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Evaluation of charging characteristics of polymer powders
by the thermally stimulated current spectroscopy. '

94119

ORI TE PSRRI & # W W F1 B Kazuo Ikezaki
LR E  BEIESIRER LA s i &
BRSO T A4 0 O &

o]

apht}

For a commercial binder resin for copy toners, commercial toners and
polymethylmethacrylate (PMMA), thermally stimulated current {TSC) spectra
of these powder compactions were observed in the temperature range from
room temperature to the melting temperatures of these polymeric materials.
For the hinder resin, the TSC spectra were examined on their electric field
and compaction pressure dependence. The temperature of the TSC peak of
the powder compactions shifted to low temperatures with the electric field.
This field-dependent TSC peak shift decreased with decreasing particle size
of the sample powders and finally the TSC peak temperature was found to
be field-independent for the binder resin powders with a particle size less
than 38 #m. The peak temperature of the toners of 10 and 6 pm particle
sizes, was also found to be field-independent. These facts ascertain that the
charge transport process hardly'.affects on their TSC properties, especially
for smaller particle size powders, and the TSC technique is useful for eval-
uation of charge trapping properties of powder-formed polymeric samples.
For PMMA, the TSC spectra were also examined. Three TSC bands were
ohserved in their spectra:P; band around 70-75°C, P, band 130-135°C and P
band 140-145°C, respectively. The peak temperatures of these TSC bands
slightly depended on the particle size of the sampie powders but not on the
electric field in the samples. This field-independence of the TSC peak tem-
perature of PMMA powders assures that the TSC technique is effective also
for PMMA. The relative peak intensities of the P, and P, bands increased
with decreasing size of the sample powders, though the increase of the P,
was small. Therefore, the charge trapping sites corresponding for the P, and
P3 bands are thought to be introduced into PMMA powders during pulveri-
zation process. These new charge trapping sites were confirmed to be thermal-
ly unstable because the P, and P. bands disappeared by annealing the sample
powders at 90 and 130°C, respectively, before TSC measurements.
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LTEBREH R 27 P AESGEIR RS Y 1. Thermally sthnulated currents of pulverized pol-
PG, i P BERERENE ymers, T. Hori and K. Ikezaki
Yo VERE O EATHBEREI S WT, FHLD The 8th International Conference on Electrostatics
. e e st e ; . 4-16 June 1357, Poitiers-Futuroscope, France)
BERLC I L R e e R 0 urorcops, Feance)
" . 2. Introduction of charge trapping sites in polymethy-
LTHIRT 2 TETH b, Imethacrylate powders during pulverization process.
{tentative title} Y. Yamada and K. lkezaki
The 3rd International Conference on  Applied
Electrostatics {14-16 November 1987, Shanghai,
China}
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Penetration of nanometer-sized aerosol particles through wire screen

95101
RS KBOFSIREISE BE v X T PO LY Manvel Alonso

Penetration of nanometer-sized aerosol particles and ions through a single
wire screen and a laminar flow tube has been measured using a tandem DMA
(differential mobility analyzer) system to accurately determine the size of
the particles. The results obtained using a CNC (condensation nucleus counter)
as a particle detector showed that penetration of particles down to 2 nm in
particle diameter follows the predictions of the theories of Cheng-Yeh and
Gormley-Kennedy. This result suggests that thermal rebound of particles on
wire or tube surfaces does not occur. The measured penetrations for negative
ions smaller than 2 nm also agreed well with the theoretical predictions. In
this case, however, concentration was measured with an electrometer and
there exists the possibility of electron transfer between the ions and the

surfaces without the (neutralized) ions being attached to them.

THREM |

MEe BT IB TR TOEYE
b, e LA LR T & O BN AR 2 R
TEHRERIET STE TS, HFEAEIICENT
LRBET, Lo 7o Yooy Tl
2nm RO K & 8 DRLTFICE TH LD E-F
STCETWS, ZHLIITRFENDNS (RS L,
BT, eI ORI, fMERICE 1T 28z
EE L, PAEEEOKT 2 Lo 4 XHR
MELLIENLPDTWEY, B FITFAY
—(GE L LT & Bk 1 ([
Y L3I E LT Vb2 2o b S i)
DREBND L W T2 3 70 F AR At
Z\v, TOMMEZ, KRR ICHEETH S
. Thbb, 2089 LRANCRT & SR
THIRETRESE LI L, Bk 224
BELCRBIT 52 b3bRic L nwZ Lizh b,

HHEOMRETREICHLNT->TCELT
T oV OES TR, BRI SR Y %
WWH L, @ F7 7 A5 —&&0RERa T 0358,
RN & LT, B 2nm Bl OB Bk F
ARIEH TRCTAY 2B O 2 2 25 T
HOh O T AR Il 28 L7z & Z Iz kAR 23R 4)
PRT I E BT TR TMERTHE,D TS,
ORI LICRBIE 0T, KFET
AT 7 TR —EEUBMR TS - Fh
FHEIZ DWW THBIVICME T 5, T%bb, &
FHEARECRAEI N 2B T8 T UEHY X
BAFALB B LD L - TRTF{LE RS
FI7 IR EERBETHREZIY, 35
—EDNDTENT 14 5B LD EHENRT 2,
DB IR TF 2T A v R 7 1) — RIS
w 7)) —iE L, £ DBIROBTHERE 2 &
JEIE OBTENE G THEIZE T 5. RARD 2 nmii
BROR-F T, ARAGFLMEE b 2729ic,




