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G ERA BT THTICHELEL, L DEEIIBVWTERH L WIEERKHGEEL2oTB) 1. EEX
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DEFTOT, FRGOITR, JHELZ LS LIBEVEL RETEY.



EXAR

BRNS TRY AN DM T SIREE DR
A Hosokawa Powder Technology Foundation ANNUAL REPORT Vg@aY

1. BERABTERRIRAOBE

1-1 EXATOHE

U EIIHETEORMZ B E LT 6 OB - BEFHHEL 2HOBATEFHELE/ML THH X

§. FHENFEOBEII T M) T

1-1-1 Bhpk - REEZE
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1-2 ERAOBE
1-2-1 BhRk - BESEHEDOERIKR

WA FE LR O E R BB FEE O EEIRTII LT O Y) T, 4B, S 2EEOHFEEIZOV
TiX, oo F 7 AV REEPPORE L T Wik EZ B E 2, 2ol Rolbasr o< B
EiishFL+ATL .

(BBCHAE - T-F)

TRZRBIR KONA B B EMEIRR D URY Y LERMEIER

FE | B ® R Jruy=3 ® R ey =2 # R =3 ® R

S | A | BhAREER | R | B | BhEEREE | B | B | BIRRERR | HFE | E | BB
HO4 | 69 20 26,000 1 1 1,000 10 6 1,800 6 3 7,000
HO5 | 86 31 20,400 8 1 1,000 8 6 1,800 3 3 6,500
HO6 | 70 25 13,800 3 1 1,000 10 5 1,500 5 3 5,000
HO7 | 88 27 15,280 5 1 1,000 11 5 1,500 1 1 200
Ho8 84 27 15,000 3 1 1,000 8 5 1,500 (AFEET)
HO9 | 57 29 18,000 5 2 2,000 8 5 1,500 0 0 0
H10 | 66 25 17,800 5 2 2,000 7 3 900 0 0 0
H11 | 64 21 18,000 4 2 2,000 9 4 1,200 4 2 1,500
H12 | 79 23 17,900 4 2 2,000 11 5 1,500 2 2 1,500
H13 | 61 31 18,900 10 1 1,000 12 5 1,500 1 1 1,000
H14 | 68 24 18,300 3 1 1,000 7 4 1,200 4 2 2,000
H15 | 76 24 18,200 7 1 1,000 6 4 1,200 1 1 1,000
H16 | 101 25 17,200 5 2 2,000 10 3 900 2 2 1,000
H17 | 120 24 23,000 5 1 1,000 (RFEET) 5 2 2,000
H18 | 112 23 23,800 4 1 1,000 (A%EE9) 2 2 1,500
H19 | 137 23 21,900 1 1 1,000 (A%EET) 5 2 1,500
H20 | 128 18 13,500 3 1 1,000 (AZEET) 4 3 1,000
H21 N OB 7
H22 A
H23 | 117 [ 17 13,000 2 1 1,000 KHEAET 6 | 3 | 1400
H24 | 79 14 8,600 5 1 1,000 NEET NEEET
H25 | 119 30 23,000 3 1 1,000 KEET 0 0 0
H26 | 126 23 19,400 6 1 1,000 RN 1 1 1,000
H27 | 150 22 16,700 5 1 1,000 RNEERT 1 0 0
H28 | 195 23 13,800 6 1 1,000 NHEET 4 1 300
H29 | 193 21 14,600 6 1 1,000 NG 5 1 600
H30 | 132 18 14,000 6 1 1,000 NEET 3 1 1,000
RO1 | 119 10 7,200 4 1 1,000 NEET 1 0 0
RO2 | 102 12 10,000 4 1 1,000 NEET 2 1 1,000
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(B A7 - 1)

vo gz 2 ry 4=4m A =
Eﬂn%‘ﬁ*}f@?&;‘? HﬂH)i%%:ﬂ&ﬁfR o AT & #""EJr =
EFE | BB * e o o | OF *
S8 | B | BIRREEE | R | B | BiEREER | R e 1“2 248 8 | 8 | Bk e
Ho4 8 5 1,000 1 1 10,000 95 36 46,800
HO5 | 15 5 1,000 2 2 10,065 122 48 40,765
HO6 | 19 6 1,200 1 1 8,000 108 41 30,500
HO7 | 19 7 1,400 0 0 0 124 41 19,380
HO8 | 20 7 1,400 (AZEET) 115 40 18,900
HO9 | 16 6 1,200 (AZEET) 86 42 22,700
H10 | 16 9 1,800 (AZEET) 94 39 22,500
H11 | 22 6 1,200 (A 103 35 23,900
H12 | 26 7 1,400 (RFEET) 7 3,900 129 46 28,200
H13 | 19 8 1,600 (55ET) 7 3,000 110 53 27,000
H14 | 19 8 1,600 (55ET) 4 4,000 105 43 28,100
H15 | 16 9 1,800 BV H ISR E 4 4,100 110 43 27,300
H16 | 27 7 1,400 G 5E PRI 5 3,100 150 44 25,600
H17 | 26 11 3,300 5| 8 | B 6 3,800 3 15,000 | 165 47 48,100
H18 | 16 11 3,300 9 3 1,500 3 3,000 2 10,000 | 148 45 44,100
H19 | 22 10 3,000 11 3 1,500 3 3,000 1 5,000 | 180 43 36,900
H20 | 19 10 3,000 8 2 1,000 2 1,100 0 0 164 36 20,600
H21 N 0 0 0
H22 N N 0 0 0
H23 [N 125 21 15,400
H24 N 4 T 84 15 9,600
H25 12 9 2,700 [N 134 40 26,700
H26 | 28 9 2,700 NOHE & 7 161 34 24,100
H27 | 30 10 3,000 NOE 4T 186 33 20,700
H28 | 36 10 3,000 NOE T 241 35 18,100
H29 | 35 11 3,300 N O+ T 239 34 19,500
H30 | 25 10 3,000 NN S 166 30 19,000
RO1 22 9 2,700 AR 146 20 10,900
RO2 | 20 10 3,000 AN ) 128 24 15,000
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O KONAE KONAAward

KONA E %, 1990 4ELLK, ki Lo 58 THIZER S % & ICHBF ISR E CEB L 72 s
WHFEONTWE 0T, BWEAV I 7 I 70 RASHIEE L TWwE L7225, 1992 45
SUMEHAT VTV ES. TEHEME X, KONAEFEERBIZL > THEESNK, EERESA
DHERE %521 C, RFMICHFESTEREINT T

The KONA Award has been presented to the researchers who have greatly contributed to the research and
development as well as education in the field of Powder and Particle Science and Technology annually since
1990. It was initiated by Hosokawa Micron Corporation and taken over by Hosokawa Powder Technology
Foundation since 1992.

The award candidates are reviewed by the KONA Award Committee members and the results are reported
to the Selection Committee of the Foundation, which nominates the awardee. It needs to be finally approved

at the Board of Directors’ meeting of the Foundation.

M S e

KONA BEREZE
2021.03
SH | ZEAE KONA E =4 g
No. | THJ& K4 G 1E) ]
1 1990 |Charles S. Campbell University of Southern
California
2 1992 |WbH A— IR SRR DOTEIE, Bt & OIHRIIZ B9 A W58
3 1993 | IR PR NSNS BRI 7 0 VR O Y & 2 ORI IEIC BT S
iR i
4 1994 VLR it EPRF L7 UV OIS RIS
5 1995 |#E & KBRF ALK kiR A Mo e & L BB AR RS 7 0w A OB
6 1996 |¥  EH— FJUH T3R5 ] SR AR AL B O RAR ) 2212 B 2 WS
7 1997 |JIIE M B e SRR R BEREMER T O FH T ORESE L 7D RE
8 1997 |1 @ PN TR B3 A W58
9 1998 |H§M  HLF HUHB RS RAR 7 & ONC = 7 1 VR T OBk & 25812 BE S A RS
10 | 1998 |fi% % IS LN TR T4 O BRI & R E 2 B 2 W A LA AT
1 | 1999 |it # KBK RS X CFESA RO T 32— a vy
12 | 1999 | &3P RN N7 0 VR D2 B & 4 EE BT B SR
13 | 2000 |f&E FBI B[R B EPNES TRL TR M ORI - (LRI 7 02 2 OBI%
14 | 2000 |#E BHA HL RS T EN T 7 AEER RO BRI ES & Fih RO B 5
15 | 2001 |iLiA BEJ AT AR OB ERHROLBENHRH & Z 0I5 H
16 | 2002 |#EE 1IL#H iy SN TEENE T O AR, JTE T o ZERE YRR & i
[EI2F VN
17 | 2003 |H#E A TR AR5 B O M & FHMHIAR 12 B 5 5 W5t
18 | 2004 |Hw EB FEA RS WEY I 2L —va YIEORSEE Z DI
19 | 2004 |[fEH 15 HL RS wERTaty v 7K AR ORI
20 | 2005 |fE#R FiS 2R BER A TRENRE S X B BESE Sh ok - 55 O B REAL I BE 3 B IR H
21 | 2006 |BLLEAR INYNES L7 1) DFERER LG T T & X kg
22 | 2007 |7EREE SCE LR AN I A MY — OIS THS IS 505
23 | 2008 |mifE % PSR YNE= T 3 v 7 ARREIE O IEBERHIE & AR J B
24 | 2011 |HEAR H= ERBMRERSE RIS 2IEC LT 3y 7 A0S 7 0 b 2R 0 L0568
%
25 | 2012 |PAPNEEC B e SRR R 2 REFRE T % Blg & 9 258 LRSS AN B 5 5 FE
26 | 2013 |H  FfE W - BRI ZEARES | o R 7 O 2 2 OB RIS X 2 S Uk pE ) AR o Al s
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27 | 2014 | k& A RN IT7 74NV e L7 Vo5t - BRECET S
WFoe
28 | 2015 |H¥F kR EwLPRIEA PR T2 2R & L 72 3G IR EER I B O W e Bl 58
29 | 2016 | X FLRA R KB IR D FEH
30 2017 |Sotiris E. Pratsinis Swiss Federal Institute | Pioneer research on particle formation, agglomerate dynamics and,
of Technology Zurich |in particular, for placing flame aerosol technology on a firm
(ETH Zurich) scientific basis 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 45 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
Florida performance
List of KONA Awardees
2021.03.
No. Year Awardee Affiliation
1 1990 Charles S. Campbell Univ. of Southern California
2 1992 Hisakazu Sunada Meijo Univ.
3 1993 Yasuo Kousaka The Univ. of Osaka Prefecture
4 1994 Hitoshi Emi Kanazawa Univ.
5 1995 Kei Miyanami The Univ. of Osaka Prefecture
6 1996 Shin-ichi Yuu Kyushu Institute of Technology
7 1997 Yoshiaki Kawashima Gifu College of Pharmacy
8 1997 Isao Sekiguchi Chuo Univ.
9 1998 Hiroaki Masuda Kyoto Univ.
10 1998 Mamoru Senna Keio Univ.
11 1999 Yutaka Tsuji Osaka Univ.
12 1999 Chikao Kanaoka Kanazawa Univ.
13 2000 Kunio Shinohara Hokkaido Univ.
14 2000 Akihisa Inoue Tohoku Univ.
15 2001 Hideo Yamamoto Soka Univ.
16 2002 Masayuki Horio Tokyo Uni. of Agriculture & Technology
17 2003 Ko Higashitani Kyoto Univ.
18 2004 Jusuke Hidaka Doshisha Univ.
19 2004 Shuji Hanada Tohoku Univ.
20 2005 Yoshinobu Fukumori Kobe Gakuin Univ.
21 2006 Kikuo Okuyama Hiroshima Univ.
22 2007 Fumio Saito Tohoku Univ.
23 2008 Minoru Takahashi Nagoya Institute of Technology
24 2011 Keizo Uematsu Nagaoka Univ. of Technology
25 2012 Hirofumi Takeuchi Gifu Pharmaceutical Univ.
26 2013 Yoshio Sakka National Institute for Materials Science (NIMS)
27 2014 Yoshio Otani Kanazawa Univ.
28 2015 Hisao Makino Central Research Institute of Electric Power Industry (CRIEPI)
29 2016 Tadafumi Adschiri Tohoku Univ.
30 2017 Sotiris E. Pratsinis Swiss Federal Institute of Technology Zurich (ETH Zurich)
31 2018 Mojtaba Ghadiri Univ. of Leeds
32 2019 Makio Naito Osaka Univ.
33 2020 Brij M. Moudgil Univ. of Florida
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MAETHRICET 38 ENGRS KONA ZEDFAT

FE

[E1E¢ e T—< BEN HEE | BE | S KRER | ROTBH BE
HO7 | 29 |[¥MA7 ot 22 BIT 2 %4 - i 5 232 3360 | 13 | 240 | 2,300 | 7,730
HO8 | 30 |JeumbkpeMEAfHlo G 7 o+ 2 5 144 | 2,550 | 14 | 200 2,300 | 7,490
HO9 | 31 |EREF{RATHN & Mk T 6 142 | 3,750 | 15 | 254 2,200 | 7,500
o | 32 %ﬁ@ﬁ*ﬁt*ﬁ%%ﬁf—@ﬁ&/ AihEE 7T R A 6 210 | 4630 | 16 | 256 2200 | 8180

e L C—

H11 | 33 |#FEERI D7z Ok LA 6 246 | 4,140 | 17 | 250 2,200 | 7,440
H12 | 34 |IT I BT 2 HIET% 8 283 | 5130 | 18 | 248 2,200 | 7,160
H13 | 35 |/ KLF-FrE~iE: 7 184 | 3,750 | 19 | 283 2,200 | 7,990
H14 | 36 |7/ KT OEERNDER 6 208 | 4,160 | 20 | 276 2,200 | 7,920
H15 | 37 |F//8=F 4 7). 577 /0y— 6 227 | 5100 | 21 | 246 1,300 | 13,000
H16 | 38 |7/ f&Hlfic X 2k EEDEREZ O S LT 6 160 | 4500 | 22 | 211 700 8,660
H17 | 39 |2 Z FTHRATF /KToFML 7 205 | 5380 | 23 | 224 1,000 | 10,070
H18 | 40 |F/ 7 7 EHLO# %8S F / FiF Ol & I H 6 174 | 5320 | 24 | 252 1,000 | 13,090
H19 | 41 ;L\/ ST AN T nT s HWBIRE S 80 | 25 | 303 | 1,000 | 11460
oo | ap |7 2N T AN Ty /R R FIEN L g aa00 | 26 | 282 | 1000 | 8,040

DH I

H21 | 43 |F /77 /0y —I2 X k0L & T FIBHSE | 6 160 | 3,130 | 27 | 248 600 6,250

F I IS=F 4 ZVNY B 2 TS AT R

H22 | 44 51 6 134 | 2,660 | 28 | 242 600 3,850
H23 | 45 é%”ﬁ% 1oNT 7T ORBETIMEND |00 3050 | 29 | 284 | 600 | 8400
H24 | 46 |F//8—=F 4 27 V7270 Y —0Is R 6 141 | 3585 | 30 | 288 600 3,916
H25 | 47 |JEdiin H&EE T2z 2R 2ok 6 201 | 6,656 | 31 | 274 1,800 | 9,176
H26 | 48 |ZHkZ b DO <) 232 R0k 6 153 | 4,364 | 32 | 283 1,800 | 8,556
H27 | 49 [EpftL & LIk 6 162 | 3,596 | 33 | 357 1,000 | 7,253
H28 | 50 |27 Akt ax & 58 Bl 6 156 | 5169 | 34 | 293 1,100 | 7,417
H29 | 51 | RHEIRLI kD S L2 A ikl 6 161 | 3,942 | 35 | 287 1,100 | 7,386
H30 | 52 ¥kl G B & ORI %3 2 2 M sl 6 161 | 4,657 | 36 | 297 1,100 | 7,093
RO1 | 53 |@EFEEAL$ 281k 7 0t 2 D HHE &5 H OB 6 178 | 4,673 | 37 | 271 1,000 | 7,000
RO2 | — — — — — | 38 | 288 900 7,235
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O &54E MEIFICET ZBETHRS

SM2EIH 15 H () ICHET —F XL AR T IVIZT, [FEHOEEEILICER T 2067
O 28] #7—~<& LT, #5410 HAELECHETLIHEHMmESVPHAESNLETFTEE > TV
FL2, aurMEICE ) 1TFEREEHESNLZ L2 L7

O MAEIFICEY %% X5 KONA Powder and Particle Journal No. 38 (2021) DH1T

KONA EED M I IR RRah X 12 Gt S, B AR Bl i%GE 2313 KONA G EZ H S 2 MRk L
THREIZY 2o/, COREBREITIT, 3—0 w8 7AVHIKE Ty 7 OMERES T,
FNENOHIE L ) ENREBROFRT (LY 2—, i) 240, SN EimE L THE 10,
KONAGEE L THIBL T 5. AR X KONANo.38 & LT
EURIIZSH0 2 NS, BTV v —FIVidsfI34F1H 10 H
WZEAT SNz Rl ED X 288 H, G CEUIL 18T, FiE
ONRET7T T T 7ay 7pb 8, I—av/370y 765
W, TAUVH Ty 7 hb flr‘fﬁ, Z L CHHHEMD LHF L 72 o KONA Eg‘r':ﬂ?é:ﬂm
TW5., F72, Ko X ) E&@mXPDF 7 7 A V% &G DOI 12
oL, &FENT-BIAL, KEEAT—ER, fBixE flo.38 (2020
HRUEAL L 72 7 4 — & CTHIRERR L 72

ARAE1Z 900 H & FIRI L, A O EBEROBIgEE, HIEEE,
KREFEEIZHFEHE L BWiFElizE w5, 2B, KEdeindEz,
http://www.kona.orjp D4 1 MZB W TR CHET L 2 &8
T&4. F72, 20134 X D J-STAGE (ZHBABAG S, 2014
FE6HICETDONYy 7 F 2 N—DEEH5E T L7 No. 38

(2021) 0) gﬁ N ga $ C: i b\ T Zé) y %%E 3 ‘ﬁ‘:‘ 2 H 28 EI ﬂ: g Hosokawa Powder Technology Foundation
J-STAGE ~D8#i 256 T L7z, SO 4 b T KONA 30 H
SEF ) F AR A 2 B 0> 5 KONA No. 38 (2021) FHKGH
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3. FM2FE BIRk - BRER

3-1 SM2FE KONAE (18 ERBLURIEE L T100 HH)

FARE 7 SHH rodE - 1 K f S i
Accepted No. Award recipient | Affiliation/Position Achievement

Professor, Material

Science and ] ) ] )
. . . . Interfacial engineering of particulate
20201 Brij M. Moudgil | Engineering,
] ) system for enhanced performance
University of
Florida

OZEHEH

The current research interests of Prof. Moudgil are in the area of developing structure-property-
performance correlations in particulate materials based nanoengineered systems for enhanced performance.
He has made notable contributions in advanced minerals and materials processing, photo-catalytic
degradation of hazardous microbes, bioimaging, diagnosis and therapies, micro-electronics, and nanotoxicity.
He has served as Director of the Particle Engineering Research Center (PERC - formerly the National Science
Foundation Engineering Research Center for Particle Science & Technology), since its inception in 1994.

Dr. Moudgil has strongly supported and enthusiastically promoted particle technology related research and
education opportunities, and challenges. He has invited world class research scholars to PERC from all over
the globe and has mentored several visiting young scientists and post-doctoral students including several them
from Japan. Over the years, he has forged strategic alliances for research and education between UF-Particle
Engineering Research Center and the other institutions that have common vision and complimentary expertise
in the area of particulate systems including University of Leeds, UK; Kyoto University, Japan; University of
Melbourne, Australia; Delft University of Technology, The Netherlands; Indian Institute of Technology-
Bombay, India, and CMRDI, Cairo, Egypt.

He has been invited as a plenary and keynote speaker at conferences and seminars in Japan, Europe, India,
South Korea, Egypt, South America and Australia. He has authored/co-authored 13 books and has been
awarded 31 patents.

Overall, Dr. Brij M. Moudgil has made pioneering contributions to particle and powder technology
research and education. He is most deserving of the prestigious KONA award and strongly recommend as a
candidate for the KONA award.
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Lt YN DB T 2R E R aaen
RFHE Hosokawa Powder Technology Foundation ANNUAL REPORT Vg@g&

AT b o 20 1)) & i —E BOBUNTE O AT B o

Evaluation of the Correlation between Surface Forces in Organic
Solvents and Affinity of Solvent Molecules with Surfaces

Wiefi %% Research leader: f1H W2 Naoyuki ISHIDA
EiIpNE Y NES TS PAS S RE T i S S 25 €53
Graduate School of Natural Science and Technology, Okayama University, Associate
Professor
E-mail: n-ishida@okayama-u.ac.jp

A

BRI B L R o R IIAR 2 TE 70 A THWONT WA 20, ZO5HZsE) D&
fili - HIENEIER ICEECTH Y, T8 - BEOKRERNTH 5 EKEE ) % BFT 5 2 & ALERTT R
Thb. LoLads, AREER CORMMI OBEFEE, KERTOZNIDITZ 2B T
. & ZTARMZETIE, EFEEMEE (AFM) (2 X 2 REM D OBEZERE L, 7OV ARSI
I (NMR) (2 X ZMFIEERRAIEIC XD, @i R & oMM L REH D OWE & oMK% RE
L7z, ZOfRRE, RTFO5#T 55 TIEEERREMIAEH T 2 8HEEERDICE > Toimsb 726 &
NAHZExRRM LA ZORDIZEEE L 72BEES T ORI ERN T 2B TH Y
AR — B FRIOMBELERAR & W e SIEHT AW REMEA R SNz, —T, KL B0
HHHEAEHD GG & 2L O X ) BEEER ) HSBEME(LE9, van der Waals 7712 & D 123844 5 2
ERRERR L7,

ABSTRACT

Various kinds of particle suspensions in organic solvents are used in a wide range of industries. Thus,
characterizing interactive forces between solids in organic solvents is significant for handling such
suspensions. However, while the DLVO theory well describes the interaction between surfaces in aqueous
solution, the interactions between particles in non-aqueous solvents have been much less understood. In this
study, we prepared silica surfaces modified with silane coupling reagents with various terminal groups and
investigated the interactions between the modified particle and substrate in organic solvents by atomic force
microscopy. We also conducted NMR relaxation measurements to evaluate the relationship between the
interaction forces and surface-solvent molecule interactions. The repulsive forces acting over a few
nanometers were measured between the surfaces when the particles disperse, whereas only van der Waals
attraction was observed when the particles aggregate. This repulsive force was suggested to be the solvation
force, arising from the steric hindrance of solvent molecules strongly attached to the surfaces, which was

—18-
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produced when the surface-solvent molecule interaction is strong. On the other hand, when van der Waals

attraction dominated the interactions between the surfaces the surface-solvent molecule interaction was found

out to be weak.
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Fig. 1

Force curve between unmodified silica particle and substrate

(a) in chloroform, (b) in dodecane.
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Fig. 2 Force curve between MTES coated particle and substrate
(@) in ethanol, (b) in dodecane.
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Fig. 3 Force curve between MTES-coated AFM probe and substrate
(a) in ethanol, (b) in dodecane.
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Fig. 4 Changes in relaxation time of particle dispersions in various solvents with respect to particle concentration.
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Fig.5 Imaging data of frequency shift Af adjacent to the MTES-modified surface obtained by FM-AFM
(a) in ethanol, (b) in toluene.
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Fig. 6 Frequency shift Af against the distance from the MTES-modified surface obtained by FM-AFM (data averaged

between the section A-B represented in Fig. 5)
(a) in ethanol, (b) in toluene.
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Fig. 7 Interaction mechanism found in this study.
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Investigation on Photodegradation and Self-Recovery of Perovskite
Quantum Dot

Wi7eft %% Research leader: i A8 Yoshiki 1SO
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Faculty of Science and Technology, Keio University, Assistant Professor
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W

ROTAHA MNUIET Ky b THDH CsPbBry 7/ fdh (NC) (ZENEGEE L COREFEH SR
TWABD, G X 2B EE 2o TWnh, EEHIL, KD SHEEEL 72 CsPbBrs NC
AR TRE TS L, HOCHET A2 Z 2 A L7z, ABIETIE, Zoksmibe
HORED A = X LD WTHEEZE L 72, AL 72 CsPbBr; NC % A SE L VI HEEHFIHE L 7-.
468 nm OFHE LED # 72 h BT L72 & 25, BB EE» 5 BEICELL, S0l RKE CRT
L7z, HWCHEFT CRE T 2 LBt o @ H @2 ), 2400 h 121X 5E 4 OB 2SEE L 7.
FHVGIEEIC L) NC RENZIWAE L CTWLRE) F Y FEa$ 5 &, LA VBOWEIREIZE
LS sz HBILDERIE, B YCIREHCA R L 725 725 NC RImIZILB L 72 2 & Tl L
TWAHYH Y FHBBEL, REROER L2720 83t ACEIRC OB L2 7
ROEWE L/ ETRBALEEZONS.

