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Preface

　　　I　ampleasedto　present1，NRIM　ResearchActivities

1997。，’This　rcport　summarizes　the　annua1activities　of

the　Nationa1Research　Institute　for　Mcta1s（NRIM），

focusing　on　our　research　programs　and　thc　progrcss

we　have　madc　over　the　past　year．

　　　NRIM　is　a　research　institution　attached　to　the　Sci－

ence　and　Technology　Agency　of　the　government　of

Japan　and　was　estab1ished　in1956－Since　then，NRIM

has　p1ayed　an　essentia1ro1e　in　the　fie1d　ofresearch　and

deve1opment　ofmeta1s，a1loys　and　other　materia1s．An

ongoing　effort　has　been　to　improve　the　re1iabi1ity　of

existing　materia1s，which　is　documented　in　the’1NRIM

Creep　and　Fatigue　Data　Sheet，’series　ofpub1ications．

　　　0nJu1y　l，1995，NRIMmoveditsheadquartersfrom

Tokyo　to　Tsukuba　Science　City，where　there　are　many

world－cIass　experimentaI　faci1ities　and　various

supercomputers－Withthe　supportande冊orts　ofspon－

sors，staff，and　the　community，we　have　built　a　Center

of　Exce1Ience　for　fundamenta1materials　research　in

Tsukuba．Responding　to　the　prescnt　social　and　eco－

nomic　needs　of　Japan，we　are　estab1ishing　a　llFrontier

Structura1Materia1s　Research　Center1l　as　part　ofthe

1’New　Century　Structura1Materials　Project．1，We　have

a1ready　started　an　R＆D　program　to　create　future，1ultra

stec1s1，at　the　center，n1aking　fu11use　of　the　exce11ent

resources　availab1e　at　NRIM．In　this　way，NRIM　con－

tinues　to　expand　its　activities　for　advanced　materials

rcsearch．

　　　Toa11ofyou，whohavesupportedNRIM，wegreatly

apPreciate　your　continued　understanding　and　encour－

agement

、Q

＼　今
い一ノ＝1、

　　　　　　／

Dr．Masatoshi　OKADA
Dircctor－Gcnera1
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ReSearCh　TOpics

口E符ectofAtomicPairs◎舳heLongt⑧amCreepS故帥g肺◎fCa曲o列Steels

　　　　　　　　　　　　　　　H．Onodera，TAbeヨM．Ohnuma，C．Tamka，＊K。㎜㎜ura，＊＊M凡jita，

C・〃ρα舳・・α1〃倣1づ・1∫8dε肌εD舳j・・，＊El〃11伽〃θ〃肋狗・〃伽・ε〃洲ol・，＊＊2・〃ε3ω1℃んGlαψ

I皿亡rOdじCξiOm 尼b1θ7　物gnε”ηfe帽αわn　coe椛c’θn‘sわ’一〇a池oη“8ed1η肋eρresθnf　s池dγ

　　　Recent　environ㎜e斌al　pζobiems　in　a　gIoba玉sc釧e

seem　to　orig㎞ate　from　strains　existing　in　a1arge　mate一

ζia1s　and　energy　consumption　type　of　society．Now，it

is　a　ti㎜e　for　us　to　think　not　on1y　of　better　perforn工aoce

but　a玉so　how㎜a倣ials　and　related　techno玉ogies　can

become1ess　hazardous士o　environ㎜ent．In　the　case　of

me言al1ic　m設亡eria1s，reduction　of　a1玉oying　e玉e㎜e耐s　is

desirable　fro搬view　poi献s　of　saving　energy　and　min－

era1resource．The　possibi1ity　of　miηimu㎜aHoying　is

suggested　fro㎜辻he　NRIM　Creep　Data　Sheets　for　fer－

ritic　stee玉s　where　the　Iong　term　creep　strength　depends

㎜ain1y　on　the　minute　contents　ofMo　and　q1】一n　these

auoys，so1id　so1ution　s辻rengthening　PIays　irapoれant

roIe【2］。Thus，e搬ects　of　so玉ute　e1ements　in　the　ferrite

matrix　onthelong亡ermcreep　streng曲ofcarbon　steeIs

were　studied　fro㎜view　points　of　ato㎜ic　configura－

tions　such　as　atomic　pairs，in　order　to㎜ake　c1ear　the

factors　controIling　the　long　ter狐creep　s材ength　required

for　irnproving　EcobaIance　of　heat　resistant　steeIs．

AHoying　　　　　εX

E玉ement　　　　　　C
Reference

Mlo　　　　　　－100

Cr　　　　　　－72
Mn　　　　　　　　　　－26＊

Ni　　　　　　　0

H，Wada（5）

H．Wada（6）

Estimated　fromξhe　binding　energy　for　Mn－C，O．27eV／

pair，reported　by　H．Abe　et　aL（7）

neighbo服aぬm　shell　is　shown　inFig⊥TheWagerin－

teraction　coefficients　reported　for　Fe－Mo－C（5）and　Fe－

Cr－C（6）systems　wereused　in　CAM　ca玉culation（Tab1e

1）．TheparameterforMnwas　esti㎜a亡ed　from言hebind－

ing　cnergy　for　Mn－C　reported　by　Abe　et　al（7）．

Effect　ofAto㎜ic　Pa…rs　o腋砒e　Lo㎜g　T慨㎜C醐ep

Stre匝g伽ofCarbon　Stee－s

Ca1cωatiom　ofAto㎜ic　Co揃gumdon　i“he　Ferrite

　　　The　equi玉ibrium　concentrations　of　so1ute　e1ements

in曲e　ferrite　matrix　were　esti－mated　by　ther㎜odynamic

ca1culations　with　the　sub玉attice　mode1（Ther㎜o－

ca1c．（3））．The　conce鮒ations　of　atomic　pairs　we肥es吉i－

mated　by　the　centra1ato㎜s　mode玉（4）which　can　ca1cu－

1ate辻he　atom　configurations　in　the　ne3rest　neighbor

atom　she1玉．In　the　case　of　b．c，c．ferrite，the　nearest

（a）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　②Z1＝2
　　　　　　　　　　　　　　⑳Z二8
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　×Z1＝4
　　　　　　　　　　　　　　X　z＝6　　J：Ccntra妻a≡om

丹g．f　Gεome廿γof肋ehc，c一’a榊ce．0andXreρreεεηf5ubs柳u甜oηa’and

伽ers榊als1te8，re8ρεo榊e似Zandzdθs1gnafere8ρεc榊ely肋eηum脆rsof

釧bS伽甜㎝aland〃釧S肋1鵬are舳的舳0r舳aS伽”lu”㎝a1511e㈲，W舳e

Zand■deg1g胴胎帽sρec榊ε似肋e5e　numb釧5わan’n胞rs榊自’s荷ε‘bリ．

　　　Effec辻s　of　so1ute　e玉e狐ents　in　the　ferrite　ma打ix　on

隻he　long　term　creep　strength　were　examined　for　six－

teen　heats　ofO．2and　O．3mass％Cstee1s　having㎜inu亡e

and　d雌erent　conte耐s　of　Mo，Mn，and　Cr　as　shown　in

Tab1e2．In曲e　ana玉ysis，the　creep　rupture　lives　at773K

伯b’θ2Chεm’ca’comρ0s”0ηs‘mass％ノ

刈1oy　Haet　C　　Si　Mn　Cr　Mo　N

　　　　　CAA

　　　　　CAB

　　　　　CAC

STB　CAG
410　CAH
　　　　　CAJ

　　　　　CAL

　　　　　CAM

SB
480

CaC
CaD
CaE
CaF
C＆G
CaH
CaM
CaN

0，20

0，20

0，20
0，21

0，24
0，20
0，21

0．20

O．28

0，20

0，34

0，28

0，29
0，29

0，22
0．26

0，31

0，28
0，29
0，21

0，24
0，20

0，32
0．31

O．30
0，22

0，22
0，！9

0，20

0，22
0，22
0．23

0，59

0，60
0，55

0，62

0，64
0，47

0，48

0．50

0，70
0，68

0，70

0，80
0，93

1，00

0，82
0．74

0，05

0，05
0，05

0，05

0，07

0，06

0，02
0．02

0，07
0，！1

0，10

0，06
0，03

0，07

0，06
0．04

0，01
0，0！

0，0！

0，02
0，02
0，0！

0，01

0．01

0，02
0，03

0，03

0，22
0，36

0，34
0，！8

0．15

0．006

0．007

0．O06

0．003

0．006

0．011

0．004

0．004

O．010

0．008
0．0ユ1

0．007

0．005

0．004

0．O08

0．011

一1一



and88MPa　were　tak㎝from　the　NRIM　Creep　Da言a

Sheets（8）．The　equi1ibrium　composition　of　ferrite　ma－

trix　at773K，which　is　the　te㎜perature　ofcreep亡estヨare

ca1cu1a室ed　by　Thermo－Caic．for　sixteen　carbop　stee1s．

Si　shows　the　maximum　so1ubi1ity　in言he　fe董rite，rang－

i㎎fromO．4to0．7at％，andtheso1ubi肚ydecreases｛n

the　order　of　M1n，Cr，Mo，Cヨand　N．Figure2shows

corre1ations　be言weeηthe1ong　term　creep　rupture　life

磁773Kand88MPa，which　seems　tobc　Inhere鮎creep

strength，andthec㎝cen1rationofsolutee1ementin1he

ferrite　matrix．The　creep　strength　is　proportiona1言o

con㏄鮒ations　of　Mn　and　Mo　and　inverse1y　propor一

宣iona1toconcentrationsofCandSiinsoIution．
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　　　The　concentration　of　each窒tomic　pair㎞the　fe更rite

matrix　was　ca1cu1ated　by　CAM．The肥1ationship　be－

tween　the　creep　st肥ngth　and　the　concentra亡ion　ofthese

atomic　pairs　were　examined　by　the　muhiple　regression

anaIysis．1n　this　ana1ysis，the　conce械ration　of　Cr－C　pair

was　not1％significant，and　the　besけegression　equa－

tion　of　Eq．（1）was　obtained　by亡he　conce耐rations　of

Mn－C　and　Mo－C　atomic　pairs．

Log（言R）＝1．1玉XMn－C÷13．60XMo－C＋ユ．45

tR：the　ti㎜e　to　rupt鵬（h）at773K　and88MPa．

XMn－C，XMo－C：concentra言ion　of　Mn－C＆nd

Mo－C　pairs（atpPm）。

（！）

　　　Agoodco鵬1a亡ionwasobservedbetweenthecエeep
rupture1ife　predicted　by　this　regression　equation　and

the　experimental　ones　as　shown｛n　Fig．3．The　rupture

1ife　of　sixteen　steeIs　estin玉ated　by　the　regression　equa－

tion　increases　with　inc亙easing　Mo　co耐e耐，but　i亡

sutturates　at　very　minute　content　of　abou亡

O．03mass％Mo　as　shown　in　Fig．4．This　can　exp13in

experimentahesu1ts（1）very　we11．Thus，it　is　conduded

that　the　Inherent　creep　s亡rength　of　carbon　stee1s　is　con＿

（虞
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troued　by　Mn－C　and　Mo－C　atomic　pairs．These　M－C

atomic　pairs　seem　to　have　strong　in言emc言ion　with　dis－

1ocation．Ifa　M－C　pair　is披apped　a亡ajog　ofdisloca－

tion，the　absorption　ofvacancy　a言jog　wi11be　p工evented

due　to　the　s言rong　binding　energy　of　M－C　pair　with　dis－

location．Usiodaeta1．（9）a㎜1yzedthee伍ectofso1ute

atom，Mn，and　Mn－Cpairon　the　c1imb　rate　ofdis1oca－

tion　assurning　that　the　clirnb　rate　of　dis1oc説ion　is　con＿

言ro11ed　by　the棚e　at　which　vac＆ncies　d雌use　to　or　from

言he　dis1ocation．They　reported　that　the　c玉imbζate　of

dis1ocationin言heferri辻econtainingMn－Cpairsis　about

ユO　times　s1ower言han　that　in　pure　Fe．Thus，the　M－C

pair　seems　to　be　very　effectve　toζeduce　the　c玉imb　ve－

locityofdis1ocation．

Conclusion

　　　This　paper　describes＆n　ana1ysis　of　e対ects　of　short

range　ordering　in　the　b．c．c．ferrite　phase　on　the1ong

芝em　creep　strength　of　ca曲on　stee1s　based　on　CAM．

Obtained肥su1ts　are　fouows．

　　　Bぜects　of　so1ute　e1ements　in　the　ferrite剛atrix　on

言he　Iong　term　creep　strength　of　O．2and　O．3mass％car一



bon　s室ee1s　were　s芝udied　from　a　v｛ew　poin室of　atomic

co簑fi駅ratio蔵s聰ch　as＆重o玉皿ic　pai茎s－The　e卯ilib…Ii遂m

concen室rat三〇ns　of　so1浸言e　e1e夏nen言s　and　atom｛c　pairs圭n

the　ferri．言e狐漱ix　weζe　es言imated　by　thermodyRa皿ic

ca旦cu1a士ions．Agoodcorre1ation量sobse至vedbetween

言he　Iong室erm　creep　stζe資gth　and　the　concentr8tio一…s　of

Mn－C窒nd　Mo－C　atomic　paiζs　suggesting　th段ξ言he　In－

he茎cΩt　crcep　strength　of　carbon　steeIs量s　contro…led　by

Mn－C　and　Mo－C　ato㎜ic　pairs、

Keywords：至nheren言cΣeep　stすeng芝h，So1磁e　elements，

M－C＆to㎜ic　pairsヨc1i㎜b　veIoci言y　ofdis1ocati㎝s，car－

bon　s辻eels
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1）eso岬ti◎n　dynamics　of　mono－oxide　species　in　r餉ctive　scattering

on　semiconductαswfaces

　　　　　　　　　　　　　　　M．Kitajima　and　K．G．Naka皿ura＊

21一∂1～ε3εαrcん（；roμρ，＊Prε5θ1πo6rε33jヱbκyo∫〃8工｛伽蛇6グ1セcんηolo8ツ

　　　Reaction　dymmics　on　se搬ico■ductor　surfaces　has

been　attracting　much　attention　not　on1y　due　to　funda一

㎜enta1interest　but　a1so　due　to　prac臼ca1apPlic＆tioηin

se㎜iconductor　techno1ogy．M1o1ecu1ar　beam　reactive

scattering（MBRS）technψemakesi言possib1etosimu－

1ate　gas－surface　reaction　on　high1y　controued　condi－

tions．Combination　ofMBRS　and　state－se1㏄tive　mea－

sure㎜ents　by　using玉aser　spec亡roscopy　provide　a　wealth

information　on　surface　reaction　dynamics．However，

there　are　few　sωdies　of　state　se1ective　measure㎜ents

on　reactiol＝1dynarnics　on　seraiconductor　sul＝faces．In

this　work，we　report　the　state　se1ective　measurements

of　mono－oxide　species（SiO　and　GeO）deso王bed　from

the　highイe㎜perature　sul＝face　using　the　resonance　en＿

hancedmu雌photonionization（REMPI）massspectros－

copy　to　understand　the　desorption　dynamics．

　　　The　apParatus　of　REMPI　n1easue㎜ents　coηsists　of

a　UHV　reac亡ion　chamber　and　a　d岨e肥ntia11y　pumped

宣ime－of一脳ght（TOF）detection　cha㎜ber．02mo1ecωar

beam　was　intmduced　from　pu丑se　valve　and　operated　at

！0Hz　with　synchronization　to　a　laser．The　trans1a－

tioml　energy　of02beam　was　be1ow0．07eV　PuIse

wid曲ofthe02bea㎜wasabout250ms（FWHM）。The
probe　Iaser　syste狐consisted　of　a　Nd：YAG　pumped　a

dye玉asel：and　an　au辻otracker．The1asel1repe亡ition　ra辻e

was　lO　Hz　andセhe　pu1se　d服ation　was8ns．The　out－

put　of　the　dye1aser　was　doub玉ed　in　a　KD＊P　set　in　the

auto亡racker　to　produce　about2mJ／pulse．The　Iaserwas

focused　by　a　quartz　Iens（f二350mm）into　the　ioniza－

tion　region　of　the　TOF㎜ass　spectm㎜eter　which　is

about5cm　apaれfrom　the　surface．

　　　Apu1se02狐oIecu1arbea㎜wasimdia蛇dontoa
Si（100）surface　at　the　substra亡e　temperature　of！273±50

K　in　the　UHV　chamber　and　the　vo玉aωe　reaction　prod－

ucts　desorbed　from　the　su王face　were　detec亡ed　by

RBMPI．On1y　the　SiO　was　obsewed　as　reaction　prod－

ucts　in　a　TOF　spectrum．In　the　TOF　spectrum　signa1s

of28S｛O，29SiO　and30SiO　were　we1玉separated」n　the

REMPI　s触dy　we獅easured　the2呂SiO　species　and　used

a　wave1ength　between282and294nm（～34483c阯
！），where　the　ionizati0B　potential　of　SiO　is11．4eV

（9ユ941cm－1）【5］。The　F工・Σ十一X1Σ十and　H1Σ十一X1Σ十tran－

sitions　are　possib1e　wi亡h　two　photon　absorption　in辻he

used　wave1ength　region．Figure1shows　a　typica12＋1

REMlPI　spec亡ru㎜of　the　SiO　mo1ecule　at　wavelength

which㎜atches　HX（O，O），HX（王，1），and　HX（2，2）transi－

tiOnS．

　　　Figure2shows　a　Bo1tzmam　p玉ot　of　the　SiO　in辻en一
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sity　of　each　vibrationa1bands　versus　the　vibrationaI

energy　spacing　ofthe　e玉e倣onicground　state　X王Σ十．The

p1ot　is1inear　and　the　vibrationa1temperature（T。）was

estimated　to　be1250±ユ50K（T。畠丁。）．The　vibrationa1

distribution　of　the　desorbed　SiO　wou1d　be　in　thermaly

equi1ibrium　w舳the　surface．

　　　Rotatioml　dis亡ributions　were　esti狐a亡ed　by　fitting　a

ca1cu1ated　spectrum　to　the　observed　one．The　observed

spectrum　was　wel1charac亡erized　by　the　Q　branch　tran一
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sitions　wi曲ξhe　Bo1tz㎜ann　distribution．The　ro㈱iona玉

temperature　was　es言imated　to　beユ200±250K（TR

T昔）．　In　ordcr　to　study　surface　orie耐ation　effect　we

measured　a　R8MP呈spectωm　of　SiO　desorbed　fζom

Si（11．工）at　Ts＝1273±50K．No　significant　surface　ori＿

entation　effect　has　been　observed　in　the　interna1state

distribUtions　of　the　deso迂bed　SiO．An　angular　dis盲ri－

bUtion　was　a玉so　measured　on　the肋x　ofSiO　desorbing

from　Si（100）a芝Ts＝ユ273K．The　obtained　angu1ar　dis－

tribution　was　we1l　approximated　by　a　cosine　functio篶．

The　vibrational　and　rotationa1distribution　of　the　des＿

orbed　SiO　est呈mated　from辻he　REMPI　spectra　was　in－

dependen言of　the　desorption　ang1e．The肥fore　we　be－

lieve　tha言the　SiO　deso夏p臼on　is　isotropic．

　　　Figure3shows　a　typicaI　exa㎜p玉e　of　REMPI　spec－

trum　of　the　GeO　deso亙bed　from　Ge（！00）s服face飢the

substrate言emperature　of970竺30K．The　s言rong　en－

hancement　in　ion　signa1intensities　is　observed296．85

n㎜，which　matches　to　the　two　photon＆bsoζption　of

FX（O，O）言ra羽sition．AsmaHpeakwasobserveda童

297．5！nm　and　was　assigned　to　be　FX（1ヨ1）transition

peak．The｛ntensity　ratio　of　the　FX（！，！）band　versus

the　FX（O，O）band　was　estimated　to　be0．2牡0．07．This

value　is　comparab玉e　to　the　vibl＝ational　state　disξribu＿

tion　ratio　of　v：1／vごO（0．23）which　is　expected　for　the

GeO　mo1eculc　ther蜘ahzed　at　surface　tempera言urc（970

K）．The　angωar　distribution　of　the　GeO　desorption

was　a1so　measured　and　found　to　be　cosine　distribution

fol＝亡he　desorption　from　the　virgin　surface．

　　　The　p肥sent夏esu1亡s　show　th＆いhe　vibrationa1and

rotatioΩal　state　distributions　of　SiO　desorbed　from　the

Si　surface　in　the　re盆ctive　scattering　of02at　surface

言empera芝ureof1273Karethemal1yequihbriumwi芝h
the　surface　te狐perature　and　the　vibra言iona1distribu－

tion　of　GeO　was　a玉so　supposed　to　be　therma1ized　to

the　surface　temperature　a重970K－In　the　case　of　the

SiO　and　GeO　desorption，言he　therma玉ized　intcmal　s言ate

distributions　and　isotropic　spatial　dis紋ibution　of　thc

desorption　suggests　that　a　me㎜ory　of　configuration　at

the　adsorbed　sta亡e　rnay　be玉ost　in　desorption　trajecto－

ries．Then　we　suppose　tha芭the　mono－oxides　p＆ss

through　a　near1y　frec　rotationa1s言ate，such　as

physisorbedstate，duringthedesorptionせrajectories．A

quan言um王nechanica1ca1culation　sugges官ed　an　existence

of　a　sha玉1ow　mini㎜u㎜corresponding　to　a　weak玉y

bounded　s亡ate　in　which　the　SiO　can　rotate　in　the　poten－

tia1energy　surface　for言he　SiO　desoζption　from　the

Si（11ユ）sUrface一至ηthe　s施te，the　rotationa1and　vib工a－

tioηaI　mo芝ions　wou1d　be　therma1ized　to　the　surface　tem－

perature　by　a　weak　interaction　with　the　surface．

Keywords：desorption　dyna㎜ics，oxidation，semi－

conductor　surfaces，resonance　cnhanced　rnu1tipho辻on

ionizati㎝，Pulscmo1e㎝1arbeam
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Reactivc　scatteζing　of02with　the　Si（11！）surfaces：

Resonance　enhanced　m舳iphoton　icnization　ofSiO，

K．G．Naka馴uraandM，I竈tajima，J．Chem，Phys．102

（！995）：8569－8573；Dymmics　of　SiO　desorption　in

reac重ive　scattering　of02with　a　siIicon　surface，

K．G．Nakamura，I．Kamioka，＆nd　M．Kitajima，

J．Chem．Phys，104（1996）：3403－3404．

Geo　Desorption　in　Reactive　Scat｛ering　of　an　Oxy－

gen　Mo1ecu1ar　Beam　with　a　Ge（！00）Surface，

I．Ka㎜ioka，M．Kitajima，T．Kawabe，and
K．G．Naka㎜ura，Jpn．J．App1．Phys－36（1997）。

Pu1se　moIecu1ar　beam　reactive　scattering　of02on

semiconductor　surfaces　studied　with　reso■ance　en－

hanced　mu1tiphoton　ioniza芝ion，K．G．Nakamura，

I．Kamioka，＆nd　M．Kitajima，App1．Sur．Sci．117／118，

42（1997）
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□　PhaseTransformation　and　Micros廿ucture　of　lntermetallic　CompoundTiAl
　　　　　　　　　　　　　　　Studied　by　I’1igh・Reso■ution　EI6c－ron　Microscopy

E．Abe，T．Kumagai　and　M．Nakamura

　　Theα一Ti（diso正dered　h．c．p。）　γ一TiA1（L1o：or－

dered　fcc）phasc　tmnsformations　in　two－phascγ一α

2－Ti3A1（DOlg：ordered　hcp）intermetanic　a11oys　involve

two　processes　which　are　hcp－fcc　stmctura1change

and　rearrangement　of　atoms　for　ordering．From　this

viewpoint，these　transformations　are　interesting　and

worth　studying　as　occuring　in　intermeta11ic　systems，

and　we　have　studied　theα一γphase　transformation

mechanisms　based　on　the　systematic　microstructura1

ana1ysis　from　a　micron　sca1e　to　an　atomic　sca1e　using

high－reso1ution　electron　microscopy（1■6）．The　resu1ts

are　brief1y　summarized　beIow．

　　Weuseda400kVtransmissione1ectmmicmscope
（Jeo1JEM－4000EX）having　the　point－ti－point　reso1u－

tion　ofO．17nm．The　investigations　were　performedwith

a　Ti－48at．％A1a11oy　prepared　by　arc－me1ting。

　　atomical1y　f1at　in　a　wide　range（6〕．

3）Antiphase　domain　boundaries（APDBs）are　formed

　　bothintheα2andγp1ates，andtheyarecontinu＿

　　ous　across　theα2一γandγ一γtwin　interfaces
　　at　the　atomic1eve1（6）．

4）Considcrab1e．compositiona1change　has　occurrcd

　　between　theα2andγphases　during　quenching（2・
　　6〕．

　　　On　these　bases，the　formation　process　ofthe　present

fine1amcuar　structure　is　describcd　asα→α2→α2

＋γ．Although　a1ong－range　diffusion　process　is　in－

vo1ved　in　this　tmnsformation，it　is　conc1uded　that　the

mechanism　is　strong1y　dominatedby　the　atomic　move－

ment　involving　shear　disp1acements．

Massive　tmmsform州om： α→γm

Fim1ame11ae　form州on：α→α2＋γ

　　The1ame11ar　structure　fo正med　by　ice－water　quench－

ing　consists　ofthin　p1ates（a　few　nm－a　few　tens　nm）of

the　orderedα2and　twin－re1atedγcrysta1s．The　char－

actcristic　features　are　as　fo11ows．

1）Partia1dis1ocation1cdges　to　accomp1ish　the　funda－

　　menta11attice　change　from　hcp　to　fcc　are　observed

　　at　theα2一γinterfaces　in　the　growth　edge　of　the

　　　γ一P1ate（Fig．1）（1〕。

2）Theα2一γinterfacia11attice　misfit　is　very　sma11，

　　and　theα2一γandγ一γtwin　interfaces　are

　　Theα→γmassive　transformation　which　occurs

by　rapid　coo1ing　is　a　composition　invariant　one　and

produces　the　microstructure　of　fineγgrains　with　ran－

dom　orientations．The　features　characteristic　of　the

microstructure　are　be1ow．

！）High－density　ofmicrotwins　which　are　aligned　par－

　　aI1e1to　one　another　is　formed　in　some　p1aces．Ex－

　　tremely　thin　h．c．p．p1ates　with　the　thickness　ofabout

　　O．8－2．Onm　are　found　to　exist　in　the　massive1y

　　transformedγphase，which　are　also　a1igned　to　the

　　microtwins　mentioned　above（3〕．

2）Twin　boundaries　are　irregu1ar　and　are　not　on　the

F⑮。一物h一燗olu施η1magεof肋egro舳的θo舳eγ一ρ1池1η怖eα・十γlamellar舳伽re一The8feρso舳oclo舶一ρacκedρlanes〃ψa帽clear〃sめle

as肺d’ca炮dbヅaπows．
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　　（！11）mirmr　p1anc　ofthe　twinning　operation．Largc

　　1edges　with　thc　height　of　about　a　few　tens　nm　are

　　formed　at　the　twin　bomdaries（Fig－2）。These　fea－

　　tures　are　attributed　to　piIimg　up　oftwinning　partia1

　　dis1ocations（3）．

3）Extremc1y　thin　rotated　domain　wa11s　are　most1y

　　formed　at　the　APDBs．These　rotated　domains　are

　　considered　to　be　grown　from　the　simp1e　APDB　in

　　order　to　reducc　the　high　A二PB　energy　of　theγphase

　　（4）、

　　From　these　facts，it　is　conc1uded　that　the　mecha－

nism　ofthe　present　massive　transformation　is　based　on

the　hcp　to　fcc　shear　disp1acement，a1though　the　mobi1－

ity　of　individua1atoms　is　high　due　to　a　nature　of　high－

temperature　transformation．Short－rangedi肚1sionpro－

cess　should　be　invo1ved　in　the　present　massive　trans－

formation，which　accomp1ishes　the　rearrangement　of

atoms　including　ordering　for　the　L1o　and　growth　of

rotated　domains．

Formati㎝o“heα・P1疵fmm砒eγ。phase1
γm→α（α・〕

　　Since　theγm　phase　is　in　metastab1e　state　with　Ti

supersaturation，theα2phase　is　formed　by　subsequent

aging，By　this　treatment，both亡he　partic1es　and　fine

p1ates　of　theα2phase　arc　formed，and　the　present　pa－

per　describes　the　formation　mechanism　of　the　p1ate

growth．

1）By　isotherma1aging　at1473K，the　fineα2platcs

　　are　formed　in　the　grain　interiors1ying　on　the｛111｝

　　p1anes　of　theγphase，The　formation　process　is　de－

　　scribed　asγm→γ十α→γ十α2．The　interfaces

　　werefound　tobe　notf1atbut　to　have　a　comp1ex　stmc－

　　ture（5〕、

2）The　fineα2p1ates　formed　in　the　ea正1y　stage　of　iso－

　　the正mal　aging　exhibit　a　very1arge　aspect　ratio，indi一

　　cating1engthening　gmwth　has　bcen　fast　during　the

　　early　stage，just　like　the　casc　of　theγp1ate　p1＝ecipi＿

　　tation　mentioned　earier（6〕．

　　These　facts　indicate　that　this　transformation　mecha－

nism　is　a1so　based　on　the　fcc－hcp　change　accomplished

by　migration　of1cdges，which　dominates　the　ear1y　stagc

of　p1ate1et　precipitation．

1．

2．

3．

4．

5．

6．

Studies　on　theα→γPhase　Transfo正mation
Mechanism　in　Ti－48at．％刈州Ioy　by　High－Resolu－

tion　E1ectron　Microscopy，E．Abe，T．Kumagai　and

M，Nakamura，Phi1．Mag．Lett一，72（！995）：291－296．

Chemica1Compositions　of　U1trafine　Lame11ae　in

the　Watcr－Quenched　Ti－48A1A1loy，K．Hono，E－

Abe，T．Kumagai　andH．Harada，ScIiptaMatcL，35

（1996）：495＿499．

High－Reso1ution　E1ectron　Microscopy　ofTwin　In－

terfaces　in　Massive1y　Transfomedγ一丁…，E．Abe，

S．Kajiwara，T．Kumagai　and　M．Nakamura，Phi1．

Mag．A，75（1997）：975－99！、
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Reso1ution　E1ectron　Microscopy，E．Abe　and　M．

Nakamura，Phi1．Mag．Lett．，75（1997）：65－73．
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□　Addition　of　new　functions　to　conventional　PTCR　material．

T．Dan，M．Egashira，J．Ky㎝o，H．Fudouzi　and　N．Shinya

　　　　　　　　　　　　　5肋他∫6αrc乃0ro仰

　　　0ur　research　group　has　a1ready　proposed　thc　con－

cept　of　powdcr　partic1es　assemb1y　for　thc　creation　of

mu1ti－functiomI　materia1s　in1994．

　　This　concept　enumerates　some　principaI　proccsses，

for　examp1e，arrangement　ofpartic1es　onto　the　e1ectri－

fied　pattem　on　a　substrate　by　e1ectron　beam，manipu－

1ation　ofparticles　with　a　tungsten　micmprobe，coating

of　a　conducting　Po1ymer　onto　meta1partic1es⊥）

　　Partic1c　hybridization　by　forced　electrification　is　one

of　the　above　principa1processcs2〕．By　use　of　this　pro－

cess，it　is　expected　that　thc　ncw　mu1ti－functiona1mate－

ria1s，different　from　conventiona1ones，be　obtained．

　　Forced　e1ectrification　process　can　bc　apP1icd　to

whatcver　a　partic1e　combination　is．In　this　pmccss，high

e1ectrica1potentia1s　aエe　imposed　to　two　kinds　of　par－

ticles，reciprocal1y；the　e1ectrica1charge　on　the　partic1es

can　overwhe1m　the　inherent　contact　potentia1differ－

ences　of　the　combination、

Forced　e1ectri血catio皿proccssimg

　　　An　electrification　apParatus　consists　of　a　cy1indri－

ca1brass　e1ectrode　which　was4mm　inside　diameter

and21mm1ong，a　grounded　counter－e1ectrode，piezo－

e1ectric　devices　which　vibrated　the　above－mentioned

e1ectrode，a　high　voltage　e1ectric　source　for　pal1tic1e

charging　and　another　e1ectric　source　for　the　vibration．

Apairofcy1indrica1e1ectrodeswerepreparedforre－

ciproca1charging，as　shown　in　Fig．1．

　　E1ectrificationprocessingwas　carriedout　asfol1ows．

At　first　two　kinds　of　partic1es　were　inserted　into　the

cy1indrica1e1ectrodes，respectively．The　high　vo1tage

ofdirect　current　was1oaded　to　each　e1ectrode　positivc1y
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十

。○十

十

Gmundcd
oountor　electrode

Cl1刮rged　sm刮11e正p齪rticlcs
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胸．1SCh帥a甜Od1ag胞mOfρa肋1帥1eC榊O崩0naρρa舳S

or　ncgative1y，respcctive1y．The　e1ectric　vo1tage　for　vi－

bration　of　these　c1cct正odes　was　a1so　imposed　in　order

to　promote　the　partic1es　movement．After　ho1ding　these

conditions，the　e1ectrode　ends　were　opened　at　the　same

time　in　order　to　spray　the　two　kinds　of　partic1es　into

the　same　region．They　were　mixed　and　combined　each

other　by　the　e1ectrostatic　force．

Experim㎝tals

　　Semiconduct1ve　BaTi03particles　used　in　thcpresent

expcriment　were　presscd　at　the1oad　of320kgf／cm2，

heat－treatcd　at1330℃for　an　hour　and　coo1ed　down　at

the　rate　of　m℃／hr　in　the　atmospherc．The　raw　materi－

a1s　we肥supp1ied　by　Mitsui　Mining　Materia1Co．，Ltd．

Meta11ic　In　partic1es　under20μm　diameter　fabricated

using　the　centrifuga1spray　method　were　supp1ied　by

Mitsuwa　Chemica1Co。，Ltd．Figure2shows　the　mor－

pho1ogy　ofthe　typica1semiconductive　BaTi03partic1e．

　　The　detcrmination　ofcharge　quantity　ofparticles　is

describedbe1ow．AFaradaycage，whichwase1ectro－
statical1y　shie1ded　by　a　stain1ess　stee1mesh　with1．5

mm　opening，was1ocated　just　under　the　open　end　of

the　cylindrica1e1ectrode．This　mesh　prevented　gaseous

ions　from　flowing　into　the　cage　together　with　the

charged　partic1es．The　charge　quantity　in　the　Farady

cage　was　measured　by　a　digita1e1ectrometer，

　　　The　PTCR　characteristics　ofcomp1expa正tic1es　were

measured　as　fo11ows．The　ce11for　the　measurements

consisted’of　a1umina　tube（1．8mm　inner　diameter，7

mm1ong），In　foi1s　and　stain1ess　stee1正ods　as　e1ectrodes－

The　mom　in　the　ce11was　fi11ed　with　partic1es　to　be　de－

termined．This　ce11was　set　in　an　oven　and　heated．Thc

resistivity　of　this　ce11was　measured　under　a　constant

electric　current　by　a　cou1ombmeter　from　the　room　tem一

日σ．2　Soann’ηg　e’ec廿oηm’om9帽ρh　of5εm1condUc甜Me　Baη03ρar肺o’e。
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perature　to　near　the　me1ting　point　ofmeta11ic　indium。

Results　amd　disc皿ssiom

　　　It　is　very　important　in　the　c1cctrification　process　of

particles　that　the　charge　quantity　of　partic1es　is　mea－

sured　precise1y，Go1d　partic1es，which　are　stab1e　physi－

ca11y　and　chemica11y，were　used　for　the　determination

ofthechargequantity．Adistinguishedjumpinthe
charge　quantity　was　observed．The　obtained　charge

quantity　is　considerab1y1arger　than　onc　estimated　theo－

retical1y　described　be1ow．The　theoretical　re1ationship

between　the　maximum　charge　quantity　qi　by　the　in－

ductionchargingandthee1ectrostaticfie1dstrengthE

　　　iS

　　　　　　qi＝1．65×4πεor2E　　　　　　　　　（1）

　　　On　the　other　hand，that　by　the　corona　charging　is

　　　　　　q。＝4πpεor2E　　　　　　　　　　　（2）

　　　where　q．is　the　maximum　charge　quantity　by　co－

rona　charging，εo　is　the　dic1cctricity　in　vacuum（8．854

1x1O’1o　F／m），r　is　the正adius　of　partic1c（m），E　is　the

e1ectrostaticfieId　strength（V／m），p　is　a　constant　depend－

ing　on　materia1s　and　defined　by　the　re1ationship

　　　　　　P＝2（ε・一1）／（ε1＋2）十1　　　　（3）

　　　ε。is　the　specific　die1ectric　constant　of　the　par＿

tic1e．As　the　partic1e　is　conductive　in　the　present　case，

ε呂becomes　o。．Therefore，p　is　equa1to3．The　present

results　may　be　ascribed　to　the　concentration　ofthe　e1ec－

trostatic　fic1d　at　the　end　of　the　charging　e1ectrode．

　　　Ascanning　e1ectronmicroscopic　image　ofthe　com－

p1ex　partic1es　which　were　created　by　use　of　this　forced

electrification　apparatus（±4kV，30min）is　shown　in

Fig．3．It　shows　that　metal1ic　In　partic1es　are　attached　to

the　suIface　of　a　semiconductive　BaTi03partic1e　dis－

persive1y　or　discontinuous1y　by　the　cou1omb，s　force．

The　morpho1ogy　ofthe　comp1ex　partic1es　does　not　de－

pend　on　the　polarity　of　constituent　partic1es　dulling　the

processing．

　　　Figure4shows　the　PTCR　characteristics　ofthe　com－

p1ex　particles　ce11（a）and　the　on1y　semiconductive

BaTi03partic1es　ceu（b）．It　is　definite　that　the　e1ectric

resistivity　of　the　comp1ex　partic1es　ce11is　sma11er　than
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that　of　the　on1y　semiconductive　BaTi03partic1cs　ce11

at　the　room　temperature．These　resu1ts　are　ascribed　to

the1ow　resistivitv　of　me亡a11ic　In　partic1es　between

semiconductive　BaTi03partic1es　and　a　good　ohmic

contact　between　In　and　semiconductive　BaTi03．These

comp1ex　particIes　can　be　used　in　arbitrary　shapes　and

foms，d岨e正entfrom　conventiona1PTCmateria1swhich

were　sintered　rigid1y．

Co皿clusio11

　　　In　order　to　deve1op　the　fundamenta1techniques　of

powder　partic1e　assemb1y，a　forccd　e1ectrification　ap－

paratus　with　vibrating　cy1indrica1electmdes　was　in－

troduced．By　use　of　this　apparatus，the　charging　be－

havioll　of　the　severa1kinds　of　partic1es　and　the　prepara－

tion　of　comp1ex　partic1es　were　investigated．

　　　The　resu1ts　obtained　are　as　fo11ows．

（！）The　forced　e1ectrification　apparatus　e1ectrified　sev－

　　era1kinds　of　partic1es，meta1s，semiconductors　and

　　insu1ators，Positive1y　or　negative1y．

（2）In　consideration　of　the　ef［ective　c1ectrostatic　field

　　strength，the　chargc　quantity　perpartic1e　is　estimated

　　theoretica11y．

（3）By　means　of　this　forced　e1ectrification　processing

　　comp1ex　partic1es　were　prepared．This　complex　par－

　　tic1e　consists　of　semiconductive　BaTi03partic1e　as

　　the　core　and　meta11ic　In　partic1es　which　were　ad－

　　hered　to　the　surface　of　the　core　partic1e　dispersive1y

　　and　discontinuOus1y．

（4）Agg1omeration　consisting　ofsuch　comp1ex　partic1es

　　can　be　used　as　PTC　materia1s．

（5）This　PTC　materia1can　be　used　in　arbitrary　forms

　　and　shapes，different　from　conventional　PTC　mate－

　　rialS．

局9．3Scaη伽gεlec廿㎝m1cmg帽ρ力ofcomρlexρar肺cle．
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Keywo冊s：Positive　temperature　coe鋤cient　ofresis－

tivity（PTCR），semiconductive　BaTi03partic1e，meta1－

1ic　indium　partic1e，ohmic　contact，forced　eIectrifica－

tion，powder　partic1es　asse㎜b1y，mu1ti－func辻ionaI　ma－

teria1S
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　　雌icationProcessing，N．Shinya，T．Dan，M．Egashira，

　　J．kyono　and　H．Fudouzi，Proc．of’Smart　Struc｛ures

　　and　Materia1s1997，Sm鮒MaterialsTechno1ogies，

　　San　Diego（1997）：4！－50，SPIE－The　Intematioml

　　Society　for　Optica1Engineering。
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　　　　A．Tahara　and　T．KodaI独

肋〃oグ1）かθcτo・ρブ8μc1α1肋8ε〃cん

　　　In　outdoor　or｛ndoor　atmospheζe，㎜e言a玉1ic　co双o－

sion　proceeds　e玉ec童王ochemica玉1y言hrough洲n　water伽m

on　metal　surfaces．The　re＆ction　rate，in　this　case，｛s

expected　to　be1argcr　than　tha言iΩbulk　so1utio羽becadse

ofacceierated　mass言ransfer　or　d附鵬｛on．However　li言t1e

iηform8盲ion　has　been　avai玉ab1e　on　the　mass一言ransfer：

curreΩt　f玉ow　and　e亘ec言rode　po芝entia旦in　water　fi1搬cor－

rosion　becaUse　of　experimenta玉difficu玉言ies．For　the

meas狐emen言of　e玉ec言rode　pote耐ia1of㎜eta1s　covered

with舳n　water　fi玉㎜，a　KeMn　technique（1x2〕w＆s　ap－

p1ied．

　　Fig．1shows　the　apparatus　of　KeMn　probe　syste㎜．

The　apparatus　consists　of言hree　paζts；1）Ke玉vin　probe

and　specimen　within　a　cha搬ber，2）a　driving　system　of

｛he　probe　and　specimen，and3）a　persona玉computer

systemasacontroHerandfordataco11ection．Ago1d
wire　of　O．5mm　diameter　was　used　as　he　Ke玉v㎞probe

for　po亡en亡ia1detection．The　goId　probe　p1aced　in　air

was　osci11ated　sinusoidauy　with　respect　to　metal　sur－

face　using　a　piezo－act唾ator　so　that　it　genera亡esAC　cur一

「ent　prOpo更tioηa玉tO　e1ec打ostatic　potential　difference

be辻weenセhe　probe　and　meta1surfaces．I言is　thus　pos－

sibIe　to　measure　re1ative　e1ectrode　potentiaI　without

im㎜ersing辻he　probe　in　the　e1ectro1yte．

　　Aga玉vaniccoup玉emodelcomprisingofironand
zinc　was　used　for　de㎜onstrating　pote耐ia1transition　at

the　boundary．Experiments　werc　carried　ou言under　dry

and　we官condition　with　variety　ofwater　fi1m舳ckness

r＆nging100to3000um，and　water　composition　ofpure

water　to5％Naαso1udon．Fig．2shows　KeMn　poten－

tials　p玉ot士ed　as　function　of　distance　from　zincノ虹on
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boundary　and　as＆Para搬eter　of辻hickness　of　the　pure

water　fi玉ms．Under　the　pure　water　of！OO　um辻hick，

po言entia1onzincwasabou辻一！ユVw舳etha亡oniron

was　about－0．6V．The　zone　ofpotential　transition　was

3．O　mm　widc　penctrating　into　Fe　surface　fro㎜the

boundary．This　zone　is　formed　by　the　ac言ion　of　zinc　as

sacr並iciaI　anode3〕．The　width　ofpotentね1腕nsition　was

i柵uenced　by　wa亡er　film　thickness　and㎞creased　with

言he　thickness　ofwater　films．Fi1m舳ckness　a脆cts　the

eIec辻rica旦resis辻ance　ofwa言er1ayer，which　inωm　af－

fects　the　pote11tia1transi辻ion　mode　at　the　boundary．The

width　of　transition　zone　is　a玉so　inf1uenced　by　soIution

concent棚ion．The　width　of　pote耐ial　transition　zone

under　the　fi1m　of　the　Naαsolution　was　larger　than

tha～nder　pure　wa言er．This　indica言es　that　galvanic　ef－

fect　reaches　fur亡her｛nto　Fe　sびrface　in　sa1t　so1utions．

　　Pote耐ial　distribution　at　Zn／Fe　boundary　w＆s　ex－

plained　iパerms　of　lltransmission　line　mode1114）as

shown　in　Fig．3（a），where　Rs　deno辻es　a　so1ution　resis－

tance　per　uni言1ength　of　so1uξion　on　a　specimen　and　Rp

deno迂es　elec宣rochemic窒i　po玉aζization　resis言ance　pemnit

Iength．The　fo11owing　d雌erentia1equation　is　a晩ined

for　the　smai11ength　dx　perpendicu1ar辻o宣he」boundary。

　　　　　　一dV＝IRsdx　　　　　　　　　　　　　　（1）

　　　　　　一d卜V／Rpdx　　　　　　　　　　　　　　　（2）
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　　Potential　distribution　or　cu双ent　distribution　near室he

boundarywasobtainedfrom言heupperequati㎝．When
a　thickness　ofwater　fi1m　equa1s　to　d（cm）and　a　paral1el

unit1ength　to　a　Zn／Fe　boundary　ofwater　fi1㎜equa1s　to

u（cm），the　fo1Iowing　re1ationship　between　Rs　and　or－

di■ary（1hree－dimensiona1）specificresis1ive1ypexists；

　　　　　Rs二p／（ud）　　　　　　　　　　　　　　　　（3）

　　Fig．3（b）shows　an　app1ica言ion　of　this㎜odel　to　wa－

ter　fiIm　of　lOO　um　thick，where　the　fol1ow㎞g　assump－

tions　were　made；an　elec亡rolyte　on　a　specimen　is　satu－

rated　with　carbon　dioxide　gas　in　a虹，and　the　disso1ved

zinc　caution　in　the　eIec材o1y言e　is　in　equihbrium　with

出e　precipitates　of　zinc　hydroxide（whi室e　rust）．From

芝his　assumption，the　specific　resistive1y　p　of　this　e1ec＿

troIyte　estimated　to　be50kΩ・cm．In辻he　case　ofwater

fiIm　of100um／thick，the　va1ue　of　solution　resistance

Rs　is　about5000kΩ．cm■1．Curves　in　Fig．3（b）show

the　ca1cu1ated　potentiaI　distribution　at　the亡ransition

zone　where　it　is　assumed　tha亡the　po1arization　resis－

tance　Rp　rangedfrom1x104to　Ix　m6Ω・cm．When

thepo1arizationresis言anceRpequa1stoabout1OOkΩ・

cm，the　calcula言ed　curve　fits言he　experimenta1肥suI言s．

The　reported　polarization　resistance　of　iron　in　a　neu－

tral　solution，however，is　of　the　order　of　lO　kΩ・cmヨ

which　is亡enth　of　the　estimation　of亡his　investigation．

This　d雌erence　w盆s　due　to　the　fo11owing　factors：ユ）On

iron　surface　near　the　boundary，catholic　reaction　is　rate

determining，where　po1arization　resistance　is　much

higher　than　that　of　spontaneous　corrosion　because　the

1imiting　current　of　oxygen　d雌usion　is　contro11ing　Po－

Iarization　resis亡ance　of　the　system：2）The　rea1area　of

exposed　iron　surf＆ce　is　s1＝旺aner　than　the　appal＝ent　area

by　the　precipitation　ofwhite　mst　of　zinc　hydroxide．

Keywords：KeMn　probe，thin　wateτfi1m，ga1vanic

couple，亡ransmission1ine　model
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口MOrlitOringofArgon－HydrogenMixedGasArcP1asma

　　　　　　　　　　　　K．Hiraoka

〃ソ伽cθd〃倣r〃∫1〕rocθ∫3加g〃洲o〃

　　　Thermal　p玉asma　under　argon－hydrogen㎜ixed　gas

atmosphere　has　been　utilized　for　the　formation　of　the

ceramic　coatings　in　pIasma　spraying　Process，and　for

the　production　of　uI亡ra－fine　partic1es．The　characteris－

tics　of辻he　argon－hydrogen　mixed　gas　arc　p1as㎜a　is　stii1

poorly　unders亡ood．In　this　research，the　argon－hydro－

gen　mixed　gas　arc　p玉asma　strucωre　is　discussed　by　the

e狐ission　spectroscopic　measure㎜ent．

　　　In　te㎜perature　measurements　of　arc　p1asma　by　the

e㎜ission　spectroscopy，i士is　important　whether　the

plasma　is　in　the1ocal　thermodynamic　equilibrium（UrE）

ol＝not．It　has　been　discussed　in　Intenationa1Iηstitute

fo王WeIdi㎎（IIW）S亡udyGroap－212狐eetingsthatte㎜一

peratu王es㎜easured　by　some　methods，such　as　Off－axis，

ArH（singly　ionized　argon玉ine　spectrum）／AfI（argon

atom1ine　spectrum）i斌ensity　ratio＆nd　Bo1tzmann－p1ot

methods，are　di脆rent　each　other．

　　　From　precision　measurements，i辻was　found亡hat　the

temperature　distributions　in　pure　argon　arcs　of　l　atm

measured　by　Off－axis，Ar互I／A打intensity　ratio　and

Bo1迂z㎜an阯p1ot　methods　were　a1most　the　same．It　can

be　expected　from　the　results辻hat　pure鮒gon　arc　p玉as－

mas　are　a1㎜os辻in　the　existence　of　LrE1）．

　　　On　the　other　hand，the　temperature　distributions　in

90％Ar－10％H2arcs　deter峨ined　by　Off－axis　method

using　Ar互棚d　HI（hydrogen　atom1ine　spec辻rum）in－

tensities　and　ArII／AH　intensity　ratio　method　were　dif－

ferent　each　other．It　is　suggested　that　the　resuhs　have

inconsistency　in　the　corre1a迂ion　among　i耐ensities　of

Ar互，ArII　and　m　line　spectra　in90％Ar－10％H2arcs．

New　E汕1ssi㎝Sp㏄耐oscopic　M搬od

　　　In93■s　topics　ofNRIM　ResearchActivities，it　was

pf0posed　that　the　gas　co醐position　in　theAr－He　mixed

gas　arc　pIas㎜a　w＆s　not　homogeneous．In　the　present

papar，the言e㎜pera辻ure（T）and　hydrogen　gas　concen－

t耐ion（α）profi1es　of　argon－hydro皇en　mixed　gas＆rc

p1asma　are　discussed　by－deveIoping　the　new　spectro－

scopic　measuremen亡s．

　　　In　Ar－H2mixed　gas　pIasm＆at10，OOOK～20，O00K，

the　pIasma　co㎜ponents　are　neutra1argon　Ar，singIe

ionized　argon　Ar＋，doubIe　ionized趾gon　Ar＋＋，neu辻ra1

hydrogen　H，sing1e　ionized　hydrogen　H＋and　e1ectron

e■，because　the　dissociation　of　hydrogen　molecule亡o

neutra1atom　beco㎜es　sufficieMy　significant．The　den－

sities　of曲ese　species　are　re1ated　as　a　function　ofp玉asma

tempel＝ature　and　hydrogen　gas　content　of　a辻nユosphere

in　Sahals　equations．And　the　intensities　of玉ine　spectra

Ar三，ArII　and　HI　are　formu1ated　with　the　plasm＆tem一
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pcraωre　and　densities　of　argon　atom，argon　ion　and

hydrogen　atom．Unknown　para㎜eters，T　andαcan　be

solved　from　Sahals　equations　and　spcctraいntensity

equati㎝sofArIandArI互（ArI－ArIIcorre1ativeint㎝si－

ties㎜ethod2〕）or　from　Sahals　equations　and　spectral

intensity　e卯ations　ofArI　and　HI（ArI－HI　correIative

inte・sitiesme1hod3））。

　　　Figure1shows　the　temperature　and　hydrogen　coη一

centration　profi1es　measured　by　ArI－Hαand　ArI－ArII

corre玉ative　intensi言ies　methods，Simi1ar　resu1ts　are　ob－

tained　by　two　spectroscopic　methods．It　is　suggcst　that

thcrc　is　no　inconsistency　in　the　cor茎e玉＆tion鉗nong　in－

tensities　ofA■I，～II　and　H夏1ine　spectra，under言he　as＿

sumption　of　L冊and　the　considera言ion　in　which玉ocal

gas　concen言ra言ion　of　a　gO％ノ㎞一10％H2arc　p玉asma　is　no言

homogeηeous。

趾c言ro耐D㎝sity　Meas固re㎜㎝ts
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　　　The茎esults　nエent｛oned　above　are　verified　by　elec＿

tron　densitics　using言he　Stark　b王oadening　and言he　in＿

frared　p1as㎜a　diagmstic　methods　in　which　the　e玉ec－

tron　density　can　be　measured　wi辻hout　the　assumption

Of　U肥．

　　　測ectron　density　can　be　deter㎜ined　from　the　full

h盆1f　w｛dth　of　H，号1ine　profi1e　after　Abe1imersion　in

Stark　broadening　method．In　Infr趾ed　p1asma　diagnos－

tic㎜ethod（IR　method）Proposed　by　Ohji　and　Eagar4），

bremsstrahlung　c棚be　meas服ed　by　a　pyro㎜eter　with

2μmPbSsensor．UsingP1anck，sequationヨtheintcn一

o．§

i5，O00K

1　　　　　　1．5

　　　　　　　　　　　　　　　　　　　臨d童脳s（醐醐）

局9．20omρa〃soηamoηge’θc廿onc’θη8’奴ρro”θsmeasu囎dわγ8ね欣broad一

εη肋g，肺斤arθdrad励oηandne吻d粥1oρεd鵬肋od

sity　of　bre㎜sstrah1ung　can　be　ca玉cu1ated　fron1the　tem－

perature　measured　by　the　pyrometer．

　　　Figure2shows出e　eIectron　density　profiles㎜ea－

sured　by　S倣k　broadening（○marks）and　IR（△

marks）methods　in　gO％Ar－10％H2＆rcs．And　the　p1ot－

ted　marks（A　and⑮）shown　in　Fig．1are　the　e1ec芝ron

densities　ca1culated　from　tempe亙ature　and　hydrogen
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co桃entby　Sahals　relations．In　this　figure，it　canbe　found

1ha川ee1ectrondensitypζofilesmeasuredbyeach
腿ethod趾e　nearIy　the　same、

Co服c－usio庇s

　　刈1oftheresuIts1edtothecondびsi㎝thattheper－
formed　spec亡roscopic　ana1ysis　for　argon－hydrogen　gas

arc　pIasma，鶯nder亡he　assu㎜p辻ion　of工TB，was　vaIid

and　e批ective，and　tha言the　hydrogen　conce献ration　was

100％Ar

Arc　c汕rrent：100A

not　ho狐ogeneous　inAr－H2arc　pIas㎜a．

　　Fiηa1ly，the　con亡ours　of　temperaまure　and　hydrogen

concentration　in　gO％Ar－10％H2arc　p1asma　were　me＆一

sured　by　ArI－Hαcorrelative　i赦ensities　method　as

shown　in　Fig．3．It　was　found　that　the　hydrogen　gas

conce耐ration　remarkab1y　increased　near亡he　cathode

㎝the　arccenteraxis．When　theiso宣hemswere　co醐一

p飢ed　wi言h芝ha辻in　pure　argon　arc　p1asma　as　shown　in

Fig．4measured　by　Off－axis　methodヨit　was　found　that

the　peak　temperat岨e　near　the　ca辻hode　tip　decreased

and　the　p玉as王na　region　near　the　anode　cons言ricted　by

the　introduction　of　hydrogen　gas　into　argon　gas　aτc

p1asma・

Keywords：gas　tungsten　arc，a王go虹一hydrogen㎜ixed

gas，e㎜ission　spec辻roscopy，temperature，demixing，

eIectron　density
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口AlloyOesignofAdvanced1＝er柵oHeatResistingSteelsfor65びCUSCBoi1ers
　　　　　　　　　　　　　　　　　　　（R＆D　of　S廿uctu旧■MateriaIs　for21st　Cen杣ry）

　　　　　　　　　　　　　　　　F．Abe

8舵〃8肋伽〃牝〃α1〃倣j0〃ε8εαrC“伽j0η

I皿t1・0duCdOn

　　The　stra辻egic　research　on　advanced　fenitic　heat　re－

sisting　s亡ee1s　started　in　Apriu997for　app工ication　to

thick　section　boi1e王components　such　as㎜ain　stea醐

pipe　and　header　in　ultra－supercri辻ica1（USC）e1ec亡ric

power　pla耐which　w棚be　operated　at650血C　and350

a亡皿osphefic　pressure．The　therma1e鉦iciency　is　eva1u－

ated　to　increase　to43．8％for　the　USC　stea㎜condi－

tionsof650．Cand350a腕1pressurefro狐38．9％for
the　present　supercritical　p1an亡s　at538．C　and246atm

p肥ss耐e．The　e曲anced　therma玉efficiency　resuits　in

reducing　carbon　dioxide　emissions　and　reducing　fueI

cost．Forconstmction　oflarge　USCp1ant　suitab玉e　for

cyc玉ic　operation，it　is　necessary　to　deveIop　advanced

ferritic　heat　l＝esisting　stee1s，because　austenitic　stee1s

are　high1y　susceptible　to　ther㎜a1fatigue　resuIting　fron1

亡heir1ow　therma1conductMty　and　high　therma二ex－

pansion．The　n玉ajor玉iIniting　factors　to　an　increase　il＝l

steam辻emperature　up　to650℃are　the　avai1abi1ity　of

ferritic　stee1s　with　suぜicient　creep　strength　and　su冊一

cient　resistance　to　stearn　oxida辻ion．　This　paper　de－

sc工ibes　a1ioy　design　phi1osopby　for　the　deveユop］皿e虹

ofadvanced　ferri亡ic　s辻ee1s　for650．CUSCboi1ers．

Cr㏄p　str㎝g舳a皿d　t㎝g㎞ess　ofW・st囲舳ze“er－

r耐iC／r1劃rt6mSitiC　Stee－S

　　The　author　and　co－workers　have　investigated　the

㎜icrostruc軸re一㎜echanical　property　relationship　for　Cr－

Wbasefe舳ic畑artensiticstee1s（1x2〕．Figurelshows

theeffectofWc㎝ce鮒ation㎝thecreeprupture
stre㎎thforsi㎜p1e　gCr－Wstee1stogetherwithso1ute－

modif五ed　gCr－WVTasteek　at600℃．Thec㎝ce鮒a－

tion　ofcarbon　was　about0．！％in　each　steeI．The　loga一

汕hm　of　creep　rup辻ure　strength　increases　hnear玉y　with

Wconce鮒ationuptoabout3％whe剛hestee1scom－
posed　of！00％tempered　martensite．Fine　MlC　caト

bides，（V，Ta）C　in　the　gCr－W－0．2V－O．1Ta　s亡eels，sig－

nificantIy　increases　the　creep　rupture　strength．The

increaseincreeprupturestrengthbyWandMCcaト
bides　corre玉ated　with　the　stabi玉ization　of　te㎜pered

martensitic㎜icrostructureduringcreep．AthighW
concen亡rations　above3％where　theδ一ferrite　formed，

the　creep　mp鮎re　strength　scarce工y　increases．The　gCr－

4W0．1Cstee1contained！Ovo1％δ一ferrite．Thed㏄一

ti1e－to－britt1e　transition辻emperature　inc王eased　with

increasingδ一ferri亡e　vo1ume；△DBTT／△δ一ferrite

　　　300
　　　　　　　　　0Pen：Simp1e　gCr－W
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A11oy　desig皿ing　ofhigh－Cr　ferritic　st6e1s葦or650．C

USC　bo泌rs

　　The　steels　to　be　deveIoped　shou1d　co1＝isist　of　l00％

tempered㎜artensite　and　theδ一ferrite　should　be　e1imi－

nated　fro㎜the　view　point　of　s1∬icient　creep　strength

and　toughness．The　a11oy　compositions　producing

lOO％te狐peredmartensiteareeva1uatedbyThe㎜o－
Ca1c．The　addition　of　Cr　and　or　Si　suppresses　the

growth　ofoxide　sca1e｛3）．However，excess　addition　of

these　e王ements　enhances　the　agg1o11neration　of　carbides

as　we1l　as　the　formation　ofδ一ferri亡e（Figure2），caus－

ing　a　decrease　in　creep　strength　and　toughness．There－

fore，key　issues　for亡he　deveIopment　of　ferritic　s辻ee1s

for65『C　USC　boi1ers　are　the　stabi1ization　of　tem－

pered㎜ar亡ensitic　microstructure　for1ong　time　a辻650

．Cforferriticstee1scontaininghigh－Crandorhigh－Si．

酌gu肥3shows　the　phi1osophy　for　the　a11oy　designing．

At　high　Cr　above9％，the　addition　ofa玉arge　amount　of

austenite－stabi1izinge1e㎜㎝tsisrequiredtosupPress

the　forrl1adon　ofδ　一ferrite．The　austenite－stabi1izing

e工ements　N五，Cu　and　Co　can　acceIerate　dis1ocation　re－

covery　and　softening　at650．Cラcausing　a　decrease　in

creep　strength．Co　a玉so　prornotes　the　spa脳ng　of　oxide
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｛）｛）
oxidation　resistanoe←　　　　　　　　一→

decrease
＊addition　of　Si

W＋2Mo＜2　　W＋2Mo＝3

δ・吉θrζite　formation

　＊　addition　of　austenite

　　　stabilizing　elements

　　　　W＋2Mo〉3

　　　　　　　　　　　　　Moθquivalent二1．5
creep　stren　gth　dgcrease←　　　　　　一→　tough　ness　decrease

　　　　　　　　　　　　　　　　　　　　　　　　　　　　Ni〉O．5（Cu，Co）　　　　　　　　　　　　　　Ni＝O，5（Cu，Co）

　　δ一ferrite　formation←一　　　　　　　一→　creep　stre罰gth　decrease

　　　　　　　　　　　　　　　　　　　　　　→Acl　temperaセure　decrease
　　　　　　　　　　　　　　　　　　　　　　　　　＊　addition　of　lr，同hI　Pd

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Si〉O．6　　　　　　　　　　　　　　　　Si＝O．5

　　oxidation　resistance←　　　　　→carbide　agglomeration
　　decrease　　　　　　　　　　→Fe；W　precipitation
＊additionofY　　　　　　　　　　acceleration

・・一箏一11鴛
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　VOlume　fraCtiOn

　　　　C＝0．08・O．10，N＝O．03－0．05．B出0．O05

　c鴉ep　strength　decrease←　　　　一・carbide　agglomeration
　　　　　　　　　　　　　　　　　　　　　　　→weldability　decrease

晦3〃oγde物ofad閉ηcθ雌π1沈5胞elsわr650℃u80bo”眺．

sca1e．Ir，Rh　and　Pd　can　be　used　to　sUbstitute　for1ess

desirab1e　e1emen亡s　Ni，Cu　aηd　Co．The　higher　me1ting

points　and1arger　atomic　sizes　of　Ir，Rh　and　Pd　than　Ni，

Cu　and　Co　lead　to　lowerd雌usion　rates　and　hence　higher

rcsistance　to　softening　for　Ir，Rh狐d　Pd芝han　Ni，Cu

and　Co　in　ferritic　stee玉s．For　the　improve㎜ent　of　oxi－

da芝｛onres三stance，Ycanbeusedtosubs窒ituteforSi

without　any　enhancement　of　carbide　agg1omeration．

Sevcra旦heats　are　being　now　examined　in　terms　ofte㎜一

pered　martensitic　microstructure，resistance　to　sof言en－

ing　during　tempering　and　creep　strength．　In　parane1

with　the　a亘1oy　composition　seIection，op言imization　of

the　distribりtions　of1ath　subgrains　and　cal＝bides　in　the

te㎜pered　marξensite　toward　the　stabi1ization　ofmicro－

struc宣ure　during　creep銚650．C　is　aIso　examined　by

co㎜bination　of　appropriate　TM1CP．The　preliminary

resu1ts　show　that夏r　is　effective　fo“he　improvement　of

creep　st亙ength　of　ferrit｛c　steels　than　Ni，Cu　and　Co．

Keywords1ferritic　hea言resisting　stee1，uItra－
supercriti．cal　power　p1ant，a11oy　design，tempered　mar－

tensiteヨcreep，steam　oxidation
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□Anisotropic　StandingWave　Formation　on　an　Au（111）Recons廿ucted　Surface

D．Fujita，K．Amemiya，T．Yakabe，H．Nejoh

　　　　　砒舵〃φ朋ψ吻C㎜〃8鮒｛0〃

　　　Nob1e　meta玉（111）surfaccs　have　a　Shock1ey　sur－

face－state，whosc　cnergy　bands　show　parabo1ic　disper－

sions　around　F　point　of　surface　Bri11ouin　zone．It

means　that　the　surface－state　e1ectrons　can　be　consid－

ercd　as　a　two－dimensiona1（2D）near1y－free－e1ectron

gas－Recent1y，scanning　tunne1ing　microscopy（STM）

has　revealed　that　standing－wave　fo正mation　caused　by

quantum　interference　of　the2D　e1ectrons　at　potential

bamiers　resu1ts　in　the　spatia1modu1ation　ofthe　surface－

state1oca1－density－of－statcs（LDOS）．Compared　with

the　other（111）surfaces，it　is　we1l　known　that　the　sur－

face　reconstruction　ofAu（111）is　extreme1y　comp1i一

・・t・d，・…i・ti・g・fb・th・・h・・t一…g・（23×乃）

super1attice　and　a1ong－range”herringbonell　structure．

Since　this　reconstruction　offers　periodic　adsorption

sites，initia1mc1eation　study　of　C60mo1ecu1es　has　been

performed　in　order　to　fabricate　ordered2D　arrays　of

nanoclusters．In　spite　of　the　pecu1iarity　of　the　herl＝ing－

bone1＝econstruction，its　potentiaI　effects　on　standing－

wave　formation　ofthe2D　e1ectron－waves　have　notbeen

conside正ed　yet．Here，we　have　clarified　for　the　first　time

the　significant　effects　of　the1ong－range　rcconstruction

using　a1ow　temperature　STM　at30K．

　　Figure1（A）shows　a　STM　image　of　the　Au（111）

surface（Vt＝30mV，It＝0．3nA），which　exhibits　the

l1cconstruction　patterns　consisting　of　seve11a1pairs　of

bright　stripes　running　in　a　zigzag　way．The　observed

super1attice　can　be　intcrprctcd　as　a　manifestation　of

quasi　one－dimensiona1so1iton－1ike　misfit　structures，

indicating　that23go1d　surface　atoms　are　packed　on22

1attice－spacingsinarectanguIar（23X月）unitce11，

Consequcnt1y，the　surface　atoms　are　forced　to　occupy

the　three　atomic－stacking　sites　such　as　norma1fcc

（C＋ABC＿；”f，，），hcp（B＋ABC＿；”h11），and　bridge　sites

（”s”）．Sincc　the　tmnsition　between　fcc　and　hcp　can　be

desc1＝ibed　by　so1iton　expression，the　t1＝ansition　regions

are　named　as　so1iton　wa11s．The　comp1ex1ong－range

reconstruction　stems　fmm　spontaneous　formation　of

e1astic　stress－domains　in　order　to　re1ieve　thc　anisotro－

pic　stress　in　a　more　uniform　mamer．Figure1（B）is　a

constant－current　STM　image　obtained　by　approaching

the　bias　vo1tage　very　c1ose　to　zero（Vt＝一2mV　It＝O．3

nA）．In　marked　contrast　with　the　topographic　charac－

ter　in　Fig．1（A），the　image　shows　emcrgcnce　of1ong－

range　spatia1osci11ations．With　such　a1ow　tume1ing

voltage，constant－current　imaging　can　probe　direct1y

the　Fermi－1eve1LDOS　contour　ofthe　surface－state　e1ec－

trons．On　the　upper　terrace，’especia1ly　near　the　step

、二仰、

、・

F1g．一8τ〃1mag開0fare00η舳施dん仰η舳焔Ce．

ω人M＝30m叱rBリjM！一2m　y

edge，thc　ripp1es　with　a1most　constant　periodicity　are

c1ear1y　obse正ved．The　osci11atory　structure　can　be　ex－

plained　by　formation　of　standing　waves　in　the　LDOS

ρ（k〃，x），caused　by　interference　of　e1ectron　waves　at

a　step　edge．Modu1ation　in　the　surfacc－state　LDOS　can

be　expressed　as　fo11ows：

　　　　　　ρ　（k〃，x）＝　ρo（1＿Jo（2k〃x））　　　　　　　　　（1）

　　where　x　is　the　distance　from　the　potentia1barrier，k〃

is　the2D　wavenumber　of　surface－state　e1ectron，ρo　is

the　averaged　surface　LDOS，and　Jo　is　the　zeroth－order

Besse1function．The　observed　osci1lation　has　a　char－

acteristic　periodicity　L　of1．8±O，1nm，from　which

the　latera1wavenumber　can　be　deduced　to　be～1．7

nm1l，corresponding　we11to　the2D　Fermi－leve1

wavenumber（kF＝1．73nm11）．The　standing　waves　are
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a1so　observab1e　at　the　natura1mnometer－sca1e　struc－

tures．In　the　case　ofa　mono1ayer　is1and，more　enhanced

osciI1ation　is　obse岬edbecause　ofstrongerconfinement

cffcct．0n　thc　contrary，in　the　case　of　a　mono1ayer　de－

pression，more　faint　osci11ations　are　found　as　shown　in

Fig，2，which　suggests　the　weaker　potentia1barrier　for

this　configuration．

　　A1though　the　genera1feature　of　standing－wave　os－

ci11ations　can　be　exp1ained　by　equation（1），it　shou1d

be　noted　that　they　are　strong1y　a冊ected　by　the　herring－

bone　reconstruction．Carefu1obsewation　suggests　that，

in　the　vicinity　ofthe　step，the　amp1itudes　of　the　stand－

ing　waves　in　the　hcp　region　and　the　so1iton　wa11s　are

1arger　than　that　in　the　fcc　rcgion．This　obscrvation　sug－

gests　that　the　surface－state　LDOS　is　distributcd

inhomogeneous1y　on　the　surface．Moreover，one－di－

mension－1ike　wave　propagation　a1ong　the　pairwise

so1iton　wa11s　can　be　deduced．On　the　terrace　re1ative1y

farther　from　step　cdges，we　can　obscrvc　the　enhanccd

osciuation　on1y　a1ong　the　so1iton　wa11s．That　is，the

surface－state　e1ectron　waves1ook1ike　propagating

quasi－one－dimensiona11y　a1ong　the　so1iton　wa11s．In

order　to　show　the　feasibi1ity　of　the　quasi　one－dimen－

siona1state，we　have　deve1oped　a　simp1e　one－dimen－

siona1wave－guide　mode1as　shown　in　Fig．3．Here，it　is

assumed　that　the　potentia1of　surface－state　e1ectrons　is

distributed　inhomogeneous1y，depending　on　the　three

different　regions．It　is　a1so　assumed　that　the　surface－

state　e1ectrons　are　confined　in　an　infinite1y1ong　wave－

guide　ofwidth　d，which　is　composed　ofapair　ofso1iton

wa11s　and　a　hcp　region．A1though　this　mode1is　a　rough

approximation，the　ca1cu1ated　probabi1ity　dcnsity　can

qua1itative1y　reproduce　a　simi1ar　behavior　to　the　ob－

scrved　spatia1modu1ation　of　the　LDOS．This　resu1t

suggests　the　possib1e　anisotropic’nature　in　the1oca1

Femisurface．Infact，byFourier－transfomingtheSTM
images　ofthe　standing　waves，an　e11ipsoida1Fermi　sur－

face　can　be　extracted　for　the　surface－state　e1cctrons，

instead　of　an　isotropic　Fermi　circ1e．

　　　In　summary，overa11resuIts　c1ear1y　show　that　the

quantum　inte正ference　of　e1ectron　wavcs　can　be　visual－

izedwithourFermi－1eve1STMimagingtcchniquewith
an　extremc1y1ow　tume1ing　vo1tage．Combined　with　a

2D　Fourier　transform，it　wi11o伍er　a　nove1evaluation

method　for　quantum　interferencc　of　other2D　e1ectron

SyStemS．

Keywor8s：Au（！！！）；Quantum　Interfeエ㎝ce；Scaming

Tunne1ing　Micmscopy；Surface　Reconstruction；Sur－

face　State；2D　Near1y　Free　E1ectron　Gas
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□　Extreme　HighVacuum　Substra－e　DeliverySystem　among　Six
　　　　　　　　　　lnstrum6nts　for　Nanoscale　Material　Research

　　　　　　　　　M．Tosa

五兀舵㎜ε〃ψ吻舳〃8伽｛0〃

ImtrOduCtiOm

　　Smooth　creation　of　advanced　matcria1s　with　an

atomical1y　contro11ed　stmcture　which　is　expected　to

exhibit　excel1ent　quantum　properties　requires　the　de－

ve1opment　ofthe　advance　physica1environment　ofthe

extreme　high　vacuum（XHV）integrated　process．The

obstac1e　of　the　fabrication　of　atomic　sca1e　structure

material　is　atomic　sca1e　contamination　by　gas　adsorp－

tion　from　thc　environment．The　XHV　integrated　pro－

cess　can　offer　an　atomica11y　c1ean　environment　during

such　mu1ti－operation　as　materia1processing　and　ana1y－

ses　necessary　for　atomic　sca1e　materia1s　fabrication　due

to　the　super　c1can　atmosphere　with1itt1e　gas　molecu1es

of　extrcme　high　vacuum．The　rcsearch　is，therefore，

carried　out　on　the　constmction　ofXHV　integrated　p正o－

cess　offering　the　superc1ean　environmcnt　on　an　atomic

sca1c　necessary　for　the　fabrication　of　nano　structure．

XHV　Imtegmted　Pmcess

The　XHV　intcgrated　process　with　six　instmments

o
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was　deveIoped　for　n棚o　scale　c0Rtinuous　processing．