Annual Report No.5 1997

27— SBT3 e WP GER
) DR ORCC T 2 ERENHEGE L ) D
MKT B EPFTRINENT, £ RRIC
Lo TIEREICHRN D 2 E ARHRNAMTSH b,

| BE |

1. EUBIC

74 ART N — v E WA OESRICE
4 % Cheng & B3 (LR E 55 & 2 dnmBl L
Wﬂ%tﬁLfﬁﬁﬂrﬁ#%%ﬂfhé &

RS I am L Fic e B b, YA ¥ RZ ) —
V%ﬁﬁmmthﬁﬁu & BB L

DRELLBLWMEENT D, Ehoy V4 ¥
27 ) - RERBHEEHOAEERTD,
onmELVFTF /A — 544 DRF o ktak ) 3
S LEINTWE, LrL, 7/ A= 41
AORTFHMERI (A2 OMEFH D BHE
BTN 6 DREROELIEIZ O W TEER AR
STwh, F/ A —334 Dh-FOMEITHA)
ﬁmmu&%“#ﬁ%M%y@f/xw?#4
REF % T B3R, DMAWTO 7 Z ™ 35
B, BIUOHERTFOEMESICL 2 TR
BN 7 hAELEIEPHALPET STV D,
AFFTIEDMA 2 v FARTAIETIN
LOBBELLL LERMEYATLARAWT
TAYRAZ ) — B IUTEABRICE T Sk
FOFE B % ERRIICHRE L7

2. RERF*

Fig liIcEBEEPRT, BE AWz NalCl
B & U AH T IS BRIBEHR IS & > TRES Y,
Wiz, F 2 A=A XOBWRLT % 5T 5
BhA, BEEBUENL 7 MBI 5729, DMA
BT LR LBRERT 20 LINE,
B i TR AT BT & e Rk
#1877, TEODMA ORI E LICHMES
79.5mm. PN EE28mm, FhEEAE3I3mma v
f =Y RDLNTHY, WEOHBRELLLT

[ generator |— Am-247 |-——! fitter

pump

CNC iy fube

purge

Fig.] Experimental set up

TAOICKBERLE P -2 (A 33 1/
min, L7 R VYILEE 6 I/min). —H., 44 iC
2 THIIETF AT BOHRIE Am-241 (20 S
HHIEICINRESYE, FRE—HEDDMA
D& T G THEBBEN S —2710% 5ELE
mL., BEEBMEN L7 b ORES TR WEM
THERIT - 72, BRHEOUEITIKIZRT 218
D OHETIT 72,

M4 R | — 2 DEAFE _
7 A7) — 3 (sus 316, HBRE 106 #m,
R 0.075m) - WEFLLLDEEELL
WAl REIDL ) (Tﬁ‘?¥32mm BIw
Ilmm) Z A, 35w 7ic . aiktkRO
TRYNVETFEC h%’@ﬁ ﬁﬁéﬁ CNC
CEHEAE R ) CRIE Uk TR ol
DL TA PR = DERBEERDI,
2BAMNERAERT 28 FTDER/E
HAFdmm, E312m&02mDAF L 28
DR E V. TRGBOTT e NRTE IR
Lz EICEM 3¢, CNCTHRIE Lk TE%k
RENOHENLF LY ImOBHRHEICHNT S
BT 0B E RS2, BB, 02mizSFED
HEEFTHENICBRSTDHET LIRS T
b5,

T, AF N TH{
THRIE &2 AT > 7207 @Mm

2) L [k Fik
F AT 21 CNC




Hosokawa Powder Technology Foundation

DUERB O L EM(= L 7 b A7)
AR L7,
3. KBRREIUEE
NEBERBBEDL 7 FOBEIZO>VT

Fig. 2 1= DMAL OEHINEF X DMA2 o EV it
e 8 b N ARE & BRROBFEERT, %
1% > 5 4213 Cheng-Yeh 0 3 3 Tkt T2
Ehs,

T, PIIERE, SIZR 7)) -5 4%
(RFEERTILS=1.24), p FW—HIEMETH B,
Eq.() TRENLZEBMMFEOTTNEAZ ) —
SRR Lo TN TRET S, T4
bbb EMEZ 1BV DTHL, LB,

pl2RE -7 F 7 L WENSERR L & & RIS
THZ LB,

7 :2'7];)672/3 ................................... (2)

ST, RV Peld, TANREd A7
Vo= EBIREE w, BLFOMERKE D LT
5 & Pe=day/D TEEINS, BEF Znm LIF
T3, DMA1 TG AN 2RI MR L DK E
{ 7% b, DMA2& 6B 6 LA IR &
BE--B LT3, 2DLHicl A DMA T
HIE LB ELWiREIFELNL W, F
72, 3~4nm f+E T3 DMAL1 & DMA2 & @ #
ERRICERIR LN VA, TRERERT
DBEABIESHOMBIRE C— 7o A4
BRI H L OB ABEENL 7 ELL
W ThL, Dk, ER/BEEIZIDMA2 T
HEonlboelHwb,

74 YA - ERVABERE

Fig.3 12 NaCl B & (rAg DB k-1 35 & Orde
WERT LA > DERBOPEMKRERT .
My Ffld. Cheng-Yehic L 2BEETH 2,
LD, FFEdnm LT T Ag, NaClo#EHL

'penetration, P
(=]
-

0.8

e
-]

dp as measured by:
o DMAT {1 ¥min) ‘I

penetration, P [-]
]
E-N

0.2r ® OMAZ2 (1 limin) | |
“['wire screen 911 mm & DMA1 {3 limin)

" charged NaCl A DMAZ (3 limin) | |
0.0 . . - - -

1.5 2 3 2 . . d

particle diameter, d, {nm]

Fig. 2 Comparison hetween measurements
with single and tandem DMA

1.0 ———— e
I wire screen

o
o0
T

o
&

c-NaC), Q=3, §=32
u-NaCh, Q=6, $=32
c-Ag, Q=3, §=32

c-Ag, Q=6, $=32

u-Ag, Q=6, §=32
o-NaCy, Q=1, é=11
&NaCl, Q=3, $=11
c-NaCl, Q=8, $=11

1,36 nm lons, Q=8, $=32

o
A

D4 +4 0K Ps

o
o

LT 1060
Peclet number, Pe [-]

Fig.3 Penetration of ions, charged and un-
charged particles through a single
wire screen as a function of the Peclet
number. c=charged ; u=uncharged

Q=aerosol flow rate in 1/min;
@ =screen diameter in mm

T SR AR L TEBY R
) - R TR T OBRIGE D (IHE o S k%
2L, AF 2o T LB E—I L o8
BEAFRLITE Y K DR L oAk
ZHP, EMTHELTwhsdH7AvRy
)= DEETA F v DERMOADBEE DA
AHREMEL B B,
BIERMAEN L BEBST 2RFTOBERE

Fig. 412 NaCl B L WP Aghi T B RFEORIE
REARRT, HhogiRE, BRAENEEBR
TERTFOT 77 AT & BIREERTRD




Annual Report No 5 1997

Gormley-Kennedy (= L 28T 4 5.

