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ARV A TR T EEREE FAEH No.33 (2025)
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RV A TR TR B4R No.33 (2025)

O &K#¥ C EE—

ANHEMEEN RV 7R LRI
Mg MO B 5

LIFENE, 1991 45 (R 3 4F) 12 AICRRALATRA &4, 2012 4F (PR 24 4F) (ZIEHNBERF & D
AP HENCRESN, SETRIISEIEANZ T L2 2o, BHEIIHETHEICET S
FREF7E B X O FNUCHED e E OEBEH, MREOFER 2 SICx¢ 2 kFEELZ B LT, &
PHEBLOMAORERTEZOREZ IR L CE V) F Lz BB X OWMEE T 28700
P& it b $ 2R LRI, B, SRh CoREST O ESR, HHEE, TRz ok
FEHFEFTERACELZTVET. 5612, BEMESE AT — 2 SRRl et a2 EB T 5
7o OFE 2 OFERIUITT L CH, KRECEHBT 2 EEREMSH T3, UBETIE, B 40H
S FHELAFFEZRELELUEHLTIV) T L

BT, WAL T 2 ENEERIT 3 2 @ E (KONA B), B AELAICET 5
WZED 72D DGR E B (FFZeBhk), AR LI 3 2058 EF 5 2588 OB OER (WF
FeBHF IR, BELHEICET AMEREAROEY (v RY Y A% EORMERE) %91
TWEY. 722023 FF LD, BAELEICHET 248 FMEEOBENIWIFEERIS T 2EE (OF
VA IWEREE) RIS, BRMREDAL vy T T EICET AR R EO T T T

KONA H1Z, BELFOFHIZBVWTERAERE SNHRE RGN 00THY, EE
PN EN IR 2 B T - E R MR EPBETEINTCVET. T TOTERIZENNE
HETEN40 2T, 2025 4EFEX, FA YD T T vy ang 7 TERFOHIZTH % Amo Kwade
22 E S NE L7, KONA BiZ, BETHICELAMROMEENHIETEE LT, Zo5H
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fFZeBhe, BB RIEDB L Y U RY Y A 7% EOREEDICN LT, BERE SE, E
AN OWMFEREE LD, L OHERE - HEEZZITTHBY, BRICKEEH L THB Y 3. 20254
BEL, MFRIIBICO & F LTI NTHOISENH Y, ZOH» 5 1THOIFEHFEI RIS T L7-.
WEEBROEMICOE T LI, 23HFOHELH D, 6 HOKRFEREAICHEL T L. BHnksE
BEEDE S ADMF LR EZIEETH L, HERLFORERIZESTH, MOTHETHLLEE
ATWET. B, REEL 1 HOFFEEPZTEHINT Lz, B, SR EOTICHEED T 4
WEINTHBY, WhRIZOREZEBRMICEZ S LT, BHEIIEELZEHZRZLTB)F
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TR T X 555 10 IR T 5 235% (WCPT 10: 10th World Congress on Particle Technology)
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MEIUTOLBY) THL, IhoDFEHEL, FEFEFICHFS FHREKOER KRBEEHET
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No. FAEH FHENK
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DFfERED KT &0 EME
6 | HIRMTIITDIEED AL T A W FIAT O R)
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[WHME L2 3 A alid ) amas | 13 1968 SR \2 @ EIASBE M S A1, AFEFIIE L4447 R “KONA Powder
and Particle Journal” {Z 1983 EIZAITI S N7- b DT, ¥MHADOER 1, YHENINSOFHE®T]
XHENTN D,
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1-1-3 $STESHE

LN, 1991 4 12 HICHAZ 5 PICHFAORELFZORM 2 By & L CaiZ 3N, 2021 4F12
FRAL 30 FAERMZ 7. INERRIC, A2 (20200 43 HIZ, BFEIRET 30 RAERL AAF e AL
LEFHN, TRONEOHREESFH S (2023) £ 9 HETICTNTEBS N2 1IFBEISHH3
FEICERHEATH Y, S A4EEICIE2 & 3 PES NIz FERREEE & 7% - 7248 5 I
4 O 4 NEBRY A TMETSEY VR ARERS N S TEEISHEE S 8 EFITBW
T, FreelEFEOERITEL TRV,

No. | FH¥EHM | FERFRE HHENE
| AR APT (Asian Particle Technology) 2021 > ¥R 7 & (4 34 10 J
v T H~14H, 79> 70y AR TO Young KONA Award D¥%5-
5 W RS 30 EAERL &S (4449 s H (H), WERT
BAEIE% ST KRR DBt
3OJ§$§?$ G4 | [eCCT (45 7 18158 3 bR o0 T THT 460 & SPGB 5 2 EBS &2 5) 2022
3 YBEEE PURTY A (A4 11 A, 113 12T, KONA Young Researcher
Award, KONA Achievement Award D% 5-
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RV TR T AR FAEER No.33 (2025)

RARAYIZIZ 12 H OBEX I TRIREMESPREL, AERINZ &b,

f

T
WCAZERBIELC6 B 27 HIZKoOW 7%, 8 AH1S 9 HOHRKERE BERBIZ X A FEHEORE,

W2 AV 8 4F 3 HIZHH

fle 7z,
(BhBCHAT  T-H)
L5iEA:)5 KONA & BHVEMEIRRD DURTTY L EBEIERD
FE BB | 5= # R e E e # R e # R
8 s | Bhked | PR ¢ | miedE | PR | mhikedE | TRE) 4| mimeds
HO4 | 1992 | 69 | 20 26,000 1 1 1,000 10 6 1,800 6 3 7,000
HO5 | 1993 | 86 | 31 20,400 8 1 1,000 8 6 1,800 3 3 6,500
HO6 | 1994 | 70 | 25 13,800 3 1 1,000 10 5 1,500 5 3 5,000
HO7 | 1995 | 88 | 27 15,280 5 1 1,000 11 5 1,500 1 1 200
HO8 | 1996 | 84 | 27 15,000 3 1 1,000 8 5 1,500 (55T
HO9 | 1997 | 57 | 29 18,000 5 2 2,000 8 5 1,500 0 0 0
HI0 | 1998 | 66 | 25 17,800 5 2 2,000 7 3 900 0 0 0
HI1 | 1999 | 64 | 21 18,000 4 2 2,000 9 4 1,200 4 2 1,500
HI2 | 2000 | 79 | 23 17,900 4 2 2,000 11 5 1,500 2 2 1,500
HI13 | 2001 | 61 | 31 18,900 10 1 1,000 12 5 1,500 1 1 1,000
H14 | 2002 | 68 | 24 18,300 3 1 1,000 7 4 1,200 4 2 2,000
HI5 | 2003 | 76 | 24 18,200 7 1 1,000 6 4 1,200 1 1 1,000
HI16 | 2004 | 101 | 25 17,200 5 2 2,000 10 3 900 2 2 1,000
HI17 | 2005 | 120 | 24 23,000 5 1 1,000 (55T 5 2 2,000
HI8 | 2006 | 112 | 23 23,800 4 1 1,000 (B5ET) 2 2 1,500
HI19 | 2007 | 137 | 23 21,900 1 1 1,000 (B%5E9) 5 2 1,500
H20 | 2008 | 128 | 18 13,500 3 1 1,000 (AT 4 3 1,000
H21 | 2009 (55T
H22 | 2010 (AFAET)
H23 | 2011 | 117 | 17 13,000 2 1 1,000 (55T 6 \ 3 ‘ 1,400
H24 [ 2012 | 79 | 14 8,600 5 1 1,000 (5549 (5T
H25 | 2013 | 119 | 30 23,000 3 1 1,000 (5%5E9) 0 0 0
H26 | 2014 | 126 | 23 19,400 6 1 1,000 (AZEET) 1 1 1,000
H27 | 2015 | 150 | 22 16,700 5 1 1,000 (B5ET) 1 0 0
H28 | 2016 | 195 | 23 13,800 6 1 1,000 (B%5E9) 4 1 300
H29 | 2017 | 193 | 21 14,600 6 1 1,000 (AT 5 1 600
H30 | 2018 | 132 | 18 14,000 6 1 1,000 (B%5ET) 3 1 1,000
ROI | 2019 | 119 10 7,200 4 1 1,000 (B%5E) 1 0 0
RO2 | 2020 | 102 12 10,000 4 1 1,000 (55T 2 1 1,000
RO3 | 2021 | 136 | 26 22,000 4 2 2,000 (B5ET) 1 1 1,000
RO4 | 2022 | 98 | 21 21,000 3 2 2,000 (B%5E9) 2 1 1,000
RO5 | 2023 | 91 19 19,000 2 1 1,000 (85T 2 2 1,000
RO6 | 2024 | 123 | 21 21,000 6 1 1,000 (B5ET) 2 2 2,000
RO7 | 2025 | 117 17 17,000 4 1 1,000 (B5%5E9) 2 1 1,000
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RV TR T AR FAEER No.33 (2025)

(BBCAE - T-H)

Eﬁ%%ﬁgim%ﬁb HdH)i%*iﬁ%ﬁb T F g __ &t
wE | EE | nE ® R e ® R = . e ® R
8| 8 | BIRERRE | B | B | BIRRRER | FHR 248 3 248 3 | B8 | Bk £%R

HO4 | 1992 | 8 5 1,000 1 1 10,000 95 | 36 46,800
HO5 | 1993 | 15 5 1,000 2 2 10,065 122 | 48 40,765
HO6 | 1994 | 19 6 1,200 1 1 8,000 108 | 41 30,500
HO7 | 1995 | 19 7 1,400 0 0 0 124 | 41 19,380
HO8 | 1996 | 20 7 1,400 (B5E9) 115 | 40 18,900
HO09 | 1997 | 16 6 1,200 (5%E9) 86 | 42 22,700
HI0 | 1998 | 16 9 1,800 (85T 94 | 39 22,500
HIT | 1999 | 22 6 1,200 (BR5EY) 103 | 35 23,900
HI12 | 2000 | 26 7 1,400 (5%E9) 7 3,900 129 | 46 28,200
HI3 | 2001 | 19 8 1,600 (55T 7 | 3,000 110 | 53 27,000
HI14 | 2002 | 19 8 1,600 (B5Ed) 4 {4,000 105 | 43 28,100
HI5 | 2003 | 16 9 1,800 RV A T WIFE S E 4 | 4,100 110 | 43 27,300
HI6 | 2004 | 27 7 1,400 | 3z IR 5 13,100 150 | 44 25,600
HI7 | 2005 | 26 | 11 3300 | PFER| fRg | B4R | 6 3,800 | 3 [15000| 165 | 47 | 48,100
HI8 | 2006 | 16 11 3,300 9 3 1,500 3 03,000| 2 (10,000 | 148 | 45 44,100
H19 | 2007 | 22 10 3,000 11 3 1,500 3 03,000| 1 |5000] 180 | 43 36,900
H20 | 2008 | 19 10 3,000 8 2 1,000 2 1,100 0 0| 164 | 36 20,600
H21 | 2009 (5T 0 0 0
H22 | 2010 (55T 0 0 0
H23 | 2011 (B5EY) 125 | 21 15,400
H24 | 2012 (B5%5E9) 84 15 9,600
H25 | 2013 | 12 9 2,700 (55T 134 | 40 26,700
H26 | 2014 | 28 9 2,700 (B5ET) 161 34 24,100
H27 | 2015 | 30 10 3,000 (B5%ET) 186 | 33 20,700
H28 | 2016 | 36 10 3,000 (85T 241 | 35 18,100
H29 | 2017 | 35 11 3,300 (B5ET) 239 | 34 19,500
H30 | 2018 | 25 10 3,000 (558 166 | 30 19,000
ROI |2019 | 22 9 2,700 (85T 146 | 20 10,900
RO2 | 2020 | 20 10 3,000 ARV 7 TR SE SR E (A5ET) 128 | 24 15,000
RO3 | 2021 | 24 14 4200 | jEyE IR (A%ET) 165 | 43 29,200
RO4 |2022| 16 | 10 3,000 | PREC | fRs | BhsisE (BT 119 | 34 | 27,000
RO5 | 2023 | 15 5 1,500 10 3 1,500 (B5ET) 120 | 30 24,000
RO6 | 2024 | 19 5 1,500 5 1 500 (558 155 30 26,000
RO7 | 2025 | 23 6 1,800 10 1 500 (85T 156 | 26 21,300
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A G
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O $#7 (2025) FE Bk - REEXBER
[HEF] SF18 (2026) 43 H 10 H (K) 13:30 ~ 15:30 (BEE - S H#E#H)
(BAr] AV h 7370 o RSHBT AR AR 12 BRES#H=
T 573-1132  KBUFBCGTHBIRIE 19 (¥4 VEEBICE 20N A7) v FER)
[Tf] RWMEEN &Y 5 7R LRI
[#32] AV H 7370 Ratt

AEEEXOFMBIZH 72> TE, SINEOFUEEICERE L, WEE
WZHIEH X, %msinet 74 v sMEaHLINA 7)) v F
e CHERE S L7z,

KWL, RV A TMREHEZEE 1 AB LT R YA
EHREEORIREREZ I LD, RN FEOERELRE, 4
MoOFF#E - HE, S50k yh 770 kXS0 E %
&, w23 anissl L.

—H, *rIA4rTIE, WIS X OB EE R OFIR
FITMz, LEHEREO—HOSIL, & 24 Z2SHE L7

RAEFE L, REF 156 HEOISEEICH L, EERBIC X ARIERE
FEAFET, KONA B 11, WIFEsEphE 114, WiseBisk 17 4, wF o ) e
GEEENARED 6 1F, S > ATy AGRIERN | R s e, T R S SRS

B, BEEBIURAEDOREEIZ 2,130 THE Lo 7-. Yoshio Hosokawa.

2 ¥ T4 UBNE L ORLERERR
Fig. 2 Commemorative photo with online participants.
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RV A TR LEARELE F4EH No.33 (2025)

3 WFSEAERNE O E AR 4 ZEMHOMT
Fig.3 Hosokawa Encouragement Award ceremony scene. Fig. 4 Award commemorative lecture scene.

ATlE, MINEFRIC L 2SR, WEEEHHFIC L 2:EZHRAME IS, 7Rk
BILUOMRETRENOFRIRE I L, + 74 YR LBWEEF Tz Hdbe T, HIRE
— N0 &) OFTEB L W ZERED N S 17z,

BT, FRRIE LR L S Bofga B RO N, BERIIBHEXRICTRIT O 512,
K L2y Y R Y D 2GR OFIRERR S XL O3 E B O L Tid, BE
WyENETNEEFE S N

Z 0%, MEEMEZEE TH LI LR FHERIE - ZHRERICL S [RTH5HCRICBT
B R EB Ol - ST 2B gE ] ISR A ERLAREESM TO N, BB OB EED T,

mRIZ, M/ REFFRRICL 2MaREOR, Walkerirbh, RNMITEED ) BITH D 2 (R
T L7

%3, KONA BIZDoWTIE, BIEREE, 70— NVIZAEZIT, KONA BEHEAZHICL B H
FeftT, EZREROWEIEOE, REEIL N A v @EHIHET T v a2 7 THRFD
Prof. Arno Kwade 7%, “From Ultrafine Milling to Battery and Pharmaceuticals Production: A Journey from
Theory to Practice in Particle Technology” D EAEIZ & ) ZE L 7-.

5 BMALEE - AISRICL 22HEE 6 %/ KRFFRERIC X 2 SHRE
Fig.5 Acceptance remarks by Prof. Shirakawa, President Fig. 6 Closing remarks by Councilor Inoki.
of the Society of Powder Technology, Japan.
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ARV A TR T EEREE FAEH No.33 (2025)

KONA BEOBERIZ, S8 (2026) 4E 5 A 13 HIZAPK THIfit S 545 10 M A L5 R 4#
(WCPT10) IZBWTHDITONLTFETHS.

© KONAE (KONAAward)

KONA E &, 1990 D RIRL LK, WA T il BT s L ORE ICHE 2 ik %
Bz L7Wfe B R L, BERG SN TWD, Buidh vy a7 I 70 S HIc X Y EE IR T
W7ZAHS, 1992 SEDIRIE LIRS C e AR L T 5.

THEHBEME L, KONABREAZHIZL2FEAELET, EER
HEDKBE Lo TIRESN L.

The KONA Award has been presented annually since 1990 to researchers who have made outstanding

{XOEH IS, REAgICH

il
"

contributions to research and development, as well as education, in the field of powder and particle science and
technology. It was originally established by Hosokawa Micron Corporation and has been administered by the
Hosokawa Foundation since 1992.

Candidates for the award are nominated by the KONA Award Committee and reviewed by the Foundation’s
Selection Committee, which makes recommendations for the awardee. The final decision is subject to approval

by the Board of Directors of the Foundation.

KONA ERERZE

2025.12
TH | ZHAE KONA % H#E s
No. | Pil& K4 FrlE (W) '
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
1992 |#PH A— LIRS R OTEIE, B © NSRBI AT
1993 | ImBR  PRiE NG RNGS AR TR = 7 10 VKT O Wk & Z OFFHIi T I BT 5 BHE
75 AR
4 1994 |VLE it GUPRF L7 0 )VOUEBEIZE S 5
5 1995 |=E & PN LR NES R % IS & U 7R R SRR T X DB %S
6 1996 |¥  E— JUM TSR R SR RAHEL T S O RAR D152 B 9 2 F9E
7 1997 |l ZH e PN BEREVERL T- O RE AT L O L 20 R
8 1997 B0 B RN RIS A RS
9 1998 |3EH  GLHR TR R 7 & NS = 7 1 VR ORI & 2B 2B S A BFSE
10 | 1998 iz & BRI R TR T4 L O F L & B0 2 B 9 2 W B A L 0 AT
11 1999 |it & NSNS Rk B L O ER T OB > 32— a v
12 | 1999 |4:T-3%5 ElUNGS T 7 1 OVR T OZEE) & RIS A5
13 | 2000 |f&k Bk Jb g R TR AT OB - AL2ERYFREE 7 0 A D B%E
14 | 2000 |FFF HHA LR T EN T 7 S ROELBIEAN & RO B 5
15 | 2001 |1liA ek liliiNE= MR- OB BRI R OLBEN I & 2Ol H
16 | 2002 |Jgl& IEHY FO R LR B L ARG, SRB)IE i O ZERER I & ISR #EIE O
EIWN
17 | 2003 |®# & Pt YNES WAL T3 BCR O 22 5E M & FETm A 3 12 B 3~ % IF 5t
18 | 2004 |HW@E =) [ AR WAy 32 L=y avikomsss ZosH
19 | 2004 |fEH &G LR WMARTOty v K BHRE ORI
20 | 2005 |fEAR 5 iRy TRBIRE S X B B S ok - R OB RELICBE 3 AT H
21 | 2006 |BLILFAK NSy~ L7 0V ) DIEERF LG T T 2 X DR
22 | 2007 |H5HE LR LR AN I AN —OFEMEL TG I 55t
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RV TR T AR FAEER No.33 (2025)

TH | ZHE KONA % H#E .
No. | Pl [ FiR (524 ) -
23 | 2008 =it E Aol TSR Y7 3 v 7 ARREOE O FEREN R & AR A o J B
24 | 2011 |HERR BE= EREAMHERT BRLFEEEIILY T 3y 7 ARE T 0w AR O JEARESE
25 | 2012 ‘PPN XL e B SRR RLF AT A BellE &9 2 8T L\ RS BRI 2 B 5 % F e
26 | 2013 |H YR - FORMIFZERERE | O R 7 0 e A OFE RIS X B S R o A
27 | 2014 | K& HAE ERR IT7 7 AN ERLE L7 0 Vo5 - BrINIET 215
28 | 2015 |HEF R ST P ST PR T2 % BB & L 72 B SE Is FERI At O R e B 56
29 | 2016 | HEXC AR IR TR B R D 5
30 2017 | Sotiris E. Swiss Federal Institute |Pioneer research on particle formation, agglomerate dynamics and, in
PRATSINIS of Technology Zurich |particular, for placing flame aerosol technology on a firm scientific basis
(ETH Zurich) for scalable synthesis of nanomaterials
31 2018 |Mojtaba GHADIRI | The University of Contributions to the particle technology on linking the bulk powder
Leeds behavior, particle characterization and modelling with hosting the young
scholars
32 2019 |NEE 5 NN 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 | T B TRS Particle adhesion and aggregation behavior characterization and control
37 2022 | HH i NN Development of discrete particle modeling and simulations of gas-solid
flows and granular flows
38 2023 | Wiwat Chulalongkorn Contributions to the advancement of powder/particle and aerosol
TANTHAPANICHAKOON | University & Tokyo science and technology & promotion of bilateral collaboration between
Institute of Technology | Thailand and Japan
39 2024 | Anthony J. University of North Outstanding contributions to aerosol drug delivery systems
HICKEY Carolina
40 2025 | Arno KWADE TU Braunschweig From ultrafine milling to battery and pharmaceuticals production:

a journey from theory to practice in particle technology

List of KONA Awardees

2025.12

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.
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RV TR T AR FAEER No.33 (2025)

No. Year Awardee Affiliation
14 2000 Akihisa INOUE Tohoku Univ.
15 2001 Hideo YAMAMOTO Soka Univ.
16 2002 Masayuki HORIO Tokyo Uni. of Agriculture & Technology
17 2003 Ko HIGASHITANI Kyoto Univ.
18 2004 Jusuke HIDAKA Doshisha Univ.
19 2004 Shuji HANADA Tohoku Univ.
20 2005 Yoshinobu FUKUMORI Kobe Gakuin Univ.
21 2006 Kikuo OKUYAMA Hiroshima Univ.
22 2007 Fumio SAITO Tohoku Univ.
23 2008 Minoru TAKAHASHI Nagoya Institute of Technology
24 2011 Keizo UEMATSU Nagaoka Univ. of Technology
25 2012 Hirofumi TAKEUCHI Gifu Pharmaceutical Univ.
26 2013 Yoshio SAKKA National Institute for Materials Science (NIMS)
27 2014 Yoshio OTANI Kanazawa Univ.
28 2015 Hisao MAKINO Central Research Institute of Electric Power Industry (CRIEPI)
29 2016 Tadafumi ADSCHIRI Tohoku Univ.
30 2017 Sotiris E. PRATSINIS Swiss Federal Institute of Technology Zurich (ETH Zurich)
31 2018 Mojtaba GHADIRI Univ. of Leeds
32 2019 Makio NAITO Osaka Univ.
33 2020 Brij M. MOUDGIL Univ. of Florida
34 2021 Wolfgang PEUKERT Friedrich-Alexander Univ. Erlangen-Niirnberg
35 2021 Shuji MATSUSAKA Kyoto Univ.
36 2022 Hidehiro KAMIYA Tokyo Univ. of Agriculture & Technology
37 2022 Toshitsugu TANAKA Osaka Univ.
38 2023 Wiwut TANTHAPANICHAKOON | Chulalongkorn Univ. & Tokyo Institute of Technology
39 2024 Anthony J. HICKEY Univ. of North Carolina
40 2025 Armo KWADE TU Braunschweig
1-2-2 BESROERIKR

W OWEE LR DER B OEBIRIILL T O EB ) TH DL, REFITIHTFESE LT, 47
YL RE KONA Powder and Particle Journal D #z#%5 & 72 5 No. 43 (2026) % 2025 SFRICFEE S
DENRI - RS % & &b I2, WEREEEICH] Sk 2R T FICBE§ 4 @ s O 57 Al % W ECh

g L7z,
(GRRBEHAL - TH)
MAETZICEAT 2 HEERS KONA FEDHEAT
FE|BE .
[EE e T - HEN HEE RBE (SH HEHR BTN BE
HO7 [1995| 29 |70t A2 BIT A%4 - fEHERNE 232 3,360 | 13 | 240 2,300 7,730
HO8 [ 1996 | 30 |JCumt&retEmr £l ik 7' 1 2 144 25550 | 14 i 200 2,300 7,490
HO09 [ 1997 | 31 |EBREZORAFAN &k 14 142 3750 | 15 | 254 2,200 7,500
AT DFERL &R i iE T o
H10 |1998| 32 . 210 | 4,630 | 16 | 256 2,200 8,190
v AEHLE L T—
HI11 (1999 | 33 |HEEsERI O -0 Ok R T4 246 4,140 | 17 @ 250 2,200 7,440
H12 |2000| 34 |IT MEEIZBIT DK 283 15130 | 18 | 248 2,200 ¢ 7,160
H13 |2001| 35 |7/ ki~ 184 3,750 | 19 | 283 2,200 ¢ 7,990
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RV A TR TR F AR No33 (2025)

METIRICET 2 EENSRS KONA FED AT
FE \BE
[EE HMeT— < EEN HEE BE (SN KEH BTSN RE
H14 [2002| 36 |7 /KT OEFER~ORER 6 208 | 4,160 | 20 i 276 2,200 ¢ 7,920
H15(2003| 37 |F//8—F 47N -F7 /0T — 6 227 5,100 | 21 | 246 1,300 13,000
H16 |2004| 38 |7/ #&HlHIC X A2 REHEOFEEZDELT] 6 160 | 4,500 | 22 | 211 700 i 8,660
H17 |2005| 39 |ZZ FCH/zF 7 RT0EMML 7 205 | 5,380 | 23 | 224 1,000 10,070
> 7 7 ERCO#EE RS F kT Ol &
H18 |2006| 40 R & AT OHH 6 174 | 5320 | 24 = 252 1,000 13,090
J5H
FIR=F 4 7NV FT 7 aY—  HH
H19 |2007| 41 it B 6 167 | 4380 | 25 . 303 1,000 11,460
YN
20 |2008| 42 |77 73T AN Ty /BT R FR| 126 3400 | 26 . 282 1,000 . 8,040
AL~ DT 5 ’ ’ ’
T T Y =12 X B R EOREL L b
H21 |2009 | 43 . BRI & FTHTH 6 160 | 3,130 | 27 = 248 600 6,250
B %
F I IS—=F 4 TNy B VT A
H22 |2010| 44 | belfs thy 6 134 | 2,660 | 28 @ 242 600 3,850
Hri R
F =T 4 Ty ) a Y — O L LA
H23 [2011| 45 6 174 3230 | 29 = 284 600 8,400
~OJER
H24 [2012| 46 |F//8—F 1 27 VF 27 )0y —OIE R 6 141 | 3,585 | 30 | 288 600 3,916
H25 |2013 | 47 |JCumn63iEE T2 L2 A A TN 6 201 i 6,656 | 31 i 274 1,800 9,176
H26 [2014| 48 |ZHE b DO N B2 2R TS0 ES 6 153 | 4364 | 32 @ 283 1,800 8,556
H27 [2015| 49 |[Kpfl & & IR T AT 6 162 | 3,596 | 33 | 357 1,000 7,253
H28 |2016| 50 |&h 70 KRty & 58 A IRPLlT 6 156 | 5,169 | 34 | 293 1,100 7,417
H29 (2017 | 51 | sl BRI K& & 40 2 A5 sl 6 161 | 3,942 | 35 @ 287 1,100 7,386
H30 |2018| 52 MM EOER S & UFIH % 322 2 B Bt 6 161 | 4,657 | 36 i 297 1,100 7,093
RO1 [2019| 53 |MmEALST 20k 70t 20 L ISHOKREH| 6 178 | 4673 | 37 | 271 1,000 7,000
RO2 (2020 — — 0 0 750 | 38 @ 288 900 7,235
RO3 |2021| — — 0 0 503 | 39 277 800 7,278
SDGs I[ZEHkT 54 5L OMA 70t 2 D
RO4 [2022| 54 |7, s W o B hiE e %176 © 4,528 | 40 | 281 800 8,048
AT
RO5 (2023 | 55 |#Efenl BE 2 AL E kT 2 A0 Rl 7 %237 1 4743 | 41 | 286 700 7,718
RO6 [2024 | 56 |JEiEHLE 7O v 2% 2 2K 20lsH]| 6 %240 4,787 | 42 289 650 7,981
RO7 (2025 | 57 |5Chnsn 4% 32 2 2 ¥r kO &l & 2 ol A 6 %257 5203 | 43 | 332 650 8,260

% N4 T v R
(&5 ¥ 74 2 B AT
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A
W

O 57 AMATIZFICEY 38 ETHAS
T [RBEPFEXAZHEOBEFIEE ZDHE]
[AmE] 4H17 (2025) 469 A3 H (k) AT 10 B 00 45 ~2F % 4 B 50 45
[357] RTFVHES —F oL AL SN F T4 v
[FME] AWSBEEAN &V h 7R LR F
(3] wvH T3 rorkiatt

5 57 PR AR S B s RS, A 749 H 3 H UK ISR T VHEA — 7 2 /8L 22T
RS 7z, RETIE, &OICHIITEBHEERE2S, Z ORE TS O REEHER L F o EWNAL
TOBETFETEHIZBT AEB 2 220 Tl Sz (K17). €Ok, KONA HOBEAATH
(8, KE —AH10 T A FKFEF v 0L L IVED Prof. Emeritus Anthony J. Hickey |2 KONA &
DIENVFE SNz, 2Dk, KONA BHEIZ L 5 @EIE NS, [Jeinsn B 2 32 2 2 Bk o & il 15
EXZDIGH] 27—~ & LT, BRI B A 0L L IGH OB A, S 5 EoEI T b,
WA, MEFOMEEMARICBIASMET »r— FNORERBEL, £ F4 v &2 ffolnAg

7 MUNBSHFRIC L 2 AR 8 KONA EHzE U TGl F5 & Prof. Emeritus
Fig. 7 Opening address by President Yoshio Hosokawa. Anthony J. Hickey)
Fig. 8 At the KONA presentation ceremony President
Hosokawa and 2024 KONA Awardee Prof. Emeritus
Anthony J. Hickey.

9 EEEE RS ER 10 BPSE
Fig. 9 Lecture scene. Fig. 10 Get-acquainted party.
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RV A TR LEARELE F4EH No.33 (2025)

Ty FERICEBBME 2D, &3 (XM9) TI103 A, 514 T154 N, &7F257 ADZML,
WEAEBAME L 7255 56 MANOSHIIAZ L DL 72, 4B, #EARSBICEHS (X 10) 2P S
N7z, R REEH ELTOT Yy AB IOBINHAE 228 #4550 A —VEFIZXY), 7 ¥ 77—
N NEIE 2 KB L 72, BRI T2 1 BRI B o RIEEE 159 1 CTh - 72,

O MAEIZICRAT %355 KONA Powder and Particle Journal No. 43
(2026) DFAT

KONA FEDMR LI R BATAGE SIS RIL S 1, [MkEE4& 2 KONA EfRERE S 2 MR L, MmE
EBHB L CE B, A6 (2024) SEITHEMASEEPBER L 722 L1tk #Hizi
KONA FEfiEZ B R 2l L, #7c aimB i~ AT Lz, FMERERE, 797, 3—av /s,
T AN GO 3 MIFOMREREES» SR I N, KIS SENHEBER L (L E 22— X O
ged) ZUUE - L, 4E 1R KONAGEE LCTHIATL T2,

RAEFEL, AF17 (2025) 4FKIZ KONA No43 (K 11) & L CHIRIMB L OETFT v —F vV EH
TL, &8 (2026) 4F 1 H 10 HIZZAT L7z, B#EGH I, HEEMGE 18 (727 5k, 7 AV
8, -85 BLOHBHRRE 1 WOF 19 TH 5. FIREREIL 650 8 & L, EIPIAL
Divt, K¥, HEHEANFHET L L L1, BHA—2R=JIZBWTHITEN 1TV, T
Web ¥ ¥ —F)VIZHIFE L 72

MEIZEE L T, @mXoTEMmB L OEFICA v 71 Y #Efm#FEd T A7 2 (Editorial Manager :
EM Y A7 4) ZfEH L7z £72, J-STAGE OFHIABMEREZGH L, HRIHBRIZSET S, 2024 4F
12 H 27 HA2*5 2025 4E 8 H 23 HIZANT TR A > T4 A %17 72,

S5, Ay, RHL, KFEET, #HEEED, 7V hI—ICX5HRIMB L OETHRE LT
FIAT L 72 (K12, 13). ARFEIZ 2013 4E X 1) I-STAGE ~O5# % G L, 20144E6 HI2/Ny 7 F 2N —
DIBFEET LT 5%, Nod3 (2026) 122V ThH, 4H1 8 (2026) 4F 2 A 28 H 24 HTML (XML)

@) KONA ez,

Advancement and Contrib

oparticle Technology in

uti f Nan
Thailand from 2008 to 2024"

Ko N A Powder and
Particle Joumal

o438 (2026)

N
g

Hosokawa Powder Technology Foundation

available online-www.kona.or.jp

11 KONA No.43 (2026) 12 KONA No. 43 (2026)
FMREH TTANT I NREE
Fig. 11 KONA No. 43 (2026) Fig. 12 KONA No. 43 (2026) Fig. 13 KONA No. 43 (2026)
front cover. sample abstract. sample paper.
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ARV A TR T EEREE FAEH No.33 (2025)

BLUPDF ERTOEIWETE T L7z, TOH A FTODKONA D 1 HFEFEARUL, BEHG
L4 (2013 4F 12 H 20 H) ©#9 100 #4725 2,700 {1288 2, WEFH L 420 HFERD &k o 72
73, KONA FED 2024 F- DA EE DAFR N 72 5FiffiTE 5 Impact Factor (JCR : Journal Citation Reports)
B LU CiteScore 1F, TNEN32BLV 66 ThHo/z. 72, ISTHLDOBMER & X T, R
AT 20587 — & OIAF L FEH ZEHET 27200 1) R 8 1) T 5 J-STAGE Data (https:/
jstagedata.jst.go.jp/kona) IZAIA L, 2021 4 7 H 20 HICIESGER # B4G L, BUE 32 ROHE L LY
TUYAT =8 2 AP TH S,

X512, KONA &, MR Ko &HE O AT EHR 7 — ¥ ~X— X (Science, Scopus, Compendex,
JDream IIT, EBSCO, J-Gate, and Inspec, etc.) [ZUER STV 2130, REWN LA —T VT 72 AT v —
F VT — % ~X—Z (J-STAGE, DOAJ, Google Scholar, Dimensions, and ScienceON, etc.) (b IEk % JIi
KLTE7.

