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プログラム

9:25 開会

9:30 1 ジルコニアの相安定性(そのn)ー準安定正方晶ジルコニアの相安定性に及ぼ

す熱的・機械的および化学的応力蓄積

吉村昌弘(東京工業大学)

10:00 2 正方晶ジルコニアのドメイン構造(仮題)

宮沢憲一、佐久間健人(東京大学)

10:30 3 ジルコニアの高圧相転移

嵐治夫(東北大学)

11 :00 4 高圧X疎回析法による Y-TZP焼結体の構造解析

北野幸重、正木孝樹(東レ)

一昼食-

12:30 5 Y-PSZにおける変位型変態の現象論的解析

早川元造、 岡宗雄(鳥取大学)

13: 00 6 3000M Paの抗析強度を持つ Zr02-AI2 03 系セラミックスの特性評価

四方良一、浦田佳孝(大量りント)、塩野剛司、西川友三(束事工芸副大字)

13: 30 7 Z r02・ AI203 -TiC (SiC)三元素複合セラミックスの諸特性

福原幹夫(東芝タンガロイ)

14 : 00 8 Y -T Z P焼結体の強度解析

野口健一、大石学、正木孝樹(東レ)

14:30 9 イットリア添加正方晶ジルコニアの疲労に対するイットリア含量および粒径の

影響

芦塚正博(九州工業大学)、窪田吉孝(東ソー)

15:00 10 導電性ジルコニア材料 (NPZ-2)について

佐々木豊重、城山正治(日本タングステン)

15:30 11 TZP強化生体活性結晶ガラス

中島紀一(新東工業)、春田敏弘 (HOYA)

ー コーヒープレーク ー

16:30 12 ジルコニア薄板のイオン伝導性評価と成形技術

山名一男(石川県工業試験場)

17:00 13 大工試における「燃料電池J研究ージルコニア系材料の応用可能性

棚瀬繁雄、奥山博信、児玉時雄(大阪工業技術試験所)

17:30 14 部分安定化ジルコニアの応用一広領域空燃比センサー

早川暢博、川合尊、山田達哉、高見昭雄(日本特殊陶業)

18:00 15 機械加工可能なパインダー-フリーのY-TZP粉末

奥田吉弘、 P.Stark(ICIJapan) 

18:30 16 ジルコニアの接合(仮題)

岩本信也(大阪大学)

19:00 閉会



Zirconia Ceramics 12nd Symposium， AMSES， October 12， 1990， 

Phasc Stability of Zirconia (Part 工工) - Thcrmal. Mcchan:ical and 
Chcmical Strcss Accumulation Influcncing Phasc Stability of 
Mctastablc Tctragonal Zirconia -

Abstract 

Masahiro YOSHIMURA 

Research Laboratory of Engineering Materia1s 
Tokyo Institute of Techno1ogy 

工n the Par七工 [1]，工 have introduced a concept of 
metastabi1ity by the kinetica1 stabi1ization in addition to the 
thermodynamic stabi1ization， which corre1ates with the equi1ibria 
and phase diagrams. 工n the t-m phase transformation， where both 
t and m phases are metastab1e， stress accumu1ation is required in 
the tetragona1 grain(s) to overcome nuc1eation barrier as the 
activation energy from t to m. 

The present study dea1s with the origin and mechanislll of the 
stress acculllu1ation in the metastab1e t grains. Even if the 
composition (stabi1izer concentration) were homogeneous， every 
part of the grains is in different stress state， because i七
depend upon 七he 1ocation and therma1， mechanica1 and chemica1 
histories which migh七 cause different nanostructures [2]: 
defects， dis1ocations， an七i-phase bounceries， twins， sub-grain 
boundaries， etc. A simp1e mode1 based upon the assumption that 
every 'part of t-grains has a norma1 dis七ribution of effective 
free energy inc1uding non-chemica1 energies such as 10cal strain 
and surface energies could exp1ain the t-m transformation 
behavior during mechanical grinding [3] for rapidly quenched 
ZrO~-RO ， ~ solid solutions with different dopant concentrations. 2 ~，~ 1.5 

This suggests that a certain part where the accumuiated 
strain energies exceed a critical value can provide the 
nucleation site of the transformation， and that the nucleation 
occurs inhomogeneous1y in the domain of probably a few tens 
nanometer size. The transforlllation behavior， therefore， can be 
controlled by the accumu1ated strain energies caused by the 
interaction between thermal， mechanical and chelllical nano-
structure of grains. 

[1] M. Yoshimura， Ceramic Bulletin， 67[12]， 1950-55 (1988) 
[2] T. Noma， M. Yoshimura， S. Sδmiya， M. Kato， M. Shibata-

Yanagisawa， and H. Seto， Advances in Ceramics， Vol. 24， 
Science and Technolo~y of Zirconia 1工工， ed. S. Sδmiya， N. 
Yamall1oto and M. Yanagida， pp. 377-84， 1988 

[3] M. Yashima， T. Noma， N. Ishizawa， and M. Yoshimura， J. Am. 
Ceram. Soc. to be pub1ished 



Domain structure of Tetragonal Zirconia 

Kun'lchi Miyazawa and Takcto Sakuma 
Department of Materials SCience， 
ドacultyof Engine~ring ， 

University of Tokyo 

1n lhe tetragonal partially slabilized乙irconla(t-PSZ)containlng Y203， 
it has been reporled that oxygen atoms are alternately shifted along c=axis 
from their iluorlte sites/lI. On the oltler hand， forbidden diffractiuns with 
indexes of odd odd even， ~hich are considered to be excitcd due tu the above 
displacement， tlre obsel'v合dby TEM. A domain struclure charactcristJc to the 
t-phast! can be seen in each variant with the forbiddcn diffractions. It has 
becn reported that thls dornain structure appears wilh the difIusionless c-t 
phase transformation and lhat the dumai n bυundary is considered to be thc 
antiphase boundarY which has a close relation with lhe displac:cmenl of oxygen 
atoms/2/. The purpose of lhis study is to make a further discussion un the 
relation belween the domain structuI司 eond the displaccment of uxygen atoms. 

