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Measurement of electrostatic discharge from an evaporating
droplet and a consideration on the Harper's limit

96101

BseE hiRERFERERTEFER Bh#ds F B # Z  Yoji Nakajima
Division of Materials Sci.& IEng,Graduate School of Eng. HokkaidoUniv. Assoc.Prof.

The knowledge of the maximum charge sustainable for a spherical particle in
normal air without electron avalanche is very important for discussions of
electrohydodynamic phenomena of charged droplets. The electrospray ionization for
mass spectrometry, for instance, is feasible only if no electron avalanches occur in
spite of very high electric field near the surface of the charged droplets. Using
charged glycerol droplets evaporating in normal air, the author tried to measure
directly the maximum charge. Instead of that in normal air, however, was obtained
the maximtim charge in argon gas which is one of the most susceptible gas to the
electron avalanche. In the present research an estimate of the maximum charge for
negative particles in normal air is proposed on the basis of the classical theory of
Towmsend. The estimation is supposed to be plausible for the size range larger
than 10 g m in diameter. In fact, it conforms well with some experimental
observations. The calculated result implies that the maximum charge in normal air
is on the same level of the theoretical value of the Rayleigh limit for water droplets.
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Assessment of Degree of Dispersion of Concentrated Slurry by

Quasistatic Compression Method

96118

UEEiRE

WA TSR 2T s # 8 KE4 H A Kunihisa Osasa
KEEE LORS LFERHL

PETER HBBE O OB OB £

The fiitration and the centrifugal compression method as quasistatic compression
method were applied for the assessment of the level of dispersion a concentrated
sturry, The rheological property of & siturry was also measured. Used powder was
the alumina fine particle {the mean diameter, 04 gm). The dispersant was
ammenium salt of polycarboxviic acid (molecular welght, about 6008). The slurry
viscosity passed through a minimum at dispersant dosage about 07mass %. The
dependence of dispersant concntration en the average specifc vesistance and the
porosity distribution of cake was clarified, The compressible index of cake
decreased witll the increase of dispersant concentration, and a almoest constant over
about 0.7mass%. The porosity distribution greatly decreased in the vicinity of filter
medium, as the index increased. The experimental relation between centrifugal
stress and the campressibility of the bed was derived, and compression-resistant
index was defined. Compression-resistant index was inversely proportional o the
compressible index. [t was possible fo obtain the detailed data on the internal
consiruction of the cake from the filiration experiment and to quickly assess the
degree of dispersion in the centrifugal compression method.
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Development of Advanced Nanocrystalline Soft-Magnetic Cores

96125

eI E WILRFEBEMEFESR W # B A Yoshihito Kawamura

We have investigated synthesize of soft-magnetic bulk cores with nanocrystalline
bee structure by powder consolidation for Fe-(Zr NbHf)-B nanocrystallie alloys with
both high saturation magnetization and good soft-magnetic properties. (1)
Amorphous powder was effectively produced by mechallically crushing at about 100
K the melt-spun amorphous ribbons which were embrittled by annealing. On the
other hand, no amorphous powder was obtained by a high-pressure gas atomization
where the coeling rate was insufficient for obtaining amorphous phase. (2)
Nanocrystalline compacts with high densities above 995% were obtained by the
direct consolidation of the amorphous powders through a uniazial hot-pressing
technigue or warm extrusion. On the contrary, the consolidation of nanocrystalline
powders which were prepared by annealing the amophous powder was unsuitable
for production of nanocrystalline compacts with high density, resulting in
nanocrystalline compacts with a densities below 90%. (3) The best soft-magnetic
properties were obtained in a nanocrystalline Fe-Zr-IB-Ni compact, where the
deterioration of the soft-magnetic properties by residual strain was suppressed
because of the its zero magnetostriction. The nanocrystaliine IfeggZr7BsNis compact
with a nearly full density of 999% exhibited the saturation magnetization B, of
158T, coercive force H, of 14A/m and effective permeability 4 . of 2000 at 1kHz
and 04A/m. (4) The soft-magnetic properties of the nanocrystalline compacts were
improved by coating the amorphous powder particles with SiO; thin films using sol-
gel method. It is for this reason that eddy current loss is reduced by electrically
insulating the powder particles. We may, therefore, reasonably conclude that the
consolidation of amorphous powders will promote the further development of soft-
magnetic bulk cores.
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Fig.1 SEM image and 3i element distribution of the polished cross-sectional surface in nanocrystalline
FeggZr;BCuy compact produced by hot-pressing SiOs-coated amorphous powder,
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M E DT 7T 7 MR T 5 DF JEERDER,
Preparation of Nanocomposite from Hyperbranched Polymer-
Grafted Ultrafine Particles

97101

feEAFgeE BRI # ¥ )] & K Norio Tsubokawa

To modify ultrafine silica surface, the grafting of polyamideamine dendrimer, a
new class of topological macromolecules, onto the silica surface was investigated.
Polyamideamine dendrimer was propagated from silica surface by repeating two
processes: (1) Michael addition of methyl acrylate to surface amino groups, and (2)
amidation of the resulting esters with ethylenediamine., The amino group content
of the resulting silica increased from 040 mmol/g to 830 mmol/g after 10th gene-
ration. In addition, the percentage of grafting increased with increasing generation
and reached to 575.7 % after 10th generation. However, these values were
considerably smaller than the theoretical values. This indicates that the
propagation of dendrimer grafting from silica surface was not achieved
theoretically and “dendrimer-like” highly branched polymer was grafted onto the
surface, because of steric hindrance of grafted dendrimer. The effects of amino
group content as an initiator site and reaction conditions on the grafting of the
polymer onto silica surface were also investigated. Dendrimer-lik highly branched
polymer grafted ulirafine silicas gave a stable dispersion in solvent for the good
solvent of polyamideanine dendrimer. The postgrafting of poly (isobutyl vinyl
ether) and poly {2-methyl-2-oxazoline} by termination of the corresponding living
polymer cations with terminal amino groups of dendrimer-like polyamideamine-
grafted silicas was successfully achieved. In addition, the curing of epoxy resin by
dendrimer-like polyamideamine-grafted silica was also investigated. Furthermore,
the grafting of highly branched vinyl polymers was achieved by the
postpolymerization of vinyl monomers in the presence of peroxycarbonate moiety
containing polymer-grafted carbon black,
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Table 1 Grafting of polyamidoamine dendrimer onto silica having amino groups

Initiator site oo Amino groups (mmol/g) Grafting (%)
(mmol/g) Observed  Theoretical Observed Theoretical
0 10th U 0 0 0
0.40 4th 1.0 32 623 139.8
6th 1.6 12.8 126.2 577.5
8th 32 512 223.6 2328.6
10th 8.3 204.8 575.7 93327




Hosokawa Powder Technology Foundation

100

Grafting=233.6%

Grafting=62.3%

Silica dispersed / %

Untreated
20

OJ—‘ ! | I !