P=0.8191exp(—3.6577)
+0,0075exp( ~22.34)
+0.326exp (—578) (f>0.0312)
P=1—2568%4 L2 +0.177 8+
(5<0.0312)

TIT. LR, BMTEANETH L, KL
D NaClEF-. Aghiv & DIzl - —3 L,
MERZETCOBIGEN IR 6 EL L
h, Tz, A4 LHEREI—H LT s
TANAS ) e LR REESE L S s,

1.0 i
taminar flow tube

aharged Na), 1 erdn
chargad NaGl, 2.4 ifmin
uncharged ol 1 Ui
chargad Ag, 8.5 fmin
charged Ag, 1 Bmin
unchargad Ag, 0.5 i
1.36 nm ions, 3 itmin

penetration, P ]
o8
..

621

|

LI NN

08 57 IR — Y

B=mpUiQ [}

Fig.4 Penetration of ions, charged and un-
charged particles in  laminar flow
through a tube as g function of the
parameter A

4. 38

FrTALDMAMES AFLEfanT /2
A, RRF AT DT R T =k
FUMEREFICBIT2ERELIEL. £
##1. Cheng-Yeh £ 4 0¥ Gormlex~Kennedy ¢
L LA, B O, RPic B LTI R
2nm Pl ETEEEGE 2L FFolkliy o
BRIZAGH L -7, A4 CHELTHE, §
FDAOBEEHMR ZBEEE L G iLh o
A2 = BLUHENERTA A - OBiuk

D F IR E LT o) S pEERT
Tednds A 2 L IZHETH 4, Fho, W2~ 3nm
ORAORFEE, RO 5O DMA THIE L
AR NG RGOt R NI 1l B B A I
FELWEREE 240D X #EHL 4.,

I %@@ﬁn@%ﬁb ?

FMFIC LT, 7 FADMANES R F
LEHATH I A=A X074 v 27
- BEUOEARBRCEITLERBEH
L, F#FH Cheng-Yeh B L1X Gormley
Kennedy o2t & Yol U288, W& 2nm L E
TR 8L, BT OB N SErE L
ST R L L,

b, A4 cBLTlE, BREasaisi
PBIAWHEENEL LD, 27
BIXUHENERTA A 0ibinE D 2720039
BAELTWESRY ) PG TIHEER T
GBS LI HHHETH -2, S, Z08
Zn T, BLLCHEEES TG TETH 2,

i

o

FEMMX

11 M. Alonso, Y. Kousaka, T. Hashimoto and N,
Hashimoto ; Submitied to ], Aerosol Sel



Hosokawa Powder Technology Foundation

iHgEtE s — R+ 2 a7 ViciR#EI LG
Pz HA A an RE TR T DA B & Rl SAURRIME
Synthesis and Magnetic Properties of Single Crystalline Magnetic Fine
Particles Cosseted in Carbon Nanocapsules

95102
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JV  Yahachi Saito
L T

Carbon-coated cobalt particles were produced by arc-evaporation of a Co-

packed graphite rod in a medified fullerene generator. Cobalt particles grown

were in an fcc phase, with a trace amount of hcp-Co. The particles were

nominally spherical in shape, and typically 10 to 100nm in diameter. Thickness

and structure of outer carbon layers could be controlled by varying the re-

lative area of a Co-packed hole drilled in the graphite rod. Saturation mag-

netization (Ms) and the coercive force (H:) was measured between room

temperature and 800°C for powder samples: Temperature dependence of the

measured Ms was consistent with that for fcc Co. The highest value of Ms

of 160emu/g at room temperature, nearly the same value for bulk fec-Co,

was obtained for Co particles covered with thin carbon layers. Hc varied

from 600 Oe to 300 Oe, depending on the size of Co particles.
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Preparation of the High Performance and Corrosion-resistance
Magnetic Powders of Rare Earth Intermetallic Compounds

95103

UBMHYE KRRV AZEIR ORISR Bi¥dE 07 [H % - Kenichi Machida
REFZEE KRR TENTE & 8 B 3 15 b Ginya Adachi

Uniformly ground SmeFe;Nx fine powders wilth high performance permanent

magnetic property were coated with the zinc metal formed by a CVD process

of diethvlzine (In(CyHs)s). The resulting coating films consisted of Zn metal

fine particles and showed a good oxidation resistance. Consequently, they

were effectively stabilized against the formation of soft magnetic phase such

as a-Fe compared with unccated samples, so that the Br, Hc, and (BH)

max values were maintained at high levels even after heat treatmenis at

353-423 K for several hours as required to cure epoxy resin bonded magnets.

