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MRS-Japan Sympoj1um 

Advanced Ceram1cs 

1991.10.24(thurs) 

at KSP(Kanagawa Sc1ence Park) 

9:45 Open1ng 

10:00(1) R.C.Brad~ ， T.Senda(N.vada Univers1ty) 

Grain Growth of ZnO and of ZnO 1n ZnO-B12 0事 and ZnO-Sbz 03 

Ceram1cs. 

10:50(2) :E: .Mat1iev1 ~， (Clarkson Un1vers1t1ty) 

Well Def1ned Ceramic Powders:Ach1evements and Problerns 

Lunch 

13:00(3) M.V.Swa1~ ， E.B.Lutz(Un1vers~ty of Sydney)，C.J.Bettles (CS工RO)

Mechanical Propert1es of D1spers10n Contain1ng Cerarnics 

13:50(4) ~.F.Beche r，K.B.Alexander，A.Bleier 

(Oak Ridge Nat10nal.Labolatory) 

The Effect of Microstructure on Transforrnation Toughening in 

Zirconia Cerarnics and Cornpos1tes. 

14:40(5) G .Petzow，M.J.Hottrnan(Max-Plank-工nstitute for Metals Reserch) 

Opportunities for M1crostructural Developrnent in Si，N4Cerarnics 

一一一一一 Coffee Break 

16:00(6) 互ニ旦ょ主主主， (Korea Advanced 工nstitute for Science and Techn01ogy) 

Prospect of Cerarnic Sciences for Resolving Current 

Envirornental Problerns. 

16:50(7) W.D.Kinqerγ ， (Univers1ty of Arizona) 

Mater1als 工nnovations 1n Context. 

17:40(8) B.C.Pohanka， (Office of Naval Research) 

Recent Advances 1n Materials. 

18:30 

20:30 

Party and Cerernony for Prof.W.D.Kingery， Pどof.E.Matijevic and 

Prof.G.Petzow. 

Clos1ng 



"Grain Grow七hot ZnO and of ZnO in 
znO-Bi20， .and ZnO-SbZ03 caramics" 

by T. Senda and R.C. Brad七

'I'ha ph・nom・nonot the grain qrow七h of ZnO is review.d for 
sint・red"pure" ZnO caram.ics anc1 a1so for th. same ZnO powder wi th 
systematlc addi七ionsot Bia03 anc!' SbzOa• The qrain qrow七hprocess is 
described and analyzed. accorc1inq to the phenomenoloqical qrain 
grow七hequation. 

Gll-G~=Kotexp- (Q!RT) 

The qralri qrowth ot ZnO in七he七hどeesY.七・ms1s 七hencompared on 
the ba・i・ of the grain qrowtb ・xponents and the. act1vat1on 
en・rqles. 四l8se r・sult・ are compaどed and con七rast・d with. 0七h・ど
1itaratur. results for th・same materials. Interes七inq
microstruc七uralob..rva七10nsare also repoどted.

In --th・pureZnO，七he<1どainqrowth-eχponent i. observed to， b... 
七hどee and the ac七lva七lon enerqy i. observad 七o b・・224- kJjmol，.. 
indicative of zino ion diffusion controll・dqrain growth. Additions 
of. B1z0$ increa..セheqrain grow七h・xponentto t i v・I but decrease. 
七heaotivation ・nerqy七o150 kJ/mol. There is a chanqe ot the ra七e...
con七どollingmechanism七。七ha七。fa phas. boundary r・actionpどocess.
A七 high・rlevels of 8i203， above ten weight percent， the ac七iva七ion
energy tor znO qrain qrow七h increases to 270 kJ/mol， suqq・stinqョ，
七ha七thera七・ con七rollinqgrain qrow七hmechanism b・comesone. of ZnO 
dittu・ionthrough the liquid phase a.t hiqh 5i203 conten乞a.

Addi七10nsof Sb203 r・actwith七heZnO七otoど1llthe zinc-an七1mony
spinel. Thls phase pins the grain boundaries and stronqly 1nhibits 
grain grow七h.工七 a1socauses七he!ormat1on of七winsin the ZnO. The.. 
resul t of the grain qどowth inh1bition i5 that the qrain qrowtl1 
exponent increases to・ixand the ac七iva七ioneneどgyto nearly 600.. 
kJjmo1， 七he1a七七eど 1s charact・r1s七1cof a par七ic1edraq meohani.m 
of grain grow七hinhibi七ion.Fina11y， a mechanism for tw1n tormation 
is addr・ssedexplaining why七hereis on1y a sinqle twin in each ZnO 
grain and how七headdi七ionof Sb203 nuclea七esth・twinboundary. 



