B (ZnO:MgO =1:1) & Ftibi:
(ZnO : Mg(OH), =1:1) TIEHE L /-IRAHR T %
TG L TR S N T OIEBU ST A7 b L%

* Mg(OH),
ZnO: Mg(OH),= 1:1
After irradiation

ZnO: Mg(OH),= 1:1
Before irradiation

*

Intensity (a.u.)

Reagent ZnO

e

20 30 40 50 60 70 80

26(°)

M

340 342 344 346 348 350 352
20(°)
Fig.5 XRD patterns of reagent ZnO and the particle

mixture obtained with coprecipitation. (ZnO:
Mg(OH),=1:1)

Intensity (a.u.)
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3 By milling
& 10 .
---- '
® \
c \ Reagent ZnO
3 ]
@ 0.5 \‘
Hs 1
it \
o By coprecipitation \
S
&£ 0.0F
(a)]

PR R IR SR
320 340 360 380 400 420

Wavelength (nm)

Fig. 6 UV-Vis diffuse reflectance spectra of reagent ZnO
and the irradiated mixture particles obtained by the
mechanical milling process and coprecipitation
process.

X6 12R3. RIED ZnO DI AS 385 nm T
HDHOIIHL, W, Eowvwdhio
A TEIZ BT BRI ROR T ORI 135
EEEIZY 7ML, 6D Y 7 FORER
XRD DFER M LRDO SN ZNENOEE =
X (BRI x = 0.09, 7k x =0.20) 12xf
T 5bDTH-7.

RIFZE TIRR P L — — R X 2 555k 7%
7 o v 2% fva 7z Zn, Mg O & &L G0
TREMEZ IR 2 A, BELRIESEES 52
EDHL R E o720 ZnO HAD Mg D [EE &
I& ZnO k.- & MgO % 72 1% Mg(OH), D&
FAAKRAE L, BEMURERE Cld x = 0.09, FLikik
Tld x=0.20 ® Zn,_,Mg,0 ERIRFKL F- D515 5 7.
b Tl AR 3 A Mg(OH), fi T 25/ & <
XS IR & T ZnO & Mg(OH), »°
W EE TR L 72 IRB O R AR 72556 5
o EZoNL. FlEEA R ILETO ZnO

54 BB F & R R

158 - RA ¥ —3k

LAl 8, B R, Bk A,

& MgO % 721% Mg(OH), D& TFRH F-12xF L
THRGREELFER L2 25, AFEICBITS
)V R ZnO ~ D Mg O [E 7 R AL 1% 0.20 &
024 DEIZHH Z EVHLENE LY, fEkD—
Bt T 2y 7 AORBMMIG THE S Tw
% Mg EERFETH D x=02 & [FRE DR
ErEL N7

S Wk
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Nanofiber Mats
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Wk

WAFKID D LW AR EF (DP1) &, WENF &2 IERMICEET 572010, ZERIFNRFEE 1
~6um IZHIEIT A LENRH L. L L, YrF - 3700 ORI EREESE VD, ]
AT INA A SO L. Nz T, BEfFo DPIFRE I, @%, SimUESLET, B

FIVEFNEHT 5 2 L TE RV, ABIETIX, BEERTH/ 774 3—& LTHERREILT
%%%%%%Ewﬁﬁtt.%/774N—-Vybwmﬁ%ﬁ%ﬁ%LOO%ﬂwﬁ%mTéz
EC, DPUICHE R 2L LR T2 3 L7z, Wi~ v b 28OS 5 2 & TRATZEIRL 112
1m~%um®ﬁﬂ¥%%%¢é:tK&%Lt.ﬁx#—F-%Vﬂ7&—%ﬁwtmvmwﬁl
EWRBROMR, =R FR TR ERFEL D /&< (5.9um), DPIIZ#E L 72225
TR T2 LTz, WIS X 5 =853 N2 0D, 7 537 B O % R L
2 DPI #FIALIZHT) L 72,

ABSTRACT

Dry powder inhalers (DPIs) require controlled aerodynamic diameters of 1 to 6 um in order for the powder
particles to deliver to the deep lungs. However, single-micron particles are difficult to release from inhalers
due to their high degree of adhesion and aggregation. In addition, conventional DPI preparation methods can-
not be applied to heat-sensitive drugs because they require processing at high temperatures. In this study, we
focused on the electrospun technique. The applicant showed that cryo-milled polyvinyl alcohol nanofiber
mats loaded with a-chymotrypsin (a-Chy) by electrospinning exhibited suitable inhalation properties for use
in DPIs, while maintaining enzymatic activity. Porous particles with geometric diameters ranging from 10 to
35 um were prepared to reduce adhesion. The in vitro acrosol performance of the milled nanofiber mats using
a cascade impactor showed that the aerodynamic particle size was smaller (5.9 pm) than the geometric diam-
eter, making the aerodynamic diameter suitable for DPI. The milled nanofiber mats maintained the enzymatic
activity of a-Chy. Furthermore, the activity of milled fiber mats that had been stored for 6 months was com-
parable to the activity of those that were freshly prepared.
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MEER BB

PURESE % & &N A FEREGHOMF 758 L
BEHRELTEBY, 2022 FI12HE S Nz EE
mm® A7 100 i H O ) B 55 mmH %, /NA F[E
DO TS (McGrath et al., 2010). 1Y
FEFAGVE ] & ik 2 SEBL AR RRET 2 Ffo N A o
REE, TOWY Y = 7 E 5B S SICIERT
HUBEMEDNE . — T, NA FEHEIITHE
B S B O RS, Bz 1E, N
A F RN EFH L > TG-S 5
72, BREVEOBREND H1IH, BEPTOR
R EEDME N &) RITHH 5 (Ferrati et
al, 2018). C k) LMEER T 2, HHEKS
KERE DORES E R ESEOM Ex By & L7z
HIFEATBAFEATUTAEAE A TV B

I gs BRI B DA, WAKIE LCoNA
FEEMBATL, EYEEDT-O DO TF
B Td» 5 (Taharaetal., 2016). W AFNZIEST X
D HREMEIMRL, EHMREITEHZEH T
5. E602, WMAFNIEEZIZ X 5 OG5
RECHY, BEODIAVTIAT VYV ARED LA
D DB, ZO—FT 3L A EOWAFIL,
BIED S GIZE LB & 20T, MK,
BEW, FAWT, N & oW LR A b
LA%ZFA. TNHEDA L AT F FR
5 S OSREREEDRK &) AN
A FEHEGOBERICHE T TS,

INSOMER RIS D202, HiFEIEE
B (ES) % w7z A FEHG O A
wmAREK] (DP1) fLIZAEH L7z, ESEEIETL Y
FO AT L — - 44 1k (ESI) HElTH 5.
TR v — 2 SRS RICELE 2N 5

Wt an, +/7 77 A4NN—%2FET 5
(Shibata et al., 2022). FEHAROEEIL, T A
MR ME AT 522, aLyy—I2
2o CREIT 25T 4. DPIIE, il
TR R % 520 B N4 F RSSO RIFLE
HWEmEEELIENTES,

DPI % R34 2 7201218, 22 agk 125 &

HEPORIREIN L BRI TEEY 1~
6um OHEFHIZT L LEAH 5 (Dolovich and
Dhand, 2011). —#% 12, DPI |2 3\ T#H W id
Ty FINVETEEBERI LTI YT
S0y A XF ML S5 (Chaurasiya
and Zhao, 2021). —J5C, HHZ MM I3k T
FANIH L THRHESEEZHEARSE L7120,
A LR L D BEE R A TN A5 O %
WilFsZ 125 (Leetal, 2012). &t % h
CIE, P2 AMEDO L ) K& RF ¥ 1) 7 (50
~ 100 um) ERATHLENDH S (Guenette et
al., 2009). —J, SN L DREWIL, EH % F v
) TS HES B 72 DIER W) MENH L 72
W, BHEOWAFMIZL->TIE, IhbnFy
) 7R AFFEI KT T BN RS I NG. &
LT, Vv M INRHEFEIRIC L o THEET
HEAMTIRMB DA N L A, N, FE
F O RRLEMA T SR T REED D 5.
ES {: DPI X, K&z & st
BT 55T/ 77 A43— < s E#EYIC
kb $ 52 & T, BRI ARELET S
RBER T %R TE LRSS DH 5.

Z ZTARWZE T, /N4 F R3O DPI A
L% FEB T 572012, ES#% 72 DPI #H
LM O 2 BIg L 72, ¥ Y7 EH D o-F
EMY T (a-Chy) EEFTFR)Y—DK
Vo7 a—) (PVA) bbbt/ 77
AN— <y M EZFNENERIEY LA &
L CHBL L 72, a-Chy (NEF 7213 P TR
b E I, BHIBRAE O 720 (I3 B BRAE AT
BT b ORNREDEFVEY IR L7
(Lozano et al., 1997). PVA (3475 & BE 57
FTHhY, HEOERZERBIZAIE L CRETT SN
TWwh., KfETIEF /774 3— <y bz
WO 1L L, in vitro Bili 26322 1 & a-Chy B

RIEHOB S SFHm L 7.
M % hH &
1. AF

PVA (Z—+t / — )L EG-40P, & & 2400,
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WK R EE 88 mol%) (X =287 I B Wikt
LODAFL, 77 ANN—WIEH & LT L.
a-Chy 1 Sigma-Aldrich 7* 5 A L, € 7L 3
We LT L v 9= VIR b T3k
XEAESBEA L, in vitro i 28 3 E M RER D 72
DOEIAERRE LCHER L7

2. ESEF I 7743 — <y FOFRK
PVA KA 23 (a-Chy T 72137 5 =)
WML CREER R L7 BEHIRER
320.0 mg/4.0 mL (ZFHE L7z, Y OB,
ES#:) /7 7 7 A /8— - < v b OWHEALFI S
TEND B % f/NBICHI 2 5728, 1% (3.2 mg)
EL7. F 2T 7 A40N— <y bORENL,
YTNVER R S SMLOY ) YUK EL, V)
YURYT (2 HEF) *HWT2G6 Dt
[205ml/h TR L 72, mEAEEE (MECC
B &t O"MEICHERL, TIVI =4
TEDLN/aAL 7y =% — N LTHEBL
7o, gt al sz —HMoEEET 10cm, FNE
FEIX 10k, FEERT=ER (20 ~ 25°C), HIRHE
& 50% LA ToT o 7.

3. ESEEF 77 74 83— =2 bOWMER AL
DPl X, ES{EF /774 /8— <y Mo
e (JFC-300, HARGHT LM SH) 5
A ETHRML F ) T74N— < v MY
50mg I L7 v IV L E ik EIC R
7 HEER (5,30 min) {2iE L, ¥ AR (1, 3,
5min) AL 7.
4, ESEF 7 7 74 5— - = v b EBRh
Y- DOILREBI%:
EARE ST (JSM-6510LV, HARE T
MAeHt) 2T, F /7748 — <y bk
& B L 7ok OIRE B B L /2.

5. B L72F 2 7 74 3— - = v FOKIF
M E B & O in vitro iz E M 34

fo I L — W — [al i Ak BE 4 A e
(LDSA-SPR 3500A, MicrotracBEL Corp.) % F\»

TRATFAIIERE (Dsg (XY T U18)) ZWREL
7z.

AR R By ) < A A (VA Tl g
DffikESEE, T ¥ —ty - ART—F - A
> 732 % — (ACl ; AN-200, (%1 L v 7k
XA #HOCEHEL 72 i L 72%F 7 7 7
AN—-<vy ;3mgx 25k X 7o¥
V- AFkra—R- 5 7L (HPMC
Capsule) [ ZFEHE L, WA 7 /81 A (Jethaler®
Reverse, N¥ 2T A7 AV 2—a vy Atk
A&t 1Sty LA EE 283 Lmin, W
AW % 5s IRk L7z, AR, HAT—2
B L7 REZEILL 72, R L 7-hRo=
%, U7 OHEOGHED SHEE L7z, MiikE
PEX, WAZRE S 7R h SO O fRE T
& 4 delivered dose (DD), Fli~DO¥EDOFEEH:
(R NFHEFE<4Tum) 2 HEE T S fine
particle fraction (FPF), %% A7 — Y CTOMEKIL
EHEOEIG»LEME IN L BRI FHEE R IE
(MMAD) %5 #Ffifi L7z (lto etal., 2019).

6. o-Chy %316 Pk

o-Chy BTG ML, p-= b O 7 = = VEERED
p-=—hBa 7 /) —ADFT AT VLEIZED
WCHIE L7z, B L7zF ) 77 48— - <
N 225mg % PBS 1.5 mL |2 a-Chy JEEH
150 ng/mL & 72 5 X ) B L 721, T AF VA
VAF Y FIZEHLZ60mMp-= b7 = =
JVIERE 20 ub 2 SRR 2, 30 min BUGB & &
7z SAVTHLOEOBEEET (UV-1800, FRA A
B BERT) & H\VC 404 nm DGR % I E
L, p=hua7z/—ViEel, BEEEE
BAEfb L7z,

R ZE 2 WA+ 5720, aChy = &4
e/ 77 A48N=-<v b% 67 HERLE L.
WMLz 774 /8— < v b 25mg = &
) 1 TIVIR R o T2 E AR AR AN, 20 ~ 25°C
TRRAEL72. F/oxliEE LT, ier 77
A==y b EECHKD a-Chy 2 & T iE
DIRAE L7z,
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B R

1. ESEEF 77 7 43— = b LB
T DOILEBIE

AT T M T SNBSS/
77 A= <y b ORI 300 ~ 600 nm
Tholz. —H WLz F /774N —-<v
M, B OMMERE & KR L oo, AEHID
OMMEEDLILVEATREB L T L& L
THigsnz (KM1). ok F ORI FR R 1
ZIZ10~35um THAHZ Enb, f[FEUEIME
S, TEDESTHDHEFHENS (Otake et
al., 2016). F 7z, ZERNFHIRFEITHEE DY
TIRICHBIS 2720, ZHLBREEIL 2T Ok
FRIDOENTMEEEPIFTE S,
30 min A5 L, 1min B X O 3min B L 72
J T 7 AN— =y ML, MRS MR L 2
3, ZILENTFTHhRILEN Tz —F,
Smin i L72F 77 48— - < M, )%

(@) (b)

—10 ym =10 ym

Fig. 1 Scanning electron micrographs of the electrospun
nanofiber mats and milled nanofiber mats.
(@) A polyvinyl alcohol (PVA) nanofiber mat

prepared using the electrospinning technique. (b) A

PVA nanofiber mat milled by cryo-milling (freezing:
30 min, milling: 3 min).

Table 2 Aerosol performance of the milled nanofiber mats.

MEREEDREEE S N F 7 W SR R
(5min) bATFIZRICEEEEE 5 2, lERE &2
I S 7z, Fourier LRI & Newton 055 A1H]
WL AUE, MR E L, SUERERR O L LIN D
B &, #ED /N S 2 AR ISR RS 2
BULEOMRZITLY, BHE I T5 R AT
TdH o721 REM A H % (Lienhard J.H. IV and
Lienhard J.H. V., 2020).

2. Bi¥eF 2 7 7 48— =y F Ok TN
EB X O in vitro Ml EM:SEG

23 Lo— W — [ R B 45 A1 T 2 26 18 &
T, W 7 7 A3— - < v b OKAFEE
FErAEM L (£, BHEEERH (5,30 min) X
BATAR F R B LR SR ol —H,
A AR e R e oy i LN net 1 R
L, 5min #3fife L 72080k 7258 b /N & <, 7.36 um
Tho7.

Mg ) 77 A0N— -3y bOTNAADD
ORI S % DD fiElE 75% ML ETH D,
] USRI C s 25 R d R B 1o T

Table 1 Operating conditions of freeze milling and
particle size of the milled nanofiber mats.

Formulation Dy, (um)
Freezing: 30 min, milling: 1 min 34.39 £ 1.22
Freezing: 30 min, milling: 3 min 12.60 = 0.67
Freezing: 30 min, milling: 5 min 7.36 = 0.80
Freezing: 5 min, milling: 3 min 1437 = 1.71

A dry laser diffraction particle size analyzer determined the
geometric diameter of the milled nanofiber mats (mean +
standard deviation [SD], n = 3)

Formulation DD (%) FPF (%) MMAD (um)
Freezing: 30 min, milling: 1 min 784 = 3.6 16.3 = 1.3 9.7+ 10
Freezing: 30 min, milling: 3 min 818 £ 04 265 = 0.8 59 = 34
Freezing: 30 min, milling: 5 min 83.8 = 2.8 10.7 £ 1.2 11.0<
Freezing: 5 min, milling: 3 min 88.9 = 3.9 09 =03 110<

DD, delivered dose; FPF, fine particle fraction; MMAD, mass median aerodynamic diameter (mean = standard deviation

[SD], n = 3).
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wmL7 (F£2). —F MAEEOEETSD
% FPF 3 X " MMAD 1%, il s X O resett:
IZX > THEIZZILL, 30 min 34 L 3 min £
L7z F /77 A43— -2y MPEROEHVWLT
OV WERRE R L7 SOMEF ) 7 7 A N —-
~ v M, 265% O KFPF 2R L, Ziid
5min A 3min L7z 77 A N—-% Y
FO 20U ETH o7 FEREBEIIBWT,
5min #iE L7 S ) 77 A 0N— < FD
MEHERE S IR S Tz, [ Ui <R
FORMFRTFETH, BEEOLILEIIK
MY A 2 CENIEEE R ER L
EZZbz2h. —F, FUBHERF-TIX, 3545
WiEE NIz 77 A= - <y EDERDEHW
B2 R L7z, SsofRiE, JEWICE
VR AR R C U ok T A T A I AR T
T, RS, B EE DA iR LA 1 2
L, s nhizF /77 4/3— <y Ok T
WESEINT A2 &L ik EEPERTT 52 L
ERELTWE,

3. a-Chy B#RIGVESTAM

o-Chy # &)/ 774 N— - < v bD
BEREEZIE L, MirEo sy vy oses
PEEHEE L7z, ZORE, BRI L - T
HICHRIEE N DD, F ) T 7A=Y
MR OEERIEMEE REEL 72 (F£3). 30 min 3
WLz E&EToBr ) 77 48— <y DR
FEEL 80% DL TH Y, RIS U T
WA L7z W2, 5min A L 3min FyRE L 72
7/ T 7 AN— < bOEEZREMNIE, 30 min

Table 4 Long-term stability of a-chymotrypsin (a-Chy).

G L2~y P OBEREN (68.6%) L0 biK
oz, bR L7270, 5 min BAG IEEHRE 124
THTHo7ZEDHFEREEZHND.

o-Chy O W2 w1 % #2572, 30 min
HAE 3 min Bt L 725 7 7 A N— - <
N &, RO o-Chy i % 6 77 HBRAE L 72
(F4)., ZORE, 6% AMRE LM/
TrAN— =y FOFEWEE, REL-TOT
J T 7 AN= =y O FEE (96.4%)
Thot. —J, *EE#HEEL L TR L7 a-Chy
BIE, 6 71 HERFFET21C 36.0% £ TREFRIG S
fF L7z, ES ¥ DPIIEZSRY O IR 7 & %
FHTEX2ZLhn, WALD DERT TENL
TeRAFRENE R HET L EEZ NG,

4, ¥
ES L, B AR LB L awnz, BiZ§gn
HEWODPIRHEICERTHLEEZLND.

Table 3 Assessment of the enzymatic activity of
a-chymotrypsin (a-Chy).

Formulation Enzymatic activity
Electrospun nanofiber mat 100%
Freezing: 30 min, milling: 1 min 90.4%
Freezing: 30 min, milling: 3 min 89.9%
Freezing: 30 min, milling: 5 min 81.7%
Freezing: 5 min, milling: 3 min 68.6%

Enzymatic activity of a-Chy-loaded polyvinyl alcohol
(PVA) nanofiber mats milled by cryo-milling (n = 1). The
enzymatic activity indicates the activity of the o-Chy-
loaded PVA nanofiber mat.

Formulation Enzymatic activity
Solution Freshly prepared 100%
Stored 6 months 36.0%
Milled nanofiber mat (Freezing: 30 min, milling: 3 min) Freshly prepared 100%
Stored 6 months 96.4%

The milled nanofiber mats that were frozen for 30 min and milled for 3 min and solutions containing a-Chy of the same

composition were stored for 6 months and compared with freshly prepared ones regarding enzymatic activity (n = 3, mean

+ standard deviation [SD]).
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X512, ESHEDPI L, EH TR E CTHRA
HZIK R % 2T 23 %, i CHjfEro
BERET A2 2 LD RETH Y, a— IV K-
Fr— SN T E L EENOFE E T
X5, BRICIEKRT 5N FEESHTTHIZB W
T, FRENLEG 2 FEHT WAL AEH
¥ GRR EE 2 O D ARIFGEHMT ORI
L0, NS FEHEGB L OWAF OBSS I FH%
Hx b3 Ex HEICSHRDME 26T
5.
AWFETlE, DPI S 2 720 O %
ELTESHEICL L DPIFH#EZIREL 72, ES
E7 0 AR, PRGN, Bt
EhkA BRI L > TREY ST 5720, 5%
DPI DfifikE M, HWaem iz s S8 5 0%
N b,

i i
EN G AN PN ARV Al == DYt N )
AR TR B0 & 0 G L R E

S 3Lk
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Preparation of Quantum Dots by Ultrasound-assisted Beads
Milling Method

W71t 3 % Research leader:  fEAS  FlIHE Kazuki UMEMOTO
W KRR A BB T Fe R WFPE S
Graduate School of Science and Engineering, Yamagata University, Research Assistant
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W 8k

NOTAHA MRy ML, BRI A LA T « A 7L A4 038tk e LTifssh
TWaA, TRNEREOD 2 5EORIICIIREZR L TWwb. Mk FoalEs LT, F#
D& LIWHENEL TH B, BRI E ) A OBE LA IZ L 28T Ny b Od A XHIE
ESHEETH > 72, AR TIE, WFEESEIMBICER L THEK] & TE—- ki) 2#lAE
bz TEERE—-AINVE] 2EHT 5. BERBRIICL), Ryoftklmg etz 2L
T, WFOGEBIKELMRF L IMHTESD. ZUTEY, A XHESHET Py POEREE
Bl, SHIIFEETNA AR TE S, AR TIE, BEEOBENC X 236 Eom L,
Y3alb—=varilLaBiA N = X LOY, FEHTNA AOER - Gz —E L CHEMT S
ET, BERE-XINVEOEHWEMEZI S22 L7

ABSTRACT

Perovskite quantum dots have excellent luminescence properties and are expected to be used as phosphors for
wide color gamut displays. However, the development of an industrially practical synthesis method for quan-
tum dots remains challenges. Although a proven pulverization method is promising for the synthesis of fine
particles, it is difficult to achieve monodispersion of quantum dots due to aggregation and fusion of particles
during the pulverization process. In this study, we apply the “ultrasound bead milling method,” which is a
combination of “ultrasound” and “bead milling” originally devised by the authors. Ultrasound irradiation
suppresses aggregation and fusion of the particles, allowing the particles to be milled while maintaining their
dispersed state. This enables the synthesis of size monodisperse perovskite quantum dots, which can be fur-
ther developed into light-emitting devices. In this study, the high superiority of the ultrasound bead milling
was clarified by improving optical properties by evaluating the milling conditions, clarifying the milling
mechanism through simulation, and fabricating and evaluating luminescent devices in a consistent manner.
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MEEE BB

NXO7AHA MET Ky b (PeQDs) (&, &
NI E BT DRI CTH L. FEFIC
EWISEE TR (PLQY, ~ 100%), v ig
JEA R PV OEAElR (FWHM, 20 ~ 40 nm),
G A E A %O U R A (400 ~
700nm) &\ o 722 A L (Protesescu
etal, 2015), EfAMEOHIEIERIND)LH
W74 AT VAONFEE LTSN Tw S,
KEEHE, A Xoa A fbgiea T A
714 b K& (ABXs, A = Cs*, CH3NH;" (MA),
NH,CHCH," (FA), B = Pb?*, X =CI-, Br, I) &,
ZORMIZAE L D KM HET AT 205 7%
LT Ky bo—FTHb. PeQDs ik, {4
VRS TH D720, BRI RIER RS &
B SE, BRELRESEHLEDLZ LT, B
BEAZHEH L CHEMAICEGRATETH D,
Ligand-assisted reprecipitation (LARP) #& LT
i < F7E & (Zhang et al., 2015), JHfE 7 O —
TUEANDIGHD ENTw5b. Lol RN
(21, PeQDs % VA X 2 Mk I AY L SR Y
WCEENL0, OB O 2 %250
WD, EHIZ, PeQDs DT v E LT
IR ETEEG, ikMEo 3 AL ) A
TR & S5 R 2 T3 5 728, PeQDs D1
EZEWEPELIKTLTLE S (Zhangetal,
2017).

FATHEZE T, MBI % & F 7\ PeQDs
OB E LT, BER—IVI VE W
Fais ST % (Protesescu et al., 2018).
COFLEORERIL, BUEESICBE T 2 i E
R TE L L, THEMNLREELDLFHETD
Lz, ERUEIBOTEHWZ ETHDH. L
L, PeQDs D& RIS L 72 B2, Bt
WIS KT OBES, BiAENE L, PeQDs
DA ZHGEALDPRETH 572, =F Fv b
X, TV A XL ROBIZETH LiAD
AN HE D KAF % 7R 9 (Protesescu L. et al.,
2015). L72%%> T, PeQDs D 1 X H.AHALIL,
TR R AT AEFICEELERTH L.

ZIT, COREEHIT L7200, HEED
X [BERE - XINVE] 2ZF L KR
&, B R—2 & L7z [HEE—-X12k 5
W] & [REIRENC X 208 2 MAasD
H WA R GRS TH L. BWERICIDET
DL L BIE 2RI 5 2 & T, T OBk
AR L2 TRROMBI TR RS, K
WHFETi%, Bfedeth oM c & 2 38 htom
ke, Y32l =T a Il ABA =X A
DR, FEET A ADEE - Gz —&E LT
Fhti L7z, (W5t omMetic £ 2 5o
Mk ] Tix, PeQDs 45 ¥ 12 B\ Tl £ WFgELS
Gk &N T\ 5 MAPbBry PeQDs % 1Y, fitskd
LARP COAASWEECH - 7-a v R &HT
% MAPDI; PeQDs = &1 L7z, 72, [ 32
L—2 a3 VI = X201, 5
T NA AR G 128w T,
MAPbDI; PeQDs x5 & L, BEFETHICH T 5
HEKE — XA INVEOENEEEZI S I L
7z.

W% A &

1. BFHEE— X I NIT K B PeQDs DR

MAPDbBr; PeQDs O & i : PeQDs O Hif Bk &
L "C, PbBry(ll) 18.9 mg, MABr5.8 mg, FLfi T
LT LA VEE200pL, AL ANVT IV
24puL, S HIIoEEE LCh LY 10mL &
A7) a—EIMA Tz H—A 7 ) 22—k
L, BWEHO Y Va2 =7 — X (¢=50um)
A7z, COAZ) 2—FNIBEREREY
FTAF %A L TS AL, PeQDs
AAEBL7.. S 2 TIEMmBSEEoBE L LT,
DN A= T — X & AR & R L
7z, Va7 E—XEOMETIE, Bk
B %2 30 4 ICEE L, YVa=ZT7E—X%,
AUBRRE = 12k L C 0, 25, 50, 100, 200 f57D
EECTHML, %4 % 0mass, 25mass,
50 mass, 100 mass, 200mass & L CTH% 5 4172
PeQDs DL % Heg U 7. B D B G Iy
I LCIE, £V Va7 — X84 T,
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15, 20, 25, 30, 404 ®D 5 &M THES L 7.
PeQDs DE#L R, MAMRE RO Va =7
Y — X % T2 - B L, PeQDs 43
B 2 1572

MAPbI; PeQDs @ £ H¢ @ Hi 78 @ MAPbBr;
PeQDs D& & — B L, FERiL 72, A
3 % i BAR & BL AL T % Pbly(11) 18.4 mg, MAI
51mg, * L4 YER10u, AL ANVT I
10 uL [ZZEFE | C PeQDs & 1%L L 72. MAPDI,
PeQDs i&, MAPDBr; PeQDs & & Ut 1 A% 52 72
Lz, YVva=—TrY—X&e%, FiEMEERC
xf LC 0, 40, 80, 120, 200, 300 5D EE & L,
% 5% 0mass, 40 mass, 80 mass, 120 mass,
200 mass, 300 mass & L 7z, 8T % IR GTIR T 12
LTI £y a7 — X4 T 7T,
10, 20, 30, 40, 50473 ? 5 &M THES L 7-.

2. YIalL—vavilXBBMAI= AL
Y

YIalb—3a i, EILKom Al
RENER EMEOTHIOT, EhiL 7.
Z 2 TlE, HEERE S (DEM: Discrete Element
Method) ZHRH L, #BEHEE—-XIVEICE
VB ABE I ERE T & AR B & AT L 7 15,
Y — A B & AT L7

V= XZEZonT, R1icyIal—3 3
YRR L. 22T, HiiAZE) & DEM
*HWT, E—-XZBHOMNTEiT-o72. F72,
PeQDs D It A BH O 2223 5 728, fENT L
12— ABEHD) L EY — XD HEREED 5,

_
Density [kg/m?] 1.0% 10 e B

Viscosity [Pa-s] 1.0%10° ! | Y RE——
Volume viscosity (Pas] | 240x10% |_|__. 30 mm

; ++ 3mm
Sonic speed, Cy [m/s] 14,800 ‘ 45 mm
Ultrasound |!l:::‘
1

Frequency, f [Hz] 20,000 —........}
Amplitude (p-p), A [m] 135.0x10%| 3 :;::;;t’:;:;gl“"_";sz - - 1
Velocity amplitude, 1  [m/s] 2rfa| * P"""“"mw

Wavelength, A [m] Gy

Wave number, & [m1] 2R Cy

Fig. 1 Simulation conditions.

ANOEZET )V F — OS54 % B L,
Y — XL e AL X — ORI R AR L
72 RIS, WINE — A& T OfZET AL F —
& PeQDs D YGEF4F M & AR & A L /2.

3. PeQDs Z 37z LED 7734 A DfiE#
IEFLEAEH R E L C, PEDOT:PSS (55wWt%)
Z, ELZITOEKR EIcAEya—- L
150°C C 10 4 [IBERL L 72, 2 o 112, EALig
%EEMELE LT, Poly-TPD (7 onuXy ¥
Vi, 4amgiml) A Y Y a— hTHEL,
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75 VARG, 10 mgiml) %, EHRFHA T T,
2000 rpm, 30 #p ® A ¥ ¥ a2 — k 514 T poly-
TPD FIZHE L7z, BEFHak i EAMEE LT,
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Al (100 nm) % @EEZe5 (1 x 10°Pa) TZ%
#L, LED 754 A& {EHLL /2.
B F

%

1. Bt oBENC X 238t m L

WFZehEICCReR L 72 X 912, KRIETIE, #
MEthomatl LT, Yrvamrsrv—X&kid
O PR I A RS L7z,

5% & 11 72 MAPbBr; PeQDs B X U MAPbI,
PeQDs |2V T, Y — X & - 8 I G IR [
T & @ PeQDs @ PLQY - S Y — 7B DL
fbLzRL72(2). 3 XTOY T NizBWT,
Y o— X - B Dk B GTRE o BEIZ RE
PLQY 2HIN3 A2 L #BHOEMIC L. 512,
v — X &N % \0IT E, PeQDs @ PLQY A5 K
b9 2 F T2 5 IMEMH IS Z LA
LIz,

MAPbBI; PeQDs |22\ T, DR EE5 A %
B 3127x L7z, PLQY OEINZE) & kRIS, ¥ —
XEOEHNAE, RO —E25m - L Tw
LHZENHLE P07, E—= A=Y 5
Z & T, BMEEIC BT S PeQDs & I
iR EEZ 5N A, FFIZ, 200 mass 128
WC, 7.2 = 11nm &) IEFITRR KL 43 A
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Fig.2 PLQY variation of PeQDs by zirconia bead
volume and milling time (a) MAPbBr, PeQDs and
(b) MAPbDI, PeQDs.
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Fig. 3 Size distribution histogram of colloidal MAPbBr,
PeNCs from the DLS analysis with varying the
bead mass for 25 mass, 50 mass, 100 mass, and
200 mass.
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Fig. 4 Dependence of impact energy and bead volume.
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Fig.5 Relationship between impact energy and PLQY of

PeQDs.
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Fig.6 (a) electro luminescence spectra over electric
current, (b) luminance—voltage characteristic, and
(c) an external quantum efficiency-current density
plot of the LED containing MAPDI, PeQDs.
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3. PeQDs Z 37z LED 7734 ADf#

B 6 [ZAEHL L 72 LED O %51k F RS %2 /8 L
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B L7z (Ji et al., 2021; Hassan et al., 2019;
Vashishtha et al., 2020) .
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Synchrotron X-ray CT Observation of Morphological Evolution of
Defects by Pressure-Assisted Sintering

Wi7eft %% Research leader: K HE 47 Gaku OKUMA
E TSR N - APRHIT 7R REEM R o —  FAEWIRE R

Research Center for Structural Materials, NIMS, Senior Researcher
E-mail: okuma.gaku@nims.go.jp

W 8k

IR TIIR & 2 BIERKRIIGHEES, © LA, DIPICHET 5. BEmmicd, NS 228
R REBITIES 5 7%, BIRE R T & N 7CHIR R A %2 EBERS TRk 9 5 2 L IIWNEETH 5. —
Ji, Ay PTLA (HP) RETZ APk (SPS) FOMILLERS Tld, HERIRIRT, 8% %M
MR A 2 meE - SEEEL T Iy 7EMPRETE, INERBOBREIZL ) EN LT
IV ADRELWREE b, 72720, IR TIEEILET, R/ ALK
LHARETELRVE V) MEPD L. 2O/, BHEFIRKEIEM OREI#E L 728 B Tk
PRBTE 70 & A HI IR & LA R 2 4] L BERE Hh IZBRE 975 2 &A%, $7z, MESER TIZR
R EGED 72012, L DERWED T RMERENATE 2 L9112, 3R IVTF AT — )V TOKE
HERBROMIINRKO 5D, KREFFETILSPS I ED X ) 125RAL & REGDTZIRAZAL - HE L
TV D E BT 5.

ABSTRACT

The mechanical reliability of products must be assured for scaling up and production of complex-shaped

components by spark plasma sintering (SPS) of spray-dried granules. The evolution of morphologies of pores
and defects, which control the mechanical strength, is investigated by using synchrotron X-ray multiscale to-
mography during SPS of alumina granules at 1300°C. While large defects arising from the hierarchical gran-
ule packing structure cannot be removed by pressureless sintering, crack-like defects and branched rodlike
defects are almost eliminated by SPS at stresses higher than 30 and 50 MPa, respectively. But, small ellipsoi-
dal porous regions, which may arise from aggregates or dimples of granules, cannot be removed even at a
pressure of 50 MPa. A very large defect is also found by using micro-CT. It is supposed that this defect is
formed from a large void in loosely packed granules. The shrinkage of large voids and the elimination of
crack-like defects are explained by the theoretical prediction based on the continuum theory of sintering.
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MEEE BB

BERE L L 72 IR % Ik L CHEMEZ IR &
BT LHMICTH L. L L, BABIEERE
TORFFCHEDORIE G NN L1 Bk o U #
FEIEWDSE L, WIS E LT, 2=
SALRPBAEIEHINL DD, T Iy
7 Z MMM R T H B 720, IR L1 58
ENELCIET 5. 72, RE—2IGHD 7
OBFEEROTFREPKRT TS, Thbh, #
FROTREEEREE % ) B S, BT RoEREE
L5121, RFREfEz S LI, Bekh
DM - B AEE Y - KIGOTEBGEE
WL, T, BT 2, AR O
VAR RTHL, ZNET, BEHICBIT LK
FARD BRI 2 UL, R & oK
YIial—YarilloTTFHMENTE B
KR OIUHEZ B, ERAYTERARIE O Al
W&o THEZbNS, BHFEZIZIIZOAT—

(ZH K 7 B DKL D BB AR O KA UM 38 S e
bR T A LhL, I7uATF—)VEEH
1 (vr78) A7—Vaeok MmN, FEBRY
MABIIEAEELSR TR, 22T, Bk
HREBHIICIHZ L7205 THR L, WA —
NV, I TOAT = )VTOREEREZBEEO)
5 [RFEFREES (RVE)] OM&EEALL
(Okuma et al., 2016). RVE &, I 70~ XA V'~
X7 UDRNT AT — VIRIT QR L 70 5.

WAE, X#MEZ T 71— (CT) Hffioi
AL, EEEY um O F T AKT- (Bernard
et al.,, 2005) X° 4 J& ¥ - (Vagnon et al., 2008)
2T IOVERRT, BERE R OB 3 K0T
SAUBEE LR A7 — )V CIEEBIZETRE
otz 7272l EBOXT I v ANFHOR
ZLIRKB1Z, BB CT TIEFMHREENAE L,
3WICHEIEE L 72 B e o 72, ik, TR
B CERBIEEDO~ A 70 CT &, B TR
BETH HAAHZER T A VF— XHF/ CT 2
575 <IVF A — ) X CT A ARESH i
R SPring-8 DTS Ik o TR S
(Takeuchi et al., 2018). Z D<= J)LF A4 — )L CT

AT AL, BEEIOZA (COD) I
NS VEBZEIRRBOBIZIHE L T\ 5. wk4e
RORKaGHi %~ A 70 CT THRNLZ EIZL

D, WEBRMROMELZFET A, F/ CTIZX
% IEWIREE CIIIFEDO KGO IIRE Blg ¢ &
%. KEED (Okumaetal., 2019) &, Z Ofst
HXACT ZH, 7370 RED 1R
TR R L7270V 3 R S s L BRI
WEB D BZLIR KGO 3 IRTTHEE O S IR Bl 52
W2 L7z (I 2(F)).

HWIEBERE TR & R mZUR KB (1 &, 7))
RS, LA, bIRIIETLIZ L%
N2 L, FOFERPBICMER O AR —HIZ
FER S 2 BERE R OPGEEEZRETH D T L 2R L
7> (Okuma et al., 2019). FFHHYIZH, NE 7%
ZERR R R BB 3 5 A%, BB CIER S
7oK R Ba % % HEREE TR 3 5 2 L IZHEET
H5.