Various compositions of bultnn-shaped Y-PSZs were m台1ted i n an arc 
Iurnace and co υled rapidly on a ~oppcr plate. Those specimcns obtained were 
sliced by a diamond blade， lapped by thc diamond powdcr and pfocessed into a 
thin foil using a ion mi 1 llng apparatus. TEM observation was carried oul with 
2000FX(JEOl.) and 1l800(Hl lachi) at 200 kV. DifIraction pattcl'ns werc calculated 
wi th the dynamical theory， considering the displacement of oxygen aloms， fi 1m 
thickness， exclt~:d ion crror， and orlentalion of heam incldenee. The a.bsorp-
tion of the electron beam was neglected in this calculation. 

TビMobservation showed that lhe domain boundaries have a slructure of 
closed curve when they are observed in a thin area 01 speclmen by using 112 
forbidden dlffractlon. This result supports the Idea lhat the domain bQundary 
is i:in antiphase boundllry which mlJst be closcd， if the oxygcn atoms shift 
strictly parallel to only c-axis. lt can be seen that the {112} plunes are 
shifted Aach olher ¥0 form a π-boundary i f the domain bound8ry is 8n anti-
ph8se boundary in the arC'8ngement of oxygen atoms. Iiowever， lhe contrast 
varied according to lhe domains. This means that the direction and magnitude 
of the disp¥accment of oxygen atoms ure not homogencouS in the samc varlant. 
Thc observalion of dilfractiυn patterns shuwed thllt forbidden diffraclions， 
for cxample 110， by lhe double refl合ctionapPCtlr even iI the incident electron 
beam was paral1el to the zone axis， ¥oihile the double diffractions were too 
weak to be detecled in the calculated diffraction patt 

11/ J.Faber， Jr. and M.H.Mneller Physical Review b， 17(1978)， 4884 
/21 T.Sakuma Transactions of lhe Japan 1nstilute of Metals， 29(988)，879 



Phase Transformations of Zr0
2 

at High Pressures 

Haruo ARASHI 

Research Institute for Scientific Measurements， 
Tohoku University 

Recently， zirconia ceramics have been investigated with much 

emphasis on their toughness ・ The toughening mechanism of zirconia is 

explained by a transformation induced by a stress field. Thus the 

investigation of the phase transformation at high pressure in Zr0
2
， 

from a microscopic view point， is considered to be important. Raman 

scattering provides a useful means in investigating phase transforma-

tions because it reflects the dynamical properties associated with the 

change in crystal structure. Pressure dependence of Raman spectra in 

Zr0
2 

was measured by using Diamond Anvil Cell (DAC). From the Raman 

spectroscopic measurements of Zr0
2 

at room temperature and up to 60 

GPa， three successive phase transformations were observed. Atmos-

pheric monoclinic phase transformed to orthorhombic phase at 3.5 GPa. 

In this transformation Zr0
2 

single crystal of monoclinic phase non-

μstractively changed to a single crystal of high pressure phase. 

From this experimental fact， we have successfully determined a crystal 

~tructure of orthorhombic high phase by in situ single crystal X-ray 

aiffraction method using DAC. The space group of the orthorhombic 

high pressure phase is Pbcm. Pressure dependence of Raman spectra 

indicated that this orthorhombic phase made a phase change at about 12 

~Pa. The crystal structure of high pressure phase above 12 GPa is 

lOt determined. Recently， we have found the new high pressure phase 

ョbove 35 GPa. This high pressure phase was quenchable to ambient 

ユonditions. From X-ray diffraction using crystal quenched from 60 

;Pa， it was found that the new high pressure phase belonged to tetrag-
)nal system and several candidative space groups which were consistent 

vith the experimental results obtained from X-ray and Raman measure-

~ents were proposed. P-T phase diagram of Zr02 was determined by in 

>itu X-ray diffraction performed using IMAX-80" cubic anvil system 

Lnstalled in the Photon Factory at the Synchrotron Radiation Facility 

)f the National Laboratory for High Energy Physics ( Tukuba). The 

)hase boundary between the orthorhombic high pressure phase and the 

:etragonal high temperature phase. 
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Structural Analysis of Y-TZP Sintened Bodies 

Yukishige Kitano，Takeki Hasaki (Toray Industries， Inc.) 

ABSTRACT 

The tetragona.l-to-monoclinic phase transformation on ground and polisheed 

surfaces of t.etraeonal zirconia polycrystals containing 2.5 mol% yttria was studied lIsing 

an in s i tu X--ra.Y diffruc::tion technique. The anunount of munocl inic phase caused by thermaト

stress-induced transformatin reached a maximum value at 250oC，and the th8rmally stressed 

specimens exhibited mllch greater (111) pcak intensity than that of (111).as similarly observed 

in specimens associated with mechanical stresses. 
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Phenomenological Analysis of the Displacive 
Transforma七ion in Y-PSZ 

M. Hayakawa and M. Oka 

Department of Mechanical Engineering， To七七ori
University， Koyama， Tottori 680， Japan 

Abstract 
Crys七allographyof phase transforma七ionwas 

S七udiedof 七he cubic 七O 七hete七ragonal and 七he
七etragonal to 七hemonoclinic phase in arc-mel七ed Zr02-
2-3molもY203alloys. 

The-specimens exhibi七eda well defined herringbone 
structure of the te七ragonal phase in the as cooled 
state from七hemelt， whereas an aging of a specimen a七

300 deg C caused initiation of thin plates of 七he
monoclinic phase and subsequent grow七h of 七hese in七O

another 七ypeof herringbone struc七ure. All of 七hese
S七ruc七ureswere interpre七edas 七heywere essentially 
con七rolledby s七rainenergy minimization principle， and 
thus motivated an applica七ionof 七hephenomenological 
七heoryof martensitic transforma七ions.