ABSTRACT

CsPbBr3 nanocrystal (NC), which is a perovskite quantum dot, has attracted much attention as excellent
phosphor; however, its deterioration by excitation light is a significant problem. The authors founded self-
recovery of CsPbBr; NC during dark storage after photodegradation without ambient air. In this work, the
photodegradation and self-recovery were investigated. Synthesized CsPbBr; NC was packed in a solid-sample
cell. The sample color changed from yellow to black by 468 nm blue LED irradiation for 72 h, accompanied
with decrease in photoluminescence (PL) intensity. The color returned to yellow during subsequent dark
storage, and the PL intensity recovered completely after 2400 h. Infrared spectroscopy for surface ligand on
the NC surface revealed change in adsorption state of oleic acid. The photodegradation might be explained by
desorption of the surface ligand due to diffused excitons generated by the excitation irradiation. The self-

recovery should be resulted from readsorption of the desorbed ligand.
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Fig. 1 Prepared solid NC sample in a sample holder and
a flat panel blue LED.
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Fig. 2 Color change of CsPbBr; NC during the irradiation and subsequent dark storage.
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Fig. 3 Change in PL spectrum of CsPbBr; NC during
the irradiation and subsequent dark storage.
Aex = 468 nm. Fig.4 TEM images of CsPbBr; NC.
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Fig. 6 Change in PL decay curve of CsPbBr; NC at
Aex = 470 nm.
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Development of Functional Powder Based on Coamorphous
Formation
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W s

7 IR A FLEWD—>TH % naringenin(NRG) £ 92D 7 T K/ A4 MLAWE T, a7ELVT 7
ZADW " A7) == 7 L7k 2 A, hesperetin (HPT) 2°NRG OEMMEE R IUEL L. 22
TNRG & HPT 23 E WL T31 205 13 & 7 5 X 912, melt-quenching method 12 & 1) #7F (melt-
quenched particles: MQPs) % Fi# L&l 2 17 - 72, iy R XFRIEPTHIE IS L D #E e 2 5Hi L 722 25,
MQPs IZWFNDENIIZBW T NT =Y — V&R LTz R EERBEZIT-728 25,
MQPs of NRG/HPT (1/1) I3 FiE b 2 580 e o 7z, —H TZOMOE NV THE L 72 MQPs i1,
WINEIE DL AMEEW D 5 OFRERILAMHER S, NRGBLOHPTIZEV /LTI TELT 7
Aw R L T b EHEZ S 1172, MQPs of NRG/HPT (1/1) 1%, NRG B X U HPT OfEdh & Il LT,
NIRRT R T 7 LI BV T D NRG B L UM HPT OBtz Eo /2. Dibrs, FERIREE
TNRG BLUHPT DBV UL TERENL I TEILT 7 AL, KEBHB L OG5
BRI, B2 EOL LR NE R o7,

ABSTRACT

The formation of naringenin (NRG) coamorphous using coformer candidates of nine selected flavonoids was
investigated. The screening test showed that hesperetin (HPT) is an excellent potential coformer. The melt-
quenched particles (MQPs) of NRG/HPT (molar ratio of 3/1 to 1/3) were prepared by melt-quenching
method. MQPs of NRG/HPT showed the hallow-pattern in any combination ratio in powder X-ray diffraction.
MQPs of NRG/HPT (1/1) showed the highest physical stability without recrystallization of NRG and HPT
upon storage. Conversely, other MQPs showed recrystallization from the compound with a higher molar ratio,
implying the stoichiometric relationship between NRG and HPT at a molar ratio of 1/1. The MQPs of NRG/
HPT (1/1) showed significantly improved dissolution properties of both NRG and HPT in simulated intestinal
fluid. In addition, the MQPs of NRG/HPT (1/1) enhanced the solubility of both NRG and HPT even in oil
components. Their solubility from the MQPs of NRG/HPT (1/1) increased 5-times compared to untreated
compound powder in oil components. These results showed that a coamorphous of NRG/HPT (1/1) enhances
the physical stability and solubility of both NRG and HPT.
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quercetin, 7-hydroxyflavone (7-HFlavone) # X O
7-hydroxyflavanone (7-HFlavanone) &3 E({LAE T
¥ 12 & Y B A L 7. Epigallocatechin gallate
(EGCG) &A1 —1) v MR—IVT 4 ¥ 7 AT &
D Fefitus 72720 720 Caprylic/capric triglyceride 3
& U propylene glycol monocaprylate 1%, HY:7 3

7V ZFED S IR 7272 7

2. HALBRINDI=DD A7) —= v 7k

NRG B X OREANHEH L7 7K/ 4 Mt
EWE, SmMOBEFEE LD EHITRAY ) =)L
WZHEfE L7, NRGD A F J — VIET 50 uL %
96-well 7L — b D% well IZNZ272. 2D,
R % NRG/ RSBV T 21, 11 BLY
12 275 X 9128 well [0 %2, 25°C T 24 B
WIE 22208 L7z, WoMR L 724 well 12/ st
W x200uL i 2, T VN v 7k H O
MICROPADDLE IMP096A % IV C##E L, 60
BRI V7)Y 7 RAITWVNRG DB w &
HPLC (2 & D il L 72,

3. Melt-quenched particles (MQPs) @ #i#

NRG & HPT 28BNV TENEN 31 5 1/3
&7 AW EIR A (Physical mixtures: PMs) %
B 72, NRG B, HPT HltB X 0%
BREWE AT VL AH Yy TI2MA, 541,
270°C 705 280°C Ti@h L. Dk, AT L
ANy TR AREE R 30 ORI S 2T
% Z & THi T (melt-quenched particles: MQPs)
B 2. 55 N7 MQPs IZFLERIC X Y
L, i F T -20°C CHRAFL 7.

4, MQPs OB L2AR PR O Sl

15 5 172 MQPs O FE Sy O 5 1L, #r R X
MEPTHEIC LY, HT A E O, &
JEZEFH DSCIC L D illsE L 7.

5. MQPs D472 e P At

MQPs % 25°C (0% 8 £ " 75% RH) B L "
40°C (75% RH) D ST 42 HRERAF L 72 1%,
AR X FEEPHAIE LS £ 0 A5 % 554 L 72

6. KRIEWH T ORI

BRI TN 2 72, NRG OJF
#, PMs, MQPs of NRG alone 3 &£ U° MQPs of
NRG/HPT Tix, NRG®= & LCT20mg ¥ %2 5% &
AV FEE L 72, HPT @ J5 K B X U8 MQPs of
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HPT alone Tl HPT &= & LT22mg & 7% 5 X9
WREE L7z BRI 20 mL 2 0z 72 %, 37°C
TREBHETA v F 2= 3 L7 15
30, 60 B L1207 ICH T ) T L,
NRGEB L UHPTE%Z HPLC I L ) E= L 7-.

7. M5 T O R Rl
NRG @ J5 &, PMs, MQPs of NRG alone 8 &
¥ MQPs of NRG/HPT Ti, NRG =& L T 30mg
% 1mL @ Caprylic/capric triglyceride (2, NRG =&
& LT 100mg # 1mL @ propylene glycol
monocaprylate (2l 2 72. HPT D JHE K B L O
MQPs of HPT alone T, HPT =& L T33mg %
1 mL @ Caprylic/capric triglyceride (2, HPT & &
L T 111 mg % 1 mL @ propylene glycol
monocaprylate |21z 72, 10 3RV T v 7 A 3
FH—IZTRE L7k, 37°C TRERIET A ~
FaN—Tarli £ 1HRERBIO2
HRIZH > 7)) 7 %47\, NRG B L U HPT
B% HPLC I X ) ER L7,
R

B R

1. A2 —= v 7k

A7) == TRBEOKR TR LIIRT
HPT % Fl W 72BR12, & b & Wi s
WG N7, FEHNZIE HPT & FH v T
T (MQPs) D% 1T -7z,

Intensity (counts)

B 102iE, Bk XAREHTHE ORE R 52 R
AL L 72 MQPs 13\t d, NRG 3 X UVHPT
DFEGICHET L= 2R & hd o7z, UE
75, melt-quenching method 1= & V) I E 72 b

Table 1 The concentration of dissolved NRG from the
combination of NRG and nine types of flavonoid
compounds. Data are the average of three results.

NRG concentration (pug/mL)

NRG alone
NRG/Flavone (2/1)
NRG/Flavone (1/1)
NRG/Flavone (1/2)

NRG/3-HFlavone (2/1)
NRG/3-HFlavone (1/1)
NRG/3-HFlavone (1/2)
NRG/7-HFlavone (2/1)
NRG/7-HFlavone (1/1)
NRG/7-HFlavone (1/2)
NRG/Chrysin (2/1)
NRG/Chrysin (1/1)
NRG/Chrysin (1/2)
NRG/Quercetin (2/1)
NRG/Quercetin (1/1)
NRG/Quercetin (1/2)
NRG/Flavanone (2/1)
NRG/Flavanone (1/1)
NRG/Flavanone (1/2)
NRG/7-HFlavanone (2/1)
NRG/7-HFlavanone (1/1)
NRG/7-HFlavanone (1/2)
NRG/HPT (2/1)
NRG/HPT (1/1)
NRG/HPT (1/2)
NRG/EGCG (2/1)
NRG/EGCG (1/1)
NRG/EGCG (1/2)

MQPs of NRG/HPT (1/3)
MQPs of NRG/HPT (1/2)
MQPs of NRG/HPT (1/1)

- T MQPs of NRG/HPT (2/1)
T T MQPs of NRG/HPT (3/1)
T MQPs of NRG alone

T T — MQPs of HPT alone

,/\_/\/‘\J\/*/\_/\N\M Untreated NRG powder

Untreated HPT powder

20 (degrees)

1

35

Fig. 1 Powder X-ray diffraction patterns of MQPs of NRG/HPT.
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FHHETETND I LD SN,

T/, BEZEHMDSCIZL ) MQPs DT A
EREEZFMELZEZA, WTFRLE—4F 5
A¥ER &R L, NRG B X UV HPT £ MQPs
THEBELTWA EEZ SN,

2 121X MQPs % & B X V& i KR8 TR
L7220, HR X BEHTEE O R 2 RT.
NRG B & N HPT O A THI#E L 72 MQPs (X 3E &

BAF L 7236120 NRG B £ U HPT OS5 L
%a.b&)tr#o 7’:. — T UL LA DO E NI TH
72 MQPs 1x, E VDK E LAY A
5O RS 5Nz DL EORERERNS

FIVH UL THE L 72K FHTIE, NRG B &
OHPT 254N 2 7 S EAMER L, FfERILss
sz e g s/, —FTENVE 11 DL
MO IETHRE L 728 T TlE, NRG H %W

HIRFEDZEENIE L, WTFNOLBETLRIE X HPT O{LEWHEMOIEFE L L THEEL T
#%9 ClCHE L L 72, MQPs of NRG/HPT (1/1) HaDHFAEL, BMTIERELE R>TWn5
BRbEVWRFLERZRL, WThLoZEHET & “‘75> SHMLTRI o TwadEEZILN
@
QPs of MQPs of MQPs of MQPs of MQPs of MQPs of MQPs of
NRG NRG/HPT  NRG/HP NRG/HP NRG/HP NRG/HP HPT alone
alone (3/1) T (2/1) T (1/1) T (172) T (173)
2 D S N /\ 42 days
é . /\ /\ _//\ 21 days
g ‘mu{u /\ /\ /\ /\ _./‘kA\ UJMLL 7 days
= /\ /\ /\ /\ /\ 1 day
5 152535 5 152535 5 152535 5 152535 5 152535 5 152535 5 1525 35
26 (degrees)
(b)
42 days
28 days
21 days

Intensity (counts)

s

N
§>>>>>

.

7 days
3 days
1 day

LA
/\ T~ Initial

5 1525355 1525355 1525355 1525355 1525355 1525355 152535

(©)

Intensity (counts)

20 (degrees)
-/\ 42 days
L /"/\\ /\ 35 days
//\ g //\ 21 days
L~ e~ [ —— 7 days
[ _/\ /\ A M 3 days
JyM“\ /_//'\\ L~ /\- L~ M‘\ 1 day
Initial

5 152535 5 152535 5 152535 5 152535 5 152535 5 152535 5 152535

20 (degrees)

Fig.2 Powder X-ray diffraction patterns of MQPs of NRG/HPT after storage at (a) 25°C and 0% RH, (b) 25°C and 75%

RH and (c) 40°C and 0% RH for 42 days.
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7. ko Z &2 56, NRG & HPTIZE VL
VL TaAa7ENT 7 AZRBHLTWAEZ LD
gaIN/.

X 3121k, MQPs 2*5® NRG B L N HPT O
T NG TOBBEOR R 2R, NRG
» %\ E HPT H4f < JE &4 E AL L 72 MQPs of
NRG alone 3 £ UF MQPs of HPT alone |&, NRG
B L OHPT OFEHIZHAE DT OB R
R L72. NRG & HPT O CIEMALEAL L 72
MQPs of NRG/HPT (1/1) i&, & 5 2%\ NRG
BLUOHPToOBMEZ R L2, REOHICE
VOB EIRTIKREE A R L, NRG (2B W TIE iR
W o B FIIREEAY 120 774 F THEFES LT v
7. —HTHPT Oa1%, HBRofEEs &b
\Z HPT OB & O 3R S 7z, BRB
TEAEH O NRG B L O HPT o wWia&EL, [

(a) 500 —A— MQPs of NRG/HPT (1/1)
—&o— MQPs of NRG alone
< —<—PMs of NRG/HPT (1/1)
g 400 4 -© -Untreated NRG powder
)
2 I
O :
4
Z
=]
o
=
2
2 4
A ®
T T
90 120
(b)
500 7 —A—MQPs of NRG/HPT (1/1)
—&— MQPs of HPT alone
3 4004 ——PMs of NRG/HPT (1/1)
gﬂ - @ - Untreated HPT powder
=
— 300+
-
jan)
B 200+
=
o
]
A 1007 o

T
0 30 60 90 120
Time (min)

Fig. 3 Dissolution profile of (a) NRG and (b) HPT in
simulated intestinal fluid. Data are presented as
mean + SD, (n = 3).

RIREECTIER EN-aT7ELVT 7 AREEE LT
ST AT ETIRLNL. FDOHI0 5 EBEIC,
ITENT 7 AP SE A HPT O 5 2
52 LT, HPT OB EIFIRT L2, — /4T,
—HB7 V) — & o B IEGE NRG 1, AT
M2 ERCEMRTHLILENTED,
120 77 % T EDHER SN/ LB 2 b7,
B 4 121%, T~ NRG 3B £ U HPT D&
fEPERBR O R 2R T, KM IS5, W
HIEAY (PMs) %5 NRG B £ N HPT O
L, NRG 3B X O HPT Ok & & [ FEEE Ol
L, AR CoEHE I LAY O 7 iE
MWREB L v L DR S L7z Caprylic/
capric triglyceride H11235 T, NRG & X ' HPT
HAROIESE T 5 MQPs of NRG alone 1 & O
MQPs of HPT alone 1%, 1 H#ZIZHESE L ) Ew
BhEE L, TO%NRG B L U HPT OFT i
WX D EHEIZIKET L7z, — T, propylene
glycol monocaprylate H TiX, MQPs of NRG
alone 3 X 1" MQPs of HPT alone (& #% 4% & [A] #%
BoEHEEZ R L7

NRG & HPT @ [# T Ik & B 1L L 72 MQPs of
NRG/HPT (1/1) iF, &5 5D HIZB T
b, MAICHREWERELZRL, TOEHE
X 28 HitE CHEFF S LTz, U, [EHME
RETERINE a7V 7 7 AHED, K
ST SNL O TH L LRI,
PlEX D, NRG & HPT idEMIREECE VI
UL TaAT7TENT 7 AZEKL, I T7ELVT T
AL LTHMET A LT, BEMILERZTT
7 MR HIZ BT S LAY O B RECGE
MHHETH - 72,

S 3Lk

Fung M.H., DeVault M., Kuwata K.T., Suryanarayanan R.,
Drug-excipient interactions: effect on molecular mobil-
ity and physical stability of ketoconazole-organic acid
coamorphous systems, Molecular Pharmaceutics, 15
(2018) 1052-1061.
https://doi.org/10.1021/acs.molpharmaceut.7b00932

Kasten G., Nouri K., Grohganz H., Rades T., L6bmann K.,
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82 2 BE 4£a
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Performance comparison between crystalline and
co-amorphous salts of indomethacin-lysine, Interna-
tional Journal of Pharmaceutics, 533 (2017) 138-144.
https://doi.org/10.1016/j.ijpharm.2017.09.063

Lobmann K., Grohganz H., Laitinen R., Strachan C., Rades

H4 BB F & R

il L€ %

1. Uchiyama H., Ando T., Kadota K., Tozuka Y.,

The formation of an amorphous composite be-
tween flavonoid compounds: enhanced solubility
in both oil components and aqueous media,
Journal of Drug Delivery Science and Technol-
ogy, 62 (2021) 102410.
https://doi.org/10.1016/j.jddst.2021.102410
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Fig. 4 Dissolution profile of (a) (c) NRG and (b) (d) HPT in simulated intestinal fluid. Data are presented as mean * SD,

T., Amino acids as co-amorphous stabilizers for poorly
water soluble drugs — Part 1: preparation, stability and
dissolution enhancement, European Journal of Pharma-
ceutics and Biopharmaceutics, 85 (2013) 873-881.
https://doi.org/10.1016/j.ejpb.2013.03.014
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Numerical Simulations of Particle Motions in Human Respiratory @ﬁ'__’;‘“
System

2
i

Graduate School of Engineering, Osaka Prefecture University, Assistant Professor

W7t 3% Research leader: KW  f&7] Shuji OHSAKI
KEFF LR R B TAE7e R Bh#k

E-mail: ohsaki@chemeng.osakafu-u.ac.jp

W 8k

R ASGRN IR i B OEHRE L L TEH 20T b, BIRIMARA ORI L3512
1, BN TOEMRF OB X LIRESEBOM@ENEETH L. AR TIL, BEEEIRE & BUERE
Dt lAEbEETVEMH L, RAWEFEDNNE T IVAORA AL KT HE
BRI L7z, BAEITRER D &, WEEO/N S R & B DR GAL -2 E 7V IREE~ D F]
RN, RSO TR L 22/ FERIR KT 5 S AR En7z. 612, i
E TN DEREBANORLA DEN R & 2255 FMEE & ORICIRBE B 2 BERPRWZSh, 0B
PR B LB R FERIZ L R R ARA O 2L FEZEO TR TR TH 5 2 E8W LI
molz. Elz, TANRYT PR ECEIROK AL, Ji€ 7 IWVERANOFHERPENC L 2R L7
UL, REZDSERTINZ N TV AR FOREERICL 200 EEZLNL.

ABSTRACT

Dry powder inhalation (DPI) has attracted much attention as a treatment for respiratory diseases.
Understanding the drug particle motion in the respiratory system and the deposition behavior is necessary to
improve the efficiency of DPI. We conducted computer simulations using a model coupling a discrete element
method and a computational fluid dynamics method (DEM—CFD) to evaluate the particle deposition in human
respiratory system. A simple respiratory model was developed, which numerically investigated the effect of
particle properties on the particle deposition behavior. The DEM—CFD simulations demonstrated that the
smaller and lower-density particles showed higher reachability into the simple respiratory model, and the
particle arrival ratio to the deep region depended on the aerodynamic diameter. Furthermore, the exponential
relationship between the particle reachability into the depth of the simple respiratory model and the
aerodynamic diameter predicted the particle aerodynamic diameter based on the required reachability. The
particle shape also had an impact on the particle deposition behavior. The rod-like particles with a larger
aspect ratio indicated higher reachability into the depth of the simple respiratory model. This was attributed to
the high velocity motion of the particles whose long axis was in the direction of the deep region.
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MEER BB

AR, RAE I B IE PSR &
I R B R 9 2 WG L, AR AT E R
& HEYEFI L > TTbIL T 5. T AH
2 & PG, BOKRG-RLEHIC L 5%
WZHRTUToOR SRS L. AHGTELZ
ENSTAYTIA TV ADFEE LR, il
AN IO A B RIINAIRE 2 72 6, o, b
BAMIZEILEDZN LD Iz 0 cH w2 &
o, EYWOWPUIIEMTHSL. F72, IME
EIERIR 2> 0B, @HNETEBRT 5720, T
WILEEGREDEHETE L. Doz Lrs,
W ASRFIHLE 2> & OWINADTE D 2\ T T
RS R HE S ) O3 5-FB L LT iE
Hx o T\n5.

WAFNE, Z O L S FrEZEAT
T OVELE] & A K A #E5%) (Dry Powder
Inhalation; DPI) (2 KRBT X, #Ea = Be i
% ZRE L 72 DPl OBIZEDEANATHON TS,
DPI &1, ¥ RIRDOFEY 2 EHEDOWALIT L &
DI RES LI L2 HIWE LZHIETH
5. ZOkE, WAEORIRE R T2 5E
ENLDOITIE, WA SNIEHARERE S
BRI 7 & & o 72 I AR R O3 R LR
RIZEET HLEDND L. KT DXBENND
LHEIEET LRI, TR RMTEE,
R IR 7 &0 DPI O R F-WtE R, WAE D
W A% — - BHIREE, B X O AZEE O
AT OND, AL TiE, 70-30 um
O RLFAE FPELZ, 3020 pm TIEMHEEZ, 20—
10 um T & W BH 12, 10-8um T IE & IS,
8-5 um TITEAE T2, 5-3 um TIEMIRE LI,
3-05um Tldhlifgic ez EnikaE L, 251
NSRBI ERE L CHIPRE L IS
BUOHEHENTLE) EEDNTWA. T 77,
BFTEARICBE L T, FRERIEA T2V T, 1B
PR ZEHSAEIRA T GEERIERT) DS GEHN
DIREBHROTEI R AN Z AL THB I LD
MESNTWE, DEo X5 I2hizZEEICEN
7oK AN BH O BEN BT B WD R A AT

BNTWBELOD, FiIHHE T2 E
HY, POENEEFET L0, BEIISLT
Yk T OB REM % EMIC T 5 2 &R
HThHDb ZoOLE, BEYHTOSEIIBITS
LEBGRLHNENET 5 F TOHP R &SR
TEIUL, ENEEEZ AT KA R
FISEEET T & B 72 OWGERR O EAIFEC &
5.

JiiNIZ BT % DPI DR EBLR % T3 5 72
WL, TNFTHEMBEYI2L—TarEHune:
BEtAThbC &7z, £ O THWLNT
W % Weibel DEGEE TIVIZB W THEEE %
ATL, ETNVICL > TEZIZENLGR T AV
F—Hukz, BLOENEEOENEZHRE LT
W 5% (Kleinstreuer C. et al., 2007). ¥ 72, T4F
TlX, CTAS Y VICXDIERLA-Oh 65
KIZED ZIRTOZHEET N & HWT, kS
PSR F DA ISR T TREPHRIFT ST 5
(Rahimi-Gorji M. et al., 2016). L\ ED Y I 2 L —
g 2 X A ME 2L, Computational Fluid
Dynamics (CFD) & 43#k#H-€ 7V (Discrete Phase
Method: DPM) O E NS H ST & 72,
CFD-DPM # AT ClE, FAREAT &R T % H
HELTEREL, EHICBT LR 0 EE)ZE
B % WA WIS O 2 N TRIT AT RE T H
%. L7 L, DPI DN EBZE) % T L, i
NORFFEZR A TGS 5 720120%, RFH A
/R ENEBRRICOWTERT S 2 LD
LEETHLEFMLTE, ZZTHRIFET
I%, CFD & BEEEEZ: (Discrete Element Method:
DEM) & O#REFNT % i/, 2 TS,
B BT BRET-ZE2B L ¢, FEEICHISN
7 2 43I o il € 7V % v T DEM-CFD &5
ATo R EBRBR IR L-L 25,
CFD-DPM #: £ ) DEM-CFD % v 725154
ROF DEBAE RN ENMEZ IR L 72 2 & A
ENTHBH (Chen X. et al.,, 2018), #iT = MIEk
THERTNEZERNENOEEEDRIEZ S
22 5. LiL, T E TDEM-CFD i %
VTR D AR ZS B kL T2 B O AT 1313 &
AEFTTONTEBLT, F72, HMEHNEN %
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B L7z ET, RTrRIReR 7B L R %
e EORT WA AL S TN OR 28 %
fEAT L 72B01E 7 <, SR O AR O fifi
PLREBNZENC LT TR BIEHL N EN T
V.
DEOBEFED S, RHFZE Tl KA K] O
i N E BN 2B 35 & OV EEEICE L C DEM-
CFD L E 7 )V % FH W72 B I 2 AT 2 H 1
& L72. DEM-CFD #EE TNV & w5 Z & T,
W - B OFH &)1 % B/ L 7T % Big 9.
FIWEIRRE & LT, BN RMETVEHY
T, JKR HEHIZHED 4T % Z 8 L 72 DEM-
CFD #EETIVIZEL Y, K5 Mf®EES
L ORI % & ORF- WAL T Ol £ & 1%
AT B ET L7z,

i A R

1. AtRTE

B DR T BB B O, BAEA T
%+ (CFD) &t #EfEF Y (DEM) = v 7))
VT ERIETFINE G NO AR X
CFD # H\WCREHE L, k&)X DEM % H\»
TEME L7z, WARHEICE LT, JRERTER
RO ERFTHEITo72. DL X, DEM-
CFD LT, RT3k 30 ko
TETERNEEH L. 2B, KRefl ko €
TUEEGETIVE L CEA L, BEEITICIE
SIMPLE %% 72, R EB)OFHE T, i 4
ORFINERT 2 D %EME L, WiEESh s L O
0] 8% 5 B |2 B9 5 Newton O EB) )7 FE R % % <
& TRT-ONE B X O 2 BRI BT
%. DEM-CFD ##:Tl¥, DEM HAK TR % 1T
I B B RIS IATT oA in 2 TR
Haftolz KT oI ER B X O R &)L,
Newton O EB) X2 @A L7, 2B, ik
— b7 F- [ B = 5 H AR ELS Di Felice @ € 77 )V
NTHEM L, FEERR T O IKPTREE Ganser
ETIWVIESTEM L., RTIEHT 28
fili 771 Voight model % fi\: 7z, fF& 1 & L Cid
ANV IRET & A - |28 < BE) 2500 & e

TRETHAHD, AW TRESIATET %
ZETE 5 IKR Fin (Johnson K.L. et al., 1971)
ICESLE=FIVEREA L.

2. RS

EFNVIEERIER Y 7 b7 =7 (ANSYS
Design Modeler Version 17.2, ANSYS, Inc.) % H
WCIER L7z, F72, BTERTIE, BTIERY
7 & 7 = 7 (ANSYS Meshing Version 17.2,
ANSYS, Inc.) & W TIER L7-. BHHEK T
3R 22 TR CTH o7z BT T IVIEEL SO
S RETIVEFR L, BATEIZZEL T
59, AEXRDEE ELICHILRoTwS
(2.8-20mm). FFOFERIZ, K1IZRT &
HNHHE TV E 3 D0 Zone 12 EI L, 4kt
Uk L T4 Zone ([2HE L 2R T HOEE L
LCHEM LA F7, MiEhEETE D 7R
%\ Zone3 ~DFESRTHHME L 7. FFEICIE,
WFEEWMEZEEYI2L—Ya YTk
EDEM2018 (DEM Solutions Co. Ltd.) & Zijifk
f# #F >~ 7 b (ANSYS Fluent Ver.17.2, ANSYS,
Inc.) ZHWTIT- 7. MBI ETE &M% 3%
LICF &7z MAKRFHETIE, wEETVE2E

Fig. 1 Schematic of a simple structure of the human
respiratory, a simple respiratory model. Reprinted
with permission from Ref. (Ohsaki et al., 2019).
Copyright: (2019) Pharmaceutical Society of
Japan.
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Table 1 Calculation conditions of DEM—CFD simulations.

Fluid pressure 101.325 kPa
Fluid density 1.225 kg/m®
Fluid viscosity 1.789 x 10°  Pa-s
Particle size 5-20 pum
Particle density 330-1520 kg/m®
Number of particle 1250-80000 -
Coefficient of restitution particle—particle 0.5 -
particle-lung 0.9 -
Coefficient of static friction particle—particle 0.5 -
particle-lung 0.7 -
Coefficient of rolling friction particle—particle 0.01 -
particle-lung 0.7 -
Poisson’s ratio of particle 0.3 -
Poisson’s ratio of lung 0.3 -
Young’s modulus of particle 1 x 108 Pa
Shear modulus of lung 5 x 10° Pa
Surface energy 0.5 Jm?

