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Development of a New Method for Cleaning Exhaust Gas from a Diesel

Engine Using a Ceramic Membrane

—simultaneous removal of particulate and gaseous contaminants by
SPCP method—

93101
fodemfoes  AUIAETES #3% (U A& 3% K Hideo Yamamoto

A new method was developed to clean exhaust gas from a diesel engine
using a ceramic membrane compounded with SPCP (Surface discharge-in-
duced Plasma Chemical Process); and studied experimentally to be applied to
simultaneous removal of particulate and gaseous contaminants. In this system,
the exhaust gas passes the ceramic membrane, and soot as the particulate
contaminant is obstructed; here, the SPCP-method is applied to this system
to remove this soot and NOx simultaneously. This surface plasma can be
controlled to be enough mild not to damage the ceramic substrate, but able
to excite reactions of the soot oxidization and NOx reduction. The separated
experiments indicated that our system can oxidize the soot and reduce the
NOx effectively; especially, NOx reduced in much more efficiency in com-
parison with ordinary reduction system using surface plasma. This is a very
merit of our system compounding the ceramic membrane and SPCP, which
resulted high contact efficiency of the treatment gas and the surface plasma.
After these separated confirmation of the efficiency of the system to apply-
ing the soot and NOx treatment, the simultaneous removal of these was
tested; indeed, they were removed in this system: the soot was oxidized and
the NOx was reduced simultaneously and in high efficiency, and furthermore,
the CO, yield of the treated gas indicated the soot and the NOx were re-
moved complementary. These facts show us the effectiveness of this new
method, removing the particulate and gaseous contaminants simultaneously,

for cleaning exhaust gas from a diesel engine.
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Evaluation of Production Processes of Fine Particles via an
Aerosol Route and Control of Particle Morphology

93102
fLEWIEE BEBAFLERE=RE ISR # % B 1 E45% Kikuo Okuyama
HFERGeE IEBERETHHE M E T e B & H % Manabu Shimada
jt‘lﬂﬁ”%% J:.L{ -%k%ﬁj(#[{?ﬂ]:%ﬁm%ﬂ’ft% k%lﬁﬁq‘: fﬁ F ﬁ j( Takafulni SetO

TR TR IR

The

sintering and evaporation of very fine agglomerates consisting of nano-

meter primary particles in a heated gas flow are investigated under gas tem-

peratures from room temperature to 1673K. The test NaCl and silver agglom-

erates are produced by the PVD method. The test titania agglomerates are

produced by thermal decomposition or hydrolysis of titanium tetraisopropoxide

vapor. The size changes of the agglomerates of 20-100nm in diameter are

measured using a tandem differential mobility analyzer system. For the Na(l

and silver agglomerates, a steep decrease in agglomerate size due to evap-

oration is observed at about 800-1000K. The size of the titania agglomerates

does not change with increasing heating temperature at a temperature lower
than 1000K, but a sudden decrease in size is detected at 1000 to 1500K. From

TEM observation, densification of agglomerates accompanying primary par-

ticle growth is ohserved. These experimental results for the rate of reduction

in size are reproduced well by the calculations in which the basic equations

of evaporation and sintering are solved under the numerically computed tem-

perature profile.
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Applicalion of Sedimentation Field-flow Fractionation to the
Size Analysis of Sub-micron Particles.

93104

fogsafaed RRERCAS T BEdE B B #E  Yasushige Mori

In order to analyze the size distribution of sub-micron particles by the
secdimentation field-flow fractionation, we constructed an apparatus which
includes a rotary joint consisting of a flat swface seal, a2 magnet and a spring
coil, and a rotary colemn with changeable wall material and channel thick-
ness. The experiments were performed using polystyrene latex particles of
various exactly known diameters and various carrier solutions with surfactant.

At low lonic strength in the carrier solution, the retention of SAFFF dev-
iates from that by the theory presented by Giddings, resulting in the under-
estimation of particle size. In this case, the retention ratic can better be
estimated by considering particle-wall interaction based on the DLVO theory.
- The particle velocity is smaller than the fluid velocity near the wall, This
effect appears at measurement of large particle with high ionic concentration
solution, and the retention ratio will become smaller. But this effect is not
s¢ large compared with particle-wall inferaction.

When methano! solution was used as the carrier, the behavior of the re-
tention ratio is apparently same as when the aqueous solution was used. The
observed retention ratio could be estimated by the particle-wall interaction,
when the proper ionic strength of carrier solution is chosen,
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Development of Devices for Classification of Nano-size Particles and

Production of Thin Film Using a Standing Shock Wave

93105

foemfseds SIRKRPEITHEE & & 4 [ FFEY Chikao Kanaoka
LFMEEE FIRAKPE TS ki & N JE ZFE Masami Furuuchi

A supersonic impactor using a two-dimensional standing shock wave was

devised for the classification of nano-size particles and the production of

thin film from the classified particles. Collection efficiency of particles was

measured for different particle size, nozzle shape, and dimension of the plate

and generalized into an unique relationship using a single parameter. In or-

der to discuss an optimal shape for producing an uniform thin film, deposition

pattern and packing structure of collected particles were observed for differ-

ent types of collection plates. A virtual impactor which is based on the same

idea with the forgoing impactor and can classify particles suspended in gas

into smaller and larger groups was also investigated into its possibility as

a classifier of nano-size particles by numerically analyzing a super sonic flow.

Results are summarized as follows :

1)

2)

3)

Collection efficiency of particles was found to increase very steeply
against particle size: much steeper than that for a conventional impactor
operated under the atmospheric condition because of a sudden flow
change at the shock wave. The smallest size of collected particles by
the supersonic impactor was 0.02¢m which is much smaller than that
by the conventional one. Using Stokes number multiplied by a reciprocal
of the clearance, most of collection efficiency for various conditions
fell in a single felationship within the maximum error of £30%.

A thin layer of deposited particles with a randomly packed rigid struc-
ture was formed on the collection plate. It can be used as a green co-
mpact for the thin film, although there exists a little distribution in
thickness which has a maximum around the stagnation point.

From a numerical analysis of a supersonic flow [ield around a rectangular
duct, it was suggested that a supersonic virtual impactor can be used

as a size classifier of nano-size particles.
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Developement of High Effl(:lency Therm::}electmc Semiconductor by
Dispersing Hollow #-SiC Powders

93106

fCRIFRHE £ ﬁ-@:ﬁ: FLEER IR
KPR E SEEXE A Bl
MR RHEBRE L

A& #H 4 Kunihito Koumeto
B B 3 Katsumi Kuwabara

E=
% 7 # W.S. Seo

]

Porous #-5iC ceramics having various porosities were fabricated by sin-

tering the mixture of very fine hollow particles and commercial powder, and

their thermoeleciric properties were analyzed In relation fo their microstru-

cture. Hollow particles completely collapsed during sintering and were con-

sumed for the abnormal grain growth, and the sintered body composed of

small and large grains showed bimodal grain size distributions. The decrease

in both electrical and thermal conductivity with increasing porosity was suc-

cessfully simulated by the percolation theory and their ratio, /g, remained

almost unchanged with the change in porosity. The maximum value of See-

beck coefficient for porous #-SiC was found in a bimodal structure with a

suitable grain size distribution.
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The study on the Glass Composites using Semiconductive Oxide Fine
Powders obtained by Mechano-Chemical Process.

