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Evaluation of Crytallite Size Distribution by Powder Diffraction Method

02105

R & SHHELERPLI Iy AEBTYMIELY Y —
sz [& Takashi Ida

Analytical methods for evaluating crystallite size distribution by powder diffraction method have
been investigated. A rapid numerical method for evaluating the exact theoretical diffraction peak
profiles from collection of spherical crystallites with log-normal size distribution has been developed.
The method is based on an efficient computer algorithm to evaluate the integral formula for peak
profile functions, and it can be applied to estimate the broadness of the size distribution by a least-
squares curve-fitting method to the experimental size-broadened diffraction peak profiles within
practical computing time. Theoretical frameworks and practical numerical methods for simulating the
experimental diffraction peak profiles affected by the instrumental aberration have also been
developed. It has been found that the observed powder diffraction peak profiles are reasonably
simulated by convolution of intrinsic profiles with the instrumental functions. Accurate formulas for
the instrumental aberration function of a high-angular-resolution synchrotron powder diffractometer
with flat analyzer crystals as well as a laboratory powder X-ray diffractometer have been derived.
Even though the spectroscopic distribution of the monochromated synchrotron beam is narrower than
the laboratory X-ray source, it is stiu the dominant factor affecting the experimental diffraction profile.
The asymmetric spectroscopic distribution of the X-ray provided by the beamline 4B2 at the KEK
Photon Factory (PF) in Tsukuba was evaluated by measuring the diffraction peak profiles of standard
reference crystalline powder of Si (NIST SRM640b). A new analytical method based on deconvolution
by fast-Fourier-transform to remove instrumental aberration from experimental data has been
developed. The segmented intensity data collected with the multiple-detector-system of the
synchrotron powder diffractometer (MDS) at the beamline 4B2 at KEK-PF are affected by the
different instrumental function for each detection system. The variations of the instrumental functions
have been successfully adjusted by applying a Fourier-based modification on the raw diffraction

intensity data.
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Fig. 1 The diffraction peak profiles observed with a Ge(111) crystal analyzer misaligned by about 1.4
deg. at KEK-PF BL4B2 (open circles) and fitted curves (solid lines). The difference plot (solid

lines) and statistical errors (broken lines) are shown in the lower.
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Fig. 2 The diffraction peak profiles observed with a Ge(111) crystal analyzer misaligned by about 0.2
deg. at KEK-PF BL4B2 (open circles) and fitted curves (solid lines). The difference plot (solid
lines) and statistical errors (broken lines) are shown in the lower.
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Fig. 3 Plot of observed X-ray intensities measured with
the Chipman’s method.
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Fig. 4 Changes in peak profiles through the deconvolution method. (a) raw diffraction data (open circles),
(b) data created by removal of axial divergence by the deconvolution (open circles), and the optimized
asymmetric model (solid ine); (c) difference on fitting shown in (b) (solid line) and esitimated statistical
errors (broken lines); (d) data created by removal of asymmetric component by the deconvolution
applied to the data shwn in (c) (open circles), and the optimized symmetric profile function (solid line);

and (e) the final estimated errors (broken lines) and difference on fitting shown in (d).
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This study investigates the characteristic of single-layered and multi-layered compacts made by

selective laser sintering using blended bimodal titanium powders. The surface texture and tensile

strength were investigated by using single-layered compact. There were few defects in the surface of

specimen sintered in vacuum, and the roughness was smoother than that of specimen sintered in argon.

Maximum tensile strength of single-layered compact sintered in vacuum was about 200MPa. The

shrinkage and mechanical strength were investigated by using multi-layered compact. There was a

unique tendency in the shrinkage of multi-layered compacts, which the density was around 76% and

the adhesive bonding was not observed between layers, resulted in 70MPa of maximum bending

strength and 50MPa of maximum tensile strength.
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Fig.1 Schematic diagram of selective laser sintering
equipment.
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Table 1 Laser irradiation conditions.

Laser type 20W Q-SW pulsedYVO,
Wave length 1064nm
Average power 12 ~16W
Pulse frequency 100kHz
Beam diameter 500m
Scan rete 8~ 12mm/s
Layer thickness 15000m
Hatching pitch 10000m
Sintering atmosphere Vacuum or Argon
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Fig.2 SEM images of the surface of specimens.
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Fig.3 3DSEM images of the surface of specimens.
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Fig.4 Maximum tensile strength of the single-
layered compacts in vacuum sintering.
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Fig.5 Shrinkage of the rectangular specimens.
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Fig.11 Bending strength of multi-layered specimens.
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Fig.12 Sectional view of the multi-layered compact
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Recently, the present authors have found that egg-type powders with a single-core are easily
obtained in the alloy systems possessing a miscibility gap in the liquid phase using conventional gas
atomizing technique, and clarified that this behavior results from the Marangoni motion due to
temperature change of interfacial energy between the liquid phases. In the present project, this
effect was applied for fabrication of Bi-Cu based Pd-free solder materials and the following results
were obtained.

(1) Both single-core and dispersion structures were obtained in the Bi-Cu-Sn, Bi-Cu-Sb and Bi-
Cu-Zn systems, where the kind of structures depended on the alloy composition. From this
research, a basic guideline for microstructural control of the atomizing powder in the Bi-Cu
based alloy systems was established.

(2) Some Pb-free solder materials with a high melting point over 540K were developed in the Bi-
Cu based systems. These materials showed a good wettability with Cu or Ni substrate and

the microstructure including fine dispersed particles did not coarse during heating for joint.
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Fig. 1 Calculated phase diagram of the Bi-Cu binary
system. Metastable miscibility gap in liquid
phase is superimposed by a dashed curve.
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Fig. 2 Stable (solid line) and metastable (dashed line) miscibility gap in liquid phase of the Bi-Cu-X (X=(a)Sn,
(b)Sh, and (c)Zn) ternary systems calculated at 923 K. Thin dashed lines represent tie-lines of two

liquid phases.
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Table 1 Composition of gas-atomized Bi-Cu-X (X= Sb, Sn and Zn) powder samples and their characteristics.

B &M o i Wk 2 AH BETIROO

(mass%) ik SRR SRR E— 2 /K
Bi-24Cu-16Sn a7 R — g 543
Bi-35Cu-15Sn a7 Rk — H g 543
Bi-16Cu-9Sn 3 & <05um Vit 544
Bi-20Cu-10Sn o Bk 1-3um o 543
Bi-10Cu-5Sn o5 B <05um i 543
Bi-15Cu-30Sb G5 ok <05um o 577
Bi-15Cu-25Sh i <3um Uity 573
Bi-10Cu-20Sh S Wk <05um W 563
Bi-20Cu-10Sb o5 B <3um o 543
Bi-20Cu-10Zn x4 <3um o 543
Bi-25Cu-25Zn a7 R — Hp 543
Bi-5Cu-5Zn 5 B 1-3um i 543
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Fig. 3 Phase diagram of (Bi)-(60Cu30Sn) (mass %) quasi-binary system and microstructure of gas-atomized
powder in Bi-Cu-5n alloys near the quasi-binary section:
(a) Bi-10Cu-5Sn and (b) Bi-16Cu-9Sn show in-situ composite,
(c) Bi-24Cu-16Sn and (d) Bi-35Cu-15Sn show an egg-type structure.
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Fig. 4 Schematic illustration of the microstructure
expected in the atomized powder due to
liquid phase separation.
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Fig. 5 DSC heating curves obtained from gas-
atomized powder of
(a) Bi-35Cu-15Sn alloy and
(b) Bi-10Cu-20Sb alloy.
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Fig. 6 Micrsturucture near the interface between
Bi-10Cu-20Sbh solder alloy and Cu substrate
after heating at 400C for 1min.
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Table 2 IMC layers formed between Bi-Cu-X
(X=Sh, Sn or Zn) solder and Cu or Ni
substrate after heating at 673 K for 60 s.

Alloy composition Substrate
/ mass % Cu Ni
Bi-20Cu-10Sn CusSn Ni;Sn,
Bi-10Cu-20Sh Cu,Sh, Cu,Sh NiSb
Bi-5Cu-5Zn CuZn NiZn;
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1) C.P. Wang, X. J. Liy, L Ohnuma, R. Kainuma and K.
Ishida : Science 297 (2002) 990-993.
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Y. Nishibe and K. Ishida, “Development of Bi-base High-
Temperature Pb-free Solders with Second Phase
Dispersion: Thermodynamic Calculation, Microstructure
and Interfacial Reaction”, ]J. Electron. Mater., in press
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Spark Plasma Sintering of Fine Powders
of Proton Conducting Phosphates
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?;ﬂ:f ¥ Koji Amezawa

Spark plasma sintering (SPS) method was applied to prepare dense compacts of high-temperature

proton-conducting phosphates such as rare earth orthophosphates LnPO, and rare earth
polyphosphates LnP;O, (Ln: rare earth). In the case of Sr-doped LaPQ,, the relative density higher
than 98% could be achieved with the SPS method when sintering temperatures above 1050C were
employed, whereas only 94% at the highest was obtained with the conventional pressure less
sintering (PLS) method at 1200-1300C. Mechanical properties of the SPS samples were considerably
improved compared with those of the PLS samples. The SPS samples prepared at 1050-1100C
exhibited the bending strength of 240 MPa and the Vickers hardness of 6.7 GPa, and these values
were much better than those of the conventional high-temperature proton-conducting oxides. Sr-
doped LaPO, prepared with the SPS method exhibited dominant proton conduction regardless of the
sintering conditions, and the conductivities were comparable with those of the PLS samples. These
results demonstrated that the SPS method was an effective tool to prepare proton-conducting

phosphates with a high density and excellent mechanical properties while keeping a feature of proton

conduction.
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Fig. 1 XRD patterns of the 1 mol% Sr-doped LaPO, compacts prepared with the SPS
method under 50MPa at (a) 1000C, (b) 1100C, (c) 1200C, and (d) 1300TC.
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Table 1. Densities of the 1 mol % Sr-doped LaPO, compacts prepared with the SPS and the PLS
method at various temperatures and pressures.

Sintering Sintering Sintering Density Relative density
method temperature/C pressure/MPa /g cm® /%
1000 50 4.664 920
1050 10 4.967 98.0
20 4.993 98.5
50 4992 98.5
SPS 1100 50 4994 986
1200 10 4.986 984
50 4.995 98.6
1300 50 4.998 98.6
1000 4.398 86.8
1050 4.508 89.0
PLS 1100 4616 91.1
1200 4716 93.1
1300 4742 936
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Fig.2 (a) ~(d) 2,

SPSHEEIZ L o THEB S 7z ]

