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Uranium Enrichment Technology and the Progress of 
its Materials 

Kunihiko Takeda 

Uranium Enrichment Laboratory 
Asahi Chemical Industry Co., Ltd. 

1-1 Takeshima, Hyuga, Miyazaki 883 

In this anniversary lecture, an overview of the materials used in uranium 

enrichment equipment is given, as well as, the present status of the chemical 
method, which has been developed by Asahi Chemical as Japan's own contri­

bution to uranium enrichment technology. 
Uranium enrichment itself is the operation that enriches uranium-235 iso­

tope to a state higher than found in nature, and is one of the most difficult of 
all the separation technologies. At present there are several methods of ura­

nium enrichment which are either in use or development. Gaseous diffusion 

and gas centrifuge are being used in plants under operation . Nozzle process, 
chemical, atomic vapor laser and others are either in development. Since each 

enrichment method is based on quite a different separation principle, the meth­
ods needed in equipment construction are extremely diverse. Furthermore, in 
technology requiring high performance, equipment material must exist in and 

around exceedingly harsh environments. 
In the case of gaseous diffusion, the barrier material requires not only pore 

diameters of less than 30nm, but also uniformly in pore size, as well as, a mate­

rial which is stable and chemically inert to corrosive UF 6. The gas centrifuge 

method requires a high tensile material with acceptable resistance to UF 6 

corrosion. The nozzle process calls for the installation of elaborate equipment 
on the micron-order. The chemical method demands adsorbent and materi­

als which are anti-corrosive in hydrochloric acid at high temperature. In the 

atomic vapor laser process, the equipment is subjected temperatures of nearly 

3000°C. 

Each of these methods uses materials radically diverse to each other yet 
common in the charasteristic of high stability in difficult environments. 



Recent progress in organic materials for nonlinear optics (in Japan) 

Hachiro NAKANISHI 

Research Institute for Polymers and Textiles 

1-1-4 Higashi, Tsukuba 305, Japan 

Brief introduction to the Japanese activities in the field of organic and 

polymeric nonlinear optical materials will be given under comparison with world­

wide activities, followed by the somewhat detailed description about our 

preparaive studies. 

More than fifty groups from universities, governmental institutes, and 

industries have already made any presentations at the academic meetings of this 

field. A lot of efforts have been payed for the survey of 2nd order organic 

crystals with both large d 11 and transparency to blue light. By use of such 

crystals in a cored-fibre configuration, frequency-doubling of semiconductor­

laser to a blue laser is coming close to the real applicatjon. Several inter­

esting phase-matchable crystals as well have been found and their performance 

upon frequency-doubling and wave-mixing has been investigated, partly in combi­

nation with semiconductor lasers. Noteworthy progress has been brought in the 

polar-structured LB films as well. On the contrary, so-far less results have 

been presented on poled-polymers. As for third-order materials, studies are in 

more academic stage and less efforts have been made around conjugated polymers, 

chromopher-containg polymers, dye-stuffs and so on. Remarkable contributions 

have been made also from the theoretical and analytical sides. 

Aiming at the enlarged X(l), we have been synthesizing a lot of new poly­

diacetylenes on the basis of crystal engineering technique to have aromatics- or 

acetylene-substituted diacetylene monomers crystallized In a solid-state poly­

merizable stack. Ionic dye - polymer ion composites and phthalocyanines have 

also been studied to have fundamental understanding on structure - X(3) rela­

tionship. p-Toluenesulfonate complexes of cationic dyes gave a lot of noncentro­

symmetric crystals, including those with d11 greater than that of MNA. Repre­

sentative data of these studies will be presented. 
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Analysis of Bonding Slate in Pure Silica Glass 
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M.Kitagawa. H.Nishikawa, K. Nagasawa*, 

Y. Ohki, Y. Hama 

Waseda Univ., 

* Shonan Institute of Technology 
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** Tokyo Inst. of Tech. 
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OH. Nakabayash M. Doi, M. Matsui, 

Y. Yoshizawa*, K. Yamaguchi 

Nagoya Univ., * Hitachi Metals Ltd. 

B Saccharide Recognition of Ultrafine Platinum 0 S. Nakagawa, N. Toshima, Y. Saito 
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Preparation and Characterization of Novel 1- OY. Ozeki, Y. Saegusa, S. Nakamura 
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A Oesign of Polymeric Micelle Recognizable by 

Hepatic Perenchyimal Cells and its Application to 

Drug Delivery System (DOS) 

OK. Saito, M. Goto*, A. Kobayashi*, S. Tobe*, 

K. Kobayashi**, T. Akaike 

Tokyo Inst. of Technology, * Kanagawa Academy 

of Science and Technology, ** Nagoya Univ. 
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A Synthesis and Properties of the Ferroelectric OA. Sakaigawa, H. Nohira 
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Tokai Univ., * KMITL 
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Alumina Mixed Powders K. Kitajima*, N. Takasugawa 

Tokyo Inst. of Technology, * Shinshu Univ. 
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A Fabrication and Evaluation of Natural Mullite/SiC OH. Takada, K. Niihara 

Nanocomposites by Pressureless Reaction- Osaka Univ. 

sintering 

M-28 
A Susceptibility of Cobalt(II)-Alginate Complex OK. Takahashi, H. Yajima, T. Miyamoto, 

A 

Films to Moisture R. Endo, S. Furuya* 

Science Univ. of Tokyo, * Research lost. for 

Polymers and Textile 
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Synthesis and Characterization of Mullite OA. Tanaka, K. Okada, N. Otsuka 

Whiskers Tokyo lost. of Technology 
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The Synthesis of High-purity Ceramics by 

Alkoxy-based Preparation 

oomj£i! ... :5*-fflm,~:Jfj£* 

*fi.* OM. Tanida, N. lwamoto. M. Kanai 

OsakaUniv. 
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M-31 J1(Jii:* 
A New Way to Produce Titanium by Electron Beam OT. Yahala 

Remelting Univ.ofTokyo 

Ti-4O% Al.g.~~:'iHt ~ a ~(1)7.t"M OLlJ:i2I~:r ~ 

M-32 _Jii:I* 
A Decomposition of Alpha Phase in Titan Alloy OY. Yamabe. M. Kikuchi 

Tokyo lost. of Technology 
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A Hydrothermal Synsthesis of LiTa0
3 

Thin Film on 

Substrate 
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A New molecular design mothod for 

noncentrosymrnetric crystal structure 

Larnbda( A) shape molecules for frequency 
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Tokyo Univ. of Agriculture and Technology. * 
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A Effect of the substrate on diamond synthesisin 

gas phase 

Electrical Properties of ZlO2 -Ti02 • Y P3 System 

OY. Yazaki, H. Hinti. H. I.Icawa., 0. Fukunaga 

Tokyo lnst. of Technology 

OP3Ji.:ltJ 
JI{~t* 
OH. Naito. H. Arashi 

Tohoku Univ. 
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1*~n~~h~1~~~~.~~~~. 

~~:k 

Enhancement of the Magneto-opotical Rotation 

of Fe Films due to Ion implantation 

Ag/Cu multilayered films prepared by different 

vapor deposition method 

7~r70~77 A~O~~~T*~7 

~ ,f- I) ? - ~..g.$; 

Synthesis of New Photochromic 

Spirobenzothiopyran Polymers 

Y-TZP~ 7 ~ 7 7 A 1:j3~:t ~ j(J~~~fiHjj3.t 

Lf?(~-aJ}$ c ~mJ.l%ttc ~~1* 
Characterization of Defect and Relation between 

Defect Size Distribution and Fracture Strength in 

Y -TZP ceramics 
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.tIi~OO~:k 
OK.Aoyagi 

Yokohama National Univ. 
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OK. Hazama, J. Kozaki, K. Hachiyama, 0. Nit­
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Tokyo Inst. of Technology 
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OM. Hirano, A. Miyashita, H. Nohira 
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Due to the advancement in technology, production of 
a-Si0 2 that is virtually defect-free and stoichiometric is 
now possible. Therefore, most of the recent studies 
regarding a-SiO and its physical properties are usually 
carried out by tirst creating defects, then analyzing and 
characterizing the induced defect. Some of the most commonly 
used method for defect creations are radiations such as gamma 
and X rays, UV and VUV photons, and diffusion of gases such 
as oxygen and hydrogen into the sample. 

In the present study, defect formation is done by 
applying mechanical stress to, and fracturing the a-Si0

2 samples. Unlike radiation or UV photons, which selectively 
severs the weak unstable bonding states, mechanical 
fracturing is found to cut practically all bonds, even the 
normal Si-O bond in the glass network. Therefore, the 
induced paramagnetic defect reflects the chemical bonding 
state within the glass. From this, it can be stated that 
mechanical fracturing is a good technique for elucidating 
existing chemical bond and interstitials in the samples, and 
by comparing induced paramagnetic defect with the sample 
manufacturing method, impurity content, and pre-existing 
absorption band, defect formation mechanism and eventually 
insights into improvement in manufacturing method may be 
obtained. -

Also, in the present report, the difference of induced 
paramagnetic centers between glass preform samples and those 
which have been drawn into optical fibers is compared. From 
the comparison, the effect of fiber drawing on chemical 
bonding within the glass is discussed. Finally, the 
existence of strained bond, or the unstable Si-O-Si bonding 
state is demonstrated. 

Nobuyuki Dohguchi 
Waseda University 
Dept. of Electr. Eng., Ohki Laboratory 
3-4-1 Ohkubo, Shinjuku-ku, Tokyo, 169 Japan 

Tel:03-203-4141 ext. 73-3167 
Fax:03-200-2567 
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Hydrogels with High Water Content 

F. Kasahara*, M. Hoshi x
, Y. Yoshida* and T. Yamashita~ 

Faculty of Engineering, Toyo University, Kawagoe, Saitama 350, 

(1) The purpose of this study is to develop the advanced materials 
capable of using at the intraoperative examination of the real-time 
echocardiography. These advanced materials are expected to be used 
directly on the cardiac surface at operations as the contact surface 
material between the ultrasonic transducer surface and the cardiac 
surface. This examination can provide the useful information on the 
correct position and the degree of the cardiac lesion. We have 
reported that the hydrogels having the convenient elastic property 
and the excellent ultrasonic characteristics were useful as the soft 
contact surface material attached on the ultrasonic transducer. In 
this paper, we reports the preparation and the physical property of 
various hydrogels with the high water contents, which are prepared by 
r -ray or electron beam irradiation. 
(2) The hydrogels of the polyvinyl alcohol (PVA)/ polyvinyl­
pyrrolidone (PVP)/ water solution were p r epared by r -ray or 
electron beam (EB) irradiation. The physical properties of hydrogels 
were measured by using the rheometer . 
(3) Figs. 1 and 2 shuw the effects of the irradiation strength and 
the mixture ratios of PVA/PVP on the hardness of hydrogels of PVA / PVP 
(Water content: 95%) obtained by r -ray and EB irradiation, 
respectively. The hardness of PVA/PVP hydrogel increased with the 
increase of the absorbed dose by r -ray or EB irradiation. The 
hardness of the r -ray i rradiated hydrogel was larger than that of 
EB irradiated hydrogel. The r -ray irradiation to PVA/PVP water 
solution was easy to form the elastic hydrogel, compared with EB 
irradiation. In the case of EB irradiated hydrogel, the mixture 
ratio of PVA/PVP in the hydrogel had no very effect on the hardness. 
The hardness of r -ray irradiated hydrogel, ho wever , varied wi th the 
ratio PVA/PVP in the hydrogel. 
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Vibration Ball Milling of A1203 Powders 
o Shinya KIKUCHI, Takayuki BAN, Kiyoshi OKADA, Nozomu OTSUKA 

Department of Inorganic Mateirals, Tokyo Institute of Technology 
and Tsuyoshi HAYASHI 

The Nishi-Tokyo University 

Three kinds of Al203 powders with the different preparation 
methods(Bayer and electrofused aluminas) and average particle 
sizes(0.6, 3.9, and 22~ m) were ground by a dry and a wet vibra­
tion ball mill. Variation of particle size distribution, 
specific surface area, crystallite size, lattice strain, effec­
tive temperature factor and lattice deformation was measured 
against milling time up to 300 h. Various parameters were found 
to differ between the dry and the wet milling. An average par­
ticle size of the specimen(3.9~ m) decreased only a little to 
3.52~ m after 300 h milling in the dry milling, in which size was 
even a little larger than that of the specimen(22~ m),i.e., 3.39 
~ m. On the other hand, it dropped down largely to 1.35~ m in 
the wet milling. The particle sizes of both the dry and wet 
milled specimens(0.6~ m) decreased a little. The particle size 
change in the wet milled specimen saturated more quickly than 
that in the dry milled specimen. As shown in Fig. 1, the crys­
tallite size of the specimen(3.9~ m) in the wet milling decreased 
more rapidly than that in dry milling while the crystallite size 
of the specimen(0.6~ m) in the wet and the dry milling showed op­
posite correlation. There observed a large difference in lattice 
strain for the dry and wet milled specimens as shown in Fig. 2. 
The lattice strain of the dry milled specimen (0.6~ m) was very 
large but was small in the wet milled specimen. On the other 
hand, the lattice strain of the dry milled specimen(3.9~ m) was 
much smaller than that of the wet milled specimen. 
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Amino Acid and Urea Sensors Using Parsley Seeds as Catalytic Material 

°Tetsuya MAKINO, Koichi KOBAYAKAWA and Yuichi SATO 

Department of Applied Chemistry, Faculty of Engineering, 

Kanagawa University, Rokkakubashi, Kanagawa-ku, Yokohama 221 

Introduction : Plant substances have been used as biocatalytic layers 

coupled with potentiometric or amperometric techniques. In this paper, 

we report the minced pars ley (Petroselni urn Crispum) seeds coup led with 

potentiometric ammonia gas sensing electrode show effective biocatalytic 

acti vi ty, i. e . selective deamination responses for certain amino acids 

and urea, and can be usable as biosensor for these sUbstances. 

Experimental An Orion Model 95-10 ammonia gas electrode was used in . 
the construction of the biosensors. Parsley minced seeds of 1~10mg 

were attached to the surface of ammonia electrode covered by dialysis 

membrane and set by O-ring. The parsley immobilized electrode was 

dipped in 0.lmol·dm- 3 Tris-HCl buffer solution. To find out the 

response on this electrode, various sorts of amino acid were added to 

buffer solution and the potential change due to NH3 liberated from amino 

acid by the catalytic action of the enzyme contained in parsley was 

followed . 

Results and Discussion Figure 1 shows a typical example of 

calibration curve for L-aspragine with a slope of 5lmV per decade in the 

6xlO- 5 - 7xlO- 4 mol·dm- 3 range. 

The activity of this electrode immedi-

ately after the immobilization of 

minced tissue was not so high, but it 

showed the highest value after a few 

times measuring and was kept for more 

than forty days. This parsley 

immobilized electrode also showed a 

good response at pH 7.4 for 

L-glutamine, L-serine, L-threonine and 

for urea. Though the selecti vi ty of 

this electrode is not so good, it is 

usable as a biosensor for above 

substances. This simple technique 

also offers a very useful method for 

enzyme screening in plant substances. 
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Fig. 1 Calibration curves for L-asparagine 
using 6.3mg immobilized minced parsley 
seeds electrode in O.lM Tris-HCl buffer 
at pH 7.4, 30D C. 
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[ Introduction) 

Since Hydroxyapatite CalldP04)6(OH)2;(HAp) and Tricalcium phosphate 

Ca3(P04h;(TCP) are excellent biocompatible ceramics. they have been used 

for artifical teeth and bone implant materials.Such bioceramics are said 

to require more than 70% porosity with larger pores than 200J,l m in size. 

because they must allow bone-bearing cells to enter and to fil I up by new 

bones.Those ceramics.however.would be too weak to be used as the implants 

to load-bearing bones.To overcome these problems.microstructure-controlled 

ceramic composites which consist of HAp and TCP grains are designed.Since 

the latter dissolve twice faster than the former. it wil I give larger pores 

in vivo during the substitution by new bones. 

The present study aims to prepare those composi tes by the reaction 

sintering from HAp and Brushite(CaHP04·2H20) as follows: 

Ca 1 0 (P 04 )s (0 H) 2 + 2 Ca HP 04 . 2 H20 -+ 4 Ca 3 (P 04 ) 2 + 6 H20 

[ Experimental) 

HAp and Brushite powders were mixed. pressed into pellets. and then 

sin t ere d a t 900' C for 3 h. T G - D T A and T M A (T h e rm a I Me ch ani c al A n a I y s is) we r e 

performed to study the reaction and thermal shrinkage of powder compacts. 

The sintered samples were examined by X-ray diffraction(XRD) and SEM. 

[ Results) 

According to TG-DTA and XRD. the formation of f3 -TCP starts at ab o ut 800 ' C. 

A sintered compact with 46% porosity with th e pores of 5-10J,l m in diam e t e r 

was obtained(Fig.l) . The addition of Brushite enhanc e d the format i on of TCP 

nonlinearly(Fig. 2).and accelerate the sint e r i ng of HAp in this system . 

Fig.l SEM photograph of the fracture 

surface of IIAp-TCP composi te . 
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Fig.2 Relationship between mole fraction 
of Brushite and reaction rate . 
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Recently, much interest has been focused on the synthesis of fluorine­
containing polymers because of their unique properties and high performance. 
However, the studies on the preparation of fluorine-containing aromatic 
condensation polymers are rather fewo The purpose of this investigation is 
therefore to synthesize a variety of novel fluorine-containing aromatic 
condensation polymers, polyketones (I), polybenzimidazoles (11), 
polybenzothiazoles (Ill), polyformal (IV), polycarbonate (V), polyazomethines 
(VI) and/or the respective copolymers, and to elucidate their properties with 
relation to the fluorine contents. 

Polyketones and copolyketones, polybenzimidazoles and polybenzothiazoles were 
synthesized by the direct polycondensation of 2,2-bis(4-carboxyphenyl)-1,1,1,3, 
3,3-hexafluoropropane and/or 2,2-bis(4-carboxyphenyl)propane with diphenyl 
compounds, aromatic tetramines and bis-o-aminothiophenols, respectively, at 
elevated temperature above 80°C using polyphosphoric acid or Eaton reagent as 
condensing agent and solvent. Polyformal and copolyformals were synthesized by 
the solution polycondensation of 2,2-bis(4-hydroxyphenyl)-1,1,1,3,3,3-
hexafluoropropane (BPAF) and/or 2,2-bis(4-hydroxyphenyl)propane (BPA) with 
dichloromethane at 75°C in NMP in the presence of potassium hydroxide o 
Polycarbonate and copolycarbonates were synthesized by the phase-transfer­
catalyzed polycondensation of BPAF and/or BPA with trichloromethyl 
chloroformate at ambient temperature in the two-phase of aqueo~s sodium 
hydroxide and 1,2-dichloroethane using tetra-n-butylammonium bromide as 
catalyst. Polyazomethines and copolyazomethines were synthesized by the 
solution polycondensation of 2,2-bis[4-(4'-aminophenoxy)phenyll- and 2,2-
bis(4-aminophenyl)-1,1,1,3,3,3-hexafluoropropane and/or 2,2-bis[4-(4'­
aminophenoxy)phenyll- and 2,2-bis(4-aminophenyl)propane with aromatic 
dialdehydes mainly at room temperature in m-cresol. 