All available crystallographic parame七ers，such as 
la七七ice parameters， la七七iceorienta七ionrela七ions，
habit planes， tossible lat七ice invarian七 shear sys七ems，
e七c.，were collected by using transmission elec七ron
microscopy and X-ray diffraction techniques. 工n the 
case of 七he 七etragonalherringbone structure， since no 
cubic ma七rixwas re七ained，effec七ivecancella七ionof 
shear strain in a volume was adopted for七heminimum 
strain energy condi七ion. For a monoclinic plate， the 
usual plane invarian七 shear strain was assumed to be 
fulfilled， whereas for the monoclinic herringbone 
S七ructure self-accommoda七ionwas assumed 七o be 
operative among the plate variants. Measured 
parameters were used to predic七七heresul七ing
structures under the respective energy minimization 
condi七ions.

The resul七swere found 七o be consis七entwi七h
observation and thus all of these struc七ures were 
concluded 七o be con七rolled by the s七rainenergy 
minimiza七ionprinciple. 



Characterization of Zr02- AI20き composites

wi th the bending strength of 3000MPa 

Ryoichi Shikata". Yoshinori Urata". 

Takeshi Shiono"" and Tomozo Nishikawa"" 

Osaka Cement Co.. Ltd. 

Kyoto Institute of Technology 

Y 2 0き -stabiI ized tetragonal zi rconia 

polycrystals (Y- TZP) have been studied because 

of high ， fracture strength and toughness. 

Recently. we have developed Zr02- AI203 

composites which had average bend ng strength of 

3000門Pa at room temperature. Starting materials 

of the composites were Zr02 powder (3mol% Y20，) 

with crystal 1 ite size of 20nm and AI20a powder 

with 0.54μm. In the si nteri ng process. Zr02 

could be sintered easi Iy， but AI20a could be 

sintered wel 1. As the resul t. the composi tes 

with the microstructure in which a large AI203 

grain existed in the matrix of Zr02 wi th smal I 

grains. was obtained. The mechanisms of the 

enhancement of fracture strength. microstructur-

al featllre. crystal form. residllal stre尽S

effects and fracture toughness of the composites 

are d iscussed. 

。



Properties of (Y)Zr02-AI203 and (Y)Zr02・AI203-(TiCor SiC) 

Ternary Composite Ceramics 1 

Mikio Fukuhara 
Toshiba Tungaloy CO. Ltd.， Research Dept. for Tool Development， 
1・7，Tsukagoshi，Saiwai-Ku， Kawasaki， 210 Japan 

The effect of AI203 and (TiC or SiC) additions on various prope凶esof a 

(Y}TZP (yttria-stabilized tetragonal zirconia polycrystal}-AI203-(TiC or SiC) 

ternary composite ceramic were investigated of developing a zirconia-based 

ceramic stronger than SiC at high temperatures. Adding AI203 to (Y}TZP 

improved transverse rupture strength and hardness but decreased fracture 

toughness. This binary composite ceramic revealed a rapid loss 01 strength with 

increasing temperature. Adding TiC to the binary ceramic suppressed the 

decrease in strength at temperatures above 1573 K. The residual tensile stress 

induced by the differential thermal expansion between Zr02 and TiC therefore 

must have inhibited the h~ m Zr02 martensitic transformation. It was concluded 

that a continuous skeleton 01 TiC prevented grain-boundary sliding between Zr02 

and AI203・ Incontrast， for the ternary material containing s-SiC in place 01 TiC， 

the strength decreased substantially with increasing temperatu[e due to 

imcomplete formation of the SiC skeleton. 

For the (Y}TZP -A1203・TiCternary composite material， we proposed a high-

temperature strength mechanism that may be called a tensile-stress-constrained 

ma'rtensitic transformation. 

Reference 

1. M.Fukuhara，J.Amer.Ceram.Soc.，72(2)，236-42(1989}. 
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Strength Analysis of V-TZP Sintered Bodies 

Kenichi Noguchi， Hanabu Oishi， Takaki Hasaki (Toray Industries， Inc.) 

ABSTRACT 

Tensile strength of Yz03-stabilized ZrO pobcrystals(Y'-TZP) was measured bya newly 

developed tensile testing method with a rectangular bar. The tensile strength of Y-TZP was 

lower than that of three-point bend strength，and the shape of the t.ensile strength 

distribution was quite different from that of three-point bend strength distribution. 

It was quite difficult to predict the distribution curve of the tensile strength using 

the data of the three-point bend strength by one-modal Weibull distruibution. The 

distribution of the tensile stn:mgth was analyzed by two-or--three-'modal Weibull distribution 

coupled with an analysis of fracture origins. 

The distribution curve of the three-point bend strength which W8.S estimated by 

multimodal Weibull distribution agreed favorably with that of the measured three-point bend 

strength values. 

A two-modal Weibull distrihution fuction was formulated approximately from the 

distriblltion of the tensile and three-point bend strengths，and the estimated two-modal 

Weibull distribution fuction for the four-poin bend strength agreed well with the measured 

four-poit benrl strength. 

8 



EFFECT OF YTTRIA CONTENTS AND GRAIN SIZES ON FATIGUE BEHAVIOR 
OF YTTRIA CONTAINING TETRAGONAL ZIRCONIA POLYCRYSTALS 

Masahiro ASHIZUKA 
Kyushu Institute of Technology， Department of Materials Science and 
Engineering， 1-1， Sensui-cho， Tobata-ku， Kitakyushu-shi， 804 JAPAN. 

Yoshitaka KUBOTA 
Tosoh Corporation， Advanced Materials Research Laboratory， 2743-1， Hayakawa， 

Ayase-shi， 252 JAPAN. 

Fatigue behavior of 2， 3 and 4 mol% YzOs containing tetragonal zirconia 
polycrystals were studied by measuring their strength as a function of 
stressing rate (dynamic fatigue). At room temperature， relationships 
between stress and displacement showed the linear ones indicating elastic 
behavior for all specimens. At 250~ ， their relationships showed elastic 
behavior at whole stressing rate for 3mol%YzOs-TZP(Z3Y) and 4mol%YzOs-TZP 
(Z4Y)， and at stressing rate above 3.02 MPa/s(crosshead speed 0.05 mm/min) 
for 2mol% YzOs-TZP(Z2Y). On the other hand， the stress-displacement 
relationship of Z2Y deviated from a linear relationship at the stressing 
rate of 0.301 MPa/s(crosshead speed 0.005 mm/min) at 2500C and showed 
inelastic bahavior. Relationships between iogσf and iog a for Z2Y， Z3Y 
and Z4Y were linear over the whole range of stressing rate at room 
teperature. On the other hand， relationships between in σf and ina at 
250~ increased with increasing stressing rate a for low stressing rate， 

but showed a tendency to become a constant value over 30.2MPa/s for Z3Y with 
grain size of 1μm and 3.02MPa/s for Z4Y with grain size of 1 and 2μm. 
The crack growth parameter N from these slopes were obtained. 

