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T LiER:1]03 KONA & VI E 1R BN > LRI Y LERERE
o ey =2 # R =3 ® R Jey=3 ® R ey =2 # R
FE 3 | MR | BEREEE | 4% | B BIBERRE | M | BB | BIERERE | 4% | HE | BEeE
4 69 20 26,000 1 1 1,000 10 6 1,800 6 3 7,000
5 86 31 20,400 8 1 1,000 8 6 1,800 3 3 6,500
6 70 25 13,800 3 1 1,000 10 5 1,500 5 3 5,000
7 88 27 15,280 5 1 1,000 11 5 1,500 1 1 200
8 84 27 15,000 3 1 1,000 8 5 1,500 (AZEHT)
9 57 29 18,000 5 2 2,000 8 5 1,500 0 0 0
10 66 25 17,800 5 2 2,000 7 3 900 0 0 0
11 64 21 18,000 4 2 2,000 9 4 1,200 4 2 1,500
12 79 23 17,900 4 2 2,000 11 5 1,500 2 2 1,500
13 61 31 18,900 10 1 1,000 12 5 1,500 1 1 1,000
14 68 24 18,300 3 1 1,000 7 4 1,200 4 2 2,000
15 76 24 18,200 7 1 1,000 6 4 1,200 1 1 1,000
16 101 25 17,200 5 2 2,000 10 3 900 2 2 1,000
17 120 24 23,000 5 1 1,000 (AFEET) 5 2 2,000
18 112 23 23,800 4 1 1,000 (AFEET) 2 2 1,500
19 137 23 21,900 1 1 1,000 (RFEAET) 5 2 1,500
20 128 18 13,500 3 1 1,000 (AFEET) 4 3 1,000
21 NHEET
22 NS
23 | 117 17 13,000 2 1 1,000 NEEET 6 | 3 [ 1400
24 79 14 8,600 5 1 1,000 NEEET KNEET
25 119 30 23,000 3 1 1,000 NHEET 0 0 0
26 126 23 19,400 5 1 1,000 R 1 1 1,000
27 150 22 16,700 5 1 1,000 KT 1 0 0
28 195 23 13,800 6 1 1,000 N 4 1 300
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4 3 5 1,000 1 1 10,000 95 | 36 46,800
5 15 5 1,000 2 2 10,065 122 | 48 40,765
6 19 6 1,200 1 1 8,000 108 | 41 30,500
7 19 7 1,400 0 0 0 124 | 41 19,380
8 20 7 1,400 (AZEET) 115 | 40 18,900
9 16 6 1,200 (REET) 86 42 22,700
10 16 9 1,800 (AFEET) 94 | 39 22,500
11 22 6 1,200 (AR5EET) 103 | 35 23,900
12 | 26 7 1,400 (AR5EET) 7 3,900 129 | 46 28,200
13 19 8 1,600 (AZEEF) 7 3,000 110 | 53 27,000
14 19 8 1,600 (AZEET) 4 4,000 105 | 43 28,100
15 16 9 1,800 VA ISR E 4 4,100 110 | 43 27,300
16 27 7 1,400 | JoEE FRAIR 5 3,100 150 | 44 2,560
17 | 26 11 3,300 | x| RO Bl 6 3,800 3 15,000 165 | 47 48,100
18 16 11 3,300 9 3 1,500 3 3,000 2 10,000 148 | 45 44,100
19 | 22 | 10 3,000 11 3 1,500 3 3,000 1 5,000 180 | 43 36,900
20 | 19 | 10 3,000 8 2 1,000 2 1,100 0 0 164 | 36 20,600
21 RN5EET 0 0 0
22 R5EET 0 0 0
23 NEET 125 | 21 15,400
24 RNEEY 84 15 9,600
25 12 9 2,700 NGRS 134 | 40 26,700
26 28 9 2,700 NHEET 160 | 34 24,100
27 30 10 3,000 R 186 | 33 20,700
28 | 36 | 10 3,000 NEEY 241 | 35 18,100
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(A AL - TF)

Tk MAEIZICET 2#EENwRS KONA FED AT
FE @ HBaT—< WA HEE | BB | 2N | MEN RSN &%
7 29 | R T O R BIT A% A - fEHEE 5 232 | 3,360 13 240 2,300 7,730
8 30 | JeuntERETEAS RO B T O 2 A 5 144 | 2,550 14 200 2,300 7,490
9 31 | BRBROR A &k A 6 142 | 3,750 15 254 2,200 7,500
BT DFERL &R A 7
10 | 32 . 6 210 | 4,630 16 256 2,200 8,190
v AERHLELT—
11| 33 |[HFEEAHO OO 6 246 | 4,140 17 250 2,200 7,440
12 | 34 |IT FEEICBU A BRI 8 283 | 5,130 18 248 2,200 7,160
13 | 35 |/ KT HEAOLEE 7 184 | 3,750 19 283 2,200 7,990
14 | 36 |F /KT OEER~DRER 6 208 | 4,160 20 276 2,200 7,920
15 | 37 |F/8=F 47 F2 /07— 6 227 | 5,100 | 21 246 1,300 | 13,000
16 | 38 |F /HEEGIHNC X A EEEDEEZ DS L T 6 160 | 4,500 22 211 700 8,660
17 | 39 |22 FCHRi-F 7R TOERL 7 205 | 5,380 23 224 1,000 | 10,070
¥ 77 FERMLO#EIR S F kT ORIl &G
18 | 40 i 6 174 | 5320 | 24 252 1,000 | 13,090
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OETIH(ZEI T 5 EIEE KONA Powder and Particle Journal No.34 (2017) D17
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KR E o7

Powder and
Particle Journal

o34 (2017

N
Gais Hosokawa Powder Technology Foundation

available online-www.kona.or.jp
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BIpL HESC | HALRZAE o TR R A SR i Se i - B i SR BV R D 5E W

“

O%EIHEH
KONA B {5 Al 23 7 P 35

M Td 5 M RAM SRS, BEERTAT COISOMIEIZ—F R Mk, BERYEOHZEE)
RS REA R L2 HE o7 a v A5 R%E - BR L TE72. HICEERIYE L AR
oA 7y FF 2RO E R L LB FUKBGREORIT, F4THLH. Lt
FE R EAE L LT, BIEEINMZB VT, £ O - FEI#ED L L b1C, BRI EATY
5.

— %I, FRF ORI, BV EHELY 52 5 NEFH ), EWE S v AR LR
BRREPUHETH A, BERE I, BERFKUSOEBERIZEIC VB R L) fldk, @BEARE T,
DR EHARE RB L CE L. 22Xy, BEFOKEZ OO E L THWUE, SnE/ ~v—
AR EAR AR 2 FERICEITE, S/, HTEEO R EVEBIEI SN 2 L2l
SMZL, FIRTFERDERTELFRBZMOTRBE L. 512, 20 L) RBERIGY %
ERTA720012, WERANKE T AR REL, F /T % BRI E IR CHEEICAET S
Tuv AL L. UKD, BiliSEEOEREKRERTFERE L, HERIZR VN1
DF  FEE O E R A AT R & % o 72,

F7o, REMICEY, SRS OERGER ST T NORBESHATRRE 2D, 2L D,
BEWREEETETANA 7)) v FESTORBELRENICEH SN TS, Ihbid, BERTLEELE
X LT, AL, RS, B T A TFORSHEARASEBEETHY, ZOH
B0 B %2 Al L - Ekidmo TRE V. ZoF R 2 gL L RER 7oy
27 & TINEDO #/NA 71 v FAPRHEAB %8 | (RAH 5 30 1 © 2007 47425 2012 4F), SIP 7L
474y ZMEBIEE 3D 7 V7 4 ¥ 72 X BREELERREM R - TN A A0S (2014 420
52018 4F) &) — FL, fERIZZWANAL 7Yy FHESEARENTWS,

INHO, FIRT, FINAT) y FHMEZIE D & T LIS - Haito-Z o ik, AR
& (NE) LIS (FERE-WRE) 720 CTh <, TERARE RS (BHEHATEZEEM)
HEAE AE D 97 B R AR REE, GSC CEBRMAREE, 2EEHEESOSEEATLH
S ThDH. EBEFROMEMRED 5SEMTR2FICRY, EBENICOEWIHNZZITTW5.
R % Bt & L 7GR A5 2 AT L C, IS W &2 521 T 2 B L 72T CTh 5.
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Dispersion Control of Multi-component, Non-aqueous,
and Concentrated Pastes of Metal Particles

W73 % Research leader: {7847 Motoyuki IIJIMA
B R KA BB I ge ke R
Graduate School of Environment and Information Sciences, Yokohama National
University, Lecturer

E-mail: ijjima@ynu.ac.jp

Wik

KRG TIEZ BT AR T O 7 HUIREE 4R GRS HI I 2 B3 2 il 2 IRER &/ X — X b D
EHEOREEIZHT T, PV r 4 EOIEKRRBEHI P THEERMR T (Ni) RIZERS R (Si0,)
IR ELS LS, SR T OBRIF COSZEED FRFICM ESE25 Lot
OFEIEET Lz, B 2R ToETFIVE LTSI, F /T2, ¥, F /TR
FAEME OBRENE T/ KL TSRS 5 i WIS & IR R BB 2 0L 2 b0 FEB AW &
NTWLEYZFLYA3IY (PED &4 LA VB (OA) OEEE (PELOA) % &4 T4 sk &
L CHaflIl RS S&72. #iVC, PEI-OA %156 L 72HEfE1E T/ fi 0 bV v kI, KR
fliowE (Ni) M TFE2BE IS CAOOMERRE 7O A%#E5 2 L12X0), PELOA T
&6 L 72 Si0, & / KT O PEI-OA % 4 L 72 Ni fsthi 7 E~OREEPER T L L L b2, Foh/:
Ni/SIO, AR T DS EIREL T TD PV Y P T EIL TEL Z E 2SI L7

ABSTRACT

In order to realize the control of dispersion state and the alignment structure of multi-component particles in
highly concentrated metal pastes, a processing route to simultaneously attach functional nanoparticles on
metal fine particles and to stabilize metal particles in solvents has established. Using SiO, nanoparticles as
model nanoparticles, their surface was first modified with a complex of polyethyleneimine and oleic acid
(PEI-OA), which is expected to be a useful dispersant that can be attached on various species of particles and
to stabilize particles in non-aqueous solvents. Then, bare Ni fine particles were simply added into the PEI-OA
modified SiO, nanoparticle/toluene dispersion. Based on this simple mixing process, it was found that surface
modified SiO, nanoparticles can attached on Ni fine particles through PEI-OA and the obtained Ni/SiO,

composites can be stabilized in toluene even under highly concentrated conditions.

19—
Copyright © 2017 The Author. Published by Hosokawa Powder Technology Foundation. This is an open access article
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RWFZETI, Z2ERIRIC & 2 MERE 2 V7 B W R O S BR % 4T - TR O By RHAilf %
To7z. FEBREME LT3IEMEOHAIKE I, BERICIER &€ 2 22L& A48 O #2255
Kb S BEHERKEE?S, ZBEIIC L 5 3 FEOMEAKOE MBI K IE 3 ZZRT AT
R RO LE LR L, HEROZECHBEH 2 MG L. ZO/E, ROBERIMFoN
72, (1) REEEHW725E5 OB EOAIKE 2 I TRES M, BB E ARSI LT
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AIKB <IHAIK A DRI EEDORE 22T T <, ORI HHAIK A <JHAK B <JHAIK
C DNEIZRBIED S EHERI S 5.

ABSTRACT

This study has examined the evaluation of the cohesive powder flow using the test of powder discharge by the
additional pressure of the air flow. As the experimental condition, three kinds of Calcium hydroxide was used
and the interstitial air pressure and the initial void fraction were varied. According to the results of powder
discharge, it could be obtained the following main result: (1) A state of powder flow could be classified to the
dischargeable, the transient and the non dischargeable. (2) A cohesiveness of three kinds of Calcium
hydroxide have revealed from the ration of estimated cohesive force to gravity force. (3) The difference in
flowability of three powders could be indicated clearly from the relationship between the ration of estimated
cohesive force to gravity force. As the result, the low flowability of powder was obtained when the ration of

cohesive force to gravity force is large.

_24_

Copyright © 2017 The Author. Published by Hosokawa Powder Technology Foundation. This is an open access article
under the CC BY 2.1 JP license (http://creativecommons.org/licenses/by/2.1/jp/). BY



Hosokawa Powder Technology Foundation ANNUAL REPORT No.24(2016) 24-29

Research Grant Report

MEE= BB

b2, BESES, Jih% & OREESE TIREM
BEERE LT o> Tn 5D, ZHdsE %
W ALd 2 &, HEREREDH L CRUGHEA N
ETanloMEERRESOTHL N —7,
MR T EIVNS KRB E, FFICERT S
IR L CTHE T ORSEDPARINC R E &
L2 ENHBENTWD B Fs, iR xR
YETHNY B 73 556120, RFHRRT
— BETH R OB & o THIRDOE - BREHR
HEE L, BHEREERLEH R ENTOMEIZL 5
THRORE D EILT 2R ED N T TV EAED
L7200, EEMEROREFMIEETH 5.
S5, TAETITFHM BRI ERILL, 2
NS 2B L TR HEH)EEPEL TB
0, HeXERER THRE R RSB T BB A 2
RIS 2R TSRO SN TS, IR
&, B RSN & BRI S A ek o ik B & v
TH, BEOTEIREIZE) DR T TARED
WENEBIN TRV, EBRICHEIR
e LICHEIT A 7 2D L LT+
TIEZWZ EREITHNS.

DEOBEZENS, RWF7E TIIHEOMAGERIE
BN L7 B AR O T B EEAG IS UL A 72,
FEH MR SN LB EOMGERIETIE, 2250
THELT 2 H, WP A7) 2 —% LDk
WAEEDSH B HNTWE B s OFET
T HERTEAN OB RIS HI 1274 T & 5 2 TR iR
LERRRB STV EEL Ty, ¥
BEPIEEICTTA SN ENDZ2 2T
JitE EDITRBTHBRELTERLLI LN
TE&D. 20O AEOFTTAKIE (Z=pH=HR)
DA BRIV (Z=BRAETE) %25 2T,
Z DB O ERCIE R 72 E 25T 2 2
ET, BEROTRERHGATT BRI 2 5 O Tl e v
e DFEZ T NTHIZEE D7,

ZZ T, AW TIE, B ERICIER S8 2 2268
PR EN AR i N IRA e S N | = (B QI)
T EEM RO FERRZ 1T - 72, R ET
&, ZERURIC & B 3 FEHOHAIK O BAG 1

T 33 ) ) 22 B 5 0 ZE B AR E O 3B &
L., f#Mo 2 B & e L 7ok 5%
FLDD.

Mm% B &

1 FEBRSCIE & Uik

Fig. | I[CFEBRZEE O A /R 9. FEEREEE X
N 50 mm, S 150 mm OFEHT 7 1) Vo
WIRFETAR, 7V I BOEKMKEE & B AR
P CRERL L 72, 22 G I R TE T AR D
FEEEERICERE L TWD. T2, MEELETA
L 22 R BAEEE O B IZE & 6 mm DEILM %
il L CHE R B EREIC G 2 7., R
TIEary 7Ly CTER LR EYATH—
ay ba—Z|38E, BREO L L At
Wy brRmEERRE L. /2, BEROEE
=& MR B3 5 Rt EEY 0 — FE )L
EENE Y THELL. 7)) v IR
50ms, HIERMIZ60 M THL. 2612,
BT AHOBEIEOREIREEZ TV 7 LT
F 71 A 7 T L OB R I R O R g = S o
H5E %2472 72

EERTix, 9, WK TAEM, DRk %E
FETATBIZTTAL, EEOMIAZERFRITE
T4, 2Ok, WEEO L SR S
ZeR R Q, O, TIE L, ZESL T RO
LI FREI ARG LT, MR E TR TAE
TRICER AP UL ICEEE L 72 B D=4 mm O A
7 4 AMBIER S-S BRiE &b ITHEH
L 728 i3 B Es ClI L 72,

2 fERDRLF & FEER S

Table 1 |[ZARWIZE THEA L 72 3 O A K
DORAFYHEZ RS, £P O x, [ 3EE BT EL
T PIME L7 PR, p, IR TR
FWiZ 3y &7 A% Tl L7z 3 EOHEAIK
Carr DEIMEIRETH 5. FWAED S ARFZET
B9 2 AIKIE, TRENTEAS Very poor T [H]—
DFHETH V), FHEIERBIEHEAIKB <HEA
JKA =HAKCDIEIZE N &30 0h. &

_25_



Hosokawa Powder Technology Foundation ANNUAL REPORT No.24(2016) 24-29 Research Grant Report

Pressure sensor
Mass flow

controller
Valve

pressure regulating valve
Oil mist separator

Air cleaner . )
Circular orifice

Mass flow
controller

Valve

1
?Pressure sensor

I .
] ——Receiving box
I

! = 1.0ad cell

R s

NR-2000 Strain amplifier

Fig. 1 Schematic of experimental setup.
Table 1  Particle properties. Table 2 Experimental conditions.

Powder X, [um] Pp [kg/m?] Fw Sample | M, [g] & [-] 0, = 0, [m%/s]
Ca(OH),-A 9.6 2240 23 Ca(OH)-A| 70 | 0.747-0.821 | (0.067-3.0) X 10°°
Ca(OH),-B 15.0 2240 21 Ca(OH),-B| 70 | 0.747-0.791 | (0.067-2.0) X 107
Ca(OH),-C 41.0 2240 23 Ca(OH),-C | 70 | 0.747-0.785 | (0.067-1.5) x 107

512, Table 2 IZFEBEMZ RS, £ D M,
IREROMIFEC AR, & TOMZERE Q&
Oy \IHIRIE D _EH & IR 5 2 225 &
Ths.