万igure　l　show　tbe　schemat量c　diagra㎜設nd　the　who至e

photograph　of重he　integrated　process．The　process　con－

sists　ofa　main　t亙ack　line　chambers　for　mag貫etic－evita一

ξion　iong－distance　transpo亙t，a　side言rack　Iiηe　ch＆mbe茎s

for　superconducting　magnetic　ievita重ion　short－distance

紋ansPo「ま，intercOnnecting　cha㎜bersヨpu鰍ps，valves，

＆nd　g脳ges．This　process　is　a　unit　to　combine　three

f｛lm　preparation　cha㎜bers（MBE　and　sputter　deposi一

をion　sys亡ems）and　three　surface　am1ysis　cha狐bers

（SAM，XPS　andAFM／STM），and　can　de玉三vcrsa岬玉es

aoユong　these　coΩnec言ing　instru鰍ents　cha茎nbers．

　　　Production　ofXHVenvironment　rc卯ires　avery　low

outgassingchamber，high　sensi言ivi室y　gauge　system，high

perfo至mance　vacuu㎜pu触ps　and　so　on．Type304L

stai釧ess　steeI　emp－oyed　as　a　cha㎜ber㎜説erial　has雌1e

intergranωar　COrrOSiO蔵and　OutgaSS圭蘭g　SOurCeS　at　We1dS

because　of1ow　carbon　conte耐．The　surface　of　the　in－

side　wai1ofthe　chambers　was　electrolytica玉玉y　po1ished

in　phosphoric－su1furic　acid　soiu辻ion　and言he　chan工bers

were　ameaied　at823K　in　a　high　vacuum　for　enough

ou室gassingopeζation．At他niumget倣岬mp（PUmp
speed：1．8m3s’］）and　a　ioΩpu肌p（pu独p　speed：O．2m3

s’1）evacua言e　each　main　cha狐berunit　and　each　side　track

1inechamber㎜it．nepropertiesofextremehigh
va㎝umwereeval㎜亡edwithanex亡ractorgaugeanda
quadmpo1e㎜ass　spectro㎜eter　with宣he　separa亡ion　of

an　ion　source　and　a　quard重upole棚alyzer．Each　main

chambemnit　starts　to　be　pumped　wi亡h　a　iron　pump

after　who1e　the　process　is　baked　ouξwith　ma舳e　heate王

system　for862ksec　at423Kto473Kkeeping　the　turbo

mo玉ecu玉ar　pumping　sys辻e触assisted　by　rotary　pumps

inopera言ion．

Substra亡e　lDeX▽ery

Transpor室system　to　be　used　in　XHV　shouId　ge■er一

a言e　no　par童ic呈e　beca㍊se　parまic1cs　are18rge　sou王ces　of

○耐gassing・至t　is　essentiaI　t0dse　no　slidiηg　compone耐s

まokecpthesystemXHV．A脈agne言icicvitationまr棚s－

port　system　can　meet　the　demaηd　as　i芝emp1oys　no　s1id－

ing　motion　so　tbat　XHV　may　be　kept　dur㎞g　tr棚spor芝。

Weadopted言wo　types　ofmagneticlevi言a芝io鮒ansport，

one　is　e玉ectron？agηe言ic　levi芝atioη紋anspo茎t　and芝he　otheζ

iss即erconduct1nglevi1ationt㈹sport．

　　　The　C旦eCtrOmagnetiC玉eVi言atiOll　tranSpOrt　SySte㎜iS

used　for　the　rn＆in　tζack　Iine　because　ofeasy　liΩe　ex言en＿

sionandquickstartof1ransportope棚1o肌F1gure2（a）
shows言he　schemat｛c　of　the　e1ectro㎜agl－et｛c　tr棚spor言．

Astator　uni言over官he　main　tすack　chamber　has室he　e豆ec－

tromagnets言o1evita言e　a　carrier　by　magnetic　a鮒ac言ive

force，芝he　linear　synchronous　motor　to　drive，狐d　the

position　seηsors　as　wen　as　gap　sensors　with　e1ec言ro－

n工agηets　to　s室abi1ize言he玉evitating　carrier．The　e玉ectro一

㎜agΩets　below芝he　s芝ators　can　co磁ro1言he　levita室ion　gap

of　the　carrier　about2mm　between　the　stators鋤d　the

carr量er．The　c肌rier　in室he　chamber　is　compleξe玉y

shielded　by　the　type304L　stain1ess　s言eel　sheeばor古he

decrease　in　outgassing．The　running　carrier　can　be

stopped　within　the　erro更of05㎜m　even　in　tζ包nsport－

ing　a　sample　ho1der　at　the　top　speed　of5c醐s■1．

　　　Superconduc芝ing　levitatioηtransport　syste㎜is　used

for　the　sidetrack　because　of　the　easy　posi言ioning　st＆＿

bility　and　toughness　aga｛nst　mechanica1shock．Figure

2（b）shows　the　schematic　ofthe　superconduc言ing1ev｛一

tation芝ransport．The　transport　consists　of　the　sidetrack

chamber，the　cooIer釧1ed　with　He　gas　coo1棚t　which

can　be　cooIed　by　a　freezer　at　the　back　of室he　chamber

and　the　carζier　rod　with　a　sample　ho玉der　fork　at　the

head．Three　oxide　discs　wi言h2池ches　in　dia狐eξer　of

YBa2Cu307－Xs叩eτconductoエdエivenby　a　lo乃gbo1言すod

in　the　cooier　are　coo玉ed　down　be玉ow　Tc　of　gOK　and

cause　the　supercond讐cting　effect　of　piηning　and　the

diam＆gnetism　on　the　three　discs　of　SmCo　attached　to

し≡nea『㎜◎をor　drヨve

←腎・榊・川舳・1・舳・…t

（a）

Maintrack　liηe　chamber

Side竹ack1ine　chamber

　　　　　　　　C鉗ri餅　　SmCo　disks
（b）

Supeポc◎nducyヨ列g◎対d8disks
　　　トle　gaS

Re打igerator
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the　bottom　of　the　carζier．It辻akes　more　thaη6hours　to

cool　the　tr棚sport　sys言e脈down室o　Tc　from　roo㎜tem－

perature．The　pinning　ef£ect　is　strong　enough　to　stab玉y

玉evitate　the　carrierwi芝h　a　cer童ain　gap　through室he　coo1er

wai1and　to　drag　the　carrier　accurateIy　witho劇any　sta－

biIizernoぎa町sensor．The　carrier　can　tr＆nsport　a　samp1e

at　the　top　speed　of1．0cm　s’1．

　　　A　samp1e　is　de1ivered　from　the　carrier　of芝he　side一

言rac夏（1ineto芝he　carrierof宣hemain　track1i鵬by1ifting

up　and　down　hois言system　in　the　interface　chamber，

The　hoist　system　a1so　de玉iveζs　a　sampie　ho玉der　between

㎜aiΩtr＆ck1ine　u旺its－Vacuum　pressurc　of　g　x！O’lo　P＆

was　obtained㎞the　a　main　track　liηe　chamber　but言he

pζess鵬increased・pto2．OxlO’叩aaf倣openingthe

gate　va玉ve　between　the　main腕ck棚d　the　comected

instm㎜ent　chamber，A　s＆醐p玉e　cou玉d　be　transfe亙red

from　a　hoist　stage　in　the　comec辻ing　cha肌ber　for曲e

sidetrack　charnber　to芝he　other　in　the　n工ain　chanlber

wi舳n　the　pressure　change　of101H　Pa．This　indica言es

ξha言the　c狐rent　system　is　successful　in　the　transpoζ言in

near　XHV　pressure　range　but　that　additiona1i㎜prove－

ment　of　the　syste㎜is　required　for　the　s辻ab玉e　transpoれ

in　XHV．

　　　The　firs言phase三s　co狐p1e言ed0R　the　project　to　con－

struct　the　XHV　intcg倣ed　process　wi曲1evit蛮辻ion細ns－

por芝s　and芝he　secoηd　w｛n　star室in　order言o　o揃eτthe｛nte－

grated　process　foτ芝he　fabζicatio羽of　advaΩced　substrate

aηd　mno　sc刎e　mate童ial　with　qua斌U㎜properties　on

the　substrate．

Keywords：in言egrated　process，six　ins室獺ments，ex－

trerne　high　vacリura，iηsitu　sEbstr銚e　delivery，Ievi｛ation

transport
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□　Development　of　a　hip　Ioint　simulator

K．Nakazawa，M．Sumita，N．Maruyama　andA，Yamamot0
　　　　　　　　　　　　1ガo〃α姥れα131～ε8θαrcん二1セα棚

　　　Ahip　joint　simu1ator　has　been　deve1oped　to　eva1u－

ate　wear　of　artificia1hip　joints．In　conventiona1hip

simu1ator　that　had　been　deve1oped　so　far，the1oading

axis　ofhipjoint　is　in　genera1a1igned　verticaL　When

the　femora1head　is1ocated　on　top　and　the　socket　is

1ocated　on　bottom，heavy　wear　partic1es1ike　meta11ic

weardebris　tend　to　remain　ontothe　socket，Whenthe

socket　is1ocated　on　top，air　is　sometimes　ent正apped

accidenta11y　into　the1ubricating　f1uid　between　articu－

1ating　surfaces．The正e　is　a　strong　suspicion　that　the　wear

characteristics　of　the　hip　joint　a1＝e　infiuenced　and　hence

a1ong－term　eva1uation　test　is　difficu1t　to　perform　by

the　existence　of　these　air　and　wear　debris．

　　　In　the　new1y　deve1oped　simu1ator　shown　in　Photo．

1，the1oading　axis　is　a1igned　horizonta1to　avoid　above

suspicion．This　simu1ator　is　designed　to　simu1ate　the

motions，1oads　and　environment　experienced　by　hip

joint　during　the　wa1king　Process，and　to　endure　for　a

1ong－term　test．Motions　and1oads　are　app1ied　by　pro－

grammab1e　servohydrau1ic　actuators．Up　to　six　hip

joints　can　be　tested　at　a　time．Each　hip　joint　specimen

has　an　environmenta1chamber　in　which1ubricating

f1uid　is　fil1ed　to　assure　fu11immersion　ofthejoint　com－

ponents　in　the　nuid．Using　this　simu1ator，the　effects　of

temperature　and　viscosity　of　the　f1uid　on　the　wear　of

hip　joint　was　studied．As　the　test　specimens，Popu1ar

hip　joints　that　are　composed　of　corrosion　resistant　a1－

1oy　he早d　and　ultra－high　mo1ccu1arweight　po1yethyrene

（UHMWPE）socketwere　used．The1ubricating刊uid

was0．9％sa1ine　maintained　at37℃or40℃（viscos－

ity　ca．！cp）．To　raise刊uid　viscosity，Dextran　was　added

to　the　f1uid．The　maximum　range　ofthe　swing　motion

was50。，and　the　maximum1oadwas300kgf．The　wa1k－

ing　cyc1e　speed　was　lHz．Under　these　conditions，a

continuous　test　run　during　nine　weeks　was　performed，

which　corresponds　to　three　years，1iving　time　with　con－

ventiona1wa1king．The　weight1oss　of　UHMWPE
socket　was1argest　in37℃sa1ine（viscosity！cp），then

in40℃sa1ine（viscosity　lcp），and　sma11est　in3γC

sa1ine（viscosi二y20cp）．Thewcarvo1umeofUHMWPE

decreased　with　the　increase　in　f1uid　tempe正ature　and

viscosity．The　temperature　dependence　of　wear　was

contrary　to　a　genera11y　accepted　concept．This　resu1t

suggests　that　the　test　conditions　should　be　se1ected　prop＿

er1y　for　the　va1id　eva1uation　of　hip　joint．It　is　expected

that　this　simu1ator　wi11contributc　to　the　estab1ishment

ofstandard　eva1uation　test　method．

Ph010’

Keywo冊s：artificia1hipjoint，1ong－term　eva1uationtest，

wear，UHMWPE，1ubricatingnuid，viscosity，testtem－

perature
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口賄s鍋紬即◎蝋湖

C汽a帽碗餅吃就i◎Ω／Pr◎P餅滋⑧s

1　珊酬sof腕ss榊㎝肺⑧岬sioa1腕p鮒i8sol
Ma卯飾榊erialS

λ．〃α舳3肋α，〃肋1伽81〕伽た∫1）1洲o〃

［Apr三至1996to　M趾cい999】

　　Wehavebe㎝puΣsuiηgaprogram　inhighpressure

physics，c㎝teri㎎aroundthemagne1icandtransport

properties　of　rare－e鮒th　inter㎜eta1玉ic　compounds棚d

high－Tc　superconductors．One　of言he　curren芝resea！’ch

interestsfo㎝sesonthesupercond㏄tivityof
PrlBa2Cu307一δ（Pr123）which　doesΩot　exhibit　super－

condびc舳ty　in　usual　sy舳esis　conditi㎝s．We　have

nエeasured室he　structure　a鐵d　the　pressure　dependence　of

Tc　for　supeζcoηduc言or　Pr123棚d　have　compared　the㎝

with　those　of　no伽superconducξor　Pr工．23．Our　progr＆㎜

aIso　encompasses　deve玉oping　high　pressure　techniques．

Present　e斌orts　in　this　area＆re　di肥cted言oward　constmct－

ing　a　diamond－anvi玉X－ray　d雌raction　syste㎜equipPed

w｛th　a　m㎝ochro狐ator．We　are　p1ami㎎to　perform

stmcture　ana1ysis　w舳M盆ximum肋tropy　Method
（MEM）using　this　system

Keywords：high　pressure，magne辻ic　mate夏ia1s，hi幽一

Tc　supercol1ductor

　2　　Charac童甘1z銚Ioηa1dphys■calproper廿Iesof磁e廿alox－

idesb巾耐榊dao柵捌a∬p㏄廿roscopy

τHか伽，M肋肋1〃畑c∫1）ル
〔Apri1至995to　M註erch1998、］

　　Becausc　phonons　play　a　significant　ro1e　in　many

pheno㎜ena　of　solid　state　physics，we　have　been　con－

cemed　with　infrared　and　Raman　spectroscopic　studies

of　n工eal　oxides，for　understanding　the虹physica1prop－

erties　with　reference　to　phonons．The　fo1lowing　topics

shou1d　be＆ddressed．The　octahedra玉distortioηs　in　the

mixed　oxide　syste㎜are　under　study，focusing　oΩthe

changes　in　fre卯ency，linewid辻h　and　i耐ensity　of　opti－

ca1phonons　upon　substit鐵むon　of　o芝her　rneta1cations

wi宣h　d岨erention　radiUs　and／orv設1eΩcefoζconstituent

parts・

　　Weare　a1so㎞vo1vedinstmcturalphasetransiti㎝s

in　meta玉oxides；the　tempertaure　dependence　of　infra－

red　and　Raman　spectra　for　metal　oxides　that　undreすgo

s室ructur設1phase　tぎansi言ions，Provides　important　infoζ一

matiQ剛o　undrerst脳d窒he㎜ech棚is㎜ofpbase　transi－

tions．For　examp玉e，the　tempera池re　dependence　of　the

Raman－active　B］g　and　Alg㎜odes　in　superconducting

YNi2B2C　te1玉s　about　an　e1ectron－phonon　coup玉ingbased

on　whetherξhere　is　any　supercoΩductivity－induced

change　ofthe　modes鵬ar　a　superconducting　t臓nsition

室en｝Perature　Tc。

Keywors：phonons，infrared侭aman　spectroscopy，

me言al　oxides，octahedral　distor臼ons，Phase言raコsitions，

supeζconduc言iv亘室y一

3　伽oOi湘nsi㎝a1帥oloelec舳Speclros㏄pioS耐一
ies　o嚢S8ぎ飽ce　S耐uc腕rgs　and　Prope㈹iss

〃、舳朋0伽，〃肋r〃8〃畑C3D州8主0η
王Apri1互995to　March至997】

　　Su玉伽r（S）tem㎞＆ted　GaAs（001）s弧face｛s言he　fun－

d＆menta玉stage　for　dropIeセepitaxy，which　is　a　pote就i盆1

techηique　to　fabrica言e　nam－sca1e鮒uctures　on　the　GaAs

s狐face．In　order　to　es芝ab1ish舳s　techniqueヨthe　mecha－

nism　of　the　drop玉eξgrowth　mUst　be　undersξood．Cor－

rect　knowledge　of　tho　surface　s辻ruc芝ure　are　cssenti＆1

for　this　pu王pose．So　far，STMきtudies　h＆ve　revealed　tha雀

a（2x6）reconstr㏄t1onisdo㎜inan1forthissurface＆nd

tha芝まhe　adsorbed　S　atoms　form　S－S　dimeぎs．In　order辻o

investiga室e　the　stmctu肥ofthe　surface　S　Iayer，we　have

observed　S2s　X－ray　photoe王ectron　d搬raction（XPD）

pa室tern　and　GaL3M45M45andAs　L3M45M鼻5Augere1㏄一

tron　diffraction（AED）patterns［！］。No　forward　scat－

tering　peak　was　found　in　the　XPD　pattem　ofS2s　emis－

sion，indicating　that　adsorbed　S　ato搬s　form　a　single

layer．AED　patterns　were　co皿pared　to　ca1cu1ated　ones

wi亡h　a　s｛ng玉e　sc鮒ering　cIus言er㎜ode玉、The　S－S　bond

1ength　and亡hc　inter1ayer　distance　between　the　S　and

G＆layer　are　estima言ed言o　be0．24nm　and　O．12nm，re－

spective1y．

［1］M．Shimda，S．Tsuka㎜o宣o　and　N．Koguchi，’’Pho－

toele飲on　and　Auger　E1ectron　Diffraction　Studies　of

Su1fur－Termimted　GaAs（O0！）一（2x6）Surねce■，，Surface

Sc1ence395（！998）75

Keywords：photoe玉ectron　diffraction，Augeζe1ect王on

diffraction，GaAs，sωfur－termination

　4　　■nvestiga葦ion　on　Sy洲11esis　and　Charac琶eriza廿ion　of

Me廿al　CompI§x⑧s　wi流榊gh匿■ec琶【08－spin㎜u1萱ip1ici廿y

H．肋go，伽蛇r〃31〕伽た31）f洲o〃

一33一



　　　Fabrication　of　moIecu1ar　devices，where　one　mo1－

ecule　functions　as　one　device，is　one　of　the証nost　cha1－

1enging　Projects　in　current　and　fut砒e　science．In　a　num－

beアofbio1ogica1syste㎜s，such　as　enzymes，which　can

be　conside肥d　as　we11－designed蜘oIecu玉ar　devices，un－

usuaI　cIec言ronic　struc亡ures　have　often　been　observed　in

their　reaction　centers　where　some触eta1ions　pIay　an

in1portant　role．In　recent　years，Phtha1ocyanines　and

their　meta1co㎜pounds（MPcs），which　are　industria玉玉y

irnportant　organic　dyes，have　at亡racted　rnuch　attendon

in　the　fie1d　of　e1ectronics，non1inear　optics，and　photo－

sensitization　in　e1ec言ron一鮫ansfer　reaction．They　are　aIso

of　i献erest　fro㎜室he　view　point　ofthe　simi玉arity　in　their

n1olecu1a王and　eIectronic　structures　to　those　of　reac＿

tion　ce耐ers　of　enzymes．

　　　Wehaves室udiedso㎜eMPcsascandidatesforsuch

materia1s，Quite　recendy，we　have　iso1ated　a舳mony

（V）一PhthaIocyanine　co㎜p1ex　wi言h　unusua1spectro－

scopic　and　eIectrochemica1p王operties，which　might　be

versatiIe　in　the　fie1d　ofnon4inear　optics，fue1ce11s，and

so　on．We　have　a1so　studied　spec言roscopicpropeれies

ofits　one－e1ectron寸educed　species　and　have　conc玉uded

亡hat　its　ground　state　was　orbita1玉y　doub1y　degenerate

un1ike迂he　other　known　MPcs．E玉ectrochemica1inves－

tigationsfur1hersupPortedthisc㎝clusi㎝andeven
suggested　that　the　ground　state　of　its　doub1y　reduced

species　might　be　a迂王ip1et；if　this　is　true，舳s　species

cou1d　be　a　unit　of　a羽ew　type　of獅o1ecu1ar　magnets

which　can　be　app1ied　to　magneto－optica1devices．The

1atter　suggestion，however，cou1d　not　be　confi更㎜ed　due

to　chemicaI　i皿stabiユi辻y　of　tわe　doubユy　reduced　species．

Effol＝ts　are　being　made　in　our1aboratol＝y　to　stabi1ize

doubly　reduced　species　ofthis　type　ofcomp玉exes．OuT

main　purposes　in　this　project　are　to　n1ake　compounds，

which　generate　chemicaHy　stable，doub1y　reduced　spe－

ciesandtoverifytheabovespeculations．

Keywords：phtha1ocyanine，anti㎜ony，e1ectmchem－
ist王yヨspectroscopy，spin－muI宣iplici言y

MS），the　study㎝the　effects　ofpre1iminary　discharge

and　pretreatment　of　sa㎜ple　sufface　on　the　re1ative　sen－

si臼vityfactors（RSF）ofNandOhasbeencarriedout．

Accurate　a刀a工yses　ofnitrogen　and　oxygen　win　be　pos－

sib1e　by　using　the　RSF．

　　　②正norder1odeteminetrace設mountsofe窪ch

anaIyte　in　meta服c　matefials　by　using　the　graphite　f阯

nace　atomic　absorption　spectrometry（GF－AAS），di－

rect　a亡omizatio■of　the　samp1e　so1ution　prepared　on1y

bytheaciddeco㎜positi㎝hasbeenstudied．

（2）Sepa王ation　Ana1yses

　　　①Theind・ctive1ycoup1edplasmamassspectrom－

etry（ICP－MS）has　been　app玉ied3fter　extracting　by　mi－

cenar　Iiquid　chromatgraphy．

　　②Highsensitivesimヱtane㎝sde1er㎜iηationpm－

cedure　oftrace　impurity　e1e㎜ents　in　high　purity　metaI－

1ic㎜ateria1s　has　been　estab1ished　by　using　the　induc＿

言iveIy　coup1ed　plas㎜a　a宣omic　emission　spectrome打y

（ICP－AES）。

　　③Ino・de・to・tih・eth・highsensiti・i1ya・d1h・

rapidity　of　the　tota1re且ection　X－ray　spectrophotom－

etry（TR－XRF）in　the　analyses　ofsoIution　samp1es，the

㎜ounting　method　of　so1ution　samp1es　on　a　si1icon’wa－

fer　has　been　app1ied、

（3）Micr03reaAnaIyses

　　①Inorderlorevea1theseg・egati㎝ofsma11amo・nt

of　each　anaIyte　in　meta1lic　materiaIs　a　technique　of

computer－image　processing　has　been　app1ied　to　i剛一

prove　the　reso1ution　of　concentration　in　the　e玉ectron－

probe　microana1yzef（EPMA）X－r＆y　i醐ages。

Keyworδs：GD－MS，GF－AAS，ICP－AES，夏CP－MS，

EPMA

6　創f㏄t0川1φMagmtlc肺1d㎝閉aS舳8nSfOma・
tions　in　F8－based　AIloys　and　i－s　App1ication　to　S－mc－u陀

Co耐ro1

τKjん〃cん三，　4τ乃1～ε∫6αrcんGro〃ρ

［Apr三玉1995to　March1998］

　5　　S汕dy　on　lhe　I胴provemenl　o言Analy衙cal　Technolo－

gieSfOr胴alli洲aterials

τKoわoγα8〃，〃倣・io1∫P伽∫jω1）加1∫jo〃

［Apri11997to　Marcb2000］

　　Systematic　study　on　the　improvemcnt　of　various

kinds　of　analytical　techno1ogies　has　been　carried　ou亡

to　promote　the　research　and　development　of　new　me－

tanic　materia1s．The　aim　ofthis　study　is　to　increase　the

adaptab1e　range　of　sampIes　and　e1ements，and　a1so　to

i㎜prove1hedetectionl㎞itsandprecisioninthein－

Strurnenta1anaIytiCaI　methOdS．

（！）DirectAna1yses

　　①Po・theg1owdischa・gemassspectro㎜etry（GD一

　　　Magnetic　field　is　one　of　the　important　extema1

physica1quantities言hat　affect　proper亡ies　ofmateriaIs

and　has　been　the　subject　of　in言erest　and　research　for

more　than　a　century　not　onIy　in　pure　physics　bu亡a1so

in　materiaIs　science．Bspecia11y，recen“eve1opmen言

ofthe　instru㎜ents　producing　extreme1y　high　magnetic

fie1ds　see㎜s　to　give　us　co㎜p1ete1y　new　nユeans宣o　ex－

p1ore　various　properties　i羽materials．In　our　research

institute，we　have　rece耐1y　succeeded　in　deveIopingnew

experimenta1facilides　that　are　ab1e　to　produce　one　of

the　worId－records　in　both　pu1se　and　static　magnetic

fie玉ds．Among　various　research　projects　using　these

faci1i宣ies，an　investigation　ofe脆cts　ofuItra　high　mag－

nedcfie1dso・㎜・・te・sitict・ansfomati㎝hasbeenj・st
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initiated．Effects　of　u1腕high　ma興etic　fie1d　of　both

pu1se　and　steady　types　on　nlal＝tensitic　transforrnation

have　be㎝studied，using　Fe－Ni－Mn，Fe－Ni－Mn－C　aレ

1oys　with　the　supp1emental　tests　oηFe－Ni－C　and　Fe－

Ni－Co－Ti　a1loys．It　is　found　that　the　martensitic　trans－

formation　is　induced　at　room辻emperature　not　on玉y

ather㎜aI1y　but　a玉so　isotherma11y　either　by　pu1se　mag－

ne亡ic　fie1d　or　by　steady　magnetic　field　for　Fe－Ni－Mn

and　Fe－Ni－Mn－C　a1玉oys．This　fac亡is　in　sharp　contrast

with　that　no　m虹tensite　is　induced　by　u1tra　high　mag－

netic　fie1d　for　Fe－Ni－C　and　Fe－Ni－Co－Ti　aHoys．

Keywords：isother㎜al㎜artensitic　transformation，

誠her㎜a1㎜artensitic　transformation，steady　high㎜ag－

netic　fie1d，puIse　magnetic　fie玉d，roo搬temperature

Re1aωpapers

measureme耐s　in　the　te㎜perature　range　of193to77K

in　an　Fe－23．2Ni－2．9MMuoy、

互I．MagneticAging　ofan　Fe－23．3Ni－9．4A1Anoy

　　　Aging　of　an　Fe－23．3Ni－9．4AI（wt％）has　been　car－

ried　our　both　in　the　presence　of　a㎜直gnetic　fie1d　of　gT

and　without　a　magnetic　fie1d　at673，773，873and973K

for5hr．　The　saturation王nagnetic搬omen亡of　the

sa㎜p玉es　were　measured　at200，！00，50and5Kand

extrapo1ated　to　OK．Excepばor　ag㎞g　at773K，the　av－

erage　magnetic㎜oment　of　the　sa㎜p1es　aged　under

magneticfie1d　is　smauerthan　those　agedwi亡hout　a皿ag－

netic　fie1d．The　di甜erence　in　magnetic　mo狐ents　is　at－

tributed　to　the　dif6erence　in　kinetics　of　ordering／decon工一

posi臼on　due　to　the　magnetic　fieId．

Keywords：martensitic亡ransforma亡ion，spinoda玉de－

co王nposition，tensile　stress

　　Ather㎜aI　and　Isothermal　MartensiticT互ansforma－

tions　Induced　at　Room　Temperature　by　Ultra　High

Magnetic　Fie1d，S．Kajiwara，T．Kikuchi，H．Pa1，T

Asano，M　Kosuge，M．池yama，K．InoueandH．Wada，
J，Phys．Fra］〕ce］V7（1997）C5－377

Relaωp即6rs

　　Effects　of　Magnetic　Fie1d　on　Nuc1eation　in　Phase

Transformations，H．Ohtsuka，Jouma1of　the　Japanese

Associatio羽of　CTys亡a1Grow亡h　voL24（ユ997），p．2－9．

　7　　　E莉ec－s　of　I・1igh　Magne－ic　l＝ieId　on　So1idlSo■id　P－1ase

↑了anSf0【lmati00S

　8　　■〕i肺usionioOrd釘6dA■一〇ysaodP犯pa了a－ionofCom・

posi－i㎝G削i舳ed胴前als

〃、0〃8工此o，H土ψ〃αg肥此Rε∫ε〃cん8肋肋〃

［Apri茎1996言o　March！997］

　　Ef£ects　of　high］〕ユagne言ic　fie1d　on　soIid／solid　phase

transformation　behaviors　and　n－icrostructures　h盆ve　been

studiedinFe－b盆sedaucys．

I．E搬ects　ofHigh　Magnetic　FieId　on　MartensiticTrans－

fOrmatiOn

　　I－1．Magneticparame亡ersofFe－Ni－Ca11oys，reIevant

to　the　s辻udy　of　rnar辻ensitic　transforma辻ion　have　been

卯a耐ified．Thecompositiondep㎝denceofaverage
magnetic　moments　and　Curie　te㎜perature　in　BCC　and

FCC　phases　are　expressed　by　simpIe　po1ynomiaばunc－

tions．The　avaiIab1e　da亡a　show　that　a　si㎜p1e　Bri11ouin－

Langevin　function　is　inadequate　to　describe　the　tem－

pera辻ure　dependency　of　magnetic狐ome耐ofPCC　Fe－

Ni－C　a玉1oys．The　applica辻ion　oftwo－gamma　state触ode工

shou1d　be　taken　into　consideration．

　　I－2．Dimensions　offuny　grown㎜ar宣ensite　pIa士es　in

Fe－27Ni－0．8C　and　Fe－31Ni－0．4C（wt％）a11oys　for狐ed

at4．2K　under　app1ied　magnetic　fie1d（10T）and　tensiIe

stress（220MPa）havebeenstudied」tisde㎜㎝strated

辻hattheformationsequenceofthepIateshasastr㎝g
effect　on　the　radiaI　growth　and　aspecけatio．The　as－

pect　ratio　ofmartensite　p玉ates　fomed凱t42Kwas　mea－

sured　for　the　firs亡time．The㎜easured　aspecけatio　of

言he　plates　in　the　Fe－27Ni－0．8C　auoy　agrees　very　weu

with　an　ear1ier　prediction　based　on辻he　aspect　ratio

1Y，3o∫α1－o，4τん1～63εαrcんGro㍗ρ

［Ap王｛11995to　March1？97］

　　One　of　the　purposes　of　this　research　program　is亡o

make　c1ear　diffusion　mechanism　and　phase　stabi1ity　in

ordered盆Hcys　such　as　NiA一，Ti3A1and　T玉A玉．The　in一

倣diffusion　coe冊cients　in　NiA正and　Ti3A玉were　mea－

sびredby　a　chemica玉tr棚sportation　technique　in　a　cIosed

tube　using宣ransporting㎜edium　of　aluminu㎜ch1oride

gas．The　coefficients　were　extraordinary　low　in　the

composition　range　be言ween45and51atomic　percent

＆Iuminum　in　NiA1a川20K　and　in　the　range　between

23and26atomic　percent　aluminum　in　Ti3A1a川20K．

The　resu1ts　imp1y　the　existence　of　miscibility　gaps　in

these　single　phase　regions・

　　Another　purpose　of　the　progra㎜is　to　deve1op　the

fabrication　process　of　composition　gradie耐ed　ma倣i－

a玉s．The　properties　of　ordered　auoys　are　very　sensitive

to　the　composition．If　the　cornposition　is　de1icate玉y

changed　a1ongξhe1ongitudiml　direction　of辻he　mate－

ria1，we　could　ob辻ain　the　ma辻eria1possessing　unique

properties，Wetried亡o　c㎝tro1theconcentration　ofti－

tanium　inTi－Ni　binary　a1玉oys　by　regu1ating　heating　tem－

pera辻ure　of　nickel　p1ate　and　mixture　of　titanium　and

ammonium　ch1oride　p1aced　in　a　c1osed　a1umina　tube

independent1y．NiTi　phase　was　for㎜ed　on　the　surface

of　the　nicke1p1a亡e．
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Keyworδs：ordered　alloy，diffusion，chemicaI　trans－

portation．shape㎜emory　ai1oy

9　町dmg棚蹴aviors磁1nterfacesi汕11oys

R幽紬肋perS

　　Effcc芝s　of　Ordcrcd　State　on　Environme耐a1

Embrit言1eme耐｛n（Co，Fe）3V．C．N亘sh亘n］u童a　and　C．T．

Liu，Scr．Mater－35（ユ996）i44！一ユ447．

C．1W5ん｛〃1〃ro，4τ灼1｛ε8εαrcん0γ0〃三ρ

≡Apri11995to　March！998］

　　　Hydζogen　absoζption，desorp亡量on，diffusion，and

言rapping　behaviors　in　a玉1oys　and　interme言aHics　have

been　investigated　for芝he　fouowing　two　aims：（1）to

ob｛aiヨa　guide　to　i㎜pmve　perfomances　of　the　mate外

a玉s　for　hydrogen＿energy　app1ications　and（2）to　ob言ain

the　fundamenta1data　to　darify言he　mechanism　ofenvi－

ron㎝ental　embr舳ement｛羽L12－ordered　intermeta11ics．

　　　Therm＆玉desorption　spectroscopy（TDS）has　been

peζformed　for　f湿ny　hydrogenated　Mgo．9Nio．l　and

Mgo．77Nio．23．In　particular，effects　of　air　exposure　were

investigated－Samples　without　ai王cxposure　began　to

desorb　hydrogen　a芝room　temper誠ure　and　exhibitcd

dcsorption　peaks　above453K．The　peaks　we肥shifted

to　higher　temperatures　after　the　air　exposure，Air－ex－

posed　samp1e　ofhypo－eutecξic　Mgo．gMo，1，which　con一

室ained　primary　crys芝a1s　of　Mg，was　affected　rem＆rk－

ab玉y　by　oxidation；the　peak　temperat鐵re　for　deco㎜po－

sition　ofMgH2was　raised　by　as　much　as！30degrees．

On　the　o芝her　hand，aiτ一exposed　sa脈p1e　ofhyper－eutec一

言ic　Mgo．77Nio．23showed　good　resistan㏄to　oxidation；

the　peak　temper舳re　for　d㏄omposition　of　MgH2in

eutectic　was　raised　by　on玉y50degrees．Hydrogen　from

MgH2phase　in　eutectic　is　suggested　to　be　desorbed

言hrough　adjacent　Mg2Ni　phase　in　the　eutectic，

　　　Hydmgen　peTmeation　behavioエs　have　been　investi－

gated　for　Mg－！．54Al－O．65Zn－0．05Mn狐ass％alloy．In

particu1ar，e甜ectsofYdcposidonwere㎞ves言igatcd－Y

deposited　membrane　of　the　Mg　alloy　exhibitcd　two

times　higher　hydrogen－permeability　than　the　a玉旦oy

membrane　witho磁Ydeposition．Ydeposition　was　de㎜一

〇ns芝rated　to　be　effective　to　modify芝he　surface　of　the

Mg　a11oy，suggesting　iξis　efEec辻ive　to　enhance　the　hy－

drogen　deso榊i㎝ra言e　ofMg－based　a1oys　for　hydζo－

gen　StO更age・

　　Effects　of　ordered　state　was　investigated　on　envi－

ronmenta亘cmbr蜘emeηt　in　L12－ordered（Co，Fe）3V　a1－

1oy．Disordcrcd（Co，Fe）3V　a11oy　showed　no　indica言ion

of㎜oisωre－induced　environmenta玉embr泊1ement，

whereas　thc　same　a1ioy　in　L12－ordered　state　showed

typica玉environme耐a1embri言t1emeηt．Ordered　s倣e　w窒s

suggested言o　have　a　critical　effect　on　hydrogcn　segre－

gati㎝behavio至s，affecti㎎9rain－b㎝ηdarycohesion．

　　Thisすesearch　was　pe董formed　in　col1abora室ion　with

institu亡e　of　industrial　science，the　University　ofTokyo．

Keywords：hydrogen，intermet州ics，interfacc，diffu－

sionヨtrapPing

　て0　　圏εSearC汽o■1E1ec甘I．ode黎eac廿ionむeiweel1Me言aIIic

80ηs　and　CarbOnaceOus　Ma廿eriaIs1濡eseaτc汽011濱■ec鮫0一

曲emical　C11arac竜餉s葦ics　of1－iAl　alloy

∫〃〃z・此α，1〕伽主cα／〃oρε1伽3！）1洲o〃

EApri1王994士o　March1997］

　　　A．EIectrode　reac室ion　between　carbonaceous　ma芝e－

ria玉S　and　meta1liC　iOηS，

　　　The　fo1三〇wing　three　researches　have　been　com－

p1eted．They　have　beep　app至ied　for　publica童ion．Thcy

are　to　be　pぎescnted　at　the　Ameζic＆n　Carb0R　Confer－

ence　inユ．997．

　　　a）Characterization　of　carboΩfibers　by　e1ectro－

chemica呈impedance　spectrome言ry（EIS）．

　　　EIS　was　observed　iR　su1f破ic　acid　at　a　ca芝hodic　po一

言entia玉and　at　an　anodic　poteηtiaI　for4series　of　carbon

fibers（stretched，low－tempera辻ure－he＆ted，ex一一ignin，

andactivated）comprisi㎎8species．Fo至ordinaryfi－

bcrs，言he　charge　tr＆nsfe至resistance　and室he　eiectric＆l

capacitaηce　ca1cu1就ed　from　the　arc　which　was　consid－

ered　to　come　from　the　reaction　a芝the　eIectrode　surf＆ce

玉aidat0－！kΩcm2and1－10　Fcm’2．Theactivated

carbon　fiber，however，showed卿uch　smanerζesist狐ce

and　much1arger　capacitance．

　　　b）E1ectrica玉一doubie－layer　capacitance　and　chrono－

logica玉va1＝iation　of　sodium　content　of　ex一玉ignin　carbon

fibers．

　　　Ex＿玉ignin　carbon　fibers　have　e1ectrical　capacitancc

larger　than言he　ordimry　carbon　fibers．They　contains

sodium　whose　amount　depends　on　their　temperature

ofheat－treat㎝e耐．The　c1ectrica三capacitance　was　as－

sessed｛n　a　poten室ial　r＆nge　of－100㎝V　through

＋1500mV（vs．Ag／AgCl　eIectrode）for＆n　ex－1ignin　fi－

ber　which　was　beIieved　to　be　prepared　at150ぴC　and

contained140wtppm　of　sodiumヨand　for　another　ex－

lignin　fiber　which　was　be玉icved　to　be　prepa肥d　at工000

℃and　contained4．8wt％of　sodium．Ch亙oηo玉ogicaI

var｛ation　ofsod池㎜contcnt　was　observed　for　the1洲er

fiber．

　　c）別i脈imtion　of　copPeパrom　its　aqueous　so1ution

by　aηact｛vated　carbon　fiber　and　o言her　carbon　fibc王s

　　　The　activated　carbon　f…ber　was　soaked　in　an　acidic

soIution　containing　copper　ion．Then　ca言hodic　po言en－

tia1was　apphed　to　the　fiber　and芝he　variation　of　re－

sidじa1concen言ra言ion　ofcopperwas　obsefved．The　rate

ofdecrease　was　propor雀io蝸1to　the　residual　concentra－

tion　itse1f，The　not－activated　carbon－fibers　with　a　de－

gree　ofgraphidzation　comparab1e　with　that　ofACF　did
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not　e1i鰍inate　coppe■on　at　alL　An　the　carboηfibers

w舳a　higher　degree　ofgraphitization　eiim㎞ated　cop－

per　ion．The　residua1concen言ration　decre＆sed　by　a　con－

siderable＆moリnt　i㎜mediate1y　after　the　soaking　and

then　a亡a　loweけate　in　the　fo1lowing　period．Their1ower

rates　were　a1most言he　sa鰍e　to　tha亡ofACF．As　the　ini－

tiaI　dec肥ase　was　rela辻iveIy　small　forACF，言he　perfor－

mance　ofACF　in　a　given　pθriod　was　sma11eれhan　that

of宣he　other　fibers．

　　B．副ectrochemica1ch服acteris言ics　of　TiA1－based

anOyS．

　　Itwas＆lready　found　before　by　X－ray　d雌ractomξery

and亡herm＆1desorption　analysis　that　twoTiAl－hydrides

were　formed　when　TiAl－based　a1玉oys　were　kept　a室a

ca宣hodic　poten辻ia1or　at　an　anodic　potentia玉preceded

by　soaking　under　a　cathodic　poten亡i＆L　Lasまyear　a　SEM－

expe王i搬ent　was　performed　to　stωy　where　these　hy－

drides　are．The　resu玉言s　showed　that　the　hexagona1hy－

dride　was　in　the　outer鰍ost1ayer　andξh磁the　face－cen一

言ered言etragonal　hydride　was　in　the玉＆yer　be鵬ath　it。

ηises1imaledto㎞c・ease鰍orethando・b1e．I・addi－

tion，Z　can　be　increased　by　con鮫oHing　the　composi－

tio理aBd　grain　sizeoftheFGM，becausethe　la言ticecon－

tributiontothethe㎜alc㎝ductivi1ycanbed㏄reased

byph㎝onscatteri㎎at1he1atticedefectssuchascrys－
ta玉dis亡ortion　and　graiηboundary．

　　An　effective　maximum　power　for　three　s辻epped

FGM　of1一一type　PbTe　with　differ舳e1ectron　concen一

芝rat亘ons　w段s　found　to　be　larger　than　one　for　the　opti－

mized　homogeneous　materia1．

Keywo州s：energy　convers量on，thermoe1ectric㎜ate－

ria1s，composite服a皇eria1s，ther㎜oelec言ric　conversion，

ther㎜OeleC芝riC　COO1㎞g　SyStem

R幽ま6d肋per

　　Highly　EfficientTher㎜oelectric　ma盲e曲1s　in　FGM

program，夏。A．Nishida，Proc．3apan－Russia－Ukraine　Int1．

Workshop　on　Ene童gy　C㎝v．Materia1s（ENCOM95），

SendaiJap独，Ja㎜ary（1995）：！－！0。

Keyworδs：eIectrode　reaction，鮒etaHic　ion，carbon－

aceous㎜ateTial，TiA1－based＆uoy

　12　　T11釘ma■Stabll■廿y　of■■1一欲胴e屹11Ic　Colmpound　Ma－rIx

Colmpos1言esヨelnfoκed　w■一一1I＝■b町s

　11　　Energy　Coov甘sion　Ma廿erials　Fab了ica言ed　wi飾Co爾一

posi－e　Strue胞re

五λ．1W3乃｛∂α，4肋1～63θαrcん0ro〃ρ

王Apri11996to　March2002］

　　The童moe1ec辻ric（TE）materia玉s　h＆ve　been　wideIy

used　for　the　purpose　of　direct　co羽version　of　therm＆1

energy童o　electric　power　without　noise　and　coo玉ing　sys一

ξem．Recen言玉y，the曲emoe1ectric　generators　are　main1y

used　for言he　electric　souτce　in　space，mar㎞e　and　po1ar

regions，and　the　therrnoe玉ectric　cooIing　systerns　are

狐ainly　used　for　the　precise　temperatu肥con言ro1in　the

serniconductor　pl＝ocessing，and　in　the　use　of　optica玉and

e玉ectl：onic　devices．Therefore，it　is　important　to　deve玉op

TE　ma言eria1s　with　high　e救iciency．

　　The　high　e冊cient　TB　ma芝eriaIs＆re　given　by　a　fig－

ure　of　merit　Z　with　high　thermoeIectric　powerαand

eiectric　conductivityσand1ow　therma玉conductivity

κ．FOr　a　giVen　TE　materiaiS　With　hOmOgeneOuS　ma－

trix　and　dopant　conce献ra言ion，the　optimizedZ　can　oniy

be　obtained　in　the　re玉a亡ive1y　narrow　temperature　range．

In　othertemperature　range，曲eTEcoηversion　e揃ciency

ηbeco狐es　comparative1y　smai1・Since　the　tempera－

ture　of　the　thermocoup1e　legs　changes　co洲nuously

from　the　top　e口d（high　te搬perature）to　the　bottom　end

（1ow　tempe棚u肥），the　large　va1ue　ofηwiu　be　ob－

tained　ifthe　carr三er　concentration　in　the　TE　ma芝eria玉

changes　continuous1y　a1ong　the　thernユocoup1e1egs，in－

dicating　advantage　offunctio口al1y　g夏adient　TE　materi－

a1s．By　preparing　these　materia玉s，the　e描ec言ive　va1ue　of

∬〃〃oん〃o，1〕伽たα〃〕仰ε1伽∫1）1洲o〃

董Apri互1993主o　Marcl11997］

　　He銚resistive　materiaIs　which　can　be　used　above

！373Kareessentia正todeve1opmentsofthespace－p1ane，

the　fusion　reactor　and　the　high－efEicient辻urbine　engine．

TiAH献ermetal1ic　co醐pounds　have　higher　s腕ngth　and

toughness　th棚me言als　and　ceramics　at　elevated　tem－

pcratures．TiA1剛atrix　co狐posi亡esζeinforced　wi亡h　fi－

bers　are　pぎomising　for　structura玉materia1s　above

1373K．

　　　Reinforcem㎝tsforTiA1matrixarcSiC，BandW

fibers．BandWfibersareξougherthanSiCfibers，wh11e

脈e　mo肥reactive　with　TiA工．If　good　protection玉我yers

aredeveIoped，BandWfibersc狐beappiiedforTiAl
matrix．Wh㎝the　pro言ection　layers　have　insufficient

shear　stress，roughening　of　fiber　surface　is　effective　in

言ransferr㎞g　stress　from　fibers亡o　matrix．In　this　study，

the　fouowing　subjects　have　bcen　investiga亡ed　to　de－

ve1op　goodぴotectioパayers　for　TiA1matrix　and　to

亘mprove　stress　transfer　from　fibers　to　m＆trix：

Forraa辻ion　of　rotection　Ia　ers　and　o　ti聰ization　of1a　er

th亘ckness

　　B　fibe童s　were　coated　wi亡h　Ti　by　using　PVD　method，

and　were　hea言trea辻ed　to　for㎜TiB21ayers　on　the　sur－

faceJhe　fiber　strength　was　de芝eriorated　w｛th　the　hyer

言hickness．玉t　is　due　to　the　he言erogeneous　formatio口of

TiB2and　the　pits　formed　on　fiber　surfaces．The　thiη

layer　of　less　than　hm　is　desirab工e　to　preve耐fi．ber

strength　fro脈deteriora言ion．
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　　　Wfiberswerecoatedw舳BNandZr02bys1urエy
method，and　TiA1matrix　composites　were　reinforced

with　the　coated　fibers．Both　the　protection　layers

！－3μmthickshowedsufficientperformanceforsup－
pressing　the　interfacial　reaction。

ber

　　　ThesurfaceofWfiberwassuccessfunyrough㎝ed
by　oxidizing狐ethod．It　is　obvious　that　the　op亡imized

roughness　can　keep　the　original　fiber　streng亡h　and　suf－

ficien重1y　transfer　stress　from　fibers　to　ma言rix、

Keywords：丁洲matrixco㎜posite，Bfiber，Wfiber，

p至otec言ion1ayer，BN，TiB2

　13　Sing1e　cWstal　g【ow術of　new110111ioe訂・optioa1苅a－e－

rialS　by　m6ans　Of　CO11打011iI1g　c町s－a1symm6汀y

H．K1舳ro，〃畑cα1P岬θ肋∫Dル181o〃＊

＊Present：4th　Research　Group

［Apri至1996to　Ma王ch玉997】

　　　Sing1e　c王ysta1s　fomon1ine趾一〇pticaI　materia1s　are

i㎜po池nt　for　frequency－modu1ation　devices．It　is　usu－

a11yrequi肥dforthispurposethatsi㎎1ecrysta1should

have　a　center　ofcrysta1asymmetry．However，it　is　gen－

era11y　difficu1t　to　grow　sing1e　crystaIs　having　the　cen－

ter　ofcrys言a1asymmetry　even　ifnew　ma亡erials　are　dis－

covered．It　wou1d　be　possib1e　to　obtain　the　center　of

crysta1asymmetry　part　in　singIe　crysta1s（having　the

center　of　crysta1symme亡ry）by　means　of　the　substitu－

tion　of　constituent　ele㎜e耐s　for　another　e1emen亡s　in

order　to　form　the　ce耐er　of　asymmetry　part　surround－

ingsofsubstituent　e1ements　inmicro　scale．IB　thiswork，

sing1e　crysta玉growth　ofthese　materia1s　having　the　cen一

ξer　of　crys亡a1asy㎜metry　in　part盆re　tried　by　the

CzochraIski㎜ethod　from　their　meIts　and　the　crysta1

qua肚y　is　improved　by　means　ofco鮒oning　the　crysta1

growth　conditions．Furthermore，the　optica1property

of　the　crysta玉s　wi1l　be　eva1uated　using　the　singIe　cζys－

ta1s　grown．Iパhis　year，BaB204，where　Aユor　Ga　sub－

stituted　for　B，was　syn亡hesized　as　po1ycrysta1玉ine　shape．

The虹non1inear－op亡ica1p王operties，such　as　SHG（Sec－

ond　Harmonic　Generation）intensi亡y，were　investigated．

The　subs批uted　crysta1s　had1arger　SHG　intensi言y　than

BaB204．

　　　This　research　was　performed　in　co11aboration　with

the　Institute　for　Materia1s　Research，Tohoku　Univeト

Sity．

　　　H，Ki㎜ura，T．Numazawa　and　M，Sato、”Me1t　super－

coolingbehavior　and　crysta1grow曲ofBa（Bl一。M。）204

（M：刈or　Ga）11，J．Cryst．Growth174（1997）308－3！2．

　　　H，KimuraヨK．Ishioka，M．Sato，11EstimationofSHG

properties　on　Ba（Bl一。M。）204（M：A1or　Ga）11，

J．Mater．Sci．Le亡t．16（ユ997）5743－5747．

　14　Crys－a1－qoali－y　imp了ove㎜6ポof　noolinear－optioa■ox・

ideSbyF10a肺gz㎝eme冊od

〃．K加舳，P伽たα〃仰6肋ωか主∫主0〃＊

＊Present：4th　Research　Group

［Apr三11996to　Ma王ch1997］

　　　Sing1e　crysta1s　of1ow－temperature（β）Phase　in

BaB204（β一BBO）are　usefu玉for　uItra－violet　non1in－

ear－optical　devices　such　as　frequency－rnodu1ation　de－

vices．Single　crys施1s　ofβ一BBO　havebeenpreviously

grown　by　the　CzochraIsh（Cz）method　from　nomina玉1y

pure　and　supercoo工ed　me1ts．Since　the　steep　te独per＆一

ture　gradient　is　required　to　growβ一BBO　crystaIs，it　is

usefu1亡o　grow　by　the　Fioating　zone（Fz）me亡hod　in－

stead　ofthe　Cz　method．However，i亡is　difficu1t　to　keep

the　BBO　mo1ten　zone　because　of　an　instabi1ity　caused

by　a　sma玉玉viscosity　and　a　s狐a1l　surface　tension　of　the

㎜e1ts．In　this　study，the　viscosity　of　BBO　me1ts，where

M（M：刈or　Ga，BBMO）substituted　for　B，was　inves－

tigated　by　the　rota辻or　method　to　obtain　basic　data　re－

quired　to　the　crysta1growth　by　the　Fz　method．Then，

surface　tension　was　measured　by言he　capinary　rise

㎜ethod．Fuエthermore，the　mo1ten　zone　stabi1ity　was

s辻udied　by　the　hanging　me1t　drop　met兵od．

　　　The　viscosity　and　the　surface　tension　of　BBMO

meltswereincreasedwith辻heincreaseofMconten亡、

Tempera池re　dependence　ofthe　viscosity　was　fo11owed

the　Arrhenius　type　equation．According　to　the　va1ues

oftheviscosityandthesurfacetensionofBBMOmeIts，
it　is　possib1e　to　grow　BBMO　single　cfysta1s　by　the　Fz

rncthod．

　　　Apartof辻hiswo汰wasperformedundertheVisit－
ing　Researcher！s　Program　ofthe　Laboratory　for　Deveレ

opment　Research　ofAdvanced　Mla言eri＆Is，，，Viscosity

Change　on　Oxide　Me1t　byAddition　ofGroup　III　E1e－

menξ，，，Instit流for　Materials　Research，Tohoku　Uni－

VerSity、

Keywords：viscosity，surface　tension，F1oating　zone

method

Related　paper

Keywor沮s：frequency珊odu1ation，center　of　crysta1

aSymmetry，SubStitutiOn

Re1刎ed　pape鵬

　　　H．Kimura，M．Sato，K．Shi㎜amum　and
T．Fukuda，11Viscosity　and　surface　tension　change　in

BaB204㎜eユt　by　substi帥ion　ofA玉or　Ga　foT　BI，，J．

Mater．Sci．Lett．，16（1997），911－913．
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15　1…S－ablis11meIltofMultidi洲enSional　Evalua－iono言Ho一

關a8SeoseS　for　Ma｛e？ia■s　l〕esign

γK〃伽rα，〃肋r〃81）θ∫ゆDM81o〃

［Apri1至994まo　March1997］

　　Recent玉y，theζe盆re　increasing　demands　for㎜ateri－

als　developments　from　new　aspects　such　as　en▽iζon－

men言consciousness，a搬eコity，andsoon．Whenwe　in－

vestiga宣e　such　new　needs，㎜ost　of　information　is　pro－

vided　main1y　by1anguage　and　hun1an　senses．The言ar＿

get　of　this　study　is　to　cons級uct　a　quantitative　evalua－

tion　method，which　c棚incorporate　sensory　informa－

tiOn　i耐0materialS　deSign．

　　For舳s　purpose，we　inquired　of81persons　from

20to50ye破s　oId　abo耐the　re1ationship　between　hu－

maコsense　and　technical　terms　on狐a倣ia1s　properties

such　as　mechanicaI，chemica王and　physica1ones　using

a　reIa迂ioηship　ma芝rix．Three　characterlstrc　vectors　rep－

rese耐ing　llwarmth1lc1ean1inessll　and，lm＆9nificence”

were　extracted　from　mu1tivari＆te　statistica1am1ysis　on

conected　sensory　da言a．From　the　analysis，iξis　co藺一

cluded　that　peop玉e　underst＆nd　and　express　materia1s

properties㎞comparison　with　functioηand　properties

ofhuman　beings．In　otherwords，most　ofmateria玉s　rep－

resent　the　functions　of　hurnan　beings．

　　As　the　next，stage　ofthis　study，we　have　constmcted

a　da施base　which　correlates　various　kinds　of　ma言eζia1s

properties　with　func言ions　of　human　beings　by　a　re1a－

tionship　matrix．This　re1洲onship㎜atrix　wi11be　ap－

p玉ied　to　find　need　fomew　materia玉s　and　e価ective　Uses

of　rnateria1s　properties．

Keywords：human　sensesヨmateria1s　properまies，rela－

tionship　matrix，剛uhiva幽te　statistica1ana玉ysis，func－

tion　of　hun－an　beings

Re1ated　P叩er

　　AnApplication　ofHuman　Sense　to　Ma宣eri＆Is　De－

velopment：Y．Kurihara，T．Kaneko，M。趾1jita，

k．Hosimoto　and　Chiaki　Tanaka，Symposium　on　Sen－

sory．Inspection，（1995）：93－98．

　　AnApplication　of　Quality　Function　Dep1oyment　t0

Estab玉ishm㎝t　of　Materia1Needs　P㎞ding　System：

YKurihara，T．Kaneko，M．Fujita，K．Hosi㎜oto　and

C．Tanaka，Symposiu㎜on　Sensory　Inspection，（1995）：

215＿220．

　　AnApp1ication　ofHu醐an　Sense　to　Materiais　De－

sign：T．Kaneko，YK泌ihara，M．Fujita，K．Hosimoto　and

C．Tanaka，CAMP一玉SIJヨvoL8，（1995）：王6！9．

　16　1〕evelop繭e耐o守1〈ηowledge　l〕atabas6｛ぴHigh・Tc

S8percondoc－iI1g　Ma－e【iaIs

γん〃α，Co仰〃α肋伽〃倣1・1α188c1ε〃cθ〃洲o〃

［Apr主1！995to　March2000］

　　　We　have　aIready　deveioped㎜㎜erica1databasefor

high－Tcoxidesuperc㎝ductors。豆tisaheadyopened
pub1ic玉y　via　network．Au　the　data　in　it　are　extracted

from　the　papers　repor言ed　in　joumals．The　papers　con－

tain　many　usefu1information　as　weI1as　nu蜘erical　data．

The　information　is　written　in　text　sty1e　in　abs言rac亡，sum－

mary　o童conc1usion．亘t　is　desirabIe　that　researchers　be－

ing　emp1oyed　in　designing　new　products　and　exp1or－

ing　new　materia1s　re材ieve　the　infor㎜ation　from　data－

base　and　apP玉y　it　to　their　purposes．

　　　In　this　project　we　study　how　to　store　thc　informa一

芝ion　and　how　to　construct　knowIedgebase　for　high－Tc

superconductors．For　this　p鐵rpose　we　introduce

lmatisse，棚d，REXl　as　a　main　sof室ware．These　are　ob－

ject－orie磁ed　da言abase㎜anageme鮎system（ODBMS）．

We　are　developi㎎辻he　data　acquisition　sys言em　with

se㎜a耐ic　ne辻work．Thesaurus，especiaHy　semantic　the－

saurus，dictionary　is　very　ir口po夏迂ant　for　this　purpose．

　　　Wedeve1opedtheTc－predicti㎝systemfomseries

ofY123by　us三ng　Neura1Network　method．Neura1
Network　was　construc辻ed　using　the　data　ob芝ained　by

re言rieving　fro㎜the棚merical　database”SUPERCON，’．

The　system　predicts　that　C＆in　Y－site　have　a　valuab1e

e描ect　for　high¶c　materia1s　andTcbecomes　highcr辻han

that　ofYBa2Cu307if　we　choose　the　best　in　Ca－and

O－conte耐s、

Keyword：oxide　Superconductors，da言abase，
know玉edgebase，net　work，

Re1ated　P叩ers

　　Database　Development｛n　Assistancc　of　New　Su－

percondはc言ing　M1ateria1s：Y．Asada，E．Nakada：

J．Jpn．Soc．Informa亡ion　and　Know1edge（in　Jap＆一

nese），5（1995）57．

　　Prediction　ofTc　for　YBa2Cu30z　Doped　with　Ca

Using　Neura1Network，Y．Asada，E．Nakada，
S．Matsリmo言oヨH．Uesaka，J．Superconduc｛ivity
！O（1997）23－26．

17　　Theory　o言丁、er1ma1Reacti01108So－id　Su了箔ces

τ0伽o，Co伽μ吻肋〃α1〃〃ε1伽188dακθ〃1ノ｛∫主o〃

正ApriI1994to　M囲rch2000】

　　Theξhermai　reactions　on　sol｛d　surfaces　p玉ay　i㎜一

porta巾olesinvarioussurfa㏄processesinc1udi㎎
epitaxi設玉growthヨe言ching，and　catalysis．The　purpose

of舳s　work　is　to　darify　theo耐ical1y　the　thermaI　reac－

tion　processes　on　severa1so1id　suすfacc　sys辻ems　such　as

sen1iconductor　su更faces　and　rneta1s鐵rfaces．The　a蘭aly＿
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sis　is　based　on　the　densi言y－func言ionaI　e1ectronic芝heory

with｛n玉oca三一density　approx三mation，which　provides　a

powerfu1too1室o　determi鵬the　dynam｛caI　behavior　as

we玉1as室he　st8b1e　atomic　arrangement　ofso玉id　s弧faces．

　　The　structuraI　stabi1ity　and　op言imum窒tornic　ar一

ζangement　of　the　Ga－rich　GaAs（OO1．）一（4x2）recon－

structed　surfacc　has　bccn　theoreticany　investigated．This

work　shows　that　the　stab1e　Ga－rich　GaAs（OOユ）s雌facc

cons｛sts　of　two　Ga　dimers　on　the　top　l＆yer　and　another

Ga　d｛mer　at　the　third豆ayer　and　that　the　ca玉culated　sur－

face　ch＆rge　distr三but｛ons　are1n　good　agreemen言with

the　observed　sc8むning　t延8ne1呈ng狐icroscopy　images．

　　Wc　have三洲est1gated　the　adsorpt1on　of　ch豆oす1ne

mo玉ecu1es　oむ言h⑦reco鵬tr窪c芝cd　GaAs（001）sじrfaces．

Ch1orine｛s　one　of　the　mosξ｛mpor辻8nt　ha1ogens湿scd三n

the　sem｛conductoζetching　Processes．The　s芝abIe　ge－

ometries　of　thc　ch呈oriηated　GaAs（OOユ）sur室aces　have

been　de言ermined　theore言ica11yラwhich　arc　coΩsiste漱wi言h

recent重empe至a芝ure　programmed　desorption　measure－

mentS．

　　Recent1y，wc　h＆ve　proposcd　a　carric王compensation

mechanism　in　Seδ一doped　GaAs　from　first－princip玉es

calculations．Tbe　formation　of　Ga　vacancies鵬ar　Se

atoms　occ狐s　for　high　Se　concentrations，which　induccs

the　clus言ering　of　Se　a芝orns．The　c欲更ier　co肌pensation

is　s讐ggested　to　rcsuIt　from　the　foτmat亘on　of　c玉usters

copsist㎞g　of　three　Se　a言oms　and　o鵬Ga　vacancy．

Keywo地s：struc芝u茎a旦stab舳y，chemisorption，reac－

tion，solid　surf＆ce

R幽迂e姻肋脾rS

　　T－Ohno，Energetics　ofAs　Dimers　on　GaAs（001）

As－Rich　Surfaccs，Phys．Rev．Lett．70（1993）＝63ユー

634，

　　T．OhΩo，Barrier1css　Dimcr　Breaking　a亡Semicon－

ducto至S狐faces　by　Ch1o芝ipe　Atoms，Phys．Rev．Let室．

70（1993）：962＿965．

　　T．Ohno，Ch1orination　of　Ga－Rich　and　As－Rich

Recons言ructed　GaAs（00ユ）Su亙faces，in　Proc．22nd　In－

temational　Confercnce　oηthe　Phys三cs　of　Serniconduc－

to亙s，ed．by　D．J．Lockwood（Wor1d　ScieΩtificPub王ish－

i㎎ヨ1995）：545－548．

　　J．Nara，T．Sas破i，狐d　T．Ohno，TheoreticaH羽ves一

言igation　onδ一doping　ofSe　atoms｛羽GaAs，AppL恥ys．

Le1t．70（1997）：3534－3536．

　　　Using　mo1ecωar－dynamics　si肌uIa盲亘ons，the　p肥sent

st靱dy　ai㎜s芝o　e1ucida芝e　how　the　microscopic　forces＆nd

disp1acements　of　a重oms　deve旦op　into　the　macroscopic

ones．豆t　a玉s08ims　a圭an　atomjstic　descζ三ption　of　the

rnacroscopic　concep言s　such　as　crack，stress　and　stτain．

　　　So　far　we　h匿ve　deve1oped　a　s1mu1ator　by　which　we

caηmakebo言htensi1e　and　compression言estsofCu　and

Fesi㎎1ecrysta1s．Withuseofthesimla言or，weinves－
tigated　ipto　the　mode－1f亙acture　process　of　e玉ement匿玉

crysta1s　to　ascer言ain　whether言he　so－caued　structure－

proper1yrelati㎝ship，th盆tstands㎝theductile伽榊e

natuζe　of　rea1e1emental　fcc　and　bcc　crys重a1s，can　aIso

stands　in　the　present　sys言e㎜s　composed　of　a室oms　with

apPropriatc　inera芝omic　potentials，棚EAM棚4mod1－

f…ed　Lemard－Jones　poten言｛a1s　for　Cu，and脇EAM＆nd

JohRsonls　ones　forα　一Fe．In　o㍊r狐oIecular－dyn8r1｝ics

simulation，we＆PP玉y言wo言ypes　of　spatial　condi言ions；

the0Re　is　no　periodica1boundaζy　for　a至I　dircctions　aηd

the　o言her｛s　periodical　boundaries　se言a玉ong言he　two　di－

rcctions　perpendicu玉a童to芝he　tensi1e　axis　of　a　speci－

men．I8case言he　period｛cai　boundary　condi室ion　is　ap－

plied，every　fracture　takes　pIace　cither　by　a　c1cavagc　or

by　the　combiPation　of　voids　generated　a1ong　a　specific

atom　pla鵬芝hat　isηormal　to　the言ePsi玉e　axis．In　co蔵一

trast，when　no　period｛ca1boundary　co服di言io昼｛s　appIied，

aζe言hcrc　observcd　two　types　of　fracture　modes；one　is

of　the　duc言i1e　beh＆vior　for　both　Cu　at　any言e蜘perature

and　α　一Fe　at　room　temperatリre　or　high，andξhe　other

亘s　of言he　br亘t室1e　one　forα一Fe　a言1owcr　temperatu王es，

These　resu玉ts　show　tha言，despite　the　type　ofinter訊o㎜ic

potentia1s，言he　s披uc言ure－Property　relationship，one　of

the　fundamen言al　mechanical　properties　of　real　crystaL

1ine　mateぬ1s，is　proper1y　attaincd　for　sys言ems　with　no

periodica1boundary　condition　in　thc　mo1ccu1ar－dynam－

ics　sirnu1ation　of辻ensi玉e　tests．

Keywo地s：moIecuIar　dyna㎜ics，fracをuζe，atomis言ic

mode1s，crack

R幽鮒賄脾rS

　　Vbiume－exp狐sion－induccd1a言ticc　instabi玉ity　aηd

soM－s言＆te　amor帥iz＆tion，K．KUsunoki，Phys．Rev．

B53，1．6（！996）．

禍珊⑧欄0帥湘iCAna1ySiS鮒閉Si董i0榊葦㏄§SS施m
M銚as幅ble　to　S葦aあle　Phas§s

18AMo1舳1a閉yna㎜icsS看岬◎舳e榊ia冊㏄㈱
○育時ac甘岨e

K．K・3・〃o〃，Co朋μ刎joηα〃肋・肋1∬c1εηcθ！ル

切∫j0〃

エApri1至994to　March至997】

〃．0ηo加rα，Co〃μ伽〃o〃o1〃α蛇〃〃88c加ηcε1）主一

切∫j0〃

fApri1至994to　March／997】

　　The　crysta］lization　pζocess　of　spuξteζdeposited

Ti48A152amorphous　a1Ioy　was　s宣udied　by　high　reso－

1ution　transmission　eiec宣ron　microscopy（HRTEM）and
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X－ray　d柑raction．An　unknow載phase　having　spherica玉

morphologyprec1pitates1na㎜orphousmatrixinthe
ea・1ystageofcrystal1i・a1ion．Electr㎝d撒acti㎝pa1一

言ems　from　this　phase　can　be　identified　by　the　primi芝ive

cubic　or　tetragonal　s奴ucωres　with　the　Iattice　par＆㎜一

e言er　of　a（二c）二〇．69nm．Smau－angle　X－ray　scatteri蔵g

profi1es　of雀morphous　Ti－60at％AI＆lioy　suggested室he

existenceofcon㏄ntrati0Mnd／ord㎝sityfluc1uat1ons

in　the　samp玉e．The　formation　of　the　unknown　phase

seems　to　be　c至osely　re1ated童o　these　f1uctuaξions．

　　Li卯id－amorphous　transitio羽process　of　Ti－Al．al－

loys　were　investigated　by　usiηg　mo1ecωar　dynamics

室echηiques　with　the　Embedded　Ato㎜Method，The

simび1a言ion　cou三d　reproduce言he　experi㎝ent洲y　ob－

seζvcd　concen芝ration　range（40－85＆t％A玉）for

amorphization．Stmctuζe狐a玉yses　of　thc　amorphous

a玉1oys　indicate　that　the　basic　building　b玉ocks　foぎ芝he

a玉孤orphous　phases　ofTi－A1system　shou三d　be　icosahe－

dl・a玉c玉us芝e董s　with　Al－8tom　iパheir　cen倣．

Keywor幽：metastab玉e　phase，amor帥ousヨSma1レang1e

X－r＆y　scattering，coΩce鮎rat三〇壌搬d／or　densi言y　f1ucまua－

tiOnS，mOIeCular　dymmiCS

Re1漉的榊erS

　　Crys言a11izatio蟻ofSp雌eζDeposi言edA㎜orphous　Ti－

52a芝％A1，T．Abe，S．Ak三ya狐a　and　H．Oηodera，IS夏J

In芭．，VoL34（1994），p．429．

　　Coating　of　HfC　on　Tu貫gsten　Powder　by　Fluidized

Bed　CVD，T．Itagaki，J，Japan茎nst．Meta玉s，
Vol．59（！995），P．1！57．

　　Molecω服Dynamics　Stωy　on　A㎜or帥iza言ion　of

Ti－Al　Anoys，M．Shi㎜ono　and　H．Onodera，Proc．of

CMSMD196，Japan，（］．996），p．2！5．

　　Crys娩玉1iza宣ion　ofSp洲er　DcpositedAmorphousTi－

52at％A玉Alloy，Ml．Ohnuma，T．Abe　and　H．Onodera，

MRS　Symposium　Pr㏄．Series，VbL蜘0ヨ（！996）ヨp．209．

言eηt，creep　rupture　lives　both　a芝900℃一392MPa　and　a言

1040C一王37MPa　to　be　Ionger　th繍1000hrs，etc．

　　Alloys　w｛th肌三I芝i－che肌ica王compositions，e．9．ヨ

TMS－75and　TMS－80，haviηg3w芝％Cr，5wt％Re，etc，

were　selected　as　the　bests　throリgh　the　pζograms　aΩd

were　cast芝o　SC　bars．The　SC　bars　were　successf洲y

so1ut｛oηhea芝trea芝ed　by　a　s豆跳pie　two－s芝ep　heating　at

！300C　for2hrs　and　at1320C　for5hrs，foHowed　by

a　two－s言ep　ag｛ng　trea芝㎜e淋，fiぎst　aξ王150℃for4hrs

andsecondat870Cfor20hrs．
　　　C芝eep言ests　at　temperatures　ral1ging　from900to

／150C　showed　that　the　alloys　have　good　balance　of

cr㏄pst撒gthsow舳stemperature脳gecomp脳ed
with　other　Re　co耐a｛ning　a亘1oys玉ike　CMSX－10；typi－

cal　rupまure1ives　at900凸C－392MPa，コ．OOO．C－245MPa

and！！00C一ユ37MP＆being　l000hrs，330hrs　and

220hrs，respcctive玉y．Alaboratorysca旦eho芝corrosioΩ

test　using　Na2SO伽25％NaC三sa玉t　mix言ure　at　gOO℃

showed　tha言室he　a1ioy　has　a　veτy　good　hot　corrosio1玉

resis芝棚ce　as　well，especially　when　Ir　is　added（TMS－

80）．

　　Des｛gn　and　develop㎝e磁offurthersupeζio王SCsか

peral1oysarebe1㎎condしlcled、

Keywor姻：si㎎lecrys1a1ヨsupcra11oy，舳oydesi馴，
creep　streng言h，hot　corrOsiOn「es亘s言aΩce

R幽重e磁腕夢㈱

　　丁至三e　in鴛uence　of　Co　oi1creep　deforrmtion　anisot－

ropy　in　Ni－base　sing】e　crys言a玉s即e洲1oys　a言三n言erme－

diate　temperatu肥s，H．Murakami，YYan〕agata　andH，

Harada，Mater｛ais　Science＆EngineeringA，Mlay1997，

P．54－58．

　　Design　of　a　high　rhenium　co就a㎞i蘭g　s㎞gle　c迂ystal

super洲oy　wi室h　b叫搬ced　iΩtemedia芝e棚d　high　tcm－

per鉦u肥creep　strengths，T．Kobayashi，Y　Koi狐跳i，S．

Nakaz設wa，H．Haζada　and　T　Ya㎜aga室a，the4th　In芝er－

nation＆l　Cha董Ies　Parso羽sT泌bine　Confereηceヨ4－6Nov．

1997，NewcastIe，UK（The　Ins銚u言e　ofMa言eri＆ls）．

200㈱lo岬e巾冊irdG㎝鮒i㎝Nioke1曲seSingle
Crystal　S8ge閉■loys

τ伽ηα8肋，Co〃μ〃o〃α1〃倣1づα138c1θ〃cε〃一

ソオ8j0〃

［Apri茎199幻o　Ma】’ch董．997】

　　Sing玉e　crystal（SC）s即erai1oys　w三th　ba1mced　hot

cOrrosion　l－esis芝ance　and　high　teraperature　creep

sξreng室hs　were　designed　by　using　NRIM1Al1oy　Design

Program（AOP）with　heIp　ofα漫ste董Variation　Me芝hod

（CVM）computer　program　based　on　statis言ica1thermo－

dyηamics．The　design　cond｛tioΩwas　as　foHows；a11oy

density　to　be　less　th＆n8．9，so1ution　heat辻reat㎜ent　win－

dow　to　be玉arger　than40C，玉atticc　misfi宣重o　bc　ncga－

tive　at　high　ternperat穫rcs　bu重not　beyond　certa｛8ex一

　21　　0eve■opm§nt　o著1η珪eg筆a音ed　Syste翻書or■〕is泣ibu葦ed

榊erialsSεi鮒ificda帥sing蝸wo汰

〃．M加1α〃〃8αんα1ηo工o，Co刎μ舳1oηα〃倣〃一
α1∫8C三ε1｛Cθ1）三1ノ加三01一

［Apr一至995－M纈r一］999］

　　Researchs　with　a　view　of　deve1opi蔵g　new　eva1鰍一

tion　techno旦ogies　of　materia1s　strength言hroじgh芝he　ut｛一

1iz＆tion　of　the　materials　scient三fic　databases　are　bcing

conducted．The　e㎜pir三ca－sys室ematization　apProach

based　oηthe　combining　the　scien雌ic　and　empirical

unders芝and1ng　for　matel’ial　st湖三gまh　was　success舳for

the　deve1opnユeη宣of　thc　f磁igue　l｛fe　prediction　pζoce＿
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du三e　in　many　heat言reated　struct饅ral　stee1s，that　is，the

procedure　to　make　the　new　e㎜pirica1combinations

among　characterized三芝ems　of　materia玉s　among　the

extracted　data　set　from言he　factua旦database．

　　　To　apP1y　this　sys言enユatization　apPすoach　for　o芝her

㎜a芝eria1s　properties　and　to　use　more　efficiently　oξher

㎜aξeria1s　informationsヨthe　pro亡otype　ofnew　integra言ed

systcm　utiIizing　a　nctworking　envi王onmen辻and　treat－

ing　many　different　type　ofmateria王s　scientific　database，

which　are　op　many　different　si言es　bind㎞g　by　a　net－

wor1（system　sUch　an至NTERNET，is　be㎞g　deve1oped．

　　　The　prototype　systc㎜for　tbe　in言egra芝ion，

DIMNET（now0R1y　i剛盆pa列ese　version），w＆s　devel－

oped　and　wi1l　be　soon　acccssib豆e　for　some1imitcd

internc言users　through　WWW　browser　such　as

NETSCAPE．
　　　The　systema芝izatioηapProach　using　this　system　is

a1so　being　conducted　for　the　time－dependent　creep　rup－

ture　propertics　for　heat　resisted　stee1s一

Kεyworぷs：㎜a言er｛a1s　properties　prcdiction，da芝abase，

nCtWOrking

　　　　　　　　　　　　　　　　　　Co皿昔truoHo皿　of＾Iat｛h封昌　i皿㎞m田缶o皿昌

■1

8⇒

22　Developme軸o菅Vir廿鵬1欧pe葦ime舳a1狛chno1ogies

行0川a脇ialDeSign

thermo－dynamics　and／or獅on言e－car玉o　ca1cu1ation，㎜od－

eling　and　simu1ation　of　ma官eria1properties　such　as

s言rength　and　deveIop狐ent　of　a　vht醐1cxperimenta1

sysle狐by1heintegrati㎝ofco岬utertec㎞ologies・

　　　互n言his　research　program，NRIM三s　conducting重he

foHowiηg　three　research　projec芝s．

1．Ca玉cu1ation　of　ato酊けransfer　on星㎜ateria1surface　by

Ab　Initio　molecu1躯dynamics（Car－Parineno　method）。

　　　This迂esearch　aims　to　deve1op　the　Ab　I舳io　com－

puting　method　based　on　the　densi重y釦nctioml　theory

to＆na1ize　physical　phenomena　such　as　chemica1re－

spo羽sc　on　tbe　so胴surface　and　therma1盆tom　transfeエ

such　as　diffusion．

　　　玉n　this　rcsearch，the　fo董ce　act呈ng　on　the　atom　is　simu－

1a迂ed　by言he　first　principle　calcd1ation．

2．Mate王ia1design　of　heat－resis重anξa】1oys　by　statistica1

ther1＝no－dynan｝ics　ca玉culatio羽、

　　　至n　this　research，言he　statis言ic＆1themo－dynamics

calcu玉＆tion　method　is　being　improved　for　the　hea言一re－

sist＆nt　a11oys　design．The　C1uster　Va更iatiop

Method（CVM）using　a　phenomeηo旦ogical　inte刺omjc

potential（L－J　po言entia1）is　employcd　for　the　ca1cu1a－

t三〇n　cf伐e　e卯i肋rium　state　in　m泌i－co㎜poηents　Ni－

base　superai玉oys　and　new　type　Ir－base　u玉tra　s即era1－

1oys　for　a　structura玉use　up　to2000℃．

3．Mode1ing　and　simulatioηforξhe　prediction　ofmate－

ria1streng芝h．

　　　This　aims言o　deveIop　the　mode旦1ing　and／or　simul＆一

言ion㎜e芝hod　fo王st亙ength，fract酊e　and　damage　proccss

of　materials．The皿o1ecωar　dynam三cs　compu芝ing

method　is　being　app1三ed　for　nam－scopic㎜ateriaIs

eva王uatio蘭sリch　as芝he　nano＿indentation　for　ultra－thin

atomic　layers狐d　the　combination　mcthod　using　the

sohd－s室ate　mech棚ics　and　the　fac辻database　is　aIso　de－

veIopcd．In　this　rese窒ζch，the　virtua1consu1tant　expert

system　is　also　constructed　by　in言cgrating　the　computer

and　softwaζe　techmlogy　for　a羽se　of　materia玉design

researchel＝s．

〃．州加1，Co〃ρ吻肋η〃舳胞rfα18dε肌θ1）M81㎝

［April1995to　March1998］

Keywo胴s：computationa豆simu1a言ion，mode1ing，vir－

tua1experimen芝al　system

　　　Thc　cooζdinated更esearch　program　of重be　Science

and　Technology　Agency（STA）to　deve1op　the　virtua1

cxperiment8I　technologies　for　materia1s　des三gn　is　be－

ing　canied　out　fromApri三1995．Over　twen言y　resea更ch－

ers　participate　in　this　rescarch　program．This　research

pζogram　aimes　to　promo言e　the　computation＆玉mater｛一

a1s　sciencc　of　Japan　and芝o　deve1op　thc　ncw　matcriaI

desig暮tcchno呈ogy　through　thc　rcahzation　of　a　vir言ua玉

experimen言＆1system　usi羽g　the　computer　techno1ogies

such　as　supercomputings，databases　and　ne宣working

teC㎞010gieS．

　　　This　research　program　consists　of　four　parts，the

first　principa1co㎜putationaI　apProach，meso－scopic

n1ateria1s亡ructure　prediction　using　the　statisticaI

　23　　S約dy　o列欄e　effec言ive　Acquisition㎜6肺od　o春MetaI－

1雌gica1l11看0＝ma看iOn

K、〃03肋η0τ0，C0〃μ吻τ10〃〃〃肋〃01∬C16肌ε
j）加f∫主011

［Apri茎1997to　March王．999］

　　　In　order　to　estab1ish　a　system　fo王materia1s　design

by　using　a玉arge　sca1e　know1edgcbase，an　information

base　system　to　support　constmction　and　expio伽ion　of

an　inforn玉ation　space　in　n玉etanurgy，especia1y　in言hc

domain　of　supera1玉oys，was　studied．Informa言ion　about

materia1s　deve1opment　is，in　mos言cases，obtained　em一
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pirica正1y，and　exprossed　by　nユeans　of　n説ura11anguage．

