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Preface

I　am　p1eased　to　present■’NRIM　Research　Activities

！996．I1This　report　summarizes　the　annua1
activities　of　the　Nationa1Research　Institute　for

Meta1s（NRIM）、focusing　on　our　research　programs

and　theウrogress　we　have　made　over　the　past　year．

NRlM　is　aエesearch　institution　attached　to　the

Sdence　and　Techno1ogy　Agency　of　the　govemment

of　Japan　and　was　estab1ished　in！956．Since　then，

NRIM　has　p1ayed　an　essentia1エole　in　the　fie1d　of

research　and　deve1opment　of　meta1s，a11oys　and

other　materia1s，An　ongoing　efforモhas　been士o

improve　the　re1iabi1ity　of　existing　mateエia1s，which

is　documented　in　the　lINRIM　Creep　and　Patigue

Data　Sheet’’seエies　of　pub1ications．

　　On　Ju1y　l，1995，NRIM　moved　its　headquaエters

from　Tokyo　to　Tsukuba　Science　City，where　there

are　many　wor1d－c1ass　experimenta1faci1ities　and

various　supercomputers．With　the　support　and

efforts　of　sponsors，staff，and　the　community，we

have　bui1t　a　Centeエof　Exce11ence　for　fundamenta1

materia1s　research　in　Tsukuba．Responding　to　the

present　socia1and　economic　needs　of　Japan，we　are

estab1ishing　a1’Prontier　Structura1Materia1s

Research　Center’1as　paエt　of　the1’New　Century

St工uctura1Materia1s　P工oject・’1We　have　a1ready

started　an　R＆D　program　to　create　future’’u1tra

stee1s’I　at　the　center，making　fun　use　of　the　exce11ent

resouエces　available　at　NRIM．In　this　way，NRIM

continues　to　expand　its　ac亡ivities　for　advanced

materia1s　resea工ch，

　　To　a1l　of　you　who　have　supported　NRIM，we

」o

great1y　appredate　your　continued　understanding

and　encouragement．

Dr．Masatoshi　OKADA
Director－Genera1
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ReSearCh↑0piCS

口Advanced　EPMA　Xイay　lmage　Ana1ysis　with　a　Phase　Diagram

　　　　M．Fukamachi

M肋伽εPlψcsDlolsloη

A　new　method　oξco呈皿pu童e王image　am呈ys三s三s

proposed　and　apP1ied　to　the　characteriza廿ion　of　the

ξ㎞e　s紅uc収1re　oξsuperconduc㎞g　oxide　YBa2Cu307．x．

In　this　lnethod，h　orδer　to　characをer三ze　the　struc室ure

oξa　materia1、をhe　EPMA　X－ray　images　are　am1ysed

wiをh　a　pair　of　phase　diagrams　of　termry　sysセems－

Phase　diagran，s　have　been　used　in　n｝eta11uτgica至

study　to　show　the　re1昼tion　between　phases　in　the

a11oysys芝emand童hecon・・nt・ati㎝so麦c㎝stitもlent

e王ements．EPMA　is　an　instrument　used　to　meas峨e

芝至↑e　chemica王composi乏ions　in　a1oca｝area　of　a　so1id

sped1皿en　surface－The　ana至ysis　of　digita1X－ray

images　ofthe　EPMA　with　the　phase　d三ag王a肌see呈皿s

to　be　usefu呈圭n　characモeriz呈ng芝he　fine　structures　of

mater三a玉s．The　proposed　analytica1method
faci豆itaをes　the　identifica±三〇n　of　phases　and芝he

construc芝三〇n　of　n｝apsセo　revea1the　disセribution　of

the　i（lenセi麦ied　phase　on　the　spec三狐en　surface・

　　T1，e　EPMA　X－ray　i㎜ages　are　ana亘ysed　w三th　a

stand－a1one　persona1－use　sma1l　computer　as　wel1as

the董nu至tip至e－compuセer　sys芝em　used　in　this　work・

The　orig三na至image　size　isヱOOO斗6雀0pixe1s．The　X－

ray　images　of　a　who豆e　or　sma1豆p破t　oξan　area　of

interes士can　be　transferred　to芝he　compute支s　w曲a

LAN　system　or　wi室h｛1oppy　d三sks　accord主ng　to　the

δe皿andofresearchers．TheapPIlca士1㎝programs
foτdata　ana玉ysis　are　avai亘ab1e　in　BASIC　or　C

1anguage・

　　In　this　report，an　examp｝e　is　shown　for　the

charac走erization　of　YBaCuO　super－conducting

ox三de－T1，e　materia至YBaCuO　superconduct｛ng

ox三de　is　prod汕ced　w三セh芝he　method　invented　at

NRIM－The　p・owde王of　meta1s　Y，B昼and　Cu三s
added　to　the　b1ock　of　silve豆・in　a　ra乏io　oξabout工O

wt％・　The　ma芝e至ia1s　a王e　me至ted　at　high

tempera亡u肥The　me1t　is　coo1edセo　so1id主fy　into　the

structure　of　an　auoy　phase　of　Y－Ba－Cu　precip三tated

a1ong　the　grain　boundary　of　si1ve王一The　materia1三s

heated　again　in芝he　aを㎜osphere　to　oxid三ze　the　Y＿

Ba－Cu　a至1oy　phase　al，dをo　transform　it　into

superconduc乏ing　ox｛de．The　ma吉erial　is　coo1ed

s1owly　to　roo服tempe閉芝ure，and　the　materi昼三with

the　structure　of　superconducting　ox｛de　distr三buted

a1ong　the　boundaζy　between　the　si｝ver　gra呈ns　is

produced・Tlle　trans三tion　temperature芝o　the　s麦ate

of　super－conδuction　depe王ユds　on　the　concel、嵌at三〇n

oξoxygen・The　phase　w主セh芝ra1ミsi走三〇n辻emperature

h三gherセhan　gO　K玉s　the　phase　represented　by

YBa2Cし至30フ．　The　phase　with　the　form訂1a
YBa2Cu306，5，wh三ch　sat三sξies　the　aξom三c　va至ence

re豆ation　aInong　oxyge1，and　the　Imeta王e1e1皿ents，has

theセmns三室ion　te三皿perature1ower　tha1，60K．Thus、

芝he　qual，ti芝atiVe　ana五ySiS　Of　OXyge1，COnCe呈1吉ratiO1，

mus亡be　inc呈uded　in走he　character三zaセ三〇n　of

YBaCuO　superconducting　oxide－

　　The　s乏1peΣconducting　ox三de　has　fouτkinds　of

e且e皿ents　and　is　anaユysed　with　a　paiζof　tem躯y

phase　diagrams・服sいhe　concentra芝ions　oξp三xels

are　p1otted　on　theセemary－phase　d三ag閉m　of　Y－Bか

Cu－The　p三xe至s　wi芝hセhe　composit主on　of　YBa2Cu3

are　se1ected－Next．these　se1ected　pixe至s　are　p1otted

on　another　temary　phase　diagram　oξO－Ba－Cu，Y一

V蘭呂2Cu1O
柵品2C・氾O13－5

V8的Cu30u．5

円9．f　Ooηcθη三raむoηs　ofρ脈θ1s　a炮ana’yεed　oηaρa斤ofねm”γρha5e　d’ag帽ms．　F1rsf，ρ秋e’s〃f肋comρos〃oη　γBa20uヨare　sθ’eαed　oη肋θγ一8a－0uρhasε

d1ag帽m．＾’θ刈，coηoeη所a打oηs　oチse’eαedρ脈8’s　are　aηa’ysed　oη肋e0－88－0u　f四marγρhase　dねgramわ’de榊卿肋eρ脈θ’8w’fh　sUρεmoηduo伽gρわasθγ8a20u30ア．
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円g．2αsfr他u打oηof舳ρεrooηd〕c伽gρわa8eγBa20u自01oη8ρedmeηsu㎡ace’s　showη舶regわηsρafηfed肥d一

O－Cu　or　Y－Ba－O．In　Hg－1，the　concentrations　are

p1otted　on　the　ternary　phase　diagram　of　O－Ba－Cu－

The　pixe1s　with　composition07Ba2Cu3are　se1ected，

In　this　way，the　pixe1s　wiせh　composition　of

superconducting　phase　YBa2Cu30アare　se1ected．

　　In　Fig・2，亡he　pixe1s　of　superconducting　Phase

YBa2Cu307are　painted　red．Hne　strings　or　thin

sheets　of　superconducting　Phases　are　observed

a1ong辻he　boundary　region　of　si1ver　grains－　The

pixe1s　painted　gエeen　have　the　composition　of

YBa2Cu3with　the　concentration　of　oxygen　sma11er

or1arger　than　YBa2Cu307．The　pixe1s　painted

purp1e　are　the　grains　of　si1ver－　The　unpainted

white　region　indicates　that　more　phases　other　than

those　spedfied　above　are　inc1uded　in　the　specimen，

Thus、討ructure　can　be　examined　in　detai1with　this

method－The　resu1ts　are　used　to　improve　the

production　process　of　supe工conducting　oxide一

Keywords：EPMA　X－ray　image．computer　image

ana1ysis，YBaCuO　superconducting　oxide
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□　1・1igh　Pressure　ApParatus　for　in　situ　X－ray　Diffractlon　and　E1ectrical　Resistance

　　　　　　　　　　　　　　　　　　　　　　　　Measurement　at　Low　Temperature

J．Tang　and　T－Matsumot0

M肋伽s〃ysた5肺1sfo〃

The　high　pressure　technique　is　one　of　the　most

effective　too1s　for　finding　new　behavior　based　on　a

decrease　of　a　materia1，s　vo1ume．Por　instance，the

atomic　arrangement　in　crysta1s　may　change，

resu1ting　in　structura1phase　transformations，or

the　eIectronic　structure　may　change，resu1ting　in

the　insu1ator－meta11ic　transition，　At1ow
temperature，drastic　changes　in　property　a1so

occur　frequent1y，among　which　superconductivity

has　been　a　we11－1（nown　examp1e，Thus　it　is　very

important　to　investigate　the　phenomena　induced

at　high　pエessure　and1ow　temperature　for　materia1s

science．Structural　study　is　especia11y　essentia1for

understanding　the　origin　of　change　in　the

e1ectronic　properties　under　such　ext工eme
conditions．

　　We　have　deve1oped　an　apparatus　that　a11ows　us

to　carry　out沽s〃“X－ray　diffraction　and　e1ectrica1

resistance　measurement　simu1taneous1y　under

high　pressure　and　at1ow　temperatuエe，The
present　apparatus　indicated　in　Pig。ユ（a）and（b）

consists　main1y　of（1）a　high　pressure　unit、（2）an

X－ray　di冊action　unit　and（3）a1ow　temperature

unit．Hydrostatic　pressure　is　generated　by　the

cubic－anvi1type　high　pressure　unit　which
uniform1y　compresses　the　cubic－shaped　gaskeセ

（enc1osing　a　samp1e　inside）as　pressure　medium

made　from　the　mixture　of　amorphous　boエon　and

epoxy　resin－　The　X－ray　diffraction　unit　is

cornposed　of　the　tungsten　rotor　target　and　the

energy　dispeエsive　detector．The　optica1a1ignment

of　X－ray　is　automatica11y　regu1ated　to　compensate

foエthe　positiona1change　of　the　samp1e，which　is

caused　by　an　increase　and／or　a　decrease　in

pressure　and　temperature．

　　Compared　with　X－ray　experiments　at　ambient

pressure，the　samp1e　size　is　usua11y　much　sma11er

in　high　pressure　experiments，and　thus　it　takes　a

1onger　time　for　high－precision　data　col1ection，

Moreover，the　heat　capacities　of　the　pressure

generation　unit　are　very1arge．　Therefore，it　is

difficu1t　for　the　temperature　at　any　specific

」．．．．

▼bad
Cryoslat

FRP　oolumn

hea1酬oha㎎研
一■■■

直

miπor

t帥oet

旧di日1iOn　SOhiel
PoSitioml

dele創or

F円P　oOlumn ○

む c
load

mO廿OT

F1g一胸Phofogra艸of肺e〃ψρres舳帽aρρarafus舳ηs伽X・rayd斤f個oむoηa州わ畑わemal’oof沽θaρρa舳s。
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position　to　be　co至↑tro11ed　and　kept　stab至e

throughout　t至↑e　exper呈menセat　Iow　tempαaをure・To

meeセセ11ese　cha1lenges．the　therma豆conduction
n，ethod　has　been圭ntroduced　for　col㌻セro至呈ing　sa1〕ユp1e

tempera主ure・We　newly　developed　the　heaを

cxc1，anger　for　f呈owing1iquid．gas．which　was

momteddi…t1yonto芝heanv1ls．Thehi．9h
vacuum　inside　the　cryosセaをmust　be　kept　for芝he

adiabat三c　condition　dur｛ng　operation　at1ow

t・mpe・・tu・・。Thlssys亡・mh・・beensu…ssfu11y

used　to　operate　at　pressもlresしlp　to　g　CPa　and

tempera乏ures　down　to7K・

　　　I1，OrderをO　n，eaSureセhe　e1eCtr呈Ca至reSiStanCe

dur三ng　X－ray　experimenセs，we　divide圭he　gasket

into　two　parts．珊e　bulk　sampIe　in　the1ower　part

is　used　for　measurements　of　e豆ectτ圭calτesistiviξy．

The　powder　samp至e　in　the　upper　paぎt　is　used　for　X一

・ayd搬・・ct1㎝・

　　　As　an　examp1e　of　the　simu1ta1，eous
measurements，Pig．2shows　the王esu至圭s　of　elec乏rica1

・・si・ti・iセy・ndセhevohlm・・h・nges・fTmTe・s

fしmctions　oξpressu肥丁狐Te　has　been　know1、をo　be

a1ハa芝er主a1of1洲ixed　va至ence．In　theしlpPer　panel　of

芝he　figure，it　can　be　c1ear1y　seen　that　t11e　resisをivity

changed　ren↑arkab1y　i打t1㌻e　pressし…re王a1㌻ge　of2to6

GPa－Corre至aセ量ng　these　d↑anges　wit至1sセrucセura1

pa蝸me芝ers。乏he1ower　pane1gives　the　p支essu蛇

dependence　of　the　vo1ume．Detai至ed　ana1ysis　of

this・esu1thasledus芝oconc1udethatthech・nges
in　e1ectr呈ca1resisξivity　resu1ted量n　t妻ユe　change　in

va亘ence　oチT1m　ions．

　　　We　a王e　now　expand．ing　the　capabilities　of　t1，is

systelm　to　acco1m肌odate　even　h三gher　pressures　and

玉ower　temperatures，so　that吉he　pressure　effect　o1㌻

the　mater呈a1proper芝ies　o室her　than　electrica1

resis室ivity，s毛1ch　asη｝agnetic　prope村三es，can　also　be

i1westiσated毛mder　extreme　cond呈tions　of1ow
　　　　　　b
をenlperatし双e　and　high　pressuζe一

Keywords：h三gh　p支essure，1ow　temper脈1re　in　s三童u

X一王ay　diffraction
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□Mesoscopic　Magnetic　Arrays　l＝abricated　by　High－Resolution　E1ectron・Beam
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Lithography

　　　　　　I．Nakatani

P伽1c〃Pγoρ州εsDlolsloη

Since　around　the　end　of　the1980s，new　fie1ds　of

research　on　magnetic　quantum　effects　and
magnetic　quantum　devices　have　been　opened－

They　are　the　spin－dependent　e1ectron　scattering

effect，the　spin－va1ve　effect，the　magnetic　tume1ing

effect　and－so　on，which　are　based　on　contro11ing

the　　exchange　　interaction　　essentia1　for

ferromagnetism．and　they　sharp1y　contrast　with

contro11ing　the　technica1magnetization　for
ferromagnetism　as　done　in　the　past．To　conduct

basic　research　on　the　magnetic　quantum　effects

and　to　rea1ize　new　concepts　of　magnetic　quantum

devices，the　key　techno1ogy　is　to　fabricate　the　we11－

defined　structure　of　the　deep　submicron　or　sub－

100nm　regime（1〕．Electron－beam　nano1ithography

has　a　potentia1apP1ication　for　deve1oping　such

nanosca1e　fabricahons　of　magnetic　materia1s，One

of　the　most　critica1issues　in　the　nano1ithography

process　for　magnetic　materia1s　is　the　RIE（reactive－

ion－etching）process．Magnetic　materials．whose

main　COnStituent　e1ementS　are　tranSitiOn　e1ementS，

are　inactive　in　an　ordinari1y　used　RIE－

　　In　this　s止udy，a　series　of　techniques　for　e1ectron－

beam　nano1ithography　have　been　deve1oped．
inc1uding　a　nove1RIE　method　usefu1for　magnetic
materia1S｛2〕．