B, AL, BARLEREEOE R 2 FMaE RO T % h 5 72 1983 412, [F4H o %
LRy e LCRITIE N, 1995 4F & 0 BB FIA R 2 fkfe L C & 72 40 FEua 8T, EEW
A2 35 ICE 57278, BETIIMALFORBMELE T ), BE T 2 EEAMEED LB S
NHEI o722 e2s, AFILWOHMEER SN DLHBIL, K5 (No.43) b -5C
KHS A2 L2k >72. ZHIZHEY, KONA GEliERR X IZOWT L 41 8 (2026) £3 A% b -
TEHL 72,
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RV A TR LR IR No.33 (2025)
3. $M7FE Bk - BESZE
3-1 SHM7EE KONAE

(1%, ERX&LUERIEELT100 HH)

AroJm - B W (EEE)

P SN HE . . * i
o Affiliation / Position )
No. Award recipient ) i Achievement
(Nationality)

From Ultrafine Milling to

i Battery and Pharmaceuticals
Professor, TU Braunschweig, )
HPTF25201 Arno KWADE Production: A Journey from
Germany o )
Theory to Practice in Particle

Technology

d

© by

Arno Kwade #5213, HMAMBEREIER 7, 4912 /7 RO - ik - WHALO 5B TR %2 1) —
R ETH s, BETRELER, —BELTIoTFr—<IZRY A, HFHPF/ BLIsn
LAV TED L) IE N a2, BiEE a2l T 2MEDETIVERVIIR 2/ L7z 5,
K INVOET) Y 7V FEELTREBLZ AN L AL YT Y74 ET7)V] &, TOEWI
FATEEABRED O EB IR QEN/ZE TV & L CRHili S, BIFE CIE MO AT 18 R il g 3 %
=2 DL > TD, IO ORFIE, EBEAR I 7E#%ES (IFPRI) KN A > NAFE
THTI—7%E, WRENRUIRRE» S OEHIZEL 2% > T b,

— /T, Kwade #IZIZEMMBEHRE L O Vg 70 v 2 TEO 58 THIEENEE 2 R LT
BY, FICEBMA ) —GHeEMI—T 4 ¥ 7, EMTOEAORIE - €T T - I ab—
Ya ilBWTHEFELRREZZEIT WD, FBINBIZES v M7 — 2 [LIPLANET] Of{F & L TEE
WL HEAE L, Nature Energy it (CHBFRFm L2188 T 5 2 &, HHRIIZD SV 2 217 T 5.

CNOOWITRIE, Rl & B BEEA & v ) 57 2 508 & e & EEOMTI 2 4500,
B EEIOHEY VIRV b DO TH S, Kwade #dZ O ML 72098388 & #F - HiliEH~o
HELImd TRE L, KONAEZHIET L2 AW TH 5.

EIEH

Ml
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ARV A TR TEERE AR No.33 (2025)

3-2 SM7EE MEBIK (17 %, #£%81,700 H5H)
(0, R
4 K
FIRES | BERE | B R W e anm o
()
BRI TE o
HPTF25101 | %58 (05 | BRERH R T 280 ﬁﬁﬁﬁj;%*ﬁ%“ﬁo<%ﬁﬁ 100
% - B e
N R
FERM AL % | ST RS % B 7 i AT
ogE | o T ”
HPTF25102 | RUS E7 |y g o o005 - | il R0 Bl BRAT 10
WS
PR T | ‘
, U BB R R U A o o ek TR
STAE R 22 Al e R Tz |
HPTF25103 | A BESC ;:EETWEI?-ﬂQ%% 100
* X
R KA b T . \ e
HPTF25104 | W)l #— | FigekedcmtiEb i?/7\iw&m%ﬂmtt&@m 100
s - g | OO0 ROME
SRR IR | I
HPTF25105 | (EREtRA L | TaeRbsepmpoT ey | ) POARRHERBIR I RTS8 | o
w0
SR
HPTF25106 | ¥  #J71 ifivffgiz G - R MC G - & 5 0 100
Ly g | o PR PHEAI
tE e TR L ) .
HPTF25107 | = s | VA7 2 L5F - # Eﬁﬁﬁffmmhigkﬁﬁﬁﬁ® 100
- T2 E 7 VRIS
pa
bR Tk it
HPTF25108 | =3k T | o 3 v 7 AWFget | JERE NMR IC L A A S5 Y —fEHF | 100
v — - B
RIERSEREE T | s
HPTF25109 | 3 46t | WFZeAb B T2 Eﬁizgfﬁﬁﬁ%ﬁiéﬁﬁwm 100
- s
(EIRF) 7S o i
GRFGEFTEMAAR | oo
HPTF25110 | #i&E A |Gty —HEEH ﬁ%é\lg\/a/ki%E@T 100
S - | e Ok
Mo E
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3-3 SM7EE KVYHTHERHE (18, $¥EE50HA)
_ B B & M
A 72&:1 v = . N hl % N ,l%\
BIRE = S BE iroJE - & B * i (1)
I - AU R ERS IR | T BRI B 2 T EE O F “
IR B - R € s W - B T 22
* IR - Ik
3-4 SM7EE MEEERK (61, 8% 180 HH)
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RIRES | B s AR * fFge s m%%%%*ﬁﬁm>
ZeF KA D5 HUk
| mEETEA e | T /RT ORI
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DFA%E
- F W T O M T
FleJ-rf . [ T | AN
HPTF25504 | §iE §&4< %*#% NFPEi G AR LR R | B9 @E | 30
BT 22
DFA%E
BB T A S
2L, N»bjy%
HPTE25505 | 507 @7 | PNF RERLE e emmbie |3 5w 30
Whzekl _
T DRFE
SAIPUL REENA T ) v F
HPTF25506 | BAHRI, N BERT: - RERIE ﬁ%ﬁzi;%;ﬁ;j;; PIR &30
. XA 2N
’ N SR v
S. Nabilah B 5

* AIlg & WFFEHRIEE (3 H AR IR

—20—


https://www.jstage.jst.go.jp/browse/hptf/33/0/_contents/-char/ja
https://www.kona.or.jp/

3-5 SM7EE

ARV A TR T EEREE FAEH No.33 (2025)

DURIT LY CRREEBY (14 %8100 AH)

. . - . s oo &
RIS | RIS A G| MRS | Y Ak eont a0 D
5510 [P A T ik i axi
) — )BT (— KT th
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Development of a Spherical Thermal Conductivity Apparatus

for Measuring Powders

WF7E40F % Research leader: W%B I%‘é Haruka ABE
PEFERANAE S IEERT  EEZER
Advanced Industrial Science and Technology, Senior Researcher

E-mail: abe-haruka@aist.go.jp

W

BALERHEE LB W OEFRREIIR b BEEEOSVWFEL SN TwAE. L L, EROEIZK (FIZE4E
RHAE) T, BB L O ENE DAL O WITE 2 5 OBIRK Z T B 2 EATEY, WEMED S S % 5[0 LD
720121E, COBBEREWRT 2 2 EDVRFEORELE 2o TnD. KWFZETIE, Rz H w7 BREsilleE
FEZF2ICFEL, W25 OBGRE & e 8 R L 72 HEH 2 e H IR T CoMEZ FEH L 72, AT,
SN E THYREERUE D A L W& SN T I 2B B W TIRICAER TH 5. % L 72 BREIBYRE
FUEHEBEZ HNT, ER) ATV VEREZWNET 52 L2 X ) HEORUMEFME AT 728, TV I 4k
ROBYLERNE & L7z, WERHRIL, WREOGRBYREROHEENIZ L HMH & BRI 23t 2R L7

ABSTRACT

In thermal conductivity measurement, the steady-state method is regarded as the most reliable approach. However, conven-
tional sample geometries—primarily rectangular or cylindrical—inevitably suffer from heat loss through lateral surfaces other
than the heating and cooling faces, which has long been a critical issue for improving measurement accuracy. In this study, a
thermal conductivity measurement apparatus was developed incorporating a spherical structure, thereby eliminating lateral
heat loss and achieving an ideal steady-state condition. This method is particularly effective for evaluating the thermal conduc-
tivity of particulate and powder materials, which have traditionally been considered difficult to measure. The validity of the
developed spherical apparatus was first assessed using expanded polystyrene spheres, followed by trial measurements of
alumina powder. The results showed good agreement with values predicted by empirical estimation formulas for the effective

thermal conductivity of powders.
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(a) Heat loss

Sample

Thigh

Heat loss
O o : Heat transfer rate r, - Inner sphere radius
L - Sample length r, © Inner radius of outer
A * Sample cross-sectional area shell
AT = Thigh = Tiow

Fig. 1 Measurement principle; (a) the general steady-state method,
(b) the spherical steady-state method.
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Fig. 3 Expanded Polystyrene for test measurements.
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= Expanded Polystyrene_¢$100 mm cell
® Expanded Polystyrene_¢30 mm cell
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Fig. 4 Relationship between heat flow and temperature differ-

ence for calculating the thermal conductivity of expanded
polystyrene.

L7272, B E T 630 mm £ TO/NEULIZDOWTIE
RHEEDS e W EHIWT L7z, L72hso T, FEBEOHIETIZ,

$#80 mm Dt )L b #efig L7z
3. WRZERCRE
31 TV TR OA R EULER N E
BZE L 72 3E 2 VT, TV 2 F OMRARD B niEsR

WEE IR L7z, T, 45 mm, 41 mm, <40.15 mm D
R R B 3MEOT IV FHRAETH L. ¢5mm R
BHI 4100 mm E )V, 41 mm GUEHI 480 mm DFXEFE L,
< $0.15 mm AT #30 mm O FAE LIV E W CTHllE %
Tol:., TEAPIFERLL AT L 1ThRkzE R
WL7-825, ¢5mm, ¢l mm :UE TIE, 60% F2FE,
< $0.15 mm K TIE 30% BEOTLHEKRTH - 7. Bl
SRR S RE e L, BiROSEE ) ZFL v
BROWE L FMRIZ, ©—F —IN#aE O LIREE AT 2D
WCORZERD . RS IZIEEAT & v — % — N
w O DWEHRERT. ZBRPBLMMEEZTOWT
2BV TH, HEH T4 v T4 TG T — 7S
N7z, LI 5 OFFEZ AVCTEM L 72ARhERER

Y. — RIS RAAR O BYREER TN 7R L i LT
23 MR W EDHISEN TS, TIVIF OV
ROBYEELRDHI 30 Wm ' K THDHZ L0, SRk
ROFBREA — ¥ — OBRERKT AL N, »ORE
2B TIEZEEAT L D L SR 5 2 LR TE .

32 B N OANBIER
AWFEOW RN L 72, 2258 TR TEIE &S

NIZREEZEZL. ZOLE, RNOAEMBYRESRIT, K
DEHIZETNVLENS.
)‘ = isolid + lparticle + Arad + /’{‘air (4)

ZZT,

Aiia * L F-NEROBYLE

;Lparticlc SR O X B BYRE

Aag - LT RAOBIEHC & 5 B nE

A © ZBRDOBIYLE

Thb. £1OWEBREIIBNT, ZBRPEEEZFO
BREEDL, EICEBROMNITD &7 B rE=E ),
WCERRTAETHLEEZLNDL. WIEMELY, 1, %
HiEDL 5L, ¢5mm 3 TI3 004 Wm™' K, 41 mm 50k
TI120.047Wm ' K', <¢0.15 mm 5F C120.039Wm 'K
Thb. BEEROBRERET 120026 Wm' ' K'Th 5
CEBHONTED, AMRETHOLNEIINE DA
TFRENWZ DS, BROMEEY FTULHIRERTHD L
RREND.

3.3 EH 2 AMBMSEROHEEX L O
Bk DA BREROHEE NS, IS, RfE, B
Bedett (RUE, fk, B22) REZR E DRk 4 /8T X —

5 EREOCVEEHY), INTTIZL L DOHEERDIRE
ENTWEE ZZClE, &b HEA7ZA Russell DHEE

ZHWT, SR OHEER R Z84 5. Russell IZX 5 &,
B 6 12~ d & ) IiE £ 72 3SR IS EE S — KR 40 A
LTWAEREIGET S &, ARPUEFRIIRATH 25
n5.

0.12 — - 0.04 . .
I eyt t 2 g A ¢
kS Xy X 020 F
e , e
0.10 Fiy €~ Yoy {
e e Ot € '€ L {
L F et M 0.03 IR
o008} AO;  #5mm 015} AbO; @ 1mm ALO; ¢ 0.15 mm
= 2 =
~ 0.06 1~ ~ 0.02
o] o 0.10 o]
0.04
= $100 cellin Air_1st run ® $80 cell in Air_1st run 0.01 4
0.02 ®  $100 cell in Air_2nd run 0.05 - = $380 cell in Air_2nd run
: O $100 cell in Vacuum_1st run o ¢80 cell in Vacuum_1st run = $30cell !n air_1st run
o $100 cell in_Vacuum_2nd run o $80 cell in Vacuum_2nd run © 30 cell in Vacuum_1st run
0.00 L L i L L L 0.00 P e e e s ' 0.00 L L L L L L
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14 16 18 20 0 1 2 3 4 5 6 7

AT/K

AT/K

AT/K

Fig. 5 Relationship between heat flow and temperature difference for calculating the thermal conductivity of alumina particles and

powder.
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Table 1 Thermal conductivity measurement results for alumina particles and powder.

Sample Cell Particle Environmental Fillingrate  Thermal conductivity
diameter / diameter / conditions /% /Wm K-
mm mm s
30 <0.15 Air 33 0.095 el :”
80 1 Air 64 0.181 EEENR ;
100 5 Air 58 0.174 mEmEy
AlL,0 30 <0.15 Vacuum 33 0.056
2 Fig. 6 Russell model. 4 Thermal conduc-
80 1 Vi 64 0.134 .. . ..
acuum tivity of solid; /.: Thermal conductivity
100 5 Vacuum 58 0.134 .
of fluid or gas.
0.5 - - RYVAF LY, TUIFHRAARICER L. R6N07h
—<— Reference . ~
= <0.15mm powder BRSSO & 72 ci?ﬁmit & BmEL, Bz
04 ; p -
® ¢lmm particle 5 5ME G ORI b 58 IZHERECT & 2. AF

A 5 mm particle

Thermal conductivity Wm™ K

Porosity

Fig. 7 Comparison of the effective thermal conductivity obtained
from the estimated formula and the measurement results.
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Al-Based Prediction of Powder Properties from Excipient Particle Images

WFFEft35# Research leader: %‘ H Y,Hj: Hﬂ Hiroaki IWATA
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Faculty of Medicine, Tottori University, Professor

E-mail: iwata.hiroaki@tottori-u.ac.jp

A

AHZeCl, JEFBEMEEINIR & B 58 (CNN: Convolutional Neural Network) z flA@&b¥C, HIRRIHARS
Wb O 2 IERE CHEE 4 AR ET S, 2 4R 4S (CEOLUS PH-101 & PEARLITOL 200SD) B
L3RS (£ 7707 =, Pharmatose 100M, CEOLUS UF-702) 22\, VGG16 & Xception @ CNN
ETNVEREL, TNENEYRSY A7 & L T8 &872. Xeeption E 7V, 2 B ClEikERE R =0.821,
3 TIER=0935 %K L, WINDLEENNSVERFELFMAEZRLZ. & 512, UMAP (Uniform
Manifold Approximation and Projection) |2 & > CHIEOR#AZTTHILL/-& 25, REHLIIG U7 7 A ¥ Kk
(FEBLL72T =D F & F o TSN D) PHBRICHNL, ETVPR T EEOMD AR 2RI TwD 2
EDITRENTZ. RFERL, GEROY T ¥ FRACFGHTHS vy, ) T8 A Ah DR B E B Y —
W& LT, BEETREAOISHEEED =,

ABSTRACT

In this study, we propose a non-destructive method combining optical microscopy images and convolutional neural networks
(CNNGs) to estimate component mixing ratios in pharmaceutical powder blends. Two CNN architectures, VGG16 and Xception,
were trained as regression models on binary mixtures (CEOLUS PH-101 and PEARLITOL 200SD) and ternary mixtures
(Ibuprofen, Pharmatose 100M, and CEOLUS UF-702). The Xception model achieved high predictive accuracy, with a coef-
ficient of determination of 0.821 for the binary mixture and 0.935 for the ternary mixture, along with a low Root Mean Square
Error of Prediction (RMSEP) and a low Mean Absolute Error (MAE). Feature representations from the intermediate CNN
layers were visualized using UMAP (uniform manifold approximation and projection), revealing distinct clustering accord-
ing to mixing ratios, indicating that the model effectively captured subtle morphological differences in particle structure. This
approach offers a promising tool for real-time, non-destructive quality control in pharmaceutical manufacturing, potentially

reducing reliance on sampling-based or chemical analytical methods.

" Paternina et al., 2019). L 22L7&2%5, BATOMKIREEY
1. BREFRE AN DBSSHATH, Y 7Y ¥ 7 E o I BT
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DOAE—MIZ, EEH—EORTREAEROITS D& and Romafiach, 2015; Romafiach, 2015). 7z, ¥ > 7Y
WZo%), BEMEICKE 2B 5.2 %5 (Sanchez- YINA T ARSETEL X BT S Y, Sl
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Table 1 Experimental design and composition ratios for ternary excipient mixtures

including magnesium stearate.

Pharmatose

CEOLUS

Magnesium

No. Tbuprofen 100M UF-702 stearate Total
1 0.14949 0.54945 0.29106 0.01000 1.00000
2 0.14949 0.40095 0.43956 0.01000 1.00000
3 0.05049 0.59895 0.34056 0.01000 1.00000
4 0.05049 0.45045 0.48906 0.01000 1.00000
5 0.09999 0.49995 0.39006 0.01000 1.00000
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B TRICBITAY T VY A A BEEH (PAT: Process
Analytical Technology) & L COIRH%Z BiEx, THEN
R O 2 Hig L 7.

2. WDk

2.1 fEHBARE X ORARE O R
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Fig. 1 Representative optical microscope images of binary (A)
and ternary (B) excipient mixtures. Reprinted from Iwata et
al. (2026) under CC BY-NC-ND 4.0 license.
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WR» SR ZHET 5720, LLTD CNN ET
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* VGG16 (Simonyan and Zisserman, 2014)
- Xception (Chollet, 2017)
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Fig.2 Workflow. Reprinted from Iwata et al. (2026) under CC BY-NC-ND 4.0 license.
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Fig. 3 Swarm plots of predicted versus actual CEOLUS PH-101 content for the binary excipient mixtures using the VGG16 model (A)
and Xception model (B). Reprinted from Iwata et al. (2026) under CC BY-NC-ND 4.0 license.

_32_



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.23102

Research Grant

(A) 10
Ibuprofen V4
- Pharmatose 100M e
0.8 - CEOLUS UF-702 -
-~ Ideal e
w
=2
G 0.6
g v
el ’J
&
S L/
T 0.4 i' I
E ] -
o ¥
0.2 A
0.0

0.0 0.2 0.4 0.6 0.8 1.0
True Value

(B) 1o -
Ibuprofen I
Pharmatose 100M e
0.81 - CEOLUS UF-702 e
AAAAAA Ideal 4
w
E: e
®© 0.6
> -
& A
&
S e
o 0.4 l I
E ] -
=% "{'
0.2 A
0.0

0.0 0.2 0.4 0.6 0.8 1.0
True Value

Fig. 4 Scatter plots of predicted versus actual component ratios for the ternary excipient mixtures using the VGG16 model (A) and
Xception model (B). Reprinted from Iwata et al. (2026) under CC BY-NC-ND 4.0 license.
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Fig. 5 UMAP visualization of features extracted from Xception CNN models for binary (A) and ternary (B) excipient mixtures. Reprinted

from Iwata et al. (2026) under CC BY-NC-ND 4.0 license.
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Heavy Metal Removal from Sewage Sludge Ash with Physical Separation
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A

KIFZETIE, HREHNKOEEFHICBWTHEE L 2 2EEE, ek (As) RH FIv A (Cd) DREK
WxHWE L, KT AP THEIRIF -2 BROMECER Lz, ENRERE RS R R 2 5 15 5
PR A W RICTER M2 EM L 72 L 25, R EIVN S WHIFNIEIRWICESEAER SN TWVWD 2
EERMERRL:., NSO LTI T v ¥R ERHA L7250 Mg x BHT 5 2 & T, R & ki1
HORLFRE, MR FHED 3 X ICfh L7z, E 0GR, FRICEIRED As KU Cd % HEOHEHIKICB W T, ki f
HICESRTIRE TS, b - MR THOESERE LY EAFHOHRGMED L5 F TR SE 5 Z L IR L7z,
Dbz &hs, R0 E 7k 708, ESREEEKBOZOOMEH P OMEIT A M BT AL F—
LTETH D LD I NI,

ABSTRACT

This study focused on a low-cost, energy-saving air classification method to reduce the concentrations of heavy metals, par-
ticularly arsenic (As) and cadmium (Cd), which hinder the use of sewage sludge ash as fertilizer. Elemental analysis of ash
samples obtained from domestic fluidized bed incineration plants revealed that heavy metals are selectively concentrated in
the smaller particle size range. Applying an air classifier utilizing the Coanda effect to these samples allowed the particles to
be classified into three categories: fine particles, medium particles, and coarse particles. The results showed that, particularly
in the ash containing high concentrations of As and Cd, heavy metals were concentrated in the fine particles, while the heavy
metal concentrations in the medium and coarse particles were successfully reduced to half of the regulatory limit for fertiliz-
er use. These findings confirm that fine particle separation using an air classifier is an effective, sustainable method for reduc-

ing heavy metal concentrations from sewage sludge ash.

" WICEZETH A (Kleemann et al., 2017; Ma and Rosen,
1. BARRZHK 2021). —FC. IR AR A 2 TR AL &
EEHYD > (P) BRI SN -EA TLrEE SN LTORMAZHIT TS, K (As) RH FI T4
TWhiw, BlzIE, 2025 FEEEE T, U V84 DK 72% (Cd) &, —EBDENZ BT 2 B FEAEM IV T
WEL Y ABLOWINTIHET L EHESN TS HEansZedHD (Liuetal, 2021), (HIRBEHIK % T
(Jasinski, 2025). €D X ) HRWBEFN Y A7 #EET S B LTHMATA720121%, BB LTINS ES
EB% D 20% EETREEIC P B AT ARG IRBEEK BRI 2RI T 5 DD B
DOREEEE & L CoOFHI, SRZEREOB S SIE HRBEHIK 5 OEEE 5L, LT e LT,
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HIRBEHIK A OE IR 7RI (L, S, =W Tk,
BERACEOIUIE, BRERE:, WAE, BEAHE, A4 oK
7 EOIRA .7 1k A (Ebbers et al., 2015; Fang et al., 2018;
Liu etal, 2021) &G SN TS, LA LAads, —
MRS RHE & 7 BZ{HRIBEHIKOLIIZ BT, Zhb
DRI T 0+ A NIFE B X BB K % = & L
F—e a2 NEETLOLET LR, iAoMK
AINF =% T O ADRENEETH L.

HIEBERNZ 600~850°C D&l T17 b, Z Dl T
As X Cd %2 EOEEIEDVHIEL, KK REIZAET 2
(Donatello and Cheeseman, 2013; Galey et al., 2022). JKHi
TREINE VT EHEEREIIREL 25720, HRUE
B T FE Vo PRORE - L IR I S B L PRI S
5. ZOWGEICHEDE, KT AL ) E
E I S N R ol - BrE T E L, iR
BEHIKF OEEERELNTE S LE 2 7.

PIEX D ARIFRTIE, a7 v ¥5hRICED B/
B T CHRBERIR Y > 7V o Sk 3% Bk L,
EAEBEE KT 5 2 8T, HIREEEIK O HEEFIH O
RAEZHWE Lz, AFRETIEIOMEEET L 225 3
TEF K THEHE (L1, R, CRURFE) 125
BETTREZR 728, As, Cd 7 & DOHEISEE &R IR O
&P RIEDN L% Wi § A st OWER T 72,

2. WEEJIIK

2.1 IGIEBEHIRAR

KRIFZEClE, ENTHRBERGR I BV CERILS L7z,

2 HHEOFHRBEHIKEE (A-1 BXOYA2) R L7
B & B LK S S, L= T - B
Bl (BESEFT SALD-2000) % v C &k ok 748
SATRBIE L. ENENRA YT 1% Dy 13 24 um(A-1)
BXO13um (A2) THo7-.

KL 02g &~ A 7 0 fEsEE (MW, ETHOS
UP, Milestone General) % W CEE/ AR L, 50 mL (245 HR
L7:1%12045um 7 4 V¥ — Tl L7z, 18058
& 79 A< E w0 (ICP-MS ; Thermo Fisher Scientific
) EHOTOHT A2 LT, KBRS EREY
T L7z, 112, SHEHEHD As, Cd, CrEfA=E L,

Table 1 Heavy metal concentrations in ash samples.

Sample Cr (mg/kg) As (mg/kg) Cd (mgkg)
A-1 78.0 423 4.2
A-2 95.3 472 24
Japanese standard* 500 50.0 5.0

* Japanese standard refers to the official fertilizer specifications
established by the Ministry of Agriculture, Forestry and Fisheries
(MAFF) under the Fertilizer Control Law.
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Fig. 1 Particle size distribution of ash sample (A-1) in fine,

medium, and coarse fractions.
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Fig. 2 SEM images of original and air-classified ash samples.
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Fig. 3 Changes in (a) As and (b) Cd concentrations in different
particle size ranges.
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Sintering of Metal Nanoparticles by Local Induction Heating
and Evaluation of Their Properties
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W

FEnE (IH) 12X 23R8 - Sah=mete Hils, SREME T BERE(LT 2 e 72 H ¥ A7 A
EWHELL. RVAT AR VORERBZEHEN L, HARNT — 2y 5 &) BB E R Bl 5 2 5
WBEAT L. SRFABZ AT, MBCURREIC X ) R EAZL L, ThISERT 5 2 & TRE
L72MBDRETH o 72, & SITMBEELIIERA— 2 b DBEFEBERS & A 720y, IWERIEHD/N S W T LRk
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ABSTRACT

We developed an induction heating (IH) system designed to achieve non-contact and high-efficiency heating by incorporating
an automatic resonance optimization function. The system continuously measures the coil voltage amplitude and adjusts the
driving frequency to maintain maximum power. Evaluation using metallic specimens demonstrated that the resonance fre-
quency shifts depending on the heating state, and that tracking this shift enables stable heating performance. The system was
further applied to thermally curable silver paste, but direct sintering was not achieved. This limitation is attributed to the low
eddy-current heating of highly conductive Ag particles and the lack of electrical pathways among particles prior to sintering.
In contrast, rapid sintering was achieved through localized heating using a soldering iron, and combining a metal probe with
the developed IH method is expected to enable new processing approaches. These results suggest the potential applicability

to micro-scale interconnect fabrication on flexible substrates.
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Fig. 1 Block diagram of the developed induction heating (IH)
system.
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Fig.3 Relationship between the switching frequency and the
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(b) DC supply current
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Fig. 2 Switching frequency dependence of (a) the amplitude of the voltage induced in the heating coil and (b) the current supplied from

the DC power supply at each V..
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Fig. 4 Measured parameters during M3 nut heating under maximum power operation: time dependence of (a) applied DC voltage V.
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(b) switching frequency of the rectangular waveform for IH driving, and (¢) phase difference between the rectangular waveform and
the coil voltage; and (d) switching frequency dependence of the coil voltage amplitude in the series LC resonant circuit together
with the phase difference between the rectangular waveform and the coil voltage.
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Fig.5 Time-dependent behavior of electrical and thermal parameters during M3 nut heating under maximum power operation: (a) applied

DC voltage V.,
the heating source.
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(b) current supplied by the DC power source, (¢) coil voltage amplitude, and (d) temperatures of the M3 nut and
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induction heating (IH) system.
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Fig. 10 Time-dependent behavior of electrical parameters during heating of a thermally curable Ag paste with the developed induction

heating (IH) system: (a) applied voltage, (b) switching frequency of the rectangular waveform, (¢) phase difference, and (d) current

supplied by the DC power source.
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Fig. 11 Comparison of the Ag paste before and after heating with

the developed induction heating (IH) system.

@ (b)

Ag particles Heating source
O 0 0 0 Diamagnetic
O magnetic dipole
it
o OO momen
Ag particles 8 o G o
Ol g v

Magnetic flux generated

W .
Magnetic flux generated by the heating source

by the heating source
(1) Current flows within
particles, but Joule
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insulating gaps prevents current flow
(high resistance, prone to heating).

Fig. 12 Schematic illustration of the induction heating (IH)
mechanism for non-magnetic metal particles: (a) single
particle and (b) particle aggregate.
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Fig. 13 Demonstration of Ag paste sintering by heating with a
high-temperature soldering iron.
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Evaluation and Control of Environmental Microbial Toxicity

of Microplastics

Wi7ef 2 Research leader: %ﬁ‘ )3 Y%% Hiroyuki SHINTO
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Faculty of Engineering, Fukuoka University, Professor
E-mail: hshinto@fukuoka-u.ac.jp

A

KWL, KEFEIZBWTH ) TIATF v 7 BMAEWIIRIZTTHEZHONIIL, 2OHEfRH 21852 L%
Hik L7z, EFER)ZAFLYF I RTR2ETNVF ) TI5AF v 2L L, REHORL ZKGH o 8
B LOEEN) BT, EMREL LSS T CRFBEEREZ T 72, WA A X, P75,
Mt oo = —IRERENZ, 70— 4 A —% — (FCM) B L O JhfE L —F— 2 AR BEMEE (CLSM)
SICX VM L7z, FofEE, RIES SIS AL, MIEEEGE Lo u = BRI OKT
WHEETH o7z —J, @SR CIIBEER R X W RTE B L OFEAIH Sz sEEmo
KB TR T B L 2D EHETH o 720123 L, EH I TIEEHES B2 o 72, SNHORERN S,
RFRBREDO AL S THEWOLETRIESL, 7/ 7T AF v 7 OBEDFEICKE BT LI LIRENT.

ABSTRACT

This study aimed to clarify the effects of nanoplastics on microorganisms in aquatic environments and establish guidelines
for controlling their toxicity. Positively charged polystyrene nanoparticles were used as model nanoplastics, and Escherichia
coli at different growth stages (exponential and stationary phases) were employed as model microorganisms. Particle expo-
sure experiments were conducted under various salt concentrations. Bacterial size, particle adhesion, cell membrane integri-
ty, and colony-forming ability were evaluated using flow cytometry (FCM) and confocal laser scanning microscopy (CLSM).
The results showed that under low-salinity conditions, nanoparticle adhesion increased, leading to significant cell membrane
damage and reduced colony-forming ability. In contrast, under high-salinity conditions, particle adhesion and cytotoxicity
were suppressed due to electrostatic screening effects. Cytotoxic effects caused by particle adhesion were more pronounced
in exponentially growing cells than in stationary-phase cells. These findings demonstrate that not only exposure conditions

but also the microbial growth state strongly influence the toxicity of nanoplastics toward microorganisms.

. WA 1AL, BYESE Y E T ARICRAT
1. BARRZHN LI ENBEEINTNE, KREVFDF ) TITAF v
WA, 7T AF v 2\ X ABREHYESEER S LT OME, KW A X, WEELEEDWAE—-THL7:0,
. KESRICEFEIN T I AT v 71, KEOEMNME  AEDISTT 28R F2HETIE 2. £72, mEY
RHEG EORBIZLI ) 70 A= ) - FJ A=} HZ BTy, M AEFIRE, SEEEL /MR
WIZE ML SN 1%, 7/ 7 A F v 2 0Ew BELZWRIEAVRL, T/ TIAF v 7 ONEICL D
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Fig. 1 Relative size of bacteria of exponential growth phase (a), cell membrane integrity (b), and colony-forming ability (c) as a function
of NaCl concentration for E. coli after 0.5-h exposure to NaCl solutions (C,,_ =5, 25, 50, 100, 150, 300, and 600 mM) at 25°C.
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Fig. 2 Differential interference contrast (DIC) images of E. coli of exponential growth phase corresponding to Fig. 1a. All the scale bars

are 2 um.
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Fig.3 The same as Fig. 1, but for E. coli of stationary phase.
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Fig. 4 The same as Fig. 2, but for E. coli of stationary phase corresponding to Fig. 3a.

