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(D  Leveraging Particle and Nano Bio Technologies for Product and Process Innovations
Dr. Brij M. Moudgil-Center for Particulate and Surfactant Systems (CPaSS), University of Florida

@  Size Reduction Technologies for Efficient Powder Processing Systems
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12 | 34 | I TEFRICBTHELY 8 283 | 5,130 18 248 2,200 | 7,160
13 | 35 |F /KR~ fEE 7 184 | 3,750 19 283 2,200 | 7,990
14 | 36 |F /KT DREFEFRNDREH 6 208 | 4,160 | 20 276 2,200 | 7,920
15 | 37 |F /=T 42N F2 /0T~ 6 227 | 5,100 | 21 246 1,300 | 13,000

16 | 38 |/ HEEHIEIC X AMERELEOREEZOS LT 6 160 | 4,500 22 211 700 8,660

17 | 39 |22 FCTRAEF/RTOFERL 7 205 | 5,380 23 224 1,000 | 10,070
/7 7 FERLOEEERIR S F KT OfilE &G

18 | 40 e 6 174 | 5320 24 252 1,000 | 13,090
PR b B A A = A Nk ]
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O MMAEIFICEY 3% IEE KONA Powder and Particle Journal No.35 (2018) D17
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e - ES T
Award L. . :
o Affiliation / Position Achievement
recipient
Professor of Process Engineering & Pioneer research on particle formation,
Sofiris E Materials Science and Director of Particle agglomerate dynamics and, in particular, for
otiris E.
Pratsini Technology Laboratory, Swiss Federal placing flame aerosol technology on a firm
ratsinis
Institute of Technology Zurich (ETH scientific basis for scalable synthesis of
Zurich) nanomaterials.
OZEHH

KONA ‘B 5 fifi & e B

Since the early 90s, the candidate has led basic research for understanding gas-phase synthesis of
particles with closely controlled characteristics. He first created algorithms for agglomerate
formation and growth by 2-dimensional (mass and surface area) population balances for reaction
coagulation & sintering. He proved the rapid attainment of both self-preserving size distribution
and fractal-like structure enabling creation of reliable monodisperse models that can be interfaced
readily with fluid dynamics and greatly facilitating process design for gas-phase manufacture of
particles. For example, he built the first simulator for optical fiber production by MCVD that is used
till now.

He showed experimentally in flames how to control particle size, crystallinity and, for the first
time, morphology: from perfectly spherical particles to highly ramified agglomerates. By tracing
the end of sintering (or coalescence) during coagulation, he distinguished quantitatively between
(sinter-bonded) hard- and (physically-bonded) soft-agglomerates from first principles. He developed
the flame spray pyrolysis for synthesis of particles, up to 5 kg/h in his labs, perhaps world’s largest
such facility at an academic institution. This undisputably scalable process is practiced today in
both industrial units and academic labs worldwide. This has revolutionized the role of aerosol
particle technology in material synthesis revealing, for example, the origins of nanosilver toxicity
and even “curing” it while creating new catalysts and sensors and, for the first time, flame-made
electroceramics, dental and theranostic materials and nutritional supplements.

Recently, he is focusing on immobilizing sub-nano noble metal clusters and even single atoms
onto ceramic supports in one-step for catalysis and on alloy particle crystallinity and composition
during collision-coalescence by mesoscale and molecular dynamics. Most notably, he is creating
materials for biomedics with the assembly and human-testing of gas sensors for breath monitoring
of acetone (a tracer for diabetes), NHj; (tracer for kidney disease), isoprene (tracer for cholesterol)
and formaldehyde for lung cancer screening by sensor arrays (E-nose).
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Preparation of Graphene Quantum Dot
using Oriented Nanoparticle Catalysts

W94 4% Research leader: %iﬁ $ Fif Koji ASAKA
Sl B RERFBE T eRE G
Graduate School of Engineering, Nagoya University, Lecture

E-mail: asaka@nuqe.nagoya-u.ac.jp

Wik

7y 7zvET Ry b (GQD) &, ETHUADRERST vy VRRISER L 72050 - ERAAEF
WS F /L7 a7 ZAZBWTHEHENRTWES, LALEYES, ShETOH—RUME%
L7, &5 WIZYHEICHHEET 5 GQD OFEE T TIX, GQD DK & & R & O il il A3 K B T
bb. £IT, HHFEAEETL=v 0V (Ni) F/HFE2T>7L— MigEe LTHWT, 7%
NWT 7 A=Ky (@C) 277774 MbsAHZLI2EY), /757 2r0laa A7z, Ni
FORF PICEETEE L7 aCHEO T~ U5 ANRT PVIZE, GEDE—FIZHET A2
DO =7 H1582cem ™ & 1388 em ' ICENENDH L bz, BRETHEMEEBE2S, NiF/
BADEDNICORENTRFERFREVBIHE 21T 5> TR WIZh 222b 5§ BRI L Tw
B2 ENbholz SRIOERNS, Ni -/ KT OFSRIL, SVt LRL, aCDT T 7 7
A4 MUREZILT 45 2 EATRE S L7,

ABSTRACT

Graphene quantum dots (GQDs) are interesting in nanoelectronics because of their unique optical and
electrical properties due to quantum confinement and edge effects. For their fabrication methods by the
chemical or mechanical cutting of carbon materials, however, it is difficult to control the size and structure of
the GQDs. In the present study, nickel (Ni) nanoparticles with clean surfaces were used as catalysts and
templates, and nanometer-sized graphene was prepared by metal-catalyzed graphitization of an amorphous
carbon (a-C) films. The a-C films deposited on the Ni nanoparticles at room temperature were studied by
transmission electron microscopy (TEM) and Raman spectroscopy. In the Raman spectrum obtained from the
a-C film on the Ni nanoparticles, two broad peaks of G and D modes appeared at 1582 and 1388 cm ',
respectively, which was different from a typical Raman spectrum of the a-C film. High-resolution TEM
observation showed that the a-C film around the Ni nanoparticles was spontaneously transformed into
disordered graphitic layers without heat treatment. The present results suggest that clean surfaces of Ni
nanoparticles exhibit high catalytic activity and reduce the graphitization temperature of a-C, and may lead to

a bottom-up approach to fabricate GQDs.

—22 -
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Fig. 1 Illustration of the procedure for sample preparation.
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Fig.2 (a) TEM image of a carbon film deposited on Ni
nanoparticles at room temperature without
exposing to air and (b) the corresponding selected-

area electron diffraction pattern.

bOEEZOLND, EATHESIE, O R
*H 3 5 Ni D [001] LA 5 OET R\ I
E—HLTWwWBLIEDRNDbDhrol T2
NaCl(001) T 127575 L 72 Ni F / KL+ 1,
[100]xi//[100]nact, (00 1)ni//(001)acy @ T5 7 B 4%
EHELTWBEZEDPHLN IR 7. L2 AT,
X 2(a) I2H 514 Ni /7 R T o8shx, 1A
EThsb ZoONMAEOEIE, NiJ /KT
Ay BLT00} HOT7 72y brbhb
I3y FEREZLTBY, ¥73 vy FOKH
\ZTEE 7 [001] i 6 F /R 2 B8 L Tw
HIEIZED.

312, K20RE»HME LT~ Y5t
ARZ MVERRT., TOTIUVHHART MV
X, BAN L aCHEBEICBWTEHEINS
1000 cm ™' 72* 5 1700 cm™ O FFHIC 710 — K 7
V=2 % HT 5T U0 HARY MVEIRE,
0, A7 MVIZIZZ T 7 74 MRHIEFE D
GE—FEDE- NIRRT ELIE=IBEN
Z 1582 cm™t L& 1388cem™ 12 A H N .
Tuinstra-Koenig D225, 77774 PO K
AL A RE, K3DGE—-FEDE-F
DY —75EX AT, #33mm & AL S
N7, I ofRIE, SRERL - C EE
121X, a-CDIIDIZF /A= VT A ADT T
T7A4 MDEINTVEIEZRIEBLTVDS.

MEEZETOS &N+ RT LICERTHE

_24_

<0
40

Intensity (arb. units)

| | | | |
1100 1300 1500
Raman shift (cm-™)

I
1700

Fig.3 Raman spectrum measured from the specimen in
Fig. 2.
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Fig. 4 (a) and (b) High-resolution TEM images of the carbon film around Ni nanoparticles, taken from the specimen in

Fig. 2. (c) and (d) Filtered inverse fast Fourier transformed images of (a) and (b), respectively.
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e & 7 BT REO A L Sk OFAT OB FER L ER L 72, CA &2 VLB
ENLMEFHHEEZ K v 7 OKEICHEL, YU Y FHIOCES 72 Ay P2 lZRY 75— )L
K aiEv7z 5L 100, B 1.52mm, BEIE 1417kg/m® TH L. ) Y FHNOKEEA k
YOERE EHICHL BV, ¥y o NICEBR T SR e L., EANVEEL YY) Y HE
& CToEF & LA Reynolds £ Re 7% 6500, 7500, 13000 O i % N7z, Z Dk E, Re=7500 &
13000 OHFAEITIE, K25 NI S XA F TR T EEDER S, IO E - Tl -
FNE R ST R O SHE R N O ACGEEE I ZR I X DT L, BEREE DK U7z, Re 29w
BEIEZEERTENRTH - 72,

ABSTRACT

The generation and transport of solid particle clusters by a vortex ring launched into quiescent water are
explored. A vortex ring launcher, composed of a cylinder and a piston, is mounted at the bottom of a water
tank. Polyacetal particles are placed on a mesh stretched near the cylinder outlet. The number of particles is
100, the mean diameter and density are 1.52 mm and 1417 kg/m® respectively. The water in the cylinder is
discharged vertically upward into the tank by the piston to launch the particle-laden vortex ring. Such two-
phase flows of the Reynolds number Re based on the piston velocity and the cylinder diameter at 6500, 7500
and 13000 are investigated. The particles are entrained just after the launch of the vortex ring of Re = 7500
and 13000. The resultant particle cluster is transported by the convection of the vortex ring. The water
velocity on the vertical cross-section of the vortex ring lessens due to the particles, resulting in the reduction

of the circulation of the vortex ring. The reduction is larger for the lower Re.
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Fig. 1 Schematic diagram of the experimental setup.
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Fig. 2 Vortex ring launcher and water tank.
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Fig. 3 Images of the particles and vortex ring at

Re =6500.

Fig. 4 Images of the particles and vortex ring at

Re =7500.
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Fig. 5 Images of the particles and vortex ring at

Re =13000.
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Fig. 6 Axial change in the number of particles inside the
vortex ring.
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Fig. 7 Displacement profile of the vortex ring.
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Fig. 8 Velocity distribution of water around the vortex ring.
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Fig. 9 Vorticity distribution of water around the vortex ring.
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Fig. 10 Axial change in the circulation of the vortex
ring.
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ABSTRACT

We have been preparing nanocomposite particle which is microparticle containing drug nanoparticles by
using 2-solution mixing type spray nozzle. The two passages (carrier-based aqueous solution & organic
solution of poorly water-soluble drug) are used in the spray drying equipped with 2-solution mixing type
spray nozzle. In the nozzle, the drug solution was mixed with aqueous solution and the drug nano-core is
produced by changing the solubility of drug (i.e. anti-solvent effect). Before the drug is crystallized
completely, the solution is spray-dried, and drug-nanocomposite particles are obtained. Down-sizing of drug
particle is useful method to increase the surface area of drug particle, resulting in the improvement of drug
dissolution. Additionally, the 2-solution mixing type spray nozzle is useful in the point of cost and
productivity. In this study, in order to extend the application of 2-solution type nozzle, the nano-matrix
microparticle was prepared. Sodium chloride-based nano-matrix microparticle was prepared successfully. The
nano-porous microparticle has light property and has large void in microparticles. So, this is useful for the
inhalation formulation. Eventually, the sodium chloride-based nano-matrix microparticle is promising

inhalation against cystic fibrosis.
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EALF Y AF I~ MY 7 AR TFONMERI
ERRE TSI L ) B2 T 72,
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ARFETIX, SNETEYF I HKYy b

BT DOBZEICHWT & 72 2R AR 2V o
H#P % KT 272012, F /< ) 27 ARTO
AR AT, F /< M) 7 ARTFIE, SR
FOEEL T A 7 0Y A X ho/2fFTE
DR FIIENEFREARCEEEZHT 5.

WAFIDOBZEIZ BT, BRI FIIR T 1%
(Aerodynamic diameter, %% £ %% 1 mg/em® @ ER
KoL OIEHAL L 72 & X ORTE) ORlfHD
HETH Y, MAEOERIICEET 5720121,
vryrnvizuay GumBlF) 1RO e
FEETHLLEEZLNTBY, INETIIA >
AN YA EDHE SN TS (Tagami T.
and Ozeki T., 2016).

F/R MY ARFERET LI LT, W
HOoRESEIKREVWIOD, HFEIZ/HS VT
0, ZERITFHIRTFRITER L D /S HlH
THIENTE, WMAHIORIEIZB T, HH)
Thb.

2WIRAER ) v Hvy, WAKIE LGl L
7z, BALF bU T AF < M) 7 AR OFH
AT 7z, AL b AT BN ARAEE O 72
DTz, FENAVESAERE (Cystic fibrosis, CF)
X, BEEOEE TH D, CF transmembrane
conductance regulator (CFTR) i A 4+ > F v
INVDIa—F—a vk, jlaes sh,
Tl EOWAEDA, BEGRR SER T ST T
Z 2T, BHKOERERE BEIZ, BASE
L LT TS (NennaR. etal., 2017).

SENIEINC & Y ZERIE LT P T A0
W AF 2 RS 572012, 2BAHMAT L —
J ZANER, Wk ) AR T M) IR
WA OVER 2 AT o 72,

BARBIZ, AL B 7 AKVETR & A TR
B 2 WIRET ) ANVDOZFNENDFED S
BT HZEITEY, RAEEITS72.

T/ M) 7 ARFE, AT LRI DE
BREMICKRECEELZZTLI b7
(42).

@ Drug concentration
@ Flow rate of drug solution
@ Flow rate of organic solvent
@ Spray drying temperature

@ Melting point of drug

@ Aqueous solubility of drug
@ Solubility of drug in organic
— solvent |

Fig. 2 Important experimental condition in the process

of preparation of nano-matrix particle.

B DU AR OWRRE, LT N YA
B OB, ARAEEOREIR, HREED
K, AD RE (A 7L — N7 4 OE)
mED, WALF U T AF <) 7 AKFD
B A 525 2 L vbrol.