F副b正icaHons　of　Nanostmctu正es

The　pattem　generation　was　performed　by　a　high－

reso1ution　e1ectron－beam　wri辻ing　on　a　resist　fi1m　of

αmethy1styren一αch1oromethy1styren　copo1ym．er

over1aid　on　amoエphous　carbon　fi1m　that　was

sputtered　on　a　g1ass弓ubstrate　or　on　perma11oy

（80％Ni－4－5％Mo－Pe）thin　fi1m　formed　on　a　g1ass

substrate．The　amorphous　carbon　fi1m　can　reduce

せhe　proximity　effect，1eading　to　high－reso1ution

e1ectron－beam　writings．Fo工pattem士ransfer　to　the

perma11oy　fi1ms　from　the　resist　pattems　defined　by

the　e1ectron－beam　writing．two　different　methods

have　been　studied．One　is　the1ift－off　method，

which　is　for　a　negative　transfer，and　the　other　is

the　RIE　method，which　is　for　a　positive　transfer，

By　the1ift－off　method，the　high　estreso1uhon　of

array　s士mctures　of　permal1oy　thin　wiエes　of60nm

width　and　of　two　dimensiona1la廿ice　structures　of

peエma11oy　sma11dots　of　lOOnm　were　achieved．as

shown　in　Photos／（a）and（b）．

　　The　RIE　method　invo1ves　the　rf　p1asma　of　a　gas

mixtuエe　of　NH3－CO　aimed　at　the　formation　of

vo1ati1e　transition　meta1carbony1s〔2〕A　maximum

etching　rate　of35nm／min　and　a　high1y　anisotエopic

etching　for　the　permal1oy　was　obtained　at　a

composition　of　about50mol％NH3－CO　at　a
P・・・・・…f2．4・！0■3T…　Th・・t・hi・g・・1・・ti・ity

ratios　ofperma11oy　to　Si02or　Si　were　about　lO　or4，

respective1y．By　this　RIE　method，arrays　of

permauoy　thin　wires200nm　wide　and300spaced
with　c1ear－cut　features　weエe　fabエicated，as　shown

in　Photo2、

Feエmmagnetic　Resomn㏄s　on　Thin　Wire　Amys

Of　Perma110y

Ferromagnetic　resonances　were　measured　on　the

arrays　of　perma11oy　thin　wires　in　the　uniform　rf

fie1d　H目at9，224GHz　in　a　TEo－1］cavity　app1ying

uniform　dc　magnetic　fie1ds．MuHip1e　resonances

were　observed　at　the　higher（or1ower）field　rather

than　at　the　fie1d　of　main　resonance　of　a　uniform

precessiona1mode－Hgures　l（a）。（b）and（c）show

FMR　spectra　as　a　function　of　static　magnetic　fie1ds

H、，on　the　three　principa1axes　of　the　array，para1le1

to　the　x－axis，y－axis　and　z－axis，respective1y－When

PhO1O1Perma〃0〃aη0εf仙0ωrεS鮒た8fedbγu51ηg的θ倣一0舳e肋0dl

‘a岬η〃ea〃aγ，ω5quθre’a肋oθofsma〃dαs、
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H、、was　in　the　x－axis，i・e・、Paral1el　to　stripes，a

uniform　precessiona1mode　was　observed．Case　I＝

When　H一、was　in　the　y－axis，i．e．、norma1to　stripes

and　para11e1to　array　plane，mu1tip1e　resonances

were　observed　at　the　higheエfie1d　rather　than　at　the

fie1d　of　main　resonance，as　indicated　by　arrows　in

the　figure．Case　II：Whi1e　H．is　in　the　z－axis，i．e．、

norma1to　stripes　and　norma1to　array　p1ane，

mu1tip1e　resonances　appeared　in　the1ower　fie1d

rather　than　in　the　fie1d　of　main　resonance．These

types　of　mu1tip1e　resonances　can　be　observed　foエ

the　other　stripe　arrays　with2μm　or3μm　periods．

These　mu1tip1e　resonances　are　un1ike　Kitte1’s　spin

wave　excitation，because　the　thickness　of　the

samp1e　is　not　greater　than　the　wave1ength　of　the

spin　wave・Magnetostatic　modes　are　exc1uded，

because　the　samp1es　used　are　meta11ic　and　were

p1aced　in　a　uniform　r　f　fie1d－

　　The　magnetic　moment　of　each　s辻ripe　makes　a

pエecession　motion　around　the　DC　magnetic　fie1d

H、，with　the　frequency　of　microwave　frequency，but

each　magnetic　moment　is　bound　to　a11other　stripes

in　the　array　by　the1oca1fie1d　coming　from　dipo1e－

dipo1e　interaction　between　the　stripes．By　an

ana1ysis　of　equation　of　motion　for　the　magnetic

moment　system，it　was　the　st工ipes・By　an
ana1ysis　of　equation　of　motion　of　the　magnetic

moment　system，it　was　e1ucidated　thaHhe
magnetic　dipo1e　standing　waves　are　excited　in

the　p1ane　of　the　array，and　that　the　standing

waves　have　mu1tip1e　modes　with　various　waved

1engths．The　projections　of　the　magnetic　dipo1e

Standing　WaVeS　Of　CaSe　I　and　CaSe　II　are

i11ustエated　in　Figs．2（a）and2（b）、respective1y．In

both　cases，the　ha1f　wave1ength　of　the　standing

wave　andηN∂，where　N　is　the　tota1number　of

stripes　in　the　array，andηis　an　integer　fエom！to

N．The　wave　has　a　ve1ocity　of　about　one－

hundredth　part　of　the1ight　ve1ocity．

Keywords：magnetica1mate・エia1，e1ectron－beam

nano1ithography，reactive－ion－etching，thin　wire

array，ferromagnetic　resonance
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□Atomistic　lnvestigation　of　Ni－Base　Single　Crystal　Supera11oys∪sing　Monte　Carlo
　　　　　　　　　　　　　　　　　　　　Simulations　and州om－Probe　Microanalyses

　　　　H．Murakami　and　H．Harada

Co〃・1p〃〃｛01〃正Mo±α’加／5∫cfθηcεDわf5主oη

Introduction

A1though　nicke1－base　sing1e　crysta1supera1loys

have　a1ready　been　developed　extensively　for

turbine　blade　apP1ications，there　a工e　continuing

efforts　to　improve　the　mechanica1pエoperties　of

these　a11oys　for　next－generation　aeroengines－These

supera1loys　have　L12orderedγprecipitates　inγ

matrices．Their　mechanical　properties　are　t11us

expected　to　be　controned　by　the　microstructura1

parameters　of　the　two　phases，such　as　their

inherent　mechanica1properties，and　interaction
between　the　two　phases，

　　Monte　Car1o　Simu1ations（MCS）（12〕have　been

emp1oyed　to　predict　tempora1and　spatia1evo1ution

of　the　atomic　arrangement，and　the　kinetics　of

ordeエing　of　nicke1－base　supera11oys，An　additiona1

advantage　of　MCS　is　that，since　the　position　of

every　sing1e　a士om　in士he　system　is　predicted，MCS

enab1es　three　dimensiona1representation　of　the

atomic　configurations－

　　This　artic1e　demonstrates　the　visua1ization　of

atomic　configuエation　derived　from　MCS．
Additiona1！y，the　chemistry　at　theγ／γinterface

simu1ated　by　MCS　is　compared　with　that　obtained

by　Atom－probe　Fie1d　Ion　Microscopy（APFIM）．
The　supera11oy　investigaモed　is　TMS－7！｛3〕（Ni－！2．7Al一

6．9Cr－6．2Co－4．OMo－2．8Ta－O．8Re　in　at％）、which　has

recent1y　been　proposed　by　ou工research　group　and

was　designed　using　a　regression－ana1ysis－based

A1loy　Design　Program（4〕by　adding　Co　and　Re　to

the　base　materia1TMS－63to　improve　creep
proper仕ies　in　a11temperatu工e　ranges、

Procedure　of　Monte　Car1o　Simu1ations

Initia1structure　can　be　generated　by　assigning

numbers　which　are　distinct　by　atom　species　on

random　la廿ice　sites　according　to　the　composition　of

the　a11oy、τhe　kinetics　of　ordering　can　be　control1ed

by　the　diエect　exchange　of　a　random1y　se1ected

sing1e　atom　with　one　of　its　neighboring　atoms．To

simp丑ify　the　simu1ation，the　Lenard－Jones　pair

po士entia工was　uti1ised　for　the　ca1culation　of　atomic

interaction，　The　va1ues　of　the　Lenard－Jones　pair

potentia1pa，rameters　were　identica1to　those

employed　for　the　C1uster　Variation　Method
ca1cu1ation’of　fcc　materia1s〔洲．The　simu1ations

were　performed　on！6×16×16or32×32×32fcc　unit

ce11s（16∫384or！31072aセoms，respective1y）、under

periodicboundary　conditions　at1323K。

Vism1ization　of　Atomic　configumtion

Using　MCS．the　distribution　of　atoms　in　the　system

is　described　as　shown　in　Pig一、where　the7th

atomic1ayer　of　the　system　is　high1ighted，Fig．2

shows　the2－dimensional　arrangement　of　atoms，

norma1to　the〈／00〉direction．The　atom　species　in

TMS－71may　be　identified　by　their　size　and

brightness．Since　pure　Ni1ayers　and　Ni＋A1mixed

1ayers　must　apPear　in　tum　a1ong＜100〉fo工pure

fu1工y－ordered　Ni3AI，it　is　possib1e　to　identify　the・

orderedγ’phase　from　MCS　as　indicated　by　the

arrows．According1y，the　site　occupancy　of　a11oying

e1ements　in　theγphase　may　a1so　be　understood、

Chemistry　change　atγ／γinterfa㏄s

The　composition　changes　atγ／γinterfaces　may　be

determined　by　APFIM　ana1ysis，since　the　ana1ysis

is　of　atoms　successive1y　field－evaporated　from　the

specimen　surface　and　chemicaI1y　identified．When

the　cumu1ative　number　of　each　solute　atom　is

p1otted　against　the　tota1number　of　detected　atoms

in　a’1adder　diagram1，the　horizontal　axis　inc1udes

depth　information　and　the　gradient　corエesponds　to

the1oca1composition　of　that　a11oying　elem．en七Fig．

3shows　a　typical　ladder　diagram　of　the
composition　change　at　aγ／γinterface　obtained　by

APPIM．Note　the　enri⊂hment　of　Re　in　theγphase

in　the　vicinity　of　the　interface・

F’9．ゴ　τhe3－d’meη5わηa’reρresεηfa〃oηof士he　afomたa〃日ηgemeηf　of　TMS－

71，derル目d斤om沽e〃oη士e　OarわS∫mωa打oηεa打er20000〃oηfe08〃o8feρs
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　　This1adder　diagram　may　be　simu1ated　using

MCS　by　ana1ysing　a　cy1inder　a1ong　the＜lOO＞

direction（containing，for　examp1e，40atoms　per

atomic1ayer）．Pig．4shows　a　so－cal1eポvirtua1

1adder　diagraml　acエoss　aγ／γinterface，simi1ar　t0

Fig－3except　that亡he　nu1mber　of　atonユs’detected’is

sma11er　by　a　factor　ofユO．When　A1atoms　aエe

p1otted　in　a　Iadder　diagram，Ni　layeエs　appear　as

horizonta11ines　whereas　mixed1ayers　appeaエas

inc1ined1ines　in　the　orderedγregion．　It　is　thus

c1ear　that　the　left　side　in　Pig．4represents　the

○工deredγPhase　and　the　right　represents　theγ

phase，The　composition　changes　between　t1le　two

phases　may　a1so　be　obseエved　for　Co，Cエand　Ta．

However．the　composition　changes　are　not　as　c1ear

as　those　experimenta11y　obtained　by　APHM，It　is

suggested　that　further　investigation　wi11be　of　he1p

in　obtaining　more　detai1ed　comparisons　between

the　numerica1simu1ations　and　the　experimenta1

reSu1tS．
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□Development　of　Platinum　Metals Base　RefractOry　Superal10ys

Y．Yamabe－Mitarai，Y．Koizumi，H．Murakami，Y．Ro，T．Maruko，andH．Harada
　　　　　　　　　　　　　　　　　　　　Co榊μf”oηα1M〃θγ〃s　D伽5±oη

Int正oduction

A　new　c1ass　of　supera11oys，name1プ1refractory

superaI1oys／I　has　been　proposed．This　new　concept

is　defined　as　a11oys　with　fcc　and　L12coherent　two

phase　structures　simi1ar　to　Ni－base　supera11oys

which　are　known　as　turbine　b1ade　or　vane

materia1s　in　gas　turbine，but　with　a　considerab1y

higher　me1ting　temperature・P1atinum　group
meta1s　are　idea1base　e1ements　for　these　a1Ioys

because　o王their　higher　me1ting　temperatures

compared　to　Ni，whose　me1ting　temperature　is

1453oC，and　superioエoxidation　resistance　to　so－

ca11ed　refractorymeta1s，i．e．、Nb，Mo，Ta　and　W－Of

the　p1atinum　group　meta1s．Rh．Pd，Ir　and　Pt　have

the　fcc　structure1ike　Ni，whi1e　Ru　and　Os　have　the

hcp　structure．Ir，with　the　highest　me1ting

temperature　among　the　p1atinum　group　meta1s

with　the　fcc　structure（at2443oC）、was　se1ected　as

the　base　meta1for　the　refractory　supera11oys，and

the　fcc　structure　can　be　equi1ibrated　with　the　L12

structure　according　to　binary　phase　diagrams，e．g．、

in　Ir－Nb　and　Ir－Ti　systems－A1so，the　fcc／L12

coherent　two－phase　structure　is　expected　to　be

formed　in　these　Ir　a11oys　since　their1attice

parameter　misfit　is　around1％一The　strength　at

1800oC　was　investigated　in　Ir－Nb　and　Ir－Ti　a11oys一

Micmstmctu爬

The　dark　fie1d　image　taken　with　a　super－1a廿ice

ref1ection（g＝1ユ0）from　the　L12phase　of　the　Ir－

15at％Nb　a11oy　heated　at1200℃for1week　in　the

beam　direction　of［1ユ1］by　TEM　is　shown　in　Pig．1．

The　phase　with　bright　contrast　is　the　L12phase，

The　L12precipitates　of1OO　to250nm　in　size　are

surrounded　by　finer　L12Precipita士es　of　about20－30

nm　in　size．This　microstructure　is　simi1ar　to｛he

typica1coherentセwo－phase　structure　in　Ni－base

supera11oys．except　that　the　size　of　the　precipitates

（coarse　ones）is　about　one－fifth　the　size　in　the　Ni－

base　supera11oys．The　resu1ts　of　X－ray　diffraction

of　Ir－15at％Ti　and　Ir一ユ5at％Nb　a11oys　show　both　the

fcc　and　L12structures．These　data　show　that　the

fcc／L12coherent　two－phase　structure　is　a1so　formed

in　the　Ir－N’b　and　Ir－Ti　systems一

Compression　test

The　stress－strain　curves　obtained　by　the
compression　test　atユ800℃are　shown　in　Fig－2－

The　O．2％f1ow　stress　of　pure　Ir，which　is20－3MPa，

is　drastica11y　improved　by　N1〕or　Ti　additions．The

O．2％f1ow　stress　of　the　Ir－15at％Nb　andユ5at％Ti

a11oys，which　have　the　fcc／Lユ2coherent　two－phase

structures，are2ユ2and222MPa，respective1y．Por

references，the　compressive　yie1d　stress　of　a　Nb

a11oy（Nb－18at％A1－4at％W）at1800℃（1）、the

tensi1e　yie1d　stresses　of　a　W－base　HfC　dispersion
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hardening　a呈1oy（W－O．35wt％Hf－0，025wt％C）（2）at

ユ650．C　al，d　A1203（3）at三800．C　and　the　u1timate

tensi1estressofpureWa〕800℃area至soshow1，in
F三g・2・　So1三d　sy肌．bols　are　used　for　the　te1，si1eセest

results・　The　stre汀gセh　of　Ir　a11oys　is　equiva1ent芝o

thesセrengthsofpureW（103MPa）andW－H麦C
昼11oys（至97MPa）、which　are　be1ieved　to　be　t1蛇

strongest　meta］1三c　materia呈s　avai1ab至e　aを吉1↑is

セempe工at脳e　an引a芝ger　than　those　of　the　Nb　a11oy

（12MPa）and　Al－203（28MPa）．The　compressive
ducti1ities　of　the　Ir－15at％Nb　and！5at％Ti　al1oys　are

not1arge－　Macroscop三c　observatiol，of　the
圭ractured　san｝p呈es　revea1ed　that　gra三n　boundary

cracking　c肌玉sed　the　fracture．This　may　show　that

圭室　is　necessary　to　add　grain　boundary

strengthen三ng　e1ements　when　used　in　a
po1ycrys辻a11ine　fo芝m，as量n　the　case　of　Ni－base

supera1豆oys．Another　so至u芝ion　may　be　to　e1iminate

grain　boundaries　by　forming　sing至e　crysta1s．

　　It　shou1d　a豆so　be　noted　in　Fig・2that　the　Ir－

！0at％Nb　a11oy，which　is　expected芝o　haveセhe　fcc

sing1e　phase　at1800oC　accordi1ユg乏oを至／e　phase

diagram，has　a　high　O－2％f1ow　stress（ユ4雀MPa）as

we重互as　a1鉗ge　compressive　d肌ti1ity・This　sugges芝s

that　Nb　acts　no走on至y　as　a　L12Precipi圭ate　former

bu廿a至so　as　a　so1id　so1ution　ha更dener　in　Ir，Purther

strengthening　by　adding15at％Nb　is　attribuセed　to

the　precip三tation　ha歪dening　of芝he　L至2Phase・In　any

case，the　data　show　tha芝the　balance　of　s室rength

and　ducti1量芝y　can　be　con佼o11ed　by　adjusting　Nb

conten圭inをhe　Ir刈b　bina更y　system・

　　The　h－10at％Nb，15at％］＼手b　andユ5at％Ti　a至1oys

showeδ　compressive　ducti1ities　a室room
te肌perature，which　areユ2．7．8．ユand8－6％
（inte汀upted）in　compressive　strain，respec芝三ve1y・

0xidation辻est

Oxiδa圭ion　resistance　of走he玉r－15at％Nb　a1至oy　and

three　reference　a呈呈oys，pure　W，Nb－20．4A1and　Nb－

4．2W－2ユー3A1（at％）、were　examined．The　samp1es　of

these　a1至oys　were　heated　atユ800℃forユhour　in

air．P岨eWand芝heNb－basea11oyswere
compleξe1y　vaporized・On1y　the　Ir－base　a呈1oy

re1苅a主ned　after　the　heat主ng，wiセh　the　meta11oss

being　O．03皿服from　the　surface－These　simp1e

screening　tests　show　that芝he　h－base　refracto至y

supera11oys　have　good　oxidation　res三stance　as　we1l

as　superior　mechanica1properties　at　such　u1tra一

至1igh　te肌pera走ures一

Ac1〈now工edg㎜ent

　　We　a王e　gratefu1セo　M至一S．Nishikawa　of～ruya

Meta1CO・、L室d・for　p至eparing　Iτa1呈oy　ingots・We

are　a呈so　g王atefu1をo　Mr．N．Sasak三and　Mr－Y，

Matsumoto　oりapan　U1tra－h三gh　Temper就ure
Materia1s　Research　Ce耐er圭or　carrying　out　the

compression　test　at至800℃Part　of　this　work　was

carried　out　under圭he　auspices　of　the　UK－Japan

cooperative　science　program，organize（i　by　the

Roya1Society　and　the　Japan　Society　ofセhe
P茎o㎜otion　of　Sc三ence．

Keywords：ξcc／L12two叩hase　coherent　s芝ructure，

high－te肌perat脳e　compressive　s圭rength，oxida芝三〇n

τeS三StanCe
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□　Transmission　Electron　Microscopic　Study　of　Cr　Precipitates
　　　　　　　　　　　　　　　　　　ln　Cu－Cr　in－situ　Composite