93107

s ST T wF O R ¥ /A  Haruhisa Shiomi

The SnQ,-glass composites with different particle dispersion have been
prepared under various mixing conditions of the starting powder using sem-
iconductive SnO. powder obtained by mechano-chemical pocess. The densi-
fication behavior and the electrical properties of the glass composites were
discussed form gquantitative analysis of the dispersion of SnQ. particles in
glass matrices.

The glass composite having more homogeneous particle dispersion densifies
and shows a significant increase in the electrical conductivity (x) and the
temperature coefficient of resistance (TCR) at lower firing temperatures.
However, in comparison among the densely sintered samples the x becomes
higher and the TCR approaches zero when the highly aggregated SnO, par-
ticles form networks in the glass matrix.

From the above experimental results, it is suggested that the electrical con-
duction in the present system will develop selectively through the limited
conduction paths being formed by the mutual connections of SnQO. particles
or the quite highly populated areas of SnO, particles. Thus, the electrical
properties of the glass composites largely depend on the degree of densi-
fication, the uniformity of the dispersion of SnQ. particles in the glass ma-
trix and hence the SnQ; interparticle distances. Cosequently, the x of the
glass composite will be controllable by controling the spatial distribution of
SnQ. particles in the glass matrix. However, a constant TCR over a wide
range of the x can not be achieved only by the control of the particle dis-
persion of SnQ: in the glass matrix because the TCR of the glass composite
is variable according to the x. Therefore, it will be desired to examin another
influential factors determining the TCR of the glass composite such as a
thermal expansion coefficient of the matrix glass in details and to control

them for the achievement of a constant TCR independent of «.
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Methods for Preparing Inorganic-organic Composite Particles
and Ordering in Concentrated Dispersion

93110
Lk ® W RSER e & 8 H R Kunio Furusawa

In preparing composite polymer particles including inorganic fine particles
as the cores, surface treatments of the seed particles with the hydrophobic
molecules, and electrostatic interaction between the inorganic core particle
surface and capsulating polymers play important roles. Furthermore, a method
for preparing organic-inorganic composite particles based on the heteroccagu-
lation theory has been described. Finally, to prepare composite particles with
multilayers comprised of usual latex (2a=180-900nm), NiO-Zn0O-Fe;Os parti-
cles (2a=20nm), and polystyrene layer, based on heterocoagulation polymeri-
zation, the synthetic conditions have been investigated as the functions of pH
in the medium and their particle size ratio. Regular heterocoagulates, which
are made up of many magnetic particles regularly adhering to latex surface,
were generated under the suitable medium conditions from these mixed su-
spensions. Encapsulation conditions of the heterocoagulates with polystyrene
via emulsion polymerization were also examined. Encapsulation is promoted
greatly by the existence of an adsorption layer of sodium oleate on the het-
erocoagulates. This made uniform composite particles with multilayers. The
total sizes of composite particles with multilayers can be controlled freely
by selecting latex particles with different sizes as the core.
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composite particles.
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Formation of gradient composites using a infiltration mechanism

of chloride reduced particles

93115
REFREL Z2EBRY #3% B F F F Masaaki Nakamura
HFEFFRE BEEKRE WTF K ¥ Ff Hidetoshi Mori
TR BEBERE T A M O #H Kazuo Murase

The formation process of a compesitional gradient mixture was studied to

provide fundamental ideas for manufacturing functionally gradient materials,

in which chloride reduced metallic particles were infiltrated within a ceramic

packing. The experiment using nickel chloride and alumina packing proved

that the mixtures formed well controlled compositional gradient profiles. The

infiltration process was successively simulated with a filtration theory which

allows the design of the optimal gradients. Attention has also been given to

the control of designed gradients by using a multi-layer packing composed

of different particle diameters. The mixing state of the mixture was evaluated

with the quality of mixing derived by using information entropy theory. The

mixing calculated from the nickel images observed under electron probe mi-

croanalysis proved that the infiltration method was able to fabricate compo-

sitional gradient mixtures with satisfactorily homogeneous mixing.

IEEEE

|

i

(RS REM R ISR - 2 2w 7 AFREIL
B E LA — T, 7 uiilsre
7Ry —NTELLEFRER R Y5 2

f

LTk o THAMIC BT D AEKE 2 I 32,

AR BRI b L /T I AR R = A S
B, HDLWIMMTEOMEMEREZ BRI E L LW
JRMOLICEZINIHMRTSH S, DS
B TR A RN A ENIC L AUE, Rk
Be % sBR LT & kot cidfs s s
WHBREDERMEA TR E A O El Y oEis I
BT LB LI, ThETizgbil
ARG LT & oA 70 v FRRBRRE A+
FHE Moo — 2~ 7 0 TA LAY

BTHLOEEMBEMNT, WhiREM &b
ELBLDTH 5B,

RS R B A AR & L TI2.CVD R VD
DEICETH 2N EHF LB 2RI
FALZ R CHBT 2 HEN 6, PEROB IR
Z'at A EWREOERE T, BiYET
HIEOMA S L RMEF S B H L Wi
ARS8 58l A4 RIS U TS S FFgEh 3
HENEEIIch-TER, UL LEFRESH
BHIRSO S AMRE IR I BIIZh 2 B 728,
FORBICRLEMIZRLTI 7B i~y
0 e RE R A D & Lo REER T RO & Ty
LTwhrhlde bd, Floohefhd o
TR e B IR T N ERIEA D 2,

AHIE TLLBMRLT & P L - SAiREE




Annuai Report No. 3 1895

S EEB - T 3y 7 AT REFHRREA R
e o 2o BB e HiE Uiz, $abhb,
SAHE I L 0 AER LS BisRh 75—k
THERER T TH LT 3 g 2 ZRFREEE N
~HEBRE B, BRI T OBk T o B
SR EEICHMTE SRR EEE I L, b3
TEEMRME D FOT O RPETTALEE
FRLHME LTS, CHFRIzIAE,
BHIK O 3 v 7 ZEHMNIC SRR SR
G L7 BRI TR L 2 B, ik
DEREEEW R B L BT, FEOM
BEAEASLOERBERB T, H
BB hdfirmiske BT s 8n %
DRWOBEIC e 2 A HEE LT3,
SRPINESY LU R 70 W R ir s §10) 0] )
B Do Twndd, SMERETIE—Haw
MERFIECHAET B 28, BB 58N
L EORMOMEBEBINT 2L TE L, &
oA OR I & DB om L ES
., Bk CIP e HIP o I errnst & 4
N, 7ot igs b, o2
AL AT SR OIS T RIE & 2 BRI T o 2
L2, 7o A0 R SRR R i
BELIEM B S AR TS 2,

—F{EB S A AR R R R 2 LT
SR, —re B RRER X 2 2 oo
GRS L BB L o T’ LS Z &
D EeH, BRaOFERECET RN
BEIZOWTRIFEAERZAAT VR wOR
BURTH B, AW T, (PR U EFHRRE
DEWME BT E0REL s o -2
EELIEGETIM T 2 F e REL, 7o
A2 BRI OWT HEE L,