Well Dcfinedαramic Powdcrs: Achievemcnts and Problems 

Egon Matijevi6 

Center for Adv組 ccdMaterials pr∞む錨ing
ClむksonUnivcrsity 
Pots也m，Ncw York 13699-5814 
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Ncwrc釦 ltsregarding the preparation of "monodispeぉed"inorganic colloids of interest 
in似細icswill bc discussed. It will be shown也ata t釘gcnumber of finely disperscd mate!Ials 
of di狂etcntchemical composition， size， and shapc町cnow availablc. Spcci叫emphasiswil1 be 
on∞mpositc particlcs， consisting of more than oneω，tion， on∞rω ∞ated with a shcll of a 
diffcrcnt composition， and on hollow spheres. Opti句 1，magnctic， electric， adsorptivc，印dothcr 
propertics of such powde民邸a白nctionof thcir morphological charactcristics will bc Hlustratcd， 

Furthermorc， a mcthod for continuous gcncration of uniform powdcrs by precipitation wi1l be 
describcd. 

A number of problems wbich still問quircintcnsive studics will be pointωout. For 
example， quωtions of predictabi1ity of戸rtic1eshapcs Ot of the intcma1 ∞m戸&Itionof 60Bω 
∞nSIsting of morc th釦 oncmetal∞mpound(e.g.， mixed mctal oxidcs)， obt凶ncdby precipitation 
from homogencous solutions， rcmain un民solvcd.



'MECHANICAL PROPERTIES OF DISPERSION CONTAlN1NG CERAMICS 

Abstract: 

tt • ~...，... . tt 
C.J. Beitles' ， E.H. Lutz 組 dM.V. Sw制

t CSIRO Div. of Materials Science and Technology 
αayもon，Vic 3168 

tt 
Depa.rtmeni of Mechani伺 1Engineering 

Universiiy of Sydn句 NSW2006 
Austra1ia. 
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The variously developed approach国 todei町minethe strength組 dtoughn邸 8of 

disp町民oncont記凶ngceramics are reviewed. They are then∞mpared with observations of 

model duplex偲 ramicmat位 ials臼 d閃ramic-diamond∞皿posit回. A 回mplefracture 

mechanics basis is developed to rationalise the strength data. The ioughn笛 sdata is not 50 

well g組問li削.The toughness of one悶 amic-di回∞d∞皿卯sitesystem is co凶 deredin 

detail and∞mpared with available models. 



THE EFFECT OF MICROSfRUCTURE ON TRANSFORMATION TOUGHEI'UNG IN 
ZIRcomA CERAMICS AND COMPOSITES. 

Abstract 

Paul F. Becher， Kathleen B. Alexander， and Alan Bleier 
Metals and Ceramics Division 
Oak Ridge National Laboratory 

Oak Ridge， Tennessee 

The contribution of the stress-induced martensite transformation to曲e合actureresistance 

of ceramics containing tetragonal zirconia is dependent upon its stabil ity. It is shown由at

出es紅白srequi凶 10initiate由etransformation ~ decreasesぉ出emartensite start 

temperature M. of出etetragonal phase increases and approaches the test temperature T. 

Both the type and amount of stabilizer solute incorporated in the zirconia and the zirconia 

grain size can be us回 toalter叫釦dcr!. The magnitude of these changes is剖soa 

function of the tetragonal zirconia content of出esystem. The grain size dependence is 

related to residual stress e百ectsassociated with thermal expansion mismatch at grain 

junctions which result in incrωing M， and decreasing cr!ぉ出egrain size increases. As 

a result when T > M" the transformation toughening contribution increases with increase 

in the zirconia grain size.百leanalysis of the grain size e背.ectsand experimental results 

for zirconia (12 mol % ceria) ceramics and alumina-zirconia (12 mol % ceria) composites 

are discussed. 
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'Research sponsored by the Division of Materials Sciences， U .S. Department of Energy， under 
contract DE-AC05-840R21400 with Martin Marietta Energy Systems， Inc. 