EENREEOKRE S (K3a) &, Cyue=5-150mM |2
BWTIRIT—ETH272h, Cra > 150 mM TIEIEIE L
Tz, A et (K 3b) 1, #100% T—ETh >
7o au=—JgKEES) (K 3¢) 1, Cyue=5-100mM (2
BWTH 80% T—ETH 57275, Cye> 100 mM TIER
RALT L7z, RESE O KRIZHE & T, E' ok
P B AR ~ AR DR NaCl 2 (Cyper = 5-150 mM)
IZBWTHEEST, 70% kv Emnao =—Fk
RENZRTZENHLNI R 572,

3.3 KBRS DS BRI K RIS 2 5 R
KIBEANOR AT, Cue DBENNIAE S T
LM AR L7 MR EeE L Cua<100mM 28
W, RO, |RF L2, au=—JEk
HETIIZ, Cuaer < 100 mM 12 B\ T, K7 T I OB HNIZE W,
BKTFLZ T4bb, Cua<100mM IZBWT, RT3
7 L KW oMl et s oo = —Blae ik kb
N7z Caa=100mM 12725 &, FTAEEIRE L R
D URBHE MBS - oo ==k Iddebh
Lol

3.4 RFBEZIERHRGREICS 2 508
KIBENOR AT, Cuq=5-50mM 2BV TIE
[2—5ETdH > 7285, Cyuer = 50 mM Tl Cypey DIEIMAE Y,
WAL 7z MR ML, Cua <50 mM 12 B W\ T,
KT REOBIMIAEY, (KT L2 au=—TEREE I,
Cract <S0mMM (2B VT, R EE OB, KT
L7z, 4bb, Cua<50mM IZBWT, K25 L
KBS O 4 b o a0 = — I S b7,
Crar =50 mM IZBWTC, FTHH F ) 5T KEHO
MR EME E oo = — BRI kb e o7z, C
DIERIL, Cye <50 mM TR R ASEGE LKL T-H51E
T LWz KRIGH — R I EES 12556k @ &
KIGHE AT L7220 EZ 515, Cye > 50 mM
WZBWT, MF2H T ) AEE T RKEGEOMI R
RSNz, ZOFEKE LT, Coua>50 mM TIlEAE
WL RT L ORNGERINRAE L, #EI255L 2o
TeledrEZ NS,

—48 —



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.23105

2 3R

Shinto H., Takiguchi M., Furukawa Y., Minohara H., Kojima M.,
Shigaki C., Hirohashi Y., Seto H., Adhesion and cytotoxicity of pos-
itively charged nanoparticles toward budding yeast Saccharomyces
cerevisiae and fission yeast Schizosaccharomyces pombe, Ad-
vanced Powder Technology, 31 (2020) 3686—3694.
https://doi.org/10.1016/j.apt.2020.06.043

Shinto H., Kojima M., Shigaki C., Hirohashi Y., Seto H., Effect of
salt concentration and exposure temperature on adhesion and
cytotoxicity of positively charged nanoparticles toward yeast
cells, Advanced Powder Technology, 33 (2022) 103835.

OHBFER A
i L8 %

Seto H., Furuno G., Sugiyama M., Ura T., Ikebe A., Kubo T.,
Yamanouchi K., Nogami T., Nakano R., Hirohashi Y., Shinto
H., Bioaffinity separation of proteins using directly budding
yeast Saccharomyces cerevisiae, Biochemical Engineering
Journal, 226 (2026) 109972.
https://doi.org/10.1016/j.bej.2025.109972

A oh—, W R, b b b 2, il KE, G
M, #rF e, MR RS 2 & D HBFRE D
INA FRERE LCoInH, AT THilE), 57 (2025)
978-981.

T

HEIA 2025-144483 (AW BT 5 30 = —TERKHED
OFHM AP, FEHE BT ik, AR BN, EE
HIET, WA - FRE AN RS, HEEAH
202549 H 1 H.

158 - RA ¥ —%k

FEA A, R nUE, PR fRIE, LT KM, G
HET, W oh—, HiE s, “F /2 TIRAF v s
PBE SN KGR OMEREEES L a0 =—
TEBCRE IS S T3 AR R EE O 2 ", % 61 1L
FREI AR IUNRS (&) JeuEbca > X
va yhhgs, Jun. 29,2024).

R4, ARG H3ET, W0 oL—, B ke, oo
TAEBME~A 7 Ak T NA AR H 2T VF v
BN - ~A4 270l TVl 4 61 [Bl{LarM
WA FIUN RS (S bt v x>y v g
4%, Jun. 29,2024).

SN B, WO OKEE, AR HET, T Bh—,

—49 —

CHTH TSR BN T

Research Grant

https://doi.org/10.1016/j.apt.2022.103835

Kojima M., Fujita R., Hirohashi Y., Seto H., Shinto H., Individ-
ual and combined cytotoxicity effects of positively charged
polystyrene nanoplastics and ionic surfactants on budding yeast
Saccharomyces cerevisiae, Advanced Powder Technology, 34
(2023) 103995. https://doi.org/10.1016/j.apt.2023.103995
Shinto H., Ryu T., Fukuda J., Fujimoto K., Hirohashi Y., Seto H.,
Effect of salt concentration on adhesion and toxicity of positively
charged polystyrene nanoplastics toward bacterium Escherichia
coli compared with yeast Saccharomyces cerevisiae, Advanced
Powder Technology, 34 (2023) 104153.
https://doi.org/10.1016/j.apt.2023.104153

BE s, ARy NESHEICE AT VF
VRN TRV DT EREE ", 4 61 IR bARRE
SCRARESUNRS (BB BN ta v ~xv v 3

14, Jun. 29,2024).
B vEsE, (RfREE) A B X OB

TAHFRFOMNE - HET, B8 EIMNIE AR
aua ¥y A (KRR, Aug 27,2024).

FEAS A, IR RO, OREE PRER, LR KM, EAG
HZET, W sh—, #ih s, “F/ TIRAF v s
MIEE S N-mAmoMBEREfEeEtBs L0 on = —
TERREI T TIRBEBRIE O ", (L THAE
55 IRk Sy (b Ko, Sep. 12,2024), YA296.
X A, BERE e T, WS BA—, B ks, o
T AEME~A 7 KT NA AT IvEF
We~A 70 7w VorEi” b 1548 55 Mk
RS (gl KE:, Sep. 12,2024), YA236.

il b o, W, M 5L, BEME H3ET, B
Foksg O REERE (Schizosaccharomyces japonicus)
ZWLEMELE L CHW Y vy B0, LFT
F40EE 55 MBI RS (kg RS, Sep. 12, 2024),
YA297.

W BA—, W ORE, BAE mET, B0 iR
FTa—VEEGEMEE T Y2 — R LA
PEREMEM B O BASS ", (LFTHA5 90 454 (R
B K%, Mar. 20,2025), L209.

SRR, W OKEE, BRAG HEET, T Bh—,
From kg, CORREBLN & 1R IC Ao L T
F YRS TV OB X O E AR
DILH 7, £ 62 LRI E IR A LR S (&)
JEME T XU a Y% Tl 5, 2025).

IR niE, PR fREE, ILE
KM, #, /Nt sk, BEAE hise - WEE nh—,
R BB CET L MEFERICN T ST
TIAF v 7 OFAE EMRaEE T, LT 91
45 (FHERRSA, Mar. 17, 2026).



B

:o‘ _. S
LT

T =7 i S B ]

Hosokawa Powder Technology Foundation ANNUAL REPORT No.33(2025) 50-54 /https://doi.org/10.14356/hptf.23106

i B AR JE B PR O B K TS & R TS 1 OO R 5%

Development of High-Performance Metal Matrix Composite Powders and
Their Applications for Additive Manufacturing

WF7E40F % Research leader: }a ﬁﬁ Weiwei ZHOU
AL RFRF R LARIERE  dEHd%
Graduate School of Engineering, Tohoku University, Associate Professor

E-mail: weiwei.zhou.c3@tohoku.ac.jp

A

L — W RIRERE &L (L-PBF) &, #MZEELZHE T 25 ReEEEEME (MMC) 28ET 57200
BB ORLREMTHL. LaL, FEEMERICIE, SWEIRE, SNBSS X OFEME, ek
% EOREDNRKOSNDD, TNOREREOR— VI VMY > TERT20IIWNEETH 5. AW TIZ,
BAEIEK (UFB) 2 L, AT OBEEIC L - TERESBIEA M K ER T 207 FihzRE L/
T, EHEEN B X ORI E 2 W5 2 & T, UFB OFMEZ A EMICHIE L 72, UFB (3E R M HAEH
W&, &8 (Ti, Fer &) MARDODEHIZIEICHELZYLT I v 7 AR F (Zr0, CuO %% &) %#¥—I|2f175 &
BLIENTEL BONEAWROBELZBETLEEHI, FOREA DA NIIOVT I 21T 72
B2, CuO/Ti AN ARZEFE LT, L-PBFICLY) CuBLUOTLHEIZL > THILE N8 2 Ti & ORI
B L, HEASEE O LSRR S I rz.

ABSTRACT

Laser powder bed fusion (L-PBF) is a state-of-the-art and promising technique for fabricating high-performance metal matrix
composite (MMC) with complex structures. However, the feedstock powders require characteristics such as high sphericity,
excellent flowability and packing density, and narrow particle size distribution, which are difficult to achieve by conventional
ball milling processes. In this study, a novel approach was proposed to fabricate high-performance MMC powders using ultra-
fine bubble (UFB) water via hetero-agglomeration process. First, UFB characteristics were effectively controlled by adjust-
ing processing time and gas flow rate. Through electrostatic interactions, UFB enabled uniform attachment of positively
charged ceramic particles (e.g., ZrO, or CuO) onto the surface of metal powders (e.g., Ti or Fe). The morphologies of the
obtained composite powders were observed, and the mixing mechanism was also investigated. In particular, using CuO/Ti
composite powder as an example, a novel Ti alloy strengthened by elemental Cu and O was successfully fabricated by L-PBF,

and an improvement in mechanical performance was confirmed.

L R HIG Thb, IR EL2E8BEHIIEII v I AR ED
) X SRR 2 A L 72 MR T, AR TR RR 2 B R
AR, B4 B COREEDFRIZHEWIER X 1 ik DOFEEMNGTH T EDVTRRE L. TD2D, HLzET
RGHMEIOFRENEE->TETWnE, 2 THERHSINT W B R B R B & v o 2Bk 4 e BT OIL SRR
W5 DONE B A E (Metal matrix composite; MMC) ENTWVD. MMC ZAERT 5 — iy 2 RIS BERTE A
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HHH, BHEBRIRDO NN 7 RS 2 720 DI LA
PiL 72> CL $ 9 (Sharma et al., 2020; Shi and Wang, 2020) .

L — B K IR % Bl 4 1 (Laser Powder Bed Fusion:
L-PBF) 3% & (Additive Manufacturing: AM) @ —7i
T, B E e REEEEL, L—YIZ X5 R -
Bl R LIEET A2 LT, HWEIRO &AL #

AR 72O £ 1) 25 12, 3D-CAD 77— %
FICICEREERS 2 LD TE L7720, WIROETEH
BT, 70 ZADOFKEDIEFIZE NS &Y L-PBF O
FETH D (Chowdhury et al., 2022).

L-PBF (22 FEH R IZ3R D 5L 55 & LT,
EOWEIREE, BENciEh, FEEME PeRIEGA R &
BEFONL. IO ORBICEER L 72 KOER ) E
YThbH., BREEEO—B 2 FHEIE, F—vIn
e E OB FEEEN R 5N 55, R OIRARTE
ROGIHDSHETH L L Vo 2l Er H L. OF), —
Y 72 49 RAEBLTFETIlE L-PBF ICH S 2 W RIC % BT
REVEASd . L-PBF 12 & 5 MMC IZBI$ 2 HF5E 04 < 1d,
MRk & M IS 3T 7 4 T — D BICERE 4T
TWAH, MMC @ L-PBF I T & ffdB o dn B0 3
LM AAEOFEIIER STV,

KifFgeTlE, MRREGEO—DTH LT OEEEE
L-PBF FIE A M EOIE#MF P& LTHEH L7 (Donget al.,
2023; Zhou et al., 2018). T T LI, KPP THE
FEOBEKNTI N EZFAL THhRLEESELZ LT
AWM R ERST 2 HETH L. MR & 1382
D, BROBIRRLY A X &b Iy — 5l K%
R TE %720, L-PBF HEREMKIERTLE LTHB)
Thsb. REHFFICHEL TCOLHEMTIE, BEAD
SIHME) &3 — A KERT e TH D, LaL,
FIFEFF 512 L TV B B K TR A5 A L &R T
HIENTERV., ZOLE, HRECEEDORE % G
eI WEDPLETH D,

B A787K (Ultrafine-bubble: UFB) (& 1 um BUF O
M@ TH S, WEOTILIKTIIRE LGS, 2
BUC AL, KECTHHET L. A 7 u/NTIVIEFA%
FIAWYLDOIE N K D G L, Kb CH# 3 %. UFB
I~ A 7 N7 NOLGEDEETIREL, EHMZEL
THAET A Z LM SN T A (Yasuda, 2024; Zimmerman
etal,2011). X512, UFB OFMIFAEIZHFEL TV 5.
UL, KDY T RY —HEEDIRG T L B L 7
H & OH A4 ol sh, ZofEHhIZH & OH
AINFE D R VA, HIZOH A 4 A RmEICEFRE L%
TWHThL ZOFML2L, UFBIXBIE, B,
P, A, LR CIRAVWTETEHENRTWS.

ARWFZETIX, UFB 25\ 7T OEEEICB W TH KRR D4
Wt e LCRET AR S D L EZTnD. T
UFB #E# L, ZNaEH L TATUEERICL ) &8

EEEM RO BT 5. FD%, L-PBF # W\ T
ERERE MMC O s B8

2. WEZEI i

2.1 UFB/KDOH#E
UFB EHLEBEBONEZ U T O 1 IZRT. E—Hh—
MO FIF SN/ A F VPR END T 4 )V 5 —
THAELRAESNTUFB 2334ET 5. REBRTIIER
& L CUFB OFHER], HAREEZZEILSHET
UFB DI Z 1T > 72,

22 FBIEESHAROIER

FTEED+Y T I v 7 AT (Zr0,, CuO, Y,0,7% &) B
L& BN R (316L SUS, Ti % Ti-6Al-4V) # ZNZF
HELZ EHE5050mL DA 4 v kI aii s €7
tT 3y 7 AR TIIBEE AR — 12X - T30 5REE
L7z, T/, BB ERIIASY—F5—T20 5 H#EHEL .
SRBEE TR < TR TF v 2 A — 5 —CTHEEL
mAS, UFB K FE 72134 4 58K 300 mL % i & L
THRIML7:, 512, v 3I v 7 ABEBH R E LT
WL 72, WAEOWEANE T L0 % bk, 30 57
FEafkbt L7z, Zo%20 5 MEEL, WolA#E L THh
5 HEZEWEEE T TRAM K257

2.3 L-PBF IZ& 28 &M B O/ER

RO 1.5 wt% CuO/Ti & ¥ K % VT, ¥4 1070 nm
DA FIVET L (Yb) 77 43— L =¥z -
EIEEEHE (MlabR: Concept Laser #1%2) 12 X D &% 17>
7z, L—HEAHAUIMAIN 72 island N2 PR L 7.
L-PBF 70t 2137 VT > AFWA T TITV, Bk
FEA 0.1% DT IZPRFEL 72

2.4 DRI & PO PR S
UFB & L W ZR O EIXF 2 BT AT 4
(NanoSight NS300, HARY ¥ 4 - 791 s ikalath)

Fig. 1 Appearance of UFB generator used in this work.
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AL CMNEL:. Y=y EMIEY— 7 EM - FEE -
FEllE Y A7 A (ELSZ-2000ZS, K% & Fk44t)
AR L7z ER LA ER, EEERARCLCE
HRVE TP, EmTE - BAEE 2 v TRl e %
1To7z. BEWMAAREIC O WL, ¥y b — A0 & CEEM
L7,

3. WETERRR

3.1 UFB FEo il

UFB % 38k 88724 & U ok L M L T e n
A F Y RWHRIZERIC L =2 BTG RE D TOR 2
WRT. L—THREEROKER2S, UFB 2 38E L1712
A F VIR TL = OFIEA > Z 1) LRI S 7z,
FUINVBRIZED, A+ IR O UFB THAEL
GLEN7z7-0, L—FosHE st E2615.

¥ 72, Nanosight |2 X % UFB Bl FEBROMEREM 3 12
Y. R A2 BRI L BT X 5 UFB OE% <
o TWbZ ENgholz.

A F AN ARE % Air 12T L CERLER ] R0 i
BErEHLEEOE—FEMNEDEBRERLIZS T T
4R T. S, (RN AEINSEL -5
BALZIEA L, AR 100 nm (IR L7z, —F, &

Deionized water

Fig. 2 Photograph of laser beam passing through the deionized
water and UFB water.

/
UFB -
Air 120 min Air 180 min

Fig. 3 Snapshots of scattered light by UFBs in water during air
flow at different processing times.

A% 50 mL-min ' \ZFEE L72HE, TERERRI OB
WL B Y= BMOEINE L, FEREMIIHERE S
Niroiz.

D EofERA S, UFB OFFMEIL, TR 7 A i =
O L > THIBWRETH L Z EBHS 2 E o 7.
Mz T, UFBIZHEOKHEMEZALTBY, i
T HEEFIIBW RO TEEREEZH-> T 5.

3.2 SEEBA R AROVER & Rk

X5 /12 SEM 12 & % 1.0 wt% Y,0,/316L SUS #E & K
DOIFEZIRT. WEBKRTIE, Y,0, D¥E— 745 i el
g/aAn T, RSsAIRTERKO L) 12, &l
HiE L7z UFB S IE 2K L 72 Y,0, ki F- & 316L SUS
KOM ZRRHAEST A2 & T, BIFeaice et L
TWh7DEEZLND.

FEREORERIE, orI3I v 7 2/ EBRICBVTDH
‘oz K6 R T LI, 5.0 wt% D ZrO, 7° Ti-6Al-
AV ROEmMIZH—IZEMINTBY, HETLHIL
e S REEDNTIZ 20, TEDONTWDE Z & D FER S
N, F7, SEMIEBLXUEDS Yy ¥ 72D,
CuO P R Ti RO ERMHII I HFE L T b N
bRtz (K7).

RFEETE, @MW EOEHIZH /A XDLT Iy
7 ARFEH = EEEDLIENTRTH L0, B
KOTENERKL T A X, WA & MEFE L 72 AR

0
® S0mL-min!
-5+ ® 35mL:min!
E ® 20 mL-min’
Z 10+
NS
5 -15 |
5
3 -20 |
Q
8 25
]
N
=30 +
-35 L L L L L
0 50 100 150 200 250 300

Working time, t/ min

Fig. 4 Effects of working time and flow rate on the zeta potential
of UFBs during air flow.

o}
+Q - i - Q+
+O- + 316l + - O+
O .o. Q
O

Fig.5 (Left) SEM image of the 1.0 wt% Y,0,/316L SUS compos-
ite powder and (Right) schematic illustration of the powder
fabrication mechanism using UFBs.

—52_



Research Grant

Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.23106

10 pm

Fig. 6 SEM image of the fabricated 5.0 wt% ZrO,/Ti-6Al-4V

composite powders using UFBs.

Fig. 7 SEM image and corresponding EDS mappings of 1.5 wt%
CuO/Ti composite powders.

DVFRAEITE 72, AWEICB T, HEH KO
PiE, #®ETOERA BIZIER-VI) X7) I285%
BTE L, MEEETH L EEHKOFEEIZ F IR
L CHIETTRECH D L ER BN,

3.3 WEIEAOMBRBIEE & BT

1.5 wt% CuO/Ti A& ¥ K % F v T L-PBF JLHL % ZEjii
L7z RI8II/RT LIS, CuBLUOTLHEIIITIV N v
7 AN =120 L TWAB Z EMR SN, T2,
EARIZIIAT IR 51 d, ks LTz~ v
T A MBS ST, 2oL, L—9
HEGHZ LD Cuo F / KF eSS, CuB L
OWTIX M)y 7 AHICEE L2 E&2RIELTWAD.
Koz, #iTidB L Ti-CuO EIRMAKDE v Iy — A S
ZRT. MTIOE Yy =AW EIX 216 HV THo7z 1B
L15wt% O CuO X iRIMT A2 &T, v h—ARS
EFNZFN296HV BLU326HV I ELA. Zof
SO L, fEs oMMty & OFRERIC X 2 EAEERL
LBl EZ6NS. 5%, L-PBF O#EE/NT X —
Y RPESTSH I LT, CuO KT ORI 1 70 LAY RE
RN F 7 AL LR T A S ORISR S 5.

Fig. 8 SEM image and corresponding EDS mappings ofa 1.5 wt%
CuO/Ti build fabricated by L-PBF.
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Fig. 9 Vickers hardness of pure Ti and Ti-CuO builds fabricated
by L-PBF process.
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Powder Recycling Technology from Ceramic Capacitors

via Chemothermal Pulverization

W7eftFH Research leader:  JHJI|  #E/C Hiroyo SEGAWA
WHE - MERTERERE BT UM L Y — Rk -k
National Institute for Materials Science, Research Center for Electronic and Optical Materials, Deputy
Director
E-mail: SEGAWA.Hiroyo@nims.go.jp

W

T AERT 2 —07, VA 7 VWL Y S 2 v 7 av 7% (MLCC) OFEHFILIZEE L2 FETH 5.
KIFZEE, WMEOEREELT Y EZTHFEAKP TOBMIIZL ) T Iy 7 AP I3 F S N5 [BER ]
HEEHMA L, BEFEMLCC Bttt T 2 v 7 AR L L CHAT A2 HINSE L HE L7z, MLCC % 100 pm
FEEEIC TR, 7 v B =7 - B5URAFHA T T 1000°C OBULH 247 /2. B ONHERE2SXT I v
7 ABERER AR L, ZOMME & FEAE R S L 72, oS, BEELEIZ XD MLCC X1 pm BRED 7 £ —
IN—IRTERE IR Ee S , NERERRO = v 7V S UG L, FHEBSEARTICIERRb= Yy 7 VANRIEL TWiz, 2o
FELT I v 7 AOMNEREIL 1% EBEAPA T THo72b D0, iFEEF 1000 2 B2 A2 R L7z
AWFEIZ X, BEAEDBERE MLCC OB R ) A 7 VAT E 2 ) 9 ZTREMEATR S 7z,

ABSTRACT

Recycling multilayer ceramic capacitors (MLCCs) is a significant challenge, despite their expanding market. This study aimed
to develop a technology for recycling waste MLCCs into functional ceramic raw materials by utilizing a chemothermal pul-
verization (also referred to as “disintegration”) phenomenon, where ceramics are decomposed into fine particles through heat
treatment in an ammonia atmosphere containing a small amount of air. MLCCs were pre-crushed to approximately 100 pm
and then heat-treated at 1000°C in a mixed atmosphere of ammonia and air. A ceramic sintered body was fabricated from the
resulting recycled powder, and its microstructure and dielectric properties were evaluated. The disintegration treatment suc-
cessfully pulverized the MLCCs into amoeba-shaped fine particles of approximately 1 um. The internal Ni electrodes also
reacted, resulting in NiO being present in the recycled sintered body. Although the densification was insufficient, with a rel-
ative density of 71%, this recycled ceramic exhibited a high relative permittivity exceeding 1000. These results indicate that

the disintegration method has the potential to be an effective recycling technology for waste MLCCs.

- ¥, TAVF— 10T 5%, BEEANVAT T HEHIZBN

1. BIEHREHN CREAEEE R L E R N, RO TS 3 v
7 3 v 7 AMBHIEIR TRERL S L TREEAL L 72 S 7 ADOTWHHEL 2021 S£0 71 K V25 2028 4E12
MECTH D, EBFEBM, A, BEWES R L, BRe 2o X 130fEK FVICHET A2 2 EAFHlE T 5. FFIZ,
AN S NTn 5, WHILRDS TR I NS 5G/6G Hiffir WELIIv/arrrdbReF v rf 85 E0®E
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B ENRMINTEL BRHAKTIE, 7UyE=ZTIS
IVAERENEN A F U2t T 3 v 7 ANERICILEL L
Ny, WAL T Iy 7 AN TSNS Z LICE 5T,
YT IV I APBRTHIENINETOER T4 &
DRI TV Y CoBREFATLE, B - AL
FWIHERETIVIAEF I A=V AL ADET
Iy 7 AFEERE LCHAEL, BHERT Iy 7 AME
ELTHHTAZZENRETHLEEZOND.
BERBLGET & VIR T I v 7 ATIA RS
T BB KfgECclE, BT v73Iv 27 AL LCIRA
CHHENTWEF ¥ VBN &7 4L EEEBRIEERE
EEALTCWAREYI Iy 7 a7 (MLCC, K1
Z) RS E LT, BEMHKEFHL TEBLL,
Re L THAET L7-00FMEELHNE T 5.

tT 37 ABORMRIIOVWTIEIRR+T v EZTH
FSACTORMILRIC L > T, MR 52 Eh5,
AL AE Z 2 & CERBLE 2 1T) 2L Ta Ty
PFEZFOFTIRMTHIETEBERLDETE A 0%
B35, choolitickhE&RERELT I Vv 7 R
DEE RO T I 7 AN T RO BRI OV T DA
AL, FhaliEz ko TWw b &R 25 Tk
ThEL, I IVv I ADBREMETEITHIZLT, &F
2y 7 AMBHIBEAATE 2/ A= MV A XD T
IV T ARFICTHET AN O & HIE S

2. Wk

2.1 BERIEER

WD BaTio, 41~ (HPBT-1, BT % » L¥EMR A4,
MLCC (TDK ) K UH 52 Lo TV I F ek THIrE L,
KEEEHOVGIT7ZMLCC % 7V 3 78R — b ofe
D) NI T AE R A TZERFIZEA L2 NH; & 500
SCCM (standard cubic centimeter per minute) , Air (N,:0, = 8:2)

SAEPEE
RERELE

£33y

Fig. 1 Schematic image of Multi-layer ceramic capacitor.

% 20 SCCM THt L 2435, Hilm#E % 5°C/min T 1000°C
T CTHILL 721, 16, 40, 64 BERIEFE L /2. 2D,
5°C/min TEE TR L, N, FHSICEIR L /2%, W
YTNVETY L.

22 MLCC BAEHARZHW LT I v 7 ADfERE
G

106 pm PLTF U2 RE L 72 MLCC % 2.1 §iii & AR D54 C
16 BEREBEME L 72, 155172 MLCC FAERRIZ 3 wt% @
RYVEZNV TNV IV REML, 80°C T 24 Krfij#zl: S
2%, BHE 12mm, &S Tmm IS L7 1250°C
% T 3°C/min TH- %, 2 FEMOREF L CRERS R 2 ERL L 72

2.3 G

& 3R R e ML 7 & % SEM/EDX (VE-7800,
KEYENCE), FE-SEM (S-4800, HITACHI) % H\>C&FAf
L7z, T/, BERZICEO N EOEEIITAE Y /
A —4% (AccuPyc, Micromeritics) |2 & - THl%E L 7=, &
PEDENE X FRBIHTEEEIC L D gL 72,
HELZBEIPOERL-ET I v 7 21220V T,
AuBEBBEI VT, £ =52 A7 F 5 4 F—(E4990A,
KEYSIGHT) T2l L7,

3. WRZERCR

3.1 BaTiO, By &

TR BaTiO, ¥y K % 16 FEFEL L 72 & 2 A, ffHR
AL L o 72 b OO0, 1 pm BEDOR DT A — I3 —
RICERLTWE Z EDMEREINTz. T2, BELRE
WA EPFERENT.

3.2 MLCC

A X 45mm*x32mmx*2.3mm D MLCC = F§ 3%
D F £ OIRFETHEMILE 21T 5 72, 16 AR L 72356
121E, 1 BE AR LN 02720 DD, 40 FERH,
64 B[ & LB E L e B I2oha v 7 v R
LURRTOERR S 7z, 16 BEFELER L 729 > 7 )V o PN
D SEM A B 21 RT. ary Ty HNRICH L=y v
BRLETIIRE LR YT I v 7 2ZEEALUS LT
irol: (K2@) bOD, a5 ClEBEMES
TROENELT A —N—IRORFHBLE SN (K 2(Db)).
LLBAS, T A—=N—IROK T3 H R O AT
NTBY, WHEHET 64 FEHIZLTH, WEBE TR
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(a)

(b)

Fig. 2 SEM images of the MLCC (a) around the Ni electrode and
(b) at the surface after CTP for 16 h.

(@) <63um ™= 63—125 um " >125 ym

(b)

Fig.3 (a) Photographs of crushed and classified MLCC before
(top) and after (bottom) CTP. (b) SEM image of the MLCC
classified as smaller than 106 pm after CTP for 16 h.

MHEAT L o7z, BUBHSHERE CTHEATT 27201213 E
WF DS TH L Z EBHSE NI o 7.
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2BV, 125um ML ED D DI2iE, T 14 Xk
EVRT L HBCHRESINLE LD, §XTH MLCC
WCBW ORI X ) | &b, REDTE S ATw
BT Ebrs. FRIZ, BERATNSHA BRI NZb O
TIEIERES L VL TO LTSNS,

X 3(b) 121& 106 pm L1248k L 72 MLCC % 16 ¢ fH
BEMRALEE L 7283 KD SEM 8 %2 7R § . KL FIIRIE T £ —
IN=IRIZZEALLTHBY, 1 um I MLCC &R 255
b2 EPHLNIZR -T2,

Research Grant

Fig. 4 FE-SEM image of the recycled MLCC ceramics.
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B4R T. HIVRIT O o TR L T AT
BHEREND. T2, TOvT I v 7 AOMHEEIX
N% BRETHY), ToBELTETLTCnRNnI E
Whnrb, EHI, XRDEIER S, NiL,Ti,0 3% <%0,
NiO 2SRIEL TWAZ Wbz, ok 3y
7 AOFBBFEIELY, LFEEHI1000 282 51T
IV AICTHETELZ EBMERRL /-

4. T O

MLCC I ¥ 7~ % 100 um F£FE ¥ Tt L 72212,
HREEOT VEZTHEHASH TR T L LIk o
T, I mmBEOEEDT A —N—IROBRZ2HT 5k
TAIHBTEL 2 ERHL L7,

INLOf T & W TR ELER L2 25, MLCC
OWNIEMEROBIL= Y 7 V& —i & T & VRN
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Resource Valorization of Beetle Larval Frass Using Powder Technology
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ABSTRACT

In this study, we investigated a mild cellulose valorization approach that combines microbial fermentation with insect diges-
tion, focusing on the digestive and powder-forming functions of beetle larvae. White-rot fungi were used to control the degree
of fermentation of lignocellulosic substrates, and the resulting substrates were fed to larvae. The growth behavior of larvae and
the physicochemical properties of the excreted feces were systematically evaluated from a powder engineering perspective.
The results indicated that while the degree of fermentation alone did not directly determine cellulose extraction efficiency,
the larval digestion process significantly influenced feces disintegration behavior and responsiveness to subsequent bleaching
treatments. Time-dependent changes in larval body weight suggested that fermentation degree affects post-feeding digestion,
metabolism, and nutrient assimilation dynamics, highlighting the importance of both feeding timing and feces collection
timing. Elution tests further suggested that hydrophobic surface components on feces inhibit chemical reagent penetration,
and that neutral detergent pretreatment is effective for improving cellulose extraction. XRD and XRF analyses revealed the
presence of inorganic components, mainly Si-based particles, with possible sex-dependent differences in feces composition.
This study demonstrates that beetle larval feces can be regarded as functionalized biomass powder produced through natural

decomposition processes, providing a basis for low-environmental-impact cellulose resource utilization.
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Fig. 1 Effect of the fermentation degree of commercially avail-
able leaf mold on cellulose extraction.
Relative evaluation based on degree of whitening, not a quan-
titative extraction yield.
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Fig. 2 Effect of the fermentation degree of leaf mold on cellu-
lose extraction behavior of feces produced by Trypoxylus
dichotomus larvae.

Relative evaluation based on degree of whitening, not a quan-
titative extraction yield.
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Fig. 3 Time-dependent change in normalized body weight of lar-
vae fed with leaf mold of different fermentation degrees.
Mean body weights (n =~ 10) at each time point were normal-
ized by the mean initial body weight (Day 0).
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Fig. 4 Effect of bleaching treatment on commercially available
leaf mold and beetle larval feces. Comparison of appearance
changes after bleaching treatment, including intact, crushed,
and sectioned feces samples.

HOERZ RS WU IO L CEFLEZ 4T &,
WLERRT & Heit U CIMEZ H B LS AT L T b 2 & DY
RENTz. —F, COBELEZGE LY REL FERIC
EEEL L oA, RoOBRIZIZIHERES-EETH
D, BELIZEOHEILIZRD SNk o7, FEKTH
el 7212 BB 2 1T - 723 A T8, it L iy
% EHEALOEITIZRENTH - 72,

UL, EEUML T OEAME 4T &, 4
FIdHEFE SN T b b on, ENERD SHEL T LT
WABTDBIZ AN, ZOEIE, EONTBIZIZEG
WP & 0 2B 2R T VSRS 5 — T, #
TN ITEAK ORBZ T 5 ERDGEAET LM%
RLTWA. Tbb, EOKRZIE, bEdLoEiE
TICFEEFNR TV o lolmdmanctBy, i
A3 b — 2 OHEFT & B L T B REMEDS D B &
2o,

PHROFIIHEHEF ARG 2o TBY, ok
WX RO B R A 7 EEEN TN L EE 2
bND. TNHORGDS, BELHRORAR LG
S, EERIMAE LCREET 25 v ¥ —okE %
2L TCOW AR D S, F2T, FRECHME IR
S EOHEEEEEL, NS xBRET L-O0ONE %
f1o7-.