Y．Jin，K，Adachi、井丁．Takeuchi，and　H．G．Suzuki

Mε伽ηたα岬oρθ肋5Dlolε1oη，井H妙舳W1肋1ε1oη

High－strength（〉800MPa）and　high－conductivity

（＞80％IACS）Cu　materia1has　a　strong　app1ication

potentia1in　the　e1ectrica1and　e1ectronic　industries－

1…d・・t・・…hthi・g・・1、・・t…i…t・di・・（1I4〕…

now　being　carryed　out　on　various　Cu　in－situ

composites　which　have　much　higher
concentrations　of　the　secondary　e1ement　than

di1ute　Cu　a11oys・In　these　materia1s，aging

treatment　is　crucia1for　obtaining　good　conductivity

and　further　improving　the　strength，However，to

the　authorsI　know1edge，there　is　sti11no　report

conceming　the　aging　characteristics　of　any　Cu－Cr

in－situ　composite，a1though　numerous　resu1ts（5」6〕

have　been　pub1ished　on　di1ute　Cu－Cr　a11oys－In

di1ute　Cu－Cr　a11oys，two　precipitation　prob1ems

remain　unso1ved：（a）A1though　significant　aging

effects　are　observed　from673K　to773K，
microstructura11y，no　precipitates　are　seen　unti1
748K．On　the　other　hand，Kamijo　et　al．（ア〕．predicted

by　fエee　energy　ca1cu1ation　that　homogeneous

nuc1eation　shou1d　hapPen　due　to　the　f1uctuation　of

composition。（b）Different　arguments　exist
conceming　the　crysta1structure　of　the　metastab1e

precipitates　up　to　peak－hardness．　Some
エeseaエchers　be1ieve　the　metastab1e　precipitates　t0

have　an　fcc　or　hcp　stエucture　whi1e　others　sugges亡a

bcc　structure．In　the　present　work．we　have
c1arified　the　above　two　prob1ems　by　investigating

systematica11y　the　Cr　precipitation　in　the　Cu　matrix

of　a　Cu－！5wt％Cr　in－situ　composite，by　mean’s　of

ana1ytica1transmission　e1ectron　microscopy（TEM）

and　high　reso1ution　e1ectron　micエoscopy（HREM）．

　　The　materia1was　prepaエed　by　me1ting　high－

purity　Cu（99．99a冊o）and　Cr（99．99atツo）in　a

vacuum　fumace　at18ユ3K．The　ingot　was　hot
forged　atユ173K　and　then　co1d　ro11ed　into　sheets

with　a　reduction　of　up　to99．9％in　thickness．The

samp1es　we工e　so1ution　treated　under　vacuum　at

1273K　foエユhr，quenched　in　water，and　then　aged

under　vacuum　for　lhr　at　temperatures工anging

from473K　toユユ73K．

　　Fig，1（a）shows　the　TEM　bright－fie1（1（BP）image

of　the　Cu　matrix　in　the　studied　composite　aged　at

473K　for　lhr．On1y　the　dis1ocations（A）introduced

by　water　quenching　can　be　seen．Fig．1（b）is　the　BF

image　of　the　Cu　matrix　aged　at673K　for　lhr．In

contrast　to　the　previous　work　on　di1ute　Cu－Cr

a1loys∫Cr－rich　c1usters（B）were　observed　a1though

their　size　is　too　sma11to　produce　coherent　strain

contrast・Since　the　corresponding　hal＝dness　testing

and　e1ectrica1conductivity　measurements　have

disp1ayed　significant　aging　effect，some　evidence　of

precipitation　shou1d　be　seen　microstructurany．

The　existence　of　these　Cr－rich　c1usteエs　a1so　confirms

the　theoretica1prediction　of　Kamijo　et　a1．｛5〕．Fig，！（c）

shows　the　BF　image　of　the　Cu　matrix　in　the　peak－

hardened　condition（773K／lhr）．In　contrast　to　the

materia1in　the　under－aged　condition，土ypica1

coffee－bean　contrast（C）is　observed，suggesting

that　these　precipitates　are　fu11y　coherent　with　the

Cu　matrix　and　possess　the　same　fcc1attice，and

thus　shou1d　be　Cr　GP　zones．Pig，1（d）is　the　BP

image　of　the　Cu－matrix　at　the　peak　e1ectrica1

conductivity　condition（873K／1hr）。Un1ike　the　case

for　the　peak－hardened　condition，most　of　the

precipitates（D）were　found　to　be　rod－1ike　with　an

associated　high　strain　fie1d－　The　observed
precipitates　are　simi1ar　to　that　observed　for　di1ute

F1g．f　TE〃わ〃g伽一脆’d’mages　of肋εCu　ma肋x　aged8f　r到473κ〃〃、rわ」

673κ／肋η　ro，773κ／加r，rdリ873κ〃hη　‘e’973κ／舳r　aηdω　f03κ〃hr。τh百

or’eηfa〃oηたdosθわく0fフ〉0u、
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Cu－Cr　a11oys　at　the　same　aging　temperature，and

have　been　identified　to　be　the　coherent　Cr　phase　of

bcc　crysta1structure．Fig一ユ（e）is　the　BP　image　of

the　Cu　matrix　he1d　at973K　forユhr．Un1ike　the

peak　e1ectrica1conductivity　condition，incoherent

rod－shaped　precipiせates（E）were　observed．The

observed　precipitates　are　a1so　simi1ar　to　that

observe（l　for　di1ute　Cu－Cr　auoys　at　the　same　aging

temperature，and　are　genera11y　be1ieved　to　be辻he

incoherent　Cr　phase　of　bcc　crysta1structure，

possessing　a　K－S　re1ationship　with　the　Cu　matrix．

Hg．1（f）shows　the研image　of　the　Cu　matrix　at　an

even　higher　aging　temperature（ユ073K／lhr）．On1y

a　sma11amount　of　bu1k－hke　incoherent　Cr　bcc

precipitate　phase（F）can　be　observed．　The
existence　of　the　Cr－rich　c1uster　in　the　Cu　matrix　has

a1so　been　verified　with　HREM　techniques．Hg－2（a）

shows　the　HREM　image　of　a　Cr－rich　c1uster　of

around3nm　in　size，in［0111Cu　orientation　at

673K／ユhr　aging　condition．The　Cr－rich　c1uste王

disp1ays　a　darker　contrast　than　the　surrounding　Cu

matrix．More　information　can　be　obtained　by

improving　the　image　of　the　c1uster　with　computer

image　processing　techniques．and　the　resu1t　is

shown　in　Hg－2（b）．It　can　be　seen　that　the　Cr－rich

c1uster　appears　to　be　fu11y　coherent　with　the

surrounding　Cu　matrix　and　have　the　same　fcc

1attice　a1though1attice　distortion　exists・

　　To　summarize，the　Cu－Cr　in－situ　composite　has

simi1ar　aging　behavior　as　di1ute　Cu－Cr　a11oy．

However，in　contrast　to　di1ute　Cu－Cr　a11oy，

nanosca1e　Cr－rich　c1usters　were　observed　in　the　Cu

matrix　in　the　ear1y－aged　condition．which　matches

not　on1y　the　corresponding　l1esu1ts　of　ha工dness

testing　and　e1ectrica1conductivity　measurement

but　a1so　the　previous　prediction　from　free　energy

theory．In　addition，the　precipitates　in　the　Cu

matrix　at　the　peak－hardened　condition　are
identified　to　be　CエGP　zones．

Keywo正ds：Cu　in－situ　composite，Cr　precipitation，

transmission　e1ectronmicroscopy
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□Making　New　Meta1－Org■a州c　Compounds　with　Unusua1目⑧c廿onic　S廿uctur⑧s－

　　　　　　　　　Chemical，目ec析ochemical，and　Spect㈹scopic　Prope尚ies　of

　　　　　　　　　　　　　　　　　　　閉肺a1ocyanines　of　Gr◎up15日emeηts一

　H・Isago　and　Y－Kagaya

C加η此ρ11〕γocθssわtgDゴoオ5ゴoη

Pab至ica辻ion　of　mo1ecu1ar　devices，where　one

mo1ecuIe　fmctions　as　one　device、量s　one　ofセhe

most　cha11enging　Projec亡s　in　cur王enセand壬u辻ure

science．In　a　number　of　bio1ogica1syste夏ns，such　as

enzymes，which　can　be　considered　as　we至1－

designed　mo至ecu1ar　devices，unusua1e1ecむonic

structures　have　oξten　been・observed　iIユtheir

reac量ion　ce泄ers　where　some　me亡a1三〇ns　p1ay　an

impo至tant　ro1e．　In　recen亡years，Phtha至ocyanines

and　their　meセaI　compounds（MPcs）、which　are

indusセ「三aHy　impOrtan吉0rganic　dyes．have昼t泣acted

much　attenセion　in　the　fie1d　of　e1ectron三cs，no舳near

optics，and　photosensitizaセion三n　e1ectron－transfer

reaction．They　are　a1so　of　interest　from　the

viewpoint　of　the　si肌三亘a王ity　inセheir　mo亘ecu1ar　and

e｝ectronic　structu王es　to　those　o圭reac量ion　cen亡ers　of

enzymes・Por　examp王e，1an室hanoid　compounds

1igating士wo　phtha1ocyanines　are　known室o　have

struc芝ures　simi1ar亡o　those　of士he　reacセion　centαof

pho芝osynthetic　bacteri凄．OrigimI豆y。舳s　work　was

inセended童o　make　bismuth－and　an童imony－
p至廿haIocyanines　s三互n三1ar　to　the　1anthanoid－

phtha1ocyan亘nes　because　both　of　the　group一ユ5

e1emenセs　a童e　stab1e　inセhe　triva1en辻oxida量ion　s士ate

and　have　三〇nic　radii　c1ose　言o　those　of

lanthan〇三ds（m）。　A1辻hough　the　obtained
co互npounds1iga辻e　on1y　one　phtha1ocyan三ne（Pig・

1）、they脳e　much　more　inをeresting乏han　what　we

wanted－In　this蛇view，we　wish　to　figure　out　the

unusua1properties　of　the　bisrnuth－and　ant三rnony－

phセha1ocyan三nes一

Compositions，Chemica1Pmpe州es，and
So1ubili｛y　Cha蝸cteris｛ics

The　b三smu量h一｛1〕and　an芝imony－phセha1ocyanines｛2）

we王e　synthesized王o董辻he　first　time　in　our

豆aboratory　w三セh　convent三〇na呈procedures　that　were

modified　a　bi亡一The　former　has　the　composition、

［Bi（pc）X］、where　pc2’舳d　X－denote　phtha1ocyanine

d三anion，C32H16Ns2’、anδmonoanion（Q1and　Br’）、

至espect亘ve1y（1）．A1芝hough三t　is　unknown　whether

セhe　co肌pounds　shou至d　be　presented　as董B三（pc）X］or

as［Bi（Pc）］十X’，e1ectrochemistry　of［Bi（Pc）Br】（3）has

supPorted室he1atをer　fornユula，a舌1eas芝in　so至u芝ions．

［Bi（Pc）X］s　are　re1ative1y　so1ub1e　i列po1ar　so至venセs，

but　inso至ub至e　in　nonpo至ar　so1vents　norma11y　used

fo芝the　known　MPcs－In　so1utions、［Bi（pc）X］s　weζe

unstab1e　aga三nst　water，acids，and　bases；the

bismuth　ion　is　quite1abi｝e　and　read呈1y　expe1豆ed

from芝he　pc　macrocyc1e－Onセhe　contぎary、士he

antimony　compouI〕d　has　been　iso1ated　as
王Sb（Pc）C至2］十X’　（X’　：　monoan三〇n，　such　as

h・…h1・・…ti肌㎝・t・，P・王・h1…t・，・・d・…）｛2）．

This　is　surp王ising　bec肌1se　the　cen士ra1a耐三mony　ion

is　pentavale耐a1though　triva1ent　antimony（SbC13）

was　used　as士he　starセing　materia1－Sb（Pc）C121＋三s

more　so1ub1eセhan［Bi（Pc）X1s三n　so呈ven芝s　nor㎜a11y

used　for　the　known　MPcs．This　is　stab1e　against

water　and　acids（even　in　concentrated　H2S04）b耐

τeadi1y　reduced　even　by　weak　reducing　agen芝s

such　as　organic　amines，Such　ionic　MPcs　were

mknown　un量i呈this　work．

正11ectroche㎜istry

Pigure2shows　cyc1三c　vo1ta肌mograms　of［Bi（pc）X］s

and〔Sb（Pc）C12］十。The　f三王s芝ox主dat三〇n（Ox）、the　f三rst

and　second　reduction　waves（Redl　and　Red2）in

that　oチ［Bi（pc）C1］（P三g．2a）are　au　pc一肌acrocyc亘e－

ce耐e至ed．The　vo1tammeをric圭eatuエe（inc1udingセ至1e

redox　poセentia1s）is　typ三ca1of芝he　known　MPcs

w曲e1ectrochemicauy一三nactive　centr昼豆meta1ions．

That　of［Bi（pc）Br】（Fig．2b）was　esse1池a至1y　the　same

O

　　　　　　　　　OR僅d2Red1
8〕

　　　　　　　Ox；π

　　　　　　　　　　　　苫2“＾
b〕

。芹　似
d〕

・1　　　　　0　　　　　1

a）　　　　　　　　b）

的．1Proρosedmolecu1洲fr舳棚ofa〃8伽ガaηdわ〃Sb伽燗十．

E’Vv昌．芦cκc＋

Fり．2肋わalcγc〃c甘oκammog舳50fa〃8κρo／0肌わ〃8κρo，助仰dlme肋γ1
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except　for　the　appearance　of　an　additional

oxidation　wave（Oxirr），indicatingセhaりB三（Pc）Br］

dissociated三nto［B｛（Pc）］十and　Bゼin　solutions．

A玉though　the　vo1tammogram　of［Sb（pc）02］十is

simi1ar　in　its　shapeセo　thaセof　the正B三（pc）C1］，

surpr三sing1yセhe王edox　potentia1s　are　signi圭三cant1y

anodica1玉ysh三ftedbyca－1V（刑g．2cand2d）；its
first　reduction　potenセia1isセhe　sma至王est　of　those　of

セhe　known　MPcs，　The　facile　reduction　of
［Sb（pc）C12］十might　be1ユseful　inセhe　f三e1d　of

e1ectronics，Photosensitization　i．n　so1ar　ce11，and　for

a　new　e1ecセron　accepセor　for　synthetic　me芝als　or

SもlperCOnduCtOrS∫and　mO1eCu玉ar　magnetS一

Spec辻roscopy

Figure3shows　the　e1ecをronic　absorption（UV）and

ヱ皿agne迂ic　circu1ar　d主chroism（MCl⊃）spectra　of

［Sb（pc）C12］十．A至セhough　MPcs　are　known　to　show

an　intense　abso王pセion　band　genera11y　in　the　v三sib1e

region（650＿680nm）、which　is　assigned　as　an

e1ecモronic　transi圭ion　from　the主r　HOMO　to　LUMO

md　is　ca1王ed　as　a　Q－band，［Sb（Pc）C12］十shows　the

most　bathochromica玉玉y　shifted　Q－banδat726nm　of

the　known　MPcs．Likewise、エBi（pc）X】s　show　a王ed－

shifted　Q－band　at7ユ6ηm－A王至ofセhe［B量（Pc）x1s　and

1Sb（Pc）C121＋show　a　distinc圭三ve　Faraday　A－term　in

the三r　MCD　spectra（芝he　derivat主ve－shape1ine　undα

之he　Q－band　in　Pig・3b）∫indicati1ユgセhatセhey　have

high　symmetry（as　shown　in　Pig．1）一The主r　in圭ense

Q－bands　in　the　near－infra－red　region　might　be

usefu1in　the　field　of　optoe呈ectronics，1，onlinear

opセics，and　forモhe　oセher　opセica1dev呈ces　where

semiconduc之or一｝asers　play　important　ro1es．

　　Quiセe　recently，we　have　reported　UV　and　MCl⊃

specけa　of　e／ect工ochemica1至y－9enerated　one－

e1ectron－reduced　species　of王Sb（pc）C呈2】十（its

sma11es圭reduc圭｛on　po辻enξia1a王1owed　usセo　obtain

…h・p・・i・・）t4〕．A・・h・w・i・Pig．4，b・lhth・UV

and　MCD　spectm　showed　a　sing1e　intense　band　at

599nm．Onセhe　basjs　of　these　spectra，we
conclしldedセha亡the　transi走ions　observed　were

orbita1ly　degenerate　in　theiτgτound　state　and　thaモ
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セhei工symme圭ry　was　reserved　even　upon　reduction－

This　is　qui走e　surprising　because　one－e玉ec走］＝on－

reduced　MPcs　were　be至ieved　to　be　d主storをed三玉／

symmetry　due圭o　significant　Jahn－Te11er　effect　unt主I

we王eported芝hese　spect王a－The　fad1e　reduction
and　the　retention　of　high　symmetry　of［Sb（pc）C12］十

even　upon　redしlc吉ion　coもl1d　be　usefu1in　the

fabrication　ofnew　types　of肌o1ecuIar　magnets、

Conc1uding　Remarks

We　have　brief呈y　refe王red　to　the　unusual　properties

of　new　phtha1ocyanines　of　group－15e1e㎜en吉s－In

particuiar，the　antimony－phtha豆ocyanine　migh芝be

pro肌三sing　in　someξieids．However、モhe　causes　of

such　anomalies　are　stil1訂nknown，We　have
offered　some　hypotheses　bもlt　most　o圭them　a支e

under　investigaそion…’4〕．The　answers　wou至d　be

given　by　further　study，especia王1y　with　the　aid　of

亡heoreモical　work　such　as㎜o至ecu至ar　orb｛芝ai

ca1c1ユ1ations・Further　synthetic　works　on　new

co狐pounds　are　a1so　in　progress．

Keywo王ds：phtha玉ocyanine，antimony，bismuξh，

e1ectrochen｝三stry，spectroscopy
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1ntroduction

C021aser　has　been　wide1y　used　as　an　energy　source

for　materia1processings　such　as　we1ding，c1adding，

a11oying，cutting，dri11ing，PVD　and　so　on，One　of

main　prob1ems　of　the　processing　is　that　the

interaction　between　the1aser　beam，meta1vapour

and　gases　produces　a1aser－induced　p1asma－Once

the　p1asma　forms，it　absorbs　or　sca廿ers　the1aser

beam　and1eads　to　a　reduction　in　heat　input　or

power　density．Some　interesting　research　works

have　been　done　to　ana1yse　the　chal1acteristics　of　the

p1asma　and　to　discuss　the　1aser－p1asma
interactiono）’（2）．It　is　very　difficu1t，however，to

measure　the　distributions　of　the　e1ectron　density

and　the　temperature　of　the　p1asma，because　they

f1uctuate　very　rapid1y　during　the1aser　processing．

　　Recent1y，we　have　deve1oped　a　new　method　for

producing　a1aseエp1asma　which　is1arge　and　stab1e
・…ght・…1y・・th・・h・…t・・i・ti・・（3〕1・th・

present　topics，we　intエoduce　the　method　and　the

characteristics　ofthe　p1asma・

Formation　of　Large　and　Stab1e　Laser　P1asma

A　stab1y　induced1aser　p1asma　can　be　obtained　by　a

good　combination　Of　an　arc　and　a1aser　beam　as

shown　in　Pig．L　A　focused1aser　beam　was
irradiated　onto　an　arc　p1asma　generated　in　a

horizonta1direction．An　assist　gas　of　Ar，N2，He　or

a　mixed　gas　thereof　was　f1owed　through　a　coとxial

nozz1e　of5mm　in　diameter．A1oca1part　of　the　arc

p1asma　which　was　heated　by1aser　irradiation　was

separated　from　the　arc　and　went　upward　due止o　its

buoyancy　when　the1aseエpoweエexceededユ。2kW．

C021aser

Assist　gas

With　an　adequate　coup1ing　of　the　laser　power　and

the　f1ow　rate　of　the　assist　gas，the1aseエplasma

stood　sti11in　space　between　the　nozz1e　and　the　arc

as　shown　in　Pig，2（a）．Once　the　p1asma　formed，it

continued　to　exist　by　absorbing1aser　power　even　if

the　aエc　was　shut　off．The　size　of　the　p1asma

increased　with　increasing　the1aser　power　and　the

f1owエate　of　the　assist　gas－This　p1asma　is1arge　and

stab1e　enough　for　its　characteristics　to　be　ana1ysed－

Characte正istics　of　Laser　Indu㏄d　P1asm副

The　stab1y　induced　Ar　p1asma　was　characterised

by　the　fo11owing　methods，The　incident1aser

power　Io　and　the1aser　power　passed　through　the

p1asma（Il）were　measured　using　a　power　probe

with　an　abso1ute　accuracy　of5％．Average
absorptioncoefficientαisobtainedby
　　I1＝Io　exp（一αx）

　　where　x　is　the　p1asma1ength．The　radia1

distribution　of　the　e1ectron　density　was　eva1uated

by　measuring　the　infrared　radiation　from　the

p1asma　on　the　basis　of　the　Abe1inversion－In　the

infエared　range，Bremsstrah1ung　is　expected　to　be

dominant　and　the　spectra1radiance　is　in
P・・p・・ti・・t・th・・q・・…fth・・1・・t…d…ity｛4〕．

The　e1ectron　temperature　distribution　was
ca1cu1ated　numerica11y　from　the　va1ue　of　the

e1ectron　density　on　an　assumption　that　the　p1asma

was　in1oca1theエmodynamic　equi1ibrium，Hguエes

2（b）and（c）show　a　typica1examp1e　of　the　e1ectron

Laser　　　　　　　　　　　　　　　65
induced

plasma
　　　　　　　　　　　　　　　Arc　plasma
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density　and　temper昼t訂re　pro圭i豆es・