Adictionaryandathesaumsoftechnica三termsisbe－
ing　edited　as　weI玉as　the　i口for㎜ation　model　of　me芝aレ

lurgy，SO　aS　tO　anaIySe　na辻ural　language　teXtS　autOnユati－

cally．Asystemwhichinterpretstechn三ca1paperson
me言a11urgy　and　constmcts　information　space　semi－au－

tomatica1玉y，is　being　copstructed．The　syste㎜wi11of－

fer　interactiveIy言he　information　usefuI　to　materiaIs

deve1op1二nent　to　designers．

K6ywords：materia1s　design，n池ra11anguage，1秘ge

sca1e　know1edgebase，thesaums

Re1批ed　p理ers

　　Inte11igent　SupPort　for　construction　and　Exp1ora－

tion　ofAdvanced　Techηo1ogica1Informa宣ion　Space

fro㎜Technica1P即ers　in　Metal1urgy，T．Matsuo．T．

Nishida　and　K．Hoshimoto，Jou茎naI　ofねpan　Society

forArtifidaHnte11igence，12（1997），68一η，

24　Ther矧ody”amiC＾nalysis　o”＝orma庇o犯町0CeSSeS　Of

1㎜e－astab■e　and　S－ab1e　Phases

〃．0〃o加γo，Co〃μ吻允oηα1〃α蛇1づα138c加ηcθD三一

切3｛0〃

…April1996to　M註rch　l．999］

　　Awiderangeof㎜icrostmc言ura豆co耐m玉c狐be炸
alized　through　n－etastable　struct讐res　using　the汰ansi＿

言ion　process　from8脈orpbous　state芝o　crysta11ine　sta言e．

For　the　effective　uti1iza臼on　of言hese正netastab1e　phases

to　i脈prove棚echanica王proper士ies　ofmate曲玉s，i辻is

nccessary　to　reveal　thc打ansition　process　from　nユeta－

stable　to　stablc　phases　on　the　hea言treatmen言一The　tar－

ge言of　this　study　is　to　construct設kine言ic　model　which

caηdescribethetransiti㎝processesqua舳ative1y．

　　In　the　previous　study，we　have　found　the　form＆tion

of　metast＆b1eαphase　in　preference芝o　the　s言abIeγ

phase　in　the　crystalliza芝ion　process　of　amorphous　Ti－

AI　a11oys．F酊thermore，sma1玉一ang1e　X－ray　scattering

profiles　of　amorphous　Ti－60at％A1a玉玉oy　suggested　the

existence　of　concentζation　and／or　densiセy　f1uc言uations

iR言he　sampie．The　formation　of　the　unknown　phase　is

consideredまo　be　c1ose玉y　re1ated　to　these幻ucξuations．

Thむs，in辻he　prese耐study，the　tr8nsition　process　ofsp磁一

ter　deposited　Ti－AI　a㎜orphous　alIoy　is　studied　by　X－

ray　diffractionヨsmaH　angle　neutron　and　X－ray　sca㈱r－

i㎎andhighresolution1rans㎜issione1ec1r㎝mic王os－

copy㎞view　ofthe　corre1ation　be室ween　theηuc1eation

site　of　crystanine　phase　aηd　the　struc言ural　and／or　com＿

posi言iona1邪uctuation　in言he　amorphous　struc言ure・A言

言he　same　time，the　amorphous－to－c互ys重a1transition　is

stud三ed　by　using　mo1ecωar　dWa㎜ics　techniques　for

the　understanding　of　the　transition　rnechanism　in　the

atOmiStiC　SCa玉e、

Keyworδs：amorphous，small　angIe　X－ray　scattering，

mo1ecu玉ar　dyna㎜ics，amorphous－to－crysta玉芝ransition，

s言ruc言ura1棚d／ordens1ξyf1㏄芝uation

Re1娩d脾per：

　　　Crysta1玉ization　ofSp舳crDepositedA㎜orphousTi－

52at％A玉，T．Abe，S．Akiyama　and　H．OnoderaヨISIJ　I就．，

VbL34（！994），p．429．

　　　Molecωa王Dyna㎜ics　Study　on　Amorphiz磁on　of

Ti－AiA11oys，M．Shimono　aΩdH．Onodera，Proc．of

CMSMD196，Japan，（！996），p．2！5．

　　　Crysta玉1ization　ofSp鮒er　DepositedAmorphous　Ti－

52at％Ai　AHoy，M．Ohnuma，T．Abe　and　H．Onodera，

MRS　Symposium　Proc．Series，Vb玉．400，（1996），p．209．

　25　A　Co關puオer・SiI11洲ati08S－udy　of肺e　P1as－ic■〕6言or・

ma－ion　of　CWs－als

Kκ舳〃0μC0仰〃〃0伽〃肋肋1∬Cj61αDオー
切3｛0〃

エApri1／997｛o　M囲rch2000］

　　Using　co狐puter　si跳u1ations，the　present　s室udy　aims

to　elucidate　how　the　microscopic　forces　and　dispIace－

me耐s　of　atoms　deveIope　into　a　macroscopic　plas言ic

defomation．It　aIso　aims　at　an　atomistic　desc巾tion　of

the　nユacroscopic　concep芝s　such　as　stressヨstrain　and　s1ip。

　　至n　the　p－eceden言study　we　made　a　simωator　by

which　we　carried　out　mo1ec縢1ar－dyna㎜ics　simulations

oηthe　inida1process　of　fracωre　cf　sys迂e㎜s　wi芝h　re1a一

言ive玉y　sirΩple　structures　such　as　sing1e　crystals　of　fcc

andbcc．Whatwasobtaincd1n　thats芝udy　isthatsimu－

1ations　under　non　periodical　boundary　condition　give

us　morerealisticresu1ts（eg．reproduc辻ionofthe　stmc－

ture－proper芝y　relatioηship　on言he　ductiIe／brittie　nature

of　the　e1ementa玉crystals　of　fcc　and　bcc）over　tbose

obtained　from　calculations　done　under　periodica玉

boundary　conditions．

　　　More　det＆i1ed　studies　of　the　cffects　of　impurities

and　st榊c言泌al　defects　together　with　investig＆tions　into

芝he　effects　of　temperatUre　and　strain　ra言e　on　the　duc－

tiIe／britt1e　mt服e　of　t一一ese　e1e㎜enta1crysta工s　wi1玉be

pe牙formed　iΩthe　presen重s宣udy．

　　　茎n　addi室ion　to　the　above，atomistic　processes　of　the

defor㎜舳on　of　intermeta11ics，some　of　which　are　at

present　most　promising㎜ateriais　as　he＆けesistant　ai－

loys　showing　anoma王oむs　tempe重ature　depcndence　of

the　How　stress，are　a三so言hc　targets　of　the　present　study．

Keywords：p1astic　deformaξion，atomistic鰍ode1，mo－

le㎝lar－dymmics
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26珊鮒飾創S童岬㎝n舳p細◎m鰍1Hl㈱h繭
ma卯e甘iC青i1獅S徽d耐｛ilay㈱

X1αo冊，Co1仰舳肋ηo〃肋1’〃∫舳肌ε1）M∫1o〃

エApri1重997to　March亙998】

　　　Th・ph㎝・㎡㎝㎝・f・pi肘・o・ie・t・tio・si・・lt・a1hiη

magnctic　films　i阜i榊es芝iga言ed．Amicromagnetic　theo至y

1・d…1・p・dwhi・与・6…1・th…mp・舳・・b・tw…

the　in－pI＆ne　s1申pe斧nisotropy　and　thc　normaI　surface

anisoξropy　through，a　fin畑exchange　sti榊ess－For　sma旦1

su至face　anisotropシ，室wo　co耐inuous　transitions　in　spin

○更ientation　are　der…ved　as　the　filr汀主hickness　is　iηcreased：

first　from　thcむniform，norma1configura芝ion　to　a篶on一

浸niform，caη室ing　co竈f三gじr8主i08，and出e剛o言he　uηiform，

in－Plane　configじration．Th1s　resu！t　is　co藪siste1？t　with

cxpe芝imen芝al　observations．For三arge　s洲face　a夏泌ot－

ropy，1言isdcrivcdtheoretical1ythaton1ythefi茎stsp1n

reorienta芝ion　occ泌s　and　the　non㎜ユiform，can言ing　con－

figura言ion　remains　s芝able　eve葛at玉arge舳ckness　limit．

We　have　obt星iped　am1ytic　expressi㎝s　for　the帥ase

boundaries．The　reI＆tion　be芝wee剛he　d｛screte　modc王

and言he　conξinuum　theory　has　been　c1arified　by　scaliΩg

argu㎜ent，and　as竜he　result　the　suf蘭ciency　Of　the　con■

t｛puum　approach　in　ultrathin　fi1ras　has　been　estab1ished．

　　　We　have　investigated　the　effec言s　of　the　surface

anisotropy　on室he更eversa三process　of　magRetization　in

thin　f三至ms　and　smaH　dots，by㎜eans　of　both

micro豆nagηet三c　theory　and　computer　sirnu三at三〇n．This

issue　is　in3portant　for　real｛zing窪1絞ahigh－dcnsity　record－

ing，and　a1so　of　theoretica1三nterest　about重he言reatraent

of　surface　effects．夏n　order　to　trea言the　surface　effec芝

direc芝iy，we　considcr　i竈o鮒micromagnetic　for㎜aiism

the　magnetization　c0Rfigura言ionΩonunifor㎜in言he　di－

rec言ion　perpendicu1ar　to　the　surface，w舳e　presuming

芝hc　unifoζmity　of言hc　tota1sys芝em　para】玉el　to　thc　sじr－

face．As　a　pcrpcndicu玉ar　magnetic　fie玉d　is　app玉ied　to　a

sys亡em　of　perpendicu玉ar　surface　anisotropy　and　its

st肥ngth　being　increascd，曲e　reversaI　pζocesses　ofmag－

netizat三〇n　by　the　micro狐agnetic言heory　are　as　foHow－

i8g：＆bruptjumps　of狐agnetization　a芝the　coercive　f三e豆d，

provided　tbe　surface　aniso芝ropy　is　strong，and　the　th三ck一

列ess呈s　sman；coherent　rotation　ofmagne言｛zation，ifthe

surface　anisot至opy　and言he　th三ckness　aζe　moderatc；

mc亘eat三〇n　of　opPositc　magnetization，incoherc鮒茎o一

芝atio鵬，as　the　suζfacc棚isotropy｛s　week，and曲c舳ck－

nessis18至ge．Thcdomina1i㎎Processofmagnet1za－
tion　reversal　can　bc　summar三zed　i磁o　a1lphase　d三agram，，

wi室h　two　sca1ing　paramctcrs，involvipg　the　fi工m　thick－

ness，the　surface，and　volume　anisotζopy｛ncluding

shape　anisotropy　from　dip〇三e　interactions，and　the　stiff－

ness　coPstant．　The　coercivity　of　uIt至a言hin　m＆9netic

fiims　decreases　with　thc　square　of　the更eciproca1of　the

thic㎞ess・珊sthic㎞essdep㎝d㎝ceofcoercivily，

coinciding　we1l　with　experimenta1obsewa迂ions，is　un－

derstood　from　the　equation　for　magnctization　configu一

rati㎝in言he　micromagnetic　theory，Magηetization　re－

versa1processesunderiη一P1anecxtemalfieldshavealso

been　investigatcd，and言he　coercivity　decreascs　with

the　reciproc81of言h豆ckness一

亙《εywor磁：邊1trathin　roagnetic　fi1㎜，spin　rcoric烈tation，

miCrOmagne言iSm

賄且漉姪腕脾rS

　　　Magnetization　reversa1and　coercive　for㏄in　u1－

tぎa舳n　fi旦ms　wi室h　pe夏peηdicuIar　surfacc　anisotropy：

㎜icromagnctic室hcoryラX．Hu，Phys．Rev．B　VoL
55（…．997），p．8382．

　　　Microln＆gnetic　sまudy　on　uI紋8thi忍m8gne辻ic　f圭三ms，

X．Nu　andYKawazoe．

27S慧棚躰鱗i㎎M繍舖搬鮒軸S苫棚璽繍C⑪岬⑳s・
…著蔭M蔑せ婁師認蔓s

Dl：H．G．8肌肋，舳Cん伽たα1〃0ρα’〃θω舳主0〃

［April1996to　Marcb1，998］

　　　Streng言hening　mechaΩis㎜of　high　sξreηgth　high

conductive　Cu－15％Cr　and　C陰一15％Cr－5％Sn　compos－

iteshasbeenexa㎜iBedby1ransmissionelec言ro憂
mic夏oscope（TEM）．

1）By　thc鰍a1ysis　of　Burgers　vector，i芝w淺s　found　that

　　　two　conjugated＜！！！＞／｛！10｝s1ip　systems　ope棚cd

　　　for　thc　deformation　of　Cr　crysta玉s　in　Cu－15％Cr　aレ

　　　10y．

2）Disloca言ions　in　Cr　crysta1s　recover　dyna㎜ica玉1y＆nd

　　　芭hen　work　hardening　due　to　co1d　ro玉iing　is　very

　　　S㎜a三1．

3）Thc　factors　contro1ling言he　streng宣hening　ofthc　com－

　　　posite　are（a）玉a㎜eHar　spacing　ofCr　fibers，fo1Iowed

　　　by　Han－Pe芝ch　relation，（b）disIocation　densities　iη

　　　言he　Cu　matrix，which　depend　on　the　degrce　ofco1d

　　　rO玉1iRg．

4）Cu　matrix　shows　a　dWamica1rccovery　or　recrys－

　　　ta三Iization　du夏ing　co1d　rouing　and　ce玉1formation　oc－

　　　curs　af言er50％of　reduct｛on　in　Cu－！5％Cr　ai1oy－

5）Work　hard㎝ing　ra芝e　becomes　wy　iarge　in　Cu一

　　　三．5％Cζ一5％Sn　becausc　of　so1u言ion　hardening　of　Cu

　　　ma主茎ix　by　S肌Dcformation　band｛s　formed　in　Cむ

　　　matrix　and　no　dynamicahecovery　occurs．

　28　　◎ev§1op獅⑧n世o青胴ig胞S赦e■1g胸Me胞1Ma鮒i混Co醜pos－

ileSWi1肚糊11e舳榊SiCalP岬鮒i鯛by肺eAd欄C餉
窪菱0nZ⑬M竃董肺0d

！）1〃。0．舳〃れ舳c肋〃たα〃〕roρε1伽8DM81o〃

［April1994to　March1997】
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　　The　stud三es　of言he　strengthening肌echanism　and

process　opti㎜ization　have　beeΩconducted　for　CU－

15％Cr　bimry　aηd　Cu一ユ5％Cr－C，Zr　temary　a玉1oys．

1．）Optim讐m　amou献ofCr　as　a　second　phase　for㎜er　is

　　玉ocated　at　aroundユ5to18w言％apd　the　co玉d

　　dr＆w＆bi1ity　beco㎜es　poo螂t　higher　contents棚d

　　the　s敏eng室h　decreases　a室玉ower　conten言than　this

　　「ange・

2）Thestre㎎thiscontroi1edby①lamci1arspac1ng
　　ofC・phase，and②・wo・khardeRi・gofC・ma－

　　trix　by　coId　drawing．FiΩer　spacing　gives　higher

　　s亡rength．Finest　spacing　a言tained　by　coid　draw㎞g　is

　　O．5Mminbimrya玉1oy．
3）The　prec三pitation　of　Cr　in　C鶯m鮒ix　does　contrib－

　　ute　to言he　increase　ofelec級ica玉conductivity　ahhough

　　very　lit芝ie　contributionまo言he　prec｛P三芝at｛on　harde羽一

　　1ng．

4）The　strengthening　by　the　ad舳ion　of　sm段11amount

　　of　C　or　Zr：The　ad舳ion　of　lOO　to200ppm　of　C　or

　　O．1言o　O．2wt％of　Zr　accelera辻es　dendritic　Cr　into
　　　　　　　　　　　　　　　　　　　　　o
　　㎜ore　need玉e　like　shape．This　is　considered　to　be

　　due　to　the　acceIera言ioηof　supercoo玉i蘭g　during　so－

　　hdifica吉ion．

5）Precipitation　strengthening　by　Z更addi言ion：The　sec－

　　ondary　hardening　due　to　the　precipita言ion　of　Cr　and

　　Zr　becomes　very　high　at　around700K　and　results

　　in　the　increase　of　e1ectrica玉conductivity　by室he　ad－

　　dition　of　O．！5wt％Zr．

6）By　optimizi駐g　the㎜棚ufacturing　process，a　new

　　aHoy　Cu－15wt％Cr－O．15wt％Zr　wi言h　the　te11sile

　　strength1150MPa　and　e玉ectrica玉conductivi言y　of

　　70％IACS　was　developed．

7）Scale　up　miu　trial：Two　aHoys，Cu－！5wξ％Cr　and

　　Cu－15wt％Cr－0．15wt％Zrwere皿e1ted　by！50kg　ca－

　　pacity　vacuum　induc辻ion　meIting　and　extruded　to

　　rod　and　fi蝸11y　cold　ro1led　into　wire．The　Cu－

　　　15wt％Cr　binary　anoy　was　succeeded　to　get8souRd

　　iBgot　hav㎞g　a　homogeneous　distribution　of　Cr

　　through　the　ingot　and　mechanica－pmperties　showed

　　a1脈ost　the　same　vaiし！e　w舳tiny　lab－scaIe2kg　in－

　　gO亡・

　29　　ReI誠i011ship　be言wee8r磁igu8So稲8nillg1掃a池⑧ηing

Behavio了a8d　TεM　S愉uc池陀oξTi廿a■1池關A11oys

τKα1舳1伽，〃εc肋ηjcα〃〕1Ψαプ主ε∫1）M81o11

［Ap王111994to　March1997］

W舳e　atstress　amp旦itudes1owerthan　theyieid　strcss，

fatigue　sof言ening　occurs．Detai1s　of　fatigue　softenipg

behavior　h＆ve　beeHeported　for　the　materi盆1s　such　as

a1u跳iηum（1），copper（2），si玉ver　and　iron（3）．The　ai餓

of舳s　work三s　to　revea三芝he㎜echaΩisms　offatigue　soft－

ening　and　hardening　behaviors　of芝it＆nium　ai玉oys｛P

C0陰neCtiOn　With　the　Char＆CteriStiCS　OfCrySta玉S芝ruCtureS，

using　transmission　electron　micmscope（T8M）．

1，Fatiguesoft㎝㎞gandharden1㎎behaviors

　　We　deteすmined　at　fhst　the　specim㎝shape　mos言

s曲blefo・t㎝sion－comp・essi㎝fatiguetest陸，1h㎝

examil〕ed　the　crys芝a三structure　dependence　of　fatigue

softeηing　aΩd　hardening　bei〕aviorsはsing　Ti－3A王一8V－

6Cr－4Mo－4Zr　alloy（βイype言i芝a蔵ium汕oy．Ti－3－8－

6－4－4），pure言itanium（α一type）棚d　Ti－6Aユー4V　alloy

（α寺β言ype）・We　a1so　examined　the　s室ress　ratio（R：一

1，昨O．1）depend㎝ceoffat19しlesofteni㎎andfa1igue

hardeΩi㎎behaviorsusingβ一typetit棚iumanoy，P鵬

ti宣aniびm（α一type）and（α寺β）一type　t池nium　aレ

1oy・Theexpeξi鵬ntsfor1hefatiguesoft㎝i㎎andhard－

ening　Pheηomen＆were　carried　ou言on　work－h飢dened

and　annea玉ed㎜a言erials，respec亡亘vely．FoHowing　are辻he

更nain　resuits．（玉．）夏n　fatigue　testing　of8nnea旦ed㎜ateri－

als，fatiguehardeni㎎behaviorofα一typepUretita－

nium　was㎜oreζe㎜arkabIc　tha80theζ一type　titanium

a11oys．（2）In　faξigue　tcsting　ofcold－worked㎜aterials，

fatiguesofteningbeh餐v｛orofβ一重ype言itanium8玉Ioyand

α一type　pはrc　titaniu㎜took　pIace　more　remarkab玉y　than

α寺β一言ype　titanium　auOy．

2．Reiat｛03betweeηfa辻igue　behavior　and　e玉ectron狐量一

croscopj．cstruct狐e

　　The　TEM　observ盈tion　has　becn　airned　to　reveal　thc

mechanisms　of　fatig鵬soften｛ng　and　hardening　in重he

α一芝ype　pure　titaniu㎜andβ一type　titanium　auoy．At

玉ow　and三n言ermedia言c　cyc1ic　stress王anges（strcss　ra言io

R：一1）iR　anηea玉ed　materi盆1s，dis玉ocatioη1oops，Ioop

patch（dis玉ocation　loop　c1饒s言er）and　netwo汰of　d｛s1o－

c設tion　ceils　were　observed．At1欲ger　cyc1ic　s辻ress亘ev－

e玉s，eq8iaxed　and　elong＆ted　subgζains　appeared．In

cold－worked　ma言eria1s　TEM　str㏄ture　exhi舳ed　high

densi言y　tang1eddis1ocation　stnlc言服es．On言he　other

hand，TEM　s言ruct㍑re　of　fatigue　softeΩing　cha蔵ged

e卯iaxed　and　eIongated　subgrai．ns　wi辻h玉ow　dis1oca－

tiondens1言y．

Keywords：Ti－3－8－6－4－4，p沮re　ti．tanium，Ti－6A14V，

TEM　s芝ructureヨfatigリe　softening，fa辻iguc　hardening，

Re董ere㎜CeS

　　The　change　of　the　w｛dth　or言he　area　of　the　hys言er－

esis　ioop　duζing　the　fa辻ig雌e　tes亡ing　ofmateria1s　at　con－

s室ant　stress　amp1itude　is胞ken　usually　as　a　measure　of

dymmica1cha㎎esinmecbanicaiproperties．By1est－
ing　a言stress　ampi亘tudes　higher　than　the　yie1d　stressヨ

fatigue　hardeηing　onIy　takes　p玉ace　in　al1oys　as　we至i　as

p蛆e　meta玉s（decrease　in　the　width　of　hystercsis　Ioop）、

！、Substructure　and　Fa室igue　Fracture　in　AlumiRu㎜，

　　3．CGrosskre疵and　P，Wa1dow，Acta　Me室al1urgica，

　　　11（1963）：7王7－724．

2．Fat…9ue　ofCopPer　Po玉ycrystals　a亡Low凹astic　Strain

　　Amp玉i童udes，K．V．Ras㎜ssen　O．B．Pedersen，Acta

　　Metallurgica，28（！980）：玉467＿1478。
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3，Cyclic　Deformation　ofFerri言ic　Stee1－1．Strcss－Strain

　　　Response　and　StrucωreEvoIu言ion，H－J．Roven　and

　　　E．Nes，Ac言a脈etal．mater。，39（！991）：1’アi9－1733。

看oぎced◎xide－and湘i液ide・Base　Cera緬ics

K．∬か0gα，舳C伽〃たα1P岬ε1伽3D1洲0η

［Apr｛｛王995to　Marcポユ99η

30　Cyclic　De言orma廿io11io　a　Coπosive　E11vi池1醐e効

R、肋㎜舳0，舳C肋枇α1〃0ρθ1伽8DM810〃
［Apri茎］．994to　March至997］

　　　Thc　growth　offatigue　crack　nuckated　along　the　s1三p

bands　of　PSBS　or　PLBS　Occurs　oveぎtwo　successive

p夏opagatiOn　s芝ages－S言age玉（shear　rnode）＆nd　St＆ge／！

（norm＆l　mode）。The　past　data　on重he　effect　of　environ－

mcnts　on　crack　growth　in　Stage　ll　have　been　reported

in　prcvious　works．Comparatively1it芝1e　a言tention　has

been　paid主o　the　effect　ofhyd亙ogen－re1ated　enviroη一

raeηts　on　Stage　I　crack　p夏opaga言ion　and芝he　transitioむ

of　crack　growth　from　Stage　I　to　S言8ge　H－

　　　Wepresentexperim㎝taユresui言ssuggesti㎎tha峨e

ea王Iy　transition　from　Stage至芝o　Stage1l　in　a　hydrogeη

environment　is　a　potcntia1index　for　hydrogen－related

e蜘britt1ement＆nd　discuss　whethe亙the　ear1y　transition

of言he　stages　of　f＆tiguc　cmck　growth　is　caused　by芝he

1oca至ized　defo茎醐ation　or　the　decohesion　at　a　notch　l＝oo言，

carrying　out　fatigue　tests　on　specimens　of　iron　singIe

c王ysta1with　the　specimen＆xis　of［013】and　pζecipita－

tion　hardened　a呈uminu更n　polyc茎ysta11｛ne　a1ioy　in　dry

Ar　gas　and　in　saturated　water　vapor　or　in3．5％NaC1

aqueOuS　SOlu言iOn．

　　　Fatig鵬tesξs　were　performed　o乃＆dosed玉oop　servo－

hydraulic㎜achineヨdsing　a　simsoida1wave＆nd　a1oad

ra亡io　of　O工The　testing　te皿pera亡ure　was295K．Afre一

卯ency　of15Hz　in　dry　Ar　gas　and　a　frequency　of　IHZ

in　dry　Ar　g盆s　and35％NaCl　aqueous　so1ution　werc

emp1oyed．Aftcr　fatigue言est｛ng，f鰍cture　surfaces　wcrc

obscrved　with　scann｛ng　e1ectron㎜icroscope（SEM）、

　　　The　observation　of言he　eaζ1y　transition　from　Stage　I

to　Stage　II　and　the　apPearance　of　st麦｛ations　on　the　frac－

turc　s狐faces　in　sat酊＆芭ed　w＆室er　vapor　sUggcsted　that

secondary　s1ip　P1ays　an玉mpo至tant　ro1e　in　the　transition

offatigue　crack　growth＆nd言he　fatigue　cζack　grows　by

言he　operat圭on　of㎜ore芝han言wo　s1ip　systems　leading　to

macroscopical1y　brittIe（but　tr独sc奮ysta1亘ine）frac言ure

surface　b三secting　active　sIip　P1anes．互t　seems　reason－

ab亘e　to　propose　that　the　domiBant，hydrogen－re1磁ed

fatjgue　crackiηg　is　bydrogeη一assisをcd　straiηlocε1iza一

註on　ahead　of　notch　roo言and　reqじires　subsequent　crack

propagation　in　two　more　shp　systems　to　exp1ain　the

supPression　of　Stagc　I　growth．

Keywords：Stage　I　fatigue　crack，S施ge　u　fatigue

crack

31　　I・Iig11Tempera－ure　S肘eogth　and■＝ractu了e　of　ReiI1一

　　　Thoむgh　poiycrysta1Iine　ceramic　ma室erials　are　br三tt豆e

aけ00m言cmperature，mos芝of　them　show　plasticity　a言

high　tenユpcratures　under　the　aid　of　grain　boundary　s1id＿

ing　accommodated　by㎜atter　transportξhrough　or

across　tbe　boundaries．The1ocaIized　fai玉ure　of　sびch

accommodation　process　c胴ses　cavit＆tion　damage　at

mu1tip1e　graiP　junctions　or　phase　bou蘭daries．The　b＆一

sic㎞formati0B0n　such　deformation　and　damage　pぎo－

cesses，which　arcΨite　differen室from　those　at　room

tempera言ure，｛s　i㎜portan重when　the　materia亘s駆e　used

at　high　tempc至atures．Fro㎜th…s　point　ofv｛ew，th三s　study

is　cond篶cted　to　examine　the　ro1e　of　sec0Bd　phases　iη

the　e豆ementa1process　of　high　tempe夏a言ure　deformation

and　fracture．Special　at芝entiOn　is　pIaced　on　the　const五一

tutive　b曲avior，dynam三c狐icrostrucまura工changes曲r－

ing　defo迂醐ation　and　cavit＆tion　behavior　a言relative1y

1ow　tensile　stresses（σ旭一！0’4），at　temperatures　higher

than工．500K．

　　　Rece鮎quan銚ative　examination　on　thc　cavity　size

distribu重ion　has　revea1ed　thc　cavitation　behavior　to　be

d肚eren言between　fiΩe　gr＆ined　a1um㎞a－and　zirconina－

base　materiaIs，In　the　fo王mer，the　evo1ution　of　damage

volume　a茎ises　mainIy　from　the　active　cavityΩuc1cation

and言hc　grow言h　of　isolated　cavit三es　tends　to　be玉imited

in　sizes　smaner　than3μnユ．In　contrast，tbe　nuclea芝ion

of　cavities　in　theユatter　is　in8ctive　aむd　they　continue芝o

gζowin芝osizesoflO－30μmwi言houtcoalcsccnce．It
indicates　that　the　damage　accumu玉ation　is　strong1y　con－

tro11ed　by　cavity　nuc1e盆tion　in　the　former　and　by　growth

in芝he1atter　The　qua械itative　examination　has＆lso　gives

us　the　information　on室he　effec言s　of　the　shape　of　sec－

ond　phases　on　cavitation　behavior．

Keywords：creep，superp1asticity，intergram1ar　cavi－
tatiOn

　32　　Research　o胴戸u■1damenial　Science　o言F季o舳ier　Ce－

ramiCS

K。〃・αgα，〃εcん舳1ω〃〕roρε1切ε81）加1∫loη，o〃〃

3〃肋，C加〃ω〃〕・’06伽加81）主洲o〃

［ApriI至995to　March1998］

　　　This　study　aims　a重obt＆｛ning　systematic　bases　for

the　rnicrostructura1design　of　advanced　oxide－base　ce－

ramics　for　high　temperature　app旦ications．For　this　pur－

pose，we　have　promoted　tight　cooperation　between　two

researchgropesc㎝centrati㎎onhigh1yqua1ified㎜a－
teriaI　synthesis　by　co11oida1processing　and　high　te正n－

perature　fract狐e醐echanisms　in　ceramics，respectiveIy．
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　　In　the　research　on　sy耐hesis，we　have　sys言e狐aticauy

studied　the　re1盆tionships　between　the　s狐face　charge

and　the　dispersion　of　fine　oxide　partic1es　in　eIectro－

Iytic1iquids，We　have　also　examined　the　in刊uence　of

the　partic1e　dispersion　in　couoida玉suspension　on　the

fo11owing　Process　consis芒ing　of　consolidation　and　sin一

宣ering．The　obtained　information　has　given　us　both　theo－

retica1and　practica玉bases　for　synthesizing　advanced

materia1s　such　as㎜ono玉ithic　r－Zr02and　CuO－doped　t－

Zr02with　gra㎞sizes1ess　than0．1μ㎜，Si02－doped　t－

Zr02w舳unifom　grain　boundary　modification，and
Zr02－dispersed　ahmina　with　matrix　grain　sizes　sma11er

than0．5μm．
　　In亡he　research　on　mechanica1properties，we　have

studied　the　eIernenta1process　of　high　ten1perature　de－

formation　and　fracture　of　fine＿grained　oxides．The

quan赦ative　examination　ofcavity　size　distribution　have

revea1ed　the　cavitation　behavior　governing言ensi1e　duc－

ti嚇y　offi竈e　grained　oxides．The　study　has　a1so　inc1uded

the　examination　on　dynamic　structuraI　changes　in　grain

boundaries．The　obtained　infor㎜ation　has　brought　about

theore臼ca玉bases　for　the　microst犯ctura1design．

　　The　recent　topic　ofthis　work　is　the　first　a伽㎞㎜ent

ofsubstantia玉superp1asticity　in　an　a1umina－base狐ate－

ria1．On　the　basis　of　the　research　described　above，we

have　synthesized　a　Zr02－dispersed　a1umina　with　a　ma－

trix　grain　size　of0．45μm．In　this　materiaI，the　severe

cavitation　which　occurs　in　conventiona1materia1s　to

1irnit　tensile　duc辻i1ity　Iess迂hanユ40％is　s枕ong玉y　sup－

pressed，and　accoセding1y　the　ducti1ity　reaches340＿550

％at1673＿1773K．

Keywords：oxides，co11oidaI　processing，high　tempera－

ture　mechanical　propeれies

　　This　research　program　was　aimed言o　produce　Ti－

based　particulate　MMCls　using　the　advanced　powder

㎜eta11urgy（P／M）processes　such　asb1㎝ded　e1e㎜enta玉

（BE）and　rapid　solidification　techniques．During　the

1ast　three　years，we　have　produced　Ti－based　MMC，s

such　as　P／MTi－6刈一2Sn－4Zr－2Mo／5－20TiB，Ti－6Al－1，

7Fe－0，1Si／1OTiB，Ti3A1／10TiB　and　Ti／TiC．These

MMCls　showed　superior　high　temperaωre　t㎝si1e　and

creep　Properties，YoUng，s正nodu1us　and　high　cycle　fa－

tigue　strength　compared　with　those　foζ宣he　matrix　a玉一

Ioy．Specia玉attention　has　been　paid　to　in1prove　the　high

cycIe　fa芝igue　strength　of　the　Ti－based　MMC1s　by　the

proprie倣y　new　BB　technique，in　which　sintered　pre－

forms　were　quenched　in言o　water　fro㎜above　the　beta

transus　ternpera言ure　and　subsequentIy　annea1ed　in　the

言wo　phase　region．Three㎜ain　factors　such　as　the　in－

crease　in　tensi1e　s辻rength，increase　in　Youngls　modu1us

and　matrix　micmstructure　refinement　were　found　to

con言ribute　to　the　increase　in　high　cyc1e　fatigue　s言rength．

Keywords：μ〃c〃〃θ一rε肋アoγc〃，批舳〃肋，

洲κ18，伽励伽たα1／フ仰α伽3，ρo〃θ閉伽伽榊
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　　Titanium　al1oys　are　attractive　materia1s　for　aircraft

and　autornobi1e　apP玉ications　due　to　their　high　streng亡h／

weight　ratio．However，the　serviceξe㎜perature　is　lim－

ited　to600℃due　to　a　degrada言ion　of辻ensile　s打ength，

creep　resistance，therma1stabi肚y　and　environme耐aI

resistance．Moreover，Ti　a11oys　exhibit　Iower　stiffness

and　poor　abrasion－re1ated　prope村ies　than　nickeI－based

a1玉oys．The　dispersion　of　ceramic　particωate　such　as

TiB　intoTi　matrix　is　expected　to　overcome　these　draw－

backs．These　particu1ate㎜etaI　matrix　co肌posites

（MMCls）haveisotropicpropertiesandcanbeprocessed

more　cheap玉y　using　the　conventiona1near　net　shape

methods．However，mechanica1prope卿data　avai1ab1e

for　these　types　ofMMCs　are　still　lacking．

34　Effec｛of　CryogenIc1－empera山r6a耐Gas－6wlro11一

㎜e榊on　Deforma－lon　a11d　l＝閑c山『e86hav1or

r　Ogo伽伽d　r物1プ，〃εc肋〃c〃Proρα’〃ε8DM－

8｛0〃

［Apri11996to　March玉999】

　　To　prornote辻he　apPhcation　of　c1ean　energy　and

space　techno1ogy，there　is　a　project　of　constructing1arge

sca1e　faci1ities　to　transport　and　store1iquid　hydrogen．

It　is　very　important　to　eva1uate　the　mechanicaI　proper一

言ies　ofthe　materia玉s　induding　weId　me亡a1s　to　keep　the

re玉iabiIity　of1arge　sca工e　structures　used　at　cryogenic

tenlpera亡ures　and　in　hydrogen　gas　environment．It　is

required　to　comprehend　the㎜echanicaI　properties　such

as　contimous　data　of　fracture　toughness　from　room

tel＝nperature　to1iquid　he1iurn言emperature，and辻he　cIari＿

fication　of　e岱ects　ofhydrogen－gas　environment　at1ow

ternperatures　on　defornlation　and　fracture　behavior　of

structura1nユateria1s　for　the　design　of　struc亡ure　and　se一
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1ectionofma亡eria1s．Especia11y，hydrogenembエitt1e独ent

at1ow　te蜘peratures　in　the1arge　scale　stmc触res　ofstain－

1ess　stee1s　is　an　important　subject．玉n舳s　study，we　are

going　to　estab1ish　the　testing　technique　of　tensi1e，iIn－

paclp・operties，andf・・ct・肥to・gh・esstoe・a1・atethe

effec言s　of1ow　te㎜perature　and　gas　environment　from

更oom　temperature　to1iquid　he1ium　temperatu証e，and

investigate亡he　ef£ects　of　micf0struc亡ure，911ain　size，δ一

ferrite，and　hydrogen　gas　environ㎜ent　on　tensi玉e，im－

pac亡，fatigue　properties，and　fractulle　toughness　of　aus－

tenitic　s施㎞1ess　stee1s　from　room　temperature　to　cryo－

genic　temperature．In1996，we　have　designed　a　tes亡一

ing　instru㎜ets　which　enable室o　contro1te㎜perature

around4Kto20K㎞thetensi1etestandtheCharpy
impacttest．We　a1so　eva1uatedthe　t㎝sile　proper言ies，

the　fracture　toughness，and　fatigue　properties　of　SUS

304L　and　SUS316L　we1d狐etal．Fracture　toughness

dec王easedwi亡h　the　decrease　oftempeぎature　and　increase

ofδ一ferrite．Fatigue　strength　at！06cyc1e　of　SUS304L

we1da言77Kor4Kwasabout55％ofξha言ofbase
metal．

KeyWOrd：S榊C施ra1material，Stain1eSS　Steeユ，CryOge加C

te】Tipe王ature，tensile　properties，fatigue　propel＝ties，hy－

drogen　embritde狐ent

35榊肌㎝g・Te【mドa胸ueD榊SheetP【o陶・I

H．∫地舳c肋加c〃P仰εr工jε8・01洲o〃

［Apri1至997まo　M註rch2002］

　　　The　project　aims　at　the　estab1ishment　of　Iong　terl＝n

standard　reference　data　on　the　fundamenta1fatigue

properties　ofJapanese　engineering㎜aterials　most　com－

mon1y　used　for　machines　and　structures　under　fatigue

conditions．

　　　Since1975，NR1M　has　estab1ished　standa王d　da亡a

base　ofconventiona1fatigue　properties　ofvarious　met－

aIs　and辻heir　we1dedjoints　and　pub玉ished83data　sheets

and16technica呈docume眺．I舳he　documen言sヨfatigue

fact　data　ofvarious　metaIs，their　re玉a臼onships　with　ba－

sic　mech＆nica玉properties　such　as　e1＆s宣icity，迂he　frac－

t狐e　mechanis㎜and　so　on　were　sUmmarized　and　de－

scribed　under　fundan三entai　investig＆言ions　on　fatigue

phenomcna．

　　　Recent1y　the1ife　ofmachines　and　con鮒uctions　has

been　strong1y　required　to　be　e1ongated　fro醐the　eco－

1ogicaI　and　economica1points　of　view．According　to

the　c1assica1theory　of　fatigue，many　of　s言eeIs　have　their

fatigue1imi亡and　there　is　no　prob1em　for　any1onger

time　ifthey　wiH　be　usedbe1ow　the　fatigue1imit．How－

ever　it　has　been　pointed　o耐出＆t　the　fatigue　hmit　de－

creases　again　for1onge1＝use，for　instance　rnore　th＆n

l010cyc1es．Then　we　wiu　s倣t　again　the　produc亡ion

of1ong　term　standard　reference　data　even　with　so蜘e

technica1dif£icu1ties．

　　　In　this　new　pmject，（1）fatigue　da亡a　ofhigh　s亡rength

stee1s　for　machine　at　more　than1ぴo　cyc工es，（2）fatigue

data　ofstee1s　for　high　temperature　use　from1ow　to　high

cyc1・fatig・e王egio・s㎜dercont・onedstrain，（3）f・tig・e

data　of　titaniu独a11oys　fol＝up　to1ong　tenn　use　and（4）fa＿

tigue　data　of　we1ded　joints　for　big　constmcξions　con－

sidering　residual　we1ding　st肥ss　wiu　be　produced　and

publishedasdatasheets・Inadditi㎝，ineachcatego正y

ofdata　production　basic11esearches　on　frac辻ure　rnecha－

nis狐of㎜eta1due　to　fatigue　from　the　micro　and狐acro

scopicpoints　ofview　and　deve1opment　ofnew　evaIua－

tion　me言hods　wi11be　carried　out．

Keywords：fatigue　properties，standard　reference　data，

Stee玉，a1uminum　a110y，titanium　a11Oy
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　　　The　dislocation　arrangement　i漱oduced　in　a1umi－

num，copper　and　iron　by　fatigue　has　been　studied　by　a

nu㎜ber　ofworkers　usingTEM宣echniques（1－5）．There

is　generaI　agreen1ent　tha亡fatigue　moderate　s辻ress　lle－

su1ts　in　a　widespread　for㎜ation　of　subgrains．Segan

（ユ）reported　that　no　subgra㎞formation　was　observed，

if　the　stress　was　sufficien言1y1ow　but　that　the　dis1oca－

tion　existed　in　patches　with　a　rather　Iarge　conce耐ra－

tion　of　disIocation1oops　being　Present．

　　　The　change　of　the　width　or　the　area　of亡he　hyster－

esis1oop　during　the　fatigue　testing　of　nlateria1s　at　con－

stant　stress　amp1itude　is　taken　usuauy　as　a㎜easure　of

dyna㎜ica1changes　in　mechanical　properties．By　test－

ing　at　stress　amp1itudes　higher　than　the　yie1d　st王ess　of

annea1ed　materia1s，fatigue　hardening　on1y施kes　p1ace

in　a11oys　as　we11as　pure　meta1s（decrease　in　the　width

ofhysteresis1oop）。Whi1e　at　s㈱ss　amp脳udes1ower

言han亡he　yie1d　st王ess　of　coId－worked　materials，fa臼gue

softening　occurs．Deξails　offatigue　sofξening　behavior

have　been　reporξed　for亡he㎜ater｛a1s　such　as　a1uminum

（2，3），copPer（4）aPdi・on（5）。

　　　The　aim　of　this　work　is　to　revea1the　mechanisms

offatigue　so且ening　and　h＆rdening　behavior　oftitanium

a11oys（hcp，bcc　struct服e），fcc　meωs（copper，nicke1）

and　bcc　me施1s（imn，㎜olybdenum）in　connection　with

the　characteristics　of　crysta玉s言ructures，using　tl＝anslnis－

sion　e1ec亡ron㎜icroscope（TEM）．

1．ReIation　between　fatigue　behavior　and　eIectron　mi－

cmscopicstr㏄t鵬
　　　We　examined　the　crysta1struc迂ure　dependence　of

fatigue　so負ening　and　hardening　behavior　using　Ti－3A1－

8V－6Cr－4Mo－4Zr　aI1oy（β一type　titaniu㎜al1oy，Ti－3一
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8－6斗4），pure　titallium（hcp），fcc　metaI（pure　copper）

and　bcc　metais（iron，mo1ybd㎝um）．We　a1so　exa狐一

ined　the　stress　retio（R竺一工，R＝O．1）dependence　of　fa－

tigue　softening　and　fatigue　hardening　behavior　using

pure　titanium（hcp），β一type　ti亡anium　a11oy（bcc），fcc

㎜etaI（pure　copper）and　bcc　me胞1s（iron，mo1ybde－

num）．The　experiments　for　the　fatigue　softening　and

hardening　phenomen註were　carried　out　on　wo王k－hard－

ened　and　annealed狐a辻eria玉s，respective1y．

　　The　present　work　is　to肥vea1the竈αechanis㎜s　of

fadg口e　softening　and　hardening　behavior　of　ti施niu正n

a11oys（hcp，bcc　st胴cture），fcc　metaIs（cupper）and　bcc

㎜eta1s（iron，㎜o1シbdenu㎜）in　connection　with　the　char－

acteristics　ofcrysta1s辻ructures　using辻ransmission　eIec－

tron　microscope（TI≡＝M）．

2．Stress　ratio　dependence　of　fatigue　behavior　of　ti胞一

niu㎜anOyS
　　The　aim　of　this　work　is　to　reveahhe　re玉ationship

between　fatigue　softening　and＆ging亡e汕perature　of

varioぴsβ一typetitaniu正na11oys，andtorevealthereIa－

tionship　between　stress　ratio　of　fatigue　behavior　and

TEM　structure、

K③ywords：Pure　titanium，β一type　titanium　alloy，iron，

mo1ybdenum，cupper，TEM　str㏄turefatigue　softening，

fatiguehard㎝i㎎，stressratiodep㎝dence
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propagates　over　two　successive　stages－stage　I（shear

mode）and　s胞ge　II（mr狐al㎜ode）．

　　To　improve　the　resistance　to　corrosion　fatigue　crack－

ing　which　is　sensitive　to　micros亡mctures，we　must

c1arify　first；the㎜echanisms　of　how　corrosive　envi－

ronn1ents　assist　fa辻igue　damages　in　the　p1＝ocesses　such

as　microstructure－sensitive　stage　I　crack　initiation　and

second：transition　offatigue　crack　gmw亡h　fro㎜stage　I

to　stage　IL　WepresentedexperimentaIresultsthatthe

transition　offatigue　crack　growth　fro㎜stage　I　to　stage

！且isthepot㎝tialindexforthehydf0g㎝一re1ated
en1britt工en1ent．

　　　In　the　paper，microstructures　i㎜醐une　to　environ一

㎜enta1damagewe肥examined　using　aprecipita亡e－hard－

ened　steeI，based　on亡he　concept　ofthe　previous　paper．

Tha言is，at　stage　I，fatigue　crack　ini亡iates　alld　advances

aIong　the　i鮒ense　shear　bands，The　triaxial　stress　fie1d

at　the　tip　ofthe　stage　H洲gue　crack　is　more　eηhanced

by　the　inhomogeneous　slip　deforma辻ion　of　the　mate－

ria1．Hydrogen　di甜used　i耐o　the　triaxia1stress　fie玉d　ac－

ce1era亡ed　the亡ransition　of　f3tig口e　cracking　from　stage

Ho　stage　II，1eading辻o　premature　fai1ure．To　improve

the　resistance　to　the　fatigue　cracking　of　high－st王ength

亘nateria1s　in　a　hydrogen－re玉ated　environment，it　is　sug－

gested　that　the　s1ip　defomation　ofmateria玉s　isηot　con－

cen辻1＝a辻ed　in　a　particu1ar　s1ip　band．

　　　The　precipitate－strengthened　al1oys　are　known　t0

have　a辻e■dency　for　s1ip　channe1ing　when　the　s亡ress　is

high　enough　for　dis1ocations　to　cu辻through　the　par－

ticIes．S1ip　channeling　increase　the　tendency　for　pIanar

s1ip　and　init油te亡he　fatigue　cl＝ack　at　stage　I　along　shear

s1ip　bands．

　　　In　the　present　study，tbe　age＿hardenab1e　stee1s　of

Ni腕11oy　N　added　the　element　of　carbon（other　main

auoying　e1emen亡s≡aluminum，nickel，chromiu㎜，and

㎜oIybdenum）are　s材engthened　with　the　coexistence

of　the　precipitates　of　cal＝bide　and　interrnetauic　co㎜一

pound　were　used．The　coexistence　of辻he　cohere耐pre－

cipitates　for　strengthening辻he　matrix　and　incohere耐

precipi亡ates　for　preventing　shp　channeling　can　be　ex＿

pected辻oimprovefatigue1ifeinacomsiveenviron－
ment　of　a3．5pct　NaCユaqueous　soIudon．

　　　The　effects　of　the　coexistence　of　coherent　and　in－

coherent　precipi㈱es　with　the㎜atrix　on　ducd1i辻y　and

fatigue　lives　in　air　or　in　a3．5％Naαaqueous　so1u辻ion

we肥s辻udied，to　find　a　method　for　i㎜proving　fatigue

1ives　of　metal1ic　materia1s　in　a　corrosive　environment．

Keywords：s施ge　I　and　n　crack　initia亡ionヨenviron一

跳enta1damage，fatigue1ife

沢．肋〃伽o，〃εc肋枕α1P岬εγ加81）M81o〃

≡Apri11997to　March2000］

　　Patigue　crack　is　nuc1eated　along　Pe王sisten宣sIip　bands

persis辻en亡Luders　bands（PLBs），or　at　g亙ain　boundaries

where　s1ip　bands　i狐pinge．The　nucIeated　fatigue　crack

　38　1＝ab了ica－ioIl　o言M3A■・Base－n一甘me屹■li6COmp00nds

by■』11■d■爬c－10naI　SOI■d■f■ca一一0n

τHかα〃o，枇c加〃jcα〃〕lWぴ此8〃沁jo〃
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　　　So　f趾，we　found　that　unidirectional　so1｛dification

邊sing　a　f1oating　zone（FZ）method　can　imprcve　the

duc言iIity　of　polycrysta11inc　Ni3AI　wi言hout　addi言ion　of

a1亘oyiηg　e1ements　such　as　boron．A1so，we　cou1d　suc－

cessfuuy　g互ow　high　qua1ity　single　crysta1s　of　stoichio一

㎜ctric　Ni3A玉which　has　becn　considered　to　be　i㎜pos－

sib1e　to　grow．The　resu1ts　indicate言hat　the　FZ㎜ethod

is　a　powerfuI　technique　not　on1y　to　fabricate　ductile

intermetaI玉ic　compounds　but　a1so　to　provide　us　singIe

crysta1s　necessary　for　fundamental　study　of　deforma一

言iOn　meChaniSm．

　　The　objective　of　this　study　is　twofo1dJirst　is　to

imp亙ove　high－tempeエature　strength　ofNi3AL　Since　the

bri言t1eness　of　Ni3A1is　a1mos芝overcome　as脈entioned

above，one　of　the　remaining　prob1ems　is1ack　of　high－

temperature　streng芝h．Our　targe言is　Ni3A至一base　inter－

me言a三1ic　compounds　st舵ng言hened　by　auoying　or　sec一

㎝d　phase　predpi峨i㎝．We　app1y　the　FZ㎜ethod室o

fabrication　of言heses　compounds．Second　is　to　study

the　defor㎜a宣ion　mechanism　ofNi3A1using　singIe　crys－

tals　gmwn　by　the　FZ　method．The　e脆ct　of　stoichio㎜一

etry　on亡he　deforn1ation　is　focused－It　is　because　in　our

pre工iminary　study　we　found　some㎞teresting　deforma－

tion　beh＆viors　which　are　characteristic　of　binary　sto－

ichiometric　Ni3A1、

Keywords：unidirectiona1solidification，Hoating　zone

㎜ethod，Ni3A玉，mechanica1properties，deformat量on

n工eCh琶RiSnユ
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　　Aco1dcrucib1etype1evitationmelting狐eξhodus－

ing　high　frequency　e玉ectric　power　is　known　as＆non－

contacting　me1ting　method．Therefore，this㎜elting

method　is　advan室＆geous　for　me1ting　of　high　purity

me施1s，chemica11y　reactive　meta玉s　and　refractory㎜et－

a1S．

　　　In　these　scvera1years，we　ha▽e　made　various　kinds

of　tria1s　using　the　co1d　cr邊cib1e　type　non－contacting

induction　fumace　and　we　have　obtained　l〕1any　funda－

rnenta玉resulξs　concerηiηgξhe　co1d　crucib1e．

　　Another　advantage　of　this　method　is言hat　it　has　the

abi肚y　ofseparating　incIusions　fro㎜thc　mo1ξen　mcta1，

because　magnitude　of　e1ectroma駅eξic　force　working

towaτd　the　mo1ten　meta1is　differe献from　tha｛of　indu－

sions　due　to　the　difference　in　physica1properties　be一

言ween　meta1and　inc1usions．Therefore，thc　optimum

1evitating　condi官ions　for　scparating　inc1usions　fro正n

mo1ten㎜eta1，such　as　the　shapes　of　the　coId　c工ucib1e

and　high　frequency　coil　and　the　e1ectric　outpu亡power，

have　been　sought芝o　obtain　materia1s　with　exce11ent

quaHty．The　study　on　separating　mechanisrn　and　sepa－

rating互ate　of　oxide　inc1usions　from　mo1ten　titanium

we童e　carried　out，狐d　we　succeeded　in　reducing　oxy－

gen　c0Dtent　of　moI言en　titanium　by　the　addition　of　me－

ta玉1ic　cerium．The　experimen芝ahesu1t　shows言hat　the

cerium　oxide　incI鵬ions　are　separa言ed　fro㎜mo1ten芝i－

tanium，and　are　caught　into　ca1cium且uo王ide　f1ux．

Keywords＝co1d　crucib1e，1evitation　me玉ting，e1cctro－

magne打c　force

40　　SoIidi－ica－io－i1l　t116S肚o11g　Magnetic　Fie■d

λ．〃た〃z舳o，〃肋r〃∫Crω肋η他8θ肌ん8伽｛o〃

［Apri至1995to　March1998］

　　　In　the　dendritic　crystal　growth，there　exis芝s　Seebeck

c服rent　betwee洲he　top　and　base　of　dendrite　caused　by

言he　temperature　d雌erence．The　current　is　very　weak，

however，㎞the　stroηg　magnetic　fie1d　i辻wou1d　be　pos－

sible　to　induce　Lorentz　force　in言he　solidification　front，

星nd　make　the　now　in　the　Iiquid　metaI　trapped　in辻he

dendrite　rcgion．From亡his　effect，it　can　be　expec重ed　to

make　a　homogeneous　co㎜position　ingot　from　the　sur－

face　to　the　cen言er　of言he　ingot　with　finer　grain　size．

With＆bove　mentioned　idea　theresearchworkwillbe

carζied　out　by　using　a10TesIa　superc0Dducting　mag－

ne言．Last　yca夏，some　m｛nor　troub玉es　such　as㎜ismatch

of　heater　tr棚sformer　regu1atoζto　Ta　hea倣ラchaηge　of

thermocoup1e　ofW－Re　to　Pξ一Rhand　design　ofcζucib1e

itselfwe亙e三mproved．In重his　fisca1year，investigatioη

on　the　so胴if玉catioηbehav圭or　of　Sηand　Aユa11oys　wi”

be　co鮎inued，and　Mn－Sn　aηd　re玉ated　a11oys　wiil　be

meIted　to　suエvey　the　effec芝of　magnetic　anisotropy　of

pri㎜ary　crystaHizcd　phasc，The　effect　ofmagnc言ic　fic1d

on宣he　grain　growth　wi11be　also　ex＆㎜ined．

Keywords：dendrite　growthヨs室rong　magneξ，Seebeck

effect，Lorentz　force
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41　Newoo耐i汕ousSteelmaking　prooess

A　F乙α（σZ二4W二4　〃α工θ〃o1∫Crεα庇o〃1｛ε3εα1℃ん8工α一

〃0〃

［Apr三至1996to　March1998］

　　Today言basic　oxygen　stee玉making　fumace（BOF）is

aImost　on1y　one　process，which　converts　pig　iron，Pro－

duced1n　the　bIast　furnace　to　stee1　A1＝nong　many　k1nds

of　processes㎞the　steel　industry，BOF　is　the　oΩly　one

process，which　keeps　batch　type　operation　process．

Over　a　quo施ce耐ury　agoラva亙ious　types　of　con言inuous

stee玉making　processes　were　proposed　and　examiΩed

by　using　tons　of　hot　meξaI．However，none　of　them

wereΣea1ized　directly　in　industria1sca1e，since　it　was

in　the　midst　ofdeve玉oping　era　ofBOF．However，an

idea　om　techηo1ogy　ofcondmous　stee1making　is　suc－

ceeded　now　in　the　continuous　desiIicon三zation　or　con－

1inuousdephosphorizationprocess㎞frontofb1astfUr－

nace．Howeverヨan　expectation　to　the　continuo讐s　stee1一

㎜aking　sti玉1exists　bec＆use　the　demands　for　higher　p亙o－

ductivity　and玉ower㎜anpower　are　becoming　stronger

inthesedays．
　　　Here，a　new　condnuous　stee1making　Process　is　pro－

posed　to　so1ve　these　prob1ems．The　cha胴cteristics　of

theηew　one　is　in　one言rough　type　oxygen　bot亡om　b1ow－

ing　fumace，that　is，by　set臼ng　bIowing　nozz1es＆t　cer－

tain　in亡ervaI　in　the　bot芝om　of　the　furnace　steehnaking

reactions　can　be　divided　by　the　bubb1e　curtain　w三thout

chang㎞g　the　fumace，This　wi玉玉br㎞g　the　reduction　of

heat玉oss　and　manpower，and　si狐plification　of　Iayout．

This　yearwater皿ode1expe王i㎜ents　have　been　canied

out　to　simu1ate　the　mixing　characteristics　in　the　bath．

As　a　coΩse卵ence　i芝became　c玉ea更that　ba芝h　depth　is

one　of　the　key　fac辻o亙s芝o　contro玉b説h　conditions，that　is

mix㎞g　and　vibration．

Keywords：continuous　stee工皿aking，stee1㎜aking，oxy－

gen　bot言om　bIowing，trough　type　fumace

42　1nves－iga1ion　on　N口cleation　aod　Crys－al　Grow言h

M6chanls1110nder　He言甘ogene08s　A111ble耐Phase

the　crysta1growth　process　iηSr（N03）2（H20binary

peritectic　system　using　op言ic＆1跳icroscope．It　has　been

known　tha言above　and　beIow　the　peritec言ic　te狐pera－

ture　Tp（29。ゴC，Sr（N03）2phase　and　Sr（N03）ゾ4H20

ph凌se　aζe　equiIibrium　wi言h　the軸uid　in舳s　system，

respec1ively；itisgenera11ystatedtha1attheperitectic

te脈perature　the　upper　so呈id　phase　reacts　with辻he　Iiq－

uid　to　induce　the1ower　so1id　phase．三t　was　found　that，

however，when　the1iquid　with辻he　composition　of

peritectic　point，name1y　the　intersecting　Point　of　two

1iquidus1ines，was　maintained　at　a　te㎜pe王atu肥be玉ow

Tp，both　so1id　phases　cou1d　grow　simu1亡aneousIy　in

the1iquid．It　can　be　expIained言hat　in　such　condition，

the1iquid　is　supeすsaturated　for　both　so1id　phases．It　was

a玉so　found　that言he　grow言h　rate　of　the　lower　soiid　phase

was鰍uch亘arger　than　that　of　the　upper　so1id　phase　and

芝he　difference　in　the　gすowth　rate　between　two　phases

increased　with　the　decrease　of　the　tempera辻ure，It　foi－

lows　that　the　upper　so胴phase　was　surrounded　by言he

1ower　so1id　phase　simp1y　due　to　the　d冊erence　in　grow重h

rate，which　res泌ed　in　a　lperitectic　texture1，

　　　Growth　mechanism　of　Ba（N03）2｛！！！｝and｛ユOO｝

faccs　grown　in　aqueous　so1utj．ons　was　i卿estjgated　by

ex　si辻u　a言omic　force　microscopy（AFM）．Ba（N03）2is

an　iso㎜orph　ofSr（N03）2and　shows　the　similar　growth

feature　to言hat　of　Sr（N03）2．On　both　faces，spira11ayers

crea言ed　by　dis1ocations　and　isolated　is1ands　forn－ed　by

童wo－dimensional（2D）nudeation　were　found．The舳n－

nest　grow室h玉ayers　observed　o鐵｛！！！｝and｛！00｝faces

wered！11（4．7Aandd200（4．1Ainheight，respec－

tively，regard1ess　of　step　fomation　mechanism　whcih

agrees　wi言h　the　eIementary　steps　expected　in　Domユay一

汀arker　and　Hartman－Perdok　theories．Itwas　a1so　found

童hat　spiraHayers　composed　of　singieヨdoub1e　and　tripIe

e1ementary　laycrs　ariscd　on｛11！｝faces　and　those　with

doubIe　Iayers　formed　on｛ユ00｝faces　depending　on　the

Burgers　vectors　of　the　centra玉disloca亡ions．

　　　互n　the　second　subject，we　have　succeeded　in　estab－

hShing　a　neW　teChnO10gy　tO　deVe1Op　COmmerCia1SCale

refractory　sing1e　crys室a玉s　from　hot－soζked　materia1s

doped　with　a　certain　a㎜ou耐of　oxides　as　wel1as

corbides　by㎜eans　ofexaggerated　grain　grow芝h　in　sohd

State．

τ〃〃，〃碗r〃8Pl’0Cε83加gDM810〃

王Apri1王994to　March1997］

　　The　purpose　of重he　present　study　is　to　obtain　the

fundamen言aI　know1edge　of　theαysta1formation　pro－

cess　iΩthe　circu㎜stance　in　which　o辻her　so1id　phase　or

foreign　partic1es　are　included．Among　others，the　foレ

lowing　two　subjects　were　dealt　with：

1）Nuc玉eation　and　crysta1growth㎞peri芝ectic　syste狐。

2）Nuc玉eaξion　in　solid　state　reaction　and　exaggeζated

　　grain　growth．

　　For　the　firs重subject，we　intend芝o　observcd　in　situ

Keywords：nuc1ea辻ion，crysta玉growth，Peri辻ectic　re－

ac宣ion，secondary　recrysta1lization，exaggerated　grain

growセh

43Spe鮒oscoplcandElectroohe洲cal1nv6s－19atl㎝so｛

肺e㎜6屹1Complexeswi欄a11uousual　Elec汐onicSt閉c伽【e

H．／5αgo，C加〃cα〃〕肌ε∬晦DM∫1oη

　　馳brication　of　moieculaζdevicesヨwhere　one胴ol－

ecu1e　functions　as　one　device，is　one　of言he　mos言chal一
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Ienging　Projects　in　current　and　futul＝e　science・In　a　nu正n－

ber　o£bioIogica1syste㎜s，such　as　enzymes，which　can

be　conside王ed　as　weIl－designed　mo1ecu1孤devices，un－

usua1e1ec打onic　structures　have　often　been　observed

in　their　reaction　ccnters　whe肥some　mctal　ions　p1＆y　an

important　ro1e．In　recen宣years，phthaIocyanines　and

their　meta1compounds（MPcs），which　are　indus辻ria11y

important　organic　dyes，have　a亡tracted　much　attentioゴ

in　the　fie1d　of　eIec辻ronics，nonIinear　op辻ics，and　pho亡o－

sensitization　in　e1ectron－transfer　reacti0E．They　are　a1so

ofinteres亡from　the　viewpoint　of　the　si㎜i1arity　in　their

rnolecu1ar　and　e1ectronic　structures　to　those　of　reac－

tiOn　Cen倣S　Of　enZymeS．

　　　We　have　studied　MPcs　ofgmp－！5e1ementsヨof

which　the　e1ec言ronic　stmct脳e　cou1d　be’㎞teresting．

Q雌e　recent1y，we　have　iso1ated　antimony（V）一phtha－

locyanine　for　the倣st　time，which　showed　the　smanest

HOMO－LUMO　transition（Q－band）energy　and　the

smallest　phtha1ocyanine－centercd　l＝eductiOn　pOtentials

ofthe　known　MPcs．The　Q－band　appeared　inthe　near－

i・fr＆一王ed・egio・（13．8・103・m’】）・・d1hefi・st・i㎎一・e－

ductionoccurreda亡一〇．22Vvs．ferroceniu㎜十／ferrocene，

ofwhich　the　vaIues　were　extraordillari1y　smaH．These

characteris亡ics　might　be　usefuI　in　the　fie1d　of　non－lin－

ear　optics，fuel　ce玉玉s，an（玉so　on．Furthermore，we　have

a工so　studied　spectroscopic　properties　of　e1ec辻rocherni－

ca1Iy－generated　one－e玉ec亡ron－feduced　species　of　this

co㎜p1ex　and　have　conc1uded亡ha仙s　ground　state　was

orbita11y　doub1y　degenerate．E玉ectrochemica1㎞vesti－

gations　further　supPorted　this　conc玉usion　and　even　sug－

ges亡ed　tha言the　groはnd　state　of　its　doub1y　reduced　spe＿

cies　nユight　be　a言rip1et；if　this　is　true，this　species　cou1d

be　versati1e　as　a　unit　of　a　new芝ype　of㎜o1ecu1ar㎜ag－

nets．The1a辻ter　specu1ation，however，cou1d　not　be

confirrned　due　to亡he　che蜘ic＆玉instabi1i辻y　of　the　dou－

b1y　reduccdsp㏄ies．E価orts　arebcingmade　inour1abo－

ratol＝y　to　stabi1ize　doub1y　reduced　species　of　this　type

of　cornp工exes．

Keywords；phthalocyanine，anti㎜ony，e1ectrochem－

istry，spectroscopy

more　than60％tensi1e　e玉ongation　at　room　temperature・

It　is　a1so　found　that　FZ－UDS　can　e曲ance　even　the　duc－

t砒y　ofAI－rich　Ni3A1which　can　not　be　ductilized　by

the　a1Ioyiηg　method，indicati■g　that　FZ－UDS　is　a　new

promising　method　to　i狐prove　britt1e　i耐ermeta1玉ic　com－

pounds．

　　正n舳s　study　three　subjectswere　stressed．Firs亡，crys－

taI　growth　technique　was　deveIoped　in　detai1．Colum－

nar－9rained　structure　which　was　c1osely　reIated辻o　the

1arge　duc言i1ity　was　ob言ained　by　seIccting亡he　growth

rate，depending　on　the　deviation　from　the　stoichiom－

etry．Second，the　so1idified　co玉umnar　structure　is　char－

acterized，Payi㎎attentionto曲egrainbo㎜darystruc－

ture　and　chemistry．I亡was　found　that舳s　s宣ructure　con－

sists　of　low　epergy　grain　boundaries．Third，亡he　me－

ch＆nica1propeエties　and　defor㎜ation　behaviors　were

studied．

Keywords：unidi肥ctional　so玉idification，打oating　zone

肌ethod，Ni3A1，room－temperature　ducti肚y
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　　The　objective　of舳s　study　is　to　improvc　the　me－

chanica工properties　ofintermeta1hc　compounds　by　crys－

ta1growth．Wehavefo㎜dthatmidirec辻i㎝a1so1idifi－

cation　using　a　Eoating　zone　method　remarkab1y　en－

hances　the　room－temperature　ducti1ity　ofNi3A1wi伽

out　ad舳on　ofa11oyi㎎e1ements　such　as　boron．We

can　this㎜ethod　FZ－UDS．StoichiometricNi3AI　exhibits

　　　Directiona11y　so1idified　Ni3A工is　quite　duc亡i1e　un一

玉ike　conventionaHy　cast　Ni3A玉．It　see㎜s　to　be　because

the　grain　boupdaries㎜ost1y　consis室of1ow　ang1e　and

IowΣ一type　which　can　be　considered　to　be　crack一除

sistan芝．Another　probabIe　reason　is　grain　boundary　seg－

rega言ion　ofAI　and　beneficia1impurity　e玉ements．The

objective　of　this　study　is言o　e1ucidate　the　influence　of

boundary　type　on　the　grain　bouηdaζy　fracture　strength

and　grain　boundary　chemistry．

　　The　staζting　materia1s　are　stoichiome亡ric　Ni3A玉

which　were　unidirectiomHy　grown　by　a且o＆tipg　zone・

method．Bicrysta11ine　tensi1e　speci㎜ens　were　prepared

by　co1d　ro11ing　and　recrysta玉hzation　of　these　rnateria1s．
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　　The　specimens　were　fractured　in　tension　in　a　scan－

ningAuger　microprobe　and　theAuger　analyses　were

perforn1ed　ol〕the　fractured　surface．Since　the　fracture

occurred　coη1pIete1y　at　the　grain　boundary　and　the　fr＆c－

ture　surface　was　c1ean　and且at，we　cou旧perfor㎜the

Auger　ana1yses　with　high　acc脳acy．It　was　found　that

theノ）／Ni　peak　height　ratio　varied　from　grain　boundary

to　grain　bou羽dary，indicating　that刈segrega亡ion　de－

pended㎝bo㎜dary　type．We　s辻i11conti㎜e　this　ex－

periment　to　obtain　a　comprehensive　reIationship　be－

tween　theA玉segregation　and　boundary　type．

　　Regarding　the　boundary　fracture　strength，we　had　a

crack　prob1em　at辻he　boundary　when　we　cut　the　speci一

㎜ens，which　caused　premaωre　frac亡ure　beIow　yie1d

st肥ss．Now　we　have　so1ved　this　prob玉em　and　hope－

fuIIy　we　wi11be　ab1e　to　obtai■good　data．

Keywords：Ni3刈，grain　boundary　type，grain　bound－

ary　segregation，boundary　fracture　strength，
bicrysta玉玉ine辻ensi且e　specirnel＝is
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　　The　fundamenta1study　to　revea1the　reactions　in

co工abustion　synthesis　is　ca1＝ried　out．The　propagation

of　the　reaction　front　and　the　synthesis　process　of　the

materiaIs　synthesized　through　the　reaction　are　a1so　s辻ud－

ied．In▽estigation　by　the　ther㎜al　analysis　with　rising

temperature　a亡constant　speed　and／or　in　a1temating

speed　is　cal＝ried　out　to　revea1the　conditions　for　the　ini－

tiation　of　the　reaction，the　propagation　and　the　synthe－

sis．The　influence　of　pressure　and　convection　on　the

phenomena　in　the　reaction　process　of　the　system　con一

辻aining　gaseous　phase　or1iquid　phase　is　studied　using

a　high　gaseous　pressure　apPa1＝atus．

　　The　se1ec士ion　of　the　combinations　of　eIements，

which　is　focused　in　the　prese耐s辻udy，wiu　be　investi－

gated，The　syste㎜of　the　combination　that　might　ex－

hibi辻the　ef£ec亡of　convection　and　pressure　during宣he

reaction　and　synthesis　process　is　se1ected　considel＝ing

the　system　that　performs　the　effect　of玉iquid　and　gas－

eous　phase．The　syste狐ofe1ements，in　which　the　safety

during　the　experirne■t　is　assured，is　seIected．

　　Most　intemeta1玉ic　co肌pounds　are　comentiona1玉y

P・oducedbythep・ocessesinc1・di㎎highfreq・ency
induction　vacuu醐me玉亡ing　and　cas亡ing．

　　It　is　d雌icu1t　to　co淋o1accurate1y　the　che㎜ica1com－

ponents　of　intermeta1lic　compounds　produced　by　the

conventiona1process．Homogeneous　intermeta1hc
compound　is　produced　by　the　industria1process　inc玉ud－

ing　a　co醐bustion　synthesis　method，which　is　a　newIy

deve1oped　mallu至acturing　process　in　this　institute．The

che醐ic＆lcomponents，the㎞puritiesindus辻ria1lypro－

duced　by　the　process　are　revea玉ed．These　properties

are　vitaHy　important　when　the　combus辻ion　synthesis

㎜e辻hodisapP1iedtoanindustria1㎜assprod㏄tionpro－

cess　for　producing　interme辻a11ic　compo1mds。

Keywords：co㎜bus辻ion　synthesis，

　47　　Sωdy011航e1…ffioieI1cy　of　R6so■1aoce　Photoio－1iza－

ti00P了0CeSS

γ0go〃α，〃〃α切1∫Procε∬加8DM8土o〃

…AprjI／995to　March1998］

　　　Laser　resonance　photoionization　continues　to　be

popu1ar　in王nany　research　fields　and辻he　p王ocess　n1ay

find　a　wide　variety　of　app1ications．In　this　process，at－

o㎜s　are　se1ective1y　puraped　frol：n亡heir　ground　state　to

an　inter互nedia亡e　excited　state　and　subsequentIy　the　ex＿

cited　atoms叙e　ionized　by　direct　photoionization．

　　　The　ions　generated　are　then　ex打acted　from　a　pho－

toionization　induced　p1asma　by　an　extemauy　app玉ied

elec亡ric　fie1d．One　of　the　impor亡a耐factors　in　eva1uat－

ing　the　process　performance　is　the　overal1ion　yie丑ds，

which　is　restric辻ed　by　two　con砒ions：small　bound－free

transition　cross－section　in　the　ionization　scheme　and

space　charge玉i正nitation　in　the　p1asma．

　　　The　objective　of辻his　study　is　to　i肌prove　the　over－

a1I　e鮒iciency　of　the　resonance　pho辻oionization　process．

The　reaserch　is　composed　of　the　foHowing　two　sub－

jeCtS．

1．　Investigation　for　autoionizing1eve1s　or　high1y　ex－

　　　cited　Rydberg1evels　to　achieve辻he　e舖cient　photo－

　　　ioniza辻ion　of　atoms　via　bound－bound亡ransi辻ions．

2．Measurem㎝宣ofp1asmacharac辻eristics　to　e玉ucidate

　　　the　ion　ex亡raction　behavior　from　the　p1asma．

Keywords：resomnce　photoionization，photoioniza－

tioninducedpIasma，auto－ionizinglevel，Rydberg玉eve1，

p1asma　characteristic．
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Metanurgy，Y．MuramatsuヨK．H㎝狐a，A．My8zaki　and