0 2 4 6 8 10 12
Time / day

Fig.3 Dispersibility of polyamidoamine dendrimer-
grafted silica
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Table 2 Curing of epoxy resin by dendrimer-grafted silica
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Fabrication of High Temperature Ceramic Filters with Graded
Composition by Double Spray Method

97102

feERReE EERYRFERLFWER MidE & B |’ —
JtEfse s dbEEAFAFR TR B F 7]3_ e B

Junichi Takahashi

Among the candidate materials for high temperature filter applications, cordierite
ceramics are considered to be the best material, mainly hecause of its superior thermal
shock resistance property. In this study, the fabrication of cordierite/mullite (CAM)
composites with graded composition has been attempted to improve the mechanical
strength of the cordierite-based filter material and to enable the filter to be used at
much higher temperatures. Double spray method in which different suspensions
were simultaneously sprayed from separately placed nozzles was employed to
produce the graded C/M fliters.

"suspension) or a mullite powder (M-suspension} were prepared by a serial processing

Suspension containing a cordierite powder (C-

of calcination of starting materials, ball-miliing in a PSZ container and dispersing of
the caleined powders in distilled water. Spraying of the suspensions into a polymer
foam produced C/M bulk filters with different composition gradients (C-M-C and M-
C-M type fiitersh
graded C/M samples could be changed with the corresponding change in the C/M

The pore structure (porosity and pose size distribution) of the

ratio. A lot of large pores existed in the MCM-type sample containing much amount
of mullite particles. The microstructure of the graded materials was characterized
by the formation of groups of square cotumn mullite particles and of those of regular-
Each particle group might originate from a sprayed
droplet. Quenching test from 1200°C to water proved that the CMC-and MCM-type
samples have the superior property of thermal shock resistance.

shaped cordierite particles.
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L IR 7 AUBRE & 3 B ki T- ¥R D i & s
Preparation and Application of Fine Powder from Organic
Heteronuclear Compleexes as a Precursor

97103
AfgefiRE WBR¥ELIEN # # % W % 2 Yoshihiko Sadaoka
HEEfES HEBRFEIER % W F I K @

The heteronuclear complexes of LaMn(dhbaen)(OHXNO3)}(H,0), and CuY /3 Bays
(dhbaen) (NO,), 5(H,0),, where dhbaen is NN-his(3-hydroxysalicylidene)-ethylenediamine
were synthesized and their thermal decomposition process were investigated by
thermogravimetry analysis (TGA), X-ray diffraction (XRD) using Cu-K & radiation,
fourier transform infrared (FTIR) spectroscopy, and transmission electron
microscopy (TEM). Perovskite-type hexagonal LaMnO, was obtained by its
thermal decomposition of LaMn-complex at 700°C. Particle size of the samples
decomposed at 600°C and 700 is ca. 20nm and 50nm, respectively. On the other
hand, trimetallic YBayCus0-. ; powders were prepared by the thermal decomposition
of the CuY,,4 Bay/y -complex. The products of the complex thermal decomposition
were analyzed by TG-DTA, XRD, SEM-Auger and XPS. The decomposition of the
CuY,/;Bay/-complex was obtained at about 500°C and the product was a mixture
of oxides and carbonates. The formation of YBa,Cus0,. ; proceeded at 800°C, with
a gradual decomposition of the carbonates. A homogeneous distribution of each
element, Y, Ba, and Cu, was observed for the decomposed CuY, 3 Bay 5 -complex by

SEM-Auger analysis.
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Figure 1. TGA and XRD results of L.aMn-complex in
air. The TGA was measured by heating rate
5T /min in air. Decomposition temperature
for XRD in C are shown in the figure.
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600°C (a) and 700°C (b)
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Figure 3. FT-IR spectra of LaMn-complex decomposed
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Figure 5. XRD result of CuY;sBasss-complex
decomposed at 900°C
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Sequence Specific Aggregation of DNA-modified Nanospheres
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RFEFE RAKFLES # @ H B # 1 Toshihiro Thara
HFERTEE AR RFETES # % W HTER::iA

Molecularlevel construction of certain structures is about to be realized by the
development of the techniques of fine synthesis and supramolecular chemistry.
Microlithographic technology has enabled us to design the macroscopic structures,
Since the fabrication of the mesoscopic scale remains to be accomplished, this study
should be one of the solutions for forming the structures of these blank range of
dimensions.