KN |

REFFRTIERE - €% 3 v 7 RAEFHABHM
Bl 2 SR L0009 Vo e

ML, ENEHERELT= vy T
3RS R X DB ITTER L, |
MEBE S LT 2 LT3, 2048088
Ty R & L W HOEMTRET, L
b RIS T b BIStR o B e RE L
ERFERICE B IESE L L e ffioks
L. BohilpryE 8 10 RS EER
PR ALy AR HET A S L L,
e HOBBRBB Y LT, B E LT
SNTWAFTNIFEMALEZ, P iFid—
RET AR O RBME TV 2 FRER L,
RIS X - TR B TN L A % (R
Lize ZOMBERTHS v~ LR FOIBRk T
PR L > TEOBBIREETL, T3+
DBEREEENCIE L SR R T RS e
BROBFES T AL HEITL, IR L
ENRMOLEBEPE LN S 2 L2 BT
FEERRICLDELDHT S,

SHHRHER L, B FAEN E RER
EMEANCFNCE LA T AL Twd, =y
4 VABHORET- Lk, IREEERIAT L o AR oL
Sy rIVEERIL . IR AATRIS R
ALTRE L FMEILEG ST RERE S,
T LUTTREEYEST LAWEETRIRE L
TN RRVNCEE S, SRR
Bid, S ANVERIEHRTERINZ =7l
BEE T oW T, 20EREREr 75y
BEERICR, Aol —ia L85 200
INBEMHEETE B L EEPD TV B, FE
BB T, AR REER R & L THEE20
mm, EESmmPEEE LA,

13 5 AU AR R 1 b B A L A R
2AT% v YIHI - FRESALEE )2 SEM B 1 4 2%
L, 2 5IICEPMA I & 0 A o A
BAT 40w, ERERRTEEIC L SRR O
BB L UERRsONRBEER L, B
B & O R AR o B &

~ 4 -



Hosokawa Powder Techwology Foundation

BRFEDIIEAETLEI EFTRISINTED,

Tl FEREREELIELR B BIUT
I BRI R BRI 28 LR
FaE L, REHRO R SRR L2,

& AR R B OHRERBR I > W T3 2D
RRMEN PHAET LI TW B, EfHEED
RS T2 & F 2 SN2 BSOS ERE
T ARMIZIZ LA ET b Tw R Wi
BIRTH L, $bbBEnbl s L LT
D FHHEERAER & 3 7 2 iE OB RN L

DEMRIZ DT LML EFE N, T T,

AR TIZ B DAHCIRTE 2 E 20T T
ERIEEAr L e E—0Wah L2, &7
Ot 20 L AIREOFR AL T & 555 %
DREEIT % 72,

P b-—#iiic L), REMRmT &L
FRARRL A & B BRI R B 2 2D &
MRE7 0 ADERN L2552 &
FTEIZ,

| SHROMENRBL |

AFE Tz, SBREAMOKRERCTERS
NHEBBHT LT 3y 7 ANTRBAICERE
W 3 TP AR R (ERY 27 ok 2
W, fRENLZERRE L=y N /TS
FREEDHIFTME L, LTORBREE.
(1) FpEhak/ ANBIRSER T, KERAFIT TE

B3N B =y v Ah-F O IREIET 27

BEEFNMCINEET L2 e TE, 1L

=y NERRURE Y/ R E W LEIE &

- T—KBOHWH TR T H 5 = L HFERS

7z,

— 4]

2) HRINLERE= v 7L TEREFTH B
Fasdh, OB L D BEREMET L, 7
b 3 T OBEREEE S U B R IBIC 2 - T
HNPH Y L EDRAD =y 7V T
IHEFRIRE R FR T2 T &L, &
7= NG OEFHER AR IZ, TS
BNTHEIN =y yVR-FICE 5328
NEhEMEE R T L L LAEREF IS
O THET D EHTE, = 7 VRITR
ETNEFRTEOIE L - T2 & 45
BICHETELI EERL,

(3) {REB S N EFHRRNOICEIE S AE
BT A RS OGECREE T, B E B
MBI T AMHE b E—-Z2FIALT
P LD IRAEE & H o CE RIS R L 72,
ZOFER, RO DBANREE TIEE U228
MR ICBITA =y 7y ET NSRS DE
HCRBIIMEDS TR TH 5 2 EFRE R N,
REDOHA LD, e LSRR TOREY

A BRI T ORI S U TEET L, Ao

SHRET L ACELOWREMI L LI

L0 IREH BRI LT b SR S

IR L 2R 2 RS 2 e s b B,
AR T, RS ORI HIcE DT

Sh= oy T VRD L RO R A A

MERICBENTL, EINETEETRETH L 2

ERS A, BERFEICL NEINSR Y & L

N7 RMIGBEI N droTed, 220

MO BER 2 ORI BT TR D

BIfRICDW TR, BAEFMEMEERITTw 5

EZATH D,




Anwnal Report No. B 1995

Wokhrf- & A O B STRABE 220 & £ DS HIZBE T S #F5E

A Study on Behaviour of Gas-Solid Two-Phase Impinging Jet

=

A ) 2 Toshihiko Shakouchi
& Mitsuhire Yasuda

93116
fEpnd ZEAPTEURMIEN & &
HEPTes (HEH = ® ok % KPR
HEErseE (B X B K ¥ KEREE

SHA 35 B Katsuaki Odagi

In order fo produce fine solid particles, gas-solid two-phase impinging jet

is used often. It is very important to produce fine solid particles of order of

um or sub-pm efficiently, because various kind of materials, fine ceramics,

toua for copy machine, superconducting material, medical supplies, and oth-

ers, are made from powder. Bui, the efficiency of the crushing method by

gas-solid two-phase impinging jet is not enough.

This is a basic study for behavior of fine solid particles in gas-solid two

-phase iet and the diffusion of fine solid particles in a round gas-solid two-

phase jet and the control of the diffusion of fine solid particles by coaxial

anaylar jel were examined.

Further examination for the hehavior of {ine solid particles in gas-solid

two-phase impinging jet is needed.