—J, Ky P TV A (HP) RWMETS 7 X~
Befd (SPS) SFDMERER T, MR T,
R A T B 2 EE - SEEEO &
T3y MO TE, N RIRO RS
WCEDEHELT I v 7 A0BELTREE 2 5.
72720, MERERS TSI IALEET, i
INELD AR L 2 BE T & v kv ) [
L. O, BHILRKIEA o 3k
V2 L 7B BERS TR 7 1 & 2 2T
B S AL B R R &2 S LB ISR £ 34 2
EAS, F Tz IESEE CIEREEM EE D 720
2, XDERWENTH KMEESTESL L9,
BRICYIVF A4 — )V T ORI I BAR D I
NROOLNDL., 22T, RKWFFETIE SPS H I
ED L HITEHILE REGDTEIRHDZAL - THE LT
WD ERBIET 5.

M %" B &

AW 22 1% SPring-8 D ¥ — 4 5 1 >~ BL20XU
DETIE X fE~ )V F A4 — )b CT (Takeuchi et
al., 2018) % FH\CFEM L7z, BaHE & 13tHE
WV DB DI L o THMZZEZ S
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() Micro-CT mode 15t Hutch

2nd Hutch -

0.5m =160 m

Fig. 1 Schematic image of synchrotron X-ray multiscale
CT at SPring-8 (BL20XU). Adapted from Ref.
(Okuma et al., 2019). Copyright: (2019) The
Authors, published by Springer Nature.

NTBRZFAET 2ERHIETH Y, X Hir o Rt
HE COIRGIERFZ &4, D THD
ITHEDEBNE VI BENSH L. BL1ICE—4TF
1 20FEBEYLy VT v TERT. ¥4 270CT
X —FEEBR Ny FNORE A 7 — 2 & XA
Gritar TR S, B & L 72 X A%
Y EEm GRS CRE TS (K 1@). +/
CT D25 (K 1(b)) 13 X i (R BE M % N —
ALLTWwWE, aryFr¥y—-J—=r--JL—
Ik (CZP) T X #i % Bkt I —RRIZEGHRBA L,
REEBBLIXBEILAV- =T L —
k (FzZP) WWFEF THKL, ZOHI KRG % H
SR gR CHf% L T oML LSS5,
CTRHlTIE# k%2 0.1° T2 120~ 180° F Tl
RS RDHEBGEEHES. WINOREET—
FOHHER L8 T RETH L. E#Gkrs =
WICH] R~ O FFAE R (X Radon 284412 X ) 17h
n, 8 HRECTUENPITETHL. v 170
CTOHFEY A X1Z05um, FLEIEH 1 mm,
7/ CTOWEHFY A4 Xix60nm, #EIEZH
60um TH 5. FHLZXHEOZ LV F—
20keV TH 5.

A

I

1. S0k H R o R Bt &
K22~ 1270 CT CTEHELAETIVI N

Fig. 2 Various types of defects in pressureless sintered

alumina: (a)—(e) FE-SEM, (f) micro-CT. (g)
Schematic image of granules packing by powder
compaction at high pressure (<200 MPa).
(a)-(e), and (g) are adapted from Ref. (Okuma et
al., 2023). Copyright: (2023) The Authors,
published by Wiley. (f) is adapted from Ref. (Okuma
et al., 2019). Copyright: (2019) The Authors,
published by Springer Nature.

(KB{L~ DS31) BEAG MK (AHX %5 2 98%) N
# D R G 1 1 @ FE-SEM 14 (a)—(e) (Okuma et
al., 2023), 3 WwJcf% (f) (Okuma et al., 2019) &
5 30 X (g) (Okuma et al., 2023) % 7R ¥
2(a)-(c) \X, ZnZEn, lkaziIkKi (Type
1), MR b (Type 1), ERIRK G (Type
) ThHbH INLORMEIE~YA 70 CTHR
2 THL R LN L. ERIRKHE (Type ) 1EAH
HNZ A LT\ b, ik Bk xlE (Type 1)
M RRIR K (Type D) &, ZhEh
WERE ] 3 & SR N O e s ST S
7. INBH®H B, Type Il & Type NI IEHEER
ExEET ARG THY, BEEAOZEM
06um LN THsB. —F, SEM &K 2(c) TR
SN BERIRKFRIL & TH/N S WO THEIEIREE 12
WEEGZ v IMAT, NSRBI L
FE S B AIL (B 2(d) & RIS LA
(K 2() RSN NS DLILFHEBUIH
HAZED o 125U F 721N S R Rl oS E
kCTdh b, BHERLIL (K 2(d) 3EEHERIC
BENLEEM T 72RO 4 TS OLILE
POERLZLDTHLEEZ NS, KK
DL FLEE, (K 2(e) (IFHAIRO K E 28
MRZILTH D, <A 2710 CT I fRRED S <
VDT, TIH OB RSP AL T
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BEERIIZ D, /NS 7 Z2BR R0 R AU 9 % 28,
T B RS T S A7 AR R B % i B84 C B
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AT, AR CTRUE 2 I A E T 5
ERE-EEEEOY T 3 v MR ETE
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OREDL TR L 22 B, 72771, IEEE TS
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ﬁif%&wkwoﬁﬁﬁ%%.%:f,ME
B CIIRBEA gD 72012, L VIRV ESD
TOHORMEENLTEL LI B IKRICTIVF A
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FelE LKA E C— Nt % 3 5 720, Bt

Fig. 3 (a) Schematic image of granules packing by
powder compaction at low pressure (30 MPa), (b)
branched rodlike defects (30 MPa), (c) complex
pore (50 MPa), (d) cross section of ellipsoidal
porous region with circumferential gap (50 MPa).
Adapted from Ref. (Okuma et al., 2023). Copyright:
(2023) The Authors, published by Wiley.

3B 3(a) D & ) 127 A (Okuma et al.,
2023). FHRLO =M o 72 = AR OBH
W%% %, SPS 30 MPa 1%, ‘WIEBEAERICA 6N
7o &9 B ELIRRG (Type I, Type 1) (3584
W L7228, b IS CT Tida v F
RoXMBE SN (K 3(b). %4, SEM T
Big 720y FIRKFEO W GIZHIETld % <
=R CTHDH. Thboay FNIRKMIE SPS
50 MPa TIZZLMWT L, HM L7z, 72721, SPS
50 MPa |2 B\ T~ A 7 1 CT TIXERIK KA
& LT & 1 B 7 R B e A AR 0 % L
WIdRE L7, ThoofIRiEF 2 CT T, &
M3 ELZBET LI enTE (K
3(c), (d)). —EDOFEMMEDZFLAEBILEF & D
BEICX > THINR TV (X3(d). K4l
SPS 50 MPa 4 @ X [ig » 22 5345 © 5/ CT 1%
Y. KSR L LA LINE IR L
MFHEZMENICH 5. FEIEZILEBITEAN S
eEROEADBERE NS (K 3(). i
ZIHITFRAR K& F L5 BER D B IR
ENn-Edb S L. T LD hLILEBI
SPS HOBEALOM, EAMIIELT 5.
% RALDEED o 72 AU LB 4 O DU
WTH RSN, BHERSILRAE ML LI
SPS50MPa bR L CL o725, b
ZE THL/NS VO THIBIZES T 5 KMEICR S
LiFE 2T,

WSR2 TS 5 121E, BB oo

Fig. 4 Nano-CT image of small defects in SPS 50 MPa:
(a) Top view; (b), (c) Side view from the view
direction of white arrows in (a). The pressing
direction is indicated by red arrows. Adapted from
Ref. (Okuma et al., 2023). Copyright: (2023) The
Authors, published by Wiley.
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Fig.5 Largest defect larger than 100 um found in a
cylindrical sample after SPS at 50 MPa. This defect
was enclosed by some granules in the cross section.
The pressing direction is vertical. Adapted from
Ref. (Okuma et al., 2023). Copyright: (2023) The
Authors, published by Wiley.
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72, 29 LERFAIZEMINEDO/N S WHAIZE
J5, MHOBOTEHEICBWTERENS L&
Z 5 1 4. Cottrino » (Cottriono et al., 2013)
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L O—MESLETHL L EINTWES.
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Elucidation of Formation Mechanism of Solid Electrolyte
Nanoparticles and High-Speed Synthesis
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KB RKFRF e LA 5e R e

Graduate School of Engineering, Osaka Metropolitan University, Associate Professor
E-mail: shuji.ohsaki@omu.ac.jp

W

SR F 7 A A F v TREE, FoENCZEE R SO kiMoo k@B L L CHifFsT
W5, ZOBETHRT, MFHOEMAREKE L, HFom#itzn L3¢ 085H5. %
72, FEMREMEOR TIRIE, I ORK L Bk L CEER%E % £727. LisPS, (LPS)
FEMBISZT TR, WHTERENLZ EPLEVEEREVIMEEZETSL. L2L, KT
YA RERIREGHT 2 A0 =X LTFEFZHSNIZEN TRV, KIFFETIE, Ky PAY—F—
CBEHEAREDFAF -2 HOCEMPCLPS R A2 &M L, KIS & E 8 A BOGKH & 4
TR T B AR L2, kY NAY—F—%FHL, 14 mEEA 1.3 x 10*S/em &
T\ LPS R F-% 67°C TH0 0T TR T E 5 2 EAURENTZ. T OEKEL, HEROHEAHIE &
I (6HFR) XD A KRBICEETH 72, T/, LPS ORI TG, RIS BERICE I 5 HEL A
WE—ZLoTIRESINDLZERF RV LAZ &1, BAbAMEE#HAGDOELZ EICLD,
B A F AREME R G T B TRIRBIBR O ARSI L7z, REFZE TR S N7z RIE, FFEon T
AR LR A X e85 70BN 2 RELT 27200 BEELMATH 5.

ABSTRACT

All-solid-state lithium-ion batteries are promising next-generation secondary batteries, primarily because of
their superior safety. In their production process, it is necessary to achieve large contact interfaces between
the particles and improve particle fluidity. The particle shape of the solid electrolyte plays a key role in ad-
dressing these requirements. LisPS, (LPS) is synthesized in the liquid phase and offers the advantages of
cost-effectiveness and production scalability. However, the mechanisms controlling particle size and shape
have not yet been revealed. In this study, we synthesized LPS particles in the liquid phase using a hot stirrer
and an ultrasonic homogenizer to investigate the effects of reaction temperature and impact force on the reac-
tion time and particle shape. We successfully synthesized shape-controlled particles with high ionic conduc-
tivity by combining different synthesis methods. This study provides valuable data for optimizing the

synthesis conditions to attain specific particle shapes and sizes.
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MEEE BB

SE[EARY) F o A4+ TRFEM (ASS-LIB)
X, KEE, BT AVE-%E, Zaeton
W&, kRO kERE LCHiffshiTn
L. AHEEMEZFHTAIERD) T L4 F
YWREME TR Y, ASS-LiBs IR D
HEAEEAEME TR SN TEBY, Zelrvk
Mgz B9 5 M ASS-LiBs & Lit 1 F ~ % {x
B LEREMRE (SE) LEWE (AM) O
HRELROBEMTHER SN, SE=ILICH
ITTIEAM & SE Z S HEICREL T, MED
BHCKE e HR L2 BT 2LETHL. 2
DL X, SEDOH A XLIIRIE, AM & SE O
il A A KRE L2 L THEREREEZ R727.
Bl 2 1L, [ IR ORF- CEMM A i 72 L7254,
TR N RO ZEBR ST & 1L 5 W REME DS
HbH. Lrl, MNEHRTZREETHILET,
ZER A, BMEKOBEELEHDL I DT
&5, FArOVI2L—T 3 UIFETIE, R
140K FE2RETHIET, KA K
DFEEDF/NRICHZ 5NE 2 E 2 FEIEL T
5B 251, AMBTEBOZERY /NS %
SER ¥ TCTHwL Z LT, FEmfEIRE A
LI ENTFRENS, T/, SEDRTIEIKD,
ASS-LiBs DEHL L BED 72 DIZEE L 21T
ML O VWEELERTH .

B-LisPS, (LPS) 1, MHE M E WA 4+ v fniE
VL 2 RS AL SE O —FEiTdH 5 B
AR, LPS KL F DA A SR SN TB D,
FURKE A <, BUSIREAME <, =@Efbl2
LTwa W gMAaR T, Li,S & PSs 03 A
BEHR TR L, AikADSTER S D, €0
. 250°C LLF O CTHIEK A D & LPS 23E L
g B AR O—HETH LIRS 5
P, AN 1-10 pm D LPS KL T- A3 K
50 512, hFToks DT, #H
e ViR — hi 7 0 A TS L 22 LiLS
K& HWT, LPSKH IO A X% HETE S
CEEWLENIILTWA B SRRz k) (2,
BRI, AM & SE B 0 BT 7 H2 fil 7 i o

e, 7 b IR FOmENEIC R Y R E
T THDH. LrLers, HHERF
R T2 L TR % SZRL 3 A 5l 20 A 1 = X 4
&, FETHICHHIN AW,
ARWFZETIE, MERIEZME) Ay PR —
F—&, LDRWEEL L2 2 EEAEY S
A —%HT, WHTLPS AL &K
WiZEDHE—0 B, RUSIREOREL, Zh
Y LPS O RG] & A F TR BT 522
a4 52 L ThHDH. BB KT HE
RIS, PUGIRE 226 S E 7286 O ROtHE
O AWROEHA LT AV F—ZHeE L &
LI, BEREREY AV -2 HTHTE
RANOEBELFAR, 512, b 2200
FErAEHEDL I ET, RFEE RUSKER O
WhEGET 522 B L

1.

LPS B DR & LT, Li,S (ZfI7r I A1)V
BRI &4, 99%) B X UV P,Ss (Sigma-Aldrich
Co.LLC.), #fite LCT7u 4t v B F Vv (EP,
Sigma-Aldrich Co. LLC.) % w7z,

2.8y PRI —=F—LBEHFWRFEI A ¥ —
ZH\7z LPS Ak

Li,S (0.3828¢), P,Ss (0.6172g), EP (10 mL)
%34 7 )V (930 mm, 50 mL) & ZXERE (13 mm)
AN, Za—7Ky 7 ZANTRAL. LPS
AIBRMARI, JFORL & 5 3 DDEL 2 FIHT
HBRLT. T, N T EINT T 4Lk
TIAF 7T T TR, REWE 7a—
TRy 7T ADHT20mm DN — % H v T
1300 rpm T 10-90 47 M 4 ¥ L 72, & B X
28-78°C (G i : 30-160°C) D #ipH TZAL
SE7 F7o, RBENOFEEHREY % ok
JJ7C 30~120 43 [l & i R ES (UH-50, SMT) L,
LPS Rl k2 A1 L7z, 1R8I % IG5
A& X 15 4 LIS 67°C £ CTREA L 72
X5, KAy MAF =T =% W\T53°C (7%
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EmE (X 95°C), 1300 rpm T 60 43[4 LPS Hif BiX
hEEK L. Bon BB, =& T T
e 9 2 FY— % H T 1500 rppm T 2 KRR
MRS D L7, HEd% 30 M EE L7
Z D%, 32005 5 FIATHEK L 72 LPS Rl
k% .08 (13000 rpm, 1543 R) L, ki
w7 LPS K 2155720, 15672k
By B2E T T 1 REMEEE S 4, 200°C T 2 IR

Mmz L7z, Do Eldae<cra—7Ky o
AN TIT o 7.
3. b

¥ K XRD 7% ¥ — 1%, Cu-Ka#t (45kV,
200 mA) % Ffii L7z X ARMPTEE#E  (SmartLab,
(BR) WH27) ZRHOCTHELZ. AF ¥ &
JE1L 10° /min, A7 v 7 A X132 0.02° & L7,
B L2 LPS KT DA A+ VB EIE, FEA
VY =T x—A AT A (SI1296A, Solartron
Analytical) & EERISE T F 7 4 — (SI
1260A, Solartron Analytical) % 72383t 1 ~
V=% 2 ZWGEIC & )R 7z, HINE I
10mV, JE k¥ B 0.1 Hz-7 MHz & L 72,
LA Y E—=F v AL, A F MEEEZ
SE9 A HiIZ 360 MPa THIE L7z, A 4 v {xiE
B EIPUEIL, sCiiA v E— 5 AMED» S
57z Cole-Cole 7”1 v MIZEDWTHEL
7o, EAEBE M (SEM) 51X, 741 7
A MISEM (SU3500, H A 7727) % H
W 10-15kV T L7z, LLEoflE L, =
HOIERGRBZ LV ZHWTITo 72,
A

iR

1. sy PAZ—=F—% W7z LPS &)k

LPS #i7-1&, 51°CDOFx >y h A% —F—%H
W, 30D LS TER Lz, KFoD
X #EEHr (XRD) 784 — » % X 1(a) 127" 7.
30 AL L 72k 7 XRD 784 — > 1%, Li,S
WKHETAE—27 %R L, RIBPAREETH D
ZEEIRLTWD. UL, 6055AKD XRD
INF — 2V TIE, Li,S & LPS O IZHE T %

(@)

Intensity[a.u.]
D
o
3
=}

30 min \
Il Il Il Il Il Il Il Il
10 20 30 40 50
26 [degree]
(b) (©)

Fig. 1 (a) XRD patterns of LPS synthesized by hot stirrer
at 51°C. SEM images of (b) Li,S, and LPS
synthesized by hot stirrer at 51°C for (c) 30 min, (d)
60 min, and (e) 90 min.

V=7 BBl Iz %I, 905 68KD
XRD /8% — »Clx, LPSICHKTHLE -2 D
ADBI S AL, Li,S ICHET A2 E— 27133 L <
§9ho7z. Tz ik, JFEEO LS 205 LPS
ANDEHIIE, Ky PAY—F—%HW\/290
SHEOGRPUETHL I L RIELTND,
F72, LPS KT L, RUSKEH %2 2 Tk
5 L72h 0 SEM W& S 815 L7z (B 1(b)-
€). B1b) IZ/RT LHIZ, LPS DFEETH %
Li,S ki FidEesE L7z, F72, 30 0 AR
L7zkF o SEM % (B 1(c)) <Tl&, LiS kT
DO FRHENHIKR D LPS ¥ T DT K S LT 7z,
COBIEIE, LiL,SEMIZLPS KK SN S
RS L eTige L 33 5. A 60
SRIZESNRTO SEM % (X 1(d) T,
IR D LPS FLTF-7A% LiyS R0 R0 I BIEE S I,
LiS K FH 508 L Tz, i, ko
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LPS 7125 Li,S b T 2 AR & 72, LiS
MAPOHBELZZEAREBL TS, 512,
AR T HIZES KT O SEM % (X
1(e)) T, ZHOMEWV LPS KA B s
7. TN OBEREIE, REMROLL,S DFR
AR D LPS 2347 1 L 72 1%, #RIK o> LPS Hi
TR S, MW LPS R FICHRE LS
EERIRLTNWAS,

B2 DI CA R L 72 LPS @ UG R & A
T U ABEEORMBREIR 2 1RT. SRS E
WIZEAF REFEIRELRD, NREDE
W E A USSR C b B A o BB EDTE S
N7z BFEETNEIE, 1.3 %X 10*Sem & \vw o)
AREAF VREEXFEDOLPS T, ZOHE
TR E DA A+ VREE )5 67°C T 60 4 M &
BENTz TOAF AMREREL, fEROWHIR
LA THONIA F VEEEEZITH L T
W7z BRI 6 R A ZE L R & O Ik
N, Ky FAY —F =L LPS O AR H 7 Ak
WZHED L7z LiS DA 7 MmEEE 1349 1078 S/em
THhO O LPS DA & UEEREL ) b L K
V. F2T, A 05 TOA  SmEEE
0S/lcm THLER L 72, 22T, 44 VMZHEED
AL UG O HEAT 2 S L TW 2 EARE L 7z,
512, HiREIZBU DA+ ARERE & FUGKS
W& DOMICEMBERED L2 &, B OGH
D LiyS & P,Ss D fEZAL MR TE 5 Z &

1.5 T T T T /V T

[ —_— o /
= [m--e7C 5
S [ A--51°C .
v10-® — 3%°c - &
g i /| A
> [ / A -
) T
S0t A 1
=+ s
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Fig. 2 Relationship of reaction time and ion conductivity
of LPS synthesized by hot stirrer.

5, WHIZBIT S LPS O Kt it 0 kG TH
HEMRE L. 220HIE, BHESICKE L
Li,S 5 T "C a8 ) 2 VA L 72 P,Ss 23RS L C
LPS KL FHTERL S b EAE L7z B RiREEIC
B DA F MRERE & UG O PLE# O 6
&%, OHEEHK ST A2 E LTHET
L7z, kKOTL=Y A - 7y MMIVERE
BRaRLTBY, ZOMEXIE-37 x 103 TH-
722 &5, %31 kdmol DIEMEL T AL F—
PHEE SN2, TS OFMEICIIE L oRTEH
BREREGEENTVDL L OO, {HAHH T LPS fiI
FaxERT 5 OICLE L EE LT AL F—123
THBRELRMEL L1259, ZTNLDHAIL,
LPS 1D 7' 0 AKENCHE LR HH TH %

2. BEHEWBEFREIFAF—2H Iz LPS &K
LPS ML FIZEE WA ED FAF -2 HNT
30-120 s AR L7z, 5N /zkiF D XRD /¥
¥ — % 3@) Y. 30 AR L 72T
D XRD /%% — 1%, Li,S & LPS IZHK T 5 ¥ —
%R L7. LA L, Li,S®OYE— 273 sk
NEWVITEFEL o720 60-180 5 CTHEK L 72

T T T T T T

@) | s It LP$ .
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Fig.3 (a) XRD patterns of LPS synthesized by
homogenizer. SEM images of LPS synthesized by
homogenizer for (b) 30 min and (c) 120 min.
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KD XRD 78% — » 1%, FIZ LPS ICHIk T 2
Y=o DA %R L7z BEEBEIC L) REDS
LALD, RIS #EP-72EEZ LN,
B o N7k F D SEM 4 % X 3(b), (c) I2/RT
30 4 M A R L 72k F (B 3(b) 1EHUIR & IR
DM OFIR%EH LTz, —J, 120 5812
Brcs kT (K3(c) I3EEA TR L T
Wi COBISRRI, SO RSER T MR
BLUOHBIROLPSHF 2 AR L72Ay P A Y —
T — %MWz LPS O R LT KRECEL
L. 120 5 THE S L B EAA o — kLTI,
Ty PR —F—FHWTHER IR D LD
L/INE ol E512, 120 AR L 7ok,
607 BLUTOTER LK TED /A3
EERMERL TS, RUSKRAS R WIT ER
WNSLK B EDTIRENT, REVF A —
TORSER S EWD, RTHE S I12MHML
L7z LiEEEINS.

BEWAREY FAF—ZHATEBK L7 LPS
Kf-DAF MRBERZREL/ZEZ A, 304
AR L 72k D XRD 78 % — 1214 Li,S 5%
T 51200 0bbT, 44+ VmEE L 30-
120 53 O FUGKE [ CRIFRE TH o 72, KEdb e
B (Li,SKRE) &, 928539y 27 A (LPS
%E) VLB XRD E—2Z %2R L7, 2O
BIZN 5, 30 DA TIE Li,S & LPS Ol 5
D=2 %R LD, EORIGKERTH+407%
HOLPS AWM ENZEEZONL, BEWK
REVFAYF—TERLZLPS DK A 4 >~
{13 0.99 X 10*S/em T V), HAHIEE 9
Bk y RS =T —THK L7 LPS KL ¥ &
DL bLFPIED - 72,

3. MHIEWRIZE S LPSTBIRD X =X 4
B2 B ICR L7k 6, JFE2 S LPS Hi
FANOEHEEIGFOMRIEIZ L > THRES NS Z
EDURIEBEENT. E5HIC, HEBEOKRE S LEBE
WALFE D T AV F — PSR F-1E & TRIRI 2T 5
CEDHER NI HEL AL F — SRR
252 BB R D20, LT OSMTLPS
MfEamLZ. £9, kv MRV —F—%H
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Fig. 4 SEM images of LPS synthesized by combinations
of (a) hot stirrer and liquid-phase shaking method
and (b) hot stirring and an ultrasonic homogenizer.
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Platform Technology for the Development of
MRNA Vaccine Inhaler
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Drug Delivery and Nano Pharmaceutics, Graduate School of Pharmaceutical Sciences,
Nagoya City University, Professor
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Wk

mRNA # AJEE + / ki T (MRNA-LNPs) (X mRNA EH D720 oM TH ), mRNA Y 7 F
S BEIZIGH 2T 5. mRNA-LNPs O AFIAN O LG FIE RN R0 72 IR R GEE T 7 T~ O
BIBWTHRAREE CH L. 22T, ARIZETIE mRNA-LNPs OF5 KA BFIMLIZEL ) #A 72
ATV 7)) —=RAX—=RF4 (SFD) I L DAREANL L, AR S K07, B8iliaic B 2 iEaeaT
MizATo72. ZOfER, WAFNI#E L 2B AR5 N, &5REOREBIIRIES LT/, —hT,
BUAEREOIKAEIZE D MRNA @ LNPs 225 O R 2 0, BT 2RI L TWnwb 2 EATRKE S
N7z, ZD729H4%I1E, mRNA-LNPs O % O/ L 7 £ A RBEANLT 2 8t O FlZE 23R &
5.

ABSTRACT

mRNA-encapsulated lipid nanoparticles (MRNA-LNPs) are a crucial technology for mMRNA medicine and
have already been utilized in mRNA vaccines. The application of mRNA-LNPs in inhalation formulations is
a promising strategy for developing effective respiratory infection vaccines. Therefore, this study aimed to
develop a powder inhalation formulation of mMRNA-LNPs. The powder formulation was prepared using the
spray-freeze-dry (SFD) method. Its powder properties and function in cultured cells were evaluated, and a
powder suitable for inhalation formulation was obtained while maintaining its function to some extent. How-
ever, it was suggested that mRNA leaked from LNPs due to ice crystals during freezing, resulting in function-
al degradation. Therefore, it is expected that technology will be developed to formulate mMRNA-LNPs in pow-
der form while maintaining their structure.
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MREES & BEY

AR, mRNA #3582 L CTHIH 3 %5 mRNA &
HONEH SN TW5D. FEIZ, COVID-19 [Zhf
5 MRNA T 27 F ¥ TIERERE 2D, &
BOBIPIET 7 F ¥ - AT 7 F > - ERIBR
BT EBAIRES LS.

T FE TIZFERIL S L7z mRNA ESE o5
RERED L A, EIRPIIES R/ R NS 7 &0
FHEHEGICE DD TH D, WILEHEIE R
T57 75 TlE, WERORAIMTH LM
gL B\ TR R E 2 55T 5
CLENVETH L. WREGBEOFHEIIE,
5 k0 QW AHK & L CRELICEERS TS
FHRLN TN TH L7280, mRNA O A H
DEEPEAIZATHDIL T A (Lokugamage et
al., 2021).

W AFIOFNIFE, W AGEA] & A R BHN KB
END. MAHHITIEATIA T EHNL Ik
R, BEATAEHWTZ 7= VE & L TlRA
TLHEDRD L. TN ARDTINA AD
M2 B b AR THEHAE2RET L0
MRNA O Z SRS SN D, — )7 THEW
ARFTII LY BN TN ATHAT S
ENTES. Lo L, ER AR ORI,
R TS R L U7, SR 2 A LB & 2
N EMEICEHET 2 2 BRSNS, ZD7
%, MRNA O3 K A RHNZBE 5 2 #5134
ZVODPHIRTH 5.

Forx OV —TTIZINFETIZAT L —
FIA4%HME LB R ARA O ET-
T&7. E5IZHRIETIE, mRNA D X 9 7 #h
WAL E R BEHE M L CH#EINT R A7
L—71)—=XF74 (SFD) % T siRNA
BHEZ RIS A &2 L7z (Fukushige
etal., 2020).

ARIFZETIE N F TICH - T & 228550 b
ZIGH L, mRNA ESE R KBFLICH ) 1
ATE — R mRNA X AR CTIER ISR %
FE 720, FEE /KT (Lipid nanoparticles;
LNPs) |ZH A S 7-1KBE (mRNA-LNPs) & L

—66 —

THMH &SNS, # 2T, mRNA-LNPs # SFD
IR LA EoBAEEEBS L O
MRNA-LNPs @ in vitro TOFERE % 271 L 7.

Mm% B &

1. mRNA-LNPs & jq#l

L R—% —i#&(xT (Luciferase, tdTomato) %
I— F$4 % mRNA &, invitro # 55 0 T2 X
D, F% L 7. mRNA-LNPs (X, COVID-19 77
7F Y THOWONL FFEERGEOFETIER L
7z, BARBYIZIE, LNPs AR § AR O %
J = VIEE L mRNA KB E ~ A 7 T ks
BECTRET AL TR ¥4 7 aiifkEiEl,
MRNA-LNPs DA 7r — VELETH o
LEBETHY, KBIZL) NS Z2EATS
Z T, BERW ORI L < mMRNA-LNPs %
El4 LB A L L 72,

2. MRNA-LNPs ¥y A B o i 8
mRNA-LNPs #7 & # #] |3, mRNA-LNPs %
SFD$AZ LX) BANIZIE,
5% ~ >~ = b — VA & MRNA-LNPs % /8 & L
T, WEHBHRE Lz, IhafEihic=
AT V=Y — % HCHER L, U8 L7 (K
1).

3. Byt at il
15 5 172 mRNA-LNPs 45 A 5L o 4 7 4K

MRNA-LNP%Z
5%N>Zbh=)UT5

HRAZA)

FIZTV—T-T
TRAKE RIS

MRNA-LNP

ERAGECIR

Fig. 1 Schematic illustration of the preparation of
powdered mMRNA-LNPs.
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&, EAAVE M (SEM) & H W CEi%
L7z, FWMAEEEZT v —ky - A —
K- A7 %— (AC) % FH\WCEHIL 72,

4. BK#HD mRNA-LNPs O il

LNPs @ i 13, mRNA-LNPs 5 K #L5#] % 7K
WZEE R, EAAREFEME (TEM) 2 Hw
TEHMM L 72, $72, KICERE L 72D mRNA-
LNPs @ % 7% % By tikdLe: (DLS) 12 & D
WE L 72, & 512 mRNA @ LNPs ~ D E A 1
% FEATKENE CTRHm L 72,

5. B:EEHINEIZ B 5 mRNA-LNPs By A B
D FERE Sl
A I BT 2 EFEICE e Ml Rk

(A) (B)

MW B
o o o

=

sition (% of total recovery)

o

gﬁﬁ%ﬁge\wﬁbﬁb’\

Fig. 2 Characteristics of powdered mRNA-LNPs. (A)
SEM images. (B) Aerosol performance evaluated
by Andersen cascade impactor (ACI).
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%I, V727 —EREBEENE, BIU3
Fr L — - BHEEIC L A BT o7
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it %

1. MRNA-LNPs ¥y A& 851 o 55 AR SFll

SFD 12 & ) F# L 72, mRNA-LNPs #5245
D% SEMIZX DBISL72E 2 A, 1%
#) 50 um TERTEORL A3 57 (K 2A). F
72ACI T AREMEZ R L 72 & & A, Fine
particle fraction (% 35% FEEETH U, W AFIIZ 8
L7 REZ R L7 (B2B). 2o OfER
X, FADTWIISFD IS L D FAE L R E
Hl&—3 L THYH, mRNA-LNPs OFf#L|Z SFD
IS HETH H 2 L AVRIB S LTz,

2. 1AK% D mMRNA-LNPs 5 & 8% o 34

AR ELH] 7 KRB L, DLS 12X ) mRNA-
LNPs DR FREZME L7 2 A, bEhlh
FEOWERBALNTL DD, FOH A X
100nm FEEETH - 72 (X 3A). HRBH %K

(D) iSRRG TERRE
FoIRm RIIR1E

1000 [nm]

MRNA-LNP + Triton

C

C
g £
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<
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."] MRNAB K
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?

Fig. 3 Characteristics of powdered mMRNA-LNPs after rehydration. (A) Size of mRNA-LNPs before (red line) and after
(green line) powderization, measured using DLS. TEM images of AuNP-encapsulated LNPs before (B) and after (C)
powderization. (D) Electrophoresis of mMRNA-LNPs and powdered mRNA-LNPs. Triton X-100 was added to
solubilize the LNPs.
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Fig. 4 In vitro protein expression by powdered mRNA-LN

(B)

mMRNA-LNP
MRNAB{R mMRNA-LNP BRI

Ps. (A) Luciferase expression in A549 and RAW264 cells

treated with different mRNA concentrations. (B) Confocal microscopy image of the fluorescent tdTomato.

W L, TEMIC X DR FREE 2 #lgE L 7.
Z DOFE, LNPs & mRNA O EIR% BlE2§ 5
72%, mRNA L [AEFEOHE* o4+ /au
A F%& LNPs NIZE A L7-k 72 w7z, ek
HHEALE CTIdEF /204 FOlFLAER
LNPs IZEH A ENTWzDl2x LT, ¥R
FMLETIE, —Eo4 ) 2 a3 a4 FHSLNPs 4}
IR 2T S 7z (3B, C).
T, BB OME (K3D) 1I2B8WTH
T, BAREHLEZ TIE mRNA OF AED
KT ARLNT.

3. MRNA-LNPs ¥y K BANC X 2 Kz g~
D F X7 BB VE il

FHE L 72 mRNA-LNPs 5 A 55 % 5% 1 12 58
L. A549 B X ' RAW264 flfBIZimML, &~
N7 EEBIEERFHMEIL 72, &5 S OMilic B
WTh, mRNA HAR L D IZEWEISA LN
7200, ¥ ARKBEALET O mRNA-LNPs & ik
T 5 &, 10~100 5D 112 % 28 7 IS EIE

AT LW (B4A). F7-, BERERICL A
4\ BF F 3= Bk R
ISR

1. /B E5#E, Hemat Mostafa, Pae Heeju, H .

—-68

B2 O L FAROGRIHEL N (K4B).
MRNA-LNP OAEH O 55 (L #HAS e 124 U 50K
fuZS LNPs 7 g &2 Z 2125 1), mRNA D
HAROKTTLZEIGERNT2EEZ DN
H. FDH, 51%1E, mRNA OF A% HE
FEL72F T RBEHLT 2 720 O BANLER T

MAI DB ZAT) FETH 5.
2% Wk

Fukushige K., Tagami T., Naito M., Goto E., Hirai S.,
Hatayama N., Yokota H., Yasui T., Baba Y., Ozeki T.,
Developing spray-freeze-dried particles containing a

acid-coated  liposome—protamine-DNA
complex for pulmonary inhalation, International Journal
of Pharmaceutics, 583 (2020) 119338.
https://doi.org/10.1016/j.ijpharm.2020.119338

Lokugamage M.P., Vanover D., Beyersdorf J., Hatit M.Z.C.,
Rotolo L., Echeverri E.S., Peck H.E., Ni H., Yoon J.-K_,
Kim Y., Santangelo P.J., Dahlman J.E., Optimization of

hyaluronic

lipid nanoparticles for the delivery of nebulized thera-
peutic MRNA to the lungs, Nature Biomedical Engi-
neering, 5 (2021) 1059-1068.
https://doi.org/10.1038/s41551-021-00786-x
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Semiconductor Particle with Nano Surface Functionalized by
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Microwave Plasma Assisted Reaction l J.
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Designated Assistant Professor
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Wk

BRSO SO EE 2 0] B 365 720120%, (LRI - S EE A0S X 2Ryt
T CTOIEMWILER O F v ) 7 OHFEEHEIImRO THRTH 5. AWFETIL, 2.45GHz
XA U T T AP FRT L0 E R L2 EFEECL Y, RO LY 7 A7 (WOs)
FIRT SR AF LY (PS) KT #JERE LT WO, 71— R HEEHLT O in-situ AR T) L 72
B SN HEA KT 1E 300-800 nm DHEIFHT 7 10— R ERINEEZ /R & & & 12, MLBRFT & ik LT
BNLBERNEEEZ RS EPHL 2 E o7 (BMBEHED VAT, BTFHa /7 5,
BB : 2 55, AR RUSER - B2 /). S50, IRRETICBITAu—-53IVBO
TR R OB BT, <A 7 OB X D G A RENICI L3852 L2 L, PS Ik
RADOERR T L B LT 40 AR OGN _ EAFER Sz (SR @ 0k 6.6 X 10 min L,
JEORHEIARTE Y, BUSHEREE 1 <1.0 X 10°min?). 72, WFhopiEFxr U7 (¢, h') dEILET
BB & A L CHWIBIL I 2 3 % -0,7/-0H & A ik & OG0 ICBHEE I 2HF 5 LT b 2 & 2%
AEINTz. EHII, BRI TICB U 2 BT RBEREE LN 9 BT 5 & L b2, LEHEL
2HILL I L 722 ESH S 2 8 2 o 72,

ABSTRACT

Spatial charge separation and extending light absorption capacity upto near-infrared regions are critical strate-
gies for achieving highly efficient photocatalysis on the surface of semiconductive material. In this study, we
realized the simultaneous reduction of WO; nanoparticle surfaces and heterojunction formation by combining
carbon via an in-situ 2.45 GHz microwave plasma-assisted reaction, from a mixture of tungsten oxide parti-
cles and polystyrene as a carbon source. The WO, 7,/carbon composite particles exhibited broad light absorp-
tion capacity in the range of 300-800 nm and higher electrical properties compared with the raw WO; (about
75% lower charge transfer resistance, seven times longer electron lifetime, two times larger electron transfer
number and effective reaction area). Moreover, in the photocatalytic degradation of rhodamine B under

—-69 —

Copyright © 2024 The Author. Published by Hosokawa Powder Technology Foundation. This is an open access article
BY under the CC BY 2.1 JP license (https://creativecommons.org/licenses/by/2.1/jp/).



Hosokawa Powder Technology Foundation ANNUAL REPORT No.31(2023) 69-75

Research Grant Report

near-infrared irradiation (>750 nm), the composite particles performed an excellent reaction rate up to 6.6 X

107 min™, which was 40 times higher than the activity of plasma-treated WO3 without PS. Furthermore, it

was proved that forming WO, 7, and heterojunction with carbon enhanced the photocurrent value by more

than two orders of magnitude and resulted in a nine times faster electron transfer rate upon photoirradiation.