I

B R

1 BriAomHH e X OVHRE) B AR

Fig. 2 (a) ~ (c) 2 A & M, &y Kfg b
O ZEBRARIE p, OFFEZ L2 RT. T2 T,
ER AR AIK A, FIHI 222 ¢, = 0.813 T
5. BrkEO LRI 5 2250t E
X, (@) 1 0 =0,=1333 x 10°m’s, (b) i Q,
=0, =0.667 X 10° ms, (c) X Q,=0,=0.133
X 10° m¥s Td A, REFZE TR O K

T (a) ~ (c) o3I HEBI O

(a) MEMTTRESM (Dischargeable)

Fig. 2 (a) 75, FECTAG N OE LB EKRE 2
Zeiiin e b L, B @) < ZEBIR AR 23
940 Pa |3 S 5 LRSI & BldG 5 5 2 &8
A, EBIT, ARSE T BAG L 22 RIEh
PRPE S —E DMH & % PR o 72 IREEC— 2 R[]
W2 kT 5 LR TE L. DL E,
ZERRMARE T REOE N 2 RFF L, BT %
IZZ2BRRAREAN I 0 IR A EMERT. 20
L9912, BEPEERICL > CitBi = Bh L
—EREMIC—EOBEE 2R o THFICA )
T A4 AW HIEH T ST & BRI A K

—26—




Hosokawa Powder Technology Foundation ANNUAL REPORT No.24(2016) 24-29

Research Grant Report

= 70 J 1000
“ 1900 &
= 60rA {800 =
5 s p )
T 00 A 1700 2
5] [ o 2
o 40 ! ‘ Ay g0 41600 #
=0 v . CE &
o ! " |"‘."ﬁ,"'l oha'y Vi 1300 =
é 30 'ﬁ,',‘.':' H" {400 E
* jilt s
[} =
E 10 b " E.:i 1200 %
2 M, HE 1100 =
A 0 ) [ L AP 0
0 5 10 15 20

Elapsed time 7 [s]
(a) Dischargeable (0=0,=1.333 X 10 m?/s)

E‘) 70 1000 _
J <
2“60 L 900 &
5 1 800 N
T 07 1700 &
=} 723
4 600
S P, s
2 1500 <
-
é 3071 P ypeeed 400 F
LY N / =
2 20 [ Rabp il T Tyrad 300 2
O S C ¥ 1200 7
<= 10 3
M {100 2
a o ‘ ‘ P 0
0 5 10 15 20
Elapsed time 7 [s]
(b) Transient (0=0,=0.667 X 10°m?/s)
E‘) 70 1000
2 1900 &
60 a
§ {800 =
T 07 1700 &
5 5
E- 40 | 1 600 %
5 1500 2
2 30r {400 =
g Mp Pq s
o 20 1300 5
o0 1z
g {200 %
< 10t 2
2 v 4100 =
5 0 (" L.¢ . . - 0
0 5 10 15 20
Elapsed time 7 [s]

(c) Non Dischargeable (0 =0,=0.133 X 10~ m’/s)

Fig. 2 Discharge mass of powder and interstitial air
pressure as a function of time for three different
flow phases where Ca(OH),—A, ¢;=0.813.
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Fig. 4 Relationship between the ration of estimated
cohesive force to gravity force and the initial void
fraction
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DEEIZB VT D, PAATIOXx DFJ 10% FEREE DS EPR #1428 U CHER # AL TE TWwW5b 2 &A%
LMoz, KRIZ, BGFRIZK L CREMICHET 5 7 7 FHk—AKE#EIUE (1a) &#@ER{LT ¥
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B IR IS RZ SN, PUEGAIREBII LT LTI L7,

ABSTRACT

Radiosensizing therapy, combining radiotherapy and an agent for amplifying radiation, have an advantage for
therapy of low-oxygen cancer including pancreatic. In our recent study, the hydrogen peroxide treatment of
titanium dioxide nanoparticles induced titanium peroxide nanoparticle (PAATiIOx), and it was suggested to
use as radiosensitizing agent for radiotherapy. By this combination, the apparent therapeutic positive effect
was observed in vivo study of human pancreatic xenograft mice. However, it can’t be said that it has a high
usefulness for radiosensizing therapy. So we prepared antibody modification PAATiOx (PAATiOx/1a), the
antibody is the variable domain of a camelid heavy chain-only antibody (1a), which has high affinity to
EGFR, expressed in various cancer cells. As a result, PAATiOx/1a with X-ray treatment showed more
cytotoxicity than PAATIOx with equivalent dose of X-ray irradiation in vitro and in vivo. Since this study
showed that PAATiOx/1a could target EGFR-expressing cells, we would use this particle as a drug delivery

carrier for various cancer cells expressing EGFR.
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EHFRMICKEA T AP EGFR $ILIE (1a) % 154
L7k b % » 5 2 ki F (PAATIOx/1a) @
B3 % T > 72, % LT, PAATIOx/la & I\ C
INFETICEBDO L VIR L O AT 2
ETHEBEIIBUIA Ry 7 TIYN) =V AT
2 (DDS) ¥ ¥ ) 7 & L TOREN ZFF L 72

g~

PAA-TiOx
(Radical Oxide Species)

Figure 1 Radiosensitizing therapy strategy using PAA-
TiOx.
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PET32 ICHHAGAA T T A I F2/ER LT, K
W BL21 IZEA L7-. o7 E ik %
B, WA, To®RBET LI LT
EGFR PUfk (1a) #7157z, PAATIOx | Zfb2# 15 i
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FEf 72, WSTassay (2 & 1) AHifg = 2 5 L 72,
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#R7A> 5 PBS, PAATIOx, PAATIOx/la % ZFIL#
NG L, 1RG5 Gy & gL 72
DI, 30 HEWZ D72 ) BB O R E S 2HEL 7.
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I
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70
60
B PAA-TIOX 1 h
50 B PAA-TIOX 1 day
40 + I PAA-TIOx 1 week
30 L HPAA-TIO, 1 h
® PAA-TIO, 1 day
20 PAA-TIO, 1 week
10 Ii i
O = B e~ . WMe= = == ST o
Tumor Heart Lung Liver Spleen Pancreas Kidney

Figure 2 Weights of NPs accumulated in major organs at 1 hour, 1 day, and 1 week after PAA-TiOx NPs or PAA-TiO,
NPs were intravenously injected into human pancreatic cancer xenografted immunodeficient mice.

W H A L 72, £ 9, PAATIOx, PAATIO,,
H,0, 2%~ ADR#HR» b5 Lz, —
SERFRIR, M & fRas 2 BRI L C, I Lc
X )AL 85 A — % %, (ICP-AES) 12X 1)
B IcER LTIV A F v 2 EE L. &
B2, A L 72 PAA-TiOx NPs O #2553 Bk
WER L, HIRICEES 2w o g brs
T A =5 DEIZDT D REFF RSN, 2
NS OEEIFMOGELIZRI S b o
72. #&\ T, PAATIOx, PAATIO, * MIAPaCa-2
DIFEE AT - 72X — F¥ 7 ZDR#HIRSB L OE
BCHEBERS L, WEICER LT A4 >
rEm L. EOBAIIBWTY, FEALL
PAATIOxX, PAATIO, D45 23 12 E5E L 7-.
A<, BENB L OCREREFOEL 5D
HAIZBWTDH, PAATIOX D227 ) OF4 08
EPR #) R %8 U Tl 2 Wb cE -2 &%
B 5 A2 L7z (Figure 2).

2. PiMESIC X 2 88ILF ¥ >~ F 2RO
EGFR F3UHI B~ 511935 3%

ARIWFFECTIE EGFR IZA L CHEEMICH &5
%77 FHEAREPR L IR L7 1a & B
ft. 5 % » F 7 k¥ (PAATIOx) O # & 1k
(PAATiOx/1a) % F\> T EGFR 38BN 12 B 52
HN R G R R S5 2 L % H
W& L 72, F 3, Alexa Fluor 488 = &k L 72
PAATiIOx/1a DAl fE3E A FER % 17 o 7. g
L —F— B K AT ORGSR, PAATIOx/1a

BXPC-3

MCF-7

Transmission

Alexa Fluor
488

Figure 3 Fluorescence images of BXPC-3 cells and
MCEF-7 cells treated with Alexa Fluor 488 labeled
PAATiOx/1a (Final conc. of Ti: 1.0 mg/mL).

100 uPBS
uPAA-TIOx
uPAA-TiOx-1a

Cell viability (%)

BXPC-3 MCF-7

Figure 4 The cytotoxicity by PAATiOx and PAATiOx/1a
assisted with X-ray irradiation.

X BXPC-3 (EGFR+) |Zxf L CHEEMEZ A L,
JAPIZELY sAE 5 2 & AR 7z (Figure 3).

WA & OBFRC X 2 PUEE R HF O MEE
% 1T - 72. PAATIOx, PAATiOx/la % BXPC-3
(EGFR+) JUF MCF-7 (EGFR-) ZifshnL 7z
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R, BT ERRE 2S R IR TR O 1
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Wk

(Li, Na, K)NbO; (LNKN) ZEW5ETH2T7NMA) =4 THEARALT I v 7 AdEWT o) —iE%:
b, BN FEEEEZRT 20, MEEREYL T I v 7 AOMEREICB W TH D Btk & 7% -
TWh, RN ZISHE BB L C, BEMIIEICHE L 72& K 70 1 2 OSSR & o Hl #7272
FNTVED, ITNOHIZET A2IEGILZ L. REFFETIL, NbOs FED 7 7 4 b EE L7
EZ%, LNKN €7 3 v 7 A% RIBBEECEX 2R RIL, SOICEFEELI I v 7 20155
N7z ens, BRAMEED F AL VEEOBALEEEIIRZ D2 LIZEI L. NS0T,
BT EICEN S LNKN £ 5 2 v 7 ZOGHICE T2 EELRAR L o 72,

ABSTRACT
Alkali niobate ceramic system based on (Li, Na, K)NbO; (LNKN) has been regarded as a leading candidate

for lead-free piezoelectric ceramics in which a high Curie temperature and excellent piezoelectric properties
can be expected. Our current interests are focused to well-designed processing and microstructure control;
however, literatures on the above-mentioned topics have remained essentially insufficient to date, although
this is a crucial subject for the development of lead-free piezoceramics for harsh-environments. This study,
therefore, was devoted to a new powder processing which started from fine control of Nb,Os raw materials.
As a result, the engineering of the controlled particle size and its size distribution was succeeded to realize
low-temperature sintering for LNKN ceramics with high density. This result also introduced a precise
evaluation of their ferroelectric domain structures under applied electrical field. The obtained facts were

emphasized to prepare high-performance LNKN ceramics toward future industrial application.

ik =L AU, THMERRERIRET £ LCT Y
YE DAy Yy Vb, BEERRT
WERMZ S LEROCBCEBLT 3 vy CEHETMHRICEHE ST S, IV
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Copyright © 2017 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/).
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Fig. 1 Partial vapor pressure of alkali oxide and barium

oxide as a function of temperature.
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FEL LTERLTBY, HRILOFENIEH T
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KO LI A, B, CEFEZ
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Fig. 2 Particle size distribution of different Nb,Ojs
powders (A-E).
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R CICEoTR IO AT 4~ FYDHE
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Fig. 4 Relationship between relative density and
sintering temperature for LNKN ceramics prepared
from different Nb,Os powders (A—C).
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Fig. 3 Dielectric constant and piezoelectric d5; constant for LNKN ceramics as a function of relative densitiy.
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B AR A3V LNKN £ 5 3 v 7 2R
THPEICENTWA Z & 2Rk L7z ARIf7E Tl
S HICEAAMNIC L D EmAMITEE P 5 2
ExHBIZ, LNKN 1T 3 v 7 2%l & L
THwW7.
FimToOBERAMBHE (DC, 0-7kV/mm,
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& & DI e BALDSRRD iz EEEEA
T3 v 7 ATIEZEOR T NI AL
Ao 7 REE RS (KA A V) ndh by B
— 12 180° KA A ¥ & ENT W LKEMBEED
F X A Ui (Watermark, W KA 1 V), A
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V), BEXUOAMIA T FAAL UREEDBLA L

Fig. 5 SEM photos of LNKN ceramics applied under
different electrical fields.
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WX T & s, SNHEEFED K 2
4 UHEEICE LT, B THh20850RE
(B v M 100 1) 2SRRI KD W
THRELZAAEEEEZR1ICELDL. F2g

YORIEFA—OFEH L RSN D L I3
ED R AL VRO WA, 90% Lk
F7135% T EFERLL, MITERIING6IZH
Jawy L7z,

ZORFE, INKN £ T I v 7 23 ung 7
ABEIZIFIZIEW R XA U THERENTW DI
L, BRAMIZE > TEREIZW FAL 28
WAL, bDIZS FAAL VR HFAAL U
WAL 209 b, HRAL VO
FAEE AT 3kV/mm CTRALTBYH, SER
Wb B TR L. —H, S FAAL VIFE
B EFICHE, HERBEIN S 2 27 S 7z,
LNKN 7 I v 7 ZOPLEFEIZH 1 kV/mm
THY, TO3IHHLEO3kV/mm TH KA A
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o e
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Fig. 6 Fraction of domain patterns for LNKN ceramics
applied under different electrical fields.

Table 1 Domain patterns and their fractions in LNKN ceramics
Electrical filed Watermark Stripe Herring bone
(kV/mm) (180° domain) (90° domain) (> 2 sets of stripe domain)
0 >90% <5% <5%
3 44.8% 27.6% 27.6%
5 22.2% 55.6% 22.2%
7 <5% 74.6% 20.4%
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Development of Manufacturing Technology for Porous
Particulate Material Composed of Phospholipids

BFEfUR# Researchleader:  JI| | HAE ~ Kohsaku KAWAKAMI
WE - PR ZERERE BB T —F T 7 b =7 AWFSRRL
TN—T1) =5 —
International Center for Materials Nanoarchitectonics, National Institute for Materials
Science, Group Leader
E-mail: KAWAKAMI.Kohsaku@nims.go.jp

é%

) VRREX, TR e b EELLALESOWINAI L LA FMBEINTEBY, FRICHSH/N
JafkTdh % 1) RV — 21330 DDS (Drug Delivery System) A TH L. Lo Lah 5, FEFAH
HERETHL )RV — 2O THENZRELMEERIIR L TESHEEERT, 2Ry — 2 8H
MEHE AR 2 S L C X2 DITEA, & ITEFFNICHEE SN TE 2, 413D VIRELZHW,
2 fLIERE AT (Mesoporous Phospholipid Particle, MPP) % Fi# 3 2 i % BA%E L 7. MPP O
T A EIWBOTHEETH ), THEIEIESHEEZEZONSH. MPP I A ETZEAN#EHTTEETH
575, A CIREEKEEEY OO OREO#A F v ) 7 & L TOMREZHNAT 5. MPP 134 <Hr
LW A 7DODDS 77 v bdh—aFx ) 7TELT, SHROERPHFINSG.

ABSTRACT

Due to their high safety to human bodies, phospholipids are widely used as additives for pharmaceutical and
cosmetic products. In fact, liposome is a representative carrier for drug delivery system. However, industrial
production and quality control of liposome is not easy because of its non-equilibrium nature, and its effective
use was limited to injectable formulations. We have developed a method for preparing mesoporous
phospholipid particle (MPP). Due to its simplicity, industrial production of MPP is expected to be ecasy. MPP
is applicable for various solid dosage forms. In this article, its function as a carrier for oral delivery of poorly

soluble drug is introduced. MPP is expected to be a novel DDS platform carrier.

A -l =D R OTMF E LT FHASTEBY, i
/IR CTH %) RV — 213K N DDS
) UBRENE, Z O D b EE ML (Drug Delivery System) A TH 5. L1 L%

— 40—
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M5, IEFEREEARTH L) RV — LD TR
RRECHEERIIRLTCESLIIFE AT, £
72V Ry — AR EHE LR L L CE
DOIFHEA], & ATTESFNCBRE SN TE . T
X)) VHRE A v, ZALEEARR T (Mesoporous
Phospholipid Particle, MPP) % i # 9~ 2 F i %
F% L7 M MPP OF# 7 0 & 2 138 TRl
EThl), THEMIBESHEEZOND.

MPP IR E—FE L VR I N TBY,
BUKMESE) & BUKVESEY O ) 5 # T 5B T d
L. BRI TH D LS, BHEEEANIC
HHTTRETH 5. FRIRHEERETHLZ L
5, MEARAFINOFHPELES NG DS, K
Fa Tl KA O 720 O OHE X v 1) 7
ELTORELYHRET A, MPPIZ&{H LW
ZA7TODDS 7Ty hAR—2Fx )7 ELT,
SHDOFERPFEIND.

M %" B &

(1) BH 0 ) VIRE I H AR EKRKE
L ¥ F 2 (HSPC), HEARB M IZI1Z T =/ 74
79—k (FEN, ¥ 7 <7V FYvF) 2B
7o REEERIE LT, FAHIA T A7
Tween 80 &, FDGHFER & v oI — VERS) b
) Ak ERSE RO BHIZ 1L BASF
1134 Kollidon VA64 % 7.

(2) MPP O Fi#H & GF-ili : MPP 1X, > 7 1A
Xt Ty - VORGEEY HWT,
HAEGHIC L VL (M), F9EEE
J£®» HSPC b L < IX HSPC/FEN=9/1 * >~ 7 U
ANFY YTy =)= 2/1 I 50°C T
BH3E, S°CTIHRETAZLICL- T
B % 1572, Z VAT SR IR T 0o o B
WA A L, 5°C TIRET pm OWEA IS
L7280, BT OBEEBIZBWTHREIIZER
FAIE SN, Z OB % dswg (1K
B2 J 0 20°C x 18h, 2 KM ZEilmx 1 H)
T5HZEIZL 5T, MPP #1572, MPP D48l
WEARRIE T BMEE (HZ S4800) |2 CHIAHE
JE 1kV THBIE L.

30 | LEFUBR

“ W
BRI RIRE

10 -

(°0)
o

-10 A

SR

-20 A

-30 BB+

-7 —JLEHR
-40
0 HHEEIR | S onAFH B +t-T9 ) —ILEIE

0 02 04 06 08 1
t-J% =)L [ (So0NFI >+ 059 =)L)
K1 v7un 7% =)o aHHE,
B L OZFNIZ 6% HSPC % i & & 72356 Dl
WA B (O).

(3) FHEIEEAIGAE TICBIT 5 MPP OIERE
AL 01% Z o a—uEF ry)mab <
lX Tween 80 &A% JP-2 {1 T, 10 mg/mL
DT MPP % % - i3 (37°C x 4h) L7z
] Utz B 748 3 pm FEEE D HSPC V) RV —
2Zx LT h AT o 7z RERZ O BE I 8 pm
FEOUWEATUESR L 72D, Delsa Nano C particle
analyzer (N\vy 7 <> - 2—)V¥%—) 2L AH
TR L7

(4) B - Erweka *EPSENV — 72 A5 4
12T, BEAE12mm OV EHWTTS 72
S W) = 55 T 20 mg @ #F] (MPP, Kollidon
A5 Bk, HSPC/FEN WL AW)) % 2¢g @
HT AL = XFZHEH®, 200mL D JP-2 %
8 mL/min THEER S 472, 0.1% Tween80 % & A
T2 P2 w7zl b 7o 72 B
TRFRHE X 100 rpm & L, g & IC$RIL L
7o LR 045um ) YU T 4 VY TR
L (AE% M), HPLC CHEWIREL E= L7
FEBHEZFOTFLY ) —VTHIRL, Z
DBV T 7 4V E THEME LIRS 2RI
L7z CRLF+ @B H). 17 A121% YMC-
Pack Pro C18 (150 mm X 2.0 mmID, YMC, Kyoto,
Japan), BEIFHIZIZAKETEI=RMY LD 28
R A H v, it 02ml/h, FEAREIZ 2L
E L7z #HiE 285 nm TIT- 72,
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(5) MEOFEGER © T v FA~ORO G EER
X, BEAAICUREZBEROKH B TT-o
7o, 24 BERIME A X472 7 Bl O SD T v I,
FEN & & L C 7.5 mg/2 mL/kg % 5-L 72. FEN
A AR L > TRIFHEEII T /) T4
7)) g (FA) \SRRE SN 5720, FEETRIR
PEIZ ISP FA JREE & 0 BFAl L 72 - FrogRef 4
WERIL L 72 I3 0.6 mL 2 ~\/7%1) > AL {4 12
5,000 rpm T 5 75 [l A0 BE L, 156 L7z i
P TUNPEFALEZ T M= MY JVTHIM L,
HPLC |2 TR L7z, BEIHICIE 0.5% OFERR
L7 b= MY VORE (5545 & H, 7
7 21 Psphere ODS-H80 (YMC, Kyoto, Japan)
7z, Ji# 1.0 mL/min, (£ AR S0uL & L,
288 nm | THEH L 72,

Mm% g R

HSPC O & TERK L 72 MPP @ SEM T {5 % [X]
2 (a) 12, 10mol% ® FEN % &4 % MPP @
HEEE2 (b) IIRT. WIS RFEE 10 um
PEDOL LR T & 7 > 7275, FEN O&H 2
Lo TEILEPD L bR TWE Z L2 h
L. R XM EBDH OREED S 1L, FEN X
WEIREECHEAET S 2 &> 72. FEN I
runFHrBLNt-TY ) - VADER
DBz, MPPAND T R -8 LTl

(a)JP-2

%Dissolved

0 60 120 180
Time (h)

3 70— 2 J)—t)biEI2 X B FEN 5] o7 G 5

Kollidon VA64/FEN = 7/3 JE & & 144 73 B8R,

(@) HSPC/FEN = 9/1 MPP,

R S 12 ws, R ICHDAENRT
W WFENIZSEMBE TIIREO SN ho 7z,
X 31X MPP 2*5 @ FEN ORI ZEB TdH 5.
st & L C Kollidon & FiWCHE#L L 729k
B E AR BURORE R 2 7R3, FmEiE IR
FETIZBWTIE, MPP2°5 FEN 1213 & A LR
HENZnwZ e ghof. L2LGND,
0.1% @ Tween fE1E F 12352 T FEN (332212
i, & LAEESHEE L D b ENT LA
o7z,

B 41, FHEEMWEFIEAE TICB 5 MPP O
WFEETHE, yyaa— L+ by A
HFAETIZBWTIE, MPP IE R 2 12k £
220nm OEZERICELLTBY, )V EEE
REEEHI ORI EVDPERENTVEHD
LN Tween fFIEETIZBWTDH, T
FA L REWDEROMEAAFED H L7z, L
Ladss, VAEY—ATHRBEORBRZIT-> T
RBAE I IVILIZHET L W Z L 230h o 7.

2 (a) HSPCMPP B L 1" (b) HSPC/FEN =9/1 MPP
@ SEM H.1H.

60 4 (b) JP-2/0.1%Tween

0 60 120 180
Time (h)

(a) JP-23, (b) 0.1% Tween &4 IP-2 . (&)

(M) HSPC/FEN =9/1 ¥R

&, (@) FEN 58 Closed symbol (30T + 7 B4, Open symbol 174 & 53 Hi.

_40 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.24(2016) 40-44

Research Grant Report

2500 A

2000 A

1500 -

Diameter (nm)

1000 -+
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M4 01% 7vaa—LEEF Y724 (TCNa) & L
< 1% Tween 80 (Tw) fF7EFIZB1F %, HSPC
MPP 3 X TN HSPC V) KV — 2 OFi -2

FA conc (ug/mL)

Time (hr)

M5 #7% FEN BARE % 5% 0, iiEh 7« 2 7 1
T VERERE. BUAIFEIXX 3 EEL.