GEAEL |

BRI T 2 & UERIRAE EER . B
FEBBTATFRAO—2L LTIRSHHEAT
VG ARIER D TR L REEVEEY KR L E
HEFRERELCEOVERPELLN TS,

A, Tr A v T Iy A, MERE
—, FREEMESICERE A R THH
HE, B IUEE - BEREDZ R
DR = B, pmH S {d sub-pm order ¢
BT R bR b S EEE O, BT AL
R TEELHM T 5,

LA Lacdi s, i i i3 18
¢, ALK -DBA» L LTHWRET 4
Bh b, 260, HRENEIEBITAHDET
TEEEL BV A A = X AL Y IZH L D
STy,

BIFFETIE, ERBEIC B 5 AR A B
&L THS R oy 28, o 4 = XA & W
BIMIY bz, RIMIRR U T O #
fERRAT (H IR, k-e LR E PR, 2 8).
B LU S - BRI e S b8 L
27 b,

Enin, BMEembEd s FEn—-ok
LT, B & o B AURE MBI i o
TR (RFE, O T A0 | i, G
i, ) RBRBMHEEEH - THET A
B4 S (),

OB, BT S BEROEE LU/ U R E
fL3ELZ LIl 0. FUbL T OHE O T,
PRADERHEZELHMMETL L0 TE, B
PR FoB R Rom bANE s L5,



Hosokawa Powder Technology Foundaiion

TN -
Q/zﬁaiu toz1ie
t e 50l poRL D

Ak
Fao~EeFNRUKER "l/ L
\ / -
W §ﬂ§2§:?’ =
l; 5. 3%
T‘LL, o o
— |

iy:;:a In; ?3?}3’8.

| ' Z I
1§ Apa

TE AL NS TR 12 5 15 B B F o it
WS LRI T 50 21, BRKNTIO Y

MR, BB, v PRV AL 27
w N (. TR T X OB AR Y
EL, HETHL, tald, Bk 2O
I A LID, 3T, AR BT 280
WD %J:'ﬁf(é"#‘ WA I it LiEERoMEEE
REL YR LELETH S, UL onT
i, —P%f“ BFE % BT d L idn 2 Ao,
AEFIELE. EREAHE B R, ot (L
%, MR LR B LU T ouEE .
VB QIR (B8, R X R4 2l T
MET Ao L2 HME LTwd, oy
Fitd, Navier-Stokesi, #ifE. k-eFLRE®E
FrHREMETHCTHE, SR T

15

\;‘"““&.‘\
}

.00 1.9 & o
$34 KR
bl o @ Wain nogzle ¢ b avw

A XA

o572 AT two-way methodiz k H#
BLA2, £72, LA »#Fhiriar—
Va ik DEHE L, ZofER, BRI &
DB, B LR O EASHIRT R B
D&, EERICH T B BRI @ B I L Ek
B, B BEMR T Y ATER Lz B,

B SRR P "‘%5?%%“% RHHZ BT B8R T o
IO BBRIZ oW TE., BERIRTR S,
2 HEERMASL U?’i?ﬁ

1 53\ 7S”'—‘;&?‘}[/(&{§1 f\_pd"g"“@ ii
ORY . MER{ZERE. BEE = 10mme) £
S AN %ﬁﬂf_% th m»i[}_]f‘i‘l/sf‘\ =4 ?‘Qﬁifd; dg =

16mm o A S BHR 7 2 X h & B o
Frie e BT 3 B /o8, R o Tl R
FECHEH S D, AL, mEhE s
ez/d =0~201, PHEHEr/d=0~00EH
W 169 X TS o0 8 LT B L2z,
AA 2 ZRNE O S EERA =100,50,20, 10xm



Annual Report No. 3 1995

NIRRT (' F A —X, BE | 0"=2600kg/
m?) X RN L & HIcER 3, HHALE
k. A4 2 XAolim & HRH iz 205%5),
MR HINC10E L2 BR & Lz, MRk T
3, EHGLE L #ERTico & d"=100pmD 4
104, 50. 20pumDEFAIHE, 10pmD 420
FE L, #hsTRTFOER 2RI H
B T oM iIc T 2 EBEIS, TabbHE
Hldm=066 & L7, F/, @EEHIZw/u=20
(FEROA), 1.0, 15& L7z,

iy
B

7.
1 _Main nozzle
/Sub nozzle

\

fob

Flow Model

Fig. 1

2.1 [HEOEEE

k-e & F N % H 2l FRoftHoR g 2
kg AR, W, Rk R ROE
L. —ifefmacs ¢ tTé &

2@ty + L (Fg-r 2E)

Fz1le, &dioxdTa0. 5. S§eRT, 2

y D EESEAR S, v IRERRMEAR . AT

*if’%mlit’ﬂﬁﬁﬁ N7 HLALIREH 272 ) R 5K

AR St AERCE, SPORLT ASUES

5. E&@%i@‘ﬂ:ﬁ&tian AR TIE, H DK
B b & TR OTATEES 2 K&, Bt

SEA, ML B EEORE P EE

Bk Sy, StEkoiz, /AN OE
REME L CaHOAMOEIE u’ L kD KR
%5 2 BRI SIMPLE 28 L7,
2.2 RIFORITIBOFRE
Wk R o EE H R, 020" ukl

Hr i, THE, Nty PEEIEMIN, K
REl b,
P P2
P%=Cdm§ pud—ul) {us—uf | (2)
Pd;y““cdmé o (uf—uy) | us—us | (3)
dus dart a
mP; Cﬂ-S P(%z ) |Mz—1'f£g|
Famg(1—Ep) o (4)
2/3
C=2 (Re<)). =5 1+ (R2D) 6)

U= (h — 22+ (b — ) (uf —ug)?-- (6)

22T, Re (U V) 13V A/ NZETH D,
SUME O B E

—— T — '
ui=i4ud, ui= uy+uy us=ust+us (7)

S TuE. ul. ul BT Sy, ud. b,
wl L BB RS, R AT B A LR )
Higd bRD b b, BREERS L, Sk

BLIORED 6. & 5EMICEIT 5 SO ELH

A A
Jub | = | ub | = | ub| =4 (2/3) ko (8)
3R EE

3.1 FORITHES

212, Al & LT dP=10pm D F 5% us/
w =0T, /20T 20408 L7z
BENr/d, =0.025, 0.175, 0.325, 0.4757 5 %
AENIMER T 2 & & ORATE % R,
2121, #op o BB T OO, 2/d
=20, 400WiE, B Ly TOMRTFHIRIN
T b, RTETFRIC Y 2N |



Hosokawa Powder Technology Foundation

Table 1

¢‘F‘ S;s\ Sgs
¢ r Si SE
1 - 0 ]
— ,op. 8 u° au’ —
(4] —_—
" v+ w 82+8z I‘ + 7 ¥ 27 H
— o, ?E 8 _eut . _° —
a —ga— Ll —_ Jndivh —_
v v+ owm raf az y['— 37 a?rP o 2T " S5
u#*Sh+ v° Sy
Bl p(G-e) R
(7% —u® Si" e S{;
v+ 3 . p €
£ Tmm——— ’)’—(ClG—‘ Czé‘) Cgsk_
Oy ]E k

2
w:CukT-\ O'h=1.0, O's:}.?)‘ CH:OOQ, 6131.55‘ Cz=2.0\ C3=11

=y I Zy (E ) (B B ey

S§i= ENP‘% /

| w20} dt

ar

tour AP Lout
Cor (u®—u®) | u*—u® | dt. Sf= Z‘NP Cer(v®—p¥) .
tin Lin

002 050 g0 0.1 0.5 02 925 03 035 94 045 0.5 002 D'Oln 065 01 045 0.2 025 03 035 04 045 D5
z(m} 2{m)
001} J——
a _
w0
0.04 L I 1 L 1 J Q.04 X i, 1 1 ' 1 1 1 ML
a poO5 CF 015 02 05 03 035 04 045 0.5 0 065 01 5% 02 025 03 035 04 045 05
#n) z(m)
Fig.2 Flying Path (u/u; =0, d°=10um) Fig.3 Flying Path (uz/ui=15, d"=10pm)