MEES B/

e D FUSHE 2 [0 E 225 720121, 6
ke v ) 7 FERSAEIEB X O - E RS
NDISEIILFR D 7230 O R R 6 THEE
Th5b. FREEAOLmMEECl, &P oET
ECAI I, bRt o, tHE - 7,
BEJRLTF ) — R % OB, o
FEERA R E DOANTUEEFEOT Ta—F A2
NFCRMAEINTE (Kimetal, 2012). 75
T VRCNT, 77—LrhbEnidlor L
ToF 7 B — R v Bt & oA A S P
WCHR R FHETH L05, EEMER 8454
T —F ) =R TATOESEWHPIIRR
ST B EEE D, T2, TRYME
TONRENZ M ESELFHEELT, Ty 7
aYN=ary—F /et oBEL, KT
RE - RBEAS RS A R T TS IC & BN v
N¥yw 7 2027 0 7FERINFETIC
s XM Tw b (Tian et al., 2019; Wang et al.,
2021). AL % ¥ 7 A7 VIR MR EM (%7 A
V) 2ELEOERERET LI EPHILN
TBH (Leeetal, 2019), MHEXEOEIZIE
v WEd 8L 12 B3k 2 R AL HE L A5 sy
WS % 72 ORI 2 7R X 9 1274 %
(Luetal., 2022). fEFIFINFETIZ, (270
EHFETLeExFAL-HR 70 € X,
BlzIE~A 7 a7 X~<I2 k58 EBtwF
J KL F @ sub-5nm EEHZUE (Kato et al., 2020)
R, YA 7 aEEFUNBME L EH LA RILS
WoOBmBEREICL A F /) h—Rrya—51 27
(Kato et al., 2022) IZOWTHEL TE 7. K
e Tk, ~A 27 a7 A~z fAL
TeWRAL Y ¥ 7 AT v (WO,) F /i F- YU 1 —

> BAALORIEER & T &+ 557 e B
FHIL Y, B ARIME G AEEbE
DRFEEHAD L L OIT, HIEEEIRE S
ST B LEABLT 5.

W% B &

1. 427075 A<I2X 5 WO,/ 1 —FK
VAR R

LD WOz B3 RIZR LAY A5 L k%
45vol% A L7 Db UL #IZ# L, 2.45 GHz
<A a7 VE— FHIESR (TEg) &
LI RATE % 8 5 A PEE RIS A L7z, A
N % He Z5F5& (LPa) IZHREEL ~ A 7 T ki)
IMCE ) 79 A~ a2 5EsE v 470l
7 A BRGNS &) BRALWRL T RIS 5 K
gl N L H O3s8h A U A & & TRkl emii
X2 EA$ % (Katoetal., 2020). 500 °C
TEARFEL 72, ~ A 7 ad ))& filf L
1000 °C ¥ CHIm & H72. ZOHERBZIZT T A~
MRS 2= L, ERPIBESELIEICX)
ek (LUF, PS-MW1000 & #5t) #1572,
T/, Y SV ELTPSIERERIZOW
THFEBICER L 72 (W-MW1000).

2. LGB X OO - AR RER
BT ORGSR - AL O [F 52 & A K X
#REPT (PXRD) %51 (Ultima IV, Rigaku corp.)
Raman %7 5t %¢ & (inVia InSpect, Renishaw plc.)
2L DiTo72. F/2, TG-DTA%iE (DTG-60,
Shimadzu) % FH\ 7280 HT 2475 72, SR80
Jea B EERT (V-7100, JASCO) % Fiv»C UV-
Vis A7 MV a B L7z, BEALFE I,
BV ((FEVEM : 7T v o — =R
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XA 4, ZFRFEM - Ag/AgCH) B X UV FRA
BHART v alH VN 28 v b (SP-200,
Bio-Logic Science Instruments Ltd.) % v T%E
i L7z, TEMHE 1E, Mott-Schottky plot Tid 0.5 M
Na,SO, &%, CV B LU EISHIETIZ01M
KCI 1 with 1 mM K;[Fe(CN)g] = i L 7.

3. e BTG A il
e EE TR & LT, SERAMRE T IS B
»u—% 3B (RhB) O fERER%E1T-7-.
300W Xe 7 ~ 7 (MAX-350, EAH4E) %%
JBeLUNRIZ—FEY 22— (750-1050 nm)
RHOAT I L7z, 7 B S Ff5 & 5 7
%, K % 10 ppm RhB KA & A L
T C 30 R S 21, LIRS & PG
L7z, 612, EHMEmALZ B E L, BEH
L LT AgNO; [e], t-BtOH [-OH], ~N¥ V' /
> [(0,7], EDTA-2Na [h*] % 00 L A 4% o 3 Bk

Aoz ([1 P & h 5 n i)
LTI

B R

1. SR DRGEL - ALAREE Rl

B la l2~ A 7 0 RSHT 12815 % PXRD
NG — Y RIRT. A 7 aEROSERIIEFEAD
monoclinic WO; 70 5~ 7 32 U M TH 5 WO, 7,
(RIH : WO,e) ~EZALL 72, — 7T, WOs
DAHTUH L 72856, MBI ELLDOHRT
A ZLIZ A SNV, R 1b 12T v AR
7 MIVEIRT. WO ICHET A ALV E—2
MR BILSINALEZ LIZE ) 7a— M35 &
Lz, BREKMG 5B (WOs) 12 HIREER
T AIREIE — 2 (960 cm™/890 cm™) SN X
niz. F72, NREEAY VT HEBIOE
DR FGHEEIER$T A G /Y F (1590 cm™)
BIXUD/NNYF (1350em™) A3EIM & 7z
B SE fiF IR BE T 12 B Ww T, 1000°C T
WO; = WO, 7, D B AHEST$ 2 11X F 55
FEARA10B LT E IR T T4 LENDH S (Lee et
al., 2019). WO, O #EIRWFE R L 5 F 1 1 %
DER A — R EDFIBIZ LY DT EGT D #

HIIEF-flr SIS T ChEITAMEE S 72 b
EEZObN D, K212 TG-DTA Mt % 7R .
WO3-PS JEUE} T & 300 °C, 450 °C i} 1 T Bty
272 ) R B L OB — 7 2l S
B0, <A 7S (PS-MW1000) (21
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Fig.1 (a) PXRD patters (upside) and reference
(downside), and (b) Raman spectra.
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Fig.2 TG-DTA of WO,-PS raw mixture (left) and the
synthesized particles [solid line: PS-MW 1000, dot
line: W-MW1000] (right).
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KRECET LA 20, BT8G5 TiRAL
KERIENTHD, TDOZIEH— R ~NL#R
ol 7zbE26N5. —F, 400°CLLETH
AR S L5 DA K L 72 WO, 23 F FE R
LT H2LICLBINETHL EHREINS.

2. IR S KON Y PHEEHERE

X 3a 12 UV-Vis 2 X 7 b )V % /R T
W-MW1000 T, B3 RFaERIZER L Tk
PWmo Ly K37 b RO E—E R eI
RED AR Bz, & 512, PS-MWI1000 (&
B B FARTOEO IR P (300-800 nm) T
EWIRIEEE R R L2, =R EoEEIbE
Bz, WO, O W W AE ISR 3 A
defect band DB L NREFEE 7F A€ 4t
IS (LSPR) |2 & 2 RIS E D FEBIAE N
ThbeEZ2Zo6N5H. F72, Tauc-plot 12 X 1)
TN R¥ vy THHEM L2, —#%IZ, WO,
FHFEERT n=2) THLDIIRL, <7
AU TH D WO, (WO, 75, WO,,) 1FEFEER
B (n=12) THAEIEDPHSONTWVS, N
F+¥ x¥ v 7 1d WOgraw T & 2556V, PS-
MW1000 Cid 2.16 eV/1.31eV L EH &7z (X
3b). & 512, Mott-schottky plot £ 0, 7 J v
NoNY REENL Veg 1EZ 112711 0.18, -0.08V (vs.
NHE) & R 57z (K3c). — i,
WO;, WO,7, 7 =)V I T4 V¥ — Ep 13 fni&
i T i (CBM) 720 5 #) 405V, 05V (vs.
Evee) DEBICHEAET DI EDPHE SN TS

(Lietal., 2016; Dong et al., 2022). DL EOHEE0
OHEE SN LNy FEEEZR 3d 1I2RT. kak
® X 92, PS-MWI1000 Tlx “fEFH D /N> K
Fry v THELET 5D, ZThE 1 VBM-CBM
i (2.16eV) ~ CBM-Defect band ] (1.31eV)
DF vy FITHHBT L EHEREINL.

3. EAIYRHPERHl

4a 12 WO, 3 X UV E Bk F @ Nyquist-plot
R S 1L R + (Ry + Z,)/Cq & L T
T4 T4 T LIz, 22T, ReERIEI(Q),
Co R _HEERE (F), Ry EMBEHI (Q),
2y T=NVITNVT - AV E=F LV ATHA.
WO; B &£ U8 PS-MW1000 ® Ry iE & 1L & 11
2429,616 Q TH ), #y V4RI T L7z, F72,
Bode 7’1 v b (fiAH 3 D W EAKAE ) 205,
5 K W B fra 1$ 2 1L 211 570.0 Hz, 87.5 Hz

ThiHZ EDbrosz (M4b). £512, T
Ffr 30 (1) LV EHLZ.
Te =1/ 20f pyax) 1)

T I~ A 7 TP B4 279 205 1819 us 12 8
LRI L7z, cVIif A 4cl2/Rd. &
JE2E/IEICREIT A2 EI2L ) ZNENET
Fos Cam R (2) SIS (FE771)
MPIAE SN, RBITHE [ RILEOREARIZIG L
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Fig.5 (a) UV-vis absorption spectra of RhB solution in photocatalysis under near-infrared light irradiation (750—
1050 nm), (b) C/C, plot, (c) -In(C/C,) plot, (d) absorption spectra of NBT, (e) PL spectra of TAOH, and (f)

Photocurrent-time curves.
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ORLTIREZ/NT A= =L LTAT) — 28, REFERR TR A HEIC L YD A5 —%5F
fliL7z. ZOfRFHR, FEHY EERFREOMIN VR OGHAMEEL, 5A3Y v — T2k b —
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UNCHEES 5 2 L CHE G AFUORELEDY 3 2 £S5 T & 2 REMEAVRIZ S 7.

ABSTRACT

In manufacturing processes using slurries, particle dispersion control is important for optimizing product
properties. However, the preparation of slurries is not easy due to the various parameters involved in disper-
sion control. In this study, we tried to clarify the effect of kneading process (In this study, kneading process is
defined as a method of preparing a slurry by kneading at a high particle concentration and then diluting.) con-
ditions on the dispersion state of particles, especially on their homogeneity, to provide a guideline for disper-
sion control. Slurries consisting of two types of particles, large and small, were prepared. The key parameter
in slurry preparation was the particle concentration during the kneading process. We evaluated the slurries by
measuring both flow characteristics and particle size distribution. As a result, particle dispersion was promot-
ed, and the distribution became sharper as the particle concentration increased during kneading process. How-
ever, the effectiveness diminished when the concentration exceeded a certain threshold. These results suggest
that a homogeneous dispersion can be created by adjusting the particle concentration during kneading pro-
cess.
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ABSTRACT

During ball milling, particles sometimes strongly adhere to the surface of grinding balls and the grinding
chamber, and this adhesion phenomenon is called sticking. The elucidation of the sticking mechanisms has

been one of the most important issues to realize the control of the grinding behavior during ball milling. How-

ever, the sticking mechanisms have not been elucidated because particle sticking behavior has difficulty in
being analyzed experimentally. Although the simulation techniques have been utilized to analyze such the
particle behavior, the particle sticking behavior has not been analyzed because there is no simulation model to
represent the motion, breakage, and adhesion of particles. Therefore, in this project, we developed a new sim-
ulation model for representing the motion, breakage, and adhesion of particles.
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1

(a) Without adhesion

(b) With adhesion

Fig. 1 Comparison of particle behavior with and without
adhesion when a grinding ball collides.
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TIIERRED X NZHNAZEAL L7z, 2, ERIEBSRGEEZ 52 LT afiflica s 2
EEBERT 5.

ABSTRACT

The purpose of this study was to clarify the characteristics of acoustic streaming and particle motion with ul-

trasonic vibration in a closed field. Additionally, the aim also includes an investigation on flow transformation

in the flow field. As a result, in the closed field, the number of vortices of acoustic streaming was changed by
the Reynolds number. In flow field, the flow did not change when the flow velocity is 1 m/s, even though the
vibration amplitude was set at 8 um. But at the flow velocity 0.15 m/s, the flow changed like a sinusoidal
wave. This means that the flow can be controlled by changing the flow velocity or vibration condition. As a
result of the simulation, particles with a diameter of 1 pm were moved by acoustic streaming. On the other
hand, particles with a diameter of 20 um were moved to the antinode of acoustic pressure by acoustic radia-
tion force. This means that the factors that dominate particle motion depend on particle diameter.
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Table 1  Analysis condition.

Domain fluid Incompressible air
Fluid model Laminar flow
Time step [s] 1/20000
Frequency f [kHz] 20, 25, 30
Amplitude A, [pm] 2,4,6,8,10
Hight H [mm] 14,9,6

Reflection plate

T

‘ /QOmm

\
Vibration plate

Fig. 1 Calculation area.
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Table 2 Experimental condition.

Number of nodes

4 6
Frequency 20 O O
25 O
30 O
Oscillator
Amplifier |} ----- Laser doppler vibrometer
Vibration “{T
plate
Oscilloscope
g o
Power meter - oo
oC—
Fig.2 Experimental apparatus  (Sound  pressure

distribution, closed field).

PIV laser .
; —

Fig. 3 Experimental apparatus (Visualizing acoustic
streaming, closed field).
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Amplifier | o Laser doppler vibrometer
==

C 0

Vibration -

Flow meter | Oscilloscope

[_Es
o
s|{e]e]
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Power meter

Compressor
Fig. 4 Experimental apparatus (Sound  pressure
distribution, flow field).
PI1V laser
o

Ry High speed camera

Vibration plate LE

Fig.5 Experimental apparatus (Visualizing acoustic

Flow meter

Compressor

streaming, flow field).
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Fig. 6 Vibration plate (Node number 6).

Sound pressure [Pa]
i 2300
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Fig. 7 Sound pressure distribution (closed field).

0 20 40 60 80
Position x [mm]

Vibration plate
(b) Streamline analysis

Fig. 8 Acoustic streaming analysis (f = 20 kHz, node 6,
A, =2pum).
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Reflection plate

(b) Streamline analysis

Fig. 9 Acoustic streaming analysis (f = 25 kHz, node 6,
A, =2um).

Reflection plate

Vibration plate
(b) Streamline analysis

Fig. 10 Acoustic streaming analysis (f = 20 kHz, node 4,
A, =4 um).
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Fig. 11  Sound pressure simulation (f = 20 kHz, node 6,
A, =10 um).
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ABSTRACT

Since the mean secondary flow in square duct turbulence involves heat and mass transport in the cross-section,
its control has potential applications in high-efficiency heat exchangers, continuous chemical reactions in ducts,
and particle separation. It has been known that heating the lower wall of a duct at low Reynolds numbers, where
inertial and buoyancy forces are comparable, can significantly change the pattern of mean secondary flow;
however, the control methods have not been discussed. In this study, numerical simulations of heating control
of the lower wall surface of a duct channel were performed systematically to identify the range in which the
secondary flow in the channel can be significantly controlled. Furthermore, an active heating control method
using reinforcement learning was developed, showing that the secondary flow can be controlled more stably. In
order to apply this flow control technique to a particle separation system, direct numerical simulations were
performed to analyze particle dynamics in ducted turbulent flow. These results are expected to be applied to

continuous chemical reactions and particle separation devices using rectangular flow channels.
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ABSTRACT

In order to manifest specific functionalities such as thermal insulation and light scattering in nanoparticle/
polymer composite films, it is essential not only to design particles tailored to these functions and achieve
dispersion at the nanoscale but also to emphasize the molecular-level integration at the particle/polymer inter-
face. As polymer characteristics and curing methods diversify according to the application, we have proposed
an evaluation method to understand the properties of both particles and polymers. Time-domain nuclear mag-
netic resonance (TD-NMR) can represent the physical properties of the surface of dispersed bodies in liquid
through relaxation times. We present a report analyzing the changes in relaxation times obtained, along with a

versatile evaluation method.
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Fig. 1 Change in the relaxation time (T,) as a function of
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7z.

ABSTRACT

Multi-nuclear metal complexes containing multiple metal ions and their bridging elements are recognized as
nanoscale inorganic materials, and their synthesis and application as catalysts and materials have been exten-
sively investigated. Among the multi-nuclear metal complexes, oxo-bridged iron complexes have attracted
much attention because of their unique physical and chemical characteristics such as their catalytic perfor-
mance and magnetic properties. In this research, we discovered the photocatalytic performance of the conver-
sion of carboxylic acids under visible light irradiation, in which multi-nuclear iron complexes are formed upon
reaction with carboxylic acids and photoreduction of the trivalent iron center proceeds by dissociating the
carboxylate ligands around the iron center. In this photocatalytic reaction, carboxylate radicals are generated
after photoirradiation, and subsequent decarboxylation forms organic radicals in the reaction mixture. Subse-
quent radical addition to unsaturated organic compounds affords the decarboxylative functionalization prod-

ucts.
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Fig. 2 Formation of Oxo-bridged Fe,, cluster by oxidation of Fe(OCOMe), with (Me,SiO),.
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ABSTRACT

The properties of inorganic nanoparticles (NPs) are controlled by their size. Therefore, controlling the size of

NPs is a fundamental technique in nanoscience. However, the size-tunable synthesis of inorganic NPs is gen-
erally carried out in a dilute solution, which produces a large amount of waste. Previously, we have reported
the solvent-less synthesis of inorganic nanoparticles via thermal decomposition of an alkylamine-coordinated
metal oxalate complex. As a result, the waste produced after the synthesis of nanoparticles drastically de-
creased. In addition, the size of inorganic nanoparticles can be predictably controlled via stepwise thermal de-
composition of metal oxalate. However, species of alkylamine coordinated metal oxalate complex are few (Fe,
Cu, and Ag). Here, a new type of alkylamine coordinated metal oxalate complexes was synthesized using
other metal ions. The properties of the synthesized alkylamine coordinated metal oxalate complexes were
measured using X-ray diffraction, Fourier transform infrared spectrum, thermogravimetric analysis, and other

techniques.
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Fig. 1 The formation of alkylamine-coordinated oxalate

complex via mixing oxalate complex and
alkylamine.

PLFIT S vBEY 2 VR

FILFNFPEw
_

Mn(Czo4)m —nM + ZmC02 (1)

TAE, VavBREMEIZTVELT I iR
G- BfLEEs e, VavRIZEILEEAF
DLREDHI S N SR ER I s 2 &
ZRWZL7 (1) (Togashietal., 2017).

B - IR E 2 D DA 5T,
TNFNT I OFRME L) KR TNES 5 2
XY, SEEEE SR LD X912
RDH, TEMFEEETOS / HEl %
W HE & 9% (Togashi et al., 2017). X 512, 1%
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Fig.2 XRD patterns of oxalate complex(blue) and
oleylamine-coordinated oxalate complex(red).
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Fig.3 FTIR spectra of oxalate complex(blue) and
oleylamine-coordinated oxalate complex(red).

TavBETIE T O- R0l LT, FLA
VT I VRE Y A EREEMATCII Y v — T B —
TNETALLT U, Y2 AT o
W B Ay T — ZREIEDS, AL AT 3
YOREIZE ) IR o722 EICHRT
L. L, ToOZAbiZCo, Ni CIIBIZEI

—-109 -




Hosokawa Powder Technology Foundation ANNUAL REPORT No.31(2023) 107-111

Research Grant Report

Weight/%

| | | | -92:2%

1
100 200 300 400 500 600
Tempureture/°C

100 200 300 400 500 600
Tempureture/°C

—— V(ox)-OAm S n

— V(ox)

20+

30+

Weight/%
5 A
o
Weight/%

40k

50

1 1 1 1
100 200 300 400 500 600

Tempureture/°C

100 200 300 400 500 600
Tempurerure/°C

Fig.4 Result of TGDTA mesurements of oxalate
complex(blue) and oleylamine-coordinated oxalate
complex(red).
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ABSTRACT

In order to realize a biorefinery society, it is necessary to convert cellulose, which has a crystalline structure
and is difficult to decompose, into glucose, which is the starting point for producing useful substances. How-
ever, this strategy requires a large amount of energy to be invested because materials are difficult to decom-
pose. Therefore, it is nonsense to invest energy in order to produce energy. It is necessary to consider methods
with a low load. In this research, we will reflect a unique enzyme clustering design on the surface of star-
shaped gold nanoparticles, which have the property of converting sunlight (natural light) into heat. By
immobilizing heat-stable cellulase, we have developed a method to improve the local temperature of only the
enzyme-reaction field in a photoresponsive manner and improve the efficiency of enzymatic saccharification

without using a boiler.
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Fig. 4 Synthesis of Gold nanostar.
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Fig. 5 Cellulase activity of photo thermal artificial cellulosome by Nia infrared ray irradiation.
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Fig.6 Cellulase activity of photo thermal artificial
cellulosome by Sunlight irradiation.
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YT Iy TRFANOR) Y —HEL, BEOY— maEcES L, cofEn RS TS
BATOR ) ~ — @B HAN, B E - MREEs T2 00, ZOTENEMTHL 2 LH°
ML o TnAh. 22T, NTOBIERLTEEY ED % WML (B 555 & 2 3R 74K
KD T T 7V ERKBRF L 728 F3K 1 COERM 2 K ) ~ — T 2 B % L7z, RIFZETIE,
EFNVAHEE LT DTS LCERB I VANERAF LV EERISEEL LT, R AF
LYOWBEERITo 7z NT A—=4% L LT, WHEERE, AFLrofinE, B TOMEEHREL,
RYVAFL Y OREEEICEL CHRAELL. SRIIINOOFBEZEZICHELED, BRECL LR
Y —DEEHEZ SN ET L TETH A,

ABSTRACT
Polymer coating on ceramic particles contributes to the homogeneity and high dispersion of powders and im-
proves their properties. The current polymer coating technology can control the structure and composition,
but the process is complicated. Therefore, we have developed a technique for selective polymer formation on

the surface of particles using radicals at the extreme surface of particles induced by mechanical treatment that
does not destroy the particles or increase the temperature. In this study, polystyrene was coated by the reac-
tion of surface radicals with styrene using silica particles as a model material. The processing time, the
amount of styrene added, and the material of the base particles were varied as parameters, and the formation
mechanism of polystyrene was investigated. Based on these results, we will continue our research to elucidate
the formation mechanism of polymers by ball milling.

MRrE=E B8 UL b A B S FETH 5. — %I,
FNSDORISE, BRI D EEEE R P A T O
AN VR, BT AL — % F) FIF, BRI A F =D AL D5
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AT HEROFM, (X virbiis. —kT,
WA im i < &b "RET ORUSIZRUE
BRSBTS LI EDRHL N E > TH
D, ZTOX) MR 2 RER &
M5, RMEERTIE, Bl 2 IER -V I VOsgA,
Wi - R —)v, Bk - BEH, i — R o BEE
2 &0 FEAET D HLEI S WY = A L F — |2
L), REZIZAVF=DMAENL T ETA
LTE T2 FE T 5 OFE G RWT R0 A b O BT AT
HWFLel), SEOCHOETS S, KiHERE
FIH L7280 —fl & L CTEBESR LT I v 73
1&7%% 4 (Nakashima, 2018; Razavi-Khosroshahi
(Sena), 2020a, b). MEFER L T I v 7 kI, W
R RMER L, ORI 2§ 2
ET, B IEZRTEOEEELZLTII v
A BLETREE T A FETH L. OB, KEE
TR IS AR ORGP S b 2 L 12 &
VIS BT VIV ERENINAE L TWDHKR
KEH DIRG; & BPOG LKBREEE SR 5 &
Kz, MERERHEE I Cb AP ED. 0
72, OKBEREROWARIZEY, [LFEWITET
v (S LR ) KPRt shs 2 &
@FEMMDFUL L72BRIZ, REEE D7 5455,
MEATEELELE TG EINEZ L, 12X
DAL LRI I Z R @AY ) I~ — & L CTiEl
T, KR E LT, I I GRE 2
BAZEEZ IR L, RN TEEE R LT Iy
IO NA. RBIZETIX, ZORMEMRT K
KGR L, BAEERR~NOR) v —@OE%
MEr L7z,
WMROFHUE L, HREER~OBHERD
B B RN B 7o R BIZE )
L. Tk, BEkE T4 5L LTHRATS
B MENZ BT, o — - SoiiEIcF
5L, TOREM EZTRRE T 5. HENDOR
V)R —a—T 4 IRYEEOE AL, —H&IZ,
R TOBRRUEIZ L > TITbIl T, iz
X, RY~—a—=F 1 ¥ I EER~OLE
HEOBALZOWE,ETOR) v —KEDOZ
BROWHEBBICLVITbN S (Takai et al.,
2007). ZEFRECCEIZHE AR v — 2 EIRWY

WCa—F4 Y7352 ENEERD, EFIC
HHRZFETH L0, BIEPEMTHL L LD
WCELEI A BV EDSIRETH L. — T,
R ECH LM = AV F— 12X 5 R
Y—a—=T7 A4 Y TELEE SN TS, BRI
FHEE, R —BREBELR) Y —2H
REMICEET 5 FHE, €/ v — 2 HHYT A
VF—THEAGSIEHAEEETRY) ~— 2§
BFEOZOOFHEICKRN NG, ZhH0F
FIZBWTIE, B2 ss & ZITAERS
NLEEEOFATZFA LT, K1) ~—Dk
HEE/X—ORISERELTND. Lzho
T, WEIZ MOBIEASLIE T O ADHM
PR LR IR R ICBAL T d B A5, Bl
Lo TR DOREDPZAL T B REMED D 5 720
MRDSHIR SN 5. FEMALEEIC BT,
e, $abbiAEmEFHET201%, HAMT
DT T HIVHERL, FFEM - FER R K
IS RECH L7200 THAH. Ll XD, Kifse
TIXATR U728 o £ b 2 W R BRI X 0 38
AT D EGEEG T M ROERHRGLER R ¥ —
I—T 4 Y I \OBHAE 217072, KEAE
AR S ) Ny N = Ui N -3 APAR T
RHETIE 2L, R TOWHTH S -0 T3
FHICEELRFETHLEHESNS.

IR T 400 nm O IESLEERIR ) kT
(soc1, (Bk) 7 K~7 v 27 RA) %Ml L EE
ATo72. 250mL AR 70 ¥ L Yy ELRICHTE
BEOYVY)AMEREY VAT ER—), 05~
50mLDOAF L ¥ zlinL, 260 rpm o [H]z 5%
FECRTER M AR — )V I VAL 217 - 7. B AT
RITEABETHME (SEM) B X OEER
B PEMEE (TEM) ICTBIZ L, WEhiko
DR L R AT L VB EIZ T — ) T4
FIV IR (FT-IR) & B E & 158 [ /R 2
BT (TG-DTA) 12 CREAli L 72,
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1. F—=V I VB RE S By & Bl

AF L VRFEINTE =V IVALEZPE S
WO (i) &Ry NNOREL L% &F
fili L7z, ZOfER, ¥ o HE AR 3L R
KRS FUIIETE—ETH Y, FER AL 72 K
DR—IVINVLHEBZEOREMEIZZENEN
431m°lg £ 401milg ThH -7z, Ky NHNDIE
FE 1L 20°C 20 5 24°C O #iH T ICE B L,
ZOEALINRIRICEET HEDTH 72, *
7o, AR E Ry PNIRE R T 5 & 1°C
RER Y NAOHREP o720, T DEEDMEN
THoHIEPLIBIIHFEGT LI EDHI LI
F—l3EEL TV UL s, KR~
WV IVEME, B A mAVE U Wil 722 55
HChl), EUHBRITFEICEEERTH S
EPHETREIND.

2. F—= LI VMPIC X 2R = —

B 112AF L > 1imL T 24 By ALEE L 74
& SEM 1§ & TEM 1§ % 7”3, EDS 12 T aFAfl
L7-&Zh, fIaElo M RERIRE 7 Tl Si o8
Mo 2, AAEES O BRIRKLF- 22 5 13 C D A A8
M En, Lad->7T, BRikv Y HRT 0k
MRS A L) ICERIRR Y A5 L VRT29E
L7z, RY)AFLVEMUTICRT I VA IVE
AL YR END. OIS, ) ARTERE
WIS ATV ANICEDE ) =BT T A
ILEns. 20tk IV VEEniAFL Y
PO AF L v o5F & Bl U Z#E ) K L
RV —HPMRELEET S, HEZ V7 Vi

Sio,
PSt

Sio,

500 nm

100 nm

Fig. 1 TEM and SEM images of prepared particle.

TOoNT YV ANMELTZITRETOKG EDK
JEZPE D PR A5 LR A U 112 & 0 RS
FIEENLEFTHELZHITL. Z0XHIg, ¥
VAKEDT I HVakREE LT 7 EEIZ
RYVAFL DK LIZEEZLNS.

X 2 (2 KB T S M- A RO FT-
IR DR EZRT. FES ) #121%, 3740cm™
ATV IRAZ KRER B SN % ¥ — 2 (Morrow
and Cody, 1973) & 3650 cm™ 33T |2 Z21H W 75 7K
WERT 70— R =228l s/ 12
B AL EE L 7 54K T UE 2800-3200 cm ™t (2 AR 1)
AF LIRS S ¥ — 7 AME B S
QLERRES B ORIV Y — 7 28SBHBRfE L, R Y
TR L TWE I EATRIEB ST,

[ 312 24 BFHELELZ O E D TG-DTA HifR
%73, 369°C & 537°C [ZHEE Y — 7 3 &
n, MndERFLEMLE-> Tz, K AFL

St 24 h
_\\/\/_—’\\/\/‘ h
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Fig. 2 FT-IR results of particles treated for various times.
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Fig. 3 TG-DTA curves of particles treated with 1 mL of
styrene for 24 h.
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FLr~oOnE (Cy) #HEML7.
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theory Mgio, + Mgy @
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Wtheory

Z 2T, Mg, Mg, Wineory, Wineasure & T ALL
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Wt%] #7R9. B4 I MIEHICBIT 2 AF
LYy ORISHEEZRT. e L TRy FAIZ
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AR TRT. R VOEETHIET S & R—
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Fig. 4 Conversion ratio of styrene at various ball milling
time.
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5 IZAF Ly DRUSRICHT HAFL D
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Fig. 5 Conversion ratio of styrene with various amounts
of styrene.
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AR AR M B RE O AT 11T €, MR IR ER OMIfa b~ b ) v 7 2 (ECM) Z 3L L 72 2%
MRDPLEL SNTWAE. b MBI ORI S RIER TH 5 Ml 2 s L7 B bAkE 2
MEE LTRSS TW 285, flasniziE LI < wizoiilaiiZ2H o 25 R~ ol HIZ R T 5
L. ARWFZEClE, BUMBBALAERAD K2 IERE L 72 ECM 71 v 7 OO RS, B L UECM
7y 7 DEIVEAL LR & L CoOF MBI A ZZ. WwEERIE (CIP) En
WX D) EFRED ECM 70y 7 pME#E e 2 LA S L, F 72, BUHIILHLERAD R o R
LoTECM 7u v 7 OFUENZELT 22 L R L7z, & 5612, NaCl & ¥ v X0 BAUER %
Hwzz7ay 7 08 EIT, ZUEECM 70 v 7 ICHIFRS A WRE R 2 L 2 S 22 L7,
RWFFEIC & 0, CIP AL %2 v 72 B ECM L % A 9 % 31 72 72 JE Wb B O R3S 2 5hf 37
S,

ABSTRACT

Scaffolds that reproduce the extracellular matrix (ECM) of tissues and organs are necessary for tissue regen-
eration and analysis of cell function. Decellularized tissue, which is obtained by removing immunogenic cells
from human or animal tissue, is used as a transplant material, but it is difficult to use as a scaffold for cell cul-
ture because cells do not infiltrate. In this study, we developed a method for fabricating an ECM block by
pressure molding, and worked on making the ECM block porous and elucidating its usefulness as a cell cul-
ture substrate. It was found that a high-strength ECM block can be fabricated by applying cold isostatic pres-
sure (CIP), and that the properties of the ECM block change depending on the raw material of the
decellularized tissue powder. Furthermore, the blocks were made porous using NaCl and protein cross-linking
enzymes, and cells were shown to be able to adhere to the porous ECM blocks. This study established the ba-

sis for creating new scaffold materials containing the ECM composition of animal tissues using CIP molding.
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MEEE BB

W% A &

v b REY QMR R L, M & s~
FY w7 A (ECM) THEER SN TWw5. ECM
A O SR MR RE O FET ICBI 5 L CB
0, MR IR RE O FEHT 121X ECM % 15
i L 72 R R AT L STV D,

BAERAECIIBR A OB A RER & 72 ) i
SIS EHAE SN 5 2%, ECM IIAE ] ¢ 358 7
DL CHMENITC W ERHSNT WY
%. b MRE oKD S M & B L 7B
FaALALRR L, SRR 22 O FEAil 7 &1 H)
SN Tw5 (Badylak et al., 2008). L % L,
FRAE S 7oA A AT A LARAR S B0 £ TR L
12 Wiz, RO L RO IS A
fEL 7o T, AR, fREEER CUAL L7
WA LA O 732 77V S MR B 22 (SR &
M, SRR IR R R T 2 S
227 o T\ b (Shridhar et al., 2020; Saldin et
al, 2017). LA L, BRI L2 ECM A
RNFFREOR S PHRE L Zeo T b, E 72,
AR AL & A L 72 LRI B LA A 1L Al
BEBOFE R SR STV 505, BHFIR
THHIOMBEEO RS ICIEHEL T n
(Tabuchi et al., 2015).

RWFZE 7V — 7T, MIEBENC X 2 Bt
LA RO 71 v ZALFHORFIZHUY A
TWh, HIEREZEDO OO TH 5 G HEIE
(CIP) BN, >V aryilnE—)L FIZH
KEFHEL CHBKEZHMT L2 T7a Y
7 B 5. =) FIZ X o TRIRA RIS
BECTHLIEREBKEILL > TEBED T
Oy 7 B e 2 L U CTH 5.

ARWEZETIE, LML g AR K % CIP B
B TECM 7a v 7 2 /E5, MR %2 47V
[CIP B FIC & 2 WA N ALALRRAD K 0 B R o
RS ], [ECM 70y 7 O REGHE & LT
DFHMEOEH] 2 iy & L7z

1. BRI AL B HLERRS R DR

e OmE 7 5 B L ORI 7 7 OF Ak
(RREE, B, %iE) (&K, Mg
RS 2 AT o CTHAMI S Mk 2 R L 72
(Negishi et al., 2017). i\ T, et $ 7213
HUR AR AL ER L &) M AL B R 2 By R AL
L, fifiz v CRIEE 150 pm LU A5 K % [[Y
L7-.

2. Bt bRk ok ECM 7a v 7 Off
U

NEE 8 mm O HFEIRD A7 >~ L AT Z 4 il
fafb B K EFTHEL TS FT LV A EAT
W, N TV ARIIECM 70 v 7 Z/E# L
7o, F 7o, KB LE R K & NEE 8 mm,
EXs5mmOD>Y) ayE— )L FIZFE L CEZ
Xy 7 L, CIP BEIAE & F v C B ZA T 30°C,
10 47 [#, 1000 MPa D &K IE % ElIfiN L C CIP h
BIECM 70 v 7 Z{E8 L 72

3. ECM 71 v 7 OFEEN

INY R7 L ARELE 7213 CIP B HY L 7= B
FALIG IR EHE 7 0 v 7 O KRS % 5
BREECHlE L, %72, #BAIR L R ERE 7o v
7 %) VERREAE (PBS) IZIRE L CTHEWH T
DICIRMeFE % FFAM L 7-.

CIP I ECM 70 v 7 % 4% /8T K IV LT
Ve FCREE, BREBK#IZ t-butyl alcohol
R L IR L. EERE T MR
(SEM) TECM 71 v 7 OFK Tk & % Bl L /2.
¥72, ECM 70 v 7 QKRR & LC, CIP
B ECM 71 v 7 % 37°C ¢ 7 H M PBS I12{%
EL, BRBSE 21T 72,

4, CIPBRMICX 2% fLHEECM 7y 7D
=

i AE e LG Ve MR A K & NaCl B X UV% ~
N ERERHETCHDL N T VATV EY I F—F
(TG) #|BAL., YV vE—NVFICHKELC
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HZ2)8y 7 L7z CIPEVNf:, 37°C ZEAT
T 72 TG @ B F G & 17\, #t\W\» T,
PBS IZ 24 KF[H{Z1E 95 2 & TNaCl g% L
7o, Tk, HESEEE T TEILEECM 7
Oy 7 w272,

5. %48 ECM 7 u v 7 i

VEBL L 72 %% FLE ECM 71 v 7 O SEM i
BriTwv, REWELZFHMELZ. £72, v b
N kel i (rADSC) % %L ECM 71 v
R, KaE S HIRIC SEM BB 241> T4
L ECM 78 v 7 ~® rADSC D #:3 & il
JERE % FFAl L 7.
B E

i

1 Rk LRI 7 5 OB AL E R K

LB C X 0, B LG R B, R
R BRLE 100 um L OB EAMER S
7z, WA R AL A Bz B 1 ZORLAE 100 pm 2 5
150 um (2B KA S A7z A%, AT AL A B i
EHFIIm RIS N o7

ARSI IR R X o THEEASTHE S 7= 7-
B, MRTIEIGLR=AMRIZZo72EEZS
N5, F7z, ZHELZLER LT EEKE
RPN E WD, BRI R o7z L
BENb. DIBEOERETIE, MR MG
LB YeE kB & O LA LA R 5 %
L7.

2. REICX % ECM 7a vy 7 OFE
NY BT VA, CIP IR (LG 5 Ay

N R L AR CIPHRL

N BT L AR

Kae7ay 74t 52 LR 572, N R
7L ARE L B LR R ERE T Ty 7 Ok
KBEWIE 7T 1% 15,5 MPa Td ), PBS {2 iHE. 14
27Oy 7L - —J5, CIP RELL 7257
ML Es 7 0 Y 71%, EEOHIERR T
HbH282MPa THHIE SN o7z £72,
PBS &1k 24 el d 70 v 7 IZiEe 3
IR S e (K1),

HIERH ClE, ETHRIZER L TH K
ToEMEENENTAZ LT, 77TV
TNV AN MmLT7ay 74b$ % (Stokes
and Evans, 1996). /N> K7L A & T, #
KIEZFIHT 5 CIPIEEELZMT 52 &8
TREZR 720, WEN LA L-EEZONS.

3. BRHC &L % ECM 71 v 7 o%k

AT AR IC BT, UM AR ARG VE B R R
& BB LR B2 B KD ECM 71 v 7 D
HHBLIC K & R 22 BITFR0 SNk o 72, UM
{LBAREE B O 70y 7 1 MMH R S, i
MIFA LG R 7 1 2 MY D5 £ 0 B
ENhholz (H2).

JE A AL B K BB by R RS LK &
, Miho 72728, CIPIZ X A ROERA A
MM o7z LR SN G, —T07, B
fURG V& MR RITR AN & <, T M
Moizlzd, BREDE L ) RE L OF
B R L2 EZ5ND.