Reprinted with permission from Ref. (Ohsaki et al., 2019). Copyright: (2019) Pharmaceutical

Society of Japan.
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@ @ (b)

Fig. 2 Change in arrival position of the particles over
time. (a) 0.1, (b) 0.155s, (c) 0.2 s, (d) 0.25s. Re-
printed with permission from Ref. (Ohsaki et al.,
2019). Copyright: (2019) Pharmaceutical Society
of Japan.
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Fig. 3 Deposition positions of particles with sizes of (a)
5 um and (b) 20 um. (c) Arrival ratio to each zone
under different particle sizes. Reprinted with per-
mission from Ref. (Ohsaki et al., 2019). Copyright:
(2019) Pharmaceutical Society of Japan.
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Fig. 4 Relation between aerodynamic diameter and
arrival ratio to Zone-3. Reprinted with permission
from Ref. (Ohsaki et al., 2019). Copyright: (2019)
Pharmaceutical Society of Japan.
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Fig. 5 Arrival ratio to each zone under different particle
shapes. Reprinted with permission from Ref.
(Ohsaki et al., 2019). Copyright: (2019) Pharma-
ceutical Society of Japan.
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Network
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HEWEZGERL, A TN AR v =[50 EOBTHEGE, 7o NIsER e, £
12722 558 TR ST Wb, BEEMEI OB, BNCREAEEEET A2~ 725 4
b (Fes0,) 7N A  (y-Fe0s5) 7 & OFRALEREENER T A5 — M1 fib, ERLEkaatEt 1%
Hir b L 7oBE A R R O BIZE DS HEA TV B . BRALERRGMER T35 0 2 & B O Th
%720, B R FEMRANOF TR TH D, RIfFETIE, T8 /4 FuEaBE LR v —
2y NT—=2EHVEZET, BEMLRBENTIEONLZEF R L. REMZINHL, 7
VT —RGHERLT 7 & DN BOBRAMERL T OEFU T L7z, PR L 728RHE, R 7% & DN
SR 7ZIRBEECREME R R L, Hi7 AR L L ColsEMDSIfF S5,

ABSTRACT

Magnetic materials that respond to external magnetic fields are used in a wide range of fields such as
magnetic resonance imaging (MRI), medical diagnostic materials, electronic materials, and catalyst. Iron
oxide magnetic particles such as magnetite (Fe;O,) and maghemite (y-Fe,0O5), which have excellent magnetic
properties, are generally used as constituents of magnetic materials, and various functional magnetic materials
based on iron oxide magnetic particles are developed in progress. However, iron oxide magnetic particles are
difficult to use as coloring materials and optical materials, since they are dark brown to black materials. In
this study, we found that colorless magnetic particles can be obtained by using a polymer network in which
lanthanoid elements were combined. By applying this technology, we succeeded in producing full-color
magnetic particles and fluorescent magnetic particles. The produced material exhibited magnetism in the
powder state and in the state of being dispersed in a solvent, and is expected to be applied as a new magnetic
material.
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Fig. 1 (a) Schematic illustration of colorless magnetic particles with Ho-doped polymer brush. Magnetic behaviors of (b)
colorless magnetic particles and (c) conventional iron oxide magnetic particles. Adapted with permission from Ref.
(Kohaku et al., 2020). Copyright: (2020) American Chemical Society.
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Fig. 2 (a) Digital photographs of the magnetically responsive behavior of colored magnetic nanoparticles. (b)
International Commission on Illumination (CIE) 1931 chromaticity plot of colors prepared by particle mixing.
Adapted with permission from Ref. (Kohaku et al., 2020). Copyright: (2020) American Chemical Society.
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Fig. 3 Digital photographs showing the color change achieved by mixing the Y/[Ho(+) or Ho(-)] and C/[Ho(+) or
Ho(-)] particles. Adapted with permission from Ref. (Kohaku et al., 2020). Copyright: (2020) American Chemical

Society.
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BUEHRC QeI B R AT B DR E DR 2 I 2 EE 2 M L CHE S 20°, &4 TORGHH
BERoTWD, TNEMRTNL, R ZEERO S - THICL ) el diEtsiEE &
NTW5, L Lahs, MHIBTHEET 2720121, & - 5FEAT /2 BIERY S &2
MMM TEM P LETH L0, HIA L - KERFELPHNEEE V) RRED D 5. AWFETIE, IR
Pt 2 V91, H—TF /ST O b O RET L EEITREEAE ST R FISER L, ooz
A 27 ORFEE HRIZHIE 21T o 72, BRI A O ERINKL 13 100 nm A EEORETH G &
s CMEAEM L, WABRTIFRICR S 28l (Mie 3615) 277§, Y ) arkifoan A &R
KL (100-180 nm) L CIERS 2 FE 2 BsE L, WA T 2 Wil &R $ /b7 7 —
A7 L7z, Tz, BAICE M ETOER,P IO REZIGEL /2.

ABSTRACT

Typical pigments are composed of organic dyes that absorb a certain region of the visible light spectrum.
Because excited organic dyes are not chemically stable, their colors fade over time under exposure to light.
Structural color generated by optical interactions of light with nano- and micro-structures have attracted
considerable research and industrial attention because the color never diminishes as long as the structure is
preserved. Color pixels with highly saturated scattering colors have been produced by nanostructures, and
high-resolution color printing has been achieved by using these color pixels. However, the printing is limited
to a very small area (<1 mm?) owing to the restriction of the nanofabrication processes. In this work, we
develop a high-quality color ink composed of crystalline silicon (Si) nanoparticles for the structural coloration
of an arbitrary substrate. By reducing the size distribution of colloidal Si nanoparticles, we succeeded in
coloring solutions of Si nanoparticles in the blue-to-orange range. We demonstrate the structural coloration of

a flexible substrate by Si nanoparticle color inks.
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Fig. 1 (a) Scattering spectra of non-absorbing dielectric
nanospheres with n of 2 and 4. The diameter is also
shown in figure. (b) Scanning electron microscope
and (c) optical microscope images of single Si
nanoparticles.
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Fig. 2 Fabrication process of Si nanoparticle colloids.
Reprinted with permission from Ref. (Sugimoto et
al., 2020) under the terms of the CC-BY 4.0
license. Copyright: (2020) The Authors, published
by Willey-VCH.
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Fig. 3 (a) Scattering spectra and images of single Si nanoparticles on glass. (b) Color space obtained from measured and

Fig. 4

calculated scattering spectra of Si nanoparticles. Reprinted with permission from Ref. (Sugimoto et al., 2020)
under the terms of the CC-BY 4.0 license. Copyright: (2020) The Authors, published by Willey-VCH.
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(a) Density gradient centrifugation process. (b) Size-separated Si nanoparticle inks. (c) Diffuse reflectance spectra
of size-separated Si nanoparticle inks. (d) Color space obtained from diffuse reflectance spectra of Si nanoparticle
inks. Reprinted with permission from Ref. (Sugimoto et al., 2020) under the terms of the CC-BY 4.0 license.
Copyright: (2020) The Authors, published by Willey-VCH.
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Fig. 5 (a) Schematic of Si nanoparticle-PVVP composite
film. (b—e) Reflectance spectra of Si nanoparticle
ink and films. (f, g) Photos of Si nanoparticle-PVP
composite film on PET substrate. Reprinted with
permission from Ref. (Sugimoto et al., 2020) under
the terms of the CC-BY 4.0 license. Copyright:
(2020) The Authors, published by Willey-VCH.
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G, TOBRBERLEASAVPMEIEICRE 2B 2525, 20O, &5T - 5RO
SIHEIRTE ) Ok F OB 4E - BLMZBB) O Tl - $IENIIEFRICEZETH 5. AWETIE, —Rak»
TR AR A AR L 7z BT PEARHE TR KT T % Smoothed Profile Method (Nakayama Y., 2008) % JLif
LTETMEL, ¥YIab—aryaftolz. —HOmEHESHCRTIE, & ARRBIFGHER DO
SRR DR Z L2 FH 8 L, B & KGR ORI L2 BhESIT 2 Z & IXB L7z, £/, FHEHR
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A VA XARTERDPRLF OIFFIET TOZNLIERE L RR DT b ok

ABSTRACT

Most of the polymeric materials used in industry are multicomponent systems, and structural reinforcement
and new functions are added to them by adding fillers with various properties and shapes. When fibers or rod-
like particles are added to a polymeric material, their density and orientation distribution have a significant
effect on the physical properties. Therefore, it is particularly important to predict and control the phase
separation and aggregation/orientation behavior of polymeric and particulate dispersions. In this study,
flexible fibrous particles dispersed in one- and two-component fluids were modeled and numerically simulated
using the Smoothed Profile Method (SPM) (Nakayama Y., 2008). The time evolution of the relative viscosity
in the start-up shear flow was calculated for fibers dispersed in a single component fluid, and the relation
between their orientation and the viscosity was made clear. The calculation results agreed well with the
experimental results. It was also found that the orientation of the fibrous particles dispersed in a two-
component fluid depends not only on the fluid flow but also on the affinity of the particles to each fluid. In
addition, depending on the affinity of the particles to the fluid components, the size and the shape of the phase

separated domain are found to be quite different from those in the absence of the fibrous particles.
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Fig. 1 Modelling of a flexible fibre.
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Fig. 3 Diagram of a single fibrous particle in a one-component fluid (left). Time evolution of the angle of rotation

(right).
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Fig. 4 Time dependent relative viscosities #; for various volume fractions ¢, (r; = 9).
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Fig. 5 Comparison between simulation and experimental
results of steady-state relative viscosity #, in cases
of aspect ratios s =9 and r; = 17.
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Fig. 6 Time evolution of fibrous particles in a two-component fluid. Time evolution of the order parameter w and four
rod-shaped particles (aspect ratio 9) under a shear flow (yz, = 0.001). (a) equal affinity to A (red) and for B (blue),

(b) the affinity to A is better than B.
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t!'fo =10
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Fig. 7 Same as Fig. 6, but for the shear rate (yzo = 0.001) .
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HL7A, ZREPKEL 22 LBEENFEBRERLID NS 2D L 2R

ABSTRACT

The mechanical characteristics of soft particle systems, such as hydrogels, are expected to be very complex
due to the additional degree of freedom of deformation within each particle and its details have not been well
understood. In this study, we attempt to develop a numerical model based on the boundary element method
(BEM) toward the elucidation of mechanical behaviors of soft particle systems in detail. As a first step, the
deformation behavior of a single soft particle is studied using the proposed model. The results of a
compression test show that, within the small deformation, the strain-force relation is generally consistent with
experiments using hydrogel particles while the force becomes much smaller than the experiments when the
deformation becomes large.
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Fig. 1 Deformation of a soft particle.
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Fig. 2 Boundary conditions. Fig. 3 Deformation of a soft particle.
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Kb, B 7% EOBHAENRIAVF—IZ X HHEEREOHMIFE, EHFHRFEHOERE LT
KNFEBRBETTEITEEL Lo TWDE 2 EIIMR, COPRHEZEILT 22 L EROLNT VS,
AWFTETIX, FRARKIFEEINKED;E e LTREASND Z L2 UEL, B EARIRE £k
R RSSO KA 2 IS 2 L3012, BUEMATH O EHE R E T VRHED 200
Ty T A EEHME L, KE IR OEREFERZ AT > TRIMEIFEZ ZFHI L, KR
BBEFBRIF DK RALAFRIE L OB AT o 72, TOMR, BRIATONONLZT ¥ =T /Wty
TRBEFEBE R L1350, KE Tk RIRBERE O K RAZTE L L, IKFK 2R TR G DR A i
DHFEMIZBNTY, KEHBEREOKREIFELE L) KL 2D 2 g,

ABSTRACT

Due to the increase of unstable electric power production from renewable energy sources such as solar and
wind powers, thermal power plants are becoming more important to adjust the balance of supply and demand
of electricity. In addition to that, the reduction of CO, is required at the same time. From the background of
the possibility of introducing hydrogen to coal-fired power plant as a fuel in the future, in this study, the
experiments of hydrogen/pulverized coal particle clouds co-combustion were conducted to clarify the flame
propagation characteristics of hydrogen/pulverized coal particle clouds co-combustion and to obtain the
validation data for future development of the co-combustion models for the numerical simulation. As results,
the flame propagation velocity of hydrogen/pulverized coal particle clouds co-combustion is lower than that
of pure hydrogen flame, even in the condition that the equivalence ratio of hydrogen/air is less than unity (fuel
lean condition). This result is different from the previous research for the co-combustion of ammonia/

pulverized coal particle clouds conducted by authors, and is a new finding from this study.
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Schematic of experimental setup for hydrogen flame propagation experiments.
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Fig. 2 Schematic of experimental setup for hydrogen/pulverized coal mixing combustion experiments.
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Fig. 3 Typical images of Schlieren photograph, direct imaging, and OH radical imaging, and the methods to obtain the

flame radius.
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Fig. 4 Schematic of experimental setup for hydrogen/
pulverized coal mixing combustion experiments.
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A

LPD (liposome-protamine-DNA complex) (X, 77 A I F DNA X small interfering RNA (siRNA) 7
EDOREREMEAIR 2 BRI EET DA F 4 Y HIRE ST/ Fx ) 7 ThA. LPDIC T a VR —
T4 7% L72 LPDH &, WHSIRNA DI A L > o v ZRE2HE L oo, MlsdHE» K.
K7 TIE, M~NDOSIRNAEEXT Y1) 7L LT, LPDBLVLPDHZEETHLATL—T) =R
N'Z A #if (LPD-SFDP 1 X UF LPDH-SFDP) % [l %& L7z, LPD-SFDP 3 X UF LPDH-SFDP % & L,
WtB L OBEEREi % 17> 72, LPDH ORLT-£81E, SFDP 5 O E OR T2 B W T H 2 LT
72, TOLPDHIZHNHE SN TWDLREER SIRNA D=L, LPD X ) %% > 7. LPDH-SFDP &
LPD-SFDP @ in vitro B AFFMEIZIZIZF U CH -7z, & NS EARP A2 5 4 % LPDH-SFDP
DN # L, LPD-SFDP & Wi L CTRIEIZHE A L7z, & 512, LPDH-SFDP |2 & A § % Bel-2
SiRNA (Xt MiEHRICBWTHELEMLR T A Ly v v 7R %E2/R L7245, LPD-SFDP T, (3
FRIERPA LN o7, TNHOREENS, LPD & HELL T, LPDH %% siRNA il A H ¢ SFDP
DORFIZERTH A Z EATRENTZ.

ABSTRACT

The liposome-protamine-DNA complex (LPD) is an effective cationic carrier of various nucleic acid
constructs such as plasmid DNA and small interfering RNA (siRNA). Hyaluronic acid coated on LPD
(LPDH) reduces cytotoxicity and maintains the silencing effect of LPD-encapsulated siRNA. Herein, we aim
to develop LPD- or LPDH-containing spray-freeze-dried particles (SFDPs) for therapeutic delivery of sSiRNA
to the lungs. LPD- or LPDH-containing SFDPs (LPD- or LPDH-SFDPs) were synthesized and their structure
and function as gene carriers were evaluated using physical and biological methods. The particle size of
LPDH, but not of LPD, was constant after re-dispersal from the SFDPs and the amount of siRNA
encapsulated in LPDH was larger than that in LPD after re-dispersal from the SFDPs. The in vitro pulmonary
inhalation properties of LPDH-SFDPs and LPD-SFDPs were almost the same. The cytotoxicity of LPDH-
SFDPs in human umbilical vein endothelial cells (HUVEC) was greatly decreased compared with that of
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LPD-SFDPs. In addition, Bcl-2 siRNA in LPDH-SFDPs had a significant gene silencing effect in human lung
cancer cells (A549), whereas Bcl-2 siRNA in LPD-SFDPs had little effect. These results indicate that
compared with LPD, LPDH is more useful for developing SFDPs for siRNA pulmonary inhalation.
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al., 2013).
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bR TEe 7 VY VAL, BIEENE
fifige . (COPD) DIFREIZ BT, Jili & [
TLVEHEZRTZEDNHLN IR o7, ZD7
%, LPDH-SFDP ® B %1%, COPD O iR &
LTOREIMFFTE 2.

W% A &

1. LPD-SFDP/LPDH-SFDP ®ij#!

LPD B £ O'LPDH 1, #Z ot & MO
J 3 TR L 72 (Fukushige et al., 2017) [
1(a)]. siRNA (X, Universal Negative Control
siRNA (Nippon EGT, Toyama, Japan) % 7z,
BIZTHA L2 7EERTIE, TRtidsloke
I Bcl-2 siRNA % v 7z,

- Bcl-2 siRNA
sense: 5'-GUG AAG UCAACAUGC CUG CTT -3
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(a) Preparation method of LPD and LPDH

Cationic
e Llpueorna

Hyaluronic acid

fusion

[ @ -'_
Calf thym us[~ /v
DNA
“Bon m,,‘:g;;"mu:;gm [LPD] LPDH
E: complex

Protamine _|

b) Preparation method of LPD- and LPDH-SFDP

+ +

Mannitol + L-leucine Mannitol + L-leucine

>

Liquid N,

[LpD-sFDP

LPDH-SFDP

Fig. 1 A schematic design of LPD-SFDP and LPDH-
SFDP. Reprinted with permission from Ref.
(Fukushige et al., 2020). Copyright: (2020)
Elsevier B.V.

antisense: 5'-GCA GGC AUG UUG ACU UCA
CTT-3'

LPD-SFDP 3 X (N LPDH-SFDP (&, K& E D
LB R 2R R A T L — 7 1) — X
FZ 44 (SFD#) 12X D {E# L7 (Wanning
et al., 2015) [IX 1(b)]. LPD % 7-i% LPDH %
WE, 5%~y =h—=Ib+2% LA (R
D) EiE 101 (RFEL) OHERTRML,
O E, A 270 AT LAY — (Model
1A-1C; MicroSprayer, Penn-Century, PA, USA) %
fFF L T 150 (¢) X 20 (H) (mm) D5 1 v ¥ 2
o fAEEdE (F100mL) 12 20em O F &

MOBEE L. oA 7 akF Do 51
fRzEF 2 ML L, -80°C TICHE T 5 2 & T,

WhRERERIS %, FRETEBERICT S
Z & T LPD-SFDP 3 X U LPDH-SFDP % fE# L

7z. siRNA & & % [i] — & L 72§ © LPD-SFDP
& IL# L 72 LPDH-SFDP O E =N % & L 72

EZH, bDEN02% Tholz.

2. LPD-SFDP/LPDH-SFDP ®¥¥k 21l

% SFDP OIEIK %, EARIE T M (SEM)
(S-4800; Hitachi, Tokyo, Japan) T #f % L 7.
SFDP ' @ LPD B X U LPDH ® 4 #i &,
N-STORM # fi# £ S i 8% (Nikon, Tokyo, Japan)
% V- CEHii L 72 (Dil £53#% LPD 3 X U LPDH
%, 561nm O L —F =iz L ) i),

% 72, SFDP " @ LPD 3 X UF LPDH O # A
BEFHMIIT 57280, 5% 7 F A b O — AEHRIC
SFDP Z & L, #o# S E7ZLPD B L
LPDH OEERE (H /mL) %, BiRGEELE
ZIGHLZF ) NIy XV SRITEETDH S
NanoSight NS300 (Malvern Instrument Ltd.,
Worcestershire, UK) & FHWCilllE L7z, Nz <,
% SFDP H1® LPD 3 & U LPDH D% 5E M % 5F
flid a7z, Tb DR 4% ZetaSizer Nano-
ZS (Malvern Instrument Ltd., Worcestershire, UK)
Z WV CHlE L7z, 4 SFDP H1 0 %2 5E siRNA
(¥, LPD-SFDP & X U LPDH-SFDP % 758 7K
(DW) Z 7213 0.5% Triton X-100 |Z7A A L, %
T 30 frMEER, T27UNMNT I FPVER
UKE 2 ATV, FFEAH L 7-.

3. LPD-SFDP/LPDH-SFDP ® in vitro W A
kSl

% SFDP D2 B /171t %, Fox DL DR
5 (Taki et al., 2016) & [ABRIZT ¥ ¥ —t 7
A — KA ¥ 82 % — (AN-200; TOKYO
DYLEC CORP., Tokyo, Japan) % Fiv> Tilll% L
7z Bl % E M O fR T & % Fine particle
fraction (FPF; <4.7um) Z&H L7z (784 A
BLOH TN E2ELOEIL 720 > TV EET
% 100% & L72).

4. & MEFEEIRNEHE (HUVEC) 1CX
% LPD-SFDP/LPDH-SFDP Ol a5 ¥ i
FHF ORI % G 5 728, CellTiter
96® AQueous One Solution Cell Proliferation Assay
System (Promega Corporation, WI, USA) % fifi i
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L, Atz e 3 % e s i 217 - 72

b M IR A (HUVEC) % 96 7 =
V7L —TI210 X 10* M8/ 7 = VOBEET
AR L, 24 WEMIATES 22 L 72, 4% SFDP % 554t
HIZE R S, SiRNAJREA750M & 72 % &
IV, BIEEAE L oA REE L7, 24 RERAE
Wk, MR VMR
CellTiter96® % H\» 7z Ml i AL A7 383 52 & 1T - 7.

F72, SFDP2*5 5% <~ = b — ViBTRIZH
SELL TSN LPD B X ONLPDH O ¥ — %
WAL %, ELSZ-2000ZS KL FH A X - ¥ — ¥ &
.7 F < 4 ¥ — (Otsuka Electronics Co., Ltd.,
Osaka, Japan) ZffiH L CilllaE L 72.

5. & Ml LEBERIE (A549) 2B 5
SFDP N3} LPD/LPDH DI Y 3A F A

FHRT- OB Y AA % FEMI 5 720, PR
ik (Fukushige et al., 2017) & [A4%I2 7 0 —H
A MA M) =T E T 572, b MR R IR
HMIREkECTdH 25 A4 MIfE % 24 7 = V7 L — |
123.0 X 10°Hf /7 = VOB TR L, 24
f [ AT 8E 28 L 72 Dil B2 LPD £ X UF LPDH
VTR 72 SFDP % 5 12 VR S 4
SIRNA JEE2S75n0M & 72 5 X912, RikE#E L
72 ASAQ MR IZWEEE L /2. 4 BEREIT%, PBS Tk
WLzt EMIEE 7L — b REEL 7.
Z O~ 7 v %, FACS Canto Il 7 11—
4~ 2 —% — (Becton, Dickinson and Company,
Franklin Lakes, NJ, USA) % ffifj L CH#AT L 72
(Dil; EX/Em = 496/578 nm) .

6. A549 il 1) %5 LPD-SFDP/LPDH-
SFDP DA 34 L v ¥ ¥ it

A549 i X Uk k Bel-2 siRNA % WV,
% SFDP I[ZNEf§ 5 sSiRNA D EIEFH 1 L~
U TMREFHM L7, AS49 Mg % 96 T = L
FL— M2 1.0 x 10° i/ ¥ = VOEE TR
FEL, 24 WpIHIHE2E L 72, Bel-2 siRNA T 721
Ty b —)VsiRNAZH AL7ZLPDB L
LPDH % IV CIE#L L 72 SFDP % K5 b v (2 74 M

4, SIRNAREH75n0M & 7% 5 X 912, Hi
BeAE L7z AB49 g |2 HREE L 7z,

SFDP T 24 IR AL L 72 %, RNA & filiit L 7z
Bcl-2 mRNA @ ZE Bl &= &1 ifiid, & b Bel-2 77
A~—%MHLZYT7IVY £ LAPCRIZED
1To7z.

- Bcl-2 primers

Forward: 5'-GGATTG TGG CCT TCT TTG AG -3
Reverse: 5-CCAAAC TGAGCAGAG TCTTC -3’
- GAPDH primers (2> b1 —)l)

Forward: 5-GAG TCAACG GAT TTG GTC GT -3’
Reverse: 5-GAC AAG CTT CCC GTT CTC AG -3’

) 7% A & PCR IZ, StepOnePlus V) 7 )V %
1 2 PCR (Applied Biosystems, CA, USA) 3 X
U} One Step TB Green TM Prime Script TM PLUS
RT-PCR Kit (Takara Bio Inc., Shiga, Japan) % fii
HLTITo 7.

Z oM, FEMIZ FEERSME, AMFTERCR 2 i
5 L 7-BE#HCCHL (Fukushige et al., 2020) @i 1)
THhs.

A% Bk R

SEM & W7o I REBI%3IZ & b, LPD-SFDP
B LU LPDH-SFDP i, & HIZWE AHNIZE L 72
KL TLILERK T THDH I LR TE 7.
SFHRTRIEZENZN294 £ 124, 323 +
12.7um TdH > 7z [[X2(a)]. LPD-SFDP B L ¥
LPDH-SFDP OIZIRIZE N 17 2o 72,

RIS COBIZIZ L Y, Dil f7# LPD
BLOLPDH &, SFDP I2¥—I25 AL TWw5
ZEpREN [ 20)].

SFDP 7> & @ F 43 §if% @ LPD 3 X U LPDH
O EEIX, FZFN80 x 100 = 1.1 x 108
il /mL B £ 176.9 x 10® = 2.2 x 10° ffl /mL T
Hot: [M3@]. ZofEH»5, LPDB L
LPDH 1 k. F-& 72 ) O siRNAEZ S5 &,
ZTNZENTE X102 £ 94 x 10 B L 8.7 x
10 £+ 13 x 10 TH Y, LPD & LPDH O [ (2
HEZI o7, SFDP H siRNA D% 5E R
Y% FEli 3 4 729, SFDP % 5% 7% A k10—

77 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.28(2020) 74-81

Research Grant Report

(a) LPD-SFDP

LPDH-SFDP

(b) LPD-SFDP

Dark field
image

Dil

Merge

5 pm

Fig. 2 Visualization of LPD- and LPDH-SFDPs.
Appearance of LPD- and LPDH-SFDPs with
scanning electron microscopy (SEM) (a) and
distribution of LPD and LPDH in SFDPs with
super-resolution microscopy (b). Reprinted with
permission from Ref. (Fukushige et al., 2020).
Copyright: (2020) Elsevier B.V.

AHIZTHEL L7214, sSiRNAEZ T 7 VT 3
FESKENC X DR L7z, ZOK%, LPDH
THi 172 siRNA O, LPD £ 0 b A&
Aol E512, LPD B X UVLPDH (2
BN E A7z siRNA % 0.5% Triton 12 & 1) g &
F7 RIS R MG A2 L2 25, LPD-SFDP
B £ 0" LPDH-SFDP 7> & it & 4172 siRNA @
IZFELETHo72[3()]. ZD#ER2S
LPD & o # L CHA % # %% L 72 LPDH I,
SFDP EELEFE R TH, MNH siRNA ZZEIC
REFCE L Z EDTRENT.
LPD-SFDP 2° & {543 #if% ® LPD D% 1%
JCO LPD & L TEY A XMz 7 b L7

_78-—
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1.0E409
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2 0.0E+00 B
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(b)
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g e
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S5 80 |
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Do
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B
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LPD-SFDP LPDH SFDP LPD-SFDP LPDH SFDP

Fig. 3 Properties of LPD and LPDH after re-dispersal
from SFDPs. Number concentration of LPD and
LPDH after re-dispersal from SFDPs with use of a
nanoparticle tracking analysis technique by
dynamic light scattering (a) and amount of sIRNA
in LPD- and LPDH-SFDPs after re-dispersal from
the SFDPs with acrylamide gel electrophoresis (b).
Data represent the mean = standard deviation (SD)
(n =3). ***P < 0.001; significant difference.
Reprinted with permission from Ref. (Fukushige et
al., 2020). Copyright: (2020) Elsevier B.V.