Fig. 2 SEM image of fractured surfaces of 1 mol % Sr-doped LaPO, compacts prepared with
the SPS method under 50MPa at (a) 1000C, (b) 1100C, (c) 1200C, and (d) 1300C.
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Fig. 3 SEM image of fractured surfaces of the 1 mol % Sr-doped LaPO,
compacts prepared with (a) the PLS method, and with the SPS
method at 1100C under (b) 10, (c) 20, and (d) 50MPa.
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Fig. 4 (a) Vickers hardness and (b) three point
bending strength of the 1 mol % Sr-doped
LaPO, compacts prepared with the SPS and
the PLS methods at various temperatures.
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Fig. 6 Conductivities of the 1 mol % Sr-doped LaPO, compacts, prepared with the SPS method under
50MPa at (a) 1100C, (b) 1200TC, and (c) 1300, under wet (p(H,O) or p(D,0) = 4.2kPa) and

dry conditions at p(O,) = 1 kPa.
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Fig. 7 Conductivities of the 1 mol % Sr-doped LaPO, compacts, prepared with the SPS method under
50MPa at (a) 1100C, (b) 1200C, and (c) 1300C, under various (p(H,0) at p(O,) = 1 kPa.
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Grain Refinement of Titanium Due to Inclusion Control
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Grain refinement of metal microstructure is effective for the progress of mechanical property. It is
essential technology for weld structure in which matrix materials is highly improving. In order to
control a grain size of weld, the refinement mechanism under thermal cycle must be made clear. For
the weld metal of High Strength and Low Alloy (HSLA) steel consisting of ferrite and pearlite
microstructure, a lot of works about the refinement mechanism were presented. Those were post-
weld characterization but recently our research groups presented in situ observation of acicular ferrite
formation for HSLA steel weld metal and discussed with grain refinement mechanism. On the other
hand, there is little corresponding work for titanium weld. In the present work, microstructure
development of pure and inoculated titanium were in situ observed along thermal cycle of Tungsten
Inert Gas (TIG) welding, using laser scanning confocal microscopy. Under the in situ observation of
inoculated titanium, heterogeneous nucleation of - -phase at inclusion was clearly confirmed and
kinetic information of plate growth was shown in high time-resolution. Furthermore, It was shown
that grain boundary of : -phase was pinned by the inoculated inclusion. Microstructure difference

between pure and inoculated titanium was explained based on those in situ observations.
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Fig. 3 Thermal-etched B -grain boundary and intragranular nucleation and growth of
« -titanium plate.
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Fig. 4 Aspect ratio of «-titanium plate in (a) pure titanium and (b) Ti-0.062 mass%B.
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Development of Apatite-Based Composites with Crystallographic
Orientation Based on Self-Organization
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Bone has a well-organized microstructure at a nano-scale level and is composed of mineral apatite

(Ap) and collagen (Col) fibril, providing reinforcement and pliability, respectively. Since Ap

crystallizes under an anisotropic hexagonal lattice, the mechanical properties of an Ap crystallite are

expected to depend on crystal orientation. The preferential alignment of the Ap c-axis along the

extended collagen fibrils in bones depends strongly on the portion of bone. Therefore, new materials

for bone replacement should possess the preferential alignment of Ap c-axis and Col fibril.

In this study, we have developed Ap/Col composites with their preferential alignment on the basis

of self-organization process by soaking a CaCl,/Tris-HCI buffer solution and a Na,HPO, solution

alternately (an alternate soaking process developed by Prof. M. Akashi). Deposition of Ap crystallites

with preferential alignment of the c-axis was finally achieved in collagen matrix with preferred fibril

direction.
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Fig. 1 Microstructure of bone tissue composed of apatite and collagen.
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Fig. 2 Preparation of two types of bone specimens (A, C) with different bone

directions on the specimen surface.
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Fig. 3 SEM micrographs of bone surface after decalcification in the EDTA
solution in two types of specimens, A and C.
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Fig. 4 Variation in calcified degree as a function of
soaking repetition (times) in two types of
specimens, A and C.
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the Ap c-axis as a function of soaking repetition
(times) in two types of specimens, A and C.
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Study on the Pulse Current Pressure Sintering
of Large Parts and its Application
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We have investigated the relationship between a sintering condition of TiAlSI mixed powder and
microstructure of the sintered compact for the purpose of fabricating large target (such as 160mm x
100mm).

the mixed powders consisting of TiszAlSi, (atomic %).

The pulse current pressure sintering (PCPS) method was employed in order to consolidate
The TiyAlLSi,, compacts were sintered
under the variation of pressure (49~98MPa) and temperature (773K ~873K). When sintering
temperature was 833K or higher, Al-Si liquid oozed out from the sintered compact. On the contrary,
when the temperature was 833K or higher, many micro pores have formed in the sintered compact.
Higher sintering pressure (60MPa or higher) increased the relative density of the compact and caused
the formation of metallic compound in the interface of Ti and Al/Si. Relatively high density
consolidation of 97% for TisAlySi,, mixed powder was obtained from the compact sintered at 823K
under the pressure of 60MPa. Water quenching test revealed that this sintered compact had relatively
high resistance of thermal shock due to the formation of little amount of metallic compound. Disk
compacts of ®190mm X 8mm were obtained and 160mm X100 mm rectangular sputtering targets
were fabricated from these disk compacts under the proper condition of PCPS.

Then we investigated that microstructure and mechanical properties of Ti-Al-Si-N films deposited
from the rectangular targets to confirm whether the targets are useful for sputtering. The TisAleSiy
targets were sputtered in a mixture of argon and nitrogen using an r.f. sputtering apparatus of Facing
Target-type Sputtering. The highest hardness of 43GPa was obtained for the Ti-Al-Si-N films
deposited at 573k without substrate bias. The hardness or the films is~20% higher than that for Ti-
AI-N films. These results indicate that the TigAlSi,, compact sintered by PCPS was useful and

favorable for the sputtering target.
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Fig. 2 SEM micrographs of TiAlSi compact sintered at a temperature of (a)773K, (b)803K,(c)823K, (d)833K

and (e)873K, respectively.
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Fig. 3 SEM micrograph and mapping of TiAlSi compact sintered at 873K.
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Fig. 4 Change of relative density, py and hardness,
HRB as a function of sintering temperature.
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Fig. 5 SEM micrograph of a compact sintered at
823K.
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Fig. 6 SEM micrographs of TiAlSi compact sintered at 823K under the pressure
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Fig. 7 Structure change of TiAlSi sintered compacts by water quench from 673K to 289K.
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Fig. 8 Appearance of TiAlSi targets of 160mm X
100mm prepared from the compacts of ©190
mm sintered by PCPS method.
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Fig. 9 X-ray diffraction patterns of TiAISIN films
(prepared from the TiAlSi targets) in glancing
incidence mode with varying N, flow rate.
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Fig. 10 Influence of N, flow rate on the mechanical
properties of TiAISIN films.

NTWwWb, 2OZEH»5H, Ti-Al-SI-NEIZE WY
Y IETEHIE S 2R 2Ry o
HEAEL B DEEZLN, BEY—7 v
B ) DI A FT T 2 2 &S AN o 720

4. 8

F/ Ay RYy MEOVERICHER R 5 — 7 v Mg}
BT AL HME L, Ti=50at%, Al=40at%,
Si=10at% DML DA ¥ K & PCPSH: & v T BERG
FEERE T o2, UTOZEBHE LDk o7
(1) BEAEFE1J49MPa, fRFRIERIS00s—5E & L, BEAE G

FETT3K ~873K D #iPH THERS % 47 o 7245, Hikd
L AI833K LA TIXAI-SID i AT L 726

(2) 833KLIETE#L L 22 BEf5RTIx, £ELLTF¥
YHERAD L) ICEBBALEWH O ATED &
M, BRI & HIZE L 2 A EAFRD
b7z,

(3) BEASIREE 2S833K A D HEFE R TIE, EH ARV
B SRS AT ICEZ 5T, RETD
823K T%% Td » 7245, £ Z60MPall 127
% L 98% F THERGE AN 1 L7z,

(4) @EIALEY IR ISR O A E % =D 5 %)
REFLTWA,

(5) EAZ190mm X JE X 8§ mmDHE TEEE (97%)
DEREREIRL Z EHDTE, 160mm X 100mm X
SmmOAE Y —7y M EEIEL 7,

6) FEsfEy =7y PEHWTAy Z L 72
TIAISINIE X & B L EOMB A5 — 7y bDZ

NEIZIZFLTH Y, WM S43GPad 511,
TIAINJE L O b@ENHFEEZRL, ey -7y
NI LR AT A 2 Ehb o T,

SHEOMEDRAEL

TN T2 A LT, EERER A O TL Al
% ERGT & T AREMREBEMAFA L v B
TR L, 7% DOREETHELRY —7 v M2
b ENTE, 5%IE, 2 OPCPSEAT oMo A4
ANDOEBPEZ LN, HIZEE—tT I v 7 AEA
¥ —ry N OVERFEANRE L E e iz 28y Y
YOO TITE 2V EEZ TV,

SEXm

1) M. Tokita: “Mechanism of spark plasma sintering”,
Proc. of the Inter. Sympo. on Microwave, Plasma and
Thermochemical Processing of Advanced Materials,
S. Miyake and M. Samandi ed. Osaka Japan, JWRI
Osaka University, (1997)69-76.

2) L. Rebouta, C.J. Tavares, R. Amio, Z. Wang, K.
Pischow, E. Alves, T.C. Rojas and J.A. Odoriozola:
“Hard nanocomposite Ti-Si-N coatings prepared by
DC reactive magnetron sputtering”, Surf. & Coat.
Technol, 133-134, (2000) 234-239.

3) M. Nose, Y. Deguchi, T. Mae, E. Honbo, T. Nagae, K.
Nogi: “Influence of sputtering conditions on the
structure and properties of Ti-Si-N thin films
prepared by r.f.-reactive sputtering”, Surf. & Coat.
Technol,, 174-175 (2003) 261-265.

4) M. Palrinska-Wojtan, A. Karimi, T. Cselle, M.
Morstein: “Conventional and high resolution TEM
investigation of the microstructure of compositionally
graded TiAISIN thin films”, Surf. & Coat. Technol,,
177-178 (2003) 376-381.

5) In-Wook Park, Sung Ryong Choi, Ju Hyung Suh,
Chan-Gyung Park, Kwang Ho Kim: “Deposition and
mechanical evaluation of superhard Ti-Al-Si-N
nanocomposite films by a hybrid coating system”,
Thin Solid Films, 447-448 (2004) 443-448.

6) S. Calvalho,, L. Rebouta, E. Ribeiro, F. Vaz,
M.F.Denannot, J. Pacaud, J. P. Riviera, E. Paumier, R.
J. Gaboriaud, E. Alves: “Microstructure of (TiSi,Al)N
nanocomposite coatings”, Surf. & Coat. Technol,,
177-178, (2004) 369-375.



J \
AL A AR ) BN Z % P35 A L A - R D B 58

Development of the Composition Shifting Semiconductor Film
by Controlling Nucleation

04106

M % & Wk TEWeR B F M B B —  Yoichi Kanda

Abstract

Present transparent conductive films utilized for solar cells are produced mainly by using ITO
(Indium tin oxide). The main component of ITO, indium is rare metal and is said to become lack in
near the future. Therefore the development of the new transparent conductive film is the urgent
business.

In these days, die sensitized solar cells are anticipated to become new major solar cells. Their
electrode is composed with titania crystals coated on the transparent conductive film. It is said that its
best manufacturing process is the wet type procedure, that is, the nucleation and crystal growth.
However it is said to be difficult to develop it. I think the difficulty come from the lack of the
knowledge to control its real behaviors. In this study, as the first state of the development of
transparent semiconductor electrode, the nucleation process of tin oxide generated by the hydrolysis
of tin chloride (IV) was investigated.

Through this study, following conclusions were obtained.