　　The豆aser　el，ergy　absorbed　in　the　p至as肌a

inc至eased　with　increasing芝he1aser　poweオ、whereas

the　average　absorption　coeffic三ent　of　the　p呈asma　had

an　apProximaセe1y　cons芝an麦value　oチ0－6cm11

independent　of　the1aseΣpower．　This　suggests　the

sをate　of芝he　p豆asma　is　noをaffected　by　the至ase支powe更．

In　fact，maxi肌um　va1ues　of　the　e1ectron　densi圭y　and

the　e1ec室mn　temperature　o｛セhe　p1as服a　s至10wed

2．O×1017cm’3and18000－！9000K　in　au　ranges　of　the

至aser　powe至、至espective豆y－On1y　the　p1asma　size　was

affecセed　by　the1aser　power・Theセempera室ure　profile

was　spread　wi乏h㎞creasing　the　power・

　　The　absorption　coef圭icient　was　ca1cu1ated

n訂merica1至y　from　the　experimenta至data　of　the

eIecセronδensiセy　and　temperature　on芝he　basis　of

inverse　Bremsstrah1ung麦heory〔5）一The　resu1ts

agreed　well　with　those　obセained　by　the　expe王iment，

i1，dica童ingセhat芝he　absorpセion　of　the1aser　energy　is

c舳sed　by　inverse　Bremsstrah1mg．The　ca1cu1ation

of芝he　absorp室ion　coeffic三ent　for　Ar　p1asma

revea互ed麦hat　the　absorpセion　was　most肥markab至e

at！6200K　and　it　decreased　above　the　temperature

as　shown　in　Fig．3．This　is　the　reason　why　the

p1asma　temperat服e　was　saturated　atユ8000芝o

ユ9000K．

　　In　the1aSer　prOCeSSing，meta11iC　e1eme呈1tS

vaporised　from舌he　substra童e㎜ay　affect　the

absorption　property，becauseをheir　ionisaセion

energy　is　norma11y至ess　than芝hat　of　gases・Then。

をhe　absorption　coefficien士of　Ar一ユ0wt％Fe　w昼s

ca1cu1ateδand　shown　in　Fig．4．The　ionisa室ion　of

Pe　causes　a　plateau　at9000＿！O000K．but　a至arge

peak　can　be　seen　atユ6000K　due乏o　ionising　Ar－

This主ndica乏es　that　t至／e　meta11三c　e1emen室s　do　not

exe更芝a　grea芝主nEuence　on亡he　absorptiol，Property

if芝he　p至asma　does　not　inc1ude　a1arge　amoun隻o圭

metal1ic　e1ements．O亘／the　other　hand，the1aser

process三ng　Phenomenon　such　as　we1d　penet王a吉ion

is　s三gn三ficant1y　a旋cted　by亡he　compos三芝｛on　of　the

assis吉gas．Our　experi狐en童a1data　ofセhe　absorption

coeffident　a1so　indicated芝he　effect　of　the　gas

composit三〇n－Ar－N2mixed　gas　s三ightユy　reduced　the

absorption　coefficient　due　to　a1arge　therma至

conductivity．The　aδdi言ion　of　Heをo　Ar　assist　gas

sign童fican士1y　decreased　the　absoζption　coefチident

bec舳se　of　the至arge三〇n三sat亘on　energy　of　He．

　　The　stab1y　induced｝aser　plasma　which　we
deve呈oped　is　quite　unique，　It　can　be　generated　in

space　wi芝hout　e1ec亡rodes・We　are　p至amingをo

deve1op　this　meセhod　to　a　new　maをeria至s　processing・

Keywo正ds：C021asα、1aser　processing，1aser
｛nduced　p至asma，absorption，e1ectron　dens｛童y、

圭herma呈p1asma
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□　ApPlication　of　AI＝M　Technique　on　Bacteria　Corrosion

N．WashizuandH．Masuda
　　P〃〃εP切sたs　D主切5ゴoη

Microbio1ogica11y　inf1uenced　corrosion（MIC）is

corrosion　caused　by　microorganisms・It　is　difficu1t

to　work　out　a　countermeasure　for　MIC　because　it

is　a1most　impossib1e　to　predict　the　corrosion　rate，

which　changes　in　comp1iance　with　the　amount　and

the　activity　of　microorganisms－Therefore．MIC　is

a　serious　prob1em－

　　In　many　cases，iron　oxidizing　bacteria（IOB）

p1ay　important　ro1es　in　MIC－Figureユshows
metabo1ism　of　IOB．IOB1ive　on　Pe2＋and　oxidize　it

in　acid　wateエ．Pe3＋、which　is　product　of　IOB，is　an

oxidant　and　corrodes　meta1s．When　Fe3＋oxidizes

meta1s，it　isエeduced　to　Pe2＋on　which　IOB1ive．

With　this　cyc1ic　reaction　of　Fe2＋and　Pe3＋、

mu1tip1ication　of　IOB　increases　corrosion　rate，and

corrosion　acce1erates　mu1tip1ication　ofIOB・

　　In　this　research，we　have　examined　what

happened　to　meta11ic　surfaces　and　ce11s　of　IOB　in

the　initia1stage　of　the　corrosion・　To　observe　ce11s

of　IOB，we　apP1ied　an　atomic　force　microscope

（AFM）with　which　it　is　possib1e　to　observe　the

shapes　on　a　nm　sca1e　in　the　atmosphere．

Initial　co正msion　inducedby　IOB

Hgure2shows　an　APM　image　of　a　ce11of　IOB　and

a　ho11ow　around　the　ceu　on　the　surface　of　SUS304

stee1，which　is　a　typica1stain1ess　stee1，The　size　of

lOB

this　ce11was　approximate1y1mm　X　O．5mm，The

ho11ow　had　the　same　shape　as　the　ce11．According

to　this　fact，if　IOB　adsorb　on　the　surface　of　SUS304

stee1，the　part　of　the　surface　near　the　ce11of　IOB　is

corroded　se1ective1y－It　seems　that　the　ho11ow

around　the　ce11formed　by　this　se1ective　corrosion

grows　into　a　visib1e　pit，which　is　the　characteristic

ofMIC　of　stain1ess　stee1．

Corrosion　and　activity　oHOB

Pigure3shows　an　AFM　image　of　a　surface　of　SUS

304stee1on　which　corrosion　was　induced　a1ong

grain　boundaries－A　ce11of　IOB　adsorbed　on　the

surface　near　the　grain　bomdaries．This　bacterium

was　bigger　than　oエdinary　ones　and　had　a　narrow

part　in　the　center　of　the　ce11，which　means　that　the

ce11was　segmenting　and　active，The　reason　for
this　activation　of　IOB　seems　to　be　that　Pe2＋was

produced　in　the　corrosion　site　by　the　reduction　of

Fe3＋and　by　the　corrosion　of　so1id　iron　which　is　the

principa1e1ement　ofstain1ess　stee1・

　　Figure4shows　an　APM　image　of　a　surface　of

SUS304stee1with　a　pit　of　approximate1y800nm－
It　was　a1so　observed　that　a　ce11of　IOB　which　crept

into　the　pit　was　segmenting－The　reason　for　the

creep　of　the　ce11of　IOB　seems　to　be　that　the　ce11

was　seeking　Fe2＋and　that　Fe2＋was　produced　in　the

pit　by　corrosion．Iセseems　that　IOB　which　crept
into　the　pit　got　Pe2＋、became　active　and　segmented－

　　Pigure5shows　an　AFM　image　of　a　surface　of

SUS304stee1on　which2ce11s　of　IOB　were

　　　3＋Fe 　　　2＋

Fe

1
－Mn
e　　ユMn＋
　　　　　　　　　　　　　　　n

円g．寸Meねbo〃sm　o〃0B　aηd　oorros’oη’ηduoed　bγ’08。

〔g．2月F〃’magθof　a　cθ〃oり0B　aηd　co〃osわη’ηducedわγ的θcθ〃oηa

s〕rfaoe　Of8u8304sfθe’．
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F’g－3月F〃’mage　of’08w榊ch　segme榊εd　aηd　corrosわηa’ong　gra’η

bOuηdar冶s0ηa　su㎡aoe　of8U8304εfeε＾

〔g．5ハF〃∫mage　of榊o　ce〃εof108η朗r　aρ〃oηa舳㎡aoe　of8uS303sfee∫．

争＝．J、｝、、二、1、＝一　　三；ll・一，．．　　　＝‘’’

　　　　　　　　　　　・考．i　　．｝．王’’「’ξ・・

一二｛㌧・、、、，三一＝’…　J

　　　　　　　　　　　　　　　　　　　　　rμ榊

F〒g－4＾FM’magθof’08〃〃oh　oreρりηfo　aρ〃oηa　su㎡aoe　of8uS304sfεe’．

observed　near　a　pi七〇ne　of　these　IOB　which　was

c1oser　to　the　pit　was　active　and　segmented．The

distance　between　this　bacterium　and　the　pit　was

approximate1y500nm．The　other　was1ocated　at　a
distance　of2μm　from　the　pit　and　did　not　segment，

This　resu1t　means　that　the　difference　in　activity　of

IOB　depends　upon　whether　a　bacterium　is　c1ose　oエ

not　to　a　pit　on　aμm　sca1e．

　　　Figure6shows　an　AFM　image　of　a　surface　of

SUS304stee1which　was　not　corroded．Two　ce11s
of　IOB　observed　on　the　surface　did　not　segment．

This　bacterium　was　not　active　because　Pe2＋was　not

supP1ied　by　corrosion．

月g．6ハFM1m8ge　of〃o　oe〃s　of’0B　oη自su㎡邊oe　of　Sし’S304sねε’where

00rrOs∫0ηwasη0HηdL’ced．

Conc1usion

In　this　research，we　examined　initia1corrosion

induced　by　IOB　from　the　point　of　view　of　sing1e

ce11s．The　resu1ts　are　as　fo11ows：

！．IOB　induce　corrosion　on　a　surface　of　stainless

　　stee1where　IOB　adhere．

2．IOB　which　adhere　to　a　corエosion　site　become

　　aCtiVe．

Keywo正ds：microbiologica11y　inf1uenced　corrosion．

iron　oxidizing　bacteria，Fe2＋、Fe3＋、atomic　force

microscope
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口CreepRatesofAust⑧niticStee1sdwingC訂bidePrecipitation

　　　　　　　　　　　P．Abe

Eηoゴro川ηε伽1Pε1仰〃”πε肺15fo〃

Many　micros麦mctura1cha呈↑9es　take　p至ace　in　heat－

resisting　stee至s　and　a王1oys　at　highξe1nperature　and

a脆ct　their　creep　deformaセion　behavior．In　the

presen走research、芝he　effect　of　carbide　p至ecip｛tat三〇n

on　creep王aセe　has　been　investigated　for至0Cr－30Mn

austen三tic　s亡ee五s　containing　O－003，O－！ユ、O，26and

0－55％carbon．After　so至u室ion－annea1ing，the　creep

test　was　caτr三ed　out　a室873K　for　up　to　abou乏！0｛h．

These　s室ee1s　are　properξor　an　inves室igatio1，on芝he

effect　of　carbide　precipitation，because　the　carbon

addiセion　of　up芝o0－5wt％causes　on至y　one　kind　of

carb主de，M23C6．This　si㎜p1i麦三es　the　interpre走ation

・fth・…u1t・・High－Mn肌1・t・nlti・ste・1s・王・

p支omising　as　a支ep1acemen芝チor　c6nventional　Pe－

N三一Cr　stain呈ess　stee1s　su主tab1e　for～sion　reactor

s校ucセures　as　regards　a　reduced　radioactivation

proper芝y・

C肥ep　rates　in版ansienセαeep　region

The　creep　curves　consisted　oチa　primary　or

圭ransient　creep　reg三〇n，where　the　creep　rate

decreased　with　time，and　oξaセe至tiary　or

acce1eratedαeep　reg三〇n，where　the　creep　ra士e

increased　with乏豆me　aチ芝erζeach三ng　a　minimum

creep　rate．　In　the　neighborhood　of芝he㎜inin｝u亘n

creep　rate，the　change三n　creep至a芝e　with芝ime　was

ve王y　s呈na王1，suggest主ng　thatをhis　aτea　corresponds

to芝he　steady－state　creep　region，　Inξhe　high－

carbon　stee1s，O，26C　and0．55C，the　extensive

precip三芝ation　of　M23C6occurred　dur三ng　creep、

causing　a　significanセdecrease　in　creep更ate．　The

effect　of　the　M23C6prec三帥a士三〇n　on　the　creep　rate

curves　was　ana1ysed　using　the　genera至equation　for

diffus三〇n－conをro11ed　growth　of　prec三piをates　fro㎜

supersatura芝ed　so呈id　so1uξion－The　creep　rate

curves三n　the　transient　creep　region　were　descr三bed
　　｛’1・2〕

aS

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（1）
　　　　　log6xA一（1／3）logf一αy

・一・、、1一…卜（・1）2／311

（2）

　一410
　　110’ 　　　　　　　　　　2
1　　10　　10

Time（h）
10310・

　　where　A　is　a　constan亡depenδing　on　stress　and

carbon　concentration、αpropo王tio1，a豆constant，y

the　amount　of　precipitated　so1ute　atoms　at廿he　tim．e

t，yo　the　total　amomt　of　avai1ab1e　precipitaセe　atoms

in　so呈utioI，and　K　is芝he　rate　cons芝ant．　The

ca1c訂1ated　curves　shown　in　Pig－provide　a

τeasonab1e　apProximat三〇n　for　the　experimen芝a1

resu至芝s　over　most　of芝he　transient王egion．The1ast

term、αy，on　the王ight　s三de　of　Eq．［11represe耐s　the

δecrease　in　creep　rate　by　t1，e　M23q，Precipitat三〇n

duri1唱cエeep　and　was　neg｝三gib1y　sma至玉for　the1ow

carbon0，003C　and0．nC　stee至s．The芝ime　exponent

2／3in　Eq。［2］is　related　to　the　stress－induced
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predpi走at｛on　oξM23C‘on　d三s1ρcaモion1ines　which

were　produc6d　by　creep　deforma芝ion．

Minimu狐creep　mte

In　the　h｛gh　carbon0・26C　and　O，55C　sセee互s，the

s土ress　exponen辻n　of　the　minimum　creep　rate

（6mi・・B♂）・h・ng・dξ・・m…yhigh・・1…

above20at　high　s量resses　to　a1ow　va1ue　of　about5

at亘ow　stresses（Fig－2）。Taking　into　account　Eqs一王三］

an引2］、the　effect　of　the　M23C6precipitation　on　the

stressδependence　ofをhe　minimum　cτeep　rate　was

described　as

　　　　　　　　　　　　η　　　　　　　　　　　　　（3）
　　　6皿i。一Bσ・・p（一αy’）・

亘ogarithm　of　creep　rate　increased1inearIy　wiセh

strain　but　not1inear1y　with言i㎜e．Therefore、｛he

acce至eration　of　creep　rate　was　eva1uated　byΩpコ

d1n6／dε、whi・hi・th…㎜…　th・・…pd・m・g・

paramete王defined　by　Prager－In　the1ow　carbon

0，003C　and0．ユユC　stee1s，theΩp　was　as1ow　as6and

was　interpre量ed　as言he　acceIeraセion　of　creep　ra量e　by

an　apParent　increase　in　stress　caused　by　a　decrease

in　cross　sec亡ion　with　strain．In　the　high　carbon

0．26C　and〇一55C　stee玉s，theΩp　increased　from　the

1ow　va豆ue　simi1a至セo　the　low　carbon　s士ee1s　at　high

stresses　and　short亡imes　to　the　high　va1ues　up　to

about40and400fo歪the0．26C　and　O．55C　s言eeIs，

respective1y，and　then　satu滅ed　afte王comp1etion

of　the　M23C6pτecipitation（Hg，3）｛2■3）．The

precipitation　and　agg1omeration　ofセhe　M23C6

predpitates　aIong　grain　bomdaries　promo舌ed室he

formation　of　creep－cav三ties　and　gra三n　bound服y

frac｛慨e，causing　an　inc王ease　inΩp・

C爬ep　ruptu正e　life

The　time　to　rupture言、was　expressed　as㈹

　　　t，、一！．45／（ξ．、、iコ1Ωp）　　　　　（4）

for　a至至the　speci肌ens　with　di脆renセst王ess豆eve亘s

and　different　carbon1eve亘s．This　ind三cates量hat亡he

tR　is　de言er肌三neδby　the　product　oチthe6。、…、、byΩp

but　not　by　the　6mil，a1one一

Keywords：creep　rate，aus童enitic　s芝ee1，ca至bide，

precipita辻｛on

1｛eferer［CeS

　　where　y’is　the　y　aセ言he　t三me　at　wh三ch　theαeep

ra芝e　exhib三ts　a　mini㎜um　va1ue・The　term　exp（一町1）

decreases　w三辻h　increasing　the　M23C6Pre〔ipitation．

This　indicates　that　the　s量ress　dependence　of　the

m三n三mum　creep　rate　during　carbide　precipitation

resu玉圭s　from　not　on至y　the　s亡ress　exponentηbut　a1so

the　term　exp（一αy1）．After　co肌p豆etion　ofをhe　M23C6

precip三tat呈on．the　exp（一αy1）is王egarded　as　constant

and圭he　sセress　dependence　at王ow　stresses　and至ong

ti皿es　isセhe　same　as　that　of　the1ow　carbon　sセee1s．

Acce1αation　of　creep　raセe

After　reaching　a　minimum　creep　ra乏e，the

1，P－Abe、’1Creep　and　Creep　Raセe　Curves　o｛a　lOCr－

　　30Mn　Aus吉enit｛c　Stee1δming　Carbide
　　Precipitation’1，Mθ亡o〃．τ閉ηs．26A（1995）＝

　　2237＿2246．

2．F．Abe，K．Kim雌a，E．Baba，O．Kane㎜am　and　K．

　　Yagi．1’Creep　Curve　Ana1ysis　and　Creep　Liξe

　　Eva1蝸tion　ofユ0Cr－30Mn　Austeniをic　Stee1s’1，

　　P・…∫ηfθ川・Syη’1ρ…　M肋1伽8荷1ηgα〃
　　Coη1ρoηεηf　L卯E兀±θηε主oη（ユ995）：ユ075＿！084，

3－E．Baba。〇一Kanemaru．R　Abe　and　K．Yagi，
　　IlEf｛ec｛of⊂o1δぺo11ing　on　Creep　Behavior　of　a