5102, K, FRYEREAD, SSRRTEVER], 10 wt% CaCl, 7K
B, BEOZY ) — VIZEZREL, =i, 40°C, &
FIR RS T CEL L 22RO b2 R T, BRIEWEOE
B X OV BRI O ZAIZ R A 2 F V72856810 b
BEECH Y, FERENAALT 5 PRE LMY H R 72
EOBUKMER ARG EEIC L D B L Cw 21 EE
HWATRIBE S LTz, TIHDRRNS, Ehbov)L T —
ZHHIZBWTIE, BB E L TR SRAINOREYAE
MCThbLEZLND.

(a) Distilled water

(b) With neutral detergent (c) With acidic detergent

(d) 10 wt% CaCl, aq.

40°C || U.S.
i i

Fig. 5 Elution behavior of beetle larval feces in various sol-

vents. Distilled water, neutral detergent, mildly acidic deter-
gent, CaCl, aqueous solution (10 wt%), and ethanol were
used under different treatment conditions (r.t., 40°C, and

ultrasonication).
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Fig. 6 (a) X-ray diffraction (XRD) patterns and (b) X-ray fluores-
cence (XRF) analysis of feces produced by male and female
beetle larvae.
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Fig. 8 Time-course observation of beetle larvae and feces during
mushroom substrate feeding. Following a buffer period, lar-
vae were fed different substrates, including leaf mold and
spent mushroom substrates, and changes in larval appear-
ance and feces were compared.
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Fig. 9 Changes in larval body weight and feces weight during
feeding with different substrates: (a) the normalized body
weight of beetle larvae, (b) the corresponding changes in
feces weight. Larvae were fed commercially available leaf
mold, spent mushroom substrates (shiitake and oyster mush-
room), and a plant-residue-derived spent substrate (confi-
dential).
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Development of Intranasal Powder Formulations for Brain-Targeted

Delivery of Peptide Drugs
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ABSTRACT

One of the current challenges in the development of pharmaceuticals for the treatment of brain disorders is achieving efficient
drug delivery to the brain. The nasal cavity has attracted attention as a promising route for brain drug delivery due to the
presence of direct transport pathways to the brain and cerebrospinal fluid. Among the various nasal dosage forms, dry powder
formulations offer advantages such as storage stability and sufficient dosing. In this study, we evaluated the effects of physi-
cochemical properties of drugs (such as dissolution and membrane permeability) on dissolution, membrane permeation, and
brain delivery when administered as nasal powder formulations. The results suggested that these properties have different
effects on each process, providing fundamental insights for formulation design.

Furthermore, to improve nasal residence time, we developed an albumin-based dry powder formulation capable of forming a gel
upon contact with the nasal mucosa. Using oxytocin, which is a medium-sized peptide gaining interest as a novel therapeutic
modality, as a model drug, we assessed its solubilization. The formulation enhanced oxytocin solubility and showed potential
to improve brain delivery. These findings support the potential of nasal dry powder formulations, particularly those incorpo-

rating in situ gelling systems, as effective strategies for delivering peptides and other challenging compounds to the brain.
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1L FREWREHMN

Ty NA =, MAEVERRAVE, /¥—F > L,
WA RIIE 2 C oI, BHIEIZB VT, HiEb
JREPRWERA L LTEITS5N1 5 (WHO, 2021). HifiK
FEEOWREROMED 1 DIIWA~OFEYBAITTH Y, MK
o MANOFEYFEAITIE, ME—REI M (Blood-brain
barrier, BBB) OFFFEIZ L Y, FH L WHIRZ T TWn5b,
Z @ BBB DAFAEIZ &), BRI G- 14557 & Ol
HOFEYYLGETIE, FRIORBEESREY R 5 T EHE R
DOPRIER 2 #3252 L IZWEETH D, BBBIZHEH T 5 A
YA R NI AT ) Otk E A 5 Drug
Delivery System (DDS) 25#205 £ 4L C\v2 %  (Ulbrich et al.,
2011; Pardridge, 2022). 72, VTAETIE, Sl & i
(cerebrospinal fluid, CSF) & %\ (Z/iiAL#K & o [ 12 18 2
M7 BD) 2R T EBRBEEPSEME SN TEY, S
I ORI E LCER ST\ % (Bourganis et al.,
2018). SHERNE: G-XMEC, IR RN L5 HETH Y,
EFOL ) A EEDLRVEVI XYy NABHD, &
JPENFE G2 & o THEY O~ D EEHDSFEB UL, i
B 7 i BRI Y AT A OBV R TH L EEZ BN
5. FEWORIENT G & MO B ZEO T L LT
RIS T 5 720121%, BIED S B~ O SEY AT &
W O IALEI R 7 & O SN IE UMD TEE &
EZHNL. L Leds, #EOWETIE, fHlr ol
W) % X SN D FEW 253 | 255 B S ERNT G- 4 4
i CDmih %, BPED O BGERA~ O M RATIER
W O EAL AR 2 EE &SRB FEAG L 72028139
W2, 9, ARIFETIE, WMo % 58013
IR L, SPENRGROMBATE LG (R
FlbB L O ERERF]) & OBMRE R IZEF L 72

T2, AEBEHRTF N, SRR EZEDL, M=
TEWHEEZRT Z L6 HiEEICT T 283E 5
TAELLTHEEZED TS, L2Led2s, Lok
I, EBIEEARTF N2 &0 723 O BBB #3133 L
CHIRE NS 720, HHGEBIBEANOFHIZIE, Ol
W4T 2% T % DDS FHFEDSUHTH 5. KL TIE,
EHEHGEA X7 b F LFEE (Autism Spectrum Disorder; ASD)
DRI & L CTHEH T % oxytocin (OXT) % 3%
], A ERERHEY O BN RO e Ll wvo
725 R R R A T AR BEF DS & ATz

2. Wik

21 EFNVEDOER

E7I)VEEY) & LT, antipyrine (ANP) (& @7, &
VEf#YE), ranitidine hydrochloride (RAN) (/B E 1, &
UBfEE),  atenolol (ATL) (R 1%, FRiEfEME) % %R
L7,

2.2 Invitro 7T NVEYOEMVES X OBHE S PEFH

Transwell® O A ¥ W — b O L FEREES 5312 BT I 2 [l 1)
fFiF, 2O RIZAMEREL, BAEEHE L 72BRE D
BEIE. oM%K, FETIVIEY T apical Il (TEIRH)
NI, AEEERYIZ basal fll GEEM) o> 7Y v
7 RATV, WA EE L 72,

[ 7 @ R L, B B AMIE T % Calu-3 Mg % H
v, i IS KB TOVEY 2 ETE L, basal 542 T
) 2T wATVy, JEaE a2 E A L7z

2.3 Invivo 1T VEEE

< ADBWERNN Y O Ry K BE A ¥ G- L, Y
VM R OV 2 $REC L 72, BREL L 72X S 2 T 2
HIRER EETEE, RO 3 DDA, HE
B L O OSEYRE %~ LOMS 12X D Em L7,

2.4  Albumin-7 )V EH| O/

Albumin (Alb) |2 4245 #] (N-Succinimidyl-3-(2-pyridyldithio)
propionate (SPDP)) % JUit: &,  Alb-SPDP VA & 1E 8%,
HAHEZ IR L7z, OB KRB DS PEG FFEA L & 15k
WCHEMTHZEICX), BENIBWTTI VAN RS
CEMHIREEINS.

2.5  Albumin-7 )VEHFID OXT IZk9 % W AL g
Alb-SPDP A1 (0%, 1%, 5%) % H\v>T 10 mg/mL @ OXT
REBL, ERBOWEILIEZFFm L 7.

3. WEZERCR

3.1 Invitro T FIVEPOBEHMEE X ONE @ P S

1A 2 in vitro EHVEEEAM I 2V T ANP, RAN K O°
ATL O H = %7/R L72. ANP, RAN & %12 60 min CT&
FARFEIZZE L, 120 min TIXMETE & O 95% H3EH L 72,
—J T, ATL O#EHYEIZ ANP L U RAN & JL#g L Tk <,
T ATL & IB#E L € ANP, RAN & b IZHEMBHEDSE W
O THDHEERIND.

1B |2 in vitro & 8 1 FFAf 12DV T ANP, RAN J&
N ATL OREEEZ/R L. BREERE, SERETHS
ANP (I 2 2 [l #2582 78 L, —7, RAN KUY ATL
(TR D2 e B M2 B & 78 L 72, RAN O 1T
EWb o0, BEEVEA ATL & KL TikWw 2o, [HfE
BEOREBEATRENIZEEZLND.

3.2 Invivo & 7 VY O AT PEREAM

In vitro FFHIZ X VIR SN2 BB ER X O E 810
ES, EEOERNIIBIT A MBATEEICED L9 12
WS N5 D% MEET 5728, in vivo AT VLR %2 52
JE L7z B2121k, ANP, RAN B & UF ATL D45 K #L#)
% BPENTS Lo mEhigE (K24) B X OA
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Fig.2 Plasma (A) and brain (B; Olfactory bulb (OIB), C; frontal half of the brain (FrB), D; occipital half of the brain (OcB))

concentration.

Table 1 Area under the curve (AUC) of brain and plasma conc.

Table 2 Direct transport percentage (DTP).

AUC (Brain) AUC
0-60 (min)
OIB FrB OcB (Plasma)
ANP 21.5 12.9 14.2 23.0
RAN 8.20 0.54 0.63 1.88
ATL 15.5 32 1.2 0.94

(B 2B-D) Z7R"79. #1213 AUC (Area Under the
plasma or brain concentration-time Curve) %, %2 (21Z AUC
Mo B L 72172 (Direct Transport Percentage,
DTP) % Ptz AW TH L.

< AUCp[mma, in.
brain, i.p.
AUCpluxma, i.p.
AUCbmirl. in.

AUC - AUC

brain, i.n.

x 100

DTP(%) =

AUC: Area Under the Curve
i.n.: intranasal

i.p.: intraperitoneal

DTP i, 5JED SN DOEZRITOF 5 H G 2R 15
BETHY, AT EEGTERE NS 2 VIEZRBITO

DTP OlB FrB OcB
ANP 44.8 0 0

RAN 98.1 88.2 95.5
ATL 99.7 98.5 97.9

HFHPRENZ L EERT H. ANP SFENFE G4 O
NTRRE L, A B EME I ICE W20, RER (0IB),
BETES (FrB), Wit (OcB) O3 RTOEBIZH
W, RAN, ATL bR L CEWEEZR L. F72,
RAN % 54 D PR IEEE (X ATL & I L TR & 213 #]
BN holz, BEENRS K OIERENT G- H% oM K
ORI DR R D 5, HERITEDTP 2851 L7
L2 A, REBIEDE ANP OINA~OBITIE 4 S IEER
PHOHFGARE L, FE#EEDOK WV RAN KUY ATL &
BHED O MANOEEBITOFGVIRENZ L 2L
o7z,
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3.3 Albumin-% )V BFH| O VR

3121&, AIb-SPDP |2 PEG #FHEME LML L 2D
TFMLBEOBEEZ R L7z, 2.5% B X U8 5% Alb-SPDP %
FELL, PEG FEMARLRE L7, TR, TV
SNz EAIRENT. L72A > T, Alb-SPDP JUF PEG
FEEROREHKEAN E G52 LT, BIEIIBWT
PVEOBIE T CTIRAEENDL 120, RREHIB W TER
L 72 Albumin-7 VEF] X0 b REEE D&\ 7OV B ST R
S, OXT O S BENE A L9 5 T REPEATRIE &
nr.

3.4 Alb-SPDP ® OXT IZx}9 % [ AL hig

Alb-SPDP A1 (0%, 1%, 5%) % HV>T 10 mg/mL @ OXT
B AR L7 3R, 0% TRATHSEE S
—T, 1% KUY 5% TIEIATHHIEIZE S 19, albumin &
OXT IZR§ bR &7z, £/, 33HITRL
729N, ARBFNZ SR & O X 0 VLT B4
WEATLIErE, BENICBTLHEEEOM I
HETHREMEN D 5.

PLEDKE RS, Alb-SPDP % HV> 727 WAL H K B3]
X, OXT OB L O BIENHEREEOm L4 # LT,
AT IEDUE 22553 A W REMEAVR S 7z,

4. Wi &

AWFZE T, BIENP G2 L DN % 3 ICE H L,
FEYOWE LR GARIEB X ORESEE) 25,
NOBITHICHE 525 Z LIRS NT:.

S5, BENFEEEB L OTHE oM LA By s
L T, albumin % 247 & 35 F AL R EH 2 FIE L,
oxytocin {ZXF 3 % WA LEED A b 2 #ERE L 72

DiE&D, BEENEGIC X BMAEDEEICI, E
WEZ D CBATIE O B & AR Et O R B LS EE T
Y, FIFRIZZ ORI ZRTODTH 5. 4k,

HHBFER A

¥ - KA ¥ —F8 &

L A g, BEE R, AR B2, OR faEE, ¢

b
5

Fig. 3 Photographs of gels formed after mixing Alb-SPDP solu-
tion with PEG derivative (Left; 2.5% Alb-SPDP solution,
Right; 5% Alb-SPDP solution).
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TR S A4 F VBB R E 72 CO, 5 i

CO, Separation Using a Sonic Nozzle Flow and Ion-Induced Nucleation

WFFEft2EH Research leader: £ﬁ'§ %]]‘H_j‘ Tomoya TAMADATE
ERKFHITHEH 70071 7 T%R B
Faculty of Frontier Engineering, Kanazawa University, Assistant Professor

E-mail: tamadate@se kanazawa-u.ac.jp

A

KWFFETIE, A4 ViFREAEREFIH L7207 A5 70 AOWFEEICOWTHRE L7z, 4 4 vV iFEgd
B, A4 &L LThfrvEE - ET A —AERBRETH Y, AR TR SRS
TLMIT LIRS, KWIETIEE T, BEGTOA 4+ v REANOWFE - FiAEBRELFHTFHERICEOWTET
WEL, FEINFY I 2L —2 3 U LB LNCAKIERRS X OGRS A L OB xRITo72. 0D
R, BASESEGCIIERTET IV E DRI 2 —H0 R I Nz KRIZ, CON, REXEFIZH —~DT v E=
TAAF Y ERBALIGFYIab—varwFEL, Ay EKE LT 7 TAY R E AT L7
ZORER, YW BERIRILLWEETIZBWTH, 414+ VFEBEKICLD CO, T+ /7T A5 =K -
WET 2L AWML KWIROESIL, SHE XV & A G b7 B~ o b T REME % R
TH5LDOTH 5.

ABSTRACT

In this study, the feasibility of a CO, separation process based on ion-induced nucleation was investigated. Ion-induced nucle-
ation is a heterogeneous nucleation process in which gas-phase molecules aggregate around an ion, allowing cluster forma-
tion under milder supersaturation conditions compared to homogeneous nucleation. First, the adsorption—desorption dynamics
of vapor molecules on an ion surface were modeled using queueing theory, and the theoretical predictions were compared
with molecular dynamics (MD) simulation results. The arrival-interval and binding-time distributions obtained from MD
simulations showed good agreement with exponential distributions under low vapor pressure conditions. Next, ion-induced
nucleation of CO, was investigated using MD simulations of CO,-N, gas mixtures containing a single ammonium ion, repre-
senting the dilute ion limit. Under conditions where homogeneous nucleation was suppressed, the formation and growth of
CO, nanoclusters around the ion were clearly observed. These results demonstrate that ion-induced nucleation can effective-
ly lower the nucleation barrier and promote particle formation. The findings of this study suggest the potential of combining

ion-induced nucleation with sonic nozzle separation to realize a low-energy and efficient CO, separation process.

- A4 v e mlaFociE, SRR A E/ER IR

1. BEREHRZEN T 551D 720, BRI AT X )Ry
A % ViERIGAER (ion-induced nucleation) (&, &UHHA MECTHOEAERIET LSS, 200, KREEEICS
DAF VERE LTHTFPEREL, 725 — (F /K VT % Bk T-LE B (new particle formation) D#EHRED—D &
T) DHERERETABABBRETH L. ZoBETIE, LCHEEE RIS WL Y, — KT, #HRE LT
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OBIFNIZ N DD, TET 02 ANOBRRI R IEH
BHIBRERN TH S, LA L, HREKTIIA L 2B
LR 2 RAEL, F ARG 2R TL L CThRET 5,
Evo 203EE - b7 a2 L L Co AR E
LEZOND. KWRTIZ, ZOA 4+ VFR—BERE,
L A (T80 7 ) & w7z o, 7 a &
AN AR R A 3 5. St/ XV,
J ZVTHRE IR L CIRIR - (RESREZ TR L, &
i - BAERIZ LD COo, KT ERMBTILLZ2) 2T, 18
Mm% e FH L TP S 0T 2 FHETH
% BB — 253 T B 2 15 B 72 O Ik L W B &
FMNEREN, TA VT —HERLEBAWOBLE,S
B OREALDSTRE S D, FITAF U REAT
5 Z & TR ERE AR L, & DRI -
ST HRTALD AT T B REME I D W TR 217 -
7o, AMEETIIES, A+ 2 ET IR AR
(A F vFRER) BREO—KNZZETVLIZONWT
a7z AR5, BT, CO, ZXRE LKL
BEENCOWT, BF Il —3a /o EHii%
ol RaRT.

2. AY—BAEEEOE T VAL (FFHATHI MR

A F U FHREA RO B E BET 57-0, Kif7E
TEGTyIaL—TaryREMEL RAJUELRGTE
DAF UBEERZEB L7z, A+ O BEE LI, HAE
FURETICBIT A A 4 » OBAFNOFIREE#E %
ETYWHETHY, A+ > — PO EEwHRE &
BAOMBEERT I EDHMONT VS, BEPHFLEL LW
ZMETFICBITAIIA 4 v DA F VY BEIE L BT 5
&, BEEHAETTIEA A Y REANDEZ G T OWAEL &
OBAEDAEC B720, AERMEES AL, &ERE
LCAF UBEEIETS2. ComgsMH+s2 L
T, AT UBEERHIZE LT, A5 TOMNIEEY
BIHMICBIICE 5 &2 6N 5. RifsECladic, #
BT OWHE - WETAF I 7 ADETIMUICES %Y
T, BFEHFEY I 2L — 3 VR LR BATHIEGIC
EOCHBETIV EDHK AT /2.

2.1 MBS Py Ialb—3av)
KWFZECHW 2T Ial— a3 VA0 1
WRY. BHERICIE, Ml E T I VR = A R
ERCE L, ZoORFIZEFS 1% 100,000 67 > & 412
FiE L7z, 3512, IEORKESME 2T L7120,
BEDFELTAY ) — VE@Ey enFHicE L7z, &
HEAL VERAESRE BT Lo #EL, —l%
160.6nm & L7-. FHEHIX, 4 4 v 2YEICEHEHEE o
DNIALET 2 &) R A BB S &, SIS R &
A L7z, ARSI BRI 2.4-76 kV/em (10-316

Buffer region

Fig. 1 Schematic diagram of the molecular dynamics simulation
setup for ion-induced nucleation. The cubic simulation

domain (left) and the target analyte ion (right) are shown.

TdHY) O#EPHCTHRELL. T, NVI 77N
T CHMRE R % FIINE9, 10 ns OPE{LEIE 217 72,
ZO%, ATEREZHIML, NVE 7 %> 70zl h
B CRIEZFERL, 1+ v OBRIT~OFIGREH)#
FERFHI L 72 %5 N BB & E N L0 TRk g
HILT, AKX UBEELAEN L. B, JEERE
EEEENINT 250 T Cld, REERORE EF 38 5
N, 207720, KWZETIE, 44 26175128
7B O H AT x L CRERe A 7 T 1148 % 5
L, REEROME FAZHH Lz, BRI, FsE
Faml L CHRATATASFOREL, WIiHT 5iE
FEDX T AT 2V — RNV DA S Yy ) T
THFEEHG, BREG AL Ar=025Fs & L, &5
122 % 200ns DFFHEZ 100 ML FER L7, L7At> T
BN BT BARFHERERNZ 20 us DLE 2R L T 5.
FHATHIHGR L OB D20, DDA+~ EH
WZELET A F CORGERMER, 14 Y REICHET S
WEfH, B X O AV FHH S EEDL S 2 R I8 o 5576 %
Sy Iial—varrbiilLr,

2.2 W (FRbATHIBLERIC D < AW - i
BHEFIV)

WIZ, DFyIalb—Ta rkRe, FHITyHEGHIC
o EEWE - WEET IV LD ETo7:. HH1T
FIBREG &, RESEAR & L CTHIZE - UHEL - BB A Rk
LEHMETNCTH Y, WEHRLCKHM LER EIRIL
BTHWLNTWS., RIFFETIE, R0 TFx [HE]
A4 yEME [H—CARMO] LR T, LTFORED
TTETMEEIT- 72, Thabb, XD TORIZEILR
TV e (v 7@EfE) IZHE, A 4 RETTOW
TERF (— E AR (3R ICHE D) o L E L
720 F T, A URMEIIWAE T RER RS T RIS BRI
Y, EERFRE L L7 (M/M/co quene). ZDE X,
R T OFNEWRIRINE (A1) O5AR (f), AR (41,)
Do (), BEOA F U EREIIKE L TWEERS
T (o) OEFSA (P) &, FRZRUTORTE
INnb.
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Jo = 1y exp (= Aty) 2

_ (’la/l’tb)g exp (=24,/ i)

P, .

€)

CIT, LI F UANDERG T OFEIEHE (41, D
I OHELD), o, (T FIHERE R O % K9

2.3 WRZERR

R2it, 57y Ial—arnrbBon 8507
DFEREH MRS A &, FFHITHIERICED CHlRA L
DR EIRL72DDTH 5. FERRHFEIZOWTIE,
e L7280 880 Ic & > TRIFICRBR SN S 2 &2t
Wl s N7z, F72, TOHMIEIEELRE I L THHwWw
WML DR E oz, UL, BRDTOFIEHEE
BEE L TESGTFOBEREREICKR SN TBY, 1
@K T NEEOZALDSHS NN E VW 72DTH S
EEZLND.
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Fig.2 Comparison of the arrival-interval time distribution obtained
from molecular dynamics (MD) simulations (histogram)
with the exponential distribution given by Equation (1).
The methanol (MeOH) vapor pressure is 100 Pa. Here, 1 Td
corresponds to 0.24 kV cm'.

(a) 100 Pa, 2.4 kV/cm (b) 100 Pa, 13.5 kV/cm (c) 100 Pa, 42.7 kV/cm
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Fig.3 Comparison of the binding-time distribution obtained from
MD simulations (histogram) with the exponential distribu-
tion given by Equation (2) under various methanol vapor
pressures and electric-field conditions.

BT, BRI T DA F RN BT B EGAEREH 74
DOEHERZR 3 1R Y. RERIESLME Tl &
DBBLZO—EMPHERSINI/I—T, EAESIESLMI
BW IR G A 2 H OWE ZTRMSEII S . Zh
3, ZREO LFIEN, A 4 VR L TORESKS T-H
MHEAERABEEIL L, REFLVTRENS OME/EH %
EZBL TR WEDTHLEEZLNL., 5HRIE, A
T TA AR & LA A A 2 HERR B 75V DR SEDS LT
5.

B, RIFEHBTITTEDN OB T 5 70T S
FTLN, HFyIalb—Ta ilihvGHLA 4R
FhE L, ARWFIECTIRE LT T NMIZED W TRAME L 72 A
T URBEIE L OB, FEEHLIIIBWTERL T
L. TOMER, MEBEOMIZEN 72— MR INTBY,
KWFETRE L 2 ARBAENAE T T VOZLEB L OH
MMz T HRERPELN TS,

3. A VAHETICB T B AL EBERBIS Do)
Fyial—vav

3.1 Wik

FHE A A CNICIE, BT 9000 B L O ERL
BT 1000 1 (A& 10%) % BCE L7, RINOE
I8 2.5%10°-5.0 X 10* Pa, {iEA 100-200K & 72 5 £ 9,
B U CEE R AL v oA XAk E L (1
ZHR). KR THD ETOLMEIZBWT, BH—BAER
FEELZWEHEI L TWA, T, i b B
HEXNRTWEMAETH A Case 1 (17 50 kPa, 1 100 K)
IZDWTC, FEIOMD FHEIC LN IE—FAERIE L2
W LR L 7220 TH D, FEMIIEIIEMICEHR D
BERICAERITH L7720, HEETOTr—ATHE—
ERIGRIOZVWEHITES. TNHDRITH LT,
BHEREFETLAFELTNH, 44 2% 1 HOAGR

Table 1 Calculation conditions of the ion-induced nucleation.

Case ID

Pressure [kPa] Temperature [K]

1 50 100
2 25 150
3 50 150
4 15 100
5 25 100
6 10 100
7 5 100
8 2.5 100
9 15 150
10 25 200
11 50 200
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Fig. 4 Snapshots of the molecular dynamics simulation at z = 0 ns
and ¢ = 100 ns. The right-hand panels show magnified views

of the nanocluster formed around the ammonium ion.
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Fig. 5 Time evolution of the maximum CO, cluster size formed

via ion-induced nucleation in each simulation case.
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Synthesis of Complex Oxide Powders Using Deep Eutectic Solvents as
Reaction Media

W7eftFH Research leader: =231 Fhik Takuya HASEGAWA
FAL KL W AR ENIZEAT HE5d%
Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Associate Professor

E-mail: hase@tohoku.ac.jp

A

ARIFFECTIE, BRBEFHFIENAE Ch 2 R MEEE (DES) ZUbY; & LC, sl - ERSEREGIRILY ZnM,0,
(M =Co,Mn, Fe) D&K= T-o7z. Hifba) > —JRFER DES LHifba ) ¥ — 2 2 7R DES = flAB b 758
4 DES BB FCHILPUGZ M L, 8> 2 7 BRIERIERA A EH L CHI O A ¥R VERLY) % 1572, XRD f#HT
BLUSEM B0 5, FIMKIL BB SIEEI MK L 7R 281K - HIREELZ /R L, 400°C TOHMMEIZ LY
10~40nm O F / FFPEE L2 M7 E0 I VIROSILVE ZRIBENEEIBRT L2 2 LN E o7z D
N RIE =y 7 — v, 7TE N SEOEMT A0 L CGREKGFHRIGEERL, ML > TRE S
PEARGEE (p T m B & SCHE L 72t v S BU S A7z, ARTFHIIHE R O IKIEE UL R B 2ok T R
HATREIC L, BRI R OB A RIS 21t T 23 D TH 5.

ABSTRACT

This study demonstrates the synthesis of zinc-transition metal composite oxides ZnM,0, (M = Co, Mn, Fe) using deep eutectic
solvents (DES) as environmentally friendly reaction media. A coprecipitation reaction was conducted in a complete DES
environment combining choline chloride-urea DES and choline chloride-oxalic acid DES to obtain metal oxalate precursors,
which were subsequently converted to the target spinel oxides. XRD analysis and SEM observations revealed that the precur-
sors exhibited distinctive needle-like or columnar morphologies depending on the transition metal species. Upon heat treat-
ment at 400°C, these precursors transformed into corn-like porous secondary structures composed of aggregated nanoparticles
with sizes of 10-40 nm. The obtained oxide powders demonstrated temperature-dependent responses to various gases includ-
ing ethanol and acetone, with sensor behaviors reflecting different semiconductor characteristics (p-type/n-type) depending
on the material composition. This approach enables particle morphology control that is difficult to achieve with convention-
al aqueous solution methods, providing a novel synthetic guideline for functional oxide materials with potential applications

in gas sensing and catalysis.
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Fig. 1 (A) XRD patterns and (B) SEM images of precursors of
spinel oxides synthesized by DES route.
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Fig.2 M 2p XPS spectra (M = Co, Mn, Fe) of precursors and
spinel oxides.

+ Obsesrved
Calculation
+ Differences
'+ Bragg

1ZnCo,0,

Intensity / a. u.

+ Obsesrved
——— Calculation
¢« Differences
4 | Bragg

Intensity / a. u.

1 e i TE T D DR N n e ey pnnne mmon
P

fidhe s g, S,
e gl

+ Obsesrved
Calculation
= Differences
'+ Bragg

Intensity / a. u.

20/°

Fig. 3 Rietveld analysis of spinel oxides.
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) 7 ZnCo,0, (HRTEM)

Fig. 4 TEM images of spinel oxides.
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RERZEIE, WP THEWERTH Y, 5 - RIGERE THOHBILIC X 2 BEME 2 R s 2 ZILEFEK )/
Y—bhogEHBE L /Y= NERO - HEAEH 2 IR S 700, SEk e NG A e 7 v —
ML E ZEACHICRCE L 72 b T Y EREA T RGET - e L. 512, BN REE B L OO BRI
EHSSEFAT LT B A 270 A= ML ZADF ) ¥ — FOBHERICEII L7z, HohizF /) o —
MEIARREHE AP B 0E L, SIS D230t 2R L7z, S50, BARILEHoie#g By 2
EHMEETH D, HEOSARFIE S BRI L DT SN S T e 2 R L7z, Plbho X9 153
B2 ET L)/ v — FOEREFEI LARBCRIE, #7e B e s~ oIG HRHPHIFR S NS,

ABSTRACT

This study focuses on the synthesis of porous organic nanosheets that are dispersible in solvents and capable of forming self-
assembled structures upon drying and powdering. To inhibit n—r interactions between nanosheet layers, triptycene deriva-
tives, as the precursors, with orthogonally arranged dispersible side chains and nanosheet-forming sites were designed and
synthesized. By employing dynamic covalent bonding and aromatic nucleophilic substitution reactions, nanosheets with
lateral dimensions of several micrometers were successfully obtained. These nanosheets dispersed readily in organic solvents
and exhibited solvatochromic fluorescence. Additionally, they demonstrated reversible cycles of powdering and dispersion,
and their thin-film optical properties were reversibly tuned by exposure to solvent vapors. The achievement of solvent-

dispersible nanosheet synthesis paves the way for novel applications in membrane materials and separation technologies.

T : 2005) &, 29 LZATZALAMBOREKFTHY, H

1. BISEHRZHB BATOULTA Y 7Ty 2 b AT ToND, ¥
VAR, BEEDF0 5 %% B 2 IRITEFUEM B O ZE A% T T4 N EOREROERL VAN AT, ML
AATHONTW S, 2, fllE, oo o7, A - A X - - B EORBEEICEN TS, MOF A28

B, Py 7 FIUN) — FIXF4 vy, TA)VF— 2025 SEFED ) — OV LR BB E N2 L1, F0n
Wz &, b 558 TCoRAPHFIN TS AT AMFEOS S KM L TWE LSR5,
72D Th D, ERAEREEAR (MOFs) (Kondo et al., 1997; ERVED 2 WICLILEM BT, BIRILERE, WK

Li et al., 1999) R34 K5 & VA HE & 1K (COFs) (Coté et al., HEREAKES, SEFSFE Lo THMEERZ 2R
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Fig.1 Triptycene derivatives and porous nanosheet.
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2011). 2 KRICHIVEAEM T/ ¥ — MEEIZIE, WS 7%
BRI ARSI (Zhou et al., 2013) B L ORI H ) 7
FE R B KS (Ghanem et al., 2010) DT ) % BT
L7z, BEOMAEDLEIIERTHY, S/ v —
NESE DS FREICTRETH 5.

AWFFETlX, proof-of-concept & /RT3 720, 2 IR
M) T FEARERE - AL, R VBB LUT
TN ATT T IR EDRGEFMB L2 K
TEILEAWR T/ o — VOEREITo72. BHN7z2k
TEHILEAW T 7 > — b ORI ORERES &G R
A, S5 ICEE - BRI T o 7.

3. WEZERCR

B 3 IR AR ICHEVy, BT VR VAR T
HANFHANETRNY TF v EPEH (Zhou et al.,
2013) IZfEWVERL L7z, HivyC, BB (2 & B2 F v
fLRIBIZ &Y, F 7 v — MEROBFEKEATHL M) T

Utilization of G‘ o i
irreversible reaction i e

o o2

: ey

CN
E Y

o

o X {7
2}’-’-@—&%0

Fig.2 Two-dimensional porous nanosheet formation by using reversible and irreversible bond formation.
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Fig. 8 Normalized absorption and fluorescence spectra of nano-
sheet in different solvents.
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Development of Functional Powdered Materials via Selective Molecular

Recognition Premised on Non-porous Organic Molecules
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A
CNET, BV I AN TL—Y%IE LD LT HERMEARS T2 EMEL L7720 TIEMRENL {AThNTE
72, BHIZETIE, KRRETHLIPIA (A MFT T2 WA VFFHVYN) XXy 2l 3550 FkE
ZE R R L7z, X A ST O/, P A (A MF T 722 VAVFFFYIN) X UHERIE Y
ATFTHN Y S NT AT VREESFICBWCY AT ) v BIRWICWAET LI ENHLNE o7
COBPFMEEI N T CATHY VERSETCOHMERESNA DEXY, PR (AP F T T2V VA F
V) N IRAETHEMEOEE ST L L THETH 5.