Moderate- to high-molecular-weight fluorine-containing polymers with reduced 
viscosities up to in the order 0.37, 1.15, 1.55, 4.62, 0.54 and 0.41 dL/g were 
successfully obtained under the conditions. The yields of these polymers were 
mostly quantitative o 

The most remarkable difference in properties was observed in solubility and 
mechanical and thermal behavior. Most of the fluorine-containing polymers, 
particularly homopolymers, were easily soluble in polar aprotic media and even 
in common organic solvents at room temperature, in which the homopolymers 
without fluorine were insoluble. Clear, tough and flexible films of the 
polymers, except polyketones, could be cast from their solutions. From the 
mechanical measurements of the films, the introduction of fluorine atom into 
the benzimidazole, carbonate and azomethine polymers was found to increase 
considerably the pliability of the films. In polymers I, IV and V, the 
differences in surface properties such as contact angle (8) formed by water 
and/or critical surface tension (y) and/or in optical properties such as 
refractive index (n) were also so clear. The 8, y and n of BPAF-based 
homopolycarbonate were 91°, ca o 20 dyn/cm and 1 0426, respectively, at 25°C, 
whereas BPA-based homopolycarbonate with no fluorine atom had the respective 
values of 84°, 42 dyn/cm and 1 0585 , Thermal stability of polymers I, V and VI 
was clearly improved by introducing fluorine atom and increased monotonously 
with the increase in fluorine content, Fluorine-containing ketone, 
benzimidazole, benzothiazole and azomethine (homo)polymers showed high thermal 
stability, the weight residue at 500°C in air all being more than 90% 0 The 
glass transition temperatures of the copolyformals decreased monotonically 
between those of the two homopolymers as BPAF component was increased, whereas 
those of the copolycarbonates increased. 
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Mechanical Damper Using Piezoelectric Composi tes 

Y. SUZUKI and K. UCHINO, Department of Physics Sophia 
University, 7-1 Kioicho, Chiyoda-ku, Tokyo 102 and 

H. GOUDA and M. SUMITA, Department of Textile and Polymeric 
Materials Tokyo Institute of Technology 2-12-1 
Ookayama, Meguro-ku, Tokyo 152 

A new mechanical damper using piezoelectric flexible 
composites is proposed in this paper. 

The principle of the piezoelectric damper is converting the 
mechanical vibration energy to electrical energy, and this 
electrical energy is consumed to heat by resistance. When the 
piezoelectric material is vibrated by stress, electric charge is 
induced on the surface, and the vibration is sustained by ·this 
induced field. If this electrical energy is dissipated through 
an external resistance before this energy is transfomed back into 
mechanical vibration energy through the piezoelectric effect 
again, it can be expected to have an effect on the damping. The 
previous paper 1) reported that piezoelectric ceramics are 
applicable to a damper, but those have some problems in 
flexibility and durability. 

We have pewly investigated flexible mechanical dampers using 
piezoelectric composites. This damper consists of polymer 
containing piezoelectric ceramic powder and carbon black instead 
of an external resistance. ( See Fig. 1 ) Piezoelectricity and 
conductivity can be controlled by volume fraction of ceramic 
powder and carbon black. Figure 2 shows the damping time constant 
T change with fraction of carbon black x. Drastic decrease of T 
is observed around x=0.074 • 

This type composite damper will be applicable to equipments 
mounted on a car or audios apparatus. 

Referance 
1) T.Ishi and K.Uchino J.Jpn.Ceram.Soc. 96(8)863-67(1988) 
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Fig.1 Piezo-ceramic: polymer: carbon 
composites for mechanical damper. 
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STUDIES ON THE DEVELOPEMENT OF AN OPTICAL FIBER SENSOR 

FOR THERMOCHEMICAL ANALYSIS 
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JAPAN ) 

For in vivo monitoring of various kinds of temperature in the 

human body . several kinds of themal sensors have been developed 

mainlY using temperature detection system. In this study. we 

made a fundamental research for the development of themal sensors 

based on spectroscopic detection with liquid crystal membrane . 

The sensor system consists of an optical fiber . membrane of 

which spectroscopic characteristics change according to the 
t emperature. and a spectrophotometer. By attaching the membrane 

at the tip of the optical fiber. we can 

i n its optical properties such as reflection 
fiber and the spectrometer was connected 

measure the changes 

spectra. The optical 
wi th a speci ally 

prepared optical system and a xenon lamp was used as a light 

source. 
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Aya Tsunoda*, Yoshiko Tomioka*, Akiko Kaneko*, Tadao 
Fujie*, Nobuharu Takai**, Hidefumi Uchiyama**, Yasuhiro 
Fukuii , Ichiro Sakuma·, Shoji Nagaoka2, Kazuhiro 
Taguchi2,Toshiyuki Hirai**, andYoshihiro Kumagai*** 
(Kyoritsu College of Pharmacy*, Institute of Industrial Science, 
University of Tokyo**, Tokyo Denki University·, Toray2, and 
Biomaterial Research Institute***) 

The ligand-receptor interactions like antigen-antibody, enzyme­
substrate, hormon-receptor etc.,which have key roles in living bodies, are 
based on the specific recognition of counterpart molecules. The versatility 
of immunological recognition capacity of antibodies are used for many 
research and diagnostic purposes. Especially, the monoc1onal antibodies 
are sensitive and useful probes to detect versatile target substances. The 
fixed mono clonal antibodies on the artificial membrane can be used as 
recognition elements of antigens by converting the antibody-antigen 
reaction to the detectable signals. This study has been aiming at the 
construction of antibody-utilized immune sensor by detecting the optically 
converted signals from antigen-antibody interaction. 

The model system to assay the concentration of human serum 
albumin (HSA) was designed by setting the hardware as shown below. The 
actual sandwich detection of HSA was facilitated by using two mono clonal 
anti-HSA antibodies which recognize different epitopes each other. The 
quantity of HSA recognized by membrane bound antibodies was detected 
by biotin-coupled second mono clonal antibodies and peroxidase-labelled 
avidin, and finally converted to the enzyme/substrate reaction This system 
enables us to detect the nanogram-quantity of HSA in the body fluid. 
The further improved system to measure the bound antigen directly is now 
underway. 
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IN-SITU PREPARATION OF SILICON CARBIDE WHISKERS 
IN SILICON NITRIDE PO~~ER 

s. Y~l~DA (The Nishi Tokyo Univ.) 
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E. YASUDA, Y. TANABE (RLEM, Tokyo Inst. Tech.) 
T. IIDA, T. KAWASAKI, H. ABE (Tokai Univ.) 

A preliminary research work1 ) concerning in-situ preparation of silicon 
carbide whiskers (SiC-w) in silicon nitride powder (Si 3N4-P), suggested 
that the density of hot-pressed body derived from the mixture containing 
in-situ prepared SiC-w was improved; whereas the diameter of thus formed 
SiC-w were found to be thinner than of industrial product SiC-w, and the 
strength of the hot-pressed specimens was not superior to that of the 
physically mixed derivatives. 
An approach was further made to improve the diameter, resulting in the 
thicker whiskers than that of the industria12 ). However, the procedure to 
get the thicker ones, needed the pressure, being higher than normal . It is 
not always convenient to apply to the continuous process in industry. 
In this article, a new catalyzer, iron oxide powder, having a certain 
range of diameter, to obtain thicker SiC-w in-situ in Si 3N4-p under 
normal pressure was described. Efforts were made to improve the strength 
as well as fracture toughness, but the homogeneity of hot-pressed 
specimens was found not to be good enough yet to give the superiority to 
the physically mixed derivatives. As a result of the detailed observation 
of a physically mixed specimen, having shown the ·highest strength and 
toughness, its homogeneity was still superior to that of the in-situ 
preparated, i.e. chemically mixed ones. Details of the flexural strength 
and fracture toughness, determined by SENB-method, are presented, in 
comparison with those of physically mixed specimens. It was consequently 
made clear that the in-situ preparation procedure is not enough to improve 
the homogeneity. Any additional idea must be needed for further 
improvement. 

1) S. YAf'1-\DA et al., J. ~Iater. Research, ~, 538-544 (1988). 
2) S. Y~l-\DA et al., Ceramic Transactions, 1, 259-275 (1988). 



PROCESS OF EPITAXIAL GROWTH OF Fe ULTRA THIN FILM ON Cu SUBSTRATE 

K.Doi, S.Mitani. H.Toyoda. M.Matsui and M.Doyama tl 

Dept. of Material s Science and Engineering. Nagoya Univ .. Nagoya 

llDept. of Materials Science. Nishi Tokyo Univ .. Uenohara. Yamanashi 
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At room temperature. the stable crystal structure of iron is the bcc structure. 
while fcc structure can be stabilized as a precipitate in supersaturated CuFe 
alloy and as a thin film on Cu substrate. From band structure calculations. 

magnetic behavior of fcc-Fe is predicted to be strongly dependent on the lattice 
constant. Recently we reported the ferromagnetic properties of multilayered 

fcc-Fe/Cu thin films grown on a Cu(OOl) single crystal substrate by MBE. Now we 

tried to get the epitaxial growth of Fe on Cu(lll) substrate under the same 
conditions of Cu(OOl). but it became the bcc structure. To investigate the 
difference of growing process. we prepared the samples under the various 

conditions by the MBE method. 

We prepared [2.8--10 ML Fe/Cu(OOl)] and [2--10 ML Fe/Cu(111)] mul ti layers. 
The samples were grown under the vacuum better than 2x 10- 11 Torr. The 

evaporation rate was about 1A/min and the substrate temperature was about 50°C. 
Furthermore we prepared Fe/Cu(lll) overlayers under 

the various evaporation conditions. Structure of films 
was studied by RHEED and X-ray diffraction. Magnetic 
properties were studied by SQUID and VSM. 

The RHEED patterns of Fe layer in the film on Cu(OOl) 
are in good agreement with that of Cu substrate before 

growth. It means that Fe layer is grown on Cu(001) 

epitaxially with layer by layer fcc structure. The 
fcc-Fe showed ferromagnetism whose magnetic moment is 
2. O± 0.1 JL 8 . Fig.1 shows the RHEED patterns of 

(a) eu (111) substrate before growth. (b) Fe layer (3ML) 
grown on Cu(l1l) under a pressure of 2x 10- II Torr and 
(c) Fe layer (3ML) on Cu(11l) under a pressure of 

8x10- 10 Torr. Analyzing the RHEED pattern of Fig.1(b) 

we found that island-like bee-Fe was grown on Cu(lll) 
substrate. The direction relationship at the interface 

between bcc-Fe and Cu substrate is satisfied by both of 
K-S and N-W relationships. On the other hand Fig.1(c) 
shows fee-Fe structure. where the pressure is higher 

than F ig.1(b). I t should be noted that crystal structure 
of the Fe films is dependent on the pressure. 

We tried a computer simulation of these process of the 
epitaxial growth using a pair potential. 

(a) 

(b) 

(c) 

Fig. 1 



NEW CONDUCTING POLYMER COMPOSITES 

J.H. HAN. T. MOTOBE. Y.E . WHANG and S. MIYATA 

Department of Materials Systems Engineering. Tokyo University of Agriculture and 

Technology. 

We have developed highly electrically conducting polymer-composites of 

polypyrrole and poly(vinyl acetate} using chemical oxidation polymerization. The 

most attractive feature of this method lies on that the polymerization of 

pyrrole follows after fabrication. 

After controling an oxidation potential by dissolving poly(vinyl acetate} and 

FeCl 3 in methanol. pyrrole was added with stirring. When the mixture solution 

is casted on the substrates. polymerization imediately proceeds with solvent 

evaporation which causes an increase in the oxidation potential. The electrical 

conductivity of solution-casted composite depends on the initial oxidation 

potential of the solution as well as on the incubation time in solution 

state before casting. When kept in solution state for a long time. phase 

separation of poly(vinyl acetate} and polypyrrole occures which results into 

very low conductivity. When casted within specified time. the polymerization 

of pyrrole progresses close to the optimum oxidation potential condition due 

to the evaporation of solvent. If the initial oxidation potential of the 

solution is either too low or too high. the prepared solution-casted composites 

show poor electrical conductivities. The optimum range of initial oxidation 

potential of the solution is 480~560mV(vs. SCE). The electrical conductivity 

shows percolation behavior in the vicinity of about 3wt.% of monomer ratio 

and it reaches lOS/cm when only 5wt.% of pyrrole monomer is incorporated 

under optimum condition. Moreover. the composites show a good environmental 

stability. 

Based on the above techniques. we also tried to fabricate conducting polymer 

composite fibers. Conducting polymer fibers can be prepared by a conventional 

solution spinning technique from the mixture of pyrrole monomer with poly 

(styrene) or poly(acrylonitrile} . The mixture was extruded into non-solvent 

solution containing oxidizer. The conducting composite fibers exhibit an 

electrical conductivity as high as 20S/cm. 



Low Temperature Growth of /3 -SiC Films on Si Substrate 
by Direct Carbonization Method. 

Yasuaki Hirano 
Master Course, Graduate School of Engineering, Hosei Uni"versity 
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/3-SiC is an attractive material since it is a wide band-gap 
semiconductor with a high breakdown voltage, a high saturation velocity, and 

a high electron mobility. It is an interesting material which is applicable to 
an emitter of a high-speed, hetero-bipolar transistor. Recently, the hetero­

epitaxial growth of a /3 -SiC film on Si has been studied by using a CVD 
technique. The previolls work has shown that the epitaxial temperature is in 
a range of 1300-1400CC when the film is formed by CVD. The epitaxial temper­

ature is too high to apply the film growth to a conventional Si device process 

In other words, low temperature growth of a /3 -SiC film on Si is strongly re­

quired to fabricate the hetero-bipolar transistors in integrated circuits. 
In this work, the hetero-epitaxial growth of a /3 -SiC film on Si has been 

examined by a new technique. The growth is made by a thermal reaction 

between the substrate and carbon atoms sublimated from a high purity graph­

ite. The growth temperature is ranged from 800 to 1100CC. The atomic compo­
sition of the film grown is analized by a RBS method. The crystalline proper­
ties of the film are examined by XRD and RHEED methods and also by channel­
ing measurements. It has been 
demonstrated that film proper­

ties depend strongly upon the 

substrate temperature during 
carbon deposition. It is found 
that the epitaxial growth initi­
ates when the deposition is done 

at 900~. Great improvement of 
the crystalline state can be 
achieved in the film grown at 
1100~, as shown in Fig.1. The 
hetero-epitaxial growth of a /3-

SiC film on Si will be discussed 
based on the data of properties 
of films grown under various 

conditions. 
Fig.l The RHEED pattern of a /3-

SiC film grown on (l11)Si at llOOCC. 



Molecular Recognition through Selective Intermolecular Hydrogen 

Bonding for a New Functional Liquid Crystalline System 
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Norifumi Hirota. Takashi Kato, Akira Fujishima and Jean M. J. Frechet+ 

Department of Synthetic Chemistry, Faculty of Engineering. 

The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan. 

+Department of Chemistry, Baker Laboratory. Cornell University, 

Ithaca, New York 14853-1301, U.S.A. 

A new type of photoresponsive liquid crystalline (LC) polymeric 

system has been built through selective intermolecular hydrogen 

bonding between a liquid crystalline polymer matrix and the photo­

responsive molecule. The liquid crystalline copolyacryrate containing 

the pyridyl group which is H-bond acceptor moiety has been complexed 

with the azobenzene derivative containing the carboxyl group which is 

H-bond donor. This hydrogen-bonded binary polymeric material formed 

by intermolecular hydrogen bonding showed a nematic phase. which was 

highly homogeneous. Photoirradiation to the hydrogen-bonded LC 

complex at 366 nm light caused the trans-+cis photoisomerization of 

the azobenzene molecule. which induced the nematic-+isotropic iso­

thermal phase transition of the matrix. The photoinduced phase 

transition was not clearly observed for a simple mechanical mixture. 

This shows that the intermolecular hydrogen bonding between the LC 

host and the photoresponsive molecule is much effective for the photo­

chemical phase transition. The hydrogen-bonded LC polymeric material 

is a new type of functional host-guest system and seems to have great 

potential for advanced materials. 



Structures and Mechanical Properties of Squeeze Cast 

SiCw Reinforced Al-Li Metal Matrix Composites 

Abstract 
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- S.K.Hong 

The increasing need for light-weight, high-strength and cost-effective 

materials for structual applications has resulted in significant improvement and 

development of new advanced materials such as Al-Li alloys, MMC and Ti alloys. 

Li thium additions to an aluminium are known to provide the greatest density 

reduction and increase in elastic modulus of any known alloying element. It is 

considered that the most variable MMC with high specific strength and high 

specific elastic modulus can be obtained by combination Al-Li alloys and SiCw. 

However, it has been well known that sound Al-Li alloys cast ingots are very 

difficult to obtain using conventional cast technique. Thus, in this study, the 

sound MMC ingots have been successfully fabricated by specially designed squeeze 

casting under open atmosphere. This study has investigated age hardening 

behavior, mechanical properties and interfacial reaction behavior between 

reinforcement and matrix for castings and hot-extruded materials. In general, 

MMC based on Al alloys has not shown prominent age hardening effect because the 

the formation of G. P zone was delayed and metastable precipitation phase was 

preferencially precipitated on defects . But SiCw/AI-Li MMC has shown prominent 

age hardening phenomenon resulted in precipitation of ~' (AlsLi)during quench 

after the solution treatment at 793K for 10 minutes. The coarsening phenomenon 

was accelerated in MMC compared to matrix alloys. MMC obtained by melting 

process and squeeze casting in this work has not shown an obvious interfacial 

reaction products between SiCw /matrix interface. 