K．Funami，J．Jap狐Inst．Meta1s60（！996），1116一ユ124。
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［Apri11996to　Ma王ch至998】

　　　This　study　aims　at　improving　the　oxidation　resis一

ξance　of　sintered　TiA1intermeta11ic　co㎜pound　with

niobium　addition－For言his　purpose，sintered　TiA1a11oys

containing　niobium　of1to5at％were　prepared　by

conventiona1sintering．Some　of曲e　sintered　a亘Ioys　were

furtber　densified　by　H互Ping－Si械ered　and細IPed　a1－

1oys　we茎e　subjected　to　oxidat三〇n言ests　which　were　con－

dUcted　in　an　N2－20voI％02atmosphere　at1220K．The

oxidation　bchaviors　ofsintered　and　H正Ped　a11oys　weエe

compaエed．Tbe　effect　of　niobiUm　additio刀on　oxida－

tio肘esistance　was　examined．The　scale　struct砒e　and

the　mechanism　of　oxidation　resistance　were　a1so　ex－

amined．

　　　The　oxidation　behavio1＝s　of　these　aHoys　differed

fro㎜each　other．The　si耐ered　anoys　showed　largermass

gains　and　ear1ier　spa11ing　in　the　oxidation　stage．The

niobiu㎜addition　made　it　possib1e　to　reduce　mass　gain

and　to　delay　spaning．The　HIPed　auoys　con官aining4

狐d5at％Nb　showed　exce11ent　oxidation　resistance　over

an　oxidation也me　of1800ks．EPMA　am1yses　clarified

that　the　sca玉e　fornユed　on　the　sintered　a1－oy　of5at％Nb

consisted　offive　o夏six　Iayers　in　the　fonowing　arrange－

ment　from　outside，

　　Ti02／A1203（continuous）／Ti02÷A玉203（reticu1aζ）／

　　　TiN一トTi2A玉N／N■b－rich手A1203（acicuIar）一トTi3AユノTi3A1．

　　　The　scales　of　the　HIPed　anoys，without　niobium

and　with5at％Nbヨwere　found　to　have　similar　arrange一

狐ents．In　these　anoys，a1though　the　TiN＋Ti2AlN　layer

couId　not　be　de言ected　by　EPMA　a㎜玉ysis，those　ni－

trides　were　confirmed　by　X－ray　ana1ysis．Inves辻igati0ηs

on　the　mechanism　of　oxidation　resistance　suggested

that　the　d岨erence　of　oxidation　behavior　be宣ween　sin－

tered　and　HIPed　auoys　was　caused　by　residua1pores

and　the　structura1difference　ofまheir　scaIes，and言hat

the　improvement　of　oxidation　resistance　with　niobium

addition　was　due　to　the　suppression　of　Ti02growth

and　tbe　promotion　of　dense　and　co加ipuo鵬A1203for一

㎜atiOn．

Keyworδs：TiA1intermetaI1ic　compound，powde至

metanurgy，oxidationbehavior，niobium　addition，scaIe

S耐uCture

Rdated　Papers

γ8α肋α，〃倣r〃8〃0Cε∬加9DM810η
［Apr圭王1996to　March至999】

　　　Two　types　ofporous　ma辻eriaIs　are　used　for　fabri－

cating　nanocomposite，heterogeneous　phases，hierar－

chica11y　s紅uctured㎜ateria1s，etc．One　is　synthesized

by　conso1idating　f㎞e　powders　through　a　col1oidal　pro－

cessing．The　othcr　is　microporous　ma重eria1s　with1ay－

ered　peζovskite　stmctu夏es，which　are　synthesized　by

soft　chemical　processing　i．e．a　so1－ge1or　a　hydrother－

malprocessing．

　　　The　co11oida1processing　is　a　usefu1tool　for　prepa更一

ing　mesopomus　materi8玉s　w舳desired　pore　size　dis－

tribution．An　important　factor　is　to　con打oI　the　inter－

particIe　interaction　in1iquid．Porous　a1umim　or　zirco－

nia　body　with　a　narrow　pore　size　distribu言ion，which　is

determined　by　a　me王cury　porosimetry，is　produced　by

slip　cast　ofdispersed　suspension　fo1lowed　by1ow　tem－

perature　sintering。正nfi1tration　of　metaI　solutions　into

重hc　porous　materia1s　and　si耐ering　resu1t　in　the　advanced

materiaIS．

　　　Interca1ation　or　ion－exchange　reaction　iD　host　ma－

terials（al1timony　oxide，vanadium　oxide，etc．）re－

Su玉tS｛n　a　nOVe玉e1eCtrOniC　materia1WhiCh　iS　nOt　Syn一

童hesized　by　heating　at　high　temperaωres－Vanadium

oxide－organic　composi言e　is　sy耐hesized　by＆hydrother－

maI　method．The雌hium　insertion　characteristics　are

examined．The　reaction　is　in打uenced　by　the　micro－po肥

size　ofthe　host－materia1．Powder　and　film　ofamorphous

an言imonic　acid　are　prepared　by　a　direct　reaction　of

Sb（O－n－C3H7）3with　H202aqueous　so1．ution．E冊ect　of

the　water　vapo了p肥ssu肥and　micropore　stmcture　on

言he　proton　conductivity　is　studied、

Keywords：soft　chemistry言mic茎o－pore，co且1oid，vana－

diUm　oxide，antimoΩic　acid
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［Apri11996to　Marcb1997］

　　互n　the　pπocessing　of　advanced　materia1s　by　sinter－

ing，using　fine　powders　is　advantageous　for　reducing

the　sintering　temperature　and　resu1ting　in　fine－grained

microstmctures．However，fine　partic1es，
submicro㎜eteトsized　or　less，tend　to　agg玉omer＆te　due

to　van　derWaa1s　attractive　forces．S1urry　processi㎎

provides　par亡of　the　so玉ution　to　this　prob1e1＝n．In　the

s1urry，vanderWaa1s　attrac言iveforcescanbeco㎜ter－

acted　by　repulsive　forces　that　can　be　est＆b1ished　be－

tween　par亡icles　due　to　either　e1ectrostatic棚d／or　steric

interaCtiOnS．

　　We1レdispersed　s1urry　ofA1203，Si3N4a■d／or　Z王02

partic1esispreparedbypHadjust㎜㎝toraddingap－

propriateamuntofpo1ye1ectro1yte．Incaseof1hes1urry

wi古h　high　so1ids　con亡ent，greenbody　wi曲a　narrow　pore

size　distribution　isproducedby　a　s1ip　cast．When　the

so1ids　content　is1ow，however，1ong　range　segregation

occurs　due　to　the　di甜erences　of　rnass　and　particIe　size．

In　the　syste㎜ofA1203（partic1e　size0．2μm）and　Zr02

（O．08μ狐），the　so1ids　content　where　such　segregation

phenomenon　takes　p1ace　is　be1ow20％，and　iパhe　sys－

tem　of　Si3N4（O．4μm）and　A玉203（0．2and　O．8μm）

that　is　be1ow30％．Using　the　s1urries　with　an　appropri一

＆te　araount　of　soIids，various　types　of　advanced　mate－

ria1s，such＆s　functiona11y　graded　materiaI，hierarchi－

ca1s伽cture　materia1，n狐ophase　materiaI，etc。，㎜ight

be　produced、

Keywords：co玉1oida1processing，zirconium　oxidc，alu－

minはm　oxide，dispersion，slはrry
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［Apri三1996to　Ma王ch1998】

　　It　is　we11known　tha辻辻he　u1trafine　partic1es（UFP）

have　many　exce11ent　physicaI　and　chemica1properties．

互n　particu1ar，UFP　of　oxide　semiconductors　is　a　very

pro狐ising　ma倣iaI　as　a　pho辻ocataIyzer．

　　In舳s　study，titaniu㎜oxide（Ti02）UFP　synthe－

sizes　by　a　RF－p1asma　CVD　technique．Then　the　photo－

ca施1ytic　property　of　the　Ti02UFP　char＆cterizes　by　the

photodecomposition　of　wa辻er．

　　WhencoarseTi02powder（ruti1eoranatase）isused
as　a　starting　material，the　crys辻a1struc耐e　ofTi02UFP

synthesized　by　the　RF－p1asma　CVD　is　composed　of

binary　phases　of　ru亡i1e　and　ana言ase　l＝egardless　of　the

crysta1structure　type　of　s倣ting　ma辻erial，The　co㎜一

position　of　ruti1e　and　anatase　phases　is　inf1uenced　by

the　crystaI　structure　of　the　star官ing　materia1and言he

concentra亡ion　of　reaction　gas（02）．Those　Ti02UFP

has　a　high　photocatalytic　activity　of2－10亡imes　as　co脈

pared　with　that　of　co㎜mercial　Ti02UFP　for　a

photocata1yzer．

Keywords：u1trafine　partide，arc　p1asma，RF－p1asma，

Ti02，Photocata1yξic　property
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　　Mlo1ybdenum　and釦ngsten，b．c．c　refrac辻ory　meta1s，

ha▽e　many　advantage　such　as　high㎜e1ting　points，use－

fu1e1evated　te㎜perature　streng辻h，high　ther狐a玉and

c1ectrica1conductivity，1ow　thermal　expansion　and　good

肥sistance　to　liquid醐et星1corrosion－Thus，at辻he　presen宣，

㎜o1ybdenum，tungsten　and　their　aHoys　are　widely　uti－

lized　in　the　fieIds　of　e1ectricaI　and　eIectronic　indus－

tries，high　temperature　vacuu㎜and　chemica1indus－

tries．However，such　refractory　me辻aIs　mdergo　a　se－

ve肥1oss　of　ducti肚y　after　recrysta11ization，we1ding　or

heavy　neutron　irradiation．It　is　generany　accepted　that

such　a　probIem　is　due　to　intergranu工ar　embritt1eme沈

This　is　the　greates辻weak　point　of　these　meta玉s．

　　　Rece舳y，NRIM（National　Research　Institute　for

Meta1s）has　succeeded　in　estabIishing　a　new　t㏄hnoレ

ogy　to　develop　co狐merciaI　sca1e　mo玉ybdenum　and

言ungsten　sing1e　crys辻al　and　their擾Gu1tiIayercrysta1sfrom

hot－roned　sheet　doped　with　a　certain　amount　ofoxides

by　means　of　secondary　recrys亡a1lizaiton．However，no

肥search　and　deve1opment　for　preparation　ofthe　single

crystaI　with　desired　orentaion　by　a　so1id　state　process

have　been　carried　out．

　　　Thus，the㎜ain　purpose　of　this　study　is辻o　deve工op　a

new　techno1ogy．for　preparation　of　the　oriented　sing1e

crysta1s　ofrefractory　metaIs　such　as　a狐oIybdenum　or

a　tungsten辻hrough　so1id　state　processes．

　　　The　crysta1formation　processes　in1iquid　phase，

p酬icu1ar玉y　in　peritectic　sys辻em　win　be　studied　in　the
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nex亡subjec亡as　we11．In辻he　previous　study，it　was　found

that　bo曲high　and1ow　temperature　so1id　phases　g王ow

in　the1iquid　a言the　temper＆ture　mnge　in　which1ower

solid　phase　is　s迂ab1e　and　these　two　phases　show　the

Iarge　d岨erence　in　growth　rate．We　in亡end　to　claζify

such　growth　process　ofmetastabIe　phase　and　the　dif－

fe肥nce　in　growth　kinetic　between　two　so1id　phases　in

peritectic　system・

Keyworas：Oriented　singIe　crysta1，refrac辻ory　meta1，

so工id　state　process

53　S616niu剛V1川e繭ova1市om　Wastewa鮒by　a　F1－id－

ized8ed　P了ocess

K．0o工o，〃肋r〃81〕rocε∬加91）舳81o〃

［Apri1王997士o　Marcb1999］

　　　The　Japanese　govemmen迂office　enactcd　in1994

出at芝he　ef幻uelユt　water　quahty　s辻andard　for　seleniu狐

was0．1㎜g／L　This　was　an　important　pmb1em　in　the

copPer　refineries，because　tわey　discharge　a玉arge

amount　of　efauent　containing　the　se1eniurn　ions　higher

thanthestandard．Aprovisiona1standardof20mg／玉has

been　applied　to　the　industries，and　the　moratorium　wi11

finish　within　a　few　years．㎞order亡o　c1ear　the　genera1

stand3rd，various　methods　were　examined　and　investi－

gations　were　carried　out．According　to亡heif　efforts，i亡

becomes　c1ear　that　Se（IV）can　be　removed　but　Se（VI）

cannot．In　the1abomtory，Se（VI）can　be　removed　by

the　reduction　and　the　coprecipitation　with　fer王ous　and

ferric　ions．The　cost　is，however，宣oo　expensive　and　the

method　camo亡be　apP且ied　to　the　wastewater　treatme耐

from　the　prac亡ica1viewpoint．

　　　The　aim　ofthis　study　is　to　de▽e工op　a　new　method　to

removethese1eniumions．Weproposeanewf1uidized
bed　process，which　invo1ved　reduction　of　Se（VI）to

Se（IV）or　to　meta11ic　selenium．The　research　is　car正ied

ou亡to　verify　that　Se（VI）is　reduced　by　the　f1uidized

bed　pl＝ocess，and　to　decide　the　optil＝nurn　condi辻ions　of

the　process．

Keywords：se1eniu㎜，re狐ova玉，wastewater，刊uidized

bed，seIenate

performance　inter㎜etanic　compounds　using　short　time

狐icro－9ravity　environmen辻．The　micro－gravity　is

achieved　by　dropping　the　experimenta1apparatus．

　　　Combustion　synthesis　is　a　production　process　to

produce　chemica1compounds　from　eIementa1powders

in　a　short　tirne　us㎞g　the　heat　of　formation　ofcompo－

ne耐eIemen亡s．The　short宣ime　doub1e　combustion　syn－

thesis　appa耐us　was　developed　in　orde“o　conduct　the

experimeBt　of　combustion　synthesis　in　micro－gravity．

The　experiments　wcre　carried　out　using　the　sa㎜e　com－

bustionsynthesisapparatusinordertocomparethelG

and　micm　G　resu1ts　exact工y．The　ve1ocities　ofpropa－

gation　of　co㎜bustion　sy耐hesis　were狐easured　by　two

setsofW－Re　thermocoup1e．

Keywords：combustion　synthesis，Interme亡a11ic　Com－

pounds

2．Astudyonthesy耐hesisofhightemperaturesuper－
COnduCtOrS

H．K肋g〃c〃，18㍑ε8ε肌乃0・o仰

［Apri董1995to　March1997］

　　　One　of　the　purposes　ofthis　study　is　to　estab1ish　the

basic㎞ow1edgesre1atedtotheso1idificati㎝phenom－

ena　of　high　temperature　oxide　superconductors，such

as　phase　diagra㎜，reactivity　and　we腕bi肚y　with　other

materia1s－Ano亡her　purpose　is　to　estab1ish亡he　techno1－

ogy　for　high　te㎜perature　experiment　in　a　short－dura－

tiOn　miCrOgraVity　enVimnment．

　　　Melt－so胴ification　process　was　peエformed　for　Bi－

SトCa－Cu－O　high　temperature　superconductor　in　the

aircraft　and　the　effect　of　Inicrogravity　on　the　micro－

structu肥formation　was　studied．The　experi㎜ent　m－

der　extreme1y　high　gravity　was　a1so　carried　out　on　the

gro㎜d　in　order　to　c1e舳he　gravity　effec1．We　f㎝nd

the　gravity　has　in趾ence　on　the　a1ignment　of　Bi－2212

crysta1in　the　me1t　and　o舳he　distribution　of　impurity

phases．The　e鉗ect　ofundercoohng　on　the　formation　of

㎜etastab1e　in倣meta玉1ic　compound　supe王conductors

Y1Pd2B2C1was　a玉so　studied．

Keywords：high　temperature　s岬erconductors，Bi－Sr－

Ca－Cu－O，aircraft　experi㎜en言
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　　　The　crysta玉1ine　stmcture　reIates　g肥at1y亡o　proper－

ties　of　me亡a11ic　m＆teria1s．Properties　of　meta玉1ic　mate－

fia1s　are　affected　by　fine　crysta工grain　structures，unidi＿
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recti㎝also1idificati㎝crystalstr㏄t鵬sorm㎝o－crys－

taI　s敏uctures．On　the　other　hand，亡he　strength　and　the

rigidity　of㎜etal1ic　ma倣ia玉s　are　improved　by　dispersed

finecera㎜icparticles．Thepurposeofthisstudyisto
analyze　the　behavior　of　ceramic　partic1es　at辻he　so1idi－

fica辻ion量耐erface　of辻he　composite　materia1so玉idifying

醐idirectionany」n　this　study，we　hope　that亡he　experi－

ment　shou1d　be　performed　si㎜pIy　as狐uch　as　possibIe．

Therefore，we　decided　to　use　A1u㎜imm　as　a　matrix

meta1and　a1umina　as　a　ceramic　p班tic工e．A　planetary

ba11mi五旦（for　mechanicaI　a11oying）was　used　to　mix亡he

matrixalu醐i㎜㎜powderandtheahminapowder．We
se工ected　the　a1uminu醐powderbecause　its　me1tingpoint

is1ow　and　because　i亡s　handling　is　very　easy．Physica1

and　che㎜ica1properties　on　alumina　powder　are　a1so

easy　to　obtain．Samples　of　fouf　kinds　of　addition　of

a玉umim，O．2，0．5，！．0，and5．Ovo1％，were　prepared．The

mixed　powders　of　aluminum　and＆1u狐im　was　pressed

in　a　meta11ic㎜old．The　pressed　powders　was　sin亡ered

and　then　swaged　to　make　the　densi辻y　high．The　swaged

samp1es　were　used　for　the　unidirectiona1so1idificadon

experiments．Weused　twokindsofso1idificati㎝耐es
of3．3×！0’6㎜／s詠nd6．6×10’6㎜／sundertheconstant

temperature　gradien言（4．7K／mm）。The　effect　o£the

qu＆n亡ity　of　aIul＝nina　addition　and　the　solidification　rate

was　not　recognized　i1l　the　sa㎜ple　of1．0voI％，and　paト

ticles　added　was　pushed　during　solidification，and　the

engulfnユent　of　aIumina　pal1辻ic1es　by　soIid　phase　cou1d

not　found．The　sa㎜p玉e　of5．0vo1％alu㎜ina　was　not

me1ted　uniform1y　due宣o　bo辻h　aIumina　on　surface　of

a1u㎜inum　powders　and　the凱1umina　added．

Keywords：so玉idification，unidirectiona1so工idification，

composite，Partic玉e　dispersion
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　　Because　of　the　various　additives，recyc1ing　of　the

rne辻aHic　materia1s　used　for　the　parts　ofautornobi玉es　and

○辻her　aspects　remains　a　question　awaiting　to　soIve．

Nowadays，the　recyc1abi玉iy　ofmateria1s　shou玉d　be　fu1－

fined　in　the　deveiopme耐of　new　structural　ma倣ials．

In　the　present　l＝esearch，four　kinds　of㎜eta1玉ic　materi＿

a玉s　and　processing　methods　for　improving　recyc1abi玉ity

are　concerl＝1ed．

（1）High　da㎜ping　Mn20Cu5Ni2Fe　aHoy　is　deveIoped

　　and　shows　superior　damping　capacity　and　workabiI－

　　ity．Adirect工yfumacecoo1ingprocess五susedto
　　p1ace　the　aHoy　in　the　high　d＆mp㎞g　condition，and

　　　extensive　increases　in　dan1ping　capacity　have　been

　　obsewed　in　the　vicinity　of40℃．The　higher　damp－

　　ingcapacitiesareascribed1otheexist㎝ceofanti－

　　ferro㎜agnetic　and　FCT　structured　Mn－enriched

　　獅atrix　in　the　al1oy．Slower　cooling　after　so1ution

　　treatment　is　effective　to　promote　the　critica1舳nsi－

　　tiontempe・ぬ・e，hencehighe・da㎜pi㎎capacityis

　　sustai鵬d　in　a　wide　te㎜pe胴ture　range．

（2）Fe－Fe　composite　materia玉is　fabricated　by　sintering

　　iron　powder　and　reinforcing　SCIFER　fiber，㎜ade

　　severe1y　drawn　stee1wire，with　ordinary　powder

　　㎜etauurgy　technique．SCIFER　fiber　has　the　coId

　　worked　micros官mcture　and　a　tensi1e　s辻reng亡h　of

　　400kgノ㎜m2，however　the　characters独ay　deterio－

　　rate　when　hea亡treatment　is　conducted　above450

　　　℃」n曲e　p肥sen辻work，SαFER　fiber　and　iron　pow－

　　der　are　primari1y　modified　with　u1tra－fine　iron　par－

　　ticIes　by　a　wet　dispersion㎜ethod　and　sintering　of

　　the　mix辻ure　can　be　realized　on1y　at400℃a貴er　com－

　　pエessing．I亡is　observed　with　bending　experiment

　　that　the　strength　of　the　s㎞tered　Fe－Fe　composite

　　exceeds30kg／mm2．

（3）A11oy㎞g　and　refineme耐of　crystaI　grains　are　usu－

　　　auy　atternpted　to　i■crease　the　s鮫ength　of　a1u狐inura

　　　auoys．However，芝he　addi亡ion　ofgrain　refi鵬rs棚d

　　　a11oy　e且ements　degrades　recydabiiity　of　the　a11oys．

　　　h　the　present　work，a　strong　stirring　casting　Pro－

　　　cess　on　the　basis　ofthe　rheocasting　method，and　an

　　　u玉trasonic　vibration　process　used　for　solidification

　　　have　been　successfu11y　deve玉oped　for　the　casting　of

　　　alu狐inum　a11oys－t　is　confirmed　th＆t　fine　micro－

　　　structure　and　superior　rnechanica1properties　cou玉d

　　be　reached　in㎜any　aIuminは狐cas亡ing　a玉1oys　with

　　　these　processes．

（4）The　improvement　of　chip－disposability重or　meta1s

　　　and　a11oys　is　important　for　the　automation　of　ma－

　　　chining　Processes　and　thc　uti1ization　of　unmanned

　　　machine　too1s．The　Chip－disposability　and　cutting

　　　resistance　during釦ning　are　examined　for　some1ow

　　　a11oy　steels　w舳the　microstruc辻ure　of　ferrite　and

　　　醐artensite．It　is　shown　that　the　chip－disposabi肚y

　　　can　be　re搬匪rkabIy　improved　when　the　machined

　　　stee1s　are　invo1ved　with　m洲ensi辻e　micros亡ruc施re，

　　　as　co㎜pared　with　the　spheroidized　or　norma1ized

　　　stee1s．For　stee1s　which　have　mar辻ensite醐icrostruc－

　　　ture　and　hard鵬ss　of　HV200～350，chips　in　the

　　　high　cutting　speed　region　are　observed　being　bro－

　　　ken　be1ow　one　curI．

Keywords：high　da㎜pinga1工oys，U1trafine　Fepartic1es，

S敏ong　stirring　casting，U1鮫asonic　v｛bration　casting，

Chip－disposability，㎜artensi辻e　microstructure
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　　　Thc　present　study，as　one言heme　in芝he　l1Living　and

Socia1Bas｛s　Project，’join重Iy　rese孤ched　in　some　ins言i－

tutes，universities　and　corporationsラwas　star芝ed　in1996．

Fab王ication　ofceramics　pa王言ic1es－dispersed　cast　iron　is

being言ried　at　NR互M，with　a　compocasting　technique

used　to　produce　co証nposite　materiaIs　by　adding　valli－

ouspartic1esintotheso1id－1iquidco－existings1urry．

SimuItaneous1y，a　CVD　coating　method　is　attempted

to　the　particles　and　iroP　Powder　to　improve　the

wettabi玉ity　with　mo1ten　cast　iron　andthe　dispefsion　state

ofthe　partic1es．A旦umina，si且ica　and　si1icon　carbide　are

possib1y　used　as　dispe王sion　pa亙tic1es　in　cast　iron．A1－

though　a1umina　is　the　mos宣p夏o㎜ising　one，the　unsatis－

factory　wettabi1ity　of　a1u皿in＆with　cas竜iron　makes　it

necessary　to　coa童with　so㎜e　othe互co㎜pounds　such　as

s伽ca，si玉icon　carbide，to　j狐prove重hewettab舳y　Tbere－

fore，a　che証nicaI　vapor　deposition　technique　in　nuid－

ized　bed　is　app玉ied　to　mal（e　coating1ayers　on　alumina

par言ic1es．The　coating　of　sihca　on　a1umina　substrate

and　oηthe　cast　iron　powder　is　proceeded　ill　a　gaseous

mixture　ofTetramethyIsi1狐e　and　wate亙．The　deposited

si1icalayerisanamo印houssi1ica．Thea㎜oψoussilica

so肚ary　is　stab1e　up　to1393K，however，when　the　par－

tic1es　are　mixed　with　ca1cium　hydroxide，the　amorphous

si1ica　laye王s　are　found　to　crysta11ize　into　α　一quartz

crysta1s　at1300K，and　to　crystoba1ite　a言1500K．Fi－

nally，the　mechanical　prcperdes　cf迂he　fabricated　corn＿

posite　materiaIs　are　characte夏ized，intending　to　qu＆1i－

fying　the　materi＆1s　to　differe耐app1ica芝ions，The

compocasting　technique，usua1玉y　used　for　auoys　with

1ower　me1言ing　tempera亡ures，has　been　i㎜proved　and

apP1ied　to　the　creation　of　cast　irons，through　solving

so醐e　proccssing　prob1ems　and　designing　suitab1e　ap－

paratus。

Keywords：Cast　iron，CompocastingラA1umina　par－

tic1es，Stirring，CVD，Si02
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　　Processing　under　semi－so1id　oζsemi一㎜o1ten　state

i．e．nユashy　state　has　attracted　the　attention　as　an　exotic

言echnique　for　refinement　of　the剛icro　stmcture　and／or

for　creation　of　new　composite　materials，In　the　proce－

dure　ofthe8bove　processing，p1astic　wo王king　is　most1y

inevitab1e．P1astic　working　under　mashy　s言a古e　in　which

so1id　and1iquid　phases　coexist，however，induces　un一

favorable　prob1ems　such　as　segregation　due　to　the且ow

of　the1iquid　component　and／or　difficu1ty　of　the　shape

retention　dur㎞g　hand1ing　ofwork　piece．

　　Iηorder　to　so1ve　the　above　proble㎜sヨa　new㎜eta1

working　process　is　proposed，in　which　the　semi－mo1－

ten　mc言al　is　inser辻ed　in＆so1id　ho11ow　meta1and　worked

p1astica1ly　toge言her　with　the　ho11ow　me施1that　sup－

presses　the到ow　of芝he1iΨid　component　and　retains

thc　sh＆pe　of㎜ashy　meta1．The　work　piece　fabricated

through　this　pmcess　is　conseque耐1y　c1ad　in　the　honow

㎜eta1．ExpeTimenta1studies　are　carrying　out　to　grasp

the　comprehensive　feasibility　of言his　process．

　　On　the　other　hand，言he　preferred　orienねtion　inξhe

crystal1ine　introduced　by　p1astic　deforraation　under

狐ashy　s㈱e　is　exp玉ored　so　as　to　aim　at　deve玉oping鵬w

nlethod　of言exture　cOntl＝o玉．

Keywo阯s：㎜ashy　state，P1astic　wo工king，c1ad　meta1，

preferredori㎝tation
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　　　The　brazing　experimen言under　micmgravity　was

carried　out．The　purpose　ofthis　experiment　was　to棚一

de玄stand　capi11a1＝y　penetl＝ation　phenomena　under

microgravityをo　estabiish　a　guide1ine　fo㍑he　decision

of　brazing　P王ocess　parameters　iΩspace　environment．

The　specimens　were　s1eevejoints　ofstain1ess　s言ee1触bes

ofthe　thickness　of3mm．The　fmer　a11oy　used　wasAg－

Cu－Li　al1oy．The　specimeηs　were　c1assified　into6types

by　the　combinations　ofthe　width　ofjoint　gapヨthe　posi－

tion　of　fiuer　a11oy　and　the　temperature　gradient．The

specirnens　were　heated　up亡o　the　brazing　tempe棚ure

and　cooled　down　to　the　so1idus　temperature　under

microgζavity　duriΩg　paraboIicfIight　ofthe　sma11rocket，

TR－1A＃5by宣he　NASDA．
　　The　tesけesu玉言s　p王oved　that　oじr　theoretica1predic－

tion　method　for　c8piuary　g盆p　pene重ration　by　the　ther－

mai　conductivity　theory　and　the　surface　tension言heory

was　reasonab1e　one．F8r言hermore，it　was　cIeared　that

the　cont迂o1of　te㎜perat狐e　dist夏ibutioポs　very　impor－

ta刀t　for　bfazi刀g　under　n〕icrogr3vity．

　　This　cxperiment　was　performed＆s　a　part　of’1Spacc

Uti1ization　Frontiers　Joint　Rcsearch　Projects，，．

　60　　Inf■u6nce　of　S8rface　Co脳posi－ion　on　Joini1lg　of㎜8・

甘ia1S
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　　　Ion　bombardment　has　several　e貨ects　on　a　joining

surface；not　on1y　cIeaning，but　ion　imp1antaξion　and

surface　roughening．It　is　not　cIear　yet　that　the　reIa辻ion－

ship　between　each　effect　and　joint　properties．On　the

other　hand，hydroxy玉radical　and　thernユal　oxide　on亡he

surface　acce玉erate　the　joining　P工ocess　of　silicon．The

bonding　mechanism　is　not　c1ear　yet．

　　　The　aim　of　this　study，in　joining　of　meta玉s，is言o

investigate；i）辻he　re玉ationship　between　each　e貨ect　and

jointproperties，ii）effectofgases㎝ajoiningsurface－

The　ai獅，in　joining　of　si1icon，is　to　invesξigate；i）the

effect　of　hydroxy1l＝adic＆l　and辻herrna玉oxide　on　a　sur－

face，ii）the　d雌erence　in　bonding　mech＆nism　between

meta玉S　and　Si1iCOn．

I．Joining　of　meta1s

　　　In　this　study，we　carry　out　the　diffusion　joining　us－

i㎎a　clean　surfacewi言h1itt1e　defects．We　investigate

the　effect　of　an　adsorptive　on　joining　Properties．

II．Joining　of　si1icon

　　　In　order　to　c1arify　parameters言hat　affect　mechani－

cal　and　e1ectric　proper亡ies　ofjointヨwe　investigate　the

re玉ationship　be汽veen　sul＝face　adsorptives　andjoinξprop－

erties　using　a　clea羽surface　iηan　u1室ra　high　vacuu㎜

atmosphere．It　is　expected言hat　oxygen　in　m＆teri＆1af－

fects　disappearance　of　surface　adsorp辻ives，so　we　a旦so

investigate　the　relationship　between　behavior　of　sur－

face　adsorptives　and　joint　proper辻ies　of　CZ　si玉icon　iB

dif£erent　oxygen　concentradon．

k㊦yworδs：joining，adsorptive，si玉icon
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　　The　joinabi1ity　of　the　difEusion　bonding　of　stain玉ess

steel　aηd　metaIs　ofgroup　W（Ti，Zr，and　HO，the　for－

mation　ofme辻a1玉ic　compounds　in言he　bondingzone　of

this　stee1and肌eta1s，and　diffusion　mechanism　were

investiga室ed　in　con鵬ction　with　the　periodic　tab1e－

　　The　materia1s　used　in言he　experiment　were　indus－

tria玉pure搬eta1s　and　JIS　SUS304L　staiΩ1ess　stee玉．The

bondings　were　carried　out　using　a　high　frequency　in－

ductioηheating　device　with400kHz．The亡empe棚ure

ofbondingwas　usedbetween923～！373Kandbopd－
ing　p肥ssure　was5～ユOMPa．The　bond㎞g　was　made

in　vacuum　of3～6×10’3Pa．

　　An　irregu1ar　diffusion　was　observed　in　a11of

SUS304Lノ皿eta1s　of　gmup　W　bonding　joints，where

chromium　was　condensed　into　the　diffusion　bonding

interface　and　at　the　same　distance　nicke1was　diIuted．

This　up－hiil　d雌usion　of　Chromiu皿was　caused　by　the

formation　of　Fe－Cr　phase　containing　a　smau　amoUnt

of　Nicke1．Moreoverヨthe岬一hi1l　diffusioηof　Chro－

miu㎜was　observed　in　the　bonding　inteζfaces　in80Ni－

20Cr　anoy／meta1s　of　group　W．Products　of　these　dif－

fusion　bonding　interfaces　are　under　investigation．It　is

consideredtha1theup－hi1ldiffusi㎝pheno㎜enaof
Chromiu醐ia　observed　co㎜monly　in　SUS304L／met－

a1s　of　group　IV　and　Ni－Cr　a11oy／metaIs　of　group　IV

di甜鐵sion　bonding　interfaces．

Keywords：D雌usioΩbonding，Stain1ess　Stee1，Group

1V　metals
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　　The　characteristics　of辻he1aser　p1asma　induced　in

laser　welding　were　investigated　by　spec芝roscopic　mea－

sureme耐and　probe　measurement．F耐hermore，言he
stab汕ty　ofbead　for㎜ation　in　arcwe1ding　was　disc口ssed

fmm　the　da狐ped　oscil1ation　characteristics　of狐olten

pooI㎜eta1．Anew㎜ethodforproducingalargeand
s宣ab1y㎞duced　Iascr　p1asma　has　been　proposed　to　char－

acterize　the　p玉asma．It　is　a腕ined　wi官h　a　good　co狐bi一

ηation　of　the1ase王beam　and　an　arc．To　ana1yze　the

p1＆sma　in　we玉ding，官he　characteristics　of　this　stab1e

plasma　were　investigated　systematical1y　by　some㎜ea－

surements．The　distribu亡ion　ofthe　e1ectron　density　was

eva1uated　by　measur㎞g言he　infrared　radiation　fro㎝the

p玉as㎜a．The　e1ectron　te跳pera触re　distribution　was　ca1－

cu玉ated　numericany　from　the　value　ofthe　eIec㈹n　den－

si言y　on狐assumption　that　the　p1asma　was　in　local　ther－

modynamic　equi1ibriu肌The　incident　and　transmitted

Iaser　powers　were　measuredリsing　a　power　pmbe．The

plasma　energy　was　eva1ua宣ed　from　both　va1ue．Fro㎜

the　expefimenta1data　of　the　above　rneasurernents，三t

was　confirmed　that　the　p玉盆sma　was　maintained　by　in－

verse　Bremss亡rah1ung．

　　A　monito王ing　method　of　the　bead　formation　on　a

言hin　plate　has　been　deveIoped．亘n　this　n1cthod，the　hea辻

transfer　in　the狐oIten　pooI　and　the　damped　osci11ation

of　the　pool　can　be　de芝ected　dur㎞g　an　arc　weIding　with

a　pu1sed　current．The　princip1e　ofthe　detectiΩg　method

was　proposed　in！974（ねpanese　PatenξNo．876269，

U．S．Patent　No．3988567，British　Pa言ent　No．1493524），

棚d　the　detecting　method　was　advanced　to　appIy言o　a

new　weIding　mo舳oring　syste肌In　the　deve玉oped　sys－

te㎜，言he　depth　in　a　partia玉1y　pene打a言ing　weld　was

rough1y　estimated　from辻he　wavefor触and　phase　dif－

ferences　between　the　pu1sed　arc　current　and　the　heat

radia言ion　detected　from　the　back　side　poo1，In　addition，

the　back　bead　sizes　such　as　back　bead　wi砒h　and　rein－

forcement　height　in　fu1玉y　penetrating　we1d　were　esti一
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ma亡ed　by　anaIyzing　the　wavefor㎜ofthe　heat　radiation

detected　fro㎜the　back　side　pool　co互responding　to亡he

damped　oscination　ofthe　mohen　metal・

Keywords：Iaser，P1asma，eIec亡ron　density，P1asmatem－

perature，arc，we1ding，molten　meta1characteristics，

damped　oscinatiOn

erties，such　as1ess　porosity．Fincr　powders　than　those

・s・auyusedforther㎜a1sp・ayareelectrified・・dde－

positedontoasubstrate．Apossibi批ytoconsolidate
the　deposit　by　a　C02玉aser　is　under　investigation。

Keywords：thick　coatings，spray　deposition
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　　　Coatings　with　thickness　over50μm　are　highIy

demanded　in　various　industries．The　most　successfu1

process　in　this　category　has　been　a　family　of　theζ㎜al

spfay　processes．Therma1旦y　sp王ayed　coatings　have　been

used　rnostIy　for　surface　protecdon　but　recent　apP1ica－

tions　indude　more　functiona1areas　such　as　biomedi－

caHmp1ant，e1ec言ric　heaters　and　radiators，and　cata1y亡ic

c1eaners．Our　group　has　worked　on　p1as㎜a　spray㎞言he

pastユO　years　to　c1a更ify宣he　mechanism　of　coating　fo迂一

㎜atiOn．

　　In　this　research，specia1emphasis　was　p玉aced言o

c1arify　the　bondingbetween　sprayed　spIats，which　p玉ays

a　key　ro1e　in　the　deveIopment　of　the㎜icros芝mctUre　of

sprayed　deposits．Effects　of　the　substrate　temperature，

spl1ayiηg　environInent，the　ve1ocity　and　te正nperatびre　of

partic1es　before　i㎜pact　on　the　inte王一1ame1Iar　bonding

were　studied　systematica11y．

　　Another　point　ofinterest　has　been　to　deve1op　a　new

process　to　deposit　thick　coatings　with　improved　prop一

　　The　Quenching　Stress　in　Therma1ly　Spr＆yed　Coat－

ings，S－Kuroda　and　T．W．C1yne，Thin　Solid　Fi㎞s，

200（1991）：49－66・

　　　Q鵬nching　stress　in　pIasma　sprayed　coatings　and

its　correIation　with　the　deposit醐icrostructure，S．

K脳oda，T．Dendo，and　S．Kitahara，J．Thermal　Spray

Tec㎞oL4（1）（1995）：75－84．

　64　　I≡va1uatio■10f　the　s－roo廿u了e　a8d　p【openies　of　ad－

v榊ced肺甘mal　sp閉y　coa－i11gs

8．K〃ro伽，〃ひ舳c〃〃肋r〃5〃ocε∬雌1）舳8jo〃

≡Apr．1996－Mar．ヱ997］

　　Advanced　thermal　spray　processes　such　as　p1asma

spray　and　high　ve1ocity　oxy一釦e1（HVOF）thermal　spray

are　gaining　an　increasing　importance㎞various　indus－

tries　because　they　c＆n　fornユthick　protective　coatings

of　a　wide　range　of　ma亡eriaIs．However，there　re㎜ain

deficiencies　in　scientific　understanding　of　the　coa芝ings

for㎜ation　phenomena　as　we1I　as　the　characterization

and　evaIuation　of亡herma玉sprayed　coa辻ings．This　pro－

gram　is　to　enhance　international　col1aboration　to　re－

so1ve　the　situa宣ion　and　enhance　the　technologica1foun－

dation　ofthe　surface　modification　techno1ogy．Prof．C．

Bemdt　and　S．Sampath　ofState　University　ofNewYork

（SUNY）at　Stony　Brook　visi亡ed　Japan　and　gave1ec－

tures　on　protection　of　infrastructures，wear　and　fric－

tion，and　faiIu肥mechanisms　oftherma玉sprayed　coat一

㎞gs　at　NRIM，Japan三ns言it晩ofMeta1s　amua1meet－

ing，and＆specia1symposium　organized　by　the　Sur－

face　Finishing　Society　and　the　Japan　Therma1Spray

Society，

　　From　NRIM辻hree　researchers　visited　SUNY，gave

iectures　on　p1asma　diagnostics，for㎜ation　ofFGM1coa辻一

ings　by　the　twin　torch　method　deve1oped　by　NRIM，

and　residual　s重ress　in　therma1sprayed　coati㎎s．We

also　conducted　thermal　cycle　tesξon　TiC－Mo　coatings

wi芝h　two－1ayer　and　gradient　structure　by　a　bumer　rig

iRstancd　at　SUNY恥rther　cooperation　in　the　fie玉ds　of

shared　interests　is　now　considered．This　program　was

supported　by　the　BiIateraHntemadona1Joint　Research

by　Specia1Coordimtion　Funds　Pro㎜oting　for　Science

and　TechnoIogy．

Keywords：p1asma　spray，high　ve1ccity　oxy－fue1ther一
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mal　spray，9radient　coatings
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　　Metas亡abIe　nleta1hc工nate王ia1s　produced　from　deeply

undercoo玉ed　melts　can　provide　some　interesting　Prop－

erties．The　aim　of　the　investigation　is　to　e1ucidate　the

ro1e　of　nucleation　during　the　so1idification　of　under－

coo1ed㎜e王ts　and　to　deve1op　a　new　technique　for　pro－

ducing　metastab玉e　bu1k　materia1s　using　an　e1ectromag－

netic1evi施tion　nユe1ting　and　an　externa1seeding．

　　Phase　se1ection　in　the　sohdification　of　deep玉y　un－

dercoo玉ed　Ni－C王a11oyswere　investigated　usingthe　e1ec－

tromagne亡ic　ievitation　method．Double　recaIescence

behaviours　were　observed　for　hypoeutecむc　auoys　Ni－

52vo1％Cf　and　Ni－53，4vo1％Cr．Trip玉e　reca1escence

behaviour　was　a1so　observed　for　the　first　time　which

indicates　a辻hree　stage　so丑idification　process　for　Ni－

53．4vo1％Cr　a1玉oy．肘o㎜the　reca玉escence　tempera－

tures　which　coincide　with　the　cri亡icahemperatures　of

the1oca玉composition五n　the　system，it　was　deduced

that　the㎜晩stab玉e　BCCαphase　formation　preceded

the　equilibriu㎜FCCγphase　formation　in　the　solidi－

fication　ofdeep1y　undercoo1ed　hypoeutectic　a11oys．The

nucIeation　andgrowthは■etics　fortheco㎜pe亡ingphases

was　ca工cu1ated　with　recent　mode1s．The　theoreticaI

ca1cu玉ation　revea1ed亡hat　the　preferentia1metastable

BCCαphase　formadon　is　due　to　its　favourab1e　nucle－

ation　kinetics．

　　The　extema1nuc1eation　seeding　was　a1so　attempted

toc㎝trolthephasese1ectio・ofdeep玉y㎜dercooled

me1ts　where　the　equi1ibriu狐phase　is　preferabIe　to　the

metas辻ab1e　phase　for　n1ユc1eation　kinetics．Type316

stainless　stee1（equi1ibrium　solidification　phase：BCC

ferrite）was　undercoo1ed　to　the　pre－set　temperature　in

the1evitation　coi玉．Then，辻he　seed量ng　w＆s　carried　ol』t

using　a　Fe－50vo1％Ni　a玉1oy　of　FCC　struc軸re，the1at－

tice　parameter　of　which　is　simiIar　to　that　of　the

metastab1eγphase　ofType316．The　microstmct脳e

revea1ed　tha辻the蜘etastab1e　FCCγphase　so1idifica－

tion　took　p1ace　at辻he　fil1st　stage　of　the　so1idification

due　to　epitaxial　growth　from　the　nudeation　seed．

　　F1：om　above　experimenta1l＝esu王辻s，it　is　c1ear　that亡he

㎜c1eati㎝processcanbecontro11edbytheextem＆1
nuc1eation　seed　and　metastab玉e㎜ateria1s　can　be　formed

using　the　new　technique　we　proposed．

　　　This　research　was　performed　in　conaboration　wi亡h

Research　DeveIopment　Corporation　ofJapan　and　Uni－

versity　of　Ca㎜bridge．

Keywords：so1idifica亡ion，undercoohng，metastab玉e

phase，elec辻romag聰etic玉evitat量on，Ni－Cr　a玉1oy，doub1e

reca1escence，stain玉ess　stee1ヨexterna1nuc1eati1on　seed
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U㎜ezawa，Mater．Sci．Eng，A223（！997）99－113．

　　TheoretiaI　Ca1cuIation　ofNuc1eation　Temperature

and　the　Undercooling　Behaviors　ofFe－CrA1玉oys　Stud－

ied　with　the　E旦ec打o㎜agnetic　Levi辻ation　Me辻hod，

X．Zhang，S．Tsukamo辻oヨMe辻al1．Mater．Trans．，30A

（！999）！827＿！833．

　66　　C■1arac－erisa－io■10fLas釘■ndoced　P■asmaandI■1t跳一

ac－ion　b6tw6en■＿ase一‘aod　P■asm8

8。τ∫〃たα棚0τ0，〃Vα舳ゴ〃α蛇・泌〃0Cε∬加8〃一

V畑0〃

［Ap王量1！996to　March玉997］

　　One　ofmain　problems　ofthe1aser　processing　is　the

presence　of　a1aser　induced　p1asma　which　absorbs　or

scatters　the1aser　beanl　and1eads　to　a　reduc亡ion　in　heat

input　or　power　density　supP1ied　into　the　mate王ia1s－n

the　present　study，we　propose　a鵬w狐ethod　for　pro－

ducing　a1趾ge　and　stable　Iaser　p1asma　to　e1ucidate　the

ro玉e　of辻he　p1asma　in1aser　processings，The　p1as狐a　can

be　formed　by　i正radia臼ng　the　focused　laser　beam　onto

DC　discharge　simuI辻aneousIy　wi亡h刊owing　an　assist

g匪s　througいhe　coaxia玉nozz1e．The　p旦asma　is　very

stab玉e　enough　to　ana玉yse　some　characteristics．

　　From　the　experi㎜e鮒a1data　of　the　transmittance，

1ocaI　e玉ectr0B　density　and　temperature，itwas　confirmed

一6！一



that　the　absorption　of　C021aser　was　caused　by㎞verse

Bremsstrah1ung．This　means　we　can　calcu1ate　the　ab－

sorpti㎝lossof1he1ase・energyi舳e1aserprocessing

using　inverse　Bre脈sstrahlung　theory．For　exa㎜p1e，if

the　Ar　p1asma　of5mm　in　length　is　fomed　during　the

1aser　welding，the　absorption　loss　is　estimated　to24％．

　　The　p1asma　was　maintained　at　the　location　where

thc　absorption　eaergy　was　ba1anced　with　gas　cooling．

Acri亡ica1vaIueofthepowerdensi迂yformaintaining

the　p1asma　exists　depending　on　the　p1asma　co㎜posi－

tion．Arpl＆s㎜awasfor狐ed　in　awide　range　ofthepower

density，whereas　the　formation　ofAr－He　plasma　was

limited　only　in　a　sma11r＆nge　of　high　power　density

due　to　a1arge　ionisation　energy　of　He．

　　Th｛s更esearch　w＆s　performed　in　coHaboration　with

Ibaraki　University．

Keywords：C021aser，1aser　induced　p1asma，
ch塁racterisation，e1ec言ron　ternperature，elec重ron　density，

absorption，inverse　Bremss芭rah1ung
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67　AppIica－ioo　of　In－si仙S肚aio㎜eas町e㎜e■1t　by肺e

Laser　Speck1e　I、’16thod

γ〃〃α〃α伽，λ伽o肌〃〃倣r〃31〕rocε∬梅〃一
切8f0〃

［Ap王量11996to　March1999］

　　　Non－contact　strain　measure狐ent　using　the　laser

speck1e　method　is　characterized　by　its　high－responsi－

bi1ityandhigh－acc泌acy．Wealreadyprovedinthepre－
vious　research言hat　it　was　possib1e　to　do　the　in－situ　strain

㎜easurement　a1most　a玉玉period　in　a芝herma玉cyc1e　even

ifthe　measuring　point　was　in　a　high　temperature　range．

　　　夏ガhis　year，we　examined　the　strain　behaviors　in

severaユparts　ofheating1加e　apP1ied　on　rec童anguユar　thin

stain1ess　plate，fo11examp1es，the　starting　Poin亡，center

○パhe　crater，It　was　c1arified　that　the　res披aint　in　each

part　of　heating　line　strong1y　affects　the　behaviors．

Strains　during　phase－transformation　shou1d　be　a1so　af－

fected　by　the　res材aint　and　it　is　significant　to　pエedict

the　residua1stress　dis亡ribution．

　　Adebondingohhesprayedcoadngfi1msfromthe
subs亡rate㎜ateria1s　by　the　thermal　impac亡was　aIso　ex－

amined　in　our　research．Many　stfain　curves　in　the　sur一

face　of言he㎜ateria1which　were　a1ready　detected　by

the1aser　speck1e　method　were　compa王ed　wi亡h　those　in

coated　fiIms　sprayed　on　the　sa㎜e　substrate　materials

（Stainユess　thin　pi盆te）。Ceζamic　coated　and㎜etal　coated

thermal　sprayed　specimens　were　prepared　for　the　pur－

pose．The1oca1hea辻ing　with　some　degree　of　heat　iη一

puts　were　app1ied　on　the　speci㎜ens．The　method　cou玉d

detect　the　strain　behaviors　in　the　sprayed　fi1m　c1early

especia玉1y　the　stl＝ains　just　before　the　debonding　of　the

films　from　the　interface．互B　case亡hat　the　debonding　did

not　exist　in　apPearance，we　cou1d　estima辻e　the　pee1ing

de辻ecting　a　time－strain　cu亙ve　in　the　fi玉m　and　compar－

ing　with　tha亡of　the　substrate　p1a言e。

Keywords：Iase夏speckIe　method，dynamic　strain，in－

situ　strain㎜easure㎜ent，high　temperature，austenitic

stain1ess　steeI，P玉asma　sprayingヨdebonding，coating

fi1m
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［ApriI至996士o　March1999］

　　　BiSrCaCuO　u1trathin釧ms　with舳cknesses　be1ow

ユ00Ahavebeen　synthesized　on（001）MgO　substrates

by　usiηg　sing1e－target　magnetron　spu欄ring　and　by

optimiz㎞g　the　heat－treat肌ent　conditions．Remarkab1y

high　va1ues　of　the　zero－resistance　transitioパempera－

ture，Tc，o，！06K，88K　and84K　were　obt＆ined　for

70A，40A狐d20Athickfi1㎜s，respectively．Aio
A　thick　u1tra舳n削m　was　aI㎜ost　insu1ating．crOss－

sectiona1high　reso1u亡ion　transmission　eIectrol1micros－

copy　revea玉ed亡haけhe　mini醐um　thickness　for　super－

conductivitytooccurwasabou辻20A，corresponding
to　the　half－unit　cen　thickness　of　the　Bi　syste狐1ayereφ

structure，Low－qua1ity　uItrathin釧ms　with　Tc，o　be1ow

70Kwere　improved　significant1y　by　means　ofion　i㎜一

p玉antation　combined　with　postameahng　at　re1ative1y

Iow　te㎜peratures．

　　　In　o夏der　to　synthesizeα’’一Fe］6N2nitride　wi言h　giant

magne芝izaξion，（00！）一〇riented500Athicku1trathin

fiIms　were　i蜘p1anted　with　nitrogen　ions　at　cryogenic

室emperatures　be1ow25K．α1－martensite　phase　w舳a

vo工ume　fraction　of90％and　Fe3N　were　for醐ed　at玉ow

temperatures．X－ray　ha1f－width　of　theα1－line　was

broader　tha舳hat　for　specimen　i㎜planted　at　room　tem－

perature．Coating　of　copper　or　go1d　films　on　the　im－

p1anted　sul＝faces　reduced　escaping　of　nitrogens　and　in－

creased　the　vo1ume　fraction　ofα”一FeI6N2．

Keywords：u1trathin　fi工㎜s，BiSrCaCuO，Fe16N2，su－

perconductor，9iant　magnetization，
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　　Synthesis　ofSuperconducting　BiSrCaCuO　U1材athin

酬搬s　ofThicknesses　be1ow　lO　nm，M．K＆ise　and

K．Saito，J．Japan　Inst．Meta1s，1997，in　press．

　　Synthesis　ofα11－Pe16N2Nitride　by　means　of　Nitro－

gen　Ion　ImpIa耐ation　in亡o　Iron　Thin　Fi1狐s，H．Shin藺o，

M．UeharaandK．Saito，J．Mater．Sci．32（1997）：2255－6ユ．
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　　Fe16N2has　been　studied　by　many　researchers　since

the　sa室uration　magnetization　of　the　materia1has　been

repor辻ed　to　be　as1a1＝ge　as2．8to3．O　T，and　is　l＝nuch

Iarger　than　that　of　Fe（2．2T）．However，f岨ther　inves－

tigations　are　necessary　in　order　to　utilize　Fe16N2for

practical　apP玉ications，because　it　is　difficu1t　to　fabri－

cate　materia1s　wi亡h　Iarge　voIume　frac亡ion　ofFe16N2．

　　Wehave㎞p1anted　nitmgen　i㎝s　into50nm舳ck

Fe　fi1狐s．The　vo玉ume　fractions　ofα1－martensite　of

the　imp1anted　films　were　more　than90％．Fe16N2was

forn1ed　during　the　annealing　of　these　fiI1二ns，but　vo1－

ume　fractions　of　Fe16N2were　not1arger　than36％。To

increase　vo1u㎜e　fraction　of　Fe16N2，it　is　necessary　to

increase　amea1ing　temperature　and　duration，however

亡he　temperatu王e　should　be1ower　than　about473K　to

avoid　decomposition　ofFe16N2，and　the　duration　is1i㎜一

ited　by　escape　of　nitぎogen　from　the　surface．

　　To　increase　diffusivity　of　ni言rogen　a言oms　without

increasing言emper就ure，the　ion　imp1anted　Fe　fi1mswere

annealed　in狐agnetic　fie1d．Since　the　crys施1structure

offerromagnetic　materiaI　shght1y　deforms　in　magnetic

fie1d，diffusivity　of　nitrogen　wi玉1a1so　change　in　mag一

烹able1N費1M　Fa1；gue　DataSheet石ec萬nical　Document

netic　fie1d．Experiments　we肥pe正fo王㎜ed　using　fi1ms

i㎜pIanted　with50and25keV　N2寺ions　to　doses　of5

x　i020棚d5×！020ions／m2，respective1y．The　surface

ofthe　specimen　was　coated　with　a60nm舳ck　Cu　fi－m

to　prevent　escape　of　nitrogen．The　magnetic　fieId

strength　was1．3T　and　the　direc辻ion　was　para11el　to亡he

fi1m　surface．The　a1mealing　temperature　was443K　and

the　duratioηwas3．6ks．V〕Iu㎜e　fractions　ofFe16N2were

estimated　from　X－ray　diffraction　patterns　after　the　an－

nea1ing．No　distinct　differences　were　found　between

the　X－ray　d雌raction　patterns　of　sampIes　amealed　in

magnetic　field　and　those　of　samples　anηea1ed　witho耐

magnetiC　fie1d．

Keywords：Fe16N2，ion　imp1a械ation，amea玉ing　in

magnetic　field
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　　NRIM　has　been　conducting　a　series　ofprojec言re－

searches　since1975to　estabIish　standa1＝d　reference　dat＆

on　fundamenta1fatigue　properdes　of亡ypica1Japanease

materials　for㎜achines　and　struc伽res．The　program　of

work　has　been　acco狐p1ished　in　M＆rch！995by　the

pubIication　of83Data　Sheets．

　　The　present　research　aims　at　the　presentation　of

genera1ized　ru1es　found　in　differnt　fatigue　properties

that　can　be　exp1ained　fmm　view　point　offmda㎜enta1

㎜echanisms　of　fatigue　andヨtherefore，言hat＆re　most

impOrtant　for　adequate　use　of　those　fa言igue　data．豆t　is，

in　other　words，to　offem　guide　for　understanding　the

change　in　properties　of　d雌ere耐materia1s　and　for　ap－

p玉ying　the　data　tO　enginee1＝in9「equi「emen言s．Se1ec辻ed

NO． Subjects Issued
　二1－
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High　Cyc1e　Fa宣igue　ofAl1oy　Stee玉s　a㍑1evated　Temperatures

High　CycIe　F＆tigue　Properties　of　Carburized　Stee1s

Fatigue　CrackPropagation　forWe1dedJoints　ofStructura1Stee1s
High　Cyc1e　Fatigue　Properties　of　Hard　Stee玉s

Low　Cyc玉e　Fatigue　Properties　ofEngineering　Materia1s　for　High　Temperature　Compon㎝言s

胸iguePropertiesof刈umi㎜mA11oysforWeIdedStmcωres
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d甜a　from　re1ated　Data　Sheets　are　co1lectiveIy　ana1yzed

to　be　fit　to　theoretica1㎜ode玉s，for　some　cases，or　addi－

tiona1experi狐ents　are　performed　to　verify　theories，for

the　other　cases，

　　The　effo互t　to　show　the　genera1ized　m1e　on　fatigue

property　data　actua1玉y　been　continued　in　the　previous

Fatigue　Data　Sheet　Project．The　outpu亡s　have　been　pub－

1ished　in　Japanease　as　Fatigue　Data　Sheet　Technica1

Documents　as　listed　in　Tab1e！．

Keywords：fa亡igue，steeI　and　auoys，NRIM　fatigue

da辻a　SheetS
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　　　This　wo吹ai㎜ed　at　the　deve1opment　ofmode1s　de－

scribing　the　behavior　and　properties　of　a1so　advanced

materia1s　of　high　perfol＝mance．It　de玉ete　covefs　a1so　the

estab1ishmentofrationa1izedtestmethodsfor　advanced

materia玉s，as　a　part　of　the　intemationa玉research　coop－

eration　known　as　Versai11es　Project　onAdvanced　Ma－

teria1s　and　Standards（WMAS）．

（1）玉ntermetaHic　compounds

　　　The　e甜ec亡ofγ9rain　size　andα2precipitates　on

creep　mpture　properties　was　sωdied　at1023－1373K

using　Ti－49at．％A1and　Ti－51at．％Al　which　were　ex－

truded　and　heat　trea辻ed．Ti49at．％A玉with　a1argeγ

gl＝ain　size　and　the　α2pl＝ecipi辻ates　at　grain　boundaries

is　expected　to　exhibit　good　creep　rup亡u王e　properties　as

we11as　good　room蛇mpera亡ure　duc舳ty．

　　The　fa亡igue　strength　ofT洲varied　according　to　thc

vo1ume　fracdon　of　theγphase　in　the　Ia狐e玉1ar　struc－

ture．Afatiguecrackinitia亡edinsideofanisoIatedγ

grain　for　the　specimeus　with　lowerγvo玉u㎜e　fractions

and　the　fatigue　strength　cou1d　be　estimated　from　a

si㎜p1e　ru1e－of－mix1ures．When1he　vo1ume　fracti㎝

was　higherヨa　fatigue　cr＆ck　ini辻ia亡ed　at　theγgrain

boundaries　and　the　strength　was　independent　of　the

V0玉u㎜e　fraCtiOn．

（2）Meta1matrix　composites（MMC）

　　The　fa亡igue　properties　and　mechanisms　at　room　tem－

perature　were　discussed　for　SiC／Ti－！5－3MMC，The

fa辻igue　crack　initiation　and　prop＆9ation　processed　as

fo11ows1（i）initiation　at中c　reaction　layer，（ii）㎞terfa－

cia1debonding　between　the　reaction　layer　and　outer

・主・b・・1・y・・，（iii）・…ki㎎th…t・・…bo・1・y・・，（i・）

㎞terfacia1debonding　between　the　outer　carbon1ayer

and　SiC　fiber（v）SiC　fiber　cracking，（vi）matrix　crack－

ing．I亡is　suggested　that　the　reaction1ayer　between　the

ou亡er　carbon1ayer　and　matrix　pmmotes　crack　initia一

tion　because　it　is　very　briωe．For　new　co㎜posites

coa亡ed　wi亡h　ducd1e　materia1s　such　as　Cu　to　avoid　the

・eac打㎝1aye・fo㎜a辻ion，thei耐erfacia1c・acki・itia－

tion　was　not　observed－The　crack　propagation　rate　was

㎜uch1owerth＆n　delete　when　the　fibers　were　not　coated．

（3）P1ane　woven　fabric　continuous　SiC　fiber－reinforced

SiC　matrix　composite（SiC／SiC）

　　　The　tensi1e　properties　and　notch　sensitivity　of　SiC／

SiC　composites　have　been　s亡udied　at　room　te狐pera一

盲ure．Thc　gross　fracture　stress　of　notched　specimens

showed　notch　insensitivity．The　tensi1e　stress－strain

cuwes　showed　non－Iinearbehavior　associated　with　pro－

gressive　matrix　cracはng　al1dfiberpu11out．The　increase

of　a　permanent　st王ain　caused　the　stress　concentration

between　notches　to　be1ower．狩acture㎜echanisms　at

elevated　temperatures　were　a1so　studied　by脆xure　test．

In　order　to　improve㎜echanica1properties　of　SiC／SiC，

it　is　necessary　to　prepare　fibe王s　with　s耐faces　which　to

have　high　resistance　to　the　reaction　between　the　ma－

trix　and　oxygen　as　we1l　as　mat正ices　with　a　s㎜aner

arnoun亡of　voids．

（4）Deve1opment　ofMateria1s　Charactらrization　Tech－

nique　with　an　X－ray　Microbeam

　　　Ahigh－reso玉utionX－raytomographictechniquehas

been　developed　with　particu玉ar　attention　for　use　in　ad－

vanced㎜ateria1s　research．Images　of　eIement　distri－

bution　in　objects　can　be　ob漉ined　ff0ra　absorption　con－

trast　using　two　momchromatic　x－ray　bea㎜s　which

stradd1e　its　absorption　edge．h　this　project　we　have

atte㎜pted　to　uti1ize　po1ychromatic　beams　of　conven－

tiona1x－ray　generators　other　than　monochromatic

beams　obtai■ed　with　SR　and　monochromator，with　ra－

dioisotopes　or　with刊uoエescence　fro狐secondary　tar－

gets．We　have　extended　this　criticaI　absorption　tech－

nique　to　poIychroma亡ic　x－ray　with　fi玉辻er　modu1a亡ion．

The　eIementaI　information　was　ext王acted　by　subtract－

ing　two　tomographs　obtainedwith　d肚erent舳ers　each

other　and　also　quasi一狐onochromatic　features　were　pro－

vided　by　subtracting　two　radiographs　with　di貨ere耐fi1－

ters　each　other　before　reconstl＝uc辻ion　process．

（5）Intemationa玉Project　VAMAS

　　There　are16TaskWoエkingAreas（TW八）。NRIM

offers　intemationaI　chairpersons　for3TV＾s　respec－

tive1y　on　superconducting　l＝nateria1s，cryogenic　s言1＝uc一

ξura1materia玉s　and　materia1s　properties　da辻abases．

Leading　members　are　aIso　fro㎜NRIM　for5TWAs：

method　of　eva1uating　MMC，rnethod　of　creep　crack

grow言h　testヨmethod　of1ow　cyc1e　faξigue辻est，㎜e亡hod

of　surface　chemica1ana1ysis，and　method　ofmechani－

ca1eva旦uation　ofvery　thin釧ms．

　　The　second　domestic　round　robin　test　on　the　criti－

caI　current，Ic　measurement　method　ofAg－sheathed　Bi

oxide　superconduc亡0fs　was　imp1e㎜ented　with6par－

ticipants．COVls　of互c　a㎜ong　Participa耐s　were　ap－

proxi㎜ateIy5％，and　much　reduced　compared　with

those　at　the　first　round　robin．The　reduction　of　COVls
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was　accomplished　by　cIarifying　Ic　degradation㎜echa－

nis互ns　due　to　thern1a玉cyc1ing　a■d　i㎜proving　the　speci＿

men　mou耐ing　method　on　G－10substrate．

　　AseriesofintemationaIinter玉aboratoryco㎜pari－

sons　ofboth　compression＆shear　tests　for　composi亡e

㎜ateria玉G－10CR　and　tensi玉e　tests　for　so1der　were　per－

formed辻o　promote　the　pres辻andardiza辻ion　program　on

㎜ater三al　properties　tests　of　GFRP　composite㎜ateria1s

and　aI玉oys　at1iquid　hehu㎜temperature．The　sc洲er　of

the　compression　strength　decreased　by　the1i狐itation

of　specimen　geo狐e岬。The　scatter　of　shear鮒eng亡h

was　sma玉1in　the　sa㎜e　testing　procedure，but　the　span

］＝atio　and　the　edge　shape　at　the　groove　in　the　guil1otine

type　tests　in畳uenced　delete　the　obtained　shear　strength．

The　amount　of　scatter　of　tensi1e　properties　of　soIder

was　simi1ar　to　that　of　high　strength　materia玉s．

　　　Today　computerized狐ateria1s　data　systems　are

commoη1y　deve1oped　in　various　R＆D　organizations

wor1dwide．Wewa耐tosharepartofthedata狐d㎞ow1－

edge　stored　on　such　systems．VへMlAS至nventory　of

data　eva1uation㎜ode1s　and　methods　have　been　com－

pi1ed　and　wi11be　pub1ished　soon．Three　organizations，

NRIMl－NMC（Japan），NIST（USA）and　NPL（UK）
shared　the　work　for　stee1s　aηd　al1oys，ceramic㎜ateri－

alsandpo1y㎜emalerials，respectively」nadditi㎝to

the　conventiona1printed　report　a　computerized　version

was　a1so　deveIoped　and　p耐㎝our　WWW　server
（www．nrim．9o．jp：8080／va㎜as＿twa10／）．

　　　The　round　robin　tests　of　creep　crack　growthξests

have　been　conducted　on　TiA1in辻er1T【eta11ic　compounds

in　Japanese　group．The　effect　of　specin1en　configura－

tion，size，施mperature，microstructures　of㎜銚erials狐d

fracture　mode　on　creep　crack　growth　properties　was

c1a正ified．Based　on　these肥su玉ts，we　have　p王oposed　the

guideline　of　standard　creep　crack　growth亡es亡method

fo王creep　brittle　aHoys　to　the　VAMAS辻echnica1work－

ing　group．

　　　Si02玉ayer　on　Si　wafer　formed　by　therma1oxida－

tion　was　sp鮒ered　by2kVargon　ion　undervarious　sput－

tering　conditions．The　spu亡tering　rate　at　each　condition

was　obtained　by　the　time　used　to　sp洲er　away　Si02

1ayer．I士is　conc1uded　that　the　spu言言eringτate　is　propor－

tiona1to　ion　beam　current．It　is　recornl＝nended　to　con－

trol　sputteri㎎rate　by五㎝beam　curr㎝t．We　a1so　de－

veloped　the　software　named，，Common　Data　Process－

ing　Systemll　to　share言hese　spectral　data．

　　　Tensi1e　test　method　at　roo㎜temperature　for　short

fibe㍑einforced　a1uminum　a1玉oy㎜atrix　composites　was

proposed　to　ISO　Technica1Trend　Assessment　and　dis－

cussed　now　in　the　advanced　coun辻ries，Tensi1e　tests　a亡

high　te㎜peratures　were　also　performed　and　the　resuIt

was　discussed　to　cIear　the　re盆son　for1arge　sca言tering

ofd漱be榊eentheparticipa耐sanddecidedloretryto
test　under　the　sa鰍e　conditions　among　Participants、

Keywords：advanced　ma倣ials，property　evaluation，

狐odeling，WMAS　project，interlaboratory　testing，

TiA玉，metal㎜atrix　composite，SiC／SiC　co㎜posite，X一
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　　The316FR　stainiess　steel　has　been　deve1oped　a

candidate醐ateriaI　for　fast　b肥eder　reactor　of辻wenty

first　century．For　the　str雌ctura1design　of　componen宣s

of　the　reactor，a　si狐p玉e　and　accurate　ana1ysis　rnethod

for　eva1uating　the1ow　cyc玉e　fatigue1ife　of亡he3ユ6FR

steeI　is　required，because　the　main　conponents　of　the

肥actor　are　subjected　to　cyclic　thermaI　stresses．One　of

the　objec辻s　in　this　research　is　to　apP玉y　a　parametric

analysis㎜ethod　for　ti㎜e－dependent　low　cyc1e　fatigじe

玉ife　daぬof亡he316FR　stee1s．This　mehtod　was　deveレ

oped　by　the　authors　and　was　successfu1to　represe耐

theむme－dependence　of言he　fatigue玉ife　for㎜any　k㎞ds

of　conven辻iona1engineering　heat　resis言ing　materia1s　a辻

言he　stra㎞rate　up　to10－5／sec．Now言he　fatigue　tests　are

rmning　at500，550and600A　under　the鮒ain　rates
fromユO－2／sec　to！O’6／sec．

　　　Second　object　is辻o　eva玉ua辻e　creep　rup辻ure　and　creep－

fatigue　properties　for㎜odified3！6FR　steels　which　is

now　deve1oping　by　a　steeI　maker　and　fabricators．So

the　testing　data　wou1d　be　usefuけo　the　materia1s　de－

sign．In　the　first　ha1f　of　this　research　the　e鉦ects　of　the

che㎜icaI　composition　such　as　C，N，Mn，P，α，Ni，

Mo，Si　and　micros敏ucture　such　as　grain　size　oパhe
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high　tempera軸re　strength　properties　are　examined．In

the　second　ha玉f　a　deveIopment　ofprediction㎜ethod　of

the　creep－fa亡igue1ife　is　ain1ed　by1』sing　the　ηユonotonic

da触such　as　creep　rupture　ducti玉ity．

　　Thisζesearch亘s　pe童formed　in　co玉1aboration　with

Mi言ubishiHeavy　Industry　Ltd．，N三pponStee1Corp．and

The　Japan　Ato㎜ic　Power　Co．

KeyWords：1ow　cyc1e　fa1igue，fas1br㏄der肥actor，

3ユ6FR　st＆in1ess　s亡ee1

Relatedp叩ers

　　Para狐e亡erAnalysis　forTimc－DependeΩt　Low－Cyde

Fatigue　LifeラK．Yamaguchi　and　K．Kobayash｛，
Trans．ASME，J．Eng．Mater．Tech．，116（！994）：479－482。