ABSTRACT

Since certain organic molecules were reported to exhibit porous material-like sorption behaviors in the crystalline state, many
groups have studied the sorption behaviors of small organic molecules such as calix[n]arene, cucurbit[n]uril, and pillar[n]arene,
to name just a few. Our group has demonstrated that tris(phenylisoxazolyl)benzene derivatives possessing long alkyl chains in
their periphery form stacking constructs in solution. In order to extend the solution phase chemistry of the tris(phenylisoxazolyl)
benzene derivatives to the crystalline state, we have here newly designed a tris(phenylisoxazolyl)benzene derivative, namely
tris(methoxyphenylisoxazolyl)benzene, which possesses methoxy chains and exhibits good crystallinity. The crystal struc-
ture of the solvent-free powder of tris(methoxyphenylisoxazolyl)benzene clearly displayed a densely packed structure with
no apparent pores. The solvent-free powder was exposed to a vapor mixture of cis- and trans-decalin, resulting in cis-decalin
encapsulated tris(methoxyphenylisoxazolyl)benzene. These results demonstrate the feasibility of producing separation mate-

rials based on tris(phenylisoxazolyl)benzene derivatives.

L BFRWRE HIN
B L PR, NS RARETTORICIE, EF T4

N RIS, AVR—=FATNAD L) HLILEWE L
FIFRIZ, BRIKE TR HEEAR WA T H DD LT
352 EFRMINTLCE, SR % 58
& L7253 F A& OWIEDEANATDOIND L) 1Tk o7z,

INFETIZHI Y I A M TL—=yRA) v 7 A [n] L

Vo T L=V, ZZ7)VEY b 7)NVRET —[n]
TL—=2, B) w7 A M EG—LR R N) TFERE,
¥ ORI RRS & 2R L U720 T D3 &
T & 72 (Hasell and Cooper, 2016). 71 5 (T MEAMAE S
KBTI, KM RAMET 5 &) 22fLasansz Sy *
VTN =B LTWED, [RGB T ME ST
bE, RIRGTFOBRNTERL G TFHICZENS 2 WAET S Z
EISTE L. ZOL) i EROH, SHAEE LI,
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INFTHTWERHIRESN TRV MY A (7 x
ZVAVF I R B VRO KOS TR
BREIZOWT, FEICIE 2T 72720 2 ZICHET 5.
REEZE OB T A7 V—7TidahTTlg, K
TR T VNI MAAAL kA P ) A (7=
WA DVDF X)) RUOEVEFHFEROGERZHE LT
& 7z (Haino et al., 2020). ZN 5 DOFEMRZEH» S, (7 =
ZAVFFHYIN) RV VIEAICHEET B R
BFAR=NVE—AY ML BHTHTAR=—V -5 A
R— VHEER Z BB & L CEEFIcBw CHER O
DFHEGERZEET L EPHLnE L7 (1),
I/, FNHEDORN) A (T2 WA VT FFI) )
N ¥ VFERL, BHORBIRERIRE, REGERO
YK L CTEAMEZ 2S5 2 LS
7. ToOZ X, BEOBERIRE, BEOHERE ST
DEGHEELELTT YN Ty M THE0WH) 2T EEEKRL
TV 57280, - ltde % IV CEE ALY 1T B8 70 v i ok,
M, RE =L LTHRETAZ L LML LT,
L, NS MR (T WA FFH Y )N) N

N Xjfp Nﬁ#

Side view

RO
1a:R= H-C10H23 Lh

(8)-1b: R =+
(R)-1b: R =%

Fig. 1 (a) Molecular structure of 3,5-diphenylisoxazole showing
the dipole moment within the molecule. (b) Molecular Struc-
ture of 1,3,5-tris(4-alkoxyphenylisoxazolyl)benzene and
schematic cartoon of the formation of stacked assemblies of
the tris(alkoxyphenylisoxazolyl)benzene. (¢) Calculated struc-
ture of the stacked dimer of the tris(alkoxyphenylisoxazolyl)
benzene. Reproduced with permission from Ref. (Haino et
al., 2020). Copyright: (2020) Oxford University Press.

Y UFERDS, ERIKEE T FIERER R 20 &9 D iF
I 5720, PR (T2 WAV F X)) X
i §w®nm@®&%%BﬁLf e AR/l NS
(724 VFFH VY N) RyEUFEKRTHS b
VA (AMNFTT2oNVAVFFRHF Y )N) XRUEBUD
B E4T- 72 (Onoetal., 2024).

2. Wk

21 FPUA (APFT TN VEFFHVYIN)
RVEV1DHK

F)A (ARNFTT2ZNAVFFRTIY)) R¥
YL, ROSENE 1 IR TR I - TEM L 72
para-*X b F XU AT VTR K2 %, ke Foxy
VT VDY LEET, T8 — VKIRATEBD T
TAHZETHINT AL F T ke is/loth REEOFF
VAENZJUURT I UAIRNER YT AL
Truut ¥ A3 RN Fohlruuf X A3
135 P ZF VRV E Y 4 LRSS E 5
CET BEMELTWRHBULEH P ) A(X FFT 7 2
ZNWAVFFH Y I) ROV U1 ORI L.

22 PIA RPMFT 722N IVFFHVYI)
NRVE V1 ORI VER
F)ZA (AMNFT T2 VFFH))) Xo¥

Y1 OHRERIL, BEEICLVESN WELL O
ORIV A Amtf A (XA PFT 7224 VF

?WWHWA/%/I%@%éﬁﬁﬁ@ﬁ%%ﬁbt
L 7oy, HIRRAE T —BERE T A 2 L THAG
e fEB A ATz Z ORGSR, 1@7DD+»A@@i~
WaEfE 9 5 2 & T, kR 2 E U o/ BRI
A i XM s Il %€ %%Hﬂb‘fﬁﬂﬁ%ﬁot.

o 1) (NH,OH o HC), NOH
QAH NaOH, EtOH, H,0 . @)J\CI
MeO 2) NCS, DMF MeO
2 3

NEts, CH,Cl,

Scheme 1 Synthesis of tris(methoxyphenylisoxazolyl)benzene 1
from commercially available para-methoxybenzaldehyde.
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powdered 1

decalin

Fig.2 Schematic illustration of decalin exposure method carried
out in this work. The powdered 1 was placed in a 5 mL
glass vial, which was placed in a 50 mL glass vial with
decalin; then, the 50 mL vial was screw-capped and left for
6 days at room temperature.

23 FPIA (AMFTYT72NAVEFHVYN)

NVEV VK DBEBDF (FThY) Vo1) WhdEE
BRLIZP) AR INFT T2 NA I FFT )
NP1, ABICHWERS T2 AATYS
oo, 1 OB BERREETTANL 72012, T LDITE

WoTOhEEFTo7 P)A (A MFT 722V
FEF YN XUV U1 OBRKERET, 3B 60°C
THE L7z, o7z miha SmL N1 7 IVRIZ AR

FONRATNVEVABLIO NI YV ATHY) v OREER
% AI7250mL N A T IOVNIZE % B 72 IREECIE &
50mL /N4 7VOEZA U CTHILT 6 HREEE L2 (X
2). BonimfEr, XM ST IC LD 5T 5
ZET, THY) L OWEIZDOWTHHANT.

3. WETERR

3 PJRA (RAFFIT722NAVFFHIYN)
RYE V1 OFEEE

B L P RA(RAMFEY T2 VA FH ) )L)
Ry 1700 VAERSE, [2. W5
DI THIR L7/ %ofﬁhm@ﬁ%ﬁAt.%®
MR OV1OBEERTE U0, Bon/-BiEgr, B
o it XA A [ 2 %%%wT%ﬁLtt_é,ﬁ%%
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VI 72 BEVABERE L 1 DME S AL, BUEES X RS S AT
OFER, WEHEEES LI THEEAET L2 LN E
%Y, DWTFZhZFhle, 1B &$5. 1o, CHCL@I #&
HTICA 7 0Ok VA Lo CTHRIBEN TV 21 L%
DEDDANF T T 2ZNVEDT A AL —F—12LoT
M EFLEL TV ALBETH -7z T2 1B 1L, 1 25AT
BEHB LR 52 & CRETHEL, EHZHED TV
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ZIE T, 60°C THIZ3HFHINEAT % L, loldseall
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Th), EHEEEL 103 1PN BB T L HHIRETSH
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32 PR (A PF VY7224 VFFHYY))
RVEV1DFHY) VWA E)

MEVAIEAS S 1o, 1P DIRAY (1o:1B=42:58) D41
HHEA TR D 72, AR 1o, 18 ORI LT
BRI B ER T ITo 7. 22 TRWESHE LT,
AL BEDSRE  BMARR AWM TH DL ABL N~
ATFH) REW R EINL 72 AN 1o, 1P DR

EWE N T UABLIVATHY 1L REWDOIESIC
6 HIMEZE T HE, AT HY 20 AATZRER cis-
decalin@l DA F LNz, TH ) VIREWHFD T X/

N v ARELEZSE, FAOBEEREZ 7728
AhH, VAL NIV ADILED 496 DEEFE T, VAT
711) ¥ &Y 3A A 7ZHG i cis-decalin@l D A AF 5 L7z,
—H, YATHI VDOWENNT LV ATH) LIZxF LT
397 I N A%l oty VT UVATHY Y ERDAA
72# il trans-decalin@l 25D 2 IZE L D AGD 5 £ ) #
BEELNT. ZOHENS, 1LOT ) v EEERD S
HERRFUZ S A © N T U R =496 THAHI ENThol.
ﬁu MRS 1o, 1B OWAW (1a:1B =42:58) % & 5
3BT L 2 L TR NI 1B O
%b7/xz;0/17ﬁ0/11@ WMoFEZIZ 6 H
MIBEE L2, THY) Y TOWEIHER SN
#ot,:h@aﬁﬁﬁ%éaﬁib§<tf§ﬂtf
BHol=Z s, MBRABIET A VTR
72 W EDERR S N/, AR S 1o, 1B DREA "f@
(1o:1p=42:58) %7 H V) Y EFAEE L 72K, 1a 7207
Th <, &TD 1B D cis-decalin@l ~ & &AL L 72 E
LERTLE, IBIEVFIETDORT N VAL R
TIEDS Dol FIT, la OfEER S 22T 5
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T oRL7 EBoNBHERIE 1alp=53:47 DILE
D1, 1BIREW TH L7280, T VIERIBEET L L
ETOIBHE S, cis-decalin@l 2FH N5 L& 2
5Nb. LaL, 6 HEOBREFEERE, 5072 KRIC
1B A STz, T ERS, 1B 1ol X - Tl
HLE N B 720121, ERAERRISREG L TW25 (pre-
mix) LEH Y, EELEERA L7 (post-mix) &
WETETITEBRAL TE LW T EDBH S NI o 72,

33 PR (RAFFY722NAVFFHIYNL)

RVEV1IDTFTH) 5 TWAEFL 72V

AR, ZOWEOEY R LEEZTARL -0, VAT
H) CEWE LT ATAY) Y @l O EE 60°C T 3
BFRIEZEME S 5 2 & C, EEEE S OMEE 2 R A7
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KK D PFAS Z REICRET A Vv a= 7R FOaI#
— IV 2 =T D PFAS WA 5515 0 il & Wk BERE o f il —

Development of Zirconia Particles for Removal of PFAS from Water

—Evaluation of Adsorption Properties and Elucidation of
Adsorption Mechanism—

WiZE3# Research leader: W 48 Atsushi HIRANO
PESEPAN A A WEZERT -/ MR ZEERM BRI R
Nanomaterials Research Institute, National Institute of Advanced Industrial Science and Technology
(AIST), Senior Researcher
E-mail: hirano-a@aist.go.jp

W&

PFAS (per- and polyfluoroalkyl substances) (ZH# 7 v RILEWORIETH O, EN/-MEE - T3S - HKHE
WEEZET L. 200, T 2030, HHMPEMUEM, {@HKEes L, RACHAHI N TWhS.
L2 L7%A%5, PFAS (34RO THEED M CERFEHICRMFRE LT, GBFETEIERSARCHERE, JiE
B EORREHE L OME LA SN TS, BUE, HKLELTIE PFAS OFRFIIHER DAV STV S 75,
ZOBREERIE T LRIV B, L > T, L) ESERRBREMEORENEH L %> Twh. KRifETIE,
VN = THRIT- & 72 PRAS RO REME A MG L7z, KR, Vv = TIZHEED PFAS 53 F12% L TR
BRREZRTZEDPHLNPII R o7, MAEREEITE L CHEMEIERHIZESC D THL Z LR an:.

W X pHIC X o CTHIEIS 2 2 EAWEETH o7z, VNI TRMRTICEEICHEETLIEHETH V), (LFNE
EVERPEMAYTREE, LIS ENL 220, B T 0 AR B % PFASFREA & L THff S L%,

ABSTRACT

Per- and polyfluoroalkyl substances (PFAS) are synthetic organofluorine compounds known for their remarkable heat resis-
tance, chemical durability, and water- and oil-repellent properties. These attributes have driven their extensive use in indus-
trial processes, consumer products, food packaging, and firefighting foams. However, PFAS are extremely persistent and
resistant to environmental degradation, leading to long-term accumulation and widespread contamination. Increasing evidence
has associated PFAS exposure with adverse health outcomes, including kidney cancer, immune system impairment, and devel-
opmental toxicity. As a result, PFAS in drinking water has emerged as a major environmental and public health concern.
Currently, activated carbon is the most common adsorbent used for PFAS removal in water treatment, but its effectiveness
remains limited, highlighting the urgent need for higher-performance alternatives. In this study, we investigated zirconia
particles as a potential adsorbent for PFAS removal. Zirconia demonstrated selective affinity toward specific PEAS molecules,
with electrostatic interactions identified as the primary binding mechanism. Adsorption efficiency was further influenced by
solution pH, suggesting controllable performance. Owing to its natural abundance, strong chemical stability, mechanical
robustness, and safety, zirconia is highly suitable for water purification applications. These findings highlight zirconia as a

promising and practical material for advanced PFAS removal in drinking water treatment.

_90_
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1L FREWREHMN

PFAS (CHEH#7 v ZALA&W) (&, T - e s - 5
REEHEICEN S 720, TE TR 2L, AR
SR VA KR e ETRIA K FIH ST &7z L L4,
T R 1 T KGR SR R4 2 KB S8z L C
V2. PFAS (3488 Tt e CERBE P IC R RS L
RF L, HHKENLE BT L D EEE D R S
NTW5, HE, HKE TIIEMERIC X 252 TThb
TWD DS, PFAS OFEEMZTIIATHTH Y, “a&HK
PAE D72 DI R R R O BN EZHTH 5.

PFAS 32 ¥ 7 v ZR T2 &L 7 VX IVEHEEEZ b
5, $5I2 PFOA (V7 vt at 2 4 V) (X 1) % PFOS
(7N at sy ZNER V) BREN R EEAL
EWELTHSNTWS., INSIREA F U O ERERE
*AELTBY, ZoOWEEEEFATIUIRIENZ
BREDWRRICZAEEZOND.

DX &AL F M PRAS BRI R T H 720
VZ0d,  FRI R R FLA A & AT B 2 A R o I
PENTHHEEZOSNS. V) VIFE _EHIL PFAS %
EWETAMEZ LD RSN > TWb (Usuda et
al,2024). L2»L, Y Y IEE ZEBEKER H CitEhiy
MOREETHY, Z0OF F TIIEAME L TORHIX
Wi TH s, ZOHEO—OOMRFEEL LT, ) VIFY
THEE A FRREANEET A FEIAREEZOND.

AWFgeClE, ) VIREOBEZELEME LTI Vva=T
WAICER L YVam7dEmEsETsE 8012,
Y U () YIRE OGS LREISR AT A R
%> (Kanoh et al., 2025). T OMWEEIE»L, V) VHR
B VNV TEEMORIE AR T. EORKRE, BHE
HOVEFNIE I L 72A%, PFAS WA BEIZASE & 0 (KA >
7z. —HT, YIva=7 BRI PFAS WAERI R H 5 2
E a7, PFAS Wi 1372 O ba4E % pH,
HHEAF 0BT L0, TOMREREEE L7,
£ 0 KNEMG 7% PFAS BrEHMNORESIIFF S5

2. WEgEN
21 VVIRE - Yva=T7HEAEMOER () VIRYE
WA B D i)
20mM DY) YIRE (AL AANKAT 7 FINT)
1 —)L (DOPG)) % VAl L7227 1k )L A% (200 uL)
IZYNVa=7 2mg &z, 25°C T30 /5 MEHREE 9 L

RFRFRF O

F
OH
FFFFFFFF

Perfluorooctanoic acid (PFOA)

Fig. 1 Chemical structure of perfluorooctanoic acid (PFOA).

7ot%, WOV T 7. REARAEEARIL, KWED
U UREBEY L7 O AT L — A F ALEEGHTE
(ESI-MS) Cigs L7z, FIHHEE & oL ) 5 DOPG W
G RO,

22 VU UVIRE - I va= T EEM D PFAS WA &
DR

W75 %% BEHS 0.1 mg/mg @O DOPG « ¥V I = 7 HEM
(2mg) % 1.5mM @ PFOA K& (200 uL) & 25°C T
17 KDL RIRA L 7o, mOaix Tz, LA %
BRICL, KA D PFOA J#FE% ESI-MS TE® L7z, %)
HHIERE & O LB 5 PFOA W % 3R 7.

23 I NA=THTAND PFAS W5 RO E R

500 uL D JFERRMR (7)) 2 ViR, FEEET v ' =
v LR, 7 YRS N 7 ARREE) 12, 0.05~1 mM
D PFOA L VN a=7—Wki¥ (0.5mg) ZHz, 25°C
T30 HHRE L. 20k, mlaoBc L) BEAEE
XL, KA D PFOA REZ WA/ O~ M7 T 7 4 —
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) URE (DOPG) &V )Va=7%# 700k IVLAHT
RAEL, VUIRE - IVa=THEMEER L &b
ARFEERTIL, DOPG O DU A5 HIFE % BRI H O
L7201, SHLEOY NV a TR TR AW, EBAEto
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B 20mM O, #9 0.2 mg/mg DWW & A5 5
N7z, DLEXY, oy YEBLawmE R, )V iRE
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Fig.2 Adsorption of 1.5 mM PFOA on DOPG-zirconia com-
posites (DOPG-Zr0,), zirconia particles (ZrO,), and acti-
vated carbon at 10 mg/mL.
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Fig.3 pH dependence of PFOA adsorption on zirconia particles
in 10 mM glycine-ammonium acetate buffer.
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CEMHLNE RS T,
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HIHOBKRTOERKE o/t E2 515,
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BRIZ, Yva=7 SERUESEMH T CIRICHET 2 HE =+
D728 (Kanoh et al., 2025), M4 T CTD PFOA W&
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PFOA @ pK, 1Z#9 3.8 & 41 (Burns et al., 2008), pH 2.5
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Fig. 4 Adsorption of PFOA on zirconia particles in 10 mM ammo-
nium acetate buffer (pH 3.5) (A, B) and 10 mM glycine buf-
fer (pH 2.5) (C, D). (A, C) Adsorption isotherms. (B, D) Fits
using Eqn. (3).
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Numerical Analysis on Deposition of Charged Particles in the Human Lung
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A
Bl A SN BH TS AR AT T HEZHFE T 5121F, TP ED L) % A H = X L TR & AP F]
ET L0 T HLEDP DL, RAFOZT7 OV )R FIE—KIICHET S22 EPHMLNTWAZD, &
SO BILBE T AHEOBEIRBINTE . L L, MAOIZ7 OV IVRT O EEZE) % B R e
HZERNETH L0, BHLE ST AHEOHEIZOWTEMABITPES N TV, 22T, Kk
TIARLF — R d D TR T - MR OBER N EZER LB I 2L —2a Y2 HWT, WAT/NA
AWM BT HRFORERRE L OMNICBIT 25 BT OEBNZEE 2 EIT L7, S512, 7354 ARIZBIT
LR HEBOLELT 2, MBI ICB W OFER T ORERB 2 M L7z, 2O, AT /A AW
BOWCHFWESMNY 7 b5 L, HEOEMEIZL > THAOIEEWENIZALT 5 2 EDHL IR 572,

ABSTRACT

Understanding the influence of inhaled aerosol particles on the human body requires analysis of the mechanisms by which
particles are transported with the airflow and reach the human respiratory system. Aerosol particles in the atmosphere are
generally known to be electrically charged. However, because aerosol motion inside the lungs is difficult to observe, detailed
analyses of the effects of particle charging state on lung deposition are still limited. Therefore, in this study, numerical simu-
lations incorporating electrostatic forces between particles and between particles and the lung walls were performed to inves-
tigate charging phenomena within an inhalation device and the deposition behavior of charged particles in the lungs. The results
revealed that the particle charge distribution shifted within the inhalation device and that the deposition behavior of particles

in the lung changed depending on whether the particles were charged.

LBMHTAEH ENTWAE, E52, WAT/NA ZATO
FLT 0 EE & A WIFFEBIEFICB W T 7 OV IVELT-2%
THELTPHBY (Wiedensohler, 1988), #i T — i M o

1. WIEHEREHPB
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NBWARA % L OESEMELT £, HEST LY 2 0
£ B MECE R RIFRT 0 L AT 5. W F

NOKT S MIZ L > THIRICRATHDT, ThHH0
R DSMNBIZ AT T HEZRND 720120, [iiEsE)

FLT-DORFEERA ) = X L% BT HLERH L. Lo L,
FEEE BTN BT DA B X R EE) 25 8) % 1
WL EIIRETH LD, BEY I 2L —a vl

HERESAIC L o TR ORRLEZSE 2SR 0 5 2 L H7RIE
ENTWw5S (Cohenetal, 1998). ZD7z8, TT7 1)
KT OREE A 7 = X 2 OfFBIEIHRT — FEARR O
TEH %2 ZE L 7oh FEB BB O 721 T {, fTD
AN AL %5 NZZFDONELIRTIZBT B8
— WBETE B OAH EAER ) & fgT 4 2 LN H 5. £ 2T,
KWFZE TP OR T - Ay I 2 L —3 3 VIR
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Fig. 1 (a) Experimental setup and (b) image of inhaler device
fabricated by 3D printer.
Reprinted from Ref. (Mitani et al., 2025) under the terms of
the CC-BY 4.0 license. Copyright: (2025) The Authors,
published by Springer Nature.
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Fig.3 Schematic of simple human lung structure.
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Fig. 2 Numerical simulation domain of inhaler device.
Reprinted from Ref. (Mitani et al., 2025) under the terms of
the CC-BY 4.0 license. Copyright: (2025) The Authors,
published by Springer Nature.
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Fig. 5 Turbulence kinetic energy in the inhaler device: (a) side
view; (b) top view.
Adapted from Ref. (Mitani et al., 2025) under the terms of
the CC-BY 4.0 license. Copyright: (2025) The Authors,
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Fig. 8 Regional deposition of charged particles in a human lung
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Design of High-Entropy Alloy Nanoparticles and Exploration of Novel

Catalytic Functions
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A
FEICEDOE W (110) W2 EBAICER L7720 y FIR Ce0, DKFEAEINF —N=Z2FHT 52 LT, EILEMD
R % Co, Nit', cu’, Zn™, P& A4 Y A FEFEICL, 1nm LFO HEA Y7 )/ 7 5 A% =05 S /e,
NO ZEICIHIZT CeO, By K EDOHEA B 7F /7 7 5 A% —1ZHE)E Pd I / Kl X 0 D AREEAI G AN
L7 F72, NOM, il N CHARE Pd -/ fi T & 1358 70 2 FR R 2 R LS TCIn SRS HE O W 2 g2 L %
IRL7z. SBICHIVNZ y ZEREREL S/ KT RECBIT A ESEMKOHEZIT) 2L THEA %37, Rh
%z )VIZFED HEA@Rh F / fu FHHEFMBE 2 B L, 37 5 il tE o FI2py L7z,

ABSTRACT

The present work demonstrates the synthesis of CeO, nanorods (NRs) on which sub-nanometer CoNiCuZnPd HEA clusters
were formed with the aid of a pronounced hydrogen spillover effect on readily reducible CeO, (110) facets. The CoNiCuZnPd
HEA sub-nanoclusters exhibited higher activity during the reduction of NO by H, even at low temperatures compared with
the corresponding monometallic catalysts. These clusters also showed a unique structural reversibility in response to repeated

exposure to oxidative/reductive conditions, based on the sacrificial oxidation of the non-noble metals. We also succeeded in

the transformation into more active core—shell structured HEA@Rh by galvanic replacement.

1. WFEREREHM

NA Ty hut¥—44 (HEA) 1%, [5BaU EoZ
RO ENOPFIFFER TR TH S| LER
ENBFMETHL. Ny b E—=sR AT TN
B EOBORIRN RIS L D RO A4 L TR D5
ERT. LALGAS, BRMCBWT, nNfr o
E—&4&0F /fTbs L O R L L ColnmfIcH
T HERA TR 3R K & L TR 5T A (Hashimoto
etal,2024). FOERE LTIE, 5HEEL EOZRTEMN
DR D& RATIRE T, KT oO&E - A LEZEIH Lo
DOFEICEITTT AHMA L VW20 TH D, BHTIL,

2200°C L EOBERINEEEE (Yao et al., 2018) TZ DfH]
R RIL L TV 20%, AN ZRFII IR .

P ld [AE N F —N— L i MokEAE % @ HREh
ET L HTFELMAEICHIEL, H—7% HEA &/ K108
BRTE S L 2 FITHEERNT TS L7z (Mori et al.,
2021). 512, ZEfbxFE (CO,) DEIFLFIGIZH
WTC, TERDHE—ER I 2 2 5 2 Ml 1 - AR -
WA Z RS &R 7.

Z 2 TARWIFETIX, il H® & L TR % HEA &
gL Lo/ fA i owE L Hratdre s Lz
FATE BFIZ, 2NFETCO, BIFLIISICHERITH - 72
HEA % NO BEICHINMIEF L, ZuEOMEEHIZE S
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FUSHEE % Fvy, KFEZ 72 NO #=IT RS2 TR L
7z, il O AR TCHFE X NO/H, i T C in situ XAFS
HIEN &0 B L 7z

3. WRTERRAR

Ce¥/Ce” DU L Ky 7 ARRIZEN S 1Y 7 (Ce0,)
&, TiO, MK EDO AN I —N—=8B T 5. JFIC
0y FIRD CeO, AT A (110) HIZMEHZEL ) 7 1 —
e, BRERBEEE LTV, i x RiilETk
L <, (100) H= (111) HIZHENT X Y ahR X L kFEA
ot —N— a2 T 5.

0y FIRD CeO, 2VE T A (110) I THI T L KEAL
WAt —N—ORTTEE N 2 M5 &, HFFS N5
HOEBHIEME A F+ > (Co™, NI, Cu™, Zn™, Pd™) D [FKE
FRICHMEST L HEA LM T BE & 72 5 2 & % HAADF-
STEM & D FEFEL 72 (K 1). Csf#ilE STEM T, &
B lam KGOV 79 7 5 25 —DOFREATRE S 7z,
EXAFSH—7 74 v 747X &RV EIEs5E8%0,
ZOREE1Z089nm & RFED itz BEERENC &2,
Pd K-edge XANES AX2 F)ViE, &JF Pd CTEII S5
BB =2 07% {, MEFOBIKEZR L7z, XANES
ARZ MUVOYIalb—2arykl), BEFPOES
HEAY 7F /) 75 A% —IZBWT L HEHTEZ(M2).

CNSDRERLYVKEAE IV F —/N— |2 X 5 HEA F
JREF- DA T = AL E T O L) ITHRET S (M3).
(DD FBILENRL TV PA AT AEMOKFEGTTIZL -
TRICSNPAEETEK, (2) Pd-CeO, H1H TKE DT
HIRBER A, (3) 70 b v L' CeO, I % ILILEL
(4) HFFEERIEMA O BH#EIC, (5) HEA OJER, K

10 nm

Fig. 1 HAADF-STEM images and EDX maps of CoNiCuZnPd/
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Fig. 2 Experimental Pd K-edge XANES spectra of Pd foil and
the CoNiCuZnPd/CeO,-NRs, and the simulated XANES
spectra of HEA  and Pd,; clusters and of bulk Pd.
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Fig.3 Formation mechanism of subnanometric HEA clusters via hydrogen spillover.
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Fig.4 Pd K-edge in situ FT-EXAFS spectra obtained from the
Pd/CeQ, (a) and CoNiCuZnPd/CeO, (b) under the flow of
NO/H, at 400°C.
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Fig. 5 NO reduction activities over core-shell, quinary and mono-
metallic catalysts on CeO,.

£ o TS CO MM Bl ED LA L7z, DLEo#ERH»
5, HEA{LIZ & 2 SUGEEE WA D5l & 7’1“)1//\“;77““’
Tﬁ@ £ 2 S S OB H AR L 22 LIk

C EWIBEE TR R L2 EE A BN,

4. TLO

AT, KEAE VT —N—%FH LTI L
D, CeO, @y K FIZ1nm LT @ CoNiCuZnPd /> f >
Mo v¥—4&4 (HEA) Y75/ 27 I A% —DOEKIZKY)
L7z, RPHL, BITEMN OB 5 A RO [F k&
TLEWREL L, ¥—7% HEA 7/ HiE0EK % EH T 5
%@T%é

O NI, NO OKRFEREITCKIGIZB W THER
%ﬁ%i@éméﬁ%mt,ym%@ﬁ%ﬂ%ﬁ%f%
JHEBTHAERIEET A 2 2R L. S50, ML

FICILPHS T Tl e i 2 b2 R L, JERMAlEE & 1%

-101 -



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.23116 Research Grant

B8O EREZART LI EPHLNE RS

(2024) 7063—7068. https://doi.org/10.1021/acs.nanolett.4c01625

jJ[]%_V(’ HIINZ 7 iEHLZ X 5 HEA 27 —Rh > =)V Mori K., Hashimoto N., Kamiuchi N., Yoshida H., Kobayashi H.,

G OE AN XY, I ED & 5 7% B 1A k% E R L7z,
KFECHESL L 72 BT B b 7257 &, HEA

HEME LT A MM B ORI IE S, co, B LE

LD LT DRk BRSO B HRESL5.

S 3R

Hashimoto N., Mori K., Yoshida H., Kamiuchi N., Kitaura R., Hirasawa
R., Yamashita H., Thermal stability of high-entropy alloy nano-

particles evaluated by in situ TEM observations, Nano Letters, 24

OHBFER A

198 - KA ¥ —F# 3.

1. ks Ay b —5648F/ MTofke 4,

By EE " &5 135 AR & Bl VR Y
7 2 (Mar. 19,2025) (FRfrakiE) .

2. ik, oM v hub¥—4a48F RTORIKE 5.

Hrayiiitee ", AARSEER 2024 FERIREE AR,

-102 -

Yamashita H., Hydrogen spillover-driven synthesis of high-
entropy alloy nanoparticles as a robust catalyst for CO, hydroge-
nation, Nature Communications, 12 (2021) 3884.
https://doi.org/10.1038/s41467-021-24228-z

Yao Y., Huang Z., Xie P., Lacey S.D., Jacob R.J., Xie H., Chen F.,,

Nie A., Pu T., Rehwoldt M., Yu D., Zachariah M.R., Wang C.,
Shahbazian-Yassar R., Li J., et al., Carbothermal shock synthesis
of high-entropy-alloy nanoparticles, Science, 359 (2018) 1489—
1494. https://doi.org/10.1126/science.aan5412

S2. NA T ¥ hu¥—EE0MEEE (XD (Sep. 18,
2024) (FHFFHEH).

R UESE, “CO, BIMLSUSAREE OB R 7, il
TR 44 N E OWHE S | (Sep. 5,2024) (FRF#TE) .
s “h—KrzZa— NIV RIGM L 22
FEOFER ", 818 [0l filliEY; (Sep. 3,2024) (FBFE
)

ks, “Co, RO BT ", BV AT SE
SE—BIE (Jul. 8,2024) (FBFF#TH).



B

Y7 .

L7 i S B ]

Hosokawa Powder Technology Foundation ANNUAL REPORT No.33(2025) 103—-107 /https://doi.org/10.14356/hptf.23117

RUNBIRE » ¥ 712 & 5S4 A BB FOIBR

Formation of Fine Metal Particles with Etching Pits
by Barrel Anodic Etching
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A

AR T %2 [MEE T 2N VNI AN TERZ y F 0 72479 2 LT, Ry F 7y MPBEENT:
K= T A AVRLFAMER S N7z RFEETIE, AVRL I, N VIEEBIZERE S 7z PoARICEE g 5 2 & T
WEIN, ZORMTEMBL Y T2 FHPH#EITT L. AR FERIEIICERESNSG Ty F 2 7y FOE, Bit
R EMERERIC L > THIEIS 2 2 EAWEETH o 72, F 72, FHEMER 2 R L 2 EHE % i, 5 pm L
T AR TOER Ty F o7y FE2EET A ELWEETH - 72, HEFEH Mg k7% T L
VBB Y F 2 75247218, R—TF A Mg i FOER L TTRETH o 72, RFETHE O NN — T AR,
o=, R, Ny 7)) =% kA RISHABIRECE 5.

ABSTRACT

Porous Al particles with etching pits on their surfaces were produced by anodic etching of Al particles placed inside a rotating
barrel. In this method, electrical current flows through the Al particles as they contact a Pt plate at the bottom of the barrel,
causing anodic etching of their surfaces. The structure of the etching pits formed on the Al particle surfaces could be controlled
by varying the current and electrolysis time. Furthermore, using an electrolyte containing a surfactant prevented particle
flotation and enabled the formation of etching pits on Al surfaces with particle sizes smaller than 5 pm. Porous Mg particles
can also be produced by performing barrel anodic etching using Mg particles as the starting material. The porous particles

obtained using this method are expected to have various applications, such as in sensors, catalyst supports, and batteries.