-;Graduate Student,Tokyo Institute of Technology (Meguro-ku,Tokyo) 



High Pressure Sintering of Diamond-Cobalt System 
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Sintered diamond compact was prepared using mixed powder of diamond and 
cobalt powder at a temperature of 1550 °c under a pressure of 5.5 GPa. Mixed 
powder was prepared by the precipitation method of cobalt solution. 

Microstructure of diamond-cobalt powders was observed by SEM to clear the 
dispersion condition of cobalt. fig.1 shows the BEl of diamond-cobalt mixed 
powders. The figure shows that fine cobalt particles (0.3 #m dia) was dispersed 
around the surface of diamond powders. Such homogeneous mixture could be 
obtained when we use CO(OH)2 precipitation method at low reduction temperature 
(400 °C). fig.2 shows BEl of the fractured surfaces of sintered compacts. From 
the figure it can be observed that using fine cobalt dispersed powder was 
sintered wel I. 

Dispersion experiment of commercial synthetic diamond powder (2-3 #m) into 
the organic solvents was studied to improve dispersion of diamond powder. 
Diamond powder was dispersed well in a 2-Ethyl hexanol. This result suggests 
that surface of synthetic diamond polarized sI ightly. 

Fig.1 BEl of diamond-cobalt powder. CO(OH)2 precipitation method. Reduction 
Temperature: (A); 400 °c ( Co 12.5 vol% ), (B) 800 °c ( Co: 22.6 vol% ). 

Fig.2 BEl of fractured surface of sintered diamond. (A); CO(OH)2 precipitation 
method. Reduction Temp. 400 °c. ( Co: 12.5 vol% ), (B) CoCl2 precipitation 
method. Reduction Temp. : 800 °c. ( Co: 13 vol% ). 
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rSynthesis and properties of YBa2Cu40s-xJ 
Hiroshi Iwama,Naoki Ohasi,Hisako Hirai A , Hiroyuk i IKAWA and Osamu FUKUNAGA 
Faculty of Enhineering ,Tokyo Institute of Technology,Meguroku Ookayama Tokyo 
Reserch Laboratory of Enjineering Materials,Tokyo Institute of Technology 

The well-known 90K superconductor YBa2Cu307-x(123) was discovered in 1986 . There 
are another superconducting phases VBa2Cu40s-x(124),V2Ba4Cu70t5- x(247),and they 
differs from 123 in Tc,number of Cu-O chains. 
Unlike the 123 compound,especial ly,124 is more stable phase at high temperature. 
The 123 phase is very sensitive compound by oxygen defect and 124 is much more 
stabe against high temperature than that of 123 . 

It was said that 124 phase was only synthesized at 1000°C,high oxygen pressure 
(100-200bar).But recently,124 is synthesized at 1 bar oxygen pressure. 

We synthesized 124 compound by two starting materials, "123+CuO" , "Starting 
mixture ratio V:Ba:Cu=I:2:4" and oxygen pressure,Po2 «lObar. 
Properties were mesured by powder X-ray diffraction patern(XRD),Tc Messurement, 
magnetization mesurments(SQUIO),TEM. 

@ Resu I ts 
1.The 124 phase can be synthesized from "123+CuO" "Starting mixture rat io V:Ba 
:Cu=I:2:4" at 1 bar oxegen pressure .The 124 phase could be obtained easi Iy by 
the former method. 

2. High oxygen pressure is more effec ive to "123+CuO" method. 
3.The present results suggested that 124 synthesized by the process. 

Mixture materials-+123+impurity(CuO)-+124 
Mic ro structure of 124 phase wi I I be reported to confirm above process. 
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Rapid Thermal Annealing for High-Energy Ion-Implanted Si 
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Recently, high energy ion implantation in Si substrates has been widely 

studied as a means of forming novel device structures such as a retrograde 

well for CNOS latch-up protection, a buried layer for soft error reduction of 

dynamic RAMs and a subcollector of bipolar transistors. The previous work, 

however, has shown that annealing process in Si implanted with high energy 

ions in a MeV region is much complicated as compared with low energy im­

plants. For example, a high density of secondary defects grow in Si substrates 
when they are processed through furnace annealing. (1) This is why the 

applications of high energy implantation to a silicon device fabrication process 

are limited at the present time. 

In order to search for an annealing technique which is useful to high 

energy implantation, the effects of rapid thermal annealing (RTA) on the 

annealing characteristics and electrical properties of As-implanted layers in Si 

has been studied. Arsenic implantation is carried out at incident energy of 

HfeV to a dose of lxl015 Icm2 . Annealing process is examined by HBS meas­

urements and by XTEM observations. Electrical properties for As-implanted 

layers are evaluated by electrical measurements. It has clearly shown that 

the growth of secondary defects can be effectively suppressed by using RTA, 

as shown in Fig.1. From the results obtained in this work, it is concluded 

that RTA is useful for annealing of high-energy ion-implanted Si as compared 

with conventional furnace annealing. 
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(l)T.lnada et aI, J.appl.Phys. Nov.(1990) 

~ ·~.:<r : 
._' .~#: .. " ; ~~'! .~~::..~::; j 



Photochemical Valence Isomerization of Norbornadiene Derivative 

Using Multifunctional Polymeric Photosensitizers 
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Polymeric photosensitizers are of interest in VIew of development of 

effect i ve photos ens i tizing sys tern In organic photochemis try and progress In 

solar energy storage processes using norbornadiene (NBD) - quadricyclane (QC) 

derivative systems. However, the efficiency of these photosensitizers was 

generally lower than. that of the corresponding low molecular weight (LMW) 

photosens i t izers used. Recently, we proposed (1-3) the concept of 

mul tifunctional polymeric photosensitizer having pendant substrate-attracting 

groups and photosensitizing groups, and it was found that the polymers 

containing pendant substrate-attracting groups and photosensitizing groups have 

higher photosensitizing efficiency than the LMW photosensitizers for 

photochemical isomerization of potassium cinnamate and potassium sorbate in 

water. Therefore. our sensitizers might also be applied to the solar energy 

storage process of NBD - QC derivative system. In this paper, we wish to 

report the efficiency of soluble polymers and insoluble polystyrene beads 

con taining pendant ni troary I groups as photosens i tizers and quaternary OllIum 

salts as substrate-attracting groups for the photochemical valence 

isomerization of potassium 3- phenyl-2,5-NBD- 2-carboxylate ePNC) In water or 

methanol. 

Photosensitized isomerization of PNC was carried out in water and methanol 

upon the irradiation with )330 nm 1 ight. The disappearance of the absorption 

maximum at 290 nm of PNC was measured by UV spectrophotometer. These results 

indicate that the soluble and insoluble multifunctional polymeric 

photosensitizers containing pendant photosensitizing groups and 

substrate-attracting groups have higher photosensit ization efficiency than the 

LMW photosensitizers. Furthermore, it was found that the photosensitization 

efficiency was strongly affected by the content of photosensitizing unit in the 

polymer, the concentration of photosensitizer In the reaction system and 

reaction medium. 

1) T. Nishikubo et aI., Macromo lecules, 21, 1583 (1988) 

2) T. Nishikubo et al., Makromo 1. Chem. , 190, 1471 (1989) 

3) T. Nishikubo et al., Macromo lecules, 22, 3827 (1989). 



M~O 

PRECURSOR OF THE 74 GAUSS DOUBLET IN a-Si02 

Manabu Kitagawa, Shuji Munekuni, Hiroyuki Nisikawa, 
Kaya Nagasawa*, Yoshimichi Ohki, and Yoshimasa Hama 

Department of Electrical Engineering, Waseda University, 
3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169, Japan. 
*Department of Electrical Engineering, Shonan Institute of 
Technology, 1-1-25 Tsujido-Nishi-kaigan, Fujisawa, Kanagawa 
251, Japan. 

It has been previously reported that when y-rays are 
irradiated in high doses(>10 6 rad), 74 gauss doublet spectra 
inelectron-spin-resonance (ESR) can be observed in high-OH 
type pure silica glass. In the present report, y-rays were 
irradiated on high-OH and low-OH oxygen deficient silica 
glass preform and optical fiber samples, and then ESR 
measurement was done. The 74 gauss doublet is only induced 
in the low-OH oxygen deficient optical fiber sample while in 
high-OH optical fiber and both type of silica glass preform 
samples, it is not. The structure responsible for the 74 
gauss doublet is suggested to be El type center, whose one 
of the three nearest oxygens is replaced by the impurity 
proton. From the data, it may be assumed that during fiber 
drawing, defects in low-OH oxygen deficient sample must have 
reacted with protons which existed in silicone cladding, and 
resulted to be the precursor of the 74 gauss doublet. 

Manabu Kitagawa 
Waseda University 
Dept. of Electr. Engi., Ohki Laboratory 
3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169, Japan. 
Tel:03-203-4141 ext. 73-3167 
Fax~03-200-2567 



ELECTROCHROMIC COPPER OXIDE FILM BY ELECTRODEPOSITION 

T.Kojima, T.Yoshino, N.Baba 
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Many of transition metal oxides are known as the electorochromic 

material.Up to now ,however,about copper oxides, there are few 

reports with EC phenomena in detail. 

In this study,copper oxide film was obtained by erectrodeposition 

method using copper-ammine complex electrolyte and its EC property 

and others were investigated. 

To prepare the electrolyte,NH40H(conc.) was added to O.005M CuS0 4 

-O.015M (NH4)2S0 4 mixed solution up to pH=9.4.In this electrolyte, 

using NESA glass as a working electrode,electrodeposition was 

performed at a constant potential 900mV (vs.SCE) and brown thin 

film was obtained.In O.lM NaF solution this film showed change in 

contrast by applying redox potentials;fading at OmV and growlng 

dark at 900mV respectively.Figure 1 shows cyclic voltammetric 

curve and simultaneously measured optical density at 500nm 

wavelength.By the XPS measurement,it is considerable that this 

film is mainly composed of Cu(rr) oxide (shown in figure 2). 

....... 
E 80 
u --<X: 
::1. 

>- 40 
t-
tf) 
Z 

~ 0 
t­
Z 
w 
~-40 
::J 
u 

Fig . l 

sweep rate=lOmV/sec 
A= 500nm 

o 300 600 

POTENTIAL (vs .SCE) 

900 

0.30 

>­
t-

0.25 If) 

z 
w 
o 

0.20 -...l 
<X: 
u 
t­
o.. 

0.15 0 

Cyclic voltammogram of CuOx in 0.1 M 

NaF solution and its change in optical density 
measured at 500nm 

Cu20 

>-
I- CuO 
In 
z 
W 
t-
Z 

Cu2p 

960 940 920 
BINDING ENERGY (eV) 

Fig .2 Cu 2p ~ ray photoemission sped ra 



M-12 

A New fabrication Tecfi»n/que 
Oxldel Metal Composites 

by Controlled-Dlrected-
for 

Oxidation Process 

s. Kokubo1), Y. Kagawa2), A. Okura3) 

1) Graduate School Student, Tokyo Institute of Technology, 
4259, Nagatsuta-cho, Midori-ku, 

Yokohama-shi, Kanagawa 227, Japan 

2) Institute of Industrial Science, The University of Tokyo". 
7-22-1, Roppongi, Minato-ku, Tokyo 106, Japan 

3) Institute of Space and Astronautical Science, 
3-1-1, Yoshinodai, Sagamihara-shi, Kanagawa 229, Japan 

ABSTRACT 

A new fabrication process of oxides/metal composites by 
controlled-directed-oxidation process (CDO process) has been 
investigated using model aluminum alloys. Possibility of in-situ 
formation of A1203/ { Si} composite materials by controlled­
directed-oxidation of liquid Al-Si-Mg alloys was examined. The 
typical composite was obtained by oxidizing an aluminum melt 
in dry-air at temperatures of 1400 to 1700K for 5-30h. 
Microstructures of the composites were observed in detail. A 
method for simple modeling of the growth kinetics is discussed. 
The effects of additive elements on the growth mechanism of the 
A1203/ { Si} composite can be explained by the simple model. 
Application of this process for the SiC(PCS) fiber-reinforced 
A1203/ { Si} matrix composite is also discussed. 
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New Microporous Glass-Ceramics Composed 
Skeleton and Their Application to 
Immobilization of Enzymes 

of Ca Ti4(P04)6 
Carriers for 

R MAENAMI, T. NARUSE, R HOSONO and Y. ABE 
Department of Materials Science and Engineering 
Nagoya Institute of Technology, Nagoya, JAPAN 

T. SUZUKI and M. TORIY AMA 
Government Industrial Research Institute, Nagoya 

Recently, ceramic materials have attracted much 
attention in the field of biotechnology. Although porous 
ceramics are very important as carrier materials for 
immobilization of enzyme, research has been so far limited 
to Vycor glass® composed of 96% Si02. Since Si02 
dissolves in alkaline solutions with pH>9, application is 
restricted to enzymes which have optimal pH in the neutral 
and acidic regions . We have developed a new microporous 
ceramics by a controlled crystallization of glasses in the 
CaO-Ti02-P205 system and subsequent acid leaching. Their 
skeleton is composed of CaTi4(P04)6, and the mean pore 
diameter and surface area are 24nm and 90m2/g, 
respectively. These ceramics are very durable in both 
acidic and alkaline solutions because of high Ti02 content. 
We have examined these new porous glass-ceramics as 
carriers for immobilization of alkalophilic proteinase with 
an optimal pH in the alkaline solution, and found that the 
present porous glass-ceramics are supenor to the 
conventional porous silica glass. 
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Preparation of Powder ACEL Device Using Alumina Dielectrics Formed by 

Sol-Gel Method. 

M.Mori, T.Yoshino, S.Morisaki, N.Baba 

Tokyo Metropolitan Univ. 

A simple preparation of powder ACEL device using alumina dielectrics 

has been obtained by sol-gel method. 

Aluminium triisopropoxide was mixed with pure water in the mole ratio 

of 1:100, and it was hydrolyzed at 150·C for 2 hours with stirring. It 

was peptisated by dropping HCl, and white semitransparent alumina sol 

was obLained. This alumina sol was coated on NESA glass by screen 

p r i n L i n g met hod, aft e r b e i n gag e d a t 7 5 - 85 ·C r 0 r s eve r a 1 h 0 u r s. The 

phosphor (ZnS:ClI) dispersed in alllmina sol was coated on lhe first 

a I u mill a I aye ran d i 1 was d r i e d all 5 U nc r 0 r Z h 0 u r s. A I u m i n a sol was 

again coated on this layer, and dried. Finally alumlnum plate was used 

for reflecting back electrode. 

Figure 1 shows the change in luminance-voltage characteristic of the EL 

device and Figure Z shows EL spectra measured at various AC frequencies. 

From this study, it was found that the alumina prepared by sol-gel 

method can be used for dielectrics of powder ACEL device. And it was 

shown that the emission of the EL device was observed from 30Y, and the 

luminance at ZOOY was 40cd/cm 2 • 
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Thermal Decomposition of 9A12D3'2B203 Whiskers into 
A1203 Whiskers and Preparation of its Composites 

M~5 

o Harufumi MUTOH, Kiyoshi OKADA, Nozomu OTSUKA 
Department of Inorganic Materials, Tokyo Institute of Technology 

and Toyohiko YANO 
Research Laboratory for Nuclear Reactor, 

Tokyo Institute of Technology 

Recently 9A1203'2B203(abbreviate to AB) whiskers, which have a 
similar structure with mullite, are commercially available from 
Shikoku Chemicals Co. These whiskers are reported to decompose 
into a -Al203 and melt phase above 1440~. Thermal decomposition 
reaction of these whiskers are, therefore, investigated. The AB 
whiskers were found to convert to a -A1203 topotactically suc­
ceeding a whisker shape by firing above 1440~ and B203 component 
disappeared by vaporization. The crystallographic orientation 
relation between two whiskers was as follows; 

[lOlO]A1203//[001]AB (elongated direction) 
(0001)A1203//(120)AB. (side planes) 

Four kinds of Al203 whiskers which have the different crystal­
lographic orientations have been reported. The whiskers obtained 
in this study corresponded to the A2 type. During the conversion 
from AB to Al203, a ring-like pattern probably caused by the 
defect structure was observed inside the AB whiskers as shown in 
Fig. 1. Since no discontinuity of the lattice image was detected 
except the different contrast even in high resolution electron 
micrographs, the reason of this ring pattern was uncertain. 

Composites of Y-TZP/Al203 whiskers were prepared by firing the 
compact ion of mixtures of Y-TZP and AB whiskers using the con­
vertion reaction of AB to a -Al203 and B203 evaporation at high 
temperature. The composites with less than 20% Al203 composition 
was able to be densified by firing above 1500~. Distinct grain 
growth, however, occurred in Y-TZP particles during the firing 
probably by the reaction with melt phase. It caused the 
tetragonal to monoclinic transition for zirconia and brought down 
heavy cracking for the composites with high A1203 content. 

Fig.l TEM micrographs of AB and A1203 whiskers. 



MOSSBAUER EFFECT OF MAGNETIC PHASES WITH ULTRA 
FINE STRUCTURE OF Fe73.sCulNb3Si13.sB9 

H. Nakabayashi. M. Doi and M. Matsui 
Dept. of Materials Science and Engineering,Nagoya Univ. ,Nagoya 

Y. Yoshizawa and K. Yamauchi 
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Magnetic and Electronic Materials Research Laboratory, Hitachi Metals Ltd., Kumagay; 

L Purpose: Recently, a new soft magnetic 
material Fe73.sCulNb3Si13 . sB9 was reported 
by Yoshizawa and Yamauchi. They found that 
the alloy had an ultra fine structure at a 
maximum permeability. To make clear the 
relation between the high magnetic 
permeability and magnetic phases with ultra 
fine structure, the magnetic properties and 
the process of precipitation at various 
annealing temperatures of Fe73.sCulNb3Si13.S 
Bs were investigated. The magnetic phases 
were identified by the analysis of the 
precise M6ssbauer spectra. 

2. Experimental methods: Amorphous 
Fe-Si-B-Cu-Nb alloy ribbons were prepared 
by the single roller method. Thermal 
annealings of these ribbons were carried 
out in the temperature range from 450 to 700 
·C. The m a g ne ti c pro per tie s 0 f them Vi ere 
measured and the precipitated phases were 
identified by X-ray diffraction. Using the 
results of X-ray experiments, the Mossbauer 
spectra were analyzed. 