[ 1(@)]. LPD-SFDP % 5 Ff 43 #tf% @ LPD O
SR T £1X 2726 £ 1.0nm TH Y, LD
LPD & b L C212f58 K L7 — K
LPDH-SFDP 7%* & F-45#1#% 7 LPDH D fiF 15 1%
JED LPDH & &b S o7z [ 1(b)]. SFDP
5 BB O LPDH @ Y 35 kL - 1% 1
207.8 = 16.7nm Tdh V), JtdD LPDH & L
beﬁlwﬁf%ot.:@#%#%é
SFDP O B3 @A 2B\ T, HA HYHL TR
FHLHT DL ENIRENT.

T AT— A N7 — %
THRTFOWAREEEFTAR-L2AH, AT7—T 3



Hosokawa Powder Technology Foundation ANNUAL REPORT No.28(2020) 74-81

Research Grant Report

Table 1 Particle size of LPD and LPDH before and after
re-dispersal from SFDPs. The particle sizes of LPD (a)
and LPDH (b) after re-dispersal from SFDPs are shown.
Data represent the mean = standard deviation (SD) (n =
3). Reprinted with permission from Ref. (Fukushige et al.,
2020). Copyright: (2020) Elsevier B.V.

(a)
Percentage of
Mean diameter (nm) mean diameter (%)
(LPD as base (=100))
LPD 128.3 £ 2.3 100.0 = 1.8
LPD after 272.6 = 1.0 2124 £ 0.8
re-dispersal
(b)
Percentage of
Mean diameter (nm) mean diameter (%)
(LPDH as bhase (=100))
LPDH 191.9 + 8.7 100.0 = 4.6
LPDH after
re-dispersal 207.8 = 16.7 108.3 £ 8.7
6 7234 S L7z LPD-SFDP £ X UF LPDH-

SFDP O #|4 (FPF) X, #1211 347 = 3.0%
B L U392 £54% TdH - 72 [[XI4]. LPD-
SFDP & LPDH-SFDP D2 A R o 72,
HUVEC 128} % % SFDP il a7 Pk stk 12
BT, LPD-SFDP (ZMEFE S 1172 HUVEC O
WUELHI L & O B A FE 1L 39.9% TH D,
LPDH-SFDP T 1% 79.7% T & - 7= [ X 5(a)].

LPDH-SFDP |2 B # & 1L 72 HUVEC (%, LPD-
SFDPHE L LKL THBIZEVWAEFELZIRL
7.

COBENMER L7-laoEE Blg L7z &
Z %, LPD-SFDP #i## | 72 HUVEC D815 X
L, BEACOMBSMEF 7213 A T
U Cw7z [M5(b)]. —7, LPDH-SFDP % Bk
L 72 HUVEC &, FRULE DML & (212 UK
TH o7z [K5(b)].

SFDP % & F 43 #f%2 @ LPD & LPDH @ ¥ —
Y EMIE, TNZFN3LT7 £15mV & 131 *
45mV Th o7z,

Z ol E RO RI1E, LPD & LPDH
O M %= g L 7285 (Fukushige et al.,
2017) L AFROFFERTH Y, LPDH-SFDP D%

EATRENT:.

(a) Deposition (% of total recovery)
0 20 40 60 80
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Device
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Stage 3 T
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BLPD-SFDP
OLPDH-SFDP
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(Fine Particle Fraction)

(b)

40 4
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10 4

FPF(loaded dose) (%)

LPD-SFDP LPDH-SFDP

Fig. 4 In vitro Pulmonary inhalation properties of LPD-

and LPDH-SFDPs as assayed using an Andersen
cascade impactor. Deposition pattern of LPD-
SFDPs and LPDH-SFDPs (a) and fine particle
fraction (FPF) showing the percentage of samples
collected from stages 3 to 7 (b). Data represent the
mean * standard deviation (SD) (n = 3). Reprinted
with permission from Ref. (Fukushige et al., 2020).
Copyright: (2020) Elsevier B.V.

HOUIRE S HTIC & V), 4 SFDP % Ab49 #ifiz
\ZBEER L7236, Dil £k LPD, LPDH & %12
HIRLNANOELY SAR DA 5172, LPDH DAL
B sAkmlE, LPD L) b HFEICE, -7 [IX
6(a)].

1) 7 )V % A L RT-PCR N IZ & 1, Bel-2
SiRNA % & 4 § % LPDH-SFDP % I & L 7=
A549 ML 12 B\ T, Bel-2 @ mRNA 8827k
IR T2 2 Ea5bro7z [Meb)]. xfi
912, Bcl-2 SiRNA &4 LPD-SFDP % BE#% L C
b, Bel-2mRNA 20X FldA b N h o7z [K
6(b)]. TN b5 D& AN SH, LPDH-SFDP I,
SIRNA £ EXF v 1) 7 & LTHRET 2 2 LA2VRE
nr:.
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(b)

g o T Ve

LPD-SFDP LPDH-SFDP

Fig.5 Cytotoxicity of LPD- and LPDH-SFDPs. Survival
rate (a) and shape of HUVECs exposed to LPD-
and LPDH-SFDPs (b). Data represent the mean =
standard deviation (SD) (n=5). **P < 0.01, ***P
< 0.001; significant difference. Reprinted with
permission from Ref. (Fukushige et al., 2020).
Copyright: (2020) Elsevier B.V.

i A% B9 & L7z SFDP O FIZI2 B\ T,
LPDH2SLPD L ) b HEHTH B Z LIRS
7. HA# B % jfid = & T, SFDP IC&H &+
LETE RIS, AFF =0 7% %) 7HLOH
PEEEIRTE 72 N2 T, Mi~oW ASFE % HE
FrL>D, SFDP Z1EH# 9 % #FE T siRNA O
SR CZENTE, BOBEFIHRIR %
ST & /2. ARILPD 123 EH L CHE % 1T-
72hs, FEYF ) TR ANOHA I =T 14 27
1%, Mo nanoparticles-in-microparticles system -~
DICHLWRFTE 5.

HIAE, COPD ETF IV~ A % v 7= 355
HfT-o TN 5.

5 Sk

Bi R., Shao W., Wang Q., Zhang N., Spray-freeze-dried dry
powder inhalation of insulin-loaded liposomes for en-
hanced pulmonary delivery, Journal of Drug Targeting,
16 (2008) 639-648.
https://doi.org/10.1080/10611860802201134

Fukushige K., Tagami T., Ozeki T., The offset effect of a hy-
aluronic acid coating to cationic carriers containing
siRNA: alleviated cytotoxicity and retained gene si-

—-80-

Control
(a) = &
3
g
- B
e -
T PEA
Bow o m W@ w.ﬁj LPD-SFDP i
o A
16,000 = |
512,000 #] jf i)
= o "'.‘,e""'.!:*""'?‘;-‘E"T.s‘
E & _—
g LPDH-SFDP
2 4,000 ®
2 3
[ 0 A }i-
Control LPD LPDH EEE
SFDP  SFDP =3
o]
=3
e
(3
(b)
15
g
E;
=1
o
>
i’ L
b 0.5
o
E

=1

o LS SutL Lot

Fig. 6 Gene silencing with siRNA-containing LPD- and
LPDH-SFDPs. Cellular uptake of Dil-labeled
LPD- and LPDH-SFDPs in A549 cells evaluated
by flow cytometry (a). Data represent the mean +
standard deviation (SD) (n = 3). ***P < 0.001;
significant difference. (b) Bcl-2 mRNA level after
treatment with LPD- and LPDH-SFDPs containing
Bcl-2-targeting siRNA or negative control siRNA
(b). Data represent the mean = SD (n = 9). ***P <
0.001; significant difference vs untreated group.
Reprinted with permission from Ref. (Fukushige et
al., 2020). Copyright: (2020) Elsevier B.V.
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Fabrication of Polymer Particle Adhesives for Multi-material
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W

NTHEZR R TR ENA T T ) T IVOFFIZBWTEEME NI 2O oD~ IVF <
T ) TV RO ST b RIFZETIE, F /256~ A 70 A7 — VO#EFIZBIT 5 EIRERE
WEATLHR) v —EROAEE BIg L7z, 2O, bitbhoBBEMC©Hh 5 K1) ~ —ki 1
RERH LT ) TIVTHA Y2707, Thbb, KUYl TLR)~—#H25% 5 3 KT
TR TREER A REEE L, COMBEICOWTHE 21T 7. 2% 5 =50 TSR Z LA
FPT, KBS L EAWRAE T 21T o 72868, 7V L FIVERL - OFIREISM R T, ki1
WEEDOERIZL T, 7 /9534 270x— Mt —F—ORIKBHEPIIFETE, B HH
R HE S5 2 LI X o THESEZNEG T2 EAMRTH - 72,

ABSTRACT

There are plenty of adhesive supra-structures in nature. For instance, geckos have a number of submicron-
sized fibers on their feet, which allow it to stick and adhere strongly along the contour of the surface. This
structure makes it possible for geckos to show strong adhesiveness to various surfaces. Inspired by such
adhesion mechanism derived from micro- and nano-structures, | aimed to create a multi-layered gel
membrane possessing surface adhesiveness and followability. The layer-by-layer deposition of gel particles
via a polymer complex was carried out onto the gel base to create 3D gel structures. By tuning the type and
the number of the layer-by-layer deposition, | could modulate elasticity and surface followability of the gel
membrane to improve its adhesiveness.

MEE=EEHBW LV MREREAE AL o T A, LRSS

M2 TIRAED SN TW2As, BHEEICBWT

ULAE, B MR E BIEICHAE T, MEME 13 BB S X OB oA, S, HE
HERKREPE) T B[~ VF<T) TV OBEALE HIEEIZ VT < T 7ML HED &
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NCTnw5, &ELETIAF v 7 2HEAESELZ
LA, NTHEZRRPAE T &N F~ T
VT IVOFFIZBWTEEYE AT E D%
72D NF T ) T IVHEMHRD 54T w»
L. RO L) Ry 7 M= T ) TV
HIZBWT, ATWIcdFons Rk »
VBN B EEZLNTWS, AT, A
X, BER L DM OGS THIR, 7 v =R,
EVGEHEM 7 EDTEE L E 2 5NTW A IR,
AR CEU L 2e Fa sy vicy ) Ak Eo
FIORTEHEATHZ LT, v Far v
FLaBaET&5 2 EDHE SN (RoseS. et
al, 2014). T2 TlE, F /R TITIVICHEHEL
TTIWEERT 5 HOFR) ~—#H L 5T
THa L, FVHIE RO 218 2Rz L
TWa, ik, ZorWERHEOWE*#HET
HIzOI2E, FNEROERTLZEE S (F
MEHEE) BT, ZoRMICEEI 2 EFSE
BIENENTHLIEERBLTWS, &
DOEFEHIZOWTIE, YEYVOBEHIFTLHZ
ENTEL., YEVIZEDOEIZAEZ TV B EH
DA T PRAEERIC X > TRIRZ: E125 ] 4
<. HWEROLmIZEEL TVLESLANTYHO
A2 MIZ AV IAAT, SR TH TR % &
3T LWL THRAENPEL S (Autumn K.
etal,2000). & 512, FEHEHIZOWTE, &—
VEHORLOESEY 7 B L {fges T
Wb SIS & o TRIBKPTENLI GRE B
BETELEFITRL, HIA, @1, &8k
ERRA MBI bR THI LN TES (Lee
H.etal, 2007). SN HDEHFIETH T3 — VI
N L7200 THY, BAKES, KEHE, B
KM BEER 2 S & > TH - BokMEZ2 b
Be e BRICHET A ENTEL. T,
BAFM I COME N 2 E 2 DI, LS
WMhoT7 Ta—F 352 ERENTHLI LR
R LT\ 5.

F 72, BAEME OB TIEHERRHODE
WS A U B RATIY R IR & BT A REiE AN K
oD, THUITEREME O N TN OMNE
RREA DTS LS T Tu—FLUAN,

U7z & D1, WEE AN 2 3 B AR
LoTBNERMT LT Tu—F0E 25N
L. L2L, mEMITLTLE) 20, fliH
ISR E>TLE D, 22T, #HETkIS
Lo THEBEDOHEEZ T A LEZOLN
L. BIZE, AR TS OBk
LHALD 72012, WEKFRHEez &6 3¢5
ZEDPfTHbILTWA.

DEoZ b zalF 2, ARWZETIE, /7
b4 7 a7 — )VO#FIFIZ BT HTIRENENE
*HT LK) v —ERORIRAE HIg L2, £
DEE, bbb OIEBFEATTH 5 R ~ —flhs
TEEH LT TIVEFA V2 i7o72.
bbb, R)X—ATER)Y—#PrbLD
SWMILT VERE O & A, ZOMEEIZD
WTHETRAT) L & L7

¥, MEREZOVESTH LR ~—fk:
FE LT, FWLTISVIR TR EIRLZ. 7L
FMe LT, EREGHEEALTEBY, V7
NIy ML AOFEME L THEHENLTWY
% poly(2-hydroxyethly methacrylate) (PHEMA)
EEINL7, A, Rye= oy Fr
(PVP) &5 WIEKRY 727 )Vl (PAAC) %47
BzeEH & LT, HEMA £/ < — KB D5
BMESICL > T IV 2 /F# L7z, PVP
TE b2 PHEMA 7 VBRI T (Ppyp) DECIE
FIRIX 804 nm, (EALIZ-29mV TH U, PAAC
TH b7 PHEMA 7 VK T (Poane) D2
FER 1L 960 nm, (EALIZ -55mV TdH - 72,
7B, BRI LB MR EE - BEEE (JSM-5200,
HA®ET#) o8 L, (EAIL Zetasizer
Nano ZSP (Malvern #) Tl L 72. PVP &
PAAC 1Z & b IZAK#EEMEZ/RL, PVP I ¥
Z 27 bl v ADHEMIZ, PAAC 1X DDS R K2 JH
Ny F L EIZBWTEAERME LTHWLNT
W5, F7z, PVP & PAACIIKEREAIZL - T
HMETHIENMON TS, WIS, FIVik:
T2 RET LEROIER 2179 729, HEMA
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\Z224& %] ethylene glycol dimethacrylate
(EGDMA) %z, KEAIZ L > TPHEMA
FIOVEE (Gel) #EHLL 7z, MR IVIEE R
T 572901, Ppyp S HUIIC Gel iR iE S & T
Povp DL A AT o 72, 14O N7 HE T VR
(GellPpyp) % JET- 775 EE (AFMS00011, H
MNA T I A T AR LR T MR
(FE-SEM, S-4700, H 2 BAERTH) 12X > CTHEL
2L, PR OGS &R A B L 72

WIZ, D GellPpyp FHE LT, RODZD
DIFEET 3 KITT VR TSR DR % 1T -
7z.

1. Method 1 : 80k 7~ & T80k T- D3 B A
GellPpoyp % Ppanc 771X (pH4) I2IRE S

72 Ppvp DWTEHE, Ppanc DIEFE, pH, 1 ¥ F =
N—2 3 VM ZEELSE T, Ppa HERE
DI AT, 1 FEIE R (Gel/Ppyp/Pranc) &
HEEE L 72, S 512 Ppyp & Ppanc DR EFEE L%
M THYEL, Mk FiEEAKLIEL
(Scheme 1).

2. Method 2 : KV = — & ki + DR HAEE

GellPpyp % PAAC $H D KB IZIRIE S T
PAAC $H @ 1% & 1k % 3 & 72 (Gel/Ppyp/PAAC) .
C OB, PAAC DR, RIEFEHE CHERELZ
HiL7z. &IZ, TORE% 0.5Wt% D Ppyp 571X
AZ 2 B RIRE SOk TR L2 47 - 72
(GellPpyplPAAC/Ppyp). = D & 9 1Bk ¥ & K
v —DOXEREELE 30 B FTHYEL, M
H AR 2SS L 72 (Scheme 2).

THELERAT. TOB, GellPpyp IZHE L
0.50wt% 0.50wt%
Ppaac latex(pH 4) Ppyplatex(pH 3)

Incubation Rinsing

Rinsing

I_.

e
7

OC,

-’“ Incubation
P o
2 5
2

1.0wt% PAAc# =
(M,,=450000) (pH 3)

0.50wt% Ppyp latex
(pH 3)

.'?.'.g

iAAlﬂ

Incubation Rinsing - Incubation Rinsing
,.‘
25°C, £ 25°C,
10 min

yeycles

(PAAC/ Ppyp),

Scheme 2 Layer-by-layer deposition of PAAc and Ppyp (Method 2).
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C S PR TR R 2 R (wet) IRFETHE
EH (AT VA, BB CEELE
HIA, TODHITA RY)AFLUyBIORY
FhI7NFaITF L rOREIZIE 100 g DfT
HE2EM L CEEZITV, 180° & AWrkiE iR
(FYFNT 5 — A= ZTS-20N, 1 < ¥#l)
241077,

I

B R

BAGRE D7 B Gel 1247 5 Ppyp DML PR
ZBLICRT. I Gel IZHLE L 72 Ppyp
DEEE AFM THIEL, b LDESTHI- T
WERP2EH L2, 22T 100% & 3Bk A%
TEEICHE LI EERL TS, FODLE
TEREDTE < 72 B (2 DI TR T- O T
LTWwa, SENZHEEDH 50% T 5 F-15
Gel ML LTHwAZEEL. T2, A
X anNxR—va YT —E L LT Ppyp THL
WOWREZEALZ DT EI2L 5T Ppyp D
BMEELZHHNTEL I b ol KTnt
WOWEFEIL 05wt% TR TH A L, DL
BEDFEERTIZ 0.5Wt% & ED 72,

O LD kT OMEBEEIIHEAICE 5T
HELZHMATHY, SRORHPIFEFETE 5.
B, B LT IVIRL T ThH Ppaac (& Gel 12133
L\,

100

Embedding ratio /%
g

F-0 F-5 F-10 F-15
Degree of crosslinking

Fig. 1 Embedding of gel particles into gel membranes
with different degrees of crosslinking.

1. Method 1

GellPpyp | Ppane DIEEAL Z A T2 L 2 5,
pH 10.0 Tl IIMRR S N o7z, T,
PVP & PAACDR) A F a7 Ly 7 AW
WENLDo/l2DTHD. pHE.0IZT S &,
RIVAF Ay Ty 7 AP E NG,
BB EIND LIk o7, SHITMpH 2
T4 EBEEOMAN A SN pH40 LD
LIV EBEN R SN2, LTI pH 4.0
WCCHEzIiTY e L. T A v Fan—
Ta DWW TIE 2 K F T Ppane DR HIHE
BEO FAPRLNT. FWT, Peyp OFEEAL
ATolzE 2 A, 2BMBIITRMmMASERITE
DN TWAFPBIE SN, £ 2 CTURIZA
X aN—TarE2EfETsEIEE LT
CDENT, Pane & Ppyp DFEIE % x [AIHE Y R L,
Gel/Ppyp(IPanc/Prve)x % i 52 L 72 (Scheme 1).
RAID D IR FREOFRB TH 5720, 1
MO B HREILED RS ILAA, 10 [LLEFE
J& L CSEMBIZx1TH) &, BEIZIHLLDOD
PiE R REHELXZE L TWDE I ERbh oz
(#£1).

2. Method 2

Z D JETIE GellPpyp 128 L T IVBRLF D
Poanc TlE72 <, KUY~ —3TH 5 PAAC % f%
J& L, At T Poyp DIEIE 21T . SMME %
TV, BiZ 05w, 1 ¥ FaRN—3 3>
(X 2 BERCAE D IAAZZ. T DOKMT, PAAC &
Povp D JE % y A #2 D) 3J L, Gel/Ppyp(/PAAC/
Povp)y Z 1L L 72 (Scheme 2). M9 SEM B
25, 1EEDS Peye 2YVEIZIERE L TV S
TEgE s N/ (1), 2L Method 1 D X
IR T Lo E I L AR L TR
D, KFEICR) =8P L T BT &I
LB EEZTND.

3. ook RS AR DA A5 PESEAMG
Method 1 & 2 & 12, FERERIEH, A 722 WEE
FETIIWTNOWERICT L TONEL 2o
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Table 1

Method 1
(natural

drying)

Method 2
(natural

drying)

7o, HEBEHR LT L, BF (B TR

N THNET L L) 1R -7 30 HIFEE
ThHE, WTNOBAERIIT L TOHET L X
I otz MR FREERDEADEINT 5
ET, B X KBRS R L, Bk
DEMIZEATEZAL) I o/ EZ T
L. ¥, A7 LA LTI, Method 1
Tl 30 MIFERE CHAEMEEZRT L ) 12% o 7275,
Method 2 T3 5 AL ETHEMEZ RS X
AN oz, FERE TS X B RS 0 E )
BEMEICENE SR EICLBEEZTY
5.

i SR B 2R T 5 L, I ADSNE
FIEEL CLE o7 Wl Lo CHfLL, KA
BIEEAHE R DN RSN EZ bND. T
ATlE, TSR ORI AFIET 5 PVP
EDOBAED T N0, HEIR AT HAHEIRE
PHEFF SN EZONL. 612, ZoRE
O wet IREEIZ$ % &, Method 1 T3 i
WA 2 5 7245, Method 2 Tl A & IRFEAD
iz CTwi, BZ5L, PVWPEFTTAED
BAWEIZIN 2T, ZOVBRE T O TR i 0 8
MR L TWDL EEZTWE, NEEER & &
CAMEEAT) TETH 5.

F72, Method 2 TIZ 10 MIfEET 5 &, 30
HITAK L TONET L L) o7, Bk

SEM images of multi-layered gel membranes with different layers (scale bar =2 pm) .

N &2 30 Mg T 5 A IAMRT LT

LEo7. THE, MMORTr—)VIiZEDbE7:
TERBTEED VL TH D I L ZRE LT 5.

—F, FEME Gel 05 PSICAF L CHEE%
AA7z. ZOWE, PSEMICH LTIV
TAZEE L v, B S Nk TSR IO W
THAWHE R ZTo72L 25, PSEH &
TV O THRIEBIEIEZ 572, Ik
0 FLHEIAEEE A B S S 2o 0iE, T o3
WEAENTH S Z L hbiro 7.

Dbko k912, 3wk FREEmIcix, 7
WVIE & P OVERLF- D FHR TN 2 C, fokiF-4%
EERHROTWEINEICL -5 T, S/ b3 A0
A— IVt —F— OB I L, fHx
DOEMUH L THEEEZRT I L bro7z.

S Wk

Autumn K., Liang Y.A., Hsieh S.T., Zesch W., Chan W.P,,
Kenny T.W.,, Fearing R., Full R.J., Adhesive force of a
single gecko foot-hair, Nature, 405 (2000) 681-685.
https://doi.org/10.1038/35015073

Lee H., Lee B.P,, Messersmith P.B., A reversible wet/dry ad-
hesive inspired by mussels and geckos, Nature, 448
(2007) 338-341. https://doi.org/10.1038/nature05968

Rose S., Prevoteau A., Elziére P., Hourdet D., Marcellan A.,
Leibler L., Nanoparticle solutions as adhesives for gels
and biological tissues, Nature, 505 (2014) 382-385.
https://doi.org/10.1038/nature12806
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H4 BB F &k R

i L€ &

1. Fukui Y., Yamamoto K., Yamamoto T., Fujimoto

K., Tuning of particle indentation by surface
modification of polymer particles and substrates,
Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 588 (2020) 124380.
https://doi.org/10.1016/j.colsurfa.2019.124380

II98 - BA ¥ —%%

CUEE RN, IR OAR, AT, VM
WFxHWoMEE T A FREEEROME
BB MAR) v —ME T —T A, T
1 > 27 &\t (Nagoya, Nov. 21-22, 2019),

_87-—

(K2 % —).

HHERE, B AR, BRED, hTa—
VEEHRZETFVA SO 530, N7
VISR ORI & FEreil”, 55 28 MK 1) ~ —
ME7+ =545, 7427 HwH (Nagoya,
Nov. 21-22,2019), (KA % —).

BRI #hifr, fRH AF, BAR B, kT
DN X 2 &5 Kl O mhn L & e
", #E28EER)~v—MET7+—F 24, ¥
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PLGA 7+ 7 K ¥-o k%l & DDS ~D
Production of PLGA Nanoparticles and Its Application to Drug

Delivery Systems S
i - B

W73 % Research leader:  ELOZHE  1F 35 Masatoshi MAEKI
JeilgE R R A LA geke Bh#
Faculty of Engineering, Hokkaido University, Assistant Professor
E-mail: m.maeki@eng.hokudai.ac.jp

W

AW TlE, FADIRE > /W FOREORER#EZ ByE LTRE L~ A 7 aiitfk7T /31 AT
&% TiLINP® 734 Z | ZH\TC, Poly lactic-co-glycolicacid (PLGA) T / LT DHL 1% O A % il
WZHUD FLAZZ. ILINP 7354 2A % v 5 2 & C, FRHATR OGR4 30 ~ 120 nm OFifH T
PLGA /KT OREXHIHT 5 Z EFWRETH 72, F/2, T/ RTFOMPHEEELZ N ESE5
72 DITAT] R 7 PEG L PLGA % i\ 72 KL F- RIS AKI CTH 5737 ) & )L (PTX) ZIEH
L 72 PLGA F / R FAERADIGH ZGE L 72, ZOf55, FE L 72 PLGA J / K FDRAER PTX
OFERED, MIER~ 7 A TORFIEEOFHMRBRICHEH CX 2%k THL I L 2R LT

ABSTRACT

In this study, we demonstrated the precise size control of Poly lactic-co-glycolic acid (PLGA) nanoparticles
using our microfluidic device named iLiNP®. The size of PLGA nanoparticles was able to control ranged
from 30 to 120 nm by the flow conditions using the iLiNP device. The iLiNP device was also applied to
produce the PEG-PLGA nanoparticles and paclitaxel (PTX)-loaded PLGA nanoparticles. We confirmed the
physical properties including average-size, size distribution, and encapsulation efficiency of PTX were
enough to evaluate for in vivo and in vitro assays.