When we think about making things on this scale by piling up the building blocks,
complementary base pairing in nucleic acids is a promising candidate as a driving
force for mutual recognition. Here, this well-understood system, hybridization
between nucleic acids, was emploved as the chemical adhesive. We aimed at
realizing the system for specific and reversible aggregation directed by crosslinking
though complementary base pairing with added nucleic acids, and immobilized
oligonucleotides, dTy; and dTy, onto the organic nanospheres bearing fluorescent
dyes. The spheres aggregated only in the presence of complementary RNA (poly A)
under a special set of conditions. Although the aggregation was pseudoreversible for
the temperature change, the behavior was that unexpected. The spheres
aggregated only in a certain temperature range; out of the range, no aggregation of
the sphere occurred. The sphere dispersion at higher and lower temperature should
relate with the melting {(dissociation} of the duplex (dT,polyA) and the hydration of
the sphere surface which prevents the added polyA from hyhridization with dT,, on
the spheres, respectively.
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Preparation techniques of coal water mixtures and their
coagulation and dispersion characteristics

97106

fEeE  INASTERERLETEY BE K B ¥ Takashi Saeki

Low rank coals have been considered beneficial energy sources in recent years
due to their low costs and huge deposits. The present authors have proposed a new
upgrading method for low rank coals, which is a combination of vacuum drying and
tar coating processés. By using such upgraded coals, preparation of coal water
mixtures (CWMs) should be an effective way to reduce the transportation cost of
coals. Since the surface property of an upgraded coal is more hydrophobic than that
of a normal bituminous coal, the selection of suitable additives both for fluidity and
stabihty of CWMs is important.

In this study, Indonesian coal (Banjarsari) was used to prepare CWMs using eight
commercially available surfactants. Also, suitable stabilizers which can prevent the
sedimentation of coal particles were evaluated.

From the experimental results, CWM with the addition of both NSF-Na* and S-
194 showed good fluidity and stability. From the rcsults of rheological
measurements, LT- 100 alse become a candidate for a suitable stabilizing additive in
cases when the kinds of ions and their concentrations are know and controlled in a
CWM. The information obtained in this study for various kinds of additives would

be valuable for the preparation techniques of CWMs.
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Table 1 Commercially available surfactants used in this study.

Notation Composition M.W. Supplier
POS polvolefin sulfonic acid 35,000 Japan Synthetic Rubber Co, Ltd
PMA poly (meth) acrylate 40,000 ~ 60,000 | Nippon Shokubai Co, Ltd
PSS polystylene suifonic scid 10,000 ~ 30,000 | Tosho Co, Ltd
NSF condensation product of formalin
and naphthalene sulfonic acid 1,000 San Nopco Limited
Na+ : sodium salt 1,000 San Nopco Limited
NH4+ : ammonium salt
SN-dispersant |polycarbonic acid with hydrophobic 10,000 San Nopco Limited
5027 radical (ammonium salt)
SN-dispersant |polyecarbonic acid 20,000 San Nopeco Limited
5020 {ammonium salt)
SN-dispersant |polycarbonic acid 30,000 San Nopco Limited
5033 {sodium salt)
MW. of PPO y

{or PEO) monomer
M.W. of surfactant

&

D —CHI00ONL J

5% CMC (carboxvmethyl cellulose})  M.W.=12,000
RN
5000 10000 20000 T - %ﬁ\{& ’t\ 1a
' . a
Fig. 1 Synthesized surfactans S-194 (Rhamsan Gum)
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LT-100 {(native Gellan Gum)
Fig. 2 Stabilizing additives used in this study.
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Production of super monodispersed fine particles using
microchannel emulsification method

97108

RFEFEE HiASEAZETAFERMLFE LEER
B oF )l B F 1§ Takahiro Kawakatsu

The effects of the hydrophobicity of silicon microchamels and components in the oil
and water phases in the production of monodispersed water-in-cil (W/0} emulsions by
microchamel emulsification was investigaled. The emulsification process was
monitored through a glass plate attached to a silicon microchannel plate. Both plates
should be hydrophobic in order for the repelled water to form droplets at the outlet
of the microchannels, when the water phase is forced into the oil phase through the
microchamels. Since silicon and glass are hydrophilic due to silanol groups on their
surfaces, several types of silane coupler reagents were applied to make them
hydrophobic. The hydrophobicity of the surface was evaluated by contact angle
measurements. Hexane, decane and oleic acid were used as the oil phase, and pure
water and sucrose solution were used as the water phase. Tetraglycerol
polyricinoleate, sodium bis (2-ethylhexyl) sulfosuccinate and sorbitan fatty acid esters
were used as surfactants. The contact angle of a water droplet on the modified
silicon microchannel plate in an oii phase was found to be dependent on the
composition of the oil phase, the surfactant type and the silane coupler reagent used
for surface modification. When the contact angle was 90°, only water permeation
without droplet formation was oblserved. Partial droplet formation was observed at
100°, and droplet formation without water permeation was observed at 110°. When
_the contact angle was greater than 120° , monodispersed water droplets were formed
and the geometric standard deviation was below 1.06. The average droplet size
varied from 17 to 23 microns, and was affected by the characteristics of the
surfactant and the viscosities of the water and oil phases. The average droplet size
decreased with increasing size of the hydrophobic group of the surfactant. The
average droplet size increased as the viscosity of the continuous phase increased, and
decreased as the viscosity of the dispersed phase increased. It is believed that the
increase in the viscosity of the continuous phase delays the release of droplets and
increases the dispersed-phase supply during the formation of each droplet, while in
contrast, the increase in the viscosity of the dispersed phase causes a decrease in the
rate of the dispersed-phase supply.
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The Development of Measurement of On-line Particle Size
Distribution by Fluidized Bed Crystallizer
-= Crystal growth rate of Aluminum Potassium Sulfate
12-Water by Fluidized Bed Crystallizer —

97109

RERREE SWIEHEEREN 88 » 1§
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|
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Sunnary

% . Eiji Obata
¥ % Mitsuhiro Ohta
e

il # Kouki Hosokawa

The crystal growth rate in a fluidized bed, fixed bed, and static state hag been
measured with Aluminum potassium 12-water. The rates of the three systems were
in the supersaturated selution, A C ranging from 20 to 120 kg m? as follows: r =
304 X 10 A 0% in the fluidization bed, r= LI1R X 10%A Cy¥¥ in the fixed bed and r=
401 X 10%ACP* mes! in the static state. The crystal growth rates in the fluidized
bed and the fixed bed were in superficial velocities between 1.07 X 102 and 652 X 10%

m - ¢4, respectively, r= 905 X 102 (Ref*™ and r= 775X 1010 (Re)0s

mrgl (Re = d

ust 4/ (g €)) where d,, refers to the crystal diameter, u; the superficial velocity, g,
the density of supersaturated solution, x g the visceosity of supersaturated solution,

and e ihe voidage ratio of the bed.
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Table 1 Crystal growth rates on static state