L T\ BA4TH5E

OIE. RTEENERE 310, u/ui =150 R R R A
WD TR FIADIEEFH E D KE e, DRFDPEUT U/ =0 H L DS (T B

FRAPRES b LB ARE L B CRENROBEESHE VEIRIT LI LN
Fo. REEFRANOIRAH S 2 b mitd,




Awnnual Report No.3 1895

3.2 AUiRE Nk& <L b, T, z/di=20pm T A" D0
B4 (a) iz, HWARZESURGE (X, —mai) | Ay ic&“k%’iﬁﬁiﬁtf’ o RIS AL
BLwed=100, 50, 20, 10pm DR F2 &L E  BEEZT 2 LEFMOME /A, z/di=

SURAIER (m=0.66) 7%, w/u:i=0THEHRT 5 20, 40’6‘%#1%'??’11‘/(11:0.8\ 1.7, 3hL K
b EDPLHRFRE /U 2IRT, ucfucold, 2/ ECHKT S,
GE6~TTRIFVRELL S, FOHREHR

BT A, FoMERE, 4Pk & LicibT S —
o ﬂ“
B, dP=20, 10pm T3 ERI2T 2, 08 o 23;‘:
—_——

—— SINGLE PHASE

B 4(b). (c) iz, Zhe Nuz/uwi=1.0. L50# s
%%%¢c$bﬁﬁﬁm PR o B A T 1
WEHAKELL b L Z0ERHNS
<¢aaaa:$m%ﬁ@mm%n:L@<c

L R—
S o4,
a4 ——— {0 zn

0.8 2 - = — 50um

' _‘.\ P w#"

:‘. — —
R m—— sumuz PIIASE
o8 W ".\
¢ N 7
L1 W \*\' SN, (a) vt/ =10

(d) 2/d0 = 40

] 1 .2 3 r/d;
Fig.5 Velocity Profiles (u/u;=0)

2
=
3 100 1m
— — = 0un
L1 % - | ﬂl'l
— — ln p

it S!NGLE PHASE 7

o 16 26736 W, 7 so

. . (a) z/d = §
Fig. 4 Center Line Velocity

313 EESE

B 54z, BUHZE SR (B, R . B
Lo dP=100, 50, 20, 10pgmokiF-24LES
AR (m=0.66) A%, w/wmi=0THEH T2 &
ENRFRDOEE AT u/Ueo &R T, AL

3#ﬁmf-rm¢ﬁ>wmmﬁwﬁa§nfu5o o2 (@) 2/d -
B SRR R OEIE 3, WTOBALRTD . 1 , e
i ?éllﬁ‘rglt]%]{ﬂﬂ“t"jia‘-ﬁ TGO £ L & Fig.6 Velocity Profiles (uz/u;=1.5)



Hosokawa Powder Technology Foundation

612, U/=15DFERERT, WESH
Bii., BEmoRELEC ZITuTholimEc
BoTH uw/u=00880F L 0 RE i,
BT ORE R W/ u=0DBAIEERE{ L
r/dyid. z/di=10, 20, 40TFIZF10.3, 0.8,
08723, 372, w/ =100, w/u
=0 L15DFMEDFMNE N E L -T2

3.4 EEETER

7. 81z, BEISURMHMEEHR (m=0.05) 27
WICZET 5 & & D REAR-F O RITII OFTH
FlZ R /S AN~ h/d =4 T
7w/ u=0FERNHA)DfERE, R8I
W/ =1L5DFERERT, Eh(a)~(0)id. it

m

(a) y-z plane

I S

(b} x-z plane

{c)

Fig.7 Flying Path {Impinging Jet, w/u, =0)

'W%&_

{a) v-z plane

e

() x-z plane

Fig.8 Flying Path (Impinging Jet, u./u,=1.5)

Firy-zim, x-zWi, B LB L RER
THb, FRIFId =10pumT, /A0 EOD
r/d,=0.025, 0.175, 0.325, 0475 {iE» 56D
m@mﬁ%mﬁﬁﬁwﬁﬁéﬂfw B, Zith
DFERIZ, B EEOFERICI VEILSA
72, uwmm@mmdm=un:; ). KLF D
EARANDE RO T W R D L0505,

BIRE AL B T G FE L) ok T~ o dI Rk I B §
BEICOWTIE, 4 PN W/di.
REZFTERRIC LY, B
4.% B

] SV RAH P2 32 0 [R) Bk SRR BNE R & %

s/, Mm% ¥

. RERTH B

— 47 -




Anngal Report No, 3 1995

Tz WTHRET L 72,

(1) FOR-TOMRATESS, EEORFERLL,
WE ok & LB o iiitidh
S b

2) WL, MELoRpE LM R,
HE LR EL DB L FOMEBRIPE L
Bk b BT BAHREER O ICHE T,

(3 BRIEMEROMEL. N-roR8rR0
LR T RAH SR E L L DR E
AU TIRTR U & b, r/duid, BUEH
ORREW{FITS, ML ERT AL
kD BEREMEEEROBBESE, B
LU F O WEHT 5 TR &
BLPEE, HELL, EREEL ESRL LY

B, HBANEATLIHE, BLUERICLS

AR, N A BROREBETS 5,
2ok, EEURARE REIIC B 0 A e

FOWRDFT 2T ZRERFTRTH 5,

[ SHROMEDREL 1

B SRR RO 2 TS LI
Bl s e L bic, ERIGLIFE (B
BAIRAFEA T, HAA, SREY IR kAL
BORCTE, RBEOMOMELSEBI L
Twa) L D EEROR SRR T 5,

ST

1. Netl, 5. & Mohamed, O. E. E, Int J. Heat &
Fhuid Flow, 11-3 (1990), v, 201

2. - b2, HIR(B), 60-572 (1994), p. 1152.

3. Bun, T. Y-, et al, Trans. ASME, J. Heat Trans-
fer, 108 (1986}, p. 951

4, Maodarress, D., et al, Proo. of AIAA/ASME 3ed
Joint Thermophysics, Fluids, Plasma & Heat
Transfer Conference (1882), p. 1.

BRI

ABRCHARODTETH S,



Hosokawa Powder Technology Foundation

BAIRBIE € 5% & L CHECE RIS £ 2 KA
RAtE 7L ORE

Proposal of modeling of vibrating bed of powder with distinct
element method

93117

foFEpeE R THASEHEM WF M O 3% 5L Yoshihiro Taguchi

We have investigated vibrating hed of powder using distinct element method.
We found strong analogy between vibrating bed of powder and fluid turbu-
lence, i.e., 'Energy Spectrum’ shows &% law (k is wave number) which Ko-
Imogorov proposed to characterize fluid turbulence, and velocity distribution
function, as fluid turbulence, strongly deviate from Gaussian distribution,
although velocity distribution functions should ohey Gaussian if thermal e-
quilibrium state is achieved. Furthermore, we proposed theoretical explanation
why velocity distribution function deviate from Gaussian velocity distribution
functions. In this theory, we assume that each particle in granular matter
forms clusters with various sizes. By assuming actual size distribution func-
tions, we succeeded in explaining the deviation from Gaussian velocity dis-

—~5}3

tribution. The appearance of % spectrum is explained by the analogy to

Kolmogorov’s picture where energy cascades from low wave number to high

wave number.
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Titanium-aluminide/TiB. nanocomposites produced by combustion
reacton of composite powders in plasma flame and rapid
Solidification of its melt.