OPPORTUNITIES FOR MICROSTRUCTURAL DEVELOPMENT IN 

SI.，NA-CERAMICS 31
'14 

G. Petzow and M.J. Hoffmann 

Max-Planck-Institute for Meta1s Research 
Institute for Materia1 Science 
Powder Meta11urgica1 Laboratory 

Heisenbergstr. 5， W-7000 Stuttgart 80， Germany 

The microstructura1 optimization of high strength， high 
temperature Si3N4 ceramics are discussed. It is demonstrated 
that microstructura1 deve10pment is predominant1y contro11ed 
by the properties of the Si3N4 starting powder and the 
sintering temperature， whereas the 、 sintering additive 
composition has on1y a mlnor inf1uence. 

Optimum condi tions for the growth of Si3N4 grains wi th a 
need1e-1ike/morpho1ogy is an~lysed in pressure1ess sintered 
and gas pressure sintered specimens as we11 as in oxynitride 
glasses. The growth kinetics during αノs transformation and 
Ostwa1d ripening have been determined on iso1ated Si3N4 
crystals embedded in supersaturated Y-Si-A1-O-N glasses. 
Fina11y a crysta11lzation mode1 is introduced to desc了ibethe 
growth mechanisms in re1ation to the Si3N4 crysta1 structure. 
It is demonstrated that a fine-grained Si3N4 has the highest 
potentia1 for high strength properties. 

Degradation of the Si3N4properties at temperatures >1200。c
is inf1uenced main1y by the chemistry of the g了ainboundary 
phase. Therefore the importance of a more comp1ete 
understanding of phase re1ationships in the Si3N4-siDtering 
additive ceramic systems is necessary. TEM observations 
revea1 an amorphous grain boundary fi1m in two-grain 
junctions even in "fully" crystalline Si3N4 ceramics. The 
equi1ibrium thickness of these amorphous 1ayers depends on 
the chemistry of the sintering additives and is expected to 
contro1 the high temperature properties. 

5 



Prospects of Ccramic Sciences 
for R~solvi~g Currcnt Environmental Problems 

KeC? Hyong Kim 
Korea Advanced Institutc of Science and Technology 

P.O.Box 150， Cheongryang-Ri， S<::oul， l(orea 

6 

As lhe 20 century turbulently dra~s to a close， World 1s facing 
with the threshold o[ mega~hift of value and rorms， various 
systems und institutions of politics， economics， society， and 
especially of science and technology and of current environment~l 
cOllntermetU:lUretllents. In resolv:i.ng the cnvironmentl'¥l problems of 
the glohal warming， pol1utions， acid rains， energy depletion 
etc.; ceramic science and technoJogy should also'play a vital 
role 1n conjunction with othcr disciplines. Theどeforchard 
disciplines of じeramisshould bc eχpl。どe~ cvermore， nnd ncw 
disci plines combined wi th lIHard and So! t 11 be in trodllced. 
The lowering f1ring temperature w:i.thout sacrifj.cing qualily 
can contr1bute to eneどgy frugality and entropy decrease. 
Alt~rnaLive bonding technology such as hydrothermal， direct 
bonding and uoundary formation agents is in progress. We hopc 
to develop a lilew production proce'ss in which CO2 emission is 
eliminated or drastically reduccd before the己raz:i.lianTreaty 
of Lhe global warming be effective， or the releasod CO2 be 
isolaled or converted to olher product without causing the 
global werming. We may takc advantDges of geolite function 
for rcmoving water pollution: 乞irconiasensors can contributc 
to smooth combustion of ~utomobile engine， so t二hat air pollution 
hllS been draslicalJ.y reduced. '1・hoseceramics contributing 50 
~uch 10 environmental problems can be classified in term of 
"EnviroTItnental ceramics." Their role must be expanded in 
collaboraLion wj.th intelligent ceramics and bioceramics. 1n 
the present papar， a new look for ccramic sciences undcr mega-
shift of modern science and technology is shown especiolly 
focuss1ng tho globeJ environmental problcms. 

................................巴牟......................................................... 司司.....................................司司..............................................
司 ...................................ーーーーーー・.



Abstract 

陶terialsInnovations Context 

David Kingery 

oe凶t・entof陶terialsScience Engineering 

University of Arizona 

お8E Hir】ers加ildingf12Tucson Arizona 

A consideration of the role of aaterials in innovative technology shows that 

Iaterials，licrostructures and properties are rarely of即 chinterest stnding alone. 