FRMAR®EE | HfaNE | LA VAR
r X10[m/s) | A C [kg/m3] Re [—]
5.09 40 0
6.69 8.0 0
7.08 120 0
Table 2 Crystal growth rates on fixed bed
Wim SRR | BRRIE LA VX
r X 10°[m/s] | AC [kg/m?] Re [~]
3.52 3.26 599
6.20 5.99 50.1
7.32 5.25 879
Table 3 Crystal growth rates on fluidized hed
R | REME | L1 VA
rX109[m/s] | A C [kg/m?] Re [~]
26.8 4.0 51.2
74.1 80 78.7
157.0 120 1211
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Particle formation by homogeneous and heterogeneous nucleation

97110

fFMEH KR L AZTSE e B & £ 2 Toshiyuki Nomura

Zine sulfide particles were homogeneously precipitated by thermal decomposition
of thivacetamide in acidic aqueous solutions in a one-step process. The nfluence of
the operating conditions @nitial concentration of zine ion and TAA) on the nucleation
time and number concentraten of generated narticles were investigated. The
experimental results show tut the model of homogeneous nucleatioh, previously
developed and successfully tested for silver particle generation by a chemical
reduction method, can also be applied to the formation of zine sulfide particles by
homogeneous precipitation. Furthermore, in the particle formation method in which
the nucleation time f* can be measured, the particle number concentration n* can
be predicted by the simple relation n*=1/(d = r* Dr*) (r* is the critical nucleus
radius, and I the monomer diffusion coefficient). Thus the particle number
concentration can be easily predicted even i the rate expression and the critical
supersaturation concentration are unkiown,
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Effects of wet preparation of dicalcium phosphate with spherical

shape on mechanical strenght and tissue response

97111

fRFEHRE  WlREEEmcnREpgE o I

% Kunio Ishikawa

Associate Professor

Apatite cement that consists of an equimolar mixture of tetracalcium phosphate
(T'TCP) and dicalcium phosphate (DCP) is a breakthrough for biomaterials aims at
reconstruction of bone defect since its set mass became apatite thus shows excellent
tissue response and good osteoconductivity. Tt is reported that the use of DCP with
small particle size is a necessity condition to obtain higher mechanical strength.
Although bali mill grinding is commonly done to prepare DCPA with small particle
size, it takes long time and produce impurity due to the collision of vessel. In this
investigation, wet preparation of small size DCP was studied. Preparation of DCP
with spherial shape is also studied to increase mechanlcal strength of apatite cement.

Tt was found that small size DCP could be prepared by wet chemical method. The
size of DCP decreased with increase in the speed of revolution in a reaction vessel. In
contrast, the size increased with increase in the reaction period or the reaction
temperature. No impurity was found when small size DCP was prepared directly by
wet chemical method. The shape of DCP became more spherical when DCP was
prepared in water/ether suspension system. However, the ideal spherical DCP was

not obtained in this preparation system.
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Tron-nitride nanocomposites as candiates for the advanced

magnetic refrigerant

97112

RERFRE KR KFE R T E R Bh#ds Il A& # & Takao A Yamamoto
Osaka University, Graduate School of Engineeeing, Associate Professor
EEAEE KR KRERFERTENE BhF e H
RBREE RS T2 e EREGIEE W 4 & #F

Magnetic nanocomposites in which iron nitride nanograins are dispersed in a silver
matrix were synthesized by nitriding iron-oxide nanograins buried in the matrix, The
iron nitride nanocomposite is regarded as a promising material from viewpoint of
magnetic applications, since iron nitride family involves various magnetisms with
large magnetic moments comparable to that of metallic iron and chemical stabilities
better than those of metallic nanophase. Ferromagnetic iron nitride of y'-Fe N or -
Fe, N was selectively obtained in the silver matrix by controlling the nitriding
potential during the reaction with ammonia gas streams with various flow conditions.
The composites were characterized with XRD, TEM and the magnetic properties
were studied by a SQUID magnetometer. Magnetocaloric effect of the
nanocomposites was studied by calculating magnetic entropy change A S induced by
a change in applied magnetic field H. Average sizes of the iron-containing grains
were 10-35 nm. Magnetic phases in the matelials were y-Fe,O, for the oxide-
composites and y-Fe N or &-FeN for the nitride-composjtes. Values of the AS were
obtained by applying a thermodynamic Maxwell's relation, {5 S/ ¢ H),=(é M/ ¢ T),,
to data set of magnetization M measured at various temperatures T. They clearly
indicated significant enhancement due to the nanostructure as predicted.
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il Superparamagetic Nanocomposite of Silver/Iron-Oxide by Inert Gas Condensation, T. Yamamote, R, D. Shull, P. R.
Bandaru, F. Cosandey and H. W. Hahn, Jpn. J. Appl. Phys. 33(1994)1.1301
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Development of Drug Delivery System using Bioactive Calcium

Glass/Polymer Complex Bone Cement

97113

foFemised WEEHAYE e K K % Makoto Otsuka
Associate professor, Kabe Pharmaceutical University
LTS R RFIESFERRD oW B —

Effect of amount of ceramic cement and lactose powders on cephalexin{CEX)release
from bioactive bone cement consisting of hisphenol- a -glycidyl methacrylate(Bis-
GMA), triethylene-glycol dimethacrylate (TEGDMA) resin and apatite- and
wollastonite-containing glass-ceramic (A-W GC) powder was investigated. A-W GC
powder containing CEX powder hardened within 5 min after mixing with Bis-
GMA/TEGDMA resin, and furthermore its compressive strength was expected to be
higher than that of polymethylmethacrylate cement. In vitro CEX release from
bicactive bone cement pellets in a simulated body fluid at pH 7.25 and 370C
continued for more than 2 weeks. The drug release rate increased with increasing
amount of ceramic powder in the mixture. All of the drug release profiles followed
the Higuchi equation at the initial stage, but not at late stages. As hydroxyapatite
was precipttated out on the cement surface, the drug release rate decreased.
These results suggest that the CEX release rate from bioactive bone cement could
be controlled by varying the amounts of ceramic or lactose powder in the cement
system.
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Table 1. Compressive strength of bioactive bone

and PMMA cements

CEX (%) lactose (%) Compressive strength (MPa)
o 0 180 = 10
1.0 0 142 799
2.0 0 138+ 20
5.0 0 127+ 629
5.0 10.0 102 3%
PMMA cement .68 13