1. Larger crystals can be obtained by the calcination of the amorphous precursor than fine crystals.
2. A transparent conductive film were successfully developed by spreading and calcinating the

hydrolysis product of tin chloride under high concentration and low pH conditions.
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Characterization of Surface Charge and
Packing State by Streaming Potertial Method

04107
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Abstract:

¥

Tl

Nakamura Kazuho

X B J5  Kanji Matsumoto

The particle packing state and surface charge condition of the cake layer formed during

microfiltraiton of PMMA latex beads were characterized by the streaming potential method. It was

confirmed that in later stage of the cake filtration the streaming potential depended on particles

forming the filtration cake regardless of membranes used. The packing state and surface charge

condition of the cake layer were characterized by the analyzing the conductivity dependence of the

streaming potential of the cake layer with a space charge model as fitting parameters of 27,, which is

an index of the distance between particles in the cake layer, and g,, which is the surface charge

density of the particles. These fitting parameters reflected the effects of the particle size and voidage

of the cake layer and the change in 27, was consistent with the change in the cake structure. These

observations showed that the streaming potential method for filter cakes can be used for the

characterization of the packing state and surface charge condition of particles.
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Synthesis of f-FeSi, Nanoparticles and
Their Two-Dimensional Arrangement

M % & KR EER M2 B A % Manabu Ishimaru

We have synthesized epitaxially-grown iron disilicide (FeSi,) nanoparticles using an electron-beam

evaporation technique and characterized them by transmission electron microscopy (TEM). An Fe

film was deposited on a Si(100) substrate, followed by thermal annealing at 1073 K for 2 h. It was

found that epitaxially-grown nanoparticles with an average size of ~10 nm were formed just beneath

the Si surface, suggesting that the deposited Fe atoms diffuse into the substrate. Every single phase of

nanoparticles was examined in detail by high-resolution TEM observation, nano-beam electron

diffraction, and energy-dispersive x-ray spectroscopy. Plane-view and cross-sectional TEM

observations revealed that these nanoparticles consist of a-, 8-, and ¥ -FeSi,. It was found that the

morphology of nanoparticles is closely related to the phases. The - and - phases consist of angled

hemisphere and asymmetric triangle-shaped nanoparticles, respectively, while y -phase is hemispherical

or columnar-shaped nanoparticles. These particle morphologies are discussed with respect to the

lattice mismatches between the particles and the matrix.
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Microchannel Devices Produced from Metallic Powder
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I propose a simple and economical method for producing free-form microchannels in metal bodies.
The concept for my process is based on a microscopic infiltration phenomenon that often occurs
during liquid phase sintering of a mixture of metal powders with different melting points. A shaped
compound of the metal powder with lower melting point and an organic binder are used as the
sacrificial core that gives the shape of the microchannel. A body-metal powder compact that includes
the sacrificial core is sintered at a temperature between the melting points of the sacrificial-core
metal and body metal. The organic binder is removed during heating of the powder compact, and
infiltration of molten sacrificial-core metal into the body-metal powder produces a microchannel and a
lining layer. I examined following combinations of metal powders: titanium-aluminum, nickel-
aluminum, copper-tin, and iron-copper. Metallographic observations confirmed that microchannels
were produced in the metallic bodies in all these systems. Furthermore, in the case of the titanium
body metal with an Al-Cu alloy sacrificial-core metal, the inner wall of the microchannel was
smoother than the case of titanium with aluminum. Content of alloying element such as copper or
silicon in an aluminum alloy sacrificial-core metal influenced the composition and structure of the
microchannel lining. This new insight indicates the potentiality of this microchanneling process for

producing functional microchannel lining.
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Fig. 1 Microchannel formation mechanism.
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Fig. 2 Schematic illustration of the concept of the
free-form microchanneling process.
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Table 1 Purity and size of the metal powders used for
free-form microchanneling experiments.

Metal Diameter (xm) | Purity (mass%)
Ti under 45 99
Ni 5 99.8
Cu 45~75 99.9
Fe 45 99
Al 100 99.7
Sn 38 99.99
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Fig. 3 Fabrication of the sacrificial core. (a) Schematic
of the compound-extrusion equipment. (b)
External appearance of the extrusion equipment
with a filamentous sacrificial-core compound.
(c) Optical micrograph of a cross section of the
sacrificial core. (d) Optical micrograph of a cross
section of the sacrificial core after compaction.
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Table 2 Pressing pressure, Pc, resultant size (height,
H) and relative density, D,, of powder compacts.

Body metal | P. (MPa) H (mm) D. (%)
Ti 624 54 85
Ni 312 6.7 68
Cu 312 59 81
Fe 624 59 75
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Fig. 4 Schematic of the body-metal powder compact
with a sacrificial core (a) and time-temperature
patterns for heat treatments (b). Combination
of body metal and sacrificial-core metal: (1) Ti
and AL (2) Ni and AL (3) Cu and Sn, and (4)
Fe and Cu.
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Fig. 5 Optical micrographs showing the formation of
microchannels. Combination of body metal and
sacrificial-core metal: (a) Ti and Al (b) Ni and
Al (¢) Cuand Sn, and (d) Fe and Cu.
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Fig. 6 Back-scattered electron image (a) and
aluminum-concentration profile (b) near the
microchannel in the Ti-Al specimen.
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Fig. 7 Optical micrographs showing the effect of third-
element addition to the sacrificial core metal on
the formation of the microchannel. Combination
of body metal and sacrificial-core metal: (a) Ti
and Al-17mol%Cuy, (b) Ti and Al-34mol%Cu.
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Fig. 8 Back-scattered electron image (a)and aluminum-
and copper-concentration profiles (b)near the
microchannel in the Ti-Al-Cu specimen produced
with Al-17mol% Cu sacrificial-core metal.

YORKEABEL L, bbb, DLEOERIT,
B o 7 OAIEHEEFRCIGEIZE, BREBHSR &L
BE 2 & B ARG AT O —Las & ) R A I HEAT
THILERRL TV,
22 YA OF v RIS AZTOHEBICRIFT
BHO72EEROZE

Fig.7, 8B L UM 9%, I 7 ~OE=JuRKBTMD
RRERLTWS, Fig7(@B L D) iE, #hzh
Al-17mol%Cud & UFAl-34mol%Cud & Z ik a 7 &
B LIGED~A 7 0F v v RV ONEF MG A
T&» 5, Figh(a), Fig.7(a) B X UFig7(b) % L+
Ll BEIT~NOCURMI LT A 78 F v~
FOVINBEAS X 1) 18 5227 A DR TE S,

Fig.8ix, 4 a7 £J% (12 Al-17mol%Cuf & % Fi v
7RI B S, A 7 0F v RVIEED ET
g L Al K OCuDi AT & 2R LT\ be 72,
Fig. 912 Al-34mol%Cufs &% V7255 DR TH 5.
NS OWMERFENS, x=0~200 u mo i O F1y
CulgE %= ko7& 25, Fig8(b) T 13246mol%,
Fig.9(b) TiZ5.83mol% & 72 » 72, Z OFEFRI, ik

gy 8 g, (el

1 i L

0 100 200 & 300

A Distance, ¥/ gim B

Fig. 9 Back-scattered electron image (a)and aluminum-
and copper-concentration profiles (b)near the
microchannel in the Ti-Al-Cu specimen produced

with Al-34mol% Cu sacrificial-core metal.
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Table 3 Effect of Si content of the sacrificial-core
metal on the average and maximum Si
concentrations in the lining layer.

Sacrificial-core metal | Average ¢ | Maximum cg
Al (0Si) 0 mass% 0 mass%
Al+ADC12 (58 Si) 2.1 mass% 8 mass%
ADCI12 (115 Si) 44 mass% 18 mass%
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Studies on Formation Mechanisms of Monodisperse
Spherical V,0; Particles
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Monodisperse, submicron-sized spherical metal oxide particles have been widely investigated due to
their importance in many areas of science and technology, e.g., pigments, catalyst, raw materials of
advanced ceramics, and opal-based photonic crystals. A number of methods have been developed to
prepare them. Among these methods, hydrolysis of metal alkoxide in homogeneous solution is one of
the most effective methods to prepare high purity spherical metal oxide particles with narrow size
distribution. However, application of this method has been limited to relatively inactive metal alkoxide.
Here, we report the synthesis of monodisperse, submicron-sized spherical V,0; particles with narrow
size distribution via hydrolysis of vanadium isopropoxide (VO(O:Pr),) in acetone/pyridine mixture
solution under air. The formed particles had almost perfect spherical shape and were non-
agglomerated as revealed by transmission electron microscopic observations. Their size could be
easily controlled from 200 to 800 nm by changing the concentration of pyridine while keeping narrow
size distribution (standard deviation, ca. 7%). Elemental and Fourier Transform Infrared analyses
revealed that these particles have a composition of V,0s xPy -yH,O (x=08, y=09) independent of
their size. X-ray diffraction studies revealed that these particles have layered structure similar to
that of V,0;#H,0 xerogel with an interlayer spacing of ca. 1.05 nm independent of their size, possibly
due to the intercalation of H,O and pyridine between the V,0; sheets. Since V,0O; has been extensively
studied as an important material in many areas, e.g., catalysis, lithium ion battery, electrochromic
device, sensors and actuators, these monodisperse spherical V,O; particles may be highly appreciated

in such areas.
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Development of Slurry Characterization Method to
Control Drying Behavior
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The slurries studied were characterized by a conventional apparent viscosity measurement, a

constant rate filtration and a stress relaxation test proposed in this study in order to identify the

most affective property of a slurry on the crack formation of a green sheet during drying.

We evaluated the packing ability of the slurry from the constant rate filtration and stress

relaxation rate of a cake form by the stress relaxation test. Slurries were also tape cast, dried at

room temperature and then cracks formed in green sheets were observed. Slurry properties were

controlled by changing the pH value of the slurry or the additive amount of the binder.

It was shown that there is not a good correlation between the apparent viscosity, packing ability of

slurry and crack formation in the green sheet, while the number of cracks decreased with an

increase in the stress relaxation rate of the cake. The stress relaxation test can be useful to predict

crack formation during drying regardless of the slurry preparation method such as the pH adjusted

or binder containing slurries.
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Table 1 Packing fraction of cake for pH adjusted
slurries.

Packing fraction
Sample

(-]
pH3.1 049
pH3.7 049
pH3.8 049
pH39 048
pHb54 046

Table 2 Relaxation rate for pH adjusted slurries.
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Apparent viscosity [mPa-s]

Fig.1 Time changes of stress acting on the cake.
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Table 3 Packing fraction of cake and relaxation rate
for binder containing slurries.

Sample Relaxationﬁrate Sample Packing fraction Relaxationﬁ rate
[kPa-s™] (-] [kPa-s™]
pH3.1 4.7 4 0.57 081
pH3.7 16 5 0.62 1.2
pH3.8 20 6 0.63 14
pH3.9 3.1 7 0.56 50
pH54 0.11 8 0.54 51
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Fig. 2 Relationship between number of cracks and
apparent viscosity.
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Fig. 3 Relationship between number of cracks and
packing fraction of cake for pH adjusted slurries.
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Fig. 5 Relationship between number of cracks and stress
relaxation rate for pH adjusted slurries.
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On the Elucidation and Modeling of Multi-scale Structure
of Particle Cluster Flows by Wavelet

04112

W o & ORBORS RSB LA e R T A2 R

B F it FH L Takuya Tsuji

Abstract

In the particle-related engineering equipment such as circulated fluidized bed and pneumatic
conveyer, it is well-known that particles form a spontaneous structure. This is the “particle cluster”.
Clustering particles have significant interactions with the surrounding flows and enhance the transport
performance of flows drastically. For the innovative designing and advanced controlling of such
equipment, it is important to know the characteristics of the particle cluster in detaill. However, it is
not easy to investigate it by an experiment and a reliable and cost-effective numerical model has been
highly demanded. In this project, for the development of new averaged-models, spatial-scale
characteristics of particle cluster are investigated by using flow field data obtained by large-scale
discrete particle model simulations. The extraction of dominant flow structures is attempted by
applying Fourier and wavelet filtering techniques that are the basis of modern turbulent flow
simulation techniques to the flow field data. The results show that the particle cluster consists of
multiple-spatial scale components and dominant structures are successfully extracted by the two

filtering techniques.
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Fig. 1 Development of particle cluster.

Fig.2ld T4 12383 L T &Ko 72 R T B 25 B 47
FDZEMART MV THD, FiiK, ANy IR
R IR d KE L, KB L, &
([F>100) TIEIZEAE T T Y MIhoTWAH I EN
bhbe TNEVRTZ I AY —DERA T — Vi,
H—DAr — VRIS 2D TIE AL, $EAT

-~ E
2 00007 ———o&—— Streamwise

——<—— Spanwise

\§H

wgwm

wéwww

éwww

Averaged power spectrum of solid volume fr:

k [V/m]

Fig. 2 Spectrums of solid volume fraction distribution.
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Fig. 6 Dominant structure extraction by using wavelet thresholding filters.
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Collection of Small Dust Particles with Electrified Packed Bed

04113
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s Yoji Nakajima

Regulations for small dust particles in exhaust gases are getting more and more stringent because
epidemiologic studies have revealed the hazards of suspended particulate materials (SPM) in ambient
air. Dust particles were electrically charged with unipolar ion flow from a barrier discharging
electrode and then collected in an electrified packed bed, ie. a packed bed to which a strong electric
field is applied. The collection efficiency of the electrified packed bed turned out very high, namely, the
efficiency for submicron particles was higher than 99% for a bed of 8 cm high packed with 3 mm
alumina spherical particles. The electric field across the bed was 3 kV/cm, the superficial velocity, 063
m/s with 043 kPa pressure drop.