They gain significa附ceas COIlPOO問ntin devices that are parts of systems having 

value for society.S棚eof the嗣 ny-Iayeredcontexts affecting materials innovation in 

nascent and infant industries are discussed. 

7 
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Recent Adva附esIn Haterials 
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During the閃styear significant progress has民enmade in structctural materials， inteface 

science and functional laterials in the陶terialsResearch Program of the office of 

Nava 1 Research. 

This凶問rwi 11 su棚arizethe following acco・plishiments:a.The initial work on the ato則istic

design of steels; b. The direct obse内ationof in-situ fatigue cracks in matals; 

c. The developonment of 剖ectroc隔制calroutes for pr侃 essing・etal嗣trixCID閃si tes; d. The 

exploration of new oxidatively stable ceramic matrix composites; e. The enhance冊lentof aluminum 

passivity thr倒的 theuse of surface alloying with tungsten;f. The use of laser ablation to 

pattern high telperture supercnductoring thin films for micr側averesonators;g. The 

development of ceramic (piezoelectric)-metal composites with pressure stable hydrophone 

properties that are two orders of magnitude greater than同adzirconate titanate. 



日 本 M R ，S入会申込

Tne Haterials Research Soc:iew ot Jallan 

本研究会I土先進材事専に関する科字設街の専門2去の額笥的さと研究交Z震を通じて.

2字街・応用研究および実用化の一層の発展をほかることをg的としている.

また‘ Internatio附 IUnion of Haterial Research Societies (1側RS)の

Founding H側 berです.

会員の将兵 会員の特奥，~次のとおりです. 年金貸個人会賓 ・ 年事長 10.0∞門

・学街大会.窃爽会. !JI~賞金への割引価絡での

怠加

-読書主.調査への怠加

.・会総へのt食事高.会!tの配布
・学術大会毒事のフ・E シーディングの割引価絡で

の配布

会員の橿g" 註人会員/個人会員1:学生会員により. J~;去の入

会@込蓄に所定の内容そ富田記入の上.下記Z彦容

居可まで初送付くださ t、'

王手会賀

学生会賓 2.凹O問

主主人会員(.重量所単位)10 .. 1∞.000円

・海外会員 (OECD加::53のさ)H 10.0∞同

(上記以外の者)， 2.ωo円

鐙 込 先 領 浜 銀 行 講 の ロ 支 后

普通預金 N o. 1169974 

8本MRS

日本MRS事務局

213 JtI匂市高海区坂戸100・1

苔304

綜式会社ケイエスビー

(担当者: 録、定J!I) 
.r 

金貨は~の通りです.下記銀行口座へお箔込み

ください.なお.舗な奮が主要fI.ときは.t軍属馬
主でお申し出下さ t、.

ohone044-819・2001 Fax044・819-2009'

日耳丈lVIR. 5 入会申込 日 *I河妄司:'5入金申込

The Haterials Research Society of Jaoan The Haterials Research Society or Japan 

年月日 年月日

日本MRSの患旨に貨問し、個人会員/学生会員として入金を申込み一 日本MRSの窓旨に賛同し、注入会員として入会を申込みます.

l:す.
‘ 

入金申込書{個人/学生会員用) 入金申込書{法人会員用)

(ふりがな) {ふりがな)

氏 名 印 法人名・事業所名

失 文

住 所 T 所在地 T 

.. 
Te 1. Fax. 7・1 王旦ヱ

研究会 {ふりがな

専 門分野 F、Q) 氏 名 印

代表者 所~'fii名
(ふりがな) 所在地 守司

所属銭関名

Tp/ c:¥y 

{苔名司F 研究会 (ふりがな

-γ ハ、 Q) 氏 名

所在地 事務 所属・廠名

Te 1. fax. 送絡者 所在地 T 

字全会員の場合li 印 T..， Fコγ

~li"革教t宝毒事の~!~印

(修了見込) ( 1 9 年 月 課程修了見込 入金申込ロ~t ロ (!~求書嬰/不安}

4奇に関心のある分野 特に関心のある分野

-シンポジウム/ -シンポジウム/

1再演会テーマがあれ !/(預金テーマがあれ

1ft旬記入ください 司王竺!己入ください