&) p<0.01 : significantiy different from control cement (n=3}.
b} p<0.01 : significantly different from PMMA cement (n=3).
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Study on Direct Mixing Type Axial Flow Cyclone Heat

Exchanger between Gas and Particles

97115

RS AHDCRR e ITEMER #dg  {F K M Akihiko Shimizu
Professor of Kyushu University
SRS AN KB AT 2R R i 8 &£ 4 B Tatehiko Yokomine

Associate Professor

A direct mixing type axial flow cyclone heat exchanger between gas and high
temperature particles is proposed and its heat exchange performance is examined
experimentally by usingthe mock-up apparatus. The proposal was motivated by the
concept of high temperature nuclear energy conversion system for which dense gas-
solid suspension fiow is considered as primary coolant. However, this heat exchanger
will be very useful for the existing industrial processes. In this heat exchanger, the
particles, after being mixed directly with gas, transfer their heat to the gas in the
from of quasi-counter-flow and are effectively reseparated by centrifugal force due to
swirling motion of the gas. The following results were obtained from the experiments
by using the mock-up apparatus.

(1) The dispersion of particles is saturated if the thermalloading ratio becomes unity
and more.

(2) The exergy efficiency has its maximum value when the thermal loading ratio is
unity and less.

(3) The smaller particle diameter is obtained with the higher the exergy efficiency.

(4) Though the gas flow rate does not have much effect on the exergy efficiency, its
value is restricted by the re-separation efficiency.

{5) Provided that we regard the cooling of powder as important, this heat exchanger
should be used in the region of mixing loading ratio I »<<1. Otherwise it is desirable
that the heat exchager is used at I"s=1, where the temperature efficiency of gas and
that of particle are halanced. '

(6) Further experimental data is required espectally concerning the effect of particle
property, such as heat conductivity, on the heat exchange performance. The present
heat exchanger does not need any driving mechanical and huge facility. Thereforet is
anticipated that the promotion of energy-saving in the existing industrial processes
by means of this heat exchanger
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High-temperature shock consolidation of advanced matrial powders

97116
HERZE ReAkE BEdg 4 AR Ol ¥ Kazuyuki Hokamoto
Associate Professor, Kumamoto University
EFRFRE  ReRIERE BIF OB & K Masahiro Fujita

Professor, Kumamoto Institute of Technology
REAR A % O % Shigeru Itoh
Professor, Kumamoto University

High-temperature shock consolidation technique using converging underwater
shock wave assembly has been developed and the experimental conditions are
discussed for obtaining well-consolidated bulk materials including polycrystalline
diamond. By using the newly designed assembly, a series of experiments are
conducted for various difficult-to-consolidate powders by varying the temperature up
to 1100C and the shock pressure up to shout 50 GPa to improve the performance of
shock consolidated materils. Amount of cracks normally generated by room-
temperature experiments has been decreased by using the proposed high-
temperature technique due to decreased shock pressure, increased ductility and
enhanced surface melting of the powders. The pressure for the consolidation is
found to be strongly related to the hardness of the powders used. The application of
higt temperature could decrease the hardness of the powders, and subsequently
decrease the pressure required for the consolidation. Optimization of the conditions
necessary for the cosolidation and the bonding between the particles are discussed. A
small consolidated diamond has been successfully recovered having high hardness
about 95 GPa which corresponds to that of the diamond single crystal.
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A Study on Control of Two-Dimensional Structures in Spread
Monoparticulate Layers of Surface-Modified Silica Particles

97117
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Ken-ichi limura

Two-dimensionnal structures in spresd monoparticulate layers of surface-modified
spherical silica have been studied to obtain basic knowledge on construction of
functionalized surface using fine particles. The silica particles with mono-dispersed
distributions in size (0.11, 05, and 162 4 m in diameter) and nonporous surfaces were
used. Silanization with some kinds of organosilanes has rendered the particles to
change the surface properties, Colloidal solutions of surface-modified silica particles in
a volatile organic solvent were spread onto the water surface using a gas-tight type
microsyringe. Surface pressure (m) vs occupied area of a particle (A) isotherms were
measured for monoparticulate iayers which were prepared from each of sample
particles having different sizes and surface properties. The monoparticulate layers on
the water surface were transferred onto solid substrates by the scooping-up method,
and then were observed by scanning electron microscope. The relationship between
the surface properties of the particles and the two-dimensional structures of the
layers were discussed. The most wellordered and closely packed structure was
obtained for the layers prepared at 30C from 1.62 u m-diameter particles modified
with trichlorophenylsilane, in which the particies were arranged into two-dimensional
polycrystalline structures consisting of hexagonally packed single crystalline regions.
Introduction of repulsive force between particles has also been attempted by
chemical modification of polyethyleneimine(PE}to the silica surfaces. x-A isotherms
for the monoparticulate layers of PEl-modified particles indicated that the particles
repulse each other on the water surface. However, SEM observation for the layers on
solid substrates revealed the aggregated structures of the particles, which may he
due to the rearrangement of the particles on the solid substrates.
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Adhesion and cohesion properties of micro particies analyzed

by micro probing method

97120
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ey S Akira Kawai

Associate Professor

Dependence of interaction force between condensed polystyrene-latex (PSL)
particles and atomic force microscope tip on diameter of PSL particle is studied from
the force curve measured in dry atmosphere. In the diameter range of PSL particle
from 42 nm to 1 g m, it is found that this dependence is different from that of
geometric mean radius which is derived from DMT theory. These results can be
analyzed in terms of PSL particle deformation effect and contribution of surrounding