To examine refreshment and regeneration of used packed beds, soil dust (Kanto loam, JIS No.11)
and DEPM (diesel exhaust particulate matter) were collected continually in the electrified packed bed
until the collection efficiency deteriorated appreciably. Then the bed was backwashed with fresh air
blows, which blew three times for one second at a superficial velocity of 2.5 m/s. The backwashing
was effective for soil dust, but wasn' t for DEPM (tar and soot) because the electric resistivity of the
packed bed could not be recovered enough by the backwashing.

As is well known, DEPM is oxidizable by ozone and radicals generated from electric plasma. The
suitable temperature for the chemical reaction is believed to be higher than 150C, preferably 250C.
In this experiment, however, the temperature of the bed was kept below 70C because the bed
container was made of transparent plastics. Nevertheless it was found that some chemically active
species (probably OH radical) generated from the barrier discharging electrode helped to oxidize
DEPM.
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Deposition Process in Cold Spray and Properties of Cold-Sprayed Copper Coatings
—Development of Low Pressure Vacuum Chamber and Effect of Back Pressure
on Properties of Cold-Sprayed Copper Coatings—

04114

5 T O D S B2 A N B = S v | 1 7% Kazuhiko Sakaki

Cold spray is a new coating method for the deposition of metal, alloy, polymer, or composite
powder material onto various substrates. In the cold spray method, a coating is formed by exposing
a substrate to high velocity (300 to 1200 m/s) solid-phase particles, which have been accelerated
by the supersonic gas flow at a temperature (ambient temperature to 700K) much lower than the
melting or softening temperature of the feedstock.

Development of low pressure vacuum chamber in cold spray and the performances of cold-

sprayed copper coating are presented in this report.
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Density [kg/m’] 8900
Specific heat [J/ (kg-K)] 384.8
Particle initial temperature 7, [K] 300
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Spray type HVAF | Cold spray
Powder material Copper
Powder size(mean) ( m 28 84
Fuel gas (Warking gas) Propane | Nitrogen
Air pressure Pair L
MPa[gage] 0.58

Nozzle intake gas pressure 3

P/ _MPa[gage] —

Primary fuel gas pressure

P! MPalgage] 0.44,0.48 -
Secondarily fuel gas

pressure P2 MPa[gage] 0.25,027 —
Nozzle intake gas 623
temperature g/ K —
Nozzle(Barrel) length  mm|100, 175 200
Guntraverse speed mm/s 1000 20
Spray distance mm 150 15
Powder feed rate  g/min 160 17
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Pore Structure Control of Porous Whisker/Particle Ceramic Composites

04115
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Junichi Takahashi

Porous ceramic composites consisting of SiC whiskers (W) and mullite particles (M) were
fabricated by a combined procedure of homogeneous dispersion in aqueous media, forced
sedimentation and high temperature heating. Green bodies of the W-M composites with W:-M = 3:1,
1:1 and 1:3 in volume ratio were formed by filtration of aqueous W-M mixed suspensions under
reduced pressure. Heating the green bodies at 1250C in air caused the reaction bonding between
Porosities of the W-M
composites could be controlled by changing the mixing ratio of W and M, ranging from 68% to 82%

mullite particles and SiO, produced by the oxidation of SiC whiskers.
for the W:M=1:3 to 3:1 composites, respectively. The examination on the stability at higher
temperatures (1450° ~1550C ) was also conducted for the composites thus fabricated. The weight
loss of the composites was observed after heat-treatment in Ar atmosphere, which might be due to
the reaction SiC(s)+2Si0,(s) — 3SiO(g)+ CO(g). This reaction could be inhibited by HfO,-coating

on the surface of SiC whiskers, which would lead to the fabrication of the porous W-M composites

with improved high-temperature performance.
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Periodic Micro-structures for Thermal Radiation Control
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We investigate the spectral reflectivity of micro-periodic structures self-assembled with silica

spheres. The propagation of electromagnetic wave can be controlled by periodic structures known as

photonic crystals. Therefore photonic crystals are anticipated for advanced control of thermal radiation

beyond solid state properties. The close-packed photonic crystals well-defined thickness are rapidly

made on a Si wafer by using self-assembly of colloidal silica spheres.

We measure spectral

reflectivities of the samples with an FT-IR (Fourier Transform-Infrared Spectroscopy). The spectral

reflectivity is enhanced at specific wavelength designed with numerical analysis. The peak of spectral

reflectivity shifts to shorter wavelength with increasing incident angle. The angular dependency of

the spectral reflectivity can be roughly calculated by the modified Bragg’s equation taking into account

Snell’s law of refraction. We show that the reflectivity in infrared range is well enhanced by using

large photonic crystals assembled with silica micro-spheres.
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Evaluation of Adhesion Characteristics under High-temperature Based
on the Force Balance Between Fluid Resistance and Adhesion
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Abstract
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New evaluation method of particle adhesion characteristics based on fluid penetration method

has been proposed. We presumed that the pressure drop of airflow in a particle bed is equivalent

to the stress on the particles induced by the airflow passing through the void in the particle bed. It

was also assumed that the particle bed collapses when the stress is equal to the strength of the

particle bed expressed by Rumpf equation. Based on these assumptions, we defined the adhesion

characteristic value as a ratio of adhesive force to particle surface area. It was confirmed that the

adhesive characteristic values measured for spherical Silica particles having different sizes were

equivalent to the theoretical values of van der Waals force. The fact implies that the proposed

method can be applied to the evaluation of the adhesion characteristics.
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Fig. 1 Experimental results of fluidized bed.
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Fig. 6 Adhesion characteristic value as a function of
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Fig. 9 Adhesion characteristic value of PMMA
particles.
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The Effect of the Micro-Texture on the Substrate Selectivity
of Barnacle Cypris Larvae

\S

04119

WRARE  EESRAY gy NES
HEMFRE  EERSAE % B N R

##  Jun Komotori

7B Shinnosuke Obi

This study investigates the barnacle settlement on several micro-textured surfaces
manufactured by FPB (Fine Particle Bombardment) treatment. All of the modified surfaces
possessed a microscopic surface roughness. The attachment of barnacles Amphibalunus amphitrite
on micro-textured surfaces and polished controlled surface was observed in laboratory
environment. In comparison with the polished surface, barnacles inclined to settle on the treated
surface. In these experiments, surface roughness under the submicrometer scale, the larger the
surface roughness was and the less the texture density was, more cypris larvae settled. We
measured diameter of the first antenna head, and it was about 30 micrometers. This result

investigates there is a gap which width is nearly the same size of the antenna head, it may be

difficult for barnacles to settle on.
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Fig. 1 Lifecycle of Barnacle®.
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Fig. 2 SEM observation of Specimens.
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Fig. 3 Test Equipment.

Fig. 4 First antenna.
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Fig. 5 Recruitment rate on SP specimen.
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Fig. 7 Recruitment rate on SP-Fa-Fg specimen.
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Measurement of Mechanical Properties of Particle Aggregates and
Investigation of Their Deformation Dynamics
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B % & KBUFLRFRFRELFERR % & K W & K Takao Tsukada

In this work, the experimental equipment to measure the mechanical properties of particle
aggregates has been developed, where one aggregate of fine particles can be mechanically compressed
with a glass fiber probe which is attached to the force transducer and can be moved downward at a
speed of 50 nm/s~ by the micromanipulation technique. Hydrofluoric acid etching was applied to make
the glass fiber probe with a tip diameter of less than 100 4 m, and then the tip surface was optically
polished. Also, the deformation behavior of the aggregate during the compression test can be observed
three-dimensionally using a confocal laser scanning microscope (CLSM). Using such an equipment, the
mechanical properties of an aggregate of polystyrene particles with a diameter of 2 mm in NaCl
aqueous solutions were measured, where the aggregate was formed under a simple shear flow, and
then the relationship between the aggregate size and breakage strength of aggregate was investigated
experimentally. As a result, it was found that the breakage strength of aggregate in the projected area
range from 20 g m® to 40 um® is divided into two groups. The observation using CLSM suggested that
this is due to the structure difference of the aggregates classified in two groups: The larger porosity the
aggregate has, the smaller the breakage strength is. While, the breakage strength of the aggregate with

a projected area of more than 40 x m® increases monotonously with the aggregate size.
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Development of Organic and Inorganic Non-woven Filters
by Electro Spray Method
N\ 4
Wo® & LEEVKRY B F O K f# K Kenjilimura
New method to fabricate the organic or inorganic non-woven cloth that can be applied to the filters
was successfully developed. The obtained fiber of silica gel was extremely flexible. The diameter of
fiber was about 5 mm and the specific volume was about 500m®/g.
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Fig.3 Photograph of silica gel fiber.
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Preparation of Monodisperse WO, Particles and
Application to New Display Devices

W o® F TERARERARRENER B T

04123

i)

e ¥ 2  Fumiyuki Shiba

Monodisperse particles of tungsten(VI) oxide monohydrate were prepared in a hydrothermal
system, where 20 ml of HCI solution (1.50 mol/l) was added at 40C to the same volume of Na,WO,

aqueous solution (050 mol/l) with magnetic stirring, followed by standing in an air oven for 168 h.

The shape of particles was square platelet and the mean size was 0.72 u m with 10% of the coefficient
of variation. The XRD pattern was in good agreement with the standard JCPDS data for WO;-H,O.

The particles, immobilized on ITO electrode, showed color alternation by electrochemical redox

reaction in acid solution, indicating a possibility of application to new electrochromic display devices

on the basis of monodisperse particles.
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Fig. 4 Time evolutions of (a) mean particle size
and COV with corresponding TEM images
at (b) 48 h, (c) 56 h, (d) 96 h, and (e) 168 h
in the standard condition under limited
repetition of centrifugal washing.

AL 72561, RIS % E &L, oA X
046 um, COVI12%®, HIER X < Hio 72k F 235 5
N7z 75, Na,WO,RI2BWC, HCIO,$ & U'HNO,
WA, BESEGLIZERUERTH- 720
Zxh LT, H,S0, (0.75mol/L) # w23 &, 7V
WEORDER L, WO, H,OR T35S N h o 7
Balazsi & Pfeifer' 1%, WO,-2H, 0% F % #: U 3% L i
T5E&, NaA A O IicfEoT, R ICHmRE -
CREM R LR 2 F e E L Twd, SNHOH
FEix, BHEEHS A TEWb 0D, ¥ 7 AT VERE
26 DOWO; nH,OD KA RBMWIIC BT, HfFEA
UHRERFEALAL TV LHERL TV D,
R0t LT, i L -HCHA T O % 251t
SR BT 4 B L COV%Fig. 512, RE%
AL & & 2B R % Fig. 612 78 37, HCLZ B 28
140mol/L72* 5 1.80mol/L~E F < % 5 I26E-> T, “F¥Y

— 150 —



Hosokawa Powder Technology Foundation

1.0 - - . . 50
E osl tﬁ&p {e0 X
F= — 2
Eosf g » §
% =
04 F 4 20
ey —_—
gner 110

] : L L i)
i 14 15 168 1.7 18 18

HCI concantration | mol gm™

Fig. 5 Dependences of mean size and COV on
concentration of HCL

10 ! ; . : 50

Sost {40 #

£ e B

€ 08 mg

g 06} e ]

% =
0.4 | lag =

EEI -\/‘»___,.—i':

Ene- 110
0.0 ; i ; ; a

3 35 40 45 B 55 60

Tempamaiure / °C

Fig. 6 Dependences of mean size and COV on
preparation temperature.