3. Resul ts: The Mi::issbauer spectra of an 
as-rolled sample and of annealed at 500, 
5 8 0 and 7 0 0 ·C are s how n i n Fig. LAc cor din g 
to the analysis, the following results are 
obtained. In an as-rolled sample, there 
exist an amorphous phase and a FesSiB2 
phase. The hyperfine field of the amorphous 
phase are evaluated to be 215kOe. At 500·C 
annealing, both of a partially ordered Fe3Si 
and a Fe3B phases slightly appear. As the 
annealing temperature is increased. the 
ordering of Fe3Si phase is developed and 
the volume fraction of amorphous phase 
d e c rea s e s . A t 5 8 0 ·C ann e a 1 i n g , the 
permeability becomes maximum. The volume 
fractions of Fe23B6 and Fe3B phases are 
increased rapidly by the annealing above 
6 0 O·C. w her e the per m e a b i lit y i s d e c rea sed. 
We could say that the highest permeability 
state in Fe73.sCulNb3Sit3.sBs is composed 
of partial-ordered Fe3Si(69%).Fe3B(7%), 
FesSiB2(7%) and amorphous(17%) phases. 
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Saccharide Recognition of 
Ultrafine Platinum Particle-Modified Concanavalin A 

Naoki Toshima, Satoshi Nakagawa, and Yasukazu Saito 
Department of Industrial Chemistry, Faculty of Engineering, 

The University of Tokyo, Bongo, Tokyo 113 JAPAN 

Biological macromolecules generally exhibit speciality 
in molecular recognition. Concanavalin A (Con A) is known 
as a lectin which can recognize saccharide. On the other 
hands, ultrafine metal particles show many valuable 
characteristics such as unusual catalyses for various 
reactions. Combination of the biological macromolecules 
with ultrafine metal particles may provide a new route for 
functionalization of the biological macromolecules. In the 
present studies, Con A is immobilized by covalent attachment 
onto ultrafine platinum particles, and the saccharide 
recognition properties of the modified Con A are 
investigated. 

Immobilization of Concanavalin A onto Ultrafine Particles 
Con A was treated with ultrafine platinum particles 

protected by a copolymer of methyl acrylate and N-vinyl-2-
pyrrolidone. The reference reaction using poly(N-vinyl­
pyrrolidone) as a protective polymer instead of the 
copolymer confirmed the formation of an amide bond between 
an amino group in Con A and a methyl acrylate residue in the 
protective copolymer. 

Saccharide Recogni tion of UI trafine Platinum Particle­
Modified Concanavalin A 

The agglutinating activity of the platinum particle­
modified Con A thus prepared was examined for yeast mannan, 
a blanched polymer of mannose. The agglutinating behavior 
of the modified Con A was similar to that of the native Con 
A. The inhibiting behavior by methyl a-D-mannoside and 
methyl a-D-glucoside for the above agglutination between Con 
A and yeast mannan was also similar to each other for both 
the ultrafine particle-modified Con A and the native Con A. 
The saccharide binding properties of Con A are therefore 
considered to be retained even after the modification by the 
covalent attachment with ultrafine platinum particles. 
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PHOTON ENERGY DEPENDENCE OF DEFECT PHOTOGENERATION IN a-Si02 

Ryuta Nakamura, Hiroyuki Nishikawa, Kaya Nagasawa*, 

Yoshimichi Ohki, and Yoshimasa Hama. 

Department of Electrical Engineering, Waseda University, 

3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169, Japan. 
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*Department of Electrical Engineering, Shonan Institute of 

Technology. 1-1-25 Tsujido-Nishi-kaigan, Fujisawa, Kanagawa 251, 

Japan. 

Photon energy dependence of defect photogeneration in a-Si0 2 
is investigated. Two kinds of excimer lasers were used in this 

study: ArF (6.4 eV) and F2 (7.9 eV). Irradiation was done at 

room temperature in nitrogen gas on four types of silicas 

oxygen-surplus, oxygen-deficient (B 2a), B2S, and high-OH. Induced 

paramagnetic defects were detected by electron spin resonance 

with X band at 77K. For both 6.4-eV and 7.9-eV lasers, El centers 

(=Si-) are observed in all types of silicas. Nonbridging oxygen 

hole centers (=Si-O·) are induced only in oxygen-surplus and B2S 

type silicas for the 6.4-eV irradiation, while in all silicas for 

the 7.9-eV irradiation. Peroxy radicals (=Si-O-O-) are generated 

only in oxygen-surplus silicas irradiated by 7.9-eV photons. The 

observed photon-energy dependence suggests that the excitation 

process is closely related to the defect generation. Defect 

creation mechanisms are also discussed. 

Ryuta Nakamura 

Ohki Laboratory 

Department of E.E., Waseda University 

3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169 Japan 

Tel:03-203-4141 ext. 73-3167 

Fax:03-200-2S67 



Preparation of Barium Ferrate (BaFe04 ) films 
by Electrochemical Method 

° Masaharu NAKATSU, Seung Eul YOO, Nobuo ISHIZAWA and 
Masahiro YOSHIMURA 

(Resarch Laboratory of Engineering Materials, 
Tokyo Institute of Technology) 

Introduction 
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We have studied the preparation of ~,-Fe complex oxide films 
by Hydrothermal-Electrochemical method . During the study, we 
found that well-crystallized BaFe04 film was prepared by 
electrochemical treatments of Fe substrates. Although BaFe0

4 
was 

previously prepared as fine powders by a precipitation method but 
this was reported to be unstable, the film prepared in the 
present study were stable to be characterized. 

Experimental 
Fe plate with 99.9% purity was used as a working electrode 

and Pt plate as a counter electrode, respectively. 
Electrochemical treatments were performed in 0.25-0.5M Ba(OH)2 
aqueous solutions for 60 min by means 20f galvanostatic methoQ 
with the current density of 1-49 mA/cm. Temperature was varied 
in the range of 22-200' C and pressure was 1-16 atm corresponding 
to the temperature. BaFe04 films prepared on the Fe plate were 
analyzed by XRD,SEM and IR. 

Results and Discussion 
BaFe04 was prepared as a film, which were directly formed on 

the Fe plate in Ba(OH) aqueous solutions at 22-90' C. The SEM 
micrograph (Fig.1.) sh3ws the BaFe04 particles having the size of 
0.3-0.8 }lm. 

The amount of BaFe04 increased with increasing current 
density. Up to 70' C, only BaFeO was formed and it's amount 
increased with temperature. Above ~he temperature an unidentified 
phase was formed in adition to BaFe04 . Above 100' C, under 
hydrothermal conditions, another unidentlfied phase was started 
to form instead of BaFe04 · 
Above results indicate th~! 
electrochemical oxdation of Fe04 is prefered at low temperatures 
below 70' C. 

The formed BaFe04 f~lms . 
were stable upon exposurlng alr 
probably because of well­
crystallized one. 

The lattice parameters of a= 
7.323(1),b=9.104(2) and c=5.475(1). 

1) N.Isizawa et al., Proc. Annual 
Meeting of The Ceramic Society 
of Japan, p.506(Kobe,1990) 

Fig.I. SEM micrograph of a 
surface of BaFe04 films 
prepared on a Fe substrate. 
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STRONG PHOTOLUMINESCENCE FROM Si FINE PARTICLES 

Y. Orihara, H. Gomyoh and F.W. Ping 

Department of Communications and Systems, 

The University of Electro-Communications, 

Chofu-shi, Tokyo 182 Japan 
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Strong photoluminescence has been observed in Si fine 

particles prepared by both gas-evaporation and arc-discharge 

techniques. Measurements of the spectral distribution has 

shown that the luminescence consists of a single band at 

about 1 .~~m with a broad distribution, a full width at half 

maximum being typically about O.4~m. According to the trans­

mission electron microscopic study, the particle size formed 

by arc-discharge is widely scattered from several ten angstroms 

to several microns, whereas gas-evaporated Si particles show 

fairly uniform size in the range between 200 and 500 angstroms. 

Crystallographic characterization of Si particles has been 

made by Raman spectroscopy. Silicon particles formed by 

arc-discharge have shown a Raman peak at 520cm- 1 which is 

a characteristic of crystalline Si. The similar Raman spectrum 

has been observed in gas-eLvapora ted . Si after heat-treatment 

at 900 Q C for 3 hours in argon atmosphere. The strong lumi­

nescence observed in Si fine particles has been attributed 

to the recombination via the surface states: A huge density 

of surface states is a characteristic feature of the fine 

particles. Optical absorption spectra of Si fine particles 

are now under investigation. 



PREPARATION AND CHARACTERIZATION OF NOVEL I-NYLON 
BY ANIONIC RING-OPENING POLY~1ERI ZATION 

OF 2-PHENYL-l,3,4-0XADIAZOLIN-S-ONE 

Yasuo SAEGUSA, Yasuhiro OZEKI, and Shigeo NAKM1URA 

Department of Applied Chemistry, Faculty of Engineering, 
Kanagawa University, Kanagawa-ku, Yokohama 221, JAPAN 
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To clarify the structure-properties relationships of 
polyamides, a large number of polyamides have been hitherto 
synthesized mainly by polycondensation and ring-opening 
polymerization. However, it is difficult to obtain the simplest 
polyamides, l-nylons, because both the methods described above 
can not be used for their preparations. The only method 
previously reported was anionic polymerization of 
monoisocyanates leading to N-substituted-l-nylons. We have 
found that a five-membered heterocyclic urethane, 2-phenyl-
1,3,4-oxadiazolin-S-one (PO), undergoes anionic ring-opening 
polymerization in the presence of an appropriate initiator 
giving I-nylon with pendant benzamido groups. The present work 
is therefore concerned with the detailed study of the synthesis 
of a novel I-nylon by anionic ring-opening polymerization of PO 
and also conversion of the resulting ring-opened polymer, N­
benzamido-l-nylon, to N-amino-l-nylon by selective hydrolysis 
of the pendant groups. 

The ring-opening pol~merization of PO was carried out by 
bulk and solution polymerizations by using various initiators, 
such as alkaline metal salts of PO, alkaline metal fluorides 
and tertiary amines. The ring-opened polymer with the highest 
reduced viscosity of 0.11 dL/g was obtained by these methods 
with a 10 mol% of sodium salt of PO to PO. The 11n of this 
polymer was 2,000. The ~1w/Mn ratio was 1.1, indicating that 
this ring-opened polymer has extremely narrow molecular weight 
distribution. Conversion of the ring-opened polymer to N-amino­
I-nylon was successfully attained in reasonable yield in 
aqueous ethanol containing a small amount of hydrochloric acid. 
The IR spectrum of the hydrolyzed polymer showed complete 
disappearance of a strong absorption due to benzamido carbonyl 
groups of the ring-opened polymer, suggesting that hydrolysis 
of the pendant groups occurred selectively~ 

The ring-opened polymer dissolved easily in aliphatic and 
aromatic alcohols such as methanol, ethanol and m-cresol and 
in polar aprotic solvents such as DHAc, DMF, DNSO, HMPA and 
NHP, but insoluble in common organic media and water, whereas 
the hydrolyzed polymer was not soluble in any organic solvents 
but highly soluble in water. The ring-opened polymer and 
hydrolyzed polymer began to decompose at around 200 and 170°C, 
respectively, in air. The reduced viscosity of the hydrolyzed 
polymer in water increased drastically with the decrease in 
polymer concentration. The viscometric behavior agreed well 
with that of usual polyelectrolytes with flexible backbone. 
The conformation of N-amino-l-nylon in solution is, therefore, 
supposed not to be rigid rod-like one similar to that of a­
helical poly-a-aminoacids but to have some flexibility. 



Design 
Hepatic 
to Drug 

of Polymeric Micelle Recognizable by 
Perenchymal Cells and Its Application 
Delivery System(DDS) 

Mitsuaki Gotol, Akira Kobayashil, Seishirou Tobel , Kazukiyo Kobayashi2, 

Kazuhiro Saito3, Toshihiro Akaikel ,3 

1. Kanagawa Academy of Science and Technology, Takatsu-ku, 

Sakado 100-1, Kanagawa 213 

2. Faculty of Agriculture, Nagoya University, Furou-cho Chikusa-ku, 

N agoyashi, Aichi 464 

3. Faculty of Bioscience and Biotechnology, Tokyo Institute of Tech., 

Midoriku, Kanagawa 227 

We have synthesized and examined the properties of lactose­

carrying polystyrene (PVLA), which has been found as an useful surface 

coating material for hepatocyte cell culture. (1) PYLA was recognized 

by hepatic parenchymal cells, and this highly specific recognition could 

be through the asialoglycoprotein receptors on the hepatocyte surface. 

(2,3) Another useful property of PYLA is the micellar formation in 

aqueous solution.(2,3) The PYLA micelle could be potential inclusion 

carriers of drugs in a target-specific drug delivery system. 

In this study, we examined the interaction between hepatic 

parenchymal cells with FITC-labeled saccharide-carrying poly-styrenes 

in vitro and ex vivo by flow cytometory. The PYLA interact much 

better with the hepatic parenchymal cells than with nonparenchymal 

cells . On the other hand, the maltose-carrying polystyrene (PVMA) 

showed binding specificity to the nonparenchymal cells. Moreover, the 
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behavior of PYLA to form inclusion compounds was examined by 

differential absorption spectra. These results suggested that the PYLA 

could bind hydrophobic and hydrophilic compounds effectively in its 

hydrophobic and hydrophilic domains. 

Our result suggested that the saccharide-carrying poly-styrenes 

may be used as a highly specific targeting drug delivery devices. 

References: 

1) K. Kobayashi, H. Sumitomo, Polym. J., 17, 567(1985) 

2) A. Kobayashi, T. Akaike, K. Kobayashi, H. Sumitomo, Makromol. Chem. 

Rapid Commun., 7, 645(1986). 

3) T. Akaike, A. Kobayashi, K. Kobayashi, H. Sumitomo, J. Bioactive 

Compatible Polym., 4, 51(1989) 



Synthesis and Properties of the Ferroelectric 
Liquid Crystals with a Trifluoromethyl 

group at the Asymmetric Cenier 

Akira Sakaigawa and Hiroyuki Nohira 
Department of Applied Chemistry, Faculty of Engineering, 

Saitama University 
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Ferroelectric liquid crystals have been currently studied with great 

interest because of their potential applicability to a wide variety of devices, 
such as displays, light shutters, pyroelectric detectors, and spatial light 

modulations. Therefore characterization of the material and understanding of 

the correlation between the molecular structure and its properties are 
desirable. We noted the material constants such as spontaneous 
polarization(Ps), response time(T), tilt angle(8), rotational viscosity(T]) and 

phase sequence, and discussed the correlation between the molecular 

structure and these constants for the materials with fluorinated asymmetric 

flames. 
We have newly synthesized the ferroelectric liquid crystals with a 

trifluoromethyl group as shown by the following structure. 

R-(~) ~ } y -{ }ZyHR' 
X CF

3 

These materials generally possess a large spontaneous polarization and 

short response time, however these properties are mainly affected by the 
structure of the spacer group Z. For example, the materials having 

-CH20- as a spacer group possess extremely large spontaneous 

polarization(300nC/cm2), while having -COCH2- group possess a two order 

small one. The stability of chiral smectic C phase(Sc*) on the other hand is 
largely affected by R and R'. The temperature range of the Sc* phase is varied 
with the length of R, while the appearing temperature of Sc* phase is varied 

with R'. Similarly, the other properties are also closely related with the 

specific part of the molecular structure. 
We have been able to obtain a numerous knowledge with respect to the 

relationship between the material properties and the molecular structure of 

ferroeletric liquid crystals for the optimal molecular design. 
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Advanced composites sucb as tbe fiber reinforced plastics(FRP) bave 

been used for the various parts of light weight structures. The crack 

will arise from the parts of stress concentration in the member. 

The crack has broke out in the structure member which caused of the 

failure of the structure. The failure behavior of this crack for the 

structure design of FRP is very important case to study. Because, 

the FRP has material properties of the higher anisotropic. The problem 

of its behavior has not completely been resolved. In this case, 

the stress anlysis has need of numerical analysis to approach of the 

fracture mechanics which are related to the stress intensity factors, 

the J - integral and the energy release rate, etc. These analyses are 

attainable more simply by Finite Element Method(FEM). 

This study was treated the stress intensity factors, the stress 

distribution and failure behavior of glass-fiber//epoly(GFRP) and 

carbon-fiber/~epoxy(CFRP) with the cracks or the notches. The analysis 

by using personal computer has made remarkable progress in solution of 

FRP failure in the past several years. Numerical analysis has been 

carried out on the assumption that the cracks or the notches existing 

perpendicularly in the load direction at both ends of FRP plate. 

Numerical analysis varied on the geometrical parameter of the crack or 

notch size dimension, the material properties, etc. The analytical 

results by FEM worked out the stress distribution and the stress 

intensity factor, and they were applied to the failure criterion. 

The unidirectional composite plate has higher strength toward the 

fiber oriented direction. The CFRP plate has higher stress intensity 

factor. But the FRP plate has high stress it does not always follow 

that it is failure. The FEM analysis by personal computer has seen 

sufficiently agreement with theoretical results. 



o f Silicon Nitride wi t h J 0 i n i n g 

Cop p 0 r U sin g F i I I erA I I 0 Y s 

JWRI of Osaka Univ. Nobuya Iwamoto 

Masayoshi Kamai 

Graduate Student of Osaka Univ. o Naoharu Satoh 

1. Introduction 
The increased use of silicon nitride as structural components has 

provided a method of joining with metals. Joining ceramics with metals 

has such a problem as cracking by thermal stresses which is taken place 

by difference of the rate of thermal expansion. Therefore. joining method 

which controle and decrease thermal stress is reqired . One method to 

decrease thermal stresses is joinjng by metals with low melting point. In 

welding field. Soldering technology is long-established in order to sim­

plify joining. which is used with low melting point metals such as Pb. 

Sn. Zn. Bi, In. and Al etc. In order to join silicon nitride with copper. 

reactive-element. Ti. and low-temperature metals. was used . Then joining 

property was investigated. 

2. Materials and Methods 

Si3N4(20mm in diameter. 10mm thick), and Cu(20mm diameter. 20mm thick) 

were polished in mirror face and cleaned in aceton. All filler alloys 

were prepared by vacuum high frequency melting « 10-2Pa) and thinned 

under 200ttm. Joining condition is as follows. Joining specimen was held 

for Ih at fixed temperature in vacuum condition (10-3Pa). Each interface 

of joint was analysed by E.P.M.A .. and thermal cycle test was carried on. 

Some joined materials were examined by sharing tests. 

3. Results 

Some resul ts of joining tests. thermal cycle tests. sharing tests. were 

in Table. 