73　Remai村2g　Life町ediction　for　Weld聰e械s　iηF8R

based08C陀ep　Oamage　I…va1uatioo、

trasonic　propagaξion　and　be言ween　change　in　density

and　change　in宣he　u1trasonic　veIocity。

（2）In　the1arge　sca1e　we1ded　joi耐s　of3ユ6stee1thick

pIates　deposited　using1．6Cr－8Ni－2Mo　wire，creep　fai1－

ure㎜derhigherapP1iedst更essesoccurredatthebase

meta1part．However，ξhe　fa舳re　under1ower　applied

stresses　occurred　at言he　weld　meta1par亡．

（3）TEM　micrographs　showed　that　disIocaion　densi亡y

in　the　region　near　the　surface　ofwe1d　meta1part　in言he

we1ded　join言is　extreme1y1ower亡han芝hat　in　the　region

atthe醐iddle　of曲e　we1d狐eta1part（midd1e　ofthe　thick－

ncss）．The　f盆ct　indicates　that　creep　tes宣s　of　the1arge

scaIe　we玉ded　joints　are　needed　and　a1so　tha芝to　under－

stand　the　creep　deformation　behavior　of　the　rea玉struc－

ture，measurements　ofstrain　distributionin　the　through－

thickness　direction　are　needed．

Key　words：creep　damage，weIdedjoint，stainIess　stee1，

microstructure，FEM

R幽tedPap6r
γ〃o〃舳，肋疵舵1〕伽た8DM8主oη

［Apr”1996士o　Marcb2001］

　　　WeIdments　in　fast　breeder　rcactor（FBR）such　as

pressUre　vessels　and　pipes　for　primary　circui童are　re－

qui肥d　to　be　used　fo王Iong　term　undef　creep　condition．

The　main　purposes　ofthis　study　are（！）to　deve1op　tech－

niques　quan辻ifying　the　tirne－dependent，cumulative

creep　damage　in　the　we1d㎜ents　for　FBR，and　to　simu－

1ate　the　fai玉砒e　process　ofξhe　we1dmen芝s　by　finite　ele－

men言method（PEM）using　a　new皿odeI　based　on　the

continuum　mechanics　and　high言emperature　fa舳re

physics．From　these　techniq口es，i■s　expected　tha㍑he

accuracy　fo〔he　assessment　of　stmct㎜al　integrity　of

FBR　is　improved　in　the　regu1ar　seエvicc㎜ode　as　we玉1

as　in　the　emergency　mode．Fur言hcr，through　these，ba－

sis　for　the　remaining1ife　prediction　techniques　in　the

㎜idd1e　and　end1ife　periods　ofFBR　wiIl　be　estabIished，

which　leads　to言he　improvemen言of　structura1㎞tegrity

of　FBR．

　　　The　materia1s　used　are　typica呈structural　mateζia正s

for　FBR，304and3玉6stain1ess　stee1s，and　a　modified

gCr－1Mo　ferri迂ic　stee1．The　la王ge　scaie　we1dedjo呈nts

（thickness：50mm）of　cach　mater｛＆1are　fabricated　and

creep　tests　on　the　specimens　ofbase　me芝a1，ofwe1d　meta1

and　of　we1ded　joint　cじt　fro㎜the　Ia童ge　sca玉e　we1ded

join言s　are　conducted．

　　　Thc　rcsu1ts　obtaincd　in芝his　year　are　as　fo1lows；

（1）Using　the　crep重304steel，the　relat呈ons　among　uI－

1rasonicechoτesponsc，changeindensi1yandcreep
properties　we王e㎞ves言igated．Positive　corrc1ations　were

recognized　between　creep　ra言e　and　energy1oss　of　uレ

　　　Creep　Rupture　Behavior　and　Creep　Strain　Distri－

bu盲ion　ofWe1ded　Join亡s　of304Stain1ess　St㏄lThick

Plates，H－Hongo，M．Ya㎜azaki，T．Watanabe，J－

Kinugawa　and　Y　Mon㎜a，J．Soc．Materia1Science

JAPAN，45（1996）：1328－／333。

74　1…va1欄iion　of　coπosion　da鵬ageatatomic18vel

H．〃卿〃α，〃0肋εγ3舳伽r01棚肋r〃Cθ倣r

－Apri1／996to　March1998］

　　This　year　the　mechanism　ofindoor　corrosion　was

studicd　by　KeIvin　force　method（KPM）．The　indoor

corrosion　is　be1ieved　to　be　occurζed　abo▽e　the　hurnid－

ity　of60％。We　have　d㎝e　in－situ　observati㎝ofpro－

ceed｛ng　ofcorrosion　on　pure　iroηat　the　hurnidity　of40

％by　K］ヲM．The　simuitaneous　observatioηs　of　topog－

raphy　and　pote嚇a1distribu臼on　sbowed（F三gure！）th慶t

cOrrosion　on　iron　prOgressed　even8t　the　humidity　of

40％and　the　potcnt三a1of　corrodi竈g　part｛s　n王ore　posi＿

主三ve室han　otber　part，The　mechanism　of　iBdoor　cor至o－

s呈on　was　found　to　be　obeyed　Evans’modcL

Keywords：Cor更osion，KFM，Po言eηtia1

R曲tedpaper

　　Ana1ysis　of　Corrosion　Rcac芝ion　on　Meta1SUrface

by　KFM：H，Masuda，Hyomen　KagakuラVb〕8，No．2
（1，997）72＿78
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75　Developm6ntof　metal■1a、’i■1g　environme■1屹1cleaI1－

i㎎abili帥岬holooa屹1ysisreacli㎝

H．〃伽〃α，ハ0〃｛ぴ8舳C伽rα1〃α工θr〃Cθ倣r

王Apri1／996to　March1998］

　　The　sma1I　water　drop1ets　which　adhere　the　materia1

surface　causc　corrosion　and　photo　cata1ytic　reaction．

So　it　is　very　important　to　study　the　behavior　of　watcr

drop1et．We　uscd　a　graphite　to　obtain　the　atomica11y

nat　and　c1ean　surface　and　study　thc　behavior　ofwater

drop1et　ofnano　meter　sca1e　by　atomicforce　microscope

（AFM）with　non－contactingmodc．A1ot　ofnano　sca1e

water　droplcts　were　observed　on　the　surface　fresh1y

createdby　peeling　then　pouring　pure　water　and　sprayed

with　c1eancr　gas（Figure！）。The　watcrfi1m　was　formed

and　the　water　drop1ets　moved　when　the　surface　was

s1ow1yscannedunde正app1yingcertainbias．Mu1ti－1ayer

water　films　and　water　drop1ets　were　observed　on　the

surface　fresh1y　created　then　pouring　pure　water．These Fig．1 Adsoped　water　on　newly　crea1ed　graphile　surf目ce
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water　film　and　drop玉ets　show亡he　different　behavio至of

ordimry　water　dmplets．

Keywords：water　c1usterヨnon－contactAFM

77酬ec－o舳61nfe伽ialDamag6㎝M㏄h痂ca岬op・
跳一ies　for↑i－Based　Ma肚ix　Co關posi－es

C・舳3〃α，〃θ吻cεα〃〃o加惚1）1v主31o〃

［Apri至1996to　Marcb1999］

Re1ated　p叩er

　　Direct　Observ3tion　ofWater　Drop1et㎝Graphite

by　Non－contacting　AFM：H．Masuda，J．Japan　Inst．

Meta玉s，VbL61，No．2（1997）！40－144

76　1＝u11da㎜6耐al　S如dies　of肺e　Miαobial　Reaction　w榊

1oorgaoic　Co㎜pooods

Aλ0机〃θC肋〃たαげ岬θ1仰D加肋〃

［Apri11996to　March1998］

　　　Certain　species　of醐icroorganism　acceIerate　the

・q・・ousoxidatio血ofn・etalsa・dinorganiccompo㎜ds．

These　are　cal1ed　chemolithotrophic　bacteria　and　have

p1ayed　an　ir旺portant　ro1e　in　nユining　to　ex言ract　rneta1

va1uablesfromore．Muche鎚orthasbe㎝d㎝etoc1arify

and　controhhe　potentiaI　usefωness　of　microbiology

in舳s　fie1d．However，the　in辻erfaciaI　pmcess　of　the　in－

teraction　between　the　microorganism　and　the　inorganic

cornpound　is　sti1玉not　sufficient1y　understood．

　　To　c1arify　this＆mbiguous　point，as　a　fi耐step，we

are　investigating　the　characteristic　of　the　microbial

oxida亡ion　of　the　inorganic　cornpounds．Thiobacci1us

ferroxidans，a　typical　microorganism　ofξhe
chel＝nolithotrophic　type，is　apPIied　in　this　s辻udy．The

resuhs　of　our　previous　study　showed　the　significant

catalytic　inf1uence　of　the　rnicl＝ool：9anisrn　in　the　oxida－

tionprocess　ofim　su1fide（FeS2andFel一。S）．With辻he

purpose　of　obtaining　further㎞formation　for　the　char－

acteristic　of　the　micmbia玉reaction，we　are　investigat－

ing辻he　na辻ure　ofthe　solid　phase　formed　on　the　su玉fide

surface　by　using　XRD，FTIR　aBd　SEM．As　to　Fe1一。S，

the　oxidation　products　werejarosite　KFe・（SO・）・（OH）・，

schweれ鰍am量辻e　Fe808（OH）6S04and　e1e跳enta玉sulfur；

however，in　the　chemicaI　reaction　these　were

oxyhydroxide　FeOOH　and　e1ementa1su1fur．By　using

SEM，the　process　of　the　oxidation　was狐orphologi－

ca11y　investigated　and　the　di技erence　of　the　oxidation

mechanism　was　a1so　c1arified　between　the　microbia1

and　chern云ca1reac辻ion．

　　　恥rthermore，the　corroded　surface　of　the　su1fide

crystaI　wil1be　investiga辻ed辻o　understand辻he　de亡ails　of

the　ear1y　stage　of　the　microbia1reaction　using　SEM，

EDX　andAFM．

Keywo冊s：che㎜o肚ho辻rophic　bac倣ia，Thiobacci1us

ferroxidans，in宣erfacia玉process，redox　potenti＆1，XRD，

SEM，FTIR

　　Si1icon－carbide（SiC）fiber　reinforced辻itanium　aレ

玉oy　matrix　composites　are　a亡tractive　for　strucセural　ap－

p1icati㎝ss・chasgast・・bi・eengi・es，beca・seoftheir

high　specific肌odはIus　and　s鮫eng辻h；and　good　stability

at　high　ternperature．There　are㎜any　repor辻s　on　the　fab－

ricatioη㎜ethods　and　mechanical　properties　of　those

composites．It　is　we1玉known　that　the　major　proble㎜

duri㎎Processingisfiberdegradationdueto1heun－
avoidable　na辻ure　of　active　reaction　behavior　between

fiberand㎜atrix，1hatis，thereac辻i㎝1ayerthic㎞ess

was　reIa言ed言o　the　degradation　of　mechanica1proper－

ties．The　effect　ofセhe　reaction1ayer　thickness　on　the

mechanica1properties　cou1d　not　be　deduced　by　the

micro鰍echanics，because　the㎜echanica1properties　of

「eaction1ayer　cOuld　not　be　obtained．

　　（I）Fatigue　crack　ini亡iation　and　propagation　mecha－

nisms言es官ed　a言room　te㎜perature　are　as　fol1ows；（1）

initia1io・atth・・eacti㎝1aye・，（2）inlerfacia1deb㎝di㎎

between　the　reaction　layer　and　oUter　carbon1ayerヨ（3）

cracking芝he　outer　c盆rbon　layer，（4）interfacial

debonding　between　outer　carbon1ayer　and　SiC　fiber，

（5）SiC　fiber　crackiηg，and（6）mat王ix　cracking．Fatigue

mechanisms　tested　at　high亡emperature　in　vacuum．was

ne鉗1y　the　same　as　those亡ested　at　room　tempera鮒e．

The　life　dura亡ion　for　the　forma盲ion　of　the　debonding

between　outer　carbon　layer　and　SiC　fiber　was　longer　at

high　temperature　than　that　aまroo㎜te㎜perature　at亡he

sa醐e　stress1eveL　It　is　suggested　that　the　fatigue　hfe　at

highte㎜pera辻ureishigherlhan1hatatroomtempera－
ture　due　to　the　forma臼on　of　debonding．

　　　（II）As　revea1ed　experimental1y，the　interface　region

p1ays　an　important　ro1e　in　da㎜age　initiation　and　propa－

9磁ion．To　understanding辻his　ro1e，it　is　necessary　to

mode玉and　ana旦yze辻he　mechanica1behavior　of　the　in－

terfacia且region．Ana1ytica玉and　numerica1res汕s　are

obtaineむegardi㎎3typesofda㎜ageinteracti㎝be－

tween　interface　bonding／debonding　and　a　crack　in　fi－

ber－reinforced㎜eta1s，㎜me1y，acircu醐ferencia1crack

approaching　a　fibeトmatrix　interface，crack　def1ection

and　pe日etration　at　an　interphase，3－dirnensiona1p1as－

ticity　grow亡h服ound　a　crack　tip　and　interface．These

resu1ts　are　su㎝marized　as　fo玉1ows：（王）bonding　inter－

face　may　hinder　or　accelerate　the　growth　ofan　ap－

proaching　crack　depending　on芝he　combinations　offi－

ber　and　maセrix　materia1properties，（2）properties　and．

thicknesses　of　the　interphase　are　very　irnportan言to　c1＝ack

de脆cti㎝棚dp㎝etrati㎝c㎝ditionsatinterphasein－
terfaces，（3）p玉asdcity　growth　is1ike1y　to　occur　prefer－

e耐ia1ly　around　an　interface　because　ofthermal　stresses

induced　during　composite　processing，and　this　com一
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p1icates　debonding　conditions．

　78　　1＝■』od8胴eo胞■StudV　fo【I…■6c耐o醐agoetIc　I…va■ualIon

0訂Ma－el．ia－S

1．σ伽加，肋舳1IεP伽オC∫〃洲0〃

［Apri1且994to　Ma至ch1997】

　　F1aws　in　structuraI　materia1s　remarkab1y　decrease

the　materia1s　strength．The　detection　of　s脳face　flaws

and1＝旺ateria1degradation　is　essentia1to　insUre　safety

of　importa耐struct服es　such　as　pressure　vesse1s　in　a

reactOr　and　Othe王Iarge　cons級uctions・In亡his　study　fun－

da㎜enta1pheno㎜enaIega工ding　e玉ectmmagneticeva1u－

ation　method　were　investigated．

　　W舳regard　to　a1辻emati㎎magnetic舳x1eakage

testing　method，we　s軸died　some　suitab1e　magnetiza－

tion　frequencies　for刮aws　detection．The　suitab1e　fre－

quencyisfoundtodependona且awdi㎜ension．Ahigh
frequency　is　suitabIe　for　a　sha玉1ow　naw　whi1e　a1ow

frequency　for　a　deep且aw．This　resuIt　is　due　to　the　phe－

no狐enon　of　skin　e技ec亡of］m設gnetic且ux．The　frequency

dependency　is　obtained　quantitatively．Wh㎝a舳w

depth　is1ess　than　O．5mm，suitab1e　frequencies　were

found　to　be　in　the　range　of5－20kHz，w舳e　a　frequency

between2－5kHz　is　proper　for　a打aw　of　about　lmm　in

depth．As　for　a　Haw　more　than2mm　in　depth，the　suit－

ab1efrequencyshou1dbe1essthan2畑z．Itisa1sore－
veaIed　that　the　skin　depth　inducedby　a　suitab玉e　mag－

netization　fl：equency　foll　ex＆狐ination　reaches　an　ex－

ten亡of　about30％of　the　aaw　dep亡h。

Keywords：non－destmctive　eva1uation，狐aterials

eva玉uation，electro㎜agnetic狐ethod，magne亡ic　f1ux

1eak＆9e　tes辻ing，surface　fIaw

　　In　the　case　of　eva1uation　of　SCC　susceptibi1ity£or

ha王dened　ma亡eria1s　due　to　degradation，a　s1ow　strain

rate　test（SSRT）which　has　been　common玉y　used㎜ay

αotbeproperdueto辻heimerstressofthestrained
搬ateria1s　being　increased　rapid王y．In　this　stUdy　as　an

alternative　method　for　SSRT　a　constant1oading　rate

test（CLRT）was　investigated　and　compared　with由ta

obtained　by　SSRT　me辻hod．Materia玉used　in　the　study

was　sensitized　stainIess　steeI　SUS304．As匪resuI辻of

comparisonbe寸ween　the　two　methods　in　teエms　ofstress－

strain　cume，辻wo　both　data　were　quite　co鵬istent，which

i鰍p1y　that　the　CLRT独ethod　was　promising㎜ethod

for　SCC　susceptib舳y　of　h概dened　materia1s．

2．Res材ain宣of　en玉服ge㎜ent　of1ocal　damage　by　laser

technique

　　　We1djointsofstruc辻uraicomponentsindudi㎎weld

meta1and　heat　affecξed　zone（HAZ）are　considered　to

be　rnore　sensitive　than　base　rneta玉for　aging　degrada一

辻ion　because　of　the　discontinuous　micro－structure，re－

sidua1s鮒ess，segregation＆nd　so　on．In　this　year，an

e1ectroche狐ical　approach　was　conducted　by　using　a

microvibrati㎝e1ectrodeof10μ㎜indiame辻erinor－
de“o　investigate亡he　loca1corrosion　of　we1d　joint　of

SUS304stee玉in3％Naαsolution，As　a　resuIt　it　was

found　that　the　maximum　pote舳al　gradie耐was　ob－

served盆t　a　few搬脳i㎜eters盆part　fro㎜the　we｝d　bond，

where　sensitized　region　was　formed棚d　corrosion　pits

were　observed．According1y　this　eIectroche狐ical　ap－

proach　seemed　to　be　a　pro㎜ising　technique　to　eva1uate

the　corrosion　behavior　ofwe王d　joints．The　behavior　of

he1iun1bubbles　yie1ded　at　the　l＝皿e1ting　spots　of　a　speci－

men　surface　treated　by　laser　bea馳was　a旦so　investi－

gated．It　was　found　tha辻the　he1iu㎜bubb1es　revea1ed

under　the　condition　of辻he＆mount　ofdoped　he1ium狐ore

than20apPm．

Keywords：agi■g　degradation，1oca1ized　corrosion，

玉ight　wa辻er　reactor，weM　joints，1aser　beam

　79　E行ecオof　Aging　Deg陥datioIl　on　Loca1iz8d　Co豚osio■1

0f　S一閑c伽a1陥一前a1s　fo了Lig杣Water　Reac－o渦

80　　NR■M　C犯ep　Da－a　She6t　P【0iec一・V

YKα肋伽，JO1加㎎αη〃漉吻Cε他∫ω1℃ん∫ま励0η

［Apri至1996to　Maエch2000］

　　A工醐ost舳rty　ye鉗s　have　passed　since　nuc1earpower

pIantsstartedforcorn㎜ercia1operati㎝inJapan・Itis

㎞portant，lherefore，tosec・・ethei・teg・ityofs舳・一

turaI　materiaIs　for　long－term　aged　nuc1earpowerp1a耐s．

　　As　one　of　the　nuc玉ear　safety　researches　the　objec－

tives　of　this　research　are　tO　investigate　the　inte「action

be辻ween＆9ed　structura1materials　and　environmentany

assisted　cracking（EAC）such　as　stress　corrosion　crack－

ing　and　corrosion　fa亡igue　in　high　temperat岨e　water，

and　to　restrain　the　en玉argement　of工oca玉da㎜age　i日we1d

joints　by　using　a玉aser　technique・

！．In倣acticn　between　aged　materia1s　and　EAC

∬．〃ε，〃εc肋〃たα〃〕仰ぴ必D1洲o〃

壬Apri丘1996to　March2001］

　　The㎜ajor　objectives　ofthe　NRIM　Creep　Data　Sheet

Project　are　to　accumuIate　Iong－term　creep　and　ruptUre

d＆ta・ptomo・e1h・・！05hdataforheat・esist・・tstee1s

and　al1oys，which　are　produced　in　Japan，an山o　pub－

lish　the　data　as　a　series　of　NRIM　DaねSheets．This

projecthasbeenconti㎜edsince1966and1heseriesof
NRIM　Data　Shee亡s　have　been　distributed　not　on1y　in

J窪pan　but　aIso　in　abr03d．一n　fiscal　year1996，we　pub－

1ished　three　sheets　Iis辻ed　in　Tab1e．

In　para11eI　with　the　testing　and　pub玉ication　pmgram，
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Table　Summary　o寸NRlM　Data　Sheets　in寸iscal　year1996

MateriaIs Nu狐ber Issued

9Cr一ユMo－V－Nb　stee1tubes　for　boiIers

and　heat　exchangers　and　steel　p1ates 43 Septe腿ber30．！996

for　boi1ers　and　pressure　vesse1s

Re1ax＆tion　properties　of　lCr－O．5Mo一

O．25Vand12Cr－！Mo－1W－O．25Vbo1ti㎎ 44 Septe狐ber30．1996

s辻ee1for　high亡e互nperature　service

Nor㎜a1ized　and　tempered2．25α一工M1o

Stee1p1a言es　for　boi1er　aηd　pressure ！ユB March3／，1997

Vesse1s（SCMV4NT）

we　havc　made　researches　on玉ong－term　creep　and　rup一

重ure　behavior　of　heat－resistant　s言ee王s　and　a1loys－

　　　On芝he　basis　of　inhere献creep　st麦ength　concept，for

deve1opment　of　superior　s芝ecls　with　respect　to玉ong－

term　creep　streng官h　it　is　much㎜o肥important　to　ob－

tain　stabIe　microstructu㈹foエ1ong辻ime　rather　than　short

term　strength　aηd　to　e玉ongate　the　period　when　the

strepgth　goes　down　to言he　inherent　one．

　　An　ana1ysis　of　creep　behaviors　of　three　kinds　of

heat　treated2．25Cr－1Mo　fer舳c　stee1s　with　amea1ing，

nor㎜alizing　and　tempering　and　quenching　and　tem－

pered　were　carried　out　using亡he　modifiedθmethod

and　observation　of　microstructure－The　creep　rupture

strength　under　high　stress　and　shoれperiod　strong1y

depended　upon　the　heat　treated　struc池夏e．On　the　other

hand　dependency　of　strength　on　s辻mcture　under1ow

stress　and1ong　period　was　not　considerabIe　because　of

recovery　of　the　micros亡ructure．

　　ReIationship　between　abmr㎜a1creep　pheno狐enon

and　change　in　micros亡ruc伽re　ofSUS316stee1was　in－

vestiga言ed」n　the　past，it　was　considered　tわe　abnorma1

creep　behaviorwas　due亡o　formation　ofoxides　in　cracks．

It　was㎜ade　cユear　that　nitrogeηin　stee1strong1y　ef－

fected　this　phenon1enon　through　the　fact　thatξhe　σ

phases　in　grain　boundaries　part1y　changed　to　nitrides

and　tha亡ni言rogen　afEected　precipitated　phases　in　grain一

Keywords：Iong－term　creep，cζeep　rupture，stress　re－

1aXatiOn，nユiCrOStruCtu夏al　eVOlutiOn

examp1e　of　the　s校ess　or　e1ectro－n1igration　for　a1umi－

num舳n－fi1m　conductors　in　the　techno1ogy　of　inte－

grated　circui言s．

　　　This　research　has　been　conducted　to　dcve1op　the

materia1s　da㎜age　eva1uation　technique　in　the

nanoscopic　region．First，topographic　in1ages　of　high

magnification　were　obtained　fof　various　fracture　sur－

faces　and　thiη一fi玉m　structure㎞se㎜iconductor　devices，

using　a　scanning　tunne1ing　microscope（STM）and

a亡o㎜ic　force狐icroscope（AFM）。Second1y，a　nano－

indenta臼on　hardness　tester　has　been　deve1oped　which

is　based　o刀AFM．Because　of　tわe　imaging　ab舳y　of

the　AFM，it　is㎜uch　easier　to　choose　where　a　nano－

indentation　hardness室est　wi1I　be　conducted　and　to　mea－

sure　size　of　indentations。’Using　this　system，㎜echani－

cal　pmperties　ofvarious　materia1s　such＆s　go1d，stee1，

tungsten，mo1ybdenu㎜，si1icon，and　g1ass　were　inves－

tigated　in1ess沈an！00nm　regions．Last1yヨa　finite

e1ementmethod（冊M）andmoIecu1ardynamics（MD）
simuIation　was　conducted　for　the　nano－indcntation　pro－

cess　and　agreed　we1I　with　the　experiments．It　is　con－

c1uded　th3t　both　experi㎜enta1and　computationa1tech－

nique　wiu　be　usefuHor　a　further　work　in　this　field．

Keywords：materia1sdamage，nano－indentation，STM，

AFM，FEM

82　　I〕ucti■e　ve‘sus　Bri榊e　Be■1avior　of　St胴c池閉1S－e61s

81　　NanOscOpiO　Materials■〕amage1…vaIOa－iOn

8．池榊0んα，肋〃θr他∫ε伽Cんα〃τぴ伽8舳C肋αZ

〃肋rfα13，8舵〃9肋伽れ昨〃α1〃ατf0〃他∫ε肌ん

8肋j0〃

［Apri1至994to　March1996】

　　　I言is　i㎜portant　to　examine　the　mate亙ia1s　damage　in

the　vicinity　of　crack　tip　or　grain　boundary　to　improve

the　rehabi1ity　of　structura1materiaIs．Rece舳y，the

damage　in　srna1l－size　s亡ructura1co王nponents　has　a1s0

become　a　subject　of　much　concem　as　seen　from　an

8．舳舳oんα，〃o〃加r他∫6〃cんCε〃εψ1’8舳伽rα1

〃肋r〃8，8τ閉ψα〃れ牝〃α1〃ατ10η他3θ〃Cん

8伽主0〃

［Ap王呈11996to　March1998］

　　Many　stee1s亡ructures　were　da㎜aged　on　Hanshin－

Aw＆ji　great　earthquake　ofJanuary！7．！995．One言ypi－

ca1examp1ewas　the　buckling　ofsteeI　co1u㎜ns　in　high－

ways　and　a羽other　was　the　britt玉e　fracωre　of　steeユbox．

co1umns　in　high－rise　bui玉dings．Such　a　d搬erence　in

dal＝nage王nodes　is　c1ose1y　related　to　the　ducd1e　ve1＝sus

britt1e　behavior　of　structu工aI　s亡ee玉s．

　　The　conaborative　projec辻aimed　at　investigating　the
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dam＆ge　of　stee1structures　has　beeηcarried　o耐by　us－

ing　a　Iarge－sca玉e言est　bench　in　Nationa1Research　Insti－

tutefor肋thScienceandDisasterP肥ve揃i㎝．Wehave
cont王ibuted　to　the　project　by　the　fracture　am1ysis．That

is，the　fracture　surfaces　of玉arge　T－type　specirnens　of

SM490B　stee1havebeen　ex＆㎜ined　by　a　scanning　e1ec－

tron　microscope．In　paraue1言o　this，we　have　been　de－

veloping　an　advanced　fracture　ana1ysis　by　scanning

tunne1ing㎜icroscope　and　ato狐ic　force　microscope．

KeywoMs：stee1s，ear言hquake，ducti1e　frac鮒e，brittle

frac加re，STM，AFM

83㎞岬wm舳so川軸↑e岬6了舳reP岬舳iesin
Materia1s　for　HighlU1一芋a・hiφTemp6raオ甘e　use

r肋α加，肋ソかo〃閉ε伽1此巾r〃α〃cεD州∫主o〃

［Apr｛11996to　March1999】

1．Materia1s　for　high　temperature　use．

　　The　purpose　of　the　study　in　this　year　is　to　inves言i－

ga辻e　the　effect　of　Inic王ostl：uctures　on　the　creep　rupture

properties　ofTi＿49at．％AI　at言he　teraperatures　ranging

f王om！023to！373K　in　a　high　purity　he1ium　environ－

ment．The　resu1ts　were　p洲1y　compard　with　those　of　a

Ni－basedsuperailoy，I㏄one1617．

　　Hot　extmded　Ti－48．8at．％Al　bars　with！8㎜m　diam－

e辻er　fro㎜a　skun　melted　ingot　were　used　in　this　inves－

tigation．They　were　he銚舵ated　inα，α十γorγ

region　to　obtain7kinds　of　micmstructures；（1）funy

Iame1工ar　structure（co1ony　size：435μm），（2）γgrains

containing　α2p1ate1et　in　each　grain（γgrain　size：150

μ㎜），（3）γgrains　withα2訟t　their　boundries（γgrain

size：50μm），（4）一（7）equiaxedγgrains　with　diameter

of60，140，220and350μm．Round　tensi1e　creep　speci－

mens　having　the　gauge　section　of6mm　diameter　and

25mm1engthwere㎜achined　from　the　hea亡treated　bars．

Creep　rupture　tests　of7kinds　of　specimens　were　co■一

ducted　under　consta耐1oad　condition　atユ273K，whiIe

a亡1023．1173and1373，only2kinds　ofspecimeηs　with

γgra㎞sizes　of60and350μ蜘were　tested．The亡ests

were　carried　out　in　a　high　pu王ity　he1ium　gas

environment（02＜2vp㎜，dew　point＜200K）．

　　　The　resu1ts　obtained　fro馳the　creep　mp触re　tests　of

the　TiA1aHoy　were　as　fonows；

！）Creep　rupture　properties　of　the　al1oy　depend　on　i亡s

raiCrOStruCtureS．

　　　The　equiaxed　coarse－9rained　materia1is　stronger

than　the　fine　grained　ones．

2）The　a玉1oy　has　good　ruture　ductility　due　to　dymmic

recrys辻a11izati㎝occurringduri㎎thetertiarycreep

S胞9e・

3）Rupture　strength　of　the　a1loy　witγgrain　size　of350

μ㎜趾e　comparab1e　to　those　of　a　Ni－based　superaレ

Ioy，Incone16！7aけ023－1373K．

2．Mteria1s　for　u1tra－high　temperature　use，

　　　Thepurposeoflhestudyinthisyearistoinvesti－

gate　how　the　thermophysica1and　ther搬omechanical

properties　of　graphite　as　p1aswユa　facing㎜atel＝iaIs　in　fu＿

sion　reactor　devices　are　in1proved　by　rep1acing　sorae

partofgraphitewithTiCandTiB2．Avarietyofgraph－

ite　powders　containing　different　fractions　of　Ti　pow－

ders　and　B　powders　was　sy耐hesized　by　powder　meta1－

Iurgica1process　and　ho亡一pressed　uniaxiaHy　in　vacuum

at2273K　under　the　stress　of50MPa　to　produce　disks

wi言h30－60mm　dia㎜e亡er．The　obtained　disks　were　au

composed　on1y　of　graphiteヨTiC　and　Ti132．They　then

cut　to　the　disks　with　about5－10m㎜thickness，which

were　used　as　therma玉shock　test　specimens．The　cou－

pons　of3x5x36mm3for3point　bend　test　were　aIso

馳achined　from　the　disks．

　　　The　therma1shock盲ests　were　performed　using　an

・eIectron　beam辻hema玉shock　appara｛us．The　beam　di－

a跳eter　was13㎜m　and　the　maximum　heat　duration　was

！3sec．In　order　to　anaIyze｛he　phenomen盆induding

erosion，vaporization　and　so　oll，the　specimen　curren亡

and　te㎜perature　were　continuously　monitored　during

the　test．Further，3point　be藺ding　tests　we肥canied　out

at　room言e肌perature・

　　　The　resu1亡s　obtained　up辻o　now　were　as　fo11ows；

！）The　synセhesized　graphites　were　composed　ofgraph－

　　　ite，TiC　andTiB2on1y．

2）There　existed　incubation　time　for　erosin（Tie）in

　　　gζaphite　containing　TiC　and　TiB2．Tie　increased

　　　with　increase　ofTiC　contepts．

3）Graphite　containing45wt％TiC棚d5wξ％TiB2
　　　showed　the　best　thermal　shock　resistance　among

　　　辻hem　and　is　superior　to　IGl10U，a　commercia1base

　　　isotropic　graphite．茎ts　bend　strength　is　a1most　the

　　　same　as　that　of　IG！！OU．

key　words：intermetaIlic　compound，TiA1，creep，

p1asIna　facing　materia1，thermaI　shock　resitance．
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三Apri1玉994to　March1997］

　　　Comp1ex　transient　behaviour　which　does　not　obey

c1assica1form，is　observed　on　both　creep　deformation

and　creep　crack　grow亡h　of　heat　resistant　steels　and　a1－

1oys　aけhe　e1evated　temperature．Creep　deformation

and　creep　crack　growth　are　in刊uenced　by　the　changes

in　micros伽cωre　of　materia1s，This　study　aims　at　giv－

ing　a　ro1e　of　rnicrostructura1change　iηthe言ransient

behaviour　at　the　elevated　tempe耐ure．

　　　Comp1ex　creep　deformation　which　revea1s　m眺ip1e

1ocaユminima加creep棚e　is　observed　for　eng加eeriηg

heat　resistan言stee1s．Comp1ex　creep　deforma亡ion　of

SUS316stainless　stee1is　reIated　to　both　changes　in

ca夏bide　precipi籔tion　strengthening　ef£ec辻and　p1＝ecipi－

tation　of　Laves　phasc．Comp玉ex　creep　deformation　of

carbon　s言ee1are　annihi玉ated　by言he　ageing　Prior　to　creep

teSt．

　　　In　order　to　deve1op　an　accurate　creep　crack　growth

eva1uation　me亡hod，creep　crack　growth　properties　of

severa1heat　resisting　ma施ria1s　have　been　investigated．

The　estimation㎜ethod　of　transient　creep　deforrnation

due　to　crack　growth　was　discじssed　by　using　the1arge

CT　specimen　for　Cr－Mo　stee1．The　evaIuation　method

ofcrack　growth1ife　was　indicated　by施king　the醐icro－

structurai　change　into　account　for　creep　brittIe　Ni＿base

supera11oys．The　creep　crack　growth　rate　co刮d　be　prc－

dicted　more　accurateIy　by　taking　the　creep　frac言はre

㎜cchanism　and　creep　damage　densi言y　ahead　of　the

crack　tip　in亡o　account、

Keywor沮s：creep　defoエmation，inherent　cエeep　streng亡h，

creep　crack　growth，㎜icrostmctumI　change
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［Apri11995to　March！998］

　　　㎞セhe　NRIN　Creep　Da亡a　Sheet　P互oject，we　have

pub1ished　the1ong＿te王n1creep　and　rupture　data　con＿

taining105hdataforprincipa1he盆tresistingstee1sand

a玉1oys．We　a肥㎜w㎜aki㎎apユanpu舳shi㎎the　Mi－

crostructure　Data　Sheets　for　type304，3！6，321and

347s施in亘ess　s亡eels，as　a　para11e1series　of　the　Creep

Data　Sheets．The　Microstructure　DataSheetswi11con－

ta㎞not　on1y　the　microstructura1changes　during　creep

but　a1so　reIating　data　such　as　time－temperature－precipi－

tation　diagrarns，distl＝ibutions　of　precipi施tes　and　cl＝eep

voids，and　creep　damage　parameters．The　purpose　of

the　present　rese鮒ch　is　to　characterize　the　creep－dam－

aged　microstructure　for　the　stain1ess　stee1s．The　ob－

tained　resu1ts　wi11be　incorporated　in　the　Microstruc＿

ture　Data　Sheets．

　　Penning　discharge　micro＿sputtering　techniques　us＿

ingAエions　were　app1ied　for　etching　a　variety　of　heat

resisting　stee1s　and　a1Ioys；！α一！Mo－0．25Vferritic　and

3ユ6H　austeni亡ic　stee1s　and　Ni－base　Incone17ユ3C．AlI

the　materia玉s　exhibited　dear　and　reproducible　mic王o－

structures　at　the　sputtering　conditions　of！kV　anode

voltage　and　lO　mA　discharge　curre耐，i鵬spective　of

d雌erent　chemicaI　compositions　and　different　history

of　the　materiaIs．The　grain　boundaries，creep　voids

and　precipitates　such　as　carbides　andσ一phase　were

characterized　using　optical　and　scanning　eIectron　mi－

croscopes．It　is　conc1uded　that　the　present　lnethod　re－

quires1ess　ski11and　the　resu1tant狐icrostructures　were

insensiti▽e　to　spuれering　conditions．

Keywords：creep－damaged　mic工ostructure，computer

aided　metallography，stain1ess　stee1s
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下emp町a－0閑㎜echa村caI　P【0p甘ties　Of　Zi【c00ia

Fψ0地島8舵〃g肋α〃ム昨〃α1〃α伽〃他∫θ〃Cん

8刎三0〃

［Ap至量11996to　Marcb1999］

　　Transfor㎜ation－toughened　zirconia（Zr02）base

ceramics　have　been　ofmuch　interest　in　recent　years，

because　of　the　considerabIe　potentiaI　of　these　ceram－

ics　in　structural　app1ications．The　author　and　co－work－

crs亨1ready　showed　for　a　Zf02－9．7mo玉％MgO　thaけhe

telrag㎝a1（t）tomonociinic（㎜）Phaset王ansfo㎜ad㎝

occurred　in　the　two　dis言inct　stages　at　l000－1200K　and

400－70011（on　cooling．In　this　research，the　origin　of

the　low－te狐perature　stage　at400－700K　was　examined

in　detaiIby　means　ofdi1ato㎜etry　and　transmission　e1ec一

亡ron　microscopy．The玉ow－te狐pera鮒e　stagewas　caused

by　raar辻ensi虹c　transforraation　ofthe　ellipsoida1partic1es

of　the　t－phase　in　the　cubic　phase㎜atrix．During　cyc1ic

heating　and　cooling，the　formation　of　microcracks銚

the　interface　between　the　t－phase　partic1es　and　matrix

as　wen　as　the　diffusion－con宣ro11ed　coarsening　of　the　t－

phase　particles　occurred，which　acce1erated　the腕ns－

for㎜盆tion㎞the1ow－temperature　stage　on　cooling　and

increased亡he　transformation　te王nperature．

　　　SeveraI　kinds　of　ideas01パoughness　i㎜provement

in　zirconia　base　cerarnics　have　been　pl＝oposed，In室his

researchヨthe　effect　ofvo1u㎜e　frac盲ion　of　the　m－phase

on　fracture　toughηess　KIC棚d　hardness　has　been　in－

vestiga亡ed　for　Zr02－9．7mo1％MgO　and　Zr02－

2mo1％Y203．The　vo玉ume　fraction　of　the　m－phase　was

changed　fro㎜O　to　O．987for　the　Zr02－9，7㎜o1％MgO

by　various　heat　treat㎜ents．The丑qC　and　hardness　were

㎜easuTed　by　inden嚇ion㎜ethod　ov跡the　tempeTatuエe

range　between　room把mperature　and！173K．In言he

Zr02－9．7mo1％MgO，the　K正C　increased　with　increas－

ing　the　volume　fraction　ofthe㎜一phase，whi1e　the　hard－

ness　decreased．The　K1C　was　inverse玉y　proportional

to　the　hardness　simi1ar　as　that　of狐etalhc㎜ateria－s．

The　Zr02－2mo玉％Y203，consisting　of　l00％t－phase，

scarce1y　showed　the　cracking　at　the　end　ofiΩde杣ation，

indicating　higher　IqC。

Keywords：partia玉1y　stabi1ized　zirconia，transfor狐a－

tion，fracture　toughness

Relate⑭apers：

　　Te亡ragonal　to　momcIinic　transformation　and　mi－

crostr㏄tural　evo1ution㎞Zr02－9．7mo玉％MgO　during

cyc1ic　heat㎞g　and　cooling，F．Abe，S．Muneki　and　K．

Yagi，J．Mat．Sci．，32（1997）：5！3＿22．

　　Relationship　be亡ween　hardness狐d　frac言ure言ough－

ness　of　a9．7mo工％MlgO　partia11y　stabi1ized　zirconia

a11oy，S．Muneki，P．Abe　and　H」rie，Proc．ユ3th　Korea－

Japan　Seminar　on　New　Cefamics，Nove狐bef20－22，

1996，Pohang，Korea，PP．216－20．

　　E鋭ect　of　specinエen　size　on　ducti1e　to　briωe批ansi－

tion　behaviomfmartensitic　gCr　stee玉s　aftervarious　heat

treat㎜ents，F．Abe　and　H．Kayam，J．N㏄L　Ma辻er．，232

（ユ996）：44－5！．

　87　Studi6s　on　I≡valuati0110f08abi1iW　of　OrgaIlic　Coa一・

iogs　for　Co■1s一閉ctioo　Mat6ria■s．

肋〃ακK0伽〃α，肋1η0グDかθα0・0グ助εCjα1地一

3ω1℃乃

［Apri1玉996まo　M劃rch亘999】

　　Facing　the　transi辻ion　ofJapan　toward　a㎜ore　ma一

ξure　and　aged　society　in　the　next　cen亡ury　to　corne，it

has　become　common1y　accepted　that　infr＆structures　be

used　for　pro1onged　period　ti㎜e　with　the　minimu㎜ex－

pense　of　main宣enance　cost．A玉ong伽s1ine　we　started

a　new　research　on　the　durabi玉i宣y　of　organic　coatings

used　foぎthe　pro亡ection　of　infrastrびctures．　In　the1＝e－

search　incIuded　are　environmentaI　factors　in打uencing

辻he　duτabi1ity　of　polymersヨ正nechanisnl　of　adhel1ence

of　paint　to　raeta玉，detection　of　structuraI　changes　of

po玉ymers　in　the　degradation　process　and㎜o舳oring

of㎜etallic　corrosion　a亡metal／Paint　interface．

　　In　order　to　eva玉uate　outdoor　degradation　of　pain言

films，exposリre　tests　using　a　variety　of　paints　coated

on　a1uminu㎞．Plates　were　c狐ied　ou亡at言hree　exposure

sites　in　Japan盆nd　two　sites　in　Thai1and．AIumimm

pla言e　treated　in　a　phosphate－chrom挑e　so1utionwas　used

as　a　substrate　ma言eriaI；I亡was　se1ected　foれhe　purpose

of　avoiding　the　e脆ct　of　meta11ic　comsion．Environ－

me械a1factors　such　as洲eヱage言empeτatwe，re1a言ive

humidity　and　a　cu㎜u1ative　ofultravio1et（UV）i附adia一

辻ion　were　measured㎜on舳y．As官andard　poIyethylene

film　was　exposed　on　the　same　exposure臓ck．The　gen－

eration　ofcarbonyI　in　polyethyIene　was　detected　by

infrared　spectroscopy（FTIR）after　exposure　of　one

㎜onthヨand　it　was　used　as　a　para独eter　indicative　of

UVintensity　and　environmental　aggressiveness　to　po1y－

1＝荘el＝s・FOr　eva1uating　the　degrad誠ion　of　polyrner　coat－

ings　we　used　severahechniques　such　as　gloss　reten－

tion（optica1method），con施ct　angle　measuremen亡，and

detection　of　s亡mctural　changes　by　meaηs　of　FTIR．

αose　corre玉ation　was　observed　a㎜ong　data　of　differ－

e倣把chniques．0bsewed　data　ofpaint　fil㎜s　were　p1ot－

ted　and　eva1uated　as　a　function　of　carbony1index．

Among　paint　coatings　studied，degradation　progressed

in　the　order　of　epoxy＞a1kyd＞Po1yurethane＞nuoro－

carbon，whi1e　red　pigments　showed　better　resistance

than　white　ones．

Keywords：durabi肚y　oforganic　coating，environmen－

tal　factors
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88　1〕eve1opme械ofPorousCe了amics　lm叫eg－atedwi肺

■o11ic　Condoc－iv6Ma一釘ials

H．肋此α棚〃α，肋㎜0ρか肋γ0グ恥C〃他3θακん

［Apri至1995to　March1998］

　　　Recent1y，research　works　on　so1id　high　ionic　con－

ductorhavebeenmain1yfocused㎝oxygenioncon－
ductor　such　as　Zr02，proton　conductorsuch　as　SrCe03

and　sodium　ion　conductor　such　asβ一A玉・O・．

　　　One　of　the　reasons　why　no　other　so1id　e1ectro1ytes

have　been　deve1oped　as　high　ionic　conductor　is　that

cracks　caused　by　grain　growth　or　voids　a玉ong　grain

boundaries　tend　to　initia芝e　in　the　s㎞言ered　mateζ亘a1s　pre－

pared　for　the　so1id　eIectro1yte，

　　　The　objective　of　this　study　is　to　dcveIop　a　oew　type

of　so1id　e1ectro1yte　in　which　grain　boundaries　or　voids

are　extreme1y　decreascdby　i㎜pregna言ion　ofIiquid　com－

pounds（M20－B203－M2S04，M二Li，Na，K）i耐o辻he　po－

rous　oxides．Subsequen迂1y，its　e1ectrica1properties　wi1玉

be　eva1uated　by　the　rneasurernent　of　e1ec杖ical　conduc－

tivity，the　investigation　of　poIarizing　beh＆vior　and　the

deter㎜inatioηof　charge　carri脱Fu舳ermore，the　ther－

ma1characteristics　wiu　a1so　be　evaluated　using　vari－

ous　thenna1an1ysis　l＝nethods．

Keywords：ionic　conductor，soIid　e1ectro1yte，charge

car1＝ie亙，c1ectl＝ical　conductivity

89　Relationship　betw6en　l＝a廿igue　C洞ck町opaga－io11棚d

Cyclic　Defo＝ma－ion　of　Small　Specimer1s

A0〃α，五〃かo〃ηε〃〃月的br柳αηcε1）柵∫ゴo〃

EApriI！994主o　March至997】

　　　On　the　higher　stress王atio　condi童ion，the　fatigue　crack

propagation　properties　become　unique　among　differ－

en芝stress　ratios，because芝he　fatigue　cr註ck　cIosu互c　does

not　occur．In　these　cond｛tions，the　effective　llange　of

stress　intensity　factor　co亘ncide　with　the　range　of8p－

p1ied　stress　intcnsi言y　factor。至t　is　defined　that　the　fa一

言igue　crack　propagation　p夏opeζties　obtained　at　these

conditions　are　fun由men芝al　fatigue　cr＆ck　propagation

p王operties．

　　　The　fundamenta1fatigue　crack　propagation　prop－

erties　have　been　obtained　for　s亡ee1s，ahminum　a1Ioy

and　titanium　a11oy　by　the　two　se言s　of　maximum　load

ho玉d　tests　in　which　the　minimum1o＆d　increased　ac－

companied　by　the　cracl（extension，

　　　The　funda狐en芝al　fatigue　crack　prOpagatiOn　prop－

erties　become　superior　with言he　inc肥ase　oftheYoung，s

modu1us　wheηthey　are　p1otted　on1og　da／dn　versus1og

△K．ThedistanceaIongIog△KisproportionaIto
the　Young’s　modulus．

　　Thereforeヨthe　da／dn　are　repotted　on1og　da／dn　ver一

sus1og△K個．It　is　confirmed　that　the　re1ationship

between　fatigue　crack　propagation伽e　and　the　s言rain

in施nsity　facto王beco㎜e　m均ue　in　spite　of　tbe　materia1

having　d柑erentYoungls　modulus，This　means　that　thc

fatig鵬crackpropag討i㎝propertiesofmate夏ia1iscon－

t王o11ed　by　the　strain　range

Keywords：fatigue　crack，fatigue　properties，cyc1ic

deforrαation

90　漬va1uatioo　of　Fatig鵬S榊ng－h　ofWe1ded　Joi刷s　in

Syn肺etic　S6aWate汕y航e　NewTes言ing　Method

λ、0〃α，W．舳z工〃αη6γ〃αε加，万ηひかo〃㎜ε〃α1Pθr一

μ〃α〃CεDM8j0η

［ApriI1995to　Marcい998】

　　　The　fatigue　strcngth　ofbox　we1d　in　synthetic　sea

water　has　been㎞ves言igated　at　the　condition　where　the

Inaxi正nu亘n　stress　has　kept言o　be　the　yie1d　stllength　of

materia1whiIe芝he㎜inimum　stress　changed　wi出the

st肥ss　range．Thisξest　co羽d拙on　is　copsidered　to　simu－

Iate　the　high　tensi1e　residua1stress　near亡he　box　we1d

in1arge　beam　specimens．The　fatigue　tests　have　been

performed　in40℃synthetic　sea　water　in　which　the　air

bubbIes　were　b1own　in．

　　　Large　beams　are　se1ected　as　specimeなwhich　con－

tains　yie1d　stエength　magΩi言ude言cnsiIe　residual　stress，

The　stress　ratio　fo童the　beam　test　is0．1．

　　　The　test　frequency　is　O、ユ7汀z．The　fatigue　crack

initiation1ife　is　automatical1y　detected　by　using皇he

crack　opening　disp1acement　signa1from　eddy　current

detec亡or．The　reduction　of　stress　range　at　the　detecdon

of　fatigue　crack　initiati0B　as　the5percent　drop　of言he

crack　opening　displacement　al＝np1i言ude　fro王n亡he　initia1

va1ue　of　i言creates言he　c1ear　beach　mark　on　the　frac芝u工e

surface．

　　　It　is　confirmed　in重he　short　fatigue1ife　region　that

ξhcすesu1ts　of　both　tests　give言he　simiIar1ife．That　is，

the　evaI糧ation　of　fatigue　life　by　theσm訂x＝σy言ests　on

sma玉玉specimcn　is　equivale刺to　the　fatigue　strength　of

weIded　beams　which　rea玉1y　co献aip　yie1d　strength　mag－

nitude　tensiie　residual　stress．

K6ywords：fatigue　wc1ded　Joint，yie1d　strength，steeI

Rei娩d肋per

　　　Fatigue　StrengthEva1uati㎝ofWe1dedJoints　Con－

sidering　High　TensiIe　Residua至S辻resses，A．Ohta，

Y．Maeda，T．M＆wari，S．NishijiIna　and　H．Nakamura，

Int．J．Fatigue8（1986）147－150．

91　C桐mica1Ana1ysis　of　Organo－in　in　Ma而e　E1viroη・
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me刺aI　Sa痂p1es

H．0及oc似πα伽ψDかεα01一ψψεdolRε∫εω℃ん

［ApriI1991言o　March至996］

　　The　optin1鐵㎜condi宣ioΩs　for　the　so1id　phase　ext搬c一

言ion（SPE）of　organotin　compounds（OTC）extrac室s

from　sediments　or　sheHfishes　have　been　systematica11y

investigated．As　for　the　acidity，the　recoveries　ofTBT

andTPTwerebetterinO．12and0．24MaC1，whi玉e
言hosc　of　DBT　and　DPT　were　better　in　mo肥acidic　so－

1utions，such　asユ．20and！。44M．According玉y，atwo

steps　SPB　procedure　was　es漉b1ished．The　recovery　of

OTC　decreased　with　the　increase　ofthe　drying　time　by

Ar　f1ow　in　SPE．At　evaporat㎞g　procedure，in　the　case

of100％MeOH　the　recoveries　remarkab旦y　lowered

whi玉e85％MeOH　gave　beξter　recoveries．The　tem－

perature　con亡ro1at3ゴC　is　very　importa磁at　the　evapo－

rating　step　underAr個ow．

　　The　optimum　condi亡ions　for　extracting　OTC　from

sed㎞e械shavebeeninvestigated．Whenextracti㎎with

MeOH，the　addition　of　Hαwas　no言adequa蛇for　TBTヨ

whiIe　it　gave　better　recoveries　for　DBT．According1y，

a　two　steps　ex亡racting　Procedure　was　seIected．The　ex一

肋cting　procedure　of　OTC　from　sedi㎜ents　is　as　fo玉一

1ows；Take0．5g　or1．O　g　of　a　sedime斌（dry）into　an

extracting　vesseL　Add20m1of　MeOH　and　shake　for

60㎜in　and　then　centrifuge　for45min　using　a　high　speed

coo1ing　ce汕H～ge（一5℃，1200rp狐）．Then　add20m玉

ofMeOHand2m1of12MHαandrepeatthesame
pτoced弧e．The　recovery　tests　were　TBT97％，TPT97

％，DBT84％and　DPT93％．
　　The　SPE　ofTBT　and　TPT　in　she肚ish　samples　has

been　a1so　estabIished．The　interference　of　the1ipid　in

OTC　extracts　cou1dbe　removedwitho磁a　c亘ean－up　pro－

cedure　by　changing　it　to　miceue　wi重h　TDS　and　SPE　a芝

pH玉O（O．25．The　recoveries　ofTBT　and　TPT　were

ca．96－97％．The　N肥S　CRM　No．1111fish　tissuc■，was

an＆1yzed　by　the　estabIished　p王ocedure，that　is，SPE／

MLC／ICP－MS，The　determi蘭ed　vaIues　ofTBT　and

DBT　showed　good　agree㎜ent　with亡he　certified　refer－

enCeVa1ueS．

　　A亡omic　absorption　spec辻迂ometry（AAS）ofOTCwas

cOmparative玉y　studied　a亘nong　FMS，hydride　genera－

tionAAS　and　GF一＾S　without　ch＆nging　to㎞organ｛c

tin，In　GF－AAS　the　s芝abi1ized　tempera言びre　p玉atform

fum＆ce　techni卯e　was　app玉ied．

Keywords：ICP－MS，organotin，so1id　phase　extrac－

tion盲GF－AAS，sea　water，sediments，she11fish

92Usi㎎的前m舳alandTheore晦a10ept冊esolu・
一ioη帥6－i㎝sfo川igM㏄8racyOe帥肺言i1軸

8．H0伽伽〃，ψεC〃沢㈹01℃ん

［Jamary婁996to　March至999］

　　　In　order　to　detemine　the　composition　of　thin　fi1ms

with　a　precision　of　the　order　of　one　atomic　monoIayer，

depth　profi1ing　by　ion　sputtering　in　combination　with

a　surface　anaiysis　method　has　to　be　optimized．The

devi盆tion　between言he　in　depth　distribution　of　compo－

siti㎝aηdthe㎜easuredprofi1eisusuallycharacteト
ized　by　a　ce池in　depth　resoIution　z（16％一84％），which

describes　the　apparent　broadening　of　an　atomicaHy

sharp　interface口，2］．If　information　about　the　concen一

芝ratioηdistribution　within　this1ength　z　is　required，the

relati㎝responsib1eforthisb1びrring，i，e．thedepthreso－

Iution　function，has　to　be　known．The　exac辻know玉edge

of　the　depth　resoIution　function　is　the　key　to　a　correc辻

transformation　ofthe　measu肥d　sp鮒er　profile　into　the

．origina1in－depth　dis重ribution　of　composition　with

mono1ayer　acc狐acy．Rece舳y，a　theoreticaI　descrip－

tion　of　the　depth　resoIu言ion　function　usefuI　for　both

SIMS　andAES　profi1ing　was　deveIoped　starting　with　a

simp玉e言heore言ica玉modeばor　the　mixing　infIuence　and

extending　iけo　include　surface　roughness　and㎞forma一

言ion　depth（ca11ed　MRI一㎜ode1from　Mixing－Rough－

ness－Informa辻ion　Depthエ3］）．These　three　funda㎜en－

ta玉parameters，given　by　the　mixing玉ength　w，Gaussian

roughness　and　exponen言iaHnformation　decay1ength

a1so　inc1Ude　the　observed　shif言of　the　measured　inter－

face　with　respect　to　the　origiηa1interface［4］．High　ac－

curacy．Profile　reconstl＝uction　can　be　achieved　by　care－

ful　experime耐a1determ㎞ation　and　theore言ical　mode1－

1ingofthedepthresoiutionfunction．Atestofξheex一
言ent　of　nonl㎞ear　behavio弧with　increasing　concentra－

tion　is　proposed　by　cornparing　the　shape　of　the　depth

profi玉e　of　a　mono1ayer（de1ta玉ayer）（A玉As　in　GaAs）

with　that　ofa　differentiated　pro釧e　a辻the　interface　of

GaAs／AlAs．

　　　According盲o　our　design，a　reference　samp1e　was

fabricated　by　Sony　Research　Laboratories　w鮒the　fol－

lowing　structure：（in　atomic㎜ono1ayers）：4！GaAs／！

A1As／43GaAs／36A1As／GaAs＿／Si（1！1），or　in　nm　units

（1ML＝O．28n肌）：互1，5／0．28／12．1／10．1／＿It　w設s　depth

profi1ed　in　a　Fisons　M1icro1ab300F　instrument　using

O．5keV　Ar＋ions　at68deg．incidence　angle　and　re－

cord㎞g　the　Auger　peak－to－peak－heights　of　the　high

energy　A1sig日al　e正nitted　froIn　the　rotating　sample　sur－

face．

　　　Tests　of　the　va1idi室y　of　the　above　concepts　and　of

the　occurence　of　non玉inear　behaviour　with　respectセo

concentration　were　carried　outwith曲e　above　desαibed

正ayer　structure　containing　one　mono1ayer　ofAlAs　and

another　A三As1ayer　of　about36monoIayers，both　sur－

rounded　by　about40㎜ono1ayers　of　GaAs．The　resu1ts

for　the　high　energy　Al　peak　spu言亡ering　profi玉e　were

compared　with　the　theoreticany　determi11ed　depth　reso一

玉uξio蘭function　by　the　MR亘一mdeπ5］and　show　good

agreeme斌wi辻h　the　para腿eteζs　a言o㎜ic　mixing　Iength
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w＝1．0nm，surface　roughness螢O，6nm　andAuger　e1ec－

tro・escapedepth416・m．Theobtai・ed・cc・・acyis

about1－2mono1＆yers．Some　discrepancies，particu1ar1y

on　the　second　interface，require㎜ore　stリdies．Purther

improvements　win　be　made　by　using　Iower　ion　energy

and　more　heavy　ions（Xe）and1ower　e1ectron　escape

depthstoobtainonem㎝o1ayeraccuracyorbe1ow．With
this　accuracy，other　effects　Iike　origina1㎞terface　width

or　differences　in　concen言ration　distribution　can　be　eas－

ily　and　quanti支atively　detected．This　wi11greatly　en－

hance　our　capabi1ities　in　chafacterization　of　thin　fi玉ms

and　interfaces　with　atomic　monoIayemccuracy，which

is　an　important　con芝ribution　to　o耐COE－Project　on

nanOStruCtu麦eS．

Keyworδs：Depth　Pro釧ingヨDepth　Resolution，Thin

酬狐s，Auger　E1ectron　Spcctroscopy，Ion－So胴In亡er－

action，Atomic　Mono1ayer

with　P02．Bo亡h　the　resistive　Jc　and　inter－grain　Jc　esti－

mated　from　the　dc　magnetization　increased　with　iη一

creasing　P02when　the　samp1es　were㎜e1t－so1idified

under　an　op亡imu㎜condition　for　e＆ch　P02－Amp1itude

dependence　of　ac　susceptibi1ity　suggested　that　the　cou＿

p1ing　of　Bi－22！2grains　was　improved　with　increasing

P02．Irreversibi雌y　fie1d　Bin　be1ow～60K　was　aIso

enhanced　with　increasing　P02．Low　te醐perature　an－

nea玉ing　under　high　P02a丘er亡he　me1t－so1idification　a1so

increased　the　oxygen　co耐ent　in　Bi－22！2and　hence　Biπ。

However，the　ameaIing　did　not　change　the　ampIitude

dependence　ofac　susceptibi1ity，and言ransportJc　at4．2K

was　a玉most　independent　of　the　annea1ing．The　resu1ts

indicate　that　the　increase　ofJc＆t4．2Kwith　increasing

P02during　melt－so1idific＆tion　is　primari1y　attributed

to　the　improvement　of　the　grain　coup1ing。

Keywords：Bi－based　oxide，oxygcn　partia玉pressure，

grain　coup1ing
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　　　Bi－based　oxide　superconductors　are　very　promis－

ing　for　high－fie1d　supercOnducting　magnets・夏n　the　case

of　Bi2Sr2CaCu20x（Bi－2212），we11grain　orien亡ed　mi－

crostructure　is　easi1y　obtained　by　sIow　so玉idification

fro㎜a　te醐peratぴe　of～88ぴC，where　the　Bi－22！2

cornposition　is　in　a　partia11y　n1o1ten　state－This　grain

a1ignment　SignifiCant1y　inCreaSeS　the　CritiC刎Current

density，Jc，inmagneticficIds．Wchavedeve1opedBi－

2212superconducting　tapes　with　high　Jc　by　applying

this㎜elt－soIidification　method言o　Bi－2212／Ag　compos－

ites　prepared　by　a　coating　method．Oxygenparぬ1pres－

sure，P02，during　the　me1t－soIid並ica宣ion　is　one　of　key

parameters　that　inf王uence宣he　microstructure　and　su－

perconducting　pmperties　of　Bi－2212／Ag　tapes．Tc　and

c－axis　parameter　decreased　with　increasing　P02，indi－

cating　that　the　samp1es　were　in　the　over－doped　state．

The　heat　treatmen亡temperaωre　which　gave　highest　Jc

increased　with　increasing　P02．This　was　expIained　by

the　increase　ofthe　so1idification　temper銚ure　ofBi－2212

∬．K肋8〃c机H．〃肋ακ〃α，H切伽〃K肋g伽o，
13τ1～ε5εαrcんGro4ρ，2〃ゴ8〃わ一0γoμρ

呈Nationa1Research互nst呈tute　for　Metals：Apri1！996to　March

王9971

　　nis　study　is　performed亡o　give　a　c1ear　exp1anation

for　the　anom＆1ous　dependence　of　magnetoresistance

of　Bi－2212／Ag　composite胞pe　superconductor　on　the

d虹ection　of　magnetic　fie1ds．The　author　found　that　the

tape　shows　anomaIous　dis辻ribu言ion　of　e1ectric　pote耐ia1

in　magne言ic　fie1ds　perpendicu1ar　to　theξape　surface．

This　distribution　can　not　be　exp1ained　in　terms　of言he

usua1current亡ransfer　from　s亘1ver　to　Bi－2212．In　order

to　establish　a　modeI　which　gives　a　c1car　cxpIamtion，I－

Vcharacteris辻icsand亡hedistributionofeIectricpoten－

tia1were皿easured　for　Bi－22且2／Ag　composite　tape　in

㎜agnetic　fieIds　of　different　directions．An　ano犯a1ous

distribution　ofe三ec言ricpotentia1was　obse岬edespecially

i・th・㎜g・・1i・fi・Id・p・・p・・di・は1・・t・th・t・p・ミ・卜

face．ノ）ong　the　current　direction　in　the　vicinity　ofboth

ends　ofsuperconducting　oxide1ayerヨ1arge　vo1tage　was

measured．However，zero　vo1胞ge　was　monitored　in　the

midd1e　area　of　samp1es．Large　vo1tage　was　a1so　mea－

sured　across亡he　cu王rent　direction　around　both　ends．
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These　vo1tages　are　proportional　to　the　va1ue　of　apPlied

current　be1ow　Ic棚d　to　the　magnetic　fie玉d　compo鵬nt

perpendi㎝1arlothetapes狐face．Inorde王togivean
exp1ana亡ion　to　this　anol＝na1ous　distribution　of　e1ectric

potentia1，we　estab1ish　a㎜ode1based　on亡he　Ha11ef－

fect　in　si1ver　substrate　and　current　transfer　from　si工ver

to　superconductor．This　mode玉exp1ains　experi狐entaI

reSu1辻S　Well．

　　Anomalous　Cur王ent　Distribution　in　Bi－2212／Ag

Composi辻e　Superconducting　Tape　caused　by　Hau　Ef－

fect，H．Kitaguchi，H．Kumakura，K．Togano：Cryo－

genics36，351＿357（96）

Keywords：superconductor，cu互ren言transfer，Hall　ef－

fect，magnetoresistance

　95　Cha閉o－eriz誠ion　a11d　App■ica－i0110f　Sop釘co■1duc一一

i11g　Thin■＝iI㎜s　Syo肺esized　by＾tomic■ayeトby－1ayer　and

Epi屹xialGro舳M鮒ods

τ肋伽o，13工他3ε肌んGro仰

【Ap王i11995to　M趾ch2000］

　　In　ordel：to　keep　better　surface1二norpho1ogy　and　in－

p1ane　or1e耐a亡10n，thm　f玉1ms　of　B玉2Sr2CaCu20y（22！2）

and　Bi2Sr2Ca2Cび30y（2223）were　deposited　by　pu玉sed

1aser　abIation　onto　MgO（100）and　LaA103（100）sing玉e

crysta1subs亡rates　at　te㎜pera亡u肥about50一ユ00K1ower

than　the　decornposi亡ion　point　of2212or2223phases．

To　get　the　effect　ofα一8｛伽annea1ing　on　the加一μα〃ε

orien伽ioηaηd　n，the釧㎜s　were　accurateIy　post－an－

neaIed　in　oxygen　potentia玉controHed　fumace．The肥一

su玉ts　showed　that　the　T．of　the　annea1ing　fi1ms　reached

to75－80K　depending　oパhe加一8〃〃substrate亡empera－

ture　before　annea玉ing．The　anneaIed2223fi玉ms　showed

homogeneous　intergrowth㎜ixing　of2212phase　by
10－20％and　showed　the　r。蛮t！OO－105K．

　　Wefo㎜dthat1he加一ψ1πorientationofthe2212
fi1㎜s　on　MgO（五00）substrates　depends　onthesubstrate

temperature　during　deposi亡ion．The　fi1m　deposi亡ed　at

higher　substrate　temperature　have　either22！2［！00］〃

MgO〔100］±1ゴand22！2［！00］〃MgO［！！0】re玉ation

or22！2口00］〃MgO［！00］土11．While　the　fi1m　de－

posited　at　lower　substra亡e　te㎜perature　showed　onIy　the

2212［100］〃MgO［100］±11　epitaxia玉re玉atio肌
κter　anneaIing，the　jη二ρ1o刀θdirection　col＝np1etely　ro－

tated　by45，and　only　the2212［110］ノノMgO［ユ00】epi－

taxia1reIation　became　observab1e．On　the　other　hand，

fro狐the　fi1ms　deposited　on　L州03subst棚e，oniy　the

strong2212［100］〃LaA103［！00】加一μ伽θepi亡axia1re一

玉ation　was　observed　independent　of辻he　subs亡rate　tem－

perature　and　post－annea1ing・

Keywords：high一τ。supefccnductor，舳n釧㎜，ameal－

ing，pulsed1aser　abhtion，high－r．thin釧㎜，Bi2Sr2Ca

（・一1〕Cu皿Oy，intergrowth，lattice㎜ismatch，surface　mor－

pho玉ogy，加二ρ1α1κorientation

96St岬㎝A一㎝icScaleEngioe前㎎o川ig岬erfo了一
關aOCe一＝iImS

r肋伽o，18工他8鮒cんG・o岬
［Apri至1994to　M註rch！997］

　　The　atomic　scale　engineering　has　been　deve1oped

in　the　semiconductor　fie1d．The　high　performance　ma－

terials　are　designed　based　on　the　prediction　of　quan－

tum　mechanics　which　ru1es　the　properties　of　materia玉s

in　this　dimension．The　aim　of　this　s辻udy　is　to　extend

舳s　technique　to　the　o言her　materia1s　such　as　high　r．

superconduc亡ing　oxides　and　moIecu1ar　crysta玉s．How－

ever，in　these㎜a亡eria1s，the　crys亡al　struc鮒e　is　much

more　comp1ica蛇d　and　especia11y　the㎜o1ecu1es　show

a　quite　differen亡characteristics　in　course　of　the　fiIm

synthesis．The　moIecu1ar　bea㎜epitaxy　technique　un－

der　u1tra　high　vacuunl　and　the　electron　difEraction　tech－

nique　are　not　the　most　suitable　technique　fol＝these

mater油1s．To　soIve　these　prob1ems，synthesis　technique

having　higher　se工ecむvity　and　reactivity　is　necessary　and

othe王probe　shou玉d　be　insta玉1ed　instead　of　the　e1ectron

bea肌As　a鵬w　fabrication　technique　for　these　materi－

als，we　introduce　a　reactive　deposition　technique

equipped　with　x－ray　ana玉ysis　sy§亡em　in亡he　tota1reHec－

tiOnregiOn．

　　The　to亡a1re且ection　x－ray　am1ysis　technique　was

app1ied　to　the　ar雌iciaI1y1ayered　Bi2Sr2Ca。一ICu．02藺。4

fiIms　prepared　by　sequentia1sputter　deposition．In　the

θノ2θdifErac辻ion　spectrunユat　the　grazing　incidence，

the　osci11atory　pattern　can　be　observed　which　is　due　to

the　intel＝fel＝ence　of　the　reflected　x－ray　f王ora　the　sul＝face

and　interface　ofthe　film．Such　paヰtems　are　also　ob－

sewed　between　the　neighboring（O⑫Bragg　peaks．The

nu㎜bemf　osci11ation　exacdy　correspond　to　the　num－

ber　of1』nits　in　the　fi玉㎜．The　thickness　of　the　fil㎜s　can

be　ana工yzed　in　the　scaIe　of　one　a亡omic1ayer　by言his

ana1ysis．Theato㎜ica11y1ayer－by－layersy耐hesiscan

be　estab1ished　by　this　ana1ysis．The　superstructul＝e　of

Bi2Sr2Ca皿一1－Cu・02・・卓sys亡em　was　sUccessfu1Iy　synthe－

sized　by　apPIying　these　resu1ts　to　the　deposition　con－

ditions．The　tota1王eflection　x＿ray　ana工ysis　technique

can　be　extended　in　another　two　ways．One　is　the　in－

plane　x－ray　d雌raction　which　revea工s　the　s脈face　struc－

ture　and　the　texture　of　the　fi1ms．The　other　is亡he舳o－

rescent　x－ray　ana玉ysis　of　the　surface．The　composition

of　the　fi1m　surface　can　be　analyzed．

Keyword：舳n釧ms，a言omic　sca1e　characterization，

x－ray　total　ref1ec臼on

Related　p即ers
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　　Enhancement　of　T．in（Bi2Sr2Ca3Cu4012。δ）1

（Bi2Sr2CaCu20呂。δ）1supe池ttice　fi1m　by　charge　trans－

fer，T．Hatano，A．豆shii，and　K．Nakalmra，J．App1．Phys．

79（1996）：2566＿2573．

　　Stmcturc　and　properties　ofBi2Sr2Ca。一1Cu．02。。4釧蜘s

prepared　by　sequentiaI　sputter　dcposition，T．Ha亡ano

and　K．Naka㎜脳aヨin　llBismuξh　based　mgh　Tempera－

ture　Super－conductorsll　ed．H．Maeda狐d　K．Toganoヨ

Marce1Dekker，NewYork，ユ996，pp545．

　　Synthes｛s　and　superconductivity　in
（Bi2Sr2Ca4C嚇O亘4）1（Bi2Sr2Cu06）l　super1attice　fi1ms，T．

Ha芝ano，A．Ishii　and　K．Nakamura，Physica　C273
（！997）342－348．

97　1■l　si汕TI…M　Obse【vatio■1aod　S廿mc一甘a■Analysis　of

High↑c　Sop釘co11doctors守or　l＝usio11Reacto了a－1－ow　fe腋一

岬a汕eS

ZK加oτo，13㍑θ8ωκ乃0伽ψ

…Ap正i1至994士o　March1999］

　　　Few　princip1es　for　the　deve1opment　of　high　Tc　su－

perconductors　fol＝fusion　l＝e＆ctors　have　been　found　be－

cause　the　mechanism　oftheir　superconduc言ion　has　not

been　understood　so　f＆r．The　image　reso1ution　hmit　of

a言ransmi辻言ed　e1ec亡ron　microscope（TEM）is　extre㎜e1y

low　at　Iow　te狐perature　because　of　specimen　drifξdue

to　the　unstab1e亡emperature　control　and　specirnen　vi－

bration　duc　to　the　evaporation　of1iquid　he1ium．The

Hrs｛objec臼ve　of　our　research　is　to　irnprove　the　resoiu－

tion　Iimit　ofTEM　i㎜aging　at工ow　tcmpera辻ures　in　or－

de王toobserveOandCua亡omsinhighTcsupercon－
ductors　near　or　above　Tc　where　abnorma11attice　dis－

tortion　occurs　which　couId　revea1the　mechanisms　of

their　superconduction．The　other　objective　is　to　de－

ve1op辻he互nethod　to　exa正nine辻he　long－range　order

（LRO）parameter　in　the　microscopic　region　of　high　Tc

supe王conduc在ors＆nd　to　deve1op言he　ana1y辻ica1me迂hod

to　measure芝he　abnormal1attice　distortion　from　the　con－

vergent　bcam　eIectron　diffraction（CBED）pattem．

　　　Iξwas　found　that　a　short一芝i㎜e　exposed　imag｛ng

improved　TEM　resolution　at玉ow　te㎜pe棚ures　to　so㎜e

exten辻，but　thatξhe　reduction　of　S／N　ra亡io　due　to　the

short－time　exposure　makes　thc　image　undear．In1996，

we　deve1oped　for　the　first　time　a　new　imaging　system

foポrE＾4to　so1ve　this　probユe㎜as　a　fi工st　step　by　conl－

bining　the　high－speed　CCD　camera　system，whose

minimu㎜exposure　time　is50mno　sec），deve1oped　in

！994and　the　compUter　syste㎜（composed　of　the　co㎜一

puter；sun　SPARCs言ation20）for　i獅age　processing　de－

ve1oped　in1995．By　using　this　system，we　are　able　to

take　short－tme　exposed　TEM　mages　sequen施11y　at　a

speed　of5images／sec．The　pixe1number　of　the　CCD

deviceis1018×1000anditsdyna狐icra㎎eislObit，

and　maximum　nu㎜ber　of　i狐ages（2，！MB　memory）

which　can　be　input　seque耐ia11y　into　the㎜ain　memory

of　the　cornputer　is　about！60．

　　　When　the　spec㎞en　drifts　orvibrates　at1ow　tem－

per磁ures，蜘ere　are　i㎜age－sh俄s　between　the　short－time

exposedTEMi㎜ageswhich　aretakensequentianywith

the　deve1oped　new　imaging　systcm．The　second　main

achieve獅ent　in！996is　to　deve1op　a　software　for　im－

age　processingヨwhich　ca1cuIates　the　distance　and　di－

rection　of　the　image－shift　between　images，shift　these

images　to　be　adjust　with　each　other＆nd　finaily　add　these

shifted　images言o　get　a　cIearer　image　by　increasing　S／

N　ra亡io・The　e脆ct　of　this　specia亘image　processing，

which　was　ca11ed　l，shift　and　addition　of　images11，was

verified　by　taking1attice　images　from　a　drifting　or　vi－

bra芝ing（Bi，Pb）2Sr2Ca2Cu3010（Bi2223）specimen　at

1ow　te㎜peratures．夏t　was　verified　that　we　can　take　a

clear1at臼ce　image　fro㎜the　drifting　Bi2223speci㎜en

by　using　the　new　imaging　system　and　the　deve1oped

image　processing　of，，shift　and　addition　of　images11－t

was　a玉so　verjfied　that　a　cユear1aぬce　image　was　taken

fro正n言he　vib更a亡ing　specinlen　by　using　then工，if　the　vi－

bration　of　the　speci正nen　is　not　hard．

　　　In1996，we　star言ed宣o　deve1op　a　new　type　of　e1ec一

宣ronsourcebyusingaCWIaser，whichcouIdproduces
high　i耐㎝sity　e1ectmn　beam　for　TEM．For　this　pur－

poseヨwe　c㎝鮒ucted　the　device　to　produce　a　CWA王

ion1aser　and　deveIoped　a　vacuum　chamber　to　examine

the　fundamenta玉言echnica1prob1em　such　as　conversing

of　a1aser　beam，cooIing　of　the弧ea　irradiated　by　a1a－

ser　beam　with　the　Pe1tier　coo1ing㎜e亡hod，and　so　on，

We　a1so　deve1oped辻he　method　to　de亡emine　a　Iong－

rang　order　parameter　of　high　Tc　superconduct0fs　and

stal＝ted　to　develop　the　n1ethod　to　measure　an　abnormal

lattice　distortion　from亡he　convergent　beam　e1ectron

d雌raction（CBED）㎜ethod。

　98　　Co關p汕ational　A■1alysis　o｛Mechani6aI　Prop8rties

and　S脈uctura■■〕8sign　of　I、’1ateria1s－aking　I、’1icros廿oc仙了es

i11言0ACCOo榊fαNuclea【POw釘Pla剛s一

H．8んかα三∫乃主，2〃∂1～θ8εαγc乃Gγo〃ρ

EApri1至994士o　March　l．999：

　　Da㎜ages　such　as　void　and　heIium　bubbIe　are　formed

by　neu言ron　irradiation　and　mechanica1properties　are

degraded　for　maまeria1s　used　in　reactor　core．Large　de－

formation　finite　e1ementmethod　pmgramwas　produced

for　ev＆luation　of　so－ca11ed　grain　boundary　hehum

bubb1e　embritt1ement　in　previous　year　and　the　e甜ects

ofbubble　size，bubb1e　density　and　work　hardening　ex－

ponent　were　surveyed．The　extension　of　this　program

to　more　genera1void1a宣tice　is　being　done　and　the　ef－

fectofvoid1atticeaspectratioisreportedinthepresent

paper．The　caIcu1ationaI　procedures　and　resu玉ts　were

reported　e1sewhere．L2）
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　　The　aspect　ratio　is　defined　as　Ly／Lx　where　Ly　and

Lx　mean　the　y　and　x　direction　void　interva1．Here，Lx

is　fixed　to　beユ．0μ㎜．With　decrease　ofvoid　aspect

ratio　from5．0to0．2，totai　e玉ongation　moderate1y　de－

creased　from20．24％to12．！1％、The　tensiIe　stl＝engths

lowered　fmm590．0Mpa　to567．5M1pa．A玉1curves　were

coincident　with　each　other　ti11p1as宣ic　instabi1ity　points．

This　resuk　is　undel：standab工e　because　it　is　considered

tha辻the狐utual　interactionbetween　the　neighboring　two

par盲s　becomes　s㎜a1ler　and　each　parξbehaves㎜ore　in－

dependent1y　as辻he　aspect　ratio　apPl＝oaches　to0．0．

　　At　first，a　defomation　band　grew　in　upper　sIant　di－

rection．In　the　exa王np1e　of　aspect　ratio！。0and　conven－

tional　strain　of12，22％ラstrain　concen腕tion　was　Iim－

ited　fairIy　sma11region服ound　void．The　p1astic　insta－

bi1ity　was　attained　at　the　va1ue　of13．41％for　conven－

tional　strain　and584．3Mpafortensi1es亡rength．When

the　conventiona1strain　was14．9且％，the　strain　concen－

tration　area　expanded　along　the1ine　between　two　voids．

The　strong　s言rain　Ioca1ized　narrow　band　was　formed　in

about20degree　i■c1ined　direction　to　x　axis　in　which

the　equiva1ent1ogarith㎜ic　s鮒ain　was　more　than2．0．

This　foエmation　o£s辻rain1oca1ized　band　was　cbserved

in　au　aspect　ratio　va1ues　from5．O　to　O．2．In　the　grain

boundary　bubb1e　cases　reported　previousIy，the　void

aspect　ratio　was　from　severa1辻o　severa1tens　and　m口ch

higher　than　in　the　present　case」亡was　c玉arified　that　the

言o亡a1eiongations　reduced　from　seve棚tens　perce耐to

the　values　slight1y　ovef辻han　ten　percent　by　the　mecha－

nism　of　strain玉ocalization，irrespective　of　aspect　ratio

va1ues．This　ca1cuIation　assu㎜ed　con亡inuum曲eo王y　and

planestressc㎝dition．

K6ywords：FBM　simu1a辻ion，Stress／strain　cuwe，void

1attiCe，Strain　IOCaliZatiOn
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［Ap王曼11994to　March1999］