The bonded magnets prepared from the Zn/SmeFe Ny powders provided a

high {BH) max value around 170 kjm™ even after exposure to air.
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Fundamental Research on Segregation of ultrafine
particles by light irradiation

95104

(CRIFES S TSI % R OB
LR IR TSRS hE JE W

2 Keisaku Kimura
%t Takashi Ida

The influence of laser light irradiation at the surface plasmon frequency

of the gold nanoparticles suspended in 2-propanol is examined by the UV-

VIS absorption spectral measurement and also by a (lransmission electron

microscope. It has been found that the laser light irradiation on the colloidal

suspension causes coagulation or dispersion of the particles depending on the

particle concentration of the suspension. To investigate the cause of this fin-

ding, we have measured the zetapotential of the particles by an electrophoretic

light scattering method. This measurement suggests that the dispersion phe-

nomenon of flocculates is due to the increment in the zeta-potential of the

particles which prevents mutual access of negatively charged particles. The

photochemical reaction, in which the gold particles obtains electrons from a

solvent molecule, is suggested to be responsible for this process.
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Packing of Binary Powder Mixture with a Gradient Composition Profﬂe
by Sedimentation Method in L1qu1d '

95105

REFEE W LT PHEMN TR s 8 K B B Michitaka Suzuki

To develop a functionally gradient material,

a packing technique for

binary packed bed with continuous composition profile is very important.

We propose a model equation to estimate a composition profile of binary

mixture made by sedimentation method in liquid. The calculated results by

the model was compared with the experimental results of iron-alumina powder

composite. The calculated composition profiles are in good agreement with

the calculated ones by the model. Therefore, if the size distribution of ce-

ramic or metal powder was adjusted to the calculated size distribution by

the model, the binary packed bed with a gradient composition profile can

be obtained by simple sedimentation of the powder mixture slurry under the

gravitational or the centrifugal field.
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Fig. 1 Schematic diagram of centrifugal
sedimentation apparatus
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Synthesis and Processing of Semiconductor Ultrafine Particles
in Peculiar Reaction Fields

95106
eRFEE SRS AN X — M T2 #8088 H I Makoto Harada
SERfEE | O Ok o L % BT & K 75 Kiyoshi Suzuki
WH R A ¥ —FpiEst ¥4 /R & #@ HE Noriaki Mizutani
WERRS T AL X —M TR MFE O H = A Akihisa Shioi

Nanometer-size semiconductors are nobel materials for photocatalysis, non-
linear optics etc. due to their quantum size effect. Techniques for svnthesis of
the particles that have been utilized are traditional colloids, zeolyte, glasses,
Langmuir-Blodgett membrane, polymer membranes and reverse micelles. All
of these techniques are methods to keep the nanoparticles from coalescing
into larger particles, and do not aim at the control of the particle size and
its distribution. Among them, reverse micelles are nobel reaction fields for
synthesizing nanoparticles, because the micelles have potential ability for that
control. Much interest have been aroused in the reverse micelles. However,
the methods of controlling the particle size and its distribution, and also the
process to keep the particles from coalescence have not yet been well under-
stood. To developing the methods, we must understand the particles growth
processes and the functions of the reverse micelles. In this work, we focussed
our attention on the growth processes of CdS nanometer-size particles. From
this results, we propose the methods to controi the size, size-distribution and
the stability of the particles. First, we investigate the particle growth processes
in the reverse micelles composed of Aerosol-OT (AOT). The growth occurs
via irreversible coalescence process by binary aggregations. Its rate constant
strongly decreases as the particle growth, and some mechanism to restrain
the growth process was found to work in this micellar system. Dioleylphosphate
{(SDOLP) provides highly isolated micelles. The restraining process is remark-
edly enhanced by the addition of SDOLP into this AOT systems. Therefore,
the stability of surfactant layer/nanoparticle composits and their sizes are
controlled by designing the surfactant layer. The cadmium/SDOLP complex
was also prepared. This complex generates reverse micelles in which the re-
straining of particle coalescence works strongly over some particle size. The
CdS-nanoparticles of sharp size-distribution can be obtained by utilizing this

strong restraining. Also, by utilizing this restraining, we can synthesize nano-
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particles in concentrated state in which nobody has not succeeded so far.
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Analysis of Sintering Phenomena by Computer Simulation

95108

AFEWoeE ISR R P X B 4 Atsuko Shimosaka
EFFTE RERRE B )] B @ E OB Jusuke Hidaka

Two kinds of Commputer simulation of the sintering process were tried to
understand the effect of sintering conditions on sintering behavior of powders.

First, the simulation method for two spherical particles having different
size and different composite was proposed. This method involves major {ran-
sport mechanism in the initial-stage sintering process:volume diffusion, evapo-
rationucondensétion, grain boundary diffusion and grain growth, The sintering
experiment was performed with spherical copper and/or silver particles in
contact. The simulated values of neck radius agreed well with measured one.
It was éhown that the neck growth between sintering particles is restrained
by grain growth.

Second, the simulation microstructure of sinterd body based on MC-sim-
ulation was presented. Initial microstructure of sinterd body was mapped onto
a discrete triangular lattice which is conststed of grain and grainboundary.
Microstructure development in sinterd body was simulated by moving grain-
boundary using MC-algorithm. It was shown that the simulated grain size
and size distributions for a microstructure of growing grain were very similar
to ekpefimeﬁtal ones.

So, it is possible to analyze the material transfer of the sintering process
by these simulations and to determine the best condition for sintering.
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Synthesis of Graphite-Lithium Intercalation Compound
by Mechanical Alloying and its application