　　ユOCr－30Ml，Ausセenitic　Stee1’1、丁沽エ｛一fo－Hogαηε81

　　（！995）：845－850：in　Japanese一
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□　Large　Single　Crystal　Growth　of　New　Borocarbide　Superconductors

　　　H．Takeya

15fR撒肌乃Gγo〃ρ

Since　the　discovery　of　a　new　fami1y　ofborocarbide

intermeta11ic　superconductors　RETM2B2C（RE＝rare

earths，TM＝Ni，Pd，Pt）、a　great　number　of　studies

on　the　crysta1structure　and　the　various　physica1

properties　have　been　performed［1，2］一So　far，most

of　physica1measurements　on　YNi2B2C　have　been

performed　on　the　arc－me1ted　po1ycrysta1samp1es，

which　contain　a1ot　of　micro－cracks　formed　due　to

therma1stress　during　coo1ing．In　addition，they

common1y　contain　a　sma11amount　of　the　second

phases－According　to　our　pre1iminary　study，

YNi2B2C　is1ike1y　to　me1t　incongruent1y　and

decompose　to　YB2C2and　a1iquid　phase　at　a

sufficient1y　high　temperature．This　makes　it

difficu1t　to　grow　sing1e　crysta1s　from　the

stoichiometric　me1t．In　such　a　case，a　promising

method　is　the　f1ux　method．Xu　et　a1．［3］have

reported　that　the　p1aty　sing1e　crysta1s　of　RENi2B2C

can　be　obtained　by　the　f1ux　method　using　Ni2B

f1ux－However，it　is　very　difficu1t　to　grow1arger

sing1e　crysta1s　with　suffident1y　high　qua1ity　by　the

f1ux　method　because　the　process　of　the　growth　is

rather　uncontrollab1e．

　　In　this　study，we　have　succeeded　in　growing

sing1e　crysta1s　of　YNi2B2C　with　cm－dimensions　by

a　f1oating　zone（FZ）method，The　arc－me1ted

po1ycrysta11ine　YNi2B2C　was　made　from　the

stoichiometric　composiせion　of　the　starting

materia1s，　yttrium　b1ocks（99，9％）、　nicke1

ba11s（99－99％），boron　flakes（99．8％）and　graphite

sheets（99，995％）、　Severa1po1ycrysta11ine　buttons

were　re－me1ted　together　and　cast　into　a　cy1indrica1

form　as　a　feed　rod　with　dimensions　of　about8mm

in　diameter　andユ20mm　in1ength．The　apparatus

for　the　crysta1growth　was　an　infrared　heating

円g．川ρhofograρhof的θaε・9rownわouleofγ～閉20わ〃ef’oa肋gz㎝e

mε的od

furnace　with　doub1e　e11ipsoida1mirrors。（ASGAL

Co一）as　well　as亡wo2．0kW　ha1ogen1amps　as　the

heat　source．Purified　argon　gas　was　introduced　in

the　fumace　and　was　f1owing　through　the　oxygen

trap　to　prevent　oxidation　of　the　samp1e　rods．The

f1owing　raセe　was　set　at　a　rate　between1，51／min

and0，51／min，The　feed　and　the　seed　shafts　were

rotated　opposite1y　at　the　rate　of15rpm　and12

rpm，respective1y．The　growth　speed　was　set

between！．O　mm／h　and2．3mm／h．Observation　of

the　meta11urgica1st工ucture　and　composition

ana1yses　were　performed　by　an　e1ectron

microscope　JEOL　ISM－840P　with　an　energy
dispersive　X－ray　ana1yser　（EDX）．　　The

superconductivity　of　the　grown　crysta1s　was

measured　using　a　Quantum　Design　SQUID
magnetOmeter・
　　In　Hg・1，an　examp1e　of　the　as－9rown　bou1e　is

shown．The　growth　rate　in　this　case　is2．3mm／h－

No　so1vent　was　used　in　the　sing1e　crysta1growth

experiments．The　crysta1has　two　we11deve1oped

habits　of　the10011p1ane　a1ong　the　growth
direction，which　was　determined　by　the　X－ray

Laue　method．

　　A11diffraction　peaks　of　the　X－ray　powder

diffraction　pa廿em　using　the　cmshed　powder　of

YNi2B2C　sing1e　crysta1can　be　assigned　by　the

tetragona1YNi2B2C　phase　and　no　impurity　phase　is

identified－From　this　data　the1attice　parameters

for　the　a　and　c　axes　are　determine〔1セo　be

a＝3．5265（ユ）and　c＝！0．54ユ5（3）、エespective1y－　These

va1ues　are　in　good　agreement　with　the　ones
obtained　from　the　arc－me1ted　polycrystals．

　　Pigure2（a）shows　the　back－scattered　e1ectron

micrograph　of　the　grown　cエysta1a1ong　the　growth

Flg．2Bao片・εoa耐e畑deleαr㎝mたrograρhsof㈲肋egro㎜o州alaloη帥e

gro舳d〃ecf1oηaηd例fわθarc・me〃θdρo伽岬a止
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direction，compared　with　that　of　arc－me1ted
buttons（Fig，2（b））．The　arc－me1ted　buttons　contain

many　cracks　and　a　trace　of　the　second　phase．On

the　contrary，no　second　phase　can　be　seen　in　the　PZ

grown　sing1e　crysta1．The　number　of　cracks　are

remarkab1y　reduced　in　the　FZ　sing1e　crysta1－

　　In　Pig．3，the　superconducting　transition　of　the

FZ　sing1e　crysta1samp1e　measured　by
magnetization　in　O．5mT　is　compaエed　with　the

po1ycrystaL　The　superconducting　transition　with

Tc＝14．8K　and△T⊂＝2，3K　for　the　arc－me1ted

po1ycrysta1is　improved　in　the　grown　crystal　with

Tc＝15．6K　and　△T⊂＝0，7K，　A1though　our

pre1iminary　meta11urgica1study　suggested　that

YNi2B2C　was　an　incongruent　me1ting　materia1，the

sing1e　crysta1s　of　YNi2B2C　have　been　successfu11y

grown　without　using　any　so1vent．In　order　to

unders仕and　the　growth　mechanism　of　this
compound．the　molten　zone　was　s1ow1y　separated

with　coo1ing　and　the　microstructure　was　ana1ysed

in　detail－　Figuエe4is　a　back－scattered　electron

microgエaph　at　the　tip　of　the　feed　rod．According　to

the　ana1yses　by　EDX　and　X－ray　diffraction，regions

A　and　B　are　identified　to　be　YNi2B2C　and　YB2C2，

respective1y．Region　C　is　specu1ated　to　be　the

composition　of　YNi4（B，C）、、A　considerab1e　amount

of　YB2C2is　seen　just　above　the　mo1ten　zone

compared　with　the　trace　amount　in　the　feed　rod，

and　the　mo1ten　zone　isエich　in　Ni－This　suggests

that　YNi2B2C　decomposes　to　YB2C2and　the　Ni－rich

so1ution　at　the　tip　of　the　feed　rod．The　Ni－rich

so1ution　forms　the　mo1ten　zone　and　the　sing1e

crysta1of　YNi2B2C　seems　to　be　precipita辻e（l　from

the　Ni－rich　so1ution，though　no　so1vent　is　prepaエed

at　the　beginning．It　seems　that　the　appropriate

so1vent　is　natura11y　and　se1f－consistent1y　formed　in

the　process　of　the　growth。

Keywo正ds：sing1e－crysta1growth，anisotエopic

superconductor，magnetization

I之efe正enCeS

1－R－Naga．ajan，C．Mazumder，Z．Hossain，S－K，

　　Dhar，K．V．Gopa1akrishnan，L．C．Gupta－C．

　　Godart，B．D．Pada1ia，and　R．Vijayaraghavan，

　　P乃y5．Rθo．L批、72（1994）：274・

2－R．I．Cava，H，Takagi，B－Ba士1ogg，H－W．
　　zandbergen．J，J．Krajewski．w．F．Peck．Jr。。R，B．

　　van　Dove工，R・J．Pe1der，T・Siegrist，K・

　　Mizuhashi，J．O．Lee，H．Eisaki，S－A．Carter　and

　　S．Uchida，N仇〃’ε367（！994）：146．

3．M．xu，p．c．canfie1d，J，E．ostenson，D．K．

　　Fimemore，B．K．Cho，Z－R．Wang　and　D－C－
　　Johns土on，1〕乃仰fcαC，227（！994）：321、

一22一



口　Quantit訓iveAna1ysesof◎xygen　Co耐e耐in　Y8a2Cu3◎7－dThinドi1ms

　　　　　　　J．Ye井and　K．Nakamura

！s土Rεεε”℃乃Gro〃ρ，井M〃εr〃艸ysた∫dfη主5fo〃

YBa2Cu30ア、δ（YBCO）s汕percond．uct三ngセh呈n　f呈王肌s

have　been　the　subject　of　co1，s主δerab1e　interes圭si1，ce

sho王t王y　　af芝er　　圭he　　discovery　　of　　bu1k

superconduc芝ing　maセeria王s－Exセensive　effor吉s　have

been　m昼de三n　preparing　thi1／films　with　better

superconducting　　Properを三es　　and　　betセer

cエysta1豆三nity．Because　thin　fi1ms　are　not　prep趾ed

in　a芝hermodynamica至至y　equi1ibriunユsta室e，various

d・f・・tssuch・s・・ti㎝dl・・rd・τil・g，s圭・・ki㎎f肌11ts，

oxygen　defic｛e1，cy　anδothers　a王e　inevitably

ge1，eraセed　d服三ng　the　grow芝h　process－Among

these　defects，oxygen　deficiency（con走ent）is　the

mos芝　p・ominent　f昼・to至　・ont・o11ing
supe支conducting　Proper芝ies　of　as－9更own　YBCO

fi1ms．Por　bu1k　YBCO，the　subject　has　been　wide1y

inves芝igaセed　both三n　superconduc圭ing　trans呈芝三〇n

te夏nperature　and　s仕ruc麦u王e　change　inc至uding　c－

1attiCe　pa工a肌eter，and　COne1at主On　betWeen　C－1at走iCe

parameter　al，d　oxygen　conte1，t　has　been
es芝ab1主shed．In　thinξi1ms，however，the　c一呈aをtice

paran｝eter　depends　noセol，ly　ol，oxygen　co1，te1祉

bえ1±a呈so　on　the　growセh　conditions，such　as

substrate正naセeria王、substrate芝errエpera芝し王re　a1ユd

p至essure　du王ing　depos主tion－　Therefore．oxygen

con亡ent　in　thinξi1ms　cannoセbe　simp1y　detαmined

from　c－1aをtice　pa至anユeモer，as　usua王1y6one　in

11．95

11．90 a

8
0

o　as－9rown　films

回　oxygen－deficient　films

・　bulk

　　　　　　　　　　　　　　　　回

　　　　　　　　　　回

　　　　　　　　邊　　　　　．
　　　　　　　　回　　　　　o

　　　　　回

　　　　　　　　　○
　回　　　　　　　・

powde・s・mp1es，He・e，werepo・taneffective
玉nethodξor　deセerrlユining　oxygen　co王1te王1t　from　X－

ray三nte1，sity　change　which　is　caused　by　the

structura1　change　acco互丁ユpan主ed　by　oxygen
d・fi・i…ゾ〕．

11．85

。＄

o　1r．80

11．75

11．70

11．65
O．0　　　　0．2　　　　0．4　　　　0．6　　　　0．8　　　　1．O

　　The　oxygen　defic三ency　of　YBCO　thin舳狐s　was

con吉ro呈王ed　by　equi1ib王a乏ing芝he　oxygel，Potentia1oチ

the　fi豆肌s　withセhat　of　the　bulk　YBCO　oチknowl，

oxygen　deficiency，as　described　in　deセai亘三n　t呈1e

previous　paperい）一Pig．1s1，ows　the　c一玉aセtice

pa閉㎜eter　of　YBCO　fi至ms　equilibra圭ed　withをhe

bu1k　YBCO　sa肌p1es－From　the　f三gure，a　smooth

variat呈on　of　the　c一王aセ舌ice　parameter　wi主h　the

lncreasingoxygendeチlciencycanbeseell。
｛nd呈cating　the　accu］＝acy　of　the　oxygen　co1，tro呈1｛ng

experiments．三麦is　a王so　i王／teresセing　tha圭a1though　tl，e

c－la出ce　pa閉m．eter　of　fui1y　oxygen．ated　as－grown

Y3COξi王ms　is　different　from走he　bu王k　samp1e，the

c＿lat乏ice　para1丁エeter　of　the　oxyge玉γcontro呈王edセhin

fi1ms　cha王1ges　with　d　with　the　grad三ent　paral．le旦to

セhat　of　the　bu王k　sa夏nple－

　　　Ano士her主nte芝esting　phenome1，on　observed

fτo王爪the　X－ray　diffraction　is　the　dramat｛c　chal，ge　in

the三ntensities　of001reξ亘ections．刑g．2shows　the

change　of001re舶ct三〇n　oξYBCO　film　w三th　various

contro1呈edδva豆ues．　For　a　c1ear　view、セhe
玉（O01）／（005）are　rnultip1ied　by1．4，2．13、玉一45，32，ユ。

O－95fo王OOlto007支ef1ections、・esp・・ti・e至y．His
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shown　thaセthe　two　strongest　ref至ections005and

006behave三n　a亡o乏a丑1y　opposiをe　sense　w三士hδ

values，and　tl，ey　aζe　both　diξfracted　at　rela乏ive1y

high2θang1es－This　make圭he皿easuring　of
their　ac㎝rate　in童ens三ties．We　chose芝hese　two

re圭1ect三〇ns　as　the　ca1三braセ三ng　parameter　o麦the

oxygen　defidency．刊g．3is　a　p至ot　showing　theδ

dependency　of　the　I（005）／I（006）of　the　two　thin

fi1ms，a王ong　w三吉hξhaセwhich　was　ca1culated　on

the　basis　of　modek　estab1ished　by　Jorgensen　eξ

a1．（4〕一A　good　agree爪ent　between　the　observed

and　calcu1ated　va1ues　is　recognizeδ一　H　shou1d

be　en｝phas主zed　tha室the　I（O05）／I（O06）va1ue　is　a

fu1，ction　of　t呈1eδva玉ue　if　other　defects　such　as

cat呈on　d三sorder　are　absen芝．H　cat三〇n　disorder（Y

substituセed　by　Ba）三s　generated　d1ユring　the

growth　process、ξhe　I（005）／I（006）ra亡io　changes

to　the　reverse　direction　w主th　increasing
d｛sorder｛3）．In　this　case，post　annealing　at85ぴC

for30n，in　is　necessary乏o　get　an　ordered　catiOn

arranσe工丁セenセ．
　　　　b
　　Fig．4shows’the　re1aセ三〇n　between　Tc　and　theδ

va1ue．　It　is　obvious　that　the　Tc　vs．δvalue　re玉aをiOn

in辻h三打Y13COチilm．s　is　a玉most　the　same　as　tha〕n

bu1k1nateria1．indicaセing　that　the　oxygen　pote1，tia豆

conセro1and　deセerminat圭on　app1ied　in出e　present

sセudy　is　very　accuraセe．　It　is　col，c呈uded主hat

quan辻itative　ana玉yses　using乏he　measured　OOl

in芝egrated　inセenS主ty　data　Ofセhe　OXygen－deξident

thin　films　confirmed　tha圭圭he　structura1pエoperties

80

（　60
ξ

β

40

20

　　　　　　　　　　　　　　　　　o　　TC（On　Set）

88　　　　　　⑧刷Z銚C）

o

⑧

o
⑧o
　⑧

o

⑧

　　　　　0．0　　　　0．2　　　　0．4　　　　C，6　　　　0．8　　　　1，O

　　　　　　　　　　　　　　　　　　　　　δ

F19．48uρerco舳舳g脆η8〃oηfemρe舳resτo‘㎝sef1nsma〃oρ釧

oκ’e5釧d　z釧oρo加f加’arge　so〃d　c加o’e5ノ附。oxγ9εn　dε化たηoγδ伽ザ800

榊η〃ms、

of　oxyge＿δeficient　thinξi1rns　aτe　basica11y　identica1

之o　those　repo王芝ed　in　bu1k　san｝P1es，　It　is　a1so

conc1udedをhat　a　re至a圭ionship　betweenξhe
measured　I（O05）／I（006）va亘ue　and　the　oxygen

deficiency　cou至d　be　used　as　a　good　ca1早brating

facto支of　oxygen　deficiency　in　thin　f三至ms一

Keywords：YBCO　thin　fi至m，oxygen　de圭iciency，

MBE，sputter三ng，oxide　superconducto王s，X一τay

δiffrac吉ion
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An　Ana1ysis　of　l…ffect　of帥bble　Morpho1ogy　and　Workhardening痘xpon⑧杣

on　Helium　Emb耐t1eme杣by同nit⑧Eleme仙Me肺od

　　H，Shiraishi

2η〃εεε”℃乃G・oμρ

He1ium　emb王it亡1ement　is　ana1ysed　by　app1ying　the

two－d三mensiona1e1as芝ic－PIas士ic　finite　eIement

肌ethod　based　on　contimu㎜mechanics．Th三s
progra肌was　wri辻ten　by　the　present　author　and

canセreat1arge－sca至e　pIastic　deformation・In　this

program，triangu1ar　mesh　e1emenセs　are　used

assum三ng　P豆ane　stress　condition・M三ses　yie1d

criterion，I2壬呈ow　theory．and　the　type　o圭n一をh

power　workhardening1aw　are　assumed，The
morpho1ogy　of　grain　boundary　he三ium　bubb呈es　is

approximated　by　repeaセed　boundary　condition　of

corresponding　d三sp至acemenセs－The　effect　of

workhar6enabi1iセy　and　bubb1e　morpho1ogy　is

SurVeyed－

　　Figureユshows　an　examp1e　of　ca1cu1ated

cOnventiOna豆stress／st至ain　curves　and服gure2
shows　a　su肌mary　of　the　effect　oξbubb至e　size　and

dens亘ty　under　cons室a呈／t　workhardening　exponent

on　deformat三〇n　mode　and　to辻a1e1onga亡ion．The

deformation　mode　is　divided　into　two　categoτies：

（1）1oca1izat亘on　of　strain　in　nea王grain　boundary

region　and　（2）un1oading　and　cessation　Of

deformation　in　near　grain　boもlndary　region・In　the
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former　case，the　reduction　ofセota至e1onga±ion

resu亘ts　in　wh三ch　is　interpreted　as　he1ium　bubb1e

e㎜brit芝1ement．In　the1aをte至case，the　deformaセion

proceeds　in　the　grain三nterio王更egion　beyond　the　so－

ca1呈ed　　p1astic　insセabi至ity　poin芝、　and　　no

embritt1ement　occurs．

　　The1oss　of　e1ongat亘on　has　been　considered芝o　be

contro豆1ed　by　the　bubb1e　area1fraction　on　grain

boundaryω　This　is　parセ1y士me　a1ong　boundary　AB

in芝he　figure．　The　increase　of　bubbIe　density　can

recover　the　tota1e1ongaセion，as　i1至ustra芝ed　by　the

borδer　BC－This　is　inferred　due　to　change　oξstress

and　strain　distribution　near　grain　boundary－

Within　the　para㎜eter　region　whe更e　he1ium

embri童圭1emen走occurs，the　e呈onga辻ion　decreases

monotonous1y　with　increase　of　bubb1e　size　and

bubbIe　density，as　expected－

　　The　reduction　of士he　workhardening　exponent

is　revea至ed吉o　cause　severe　he1ium　e㎜bζitセ1ement　in

the　case　of　strain　loca1iza士ion　mode　nea王grai1〕

bOundary・

　　In　view　oξpreventing　he1ium　embritt1ement．

the　h三gh　workhardening　exponent　is　essentia1，The

high　he豆ium　bubb且e　density　is　a1so　effect呈ve，but

b曲b1e　coa1escence　due辻oをemperature　excursion
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皿ustbe　monitored．