The crack growth parameters N at room teperature decreased with 

incI、easing YzOs contents but all the values became more than 32， and were 
not affected by the grain size. The N values of TZP containing 2 ，3 and 4 
mol% Y20S belonged to the grain size groups ofμm  at 2500C showed the 
constant value of average 9.2 indicating remarkable fatigue. While， in the 
case of the grain size group of 0.5μm at 250oC， the N value for 3mol % 
Y20s-TZP was about 50 indicating little fatigue， but， the N values for 2 and 
4 mol% Y203-TZP decreased until about 22 and 32， respectively. 

The monoclinic zirconia contents in the fracture surface after dynamic 
fatigue test were a constant value regardless of stressing rate. At a 
constant YzOs content， the monoclinic zirconia ratio increased with 
increasing grain size. On the other hand， at a constant grain size， that 
ratio decreased with increasing YZ03 contents. For the grain size group of 
0.5μm， the monoclinic zirconia content became about zero at 4mol%Yz03・

The fracture surface of TZP after dynamic fatigue test at room 

temperature showed a smooth reigion near the fracture origin followed by a 
rougher area being spread in a ra 



Properties of conductive PSZ 

Toyoshige Sasaki I¥'1asaharu Shiroyama 

Recently special attention has been paid to YZOl partially stabilized zirconia which retains high 

strength as weJl as a high degree of toughness. . However there are a number of problems which 

must be eJddressed and solved quickly in many ceramic materials inc1uding Y-PSZ. The fundamental 

characteristics of ceramic materials ie. hardness and brittleness make machining of such ceramic 

rnaterials difficult. 

Therefore machining method of ceramic materials is different. Electric discharge machining is 

the method used to machine the workpiece accurately and efficientey. Recently Electric discharge 

machining of various ceramic materials are examined throughly. ，. ， However there are few reports 

of Y-PSZ. 

We develop Y-PSZ materials having the possibi1ity of electric discharge machining，(NPZ-2;trade 

name of Nippon Tungsten} and report on the materials mechanical， thermal and electric properties. 

。

|
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豊重.抵当iムiE-So

11強さを有することである.阻 2 に曲げ強さおよび硬さ{ロックタェル硬さ}と Ij~
化物の添加量との関係を示す.困2からわかるように曲げ強さは話加量の地加とtt
もに徐々に低下する.しかし先に述べた安定な放電加工ができる組慮において1201(
剖h 程度あり、 NPZ-2はPSZに比べれば曲げ強さは若干低下してい Qが一般
のセラミックスに比べれば祖当に高強度な持科であり、導電位と高強度高観性の~~ ， 

性を合せ持つセラミックス材料であることがわかる
また硬さについては高硬度の炭化物の増加とと bに
上昇しており、他のセラミヲクスに比べ硬さが極い
PSZより高くなっており、耐摩耗性I;t:Ps zに比
べ向上している.
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1 はじめに
セラミフクス材料は、耐摩性、耐食性、耐E急性などにflれた性質を有しておりこ

ーれらの特徴を生かした用途で使用されるようにな守わ.しかし、失点として強度面
での信組性や高硬度脆位材科ための灘加工性と雷った問題点tあり、十分に活用主
れていない技恕である.そのために信組性の高い材科の開発や各種成形法の投討が
行われている.さらにセラミフクスの幅拡加工の面で鼠電加工、 tユーザー加工広ど
の研究E・21がおこなわれ、著しい加工方法の進歩により、切断や孔明け等を簡単に
行なうことも由来るようになゥた.しかし、梅遊周をラミフタスは一般に電気絶極
性であり放電加工は困輝である.そこで最近、構造用セラミックス材料に電気伝謙
性を付与した材料開発が盛んに行なわれるようになうた.1“海電性ジルコニア
材料{弊任商品名 NPZ-2)1玄室温付近では絶段付科である部分安定化ジルコニ
ア {PS Z>に鼠電加工やワイヤカフト加工が可能な海電性を付与し、 PSZの特
徴である高強度高観性を合せ持つゼラミックス材科である.ここでは導電性ジルコ
ニア材科の特性を中心に述べ、電気伝導のメカニズムおよび本材料の応用面にふれ
る.

日本タングステン続式会社
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ず

血1aI'C

国 2.2NPZ-Zの材料特性
2-1電気抵抗.$

NPZ-2t主政電加工ができる程度の尋電位を付与した材科であるが、放電加工
は材料の電気抵肱皐と強い招闘があり電気低抗$をコツトロールすることによって
政電加工の可否を決定できる.図 1に焼結体の電気低li率と炭化物の話加量との悶
係を示す.炭化物の話加量の増加ととむに電気低抗率は低下し、 25volX付近で著し
い低下を示した. P S Zは電気底抗E容が常温で 2xl012Q • CIIの絶縁性セラミック
スで、一方炭化物は7..( X 10-5 n ・伺

の導電性でありこのような絶母性の粒
子と導電性の枝子とが瀧合している場
合には電誌は導電性粒子がつながった
ところを選択的に掠れ、~電性世子の
分散択箆が彫馨して〈る材科の魂電率
0/電気低抗$)は導電性に寄与し

ている海電位佐子の全海電佐世子に対 -
する割合によづて決まると考えられ導
電性世子がある体積率以上にならなけ
れば全体を貫く湧電路はできないと考
えられており、この系では25volX付近
に臨界植があると考えられる. 実際
に政電加工を行なってみると、電気抵
抗.$が5.1X 10-2 Q ・C・の旋結体でも
加工でき与が、安定な政電加工をおこ
なうためには電気低銃率I:tlD-lQ・ 日