R MILEL, SILERN 2 W TER I NS
TNA ADHEICBE X 5.2 5 2 £, FREEEH
S N AL OVF B L R RETH 5.
FalZINETIZ, ARSI R EDWA IR L TE

1. WIEHEREHP

FN Ao 22 AL AT R & 72 U DRk 113, T
KEFEARE W L2 5, AL ED * v ) T2 &,

A RIS C & R R ch 2 T g
TICH, YVTFVE ZruavvEgEny, e el
R OERFEIRE SN TE O UL, BF
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N5 R — 7 AEEDOHIHDSE 2 TlE 72 <, ZMHE & ]
HICRRED D - 72, LM FOILHIZBWT, 20

Ry F 7T ET, ROy F Ty M
BT AWK FEIEMTELZ L2 HE L TWa B K
FHETIE, HO2UOMR T2 EMH L VIS TE L

ok OB B LR L 721k, BRIy T 7%
TH)2ET, ZOERMMIR—F AEELZERT S &8
WHECTH H. T2, RFHERERLE ORI ED
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Fig. 1 Preparation process.
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(b)

Fig. 3 (a) Photographs of Al particles before and after etching.
(b) SEM image of porous Al particle obtained by anodic
etching.
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Fig. 6 SEM image of Al particle after anodic etching in electro-
lyte (a) without and (b) with surfactant.

Fig.7 SEM images of porous Mg particles.
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ABSTRACT

The behaviour of granular materials in fluids varies significantly depending on the physical properties of individual particles,
including their shape and size. This is particularly evident for non-spherical particles where the fluid forces exerted are heav-
ily dependent on the particle orientation relative to the flow direction. This leads to specific phenomena such as preferential
orientations within a flow and self-organisation of clusters. However, the interactions between particles and the surrounding
fluid are highly complex, and a comprehensive understanding of these phenomena is currently insufficient. This study focuses
on the development of a numerical simulation model, which is capable of predicting the behaviour of granular materials
composed of non-spherical particles in fluids. A Particle Resolved Direct Numerical Simulation (PR-DNS) model with the
Volume Penalisation (VP) method is extended to handle particles of non-spherical shapes (superquadric particles). Using the
developed model, the fluid flows through particle beds with various shapes, orientations and packing structures are simulated,

and the resultant drag forces are rigorously investigated.

. TAE 2 OB W PEADS, BT & O IR E 2
1. BERRZ AN LB AT L EN b D, B, ARRS TETD
TR B 2 Bk OB, TEBhE 5% & b AT BRT DL LAIIFERIE TH 578, kD%
WO ZEETORANS, FHEED L) ZHRBS T COFFRTIE, FHEa A M RRIBEOEM S 0BS5S,
T, KERDFICBWTHBO CEELRKE 2R3, 2 BRIGKL T 2 AR5E L 72T 3T C & 72 (Nguyen et al.,
NHDOBREMPT L 720121, BIRRPKEE Vo7 2021a, 2021b). L2 L, FEERER TI2BWTIE, HiEo
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al., 2021a).

n=%ﬂ%—m 4)
2T, U VIR EREE, 3ok & BAREE 2 skl 3 5

YA, g ERFNVT AT A—=FTHY, FNE
NLLT O TEET 5.

Us=v+oxr 5)
Z::%(l—tmm(%)) (6)
n:&ﬂ%; ™

T, vIZRTHRLOWERE, o 3R TFHOGEY O
FREE, r 3R 0 S OMBALE N MV, o 13k
FERED S OFF 54 S BEER L, 6 (X EAR—T AR S 1 TR
1%, vIZMAROERETH 5.

2.3 KNFBRETFV
HF KL superquadric €7V (Barr, 1981) 1241,
DFoXTEIHT 5.

ny

) ;
ZIT, X=X 7, 2) 3KTHL0 5O, a, b, cld
FEAHIDOES T X =% n, ny TR ST 2 —
5 ThDH. RTREIL(X)=0 TEFRSN, KTAMHT
X)) IZEOME, YMICIXIEDME L 7% 5. superquadric
ETIWVTIE, a, b, ¢, n, n,D5/3T7 XA—F EEET L
Z T, FEPME, R, SR E o okkA BIbIRE R
BT DI ENMETHY), TETT AR HRTIF
TRORAIRD 80% HEEL LI TEH L bMESINT
W5,

A7 MR RO B, BRIEKLT TR O 5 D
EEB L R S, RO VLT O
HERI R A T HIC RO D 2T EAYTE L. LA L, superquadric
ETFVICE DR IRREFZI L7256, Fo R
FERTRIZRD 2 Z L IZWEETH 57280, LU IR .
WX B TEERIRET L. HAHNMEIZBIT S superquadric B
BOARIELLT O X ) ISHHTIICEHE T & % (Podlozhnyuk
etal, 2017).

ny ny

Y o ®)

b

z

c

+

X
f(X) = (‘;

X X X
), A4 I o

Vf(X):( axX ’ oY  azZ

ny

af(xX) a1 XX Y\

e I (I 1l RGO Y
AFX) Y[ X Yy

> - (z*b) sen(r) (1)
afx) n,|z/""

PO )21 senz) (12)

- 109 -



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.23118

Research Grant

ZZT, sgn(d) T4 DFFEFRT. LIVHOLX DD
b RTFRA LOR X, On+1BHOTFHEELY, DL
ToRIZLEV 525,

SO V/XY)

X=X ) 13)

ZZT, 0<C<1IFMmIRt, X0=XTh 5.
FHEERA S o IV TR TRO SN A,

(ERcRE

o = sgn (f(X{)) X7 - X| (14)

C T, M [ TABIERTH 5.

3. WFZERRAE

3. FFoft & FEEBI B K BERGIE

TLIZ, X 14) THEZ SN L HBEEBOE
WHEIZOWTHE 5. a=b=c, n =2, n,=10 THIH
&M% superquadric KL f- %% 2 5. R AKAEEE n,,, &
T RERME (ny,=15) & L TR TERD» S O/ 5
&R E R, FRICL W ESN-~ 27 B
EABAERICEHE L7, 1SR SN5 L)1, BEm
ZRHili S M7z~ 2 7 BRI oS, BiGwfE & BAFIC—3L
TWhH ZEDHERTE S,

3.2 Hi—JERRIBR 1) < SRAPL

ik & —ERETREIT A, HIAOREE S N/H—
IR FICE S AP 2> 32— a VIZKDER
fliL7:. RTOEE/IST XA —=FF25a=25b=c & L,
ERINTG A =% ny=n, % 2705 8 T TEILESE. FHE
IO X v a2l REEMHELELY 4 L LT, T
A TEIVH A ZXD30.0228d, & 75 L 9 IZERBEISHEA <
L7z, F72, KL A 2 VAED T 51 E L,

/0 [-]

Fig. 1 The mask function as a function of the signed distance
function plotted in the direction of the arrow in the inset. The
solid line represents the theoretical curve, and the dots are
numerically evaluated values using Eqn. (14) withn = 15.

A b= AFNFEIE % B & ) RITEE - R - U
TRELT.

2232l —varTEonikiid &8z A
EOMREIRYT. Bonikitng, oy -2 (R
& REBOILDE L WEROER) d #HW/zA F—2
2L Y EHEL T B, B2 X0, K IRIRANE
TWCHIEHRL SN mETNITENEE o Tnd 2
EDHERRE NS . KT, Mz 0° L 90° DREOHE v
TUTORTHZoNBMEINOEHEET NV EEZ 5.

Fy = F0™ + (F4= — F§=") sin> 6 (15)

A5 TFHENLHREPN AR 2 1CHEBETRYT. F
HcEEBEonfEE Y I 2L —3 3 VEEEISIERIC
BIfI—H L TWAZ bbb,

3.3 JEERIE R AEHEICE) < AP
FFEEISFGA—FD25a=25b=cT, FBIK/¥F % —
T3 n =n,=2 & 7% HFSHRR T T HE 2 @) < WAL
¥, vIalb—Ta VIZXDEHEL . ks
$=01~04 OB TELSE, T LA IVAENI
EDB TN EL, AN =7 ARNGERE 2 b LD
T REEE - BREEARE L. F7o, FETEMRKIE
WTHBOmNE T3 I METE 5 L9, TEERIIED
YN L7

FEBRIEAL TR L TR s AT 590 2 3Rl § 5 56
(= VA 2 VN || - S G Y AW N s A% e o WA (61 b/ | oo
WCEZEE 25, L L, —BIICIEERIEA FREEN T
DERFRINI S Hr OB TH L. AWZETIE, Li o
(Lietal,2019) |2 X 2Wf5e % 5412, fTFERE OB R
ZLUTF CEF S5 Hermans DECAMRE S # HWTCE=
1LL7-.

1.2 T T T T T

1_ -
?h_ 0.8 E
Ngh
& 0.6 ®,=n=8 i
S - 6
= n=n,=
204 172 E
R ® 0 =n=4

02 AH]:HZZZ i

0 1 1 1 1 1

0 15 30 45 60 75 90
6 [deg]

Fig. 2 Normalised drag forces acting on a single non-spherical
particle with different shape parameters. The dots are the
results obtained from the simulations, and the solid lines are
obtained from Eqn. (15).
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Fig. 3 Array of ellipsoidal particles with different Hermans ori-
entation factors.
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Fig. 4 Normalised drag forces acting on the arrays of ellipsoidal
particles. u is the superficial velocity.

Fig. 5 Orientation of ellipsoids with ¢ = 0.4 and S= 0.
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Fig. 6 Normalised drag forces acting on the arrays of ellipsoidal
and cuboid particles.
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ABSTRACT

The development of cost-effective and efficient adsorbents for CO, capture has attracted increasing interest, with biomass-
derived porous carbon materials emerging as promising candidates owing to their tunable porosity, excellent textural proper-
ties, and low production cost. This study presents a sustainable approach for synthesizing porous carbon from Kraft lignin
using K,CO, as an environmentally friendly activator via spray drying combined with a one-step carbonization process.
Compared with conventional KOH, K,CO, exhibits lower toxicity and corrosiveness, making it safer for long-term equip-
ment operation and more suitable for large-scale applications. Furthermore, K,CO; effectively generates microporous struc-
tures favorable for CO, adsorption while simplifying waste management due to its benign and recyclable carbonate residues.
Unlike the conventional two-step activation method, our approach integrates carbonization and activation into a single step,
reducing production time and enhancing efficiency. The resulting porous carbon materials exhibit a CO, adsorption capacity
of 4.54 mmol/g at 298 K, comparable to those activated with KOH and superior to many previously reported adsorbents. In
addition, the effects of K,CO, concentration and carbonization temperature were studied to optimize CO, adsorption perfor-

mance. A linear correlation analysis between pore structure parameters and CO, capture highlights ultramicropores as key
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contributors to adsorption efficiency. This CO, capture process represents a crucial upstream step toward the development of

efficient CO, conversion systems.

1. Background

The rapid increase in atmospheric CO, concentration due to
the extensive consumption of fossil fuels has intensified global
climate change, making the development of efficient CO, cap-
ture technologies an urgent priority (Raganati and Ammendola,
2024). Among various carbon capture strategies, solid adsorp-
tion using porous materials has attracted considerable attention
because of its high efficiency, low energy consumption, and
structural tunability. In particular, porous carbon materials are
promising CO, adsorbents due to their high porosity, excellent
thermal and chemical stability, moderate heat of adsorption, and
low regeneration energy (Tian et al., 2020; Zhao et al., 2024).
Biomass-derived porous carbon is especially attractive due to
the renewable and low-cost nature of biomass resources. Lignin,
the second most abundant biopolymer, is produced in large quan-
tities as an industrial by-product but remains significantly un-
derutilized. In addition, lignin possesses high carbon content and
wide availability, making it a promising precursor for sustain-
able porous carbon production (Kitamoto et al., 2022; Madhu
et al., 2023). However, conventional methods for preparing
lignin-derived porous carbon often rely on complex, multi-step
activation processes and harsh conditions, which limit scalabil-
ity and industrial application. In particular, CO, capture is rec-
ognized as a fundamental prerequisite for efficient downstream
CO, conversion processes, highlighting the importance of de-
veloping high-performance adsorbent materials.

Chemical activation is widely used to develop microporous
structures favorable for CO, adsorption, with potassium hydrox-
ide (KOH) being the most effective activator (Cao et al., 2021a,
b). Nevertheless, its high corrosiveness, toxicity, and associated
environmental and economic concerns highlight the need for
greener alternatives. Potassium carbonate (K,CO,) has emerged
as an environmentally benign activator due to its low toxicity,
reduced corrosiveness, and effective micropore generation, while
offering safer waste management and improved suitability for
large-scale production (Singh et al., 2023). Despite the potential
of lignin and K,CO,, scalable and simplified synthesis routes
remain limited. Spray drying provides a promising solution, en-
abling continuous, single-step processing with excellent com-
positional control and scalability (Cao and Ogi, 2025). However,
there are no reported studies on the successful preparation of
porous carbon derived from lignin and K,CO, utilizing a spray-
drying method for enhanced CO, capture. In particular, the influ-

ence of K,CO, concentration and carbonization temperature on

pore structure and CO, adsorption performance remains unex-
plored. Addressing these challenges, this research aims to de-
velop sustainable porous carbon materials from lignin using a
spray-drying-assisted activation strategy with K.CO, as a green
activator alternative to conventional activators. By integrating
carbonization and activation into a single step, this approach sim-
plifies the synthesis process and enhances its industrial feasibility,
contributing to the advancement of scalable and environmen-

tally friendly CO, adsorption materials (Cao et al., 2025).

2. Experimental

Porous carbon materials were synthesized from Kraft lignin
using a spray-drying-assisted chemical activation method with
different alkali activators (K,CO,, KOH, NaOH, and Na,CO,)
(Fig. 1). Cross-linked Kraft lignin was dissolved in distilled
water containing a specified amount of activator to form a homo-
geneous precursor solution, while maintaining a constant lig-
nin concentration of 1 wt%. The solution was spray dried using
a two-fluid nozzle spray dryer (BUCHI B-290) at an inlet tem-
perature of 120°C and a feed rate of 2.5 mL/min, with hot air as
the carrier gas, to obtain lignin/activator composite particles.
The composite particles were subsequently carbonized in a hor-
izontal furnace under a nitrogen atmosphere (1.0 L/min) by heat-
ing to 500-900°C at a rate of 5°C/min and holding for 1 h. After
carbonization, residual alkali species were removed by acid
etching with 10 wt% HCI, followed by repeated washing with
distilled water until neutral pH and drying at 105°C for 12 h. The

resulting samples were denoted as PC-X-Y-Z, where X rep-

Pump rate
Kraft lignin

2.5 mL/min
Spray gas [=
.“ 3 | A Activators (KOH,

| K,CO,, NaOH, Na,CO;)

Gas flow rate
601 L/h

Inlet temperature
120°C

I

[}
]
Carbonization
(500-900°C)in 1 h

Lignin/Activator
particle

Etching with  Carbon/Potassium (Sodium)
HCI1 (10%) derivatives particle

Porous carbon Centrifuge

Fig.1 Schematic illustration of the spray-drying-assisted syn-
thesis route for porous carbon particles derived from lignin
using different chemical activators.
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resents the type of activator (K,CO,, KOH, NaOH, or Na,CO,),
Y indicates the activator-to-lignin mass ratio (0.25-2.0), and Z
corresponds to the carbonization temperature (500-900°C). A
control sample prepared without activator and carbonized at
700°C was labeled PC-700.

3. Results and Discussion

3.1 Comparison of CO, adsorption capacities of porous
carbon particles synthesized using different activators

The effectiveness of K,CO, as an activator for lignin-derived
porous carbon was evaluated by comparison with KOH, NaOH,
and Na,CO, under identical synthesis conditions (activator/
lignin mass ratio of 0.5 and carbonization at 700°C). As shown in
Fig. 2(a), the sample activated with K,CO, (PC-K,CO,-0.5-700)
exhibited the highest CO, adsorption capacity of 4.54 mmol/g
at 298 K and 100 kPa, slightly exceeding that of KOH-activated
carbon (4.45 mmol/g) and clearly outperforming NaOH
(3.98 mmol/g) and Na,CO, (3.79 mmol/g). Although KOH
provided a comparable adsorption capacity, its high corrosive-
ness and toxicity limit practical applicability, highlighting
K,CO, as a safer and more sustainable alternative. N, adsorption/
desorption isotherms (Fig. 2(b)) indicate that all samples ex-
hibit type IV isotherms with hysteresis loops, corresponding to
micro—mesoporous structures. Pore size distribution analyses
(Fig. 2(c, d)) reveal the coexistence of ultramicropores (0.4—
0.7 nm) and mesopores (2—50 nm). Among the samples, PC-
K,CO,-0.5-700 displayed the highest specific surface area (SSA)
and a well-developed ultramicroporous structure (Table 1). In
contrast, Na,CO, activation resulted in the lowest SSA and
weakest pore development, consistent with its inferior CO, ad-
sorption performance. The superior performance of K,CO, can
be attributed to its balanced activation behavior. During carbon-
ization, K,CO, decomposes into K,O and CO,, where the re-
leased CO, promotes controlled etching of the carbon matrix to
generate abundant ultramicropores, while K O assists in pore
expansion without causing excessive structural collapse. This
contrasts with KOH, whose higher reactivity can lead to overly
aggressive etching, and Na,CO,, whose low reactivity limits
pore formation.

CO, adsorption on porous carbon is dominated by physisorp-
tion, where ultramicropores (<0.7 nm) play a decisive role by
enhancing van der Waals interactions through molecular con-
finement. As shown in Fig. 2(c) and Table 1, PC-K,CO,-0.5-700
possesses a higher ultramicropore volume (0.554 ¢cm?/g) than
NaOH- and Na,CO,-activated samples, explaining its superior
adsorption capacity. The similar ultramicropore volume and
SSA of PC-K,C0O,-0.5-700 and PC-KOH-0.5-700 account for

their comparable CO, uptake. These results demonstrate that
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Fig. 2 (a) CO, adsorption capacity, (b) N, adsorption/desorption

isotherms, and pore size distributions determined by (¢) HK

(Horvath—Kawazoe) and (d) BJH (Barrett—Joyner—Halenda)

methods for lignin-derived porous carbon activated with

K,CO,, KOH, NaOH, and Na,CO; (activator/lignin = 0.5;
700°C, 1 h).

Table 1 Textural properties of lignin-derived porous carbon acti-
vated with K ,CO,, KOH, NaOH, and Na,CO;, (activator/
lignin = 0.5; 700°C, 1 h).

Ultramicropore = Mesopore
Sample SSA (m?/g) volume volume
(V;hramicropore) (cm3/g) (Vmeso) (cmS/g)

PC-K,CO,-

1308.8 0.554 0.178
0.5-700
PC-KOH-

1259.8 0.550 0.144
0.5-700
PC-NaOH-

1107.8 0.493 0.195
0.5-700
PC-Na,CO,-

973 0.463 0.262

0.5-700

K,CO, is an effective and environmentally benign activator ca-
pable of producing porous carbon with high ultramicroporosity
and CO, adsorption capacity, outperforming NaOH and Na,CO,.
This establishes K,CO, as a preferred activator for further opti-

mization toward high-efficiency CO, capture.

3.2 Effect of different K,CO, concentrations on the
structure and morphology of porous carbon particles
Fig. 3 shows SEM images of carbon particles prepared with-
out and with different K, CO,/lignin mass ratios. In the absence
of K,CO,, the particles exhibit a relatively smooth and spherical
morphology (Fig. 3(a)). At low K,CO,/lignin mass ratios (0.25—

0.5), uniform spherical particles are maintained (Fig. 3(b, c)).
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(a) () ()

RIS PC-K,C0,-0.25-700
(d

PC-K,C0;-0.5-700 2.5 pm

PC-K,CO;-1.0-700 PC-K,C0;-2.0-700 PN

Fig.3 SEM images of lignin-derived carbon particles prepared
using K,CO, at different K,CO,/lignin mass ratios of (a) 0,
(b) 0.25, (¢) 0.5, (d) 1.0, and (e) 2.0. All samples were pre-
pared at 700°C for 1 h.
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Fig. 4 (a) N, adsorption/desorption isotherms and pore size dis-
tributions obtained by (b) HK and (¢) BJH methods for lig-
nin-derived porous carbon prepared with K,CO, at different
K,CO,/lignin mass ratios (700°C, 1 h).

In contrast, increasing the K,CO,/lignin mass ratio to 1.0-2.0
leads to irregular particle morphologies with surface cavities
(Fig. 3(d, e)). This structural evolution is attributed to the in-
tensified decomposition of K,CO, at higher concentrations,
where released potassium species and CO, promote excessive
etching and oxidation of the carbon framework, disrupting
structural integrity.

N, adsorption/desorption isotherms for samples prepared at
different K,CO,/lignin mass ratios are shown in Fig. 4. PC-700
and PC-K2C03-0.25-700 exhibit type I isotherms (Fig. 4(a)),
indicating predominantly microporous structures. With increas-
ing K,CO, content (0.5-2.0), the isotherms evolve to type IV
with pronounced hysteresis loops, reflecting the coexistence of
micro- and mesopores. The pore size distributions (Fig. 4(b, c))
reveal micropores mainly in the 0.5—1 nm range and mesopores

spanning 2-50 nm for all samples. The textural parameters

Table 2 Textural properties of porous carbon particles synthe-
sized from Kraft lignin and K,CO, at varying K,CO,/lignin
mass ratios.

Ultramicropore =~ Mesopore
Sample SSA (m?/g) volume volume
(V;ltramicmpore) (cm3/g) (Vmeso) (cm3/g)
PC-700 502.3 0.276 0.051
PC-K,CO,-
810.5 0.433 0.079
0.25-700
PC-K,CO,-
1308.8 0.554 0.178
0.5-700
PC-K,CO.-
3 1560.4 0.532 0.530
1.0-700
PC-K,CO,-
1695.5 0.529 1.837
2.0-700

summarized in Table 2 demonstrate that K,CO, concentration
strongly influences pore development. Without K,CO,, porous
carbon shows the lowest SSA. Increasing the K,CO,/lignin
mass ratio from 0.25 to 2.0 significantly enhances SSA, owing
to enhanced gas evolution and potassium-assisted pore forma-
tion during activation. However, the distribution of micropores
varies with K,CO, concentration. Notably, PC-K,CO,-0.5-700
exhibits the highest ultramicropore volume, which is particu-
larly favorable for CO, adsorption. Therefore, a K,CO,/lignin
mass ratio of 0.5 was identified as optimal and selected for sub-
sequent studies on the effect of carbonization temperature on

CO, adsorption performance.

3.3 Effect of different carbonization temperatures on the
morphology and structure of porous carbon particles
N, adsorption/desorption isotherms and pore size distributions
are presented in Fig. 5, with corresponding textural parameters
summarized in Table 3. All samples exhibit type IV isotherms
with distinct hysteresis loops (Fig. 5(a)), indicating the coexis-
tence of micropores and mesopores. The pore size distributions
(Fig. 5(b, c)) reveal that ultramicropores are centered at ap-
proximately 0.46 nm for samples carbonized at 500-800°C. At
900°C, however, enhanced activation by K,CO, leads to exces-
sive etching, resulting in pore widening and a shift of the ultra-
micropore distribution toward larger sizes. As shown in Table 3,
increasing the carbonization temperature significantly enhances
the SSA. This trend is attributed to intensified reduction and
decomposition of K,CO; at high temperatures, generating reac-
tive potassium species and gaseous products that promote pore
formation. Nevertheless, ultramicropore volume does not increase
monotonically with temperature. Notably, PC-K,CO,-0.5-700

exhibits the highest ultramicropore volume, which is favorable
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Fig.5 (a) N, adsorption/desorption isotherms and pore size dis-
tributions obtained by (b) HK and (¢) BJH methods for lig-
nin-derived porous carbon prepared with K,CO, at different
carbonization temperatures (K,CO,/lignin = 0.5).

Table 3 Textural properties of lignin-derived porous carbon acti-
vated using K,CO, at different carbonization temperatures.

Ultramicropore Mesopore
Sample SSA (m%/g) volume volume
(Kltramicmpore) (cm3/g) (Vmeso) (cmS/g)

PC-K,CO

203 635.2 0.308 0.123
-0.5-500
PC-K,CO

23 1067.8 0.497 0.125
-0.5-600
PC-K,CO

23 1308.8 0.554 0.178
-0.5-700
PC-K,CO

23 1357.8 0.538 0.198
-0.5-800
PC-K,CO

23 1457.6 0.506 0.256
-0.5-900

for CO, adsorption. These results indicate that although higher
carbonization temperatures increase overall porosity, excessive
activation at high temperatures can diminish ultramicroporous
features critical for CO, capture. Therefore, a carbonization tem-
perature of 700°C provides an optimal balance between surface
area development and ultramicropore preservation, leading to

superior CO, adsorption performance.

3.4 CO, adsorption capacity of porous carbon particles
derived from Kraft lignin and K,CO,

The CO, adsorption performance of lignin-derived porous
carbon activated with K,CO, was evaluated at 298 K and

100 kPa, and the results are summarized in Fig. 6. As shown in
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Fig. 6 CO, adsorption isotherms and CO, adsorption capacities of
lignin-derived porous carbon: (a, b) effect of K,CO,/lignin
mass ratio at 700°C, 1 h, and (¢, d) effect of carbonization
temperature at K,CO,/lignin = 0.5.

Fig. 6(a, b), porous carbon prepared with K ,CO, exhibits sig-
nificantly higher CO, adsorption capacity than the sample with-
out K,CO, (2.33 mmol/g), reflecting the critical role of K,CO, in
developing porosity, particularly ultramicropores favorable for
CO, capture. Increasing the K,CO,/lignin mass ratio from 0.25
to 0.5 enhances CO, uptake from 3.65 to 4.54 mmol/g. However,
a further increase in K,CO, content results in a gradual decline in
adsorption capacity, despite higher SSA. This trend highlights
that CO, adsorption is governed primarily by ultramicropore
volume rather than total SSA. Because the kinetic diameter of
CO, (~0.33 nm) closely matches the size of ultramicropores,
these pores provide strong confinement and enhance adsorption
through micropore filling. Accordingly, PC-K,CO,-0.5-700,
which possesses the highest ultramicropore volume, exhibits the
maximum CO, adsorption capacity (4.54 mmol/g). In contrast,
samples with higher K,CO; loadings contain larger mesopore
volumes, which contribute little to CO, adsorption at ambient
pressure, leading to reduced performance.

The effect of carbonization temperature on CO, adsorption
was further examined for samples prepared with a K ,CO,/lignin
mass ratio of 0.5, as shown in Fig. 6(c, d). CO, uptake increas-
es markedly with carbonization temperature from 500 to 700°C
(2.61 to 4.54 mmol/g) due to enhanced pore development.
However, increasing the temperature to 900°C results in a de-
cline in adsorption capacity (3.95 mmol/g), attributed to exces-
sive activation and widening or collapse of ultramicropores. The
superior performance of PC-K,CO,-0.5-700 is therefore asso-
ciated with its optimal ultramicropore volume, confirming the

strong correlation between ultramicroporosity and CO, adsorp-

- 117 -



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.23119

(2) (b)
C] @ s
E ..<"". ° £ e e O
L £l el
z 35 z 35 e
g_ 3 g_ 3 .
S 23 . R?=0.7271 €251 o R?=0.1749
=
s 2 s 2
g g
g£1s £ 15
2 1 !
go.s g,o.s
o 0 o 0 T T T T
0 500 1000 1500 2000 0 05 1 15 2 25

Specific surface area (m?/g)

Total pore volume (cm?/g)

IS

)
LR Y A S I RV SV
]

9%

w

R?=10.9865

=

CO, adsorption capacity (mmol/g) 6

0.2 0.3 0.4 0.5 0.6
Ultramicropore volume (cm?/g)

Fig.7 Linear correlations between CO, adsorption capacity (at
298 K) and (a) specific surface area, (b) total pore volume,

and (c¢) ultramicropore volume of porous carbon materials.

tion efficiency. These results demonstrate that a K,CO,/lignin
mass ratio of 0.5 and a carbonization temperature of 700°C pro-
vide an optimal balance between pore development and struc-
tural stability, leading to high-efficiency CO, adsorption.

To clarify the dominant factor governing CO, adsorption,
linear correlation analyses were performed between CO, uptake
and key textural parameters of K,CO,-activated porous carbon,
as shown in Fig. 7. Among the evaluated parameters, ultramicro-
pore volume exhibits the strongest correlation with CO, adsorp-
tion capacity (R> = 0.9865), demonstrating that ultramicropore
volume plays a decisive role in determining adsorption perfor-
mance. This result reflects the effective confinement of CO, mol-
ecules within ultramicropores, which enhances van der Waals
interactions and promotes efficient pore filling. In contrast, the
SSA shows only a moderate correlation with CO, uptake (R* =
0.7271), indicating that while a high SSA provides adsorption
sites, it is not sufficient alone to ensure high adsorption efficiency.
Total pore volume displays a weak correlation (R* = 0.1749),
confirming that larger pores contribute minimally to CO, cap-
ture due to poor molecular confinement at ambient pressure.
The correlation analysis clearly identifies ultramicropore vol-

ume as the primary determinant of CO, adsorption capacity.

4. Conclusion

A sustainable and scalable strategy was developed to pro-
duce high-performance porous carbon from Kraft lignin using
K,CO, as an environmentally benign activator via a spray-drying-
assisted one-step carbonization process. This integrated ap-

proach simplifies synthesis compared with conventional two-step

Research Grant

activation, reduces energy consumption, and improves indus-
trial feasibility. K,CO, effectively promotes the formation of
micropores and ultramicropores while exhibiting low toxicity,
reduced corrosiveness, and ease of waste management. The op-
timized porous carbon prepared at a K,CO,/lignin mass ratio of
0.5 and a carbonization temperature of 700°C achieved a high
CO, adsorption capacity of 4.54 mmol/g (298 K, 100 kPa).
Systematic analysis confirmed that ultramicropore volume is
the dominant factor governing CO, uptake. This study demon-
strates the potential of K CO,-activated lignin-derived porous
carbon as a green and efficient adsorbent, providing a promis-
ing pathway for sustainable CO, capture applications. These
findings provide a foundation for the development of integrat-
ed CO, capture and conversion systems, where efficient ad-

sorption plays a critical upstream role.
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L —HF — 5k 7 2258% (Laser-Induced Particle Impact Testing: LIPIT) &, L —%—7 7L —3 3 » % Fk&Eh))
ELT, ¥4 7 ut A XOBUNLT % 8 km/s FEEE F ThI# - FHETEEZFETH L. CoOFHEICED, L
/N e R T T & AULTE O A BRI R 2 AR L 2 R L 72 & @R o8 72 2 RNV 2,
ATV BRSO L &, #rz2ERISHSMRE SIS, ARBFSETIE LIPIT 3 X Ok F- 3 B EHI 5=
FORSEXAITo 72, FMFREOFHINIIEEE S X FHBHCLN LD, KRR THE L 258kt ¥ —
WL ZET, BERNTOEELE SRS T LK L7, 512, EHES00nm D) kT Lo
72 A = VR OFmEGSHEEBR L2 AT, B Y7LV UMBOBE LTr T 72 BL ORI
77 = v O R E R FE L7

ABSTRACT

Laser-Induced Particle Impact Testing (LIPIT) uses laser ablation as a driving force to eject micro-sized particles at speeds of
several km/s. Because plastic deformation of metallic materials depends on strain rate, the smaller particles achieved by LIPIT
enable higher strain-rate impacts, resulting in the development of new industrial applications such as surface modification and
machining fine holes in membrane structures. Therefore, this study developed LIPIT enabling smaller particle ejection and a
particle velocity measurement method. Particle velocity measurements are generally performed using high-speed cameras,
but we successfully captured the velocity of the leading particle using the developed mechanoluminescent sensor. Further-
more, we succeeded in ejecting sub-micron particles (silica particles with a diameter of 500 nm) and realized high-speed

penetration testing of graphene and graphene oxide.

T HRH ST 2 AR—ZAF 7)) RFHF A MBI 7
s D, TNICHT 2D 258 AR ASR O S Tw b
BT B2 BB 13, MR OMEEIEFMKME  (Adushkin et al., 2020). il 5 H1Z &5 80k T 22548k )5 ©
ICBWTEELREBEM TH L. MEFTHIH T, & 2L ERECEN M OEREIET 5 2 &
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T&5. &5, R HRIIBIELZFI SR T2 TR
<, MEMFMEAM L2688 FRE L THEHSINT
72 REMZEMTHA Y a Yy V-0 7E, &8
RIENORFEZ L) AT E2HE L, BRI
NEMNGSTLZILETHETERELYEHD L FETH L
(Kikuchi et al., 2023).