95109
RFFRE ZXEHEBRS TP BEdF # sk 8 W Toshibaru Fukunaga

The crystal structure of graphiie is characterized by lavers. The large zep-
aration {3,3543;) compared with the C-C bond length of 1.42 fk in the lavers
inéieafes relatively feeﬁle binding between the atoms of different layers.
Therefore, up to date, graphite intercalation compounds with many kinds of
atoms ard molecules have been reported, In this work mechanical alloying
(MA) was employed to synthesize graphite-lithium intercalation compounds.
{002} peak of graphite after MA was observed to be located at lower angle
than that before MA. The color of the MA sample was found to become
gold. These results allow us to conclude that Li atoms were intercalated into
graphite layers. Neutron diffraction was carried out to get information of
the short range structure around a i atom. The coordination number of the
C-Li correlation for the MA sample with nominal LiC; composition teach us
the formation of LiC;, intercalation compound, the Li concentration of which
is much higher than that of stable LiCs intercalation compound,
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Control of Size and Morphology of Fine Particles Produced

by a CVD Method

95119

gy RRARSETENE SRS TEdd higg B H

%¢ Manabu Shimada

The Change in size distribution and morphology of TiO, agglomerates

consisting of nanometer-sized primary particles by coalescence due to sintering

in a heated gas flow is studied. The change in the size distributions of ag-

glomerates and their primary particles are measured using aerosol techniques

and transmission electron microscope. Coalescence of the agglomerates and

growth in primary particle size are observed at temperatures corresponding

to 50 to 70 percent of the bulk melting point. To model the changes in the

size distribution, a two-dimensional sectional representation is employed for

the equations governing the size distributions. The calculated results successfully

explain the observed changes in the agglomerate and primary particle size

distribution.
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Properties of Carbide Composite Hard Stainless Steels
Produced from Mechanically Alloyed Powders

95112

% Yuuji Kimura
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Fe-(30~41)% Cr-(4.3~6.0) % Ni-(1.8~3.4) % C alloys were produced from
mechanically alloyed powders and their properties were examined by means
of hardness testing and microstructural examinations. Mixtures of iron,
chromium, nickel and graphite powders were mechanically alloyed with
vibration-ball-mill in Ar atmosphere. MA powders obtained were packed in
stainless steel tubes and then sealed in vacuum after degassing at 973K. The
stainless steel tubes were hot-rolled at 1473K to consolidate MA powders.
Bulk materials were subjected to annealing, followed by air-cooling. After
ball-milling of 720ks, extremely large deformation energy is stored within
powder particles and this leads to the formation of nanocrystalline e¢-Fe. On
heating to a consolidation temperature, M2:Cs carbide precipitates and this
results in the formation of microduplex structure of (yFe+ MasCe). The
microstructure is very fine in comparison with that of material produced by
ingot metallurgy. In an Fe-41%Cr-4.3%Ni-3.4%C MA bulk material, micro-
structure at room temperature is composed of 60vol%M.sCe and 40vol%; ¥ Fe,
and this leads to a marked hardening to HV700,
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Fig.2 X-ray diffraction patterns of an Fe-37%Cr-
4.9%Ni-2.9%C MA bulk material with heat
treatment. Powders mechanically alloyed for
720ks were consolidated at 1473K and then

subjected to annealing, followed by air-cooling.
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Self-propagating high temperature synthesis of carbides and

nitrides induced by mechamcal actwatlon of M(Ai Ti, Zr)~
" C powder mixtures

95113
fCRUIFCE  ALimdE R TR bR + H 5 Takeshi Tsuchida

Mechanical activation or mechanosynthesis is a potential process for the
production of advanced ceramics as metal carbide and nitride. In the present
study, a novel technique for producing carbides and nitrides of aluminum
and zirconium by exposing the powder mixtures of alminum-graphite and
zirconium-graphite to air after mechanical activation by grinding has been
developed.

The powders of Al or Zr and C mixed in various molar ratios (Al/C=
1/0~0/7, Zr/C=1/3~19/1) were ground in a planetary ball mill. When
the mixtures thus activated mechanically were transferred into a graphite
crucible and exposed to air, they ignited spontaneously and the self-propaga-
ting high-temperature synthesis (SHS) took place in two successive steps,
evolving red heat initially and then white heat. The products were sliced
along the depth and examined by XRD, SEM and XPS. In the Al-C powder
mixtures, depending on the depth of the crucible, aluminum nitride, aluminum
carbide, aluminum oxynitride, aluminum oxycarbide and alpha alumina were
detected. From the measurement of the lattice constant, it was found that
aluminum nitride of 97% purity was obtained at the bottom of the graphite
crucible. In the Zr-C powder mixtures, zirconium carbide was formed in all
Zr/C ratios, but ziconium nitride as well in the ratios of Zr/C=23/1 or above.
The formation of solid solutions between ZrC and ZrN was assumed from
their lattice constants. From the experimental results, a possible reaction
process for the formation of carbides and nitrides of alumininm and zirco-

nium was discussed.
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Hardening of the apatite cement by the surface control of
tetracalcium phosphate and dicalcium phosphate anhydrous

95114
foFmiRs WRICEEER ST WFE A /N, K Kunio Ishikawa

The reaction between tetracalcium phosphate (TTCP) and dicalcium phos-
phate anhydrous (DCPA) that forms hydroxyapatite (HAP) has been shown
to be responsible for the hardening of a calcium phosphate cement (CPC}.
The present study examined the effects of particle sizes of TTCP and DCPA
on the pH of the slurry and on the mechanical strength of set CPC specimens
to understand factors which could influence the mechanical strength of CPC.
TTCP with mean particle sizes ranging from 1.33 to 10.80 #m and DCPA
with mean pafticle diameters of 0.69 and 2.89 wpm were prepared. Eight
equimolar TTCP and DCPA mixtures were prepared from the powders. The
pH of the slurry prepared by mixing 0.5g of a mixture with I mL of 25mM
phosphoric acid was measured for a 24-h period. Samples were removed
periodically and characterized by powder x-ray diffraction. The pH profiles
varied in the range of 7.5 to 11.5 with the different combinations of small
and large particle size TTCP and DCPA. The particle size was found to
have strong effect on the pH by controlling the rates of dissolution of TTCP
and DCPA. Also, percent conversion from CPC to HAP, crystallinity of formed
HAP and bulk density of the set CPC were affected by the particle sizes,
Achievement of higher conversion to HAP with large crystal size HAP and
less porosity seems to be the requirements for stronger CPC. Although it
seems difficult to achieve all the requirements, the mixture containing the
largest TTCP and small DCPA particle gave highest compressive sirength
(65.6 MPa) within the mixtures used.
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Development of novel powder processing techniques for functional adaptation of
fine pharmaceutical particles by air suspension coating and dry coating processes

95115

REIEE PP BWF 1 JIl F B Hideki Ichikawa
LRSS MR RS S8 18 & F  [E Yoshinobu Fukumori

As novel powder processing techniques for functional adaptation of fine
pharmaceutical particles by air suspension coating and dry coating processes,
the following three techniques were developed in this work.