PBSZIE 7 Hi%, TXTOECM 71 v 773
L T b o7z, Bl Lk Eg o7
0y 73— ISR I AR S, B LiEE
B EREEO 70y 7133 A EBRREEL

CIPik A

Fig. 1 Maximum stress of hand press molded block and CIP molded block and photos after PBS immersion.
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CIPEE! E#

PBSIZIHT H %

«RRNRRRRNERN]

Fig. 2 Photos of the ECM block immediately after CIP molding and after soaking in PBS for 7 days.

ECM7 & v 7

ZIVEEMT 1 v 7

Fig. 3 SEM images of ECM block and porous ECM block (scale bar = 100 um).

BOLNh o7z, —T, B EkE 7
Oy 7 REBHEL TV (K2).

AR OARN S AR B B Vb A ) - o B fid i
AN S Wiz, RUFPELEHEINS.
JRIEBREEREM e N, hE IS S E
BLIMBTH D720, BABALE BikE 7
0y 7 OWOKEDE L otz E2 b5,

4. %4LH ECM 7' v 7 OB & Hli ik
Wi AL iG Va5 HLARAD K, NaCl & & v /%7
HLEHEDO TG ZHWTECM 70y 7 D%
LEfL 24T 7. BifHReALia R B, BRo
70y 7 OFKEIZ 100 pum 1T EDFLATEED 5 4L
7o —h, BiMRLRRERE o 70y 7 Tl
EAEILDFREO HNT, 10 um EEOILA DT
MPICHEEL Tz (IX3).

CIP Bl #% 0 NaCl frZ:12 &k b, ECM 71 v

LB SN2 EZOND . BEROK
VAR LG R, R EE o T ey 7 TIEAL
ARERES N8, B L3 B LG Rk
F 70 v 7 Tid NaCl PR 2B KA L 7
2O ALBSE SRR T ho/zbEZ NS,

FTRCOBIE LGRSk ZILE 71 v
7 I ~D rADSC DFa5 3 ek b7z, i
At R EME®Eo 70y 7 HEIZI
rADSC 2538 S L7 o 7278, B LG 18
REE D%V 71y 7 NERIZ rADSC A3 Eig:
Enz: (X4).

BAA LB Ve B BB & Ok E O R IZK L
TIDNEL o lztz0d, 70y 7 NERIZHI
DEGEL holzbEZ o5, BMRILIER
BB WK D& o 72720, LA S
Mifa 71y 7 NEE TRl 5 2 L ASHTHEIS
ol b HERING.
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IR R R =gk i) 6 R
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=
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Fig. 4 SEM images of the surface and center of the porous ECM block 5 days after rADSC seeding. (arrow heads indicate
cells, scale bar = 100 pm).
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) 8B 3 = Bk £ X OSHLAR AL R & B L 72 2 FLE AR O B
", #5107 7 — < 7 K EXPO (Tokyo,
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HiorH PLGA 7 R 1~ FIIRF 3 BB 4k o B %6

Development of an On-Demand Preparation Technique for 1]
Monodisperse PLGA Nanoparticles -;

W73 % Research leader:  f&AN 2 Masahiko HASHIMOTO
AR R AERBE B T2 e #%
Graduate School of Science and Engineering, Doshisha University, Professor
E-mail: mahashim@mail.doshisha.ac.jp

W

RIfgeTiE, LR -7V a— VEBIEAKR (PLGA) J /KT OB O 2 A/, R
DY AF NV adxty (PDMS) BOKRY LAY A 7 ujifhF v FIHMEOWE| T 7 F 21 —%
FEAL, BHEESSTR) Y —EEE S RICHIE L CTPLGA > /KA EKT 5 Z L ITHKD)
L7-, W E L CORMICHEMSE-R) LT a—b (PVA) 725, KHE O %N 70 4
BB R SEE RS S EAURIREN. T2, <A 7 afitlRF v TAOKHE R =N
IZBWT, M E KO EERIZHES { PLGA OfEf b 70 v ADSHEFE Sz, B2y 7 &
NP FE A PDMS ¥ A 7 ajitfhF v 72 REIRAE L TO ZOMRESHRE SN D 2 L FEIES
TWLZemb, RiEZHWDLZEIZX > TPLGA 7/ KT ORHEFENTHETH 5 2 & HRE
Sz,

ABSTRACT
In this study, the author aimed to develop a preparation technique for poly(lactic-co-glycolic acid) (PLGA)

nanoparticles. By incorporating a unique suction actuator into a polydimethylsiloxane (PDMS) pumpless mi-
crofluidic chip, the author successfully controlled high-viscosity polymer solutions, achieving the effective
generation of PLGA nanoparticles. It was suggested that polyvinyl alcohol (PVA) dissolved in the aqueous
phase as the continuous phase played a key role in the stable formation of oil-in-water droplets. Within the
droplet collection reservoir of the microfluidic chip, the crystallization process of PLGA based on the mutual
dissolution of the oil and water phases was observed. The vacuum-packed, degassed PDMS microfluidic chip
demonstrated long-term preservation without compromising performance, supporting the implication that the
timely preparation of PLGA nanoparticles is feasible through this method. This study highlights the success
of this novel approach in the controlled production of PLGA nanoparticles, emphasizing its potential for prac-

tical applications.
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MEER BB

LB — 7)) a— Vgt E AR (poly(lactic-co-
glycolic acid); PLGA) %, #LEE& 7)) a— Vg
BT T NHEE LRI —THD. KA
IZHUD A F 72 PLGA UL, KRS CE
IR —DIBE ) a— VEERIZED, 5|2
TCA [AI#8 TR & ZPRAL 3R 1270 S AR A~
e S B 720, (RNFRE OBWZ.LTREe R
EELFY )Y L LTELOBHEEND
5. W EGARKATZPLGA D F /KT~
A 7 akiFI%, HE S 7o Y &
5 EERTREE L, T Lo TEYORED
Fife§ 5720, PLGA R FOFIHIE N T v 7 -
FTNNY — - VAT AICBWTHRIER S
Twv2% (Lagreca et al., 2020; Makadia and Siegel,
2011; Mir et al., 2017; Semete et al., 2010; Xu et al.,
2017).

B TEESITEO VD EDTH L K~
Vg B LTS (Emulsion Solvent Diffusion
(ESD) method) | 12T, FHE¥WE A PLGA F / %I
T-Z/E# L (Cohen-Sela et al., 2009; Esmaeili et
al., 2007; Murakami et al., 2000), L% FJH L
72RTw 7 - FTIONY) — - AT AT AT
L EEGRALE MBI AFEE SN TV S,
PLGA F / ¥ DOWNUEY O IEIE, PLGA
DMK 53 FRFFE LA & PLGA UKL T D 4 A
RN DA SN LD, ESD & Tl ki A
FZHIE S bk 2 E 9 5 2 LSBT
bHo. F7z, PLGA K TI%, BRI DRE
IR TV, ARSI EPET L
WS, PLGA Bchr - o> fif - sk 7 I IRG R BL45
ML STV W,

HEH SOV — 7L, PR L72R) V%
F V> 1 F4 >~ (polydimethylsiloxane; PDMS)
o~ A 7 ajfhs v 7O =25
e B R EAT B2 CTHBEO B T
O A MR- % BEEERE) R 12 S 5 2 M E Ol
A L CTw 5 (Murata et al., 2018; Nakatani et
al., 2020; Tanaka et al., 2015). AWfE Tix, &K
FICESD OB EHAEAT LI L&

THRLTFH A XK 2 H4# X L7z PLGA 5/
K- I EE RS 2 N3 5 2 & RikA T,

W% B &

=
%

55
RSO TR, K EELE  (Direct-Q
UV, Merck) T 5 N7z 8HlK % Fl 72 ARBF
e CIE, kA kM) & LT05-10% (wiv)
DR ¥ = )T )3 — ) (polyvinyl alcohol;
PVA) (EA 500, &7 1)V AaRtitise)
KEWx 72 80 Qi) 12, 27
O X% 2D \WIENEER T T )V CHEB S 72 1%
(wv) @ PLGA (43 T &= 7000-17000, Sigma
Aldrich) &% H\v 72, PDMS ¥ — F OREIZ
X, EXAYTAT - NNTF—VA-<XT)T
WA D xS ATEELO F:#] (TSE3032(A))
EH{LF] (TSE3032(B)) % Hv 7.

2. PDMS < A4 7 uiiifksF v 7O fE#
KifFECld, BENLZY T NIV T T T 4 —
itz Hw, 70—7 43— 75— D
~ A 7 ujiiEx H3 5 PDMS Ho~ A 7 1
Ty TERERLZ(MLY. b, >)ar T
NEiZAEYya—-+b9357+ PLIY AN (SU-
8, HALH) DEALZHRHESTLILIZL-T,
PR A 7 ORBEOES S T5um LR b LD
\ZL7z. PDMS L/ & LA %2 10:1 OFE &
TRAETAHZLIZE > THEE 7250 mm X
35mm X 4mm (L X W x H) ® PDMS ¥ — b
(B4 1: PDMS layer 1) K8y —=» 7 Sh
7oA 7 OB OIS, BNV R
THE46,8mmo E#HT (M1:Rl, R2
R3) # Bl 7. LFEPDMS & 7T A 7L —
MIRLTCY 7V TI9RARTy T4 v 7HE
(AL 74— A, SEDE-P) ZHWTFF X
< EBEL, WL A Y — 2 RS S
7z.

RIDF =T by TahN—=55720I2,
50mm X 24mm X 4mm (L x W x H) O®
PDMS ¥ — b ([X] 1:PDMS layer 2) % B L 7-.
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(@)

Microfluidic PDMS sheet
(PDMS Layer 1)

(o)

(b)

PDMS Layer 2

nnnnnnnnnnnnnn

‘ R1 R3 ‘ PDMS Layer 1

f

Glass plate

ke |

Fig. 1 Schematic drawings of a microfluidic chip
consisting of two PDMS sheets (PDMS Layer 1 and
PDMS Layer 2) and a single glass plate for the
creation of oil-in-water droplets: (a) and (b)
represent the top and side views of the chip,
respectively. The microchannels, depicted as solid
blue lines in (a), are 75 um deep and formed on the
lower surface of PDMS Layer 1. The open-bottom
through-holes R1, R2, and R3 located at the channel
terminus are irreversibly sealed with a glass plate
through plasma treatment, serving as the oil phase
reservoir, water phase reservoir, and droplet
collection reservoir, respectively. The lower surface
of PDMS Layer 2 is patterned in a grid shape using
a CO, laser-engraving machine, and it is adhered to
the upper surface of PDMS Layer 1, utilizing the
viscoelastic properties of PDMS to seal the open
top of R3.

Z @D PDMS ¥ — b NEIH O 20 mm X 15 mm @
I 712 CO, L —H—~<—% — (ML-Z9550TA;
KEYENCE) Z#H\WCZ7) v FIRD/Xy — v %
5L 7-%%, PDMS DAl M= 2 FIH L C
PDMS layer 1 ® R3 %% 95 £ 5 IZHE ) {1772,

3. PDMS =4 7 uiiiffF v 7z iz iy
R G o 1R

ELPDMS ~ A 7 TijifkF v 7@ PDMS L
A —IZERL TV B R AT 572012,
Fv TEEEFTY - —HAICAR, HERE
72K 7 (TA150XA, TASCO) # W T 7 ¥ 7 —
¥ —N% 200PallZe b CELLR T
ry=%—o0av 7 %KL, 05HkEL7.
i snizFy 72T =% =050 H
L, ¥f 70Xy MW K1I2RT AL
)= N R1 A 30 uL, R2 (27K 4H 80 puL =
FTIERLFEAL.

AR & KA DS G T 2 7 B AT ¥ »
7 a AR CHER T A KhE Y, EEE
A Z (HAS-D71, DITECT) #% fii z 7= 81 37 %I B
W% (AXJ-5300TPHFL, L A ~—) MW T
IR L72. 2B, EHES X 712 -
) 77— % 10 B BT AJI L, 2000 fps D HL D
AHL — N CTHGEREF L7,

i A

B R

1. FyTWERGIT 7 F22—%ICL 58
WERED < 4 7 aiisgNBE %

5 OMIE T IV — TOE IS LR v
TFVLA - FayFLy - Fu 7T, RS
N72PDMS 7 v 7O ZER (K107 — A
TIZR3) 2T v T EN/Z2EKEH PDMS |25
322 ETCIOEMPALELELD, I
Lo THELZMEATE Y F—N (K107 —
ATIXRL B LU R2) & ORI OETIZH A
EOKHE R3 DN L ERE) S 5. I, K
HEDICEDTTR)Y—DPHEREL TN D570
WA ERIEIC R > TBY , RROF—T > by
THETANLT—TTY = L TWIARIfZED
FILG LA, RLE R2ICZENENTE SN
T & KAV A 7 O FEENANTEA L TOd
ol UL, REEEMZERIZZ) v FIRO
M2 5452 L CRREFEMT S
PDMS ZHOAFRHEERAL, ZHIZL-T
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PDMS ~DZELR G MAMEAE S L, #R & LT
ROFEHENRBIRE D A3 5 2 & 241350
TFZEICBW TR WAL Tw5b (Murata et al.,
2018; Nakatani et al., 2020). §7&bHL, DT
)y FIROBMIMEE L, T v TN S 72 0E
DBWE| 7 7 Fax—% L UTHRES A2 L8
FEESNTBY, KWL T ERIEREZ ~ A
7 OEENIC TREI SE 572012 KT 7 F o
I—% (PDMS Layer2, XI1) #FH L 7.
A2 1E 1% (wiv) PVA KB % H v,
SEICIEY 7oa Xy v BEERT )V, FEER
AFNVTENZTNHEL 72 1% (W) PLGA &
W W TRPEO R Y 7L 2% il
LA, WBIT 7 FaL—y AT E
JEAZ & o THi SR A 2~ 4 7 TN Tt
S5 LIl (2. Ak Bk
T PDMS LM THN L T V2o, il
AN & 72 B K HE DS EE R L3, L

(a)
Ol
phase
—_—
(b)
Qil Water
phase phase
—>
Water
phase —
(€)
oil Water
phase phase
—_—
Water
phase —

Fig. 2 Influence of different organic solvents in the oil
phase on the formation of oil-in-water droplets. The
organic solvents used to prepare the 1% (w/v)
PLGA solution were (a) dichloromethane, (b) ethyl
acetate, and (c) methyl acetate, respectively. In the
aqueous phase, a 1% (w/v) PVA aqueous solution
was employed. Scale bar, 100 pum.

L, 79 A<MHIZ X - T PDMS E I A H K
PEICE SN 72012, Fin T oA A
x F\A 72356 O I SEA & 72 o 72, JlAHLC
vorouu Xy y (M2a), BEEETFLV (K
2(0)) FHWHAE, B L T izkdilig
DEO NN, ZOHEKRL — MIIIIEZ 2R
RSNz EFANIZIEE CARER E v Tw
L7280, TOEKL — b ORI ORE
DEWVDRIFG L TWwEL EEZONDL. £/, Ml
HNCHERE A F OV % 7238580, (A & KHH DS
Wil 2BEPE SN (K 2(c). A &K
HOFHTIX, WHPMHEERL TWwb EER
SN, MFKFEOTEEEZ NS TIZF /A4 XD
PLGA FL T AR L CW A et d 5 720,
BAELD| S S M2 O TV 5.

2. KHIHHD PVA DR HIITE LRI 52 5 5
ke

PVA (%, ANERAMES#GHE & et S & 5 5
WM EH 2 BT 2 DO TWS, EY
D75 PVA R AR L7722, EAEE
500 FEEED PVA Z i L 72 & E W% b LEMN
WK 2 AR S 2 T E D, L
Bl A E 500 O PVA % AW T TOME %
1o 7.
KACER S D PVA R v —DELGES
FT% <, EOWRE L KPMHEOERIZKE %2
HERRITIEATHEINL 20, W
Truu Xy yCHEL 1% (wv) PLGA &
A V>, PVA KB O PVA I % 0.5-10%
(Wiv) O CZEAL S Bk Hr g o AR % 3 A4 72
(B3). PVAIEE% 05% (wv) & L7z& &k
IKHE DAL DR SN o 7255, 1% (wiv)
DLEICE 2 &R A ER L7, L L,
1% (W/V) O PVA JEEE T, K IEOER L —
k25 10 Hz Kiiff K <, PVA IEE ORI R
R O E L B L — M S R
TwoZz, LAL,10% (wiv) @ PVA iR TIE,
i ORI & - Tt OKH) OBy
MET L, e % KHHE O A BAE S e
Do 7z,
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(a)
Oil
phase
—_—

(b)

Fig. 3 Influence of PVA concentration in the aqueous
phase on oil-in-water droplet generation. PVA
concentration: (a) 2% (w/v); (b) 5% (w/v); and (c)
10% (w/v). A common 1% (w/v) PLGA solution
prepared in dichloromethane was used as the oil
phase for (a), (b), and (c). Scale bar, 100 um.

PVA E % 5% (wWiv) & L7z& ok
WOER L — b EREOREELZ N8 2
7, KA IE S S S0 B E T, AR
L—MIBLZ50Hz EHELTWED, 20
%, FHHOKHE L LIET LTSz 20
AL — FOETIZS b b$, AT 5Kk
Y ORI 13K 110 um R HE R 72, ~
3% (n=100)) &ZELTBY EmVHE LS
LT B LN TET

3. mbrit7ut A

YA ARBEOIAAT Y sy a v TER
L 72 B4 oK i 2 @ % LT b PLGA
I, ESD k& Ak, liAH & KA o I o AH E.
BIRIZ X > TRiBILD 70 225 2 L AT
HMINs. K@), AKRHHTEAEBRG? S 2
BRI A 7 Ok v 7o) =¥ R3
R SN K O MRS TH 5. K
FIZIESDEBRoN 5208, RRIZE WS A

Fig. 4 Microscopic images depicting the accumulation
of oil-in-water droplets within the designated
collection reservoir R3. Image in (a) was acquired 2
minutes subsequent to the initiation of droplet
generation, whereas image in (b) was captured 30
minutes thereafter. Scale bar, 100 um.

I VT CHR L 7K HIE | & B O A B R
PHEAT LA ZADNEL o TnbeEZLN
L. B4b)iE, RIWCEHSINTHL S 305K
W L 72 R OKFE OB Th 5. HE
O EEMRIEREE CEL, A X
D=2 7% o TV LR FPMERR S I, £ DR
BRI~ 3% (n=50) Tho72. LaL,
PLGA &I L T A 3B ED & &
BHEPTIE R L, TNOEOR T2 S THR
AET L END L.

4. WIZEHCR DK

~A 7 uajkF v SNIWE T F 2T —F %
F535ZLICLoTEGTTR) Y —DERL
7oA E O R < 4 7 Ui CIRB & 5
CENRRE R, WM OATY Y v a Yy
W CHAFEOE WKREEZ R > 7L ATH
S5 LI L7 KMICER S S
PVA IZKHHTE O Z R ER I & - TEELR
HEZRIZLTWDL I ERRWESN, EAE
500 O PVA % 2-5% (wW/v) ODEFE T 5
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C LX) REMIAKRES AR T A 2 L &
Rw7Z L7z BA S/ PDMS < 1 7 T jiifk
Fu T, BENY 7 LTRET 5 & BOER#
WCHELTORYFLAREy 7Ly bV x4
L—%&—b LTHET A2 & R BEICHEREL T
L. L72DoT, KxA 7 ajilkFy 7= Hn»
HZ 2L, BEIZIL U TPLGAK T2 H
RS 2 ZEDMRRTHL EERXHND.

F v THORYLY) B — N IR L 72k T ok
FEBLZ40um TH o7z JHAHEKHOHM
HEMPEMET CEL COLHEEDSH D,
CNAEEITH ML S N7z PLGA Ol 7z
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72HOFFE LTEAOBMA D), ZIUIKOLFHE A RET 2 2 L THM>IHT 22 L %
MHoTwd, 72720, IKOMBUIZHETH Y, MK D BAAKLE L 72 TR R A DS
. AKIFZE TR, KRBT EE AR T A 2 & TR ERBORESERT S5 5 M
WZEH L, MEGREE & ERIER O OMEEET LHEHEHET L L2 BIR L2, AL
LT, 7)) &EHROBR BT OMHICE R 2T VI =y axBEL. E610, HA
B DZERIERSHETELTNVI =T AEE LT, M7 VI =y 2Kk ERE L. W
PRV I =7 ZINC & 0, 900°C 1I2351) % MR TE TR L % fe K 69% A S5 2 LIy L7z,

ABSTRACT

Ash particle adhesion at high temperatures is a serious problem in commercial combustion plants. Melting of
compounds containing alkali metals is one of the causes of particle adhesion at high temperatures. In this
study, an additive has been developed to control ash adhesion at high temperatures. An Al-based additive has
been used to suppress the formation of compounds with low melting points in ashes. Furthermore, it has been
expected that gases released from the additive during elevating temperatures can form voids in the ash pow-
der bed, resulting in a decrease in the tensile strength of the powder bed. It has been found that the use of alu-

minum sulfate as an additive effectively decreased adhesion through composition control and void formation.
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EELTOULATHS. ARSNA T AL E
DEARBEHALIK A E N, U7 o
Y ATIKFLAF & B, JRRFIE, BB 2 b
WEBD & 9 7 & imgeft (500 ~ 1000°C) T
WA EMEEZ R 2 & 2%8 5 (Lachman et al.,
2021; Kleinhans et al., 2018). Z D&%, Kk T
BT T NHEBOLBE R LICHET L. 5
JBORRIIEEAE FHE L, T AL F—£Hxhs
DIRT L. F72, FEHE»HEREOREE
ARITIELHDH. SHII, RBEEREEET
X, REVERARICIKAMT A LR E AT 5
LT, MEBARRHREOMELTI SR 3
B H L. 2ok, EEFHATICBY
BIRATH#E L, BRIEET O b A o) g |2 FE R A
RB. TT Y PORENPOENREID 20D\
W&, KA 75 & B9 2 B O ATRD S5

JkAFHE O FE 7 HIERIE, EimSI2BIT 4K
W OEBMTH L. KO Em L TE
WIEEEMEAR RS, B, Ko F YT ARH
D a, ) UH, BEOERNEEY 2 T A
720, INOPREDREBG & E 2 ST
% (Tangetal., 2022). %12, > M)A
T AICREENDL TV EBITARIKICE T
NAHZEDS, ARKOBERNERR LY
5 TR Il WS TH L. TET
FEFEREROBLDNS, AROHPTHENALZ A
FDTEHNEHDE T > Tw b, RSO
G, TVHNEEELELI LD, KO
EHEWNFEINLT AT DD, S5, FHbin e
AR OFEBUIMT, N < ABREOTER A
FHEINTOVEY, RN IKONEDHEE 72 -
TW5, WA F Y ABRBEIRIE, ARIKED %
COTVAE)EREELIENHL. bk
I BREFEDS, BTV SEEKEE %5
IR EBSIIFEEHO Ny 7 ATh Y, &%
P 5 LIS = — A 5.

IR OI-0DFHEE LT, EHOFMHH
H5D. S IR 2N TIKDOME % F%E 5

5T L, IR oG (RIS )
EEADOBTHRINEEI I T LT, JKOE
AR A 2 EDTHNTH S, T TIZWL D
PO EF D HE ST B (Liu et al., 2022;
Fuller et al., 2019). —/C, JKOMBKILZEET
&0, FABAIIN Ul ) 23855 2 @R L v &,
AW Z TIATA R AT R, Ao
THEZFEIMEEETLE) 2RI D 9
L. ZO7, FEHEEUAOFESLH) A
TAFE IR OFEL KD H L5
FHTEENT, AIRIKR T ARIGIRIABEIR D &
mAEEZFHE L, €O EIIH D720 O HH
DIERIZWY AT, ZOFRT, TVIFF/
R (RLT-£8 10 nm)  ANERISEE L 72 25 0 %)
RERTZ a2 L7 (Horiguchi et al., 2018;
2022). TNV =T A, TV EREE
ORGSR S E RS L, SR ofbEm~ &
ZALS D, ZOFREK, TV @RHEkOE
A EEZREGICEHHTE S, A<, Hw
72T NI FF KT FTEENEL, ST
Whn$ % 2 & TIKIRBOTREEZ KT I E5
CEMNTEL. FHERELT, KRR ORED
KTFL, fIEz#flTEs. §4bb, 73
FF KA OF AR R, R & FEiE
BT OO THHATE, FRICHREFITHBIAK
EL W7z, AL UALBCH IR R 2355
FLTENTHEINLRNTD, [EHHIEIR
EEETEXS. 72720, F/RTIEEMmRO N
YRV LW, TIVIFF I RTE
[k DR R 2 R T IMFI OFFED KD SN 5.
AOFFETIE, AMLHE & FREEER T O >0
R el 2 7oA OB Y HIEE Lz 3
& LT, TIvh) &l|ikoft 2 % Hil
TEBTIVIZTLASICER L7 FTHEEK
TIZOWTIE, FmsEFE CTHER 2 SIS0
USRI ZER 2 TR T X, KT O
FHEEPME T35 EFHLZ. 2D &) G0
IZEDX, TV =T ARERORE LT 72
JKH > 7V E LT, MBI HH 7S DSRBEIK O
A EREZEE L -EF VLG E W
(Horiguchi et al., 2020; 2021) .
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IKDE T MEEWNE, #BEOZE L FFICH
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SRRSO S 2T fEH ) 7 A —IKFW F 7213
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Vg L7,

2. By s RE I €
ETNMEEW T 73R L 72 T VALE
YosiRfEEE, WREMRE L L CEmFh
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(Kamiya et al., 2002). 2 5EH O HE L)L (E
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Fig.1 Schematic viewing of the split-type tensile
strength tester.
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1. IKOEF VLAY
FEEOBRBEIKI I DG T, A R EE
WAEz b nb., AEfge i, AL
FFEPIEI D A H = X LA BRI 572
DI, JROETIVLEW Z W2, IKOET IV
fLEWE, B & SR EE LT FRT 5
(T &g ) y) mIRA - BERT A
ETHBEIND. RWIETIE, FEBEORRBEKIC
rAFE (S ETVIZTa (A) BELCEE
NHZEICHEBL, Zhosrxath ) vRT
(AI-Si & ERt) # R & L THWZ, ALSI IS
FhUwL (Na) RHVU 7L (K) ZIZ72E
FIALEY (Na-Al-Si, K-AI-Si & £it) % il
B2 HEL 22T ILE O LI

Table 1 Physical and chemical properties of model

compounds.
Concentration b ity of Tensile
of alkali orc;m ybod strength at
wder
metal wt%) POV Y 900°C (kPa)
Al-Si - 0.82 0.92
Na-Al-Si 15 0.74 10.1
K-AI-Si 12.4 0.73 115
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Fig. 2 Tensile strengths of powder beds as a function of the porosity of the powder beds. The plots and curves relate to the
experimental data (K—Al-Si model compound) and the Rumpf equation, respectively.
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HWHNL, FHID S DF AFAEN X BB %
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7z, VEEMEIHNC X VB IR T TA 2 &
HRFLTBY, FPRTIREEZONSG. 2E
PR LREOMGREZRI2 IR L. HEIF
PEALL WA TYH, EREE 073595 0.8
FCWIMESEL T LT, HMENR% LT 5
CLAVRE NIz, ZEBREREEN & A miE] (R4
WEIET) O®FEZMAEDE T, ZHFEN 0.8
FCWILAE D Z 50% KT &85 2 LT
ENE, TEEE 66% b S L T LA HE

-100

0 200 400 600 800 1000
Temperature (°C)

Fig. 3 TG curve for the Al,(SO,), 14~18 water performed
under air atmosphere. Heating rate was 10°C/min.
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3. HEADFEE
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T AV ARG 123 ER Lo T VI =
7LD TG HIEMARZK 3 IR L7z, 900°C
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TS &0, TASEREPIFEINZ L0 0
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Fig. 4 Tensile strength of K-Al-Si and Na—Al-Si model
compounds with Al additive.
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Fig. 5 Porosity of powder bed of K-Al-Si and Na—-Al-Si
model compounds with Al additive.
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ABSTRACT

Geopolymers using coal fly ash, an industrial byproduct from coal-fired power plants, have the ability to im-
mobilize heavy metals during the curing process, and are expected to be used in the field of environmental re-
mediation. The low reactivity of coal fly ash and the long curing time required for curing are practical issues.
In this study, geopolymers were prepared by the mechanical treatment of coal fly ash particles under relaxed
curing conditions, and the effect of the mechanical treatment on the Pb?* immobilization ability of coal fly ash
was investigated. The mechanically treated coal fly ashes were subjected to the mechanical treatment, and the
increase in specific surface area and the decrease in crystallinity promoted the leachability of AI** and Si**
ions, which are necessary for hardening of the geopolymer. As a result, the geopolymer could be cured at
room temperature and in a short time, and the room temperature curing showed the same high Pb** immobili-
zation capacity as that of the heat curing. It is suggested that the mechanical treatment of coal fly ash particles
contributes not only to the curing reactivity of the geopolymer but also to its heavy metal immobilization

ability
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FRBBERIK (7547 v a) &, K%
BT O OMEEREDTH Y, ENOEMIEEE
13800 /5 b UL EICDIZE., 794 T v
1 Si0, & ALO; % FERLr & § &K F K % %
ERTTABIZEDNIZEEOME T TH Y,
AN a7 )= FRENY IVONE LD
TENMEDH ED 72012 AR - BEEESE TR S
NTWa, IE ZOT75A4T7 v vazfni:
VARV —=DBH =Ry - Za— T IVOEH
W 72kt 72y — b E LTS
TW5,

VAR —IE, TIVI O AABREE TV
VR, A BRSO E A RS L CE
B & B MR S KT & % (Davidovits,
1989). ftkDE XU+ - a7y — ML, *
A Y MEFERFICBWTZ ) v — OBER TR
LIV REOZBALKRFZELZIH T 5. V4K
~—%Hwary ) —bMIkAr b EECH
W, b v M EER O R R FEE
BOHIRTE L. DR~ — I3 EAERE R
RN, B LBERICBVWTESBESOR
EGBEEAEETIHELH DI N0, B
BT R BB B CORSIER D RS
L, VER)—OFERELTTIIA4T v a
DRFDPHED SN TWED, T7I5A4T V2D
FUSTEDMRA 7280, TALIZ & 72 1) Kk Ok
FHEPLELRZLPFEH LORETH .

CORRER RIS B2, RMAGMLELIZ X Y
TIAT v akf Rt sa I e, XA
DI ANV BRI K, LS E
AT 2 WFFE A s ST & 72 (Kumar et al.,
2011; Kato et al., 2019). 41X 7747 v =
BT OREEEALIZ L 5D+ R <~ — DL
B & iR B A i L C X 72 (Matsuoka
etal, 2019). FHMETEEZHNTT7 747 v
Yok ERAET U, it I T A
Ty a kA OIRAESEART S EIZLD
ARt BXUSI* A F o ESMEE S, HE
K& S EESLGL O DA KR ¥ — D

b3 %. VFR) <O LBEIZBWT, Pb
RZn 2 EOBEEENT AR ¥ — OREENIC
BEALSNEZ EBHMOENTNE, U4 KR
~— OISz, AR BXUSIY £ 4~
DEREDIKELSHET LN, 794 T v
ORI L LB O E SR O FEELiE L OB
BRIZHS o TWiRWw, VF R —DE
SBEEL T T L 2 O/EIZIE, BRSO
OB 3 T T+ R v~ — DML
IBEZT TR, ZoOBOESBEE{LRE L R
RLZENEETHS.

KPR TIE, M BELEFNHETOYE R
Y= HwlcESERE{L SO A0fSEE H
ELT, 7947 v ¥ afTIx L CTREMAY
WUBR A s L CHREA e 28R S F (RIR, AR
THAL L= 4 K) ~—%E8 L, Pb? &l
REICB JIFTEESMFORE LR L7

W% A &

1. 7947 v ¥ 2a~OBMIYLEEL Y4 R
Vv —OER

RIF7E T, BERASRE LCASREBH 7 5
47 v 2 (IS Test Powder 1, Class 10) % H
Wiz 7947 v a I LT, EREKR—
VINEHCTHIAT 4 7% ¢10mm 2V 2
=7 R—=)b, [HEEE% 600 rpm, MLELEERH % 0
~ 180 min DM T TR ILEE % i L 72, 15
SN T FA T v ¥ 2 kT2 LT/
W R A S L 72, 7 947 v P a
0.1g Z LB A L, 30 wt% NaOH 7K ik
CRAELTUHMEREE)HR ABLE A
I2xf L C ICP-OES |2 & il E 2 1T\, AP*
BLOSI™ A & v o= 55 L 7.

W7 54722092 LT, 74
B bV w7 AW (NaOH @ KH T A« fligk =
3:2:6 (E#3L#)) 1.59 &£ Pb(NO,),0.016 g (=
Pb?* 10mg) %Iz, B 1l mm, &S 40 mm
OMBERAERICHEAL CRHL 2. £k
(20°C) B X Ui (70°C) &t TFT7, 28H
EAEIZL DAL EZER L2 BoNn/Y 4R
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1) < —HE LR IZAF LT, SEM 12 X A FLREER %,
XRD |2 X AHF%E, +— 7T 712X 5EH
o SR 2 AT\ B L 7.

2. TF R = —OHEEEE e LRE

Po* ZEEL L 72V R ~—% 2 ) 3Lk
THEL, 300um LLFIZ5 5 Wl Lz %
5 17z By /K & CH,COOH ¥ i % [ i It 28
01g:10ml 7% % &9 ELEICHAL 24n 3k
EH L7 ke EL&EHENEL ICP-OES
WX DHEBEL, VAR v —0OELEEELE
il L 72,

I

B R

1. 7947y ¥yafNFoREREHEICE XIF
HEPRIY AL P O S B

R AR — )V )V % I TR LB & it L 72
T7IA4AT7 v aDSEMERXR1IIRT. M
PRI OB I PR F IR DS ERIR A S22 0 L
THBY, MhHRENTVBETFIPHERTE .
RERERBIRWUE T T4 7 v 220 2.2mig 7
5 180 min LFETIL 5.9 m¥g F THAINL 7-.
BB R D 7 54 7 v ¥ 2k 2xh L
T, XRD 4 #7112 & %M %, ICP-OES 12 & %
/A F v EE ZNEIRICK 2, K312
RS B2 XD, B LEEER OB L
Quartz, Mullite & HIZAEREESMET L, FESE
IEDEST L2 bbb, 7547 v ah
SOAF BIUS* A+ oEHETEER3

\RT. MR onE b icwnwdho
A4 bEMEAEEML 72, PR 180 min
DOWHET ITA Ty T anbld, AR A F 8
#5250 mg/L, Si** A F > A%y 450 mg/L 2 FE i
WL RO T7I5A4 7y 22/ LT, #
NENNEIZ30M5 36foEtExRL 7.
TIAT v Tk LTI 2 i3 Z &
&0, 7947 vy a kT OBRLISET L
W RHERE AN 5 & & b 12IE M7 Fm A AL
L, AP BXUSI* 1 F v oEtiEsetE S h
LEZONDL, AP BIUSH A+ 13VF
RV =Dy VT =7 BBIZLETH L7
W, TIAT v anbDAPF Ay BIY
S A4 viEhERRET LI EICLY, VF
R —OWALSERT ETELEEZ LN
5.

1.8 [m¥/g] 30 min

Original F5g

S S um

Fig. 1 SEM images and specific surface area of coal fly
ash milled by various comminution time.
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60 min

P | P I I I R

10 20 30 40 50 60 7010 20 30 40 50 60 7010 20 30 40 50 60 70
20 [degree]

Fig. 2 XRD patterns of coal fly ash milled by various comminution time.
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2. VARY)—DJEMEER X OHSE I
EALHE

W7 547 v ¥ 2% HWTER (20°C)
- 7THEEICIVESNZ VAR v —HLE
DIEAERE 2 X 4 1R, Sl P AL BRI ) o 38
kv, JEmE» B O#EETH - TD
FERGREAM L7z, 7947 v ¥ 2 (ki
LR i Rl N QR X T v N 1 S O 1
BAEA OEMIREIIZE D00, Lo
B OmEYREHTLIEEZONL. OV Y
) — b OREEHEHETREE (] 30 42) @ 18 MPa
WIXFEL T2 o728, RUWHEO 7547 v
va Tl il nwEASLSYTH o T,
W7 547y a2 AWbEZ 2L IF
R 2= LRI E SN, VR v — D

500
_ O AR+
4 L
5 00 msi
E
= 300 |
=
]
E 200 f
[V}
£ 100
,J:: -
=
0
30 60 180

Original 10 20

Comminution time [min]

Fig. 3 Leaching amount of AI¥* and Si** ions from coal
fly ash milled by various comminution time.
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5
= 12 - M R.T. (7 days)
5 10 ¢
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Fig.4 Compressive strength of geopolymer synthesized
from various comminution time of coal fly ash
cured at 20°C for 7 days.

LR T, E&BEEELREICB LI
TTI4T v OO FE 8 % R~
L120, W7 I9AT v v arHnizIF R
) v — % BREREASLMCEEL, Ph? EELRE
i i RaA

70°C-7 H#EAE L 72V 4 R 1) ~— 0 Pb* [E%E
bR Z R 52" F. 70°C OiRELA TIE, 8
B oBEHE CHoTL 754 T v ¥ 2 kT
DULEFLRERT 2 X 5 97 98% FEEE D &\ Pb?* [H 52
fbR%ZR L7 INEIC X ) T F K ~— ok
FOBA T I HEG SN Th o 72720, Rk
HOT7I547 v 2Tho>ThE\wPh? [E%E
bR RLIEEZSND.

Fig.5 Immobilization ratio of Pb2* using geopolymer
synthesized from various comminution time of coal

fly ash cured at 70°C for 7 days.