MrEECEHBN F &7z (Krammer F, 2020). & Oz b,

2018 4 121X T 4 @ siRNA R 5y & L T

AR, LAY 100 nm LA ICHIE S iz Onpattro (K [E Alnylam #1:) 25 &K 2 & 1 7-.
FAEHAD2EH SN T 5B, 2020 G EY Onpattro &, SiRNA Z &/ ki FI2HE#E L 72
WCKIATL T ARl aa 7 £ VA (SARS-  HHITH Y, HFEWO RNA THIHEEETH 5.
CoV-2) D77 F YRIFIZBWTSH, mRNA & BEEEEESRIE, PUREIEL D S, 2l ChEN %
B LBE T WP KRENC B W B HESTTREICR S 2 s, RIHRESEME L
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THEFR P THIZERESH#EA TN S,

—HT, R)~—%MEL L3R - lak
EHMOMIELHEA TS (KimBS. etal,
2019). Poly lactic-co-glycolic acid (PLGA) (&,
HGREOR) v —Th Y, EWFEES AT A
(Drug Delivery System: DDS) ~®JEHAHEA T
W5, PLGA F /K11, AR TR S
NHLZET, JAFEE 7)) a— VBERT, &K
I IE KR E RBET AN I NE. £ 7,
PLGA 3Bk T % 725, Polyethylene glycol
(PEG) # t 4 L 72 PEG-PLGA F / KL T- 12 X -
T, MR ETETAHI LD TE D,

BB /K FR PLGA + /KT 7 & DR
v =3IV EHVZDDS I2BWT, KD
TNZAR N BYRE R 35D & B9 2 7O ICE B 4
WCTH L., REOHEELE LT, BERLH
RL7 A M= —EPHLNTWE, H
FORFIE R A A E AL e & TR 2 A
2, INHOY A PN ThNTE Y, FE
% il L 72 DDS F / fi PRI IZ S BB o 7
Ot AW TH o7z T, BE um O
A HT A5~ 7 aiifk7 /314 A% W7 IRE
F KRR ST b (Maeki M. et
al., 2018). Hi#k L 7z Onpattro 1%, ~ 4 7 Tk
TNA A (Fadh% - NanoAssemblr) % FivsT1E
FENTW5DH. NanoAssemblr® iX, 1+ 7 1 v
7 IFT—EMEENL< A 703 T —EEDS
THNICEEINTWE . — T, Fa 3B
B L2~ A 7 0k CTd % iLINP® (7 A
)27 FNA AR W IRE T R Ok
¥ %5 I B A & B %6 L 72 (Kimura N. et al.,
2018). ZME TIZ, iLINP 781 2% W T,
ki 4 % K5 % 12 M L 72 siRNA, mRNA,
CRISPR-Cas9 7 & & #5# L 72lR & F / k1 D1
B LT b (Suzuki Y. et al., 2021; Hashiba
A etal, 2020). Z 2 TAWZETIL, iLINP 7N
4 A % FH\ T PLGA T/ R D i #5495 1l
Y AL A, DDS HAR ) ~ — 3 I EEA
O Ie W REVE 2 MERE L 72

W% A &

1. PLGA #R D Hi%#

PLGA F / FLFOE#IZIX, 5T = 2% 24000
~ 38000 ® PLGA, B LU, PEG-PLGA (Mnpggg
= 2000, Mnp ga = 11500) % FW 72, EEEIZIE 7
t F= MYV EAH, 5mg/mLPLGA, B XU,
PEG-PLGA & % i EL L 7z

2. R4 7 ui T N4 AR

iLINP 7734 A%, k&2 imE L7z
I—rIh (RYIAFNaxHy) 2455
AEMNCEEAET A2 TR L7 BRERE
TEIE AT 272012, 2EATOBEREAL
BXO, HIINZPEEK F2— 7%k L, TN
A AL L7 (M),

3. PLGA K V-DER EPIAAHDE A
iLINP 7 /N A A @ 2 & BT DS A5 5,
PLGA/ 7t b= M VW, B LU, BHIK
w3 A L, W cAER L 72 PLGA F /R T
SR & T 5 L 72, BURHA R O
BXU, dElt (GBHIK  PLGA HIH) =4z
T, MFEZFERLZ BURL 7 PLGA F / fi
TREE WL, 4°C T8, AR A EMAKE LT
BITL, BiEERE L ENR BInLEl
P2 & o T, PLGA F /K Tk 2 e L 72,
DDS H PLGA &/ R FAE R OIFEFER & L
T, VIWAKITHAH/37) 7 X)L (PTX) O
HAZRAM. FTEDOED PTX % PLGA & &
bIZT7 b= MUIVIZERE L 72 PLGAPTX! 7
L= MVERE W 72, KREIIEE

PLGA

PLGA solution nanoparticles

iLiINP device®

Aqueous solution

Fig. 1 Schematic illustration of the iLiNP device.
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(@) (b) (c)
1401 [pLGA u 31 1401 PEG-PLGA m 31 1401 |PLGA+PEGPPLGA " 34
120- e 51 1204 e 51 1204 F * 51
4 91 A 91 4 91
§ 100{ & 100 | 100 &
== b 2 £
E Esoy 4 & 80 F 80 ]
£ 260/ 8 s | 60 . l 60 5
= 3 4
Z 4 5| 40l : 40- .
"
20 ; ; ; ; — 20 — , — 20 S
0 100 200 300 400 500 O 100 200 300 400 500 O 100 200 300 400 500

Total Flow Rate (JL/min)

Total Flow Rate (uL/min)

Total Flow Rate (uL/min)

Fig. 2 Relationship between the three-types of PLGA nanoparticles and the flow conditions.
(a) PLGA nanoparticles, (b) PEG-PLGA nanoparticles, (¢) PLGA and PEG-PLGA blend nanoparticles.

MiKERGW ZomoR e BEE,
PTX % #5# L T\ 22\ PLGA KL T & AR ICAT -
72. PLGA F / KL~ O PTX O # # & 13,
HPLC # V(o= L 72,

I

B R

1. PLGA F /7 K 1Ok 1K)

ARBFFENZ 72 ILINP 778 A 2 OflE % [X] 1
WRY. BREF ZRTFRRY) v — Vi, i
BRR) v —DEETH L ARG~ A 71
TR TR 2 & OKRBEWIZ L o THIRS L
52 ETRBT A REF /T OREEIZIE,
B FHOEEIC & > THAEDZIL L, AFLH
JEDSSH AT ERAED NS B, £ 72, QLINP
TONA AL, miE, BLY, SRS
EEBEORIRENE , REIVNS %252
EWGoTWE, F2T, MEsthaZ2 T
PLGA + / fi T %8 L, IREF /TR &
D F 7 KT TR BB 7 B O % WGk L 72,
X 2(a) 12 iLINP 734 A THESL L 72 PLGA F
R ORAE LR E RO E R Y. RE )
JRTF- O E LRI, A=K RIC PLGA
FORFORENNELS rodz, KL
PLGA J / ¥ F @O £E1E, 9 40 nm ~ 100 nm
O THIETTRETH o 72, — T, BFERAET
DR GBAIK  PLGA W) 13, REEIZK
SCWE LW EPHONE o7 K312
a9 5 500 pL/min @ 4 CTIE#L L 72 PLGA 7

35
30 500 pl/min

25-
20+
15
10-
54
1 1 M—

Number (Percent)

Size (d.nm)

Fig. 3 Size distribution of the PLGA nanopatrticle.

JRLA DRAEGA RS, AR L 72 PLGA T
JRFIEEGETH ), KA IO TR
ZEMHER SN

X 2(b), (c) |2 PEG-PLGA F/Hi ¥, BL U,
PLGA & PEG-PLGA D&% TOFIRE &
MESRMFOMREEZRT. EE50R%TH PLGA
R EFRRIC, MERAFNICKEZHIET L2 L
75T & /2. PEG-PLGA F / fi ¥ O ¥ & 1,
PLGA /KT £ 0 S AR T AREDI/NES
), % 30 nm ~ 80 nm DKL F-AMNEHE AT FETH -
7z. —7Ji T, PLGA & PEG-PLGA ®iEA% (R
FH1:1) TlE, ZNENHEMAR LD QRES
KELBRDLZENTGH o7 TNEDRENS,
iLINP 754 2% b 2 & C, PLGA F /i
T ORZEZ HERENICHEEICH#ETE L2k
PHSE IR -7z, F72, DDS OIS IZIA]
I} C, PEG-PLGA & DIRARIZB VT L AFH
e KL ERIBIATHRECTH D 2 & R T E /2.
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T ono =PLGA
- 80% = PEG-PLGA
% Blend
S 60%
i
S 40%
=
S
2 20%
3
=
w

0%

50 100 300 500

Total Flow Rate [puL/min]

Fig. 4 Encapsulation efficiency of PTX in PLGA
nanoparticles.

2. PTX #&#% PLGA F 7 ki o

iILINP 7N A A TIE#L L 72 PLGA F / FLF- D
DDS ~D it i BEME & HREE T 5 72012, LS
AFEITHDLPTX 2L 72+ /K 1E#E %
1To 72, PTX XA BOKEE DS B 5T
ThbY, BAMI T2 HT5PLGA F /KT
NOEWPIMMFETE S, £ 2T, 5mg/mL
PLGA, 05mg/mMLPTX & %5 X )27+t =
MYV E VT, PLGA-PTX ¥ &2 F4L L 7-.
PLGA @ # Ji 1Z, PLGA, PEG-PLGA, PLGA
& PEG-PLGA Ot &% (Blend) o 3 f¥H % H
Wiz F 7z, BERNEROmERIZ 3 ICEEL T
HrF 2R L 72 BROGRLEL T T OBl E DR R,
IR PTX FERER D F /R F L 1ZIZF L
Thotz. M4lZENENDPLGA F /KT
AN PTX DERFEEZRT. MAIIRTEBD,
PTX #5# 1%, PLGA OFMBIZIKAF T 5 Z &8
9o 720 Blend 288 b PTX R D5 <,
PLGA, B X1, PEG-PLGA HijlAL, (I
BEOPTXHEHWETH 7. PTX OE#EIL
WA THI70% TH D, invitro X invivo 7 v +
AVZHER A TE2BETH -7, 212
IR EBY, 3HEBEOMB O T Blend 2%k b
SEREDB K E V. FD70, PTX 2T
ELBUKMET 7 DM oMEL & e L TR E
FDECOPTX 2B CTE/LEZOLNS.

—91—

R3]

iLINP 754 2% Wb 2 & C, PLGA F/
KT DR & JEURL O it m AR L AF S Il T
&L EwWL L. F72, PLGA O
B, PR PTX BHEEICEE L2525 2
NG otz Sk, DSAKIIE TR A AR
R~ A COHEE R & TRFEMEDORE
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A

RWEFEE, EHERAALYFEER (InOg:Sn, ITO) F / KiF-Z vy, /7 kL[ 5 o 2 o5 8 A2 12 75
HLTEWIEMERE (REBYEER) 2FEBHTL2 2 HIEE Lz, B2, 2Svasmsy—x1) 7
Loy AEERGHL, /AT HAEOSILEER O, KOZENS OMERNELE 2L, ITO
F RO BURE N 2 5l L /2. 1TO F / fu - E B A S S (0.3 [Wim-K]) /&=L, F
J R OBYREM: (7 4 2 Ani) OISR L7z B2, 1TO F /7 k1M o % B 1%
i<, SNHMBYLERAMEONHE & LTHET S 7z, B, 1TO F /7 R 155 o> 2hiii ok i A%
X, F/RTFORETREK Z O 3 RITHE T BRI B e kE A2 R L 2 B
L7z, REREZ, FERLEHBHESEOY A ¥ FYIe G <, [mT#hEAE] & T2 2z L
CEBERE LM RIS G5 5. AREEIL, FRALWFEEAR T KT S O Bt RIS [ 72 SIS
Whoeigst % 5-2 72

ABSTRACT

This work aimed at obtaining high heat-insulating (low thermal conductivity) focusing on thermal transport at
a nanoparticle interface based on transparent oxide semiconductors (In,O5:Sn, ITO). In particular, thermal
conductance processes were investigated using thermo-reflectance based on pulsed light heating from
experimental and theoretical approaches. ITO nanoparticle films (ITO NP films) showed low thermal
conductivity of 0.3 [W/m-K], which were caused by reduction of thermal conductance (phonon propagation)
at nanoparticle interfaces. In addition, ITO NP films had low film density, which were also considered as a
cause of low thermal conductivity. Therefore, thermal transport of ITO NP film played an important role in
controlling surface structures of nanoparticles and a stacking method for fabricating three-dimensionally
assembled films. These results contribute to development of functional materials with both “visible
transmittance” and “heat-insulating”. This assignment provided new insight for control of thermal transport
based on nanoparticle interfaces.
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Fig. 1 (Upper) TEM image, ED pattern and EDX image
of ITO nanoparticles. (Lower) Electron energy loss
(EELS) spectrum (black line) and optical spectrum
(red line) of ITO nanoparticles.
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Fig.2 (a) Schematic picture of a RF-type thermoreflectance measurement method. (b) Time domain thermoreflectance
measurement of an ITO nanoparticle thin film. Theoretical and experimental results are shown by the straight lines
(-) and black circles (©), respectively. (c) Cross-sectional SEM image of a three-layer structure consisting of Pt,
ITO nanoparticle thin film, and Pt. (d) Interfacial SEM image at a Pt-ITO interface.
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Fig. 3 (a) Time dependence of thermoreflectance in different ITO nanoparticle thin films. (b) Correlation between

thermal diffusivity (¢) and film density (p).
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Fig. 4 Time domain thermoreflectance measurement of (a) an ITO sputtering thin film and (b) an ITO nanoparticle thin
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film. (c) Cross-sectional SEM image of a two-layer structure consisted of Pt-ITO nanoparticle thin film.
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IERRE AL T DRSS TR CTh o 7. F72, HoNsMb o4 XL, FULEE LTHWS
RE=F AT NI FOMILELEZZILERD Z LI L o THIEITRETH o 72, AWEHTH S -k 1
AW CEBRTMERR AT o 7R, SR TIZIEME L CTHRET 2 2 L Ero LN, 72
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ABSTRACT

Monodisperse particles of cathode active material for Li-ion secondary batteries were obtained by membrane
emulsification using highly ordered anodic porous alumina. The membrane emulsification was carried out by
injecting a dispersed phase containing monomer and metal salts into a continuous phase through the uniform-
sized holes in the anodic porous alumina membrane. The obtained emulsion droplets were solidified and heat-
treated for the preparation of monodisperse particles of cathode active material. From electrochemical
measurements, it was confirmed that the obtained particles acted as cathode active material for Li-ion
secondary batteries. It was also observed that the properties of the batteries depended on the particle size.
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Fig. 1 Schematic drawing of membrane emulsification.
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Fig. 3 XRD patterns.

Fig. 4 SEM image of LiCoO, particles obtained by
membrane emulsification.
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Fig. 5 Discharge-charge curves.
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Development of Multi-functional Materials Using Carbon Fibers
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W s

RWF7E Tl e FikAEmib 75 A5 v 7 (CFRP) 2> & [ L 7z je FiflifE (RCF) & NT A% FIH L C,
EMERZERL L, £ O HFREA 2 % L T2 3 L 72,

CFRP 7 & [ifi FLitkHE £ 700 um RO RCF 2 /1 v # — I VT L 72, NATZAD )1 — ZDhiK
SR BWT, RCFERMMIIE A VAT VL v Fu &5k 1 — X DMK S D
filif e L CHRRET A L BEXON D EREOENGFIEL7:. RCF ENT A B ST L Hik%
KPP CORMEWRIII LD ERL 72, mEBREZRIGEH & LT A0 0GR EZFRS 2 THT, &
NV — A E MK ST D EDBMTLOZIEIZIAT R TH L ehbh ol T2, W1
T AEI CNT AP O3 sz v a— Z20fLICER L, Lol e LT 2 & CRfliflo
FEILHFG L TWAEZ b oz, NWHADRALD TR HIRED ETHMHE 2179 56T
X, RCF Z{RINd %2 & THEMBOHMAHEAT 20% Rk B Z L2355 h o7z

ABSTRACT

In this study, activated carbon was prepared using bagasse and carbon fiber (RCF) recycled from carbon fiber
reinforced plastic (CFRP), and its specific surface area was measured to evaluate its properties.

RCF with a critical fiber length of less than 700 um was obtained from CFRP using a cutter mill. In the
hydrolysis reaction of cellulose in bagasse, the amount of functional groups, such as the carboxyl group and
hydroxyl group, on the RCF surface was enough to function as a catalyst for the hydrolysis reaction of cellulose.
The fabrication method for composite of RCF and bagasse was performed by ultrasonic irradiation in water.
Hydrolysis of cellulose in the process of activated carbon from bagasse using sulfuric acid as an activator
proved to be essential for making micropores. It was also found that sulfuric acid impregnated the pores of
cellulose decomposed and removed in bagasse at high temperature and contributed to making micropores by
acting as a mold for the pores. It was found that the addition of RCF could increase the specific surface arca
by up to 20% when the heat treatment was performed at a temperature higher than the temperature at which

bagasse was sufficiently carbonized.

-103 -

Copyright © 2021 The Author. Published by Hosokawa Powder Technology Foundation. This is an open access article
BY under the CC BY 2.1 JP license (http://creativecommons.org/licenses/by/2.1/jp/).



Hosokawa Powder Technology Foundation ANNUAL REPORT No.28(2020) 103-108

Research Grant Report

MEER BB

RO ERRE LS EA, bbb oAz &
M H—HT, Hni&b o 72RO BESEY L
HIZOWTE L OBENHITHN TS, K
BT, HETVFEDED LT THELNT AL
LSHRKEICREINL TH A ) KEMHMRIL T
J AXF v 2 (CFRP) OAHZIFIH (Yamamoto T.
etal., 2017) IZOWTHE L7-.

Y F CIREGE A S HE B (220 TRV b
WTHE SN TBY), FHFEA=ITHF T2
B8T NS, M X NS 2%
HLZ20ONAF 2y ) — VEHB LY LR
Z5AT A ERTER EORBEO/NH A F R
TREIZFEET BN, TORTBIPEFEINT
WBHEWIBURTH B, ZDBRERENT ADEY
FIE S 7286, BRIEKT RS H 1
MEE o> TW5,

F72HFE, CFRP @) 3 A 7 VEHT AR D 5
NT\%. CFRP ORMBINRICIZ = AR & o Rt
P& £ & LB LB RS EbLITn5 7
¥, BEF CFRP 2> 5 #7727 CFRP % I $ %
CLIAWEETH D, Lo THEZECFRP 05 jik#E
WO A EBILL, 74 77— LCHAMATS
HED—TH L. ZOTFIITER CE
D I BRI B B i, AbaE ik (e
SRR & VAR S TR ERME 2 IS 5
%) BhbH. ELLOFHEIIBWTHEEL LR
% D%, UL 72 i FEHE ST LAlAE & L T
FIHCTEAZLTHAH. BEHE CFRP 2L E %
B BT b b ik FEMHEO R S 1IR3
b, INnNEFBLZF2~10meEZILND.
IRIZ, SIS 55 KB O KERE S FSE0 7
FHE R DO RFEHBAES N TE /2L LT,
CORSTIEHEW 7)) 7L T OEEICHFH
THI LI TER W, LaL, SO
TFEZOWTIE, ##HER2 25 ~ 50 mm H i
AKEATCFIHTRECTH 4. MAERE 2T 10 mm LA
FTThiuE, B)7ubL R 73N
28 v N B 5 EOEH os#bst & LRI
T&5%. Lol, RFSHMELRIME L THY

BB, B OTRE DB SR (IR
FUlkAER) & L 72 R EMHEAS T > T b
WAL, B & L COFEMMAPELY. 2o
fie S O PR FURME S 13 700 pm F2FE T3 5 78,
s DAV O A EIIBET R Th b, S 6
W2, VA 7V ERD RS MRS EL 2D
EVI)HEND L. U EOTEED S ARIFZETIE,
2O &9 % BRARMER % TRl % he SR AkHE O T
HHFEICESE LT, CRENTRAEHAED
7GR B ik R R L7z,

VWA 2OV FEKE (RCF) ZISH LTy
A% L Lom R OE R OF R % H
L7z, ZOB, RCEFOMEIZOVWTHENL
B2, B2 &ED X912 L CTMMITLoF8E L 720G
PR 2RSS 2 SOV B . ERFIER LS
nm % — ¥ — ORFL % S 5 KSR #E %
UG LSV, COMMILOERIC & ) NEBHFE
R ASER L ClREMEHI G R 2453 %
ZENTEL, AWZETIE, ZoOREHIE LT
g A L7z BRI ER AN Ao )L
0 — 2 DJIKS RS Ofi & LT,
0 — 2 % B v oA L 72 4L Bei LI s
TEAHLEZOND. W% FEE L CiFMER
BT DA, I IC & F N A
FER AT DS S 72 BT ATIC & Ff o T
7R RMMEE e & OB DR, EOfE
BT % 2212 U CIE IR DS S ILES 72 5. N T AL
L O—RA, ANIbLVO—RA, YT DORK
BT TR EINL Y 7 vva— 2 %N, F
NATHDH. A FTY )= VOEEE LDt
na— A& B 5 FEE e ). T
ML, BRERCHEEE 7 & OWE % filfi & L
TR &, V) 7/ v a— ZhoRE % ik
SRS A HETH L. AWIETIE, ¥/ —)V
Bk E BEANT B 720, BREELEEIC L 0 FSET
LS (MR 7= ) ZiEMEkOmEE s L
7z, R RIEARHI RO IL 2 TR T 5 720121,
TP D1V 1 — A % AL L) 7 FS 5

-104-



Hosokawa Powder Technology Foundation ANNUAL REPORT No.28(2020) 103-108

Research Grant Report

VERH L, ZOLE, )l — ZADNIKGF
bz LV FERCETSIELIENTERN
X, L YUEMROEWIEERIGONDL L&
ZHN5G. WEEER T TT) e — 2R o
WK 53 1% SOR O %D 24 B3 % BEAE O BFZE T,
) FOUVEBRAE A N Z 5 & e — A7)
O— AR L -E AN AT L E SN T
W5, Fo, MRFZETIE, ERmEICHIVERF L
# (RCOOH) 7/ — )Wk Fuo¥x ¥k
(Ar-OH) % ffE4F o 72T 1 i % [ ARl & L
THHT A L v a— 2ADNKGHEEDS FH L
ToltHEEN TS, D Eolisesrs, HvR
FoHEL T = Fax s, L
0 — AWK R OG Ol & LTV Tw5 2
EMEZOLND.

e FEARME O RMIIZ EREE AT
5. BULETHRCTREMAERICe FoF 5
(-OH), HIVARF T VI (-COOH), 7 b 3k
(=CO) % L OEERFERRIE LB AT % KMk
LB AT DN TV D, ZNHIFTRE V8
CALFRE AT 2 DT, W - SRR o
EMombEx HE LTwb. RCF OF)H
LT, REMMEREMAETLINSOEM
FEREE, NT AT v a— 2 hKG I
JHOMEE S L THWA Z & ZRE L7 Kifge
TG R D ER & 22 58T 20, RStk ihiE
BHEDNT A ZAMAH LIz, NH AMHED Y 1 X
#iPH L/ S v b o THkER 10 mm S, wkE
&1~ 3mm, K& 7% b O TiliohERE 50 mm DLk,
B1omm U ETHo7 (K1), EMRORE
T 2 BEEAERFOF A XX, N A%
EHICHI L BT 2 RLEXH Y, RiEH
Va—H =2 HWTHRETo 7 B ISk
L7280 A% R 3. Z OfHER X 10 mm
DUF, MEHENE X 1 ~ 2 mm 2D — 742N H 2
WHEDR SN2 EDb0 b, 2 ONT Ak
O G A B L7

AIFFETHRR E T 5 RCF %, ZOfHEED
R R (700 um) Ko b o L35 Lk
ELZ. ZO L) ik EEET 5L LT,
WOBELRFTEINETHL. T, A

PEATIZRIH L7z Th 2 #@fi v & —
IV (KA, MFION — > v 7)) & W»w T
CFRP Oyt w47 - 72, 100 A v ¥ 2 D&%
W L 72 % RCF & L7z, [ L 72 RCF
OMMEES ATV VI zvaAa—7 (KH-
8700, kN4 HIROX) % v THlE L
100um T OFEEEHL L7z (K2). RCF &
T O 8 AR 13 78 A B 1 W i § FE-SEM (SM-
7500F, HARET) 12X DEIZ L7 CFRP &
Y RCF @ H &R % 7% 75 2L T o ] B 00 o 2
& (TG/DTA) (STA7200, #RaU&ft H Az A
T AT A) EHWT, HiEHE 10°C/min
T700°C F CHIRSEFOZFNENDOER
WAORENEL, vy —3INVTRETEH
JREAZHEH L2 2O/ 1y ¥y —3I)VIZdo
TCFRPIZEHENBHNED 41% % FrE T 5 2
ERTET

ﬁ (b) ¢

Fig. 1 Photos of bagasse (a) before and (b) after the

pulverization.
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Fig. 2  Size distribution of RCF recycled from CFRP.
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Fig. 3 SEM image of composite of RCF and bagasse.
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Fig. 4 Comparison activated carbon through process (A)
with activated carbon through process (B) at each
temperature, T.
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Fig. 5 Influence of the concertation of RCF on specific
surface area of the activated carbon.
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Yamamoto T., Makino Y., Uematsu K., Improved mechanical
properties of PMMA composites: dispersion, diffusion
and surface adhesion of recycled carbon fiber fillers
from CFRP with adsorbed particulate PMMA, Ad-
vanced Powder Technology, 28 (2017) 2774-2778.
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Effects of Adhesive Force Distribution by Admixing Smaller
Particles on Improving Particle Flowability
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B EMEZ 0] B &5 FEO 1 DI/ RINER S 5. LeL, TOFMAE XD =X L2
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L, REY—5AETNVOEEE, R BMNICRERIARE LR T 25 LT, MTAETEK
DHELIZL L o220 TR R EEZ LN, Lo T, BUMNMITIRINEICBT B SR FHH0
&1 A LR B EICHF S L Cwb e EZ O,

ABSTRACT

The particle flowability can be improved by admixing particles smaller than the original particles (main
particles). However, the details of this improving mechanism are not yet fully understood. In this study, we
focused on effects of adhesive force distribution at each of contact points based on admixing particle coating
on improving the flowability, and investigated it using discrete element method (DEM) simulation. In this
simulation, we used three different surface adhesive force distribution models (non-uniform, random, and
uniform models) and calculated discharge flow rates. As a result, non-uniform models had a larger discharge
flow rate compared with the other models. This is because non-uniform models had a larger frequency of
generating discontinuous layer, which would suppress a formation of particle arching in a bed. Thus, in a
smaller particle admixing system, adhesive force distribution at each of contact points would contribute to

improving the flowability.
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Fig. 1 Schematic view of generating adhesive force
distributions at each of contact points in smaller
particle admixing system.
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Fig. 2 Schematic view of discharging container packed
with particles.
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Fig. 3 Schematic views of three adhesive force
distribution models on particle surfaces.
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Table 1  Simulation conditions.