KT A 13095 u m#A* 5062 u miZigd L, COVid
10%7% 519%~ & BAL L 720 iREZ35C 2 555C T
ZALS -840, FHR T3 A4 12080y m#A»* 5
059 um~EHD U720 2 DOHAEDCOVIZA0T TH/
L o7z, 35C &K E, 168hi2 BT 2 LD AT
FoFEIE, EELEAEIZIZFALTH Y, WK, T4
HEEEHOT VD S5WO, HOK T ~DOLEHRL 1E
WAL TH DL EEDbNL, —HT, 35CIZBV
TiE, 168hic BT 2 ik o A TRk, &fotk
FELIZIZFE L THY, FFANOEHIZIZLALHE 5
TWRWI EATRIEE NS, 35CIZBWT, ZifEsy)s
B izb b od, T A AL LARENT L
W, A BGRRESHIFI STV 2 LR ERLTEY,
C DOIREEAD, WO, HORL T O %A B o Bl FL 09 72 I BE
ThreEZbNL, ZhiL, 25T TIEWO, 2H,0D
HHERK L, 50C TIEWO,-H,0& WO,-2H,0D iR &
W& 7% o 72 L) Freedman” O G2 5 b HHF S

%o

— RIS, BRI TE, e K & DM e A
o3 A B MR L e DO R TF- & R S, M2 A
2R $HZ ETRESN LY, ftoT, Btk
IR LT, R E TE LTRSS L)
12, RIBREHEITT2ENEE L v, RIIZEICBIT 5
TEHESARIL, RIR DB Y, 13T —E OFEMEAR 2 % HEEF
LML, RREBHZATOKELTEY, BENE
WMWK T OEBRER L 2> TWwd, HIZE 2L,
HCIEFE R E S WA, BRI s < R,
MAERAERPORMB B 5720, K914 ZHVh
L, WML EL ozt E2 605,

Fig. 713, RS THEL L 72800 1 % B2 L
2B, A7)y I RVYETTIATHL (5]
HAE20mV/s) o Gotic 5?12 & 2 TG-DTAHE D5
12X, WO, H,0 (3 ) »5W0, (Hfs) ~o
PikiciE, A% 1B CULEORERLETH Y,
T 72, ABFERIZBEVT, 100C TOHGEE TR 70
BBV BIE SN o722 s, TOCVHEIE
DFERIZ, HRAKEE L7, WO, HOK T OmR{LE
TREEZR L TW3 EEZON5E, -01VAFIEIZ, &
TEWEB L UL EHNATBY, FLAHRBEICBY
TY, ZOfFETH A% mFE LR S L7,
Fig 8IZMRALIRE (+1.6V) & #ICIREE (F05V) 12 BT 5,

Curnie £ mi,
o
L L

1.8

o i ¢ B g 4 g s 0 ¢ 5 5 9 1 & 4 4 4
-5 H 0.5 1.0 1.6
Fotensial ¢ W veuagiagtl
Fig. 7 Cyclicvoltammogram of the prepared particles
on ITO electrode.

Owidized slabs

Fpdocad winls

Fig. 8 Color change of the particles by electrochemical
redox reaction on ITO electrode.

— 161 —



Annual Report No.14 2006

100
Bl
*
E o r Crigized =iate
3
= 40 |
&
I:l L 1
400 500 0 e

Wirnadanglth ¢ rem
Fig. 9 Reflection spectra of the particle layers shown
in Fig. 8.

ks 7 [ 2 AR OB T2 ¥ L 725 H, B X UFig9
ZZDGHF AR PVER LTz, BRLIREETIL,
WA O & O L T500nmBL T O T R
FPET L TWEDITH LT, #TIRETIEEENIZ
s Z R L, AR EEPAE L TnE 2 ED
bbb LALGAS, BEELTIIETZ oIS H
JEIFE L, HICSEOWLEDNH 5. SEMBIZED 5,
BMICEE SNIRTIE, Ty FaCBRaLza—F
N ARICHERE LT Y, K& EBR, B X UKL [H
T OBEMABEI/NS W EATRIBENTZc 2D ET,
AR &R H OB FRBERIRAET L, ISEEE O
TRDORPoTnEDEEZLNL, ZOWHEITES
RO HETDH 5,

SHROMADRBEL

BLAIBCHIRE S ORESE A RESE L, AT & M OBALIH
a3 LT, EBFRBERIESmMEL, #REL
CIBEREDN L7 & RO ES PRSI NS,
F 72, KFOH A XHIER, FabAKOBAKZ E12X 2,
FOREUAOREICE L CHEIKERDS b, b
OWFEE ML T, k5% AW HIIREFOIRE
HERERLTOLFETH 5,

#HOOE

ATEDFERGIZER L T THNTEN ., TR TS
WEE LR - BOIHE—IC, ZHBAER, IR 3
FAF5E#), B &L OCRELASHERBIT - DL (X
FEEHTHE), [EERm R TR - AEH KR (SEMBIE)
2, ZoReBE) LT, ECEILE L ETES,

SENH

1) M. B. Robin and P. Day, Adv. Inorg. Chem. Radiochim.
10, 247(1967).

2) B. W. Faughan and R. S. Crandall, in: Display Devices,
ed. J. L Pankove (Springer, Beriln, 1980) Chapter 5.

3) H. Yoneyama, S. Hirano, and S. Kuwabata, /.
Electrochem. Soc. 139, 3141(1992).

4) F. Michalak and P. Aldebert, Solid State Ionics 85,
265(1996).

5) M. L. Freedman, /. Am. Chem. Soc. 81, 3834 (1959).

6) B. Gerand, G. Nowogrocki, and M. Figlarz, J. Solid
State Chem. 38, 312(1981).

7) Y.-G. Choi, G. Sakai, K. Shimanoe, N. Miura, and N.
Yamazoe, Sens. Actuators B 87, 63(2002).

8) J. T. Szymanski and A. C. Roberts, Canadian Mineral.
22, 681(1984).

9) J. Livage and G. Guzman, Solid State Ionics 84,
205(1996).

10) Cs. Balazsi and J. Pfeifer, Solid State Ionics 127,
73(1999).

11) T. Sugimoto, Adv. Colloid Interface Sci. 29, 65(1987).

12) M. Goti¢, M. Ivanda, S. Popovié¢, and S. Musi¢, Mater.
Sci. Eng. B77, 193(2000).

R

F. Shiba, M. Yokoyama, Y. Mita, T. Yamakawa, and Y.
Okawa, “Hydrothermal Synthesis of Monodisperse WOj -
H,0 Square Platelet Particles,” Mater. Lett., in press. (doi:
10.1016/j.matlet.2006.07.129).

— 152 —



1L

Fe,

Synthesis and Characterization of
Field-Responsive Nanoparticle/Organic Hybrid
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Nanocrystalline PbTiO; particle/polymer hybrid was synthesized in situ through hydrolysis of

modified metal-organics below 100C. PbTiO; precursor was synthesized from lead acetate, titanium

1sopropoxide and polymerizable diketonate ligand in 2-methoxyethanol. The modified PbTi alkoxide

was hydrolyzed yielding PhTiO; particles embedded in polymer matrix through chemical bonds. The

nanocrystalline particles were identified to be PbTiO; by EDX and electron diffraction.

A fluid

consisting of PbTiOj; particle/polymer hybrid and silicone oil revealed a typical electrorheological (ER)

behavior on applying DC field. The ER behavior was found to depend upon the synthesis conditions

of the hybrid.
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Fabrication of Crystallized Glasses with Nanocrystal Orientation
by Heat Treatment in External Fields

\S

04125

TN % 47 Komatsu Takayuki

M R & EREERERFEIER % 2 N

Nanostructures are the gateway into a realm in physical, chemical, biological and materials science.
In particular, optically transparent nanostructured materials showing optical nonlinearity or
ferroelectricity have received much attention, because such materials have a high potential for
applications in photonic devices such as optical switching. Crystallization of glass is one of the effective
methods for fabrication of nanostructures, and many studies on crystallized glasses consisting of
nanocrystals have been carried out. It is also of importance to develop techniques for enhancing optical
properties of nanocrystallized glasses. In this study, we applied a high magnetic field of 10 T in the
crystallization of the BaO-TiO,-SiO, glass and examined whether the application of such a high
magnetic field has the effect on the second-order optical nonlinearity of Ba,TiSi,Os nanocrystals. We
also examined the effect of thermal poling on the second harmonic intensity of transparent
nanocrystallized glasses consisting of Ba,TiSi,Og nanocrystals. It was clarified that the formation of
Ba,TiSi,O4 nanocrystals is depressed in the crystallization under 10T and the c-axis orientation of
nanocrystals occurs along to the applied magnetic field. The prominent enhancement in the second
harmonic (SH) intensity is observed due to the thermal poling (DC electric voltage: 8.8kV/cm,
temperature: 110~300C, time: 1 h), demonstrating that a thermal poling is an effective method in
enhancing anisotropic polarization of ferroelectric Ba,TiSi,0g nanocrystals in the crystallized glasses.
The present study proposes that the Maker fringe pattern for the SH intensity of nanocrystallized

glasses is very sensitive to the anisotropic polarization of nanocrystals at the surface.
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Fabrication of Oxide Ceramics Powder with Nano-size Particles
by Using Super Heated High Temperature Steam for Chemical Reaction

\S
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f% Osamu Yamada

Various kinds of such new porous materials as non-oxide ceramics and intermetallic compounds,

can be rapidly manufactured by combustion synthesis methods. By using combustion-synthesized

materials of NiAl intermetallic compounds for a heater, it is possible to generate high temperature

superheated steam. We have been able to generate superheated steam at 1000C by sending low

temperature saturated steam at 100C from the bottom of a quartz tube filled with porous NiAl

pellets that are heated by an electromagnetic induction coil wound outside the tube. Since

superheated steam over 1000C was considered to be very reactive field, it was used for the

fabrication of oxide ceramic powders with nano size. When mist of sakusann was induced to the

superheated steam, NiO powder with the particle distribution from nanometer to subumicron could

be synthesized. Such oxide nano powder as NiO was expected to using for catalyst.
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Characterization of TiO,~Ag Nanocomposite Particles Prepared by Spray
Pyrolysis Process using Transmission Electron Microscopy and Three-
dimensional Electron Tomography

\S

W ®" &

Mk 4

F & & Kenji Kaneko

TiO,~Ag nanocomposite particles were prepared by spray pyrolysis of TiO, (7 nm) dispersed

AgNO; solution. The structures and morphologies of powders were carefully characterized by

combination of transmission electron microscopy (TEM) and three-dimensional electron tomography

(3D-ET). It was clearly demonstrated by 3D-ET that the TiO,~Ag nanocomposite particle was

consisted of well-dispersed Ag nanoparticles within TiO, matrix. Furthermore, it was shown by high-

resolution TEM that the spray pyrolysis was capable of fabricating Ag particles with a few nm in size.
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Synthesis of Anisotropic Magnetic Powders Composed
of Nanocomposite Hard and Soft magnetic Phases