MPP I3 BKEBEHEO R TR S NS 720, B
KRED—EDOEETHHZ N TN D EEZ S
N, 2070 O FEE R & O KOS
HhEndok Bbis,

7 MIBIT B RO GEBROKE R Z 5 12
JR9. MPP |2 FEN (345 i IREETHLD sAAE T
WAHIZH D ST, BRI LIS E A5
A D ZZICELS 5 2 & 2% %2> 72, HSPC
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6 MPP 7> 5 DHEKEHEE DREIRIIA 71 = X 4.

& FEN OWEIR AW 2> & O WU 48 0 TR
o 72728, MPP OIZREDSKE TR ) |k
WZRIRITH D Z LD orns. M6k, BES
% MPP DFEIIRIAREAE X ) = XL ThH 5.
MPP [ Z{HALE AN TR &8l d 2 2 L2k D,
BHIREILIWVLL T, ZONERIZSEY) % ]
BALL TN ZRET 20D Bbihs. Ih
IPEROIMR L TR L, & LWERFICE
D KRR AET D 5 .

VLB, MPP % FIH L 728K iE RS o #2100
WA DB & AR A L 72, MPP (XML b fk 4
e EIEBA B L OIS EHTE 2 LE 25
n, SBIVRY—LERBEIZTT Y T4+ — 24
kL LTHRET 20D LRSS,

S R

[11 S. Zhang, K. Kawakami, L. K. Shrestha, G. C.
Jayakumar, J. P. Hill, K. Ariga, J. Phys. Chem. C, 119,
7255-7263 (2015).

[2] K. Kawakami, A. Miyazaki, M. Fukushima, K. Sato, Y.
Yamamura, K. Mohri, S. Sakuma, Physicochemical
Properties of Solid Phospholipid Particles as a Drug
Delivery Platform for Improving Oral Absorption of
Poorly Soluble Drugs, Pharm. Res. 34, 208-216 (2017).
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K. Kawakami, A. Miyazaki, M. Fukushima, K.
Sato, Y. Yamamura, K. Mohri, S. Sakuma,
Physicochemical Properties of Solid
Phospholipid Particles as a Drug Delivery
Platform for Improving Oral Absorption of
Poorly Soluble Drugs, Pharm. Res. 34, 208-216
(2017).
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K. Kawakami, S. Zhang, L. K. Shrestha, G. C.
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Mesoporous Phospholipid Particles: A Novel
Drug Delivery Platform, 42nd Annual Meeting
and Exposition of the Controlled Release Society
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R BAE, U YIRE 720 TEALIER - 03ME

WEF | APPIE FESAE#EHE 7 = 7 2015(2015
10 A).

Ik BAE, 9k #RE, MR T, Lok Kumar
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4 (2016 4E3 H).
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. K. Kawakami, S. Zhang, M. Fukushima, A.

Miyazaki, K. Sato, Y. Yamamura, K. Mobhri, S.
Sakuma, Mesoporous Phospholipid Particle as a
Novel Platform Carrier for Drug Delivery, 3rd
International Conference on Biomaterials

Science (November 2016).



Hosokawa Powder Technology Foundation ANNUAL REPORT No.24(2016) 45-48 /Doi:10.14356/hptf. 14106

.(AL
S TN DDA TSR DR S
RFHE Hosokawa Powder Technology Foundation ANNUAL REPORT Vg@E&Y

By ARG &2 PN L7z iRBE AR 7 & ~ B &0 AR

Formation of High-Performance Titanium Alloy with
Harmonic Structure by Means of Powder Metallurgy

BF7efU3% Researchleader: 4§l JF—  Shoichi KIKUCHI
MPRFRFEE THeR B
Graduate School of Engineering, Kobe University, Assistant Professor

E-mail: kikuchi@mech.kobe-u.ac.jp

Wik

AR TIE, SEMEOHAK O ) I EREORMA 2 v b7 — ZIRICECE L7 TR T 5
YEE] BERL BANICE, XA AV T L) S KO R O K ORIk %
fEL7ztk, TNO B4 2 L&) [FRMMET 7 > 6% OB EER L. 72, FRL
7z [RRARLIR T & > &4 ] OF1F8ES X ORI O W TRE 2R 72, GIBRRERZ AT o 7248
R, BT & o ad] &, MRS A9 2 A0 AR BER 4 & i L TRl A o m i
L7z, 6102, 4 KM aBRZ AT o 7oA R, [RRFIMER T 7 B ] ISV REZ A
THIEEWO»E Lz, WHREEGHER LIS THIEA T = XL IOV THOME 2Nz, FRA
HRET & ¥ B EONEHRE SEIL, AN O KRR AR TH L Z LW Sl L2,

ABSTRACT

Titanium alloy (Ti-6Al-4V) with bimodal “harmonic structure”, which consists of the coarse-grained structure
surrounded by the network structure with fine grains, was fabricated by mechanical milling (MM) and spark
plasma sintering (SPS) to achieve high strength and good plasticity. The microstructure of the MM-processed
powder and the sintered compacts were characterized using a micro-Vickers hardness tester, scanning electron
microscope and an electron backscatter diffraction technique. Harmonic structure was formed in the sintered
Ti-6Al1-4V compacts prepared from the MM-processed powders with fine grains at its surface. The Ti-6Al-4V
alloy with harmonic structure exhibited high tensile strength and good plasticity. The effects of the harmonic
structure on the 4-point bending fatigue properties of Ti-6Al-4V alloy were investigated. The compacts with
harmonic structure exhibited higher fatigue strength compared to the conventional coarse-grained material
prepared from as-received initial powders. This was because the Ti-6Al-4V alloy with harmonic structure had
higher tensile strength and hardness. Moreover, fatigue fracture mechanism of the Ti-6Al1-4V alloy with
harmonic structure was discussed based on the fractography and crystallography. As results of observing and
analyzing the fracture surfaces, the Ti-6Al-4V alloy with harmonic structure failed from the coarse grain in

the harmonic structure.
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Ob 2 EBAELEELT EI2LD, B2k
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Schematic illustration of the process for the formation of the harmonic structured material.
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2 EBSDA#Tic & DigosniziQ~y 7.
Fig.2 Image quality (IQ) maps determined by EBSD
analysis.
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Fig.3 Results of tensile tests.
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Fig.4 Results of four-point bending fatigue tests.
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The Control of Slurry Rheology with the
Addition of Nano-particles
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Graduate School of Engineering, Kobe University, Associate Professor

E-mail: komoda@kobe-u.ac.jp

Wk

EREYA 70l F AT ) — I LTH I RFERMERNL2E 2oL +a Y 2o T
L7z, XA 783 ) ARFDEEL TV DE6, TOREEESL A0 -2, F /TR
IEhRIE RSNV, U LT, Baii~A 70 ) ARTF AT Y =2 LTCTIVI FF kL
FEEINT 5 &, ~A 7 Ok FRERERE -/ R FBEADHEL, A5 —137r bl ZoH
SATKL TIEENEWIT EBEZEICRA S5, 50 vol% TIXED 0.01 vol% D F / FLT12 X > TH ALY
LI ERWLMIL, SHIRLT, YU F I RTFIE~A 70y ) BRTREICEETSHDT
KM ARIERON VDS, BEANIRTH 7 RT2EIR L 7 9 A5 —%2BRT 5 &, —K0IC
KIS EM S WIS T Yy 7 v VR R BT A LR R L.

ABSTRACT

The change of rheology of concentrated micro-particle slurry with the addition of nano-particles has been
studied. Aggregated micro-particles dominate the rheological properties, which is not change by the addition
of nano-particles. In contrast, the rheological characteristics of dispersed micro-particles slurry could be
significantly changed by nano-particles. In the case of the slurry of dispersed silica micro-particles and
aggregated alumina nano-particles, the gap between micro-particles are stuck by nano-particle aggregates,
resulting in a highly elastic or gel like rheological behavior. At 50 vol% of particle content, only 0.01 vol%
nano-particle could drastically increase the slurry viscosity. On the other hand, silica nano-particles are
attached on the surface of silica micro-particles and the mixed slurry still showed Newtonian behavior.
However, under high shear rate condition, nano-particles are released from micro-particles and form clusters,

which again stuck between micro-particles. As a result, the mixture showed discontinuous shear-thickening

behavior.
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a) Relationship between viscosity and shear rate
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Fig. 3 Effect of aggregative nano-particles on the
rheological behavior of aggregated micro-particle

slurry.
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Fig. 7 Internal structure of the slurry of disperse micro-
particle and dispersed nano-particle under different
shear rate.
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ABSTRACT

Paper-based biofuel cell have been attracted as a potential application as energy harvesting power sources in
Internet of things (IoT) field. In the present study, we newly developed screen-printed paper-based wearable
biofuel cell array fabricated by using MgO-templated carbon ink. The paper-based biofuel cell array exhibited
a maximum power density of | mW. The present flexible paper-based biofuel cell is highly applicable to the

development of low cost, flexible, ubiquitous energy devices.
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Shitanda, I.; Yamaguchi, T.; Hoshi, Y.; Itagaki, M. Fully
Screen-printed Paper-based Electrode Chip for Glucose
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Study of Heat Transfer Mechanism with Coherent Flow
Structure in Particle-dispersed Two-phase Flow

91U # Research leader:  FTP ffKHE  Shintato TAKEUCHI
KRB R B TR %
Graduate school of Engineering, Osaka University, Associate Professor

E-mail: shintaro.takeuchi@mech.eng.osaka-u.ac.jp

Wik
H IR A ZRA- % & CIRNOHII BT 2 BB ok &8 B X O AU HE D Bk (239 2 R0
BT YIRS AR EE L7z WO R Lk & EPREAR O T 35 1) S ik % Euler
AT Tk % 5e B S TRT- M OBMIREZE T3 5 TR e IR A L7z, KT I21F ) Bk (2
DV B 720 i FERLT-IRAH T O Bl AT ~B L, RO FE Y8 W I TR B O KL 1
] 2 BRI 2 /b L TIRER S B AR 2 D, € 2 TOBMGEE— FOEMEZ /2. 72, »w{iD
POLAY =K, HABEED LR AFBREROMAGDEOREIL, HFIZX28d@m%D) b
R E MG L B2 EME TR E 25, RFEEED XK BRER IR L CEEAREE —
N OBEAPN, T TR 2R EE 0 E L Twb e 2 R L.

ABSTRACT

Heat transfer problem in solid-dispersed two-phase flow is numerically studied. Temperature gradient within
the finite-sized particles and inter-particle heat flux due to collisions are considered, and those effects on the
flow structure and heat transfer are discussed. The interfacial flux model is extended to incorporate the heat
conduction due to inter-particle contacts, based on 2-D and axisymmetric contact heat resistance solutions.
The method is applied to 2-D and 3-D natural convection problems including multiple particles in a confined
domain. Under high solid volume fraction conditions, the particles are observed to form densely concentrated
regions, where heat flow tends to channel through the contacting points. In three-dimensional solid-dispersed
flows, by decomposing the heat flux into the contributions of the convection and conduction, the change of

the major heat transfer mode is studied for different solid volume fractions and conductivity ratios.
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Fig. 1 Reproduced from Ref. [3]. Instantaneous flow

field and heat flux at Rayleigh number 10° for the
Young’s modulus E, = 10 after reaching quasi-
steady state (at £ = 1000). Bulk solid volume
fraction is 50.3%. (a) Velocity and temperature
fields. (b) Heat flux vectors (arrows) at the same
instance as (a). The density ratio is p,/p,= 1.005.
The isothermal lines are drawn at constant
intervals.
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(b) L/0, = 107

Fig. 2 Reproduced from Ref. [3]. Instantaneous flow
fields (1 =800) visualised by velocity vectors (in a
vertical face of the domain) and local surface
temperature of particles of conductivity ratios (a)
A/hy=10" and (b) A/A,= 102 A total of 3087
particles are employed for each case.
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using Functional Black Substance

FEU## Research leader:  PTh  AF1  Yukikazu TAKEOKA
Ll ERFRF B LA geR A%
Graduate School of Engineering, Nagoya University, Associate Professor

E-mail: ytakeoka@apchem.nagoya-u.ac.jp

Wik

— I, WSO ENL, R BT A AR R FIIC Lo T, Z200MHEEZ 5LV A
A=TIW b, MFRREEL, AEREED 2k 4 2 EHOREEFS MM 2 8 & Bo k25
R TE L 2 2 BRI TRIE L., e LT, YU, BIbFy >, <7281 %
AT REPMEHTE S, BRERANIR S LWL 2FHTE 20T, ERAVSLRL TV
BRERANIC) A7 OEWEBbLNLOESLHEIE LS T, HEIDR L, 2o, RGO
KT A NCHBET L 2 ENWREIC R L7259, /2, BuosbEha, EEME Mt est
Y, KA KRR RIS W LS, IS ORI L 222G o n s 0
L7z,

ABSTRACT

Generally, we have an image that the structural colored material changes its hue depending on the direction of
light irradiation and the viewing direction. I found that structural colored materials of various hues without
angle dependence could be prepared from white and black materials. As a material, silica, titanium oxide,
magnetite, and polymers can be used. We can obtain non-toxic and non-fading color materials at low cost
using our materials, because the structural colored materials are composed of environment and people-
friendly inexpensive materials. Moreover, because black materials exhibiting various functions such as
conductivity, magnetic properties, photo-responsiveness, etc., functional colored materials utilizing these

functions may be obtained.
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UL, REIEEEIRECTIIERENOYEBE) - REASEEII o T EIr6EEZ LN,

ABSTRACT

Sublimation purification is the most common method for the purification of low molecular organic
semiconductor materials. Purification rate enhancement and high purity production in sublimation process are
required in order to increase the overall throughput of electronic devices manufacturing process. In
commercially practiced sublimation purification, large amount of raw materials, which are mostly powder, are
purified at once and heat transfer within powder bed in the vacuum process is very slow. For these reasons,
the rate limiting step is predicted to be steps within the bed of raw material such as diffusion in solid, heat and
mass transfer within the bed, and outward diffusion from particle.

In this work, two materials were used as model substances for sublimation process in vertical tube chamber,
one was anthracene in the non-equilibrium state and the other was pentacene in the equilibrium state. We
developed the mathematical model that takes into account conjugate heat and mass transfer within the
cylindrical particle bed. The sublimation rate of pentacene in the equilibrium state did not depend on bed
height, considering that the sublimation rate was controlled by steps outside the bed. In contrast, the
sublimation rate of anthracene in the non-equilibrium state became smaller when bed height increased,

considering that the sublimation rate was controlled by steps within the bed.
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ABSTRACT

In order to elucidate the formation mechanism of lipid nanoparticles in microfluidic devices, we investigated
the formation behavior of lipid nanoparticles in microfluidic devices with a staggered herringbone micromixer
structure. The microfluidic devices were fabricated with varying the staggered herringbone micromixer cycle
numbers to confirm the effect of mixing the solutions on the LNP formation. 1-Palmitoyl-2-oleoyl-sn-
glycero-3-phosphocholine (POPC) was dissolved in ethanol to obtain a concentration of 10 mg/mL lipid
solution. 154 mM NaCl was used for the aqueous solution. The size of the lipid nanoparticles was analyzed
by dynamic light scattering. From the obtained results, we assumed that the rapid decrease of ethanol

concentration to its critical concentration was essential to form lipid nanoparticles.
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Chen D., Love K. T., Chen Y., Eltoukhy A. A., Kastrup
C., Sahay G., Jeon A., Dong Y., Whitehead K. A.,
Anderson D. G., Rapid Discovery of Potent siRNA-
Containing Lipid Nanoparticles Enabled by Controlled
Microfluidic Formation, Journal of American Chemical
Society, 134 (2012) 6948-6951.

Kitazoe K., Wang J., Kaji N., Okamoto Y., Tokeshi M.,
Kogure K., Harashima H., Baba Y., A Touch-and-Go
Lipid Wrapping Technique in Microfluidic Channels for
Rapid Fabrication of Multifunctional Envelope-Type
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Maeki M., Saito T., Sato Y., Yasui T., Kaji N.,
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Nanoparticles Using Microfluidic Devices with
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46181-46815.

(b)

L.

—77 —

TR o FHEX

Gene Delivery Nanodevices, Lab on a Chip, 11 (2009)
3256-3262.

Kitazoe K., Park Y.-S., Kaji N., Okamoto Y., Tokeshi M.,
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Zhigaltsev 1. V., Belliveau N., Hafez 1., Leung A. K. K.,
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ond Microfluidic Mixing, Lungmuir, 28 (2012) 3633—
3640.

g - KR Y —FH

Fujishima Y., Maeki M., Sato Y., Yasui T., Ishida A.,
Tani H., Harashima H., Baba Y. and Tokeshi M.,
“Visualization of Lipid Nanoparticles Formation in
Microchannels”, 7th International Symposium on
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Gas Flow Control for the Improvement of Fine Particle
Collection Efficiency on Electrostatic Precipitator

W73 % Research leader: WP [E A7 Naoki NODA
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Energy Engineering Research Laboratory, Central Research Institute of
Electric Power Industry, Senior Research Scientist
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ik
HEAMLIERE X, EUHEEPMMES, A7 —VT vy THRESTHY), REERIENZENL, NE
EPOREREET CTORESME LTRCFH SN TS, 44, K& PM2.5 SO U/NMLF DB
BB MER SN, ERAEREEEOBUMLITIREEROM LARKO 5N TwD, EREERE
DEFEFFIER, HHEAF ORFEREAEIR 2 LOERNWHFEEORE L 2T 5.
T TR TR, BRI OEREREEZ N RIZ, OB OBREFEZIEET 5 &
12, KIEHIBE OB b UM OLBER R LR OWMET 21T o 72, ZORRE, BRHOBRER
RE R RS OEEFIZ L > T, BLAEEEENBOLILOEN ZIHT 5 Z & ThUMNEF D4
FEMERE 2 A RAVICIN ETE 5 2 L 2SI L 72 .

ABSTRACT

Electrostatic precipitator (ESP) is used as a major dust collection equipment in various industries. As the
environmental influence of fine particle such as PM2.5 in the atmosphere is focused recently, the
improvement of the collection efficiency of fine particle on ESP is desired. The collection efficiency of ESP is
affected by dust properties such as particle diameter and the electric resistivity of the dust. In this study, a fine
particle collection efficiency of ESP and an improvement method of the separation characteristics of fine
particle by gas flow control on ESP in a pulverized coal combustion boiler is investigated. It is estimated that

the control of gas flow pattern in ESP is one of the effective method for improvement of ESP.

MRS = & BHAY AT, FYZVTARNPEL, AT =T v
THREHTHDLZEND, INEEPOREET

WA LS E (ESP: Electrostatic precipitator) TR EEE 70 2 I2BWTHIH ENT
(&, SRR, EDEEMEVWZ &I wa. ESP OB, MoBRER E RIS
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WEN T O TFEORELZITH 2 LIz,
R T OELIRIE 2 EOBEANFFIEDTE
%52+ % (Kanaoka C. and Makino H., 2013). T
A, KA PM2.5 7 E OBUNRL T ORI E
AEH SN LW, BEEEREEEOM/INLTFRZ:
HERED M EAREBEOREE o TV h, BEXAE
FESEERN O AR, i OHES A
BWTALLELNR, LEEEOREMATE =
AT VRN K AEN E, BkA ELNA L
THBY, UM OLEMREN LIIZZ s 0
PR RT  EDNEEE 2D,

BEREREEEORDE(HHINA TS ST
Y E LT RKIIEETDET SN, FH
E OBRy = XTI ESP 1213, k& 72 TRA 4
SNTE7z. ESP OEREMREIE, N TOE
SHBER 7 EOBLANEEEE OBb ) DOFEE
BEOBMERE, B L OHRIKMEIROFZEIZ LY

RESEAT L. AEOERDPETIE, BfiK
TIFEEPTCTHM S D ESP UL, kA5 W

5T\ 72 BRI AT 403 K 2 o {K i ESP
WZxF LC, HEREZ 363 K fE F Tk L7z
ARG ESP O ADHED 5TV 5.