Table. Results of joining tests 

No Composition Temp Joining Thermal cycle test Sharing 

(wt%) (OC) result (5times) (OC) test(MPa) 

1 63Ag35Cu2Ti 900 © 40005500700.6 40 

2 94Pb4Ag2Ti 400 .6 - 3 

3 59Pb39In2Ti 400 © 20002800 40 

4 85InlOAg3Cu2Ti 400 0 2000280.6 33 

5 50Sn40Pb8Ag2Ti 400 x - -

6 98Sn2Ti 400 .6 200.6280x -
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Formabi 1 i ty and Sinterabi 1 i ty of 

Alumina-Platy Alumina Mixed Powders 

Yasuhiro Takagi, Kiyosi Okada, NOZOMU Otsuka 

(Dept. Inorg.Mater., TIT) 

Seiichi Taruta, Kunio Kitajima and Nobuo Takusagawa 

(Dept.Che..Mater.Eng., Shinshu Univ.) 

The packing and sintering behavior of binary alumina-platy aluMina powder mix­

tures were investigated by their density, open pore distribution and microstruc­

ture. The fine powders wi th a classified particle size of <1 pm and the coarse 

platy powders wi th a classified particle size of 6......,7 pm were used to prepare 

the binary mixtures with various ratios at 10% intervals, i.e., 0% fine + 100% 
coarse, 10% fine + 90% coarse, .•. 100% fine + 0% coarse. Each saMple was pre­

pared by .ixing two powders using a ball-mill with an ethanol. After dried and 

calcined, the powders were ground by a dry ball mill to remove large agglomerates 

. Compactions were made by an isostatical pressing at 98 MPa and were sintered 

at 1600 1:. Figure 1 shows the green density and the sintered density, fired at 

16001: for 2h, for two kinds of mixed powders with the platy particles and the 

spherical one. Green density of both Mixed powders was almost same except 

a little difference around 30% fine particle saMPle ( Wf = 0.3 ). 
On the other hand, there were a consider- 0: Spherical Particles 

for 
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able difference in the sintered densi ty. .: Pla ty Parti cl es 
100r-------------------~r-~~ 

The density with the platy particles in 

Wf = 0.3 to 0.9 was lower than that with 

the spherical particles. There was, how­

ever, little difference in the saMples 

with Wf = 0.0 to 0.3, in which packing 

structure-was constructed with the fraMe­

work of coarse particles. It was concluded 

that the sinterability of platy particles 

was inferior to that of spherical particles 

because of a wide flat plane corresponding 

to infinitely large curvature. 
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Fabrication and Evaluation of Natural Mullite/SiC Nanocomposites 
by Pressureless Reaction-sintering 

Hiroshi Takada and Koichi Niihara 

The Institute of Scientific and Industrial Research, 
Osaka University 

8-1 Mihogaoka, Ibaraki 567, Osaka, Japan 

Mullite has been expected as a high-temperature structure 
material because of its excellent thermal stability, chemical 
inertness and high creep and thermal resistances. Conventional 
mullite ceramics fabricated from natural kaolin and Al203(natural 
mullite), however, have some problems such as poor room­
temperature toughness and strength, and rapid strength degradation 
at high temperatures because of the existence of glass phases at 
the grain boundaries. To resolve these problems, therefore, the 
researches of mullite ceramics was focused on the development of 
high puri ty ceramics and/or their composi tes. Our present 
research concept is different from these trends and the purpose is 
to improve the mechanical properties of natural mullite containing 
relati vely large amount of impurity by dispersing the nano-si ze 
SiC particles both at the grain boundaries and within the matrix 
grains. 

The natural kaolin and Al203 powders were selected for the 
starting materials for the mullite matrix. The natural mullite/SiC 
nanocomposites were fabricated by pressureless reaction-sintering 
the mixtures of natural kaolin, Al203 and SiC powders at 1700°C. 
Homogeneous dispersions were made by the wet and/or dry ball 
milling techniques. The micro- and nanostructure were observed by 
optical microscopy, SEM and TEM. 

The structure analyses revealed that SiC particles larger than 
O.2pm were dispersed at the grain 
boundaries, while the SiC particles 
less than O.1pm were located not only 
at the grain boundaries but also 
within the mullite matrix grains. As 
shown in Fig.1, the fracture strength 
of natural mullite ceramics were 
strongly improved by these nano-size 
SiC dispersions: 170MPa to 490MPa. 
The low tqughness of natural mullite, 
1 • 2MPam 1 /2, was also improved to 
3.3MPam1 / 2 • These high toughness and 
strength are almost comparable to 
those for advanced high-purity mullite 
ceramics and their composites. 
Furthermore, the high temperature 
strength was also improved remarkably: 
770MPa at 1000°C. The final emphasis 
was placed on the understanding of 
effects of nano-size SiC dispersions 
on mechanical properties of natural 
mullite. 
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Susceptibility of Cobalt<ll )-hhinate Complex Films to MoIsture 

Ilirofumi YhJIMh+ 1 ,Toshiyuki MIYAMOTO+ 1 ,Kei TAKAHASHI~l,Ryuichi ENDO+ 1 

and Setsuko FURUYA+ 2 

Co(ll)-alginate complex film (ACF) prepared by soaking sodium alginate 

(Alg-Na) film in the solution of Co(ll) salt is hydrochromlc. In order to 

gain better information on the susceptibility of ACF to moisture and to 

explore the practicability of hCF for use as a humidity sensor, the effects 

of relative humidity (RID, thickness (0) of the film, and molecular weight 

(Mv) of Alg-Na on the hydrochromism of hCF were studied In the processes 

of adsorption and release of water. The hCF exhibIted a blue shift of the 

maximum absorption band from 560 nm to 520 nm, accompanied by some 

hypochromism in the transient process, with the increase in the moisture 

content of the hCF (Fig.D. The respondency of hydrochromism of the ACF was 

increased with increasing the degree of the change in RH and with 

decreas ing the D and Mv values. On 

the other hand, the study of theremoval 

process of moisture from the heF showed 

that the water molecules coordinated to 

Co J + in the hCF were very difficult to 

re lease. The above resu 1 ts sugges t tha t 

t hi n filmization and a considerable 

elevation of the rate of release of the 

coordinated water molecules are required 

to achieve enough practicability of hCF 

for use as a humidity sensor. 

Q2 

.,; 
D 

<to.1 

400 600 BOO 
Wave length(nml 

Fig. 1 Transient absorption spectra of ACF (3 cm X 

1 cm X \3 tIm) for the enviromental change of RH 
from 0% to 65%, where ACF was prepared from 
Alg-Na with M. of 9.7 X Ht. Time (min) : a, 0; b, 5; c, 

\0; d, 20; e, 30; f, 40; g, 50. 

*1 Department of Applied Chemistry,Faculty of Science,Science University of 

Tokyo (1-3 Kagurazaka, Sh injuku-ku, Tokyo, 162 Japan) 

*2 Research Institute for Polymers and Textiles (1-1-4 Higashi, Tsukuba,305 

Japan) 
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Synthesis and Characterization of Mullite Whiskers 
o Akihiro TANAKA, Kiyoshi OKADA and Nozomu OTSUKA 

Department of Inorganic Materials, Tokyo Institute of Technology 

Mullite, A14+2xSi2-2xOlO-x, whiskers were synthesized by the 
chemical reaction between a mullite composition xerogel and AlF3. 
They are fired at 900~ l600~ in a certain airtight container 
and/or an atmosphere controlled furnace. Two types of powders 
were prepared. The powder A was without AlF3 and fired with AlF3 
powders in the container. The powder B was mixing AlF3 in it. 
Fig. I shows the relation between an average whisker length and 
the firing temperature. The whiskers from the powder B were ap­
parently longer than those from the powder A. They became longer 
as higher the firing temperature and were around IO~ m in length 
when fired at I600~. Fig. 2 shows the relation between an 
average aspect ratio of whiskers and the firing temperature. 
They decreased as higher the firing temperature from around 25 at 
1100~ to 10 at l600~. Longer duration at firing temperature 
was found to be effective to obtain longer whiskers. These 
whiskers were found to be elongated to the c-axis and the side 
planes were {lIO} plane of a form by a TEM observation. Since 
no droplet was found on the tip of whiskers, these whiskers were 
concluded to be grown by the VS(vapor-solid) mechanism. Clear 
lattice image continued up to the edge of the whiskers in high 
resolution electronmicrographs and no defect structure was ob­
served. Chemical composition of the whiskers was evaluated from 
XRD data and also from analytical TEM measurement. The whiskers 
prepared under 1200~ were found to be very much A1203 rich com­
position than stable mullite solid solution range while those 
above I200~ were A1203 rich limit of solid solution range. 
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The S Y nth e s i S 0 f H i g h - pur i t y C era mic s 
b y A 1 k 0 x Y - b a sed P rep a rat ion 

1. Introduction 

JWRI of Osaka Univ. Nobuya Iwamoto 
Masayosh i Kamai 

Graduate Student of Osaka Univ.()Masamichi Tanida 

Ceramics are comparably stable materials in body fluid. and expected to 
be artifical bone or teeth. To examine the degree of the afinity with body 
cell. high-puri ty specimens are requi red. 

In present work. to obtain high-puri ty ceramics. al koxy-based preparat ion 
method was applied. The propaties of these specimens were investigated. 
2.Experimental Method 

Alkoxy-based preparation and normal sintering method were applied in 
order to obtain BaTi03 bulk specimens. The outline of former is as follows; 
Barium metal reacts with iso-propanol at 80·C in dried N2 gas. Then. Barium 
iso-propoxide was formed . This one and Titanium tetra-propoxide and some 
additives were dissolved in iso-propanol. In the stirred solution. drops of 
deionized distilled water brought about hydrolysis reaction. The BaTi0 3 was 
precipitated from the solution. The hydrated oxide dried in air at 50·C was 
crushed. The high-purity submicron BaTi0 3 powder was prepared. In addition. 
the method can obtain bulks directly was also tried . The outline of latter 
is as follows; BaC03 and Ti02 powder were stirred with ethanol in a ball 
mill for 24hrs. Then. it was dried in air at 50·C. Both of these powder were 
formed to be pellet and sintered in air at 1400·C for 2.2hrs . 
3. Result 

The experiment suggests that the specimens by alkoxY-based preparation 
method has remarkable better properties such as density. hardness. etc . I t 
due to that powder was very formable and no gas generates in sintering 
reaction. 

Table; Results of knoop hardness 

Sample Condition Knoop hardness Remarks 

BT 1400·C/2 . 2hr. 70 ( 60. 4 ....... 77 . 4) non-additives 

BTSG 1400·C/2.2hr. 830 (658 . 1 ....... 990 . 9) sol-gel powder 

BT5S 1400·C/2.2hr. 680 (665.5 ....... 690.7) 5 at. % Si0 2 

BT3S 1400·C/2.2hr. 330 (297.5 ....... 409 . 1) 3 at. % Si0 2 

0.95BT5S 1400·C/2.2hr. 430 (429.6 ....... 433.8) Ba :Ti=0 . 95 : 1 

0.90BT5S 1400·C/2.2hr. 360 (327.6 ....... 429 . 6) Ba:Ti=0.90 : 1 

(load;50 ....... 100g load time 15sec.) 

M-30 
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NEW WAY TO PRODUCE TITANIUM BY BLECI'RON BEAM RE.\ffiLTING 

Toshitumi Yahata 
Institute of Industrial Science, University of Tokyo 

Titanium is conventionally produced by a chloride based technique "Kroll-lJlethoo-. A cblorianation 
in this process is rather dangerous alId its cost is high. Reduction of TiC14 by Mg is a key reaction and the 
electra-winning of Mg is the most CDergy consuming step. We propose a new process. We have developed 
a less expensive process to produce titanium by the conbination ot Aluminothennic Reduction(A TR) and 
the deoxidation by melting in the Electron Beam Remelting Furnace. 

l.ATR 
We can produce Tt·AI alloy by the reaction, 

m02 + 4AI ::: 3rt + ~03 
in an atomosphere of argon at 1700°C. This reaction lasted for about twenty minutes. As shown in figure 
1, when AJ/fi02 molar ratio was 13 (which is the stoichiometric ratio), the produced alloy contained 
6wt% oxygen. And when the ratio was 2.2, the oxygen content was about lwt%. Since the oxygen content 
required for the oommercial prQduct of titanium is O.2wt%, the deoxidising process is necessary. 

2.Deoxidation of Titanium by ~on Beam Remelting 
The Blectron Beam·Furnace can treat at very Jrlgh temperature and clean vacuum. But when we 

melted only pUTe titanium, oxygen in titanium concentrated because of evapolation of titanium. In shon, 
we can't deoxidise it as an oxygen gas. 

Pieure 2 is a result after we treated Ti-AJ alloy containing lOwt% aluminum and lOwt% oxygen. As 
long as aluminum existed in titanium. OlYgen content decreased. Oxygen in titanium was removed as an 
aluminum oxide gas. A possible gas species is AlO, ~O, Al~ or Alz02' In order to determine the gas 
species, we assume that a thcnnodynamic equilibrium on the surface is attained. From the amount of 
evapolation we can calculate that the surface temperature is 21S0K and that the activity of aluminum at 
21S0K is 0.003 when its molar ratio is 0.1. From these Yalues we can presume that we deoxidised titanium 
as an Al20 gas. 

To investigate a deoxidation limit, we treated titanium containing 0.13wt% oxygen while adding 
aluminum. When the aluminum content ina-eased to about 6wt%, the oxygen content decreased to 
o.OSwt%. 

Conclusion; 
(l)We can produce Tt-AI alloy containing lwt% oxygen by A TR, and this reaction lasts for about twenty 

minutes. 
(2)By Electron-Beam Remelting, we can deoxidise Ti·Al alloy as an A120 gas. And when the aluminum 

content is 6wt%, the oxygen content decrease to O.OSwt%. 

-. 
f · 
.! 
0 

1Q I T ....... tur. 1700C") 
e Welting 1'Ime OOmln 

so 

e 
20 

" 
2 10 

o 0 
0.8 1 t2 1.4 1.6 1.8 2 2.2 

AVTIO~molar ratio) 

Fig.! · Oxygen and Alum.inum content 
vs. A1!I'i~ molar ratio 

l 
.! 
< 

12,----.::====:::-, 
10~-----l..::..:..:..:.~::..:~ 

.... 
~ 8~----------------~~--~ 
! 
- 8 .~.~~:------~----

J 4~~---------~------------~ 
oL-~~~------&-----~ 
o 5 10 15 

Melting Time (mln) 

Fig.2 Oxygen and Aluminum content as 
a function of Melting TIme 



DECOMPOSITION OF ALPHA PHASE IN Ti-40%Al ALLOY 

Yoko YAMABE and Makoto KIKUCHI 

Department of Metallurgical Engineering 
Tokyo Institute of Technology, Tokyo 152, Japan 

A lamellar microstructure, consisted of gamma-TiAl and alpha2-Ti3Al 
alternate lamellae, is an important microstructural constituent in gamma 
titani urn a 1 umi ni des. Mechani sms of its formati on have not yet fully been 
established. In this paper, the decomposition process of a high temperature 
alpha phase was investigated using a eutectoid composition with Ti-40 at%Al 
binary alloy. 

The binary titanium aluminum alloy with 40 at% Al was first homogenized 
at 1250°C, where a disordered hcp alpha phase is stable. The homogenized 
specimens were directly quenched in a two phase region between 900 and 
1100°C, where the ordered alpha2 with a structure of 00 19 and the ordered 
gamma with a structure of Llo are stable. The microstru.cture was observed 
by optical as well as electron microscopy. 

Ordering of the alpha phase into the alpha2 phase took first place, 
followed by gamma plates formation in the ordered alpha2 phuse. The gamma 
plates nucleated · preferentially at the grain boundary and grew into grain 
interior on a unique basal plane of the alpha2 phase, as a habit plane. 
This precipitation process produced the gamma/alpha2 lamellar 
microstructure. The lamellar microstructure formed by this mechanism is 
termed as the primary gamma/alpha2 lamellar structure in order to 
distinguish the gamma/alpha2 lamellae produced by discontinuous coarsening. 

The orientation relationship between the alpha2 matrix and the gamma 
precipitate strictly obeyed the Blackburn orientation relationship. Six 
variunts, which were predicted by a geometrical consideration, were 
confirmed to exist experimentally. Relative orientation relations between 
adjacent gamma plates were confined to only four types. Each type contained 
two different atomic arrangements due to the ordered structure of the gamma 
phase. 

This formution mechanism of the gamma/alpha2 lamellar microstructure 
can successfully explain most microstructural features of the gamma/alpha2 
lamellae observed in titanium aluminides with higher aluminum concentrations 
by other investigators. 



Hydrothermal synthesis of LiTa03 Thin Film 
on Ta Substrate 

o Hidemasa YAMAGUCHI, Nobuo ISHIZAWA, Masahiro YOSHIMURA 
Research Laboratory of Engineering Materials,Tokyo 
Institute of Technology 

( Introduction] 
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New formation techniques for the films of complex oxides 
called as hydrothermal and/or hydrothermal-electrochemical 
methods have been developed in our groups. We could previously 
prepare LiNb03 thick films by hydrothermal-electrochemical 
method (Room Temperature~200t). But those films were not dense, 
because sparking was needed in the formation process. In the 
present study, LiTa03 thin films were prepared by hydrothermal 
synthesis at higher temperature(300~400t). 
( Experimental] 

A Ta metal plate and a LiOH aqueous solution of fixed 
concentration(O. 01M~ 5M) were sealed in an Au capsule. This 
capsule was hydrothermally treated at 300t~ 400t under 30~ 60MPa 
in a test tube type vessel filled up with distilled water. At 
200t the Ta plate was directly treated in the solution in an 
autoclave. The constituent phases of the films were analyzed by 
an X-ray diffractometer equipped with a thin fi lm attachment, 
where the gracing angle was fixed at 0.5°. 
(Results and Discussion] 

Well-crystallized polycrystalline LiTa03 thin films were 
formed on the surface of Ta plate (Fig. 1) by the simple 
hydrothermal method under the limited conditions of above 300t 
in O. 03~ O. 07M LiOH solutions. IN low concentration LiOH 
solution (0. DIM), or below 200t no apparent films were formed 
even under the appl ied vol tage of 15 V. Above resul ts clearly 
indicate the temperature(above 
300t) are effective to make Ta 
oxides and 
components 

react 
in the 

wi th Li 
solution. 

10.0 

0 : L i TaO, 
• .: Ta 

20.0 30.0 40 . 0 :'\) . 0 ( 0.0 70.0 
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Fi~.l. XRD pattern of a LiTa03 fi lm formed 
in 0.05M LiOIl at 300"(; under 30MPa for 60r:1in. 