BRI 2235 b v ) v A F < b AR
X, RFEXY 7 vIrzar4 XThHb,
~ M) AR AHF /R TFIEY T 2 a
YATHDEILEMRTHILENTE, 5%D
WP LETEH L D00, TAKE LT, 1
ftF b TAF < ) 7 ARTIE#E L TW 5
ZEERERE L7,

DIRIRAERA TS L — ) AL, F/< b)) 7
2RT %, byrE—TRETHES T LI L
o, EEMEZIT TR, IAMETHHERT
HY, WFTE2HETHL EEDNS.
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Generation of Biocompatible TiO, Layer Using Atmospheric
Pressure Plasma-Assisted Fine Particle Peening
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Wk

REFZEIE, T L WERIEERERIf#ZEE L CEB S hTwd "REAERIETS A~V oy N 28AL,
V== U I BT 5 "Bk T fTFoRT" ENENOGEHEHLS 2 &) i
BRAATHL. MF 5 HEMICRGET 7 A FPP L Z i L, KR5ET 7 A~ OEHOH
HEASP LI O KRR & MBS IS RIZTHEIIOWTHET L2, Zo#ER, B{LF 5 VRT
W KREE TS A< 4B FPP LB 2 #iiF & » JEA IS 2 &2 & ) JokME v E <, Bl 7z 1]
MEETAERILT ¥ VBB END ZEBRHLNE R o7 T2, KEET 7 X~ FPp AL
HICX DR EN-MILT &~ BIL FPP LELIC X Y R I - TF & VB X D EL, BEMIC
BENTW/z, S5, RAET T A~ FPP ALEIC X ) IR S /- b7 & > I3 e i 51k
BLUHWHEEMEN T WL Z EDHLE N E o7z,

ABSTRACT

The effect of atmospheric-pressure plasma jet treatment in conjunction with fine particle peening (FPP) on
the generation of a TiO, layer on pure titanium was investigated. Compared with the TiO, layer generated
using conventional FPP, the layer generated using plasma-assisted FPP was observed to have a uniform and
thick surface. Scratch and friction wear evaluation test results revealed that the layer generated with plasma
assistance exhibited superior abrasion resistance. These advantages are attributed to the promotion of
adhesion of each particle during the plasma treatment. In addition, the layer generated with plasma assistance

exhibited superior biocompatibility.

MEExEEHHW L. ZIUCHWSNLHZME LT, AR
TICENRLTF 7 PR ENDLZ EHNS V. L

b b OEBEHERE & IE S & A EHES, TR ML, BN 7T v PR LR
KA 7T 0 N BN AT 5 FED2H a4 % £ T3 A O % 259 5 RijE N
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ELTRBENTVWES, COEERHRT L7720
W2, RAUHEOBEANEREEZ bND. Hl
ZIE, PEtsER LA R KL 7T A~ L &

DALT & RN 72 MY R R T 5 U,
BUKERER S EDLZ EI2E ), BLBEICE
VB MR A AT 3B I & HsR A X
NTWn5b,

AWFE T, RELHFEE LT, il
DR ERALT & K DO EDOBI AT RE
&7 BRI ¥ — =7 (Fine particle peening:
FPP) JLPE & WAL IS HARIE LT S5 2
EN R REE T T A BIZER Lz, B
RIIZIZE T, RRET I AREBELLRHS
FPP MLERZ i 9™ C L ST REZR ¥ AT AR HEEE L
7o DEIL, BTy TR TRIFZET
RET D RAE T 7 X~ 4 FPP ALH % 4
& ZHE L, BRALER T oo F R & MR A
ZBFf L 72,

B 1P O A2 R 3. ARWFZE TRESE
L7V AT AT, RFBRNIRT L)1, ki r
DY L35 2 DS L TRRET 7
A DOBEENTRETHDL. ZOVAT LxHn
T, EE15mm, ES 4mm I2EWINLT LT
(MM Y o (S22 1#) OEMISKH LT, KX
JE7 9 A<M FPP LB % fti L /2. Z O

Electrodes

Peening I
nozzle l ‘
Peening !_
direction
Plasma
/ jet

Plasma
nozzle

Plasma 2 mm

Generated gliding arc
discharge inside
plasma nozzle

10 mm

Fig. 1 Overview of plasma-assisted FPP settings.

PSR FIIEF R AZE 10 um OV F L EL D
TiO, & W7z, R 1 ICEHOFEMZRT. 4B,
REBEAII—EORETBBIELZLI2LD,
BB E G L7z, B, R E L
T7T I A % BFET I FPP MLEE D A % fifi L
RBR B NV I ) hERCTCERE
PRACHRES U 7- 3R & 4 L 7-.

BALER T O TR, AR T PSR (SEM)
& B RMBIER L L — PRSI & 2 RIAH S
HIE &0 EF L7z, BRfbT % RTFOBEIC
DWTIE, () XMEHRSATE (XRD) 12X 5
PLEH O O FE, (i) SEM 12X 5
Wi s L O (i) B\ RS & 2 0B £
DAL OB 2 OWEIT & 0 3l L7z, el
HE OB, WHEES L 22BoBf o
HITEC £ 0 -l L 72, BRLF & v B OB,
Y77 AXEEHCZAY 5y FRERIZE Y EE
L7z, ZOBEOMEIX, 01N~ 1.96 N DO
PHC 6 MY IcZBb&Ez. REBBIIAZ T v F
JED SEM BlEE B L T A b F — 4B X f5 5
Je3: (EDX) 12 & B0Hr &7 - 7.

D 58 A M o BT X B 3 M R T Ak
(MC3T3-El) # W AT 7. 9, B
T FICHINE % 10° cells #7875 L, 4 FF [ & E R 2
L7z, FEMICHES L T % MTT
assay |2 & D lllE L7z, M0 REOBIZIL,
M ZHESETHAZY LT —T 1 V7 %
L7:1% SEM THIZIZX D FTo 72 S5
HATEIZOWTIHRE Z MR 572012, BT
L ToOMEIEREYE 2 R L 722 BRI,
WLEETE AL % 107 cells B/ L, 3 HB L O

Table 1 Conditions for FPP.

Particle Titania, Average particle size: 5 um
Gas Nitrogen

Gas pressure 0.1 MPa

Flow rate 20 L/min

Distance 10 mm

Scan rate 6 mm/s

Scan pitch 0.5 mm
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Fig.2 SEM images.
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Fig. 3 Cross-sectional SEM images of generated TiO, layers.

6 HHEIREFHE L 721212 MTT assay 12 & 0 g%z
e L7z

7o

M7 Kk E

X 2 (ZHALEEIE % SEM |2 & 0BRSS L 7k R
Ay, WKLY, BB, 6 2 MY
P SN TWDE 2L, FZ20MIETI X
~HHOFEIZEDLTHRETH L Z E23bh
L. F72INHOFEME XRD 2L ) 5T L7
R, WINoORBR OREIZLBILT 5 > o
HFHELZRT =72 Sz, 2L, FPP
(2 &0 BAPRLF A LB A L2z &3
A5,

X 3 (2 EBR AT 2 SEM IZ & 1) BHER L 7ok
RERT. XY, WbFe IR FAHERE L
T2EZONDENBIEIND. ZTHUERILT ¥
CRTPME L TCTELEREINIZLDEE 2
b5, FRKEY, KREET T X~ %[k
BT LR BRE o208, X ) EVEITEEK S
NTWLZERgns. Fi-, WL EE

—39_
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L T
E} 50 L
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s
g 30 I
T
= 10 J_
i
Polish FPP Plasma assisted FPP

Fig. 4 Water contact angle (n =4, mean = S.D., **: p <
0.01).

ZAL B FRIAER, KAET 7 XA~ H FPp AL
A O J )3 FPP ALERFF X ) & BB INATK &
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JE7 S A% BT EIZEY, BiLF5 >~
KT ONEMEESNDL ZEEREL TV,
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I WM& DML D b FPP LB T o 4 fil /4
DFDV/NE N EW5rH D, T FPP ALEL
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Fig. 5 SEM image and EDX analysis of scratch tracks (Load 0.49 N).
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Fig. 6 Number of cells measured by the MTT assay
method (n = 4).

hol:lzbEZoNAh. B, AEEIED
bbb oo, RAET 7 X~ H FPp L
A OFD, L0 BRI L T D EHAFED 5
NG, Tk, RKRETIAXEEATAH2L
2 &) BT BRI L ) L R E L
TmHEEZHND.

M SICAZ 7y Tl (E 049N) %0k
%, SEM & EDX (2 & 1) 94T L 7245 2 7R 9.
[ &£ 1) FPP MLEEM O A 121X, A2 T v F
JEOBRFRTCHE O MR ZEPH & g L TR &
<, 7% Y IEEOMBEEITHIIREI NI &8
G A LIz o T, FPP AL OFEILF %~
JBIEA 7 Ty FRBRICE VeI HEEL b0
EEZOND, ZHUIH LT, WHEEHIZIRAE
TIAXERBEHLIGEI2E, A7 T v FHEDS
AHEETH Y, ZITh o, FEEE REED
MERFITHR LTy v uEI R E T, 2&

Woahh, ZOZEnL, KRRETI7 A<M
FPP MLELHF DERILF & ~ @ 1L, 7 E 049N D
A7 Ty FRBICELRBIELL o720 D

EEZOND. b, HOWETHEREZIT-72
YA b FRR 2 EHE RO SNz, 2O 2 i,
KAET T AR EEHT 52 LKV RILT ¥
YREOBHE N ETHIEEREL TV,
ZOEHE LT, KRET T A OBEREIZ
QUSSP AV - A B 2 | e AV A S OE 3 ]
WA LTz RiENDSERE S, Fb —HE
T, RF— R EORET S IR L7
TeHEEZ TS,

B ALERF T MC3T3-EL Mg % 4 BERTEG2E L
721%, T OMMIEE A MTT assay (2 & 1) Hll5E L7z
MREH6IIRT. HRL ) KRAET T A~
H FPP ALERMA b o> F5 3 D B ALEAS 1 X 0 Al
BN EGhch. SHERRETT X
YEEHTA LI DBAKIL LD EE R
bihn. F7-, MlEOEEL SEM 12 L ) Bi%
L7-R5 5%, FPP LM | & KA 77 X~ H
FPP LIRS - DM I L SR FEEM E oML £
L DIREREITTWS Z LD SNz,
INHDZ EnbRALET T XA~ H FPP AL
I ) flggEEsm L2 EZbN5.
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Li B, LiY, LilJ., FuX,, Li H., Wang H., Xin S.,
Zhou L., Liang C., Li C., Influence of nanostructures
on the biological properties of Ti implants after anodic
oxidation, Journal of Materials Science: Materials in
Medicine, 25 (2014) 199-205. DOI: 10.1007/s10856-
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Han I., Vagaska B., Seo H.J., Kang J.K., Kwon B.-J.,
Lee M.H., Park J.-C., Promoted cell and material inter-
action on atmospheric pressure plasma treated titanium,
Applied Surface Science, 258 (2012) 4718-4723. DOI:
10.1016/j.apsusc.2012.01.065

N, 201743 H).

Katahira K., Mifune N., Komotori J., Generation
of biocompatible TiO, layer using atmospheric
pressure plasma-assisted fine particle peening,
CIRP Annals, 66 (2017) 515-518. DOI: https://
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Creation of High Performance Si-based Thermoelectric ' By

Conversion Material using Surface Coated Particles v
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Graduate School of Engineering, Osaka University, Associate Professor
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ELE

X=Xy ZRREZFIH L THRI AN F -2 ERAL AT — ICEELH T 2 BELHA RO B ERE L
WM EOX =Ny 7S BLOESZER e 2 KREL, BUEERk 2/ T2LEDVD 5.
ZDOETEET & L T PBET (Phonon Blocking Electron Transmitting) FYSF% % 7R 3 A RO LB S
ENTWS. KIFZETIIBRALH S ZnO REBE LRI EHIOWT, F v ) TOLHRHF—T 217072
WARP O ABEEBER AL ERE L, PBET WAFEDEIIZ L) 2O E ML Z 105 2 L 2 ET L
72, KABEEEE 2 VT Zng Al 0O ¥ KK+ DK A ZnO F / KL+ THE DN A R 2 15
B, &y T L RIZE)BER LT ZngogAly,0-ZnO HEBEE R X FR L7, T OBEERMEETIX
RERZEED ZnO KFBEENL 05T, B F—T7HRIZL ) HLEEOEBSLE
HEPHESN, E5I12Zn0 F /KT X D k OIEA R S N7z2s, HReieE ZT ol FIZIEES %
o7z

ABSTRACT

It is necessary to increase the Seebeck coefficient S and electrical conductivity o, and reduce the thermal
conductivity x of the material for improving the performance of thermoelectric conversion material that
directly converts thermal energy to electric energy using the Seebeck effect. As a design guideline for
improving the performance, realization of PBET (Phonon Blocking Electron Transmitting) characteristic has
been proposed. In this study, we fabricated a composite sintered body of ZnO-based thermoelectric material
composed of powder which is modulated and doped carrier, and investigated to improve the performance by
realizing PBET characteristic. A powder sample in which the surface of Zng ¢3Aly 0,O powder is coated with
ZnO nanoparticles was prepared using a particle complexing apparatus and sintered by hot pressing to
produce ZngsAly,0-ZnO composite sintered body. In this composite, despite containing low electrical
conductivity ZnO particle, some degree of electrical conductivity was obtained due to the modulation doping
phenomenon, and reduction of k¥ by ZnO nanoparticle layer was observed, but dimensionless figure of merit

of ZT was not improved.
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Fig. 1 Schematic drawing for modulation doping.
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Fig. 4 SEM photographs for (a) Zng¢3Alg,O particles,
(b) Zng 93Aly 0,0 particles coated with ZnO nano-
particles and (c) cross section of ZngggAlgy o200
particles coated with ZnO nano-particles.
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Fig. 5 Schematic drawing for microstructure of
composite to be produced in this study.
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Fig. 6 (a) SEM photograph for Zng9oMgg 100-ZnO
composite and (b) EDX mapping on Mg element.
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Fig. 7 (a) Seebeck coefficient, (b) electrical conductivity
and (c) thermal conductivity for Znj 9gAlg 0,O-ZnO
composite as a function of mass fraction of ZnO
powder.
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Table 1 Carrier density and mobility for Zng¢gAlg 0,O-
ZnO composite as a function of mass fraction of
ZnO powder.