　　Reaction　dymmics　of　ma亡eria1surfaces　under　irra－

diation　of　ions，p1as㎜a，㎜oIecu1ar　beams　and玉ight　has

beeninvestigatedbydeve1opingfas辻ana1ytica1tech一

niques　that　enabIeζeal－ti蜘e　observation　of　dynamic

processes．Resomnce　enhanced　mu1tipho亡on　ioniza－

tion（REMPI）狐easure㎜㎝ts　have　be㎝carried　out　to

obtain　the　intemaI－state　distributions　ofGeO　mo玉ecu1es

desorbing　from　Ge　s1』rfaces　in　reaction　with02beam．

Weh3veext㎝ded　ourmu1言iphotoni㎝iza辻iona1（MPI）

work　to　the　reactive　scattering　of02on　carbon　sur－

face．The　MPI　resu1t　gives＆cIue　for　further　deve1op－

ment　ofthe　study　on　su曲ce　chemica1reaction　dym㎜一

ics．Wehavealso　studiedoncarb㎝c1us倣g㎝erated
with玉aser－ab1ation．Rea1－time　e脳psometry　is　success－

f汕y　applied　to　the　study　of　erosion　of　tungsten　with

neon　plasma．The　ref1ectance　on狐ateria1surface　is

be㎞g　measured　with　femtosecond　time－reso1ution　us－

ing　optica1－heterodyne　rnethod．

　　　Hydrogen　raoiecule　in　crysta11ine　si1icon　is　investi－

gated　in　detaiI　using　Raman　spec打oscopy．Less（no）

Raman　signa1of　H2in㎜icrocrysta11ine（a狐orphous）

si且icon　suggeSts　tha辻H2is　trapPed　in　non－defec辻ive，

wen－ordered　crystaHine　s洲con，Annealing　experiments

are　aIso　carried　Out　tO　exarnine宣he　ther搬aI　stabihty　of

hydrogen狐o玉ecu1e　in　si1icon。

Keywords：irradiation，sUrface　reac辻ion　dynamics，

growth　process　of　s狐face　defect，rea1－ti㎜e　observa－

tiOn
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　100　S如dy　o■1肺e　Oeforma－ion　and　Iキac－o閑o言㎜a蛇riaIs

unde1一■r■‘adia－iOn

∫．ハrαgα此伽〃α，2〃d　Rε3εαγcんGroμρ

［Apri11993to　March玉998】

　　Changes　in服icros辻ructure　and狐echanical　proper－

ties　induced　by　the　irどadiation　with　energetic　partic1es

are　critica1ly　impo池nt　for　the　structura1materiaIs　of

nuc1ear　app1ication．They　significant1y　infユuence　the

㎝d狐anceofstructuralco㎜p㎝㎝ts．Inthisresearch

project，defor㎜ation　and　fracture　of　materials，as　well
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as　the　point　defect　kinetics　and　microstl1ucture　deve1－

op㎜e耐，underirradiationhavebeenstudiedexperimen－

ta11y　and　theoreξicany．The　fo1lowing　is　one　of　the　rc－

su玉亡s　obtained　during　the危scal　year玉996．

　　　The　radiatioη一induced　swe11ing（equi＆xia1expan－

sion　of　the　rnateria1）caused　by　high　energy　neutrons

has　been　recognized　as　one　of　the㎜os言serious　prob－

1ems　for　nuc1eaHeactor　materia1s．It　has　been　gener－

a1ly　considered　tha亡the　co1d　wo汰ing　suppresses　the

swe11ing．Recen言1y，however，it　was肥ported言hat　the

cold　working　did　no言a1ways　reduce　the　swel1三ng　of

Fe－Cr－Ni　aI1oys量r夏adiated　in　the　fastζeactor　at793－

873K　but　it　rather　increased　swening　at　higher　tem－

peratures（＞abou芝800K）．180keV　proton　irradiation

to　lO　dpa　at　temperatures773to873Kwas　car王ied　out

for　Fe－！5Cr－20Ni　anoy　pζeinjected　w舳ユ0apPm　in

both　soIution－amealed（SA）and20％co1d－wo互ked

（CW）conditions．Therewasno　signific狐tdiffer㎝ce

in　dislocation　microstruc亡ure　between　SA　and　CW

specimens　at773－873K．No　radiation－induced　pre－

cipitate　was　observed　inboth．This　indicates　that　the

dis1oca亡ions　induced　by　co1d－working　have　been　fuuy

recovered．V〕id　microstructurewas　aIso　si㎜i1ar　in　both

specimens　at773K，whiIe1arger　and　fewer　voids　were

observed　in　CWspecimens　at823－873K．The　effect

of　co1d　workiηg　on　void㎜icros恢ucture　apPears室o　be

1ess　i㎜po池n言at1ower　temperat雌e（773K）where　the

preinjected　He　atoms　are　more　s亡ab1e．The　amount　of

swe11i㎎wass㎞ilarinbothSAandCWspecimensat
釧言he　irradiation　te狐pe峨tures．The　co1d　working

seems　to　be玉ess　e岱ec伽e　in　controuing　the　sweuing　as

compa肥d　wi曲the　preinjected　He　aHeast　in曲e　p肥se耐

experil＝nenta1condition．

NRIMl　cycIotron　faci1ity　and　the　methodology　of　test－

inghasbeenestab1ishedthroughtestsonunimdiated

sampIes．In　the　meanwhi1e，pre1iminary　mode1ing　of

the　phenonユenon　has　beeηproceeded　by　utihz加g　data

previous1y　obtained　on　a　variety　of　helium　irnp1anted

Fe－Ni－Cr　austenitic　stee1s　and　a1loys　throughout　wide

ranges　of　expe王imenta玉parameters（apP1ied　stress，he－

lium　concentration　and　he1ium　imp1an㈱ion　rate）。The

comparison　between　helium　bubb1e　size　distribu辻ion

at　grain　boundaries　and　n1ol＝Phology　of　creep　ruptured

surfaces　proved　a　very　good　agreement　between出e

pOre　spacing　on亘ntergranu1arly　fractured　faces　and　the

average　distance　of　grain　boundary　bubb玉es　with　over

critca1sizes．This　fact　indica亡es　that　the　intercrysta11ine

frac倣e　ofhehum　co滅＆ining　materials　wou1d　be　most

probabIy　triggered　by　unstab1e　growth　ofintergranuIar

bubb1cs　exceeding　the　critical　size－　In　the　next　step，

this　model　wi11be　critica岬inspectcd　and　refined

through　data　fro㎜Iow　ac亡ivation　fenitic　steeIs　which

wiu　be　examined　this　fisca1year．

Keywords：heIium　embrittIe狐ent，hydrogen
embr舳e㎜en宣，ferritic　s亡eeI，vanadium　a11oy

Related肋per

　　BubbIe　Microstr㏄ture　and　its　Cone1ation　to　Creep

Rupture　Properties㎞AusteniticA11oys　Implanted　with

Hehum，N．Yamamoto，J．Nagakawa，Y　Murase　and

H．Shiraishi，Proc．4th　Japan－China　Symp．on　Ma倣i－

a1s　forAdvanced　Eηergy　Syste㎜s　and　Fission　and　Fu－

sion　Engineering，SappOro，1996，p．p，161＿166．

Keywords：irradiation，radiation　damage，point　de－

fects，deforn1a言ion

102賄Sea舳㎝u－ilizati㎝↑eC㎞i叩eOf’IData・肺6・

WayI’sys－em　fo州uc16ar　Ma一釘ials

　101　■■1fI鵬Ilc60f　NucI8arπa8s繭uta－ions　oo■＿ow　Ac廿iva－

lionS汀㏄tura1榊餉a1sfo巾sio洲eacto汕pPlicati㎝

ハ尺肋刎α〃10τo，2ηゴ1｛θ∫εorc乃θ1’o〃ρ

［Apr三11996to　March2001］

　　　In　ordcr　to　contribute　to亡he　deve1opment　of　irra－

di＆tion－resistant　stmcturaI㎜ateria1s　with玉ow－acti－

vation　characte亙istics　for　future　nuc工ear　fusion　systems，

such　as　prototype　and　DEMO　reactorsヨthe　inf1uence

oftransmutalionale1e㎜entsontheintegrityofthose
materia豆s　has　been　investiga芝ed　by　usiηg　ion　irradia－

tion　with　a　cyc1otr0B．The　particU1a王concem　is　paid言o

estimate　effects　of　gas　e玉e㎜ents（he玉ium　and　hydro－

gen）on　mechanicaI　propefties，since　these　species　are

1iab玉e　to　induce　severe　gllain　boundary　embti材1emen言．

　　For　this　purpose，a　high　vacuum　creep　testing　de一

▽ice　for　post　irradiaion　experiments　was　introduced　to

ハ！、1㍉ク〃α，2η∂1～ε8εαrcんgro〃ρ

［Apr｛11995to　March2001］

　　　Ma言erial　information　system　w舳a　huge　database

and　an　effective　computer　aided　too1s　a亙e　required　for

the　a11oy　design　or　se玉ection　of　advanced　nuc1ear　ma－

teria1s．However，there　are1imi言at三〇ηs　in　storingηは一

merous　material　properties　into　the　database　and　de－

ve1oping　a　variety　of　tools　in　one　research　institute．

Thus，under　co亙poration　among　Nationa玉Researcb　In－

s言itute　for　Meta1s（NRIM），JapanAto㎜ic助ergy　Re－

search　Institute（JAERI），and　Power　ReactoI　and

Nuc1ear　F泌1Development　Corporation（PNC）wi言h

differentspecia1fie1ds，thepi1o1distributeddatabase

system　for　deve1opmen亡of　nuc1ear㎜ateria1s　ca玉1ed　l1

Data－Free－Way’’wasbui1tsince1990．Theproject㎝

the　second　stage　was　started　in1995under　the　co1－

1aborati㎝a醐㎝gNRIM，JAERI，PNC，andJapan　Sci－

ence　and　Techno1ogy　Corpo王ation（JST）．The　aim’of
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this　projec宜is　to　store　the　data　in　the　database　and　t0

deveIop　usefu1comp耐em舳zed　too1for　data　ana1ysis

and　simu1ation　codes　for　various　phenomena　under　ir－

radiation　environments．

　　The　method　of　the　comection　among辻he　database

○麦each　organization　iパData－Free－Wayll　system

changed　fro王n　private玉ine　to　the　Internet．Using　too玉s

used　in　the　Internet，users　can　easily　refer　to　any　nec＿

essary　infonnadon　by　accessing　to　the　four　databases

withWWWbrowserwith㎝ttaki㎎accountofthe　da一
古abase　site　in　which　the肥quired　data　exit．

　　The言rials　of　the　remote　expeΣime耐using　the　tech－

niqueusediパ1Data－Free－Way”systemarecarried　out

a蜘ong　NRIM，JST，and　Michigan　State　University

（MSU）on亡he　tes川neof45MBwideband．We　have
succeeded　in　accessing　from　NRIM　server　to　JST　and

MSU　ch㎝t　and　transfer吏ing肥aI　time　movies　forvari－

0uS　miCr0－StmCture　in　SeVera1a11OyS．The　reSu1亡S　Sug－

gest　thatbo曲researches　a㎜ong　the　cou械王ies　wi玉1share

the　materia1informa辻ion　and　the　resuIts　of　the　experi一

搬e斌on　the　reahime　base　and　discuss　about　the　re－

Su1tS　Simu1taneOuS1y．

Keyword：Data－Free－Way，di鮒ibuted　database，ad－

vanced　nucIear　rnateria1s，data　share，re㎜ote　experi－

me耐

　103　Sy■1肺esisand　Charac1飢iza－ion　of■sotopi8a11yCon一

甘oIled　Ma－eriaIs

afterisotopesepa・ation．Si㎎lecrysta1sofisotopica11y

contro11ed　si1icon，SiC　and　boron　are　being　grown　us－

ing　FZ　and　a　subh狐a亡ion　process．The　crysta11ography

ofthecrystalsa・ech・・acterizedandphysica1proper－

tieS　are　eXam㎞ed．

　　Che㎜icaI　vapor　inf肚ra言ion　process　to　ob亡ain　SiC

composi辻es　with　a　high　purity　and　a　stabi1ity　againsξ

heatingandne鮒onori㎝irradia1ionisbei㎎deve1－
oped　using　crysta11ine　SiC　fiber　preforms．

　　The　simulation　code，IRAC，ca1cuIating　trans醐u－

tationwas　i㎜proved　by　combiningwith　ane耐ron　trans－

port　ca1cuIation　code　and　introducing　mu脳一step　reac－

tions　to　predic辻more　precise1y　the舵ns醐utation　of

㎜ateria1S．

Keyworδs：isotopica11y　contro1ed　maξeria丑s，physi－

ca1pmper辻ies，isotope　separation，crysta1growth，Si1i－

con，Si1icon　carbide，Boron

Re－aきed　papers

　　Enrich㎜e耐of　Sihcon　Iso辻opes　by　Infrared　Laser

Irradia辻ion，H．Suzuki，H．Araki　andT．Noda，J．Japan　Inst．

Me辻aIs，61，（！997）！45＿！52．

　　Si　Isotope　Separation　for　LowActivation，T．Noda，

H．Suzuki，H．A【aki　and　M．Okada，J．NucL　Mater．，233－

237，（1996）1496＿！499．

　　Eva1uation　ofTr阜nsmu滅ion　and　Low㎞duced　Ra－

dioactivity　and　Requirements　for　Candidate　Structura1

Materia玉s，T，Noda，J．Nuc玉．Mater．，233－237，

（！996）1475－！480．

1Wo伽，舳c1鮒〃肋r〃∫Gl’o〃ρ

董Apri11997to　March200ヱ］

　　Materia玉s　composed　of　isotopicaI1y　se1ected　e1e－

men亡s　are　expec亡ed　to　indicate　improved　physica1and

chemica1properties　as　well　as　to　so玉ve　the　esse耐ia工

problems　in　nuc1ear　properties　such　as　induced　activ－

ity，He　e㎜br舳ement，and　compositiona1change　c棚sed

by　reac辻ions　with　energetic　particles．The　objec辻ives

of　the　program　are（！）R＆D　of　the　isotopica11y　con－

troued　infrared玉aser　udlized　for　isotope　concen亡ration

covering　a　wide　wavenびmbe王range，（2）synthesis　and

characterizationofisotopical1yc㎝trol1edsing1ecrys－

ta玉s　such　as　B，Si　and　SiC　etc．，（3）deve1opment　ofpro－

cesses　for　ceramics　and　their　composites　with　advanced

nuc玉ear　and　mechanica1properties，and（4）computa一

亡iona玉simu1ation　to　evaIuate　and　design　the　isotopi－

cauy　con宣roHed　materia1s　fomuc1ear　apPlications．

　　An　isotopicauy　contro1led　pu玉se　C021aser　syste㎜

is　being　deve1oped．The　operating　gas　is　changed　from

na辻ura玉12C］602to　isotopic　C02such　as12α60180and

12C1802．A㎜ixtureofC02，HeandN2gasesiscircu一
玉飢ed　through　a　cata1yst辻o　recover　C02from　CO．

　　The　isotopica11y　enエiched　si玉icon肋kewas　produced

by　pI盆sma　CVD＆t623－723K　from　SiF4and　Si2F6gas

　104　High　l＝■erformaηc61、’1釧6rials　for　S6ver61≡nviron－

meIlts・I｛Mi660s並uc仙閑aod甘oper－ies　o言I11蛇rme胞IIi8Com・

pouodswif1l　High　SpecificS－r6ng肺〕

〃．ハrακα閉〃rα，3rdRε5θαrcんGro工ψ

［Apri11990－March1997］

　　Light－weight，hea亡一resis宣ingi械ermeta11iccompound

Ti／u　is　a　candidate　for　a　structural　use　in　severe　envi－

ron㎜en言s　i．e．a　space　p玉ane　etc。，and　the　know1edge　of

various　properties　of　TiAl　base　auoys　is　required　for　a

practical　use　in　such　environr口ents．　In　this　research

progra醐，the　microstructure　controI　and　the　mechani－

caI　properties　are　systematica1ly　sωdied　for　TiA工base

and　the　fundamenta1methods　to　controI叫icrostmc－

ture　which　gives亡he　opti㎜um　properties　fo㍑practi－

cal　use　to　ma辻eria1s　are　discussed．

　　A　very　fine玉ame1lar　structure　composed　ofα（α2）

andγphase　plates　was　obsewed　distant　fro㎜the　prior

αgrain　boundaries　as　we1l　as　the服assive玉y

transforrnedγ　Phase　near　the　grain　boundaries　in　the

water　quenched　Ti－48A玉aHoy　which　was　heated　in　the

αphase　fie1d　for　a1ong　period　of　time　and　had1arge
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priorαgrains．We　studiedthemicrostmcture　cha㎎e

with　heat　t王eatment　after　quenching　fo王the　very　fine

1amellarstructure．Whenitwas　agedin＆te㎜pera言ure

range　of900to1100℃a芝a　rapid　heating　ra言e　in　a　sa1t

b＆thヨthe　vcry　fine1a正nenae　changed　to　fineγ　9rains，

ofwhich　region　grew　i揃o　the　fine1ame11ar　rcgion　from

the　boundaries　between　the　massive1y　transfor㎜ed　re－

gion　and　the　fine1a亙ユe1Iar　regions．The　boundaries

between　the　massive1y　transformed　region　and　the　fine

γgrain　region　were　hardly　distinguished，and　the　Iat－

terregioncontainedvariouscrysta1defects1ikedis1o－

cation，an言iphase　domain　boundary　and　pIana互defect

as　we11as芝he　former　region．From芝hese　expeζimenta1

resuItsヨwe　suggested　the　fo1玉owing　process　as　a　for－

m＆tion　pmcess　of言he　massiveIy　t夏ansfo亙medγregion。

　　　α→（α（α2）十γ）一amenar　S言mC言ure→maSSiVe1y

transfo王medγ

　　　The　microstmcture　of　the　Ti－48at％AI　a1－oy

quenched　from　a　high　te㎜peratureαphase　fieId　was

amIyzed　using　high－reso1ution　e1ec盲亙on　microscopy．

We，inparticu1ar，discussed1he　microstructure　ofthe

antiphase　domain　boundaries（APB）formed　in　the　mas－

sive1y　transformedγregion　in　de芝ail，We　observed

that　both　sides　ofAPB　consisting　of舳n　rotated　do－

main（RD）exhibited1attice　distortion　besides言he

antiphase　reIationship．This　distortion　was　conc1uded

to　be　caused　by　the　d蛆erence　between　the1attice　con－

stants　inthe　Llotetrag㎝a1structureofT洲．We　also

observed　a　simp1e　APB，which　did　no言consis言of　RD，

and　it　is　suggested　that　the　thin　RD　is　formed　from　the

simp1eAPB　by　short　range　diffusion　ofthe　constituent

elementS．

　　　TiAI　b＆se　a11oys　containing　Sb　from3to6at．％

were　teste（玉in　tension　at110ぴC．The　cast　anoys　con－

tained　the　Sb＿rich　phase　particu玉ates，and　exhibited　the

tensi1e　s言rength　as1ow　asユ20MPa．The　c＆s亡aHoys

hard1y　had　eIongation　even　at　llOO℃、Thus，the　al－

1oys　were　un亘directiona11y　so1idified　using　a　f1oating

zone　fumace－The　fibrous　Sb－rich　phase　in　the　ce日tτa1

part　ofthe　direct三〇mI　so玉idif五ed　speci㎜en　was　obtained，

and　the　directiom11y　So1idified　anoys　were　HIPed　at

120ぴC．The　HIPed　a1呈oys　containing4at％Sb　exhib－

i言ed言he芝ensi亘e　strength　of　higher　than240MPa，and

the　e1onga｛ion　of　above！0％、

　　　The　oxidation　behavior　a亨900℃and　tensi1e　prop－

erties　at　room言emperaturc　wcrc　studicd　for　a1uminizcd

TiAI　base　al1oys．The　surface　coating　by　a1uminizing

decreased宣he　e1ongation　at　room　temperatureヨa1though

it　improved　oxidation　resistance　at　gOO℃remarkabIy．

keyword：㎞termeta11ic　compound，TiAI，microstmc一

亡ure　contro1，high－reso1ution　e1ectron　microscopy，Sb，

high　temperature　s言rength，oxidation　resistance

Relatedp理ers：

　　　T，Ku㎜agai，E．Abe，M．Takeyama　and　M．
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Symp．PT0c一，Vb1，364，pp．181－186，（1995）。

　　　E．Abe　and　M．Nakamu亙a，”The　s杖ucture　of

antiphase　domainboundaries　in　massive1y　transformed

γ一TiA1studied　by　high－reso1ution　e1ec芝ron　micros－

copy”，Phi1o．Mag．Lett．，voL75，pp．65－73（1997）．

　　　K．Hashimoto，M．Nobuki，H．Doi，E．Abe　and　M．

Naka㎜ura，11HighTempe王ature　Streng言h　and　Roo㎜言em－

per誠Ure　Ducti肚y　ofT洲BaseA1玉oys　withAntimony11，

Proc．In亡．Symp．on　Gamma　Titanium　Aluminides，ed．

by　Y－W．KimヨR．Wagner，and　M．Yamaguchi，TMS，

PP．761－770，（ユ995）。

　105　Mesoscopic　S昨uc山閑Co耐roI　and　Propαties　of■■1・

ter繭etaI■io　Co繭pounds

〃．Noわ〃たら3r∂1～θ8θαrc乃Gro〃ρ

［Apri1！996to　March1997］

　　　Fine　grain　strucωre　consisting　ofα。，γand　B2

言ype㎞termeta11ic　phases　in　Ti－A1－Cr　cast　auoys　were

prepared　by　a　thermomechanica1processing．The　phase

equi1ibria　ofthese　a11oys　were　invesdgated　by研MA

af亡er　he磁treatment　over　a　Iong　period　of　ti狐e．The

chemica1composition　was　shifted芝o　Ti－rich　side　from

the　conven辻iona1equi1ibrium　phase　diagra㎜in　which

three　phases　ofα。，γand　B2type　intermetanic　com－

pounds　coexist　in　the　sa蜘e　vo1ume　fraction　at1270K．

　　　Some　preli㎜inary　works　are　being　carried　out　for

an　Lユ2言ype　AI3Ti　base　a11oy　which　was　indust－sku玉1

me1ted　and　cas亡ed　to　a　g峨phite　mo1d．In　the　cast　ingot

ofabou亡11kg，some　macro　cracks　and　comp1ica亡ed　den－

dritic　s打ucture　con言aining　granu1a王or　p1ate1ike　pre－

cipitates　were　observed．To　change　the　microstructure，

the　cast　material　was　multi－step　forged　isotherma1玉y，

Then　the　microstruc言ure　exhibited　the　matrix　consisted

of　equi＆xed　grains　of　about70μm　in　diameter　and　a

s1ight　amoun室ofc＆vities　and　granular　orp亘ate　Iike　pre－

cipitates　of1ess　than10μm

　　　L！2type　A13Ti　base　quaternary　a11oys　Ti－A1－

9mo1％（Cr，Mn）一X（Ag，Ga，Sn，Pd，Ta，W）were　prepared

by　arc　meIting　and　the　britt1eness　of　these　aI1oys　was

cxamincd　by　stamping　with　a　dic　at　room　tcmpcra鮒c．

As　a　resu1t，three　kinds　of　a11oys　did　not　crack．

　　　A，sing1e　crysta〕ike　samp1e　ofA玉3Ti　base　anoy

conta㎞ing8mo1％αwas　prepared　by　unidirectiona1y

solidification　w｛th　a貫optic＆l　zone　refining　device．

Sma11＆moりn言s　of　cavit三es　and　A1－rich　and　Ti－rich

phases　were　observed　in　the　alloy．The　Ti－rich　phases

were　observed　to　be　coherent　with　the　matrix．

　　　Fineα。／γ1ame11ar　sa㎜pIes　of　a　TiA1base　a1ioy

were　prepared　by　rapid1y　quenching．The　fine　Iame11ar

structurechangestoafineγgrainstructurebythe
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subsequent　aging．Theγg閉ins　tend　to　show　a　p炸

fe狐edorie耐atio・ineachla㎜e11a・co1㎝y㎜derpar－

ticu玉ar　aging　conditions．These　resu1ts　suggest　that　the

fineγgrained　sampIe　showing　the　preferred　orie斌a－

tion　can　be　prepared　by　the　heat　treatments（rapidIy

quenchi㎎andagi㎎）forthecastmaterialsc㎝tro11ed
by　the　unidirectionaI　sohdific盆tion　rnethod，

　　Wehaveinvestigated　acrysta11izati㎝process　ofa

Ti－48at．％A且amorphous　thin釧m　us㎞g　high－reso1u－

tion　e1ectron　microscopy．In　the　ear玉y　stage　of　crysta1－

1ization　during　isotherma1aging　at800K，a　new　phase

was　found　to　be　formed　as　we11as　the　disorderedα

phase．

　　EDS　analysis　showed　that　significa耐compositionaI

di廿erences　do　not　exist　between　the　phases，suggest－

ing　tha亡the　ear玉y　stage　of　crysta1lization　has　been　pro－

gressed　with　being　composition　invariant．

ofthese　trea亡ments　results　in　a　fine　microstmc亡ure．The

㎜ean　size　of1豚ge　Si　partic1es　is　decreased　from50μ

㎜to　less　thanユOμm．The　samp玉ewi亡h　refined　struc－

ture　shows　the　exce1lent　p1asticity　as　a99％reduction

in　section　area　is　performed　both　in　co1d　sheet　ro玉1ing

and　in　wire　drawing．Both　the　tensile　strength　and　the

e1ongation　are　higher　than　twice亡hose　of　the　as－cas言

materia1，

　　The　simiIar　idea　is　app1icab1e　to　the　AレSi　a玉Ioys

with　imp巾ty　eIe㎜ents　such　as　Fe　and　Cu．

　　　O．Umezawa　and　K．Nagai，Trans．Ma亡er．Res．Soc．

Jap，20（！996），P．20．

　　　K．Nagai　and　O．Umezawa，Japanese　Contract8－

152424（1996）．

keyword：coId－working，fine　microstmcture，high
plas言ici亡y，high　strength

KeywoMs：inter㎜etanic　compounds，搬icrostruc加re，

phase腕nsfo㎜ation，Processi㎎，㎜echanica1proper－

ties，TBM　am1ysis

107　1〕ev61opme11－ofAdvanced　Shape　M6moryThin　l＝il㎜s

bySpu閑e了杭g

106胴帥卿舳sS汕cforeDesi叩fo了HiφPlas－iciW
andWid6A叩1ic的ili町of　Si1叩1e　System　Alloys

K．Wα8αj，31’61～θ∫εαrc乃Gro〃1ρ（〃ow　F1’o〃だεr沢θ一

∫εακんcε〃6r／br8ケ〃c伽閉1〃α犯r立α18リ

［Apri1！996to　March！997］

　　Mechanicai　properties　can　be　gene董auy　contro1led

by　changing　microstructures．In　the　present　study，a

highdensityandfinedispersionofsecondphasein1he

matrix　is　designed　using　a　new　thermo－mechanica玉pro－

cessing　on　A1－Si　cast　a玉玉oys．

　　Wh㎝thesec㎝dphase　is㎜deformab1e，亡hep1as－

tic　work　causes　the　cracking　ofthe　second　phase．If官he

p1asticworkis　too㎜uch，the　grow曲ofthe　second　phase

crack1eadsto　the　samp1efra伽re．Withasoftmatrix，a

cer施in　amount　ofp1astic　work　on1y　b肥aks　the　second

phases．Succeeding　anneahng　can　heahhe　microcracks

orvoids　and　sof亡en亡he　matrix　again．Severa玉times　com－

bination　of　the　p工astic　work　and　annea玉ing　makes　the

high　density　and　fine　dispersion　of　the　second　phases．

　　　The刈＿Si　a1loy　is　a　typica1cast㎜aterial．The　heavy

co玉d－work　introduces　sever　crack㎞g　in亡he　eu蛇c宣ic　or

hyper－eutec辻icAI－Si　cast　materia1s．Therefore，the　ma－

teria玉s　are　weu－known　as　undeformab工e　ma辻eri31s．

Howeve王，the　matrix　is　a　ductile　A玉一rich　solution，alld

undeformab1e　partic1es，i．e．large　primary　Si　crys亡a1s

and　need1e－like　sma玉玉eutectic　Si　crysωs，are　dispersed

i羽the　raatl：ix．

　　　By　a　given　amount　ofco1d－working，the　primary　Si

crysta1s　crack　into　a　few　pieces　and　decrease言he　size，

and　the　eutec亡ic　Si　crysta1s　a1so　break．The　voids　formed

bythecrackingarehea王edup’byanannea1ing．Aseries

A∫∫舳α，3r〃ε∫εα・cんGro卯

王Apri1玉996］

　　Since1993，we　have　been　successfu1in　showing

th欲sp砒er－deposited　thin　fil㎜s　ofTi－Ni　posssess　per－

fect　shape　memory　e坦ect，perfect　superelasticity　and

two　way　shape　memory　effec亡、However，these　phe－

nomena　take　p1ace　in　elastic　deformation　region．For

practica1use　of　shape　memory　thin　fiIms，it　is　also　im－

portan亡to　c1arify　the　mechanica1properties　such　as　yie1d

stress棚d　e1ongation．茎n　this　study　we　therefore　ap－

p1iedstressaboveyie1dstresstothe舳ηfi1㎜sand
meaS脳e　their　StreSS－Strain　CurVeS．

　　For　the　measurement　of　stress－strain　curves，Ti－Ni

thin倉1ms　with　two　kinds　ofcompositions，Ti－50at．％Ni

and　Ti－51．5at．％Ni，were　prepa肥d　by　sp洲ering．Af辻er

spu脆ring　Ti－50at．％Ni舳n釧ms　were　annea1ed　at

773K　for1h　to　form　a　Ti－Ni　sing1e－phase　structure，

whi1e　Ti－51．5at．％Ni舳n　fi1狐s　were　so1耐ion一辻rea辻ed

at973I（for　lh　and　age＿treated　at773I（for　lh　to　pro＿

duce　dist王ibution　of　fine　Ti3Ni4precipitates　in　Ti－Ni

grains．The　measurement　of　stress－strain　curves　was

carriedoutataconsta耐strainrateof6．7×10I5s’1at

te㎜peエatures　between223K　and473K．The　specimen

sizewas400μm×5mm（9augeportion）X6μm
（fi㎞thic㎞ess）．

　　The亡ensi1e　tests　revea玉ed　that　a　Ti－5玉．5a辻．％Ni　thin

film　exhibits　a　yieId　s脆ss　ofユ．5GP＆．This　value　is

1argerthantha辻inbulkspec㎞ens，bei㎎at1ributab1e
ξo　a　s㎜au　grain　size㎞the亡hin　fi1m．On　the　other　hand，

a　Ti－51．5at．％Ni舳n釧m　was　found亡o　exhibit　a　yieId

stress　of　lGPa　and　e1ongation　of　about40％。This　e1on－

gation　is　a1most　comparab1e　to中at　in　bu1k　speci狐ens．

These　resu1ts　show　that　the　sputter－deposited　thin捌ms
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possess　good狐echanicaI　properties　as　weu　as　good

shape㎜e狐ory　effect，supere1asticity盆nd　two－way

shape　me狐ory　effect，and　suggest　that　sputter－depos－

ited　thin　fi玉ms　c棚be　used　as　microac鮎盆to亙s．

Keywords：狐icromachine，shape　me㎜ory，Ti－Ni，
Spu亡辻ering

Rela脆d　p副per

　　S辻ress－straiP　curves　ofsput言ered　tbin　fi1ms　ofTi－

Ni；A．至shida，A．Takei　and　M．Sa重o，Thin　So1id　Fi1ms，

281（1996）：337－339。

　108　Fabr■c磁■oηand　I＝unda關8n－a■S－ud－es02－he　Maf6rI－

a1s　wi航㎜esoscopic　and　Ap餉odic　S一閉c仙犯

λ．Pτ8αオ，3r61｛θ∫θαrcんGro〃ρ

［Apr曼］1996to　Marcb1997］

　　　Atextureconsistingofnanosca1ePb－partic1esho一

㎜ogeneous1y　dispersed　within　an　a狐orphous　matrix

has　been　obtained　in　a㎜e1t－quenched　a11oy　with　co㎜一

position　A175Cu15ViO－20wt％Pb．High　reso1ution

transmission　eIectron　microscopic　observations肥一

vea1ed　that　the　nanosca1e　Pb　partic玉es　were　iso1ated

within　the　amorphol』s㎜atrix．The　nanosca1e　Pb　par－

ticIes　showed　broader　superconducting　transi宣ion　un－

der　an　app1ied　fieId　of200e　and　sma11er　critica1field

（H，）討5K，in　co㎜parison　w舳those　in　bu玉k　Pb．The

a㎜orphous　matrix　could　be　converted　into　the　icosa－

hedfa1quasicrysta1phase　wi亡h　the　same　composition

by　heating　to720K．X－ray　and　transmission　e1ectron

nlicroscopic　exarninations　reveaIed　that盲he　partic1es

had　sphericaI　shape　in　the　specimens　within　a㎜orphous

as　wen　as　with亡he　quasicrysta1工ine㎜a材ix．The　me1t－

ing　behavior　of　these　partic1es　was　investigated　us㎞g

a　d雌e肥耐ia玉scaming　ca1orimeter，狐d　the　resu1ts　ob一

芝＆ined　thereby　indicated　that　the　rne1亡ing　points　of　the

Pb－paエtic玉es　embedded　in　the　matrix　ma言erial　were

1ower　than　the　equi1ibrium　melting　PoiPt．

　　nis　work　was　part1y　performed　in　co1Iaboration

with　Professor　K．Ch鮒opadhyay　Indian　Science　of

InSti亡u辻e．

Keywords：a㎜orphousphase，nanosca1e，玉eadpartides

　109　Sオudies　on　Viscoe－as…ici町a8d　S恢uctwe　o｛Super－

coo1ed　Liquid　in　Amorphous　AI1oys

ノLPτ80オ，3rdRθ∫θαrcゐGro〃ρ

［Ap王曼1！996to　M註rch1997］

Structure　of　Pt60Ni15P25amorphous　a11oy　on　suPer一

cooIed－liquid　states　have　been　studied　fro亘n　a　bu1k

samp1e　by　means　of　smau　ang1e　neutron　scattering　in

rea玉time　in　isotherma玉state．In－situ　measurements　of

smau　ang1e　neutron　scattering　from　a　bu玉k8rnorphous

a11oy　Pt60Ni15P25Were　carried　out　in　the　mo㎜entum

transfer　range　of　O．O08くQ＜O．08A1as　a　function　of

time　during　isotherma1amealing　a言the　temperature　of

483K　which　was　just　below　the　g1ass　transition　tem－

perature，Tg、（Tg＝488K）The　s㎜au　ang1e鵬utron　scat－

tering　i鮫enSitieS　initiany　inCreaSe　With　ti㎜e＆nd　reaCh

s銚ur窪tion　values．The　s1＝nall　angIe　neutron　scattering

intensity　of　the　g亘ass　coo1ed　dowパo　room亡e㎜pera一

言ure　afterξhe　annea豆ing　increases　at言he　every㎜omen－

tum　transfer　vaIue　observed．The　sma11ang1e　neu亡ron

sc鮒ehng　i献ensit｛es　fo1Iow＆Q－4dependence　and　have

no　peak　structure　in　the　momentum　transfer　range　ob－

seζved．There　is　no　trace　of　phase　separation　in

nanoscaIe　evidenced　in　the　present　s迂udy．To　reahze

the　inheren辻natu王c　of　the　g1ass　transition　for　the　arnor－

phous　ai1oy　a　co狐p1eme耐aユstudy　on　viscoeユasticity　is

iηprogress。

Keywor沮s：supercooIed　liquid，smau　ang1e　neutron
SCattering

　110　Atom阿obe　microa■laIysis　of　adΨaoced洲etaIIic苅a一

一前alS

KHo〃o，〃肋r〃3〃畑c81）ルj81o〃
［Apri11996to　March200至呈

　　　Propertics　of　metauic　materials　are　contro11ed　by

microstmctures．Conventional　structura1materials　such

as　stee1s，aIuminum　a11oys，in宣ermetanics　and　supera1－

Ioys　are　a玉玉strengthened　by　controuing　microstructures

making　use　ofso1id→so1id　phase　transfor蜘ations．The

scaIe　of　the　rnicrostructures　of　these　rnaterials　are　be－

coming　sma1玉e夏and　sma1Ier，and　many　microstuructures

iΩ㎜odern　meta1玉ic㎜誠eria1s　are　in　a　subnanometer

sca1e．Thus，microstructuraI　characterizations　of狐e－

t＆玉1iC　ma言eria玉S　iΩieSS　than　a　nanOmeter　SCa王e　reSO1u－

tion　is　essen言ia1fo川nderstanding　the　mecha羽isms　of

va迂ious　nove1properties　in㎜就eria1s．This　pmject　aims

重o　obtain　better　understandings　to　the　under1ying

㎜echanisms　ofmechanicaI　and　magnetic　properties　of

nユeta玉玉ic狐ateria三s　by　characterizing　micros亡ruc軸res　of

advanced　materia1s．For言his　purpose，we　emp1oy　the

ato㎜probe　field　i㎝㎜icroscope（APFIM）tec㎞ique

which　is　capab1e　of　am1yzing1oc＆1che㎜ica1compo－

sitions　of　auoying　e1ements　wi芝h　an　ato㎜ic　reso1ution．

Un玉ike　other　ana1ytical　techniques，it　can　detec辻al1el＿

ernents　inc1uding1ight　a亡oms　such　as　Li，BeヨB，C，N

and　O　which　of亡en㎜ake　key　ro1es　in　contro1Iing㎜ate－

rialsproperties．By狐aki㎎useofathreed㎞ensio㎜1

ato㎜probe（3DAP），it　is　possib1e　to　map　out　e1emen一
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ta1distributions　in　a11oys　in　a　three　dimensiona1rea1

space　with　a工most　an　atomic　reso1ution．For　comp1e－

menta正y　microstmctura1characterization，conventiona1

transmissione1ectronmicroscopy（TEM）andhighreso－

1utionelectronmicroscopy（HREM）techniquesarea1so

emp1oyed．Our　research　interests　inc1ude
nanocrysta11ine　magnetic　materia1s（Fig．1），magnetic

thin　fi1ms，amorphous　and　nanocomposite　a11oys，mi－

crostructures　and　phase　t正ansformations　in　stec1s　and

a1umimm　a11oys　and　other　industria1meta11ic　materi－

a1S．

　　　Part　ofthis　project　is　conducted　in　co11aborationwith

the　Frontier　Structum1Materia1s　Center．This　project

is　part1y　supported　by　New　Energy　and　Industria1Tech－

no1ogy　Deve1opment　Organization（NED0）Intema－
tiona1Joint　Research　Grant．The　most　up－to－datc　re－

ports　of　this　project　can　be　found　in　the　fo11owing

WWWsite：
　　　http：〃inaba，nrim．9o．jp／apfim

K6ywor8s：atom　probe，APFIM，mnostructure，mi－

c正ostructure，Phase　transformations
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Fig．1Threedimensional　a－om　probeelemental　m昼p　nearaCu　precipita－ein　a

rapidly　solidified　Fe－13．5Si－9B－3Nb－1Cu　alloy｛FlNEMET〕annealed　at550℃

for1O　min．This　da1ashow　nanoαys1allineα一Fe　particle　is　adjacentto　a　Cu

predp而ate　which　is　believed－o　work　as　a　helerogeneous　nuclealion　site　forlhe

α一Fe　primary　crystal一

　111　Researc■1a■1d　O帥elopm611－of　H19■11’emperalore

Ti2AlNbTi1aoiumAlumi■1id6－8as6d　Composites

　　　Titanium　a11oys　and　titanium　a1uminides　are　ofgreat

techno1ogica1interest　because　oftheir1ow　density　and

high　temperature　strength．One　main　dmwback　ofthese

titanium－re1ated　materia1s　for　structura1apP1ication　is

that　the　service　temperaturc　is1imited　to760℃due　to

a　degradation　of　tensi1e　strcngth，creep　resistance，ther－

ma1stabi1ity　and　environmental　resistance．Moreover，

they　exhibit1ower　stiffness　and　abration－re1ated　prop－

e正ties　than　nicke1－based　al1oy，However，for　futurc　air－

craft　design，thcrc　are　sti11demands　for　advanced　light－

weight　a11oys　having　superior　combinations　of　me－

chanica1properties　in　the　temperature　rangeup　to1，000

℃．

　　　The　fabrication　oftitanium－basedmcta1mat正ix　com－

posites（MMCls）reinforced　with　ceramic　particu1ate

creates　considerab1e　potentia1for　i㎜provement　in　vari－

ous　properties．Thcsc　pa正ticu1ate　MMCls　havc　isotro－

pic　characteristics　and　can　be　processed　more　cheap1y

using　the　conventiona1net　shape　techno1ogies，

　　　Recent1y，a　new　class　of　titanium　a1uminide　based

on　the　ordered　orthorhombic　phase　Ti2A1Nb　has　been

deve1opcd．Because　oftheir　attractive　combinations　of

mom　tempe正ature　ductility　and　c1evated　tempe正ature

strength　compared　to　Ti3A1（α2）and　TiA1（γ），

Ti2A1Nb　can　be　considered　as　a　potentia1matrix　a11oy

for　particu1ate　composites．

　　　The　objective　of　this　research　program　is　to　pro－

duceTi2A1N■b－based　MMC，s　rcinforcedwithboth　rela－

tive1y1a正ge－sized　cera甲ic　particu1ate　such　as　TiC　and

TiB　and　very　fine　oxide　particulate　such　as　Er203us－

ing　advanced　P／M　processes，and　creep　and　fatigue

p正operties　will　be　evaluated　with　cmphasis　on　re1ating

microstructura1characteristics　to　these　high　tempera－

tuTc　mechanica1pIopeTties．

Keywords：titanium　a1uminide，particu1ate－reinforced，

composites，Powder　meta11urgy，mechanica1properties
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　　　Microstructurc　has　bccn　contro11cd　by

thermomechanica1processing　for　L12type　Ti－Al－Cr
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cast　a1玉oy，al＝ld　tensiIe　test　has　been　carried　out　at　e1－

evated　tempera亡ures．The　proofstress　of！60MPa　and

the　fracture　strain　of23％have　been　obtained　at1070I（

andatastrainrateofIx！O■4s11．Aseverei汕uenceof
strain　ra辻e　on　the　fractu肥strain　was　detected　at　high

te㎜peratures．I辻wi11re1ated　to　the　for㎜ation　ofthe　pre－

cipitates　and　coarsening　of　the　cavities　during　hot　de－

forrnation．

　　To　examine　the　effect　of　additive　eIementヨMn　and

Cr，on　microstructure　of　L12type（A1，Mn）3Ti　and

（A1，Cr）3Ti　auoys，the㎜icrostructures　of　these　auoys

with　changing　the　additive　amount　from　g　to！4at％

havebeen　exam㎞ed　by　SEM　andX－ray　di鉦raction派

ter亡he　heat－treatment　of！450K－604．8ks，A1l　ofξhe

a1Ioys　have　exhibitedL！2sing1ephase　micros辻mcture．

However，fine　voids　orA1203precipitates　sma1ler　than

！μn1havebeenobservedinthegraininteriorofthe
脈atrix．The　la宣tice　parameter　change　of　the　aHoys　due

to　Cr　addition　was　larger　than　those　in　the　al1oys　with

Mn　in　the　range　of9－14at％．

　　The　structure　determina辻ion　of　a　new　phase　which

is　formed　in　the　ear玉y　s亡age　of　crysta11ization　of　Ti－

48aセ．％AI　al1oy　is　in　progress，using　co㎜puter　simu1a－

tion　of　high－resolution　s㈹cture　image　and　e1ectron

d撒action　ana1ysis．TEM　observati㎝on　a　feathery－

type㎜icrostructure　in　aαadded　TiAl－based　a11oy　is

a玉so　in　progress．Based　on仇e　resu1ts，砒e　possib1eα／γ

phase　transformation蜘echanisms　in　the　TiAl－based

anoy　wi1l　be　discussed．

Keywords：intermetaHic　compounds，microstruc辻ure，

phase腕nsfor跳ation，Processing，mechanica1proper－

ties，TEMl　ana1ysis

”3　㎜agr■6to－optica1S仙dy　wi－h珊e　N刷M　Hybrid　Mag一

ηet

K肋加肋〃α〃．08ん欣〃α〃d　G．K〃o4肋01η仰

　　Ahybridmagnetsystem，whichconsistsofa1arge
superconducting　magnet　and　a　high　power　resistive

magnet，has　been　bui1t　to　generate　steady　high狐ag－

netic　fieIds　up　to40T　at　National　Research　Institu言e

for　Meta1s（NRIM）エ1］．Recently，the　wor1d　highest

steady　fie1d　of　a36．5T，which　was　ca1cu1ated　from　the

coiI　constants　obtained　by　ESR　measurements　as　de－

scribed　be1ow，as　recorded　in　Sep辻e狐ber1995．Afar－

infraredregi㎝isquiteimporta■tforanopticalstudy
in　a　high　fie1d　range　since　the　Zeeman　energy　for　the

fie1d　of　O－30T　corresponds　to　O－40cm～！when　the

effective　g－vaIue　equals　to2．We　have　c㎝structed　a

Fourier－transform　far－infrared　spectrome倣fo川sing

wi辻h　the　hybrid狐agne亡in　order　to　measure　the　eIec－

tronspiHesonance，thecyc1otr㎝resonan㏄andthe
mechanis㎜of1ow－energy　excita辻ions　in　high　magnetic

fieIds．AIame11argrat㎞g　interferometer　was　e㎜p1oyed

to　obtain　an　interferogram　in　the玉ow　energy　region

be1ow40cm’l　ins亡ead　ofthe　Miche1son－type㎞terfer－

ometer　which　is　com㎜on1y　used　in　the　infrared　region．

The　spectro㎜e盲erwas　exa㎜ined　by　measuring曲e　ESR

signa1s　of　the　spin－Peier1s　cuprate　CuGe03with　a　su－

perconducting　magnet　and　it　was　found辻hat　the　effec－

tive　g－va1ue　takes　different　vaiue　for　the　uniform，the

spin－Peier1s　and　the　magneticphases［2］．The　spectmm－

eter　was　aIso　emp1oyed　to　calibrate　the　coi1constants

of亡he　hybrid　magnet　by　BSR　measurements，since　the

NMR　magneto服eter　seems　no｛to　be　e斑ective　for　our

hybrid　magnet　due　to　a　re1ative玉y　large　ripp1e　and趾c－

tuation（10’4）ofour　power　supp1y　for　the　resis伽e　mag－

net，in　spite　ofthe　usefu1ness　ofthe　NMR　magnetom－

eter　to　deter狐ine　a　exact　va1ue　of　the　nlagnetic　fieId．

　　An　experi㎜en言a玉setup　for　the狐agneto－optica1

measurements　in　far－infrared（FIR）region　is　shown　in

Fig↓Ahighpressuremercury1a㎜pisusedasanFIR
1ight　source．Diverging1ight　from　the　end　of　a1ight

pipeAisco1Ii㎜aξedbya1argeparabo1icmirror．The
parane11ight　from　the　mirror　is肥且ected　by　the　la㎜e1－

1ar　gratingwhich　introduces　the　optical　path　d雌erence

g＝2d，where　d　is　a　dispIace㎜ent　ofthe　movab1e　grat－

ing　from亡he　fixed　one．As　the㎜aximum　disp1ace㎜e耐

is25rn1＝n　in　our　systern，a　theoredca玉resoiution　of　the

i献erferometer　is　O．1c㎜■1．The1ight　from亡he　grating　is

focusedontheentranceofanotherpipeBbythesame

paraboIic　mirror．The　lame11ar　grating　is狐ade　of　alu－

minu㎜，and　it　has　a　grating　cons亡ant　of20ml＝n　and　a

total　area　of200×200mm2．A　movab1e　grating　is

mounted　on　a辻rans1ationa1stage　which　is　driven　by　a

stepping醐oto■ASibo1ome亡erat3Hete醐peratureand

an玉nSb　bo1ometeτat4．2K釘e　pTepa肥d　as　a　detectoエ

of辻hespectro㎜eter．Alightchopperis1ocatedonthe

way　o“he1igh亡pipeA，whose　chopping　frequency　of

Lamellar　grating
　　　　　　　　　　　　　　B

　　　　　　　　　　　　　　　　　　　令

　　　　　Light　pipe　　　　　　　to】）etector

汽、、、、、、　・・…t丑t

PambolicmiπorA
　　　　　　　StepPing　moter　Sample　cell

　d

刊K Rxed

Movable

Magnet

　　　　　　　　　　　　　　　　　　　　　　　　　　Samp－e　C　Heater

ξig．1　…xperimental　selup　o列he　magneto－op竈cal　spectromet飢1nse－shows　a

toP　view　oHhe　lame1laすgrali目g．

一86一



1ight　is　about300Hz．0utput　signa1s　of　the　detector

are　recorded　as　a　function　ofthe　disp1acement　with　the

same　scanning　interva1．The　interferometer　is　p1aced

about10meters　from　the　magnet　where　the1eakage

nux　density　becomes　sma11er　than5mT．The　chamber

ofinterferometer　is　made　ofthick　iron　p1ates（12mm）

to　shie1d　the　magnetic刊ux，because　the　stepping　mo－

tor　and　the　high－pressure　mercury1amp　do　not　work　in

thc　prcscnce　ofthe　magnetic　fie1d．The　FIR1ight　from

the　interferometeris　led　to　the　detectorthrough　a　samp1e

by　a1ight　pipe　system（i．d．10mm）．In　order　to　gain　the

1ight　intensity，Iight　cones　are　p1aced　near　the　samp1e．

For　the　Vbigt　configuration　the　samp1e　is　p1aced　at　the

position　C，whi1e　the　figure　shows　the　Faraday　con－

figuration．The　optica1pass　is　evacuated　in　order　to

avoid　the　absorption　due　to　water　vapor．

　　　The　FIR　spectrometer　has　been　used　for　the　ca1i－

bration　ofthe　fie1d　intensity　ofthe　NRIM　hybrid　mag－

net　by　the　ESR　measurements．Fig．2shows　an　experi－

menta1configuration　of　the　spectrometer　when　that　is

cgmbined　with　the　hybrid　magnet（bottom　of　the　fig－

ure）。The　interferometer　and　the　detector　can　be　seen

at　the　upper　paエt　of　the　figure．The　magnetic　fIux　den－

sity　of　the　hybrid　magnet，BHM，is　contributed　by　both

the　superconducting　magnet　and　the　resistive　one．

Therefor　BHM　is　expressed　by　using　the　current　f1ow－

ing　in　the　superconducting　Part，IsMl　and　that　in　the11e－

SiStiVe　One，IWMl　aS：

Fig．2　Configuralion　of1he　magneto－optical　spec1romeler

BHM＝CsM×IsM＋CwM×IwMl

where　CsM　Is　a　coi1constant　of　the　superconducting

magnet　and　CwM　that　of　the　resistive　one．Fig．3shows

the　ESR　spectra　of　Cdo．gMno．1Se，whose　effective　g

va1ue　equa1s　to2at　room　temperature，at　various　fie1ds．

The　trace　with　an　index　ofSM（WM）was　obtaincd

when　only　the　superconducting　part（the　resistive　part）

was　excited．From　these　resonance　wavenumbcr，CsM

and　CwM　was　dcternrined　to　be　O，01006（T／A）and

O．639（T／kA），respective1y．Traces　with　the　index　of

HM　were　obtained　for　the　hybrid　mode　which　meant

that　both　the　superconducting　Part　and　the　resistive　one

were　excited　simu1taneous1y．The　fie1d　intensity　derivcd

by　these　ESR　absorptions　were　compared　with　that　by

the　formu1a　above　and　these　were　confirmed　to　agree

with　each　other　quit　we11with　an　error1ess　than　O．2％．

As　the　magnetic　fic1d　was　increased，the　broadening

of　the　ESR　lines　was　observed，which　is　caused　by　an

intrinsic　effect　of　thc　samp1e　because　the　ripp1e　and

f1uctuation　of　the　fie1d　is　sma11er　than　O．01％．

Keywords：mag皿eto－optics，far－infエared，high　mag－

netic　fie1d，hybrid　magnet
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　　　The　high1y　corre1ated　e且ectron　systems，such　as　high

Tc　oxides，heavy　fer峨ion　compounds　and　organic　con－

ductors，have　been　the　l＝nost　irnportant　subjects　of　l＝na－

teria玉s　science　and　have　been　intensive1y　studied　in

the　past　decade．However，many　centra玉issues　have

notbeenso1vedyet．Amagneticfieldisveryusefび1
and　power施ho　study　the　physica1properties　and　elec－

tf0nic　structures　of　these㎜a辻eria1s，particu1arIy　when

it　is　co㎜bined　with　other　experimentaI　environ㎜en亡s

such　as1ow　temperatures　and　high　pressures．NRIM

has　deve1oped　severa玉types　of　high　fie1d　nユagnets，i．e．

a　hybrid蜘agnet，a1arge－bore－size　magnet，Pu1sed　mag－

nets，high　resoIution㎜agnets　whose　capab舳ies　are　of

the　highest　c1ass　in　the　wor1d．The　purpose　of舳s

projec亡　is　to　deve且op　severa1辻ypes　of　high　precision

detec辻ion　sys亡e㎜s　under1ow　temperatures　and　high

pressures　for　the　high　fie1d正nagne辻s　and　is　to　apP1y

them亡o　the　study　of曲e　high五y　cor正e1ated　e1ectron　sys一

辻e㎜S．

　　　So　far　we　have　deveIoped　detection　systems　for

む＝anspoれand　Inagnetic　measureInents　under　the　nユu1－

tipIe　extre㎜e　condition　ofhigh　pressure，玉ow　tempera－

tures　a■d　high獅agnetic　fie1ds．Particu玉ar1y，we　have

succeeded　for亡he　first　tinユe　in　detec辻ing　the　signals　of

quantum　osci11ations　from　severa玉kinds　ofhigh1y　cor－

re1ated　f　electron　syste㎜s　under　high　pressure．The

1ow　te独perat砥es　generated　by　a　di1ution　refrigerator

and　the　sensitive　detection　using註fie王d㎜odu1邸ion

me出od　a肥indispensab1e　to　observe　the　sig羽a1s．How－

ever，it　has　been　be1ieved　tha亡辻he1ow　te㎜pe棚u肥s　is

incompatib1e　with　the　detection　me亡hod　under　high

p肥ssure．Our　success　has　reveaIed　unconventionaI

changes　of　e1ectronic　struct狐es　in　these　kind　of　ma亡e－

ria1s　under　pressure．

Keywo池s：high　magneticfie1d，Iow　te獅pe蝸ture，high

pressure，high1y　corre1a辻ed　e1ectron　system
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　　　Because　the　stored　energy　densi亡y　of　SMES（Su－

pe・co・d・cti㎎Mag・eticEnergyStorage）isincreased

rapid1y　with　increasing　the㎜agnetic　fie1d，the　inc肥ase

of　the　operation　fie1d　makes　a　micro－SMES（a　co阯

pacted　SMES）possib1e．The　opera亡ion　fie1d　is　deter一

mined　by　the　superconducting　proper辻ies　of　com㎜er－

cia玉ized　superconducting　wires；Nb－Ti　in1ow　fie1ds　and

Nb3Sn　in　high　fie1ds．A1though　Nb3AエヨNb3Ge，Nb3Ga，

Bi－2212，and　Bi－2223have　not　yet　co狐㎜erciahzed，

they　are　the　most　promising　candidate　superconduct－

ingma倣ialsfori㏄reasingtheoperationfie1dofSMES
due　to　their　higher　Hc2（4．2K）’s　than　that　ofN1〕3Sn（4．2

K）。Recent1y　we　found｛hat　the　Nb3Al　mu1tifi1a狐entary

wire，fabricated　through　the　rapid－heating＆rapid－

quenching，shows2－5ti㎜es　Iarger　J．in　high　fie1d　than

tha亡of　the　co醐mercia1ized　Nb3Sn　mu旧fi1amentary

wi肥，and　exce11ent　strai“olerances，which　are　the　mos亡

required　properties　of　supe11conduc辻or　fol1the　nlicro－

SMES．In　this　s言udy，we　wi1l　investigate　on　the　coi玉

fabrication　technique，stabi1ization，superconducting

junction，and　ac玉oss　of　the　Nb・Al　multifi1amen亡ary

wire．Wewill　a1so　try　to　fabricate　Nb3Ga　and　Nb3Ge

mu1亡ifi玉ame鮒ary　wires　through　the　rapid－heating＆

rapid－quenching　Processヨbecause　they　have　not　on1y

simiIar　superconducting　Properties　but　a1so　simi1争r

phase　diagrams　to　those　of　Nb3AL　Superc0Dduc言ing

junction　between　superconducting　wires　is　one　of　the

basicsuperc㎝ducti㎎techno1ogiesrequiredfomi－
cro－SMES，because　Jou1e　heat1oss　shou1d　be　avoided

for　high　efficie耐operation　ofthe　micro－SMES．We

wi11s亡udy亡he　superconductingjunction　process　fomot

only　rnetaHic　superconductors　but　a玉so　oxide　supercon－

ductors．Severa1kinds　ofsupercollductingjunctionswi1玉

be　tried　and　eva1uated　by　the　perfo狐nances　of　persis一

官ent－current　mode　operations　for　the　c1osed　circuits　in－

c1uding　the　junctions．

Keywords：rapid－hea臼ng＆峨pid－quenching，super－

conducting　junction，Nb3刈

　116　C〃s－a■sy胴1rn6附y　deslgO　fOr00nI■■1ea【・0P一■cal　crys・

一a1s

H．κ舳rα，4肋他∫ωκ乃Gγo〃ρ

［Apr三11997to　March200至］

　　　Nonhnea卜optica1crystals　are　important　for　fre－

quency一狐odu1ation　devices．Up　to　now，sing1e　crystaIs

were　used　having　a　center　of　crysta玉asymmetry．How－

ever，i亡is　generany　di錨cu1t　to　grow　singIe　c正ystals　hav－

ing　the　cen亡er　of　crystaI　asymmetry　even　ifnew　mate－

rials　with　good　properties　are　discovered．It　wou1d　be

possib1e　to　obtain　sing1e　crysta1s　con倣oHing　the　crys－

tal　symmetry　in　part　by　means　ofthe　crysta玉symmetry

design　such　as　the　substitution　of　c0Bstituent　e1ernents

for　another　e1ements　in　order辻o　form宣he　center　ofcrys－

taI　asy㎜me亡ry　part　surroundings　ofsubstituent　elements

in　micro　sca1e．In言his　year，we　focus　on　borate　crys－

ta1s，whereA工or　Ga　substituted　for　B，for　syn曲esizing

po1ycrystal1ine　san1p1es．The加non1inear－op臼ca玉prop一

一88一



erties　such　as　SHG（Second　Harmonic　Gene棚ion）in－

tensityareinvestigated．In辻henexts1ep，singlecrysta1

growth　of　these　materials　having　the　center　of　crysta1

asymmetry　part　wil1be言ried　by　the　TSSG（Top　Seeded

So1ution　Growth）method　from　the虹so1utions　and　the

Fz（F1oati㎎zone）methodfro跳their㎜e1ts．Furlher－

more，the　optica1properties　ofthe　crystaIs　winbe　evalu－

ated　using亡he　sing1e　crysωs　grown．

　　This　research　is　performed　in　conaboration　w貴h　the

Ins言itute　for　Materia1s　Research，Tohoku　University．

Keywords：frequency－moduiation，center　of　crys亡a1

asymmetry，substitution

tofabricationoftheal1oys．

　　This　research　is　perfor狐ed　in　co11abora室ion　with

Yokohama　Na言iona1Univeζsity，Science　University　of

Tokyo，and　Institute　of－ndustrial　Scie■ce，the　Univer－

sityofTokyo．

Keywords：hydrogen，hydrogen　storage，magnesium，

Mg2Ni，and　per㎜eation

　118　1〕eve1opme淋of　ParticleAssemb1y1「ech1101ogyfor1n－

tegra－ion　of　l＝uncfioηs

W．8ん妙α，肋Rα肌ん0・o仰
麦Apri1至992言o　March1997］

117R6s8ar餉a杣Deve1op繭舳o川igh・Perfor關8㏄e
Light　A■Ioys　for　Hy此oge11Sオo閉ge

C　W18〃榊〃α，4肋沢ωθ〃cん0ro卯

【Apri1至997まo　March2001］

　　Hydrogen　can　be　regarded　as　an　idea1enel＝gy　source

for辻he　fo1玉owing　reasons：（ユ）it　is釧most　inexhaust－

ib1e，（2）c1eanandtender辻oeco1ogy，（3）easytobe

stored　and佼ansported．There　is　no　doubt　that　hydro－

gen　wi11p1ay　an　i狐por言a耐roIe　as　an　energy　source　in

the　near　futはre　after　the　fossiレene1＝9y　era．In　scope　of

the　large－sca玉e　use　of　hydrogen　as　all　energy　source，it

is　inevitabIe　to　estab1ish　the　technoIogica1fundanユen－

ta1s　of　materiaIs　re1ated　to　hydrogeむ一energy　app1ica一

亡ions．In　this　study，it　is　airned亡o　give　guide1ines　for

deve1oping　high－perforn－ance1ight　aHoys　for　hydro－

gen　storage，based　on　Mg　or　o盲her　Iight鵬ta1s，which

can　be　apP1ied　in　autornobiles　as　gas－co■tainers　ol＝bat一

辻erieS．

　　M1g2Ni，which　absorbs　hydrogeパo　form　the　stable

hydride　Mg2NiH遅，has玉ongbeen肥garded　as　apromis－

ing　compound　for　hydmgen　sto峨ge．High　dissociation

te㎜perature　of曲e　hy（玉ride，howeverラhas　prec1uded　the

practicaI　use　of　the　conユpound．In　this　study，a11oying

e1e㎜ents　to　Iower　the　dissociation　tempe献ure　of

Mg2NiH4is　being　searched．Mic王ostruc官ure　co鮒o1is

being　attempted辻o　i㎜pllove　hydrogen　absorption　and

desorpti㎝kineticsfora1loybasedonMg－Mg・Nisys－

tem．Anewme玉ti■gfumacehasbeenintroducedfor
fabrication　of　Mg－based　a1loys．

　　There　is肚t1e　da言a　on　hydrogen　di倣usion　in　a11oys

for　hydrogen　storage．In　this　sξudy，hydrogen　diffusion

behaviors　in　the　a11oys　for　hydrogen　storage　al：e　being

investigated　by　means　of　a　hydrogen　pemeation　tech－

nique．The　emphases　are　oパhe　d雌usion　path　in　a玉一

1oys　co㎜posed　of　mu1ti－phases，and　surface　e脆cts　on

hydrogen　absorption　and　desorption．ThermaI　Desorp－

tion　Spectroscopy（TDS）is　aIso　being　perfor搬ed　to

investigate　the　hydrogen　desorptioηbehaviors．The

obtained　fundame耐a1da施wiII　be　e甜ective1y　fed　back

　　FOr　CreatiOn　Of　intei玉igent㎜ateria1S，teChnOiOgieS

for　syste蜘atization　a六d　integra言ion　ofmu工tiple　mate－

rial　functio■s　shou1d　be　deve1oped　in　advance．Sys－

tematically　coordin説ed　mu1辻iple　functions　wi11Iead　to

㎜anifesta｛ion　of　inte11igent　functions，such　as　se1f＿re＿

pair，self－diagnosis，feedback　and　so　on，which　can　re－

spond亡o　environrnenta1conditions．

　　The　partic1e　asse㎜bIy　is　a　new　approach　to　provide

materia1s　with　systematica11y　coordinated　multip1e

functions．Since　each　particIe　has　a　pri㎜itive　funcξio■，

coo王dination　and　systematization　of亡he　pri㎜itive　func－

tionsmayberea1izedthr㎝ghthreed㎞ensi㎝a1par－
tic1e　arrangemen言．Thus，we　have　been　deve1oped　three

new　hand1ing　methods　for　fine　partides．

　　One　is匪pmcess　to　produce　comp1ex　partic1es　by　a

forced　e1ectrification狐ethod．The　process　can　be　ap－

p1icab1e　to　bo辻h　meta11ic　and　die1ectric　partic1es．Com－

pIex　p鮒ic玉es　of　semiconducting　BaTi03and　meta1lic

In　were　prepared，and　the　packed　bed　of　the　co㎜plex

partic1es　showed　a　good　eIectrica1characteristic，

　　The　second　is　a　partide　manipulation　by　a　manipu－

1ating　sys辻e㎜deve1oped　in言his　study．Partic1cs　were

manipuIated　one　by　one　by　a搬icroprobe．The㎜icro－

probe　was　app1ied　aIso辻o　we1ding　of　the　m＆nipu1ated

particies，and　three　dimensional　arrangemen辻of　paト

tiC1eS　WaS　COnStruCted．

　　The　last　one　is　an　a服angen－ent　of　p8rticIes　o■a　sub－

strate　using　an　e1ectron　and／oζan　ion　bea腿．Negative1y

e玉ectrified　i㎜ages　and　positive1y　e1ec迂rified　images　can

be　for㎜ed　on　the　substrates　by　the　e1ectron　beam＆nd

ion　beam，respective1y．By　dipping　the　substrates　in　the

sEspe口sion　of　partic1es，the　partic1es　prefe董en辻iaHy　ad－

hered　on　the　e1ectrified　pattern　by言he　elec材ostatic　fol℃e，

and　c1ear　i㎜ages　ofpartic1e　arrangementwere　obtained．

D雌erent　kinds　ofpartides　can　be　arranged　at　the　pre－

scribed　positions　by　repeating　the　drawing　and　dipping．

keywords：intenigent㎜ateria1s，鰍u1tipIe　functions，

partic玉e　assemb1y
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　119　I＝ooda㎜e朴a■Resea了ch　o111＝I6xibIe　S並uc－u爬and　I、’18－