以下が望ましい.
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TZP強化生体活性結晶化ガラス

中島紀ーへ春日敏宏

(HOYA(抵)， 196東京都昭島市武断3-3-1)

Bioactive Glass-Ceramics Toughened by Tetragonal Zirconia Polycrystal 

Kiichi NAKAJIMA窓 andToshihiro KASUGA 

(HOYA Corporation， 3-3-1 Musashino Akishima C. Tokyo 196) 

Two types of high strengh bioactive glass-ceramic composites， a composite of 

crystallized glass matrix /dispersed.tetragonal zirconia policrystal(TZP) grains 

and a composite of TZP matrix /dispersed crystallized glass grains， were 

developed. The former was fabricated by hot-pressing the mixture of the glass 

and TZP powders. The bending strengh of the composite increased with increasing 

TZP content showing 600 to 900 MPa at 40 vol%. The latter was devised for the 

purposes of manufacturing such a complicatedly designed product as "tooth root" 

and of mass-producing by means of hot-isostatic-pressing of the pressurelessly 

sintered specimens the shape of which the mixture of the crystallized glass and 

TZP powders was molded into by an injection machine， because it was limited to 

the case of a lower TZP content to fabricate dense specimens by the pressureless 

sintering of the molds of the mixture of the glass and TZP powders. The increase 

in strength would be considered to result from the compressive stress field 

generated duringthe sintering prosess in both composites. The bioactivity and 

the phase transformation of TZP in simulated body fluid and in hot water were 

est imated. 

怠現在:新東工業(株)， 338 浦和市西掘4-6-10

本 Nowwith SINTOKOGIO， LTD.， 4-6-10 Nishibori Urawa C. 338 
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o f Deformat.ion a n d Ionic Conductivit.y 

Zirconia Sheet 

K.Yamana，S.Nakamura，S.Kanno(1nd.Res.1nst.of 1shikawa) 
T.Yoshimura，K.lna(Kanebo LTD)，K.Kitagawa(Kanazawa Univ.) 

Relation bet~een thicknes~ 
and response time. 

3.0μm 

Microstructure observed 
by SEM. 

1.0cm 

Thin one-end closed 
tube. 

帽、、 ~ '~'，' j 

30 60 

time(sec.) 

ー←一一一言き

700'C 

。

Fig.2 

Fig.3 

h-zω 

Fig.1 

Having an ionic conductivity， a zirconia material is 
used as oxygen sensors in various fields such as the 
application for an electric fuel injection and a steelmaking 
process etc.. 1n this study， we have dealt with an automobile 
oxygen sensor. 1t is known that an automobile oxygen sensor 
needs to have the lower operation temperature and the more 
rapid response time. Therefore，the following subjects were 
studied. 
(1) The sheets of various thicknesses were produced and 
these ionic conductivities were evaluated. The relat50n 
between the response time and the electromotive force was 
measured. 
(2) The one-end closed tube for the automobile oxygen sensor. 
Kas made by the superplastic deforrnat50n (deep drawing)ωhich 
phenomenon日 sfound out by Wakai et al.(1986). A thickness 
of the sensor was produced thinner in order to obtajn the ~ore 
rapid reSDonse time. 
(3) A tetragonal zirconia decreases in strength after aging 
at 10 ... : temperature (200-3000C) but a cubic zirconia doesn'仁

because it is a stable phase. However， the cubic zirconia has 
larger grain growth in comparison with tetragonal zirconia. 
Therefore it is difficult to be deformed. It is necessary to 
develop the cubic zirconia with the small grains. Several 
kinds of additives were added into the Y20S・stabilzedcubic 
zirconia and the microstructures were observed by SEH. 
The results ~ere obtained as follows . 
(1) The response times were examined for the various 
thicknesses at 7000C(Fig.l). As the thickness was thinner，the 
response tine became more rapidly. 1n the case that the 
neasurement temperatureいasgiven below 7000C，thin sheets 
showed similarly the rapid response time. 
(2) The thinner zirconia sheets (0.2-0.3mm) which ¥Jere 
produced by the doctor-blade method， were deformed using the 
superplastic processing. The one-end closed tube was obtained 
as shown in Fig.2. The production condit5on was g5ven as 
follows the maximum temperature was 14500c and the press 
speed was O.145mm/min.. 
(3) The AhO，: -additive was added in the zirconia by a 
co-precipitation method， and 5.5mol%Y203-added zirconia 
吋 th5wt%Ah 0"ωhich became a cubic phase. was produced. The 
microstructure showed the smal] grains and the homogeneou只

texture(Fig.3). Consequently，the deformation was larger and the 
hat-like form was made at the condition where the maximum 
temperature was 14500c and the press speed was 0.5mm/min.. 1n 
addition 



ZIRCONIA AND ITS APPLICATION TO FUEL CELLS 

S. Tanase， H. Okuyama and T. Kodama 

Governmen七 Indus七ria1Research Ins七i七u七e， Osaka(GIRIO)，

Agency of Industria1 Science and Techno1ogy(AIST)， 
Ministry of Interna七iona1Trade and Indus七ry(MITI) 

8-31， Midorigaoka 1， Ikeda， Osaka 563， Japan 

ABSTRACT 

Fue1 ce11s， inven七edby Sir W. Grove as ear1y as 1839， 
have received considerab1e a七七en七lonSlnce 七he 1960's 七ha七 fue1 
ce11 systems found their first major app1ication， auxi1iary 
power sources for 七heGemini space f1igh七s. During 七he
in七ervening 120 years， a number of concep七s of fue1 ce11s 
re1a七ing 七o converting chemica1 energy七o e1ec七rica1energy， 

七ypesof fue1s， and 七empera七ureranges for opera七ionwere 
a11uded in the research work. Of 七he fue1 ce11s， Mo1ten 
Carbona七e Fue1 Ce11s(MCFCs) and Solid Oxide Fue1 Ce11s(SOFCs) 
have a七七rac七edspecia1 interes七 in recent years since 七heyhave 
merits such as high e1ec七ricpower generation efficiency and 
avai1abi1i七Y of various fue1s as we11 as siting advantages in 
e1ec七ricand gas u七i1i七y and for industria1 app1ica七ions.