700 mass% Carrier densit3y Mobility2(573 K),/
(573 K), /ecm cm”™VS

0 1.18 x 10% 79.5
16 1.00 X 10% 76.1
32 7.47 x 10" 69.8

010"+ T 1 T T T
‘ T
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@
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ZT

0.04r 1

0.02r J

T T T N TR N TN N TN MY SN R S
0.00 0 8 16 24 32

Mass fraction of ZnO powder, /%

Fig. 8 ZT for ZngggAly0,0-ZnO composite as a function
of mass fraction of ZnO powder.
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ABSTRACT

Gas-stimuli-triggered stability-controllable gold nanoparticles (AuNPs) were successfully developed. The
gas-stimuli responsive poly(2-diethylaminoethyl methacrylate) (PDEAEMA) layers were grafted from the
AuNPs by the surface-initiated atom transfer radical polymerization of DEAEMA with Br-functionalized
AuNPs. The successful synthesis of PDEAEMA-g-AuNPs was confirmed by DLS and XPS. In addition, the
obtained PDEAEMA -grafted AuNPs had a reversible colloidal stability with CO,/N, as a gentle gas-stimuli.
Furthermore, the transfer across the immiscible interface between water and organic solvent has been
successfully demonstrated by decreasing the colloidal stability of PDEAEMA-g-AuNPs in aqueous medium,

resulting in the successful collection of AuNPs using organic solvent from aqueous-phase.
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Fig. 1 Synthesis of ATRP-initiator modified AuNPs.
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Fig. 2 'H-NMR spectra of DEAEMA before gas
introduction (a), after CO, introduction (b), and

subsequent N, introduction (c).
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Fig. 3 UV-Vis spectra (a, b) and TEM images (c, d) for AuNPs prepared with bis[2-(2-bromoisobutyryloxy)ethyl]
disulfide (a, ¢) and bis[2-(2-bromoisobutyryloxy)undecyl]disulfide (b, d).
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Fig. 4 Schematic illustration of gas responsive colloidal stability (a). DLS data of PDEAEMA-g-AuNPs after 1™
introduction of CO, (a), 1% introduction of N, (b), and 2™ introduction of CO, (c).
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Fig. 5 Schematic illustration (a) and photographs (b) of phase transition of PDEAEMA-g-AuNPs by gas-introduction.
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Wik
AR, ESEBME ORI REMED-OEHINTWL. £ OEFEKRERILY O dh T,
BaTiO; I3 E L BEMTH L. A TIE, REBNHBERLEH L EELET 7 Fax—%7
INA ZAH DI #ETCE BaTiOs ot 7 3 v 7 ZO/ER L FHiliIC O W THIsE 217> 72. Mn F— 7 (Ba,Ca)
TiO; £ 7 I v 7 AL 2 i@ b5 2 L2 &), R ITED BaTioy 2t T I v 7 A& /F#
L7z, TN 0OBEBL[MIFEEZUEET 572012, HIRD BaTiO; 8 & OF CaTio; K1 & F 72 FUSE T
Y7L — MR EEICE Y, ERRTENY T I vy 2 AR L2 BIUSEKA (BRFEE 0.1 Pa
DIF) ThEME & 172 BaTiO; At 7 3 v 7 AOBSKMEE L, KB EO e 2 /E3 L 72455
BHEICYEINS, 22Tk, EE7 7 F 22— ~OEHZWHEIC T 2 EAMEE (FRCELM
k) B X O FEREE R 570 pm/V TR L7z,

ABSTRACT

Recently, development of lead-free piezoelectric materials has been receiving great attention because of
environmental issues. Among several ferroelectric oxides, BaTiO; has been attractive as a potential candidate.
In this study, we studied the processing of nonreducible BaTiOs-based ceramics for multilayer piezoelectric
actuator devices using base metal internal electrodes. Reduction-resistant BaTiO;-based ceramics were
fabricated by appropriately modifying the chemical composition in Mn-doped (Ba,Ca)TiO; ceramics. To
improve their electrical properties, grain-oriented ceramics were also prepared by the reactive templated grain
growth method using platelike BaTiO3 and CaTiOj; particles. The electrical properties of the BaTiOs-based
ceramics, sintered in the reducing atmosphere (oxygen partial pressure below 0.1 Pa), were markedly
improved as a result of fabricating grain-oriented samples. Here, we have achieved an effective piezoelectric
constant of approximately 570 pm/V and electrical properties (especially insulation resistance) which make it

possible to apply to piezoelectric actuators.
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Fig. 1 Schematic diagram of templated grain growth (TGG) process.
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Fig.3 (a), (b) XRD patterns and (c),(d) SEM photographs of BaBi,Ti;O;s and BaTiO; platelike microcrystal particles.
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Fig. 4 Experimental procedure for preparing ceramic
samples.
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Fig. 5 Temperature dependence of dielectric constant for
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sintered in air atmosphere at 1350°C for 5 h.
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Fig. 6 Ferroelectric and electric field-induced strain pro-
perties of Mn-doped (Bag gsCay ;5)TiO3 ceramics.
Amount of Mn doping: (a) 0 mol%, (b) 0.2 mol%
and (c) 1.0 mol%.

Samples (a) and (b): Sintered in air atmosphere;
Sample (c): Sintered in H,(0.3%)/Ar atmosphere.
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Fig. 7 (a) XRD profile and (b) SEM surface image of reduction-resistant grain-oriented (Ba,gs;Ca, 15)TiO; ceramics

sintered in H,(0.3%)/Ar atmosphere at 1350°C for 5 h.
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. Sakamoto W., Noritake K., Ichikawa H., Hayashi

K., Yogo T., “Fabrication and Grain Orientation
Control of Reduction-Resistant (Ba,Ca)TiOs-Based
Lead-Free Piezoceramics for Multilayer Electronic
Component Applications”, The 8" Japan-China
Symposium on Ferroelectric Materials and Their
Applications (JCFMAS), (Tsukuba, Japan,
October 1, 2016).

. Sakamoto W., Ichikawa H., Noritake K., Hayashi

K., Yogo T., “Processing and Properties of
Nonreducible Grain-Oriented Lead-Free (Ba,Ca)
TiO; piezoceramics”, 10th Asian Meeting on
Electroceramics (AMEC-2016), (Taipei, Taiwan,
December 5, 2016).

O HIER sEk, #RsEBH], BOR B, ek AIE,

‘Mn % N — 7 L 7z (Ba,,Ca)TiO; [ & & 7
v 7 AOELRMEE", % 26 B HA MRS
RS (BT, 2016412 A 19 H).

AR s, MR, BOR 3, 4R FUE,

4§ (Ba,Ca)(TL,Sn)O; EEt T I v 7 A D
KB R T COER L 208", 4655
Bt 3y 7 AAEBREFwS (I,
20174F1 H 12 H).

. Sakamoto W., “Processing of Reduction-Resistant

Lead-Free (Ba,Ca)(Ti,Zr)O; Piezoceramics and
Their Grain Orientation Control”, The 12" Pacific
Rim Conference Ceramic and Glass Technology
(PacRim 12), (Waikoloa, Hawaii, USA, May 23,
2017).
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Development of Catalysis Unused Rare Metal Using Generation
of Heat Excitation Radical through the Microwave
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Advanced Ceramics Research Center, Nagoya Institute of Technology,
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L

REFGFOFREED—> L ST 5 VOC HAHIHO 72012, & Faxs 785 4 & (HAp) D#
FHET O NWVEREFH LY 7 2 7 VRO & 2 OIRHIZ O W THE % 1T- 72, HAp £
B MZ 7B, REOKBEDSBIHE L RECHEETFVEL S, COMBETFIRATORE L X
IS LIRET VA NEAER L, VOC HADBALGRICHIH I NG, £ 2T, MEHEICEENET
F Ll <A 7 aiEMmEERVLEZ LT, LR AT =20 L CKBEL BB 2 208
TEHDOTIE RV EERT. FHEITIE, #REKR- IV INVEHCTHAp KMIZAH /X IHN
AR L [HAp OFE Y] & [~ A 7 0o & gt oM % #s L 72.

ABSTRACT

In recent years, hydroxyapatite (HAp) is expected as no-minor metal catalyst for reduction of VOC gas as a
cause of air pollution. Hydroxyl groups of HAp would be eliminate by the heat treatment and trapped electron
occurs on the surface. Trapped electron generates oxygen radical and promotes oxidative decomposition of
VOC gas. And also, we have considered that it is able to eliminate hydroxyl groups by lower energy using
microwave for the heating method. Microwave absorption property depends on its material, but also
crystallization. In this study, the correlation between “microwave absorption and heating properties’ and

“crystallization of HAp~ were investigated using planetary ball mill.

MRS = & BHAY BAETY, FERAIRWEIC L 2 NOREFE~D
WEPREIN, MMEFEAFF T ML DR

FERFIRWE [SPM] Rt LA X5y BHEIBZ s Ts ), JhIZBEEI
MIFR 2 RAFRORIIT WX ZHREATH ), LS B LD D H. SPM R UL A F &
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Z 2 NOBRRIZIEREA b DD LS, RN
HRALAEW [voc] 8 Z2D—>TH D, SPM
ROHALFEF XL 7 btk —BE LT,
VOC O ZIIHIT % 720, PR 16 45 HIZ
RETG G 1RSSR S 7z,

VOC HIJRAZRS 3 2 BURLIE, OB it 5% 12
LCIZEIC E D EEHE L, - AN R 12
L CIEHEFENIGH AR T [RA M-I v 7 2]
EWHEN D HEFE SN TV D, KGR
X LTI BB £ > T VOC JLERE: & 0 iE A
DAHEA TV B A, PR FEZEFED 93% & H O
B N ICOWTIE T A PSRy & &
V), HEOBAIBEAYN L VOPBIRTH
5. B, ERLIR TV A - N %
VOC MLFZEE 0 J7 I TRt 0 fddt & < B
SitCwag

OWeE

WAEHNIZ VOC 2 ZOHEN A Z B LA Z LI &
D, VOC % BT 5 7 WEH &
LCiE, WEHw, BN, 7V, BE
FTA MEDD LD, EHERPL AR I TW
L. EMIE A I LE L 70 b .
OlEFZRIE:

HA, KT, ERIZE YD, VOC % 650 ~ 800°C
DR T TR ICBILS BT 2 HiETh 5. 1Z
EAEDVOCIZHIGTE 505, HET AHMKE
FECHARTIR & D R G LR R A < 7
L7280, FIALEE Ll nEt e 05, F72,
PR A S 572, SOx, NOx 2354342
ENB D .

O ERRI5E:

H4, /8977 A%ofifts HvwTvoc %
200 ~ 350°C DK T CHIL S 2 HiETH
L. i X D RECTOBREESTTRETH D, H
FRBEE AT D v ZEEIT IR
AR TR R 2 7200, - NRBE RO
EAZMWTWS, L LESEZAEE S LT
HWTWa 720, ZOEEIT A MRS 5.

B

\

il

BEHD VOC 7 A G2 O RE S (

i, I AL, SRS AEORE, WE
T, REANS) 2T 5720, ald
e Ro*s 784 4 b (HAp) B2 X % 3k
T T A IVEREFHL72BL 7 2 & )V fillfi
T4V —OFEERIEL TS B ZhFET
W2 AL & = F B HAp 3R T3 H By R R
(300°C) TIZB\THEERILED85% LI L5
fRIFMEICENLTWA Z 2SI L7 (X
). E5ET5VFEY AT 4 Y THEICE B4
T4V E — OFMERETIC & ) A AU
HTH%ILE 74V F —OERIZE L TW
L., LML, TOHApZILE 71 vy —%
VOC RLBEZ: i (2 AaA T 7 R o flfi & L C
Huwk) & L7zga, BlIK 300°C 72 5 o fin 24
TCTOMHAERL 20, TOF = 73X}
B L OKENZ 220 5 BREAM AYE LA~ ORI E
E B bhrolz. FITHRAE, AH
IV (MC) ALBR % it L FRIRNLER L 7 HER%
WRO~ A 7 ajE (MW) WIS ECRR A
R LIERICE <, MW BB o BRI #
AR5 v BFgRA R & 52, HAp £ 1L
BT 4NV =BT LTS T VDAL
, MW BB X 2 RArsEEIC L), Kot
NE-HTRBEESESL LT, AR
BT =7 ax MR E REA~O AR
WA CTH D EEZ T2,

AN, ERMBMRICIER R — L I VIc & D%
T ALER i OVEE SRR X B B MLER % it L 72 s
DA 7 AP ORI & NEFFHEDZALIZ DWW T
AL 7.

~A 7 OO MR L ZE T, 7F
BRI L o THUE DO NER 2> & B HEAT
B, TDZH, PIMBIE O RLIREE, $2b
B AT I IVALBRGE A O A ) TETEEE
DERE <A 7 OERIGNECiam T & 215
WUhdsb, 22T, W1 TRTT Y 7IVE=F
<A 7 ugkEE (BE) 2Hv, SEENTE
W FEAE S, BHMBAFICEIT 50
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Fig. 1 Single mode type of microwave heating system.
Table 1 Experimental condition for milling. Table 2 Experimental Condition for mechano-chemical
Pot . Hap Ball treatment.
Sample Ball size ) . .
volume weight | waight Rotation speed 300 rpm
a 10 mm Treatment time 1 FEEfE]
b 80 ml 10mm&3mm | 9.12¢g | 91.2¢g Ball material Zr0O,
c 5 mm Filling ratio of ball 20%
d 10 mm ball : sample (weight ratio) 10:1
e 500ml | 10mm&3mm | 57.0g | 570 g
f 5 mm . R} ~
: D AL 2L Je O T D F & 2L 2 MERE S
g As received

HAp RO IBEB 2 DWW CTHRE 217 - 72
FERbR R E LT, HlRoe Fax s 7,84 1
SR RSP LS, 10t.15120901) % Fv 7z
EER-ILINVIZET Va7 EY MIZDUL
= T7ER—- VRV Ry FER, R—)
BIEE LI, AH 7 - I VISR 212
w7 FHL-R—VoRIdfERET ARy b
DEED IO OEMEIZ R B L) ITEE LT
ZL T, HAp HIAZ R— VEED 105D 1 %
FELTHEALL CThzEER—-LI N
(pulverisettle5, Fritsch #) |Z°C 300 rpm T 1 ¥
MXT 7 r IH VB EFTN, AH )X I H )
WL % O HAp #3182 51l L 72 %%, F&#hls
Fy7—=7 )7L A (TB-50H-D, NPa ¥ A7
L8 R, —EiERE L b0 v T
VE— R A 7 OB I X o TIMBERE: % 7
L7, HAp MAD X 5 7 4 3 71 VLB R 4

720K X #ElrEE (RINT1000, #R
SV A7) G CHEPEILL D) X
i3y = OMERE L7z,

it %

B R

KD HAp Btk & K& TRAD ) r 30
VALER % 4T 5 72 HAp B3 A O X AT 12 & %
V=2 %2R, AH 4 3 IVALERZ X
D, BEHTY = 2 EREA L. S hEx )
X H VAL X ) HAp D& faEDME { 72 o
7ol EZoNDL. F72, X312 HAp 5
D ¢ HOFAEMEE a 7O PElE TH - 72X % 7R
L7z, RUEBEOfEE 1 & LT, RIZfr<i
EcHIZXHT 5 allDEENE L e>TWnAET
EXIRL TV 5.

BHAMET AT 40 37 VLI % 47 - 7230k &
R EHN ~ A 7 TPz BGT L7z & & ofnEk
DOFF K4 1TRT. b~ A 7 T e
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Fig.2 XRD results of mechano-chemical treated powders.
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Fig. 3 Half bandwidth relationship between a plane and
¢ plane after mechano-chemical treatment.
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Fig. 4 Microwave absorption properties of mechano-
chemical treated powders.

R o 72 EHE R LB O U8 T A RS B 1
170°C/min, f i 1L 277°C I2E L 72, — /T,
AF1 7 I WAL AT o 7o BRHI AL B S 412
L5679, <A 7 aEmBGEEIIIRT L, &R
FEd A ® Am L 72508 T 210°C £ TL A b8
blripolz.

SRIORERIIK T HELZE LT, FEEBED
Yifr, HAp #ebf& N &K~ 4 70
WIMBUZ X > TEPMITIME S DAY, 5 5%
HENERTd 5 72 DVEEABLBES 37128 E T
BENHT D, —HAHD I VI Z L
7o RHE, REREEATED & THERICHEL
TSRS RICHED L, SR E Thgs
A ANZBLEE L 72720 [F U J1C b L
KFLzEZEZ26N5.

SROBFIZE Y, HAp BHEIZ A H /7 3
B VIR 2479 & &2 X 0 i O E A Tl
BL7z. BRXBEFTOKELL, 207
IHNVIBELELTH S LT (002) 1 (cTH) 12
9% (300) W (all) OFHEIEOE SO
MR SN, ThidathFmofalhdc
G OREG DT AFRA 280, a BT O S
MU a AL KB L7272 TH 5.

T2, A7 aPEMBROER»S, 27
I A VAL % AT o 7o BURHI AR ECE X D B
BAFEIME T35 2 & 2FER L. SHUE A D
3 VALERZ X o T HAp O S 23 3E
AT LT, NEORESEKD T LBLHEL 9
{Zeolz720, HAp HIRIZIME S e 220 72
LEZHNA.