Z ZCARWIZE T, UKL T OB ERE -
REME T 5720, EREEEEOR/NMIT O
BRI RIZTEROBEYILRT 5 L3t
(2, AR ESP O UG F O B2 HE M % fE
TAHZERHWME LT
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L 5
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FroOFEHEMEE %5 &) FHEL 72, ESP DX
BEIE, FEEHT ESP O EHE 1 72 B i % E
03mA/m? ERIEIC72 5 63mA xR L LT,
EEEMERBIC RIT T RIME E OB OME T,
BMEEZ 02mA/M B EL0.1 mA/m* & L7
B, EERKNOT AGED, BOERE
403 K, MLER A A& 1000 m*/h OB & 645 & 7
LIz, REORL L ERBOI T A =%
A7

EREMERE IS T T ERR OB OB T,
ESP OFAEIREZ 403K I2—E & LT, K212
TR IR E LS, BREL T ewn
S CHRERRETRELZ. £/, HBRICH
720, a—=)v FRBRICT, BGEREET = & v X
TE2SBEFETE THAL, EEND T A
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Synthesis of Nanophosphors for Bioimaging “g.
using Electron Beam Excitation
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Institute for NanoScience Design, Osaka University, Assistant Professor
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Wik

BIHETEMEEZREST LI ETELLIY—FLVIAv A (CL) VWIS A X =D
Y7L, F AT — VORI RRE L TR PR RO A XD U S RETH L. ZOF
FOFEHDIDIRSBEELON, ¥ 30 B—50T L RBEOY A AhomnE TS %
FoRBEDOERTH L. KFETIE, L—HF—T7 7L —3 a3 v FELH—ibkEZHWTCL NS
FAR=D T DIODEMEEER L2 L= =T T L —3 a3 VB L - THER L 28561,
WEOIY PO — VAR ET, $t nm FBEOY A X2 FHFOHNAEO CLEEDL 4 A=Y ¥ 7IIR
T Thot —F, HREETE, WEAORE X SiREICHW25E (720 mg/mL), 40 nm
BEOY— LR EL R OFNAROMERICKII L, B—KTDCLA A= Y ZIZEI L7z HIZ,
WA THEICRIREE, BERUREE, RIMITR AT A 2 LT, X0 B L SO R M ER T EET
HHTEERLI

ABSTRACT

Cathodoluminescence (CL) microscopy, which is a combination of optical microscopy and electron
microscopy, has the potential to realize multi-color bioimaging with nanoscale spatial resolution. To achieve
this biological CL imaging, development of small nanophosphors with similar size to protein molecules and
bright CL nanophosphors is indispensable. In this research, we developed nanophosphors for CL bioimaging
using laser ablation method and homogeneous precipitation method. The size distribution of laser-ablated
nanophosphors was large, and the CL intensity of single nanophosphor with size of a few tens nm was not
enough to image. In homogeneous precipitation method, mono-dispersed nanophosphors with size of about
40 nm were obtained with small size distribution. Improvement of CL intensity was also achieved with

varying concentration of rare-earth ions, calcination temperature, and addition of co-doing ions.

85—
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Fig. 1 Concept of nanobioimaging using electron beam
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AIFZETIE, INF TISER TR TV ARV,
N EREOY A XD
HWIROERE & Z 0BT IOV TR
FL7.
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W% A&

l. V—=Y¥—=7T7Vb—Ya ill&srF i
Sek DR

g N B—F EAREOY A X & RO
J BRI L7202, L —Y—T7 7
L—Ya vikick a4 2 @k op iz R Aa
72, ZOHFEE, BEREOHEHIEBREO L —
PV AZRENT LI LT, EHTT 7L —
va v ERSBESE, Hoom BE OGRS ER
WREZ HHETH A (Mafune F. et al., 2013).
L—H—T7 7L —3 3 &7 B osoeAkix
IR FETHER L2 WEEEA v MY oL,
Brawa ¥ A RKIZED LIzt 7ViEHl
LTIy I VE%xEML, 80°C T 1hi#i#
L7z, HWT, FIA4F =TI TKG %75
SELZETTVIROME R Bons
V% BAIFIZT900°C, 3h DM TRABERK
L, Y,0;RE (RE (FZEMIZH G T 5l 1
FHICH Bu, Tb, Tm 72 &) DHOLEH K 7.
VESL L 72 Y,05:RE HOUMAK 2 BAK 255§
S, AY—F—THEHELLENS, L—H—%
VAR L7z JGIEIZF 7 F Nd:YAG L —
4 — (New wave research, Tempest) @ 2 5 I
(532nm, 10 Hz) %M\, L >~ X (f=100 mm)
Wk IVicERT A ETT T L=V g
YERATol. L= =V ZADWEREL 10 ~
20 mJ/pulse, HEEFEERET 1L 0 ~3h, WH DR T
JEFE1Z 0.1 ~ 0.5 mg/mL DL TIERSA; DM
HEriror.

2. ¥k E 2T 2 SRR
¥ — R 3 — e ki R & AR D S HOGE
VESS 2 DR 7 )71 Td % (Venkatachalam
N. et al.,2009). ZOHETIX, REOMKS
RCHELDLT VY EZTIZE > THED pH 215
—IZ kA S, A TEKEBRALEO L % 15
JERE & 7 2 A TS ERIE (160 pM ~ 7 mM)
EIRFE (5~ 720 mg/mL) % EE L 72 JFURHKE
WA MEL 22O, Y537, FOR
T O N B B 1X 60 ~ 80°C, i 4 R [ 1

Table 1
phosphors.

Synthesis conditions of Y,0;:Eu(Zn) nano-

Emitter Eu>*  Calcination temp. Emitter Zn**

1,2, 5 mol% 900, 1200°C 0, 10, 20 mol%

30 min ~ 4 h O B TrER &M 0 2 17 - 72,
Bo Nz % 900°C TARABER (5 min ~
3h) L, B LW #OUR Y,05:RE & 15372,

3. WK OB & 5 WHEE - 7 SO6H
DR
Y,05:RE #OGKIE, FMICHE$ 24 1T
FORE, BERIRE, LRI 2THICLoT
CLMENEEZZITHZENAMONT VS
ZZT, F/EMBEO CLEER DD,
Table 1 |Z/R 3 # ) OIFREMFOME 2175 72
A HRINZ VY 72 Zn 13 Y,0; H1IZ Zn? DT
TEASNLZEICLY, KREEED LN
Y0, ICEEBEEZMNGT LI EDVTRERTDH S
(Nagata T. et al., 2007). F7-, ZORZETHNG
EOFESEREN A L35 2 EDHMOENT NS,
F IR —D—D 0 CL 5 FE D g m a2
FHRTDOREEDEH—THLULEND L7720,
HOGARIE Bk O — kg TR L 7ok &
a7z,

%

B R

. L—¥—77 V=Yg ViETERL-F
J R0 E CL 76

Fig. 2 IC{HAHL — =7 7L — 3 3 v g
BOF  HENAED TEM 5% 7R T, Fig. 2 (b), ()
DTEMBEP LG5 LI, L—F =T 7L —
¥a YBOEIARIIM D Bl T B FEA
A FTEE am ~ 50 nm FRFEE TERIE 2 L C
By, BELLLVHIGND. L=
A DB EEDSEITE, M VRTFAERT
Eoh, —HTRERBAT LMEINT.
FOld, =% = 0 AmEE LTI,
10 ml/pulse FEEEAS @Y & E 2 5N L. Ll
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(a) Before ablation

(b) 3 h, 20 mJ/pulse (¢) 3 h, 10 mJ/pulse

sy j LT o
3y PRl
; Y x &, § :’5“; 3 s
By R {?§‘
Lk %»‘. 2 e »." = 43

Ry &y !V -"%-‘

) g ./I' V. ol

R e B EGS
) N Y 4 o

Fig. 2 TEM images of Y,03:Re nanophosphors before
(a) and after (b, c) laser ablation. Scale bar:
100 nm.

BHG, TOFETRIEEOT A 0@k %
BIEETHRAL L LL, AR A 2 =207
DT —T7 L UCHELT AICITRE T TR
otz F7o, RWIRTIER L2 A X T
H 55 nm ~ -+ nm BEOR T2 5 DI E
BT LZ ko7

2. BY—IRBETER L 72 2 3OO E
& CLZX

Fig. 3 (a) ~ (d) IR HI TH B IRFE D%
L 7B O HOCERT R O TEM 8 %2 7R .
REDRE 2 BIIZE < $T5 28T, /IS k
THIERENTWD Z EH0 5. Fig. 3 (e) 12
R BIRFERETORZEDOLE A MT T A, Fig.
3 (D) IIRFEREE IR 2 PIgh i & R e
WEx R
INHOENL G, REOREZEL T 513
EEIRAEDNE L o TWD T ENTN 5.
Wb EWIRERE 20mgmL O & &, R
423 +118nm TdH o 72 (BER§ 2 & ¥ (2
10nm FBENS R D). T, REORES
T HIET, FHRELZT TR L, MED
o222 MHITRETH L Z EV T2 o 72
[Fig. 3 (]. PLEOFERNSL, REOEEZEL
T5E, KEOEBEMMIZAERL, KTk
Eofi s, haL, 14 X0H—7%) )k
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THBE L2 0 L HEEE RS .

T/, H—bBETIR, At A OBE
FEDENZ X ) ATbRAR & LT 9 % AT R
b, FTORO, BRICEGT L AETHETESY
EHE 2 e CRET- ORI AN S Z LD Ao
7o, FIREORFE THIEMAONT A 4T &
CORER Rk D Z LAy o 72, Fig. 4
ERFZoOTME (FEE) LT, g ow
THEA A IR L MBEERNEWROA THHA 4
BEOES () 270y PLZBDOTH A
REREDE L B 25138, (KEDO
T AT VIREIITEORE (100%) 125
DVWTWEZEWThD, UL, BRHNOY
— 0% pH LHI X 2 28 OFAERDR
WeEZHN5L, ZIIIXY, FEHEICHE
DR T VIR A 4 IR % IE I
k2 L9124, SRR B VWEotk %
BHRERTEDL L)k o 7.

Fig. 5 (a) ICEIREDIRFE % H W TER L 7248
T O CL%%/R3. MEIZIL STEM |2 CL % I
BReZ 3 7 — %Y AH) 7% (Furukawa T.
et al.,, 2015) % M7z, FHANIANAEELE 80 kV,
&G 10 ms/pixel D 5ETITV, FELHL
Tm 2> 5 O3 E B FEE THUE L7z, &
50nm U TFTORT-H A A= THETKHSL S
ERERRK L. T, ZoORTO—EICET
HiAE 60s A LT Cd CLEMENKTIZRS
g, BEREA X =2 v 7R BB A 2=
YTISURETH A Lo 7z [Fig. 5 (b)].

3. WhoCHRIREEE CL i

Table 2 12 Bu B, BERGIEEE, Zn L CL
MEORERT. 22T, EREESHH
W72 Y,05:Bu #O6K (Bu 2 5 mol%, #E
Ji% i 900°C) @ CL i % 100% & L T i
L7z

PER D H LA L Ll LT, Bu iR 2%
D& EITK 2.4 15, BERGREE X 1200°C D FEIZ
2.4 1%, Zn IRINIRE 20% ORI 1.8 f5 D
CLHESEON/Z. 72, Thoothsi
AEDELET, MEROFBAEL DK 4.5 58
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(a) 40 mg/mL ®

(c) 320 mg/mL
.

1.0 4
2 (© = 40 mg/mL
S 08 - wwwe 80 mg/mL
¥ *ama 320 mg/mL
S 06 o == 640 mg/mL | B
3
< 04 4
2
g

02 =
&
f-»

0.0 =

0 100 200 300 400 500 600
Particle diameter / nm
500

450 4(® I

400 =

350 o
300 o }
250 =

a1 1

50 4 I!!!

Particle diameter / nm

1 10 100
Concentration of urea / mg mL!

Fig. 3 (a—d) TEM images of precursors synthesized with 40, 80, 320, and 640 mg/mL of urea. Scale bar: 1 um. (e) Size
distributions and (f) average diameter of precursors synthesized with various concentrations of urea. Error bars in
(f) serve as standard deviations of particle sizes.

B \WHEEIR 2 R IR 72 HUINA A A=V 7R BIRL, 5257
BT L RSO A &0+ ROk

4. 29 8L ZOEBEEALTEIC O W TG L 7.

AWFFETIE, BFMBIEIEIETH S CL 2 F L—H—7 7L =Y a VBl Lo TERLZ
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Table 2 Summary of the relative CL intensities of
Y,03:Eu(Zn) nanophosphors.

Calcination Relative CL
Sample R . . .
temp./ °C  intensity / arb. unit

Control condition

Eus 900 100 = 24%
Emitter varing

Eu 1 900 159 = 32%

Eu2 273 = 53%
Calcination temp.

Eus5 1200 241 * 52%
Sensitizer varing

Eu5,Zn 10 900 162 = 53%

Eu 5, Zn 20 184 = 47%
Integrated condition

Eu2,Zn20 1200 454 = 80%

23

S < 350%

E=I-]

o 9

E Y EEEEE EETELEEEEEEEEEEEE

2 E 250% = = = = = = - -I- --------------

S =

E E 200% 4 —— - S

B E 150% o = =

R x

§§1oo%- ——————————————— T g e weal

g3

b bttty

285 o

£ E 1 10 100

C2 Concentration of urea / mg mL!

Fig. 4 Molar concentration ratio of co-dopant Tm®*

between precursors and starting solution.

CL intensity / arb. unit

BRI E nm ~ 2t nm OTEL WRZEDE S
N7z, L2Lars, Eﬁwﬁ&f®1“ S
HThHho7 72, FBoom ~Et nm OFET

T R BECREDS SN o 72,

LEHN O IR % IR W 723 — ik 1
o7, 40nmm BEOIFIT/N S VEIEEOME
UK L7z, CORFFEICED, RFoOHFIZA
naratHETHE @&W%EW WS 5 2 L8
WHeE eo 7z, TORERE LT, CLHEEDS
wm%%@@%#@%:&@,manTmm
FARKD CL 4 A=V v ZI2kE L7-.

W, WA R REE, BEOnE, IR
ﬂmu%%wﬂﬁé EC, X0 L e HOBK

MPEHIEETH AL EZR LT
Ltk 1020 FEED X V) & v X7 —4)
FOH A ZNTEVELEOER 21T ) XL, 4
WA L 72 R FE 2 i R W 7o — ks ik
DYEEAT. E%m(lﬁﬁ%ﬁiéﬁé
IS HEOCERREE, BERGE, HRInc®
DEMBET 2AT) FETH 5.

ZE R

Furukawa T., Fukushima S., Niioka H., Yamamoto N.,
Miyake J., Araki T., and Hashimoto M., Rare-earth-
doped nanophosphors for multi-color cathodolumines-
cence nano-bioimaging using scanning transmission
electron microscopy, J. Biomed. Opt., 20 (2015)
056007-1-6.

Giepmans B. N. G., Deerinck T. J., Smarr B. L., Jones Y.

Z., and Ellisman M. H., Correlated light and electron

(2]

30 40 50 60
s€C

10 20

Fig. 5 CL images (a) and stabilities of CL intensity (b) of nanophosphors synthesized by homogeneous precipitation

method using excessive urea. Excitation source: electron beam. Acquisition wavelength: 450—500 nm (a, b);

Acceleration voltage: 80 kV; Exposure time: 10 ms/pixel.
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microscopic imaging of multiple endogenous proteins
using Quantum dots, Nat. Methods, 2 (2005) 743—749.
Mafune F., Kohno J., Takeda Y., Kondow T., and
Sawabe H., Formation and size control of silver
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Phys. Chem. B, 104 (2000) 9111-9117.
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Technical Papers, 38 (2007) 1328.
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near-infrared light and cathodoluminescence mi-
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imaging”, Scientific Reports, 6 (2016) 25950.
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Development of Defect-controlled, Visible-light-responsive
Rutile TiO, Photocatalysts

WFEIC 2% Researchleader:  [ijHH  F1Z ~ Kazuhiko MAEDA
RO LR b3
School of Science, Tokyo Institute of Technology, Associate Professor

E-mail: maedak@chem.titech.ac.jp

Wik

TiO, X KB IED KR % 5D 5 W HIIIEE L R\ 2o, Kb 3L ¥ —EHALAEE & LT
S R, RIFZETIE, BRETCEOX F-E U rBIOBBEEMEICL A2 EmBHE V) @)
DT Ta—=FI2EY), VFVEITIO, OHIEEL A/, Tab NEZ F—Y 7 L2V T L
Bl TiO, 25, WHCHE T CREZMIL L CHMELZERT AL 222 2 /AML 20
TiOy:Ta/N Z BRFZ ARGl & 34 2 & T, Fe*'/Fe® L Ky 7 ZAXHFFET, SrTiOy:Rh JEfiliil & o
HEDEI L) BERGOCRE T TOKOEEFHIIKI L7z, £72, WFIVEITIO, EAEiRE
HWTKRERIL I NV b 2 4HFEd 2 2 8T, WHDGIZINE U CREBRSUKE D & R % Al 12 4
WTEDT AR RM LA ARE, PFEAGHMEBIC LD, 850 nm F TORIRIHEZE Fv-Ck%
WAL L 72 DB TH 5.

ABSTRACT

TiO, is a well-known semiconductor photocatalyst, but the wide band-gap restricts its application to solar
energy conversion. We demonstrated that tantalum and nitrogen-codoped rutile TiO, was an active
photocatalyst for water oxidation under visible light. It achieved overall water splitting in combination with a
H,-evolution photocatalyst of SrTiO;:Rh and an Fe*'/Fe’" redox couple even under simulated sunlight. We
also found that rutile TiO, modified with cobalt hydroxide nanoclusters was capable of harvesting visible
light with wavelengths of up to 850 nm, and photocatalyzing water oxidation to produce molecular O,. To our
knowledge, this system provides the first demonstration of a photocatalytic material capable of water
oxidation upon excitation by visible light up to such a long wavelength, even with the use of earth-abundant

elements only.
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MEE= BB

BibF % » (TiO,) (¥ bIA RSN TW»
DA O E O TH Y, FOHRIEE
EWE O REEELD HKOFH: & DT A )
F—EWOLE TELIRIZHES. L L Tio, 1
NV FEY v 7K E L, 400 nm DL O]
TR I T & a7z, BRI FUGEE
FTH DRI AN F—ZHIITE S 7w,
ZNTY, TiO, 1d T 4 F — 2SRRIt fih fi &
L T8 KIZIE v, WO DF %2 ¥
WrHLTwh, 72k 21X, VFUEITIo, (UL
T R-TiO, & Fit) (3K O ML TdH 5 R
FONEITIEIFEETH Y, ZORFEICL YK
DEESENPEEE 2 A N F72, R-TIO, X
RO TN 72 il 1 2 R 9Ol T b &
5P Z0d, RTIO, #XN—A &L LW
SIS 2 b o0 B F8 1L BBR R .

KWfFEClE, Z@YO7 7u—FI2k0),
R-TiO, D W IS EAL & A A7z, —DHIE,
R-TiO, D /XY ¥ ¥ v TN AR H HEAL % T
B S, ORI R H SR DS FeD
THHENEE Lz O THL (K1), B
Rigizix, 8% W) L5 o0 (Ta™) o
- 7IZE D EREM - Y TOREIC

V (vs. NHE)

Suppression of defects through codoping
Ti**+ 02> Ta5 + N3~

o [k |
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e e
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Figure 1  Visible-light-responsive Ta/N-codoped rutile
TiO.,.
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Rutile TiO, . HEe
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e C o
¢ é H,0
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Figure 2 Visible-light-driven water oxidation using
Co(OH),-modified rutile TiO,.
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1 TiOxTa/N OHRK

FH AV TARFIYNEY IV N FD
RaNFH 2 JIHERIEEGE P ICHE R S8,
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623-873K, 1WA L7z, 2ok HiZL T
5% 72 TiO,:Ta/N @ 1 i 1&, XRD, TEM, EDS,
XPS, DRS 7 & TCTii~X7z.