6hiI16Sys－e㎜s　Using　Adva■1ced　Ma一跳iaIs

W．醐榊，〃ε〃紐〃〃〃θ肋13Rα〃cん0ro岬
［Apr五至1995to　March1998】

　　　In　orde亙to　reaIize脆xib1e　s伽ctures　and　machines

which　have　abi1ities　to　respond　to　environmenta1

changes，it　is　necessary亡o　deveIop　advanced㎜ateri註1s

provided　wi宣h　the　functions　of　sensors　and　actuators．

For　manifestation　of　the　mu1ti－function　in　advanced

ma1erials，u舳zati㎝ofpeculiarf㎜ctionsofinterfaces

in　materiaIs　is　ve互y　usefuL　In　this　wo欣fabrication　and

measu亙eme耐tec㎞iquesofartificia1materia1i耐erfaces

are　developed，a羽d　properties　of　various　interfaces　fab－

ricated　ar臼ficia1Iy　are　eva1ua亡ed．

（1）Micro－welding

　　　In　addi官ion　to　the　powder　partic1e　manipu1ation，

micro－we1ding　techn均ues　using　a　micro－probe　are　be－

ing　deveIoped．After　aAu　powdef　particle　was　depos－

ited　at　a　pre－deterrnined　point　on　a　meta玉1ic　substrate，

high　vohage　of　about　lOkV　was　apphed　be亡ween　the

probe　and　the　subs亡ra亡e」3y　app玉yiηg　the　high　vo玉tage，

the　gIow　discharge　was　generated　at　interface　between

the　Au　partide　and　the　s曲strate．The　interface　of　the

partic1e　and　the　substrate　was　me1ted　by　the　g1ow　dis－

charge，and　the　paftide　was　we1ded　into　the　substrate．

　　This　micro－we1ding　technique㎜akes　it　possib1e言0

fabricate言he　artificia1in辻erfaces　and　micro＿structures

composed　ofpowder　partic1es．

（2）New　PTCR　mate王iaI

　　New　PTCR（positive　temperature　coe冊cie耐of　re－

sistivity）ma亡erials＆re　being　deve1oped　by　contl1o11ing

in亡erf＆ces　between　powder　partic1es．The　materia工s

were　prepared　as　fo11ows。（a）Semiconductive　BaTi03

granu1es　and　metauic　indium　powder　partic1es　were

e1ectrified　reciprocaI1y。（b）By㎜ixing　the亡wo　kinds　of

partic1esヨBaTi03－Indium　complex　paれic1es　were

formed．These　comp1ex　partic1es　showed　very　good

PTCR　properties、

Keywords：interface，micro－we1ding，co㎜p1ex　par－

tic1es，muti－fはnctions

　120　Cre副10Il　of㎜u■一■一I＝uIlc－10ia■1、’1aterlaIs　byAssemblI■1g

E1emen－al　Compone杣s

W．8ん妙α，5肋R㈹ακん0ro岬

［Apri11997to　March2002］

　　　One　of　the　most　important　and　attracdve　research

subjects　in　the　materia1science　is　a　creation　of　new

㎜a倣iaIs，which　show　systematica1玉y　coordimted　mu1－

tip1e　functions　as　a　mechanicai　o王a皿e玉ectTicpa工ts．The

materia1s　are　ca11ed1ike　inte11igent　materia1s．Once　a

Inechanical　or　an　e1ectric　parts　can　be　rep玉aced　by　the

inte11igent　ma亡eria1，integration　and　miniaturization，

which　are　the　keywords　in　the　indus披ia1deve1opment，

are　easi1y　advanced．Furtherm0fe，the　re1iabi肚y　ofthe

machinery　w棚be　improved．

　　　The　pal＝tic1e　assernb1age　is　proposed　as　a　process

for　the　inte11igent　ma亡eria1s．New　techniques　to　hand1e

fine　partic玉es　were　deve1oped　for　the　sake　of　the　par－

tic1e　assemb1age　iパhe　previous　study．This　research

succeeds亡he　previous　study，and亡he　aim　is　to　create

new　materia1s，which　caD　be　replace　with　a　lnechani－

ca工or　eユectric　parts，by　apP且ying　the　deve1opedをech－

nψeS．

　　Al1partic1es　have　various　primitive　functions，such

as　conductivity，adsorptivity　and　so　on．The　corapo－

nents　of　materials　are　considered　to　be　partic1es．Thenヨ

a　new　materia1can　be　constructed　from　partic1es　and　a

new　func亡ion　can　be　given　to　the㎜a亡e正iaI　by　a　proper

arrangement　of　vaζious　partic1es　so　as　to　rnanifest　the

syste㎜atica1andintegratedf㎜cti㎝sofeachpartic1e．

That　is亡he　idea　of　the　partic1e　assemb1age．The　par一

盲ic1e　assenユbIage　has　a　grea言advantage　that　various　func一

迂ionaI　materi＆1s　can　be　processed　by　assembhng　vari－

ous　partic玉es　and　that　the　function　of辻he　materia1c註n

be（玉esigned。

Keywords：particIe　assemb1age，mu1tip1e　functions，

intel1igent　materia1S

121　1〕evelopm6杣ofAdv釧c6d　S11ape㎜emoryThioドi1ms

bySpu榊i㎎

A肋肋，5肋他∫θακん0ro仰
≡Apri1至997まo　March2001】

　　　Since1993，we　have　bee羽successfu1in　showing

tha亡sputter－deposited舳n　fi1ms　ofTi－Ni　possess　per－

fect　shape　memory　e甜ect，perfect　supere1astici辻y　and

two－way　shape　memo王y　effect．These　successes　have

made　shape　memory　thin　fi1ms　attractive　for
microac亡uators　and　stimu1ated　interes言in　sp舳er－depos－

ited　thin　fi1ms　ofTi－Ni．

　　　In　this　rese＆rch　subject，we　try　to　produce　high　per－

fo王mance　shape　memory　thin　fi1ms．Such　advanced

fi1ms　wi1be　obtained　in　seve王a玉ways．One　ofthe　ways

亡o　improve　the　shape　me1＝nory　effect　is　addition　of　a

宣hird　e1ement　to　Ti－Ni　a11oys．Third　eIements　such　as

Hfand　Pdwil1raise　the　martensitic　transformation　tem－

peratuすe；a　high　martensitic　transformation　tempera－

ture　is　keen1y　demanded　for　app玉ications　in　au亡omo－

bi1es．However，in亡he　case　of舳n　fi1剛s，it　is　d岨icu1t

言o　use　the　effect　of　the　third　e1ernent　because　of　diffi＿

cu1ty　in　contro11ing　the　fiI㎜composition．Therefore　we

have　to　establish　the　way　of　controlling　the　film　com－

position．That　is　a1so　important　even　in　Ti－Ni　bimry
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anoy　thin釧ms．Another　i耐eresting　approach　to　im－

provement　of　the　shape　r狂ernory　efεec言is　to　uむlize　un－

stab玉e　structures　formed　iηsp醐er－deposited　thin　fiI皿s．

Ti－rich　Ti－Ni　thin　fi玉ms　af亡er　amea1ing　at773K　for　lh

were　found　to　contain　G．P．zones．This　structure　can－

not　be　obtained　in　bulk　specimens　and　gives　us　the

opPortunity亡o　i醐prove芒he　shape　memory　e甜ect．Fur－

thermore，when　thin　fi1ms　are　deposited　in　the　crystaI－

1ine　state，some　unique　textures　can　be　obtained　by

controlling　the　sputtering　conditions．The　texture

formed　by　spu伽r㎞g　wi11be　interesting　in　both　funda－

menta1and　practica1aspects．

Keywords：micromachine，shape㎜emory，Ti－Ni，
Sputtering

R曲tedP叩ers

　　Micms鮫uctu王e　of　Ti－48．2at。％Ni　Sh＆pe　Memory

Thin　Fi1ms，A．Ishida，K．Ogawa，M．Sato　and　S．

Miyazaki，Meta11urgicaI　and　MateriaIsTransactionsA，

28A（1997）：1985一ユ99王

those　being　used　as　biomateriaIs．The　research　con－

ducted　here　is　the　accumu1ation　offundamenta玉data　to

deve1op　new　biomate由1s，and　subsequent1y　deveI－

op㎜ent　ofbiointegraξed　materiaIs．

　　The　conte■t　of　the　present　research　subject　is　as

fO110WS：

（玉）Quan宣itative　eva玉uation　and　systematic　interpre芝a－

　　tion　of　cy辻o辻oxicity　of　biomateria1s．

（2）Measurements　of　cen　adhesive　force　to▽arious

　　materia1s　and　observaセions　of　cel1response　to　me－

　　chanica1sti㎜ωation　using＆new　syste㎜to　mea－

　　sure　she＆1＝ing　ceII　adhesive　force、

（3）Me＆surements　of　corrosion，weaぎ，fa言igue，and

　　fretting　fa辻igue　propaties　of　biomateria1s　under　a

　　quasi－bio1ogica1environl＝狂ent．

（4）Developme耐ofbiointegrated　structura1㎜ateria1s．

（5）Re1iabi肚y亡ests　and　standardization　of　ar亡ificial　hip

　　joi耐s　by　a　simulator　having　been　developed．

（6）Du王ab肚ytestsofb㎝eplatesandar㈹cialhipjoiηts

　　iηanirna玉bodies，being　carried　out　by　cooperative

　　reSeaζCheS．

Keyworδs：bio㎜aterials，cy辻otoxicity，ce1玉adhesive

foζce，durabi1ity　tests，bio－si狐uIator，in　vivo　tests

122　I：unda馴e械al　S山町on　Developme耐of　B101耐egratgd

MaterialS

〃．舳舳α，別0伽肋r〃∫他8ωκん花0柳

王Apri11997－Maζc劃2001】

　　Towards2！st　century，the　aged　society　progresses，

and　requirements　for　a釧ue耐qua肚y　of玉ife　are　get－

ting　s辻ronger．Numbers　of　the　aged　and　the　physicany

chaHenged　inユp1anted　in　their　bodies　increase．It　is　inユー

portant　that　artificia1organs　and　medica1devices　exist

and　function　in　their　bodies　w舳out　any材oub1e　fo更

many　years　unti1they　die．ReIease　ofmeta玉玉ic　ions　and

debris　fro㎜ma亡erials　imp1anted　in　body　shou玉d　be

avoided，because　they　a1ways　or　infrequently　caUse

carcinogenicity，physica1deformity　enhencement　and

a11crgies．Unexpected　fai1ure　of　artificia1organs　and

medica1devices　imp1anted　a1so　shou1d　be　avoided，

because亡he　re1uctant　re－operation　forces言he　patient

physica1and　menta1pains．Therefore，■on
to・icity，adhesiontotissue，c㎝1rolinbioreactio・

caused　by　foreign　bodies，suf蘭cient　resistance　to　cor－

rosion　and　we鉗，and1ong　fatigue　Iife趾e　collsidered

asnecessarycha陀cteristicsfortheuseinvivocondi一
臼OnS．

　　As　meta1玉ic　materiaIs　had　the　higher　strength　and

the　higher　toughness　than　a11of　the　o辻her　materia1s，

3！6L　stain1ess　steel，Co－Cr－Mo　al1oy，Ti－A1－V　a玉ioy

e辻c．have　experiment汕y　been　used　as　bio㎜ate正ia1s，

th㎝ghthosea11oyshadbeendevelopedforotherap－
p1icati㎝s．The・efore，capabi1itye・istsindeve1opment

of　other　materia1s　wi辻h　higher　biocompatibi1ity　than

1231weS－iga－i㎝0舳帥aSiCS榊C甘almaterialSi舳6

neX－era

K．肋1〃α，万co〃肋r〃Mθ8θα1℃ん花α舳

［ApriI！996to　March1997］

　　　In　the　coming21th　century，the　materia1s　technol－

ogy　wi1I　face　the　new　and　severe　prob1ems　and　is　ex－

pected辻o　deve1op　in　the　fonowing　area；1）furthe亙de－

ve玉op王nent　ofthe　conventiona1type　apProaches　on　cre－

ating3nd㎜anufacturing　new　materials，2）new　mate－

ria1s　and　new脈ateria1techno1ogies　which　can　be　har一

搬onized　with言he　g1oba1environmen宣to　supp0ft　the

sustainable　deve1opment　of狐ankind，3）new　syste㎜

which　can　be　co灯espond　to　the　structura1change　of

industries　and　econornica1si亡uations　such　as　the　in－

crease　of　non－skill　workers，4）a由ptab舳y　for　the　dis－

persing　wide1y　varied　request　fro㎜final　user　of㎜ate－

ria1s　in　the1iving　side．

　　　In舳s　investigatioη，fo1玉owing　six　fie1ds　are　pro－

jected　to　response　to　previous　dai㎜s　and　problems；1）

easy－recydab1e　materia1which　have　Iess　i狐pUrities　and

can　adapt　to　the　coming　resources－circu1ating　social

syste㎜；2）mateエiaIs　which　have　high　performance　for

processing　such　as　we1ding，cutting　omear－ne室一shape

processing　and　can　be　easi1y　processed　in　the　second－

ary㎜amfact服ing　Processes；3）new　processing亡ech－

nology　which　w脳bring　process二reengineering　from

the　viewpo㎞t　ofenergy－saving，s1i㎜ing　of　the　syste㎜，

andexpandi㎎1he脆xibility14）㎞provemen1ofthe
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charac倣istic　perform狐ce　of　the　materia1s，such　as

mu1亡ip1ying　the　strength　or亡he1ife－time　of　the　mate－

ria1；5）increasing　the　re玉iabiIity　and　the　safeties　in　the

phase　of　the　assel＝nbIed　and　struc言ured　e1el＝nents；and

6）advancement　of　new　functions　of　materia1s　which

have　not　realized　yet　now．

　　　Especia1Iy　for　the　steeI，which　have　enormous　in一

舳ence　to言he　society　of　mankind，feasibili官y　of盲echni－

ca1break－thorough　were　iwestigated　by　focusing　three

fo11owing　eleme耐a1fieIds．In言he　field　of　materials－

cre＆tion，i言was　confirmed言hat　mcsoscopical　fining　of

tbe㎜iCrOStr㏄t鵬iSe施CtiVetOj㏄reaSi㎎出eSt工㎝g出

of　s辻ee1s，and　that　the　so1id　phase　transfol＝n｝ation　iη一

duced　by　heavy　deformaξion　and　the　fine　partic1es　dis－

persion　such　as　oxide㎜eta11岨gy　or　powder　metaHurgy

are　expectab1e　technoIogies．In　the　field　ofjoining／in－

terface　technology，the　importance　of　sma11area　we1d－

ing　tcchnology　was　e狐phasized　to　prevent　from　the

deteriorating辻he　obtained　microstructure．For　eva1ua－

tion，the　inte1hgent　eva1uation　method　appIicab1e　to　the

high　strength／1ong1ife・steeIs　and　the1ife　cyc1e　eva1ua－

tion　method　includ㎞g宣he　phase　of　assemb1ing，using

and　recyc1ing　are　necessary．

　　This　work　was　a　par亡of辻he　feasibi1ity　investigation

forR＆D　ofS伽ctura1Materia1sfor21st　Cen辻urywhich

has　been　carried　out　by　gathering　the　wisdo㎜ofNRIM

and　l：e1ated　researchers．

Keywords：structura1materia1，uItra　stee1，materiaIs

creation，Joining　and　Interface，S亡1＝ength　and　Life　Bva玉u＿

atiOn，21th　cen亡ury，

124　Environme■1talしife　Cyc‘e　Aoa－ysis　of㎜e－als

K，Hαωα，Eco〃肋γ〃∫他8ωκん花α朋

［Apr｛11996to　March1997］

　　　This　work　was　has　been　carried　out　as　a　coopera－

tive　work　be榊een　Japan　and　Peop1es1Repub1ic　China

in　Bi1磁eraI　Intemationa1Joint　Research　by　Specia1

Coordination　Funds　Promoting　for　Science　and　Tech－

no1ogy．The　co㎜廠partnerin　Chinawas　Prof．Wa㎎

Tian　Min，㎞s亡itute　ofMatcrials　Science　and　Engineer－

ing　of　Lanzhou　Uηiversity．

　　Materials㎝omous1y　a脆ct㎝the　glob＆l　environ一

㎜entanoading．The　aim　of舳s　stωy　is　to　estabIish

the　com㎜on　procedure　to　eva1ua芝e言he　envi互onmenta1

loading　of　materia工s　wor1d　and　to　prepare　the　fund＆一

men言a1s　of　the　database　for　the　evaIuation　method．Es－

peciauy，China　and　Japan　have　the　different　situation

against　resources，industries　and　materia1－nows　in

economy．Environmenta1da辻a　are　necessary　to　be　ex－

changed　by曲e　common　method．

　　MLCA（Materia1s　Life　Cyc1eAna1ysis）which　was

deve1oped　in　NRIM　was　used　to　eva1uate　the　environ一

menta1玉oading　ofmateria1from　crad1e（ore㎜ining）to

gate（extraction　of㎜e亡als　and　producdon　of　materi－

a1s）．Theenvir㎝㎜enta11oadingda1aof狐a1eria1spro－

cessing　in　the　two　cou耐ries　having　different　type　of

industria1structures　were　co11ected　and　compared．In

the　case　of　China，main　processes　had㎜uch　room　to

reduce　the　environmenta11oading．In　the　case　of　Ja－

pan，the　environmenta11oading　of　transport＆tion　was

significan宣

Keywords：environmenta1Ioading，Processing，re－
SOurCeSヨ㎜a亡eriaユS　enVirOnn1entaユiife－CyC1e　a頂alySjS，

database
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　　　ECOMArERIALS，which　have　high　r㏄yc1abi1ity

andgive　Iess　environ㎜enta11oad　to　the　eco－spherewith－

out　deteriorating　theil＝Proper亡ies，are　expected　to　be

coming　materia1s　adapting　to　the　sustainab1e　deveIop－

ment．ECOMATERIALS　have早uperior　properties　in

辻he　each　foHowing　indexes．1）Expanding　the　hu㎜an

fmntiers，2）Co－existing　with　eco－sphere，and3）Opti－

mizing　the　amenities：This　study　is　a　case　study　on　pro－

cessing　to　deve1op　materiaI　into　ecoma亡eria1，

　　　Preparation　of　fiber　reinforced　porous　Fe－Fe　com－

posite　composed　f亙om　SCIFER（high1y　drawパron　fi－

ber）and　Fe　powder　was　investigated　as　an　attempt　of

production　of　ECOMA肥RIAS　by　P／M　techno1ogy．

This　Fe－Fe　composite　is　expected　to　have　high

recycIabi玉ity　because　the　microstructure　of　SCIFER

reinforces辻he　matrix　witho枇using　any　a1ien　materia1

nor　any　aI1oying　e1ements．In　order　to　u舳ze　the　cold－

worked　struct砒e　ofSCIFER，sintering亡empera亡u肥was

1imited　under450℃．UFP（舳ra－fine　powder）of　Fe

was　used　for　the　acce1eration　ofsintering　in1ower　tem－

pe耐ures．SCIFER　fiber　and　Fe－powder　were　covered

and　embellished　with　Fe－UFP　by　wet　dispersio早

method－Si械eringbehavior　ofembe11ished　SαFER　and

Fe　powder　mixture　was　examined，and　r＆ptured㎜i－

cros亡ructures　were　observed．Fe－Fe　co㎜posi辻e　had

30kg／mm2of　Fracture　resistance　strength　by　sintered
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at40ぴC，while　sintered　Fe－powder　had10．3kg／mm2

by　sintered　at　the　same　ten玉perature－SEM　observation

showed　that　Fe－UFP　improved　the　interconnection　of

SCIFER　fiber　and　Fe　powder　aξ1ower　te㎜perature．

　　Adding　to　the　recyc1ab1ity　and　property，energy

consumption　and　other　environmental　b耐dens　to　pro－

duce辻he　ma亡eria1ought　to　be　discussed　in　order　to　de－

ve1op曲eEcomateriaIs．MLCA（Materia1s　environ鵬n－

ta玉Life－Cyc1e　ana1ysis）wi1l　be　app1ied　and㎜odified

言o　use　as　one　of　the　important　materia1s－data　on　com－

puterizeddatab＆se．

Keywords：ecomateria1s，recyc1ab舳y，Powder　pro－

CeSSing，蜘ateria1S　enVirOnmenta11ife－CyC1e　amIySiS，

computerized　materia1s　data
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　　Ecobalance　considera亡ion　on　a　recyc1ab玉e　Fe－Fe

composite，K．Minagawa，N．I辻subo，H．Okuya㎜＆，

S，Ohno，K，Ha玉ada，Proceedings　of　The　Second　In辻er－

nationa1Conference　on　Bcobaiance（ユ996），568．

　　Porous　Fe－Fe　Composite　as　an臨vironment　Con－

scious　Ma辻eria1s（ECOMATERIAL），K．Ha1ada，

K．Minagawa，S．Ohno，H．Okuyama，NJtsubo，Advances

in　Powder　MetaIhrgy＆Particu1ate　Materia1s1996，

（1996）

　　Environment　Load　database　ofAnoys　on　the　Net－

work　K．Ijima，K．Ha1ada　and　K．Yagi，Proceedings　of

The　Second　Intermtiom1Conference　on　EcoBa1ance

（1996）P．564

eiectron　microscopy　and　small　ang1e　neutron　scatter－

i㎎．

2．Growing　Single　quasicrystals

　　Current　interes室of　study　on　quasicrys宣a1s　has　been

focussed　on　the　structure　and　physica1properties　from

a　sing1e　quasicrys宣aL　This　has　been　achieved　in　icosa－

hedral　Al－Pd－Mn　auoy　where　s㎞g玉e　grain　with　a　size

ofcentime亡erwas　obtained．Studies　on　resis辻ivi言yヨmag－

netic　p工operties　and　neutron　scattering　for　the　sing1e

icosahedra1quasicrysta玉are　extensiveIy　in　progress．On

the　other　hand，on1y　a　few　works　conceming　to　the

preparation　of　sing1e　decagona玉quasicrys亡a玉were　re－

ported．The　sizes　ofthe　sing1e　decagonal　quasicrys胞1s

were　about　few　m㎜and　their　qua1ity　was　not　good

enoughforstruc宣uralanalysis．Wehavegrownasi㎎le

decagona玉quasicrysta1with　a　size　of　me　in　an　A玉一

Ni－Co　anoy，by　f王oating　zone㎜e亡hod．The　sing1e

quasicrysta1s　have　been　charac亡erized　by　X－ray　Laue

back　sca言tering　as　wel1as　p肥cession　ca㎜era　and　veri－

fied　to　have　high　perfection　in　st犯cture．To　grow　a玉arger

singIe　grain　is　sti1I　in鮫iaL　The　other　object　in　this　s亡びdy

is　to　grow　a　singe　icosahedral　quasicrys施1in　the　newIy

discovered　Zn－Mg。一rare　earth　meωs　syste肌

Keywords：bu玉k　amorphous　anoy，quasic亙ysta1，

1270舳1opmen－of1GHzWRSp㏄一了ome油
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1．Mechanica1Properties　ofBu玉kA皿orphous刈1oys

　　Since　most　a㎜orphous　a11oys　rarely　showed　a　sig－

nificantg1asstransiti㎝orstab舳yagainstcrys1a11iza－

tion，natul：e　of　g1ass　transition　in　amorphous　a11oys　is

㎜ost1y　unknown．Recent1y，a　Iarge　nu㎜ber　of　a㎜or－

pho・sa11oysre・ea1ingcle＆rglasst・a・sitionaηds・per－

coo1eωiquid　have　been　discove肥d　in　meta肚c　a11oys．

Especia11y，these　a11oys　show　high　glass　formabi1ity

which　anows　to　produce　a　bu1k　amorphous　auoy　with

1argesizescale．Wea肥studyi㎎thepreparati㎝ofthe
bu玉ky　amorphous　al1oys　and　their　physical　properties．

Specifica11y，we　a肥approachingthe　studies　on　the　static

and　dyna㎜ic　mechanical　properties　in　relation　to辻he

deformation狐d　fracture狐echanism　of　bu1k　amor－

phous　alloys．The　dynamic　co㎜pression　measure㎜ents

are　performed．The　micぎo－and㎜＆cro　s言ruct服es　are

studied　by　tl＝ans㎜issiOn　e1ect「on　mic「oscoPy，scannin9

　　When　used　at4．2K，high　Tc　oxide　superc㎝duc－

tors（HTS）may　be　ab1e　to　genera辻e　much　higher　mag－

neticfie玉ds　than1owTc㎜etauicsuperconductors（1二TS）。

Wehave　initiated　apmgra㎜inwhichwewil1deveIop

aユGHz　superconducting　NMR　spectrometer　inc1ud－

ing　a23．5T　superconducting　magne辻．Such　a　magnet

needs　HTS　coi1s　in　combina亡ion　w舳u＝S　coils．In

fisca1year1996，the　design　work　of　the　total　NMR

system　was　carried　out，together　with　the　deve1op㎜ent

of　high　performance㎜etanic　superconductors　aコd

moderate－size　HTS　coi1s．

　　　In　our　desigl1the　whole　cryostat　consists　of　o耐er

and　inner　vesse1s．The　LrS　coiIs　are　p1aced　in　the　outer

vesse玉and　operated　in　peτsisting正node　a辻a　fie1d　of2王。］一

丁㎞a150mm　dia狐eter　bo肥。The　HTS　coi1s　placed　in

the　inner　vesseI　shouId　generate　an　additionaI　field　of

2，4T　in　a54mm　mo醐言e㎜perature　bore．This　design

makes　an　easy　rep1ace鰍ent　of　the　HTS　coils　possibIe

when　required，and　enab1es　para11e1deve1op㎜e耐of辻he

lLTS　and　the　HTS　coi1s．The　LTS　coi1s　ip　the　outel＝

vesse1飢e　coo1ed　with　atmospheric　supe柵uid　he1ium

at1，811（．

　　　Deve1op㎜ent　of　high　performance　LTS　is　one　of

the　key　issues　to　this　program．Fo王co㎜pac亡winding
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LTS　coi1conduc辻ors　need　to　have　high　yie1d　strengths

aswenashighc王itica1currentdensities．Acritica1cur－

rent　density　of　l03〃㎜m2was　obtained　at1．8K　and

at21T．

　　HTS　coi1deveIopmen言requires　a　number　of　tech－

nologica1chanenges．Wehavefabricatedsevera1HTS

coi1s　w舳an　outer　diamete亙of　ca．130mm．Among

those　coi1s　a　Bi－2212coi1made　of　doub1e－pancakes

genera言ed　an　increme耐a1fie1d　of1．8T　in　a　back口p

fie1d　of18T．

the且a亡tened　transformed－Nb3A1－conduct0f．One　of亡he

possibIe　reasons　is亡he　grain　boundary　pinning　which

is　isotropic　with　respect　to亡he　fie1d　direction．Negli－

gib1edegradationofI・andiso1mpicfeaturesdespite

the臨ttened　conductor　geometry㎜ay　sugges亡the　pros－

pect　of　using　transfor皿ed　Nb3A1conductor　as　a　com－

pactstrandcab1ef0f1arge－scaleapP1ications．

Keywords：transformed　rod－in－tube　Nb3Al，neg玉igib1e

anisOtrOpy，angu1ar　dependence，critical　current

Keywords：NMR　spectrome言er，high　fie1d　magnet，
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…Apri1至994to　Marc㍉1999】

　　　The　main　purpose　of　this　study　is　to　define　s亡abi1i－

ties　of　superconducting　matefia1s　under　various　condi一

言ions　they　may　experience　when　wound　to　supefcon－

ducting　magnets．S亡abi1ities　of　new　promising　super－

conducting　materia1s　forfusion1』se，such　as　Nb3A1，V3Si

and　a　series　of　high－temperature　oxide　superconduc－

tors，are　exa㎜ined　in　tems　of亡empe王ature，magnetic

fie1d　intensity／direction　and　rnechanica1stress／strain．

　　　In　fiscaI　year1997aηe貨ect　of肱t－ro1けorm㎞g　on

microstructure　and　the　depende蘭ce　of11nagηetic　fieId

direction　on　cri芝ica1c服rents夏。were　studied　for　the

transformed　rod－in－tube　pmcessed　Nb3A1
n1u1tifi1anユentary　conductor，indicating　exceHent　stl＝ain

toIerance　and　thus　being　a　candidate　materia1for1arge＿

sca玉e　apPIication．FIat　ro11forming　is　an　e箭ective　way

to　incfease　the　packing　factor　of　the　coi玉and　thereby

coiI－current－density．The　anisotropy　in玉。with　respect

of亡he　magnetic　fie玉d　direction　is　direct1y　reIated　to言he

Ic　margin　and　hence　the　stab舳y　ofthe　coil．Super－

saturated　bcc－so1id－so1ution　Nb（AI）。。was　so　ductie　that

the　as－quenched　Nb（A1）舶／Nb　co㎜posite　was　success－

fu1ly　f1attened　by　co1d　roIling，wi言hout　mechanica1frac－

ture，to　a　tape　geometry　with　an　overan－aspect－ratio　of

15．F1at－rou　fo狐日ing　gradua11y　decfeased　Jc，but　the

degradation　was　of　the　orde王of　a　few　tens　of　per　cent

even　a亡the　overa11－aspect－ratio　of］一5．正n　contrary　to

the　commercia1玉y　avai1ab1e　bronze－pmcessed　Nb3Sn

conductor，the　anisotropy　in　I．was　neg1igib1y　sman　for

K〃0〃ら朋ψ〃α8〃θ此F1θ〃他8ωκ乃8肋肋η

［Apri11995to　March1998］

　　　In　this　study　we　are　deve1oping　new　high－strength／

high　conductivity　materia1s　for　resistive　high－fieId

magηets，such　as　Bitter－type　magnets，po1yhe1ix－type

㎜agne亡s，and　non－destructive　pωsed　magnets．Rece耐Iy

we　successfuI1y　deve1oped　a　new　Cu－Ag
microcomposite　auoy，which　is　composed　ofCu－based

alloy　matrix　andAg－based　a11oy　fi1aments，has　a　prom－

ising　combination　of　high　mechanica1strength（O．7－

1．1GPa）and　high　eiectrica1conductivity（75－83

％IACS）a宣room　te㎜perature．Two　or　three　times　in－

ter㎜ediate　annea1ing　at　about350－450℃during　co1d－

working　is　very　effective　to　i㎜prove　not　on1y　its　me－

chanica1strength　but　a1so　its　e1ectrica1conductivi亡y

through　the　deposition　of　so1ute　e1ements（Ag　in　the

Cu－based　a11oy　m鮒ix　and　Cu　in言heAg－based　al1oy

fiIaments）．This　year　we　optimized　the　fabrication　pro－

cess　of　Cu－Ag　microcomposite　auoy　sheet　to　obtain

wide　sheets　having　high　st王ength　as　we11as　high　con－

ductivity．Then　Cu－24wt％Ag　shee亡s　with350－mm

wid言h　have　been　fabricated　and　eva1uated　as　the　Bitter－

typec㎝ductors．We　arep1amingto　usethewide　Cu－

Ag　a11oy　sheets　as　the　conductors　of＆Bitter一言ype　inner

magnet，which　is　inserted　into　a14T　outer　supercon－

ducting　n1agnet　and　used　as　an　insert　n1agnet　of　a　hy－

brid㎜agΩet．The　sheets　showed　tensi工e　streng亡h，O．2

％yie1dstreng亡h，ande1ongati㎝of850MPa，700MPa，
and4．5％，respective1y，at！5ぴC，which　is　the　highest

experienced　temperature　of　B雌er　p1ate　in　norma1op－

era臼on．Fatigue　tests　are　a1so　perfoτmed　for　the　sheets

up亡o3492cyc1es　at　roo㎜言emperat鐵re．The　sheets

showed　the　maximum　stress　of　abou言800MlPa　at　fa－

tigue玉ife　of1O00cyc1es，which　is　corresponding　to5

years　operation　ofthe　hybrid　magnet．Using　above　de－

scribed　data　we　are　now　designing　and　fabrica辻ing　an

insert　water－coo1ed　magnet，which　can　generate醐ag－

neticfie1dsupto35Tinadearboreof52mn1．

Keywords：Cu－Ag　microcomposite　a11oy，high
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strength／high　condUctivity，high－fie1d　conductol＝mate－

ria玉

Re…前ed　P叩ers

　　　Ultra－mgh　Strength，High　Conductivity　Cu－Ag

AIloy　Wires，Y　Sakai　and　H．一J．Schneid脈M㎜tau，

Acta　MetaIL　Ma倣．，45（！997）：！0！7－23．

　　　Strength＆nd　Conductivity　of　Cu－Ag
Microcomposi辻e，Y　Sakai，T．Asano，K．Inoue，and　H．

Maeda，Proc．ofIntemati㎝alWorkshop㎝HighM＆g－

netic　FieIds：互ndus亡ry；Materia1s　and　Techno玉ogy

（1997）。

130　Essen舳1Teohnology　Dev61opm8前a■ld　Desigr－fぴ

NewWater－Cooled㎜a卯et

K．肋o〃らH妙〃αg〃主げ1θ〃他36ακ舳肋o〃

王Apri11996to　M註rch1997］

　　　Cu－Ag　auoy　p1ate，new1y　deveIoped　at　NRIM，is

composed　of　Cu－based　a11oy　matrix　and　Ag－based　a亘一

Ioy　micmfilamen室s，and　a　promising　m鉦erial　for肥sis一

亡ive　high－fieId　magnets　due　to　the　useful　combimtion

of　high　mechanicaI　s言肥ng芝h　and　high　electrical　con－

ductMty．Bitter－type　wa鮒一coo1ed　magnet　is　one　ofthe

hopefu1appIications　ofthe　Cu－Ag　aHoy　p1ate．National

High　Magnetic　Fie1d　Laboratory（NHMFL）has　the

most　powerfuI　DC　power　supp1y　and　the㎜ost　power－

fu1water－coo1ing　system　for　opera言ing　w＆室e王一coo亘ed

magnet．In　addition　there　are　excel1ent　magneωesign－

ers　having　much　experience　to　fabricate　Bitter－mag－

nets　in　NHMFL．For　e▽a1醐ting　the　new　materia玉as

the　conductive　mate互ia玉in　Bitter－type　water－coo玉ed

magne亡，we　are　performing　the　present　co1Iaboration

study　with　NHMFL
　　　The1＆st　year，we　successfω1y　fabricated　a30T－

class　wa倣一coo玉ed　magnet　in　this　co11abo更ation　study．

The　magnet　has　been　ins施11ed　and　used　as　a　high　fie玉d

magnet　in　NHMFL．In　the　co11aboration　study　ofξhis

year，we　have　designed　and　fabricated　a　new30T－c1ass

water－cooled㎜agne言，which　wi11be　insta11ed　and　used

as　a　high　fie玉d　magnet　in　NRIM．Of　co狐se　there　are

severa1d倣erences　in　the　power　suppIies　and　the　wa－

ter－coo1ing　systems　in　NR茎M　and　NaMFL　Therefore

we　had　to　change　the　magne宣design　a舳1e　aξfirst．

According　to　the　design，we　fabricated　Cu－Ag　anoy

p1a辻es　witb　optimizing　the　fabrication　conditions　and

sent　them　to　NHMFL　At　NHMFL言he　Cu－Ag　a11oy

p1ates　were　pmcessed　in言o　Bitter－p1ates，assemb1ed　into

a鵬w　Bitter－type　wate亙一coo玉ed　m＆9net．The　test　op－

eration　ofξhe　new　magnet　is　progressing　at　NHMFL

After　the　test　operation　the　new㎜agnet　wi11be　sen言t0

NRIM，insta11ed　and　used　as　a　high　fie1d皿agnet　in

NR亘M．

Keywords：Cu－Ag　a1IoyヨBitter－type　magne芝，water－

c00旦ed互nagnet

Re1ated　P叩ers

　　　U1tra　High－Streng言h，mgh－Conducまivity　Cu－Ag

Wires，Y　Sakai　and　H．一J．Sc㎞eider－Muntau：Acta

Meta1l．Mater。，45（！997）：！017－23．

　　　NRIM／NHMFLJoinξDeveIopment　of30T　Mag－

net，M．D．Bird，S．Bo1e，Y，M．Eyssa，H、一J．Schneider－

M1untau，T　I竈yoshi，T．Asano，Y　SakaiヨK．Inoue，and

H．Wada：Proc．ofMT－！5（1998）：664－7．

　131　Miα0s耐uc～閑a11d　l…Iectr0㎜a98e－ic・C11arac－eris－ics

Studies　o竈V3Si　MultifilameI1－a叩Sup甘c011ducfors

τ．肋ακ〃，〃ψ〃αg〃ε此肋〃3肋工10〃

［Apri至1994to　March1997】

　　　AV3Si　m舳i釧amen言ary　superconductor　produced

by　a　modified　bronze　process　is　promising　for　ac　ap－

p1ications，since　the　V5Si3compound　layer　arranged

circumferentia岬around　superconducting　fi1aments
（V3Si）has　high　resistivity　enough　to　separa室e　the別a－

ments　from　each　other　for　e1ectromagΩetic　decoupling．

High　overa11J．is　achieved　by　reducing　a　fi1ament－size

to－2um．Fro狐a　resu1亡on亡he　angu1ar　dependence　ofJ．

for　a　fIattened　m舳ifi1amentary　conductor，we　have

exp1ained　the　enhance㎜e赦ofoveral1J．with　an　increase

㎞the　superconduct6r（S）一norma1meta玉（N）interface

densi室y，rather　than　fine　grain　structure　as　a　resu1t　of

compieting　a　diffusion　reaction　in　a　short臼me．As　ef－

fec言ive　piilping　cen倣s，there　are3possib1e　S－N　i耐e王一

faces：V－V3Si，V3Si－V5Si3，and　V3Si－Cu（Si）。The　Iast

one　is　expected芝o　appear　when　V5Si3phase　becomes

unstab玉e　and　disappears　at　long　heat　treatments．In　the

preseDt　study，an　a言te㎜pt　w＆s㎜ade亡o　prepare　an　un－

sy㎜肌etrica1samp玉e　in　ipterfacial　configuration　about

the　V3Si－pIane　and　thereby　separa言e　the　individual　con－

tribution　of　S－N　interface　pinning．Unsymmetrica1

samp1es　were　prepared　by　hot　pressing　a　Cu－Si　bronze

plate　oなa　Vp1ate，and　then　co1d　ro脳ng　the狐to　a1ami－

na重ed言ape．Resu1辻ing　tapes　were　heat　treated　to　form

co肌pounωayers　geometrica11y　in　the　order　V／V3Si／

V5Si3／Cu（Si）．J・was　measured　two　ti㎜es　at　a　tr狐s－

verse　magnetic　field　which　is　para玉1e玉or　perpeΩdicular

to　V3Si－p1ane，by肥versing　a　current　direction．Despite

no　disc亙epancy　of　Jc　in　revel＝sing　the　current　direction

for　pezpendicuIar　fie玉ds，Jc　fol＝para11e1fie1ds　strong1y

depends　on　the　current　direction．This　suggests　that　the

e1ementa玉pinningforce　ofV－V3Si　interface　d価ers　from

thoseofV3Si－V5Si3andV3Si－Cu（Si）i耐erf＆ces，Mecha－

nism　of　interfacia玉pimiηg　was　exp1ained　with　the　Fp

fie1d　dependence，Proxil＝city　ef£ect　and　il＝regu1arity　of

interface．
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Keywoどds：nux　pinning，S－N　interface

　132　Dev6Iopme■1－of㎜ag■1跳ic　Separa－ion　Co耐roI　Sys・

七em

τ0肋ro，8ケo〃8〃αg〃ε此〃θ〃Rωεακ乃8肋肋〃

［Apr曼11995to　March2000］

　　　Prog迂ess｛n　apP玉ied　superconductivity　techno1ogies

has　resu1ted　in辻he　deve1op正nent　of　superconducting（sc）

㎜agnets　witわexce玉1e羽t　operabi1ity．O鵬of　the　pぎo㎜一

ising　app1ication　fie1ds　is　magnetic　separation．The

pri狐ary　advantages，those　being　energy　saving，cOm－

pact　size，and　incエeased　speed　becomes　visib1e　on1y

after　the　system　is　superconductorized．The　fu1l－sca1e

app1ica亡ion　of　this　process　wi1玉a1so　contribute　great1y

to　the　preservation　of　globa1environn1ents．

　　　Wehavedeve1oped亡hekeysyste㎜tec㎞o1ogiesof
apP玉ication　ofhigh　Tc　sc　magnets言o　magnetic　separa－

tion．Weproposedmagneticchromatography（mc）as
a　new　technique　fom1亡ra－fine　partic工e　separa亡ion　which

separa辻es　chemica11y　simi王ar　bu亡magnetic洲y　dissimi－

1ar　n1ateria1sヨsuch　as1anthanide　a羽d　actinide　elernents．

Ouエmc　simu1ato更mode1ed　the　transie斌behavior　of

300Aand500Apaftic玉esby宣akingintoaccountthe
舳id釘ow　fie1d，magnetic　fieId，and　partic1e　d雌usion．

For　the　range　of　flow　ve1ocity　between1．0×10’4and

1．0x　lO’3m／s，the　separ磁ion　e甜iciency　increased　with

decreasing曲e刊ow　ve1ocity　and　increasing　the　ratio　of

partic1e幻1agnetic　susceptibihty．1］o　irl1prove’the　sepa一

棚ion　e貨iciency，it　is　a1so　very　important　to　extend　the

chame11ength；1onger　channe1s（4．Om）comp1eteIy
separated　two　kinds　of汕ra－One　partic且es　that　camot

be　separated　by　shorter　channeIs（i．e．，O．4rn）．For　the

・m・l1・・p・・1i・1・・（300A），i・・肥・・i・gth・・PP1i・d狐・g－

netic　fieId　strength　improves　the　sepa耐ion　e螢iciency．

Wea1sos㎞uIatedothertypesofmcsystems，andfound
that　regard1ess　of且ow　ve1ocity　an　mc　syste㎜with　a

staggered－wire　arrangement　a1ways　has　better　sep狐a一

言ion　e笛iciency言han　an　mc　system　with　a　face－to－face

Wi肥arrangement．

　　　Weconductthisresearchinconaborati㎝with　the

E1ectrotechnica1Laboratory，AIST，Mm．

Keywor血s：u1tra－fine　partic1esヨhigh　gradient　magnetic

separation，magneticchro㎜atography，Co㎜puter　Simu－

Iation，Contro1Vb1ume　Me亡hod

R幽亡ed賄perS

　　　Feasibi胱y　of　Magnetic　Chromatography　for　U1tra－

Fine　Paれicle　Separation，T．Oh鮒a，S．Mori，Y．Oda，

YWada　and　O．Tsukamoto，Trans．IEE　ofJapan116－

B（1996）：979－86

　　　0ptimization　of　a　Supefconducting　So1enoid　for

High　Gradi㎝t　Magnetic　Separation　Systems，T．Ohara，

K．Kaiho　and　T．Kiyoshi，IEEE冊ans．Magnetics

32（1996）：5！03－05

　　　ComputerSimu1a亡ionofMagneticChromatography

Syste㎜for　U1tra－Fine　Particle　Separa亡ion，X．Wa㎎，

T，Ohara，E，R．Whitby，K．C．Karki，C，H．Winstead，Trans．

I朋ofJapan1！7－B（1997）：1466－74

　133　0eveIop關e耐s　of■・1ig■1S阯eng肺Oxide　Superc0■1duc－

forsfo川ighMa卯飾Fi61dApPlica廿ioη

X肋α肋，18工他∫鮒cんGro卯

［Apri亘1995to　March1997］

　　　Round　cross－sectiona1wires　seem盲o　be　suitab1c　to

achieve　high　homogeneity　in　the　superconducting　mag－

nets　with　easiness　in　winding　process．Bi－2212Ag－

sheathed1一，7一，19－and37－cores　mu1tifila雌e耐ary

wires　have　been　fabric説ed　by　the　powder－in一亡ube　tech－

nique，where　each　cores　are　composed　oftwoAg－tubes

ofd肚erent　dia㎜eter　with　a　centeredAg－wire　and　fi11ed

withoxidepowdersbetween迂he肌Acompositionof
the　powder　used　is　Bi2－oSr2．oCao．64Cu1，640x，which　is

considerably　di甜ere械f正om　the　Bi2－oSr2－oCa1－oCu2．oOx

in　oζdeパo　improve　the　for㎜ation　of　Bi－2212phase．

Round　cmss－section　m汕i削amentary　wi肥s　of　lmm

in　diame亡er　have　been　prepared　by　d王awing　compos－

ites　inc工uding　each　numbers　of　core．Short　sa㎜p1es

cut　from　these　wires　have　been　heat　treated　at885－

906℃for15minutes　followed　by　sIow　coo1ing，4－5

℃ノhrヨdown　to820℃and　fumace　coo1ing．Microstruc－

t狐es　of　the　cross　section　of　the　wires　were　observed

by　optical　and　scanning　e1ectron　microscope，aiongwith

anaIysis　by　EDX　on　the　phases　and　p肥cipitates　formed．

Critica1cur王ent，Ic，andξransition　te㎜perature，Tc，were

measured　by4－probe　resistive　and　ac　susceptibihty

㎜ethod，respec亡iveIy．In　the　p肥se耐study　most　appro－

priate　hea亡ing　temperature1ies　be辻ween900－904℃

with　the　highest　Ic　va1ue　and宣he　sharpest　Tc　transi－

tion．The　Ic　in　genera1increases　with　increasing　core－

nu剛ber　or　decreasing　the　thickness　of　oxide1ayers　be一

亡ween　Ag－tubes　and　Ag－tube／Ag－center－wire　in　the

core；about40um，25um　and18um　for7一ヨ19－and37－

core　wires，respectivc1y．The　highest　critica玉current

density，Jc　fo王oxide　core　area，reached　to4．1x！04A／

cm2at4．2K，10Twith　overa113・of2．ユx　lO卓A／cm2for

the37－core　wire　heated　at902℃．

　　　This　rese弧ch　was　perfomed　in　co11aboration　with

Sumitomo　Heavy　Industries，L芝d　and　Sukegawa固ec－

tric　Co．Ltd．

Keywoど沮s：Bi（Pb）SrCaCuO，Ag　sheath，Powde王一in－

tube，Mu附i1amentary　wires
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K．〃oん，〃ψ〃α8肥此肋〃他8ε肌乃8肋o〃

［Apri至！995to　March2000】

　　To　rea1ize　a狐agnet　made　ofa　high－Tc　oxide　super－

conductor，it　is㎞dispensab1e　to　have　a玉ong　wire　with

high　quaIity　and　homogeneity．We　often　use　short－

1eng辻h　speci㎜ens　cut　from　the　different　positions　of

室he　who1e1ength　of＆wire辻o　check　the　qua玉ity　a駐d

ho㎜ogeneity．However，such　technique　does　not　only

was亡e　a　wire　but　a1so　disab1e　to　use　iげor皿agnet　wind－

ing．

　　　I“his　study　we　deveIop棚d　establish　e甜cient　tech－

niques　to　rneasure　superconducting　Proper亡ies　such　as

the　criticaI　current　as　function　of　fie1d，temperature，

㎜echanica1strain，etc．．In　addition，we　develop　mea－

surement　techniques　on玉ong　and／or　coil　shaped　speci－

mens，and　compare言he　resu1ts　with　those　obta㎞ed　by

ξhe　techniques　on　short－length　specimens．Such　co醐一

parison　wou玉d　be　usefωfor亡he　deveIopment　of　wire

fabrica辻ion　and　w㎞ding室echniques．

　　This　year，we㎜easured　the　fie1d狐g1e　dependence

of　critica1curreηt　for　Bi－2212and2223si玉ver　sheathed

high－Tc　oxide　tapes．We　fo㎜d　that　except　for　fields

nearly　par＆玉1e1室o　the亡ape　surface，辻he　fieId　ang玉e　de＿

pendence　of　these　conductors　was　dominated　by　the

field　component　norma1to　the辻ape　surface．Resu1ts

ob辻ained　shou1d　be　usefu1for　the　design　of　high－Tc

oxide　coi玉s，at　the　end　parts　ofwhich　the　norma1com－

ponent　offie1d　becomes1arge　and　for　the　evalua亡ion　of

fie1di鵬versib舳yaga㎞stcoilcu鵬nt．

　　　We　also　testedvari㎝skindsofmetal1icand　oxide

superconductors　deve1oped　for　the！GHz　NMR㎜ag－

net　and　the　magnet　for　magnetic　separa亡ion，and　eva1u－

ated　the　test　data　obtained．

Keywor吐s：oxide　superconductor，eva1uation，mea－

sul＝en工ent　technique，1ong玉eng亡h

　135　8asic　R6searcI1foT肺e　Co■1廿ol　o言Chemical　R6ac一

一ionsb州iφMagm－icドie1d
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［Apri互1996］

　　Withthea㎞ofprod㏄ingnewmaterialsinthehigh
magne亡ic　fie1ds　more　than！OT，we　h＆ve　started　to　in一

…1ig・t・・p…ibi1ity・f…t・・且巾g・h・mi・・1・…ti…

by　the　high㎜agnetic　fieIds．Taking　advan言age　of　avail－

ab舳yofhighmagneticfie1dsinTsu㎞baMagnetLabo－
ratories，we　are　to　deve1op　a　methodo1ogy　to跳easure

magnetic　fie1d　effec言s　on　each　e1emen言ary　process　in

che㎜ica1reactions．Such　studies　hi亡he亙to　have　been

performed　in言he　fields　up　to2T　and　have　given　a　c1ear

gro㎜dforlhei耐erpre1ati㎝sof㎜anyaspectsofthe
m盆gnetic　field　effects　on　the　photoche㎜ica1reactions

in　soIutions　and　on　the　dynamic　behavior　of　e玉ectroni－

cauy　excited㎜o1ecu1es　in　the　gas　phase．The　aim　of

thisprojectis・otanextensio・ofsuchst・diestohigh
fields，but　exp1oitation　of　new　rese飯ch　fie1d，11the　dy－

namics　of　excited㎜o1ecu1es　in　high　magnetic　fie1ds1，，

whicb　may　be　a　basic　research　foi．狐agnetic　fie1d　con－

tro1of　cher旺ica1reactions．

　　Two　appa迂atus　are　used　for　the　fo1玉owing　experi－

mentS．

（1）Mechanism　ofphotochemica玉reac辻ions　in　so1u－

tions　under40T　c1ass　pulsed　magne亡ic　field．The　re－

ac亡ion　is　initi磁ed　with　the　excitation　of屹rget　mo玉ecuIe

to　the　e玉ectronical1y　excited　state　by　the宣hird　harmonic

of　a　pulsed　YAG1aser（355n㎜，15ns）．The　creation

and　annihi1ation　of　the　resu1tant　reaction　in亡ermedia辻e

suchastζip1etstate，radica1pair，andbi－radica1isob－

served　by　i亡s　transient　absorption．The狐oni言or　light

source　is　a　Xe列ash1a㎜p．Trigger辻iming　of　the1aser

狐d　the　flash　Iamp　is　co耐ro玉1ed　to　synchronize　with

the　maximu㎜fie1d　st王ength　ofthe　pu1sed　magnet．

　　　Usi㎎thisapParatus，thepho1oreducti㎝ofben－

zophenone　in　mice玉1ar　so1utions　was　investigated　un－

der　magnetic　fie1ds　of0－29．6T．1）Large　magnetic　field

e皿ects　were　observed　for　both　of　the　hfetime　of　radi－

ca1pairsandtheyieldofescaperadica1s．
（2）Dynamic　beh＆vior　of　e1ectronicauy　exciまed　moレ

ecu1es　in　the　gas　phase　under　high正nagnetic　fields　up

セo　lOT　Target　moIecu1e　is　excited　to　a　specific　energy

IeveI1oca辻ed　around　its　predissociation　thresho1d　by　a

言unab玉e　pu1sed　Iaser．Another　tmab1e　pu1sed　laser　is

used　to　de言ect　a　resu1tant　dissociation　fragment　by　ob－

serving　a1aser　induced　f1uorescence．Changing　time

i斌ervaI　between言he　firing　of　the　lasers，time　evo1u－

tion　ofthe　creation　and　annihilation　of　the　fragment　is

鰍easured　under鰍agnetic　fie1ds　up　to10T，which　is

app1ied　by　a　liq．He　free　superconducting　magnet．Mag＿

亘etic　fie1d　e鮒ects　on　the　e－eme耐ary　processes　ofcom－

bびstion　reaction狐d　pho辻o一三〇nization　win　be　a1so㎞一

VeSdg註ted．

　　　As　the　first　step亡o　the　excitatioパo　the　highly　ex－

cited　sta辻e，the　e1ectronic　spectra　of　gaseous　NO　X2n

→A2Σtransition　were　observed　under　magnetic　fie1ds

up言o10T　Large　Zeeman　effects　on　the　spe鮒a　were

observed．Aquan触mmechanica1caIcu玉a辻ionwascar－
ried　ou室辻o　obtain　the　eigen－funcむon　of　each　Zeernan

perturbed1eveI　and　a辻the　resu玉亡，both　transition　ener－

gies　and　the　intensities　of　au　spectraI1ines　cou1d　be

comp1ete1y＝eproduced．

1）Nishizawa　e亡a1．Che㎜．Phys．Lett．267（1997）501－

506．

K6ywords：high獅agne辻ic　fie1d，chemica1reactionラ

phoξo－dissociation，Photo－ioniza辻ion，re盆ction　interme一
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136　Study　of　rege8鉗ato“or　u桁a－low　fe棚p釘atures

λ．8肋，τル〃αZ〃0，F〃0舳肋0τ0α〃〃．肋gαζ

〃ψ舳g〃1C肋〃8伽工j0η
［Apri至1995to　March至998］

　　　This　study　is　focused　on　a　key　component　of　a　ncw

refrigerat量on　system　which　pro▽ides　various言e㎜pera一

言ures1ower　th棚I　K　by　the　super　nuid　hehum　Stirliηg

cyc1e．Seve茎8hege鵬rator　materials　which　have　high

heat　capacity　in芝he　temper＆ture　range　be1ow2K　are

investigatcd．Genera1Iy　magnetic㎜a芝e互iaIs　show　spe－

cific　he＆t　am㎜a1y　and　magnc言o－ca玉oric　effect　re1a官ed

to　magnetic　phase　transition　or　Sho宣toky　anomaIy．In

pa州cu1arラsome　ra更e－earth　gamets　are　very　usefu1be－

c棚se　ofhigh　entropy　propeれies　and1ow　transition　tem－

peratures－Recen亡1y，a　i孤ge　specific　ano㎜a】y　of

Gd3Ga5012has　been　exp1ained　by　its　geo㎜et王ic＆1frus－

tra臼on；shor言range　orde夏of　magnetic　i械eraction．This

lhigh’entropy　is　very　usefu1as　the　heat　capacity　for

refrige童ation　be1ow　I　K，bUt　the王efrigeration　tempera－

ture　is　hmited　down　to　O．8K　bec＆use　its　peak　tempeエa－

ture｛n　specific　heat　is　about　O．9K－Thus　we　have　grown

the（DyGd）3Ga5012sys言em　to　i滅roduce　the玉ong　range

㎜agnetic　order　ip　Gd3Ga5012棚d　to　be　iower　the　t亙an－

sition　tempera言ure．At250／0substitut量on　ofthe　Dy三〇n

for　thc　Gd　ion　in　Gd3Ga5012，a　heat　capacity　of

（Dyo，25Gdo，75）3Ga5012showedthcpeakva三ueofO－6K

and　the　Iarge　heat　capacity　comparab1e　with　Gd3Ga5012．

We　found舳s　method　is　usefu1to　provide　high　heat

capacity　materia1s　for㎜agnetic　rcfrigerants　be1ow　I

K．Optimization　of　substi鮒ion　rate　is　under　study。

Keywords；豆ow　temperatures，regenerator，he1ium

induced　activi亡y，He　e㎜britt1emen言，and　compositiona1

change　caused　by　reactions　w舳energetic　partic1es．

The　objectives　of曲e　p王ogram　are（！）R＆D　of　in－situ

ICM　processing　faci1虻y（呈CMPF）疵州zing　infrared

m汕i－photon　decomposi言ion　reaction，（2）search　of

working　mateすia1s　for　iso言ope　separa亡ion，（3）deve1op－

ment　of　in－situ　synthesis　of　isotopica11y　contro11ed　Si

and　SiC　e芝c．and（4）deve1op狐ent　of　ceramics　and　their

co㎜posites　with　adv棚ced　proper重ies．

　　　The　iso言ope　separation　expeζimen言using　Si2F6was

conduc言ed　under　the　irradia盲ion　of　pu1se　infra亙ed1aser

at930－985c耐1．SiF4witb　condensed29Si　and30Si　was

produced　at944－967cmIl　whiIe2sSi　was　concentrated

in　the　residua1Si2F6．The　natura亘Si　is　composed　of

92．23％of28Si，4．67％of29Si設nd3．10％of30Si．The

op言imum　separa言ion　of　each　isotope　main1y　depends

on　the　wavenumbe夏of　C02玉aser．30SiF4of43．3％棚d

29SiF4ofユ2％at　maximum　could　be　continuous1y　ob－

tained　with　a　yie1d　of4％at95ユ．20cmI1駐nd　lO％at

956．20c加’』，respectively．Tbe　concentration　of28Si　iη

the　residuaI　Si2F6was　made　using　a．loηg　ce11，60mm　in

d｛ameter　and200mm　Iong．The　addition　of　iner亡gas

such　as　HeヨAr，and　Kr　to　Si2F6was　effective室o　in－

crease室he2sSi　concentrat旦on．The　maximum　concen－

tration　of99．72％was　a亡taimd　at952，923cm’1with　a

yie1dof5．4％。

　　　The　SiF尊and　Si2F6enriched　with28S圭，29Si　or30Si

were　transformed言o　Si　f1a1（e　at623－723K　using盆

p1asma　CVD　techniΨe．

　　　The　simuIation　code，IRAC，ca1cu1ating　tエansmu－

tation　was　improvcd　by　combiningwith　ancutron　trans－

port　ca1cu1a言ion　code　and　introducing　mu1ti－step　reac－

tions　to　predic言mo肥precise1y　the　transmutation　of

ma言erials　including夏CM．Chemical　vapor　inf肚ration

pmcess　to　obtain　SiC　composites　with盆high　puri芝y

and　a　stabi1ity　against　heatiηg　and　neutron　or　ion　irra－

dia辻ion　is　being　developed　using　crysta1玉ine　SiC　fiber

preforms．

Re1疵dPapers

　　Ther㎜al　Properties　of（Dy．Gd1一。）3G850王2Garnet

SingIe　C夏ysta1s

　　T．Nu㎜azawa，H，Kimura，A．Sa芝o，H．Maeda，K．

Shimamura　and　T．Fukuda

　　Advances　in　Cryogenic　Engin㏄ring－MatcriaIs，

vo1．42（1996）459

　137　Pωcesslng　and　Developmen廿o｛1sotop■cally　Co伽

桁oI1ed　Ma廿erials｛ICM，

τ。Wo加，W工κ1θo・〃漉γ泌G・o工ψ

［Apri三1992to　March至996】

Keywords：isotop三caIy　co械ro1edmteria1s，ICMpro－

cessing　fac舳y，isotope　separation，chemical　vapor　in－

fikra言ion
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　138　AnaIysislEva1蝸一ion　o言A－o洲ic　Sca18Co繍posi－ionaI

Change　in　l、’1a一甘iaIs　Due｛o的e　Radia－io■10amage

K〃lWα，H妙他801〃o〃ω〃沢ε3εα1℃ん8伽1o〃

［Apri至1995to　March至999］

　　　Radiation　darnage　in　mate茎ia1s　is　characterized　by

the＆to腿ic　disp玉acements　associated　with　the　destruc一

言ion　of　crys言a玉1ine　struc言u1＝eヨ言rans工〕ユutation　byΩuc1ear

reac辻ion　and　radiation　i藺duced　soIute　segregation　by

芝he　irradia言ion　of　energet｛c　pardc1es　such　as　neutrons

andions．Inadditionlothefomatioむof㎜anytypesof
defect　c1usters　produced　by　this　ato正nic　process　and　the

res泌ant　microstructura1changes，e曲anced　d雌usion

associa言ed　with　these　defect　reactions　resu1ts　in　the　Io－

ca工change　in　the　concentration　of　so1ute　atoms，the

segregation　at　grain　boundaries　and　surfaces，and　the

precipi亡a打on　of　secondary　phases．Foζthe　basicリn－

deζstanding　of　radiation　darnage　and　compositiona玉

changes，an　a㎜lytica1TEM　consists　of　l　MeV　e1ec一

言rons　with　two　ion　acce玉era言ors，energy　dispersive　X－

ray　spectroscopy（B工）S）and　energy1oss　spectroscopy

（EELS），so－caHed　llSUBNANOTRON1■，is　used㎞this

research，In　this　year，the　reseraches　oΩthe　advantage

of　the　extensi▽e　usage　of　EDS銚higher　voitages　and

on　the　beh墾vior　of　defect　c玉usters　in　A1irradiated　by

He＋ion　with！5keV　were　investig段ted．

　　　The　EDS　spect更a　from　Si（100）TEM　thin　speci一

㎜en　we夏e　measured　at400and　lO00kV　at　a　constant

bea㎜current　and　diametef，and言he　buiid－up　of　C－K（

and　O－K（was　compared　in　terms　of　the　vo1tage　and

ti狐e．The　vacuum　during　EDS　opeぎation　was　abou言

2x10’6Pa．A室400kV，the　height　of　C－K（sigm1signifi－

cantIy　iηcreased　with　the　time　over！000s，whi1e　this

bui1d－up　has　been　masked　by芝he　background　B0ise　at

玉000kV．After　sub言racting　the　noise，辻he　intensi言y　of

C－K（due　to　the　contaminat三〇n　is　very三〇w　at1000kV

Si剛i玉ar　teηdency　was　ob言ained　for　O－K（。Severa1

so泌ces　of　these　contaminations　have　been　cons亘deすed；

surface　conta馴ination，＆dsorption　from曲e　vacuum　and

so　on．The　present　results　clear玉y　indica言ed　very玉ow

co加am㎞ation王ate　and　precise　analysis　at　higher　voit－

age　for　EDS．

　　　The　radiation　induced　defects　inA工with！5keV　He

imdiation　have　been　investig銚ed　wi芝h　the　ato㎜ic　sca互e

imaging盈t　room　tempera言ure．Af亡er主he　bo醐bardment

of　He＋to＆dose　of2．3xユ020m－2，two　types　of　defects

were　seen　in　HRETM　along［u0］projec言ion．One　has

apl＆mrshapeandis1ocateda1ongapParent｛m｝
p玉anes．Another　has　three　dimensiona1shape　with　very

weak　contrast，The　former　is　c1ear1y言he　stacking　fault

type1oops，probab1y　wi言h　an　interstitia玉type，which　is

simi玉ar　to宣hat　in　the　case　of　e1ectron　irradiation．The

1atter　has　no　a辻o鰍ic　disp1acementヨso　that　He　bUbb玉es

aRd／or　cavides　associated　with　the　enhanced　migration

of　vacancies　with　He　atoms．The　detai呈s　in　the　struc一

t汎aI　morpho1ogy　of　these　defects　was　compared　with

the　resuIts　ofi㎜age　simu1ation，in　which　the　mode1s　of

various　kinds　of　defects　were　proposed．The　defect

c玉耐ers　aΩd　the1ocai　composition　change　by　ion　bea㎜

ir総diation　wi11be｛nvestigated　as　a　nex辻step．

Keywords：SUBNANOTRON，EDS，洲e　irradiation，
COnt＆n↑inatiOn
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　　　1ti・p・；・ibl・1・…t・・1th・・p・・ifi・・pt・・1・・t…i・

properties　of　veζy　sma玉1c王ystal1ine　materia玉s　by　en－

c玉osing　the　crystaIs　w舳a　d雌erent　kind　ofmateria玉s，

or　by　ternユiΩa亡ingξhe　conducting　e1ect1＝ons　inside　par＿

tic1es．This　type　ofsmali　stmc言ures　are　feasib1e　by　bury－

ing　nanometer－sized　crysta1s　into　materiaIs　and　cover－

i㎎thesurfaceof㎝e㎜ateζia1witbother㎜ateria1．We

are　trying言o　cre＆te芝hose　smaiガ1hetero　stmctはζesI，and

to　charactcrize　their　structures．

　　　Porous　si1icoΩis　chosen　for　one　examp1e　of　non－

equi玉ibrium　nanocrys言a1s　e脈bedded　i洲he　bu1k　matrix，

Ahighlyporoussi1icon（PS）㎜adebyanodizationis
known　as　a　material　with　efficient　visib1e　photo1u㎜i－

nescence（PL）at　room　te肌perature．Up言o　now，the

mode玉s　based　on　qu棚tu㎜size　e倣ects，卯antum　size／

luminescence　ce斌eすs，surface　compounds，etc．have

been　proposed　to　exp玉ain　thc　efEiciency　and　spec宣rum

ofPL．However，the　PLmechanism　is　not　c1ear　ye辻．PL

propert｛es　are　repor言ed　to　vary　with　light　exposu肥or

theチmal　oxidation．Aging　phenomena　atすoom　tempera－

ture　are　ve麦y　impor芝ant　for　PL　mechanism　aηd　apP玉ica－

tions，bu辻have　many　points　stiIl　unciarified．

　　　茎n舳s　year，the　work　on　the　aging　behavior　of　PL

iηPS　has　been　continued　fro㎜last　year．The　co茎rela－

tion　between　PL　properをies　and　chemica1sta言es　dur㎞g

ζoom　temperature　aging　of　PS　over　a192－days　time
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span　has　been　investigated　in　detaiI　to　c玉arify亡he　ori－

g㎞of　PL　The　p一辻ype　Si　wafers　with5－！0Ωcm　resis－

tivity　were　used　to　fabric盆te1ight－emitting　PS1ayers．

The　PS　layers　were　formed　by　anodization　in　a50％HF－

ethanoI（1：2）so1ution　at　room　temperature　at　different

current　densities　of　lO－40mA／cm2．PL　spectra　were

㎜easured　a亡roo㎜辻emperature　by　using　a　nitrogen玉＆一

ser（337nm）as　an　excitation　scurce．The　PS　samples

exhibitedredPLpeakingataf㎝nd650n肌Whi1ethe
PL　intensity　increased　wi言h　aging廿me，the　Si－H　and

SiH2bands　in　infra肥d　spectra　decreased．The　Si－Obond

co械ent　increased　w肋time　and　co∬e工ated　c工osely　w舳

芝he　PL　in言ensity．The　PL1ife臼me　increased　during　ag－

ing（3芝o37μs）一Transmission　e1ec芝ron　microscopy

indicated　the　presence　of　Si　nampartic1es　and　amor－

pho雌s　substance　in　PS　Iayer．

　　Moreover，ξhe　aging　behavior　of　high　resistivity　PS

was　co㎜paredセo　that　of1ow　resistivity　PS．Im㎜edi－

ate1y　after　preparation，high　resistivity　PS　showed

weaker　red　PL　than　Iow　rとsistMty　PS，whereas　after2

months　aging　the　former　showed　stronger　PL　than　the

1atter．The　subs晩te　resistivity　may　affect　the　aging，

迂haゼs，air　oxida迂ion　of　PS1ayef　as　we玉1as　the　micro－

structure，thus　causing　a　ch＆nge　in　PL　inteηsity．These

resu1ts　suggest　that　the　PL　fro㎜PS　may　be　ascribed　to

言he　coopera言ion　of　quantum　confinement　effect　inside

Si　nanopallまicles　and　oxygen－re1ated　ef£ect　outside　the

partic1es。

Keywords：s㎜a1l　crys亡a11ine　materia1s，surface　termi－

nated　or　buried　partic1es，Porous　silicon（PS），PhotoIu－

minescence（PL）
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Understanding　of　the　behavior　of　imp1anted　atoIns

which　make　nonequi1ibrium　phase　is　i斌eresting　be－

cause　ofthe　physica1point　ofview　as　we1I　as　the　app1i－

cation　point　ofview．For　examp工e，in　the　case　of　semi－

conductor　atom－c1us言ers　precipita言ed　as　crysta1s　in

metals　and　semiconductors，the　inho㎜ogeneity　ofatom

structures　and　of　eIectron　state　density　resu1ts　in　the

㎜ique－Propertiesof㎜ateria1s．In舳sstudy，thein－

vestigation　of言he　micros宣ructures　ofimpIanted　ions　into

重he　crystamne　ma亡erials磁an誠omic　scaIe　has　been

perfomed　as　a　jointζesearch　wi辻h　Argonne　Nationa1

Labo獺tory（ANL）．

　　　The　assig羽㎜ent　of舳s　couabo棚ion　wo欣is　as　foユー

lows．The6H－SiC，Si02andA1TEM　specimens　for

舳nsmissi㎝e玉ectronmicroscopy（TEM）we亙ep肥pared

in　NRIM　by　eIectrochemica1po1ish㎞g　and　ion㎜i1レ

ing．Then　Xe＋＆nd　Ge＋were　imp1anted　into　the　speci－

mens　by　using　the　NEC－650kV　acceIe耐or　in　Tandem－

Faci1ity　atANLwi芝h　acce玉erating　vo1tage　of25－35kV．

TEM　and　high－reso1u亡ion　electron　microscopy

（HRTEM）were　done　with　SUBNANOWON（JEM－
ARM－1000）at　NRIM，

　　　Ion　imp1a耐ation　of　semiconductors　aけoom室em－

perature　generaHy　resu1ts　in　a㎜orphization　at　about王018

ions／m2．Therefore，the　temperature　inξhis　experi㎜en亡

was　raised　to！！23K　during　imp1antation．A　se玉ected

area　diffraction　pattem　of　the　specimen　of　SiC　im－

p1anted　with　Ge＋indicated　c1ear　spots　ofcrystal　for6H

structure－ATEMmicrographshowedasma11precipi一
芝ates　with　a　high　density．However，the　detaiIed　s辻ruc一

言ura玉observation　of　such　materia1s　requires　precise

dete王狐ination　ofexperimenta1conditions　for　HRTEM．

Xe　namcエyst＆1s　embedded　inA正matrix　weエe　used　for

舳s　purpose．Based　on　the　theory　of　image　formation

in　TEMl　with　changing　defocus　va1ues　and　specimen

ti1t，the　highes亡co耐rast　of　a　Xe　nとnocrysta玉without

any　disturbance　ofAユ1at臼ce　fringes　were　achieved　by

changing　the　defocus　vaIue　to－76nIn　and　ti1ting言he

speci狐enξo＆bout3dgree　from［110］zone　axis．Simi－

Iar　technique　is　now　p1anned　to　app1y　for　Ge

nanocrysta1s　in　SiC　and　Si02．

Keywords：Precipitation　of　nanocrysta1s，TEM，

HRTEM1，specimen　tilt，defocus　value

　141　5．Stody　oI1■〕eteo－io11and　I…va－oa衙oI1of　Radia－ioIl

Da㎜ageinExtr6繭8P舳icleFields
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　　Hybridparlidefie1dsofionandphot㎝exertstro㎎
interactions　with　materia1s　and　are　po亡ent　not　on1y　to

detect　e1emen亡ary　processes　but　to　expIore　novel　prop－

erties　ofmateria玉s．Especia1玉y　ifboth　high　energy　and

一！00一



highd㎝si辻yofionandphotonareattained，㎜explored

non－eq洲ibrium　e甜ects　wi11be　expected，by　virtue　of

their　contrasting　e鉗ects　of　nユomentura，enel＝9y，excita一

｛ion　nユodes．The　ext王e㎜e　partic1e　fie玉d　is　a1so　an　im－

portant　aspec亡for　prac辻ica1environnユents　of　high　en－

ergy　devices，such　as～sion　reac亡ors，MHD　genera亡ors

etc．The　main　purpose　of亡his肥se飢ch　program　is　to

detect　and　evaluate　non－equi脆rium　processes　of　ma－

le王ia1siパheextreme－partic1e－fie1ds（EPF），associated

with　radiation　damage．

　　This　year，the　progra狐concen亡rated　on　system　in－

tegration　of　the　EPP　generator，especiauy　on　Phase－

III，i．e。，const獅c辻ion　ofa　switching　magnet，beam一玉ines

I　and　II．A1so，bea㎜一mate正ia1interactions　in　the　low－

energy／high－c酊ren亡ion　fie1ds　were　sωdied　by　use　of

the　injector　bea阯且ine．To　attain　mA－c1ass　beams　at　the

target　position，曲e　impor亡ant　were　not　on1y　the　intense－

ion　prod1』c盲ion　but　also　the　efficient　beam　transport．

To　n1eet　the　high　bea㎜power，the　reieva滅parts　were

a1so　ar㎜ed　w舳graphite　and　e租ective玉y　coo玉ed　at6

kW　One　ofthe　irradia亡ion　chambers　was　equipped

with辻win加rbo－mo工ecu工ar　pumps，a　high－power　Fara－

d＆y　cup　and　the　bea㎜＿pl＝ofi1el＝、

　　　In－situ　D工TS　experi狐e鮒s　were　conducted　using　a

C－meter　and　a　cryos伽，integrated　wi辻hin　a　beam－1㎞e

ofNRIM　cyc1otron．The　in－situ　method　enab1es　usξo

study　rea1－time　evo1ution　ofdeep　energy　leveIs　induced

by　radiation　da㎜age．A1so，defect　recovery　be1ow　room

te醐perature　can　be　proper1y　evaluated，since　the　mea－

surement　is　carried　out　without　exposing　to　either　at－

mosphere　or　room　temperature．Experimen亡a1resu1ts

confirmed　that　Vo　and　V2centers　were　domiηa耐and

proportiona1to　the　p耐on舳ence．Meta－stab1c　deep

玉eve1s　of　ca百bon－defect　co㎜p1ex註1so　fonaed　and

showed　a　temperature－sensi宣ive　variatioパパhe　post－

irradialionamea1i㎎、㎞portanceofthein－situ㎜ea－

sure㎜ents　was辻hus　demonstra辻ed．

Keywords：extreme　partide　fie玉d，high　cunent，nega－

tiVe　iOn　SOurCe，in－Situ　meaSure狐ent
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　　The　SPring－8，which　is　being　constmcted　at　Harima

science　city，9enerated　the　first　synchrotron　light　in

Marchヨ1997，and　the　f＆ci1ity　will　be　opened　in　com㎞g

auωmn．One　of　the　most　i㎜portan亡advantages　of　the

SPring－8is　the　Use　of　undω砥or　radiation　in　X－ray　re－

gion，ofwhich　photon　densi迂y　is104－106セimes　higher

than　that　of　conventional　synchrotron1ight　source．Be－

ca1』se　of　such　high　briHiance，trace　or　very　sl＝na11quan＿

tity　of　materials　wiu　become　a　target　of　the　character－

ization．Sensitivity　enhancement　wiu　enab1e　the　de－

tection　of　the　faint　signa1s．Ano亡her　benefit　is　avaii－

abi肚y　of　high　energy　X－rays，typica玉玉y，40一王00keV．

High　intensity　and　eηergy　tunabi雌y，which　a■y　other

source　has　not　been　provided，wiu搬ake　i辻possib1e　to

inspect亡he　inside　of狐etallic　materiaIs　with　high　pre－

cision．Both　fea辻弧es　of　new　synchro披on　radiation　a肥

very　attractive　from　a　view　of　ma辻eriaIs　characteriza－

tiOn．

（1）Nano㎜eter　scale　measuremen辻ofrough　su曲ce　by

diffuse　sca伽r　at　graz㎞g　incidence（Use　of　co11ima亡ed

strong　X－rays）

　　　Grazing　incidenc？X－ray亡echniques　are　power制

tools　for　the　surface　and　interface　study．Besides　the

specuIar　reflection　which　is　wideIy　used　for　the　evaIu－

a亡ion　of　the　polished　surface　and　thin釧ms，the　di削se

sca辻teri蘭g　is　significant辻o　ana1yze　the　physical　shape

of　the　sullf盆ce　and　inte工face．I羽the　pllesent　pT0gτ註n1，

we　have　deveIoped　a　prototype　instrument　for㎜easur－

ing　d雌use　scattering　at　grazing　incidence。互t　works

we11wi言h　a1aboratory　sca且e　source，and　g1ass　surface

has　be㎝studied　by　this　ref1ecto雌eter．We　are　con－

tiηuing　further　ins亡rurnentadon　for　the　beam1ine　a亡the

SPring－8．

（2）Deve1op㎜e耐ofacryos揃foζhighresoiutionde－
tector（Use　of　high　energy　X－rays）

　　Asuperconduc辻ortunneiingjunction（STJ）detec－

tor　is　promising　to　rea1ize　chemica1characterization　of

heavy正neta1s，because　of3＿！0ti醐es　beれer　energy　reso＿

1utioncomparedwithconve耐ionaISi（Li）detectors．A

He3cryosta古was　deve1oped　for．the　detector．It　was

confir蜘ed　that　Iower　than400mK　is　achieved　and

mai耐aiηed　for1onger　than24h．Adetector　tes亡wm　be

canied　out　in　nea王future、

Keyworδs：synchrotron　radiation，instrUmentation，

surface　and　in辻erface　ana1ysis，rna亡eria玉s　charac亡e王iza＿

tiOn
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　　　Trace　chemical　characterization　of1iquid　drop　by

fluorescence　detection　of　absorption　edge　shifts　using

total　re刊ection　support，K，Sakurai，A．Iida　and　H．

Shintani，J．Phys　IV（France）7，C2－713（1997）

143　D6v61opme■1t　of1＝mdam6耐alTec■11101ogies　for　I≡x－

cit6d　N6汕ra1Beams

γ吻〃ωC肋，ル〃α1肋α朋σ枇〃8Hθ301〃0〃
1；θα〃一1～θ∫θorcんj『αc〃｛允ε∫

［ApriI1996to　March2003］

　　　The　e1ectronic　states　of　surfaces　p1ay　significant

ro1es　in　chemica1reactions　and　crysta1growths　on　sur－

faces　ofmateria1s．The　excited　neutra1beams　are　prom－

ising　probcs　to　gct　information　from　cxact1y　outmost

surfaccs　rathcr　than　clcctron　or　photon　beams．Funda－

mcnta1technologics　to　generate　excited　neutral　beams

are　being　deve1oped．

　　　In　spite　of　the　fact　that　photoe1ectron　spect1＝a　o1＝e1ec－

tron－excited　sccondary　clectron　spectra　include　the

information　on　the　outmost1ayer，photons　and　e1ec－

trons　penet正ate　through　the　outmost1ayer　and　reach　to

morc　dceper1ayers．Those　spectra　contain　the　infor－

mation　on　deeper1ayers　where　the　cjccted　c1ectrons

are　generated．Thus　some　ambiguity　remains　whether

any　features　of　spectra　are　originated　from　the　outmost

1ayer　or　the　deeper1ayers，0n　the　other　hand　excited

neutra1s　a1so　may　rc1ease　their　intema1energy　to　the

surface　e1ectrons．The　s1ow　neutra1s　with　a　kinctic　cn－

ergy　of　severa1tens　meV　are　re且ected　by　the　potcntial

which　comes　from　the　surface　atoms　and　ncvcr　rcach

to　the　deepe正1ayers．The句ected　e1ectrons　pick　up　on1y

the　information　on　the　electronic　state　outside　of　the

top－most1ayer．Thereforc　s1ow　excited　neutra1s　are

essentia11y　sensitive　to　the　e1ectronic　statc　of　adsorbed

mo1ecules　or　states　spatia11y　extended　wave　function

from　the　surface　to　the　vacuum．Further　the　spin　se－

1ectcd　neutra1beams　enab－e　us　to　understand　surfaces

more　precise1y．

　　　The　present　project　inc1udes　two　kinds　oftechno1o－

gics，i．e．，9enerating　techniques　for　excitcd　ncutra1

beams　and　dctecting　techniques　for　secondary　partic1es

ejectcd　from　irradiated　surfaces．As　regarding　to　the

bcam　forming，a　beam　system　creating　high　density

ncutm1beams　under　a　c1ean　vacuum　cnvironment，ex－

citing　atoms　by　e1ectron　impacts，removing　ions　and

high　Rydberg　atoms，se1ecting　the　ve1ocities，and　po－

1arizing　thc　e1ectron　spins　of　atoms　wi11bc　deve1oped．

Means　to　measure　the　energy　angu1ar　distribution　and

the　spin　po1arization　of　ejccted1ow　energy　e1ectrons

wi11a1so　be　investigated．

　　　To　concrete1y　design　a　ncutral　beam　system，a　pre－

1iminary　study　using　a　prototype　device　has　been　con－

ducted　for　bcam　generation　and　exitation．AHe－atom

beam　effused　through　a　capi11ary　p1ate　was　exited　with

an　e1ectron　shower．The　beam　characteristics　were

mcasured　by　a　time－of一刊ight（TOF）method．The　TOF

spectra　showed　that　the　arriva1sequence　at　the　detec－

tor　is1ight　emission，ions，fast　neutra1s，and　s1ow　meta－

stab1e　atoms．An　intensity　of1010metastab1es／sec・sr

was　achieved　with　this　type　of　effusive　beam　source．

Keywords：neutral　beam，metastab1c　atom，excited

ncutral，surface

　144＾d、’a■1c6d　c■1aracterlza1lonofmlcroa11d■1anom6t6r

SCaleSlmC山reOfma廿6ria1s　bybrillian－sym11r01ro■1x・rayS

at日1e　SPri■1g－8

K．8αた〃α1，H妙他801〃1o〃肋α〃肋8θακ“肋o〃
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　　　Thc　presentresearch　program　aims　to　estab1ish　new

techniques　for　ana1ysis　with　super　precision　and　high

reso1ution　to　evaluatc　micro　and　nano　meter　sca1e　struc－

ture　ofmateria1s．We　areinvo1vedintheconst正uction

of　the　physico－chemica1ana1ysis　beam1ine　at　the

SPring－8，which　is　a　new　bri11iant　synchrotron　faci1ity

and　is　expected　to　be　opencd　in　October，1997．A1－

though　a1most　the　first1year　wi11be　construction　and

commissioning　phasc，thc　fo11owing　rcscarch　program

wi11be　carried　out　in　the　fo11owing　year。

（1）Micro　imaging　oftrace　meta1s

（2）Characterization　of　nano　meter　scalc　structure　of

　　　thin　fi1ms

（3）Eva1uation　of　micro　damage　of　materia1s

珂∴ド’r…

Photo1　The　beamline39Xu｛physico－chemical　analysis〕at　lhe　SPring－8．

　　　　Experimen胎1hutch　　　　　　　　Optics　hutoh

　　　　　　　　6m

「　　　　　㍉

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Monoohroma｛or

　　　　　　　　　　　　Phas8retarder

　　　　　　　　Diffr80tomet酊for
　　　　　　　　X一咀y　magnetio　soa廿ering　and　abso叩tion

　　XRF　speotrom8ter

Fig，1　P1an　view　ofthe　beamline．The　instruments　will　be　installed　in’1he　ex－

perimenlal　hutch’．
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145　Surface　aoa■ys■s　da屹base
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…Apri11995to　M齪rch！997］

　　As　a　part　ofthe　intemationa玉co玉1aborative　reset　of

VAMAS，we　have　developed　a　PC－based　system，Com一

㎜on　Da亡a　Processing　Syste㎜（COMPRO），which　i耐e－

grates　the　spectr＆1and　physical　da室a，Peak　position　da－

tabase，GU互query　and　ana1ysis　system．COMPRO

Version5．O　runs㎝Windows95，and　is　now　distrib－

uted　through　Intemet（http：〃sekimori・nrim・gojp）・This

version　can　convert　spec打a1data　ofASCn　format　to

the　VAMAS　Standard　Da施Traηsfer　Forma辻（ISO　DIS

14976），andhasaneasyaccessin1erfacetoaIntemet
spec辻raI　database　provided　by　the　Surface　Ana1ysis