\S

m ® &

BIRETSE # #

OB —

>N

05110

% Majima Kazuhiko

A nanocomposite permanent magnet, which is a nono-scale mixture of a hard magnetic phase and a

soft magnetic phase, has become more and more attractive as a new magnetic material. Exchange

coupling between the soft magnetic phase and the hard magnetic phase causes the magnetization

vector of the soft phase to be aligned with that of the hard phase, resulting in high magnetization due

to the soft phase and high coercivity due to the hard phase. Recently, mechanical alloying (MA) and

the melt-spinning method have been applied to the production of nanocomposite magnets. These

composite magnets, however, are magnetically isotropic, and a magnetically anisotropic composite

magnet is significantly required. Therefore, in this experiment, we have tried to synthesize anisotropic

nanocomposite magnetic powders by vcuum deposit method, and the corrosion behavior of them also

investigated.
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Fig. 1 Effect of Co content on potentiodyanmic
polarization curves of NdjsFeg, CoBs (x=0,
5, 10, 20, 50) alloys in 2.5%Na,SO, solution.
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Fig. 2 Experimental results of natural electrode
potential for R-Tm intermetallic compounds
compared with Nd;sFeg, CoBs (x=0, 5, 10,
20, 50) alloys as a function of Co content.
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Anodic side
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Fig. 3 Nyquist plots of Nd-Fe-B specimens under various potentials in

anodic side.
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Fig. 4 Nyquist plots of Nd-Fe-B specimens under various potentials in

cathodic side.
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Preparation of Highly Luminescent Semiconductor Nanoparticles
for the Application of White-Light-Emitting Devices
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The photoluminescent properties of silica-coated cadmium selenide (SiO,/CdSe) nanoparticles was
modified by using the size-selective photoetching technique. The irradiation of laser light caused the
blue shift of the absorption spectra of SiO,/CdSe and finally the absorption onset agreed with the
wavelength of irradiation light. These facts indicated that CdSe particles were photoetched to smaller
ones until the irradiated photons were not absorbed by the photoetched particles and that the SiO,
shell layer surrounding the CdSe core prevented coalescence between the photoetched particles. The
application of size-selective photoetching to SiO,/CdSe resulted in the development of the band gap
emission, the degree being enhanced with progress of the photoetching. The peak wavelength of
photoluminescence was blue-shifted with decrease in the wavelength of laser light used for the
photoetching. The size selective photoetching could be applied to control the photoluminescence
wavelength of the SiO,/CdS particles immobilized on a glass substrate, and the partial photoetching of
Si0,/CdSe nanoparticle films produced intense band gap emission of CdSe at the photoetched area,
resulting in the formation of a clear photoluminescence image under UV irradiation. This technique
makes it possible to produce a multicolor photoluminescence image by irradiation with monochromatic

lights having various wavelengths using a single source material.
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Fine In Situ Synthesis of Nono-silica Particles in Natural Rubber

05114

M R & SULEMERY BiEdE i O Yuko Ikeda

The reaction condition for sol-gel reaction of tetraethoxysilane in natural rubber was investigated in
order to prepare the green nanocomposite materials. /N-hexylamine, #-heptylamine and »z-oxtylamine
were found to be useful for a high i situ silica filling into natural rubber, where silica particles were
generated up to ca. 80 parts per hundred rubber by weight 2z sitw. The formation of reverse micelle
by the primary alkylamines with a long hydrocarbon segment was important to increase the i situ
silica content in the natural rubber matrix. The primary alkylamines with a long hydrocarbon segment
had also an advantage as a surfactant to disperse the generated 7 situ silica particles homogeneously
in the rubber matrix. In the sol-gel method reported here, the solubility of catalyst in water was found
to be the most influential point for controlling the 7 situ silica particles in natural rubber. Not only the
direct use but also the diluted use of the obtained high 7 situ silica filled natural rubber were useful to
prepare the various kinds of green nanocomposite elastomers. High stress and low hysteresis loss of

these materials were achieved. These materials are expected to be new green nanocomposites for

rubber industry and technology.

MEBE R

[EEEm situ> ) W FRTCAT )= F ) ary Ry
vy M WCBLT, EBICRKRIT LR, F ) hkT
DRLFER AR 2 R R C X Din situ GO
VEAT). Thbh, EHE46nmY 4 XD ¥ —in
situT ) AR RIRT A= MY v 7 AHITHT0E =TT
TATEDLTEZRHLZOT, E5IZFDOEmEN
TIRET LT, n ositu ) W EERORNAE, WS, S
BCRTE 2 il © & 2 E L 2 3 5,

MARROEIE

TAMEON AR LS EL720121E, TA
HICHIRAI Z TETATH I ERATRTH S, HRFE

R EERMERANL S ) B TH B, EE DR T
VI ARTAT S L5EED S THERT ORKEIZ D
RBHIEND, WEDPUEELRS>TWD, #WHEESIX
19U4EEL LT NI T MNF VT DV IV-TIV S
HWTILEEN i situ ) TR IEFITHHEL YT
YHRILMHT M) v 7 ARIZKETAL, EEET A
VEELCBIT B WF9e 2 1T » T & 72177 B0, 7 2
DATY) A= TREACTEITEN Sy b7 —
7 AR TORIES T 2 FIH LT W72hs, EHOBLE D
SEEINADOER T A~NDm situs ) HFTECTADNEEL
%0, 19994 5 7% H4UEHT O T 210§ SR 2 AT
STELSW, L L, HRFETIAETATESY
) RFIERBERTICEE ), ERAMICELT
DL E o T2y o, B2 RE8#7 L F v
73U EMBICHWS L, EE46nmY A4 X DOIEF I

— 184 —



Hosokawa Powder Technology Foundation

¥—7ein situ ) 1 EFITOE =L, REFERIKT 4
(NR) IZFECTATEZ ALY, 22T, K
IRTLADin situy ) DR TAFEDOE SR A5EREY H
LT, 7/ YA Xin situ ) BT OREE GED
HIEE B 2058 % (W) & v 71 7 B R LR i [
DY =5 TEIT L 72O THET %,
TRIIZEFT T T ONKGIHETIEOD G
Bt & Bin situs ) HEROEE LT, REHS
DLEIBPI T oAb kFE M2 57 2 /L&YW T, 25T,
WA B B KK 5 % 6 # B H30.01~34g/L O # [
DT I LB E E R situs ) HFETATY) — >~
FaArRY Y FOEEUCERTH B Z LA - 72,
Y2, o NFINVT IV, p-NTFNVT IV, n-F
TFIVT I VDHEMTH o720 RIRT LR T M I b
FLUTVICBHELE, FNEND0.09%6mol/LO T
I VKRB, 0CTT I MR T TT DV
TPV % BE L, Eln situ ) B FET AR R AE
BEOWMICL o TER Lz ZORER, n-~"FINVT
U, NTFNVT IV, - 2 FNT Iy,
NOMMBED AT b PUSH I #E S 2 FEHIZHERD
FHELVEEERTH Y, in situd ) DR TAE D70~
BQUERIRE %2 5 Z LA o 7z, Z MBI E T BEMEIHIEE
ol A, B Lz situ ) TRFIE, »
FTNOHE S REDH - 72— HOE VBRI 7 Th
D, RERTA< M) v 7 ARTOGEED BIFCH -
7oo —HlE LTI ISEBIIEFHEMETEE RS,
I - ANFINVT IV, p-NTFIVT IV, n-F
7 FIVT IV CTRIEODECIZ L DRRITITRE R
RO 5T, #40~50nmTH - 726

n-7FNT Iy, Y7L rIy, M)IFV
TIV, BVNT IV REDMOT I Ve O LK
ME2 S, n-T VXV T I VO R~DERFRED
HEADSEE R situ ) DT TAINEET 5 2 &)%)
2720 BRIGHFEMHTIE, T I NFT T VIZEH
L7zTa8F2n-TIVELT I VKBHRICERET S
FExELEoTWLIERDL, - TIVFILVT I VIKE
WrHLT NI ZMNF VT UHAND-T M FIVT 3
COBEHEETH Y, WY R RACKFE#HOn-T IV
XTI UIEEAT IV — OV RS CRE E 7 B KR L
DAATT I RNET VT UMICBIT LA EICE
ST, nsitu ) WEBIPMBESI N LHEE LT, F
o, =TIV, ZRT IV, ZRT IV oRRIiE
Boin situ RE SR ET 52 L b flo7,

EHIZ, VNVN=TFIVRIBHEIIBTZS 7 1y 7))

Y THEIOBMEN ROV T OE L7z EA(3-11)
IRFIYNTOEN)RY AT 4 F ((TESPT)
REZNWVIJA(2-APMFTTMFYV) VTV
(VIMES) % RKIKT A ICERMY Lz %2 LRl & H
FeDUSSM B L, i situl VW FRCTAZTY) =2 F
JaAVETy b EREBE LI n-A~NFUNT I Ul
ERWIRTY T vy 7)) v TR0 R Z FS
TR, in situ ) MR TAEIZD UL I2#E T
HEEHIC S, B IRT X9 ISE SR AR Bl 5E
LS AN LR B bR & e B i
e ol T o n-ANFUNT I VR Tin
situ> ) RFOKE SHIECIE, RS EET
HHZEHH -7,

r
)Onm 00
> AT L “..'bwjﬁ"

n-Hexylamine(0.096mol/l), n-Hexylamine (0.096mol/l),
24h TESPT (5phr), 24h

1 EEwEm situl ) W TARKIT L OFEBAIE
TREMRE B

BonlmERmn situr ) TFTRTAKRKRI AL, L
FA=F =D LB VRROWMFEIZLY, in situs
) AR OEEEL, T0~80EEEBFTLTAINTVSIZ
b6, HWHY Y AVN- 3 IZHTED TP
HTWZ e b0z, HEEmn situ ) DT TAFRIKT
A, WINOEEDL, JUH ORI D T & 2
TUVATRIZEY), Z0FFETH, HH0IE, KART
LAEDOHPREIZL ) ZRTHBESEZH T 584 %
TAMBHIIN L $5 2 &N TE 2, in situd V) 113K
WY T/ —=VEMUHIY AVN- 3 LB L Th%
WEFHEN, 2O LIImHEEEIIBVWTY TS
YY) A= VERFMETED, IEKIGE VN - 3k
R &0 TS,

VI INWNN=FF Y FERMLAVRE Y 7 I8
—4F T FE 1 EBHMZZEEWICOWTERHED
%, 156CTEHT L AL TT7 4 VAEE 2 /EHEL, 5]
R L b A7) Y AR L7z, V7 8=
FURERMLAZVTZ A VAOEIZEY, 5 Uh
v 7)Y TRIBIAR OB 05 RIS, B2 187
ERY Ty T Y TRIERREVEL,
WY RIS T v hy ) v THEITINED G % S
BT ENTE YTy 7)) THIGINC

— 185 —



Annual Report No.14 2006

Stress (MPa)

Strain ratio

¢ (Codet1, 77phr, ca. 43nm)
A ( Code4, 80phr, ca. 46nm, TESPT (5phr)
m ( Codeb, 73phr, ca. 41nm, VTMES (5phr)
K2 wEEwEmn situy ) W RTARKI LD -FE
i

L0, YU HETAHEOMFREEEEML, "R
ERLIZEEZONS, BIBIZY 7 I —FF TR
THE S ROG RO R L R R ) 7
VN- 3 BT TA LZIERABOKREL AHLET
RS o In situy ) BFLTA LI 3EEOSEHZ, VN
—3RERUBML TN IRETHEISI R L. 4L
WEAT) E5IRMMETIZY T vy 7Y v THIOEE
EHFVRBEDOLENLEL Bo/z, B AT 1) ¥ XilBET,
TNy ) Y TE N situ ) J1 TS T ARRAE
2, BREELCATY Y ATAB/NEL D T LA
272,

VI INN—FF T RERMLRVREY 7 IR
—AF T PR 1 EEHMZREWICOWTRHED
%, I55CTEHT VAL TT7 4 VARRZERL, 5]
EREE e 270 D AFBRICHE L2 V7 I =%
FURERMLAZGT A VLAOREIZEY, YT 0h
v 7)Y TRIINAR OB 0T [BRY DS, K2 125K
LTIy T v EERIR LD EL, E
WIPEC RS> T vy 7)) v ZHEITRINED R % B (2
MBTAZENTER, P00y 7)Y ZHIEMZ
L0, YU HETAHEOMFREESEEML, "R
ERLIEEZOND, R3IZTV 7 INNN—FFT R
THNE S ROPRRBOBREEZ RS Tl ) 7
VN- 3 B TA LZILERABOKBREL AHLET
RS o In situy ) BFLTA L 3EEOSFEHZ, VN
—3REUBML TN OIRETHEISI R L. 4L