- Particle diameter 60 [mm]
- Particle number 10000 [-1
- Density 4160 [kg/m®]
- Hamaker constant (wall) 4.0 x 107 91
-25 x 107
(particle) 1.0 x 10%and 91
1.0 x 107
- Young’s modulus (wall) 3.9 x 10° [Pa]
(particle) 4.9 x 10 [Pa]
- Poisson’s ratio (wall) 0.25 [-]
(particle) 0.23 [-1
- Time step 2.0 x 10 [s]
+ Coefficient of friction 0.36 [-1
+ Restitution parameter 0.0 [-]
- Coefficient of rolling friction 2.0 []
(@) b Non-uniform
A 7 Random
O % Uniform
4600
24400
ok Ql
&
510 ms 540 ms 570 ms &
. . . . . E 4200
Fig. 4 Snapshots of discharging particle behavior =
(Uniform distribution model: Ry, = 50%, Container go
<
Hameker constant: A, = 1.0 x 1072%)). 5
24000
)
Mk % QEDMEIN % HRT 2 &, A—5
3800

XIFIFTRTO R, G (10-90%) (2B,
D 2 DDOHATET N (T ¥ 8 D504 & ¥—5
) LD QMEAKRENI ENbNL. D
Zenn, FHUMENEEG TN OWE
\2HeD ARBTG5 2
LI ENRENT. L, TyFLGAEY
— 3 T, R =90% TR — 54 HTK &
{TBBLDOD, FOMD R, T QHIXIZIZME
LThbIedbhsb, KELBETIE RH—

20 40 60 80 100
Smaller adhesive force ratio, R, [%]

Fig. 5 Dependences of discharge flow rate on smaller
particle adhesive force ratio (A, = 1.0 x 1072 J).
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Loose packing regions near
container wall

1)

540 ms

(a) Non-uniform distribution model
(0=4280.5+t82.1 s

540 ms

(b) Uniform distribution model %
(0=4054.2£60.6 s1)

Fig. 6 Snapshots of loose packing regions near left
container wall during discharging (Rsy = 50%),
adhesive force distribution model: (a) Non-
uniform, (b) Uniform).
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Fig. 7 Dependences of discharge flow rate on smaller

adhesive force ratio at different Hamerker constants
of wall container ((a) A, =4.0 X 1022J, (b) A,
=25 x 107%)).
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Fig. 8 Schematic view of analysis regions for horizontal
and rotational displacements of particles.
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Fig. 10 Snapshots of particle discharge behaviors near the orifice (R, = 50%, adhesion force distribution model: (a)

Non-uniform, (b) Uniform).
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ABSTRACT

We attempted to prepare the sulfur-impregnated carbonaceous adsorbent from bamboo using
mechanochemical treatment under hydrogen sulfide atmosphere. Bamboo was pyrolyzed at 400°C under N,
atmosphere to obtain the carbonaceous bomboo, and was treated with planetary ball mill under 10% H,S
atmosphere for mechanochemical treatment. As a result, sulfur-impregnated carbonaceous adsorbent with
high nickel removal ability can be prepared from carbonaceous bamboo using mechanochemical treatment
under H,S atmosphere, while the bamboo without pyrolysis cannot be converted into the sulfur-impregnated
bomboo with high nickel removal. The adsorption isotherm for nickel ion was found to be applicable to
Langmuir model rather than Freundlich model, and the calculated maximum adsorption amount was
0.186 mmol/g.
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DFMROBHE R W ) OFF, FEFHANTO
BIHE Vo loENTEEIND. —HT, ZO
Bhah %) F EATIUEL, B LAWK
RGP E L CHHTRETH 5.

FHIX, MbOLRBE R EONA +~ ABEIE
W A& ALK R FI ST Rl ) 7 A FE T T
BRI S 5 2 & C, R L) D EEER
EREDO B VI E IR 2T 5 2 L ITHII L
T W % (Wajima T, 2007, 2017a, 2017h, 2018a,
2018b). /NA A~ ABEFEM OH 72 AR L
LTI S LB DS, INA v ABEEEY O LB
BT AIRAKOBBEIZI A NTHY, T A M
WD 72912 b [ 5 70 LBLEE 1 O B 5 DS BN T]
Reled.

Z 2T, S oBRI A VI —ICE B
NG5 EE LTS 7 I VL2
HL7. A 747 IH)VEIZ, B (32))
2 & DI - B EOMI T AV F— %
WO, BRI RIS E LR S 3 2 LAY
MHETH D, BRI EICHLN TV S
(Zhang Q and Saito F, 1998, 2012). itk o J7i3:
(IR THE S PR AV F— 2 BTN A
~ ABEEY OFKM I ELBWAEREIC D L
EHEEEZ AR L, WAEREFI/ZEL I EATE
BUREED B 5 .

AFZETIX, NA A AREYE L TITH%
BEL, I bREZBR T TAL /7 3
HIVEIRE T 2 & CREGE 1TV, KIHIC
MEERELTRHODESEA 4 VIO L TEVR
EMRREFOMEHFKEZAIR T LI L2 HW
L35,

Mm% B &

1. #K

FEETIE, TEEEOLH 3mm LT IS S
N7 Rx BRI S 7- a2 L7z 52
BRICHW B ROGE ALMB 2 X 1 & &
LIZRT. 7B, KREBRTHWAHICmE L
MBS hoz.

Fig. 1 Photo of bamboo powder used in this study.

Table 1 Chemical composition of bamboo used in this
study (wt.%).

Fixed carbon and volatile matter
C H N
11 2 44.9 5.4 0.2

Moisture Ash

2. RALT DR

kK 1gEtT Iy 7 K= Moo HER
ORERISULERIC AN, ZEFE %L 1 Lmin Oji=ET
ML, KN Es@ERCTERLL. £
Dk, BEEHRLIT FE, BREIRIFT 400°C
FCHME L LRERIMB A AT - 72, InEdk, 3%
o Lkl 72 F F RbER T BAREEIL, kil
Wy | L 7=,

3. XA I AN

AN IHIVILEIE, R— )L &R o fEge
W& D BB 21T ) #ERRLR — L IV (P-6,
Fritsch) Z W4T o72. FEBRTAT VL
ABAR =IO, BB L 2 BRIl % iER2
L7z#ER, A7 LABORy b (45mL) 12
Pk £ 723k kit (1g) & A7 L A#
DR=)V (pLlem, 7)) ZMAEHL, EFE
F 7213 10% H,S (N, balance) % 200 mL/min T
20min it LA & & THIEN Z B L 7214,
600 rpm T 1h OB ZATH T &L TA N /7 3
71 VLB & Ji L 72,
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4. NiWAnE

EERELTC=vrVvi#EEL, £HFD
=V VIRFERER IRD & ) I

%#H (0.29) % 5mmol/L @ Ni(NOs), Ak
(20mL) AL, =@ T3hiEE ) Lz IR
L9tk mOaEEL, REABROPH &=y
VIEEAREIE L. KRE o=y rIVBREER
K@) ZHCTHEL

R= Cy 100 )

ZZT, Rizou VB (%], Cyflii=y
FVIEREE [mmol/L], C:iRE I BEDO=v )
I [mmol/L] #/RT.

T2, ZHABOWEFEHRELUTOLHIICTL
T 7. %#5F (019 % 0-5mmol/L ®
Ni(NOg), /& (20mL) (2L, ZE#T3h
RE D L7z, REH %, mOLTEEL, REAR

DpH &=y FIVigEZHE L7, = v 7 Vi
Held Q) T HWTEHE L.
_ (Co=C)V
1 W 2

2T, q:WAEE [mmollg], Co: W=
7FOViEE [mmol/L], C: k& HBo=vriv
BEE [mmol/L], w: B OER [g], V&R
&= [L] 2R,

5. bk

FURE O A O B %E % B AR E T B
(SEM) (JSM-6510A, JEOL) % J\WC, D
LR & = OV F — 5 W X355 AT %% &
(EDS) (EX-94300S4L1Q, JEOL) # M\ T, It
F | fE o FF Ml % BET It ¥ mW & Rl
(MacsorbModel-12, MOUNTECH) #% H v T,
ENENMATH 72, WD pH 1L pH X — % — (C-

H,S-carbonized bamboo
—_ Carbonized bamboo
=
é/ WA\*\.\—
e VR
‘@
§ H,S-bamboo
=
[ S

Bamboo
L L L L L
0 10 20 30 40 50 60

20 [CuKa (degree)]

Fig.2 XRD patterns of bamboo, carbonized bamboo, H,S-bamboo, and H,S-carbonized bamboo.
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50

30

Ni removal (%)

10

Bamboo H,S-
bamboo

Carbonized  H,S-
bamboo carbonized
bamboo

Fig. 3 Nickel removal of bamboo (Bm), H,S-bamboo
(H2S-Bm), carbonized bamboo (CBm), and H,S-
carbonized bamboo (H,S-CBm).

73, Horiba) T, ¥&WH D = v 7 VIREEILE T
W ESeEERT (AAnalyst200, PerkinElmer) % Jiiv»
TllE L7z,

I

B R

N, T A A 7 37 VALER L 7247 4%
(Bamboo) & 47 ik fb ¥ (Carbonized bamboo),
H,SHT T A A 2 0 I 7 VALEL L 72454 (H,S-
bamboo) & 47 A L# (H,S-carbonized bamboo)
D XRD 8% — v %X 212RY. $TXTORE
NT7U— N =27 TRENDIEHERETH
HEEZ LN, AN I NVIEIZ X LHT:
TSI D ERUITERE S e o 72,

N, T AH A 3 HIVALER L 7218y & A b
bW, HSHCAD /o I VAL L 7277 #s &
At o = v r VERZERe 2 X 3 IR T.
AT AL 258 = 7OV RE &R
L, TrlE A S 24 3 7 VLB I 2 PRSI
EBEBETIILE AR ONR WA, ity
13 H,S R P& CALEL L 72 AL A% N, CHLEL L
oAt E D Ee =y FVEEREIR L. &
B, BFEHEOLZFHE DO XRD /87 — v IZBRFHT
EEDOTY, FlhERO Y — 7 % EIIHERR

Fig. 4 SEM photos of (a) bamboo, (b) carbonized
bamboo, and (c) H,S-carbonized bamboo.

Table 2 Specific surface areas (SSAs) and chemical
compositions of the surface for bamboo (Bm),
carbonized bamboo (CBm), and H,S-carbonized
bamboo (H,S-CBm).

SSAs  Chemical composition (%)

(m1g) ¢ 0 K s
Bm 1.57 59.5 39.4 1.2 -
CBm 203 79.2 18.0 2.3 -

H,S-CBm 123 80.5 16.5 1.7 14
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@ Bamboo
(O Carbonized-bamboo
<> H,S-carbonized bamboo

0 o)

=
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&
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e
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Fig. 5 Isotherms of nickel adsorption for bamboo,

carbonized bamboo, and H,S-carbonized bamboo.

SNz,

R L RALY, H,S FHRKTAN /7 3
7 OVALER L 747 ALY O B TSRS G & b3k
MfE, REOLFEME Z X4 LR 21”7, T
BRTIIRTDET o 72 RERBEAL (gL
AN (K4@), by TIEEEA S H
KT H% LS (M4(D), HSHTO
AH 2 I WAL b RAL DR IEED S
ol (K4ac). —HT, HEMBEIZTH
RIZHATY AL 34 100 5 0 H R MR % #F
B, ALY =y VEREREDSEEINL 72 &
ZbNb, T2, HSHTDRAN /7 3 )IVAL
1L O AT AL AT H R AR LR
DI HPERMMEDSEA SN TEY), HSH
TO XTI/ I HIVILBERIZ X0 BREE AT A by
REIAME I, = 7 VBRERICES TS D
DEEZHBNS.

U EDORERNS, HSHTORAS /7 I
RLERIC X0 Py AL RN 2 AN L B8
WERE R BN & &5 Z DR TH S Z DD
o7z,

PrA R EAT ALY, H,S FFISTA N /7 32
B VAL L 727 AL O = v 7 )V O W A& SRR
A5 IRT. IRVIREHIPIICB T, ThE
AT ALY, H,S FHATAAN /X 37
WVALER L 7= At o = v 7 VIS REIL S <

Table 3 Parameters and correlation regression using
Langmuir and Freundlich models

Langmuir Freundlich

qmax KL Rz n KF Rz

Bm 0.07 100 0950 200 0.03 0.946
CBm 0.18 23.6 1.000 296 0.16 0.773
H,S-CBm 0.19 344 0.998 280 0.17 0.791

X512, HSFEHATAS /7 I 1 IVALEE L 72
PriRAL D = v o WA RE AT ALY D WL BE
Iy EnwZ eErnbros.

X E B 2 W7 € 7V T dH 5 Langmuir 34 &
Freundlich % W TIENT 2 170 72, £33k
DEIITTREND.

c__ 1 . ¢
q Gmax ® KL 9 max (3)
In(a) = n(K )+ @

22T, q:EE Immoligl, CHEE DB =
TOVIERE [mmol/L], Qe AW A = [mmol/g],
K. :Langmuir 523, Kg, n: Freundlich 2% 7”9

JEMTRE R 2 22 31 TRT. MHBRED S $XT
DFED = v 7 VA5 1 Langmuir 312 HE W,
H,S SRBHR T A 1/ o 3 # VILER L 775 e Ak
DK = v 7 V75 & 1L 0.186 mmol/lg TdH -
72, DT OWFFE T KS B Icfib & 2 2IE L
TEGRET 5 2 & TH L N E AL OfRoK
Z VI E1L 0.70 mmol/g T& 1) (Wajima
T.,2018b), A5/ 7 2 HIVALBERIZ X ) 5
TSN ALY O 1d OWLHE B O K
LW h3ts s,

SRIOWFETIE, AEBREEICLD A0 /7
SNV D KR TORACHHETH - 72720,
FAN AL AR L CTA A 2 7 3 VLS
L BEDM ATV L7z, 4%, RiL)s
HE 2 T A OV F— O FEBREEE % VT HS
FIEUIC B B Ak L TREAHINAS R R W BE T
HoHW, F72, WACKET AOWRE R & O
ML) B RO % R EETH B
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A

Ktz B O RS % 388 84 5 72D 13 B E RSl s ch 5. LaL, BbFsy »
I LDOL K OB ERIL eV 2R A REVWNY F¥ vy v T2 HT 57208500 L 2
T& %\, —7, Kttt oA VvF—Fe LTHWREE, RIVGIIRE AR MLvo 5% 125 L
PEFNTELT, FTETELLWILT X 250Ny FXE Y v TONIEO RIS AN AThbIT
Wk, ZIZT, KFZETIE BiVOJ/BIOX (X =F, Cl, Br, I) N7 & i 123 H L7z, BiVO, id n
RIYSERCTH Y, N F¥ v v 71324eV THLOMHEERINTE S, LarL, BT - EfL
DOFAEEDHE L, SIS BT BREIME N LS T WA, BIOX 1d p BIEAETH D,
nH o BiVO, L HlAGDLEIND L pnFEESEZEE L, KBREOBICA U LB FIZIEILEBHEET S
B p BTGNS 72O W RE O 2 2L 2 WHBIC T & % L # 2 72, BiVOL/BIOX ~ 7 1 H§
1 VERT 5 720\ RBG I F, i 2 5l 5 & & b I musERe 1 2 574l L 7z

ABSTRACT

The accumulation of organic pollutants in surface water, groundwater, and even drinking water have raised as
a serious issue in recent decades. Semiconductor-based photocatalysis has emerged as a green and sustainable
approach to find remediate solutions for environmental and energy issues. However, the fast recombination
rate of photogenerated charge carriers reduces the photocatalytic efficiency of photocatalysts. In this study, a
hydrothermal synthesis method is proposed for preparing four types of p—n heterojunctions, BiVO,/BiOX
(X =F, CI, Br, ). BiVO, is an n-type semiconductor and BiOX is a p-type semiconductor. Photocatalytic
activity tests showed that the BiVO,/BiOF has the best photocatalytic performance under visible light, and
photoluminescence spectra confirmed the lowest recombination rate of photogenerated charge carriers for
BiVO,/BiOF as compared with others. The microstructure of all samples is also investigated by scanning
electron microscope and transmission electron microscope.
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MEEE BB

HER B EC, 1RO K AL ¥ —
X, AR LEMTHET 52 24 )V F— Ok
BHICILELT 5. A% - IS (Fujishima A. and
Honda K., 1972) #JE 2SR 72N TLsk, B
b4 >~ (Ti0,) % &ttt cBE 9 % Wigeid
L BRENTWA, KIS OIRHIE R E <
T TZODOMI AN F— DLW L TD
FIH, BILUOKFRLRAFOREWEOEEL
il L COMAOWZEAF I TbITE T,
L2L, BbF ¥ v RIZ D% O b5
RiX3eVEZBRZHLREVWNY Xy v T2H
THZORICL PPN TE v, —T5, Kb
FEZANF—FE L THWAEE, B
K ANXT PVOBBRBEELILPEENTBEH
T, TAETHEE LI T E 2N F¥x v
T OO BNV EANATON TS, H T
oI T7T=F DK=Y 2 (AsahiR. etal.,
2001), &|ju—71 v rReEEEEl (Razavi-
Khosroshahi H. et al., 2016; Razavi-Khosroshahi H.
etal,2017) (X DNV RE¥x v 72T S
FEIERESINTVDLH, KEOEADIERAT
he SN2 FILIESLE HaEE L, Sefilitasit
MHHELZWr —AREEAETH L. Khf%E
T, BiVO/BIOX N7 Ofi&IZ{EH L7z, BiVO,
EnBREEATHY), N REY v SiE24eV
THALOHBEERINTE S, L, BT
IEALOFREEDHE L, ARSI BT 5 %)=
ARV, BIOX 13 p BIEE(RTH D, nElo BiVO,
EHABEDLEND L pn HBEDTER L, LIRS
DAL 5 EFITIEILE FRET ST p B
DI B 72 O i BE O B R LS FF
TZ%. BiVO/BIOX N7 Uik # E#$ % 72
DITIKEEREZ Vv, g2 179 L &
HICHTHIYE T IS BT B S a v % S5 L 72

i A R

1. BiVO,/BiOX Jtfl it &k
2.4 g ® Bi(NO3)3.5H,0 % 20mL ® = F L ~

7)) 3= )VIZ#EEE L, NavO; (0.6g/20mL) &
NH,4F (0.2 g/10 mL) % 5l 4 \ZZE R KISV L 7z
NH,F K& % Bi(NOg)s.5H,0 I IN 2, =
T LRI A L7z, RIZ, NaVO; DK
AL REMITEAL, ML CEEL R
LG L7z, €Ok, [#BONTHBDOBEHR T
60mML O 7 710 rEZFIZEE L, 180°C T 12 kK
BIINEL L7z, iR, B o Nz UL L,
kLTS ) — VT3 EPEE L, 60°C T 12

[ 7 1 S 4 BiVO,/BIOF % &R L 72, [AlRELZ,
BiVO,/BiOCI, BiVO,/BIiOBr, # X UF BiVO,/

BiOIl Jfilifiix, NH,F % Z 41241 NH,Cl, NH,Br,
BIONHJICEXIZ L7205 TER L. b
Bo7zo12, [[ CFNET Bi(NOy);5H,0 & NaVO,
OB NTT AT YT AEMZTIZ,
#IKE7Z: BIVO, Z AL L 72,

2. Al

B L7z v TV osE S, T~ v
% (NRS-300, JASCO, 532nm L —# —) &
X A4 (XRD, MiniFlex600, Rigaku) 12 X -
THEELZ. F/BI0I 7 offdix, &858
E-HHMEE (SEM, JSM-760F, JEOL), &M
T-9EMEE (TEM, 200 kV, ARM, JEOL) , Bk 7 —
) TR (FFT) 081, T AL — 2l X #
63 (EDS) B X UET T A IVF—HE250
@ (EELS) 2L o CRMli L7z, AR S iz
TUEDONY Ry vy T2 #ET L7201,
UV-vis JEELCEF A7 bV &GRSR L 72, AR
L7244 o 7OV o SiitiE L, ATBDERREGS T
TAF VLY TN — DO REEZHEST 52 &I
LY EE L 72 BIEIE 400nm UV By Nt T
TANY —%kfizl-Ft /) T 7 (GEK,
500W) ZfHEH L7z, &L 7206 50 mg 1&
30 7 B E I ALER L 72 7%, 10 ppm D A F L >~
TV —IKEEWE (100mL) L RA L, BEETCH#
FRL 3 S - AP L7z, e,
EEW S ML 2 30 T EICHLD L, #a
HE L 722 UV-vis bRt 2 R L T F L
VTN OWRE R WE L7
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Mo% Rk R

1. WRBIOEE

B 1ald, ZFKIZHBES KK T
VO TF Ty IVER%YRL TWw5 (Razavi-

Khosroshahi H. et al., 2019). NH,X 7 L T& K
SNToH Y TIVIREER L2 EBTH ), BiVO,
mAROME L < —F L 720 NHF, NHLCI,
Nmm,ﬁiwmmy~1f%&§ﬂtﬁy
TV, ENETREVHEE, BV KM,
WrLrVofmERL7. Ki1b Tl iiﬂ“l’ﬁﬁx
#EELRE I, BiVOWBIOF, BiVO,/BIOCI, BiVO,/
Bm&bivawwam@%m%% L7z,
21%, KH v TV OBMEE L EREE SEM
@T%%’i’ﬁ? (Razavi-Khosroshahi H. et al., 2019) .
meﬁ%wfﬁ*u,ﬁﬁm—mﬁ%(%
100nm) AAEENTED, BEL THEVWIIK

b Bivo, /Biox - it

2 | (X=F,ClLBrl) v Biopr O BIOF
D e A BiOCI O BiVO,
g h=d b=d S SO O DD O O S0 SOEI0E>
k= I &A naa XX aas A

= @ 00 00 O0mommm
= 0O WO 00 COGD® 00 O @
@l L el L _ BiVO,/BiOI
T JI L __BiVO, / BiOBr
Z 11 " BiVO,/BiOCI
S T 11 BiVO, / BIOF
= i

10 20 30 40 50 60 70 80
Bragg Angle, 26 (deg.)

Fig. 1 (a) Digital photographs of the synthesized
samples dispersed in deionized water for better
color visibility and (b) XRD patterns of the
synthesized samples. Reprinted with permission
from Ref. (Razavi-Khosroshahi H. et al., 2019).
Copyright: (2019) Elsevier B.V.

Kt (F2pm) ZRKET 52 &b b
BiVO,/BIOF fii 713, ¥4 74 A XA 1.5 um
OBREETH 1), BIVOL/BIOCH KL 1%, —K
FF21um LT 7L — M ThH 5. BiVO,/
BiOBr#I 7-1x, =T v VBV TL—HFTHD,
BiVO,/BIOl ¥ T 1ZHFE DR 2 Ff 7z e v 7
L— 1 Thb. ZWHFOEERZ, RBikFEE
DB T L5 7)) v IRy Fewy
MHEELIEEZLND.

3ald, AWM ENIH v T ILD UV-vis Bk
K A~RZ MV ERLTWw5S (Razavi-
Khosroshahi H. et al., 2019). $-XCTOH > 7
I EZRINT A2 L WS TH 5.
5b 3 L U 5c TiE, BNz TNy
F¥y¥ v 7% Tauc D% W CTHEE L 72
BiVO,, BiVO,/BIiOF, BiVO,/BIiOCI, B X ¥
BiVO,/BiOBr > 7 )V ClL, 2.4eV LD IN>
F¥x v FAMER S 7275, BiVO,BIOI Tl
204eV FHEDOMEE N FF ¥ v 712Nz 1.96eV
HEDEENY F¥E v v THER S,

B 4a 1%, WTHOLHEETTCOXATFL YTV —

Fig. 2 SEM images of the synthesized samples, with
corresponding high-magnification images in the
inset. Reprinted with permission from Ref.
(Razavi-Khosroshahi H. et al., 2019). Copyright:
(2019) Elsevier B.V.
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aos BiVO, / BiOX (X = F, Cl, Br, 1)
@

g 04t _~~BiVO, / BiOI
.E \~ BiVO, / BiOCI
S 0.3r ~"\¢--BiVO, | BiOF
o !

2

< 0.2}

R

E . 3

_E‘ 01+ ) B!V04.... \

r BiVO, / BiOBr---~

1] P U TR SR S
300 400 500 600 700 800

Wavelength (nm)
b 25
BiVO, / BiOX (X =F, Cl, Br, 1)

~_ 2.0p Direct Transition

E 150 BIVO, oo

s 1

2 BiVO, / BiOF ---.._
N 1.0f BiVO, / BiOl --~.,

E 0.5t /*+BiVO, I BiOBr

- BiVO, / BiOCI
==—rr— F | A S e o i S TR
16 1.8 2.0 22 24 26 28 3.0 3.2 34
Photon Energy, hv(eV)
c 1.5
BiVO, / BiOX (X =F, Cl, Br, I)

E‘_‘ Indirect Transition

5 10 7

% < /“---BiVO, | BiOI
= (. --BiVO,/BiOF
- 0.5 =BiVO,

= - BiVO, / BIOCI
E “te---BiVO, / BiOBr

N - S

b

6 18 20 22 24 26 28 3.0 3.2 34
Photon Energy, hv(eV)

Fig. 3 (a) UV-vis diffuse reflectance spectra of the
synthesized samples, (b) indirect allowed transition
Tauc plot, and (c) direct allowed transition Tauc
plot. Reprinted with permission from Ref. (Razavi-
Khosroshahi H. et al., 2019). Copyright: (2019)
Elsevier B.V.