Zirconia is one of the mos七 impor七antmateria1s for these 
fue1 ce11sizirconia fe1t serves as a gaske七 betweenMCFC s七ack
and七hemanifo1d distribu七ingfue1 and oxidan七 gases， and 
zirconia doped wi七h yttria， exhibiting high oxide ion 
conduc七ivi七y， ac七s as an e1ec七ro1y七e for SOFCs and is essen七ia1
a七七hepresent s七age， and a zirconia-nicke1 cerme七， which is a 
composi七e， has been app1ied as 七hee1ec七rode. Besides 七hese
app1ications， zirconia-based materia1s can be used as a 
structura1 componen七， e.g.， separa七or， subs七rate， and housing， 

七o fabrica七e SOFCs and ba七七eries.
From the viewpoin七 of advanced materia1s science and 

engineering， i七 seems 七o be worth reviewing the ro1e of 
zirconia and its re1a七edcompounds and 七hecomposi七es in七he
fie1d of fue1 ce11 七echno1ogy. In七hispaper， the princip1e 
and the features of fue1 ce11s are summarized， and 七he
feasibi1i七Y of 七heu七i1iza七ionof zirconia-based materia1s for 
fue1 ce11s are discussed on the basis of research work， 
inc1uding 1iterature searching， a七 GIRIO. This paper a1so 
describes 七headvantages and disadvan七agesof those ma七eria1s
which can be presen七1yob七ainedand suggests 七ha七 i七 maybe 
urgent七o deve10p七headvanced materia1s based on zirconia or 
七o research the new ma七eria1s，in order to commercia11y uti1ize 
fue1 ce11s in七henear fu七ure.

Prepared on Ju1y 14， 1990 
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大工試における「先然来斗雲監芋也」研究

ージ、ルコニア系材料の応用の可能性一

1.燃料電池とは?

一原理・特徴ー

棚瀬繁雄、奥山博信、児玉階雄

通商産業省・工業技術院・大阪工業技術試験所

リン酸型(PAFC、第1世代)、溶融炭酸塩型(トICFC、第2世代)、国体電解質型(SOFC、第3世

代)、その他(アルカリ型、イオン交換膜型、・・・)

2.ジ/レコニア系材料の応用の可能性

2-1. NCFC→ジソレコニア・フェルトのガスケット(マニホーjレド)への適用

2-2.S0FC→ジソレコニアの電解質(膜)への適用、

ニッケル・ジルコニア(サーメット)の電極(アノード)ヘの適用、

(多孔質)ジ.ルコニアの基体(管)八の適用、

ジルコニアのマニホールドへの適用

3.ジjレコニア系材料の改良(特にSOFCについて)

3-1.部分安定化ジルコニアの利用→強度の増加

3-2.添加(安定化)剤の変更、材料の多元化(Zr02-CaO-Ce02， ...) 

→酸化物イオン導電性の向上

3-3.製造加工方法の変更;テープ・キャステイング、イオン注入、・・・

4.燃料電池用材料開発の要点

4-1.導電性(電子、イオン)

4-2.雰囲気安定性(酸化 ・還元)

4-3.熱特性(相転移、熱膨張)

4-4.反応性(材料問 :電極 ・電解質)

4-5.電気化学的活性(電極反応)

5.まとめ

ジルコニアは高温作動の燃料電池にとって極めて重要な材料である。特に、これ無しに

現在のSOFCを語ることはできない。 しかし、ジルコニアの改良と併せて、新規な電池材料

の探索(開発)研究も必要かもしれない。

13-2 



Appllcation of Y-PSZ Vlde Range Air-to-Fuel Ratio Sensor 

Nobuhiro Hayakawa， Takeshi kawai， Tessho Yamada and Akio Takami 

ABSTRACT 

A sensor element was composed of Y-PSZ with cubic and tetragonal phase. 

The electrlcal conductivity of tetragonal zirconia corresponded to about 

82 % of the cubic zirconia. 

The sensor based on electrochemical pumping cel I and oxygen concentrat-

ion cell was able to measure concentration of oxygen gas and/or combust-

ible gas ( ex. H2， CO and HC ) with hlgh sensitivlt~. The sensor output 

was proportional to Alr-to・ruel ratio of combustion gas and had a I ittle 

dependence on te副perature.

14・



HtW Y.TZP COJt -.llYJ.ncu.ir2m l~tECH 

Yoshihiro Okuda.P.Stark(ICI Japan) 

Tht 1nternat1ona1 zircon1a powdet !upp11er Z-lECH， plrtロfthe lCI Grou，. 
has 1ntrod~cad a new machlnab1e， blndet free yttr1a Itab11i~ 邑d z11'conh 

whleh of1&rl extertsive cost saving advantages to manufacturlrs 01 lircon4a 

ceram1c.. 

ln mod.rn eng1nQQr1ng c8ram1es， yttr1a st.bl11sed zlrcon'圃， Qr Y..TZP， • hes 
achfeved a majot p051t1on， bQlng u5ed for cutt1ng 1mpltmtnts， wa8r 
compOf1ents， 干曹rrules，and a whole range of Ipecial1sed machfne parts where 

1t~ h1gh strength. w~~r and corros1on res1$tance are vital. Tn1s ceram1c 

is produced 1rom stabtl1sed zlrcon1a powdQrs made to vor~ eXlcttng 

nqulrements. 
.. 