16
14
12
10

Stress (MPa)

o N A O

Strain ratio
& (Code1, 77phr, ca. 43nm))
A (Code4, 80phr, ca. 46nm, TESPT (5phr) )
m ( Codeb, 73phr, ca. 41nm, VTMES (5phr) )
( Code6, VN-3 silica (80phr), ca. 20nm )
3 EEmin situy ) HFETAKRT L EBEROIL
-

Wxdr) L5IRMMTIZY S vy 7Y v TRl DR
EHFVROONLL Bo72h, L AT ) ¥ AHERT,
I Hhy T Y TR situ ) T FETAREE
P, BETELLATY S ATAL/NS L BT LA

Of:o

SHEOMENRAL

TAIZY ) e BWWREGIZL o THRTATE LW
RO FETIIEON VL=~ YA RTE
G situy ) W TARKRIT 2L, I TR
aYRTy M E LTHIRES NG, I, BATL
PVOADPNEL B =R T T v 7 IZIEHT 55 [5RY
R ens, WHETLMENDILHD TR L 2
59 BEMLEOE»S T a5 L XY ~OFHSES MR
ENDH, Stk FERHBECEICED L 72 BRI 57 4
7 Ehk 2 Ik REEHALE & 2 b EMHIICIE, S
%, in situd V) ARTDINTTRIR T 2 OMER L
EEEREIE LT, TNETTHIEALAIZERTY
UL A A G A NP O R WNY 75/ S NS IRN 2 5
Wt & 5 %0

ZEXm

1) BE=, RBET, I £l mHET, HAZA

— 186 —



Hosokawa Powder Technology Foundation

~—

10)

11)

12)

&%, 67, 859(1994).

Y. Ikeda and S. Kohjiya, Polymer, 38, 4417 (1997).

S. Kohjiya and Y. Ikeda, Rubber Chem. Technol., 73,
534 (2000).

Y. Ikeda, A. Tanaka and S. Kohjiya, /. Mater. Chem.,
7,445 (1997).

A. S. Hashim, B. Azahari, Y. Ikeda and S. Kohjiya,
Rubber Chem. Technol., 71, 289 (1998).

J. E. Mark and S. -]J. Pan, Macromol. Chem., Rapid
Commun., 3, 681 (1982).

B. Erman and J. E. Mark, “Structures and Properties
of Rubberlike Networks”, Oxford University Press,
New York, 1997.

S. Kohjiya, K. Murakami, S. Tio. T. Tanahashi and Y.
TIkeda, Rubber Chem. Technol, 74,16 (2001).

S. Kohjiya and Y. Ikeda, Proc. Japan Acad. Ser., B. 76,
29 (2002).

Y. Tkeda, A. Katoh, J. Shimanuki and S. Kohjiya,
Macromol. Rapid Commun., 25, 1186 (2004).

Y. Ikeda and Y. Kameda, /. Sol-Gel Sci. Technol., 31,
137 (2004).

S. Poompradub, S. Kohjiya, Y. Ikeda, Chem. Lett., 43,
672(2005).

RERmMNL, FRRERE

RERO—HFIX, DUTOEETHEELL,

1)

2)

3)

4)

6)

AHBE—, B WHEF BEETVELT IV
B E 35 T LNDin situl ) HFETA, HEITL
WER20064E4F k%, HHZEESE, a-5, p.7 (2006),
200645 H 18 H, HUHE.

HHE—, MHBT, &&=Em situ ) BT TAT A
ZREROVER & FREAL, 05 E 5 F#RERRKET
fR%&, 55, No.l, 1Pgl03, 2006, (20064F 5 H24H ~26
H).

WHEHT, RATLAOH AT 1) 7185, 75
AT ZALFE) A 7 VIS E 9 FE R THRE,
2-8114-115 (2006), 20064F 8 JJ29H, ILFLIE.

Y. Ikeda, Science for Sustainability of Natural
Rubber, International Conference of Science and
Technology for Sustainability 2006 (¥#¢ 7] fE 71t &
D7 OFFF & FAf 2B 3 % E B4 782006), Poster
No.5, 2006479 H 8 -9 H, Kyoto.

Y. Ikeda, Sustainability Science of Natural Rubber,
The Green Chemistry Conference MCC 2006, 20064
9 H19H, (Invited lecture) , Kuala Lumpur, Malaysia.
HEE—, WEBTF, SEEm suuy ) BFTETARK
TLBUER, HETABREISHR LT X b~ —Fwms
i % B, B-14, p58-59 (2006), 20064:12H4H,
B

RERDO—ERIE, FERFHEICH 2,

1)

— 187 —

WHHT, 78775 YUT7v 7 TR
Z o8k, PCT/JP2006/306124 (2006).






J I\
—X . o) S ~ A
E T =T INIAMEEARD AN ) r IAVE IR
R r
04502
BREHEE F H B OZ UNLERFERFRAGER TSR
LR R 2 48
MrEEE 5 B IE B uNTERERER & B
BEOEE MRS A T I % A B KT (SBR) T 78 8

RIFFEREIL, RNERE DT L) Y BRANVT T A
MRPS XA IANVOEEFIH L TEICEWT
WEE BT HER-IREGHREHET 25D TH S,

BIEDBERBS 2BV, BFHOE & O ifE 7%k
AR RIICERT L L DI, BREEHEEIND
FCTOM, VMR 2 HERECT X 2B O RS
ZInTwsb,

REFFETIX, AW 7 I A VIS %R L 728 $ik
BRI CENTAR-EREE RO 2 X572, 2
B IANVEIREFHT A LT, R O AR
Bt & HEE T & OB ELE E DY (in situ) TR
WD H5NL XY TH L, A&ES T aa A FIR
BThoTh, WHORATIIERTE WS/ 4+ —
F—ToY—LEMHETEL, ARESTICE, &
BARERERTH Y, BEMEL, EWFE#EEE%
AL, BWEFIRAMLZ RO b — 2 % 3R
L7z MRS ICIE, MomTL ) FoT7 /8% 4
ML, KEET /85 A FEDBENT 85 A MR
BREAL, 5612, RREA=EIILL TEMEME DR
EREERKELSBLSEL I EPFMOENT WD REET
ST A P ERBEIR L 72, O — A-REET 8% 4 M
EARE AN ) A IHNVEICEY insitu BR LT,
ENTHEEMHIE, T ORMIREE 2 MOEAH A T &
o THITS % & &I, MR % 3 s BRI
TN, 2512, bbbl k9 &FIFELY

1 MERfE R N72e SBEFCTEORMIZT /85 A
N eI AN, RN TR R LSS Z
ENINETICHESIN TV S,

AR IANVEICE D v — A-REET 88 A
NEEKRD in situ BRAIREI L7z FEEET DR
735 4 P OCa/PENHIZALETH Y, KEREH
I A massh TH L ENbhrol, 612, &
W —ZA-RET /85 4 NEERTOREET 7857 4 b
DREREAEOHRIEIIRLI Lize RERT /854 FO
BRI 2 T 22 L2k ), AESh R
BR7 /85 4 D REREH =R %16~ 4 mass%D #ifH T
BB ED ZENTEL, Lvu—Z-jkERT
YA MEGHROWE E, MBI IE S W TR L7
FBEORDP O L7z, FEEGEE, &% OREE
TREEVEVEELZH L TWAD I LS L7, HF
12, B u—ZADRINEH20mass% Ll T O A EKIZ
BT, RT3 4 M EIUEOILE v o — 2
T DLETNVOBEREL L KT LT LWL, E
molze  [RMBEHOBEEMIL, SBFH TR 2%
EMEERRLZ. Lad, ERRMEH ST 5 BEHK
B 7788 4 b Z 4Lk & [A14E DK 10MPad il VT 58 B %
HTAZ ENbhoi,

— 189 —




Annual Report No.14 2006

R

1) A. Yoshida, T. Miyazaki, E. Ishida, M. Ashizuka,
“Bioactivity and Mechanical Properties of Cellulose/
Carbonate HA Composites Prepared in situ through
Mechanochemical Reaction”, /. Biomater. Appl.
(2006) (in press).

1) HFHEEZ, =, AHEE— HEFIEE EREE
EHETHE V= A-RBT N A VREKOWE,
8 8 A KRIEL T I v 7 AFES, B, 20044F12
H.

2) A. Yoshida, T. Miyazaki, E. Ishida, and M. Ashizuka,
“Preparation of cellulose-carbonate apatite
composites through mechanochemical reaction”, 17th
International Symposium on Ceramics in Medicine
Bioceramics 17, New Orleans, Louisiana, December,
2004.

— 190 —



J
BETBALY D AH ) A I IVAE R E SOe i i B
N
B RE O E F R IUCRFRFEEER AR R 2
MEEEE FF O X B HKRFEZcWER R R
R OBE oo T OREREABO, O ZHERG A 4 ~ [FL o

AH 7 I HN (MC) I HHRIEIC X - THE
OB ED SMEA 5 2 & e AR 2 &% &
KT 252 LMD, FOERYOEL, ko
REA SRR BRI L 2 FNERLE TR L, &L
BB SRS b= — 7 BB E b
Dy TN ENLINTTIZY, MCEEFMAF L 721
RETEMBFE BB 2R Hets ST b, L
BLADS, ffie OMCHRIBIC BT 2 —#lix % <,
REERIAKAF 3 2 EED L o T, MEEGTOIRSE
HE LN E D,

ZZT, EH51E, MCHIBIZBIT 2 FEko UGk
& MBERL B X OV B R f g & OB & FL
FHIZRICET Lo AWFRIZZO—BTH Y, B
iE, BEREE OB OMCLHE 2 & 8 AR LY
ABO, (A = Al, Fe, Cr, In, La, Bi; B =P, V, Nb, Sb) %
BT DA SR IS L, USERO TG
BT ARl A R & 2 HIg L7z,

MCHLEL R I V& vy, I VIR A R
—V) FEaEONEEGE—EL LTALBOBALY
MCHLEE L CTHABMABO, #1556 X )12 L7 2D
f5 5%, InBO,, LaBO,3 & U'BIBO,D A 2 MEFE L 720
AlBO,, FeBO,, CrBO,OAEMIIIE, JFaT v 5 L
#EDAIOOH, FeOOH, Cr,0;nH,0% M5 Z &K
HEThrI a7, ETORKREERTIIRT,
T LD MBS ECRL O SRR I L AR B SR IEMC RS A
2B LHEEMTH ) T RUTII RV EDrho

BRI R EGAT /G PRt TELEDZD
AR1THb, —#imE LT, kbt 777 LT t RS
KEWIITE, A+ v oRMEDRE L, RTOqH
DHBPEDEE R D, MEDABKISIE LY ¢
IR L, LVBEREEOLDIIEER LTV
I o T,

R ABOMAEEALY DA RGE R
(O Hplg, x @ RAE)

B

wn
[on

P

<

Nb

Al

Fe

Cr

In

La

OO0 x| x|x
OO0 |0 x| x
OO0 |0|0O]| x
O|O0|0|0|0|0

Bi

222, MCHZ L L CEAOH @ TlE L iR
MRRENLD, FZTIRE DV ELRBENEET 5,
AIFZEIZBVTEH, MCRIBIZ L 21L& DAL,
IR L RO H B L\ 2 be TNH DR
5, MCIRIGASER ENDGEDOEBWIX, Eh)s
LVELEBETHLIIEMCER SN T VEWVZ X
Jo

PLl, RWgECiE, TnFEF TEL{AHTH > 72MC
PO A B RT3 B TEURLR> A5 B Ot A s <0 Tt 1
BLAIRFED B A BHFEIC L7 DO TH ), TOHEHD

— 191 —



Annual Report No.14 2006

8 e . FiTEm I
70 el ]