PSL particles.
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Development of estimation system for calculating
properties on powder composite

97121
FREFEE BRBSHAETHe v~ BEE B & B B Tkuo Tanabe
Asgsociate Professor
EFIFRE SUHEESIPAETHNTEN Bl K B B2 Jyunnosuke Mizutzni

Associate Prolessor
R TR g th =

Associzie Professor

5L Yasuhiro Yamada

Recently, as a product with complex form is increase for multiple functions or high
quality, a worker must machine a work piece of complex structure. However, a
designer doesn't use the new material which has various properties. Because, the
designer isn't used to the new materials and those properties isn't grasped fully,
Therefore, in this study, a calculation system of five properties on the powder
composite has developed for the 21st century. Five properties that it can De
calculated are thermal conductivity, specific heat, coefficient of linear expansion,
Young's modulus, logarithmic decrement. Some powder composites were actually
made, and this system was evaluated. It is concluded that (1} The calculation sysiem
of five properties on the powder composite has been successfully established. {2} Five
properties can be computed momentarily with this svstem from the conliguration
material and the weight ratio, (YThe configuration material and the weight ratio of
the new material with the desired properlies can be calculated by this system, too.

Key Words: Property, Powder composite, New material, Calculation system
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Properties Value f Coarsa Intermediate] Fine Bondingf Calculated| Experimantal | Error (B-A)x 100
aggragate [agpregate aggregate| materiaif value A |value B B

Density 3150] Alumina | Alumina ! Alumina E.A 3154 3100 -2 %
kg/m3 65001 Stesl — Sienl E.R 8552 6530 -3 %

2300 — - Silicon C. E. R 2820 2310 —4 %
Thermal 20 Alumina | Alumina Alumina E.R 18.9 17.0 +7 %
conductivity 8.3 Steel o Steel ER 9.3 10.2 +9 %
W/{mK) 1.8 Glass Glass Glass ER 1.6 2.0 +20 %
Spaclfic 0.9 | Alumina | Alumina Alumlina E R 0.62 0.90 -2 %
heat 0.5 | Slesl — Steel ER | 0.53 0.49 —6%
kd/{kgK) 0.7 | siiconC.| SlhiconC. | SliconC. | ER | 0.72 0.70 -2%
Coealfictent of 11 Alumina Alumina Alumina E. R 11 1R +0 %
linear expan- | 17 | Steal = Steel | ER 1 17 18 16 %
sion x1091/K| 3¢ -- -~ Alumina [ ER 29 28 +6 %
Young's 160 Alumina | Alumina Alumina E R 160 152 —5 %
modulus 120 Stasl — Stesl E R 126 - 108 ~=15 %
GPa 70 Glass Glass Glass E. R 66 60 -10%
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"Preparation of Lanthanum Oxide Dispersed Tungsten
Powder by Spray Drying Method"
1999 International Conference on Powder metallurgy
& Particulate Materials, June 20-24, 1999, Vancouver T3
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Development of Specially Shaped Bend wih Low Touching
Transportation Using Sprial Flow

97123

REMEL BRI HEEMTSE BFE B B B % Masahiro Takei

Assistant

AFERRE HARSEHETEHEH TSR 8 B % b B Misuaki Ochi
Professor

MESTTASFIRERE 0 g H W 2 Kiyoyuki Horii
Professor

Partides conveving through a bend has been dramatically eliminated from the
breakage by altering the bend shape. The new bend dose not have any hole during
4000hrs operation, it means to maintain the powder shape. The breakage artion
depends primarily upon the collisions speed and the collision angle. Breakage of
powders can be minimized by reducing gas flow. Howerver, choking phenomenon
occurs as the flow rate is reduced below the choking velocity, Our approach to
reduce the breakage is to modify the flow pattern so as to lower the collision angle
and to lower the required choking velocity. The modification of the flow pattem can
be achieved by altering the bend shape. The bend design consists of a gradually
expanding inlet, a large-diameter curved portion and a gradually contracting outlet,
In the inret, a vortex develops due to Coanda effect, which controls the ortentation
of conveying powder parallel to the bend axis. So the speed and the collision angles
of acicualar crystals are reduced, leading to the low breakage. In the outlet, a spiral
flow is generated, which effectively prevents from choking at low mean flow velocity.
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Development of Ultrafine Ceramic Powder Dispersed with Metal
for Photocatalyst

97124

KEWARE WML ZEMRAS - 1358 - Wl Ly

linksedd

SR # Atsushi Nakahira

The preparation and microstructural properties of fine TiO, powder prepared by
sol-gel method were investigated. Hydrolyses of Ti-tetraisopropoxide were carried
oul at room temperature with various catalyst, HCL solution, NH,OH selution, and
CHiCOONH,. The effect of catalyst on hydrolysis rate and microstructure of fine
Ti0, powder was mainly examined. The TiO, gels were heat-treated in air
atmosphere at 500, 700, 900°C., X.rd results showed that all diflraction patterns of
Ti0, heatireated at 500C were similar in characterizing anatase-Ti0, Especially
the addition of HCl as a eatalyst prohibited the growth of TiO, Particle, which
diameter was approximately 1dnm and showed greatly higher BET values,
approximately 100m?®/g, The precipitation of Pt fine particle on the fine anatase-TiO,
powder was successiully by the electroless plating method.
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Disruption and dispersion of particle layer formed by
sedimention or floatation under a natural convection

97125
RFEWEE OB THREMTEE #d2 1 & B K Tatsuo Nishimura
HEFFEE O AEIEH B R OB O OB
LTI 2 T 5 HBHHE KON H

A sedimentation or a floatation of particulate material from a suspension is applied
to separation processes such as a clarification of a sewage, treatment of an industrial
liquid waste and a thickening of a particulate material. These processes are normally
designed and operated under a stationary liquid or laminar flow condition so that the
gravitational effect dominates the particle motion. Therefore, unexpected fluid
motion such as a convection must disturb the particle behavior in the equipment
resulting in a deterioration of the separation performance. For example, when a
separator is set at an open-air, a natural convection must be induced by the heating
of sunlight. The natural convection deteriorates the performance of the separator,
Therefore, we aimed to investigate the effect of a natural convection on a disruption
and dispersion of particle layer formed by sedimentation or floatation.