Fig. 6 Immobilization ratio of Pb? using geopolymer
synthesized from various comminution time of coal

fly ash cured at 20°C for 7 and 28 days.
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i (20°C) — 7,28 HEA L2V 4R v —
? Pb?* EEALE % X 6 12/”$. 20°C-7 HEA
TIE, 180min L7547 v ok Hnwizy
FRY) =L L7725, RO T IS4 7 v
YakeOmnil T I A4 T v a kWY
FR) =3 L o7z, THITERHO
MBI Z LY, 7947 v 2D AP A F
VBIUSY A v E M RLE L L O
6OMNLBL 754 7 v aDbDL)ELL
mLEL7z7zbeEZ 5N 5. 20°C-28 HEET
X, 7947 vy a O oz E %
WP EELEIIM L. 794 T v v a
ORI ) €8 A 4+ VBT E O
WX 7547y v 2o b E IS
720 TRL, VAR v —HWEIILFEREA IS &
DELY A EN L EEREOFEENICDNEND S
CEMREENAS, AL 180 min H T T A
Ty varHniUFR) v —{tETH - T
b, 20°C-7 H#A4:Tld Pb* FEZEILEIL 80% T
H o 7275, 20°C-28 H # 4 Tl Po®* [ b3
1x 95% FEFE ¥ Tl bk L7z, w4 g,
AR = OWALIL S TSR > T
WD THHEEZONDL. W74 T >
YarHwigs, BREETHTL 0%
AN A S IE, IREE L FEEO R
Pb®* BEEILREAR BT 2 2 L b h o7z,

3. ¥Lw

AWFZeTlE, BEMAMLELC X 0 B L T
T EDTIAT v a2k ANWTI AR
< —MLEREER L, U4 KR < — D P [H

Hb BF 5 R AR

198 - RA ¥ —3k

1 HPECKR, 25 st R SEHE, Al /6L,
Witk #h3, "RERRIEW Z N2V AR

FEALRBIC B XTI L O EA Lt 0%
Brlal L. i 7 947 v v ax T,
FiREETH > THIMEEA & FEED RN
PO "EEALEEE R LT, 794 T v D
R LAY 4 K ) ~ — OTAL RIS T
<, EEBREEEOMEIZERSTHD LE
ZAbNA. G%IE PhUAZHE VAR v —
ODEEEN T A VEELRICBIIET 7 T4
T v Y aNOBMILE O B A, 2O
FAANTZALEZHLPIZT D, 7547 v
¥ 2 O RER R BUBEIZ B L33 Hmi i L
DEBIFIEFHLN I o TRV L LS
<, Wit L BA SN2 BT 52 L2k
D, FRAPHEETOYFRY =% i
FELBEELT O ZAOESHETX 3.

S Wk

Davidovits J., Geopolymers and geopolymeric materials,
Journal of thermal analysis, 35 (1989) 429-441.
https://doi.org/10.1007/BF01904446

Kato K., Xin Y., Hitomi T., Shirai T., Surface modification of
fly ash by mechano-chemical treatment, Ceramics Inter-
national, 45 (2019) 849-853.
https://doi.org/10.1016/j.ceramint.2018.09.254

Kumar S., Kumar R., Mechanical activation of fly ash: effect
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< —WALR QWAL SIS TEC B XT3 & AEH
WMALEL D R, AL L5 2% 53 [MfkEER
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2. Matsuoka M., Tanaka T., Murayama N., Naito
M., “Effect of grinding process of coal fly ash on
curing reaction of geopolymer from industrial
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by-products”, The 7th International Conference
on the Characterization and Control of Interfaces
for High Quality Advanced Materials,
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HPTF21122

i R TR EALWPRL DT T v 7 AR
Flux Growth of High Crystallinity Oxynitride Nanoparticles

W73 % Research leader:  fili{f] IR Yuji MASUBUCHI
el R R A LA geke  dE#d%
Graduate School of Engineering, Hokkaido University, Associate Professor
E-mail: yuji-mas@eng.hokudai.ac.jp

W

N7 A A N FIFRELY BaTaO,N (X GG Z Ot & L CICHZSIIRF SN 2LEaWTH 5.
RIF7E T, BRZELY ORI 7L & &Sk B % HAYIC8EEEH BaCN, 79 v 7 A% w7 ER g
LWIBIRL T DA S & A i TE B X OGIALRR O B FR 2 i3t L 7. BaCN, & Ta,05 DiIREH % N,
2B AT 750°C PLEOREETEvs 5 2 & T, BaTaO,N % 572, BaTaO,N H—H %152 121 Ba#
| @ BaCN/Ta,05 FLK D FUEL 2SI BE 72 5 72 NHg & i\ 72 BT Tl ks S 7282540 nm 72 - 72
BaTaO,N (¥, BaCN, & H\ 72 ABFZE D T4 TILAS S F-425 100 nm £ THIM L, A db ko) b2
RT&7z, FAEEWIERa T A h A4 & (111) [ & (100) 235 E L 72 Y TH/VH AR O
KTHESN7. BaCNy, 79 v 7 A& WA Z & T, FEDRREAISE L -t ok a1t
WKL DA BT L 72,

ABSTRACT
Highly crystalline perovskite-type oxynitride BaTaO,N was prepared by using low-temperature melting
BaCN, flux and Ta,Os. The Ba-rich starting composition of the BaCN,/Ta,05 mixture was required to synthe-
size the single phase of BaTaO,N powders, because of evaporation of a small part of BaCN, during the heat-

ing in N, atmosphere. The crystallite size of the BaTaO,N obtained from BaCN,/Ta,O5 was 100 nm, which
was larger than that obtained by ammonolysis reaction. Truncated octahedral particles consisting of (111) and
(100) planes were obtained in the products. By using the BaCN, flux, highly crystalline BaTaO,N fine parti-
cles were obtained.

A =1 NTW5D. GEROEREMENIN LT, DR

A F v ERMAEDE D & THREEDR LR

SRR L EALW % & ORI KD % < BB R O N D EE T =4 Y LEWIZI4E
3, BHoOSEEMAGDEL L THEME  EESEEo T M L QB A vk
RPEFREZHEL, 2ofitkom 2N s WA 4 ¥ 2lAGbE - aRREY I
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BDOA T VRIS LS SRER L
PG EHEEr L2000, B+ OBELE
HEREE & OREMENRL L EhLERE
LTRSS TE R WRREEDEL 5.
SrTaO,N %° BaTaO,N IZfiE SN B X 7T A 7
A PFEZEILY TIE, Taf+ DY TOIN
PR B JRBFTE 7 cis BIECE | § 5 5RE%
BHEIRESINTBY, cis®B7 =4 VELEDS
HiLE CHRNL 2 E L EREAED YT
Yk EAOIBH G ST B BB

TiO, & & DFRALY BT £ DR Z VN
RExY v 7072012, FBIOELPBINT & %2 \»
CEDVHEOVEDTH D, —HT, BRI
FED BN HESREWEEZ SO LMD, WM
HrataEmE It e ARzt
NTHGNY ¥y v 72 L, B
OISO NDGENHH. 2D L)%
THDGINE G, KROBEESHREEWE
Do RbEF R L, RERAN 2 S A EB T 5
TeDWIEFICEELMECTH L. Tl
R AN OYAT oY N = e Vaw o | A N QB 3 1
EOWNMZT TR, ZOfMEOM E LB
2% 5. —fRICHEAEM B O GBUREZ BT 5 &
KRR BT A28, FRCRER D #7720
RFREFLWD T 5. BEILYILHEEIC BT
SN o R R - i (R L TRYAS B Re gD e SN R
RO LN TN 5,

TR LW ORI A R & AT - % B A IZ3E
b7 EOARBE 7 T v 7 2% VBB ETE
BHISNTWED, 7T v 7 ARG OERII~
DIRADHET SNT, BRELD AR RE R 7
Sy 7 ANKD LN T Wz, HiFEEO TSIV —F
&, EE % E&HF T 5 BaCN, 27 910°C TRllE %
L, BREIWD 75y 7 AL LTHRET S
Z &, FNE 7z BaTaO,N D5 5 % it
BHL T2 BB Houm oS LY SO &
BB XA 7 <, HURS & & BV CEFAl L 72 Bk
S OFEHEEEZ WO CTHE L. 7997
AmRMEGMEZTETNL, 7T v 7 A %4
L 7R IR & 2 S o i) B ik b As
WfFET& 5., KHFEHRETIE, BaCN, 77 v

7 A%k W72 BRE/Ra T A A4 MDA
P2 R R L, B T8 10 nm O fhE
FrRERTAFEORSETHBE LT

1. Ao T%

ARHFZE TRV 72 BaCN, (X BaCO; = NH3 &t
FRBERL L CEBL L7, TV AR — b2 BaCO,
oK % o4, 50 mL/min @ NH; &t H 900°C
“C 10 FRERBERL L 72, 1% 5 4172 BaCN, I KA H
DK EFIS L THET L7280, DFTo7at
ANTHZ IR SR P A T L 72. BaCN, & Ta,0s
#BaTa=10~20¢ %5 L) ICH=EL, N,
FHEDra—7TRy 7 ANTRE L. BE
A5 1X 50 mL/min @ N, &t T 700 ~ 950°C &
Ui E T 5 R MIBER LA B & 1572, AR W 3
B Cokig LGB 2 Ba i & B L7z,

A B A% SR AR IZ A K XRD (Rigaku, Ultima-
IV) ORI /85 — 22 HFHii L, BIPTHEOR
WE 2 & fl Sk & X7, B ARR (X SEM (Jeol,
JSM-6500F) 3 & & TEM (HVTEM; Jeol,
JEM-ARM-1300) THFAMi L 7-.

i A

B R

1. R & BaCN,/Ta,05 IR A LD IR

Ba/Ta = 1.0 ® BaCN,/Ta,0s iR &4 % N, &Liit
CHERL T 5 &, 700°C Tt BaTaO,N #1315
519 BagTasOuN & BaTa,05 DIRA WA 5
7z, BERGIRE % 750°C 12 11T 5 & BaTaO,N
WEMTHESNA28, A 1T TagNs R TagNs
BOIPICEHE TNz BERTIZ BaCN, 283
ML, TaRAMBRIELZZbDLE
ZoNiz, IO ELWAKWIIRRICAETH
D, BEFHEER S A5, Ba R M E
b O BaCN,/Ta,05 JFUEF D BERL & 5T L 72

Ba/Ta = 1.2 ® BaCN,/Ta,0s it & 45 % 750°C T
SRFI Ny /L L7z & 2 A, AR
BaTaO,N (2 il 2 T Bay(CN,)(CN), »345% 5 172,
Z ORMW IR CTETH Y, BRIkE A

<7
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I3 BaTaO,N O HE—4AE 57z (K1), B4
7 BRI EE 12 B\ T, BaCN,/Ta,0s5 IR & % %
B2 THEBEMERNZEZA K20X )12
BaTaO,N % Pk i% % 1 Z —H T1% 5 1213 & iR
13 & Ba @B LETH L Z LD bh oz,
BE IR 950°C Tk, Ba/Ta lbA%1.6 LLEDH;
A TOH BaTaO,N D Hi—FH A R 121215 5
N7z, i3 & BaCN, DFRIEDHELTT 57280,
BaTaO,N H — ] ® A B 121k, £ ) £ < D
BaCN, Wl b L EZ 6N 5. Bah A

L7235 B BN & E N A AL, Bl
o R L & 12 TagNg = TayNs — TaN & Z51L
L7

AR E TS S L7z BaTaO,N M O # 7 18 %
XRD B ORI OH T LK LIZF L D72,
NH; &3t H 930°C THE 5 4172 BaTaO,N D i
FED40nm 725 72D 1ZxF LT, BaCN, = /]
W72 AT T, 750°C T d 80 nm, 900°C
T 90nm, 950°C T 100nm ¥ T ¥4 K L 7-.
BaCN, DRl EAE £ % 910°C TH V), 900°C &
950°C |2 3B} % HER Tld BaCN, D @ik A% Ta,0s
& RS L BaTaO,N 2840 L, A~ D% &

Te T T T
@ BaLO:N @ TNy [ BadCNCN): - ok B M-S . >
Ba /Ta = 1.0, before wasll.i:lg ﬁ*ﬁﬁj = & = Tl Iéﬁ‘l_ﬁ]_t L7 {) ne % A5
. ns.
(o0 | ®e |_ e _Ii_t_T_ . ._
.
_ Ba/Ta= 1.2, before washing 2. %ﬂﬁ@ﬁ&{ﬁm*ﬁiﬁ
% ; : BaCN, % M \» T & 1t L 72 BaTaO,N # K @
i L] L] . N .
dlmaulem enlne | . SEM %% B3 1275, NH, S LHETA L 7
Ba/Ta= 1.2, after washu?
= 8 3 s e
= - [] = . = o
. | ; | | :I ‘ | I fl ' Table 1 Crystallite sizes (D) of the BaTaO,N particles.
NH
" * Y oo " " BaCN,/Ta,0, process processs
Fig. 1 XRD patterns for the products obtained from the Temp. [°C] 750 900 950 930
BaCN,/Ta,0, mixture with Ba/Ta = 1.2 fired at
D [nm] 80 9 100 40

750°C before and after acid washing.

; ! !
20 : ® @
@ BaTaO,N
A BaTaO,N+TaN
B BaTaO,N+Ta,N;
1.8 = g BaTa0,N+Ta;N;
16 & &
2
g
&
c 14 & ® ®
m
12|--@ u | ]
10 @ .. . . A
] | ] i
750 800 850 900 950
Temperature / °C
Fig. 2 Crystalline phases of the products obtained from

the BaCN,/Ta,0y mixtures with different Ba/Ta
ratio at several temperatures after acid washing.

Fig. 3 SEM images the BaTaO,N particles obtained by
NH; nitridation method (a) and from the BaCN,/
Ta,0g mixtures at 750°C (b), 900°C (c) and 950°C
(d). Averaged particle sizes are presented on the
upper-right of the images.
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@) ()

N, 4
S-= {111}

10 1/nm

Fig.4 TEM and electron diffraction patterns of the
BaTaO,N grains obtained at 950°C. (a) and (b):
cubic-like grain, (c) and (d): truncated octahedral
grain. The ED patterns were obtained from the red-
circle positions, respectively.

BaTaO,N (35 X Z 130 nm O T- 25 H\» (2 Sk
L7z 2 KT 2R LTz, —5 T, BaCN,/
Ta,05 IR A M K % 750°C THER L THR L 72
BaTaO,N 5 K 1% 210 nm F£ B O Hi - & $5 10 nm
O RTDOREW & 7o TW/z, FREDAL
HDHLICIRTH V), FEE DR S 1H OBESE 7%
R AR LN h o7,

BERCIREE Y 900°C (272 A &, kLT O IRIRIE
SHBIRIZZEAL L, KA A X 49 230 nm (2
WAL E51I2INsokTI3E—HIcEN
B & AR LTz 950°C 127 B & T
P A ADTEH|2360 nm (2B L, YITE/NHE R
RORKEGRTFHRLLBENTZ. ZnHOBhE
DENEEL, BERR ORRLHELEIE T, K+
ML L 72 Ba B OB DSk Sz
TmhEEZOND.

BaTaO,N #7 @ & & 1 % F X 5 72 © (2,
HVTEM % H\»TH 100 nm O FL 1 % 5.3 TEM
B L 72, BFHOMEEEIE 1250k & L7z
4o TEM &2 5, SHRROKFig~<o 7
AHA MEEO {100} HIZ L > THENRLTW
7. — i CYITENRROK T1x, ZOET-H0

L L LI o o o o o s e B R

—— NH; nitridation (930 °C)

18 //_%_
BaCN,/Ta,0; ;

— 950°C

— 900°C
— 750°C d

Reflectance / %

Wavelength / nm

Fig.5 Diffuse reflectance UV-Vis spectra of the
BaTaO,N powders obtained from BaCN,/Ta,O
mixtures and prepared by NH, nitridation method.

i3y — > OF i BfR2» 5, {100} & {111}
e b Iiﬂtﬂu%k%z Sz, IR
@mm@Nm%i%&mE%me%<ﬁ$
&, 950°C CTULYITE /T Ak T O E1A 258
L7z AR E AR & <111> HR o E
HEE DS, {100} HASHE L, i Tl Ak
M1 <100> AL O R EHEA A L, {111} 1
BRELEEZOND. FEORKLHHE
L 7200 I3 SO T A RN E) < A h3 Tk
HENTBY, ETLHHELTEE CHIMTE S
REW 701 A TS 2R T Oz b
MErdTn b

5 5 172 BaTaON OILHUL ST A7 b vk
NH; L TIER L 72308 L 0 b RIERBIO K
GBI, BERIREEAME W T & BT &
-7 (K5). KAEHEOVS LAY AL
BEIL750°C TEB L-RAEB2Z LV EEETH
D, BaTaO,N & 1) & O w3 7 % o A pie 1y 2%
BoNHEMED S 5. 950°C TEL L 7230k

i, REEHOKSRPENb DD, NV F
Fy v T ANF—IENH; EILETIER L 72

BaTaO,N & (FIEFEFEEEE 5 72,

EE BN

[1] Kageyama H., Hayashi K., Maeda K., Attfield J.P., Hiroi
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W

B TR, BT, RN R SSRGS CISH SN AMEITH L. —IIZTER S L
BEA TR o L B RMEABT AN F—D/NSLERRP O 25, BIRETIEIZO L) 2ER
2BV, B TICBWTEHEMBHOMGHE “F /S ICE D I XA THEEZTNT S T
VT 27 UNVT I FEGT (pDDA) 23k TR 2 SR & B OB IS b2 h &R 35
#RY. 7T v 2T ik (Flash NanoPrecipitation, FNP) % FI\» C/E#L L 72 pDDA & - / Hi
F1E 50 nm BREDEIRIRE o7z, ZOF /KT ENRT T ==V Lck 25, BRIRKEEDH
RANEBEZAT L 2RV L2 ThEF 2 RTOREIZBWTT V¥ 285 L Tz
EATHEIIET == VLV T ATANERT v 7 LizizobE2z 600, T hbbEsT—ARH
DIEEZALIZ LY, ZOEEETH LT O~ 7 Ol E TELS L H IR L 7.

ABSTRACT

Polymer particles are materials applied in diverse fields such as coatings, electronics, and medical compo-

nents. Generally, polymer particles form a spherical shape because of their low surface free energy. In this
study, we show that dodecyl acrylamide polymer (pDDA), which forms a lamellar structure by “nano-phase
separation” of the main and side chains under humidification, undergoes a self-organized structural change
from a fine particle shape to a plate shape. Nanoparticles of pDDA prepared by the flash nanoprecipitation
method have a spherical shape of about 50 nm. When the nanoparticles were annealed under humidified con-
ditions we found that the spherical structure changed to a plate-like structure. This is thought to be due to the
fact that the polymer chains that formed random chains in the nanoparticle state were stacked into lamellae by
humidified annealing. In other words, we succeeded in changing the macrostructure of the particles by chang-

ing the conformation of their component polymer.
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MEER BB

= AL I E RS T A AT LA DA

XA ERFBWF v N &S I
VERTWE, S0 K s TR TR ALE

EARHLER EHA TR TREESINS. —
HTEDORREDL LITFRIKERLTwE. Th
T — MR IE S M S T & Tk T 2 1
BT A0, b I AN F =D/ S WEKTE
275 2 EDBN AN RERTZDTHL. €D
729, Bl ZIZRIEOMP T 2R S 572012
i, BV TIT T =0T ER VL LE
I -7z (Perry et al., 2011). F 72545 7tk
FHEIZB VT, FREBRIEIC & 0 AR AN UL
M3 25 bDEH 5D, KFOREET b B RAT
LS DZELT 5 L DIE v, — T THRR
WCBWTIE, MOS0 L)IBEIS L TrE
B 7 &, HMEBRIEUC IS U T o Tk &
CEALT 2 b OV EHAFET 5. Z 2 TR
TIXHFEE ST TR LT v ¥
VT 7 )NVT I NREGTOREIZL 2 HOH
Atz v, M2rSo X HIGREISETED
TEARDZALT % B 55 Tk T O VR % 3l A 7.
FAITIVEIVT ZUNT I FREST-#HE
BB T TOTZ—VIZE Y T ¥ AEm D
O—ghfcia L7z 7 A T A& HOAHERILT 5 2
EERRWIELTWA, F/20T X FHEEIZL
ORI & DD 7 3 RERAZIZ KDL A LB
KD 7V FVHIGE & DM EE “F 2 A EE
WCEDFIERILZZEEZHL2IZLTYS (M
1) (Hashimoto et al., 2017; Ebata et al., 2019;

METO “F/ 858"
R—E2FHRIZE T HKLRE L1
FHEBOKET ILFILEE ORI

5 A StEiElk

Fig.1 Mechanism for lamellar formation by nanophase
separation.

Amadaetal., 2022). CNFEFT7 27V NLVT I K
RERTHEBEZ NG VL0 5T X FT~OH
EEANZDONWTZ DT A — IV TORAMEIC
DT X FRERELEE 2 AU IS T W RAT 2 AT -
T&7z. —HT, BEHELLT V¥ LT/ H
SIEEIC X0 HOMERIIC S 2 SRR 5 7
O ADES TR L, 2o~ 7 ok
BLELTEL EAFM L2, 22T, AT
EFFYVT 2 ) VT 2 FEST (pDDA) 2»
b bWk T E AL, MRTFHNICBWTES
T T v 5 LEEN S T A THEE~OHCH
A% BRE ) & L TRk o3 fiig i 2 2 b &
T LH o7,

M %" K &

i B @ N-Dodecyl acrylamide (DDA, Tokyo
Chemical Industry Co., Ltd., purity >97.0%) ~ O
ORIV AR LEN ~NFh o 28EHET S
B A2 X 4R L 72 & 12 2,27-azobis
(isobutyronitrile) (AIBN) # ZifHiGH]I & 35 7
V=SV HNVERICLIoTERLE (K2).
DMz ol #5.# 9 5. DDA (3.0g, 1.3
X 102 mol) & AIBN (21mg, 1.3 x 10~ mol)
IRAEL, N, CRELZZU—7FKy 7 A
ThULTry (63mL) ZINZ, AW+ O DDA
BEZ 020M & L7, 20, 60°C T12h X
IBSE HNEDOEREL®EOT 2 M= M1)
VAN T 452 TpDDA ikl & 87 2
DR 70t A % 3 [TV, F5N7zHET
Wy x B Z2EL R & 7 AR o R L

AIBN

Toluene,
60°C,12h

Fig. 2 Synthesis of pDDA via free-radical polymerization
using AIBN as a thermal initiator at 60°C for 12 h.
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'HNMR %, GPClll5E TITo 72, F7-4E8HER
VAF L VEOSTw% GPCIZL D IEL
7.

2. pDDA F / ki1 DfE#

pDDA F / KL & & 5Tkl OVEEFE T
b7 7 v a2 ) kB (Flash Nano-
Precipitation, FNP) 12 X 1) 17— 72 (Johnson and
Prud’homme, 2003; Zhang et al., 2012). EA&AY(Z
&, 30mLARKE AN =5 — EIZ=T
Jv 7 RBELCAEOEEYHW =k
Ty 7 O—HIZ, 3mLZERKE AN EFEE
% @k L7512 20 mM pDDA THF i % 3 mL
AN ERE L (K3). 20k, %
NZNOFEF T 1mL s TH LA, dtL
BB — A — X, ZiRT48h DR
L BELEE)~Y—%5# (No.5B, f#
R 4um, Advantec) (2 X D EILL, A
W2 HL L T\ % pDDA F / ki 1% w7z,

3. pDDA F /K f D7 =— v

pDDA + /R F % Si R L2 Fay 7F v
AN LBIEHOREE L7z, T2 oM E
f9H1 K,SOgaq 25K - 722 ¥ — L 2 B AL
Wwit, 60°C OfEIEEICIRIET 5 2 & T 7
= &ATo 7z, TR T = — VRS
RLONZEIRIZH Y L7z

Fig. 3

Image of FNP setup.

it %

B R

1. pDDA D{Hk & ki 1k

pDDA D& 1513 'H NMR, GPC 12 X D FERE L
7. HNMR L Y B = Vv icHRT A — 2
(5.5-6.3ppm) 2SI L, K7 OVHIEHIZHIR
TA5E—2 (0.8-1.5ppm), 5T FEHIZH %
THE—7 (16-24ppm) M@ S 7z, F7-
GPC {lll7£ & ) pDDA D V-3557F &1L 2.54 X
10°, %4 #UE13 213 TH - 72, F 72 pDDA D
Bk % DSCMlE & W Er L7z & 2 A A
BICBWTZ o0 WY -7 % @il L,
—358°C VLI T VF IV KA A N TERATHIC
Ffb L7z 72 VSO Rl (2 BEE 5 2 ¥ —
7 & 13.7°C I T AERIRE (T,) 2810 L 7.
DLl X b pDDA 2SZ iR TIE A 7 AMRIZIE S
AT CHHLIENbhrol, 22T, Sik
MR F I pDDA 7 il & F v A b Lz &
WM % AR E B fEE (SEM) (2 X 1) #
2 L7z (K4a). SEM & & 1 FEAR BRI 50~
125 nm @ pDDA ZkIRK F25EigE s 7z, DLk
DFERS FNP 12 X ) pDDA F / fif- D fE#L
I L7z e hoiz. 25 ORES A
MRS L7z & 2 ART A XA 40-60 nm AR EE
DL DNVLNZ EWGh-o7z (K 4b). T,
B RAET HHEEDH L, BEPIEET T
ANET HEEDEN 2O TEDNE WD
MBLENEZEZ TG,

(a) = (b)

E

Fig.4 (a) SEM image of pDDA nanoparticles. (b)
Histogram of the particle size obtained from the
SEM image fabricated by drop-casted onto Si
substrate and dried under air.
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470 nm

==

Fig.5 SEM image of pDDA after humid annealed at
60°C for 24 h.

2. pDDA fRLF- DI 7 = — Wi & % %
M2k

BT, ZOEREHNTINET =— V%
60°C T24h 1T\ Z D KMTLHE % SEM T#l%
L7z, BBRIE WG 7 = — V%O BEARE
TIXERIRME 5 13I8 S U380 nm & S Ok
HErBlg s (M5). 2ok K5,
RANOEEZACIBEIROIE T = — Vi2 X 5 F
MR FEL, A THEEERE L2720
LEZONDL. ThbbF JRTOREIZBW
TI V¥ LHETE L T mEas T EIE 7
S VIZEDTATANERT v 7§ H T E TR
RANEZT D, ZoZ L idEsT—REOH
WEEALDS, FOEAERTH DR T O~ 7 Ol
FCEMTELEDNRETHDL I LERL T
%, [AAFEORLF & i LR = A )V F — 53K
WIS O TSR S S 5 IR S LT
Wh FOS, REFFETIIINEIC X DT
AT MRS 2 AL S 72720 T &, FRETE
E T BT H ORI U % 2 TR
RLMEAOMELE %2 5.

3. TS R o> w3 il

pDDA 7 X F#EEILIENE T, 7T A
FEUETT7=Z—V$tA52ET, bt —
WHM T 25 DEENERLHEDR Do T
Ho FIT, BT =—NMIZE D 5 X IHERE
U HCIR % % JZ B L 72 pDDA % Ty LL 1> 90°C
TT == IVxiTo 7. ZORENIRMEE D EIE
AN Y, K 50 nm FEE DR TR A

Fig. 6 SEM image of pDDA nanoparticles after humid
annealed at 60°C for 24h followed by annealed
90°C for 12 h.

Bl (M6). it maToT Lk
TT7 == WTH) T LTI ATMHENREL, #*
R AR/ ET 5 89 IR ENR o 72 & &
ZHNh5.

4, 29
TIVFXNT 7 )NVT I RRAEGTHIET
Z=VIZ &) ORISR T 5 T 2 TR
b2 VBT, Z0~ 7 aiEEHIEZ 1T 72
FNP £ % f \» % 5 T E £ 50 nm £ F£ @ pDDA
F I RTF OB L7z, TOF KT E
HTFT7=—=)75%&pDDA DT X F & L
W2 &) BE nm BEOHIREENE 2o~ 70
R L7z, 20X )2 pDDA # w5
LT, BMOIIIALNDWEIC L DHEEZL
RERTHIENTE.

S 3k

Amada K., Ishizaki M., Kurihara M., Matsui J., Self-assembly
and -cross-linking lamellar films by nanophase separa-
tion with solvent-induced anisotropic structural chang-
es, ACS Omega, 7 (2022) 16778-16784.
https://doi.org/10.1021/acsomega.2c01675

Ebata K., Hashimoto Y., Yamamoto S., Mitsuishi M., Nagano
S., Matsui J., Nanophase separation of poly(n-alkyl
acrylamides): the dependence of the formation of
lamellar structures on their alkyl side chains, Macromol-
ecules, 52 (2019) 9773-9780.
https://doi.org/10.1021/acs.macromol.9b01817

Hashimoto Y., Sato T., Goto R., Nagao Y., Mitsuishi M.,
Nagano S., Matsui J., In-plane oriented highly ordered
lamellar structure formation of poly(N-dodecylacryl-
amide) induced by humid annealing, RSC Advances, 7
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Inverse Analysis of DEM Input Parameters Using Powder
Properties by Machine Learning Technique

W7t 3% Research leader: A FH/3 Hidenobu MURATA
KBRS R R TAige Rt B

Graduate School of Engineering, Osaka Metropolitan University, Assistant Professor
(B —HEEANT 74 2T 3y 7 Ak vy — (JFCC) MEHLMIRZERT
EREIIER)

(Currently: Materials Research & Development Laboratory, Japan Fine Ceramics
Center, Senior Researcher)

E-mail: hidenobu_murata@jfcc.or.jp

Wk

BERCE R (DEM) IEBMARBEDBEZ R CTE 2 e LTI SN TV L, IEMR Y I 2 L —
2 a v ICEEO MIEICEDETELDATINNT A=Y 2 PET LLEN D), EROWITL
o TWh, ZZCTRIGETIX, #HWFEZ OB EREEE,2 S DEM HO AT /8T X — % &l
ETHIEERAAL. BEE L TR MR ETIVTH BMNELED 2B EEZIR, RS L
THHMEE, ©2003FE, ZEAZWA L. DEM DO ATIIST A —5 Th L EERE K
FEAREL, (ThERL, IR ST X — 5”5:750 ) OMAEDRIZEL S TEREEEED DEM ¥ 2 o
L—YaraFEhl, WMFEEHT - R—A%HE L. PR- IR ¥ —mRIZED, HERE
A5 DEM HHO ATI78F X — &%Liﬁmﬁéﬂaﬁﬁ”j%—rw%% L7z&Z %, »w§ Lo DEM
HOAIIINT A =ZI1ZOWTHERNLREE CHIEET S LITKI L7z,

ABSTRACT

The discrete element method (DEM) is a promising method for solving various problems on powders. How-
ever, there are a number of input parameters for DEM simulations. This study demonstrates the inverse pre-
diction of the DEM input parameters from the DEM output powder properties using machine learning
techniques. The simplest powder model, a non-adhesive powder, was used as the powder. Outflow rate, aerat-
ed bulk density, and repose angle are adapted as powder properties. A database for machine learning was con-
structed by performing DEM simulations on the powder properties with 750 combinations of input parameters
consisting of friction coefficient, restitution coefficient, spring constant and shape parameter. Support vector
(SV) regression successfully reproduces the DEM input parameters from the DEM output powder properties
with practical accuracy. These results lead to further use of machine learning in DEM simulations.
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Cundal & Stlack |2 X - TBi % (Cundall and
Strack, 1979) & U 7= B #k % 3 ¥ (Discrete
Element Method, DEM) 13 ¥ A0 KM &, i
MR, BY - B R Ex kS 2 &
NTELYIaL—TaryFETHY, EER
TR SN AMREEOGEME, T4hbb, M
£, {125, BERE, Jmih, UiEh, RER, BE, %
K, BEERRSE, Rk &2k CcaxbTHe L
THfFsnhTwsb. DEMY 32— 3T
X, By, B, mAS) PR EE L oE
BB AR EICL ), BT O HEES)
BLUONREE ZFIH T 5. 2020, BHED
FF DD FENEDNT B 7200128 72 e W FE
T OREEREFOBINDES Th B L\ ) fF
b, —HT, EiERYIalb—var%k
179 720121F, ) mEICELE TIFFITE
DAIIINTG A—=F B L 2 TNE R bewE
V) [ED D B

DEM > Ia2al—Y a3 DAIINTA—F%
P L Z LI DEM 2B A R FRE T
HY, MET—~YO—53HE2EEL TW5E.
(Elskamp et al., 2017; Coetzee, 2017; Boikov,
2019; Roessler et al., 2019; Richter, 2020; Lima et
al,2021). DEM ¥ I 2L —3> 3 v D ANIST
A= 2IX, BERORERHE L v o - g
BRI REZR /8T X =5 b B D05, B KR
DR R IR &\ 0 7273 F A — ¥ TE
Wetills 2 2 L IdWEECH 5. EEEHIT S 2
ENREER ATINTG A—=FIZOonTIiE, Bieb
ATINTG A= ZHWTRITE BRI L B D
DEM Y a2l —3>ar&FEmL, ) BHiko
IARFFEA R CTE 5 L )T 5 2 L h—
T H 5.

WS W BT, ShETIcH—L
TH—= A= =Xy FTA5® 2L - Thk4
e By R DM AT H T & 72 (Schwedes, 2003;
Ghadiri et al., 2020). =15 O RERE % 1 H
LTDEM ¥ 2 ab—3a YD ATINT A —
7 & HEETEIUTL L OFBFIZB W THRIZTD

ZEPHREEINS. L2L, DEMY I 2L —
T a v TlE, BROAIIINT A=Y OB L
TR EREEDRFITE SN L 720, FFED AT
T A= AR SHEET S Z L IZREET
H5.

Z T TARMIZETIE, BWMFEEEN 2 L <
WK ED S DEM ¥ 3 2 Lb—3 3 Y AT S
FRA—F FPET DL L RMT IR
LT, iHEE, ©i2003%E, ZEATR
ML, 2hooERZEML7-ET IO DEM
Yialb—vark, AINITA=FREZR
PO MBAIATH & THEMFEEH 7 — & R —
AEREHEL, TR— bR F—mIFIZ L) Wi
Exfror.

W% A &

1. BAEEDDEM Y I 2L —va v
DEM ¥ 3 = L — ¥ 3 2 1Z Granuleworks®
(Fuxrvy 2z -7 by T7HAEH) 2
Wiz FERRII2IE Voigt €TV E R L, #maS
0 HPTIC 1X Elasto-perfectly plastic €7 )V (Jiang
etal, 2005) % Hw7:.
MIEOETIVE LT, &dHMRAAERED
WIMRZ IR L2 R 1.0mm, RO
FE11000g/em® & L7z, KLIWCRT L9 I28E
RS, DOEAREL, XRER, BRkT 2—%
R ST EROMAEDLEIL 7508 ) &
5.
WREEOFEET IV E LT, FHEE w
LOMSERE, BEATERMA L. HEE
DT XHICEIHE LA BEESOmMM, F3
200 mm D 7 2% F 12 200,000 fE o ki 1 % 35— 1|2

Table 1 DEM input parameters.

Number of cases 750

0.1,0.3,05,0.7,0.9
0.1,0.3,05,0.7,0.9

100, 300, 500, 700, 900
0.0,0.4,0.6,0.8,1.2,1.6, 2.0

Friction coefficient
Restitution coefficient
Spring constant

Shape parameter
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AT D L ICHIIRE L, TOBAMET S
Bz BEREMOBEE20mm ORIZEEZ LT
BE YIial—varBBIBRICERRSE
L7, 20Ok 1 BHICERA» S L7k T
¥ O G g 2 B L7

W 5O SEEOFHETIX, EES50 mm, #
E50mm DEZED EH 110mm 12k v N —%
Rl L, AT A AEEE 0.05 mis TH RO BA
200 mm OALED? AR IMYs &b L9
R T2 TS VI —a yREy
510 BRBRICEBRHNICEINIHTRLO 50
NEEEEREH L.

ZHEATIE HZEmMmMOFEMRD L)
1mommiZ A v N —%iE L, Fio -
200 mm 72> 5 @A 0.05 m/s THEAEDS 1 mils
EBH LXK TEHET S DEM ¥ I o
L—a i 10 kT, 98,25 10B0%
BAZFEL.

2. BEWRAENC X B

DEM HIDO ATJ/8F A — & DD 720 D
P B E R — bR & — G %2 Hv 72
71— %V B3 %12 13 Radial Basis Function (RBF)
v REED kernlab 7 1 77 1) (Karatzoglou
et al., 2004; Karatzoglou et al., 2023) % F\»Cf#
M7arg nkEE Lz N I8—=8F X =%
ThHbCLsigmlI_EEDTY) v R4 —F
THRELZ, —BHOZ ) v FH—F1L107°
725 10° OHFFATITV, I HIE— [ H O &
il X 12RF LT Imxye (1=01 F7212 1, m=17»
59 DY) ERLIZ. 7))y FY—FTid

10 43 E28 #MeFE (10-folds cross validation, CV)
10 [\ DR L, ZFEFEHFEHRERE (Root-
mean-squared error, RMSE) DA/ E 7 %
bOXRHA L, AR IRy —HRIHEH
T 5 elINAIN=3F 2 =% L LTHYF-72
75, 107 05 107 O #HIF TR S B 12K & 2
WA 2 el olzlzh 102 & L7

ETOT — & I IHWAE IV 2 RN REL
EATo TR L.
B R

%

B 112 AW 78 TIT o 72 & TORKREED
DEM ¥ I alb—va ViERkEmRd. ASIY7
A =8 %I D & LRRREITZEIL L THA L
TWALIZEDHRETE DL, Wi Lo DEM Ho
ATIIRF A — & ERR R RO N IE R 7 B AR
AT LI TE R/, 2L, &
BDOATING X =5 SEREFFEICER L Tw
HZLERLTND.

FiRO—F & U CEBEERBOBEHEE IO W T
LIRS . 10 73 EIZEEMEE DORE R, N A 23—
INT A =% C EsigmaldZznENns3 e olzpk
¥, TOLEDRMSE 120113 CThHo7z. =
W, BRI O D ER N R TIT 2 72
ZEERLTWVD.