Keywords：he1iun／en，bri亡辻1enlent，f圭n主te　e1enlent

㎜ethod，bubb亘e　morpho1ogy，workhardenab三1ity
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□　Microstructure　Control　ofγ一Ti＾l　Base　A1loys　by　Heat　Treatment

T，Kumagai，E．Abe，M－Nakamura，T．Kimura井、and　M．Isodaヰ

　　　3〃Rεsθ肌んGroτψ，井M肋伽5C肋肌±θ〃z〃㎝D加1s1oη’

Intermeta11ic　compoundγ一TiA1base　a11oys　are

candidate　mateエia1s　for　high－temperature
structu工a1apP1ications　because　of　their　attractive

properties，such　as　high　specific　strength，high

me1ting　temperature　and　reasonab1e　oxida亡ion

resistance・However，improvement　of　room－
temperature　ducti1ity　and　high－temperature
strength　is　required　in　order　for　theseγ一base　a11oys

to　be　used　as　engineeエing　materia1s．Recent　study

has　shown　that　the　ternaエy　e1emenセ（Sb）addition　is

effective　in　improving　high－tempeエature　strength

due　to　the　combination　of　so1ution－hardening　and

partic1e（Sb－rich　D8m　phase）一reinfoエcement（1〕．On

the　other　hand，extensive　studies　have　revea1ed

that　the　room－temperature　ducti1ity　ofγ一TiA1a11oys

containing　a　sma11amount　ofα2－Ti3A1，so－ca11ed　Ti－

rich　TiA1a11oys，is　superior　to　that　ofγsing1e－phase

a11oys，and　that　the　refinement　of　microstructure　is

effective　in　improving　the　ducti1ity－

　　In　genera1，an　as－cast　Ti－ri⊂h　TiA1al1oy　shows　a

coarseα2／γ1ame11ar　grain　structuエe．This1ame11ar

grain　structure　is　therma11y　stab1e，so　isotherma1

forging　and／or　the　hot　ext工usion　are　needed・for

refinement　of　the　micエostructure．However，we

succeeded　in　producing　a　fineγ十α2two－phase

microstructuエe　on1y　by　heat　tエeatment，which　is　the

combination　of　quenching　from　the　high－
tempeエatureαphase　fie1d　and　subsequent　aging　in

theγ十α（orα、）two－phase　fie1d（2’3〕．Fig．ユ（a）

shows　a　fineγgエain　structure　of　Ti－48at．％A1heat

treated　atユ683K　for30min，fo11owed　by　ice　water

quenching（IWQ）一Pigs．1（b）and（c）show　fineγ十

α2two－Phase　structures　of　the　IwQ　samp1es

subsequent1y　aged　at1oweエーtemperature（1473K）

for24hr　and　higher－temperature（1573K）for1hエ、

respective1y．

　　The　sing1e－phaseγgrain　structuエe　as　shown　in

Hg．ユ（a）is　formed　metastab1y　due　to　theα→γ

massive　tエansformation，since　there　is　not　the

equi1ibrium　Y　sing1e－phase　fie1d　in　a　Ti－48at。％A1

a11oy，Thus，the　fineγ十α2two－phase　structure　is

easi1y　obtained　by　the　subsequent　aging　tエeatment，

as　shown　in　Figs．！（b）and（c）。A　number　of　fineα2

p1ates．which1ie　on　the　four　equiva1enH！！117

p1anes．in　theγgエain　interiors　together　with　fineα2

pa］＝tic1es　at　theγgrain　boundaries　are　obseエved　in

these　microstructuエes．In　addition，the1ong－time

aging　treatment　at1ower－temperature（ユ473K）

causes　discontinuous　precipitation　and　coarseα2

p1ates　formation，as　shown　in　Hg－1（b）（marked　by

arrow）．However，this　discontinuous　precipitation

is　suppressed　in　the　samp1es　aged　at　higher－

temperature（1573K），and　the　fineγ十α2two－phase

structure　remains　stab1e．

　　The　tensi1e　properties　of　the　fineγ十α2two－

phase　struc止ure　of　Ti－48at．％A1are　being

investigated．However，we　observed　the　effect　of

theα2Phase　on　the　tensi1e　properties　uti1izing

isotherma11y　forged　and　homogenized　Ti－49and
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5王at一％A互a11oys　as　received　materia1s（4）一Three　types

of　microstmct汕res　obをained　by　the　heat　trea｛ments

a蛇as　fonows：type（I）equiaxedγ9rain　structu王e、

セype（■）γgrain　stmcture　with　theα2亘aths　atをheγ

grain　boundaries　andセype（III）γgrain　s佼ucture

withセheα21a竜hs　both　in　theγgra三n　inセer三〇rs　and　a辻

theγgrain　boundaries．h　addi芝ion，the　matrixγ

gra三n　size　in　the　three　types　of　microstructures三s

abouを工OOμm一酌g－2shows　the　tensi呈e　properties　at

a　nominaI　strain　ra仕e　of1O’4s■l　in　a　cha肌ber

evacua辻ed　toユ0’3Pa．　This　resu1t｛ndicates量hat　the

α2Phase　improvesセhe　tensi1e　e1onga士ion　without

decreasing　the亡ensiIe　sセrength　in　both　Ti－49and

51at．％A1a亘1oys．Based　on　this　resu1t．the　tensi1e

properties　of亡he　fineγ十α2two－Phase　s辻ructure，as

shown　in　Hg．1，are　expecセedまo　be　better　sti11一

　　互n　this　paper，　on1y　the　resuIts　of　the

micros泣uc㎞胴1con紅o1ofセheTi－A1b㎞a至yauoybythe

he・㍑e・㎞entswe・e・epo・辻ed－Howeve・。舳s・㎝位・1

method　ut三1izing　theα←＞γphase　transfOrmation　can

be　app呈icab1e　not　onIy　to士he　Ti－A旦binary　anoy　but

a旦so　the　Ti－AレX辻ernary　a11oys（2〕、and　f雌ther

adVanCe肌ent　iS　eXpeCted麦Or也ユe　future・

Keywords：intermetauic　compounds，TiA1，phase
transfo王ma亡ion，micτostruc士ure，tensi旦e　proper辻ies
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口Magn創izatio”Measur8m③nt　using　th⑧1・lybrid　Magn勧at　NRlM

H．K三吉azawa，S．Nimori，and　G．Kido

　　　　　　　4〃lR砒〃c11Gγoτ1ρ

Recent1y，a　hybrid㎜agneセsystem　was　constmcセed

atセhe　Naセiona｝Research　Ins㍑uセe　for　MeセaIs
（NRIM）（1）and　the　maximum　fie1d　of　up　to36．5T

became　possib1e　to　generate　for30夏nm　bore　and

せha士of32．2T　for50mm　bore－The　magneセization

measure㎜ent三s　one　o圭the　most　crucial

experimenta1methods　for　investigating　the
n｝agnetic　prope至ties　of　various　subs辻ances

（肌agnetic　maセeria1s，superconducting　ma｛eria1s．

etc、）in　a　high－magnetic　fie1d．Very　recent1y．a

re亘iabIe　and　efficient　magnetometer　was　deve1oped

by　means　of辻he　samp1e－extracをion　meセhod　for言he

hybrid　magne童｛2）一A　magnetization　process　for

var三0us正nagnetic　substances　has　been　raeasured

up　to30T　so　far．In　this　reporセ、we　inセroduce　our

home㎜ade　magnetome言er　and　recent　resu1ts
・bt・i・・dby・・i・git（23）．

　　Wh㎝a　magnetic　s狐p亘e　is　passed　through　a

coi1，the　coi1induces　a　vo阯age　proportiona亘to亡he

change　of　Inagnet三c打ux　acrossセhe　coiL　Basical1y，

the　magnetization　can　be　derived　byセhe　time－

integration　of　the　induction　voIセage・Two　coi1s

with　the　same　structure　are　comected　in　the

opPosiセe　direc｛ion　to　cance1out　the　vo1tage

induced　by　the　change　of　magnetic　f三e互d－To　save

the　machineをime，magneセiza辻ion　data　of　up　to　four

samp三es　are　measured　wi士hセwo　pai芝s　of士he

compensated　coils，as　shown　in　Pig一至。Each

samp1e　is　successiveIy　inserted　and　dr凄wn　ouセby

co肌puセer－controued　air　pistons　during量he　sweep

ofセhe　fie1d－The　inducセion　vo1tage　is　A／D

converセed　and　is　i耐egra辻ed　in　the　sa肌e　computer・

　　The　hexagona1inter㎜eta11ic　compound　RPd2A互3

（R＝1ighセrare　earth　e1ement）has　the　PrNi2A13一セype

sセructure　which　consisセs　of　R－Pd1ayers　and　pure－

Aいayers　a1terna士ing　a1ong　the　c－ax三s・The
magne士三c　p王operties　in士hese　systems　hoId　in素erest

in　re1a量ion　to　the　heavy　fermion　superconducto王

UPd，A13（τc＝2K）｛4〕、which　shows　p至anar　ant三一

ferromagnetic　orde王三ng　be1owユ4K－Po1ycrysta1line

CePd2A13（5川三s　an　antiferromagne辻ica11y

ordered（τN12．8K、た＝［0，O，1／2］）heavyfer肌ion

compound（γ。饒380mJ／mo1K2）　Neutron
d紐raction　experimenセs　revea1ed辻haをthe　ordered

Ce　moments　of　O．47μB　at　saturation1ie　i1パhe　basa1

p1ane．PζPd2AI3remains　paramagnetic　down　to1．5
K，Th…li－f・…m・g・・ti・・t…t・王・・fMPd，Al。｛7〕

beIow　TN＝7．7K　corresponds　to　a　propagation

vectorた＝口／2，O，O】and　the　ordered　Nd㎜oments

of2・3μB　a辻sa量uration1ie　in　the　basa1p｝ane，　Por

RPd2AI3compounds．p〇五ycrysセa11ine　and　sing1e

crystal1ine　sa肌p1es　of辻en　show　di艇rent㎜agnetic

behavior．We　mention　the　absence　o〔ong－range

magnetic　order三ng　in　sing1e　crysta11ine　CePd2A13

downセo0．5K（8’9）．The　reason　for量he1atte更may　be

caused　by　si辻e　disorder　and／or　vacancies　of　Pd　and

A1a素oms，buけhe　e旋cセhas　never　been　co肌p1e童eIy

unders士ood．A　systema量ic　study　of　magne量ic

properセies　shouId1ead　to　the　undersセanding　of芝he

fundamenta1三nteractions　of　RPd2A至3compou列ds

inc1udingセhe　heavy　ferm亘on　superconduc童or

UPd2AI3．

　　Sing1e　crysセa1s　of　RPd2A13（R＝Ce，Pr　and　Nd）

were　grown　with　the　Czochra1sky　pu豆呈ing　method

using　a　te㍍a－arc　fumace　in　pu芝e　Ar　atmosphere・

IsothermaI㎜ag1，etizaセions　M（H）aセ4．2K　are

shown　in　Pig・2forセhe　s三ng1e　crysta1s・To

qua｝it昼tive互y　ana呈yse　the　observed正nagnetic

anisotropy，we　consider　CEF　effects　by　inc1udi列g

information　fro㎜三ne1astic　neu故on　scat士ering（INS）
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・・p・・㎞・・t…f・…k・・w“三川一P…impli・lly，

lnagnetic　exchange　interactiol，s　are　neg1ec芝ed．The

Hami1セol，ian　for　CEP　interacむons　of　hexagonal

sy1苅n，etry　is　give1，by

　　　〃‘・〃・＝8二j0二］十β二〕0二〕斗域〕0二j＋助02　　　　　　　（1）

where　theBニニ’denoteCEFparameセersand圭heO二：’

are　opemtor　equiva至ents．The　soIid　and．dashed

curves　in　F三g－2and　C肝parameters　in　Tab1eヱ

were　derived　by1east－sguaエe　fitt三ng　of　M（H）

curves　and．telnpera走ure　dependence　of　n，agnetic

susceptibi王ity　with　the　C肝exdta芝ion　e1ユerg三es

fixed　to　the　values　dete】二n／ined　by圭he　I〕＼TS

experiments、豆n　PrPd2A13セhe肌agnetization
curves　are　weH　reprodしlced　by　the　ca1cu1aモed　ones一

γhe　excited　CI三F　doublet　state　F5三s王ocated　aモabout

65K　aboveモhe　sing玉et　CEP　ground　staセe　F］．Onセhe

otl，er11and，for　CePd2A13and　NdPd2A13the
amP1itudes　of圭he　magne圭ization趾e　sma王1er　than

ca王cUlated　o1，es・　These　differences　are　caused　by

CePd：Alヨ　　47　　　　　0－83　　　　　一　　　　　　一

PrPd1A1ユ　　　ア．O　　　　－O．ユ3　　　　－／．OE－3　　　－5．OE－2

NdPdユAIヨ　　4．4　　　　　5．5E－3　　　一ユ。3E－4　　　－1．7E－3

the　Kondo　effect（CePd2A13）and　by　anti一
ξerromagne走ic　exchange　interact三〇ns（NdPd2A13）．

For　a　guan芝itative三y至nore　predse　desc支ip芝ion．

effects　ofmagnetic　inteτactions　mus乏be　inc1uded　in

the　ca玉cu1ation．

Keywo王ds：　hybr王d　magnet．　high　fie呈d
magnetizaをion，rare　earth　compomds
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口　1＝釘mi　Swface　Study　in　YNi2B2C　Sup釘conductor

　　T．Terashima

蜥Rθ舳℃乃Gro仰

The　de　Haas－van　A1phen（dHvA）effect，quanセum

oscinations　o壬肌agneセiza辻ion　periodic　in　the　inverse

of　the　nlagnetic　fieId。三s　the　mosセdirect　and

powerfuHooI　for　probing　the　Permi　surface　and

ζe1aセed　prope王ties　of㎜eta1s－Recenセ1y，a　new　fie1d

セo　be　studied　with．the　dHvA　effect　has　opened　up：

セhe　dHvA　effecセin｛he　mixed　st奪te　of　type－II

superconducto王s．The　first　observation　was

歪eported　by　Grabner　anδRobbinsξor　NbSe2in
1976ω．R…耐・・p・・im・・t・・…i・d・・t・・typ・一n

superconductors　such　as　V3Si．Nb3Sn．　1（一

（ET）2Cu（NCS）2，and　YNi2B2C　have　confirmed　tha辻

the　dHvA　osciuaセion　can　be　observed　deep　in　the

m亘xed　state　and　showedセhat　the　superconductivi辻y

brings　about　an　ex打a　damping　to　the　dHvA

osd11ation　a皿plitude　but　no　change　in　the　dHvA

frequency㈹．Whi1eセheoretica1c㎝troveτsy　about

the　mechanism　of　the　dHvA　effecセinセhe　mixed

sセate　is　not　yet　seセt1ed，aセIe凄st　i量is　widdy　accepted

tha辻the　ex肚a　damping　can　be　re1atedセo言he

magnitude　of量he　superconducting　gap・Since辻he

dHvA　effect　can　probe　each　piece　oチthe　Fer㎜i

surface　separate1y，an　exd亡ing　Possib三1ity　emerges

that　the　superconducせing　gap　and　its　anisotropy

may　be　determined壬or　each　piece　of　the　Perm三

Sur壬aCe．

　　The　boro－carbide　superconductor　YNi2B2C．

having　a　high　superconduc辻ing　critica1辻emperature

τ、ofユ5－6K，is　a　feasib1e　co㎜poundチor　detai玉ed

study　ofまhe　dHvA　e旋ct　in　the　mixed　staセe．The

moderate　upPer　critica1fie1d　H．2of　about8・8丁三s

accessib1e　by　a　commerciaI　superconduc辻ing

magnet，and　hence　a　direct　comparison　between

まhe　dHvA　osciuations三n　the　m三xed　and　mrma呈

staセes　can　be　made　by　using　the　same　experimenta1

setup．In　the　present　studyパhe　dHvA　osci11at三〇n

comingチrom　a　sma11eu三psoida1e1ectron　pocket。α，

has　been　observed　in　a　wide　magnet三c　f三e1d　range’

fromセhe　norma呈sセate　down　to2T　inセhe　mixed
・1・t・wilh・・ti・t・…pt1・・（4〕．

　　High－qua1ity　sing1e　crysta｝s　of　YN三2B2C　were

grown　by　a　fIoat主ng　zone　method　by　Takeya（lst

Research　Group）et　a1．｛5〕　The　dHvA　effect

measuζemen｛s　a辻亡emperatures　down　to　O．05K　and

magnetic　fie1ds　up　toユ6T　were　performed　with　a

superconduct三ng肌agnet　i耐egra室ed　with　a　d三1ut三〇n

refrigerator・Using　the1ow－frequency　fie1d
㎜odu1at三〇n　techn均ue、曲e　dHvA　osd1呈ation　was

detected　at士he　second　harmonic　of乏he　modulation

frequency・

　　Figu更esユ（a）and（b）show室he　dHvA　osciuations

of　theαFermi　surface　in　the　mixed　state，In　most

○チthe　previous　sセudies、麦he　observa芝ion　of　the

dHvA　osd11a芝ion　immedi銚eIy　be1ow　H．2was
hindered　byセhe　peak　effect〔2〕However，we　cou1d

observeをhe　dHvA　osci呈1ation　in　the　peak　e麦チect

region　lFigureユ（a）1－Whi1eセhe　osd1la量ions　are

somewhat　undear　in亡he　raw　daまa　because　oチthe

1arge　background　dueをo　the　peak　effec芝、the

osci至1at三〇ns　c1ear1y　maniチes量themse1ves　after

sub位action　of　the　background，and　it　is　found　tha辻

the　osci豆1ation　a正np1i芝ude　exhib三ts　a　node　in　the

region・Theαosc三11ation　persists　down　to
surprisingIy1ow　fie1ds，i－e一、2丁旧gure！（b）1．