S Wk

[1] SELUERSZEESERAMNIIJE £ > & — website, VOC #F
Wk ST A F—RffED 5 F - 5Pk £ T—,
http://create.iri-tokyo.jp/results/vocguide/index.html

[2] Ripamonti U., Osteoinduction in porous hydroxyapatite
implanted in heterotopic sites of different animal
models, Biomaterials, 17 (1996) 31-35. DOI: 10.1016/
0142-9612(96)80752-6

[3] Deligianni D.D., Katsala N.D., Koutsoukos P.G.,
Missirlis Y.F., Effect of surface roughness of hydro-
xyapatite on human bone marrow cell adhesion, pro-
liferation, differentiation and detachment strength,
Biomaterials, 22 (2000) 87-96. DOI: 10.1016/S0142-
9612(00)00174-5

[4] ¥ TENVT 7 ARNSNA T T I v 7 AME
New glass/ =2 —#'7 A7 +—F & [ffi], 24 (2009)
15-21.
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2012-55125(2012.3.12), F§7F45 5994079 75 (2016.9.2).
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H4 8B F &k R

198 - BA ¥ —%%

CEEESER, WN 005, B AET,
B, B #, "HAp MRS OEWIZ X
B A 7 PRI~ O B, 5 2 [
BRE a7 TR Y YR YT L (%
HRILFERY, 201745 A 11 H).

. Iwasaki R., Nishikawa H., Fuji M., Shirai T.,
“Effects of Surface Condition of HAp Powders
on Microwave Absorption Behavior and Its
Catalysis Properties”, The 12th Pacific Rim
Conference on Ceramic and Glass Technology
(7 AUA NT A, 201745 A 2126 H).
Al SER, T EYE, B, "HAp K5k
BEOBENIZ L L~ A 7 0 ERIEEE~O
WHET, ESARHAYT Iy 7 AR
XHE RS T T I A PRGES (FRR,
2017 4 6 H 29-30 H).

LR BE, W) it Rk, E
FIH %, “IMETICBT2KEBT 785 4 b
DOREEZALE T VW IVAEREE", HALT
IV 7 AME WIORMKFET KT T L
(SRl 2017 429 A 19-21 H).

CEW sER, T EE, GE B, ik ARk
P 2, “FEWFRIZ X 5 HAp ~ 1 7 Tk
WA~ D, HARY T I v 7 AHe

o, Y

10.
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E3MEMFL v RY YL (LLER 9 A
19-21 H).

¥, & ORE, SR, WAL,
H3E #, “EEEANA Fax o788 4 b
% 272 VOC 7 A 53 iR 2 FLB il DR &
FOREMEEM, AL vy AHE 6
30 FkFEY VAR Y 7 A (LR, 2017 459
H19-21 H).

HEOEYR, W K, SE T, TG
HIE 2, “Bra 2 RS 2 O KER{L T
INF AN OEEK R, HARE T
IV AWE EI0RKFES CRITLA
(fTHEl, 9 A 19-21 H).

¥, & ORE, B EE, WG,
HIE 2, “EiEEANS FaF o 788 4 b
% 72 VOC 7 A 53 2 FLR il O 1R &
Z ORI, HAYLT I v 7 Aths
WA gE S R (A, 2017 4F 12
HoH).
ANARCSEEE, 9 e, IR, TEI IR OL,
FHt #, "HAp/TIO2 AR T OER & Z D
BT, BAYT I v 7 AHE WilEEy:
rtgesE e (FMIL, 2017412 H 9 H).
AR KE, W B, Rk, ¥ BT
HIt 2, “MBTICB T KBET7 /8% 14+
D & FFAM K Y VOC 7 A iR 258", HAR
I Iy o RAHE WIS E
& (FME, 12 H9H).
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Theoretical Study of Long-Range Attractive Interactions
between Solvophobic Surfaces in Liquid Media

F7e18#% Research leader: Y%$

VAl

Hiroyuki SHINTO
TN N 2 5 € S

Faculty of Engineering, Fukuoka University, Professor
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Wik
AFZETIE, B Fy I 2 b= 3y L0 QEPITFERROBEEIBEEER (DFT) 2w T

A OB T A 2 8 < REREEVED 1) & BERAT L 72

T DRER, 7NV 7 AR OB YIRS

DBETES I OFEHEREIZ D X ) ICHET L0025 L7z,

ABSTRACT

In the present research project, the long-range attractive interactions between solvophobic surfaces in liquid

media were studied by the density functional theory (DFT) for inhomogeneous fluids, which is

computationally very efficient compared with molecular simulations. The results from our DFT calculations

have revealed the relationship between the onset point of solvophobic attraction and the thermodynamic state

of a bulk liquid.

MREEECBRY

WA DORLF DEE - 4 & UM - Bias
DOHRIF, TETar 2Ah TR RSN 720,
C DOEHFTdH B hT /AR T O ot &
EREE N EBRREST LI LI dMOTEREE L
L. 1980 FRH5HICESL T T, KM
HERE (SFA) &IRFHBEMEE (AFM) %
HAw-EEEN, BLOhTFyIal—var
e &R V- HERBET O TIZ LT, fErD
BWCR (B, FEEER, &9 7% &N
fift) TOFEMHIREE & FHHE D ORI 7 =

AXEHF LNV THL R R > TE L
L, VAR OBUEIEZ IR B < REEREMET 1)
DEIFIZOVTIL, £ < OFEER - BRRFEE 2
LBBINIHEDL T, RIZITHRMEN 2 THEIC
EE-s TR, INETOERZEIZLD,
(BRG] &, 7/ A= bMVH A 2D
SAADZEFEIZ L 57 \\Wi5])7 T, van der Waals JJ
L0 L EHEE (B 10nm) TEH LS N
TWwWa,
KIFZETIE, ¥ 3Ial—varkhdiE
PICETER R OB WEEINE Y (DFT) %
WMEGHISRIZHEA L, 23V 7 R0 B IR RE
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DBREIET 1 OFEBHPREI & D X ) 1THET 5
D5,z L7

W% A&

1. EFNV%

LIRS L9, BEMEH 208N 722 D
OREMREET R 4) ORI, WRIKED S
FHEMADPFEET 7% F 2 5. 5T EMHELER
F1 T Bl €57V & LT, Lennard-Jones
(L) KFrrvw

oG]

MW/, 22T, o3 FIERE, e IXMHEALE
HIZANF =2 RFINT A= TH), v |
T 7 HHEr =50 LRE L7z, S F - BRI O
HAEH I & LT, Steele (10-4-3) K72 v )b

2(a\" (o} of (2)
y/(z)=2758){|:?(;) _(?) _m}

W/, 2T, z BRSSO FOFEE
PREE, I IHBEERL, A=a/ V2 ThH5A.

2. AH—REOFEENHEI G (DFT)

M 1R L72RICBWT, 2 BEmEIEAMEN B
WTBY, 2 BEEM OB NIV 7 ik & il
LTWBENETAH. TOL)RATIE, BE
T, KV, BEXOLFERT VX v uhi—5%E
D7y R = HIVERE LT, BEHE & W

Fig. 1 Model system for DFT calculation.

I IR ZEE N DGR Z R/ Z XL v, DFTIZB
WTC, ZO&) Ay —iEkDrT Y FRTF Y
Tl QiE, HIBRZEMANOAMEr 2B 5
FTEE p(r) OPLRAELIZ L » TRk S % -

Qm@n=Fm@n+th@HKMﬂ—M (3)

ZZT, Veu(r) (SHIBRZE N OALE v IE7ET
BTN AR T Vv v (T — [k
BAHEERART v v V) 2FET. Flp)] i,
ANV LRIV HHZ AV F—

Flp(r)] = Fryp(r);d]
+ L [[arar pope) @ (rep @
RT. Fulp)d] (X R AEK (hard sphere) ¥t

RO BB T AV F —ILBIE, d 1ZEVFEROELE,
Oy(|r)) 1373 F D 2 REAHEAEHIZ BT 5517

HAEFET, 22T, ZoF|HHEELT
-, r<r,=2Y%
q)att(r): 40(7"), }’mS}"S}’C (5)
0, r.<r

DED)BLIAT Y v VIZHEBL L 72 Weeks-
Chandler-Andersen (WCA) K7 >~ ¥ ¥ V% H
W5, ARBFFETIE, Tarazona 5|2 X % weighted
density approximation (WDA) % 36 & L 72 DFT
% H\vy72 (Tarazona P., 1985a, 1985b; Tarazona P.
etal,, 1987 ; HH 754, 2016).

B 5T IREE 1 & % HIBRZE B NTRAA D J5)
FrgE7Ta 774 Vpr)ix, 3 3) o7~
RART 2 v Qpr)] 255/, $Thbb

9Q[p(r)]
RVl P
5 p(r) (6)

ERDBENITRDENE. TD XD B FEIREE
DTTYRRT YT v Qlpm)] i, FDOH
HIAVF—L—3§5.

B 128 L7z RISk % DFT &, BEM I TE
B 72 (18 z DRIAKAE T 2 JRFTR I p(z) & A
LA RIeEE LT, EA ks s, Hi
H 72V EEn 72 BETR 128 < BT THAE 72 )
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Fig. 2 The Lennard-Jones phase diagram in the 7-p
plane.

B, $hbBET) P(H) %

Prei(H) = Po(H) = P() (7)
WL oTRDz. 22T
L tH dVe(2)
Pa(H)==— [ dz p(z) =25 (8)
Vo) =p(2) +w(H ~2) ©

Thb. BEHMOEHEMEERINL, AFET
ZEBEIN TV,
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BETH ] O TR & il L T % N0 7 GiEfk o 2
TIFRIREE & LC, R ALAARRT 6 12 d 2k
IR E L7z, RIFZETIE, mE%E T* (=kgTle)
=08 & E L, #E Z gt (FPound)
=0.803-0.820 D #iF TEIL S 72 (M2 22
). BHEL y=01 LZETHIEICEST,
B PE O BETH % R L 72

I

B R

L. A o BEE R O AER )
3RT LI, 2Nk L PEIRRELC
H B HIRZEENEAE B L OSEO 7T 2 FRT
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Fig. 3 Grand potentials of the confined liquid (filled
circles) and the confined gas (open circle) in
equilibrium with the bulk liquid (7* = 0.8, p*,u =
0.805) as a function of the separation distance
between two solvophobic plates (y = 0.1).

YYv )k, BERIMEREECN L C, ehenat
BL7, DWW I U FRTF v Ivx bz
HIREE (AT 721350E) BEBSNS. o
728, HIBRZEMNOTMAKIE, H*>582 TIEN
VoM EF CRIREER & 528, H¥<582C
TERRIRER L D EZOND.
FROEZIZLY, WA BIT 5B MR
HHEOMELEH D O#E, 4D X HiZh5 2
bNb. H+*>582 OFEIECIXFREM I 0
THAHH, H<582 CIXZEBEIIAEIIIHT
Hotz. ZOFITISEENEEH*=5821281F 5%
HIRZEM N DA B L RO EESA DS, X
5THALH. HIRZEENOBAR, BUK RO
EEETE, BRWHEHEEYRL TWh720, B
HEEH 2 HIE LN ThwEbDEEZ NS,

2. BRRYES ) D FE B

B 6 2, BREMES [ OFEAMEE & NV 7 ik
DEEOMBRERT. 7NV 7RO EDSET
5, TRbbNIV 7 EEOBIIFEIIRED
AR T A 12O T, BUiET 1) D%
A FBED R C e o 7z



Hosokawa Powder Technology Foundation ANNUAL REPORT No.25(2017) 67-70

Research Grant Report

0.01 e
0r ® o000 B
-0.01 - -
A H i
-0.02 - b

0-0—-0—0—-0—0-0—-0—-0-O0—-AD
-0.03 - b
20.04 P R B SN R
0 20 40 60 80 100
v

Fig. 4 Solvent-induced force between two solvophobic
plates (y =0.1) immersed in the bulk liquid (7* =
0.8, p*pux = 0.805) as a function of the separation

distance.
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Fig. 5 Density profiles of the liquid (upper panel) and
the gas (the lower panel) confined within two
solvophobic plates (y = 0.1) of H* = 58.2 immersed
in bulk liquid (7* = 0.8, p*,,; = 0.805).
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Fig. 6 The separation distance for the capillary-induced
phase transition of the liquid (7* = 0.8) confined
within two solvophobic plates (y = 0.1) as a function
of the density of bulk liquid.
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Wik
I E S TR EROZILEER (MiERE) (CBI72 A7) — (i1 > 7) EafiorEy
AT = AL EPIZS 57280, RRESIEIERN & L — =L EHll 2 vz A7) —ialEH

BOZFOWYr v v rifiol:. BMEBURILDO O DEEDLIUVEREE R IZINIT TIE, #EE
BB IC BT 2WEREN YA F I v 7 A%IERL, FREHFEZRETLIZ LA THLLEZD
N5, REFZETIE, MBEICHKE R~ 7 0BElE A7 R ERIEPTRHC & b filui 1 >
HROF ) pER T ORERZFMME L 2. T2, L= —EMEHINC X 0 B0 RERIRAE & 3R L 72
INLOFEBFEHI S AT LA BET LT LI2XY), GRS R TIREOMBREHS 2T 5720
DYy IEMEREL, EHRS (D—KRYROT A4 ~—) OGHEE®ZEZ -1 >~
7 OFHA, FFii & AT o 72,

ABSTRACT

A measurement system of the high-frequency resistance (HFR) and drying surface displacement of catalyst
inks (slurries) under the drying process, which is to fabricate catalyst layer of polymer electrolyte fuel cells,
was constructed and the measurement of the catalyst inks with the different ionomer to carbon (I/C) ratio
were demonstrated. A self-made four-terminal micro-electrodes chip was fabricated and used for the HFR
measurement. The drying surface displacement measurement was also conducted at the same time by using a
laser displacement meter. The catalyst ink with lower I/C showed larger resistance at the beginning of the
drying because proton concentration in the ink is low. The lower I/C inks also showed drastic resistance drop
at the earlier time. Both the resistance decrease and film thickness decrease of the higher I/C ink occurred at

the same time. This result indicates that I/C ratio affect the stability of the catalyst ink.
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Fig. 1 Schematic of the experimental setup.
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Table 1 Catalyst ink recipe.