トTECH'S"SY-ULTRA 5.2" h stab111sed with J 胸 11有Y202t091v・， htlh 

performance Y..n:P cQramlc w1th ouhtand1no prop・rties. It has the now 

advantage thdt 1t can be isostatlcdl1y' pressed wlthout b1nders. then 

machinad to d h1gh sur1~ce flnlsh fn the ore曙n6tate befora flr'ov. lhR 

abf 1ity to green制 ch1newlthout the need to 1ncorporate blndefS glves th~ 

千晶brieatora number of important n・wbl!ntfHs I 

reducQd 11r1no tlme (lbout 1~ hrs 1ess， greater w1th 1arae plr~l) 
s1gn1f1cant incr制 se 1n furnac~ productlv1ty and less tomplex 

flrfng 5chedules 

1ell problems wlth cracklno and :~lstort1on of large parts during 

b1nder burnout 

00 1'urnace凹 liSI10nsdue to binder burnout (1011 po11ution) 

las1哩rf@cycl1no of scrap from gretn mlchln1ng 

千!werpores ft1th no b1ndors， sロhlghQrslntered dens1ty. 

This product thU5 enables fabricators to lchieve ralults whlch can 

otherwise only be ach1eved by the add1tion 01 b1ndars， but w1thout 1dc1ng 

the problems whlch blnders lnt.roduce.. A typlcal comparlson 11 Qlven In the 

tabh 
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GreQn BodY S1nt・r・dC・F・mfc
Oenslty F1tκ¥lNl ¥Denstty F1・kural

litrength ，trength 1n 
4 pt bl!nd1ng 

(91111 1) <!1Pa> (g/m 1) (H'I) 

a)Ho !I1NOgs 

• SY-ULTRA 5.2 3.10 6.3 6.08 1060 
(Z-TECH) 

• Con'ient1onal 
Y-TZP powder '. 
wfthout b1りder 2.98 3.8 8.08 1050 

b) BINOER ADDED 

• Y-TZP powder 
w1th 3宅PVA 3.15 8.6 6.02 111 
b1ncler 

Green maeh1nlng of complex 5hdpes wlth st.nd.rd 1也th・ttchniqullhl. bQ~n 

'Attns1vely testad. Recommendatlons 00 pr・..1n;，mlch1nlng Ind f~r1ng ar. 

offtrtd tロcustomersto achieve Nlximum performance of 'SY-ULTRA'・

'!Y-UlTRA' powder then Cdn gfve the Qreen bcdy.performance of 1 powd・rw1~h 

ttnder， but the flr1ng performance 01 a btnd・rfr・epowder. 

Thoto I Exampl.. of grQtn bodi，s wh1ch htvl baen m&chtnod from pr・u・d
cylfnders o( SY-ULTRA 3.2. 

15-2 
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Joining of zro
2 

l~obuya Iwamoto 

Abatrao乞

We ldingReaeaxchznetitute 
0・akaU11ivexaity-
11・1，Mihoqaoka，Ibaraki，o・aka567 

Zro
2 

i. an important ceramic for th~ ~8e of oxygen 

!ensor and widely UB色dfor七necont工01of !uel combuation co 

qenerate electric power and rnetallurgical proeeS8. ~urthér 

zro
2 

as refrac七orymaterial having ul七rahigh tensile .treng七h

value and good fractur・toughnessia goinq to produce in 

Japan. In th1B p工s8E:1n七a七1on，七heau七horwould like to oumrnarize 

chemical propeど七ie，，uch aa chemic~l どea.ctionl1nd wc!七乞凶コi.1iヒy

a.g以ine七 many ldnd oi: ~円台 ‘ al and a110y. Fu~乞hermore join1ng 

behavior with steel and the influence of 10n implnn七ation

七opromote wetting property are alao uiscussed. 



各位

先進材料科学 ・技術研究会

会長宗宮重行

1990年 9月

仁西東京科学大学教授 ・理工学部長コ

東京工業大学名誉教授

先進材科科学 ・技術研究会

学術シンポジウムの開催について(御案内)。

拝啓 時下ますます御清栄のこととお..ぴ申しあげます.

さて、当研究会では、昨年度にひきつづき、きたる12月13日{本).14日(企)の

両日かながわサイエンスパーク(川崎市)におきまして、下記要領により、

第 2回年次総会および学術シンポジウムを開催することといたしました.詳細

プログラムにつきましては、あらためて術連絡申しあげますが、会員各位なら

びに多方面からの多数の方々の積極的な御参加をたまわりますよう御案内申し

あげます.

とくに、 r (4) rポスター」による研究成果発表Jおよび r(5)先進材料

(製品)の解説・紹介Jにつきましては、別紙のとおり、発表者を公募いたし

ておりますので、御関係の方々に御紹介、応募御勧誘たまわりますようお願い

いたします.
敬具

追 伸

先進材料科学 ・技術研究会 (AdvancedHaterials Science and Engineering 
Society， r AMSESJ )は、学術研究・素材開発・加工技術・応用技術の各

分野にわたる「材料」に関する専門家による「横断的J研究会として、 1989年

3月設立され、以来関係各位の御協力・御参加をえて、学術シンポジウム ・

研究会の開催、徴関誌 rAMSEsニュース」の発刊等の活動を行ってまいり

ました.

当研究会は、また、海外の材料関連研究楓関との連絡 ・憶力につとめてきて

おり、米国MRS、ヨーロッパMRS、中国MRS、台湾MRS、オーストラ

リアMRS、メキシコMRS、インドMRSとともに、 1989年11月創立された

Internatlonal Haterials Research COllittee (1 MRC)のFounding
He.berであります.

本研究会の趣旨を御理解いただき、積極的な御参加・御筋力をたまわります

よう重ねてお願い申しあげます.