In this study, we studied particle behavior in a natural conveciion induced by
heating and cooling from opposing vertical walls experimentally. The observation of
a particle motion was revealed that the motion can be classified into two pattern:
these are a large scale circulation and a local recirculation along to the heated wall.
By comparison accumulated separation efficiency curve obtained through the
thichess measurement, the large scale circulation accelerated the sedimentation, but
the local recirculation retarded the sedimentation. The local recirculation is one of
the causes of a deterioration in separation process. On the other hand, if the large
scale circulation was utilize to the separation, it can be expected that the
sedimentation can be accelerated by the convection.
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Fig.1 Experimental apparatus
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Table 1 Experimental conditions

80~300CoEMHE L7,

R IR E PRS2 1o m, ST
R o=120F1) AF L YT (Duke Sci.

Co. B, B o= 1.047 X 10%kg/m3) %\,
%gﬁﬁﬂ%f&m%)%ﬁ%¢h%ﬁbto
R NS e ol N B VA & -3 i AT A
Table2 lZ/R¥ L Do, KR@EWBOENLT b Y
TLARECEERDHIET, BHROBE % B
ATEBEITo7/z, b, BT M) o agEs
RBEXDHEHEOEMLT LA, Table 2128 L
ki, AEREEATIRA%NREOELT
HY)HBIFH IR L v,

Tabie 2 Properties of fluid

Temperature { °C | C Density of Viscosity p
Initial temrperature Ti 20.0 {wt%]  x103 [kg/m3]  x1® [kg/m sec]
Temperature of heated wall ¢y, '

0 ~ 35,
Temperature of cooled wali 7 :1)0_ 16 GO gg 1'036 1.094
Temeperature difference AT = Th-Tc 8.0 N 30'0 6.5 lgig iitl}g
Concentrafion [ wt% ] 6.8 1:045 1:119
Solusion concentration c 6.0 ~ 7.6 7.6 1.051 1.136
Initial particle concentration Cp 5.0

at=0

AEBROLERSM % Table 1 1R T, FEIHRE
HRIRE Ty=RREFML20CTE L, MEERE T,
% 240~35.0C, HHIBERE T,250~160T
DEHTHET HZ L C, WBAREEA T

b) £ = 120

Fig.2 Photographs showing a pattern of particle convection {A T = 207, op—

c) £ =360
o =0.004)

3. ERBERBLUEE
EER = AT=20C, BT FU Yy LEE
C=65wt% & L, WEE (p—pp) =405

rTERzfTo L doN T OLBERE %
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CO AR X B FR LAy ki o
pARE RAVEA
Processing of Fine Rare-Earth Oxide Powders Using Precipitation
Stripping with CQOz Gas

97126

REVRE KREE T RFE LTS B#dg /N T B #  Yasuhiro Konishi

In this report, we describe a new synthetic route of rare-earth oxide precursor, in
which rare-earth carbonate powders are precipitated by emulsifying rare-earth
loaded carboxylate solutions, using CO. gas and water. This synthetic route of rare
earth carbonate is a combined process of the stripping and precipitation stages in a
conventional solvent extraction process for separation and purification of rare earth
metals. Using this technique, lanthanum carbonate and yttrium carbonate were
prepared at temperatures of 10 to 80°C and CO, pressures of 0.1 to 3.0 MPa for 120
min. The precipitation kinetics and yield were sensitive to processing parameters
such as CO, pressure, temperature, and organic-phase composition. The particle size
distributions of ithe carbonate powders were markedly dependent on temperature

and CO, Pressure.
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Physicochemical Property of Powder Derived from Shaped Precursor

97127

RFEFRE BEHAHFERSE P#EE A M # F Noriyoshi Kakuta

It is well-known that the property of powder is originated from its preparation
procedure. However, there are lots of factors (temperature, pH, time and etc) to
overcome for development new materials. The shape of precursor can be pointed out
as one of the factors for the preparation.

In this research, we focused to investigate whether the physicochemical property
of powder could be modified by shaped precursors in source materials or not.
AlOC,H,); Boehmite needles (AIP powder) were used for this purpose and AlNOs);
for an amorphous precursor (ANH powder) was also used for comparison. Small
amount of Si source was added to investigate acid property. The physicochemical
properties of both Al;O; powders prepared by fume pyrolysis are summarized as
follows: [AIP powder] a). Spherical and porous powder was formed. b). Tetrahedrally
and octahedrally coordinated Al species were present in Al,Og powder. c). Crystallite
structure was y and thermally stable up to 1373 K. [ANP powder] a). Random shape
and dense powder was produced. b). Five-coordinated Al species appeared together
with other Al species when the crystallite structure was amorphous. ¢). Amorphous
structure was transformed to y phase above 1173 K. Unfortunately, obvious
differences were not observed on acid properties. The physicochemical properties of
Fe,)O, derived from «- fB-and y-FeOOH were also investigated under oxidative
dehydrogenation reaction. Fe;O; from y -FeOOH (needle shape) was very sensitive
for the transformation to active structure (y -Fe,Qs) in the reaction atmosphere at
623 K although the other did not occur such transformation at 623 K,

It is concluded that the shape of starting material acts drastically for the physical
and chemical properties of powders and should be consider as an essential factor for
powder synthesis.
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WMAOSEEH & ST A o b R
Development and Spread of a Simple Method for Quality Control
and Surface Characteristics Evaluation of Powder

97128

RFRFEE MIIARETEE & % B B FEHE Isao Tan

Potentiometric titration method, which was used to titrate aqueous and
nenagqueous solutions with suspended powders using a pH mefer equipped with a
glass electrode and an Ag/AgCl electrode was found to be a very simple and
powerful method of evaluating the surface characteristics of powders such as
hydrophobic Teflon powder, electrolytic manganese dioxide powder (EMD) for
alkaline MnQO, cell, and silica powder with hydrophobicity given by treating the
surface with silane-coupling reagent.