S RGBT 2 R L T v % (Razavi-
Khosroshahi H. et al., 2019). &t IEEFET
TAF L Y7V —ICHHDL 2 BN L7277 F
Y RETIE, XA FL YT IV—0HCOHEDE
HTEXDLIEIENEWT EDMEREINT. TC
D BiVO/BIOX ¥ > T IVOHFEAETFTTHOAF L »

a4,
L No catalyst
D'Bf \ BiVO,
" BiOF
08 BiOCI
) I 2 BiOBr
0.4+ i BiOI
BiVO, / BiOX
0.2r (X=F,Cl,Br,I) .
oh UnderVns:hIe Lnght =
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lllumination Time (min)

2
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6.0 BiVO,/BiOX (X =F, CI, Br, )
&
50r  Under Visible Light &®

4.0t
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Fig. 4 (a) Photodegradation of methylene blue over the
synthesized samples under visible light irradiation
and (b) Kinetics per area of particles. Reprinted
with permission from Ref. (Razavi-Khosroshahi H.
et al., 2019). Copyright: (2019) Elsevier B.V.
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W L et AT 5 eFEERIE, EVIANT Ny 7 —~OISH & H S0 g
PO SN TWE, HRHILEEN T 774 O 10 L EICET S Silk, ZOEBEWE L LT
IR SN TV DS, BEIZE L7 )RR L ) A 72 VNS L RT3 4. RIFZETIE,
F 7 R—F R Si Wk F OMFLAEE 2 AR E Lo EFIN L L TEHS$ 52 & T2 0 E% ik
L, 150 %1 7 )V C 80% = it 2 % WAk Em L 72,

ABSTRACT

All-solid-state lithium-ion batteries (ASSLIBs) have attracted considerable attention as a solution to the
safety issues of LIBs using organic liquid electrolytes. Si is the most promising anode active material for
increasing the energy density of such batteries because of its high theoretical capacity. However, the stress
relaxation of Si with large structural fluctuations is a major challenge to the practical application. In the
present study, nanoporous Si particles and sulfide-based solid electrolyte are composited to accommodate the
volumetric expansion. ASSLIBs with nanoporous Si composite anodes exhibit the capacity retention of 80%
at 150th cycles.
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1. WIEHE

EFHED S 5% 5 miknefl, ZrEmeiboir
Nom<T, )F a4 EM (Lithium-lon
Battery: LIB) O &EIZEF T T TILEAY &2 R4
TWh, FAETEL ALY - LHAEDbEA
~— 7))y FRBEREBE AT KR EFE~D
EROMEINTBY), mEb AV F—FHE
IR IACE LIB (2 BE$ B W 5E AN HE 0
D SN TS, 22T, LIB OAEMBRIGYE
W7 7774 RBMEHINTWSEDS, 2o
MAREIED TN IN2MANGT TH L. D720,
TARIVE =B, H A 7 VR IRIEICE L O
REMEIREENTNE, HTh, 9577
4 ML TIOBFD EoHEBmRE =
(4199 mAh g™) ZFD SilE, ZOERLI K
QRSN TS, L2 Lads, ZO3EHI
BEL T3 2DOKRE i EE I L 21Uz
v, F—IZ, UF T LA OWE L
WZREVE) 400% &9 K& IR LS SRS
L. TOFEE, SikFNE L KOS I
L ERA b L, REMICITERE LTo
FERE % #2253 % (Ashuri M. et al., 2016). 5512,
G4/ BASIL 7 T A2 BT B BRI
B, B OAR W R FERD L 7 —0 %)
FEORTEFISEI T, FE=IT, VT 720K
HHZ & 2 F 7 15 O WG A AT %25
(Solid Electrolyte Interphase: SEI) #S#f ¥ 3 %
(Zuoa X. etal., 2017). Z D72 OFHE %41 K
FTTLICSEIDIEL %)), BREOMA & )58
BEOKTINHEZ 5.

F 2 CARMZETIE, Si DR ERZ BN
5 EERHMC, SILEMSEEZAT HMAT %
WA L7z ALY L o R i & L CfE
AU, A 7 V2 RIEEED
LIB#B%T& 5. T2, SikFREIZERS
N5 SELIZDOWTIL, AHEMIE % BEAEMRE
WCEXEZ2ZETHRlTAI L E L BWv
A HIP CEAILEMI 2 E R b R EATE
R % MM 5 2 &2 &0 Bk L ool

L D729, SEl OFAERUSIEMEE ) Rk
WeEEZ2 615,

2. WF7E) ik

F /R —F A Si k- 1E Mg,Si D 225 ERAL
-~ A a7 AL DR L 7.
Z O X X AR T (X-ray diffraction: XRD/
Rigaku #1: % SmartLab) 5 £ VT ~ ¥ #LfL A <
7 MV (JASCO #1:# NRS-3100) %l % 2
WXL, e, I R—TF ASif
KFHonb 7 LA v OFREENBOMEL,
RO T AR - W EE (Field Emission-
Scanning Electron Microscope: FE-SEM/JEOL #t:
%1 JSM-7800F) & & i B E F B g 8
(Transmission Electron Microscope: TEM/JEOL #t:
# JEM-2100) % F\VCEIZEL 72

YERLL 72— 7 vV OBEEACFIEEL, Tk
B A 7 VIlELERRA Y E—F v AED?S
ML 72 FERES A 7 VEIEIZIE A A
BTS-2004H % vy, #IHI3H 1 7 V2> T
12 0.127 mAhcm™?, ZDHEDH A 7 VIO nWT
2 03mACM? DEBRME— F2EH L. &
B, Cut-off EA7130.88 V725 -0.58 V & L 7= (Li*/
Lil2xf LT 150V B £ 07004V IZxHit). %
A v ¥ =y AIHET 7 = H#18E Solartron
analytical 1470E Cell test system % J > Cill%E L
7. BB X OCMEREEHEBEE TN
10 mV, 100-0.002 MHz & L 7-.

3. MR LEE

X 1(a) (2 JE KD Mg,Si & L2 B £ UF HCI
IO XRD /%% — v 2R Y. ERIbRE
BHZDOWTIE, Mgo DT & & 412 Si DFiwv
V= 7 PEk E TR S u7z. fie < HCI LB
125D MgO B X URBUE D Mg,Si 122K 3 %
FPTEEE L, BEMHOF 2 R—F X Si ki1
M H N7z Si(L) T E— 7 Mo R/ L7
W28 a= 05443 nm (&, R T — & N—
Z O fii a=0.5430 nm (JPCDS 27-1402) & iR
P C—3 L7, F 7z, Scherrer X HK® 72
F /K= X Si ki T OF I8 T 14 Xk
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Fig. 1 (a) XRD patterns of Mg,Si (1), air-oxidized
sample (I1), and HCIl-soaked sample (I11); (b)
Raman scattering of HCI-soaked sample.

55nm CT& - 7.

7 R=F A SitHTB L OHES S (Z
BWE) I~ AT MVEX D) I2RT.
FNZENUIZOWT, 7+ /) v OIEE L EAR I
OETIRE) (TOE—F) ICHETLE—7 4
495cm™ & 520 em™ Bl .. 22T, T
ELNT 7 ASild480cmtIcY— 7 BEOIEE
70— R ARY MVERT. ZORE, K
S O—FATENT 7 AL L TWABEAIC
i, E—2r 7 h eI BT a Ny —
DIV DR FAN - O AAEET S (Okada T.
etal, 1984). AWIFETEIM L 72F / HR—F A Si
WHRLT-D AT S IVIZIZIERFRIC 78— FMEL
TWbZEhns, E—=2 37 b ERHEBOHEK
TR D B VIZSILERE ISR L TWwa L&
b5,

M2i12F/ R=FASIMR T oD TL

Fig. 2 (a) SEM and (b) TEM images of nanoporous Si
particles.

14D FE-SEM 1% & TEM %R, LA~
DOFEMB L OCHEIZET nm 4 XOHMFLA %K
ZLAHANCHEIEL TWB I 209 h b, —fk
kmﬁ%wﬁ%hmw%ﬂémw,@w,lw
TaEATIEZ ) LEEIIER I 2nwT &
M5, Mg,Si DZELERIL & ZAZHE < HCHIZ &
LR~ 7 AT MMUICE D FER L 722 L HTRE
ENs. PEOFERFHRIL, TRoeIaR
T7Ot AL F ) R—F A Si kAR
BEINLZEERRLTWVS

{1}

Mg,Si + O, — Si + 2MgO
Si + MgO + 2HCI — Si + MgCl, + H,0

BFEN—T L IVOFTMEY A 7 Vil %X 3
WCRT. F/R=—F ARSI TZ2ECHEE
WD/N—7 NV IZBWT, 1240 mAh g DI
HETBML:. CofRIE, 779774 M
36O ARIZER L2 LEZRLTVD
F72, 150 %1 7 VTOREHFRIZOVTIE,
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L7z st oEn e —%7 5.
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KiFgeTix, F+/ K—F A Si ki ¥ &AL
WRERERE D S 7% 5 EEGEBOBESILFEN
PR RIS 7. A OMBIRY , 4fE
RLIBIZBUTA2EBMEDEL L TH/ K—F
A SifgfF &2 W RO TH L. 155
NMAZLUTIRT. 1) Si k& 2 E6HEE
RITHIFLONSG I L > TREE SN S, 2) il
Yk R B E oI R L 72 SihL T2 5
HELHEREFEMT L. RET 70 —F 134
I VEERENET A I2OOPHR TL=— 2 %
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BT O EURTE S X UHIRHREE D BRI Z LIZ O W THIN2. ZOREE, FRREGEIC P, BBk
FAIHOAREE) L, AR IR L 72,

ABSTRACT

It is important to understand the mechanism of suspension rheology by considering changes in its
microstructure formed by suspended particles. Suspended particles in a tube flow migrate transversal to the
streamlines due to inertial effects. However, it is unclear that the relationship between changes in the
microstructure and macroscopic suspension rheology. In this study, numerical simulations of pressure-driven
suspension flow between parallel plates were conducted, and the distribution of suspended particles and
relative viscosity were evaluated. As a result, the suspended particles migrated towards the equilibrium

positions, and relative viscosity decreased with time increasing.

BB o HE WTEE L % 5 BB OB 2 m B,

SRR T D KBRS Z D 2B 70 & DAL

= WEIKAET 5. BN TR, BHEOBEIC X
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and Silberberg A., 1962) 2315 T\ 5%,
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#: (Regularized Lattice Boltzmann Method,
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AR OFF 121, 2 (4) ISR T X912k
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ML e TIFE (Fukui T. et al., 2018) #* & &
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BU2 1279, IREED EAITHE, ARG EE 3R
FAZHILTBY, 742y 1ol
M HRD SN DR & IR LT, 247k

ENEoN7.
W, KPR % & T BB VAT 2 17 -

7. aAv T A AN (GEEIESRS SR
EEOW) 1£C=007, EMATFOT7 A7 b
WIZAR=2, K TIEEIL¢=103%, LA /)
AHiERe=32 & L7z, M3 B L0+

MNormalized axial velocity w/'l/

o0 8]

(a) ¢ =1.76% (b) $=4.91%

(©) ¢ =15.9%

(d) ¢ =23.8%

Fig. 1 Axial velocity distributions of suspension
including circular particles for confinement

C=0.05.

-136 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.28(2020) 135-138

Young Researcher Scholarship Report

RSN - & (t=50) DR HUR
ﬁbi@%ﬁﬁﬁﬁ‘ﬁ@ BlERd. Th&
O, WEACT v F AL T RE R X

B OB I, /JIL%EP OffTicEFEF AL &
DA T & 72, KT BUIREE D IR 2810 % ST

5 12 ORA DIETEMER A 2 X 4 1R T, F)
Wy =+ 0.8 OWNMNZ AR L TV 72k 11

yll=* 0AMTICE T L2 ENHERTE S, 18
PERPE D RTINS B VT, R TFO%4E

1.6

O present

Relative viscosity #7.¢/10 [-]

1.1 =
A0 — Einstein

1.0 &= I I I 1
0.00 0.05 0.10 0.15 0.20 0.25

Area fraction ¢

Fig. 2 Relationship between relative viscosity #.q/79 and
area fraction ¢.

0.40
goﬁ.ﬁbW@ww_ ____________________ upper wall—

FEOA0E e e e
bo,zs T
% 0.20
D015 feeeeeemeapyenaniiea.
2

= 010 |-

£

005 |-t

[=]

£ 0.00

b6 — - h
-10 08 -0.6 04 02 00 02 04 06 08 1.0
Normarized y-axis position y/I

(@)t=0

0.40
-1
£ 0.35
5 030
f=]
2 025
2
Z 020
< 015
= 010
£

-1.0 0.8 -0.6 0.4 0.2 00 02 04 06 08 1.0
MNormarized y-axis position y/f

(c) =37

BT 56 0 ) & SRR S 5
TIDo 0 49 LEICH F 5 Segré-Silberberg %

RIZEY, BEED S —EOHEEIZER LETRIRD
DRI 5. — 75T, EEIBK - DAL

H— R T ORUEFRNTIZ & 0 P57 8 2SERIE R T
CNIELR D EAHEE SN TS (Chen S.-D.
et al., 2012; Wen B. et al., 2019). A fi# #T T 13
BRI & 2 A F 2 HAD R T
7.

r+hip r
4 =) o

y . 0 o S Q -
T_) et 0 o @ <
o= 4 ° S [
2 < 0 o 2

B e N ¢ B

5 ° © 5

[ 4 [

(b) =50

Fig. 3 Suspended elliptical particle distributions at (a)
an initial state and at (b) non-dimensional time
t=>50.

0.40

B

i R

T
DT Mmoo bsepmns iy Ko ey s E Ay S AN R iy ioms

=

o

5

T 05 o

Z 010 e @e R

.goos ..................

& 0.00 ceood 600

-1.0 0.8 0.6 -04 -02 00 02 04 06 08 1.0
Normarized y-axis position y/l

(b)t=16

-1.0 0.8 0.6 -0.4 02 00 02 04 06 08 1.0
MNormarized y-axis position y/f

(d)t=50

Fig. 4 Probability density function diagrams.

-137-



Hosokawa Powder Technology Foundation ANNUAL REPORT No.28(2020) 135-138

Young Researcher Scholarship Report

—©—present

- - -Einstein

Relative viscosity #_./1, [-]

1.00 L L L L
0

10 20 30 40 50
Non-dimensional time [-]

Fig. 5 Time history of relative viscosity.

2 DD ET B WK ECE O BB T & 5T
BL, TOFEMHAEEOREHERE % X 5 (2R
F.OEBETA vy 2 s A ORERD SRS
5N 2 TR TSmO AR REEE %2 365, i
DEEHIGREORENE LA X, WEXOM
EIEBEL TS R>THh LD, BHET2ET
SE B VI OD AHORS R BE 1 B R T IRE ] €= 10-20 122>
FTIRTL, 743 ay A ofifEfyrsk
D H L ARREE & L TR o 7
Doyeux 512k % &, —FREABIRNLIZEB T,
TERTRIC K T AR FORKE SR EVII LA
WENE L 25 2 DB SN T A (Doyeux
V.etal, 2016). ZAL& D, A — BEMIH BEAE %
EZBE, RADEEHIT < &b A AT
DS < 2 0, e 2 i T 5561213,
KiEICR T 2550/ E kb EEZLH6N5,
Sl%, RF - BEMMERAEICN R, KF - KT
T A e T A ) O LR % B8 L 7R T
MiEfTV7onEZE 2 Twah,

4. ®is

AWF7EClE, IEHLRFRLVY < kB L
ARG S & B TR ) BRE) S AL 5 AT AR
SRV AURAT 2 ATV, RIS X BBk
REDZALDHIRREEE 12 5 2 5 B2 DWW TRl

72, ZORER, FBIALF 2 BT BEROLEE,
OIS 5 2 & T, FHRPREEAMET L
7o, SRIE, R — R R EE R SR S AR
HAER %58 LSRRl 2 ATV /onw e F 2 T
W5,

e BN

Chen S.-D., Pan T.-W., Chang C.-C., The motion of a single
and multiple neutrally buoyant elliptical cylinders in
plane Poiseuille flow, Physics of Fluids, 24 (2012)
103302. https://doi.org/10.1063/1.4757387

Doyeux V., Priem S., Jibuti L., Farutin A., Ismail M., Peyla P.,
Effective viscosity of two-dimensional suspensions:
confinement effects, Physical Review Fluids, 1 (2016)
043301.
https://doi.org/10.1103/physrevfluids.1.043301

Einstein A., Eine neue Bestimmung der Molekildimensionen,
Annalen der Physik, 324 (1906) 289-306.
https://doi.org/10.1002/andp.19063240204

Fukui T., Kawaguchi M., Morinishi K., A two-way coupling
scheme to model the effects of particle rotation on the
rheological properties of a semidilute suspension, Com-
puters and Fluids, 173 (2018) 6-16.
https://doi.org/10.1016/j.compfluid.2018.04.038

Izham M., Fukui T., Morinishi K., Application of regularized
lattice Boltzmann method for incompressible flow sim-
ulation at high Reynolds number and flow with curved
boundary, Journal of Fluid Science and Technology, 6
(2011) 812-822. https://doi.org/10.1299/jfst.6.812

Segré G., Silberberg A., Behaviour of macroscopic rigid
spheres in Poiseuille flow: part 2. Experimental results
and interpretation, Journal of Fluid Mechanics, 14
(1962) 136-157.
https://doi.org/10.1017/s0022112062001111

Tanno |., Morinishi K., Matsuno K., Nishida H., Validation of
virtual flux method for forced convection flow, JISME
International Journal Series B Fluids and Thermal En-
gineering, 49 (2006) 1141-1148.
https://doi.org/10.1299/jsmeb.49.1141

Wen B., Chen H., Qin Z., He B., Zhang C., Lateral migration
and nonuniform rotation of suspended ellipse in Poi-
seuille flow, Computers and Mathematics with Applica-
tions, 78 (2019) 1142-1153.
https://doi.org/10.1016/j.camwa.2016.09.011

-138 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.28(2020) 139-142 /https://doi.org/10.14356/hptf.19503

HEREER N AT T F R E S D3R KONA
R E ;
= Hosokawa Powder Technology Foundation ANNUAL REPORT Vg oy

KRN E T AR ORF R B I L X A = X L O KT .—

Investigations of the Generation Mechanism of Cooperative
Behavior of Disks Falling in a Particle Bed

ol
®
W% 4% Scholarship Student: JI[IE K Daichi KAWABATA JIE - Ran
FEARARFEEEH TR 1E-LERAR ] 2 4F
Graduate School of Science and Engineering, Doshisha University, PhD Student
(B2)
E-mail: cyjd1701@mail4.doshisha.ac.jp

WiJEd8# Academic Leader:  [1JI] 33 Yoshiyuki SHIRAKAWA

¥4z, Professor
E-mail: yshiraka@mail.doshisha.ac.jp

W 8k
BIEE T, BE K OBRECHEREBOMEDS 2 SN TnD. 2062, BiEdh 2 KON ED
wTT L, HBEINREZEEZRVELZPOETT2E805 5. ZOXEBIHBEOE TIZHE
) BRI DIRREZALDSZE L, ETLEERONL. AR TIE, 280N EEOMBARHEE &
BEf 22 ZL S TRHNICERAL, TOZBB T 52 LX) ETEEICE JITTWERAME
TR 2 et L7z

ABSTRACT

Several interesting phenomena of particle behavior have been reported to date. One of them is that the several
disks fall while becoming unique configurations under the condition that they are dropped into a particle bed.
This behavior is called “cooperative behavior” and can occur due to the state change of particle bed with the
disks falling. In this study, we dropped only two disks into the bed with various the disk initial distance and

the dropping time differences, and the interaction between the disks was investigated by analyzing the falling

behavior.
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Fig. 1 Schematic diagram of experimental apparatus.
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Fig. 2 Variation of the height of (a) first disk and (b)
second one as a function of time under some
conditions about initial disk distance.
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ABSTRACT

Gate-type adsorbents have many superior adsorption properties due to the structural transition induced by
adsorption; however, there are few studies on practical applications. In this study, in order to investigate the
effect of the thermal management property, which is one of their many properties, on the adsorption
performance, we focused on mixing phase change materials (PCMSs) into an adsorption column as a simple
system with the similar thermal property. Therefore, we developed a nonisothermal column model including

the contribution of the melting of PCMs and confirmed the efficiency of the thermal management.
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Fig. 1 Bed temperatures and breakthrough curve under
(2) ¢ecm = 0 and (b) dpcm = 0.33.
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Fig. 3 PCM dependence on amount adsorbed at
breakthrough (red circle) and the plateau
temperature 2 (Fig. 2) (blue triangle).
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tion by flexible metal-organic frameworks with
fast gating and thermal management capabilities,
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Efficiency of thermal management using phase-

change material for nonisothermal adsorption
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mal detailed column model for high-performance
gas separation system using phase change mate-
rials”, 18" Asian Pacific Confederation of
Chemical Engineering Congress (APCChE
2019) (Sapporo, Japan, Sept. 23-27, 2019).

2. B BOK, P ARER, PR RER, H

- 146 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.28(2020) 143-147

Young Researcher Scholarship Report

S, NIE B, IR B2, mE R, W
EoBE T O 2B B WRAEBOEE L
ZAULM RN & 2 BB R R", 433 I H A
W 75 F Wi 9E 36 % 45 (Nagoya, Nov. 14-15,
2019).

R B, S BIORER, HR S8, NIE
B, IR Bz, mE R, MM R
LD BMERB R TER L 72BEm 7 o

4.

— 147 -

ADOREE", #7104 FB X ORI
25545 (online, Sept. 14-16, 2020) .

W B, S FIORER, R R, NIE
B, IR Rz, HE R, LA
£ B BAHER R 2 ) AN 7= IR RIS 7
T LAETVORE", b T5¥a% 51 [k
Z K4 (online, Sept. 24-26, 2020) .



Hosokawa Powder Technology Foundation ANNUAL REPORT No.28(2020) 148-152 /https://doi.org/10.14356/hptf.19505

PCS
HREEL N AT T F R E S D3R KONA
AR Hosokawa Powder Technology Foundation ANNUAL REPORT Ve@g&Y

B cEZWE T HELI A P~T) 7T VORI

Development of Low-cost Materials that Adsorb Radioactive
Element

W5 % Scholarship Student: T2 HEK Yuta SHUSEKI ForHER
FGBR RS R A B o Je i i el 2 45
Graduate School of Science and Engineering, Tokyo University of Science,
PhD Student (D2)
E-mail: 7219703@ed.tus.ac.jp

W9ed% Academic Leader: AP i Ken TAKEUCHI

#H3%, Professor

E-mail: ken@rs.tus.ac.jp

W 8k
REBFEFEFHITL  OMSTHEWE 2B L7 2 TER LD HEL B2 Lz, ZOFHH,
SHFEE BT RE e RET 2~ 7 ) TVHEOMIEZIToTHBY), TNETIZ, KEAIILVYY
LADTEIVT 7 AEEIIIFFITEC SrlrEiEz AT A L2 BRiL2. 54 MEEM ED2D
2, R TIZZ O SrBREMME LIS 2720, ET - 505 LV o> HFHE LIRAE 2 71 =
A L fEI 7 A AT

ABSTRACT

The Fukushima nuclear accident caused a great deal of damage by releasing a large amount of radioactive
material to the outside. From this accident, the applicant is conducting research on the development of
materials that remove radioactive element, and has found that the amorphous structure of calcium carbonate
has a very high Sr removability. To further improve the performance, in this study, in order to elucidate this Sr
removal mechanism, we evaluated it from the viewpoint of atomic and molecular levels and tried to elucidate
the mechanism.

B R OHE W % Rk VRIS L 72 2 & TE R HHE
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Fig. 1 (a, b) X-ray structure factors S(Q), (c) Reduced pair distribution function G(r), red line is after Sr adsorption, blue
line is before Sr adsorption.
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Fig. 2 (a) EXAFS spectrum, (b) Radial distribution function.

Table 2 O coordination numbers and Ca-O interatomic

distance.
O Ca-0O
coordination interatomic
numbers distance
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Aragonitel® 9 2.56
Vateritel® 6 2.41
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Ikaitel® 8 2.48
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W s
NI YA b (0-Fe05) (X, HEETH ), FENALT - BZEEZ AT HHEBEFMTHL. Lol
PEfe DB I, HERE R HERE 212 500°C DLE D 7 = — VLER 2 S AL D 72 D12 LB L § % 720,
M EAPENZ Z LI EAD 0-Fe,03 OB HNEETH - 72, ZOREZ RS 5720, FK4ldFe
TRIBWA O 0-Fe,05 FEASERTERL S, B CTOMMBUMBULELZ LEE L L2 WHiFike LT, KE
J5i#: (Solution-mediated alternative reaction technique, SMART) DFFs %17 - 72,

ABSTRACT

Hematite (o-Fe,03) exhibits earth-abundance, non-toxicity, and excellent chemical and thermal stabilities.
However, the conventional deposition methods require high temperatures during deposition or post-growth
annealing typically above 500°C, thus making it difficult the deposition of a-Fe,O3 layers on thermally fragile
substrates. To overcome this drawback, we are exploring novel liquid phase-atomic layer deposition (LP-
ALD) methods, where the source and oxidizing solutions are employed as the precursors. In this study, we
focus on the development of “Solution-Mediated Alternate Reaction Technique (SMART)” for hematite
nanofilm deposition at a low temperature (75°C) with extremely simple operations.
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Fig. 1 XRD pattern of the hematite film grown on a
glass substratel!.
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Fig. 2 Surface and cross-sectional SEM images of the
hematite film fabricated with the FeCl,/NaNO,

precursorstl,
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Fig. 3 UV-Vis spectra of SMART-derived o-Fe,03
obtained after 1, 3, 5, 10, 15, 20, 25, and 30
deposition cyclestl.
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Fig. 4 LSV curves for SMART-derived a-Fe,O3
obtained after 30 deposition cycles on an TCO
substrate and bare-TCO™!,

Byt LCEETHY, h—Kr=a2—F
FNVEEEATORTL a T e % b, KGHOKR
B 2 R FEE D 72D OFAMEE D — D h3%
filizro, BREEICHE L\ ERIEF A SUS Al o B 56
THb., AFZETIiE, LREAEDSEMET
OER Bt DOFFMi % 1T - 72. XM 4 \ZHIER R %
R, RBEO TCO 1X 1.8V T 0.18 mA/cm? &
sy — FER LIRS 2 WD, a-Fe0q
BRI F BN T LHT L LR WERAMS 5
72, ZO¥EA, BREE005SmAM? IZBIT S
WEMITF 390mV TH - 72,

WIS, NELACF K ERL O i 14 2 F~<
L7-9012, EE T COBLALFNEE % 1T -
72 (M5). BREIZL DD Y — FEROBN
REEANE R pAICm2 R D D, e S &
T/ IEALF DT & A EDKERILD 7280 Tl 7
{, FREAGLTWAI ENghsh. For OCHL
FAEDORY T, a-Fe,04 AW EAKERAL 12 5T
L C R 2 E5U S Ol clllE) &
TR SAESE T OGRS T TlllE) % FRIR
FTHE X2V, 2, BB TIEIET REE D
72T RGBS LEEL B8, 20 &9 /R IkIE
WS, 28 ORI ER LB R F v 1)
TOFRKAETA N LR LI LICEBEERLT
W5, SMART Tl 75°C &\ ) {KiR CHIE %
ToTWbHILEERETAHE, SMART THH
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Fig. 5 The effects of photoirradiation on the current
density for SMART-derived o-Fe,O3 obtained after
30 deposition cycles on an TCO substrate!.
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KW TIEE T F > R ~—Z2RE L, BN TEYRB ZIH$ 2 a0 1 FoHchi
Fl & ZET L7z, ERYE T Acetaminophen i HiZR1Z 60 43 TH 40% F T C& 72, B L5TED
FITC-dextran U= 2 5Ffli L72 & 2 A, Wb KM OFHRICHHT 2HBRICH 72, 2D,
BB CY I F v BEER) v —RAERIEI M) v 7 AEEEZ R L 22 L aRg S/, 3
WOKEIZE L7zaa A ROEREFOBRGEHIE» L Z Lt sns.