!e 

1.日時 1990年12月13日(木)、 14日{金 10:00--19:00 

2.場所 かながわサイエンスパーク KSPホール

()II崎市高津区坂戸100・1K S P西棟3F) 

3.内容・日程

(1)年次総会

(2 )記念講演

(3) シンポジウム

12月13日(木)

13:00・ 13:30

13:30・ 15:00

10:00・ 12:00

15:00・ 17:30

第 lシンポジウム:先進材料

第 2シンポジウム:センサー材料

12月14日(金)

10:00・ 17:30 

第3シンポジウム: シリカ系非品質材料の不完全構造

(凶ニューガラスフォーラム NGF と共催)

(4) rポスターJによる研究成果発表

展示 10:00・ 19:00 10:00・ 1700 

プレゼンレーション 10:30・ 13:00

表彰式 17 :30・

(5)先進材料(製品)の解説紹介 10:00・ 19:00 10:00・ 17:00
(6)懇親会 17:30・ 19:00

4.多加費(資料代とも) 会員:法人 ・個人 10，000門学生 3，000円

非会員 /1 20，000円 /1 5，000円

懇叙会参加費 /1 5，000円 /1 2，000円

5.主催 先進材料科学・技術研究会

""'1:. 事務局 株式会社ケイエスビー内 (担当脈・爆JI/}

(速絡先) 〒213 JI/崎市高津区坂戸100・1K S P西304
Te 1. 044・819・2001 Fax. 044・819・2009

以上



1-記念講演、シンポジウム

1.記念講演

(1)イオン交換法によるウラン浪縮技術(仮題)

調師:旭化成工業側 武田邦彦氏

(2 )センサー材料としての有償物結晶の現状と将来(!&題)

噌師:工業技術院1銀総高分子材料研究所 中西八郎氏

2.シンポジウム

第 1シンポジウム 先進材科~Advanced Haterials 
責任者:堂山 昌男(西東京科学大学)， 

宗宮重行 (d東京科学大学)， 

長谷川正木 c東京大学)

第2シンポジウム センサー材料~Sensor Haterials 
責任者:長谷川正木(東京大学)， 

工藤徹ー c東京大学)

m3シンポジウム シリカ系非品質材料の不完全摘造/

Structural !lDperfections in Si02 ・ Based
Amorphous Haterials 
(叩ニューガラスフォーラム NGF と共催)

責任者:)If副博司(東京工業大学)， 

今)11 宏 (東洋大学)， 

荒井 和男(工業技術院電子技術総合研究所)

細野秀雄(名古屋大学)

注1.各種先進材料に閲する調演会です.

2.シンポジウム講師につきましては、各シンポジウム責任者から個別に

御依煩いたしますので、御協力たまわりますようお願いいたします.

n -rポスターJによる研究成果発表

学生および若手の研究者のための研究成果発表の場であり、使れた発表に

対しては奨励賞を授与いたします.積極的な御参加をお願いいたします.

〔募集要領]

1.応募資格 先進材料の研究・技術開発に従事している科学者・技術者

および学生

2.テーマ 先進材料 (AdvanccdHatcrials)に関する研究

A.先進材料 {B、Cを除く)

B.センサー材料

C.非品質シリカ

注.奨励賞の審査等は合同で行います.

3.発表方法および形式

①ポスター:ヨコ 728Xタテ1030帽のスペース(パネルは用意して

あります)に研究内容をまとめ、ポスターに梢成してシンポジウ

ム開催期間中(12月13-14日)会場に展示する.

@アブストラクト :A4版 1枚、英文のアブストラクトを誘演要旨

集に掲寂する.

③プレゼンテーション:12月13日(木)10: 30・13:00口頭による

プレゼンテーション(1人3分程度 OHPが使用できます)を

行う.

4.奨励賞 次の4部門に分けて審査し、優秀な発表者を表彰します.

学生学士課程 5人程度(各貧技.~J貧 5 ， 000円)

修士課程 5人程度 11

博士課程 5人程度 JJ

一般(参加制限はありませんが、貨の対象は35才以下の方とし

ます.) 5人程度 JJ

5.参加申込締切期日 1990年11月24日(土)

アブストラクト提出期日 1990年11月24日(土)

注.ポスターは12月13日(木) 8:30 --9:30の時間内に会場で

発表者自身作成周います.



先進材料科学・技術研究会入会申込

( Advanced Materials Science and Engineering Society ) 

年額 10，000円

2，000円

11 100，000円

10，000円

2，000円

個人会費

学生会費

法人会員(事業所単位)1口

海外会員 (OECD加盟国の者) 11 

(上記以外の者)

安田信託銀行溝の口支庖

普通預金 No.609680 

先進材料科学・技術研究会

年会費

振込先

会員の特典は次のとおりです。

・学術大会.研究会.講演会への割引価格での

参加

・研究.調査への参加

・会誌への投稿，会誌の配布

・学術大会等のプロシーデイングの割引価格で

の配布

1.会員の特典

4.事務局(問合せ先)

法人会員/個人会員/学生会員により，別紙の入

会申込書に所定の内容を御記入の上，下記事務

局まで御送付ください。

2.会員の種別

KSP西304

〒213

川崎市高灘区坂戸 100-1 

稼式会社 ケイエスビ一気付

先進材料科学・技術研究会

(担当者係，績!II)

Te 1. 044 (819) 2001 Fu. 044 (819) 2009 

会費は次の通りです。下記銀行口座へお振込み

ください。なお，請求書が必要なときは事務局

までお申し出下さい。

3.初年度年会費

入会申込書(法人会員用)入会申込書(個人/学生会員用)

年月年

'
E
R
-
- 日月日

先進材料科学・技術研究会の主旨に賛同し.法人会員と先進材料科学・技術研究会の主旨に賛同し，個人会員・

して入会を申込みます。

(ふりがな)

法人名・事業所名

英文

所属・職名

(ふりがな)

氏名

所在地

学生会員として入会を申込みます。

T 

所在地

( Address ) 
所

Fax. Tel. 
属

1幾 研究会

の〆¥

(ふりがな)

名称

(Affiliation) 
関

:

S

I

E

-

-

代表者

職名等

( Title ) 
T 

研究会

Fax. Tel. の〆¥
( ふりがな)

氏 名

名
沼
一

ω
名

君

;

人
川
一
川

法
精
一
川
氏

事務

連絡者

(Name) 

γ 住 所

( Address ) 
Fax. Tel. 

専門分野

専門分野

(Specialty ) 

学生会員の場合は

指導教授等の確認印

(修了見込)

印

要/不要)

特に関心のある分野
.シンポジウム/講

演会テーマがあれば

ご記入ください。

(請求害ロ口数入会申込
課程修了見込)

特に関心のある分野
.シンポジウム/講

演会テー 7 があれば

ご記入ください。

月年