93119

IR KBRS m R rr i 4 L 48 2 Kenji Murakami
Composite powders consisting of titanium-aluminide powder {or titanium
powder and aluminum powder) and amorphous boron powder, were made by
ball-milling and/or mechano-fusion process, and were plasma-sprayed in a
low pressure inert atmosphere. The composite powder melted in the plasma
flame, impinged onto a substrate and solidified at extremely high cooling
rates. The as-spraved deposits consist of titanium-aluminide matrix and fine
TiB, dispersoids whose volume fraction depends on the boron content of the
composite powder. The titanium-aluminide matrix is supersaturated with
boron due to the high cooling rate during solidification of the droplets, re-
sulting in high hardness of the deposits. When the deposits are heat-treated
at high temperatures, TiB, particles of a size of around 0.1pgm precipitate
from the supersaturated matrix. This reactive thermal spraying is a promising

process for producing intermetallic compound base composites with fine cer-

amic dispersoids.
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Development of Novel Methodology for Separation of Microparticles by
Laser Manipulation Technique

93121

REWRH HRFELFN W = & L B Hiroaki Misawa

Radiation force generated by interaction of a laser beam with a dielectric
microparticle can act as the driving force for trapping and manipulation of
the particle. Since laser trapping engages noncontact and nondestructive ma-
nipulation of various microparticles in threedimensional space, its role in sci-
ence and technology will be enormously large, particularly, in microtechnolo-
gies such as micromachine, microelectronics, microoptics, and so forth.

We recently applied the technique of laser manipulation to the separation
of particular microparticles from a mixture of particles in a fluid solution.
According to Stokes's low, an optically trapped particle experiences viscous
drag in a solution (i. e, resistance) when the laser beam is scanned at a
constant velocity. When the resistance overcomes the radiation force, the
sphere is released from trapping. Hence, we can quantitatively determine the
radiation force of the particle in the fluid solution by measuring the maximum
velocity at which the particle detrap. By using present technique, we demo-
nstrated that radiation force exerted on microparticles was dependent on laser
intensity, particle size, and refractive indices of particles and medium. The
present experiment implies a future possibility of separation of particular mi-

croparticles from a mixture of particles by laser beam.
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Demonstration of strength improvement through the characterization and
removal of huge particles of extremely low concentration in powder

93123

fosmrses BREMRIERSE Su% OB

W=

Keizo Uematsu

A small amount of huge particles in alumina powder was evaluated and

the strength change of ceramics on its elimination was examined in this

study. A powder consisting of small particles was collected by using the

difference of precipitation rates of particles dispersed in solutions. The change

of internal structures by the elimination of huge particles in green bodies

was evaluated in detail by means of the liquid immersion technique combined

with the polarized microscopy. The sintered bodies were characterized by

measuring their 4-points bending strength and density. The microstructure

was observed by SEM. In contrary to general expections the properties of

the sintered bodies were deteriorated by the elimination of huge particles in

powder.
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Fig. 3 Crossed-polarized light micrograph of powder
compacts . {a) as received {h) after elimi-
nation of huge particles
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Fig.5 Particle size distributions of powders as

received and after elimination of huge

particles
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Fig.6 Pore size distributions of powder compacts
as received and after elimination of huge

particles by mercury-porosity mesurement
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Fig. 7 Comparison of sintered densities of powder

compacts as received and after elimination

of huge particles

Fig.8 SEM micrographs of sintered bhodies at
1600°C : (a) as (b) after

elimination of huge particles

received
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Fig. 9 Weibull plot of sintered bodies of as received
and after elimination of huge particles at 1600°C
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and after elimination of huge particles at 1650°C
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Controlled Release of Drugs from Biodegradable Microspheres

93125

REWFEE NI ENRTY 8% H & A W Kakyi Tojyo
ALFIFIEE LM LSRR T o A F # A Yoshito Shirai

Biodegradable microspheres have versatile application in areas such as in-
jectable or implantable drug delivery. In this study, biocdegradable poly-lactate
microspheres which contain, the model drug, DMSB, have been formulated.
The size of microspheres was controlled within a range from 50 micrometers
to 5mm in diameter by the rate of agitation in emulsifying poly-lactate in
dichlormethane. Assuming the zero-order degradation of microspheres, a ma-
thematical model was developed to examine the time duration until drugs
burst out. The model showed that the time duration would be prolonged more
than 250 times when the averaged size of the microspheres increases from
0.13mm to 2.5mm in diameter. This may indicate that the time lag before
bursting of drugs would be easily controlled by adjusting the microsphere

size.
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T I=TLAEERAS ) EHWA 7 v ZOHENL
Establishment of Brazing Processes Using Powder Aluminum Brazing
Filler Metals

03127
B NE R 3T 1 A& 1E  Tadashi Takemoto

To establish the brazing process using powder aluminum brazing {iller
metals, the brazability of powder filler metal has been investigated in vacuum
and non-corrosive flux processes. In vacuum process, the filler metzls with
fine particles and air atomized powder showed superior brazability to those
with coarse powders and argon gas atomized wowders. Brazability decreased
with the increase in magnesium content in AI-1051-Mg filler metals, and it
also decreased with increasing silicon content in Al-Si-15Mg filler metals.
Accordingly, Al-1051-L5My {iller metal with powder size less than 454m in
diameter was the best choice for vacuum brazing, however, sound fillet could
not be obtained under vacuum process.

On the other hand, in non-corrosive flux process, the developed brazing
paste offers excellent brazability. Sound fillet formation was achieved under
low flux content when using the argon gas atomized powder filler metals
with low oxygen content. Powders sorted (o remove fine particles and powders
with low oxvgen confent were found to be suitable for brazing filler metal
powders, because they required less flux content to obtain 100% fillet for-
mation under the same amount of paste. Atomizing under protective atmo-
sphere and removal of fine particles were important to obtain excellent
brazability in low flux content, The fine particles with high specific surface
area containing high oxygen should be removed from filler metals. To reject
the fine particle is the key to obtain excellent brazability of powder filler
metals. Accordingly, argon gas atomized low oxygen powders rejected fine
particles are preferable as hrazing powder filler metals.