2 Co(OH)y/TiOy DMK

Co(OH)y/TiO, 1, ZHafiltfi JRC-TIO-6 & fifFk
TNV R ERFEREE LoEREIC L ) TR L7
FkEZ: FIECT, P25 LMoL % H v 72 Fi 3
L4177,

3 el RS

SefimiE SOk, PASEAEBRI B L 72 B R
BRI AESm T H W TCERTIT> 72, 50—
100 mg D JGARIERG 7 % SOSE T H 12 % S 6
ANOERGFZRR R L2k, BFETANVT —
FAEEEL2300W XX T T E 3B
K ERRGEEE 2 L ) SR 2175 72,
B R

i

1 TiOxTa/N ZBHEAEBOCMEE L LKk
MoK 55 %

Ta/Ti [t % Ff 4 2840 S & CTHABURET L 7245 5%
Ta/Ti=0.01 F TV F VDB E—~HTES N/,
T/, X#EFE—2DY 7 MIZX Y R-TIO,
NDTaD =¥ 7 il L7z, TEMBI%0
MEE A5 N2 TiOyTa 13 E X 100 nm, H££
20nm FEEO T v NIRF VR CTh o7z LIk
O M E T UL, Ta/Ti=0.01 O THEB L 72
TiOyTa Z V562 & & L7,

W2, 623-673 K DK iJE T TiOyTa & 7 ¥
ETHBMLER L 72 & & AEE L7 ERY TS
b, IO XA/ Y — TP R %
TIEIZFE—72o72. K312, 773K TEB L7
KR O AT ILE S ST A 7 PV R IR
TiO,:Ta DV 1Z 410 nm f13TI2H Y, 21
R-TiO, L ZIZF UAMLETH D, L7zh o T,
Ta F— ¥ ¥ ZIE R-TIO, DN KX v v Tk
B A5 2 TWhEWES 25, 2O TiOyTa
&AL L TR/ AR 550 nm T2 F THET
BRI AR L, SUE Ta & F—
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Figure 3 UV-visible diffuse reflectance spectra of
TiO,:Ta/N and related materials.
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Figure 4 Z-scheme water splitting under visible light using RuO,/TiO,:Ta/N and Ru/SrTiOs:Rh photocatalysts in the

presence of an Fe**/Fe?" redox couple.
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T T /0T —OFBEORNT, FEMAET Ry b (QDs) EMHENS 2 ~ 10 nm FEFEE O J-E K
FORFL, A XLV E, B2 THA 2 TEDLE Vo ZMMDF J FENC e WS 22 1
WEFEOLOEHTHEOTEZ. 817 Fy MBI T 205 E 13555 505, THENICA T —
VT T RER G EETFEI T A2 HEE 0N Th b o7z & 2 TARIFZE T I L)V i
FBIZEY, BT Py b2 20EEWIEE A & o TG EET 2 FE2BS L. RAFETIE,
WI VA XL DEF Ry A XEEIRL, E5I2ETF Fy PREIZDNA 256 34, 4
AMEIZB%E L 72 DNA FUEEHA 2 v b 2 &8 TR THWET Ky M OgBEZ EZH L
7o, RFEIHA 2T MEOGEECISHTRER DA — VT v T e, EREOEWEETH
HEWZRD,

ABSTRACT

There are no reports on liquid—liquid extraction of solid nanoparticles based on size- or surface- selective
separation. In the present study, we examined phase-transfer of semiconductor nanoparticles in surface- and
size- selective manners using reverse micelles and a DNA surfactant. We adopted DNA-functionalized CdTe
quantum dots (DNA-QDs) as target solid nanoparticles. The DNA surfactant recognized DNA tethered to
QDs and transferred the DNA-QDs to an organic phase via the DNA hybridization. These were successfully
applied in the liquid-liquid extraction of DNA-QDs from an aqueous phase to an organic phase in both
surface- and size-selective manners. I investigated the size-dependent extraction of the DNA-QDs from a
mixture of DNA-QDs with different diameters (4 and 5.5 nm). These two types of DNA-QDs were added to
an aqueous phase containing DNA surfactant, followed by the addition of an organic phase containing DLPC
and 1-hexanol. Following gentle stirring for 3 h, DNA-QDs with QDs of size 4 nm were preferentially
extracted over DNA-QDs with QDs of size 5.5 nm, which were barely extracted. Thus, the present system

affords size-selective extraction of DNA-QDs from a mixture of DNA-QDs to an organic phase.
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Fig.4 DLS analysis of synthesiszed CdTe QDs.
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Fig. 5 (a) Fluorescence spectra of the aqueous phase before and after the extraction of DNA-QDs, and the organic phase

following extraction. The excitation wavelength was 365 nm. (b) Effect of the concentration of DNA surfactant 1
on the extraction of DNA-QDs (QDs, 3 nm in diameter). (Ex. 365 nm, Em. 527 nm).
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Fig. 7 Effect of the diameter of QDs (3, 4, 5, and 5.5 nm)
on the extraction of DNA-QDs.
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ABSTRACT

The characteristics of particle motion behavior in a gas-solid fluidized bed for fine cohesive particle under
mechanical bed vibration were experimentally investigated. In this study, spherical zirconia particle whose
mean diameter and density were 8.2 um and 5680 kg/m® was used as a fluidizing material. Vertical vibration
was added to the fluidized bed and the vibration parameters (vibration frequency and amplitude) were varied.
From the observation of particle flow patterns in the bed, the flow pattern in the bed was gradually changed
with the magnitudes of the gas flow rate and the vibration parameters. When the vibration amplitude was
higher than a certain magnitude, the bed surface formed inclined plane while the particles migrated on the
inclined bed surface. Then, with further higher vibration amplitudes, the heap shape was formed on the bed
surface with particle migration. The particle migration velocity was increased as the vibration amplitude
increased. In this study, we successfully obtained the map of flow pattern for bed of fine particle under

mechanical bed vibrating condition.
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Fig. 1 Experimental apparatus
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Fig. 2 Particle flow patterns under vertical bed vibration
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KaFELRIET 2 FRIEMEABE T, BRYEBERIET 5 2 EPWMEETH D, FiR OB L
B B VI KALOIIHNC & o THIEM OME % BRI R TA LT 5 2 A TE D, ZOFE
BWCIE, B ARIZEREIG 2 BRI £ - THEA S, BERICEE L TN E LEE & L WIS S
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ABSTRACT

A new method of solidifying metal powder by the compression and shearing method under room temperature
was developed. In the solidified specimen, recrystallization is suppressed, so that the nano-scale crystal grains
are remaining. The hardness of the solidified specimen prepared by this process is increased relative to
materials prepared by other methods. During the process, metal powders are solidified by the enforced plastic
flow and the external heating is not required. The direct molding from powder is the industrially effective
technique from the viewpoint of productivity improvement.

In this study, the alloying process of the dissimilar metal joint using compression shearing method at room
temperature was investigated. Joint material of copper (Cu), aluminum (Al) and zinc (Zn) was molded, and
the crystal and the mechanical characteristics were evaluated. The bonding property between different kind of
metals by the compression and shearing method under room temperature and the possibility of the machine

part application of the composite were discussed.
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CHF Enhancement by Honeycomb Porous Plate

and Nanofluid in a Saturated Pool Boiling ‘z‘
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Faculty of Engineering, Yokohama National University, Associate Professor
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Wk

TR TR Z PF ) SRS R TR AN 2 K S5 8 LWRTFFEHIC A7 A L LCER S
NTBY, AMWME BOEBFHEBENSLEZ TN TVE, L L, KOBERBGFHRITKGAE, ff
RETH IMWmM? TH Y, RABGEOM LS ETHL. TNETONEIZLD, "= 2%
LERZRBAICEE TS5 2T, Ny Y7 ICBRABG RIS REOREO 2 U Eicm Ed52 Lk
AR L7, oM EERE LT, BENICL ARARANOWEME, EEAPEEILICEFERA T 51|
ks, ZRRPENILD S OESHHL D 3 DOHMENEZ SN T L. —HTH ik (/7 2A— b
VA X OMWRLTIEET) 12 & D RABGROM E0EKEL CMEINTBY, ZOBMBII=Em IS
BENDF I RTEPEEREE R L 0D, FITRIMTIE, N=h 2 ZLERE 5 7 fifk
R AEDE D Z L X B REBG I RO W TEBRIIHRE L 2R RIC oW TR R 5.

ABSTRACT

The critical heat flux (CHF) enhancement is of great concern to many engineers and researchers. In the
previous study, the saturated pool boiling CHF using a honeycomb porous plate shows a significant
enhancement compared to a plain surface. Recently, numerous studies of the CHF enhancement by nanofluid
have been reported. Therefore it is anticipated that the CHF might be enhanced greatly by combining these
two elements. In the present paper, the effects of a honeycomb porous plate and nanofluid on the CHF were

investigated experimentally.

MRAEREHH (IVR) PO EFIFEHY 274 L LCiE
HENTBY, 4 MW/m? # 0 i BLGi oR Brsho)s

JROERLZ P O BEE R IR FIRASRINE EEhTnws, Lo L, KoORFHGEHE (LT,
RS, LAY & R R SR N T D Genr) W ERAE, SAIREE TR 1 MW/m? TH D,
LTHLADSLFTE TS In Vessel Retention FNERBZ D EEBIIIIESEDTIER S, B
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Fig. 1 Honeycomb porous plate.
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Fig.2 Schematic diagram of experimental apparatus.
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Fig. 3 Time variation of wall temperature just after the
addition of nanofluid to the water (the final
concentration of nanofluid: 0.1 vol.%).
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Fig. 4 Relationship between gcyr and concentration of
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Fig. 5 Comparison of boiling curves with different surface modification.
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Fig. 6 SEM images of honeycomb porous plate. (a)
Before boiling experiment. (b) After boiling
experiment (nanofluid: 0.1 vol.%).
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Wik

H HHEOE TR T REEEEZ RT 2 e s, REGEEA LD Ny ) v 7 ORY % S
BWRTH D EVZ A, I TRIFFETIX, poly(N-isopropylacrylamide) (PNIPAM) % w5 2 &
TIREREEZ AT 2 REEE~ 1 2 075V ORSE% A7, BiEEICL > TPNIPAM ¥ 1 7 1O
VB O FERITAEZ T o728 2 A, 25°C 128V T PNIPAM ~ 1 27 O 7 V4B o R
TEARE) RN L, TbbREEEERT 2 &A% o7z, KIZ, PNIPAM ¥ A 7 07 )V5)
HORICE R A ER T 5 2 L THRAT HIEOLEEEE MG LR, 25°C TREERE»EET S
A3, 60°C TIIIBIZZA L ah o7z, E 512, 25°C THRAEL72181Z60°C 12T 5 L EBIZHET S
CELRERR SN, THED, PNIPAM < A 7 07 VRIS AR o FUEiSE Tk E2 A+ 5 2 LA
Lpdkizoiz

ABSTRACT
Poly(N-isopropylacrylamide) (PNIPAM) microgels were synthesized by emulsion polymerization using
sodium dodecyl sulfate (SDS). After removal of SDS by dialysis, the surface tension of the PNIPAM microgel
dispersion was measured by the pendant drop method, and it was found that the surface tension of the
microgel dispersion is much smaller than that of water at 25°C. Also, the stability of the foams generated by
nitrogen bubbling through the PNIPAM microgel dispersion was investigated. At 25°C, the stable foam was
observed, while no stable foam was formed at 60°C. Moreover, the stable foam prepared at 25°C quickly
disappeared when the temperature was changed to 60°C. These results suggest that the PNIPAM microgel has

a temperature-responsive surface-activity.
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=) o EERS S 2 LT, IREID
ERIOFHEERF A TE LD TIE LWL E
Z6N5b. L& L, poly(N-isopropylacrylamide)
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lmfE % 60°C |2 EF- &7z 30 501k, HEAFA
%] ammonium persulfate (1 mM) % iz, Z3%
FHRA T C2RMEAZITo7/2. 72720, IS
B OLRIL 100mL TH 5.

AWIZEEND SDS A RET H720, Eh
2@ PNIPAM < A 7 0 7V or il & v b —
ABLENE (MWCO 50,000) % v TKT
1EBEN L 72, SDS OFRZHE, FEMs 7
7 X = (ICP) 3 Y& 77 A % & (IPCS-8100,
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Schematic illustration of the experimental setup for the surface tension measurements.
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%

At B_R

1 PNIPAM <A 7 % Lotk

By H9 b ERELE I £ o THIE L 72 BRI 2 O
PNIPAM ~ 1 27 T 7 )V ORA{E5A6 % Fig. 2 127R
. 2D X9, AWGETHER L 72 PNIPAM
A7 VIFHENESHTHL LV D,
FENTHI D PNIPAM < 1 27 T 7 )V O IR
ZFNZFNA437im B LN 4820m TH - 7.
AR B G HELE THIE L 72 PNIPAM < A
yar Vo —gEMIE EFETA -142 mV
Thotz. T, PNIPAM YA 707 Va7
=F YR E A TH S SDS & H w774k
EHICLoTER L2720, ENEIo~A 70
TIWNZIZSDS A L TBY, ZOKE, £—
YEMITBADBIZ 702 Ez NG, —
F, BN O~TA 705 )VOY — ¥ EALIL
15mV o/, ZOLH)IZE—FEMIY
T2V E o 72D1%, BEHTIC X - T SDS
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Fig. 2 Hydrodynamic diameter distributions of PNIPAM microgels with and without SDS: (a) before dialysis; (b) after

dialysis.
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Fig. 3 Surface tensions of different aqueous solutions as

a function of temperature.
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2 FEESH RS X 2 R G VERESE

BB L > TSN/ PNIPAM ¥ 1 7 O
TOVAEGIE, 7K, SDS KA, NIPAM /K&
DOFRIRSI & imEOBR% Fig. 3 12Rd. BEfE
DOWFFEIZ BT 10, 20, 25, 35, 60°C DKD
KM EZ N2 742, 728, 72.0, 704,
66.2 mN/m & #ii5 ST % (Vargaftik N. B. et
al., 1983). H5N72KOEHENE, Fhb e
FEFICEWVETH L Z 05, RIFFEOERIC
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Fig. 4 Foam heights of SDS aqueous solution and
PNIPAM microgel dispersion as a function of time.
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Tld (Heskins M. and GuilletJ. E., 1968), PNIPAM
A 7aFNVHEREL, MEBREER L0,
BRI L o TRIMEIZMETE Lo 7.
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DFREREZAL % Fig. 4 IZRT. 72721, 25°C B
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B TIEIE3EA L7225, SDSAKEB LD il
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THLZLTHOESOLALABILEL2LT A,
SDS /KA CIX38E L 721 2 5 ¥ TS
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TIX 60°CIZ LT 5 20 B TEEIIHET
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1. Horiguchi, Y.; Kawakita, H.; Ohto, K; Morisada,

S. manuscript in preparation.
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Evaluation of Structure and Aggregation Behavior
of Drug Nanoparticles by AFM and NMR
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Graduate School of Pharmaceutical Sciences, Chiba University, Professor
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Wk

AWFFETld, probucol (PBC), hypromellose (HPMC), sodium dodecyl sulfate (SDS) % Hvy, i
5 3B ETEEY (SPD) ZKIZELT 5 2 L CTHEY S BB 2 R L /- BT B
(AFM) % W72 F 2 R T OFRIEBT R O 7 + — 27— 7B LY, >/ kT ok
2B R ORI A Bl L 72, SPD H 0 FEW) 0 JE SV B ALIZE K NMR B2 & D #ERR L 72, SPD
ZARICHET A2 T, RFER 25 nm QIR T2 L 72, W 'H NMRBIEDO#ER LD,
—#BD HPMC (37K 120 BUE.# PBC & A L Tz F72, BB OR TR L 7.
AFM % H\2 % 2 & TR TOF / RFOIREEAL B E B 2 RS T X /2. & QISR Z
BT O S ORKIL, PBC OIEFHE D OiEM~NOZILICKRR T 5 LiEg I,

ABSTRACT

Aggregation behavior of a pharmaceutical drug in nanoparticles was directly evaluated using atomic force
microscopy (AFM) by topographic image analysis and by force curve measurements in water. A ternary
spray-dried sample (SPD) was prepared by spray drying the organic solvent containing probucol (PBC),
hypromellose (HPMC), and sodium dodecyl sulfate (SDS). The amorphization of PBC in the ternary SPD
was confirmed by solid-state '*C NMR measurement. A nanosuspension containing quite small particles of
25 nm was prepared after dispersion of the ternary SPD into water. Solution-state 'H NMR measurements
revealed that a portion of HPMC coexisted with PBC as a mixed state in the freshly prepared nanosuspension.
After storing the nanosuspension at 25°C, a gradual increase in the size of the nanoparticles was observed.
AFM enabled the direct observation of the morphology and agglomeration behavior of the nanoparticles in
water. AFM force—distance curves changed depending on the storage period. The stiffness increase was

attributed to changes in the molecular state of PBC from the amorphous to the crystal state.

—125-
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MEER BB

SR W) D VI K OIS GE Tk o
12& LTHIRAADIL RSN TN S,
FRAARIC &Y, R OB L ) E
HWEOUESRATNL OO, EEIREICE
VT %) RF OWERZ B DR A T, FERERY
IR FEDOERDVRO NLGE0H 5. Hy
I RF OEEEENL, TBRE OB T
DB EZT B LN TFHPKHETH Y, o
O B2 / BEBHOMEITI N F71 &
L7 =2 X BMFGHRE DT DN TV 2 OSHLIR
ThH M KW TIE, EFTVEPLELT
probucol (PBC), Z5EfbAI& L CRBEMESE ST
? hypromellose (HPMC) J& ONF& A 4 > 5L
IEVEH] D sodium dodecyl sulfate (SDS) % Fv»,
NS 3T DGR (SPD) & AFEUKH
NELT A 2 & TEY S BE e L7
Z LT, BEIREBICBIT ST /KT OBESE)
ROTER s 2 500 L, S8 R 1-ge sk A
HZALNIDONWTEEL /2.

RE G ETVERE L CHKEEED O
probucol (PBC) # w72, 4esedbil e L CH

A 5,3

' O

)

K A1) ~ — @ Hydroxypropyl methylcellulose
(HPMC), & A A > 1 5T i 1 4] @ Sodium
dodecyl sulfate (SDS) % F\v 72,

i $43): © PBC/HPMC/SDS = 1/1.75/1.25 (w/w)
EbEOWRELIWENREY (PM) %
dichloromethane/methanol = 1/1 |2 {&f# S & 72 1%,
AT VL —FZ 4% — (Yamato ADL311S) 2 &
DR L, EFEWEY (SPD) EAHE L 2.
SPD % PBC &% 0.5 mg/mL |27 % £ 9 f5H#IK
WS, ) BREIR 157,

Py VEEFAR : SPD @ [ & PC NMR Il 712 X 1),
PBC O JF i HAL DA %2 5t L 72, SPD #&
WK ESATRIEIZ LV, F /K DB E)
ZRFl L7z BIZ, W AFMBlEIC L D,
J KT OIIRBIGE R 7 + — A — T WEIC &
5 HE S OFHMi 24T - 72 (Fig. 1).
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Fig. 1 Principle of force-curve measurement by AFM in
liquid.
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Fig.2 Solid state '*C NMR spectra of (A) PBC, (B) PBC SPD, and (C) ternary SPD.
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i

B R

W T 2 BT OB E) O FEl

SPD O [EfA 3C NMR #Hll %€ D5 H, PBC € —
7 OKIMEZR 70— FMeps#lg s, PBC DI
AR Btz (Fig. 2). RLEES A I E D
KR, REBERO T/ BETEIEA 25 nm D1
WrEER L7z /7 BB % 25°C fE 4
TTHRAFETZE, FHRFEEIHRZRIIH
50nm, 7 HFIZF 90 nm (2Z21L L, FERA 72
BT DEED RO 57z (Fig. 3).

F 7 T - DR IB AR K OV =R o Sl
7 BRI O AFM IE (R A 5 15 5 L7 Wi
IR T, RERFEALICAE D B TR OB R ATHE
HHN7z (Fig. 4). SWIHIZIRE ORI a, b,
c RUEER ETT7 + — A h —THEERITV, K
T LR O S DFENEFHM L. 74— A
H—7HEIE T, B A R R AT LA T
BORBLLOIRZHRHTES., 75— A
H—TOME A OMW S F KM L, WHEAK
EWIZEVEREITH L. ARESRLO 1 HE
DT/ BB T, KTFO5SIHIBT 5

HEEICBWT 7 o+ — A H — 7O X T EHROME
ISR L TSR, KFZRTIEFES PV
BEEHELTWDLZ LRI,
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Fig. 3 Particle size distribution patterns of (A) freshly
prepared (0 day), (B) 1 day stored, and (C) 7 days
stored nanosuspensions.
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Fig. 4 Height images and force-distance curves of (A) freshly prepared (0 day), (B) 1 day stored, and (C) 7 days stored

nanosuspensions.
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—77, 7 B H O F 7 BEH T, R
S5nm OFIHF TOMEE DEROMEZ I3 LT
INEL Y, ZNLBEOEIS TIIEROMEE &
BIEF L Tholz. ZOIENL, TOF ki
FHIUIZE R LR S R TH T &R e
PHET LI EPHL N ER ST F I RTD
T4 —AN—TDOEENDTHHEHTEL ML
72D, KT OBEEIHED RFREED A X
BHEMREEIND, HFRHNC =RITH 2 HAE
AT HiAEaE, BAMEE R R WIRRE IS
NTHERIE LYW EL, 2 Tligsh
TR FREEE O E AL, PBC OIESE A & &G b
NOBALIZHKT 5 EEE L7

e LC, BEmRraREIcBI 2+ /T
DOFEEZRILE AFM CHEBEBIS T 5 2 LI
L7z, £72, F 7 & O PBC IZEE I,

H4 BB F &=k R

i L€ &

1. Egami K., Higashi K., Yamamoto K., Moribe K.
Crystallization of probucol in nanoparticles re-
vealed by AFM analysis in aqueous solution,
Mol. Pharm. 12, 2972-2980 (2015).
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HRENZA 595 LHifFE N 5.
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Yamamoto K. Morphology and surface States of colloi-
dal probucol nanoparticles evaluated by atomic force
microscopy, Chem. Pharm. Bull., 56, 878—880 (2008).