Substance A Substance B Weight ratio (A/B)
Tonomer Carbon 0.2,0.4,0.6,0.8
Carbon Overall 0.036

1-Propanol Water 0.8
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Fig. 2 Resistance variation of the catalyst inks with
different I/C during the drying process.
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Fig. 3 In-situ simultaneous measurement of resistance

and displacement of the catalyst ink.
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ABSTRACT

Spherical crystallization enables the fusion of pharmaceutical downstream manufacturing process by direct
preparation of crystal agglomerates of active pharmaceutical ingredients (APIs) with improved crystal
handling properties, the concept of which is suitable for effective pharmaceutical manufacturing. However,
batch operation for spherical crystallization would be difficult to optimize the scale-up for large scale
production because the phenomenon of spherical crystallization is complicated compared with conventional
crystallization. The continuous spherical crystallization of salbutamol sulfate and fenofibrate as a model API
was developed using a mixed-suspension, mixed-product removal (MSMPR) crystallizer. We demonstrated
the continuous spherical crystallization of salbutamol sulfate and fenofibrate using MSMPR and the
continuous production over 24 h. The controlling process conditions such as residence time during
crystallization affected the characterization of spherical agglomeration of APIs. In the case of water soluble
APIs such as salbutamol sulfate, the use of a large amount of organic solvent (antisolvent) would be issue for
commercial production. The application of a solvent recycling system for reuse of the antisolvent in the
single-stage MSMPR crystallizer was also demonstrated. In the MSMPR crystallizer, 90% of the mother
liquor was recycled during the continuous spherical crystallization of salbutamol sulfate by optimizing the
rate of each stream.
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Fig. 1 Effect of the residence time on the properties of spherical crystals in MSMPR. (a) Mean chord length monitored
using FBRM. (b) SEM images of the salbutamol sulfate crystals (Tahara K. et al., 2015).
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Fig.2 MSMPR crystallizer with solvent recycle system
for continuous spherical crystallization of
salbutamol sulfate (Tahara K. et al., 2015).
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ABSTRACT

Fast oxygen (O,) reduction at high positive potential is essential to obtain effective green energy conversion
systems. Here, in an attempt to develop a desirable O, reduction biocathode for fuel cells using laccase (Lac),
we modify the surface of single-walled carbon nanotubes (SWCNTs) with various biosurfactants (SC: sodium
cholate, SD: sodium deoxycholate, CHAPS: 3-[(3-cholamidopropyl)dimethylammonio]propanesulfonate,
BIGCHAP: N,N-bis(3-D-gluconamidopropyl)cholamide) to obtain fast direct electron transfer from the
SWCNTs to Lac, resulting in O, reduction starting from a potential close to the redox equilibrium potential of
the oxygen/water couple. Heterogeneous direct electron transfer reaction was reached to 3000 s™' of the T1
Cu site of Lac with a SC-SWCNT interface, and that the electron transfer rate is very sensitive to the side-
chain structure of the steroid-type biosurfactant. The k° of Lac adsorbed on SC-SWCNTSs is more than 10
times larger than that on SD-SWCNTs. The investigation using CHAPS- and BIGCHAP-SWCNT electrodes
also indicated that the side chain has an important role in directing Lac molecular orientation, which

influences direct electron transfer of Lac with SWCNTs.
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Fig. 1 SEM images of SWCNTs on a gold electrode.
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Fig.2 TEM images of SWCNTs on a gold electrode.
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Table 1 Estimated parameters from experiments and
simulation.
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None 2.50 0.50 500

SC 4.12 0.50 5000
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BIGCHAP 0.19 0.50 600
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ABSTRACT
Enhancement of the effective thermal conductivity of the packed bed was studied by making bridges of high

thermal conductive material between particles. The advantage of this method is the effect of the thermal
additive on the gas permeability of packed bed can be reduced. As a preliminary investigation, heat transfer
enhancement of packed bed of spherical alumina particles was studied. As a result, the effective thermal
conductivity was increased by about 5 times as high as that of the original non-treated packed bed. Pressure
drop on introduction of airflow was increased by only 20% as high as that of the non-treated packed bed. This
result implies that effect of heat transfer enhancement on the gas permeability is relatively small. Effect of the
bridge between particles on the heat transfer was numerically studied. As the simplest case, heat transfer
between two particles in contact was studied. Based on the results, heat transfer rate between the particles was
considerably improved by the bridge with the small volume fraction. Comparing between experiments and
calculations, increase in the density of the bridge is essential for the further improvement of the effective

thermal conductivity.
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Fig. 1 Concept of the heat transfer enhancement in

packed bed by making bridge between particles.
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Fig. 2 Schematic of the calculation: (a) computational

domain (b) typical numerical grid.
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Fig. 4 Effect of volume fraction of VGCF on the
effective thermal conductivity.
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Fig. 5 Effect of volume fraction of VGCF on the

pressure drop of the airflow.
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conductivity.
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FAEOWIRIRIZL 7 &1 & 2 WERBE COEFEREOZLIE, RMOEEEY A VA, L) biT,
BEIA TV Wy A )V A, SARS (FEIESVENIZHEREEE) < MERS (W IR ZHERER) o
OF A NVA, ST VTRV N IANALGEDEERZL /5L TEBY, TN5DOEGELR%
FIRNZBS < 7230 O RGH 72 B B M AT O B S AT R 2 BB O E e 5> T . E512, /1
TANVARKEGR 0157, FIVELR TR % EOREMEMEIC X L @ERE S HEICEELTBY,
NS OEBEMRBHM OB L RO SN TS, KIFFETIE, DCT7— 27 WEICE VIERL 25
77 74 NMEBEE T MR O RELASE, B L OPUREEL L 2R T RIS & B KA
ANV ARHE OMEREMRIBICEAT 2R ZT) L b, TVATyTDCT—27NEICLLT
I HBEHE T T R A OB RIS 2 EERE T 72O TENS OFf
BIZOWTHET 5.

ABSTRACT

Various global changes in the life environments, such as global warming, are now bringing about an outbreak
due to unknown infectious viruses, such as new type influenza virus, SARS (Severe Acute Respiratory
Syndrome), MERS (Middle East Respiratory Syndrome) corona virus, and Dengue or Zika virus, etc., which
have been urgent global issues to develop their rapid detection techniques to prevent a spread of infection
beforehand. Furthermore, health damages caused by norovirus, E. coli 0157, and Salmonella bacteria have
been frequently occurring, therefore, it is also demanded to develop their rapid detection methods for
establishing safe and secure food society. In this study, we report recent experimental results of surface
functionalization of graphite-encapsulated metal nanoparticles fabricated by DC arc discharge and the highly-
sensitive detection of various viruses and bacteria using antibody-immobilized magnetic nanoparticles. We
also present the results on highly-sensitive Cu ion detection from aqueous solution by using amino-

functionalized Au nanoparticles prepared by one-step DC arc discharge.
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Fig. 1 Schematic drawings of DC arc discharge device!?.
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Fig. 2 High-resolution TEM images of graphite-
encapsulated iron composite nanoparticles!..
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Fig. 3 The size distributions of nanoparticle diameter
and shell thickness of the samples synthesized with
different concentrations of CH,"!.
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Fig. 5 Quantification of amino groups on graphite-
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Fig. 7 Illustration of virus condensation by antibody-immobilized magnetic nanoparticles'”’.
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Fig. 8 Detection of genomic RNA in Dengue virus
adsorbed onto the antibody-immobilized magnetic
nanoparticles; SP: supernatant, BD: beads fraction,
Mock: uninfected medium, and DENV1-4:
infected samples with DENV serotype 1-4,

respectively!’l.
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Fig. 10 Dispersion properties of the graphite-encapsulated
gold nanoparticles prepared with various ratios of
NHj; in ethanol; (a) right after ultrasonication, and
(b) 1 month after ultrasonication™”.

Absorption intensity
decreased by segregation
of Au@G NPs

Step 3

)

Step 2
Cu?" ion solution
10~500 nM

Precipitation of
Au@G NPs due to
formation of Cu ions
complexes

Chelation action:

Au@G-NH,
ﬁ?‘f

Cu(OH,)* Au@G NH,-Cu(OH,) **

— g

Fig. 11

[llustrative drawing of Cu ion concentration analysis using colorimetric detection method.

— 94—



Hosokawa Powder Technology Foundation ANNUAL REPORT No.25(2017) 89-98

Research Grant Report

(@)

0.8 SSTIm

blank

[Cu*"] (nM)

>

Absorbance

0.24

040:] T T T T T
500 600 700 800 900 1000
Wavelength (nm)
(b)
i 1000()%0 nM
gl
x Attt
= 08 /
< g
=
ﬁ "7 i/ 0 500 1M
<
|¥ 04 / 0.8 l",
E: 06
) .
s 0.2 - / 04 -
0.2 >
ol 9mM i/i o e R“=0.9966
10 b 2.0 4.5

T T T T T T
2 3 4 3

1
Log (Cu*" concentration/nM)

Fig. 12 (a) Absorbance responses of amino-functionalized
gold nanoparticles toward various concentrations
of Cu," ions and (b) plot of absorbance ratio
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Preparation of Rare-Earth Activated Nanocrystal Ink with

Magneto-Optical Properties
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Europium sulfide (EuS) J / #& & (Al 8 17 & (23850 O M #iR L 72 4f 81 H0E & Fe o etk P8 ik
D—DThb. ZOAMPENPS SdMENDETERIL, YO OBSGEHIC L ) ERZ#EAO0
Fhet (eg. 77 77 —%R) AR L, HETIIZORENRE ML F 1) 7 4 WELWHG
TAVL=FICHNOIERDPEL > T b, BEXOEFRIRIE T 7 7 7 —WEHOWEME & AFEIZE S
WEONFEER L - THBT 5720, .G E R DHMEA 4 2 OBREE (ex. fiifhds) RET
PRI sE ARFE L 728D REEBSINRE S LA . AR TP EIZ K & 25T AR % 7R T EuS
xR L FN L EREER T BT Calcium sulfide (CaS) Hidh & FV 728 LW RREILOMET 2479 .
FEREH L TR & OGRS R F50 Bu™ 1RO ZILICHUR %% 5d BFELE Z FiH K& 250t
FRIR AT DRMEA 4 2 L LTHISNT WA, 20 Eu®* & #EEH.012 L 72 Eus-CaS O # i [
R ORI R R L B A AR ET G b7 R EGET T Re e 2 . C
CCTIRERGHEAICFIOL L B It E A G 28 L F o) 7 1 WHEOKE 217> 72.

ABSTRACT

Europium sulfide nanocrystals are magneto-optical semiconductors with degenerate 4f orbitals between
conduction band (5d orbitals of europium) and valence band (3p orbitals of sulfur). They are well known to
induce large magneto-optical effect (i.e., Faraday rotation) by optical electron transition from 4f to 5d orbitals
under magnetic field and expected to be used as materials for visible-light security ink of next generation. In
this study, we synthesized luminescent Eu®"-included CaS nanocrystals to investigate the effects on magneto-

optical properties using nanosized EuS-CaS crystal field at the first time.

_99_
Copyright © 2018 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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Magnetooptic nano-ink using europium
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@Photoluminescence

@ Rotation of
polarization plane
(Faraday effect)

Fig. 1 Application of magneto-optic ink.
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Fig. 2 XRD spectra of Eu,Ca;_,S nanocrystals. a) EuS,
b) Eug75Ca0.25S, ¢) Eugs0Cags50S, d) Eugas CagzsS
and e) EU0.03C30‘97S.
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Fig. 3 MCD(magnetic circular dichroism) and

absorbance spectra of Eu,Ca,_,S nanocrystals: a)
EuS, b)Eug 75 Cag.25S, ¢)Bug 50 Cag.50S, d)
Eug25Cag 75S and €) Eug 03Cag97S.
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Fig. 4 TEM images of Eu,Ca, ,S nanocrystals. a) EuS, b) Eug75CagsS, ¢) Eugs50Cags0S, d) Eugas Cag7sS, )
Eug 03Cag97S and f) Appearance of luminescent Eug g3Cag 7S nanocrystals.
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Fig. 5 Photoluminescence and excitation spectra of
Eug 03Cag o7S.
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ABSTRACT

Small bodies in the Solar System are composed of granular materials such as dust and collisional debris. They
have experienced accumulation and destruction due to collision. The most porous small bodies at present
have porosity higher than 80% and it could have been even higher in the earlier stage. Granular layer at the
impact point is compacted due to compression. On the other hand, porosity of the location far from the impact
point can also change by fluidization due to collision-induced vibration. In this study, uniaxial pressure was
applied to the granular layers of different constituent particles and the change of porosity was investigated. As
a result, it was shown that there was a pressure range where the initial porosity was kept almost constant, and
above that, the porosity decreased with increasing pressure. This threshold was taken as the “yield strength”
of the granule layer, and the average force acting between the individual particles was estimated. This force
took a value between the theoretical values of rolling frictional force and sliding frictional force acting
between particles. In addition, it was shown that particles with smaller sliding friction force tended to be

compressed more easily.
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Table 1 Property of powder.
Name Particle density Particle shape Material Median diameter dgs/d15
(g/em’) (um)

A6 5 3.9 irregular Al,O; 6.5 2.3
AlS 39 15 1.7
A23 4.0 23 1.7

Sbl 7 2.2 spherical Si0O, 1.7 2.8

Fa4 8 2.0 fly ash 4.8 7.1
Gb18 2.5 glass 18 1.4
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Fig. 1 Compression curve of silica spheres (Sb 1 7).

The cross mark is the result obtained by using
weight, and the curve shows the result obtained by
using the compression testing machine (adopted

from Omura and Nakamura, 2017).

i

B R

B 1S, WERSROB () hERoLE) %
RY. TEY—ZIFEL, BUEREREE W
TEMERE RS, B DEHEEBICNT L2
DOFFICLHMEL, EONICELRSL I EAVR
ENsz. TRTCOBET, HDETF TIEZER
FXFIFZ—ET, TOENEHZ L ETAN A
DHIEDRENT., £ T, WIMZERED
98% D ZEMZRIZ 7 o 12 & & DIEST % [ FEARTREE |
MR E L7 BHENTHZ EIZLk -T2
BREAEALT 2 DL, SRl OFEERO T TIHH T
X, KR ORREICHS EER SN, K
TOFEE, RFEICE DA, RTrEo 2
AN B3R B A L &I
Z%. S0 [FBEREE] I2B8WT, R
i PO NRETE L, FFEIZEH A
BEYET)

Fion =6my¢ (1)
BXU, 30 EE)

G'a?
F. =
= @)

EHBLIzEZ A, EOFRFHIOWTH ZFDRH

DETHD I EDRENT. Thbh, NTE
O [FERGREE | IRREIZ B B R T334,
OV IEEIID 1~ 100 5, TN EET O
0.004 ~ 01 BERETH L Z Vb rolz. 72
7ZL, X (1), 2 ZHWwIZHoT, K
WA IREL, yIRTORB T ANLTF—, &
IR A 250 247, G* 1E, s
Thb. RWIFETIX, RFEZHHY LR, K
T OBMPE a &% L v EARGE L 7z DO

72, BREEX Y REZRIENICBIT A1
oz, (2) NORTFH T BEEI /NS
WIZERE LS (DF Y, RFRHTRD ERE
TDVRNZVIT EEHE LR TV &) DR
aniz:.

EiEis
ARRZEIE, FHI 2SI ST B SR 5 B R
ZeHT - BE A ERER O IE, BLU, &k
V7 AR AR B ZE B R (15116) &
REnfge®: (25400453) 12X D75 72,

S Wk

[1] Goodrich C.A., Hartmann W.K., O’Brien D.P.,
Weidenschilling S.J., Wilson L., Michel P., Jutzi M.,
Origin and history of ureilitic material in the solar sys-
tem: The view from asteroid 2008 TC3 and the Almahata
Sitta meteorite, Meteoritics & Planetary Science, 50
(2015) 782-809. DOI: 10.1111/maps.12401

[2] Consolmagno G.J., Britt D.T., Macke R.J., The signifi-
cance of meteorite density and porosity, Chemie der
Erde—Geochemistry, 68 (2008) 1-29. DOI: 10.1016/j.
chemer.2008.01.003

[3] Yasui M., Arakawa M., Compaction experiments on
ice-silica particle mixtures: Implication for residual
porosity of small icy bodies, Journal of Geophysical
Research: Planets, 114 (2009) E09004. DOI:
10.1029/2009JE003374

[4] Schripler R., Blum J., von Borstel 1., Giittler C., The
stratification of regolith on celestial objects, Icarus, 257
(2015) 33-46. DOI: 10.1016/j.icarus.2015.04.033

[5] Jutzi M., Michel P., Hiraoka K., Nakamura A.M., Benz
W., Numerical simulations of impacts involving porous
bodies: II. Comparison with laboratory experiments,
Icarus, 201 (2009) 802-813. DOI: 10.1016/j.icarus.

-107 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.25(2017) 104-108

Research Grant Report

(6]

(7]

(8]

2009.01.018

Wiinnemann K., Collins G.S., Melosh H.J., A strain-
based porosity model for use in hydrocode simulations
of impacts and implications for transient crater growth
in porous targets, Icarus, 180 (2006) 514-527. DOI:
10.1016/j.icarus.2005.10.013

Miyamoto H., Yano H., Scheeres D.J., Abe S., Barnouin-
Jha O., Cheng A.F., Demura H., Gaskell R.W., Hirata
N., Ishiguro M., Michikami T., Nakamura A.M.,
Nakamura R., Saito J., Sasaki S., Regolith migration
and sorting on asteroid itokawa, Science, 316 (2007)
1011-1014. DOI: 10.1126/science. 1134390

Omura T., Nakamura A.M., Experimental study on

compression property of regolith analogues, Planetary

H4 BB F & R R

1.