New molecular design method for noncentrosymmetric crystal structure 

Lambda ( A) shape molecules for frequency doubling 

H.Yamamoto, S.Katogi, T.Watanabe, H.Sato, S.Miyata , T.Hosomi* 

Chemical and Biological Science and Technology, Tokyo University 

of Agriculture and Technology, 2-24-16, Nakamachi, Koganei-shi, 

Tokyo 184 Japan 

* Sumitomo Bakelite Co. ,Ltd., 495, Akiba-cho, Totsuka-ku, 

Yokohama-shi, Kanagawa 245 Japan 
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Recently, organic materials have much attention for nonlinear optical 

applications such as frequency doubler and electro-optic device because of 

their large second-order nonlineari ties [1,2] . For the efficient SHG, the 

organic molecules must possess a large second-order hyperpolarizability B 

and also must crystallize into the lack of inversion center. We 

investigated a new molecular design method for noncentrosymmetric crystal 

structure. Molecular-orbital calculation by MOPAC AMI method demonstrated 

that the conformations of the methanediamine derivatives, such as 

N,N'-bis-(p-nitrophenyl)-methanediamine (p-NMDA), became lambda (A) shape. 

The A shape molecules seem to form noncentrosymmetric crystals because 

they easily stack along one direction. 

The intramolecular charge-transfer contribution to the non linear 

polarizabilities of A shape molecules has almost a two-dimensional 

character, therefore the predominant B component is not B yyy but B YXX ' 

Almost all methanediamines synthesized in our laboratory form 

noncentrosymmetric structures and show SHG activities in the powder form. 

As the results of crystal structure analyses, we have found the A shape 

molecules stacking along one direction, which means all the molecular 

dipole moments align parallel to the crystal axis. And it has been found 

that the packing density of A shape molecules increased when they were 

stacking. This is close to an optimum orientation for bulk phase-matched 

nonlinearity, as reported by Zyss et al[3]. According to the oriented gas 

model, therefore, the largest B tensor effectively contributes to the 

phase-matchable nonlinear optical coefficient, for example d yxx • This 

molecular concept leads easily the design of the phase-matchable SHG 

materials . 

[1] D. J.Williams, ed., Nonlinear optical properties of organic and 

polymeric materials, ACS Sym . Ser . 233(Am .Chem.Soc., Washington, 1983) 

[2] D.S .Chemla and J.Zyss, ed., Nonlinear optical properties of organic 

molecules and crystals . Vols.l,2 (Academic Press. Inc . Orlando, 1987) 

[3] J.Zyss and J.L.Oudar, Phys.Rev. A26, 2016 and 2028(1982) 



~ffect of t~e substrate on ~iamon~ synthesis in gas p~ase 
Yo-ichi YAZAKI , Hisako HIRAIA , Hiroyuki IKAIJA , Osamu FUKUNAGA 

Faculty of Engineering. Tokyo Institute of Technology, Meguro • Tokyo 
A Reserch Laboratory of Engineering Materials, T. I.T , Yokohama 

We synthesized diamond on to the four substrate materials; Si I icon(Si), 
Aluminium Nitride(AIN), cubic Boron Nitride(cBN) and Pyrolytic Boron 
Nitride(P-BN) by microwave plasma CVD method. [only Si is a single 
crystal and others are polycrystals] Before deposition, each substrate 
is pol ished by 6,3,1~m diamond subsequently. Depositing condition is as 
fol lows: substrate temperature 860'C, methan concentration 0.6%, flow 
rate 100SCCM, total pressure 40torr, time 5, 15, 30min and 1hour. In 
order to observe the essential effect of substrate on synthesized 
diamond, we analyze nucleation density of diamond before growing to the 
fi lm. Synthesized diamond is obserbed scanning electron microscope, and 
its qual ity is estimated by Raman spectra. 
Results obtained as fol lows: On Si, AIN and P-BN, diamond fi Im is 

formed after about 1 hour reaction, but on cBN, more than 3 hours 
reaction is necessary to grow to the fi Im.(Fig.l) Diamond nucleation 
density on Si substrate is largest and that on cBN is smal lest.(Fig.2) 
Raman spectrum of diamond on each substrate appears near 1333cm- 1 , and 
ful I width of half maximum of diamond on AIN or cBN or P-BN (FIJH~ 9-10 
cm-i) is smaller than that on Si (FIJHM 20cm- j

). 
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Enhancement of the Magneto-optical Rotation of 
Fe Films due to Ion implantation 

K. Aoyagi 
Faculty of engineering. Yokohama National University. 

Hodogaya-ku. Yokohama 240. Japan 

Enhancement of magneto-optical rotation is required for disk 
materials of magneto-optical recording systems. In order to seek new 

D-1 

magneto-optical materials. we have studied the surface modification due 
to ion implantation technique. because the magneto-optical effects are 
influenced by the characteristics of thin surface layers of the films. 
We have reported that the specific Faraday rotation of 3d-transition 
metal films is enhanced by ion implantation at low doses for any kind of 
ion. 1) Particularly. Tb+ implanted Fe films show the enhancement of the 
specific Faraday rotation up to 30%. On the other hand. Fe+ implanted 
Fe films also show the similar effect without compositional changes. 
Such self-ion implantation is expected to cause only non-equilibrium 
disorder in the target films. This experimental result indicates that 
the magneto-optical effect is strongly influenced by the structural 
changes due to the high energy ion bombardment. Electrical resistance. 
ferromagnetic resonance (FMR) and TEM studies confirm the structural 
changes at the low dose region. It should be noted that at this doses. 
the optical constants nand K exhibit minima. The specific Faraday 
rotation depends on the optical constants and the complex off-diagonal 
components of the conductivity tensor. In the case of self-ion 
implantation. the off-diagonal components are not influenced. but only 
the diagonal components. the optical constants. change by implantation. 
and their changes induce the enhancemaent of the Faraday rotation. To 
examine the result due to the change of off-diagonal components. we have 
tried to form Fe1sN2 thin films by nitrogen implantation and measure its 
Faraday rotation by using a pulse magnetic field up to 4.3T. The FetsN2 
thin film is a metastable state compound and it has high saturation 
magnetization of 2. 8T.2) This compound is expected to exhibit 
considerable Faraday rotation due to its high saturation magnetization. 
The formation of FetsN2 in the Fe films was confirmed by the saturation 
of the Faraday rotation at its saturation magnetic field. 

[1) Y. Gondo. K. Aoyagi and H. Kogure. J. Appl. Phys. 69 (1991). 

to be published. 
[2] 1. K. Kim and M. Takahashi. Appl. Phys. Lett.. tQ. 492 (1972). 
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Ag/Cu multilayered films prepared by different vapor deposition methods 

Katsuki HAZAMA, Jun'ichi KOZAKI, Koji HACHIYAMA and Osamu NITTONO 

Department of Metallurgy, Tokyo Institute of Technology 

Multilayered films with artificial periods have been prepared by various 

methods. It is considered that the preparation conditions including the 

deposition method can affect the internal structure of multilayered films, 

especially the microstructure around the interface between two constituent 

layers. Therefore, we are interested in the characteristics of multilayered 

films prepared by different deposition methods. 

We prepared Ag/Cu multilayered films by two different methods: 

a) vacuum evaporation method: The base vacuum system was in the 

range of lO- e Torr and the vacuum during deposition was kept below 2x10- G 

Torr. Silver and copper were evaporated separately from two almina-coated 

crucibles. The deposition rate of each element and the deposited amount are 

monitored by a quartz oscillating thickness sensor. The deposition rate was 

0.2 nm/sec. The deposited amount of each silver or copper layer was 

controlled within an accuracy better than 0.2 nm, being less than the 

thickness of one atomic layer. The substrates were cooled 'down to -140 "C. 

b) dc-sputtering method: The base pressure was below 1.8x10- G Torr 

and sputtering Ar gas pressure was 9.0x10-4 Torr. The deposition rate 

proved to be a function of target current. The applied voltage and the target 

current were 700 ""' 800 V and 100 ""' 200 mA respectively. Under these 

conditions, the deposition rate was about 0.05 nm/sec. The substrate 

temperature was less than 50 "C. 

In both cases, films were prepared on glass substrates. 

The structures of multilayered films were investigated by using X-ray 

diffraction. By the both methods, every profile had a clear first-order peak 

at the low-angle part. The values calculated from observed peaks were 

comparable with designed periods. In addition, at the middle-angle part, 

there were some splitting peaks, and they were not identified with the 

reflection peaks due to silver or copper, however, for the samples of large 

periods, splitting peaks were very different from each other in both the peak 

positions and the intensities. 

The results of computer simulation confirmed that the different profiles 

between the two methods reflect a difference in lattice spacing for each layer. 



Synthesis of New Photochromic Spirobenzothiopyran Polymers 

A. MIY ASHITA, M. HlRANO, and H. NOHlRA 

Department of Applied Chemistry, Faculty of Engineering, Saitama University, 

255 Shimo-ohkubo, Urawa 338 
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Much attention has been currently focused on the photochromic spiropyrans because of 

their potential utilities for photo-information memory devices. However, the colored forms of 

spiropyrans are usually thermodynamically unstable so that they convert to stabler colorless forms in 

a few minutes spontaneously. 

Spiropyrans 1 were newly prepared by the reaction of 3,3-dimethyl-2-methyleneindoline 

(2) with 3-methacryloxymethyl-5-nitrothiosalicylaldehyde 3 in refluxing 2-butanone and mostly 

characterized with spectroscopic data. 
Me Me 

Me Me o SH 

~ V-Nr= 
I 

R 

yo~CHO 
+ Me Y ----1 .. _ 

o 
N02 O~ 

Me 

2 3 1 

R= Me, CH(Meh, n-ClsH37 

By the copolymerization of 1 with MMA or styrene, photochromic copolymers have been afforded 

in good yield. Especially, the metastable colored form of the N-octadecyl spirobenzothiopyran with 

MMA copolymer has the absorption maxima at 665 nm and the half-life is more than 190 days at 

room temperature in dark. 
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Characterization of Defect and Relation between Defect Size 

Distribution and Fracture Strength in Y-TZP Ceramics 

Jin-Young Kim, Zenji Kato, Nozomu Uchida, Keizo Uematsu, 

Katsuichi Saito 

(Nagaoka University of Technology) 

To understand the defect-strength relation for high-strength 

Y-TZP ceramics, internal defects with size down to 1um are 

characterized with an transmission optical microscope in a high 

density Y-TZP ceramics and are corelated to the fracture 

strength. The specimens are prepared 
o 

by sintering at 1500 C for 
C.' 

2h and by post-HIPing at 1300-1500 C, 100MPa for 2h. Populations 

of defects decrease significantly by HIP treatment and with 

increasing HIP temperature, but there are small but di s t inct 

populations of large defects in the size range of tens of 

micrometer. Fracture toughness of each specimen determined by 

SEPB method is almost constant and about 4.5 MN·m- 3 / 2 . Fracture 

strength measured by 3-point bending increases significantly by 

HIP treatment and wi th increasing HIP temperature. Influence of 

defect size distribution on fracture strength will be also 

discussed. 



Difference in High Temperature Creep Behaviors 
Between As-Cast TiAl and Homogenized TiAl 

Myunghoe KOO, Takashi MATSUO and Makoto KIKUCHI 

Department of Metallurgical Engineering, 
Tokyo Institute of Technology, Tokyo 152, Japan 
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Compared with a microstructure of a homogenized TiAl having a gamma single 
phase, the microstructural features of an as-cast TiAl is characterized by 
mixed structure of two regions; a lamellar colony and a gamma phase region. 
The lamellar colonies consist of thin plates of TisAl and TiAl plates with 
a very high dislocation density. In spite of the above large difference in 
the microstructures, the creep behavior of the as-cast TiAl has not been 
studied in detail. In this study, the difference in creep rate-time (or 
strain) curves between the as-cast TiAl and the homogenized TiAl were 
investigated by correlating with the difference in dislocation 
substructures formed during creep deformation. 

Constant stress creep tests were carried out at 1123K in the stress range 
of 69 to 245MPa and the dislocation substructures of the creep interrupted 
specimens and the ruptured ones were examined. 

Both of the as-cast TiAl and the homogenized one showed extended 
accelerating creep stage occupying more than 80 % of the rupture life. And 
there were not large differences in creep rate during accelerating stage 
between the as-cast TiAl and the homogenizing one. 

All over the transient stage, however, the as-cast TiAl showed about 
eightfold larger creep rate than the homogenized one, and this larger creep 
rate of an as-cast TiAl continued up to the onset of the accelerating 
stage. The strain at the time of minimum creep rate of an as-cast TiAl was 
about tenfold larger than that of a homogenized TiAl. 

During the accelerating stages in both of as-cast TiAl and a homogenized 
one, proceeding of the subgrains was observed, and there were no marked 
difference in the development of subgrains. 

During the transient creep stage in the as-cast TiAl, the dislocation 
density in the lamellar regions decreased drastically, and the hardness 
also decreased dramatically. This softening phenomenon during the transient 
stage, unlike in the homogenized one, could not be correlated to the 
decrease in the creep rate during transient stage. 

Consequently, the decrease in creep rate during transient stage was 
explained by the annihilation of excessive dislocations in the lamellar 
regions. 
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Hitoshi NAITO and Haruo ARASHI 

Research Institute for Scientific Measurements, Tohoku University 

1-1, 2-Chome, Katahira, Aoba-ku, SENDAI 980, JAPAN 

Mixed electronic-ionic conductors have many applications such 

as electrodes and membrane for gas separation. If Zr02-Ti02 -Y203 
system shows mixed conduction, it is applicable to electrode of 

SOFC because of its thermal stability and good adherency to solid 

electrolyte such as yittria stabilized zirconia(YSZ). To assure 

its possibility, its fundamental studies, especially electrical 

properties, are required. In this study the sintered specimens 

were prepared at 1750°C in air by means of solid-state reaction. 

The temperature dependence of total conductivity in this system 

shows an anomalous behavior as shown in 

Fig. 

nism, 

1. To clarify this conducti~n 

the ionic transport number was 

mecha-

meas-

ured by EMF method in a concentration cell. 

The result indicated that this system 

exhibited only ionic conduction as shown in 

Fig. 2. If this system exhibits electronic 

conduction, it is expected that titanium 

takes two valence states of 4+ and 3+. The 

(O. 9-xIZ.O,·xT,O, · 0. lY,O, 
3r------------------, 

:; "2 
• u .... 

'" 1 

-
'; e 
a: 
l: 
Cl 

;;; -I 

m 
o 
-' -2 

-x=O 
---x=0. 05 
---x=0.015 
----x=0. 1 

-3~----------------~ Il.S 1l.7 1l.9 1.1 1.3 1.5 
IOIlIlIT [IlK) 

valence states of titanium in this Fig. system 1 Temperature dependence of 
total conductivity in 

Zr02-Ti02-Y203 system were 

cated 

determined by XPS. The results 
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indi­

this 

system. When these specimens were treated 

up to 1400°C under strongly reducing 

condition, their color changed from white 

to pale gray. This suggests that titanium 

in the reduced specimens is present in both 

4+ and 3+ valence states and exhibits 
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SOLID SOLUTION STRENGTHENING DUE TO CHROMIUM AND MOLYBDENUM IN HIGH TEMPERATURE CREEP 
IN AN AUSTENITIC SINGLE PHASE ALLOY 

-EFFECT OF DISLOCATION SUBSTRUCTURE FORMATION-

Kaname NAKAJIMA. Takashi MATSUO and Makoto KIKUCHI 

Department of Metallurgical Engineering 
Tokyo Institute of Technology. Tokyo 152. Japan 

In austenitic heat resisting steels. dispersion strengthening due to carbides is the 
most beneficial strengthening method to increase the high temperature creep resistance. and 
a morphology of carbide precipitation strongly depends on the dislocation substructures 
formed during creep. because the dislocation substructure operates as the precipitation 
site of carbides. 
Such dislocation substructures with the uniform distribution and high density are available 
to obtain the high precipitation density of carbides with a high creep resistance. such 
high precipitation density of carbides yields further high dislocation density during 
creep. It has been understood that the solid solution strengthener such as chromium and 
molybdenum affects the dislocation substructures formed in austenitic single phase alloys 
during creep. but the any basic study on the effect of solid solution strengthener on 
dislocation substructure formed in austenitic single phase has not been examined. 

On the other hand. under the conditions of higher temperatures and lower stresses. the 
creep resistance of an austenitic heat resisting steel would be determined by the intrinsic 
strength of the austenite matrix. because of instability of the carbide dispersion 
strengthening. To confirm the intrinsic strength of the austeni te matrix after long 
term exposure at high temperature. the stress dependence of solid solution strengthening 
must be examined. 

In the austenitic single phase steels. the subgrain formation which leads to decrease 
in creep resistance. restricted at the higher stresses and the higher temperatures. because 
the stacking fault energy in the austenitic steels is substantially lower than that in the 
nickel base alloys . From this reason. the approach on the correlation between the 
stress dependence of solid solution strengthening and the dislocation substructures should 
be conducted by using the materials such as the nickel base alloys. 

In this study. the change in dislocation substructures formed during high temperature 
creep with the additions of the solid solution strengthener. chromium and molybdenum and 
their stress dependence were investigated over a wide stress range, and were correlated 
with the changes in the creep resistance and the internal stress with the additions of 
chromium and molybdenum by carrying out the constant stress creep tests at 14.7 -- 68.6 MPa 
at 1.173 K for Ni-10 wt pct Cr. Ni-30 wt pct Cr and Ni-10Cr-5 wt pct Mo alloys. 

About one order of the magnitude decreases in minimum creep rate by the additions of 
20 wt pct chromium and 5 wt pct molybdenum were obtained at 68.6 MPa, and the decreasing 
rate of minimum creep rate due to a chromium and molybdenum decreased with decreasing the 
stress levels. 

The dislocation substructures in a Ni-IOCr alloy turned to the more uniform 
distribution and higher density of dislocations by the additions of chromium and 
molybdenum, particularly at the higher stresses. the evolution of subgrains occurred in a 
Ni-IOCr alloy was suppressed by the additions of chromium and molybdenum. In a Ni-IOCr 
alloy, both of the increasing rates of the dislocation density within subgrains and the 
internal stress with stress became smaller at the higher stresses. corresponding to the 
evolution of subgrain~. By the additions of chromium and molybdenum to a Ni-IOCr alloy, 
however, the increasing rates of the dislocation density and the internal stress with 
stress remained unchanged at the higher stresses. 

Consequently, the larger solid solution strengthening effects due to chromium and 
molybdenum at the higher stresses would be attributed to the retarding effects of chromium 
and molybdenum against the evolution of subgrains. 