Society　ofJapan（SASJ）、COMPRO　a1so　has　ca1ibra－

tion　sysξerns　for　energy　and　intensity　scaIes，and　every

body　can　easi1y　ca1ibrate　his／hel＝ana1yzer．三n！994the

Science　and　Technology　Agency（STA）of　Japanese

Govemmen〕aunched　a　project　to　in言ercomect　net－

works　under　various　ministries　and　agencies．As　a　site

of辻his　ne辻work　we　are　impIe㎜en辻ing　a竈etwork－ori－

ented　database　for　surface　chemica1ana1ysis　such　as

AES　and　XPS　spectra．SASJ　is　responsib1e　to　provide

the　spectral　data，and　contro1s　its　qua玉ity．Internet　spec＿

tra1data　now　has　about2，000spectr匪of㎜eta1s，semi－

conduc亡ors　and　ceramics，The　fi1e　st雌cture　ofspectra玉

data　is　based　on　ISO　NP14976and　ISO　D正S14975，

and　is　fully　compatib玉e　w舳WMAS　Standard　Data

T臓nsfer　Format．Because　this　fiIe　s亡ructu正e　can　carry

the　information　on　specimens，ca1ibration　and　data－pro－

cessing，we　cou1d　con鮒びct　a　GUI　searchiΩg　system

foエIntemet幽tabase．One　can　choose　se孤ching　items

（ex：host　ma倣ia玉s，in－si倣preparations，keywo王ds，tech－

niques，instmments，operators　and　etc。）by　Gm．The

searching　resuhs　are　displayed　on　a　cliel1tls　PC，and　a

targe亡spectm㎜can　be　down1oaded　to　a　c1ientIs　PC

through　Intemet．In　fu宜ure　we　hope　al1comp耐ers　of

the　surface狐a1ysis　machines　can　be　connec亡ed　to

Intemet　system　so　that　every　surface　ana1yst　wor玉d－

wide　can　share　the　spectral　da辻a　and　the　com㎜on　da言a

processing　software　to　identify　the　surface　chemistry

of　new㎜ateria1s．

　　　Database　for　Surface　Analysis，M．Yoshitake　and

K．Yoshihara，J．Korean　Vac，Soc．5（ユ996）：p57－60

Keywords：AES，XPS，database，Intemet
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　　Wh㎝depositedmeta1fi1m㎝substratewasheated
in　a　vacuU㎜，i室was　observed　that　substrate　e1emen言

diffused言o　the　suζface　offi玉m．The　surface　conce耐ra－

tion　ofsegrega耐was　a玉ways　consta沈Even　ifthe　seg－

regated玉ayer　was　removed　by　argon　ion　sp雌ering，the

segregated1ayer　of言he　saturated　concentration　was

formed　again　by　re－hea言ing．Therefore，the　surface

composition　of　the　segregated1ayer　on　meta1fiIm　is

expectedtohavease1f－contro11i㎎Property．

　　It　is　wen　known　that亡he　surface　adsorption　ofmetal

changes　the　work　function　of　a　so1id　surface．There－

foζe，it　is　expected亡hat　the　wo王k　fu口cξion　changes　by

the　surface　segregation．The　work　function　varies　with

a　coverage　of　adsorbed㎜ateria玉s．Howeverヨifwe　use

these1f－c㎝troni㎎Propeζtyofsegregati㎝behavior
on　metal　fiIm，the　stabIe　work　function　on　the　surfaceヨ

i．e。，stab1e　fie1d　emission　current　can　be　expected棚d

we　can　produce　a　fieId　emitter　ofhigh　performance．It

has　been　shown　by　authors　tha芭Nb　fi1m　with　Ti　s狐一

face　segregation　works　as　a　getter　for　residua1gas　in

汕ra　high　vacuum，in　which　envimn㎜ent　a　fie1d　emit－

ter　functions．

　　　In　this　study，the　s芝abi1ity　of　surface　coraposi芝ion

win　be　quanti官ativeIy　ana1yzed　in　the　wide　range　of

te㎜perature，and辻he　change　of　work　function　by　seg－

regation　wi玉1be　measured．Unti1now，the王ecoveriηg

ra宣e　of　the　s耐face　composition　during　Ar　ion　spu㈱r－

ing　in　case　ofTi　segregation　on　Nb　thin　fiIm　was　mea－

sured．At　first，ion　spu亡tering　ra言e　was　precisely　ca1i－

bra言ed　quantitatively．Thenヨ言he　dynamic　ba玉ance　ofTi

brought　by　the　remov＆1rate　by　ion　sp舳ering　and亡he

supp1y榊e　by　diffusion　fro㎜substrate　wasはsed　to

determine　the　rate　of　Ti　supPly　a辻various言emperatures，

The工e1ation　between　the　amount　of　adsollbed　contami－

n醐t　and　the　segregation　behavior　was　a1so　exa狐ined

in　case　of　Cu　segrega室ion　on　Ti釧蜘、The　instrument

has　been　modified　so　that　work　function　can　be㎜ea－

sured　under　specimen　hea言ing．

K6ywords：surf盆ce　segregation，sa他rated　surface　com－

position，se1f－co㎜position　control，work加nction，fie1d
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2（ユ996）：368－373，

　　Study　on　S㎜art　Getter　Fi1ms－Nb　Fi1m　with　Ti　Sur－

face　Segrega亡ion，

　　M．Yoshitake　and　K．Yoshihara，J．Vac．Soc．Jpn。，

40（！997）：141－！44。

　147　The1…valuatioI1and　Con腋o■of　Matgria1Self－orga祠i・

Zati08
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［Apri11996to　March1999］

　　　Segregated　hexagona1boron　nitride1ayer（h－BN）

on　metals　or　a11oys　doped　with　born　and　nitrogen　have

thec（0001）crystalp1anepara11eいothebasesubstrate

surface．The　binding　force　be辻wecn　the　cp1anes　is醐uch

srl1aner　than　that　of　other　p玉anes　and　the　frictioηfoぎce

on亡he　c　p玉ane　surface　win　be　sma11in　case　of言he　hori－

zonぬ1force　due　to芝he　easy　sIiding　ofthe　planes．Such

property　as官he　snユa11adsorption　force　of　segregated　h－

BN王ayer　su至face　wi11be　applied　to出e　se玉f1evitating

probe　system　which　can　scan　the　sohd　surface　very

s1ab1ya11hemnogapbymeansofvanderWaa1sIforce

withouげriction　force．

　　　This　h－BN　compound　layer　can　bc　prepared　on　the

surface　of　co－sp鮒ercd　fi1㎜substrate　with　BN　and　al－

1oy倣getsヨbut亡he　BN　surface　segregation　so　far更e－

quires　in　situ　wcuum　amea1ing　just　after　fi玉m　prepa－

ration　and1acks　the　perfect　surface　coverage　and　plaηe

orientation．XHV　surface　modification　app＆ratus　was

deveIoped　for　the　preparation　of　self　organiza言ion　by

盲he　stress　controi　in　the伽蜘aiming　at　the　fun　surface

co▽erage　and　perfec左p1棚e　orien芝ation　of　h－BN　segre－

gation　by正ne3ns　of　thc　control　of　stress　in　the　fi1m．

The　apparatus　has　he王icon　sput官ering　source　for　fiIm

preparation，which　can　separates　BN　target　so狐ce　and

a1oy　sourcc，can　contro1wide　range　sputtering　yie1d

with舳1e　da㎜age　on　the　prepared　fi1㎜surface　by　spuξ一

tering　Plasm＆field．

　　　HexagonaIboron　nitride　can　be　successfu1y　formed

on　the　surface　of　copper　substrate　witho械any　in　si室u

amea玉ing　d雌erent．From　the　sξainless　stee1case　which

requi互es　annea1ing　though言he　h－BN　coverage　is　st閉

about　sixty　peτce羽tage　of言he　subsむ＝a言e．The　distribu－

tion　of　h－BN　is　uniform　with　auger　scaming　prove

anaiysis　w舳the　probe　diameteζof1ess　than1μ肌

This　could　be　the　fi耐step　to　fabricate　the　h－BN　fiIm

by鰍eans　of　se1f　organization　wi言h　s㈱ss　coΩ言ro1of

sputtered　fi1rn．

Keyword：se1f－organiz＆tion，surface　segregation，co－

sp舳ered　film，vacuum　tribo1ogy，hexagonaI　bomΩni－

tride
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conductor　NanoI1leter　S服oc－ures

N．κg〃C机砒舵㎜〃妙吻C〃〃閉他∫ε肌ん8刎主0〃

［Apri11994to　Marcb1999］

　　　Predictions　of　enhanced　e1ectron　mobili言y　device

and　adv＆nced　se㎜iconduc言or1aser　with　high1y一

㎜onoch夏omized　and1ow　thresho1d　current　density

caused　by　quantu㎜size　effect　have　been　made　for　ap－

pIication　of　semiconductor　nm－structures，especia1玉y

so－calIed　quantun1do言structures－It　is　necessary　to　fab一

王icate　numemus　epitaxia1se㎜iconductor㎜icrocrysta1s

with　homogeneous　size　be1owユOn㎜and　density　above

！O12cm■2．

　　　In　order　to　fabrica辻e　these　structures，we　are　now

researching　three狐ethods；（1）se1f－org鋤ized　forma・

tion　by　using　Drople言Epitaxy，（2）Dropiet　Epitaxy　corn－

bined　with　se1ective　deposition　ofGa　droplets　on　a　sub－

strate，and（3）皿icrofabrication　using　meta1or　se㎜i－

conductor　fine　partic玉es　deposited　on　semiconduc言or

quantum　We11S．

　　Size　and　dis披ibution　of　GaAs㎜icrocrystaユs　fabri－

cated　by　using　Droplet　Epi施xy　co更respond　to　those　of

Gadmpletsdepositedon棚S－temimtedsubstrate．We
have　observed　thc　S－terminated　GaAs（O01）with（2x6）

surface　reconstruction　by　STM　and　found　out　this王e－

construction　originating　from　the　ce玉1which　contains

fivc　S－S　adatom　dimers　and　one㎜issing　dimer．Size

and　distribution　ofGa　dmpIets　were　rneasured　as　func－

tions　of　Ga　f1ux　and　substrate　temperature．The　seIec－

tive　deposition　of　arraied　Ga　drop1e亡s　using　fineIy　fo－

cused　Ga　ion　beam　was　performed　on　S－terminated

GaAs　substra言e．InAs　microcrystals　fabricated　by　Drop－

1et　Epitaxy　on　GaAs／AlG8As　quantum　weHs　were　used

as　etching　mask　to　fabrica芝e　ver芝iga11y　coup1ed　quan－

turn　dO言S．

　　We　aretryingξo　inves臼gate　qu棚tu醐size　e施ctof

these　samp1es　by　using　photolu腿inescence　and／or

cthodeIuminescence　measureme耐s．

Keywords：quan池m　dots，compound　semiconductor，

drop1et　epitaxy

仙9　Ma看erials　wi肺Ato111ic　Soale　Structwes｛COl≡Pmi6cO
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［Apri11995to　March2000］

　　Under　its5－yearp1an　i㎜p1ementedin1995，Nationa1

Research　Institute　for　Meta1s（NRIM）is　conducting

researches　on曲e　cre＆tion　of盆dvanced醐ateria1s　with

atomic－sca1e　structures　exhibiting　quantu㎜phemm－

ena．This肥search　is　promoted　as　one　of　the　Ce1lte正of

Exceuence　Deve1op狐ent　Program（COE　Project）ofthe
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Japanese　Govemmentヨand　is　fimnced　with　the　special

coordinationf㎜dfro㎜theSci㎝ceandTechno1ogy
Agency（STA）．

　　The　main　part　of　ou三COB　Project　is　progressed　a言

the　Center　for　Advanced　Physica1別elds（APF）of

NRIMl，e卯ipped　with　so㎜e　s施tions　which　pmvide

ex舵me　experi醐entaI　environments　such　as　high　mag－

netic　fie1ds，high　reso1u打on　bearns　and　ex材el＝ne　high

vacuu工n．The　project　is　in　fac亡designed　to　nlake　use　of

the　advan言ages　of　the　these　faci1i言ies　in　researches　on

advanced　materials．

　　The　COE　Project　is　rough1y　divided　i磁o言wo　parts．

One　is　llImprovement　oftechniq鵬s　to　es芝ab玉ish　ex舵㎜e

physicaI　fie1ds1㌧The　techniques　provided　by　the　Cen－

ter　forAPF　are　i狐portant　to　carry　out　research　on　the

cre＆tion　of㎜a倣ia1swith　a亡omic　scale　str㏄ture．We

cau　this　research　llCOE　supporれng　research1㌧The　o曲er

one　is”Creation　and　physica玉p工operties　of　ato㎜ic　sca1e

struct服e㎜ateria1s，’．Weca11舳sresearch　llCOEcore

research，1．Atomic　scaIe　structure　materia1s　are　catego－

rized　into卯an辻u㎜dot，quantum　wire　and　thin　film．

Therefore，we　divided11COE　core　research11into6s曲

projects，which　cover　quantum　dot，qua榊um　wire　and

舳nfi1ms．Wehavecreatednewnanodimensi㎝crys一
辻a1s，fabricated　singIe　atomic　width1ines　which　exhib－

ited　e1ectron　transport　properties，and　found　in盲erest－

ing　quantum　phenomem　in　the　high　magnetic　fields．

Keywords；advanced　physical　fie1ds，a亡o㎜ic　scale

structures，卯antum　pheno㎜em

　150　S山dV　on　Meliing　of　Ref閉ctory　Me屹一s　by　Cold　C汕・

鮒1eLevi榊i08㎜el－iηgM鮒od

λ．〃κ〃Z榊α，〃肋r〃8Crε〃0〃他∫εα1℃ん8刎j0〃

［ApriI1997to　Ma王ch1999］

　　A　co1d　cmcib工c　type　levitation狐e1ting　method　us－

ing　high　frequency　eIectric　power　is　l（nown　as　a　non－

contacting　melting　method．Therefore，fro㎜the　point

of　view　of　high　pure　material　creation，this㎜e1ting

㎜ethod　is　advantageous　for狐e1ting　of　high　pu1＝ity

㎜etaIs，che㎜icany　reactive　meta1s　and　refractoすy　me宣一

a玉s，As　for　the　refractory　metaIs，there　have　never　bee竈

methods　for　me1ting　the㎜by　using　crucib1e㎜ade　of

common　refractories．

　　The　purpose　of　this　study　isξhe　creation　of　mo1ten

refractory　metaIs　and　its　a11oys　by言he　cold　c欄cibIe

Ievitation　method　and　the　o王igimtion　of　homogeneous

so1id三fied　st1＝uctures　that　have　been　never　gotten　by｛he

usua1腿e1ting　methods　for亙efractory　meta1s　for　in－

s胞nce，eIectron　bea正n　reme1ting，Plas鰍a　arc　re互ne1ting．

　　As　the　mosセofrefractory　me言a1s　have　not　only　high

n↑e玉言ing　poin辻but　a1so　high　density　and　high

themocond㏄tivity，itisconsideredth＆tlevi倣i㎝of

refractory　nleta1s　and　i室s　auoys　is　not　easy．So　the　opti－

m鶯㎜1evi㈱ing　conditions　such　as　the　shape　ofthe　coId

cr・cibIe，highfrequencycoi1andthee1㏄trico・tput

power　are辻o　be　exa㎜㎞ed，and　we　are　gong言o　design

and　rnanufacture言ria亘of芝he　co1d　crucib1e　devices　for

this　purpose．

Keywords：co1d　crucib1e，1evitation　me1亡ing，refrac－

tOry　n3e室aI，e1eC言rOmagnetiC　fOrCe

　151　1＝abrlcat1on　of　pa尚1cles　dlsp釘s8d　materlals航【oogh

co榊o11i洞gofsolidi言ica－ioni榊rfaces
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［Apri1玉．997まo　March2000］

　　Meta1matrix　co㎜posites　shows　highcr　mechanical

properties　than　the　current玉y　avai1abIe　cast狐a言eria玉s

by　the　convention31a玉玉oyi■g．Powder　dispersed　matc－

ri眺are　one　of　MMCs　and　have　higher　strength　and

higher　wear　resistance．The　mechanica1properties　of

powder　dispersed　materia1s　are　in刊uenced　by　the　dis－

tribution　state　and　the　size　of　the　powder．

　　In　this　research，the　re1ationship　between　the　distri－

bution　and　the　condition　ofsoIidification　is　investiga辻ed．

Unidirec言iona1sohdification　experime耐s　a肥carried　out

and　the　behavior　of　particIe　at　so1idifying　interface　is

inVeS辻igated．

　　Powders　of　pure　aIuminum　and　a1umina　are　mixed

mecha羽ically　in　stain玉ess　stee工po言s　set　on　a　p1anetary

ba玉I－mi1l，and　pressed　and　sintered．After　sintering，this

sample　is　swaged　i耐o　a　bar　with1O脈m　diameter．This

bar　is　nユe玉室ed　and　so玉idified　unidirectiona玉1y．Then　the

跳icroscopic　obsel＝vation　is　carried　oじ言to　investigate

the　behavior　ofparticies　a迂the　so1idifying　inξerface　and

the　finaI　pal＝tic1e　distribu室ion　state．

　　Transparent　organic　rnateria1s＆re　used　fo迂mode1

experiment，because㎜e辻aI　is　not　transparent　and　par一

重icIe　behavior　is　not　direct1y　observed　in1iquid　n－eta玉．

Succinonitri1e　is　seIected　as辻ransparent　organic　l＝旺a亡e－

ria玉，because　its　roughness　of　so胴surface　is　a玉mos芝

sa㎜e　as　that　ofmetals．Therefore　the　shape　ofso1id／

liqu｛d　interface　become　p1anaζor　ce11a王or　denωtic

like　met＆1s．The　mechanism　of　engu1fmen言0f　entrap－

men芝of　particle　is　known．

Keyworδs：so1idification，soIidification　processing，

uΩidirectionaI　soiidificationヨcomposite，partic1e　disper－

SiOn
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［Ap王i1！997to　March／998］

　　The　fatigue　streng亡h　of　SM570stee1was　in▽esti－

gated　at　the　condition　where　the　maximum　stress　was

kepξto　be　the　yie1d　st肥ngth　ofmaξeria玉w舳e　the㎜ini－

mum　stress　changed　random1y．This　test　condition　is

considered　to　avoid　the　con－pIex　residua玉stress　induce＿

ment　atξhe　notch　root　during　variation　of　stress．

　　Four　types　ofspecimcnwere　used．That　isヨthe　strcss

concentration　factors　of　side　notched　strips　weζe玉。0，

2．O，3，0and4．0，

　　The　random　Ioadiηg　was　that　corresponding　to　a

Rayleigh　distribution　of　stress　ranges．

　　The　app1icability　of　Mimerls　ru玉e　is　being　exam－

ined．
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臼g．1　Relationships　belween　maximum　inde帥ation　force　and　maximum　pen－

e並ation　dep腕forAl－hinfilms．

Keywords：fatigue，stress　concentra亡ion，yie1d
streng亡h，s芝ee玉
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Fract．Engng．Ma施r．Struct．19（1996）265－275．
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［Apri11997to　March2000］

　　…）epth＿sensipg　indentation　techniques　have　been

deve1oped　to　investigate　the　n1echanica1properties　such

as　hardness，Young’s1二nodulus　aBd　yie玉d　stress　in　n8no

sca1e．Usingξhe　techniques，the　in亡ernationa1co11abo＿

rative　research　on　llMechanica1properties　of　fi1ms　and

coa芝ings”s舳edin1996asTaskWorkingArea22of
～AMAS　projects．

　　The　purpose　of辻he　study　oパ，Mechanica1Charac一

言eriza芝ion　ofThiηLayered　S芝ructurcslI　is　to　deve1op　the

nanoindenξati0B重echniques　for　thin　fi1ms　and　to　con－

tribute　to言he　WMAS　p至ojects．Fig」show　the　pri－

mary　resu1ts．The　inden言ation　was　conducted　on　a玉u－

minum　thin　fi1ms　with　thicknesses　of　O，3，！．O　and3，O

μmonsapphircsubstrates，us㎞ganultra－microhard－

ness　tester　we　have　deve1oped．Relationships　between

maximum1oad，P㎜・，and　maximum　penetration　depth，

h　max，for　three　alum三num　fi1ms　and　buIk　aIu㎜inu醐

were　a1most　coincident　each　other　when　hm訓。was

s㎜auer　than1OO　nm．This　suggest芝hat　the　resonab1e

resu1ts　of　inden亡ation　can　be　obtained　even　for　O．3＿

μ㎜一thick　a1uminum　thin　fi1m　by　ourAFM　u1tra一㎜i－

cro　hardness　tes亡er．

Keyworas：Depth－scnsingnanoindentation，Hardness，

Young’s　modu1us，YieId　stress，Thin　films，WMAS
project

　154　Study　oIl　S汀e8gthening　of　l＝e附i－6．、’1a服ix　SteeIs｛or
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［Aprii／997to　March2002］

　　Bui1ding　st㏄1is　one　ofmajor　mass－produced　items

in　the　stee1market，Easier　recyc1abi1ity，more　efficient

and玉ess　ski1edwe1ding　and　enhanced　mechanica工prop－

erties　wi1l　be　required　for　the　buiIding　stee玉s　in　the　next

century　to　construct　sustainab1e　infras打ucture．How－

ever，present　high　strength　stee1s　of600＿800】MPa　in

tenSi玉e　S重rength　COntain　the　a110ying　e玉emen芝S　undeSir－

ab1c　for　recyc1eヨmd　their　wc1dedjoin言s　show　very　poor

fatigue　strength，i．e，only　one－teηth　of　tensi玉e　strength．

　　Low　strength　C－Si－Mn　ferritic　stee1s　are　potentia玉

a1亡ernatives，since迂hey　are　desirab1e　for　recyc1e　and

casy　to　we1d．To　overcome　thc1ow　st王ength，in　the

present　s辻udy，new　thcrmomechanicaI　processing　wi11

bedeve1opedtorefi鵬theferritegrainsizeinto1μm
and　doub1e　the　t㎝si1e　strength　from400MPa　to800

MPa．Theprocessparameters　tobeoptimizcdareform－

ing　modes，deformation　tempe榊ure，deformation　rate，

amou耐ofdeformation，dwe1Iing　temperatuτe　and　time，
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sta榊empera鮒e　to　coo玉，and　coo1iコg　rate．The　micro－

strびc如re　to　be　processed　is　also　varied．

　　　High　speed　and　no　defect　we1ding　has　to　be　deve1－

oped　coincidenξwith　preserving官he　u1tra－f三ne　micro－

structure　from　its　heat　in　the　heat－affec辻ed－zone（HAZ）．

He㏄e，thefeedb＆ckcontroni㎎ofthep1as腿agenera－
tion　in　a　high－power　C02玉aser　one－pass　we1ding　and

the　arc　pulses　in　a㎜uhi－Iayer　arc　we玉ding　wi11bc　e1u－

cida宣ed．

　　　In　ordeれo　keep亡he　ultra－fine　grains　in　the　HAZ　on

weld㎞g　pmcess，the　function　of　fi鵬玉y－dispersed　par－

ticIes　Iike　oxides　wi11be　investigated　in　terms　of　pin－

n㎞g　sites　for　grain　growth　as　we1玉as　mcieation　sites

for　austenite　to　ferrite　transformation．

　　　We1dedspec㎞㎝1argeen㎝ghtosim山tethecon－
ditions　for　service　wiH　be　subjected　to　mechanicaI　tests

with　a玉arge　capaciξy　of　power　to　eva玉uate　fatigue棚d

fracture　toughness　properties．

　　　Co㎜puter　simulation　of　the　microstructure　evo1u－

tion㎞the　stee玉s　studied　and　the　deformation　and　frac－

ture　behavior　of　welded　points　wi11be　a1so　studied　in

the　present　study、

Keywords：ferrit｛c　stee1s　for　we玉ded　struc沈res，

乏hermo㎜echanica玉treatment，gr＆in　refinement，weld－

ing　process，heat－a甜ected－zone，residua1stress，weIded

join辻，tensile　s亡rength，fatigue　strength，si㎜ulatioη
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　　　De腿ands　for　ultra－high－strength　steeI　w三言h　tensi正e

str㎝gths　in　excess　of1500MPa　are　increasing　in　such

fieIds　as　use　of　high　strength　bo1盲s　as　a　new　joining

technology　in　buiIding　coΩstruction　and　as　reducing

言he　weight　of　auto㎜obi1e　pa亙ts　and　of　main　cabIes　of

iong－span　suspension　bridges．The　key　of　the　exp1oita－

tion　does　nOt　lie　in　the　achievernen言of　h｛gh　strengths

exceeding！500MPa　but　iηthe　preserva言ion　of　high

confidencc　for　de1ayed　fracture　and　fatigue．

　　　As　advanced　u1tra　high　strength　stee玉s　we＆rc　de－

veloping　new㎜artens｛tic　stee1s　with　e鉗ective　hydro－

gen重rap　sites　aηd　carbide－free　boundaries　for　high　de一

王ayed　fracture　resistance　and汕俗Iow　carbo蔵high　ni－

trogen㎜artensitic　stee玉s　for　high　fatig讐e　st1＝ength．

Ato㎜ic　scaIe　anaIyses　of　f｛ne　precipitates　and　inter－

phase　bomdaries　by　AP－HM　and　mnoscopic　obser－

vation　of　deformation　and　frac芝ure　strucωres　by　STM

andAFM　are　being　used　in　this　study，which　a11ow　us

to　clarify　the　mechanisms　of　delayed　fracture棚d　fa一

tigue棚d　to　propose　new　concepts　of　ma言eria1design．

B鎚orまs　wm＆1so　be　directed　for　standardizing　the　evaIu－

ationofdeIayedfra伽・e・esis伽ceandconstructi㎎
d・t・baseoflOコo・y・1・sf・tig・・p・op・王ti・・f・・th・p・ト

pose　of　guaranteeing　the1ong　ter㎜re1iabi1ity．

Keywords：㎜artensitic　steeI，de1ayed　fracture，fatigue，

AP－FIM，SPM
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　　　珊ere　are　stroηg　environ㎜ental　and　ecomonic　p肥s－

surestoincreasethe1hermaleffici㎝cyofcoaばired
e1ectric　power　pIants，1eading　to　recent　increases　in

steam　tempe棚ure　and　p肥ssure．The芝hermal　e倣iciency

…s　eva1uated　to　increase　to43．8％for　the　u1tra－

supe王critica1（USC）steam　conditions　of650℃and350

磁m　from38．9％for　the　prese耐supercΣitica1steam　con－

ditions　of538℃and246a亡m．The　enhanced　therma玉

efficiency　resuIts　iパower　carbon　dioxide　emissions

and玉ower　fue玉cost．The　environ㎜enta1ζeason　is　in－

creasingIy　quoted　as　the　driving　force　for　the　deve1－

opment　of　higher　efficiency　plants．For　construction

of玉arge　USC　plant　suitable　fo童cydic　operation，it　is

necessary　to　develop　advanced　ferritic　heat　resisting

steels，because　austeniξic　s盲ee工s　are　h｛ghIy　suscepセib1e

to　therma1fatigue　res舳ing　fro㎜their玉ow　ther狐a1con－

duc亡ivi亡y棚d　high言hermaI　expansion．The　major1im－

iting　factors　to　an　increase　in　steam　tempe王aωre　above

62ぴC　for　thick　section　boiler　components　such　as㎜ain

steam　pipe　and　header　are　the　avai1ability　of　ferritic

s言eels　with　su倣icient　creep　strength　and　su舖cienけe－

sistance　to　steam　oxidation．The　purpose　of曲e　present

research　is　to　investigate　strategical1y　the　advanced　fer＿

ritic　heat　resisting　stee1s　for　apPlication　to　thick　sec－

tioηboiler　co㎜ponents　ofUSC　plant　a“50℃and350

atm．
　　　The　project　consis言s　of　five　sub－thcmes．

　　　Sub－theme1－A11oy　design　and　m＆tcria1s　creation

　　　　　　　　　　　　　　　of　high－Cr　advanced　fer亙itic　s辻eels

　　　Sub－theme2－High一辻e㎜perature　mechanica玉prop－

　　　　　　　　　　　　　　　crt1esofweldedjoin1s

　　　Sub一宣he㎜e3－Resis芝ance　to　steam　oxidation

　　　Sub一言he㎜e4－Creep　strength　p三〇per亡ies

　　　Sub－the－ne5－Fatigue　properties

　　　In芝he　Sub－theme王．，a11oy　designing　of　high－Cr　fer－

ritic　stee1s　toward　a　stabilization　of　tempered㎜arten－

sitic　microstructure　for　long　ti触e　a言high　temperatはre

is　carried　out　usingξhermodynamic　codes　such　as

一107一



Ther狐o－Ca1c　and　DICTRA．Optimization　of　the　dis－

tributions　of1ath　subgrains　and　carbides　in　the　tem－

pered　martensite　is　tried　by　multip1e　mode　TMCP亘n

the　Sub－theme2，optimization　of　HAZ　microstructure

as　wel1as　the　creep　damage　process　and　creep　crack

grow曲beha▽ior　inwe1dedjoints　are　examinedforhigh－

Cr　ferritic　stee玉s．IΩthe　Sub－themes3to5，re1ating　to

nユateria1s　eva1Uation，reliab1e　methodo1ogy　for　acceI－

erated　eva1uation　based　on　short　tefm辻es｛s　and　p肥dic－

tion　of　Iong　term　properties　w欄be　estab1ished。

Keywords：feエritic　heaけesisting　steeユ，u工tra－

supercriticaI　power　p1ant，a11oy　desig羽ing，creep，stea㎜

oxi（玉ationヨfatigue，we1ded　joint
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mu1taneous　remova1of　detrimental　e1e㎜ents　such　as

S，P　and　C　in　stain1ess　steeIs．Nitrogen　in　stain1ess　stee1s

is　efEective　in　nOt　On1y　in1proving　corrosiOn　resistance

bu言in　reducing　cost　by　saving　resources　of　rare　n1eta1s

such　as　Cr　and　Mo．For㎜assive　addition　ofnitrogen

pressurized　me1ting　with　simu玉taneous　refining　is　to

be　employed．

　　　Among　various　me曲ods　of　coating言echnoIogy　we

have　chosen　spray　coa盲ing　for　the　p王otcction　of　stee1s

against　marine　corrosion　partly　because　iηNRIM　we

have　accumu1ation　of　pIas㎜a　spray　techm1ogy　and

partiy　because　spTay　coating　is　deemed　una▽oidabユe

for　the　on－site　rep＆ir　of　aged　structures．For亡he　forma－

tion　of　banier　coating　co羽sisting　of　corrosion　resistant

a11oys　we　wil1deve工op　high　ve1ocity　oxy－fueI亡herma1

9＆s　spray　technique．

K8ywords：weatheエing　stee1，sξain1ess　steeI，marine

environ㎜ent，spray　coating，scu11mehing
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　　　The　ccnstmction　ofnew　stee1stmctじres　is　expand－

ing　frorn　dense1y　popu1ated　coasta1zones辻o　rnarine　and

○批shore　environments　inβuch　forms　as　huge　infrastruc－

tures　and　oi1we1玉p玉atfoms．Marine　environment，how－

ever，9ives　very　aggressive　conditions　to　metaIs　and

stee1s．Although　the　e価ectiveness　of1ow－auoy　weath－

ering　steeIs　is　weu　estab1ished　in　rurai，urban　and　in－

dustria1at㎜ospheres，they　show　poor　performance　in

㎜ar㎞e　environmen辻．Even　s言ain1ess　stee玉s　su脆r　in　the

presence　of　ch1oride　ion　from　various　types　of1ocaレ

ized　corrosion　such　as　s言ress　corrosion　c王ackingヨPit－

ting　and　crevice　corrosion．The　present　study　covers

the　deve1opmen言of1ow－a■d　high－anoy　steels　and　coat－

ing　technology　resis辻ant　to　marine　corζosion，basic　re－

searchesリsing　nlodern　nlicroprobe　techno1ogy　and

construction　of　corrosion　database．

　　　In　marine　environ㎜ent，however，rust　on　conven一

言iona1weathering　s辻ee1does　not　stabi1ize　itse玉f．In　ad－

vancelothea11oydesign，itisthoughtinevitab1eto
conect　basic　data　on　the玉ong－teζm　stabi玉ization　ofrus言

for聰ed　in　marine　environment．Bearing　this1ine｛n　mind

and　for　clarifying　the　stabi1ization　process　of迂ust　we

wi11start　new　exposure　program　of　marine　corrosion

using皿ode1stee1s　of　si㎜p1ified　compositions　of　pri－

mary　additive　e1ements　ofwea辻hering　steels．The　p亙o－

gram　is　canied　out　in　cooperation　with　outside　organi－

za言ions．The　data　obtained　w｛玉1be　compiled　in　the　form

of　atmosphefic　co亙rosion由tabase，which｛s　expccted

to　contribute　for　designing　new　wea室hering　s亡eeIs．夏n

para11e1with　data　work，detai1ed　ana1ysis　ofactua1and

synthetic　rust　wiu　be　carried　out，where　micropmbe

techno玉ogy　wi1l　be　effec言ive1y　app玉ied．

　　　For　the　development　of　high　a11oy　s亡ee1s　we　focus

thetargetontheincreasedadditionofnitrogenandsi一
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　Japanese　and　in　BngHsh．for　fisca1year　of1996
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ヨn胞rnatiOnal　C00pera梱on
Ap〔996to　Ma篶1997

一nt餅natior1al　C◎“abo帽棚onTheme

Aust帽1ia
！St．di。。㎝。。・d・・1・王f・b・i・・1i㎝P・・・・・・…fhigト

　　TCP　BiS工CaCuO　superconductors（Universi辻y　of

　　Wo王1o㎎o㎎）
2A。・㎜p・1i・…fhigh・…gyd…ityb・・伽・・d・「c

　　　w．ldi・gt・・h・iq・・f・・j・i・i・g・d・・…d㎜・t・li・1・

　　　。fb．th曲。m．t・1舳tTi…㎜p・・it…di・t・m・松1一

　　　玉ic　co㎜pound　types（CS凪0）

3P。。。。。。t。・h・・1・gy・・d・h・…t・1i・・ti…f・d・・…d

　　　狐eta1㎜atrix　Composites（CSIRO）

China

l1。…tig・1i…fhight・mp…t・肥Tit・・i㎜舳y
　　　f。・・pP1i・・ti・・・…600℃（N・・thw・・tb・t三言・t・f・・

　　　Non－Ferrous　Me言a1Research）

2St舳。。。。。1m・t・芝・1・㎝t・・1独d・・p・・…d・・1i㎎

　　　P・・p・lti…fhighT・岬…t・・…p・・…d・・t…（I阯

　　　sti触te　ofMet＆l　Research，ChineseAcademy　ofSci一

　　　㎝Ce）

3　Fmdamenta1s言udy　on　the　improvement　of　supeト

　　　conductivity　for　higトTc　oxides（Northwest　Institu亡e

　　　for　Non－Ferrous　Meta1Research）

4　Studies　of1ocaI　conosion　damage　of　corrosion　re－

　　　sistan言a11oy　in　high　temperatu「e　aqueous
　　　・・1・ti・・（Sh・㎎h・iJi・・t・・gU・i・…i亡y）

5St・dy㎝th・i㎜p…㎝・・1・fb・itd・・・…fNi・AI

　　　　and　NiAl　by　unidirec言iona1so1idification（互nstitute

　　　　of　Meta1Research，ChineseAcademy　of　Science）

61

7．

8．

9．

Environmenta11ife　cyc1e　ana1ysis　of　ma言eria1s

（L乱nzhou　Univers三ty）

S触dy・fTiA1b・…11・y（N・・thw・・t正・・tit・t・f・・

Non－Ferrous　Metal　Research）

Fundamen言aけesearch　cn　TiA！base　intermetalhc

・・㎜p・md・（U息i・…ity・fS・i・・・…dT・・㎞・1・跳

Beijing）
Studies　on　c工evice　conosion　of1ow　a1loy　pressure

vesse王s辻eels　in　high　ten玉perature　aqueous
soiution（Insti施te　of　CoτT0sion　and　P工otec室ion　of

Meta1s）

片anCe
！S．p・・…d・・ti・g屋・d・・y・g・・i・m・g・・ti・m・吉・・i・1・

（S…i・・N・1i…ld・・Ch・mp・・1・t・・・…CNRS）

2Mechanical　proper亡ies　such　as　fatigue　and　fractはre

　　for　shorげiber　reinforced狐e亡al㎜atrix　composites

　　（INSALyon，ENSMR　CNRS）
3Phy・i・・1p・・p・1ti…f・・id…p・・…d・・t・・…d

　　　high1y・…θ1・t・d・1・・t・…y・1・m・（S…i・・N・ti・ml

　　　des　Champs　In亡enses，CNRS）

4　Design　ofadv棚ced　materia｝s（CNRS）

Germany
！．

2．

3、

mghp・f・・m・・・…p…㎝d・・ti・gM舳i・1s

（F・…h㎜g…伽mK・・1…h・）
I．f。㎜。1i。。。。dd・㎝鵬・t・ti・・p…1・㎜・・i・・1d・t・

（H・i・・i・hf・・hi・f・1m・ti…Z・鮒・mK・11…h・）

D・・ig・i㎎・f・・w…ti・・・…曲i・gP・・・…（R・・s

der　Techink　e，v．Essen）

lnd1a

iS芝。di。。。。f．b・i・・ti㎝p・・・・・…f・…p…㎝d・・t－

i・g・・id・…d・・t…（N・ti…1Phy・i・・1L・b…t・・y）

2Atm・・ph・・i・・・・…i…t・di・・i・1・1・ti・Ωt・th・・£

　　fect　of　micmenviron㎜ent　on　me言a1s　and　a1Ioys　d阯

　　iηg…1y・1・g…f・・p・・…（N・ti…lM・1・11狐gi・・1

　　　Laboratory）

3Studies　ofquasi－crystaIinebasedcomposites（Indian

　　　Ins亡itu亡e　of　Science）

舳1y
！．

2．

3．

S・p…㎝d・・ti・gP・・p・・ti…f・d・・…d・・pe「con．

ductors　i羽ti㎜伽varying　magnetic　fie正ds（αSE　SPA，

Techno1ogiaImovativeThe更mophysics＆Cryoge炸

icsSec．）

1．t・1・・mp・・i・…fm・th・d…d㎜・t・・i・1・f…t・・i・

㎜。。。。。。㎜・・1・註t・工y・g・・i・t・㎜p・工・t・…（h・tit・t・

di犯e言rogia“G．Co1o羽ne鮒’一C．N．R）

M．t．lli．m・t・・i・1・（I・・tit・t・p・工1・T・・hm1・gi・d・i

Ma宣er亘＆1i　Me室alici　No藺Tradizionzi1）

κ◎陀a

！．

2．

4．

5、

6．

D。・・1・岬・・t・fth・・1・mi・・血b…i・t・・m・t・11i・

・㎝p・㎜d・f…t…1…1・pP1i・・ti…言high
t・皿p…t…（K・…1・・til・1・・fM・・hi…y・・d晦

teria1S）

Performance　characterizatioηof　m窒te曲Is　a言high

1㎝p・1・t…（K・…R・・・…h1・・til・t・・fS倣d・・d・

and　Science）

D…1・pm・・1・fm・t・l1i…p・・…d・・言i・g
m．t・・i・1・（K・…R・・・…h1Ω・tit・t・・fSl・・d・・dS・i－

enCe）

Thermoelectrics　research　for　advanced　intermatalhc

・・㎜p…d・（R・pid1yS・lidifi・dM・t・・油1・R・・・…h

Cen亡er）

EvalUation　of　the　high　temperature　properties　for

titanium北ased　particu1ate　Composites（Korea　Ad一

。。n。。dI。。tit．t・・fS・i・n・…dT・・h・・1・gy）

Studies　on　the　fabrication　ofBi－2223superconduct一
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　　ing　wire　and　its　apP1ication（Korea　Institute　of　Ma－

　　chineryandMeta1s）

Poland

1．Magnetization　and　magnet－optics　in　ddiluted　mag－

　　netic　sen工iconductors　in　high㎜agnetic　fie1ds（Polish

　　Academy　of　Science）

RuSSia

1．Research　on　materia1s　property　data狐ode1ing（In－

　　s辻五tute　Inorganic　Chemistry，Acade㎜y　of　Sciences）

2．Wa1erpurifica1i㎝thr㎝ghadsorptivedispersede1ec－

　　trochemical　sys辻em（酎umkin　Institute　of　E1ectro－

　　chemistry）

3．Eco－ba1ance　anaIysis　in　hfe　cycIe　of㎜ateria1s（Rus－

　　sian　Research　Center　for　standardization，Informa－

　　ti㎝and　Cer㈹cation　ofMaterials）

4．Study　on　e1ectron　transport　through　a芝omic　sca1e

　　tunne1junctions（Novosibirsk　Staξe　Universi辻y）

Sweden

1，Fabrica辻ion　and　characterization　of　semiconductor

　　quantum　dots（Lund　University）

∪．K．

1．Prediction　technoIogy　of　Iife　and　renraining玉ife　of

　　huge　st1＝uctures　under　sel＝vice　coηdition　and　its　ap－

　　p1icati㎝to　design（TheWe1dingInstitute）

∪．S．A．

1．Research　and　deve1opment　on　systerns　andコ1aξeri－

　　a1s　for　magneticrefrigeration（Francis　Bi脆rNationaI

　　Magnet　Laboratory，MIT）

2．Databases　on　high　temperature　superconductiBg

　　materials（Nationa1Institute　of　Standards　and　Tech－

　　nO10gy）

3、

4．

5．

6．

7．

8．

9．

10．

！！．

12．

13、

！4、

！5，

Studies　of　high－strength／high－co1＝lductive醐ateri＆ls

and　their　apP1ication　to　high－fieId　rnagnets（Francis

13itteζNa宣ional　Magne言Laboratory，Mm）

恥ndamenta1studies　on　the　conduc亡or　fabrication

ofhigh　tempera鮒e　oxide　superconduc辻ors（Nationa1

High　Magnetic　Fie1d　Laboratory）

Measure狐ent　and　evaIua言ionmethodsforsupercon－

ducting　properties（NationaHnstitute　of　Standards

and　Tech口ology）

Deve1op㎜ents　and　app1ications　of　extre㎜e玉y　high－

fie1d　magne亡s　and　magnet　systems（NationaI　High

Magnetic　Fie玉d　Laboratory）

Study　of　nano－composites　mag日etic㎜ateria1s　for

cryogenics（Nationa玉Insti伽e　ofStandards　andTech－

nO1Ogy）

Joi耐Research　on　the■，in－situ”ana1ysis／evaluation

of　atomic　and　mic王ostructura王changes　in　materiaIs

（んgonne　Nationa1Laboratory）

Fundan－enta1studies　of　vortex　state　in　high　Tc

superconductors（Argonne　Natioml　Laboraまory）

High　press岨e　research　on　strong玉y　correIated　eIec一

言ron　syste㎜s（University　of　Ca1ifomia）

Effect　of　high　magnetic　fie1d　on　so1id／so1id　phase

transformations（Northwestern　Universi迂y）

Studies　on醐echanisms　of　nanoscale　micros辻mc－

　turai　evo1u宣ion　in　advance　meta1lic　m＆teriaIs（Uni－

versity　ofVirginia）

　Study　oコthe　mechanicaI　properties　ofdirectiona1玉y

so1idified　inter狐etallic　compounds（Oak　Ridge　Na－

tiona1Laboratory）

　Eva1uation　of　thick　coatings　forIned　by　advanced

ther㎜a1spray　processes（New　York　State　Univer－

Sity）

Research　on　supera11oys（OakRidge　National　Labo－

ratOry）
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口ListofVisi肺gFαeignResearch甘s

＊STA　Fenows

Counセry帥d　Name A甜ili齪亡ioo Tef皿 Research　Subject

Australia

Xuezhi　Zhang＃

Yuan　Chang　Guo

Roland　Grossinge工

BuIgaria

Iむassimi　T　Nedia1kov

Stoev＊

Ceramic　Fue】Cells　Limited

Supe王cioducti■g　E1ectronic　materia－s

Center

Vie11na　Univorsity

Insti亡ute　on　Nuc1ear　Research　and

Nuc1ear　Energy，Bu1garian　Ac刮demy　of

Sc三ences

1996．5．24＿1998．5．23

1，996．5．27　　1996．5．31

1997．2．10　　1997．2．23

1997．1．6＿王997－4．5

Nuc1eation　process　con亡roi　of　undeocooiod

ぎe－Cr－Ni＆Cr－Ni　alloys

◎e・e1oP㎜entofsi1・eトsheathedBi－oxide

supe工conducting　wi1＝es

Magnetic　materials　deve1oPment

Characterization　of　thi竈fi三ms　using　X－ray

total　reflection

欧aZil

Eduardo　AI1〕erdn

Reiko　Sato

Camada
Dancan　Rogersま

C11ina

Liu　Yufu

Fuxing　YiN

GengTu

YuJiaka㎎

Xu　Xuelian

Xu　Ji日cheng

？ang　XingGui

WangTian　Hin

1＝ranCe

Ciaude　Landron

Gerard　Guenin

Bemard　Che11ev三erヰ

Stephane　Odasso

Germany
Frank三f．Zimmermam

Hnas．3Steffen

Christoph　Buch齪1

R三chard　Berndt

Institute　for　Technological　Ressearch　of

the　St甜e　of　Sao　Paulo

Viemaむniversity

University　of　Toron亡o

Japan　Science　and　Tec11no－ogy　C0fpo澗一

tion

Japan　Science且nd　Techno1ogy　Coτpora一

亡ion

Japan　Science副nd　Technoiogy　Corpora－

tion

Institute　o£Corrosion　ond　P工otec士ion　of

Meta】s

Sba1］gbai　Nuc1ear　Enginoering　Rese甘ch

and　Desig11Institute

工ns亡itute　of　Matel＝ials　Scieoce　and　Engi－

neering　of　La1lzhouし一niversity

Beijing　Institute　of　Nuciear　Engineering

㎞st三tu亡e　of　Mateエia1s　Science呂nd　Engi－

neering　of　Lanzbou　Univefsity

Contre　Nationai　De　La　Rochercho

Sc…entifi膏ue　Centre　de　Redlerche　sur1a

Physique　des　H犯tes　Temporatufe

Laboratoire　des　Mater三aux　e亡d日Genie

P11yslque，ENSPG，CNRS

National　research　Institute　ofCrystallo9－

raphy

Department　of　Physics＆Astronomy
Rutge王S　UniV．

Munch㎝玉nsti亡ute　ofT㏄hnology

Research　ce就eエofJoe1ich　GmbH

Aochen　University

1997．3．3＿玉997．4．王0

玉997．2．1O＿1997．2．23

王996．12．2　　工．998．工2．ユ

！996．4．1＿1999．3．31

．1996．且O．1一ユ999．9－30

1996．10．1＿i999．9－30

1996．10．21＿ユ997．3．3ユ

1996．1ユ．4＿1997．3．3玉

工996．ユ1．16　　1996．12．13

1996．ユ2．20　　1997．3．31

i997．ユ．ユ0　　1997．2．1

1997．1．2王　1997．3．30

］．997．2．17＿1997．3．ユ

玉997．2．24＿1997．3．23

！997．3．3＿且997．3．ユ3

三996．／2．7　　ユ996．ユ2．28

ユ996．12．玉5　　王996一玉2．22

1996．10．3＿且996．10．1王

1996．8．20　　1996．8．29

Directional　So】idifica亡ion　Technology

Nano－magnetic　materials　devo1oPment

Fabncat王on　of　atomic　scale　tuone1junction

with　a　scmning　tumeling　microscoPe

Experimental　and　analyticai　study　on　ther－

mal－fat三gue　ofSiCfiber－reinforcedTita－

nium　m註trix　composites

Chamcte王ization　ofthe　damping　mechanism

In　MuCu　based　damping　a1王oys　and　deve王一

〇pment　of　a伽細ced　damping　mateエia1s

Mo王ecular　dyoa狐ics　s亡udy　on　the

embr舳ement　ofA1causedby　grain　bound－

arySegregati㎝Ofimpuri士ieS

AMicroscopicStudyonInitiationofCor一
Tosion　Pit　by　using　AFM　in　Aqueous　So王u－

tion

Low　Cyc1o　Fatigue　Behavior　of　SむS316

Stainless　Stee1in　HighTemperature　Water

Environm㎝tal　Life　CycleAna1ysis　ofMet－

alS

Fundamenta1study　of　atomic　stmctural

anaiysis　of　radi與亡io竈danlage　fo王nuc1e註r

ma施ri與一s　u蘂der　electron　an引on　irradiation

Environmental　Life　Cycle　Analysis　of　ma－

teria1s

St則ctural　determination　of　High　tempera－

ture　materia王s　by　X－r註y　spectroscopic　tecll－

niqueS

Study　o11superconductingproperties　and

microstructure　for　YBCO　films　prepared

with　modified　CVD　and　sput亡ering　process

Pd　ad　sorption　on　Si（100）suげ曲co　using　syn－

chrotron　radi目tion

Experimenta】aod　theo熾ical　study　on　sur－

face　chemical　reaction　dymmics

Research　on　the　depth　profiling　ana－ysis

technique

Opt主cai　M日teria1冒and　devices　fabricated　by

ioo　implantation

Atomic一犯so王ution　photon　scanning　tume1－

ing　microscopy　fT0mAu（11｛〕）帥d制1erene

mOieCue
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Country齪nd　N與me

Andreas　Erb

Gerd　Schoen

Horst　Vb110麦f

1ta1y

Sergio　Zannel1齪

1ndia

Gu舶dhor　Singh　Okra㎜＃

Japao
Yoichi　M割tsum三ya

Korea

Chae　Deok　Lee

Ja－Yong　Koo

Lim　Cha－Yong

Chang　Soo　K工H坤

Han　BeOm－SuCk

Oh　Yu11－Jeong

Cho…Yi　Sik

P趾kKyuHo

Joo　Sung　Min

Hyo－Sook　Lee

Kyung　Youi　Mn

Kyung　Sub　Lee

Dong　Lak　Ki㎜

Poland

Grzegorz　Karczewski

RuSSia

池rii　Michai1ovich　Gufan＃

lgorYLl　Soko1ov

SIovakia

M三1an　Po1ak

Spain

HangPi㎎Mao＃

Switzer1and

Stanislav　Veprek

LJrs　R目㎜sperger申

κfili刮tion Term

Geveva　Univers三ty

l（曲rS－uhe　uniVerSi三y

S丑alandes　University

CISE　Spa－Segrate，正ωy

Center　of　Nuc…e註r　Science，111d…a

BrOWnUniVerSity

Kore割Researdl　Imti舳e　for　Standards

Korea　Rosearch　Institute　for　Standards

Korea　Imtitute　ofMachinery　and　M疵一
ria1s

Korea　Research　Institu亡e　of　Stand乱rds

and　Science

Ko王ea　Automotive　Technology　Imtitute

（㎜ECH）
Department　of　Physics，Cheju　Nationa…

Un…V．

Scho〇三〇fMateria1s　Science＆Engineeト

ing，SeouI　Nation…11LJniv，

Departme倣ofMaterials　Science＆En－

gineeri皿g，Korea　Advanced　Institu：e　of

Sci．and　Tech－

Dept．of　Meta訂iurgical　Eng三neering

Cbon舳m　Nationa…Univcrsi士y

Korea玉nstituto　of　Geo1ogy　Min…ng　and

M註tOria－S

Memory　Lab．，Hu11dai　Electric　Co．

Sungkyunkwan　University

i（ore註B註sic　Science　I11s亡．

Insti虹1to　o£醐ys主cs，Po1…sh　Academy

Ins舳teo汀11eoretica1Pbysics更uss1an

Academy　of　Science

Tronto　University

Institute　ofElectrit量cal　EngineeringS三〇一

vakAcademy　o£Science

Liniversity　of　Zar註goza，Spa主n

Technic呂1Llnivers1ty　of　Muoicb

I耐1tutfur　M虹ostmktu浦orschmg，ETH

1997．2．23－1997．2．27

1997．3．9＿玉997．3．15

1997．3I24＿1997．3．30

1997．3．2＿1997．3．9

1996一ユ2－2＿1998I12．1

1997．3．24＿1997．3．29

玉996．5．13＿1996．8．8

1996．5．13＿1996．8．8

玉996．王0．21＿1997．10．20

1996．玉1．18＿1996．12．17

1996．王1．28－1997．11．27

1997－1．16＿1997．2．28

1997－1．16＿1997．2．28

1997．1．16　　1997．2．28

］．995．1I16＿1997．2．28

1997．2I3＿王997．2．15

1997．2．12－1997．2．互5

1997．3．12－1997．3．三8

1997．3．3＿1997．3．12

1997．2．三8＿三997．3．3

1996I11．8＿至996．三2．23

1996．8－20＿玉996－8．24

至997，2．18－1997．3．3

1997．2．17　　1998．8．16

1997，3．7＿1997．3．27

1997，3．17＿ユ999．3．王6
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Researc11Subjoct

Sample　prep註m亡io皿of　high…y　corro1ated

el㏄tr㎝SyStemS

Tbeory　ofsing1o　e韮ectron　transistor纈nd　co－

her㎝tt㎜neli㎎

Material　Sc三㎝ce齪nd　Methods

St・di・・㎝．㎜・・…i㎎・y・t・m必・p・・…一

ductivity

Mag11eticproPerties　o£Oxide　Superconduc－

tOrS

Studies　oηmeasuring　systeηユ£or　super　co皿一

ductivity

Fabrication　of　Co㎜pound　Semiconductor

Qu舳士u㎜Dots
N纈no－inde11tation　for　the　ei齪stic　defornla－

tionregi㎝ofmetals
Study　on　Recyc三ab…e　Materia1s　Design　for

A1umimm　A11oys　and　Steels

A　study　of　toxtuf0contro工of　Bi2212／Ag

high＿Tc　superconducting　con－pOsite　tapes

Experimentai　Studies　on　Fal〕rication　ofP曲r－

tia1三y　Composite　Materi齪1s　by

Specimen　preparation　and　PIB
micmf目b訂ication　ofTiSi2and　CoS三2thin　fnm

1／Microstmcture　ofcoldworked　c齪st洲oys

2／Rapid齪nd／or　undercooied　solidificatio11

in　A1－Si－X盆11oys

Observotion　l〕y　T8M　of　microstructura韮

changes　by　sPinoda1decompOsitiO11in　Fe－

Ni（Mu）一刈一CA11oys

Combustion　Syntbesis（SBS）of　Intermot囲一一

1ic　Compounds

Studies　on　Chemica工Stabilit三es　of互ron－Ni－

tride　M曲gnotic刑uid

Ion　beam　Assisted　sl』rface　modification　o皿

BN　f…im

Study　on　the　mech齪nic註1與nd　chemical　proP－

erties　of　segregated　hexagon齪1BN　layer

Deve－opment　of　d巴tection　systems　in　bigh

magneticξ1e1ds

Semimagnetic　se㎜iconduc亡ing　m銚eria1s

AStudyofrelation1〕etweerlcat三〇11order－

ing　and　suporconduct…ng　st日te　i110xide　su－

perconduct量ng　filn㌻s

Theoretica1inves養g齪tion　of　elec航on　in　tun＿

nelbarr…or

Cb齪閉cteriz飢ion　ofintorf目ces　on　tho　atomic

m㎝o王ayerscale

E鉗ec亡of　Secondary　Phase　o11the　Transpor亡

Property　and）nifor㎜ity　in　BSCC0／Ag

Composite　Superconducti㎎Wires　and
Tapes

Study　on　p工asma　chemistry　and
㎜noc・yst舳necompositos
Fabrication　of　ato㎜ica…ly　thio　metal　wire

w焔a　scanning　tunneling　microscope



Country　and　Name

∪nited1〈ingdam

Noward　Grah日m　Read＊

Christopher　John

訂aworth＃

ChTistopher　Hole井

工an　J．】⊃aVieS

C目mer㎝W．McLeod

Glen　D．Woods

Robert　John　Stephens　on申

Pa士rickS．Gl．ant

HarryJ㎝es
Stephen　Oiof到ill

John　Singleton

Philip　Gee

Mark　Edw註rd　Wei1and

Laurence　Marks

Steve　DonneHy

Ukraine

Alexander　V　Kra　jnikov

United　States

Reynolds，Wmam　T，J　r

Xua11－Chau　Kou

Sco航J．We1ton

Mark　D．Bird

Gregory　B1ues　Oiso11

Chen　Ho　Sou

EaSO　R　GeOrge

Gau亡am　Chosb

Huub　Weijers

Ch趾1sW．Ailen

Char1s　W．舳en

Robert　C．Birtcller

Affi－iatiOn Te王m

Japan　Sc主ence　and　Technoiogy　Corpora－

tion

Univers三ty　of　Bristo1，Low　temperature

physics，speci刮1i・i㎎insupe・c㎝d・cti・一

ity

C－arendon　laboratory　University　of　Ox－

ford

National　Aerospace　Laboエatory

Center　for　Ana1ytical　Sciences，Deparレ

ment　of　E註rth　Sciences，Tbe　Univorsi士y

ofSbeffield

Cen亡er　for　Ana1ytical　Sciences，Depart－

ment　of　Earth　Sciences，The　University

ofSheffield

Unive王sity　of　Cambridge

Oxfo王d　University

Oxford　U1liversity

Nationa－High　Fie1d　Magnet　Laboratory

Oxfo王d　University

Oxford　University

Camb王idgeむniversity

Northwestem　University

University　of　Sa1ford

Institute　of　Materia1s　Science　Probiems

NationalAcadcmy　ofScience　ofUkraine

Univers三ty　of　Virgi1li副

Technic曲一Un三ve工si士y　of　Vienna

Natiom一副gh　Magnotic　Fie1d　Labora－

tory

National　High　Magnetic　Fieid　L且bor註一

tory

No工thwestem　Un主ve工sity

Lucent　Technologies，Be11Lal〕oratories

Oak　Ridge　Nationa1Laboratory

NOr淋WeStem　UniVerSity

National　Higb　Magoetic　Fie三d　Labora－

tory

Argome　National　Lal〕oratory

A■gonne　National　Laboratory

AIgonne　Nationa1Labo　ratory

1996．4．三＿！997．2．28

1996．4．ユ＿1997．3．3工．

1996．8．8＿1997．4．7

三999．9．玉　1997．9．30

ユ996．9．2　　1996．9．5

！996．9．2＿1996．9．5

1997．三．6＿1997．4．5

1997．三．且O＿！997．1．19

1996．12－9＿1996I12．］一9

1996．12．至5＿｛．996．12．17

1997．1．6＿］．997．1．17

1997．1．6＿1997．1．10

1997．3．5＿玉997．3．1ユ

1997．3．23　　1997．3．31

1997．3．2　王997．3．玉4

玉996．王1．4　　王996．玉1．24

ユ996．8．1＿1997．7．31

ユ996．8．22　　ユ996．10．20

且996I1！．4＿ユ996．1玉．17

1996．1王．至7＿1996．11．24

1997．1．26　　1997．2．8

1997．1．28　　1997．2．26

玉997．2．6　　王997．3．3

王997．2，16　　1，997．3．8

工997．2．24＿玉997．3．17

1997．3．2　　1997．3－22

i997．3．2＿1997I3．22

1997．3．5　　1997．3．25

Research　Subjec亡

Studies　ofmicros亡mctures　in　nanostτuctured

nletalliC1珊ateri與1S

Electronic　Proper亡ies　of　Low　Dime　nsinai

and　Mesoscopic　Systems三n　High　Magnetic

Research　on　high－magnetic　field　properties

ofsupe工conducting　wires

Obse王vatio口ofmicrostructu王es　for　ceramic

m漱ix　composites　using　a　transmission

electron　nコicroscop

Hicrocolumn　Field　Sa㎜p王ing　fo工Determi－

nation　and　Speciat三〇n　ofOrganotin　ill　Sea－

Water

Hicrocoiumn　Field　Sampling　fo王Determi－

natioo　and　Speciation　of　O王ganotin　in　Sea－

Water

Me刮surementatoPtica1ProPeれyofatomic
sca1e　tumeljunction　with　a　scaming　near－

field　optica1microscope

Deve1opm㎝tofhighe・perf㎝nanceo麦en－

ergy　conversio11materia1s　by　Researcb　on

Strongmagneticfie王d

Rese服ch　on　Strong　mag11etic　fieid

Quantum　Ha11e鉦ect　in　organic　conductors

Composite　Fermion

Composite　Fermion

PhOtOn　enコiSSiOn　frO王n　nanOmete工SCa1e

S肘uCture　and　OrganiC　mOiOCuleS

TEM　study　ofreconstructed　surface　in　UHV

COnditiOn

玉n－situ　study　of　ion　implanted3D－

nanocrystals　under　irradiation　functionauy

groded　structures

Study　for　non－destructive　contro1o麦inteト

granu1ar　embritdement　in　advanced　high

temperature　nlaterials　based　on　simulation

of　impurity　seg舵gation

The　inf1uence　of　interfaciai　chemis亡ry　on

Precipita士e　Growth　md　Stability

Study　of　magnetic　anisoけoPy　in　rare－earth

compou11ds

Deve1opment　ofEssentia1Technology　and

DesigningNew　Water　Cooled　Magnet

】）evelopment　of　high＿perfonnance　resistive

magne亡S

Effects　of　high　magne亡ic　fie1d　on　phase

transform齪tions

Mechanica王propeエtiesofu－trahigh　strength

A…一based　nam－meso　scopic　materials

Stu的on　the　M㏄h目nicaげroPerties　of

Directiona王一y　So1idified　Intormetal｝ic　Com－

pounds

l≡＝鉗ects　o£high　magoetic　fie三d　on　solid／solid

phase触ns£orma亡ions

Ev盆1uation　of　Bi－based　oxide　suporconduct－

ingtapesandcoils

Research　on　the　structure　and　propeエties　of

implanted　and　precipitated　semico棚uctor

namCryStaiS

Research　on　the　structure　and　proPe工ties　of

impi帥ted　and　precipit註ted　semiconductor

nanOCfySta1S

Research　on　the　stmctuエe　and　properties　of

implanted　md　precipitated　semiconductoエ

nan㏄rysta1s
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Cou1ltry　and　Name 鮒ili劃t…0n Term Researc11Subject

James　If－Howe

W洲i齪m　C．Jh㎝s㎝

Rober士S．Feigelson

Christopher　C．Bemdt

Salljoy　Samp銚h

James　Brooks

Virginia　University

Virgi11i註University

Center　of　Matoria1s　Researcヨ1，Stanford

UniWSity

UniVerSityO£NeWYOrk

OniversityofNewYork

Nati㎝a1H…gh　Fi〇三d　Mag鵬t　Laboratory

王997．3．8＿！997．3．玉6

三997．3．8＿夏997．3．16

互997．3一玉0＿1997．3．20

三997．3．20－1997．3．29

互995．3．20＿1997．3．29

王996．至2．5＿1999．ユ2．30

Sub11anoscale　n，ic工ostructura1ch刮racteriza＿

tions　of　adv註ncod　meta韮三ic　materials

Subnanosca1en－icrostl・uctural　characteriza－

tions　of　advanced王nota三1ic　materia1s

Cryst齪1－quaiity　improvement　o£non王ine註r－

oPticai　oxides　by　Fioating　zone　method

E・aluati㎝ofthickcoatingsfomedbyad一

・a・cedthemalsp蝸yp・ocesses
Ev註訂uation　of　thick　coatings　formed　by　ad－

van㏄dthemalsprayprocesses
Fermi　Surface　ofOrganic　conductors
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T：TsukubaSite　M：Meguro

Mtiona1ityandNa㎜e

U．S．A

MLRick　Savercoo1his　par士y

Jean－Lou三s　Desp1at　his　pa王ty

O1es　Romacky

Chi烈劃

Zheng　Y呈Fu

Prof．Fang　Xiangwei

Korea

Prof．Wang脇n㎜1n

附mKwan甲yu

Ger棚8皿y

M．州註yaHisparty

Fr別mCe

Boussa　Djaffar

l〕r．Ge王a王dBastard

U．K．

Pmf．Richard　Donovan　Kenway

Swi物erla皿d

Stephan　BieIi

夏mdO皿eSia

MLSoehartono　SOEDARGO

Austra1油

J｛m1．M．Low

Ms．Ros｛yn　JORGENSEN　Her　party

C棚刮曲

1）r．C11veW舳s

Basi1R．Ma～p1e

Austria

Heinz　E．Petまerζnann

ISr冊1

Ur｛Adomon

澗皿1amd

Mic気ael　M，Gasik　ms　pa岬

De珊洲副rk

Preden　J．mo1王er

Czecho

V1adimir　ClHAL

口　LiSt　OfViSit◎rS

雌i1iat曼On

SafetyManager，GA

US　Department　of　Energy

InternatiOnaI　Sc呈cnce註nd　Technology

Systhesis　and　Processing，Wuhan　Univ．

Shanghai　Research　Insまi伽e　ofMate王ia呈s

Lonzhou　Univ．

Chonn註m　Na士iona1Un曼v．

し言niv．ofKar至sruhe

CNRS，LMA
Labo棚orie　de　Physique　dc1a　Matiere　Cond㎝see　de

11王oco1eNormaIe　Superieure

The　Unive王sity　of　Edinbu正gh

The　Board　of　the　Sw｛ss　Feder盆Hns主itute　ofTechno1ogy

UREAUSCIENCE＆TECHNOLOGY

Curtin　Univ．ofTechno1ogy

The　Aust王a1主an　NatiomI　Univers三ty

N註tiona1Research　Counci1Canada

Nationa1Research　Counci1Camda

Univ．of　Copenhagen　V三enna　University　of花chno1ogy

Ben－Gurion　UBiv．

He工sinki　Univeエsity　ofTechnology

Univ．of　CopenhageB

Technica1Univ．o£Ostrava

　　　　　　　　　　　　　－！32一

Site　　　　　Date

TJun，1996
T　　　　　　Oct．1996

T　　　　　Nov．至996

T　　　　　　Oct、且996

T　　　　　Dec．1996

TJan．！997
TJan．1997

T　　　　　Aug．1996

T　　　　　　Oct．1996

T　　　　　Dec．至996

　T　　　　　　　　Nov．1996

TFeb．！997

T　　　　　Nov．1996

T　　　　　Oct．工996

T　　　　　Nov．1996

　T　　　　　　　Sep－！996

T　　　　　　Oct．1996

T　　　　　　Oct．1996

T　　　　　　Oct．1996

T　　　　　　Oct．且996

T　　　　　Oct．玉996

　T　　　　　　　　Jan．1997



口B巾fln廿oductionofSTAFellowshipProg胞m

　　　In　response　to　growing　calls　from　the　intemationa玉

co㎜㎜unityforgreaterintemationa1cooperati㎝the

STA　Fe11owship　program　was　estab1ished芝o　provide

foreign　researchers　with　opportunities　to　conduc辻re－

search　at　Japanese　nationa玉1aboratories　and　pub玉ic　cor－

porations　which　are　not　par亡of　the　university　system，

　　　The　program　is　managed　by　the　Japan　Science　and

TechnoIogyCorporati㎝（JST）Whichisoneof曲ekey
organizations　for　i㎜plementing　Po1icies　ofthe　Science

and　Techno1ogy　Agency（STA）in　cooperation　with　the

Japan　lηternationa玉Science　and　Techno1ogy　Exchange

Center（J互STEO．Fe1玉owship卯aIifications　are　as　fo1－

10WS：

　　　1．Possession　ofPh　D．ore卯iva1e耐qualifications．

　　　2．Long倣㎜fenowship　is1ess　than35yea亙s　ofage．

Short　ter㎜fe11owship　is　no　hmitation　of　age．

　　　3．Good　hea玉thξo　do　research－work　and　hve　in　Ja－

pan

　　　4．SkiHfu11anguage　of　Japanese　or　EngIish　woζds．

　　　The　tenure　is　fro㎜6mon出s　to2years（long　term

Fe11owships），or1－3mo耐hs（short　term　Fellowships）。

　　　JST　provides　fel1owships　with　a　round－trip　airIine

ticket，a　monthIy1iving　expenses，a　fa狐i1y　a1lowance，

an　initial　intem設tiOna1mOVhg　allOWanCe，
accommodations（！cng　term　feuowships），accom㎜od＆一

tions　a1且owance（shor亡亡erm　fel1owships）．

　　　And　to　the玉ongξerm　fellowships　it　is　paid辻he　travei

cost　in　Japan　re1ated　to　research　activities　but　it　is　not

app1ied　to　the　short一亡erm　fenowships．Research　ex－

penses　wi1l　be　paid　to　the　hos■nstitutes．

　　　Further　information　can　be　obtained　at　JISTEC：

　　　2－20－5，Takezono，Tsukuba　Ci亡y，Ibaraki　Pref．305，

Japan．

　　　Phone寺81＿298＿53＿8250

　　　Fax令81＿298＿53＿8260
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Organization　of　NR1M

口◎rganiZatiOn

Masatos11i　Ol〈Al〕A，Dr．I…ng一

Dep独y　DirectoトGeneral 下etsuya　SAlTO，1〕r．1三ng．

ViSiting　Researc110ffic6rs

Plan榊g　O爾ce Kou1舳YAGl，Or，E同g．

Ad閉inis並atio11■〕ivision Shi11ic11i　TAl〈AYAMA

Gen釘a1Affairs　Section Fumiyoshi　SHlB∪TAN1
Accou耐s　Sectio11 Mic11i110b1」OZAWA
Safety　Promotion　Section Noboyasu　l〈lTAHARA
↑echnica－SupPor－Section Masaru　TODA

MateriaIs　Physics　I〕ivision MuI16yuki　AMANO，1〕r，1…ng一

Physical　P干oPeκies　Divisio11 Giyu　l〈ll〕O，Dr．εng．

Computational　Materials　Science　Divisiorl Takebiko　MATSUM〇一1－O，Dr．Sci．

洲echanica■ProPehies■〕ivision 榊osada1R1E，1〕r．1三ng．

MateriaIS　PrOCeSSi11g　I〕iViSiO11 榊oo　SuZUl〈1．Dr．Eng。

1st　Research　Group（Superconducti冗g　Maセerials） Kazu胴asa　TOGA洲O，Dr，1…ng、

2nd　Research　Grou剛Advanced　Nuc1esr　Materials） Tetsuii　NO1〕A，Dr．Eug．

3rd　Research　Grol』p（Advanced　Hig■1Temperat1』re　Materials） 洲αihiko　l，IAKAMURA，1北1…ng、

4th　Research　Group｛1…n釧gy　COnversiOn　Ma把rials） Kiyoshi　lNOUl…，Dr，1…ng。

5th　Research　Gl’oup｛In－eIIigent　I、’IateriaIs） Norio　SH1NYA，D祀ng。

Special　Researc110fic釘 ’1’oshiaki　KOl〕AMAヨ1〕r．1…ng。

SpeciaI　ResearcI1◎行icer Siegfried問ofmanrI，Ph．D。

C611f釧for　Materiats　Scienc6under　Ex廿eme　l…nvironments　Oirec－o干 Haruki　Sl・1IRAlSI’11，Dr，E11g．

I・1igh　Magne－ic　I＝ield　Researc11St劇ion Hitoshi　WAl〕A，Dr一厘ng．

High　R6so1】tion8ea耐Researc汽Statio11 1〈azuhiro　YOSl・11l－lARA，1〕r．1…【g．

Ex並eme■・lig11Vac1川m　Rese釘cI1Station Nobuyl』ki　KOGU’1－1，1〕r．1…ng

I＝ro耐ier　f0f　Advarlced　Physical　I＝ie1d Akira　SATO，1〕r．Eng。

MaterialsCreation　Research　S屹tiorl Akira　F∪1〈UZAWA．胱．匿ng．

Join－ing　and　Interface　Researoh　Station Chi欲i　SHlGA．1XEng．

Str⑤ng－h　and　l…vaIuati0同Research　S－atiOn Akira　SATO，Dr，Eng。

Materia1Testing　O榊ce 1．akahide　YAMANAl〈A

口　　Budget　and　Personn61in　Fisoa－year　of1997

Budget Pel．Sonne■

ResearcI1and　faoi■ities

Person11el　expenses

Total

7．074

3．758

10，832

Adminis並ative　stafs

ReSearCherS

1rotal

90｛7）

323（7｝

413岬）

unitl　milliO11yen Number　in　par6n飾6sis：Material　Testing　Office
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HOW　t◎ get t◎N副M

To　NRlMTsukuむaSi－e
　1－2－1S畠ngen，Tsukuba－s自i．1baraki305

　Phon8＋81・298－53・1000．Fax＋81・298・53・1005

Pr8ss時ain8ppro＾ma一呂1y60minutes

ay8usオor　Tsukuba　C8nter　ap町oxim目telV70閉inutes

m目胞1y5minu胞s．olonfoo－8pproxim8tely15minu－es

ToNRlMM8gumS≡胞
　2－2－54Nakam畠guro．M日guro・ku．τoWo153

　PhOne÷81・3・3719・2271，Fax＋81－3・3719・2177

Na閉a　Exp爬ss　t帽in2pPro貝m創ely60mi［u蛇s

yamanot6Line－r8in目pproxim目tely25minu悔s

apProximat81y5minut8s．or　on　foot　apProxima－ely15n1inutes

To　Mi－o

i　JR　R目；lw8y

一一一Exp肥ssw8y

　　下sukub目

Soi圓noe

　　　　　NRlM

（Tsu氏ubaSite〕

Mt．TSukuba
　　ム

／

／

／

TsuOh1ura

A咽鶉awaoki

Pao≡fio　O08an

Job帥
Exp㈱w8y／

JR　Yam目no－e　Line

匿bisu

NRlM一＞幽
｛MeguroSite〕

ueno

Tokyo

Abiko

了okyo目8y Ch1b8

　　　　　　　　　　　　New　TOkyO

　　　　　　　　　　　　lnler［a－ional
　Narita　1
　　　　／　　　Ai岬
　　　／

　／Higashi‘K舳

ノExp「essway

灘”、
20　　　　　　　　　40

To　Yokohama
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　　　　　Tsukuba　Scienoe

■　　　　　LabOiatOrieS

NR1M
（Sakura　Site）

aC馴胞【

眺m；nal

τSuOhiura

Gakuen
Avenue

T0

Mi－O

Nishi－OhOOri一一｝ NRlM
Site〕

TSuChiwa・
、ニニ1二、↓

　Yalab8
1nte『chang8

HigaShi・

Ohdo‘；

千。。。、。

匿Xpr6SSWay

　Sakura・

下SuChiWa
lnieroh8ng8

焔、㎜）

S胞tion

ROut86

斗
TSuChiu帽
S－8tion

JR　Joban」in㊥

〔
「8us　T8rπ11n目1

To　UenO
0　　　1　　　2km

」L
・「sukuba　Site

To　Shiむuy昌 To　Sh1buya

Ebisu　S泊tio［

Tokyu　Toyoko　Line

mano畑］n8

Subw8y．Hjbiy8］ne
　　　　　　　　　　　　　　1
　　　　　　　　　　　ノ
　　　　　　　！
　　　　7
！／／

　　　　∠

N昌kameg岬o
　　S傲ion

；二。。。目。、、

“

⑤。

KOm8z8wa　Avenu8

KDO　L目b．

　　　　　　　　　　　　　　　　下okyo

　　　　　　　　　　　　　　　　KyOSai

Y昼mat膚Ave［ue

100 200m

　　Rese諏oh　Cent酬

Japan　Def8nse　Agenoy

Polloe　D8pa日m直nオ

NRlM
（Tokyo　Site）

　　　　　＼

TO

To～o

b
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