CORKT L, P IR

i L E &

Omura T., Nakamura A.M., “Experimental study
on compression property of regolith analogues”,
Planetary and Space Science, 149 (2017) 14-22.
DOI: 10.1016/j.pss.2017.08.003

88 - BA ¥ —%%

Omura T., Nakamura A.M., “Experimental study
on compression property of regolith analogues”,
The 9th meeting on Cosmic Dust, Tohoku Univ.
(Sendai, Aug 15-19, 2016). (poster)

CENERIZLL L
T) AR RFEEENOWITR", HAREFR
FR 2016 KFRHE S, / — MV ALK

[10]

(1]

- 108 —

and Space Science, 149 (2017) 14-22. DOI: 10.1016/j.
Ppss.2017.08.003

Duran J., Sands, Powders, and Grains: an Introduction
of Physics of Granular Materials. (Trans. Reisinger, A.)
Springer-Verlag, New York, 2000.

Johnson K.L., Kendall K., Roberts A.D., Surface ener-
gy and the contact of elastic solids, Proceedings of the
Royal Society of London A Mathematical and Physical
Sciences, 324 (1971) 301-313. DOI: 10.1098/rspa.
1971.0141

Dominik C., Tielens A.G.G.M., The physics of dust co-
agulation and the structure of dust aggregates in space,
The Astrophysical Journal, 480 (1997) 647-673.

FREH ) & ZR—)v ([T, 2016 49
A 12-14 H) . (18

RAY T, WA B, IREDIC X S B iR
DL B 2 FEERAUIFZE", H AW E]
FRE T2 MERRE, RBORFERF v v
XA (T, 3 1720 H, 2017). (R
AL —)

Nakamura A.M., Ogawa R., Omura T., Kiuchi
M., Suzuki A., Hasegawa S., “Regolith on iron
bodies”, Jp)GU-AGU Joing Meeting 2017, Makuhari
Messe (Chiba, May 20-25, 2017). (poster)
Nakamura A.M., Nagaoka H., Hasegawa S.,
“Fragmentation and consolidation of brittle
impactors due to high-velocity collisions with the
regolith”, 80th Annual Meeting of the Meteoritical
Society, Santa Fe (New Mexico, USA, July 23—
28,2017). (poster)



Hosokawa Powder Technology Foundation ANNUAL REPORT No.25(2017) 109112 /Doi:10.14356/hptf.15117

S
S TN DDA TSR DR S
EWE  Hosokawa Powder Technology Foundation ANNUALREPORT Vg iaY

F Sl R - 2 Fl O 72 BESRGE B AT B IS B9 % F2BRINIT7E

Experimental Study Simulating Dynamical Features
of Escape Panic Using Pt Catalytic Particles

W73 % Research leader: £ B Z Takahiko BAN
PN TN SN e e e S S R T

Graduate School of Engineering Science, Osaka University, Associate Professor

E-mail: ban@cheng.es.osaka-u.ac.jp

W 8k
HIEERN 20 ) EBME 2R 7 7 714 7~ 5 — OEB) M %2 i3 2 /52T 5. Pt
il 2 SR U727 VR 2 @IRALKFORPISE AT 5 &, ABAIZ TN HZEMIED T 5. Ag
IREEREAE T T, IEDELIEE, Po* IREARAFIET TIX, BOEMEEZRL. b0k
fetktsre 2 FIH 2 &, PSHZZH 2 5 OFRBBITE OB ER ¢ 2 & SMETHBMOH 5 )7
FTITH) T ENTES.

ABSTRACT

We have investigated a steering method to maintain the orientation of active matter that moves by
spontaneously breaking the symmetry in a homogenous field. When PVA gel particles loaded with Pt are
introduced in a hydrogen peroxide solution, they moves in different directions. In the presence of a
concentration gradient of Ag", they exhibit a positive chemotaxis, whereas in the presence of a concentration
gradient of Pb?*, they exhibit a negative chemotaxis. We utilize this chemotactic motion for safe, feasible and

reproducible methods to simulate the dynamical features of escape panic.
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Trajectories of gel particles loaded with Pt (a) in the absence of metal ion and (b) in the presence of the

concentration gradient of Ag" in 10 vol% hydrogen peroxide solution. A gel block containing 100 mM Ag" is

formed at distance of 15 mm from the center.
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Fig. 2 Trajectories of gel particles loaded with Pt in 10 vol% hydrogen peroxide solution containing (a) 0.50 mM, (b)

0.80 mM, and (c) 0.90 mM Pb*".
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Table 1 Velocity and effective diffusion coefficient of gel
particles loaded with Pt in the presence and absence
of the concentration gradient of Ag".

V [mm/s] D [mm?/s]
none 0.63 = 0.13 0.35 £ 0.14
Ag’ 0.61 = 0.11 0.37 = 0.14
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Fig. 3 Bifurcation of gel particles loaded with Pt in the

homogeneous concentration field of Pb*".
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W

KWFZE CIEBAERETH LI — K/ F2—7 (CNT) F % &5 BT C in-situ #7E L,
KNGS B FAf & B % L7z, ONT RENZKHEEZ KT 272912, NE=)LV7E b7 I FT
WL, SERFEHR TP TCOSEEE TR L. DX, BENRHEEREFAL, IE
TWROKRY) XY 7 )IVEEAT I (PMMA) AT E2WESE. INHOR) Y —ZV—771) —
FULEAICL ) AR L7:. REIBH L 72 CNT OKHIE & PMMA R T O EM EAEHIZ L 1 in-
situ W& AT O BRI D) L 72

EHICCONTHEERET TR T2 6N T A2 HEXRIEL, TN EL2FHNL72. CNT OFEmIZR
FRALFRIC X 0 BUKEERFS L7, COCNT EXRVYINMATZ )L —FE/—I2EYVE YA~
FITNVTa iR Ll ONTORBEWEICE VEEMK FO 4 X2/ L7 RUED
CNT % &/ ¥ —HIIHEETBE, CNTHNUHEEE S T2 6L, o7 ME%
EFrz I L7,

ABSTRACT

A technique for the in-situ adsorption of polymer particles on carbon nanotubes was developed. First, the
surfaces of carbon nanotubes (CNTs) were coated with poly(N-vinyl acetamide) (PNVA) to give them
hydrophilicity with good dispersion stability in water due to a steric effect between the hydration layers.
Second, the hydrophilic CNTs were covered with polymethyl methacrylate (PMMA) particles bearing
positive charges—synthesized using cationic initiator—through electrostatic interactions. These polymers
were prepared by soap-free emulsion polymerization. The in-situ adsorption of PMMA particles on surface
CNTs were attributed to the hydration layers of the modified CNTs, and electrostatic interactions between
PMMA particles and the modified CNTs.

A method for synthesizing composite polymer particles with CNTs was developed, and the particles’
mechanical properties were evaluated. The surfaces of CNTs were modified by acids to increase their
hydrophilicity. Then, a Pickering emulsion was formed using liquid benzyl methacrylate monomer and the
modified CNTs. The surface charge of the modified CNTs greatly influenced the surface coverage and size of
the composite particles. When untreated CNTs were added to the monomer phase, the mechanical properties
of the composite polymer particles were successfully improved because the incorporated CNTs worked well

as fillers.
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Fig. 1 Schematic representation of carbon nanotubes dispersed in water using polymer colloid.
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(a) MWCNTS: on surface of polymer particle

surface-active
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(b) MWCNT: on surface and inside of polymer particle
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L| ———>
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Fig. 2 Schematic diagrams of the syntheses of the composite polymer particles, which were classified into two types:
(a) MWCNTs on the particle surface, (b) MWCNTs inside and on the surface of the polymer particle.

Fig. 3 SEM image of CNT modified by PNVA and
PMMA and photo of its solution.
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Fig. 4 Transmissivities of the MWCNT colloids upon
each treatment at a wavelength of 300 nm before
and after the addition of potassium chloride.
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Table 1
particle evaluated by compaction testing.

Compressive modulus of each type of composite

MWCNTs | MWCNTs | MWCNTs

Sampl
APIC 1 (9=2.44%) | (0=52.1%) | (0=85.1%)

KIO

19-41
[kgf mm™]

74-138 198-368

Fig. 6 (a) SEM images of the surface morphology of the synthesized composite particles and

(b) optical microscope images of a cross section.
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Fig. 8 Morphologies of the composite particles observed by SEM and optical micrographs of the composite films:
(aanda’) 0=2.4% PBMA, (band b’) 6 = 52% PBMA.
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KL G EOBBREHOL NI TELLEEZOND.

ABSTRACT

During grinding operations, ball mills emit high levels of vibration and sound. The vibration and sound relate
to internal state and operation condition of mills. In this study, we develop a simulation model for operating
ball mills to characterize the relationship between the internal states and the vibration and sound of the mill.
The motion of the balls is calculated based on the discrete-element method. Simultaneously, collision force
between the balls and the mill wall are calculated. The collision force is used as the input for a vibration
analysis of the mill wall by the finite-element method. After that, assuming that there are many point sound
sources on the surface of the mill, radiated sound is calculated from the vibration of the mill wall. The model
can estimate the influence of operation condition on radiated sound and can clarify the relation between

internal state and radiated sound.
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Fig. 1 Voigt model.
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Fig. 3 Experimental equipment.

Table 1 Parameters for the DEM simulation.

Diameter [mm] 25.4
Ball Density [kg/m’] 7870
Number of Particle 175
Inner diameter [mm)] 250
Length [mm] 125

Vessel
Thickness [mm)] 4

Rotation speed [rpm] 26.7,53.5,80.3

Yaung’s Modulus [GPa] 205
Ball & | Poisson’s ratio 0.3
Vessel Coefficient of friction 0.4
Coefficient of restitution 0.23
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Fig. 7 Influence of particle diameter on radiated sound.
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Fig. 8 Influence of particle diameter on particle motion in rotation speed 90%.
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W

B EEZ 0] B &85 TR0 | DI/ RINER S 5. Lo L, wEiEm A = XA+
LN o TR, KIFZETIE, ZDORA N AL 2K 5720, EEIHEEEEOFREITEIC
FHHL, WAL L 2 ERFREH S 2508 kR BRI KIT TR LM Lz, FRFICE
41.4, 60.8 um, TROKL 121 8, 104 nm DKL Z V7. ERT LRI T2 E0E & TRA L
7 EtofEE Y HIE L, FRTOAOEAE LB L. FKRARMOWEIREL RS LA
FE2S SEM I K D2 L, WY 7 2L D 3RO SIEREA IS L7, BETofEE, Ik
BHE R O BN ERI R, EETEROLE L3RS 2,0 bz T2, IREHEN
BN IR & 2 B EIREEZ MG L 72 & 2 A, RMSTEAYY 0.1 pm, MO JEIAY 3.2 um Td
B ENREINT.

ABSTRACT

Particle flowability can be improved by admixing particles smaller than the main particles. However, the
mechanism by which this technique improves flowability has not yet fully understood. In the present study,
we focused on vibrating discharge particle flowability as one of the type of flowabilities, and we investigated
the effects of the main particle roughness created by adhesions of admixed particles on improving the
flowability. The main and admixed particles were 41.4, 60.8 um and 8, 104 nm in diameters, respectively. The
main and admixed particles were mixed for various mass ratios, and discharge particle flow rates for the
mixed particles were measured. We captured SEM images from 2 different directions and obtained
3-dimensional surface roughnesses by an image analysis software. We calculated RMS roughness values and
conducted Fourier Transform analysis for the obtained 3-dimensional surface roughness. As a result, the
improving trends of vibrating discharge particle flowability differed from those of compression particle
flowability. Furthermore, the main particle roughness conditions showing the most improvement were as

follows. RMS roughness value were around 0.1 pm and roughness wavelength were around 3.2 um.
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Fig. 1 A schematic view of experimental apparatus.
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Fig. 2 A example of three-deimensional SEM images (60.8 um—8 nm, 0.10 mass%, scale unit: pum).
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Fig. 3 Differences in discharge flow rate as a function of
mixing mass ratios.
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Fig. 4 A surface height profile obtained from a three-dimensional SEM image (60.8 pm—8 nm, 0.10 mass%).

0.8

0.6

04 r

RMS (um)

0 L L L L L L L
0.0 0.1 0.2 0.3 0.4

Mixing mass ratio, R_ (%)
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ABSTRACT

We have synthesized hybrid magnetic nanoparticle for future magnetic hyperthermia application. So far, there
has been a lot of reports concerning to magnetic nanoparticles covered with silica. Among almost all previous
reports, base has been used as the catalyst for hydrolysis of tetraethyl orthosilicate (TEOS). However, base
catalyst brings about a nucleophilic reaction to form monodispersed particles and porous bulk materials. On
the other hand, acid catalyst brings about an electrophilic reaction to form fiber, dense bulk or thin films.
Therefore, from the point of principal, acid catalyst is considered to be suitable. In this work, we synthesized
magnesium ferrite nanoparticles covered with silica thin layer. We have examined crystal structure,
microstructure, particle size distribution, chemical stability and hyperthermia properties of the hybrid

particles.
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MEE= BB

BENA 7= =37 (REVEE) BHAD
HEEOVDEDE LTHEREN TS, ZOH
HE IR OMRL T % DA OHEB L 20D
PRI L 72k, YHE0 O @R A ELn L 72
L EIZEET DBCTHAMBRE LR S5 HE
Th 5. IEFHAMRTIEEMIME ST AT
T 572D IME A B A E 3729, 43°C T
HDIEFMALIZIZEA LT A=V EZUT WIS,
MRAMIETIZZ O X9 2 BMIMESHEEL 2w
TROBAIZ H ) R T, 43°C B TH AR
WIEHT 5. BERNA 78— — I TIZHW B
PEARBR T I B EREISRO 5 s, 2,
HLER 2 & SSRGS & FIIN S % &g Ab LTI
BUZ X > TRET 05, KTk O %E 29
5 EEBICHALE ROERAN B ED L v
DTH D, BENA 78— — 3 7Lk T
W~ 745 A4~ (Fe;0,) & HW72WF9E ToHE
LC&7 (Moroz P. etal,2001). L»L, <7
8 A MBS O EHN 0§ 5 88 7S
K720, ZEOMKTILELRDLE V)R
K3 A (Tomitaka A. et al., 2011). ZALIZRFL
T, MUV HHACERNEEEET BT Y
AT xT4 N (MgFe,04) |8\ IEHGE Z IR
T EDHSNT WS (Maehara T. et al., 2005).
—J, MgFe,0, ik F1213KIZH 3 25T DR
DB S (Coskun M. and Korkmaz M., 2014) .
Z D728, MgFe,04 TAL T O 3T % A ARHAIE:
D AKICEBR L 22 ) 71 (Si0,) THZE L
7oA Ty FIR T OAERPELH I TW»
% (Setyawan H. et al., 2012). V) % J& O J5 ¥}
ELTWEA NN ABET M7 = F )V (TEOS)
BHWONE DS, ZONIKGED 720 Ofihill &
L CHEENLECHWSNTEZ, L, BErfit
% - 7236 ONIK 53 TSR BUG A
U % 72O\ ZHHEIR, B30 74K B L O R A
AT 5 DR L, B2 W 7235E o
IO B CIUIRAE BB A U B 7260 |2 B4 Bk
TR L VE DNV T BT 5 LS NT
2% (Buckley A.M. and Greenblatt M., 1994). =

DT L, B T ORI R ) THEL
7oA Ty NIRRT 2 AT A IS ER Al
FERMICET LW & 2RT. KifEoH
AV BRARAE: 2 BV CREVEROR T O K22 ) 7
WBAAT) FEAMELT AL 012, AL
INA Ty FRFOWEEZHO T 52 L
\Zdh 5.