Since the Teflon and silica powders were hydrophobie, acidbase titration was done
for mixed solvents of water and alcohol. In the case of Teflon powder n-octylamine
was used as a titrant whose hydrophobic part was bound to the powder's surface,
while in the case of silica powder potassium hydroxide was used as a titrant. The
acid-base titration for evaluation of discharge performance of EMD was done for
0.IMKNO; and 0.1MLINOg of which cations are different in the crystal ion sizes.
Quality controll, well characterized modification and characteristics evaluation of the

powders were found to be done by comparing the titration curves obtained.
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Development of the Cntroll Method for Particle Size in
Concentrated Slurries by Ultrasonic Attenuation Spectroscopy

97129

REMEE MLAFIESBHOALER B1F K H E  — Shindichi Takeda

Determination of the particle size distribution in highly concentrated ceramic
slurries is of key Importance in optimising performance. The particle size of the
slurries is closely related to inhomogeneities, which in turn relate to fracture origins
as well as shape distortion/cracking during drying, pyrolysis and sintering. The
present work was focused on making a proof of the capability of the ultrasonic
attenuation spectroscopy for particle sizing in highly concentrated ceramic slurries.
Establishment of the controll method for particle size in concentrated slurries was
also investigated using the resuits obtained by ultrasonic attenuation spectroscopy. It
is found that particle sizing in highly concentrated ceramic slurries can he made for
both the cases of unary and binary particle system. This capability would allow us to
realistically judge the true agglomeration status of the slurries. The direct
characterising information of the highly concentrated slurries also would allow us to
establish the contolling method of the particle size in mixed particle slurries, because
the present technique allows us to clarifly and classify the acting process of the

solvent when the agglomerated particles were dispersed and stabilised.
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Resistance of thermal shock of ceramic based graded materials
prepared by centrifugal casting

98120

LB E HEBILRREMHIEH

Badg ¥ )l B 9 Tadahiro Nishikawa

Functionally graded materials (FGM) consist of different material components,
Their composition and microstructure change continucusly to exhibit characteristic
mechanical or thermal properties. In particular, ceramic/metal FGM have been
developed to relax the thermal stress in the space plane or fusion reaciors.
Furthermore, applications to chemical, biological, nuclear and optical materials have
been investigated. In thig study, alumina/nickel functionally graded material (FGM)
was prepared by the centrifugal casting and sintering in fine graphite powder.
Starting mixed ratio and concentration of the dispersion agent were controiled to
obtain the desirable FGM. Relative density after sintering was above 95% for FGM
with above 70 vol% alumina and dispersed agenf concentration of 1.0 to L5 mol/L
The largest gradient width was approximately 5mm, where Vicker's hardness and
analyzed composition changed linearly by EDX. However, the aggregation of alumina
p;arti”cles was observed within nickel-rich part in some places. Thermal shock
resistance of FGM, measured by the heating and quenching in steps, was developed
to be same compared with these of homogeneous particle-dispersed composites.
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Development of sensor for bulk solids handling

98121
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2K Takatsugu Takeuchi
PEACHR

Powder handling are widely used in industry and commerce; little systematic
analytical work has been done to understand the detailed interactions between
granules and the equipment wall. We conceive the overall phenomena occurring in a
powder machine as physical phenomena. Those Physical phenomena are the
deformation, force, heat, sound, and others.

Various physical phenomena occur in a powder machine, as been described
previously, Stress and particle displacement is among the most dominant. However,
very few investigations have been made concerning the stresses, such as the
pressure and the frictional stress, until now. A complete understanding of the
physical behavior of granular materials in a powder machine requires a
comprehensive understanding of the relationships among many different parameters.

Moreover, localized contact stress is large owing to the small area of contact
between granules and the wall stress, and because granules roll around, wall stress is
measured as a discontinuous value. To measure this large discontinuous value
accurately, sensors must have resistance to abrasion and a high natural frequency.

Also, heat is generated In various ways in a powder machine. For examle, heat
may be generated by chemical or biological reactions between the granules and the
atmosphere, from slip between the granules and from slip of the granules against the
wall. This generated heat is finally transmitted to the silo wall and can be measured
by the detector.

In order to realize a controlling system fur stable operation and to get economical
structure of powder machine, bulk solids handling sensor was developed. Their
detecting parts are composed of "Parallel plate structure’ and strain gages, and they
can detect pressure/frictional-stress and wall temperature, respectively.
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A Numerical Simulation of Swirling Flow Pneumatic Conveying
in a Horizontal Pipeline
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Synergistic Enhancement on Functional Nanocomposite Ceramics
by the Grain Boundary Control
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75 A& X A B bY@ e R A O FH 5
Development of Iron-Nitride Fine Powder by Plasma Nitridinghy

95506

HEMEEZ RALUAFAZEEAMSHEE S432 E T 1 % Masahiro Nagae
The Graduate Schoof of Natural Science and Technology{(Doctor Course)

Nitriding behavior of Fe _Sm, through hybrid-high-pressure plasma and preparation
of fine Fe, Sm,Nx powder have been studied at temperatures between 200 and 600 C
in comparison with those by 1 atm N, gas nitriding. In case of N, gas nitriding the
lattice parameters a and ¢ of Fe Sm Nx increased as the nitriding proceeded and the
x value reached 3{. And two different types of the precipitation was found: low-
temperature type below 200°C and high-temperature type above 550 C. On the other
hand, the remarkable acceleration of nitriding reaction and the preparation of high-
purity Fe SmNx fine powder at marked low temperatures around 400 C were
succeed through hybrid N, plasma which was newly developed. Furthermore, the
hybrid plasma nitriding was found to bring the synthesis of Mo N and MoN at an
extremely low temperature of 500°C whereas these nitrides was formed above 700°C

by usual NH, gas nitriding.
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Formation from NH,/SO,/H,0/Air Mixtures by Ionizing Irradiation, Aerosol Sci. Technology. 29,
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