1) Microagglomeration of pulverized pharmaceutical powders by spouted
bed assisted with a draft tube and bottom spray (the Wurster process) :
Pulverized phenacetin (model drug) with mass median diameter less than
10p#m was agglomerated with aqueous polymeric dispersion. By adapting ap-
propriate liquid flow rate dense microagglomerates of 20-25p¢m could be
produced at 60% vield, with production of large aggregates larger than 53xm
being suppressed to 2.8%. It was also found that by spreading glass beads
(600pum) bed on the air distributor agglomeration of fine particles less than
16um tended to be predominantly enhanced while large agglomerates were
not excessively produced. Further, compaction of agglomerates and smooth-
ening of their surfaces were enhanced as the length of draft tube became long.

2) Structural design of microcapsule membranes for controlled-release drug
delivery : Two kinds of microcapsules (MCs) were prepared by the Wurster
process; one was thermosensitive drug-release MCs and the other was
prolonged-release MCs of diclofenac sodium (DS) for oral suspensions. The
former, whose membranes consisted of hydroxypropyleellulose (HPC) sandwiched
between water-insoluble ethylcellulose, showed negatively thermosensitive
drug release with response to change of water-solubility of HPC layer. The
latter MCs with mass median diameter of %2um and drug content of 29%
exhibited a prolonged release of highly water-soluble DS when constructing
undercoat of an acidic polymer in the MCs to decrease the solubility of DS.

3) Dry coating process for small scale production of controlled-release
MCs: A high-speed elliptical-rotor type mixer was applied to prepare
MCs with a high drug-content and a controlled-release property. A pul-
verized lauricacid powder was first layered on core-particles of crystalline
cellulose (149-180xm) and then a micronized drug powder was layered on
those particles. This made it possible to produce drug-layered particles with
a high drug content of 43% under the well-established operating conditions.
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It was also demonstrated that by sﬁbsequently coating the drug-layered pa-

rticles with an ethylcellulose powder the MCs having a very long term pro-

longed release over 50h were achieved.
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MR BEBRRROMH L BEMENTTRE2HEA LR
C ETRREME AR A2 T 2y 7 ADATK
Study on the Electrothermal Explosion of Conductive Powders and

Synthesis of Novel Functional Boride Ceramics Compoééd of Boron
Nitride of High Pressure Phase ' '

95116
fREMTTE FORTHERY Bdz M # E # Hideki Tamura

The electrothermal explosion .of conductive powders has heen applied to
produce spray coatings of refractory ceramics without any additives. The
powder of conductive zirconium boride was plugged in a container made of
an inner insulating tube and an outer metal cylinder having a window for
ejection of molten paticles. Such a container was holded between a pair of
electric contacts in a vacuum chamber. The spray of the ceramics was done
by the explosion caused by electrical rapid heating due to high voltage
application and large current discharge. In order to obtaine dense and
adhesive coatings of novel functional boride ceramics, the explosion and
spray of ceramic powders was observed by Schlieren photography which was
composed of a high speed camera and a high power argon-ion laser. It was
found that high power electrical discharge caused the production of a high
speed jet containing molten particlés. The representaive velocity of the jet
was estimated 3000m/s of more on the basis of one dimensional approximation
of intense shock wave formation. Thus it was revealed that this spray te-
chnique is chracterized with high temperature and speed jet which have not
bheen obtained in other techniques vet.

The mixture of zirconium boride and hexagonal boron nitride powders with
average particle size of 10gm was sprayed to produce novel functionél co-
atings. Although no cuhic boron nitride has been found in any coatings vet,
other important results were obtained. Although the amount of boron nitride
contained in coatings was smaller than its initial one in starting powders, it
increased with the increase of its initial one. The electric energy supplied
to the powder was estimated by measuring voltage and current applied to
the powder. Thus it was found that the dense coating could be obtained with
the supplied energy about 2.5 times larger than theoretical one to melt the
powder without any thermal loss. The material mixing around the interface
of the coating and aluminum substrate was found, thus adhesive coatings on
substrates was expected. It was concluded that these dense and adhesive

coatings were obtained due to the speed jet containing molten particles.
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Study on New Assembly Technique of 3D-microstructures by
Applying Radiation Force

95117

RIS BISHMRRE @ M % WA —  Junichi Ikeno

When a laser beam is refracted or reflects on a surface, a force called
“ radiation force” is generated. Although it is too small for one to feel usually,
this force is found to be able to manipulate a transparent fine particle. As
a laser beam is irradiated on a particle, a very unique phenomenon that a
fine particle levitates from the base plate was observed by our research team
for the first time in 1996. This phenomenon could not be explained by tra-
ditional mechanism theory of a radiation force. However, a possible 3D-
manipulation of fine particles in the air can be achieved without touch by
the levitation of fine particles. This study aims to develop a new assembly
technique of 3D-microstructures using hoth the levitation and a radiation force

of YAG laser beam. We can complete 3D-microstructure, which consists of

some silica particles, assembled by the new technique.
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Preparation and characterization of Rh ternary oxide particles