VAR, WFETHEE LT ICREENLZ L - —F
SR - 18 22 38R (Laser-Induced Particle Impact Testing:
LIPIT) &, fesdkei:s ik L ClEt~ 7 x— b
DO/ % B km/s THIHE T2 2 LA3TE S (Veysset
et al., 2021; Kajihara et al., 2024). FERILEIZ/ SV A L —
PF—LBHEHETHY, BHMO a7 b RIS
THALAZEDPHETHD. —HT, FTHAXIVhEW
72OV ZRL TR % M 2 OHEE L v &) BREDSD -
7o, RFHEFHINE—MRICEEES 2 T THREE LT,
TRV HE & BRI A SR 278, HESEREE, MERE, 2R
fRREZ: L X T OMWREDRADH 5 Z L b o
T&7. 22T, AR TSR EE 7R ERT
WFEEIE L7z & 512 LIPIT OMREZ LR 5 720
W2, KD/ nF A ZoRFOFICHkE L7z
J R T- O T A G HET  S R TR R 7 R RO B
BICHEMTHL LEZ LN, RKIIETIIZOHEmE LT
7572 BIUOMT T 7 2 v OE@BREEITo 7.

2. I

2.1 VRN FEZEAER (LIPIT) DR¥E

B%E L7z L — W — Sk 7 2235k (LIPIT) Of%ns %
1127”9, Nd: YAG L —HF =25 sz AL —
P—lI L VP A TER SN TRERICEN NS, BiHE
EEH R E & AV F —IE (Energy Absorbing
Layer : EAJg) THEE &SN CTWwWa. SV AL —H—i
EABTHNEN, L—Y—-7T7L—Tarz5l&i
T INIZE 5T, EARBPEBICAREER L TRMEIC
B SNR T LI ENnS, L—F—Z 3 F—73
FRAME B2 5 L, FEEIHE L ChT & & b Ic5sst
BOWHE (7)) PRI 5.

2.2 W REEHTE O B3

BHSE L 7R EE R HIE E R 1 W R X 9 12, Iei%
1K (Mechanoluminescence: ML) % H\ 7= FH:TH %
(Kajihara and Yonezu, 2024) . &I 5G4 3 %
ZTAHEFEE L T ANVF— 2 T 5 EHRENETH
L. FTRBHE L EARBOWA (577)) ML 72
¥ A I YT TMLDBENT 570, TRIFHEE & TRFWRF
M HRF OB EREI RO D, IBIFEEDOK
K FUbF T MRS, ML-200) 2 ZiiRAT TR ¥
VIR REEAEFIZ 16.4 mg/g DEA THRA, JEX 10 um
DOTIVIFEOFIZES 100 um THRFE L2, Tz [ML

-<— Nd:YAG laser

<—— Laser pulse

Glass substrate] Launch pad
EA layer
'

<— High-speed
video camera

< Aluminum foil
< Epoxy ML sensor
containing ML

< Photomultiplier tube

Fig. 1 Illustration of laser-induced particle impact testing (LIPIT).

Particle velocity measurements were performed using the
high-speed video camera and the ML sensor, but simultane-
ous measurements were not performed in this study.

Ly —] LT A ML OFRIDOBE RGBS GER
A b=2 A2 (%), H10682-210) TEHUIL72. ZD%EET
ENTFrERETICEWEL, VA E AT T52
ETHNEECHIREZIFTE S, T2, FFELAIS
NENRN L 2 HEFHNFEDSERNTH S I L 2RT 72
B, —MN % TR THLEBEN AT % F\ 7B
bEEMETITo72., MRS 912, KT ORI
% JGIE (Cavitar Ltd., Cavilux) & E#ESD 2T ((Bk) B
AHUWERT, Hyper Vision HPV-X2) THAk, RIMEKDR
W22 v Ny 7778 THhug L7z, b, RWIETIE
EHEN AT &ML & =12 X B HE I FEEHIIC
e, FNFENISLNIFE#M L /2. LIPIT 2B 565045
PRIIRKOBESH D &9 IR S, BT 8T
PR A R L7z 2R, FHEE 35 um OFHRE
kT (35HSS), FHWHEFEOum BE P 15um IV
I = THT (30Zr0,, 152r0,) , “FIHEE 15um D) H
T (158i0,) @ 4 FEFHTH 5.

23 797 VBLXORILY T 7 = O @A

LIPIT CTH L 728713 2(a) 1278 3 FE A 500 nm
DY) ARFTH o7z, EBRBRICB W TIRH B A
HLTT7UNEL S EFHIDHWEEZ % 2720, 385 H
PHE L Wt $abbEwl —F—T AV F—-T
FBRAATo 72, R EEILEEE S X 712 X 2 5HIE R
ICHEED X 200m/s 1 ZTETHo7- LHEESI N K20b) B
F @Iy =7y MTHDT7 772 rBLOBLY
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(@) (b)

(c)

Fig.2 Particles and graphene: (a) is a SEM image of 500 nm SiO, particles; (b) is a SEM image of graphene supported on perforated

silicon nitride (Si,N,); (¢) is a SEM image of graphene oxide supported on perforated silicon nitride (Si,N,).

57 =~ (GN-1-10, GO-1-10, £ —T A Y ¥/ 3> (¥k))
D SEM %2R LTBY, &7 1 FEDOLIMIRIES
ENTwi Lo A XFEZE25um THY), ZOHE
BT T 7 OANETHS.

3. KL &L

3.0 KB OR R

PUAEFH O T (35HSS, 30Zr0,, 15Zr0,, 158i0,) 22\
T, BHEEN A T2 X DR EERH &S5RI &
LR RERH L 72, ZOMEER 3 IIRT. P
R EBENSEH Lk E &SR S sk
THEOMBRERLTWS., £70y MME 3 EOHEED
PIHHETH Y, EHEEH X T E ML LY —OHTET
ROLNTATHE I L —F L CTwiz whgseko
FEHRE LT AREIMKF T 5720, FHREICERT
BHEBERVRHTEBWT 7)) O T 52 LNTE
LT ENbhol, DFN, MLEYH—I1, HHEED
AT TRT 7T OBRIZEN TR TPBIETEnwE ) %
S CHho TORTHEEDFHITE 2. F/2, WOUFEL
IR ZE TR L TH 3T 5 2 s T
BY, EHESD X T O5EREE T 2 KT O R EEFHINC
WfFCcx 5.

32 V972V BEUHILY T 7 = v OHMERER
757 BLUOMLS T 7 2 v Cxt L CEERER Y
1o 721%, SEM B2 % Ejiti 72, A% SEM %% X 4
WRT. BIBERIRICER T A LMLy 972 37T
Ty B LTREIMMZBHEIC L T o T, KT
OEBIZE > TELLLEROMERERDZEZAH, 7T
T 32 15um’ (N=3), BRL7 57 = 13074 +
034 um’ (N=7) Th o7z, TIUIEAIZED AFM F /
AV TFrr—a vilBoOMEnE —H L TBY (Najafi et
al., 2021), mHRFHMERRICBWCOMLr 772 v
X777 X0 BEEHE LIS W EADbh o,
PLEo &5 IZARWIZE TIEBA%E L 72 LIPIT Hfi i & o THL
— 3 LIV B0V 7 I 70 T OEEE A e &
"V, FIT72rDE) BN X T L RO EE
RE ELERTE DL ERRE. ZOHEME N VY
MEHZIDH T ISRV - O D AR 72 & Bz 72371
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Fig. 3 Relationship between particle mass and particle velocity.
Particle mass is a representative value for each particle type,
and particle velocity was determined using both the high-

speed video camera and the ML sensor.

(@) (b)

1 um 1 um

Fig.4 Representative SEM images showing fracture morphology
due to particle penetration: (a) graphene and (b) graphene
oxide.
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L

EAREI G4 /R, MEREFE L CREFIRELHET 2 28T, WM - LAt L2 E T & 5720,
FRBE PRGBS L CIFE ST D, LA L, MHFICBT 2R FIEEA I = XA ERZ T3 IR S T
BHT, MY A X% BIEICHIET 57201213, RGBS T 5 in siu IR0 LETH 5. Kb
Tl&, SPring-8 @ BLI3XU E— AT A X IIBWTC, KeorElin sim X #EEIHT (TR-XRD) 12X 0, @il THEST
5T KA O - fELBEE 5 s ORI FIE CEELEN T 2 e R 2B L. FEEZOO,
TGS & L CEEA TSRO —Ff ZIF-8 (zeolitic imidazolate framework-8) D= ifARK 7' 0+ A % % %2,
TR-XRD 5 % ik A7z, ZOMER, WHIRA, ZIF-8 IR D Bragg ¥ — 7 O HH - ¥k &, FETH 14 X0
BREFEESTLZLICHII L. ZHICE D, AR TR-XRD HIERDS, ik CH#ATT A4 bs L R T RER
BOBEEBIRCAENTH L Z EIRENT.

ABSTRACT

Solid-solution alloy nanoparticles can be tailored to exhibit specific physical and chemical properties by tuning their elemen-
tal composition to control electronic states, and are therefore promising as catalysts and magnetic materials. However, parti-
cle formation mechanisms in the liquid phase remain insufficiently understood, and direct in sifu observation of the formation
process is required for rational control of composition and size. Here, we developed a stopped-flow-type time-resolved in situ
X-ray diffraction (TR-XRD) measurement platform at the BL13XU beamline of SPring-8 to directly track crystallization
processes in the liquid phase with a time resolution of 5 s. For method validation, we employed the room-temperature syn-
thesis of the metal—organic framework ZIF-8 (zeolitic imidazolate framework-8) as a model reaction system. After solution
mixing, the TR-XRD measurements successfully captured the emergence and growth of ZIF-8 Bragg peaks, accompanied by
an increase in crystallite size. These results demonstrate that the present TR-XRD platform is effective for directly tracking

crystallization and particle growth processes in the liquid phase.
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1. ¥

BIEAIIE 4 7 WL, A X - JR & % R
L CEIREZ M 5 2 & TYWELR - {b22nst = B
TEIZHFTTE 2720, SRR TOILHPHRFSNT
W5, AR, —#HITE TR o flR R R W EE T S
HZEDPREENTEY (Graedel et al, 2015), LEE
JFECERRRT EBT 2 EEARNESOREPEETH L
(Yeh, 2013). Mz T, REDEF / A— PV AT —)
WHIBR S D &, fEdR/ NV 7 TIIANRI & SN b eHEM
AETHMHEEPERNLEL 2 EPRESI TS
(Chen et al., 2024). FEPEIZ, Pd-Ru D £ 9 %/N)L 7 Tl
ARMZHEEEICBWTY, /e LTREILSE
5 Z L TS - BIREE G TE L 2 AR ENT
W% (Kusada etal., 2014).

LD DI NV 7 IRETAEM AT, TEBERICE
WCHESILEHTEES G T 5720, BAED L HE,
B EMRACIZZE 2 TR O B DSFE R 1T ERE 5.
O &) AN ST EGETE 2 9 5 720121,
AL & R 0 CEEEBI T 5 2 LA RTH
H. L, BHETOSIEERE - B cEfT L, A&
BTN I KT OEFE G 2O TR & I E 528
WMEETHAH Z DD, USRI L 72308 2 T3 %
ex situ RIS & 2 5 CTB Y, PRAREECEER A 7 —
WVOREPRETH > 72, FFITNREMESTIE, FERK
BRI S &, Pk AL & R 3RE0h s [
HEATT HAREEDNM B S LTV % (Asano et al,, 2019).
CDXO)HMEBEERIRZ AL, Y= iE (BFEH
COREE (RESLEE) & RERCIBERC & 2 B
A7z in situ X BERTERIAE R TH 5. F72, RS
DR A TRTE R 158 e [ 40 A1 283 B R Al &2 BRI L D 5
72, A0 Ty — ARG D TR E S A
AL 5 EDVEETH L. HEHELIPOELE~ A7
o7 u—1) 727 %— (Nagasawa et al., 2005) |2 & V) Pd-
Ru AMNRFIZICR 2 6 BEEEL G4 /M1 % Bl a
35 Z &I L 72 (Danjo et al., 2025). L2 L, &4
Lo, EORETHTT 50, &) FATREEERN
BEICIZIZRZZEZ SN TV,

Z ZCAMIFETIE, SR G 2 V72508 in
situ X AR (TR-XRD) (2 X V), V& o583 (18]
Pre—27 MB, SREERm, T ERE L) % BETTREZR
HERERE L, bR & ETHEDEEL
BT A B2 L2 HIE L, 3T
LT, ZHRTRBILDSEST LY A XHK &  [BHTRE
DI 70 )8 A B S 1K O — 1 T & % ZIF-8 (zeolitic
imidazolate framework-8) (Park et al., 2006) % &7 VAT £;
IO, BB - KRR AT 4 7 AT RITT
B ERbT 52 LT, RUERDE LML FREE %
L7

2. IR

2.1 TR-XRD il

TR-XRD {lll5€1& SPring-8 @ BLI3XU KU — AT 4 X IZH
WCHENE L7z, WA THEAT T B A LB 2 BT 5
72, BHERA X BV, ¥y ET) —vb &Rt
%% Debye-Scherrer RIFLE TREiE L, #kiEL/ 85 — >~ 2L
B L7z BUSHIEAA & Ok 56 I % [n] — Bl AL & T a1k
A28, Ahy77a—EKERH L. Zn(NO,), #il
& 2-methylimidazole (Hmim) i %, H,0/MeOH = 50/50
(V) REEETHELL, |lRTY ) Y IR T2 HnT
% 10 mL/min (A 5120 mL/min) Ty L 72, WA
BRI~ 70y 77 5 —TRAEL, RESIES
L7zF¥ v Y7 — FoprEiE (RE#HHITE D 30em
OfrE) ZHlEME LCHEE Lz REMKGTE, —Ek
B OEFHEZT > 2 RICTHRO R = VNV 7 E IR L
THNEFEIEL, CO S OOk t=0s L ERK L2
%, R— S TN 5s & LT TR-XRD /3% — V%

2.2 i ¥ — 7 fihi

ZIF-8 K F O ALO#ESTIE (011), (002), (112) FL4t
IRIE L UCRFl L 72, &N BT 5 & S o R
(E— 77, FEormpE, ©—20R) & Ny s 777
YFEBE Y- 7a 7 s A VEBOMEETVIZLD
T4 TAYTTHIETHIL/? 22T, Bragg €—
27 OIIK E L T Thompson—Cox—Hastings (TCH) #E Voigt
RI%L (Thompson etal., 1987) Z¥RH L, ¥—Z7fiEB L
Y= 7% KDz &b TFH A4 XIEEHRBRKED T,
Scherrer 2 (Scherrer, 1918) (ZHED X, #olE~ W T
FHi L 7z

3. FEERIR

3.1 ZIF-8 ¥ Lo EiEBI%:

RF4M (H,0/MeOH = 50/50 (v/v)) 12313 %5 TR-XRD
INF =2 (FxET) — - BBHEONY 7 7T LK
El&R) #R1IRT. 2, 74907471280
KO7K T ORESEE, HnfbEL LR F A X
DOFFHZEEZM 2 1IZRT.

B OFNEILR (t=0s LI, ZIF-8 ko (011),
(002) B (112) KEE— 27 HHABEICHI L, B
e & HICHESRESE AL (K1), EomE
BLZ1,000s FETRMTL2MEMERLZ (K2a).
X512, B OREGIREE & SIRIE CIEBL L TR
BEAFHi L7z & 2 A, FRFHIWITR FAEkOKRH 7 o
T ANVERL7: (K2b). Z ORI, ZIF-8 i D
RS RTINS AR & 3, MRS HIICETL T2
ZLERT.
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A=0.495813 A

ZIF-8

L (112)

®

e

29 [deqruge)

Fig. 1 Background-subtracted TR-XRD patterns (2° < 20 < 4.5°)
during ZIF-8 particle formation in a 50/50 (v/v) water/meth-
anol mixed solvent (background from capillary and solvent
scattering was subtracted).

#t Voigt 7 4 v b BB NF IR L Ve, Scherrer
RUZEDO VTR T A A2 H M L7z T4 X3
%&W%~%ﬁbt%,£l%BMmﬁﬁf%ﬁ?%
EmzaR L7z (K 2e). Bll& RS TaEmRL 72 ZIF-8
7 SEM i {§7» b 372 PR A4 12 175 nm T 1)
A X EMRES L. ZoZ &, KllETH
72— 2 MEns, R A XA — Vv ORE % BRI X
BLLCTWb I ERRIET .

DL EORESREE & A S 1 A4 A ORI ZER L, Zn-2-
methylimidazolate & v b7 — 27 QLA - T ZIF-8 #&
AR SN B \AE L BGS 5. 72720, AWFZETIE
(LA OB EIZIT > TV iz, SUSEEEOFEM
XS HOMEHETH D, —HT, fshTFH A XH A
I & 7R L7zt SRR IR EE DS N LA % 53, A ARH
AT L TWb 2 e 2R LTEBY, BARK -
fimfb e MEBROFG 20l L Cilmd 5 L CTHER
HHRTH2B (K2b,¢). L72h>T, KRllwERIE, [HEE
FEE | & [REEAHARR ] 2SRRI BIR T 5 720 DR
b,

3.2 HBRDR O RSB

FTBRAR B % [ 2 L 72 b CVABERL A # 28 L T TR-
XRD ll%E # 17\, HERNET 2772825, K1) v
FBIPAY =LY v FOWTNOLELEIZBNTH,
A AVERNR T 5 £ TOFENMPIER L, ZOROME
BEIMOFREE L HRTENCHAL L7, S ORI, B
ARG RBIG & LR EO N ICE L1552 8, §
70 o B AT RAK O E R - FLALIREE R BLAL T- 28 10
AN L CR TGRS HE LSS I L 2RIET 5.

—
D

~

(4]

e

8,
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Fig. 2 Time evolution of (a) integrated intensity, (b) extent of crys-
tallization, and (¢) volume-weighted average crystallite size
derived from the (011), (002), and (112) reflections.

RHEROFMIZOWTIE, Sk, e LTEHELAE
TALTETHA.

33 A&F /N TBRENDRERICH) 7358 E R
9%

KAEFEE EET /TR A~NEHT 5 2L T,
(i) &4:4H Bragg ¥ — 7 O WBIREH)], (i) ¥ — 7 (i Ok
M2t (B TERZAL), Gi) €= 27 BIR-BOZ G
A AREAR) HRFIERCTE 2 LHIfFSNS.
BRI, BAROERICHEGE S R R LS ET LA
6$wﬂﬁf Fd LR R ER R RFFICIE D T &
B, e LRGN L ETEEOERILICER TS, L
72h o C, ARIFZECHEN L 72 TR-XRD 5Hillix, &4 k&
HAEEOBAE T AT 4 7 A% FEEBRIHGET 5 720 0%
s,

— T, EE&ENIE ZIF-8 L & 1 & HVERES Tt
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13 B FEtEATE . %@f:&)/—\fé‘aci ARy T 70—
FATIN AT, 780 —=RIZBT 5 [HEME = RUSEERH (22
g ) 0)3@%“13“0)‘%)1% BAEH S O & A F
ME2 O SR ZRETAUEAF — ANFER S
L. ZHUS LY, 2B~ TR O 5 EE T,
A E LR 2 BT RE 2 SR TR OB S HLY #E

k=
4. wie

EHREE UG TR-XRD % vy, A CH#EfT 455/

KT ORGERL - KA B 2 BR8] CIB BT BE 22 0 7
BRESEL7:. £EFVRELTZIF8 % A by 77 H— TR-

XRD TEIZE L, (011), (002) B XU (112) KH 0K
R SRR 2 SR L 7. S 512, FHEEA &k
FlE % Z 08 L/RERIITIC L0, B

HeBA & A RILIKE DR 2 K& CELs 5 2 <‘: T
PR L7z, LB & D, AHlER & E BRI, &
‘iﬁﬁP@%i%’%ﬁ%H%Faﬁﬁu:f‘%ﬁ#Lfaﬁuﬁ‘f%f:af)@ﬁ
iﬂJ&ﬁ#%ﬂ%&“@% n, G&F /KT EERANERT S 2 &

e LRI & AT HE O E = LISE T 5 N
o7,

B

RBFFEIZ BT 5 S0 X AR R4l %2 1L, JASRI K G2
Db EE S 7z GRET 5 1 2024A1808, 2024B1762,
2024B1928, 2024B2113, 2025A2022, 2025B2192). Hht
JEWE B L, I ER (JASRD, /NRJE K HEREE
(JASRD), “FHIFIARERER (RARKY) 2% oWE%
WP We S HE R R

2 30k

Asano S., Maki T., Sebastian V., Jensen K.F., Mae K., Revealing the
formation mechanism of alloyed Pd—Ru nanoparticles: a conver-
sion measurement approach utilizing a microflow reactor, Lang-
muir, 35 (2019) 2236-2243.
https://doi.org/10.1021/acs.langmuir.8b03516

S EE Y
188 - BA ¥ —%%K

1. Danjo S., Hiraide S., Watanabe S., “Room-temperature flow
synthesis of Pd—Ru solid-solution alloy nanoparticles using
amicroreactor and catalytic performance of carbon monoxide
oxidation,” 99th ACS Colloids & Surface Science Symposium
& 18th TACIS Conference (Edmonton, Jun. 22-26, 2025) 381.

Chen P.-C., Gao M., McCandler C.A., Song C., JinJ., Yang Y., Maulana
A.L., Persson K.A., Yang P., Complete miscibility of immiscible
elements at the nanometre scale, Nature Nanotechnology, 19
(2024) 775-781. https://doi.org/10.1038/s41565-024-01626-0

Danjo S., Yoshida H., Hiraide S., Watanabe S., Room-temperature flow
synthesis of Pd—Ru solid-solution alloy nanoparticles using mi-
croreactor and catalytic performance of carbon monoxide oxida-
tion, Chemistry of Materials, 37 (2025) 4778-4788.
https://doi.org/10.1021/acs.chemmater.5c00747

Graedel T.E., Harper E.M., Nassar N.T., Reck B.K., On the materials
basis of modern society, Proceedings of the National Academy
of Sciences, 112 (2015) 6295-6300.
https://doi.org/10.1073/pnas. 1312752110

Kusada K., Kobayashi H., Ikeda R., Kubota Y., Takata M., Toh S.,
Yamamoto T., Matsumura S., Sumi N., Sato K., Nagaoka K.,
Kitagawa H., Solid solution alloy nanoparticles of immiscible
Pd and Ru elements neighboring on Rh: changeover of the ther-
modynamic behavior for hydrogen storage and enhanced CO-
oxidizing ability, Journal of the American Chemical Society, 136
(2014) 1864—1871. https://doi.org/10.1021/ja409464g

Nagasawa H., Aoki N., Mae K., Design of a new micromixer for instant
mixing based on the collision of micro segments, Chemical
Engineering & Technology, 28 (2005) 324-330.
https://doi.org/10.1002/ceat.200407118

Park K.S., Ni Z., Coté A.P., Choi J.Y., Huang R., Uribe-Romo F.J.,
Chae H.K., O’Keeffe M., Yaghi O.M., Exceptional chemical and
thermal stability of zeolitic imidazolate frameworks, Proceedings
of the National Academy of Sciences, 103 (2006) 10186-10191.
https://doi.org/10.1073/pnas.0602439103

Scherrer P., Bestimmung der Grofe und der inneren Struktur von
Kolloidteilchen mittels Rontgenstrahlen. Nachrichten von der
Gesellschaft der Wissenschaften zu Gottingen, Mathematisch-
Physikalische Klasse, 2 (1918) 98-100.

Thompson P., Cox D.E., Hastings J.B., Rietveld refinement of Debye—
Scherrer synchrotron X-ray data from Al O,, Journal of Applied
Crystallography, 20 (1987) 79-83.
https://doi.org/10.1107/s0021889887087090

Yeh J.-W., Alloy design strategies and future trends in high-entropy
alloys, JOM, 65 (2013) 1759-1771.
https://doi.org/10.1007/s11837-013-0761-6

2. Danjo S., Hiraide S., Watanabe S., “In situ synchrotron X-
ray diffraction investigation of ZIF-8 particle formation in
water/methanol mixtures,” The 8th International Conference
on the Characterization and Control of Interfaces for High
Quality Advanced Materials and the 60th Summer Symposium
on Powder Technology (Fujiyoshida, Jul. 8-11, 2025) 3-I-
A-03.

3. B b FOREER, WOt X e 2 A L 72 MOF fi%
B OB D & DWGEIEE ", 2025 4F1E 42

- 128 -



A ARERVE I RE O R RIS 582y (Takashima,
Aug. 29-30, 2025) .

B PIORER, B in situ X ARIETIC X B ZIF-8 K
TIEBLBFEOREILZE ", 2025 WAEE O (Kyoto, Sept.
4-5,2025).

BB FIORER, S ARER, R, K/ 28—
REGBERIZBT 5 ZIF-8 K FIEBGEFE O in situ #]
227 AL T4 5 56 MFkZFE K4 (Tokyo, Sept. 16—
18,2025) EC321.

-129 -

Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.24502 Graduate Research Funding

6. Bt FIRER, P FIRER, ¥ B, WG in situ

X AR & FIT L7 ZIE-8 fr TR 0B ", &
76 Il 31 A KB L OHIEALER & (Chiba, Sept.
22-25,2025) 2E09.

o Bl FORER, P BOREE, R, TR in

situ X FEAHFIZ X 5 MOF ki I BB FE OB %S "
b5 545 2025 SR EA T SCEIOR S TR RS 2025
(Suita, Nov. 11-12,2025) D223, FHEEFHIEREEE.



NS
@
g

=% -
ST
o SR S

X
Mol

Hosokawa Powder Technology Foundation ANNUAL REPORT No.33(2025) 130133 /https://doi.org/10.14356/hptf.24503

KU TT T 410 & BRAE - BT O JEHE A A A

Non-invasive Simultaneous Measurement of Particle Size and Number

Density Distribution Using Holography ‘e.
k¢
W5 F Scholarship Student: H1FfE K Dai NAKAI FHEOR

FURR Lk R R b LA e it i el 2 48
Graduate School of Science and Engineering, Kyoto Institute of Technology, PhD student (D2)
E-mail: d4821002@edu.kit.ac.jp

WFJE36 35 Academic Leader:  HHT  VEAT Yohsuke TANAKA

HE#3%, Associate Professor
E-mail: tyohsuke@kit.ac.jp

B g
A TA4 T4 INFa T T 7 410%, BUIEENICHFAE S 20T OME B L OTIRTEHR % ek CTRosk -
BATE L7290, KRS A ORI EORMEHIT AN TH L. —HT, FEEMIZBWTIE, L)L —
Ty N EFREBAEEOW.B LU EARETH ), MFRGLFHOF 2 —= 0 7 EEL 2D, HE
SlE, BN T UHEBL T 2 —= 0 V&2 LET L7280, Gabor v 7T 7 4 BLORAMESE D 75
7 43t L7 R 4+ — 77> v — A F A 75 1) ParticleHolography.jl &[5 - #H L T3, KIETIL,
KT M7 OMEEL, ZHUCX W REE & A REM R EHIE 2 R

ABSTRACT

Inline digital holography enables non-invasive recording and reconstruction of the positional and morphological information
of microparticles within an observation volume, making it well suited for statistical analyses such as measurements of parti-
cle number-density distributions. In practical deployments, however, achieving both processing throughput and reconstruc-
tion accuracy remains challenging, and system-specific pre-tuning is often essential. To facilitate efficient data processing
and tuning, we have been developing and maintaining ParticleHolography.jl, an open-source library for holographic particle
measurements that supports both Gabor holography and phase-retrieval holography. This article outlines the software and

presents several measurement examples enabled by it.

L = WHH S > 7 NV7% Gabor ST 75744y N7 v 7T
B TR REEYRTHEDT S Y, HKT¥ (Tanaka and
TLEY M) I RIEBIFDLA T4 K07 T 74 Nakai, 2024) KEF (Nayak et al,, 2021), KEFH

W2 X BREHAL (Vikram, 1992) TlE, 502 LOED 5% (Henneberger et al., 2013) T in situ 72 5HAI~N DG

5 N BUARTE A AE T SR DGR - L % i o DL CHET SN T4, ElES X 7 2 F AT e

FIE7: U CRisk - FHAETEETH D, ROk TG AR THEBRC £ 2BV ERHIT O WRECTH V), TR L

R - EES AL LD TEL, ZOGE, REMPEEICB T ZICHPREIN TS, ok
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X, Gabor ;KU 7 F 7 4 Tld Twin image (Gabor, 1949) |2
Lo THHBRGEMEDET L < O%6 6l i Bk R
FES T4 Thwvizo, ffHREEAT 7 F 7 4 (Liv and
Scott, 1987) & IX L & L7=fLAHEIETIZ & - T Twin
image * FrET HUENDH 5.

ROT T 74y 7 RARHN A FEE T 5 72D 1R
W ODPDOREDDHY), TOHRTHEELDIIT—5 D
ANV —Tv b EWENEETH S, GPU (graphics processing
unit) (3G R 2 JH R & 100 R EEAE EE L2 AL
9 547 (Nakai and Tanaka, 2022), +4 7R #E %5 & H
T720DTUT T AOEEILT LIFESTldRw, %
7z, T O A O—ETIEEFE R OERER B ER R D
FEHP IS U 7ot 7 T & HOBOET LR 2 L%
WD, WEEETIEMITOICEGILEL TV T1) X LR
GPU 7 — % 7 7 F ¥ O R E R Mk & HET19Ko 51
LWEN D570, FHEOPHEINT 7 AW iR R0 S
FTI74 v IRTEHIAOY 7 v =T 94 7 5) NLE
Thb.

4 1L, Gabor k1175 7 4, Gerchberg-Saxton %X —
AP 27 AFNARRIEART 7T 7 4 THEHTTRE A FE
WHA—7 >V —AF A4 751) T 5 ParticleHolography.
jl (Nakai and Tanaka, 2025) % F%-iEH L T\ 5. 51k -
e - KR T2 &, B o BE I 7 U RREOY
A ZOWyNMRIED A Z BN R E LTEELTBY, 8l
HRRRZDOWBEDOA A= V7 KRS A R EE
i, B E OB R ETHIAN OIS H 2 AR L Tw
b, AFLETIE, ToOMEL, X7V —KiEEHVE
WMFELYAML—2 3 VERT.

2. ParticleHolography.jl Z i\ 7=Fka 2757 4 v 7
AT

ParticleHolography.jl (Nakai and Tanaka, 2025) (X, A ~
TA AR T T T AL DRAFEHO720 D Julia 5
HA =TV —=AF7A477)Th, LIRS &9 %
2 A AT BMEEY Y b7 Y 7R, HH Camera |
DOMARD I % H\W 5 Gabor v N7 v FIZxFIn LTV 5.
A7 T AW GEPSHENRICET LT -5 2155 FT
BRI, U, RLBE O KRR, AL
LTI LT gz BSRE & L CHR M3 5.

72, IS OB LA L, BB SR TR -
R BHICELRTRHIlO—#ED T — 7 7a—ak%
VINBA VI =T 2= ATEFTTHIELARETDH
5. —EROMHEIE GPU & H\W 72654k - @ LIRS
LTBY, sargr—Kdih) BRRE TR -FHit)s
WHECH B, £ 7T ADT I TY X LARLFEEOFMIC
OWTIHEFRLE SRS v,

RO T T 74y 7 RFERHIITIE, B8R o iE

Camera 2
‘
y !Q%E! [

Zo — Camera1

! Particle feeder

Laser .
y . = - -F
gz Sample volume 20

Half mirror

Fig. 1 Holographic particle measurement using phase retrieval
holography with two cameras.

VELDH % . ParticleHolography.jl Tld, FHAE AR D%
T O A E 2 e d A BB, PR LR £
2L L CHZH5ZEQWEETH D,

& CMERERHI B L ORE LSRR TH B, ZOHEFD
Fa—Z Ik oT, YNV ET— FR—=ZATEW
AN—T 9 NEREEEERTELONRY 7 b2 T7D
BT 5.

3. A7 V=Kl GtlTeE YA ML=y a v

VRS Y b7 v T THog L7z AT L —
JKI# & & ParticleHolography.jl & T, K% 2%
\ZHUS B LA, BRI O WAL &k ET o
AR ZATS . RUITRS N5 TRisk - Ik
WART T T AR B L7

B 212, SN2 TORIT T LD SEIHERE
SAiERT. EVIEE0pm &L, FE Y ilZowTE
TORXTY T AKEEn 2155,

C.

n, = V_A’]f (1)

ZIT, CUEE Y i ORERHMOBIE TR TH D,

Table 1 Recording conditions and reconstruction parameters.

Quantity Value
Image size 1024 x 1024 pixel?
Pixel size 10 pm
Volume slices 1000
Slice interval 100 pm
Volume dimensions 10.24 x 10.24 x 100 mm
Recorded wavelength 632.8 nm
Recording rate 4000 fps
Recorded frames 10916
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Fig.2 Time-averaged number density distribution of the record-
ing session.
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Fig. 3 Particle size frequency distribution obtained from the record-
ing session.
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E 512, RT OB e TH D 2 L 2RI Hl
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Fig. 4 Reconstructed droplet trajectories.
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Fig.5 Example of statistical analysis of trajectories: terminal fall
speed measurement. Heat map of mean settling velocity as
a function of particle size, compared with the prior study
(Beard, 1976).

BREETRT v ¥ 2 oMINCES 35, RENH
BEOARHRNEILT & A EASE T O AL E R &
LL5DTHY, REMNELEZEELIZETINVAR— ZADFF
LB BE L 2 S h. E5ICK512IE, BEFO
R LSO y SEREER 70 6, KA X & kR
EORIGETHIAL L7z — b~y 7T2RT. FERIRES
W78 (Beard, 1976) I2X A/85 A% ) ¥ =23 v ThH D,
REBETESN L=~y TO0MMERWVW— %R L
TWAHI EDbRb.