ABSTRACT

The purpose of this study was to design the gelatin/enteric polymer colloidal formulation that delayed drug
release in an acidic environment simulated gastric conditions. The acetaminophen release ratio from the
gelatin/enteric polymer formulation was 40% at 60 min under pH 1.2, and the release was slower than that
from gelatin formulation. The release profile of FITC-dextrans with varying molecular weights at pH 1.2 was
proportional to the square root of time. Therefore, gelatin/enteric polymer formed the matrix structure under
acidic conditions, resulted in delayed drug release. This result can contribute to developing polymer colloidal
formulations suitable for drug characteristics.
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B R D B E

1. B

HANTHH S NERIE T 28R HEELT] X
TIPS B0, BUTICBI 53
Pl & B3 2 B A S S ST b
(Liu L. etal,, 2017). 73k, Wi tdsm L seHl
2N T VENGEER) v =D a—F 4 v 7
SN-EEA L LClsEs s, Lo LIEE
BHNT, WETRDICZLVEREICRELSS
WHEIECTH 5720, IREEICENZRLOLY —
M roanf FoECREHIPIE SN TS
(Uchiyama H. et al., 2018). < Z CTHlRIEMEH S
pH IR AW E 2 7R3 30 4 Fo#cR
Dka R AT

2. HEE#
ARESClE, Gelatin/ BpEMER ) ~ —RA R
W&, pHIREEOSEY itk *E 3530
A FOBCREA 2 R L 72, HEEHE (pH 1.2)
BLONGEER (pH6.8) BT A0 F
SIECRELE 2 OIEYIHUE 2 7 = X A OFFBIC
WY MAZZ R TOESTRARIIL 23
e, auA FILZORETI) Ah/:-5
ARAIESANCRI T 2R CTH D, EkiEE DR
W7 FeT7 Iy AR LEICESET 52 e FS
n5.

3. WFZERR
3.1 W EO R

Gelatin B X NIGEERY v~ —Th b 71
A0 —A 7% VI AT ) (HPMCP) % Hw
T Gelatin, Gelatin/HPMCP I 1 1 K 45 8% #
Fl 2B L, KiEME % 7R3 Acetaminophen @3
YR 2 5T L 72, 3D S O 32 R AT
filild, HAERFTOEHEE S FVEEIZHEL,
2N BV [A§E % 50 rpm, FABRTE IR EE 37°C 12 THT -
oo M1l an S FoB-ReEA»S 0
Acetaminophen L ZE B DA R 2 7R 9. Gelatin
(4%, wiw) THHL L 72 8%1F, pH12 K O
pH 6.8 12 3B\ THIAA 5 43 THJ 100% D M

-B-Gelatin (4%) at pH 1.2
-Gelatin (4%) at pH 6.8
=&~ Gelatin/HPMCP (4%/4%) at pH 1.2
=/ Gelatin/HPMCP (4%/4%) at pH 6.8
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Released acetaminophen (%)
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0 rt ' . ! L
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Fig. 1 Drug release profile from gelatin ([J), and
gelatin/HPMCP (&) at pH 1.2 (closed symbol) and
pH 6.8 (open symbol).

%l 7. Gelatin 1 pH (A& FFE 9 30°C L
THIET 22 RT I ENERTH S LS
& U 7z, Gelatin/HPMCP (4%/4%) %4 %l 14,
pH 6.8 |2 B \» T Bl B 12 Af B L 3 R 2 1
Acetaminophen 235 L7z, xf L C pH 1.2 Tl
RO FHIEIIED SNT, EYORHZE LT
L, 6075I281) 2 Witti=c & 38.4% % TH
HT&72. HPMCP i3 710 X 10— ZZIRMEE
R A G- SN7Er BT 5720, Pk
DLbECIRaER L, MRS CRE ST 2 &R
FTIENERE L TEZHND (BarbosaJ.AC.
etal., 2019).

3.2 FEWLHERE O]

FEME =112 B 1) 5 Gelatin/HPMCP 2 10 1 K
SrHCRILA] 2 © O FEY L AR & RS 5 7
W, TEORZ S FITC-dextran % W 72 it
B FEM L /2. Z 1214000 (FD-4),
20,000 (FD-20), M 0¥ 150,000 (FD-150) @ F
¥4 & %A 3 A FITC-dextran % ffi Fj L 7-.
pH 1.2 12 B1F 2 B BRI G 2 R R O =1,
FD-4 T 34.0%, FD-20 C 28.2%, % L < FD-
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150 Tl¥ 19.6% T&H - 7=. Gelatin/HPMCP # 5l
WZEHT ALEmotiL, [Lawos =i
RITPEVIZIE § % 7] 23328 & L7z, FITC-
dextran i =X BRI <, B O E
EEBITER DI T AEMICH o7z —HE
I, < MYy 7 A A 2 8A 0L 0H
P FRESRTRUSHE D S E SIS TW»
% (Higuchi T., 1961).

M/M ., = k t12 1)

2T, Mt B o BEEYRUHE, M.
(T oo Rf [l 2 0 BRI U &=, K ITIEHUREL, t
W RABRIEE R A2 3. X 2 12 #fE#H 12 FITC-dextran
Bk (%), BEENCEEE O HR (hY2) %5k
FELEBB T 774V THDL. M2 TEHESR

Table 1 Correlation coefficient (R?) of the Higuchi
equation fitting the profiles of FITC-dextran release
from gelatin/HPMCP at pH 1.2.

FITC-dextran type Correlation coefficient (R?)

FITC-dextran 4 0.9883
FITC-dextran 20 0.9947
FITC-dextran 150 0.9929

100

o
[—
T

E=a)
{—]
T

e
=
T

Released FITC-dextran (%)

OFITC-dextran 4

20 AFITC-dextran 20
< FITC-dextran 150
Vs
0 EA T T T T T
0 1 2 3 4 5

Square root of time (h"%)

Fig. 2 FITC-dextran release profile from gelatin/
HPMCP at pH 1.2 (L], FITC-dextran 4; 2, FITC-
dextran 20; and <, FITC-dextran 150).

7245 FITC-dextran OAHEEtREL (R?) %K 117K
T WITNO FITC-dextran & Fl\ 7235512 B W
TH, RPLOWKCEWEERLZZ, 20,
FITC-dextran Ji 28 & #5858 g i O ~F AR I E AR
BARIZDH > 72, FITC-dextran DHHZEE A
b Higuehi sUIZHEVy, BUEHEED G F & & )X
WHlOBRIZH - 72, L EOME DS Gelatin/
HPMCP 7 Vi, BRIESRMFIZHEVWT< MY v
AHIEEL S A7 2 EHEPL L 7 i 2 R
T NG SN

4. #E

Gelatin/HPMCP % i\ % & & C, pH L& %
OFYHERE R RS a0 A4 N HCREK O % E
MHRETH -7z, pH L2 I BT LW #%
ML, < Y 7 AHIEE Y 27 A L7
Rtk aRn 4 2 LR sz LLEORR LD,
a0 4 FOECRBEANC X 5 pHISEHERAI~D
IO L E R RSNz, KDIRELS
WIRHIEEET O 728, Gelatin/HPMCP 2 11 A K43
HCRILHI OB L CHRRE 2479 .
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W s
REFZE T, & 2 hbk & Bk TRAERC T T, F /2 G A LR T- A3 A B AT B 70 8 72 7 IR BERR
FIgS & T BEEAUIR T OB R AT o 72, BIRAHRIE, MEEBEROKREFE L L TR
B INE TR EINTE 2, WESM ORTMEDSE N Z &2 LREMEE V) 212, Zoii
DO RFEEB I L CEANFNICOLETH L. FIRKEORIKIZER L, EIRKENET O IRHE
HAEMEL TR TFoa—7 1 > 7 ERmT.

ABSTRACT

In this work, we developed a new combustor in which nanostructured particles can be obtained, and we
synthesized nanostructured particles for film fabrication. Tubular flames have been studied so far from basic
combustion science as flame elements in cylindrical systems. It is highly adiabatic due to its high symmetry
of temperature distribution and aerodynamically stable against the rotational motion of its flow. Focusing on
the shape of the tubular flame, we attempted to core-shell fine particles using the high-temperature region

inside the tubular flame.

HEOBE i) LM A b O 2 ) R TR R
ELEMICOEETELI NS, 216D

L #E RGBT E LTS R Twa (LIS et
SHRBBE G T, B O (REETE  al, 2016). FAEOTT O VILE L OMBERED
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HRICK Y, il 2k —, HOUEK, K
BREM, Ny T —, EESER SICHEH SN
B g % LR T OGS RE & 72 o
Twb (OgiT. etal, 2014). Zh 5Dk T13%
COWE, ZORMPI—T 4 v 7 E3NTW5S
o, BRI (f o, R AT —) R
J—=F /2 aryRI vy b (FA4X, HREXE,
UV ERH]) HICESICHITE 5. Bz,
BEROBEICB L C, A OmLEIZ LD
Si0,, ALO; XML 2 —T 1 > 735
LX), TiO, O JLhEE 2 P4 5 2
EMNTE D,

oL BRTOERETI—T 4 7, K
K2 D70 ATHY, 2 AT v T TIF
bihn, FOE Zoa—54 7 7utkA
BIZAMDEL Y ETO AL L TOBEMS
W& D, Lz oT, KEEKE K
FTa—T4 7D D%, H—OKH7at A
ELTHAEDLET, a—T1 VI EENT:
MR FA2HET L EICLY, TUL AR EE
IEBIOUETLIENTEL, E512, A
FIZBWCT Y ATy 7 Ta—7 14 ¥ 7kt
(I 7Y VR T) 28T 52 8T, il
ABmIZB W THEE 22> TV A B &
DIEME: 7O A E— YL L, F 7o,
SR & kL & IS 5 72 8 o S8 55 e
W, VR SRR T2 T A VEE S EEL D b
%5 CTdh D (KoiralaR. etal., 2016).
KRWFFETIE, WARBREMRREC X 2 B IR %%
T, AP OFERE 2 S b L, ok
THHEELZ LT, TAEVIMEE LTH
HTEra7y o Vigki ok i &
RKFIE, FEEERO KRR E TR
SRS S 2L E THFZE S LT & 72 (Ishizuka
S., 1984). kg RN L CHRE 546 O xR
PEDSENA T & HWBMEDE ) 212, 2O
NOMEES 20 L CEANFMIZLLEETDH
B, ZOZ ENLHE A DFEMREER L L TEH
ENTE7z, ZopT, HEREWIHERIZEE
L, BIRKENF O EIRER Z R L k1
DA—T 4 ¥ T xRIAT.

2. B

B 1 IZARBFZE TH 728N — F OIS % 7R §.
180° 15 X RALIE IZHL ) A 1T 72 2 DDA
)y b B AR TR A S R FERR T TN AR &
4. Burner A X N £ 26mm, AU v b NEE
2mm & L, Burner B (XWX 38mm, A1 v b
WEE2mm & L7z ARREZEANT 5720,
IN—FDO—i (Burner A) B X OMEITH OFE#E S
i\ (Burner B) 2 iifk AV &AL FFiF, Al
Ui | A A TERREE & R L CHERE AT o 72,

72 (40mih) LA ay MEREITH D 2
v (0.25m¥h) &, FNEEFE TRmRER
BRI CHRENE L72H & —FRICIRA S, N—
TGS NS, RS ) — R v
TR Y7 (310 mL/min) 12 X D 2 K~k L,
Air (3L/min) 12XV 3L CoN—FIZEAL
7z.

BARERTIE, WO; & ZnO-Sio, D 2 D
T ETNVMEE L CTER 24T o 72 BIRKEIE,
BIRFIREGKETH ) 25, HEAMIREED W]
HETH Y, kA RIRBES CTREDTEH A HE
Thb. FTITHRHEEZZLEZET, IFRE Y
F—MEE L TOFRHEINS WO & EHLL,
PRIGE AT AN E KL T2 5 2 % 2B % JM L
2. TORERKEEHWT, ZnO@SI0;, 27
T VR FDOERE AT WO & T,
Yo TATF VT R A (ATP) KR
(0.1M) ZBEWEZICLY) 1BOEIRAEIC

ﬁ Tangential hole

% e,

Combustion
tube

Two-phase nozzle

. {

Fig. 1 Spray tubular flame burners. Upper, burner A
(axial injection); lower, burner B (tangential
injection).
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A L7z ZnO-Sio, &K TiL, =% / — v
TO0L1M 7% 5 &) ISR EREE SR /SR % (5 1
A, EARRELE L7, F72, SIO,0a—T 4
YTDIOI, Y )= VHRIIIAFTRAFLY
> u ¥4 ¥ (HMDSO) % Si0,/SiO, + ZnO =
01-02 &4 L) ICHEMESE, a—FT1 27
JEELE L72. Buner A ®iE L2 Burner B % #% i
L, 2BEIRKEZIZE S, Burner A N THT
th L7z 2Zn0 F / K%, Burner B 7> 5T Hi$
% SiO, THE L7z, KEWTH I L 72k 113
7T AMHEA M L DIHE L7, L 72RT
DOFLFIEREB X UKL T 4 X% SEM (S-5200,
Hitachi, Tokyo, Japan; operated at 20 kV) (2 & 1)
WoE L7z F7, K ofHHHIE XRD (D2
PHASER, 40 kV and 30 mA, Bruker Corp., U.S.A.)
WX D HE L7

3. MiRELEL

X 2124t =0.88-1.25 THH L 72 WO,
WKL O X BEEF /S 7 — > B X UKL D
BHE%mRT., 22T, BRIALH OZERb=T
Qair =0.952, F ¥ 1) 7 # Aji L Qc=0.2m’h
T—EEL L7z, &=08812BWVT, DK
BESN, WO, ¥ — 27557z, &=0.88

®=088 | S

v W (COD No. 9008558)

Intensity (a.u.)

e WO, ,, (COD No. 1538315)
|l|..|i]1:‘. .I .

‘ || WO, (COD No. 2106382)
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Fig. 2 XRD patterns of as-prepared particles produced
under various equivalence ratio @.

A RBETH ), ATP O BRI X 1) WO,
WERSINIEEZOLNL, &=10-1.12 £ F
L, WO DY —27I2hZ T, WO (X
DINEWO,7, D 010 [HHT#EDALE) 1 L VW (X
FO=MIE W O 110 [T OME) O¥—2
DREFR S, KA TO WO, D ICHTRIE &
Nz I KromdEdFEazEL Cni.
iy > 7 AT Uk omid, FaEENo
MERIBOGELZTH, =Ly v AT~
DIRICEFEDH T, WO A% IC & LT W %
WH el RTomizgFa~NEZILs 5.
WOz, COXH) B ArzaIAL%FHL
T v E LTCoOAPBETE 5.
@ =125 DFEMNTIX, BEORBA 23561,
HFOWO; 0¥ — 7l &i/, #=1257T
DIRBEL, PRELERIRBESEECTH S, DL &
DERKEOHBUZ, BROF ¥ ) T HADE
BCRREBRPFEL EB->TWD. X512, K
BEEOWITZB T, FFZER LTk Ex T’
LT 5, REHTHE LR FOIRIE W
ITNbYTIsur~3I7urt—¥ -0k
KT CThY, KEROERD A CHEIN 2
WEZEHGR 702 AL DT AT Lz &
EZbhh.

ft\\»C, ZnO-Si0, DE X 1T - 72. &L
7otk 7 XRD /8% — >~ # X 3 12/R”¢. Pure
ZnO (X L ¥ @ 72 %, Burner B 7 5 HMDSO %

o ZnO (COD 9004180)

0
O? Zn0O coated with 10 wt% SiO,
o 2 00

o o

ZnO coated with 20 wt% SiO,

'| ” Pure ZnO

Intensity (a.u.)

Fig. 3 XRD patterns of ZnO-SiO, particles made in
spray tubular flames.
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BHEET, Zn0OZ AR LZbDTHDH. E—
I ALE D AR S N TN ST AT
LIBALHSRCTH DL L bbb, KRIZEDE
WMOBRBET AR 2 LT\ b 720, Bkl
PE%& A L C\w%. Burer B £ 1) HMDSO % &
FTITHIELT, BREN M TIETELVT 7
A SiO, IZHEEH T A2 a— 37 — PR 5.
HMDSO ¥ KT 3452 LT, ZnO DK —
JERENEIL TS, 2L, kT o
ZnO EAEX I L 72 2 S ISREE L Tw
LEEZLND.

4|2 Si0, % (a) 0 (pure ZnO), (b) 20, (c)
10% # 7% L 72 ZnO KL+ @ TEM [ {5 % 7R 7.
SiO, M 2 L oY, — RKLF-1£5% 10-20 nm
DF KT OBEERPE LN —MRITKEDE
T, 2Ok RREEHEE (FAy VT —72

Hi&) AT MR AERSNE I EDPHS
NCTWwW5hb, —J, Si0, % 20% CTHE L -84,
fien e D Zn0o K F & IESE SiO, A3 E N Z st
L Tws. Burner A 2> 54119 4 ZnO K1
WZxF LG, SIS EREE /22012, H—
% { O SiOy KL F- 2547 Hi L 72

B e L,

50 nm

EEZOLND. SIBEX R SIET10% & F
% &, SiO, THTE S L7 ZnO F / KL T H3 i RR
a7z (X 4c). ZAMHITHIET S Zn0 F /i
TaeE LT, AY—BAERIZEY) Zno £
WZSIO BT L7z E2 6D, XMad ISR
Lol znokFiE, T OEDVEDTIEAR
, BERZ a7 L LTSIo, THESIRLTY
A BAPICBWTCinsitu TR TFEI—T 1
YTT A, TV TSICRE SN
CENEELINTVS. K7ar AT, &
RGN &0 WARBRE D & B A O LR A3
FMINDZITTIEZR L, TOREBGICE VRS
PIE S 722 12X D, Zno 12 Si0, 8
BETHEINEEZOND.

4. Ham
RIFFETIE, & R & kT O E S
MFC, R - RS AT & %872 2 5
i (BHERKEN—F) ZHZEL, WO; T+
J R T & ZnO@Si0, I 7 ¥ = VKL T D A R
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1. Background

Effective protein adsorption has attracted
attention for broad application in the biomedical
applications, such as separation, purification,
biosensor analysis, immobilization of protein and
biomolecules delivery. To date, continuous im-
provement on adsorbent particles was developed by
the utilization of various materials or modifying
their physicochemical properties to increase the
ability of adsorption, which is adjustable according
to the required application. Thus, developing a
novel advanced protein adsorbent that exhibited
excellent adsorption performance, relatively low-
cost and practical feasible is highly demanded.

Cellulose nanofiber (CNF) is a commonly used
material in membrane chromatography and filtration
for being chemically resistant and inexpensive, and
possessing a high surface area, and good non-

specific binding properties. However, to enhance
affinity toward specific protein, cellulose must be
modified to exhibit acidic functional groups via the
oxidation of the hydroxyl group of cellulose. Saito
et al. (Saito T. et al., 2007) had developed the
system of oxidation of cellulose with 2,2,6,6-
tetramethylpiperidinyl-1-oxyl radical (TEMPO)
with hypochlorite and bromide to convert the C6
primary hydroxyl group to a carboxylate group.
TEMPO-oxidized cellulose nanofiber (TOCN) is a
promising nanomaterial due to rich carboxyl that
leads to a highly negative charge. The negative
charge of TOCN in water causes electrostatic
repulsion between TOCN, which leads to good
dispersion in the wet state. In addition, with the
carboxylate groups, TOCN is expected to be an
effective adsorbent to specific protein considering
their high content of carboxylate groups and
negative charge. Even so, there is no research
regarding utilization of TOCN, especially in the
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particle form as a protein adsorbent material because
TOCN is easily aggregated in a drying process at
elevated temperature which leads to a dense
morphology (Zheng X. and Fu S. 2019). This dense
morphology decreases the surface area and porosity,
and significantly degrades the performance of
adsorption capacity. Therefore, the preparation of
TOCN particles that maintain their high surface area
is challenging. Hence, in this study we focus on low
TOCN loading on a SiO, particles (TOCN@
macroporous SiO, particles), and allowed eluci-
dation of the lysozyme adsorption mechanism as a
function of the host structure was observed by
calculating the adsorption kinetics, thermodynamics
and isotherm parameters.

2. Experimental

The preparation of TOCN@macroporous SiO,
particles was shown schematically in Fig. 1.
Macroporous silica particles were produced using
silica nanoparticles and 503-nm diameter poly-
methyl methacrylate (PMMA) as the template. An

aqueous silica solution containing 12 wt.% silica
nanoparticles were added to the PMMA particles at
a mass ratio of 1: 2 (silica: PMMA). The silica
concentration in the precursor was adjusted to as
high as 2 wt.% by adding ultrapure water; the
solution was then sonicated for 1 hour. The pre-
cursor was sprayed using an ultrasonic nebulizer
with N, (1 mL/min) as the carrier gas through a
tubular furnace with four stacked temperature zones
set to 150, 350, 500, and 500°C. The macroporous
SiO; particle was collected using a paper filter that
was maintained at 150°C to prevent water con-
densation.

The -potential of macroporous silica then
adjusted from negative to positive by stirring in
1 wt.% poly(diallyldimethylammonium chloride)
(PDDA) solution in water with ratio of silica/PDDA
is 1/2. After stirring for 30 minutes at room
temperature and washing, the macroporous silica
particles were poured in 0.1 wt.% TOCN aqueous
solution with the mass ratio of TOCN/SiO, is 4. The
precursor was stirred for 2 hours at 50°C and

Step 1: Preparation of Macroporous SiO, Particles

Step 2: Synthesis of TOCN decorated Macroporous SiO, Particles

SiOo,
Water PDDA

RIg
-

Sio,"

Stirring Rinsed & Washing

Stirring & Heating

TOCN
Water

f
n

Spray Drying

Fig. 1 Schematic of the synthesis of TOCN@macroporous SiO, particles.
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800 rpm then dried by spray drying at 180°C. The
performance of protein adsorption was investigated
using lysozyme as the targeted model molecule.
Aqueous lysozyme (with an isoelectric point of
10.5) solutions were prepared with a concentration
of 0.4 mg/mL and a pH value of 7 was prepared
using phosphate buffer.

3. Result and Discussion

In the development of adsorbent particles, the
differences in structure (dense and macroporous
structure) of SiO, as supported particles is demon-
strated the variation in TOCN loading deposition
and the respective adsorption performance (Fig. 2).

The as-prepared adsorbent particles exhibited a
high negative charge (~-59 mV) and excellent
protein adsorption ability (>1,000 mg/g) in <5 min.
Furthermore, tuning the macropore size influenced
the TOCN deposition either to the external surface
or penetrating within the pores. The adsorption
kinetics, thermodynamics, and isothermal para-
meters were studied to analyze the driving factors of
protein adsorption. The results show that TOCN-
Macroporous SiO, particles successfully satisfies
the 3 criteria to be an advanced adsorbent: first, the

surface is highly negatively-charged, which induces

1600

1400
1200
> 1000
800

Qe (mg/

600
400
200

0 200 400 600 800
Ce (mg/L)

Fig. 2 Experimental data and the sips isotherm models
of lysozyme adsorption onto CNF-silica particles.
SEM images of prepared particles (inset).

spontaneous effective adsorption (adsorption
capacities > 1500 mg/g, <5 minutes) that occurred
through electrostatic interaction and hydrogen
bonding; second, a high surface area with >50% of
the total pore volume is mesoporous; and third,
efficient ingress of macromolecules through open
and continuous macroporous channels proven by the
observed broad pore size distribution and a multi-
step diffusion process calculated from the Morin-
Weber models (Fig. 3). The adsorption process is
confirmed to occur spontaneously at any tempera-
ture with a pseudo-second-order model describing
the kinetic model, and TOCN deposition affecting
the heterogeneity of the binding sites.

As a further development, the concentration of
TOCN was variated. The morphologies of the
TOCN@SiO, particles were compared with
macroporous SiO, and TOCN particle by SEM as
shown in Fig. 4. From Fig. 4(a), macroporous silica
was composed of sphere particles with 500 nm size
of open porous. TOCN particle as shown in Fig.
4(b) consisted of an irregular sphere with a concave
and wrinkled morphology due to rearranging of
TOCN inside the droplet, then rapid shrinking in the
drying process. While the TOCN@SiO, particle
maintained their round shape because porous silica
prevents TOCN from undergoing reconstruction
during the evaporation process. TOCN@SiO,
particles has a uniqgue TOCN network structure on
the macroporous particles (Fig. 4(c)) with a highly-
negative zeta potential (62 = 2 mV) and relatively
high surface area for cellulose based particle due to
this unique structure. TOCN@SIiO, particle shows
broad pore size distribution (Fig. 4(d)) and higher
intensity with the pore size peaks at 3, 4, and 16 nm.
Considering the dimension of lysozyme is 4.5 x 3.0
x 3.0 nm®, the relevant pore size and the surface
area become another factor to enhance the
adsorption performance (Rouquerol F. et al., 1999).

The interesting point here is TOCN-SIO, particle
had a similar functional group, similar zeta
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Fig. 3 Adsorption mechanism of lysozyme onto adsorbent particles.

potential, yet higher surface area than that of pure
TOCN. TOCN particles have a highly negative
charge due to the carboxylic group while TOCN@
SiO, particles exhibited the most negative charges
attributed to a higher concentration of, carboxyl and
silanol groups as shown in Fig. 5(a).

Fig. 5(b) shows the lysozyme adsorption rates at
the adsorbent concentration was 0.2 mg/mL of
lysozyme solution. TOCN@SIO, particles have the
highest adsorption capacities of lysozyme compared
to TOCN and SiO, particles. The adsorption of
lysozyme by TOCN@SIO, particles exceeded 90%
of the initial amount of lysozyme in less than 5
minutes, with no significant increase with more
adsorption time. Alternatively, the rates for TOCN
particles were initially slow, continuing to slightly
increase for the next 2 hours. The maximum amount
of lysozyme adsorbed at equilibrium of TOCN
particles were 1524 mg/g, which is less than
TOCN@SIO, particles (1873 mg/g). Interestingly,
though TOCN@SiO, particles have lower amount

(d)

°
=

dVp/d(r,)

0.00!
rp (nm)

Fig. 4 SEM images of adsorbent (a) SiO, particle; (b)
TOCN particle; and (c) TOCN@SIO, particle; (d)
Pore size distribution of prepared adsorbent.

of TOCN, its adsorption capacity is the highest. The
better adsorption capacity of TOCN@SiO, particle
is in exceptionally good agreement with existing
C-potential. In this case, the electrostatic interaction
may play the most important role in enhancing the
protein adsorption capacity of appropriate functional
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Fig. 5 (a) FTIR spectra of prepared adsorbent; (b) Adsorption rates for lysozyme of prepared adsorbent.

groups. Additionally, the larger pore size and board
pore size distribution of TOCN@SiO, particle was
beneficial for lysozyme adsorption as lysozyme
could easily penetrate the TOCN network into free
electrostatic site (Rahmatika A.M. et al., 2019).

4, Conclusion

A combination of TOCN and macroporous
particles provide spontaneous adsorption through
chemisorption. Moreover, the pore size corres-
ponding to the length of TOCN possesses the com-
plex structure that provides an abundance of acces-
sible active sites that can adsorb macromolecules
through multilayer adsorption and pore-filling
mechanism. Moreover, we expect that the macro-
porous silica could be substituted with another
material that is promising for wide application such
as in protein adsorption, drug delivery, and bios-
ensors.
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