[2] Moribe K., Limwikrant W., Higashi K., Yamamoto K.
Structural evaluation of probucol nanoparticles in water
by atomic force microscopy, Int. J. Pharm., 427, 365—
371 (2012).

[3] Ward S., Perkins M., Zhang J., Roberts C.J., Madden
C.E., Luk S.Y., Patel N., Ebbens S.J. Identifying and
mapping surface amorphous domains, Pharm. Res., 22,
1195-1202 (2005).

HH], AFM HlI%£ 12 & % Probucol F / 1D
TR 2 SR BIR ORY], HAREFEEE
135 4F43, 26PA-am071, #fi/7 (2015).

2. A=, Y URY YA, EEMREIEC
B B mECESAN, 85 59 M H AR S %
BIRSCER &, & (2015).

3. Moribe, K., Egami, K., Higashi, K., Ueda, K.,
Yamamoto, K. Aggregation and crystallization
behavior of probucol from the ternary spray-
dried sample solution evaluated by AFM,
2015AAPS Annual Meeting and Exposition,
T2127, Orland, USA (2015).
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Hetero Coagulation of Layered Metal

Hydroxide Salt and Nanoparticles

WFE1C2E# Research leader:  [LI'F GRAE]  Seiji YAMASHITA
Yl ERY Ry LAMER B
Department of Molecular Design and Engineering, Nagoya University,
Assistant Professor

E-mail: yamashita@nuce.nagoya-u.ac.jp

%k

i T8 7 ST RE SN L RS EAKERALIRL T, 2 OGRS K U 72 R 5R0 7 BT RE S %
ALTEBY, KEEPTpH 2 EDOFEMFIZL DFEREICX > TR LEMEFFO I L0687 Ok
T L TR DEERELZNT 52 2 MO N TWS, R Cld, 48 RmERN 2 F)H LK
BIEKERACYIAL T D 570 2 5 BTN SR BRI LB 1 2 S ICE €5 2 L TlHR6NEATH
BEMEAIERL, ZNOOTHEBEIZOWTEHIi 21T 72, ARZE CHEULFSESME & L TEIKL
L T2 Mg RETRKERILRL T % VT, ALO; Ik - & ~NT 0GB AR 2 ER L - A 712D
WTALEBE B AT ANO@HA A E L, FTEEIZBIT 25K - K BUSHEIC DO W TEHi 2179 2
ET, BT O SREREE E V2 TR OB R S 2 L7z,

ABSTRACT

Layered metal hydroxide salts powder have anisotropic surface charge on the plate-like particles derived from
their layered crystal structure. The aggregation structure of layered metal hydroxide in the water phase were
specific such as cardhouse structure because of surface electrostatic charge distribution depend on the pH
condition. We suggest the partly hetero coagulation structure using the electrostatic charge distribution on the
surface of layered metal hydroxide particle as newly anisotropic composite process. In this study, Mg-based
layered hydroxide salt particle, which was our developed multi-step chemical heat storage material, and sub-
micron Al,O5 particles were used as hetero coagulation particle for the reaction packing bed on chemical heat
storage system. The hetero coagulation structure of Mg-LHS and Al,O; particles was generated at pH 7. It
was found that hetero coagulation particles was effective to make packing bed for high reaction speed and
high thermal storage density. It was assumed that packing bed of hetero coagulation powder have porous

structure with high density and the pass structure of water vapor.

—-129 -
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MEER BB

BEGANIZIE, BEBGER, BEEE, LR
B 3RS 5%, DT LA

FEFERD A <, BB O#rE, HH%O
TSI RE, BEBEREE CTH L% Lo 72F]
R, (EROILFFEBRBAM OB & LT, &
ft~27 x> a (MgO) /KA TORK - K
MBS EFHT 5 2 & TER - B EIT) IS
RS 578, FEIRE (350°C) 255k <
REINTWD ZE25, HEREEOLIRL
NLEIENTWE, ZZTRIFEETIE, Ty
A MEE & IFIE NS ERM B D Mg(OH), D1
1 AR L L IREKERIL O —>THh
% Mg A J& 4K K & L ¥ (Mg-LHS: Mg-based
Layered Hydroxide Salt) % > 7z i b5 2
MEORIEE T > TWb. AMEHE, FETH
% Mg(OH), J& D BiK — ZH BSOS I 2 TR
BT O MK DK — W FOG A3 BRI
TE, SHIZBHEICERM L7 =4 &2 21t
SEDH L THSRIBELZHIMCE, FEHRE
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BETHY, REROBEREEZEON L0E T
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RENBHENTWS, AT OEER % (4
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Fig. 1

, B OWIEIC R T AR EIEA .
~ﬁf,ﬁiﬁ%&&hﬁ§éﬂééﬁm%w
Wiz, Z Ok L O SEET O pHIZ L -
TR E Ty VHTELLZRMEM O L
BHLNTWE, ZOBRIZEL D~%@Hiﬁ
Pcik, BCIRKLFREEDE WIS — By 24
15 LIS ik 2 %%%%&?é bl
BNTWw5 B 2ok 2Blgus, Hitims
JEIRIEARERAL Y 72 & D & 9 %Mo iE ) &8 IT
FOWEEINLBIRILEWIZBWTIdHE s
TWBHD, RWZETHWA L) L H—&ED»5
7% B BRI BV THEIZIZE AL RS
vy,

Z ZCARWIZETIX, UFZEE THH LSS 2
MEE LTS L T b Mg & RIRKERILY
(Mg-LHS) KT 73 FRAFDRIZBNT,
& DK ERA LA o KT AT O 551 %2 FIH 3
52 & T, pHEHO A THEHSIZT IV I FH
TG Lie~T o B ERFOFRT 52 L %
Hige L7z, 7, ERLEZFMEEZFO AT
OERARZ TR L 726, Mg REIRKERILY
IZEHE L T 5 7V 3 R T oMb E Ed o )
uﬁ@“(&)éﬂ(ﬁ’ft‘@ﬁﬁf(?hél_ﬁéﬁ&/\x %
T 52 L xEZ, FEESLKHULEIC
WC ORI 4T - 72 (Fig. 1).

1. Mg-LHS O &
RFEED4.0mol/L 1272 5 £ 9 12 MgCl, 7K
BRTAR L=, TYEZTKE pHD
101 L2 FTHFL, HEOLED 5
BoNREY 2 W5 EEIZE D5 %%%&
L. Mg-LHS i1 % f57-.
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2. N7 BB EOREEOER
FITFE I E D MgCly KIS IZ A B L 72 Mg-LHS
W x i =il L7z, £7-, SEM#l
BORERN S, Mg-LHS OFIGREE ) 3.8 um
THY, W73 FHRT (AES-12, £k
{L#ALH) OREIZ04pum THDH I &N D,
Mg-LHS @ T v Y7 OTHFAARIZ TV I Fi
KT LT b ERELZGEDL Yy DV
TOMEmWEREY c=1& L, FOWEERN
c=1, 05, 025, %5XH)ICT VI FRTD
TSINE % S L 729 2 T Mg-LHS 2 #0i i i
méVWiW#Lt.%%ht%%ﬁ%WMF
W (A TLY740%  FLE 1.0um) |
D o BERREZRE L, Mg-LHS/ALO; 7 1 5t %@
1572, RAT A Mg-LHS 78 L OV 7 v 2
RGO pH % 4, 7, 100 %n%ﬂﬁﬁb
BoNDEEROHEND LI BET L7
D, {E# L 72 Mg-LHS/ALO; 7 1 & %%
Mg-LHS ¥i D&, KUY, WEGAE S LT Mg-
LHS fif-& 7V I i Re iz RE L72HR
OFHEE Y — 7L AIE T ¢15 mm X 10 mm
DONRL oy MRICIER L, PR — AR RS RGN
HORE A ER L 72,

3. AFAm 5%

YRS L 72 B AR O TR K O S 7% % SEM
iz, XRDMIEIZ L VEFM L7z, F 72, 13
L7228 W T, 500°C THZIZ X Y
KF%, 90°C-70 kPa D 5= TR ZEE & DIKHATK

AlO,suspension:
D,;:0.5 ;Ilm
| pH adjustment: pH=4.0, 7.0, 10.0 |

’ Mg-LHS/Al,O,Hetero coagulation powder‘
P E—
g Mg-LHS/AIO, [ Uniaxial pressing: 10 MPa ]

Mix powder
’Packed pellet =3 ‘

Fig. 2 Mg-LHS/ALO; # G4 - ) U FRsE g o /E %L 2
F—A

| Mg-LHS suspension |

........

IBEFTV, HEZ S RO SRR E BT
HTEIZXY, FHEREOME L KEREDRIE
HEIZOWTHE L 72,

B 2

I

pH=7.0 |ZF% L 72354128\ T Mg-LHS #i
Ty VEGOMMIT IV FRTDMHELT
WD & RSN DEERD SEM BIEIZ B\ THE
RMEN/. pH=7012BWVWTT IV I TR FD
Y — ¥ BMIZIEEM TH LD, v JEHGD
AN L 72 Mg-LHS FL - 12 #0459 12 A+
HELzborEZONL, T2, pH=40128
WTIE Mg LHS DL v V45, 7ThVvIFEd
WIEWCHEL-OBRENHERT X T,
pH=10 2BV TIE, 7TV IFHPHEIZHFEREL
728 Mg-LHS O HEARJE 23 FKN 5 LT IZ D fF
& LB IRDME S L7z,

Table 1 725, B 5 N7z~ T O&HEAE v
TR L 22 1L, 60% 13 & D E TR
THHOICEbLLT, KES L OKMBIBEL
ﬁmhﬁm FIZBWT09 L EEEHWEE IR
L7z, 23 L CAT BB E R TER L C
w&wﬁﬂykwf 1, AKHIBUSEEAY 0.4 LT
Tdh ) FHEEHNOKFELZDILHAHE S T
LEEZOLND., ~NTugEARE, [FUREL
BCERLZRAGBAE LD S TEERIEFH—
T, FUBEAE N L5, Mg-LHS 27V 3
FHRTANTOEESE L LT, BRI
RIS D 7280 DA 72 22T E T /2

Table I & % OFEHNZ BT 2 A OBLA G
5, BUGE
Mg-LHS/
Mg-LHS/
Al O,
Mg—LHS A1203
. (Hetero
(Mix) .
coagulation)
Packing rate [%] 63.7 50.5 62.4
Dehydration
0.88 0.83 091
rate (500°C)
Hydration rate
o 0.34 0.39 0.92
(90°C-70 kPa)
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—o—c=1

09  —&—c=05 ]» Mg-LHS/Al,O;(hetero)
c=0.25

—B—Mg-LHS

08

Hydration reaction rate [-]

0 10 20 30 40 50 60
Reaction time [min]

Fig. 3 ALO; KL ¥ D ERZZAL S 7oA T O ek
RIZ X D AVERL L 7-Fe3E R O AR S 3

EEZLND.
TNIFTHRFOEERC=025~1.00~N&
AL S oo g O BK - K UG E
Fig. 3 I2/RY. & TCOWMBEETONT OEER
FodE g 12 B\ T Mg-LHS KL T O A D FEIEE X
DY ISENEL 25O HRIN T2,
NTUERERORTY, BEFE 0.5 ONT O
ER 2R iR b EE A ER OWK - KF
FOSENEL ol ZhuUnh L ClES 0.25
DEEMTIE, KRR OBER LD b
BnlEE o7z Zhud, 7V FHEERIK
{rofzlz, FEEEIZ L 72BEIZ Mg-LHS [H

5 BF 5 R AR

i S FE 2
1. S. Yamashita, Y. Sugie, H. Kita, “Synthesis of
Magnesium based layered hydroxide salt and its

chemical heat storage properties”, Advanced
Materials Research Vol 1101, 268-271 (2015).

I8 - KR Y —F#

LN kA, A2 HE, VI RE, L e, T

TOBEICLYBL RSN, OGN
Mg-LHS O FEiEfE & [ ISBHFLIC L ) & fL2s
WA L2 8128, KREKDOIEEAWT 5
72EEZOLND.

A

Mg A& RAKERA LYY O ff 2 70 F T BB A % A
T5ZET, pHEIHOARTT IV I FH T 2550
IR L 7R e AN T OB A LT &
7z, F 72, 15572 Mg-LHS/ALO; ™7 1 &4k
e I CERLL 7- e g 1E, Mg-LHS RLf-O
ARREMROYE L i LT, BAKRBISHEIZ
ERELEIR SN0 072285, KERLED
A BOGE L BEZE ) ESR S- 2 &
5, KRELDILHCS 5 54U & Fo et
EBCE - ENHLNE R 572,

S 3k

[17 Matijevi¢ E., Kitazawa Y., Heterocoagulation, Colloid
and Polymer Science, 261 (1983) 527-534.

[2] Garino T., Heterocoagulation as an Inclusion Coating
Technique for Ceramic Composite Processing, Journal
of the American Ceramic Society, 75 (1992) 514-518.

[3] Yun S.K., Pinnavaia T.J., Water Content and Particle
Texture of Synthetic Hydrotalcite-like Layered Double
Hydroxides, Chemistry of Materials, 7 (1995) 348-354.

R IEIKERALY) O 7EHIE & AL B2 A
T ANDBEHIZOWTT, 2016 £ 2
k7)) — > 7ot 2% 4 (Himeji,
Dec. 26, 2016).

2. I #&, LR BRE], db 3EAE, Mg REIR
REELW % i~ T a B ERoE# e =
DTG ORI, A LYs  HNE%E
4 (Tokyo, May 19-21, 2015).

3. TN BE], AZUL HE, PE)IAE, dE 35k, Mg
T K BRA LR - FE B g o R 2 ) 5 &
MbFEBGFE ORI, 55 53 B RICE T
%ETE% (Takayama, Sep. 28-30,2015) 1-19.
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Wik

—MRfbEFE (NO) (Z903E - PR - TR REDL  OAMK Y AT A ORI EE 5 E % K72
FAMEEWE E LTS NG K, AEAAELTHEMSINTBY, HSEL943I 0 T7%
BEEZEMTERZEEHZ 37253, Wb [FEN ORI TH 5 NO OERHAR 2R 21,
(LB 12 [WERgE] 7210 NO Z1EH &4 5 NO ORI O P LEE 2 L. R
WF7ei, JHRIEAYI R EBRROEN 5 1 DR R 216 h L 724 < L v NO Sl Bl & L <,
BOME L CNO 3 2fbaW Lt T2 1AL - BER RS S L L2 AR
Mo, FEBEEE P T — & LTNO # i S AHM OO S L2, NO RHBILEwD A »
)= =7, BEFESEEE G 2 EARERK, NO GBI FEER, B X OISR aRER 2
79 &I E 0, ZCHWE OO &I NO % it 3 2 g% 2 NO fuit )/ BHEAR DA/
W2 L7z,

ABSTRACT

Nitric oxide (NO) is a major signalling molecule in neural, circulatory and immune systems. The biological
effects of NO have been shown to be highly site, concentration and dosage dependent. This project aims to
develop a system which enables controlled release of NO by an external magnetic field, to which tissues are

almost transparent.

MREE BN A IVTRBRBEREEFBITERLREIER % b 7

53U whiX [FENO&I] TH D NO DEFE

—MfbEFE (NO) 130%E - P - 1B FRZANERICE, [DERRE IS [VER S & ]
REDL  OFERY AT AOFINCEZL 2 M%E 72100 NO 2/EH &85, NO Ol H 4 o
ERITEBGEEYEE LTS NL R, H  WMZPLEE LS. KWRO HEIE, NO A
HBHAL L TCORBIMENTBY, (EHSE%% BAER L QW B EREE T, [ LB 2 e 1[4
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Pemw] ZINO S s Y AT A0
el e LM e TAHZETHL. x b

—& LCRREME ST 2 it 3 5000 — fbAE
Wid TRk 12 [WELsR] Z20WEx
B S H0 % FETHY, BE M) HT—&
3% NO OHIEHUE b BEICHRE SITwv 5 A8
HD AN DOFEARITIRATD B em FHE
Th D72, NODPEBEITIERH L Tw b AR
WTHT — MW E w5 2 L3 T
L\,

Kt A S RS W C AR O IFHAE S
NHLZENSLT05 L), B ER
REIZHRD TV, REFRIECOSICERL, JE
IREEIY I ARE B BE OB B 185 DR &2 15 A
L72&E<H LW OS2 O 9. AfkE#
PEIZEN L RS 2 RO CTh 5708, AkST
EDOMEAERDPEEIZT WV E V) BENH 5.
FDD, WEN) A= LTHWBIZIE,
W OFO T AN F—% X ) FnRedLIRE
AT RIE R SR\, ZOEMEFEOV &
O, REWS T O KT 235880 3 531
GBI AFPL SO AN F— %2 BT )L
F—IIEWT L2 L THAH. KWIETIE, XH
W T I2BU BREF RT3 EFA L T
NO =i 9 5+ 7 HEM4k (1) ZAI#S 2
ZExHET.

ARG N ORI 2 RSB T AR E
FKIEEL PSSR TWBED, FOEI 3V
F—% M) F—& L THEERATIRERE 1T

3

Q : Magnetic nanoparticle

. .‘<<<«<@ SPS—

~100 nm

X1 2FEWY T CNO 5 HEEEROM
AN, BUr L CNO Z T A2 1ba &2
T P ORAT DM T 2 —I1C8
G - EERRE S L L2EELRTHY), NO
W B 70 B3R RIS & AT 9 i B s &
HWEERNIBOAIZIRET 52 LT, HE~D
BER R L TV 5.

LWL N E TIZRWw., RER 5L, F
JRFEIEEICR & bR A LEEA~D
BURAE L7z, EMRkOmBGEE 5|
SRIFTZERLF /I RTRETEMET L L
WD CHEE R 72D T 5. Z ORREE RS
DO, B L TNO 2§ 2bEW & /%
P 2 R F 2 — 1AL - BELRRESEL
7o I EERE VMBI~ T ) T IVTHA
Y Tdh D, NO B E 70 B3 i SUE % 4T 9
EimE I A HAERNIMOAIIRET S5 2 &
T, FFNOBFR OB Z (X205 (X 1 ZH).
72, BELZNOWITAKRREIZH L0, B
BIRIVTINED T HTH A .

1. Fes04 F 7 K T-DHBR

T AR ERER T AT KT Td BT
YRR 22 nm D Fe;0, 7/ KL 11k, LA Uk
OIAFT, AT7T7 VEEER (D) OB KU
MV 2 FUVT I VBHT T LI
XA L7 BARRIZIE, 300ml O =Y [
7T A, ATT) B ) (72¢),
LA VER (12g) BEOM)an-d 7 F U7 3
> (3226¢g) &Mz, 380°C T 30 4 [ Kt &
LI LI DAL AL 72 Fe04 7/
R DB L) L 72,

2. F 7 BEHROMER

B L CNO 23 2ba (NO fuit
1LEY) BELUFe;0, 7 /KRR SN D
T BEER (K1 2H) dE#EREE I X
DA L7z, Fey04 7/ KT & NO BUHBALE Y
EEl s uuR AE, FEEER, BLU
KSR INL~YA 70T VY g v 2 ER
TARWFMIMET A2 LI2X ) 7uakv ik
SEAIIFREE S, NO MU LEW & Fe;0, 7/
KT ENL T/ HEhEE Boh
72T A IIRS T HE & K X B PkEE 2 [0]
MR LTHER L7
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3. F 7 Mo kR ER

+ 2 A KO M E L, CellTiter-Glo™
Luminescent Cell Viability Assay (70 X %) %
F\C, T24, H460 B X U CHO Mifgizxf LT
T Y3 YER(ATP) HlER: B2 L D 4T o
72096 7 V7 L — MZHIRREEA 1 x 10
& 72 B X5 \ZHGHE - 24 BRI B2 L 221212,
FTERED F  BERSEE E 7 = VIZEI L
7o HIZ T HREEEL2FZIC100p ORIELY H
Ferr 2 VIR L7z, 37°C T 15 rfiRs# L 72
%1z, ~4 7071 — 1) —% ((Fluoroskan
Asent FL, ¥ —E 71 v ¥ ¥ —) #HTkE
490 nm (2B B FOHE 2 WwE L7z, )T
DEBRIT 3 MY R L7 FIEHE L TBWwz
FEGTH T -ATP I M= AR & W CHERE o
ATP EEZ RAE D o 72, MlsAfE (%) &
AR EMA TV oL % s L |CE
HqHL7.