The selection of appropriate organic resin, solvents and additional com.-
pound to give appropriate viscosity and to prevent separation of powder and
organics was also important to maintain the continuous apphcation by machine
system. In this experiment, the used organics were completey decomposed
by braze heating and gave no harmful effect on brazeability,
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Development of Production Technique of Multi-composite Ultrafine
Particle by CVD Aiming at Functional Composite Materials

93128

ozl KR 3R E I M — Korekazu Ueyama
HERFZEE KRS BF Ay 7 1E B Masahiko Matsukata

Thermal CVD (Chemical Vapor Deposition) reactor equipped with 6 elec-
tric furnaces was used to produce ultrafine particles composed of TiN and
Ti0;, TiCl, and NHs were fed into the reactor to produce TiN. TTIP (Ti-
tantetraisopropoxide) was occasionally fed at the same axial position in the
reactor, which thermaly decomposed to TiO.. Ar gas was used as carrier gas
for both TiCly and TTIP. Effects of Ar gas flow rate, NH,/TiCls ratio, TiCl,
concentration and a simultaneous feeding of TTIP, on the crystallite size
were experimentally investigated and discussed making reference to simulation
results of flow in the reactor.

The mean crystallite size of TiN was decreased from 18 to 12nm when
the NI,/ TiCl, ratio was increased from 18 to 100 for the case of no TTIP
feed. When TTIP was simultaneously fed, the mean crystallite size was con-
stantly 12nm regardless of the NH,;/TiCl, ratio. The mean size slightly in-
creased with the increase of gas flow rate of TTIP carriergas or with the
decrease of TTIP concentration, at the same NHs/TiCl, ratio.

These experimental results mean that conditions at the region where the
nucleation occurs considerably affect the mean crystallite size, which are a
residence time and a concentration of the nucleating material in the nucleation
zone, and the existence of the second nucleating material. Especially, the
fact that the second nucleating material strongly retard the growth of crysta-
liite of the first material gives a prospect to produce a new composite ma-

terial composed of ultrafine unit structure.

G |

ARAZEAMEL JEHRRETERIRL, B EAE S 5 PAYAS /i -RPE FiTR R T g 3 RN TR ATy

WIS D v AR RO MR . 535, ¥PrEZond, Z2Tid. CVD
nmAd — R AEHREZREEO L S ICE (Chemical Vapor Deposition) %2 & 2888k
BE3NT 2080 HESIGERL TR FOEREMICET2EEE,0MAL2TIC

Voo WMREERNT A X233 Y aiedizid, T, ZHROEHRFSHARE RS, T

] Z A3 S A BoRL T R A - Tosn 2 s A
t, A ZAL DL T nm A I DI



Amnual Report No, 3 1895

M AR T 2R R AL T ke
a5,

AT TIZH B EM & LT TIN & 82 TiO.
U, RIBRESORE R TE 5 6
BESRIFC L A CVDERET, 20
DIFEL A Z DGR %ﬁ:&a LRI & A AL A

POTIRETELLIEB LU THREBEHI 74

-7z,

| E E
AWFEETIE, SRR & B TR &

SABTLIEITE, MUERR,L, B4
Mo sdr il & T, W LB E TEWE
Bl 7o B 2 7 o XA TTEE T B B LEERUE,
FEATHE (CVD) 35, BB CVDIE S Hv T, =
{LF & o (TIN) ME 7SRRI BT 5 —kk
TERBENCIET A FEMAMY T A LR EHK
ELT. KEBY ADBRE, %ﬁ%ﬁm%%i%
B L 2 olEHH R EHBIr0
LU EERIICHEEY Lo,

ARG CVD RIS BEIT 2RO RE

AMEFEERT LR EMLGREFS AL

LOoTh L, BnEEOHRIICHL KO LS

eI E L.

0 SHAZREOENTE2EETALEEH
e Linon T, RSO ER % Rsds 8
ATEBEIICTEHEZ &,

) FOROIRSEROE AT LEE
HpEH L TEL LTS, ThbRAE
KT O 2 MG OBEERIHTR S L
T ALk,

3 EALAS S ZLARMBTES LY ICHE
2 OFURGRONE T 7" ) o R B
(il o S

BT TIIBIF 5 > (TIN) L BiLF 2 >

(Ti0,) @ 2 R ARRF 2 4 CVDERIC &

DAL, TIN RO EBHIL RS 7 >

3.)';‘ /\:

(TiCLy L 7 v =7 (NH) D Kb 4 2 v/,
TiO. DERLE L CF T F4 V7 olix s
[ (Ti(i-OCsHr) s, TTIP) % Bl 7z, TiCL B
SFUTTIP WL, #FEMECEM RS
Co KRG GEIE LRV TRER 75 —
AL,

HOlkREEE 75 v Eraryad b
IR 40mm. N 40mm, BRUIPIEER Y
F40mm, WEGmm. &S 600mm O FHREE
EH LAz, ®72, NEERIEE S 100mm, 6o
BERFERE L, 4, 20BOTHFR
MLCBEERETESL, 2D ;K%*:%W@m
Eafel—icRkol b TEL L, HEHNE
FLRNEIELTE A,

224 SRBHTOON

R T oMmE R ERE, X B
(XRD), EF#EETIC L D477, T20 ol
FOBROBER., ZH0EFHEH (TEM)
ZEDiT o, £, KIKKSEESHEETE
Bredg o 2 — oK E L 2, TIN OFHRE AT

B2, Scherrer DR & Fv iz,
3. BRrER
3.1 TiCLHNH RIERO AL & 5 TIN—Xi8
FHEBIE
TiCly &4 U7 AciiiE % 1000 SCCM — % &

L7z &, NHa/TiCly lics4 2 TiN 45
i TR Fig TICRRT,

NHy EDEIT 512 L7eat- T TIN Fk
T TR LT/, BEAMERREGITE,
BRTRERSNL, EBT aRTtokER
NECHLZZ LR EMIITHEEEL LIS,

Wiz, TiCL% % ) 7 ArifiRics+ 5 TiN
B ST EEOKAF L & NH:/TiCl HeAs15 2 6042
2T Fig 212501, NH, /TiCk Heasls, 60 &
b2 TiCle % » 1 TAriEE #6500 SCCMa k&
B MEE R L.

—_ "{Sw



Hosokawa Powder Technology Foundation

20

18

16

14

12

Mean crystallite size [ nm ]

10

Fig. 1

20

0o 20

40

60

80

100

120

o
[]

(]
L]
1

-
[}
T

1

1

T30 40

60

80

100

NHa / TiCla [ -]

Dependence of TiN mean crystallite size
on the NH,/TiCly ratio (TiCi; carrier
Ar gas flow rate, 10005CCM).

18 F

16

121

Mean crystallite size [ nm ]

141 @

1 ) 1 4 i

100

TiCk carrier Ar gas flow rate [ SCCM ]

Fig. 2

260 400 800 800 1000 1200

Dependence of TiN mean crystallite size
on the flow rate of Ar for the TiCl, carrier
{@ NH;/TiCl;, 15; m :NH,/TiCls, 60).

3.2 TTIPHEMIZ & 3 TiN — RALF 4
Fig. 3icTTIP 2%mM L e vWid &, Liche

HTINFE S F RN #EERT . NHa/

TiCly Jp 2 gim 32 513

g BAEMA o2,

4. WS
L dRBL-F- SR T HIRERE 2 045 HIVC, TiN/

TiO. 2 i FlBidck F 2 A2 CVD ZEE % 3
L. LIToMR %5,

(1) HEHE
L.