Synthesis of New Reverse-photochromic Spirobenzo­

selenazolinobenzopyran Polymers 

A. MIY ASIDTA, S. NAKANO , and H. NOHIRA 

Department of Applied Chemistry, Faculty of Engineering, Saitama University, 

255 Shimo-ohkubo, Urawa 338 
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Recently, various photochromic compounds are extensively re-investigated from the viewpoint of 

application to photo-information memory devices. We have studied new photochromic polymers 

contained various spiropyrans as side chain. Here, we demonstrate about synthesis of new reverse -

photochromic spirobenzoselenazolinobenzopyran polymers and their photochromic properties. 

Spirobenzoselenazolinobenzopyrans are usually colored form (ring-opened PMC form), and show 

reverse-photochromism. Ring-opened spirobenzoselenazolinbenzopyrans having a methacryloxymethyl 

group 3 were prepared by the reaction of 3-alkyl-2-methylbenzoselenazolenium benzensulfonate 1 with 

3-methacryloxymethyl-5-nitrosalicylaldehyde 2. UV-Vis spectrum of 3 [R1,R2=H,R3=C18H37 on 

exposure to Vis light (>500nm) in DMSO] is shown in Figure. Reverse-photochromic polymers were 

obtained as purple solid by the copolymerization of 3 with MMA. On exposure to Vis light (>500nm), 

the color of these polymers (cast film) changed from purple to colorless and then, those colorless states 

were kept after a little initial coloration for a long time at room temperature ('t1(2= >8Odays). 
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CHLORINE- AND OXYGEN-RELATED PARAMAGNETIC CENTERS IN 

VUV-IRRADIATED HIGH-PURITY SILICAS 

Hiroyuki Nishikawa, Ryuta Nakamura, Kaya Nagasawa*, 

Yoshimichi Ohki, and Yoshimasa Hama 

Department of Electrical Engineering, Waseda University, 

3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169, Japan. 

*Department of Electrical Engineering, Shonan Institute of 

Technology, 1-1-25 Tsujido-Nishi-kaigan, Fujisawa, 

Kanagawa 251, Japan. 
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Impurity related paramagnetic defects in VUV-irradiated silica 

glasses are investigated by the electron spin resonance(ESR) 

technique. ESR measurements were performed at 77K and X band 

(v~ 9.2GHz). Various types of silicas were exposed to the 

unfocused beam of F2 excimer laser(7.9 eV, 157nm) at room 

temperature through an optical path purged with N2 gas. We 

observed, for the first time, chlorine- and oxygen-related 

species which are stable at room temperature, together with 

fundamental defect centers such as E'center, nonbridging oxygen 

hole center, and peroxy radical. The chlorine-related radical 

exhibits a hyperfine structure. A signal centered around g~ 2.02 

is probably due to excess oxygen. Isochronal annealing experiments 

show that both of the chlorine- and oxygen-related species grow 

up to 100-200 QC. 



Deformation behavior in dispersion strengthened 

Al-8mass%Fe alloy at high temperatures 

*Yoshinobu SAKURAI 

Abstract 
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An AI-Smass%Fe alloy prepared by a single roller technique has uniformly 

dispersed fine second phase particles and fine grains. The alloy containing 

about 20 volume percent of the second phases is typical dispersion strengthened 

material for using at high temperature condition. These fine grains and 

particles are effective strengthening factors for room temperature mechanical 

properties. While, in high temperature ranges over 1/2 Tm, the influence of 

these fine structures to the deformation mechanism is not clear. In this study, 

compression test and relaxation test are performed at temperatures up to 45~C 

and at strain rates from 5x10- 5 s- 1 to 5xlO-2 s- 1 for Al-Smass%Fe and 

Zr-containing alloys to measure flow stress and internal stress. The relation 

between flow stress at about 5% strain and strain rate can be expressed by the 

power low equation. The flow stress increases with increasing strain rate and 

decreasing temperature. The stress exponents decrease from 12 (300* C) to 7 

(450· C) and the apparent activation energies are much greater than that of 

aluminum lattice diffusion. There are no differences between two alloys in these 

phenomena. The internal stress of AI-Bmass%Fe alloy obtained by relaxation test 

decreases with increacing temperature and shows no strain rate dependence. 

Logarithm effective stress (flow stress - internal stress) vs logarithm strain 

rate shows a linear relationship, and the stress exponents are 3.9 -4.5. The 

activation energy for deformation is 83kJ/mol. These results suggest that 

alternative diffusion mechanisms should be considered, which drives lower 

activation energy than that of lattice diffusion. The internal stress of 

Zr-containing alloy heat-treated at 520·C for Ih is higher than that of 

AI-8mass%Fe alloy up to 350·C. This results from precipitation of metastable L12 

Al3Zr phase, however the difference diminishes at 400·C . 

• :Graduate Student, Tokyo Institute of Technology (Meguro-ku, Tokyo). 
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An Al-8aassSFe alloy prepared by a single roller technique has uniformly 

dispersed fine second phase particles and fine grains. The alloy containing 

about 20 volu.e percent of the second phases is typical dispersion strengthened 

material for using at high temperature condition . These fine grains and 

particles are effective strengthening factors for room teJlperature mechanical 

properties. While, in high temperature ranges over 1/2 Tm. the influence of 

these fine structures to the deformation mechanism is not clear. In this study, 

coapression test and relaxation test are performed at temperatures up to 450- C 

and at strain rates from 5xlO-~s- 1 to 5xl0-2 s- 1 for Al-S.assSFe and 

Zr-containing alloys to measure flow stress and internal stress. The relation 

between flow stress at about 5S strain and strain rate can be expressed by the 

power low equation. The flow stress increases with increasing strain rate and 

decreasing teaaperature. The stress exponents decrease frOll 12 (300- C) to 7 

(450- C) and the apparent activation energies are IlUch greater than tbat of 

aluminum lattice diffusion. There are no differences between two alloys in these 

phenomena. The internal stress of Al-8massSFe alloy obtained by relaxation test 

decreases with increacing temperature and . shows no strain rate dependence. 

Logarithm effective stress (flow stress - internal stress) vs logarithm strain 

rate shows a linear relationship, and the stress exponents are 3.9 -4.5. The 

activation energy for deformation is S3kJ/mol. These results suggest that 

alternative diffusion mechanisms should be considered, which drives lower 

activation energy than that of lattice diffusion. The internal stress of 

Zr-containing alloy heat-treated at 520-C for Ib is higher than that of 

Al-SmassSFe alloy up to 35O-C. This results from precipitation of metastable L12 

AlsZr phase. however the difference diminishes at 40o-C . 

• :Graduate Student. Tokyo Institute ot Technology (Meguro-ku. Tokyo). 



Superstructure of Rare-Earth Tantalum Oxides 
R3 Ta07 (R=Ho. Y. Vb) ° Taisuke Tanaka, Yasunori Tabira, Nobuo Ishizawa 

Fumiyukl Marumo, Masahiro Yoshimura 
Research Laboratory of Engineering Materials. 

Tokyo Institute of Technology 

[Introduction] 
Rare-Earth Tantalum Oxides R3Ta07 (R=Ho.Y.Yb) have defect 

fluorite-type structure. Thy)diffuse scattering was found In 
diffraction pattern of Y3Ta07 . We observed the microstruture 
of R3Ta07 (R=Ho, Y. Vb) by TEM(transmission electron microscopy) 
to study the origin of those diffuse scattering. 

[Expe r i menta 1] 
Single crystals of R3Ta07 (75mol~Y203-Ta205) were grown by 

means of the floating zone method. Crystals were crushed in 
mortar and dispersed in methyl alchol. Thin fragment floating 
in the alchol were put on microgrids for electron microscopy. 

The electron diffraction patterns were taken with the JEM-
2000ex electron microscope. The electron microscopic images 
were also taken with the H1250 electron microscope. 

[Results and Discussionl 
Figure1 shows the electron diffraction patterns of H03Ta07 

at a) [lT01 b) [112] and c) [332] incidences. Diffuse circle were 
observed between the foundamental reflactions of the 
fluorite-type structure. Similar diffuse circles were observed 
in patterns from Y3Ta07 and Yb3Ta07' Figure2 illustrates the 
loci of diffuse CIrcles. From Fig.2, it is found that the 
diffuse circles are divided into two types: one has its plane­
nomal parallel to <233> and the other parallel to <211>. 

A distorted lattice image was observed by the high resolu­
tion electron microscopy . 
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Mercuric Sensor with Immobilized Mercuric Reductase on Porous 
Glass 

* ** ** Motohiro Uo, Masahiko Numata , Eiich.i Tamiya , Isao Karube , Akio Makishima 

The porous glass is useful for career of enzymes and microbes because of its chemical and thermal durability 
and controllability of micro-structure. In this investigation, the mercuric reductase (NADPH-Hg(II) oxido­
reductase) and catalase were immobilized on porous glass and mercuric sensor was prepared. The reaction of 
mercuric reductase is described as follows; 

NADPH + Hg2+ = HgO + NADP+ + H+ 
NADPH The enzymatic cycling reaction with mercuric reductase and 

catalase is used for h.igh-sensitive measurement of mercuric 
ion(II). As Scheme 1, reduced mercury(O) is reoxidized to 
mercuric ion(II) by catalase and reduced by mercuric 
reductase again. Thus, with this enzymatic cycling reaction, 

M.R. ( 

. NADP+ +H+ 

h.igher amount of NADPH is oxidized than in the case of 
without catalase. 

Scheme 1 The enzymatic cycling reaction 

[Materials and Methods] Porous glass were prepared from chlorine containing 10Na20-50B20 3-40Si20 
system by heat treatment and leaching with hot water and enzymes were immobilized on the arylamino deriva­
tive of porous glasses. The mercuric reductase was purified from E .coli transform ant. Concentration of 
NADPH was determined by measurement of fluorescence intensity.(Excitation =340nm, Emission=470nm) 
The diagram of flow system is shown in Fig.l. 

[Results] The relationship between the decrease of fluorescence intensity and concentration of mercuric 
ion(II) is shown in Fig.2. In the case of only immobilizing mercuric reductase, linear relation was found in the 
range of Hg concentration from 0.3 p. M to 5 p. M and the lower limit of mercuric measuring was found to 
0.3 p.M (60ppb). In the case of enzymatic cycling reaction, the lower limit advanced up to 0.1p.M (20ppb). 
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Fig.1 Schematic diagram of mercuric sensor 
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A Theoretical Estimation of Ceramic Strength at High Temperatures 

Jian-ren Zeng and Koichi Niihara 
ISIR, Osaka University 

Grain boundaries exist in all polycrystalline ceramics. 
The grain boundary phase is, in the liquid phase sintering, a 
glass which promotes densification during sintering, but en­
hances creep or causes slow-crack-growth failure when the ceramic 
is stressed at a temperature above the glass transition tempera­
ture of the grain boundary phase. Therefore, it is of paramount 
importance to understand the delayed fracture behavior since most 
structural ceramics are designed for uses at temperatures above 
the glass transition temperature of the intergranular glass phase 
(the highest glass transition temperature of oxide glass is 
considered to be that of silica of about 1200 0 C). 

In the existing models describing the high temperature fail­
ure of ceramics containing small amounts of a glass phase, the 
growth of voids from preexisting cavities of nano-order size or 
from the cavities newly nucleated ahead a crack is assumed to 
be an important step for the sub-critical crack propagation. 
However, neither assumption is convincing, because the 
assumption of preexisting cavities lacks theoretical ground 
and experimental confirmation, while that of cavity 
nucleation because of stress concentration due to grain boundary 
sliding is contrary to the viscous flow of the glass phase. 

Therefore, based on the theory of liquid adhesive, we 
propose an alternative fracture model for ceramics with a vis­
cous grain boundary. Different from the existing models, the 
numerous grain boundaries present at the free surface of a ceram­
ic is considered as a cavity network. The grain boundary slid­
ing is supposed to be inhibited by the geometrical restrictions 
of the grain boundaries, then the applied stress has to overcome 
the capillary force generated at the free surface in order to 
cause grain boundary separation. The existence of a maximum in 
the capillary force leads to the possibility of predicting the 
theoretical strength of a ceramic at high temperatures. 
theoretical strength can be basically evaluated from the 

This 
thick-

ness and surface energy of the intergranular glass phase and the 
contact angle between the glass phase and the matrix grains. We 
applied this new theory to silicon nitride ceramics and obtained 
a fairly good agreement between the calculated high-temperature 
safe-operating stress and the experimental stress in literature. 
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Preparation of wollastonite powder by co-precipitation method 

o Shigeo Hayashi, Kiyoshi Okada, Nozomu Otsuka 

Faculty of Engineering, Tokyo Institute of Technology 

W ollastonite, CaSi03, is used as the filler of paper or resin, the additive to porcelain, and 

the raw material of high-frequency ceramic insulator. Since high temperature firing is 

necessary for its synthesis by the conventional solid-state reaction, it is desirable to 

develop another kind of synthesis methods. The validity of the co-precipitation method in 

the synthesis of wollastonite was, therefore, examined by changing the co-precipitation 

conditions. 

Equimolar ratio of calcium nitrate and tetraethyl orthosilicate were dissolved in ethyl 

alcohol. After 2 hours mixing, co-precipitates were prepared by two different way; 

(l)adding 25% ammmonium hydroxide and (2)adding the solution of oxalic acid before 

the method (1). These two co-precipitates were dried, and calcined at 500°C. Their thermal 

properties were meaured by a DT A, and crystalline phase change was mesured by an 

XRD. Synthesized wollastonite powders were observed by a SEM, and the particle size 

distributions were measured by a laser scattering method. 

In the powder 0), f3-CaSi03 appeared at 800°C, and transformed to u-CaSi03 at about 

1200°C. On the other hand, a-phase appeared at lOOO°C instead of f3-phase in the powder 

(2). Both powders have very fine primary particles under IJlm in diameter, but tend to 

form agglomerates in several microns. 
Oxalic Acid not used Oxalic Acid used 

20 
_----LI ___ '---_--lIL. -:-'1--::-_--'--_--'-1 -_'--_--.J_ 

30 40 20 30 40 
CuKa 29 (deg.) no mark: unidentified 

X-ray diffraction patterns of samples 



Design and Evaluation of 
Controlling the Differentiation 

Materials for 
of Hepatocytes 

Akira Kobayashil, Yuka Takeil, Seishiro Tobe1, Mitsuaki Gotol, Takuji 

Sekine2 , Aki. Masumot03, Noboru. Yamamot03, Kazukiyo Kobayashi4, 

Toshihiro Akaike1,5 

1. Kanagawa Academy of Science and Technology, Takatsu-ku, 

Kanagawa 213 

2. Tokyo University of Agr. and Tech. , Koganei-shi, Tokyo 184 

3. Kitazato University, Sagamihara-shi, Kanagawa 228 

4. Nagoya University, Nagoya-shi, Aichi 464 

5. Tokyo Institute of Tech., Midori-ku, Kanagawa 227 

We have been actively examining the interaction between 

oligosaccharide-carrying styrene homopolymer (PVLA) and hepatocytes 

in an attempt to create an hybrid artificial liver.(1) The lactose moiety 

on the PVLA mimics the function of an asialoglyco-protein and interacts 

with the receptor on the surface of the hepatocyte results in stimulating 

the cell cultured on this substratum to retain liver-specific functions.(2) 

The factors that cause the hepatocytes to maintain their differentiated 

functions have been unknown. In this study, the effects of the coated 

PVLA concentration on the 3H-thymidine uptake, the morphology and 

the liver specific functions of the attached hepatocytes were examined. 

The isolated hepatocytes were precultured on polymer coated 

plates for 20hrs to allow maximum attachment of the hepatocytes to the 

substratum followed by incubation with 3H-thymidine for 17hrs. The 

8-2-1 



uptake of 3H-thymidine during this period was assumed to be the level 

of DNA synthesis of the hepatocytes after attachment. The DNA 

synthesis of hepatocytes after attachment to culture plates coated with 

different concentrations of PYLA were examined. 

Our results suggest that DNA synthesis in cultured hepatocytes is 

correlated to the cell-shape which could be controlled by the 

concentration of PYLA substratum. Since PYLA at low concentrations 

take on spread shapes and at high concentration take on micelle-forms 

on the polystyrene culture dishes(3), it is possible that hepatocytes 

recognized the delicate structure of these coated surfaces and adhere in 

forms which mimics the shapes of PYLA on the culture dishes. Our 

results also suggest that the PYLA could potentiate the control in the 

differentiation and dedifferentiation of hepatocytes. 

References: 

1) A. Kobayashi, T. Akaike, K. Kobayashi, H. Surnitomo, Makromol. Chem. 

Rapid Commun., 7, 645(1986) 

2) T. Akaike, A. Kobayashi, K. Kobayashi, H. Sumitomo, J. Bioactive 

Biocompatible Polym., 4, 51 (1989) 

3) T. Takayama, K. Kobayashi, T. Matsuda, T. Akaike, Seitai Zairyou, 8, 

No.3, pp.122-128(1990) 
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Hn-Substituted Giant Haolletostrictive RFe2 and Its Application. 

T.Kobayashi, T.Funayama, I.Sakai, and H.Sahashi 

R & 0 Center, Toshiba Corporation. Komukai ,Kawasaki 210 , Japan 

Intermetal I ic compounds with a cubic laves phase structure of the 

type RFe2 (R=Tb , Dy) exhibit high magnetostriction of the order 10- 3 , 

but suffer from greatly degraded magnetostriction at low temperature due 

to spin reorientation from [111] to [100]. 

We have investigated the effects of transition metals on the magnet­

ocrystal line anisotropy of RFe2 in Dy(Fe 1- y HY )2 and TbxDY1-x(Fel- y HY )2 

(H=N i, Co, Hn). 

In Hn substituted RFe2, and especially in samples of 

Tb a. 5Dyo. 5(Feo. 9t~na . 1)2, a maximum maglletostriction of over 10- 3 has 

been observed with an applied field of only 2kOe. It has been also 

found that Hn substitution suppresses the spin reorientation phenomenon 

observed with free Hn, and which causes drastic deterioration of its 

magnetostriction . Detai led study has revealed that Hn located in the 

transition metal sites, which form a tetrahedron, strongly affects 

the magnetocrystal line anisotropy through spin frustration due to 

antiferl'omagnetic cOllpl ing of Hn and ferromagnetic coupl ing of Fe. 

This effect results in the low magnetocrystalline anisotl'opy and the 

observed suppression of spin I'eol'ientation in Iba . 5DYa. slFea. 9Hna. 1)2. 