4. RS2 w7z NO U925

I BEERGEOKIBER % 7T AMIZED, &
Tl mEiE (5005, F—mAW) *HWTEH
¥ (330G, 100kHz) ZEImML7z. F+ /#HE
K & B~ OBER D HEe L 72 5 F ) AR
SEUKBHOREX, 79 A7 7 4 N—RERT
(FL-2000, % iates) % FVClllaE L7z,

5. NO JZE R g &

LM T CTD Fes04 7/ KL FDFBIZ LD
NO b & h 5 e L 72 NO 1&, F / H&
KOFHIETH L KIERT 2720, TOWRE
ZWET B2 LI X 0 NO = % F¢Hifi L 7-.
WS FIINAR T ¢ 2 Ao Bk sl %
B HEL, NOE/REE (DAF-2) % & ¢ PBS
FEA AT LG 2 AR - A E S A R L7
Wef 490 nm 12 BT HEOLEEE, v f 7 u T
L' — 19 — % (Fluoroskan Asent FL, % — “E
T4 vr—) #HTHELZ. HEHEL
TBWVFHRE -NO &R ER % v Tl
SER O NO TR % RS o7z

6. TDMDHW Ik

NO LAY OB I BRI E & AT 5 B
PE L 722 E & 5T E (TG-DTA2000SA/
MS9610, 7V 71— AXS) 12X DA77z, &
RUE-F- 3R (TEM) #i%213 JEM-1400 (JEOL)
WZE D ATo 72 TEM BEHZ, 7 K5 #0iR
W= RUBETHBE I N Cu 7)) v FIZH
TEHZ LX),

M %

B R

1. NO BB L&D AZ ) —=2 7

NO it & & Fe;0, /7 KT 205 %2 %
NO it/ ERIZBWT, ZFEHS T TO
Fe;0, /i F D5 EE FIH L T NO % i <
57010, @Y 7% R %9 5 NO K
HAL S O BIR e & 70 B RIFFED I 72
HE9E, NO 2SEEIMEH L T 2 ARIEHE T
[WLBERRE] 2 TR 5=E] 7217 NO % it
SHLZLETHY, BRI RS 2SENIN
EN/E EDANO RS %)/ HEKRE A
WS L ThHD. Z0DIE, AMEOBEF
PRIGAR BE O IR EE SR (40°C LUFAEEE) 1281
LEGRRIMIEHTE 2 5w R RiITh
X shwv, Z20—F7T, FELHEOMBGEE
kI3 &% < NO M L&Y & BV g -
NO % Wl X4 % 7201213 NO i b &9 o 24
SRREREIETE e b wv. HEairEE
PHE L7CBEESITEELFLNT, Ihb
DL R T 5 NO I bEw oA 7 ) —=
VT EAT o 7oAER, 40°C LT A NO &
THEWE RN LI Lz (M2).

2. NO T 7 B R A% & PRl

NO Wb &M & Fes0, F / Kif- %3 —128
B - EERRESOF I BEAEKET LI LI
L0, BEENOBFRZ Lo, WO
TSI D A5 NO # i &€ 2% HIEL
72 (M1Z]). F/ BHEKROERIE, NO K
HLEW B L U Fe;0, 7 /K TR &4 7 00k
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VAR E G CEEEBEE M I 0T o 72,
NO R FER IS / AR HOKER I LT
BB AT 522 1LV To7. &b,
LB OEANCER L Cld, F/ BEEES UK
B OIREE % NO BUBLE Y O #55  H3 A ©

X2 40°C K2R O L H I L7z, T ki
L0, ZEREIGEINER 233 L 72 Fe;0, T/ Hi
TS EHE X 72 NO DA Ei§ 5 2 AT
&5,

DL ED %%, Fe0, 7/ KT 3B X O NO it
HAL &M D RED F ) EEWIERSM, B X
OB S EVM G % Bk 2 22L& & THTH 2
EAZXD, AR VN O A NO & R §
L ) HEKREERT LI LICHEI L (X
3). BonlF /  HEEITRKE SH100 ~
150 nm FEE O K — 2 BIREFE L TBY,
KEWNLESTT S (M3 (a) FHAK). F

NO Release (arb. units)

1 | 1 | 1
40 60 80 100
Temperature (°C)
2 FimEFEICBIT S NO LAY O NO it it
70 7 7 A ). 40°C LL & o i FE I T D A
NO DS SN TV Z D5 H 5.

Pt U

3 (a) BIEFBFEICL VAR ENF /EEED TEM . AN 2 EERo KRS, (b) FMERR:
W OFFEIIIFER & NO #8384k = o MR

J ARSI T HEZ NO 1% 0.75 nmol/mg F#
EThY, REWHICZE S NO O HEE L
0.13 nmol/mg- 7R TH 5 Z L3 h o7z (K
3 (b)).

T24, H460 B L U CHO fifa % FH\vCTH /¥
GHROMEEEL MLz (K4)., wIFho
MR FE L 26F LCd, 50 pg/ml FEEE O FOBCHY it
B 7 sEI F CRRgEMEIE 2 <, /7 AR OM
o EAMER N & DR S L7z,

3. Hiam & R

NO W LEM DA 7)) —= > 7, IS
Hx 7z 2 BEAEMKRER, NO M T FER,
B L UOHIRHEEMAREEIT) 212k, &
FRads O FIINEE O A2 NO % Bt 3 2 (A0 3
7% NO JgH - / BHEHROERUI B L7z, Gt
¥, TWBEREE] (2 [LEZgE] 7219 N0 %
BT E R EDPRIMEDS OB S - FEER
BRADOREE o Tz, e M) F—& ¢
% NO O EAT OFE 1L, NO AYERIZ
PER L T B A ARTEER C o il F2 82 0] L
HEE 7L A 7 AV—Tdh Y, ERFEHR
WSO CEETH L. EHEEREI -

| I 724 [ Hac0 [ CHO |

0 5 125 25 50 125 250 500
Nanoparticles cluster (ung/ml)

4 NO Bt/ Ba oM HRBR DR .

1.5

1.0 F

05}

0.0 .
0 5 10
Irradiation time (min)

NO release (nmol/mg)
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FHEREE 21 LD &3 584D NO it 54T
IR T & 2 WERBIGEICAT 2 EE 2~ A )
A M=V b EHFEENS.

ARPATCIUEAVE RS & LT/ & Flv %95,
NO WM OEFEN 7 ) =13 F ) AR F:
DI ANT—Thb. whF  RresEr/
B2 BRI ICRESI NS KO, T
J R DOFFOBT A )L F— 1L JE DA T
LHHMTHHAINSG Z LW THY, JHH

B 5 20w ) A= L THWSONE D
CIFEmESoTH LI, Lo L, BEE~O
ok & SRR EIE] 5 F 2 AR L v ) Al

W7D TIVTFA YR ZEORIN T —ESE
5 CHA9. HEKEE CRET L&
B {monTesh, No LAtosEY) - &
MG E~OAREA 2 > v 7 PO - R
DIFFTX LY.
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Utilization of Marangoni Flow for Structure
of Nano Particles during Inkjet Method
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w® "
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B R DB E

1. 5t

WU % A6 - ST T I 7 u VE
DOHEEREA 2 T 5 FHEOEDE LTA
YV MABENS Y, BRI - A%
EL-TV NOBHREEIZIGH SN TS, &E)
J KT B L OER EL B O BT 731 ATER
720 T AR E S O ARG FHEHA % S
M L72WERZEIBIE bt b nTB Y, £/
DL D HTO—2 L LTRRIER ST 5.
TN a - =BT HEM
K rr7) o IR END. EIWEN
T ORI U B 720, RT-A%)
Y RICHERE S 2 M R HERE - BRTZAR DS IR
ORI EST L —~RER D0, 427
Ty ML CIEN O BRI ATE EE &
%%, ZHEPB X OMGHIZIRHER SRR 2 55\

MBI T~ T vy TR RITRE T 5580
MENDEIENICAE L 5. BN E A SERITN
TRFHERE B K OEIZ V) FTH % ke 7%
5. %7 ryI=xtink & LAEBAIE L TR
HeAE - PR Z 64 5 2 L2 REHB & L,
AWFE Tl PS-anisole D A > 7 ¥ = v MEiEN
OB AR L7z A4 7Y oy b EEERE
(Z3sE g B EAEL S 2 e L 72,

2. EBHE

TE 12 polystyrene (PS), VAL anisole % F\V»,
PS W FE cap & 0.03 kgkg & L7z, WIHINOD
AR BSR4 poly[2,5-bis(3,7-dimethyloctyl
oxy)-1,4-phenylene-vinylene] (MDMO-PPV, Mw
> 50,000, 0.94 g/cm®) % F \» 7. MDMO-PPV
W ZHEHEIR D &4 FTdH 4. Anisole |2 PS & 58
AR S 721%, MDMO-PPV L, #
FIEARENIC £ ) MDMO-PPV % ffiML - 4k &
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Fig. 1

72, MDMO-PPV A # (2 B\ THIR O F MR
I, KEB L ORI IK O R REZE AL AN 5 iR 2
#HPFANIZDH 5555, MDMO-PPV D %
5X 10°kghkg & L7z, EiRiCa—=v7 47
A Wiz, AT AFEREMICH G TR
Rh(C10) Z bW a5 S8 72 B dmiEk s v
Fefilom 2 2 L7245, Rh(C10) KHIZBIT 5
0.03 kg/kg PS-anisole O F1Y3% il /5 38.3° £ 0.5°,
ER 2B Bl £ 38.2° = 1.0°, BAY A HERE fh £
41.1° £ 0.7° Th o 7-.

Fig. 1 |23 PR B o m #A L 26 & D BE R %
7~ 3. MDMO-PPV @ #i 52 |2 13 ¢ Ot B fit 8%
(Nikon, TE2000) % FIJH L7z, [HiEAE 25 48
AN —BIRE DR Z R &4, PR ISR
B L 7o AR % 298 = WZHEE L 7
VT4 vaF— XY EHEREE R
208 + VI L 72, R AR O TE S0 pm
O 70x & BN [ A > THH L 72 ﬁbﬂi& )X
VEOMBEZHREST 22 L1 X o THEBHER
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Fig. 4 (a) Fluorescence images, (b) path lines, and (c)
illustrated flow patterns in PS-anisole droplets at
different evaporation times on a Rh(C10) surface
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Fig. 1 Comparison with power law model and measured
values for sample 1.
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Fig. 2 Comparison with power law model and measured
values for sample 2.

Table 1 Properties of sample materials
Fracti D & [-]
Sample Matrix Filler rae 100n %0 %
[vol.%]  [um]  [-]  Matrix Filler
1 Epoxy Al 04 0-15.2 5090  1.02 4.44 9.0
2 Gelatin Al 04 0-11.1 1440 1.22 112 9.0
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Fig. 3 Comparison with Wagner s theoretical values
and measured values for sample 1.
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Fig. 4 Comparison with Wagner s theoretical values

and measured values for sample 2.
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Fig. 1 SEM photographs of NaCl-Glycine composite

particle.

(a) NaCl < Alanine

(b) NaCl > Alanine

Fig. 2 SEM photographs of NaCl-Alanine composite
particle.
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Fig. 3 SEM photographs of NaCl-Cysteine composite
particle.
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M3 %5 TF8ED PAA % IV CIERL S Ltz 2k 1
DL IGEERIIZ BT 5 TEOS O UG ER,

WAL R O —Ab3 5 2 kAR &N, T2,
TEOS OIBHE b [ L35 2 LAVRE /. K
GRS RDT v 7L — OB % RT.
RIS TIE, 7 7L — FEEO NH; DAD
fiit & L CEHTTRETdH 5 72, TEOS OHIK
SRET 7L — NERETORMEITT L. KRE
BlZBWT, 77— FOBKEEIRETDH
5720, KAEOHMILIZHEY, 77— ¢
DOREREIIKEL 2D, REBOERKIZEEWY,
TEOS D i, KON T <)V a v REIHFAE
TAHONH, B WKTLEEZLND. RIS
ZTIE, WEBICHEE T 5 NH; (3 il & L CfE
HAT&R Wiz, EHIZE O NH; BHFEFET

S4B 5 R AR

i L€ &

1. Y. Nakashima, C. Takai, C. Wanghui, H.
R-Khosroshahi, T. Shirai, M. Fuji, Control size
distribution of hollow silica nanoparticles by
viscosity of emulsion template, Colloids Surf. A
507 (2016) 164—-169.

2. Y. Nakashima, C. Takai, H. R-Khosroshahi, T.
Shirai, M. Fuji, Effects of primary- and
secondary-amines on the formation of hollow
silica nanoparticles by using emulsion template
method, Colloids Surf. A 506 (2016) 849-854.

N PAADF= X

K4 5T EofRhbPAA TEE I VY 3
M AP AZaRN Y Sy

HIEIZXDE L ONH; Dl E L CTIEHT
EhH, INHOEEBIZLY, B T=EDPAA
5 Z LT TEOS ORISHED LH, ROy
)5 VORI A REIC R o728 E 2 5
n5.

Pl XY, 475 50,000 D PAA T W5 2
& T, 20 nm DR EDI—7 2 ) F hzeki 1
% SEIER (2 ) A TEOS KB (95%)
TELIFENTEZ, ZE, E5T=D PAA
WL ETT YT L — FORENERELE
X | A DVAYAT SYAR T A=Y (- T Al A S
FOBGIEIZ X Y, 7 7L — b OFEEREH
KL, TEOS Oty MOAMEEE L CTIEH T
HNH; m2 kL7, ZOHE S0 TED
PAA % I\ % Z & T TEOS & KUsE A5 E L
HER ) Y 2 VIBEASHTRE & 7 o 72

(BEIREES

1. & i, &3 T-h0, Hadi Razavi, FH3 3%,
EOEE, vy arrrsL— NERH
W72 B S ) A R ZE R T OB,
TR BEFMRTRZ, SH 17-18 H.

2. mE HE, RUT72ULVEE/ TUyEZT T
NV arrr7L—  NEIBITAGTFE
T O D2 2016 EFEEE 1 UM AR
\ZPES FEBISICRET A RS, 7 H 28-30 H.
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Kbk % S TR B L S & 2 BB E L,
B ORAEREKEOEMICENTVWLE Z &2
5, BUS, BBt SZEEILCHWSN TR S
INLORBEOIHIZB VYT, BHNOK T
YA I —TlE %, HARRESoRF0
RIEL TV BIGEDNS . [T ALIF % 5112
LAY, FPICHRET A AR, mENEATH
HIFWib L) b 10 ~ 100 fEREE K E W, RiE
DECIL, KTFHORAGREICRE CEEL
AL TR ARSI T2 LMo
TWh, R, EHEEOMFRETOERIZ %
N1857:%, BANICBITLREIKESRLRD
KT ORI OWTHRT LI LIFEET
H5.

Z 2 TARWIFE T, MESKE (RL2
HOM T2 &0 R TEIAmBIEIZ oW T,
DEM-CFD & 7 W2 5D { KB EET A 2 1T
W, KT REO IR AL & AT L 7.

2. ARETN
RHEFEE LCiE, #EHERE (DEM) &
Bk 1% (CFD) 24 v 7)) v 7 L7z,
DEM-CFD €7 )V W # w72, S 5 ICRI3E T
(X, WEDTKE QB2 ZHEOR T2 72
W, ZNbOEE) % % E T X % Fictitious
Particle Method® % #lAIAA TR Z 1T 7-.
AR OREEENIZ, KITRT RIS =
WZxf g bR L EE R P Th .

0
58+V~(8u)=0 (1)

ai(eu)+v-(suu)=—in+f (2)
t Pr

ZZT, u, p, opy elZFENFN, BT
SNTRHME, B, WARO®E, ZERET
HoH. F, fIF, EE - KR OEB) &= 2R
ERTHTH LD, fOG T2V TIE, Tsuji
BIZEoTRELCHB ST 5 12
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BRI, 2 ORT 3B L R KRIZ
WT ML & AR O EB) R E LI
LoTRtEEINS. F72, BRI OEMIIZ,
i, ¥y 2Ry NBIUBEAT (¥ —T
HERL S 1172 DEM O#fil) €70 W & flv b
z7z.

3. FHESATE

MBI AT A4 A1, AT & 25mm, 1§
1000 mm, 7 & 2000 mm DR EZHRTH 5.
BN LT, BAT & AR OEB)ASHIR S 71
72, VWhWwL ZIRTIREIETH 5728, FHEIE=
WRILTITo 72, FFIRRIEITRTHERTH 5.
AR AT AALIFR OV B & kT & R E L
ANRLF 2 EAE 1 mm, B EE 2500 kg/m®, KT
x EAE20mm, %1600 kg/m® & L7z KA
FAIDRF LD b 20 R E <, S BITHEET
BICHWAEVO—HOESIE25mm TH D
KELFAZ VA LD HRKE W,

M OREIZB VT, BEREFI/NRT
2500 T A IEAEEL, SH5IZ20RIC, K
HF- 500 8 & [RARICECE L7z, #WIEIREBIZ B W
T, MRTFE KRBT IEEEIITE SN T 5.
oL E, KT, KRR &7 E R,
1200mm Tdh 5. F72, BHNOE/NRTI28
BT ORFEILEIL, 016 TH D
MASELEMEIL, FiROZRELHELTE
D, BTE»L—FRICHASEZ. IRTFB X
O RKLF- D F/NRENCEEE L, ZIZ I e
=0.56m/s, upcp=3.1m/s TH5. KT,
INKLTBED SRR EN L L T A REE T o8I %
179 780, Z2H5HE % 0.84 m/s (1.5uy; g) & L72

4. R

Fig. | (2B 2R BB O T2 R8T
ZZTUE, FHEME,S S0s B ETOREL
RLTWA, F72, AMFIZOHIRETOE S
WIS LTS5 il SnTnws, RtETIE,
INRET-BER IS SIS E T B RIBTT B LIREE S
Big s N, KRR/ M T EEOXTEICHE > T
L, BEWEAL TR, REHhYuhE T REA L

t=10s

t=40s

Fig. 1 Motion of particles.

RISHIBHNEZIEER L, KEIZBEENEIRHL
TWwo 7z BHREBIG S 30s DIFEIZB W T,
KELF 13 EEICETEZ LML TnDH0
O, BRBEEIZbIz> THiLTBY, Kk
FENKFBEIFICRASNTYD 2 L0550
b,
FEORAGEE L EEICEHET 572012,
WATEFRT 5 Mixing index M Z3EA L 72,

M=1——Z;:]C’L L ;}nL(k%#l"SQI”NLL" M (3)
ZZT, ngk), n(k) X, TNLEN, BESHS
KNI ZHE Lz 20 kFEHOHEBICE
IND/PRTFBLOKKTORKTHL. -
Ng, N &, #hveh, IMRFBLOKKFO
BHTHH KX B) I2BVWT, MIZors 1
DExEE D, M=0Dk &1, /T & RET
WEEIZTHELTWAIERRL, M=1 Dk
XX, —BICREALTWAZ ERRT. Kk
T, JE@%E S HMIZ 100 mm FFECTHE L,
M%EHH L7z Fig. 212, MOESRYIZE L Z 7R
FHERBEARIIREAPERICELR, KEIREA
DHEATHERL DI R > TOWLBRT AR S 1,
30 s IR A OMEATAITIZINE L, EHIREE
EloTnh, FoM<1 TEFEIREL LT

- 160 —



Hosokawa Powder Technology Foundation ANNUAL REPORT No.24(2016) 159162

Young Researcher Scholarship Report

08

g
=y

Mixing index M [-]
N
~

02

0 10 20 30 40 50 60
Time [s]

Fig. 2 Time-series of mixing index M.

) Overallew -

(b) Enlarged view of a bubble

Fig. 3 Characteristic structure formations inside a
bubble.

WL ZENE, NRT KRR RICIEIRE
STV LD h5h. THULFig. 1 TR
N7z 9, KRREFAETRE EEBICH-> Tw
HIEHERLTWS

Wiz, @A “é#%mﬁkﬂ%ﬁk@ﬁﬁ
TEFNZ D WTHEIZE 217> 72, Fig. 3 (a) 1, &l
WARK TR 2 EETLEOAF Yy T gy b
Thb. RHFPRENCHETL, EhiultEo
TEIBNINKLT- D7 T A5 —=HTERL S LT

LEEF7S, Fig 3(b) ICBWTHBIETES. Ih
KRR T-DME L RIS, METDE] X AEN5
CETHELAEEZLND. ZOHRITHGY
MEECIIEMEIND Z 13, KFHED X

I 7%, KERESKE CBA D G RRE B A
ODBRTHY, SHBEL LM RBE % ED %
FETHD.