K & TIN A7 T8 — R e
Z @ Az TiO: 25787 7 ZRAHT

¥ TTIP sl R0

Mean crystaliite size reduction ratio [ % ]
n
o

NHa/ TiCla [ -]

120

Fig.3 Dependence of TiN mean crystallite size
reduction ratio on the NHa/TiCl, ratio
(TiCly carrier Ar flow rate, 1000SCCM),

T 5

(2) TiO. DT TIN S dh TOREE LT 5,
(3) TIN#SFR&RIL, RinA 2 0)(}2 .

PRI IR & (B LB,

R

| SOMEDRAL

SA R THE— 58T B EMH O 1 RbLF 2 5

R DHESTFORE S,
H AR B LU 2 T o ER I
AV R R s R

BINEE TR Ofah T 2 /h S < SRRMK

X<, HAMELE LT OB O RERIC
Mk b L Bbh b,
3, W—REEEZ T

— 43054 R < AT
T H R

iR FIE R EET L W) Bl s, £/

7 R RE & A B IR R
W EE & O ATIOBIRATE B A 2
WA E RS, W3R
HFHETHI LI
ARPRECTEEFERL TV S,

G OHRIFER LTS,

& DR
LERERLT
2 DR
& HERFOREFIMH SN
SxciEgerg
LOEE ERBICIHE LT 1IRB-FEEO il
Bomer & Higd & & bz, J oo

B2 A5, G
- nlgg;—?’—

‘-' B

o7z, FRICE 2 A




Anpnnd Report No. 5 1995

PRENE @ T 2 B AR RSP SR 3 i D B 58

Development of a powder property tester using fluidized bed

93129

fLRpEE BRBRE BEIE W & &  Ryobel Yamazaki
RS ok B OB O#% %% B Shigekatsu Mori

In crder to develop a powder property tester capable of measuring tensile
strength of less-cohesive particles, a new measuring method utilizing fluidiz-
ation was proposed. The principle was based on the measurement of pressure
drop through powder bed at the onset of fluidization. Then, the tensile stren-
gth wag obtained by subtracting wall friction force from upward fluid drag
force acting on powder bed. The procedure of the measurement was as
follows :

1} Aftér powder bed was formed in a acrylic cell having 60mm i inner
diameter by comparatively large preconsolidation pressure, a prescribed
amount of the same powder was fed over the powder bed already
formed, and then compacted by a prescribed preconsclidation pressure.
The precedingly formed powder bed is named lower bed and the other
upper bed.

2} Metered nitrogen gas was introduced into powder beds from a gas dis-
tributor,

3} The variation in pressure drop was measured by changing gradually gas
velocity, The maximum value of pressure drop, which was altained at
the moment when the upper bed separated from the lower bed, was de-
termined,

The measurement was performed with two kinds of silica sand. The follow-

ing results were obtained.

1} The proposed method is appiicable to measurs tensile strength of powder
bed of particles smaller than about 100gm,

2) If the adhesion force at contact points between particles can be assumed
to be proportional to particle size, the values of tensile strength measur-
ed by the proposed method is consistent with that by the method using
split cell

Automations in operations such as powder preconsolidation, gas velocity
regulation and pressure drop measurement are needed for practical use of
this method as further work.
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Influence of the Molecular Weight of Binder Agents on
the Physical Properties of Granules and Tablets.

93130

L+ A1 =% Kazumi Danjo

fCETise s BaAEEER BBy 1

In order to improve the adhesives and cohesiveness of powders, binding
agents are generally used in granule formation. In wet granulation process,
binder solution plays an important role in contrelling the mechanical proper-
ties of granules. In this study, the effects of the type and molecular weight
of the binding agent, and the concentration and viscosity of binder solution
on the granule characteristics, e. g., average granule size, granule strength
and compressibility of granules were investigated.

Polyvinylpyrrolidone (PVP) and hydroxypropylmethylcellulose (HPMC)hav-
ing various molecular weights were used for the preparation of granules by
agitating-fluidized granulation method. In each polymer system, average gran-
ule size (Dso) and granule strength (S.) increased with increasing concen-
tration and viscosity of binder solution as well as increasing molecular weight
of binding agent. The compressibility of granules was evaluated by the par-
ameter of modified Kawakita's equation (K}. It was found that K decreased
with increasing molecular weight. An approximately linear relattonship was
obesrved between the reciprocal of compressibility constant (1/K) and gran-
ule strength (S:). Comparing the K values at the same granule strength, K
values in HPMC system were greater than those in PVP system. The tablet
radial tensile strength (o) obtained by diametral compression test increased
with increasing concentration and viscosity of binder solutions and was
affected by the molecular weight of binding agent. These results indicate that
o related to the granule strength (S¢).
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Research on the Handling Technique of Individual Sub-micrometer Particles

94111

RATIEHE  ARKFRRBEHAAE > ¥ — 808 & B %1 E  Tomomasa Sato

KPS ORREERBERIC Y 7 — BT W OB

Hideki Miyazaki

Fabrication of three-dimensional (3D) micro structures such as micromachin-
es and quantum effect devices is desired. We propose the pick~and-place
forming : a unique fabrication method of 3D micro structures by heaping up
fine particles typically ranging from 10nm to lgm in diameter with micro
manipulator under scanning electron microscope monitoring. Individual micro
particles are picked up, transferred, and placed by a handling tool attached
to the manipulator.

The aim of this research is to elucidate the forces acting on micro particles,
develop handling tools based on the forces, and exftract handling skill to
control pick-up and place of the particles.

It turned out that micro particles are usually charged and this makes the
behaviour of the particles complicated and unstable. Based on this fact, han-
dling tool with coaxial electrodes has been developed to control the pick-up
and place of a particle. It also turned out that skillful tool movement can
control the pick-and-place under optimum combination of the materials.
Pyramidal 3D structure made of 35 polymer particles of 2um in diameter
was successfully fabricated, and the effectiveness of fabrication of micro struc-

tures by handling of individual particles was proved.
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Fine Particle Coating by Rapid Expansion Supercritical Solution

94116

RFEDRE BRI SARMRER B 58 #

B Atsushi Tsutsumi

A novel fluidized-bed cozting process using the rapid expansion of super-

critical fluid solutions {RESS) is described for the coating of fine particles.

Experiments were conducted in a 50mm 1D circulating fluidized bed with an

internal nozzle in the center of the riser. MS catalyst pariicles {(average

particle size 56pm) were used as the core particles. Supercritical carbon

dioxide solutions of paraffin were expanded through the nozzle into the bed

fluidized by air. The coating mass and coating rates were measured by sam-

pling method. Mercury porosimetry was used to determine the quality of the

coated pértitﬁes. A stable coating of fine particles has been achieved without

the formation of agglomerates gt room temperature. The present study ex-

amined the effects of hydrodynamics and solute concentration on coating

rate and ceating efficlency.
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“Optimization of Operating Conditions in Individual Airborne Particle An-
alysis by Inductively Coupled Plasma Mass Spectrometry”, Satoshi Kaneco,
Tsutomu Nomizu, Tomokazu Tanaka, Naoto Mizutani and Hiroshi Kawaguchi,

Analytical Sciences, in submitted.
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