KWFFe T L2 =o 0 Rk ohc, &
DYFEDBEIZIR B ORI CEETH B 0% 5
PICT B0, FHT 2R —> %7
EZOICHIR L Tl 217 o 72 R 2 X 2 12
R, MR E o0 AR L 2A I,

©100 ‘ —E °
0°8°,8938 5833 &

A R O 5%
£ 60Be8esBaaBRBARIGEE Ty | © 60
oy R~ 5 (O
z 40f 12 o 40
2 o 18 50! oo
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Fig. 1 Calculated (a) outflow rates, (b) aerated bulk densities and (c) repose angles.
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Fig. 2 CV scores using different combinations of powder
properties. D, R and O means aerated bulk density,

repose angle and outflow rate, respectively.
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ABSTRACT

Core—shell polymer particles, which exhibit multiple distinct physical properties, are utilized in a variety of
products, including optical materials, diagnostics, and fillers. These particles are fabricated through a multi-
stage process that begins with the preparation of seed particles and is followed by the polymerization of shell
materials. However, this method is time-consuming and involves complex procedures. In this study, we have
developed a continuous microflow process using slug flow to produce core—shell polymer particles. This re-
port introduces a rapid technique to synthesize monodisperse core—shell polymer particles through sequential

soap-free emulsion polymerization within a Water-in-Oil slug flow.
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Fig. 1 Schematic image of the preparation process for core-shell particles using slug flow.
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Fig. 2 Image of a reaction tube immersed in an oil bath.
The reaction proceeded from the bottom to the top

of the image.
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Fig.3 SEM images of PMMA seed particles prepared
with (a) batch and (b) slug systems.
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Fig. 4 SEM images of PMMA/PS particles prepared with (a) batch and (b) slug systems.
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ABSTRACT

Thin films of Fe;0, were prepared by transferring Langmuir films of Fe;O4 nanoparticles (NPs) coated with
oleic acid molecules at air-aqueous interfaces. The packing of the NPs in the film was controlled via the con-
centration of NPs in the spreading solution used to form the Langmuir film. Films resembling a network of
thin wires were obtained when a low NP concentration was used. In contrast, films of wires of irregular
shapes and thicknesses were obtained when spreading solutions with high NP concentrations were used. The
irregular NP packing observed at high NP concentrations is explained by NP aggregation at the air-aqueous
interface. This aggregation is explained by inter-particle hydrophobic forces due to the oleic acid molecules
adsorbed onto the NPs. The NP aggregation in the films was further reduced by adding charged SiO, NPs to
the Fe;O4 NP films. The SiO, NPs introduced electrostatic repulsions in the films, which reduced the NP ag-
gregation. The ability to form thin films showing a controlled NP packing without aggregations is envisioned

to improve their ability to be used in nano- and bio-technological applications.
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an aqueous solution) . 7K T i o> E L L2 1358 7K
% i L 72 (Direct-Q® 3 UV, Merck-Millipore
). KA A8 & L Cidk NaCl (99.5%
purity, Wako Pure Chemical Industries, Japan) %
R L7z, 72, RHEAEBEE LTldzoaki
L (FGAESE) 2R L7

2. HofER

Ko AKFRETHEBEEZ DL B72012, NP &2
== D WA - QB3 RS e U E DA
DERDIDT 7327 77 (KSV
NIMA, BiolinScientific #1:) =i/ L7z, ~ 1
yuad) YT EHGCHELEONP O 0N
RV LEW 5 - KRR L, 10 47 %
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imCHUE L,
7z.

NP DM A2 TR L 720, KIEE — 540
EEmAIE B L ORI EESE (AFM) A
A=V T HRITo72. AFM A A= Y T O
i >~ 7" )V iE Langmuir-Blodgett i % fifi » T4 -
KT TO NP D% FEMH (A7) IZREFEL
THME L7z BAKMICIE, 7— 7 CRi % 5k
L7z~ A7 3EHR A Xx1em?) %
Langmuir-Blodgett trough @ 7K IZIRTE & & 720K
BT, i oRE 2 R L7z 10 45 =R
THUE S TH 5 7 nah)L A xS
#7205, Langmuir-Blodgett trough O/ 7 %
JEfE S HEEZER L2, 2ok, EHEL
10 mN/m IZAfERE L 72 IRTE T, ~ A H &t %
1 mm/min OFETH & RIFCTRE L7,

SEEEO 7 0O RV A RIER &

3. oA A=V 7

JE TR X 2RO A A=V v T %
1To72. JEFRJIBEMEE (Nanoscope 111, Veeco)
% Tapping E— N T~ A H RN IR/ L 728
flw f X—=2 07 L7z,

1. Fe;O, NP DJ

B 113 4 FEFE O BT B IR D Fes04 NP AT
xR - ER SN KA OSEA TH 5. [
CRMEEICBIT AHT-H 720 EHETRMEO R
Mo, BENEL LD E, SEBIRTH2Y
DEFEDES/ NS VAN 7 b5 &b
A, 2O ATEEOERMME CHEH L7 NP
BRI R D%, & - KFHE ISR S
N7ZZNPEUIF U & 2 5560 T THIE SN TWY
. ORI, BB O NPIRER, K-
KPR CTIB S5 NP JEIZBIT 5 NP /%y
FUTNHER G2 EEORLTWA,

FA DN -y F U TIRRBICBITBRFH720)
DEAHEZFHET L7720, LToR %o 7z,

Avex = TR?/0.74 (1)

T T T T T

_ 45 ——0.10mg/mL |:
& . —— 0.89 mg/mL

> 40p . ———167mg/mL |3
£ 35F ——3.53mg/mL |-
- E - = - =close packing| :
(I‘_:.; 30 : |

? 25F !

]

CIBJ- 20 ’

Eo

g 15 ;

10F

© '

5 sp |
Co 0 : L L 1 1 1 1 1 I}
0 100 200 300 400 500 600 700 800

Area/particle (nm?)

Fig. 1 Surface pressure-Area/particle isotherms of films
resulting when four different Fe,O, NP spreading
solution concentrations were used. The area/particle
value for a NP film with tight packing is shown by
the dotted line.

RIZPAE, Anex (IR FEFTHIREEIZ BT B0 124
VO EEHEBETHDL. YA Ny FUTD
EIZR L TIRAEMTRL TS, TXTOMREIR,
AN - RN F U7 E)EWEEZRLZ. 20
HRP SOOI (KRR BdbEEZLN
5.

JBFEE ORI OREEIZ G- 2 558 %

RB720, & KRB TOREZ~ A 7 FHHIZ R
L BEXHETLIHORBETD 5,

10mN/m CTlE% 2FE L7z, AFM 2 flio> T2 0D
fla A A= 7 L7z (M2). BEBEEROR
EPHZ 5L, BETORMPEZ TWDE I EDD
MA. KRBz LEVWH) 2 i, Eodbos )
KWAOEEI R 22 2ERT S, $/2, K
TORDGATTNA b - 77 7 A VERIET
e, BWEZHETLIENTE L. —FHEK
B (0.1 mg/mL) O RERER % W RS
Nizfiong b - 7a7 74 VHIEPS, BE
WENPOEFELEFELCOLVWORXETHL T &
ool $abb, 0.1 mg/mL O REBER
T IUINP =@ 721T5 - KRFHIZIE A
PHR RS TEDLZ EDGD5E. LEL, bo
EEVBEORMMEREZM ) &, NP OBEEX
DBBEREOFHHPKEL % bHaaEz Tnw L.
INSORRNE, RIZBUTBRREBEL Vo
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7o RBGIZERERORE L LI 52 E2 5
ns.

R KA E DT O NP DD JE K 12D
WORES L7z, BB NP IEA L A VERICHE
ENTWw5D. F LA D COOH 3 XM b8k
NP DFRMIZWLAE L, + L A VHid NP K2
SAMANCA O 7ZIREETHEIET 5. A LA V3R
WK AT A EmSNTW D, 21
D NP LT 5 &, NP A HIMANZ A2
THOPTWEF LA NVERHNIIF —/N—=F >
TTCELE)BRIREERDL, 20 L) RIRET
X, NP ICBUKMEDTI I A %A T B 72012,
NP 2S5 &2 oM, EHRE L TRENEET
LEEZLND.

& KFHTTO NP OBEIREEIC T3 B
O DEBIZ OV TR L7, Blcdik
N7z X NN, A FHEOKEFIZ R 2R
FIAT 2 WV CHRE SN -78, BRGHEZ
M=V T LI EIZEY, Ko KFEISHEE
T 5 NP HIEFE— & o T b, EEEROE

FEMHEWIGEAE, 7 L7 NP YR - KA
HFHELTWL EEZEZBNSL., LL, IBWVIEE

DREFER R L7256 13, NP A - K5
HTY A8 —%2BHRLTWDEEERZOND.
BB ORENPEZ 5 L, BIKTH 555 NP
BOHEEA L 2 5. RABETHL 700K

| A: 0.1mg/mL B: 0.89mg/mL ki
2 pym?
0

| C: 1.67mg/mL I C: 3.53mg/mL

Fig. 2 AFM images of the films compressed to 10 mN/m
and then transferred to a substrate.

WV LIBKEZR DT, NP 2SEBEEOFIZH
B EEIL, VA NWETROBUKMES [TIX5E
3, NP IXTEA LR CRBICHETE 5
LA L, NP 2SR - RPN S, REE
MCTHDH 7 IRV ADTEEIEE L HRIL,
NP 24 L A OV EIZHER OBOKIED G T) 258
< BEBHICBIT A NP IEENE WA,
ITHHEICAFET 2 NP BDSE L b7, L)
DI TAY=DEEEINDLEEZ LN,

2. FesO, NP + SiO, NP DR &I

Fes04 NP HAR D2 B\ T, EBIATIC
BULNPEENSHZLE, K- KRETO
NP B R B (FRRPEESR) D2 5 2 LAV o
7. NPIEICBIT A RS 729, NP
WHERNTZEATH L eilhi.

AT & LTI £ O NP TH 5 Sio,
NP % ffi il L 7z. ZK#H® pH 7% Si0, NP O %8
BE D EVIREETIE SiO, NP IZ BT A 2 & AF
MHNTWD, 7 L 72 Si0, NP % FesO, NP
BEAIZARINT A &, Si0, NP ORI &
D FesO, NP EICBIF 2B EZ S T2 L AT
&5 EMFETES.

SiO, NP 1 ZBIK M 0T, @FILE - KR
TUENLETH ) ZEGELZR L 2. Ly
L, AKM& L THiATIEZZ < 100mM NaCl ®
KW %49 &, Si0, NP 124 - 100 mM NaCl
DOFHCLERFEATE D Z L D> T Bl
F72SIO, NP DEEBRMIEpH2~3 D TH 5.
Z®D72%, pH6 ® 100 mM NaCl i1k % ffi 9
&L SIO, NP IR L72IRBEE 20 . U312,

' B.Fe,0, + SiO, Shim

Fig. 3 AFM images of the film containing only Fe,O,
NPs, and the film containing both the Fe,O, NPs
and SiO, NPs.
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FesO, NP [, B X UFSi0, NP % 7l L 72 Fes0,
NPIEED ARM & 2 7R . w3 b LT
10mN/m TV A /1 BIZEEENT W5, Fes0,
NP BIZ R FAA R b A7 WEUEE (R B R
0.1mg/ml) THs2, ZNEHELTY, SiO,
NP ORI & ) RGBS E SR o T
LT EWTDS.

3.

Ao kKRHECTERENLF LA VEBRWE
FesO, NP ED MR a2 V72 { ¥ 2 L% H
Be LT, SmMREE, BIO~A HEKEIC
FAEL 72D AFM A X — 3 v ZHE % 170,
UToZ EEHo0I2L 7.
CRBIBWICBIT A NPIBENZ 5 &, & -
HRFH T E D NP RIZ BT 5 KR (K-
BRESE) AT 4.

< F LA U EEYEE FesO4 NP JEIZAT7E L 72 SIO,
NP ZVsHN§ 5 2 & 12 & o Tl A 128 U3
NxBAT 5T LI, BEOREE R BT
DRREN D o 7.

H4 BB F &R R R

i L FE %

1. McNamee C.E, Yamamoto S., Shigekura H.,
Ogawa T., Control of the assembly of Fe;0,
nano-particles on water and mica surfaces, In
Preparation.

(3]

(4]

(5]
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W s
RESEEMME 2 AT 5 LM (MOF) 13, BREEOKRBEEIRE LY A7 v TIROWEZE) %
RY. MOF I KK CTH 5720, TEMHIITH L S DORERLELED, B5T 11 v 5 —
AHWTRL Yy MbT5E, A7y TEEHPRBICRLZEPMEINTNL. ZOERKIE, &5
T2 X 5T MOF DAFEIGIRAHE SN L 2072 E 2 5N 5. AIFZETIE, BREEERORL S
MOF XL v MUL, WAEZBE OB ZIT- 7.

ABSTRACT

Several types of metal-organic frameworks (MOFs) exhibit S-shaped adsorption isotherms due to their struc-

tural expansions. These materials are obtained as powder samples and require molding for industrial use;
however, molding the samples with polymer binders reportedly made the S-shape less distinct. Our previous
study elucidated this mechanism: the polymers inhibited the volume expansion of MOFs in the pellets. In this
study, we molded two types of flexible MOFs exhibiting different volume expansion ratios and compared

their adsorption behaviors. We concluded that a flexible MOF with a smaller volume expansion suppresses

& mf ok N

the smeared effect when in pellet form.

BEOBE ROV TR S X TR A BRETH 5.

B EHET T AIBVTE, TR VF—HEO
LS 3 BB L2 LGHS TR TH SN THD,
BRI LA ORI T, HRIWAT  SHIE, BT F— |2 LR 7 T
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L A0 5 OIS E F N TS (Sholl and
Liverly, 2016). %2, WHEAIFUL T2 H A
5 HE L, LM R 2 B 720 55w
AR TH Y, LSRN & 2 W5 & 0E
MR L7258 ED SR E T\ 5 (pressure
swing adsorption, temperature swing adsorption 72
). TNoOWAETHET T X XD EERNERIE,
ZILEM B ORI E K 5. B4, Euv
SHEERE R R SRS LT, MEFEREE AT
% % FL1MEETR (Flexible metal-organic frameworks;
MOFs) 757 H &4 T\wv %. Flexible MOF (%
I AWAE DB, & 5T BV TEBRED
LMD AT v TIROWAZE) % 7R3 (Horike
etal, 2009). ZOILGRILT — ME LIFIIN,
ATy THETOREEZADPRENZ EDDS
TEERMFNC T 72 MEd AN 51T 5 (Hiraide
etal., 2020). MOF (¥ KAk CTh %728, 47
HE 7 AN TOFMAZRIER S &, L6560
WL LECTH L. Z 2T, F&FEH Flexible
MOF @ ELM-11 ([Cu(BF4),(bpy)].; bpy = 4,4’
bipyridine) (Kondo etal., 2006) % &4 F/N1 ~
F—TRLvy MELTADE, FNBAT v
TRAEZLEPEBEBILLTLE) ZEDho
7z. Rk Y | Flexible MOF & T34 HTEZ,
BWEZR ATy TREEFIKF L TV D720,
XLy MBI X 27— MGERIEL OB L]
BlLUOzoHf» kO 5N, IE TICFKA
BN FRTIC L DV BREM L EDTE
D, BT X o TELM-11 O EZE A HE
SNTVEZEPIDHERZEHS NI LT
% (Hiraide et al., 2021). Z @ #& R IZHE 213,
RSB/ E WV MOF 1, &5 T4 5 0%
HEZZITIC W ERIRE S NS, FERIZ,
ELM-11 (ZWA5 (2R 30% ORI REL 3 %
ZEBHLENTBY, TOoRBEEREORE S
PEEBICHRO—RNZZLEZ NS, ZI TR
ff 98 T UL, AR 5R 2 2% %9 10% @ JG-MOF
([Cusy(bdc),(bpy)]n; bde = 1,4-benzenedicarboxylate)
(Seki, 2002) %KL, ZDOWAEZE) % Hikd
% LT, MOF HIEDO B IRSE & liI2 &
B AR oM 2 B S 202 L7z,

2. EBTE

45 =49 360000 DR K= LT Ko
(PVP) % VAl (ELM-11: #i/K, JG-MOF : *
y =) \ZInZ, InEk - B %ICER
FTHEH L, MOFfREBRELTAT) =L
L7-. 20, EER 3mm OFERIREERNIZHR
LA, 308K C—HElz/Es 52 L TRL Yy
Fe L7z (D). pHEEZRT 2R
BLUPBLAEE L7206 (RILED), CO, W& %R
# (ELM-11: 273 K, JG-MOF: 263 K) 2 & V) &F
fili L7z, Fix D PVP &AW, (= PVPHR
HE (PVP K + ELM-11 i K E=®)) T
Ly MEERL, WEBE) L L2 F—%
YT LTC, M0 R LIS RE 2179 B
i, ZOHE, FEOSMCTRILEZ 1T 7.

3. MiRLEE

& % @ PVP L& & CTHIE L 72 ELM-11 B X
N IG-MOF X L v+ OW 75 fR % K 2 1278
. 22 ToMftEi:, MOF EEdH 72N OWAE
®wThHD, )Ly MLL7ZZ LI2Xk5 MOFH
HoWAEEZLEERL TWwihH ELM-11 DX
Ly M, PVP A EOEIMIZEVEER D
AT v TEBPHEEIN L TB Y, 100 kPa HixT
ToOWERS KFIHEP L Twb —HFHT,
JG-MOF DXL v M, &AL 0i%EIZ Z4 1
TWb 00, BRIEWAT v 758 %o
THD, 100kPalZBIT 2 WA= b KK & FFE
ThHbIbhroi. D EOENS, Hik
2 D /N E > Flexible MOF 1, BRI ER 1S

Fig.1 (a) ELM-11 and (b) JG-MOF pellets with w,,, =
0.1. Adapted with permission from Ref. (Arima et
al., 2023). Copyright: (2023) American Chemical

Society.
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Fig.2 CO, adsorption isotherms on (a) ELM-11 pellets
(273 K) and (b) JG-MOF pellets (263 K) with
various weight fractions of PVP, Woyp: Adapted with
permission from Ref. (Arima et al., 2023).
Copyright: (2023) American Chemical Society.

BWT, B0 OMEERIHE L 2112 <
<, MBHOMFREY, 7 — NRAERISILATHIH]
ENDZENbhrol.

Fl—4 > 7k LC, BB G 52 % 47
VW, FOFEEE L2 (XK3). ELM-11 O
Ly MI—FEHLD AT v TEENRAIEIC
olz—T, JG-MOF XL v M, —EFH
EEDL R WAERE R L7z Z OMEIL
Flexible MOF DATRIFZ IR DK & & & &00F DY
MEFIZE > THPTELLDEEZ LN
(K4). 2%, HKEEEOKEZVELM-11 1,
— B HOWAER @5 F N1 v ¥ —%2RKE
LB T ¢ 5720, @ TH AR
AT 5 (M4, al-3). ZORE ZEHO
WA REIZ 1L, ELM-11 5 D O &5 F 25 A
L, »2HOZEEFEERSNLTBY (K4,
ad), WELREMEDORESRM I NI EE X

80 a .
m ads. J
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Fig. 3 First and second CO, adsorption isotherms on (a)
ELM-11 pellets with Wy, =0.2 (273 K) and (b) JG-
MOF pellets with Wy, = 0.3 (263 K). Adapted with
permission from Ref. (Arima et al., 2023).
Copyright: (2023) American Chemical Society.

5Nh. — T, JG-MOF IZMEFE RNV S\
72012, KFOMEERIZE > TIHLEBTFON
AT= e S E O -l |~ N B S [N Al s
2515 (KWab). ZZ TR 212815 BHEK
WCAEHT A&, ELM-11 XL v MK & FEHE
ICEWETH D —T, JIG-MOF XL v MIE,IZ
L L T, ZoRRIE, BEERO KRS
72 ELM-11 (3 iE  (RFIGHE) W l2hb o % 5213
o 7z—H T, IG-MOF IZBAERICDN %
ZFT T2 e E2RIBLTCEY, LitoH
M T AR E 572 (X 4,a3,b3).

4. #a

KGR ORI RED R 7 5 MO
Flexible MOF % & 45§ /34 > ¥ —T~_L v ML
L, BREEEOKRE SIGER L 2S5 8 oM
EBEAHOLICL, 22 TELSNZAAIL,
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a. Large volume expansion
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al. 1st gate adggm]‘ ion

The polymers are moved by

Host framework
al. Initially, a MOF particle
is covered by polymers.

b. Small volume expansion

b2. 1st gate adsorption

b1. Initially, a MOF particle

is covered by polymers. Few polymers are moved by

A

The polymers, which has plastically
the large volume expansion of the MOF.

1'3',:'.’.' 3 '._s'"' i
AT Al
} B i

-

The polymers, which has elastically
the small volume expansion of the MOF.

r # I'\ ,‘ \‘}- ’
ad. After an adsarplion}dcsorplion
cycle, a void has been
generated around the particle,

a3. 1t gate desorption

deformed, exert no forces

on the MOF particle.
2nd gate adsorption

There are a few polymers inhibiting
the structural deformation, which
suppresses the smeared gate adsorption.

b3, st gate desorption b4. The polymers return to
the initial position

deformed, exert a force around the particle.

on the MOF particle.
2nd gate adsorption
The same amount of polymers inhibit
the structural deformation, resulting that
the adsorption behavior is always the same.

Fig.4 Mechanism of the first and second CO, adsorption/desorption cycles on MOFs with different volume expansion

ratios.

Flexible MOF D458 7" 1+ 2 F)H % HiE 2 72 1
TEETH LD, [FREREINSTIUE B
WIRFEM T 2] L I3—BRI RO T bz v,
Z3UZ, Flexible MOF D& ) — D DIETH %
BHEIEDS, IR O K E S 126 LT
L9 %575 Tdhsb (Mason et al., 2015; Hiraide et
al., 2017). —RIICHE IEBBIRTH Y, 77
HEENERTIE, WA HEATT 2 2 &2 X Bk
FABIOWEEDOKTAMEL 2o TWnb,
Flexible MOF (3% DR EZTEREIZ Z b DR
HAD—HEWET 5 Z LT, BHNOWE L5
M2 LN EET L. ZOREIE, HBELE
HREVITZE BCEBRTHEEZOLNLOT,
(2] OBE» 5L, MELIE DK\ Flexible
MOF O EHTHhHLEEZOLNS. DX

D, BB OB & B | L — K
T 7R BET B 2 ST 724 O
HCTh 5.

S 3R
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L7z, RBFZETIE, oML TS 2B 225 & & b2, BEah ks &ith
MEREDBIFRZ A L 72, Btk & ZALERFOBAHIE 2 HIfS 5 2 & T, BEKTHOWH O
i & ZALBURFE OMILAN A SAIALNAMZHIEI T & 2 2 L3 p o 72 BEE O —Hos LM D17
S A BEER T D ETERET A 7 VEEZ R L7,

ABSTRACT

We have proposed a hot-melt kneading process using sulfur and porous carbon to produce composite cath-

odes for all-solid-state batteries. In this study, we investigated a key parameter to control the structure of com-
posite particles obtained from the hot-melt kneading process. Furthermore, we investigated the correlation
between composite-particles structure and their electrochemical performance. By changing the weight ratio of
sulfur to porous carbon, the two types of composite particles were produced: composite particles with almost
all sulfur existing inside the pore; and those with a part of sulfur existing outside the pore. The latter compos-
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ite particles exhibited higher cycle performance.
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MEBLUMEZHEEGILT LI ENULEL R
5. AL, ZolEwmMEEGLToe XL L
T, AEEICENE SRR T T A0
FIF 3% L7z (lwao et al., 2024). Z 70
L AFBEN T ERRICINAZ S T ENTE S,
D72, KRS 2 2 ER S8, WL 72
it & BB BhA ORI X A AR TR Hs T
RECh b, HBONTEHERTIE, WA~
¥ — ) LB IkFE CGEREIF) K258k
ENTAEETH D Z EDG o TWD (Iwao et
al., 2024). LA L, ZOBEAR T Gl
BI2ODBIERFBANETH L. T2, HE
K & B PEREOBIFR O A E 5% .
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REBEEMAT, HEERTE2ERLA AU
JETIIIHE & ZILE R FE OB A AR T 12 7%
DI BLEZ, MAEMEORAELEZEELT
MERT 2 E L 7.

MO, BEELBBROMAERMIKES, 2k
RAEDOEEETIRIC 25 MV 7 20 SE-l L
7o, BALEREORARREFIRER, BonslE
AR TOMEICRELHEELG2LEEZE2LN
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{LEFE DR D AR TIdAT- 72, WKIC, #E
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LEROZED, MILIZIRE L 726 s AR5 1A
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Fig. 1 Mixing torque at various S/C mass ratio.
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fro7-.
ML omiTo 20, K1) TEFRL 26
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WE = (Vraw - ch) / (WS/p) (1)

Viaw Vep 3B FLVERFE 19 470 OLILE RFE
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Fig. 2 Representative torque at different weight ratio of
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maximum torque.
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composite particles.
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Fig. 4 Discharge capacities of composite particles.
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W
7u vy 7 EAEK (BCP) I ZEMT 0 v 7o 7 ad5EEIC X - T lamellar #58%° cylinder £ &
RS 4. AREFZE CIIBEHRENE ST & LTS L5 catechol DAH 5 7% % BCP DA A HIYE L,
catechol 5351k T % dopamine acrylamide (DOPAmM) @ M {3 w3 A I BH 24 45 R B (RAFT)
EAICLY, v 7 mEEBEF TH S pDOPAM-CTA DA A ER L7z, & 512, #i# DOPAmM %
&5 LT, p(DOPAm-b-protected-DOPAM) DAk % E K L 72.

ABSTRACT

Block copolymers (BCPs) form lamellar, sphere, and cylinder structures via microphase separation between

each block. Our mativation is the synthesis of a block copolymer composed only of catechol derivatives. it
Thus, in this study, we report a synthesis of poly (dopamine acrylamide) (-DOPAmM) via controlled reversible i
addition—fragmentation chain transfer (RAFT) polymerization of DOPAm without a protective group using e
DMF as the solvent. Furthermore, we synthesized the block copolymer consisting solely of catechol deriva- B
tives. 5%
B R D B E JRFDEEEBDI20D T T v b7+ — Ll
HERMHME L TwE, 7oy 7 EEAK
L WREHE (BCP) 3 FfE 70y 7 > I 7 u Ml X -

AWFFETIE I 7 TG BEmiAH 2 W72 285 T lamellar #75 <° cylinder fif i 2 23 4. %
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Do, BT/ ~—%2BATHLILET
BCP D AH 7 BERE & 2B REE 2 1555 2 L 28
WReL b, BEREMEE / ~— & LT, catechol
FERE 72 BCP AL (SN Tw 5.
catechol (3R] #2725 e 1 R0 BRAL 7= To e 1 & 80
Z &b, BCP O HERGE &R~ D F kA
DEAREWIHE SN TnE. 22T, Fx
1% catechol FHE LD AH 5 7% %5 BCP # H\ %
Z & T, BCP WS % #H 45 B O T AH ~ LA
FOME BB TEDL EEZ, WREZEDTY
% . catechol DFEREM: (X OH ZE3 AR & 722 5 72
W, OH EZ#EST 2 Z TR ZME 272
catechol & #E££:# o catechol 7> 5 7 % BCP % £l
WYL ETCHME L HAEERT T v k-
LOMENTREL E 272, 22T, KWfZETIE
¥ 9, OH # % f£3# L 7 v catechol 3% & 14 %
RAFT EAICL D A A ER L7 Hiv TR
ENERE S 50— VK1) v — (pDOPAmM-
CTA) Mz 1E8 L, F /KT OHEBEHET L
7z. Catechol D TCIEE VR A 4 > DEIC &
RS EDLZETHRORED RN R o727
A ZRDOIGRIEAE SNz, v, I 7 0HM
SrEETAR A& 7o B ) KT o BIEERR IS
FERES T a— Ve REY T - Vb
% BPC (AA’type BCP) DA A AT - 7ofi %
W59 5.

2. FEER
2.1 poly(dopamine acrylamide)-CTA
(pDOPAM-CTA) D AR

£/ ~—& LT DOPAM % DMF |ZAff S &,

HERFEE)HI & L T 2-cyano-2-propyl dodecyltrithio
carbonate (CTA) B X "B 45 % & L <
10 mmol% @ AIBN % fil 2 60°C T Al 72 I ] X
IBSEDLZETESGRITo 72, WAREERTESE
L7zob, KBRS 52 & CTEAREIEL.
EABELZREMGL, ABKE LTI —
TR, BLBEBREICLD R v — 2R
L7z, BonzR) v —13H-NMR B L %
AT (UV-vis) HIsEIC K W EEL, 7v
E®osa<x b7 74— (GPC) 12X )R A
F L VRESFRERVBUIRE O~ 7 0 #EHE E)
#| (pDOPAM-CTA) % f#7z (AF—A41).

2.2 pDOPAM-CTA #ifii i & ONIEE 2745 %
Rl 7T R T

& B L 72 pDOPAM-CTA % 5wt% ¢ DMF &
WalEiL, A¥ya— MNEFHWTH T A
W B\ iE ) 3 2 FEA 12 100 nm F2 5 0
J e B L 72, Bl U 7 M O BRAF VA & 2
THLDIZEZESEMFETTIAC, 27 =—
V& AT 72, 200 mM Al R SRR A S R A 07
EHIEZOL, BHELWNT80°C, FriE ks H
7 == )VEiTo 7.

2.3 poly(dopamine acrylamide-b-protected-
dopamine acrylamide) (pDOPAm-b-protected-
DOPAM) D&

DOPAm & triethyl silane (TES) O Kt 12 &
) DOPAM Ok Fu ¥ 2 3a TES K£IZ X 0 £
i L 7= protected DOPAmM % &1 L, AIBN % [
16 %), pDOPAM-CTA % i $H £ B #l & L 72

Scheme 1 Synthesis of pPDOPAM-CTA.
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C o
OH k T l/
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e
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N
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p(DOPAm-b-protected DOPAm)

Scheme 2 Synthesis of protected-DOPAm and p(DOPAm-b-protected-DOPAmM).
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0°C THIELZ. COHEWICMN)ZF VT IV
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je°
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%, Wik a~< T 7 40— (NFH U EERR Time / min

IF N =3:1 ICXDHEHELE HWT, 15 T
protected DOPAM % DMF |2 VA fif X & 5H $5 75 5 R . 5
%] & L C 1 mol% @ pDOPAM-CTA 3 X UN[il 4 ] . =
#l & L T 10 mmol% ¢ AIBN % fjil 2 60°C T aaon . =
LhIS S5 2 L CRARFTor BAWE = am . g
FAEL, BUEBLELTAY /— LRV, . . -
WBBRIEIC L D RY v — &R L7 Eo: o ov w w e ow |
RV~ —%HNMRIZCEVFEIEL, 7 IVi&if . '25 B - "

suxb7774— (GPC) 2L DK AFL
WS F- A 29000, A3 FEAIATAY 1.32 DR
1) ¥ — (pDOPAm-b-protected-DOPAm) % 1% 7=
(AF—2142).

3. Wik - BH
3.1 pDOPAM-CTA D EAZEEOMET
pDOPAM-CTA M) ¥ ¥ Z 2 a4 5 720,
HNMR B XU GPCllEIZ L V) £/ v —izfl
RELGTROFMEITo72. EEOHHEEZDS
% 60min £ TTIE, FOF5 174 5400 2
FETHho7, —KIETO Y MIBWT
120min £ ) EVWEAERIC CEANIZE /
Y=HEEINTWLEZEPRHLNE o7
(B 1A). 2512, HFH 5 FEH R L

35 s s
Conversion %

Fig. 1 A:First-order kinetics of the RAFT polymerization
of dopamine acrylamide. B: Number-average
molecular weight (Mn) and molecular weight
dispersity (Mw/Mn) of pDOPAm vs. the monomer
conversion rate.

TEMAIZHEIML, 5 FE&S M LALT TH >
72 (B1B). THh kb, HEAERMAY 120 min L
ECHBIcEAFRIHM SN TS EEZ BN
%, JEATHEZEIC BT, DMF % catechol @ OH
FLKFEEEEZEHT 5 e shcns U
L7z o CTEAHEHR L L THWZDMF 28
pDOPAM-CTA @ OH 7& % “on-demand 4 ## "
L72Z & CTRIRS 28l L, IR RAFT
ENERTELEEZONS.
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3.2 pDOPAM-CTA D5 FFM

AW AY 360 min DR ) < — % F LB L
L7205, UV-vis llE 2 & 1) pDOPAM-CTA &
T & 354 % 47 - 72, 4 = 290 nm i} ¥T | catechol
WCHRT 2N YE — 7 s@ig s (12).
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%> quinone 3% 12 Ik % 1 = 390-395 nm @

Catechol
/

]
Qo
<
Cross-linking Quinone
Wavelength / nm
Fig. 2 UV-vis spectrum of pDOPAM.
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Fig. 3 DSC curve for the third heat scan of pDOPAM.
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pDOPAM-CTA O B4 % FFMli 3 % 728, 7”7
A& B (DSC) Ml % % 1T - 72. pDOPAmM-
CTA ® DSC A X7 k) iZ 60°C fif ¥T 12X — A
FA4 7 bERL (W3, THEH TR
ERRETH ), RO RE —FH L5 B

3.3 pDOPAM-CTA i[5 % H v 7 IR fif 255
I2& 5T /RFHEREIC X 27 X 2RO
%g

A= MEIZI )T T AFER I L
7= pDOPAM-CTA #ifiid Mt B THh - 72 (K
4A). —HT, THERSUKBEIIRIE S &, 24 I
M7 == VafiTolzb 2AEH (LBFAFH) T
FEIRAE, EE GERSE) TIEELIRE R
L7 (4B, C). ZNENOFRMEIZBIT 5K
BERMEZIT-o72L 2 A, &HBLIUETL —

Fig. 4 Images of pPDOPAm thin films on glass substrates.

Front side of the films after thermal annealing (A)
under vacuum and (B) in aqueous AgNQO, for 24 h.
(C) Back side of the film shown in (B).

— Ag plate
=— nDOPAmM Ag

9% By wydoqd jo souejosey

Wavelength / nm

Fig. 5 Reflectance spectra of the (A) front (gold metallic luster) and (B) back sides (silver metallic luster) of a pPDOPAmM
thin film with deposited Ag. The reflectance spectra of an Au foil and Ag plate are presented as references. The
electroless deposition of Ag was carried out at 80°C for 24 h using aqueous AgNO,.
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Fig. 6 Cross-sectional SEM images of a pDOPAm thin
film after electroless silver deposition ((A)
magnification X40000 and (B) magnification
X 30000).

MIEM LR TH- 72 (W5). 22T,
RO EATE MG (SEM) BIZEIZLD
KDY 70 nm R ORI/ R TSR S T
LI ENBEINL S5, HEOWE
SEMBE 247572 2 A, 22 G & FEAK
FUHMCROEENEZ L L Z L DBHL N E 7o
72 (We)., chkh, RKE»PSLBLET DL,
HF o RFD TS5 XEIIBIZ LB 400 nm DL
LoD K £, pDOPAM-CTA O ] #i5
WU B DA FAC & - T, SimEM L 72
HELB I USERE O Nz E 26N D,. —JF
T, BH2POBETLE, TL—1FTF1 7 %4
OWFREERKE I 7 - LTERT 52 & T
MAEHET L, REOBRPESNIZEEZDS
Na. LLEOFRLID, HMEPELR LT /KT
PR EEL LT, FRNLLAR %
THIEDNHLNE o T

34 37t B & IR S p(DOPAM-
b-protected-DOPAM) DA%

A1 L 72 pDOPAM-CTA % iSRS EhH] & L 72
RAFT 412 L 1), protected-DOPAM & @ BCP
DEREET L7z, EEWOHNMR L1,
TES fR7## (0.6-1.2ppm) (R H§ % ¥ — 2
HE S, FHEBR (6.2-6.8ppm) |ZJFE S
LRSS R L7z F72, UV-vis Hl5E 12 &
0 catechol 710 v 7 DSERAL S N T W L8
mraEnz (K7). PEoiEiE k) p(DOPAM-b-
protected-DOPAM) DA B & 3/ L 72, BIfE, &
D BCP H#EZER L, sz 7 afly
i SN Y I i A S Y i R AR

0.8

0.7
0.6+
] Catechol
g |7

<

0.3+
0.24

0.1+ Cross-linking Gu:‘.r_gcne

280 300 300 SH0°-060 380°AG0 420 440 460 480 S0a
Wavenumber (nm)

Fig. 7 UV-vis spectrum of p(DOPAm-b-protected
DOPAM).

)y FMEHIOWT ORI ZHEL TWDE. 4
#®iz, &EF /T 7I X HBICLLE
Wism e R L7z, BrElbEme M et o &
BB % e T L

35 &0

% ¥ B 1% 4 F @ catechol #F E K T H 5
pDOPAM-CTA D ELRF#E RAFT B4 % L /2.
R L, AHRGUKERHICRIESE, T2
VI B 2L THMMERR LT kT O EEF
ERELTEZ R L2, 21X D catechol D]
I & 3R F R0 75 X & v s o Mo
MPEICL > THROATEEZERT LV X AR
TANVLAOREEIZKEI Lz, 612, L7
pDOPAM-CTA % ~ 7 U gHRE B & & L THIH
L, protected-DOPAM % ik & &5 2 & T AA
type BCP T & % p(DOPAm-b-protected-DOPAM)
DEBEER L. XD, ElShMa
eSS O WA RRRE M Z AH S L, B kT
EENTNOMICERIEL L2 EDTE
D, BUE, B> RTOBEEERICEET S
WML EHETTH L. 5%, €/FRTFD
7T AE SIS X B EHE M A L /- R
TR OREREIL KR 2 9 5 & ) B REEM
BOENLEHLZED T FETH 5.
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L
Z LSRR T (MOF) O v V) THEIZ & o THFE LS WA E T b b DD,
MOF- 31y — AR EAE & WIERE L ORI KRB TH 5. ABIZETIX, AL MOF OEHE
ARG N, FEERD [ BUERRATHIIC MOF ~OSEY) B 2 M) L 72, FEBRIIE ORI &
EREEOE TS KT EAEYUERICEELZFNTFThH L I RSNz 2612, BT
Tl MOF- ) — R BANED N T » APFEDYUFERICKE S FET LI L 2H 6T L7,

ABSTRACT
Drug-loading to MOFs (Metal-organic-frameworks) is generally conducted in liquid-phase adsorption. How-
ever, the relationship between MOF-drug-solvent interactions and drug-loading capacity has not been fully
investigated. This study experimentally and numerically investigated the mechanism of drug encapsulation in

MOF pores, focusing on solvents and functional groups of MOFs. Experimentally, it was revealed that the
polarities of solvents and the electron-donating/withdrawing property of MOF ligands were essential factors
for the drug-loading capacity. Furthermore, molecular simulations suggested that the balance of MOF-drug—

solvent affinity contributed significantly to the drug-loading mechanism.