5. Mo
RIFFE T, REAKRE R L ZfEHORN
TE&Es gkmﬁ@mﬁgkowtlmm
CFD & 7V IZ 5D  RBUREUEFHE % 17\,
K HEOTREBAE 2 AT L7z, ZOfER, Kk
FAI/NKLFREDO KNI Y, BETE ) CF R,
BT ER L 2O BAEIERL, K
VIR L T R Big sz, F2RED
HEATIE, KA TRE B3R - 72 IREETE

HWIZELZ, 512, REFHPEIENIZHETT
BB, ARFEGISALZ LT, SHENIZ/AN

RT-D 7 T AT =D SN D F 2 R A
Nz,

S Wk

[1] Tsuji Y., Kawaguchi T. and Tanaka T., “Discrete parti-
cle simulation of 2-dimensional fluidized-bed”, Powder
Technology, 77 (1993) 79-87.

[2] Tsuji T., Higashida K., Okuyama Y. amd Tanaka T.,
“Fictitious particle method: a numerical model for
flows including dense solid s with large size differ-
ence”, AIChE Journal, 60 (2014) 1606-1620.

[3] Anderson TB. and Jackson R., “A fluid mechanical de-
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115.

b R, RH AR, H S, ORDR 2ok
TE2EORBEERQMHBROBMEY I 2
L—3a v, iR TF#a5E 54, (2017)
122-129.

198 - RA ¥ —3k

CRH AR, A6l BE SR, B B
CRKLAE B R EN R 12 B B R TR A
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BtE, FHZEMRREZR 724  OEHEN
BEHILEWRERINTBY, Alksnsibs
W% HDHKEMEIEW & % 5. BOKEEEY
ZTHALE TOEEIMRN T, 57 70 3%
RA IR TIEYE DRI E N W T & D3
HELoTW5,

FrizInFc, HOKBEHIEY LIRS
W)Td % a-Glycosyl Stevia (Stevia-G) % A H
TRAEL, TNZEZEIET S 2 & Ol
EMEERWEDF ) arRY Y FEREE S,
Y OERED M L35 2 L et L&l
512, HEWY L Stevia-G L DRIZ=EHATH L
L CHREEHR 2 mnd 5 2 & TEY ORER
R EIREN ESTTRE T H B L LT &2
L2 L&A s, 3B H Th B FHimEEHR A%
Y ECE 12 5 2 5 B O W T OFHNIE
SNT%,

2. AWEOHM L

KBFZEO HAY1L, Stevia-G & FLHIEHEAIZ &
BEYOEHELCERE LM T2 TH
5. INETOMFIZBWT, Stevia-G 13551
REEMERZRL, I VRO ERZ T
T Mol ENTERLPL 22T, ®/
&3 VOMBENER 2Rl 5 53 L LCREIS
#H &4 T2 % Rubingh 3U%, Stevia-G & FLH
EHEANZOWCEH L, HELEHFHE 247 5 72.
S 5, A E B B 72 3 (Isothermal
Titration Calorimetry: ITC) % FI\»C Stevia-G &
FLANE A CHE U A BN T X — 5 25
WL, Yo Eib 2 = X 2 O % R A7z

AKWEFEIZ & % Stevia-G & FHHIGTEAIC X 5 #
KEMWEYOEHREER R I Z T,
Stevia-G & FHHINE 1A ] OAHEAE B3 % 24
NF e BB R OB L, B - At
TR & % o T 2 BEKE A RILST O 1 o 5
ENOISHRE SN,
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3. WEZERR

AWFETIL, Stevia-G e OFs A A > 14 FE1HNE
4#]Td % 1-Dodecylpyridinium chloride (DPC)
EH L, A UEREORIIZICD A

31 MEAEM/SZ A =5 D&

Stevia-G & FHHNEER O EANEH /8T XA — %
X, RAILVROHGE L T—HmICfAH S
L C\v» % Regular solution model @ Rubingh i !
X DEM L &b, KFEERTO Critical
micelle concentration (CMC) &, i A{BEHEIC
LB FHEIIC L) KDz

Rubingh & 7))V T & 2 T FLHNH K] A5 B
EH L Cwaihs, MEEHISIZ A= Thb
PO EZRT I EFMEEINL D M
Table 1 [ZASEERIZ & U #5572 5 HAR HLAEH
INTG A—=F%RY. BOMHEHIE, TXTEOER

Table 1 CMC values as a function of the mole fraction
of DPC.
appe UCime(mM) ' Cy(mM) p
0 10.0 10.0 0
0.05 10.2 5.95 -7.77
0.1 10.5 5.53 =7.75
0.2 11.0 5.77 —7.34
0.5 12.9 4.54 -10.00
0.8 15.6 9.54 -12.58
1 18.1 18.1 0
'r —&@— X (Experimental) ,
08 F  ===-X(Ideal) ’

Adsorbed mole fraction X

Values of the mole fraction of DPC in mixed
micelle (X).

Fig. 1

R L, Stevia-G & DPC O 4112 BT 5 HHH
TEAORE Sz F 72, 2 Mo RmEiEEAD
ELHEERHLTWZRWERELLZEEZD
CMC (Ideal, p=0) & FEFEIZHIE L 72 CMC &
HiE$ 2 & EHMEIEHAEE LY KE T - 72,
2L, ME L9 TODPC EILVGHRIZE
W, Stevia-G & DPC O M CHIHEAEMH 12D

CIRAEILVROBEEEPTER I N TS Z &
RS 5.

Fig. 1 & Stevia-G & DPC |2 X 2 iRA I LIVEE
HEEF 25135 DPC DELGE (X) 2Rd
Ak, FHERG MR ORI B LT 4
ENVGERXD, FEAMETIZ02 ~06 7L,
TN L7 A0RH & 138 70 © 72 T ORE IR
DU REPEDRIE S 7z,

32 ITC |2 & % Stevia-G FrIH & A O
HAE AT

S w7 2 B 2Ol 52 15 (Isothermal Titration
Calorimetry: ITC) |2 & %% Tlx, 25°C &1
TIZBWTEI (200uL) ICH#EAKD L <X
Stevia-G iAW A FE L, ¥ ¥ (4opL) #
5l % 0.5 uL T T LA L 7. AHEAE
HOFHIZ V727 A TR F -2 (AG)
Oy ru¥—214 (AS) &, WEICL-
THLNCMC KD, &2t (AH) 205
BlEsEEE T VAR L CEH L.

ITC % H\» T Stevia-G & DPC [H (2B 1) % #
HAEHOFHI %247 > 72, ITC DX IVIZZEERE KD
L < 13 Stevia-G W 7o L DPC B W 27 T

el
£
g
jan)
=3 ot
10 ®
0 5 10 15 20
Concentration of dissolved DPC (mM)
Fig. 2 ITC curves obtained at 25°C for DPC solution titrated

into water( O ) and into stevia-G solution( @ ).
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L7245 % Fig. 2 I2/R" 9. Fig.2 K hm7ray
N D AH O3E\ 1T Stevia-G & FLHTEEF] O FH H
TE %L T3 Bl F72 DPC EV5HAH0.3
BWTELN 7Oy MIEHSHES R
722 &M 5, Stevia-G & FLATEMEAIORAE I +
WEEDORETEDZAL L 72 W BEME DR IE S 7z,
T, ITC Z HWTENF/8 T A — 5 D
BHAEAITo 720 K72 AH, AG, AS D %
Table 2 127§, B2 ENGHERTHEL
Stevia-G & DPC DRAHERIZ B W TIE, AHD
fEA302 & 0.5 DM ZBITIEEDIZALLTED,
Fig. 2 @ Stevia-G fi-1E T T ® DPC ¥ il K |2 A
L7222 A Bl%E S 72 DPC BV 7335 0.3
Tholzl bbb T, I TOWELELD
WREMEATRIB E N7z, F 72 AG DIEIZTRTO
T~ A FA%RL, FZ050LZITRbHA
FEHIIRE S L VRO EEREZTER T 5 2 &8
HonEhot, T ASIETTRTOENLVG
RKCFEDMEEZR L I VIR EBUK A B A
AN EG L Twd ERmBEns:.

33 iR R

E7I)VEEY) & LT BCS Class 1T 1283 % 1%
3 Td 5 Mefenamic Acid (MFA) & HR#EME
< 32 i T & 5 Clotrimazole (CTZ) % H w7z,
W OB, HEYE S0mg & L THEK
25mL, 37°C, T24WHOA Y FaN—1T 3
Y EAT, CPERAREEIZE L 72, HPLC 12T

Table 2 Contributions of thermodynamic parameters of
micellization of Stevia-G and surfactant.

AH,. AG,;. AS,
PC e g/mol) (kIfmol)  (J/K-mol)
0 171 212 65.5
0.05 0.94 248 80.1
0.1 0,65 242 79.0
02 071 2455 79.9
0.5 0.47 254 86.7
0.8 1.30 233 82.5
| 322 2022 78.7

WoE L7z, ZIANRINE: O G, 3=
50 mg |2 &f L Stevia-G/DPC O #2418 & % [ &

L& BN TR L FERROSEHETA Fax—
varvEitor.

% DPC E V533 T O R MGEABROE R %
Fig. 4 IZ7/"¥. T O#i R MFA, CTZ & b |2
DPC Bl Iz O Stevia-G Bl & D) & 2 B4 & iR
G LBICHEEFECEREOR xR L. T 72,
Stevia-G, DPC % DPC )L/ 0.8 Tl L 72
BRI D I OUGEERIR S E W EAYREN
7o, TR, EWEHESHEIEBEATET LR
EEEHIOMELEH 21T TR <, BRE3I RV E
WL OHEMEHDFEGSLTnwHIENHLID
IV BKERIC oINS,

34
Stevia-G & DPC 1%, BKMHMHEMEHIZE - T
BEIBVZEELTEBY, DPC EVGEN0.5

z

60  oCTZ/Stevia-G/DPC (experimental)
50 - BmCTZ/Stevia-G + CTZ/DPC
40 f
30

20

Concentration of dissolved
CTZ (ug/mL)

0
0 0.1 0.2 0.5 0.8 1
aDPC

(B)
- 40 - oMFA/Stevia-G/DPC (experimental)
54 BMFA/Stevia-G + MFA/DPC
25 30F
< E
S &
£ = 20 -
4% é
£
= 10
Q
=)
o]
© 0

0 0.1 0.2 0.5 0.8 1

aDPC

Fig. 3 (A), (B) Difference in concentration of dissolved
drugs between ternary system and the sum of
binary system as a function of the mole fraction of
DPC.
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DL ERD CMC 2MET T 5. F 7 HKEMESR
W O LR R 1L DPC HK O Stevia-G HA A
L0 b 2l ERA LB, HEICMETS
ZEEHLNMILA 2O Stevia-G & FLIH I
TEF O R IECE AN % FV CEE R OHRE
MR 2 T 2 Z LF, EEREN L OEEE A
FZEIC BT 2 EHEBS RSN S.
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MR R

RY T HA OKGTEITEER 507 b > (2
MIKEEA, 2016) T, TOHNBELZ25T b~
DHFRENEEREY L 2o TnD. Ky THA
Il D% WILHRIZB W THB O TR X
HEETH Y, TOMMHEEEERT L 0LEN D
L. B, BEINTWALKRY FHEO—HIE
CaCO; DJEFRE LTF 3 — 7 R HIEG BHE
Wb Twb, LaL, FM2EN >
—HB5, 2000) HEHLINTVALAKEDTT
12 CaCO; DJERLE L THWLENTW S 720,
H R OB BITE RS EA TR, ER %
e S EB720121F, K7 7 HEaEomE %
L, BRI XS W E R H L. — T,
2016 4F- 4 HOJFESEICH S 2 Mbs#E (RED,
2016) 12 & % LR EHE A IIZIEH 80 1
N DOHEGIKBERE L, TOUHEAEE 72 >

TWb, HHKIZIE Cs R Sr O GHEW - A
EENTBY, INHERERIMNT LI L
NZOWBOEE 72 5. FRIHE M EOF T
bARICEFE LR T <, L0 fEkz s 2%
ETLHEMOREDSZDNLD, B OWAEFH]
EERBEAMATE C T A MSh b, FTTHA
TZM TR Ay T Hidk & FR L L 7-ag#)
DR % A&, i L 724k & 7 Hihokigih
DS EEFETXLHIEEFR WL (Mihara
F.etal, 2015). A#ETIE, &% 7 Hiko s
A L COMREME % MGE L 72 EiE iz o
WCHERLY .

FEERTT Ik

JCHEEER S T 1A D5 HH2EY B 7z Bk
EMEE LTHWS. Hih o2 L) B,
A8 MR T 60 ¥ 21T o 72, WS
7ok y THR 60 g A em MIZEIN, A5 VT
IV (nitto £, ANS-143) IZAMN, K% 7 Hik
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(25 M k% (Retsch #E, AS2000) % JWT 5%
WF L7z, 5502 E o THlF b7 25—
53 um ORI L b OB REZFEBRICHEH L2, F
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DENER AT VI RIER L 72, RIZZ DR DK
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72, By RVERCERC V7o BEPFLSRIE, R erR i
R EALSETENS O ED S A5 RE =
N7z MR L 2B R % SrCl, AKE AN 2 AR
S/ PTEREE AR B R L, IR
D S R & O GEE R (AA) THIE L 72,
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1. Mihara F., Takeuchi K., Tamura S., Idemoto Y.,
Kogo Y., The Use of Scallop Shell Powder as a
Method of Extracting Strontium, MRS
Advances, First View Article (2016) 1-8.
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Gk, KRR OIRED Sr* WA ERRIC K IZ
THEEZMEL T TETH 5.

EE BN
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(2015), 9-13
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IK e AR BRI 52 28 i & 7% (Hokkaido, Dec.12—
13,2016).

3. Mihara F., Takeuchi K., Tamura S., Kogo Y.,
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using scallop shell powder” 5th International
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10,2017) P1.108.
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1. #5
DUFL=FIEX By ME Vo oE T A
VFE— (BkeV ~H GeV) DIGHEE K eV 2
FEOTHIGHIEIRT 2R TH D, JeiidR
ERAGDEDL LT, EEAA AT 7R
T EIROBEA 7 SRV EIZISH S Twn
L. BRICERLIRESL Y T L — 2L, EWERE
EFENEDB IO FEZERE AL, XMHEPy
BEARIIHRITE B 2 &0 5, BIFERIC
B 2B EREEICBVTO#EH ST
L. AR, CeUiEA LFE A1) — 1
(Ce:RE;Si,0,, RE : A 1HHeH) DEEF Ol
Wy v F L =72 BuwiitE, T4V
F—orfhfe, BLUOBRERTOCEZEE YA
THIENRMEN, BV —T T, BEFED
V=RV U FL = D) biRdb EWE
e (~ 42,000 ph./MeV) B L T ARV F—4
% fe (~ 4.8%, FWHM@662keV) % H ¥ 5%
Ce:(Gd,La),Si,0; (Ce:La-GPS) % Fi3s L 7z 173
Gd,Si,0;, La,Si0; B & U Ce,Si,0; 1F Vg7

bIE—HARAK THY), BEEDOF 37 FIVA
FoE R LI L R R CIE AR T BT
LHIENTEZRW, TN EZEALT Cela-
GPS %, ALHLEDSTTERTH LI ENRH SN
TBY, yHBEHHY v FL—% LT, &Hw
BHEBL O ANVT—5fFEE H T % Ce-La-
Gd ML ERENTWD, ZIZH L, La
IEFEDSIEE 1@ W B 55 O Hifh fh B A R B 72
B BT BRI E ST n

La-GPS 3\ C, FEEMMHEIEHIC L o T
AFHFZANVF =D 1/ 125 TOESD
2 b% Fig. 112 L7z (4 L 0&EM). Zhi
£ 0, 100 keV FEO BT 4V F— D
T E mm BETHRET L2 E0bh b, XH
V2 IEIERAREEHA A -2 2 7128
WCTIEET 25 100 keV FRE D T )LV F—H
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y BRI HBEOY G, Tl AT AL F—
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B R OB E

Fuel cells and supercapacitors emerge in the
recent few years in response to the needs for clean
and sustainable energy supplying devices. These
two devices use carbon for their core components.
In addition to its prominent electrical properties,
carbon is economical and abundant in stock. It is
therefore understandable that carbon is currently the

most popular electrocatalyst support and super-

capacitors electrode material.

The popularity of carbon makes the development
of carbon an old yet still hot research topic. Now-
adays, it is focused on the nanostructuration and
functionalization for a high performance electro-
chemical energy supplying devices. We were working
on this particular subject, using spray pyrolysis to
synthesize macroporous nitrogen-functionalized
carbon particles from melamine resin.

Formation of the macropores relied on the utiliza-

Figure 1
porous carbon using 270 nm PSL template.

SEM images of melamine-derived (a) dense carbon, (b) porous carbon using 170 nm PSL template, and (c)
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tion of polystyrene latex (PSL) as the sacrificial
template. PSL decomposed in the middle of the
pyrolysis process, i.e. at approximately 400°C.
Droplets were generated by ultrasonic nebulizer
and nitrogen was used as carrier gas. Droplets
containing melamine resin and PSL underwent
thermal decomposition in a tubular furnace of
which temperatures were divided into five stacks,
i.e. 200, 400, 800, 1000, and 1000°C. The rapid
thermal decomposition allowed preservation of
the nitrogen in the precursor, that microporous car-
bon particles with a nitrogen content of 5.44% were
obtained at the end of the synthesis. The pore size is
controllable, depending on the size of PSL, as seen in
Figure 1. The optimum porous structure was obtained
using a PSL to melamine resin mass ratio of 1.6 : 1
using 270 nm PSL as template (Figure 1 (c)).

Although we have successfully synthesized nano-
structured and functionalized carbon particles which
are potential to be used as electrocatalyst support
and supercapacitors electrode, we realized the cyclic
stability issue when using carbon in some electro-
chemical devices. Based on this concern, another
material intended as a replacement for carbon was
further developed.

The material is called Magnéli phase TiO,, or

HNEEERAR

i L€ %

1. Arif A. F., Chikuchi, Y., Balgis R., Ogi T.,
Okuyama K., Synthesis of nitrogen-functionalized
microporous carbon particles via spray pyrolysis
of melamine-resin, RSC Advances, 6 (2016)
83421-83428.

2. Arif A. F., Balgis R., Ogi T., Iskandar F.,
Kinoshita A., Nakamura K., Okuyama K.,
Highly conductive nano-sized Magneli phase
titanium oxide (TiO,), Scientific Report, in press.

simply TiO,. This is a substoichiometric form of
TiO, having a chemical formula of Ti,O,, ;. TiOy
basically has a similar structure with rutile TiO,.
Due to the oxygen vacancies, the electrons of Ti
atoms are shared in some places, forming a shear
plane which acts as a good electron conductor. In
short, TiO,, especially Ti4O;, has a high electron
conductivity of which value is comparable to that
carbon delivers.

In recent years, several efforts have been devoted
to synthesizing Magnéli phase TiO,, typically by the
reduction of rutile titania (TiO,) under high temper-
atures between 600 and 1000°C. However, the high
reduction temperature promotes heavy sintering. In
response to this problem, we employed plasma
method to synthesize nano-sized TiO, particles from
TiO,, which we believe to be the first time in the
world.

The rapid nucleation inside the plasma reactor
induced the formation of small sized particles
(approximately 20 nm). The electrical resistivity of
the synthesized TiO, could be as low as 0.04 Q.cm.
Electrochemical characterization of the nano-
particles shows remarkable stability of TiO, nano-
particles in a strongly oxidizing environment (1 M
HCI, oxygen saturated).

19 - RA ¥ —3k

1. Arif A. F., Balgis R., Ogi T., Okuyama,
“Optimization of Pt/C Particles Electrocatalytic
Activity by the Control of Carbon Nanostructures
via a Hybrid Aerosol-Colloidal Process”, AIChE
Annual Meeting 2016 (San Francisco, USA,
Nov 12-18, 2016).

2. Arif A. F. and Okuyama K., “Development of
nanoparticles for magnetic and catalysis applica-
tions”, invited lecture, ETH Zurich (Zurich,
Switzerland, Sept. 30, 2016).

3. Arif A. F., “Nanostructuration and Function-
alization of Nanoparticles”, invited lecture,
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