4. WS

KETIX, xurZ 774 v 7KTFEHIOMFLE L
USRI b B & L CTHI%E L 72 ParticleHolography.jl Dk
e, ZoRENRISHAZHN L. AV T7 b T
X, EBNZEHIITO#EHIZS A A, FHllFERH

-132 -



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.24503 Graduate Research Funding

TIVI) XALORFEREEEEZFMLY, HoHViFE
D X WFEEBRETT A58 1 2 VORIELICH WA
LRNRITH L. WK - Y - BRI T 7 SRR
Ko L FHI~ OS2 T 5.

S 30k

Beard K.V., Terminal velocity and shape of cloud and precipitation
drops aloft, Journal of the Atmospheric Sciences, 33 (1976) 851—
864. https://doi.org/10.1175/1520-0469(1976)033<0851: TVASOC
>2.0.CO;2

Gabor D., Microscopy by reconstructed wave-fronts, Proceedings of the
Royal Society of London. Series A. Mathematical and Physical
Sciences, 197 (1949) 454-487.
https://doi.org/10.1098/rspa.1949.0075

Henneberger J., Fugal J.P., Stetzer O., Lohmann U., HOLIMO II: a dig-
ital holographic instrument for ground-based in situ observations
of microphysical properties of mixed-phase clouds, Atmospheric
Measurement Techniques, 6 (2013) 2975-2987.
https://doi.org/10.5194/amt-6-2975-2013

ORI
196 - RA ¥ —Jg

1. Nakai D., Iwatani F., Tanaka Y., “Holographic Particle
Tracking Velocimetry as a Ready-to-Use API”, 21 Inter-

Liu G., Scott P.D., Phase retrieval and twin-image elimination for in-
line Fresnel holograms, Journal of the Optical Society of America
A, 4 (1987) 159. https://doi.org/10.1364/JOSAA.4.000159

Nakai D., Tanaka Y., In-line digital holographic reconstruction by using
GPU programming with python, Advanced Experimental Mechan-
ics, 7 (2022) 169-173. https://doi.org/10.11395/aem.7.0_169

Nakai D., Tanaka Y., ParticleHolography.jl: holographic particle mea-
surement in Julia, SoftwareX, 29 (2025) 102056.
https://doi.org/10.1016/j.s0ftx.2025.102056

Nayak A.R., Malkiel E., McFarland M.N., Twardowski M.S., Sullivan
J.M., A review of holography in the aquatic sciences: in situ char-
acterization of particles, plankton, and small scale biophysical
interactions, Frontiers in Marine Science, 7 (2021) 572147.
https://doi.org/10.3389/fmars.2020.572147

Tanaka Y., Nakai D., Particle size measurement using a phase retrieval
holography system with a GPU-equipped SBC, KONA Powder
and Particle Journal, 41 (2024) 221-228.
https://doi.org/10.14356/kona.2024002

Vikram C.S., Particle Field Holography, Cambridge University Press,
Cambridge, 1992, ISBN: 9780511524196.
https://doi.org/10.1017/CB0O9780511524196

national Symposium on Flow Visualization (Tokyo, Jun.
22-25,2025) ISFV21-1250.

2. IR R, et RER, HY RS, U OKGEBRFEE O]
L EREIZIT /2R 0 75 7 1 v 7k BEER
HAS G2 2025 F B R (Fukuoka, Nov. 4-8,
2025) B556.

—133 -


https://doi.org/10.1175/1520-0469%281976%29033%3C0851%3ATVASOC%3E2.0.CO%3B2

NS
@
g

o A TTT -
A T2 R EE

X
Mol

Hosokawa Powder Technology Foundation ANNUAL REPORT No.33(2025) 134-138 /https://doi.org/10.14356/hptf.24504

HPTF24504

H—RT-E7Y ¥ 71230 < BB ORI FLE%ET
—F VL= N EBAT LT AL 5B E LY
Ex T4 MR T OGRS WeAs R SEHil—

Pore Design for Environmental Catalysts Based on Single-Particle Modeling

. . . . . . Duhaul Bigal KAUTSAR
—Synthesis and Adsorption Characterization of Hierarchical Porous 4

Zeolite Particles via Template-Assisted Spray Process—

AU SE & Scholarship Student: Duhaul Biqal KAUTSAR
IR R REER BB TR BHEI 7R i RAR M 3 4F
Graduate School of Advanced Science and Engineering, Hiroshima University, PhD Student (D3)

E-mail: duhaulalkautsar@gmail.com

WiZE4535Y Academic Leader: 3K 2 Takashi OGI
#d5%, Professor
E-mail: ogit@hiroshima-u.ac.jp

W &k

PERER LS 2 B A ZILEE L 74 M (LT, BMEZILEES 7 4 M) OMILHREHE, BRI
2B B EEEARILEMONAEREZM LS Tk LGEHSNTWAS. LrL, 3784l x4l
~ 7 ufLOBAIE, 4T A b OREEERCHEMAEE 2 KT S, BBEEOI S REE 5] &R 2 3R
WHLH7zH, ZOL) 2B EOEHRITMKRE LTHREETH 5. AETIE, BT 7Y ¥ 7 L EBRY
MfLRert 2 M & LC, e aREMEOREZ HIEL T d., ARFTEIERNT 7u—Fe LTT7 7
V=2 HWIATL =70t 2B 2 GRENGZRRNICHRET L2, Py Z2ETVLame LT, 15
SNz EF T A MRA OWAERIEZ R L 72858, foBfbShzBLILEES 714 MFik, 7> 7Lb—+h
RAEHOBERR T L HRTEWRAERE LR L7, 2, BEOMILE Y b7 — 212X 2 EBE) ORI
WERS 5. R, ERiR2ES 74 PREEMEORREHES 2 R 5.

ABSTRACT

Pore design in hierarchical porous zeolite particles has attracted attention for improving adsorption rate of volatile organic
compounds in environmental applications. However, the synthesis of hierarchical porous zeolites remains challenging because
the introduction of micro-, meso-, and macropores often compromises zeolite crystallinity, weakens mechanical robustness,
and can lead to partial framework collapse or loss of structural integrity. The present study aims to develop high-performance
environmental catalysts through a dual approach combining single-particle modeling and experimental pore design. This arti-
cle reports the experimental component, in which the synthesis parameters of a template-assisted spray process were system-
atically investigated. The adsorption performance of the resulting zeolite particles was evaluated using toluene as a model
volatile organic compound. The optimized hierarchical porous zeolite particles exhibited a markedly higher adsorption rate

than aggregate zeolite particles. This enhancement is attributed to improved mass transport through the hierarchical pore
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network, which promotes faster access of toluene molecules to internal sites of the zeolite particles. The insights gained from

this study provide useful guidelines for the rational design of zeolite-based materials with improved adsorption efficiency.

1. Introduction

Volatile organic compounds are a major class of air pollutants
with significant adverse effects on environmental quality and
human health. Among various volatile organic compounds, tolu-
ene is one of the most commonly emitted aromatic hydrocarbons
from industrial processes such as painting, printing, and petro-
chemical manufacturing. As environmental regulations become
increasingly stringent, the development of efficient and practi-
cal technologies for toluene removal has become an important
research focus. One promising removal strategy is adsorption
with solid porous materials, which offers simple operation and
low energy consumption for adsorption-based toluene removal
(Cao et al., 2025).

The crystalline aluminosilicate framework of zeolites pro-
vides porous structures, high specific surface area, and remark-
able thermal and chemical stability, which have led to their
extensive application in catalysis, ion exchange, and adsorption.
In recent years, zeolite-based materials have received growing
attention for environmental applications, particularly in the ad-
sorption and removal of toluene. However, the strictly microp-
orous nature of conventional zeolites often limits their adsorption
rate, especially for relatively large volatile organic compound
molecules such as toluene. Diffusion resistance within the nar-
row micropores restricts mass transport to internal adsorption
sites, leading to inefficient utilization of the zeolite particle in-
terior. To overcome this limitation, hierarchical porous zeolites
incorporating micro-, meso-, and macropores have been pro-
posed as promising materials to enhance mass transfer and ad-
sorption performance (Kautsar et al., 2026).

Despite their advantages, the synthesis of hierarchical porous
zeolites remains challenging. The introduction of macropores
frequently compromises zeolite crystallinity and mechanical ro-
bustness, and in some cases leads to partial framework collapse
or loss of structural integrity. Therefore, developing synthesis
strategies that enable precise pore design while preserving the
intrinsic properties of zeolites is still an important research
challenge.

In this study, a template-assisted spray process was systemat-
ically investigated to design hierarchical porous zeolite particles
with preserved crystallinity and structural integrity. Spray-based
methods enable rapid and continuous particle formation, with
each droplet acting as a microreactor during drying. This process
allows precise control over particle morphology (Wintzheimer

et al., 2023). Moreover, the incorporation of removable tem-

plate materials into the spray solution provides a flexible route
for designing hierarchical pore structure (Cao and Ogi, 2025;
Septiani and Ogi, 2024). The adsorption performance of the re-
sulting hierarchical porous zeolites was evaluated using toluene
as a model volatile organic compound. This study aims to clar-
ify the role of macropores in enhancing adsorption kinetics and
to provide practical insights for the rational design of hierarchi-
cal porous zeolite-based materials for efficient volatile organic

compound removal.

2. Materials and methods

Hierarchical porous zeolite particles were synthesized using
an aerosol-based spray process combined with poly(methyl
methacrylate) (PMMA) particles as a polymer (sacrificial) tem-
plate. PMMA particles with a size of 350 nm were used, with
deionized water as the dispersion medium. The precursor sus-
pension was prepared by mixing 0.25 wt% zeolite nanoparticles
with PMMA templates at a PMMA/zeolite mass ratio of 1-3
under magnetic stirring, followed by sonication to obtain a ho-
mogeneous mixture. The precursor was atomized using an ul-
trasonic nebulizer and carried by N2 gas through a multi-zone
furnace (Fig. 1(a)). The obtained particles were collected and
subsequently heated at various temperatures from 500-900°C
for 1 h to remove the PMMA templates (Fig. 1(b)). Toluene
adsorption on hierarchical porous zeolites was evaluated by a
fixed-bed system (Fig. 1(c)). A 50 mg sample was pretreated at
673 K for 30 min in 21.0 vol% O,/Ar, followed by adsorption
at 353 K using 2000 ppm toluene in Ar at 70 mL/min. The out-
let toluene concentration was monitored by a flame ionization
detector. For comparison, aggregate zeolite particles synthe-
sized without the PMMA template under identical spray condi-

tions were evaluated.

3. Results and discussion

Fig. 2 shows SEM images of hierarchical porous zeolite par-
ticles prepared at a PMMA/zeolite ratio of 1 after template re-
moval at temperatures ranging from 500 to 900°C (1HZ500—
1HZ900), together with aggregate zeolite particles prepared
without the PMMA template (AZ500—AZ900). The aggregate
zeolite particles exhibit compact morphologies composed of
closely packed zeolite nanoparticles, with no apparent spherical
macroporous structures (Fig. 2(al)). In contrast, hierarchical

porous zeolite particles treated at 500°C clearly display well-
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Fig.1 Schematic images of (a) particle synthesis using a verti-
cal spray furnace, (b) annealing treatment, and (c) toluene
adsorption/desorption performance measurement.

defined macropores originating from the removal of PMMA tem-
plates (Fig. 2(a2)). The surrounding pore walls consist of closely
packed zeolite nanoparticles, forming the particle framework.
The macropores are uniformly distributed within the particles,
confirming that PMMA decomposition is effectively completed
at this temperature.

Upon increasing the heat-treatment temperature to 700°C,
both aggregate (Fig. 2(b1)) and hierarchical porous (Fig. 2(b2))
zeolite particles maintain their structures. Under this condition,
the rough surface of aggregate structure formed by the assem-
bled zeolite nanoparticles remains clearly visible. The macrop-
ores remain clearly visible and are surrounded by a framework
constructed from nanostructured zeolite particles. This observa-
tion indicates that the nanostructured zeolites retain their struc-
tural integrity and remain thermally stable at 700°C.

At a higher treatment temperature of 900°C, significant mor-
phological changes are observed. For the aggregate particles, the
originally rough surface formed by assembled zeolite nanoparti-
cles becomes smoother due to pronounced sintering (Fig. 2(c1)).
In the hierarchical porous particles, the macropores become less
discernible at 900°C (Fig. 2(c2)). The rough nanostructured
framework becomes progressively smoother as densification
proceeds through sintering of the nanoparticles. The coalescence
of nanoparticles leads to pore shrinkage, resulting in a more
compact structure. These observations suggest that template
removal at 500°C is sufficient to generate macropores while
maintaining structural integrity.

The crystallinity of the aggregate and hierarchical porous ze-

(a1) Azs00 (a2) 1Hz500

0.5 um 0.5 um
(b1) Az700 (b2) 1Hz700

0.5 um 0.5 um
(c1) Az900 (c2) 1HZ900

0.5 um 0.5 um

Fig. 2 SEM images of (1) aggregate (al, b1, c¢1) and (2) porous
(a2, b2, c2) zeolite particles prepared at a PMMA/zeolite
ratio of 1 after template removal at annealing temperatures
of (a) 500, (b) 700, and (c) 900°C.
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Fig.3 XRD patterns of aggregate and porous zeolite particles pre-
pared at a PMMA/zeolite ratio of 1 after template removal
at annealing temperatures of 500-900°C.

olite particles after heat treatment at different temperatures were
analyzed by X-ray diffraction (XRD) (Fig. 3). At 500°C, the
XRD patterns of both aggregate (AZ500) and hierarchical po-
rous particles (1HZ500) display sharp and well-defined diffrac-
tion peaks, confirming successful template removal without
structural degradation. No additional impurity peaks are detect-
ed, suggesting that the polymer template is completely removed
and does not affect the zeolite framework. The comparable peak

positions between the two samples indicate that the introduc-

—136—



Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.24504 Graduate Research Funding

tion of the PMMA template does not alter the intrinsic crystal
structure of the zeolite.

Upon increasing the heat-treatment temperature to 700°C,
the diffraction peaks remain clearly observable with similar po-
sitions and intensities, demonstrating that the zeolite framework
maintains its high crystallinity at this temperature. These results
are consistent with the SEM observations, where the nanostruc-
tured morphology of aggregate (AZ700) and porous zeolite par-
ticles (1HZ700) are still preserved at 700°C. However, at 900°C,
drastic changes are observed in the XRD patterns. Several char-
acteristic sharp diffraction peaks of zeolite nanostructures sig-
nificantly weaken, broaden, or completely disappear, indicating
severe deterioration of the crystalline structure in both aggre-
gate (AZ900) and hierarchical porous particles (1HZ900). The
pronounced peak broadening reflects a reduction in crystallite
coherence length, while the disappearance of several high-
intensity reflections indicates a substantial loss of long-range
crystallographic order. Furthermore, the diffraction pattern ex-
hibits a more diffuse background, suggesting a transition from
a highly crystalline structure toward an amorphous state. Such
changes are typically associated with extensive sintering, lattice
distortion, and possible particle dealumination at elevated tem-
peratures. These results highlight the importance of controlled
thermal treatment in the design of hierarchical porous zeolite
particles.

Following the determination of the optimal annealing tem-
perature (500°C), the effect of the PMMA/zeolite ratio on the
morphology and structural integrity of the porous zeolite parti-
cles was subsequently investigated (Fig. 4). Prior to annealing,
distinct spherical domains corresponding to the remaining PMMA
template are clearly observed, surrounded by closely packed
zeolite nanoparticles (Fig. 4(al—c1)). The contrast between the
polymer spheres and the inorganic nanoparticles confirms the
successful incorporation of PMMA within the composite struc-
ture. As the PMMA/zeolite ratio increases from 1 to 3, the poly-
mer particles become more prominent, indicating a higher tem-
plate content embedded within the zeolite nanoparticle matrix.
This behavior can be attributed to the increased number of PMMA
spheres while the amount of zeolite nanoparticles remains con-
stant. Consequently, fewer zeolite nanoparticles are available
to surround each PMMA particle.

After annealing at 500°C, the PMMA template is completely
removed, resulting in the formation of porous zeolite particles
(Fig. 4(a2—c2)). For the samples prepared with PMMA/zeolite
ratios of 1 and 2, the overall spherical morphology and struc-
tural integrity are well preserved. However, when the PMMA/
zeolite ratio is increased to 3, partial structural collapse and frag-
mentation are observed (Fig. 4(c2)). This structural deteriora-

tion is linked to the excessive PMMA template content, which

(a1) 1Hzs500pP (a2) 1Hz500

0.5 um O.ﬁm
(b1) 2Hz500P (b2) 2Hz500

0.5 um O.Em
(c1) 3Hz500P (c2) 3Hz500

0.5 um 0.5 um

Fig. 4 SEM images of porous zeolite particles (1) before (al, b1,
cl) and (2) after (a2, b2, c2) template removal at annealing
temperatures of 500°C prepared at the PMMA/zeolite ratios
of (a) 1, (b) 2, and (¢) 3.

significantly reduces the number of zeolite nanoparticles to
surround each PMMA particle (Kautsar et al., 2025). As a re-
sult, the inorganic framework formed by the zeolite nanoparti-
cles becomes mechanically weak, making the structure unable
to withstand the stress during template decomposition.

The adsorption kinetics toward toluene were evaluated to in-
vestigate the influence of hierarchical porous structure on mass
transfer behavior (Fig. 5). An enhanced adsorption rate was
observed for the hierarchical samples compared to aggregate
particles (Fig. 5(a)). This result can be attributed to the presence
of additional macroporous structures, which facilitate faster
mass transfer of toluene molecules toward the zeolite nanostruc-
tured particles. In contrast, AZ500, which mainly consists of an
aggregated structure, exhibits the slowest adsorption rate due to
diffusion limitations within the densely packed structure. Among
the hierarchical samples, 2HZ500 demonstrates the highest ad-
sorption rate, indicating an optimal balance between pore acces-
sibility and structural integrity. The well-defined hierarchical
porous structure provides efficient transport pathways, minimiz-
ing mass transfer resistance and enabling rapid access to active
adsorption sites. Although 3HZ500 contains a higher template
content, its adsorption rate is slightly lower than that of 2HZ500
due to the partial structural collapse, which reduces pore con-
nectivity and hinders mass transfer.

A similar trend is observed in the toluene concentration pro-
files presented in Fig. 5(b). The faster adsorption rate of 2HZ500

corresponds to a more rapid decrease in toluene concentration
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Fig. 5 (a) Time-dependent toluene adsorption rate and (b) corre-
sponding toluene concentration profiles during adsorption
over aggregated and hierarchical porous zeolite particles pre-
pared at different PMMA/zeolite mass ratios.

over time, whereas AZ500 exhibits the slowest concentration
decay. The intermediate behavior of 1HZ500 and 3HZ500 fur-
ther supports the observed kinetic order, confirming that the ad-
sorption performance is strongly governed by pore accessibility
and diffusion efficiency within the hierarchical structure. These
results highlight the critical role of achieving an optimal bal-
ance between structural stability and hierarchical pore develop-

ment to maximize toluene adsorption efficiency.

4. Conclusions

Hierarchical porous zeolite particles were successfully syn-
thesized via a template-assisted spray process using PMMA
particles as a sacrificial template. The optimal annealing tem-
perature was determined to be 500°C, at which complete tem-
plate removal was achieved while preserving the crystalline
framework and structural integrity of the particles. The PMMA/

zeolite ratio was found to play a crucial role in controlling the
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pore architecture and structural stability.

Samples prepared at ratios of 1 and 2 retained a well-defined
spherical morphology after template removal, whereas exces-
sive template content (ratio 3) led to partial structural collapse
because of insufficient interparticle connectivity. Toluene adsorp-
tion measurements demonstrated that hierarchical structuring
significantly improved adsorption kinetics. Among the samples,
2HZ500 exhibited the highest adsorption rate, attributed to an
optimal balance between hierarchical pore development and
structural integrity, which facilitated efficient mass transfer.
These findings underscore the importance of a rational design
strategy for optimizing hierarchical pore structures enhancing

material performance in environmental applications.
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ABSTRACT

This study proposes a simple gas-phase coating technique for synthesizing core—shell particles with metallic cores via a one-
step aerosol process based on the control of gas—liquid—solid interfaces. By adjusting the precursor concentration and hydrogen
gas flow rate, the particle morphology, size, and crystal structure could be precisely tuned. During synthesis, the balance
among the formation and reduction behaviors of Fe, FeO, and SiO, phases was optimized to achieve the formation of a stable
silica shell. As the precursor concentration increased, the core size increased while the SiO, shell became thinner, in good
agreement with the predicted trend. Powder X-ray diffraction analysis revealed that a sufficient hydrogen supply is essential
to suppress the formation of oxide impurities and to achieve complete reduction to metallic iron. The obtained core—shell
particles exhibited a uniform spherical morphology and well-defined core—shell structures, demonstrating the effectiveness

of interface control in gas-phase synthesis.

. performance soft magnetic materials that offer both high satu-
1. Introduction . S .
ration magnetization and low energy loss, particularly for com-

The advancement of modern electronics requires high- ponents like inductors and transformers (He et al., 2023; Septiani
—139—
Copyright © 2026 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/).


https://www.kona.or.jp/

Hosokawa Powder Technology Foundation ANNUAL REPORT /https://doi.org/10.14356/hptf.24505 Graduate Research Funding

& Ogi, 2024). While pure iron (Fe) is an ideal magnetic mate-
rial, its practical use is hindered by two major drawbacks: its
tendency to oxidize and significant energy losses from eddy cur-
rents at high frequencies. A highly effective strategy to overcome
these limitations is to create core-shell particles (Fe@SiO,),
where a conductive iron core is encapsulated by an insulating
silica (SiO,) shell. This structure simultaneously protects the
iron from oxidation and prevents interparticle eddy currents,
thereby boosting efficiency. Furthermore, a spherical particle
shape is advantageous as it promotes optimal packing density in
the final component (Ratnasari et al., 2023; Septiani et al., 2021).
However, synthesizing high-quality Fe@SiO, particles with a
pure iron core is challenging. Common multi-step methods are
often complex and time consuming, while simpler one-step
aerosol routes have struggled to prevent the formation of un-
wanted iron oxides instead of pure Fe. Addressing this chal-
lenge, our group recently developed a novel one-step aerosol
process that successfully produces uniform, spherical core—shell
particles with excellent magnetic properties (Ratnasari et al.,
2024). Therefore, developing a simple and reliable gas-phase
synthesis method that allows precise control of both the core and
shell formation is essential. In addition, because the efficiency
of an inductor is highly sensitive to its core material’s particle
size and packing density, this study aims to bridge that gap. We
focus on establishing a one-step aerosol process based on the
control of gas—liquid—solid interfaces during particle formation.
By carefully adjusting the precursor concentration and the mo-
lar ratio of hydrogen to the metal precursor, the reduction and
coating reactions can be tuned simultaneously. This approach
enables a uniform coating of SiO, on Fe particles during the
in-flight reaction, resulting in well-defined spherical Fe@SiO,
core—shell particles. The effects of process parameters on parti-
cle morphology, size, shell thickness, and phase composition
were systematically investigated to clarify the role of interface

control in gas-phase coating synthesis.

2. Materials and methods

Fe@SiO, particles were prepared via a one-step spray pyrol-
ysis technique utilizing an apparatus equipped with a preheater,
swirler connector, and main heater (illustrated in Fig. 1). The
primary precursor was an iron nitrate (Fe(NO,),-9H,0, Fujifilm
Wako) solution with a concentration (C,) of 0.2-0.6 mol/L, dis-
solved in a 30 vol% ethanol/ultra-pure water solvent. An ultra-
sonic nebulizer (Omron NE-U780) atomized this solution at a
steady 0.3 mL/min rate into fine droplets. These droplets were
carried into the 700°C preheater (7' D) by a 4 L/min carrier gas
flow (O, 5% H,/Ar), forming intermediate products. In the
swirler connector, these intermediates were exposed to a vapor
of hexamethyldisiloxane (HMDSO, Sigma-Aldrich), which
served as the silica source. The vapor was generated from a 2°C
bubbler (7)) with a 10 mL/min transport gas flow (O, 5% H,/
Ar). The reaction was completed in the 1400°C main heater (7 ),
where an additional 5 L/min of carrier gas (Q,, 5% H,/Ar) was
introduced to optimize mixing. The final product was then col-
lected on a bag filter operating at 250°C (7).

3. Results and discussion

The morphology of the Fe@SiO, particles was characterized
using scanning electron microscopy (SEM), with representative
images displayed in Fig. 2(a—e). The images revealed that the
spray pyrolysis method consistently produced particles with a
highly spherical shape, smooth surfaces, and a narrow, unimod-
al size distribution. A direct correlation was observed between
the initial precursor concentration (C)) and the final particle di-
mensions. Specifically, the geometric mean diameter (Dp) in-
creased steadily from 475 nm to 710 nm as C, was increased
from 0.2 to 0.6 mol/L. This behavior was expected, as a higher
solute content within each precursor droplet naturally yields a
larger solid particle upon solvent evaporation and heating. More-

over, Fig. 2(f) shows the comparison between the theoretical

Swirler connector

Q.
4 L/min T, 700°C T,, 1400°C
E 14 R T A .
Fe(NO,);-9H,0 Preheater Main heater Fe@SiO,
droplet r particles
1 —
HMDSO
5% I-Qla /Ar gas (SiO, source)
(J .
5 L/min - Bubbler 10 mL/min
T, 2°C

Fig. 1 Experimental setup for synthesizing Fe@SiO, particles.
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(a) 0.2 mol/L (b) 0.3 mol/L
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(c) 0.4 mol/L (d) 0.5 mol/L
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(e) 0.6 mol/L E800 () .
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:‘E’ 200 line
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Fig. 2 Morphology of Fe@SiO, particles through SEM image at
different C: (a) 0.2, (b) 0.3, (¢) 0.4, (d) 0.5, and (e) 0.6 mol/L.
(f) Correlation between Dp and C..

(a) 0.2 mol/L (b) 0.4 mol/L

e
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Fig. 3 Morphology of Fe@SiO, particles through TEM image at
different C: (a) 0.2, (b) 0.4, and (¢) 0.6 mol/L. (d) Correlation
between ¢_and C,.

and experimental values of D . The experimental values differ
slightly from the theoretical average because the latter was esti-
mated based on the one-droplet-one-particle (ODOP) assump-
tion combined with the calculated shell thickness. Although a

small deviation exists, the experimental data follow the same

Precursor concentration (C,)

0.6 mol/L
b —— 0.5 mol/L
=— (0.4 mol/L
m—— (0.3 mol/L
0.2 mol/L
—_ vy v T d.37 nm
E
& v v v \d. 57 nm
>
'g A |77 nm
£ | 1 }d. 51 nm
d, 47 nm|
| | vFeO

I . i +Fe

T T T T

T T T
20 30 40 50 60 70 80 90
260 [degree]

Fig. 4 XRD analysis of Fe@SiO, particles synthesized as a func-
tion of precursor concentration.

general trend as the theoretical prediction and remain well with-
in the expected range.

Moreover, transmission electron microscopy (TEM) images,
as shown in Fig. 3 (a—c), revealed that all synthesized particles
possess a well-defined core—shell structure. The thickness of the
silica shell was found to be inversely proportional to the pre-
cursor concentration (C) used to form the iron core. While the
amount of the SiO, precursor was held constant, increasing C,
from 0.2 to 0.6 mol/L resulted in the average shell thickness (z)
decreasing from 29 nm to 13 nm. This occurs because the larger
core particles produced at higher C, present a greater total sur-
face area, which is then coated by the same amount of silica
(Nandiyanto et al., 2013). Fig. 3(d) presented the theoretical line
and experimental () values, confirming the validity of the pro-
posed model. The theoretical silica shell thickness was calcu-
lated during the synthesis process using the Antoine equation
to describe the vapor behavior of HMDSO. This estimation
assumes that all HMDSO vapor is fully converted to SiO, and
evenly deposited on the surface of the core particles, resulting
in the formation of a uniform silica shell.

Fig. 4 shows the X-ray diffraction (XRD) patterns of parti-
cles synthesized over a precursor concentration (C,) range of
0.2 to 0.6 mol/L. At lower concentrations (0.2—0.4 mol/L), the
patterns exclusively match the reference pattern for body-
centered cubic (bee) Fe (PDF No. 06-0696), with characteristic
peaks at 44.6°, 65.0°, and 82.3°. This confirms the successful
synthesis of pure iron particles without oxidation. In contrast,
at higher concentrations (0.5—0.6 mol/L), the emergence of ad-
ditional peaks at 37.0°,43.2°, and 62.7° indicates an iron oxide
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Fig. 5 Correlation of precursor concentration with final Fe con-

centration and the H,-to-precursor mol ratio.

(FeO) phase (COD No. 1011166). The crystallite size was also
dependent on C,. It increased from 47 nm (at 0.2 mol/L) to a
maximum of 77 nm (at 0.4 mol/L) before decreasing to 37 nm
(at 0.6 mol/L) as the degree of iron reduction diminished.

The influence of precursor concentration (C,) on the degree of
iron reduction was investigated, with the key correlations plot-
ted in Fig. 5. An analysis based on the Rietveld method showed
that the final Fe content was highly dependent on C,. For concen-
trations up to 0.4 mol/L, complete reduction was achieved, yield-
ing a stable 100 wt.% Fe content. Beyond this point, increasing
C, to 0.6 mol/L caused the Fe content to drop to 88 wt.%, indi-
cating FeO formation. This behavior is directly attributable to
the changing molar ratio between the hydrogen reductant and
the precursor. As the concentration of the precursor in the feed
was increased from 0.2 to 0.6 mol/L, the calculated mol ratio of
available H, to the precursor decreased sharply from 443 to 147.
The results clearly demonstrate that a critical threshold of H, is
required for the complete reduction of the metal salt in this
system. If the concentration of the precursor becomes too high
relative to the constant hydrogen supply, the reduction process

is incomplete.

HBRFRL
s

1. Ratnasari D., Septiani E.L., Nandiyanto A.B.D., Cao

4. Conclusion

This study successfully demonstrates a direct, spray pyroly-
sis method assisted by a swirler connector for synthesizing
Fe@SiO, core-shell particles via a one-step aerosol process.
By varying the precursor concentration (C,) between 0.2 and
0.6 mol/L, we produced spherical core—shell particles with
controlled diameters ranging from 475 to 710 nm. Our results
underscore the critical importance of the H,-to-precursor mol
ratio. Maintaining an adequate hydrogen supply relative to the
precursor is essential for achieving complete iron reduction

and forming a well-defined core—shell morphology.
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Best Poster Award H¥%5- 37 (G2 2).

T/, REFECIREASEEOHEL KERFOTH-
72, 26 DRFE-HEBAR =L LTEHE L, I F 3
VI RBEIR T — A % il U C IS AR H R
AHFTbIT. TNEORY AL, SATHITE & S
PO CHERHROY ), SEEROTFEITK
ECHBRL.

K [ @ The 11th International Conference on Discrete
Element Methods (DEM11) 1%, Chuan-Yu (Charley) Wu #3%
iR & LT, FEE University of Surrey | TR S 115
Z &l o7z, DEMIO TiE7 — & BRENRIE 7)) & 7 5%
e EtAEFHEE LTCRERFHZED N, REISHET
TOIEMT, SHIZED L) RHEPHFMSETNS
OPIENETE L. RGBS EOIFEE S|
S X EIRM AR A RS20, R E TR
L7zWigeiEd 2 fkie L, 85 L TV 2P HEETH .

3. BROBE

DEMI0 {&, Discrete Element Method (BEERZE#P:) 12
B9 2 MmO LR B L OBl Eh i 2 FE RSy 123k
B -BETLHIELERHNE L, MEATLEEERODL &,
HARTHIO CEIE Sz 29 OFE - HilhiAh 5 326 %055
mu, WNSINEDH 65% & iz L, DT
ERS B n ik ooz, 2IE TO DEM EFE S
DEMBBRR 250 L HETH 722 L2 BT R 5 &,
AZE TS E D S LD DEM EMEHEV, T
ELEBRREEETLHIENTELLEVZ D,

SHHL, International Scientific Committee 73884512 X
0B ST 9 BOFEHE 2 X B Plenary Lecture %13
O, HEEEE, IV RITL, RKAY—kyar
247, DEM ORG-S ERICHIZE S T TlE
JRWIFFERCR AN FE T S 7. RIS, B 205 L 7-
T YRR E T T L i e iseEliie atE H
B, T2, RELIAETUVFareIF—RERY
MW UC, EERE DRI CHEE S N

S 512, DEMI0 DB #%IZF i S 4172 8th International
Conference on the Characterization and Control of Interfaces for
High Quality Advanced Materials (ICCCI2025) {28\ Tid,
L E 72 ) Advanced Modeling & Simulation 2 v
v a v & L, DEMIO IZSHNL 72 EBAY 235 4 7 B
IEH L OB BER L7z, T2k, HERD
DEM W78 OERRK 7L X v A FICET 5 HExR%
LAAT DNz, 4%, DEMIO &L LT, AT
FHFICBT LTIV INY A YRR I ab—va Yy
BB 5 2 15 B L OCEBGEEEDS, S 5 IR HES
NTW ZEPHIRFEENS.

422, DEMI0 OFfEICH 720 K% b T33E % B -
728V N TR LR N SR EHOBEZ R T 5.
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