This newly developed material is not limited to applications such as 

various smal I, high-power actuators to replace piezoelectric materials 

PZT, but should also lead to new devices such as positionel's, and 

acoustic transducers . 

One example of an application is the micropositioning system using 

TU o. 5DYa. 5(Fea . 9Hlla. 1)2 which has been developed. Displacement can be 

contl'olled to within the order of 10 nanometers . 



PHOTOELECTROCHEMICAL INFORMATION RECORDING USING THE NEWLY-FOUND 

HYBRID PROCESS OF AZOBENZENE SYSTEM 

Zhong-Fan Liu, Kazuhito Hashimoto, and Akira Fujishima 

Department of Synthetic Chemistry, Faculty of Engineering, 

The University of Tokyo, Hongo, Tokyo 113 

Photoelectrochemical behavior of azo compounds in LB films was 

studied. A novel clockwise hybrid phenomenon was obtained due to 

two experimental observations: the first is that the cis isomer 

of the azo molecule used is more easily reduced to a hydrazo 

species than the trans isomer; the second is that the hydrazo 

molecule subsequently produced is exclusively oxidized to the 

trans isomer. On the basis of this unique hybrid effect, a new 

"photon-mode" information storage system is proposed. 

In this storage system, the hydra molecule is used as the 

"storage state" for information instead of the thermally unstable 

cis isomer. Two kinds of recording schemes, either "optical 

wri ting" or "electrochemical writing", are avai lable. For the 

"optical writing", a high-density storage is obtained using a 

fine-beam laser to induce a local trans to cis isomerization, 

followed by switching the potential of the entire storage film to 

a region where the cis isomer is reduced but not the trans 

isomer. A high-density "electrochemical writing" is, on the other 

hand, obtained by controlling the reduction area of cis state 

film after a uniform UV irradiation of the entire film. This 

becomes possible, using a sharp glass-coated probe as the counter 

electrode, with the distance between the probe and the storage 

film-modified electrode being controlled. A submicron level of 

recording is expected for both recording modes, and especially 

for the "electrochemical writing", over 10 12 bits/cm2 of storage 

density is principally possible even without utilizing the 

frequency domain of light. For reading out of information, an 

optical method is available. Since the information-recording 

process consists of two reaction steps, i.e., the photochemical 

isomerization and the electrochemical reduction, the optical 

readout operation will not destroy the information stored. 

Moreover, the "3-state" feature of the present system may 

allow a multi-function memory to be realized since the metastable 

cis state can be used for "short-term" storage, and the hydra 

state for "long-term" storage. 
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IMPROVEMENTS OF MECHANICAL PROPERTIES FOR AI 20 3 /SiC NANOCOMPOSITE 

Atsushi Nakahira and Koichi Niihara 
Institute of Scientific and Industrial Research, 

Osaka University 
8-1 Mihogaoka, Ibaraki, 567, Osaka, Japan. 

Al 20 3 ceramic is a promising material as structural applica­
tions due to the good wear resistance, good chemical inertness, 
good sinterbility and low cost. However its wide uses have been 
limi ted by relatively low fracture toughness and strength, poo:r: 
thermal shock and creep resistances and relatively low reliability. 
Therefore, many attempts have been made to resolve these problems 
by developing microstructures and/or by dispersing the second 
phases. But the significant improvements of mechanical properties 
were not achieved yet. For these couple years, thus, we have been 
attempting to improve the mechanical properties by dispersing the 
nano-size SiC particles into the matrix Al 20 3 grains. 

AI 20 3 /SiC nanocomposites were successfully prepared by the 
conventional sintering technique. The key conditions to fabricate 
the nanocomposi tes by s~ntering are to select the finer starting 
powders to make the homogeneous dispersions of SiC into Al 20 3 and 
choose the optimum sintering temperatures. Transmission electron 
microscopic observations of thi s Al203 composi tes indicated that 
the nanometer-size SiC particles were predominantly within Al 20 3 
matrix grains when the volume fraction of dispersion was less than 
33vol%. The striking finding in this AI 20 3 /SiC nanocomposites is 
that the fracture strength of monolithic Al 20 3 was approximately 3 
times increased by the nanometer-scale particulate reinforcement: 
390MPa to 1050MPa as shown in 
Fig.1. This extremely high 
fracture strength was also kept 
even up to 1200 C. Furthermore, 
the high fracture strength was 
improved to approximately 1550MPa 
by annealing the AI 20 3 /SiC nano­
composite in Air or Ar atmosphere 
at 1000 to 1300C for 1hr. Weibull 
modulus of A1 20 3 /SiC nano­
composite was also greatly 
increased by this annealing 
treatment. The roles of nano-size 
SiC dispersions were made clear 
by investigating the relation 
between the nanostructure within 
the Al 20 3 matrix grains and the 
mechanical properties. 
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Electroluminescent Behavior of 2.S-Distyrylpyrazine Derivatives 

* Masao Nohara, Masaki Hasegawa, Chishio Hosokawa, Hiroshi 
* * Tokailin, and Tadashi Kusumoto 

Department of Synthetic Chemistry, Faculty of Engineering, The 

University of Tokyo 
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* IDEMITSU KOSAN Co.,Ltd., Central Research Laboratories, Material 

Physics Laboratory 

2,S-Distyrylpyrazine (DSP) is one of the most famous 

monomers for the four-center type photopolymerization, which 

proceeds by repeating the [2+2J photocyclodimerization in the 

crystalline state. 

In the course of study on the photoreaction of DSP 

derivative crystals, we found a new series of promising compounds 

for electroluminescent (EL) devices, such as 2,S-bis[2-(1-

naphthyl)vinyDpyrazine (BNVP) and 2,S-bis [2-(1-

pyrenyl)vinylJpyrazine (BPVP). All these EL crystals were 

photostable, and photostable property was reasonably explained by 

their crystal structure. 

Light emission was observed on these compounds under the 

forward dc bias with the positive voltage on the ITO electrode. 

The EL cell composed with BNVP, emitted visible yellow luminance 
2 

attained to high brightness level (360 cd/m) at the current of 
2 68.7 mA/cm. The luminous efficiency was estimated to be 0.16 

Im/W. The luminance and the current increased to 932 cd/m2 and 

213 mA/cm 2 , respectively with increasing applied voltage at to 12 

V. In the case of BPVP, the luminance attained to 1005 cd/m2 and 
visible orange lights were observed at the 9.5 V. By the 

measurement of the current-voltage (I-V) characteristics, the 

current was found to be proportional to v2 in the low voltage 

range below 2 V and proportional to v 9 in the range between 2 V 

and 12 V. The luminance was found to be proportional to I in 

high current range above 3 mA/cm 2 . In the low current range 

between 0.09 and 3 mA/cm 2 , the luminance was proportional to 

1 1 . 3 . 
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~echanical Properties and Microstructure of Boride Based Composite Ceramics. 

Toray Industries Inc. Tomohiko Ogata, Hiroshi Kuwajima 

1. Introduction 
Recently TiB2 or ZrB2 based ceramics are drawing attention as the electrode 

and heating materials 1
) that offer both high melting point and same electric 

conductivity as some metals. Furthermore, those materials are expected as cut­
ting tools and engineering materials2) for high temperature use because of their 
high hardness and high heat conductivity. 

For the present study, some mechanical properties and microstructure on 
densed bodies by hot pressing are reported. 

2. Experimental Procedure 
Boride powders (TiB2 and ZrB2) , some carbide powders (SiC, B4 C, TiC and ZrC) 

and SiC whisker were obtained from H.C.Starck Berlin, Japan New ~etals Co. Ltd. 
and Tokai Carbon Co. Ltd., respectively. 

Boride raw powders containing carbides and SiC whisker were mixed at pre­
determined proportion, and then they were milled in ethyl alcohol. Finally the 
crushed powders, after had been dryed by rotary evaporator, were sintered by hot 
pressing. 

The test speciments were cut from as-sintered material, and then density,bend 
strength, Vickers' hardness and fracture toughness were measured. And then 
secondary electron microscope (SEM) and transmission electron microscope (TEM) 
observation were examined on their microstructure. 

3. Results and Discussion 
The sintered body was porous and consisted of extremely large grains in case 

of boride single composition. The addition of carbides enhanced densification 
and inhibited grain growth of boride materials. 

Above all, TiB2/TiC composite shows excellent mechanical properties, and 
the grain boundary layer which suggested eutectic phase3

) were observed by TEM. 
Furthermore, TiB 2 /TiC system containing 10, 20 and 30vol% SiC whisker were 

prepared in order to enhance strength. In these cases it needed slightly higher 
temperature than that of without SiC whisker composition to densify. As a 
result, high densed microstructure without micro pores was obtained. 

Maximum strength exhibits 1140MPa at the composition of 56vol%TiB2/24vol%TiCI 
20vol%SiC whisker. 

The result of SEM observation, needle-like shape of whisker coundn't be found 
in the microstructure . It would have been changed to complicated form 4

) by 
boundary reaction during sintering. The mechanism of strengthening seemed to be 
mainly crack deflection since whisker pull-out were not observed. 

1) R.Jinbou et al., Yogyo-Kyokai-Shi, 94 (1986) p224-228 
2) K.Mannami et al., ibid., 94 (1986) p214-223 
3) E.Nold et al., Fresenius Z Anal Chem., (1989) 333: 492-497 
4) A.Kamiya et al., J. Mater. Sci. Lett., 8 (1989) 566-568 
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The mechanism of molecular recognition by /3 -Cyclodextrin 
- Application of molecular dynamics simulation to the design of 

molecular recognition materials-

KOkazaki, T. Yamashita, T. Yasukawa, and T.Akaike 
Kanagawa Academy of Science and Techonology, KSP 100-1 Sakado 

Takatsu-ku Kawasaki-shi Kanagawa-ken. 213 Japan 

The chemistry of complex formation between 
Cyclodextrin(CD) and guest molecules have been well studied. 
Understanding how this complex is formed is applicable to 
basic studies of artificial recepters or enzymes. We 
studied the dynamic processes, and relative changes in 
binding free energy during the complex formation between /3-
cyclodextrin (CD) and D- or L-methyl mandelate(MMA) in gas 
phase and in aqueous solution by means of molecular dynamics 
simulation and thermodynamic perturbation method. 

Molecular dynamics simulations were carried out with NPT 
ensemble on 169 atoms and about 400 water atoms, at 1 bar, 
300 K with 10 psec for equiliblation and 10 psec for data 
collection. The time dependent potential energies of both 
CD:D-MMA and CD:L-MMA complex did not show meaningful 
difference between gas phase and aqueous solution. By 
calculating atom-atom interactions between CD and D(L)-MMA, 
it was found that oxygen atoms attached to C4 and C6 on each 
glcose subunit of CD make stronger attractive interaction 
with the hydrogen atom of the hydroxyl group and carbon atom 
of the carboxyl group of MMA than other oxygens on CD. While , 
oxygen atom of hydroxyl group and oxygen atom of carboxyl 
group on MMA make strong repulsive interactions with oxygen 
atoms attached to C4 and C6 of CD. 

The calculated difference in the free energy of CD:D-MMA 
complex and CD:L-MMA complex was -2.60 Kcal/mol in the gas 
phase and -9.43 kcal/mol in the aqueous solution. The 
resultant free energy in the aqueous solution was much larger 
than in the gas phase. This showed that CD had greater 
ability in distinguishing between D-MMA and L-MMA in aqueous 
solution than in gas phase due to hydrophobic effects. 



PREPARATION OF NITROGEN-CONTAINING CELLULOSE DERIVATIVES 
AND THEIR ADSORPTION BEHAVIOR OF HEAVY METAL IONS 

Shigeo NAKAMURA, Masato A}ffiNO, and Yasuo SAEGUSA 

Department of Applied Chemistry, Faculty of Engineering, 
Kanagawa University, Kanagawa-ku, Yokohama 221, JAPAN 

Nitrogen-containing cellulose derivatives such as 
aminoalkylcelluloses (AmACs) , hydrazinodeoxycellulose (HDC) 
and carboxyalkylhydrazinodeoxycelluloses (a- and 8-CAHDCs) 
were prepared from 6-chlorodeoxycellulose (CDC) and their 
adsorption behavior of heavy metal ions from dilute aqueous 
solutions were studied in detail. 

CDC with degree of substitution of 1 was directly 
prepared from cellulose using methanesulfonyl chloride in N,N­
dimethylformamide (Dr1F)-chloral-pyridine. ArnACs with different 
methylene length of diamine moieties were synthesized by the 
reaction of CDC with diamines such as ethylenediamine, 
tetramethylenediamine, hexamethylenediamine and 
octamethylenediamine in dimethyl sulfoxide (DI'1S0). HDC was 
obtained by reacting CDC with an excess amount of hydrazine 
hydrate. a- and 8-CAHDCs were prepared by reacting CDC with a­
and 8-hydrazinopropionic acids in DHF or m·iS0. 

Adsorption of heavy metal ions was carried out by putting 
finely pulverized adsorbent powder into an aqueous solution 
containing 1 mmol/L of CuC12' MnC12' CoC12 and NiC12' 
filtering the adsorbent after stirring for a predetermined 
period at ambient temperature and determining metal ions 
remaining in the solution. 

Adsorption of heavy metal ions on ArnACs occured rapidly 
in weakly acidic solutions and increased with increasing pH. 
No adsorption, however, occured in strongly acidic solutions. 
The amount of adsorbed ions decreased with increasing 
methylene length of diamine moieties of ArnACs, and ArnAC from 
ethylenediamine was most effective. 

a-CAHDC adsorbed heavy metal ions more effectively than 
8-CAHDC. HDC scarcely adsorbed heavy metal ions in the pH 
range of 1 to 2, where a- and 8-CAHDCs were effective. 
However, the adsorption of metal ions on HDC increased rapidly 
with increasing pH and HDC was more effective than a-CAHDC in 
weakly acidic solutions. 

vlhen these adsorbents were immersed in the solutions 
containing two metal ions, Cu 2+ were selectively adsorbed. 
Irving-Williams order is obeyed in these adsorbent/heavy metal 
ion systems. The effectiveness of adsorption of Cu 2+ was in 
the order of ArnAC ~ HDC > a-CAHDC > 8-CAHDC, and ArnAC from 
ethylenediamine was most effective and selective. 

The metal ions adsorbed on AmAC from ethylenediamine were 
completely desorbed by treating with 0.1 M hydrochloric acid 
at room temperature for 2 h. After desorption of metal ions, 
these adsorbents effectively readsorbed metal ions. 
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Evaluation of the 
Form as a Heating 

Z ire 0 n i a 
Element 

Tsunenobu Saeki 
Sinagawa Refractories Co. Ltd 

~o 

It is well known that the partially stabilized zirconia form has 

oxygen ion lattice defects, and shows ion conductivity at high 

temperature. Therefore, it is utilized as a oxygen sensor and 

solid electrolyte in various fields. 

The application of the zirconia form to the heating element was 

so many tried since ten years ago. However some important 

problems such as thermal spalling were pointed out, and zirconia 

heating element was not established. 

We newly developed zirconia form as a high temperature heating 

element, and in order to evaluate the yttria doped zirconia form 

as a heating element, the electric resistance, heating properties 

by flowing current and the physical properties of the sintered 

body were investigated. This zirconia form shows stability as a 

a high temperature heating element, and a little physical change 

after heating test up to 2000°C by flowing current. 



THE PROPERTIES OF R3T COMPOUNDS 

AS HEAT REGENERATOR MATRIX USED IN SHAll SIZE HELIUH REFRIGERATOR 

Y. Tokai, A.Takahashi, and H. Sahashi 

Toshiba R&D center, Kawasaki, Japan. 

s-l1 

Conventional small refrigerators can refrigerate down to 10 or 20 K 

from room temperature, 300 K, and they are used as cool ing units in 

cryopumps, HRI systems, and infrared sensors . The performance of the 

heat regenerator, one component of the refrigerator, governs cool ing 

performance. 

The lower limit on cooling is mainly due to the lack of specific 

heat at low temperatures. The specific heat of conventional regenerator 

matrixes , Pb and Cu, is dominated by lattice contribution to specific 

heat, which falls rapidly with decreasing temperature , since it is 

proportional to P . 

In looking for a larger specific heat at low temperature , the 

excess heat capacity due to entropy changes in magnetic ordering has 

been studied in rare earth compounds . 

Some R3T compounds (R : rare earth, T: Ni , Co), especially Er3Ni, 

have a large excess heat capacity. The specific heat of Er3Ni is 

comparable to that of Pb above 15 K and is far greater than Pb below 

15 K. 

We have succeeded in making spherical grains of Er 3 Ni 0.2 to 0.3 mm 

in size. These spherical grains are durable enough to withstands 

thousands of hours of operation, whi le crushed grains of the same 

composition break down gradually given the same operating conditions. 

The lowest temperature, in the 2 K range, was obtained by using th 

grains in a 2-stage GH-cycle rer' rigeratol'. 



EPOXY MOLDING COUPOUND FOR ADVANCED SEMI-CONDUCTOR DEVICES 

Stress Redution Technology with Silicone polymer 

TAKASHI TSUCHIYA 

Silicone-Electronics Materials Reserch center 

Shin-Etsu Chemical Co.,LTD 

1. Intoroduction 

Epoxy resin is widely used in re and LSI encapsulant.Plastic Encapsulation of 

large semi-conductor chips has resulted in increased stress-related failure. 

In an effort to minimize the stress problems, we have tried to lower a modulus 

by modifing the epoxy resin. As a result, Ultra low stress molding compound have 

been developed. 

2. Reducing Stress Technology 

An internal stress can be generally expressed by using the following equation. 

E:modulus of elasticity of molding compound 

Stress p =K f E' Q; • dT Q;: coefficient of thermal expansion of molding compound 

T:temperature K:constant 

As gathered from the equation given above, it is necessary to decrease both 

the modulus of elasticity and the coefficient of thermal expansion of the 

molding compound to reduce stress. 

2 - 1. Reducing the Modulus of Elasticity 

A silicone polymer forms a two-phase structure(sea-island structure) in the 

epoxy matrix. Applying silicone, therefore, permits achievement of a lower 

modulus of elasticity without lowering the glass transition temperature(Fig.1) 

2 - 2. Morphology Control 

To disperse a silicone polymer in the epoxy matrix ,the Block copolymer A 
of formula (1)' can be obtained by reaction between the alkenyl group contained 

epoxy resin and the ==SiH group contained organopolysiloxane, it is possible to 

controlled domain size of silicome polymer in the matrix to the submicron level 

by using Block copolymer A. 

As shown in Figure 2, Stress characterstics are significantly dependent upon 

the domain size. 

Block copolymer A Fig. 1 Fig.2 
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