M %" K &

MgFe,O, i ¥ F X M ~ 7 % ¥ 7 A
(Mg(NO3),"6H,0) & fil§ i #% (Fe(NOj3);-9H,0)
wFEEHZ A, 0.06 M O CHIE L 72 K5
W 7 JEURHLZ W 7 6 0 1 7% B 00 R T T A R
L7z, MgFe,O, Mk T-ASBHEA T 5720
RS TEZ 15Sam LN ICT 52082 H 5
(Vallejo-Fernandez G. et al., 2013) 728, AR5
TR TED9.6mm & 725 X )12, EHEE
IR B B A RGRE L 700°C & L7z (Das H.
etal, 2015). & L 72 MgFe,0, 80K T-1% 1 #
YK 1 BB E A BT A 2 8 T
B S 72, FB K o3 S 72 TEOS
i (A4 A 55k (10ml) 12 TEOS (330 uL)
L3 (145uL) ZhNZ, 70°C T 12 RpfE#EHE
ERLT LI DR BRItk 24 B
A a9 45 2 12X D, MgFe,0, kLT
DFRIEND SiO e 217> 72, SO #E %17 -
72 MgFe O, kL R F- 13 L3 BE & - TH D
b7z, =7 — VHI S € TokiE L7z,
COWHITIMBEY KL, KF%IZ80°C T 5 I
IR ZAT) S LI X DA 7))y Rk 1%
TR 7z

i

DS

Si0, #% 7 Hii % ® MgFe,0, kL T D5 K X #3
EEEG AR NN T v e MECSEING
IRL72E 912, 205320 ~ 25° OFPHIZ T E IV
7 7 AD SiOy \ZHFEI e N1 — DAFTEDSFRD
SN AHMULEII S — 2B bid 7, §XCT
DR E — 7 1 MgFe,0, D b DT - 72, (311)
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Fig. 1 XRD patterns of MgFe,O, nanoparticles before
and after SiO, coating.

Inset shows enlarged view around (311) peak.

(a) Before SiO, coating

(b) After SiO, coating

Fig. 2 TEM images of MgFe,0, nanoparticles before
and after SiO, coating.

=72 IR L7 F 2 X1 O&HICHFA

L 72 %%, SiO, # 7% % 1T - 7= MgFe,0, ® /i %
SiO, IZ X AW E Z T B 7-DICETE— 27 iR
PN 00, ¥— 7 PRI Z bz Ao
BWZ EDbhb, T ki, A
72 Si0, BEBALER 12 X - T MgFe,04 D fb ik i
TS ZEALZ 2T TV iWna & ERT.

Wi 3 5 i & $2D MgFe,0, 4L T TEM 5.
HBEH212RT. OS5, SiO, THET
% Hi D MgFe,0, kT (X2 (a)) I EHFEDEK
ETHh Y, Si0, THHE %L MgFe,0, fkL F D
FIMAY SI0, DY — N TUEN X9 ks
ZLTWALIZEDNHLNIZR 572, Si0, @D
JEXEX2 (b) (RL2E D2 50 nm TH -
7z F 7 BoOME CTEE LSO, HE

(a) Bright field image (b) Si K image ;

Fig. 3 (a) Bright and (b) EDS images of SiO, coated

MgFe,04 nanoparticles.

MgFe,0, AL T D EDS ¥ v KV 7 b b, W
F2 D MgFe,0, ki 1 D KM A3 I (TH — 12 Si0,
Lo THEININA 7)) v FIR T35
NTwpZepbhros: (H3).

Si0, THE T 5 il #%2 D MgFe,0, THAL T D FiI
B A B EHELE CHE L7282 A,
AR I BRI 1X 179.7 nm, % 78 %13 270.2 nm
THY, 90.5mm ML TWDL I ENbhrsb.
O ENS, S0, BOE I 450m &K
575, ZOMEIETEM BEEDLRD72MH (7
50nm) & B < —F L7 £aids i (pDI)
DEIBE R/ A0.007, BEEZIL 0.167 & 85N
L7228, —#%IZ PDI OfEAY 0.1 LT OHA 121X
HagEFiEncnwszo, LT 7
oy R TGRSR B LT\ b
Nl iR ViV

Si0, THE 3 % i %2 D MgFe,0, AL T D =
IC B2 M-H AR 2 4 1273, HifO R
FOEBEOILKE 2 i AM () lRT. T D,
Si0, THTE T 5 Hi 4 D MgFe,0, TAL T O PR1%
HIZZFNEN120e, 110e THY), ZiLL %
WZ EDTERR S Nz BRI OWTIEEN
Z40.17 emu/g, 0.11 emu/g & & B IZHRD T/
S, BEBETH S, M4 TIE10kOe £ T
W 2 FM L C AL fafins o e o 72
Zens, B ofafgit (Ms) ZHEET S
72O, VHIZHTHDMDT 77 2L,
VH=0IZHFE L7 EOMDIE% KD 72
(H>0 OffEl). ot o7y b E§FEAK
(b) 1ZRT. ZTOKEDY, Si0, THET % Hi
D MgFe,04 BRI T 12x) L CTHEE S LA Ms 1E
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Fig. 4 M-H curves of MgFe,O, nanoparticles before and
after SiO, coating.
Inset (a) shows enlarged view around the origin.
Inset (b) shows M-1/H curves and their extrapolation.
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IERAEZ R S 1R, ORI HEEN L
AT BN THRALIZ A % 2 & D50
REINDD, Fa2)— T AHNPLF ) —
W (Tc) %KD D720, WALROMEOWEE
AR D, R EZHARKICT Oy F L7z (He
X. et al., 2013). £ 0, MgFe,O, AL 1 DR
{ED Te |3 Si0, B DRI TZEDH 59 330°C H
HZENHPLPIZR o7 ZO Te Dfild A
A MIBITE Mg OEFEFEN 023 TH LN
7 D MgFe,O4 12/ L THRE SN TV Te D
3BI°C L EL =T 5. Thbb, BMAAEEED
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72 Si0, 7 12 X > T MgFe,04 AL T D)
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Fig. 5 Temperature dependency of magnetization of
MgFe,04 nanoparticles before and after SiO,
coating.

Inset shows temperature dependency of inverse
magnetic susceptibility.
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Fig. 6 TEM image of 10 nm-thick SiO, coated MgFe,0,
nanoparticle.
(a) Overall view, (b) enlarged view of white square
shown in (a).
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Fig. 7 Hyperthermia properties of MgFe,O, nanoparticles
before and after SiO, coating.
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Table 1 Amount of elution measured by ICP-AES.
Mg (ppm) Fe (ppm)

SiO, before coating 4.86 1.15

Si0; after coating 1.17 0.55
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WCHmNTHE D) 7o AT R FIC@ RN ZIE L CFHiT 2 2 EAFRICEE L 2 5.
RFZETIE, 2K FHRICIER SN A2WAEEIC L), KAI2@ CRMEDIZOwWToRE 21T 72
Volume of Fluid (VOF) %% FW 7 EHHEFE (DNS) 2479 2 & 12X 1, Reynolds O IH B
IZHEDWTINFE TIRES N TV L FEHITIN - BT ORETTE 7V DR EE I U H R % B
ALz Fio, BEEOETVAYRTAIEICLD, L) DNSORRISELBEORVET
VRO EITo 72, RFETHE IN/ZETIVIE, BERERE: (DEM) 1B ICHAAL 2 &
MUHETH 5.

ABSTRACT

In wet powder handling processes, it is of paramount importance to accurately estimate the viscous force
acting on particles. In the present work, Direct Numerical Simulation (DNS) of a pendular liquid bridge
formed between two particles is performed using the Volume of Fluid (VOF) method and the normal and
tangential viscous forces exerted on the particle are investigated. The DNS results are compared with the
viscous force models based on the Reynolds lubrication theory in literature to highlight the limitations of the
models. New and more accurate models are then proposed which can be easily implemented in Discrete
Element Method (DEM) framework.

MREE BN TR &N, KA IIZHGAE D ER T 5.

WG I RER NIRRT XY ES YN

BRER T —T 1 vy O RRFS I & R R OSRET RAH E B L R S 2 R
55912, BMRLaxRESEL TutRAEE CKAENS. Bl AITEMSECHREH O
R LFFEFICEETHL. CNHD T AT, Bl 70w 2T, HEEEAK O 1000 52L&
BRI S N B IZONTRFIISHEZE o 2ERICEREORDS VLN 2 LA %

- 138 -

Copyright © 2018 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.25(2017) 138-143

Research Grant Report

W 2o &9 AT RSB K
B T, FEBEMAOR T OHERE &
Wo EEZFIERITIETMOENT NS,
L72h5 T, 70t Z0O5ELRsIRILD 720
20X, AT DSR R EEYIC G 2 B 0B B
B EPUERTRTHS.
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.
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DNS 12X DA F-HICE <R 2 IE L < 5F
& 20EMRAET 572012, Pitois 5 ¥ 2 &
B FEBAGE R & OB 21T 5 72, Pitois 513X 1
VRS & 9IS, EA AN v, THI E B
LTWw5, SRR 2 57 EICE < 4G Ic X
DR & RE L7z

EBGMEEELIIRT.
TR EE, R kTR

ZIT, SIRTE
Mo \ZHZRAGIRES, 0

- 139 -



Hosokawa Powder Technology Foundation ANNUAL REPORT No.25(2017) 138-143

Research Grant Report

El

K 4

Fig. 1 Normal interaction for liquid bridge between two
particles.

Table 1  Experimental conditions.
d=0/R 0.01 ~ 0.4
Vi, =V / R3 0.034
% 10

TFEMA T d B R EE X I E <
Re<<1TdH 5.
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7RPED AT RIEEEE ORI R X 2 1R T. A
T B O F- F BB DU 0 X 9 18RI b L
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5=06/R (8)

X2 X ) FEE L DNS OFE R BITF 22—
L5, DNS OZ B HEHFERE S 7z,
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WFERETTE TV E LTI E TR
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Fig.2 Comparison between experiment and DNS.
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Fig. 3 Relationship between normal viscous force and

separation distance.
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(b) [HH=EBH T HID.

BRGRMED E LTI nE TRESATY
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Fig. 4 Tangential interaction for liquid bridge between
two particles.
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Goldman & 7 )V IE AR 2 & 2> L 7R — BE T
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Fig. 5 Relationship between tangential viscous force
and separation distance for particle translation.
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Fig. 6 Relationship between tangential viscous force
and separation distance for particle rotation.
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1. Inertial microfluidics

WA~ 70X — Vo~ A 70
TR ZIRL TS ik L 72 B A S AV — T
Tt LA &, RFIRmAFMHEER O
FIN K o TREFINIREEY L, U BT o 45 g 38
BIZEHT IO TS (K1), Z
DERZE) 2 R L CHRAKN OBk % 55 HE -
AT A8 B L OB R % 4 9 Inertial
microfluidics (Di Carlo D., 2009) (LLF, “IMF”
T %) EMHEN L GEAEEFEH SN TW 5,

Randomly dispersed ®
particles [ Y

Particles focus into
discrete streamlines

Fig. 1 Inertial focusing of particles flowing through a

straight microchannel.

2. A A=V VIOBRALEEMII L —T 3
v DRLENE

IMF 37 13— %2~ 4 7 i fg N 2 A — b
WD S+ A — N IVER O XD TEW A
V—"T"y NOFNEE A N RIZT L. 2 D70,

MR ALY T, SRR TR OEHR
AL ENE DO THEETH > 72 (Lim EJ.
etal,2012). F#12, 1EVEEAZET O IZHE
Td 5 RF-H O F AT F0A BAEH OFFHfiEAS
TRETH L. NGO WHALZTRIZT S
p-PIV b BHITTRE 22 HEE 1L 2 DO T, IMF
AR RIZT B AEIC A EY TH L. Lz
Mo T, ¥4 7 OiREHNOR T8 B L ORF
B ORI EAER OSHTIE, BERHE
FE TR T BB OB AT R TH 5.
IMF B 212 31 2 Bl s O EfEIE v <o
MEINTWDELLOD, 1T ALIZLRT 20
RIZL72DDTH -7 (Di Carlo D. et al., 2009;
Liu C. et al., 2015). ZHoh T & 2 0 RIZ L
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e BRI AR LR 72U AFTE L T A
(Chun B. and Ladd A.J.C., 2006), FEERiEGE O
MEEAA T TH LR E, ZNFETIZEIIL
Fgeid 72 o 72,

3. By - WARRA AR Z2 55l 9 5 gt
RiEzHlAGDELSN BT ORI

FE 5 x, BB % B (Discrete Element
Method, “DEM”) (Cundall P.A. and Strack O.D.L.,
1979) ZIEHEETSE (Direct Numerical Simulation,
“DNS") % #fl A& b 72 ¥ fiti 5 55 F- i DEM-
DNS #Ex B4 3 4 2 & T LAt M % g
L 72. DNS (2 (X3 & 3A & 5E F 3 (Immersed
Boundary Method, “IBM”) (Kajishima T. et al.,
2001) ZERH L7

IBM (3 EH RS 2 R F 4 4 X L) il <
7w FaEl L7728 VIIZB T, ERRLT
OB o 1200 U CitfE A B & O MRAE 2
NENDOREEDN S 72 B A BOHREE
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REFRTAH. TOEBEEITHN LT, dko -
X (2) BXovrrz -z b—2 258X 3)
WRTHAHOE T 727w, B

s>

179 .

T ¥

V-U=0 (2)

a—U+V-UU:—LVp+V-Vf|:VU+(VU)T]
ot Pr

+f+V-S+F, (3)

72721, pe\ZTARERE, p XIETT, ve IXERRGEE,
SR - RAREAHELER, V-SIZ5E0 5k
WAEH$ 2770 Vi), Fp 3881 TH 5.

Bf - TAREAREAEH OFFHIE f 2 BEAT 5
ZeT, N @ WRTEIIEFERT Y S
THEFSNLEBEE T SIS CfEIC 2
5. fIEEERALET R 0@ TR 5 5 RO #

o TERINS.

ot [u7 @=0)
v 1‘{u:“ (a=1) @

FT - FRARRAN EAE R O FEMIE £ % i U T
(5) BXU(6) IZ L7z Wi FE8) 2 4 5.
NI T RL A e R S Lz,

EAAET) > 7
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—dt —_.[Vppfde'i'FC (5)
d(l,@,)
—ig—“‘thMde+ni )

72720, my \ IR R,y (IR 0 N R
V, \3H 53 I8 T & % K-, Fe 13 DEM T
Al & N7 ZE ) 0 9 B EE) N D547,
ILSHRTOBEEE— A2 b, o, \ZARE, rid
HLLD 5 OALENZ RV, T 1Z DEM TR &
N72&22 09 6 RFEEINDOHF G5 Th 5.
DNS D7 RN 57—, R OHERZH)
R T A ET) Y IEIAET, BWHEOM
WEBERIR E B SM2 5.2 5 7217 CHEMEY
¥@hE Il —arTEXBEICHD. DNS
*DEMIZH v 7)) v 7§52 LT, SRKNT
IR BT BB R ZE) 7 B RS 5
CENTREE 2 5.