H BiPO” 1) T. Tojo, Z. Qiwu, F. Saito, “Mechanochemical Synthesis
or § of Rutile-type CrMO, (M =V, Sb) and Their Solid
S+ o . Solutions” Journal of Solid State Chemistry, 179

B ] (2006) 433-437

T 2NO 2) T. Tojo, Z. Qiwu, F. Saito, “Mechanochemical Synthesis

=3 mvo, e "'1:“»'1"4 ] of Rare Earth Orthovanadates from R,O; (R = rare
2 - r_rlhirem;() o ,;;,,({:}#!_,‘04 ] earth elements) and V,O; Powders” Journal of Alloys
1k Ao g "“’3‘:;;;#*\ <-‘L7l4n»\'b04 B'Nw‘_ and Compounds, 427 (2007) 219-222.
ol ; 1 MT”‘ -L»»gf}.{-ﬁ{"; . 3) T. Tojo, Z. Qiwu, F. Saito, “Mechanochemical Synthesis

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
= (}I’A‘H"B)/Z)‘O
X1 ABOJEEEALYWD kbt 7757
(- A=p, W RAERD)

SHROFBEBIIV L PLTHEGTERLIOEEZTY
RV A AR L AAREL R M2 132 TR O = &R
TLRETH D,

o >

— 192 —

of Indium Complex Oxides (InAO,; A=P, V, Nb, Ta,
Sb) and Their Solid Solutions” Journal of Materials
Science, in press.
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Between A,0; and B,O5” 5th International Conference
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Fig. 1 Drying bchavior of suspension film.
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(a) experiment

(b) simulation

Fig. 2 Comparison of structure of dried suspensions.
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bo FIHEEHIL, INFEFTITIFEALTHEIMEAT
U 7 W SRR A SRR S ST B R R L 2, B
EEI DS D & HHFEDOKE R ETHZ L& o
TZOMORRMEREL R T S5 2 LX) RIKR
EEALSHE LT ENVh ot 6T, BEE LTK
ODRODICAY ) —VRLy ) — Vi b OEER
W2 2 ETIIRDBIBAR IR A L 2 A = XL % JF

Hyopn
o

HREERBEREE VI AN ZZLDEL L2010
WEALDSHR Z 2 2 L0550 720 F72, MDTHEOLI
72 F T 5 % phase-fieldik & iV 5 Z & TR s HE
{LOREEEALZ L)~ 7 TICBET 52 LR TE,
NS DOWRFEIZ & ) @ T O R DT REFEAE 12
MysI7uhbyrunffmeiisl L TE, &
TREIE T ET 20 & CTOFRDIIRE S N LT O Y
REHDLLDIZHEINT 574 7 — A4 FRIMANZ B
LRTREENCBDIBHATE L EEZ b D,

%

1) Kazunori Kadota, Atsuko Shimosaka, Yoshiyuki
Shirakawa and Jusuke Hidaka, “Analysis of
dehydration process in crystallization of NaCl by
molecular dynamics simulations”, 5th World Congress
on Powder Technology (Orland) 20064 4 H.
PRI, SHEm, TEREF, HIEE, HEED,
R EREFHCET LI 2L —2a v, BRI
SEA2MEM Y Y RIw o, I, 200648 H.
Kazunori Kadota, Tkumi Matsumoto, Yoshiyuki
Shirakawa, Atsuko Shimosaka and Jusuke Hidaka, “A
New Crystallization Method Using Liquid/Liquid
Interface for Fabrication of Asymmetric Particles”,

5 2 [ EIAR RN 7 + — T & (FR) 20064F11 1.

2)

3)
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1) Kazunori Kadota, Mayuko Wada, Atsuko Shimosaka,
Yoshiyuki Shirakawa and Jusuke Hidaka, “Structural
dependence of ionic motion at interfaces between
NaCl crystal surfaces and supersaturated solutions in
crystallization process”, Advanced Powder
Technology, in press.

2 ) Kazunori Kadota, Atsuko Shimosaka, Yoshiyuki
Shirakawa and Jusuke Hidaka, “Dehydration process
in NaCl solutions under various external electric

fields”, Journal of Nanoparticle Research, in press.
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EZ, EBRICEIVEESE DL, 2WICPIVEHINIC L -
THEY % RO, BRI T2 & DO B R+
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> » N N[AN > Y iy
IN—=H =i BT O EAEH O 3 RIcllE
3D Measurement of Interaction between Burgers
Vortex and a Solid Particle
N
05509
B ®RE M ¥ A KPORETHUIRAEMR TSR Rl 2 4
MEkEE L H ORBORZ: TR Ze R BEbk T2 # 3%
BEDBIE 2. KEREE
1. = 1 ICAREBRTHWEEEZ R T, AEELRICEIH

Brikld A2 LT, o2 RICkmEHR % PIVETE (7
X T 1 512x512pixel, 250frame/sec, JGiE : CW Ar
28WY — FE2mm, PL—%—FF :50um)il &
D, BT 2, Ko, B oK (m
150mm X 150mm, 7% & 1000mm) L2 & FHEC [ A
> T, AMEEIE L ) R 72k - TEE L3R
LTwbo KM AR E L 72 [HR I (  60mm) %

Do E— & —BRE (1000rpm) 35 2 & T, WEHEESIE 5,
9 8
7
10 % @ i
5 5"j::,{
11 I 4 4 B vortex
YN
- Paticie ¢
12| | e O | 3?
Laser sheet
3
13 [}
2 —
PC
1 .
14
1. Motor Controller 5. Area sensor 9. X stage 13. Mirror

2. Camera Controller 6. Particle dispenser 10. Water tank 14. Orifice

3. High speed camera 7. Rotating disk
8. Motor

(with color filter)
4. Particle velocimetry

11. YAG laser
12. Pump

Fig. 1 Experimental setup.
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3mm, HE259) AHHEETL, T 7ty %il
Y52 T, MEEHOHESHBE SN (B
KEB) o AEBRDOL A /N AEKIZIT6TH S () 7 4
AMEA20mm, 7 1mm/sec, Ki#30T)o

3. RBRIEREEE

B
A

(Balance between Vorticity and Divergence) & % z.
TUTD L) ITERT 5o

003 003

(a) Vorticity field

T RSB R WY & SR O #16 VBV.D.

B.V.D.(r,0)=|w (r.0) |—|divu(,0) | (1)

X 2 (R TF2EH L T A B OfES BV D%
HT %, BVDSTRIMES TR LN WRFIZ X
B B (BRI &AL S NS 2 &8
birbo WERTOREMEZBVD.ORAME, HR/ME
ELBIEEIT) .

X 3 kT EBVDY M O Hiz/blc £ 5BVD.
max, B.V.D.min® ZE At % ki ¥ A% 5k ) i 58 88 (r/
1b<1.12) & H i (r/1b>1.12) 12571 TR $ . 1bid

]
0.03 003

(b) B.V.D. field

Fig. 2 Vorticity field and B.V.D field.
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Fig. 3 B.V.D.max and B.V.D.min in z/Ib.
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(b) Inlet flow

Fig. 4 Outlet and Inlet flow in r/Ib.

Burgersii LR A7 — V% 7R ¥, BV.Dminid B8
SRS & S TR X BRI LIGA AR E— 2
% FFO 75, B.V.D.max |3 5@ il i s I80@ B N % .
4RI LW aAAIZ & 2BV Dmax® N % /5]
WZOWTORLZZSDOTH Y, R REE I8
WRONS,

4. £&EOD

ARG E D, B3 TR FRIRICHEET 2L
WA A FENDS, Burgersifilz 5- 2 5 52808 &5 012 7%
272
1. KCF-AYE HRRaEE & O SRl s 2 W s 2 56

(2, B.V.Dmax® AR & < 7% 2 @A A E
SNz,

2. GRS EE T AT ORI L RTICAEL S
W LIGA A GEALIZ £ ), 2 FEEB.V.D.max A4
ERAE

3. BVDEOZ L% 3 ke & LTI T& 7,

X #®

1) JKEaton et al (1994): Preferential Concentration of
Particles by Turbulence, Int.Multi.flow. 20: pp169-209.

2) J.M.Burgers (1948): A Mathematical Model
Illustrating the Theory of Turbulence, Adv.Appl
Mech. 1: ppl171-199.

—
~

Yohsuke Tanaka, Takuya TSUJI, Toshihiro
KAWAGUCHI, Toshitsugu TANAKA and Yutaka
TSUJI, “Experimental study on the interaction
between Burgers vortex and a solid particle using 2D
PIV measurement”, 2006 59th Annual Meeting of the
APS Division of Fluid Dynamics, Tampa Bay, Florida,
USA, November 19-21, 2006.

2) Yohsuke TANAKA, Kazuaki OTSU, Toshihiro
KAWAGUCHI, Yutaka TSUJI, “Experimental study
on the interaction between Burgers vortex and a solid
particle using 2D PIV measurement”, International
Symposium on Advanced Fluid/Solid Science and
Technology in Experimental Mechanics, Sapporo,
Japan, September 11-14, 2006.

3) HWEEy, Kid—5%, JIIOHEE, £, “HE—RERRT

2 & B BTl B (Burgersit) (I KT T8I H

5 EBRIINIGET, HAMMAEIFEERER2006, JLINK

AR R v %A, 9H15H —-17H, 2006,
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1) WREREL, P, 7a—Y A M X M) —F W
YAy = & LA E ORMIAEFREL, HARERS
1254F4% (lif, 2006).

2) Koji Nakano, Hirofumi Takeuchi, Effect of surface
properties of liposomes coated with a modified
polyvinyl alcohol (PVA-R) on the interaction with
J774 cells, Asian Pharmaceutics Graduate Congress
(Singapore, 2006).
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Fig. 1 Relationship between hysteresis loss, AT, and
calcining temperature for Mg,:CaysFe,0, (10g)
in an AC magnetic field (370kHz, 1.77kA/m).
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1) WERER, FE#ELy, FE2E, FR—, 265 K,
WA ERR, RIEEOL, JEEHE, 774 MRZR
H SR 72T ORFRESE T CORBIFE, HASEY

W OSBRI e A7) ALK E CEBRLT 2) HHirazawa, H.Aono, T.Naohara, K.Mori, Y.Hattori,
WL ZENHLNTH D, 300C L800T D AE I\ FEE T Maehara, and Y. Watanabe, Preparation of Fine
PESN-FHE LT, BRoEI L A7) 2 A3H%k MgCa-Ferrite Powder Having High Heat Ability
AKX ERTHLEE L OND, under AC Magnetic Field for Thermal Coagulation

Therapy, The 5" International Symposium on
Electromagnetic Processing of Materials, Sendai,
Japan, Oct. (2006).
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The Second International Conference on the Characterization and
Control of Interfaces for High Quality Advanced Materials, and
Joining Technology for New Metallic Glasses and Inorganic Materials
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VORI LOBE
Date: Time Program
14:00 - 18:00 Registration & Check-in
Sept. 6 ) .
(Wed) 18:30 Reception
19:30 Dinner
6:30 - 8:00 Breakfast
8:30-12:00 Session A: Session B:
: ' IR T A - BEEA B PRV \VAs SP¥ LN
Sept. 7 12:00 - 13:30 Lunch
(Thu)
13:30 - 17:00 Session A: Session B:
: ' GBI T A - BEEAPEHES PAVA A Ry LN
17:20 - 18:50 Poster Session
19:00 Dinner
6:30 - 8:00 Breakfast
Session C: Session D:
8:30 - 12:00 = . N . -
S R A & A TR — L EBREE
Sept. 8
(Fri) 12:00 - 13:00 Lunch
13:30 - 18:00 Excursion
19:00 - 19:30 Cocktail
19:30 Banquet
6:30 - 8:00 Breakfast
Sept. 9 8:30 - 12:00 Session E: Session F:
(Sat) R 2v—KTFaERTFT ) aT— ~FUTILVFHA
12:00 - 13:30 Lunch
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