& mf ok N

R R OB E X, &EA A v AR TOHOCERT LS

Lo TERESNLLILUEMETH L.

o AR, 4 4L VE BC AL #% 18 (Metal-Organic  MOF O & L€, K& b RERECHAIA -
Framework, MOF) D [EHETEHAOHEY X ¥ 1) e > 2 MifL, ZELELTEREBEL S
7L LTORHMEHZHTWA. MOF & T5HZ L, MILERIEHATTEETH S 2 & T
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bbb, INFTICHEL DOWZET, MOF D—
fiCTdh b ZIF ) — RZHEAREMEEY 238 A L
TR R ) ) — A WAS Z E T, #HEKE
HEYOERE L RE M ESE 2 L2
LCH Y (Ohshimaetal., 2022), 34535 Tk 4
7% MOF O3 ¥ v ) 7T~OIS A ST
V5. MOF O SEW) a3 3 — R i A &
ETHEICIThRTWA. 20O MOF ~DEY)
R IIEEDIRE BB 2 R LTnb T
RENBEbDD, MOF- W) — O HAEH
La¥Rel Ok, TORENTIZRBH TS
L. FZT, AHFZETIX, MOF 03wk
WCRELHGT B TR IND EBEO B
E—A Y MEMOFOERIEEY D T2,
MOF- 31y — i BE O BAEICAEH T 5 2 &
T, MOF O3 a ik % 25 b L 0%
TERRAT AL ARRT L 72

1. WEgeh ik
1.1 FEBRME
#2477 a7 =~ (IBU, BASF Pharma
Solutions) ZfEH L, &L LT, =%/ —
(EtOH, 99.5%), £ % / — )L (MeOH, 99.5%),
7t b~ (Acetone, 99.5%) L& L7 1 v L HI
JeAiEE (k) THWALLZLOLZ@AHL
MOF D& )@ A F > 12l ¥ v a = A utkiby
(Sigma-Aldrich Co. LLC., 99.5%), &A% 112 1%
2-7 3 /7L 7 %)V (Sigma-Aldrich Co. LLC.,
99.0%), 7L 7 ¥ IV (EL7 1)V aHtH
3 O(FR), 99.0%), 2-=hu T L 7 ¥ VEE (K
FALK T3 (FR), 98.0%) % ZI-ELfER L7z

12 FEEH

REFZETIX, K% MOF & LT, AHEENT
DEREEZE A EHWRER T L 7 & VR Z 515
& 3 % Universitetet i Oslo-66-X (UiO-66-X, X =
NO,, NH,, H) % 3% L 7>, SEWaHEERIZIX,
A B L 72 Ui0-66-X % 60°C, 24h, 107°kPa Lk
T OZMCTRILEL L 72 Uio-66-X Fi 1% Fv 7z
ETFNVEY L LT, BEGERA L L CRHENZ
47707y (IBU) %% L7 B,

7a b CPEES L LT EtOH, MeOH, A o4
YK, FEF T b RS L C Acetone % 3E5E
L7z, EWIBU Ok B S 1E, KBEH TIX
10 mg-drug/L-solvent, % O fih © ¥ # T &
6000 mg-drug/L-solvent & L 7z. UiO-66-X @ #i.
FREIITRTOUHEEBRICBTHRE
drug : Ui0-66-X =3:2 12745 X ) IZHH# L, <
TIRTA w7 AY—F—TA8KEMIEHEL 7.
BRI, mLrEEEfT) 2 LT, KT
EEYEETLHERICOMEL. EYEETER
WAL, UV-Vis (UV-1800, (#) B
HERERT) WEZHOCEYOEE win] %
BHL7z Fo, BoNRTICHLT, K
X #EEHT (SmartLab, (Bk) 1) 77 ), Bz
#r (DTG-60H, (#k) EE#ERT), SEM Bi%s
(JXA-8530F, (#k) HAET) %iT\vy, Rk
MARF-E— X 2 b2 AH T 2L IMOF O F RgHk
DA A DT MOF ~DO Y DIERE % A1
(ZEFA L 72,

13 Y3Ialb—varFE
AKWFFETlE, MOF ML TOM EAEH & 3
Y e Fz v e | AT OBIAR % 2 s I IZEFAi§ 5 72
®, % HH 2 — F RASPA (Dubbeldam, 2016)
Rz, ALERT vy, KR, RE—E
DTSN ZHNVEYTHLE (GCMC)
FERTH, R, RE—EON ) = A IVEY
TV E (CMC) % A G b 72 B AT
%= 1T - 72. Monte Carlo (MC) #TlE, MC D
BITELT, 7L NTOSTOBE
BIOME, $HA I HIBEORAT % [F USHE Tt
B YA 7 vEE 10%-10°, IR RE
DA 7 IV x 10°-10* £ L, GCMC/CMC
T im FE 298.0K T &M 5 % 1T - 72. GCMC/
CMC 2B W T, B MAMHEEAEHICIE
Lennard-Jones (LJ) K7~ ¥ )& 7 —ua v
ATy aVERHLZ WUXXTA—=%eB
& 0¥ o 1% Universal Force Field/TraPPE 7> & HL 15
L7z, #49 E# L2 21 I1BU, MeOH,
Acetone (2B L CTlZZF N 26 (Bahamon
et al., 2017; Stubbs et al., 2004) #ZM L, #h
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DAV R k2 W CEHRE L 72, GCMC
FTIE, T4 O MOF - B O A A& Tl 4
JENEEBRL, REKEOKRT VT v VTRV
F— DI L 2 BDIEES TR RELT. 2
DB T 5% R\, CMCETIZEY ST 0
BEEIZEDET VY X VIRV F—~OEE%
JENTS 2728, I 0D B DR &Sy |
HFORTENENGTEEZITo 72 MILAND
IBUDFHEIZ X ) ZfLd %5 MOF- 31 —
A EAERAN OB Z AT L, FEBR 230
FiRe & OBR T LB - M L7

2. WrFERR
2.1 HEWAIEREN OB | B O
B PBFE— AL N AT ARBEL LW
T %2 ORI T OB ReZE DM A A D THER
AT, ZOMERERLIORT. WEWTEERSL
PRIZEEY aEE (Wit ], AT OBA1E x (B
R OW%) TRLTWS, WM/ Ao
FHIZ BT B FEBRRI£ICB VT, XRD HIES
£ % MOF il B O fE i TE %> SEM 815212 X % &
RIS KRERBIIER S e o7z F 72,
SEWV R Tl BAER T O BRI
THBEESNE YL D EERPEHEL TV
L. 0T INOD Ui0-66-X (2B W T H EtOH 7 5
Acetone |2 22T CAE O B 7-E— X > b A3
ms 5L, EYUBREIWT HEAICH DS
EV A UL, BEOBRTE—X Vb
O, BTG - KRB MO B RER A
FHRINGWERI T LT, MOFEAMT O
FEBROBTEENBA L, IBUDFHEFER &
A DFHFBROMIZME = 2 ¥ v F ¥ T H55
S B EICHRTLEEZOND. MAT,
IBUDAHT L HNVARF IR EIZ5®R L

Table 1 I1BU-loading capacity of UiO-66.

[wit%] EtOH MeOH H,O  Acetone
UiO-66-NH,  42.86 X X X
Ui0-66-H 17.80 5.906 3.001 X
UiO0-66-NO,  15.68 X 1.220 X

TWah 720, BRIIED G % 512,
IBU & i1 o & B AH AR AR 4 1298
L, MOF flifLN T DY DL wEMEIIIRT T 5
EEZOLNL. F BEREICEHT DL,
NH, D& TG PE5 5 NO, ORGP A1) T
WFEANS R BEANZH L. U, FhL
T OERIEICL B FHEROE DM 2
WAL D, MOF- M H @ m—x FHAEH DR
ThaEERVOENTHLEEZ NS, Z
D & H 12, MOF O3EY W |\ L E 1 O BUS -
E— A MEBEMTFOEREIILLZFHFROE
T L ZAHEAER, Y & OFEHE
HVERDEG T 5 EPERIIRENT.

2.2 FWWRERE T JE DT B BN OFF
IE

RWF7E TIIHILN O 55 F OO F T
ZALd % MOF- W) — it O R 7 > ¥ v v
IANVF—EICEHL, EYIEEND MOF-
SEW) - I BAE O B & = I RAT L
72, FLIRL72 MOF L BEIEOMAEHET
R Z ATV, MOF- 3 — VAR B E 2 27,
Yy AN B X OMOF-EYMART v v v
VI AN F—ZDOBRER 112, MOF- {5 H
BLOMOF-#EYMART > v ¥ VT AV F—
ZOBBER 217, 7ay b (@1 x) 1
F1LIZBUT A MOF LBHOMAGDEIZBT
% FEERI 70 T BE I AWK L7 O TH
L. 1 XY, EBRICBIT S EWRETRER &
% (@) TiE, MOF-EYMDORT v ¥ v LT
AV F—EIIH 1-3klatom FEFETH 1), Hy
CHIEEIRT VY v VT R L —E MR
RERMEEETLHIEDPRTENS. K240,
MOF- I O R F ¥ v VL 3L F—#13,
%7 0.1 kd/atom D ILEH/NE WX HF T 5. LA
ORI, YU RRS TR & A
AR CAHEAER 59T, #ILNTO%
A O BN <, 1-3 ki/atom F2E @ k1Y
58\ MOF- 3£ I AH BLA/EFH <, AL TEY
NEEL L2 EZ NS, —F, EYWLEAR
Wt (x) o4, I MOF- i
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Fig. 1 Relationship between potential energies of drug—
solvent and MOF-drug.
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Fig. 2 Relationship between potential energies of MOF—
solvent and MOF—drug.

MART Yy VESKERMEEAL, EY -5
BEEAH EAERNZ LB NS e & 5T 5,
ZiE, ML T MOF- & i i A1 1 A5 A
XFEIZ R E W & T, MOF MIFLA THMhs %
ELIZLCL, GEATERS/2EEZONS.

3. FL®

MOF @ W) @ i o Iz w0 ¢, i
DOMIBFE— A b EBRMTFOEREIZERHL
72 BRI 70 SEM B RE OMGET B £ OBl EAT %
M\ 72 MOF- 3 — i A7 > ¥ v b= &
VF— DN % 4T > 72, T OFEFE, MOF O3
Was 12 ownC, EBRIIZE RO MR TFE — 2
¥ M & MOF OEREEDEYUFEEIZRE (2
BLCTWD I EATRSNTz. BT TS
TR & % MOF- 31y — i BLAN 1% D N Z
Y ADEY O T AV F - ENER L OEYE
BRRICKESHFG T2 2SI Lz U
L OFERIT MOF O FEY WA DI B \»
THEEZHRTH Y, WA 5 HEREE IS LT
LHERETH 5.

S Wk

Bahamon D., Carro L., Guri S., Vega L.F., Computational
study of ibuprofen removal from water by adsorption in
realistic activated carbons, Journal of Colloid and Inter-
face Science, 498 (2017) 323-334.
https://doi.org/10.1016/j.jcis.2017.03.068

Dubbeldam D., Calero S., Ellis D.E., Snurr R.Q., RASPA:
molecular simulation software for adsorption and diffu-
sion in flexible nanoporous materials, Molecular Simu-
lation, 42 (2016) 81-101.
https://doi.org/10.1080/08927022.2015.1010082

Ohshima K., Ohsaki S., Nakamura H., Watano S., Mechanism
of solubility enhancement of poorly water-soluble drugs
triggered by zeolitic imidazolate frameworks, Chemical
and Pharmaceutical Bulletin, 70 (2022) 383-390.
https://doi.org/10.1248/cpb.c22-00020

Stubbs J.M., Potoff J.J., Siepmann J.I., Transferable potentials
for phase equilibria. 6. United-atom description for
ethers, glycols, ketones, and aldehydes, The Journal of
Physical Chemistry B, 108 (2004) 17596-17605.
https://doi.org/10.1021/jp049459w

-190 -




Hosokawa Powder Technology Foundation ANNUAL REPORT No.31(2023) 187-191

Young Researcher Scholarship Report

H4 BB F &k R

188 - BA ¥ =%

CORE IR, ORI AET], AT SEd, AREF
“EE A B R Ui0-66 ) — AN EY)
WA T = XL O, ALF TR % 88
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W s
MR O DEM SHETHEIRZIKICh 2o TV DAY, ZOF—R ME s ShTuwizwy, &K
WHFeCld, BEAEOSUE TR EE & A F A O WMAUE I OFTRE T A FHE L 72. 2hEh 2 DDt
BTE2 ALY AOOFETELZEH NI 2RRA2CEM Lz, SHEBROLES, &
FER RO EF R RICEET 5 2L, ERERO D & Sk E 5 CIRRER AT 7 v 53
FEARER A L) EYNIEBT 5 L bh o

ABSTRACT

The calculation methods of Discrete Element Method (DEM) for wet powder flow are diverse, and lacking a

unified assessment. In this study, four calculation methods, combining two approaches for bridge formation
distance and liquid bridge force during particle contact, were applied to a rotating drum mixer. Comparisons
of the results revealed the significant impact of calculation methods for wet powder on the outcomes. More-
over, comparison with experimental data revealed that the Liquid Film Contact model (LFC) demonstrated
the ability to accurately represent experimental results even under high liquid content.

& m o S

B E O HE RN ERERCHETEL Y Iab—Ya

B P e ShTwb. BESEHRE (DEM)

L #s 3 B AT 2 1 4 ORI T THES) )
AT DR ORI 2 2B R IEIE B AR LT R ROEREE % ko

EWAHTHOSITWS, 20770, il 2F5EThs. DEM 5 k388 % K B
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(FHETELZ LD, TNETICFEIFSATY
5. LaL, mEmEcidmerg sl (E4UE
1) PEHT A0, OWEE O EHH
Bedh, LPLADVS, WEEHEEHETS
7o LE R FAE L CH 2 AR (B
PRI GG R GAR BRAE - WG A - i/l
ZARGEERE) &, RN OWEME ) O R T
ENREFoTBOT, A DHEMENLL T
Bl REND L.

Z 2 TAMAETIHRERAFTETED ) b,
REUEDTER S L2 Bl T & 2 46T B R G B
HEL, AR OWRAAE T ORI R FEICE B
L7, RN T TICIRESN TS 21
FOLNET R IR B O FHE T (Gong et al.,
2019; Tsunazawa et al., 2016) & 7Tl O
ZUET OFTE T (Li et al., 2011; Tsunazawa et
al, 2016) % HAGbHLE/EFH4EEORE
R L7z, 1R TSI 74 —A T —7
IS, BEETEF LR TICBLIZ I AT
ANVF—DEOCERE L7, BRI
DEM Y 3Ia2lb—Yary&FEEL, ZokEr
FFA L 72

2. FEERSAE
FEERIAIPLE 218 mm ORI T T A € —
A& R HRE169MN/M D> ) T — > F
AV % w7z, ¢100 X 20mm D F F 412
25v0l% DOFEIHFR L 2 % £ 9 12H 5 2> Lok
w05, 40vol% &b X H IS TT
AY— X %FHE LT, 23 rpm THRE) X472,

3. AT
31 AHLZAMHEOMETROME
RIFFETIE, FUETERERE DR T L L T,
AL T S FE O IR IR ATl L 72 B2, 4K
IS 2GS S b &3 4 J: (Liguid
Film Contact: LFC) (Tsunazawa et al., 2016) &,
BT DEOWIEN T BN TH B 7200
WG 2 AR L, [ERDSEE il U 72 BRI e A5G
MRS % & 9 % J5i: (Solid Contact: SC) (Gong
etal,2019) 2 H L7 F7, fFHEMED

HAAEN OFME TR — B L v SR
53k € TV Td A Hertz O 5P S PR
2, —EHEOWEEAET) & M AR TR F
(Hertz-Liquid-Bridge-force: H-LB) (Li et al.,
2011) &, HHENEE T 7 TNV T =V ATID
B CEMAT 2 IKR BT VIS X ZEMETE (L
et al., 2011; Tsunazawa et al., 2016) 275 H L7-.
ARHFZE Tl ZREE O GUE TG EERE D € 7V
ETHEHORN THEMIIE TV R A E DY
FHUTEE O BT L OME 2175 72, 112H&R
FHLREFED T 4 — AN — T EIRT.

32 FHESEM

MRS LEREM LML L7z, DEM O
71 %13 EDEM2022 (Altair Engineering Inc.) %
M7z, BHEISRFA L 0.5 Fo#kIE S, 25
FHERE) S 5 A5 3 T 72,

4, FER LB

41 1RFIMEHT A47E T 3V F— Ey
Lo, 1HAIMEHT 2B AL F—
rHE L, SR FEOE & R T L 72
75 = AV F =1L, WRIZE DN 2 R 25k
FRIT AN AT L 72 25 i GG TR - AR F- ]
R & RET, WAEREINT§ 2 #MFEIC2 1 51 %
HEECRa LolE LTERLE (M2). Eyg
BREWVIZE, HWAEMEICHST S, B3I
B D E EEETEICBIT 5 Ey Ol E
AT WAERENKE W EEEO R EE o &
BRI EBE 0y SR 72 57200, By 23HEINT 5.
BAETCEREORT B FEICER 35 &, s
BRI AE DT S LA 72, LFC O f 8
SC LD HEgWREL, IEMDE. 72,
LFC & SC 12 BT 5 Eyy D713 2546 T i i e s
B 28 AECHEICR L. —), NTHE
fillsE DR ZEET DFTEFEICEH 5 &, KR
EH-LBIZBIT A By 1XITITHE L v, ZULHE
AR TEMEF O+ — N —F v THEE R0
10°F5) 25, WAEER S (W0 10°4)
FDHELENINASNZEICERTS. 6=0
OXMIZBIIBAEFEZANVTF—IZEHT S L,
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Bridge formation distance

-

Gong S. et al,, 2019

Liquid bridge force
during particle contact

Li S. et al,, 2011, Tsunazawa Y. et.al, 2016

JKR F5%" = JKR force model

! 0

i : Sep _
g Solid Contact: SC =~ 5P = 8o .
50 Distance &
w —&
1100
2
©
© F3? = Liquid bridge force model F rertz-l iatid-Bridoe f
mertz-Ligquia-poriage rorce
% o Tsunazawa Y. etal, 2016 0 |- R\ S.etal, 2011
Liquid Film Contact: LFC FES = it ripulsive forde + Fl-s;p(;‘:g

Fig. 1 Schematic of the calculation methods for wet powder considered in this study.

j Approach process
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g Separation process

=

2o Rupture

o =6,
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Fig. 2 Definition of adhesion energy.

MifkE, XS5 THLB>IKRTH D,
H-LB ® /i A5 KR X 1) AT B AT E .

4.2 By N7 ATEARRIC BT 2 E R R
ZEH)

B 4 1 2h % SR O E TR L7 &
FHREFEOFBRO—HIZRT. UGS
FHETEICERT AL, LFC D) HTSC ICit
NTHEBEESTER T, WG Lo ThE
TR LR T WO T OMEDEN T & A
bbb, =, RFEMEEOREE ) OFHET
FICHEBT 5 &, MEBERITHE O T O X

20
B LFC-JKR
B LFC-H-LB
I = SC-JKR
m SC-H-LB

Adhesion Energy E.q [nJ]
|_\
o

0.5 4.0
Liquid content [vol%]

Fig. 3 Comparison of adhesion energy between different
models. 5,/r = 1.38 x 10-° (JKR), 1.93 X 1075 (H-
LB).

H-LB D13 ) AIKR £ 0 vy, Ziudfsstk
D H-LB O SBEENICAT A L3 <, [l
BECH| X TN T VI EICERLTWS. L
LED, LRTFOMNELANF—DOMET, %
HIRL S N7 o 7R F 3R IR OV G ) O E
Fikd, BEFERENR SN LG O
HFEDL, 60 L BEMAROFIE/RICRE
SHEBET LI EDRbh o7z,

4.3 GEER L RHAM RO
5 (LRI 2 By AR T AR 0 — 1) & B R

-194-




Hosokawa Powder Technology Foundation ANNUAL REPORT No.31(2023) 192-196

Young Researcher Scholarship Report

Velocity [m/s]

0.20

0.16

0.12

0.08

0.04

0.00

Fig. 4 Snapshots of the calculation results for different
models. Liquid content 4.0 vol%, 2.5 s from start of
rotation, colored by particle velocity.

EEBRERO LB A RS, BREIRIZERM
BTG LT 25 L7z, BT Ao
KEDOIIR L EF% L7z, WA E 0.5vol% Tl
FHETEIC L ST ETOFETEIEROHE
BIREEHTETWL I bR b, —F
AR 4.0vol% TlE, LFCDIEHASC £V b
FRRAE RN DFIR 2R S, SR E
ST T, MTELEREOREPEHTE 2
W2k EIRT.

o=
5. o

LRI T A2 74— A — 7B I OKT
HEORTERFBR LI, BEBROETEOE
Brlat Lz, CoR, EEEEEREORHA
F: &R O 4G ) O FH R FEANEE
MERNOREICKE L EE G525 LD
holz. F72, BHEEEBRICEBIT 2 AEIIR
L., ZOMR, WERENLWIEE, §
S 7 AR 7OV TIIERE R 2 RBHTE

Typical
exp. result

Liquid content
4.0 vol%

Liquid content

0.5 vol%

Experiment
Experiment D

—— LFC-JKR
—— LFC-H-LB

SC-JKR

Fig. 5 Typical shape of powder bed surface example and
shape of powder bed surface at different liquid
content for different calculation methods and
experiment.
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W 8k
Y73y 7 ADRABIETIZA T ) —OFSBEIEIZ BT 2 HNRERASHETSH 5. AR TI,
ANEH RO IR % BIE RE 72 OCT & fU/NEIO )1 F Rk 2 M we /A 7o ¥ —% H
v, BRI O IC LR, RERICBIT A A7) —ONTEEEIL L, FRR DT E R &
BS 2 FHEZMEL L7z, RIS A > 87— ORI L 7252188 A8 0 NI 22 L 0 722 FUARAE
L., BBRO b R 5 2 L2627

ABSTRACT

In wet forming of ceramics, cracking and deformation of the slurry during the drying process are critical is-

sues. In this study, a technique for understanding drying behavior was developed by observing the internal
structural changes of the slurry during the drying process using OCT, which can observe the inside of opaque
objects, and by measuring the mechanical properties of the dried body using a nanoindentater, which can
measure the microscopic mechanical properties. It was found that the mechanical properties of the dried body

& mf ok N

depended on the internal structural changes during the drying process caused by the type of binder added.

B R OHE BRICBIT 2ENRPLERDSHETH 72, Th

B 5 ORI D 7200121, IRz A 5) —

1. #a HERCH: U 5 BR O BRI D HIHDA T K
tI 3y 7 AOBREETIZAT) —DiEE ThHib ZZ TR, REHLWIEONEEE
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V)TV A LABIETEEZR OCT # /22D
BIEZHDONWT, AT ) — O IREE) % fFIH S
HIEEHME L THZEZIToCTE . ZORK
B, IRBRIIBIT AT - OREE L E)
R BT 2 BB OAELTHS, FINRETEOFH T
HHIEEHLNIZLT.

SR, THHIEORMEEZHE L /- A T
) — % AW CRBOBIE L7\, B
I 255z O NS E A LI RT3 B 2 B
DN B, F iz, BREHIEE S 4 T8 —
XD, BENREITKE g% RT3k
HDAZ) =D %Z OCT Big: & [F—1i
BPCRHGi 5 2 & T, R R & S
ik ORR % fFIH 9 5.

2. FEBE

AKWFFECTHWL AT ) =B DD, 7,
A F 3K ) kiR (KE-S-30, #RX4&
HHARGEE) % 45v0l% 127 5 X ) IR AL7:
DL, FERMSARICH LT (PEIL800 (&
17 4 v ALK SEM K S )) % 0.4 mg/m?
E A XML IS, BERICH LT
5wt% DEWANA » ¥ — (FR5 PVA, b
+ WF-804, " ntulilEtkiatt), b L <
SWt0 DIV a vV RN v — (FWST
7 )V, &)V J WN-405, H i itkais
) BRIMLT, A=V INZEIhAS)—%
LT, INOLDAT) =% Iy —TL—
FEiE (DP-150, (&) ¥ v ~HE) THES
1mm® > — MRIZEIZ L 72,

DY — MIKSIO, AT ) — DR EEFEIZE
T A N E %, SS-OCT (Swept-source optical
coherence tomography) 2£i& (1VS-2000-WR, santec
(KR), IERE 3.7 um) ERAMEE — & — %A
% L7-E TR (UX1020H, BEBfeir (#k))
No7% b OCT-TGHEY AT A%k v, 5
RIRE % 50°C & —EIZ L CTEEEL» %< %
HFET2RITHE L 72

Z D%, KRR AT A NI A LIZEZEL
TRIBOINDENTER® (HYSITRON T1980, 7 )V
T — 2w N R SHE) & TREIRRERTNC

B F /AT T —va v ki) 2 & T
FeEEWE L7z, B/ ATy =2 ar
(&, 20 pm FEIFET 10 % 10 A 100 Fixf LT
Fhti L7z,

3. TR L OB %
3.1 HZEIIC B B NEE AL

B 1ICe BRI BIF2 25 ) —HEED
OCT 4% /"9, ZOHBRIEAT ) — DU HiHE
WEEI/RLTBY, OCT oSNz —4—
o, A1) —WEED S O KB AT 5T
WatE g sz, EiEh o WiEEIEE
DT ARV Z R LT\ 5. AGHGIZEST
O LB ORI CRE 5720, Wif§h
DHWVERGIZA 7 1) —NEROJEITERZED H 5
BN TS, /2, A5 ) —HoRTEIZA
WHOWRRELY DAz, KEE,r 5155
N7 OCTRIZIE AN Y 7 )b - 28% — VN
TWiz, TOARY 7)) - 8% — VIZNER S
TACIZHE > TEALT 2 2 &S, ARy Z )L -
WY —DEEEBETHZLET, AF7)—0D
NI EDOZEALDEAVENL I LN TE S,
ZZ T, MEOEL LS 2Btk e LT
T 5, BB E HWTT— 2 L (Kuroda
etal, 2023) #{r1-o7z. K212, #&HEOHICE
7% A7) —® OCT I B R fe ik % fi L,
ke L S n-Ela 2 B s LT
B LR ERT. BRI V7 — A
T —1E5~10% CTHo7zDIZRL, =<
Ta RN VY —IINAT ) —1£3% LT
Holz. Lo, whamlicbnwciy, =

Fig.1 OCT image of the internal structure of slurry in
the early stage of drying.
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EOIERZS. AR Y b KL SIS
SR EEL L EZONS.

3.2 EPERMEAIZ BT DR AL

B3z, EEBEHICBITA T —HNHO
OCT % /nd. HEERHOEMIfEsT, A
T —EBDSHE { T o Tz, AT ) — 12 AT
L7z b —% =, REOBEITFEENPKE VI
EERCHELE NS 720, RS H M OBEDIEEE
BIKREL LD, V) ART L OEITEREITKE
DHELEDPIRENT ENS, AT ) —HERORS
e o 728EIIE, 2B A N AAZEFEIB R /R L

¢ Slurry with a solution-type binder
e Slurry with an emulsion-type binder

0 100 200 300 400

Motion detection rate [%]

Drying time [s]

Fig. 2 Time variation of motion detection rate of OCT
images.

TWbEEZEZOLNDG., BRI V7 — %N
L72AT ) —NEBIIAEICKE o TWDH D
IR LT, =%y a N g v —%0RnL
72 AT ) —NERIZEICHE L o T2, B
FNA VT —IINA T ) — %, #EMIcB
B R EATEEDOTRLY RN ¥ 7 — OfRHT 72
SRR L 72 L), NS DS
AYEIZ R o /272012, [KEAROBE), 374
bHEEPARIGEIEALZEEZ NS, —T)
T, TN a RN ¥ —I13 X D RIERMIC
NERRESE % [ L 7272002, 3B 2 NEbHE A
BoNEELZONL, DX I2, wEMH
2B B NS EZALDS, Ec B 25
BEZSENIC L% TS 2 L DSbh o 7.

33 A7) —HLIAR D) R
Ralz, /74 rFrr—YarifickoT
W7 L7z A7) —ZARFRIENI BRIZ B 1T B3R5k
EBOGAZRT. REFNIBIT 5 FHHED
ZALICHEE T 5 &, RNV —IMAZ
) —HZEERITEFICH R L T 2,
TR B B34 & —OfFEAT (Zhang et al.,
1993) (ZEEH L CHEEEDS LT AN R o
TWiclblZeEZzoNnb — T, T3V 3

(a) Slurry with a solution-type binder

(b) Slurry with an emulsion-type binder

Fig. 3 OCT images of the internal structure of the slurries in the final stage of drying process.
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* Dried slurry with a solution-type binder
* Dried slurry with an emalsion-type binder
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Fig. 4 Distribution of tand near the surface of slurry dry
body.
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W s
FEREUTBE e AL DO FEBUT T T, RIRHRAE & FIH L 72 GERBY R O W 253 SO % Bl 583 5 i
EELRWIRETH L. I TRIIETIX, RKRHREESED [ 5 I 2 Bl LWHLREME
AL 408 1 4 VEHiERLF & | ZHAEGDEI A7) v FEZ S L, JEEKE)
RoOWEEARKSZ FEHT2H L HIEL 2. BAMIZIE, A7)y FiE~OIRFTEL S
Co(l) FED UG % FIH L 72 CO, @I UG & #iat L 72,

ABSTRACT

A hybrid catalyst composed of naturally occurring metal complexes and semiconductor photocatalysts en-
ables a variety of molecular transformations in a green and sustainable manner. In this study, we have devel-
oped the visible light-driven hybrid catalyst (B;,~M"*/TiO,) composed of “vitamin B;,” and “metal
ion-grafted TiO, (M™/TiO,)" . The By,—~M™/TiO, was prepared by mixing of B;, derivatives and M™/TiO,,
and this hybrid catalyst was thoroughly characterized by various measurements. The B;,—M"/TiO, effective-
ly produced reactive Co(l) species under visible light irradiation. In addition, the reactivity of Co(l) species
toward CO, reduction was investigated in this study.
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1. #5

Feltn Re A LB, FRltn RER &
BTHDRIHEMEBOFMEHIIEETDH
5. TOWT, AfEHkoSEERTHS [
5 3V Byl 1, HEB T RERAKHRMEO—
D TH5 (Gruberetal., 2011). % 2 ¥ By, i3,
HLEREE LTIV A+ Y (Co) BT
bEEEEETH Y, RN TSRS RO %
ET iR LTBHTws (K1), B
IIZIE, A FIVEOEB LR, BiEkoR
PEALEOG, BEICIEBIRFILG 2 EAE S I &~
B DS HEIC L o TRES TS (K 1).
Y4y 3V By, ORIGEE, WL TN v b s
7C S NARE g5 4 D Co(l) F 2SO v K
SBHICHELTEL TS, O AR
Co() O RILEICEHH L, BHIEE TICEHL

(b) Methyl group transfer

HHy HHy
HS /\)\CO; HaC ‘S/\/L'OO;

Hemocysteine Methionine

(c) 1,2-rearrangement

Wﬁ@ﬁ @ﬁm__gﬁ

a’p\\ f Succinyl-CoA Methylmalonyl-CoA
T o N
B,y-derivatives (Co-complex) [MGIRSIEUEIEUENGN]
L = CN : Cyanocobalamin cl cl cl H
(Vitamin By) — — =
L = CH, : Methylcobalamin cl cl cl cl
L = Ado : Adencsylcobalamin PCE TCE

Fig.1 (a) Structure of vitamin B,, derivatives, (b)
methyl group transfer, (c) 1,2-rearrangement, (d)
dehalogenation.

Co,

Led/ co

_
ey S

Fig. 2 Estimated mechanism of CO, reduction using
vitamin B,, derivatives.

W) AR D e ST 5 (Wdowik and
Gryko, 2022). ZDHIT, €% 3 ¥ By, @ Co(l)
TR L7z Co, it (M2) OR%iL, &
EHLICHIEZER SN TWw 5 (iaetal,
2020). —7J5, INH OB XY b BERBERMMED
WY AT AEERT L0121, TR
IANVF-KHETHS [N 2 HHEHL T
Co(l) FEZNHEMICAERTE LT AT LADR%
WL D, F72, ZET, UL - HRED
BH5ThH L0, ALETEMIZID v
W% 5T 5 2 EAITEIUL, 25 I10E
NIV AT AR H)BEEZLND.

Fx OWZE sy IV — 7T, BAET TR
ikl [MIbF% > ] &, ©¥ IV B, bk
BL-a bMERERGILLINA T v R
2 B L T b, FARNA 7Y v N
(B1o~TiO,) &, I Uy = 365 nm) HREST
T, FFELL Co() A AERTRETHLZ L%
R HE L Tw5 (Shimakoshi and Hisaeda, 2015).
L2 LRDS, BNA 7 v iz, KOG
DRI Z HO L WBIEAFHT A L TE
vy, L7ehto T, WHDBICIBET A2 LT
EBNAT) Y FAHEORFENI L TN TV 5

Z TR TIE, HAICMHEIsETE
BLEENA T v FBEOBSIZH) T, B
RIGICIE, WTHDGIRE M % 7R 3 B8Ot o
&I/ A+ MEEERLF &~ (MYTIO,) & E ¥
IV B B EREEALT A2 LT, WHDLL
BRSO Bp-M™ITIO, N1 71w F
i 2 AR L7z (K3). T2, A7)y
I b AT B IEFTF C Co(l) FEA KT E 5
PRAELZ. EHI12, IR0, T v Nk

Bo~M™TiO, hybrid catalyst

\ Bio-derived material

\ Visible light-responsive

lr. \ Effective Cofl) formation

Fig. 3 Visible light-driven hybrid catalyst; B,,-M™/
TiO,.
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AT R CO, EICHILNIGH T & % A
L7

2. FEBRTIE

2.1 By ,~M™ITiO, D&KL

KH4E A 4+ > (R, Cu®, Ni¥", Fe?", Zn?",
Mn?", AI¥, Mg?) & 156 L 72T % >~ (M™/
TiO,) ZAB L7 M™TIO, &L ¥% 2V B ik
kA 2y — )V, BEETTC 24 IEREHET 5
Z LT, Bp-M™TiO, # AR L7, LG &
LT, @@ vz LTz Byp-TiO,
LA L7

2.2 WHDEESTIZBIT S Co(l) FHA KL
5.0mg ® B,-M™/TiO, # #E4EE T H D b 1)
IFNVTIVEELTE M= MYV
BEAERIC, EFRTCHE 1>420nmm) %
HEGS L7z, WTHDGERS o O 2L % FEHRCT A )
7 PVIZ X o TR A 2 &°T, Co(l) FiAE K
DF WA FA L 72

3. MR ELEBEH
3.1 By ,~M™TiO, D&KL

b F & VI MEE)E A 4+~ (Rh, Cu®,
NiZ*, Fe?", Zn*, Mn%, AP¥*, Mg?*) % 15 fii L 72
M™/TIO, & &R L 7c#45 58, B iz f
MOEHEIZESR L LR SN AL
7= M™ITiO, (2xf L C, By kelE o ettt %

7 [ TiOz

1.0 —— Rh*TIO,
= | — cu™mo;
3 NZTIO
S 0.8 s
S ] —— Fe®' M0,
2 —— Zn*Y MO,
@ 0.6+ — APYTIO,
% E —— Mn®"/TiOy
= 0.4 — Mg™'/Tio,)
% 1 Visible light absorption
Z 0.24

0.0+

T N I N ] M U N 1
300 400 500 600 700
Wavelength / nm

Fig. 4 Diffuse reflectance (DR)-UV-vis spectra of M"/
TiO,.

FHilfi 9 2 72D DT FE T d 2 IEHF A~ 7
MV zflE L7z, 2ofE, & To MYTIO,
7400 nm 7> 5 650 nm |2 7 1 — R 7 W47 G0k
WaRTZEDRER SN (K4). L7zos>T
B L 729X T O M™TIO, (T B & %
IRT ZEATRIBE N

W2, AL 72 M™TIO, & By, FHiER % 2
7 ) — )V TS 5 2 & T, kARl
TdH 5 B,-M"ITiO, /N A 771) v Nl 2 1572
ZITE, BELEZETON, Ty Fifio
BT, AT ALY (Mg¥) & By, HE
fhx A5 E L 728l 2 #8435, Bip-Mg?/TiO,
2R U CHEBUCET AR MV EIE L. Z0
K H, 550 nm A By, i EAH KO Y — 2
EAT A ENTE (K5). ZRICLD,
A RBIEE 112 By, FEEIMEH S 722 & T
AT E . MA T, Bp-Mg¥ITiO, DEIV T #
0y —BEDHICSEMIE % %47 L 72,
B1,~Mg?'ITiO, DFifEIE, #150nmEBETH ),
KRS S 2 & TRKTF 2R LTV 5D
CEDHERR SN (M6). Fofh, IRHEIER

Bi2-Mg®'ITiO,
— Mg™"mio,
—TiO,

B, derivatives
.../

KM

400 500 600 700 800
Wavelength / nm

Fig.5 DR-UV-vis spectra of TiO, (black line), Mg?*/
TiO, (blue line), and B;,~Mg?/TiO, (magenta
line).

Fig. 6 SEM images of B,,~Mg?/TiO,.
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—— O min
— 1 min
—— 30 min

KM

Co(ll)

Co(llly

460 l SCI!O l 660 . 700
Wavelength / nm
Fig. 7 DR-UV-vis spectral change of the B,,-Mg?*/TiO,
during visible light irradiation in the presence of
Et;N in CH,CN under N,: before irradiation, 1 min
irradiation, 30 min irradiation of visible light (2 =
420 nm).

AR X AREHT (XRD) M5, #0t X M (XRF)
g, TEMHIZEICE DV XY T2 7 ¥ - 3
Y EEITL, Bp-Mg¥ITiO, DAY L 72
L aMERRLT.

3.2 WHHSGERETTICBT S Co(l) FlA L

B 56 L 72 Bp-Mg?HTiO, 28 0] 1 SG R & T ¢
Co(l) Tl % 52 % 2, LHASHFF AT Pz k-
THA L 72, Bp—-Mg?/TiO, 12 W[5 % 30 45
M35 &, Co(l) Ff IZHFBAY 722 390 nm D ¥ —
7EBMT A EpnTE (MW7), —H, It
BTA L7z B-TiO, 1, WHEHE T Th
Co) FEEARM L ehrolz. ZD, W
IBEMEE RS /2o121E, Mg* BIBHiT A &
WLEAT R T DL ERHLPE L, D EDE
BRIz L 0, B L 72 Bp-Mg*ITio, 1, Wf
MAE ARG LT CO, 5@ I8 KIS O fil i i
PfEE 2 D155 Co(l) A AR TE L2 LA R
WEF 2 T E T

BB, NA Ty RG2S 2 2
& TR BNz Co(l) 2 HV 72 CO, R ITTHUG S
DWTHE L7z, 22 TIdE$, B-TiO, &/
W 72 SR ALRERB R 0 CO, 3T UG & FEAT L 72,
10 mg @ Bp-TiO, LB FIHEO M) ZF VT I~
RELAY ) = VEE5mML I CO, /N7 ¥
FLl0b, BBt L. cofR, B

)& L7 Cco,» co~mEicin (X (1) &
AT, Tu by (H) &Il & HKFESE
A (K@) BeCaMIick Bl sz L
7ehio THRIZ, AA 7)) v FillEds Co,
ERIISBICTE D52 EL, &I
T HDOCEREI T O CO, Bt A EH 2 FiE
Thb.