　　The　magnetic　fie三d　dependence　of　the　reduced

osci11ation　a㎜p1itude　is　summarized　in　Pig・2・In

をhe　norma1sta辻e、辻he呈ogar三thm　o壬芝he　reduced

amp1i辻ude　varies1三nearIy　wi室h　the　inverse　of　the

㎜agnetic　fie互d　as三s　usua玉1y　expec亡ed・　The

amp1itude　is　strong1y　supPressed　immediate1y

be豆ow　Hc2－However、三t　recovers　at1ower　f三elds

and　remains　as1arge　as　about30％of　the　linear

exセrapo1ation　of　the　nor夏na呈staセe　data・　The

pro㎜inen辻damping　of　the　amp1iセude　in　the　peak

efチec辻region　can　be　exp旦ained　by　the　enhanced

pinning　in　this　region・　The　p三nning　causes　a

macroscopic　spatia1variation　of童he　magneticξie｝d

inside　a　san三p1e　and　a1so　sc芝eens　the　apP1ied

modulation　fieId－Both　suppress　the　dHvA
oscination　ampIi芝ude－At1ower　fie｝ds　be1ow　the

peak　effect　region，　the　p三nn三ng　becomes

conside蝸b1y　sma11，and　henceをhe　main　cause　of

セhe　observed　damping　is　the　superconducting　gap・

Therefore，we　wiH　compare　the1ow　fie1d　data　and

芝heore言ica1pred亘ctions　of　the　extra　damping　of　the

dHvA　osciuation　amp1itude　inセhe　mixed　state－

　　Maki　and　Stephen　examined古heδHvA　ef圭ect三n
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the　mixed　state　neg1ect三ng　the　detai1ed　strucセure　of

the　vortex呈aセtice　and　based　on　an　appmximaをe
quasipartic呈e　G王een1s　funct｛on　in　the　mixed　staセe（6〕．

On　the　o芝her1，and，recent1y，Dukan　and
Te；anOviピーand　No王man　et　a1．have　derived　the

quasipartic1e　band　structure　by故eating　the　vortex

1・tli・…p1i・it1yワ）．B・th・pP・…h・・1・・dt・・

conc1usion　that　the　supe王conductiv三ty　brings　about

the　extra　da㎜ping　of　the　dHvA　osc｛11ation

amp1呈芝ude　w三圭hou走mod三fying　the　dHvA
freguency．The　damping　factor　may　be　expressed

asexp（一2πF／角ωc）。Here　F　is　a　measure　of　the

Landau1eve1broaδer山ユg　due　to　the　superconducting

energy　gap　and　is　given　by

　　　　　　万　△2

　　　F＝　　　　　　　　（Maki　aηd　Sセephcn）or
　　　　　　　2凧

・一…／法ジ4（・一t・1・）・

wh…△isξh・・v…g・・up・…ndu・をingene・gy
gap　in　a狐agnetic　fie1δand　can　be　ca1cu1ated　fro互n

芝he　zero－fie1d　superconductiηg　gap△o　using　a

standard　BCS　formu至a－By　using△o　of2－3meV
・・ti㎜t・df・・mt・…1i・gm・・・…m・・t・（8〕、w・

have　eva1uated芝he　theoretica1dan｝P三ng　factors，

and芝he王esu1tant　fie1d　dependences　of　the
osci至1a室ion　a㎜p1iセude　are　shown　in　Hg－2，

Appare1，t至y，the　observed　amp1itude　is　much
1arger　than　the芝heore芝ica1pred三ctions　or　the　ex廿a

damping　is　much　sma11er　than　tha±theoreticauy

expec圭ed　fro㎜△｛］of2．3meV．The　discrepancy
seems　to　indicateをhat　this　par圭量cu1ar　Pemi　surface、

芝heαsurface。三s　much1ess　gapped　than　the　o芝hers，

An　inセuit三ve　argumen走for是his亘s　asξo1Iows－The

cyc1o吉ron　energy　or　the　spacing　be芝ween芝he

Landau王eve1s　aセ2T　is　ca玉cu1ated　to　be　O．64meV，

On　the　other　hand，iξwe　assume　that△o　oチtheα

surチace　is2．3meV，the　average　energy　gap△at2T

is　estimated　to　be2，O　meV．An　observaセion　of　the

dHvA　effect　at　fie王ds　where亡he　superconducting

energy　gap　overwhe1ms　the　Landau1eve1spadng

seems　very　un1ike1y．Theエefore，we　suppose　the

gap　of　theαsurface三s　much　sma11er　than　the

average　gap　of2－3meV．A　t幽1fitセo　the　da辻a　is

madeξor　the　theory　of　Norman　et　aL　wiセh△o　as　a

麦ree　parameter　and　gives△o　of　about0．8meV
（Fig，2）・

　　In　condusion，we　have　carried　ou士士he　Permi

surface　study　of　the　bo王o－carbide　superconducセor

YNi2B2C．The　dHvA　osc三11aまion　oチtheαPermi

surface　has　been　observed　down　to2T　in　the

superconduc士ing　mixeδsをa亡e・The　os〔i1至ation

amp1itude　at　the　Iowest　fie1ds　is　much呈arger　than

predic童ed　by　theセheories・We　supPose辻hat　theα

Fermi　s脳face　is　much　Iess　gapped　thanセhe　other

Ferr■λ三SurfaCeS．

Keywords：de　Haas－van　A1phen　eHect，Permi
SurfaCe，rniXed　Sセate

Re壬erences

ユ．J．E．Graebner　anδM．Robb三ns，IlFermi－Sur圭ace

　　Measuremen童s　in　Norma1md　Superconducting
　　2H－N1っSe2’1，P勿5．Rω．L鮒．、36（ユ976）：422＿425．

2－R．Corcoran　et　a1．、1’De　Haas－van　A豆phen　Eチfect

　　in童he　Superconducting　State’’、1〕1〃sたのB206＆

　　207（1995）＝534＿541．

3，r　Terashima　et　a至一、1’De　Haas－van　A互phen

　　Osd11aをions三n　the　Norma1and　Supe至conducting

　　States　of　the　Boro－carbide　Superconductor

　　YN呈2B2CI㌧So1〃S舳θCoη〃〃川．、96（ユ995）＝

　　459→63．

4．T，Te亙ashi狐a　et　a1。、1’Sm訓Superconductiηg　Gap

　　on　Part　of　the　Fermi　Surface　oξYNi2B2C　from　de

　　Haas－van　A1phen　EffectI1，1〕～5．Rω一B．

5－H．Takeya　et　a1。。’1Sing1e　Crysまa至G至owth　of

　　Quatemaτy　Superconductor　YN三。B．C　by　a

　　F1oating　Zone　Method1㌧P伽た口、C256（至996）：

　　220＿226．

6．K．Maki、’1Quant訂m　Osci11at三〇n　in　VOrtex　States

　　○圭Type＿I互Supe亙conductors’1，P1〃s．Rεo．B，44

　　（199！）＝286ユ＿2862－　1，Supeτconductors　in　StrOng

　　Magnet亘c　Fie1as：de　Haas－van　A1phen　Effect，

　　MJ．Stephen’1，P伽一Rθη．、B45（1992）：548！＿5485－

7．S．Dukan　and　Z．Te；anoviと、’’De　Haas－van

　　AIphen　Osci1豆a芝ions　in　a　Superconduc辻三ng　Sセate

　　at　High　Magnetic　Re1dsI’、／〕1〃5．Rεη．L〃．、74

　　（王995）：23！！＿23ユ4．1’Magnet三c　Osd呈1at三〇ns　and

　　Quasipa王t三c1e　Band　Structu王e　in芝he　Mixed　S辻ate

　　of　Type－II　Superconduc圭ors1㌧M－R－Norman　e室

　　a1、、p伽一Rεη。、B51（1995）：5927－5942．

8．T，Ekino　et　aL。’1Supe王conducting　Bnergy　Gap　in

　　YNi2B2CI1，1〕～sたα、C235＿240（玉994）：2529＿2530一

一32一



□The　Highest　S－eady　Fie1d　Magnet　in　the　World　Has　Come　into　Operation

K．Inoue，T．Kiyoshi．M－Kosuge，A．Sato，F－Matsumoto，H．Nagai、早ndH．Maeda

　　　　　　　　　　　　　　　　　　H妙M榊枕醐〃倣ρκ乃Sf肋〃

We　succeeded　in　generation　of　the　highest　steady

magnetic　fie1d　in　the　wor1d　by　using　a40T　c1ass

hybrid　magnet　system，which　we　have　been
deve1oping　since1989．We　have　begun　to　use　the

magnetic　fie1d　for　severa1kinds　of　experiments．A

magnetic　fie1d　is　one　of　the　fundamenta1physica1

parameters　and　has　remarkab1e　inf1uences　onせhe

manyphysica1properties．Therefore，the　high　fie1d

experiments　of　severa1kinds　of　materia1s，such　as

superconductors，magnetic　materia1s，semi－
COnduCtOrS，0rganiC　materia1S，maCrOmO1eCu1eS，
etc．，are　vel＝y　effective　for　finding　out　theil＝essentia1

characteristics－There　are　many　prob1ems　expected

to　be　solved　by　using　the　high－magnetic　field．

　　A　hybrid　magnet，composed　of　an　outer

superconducting　magnet　and　an　inner　water－

coo1ed　magneいs　the　most　economica1system　for

generating　extreme1y　high，steady　magnetic　fie1ds－

A　superconducting　magnet．consuming　no　e1ectric

power　with　theoretica1upper1imit　of　generation

fie1d，is　used　for　an　outer　magne七A　water－coo1ed

magnet，consuming　a　huge　amount　of　e1ectric

power　without　theoretica1upPer1imit　of
generation　fie1d，is　used　for　an　imer　magnet・

Hybrid　magnets，generating　fie1ds　above30T，are

now　in　operation　at　two1aboratories　in　Europe，

one1aboratory　in　the　USA．and　two1aboratories　in

Iapan（NRIM　and　Tohoku　University）．The

Nationa1High　Magnetic　Fie1d　Laboratory，opened

recent1y　in　the　USA，is　deve1oping　a45T　c1ass

hybrid　magnet　system．

　　The　outer　superconducting　magnet　of　our

hybrid　magnet　is　designed　to　generate　background

fie1ds　of　up　to15T　in　a　room－temperature　bore　of

400mm．　The　high　designed　fie1d　of　the

superconducting　magnet　was　determined　in
consideration　of　the　expensive　power　rate　in　Iapan

and　the　superior　techno1ogy　of　high－fie1d

superconductors　in　　Japan．　　　The　outer

superconducting　magnet　consists　of58doub1e
pancake　windings　with　a470mm　imer　diameter，

each　pancake　is　wound　with　four　kinds　of

supeエconductors（G1，G2，G3，and　G4）、where　the

grading　depends　on　the　experienced　fie1d
distribution．The　G3and　the　G4conductors　are

N1〕一Ti　mono1ith　superconductors　with　a　different

Cu　raせio，whi1e　the　G1and　the　G2conductors　are

（Nb．Ti）3Sn　Cu－housing　conductors　with　a　different

Cu　ratio・We　adopted　a　new　structure　for　the

（Nb，Ti）3Sn　Cu－housing　conductor．We　made　a

clearance　between（Nb，Ti）3Sn　mono1ith　and　Cu－

housing　in　the　high－fie1d　superconductor．which

reduces　the　harmfu1compressive　strain　induced　in

the（N1〕。Ti）3Sn　mono1ithwith　high－fie1d　generation．

　　The　outer　superconducting　magnet　is　coo1ed　by

soaking　in　a1iquid　he1ium　bath　of4－2K　and　has

F1g－f0ωe川1ew　of　suρerooηduo伽g　mag鵬士わr40T　dass卯わ〃d　mag鵬亡 円g．20αer〃ew　o〃η舵けハfor40τdass　hγbrfd　mag鵬t
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he至iuエルcoo至ing　channe1s　no圭on至y　between古he

pancakes　bもlt　a1so　between　the　w三nding1ayers．All

the　superconductors　have　enoし一9h　Ic狐arg三n　in　fu11

ope蝸芝ion　and1arge　Cu蝸室ios－Therefore．the　outer

superconducting　magnet三s　des三gned　to　be
cryogen三ca三1y　stabi1三zed　when　excited　up　toユ5T．

The　inductance，the　maximum　operaセion　current，

and　the　maximum　s芝ored　energy　are58．至7H，／476。玉

A，and63・37MJ．respect三ve1y・An　outer　view　oξthe

superconduct三ng　magnet　is　show1，in　Fig・至・

　　We　have　fabricated　two　types　of　water－coo1ed

po亘yhehx肌agneをs，InsertsAandInsertB，forour

hybrid　magl，et　system．The　main　conducセor

mater三a玉of　both　wateぎ一coo1ed　magnets　is　Cu－A1203

a呈王oy，having　a　promising　combim室ion　of　high

mechanica1stre玉1gth（O－2％yie1d　sをreng｛h　of遂20

MPa）and　high　conductivi童y（89％玉ACS）一Some
至1e1ical　co｛至s　oξInser芝B　are　made　ofα1－Cr　a11oy（O．2

％yie1d　stτength　of380MPa　and　conductiv1芝y　of91

％IACS）．

　　玉nserセAisco㎜posedof！8coaxia至he至ica亘coils

and　designed室o　gene王aセe　incre肌en廿a至ξie至ds　of　up

to25T（をota1負e呈ds　oチupセo遂0T）in　a　c1ear　bore　of

30mm　un6er　a　backgmund　field　of至5T　w｛セh
e1ec芝ric　power　co呈／sumpt三〇n　of　up　to王3．3MW（400

V×33－3kA）一The　designed　f至ow　ra乏e　of　coo1ing

water｛s646m3／h．The㎜ax主mum　hocp　stress，

induced　i訂the　helica1c〇三1s　of　I汀sert　A，is　designed

as337MPa　in　full　operation－F主g－2shows　the　outer

view　of　Inser芝A．On室he　other　hand，Inse王芝B　is

composed　of15coaxia1he1ical　c〇三1s　and　des三gned

古・g・ne・・teln…m…芝・1f1elδs・fup芝o20T（tot・1

fields　o～p芝o35T）圭n　a　c1ear　bore　oチ50mm　under

a　backgmund　fie1d　of王5T　with　e至ectτic　power

consumption　up室o！O．8MW（34！Vx31．7kA）。The
d・・ig・・δ冊w・・t・・f…1l・gw・t・・i・700肌3／h．

The　max三mu服hoop　stress，三nduced　in　the　hdica1

coi玉s　o〔nsert　B．is　designeδas29至MPa三n　fu至1

operaセion・

　　The　outer　sし豆perconducting　magnet　has　been

乏ested　many　t三mes　and　cou1d　gene工ate　cen亡ra1fie呈6s

○チup　toユ4．2T　w三tho耐any　experience　of　quench．

In　addition，the　superconducting　magnet　has

expeτiencedξorced　current　dumping　eight　times

from　abouを1400A（about14T）セo　O　A　wiをh　decay

time　of　about55sec　thmし豆gh　an　exセema1dump

resisをer．We　did　not　obse支veをhe　generaセion　of

mrma1zone　dur三ng　every　forced　current　dumpi汀g，

which　proved　t至1at　the　superconduct三ng　magnet　is

stabi至ized　we1五up　toユ4T．Insert　A　and　Insert　B

have　a呈so　beenセested　separate1y　and　cou1．d

generate　cen言ra1fie1ds　of　up　to20T　and25T，

respective1y・To　date，we　have　succeeded三n
generating　s走eady　fie呈ds　of36．5T　and32．3T　in

c亘earboresof30m肌anδ50m孤usingInsertA
and　InserセB。王espective1y，in　hybrid　lnode・Both　o主

these　va1ues　a王e　new　wor王d　records　for　a　s吉eaδy

magnetic　fie1d，consideringをhe三r　c至ear　boζes。刑g．3

shows　the　tes吉ope至a士主on　curves　up　to36．5T　using

InserをA圭nhybridmode．

　　We　wi11gradua至亘y　increase　the　geneζaモed　fie1ds

し王p　芝o　the　designed　va1ues　a｛ter　de舌a三王ed

三nvest三gaセions　on　the　system　and　the　parts－We

aiready　opened　uti1ization　of芝he肌agneをtO　il，ne「

uSerS・In　the　ne脳fu室峨e，We　Wiu　Open　uti1iZat三〇n

to　outer　users．when　we　have　e1，ough　experience　in

operating　the　hybrid肌agnet　system　and　have
enough　time　to　operate　it　for　many　measurements一

Keywo正ds：hybrid　magl，et，steady　h三gh　fie1d，

supe工conducξing　magnet，water－coo1ed　magnet

Refe蛇nces
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Development　of1GHz　NMR　Spectrometer＝Prel■minary　Design　and　Fabrication　of