containing rhodium and transition metal oxide

95121

LR se s Bk ETHR Bids B O F A R Kimio Kunimori

We have found that a ternary compound containing rhodium, a transition
metal and oxyvgen such as RhNDbOs, BhV0O: and Rh:MnO. can be formed
on an Si0: stpport by mutual interaction between Rh and the oxides {vanadia,
etc.}) during calcination treatment in O: or in air at high temperature (700-
800°C), and demongtrated that these ternary oxides play important roles not
only in the catalytic properiies but also in the morphology changes of the
supported Rh. The characteristic features of the ternary oxide system are as
follows: (i) Rh metal is highly dispersed after decomposition of RhVO, or
RhzMnOy by Ha reduction above 300°C; (i) a strong metal-oxide (e, g, Rh-
VOx} interaction (SMOID) is induced after the H. reduction; (iii) regenera-
tion of the ternary oxide by calcination treatiment; and (iv) redispersion of
Rh metal by the H; reduction again, Therefore, regeneration of catalyst can
be achieved by the calcination and reduction treatments of a spent {(coked
and/or sintered) Rh catalyst, The present investigation was undertaken to
clarify the catalytic performance of RhVQ, and RhoMnO; supported on 510,
or NaY zeolite for the syngas conversion and dehydrogenation of cyclohexane
and to compare the results with these of unpromoted Rh/Si(0, catalyst. A
RhVO./510: catalyst showed a higher activity and selectivity of to C; oxygenates
{ethanel, acetic acid etc)} than a Rh.Mn(./510, catalyst after Rh was dis-
persed by H. reduction. Regeneration of these catalysts was possible by ca-
leination and reduction treatments.
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Development of a Wet Separator for Differently Shaped

Fine Solid Mixtures

95123
fRRIFIES IR B ## L A& M 7 Kenichi Yamamoto
HEAFEY @MUk LS8 s = W {8 W Toshiaki Miyajima

In order to separate fine particles differing in shape, a wet shape separator

was developed in this study. Performance and separation characteristics of

the separator were experimentally investigated using differently shaped particle

mixtures of about 50 to 130pm in diameter as feed materials. It was con-

firmed that separation of particles based on their shapes could be performed

in this separator, and that separation efficiency depended on various operating

conditions, such as particle size, liquid flow rate of a jet for sweeping residual

particles on a rotating conical disk, and rotational speed of separator.
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Separation of Fine Solid Particles Usmg Oil-Water
Two-Liquids System

95125
CRMERFE DR RFRET A X R ast BT B b J& 8 Eishi Kusaka

As part of fundamental studies on the recovery of fine particles using an
oil-water two-liquids system, a -Fep0s, ¢-ALO; and CuO fines were liquid-
liquid extracted with and without the aid of chelating reagent 8-hydoxyquino-
| line {oxine) as a surfactant collector. Ispoctane and water were used as two
liquid phases. The percent recovery of these oxide fines was determined in
terms of aqueous pH.

The addition of 1 mM oxine in isooctane enhanced the recovery of these
three oxide particles in the wide pH range, specific for the oxide, while the
three oxides could not be recovered without oxine. Calculations of conditional
stability constanis of these metaloxinate complexes were well concerned to
the possible pH ranges to obtain high recoveries. It is even in consideration
of the presence of isooctane that the pH-criterion to cobtain high recoveries
by the two-liquids system was comparable to that in the absence of the oil.
However, the amount of oxine absorbed on o-Fe;Os; was reduced in a certain
pH range. Calculation of iron (Ill) ions in equilibrium with iron (II) hydroxide
and iron (I} oxinate indicated that the pH range in which the amount of
adsorption decreased was well related to the stability of ferric oxinate co-

mplex.
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pH variations in liquid-liquid extraction
recovery of (a) a-Fe,(Qs, (b) a-ALO,; and
{c) CuQ particles with the iscoctane
solutien of 1 mM oxine and in loga-
rithmic conditional stahility constant of
(a) Fe(lll}-, (b) Al(I}- and (c) Cu(ll)-
oxinate complexes,
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Study on Hold-up of Fine Particles in a Powder-Particle

Fluidized Bed

95126

ORI E BB AR BB

E S BRI E i PR W €

The effect of operating conditions, 1.

[
N

F:  Kunio Kato
- Nobuyoshi Nakagawa

e., gas velocity, feed rate of fine

particles and bed height, on hold-up of fine particles in a Powder-Particle

Fluidized Bed was clarified using silica sand, glass beads and activated

alumina beads with a diameter in the range of 420-920mm as coarse particles,

and Al{OH); with a diameter of 3 and 15x#m as fine particles. In the experi-

ment, fine particles were fed continuously to the bed of coarse particles and

hold-up of the fine particles under steady state was measured. It was found,

that the hold-up of fine particles increased linearly with decreasing gas velo-

city and increasing the feed rate of fine particles. An empirical equation for

the hold-up of AlI{OI).

fine particles was proposed as a function of gas

velocity, feed rate of the fine particles and the bed height.
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Surface design for inorganic oxide powders
—-glucidation for functionality and its mechanism of modifiers —

96104

fUETFEE BRI hFE IF ¥ Masayoshi Fuji
SRS MR RSERE #dR HE IR ik G Masatoshi Chikazawa

Microscopic and macroscopic wettabilities of various silica surfaces loaded
with trimethylsilyl groups (TMS) were studied. Especially, we focussed on the
effect of the surface geomeirical structure on such wettabilities. The modifica-
tion was carried out by chemical reaction of hexamethyldisilazane molecules
with surface silancls and the TMS coverage was determined by elemental
analysig of carbon. The geometric structures in micro and macro scale on
the sample surfaces were defermined by gas adsorption and AFM respectively.
The microscopic wettability was investigated by water vapor adsorption. The
macroscopic wettability was examined by contact angle measurement. The
results are summarized as follows: (1) The modified surface with uliramic-
ropore was wel, when the continuous two dimensional waler layer was
formed on the outer surface. Micropore filling of water molecules occurred
for the ultramicropore, which was unable to be modified. However, the prop-
erty of ultramicropore did not directly influenced on the wettability. {2) The
macroscopic wettability was affected by capillary condensation and surface
roughness. For hydrophilic surface with mesopore such as spaces among par-
ticles, the occurrence of capillary condensation was effective for the macro-
scopic wettability. The apparent contact angle is always zero for penetration
of water. In the case of hydrophobic surface, the penetration of water did
not cccur and the outer surface roughness of mesopore is effective for macro-
scopic wetting. (3) The wettability of surface was essentially governed by
the microscopic wettability. The property is considered as the primary effects
for wettability. On the other hand, capillary condensation and surface rou-
ghness as the secondary effects enhance the wettability as the results of the
primary effects,
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. “Determination of Pore Sizes in Nano-scale