CO, +2H"+2e” — CO+H,0 (1)
2H" +2¢" — H, )
4. #aE

KW TIX, RIHPEMEIO T¥ 5 I 2 By,
& RIS AR [M™TIo,] %A1t
52 LT, R D B,-M"TIO,
INA Ty RO FIZ 2 L 72 (Shichijo
etal, 2022). BHZE S N7z 7)) v R,
PEFR G A 7 bV X K, BHMEEBI5E
L) ZoWE2FICET S ENTE
7o F72, oA T v R, ETIEO b
) IF VT I VAFEAE T T 420 nm PLE oG
HHHT DL, B iFEAO TNV N A F U8
WL CETLENSL Z ET, ST
Col) T HZ 522 2 ENHL L ol Rk
Hld, Byp-M"™ITiO, % W HOCER B # 0 CO, &
TERBNIGHRECTH B 2 L 2R L7z, —J
WIKTIE, Aog 79 v FiE2s CO, EITIK
INPSUR A= NS5 d Ik AN S e
EDRHS L E LS TWA, LIzh o TEBEIE,
CO, HICHUG % BARMY 12 FAT T & B &b % P
L7zwy,

S Wk

Gruber K., Puffer B., Krautler B., Vitamin B,,-derivatives—
enzymecofactors and ligands of proteins and nucleic
acids, Chemical Society Reviews, 40 (2011) 4346-4363.
https://doi.org/10.1039/c1cs15118e

Jia C., Ching K., Kumar P.V., Zhao C., Kumar N., Chen X.,
Das B., Vitamin B, on graphene for highly efficient
CO, electroreduction, ACS Applied Materials & Inter-
faces, 12 (2020) 41288-41293.
https://doi.org/10.1021/acsami.0c10125
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Shichijo K., Watanabe M., Hisaeda Y., Shimakoshi H., Devel-

opment of visible light-driven hybrid catalysts com-
posed of earth abundant metal ion modified TiO, and
B,, complex, Bulletin of the Chemical Society of Japan,
95 (2022) 1016-1024.
https://doi.org/10.1246/bcsj.20220080

Shimakoshi H., Hisaeda Y., Oxygen-controlled catalysis by

vitamin B,,-TiO,: formation of esters and amides from

H) BF 5 R AR

190 - KRR & —FE&

1 bk BER HP L, Bl fE, TSR

BYRINA 7)) N2 v zibuosa 7 >
LIRFED O ORFFER, 5 47 BIAKE
TR &L 52 (Yokohama, Jun. 16-17,
2023) 0O-10.
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trichlorinated organic compounds by photoirradiation,
Angewandte Chemie International Edition, 54 (2015)
15439-15443. https://doi.org/10.1002/anie.201507782

Wdowik T., Gryko D., C-C bond forming reactions enabled

by vitamin B,,—opportunities and challenges, ACS Ca-
talysis, 12 (2022) 6517-6531.
https://doi.org/10.1021/acscatal.2c01596

https://orgelectrochem.electrochem.jp/Upload_
Files/47th_EOC_poster.pdf

. Shichijo K., Shimakoshi H., “Visible light-driven

urea synthesis from CCIl, promoted by metal
complex modified semiconductor hybrid cata-
lyst”, 8th Asia-Oceania Conference on Green and
Sustainable Chemistry (Auckland, NZ, Nov. 29—
Dec. 1, 2023) P3.
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RKIfFgeClE, BRILELILE D ) M omEEEE 7 0 A OB T, F /R T 2 vk
FHGEEEE v ) v T~V a v AT ) —%E&E L2, BRA T ) —~OHFHZ LY 8
WS L 226 bE2 15 572, $£72, 1000°C TORME - BElEEIC X ), BREFOLILE
e LT TRTFMICA Yy 72BN EEL 2 LT, ERELREL TEVWRILEREZ AT 28
METZIRZ AL > ) 7 36 o o s B 1 L 2 L 7.

ABSTRACT

For the fabrication of complex-shaped porous SiO, components with higher porosity, an interparticle photo-

cross-linkable w/o Pickering emulsion suspension with low particle concentration was designed using
nanoparticles. The designed suspension was photocured in a silicone mold with a complex structure. By firing
the green compacts at 1000°C, a slight neck growth between the raw SiO, nanoparticles progressed while
maintaining the pore structure generated by the dispersed aqueous phase. In addition, the complex-structured

& o} o S

porous SiO, parts with higher porosity compared to conventional systems using submicron particles were
successfully obtained by rapid heating process without occurring any structural collapse.
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1. #5

WA LER ) — 2 W2t T Iy 7 AD=
RITCIETCHEAN L, BRI 2 A e R < B
TN ECERSN TS, £1LE
Y73y 7 ADBELTH TNFETIZ, FRHK
FOFHPAIC L ) ZEfbshizn~vy g »
(KvAh)rrr<liay) #58A51) —
i AT (Kleger et al., 2021) S A3
ENTE7 Lal, WFhoFEd, £
IS NTBNR 5 O BB A D IR % B
L7212, (R TREFHE OBLRE - BERIRIEA H
WwWHNTWwWe, CoOEE RIS 5720, A
dohETle, Ry FLrA43Iy (PED &
T LA VR (OA) D&EH (PEI-OA) THE
AL L7 SI0) MVI Y A5 1) — 12T AR
DLZERT 7)) L—1F (MA) &ICEERLGH
MR 7206, KeERAELTHRET A L
TR LW BRIy ) v <)y ar A
F 1) — % %ENL C & 72 (Yamanoi et al., 2022;
2023). Zitid, PEI-OA ® OA LLZFEIZ X - T
FEASE LR 22 10/ VA R O BAT R 9 2 2 &
TEyH Yy <)V a 22w b hEs
L, DI %BES T ORISR T %
Z L THEFEILHLTE L IS H 5. R
A1) = ~ORCE IR 2 CRGHC LD, KAH
G L L7 S ILERE R b oL R YR S
o, JERFE & L CRal TR
BEREIC X D B - KRy 2B TE S
CEERFEFLTERD, HohbLILE SO,
ORI (75%) (220 E O KT - 72
Z TR TIE, [MRWERE 52T b 35T
BAZ LB e /N S e F- M B SE S S
T K O FE R 2 L, Sio, 7/
R T % ER & L 7R RSy ) v o
IV gy EREETT 5 2 L CIREE 2oL
e L, SRILERLILE D ) 5 & Eal
WET L TO A EET LI L2 HE L
7z.

2. FEBIIK

BE # (Yamanoi et al., 2022) |2 3 5 X PEI
(Mw1800) @4 El L= b2 L 15 mol% O
OA #&4& L7 PEI-OA % ML i CHi#L L
PEI-OA % FiE® (0-2.0 mg/m?) &ML 72 F v
I 212 Si0, #iF (Evonik, OX50, BET % 40 nm,
5wt%) I ELL 72 2 O ENE % L4
B L TN BEABEOBERREL) D,
MIVIZ Y HIZBIT 5 SO, BRI 3 5
PEI-OA O Wi 75 25 8) % 3 ffi 3 5 Z & T, PEI-
OA XA DIBININE % /KD o 72,

& 512, PEI-OA % fig Ml Wi # & A 24 &= 7
(12mg/m?) & L 7245 B (k1 i &
20vol%) 12, ZERET 27 L—bF (MA, R
9.3vol%) &3T T HIVESBIIEH & AR L
72DHIIA F MK R (R K
FV x> = 50/50), [ fE n] AL s X —
(74WVIZA30-L, 79437 A) I2LDiR
ALEE (7400 rpm, 60 s MLER) % ffi3 = & T
WAL v H ) v F o~ a vy A5 — %
WML HBohAT)—% 770 8E—)
Fo(20mm) (2R L, AR E (KE
365nm, 60s) (2L D b/ Fo, S
NI IZ ez (R, 24h), Biig - B
JEALEE (10°C/min, 800, 1000°C, 30 min £FF)
L7z, AT) — O L LR ST 12
BUF IR X ) BRI L7z Rk
O PRI, & & BER AR T O SEM, FE-SEM
B2 X ) FRA L 72,

3. FEBHIRB L UBEH

K 1i2iE, A7) =26 BEIL 72 B8 R ETR
DBERZALD? S RAE S o 72, SiO B 12 %)
3 5% PEI-OA ORMNE & WEE OB ERT.
1.2mg/m* OFMNEE TIXRML7ZIZIEETo
PEI-OA %% M )V T ¥ W TR R 1Z Si0, KL T I
WAL TWEZEFHL IR o7 —H,
PEI-OA OivE % Z L B L CO WA=
OEINEFES 51, 1.2mg/m? ORMEMT
S IRAE 2B B & L DSHERE S Tz,
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B2 2%, AFHGEEEY y ) v v
Vg y A7) — O HI2IZ BT 2 Iy
M A R$. BEH (Yamanoi et al., 2022) & It
B CRFREAMRNSEHT Y, SRS E RIS
2 51) —ORFEHERIEE AL TB Y, Bt
HEBELTWDLZ EDFER ST,

3@ ik, Evhyrrzvnyaf
L7206 bYE R 1) — 2 BAR 7GR AR ()
1K) & &I CRER L 72 BERUAR O AMBlO R T %
AT RADEERGHC I Y AT ) — 3R b L, #
RIFLIR % WL L 72N> B > 7 0] BE 2 AR S
‘wohi. ZoRBRITEERBE - BEig e
(10°C/min) Z#E-DIZHEDL ST, ZD4IE
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Fig. 1 Relation between additive and adsorbed content
of PEI-OA on SiO, particles.
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Fig. 2 Changein G’ after photo irradiation of interparticle
photo-cross-linkable Pickering emulsion.

W2 IS D L R CBERTE B 2 L
bipkizoiz,

X 3(b) 121, KATY —=h 55507
bk % 2 TR - BERL T 2 IR O LA D
FRURE S & [ALEZ R . 800°C TOBLI %
Wi, B EROERIZE A RSN G o7z
— T, AT OERS (PEI-OA X MA)
ArFE S NERILFED LA L7z (84%). 1000°C
TOBEAITIE, IR L2 F, U
YR LI 5 Bk 0SBlg s /e,

Xl 4 121%, 1000°C THERK L 72 BERARIZ DN T,
BT OB R EZRT. NWHEBIEL ThD
&, KHEGHR L L-SILEBEEZF LTV
CENHL R ER ST (KM4@). S5, BE
HasmcEg L CAaLE, KHTHThTFInk
Ay BT L T D & RSN
(K 4b)). LD Ehs, AR —05E
5B HIEMAIE, 1000°C TORLAG - B3R E
ARiT LT, mUWRILE (84%) ZHEREL 7:
FERTFEICA Y Z7TET 5 2 & CHEL M L
SHLIENTELZENHLENE R ST,

512, FEEoXRfbEY vy ) v v
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£ 0 BB IRAR & B L 7k T 2R . HE
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Fig. 3 (a) Appearance, (b) linear shrinkage and porosity
of the green body and sintered bodies.
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@)

Fig.4 (a) SEM image and (b) FE-SEM image of the
fractured surface of the sintered body treated at
1000°C.

Fig.5 Complex-structured SiO, porous body through
silicone molding (a) before and (b) after heat
treatment at 1000°C.

S4 BF 5 R B R
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1. Yamanoi Y., Tatami J., lijima M., “Shaping
porous ceramics using interparticle photo-
cross-linkable w/o Pickering emulsions: the im-
pacts of particle surface design”, The 18t
Conference of the European Ceramic Society

7 iR BER (10°C/min, 1000°C) £&4: T T &
KOPIEZIHITEX L LS NI o7,

4. #ia

PEI-OA X &K % W5 L 72 Si0, + / fi ¥ %
FAWTRFHEEE ey h) v 7= )vy 3
VEBRERTLI:. RAT ) =oAL LR
HIiE, EERBE - BT a7 7 AV ThEN
RER R T LA LB - TR v 78
BETELZENWSE oz BERIRE % )
W3 AHZ LT, BHREDERILE (84%) %
B MRS FUEL SIO, 3k ol 85k 1
B L7z,
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Kleger N., Minas C., Bosshard P., Mattich I., Masania K.,
Studart A.R., Hierarchical porous materials made by ste-
reolithographic printing of photo-curable emulsions,
Scientific Reports, 11 (2021) 22316.
https://doi.org/10.1038/s41598-021-01720-6

Yamanoi Y., Tatami J., lijima M., Interparticle photo-
cross-linkable Pickering emulsions for rapid manufac-
turing of complex-structured porous ceramic materials,
Advanced Powder Technology, 33 (2022) 103638.
https://doi.org/10.1016/j.apt.2022.103638

Yamanoi Y., Tatami J., lijima M., Effects of SiO, particle sur-
face design on the photocuring properties of interparti-
cle photo-cross-linkable Pickering emulsions, Advanced
Powder Technology, 34 (2023) 104240.
https://doi.org/10.1016/j.apt.2023.104240

(Lyon, France, Jul. 2-6, 2023) S1-P013.

2. Yamanoi Y., Tatami J., lijima M., “Fabrication of
transparent SiO, glass components by DLP-type
3D printing system using interparticle photo-
cross-linkable suspensions”, The international
conference on Sintering 2023 (Nagaragawa,
Japan, Aug. 27-31, 2023) 1P-05.
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Wk O FLUEREELIE, BREMEORBICBVWTOEETH L. KL TIE, ~r7ax—F 2
EEFO=ZJCiE (K—2 2 TWC) W FOaMEME L7z, K—F X TWC K. FIE, TWC F / ki
T e IR T A BT A L TAK L. K= A TWC KT & B 2 o am L7z
TWC S A% T CO MEILIERE 2 5FAM L 72458, A —F A TWC k. T-1& TWC S M4 7 ok &
W LT, CO DL AT 500 A 1 L7z, S, Bkl F-PcE@EfLa A Lz SfLEfEIC LD,
BT P ORI Sz 72072 8 E 2 Hh . ORI, REMEORKGEN Lo -
OOEELAAE D EEZTVE.

ABSTRACT

Porous structures are increasingly getting attentions in developing environmental catalysts, such as three-way
catalysts (TWC), due to their ability to improve catalyst performance without changing their composition.
This study explored various template-to-TWC mass ratios to create an optimal interconnected nanoporous
structure while maintaining the catalyst morphology. This optimized sample was then investigated to compare
CO oxidation performance with nanoparticles and aggregate structures. The results demonstrated that the
nanoporous structure improved CO oxidation efficiency by 50% compared with other structures. This im-
provement is attributed to the better diffusion of reactants within the interconnected porous structures of the
nanoporous sample. These findings highlight the critical role of nanoporous structures in enhancing the effec-

tiveness of environmental catalysts.
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1. Introduction

Vehicle pollution, including CO, NO,, hydrocar-
bons, and particulate matter, has been a major con-
cern for decades due to its harmful effects on health
and the environment (Kojima et al., 2016). To reduce
these emissions, researchers have focused on im-
proving vehicle exhaust treatment technologies, par-
ticularly the three-way catalyst (TWC), which has
been equipped since the 1970s (Resitoglu et al.,
2015). Although effective, TWC technology relies
on expensive metals like Rh, Pd, or Pt, leading to
costly production. With the rise of gasoline direct in-
jection vehicles, there’s a growing need to make
TWCs more efficient.

A promising approach is to enhance TWCs by in-
corporating nanoporous structures into the catalyst
particles. These structures improve the reaction dif-
fusion process, thus boosting the catalyst’s perfor-
mance. This study developed optimized nanoporous
TWC particles using a template-assisted spray pro-
cess with 154 nm polystyrene latex (PSL) as the tem-
plate. Different concentrations of TWC nanoparticles
and polystyrene latex particles were investigated to

create an optimized interconnected nanoporous

Carrier gas

(@)

Ultrasonic
nebulizer

PSL 154 nm

TWC NPs

Precursor

250°C solution

350°C

(b) — —
Nt e |J_
[—— |

(C) Mass flow controllers

structure. The final product’s effectiveness was then
tested for CO oxidation, demonstrating the benefits
of the nanoporous structure in enhancing catalytic
performance.

2. Materials and methods

Fig. 1 describes the experimental procedure for
synthesizing nanoporous TWC particles using PSL
as a template. Briefly, the precursor solutions con-
tained 0.5wt% TWC NPs and various concentra-
tions of PSL to achieve PSL/TWC mass ratios of 0.5,
1.0, and 3.0. These precursors were then fed into the
spray pyrolysis la). The as-
prepared samples were subsequently reheated at
900°C for 4 h to completely remove any PSL residue

system (Fig.

(Fig. 1b). The resulting nanoporous TWC particles
were denoted as NTP-X, with X illustrated the PSL/
TWC mass ratio. For comparison, the aggregate
structured TWC particles (ATP) without using PSL
template were synthesized with identical method but
with concentration of TWC NPs of 2.0 wt%, ensur-
ing that the final particles had diameters comparable
to the nanoporous ones. These particles were then
evaluated in the catalytic assessment system (Fig. 1c)
for their CO oxidation performance. The detailed
methodology and additional information for the cat-

500 °C

Electric furnace

700 °C

Glass fiber
filter

Gas chromatography
60 °C

@D |-

Ventilation

[ —— |
[——— |

Temperature controller

Fig. 1 Experimental setups for the (a) spraying, (b) reheating, and (c) catalytic evaluation.
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alytic performance evaluation have been published
in previous studies (Le, Kitamoto, et al., 2023; Le,
Yamashita, et al., 2023). In brief, 0.015 g of catalyst
was placed in the quartz tube (3.8 mm inner diame-
ter) and fixed by two quartz wool layers. The catalyst
underwent pretreatments at 200°C for 30 min, which
involved two steps: first with a H, 5.0 vol%/N, and
then with a CO 0.8 vol%/O, 0.8 vol%/N,, each at
flow rate of 100 mL/min. For the measurement, a gas
mixture of CO 0.8 vol%/O, 0.8 vol%/N, was intro-
duced through the catalyst at flow rate of 100 mL
min-1, while the temperature was raised from 50 to
200°C. The gas outlet was analyzed online by gas
chromatography (GC-14B, Shimadzu, Japan). The
CO conversion (C, [%]) was calculated using Eq. 1

Ceo = ([CO,, - [CO],,,)/[CO];, X 100% )

where [CO],, and [CO]
CO at the inlet and outlet of catalyst bed measured by

out are the concentrations of
GC, respectively.

The CO conversation rate (Reo [mL min-t g )
at 130°C was calculated from Eq. 2 considering the
Cco at 130°C [%], the catalyst weight (m_,,) [g].

Reo = Ceo X 0.8% x 100/ m,, @)

3. Results and discussion

Fig. 2 shows the morphologies of aggregate and
nanoporous TWC particles prepared via a template-
assisted spray process, followed by a reheating pro-
cess. This reheating process, optimized at 900°C for
4 h, effectively removed the PSL residues from the
nanoporous TWC particles (Le, Yamashita, et al.,
2023). Initially, spherical aggregate TWC particles
were obtained (Fig. 2(a-1)) because of the spherical
droplet generation in the spray process. The internal
aggregate structures were also confirmed from sam-
ples prepared without PSL template, as shown in
Fig. 2(a-2). Furthermore, Fig. 2(b-1) reveals the
spherical morphology of nanoporous particles
achieved by introducing the PSL as a template into

5|
[ (o-1) =
= =

=

Fig. 2 (Left) SEM and (right) TEM images of aggregate
and nanoporous TWC particles prepared at different
PSL/TWC mass ratios: (a) 0 (ATP), (b) 0.5 (NTP-
0.5), (c) 1.0 (NTP-1.0), and (d) 3.0 (NTP-3.0).

the precursor solution. On the other hand, the uni-
form distribution of nanopores is highlighted in the
TEM images in Fig. 2(b-2). Increasing the PSL/
TWC mass ratio from 0.5 to 1.0 results in the in-
creased number of nanopores (Fig. 2(c-1)) while re-
taining the spherical morphology. The higher number
of nanopores within the particles was also confirmed
by the highly porous TEM images in Fig. 2(c-2).
However, further increasing the PSL/TWC mass ra-
tio into 3.0 can lead to the disintegration of nano-
porous particles (Fig. 2(d-1) and (d-2)).

To examine the interior structures of the
nanoporous TWC particles, cross-sectional SEM
analysis was performed. The aggregate structure of
ATP was observed in the cross-sectional SEM imag-
es (Fig. 3a). The nanopores were homogeneously
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distributed, not only on the surface but also internal-
ly, as shown in Fig. 3b. Increasing the PSL/TWC
mass ratio to 1.0 results in the formation of intercon-
nected nanoporous structures (Fig. 3c). Higher PSL
concentrations mean more nanopores within the par-
ticles, enhancing the connection between the
nanopores inside the final particles (Le, Cao, et al.,
2023; Le et al., 2022). Thus, increasing the PSL/
TWC mass ratio to 1.0 leads to TWC particles with
greater porosity and interconnected nanoporous
structure, improving the diffusion efficiency and cat-
alytic performance.

To evaluate the catalytic performance of various
TWC structures, CO oxidation was used as model
reaction. Fig. 4a demonstrates that the nanoporous
TWOC particles (NTP-1.0) exhibit the highest CO ox-
idation performance among the investigated sam-
ples. This result is attributed to the high diffusion
efficiency of reactants through the large pores of the
nanoporous structures. Specifically, the CO conver-
sion rate at 130°C can increase 50% from 34.5 to
51.8 mL min-! g by introducing the nanoporous

(@-1) (2-2)]

(b-1) =1

Fig. 3 (Left) High magnification and (right) cross-
sectional SEM images of (a) ATP, (b) NTP-0.5,
and (c) NTP-1.0.

structures into the aggregate structure (Fig. 4b). In
contrast, the TWC NPs and aggregate TWC particles
(ATP) show the similar and lower catalytic perfor-
mance because of limited diffusion within their
structures (Fig. 4a). Consequently, their CO conver-
sion rates are similar around 34.5-35.5 mL min-!
O - at 130°C. This similarity in catalytic perfor-
mance is attributed to the arrangement of TWC NPs
within the catalyst bed, which restricts the diffusion
of reactants, reducing the performance of TWC NPs
samples.

4, Conclusion

This study reported the method for synthesizing
interconnected nanoporous structures in environ-
mental catalyst for enhancing their performance. By

100 »—o =
(a)
.80 ——TWC NPs
X
= ——ATP
c
'% 60 I —o—NTP-1.0
o
=
S 40
o
O
O t
O 1

0 50 100 150 200
Temperature [°C]

70

(b) At 130 °C
60 |
51.8

50 r 355
34.5

30

20

CO conversion rate [mL min =t g ]

TWC NPs ATP NTP-1.0

Fig.4 (a) CO oxidation performances and (b) CO
conversion rate at 130°C of TWC NPs, ATP, and
NTP-1.0 samples.
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controlling the mass ratio of template to catalyst, the
interconnected nanoporous structures were able to
achieve while maintaining the particle’s spherical
shape. Incorporating a nanoporous structure into the
particles significantly enhances their catalytic perfor-
mance. This enhancement is primarily due to the
increased diffusion of reactants within the intercon-
nected pores. Our findings hold promise for advanc-
ing the development of environmental catalysts,
potentially leading to more environmentally friendly
solutions for future generations.
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T UHNENE, RO FTEERBR BAE (SDGS) IZARIRTHD. ZiLh ORI,
EYEREOM RGN T « A X ARRBETH D, AETIE, V7 7vrh A X0V D
FeNi (FeNi@SiO,) K Z#AIATr Z & T, ZOMWMOMKEEA M ESE5 2 LIl LTz,
FeNi@SiO, b7 - DN 72— BB A R A K T~ 5 72912, AU 7 —SHREBEB O REEZ V. &
Wa—7 ¢ VT WE B OB 2D 72912, FeNi =7 1 YL & HMDSO 7850 % 47 i S 2 Jigla]
MERFET D720 0BT AR (Q) DORhEEZF 7=, fi/e Q, 1%, EA353nm, v = /LEX
25nm, @I —7 4 7FE (96%), KV Si0, T/ K AR D FeNi@SIiO, hi = 726 LTz,

ABSTRACT

Digital and electrical technologies are vital to achieve global sustainable development goals (SDGs). These
devices and machines require high-performance powder magnetic core inductors. This study successfully en-

hanced the magnetic characteristics of this component by incorporating submicron-sized silica-coated FeNi

& mf ok N

(FeNi@SiO,) particles. The Swirler-assisted spray pyrolysis method was used to achieve an efficient one-step
synthesis of FeNi@SiO, particles. To obtain particles with high-quality coating, the effect of an additional gas
flow rate (Q,) for providing swirling flow to disperse FeNi aerosol and HMDSO vapor was investigated. The
optimum Q, resulted in FeNi@SiO, particles with 353 nm diameter, 25 nm shell thickness, a high coating ra-
tio (96%), and low free SiO, nanoparticle impurity.
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1. Background

Powder cores, comprising iron powder and its al-
loys, have been pivotal in miniaturizing power elec-
tronics and advancing electric machines. The
growing demand for electrical machines in global
industries and transportation underscores the need
for improved soft magnetic materials to enhance
wide bandgap semiconductor devices. FeNi particles
offer a high DC bias current (Septiani et al, 2022a),
but the issue of eddy current losses remains challeng-
ing. Coating FeNi particles with silica can mitigate
eddy current losses. Our group recently achieved the
production of spherical submicron-sized FeNi parti-
cles in a single benign step using the spray pyrolysis
method (Septiani et al, 2021). Consequently, the gas-
phase aerosol process for silica coating is highly de-
sirable for further material development. Several
studies have attempted aerosol-based silica coating
(Teleki, 2009), but the process could not be used to
reduce metal salt to metal because of the oxygen
content. To date, no research has investigated the
one-step aerosol-based synthesis of silica-coated
FeNi particles. The combination of FeNi reduction
and coating in a single step poses a complex chal-
lenge, making spray pyrolysis an attractive option
owing to its ability to maintain the reduction atmo-
sphere and cost-effectiveness compared with other
methods.

In practical applications, achieving uniform and
homogeneous coating is crucial for enhancing the
characteristics of silica-coated FeNi particles in
powder cores. In this work, fluid flow control for ob-
taining FeNi@SiO, particles was investigated. The
FeNi precursor was transported by a 5%H,—Ar carri-
er gas (Q,), while hexamethyldisiloxane (HMDSO)
as a silica source was delivered by a 5%H,-Ar gas
from silica carrier gas (Q,) and additional gas (Q,).
Q, controlled the amount of silica source, and Q, in-

fluenced its distribution inside the reactor. The flow

rate of Q, was tuned to enhance the coating quality in

the most effective connector type.

2. Experimental section

Fig. 1 shows a schematic of the synthesis of
FeNi@SiO, particles through swirler connector-
assisted spray pyrolysis. This system comprises a
preheater, swirler connector, and spray pyrolysis re-
actor, as stated in our previous study (Septiani et al,
2022b). First, 5 L/min carrier gas of 5%H,-Ar con-
veyed FeNi precursor droplets into a Pyrex glass
pre-heater, with a length of 395 mm and a diameter
of 36 mm, resulting in intermediate solid particles.
Then, the solid particles met HMDSO-laden 5%H,-
Ar gasses through the connector. Hence, the FeNi
precursor and HMDSO were mixed and entered the
spray pyrolysis reactor with a 1300 mm tube length
and 30 mm internal diameter. The pre-heater tem-
perature was 300°C, connector temperature was
150°C, and the five enclosed furnaces with adjust-
able reactor temperature were at 1400°C. In the bub-
bler, HMDSO was held at 2°C. HMDSO vapor from
the bubbler was carried by 5%H,-Ar (Q,). An addi-
tional carrier gas flow rate (Q,) was managed to
maintain FeNi-HMDSO aerosol mixing.

The characterization of FeNi@SiO, particle mor-
phology was examined by FE-SEM (S-5200, 20 kV,
Hitachi High-Tech. Corp., Tokyo, Japan) and TEM
(JEEM-2010, 200 kV, JEOL Ltd., Tokyo, Japan).
The crystal structure was confirmed by XRD analy-
sis (D2 PHASER, Bruker Corp., Billerica, MA,
USA). High-angle annular dark-field scanning TEM

ector Pyroly51s Reactor
n

preheater con SiO,-coated

FeNi e FeNi particles
eNi ° )
precursor g+ o9 00 ‘J Q -
droplet \Lf
h J

HMDSO (SiO, source)

Fig. 1 Schematic diagram of the process for producing
FeNi@SiO, particles through swirler connector-
assisted spray pyrolysis.
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(HAADF-STEM) and energy-dispersive X-ray spec-
troscopy (EDS) mapping of elemental Fe, Ni, Si, and
O were used to obtain a cross-sectional picture of the
FeNi@SiO, particles. FeNi@SiO, particles were
mixed with micron-sized Fe—Si—B particles to form a
powder core at a 1:4 ratio. All powder core speci-
mens in wire wounded toroidal were tested for DC
bias performance using a Precision LCR Meter
4284A (Keysight Technologies, Inc.) with a maxi-
mum applied field of 20 A and a maximum magnetic
field of 320 Oe. The phase difference between the
exciting current and the induced electromotive force
was used to compute the eddy current loss.

3. Results

Fig. 2 presents the morphology and structure of

(a-1) (a-2)

200 nm
—

(b-1) (b-2)

—

(c-1) (c-2)

200 nm
—

(d-1) (d-2)

—

Fig. 2 Morphology and structure of the synthesized
FeNi@SiO, particles prepared by different
additional gas flow rates (Q,): (a—d) 1, 3, 5, 7 L/min,
respectively. 1: SEM, 2: TEM images.

the produced FeNi@SiO, particles by using various
additional gas flow rates (Q,). According to the SEM
images in Fig. 2 (a-1) to (d-1), the spherical shape
and submicron size were confirmed in all cases. In
the present study, it was observed that FeNi@SiO,
particles exhibiting a rough surface morphology
were synthesized under the conditions of the lowest
and highest volumetric flow rates, specifically at 1
and 7 L/min. Conversely, particles with a smooth
surface morphology were formed within the flow
rate range of 3 to 5 L/min. The roughness observed
on the surface of the particles may be attributed to
the existence of free silica nanoparticles within the
generated particles. The generation of free silica oc-
curs because of the HMDSO vapor, which is insuffi-
cient to deposit on the surface of the core particles.

Furthermore, to confirm the particle structure,
TEM images are shown in Fig. 2 (a-2) to (d-2). Ata
Q, of 1 L/min, it was clearly seen that the FeNi par-
ticles were partially coated by SiO,. Moreover, a sig-
nificant quantity of nanoparticles indicating free
silica was observed. In contrast, in the higher Q, cas-
es, FeNi particles with a perfect coating were ob-
tained. Thereby, further discussion is focused on Q,
ranging from 3 to 7 L/min.

By measuring approximately 400 particles shown
in the TEM images, the coating ratio (CR), average

particle diameter (d,, ), and shell thickness (t,) were

av,
examined. It was fouid that the CR was counted at
95%, 96%, 93% for Q, of 3, 5, 7 L/min, respectively.
Remarkably, an inverse relationship was observed
between CR and the generation of silica nanoparti-
cles. In addition, a subtle distinction was noted in the
geometric mean diameter of the particles and the
geometric standard deviation (d,, ;/o4,), which mea-
sured 361 nm/1.54, 353 nm/1.49, and 350 nm/1.60
as Q, increased from 3 to 7 L/min. The Q, variation
at 3, 5, and 7 L/min resulted in shell thicknesses of
27, 25, and 22 nm, respectively. The shell thickness
was also considered to proportionally affect the di-

ameter of the FeNi@SiO, particles.
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The mechanism governing the formation of
FeNi@SiO, particles is shown in Fig. 3.

Typically, the FeNi precursor undergoes decom-
position and reduction, transforming into solid metal
particles (FeNi aerosol), while the HMDSO vapor
undergoes a reaction to yield silica monomers (SiO,
aerosol). Subsequently, these silica monomers nucle-
ate either on the surface of the metal solid particle
(heterogeneous nucleation) or within the surround-
ing fluid (homogeneous nucleation).

In cases with lower Q, values, the distribution of
HMDSO tends to be non-uniform, resulting in a re-
gion with a higher concentration of generated silica
monomers. This high concentration of silica mono-
mers brings them into close proximity to FeNi aero-
sols, thereby facilitating heterogeneous nucleation.
However, it also promotes the conversion of gas to
solid, giving rise to free SiO, nanoparticles and con-
sequently leading to the formation of particles with a
relatively high content of free SiO, nanoparticles and
thicker shell layers. In contrast, a significant increase
in Q, likely results in a lower concentration of
HMDSO within the gas flow, creating more space
between the generated SiO, and FeNi aerosols. In

addition, the elevated flow rate reduces the residence

Too high %«
cSiOZ

- &e ¥ i

e .
e .- * Inhomogeneous

. . )

. <+ sio,
"l .

i . . concentration

T .

High Q,
2 . * decreases
: . FeNi and
. * SiO, contact

Fig. 3 Schematic of the effect of Q, on FeNi@SiO,
particle formation.

time, limiting interactions between the generated
SiO, and FeNi aerosols. Consequently, the remain-
ing generated SiO, manifests as nanoparticles. Based
on this observation, the optimal conditions for pro-
ducing FeNi@SiO, particles are achieved when em-
ploying a Q, of 5 L/min.

The crystal structure analysis of FeNi@SiO, parti-
cles using a Q, of 5 L/min also confirmed the suc-
cessful synthesis of FeNi as the particle core. The
XRD pattern in Fig. 4 (a) revealed an FeNi crystal
structure without oxidized iron or nickel peaks, indi-
cating the completeness of the reduction process. To
provide additional support for the characterization of
the synthesized particles, cross-sectional HAADF-
STEM analysis was used. The picture depicted in
Fig. 4 (b) exhibits distinct core-shell FeNi@SiO,
particles, as evidenced by the lack of composite
FeNi/SiO, structures. The particle cross-section was
subjected to elemental mapping using EDS analysis,

FeNi@SiO, N

Intensity [-] &

FeNi
(JCPDS No.47-1405) | |

10 20 30 40 50 60 70 80
26 [deg.]

(b)

2 pm i

Fig. 4 (a) XRD pattern, (b) HAADF-STEM image, and
elemental mapping of FeNi@SiO, particles
synthesized using a Q, of 5 L/min.
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which clearly revealed the presence of the FeNi core
and SiO, shell, with no evidence of oxidation. In ac-
cordance with the TEM image in Fig. 2, this figure
displays FeNi@SiO, particles with a few uncoated
particles.

Subsequently, the magnetic properties of this pow-
der magnetic core were evaluated and compared
with those of a specimen incorporating FeNi parti-
cles. First, DC bias characteristics, represented by
the I, value, were determined by 30% deteriorating
value of the relative permeability of the powder core.
Notably, the use of FeNi@SiO, particles demonstrat-
ed the ability to maintain relative permeability deg-
radation at higher DC bias currents compared with

FeNi particles. Specifically, the I_. value achieved

sat
with FeNi@SiO, particles was 17.0 A, whereas the
uncoated FeNi counterpart yielded a value of 14.3 A.
Second, the eddy current loss was measured. Com-
paring the application of FeNi@SiO, and FeNi parti-
cles in the powder core, the FeNi@SiO, particles
resulted in a 30% lower eddy current loss at the same
packing density. These results indicate that the
FeNi@SIiO, particles were substantially more effec-
tive than the FeNi particles as secondary particles in

a powder magnetic core.

4, Conclusion

Investigation of the production of FeNi@SiO,
particles and their incorporation into a powder mag-
netic core has resulted in remarkable results. The
connector-assisted spray pyrolysis approach was ef-
fectively employed to achieve the one-step synthesis
of FeNi@SiO, particles. The investigation involved
altering the additional gas flow rates (Q,) at 1, 3, 5,
and 7 L/min to examine their effects. The lowest Q,

resulted in the production of an inhomogeneous

coating. Meanwhile, the increase in Q, from 3 to
5 L/min yielded a more homogeneous dispersion of
hexamethyldisiloxane (HMDSO) vapor, resulting in
a high coating quality. However, when the Q, was
increased to 7 L/min, the coating quality decreased
because of inadequate residence time and insufficient
distance between the FeNi aerosol and the produced
SiO,. The use of FeNi@SiO, particles as secondary
particles demonstrated a significant advantage in
terms of DC bias characteristics and eddy current
loss value when compared to FeNi particles without
a coating. Overall, our study emphasizes the poten-
tial advantages of FeNi@SiO, particles in enhancing
the efficiency of powder magnetic cores across di-

verse applications.
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Table1 Symposium program.

November 15
9:30-9:45 Opening ceremony

9:45-10:15
Technological innovation-driven strategies in achieving the sustainable development goals (SDGs) through net-zero
GHG emissions
Dr. Mrityunjay Singh (President and CEO, Global Alliance for Technology and Society, USA.)

10:15-10:45
Static and dynamic rearrangement of high-nickel cathode particulates in dry coating for a high energy density lithium
ion battery
Prof. Ungyu Paik (Hanyang University, Korea)

11:00-11:30
High throughput screening platform for discovery of inorganic luminescent materials: with two cases
Prof. Qian Liu (Shanghai Institute of Ceramics, China)

11:30-12:00
Photocurable suspension design for rapid manufacturing of 3D-structured ceramic components Prof. Motoyuki
lijima (Yokohama National University, Japan)

13:30-14:00
New activities in self-healing of ceramics and their value
Prof. Wataru Nakao (Yokohama National University, Japan)

14:00-14:30
Recent particle scale simulation methods for powder processing
Prof. Yansong Shen (University of New South Wales, Australia)

14:30-15:00
Regulating Li electrodeposition for reliable and robust anode-free all-solid-state batteries
Prof. Taeseup Song (Hanyang University, Korea)

15:15-15:45
Development of high thermal conductivity Si;N, ceramics from tape casting and gas pressure sintering
Prof. Jingxian Zhang (Shanghai Institute of Ceramics, China)

15:45-16:15
Micro-scale mechanical properties of surface layer in ion-exchanged glass
Dr. Tatsuki Ohji (National Institute of Advanced Industrial Science and Technology, Japan)

November 16
9:15-9:45
Fabrication of high performance Si;N, ceramics with radial grain alignment using centripetal sinter-forging
Prof. Hua Tay Lin (GuangDong University of Technology, China)
9:45-10:15
Room-temperature densification of MgO bulk ceramics with dispersed nitride phosphor particles
Dr. Takuma Takahashi (Kanagawa Institute of Industrial Science and Technology, Japan)

10:30-11:00

Long-term stability of zirconia and its applications

Prof. Wei-Hsing Tuan (National Taiwan University, Taiwan)
11:00-11:30

Smart powder processing for sustainable society

Prof. Makio Naito (Osaka University, Japan)

11:30-12:00
OCT operando observation of internal structure of ceramics for powder process informatics
Prof. Junichi Tatami (Yokohama National University, Japan)

12:00 Closing ceremony

13:00 Laboratory Tour in Yokohama National University
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