4. DEM-DNS ORI - B 1TEERZRE) i
BT AR P B XV A 2 v XEURAEE
FH S DVAE L 725 (Udono H. and Sakai
M., 2017) 2B\ Tlx, DEM-DNS i A5E 5 v
LA VABBLOEBEOT AT MLiIZh
7o THEN FOEMEENEHZ S I 2L —
YarTCELIEERLL

21, LA VAR 250 OIS BT
HRT-OEMEHNEHO I 2L - a VR
IRLTW5, EARGE UR=1) TIX,
FAZTAETIE R B ER O M L o T, £BE
HHIZH > TR 2T LS L T\w 5.
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EHHE (AR=2) TIE, HiB¥ A Pl
WA C, RaB¥A FICHEBORTH 2L
EHLTWD. INSOFFEIL, IEHERE (Di
Carlo D. et al., 2009) B L O EHEHE (Liu C.
et al,, 2015) % H 72489 258) 12 B9 % BEAFE O
i HHTE WA,

T/, NUF—=2 L LTHFIPLET HF
BALED LA OV ZFAKAFEEIZ DWW T F
7o, K31, RFAREEN T B P E O
FEHLLE S OBEEE (M3a) 2L A LV XH
L Cc7ay Lz DTHD (K3b). L
A VAL & b2, FELE AR I
BT 5 2 &S5 Tws (Matas J.-P. et al.,
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A ey
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>

Fig. 2 Simulated inertial focusing of particles for

Re =250 in microchannels with different aspect
ratios (4AR). Particles are colored according to their
locations.
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122 3ab—2arTEBIEPRENT. L
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DEHZBZFNEDOL ) ITHES NI PR E, B
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Chun B., Ladd A.J.C., Inertial migration of neutrally buoyant
particles in a square duct: An investigation of multiple
equilibrium positions, Physics of Fluids, 18 (2006)
031704. DOI: 10.1063/1.2176587

Cundall P.A., Strack O.D.L., A discrete numerical model for
granular assemblies, Géotechnique, 29 (1979) 47-65.
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Particle segregation and dynamics in confined flows,
Physical Review Letters, 102 (2009) 094503. DOI:
10.1103/PhysRevLett.102.094503

Kajishima T., Takiguchi S., Hamasaki H., Miyake Y., Turbu-

lence structure of particle-laden flow in a vertical plane

Our simulations @
Experiments by Di Carlo et al. (2009)
Simulations by Chun & Ladd (2006) (1
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Re

300

Fig. 3 Lateral distances of particles from the channel axis (a) are plotted against Reynolds number (Re). (b) Numerical

and experimental results from the existing research are also compared with our results.
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B R DB E

% L ORIEFACEWIIIHE R LN HEET
% W IO, EIEGOEMRHRER L
EVEZ EOWEALFRIBENII B L, KA
FAEY RO E L A SR T L
b E Zokn, EEGEETRIIBITA
Lo MBEEMEMOm EAZEFEF N Tn
%. KOG FEILEAEOIRE THlE L
AT IUE R 59, BILEEEE 21T ) VEHUIREE T
ML L v, RS TR R ORI Ak &
L CUE R X AR EITE, Bt L OV &5
WELENEToNS.

IREEFERBATE, R DEERE TR OB
EECESL I V= IRENE, YT
VDL VE—DENZL > THRITTE, #
mETORNTICERTH LD, L L, BRESHT
Thbzo, ETHEY L RHRIHRET LI L
EEEL V.

T = VGRS IR R IR AL T & B AT
FED125THh5E. #RET L O TFMMHESE

DL EREDT~ 7 b ELERGN %
MAadbbEs I LI2LoT, BHEMY ¥ TN
B AL EARm L HAIICEHETE %5 2 &8
WEInTwng Bl

LR OWgETld, Wi & 2 /82 RO
RO R TRV G & B N ek L A A
rpRe R U 51|17/ o 1 DA = ¢
EHTIX, 7~ 468 X U Principal component
regression (PCR) % il & b & CTEILEE D [0
T2 T, —EDORRE 1572,

1. Bk
Table 1 IV F TO 4 FE O $EH| OB % 7R T

Table 1 Composition of direct compressed tablet.
Sample TA TH MC
contents, % contents, % contents, %
I 16.7 50.2 33.1
I 33.1 50.3 16.6
I 50.2 16.7 332
1Y 50.2 332 16.6
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T 74 iKY (TA), 74749 YK
iy (TH) BLOEEEEVvO—2 (MC) %
% D4 OO 1-1V) THIHEA L TR
L7z, ZNZFNOEHI O % Table 1 12777,
WRY > 7%, 40 kg/em® EAE 7.0 mm 2 TH
FEL, 7474 Y ERESEA R Bon
78K O T < v A7 NV % MI Metrohm
Instant Raman Analyzers (NIRECO Co., Japan)
(2 X o T, KA P 400-2300 em !, 45 i TiE
Rem 12 THIE L 72 mREEESEF T
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Fig. 1 Raman spectra of direct compressed tablet.
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Fig. 4 Predicted versus measured DSC values for direct
compressed tablets based on PCR models.
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Magnetic materials play a key role in modern life
as they facilitate the conversion of electrical to
mechanical energy, transmission and distribution of
electric power, microwave communications, and
data storage systems. Nowadays, magnetic materials
are used in various advanced devices, such as motor,
recorder data devices, biomedical, sensor, spintronic
devices, ferrofluid-related devices, etc. These broad
applications require a magnetic material with high
energy product.

Rare-earth-free magnetic materials such as a''-
Fe 4N, NPs have the highest magnetic moment
among the ferromagnetic materials. However, this
NPs have high magnetic interaction among NPs
and small magnetic coercivity. Therefore, the
nanostructuration of o"-Fe;4N, NPs for enhancing
its magnetic performance, which is important and

inevitable condition for producing high performance

rare-earth-free magnetic materials, is important to
be investigated. In this study, preparation and
evaluation of o”-Fe;¢N, NPs composite fibers via
electrospinning and films via spin coating are
systematically investigated.

The synthesis of a"’-Fe;sN, composite fibers via
electrospinning was investigated by studying the
effect of applied magnetic field on diameter of o'~
Fe4sN,/PVP composite fiber and its magnetic
performance. An external magnetic field of 0.1 T
was applied during process of electrospinning. The
experimental results showed that the applied magnetic
field gave the fiber of smaller diameter and more
uniform distribution. The higher loading of a''-
Fe N, NPs in the fiber resulted in smaller diameters
than the lower loading. It was found from the TEM
observation that the o'’-Fe;N, NPs were aligned
stably in one dimension along the longer direction
of the fiber as shown in Fig. 1 (a) and (b). No

change in the crystal structure of a”-Fe 4N, due to

—155-
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Fig. 1 SEM images of a"-Fe;¢N,/PVP composite fibers prepared (a) with, (b) without magnetic field and (c) hysteresis

loops of a"-Fe 4N, composite film under various strength of magnetic field. Inset Figure is SEM images of o'-

Fe N, composite film.

the electrospinning was observed. Further, the
SQUID measurements for the 28.4 wt% loading of
a''-Fe4N, NPs revealed an extremely high
saturation magnetization of 49 emu/g with a
coercivity of 1 kOe.

The synthesis of a”-Fe;¢N, NPs composite film
via spin-coating under magnetic field was also
investigated. In this method, core—shell single-
domain a''-Fe 4N,/Al,O; NPs were used as a basic
material. a’-Fe;sN, NPs were prepared by nitridation
process followed by beads-mill dispersion process
to break-up the agglomerated as-prepared NPs. The
well dispersed NPs slurry mixed with epoxy resin is
then spin coated. During the drying process,
magnetic field was applied to align the magnetic
moment of the NPs. The effect of magnetic field
strength and direction on the magnetic performances
were studied in detail. The o'’-Fe 4N, composite
film prepared under magnetic field has higher per-

formances than that of without magnetic field.

Magnetic coercivity, remanence, and maximum
energy product enhanced by 24%, 66%, and 160%,
respectively, with increase in magnetic orientation
of 35% by applying 1.2 T of magnetic field. The
shape of hysteresis loops of the films approached to
rectangular by increasing the vertically applied
magnetic field as shown if Fig. 1 (c). These results
were further verified by applying the magnetic field
horizontally.

These results suggest the potential of constructing
bulk magnetic materials using o"-Fe;(N, NPs with
tunable magnetic performances by applying a
magnetic field, which furthermore reveals promising
features for many other magnetic applications, such
as magnetic sensors. The results of this research also
showed that the magnetic properties of magnetic
materials can be tuned by tuning their magnetic
moment. This magnetic property tuning process
is also possible to be applied to others magnetic

materials.
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B R O#E N LCUBHET 2 2 L5k s (Jung
K. et al., 2008; Liu Y. et al., 2009). AHf3E Tl

B% BBEMAORI, FF N T A F A XD BT i1 & BRI 7 Tkt % 7o
(BaTiO;, BT) (4512 m“ﬁﬂﬁ%i%%of P)aA—-VYIFAMY—"HEAEL, V7 MNES
% (Hennings D. and Rosenstein G., 1984). e LT TS HIMED & WG O %E
BT CICA— ST Y F U DE EM&LTF< HeHELTWD
JBHENTWA, BTEZI A MY —%2 AT 8 A 75 5 HCIR T %ﬁ?éBW&U:—V@
%L, BT OFEMMEL T A b~ —OFHkE, M OFER L HERIVHEN 3 2 2 L ASHHET
MTLRT SWEEZFROEEMPEN, A 5. H1IIRT LI, BTRHF2YY) a—
T2 B, 7ok 20X, —tOEATRERD  COROSEUREN 3 IS SN - (A)
BIZZ ) L7oEAEM A, SELEEZEHMTN  58EL T 2IREE, (B) B0 HekEE (50,
X, 7 —ua X BEAFNNOEME AT (C) B Z BO#ECKE. BHEMD A OIRKE
MORNFIESsET S, #iZ, 29)Lizz=v b ECOREIZBE D RI=y FOBHERR
WAREEZENL, xS &, #EAED  HUToRIFHRETE S
ZALRERAEL, TN2@WET LI LICLY EVAEEOREEANCZ LD, R A Tl

Eelr
=70
xe,+(1—-x)eg (1)
Lenchtenecker @ X % % 0l (Sengupta R. et al.,
2007) 12& 0, KL CTiE

Fig. 1 Dispersion status of BT particles within silicone (1=x) . x
E=¢& Sf <2>
elastomers.
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DLEoFHHERZ vy, BHE L 72 S E R O
RITFRVITRT. BHEDED 10% 2> 5 50% D
HEICH LI b5, R C TOMHX
FERIIEIZIRE A TOMMFEREZEDIC
B2 5. BTHFOGEHMEZ LITAZEI2X5
BAEMAHFFEROUEIFEH Sz L L,
AR O BT E AR O D) O — 2 OEKEBIA
PEIZE L, BEOEIKE WV (6.02gem® &
0.93 g/em’) 728, HET MK FOERER
SIADRADTEZ D R\, X H =7 )VILHL 72
T EwaEtEiEE s e w

AKBFETIE, “FHHREE 300 £ 500 nm @ BT
W2 Lz coaidte BT, Rk
EEP DI, o) a—-rhyTY v
7l & R, BERFUIREE T BT Ri1 o FK i L e

Table 1

silicone nanocomposites with dispersion status of

Theoretical dielectric constant values of BT/

A and C, respectively.

Vol.% 10% 20% 30% 40% 50%
& (A) 8.9 10.0 11.4 13.3 15.9
¢ (C) 13.9 24.1 42.0 72.8 126.6

ol | S 1 S o
éu, J éH, CHy

X CH, éHe

HyC—Si0O—Si(CHy)s 15CH,CO— SIO—CH,CH5

CH, y OCH,CH, .

Fig. 2 Molecular structure of the silicone coupling agent.

= L7z WEHEE LT, H0, * HHWBT®
KMIZLwD -OH % EB ¥ TH 5 (Chang
S.-J.etal,2009), #+— b7 L —7OH|IRBETR
DANFH 2 (234.5°C, 3.01 MPa) 2T TW 5
Y)aA—=rhy 7)) RIS EE A, HH
Ly a—=rhy 7Y v 7alogiEix 2
2R

eV, REHE S N7/ ST BT
Wrezd)a—-—rr oA MY — (—@ED
RTV ) a—) EHEL, HRESE20% O
BEM OB 2 EE L 72, EFEWTR O SEM
B2, FTA2) a— 2B 55 EeRE
REHMEL, M31RY. REUHEI SN T A
WBTH L, Y a—rofickX2EES
L7z &3pinodz. —J, RIMLHEE S
7ZBTRFIEy ) a—rofic Xy Buigit
PERIN. DEoERLIYV ) a—-Ty
T Y THENS K BRI IE BT RLFA52 )
A=Y ITA MY —IIBTA08MEEI ET 5
Z EMSEER S T

KEfFECl, Y)a—rnay 7)) 7HlEH
VW, BT AT %0 ) b CREMHE L, KFE
E20% & 40% OEEMOEREER L, €
OXFEHFRZ LCR A —F —CHllE L7z £
DOFERZ 4 1RT . 2P EEIP 400 Hz ~
100 kHz |12, BT BT OEFE 5oz >n,
MO FHEEDHE I LA D 2 LA ho
7o, E6IT, RS 20% ORI L, £
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Fig. 3 SEM images of the BT/silicone nanocomposite cross-sections.
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Table 1 Simulation conditions.
Fluid
Fluid density 12 [g/lem’]
Fluid viscosity 1.0 [Pa-s]
Shear rate 100 [1/s]
Aggregates
Joint spring coefficient 0.5 [N/em]
Critical strain 1.1 [-]
Primary particle diameter 0.8 [em]

Fig. 2 Simulated result for the breakage behaviors of aggregates under the shear field.
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Fig. 1 SEM photographs of NaCl crystal using (a)
1-butanol, (b) 2-methyl-1-propanol, (c) 2-butanol,

(d) 2-butanone.

Table 1 Mean particle size and geometric standard deviation of NaCl.

(?ontact Mean particle o] (?ontact Mean particle o]

time [s] diameter [um] time [s] diameter [um]
1-butanol 180 40.4 1.63 2-methyl-1- 180 41.8 1.51
300 45.6 1.78 propanol 300 46.5 1.57
600 68.3 1.61 600 58.3 1.58
1200 102 1.91 1200 121 1.90
2-butanol 180 49.8 1.78 2-butanone 180 42.7 1.36
300 47.8 1.50 300 49.1 1.51
600 54.2 1.65 600 432 1.53
1200 63.6 1.46 1200 54.2 1.59
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Fig. 2 Amount of precipitation as a function of time for
each organic solvent.
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Fig. 3 Supersaturation ratio distributions in the water phase of (a) 1-butanol, (b) 2-methyl-1-propanol, (c) 2-butanol, and

(d) 2-butanone.
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1. Deki Y., Shimosaka A., Yoshida M., Shirakawa
Y., “Numerical Analysis of Mutual Diffusion in
Liquid-Liquid Interface for Crystal Morphology
Control”, The 7th Asian Particle Technology
Symposium (Chang Gung University Campus,
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Fig. 2 Three types of coating agents with different
particle structure.
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Fig.3 Coating efficiency in the dry particle coating using
three types of coating agents.
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Fig. 4 SEM images of representative coated particles
and IER-DS before curing (scale bar: 20 pm) and
volume median diameter (ds).
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Fig. 5 Release of DS from S/H type-coated IER-DS
particles in JP disintegration 2™ fluid (pH 6.8)
at paddle rotation speed of 200 rpm and 37°C.
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