96107
ERITRE BT ICER LRI R B W f& Minoru Mivahara

Determination of pore sizes in the scale of nanometers suffers from the
lack of an accurate and handy model that relates the pore size to the critical
relative pressure for the onset of capillary condensation. The famous classical
model, or the Kelvin model underestimates pore sizes considerably in this
scale. Direct application of statistical thermodynamics such as the density
functional theory and molecular simulation technkuwaxﬁgﬁﬁ be one solution
at the expense of the stmplicity, What was aimed at in this study was to
give a simple concept and a model to describe the condensation phenomena
in nanopores, where the attractive potential from pore walls and the surface
tension deviated from that of flat interface at least should affect the conden-
gation epuilibriom, A model for cvlindrical nancpores was developed in which
the meniscus of condensed phase exhibits two different principal curvatures
that vary depending on the radial location in the pore as a result of attrac-
tive potential exerted by the pore walls: The Kelvin model simply assumes
hemispherical menisci in cylindrical pores.” The present modsl was successfully
verified through the comparison with results of molecular dynamics simula-
tions of adsorption/condensation within various sizes of pores. It wags not
only in the above ideal experimental system but algso in a real experimental
system that the success of the model was confirmed: The medel was able
to predict the pore size of a mesoporous silicate FSM-16 of the diameter 3.2
*0.2nm.

Another important demand for nanopore characterization would be a scheme
to find out geometrical feature of pores because a given critical condensation
pressure would give different pore sizes, e. g, for a slit-shaped pore and for
a cylindrical pore. Possibility of utilizing freezing transition in nanopores
for this purpose was found out through molecular simulation study, in which
the freezing behavior in cylindrical pores was found to differ significantly
from those in slit-ghaped pores. A further study on their guantifative nature
would be desirable to establish a model for freezing n nanopores.
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Utilization of Ultrasound for Production of Fine Particles
by Precipitation Stripping

96108

EERWIEE RECCRRE TR F OB O E H Masakazu Niinae

Recently, applicability of integrating stripping and metal recovery (as
powder) into a single process step has been investigated. Some researchers
studied the precipitation stripping of rare earth oxalates from sclutions con-
taining acidic extractants by mechanical stirring. However, the control of the
powder size and morphology seems to be difficult. Equilibrium form of the
particle has a characteristic shape, but growth form of the particle is depen-
dent on the degree of supersaturation. In the present system, the degree of
supersaturation correlates closely with the reaction rate (stripping rate, for-
mation and precipitation rates of samarium or cobalt oxalate) ; therefore,
it is considered that the degree of supersaturation is dependent on samarium
concentration in an organic phase, oxalic acid concentration and acidity in
an aqueous phase. In the precipitation stripping, the droplet size and the re-
action rate have a significant effect on the precipifate size and morphology.
In such a system, ultrasound, because of its compression and expansion, can
tear the liquid droplets, increasing the contact area between the immiscible
organic and agueous phases through emulsion and dramatically increasing
the rate of stripping. In addition to its emulsifying effect, ultrasonic energy
further increases precipitation stripping through enhanced agitation and the
removal of stagpant liguid near the interface between the organic and aque-
ous phases. Therefore, we investigated the utilization of ultrasound for the

purpose of controlling the size and morphology of the powders,
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Fig,7 Samarium oxalate particles obtained by changing the wltrasonic power,
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The Preparation of Monodisperse Electroconductive Particles

96110
fREHT7EE WA T B8 BA)Il X # Masahiro Hasegawa

The preparation of monodisperse electroconductive particles was attempted
by nitriding composite particles which were the spherical silica particles
coated uniformly with titania layer. The composite particles were synthesized
by hydrolysis of titanium isopropoxide in the presence of silica seed particles.
The appearanée of electroconductivity is due to titanium nitride produced by
the nitriding reaction between titania and ammonia. The nitriding experiments
of composite particles were carried out under varicus conditions and the
effect of nitriding reaction conditions on the electroconductivity of composite
particles after nitriding were investigated. As a result, an X-ray diffraction
patterns of composite particles after nitriding revealed that fitanium nitride
was produced at the temperature higher than 700°C. From scanning electron
micrographs, it was found that composite particles after nitriding were main-
tained monodisperse form of seed particles and composite particles. The e-
lectroconductivity of composite particles after nitriding was high enough for

practical usage.
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Continuous Triboelectric Separator for Plastics Mixture

96112

fLgemises BT TEBME TS B 11 T B W Takenari Takeshita

An apparatus for separating a specified - plastic from other kinds wasg
devised, which consisted of a triboelectric section and a separating section
with the both polarities. The triboelectric series of various kinds of plastics
were examined with the condition of temperature Z0°C, humidity 40%. By
using this triboelectric series, various plastic sheets were frictionally elect-
rified in the fluidized bed and then were blown off into the electrode wnit,
in which they were separated according to their own polarity.

In this experiment, the conditions of electric field strength .66kV/cm,
triboelectric time 30sec, plastic sheet gize 10X 10mm and charge of plastic
sheet 0.9cm®*/cm?® (60number) were required for the high recovery of plastics.

Investigations for the continuous apparatus are now under review in this

laboratory,
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Hydrothermal Synthesis of CaTiOa/ HAp Films on Ti Plates
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