Test　Conductors　and　Coils

T．Kiyoshi，K．Itoh，A．Sato，K．Inoue，andH－Wada

　　　　　　　H妙舳9η枇P棚Rεsε肌17Sf舳η

Inh＝oduction

We　have　initiated　the　deve1opment　of　aユGHz

superconducting　NMR　spectrometer　that　is　based

ontheconstructionofa23・5Tsuperconducting
magnet二at　the　moment，this1eve1of　magne止ic　fie1d

is　attainab1e　on1y　when　an　HTS（high　Tc　oxide

superconductor）coil　is　used　in　combination　with

LTS（1owτc　meta11ic　superconductor）coi1s．In

fisca1year1995，pre1iminary　design　work　of　the

NMR　system　was　done，and　high　performance
meta11ic　superconductors　and　sma11HTS　coi1s　to　be

used　for　the　NMR　magnet　in　the　system　were

prepared　and　tested・

HTS　coi1s．The　LTS　coi1s　in　the　outer　vesse1are

coo1ed　with　atmospheric　superf1uid　he1ium　at1．8

K，whi1e　the　inner　HTS　coi1vesse1is　fi11ed　with

1iquid　he1ium一

Deve1opment　of　High　Pe正forman㏄NbTi　md

Nb3Sn　Conductors

Deve1opment　of　high　peエformance　meta11ic
superconducto工s　is　one　of　the　key　issues　in　this

project・LTS　coil　conductors　are　required　to　have

high　yie1d　strength　as　we11as　high　critica1current

density　in　order　to　make　coi1windings　sufficient1y

PreliminaryDesign　of　NMR　Sysセem

A　schematic　sectiona1view　of　theユGHz　NMR
magnet　is　shown　in　Fig－1．In　this　design　the　LTS

coi1s　are　operated　in　persistent　mode　at　a　fie1d　of

2ユー1T　in　a150mm　diameter　co1d　bore．They　are　t0

be　wound　with　NbTi　and　Nb3Sn　conductoエs．The

HTS　coi1is　expected　to　generate　an　additiona1fie1d

of2－4T　in　a54mm　room　temperature　boエe－The

cryostat　sha11be　composed　of　two　vesse1s．which

enabIes　paraue1deve1opment　of　the　LTS　and　the

1640
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co呈叩ac七We　developed亡hree　kinds　of　meta11ic

test　co呈／ducto王s；two　Nb3Sl，conductors　and　one

NbTi　conductor，　C芝oss　sections　of　these
conductors　are　shown三n　F三g・2・One　Nb3Sn（HJG

Nb3S王↑）conductor　was　fabrica芝ed　using　a

co㎜posite　of　Nb－7wt％Ta　fi1amenξs　in　a　Cu－

14wt％Sn－O．3wt％Ti　matrix，and　had　an　overa1l一∫c

oξ33A／㎜mL　a芝21T　and　at4．2K　w主芝h　suff呈cient1y

1arge　n　values　and王ow　RRR－The　other　Nb3Sn

（HYS－Nb3S王↑）　conductor　contained　　Ta
reinforcei㎜ent　a1，d　had　a　O．2％yield　s童rel，gt1，oξ358

MPa　a芝4，2K－This　is乏he　h量ghes芝va1ue　ever

reported　for　rei1，forced　n↑ol，olith三c　Nb3Sn

condし一ctors．Ahighy三e豆dstreng芝hNbTiconduc芝or

（HYS－NbTi）was　a1so　new至y　developed．Its0－2％

y1e｝d　stren9セh　was　improved　by　a1，adδitional

ro…王ing　Process　after　insula．tion　coating・The　va1ue

of402MPa　at4．2K　was　achieved　without　spoi1ing

the　d三e玉ectric　breakdown　voltage　of　the　insu1ator一

R＆D　Studies　on　Smal1HTS　Coi1s

肌Scoi1developmentpresents・1oto圭
t・・1・n・1・gi・・1・h・lle・．9・・一P・・th・fi・・t・t・pofth・

challenge，we　have　perfor㎜ed　R＆D　stし…dies　on

small　HTS　coi1s．The　HTS　coi1s　were　fabricated

し王nder　co】丁｝n㌻ol〕d三1丁三ensio1，a1col，ditions1｛nner

dialηeter　n三0re圭han／3三丁エm二〇uter　diameter　less

圭h　a　lr　49　nl　lη；c　o　i1　王en　gξh　l　e　s　s　th　a　n　ユl　O　1n　n1－

Operaセio11current　was　a玉so　restricted　to　be｝ess

than300A．According　to曲e　pre1主mi1wy　desigηof

the　HTS　coi1室obe　used㎞the‡GHz　NMR　magnet，

a　c王i走ica至coi1cし言r更ent　density（∫c，coi至）of70－5
　　　　　　つA／1皿旦ガis王equi芝ed　to　ge1，erate　a　fie1d　oξ2．4T－We

1加easured　c更iセica1currents　of　the　fabricateδHlTS

coi1s　up　to21T・

　　Pie王d　dependence　oξ∫c，c〇三呈of　the　doub王e－

pancake　coi1s主s　compi1ed　in　F三g－3－　The　cri吉ica1

currenをof　Coi1A肌ade　of　a　Bi－22至2conduc吉or　was

measured　six　times　a亡2ユT，as　the　cr三童三ca呈curre耐

was　changed　and　improved　each芝ime，The　h三ghesセ

∫c，coi亘measu支ed　at2！T　was三25A／mm2．This

va呈ue　we呈至exceeds　the　requ三rement　of70、δA／mmL，

A　centτal　fie1d　of22．8T　obをained　wiセh　Coi1A　was

the　wor1d㎜agnetic　fie1d　record　on　a　fu1呈y
superconducting　coil　syste呈皿．

　　Figure4indicates　field　dependence　of∫c，c〇三至of

the｝ayer　wound　c〇三1s．Coil　G　made　of　a　Bi－2223

conduc圭or　showed　the　best　performance　among芝he

four，a玉芝hough　even　its∫c，coi｝cou1d　not　exceed室he

　　　　　　　　　　　　　　　　　　　　　　　　　　つ
reguired　va1ueof70．5A／玉皿王パaセ21T－Lackof

un呈forrniξy三n　a1ong　conductor　was　the　cause　of

this　deter三〇ration．Estab至ishmenセof　the　fabrica乏io王ユ

p王ocess　for至o1，9and　uni麦orm　conductors呈s

三ndispensableξor　ob室aining　a　high　perfo王rnance

layer　wound　H’TS　co主1wh三ch　is　operated　in　a

persisセent　lmode一

Keywo迂ds：NMR　spec芝romete王、11三gh　field．magnet．

1苅eta｝至ic　supercondしlctor，oxide　superconductor
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The　NRlM　Super　XAl＝S－D8ve1opment　of　High　Power　X－ray　Generator　for　X－ray

Absorption　Fine　Structure　Exper■ments

　　　　　　　　　　K．Sakurai

HlψRε501〃oηBε”ηRεsε肌乃Sf舳η

X一エay　absorption　fine　structure（XAFS）provides

infoエmation　on　the　atomic－sca1e　structure　around　a

specific　atom　and　has　become　an　essen止ia1

ana1ytical　too1in　mate工ia1s　science，Whi1e　the

avai1abi1ity　of　a　synch工〇七＝on　source　has　faci1itated

the　app1ication　of　XAPS，instruments　for　carrying

out　measurements　in　an　ordinary　laboratory　have

been　continuous1y　improved　since　the　midd1e　of

theユ970s，A1ot　of　work　has　been　devoted　t0

deve1oping　a　spectrometer　to　produce
monochromatic　X－rays　e冊cient1y　from　a
continuum　spectrum　generated　in　a　tube．Further

important　improvement　has　come　with　a　specia1X－

ray　generator　that　is　suitab1e　for　XAPS
experiments，since　most　conventiona1X－ray　sources

for　industria1use　have　so　far　been　designed　for

either　diffraction　or　f1uorescence　experiments．The

NRIM　super　XAFS　is　the　first　powerfu1X－ray

generator　specia11y　deve1oped　for　XAPS．

　　The　prob1ems　of1aboratory　XAFS　aエe
summarized　as　fo11ows：（1）the1ow　intensity　of

incident　X－ray　f1ux　at　the　samp1e　position，resu1ting

in　insufficient　count　statistics　of　the　signa1，because

XAFS　uses　monochromatic　X－rays　from　a　weak

Bremsstrah1mg　component、（2）the　degradation　of

the　spectrum　caused　by　the21「d　or3「d　order

harmonic　ref1ections　from　　a　crysta1
monochromator，which　is　a1so　significant　at

synchrotron　sources　and（3）the　effect　of　a　non－

smooth　spectra1distribution　main1y　due　to　the

characteristic1ines　of　tungsten，which　is　a

conventiona1fi1ament　materia1and　which
evaporates　onto　the　anode．One　shou1d　note　that

an　of　these　prob1ems　are　due　to　the　characteristics

of　the　conventiona1X－ray　source．The　author

considers　the　design　of　the　X－ray　generator　to　be

important　in　so1ving　these　prob1ems－The　essentia1

specifications　for　a　XAPS　X－ray　generator　are　as

fo11ows：（i）an　extreme1y　high　tube－current（e．g－

greater　than1000mA）、（ii）a　narrow1ine　focus（e．g－

1ess　than　O，l　mm　at6deg－take　off）、（iii）1ow　tube－

vo1tage　operation（e．g－1O～30kV）、and（iv）a

fi1ament　free　of　emission1ines　which　contaminate

the　usefu1part　of　the　spectrum　and／or　with1itt1e

evapOratiOn（e，g－LaB6）一

　　Figures1and2show　a　photograph　and　a
schematic　drawing　of　the　NRIM　super　XAPS，The

present　generator　emp1oys　a　LaB6cathode　with　a

mo1ybdenum　anode．The　diameter　of　an　anode　is

lOO　mm．and　it　rotates　at6，000rpm　for　coo1ing

purposes　by　means　of　a　motor　insta11ed　inside　the

cup－LaB6is　a　promising　electron　emitter　because

of　its　sma11woエk　fmction，but　it　is　not　a1ways　e早sy

to　get　a　good　fi1ament　for　an　X一エay　tube．Because

LaB6is　ceramic　it　is　therefore　difficu1t　to　be　formed

into　a　coi1hea士er－In　the　present　study，a　fi1ament

is　prepared　by　s1icing　a　LaB市rod（l　inch　diameter）

Top　View　　　　　　　x一旧y　　shutt目r

CR

ζ榔・

fi喧m目nl　pow目r畠upPly filamen－

e■目otrongun

呂滞m

The　X－ray　generator　and　spectrome廿er．G＝X－r昌y　g帥erator1、〃＝oWstal　monoohromator，

Rsl　recelvlng　slit，0r1ProPortional　couteHor　measuring　lnoiden廿X－ray　in廿en；i廿y，S1

sample，Cr　oryorefirgerator，02＝soinitillation　detec廿or　for　measuring廿ansmi廿ted　X・ray

intensi1y．

　　　　　　　　　　　　　　　　　　目node
pipe（high　voltag目）

　　　　　　　　　　　　　　　　　　　｛i1ament

F19■The～RlMsuρθrXハFS。
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a1消cuξting　with　a玉1dectτo－discharg1ng　w圭肥　I圭

wo王ks　at　much王ower主enΨeraセ峨es（！750～2050K）

芝han　a　co呈1ventiona亘tungs吉en　fi亘aITユenセ，bu圭a王互丁工ost

doub1eセhe　current　wasηeeded　for至1eating　because

ofitssmal1resistivity．Thesizeofthee1ectron
emi芝ter　p至ane　isユl　mm×1．3肌m，and　the　shape　of

the　fi1a1苅enξhas　beel，optin，ized　to　getしln三forln

heat　distr三bu乏ion　alてd　to　avoid　the　effect　of乏her玉篶al．

e・pansion．Thec柵odestmctし1・ehasbeen
spec三a里王y　designed　for　low走ube－vo玉をage　opemξioη，

w至1ich　is　necess帥y　to　avoid　genera亡三ng至1igh　el㌻ergy

X－rays　tha乏cause　higher　orde王harmonics　at　the

monoch・omator－Forexam．Ple，sincetheenergy
range　for　Cu－K　XAFS肌easuremenそs　is　usua至呈y
8．8＿9．5　keV，wl，en　the　tube－vo1tage三；seセatユ7．5

kV，one　can　avoid　the　effect　of　t1，e2nd0rder

reチ1ec芝ion・As　ye辻、a　conventiona1e1ectron　gtln　has

not　bee1ユdesignedξor　operatiol，at　lessセhan20kV．

a1，d　it　is　difficu王乏to　ge乏a　high　tube－curren主inセhese

CirCumS乏anCeS－The11eW　deSiglπealiZeS　bOセh　a

h三gh　tube－current　and　a　mrrowξocし王s　aセ1ow　tube－

volをages・Pur乏hern↑ore、ξhe士ube　is　equ三pPed　w呈th

ξwo　turbo肌o至ecular　pumps　for　impmving　the
vacuu1苅to　pro1ong　the　life　of　a　LaB凸fi1anユe1対。since

iをis　vαy　shor芝しuユder出e　condiセ三〇n　for　ord主nary　X－

ray　ge1，eration・　The　shape　of　the圭ube　is　a1．so

carefully　designed　to　this　end・The　systen，Pressure

i・…und1・／0㍗・・工wh・n・p…t・d．・tfull

powe「・

　　　The　NRIM　super　XAFS　provides辻1↑e　maximum

tube－curre三1t　o〔、玉OO　mA　aモlow　tube－vo1tage（！4．5

一玉8．O1〈V）with　a　n趾row1ine　focus（O．至mm×ユO

mm　at6deg－take　off）。When　combined　wlth　a
b・nt・・y・t・1spect・om・乏・τ｛t・n・・monoc王・・om・ti・

X－ray　fl．ux　is　ava伯b1e　aそセhe　sanΨ王e　pos主セion・We

observed5x　l06counts／（sec．mm2）around　the　Cu

K　edge（8－99玉くeV）w王1en　the　gel，eraセor　was

operated　a乏／7．5kV，玉、100mA　and　Ge（220）

（Rowland　radius350m．肌、Johansson）wasしlsed　as

a　molてodwomaセor　with玉deg．divergence　and　O．1

1苅iT±reCeiVing　SlitS・　Further　i．】1CreaSe　in　i1，tenS呈ty

b・y・・d」107・・しml・／（…一mm2）i…p・・t・dby

evacuating　X－ray　pa圭至1．s　and　s1ight1y　w圭δening　s1its・

The21π｛orde王harmon三c（一8keV）was　not
observed　because三t　is　noをgene蝸ted　in　an　X－ray

tub・。Su・h…p・bi1iセゾ・cont・・1th・・p・・モ・・l

distribut｛on　oξan　X－ray　source　is　an　impoτta耐

チeature　which　evelてa　sy11c王1至o迂ron　does　not　possess・

Because　of　the　LaB凸cathode、辻he　equipn↑e1対is　a｝so

free　from　tmgsten　charac走erisセic　X－rays．wb．ich

affec乏t至1e　measuremenをof　ma11y　imporξa耐

absorption　edges　between7and12keV－The
presel，t　X－ray　solユrce　gives　a　very　snlooth

COntinuun3SpeCtru1γ工in　the　energy1＝egiOn　betWeen

6－5and30keV　excepセfor　the　anode（肌o1ybde11um）

character｛stic　lines・Since　the　evaporat呈on　raセe　of　a

LaB6舳alnent　iS　eXtreme1y至OW，1a耐hanum
emiss呈on1ines（遂～6－3keV）手n　t1，e　spectrum　weエe

weak　e1，ough－The　measuring亡三me　for　a　samp1e　of

be乏wTeen2and4μt　thickness｛s　esセ三…瓜aをed辻o　be

usua1亘y　around30n、三n　and，at呈丁圭osセ、2h　foエa

difficu玉セsample，whe1パhe　accumu1ation　coun辻of

竹a1，smitξed　X－rays　a1，dセhe　p〇三nセnulユ／ber　of　the

・p・・t・・m・・…1・・ユぴ・1・d300、…p・・ti・・ly，・・d

il，cide1対de亡ecセor　absorbs20％of　incident　X－rays・

Actua玉旦y，the　au迂hor　obtainedセhe　absorption
spectτa　of　pracをica】．no玉1．一equ．ilibrium　nla士erials　in

on至y40mi玉↑、and　the　resu三辻s　were　in　good

agreementwith　synchrot工on　expe工ime1，ts．

　　Thus，a1n／ost　au　of芝he　problems　i＾1aboratory

XAPS　have　been　flxed　bジhe　NRIM　supαXAPS．
As　for　a　transn｝呈ssion　technique，iセis　now　possi1っle

乏o　measure　a　spec童r毛m1吉o　the　same　deg王ee　of

qしlalityaSthaセ0b芝ai1・eポ・0m・SynCh・Oセ・Onlna

reasonab王y　shortセi亘丁ユe，typica1至y30nlin－2h．

Syl，chroセron　radiaセion三s　st三豆｝an　attractive　X－ray

source，even　iξnユost　XAPS　experin↑ents　beco玉皿e

achievab玉e　　in　　an　　ordina1二y　　王aboratoτy・

Undoub亡ed1y、｛士is　a　very　sモrongをoo玉foτespecia至玉y

difficu1t　experi1－／ents　i1，X－ray　spectroscopy，The

author　expects　that玉aboraセory　equipnτe1対and

synchrotrons　wi至玉bot至1p1ay　a　role　in　spec叔oscopic

studies　in　the　fし正乏ure，and　is　hopefu至aboutチurther

δeve呈opm．ent　of　the　XAFS　fi．d．d．The　author　wou1d

1ike　to　thank　Mr．N．Osaka　and　H．Sakしlra1ofセhe

Rigaku　for　theirセe｛：hn三ca1cooperati．on　in　the

preSentWO・k一

Keywords：X－ray　absorption　fine　structure，LaB‘、

caを王10de，lantha1，um　hexaboride、王aboratory　XAPS，

X－ray　ge1ユerator，roセating　anod．e
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口1）evelopm⑧杣of　a　New　System　to　Measur⑧Shearing　Cell

Adh⑧sive　l＝orce　to　MateriaIs

A－Yamamoto，N．Mamyama，and　M－Sum三セa
　　　　　　　　B｛oηコofθ1イα15Rθ5ερrc1｛τθ口〃一

Mate正ia1sl　Af壬ini辻y　forceIIs

Aチfinity　for　ce11s　is　one　of　the　key　properをies　for

bio皿ate工ia1s，since　they　a蛇a1ways　used　adjacentをo

1iv三ng　t三ssue・　Thei芝required　affini圭y　for　ce至1s

depends　upon　their　apP1ications　in　a　huηユan　body．

Materia豆s　for　ar搬daI　bones，tooth　roots，stems　of

hip　joints　and　so　on　a肥requ虹ed　to　adhere　to　ce11s

quick1y　andチ虹m1y，whi1e　materiaIs　for　artificia1

b1ood　vesse1s　or　b1ood　dia1ysis　membranes　are

required　to　l，ot　adhere辻o　ce11s　or　prote三ns　to

preventをhe　formaセ三〇n　of　b亘ood　c旦ots－Por　the

deve1opment　of　new　bio皿a辻eria1s　with　superior

biocompatibi1iセy，an　eva1uation　of室he虹aff三nity　for

ce11s　is　necessary・

　　　Por　an　imp1anted肌aterials，eva呈uation　o壬the

she趾ing　cel1a曲esive　strength　is　impor芝an芝
because　a1atera11oad　is　apP1ied　to　the　ce呈旦adhe王ed

onto　such三mpIants　as　an　artifida1h三p　join士whose

accompa列ies　movement　eve歪y　wa1k三ng　step－Then，

a　shearing　sセress　acts　on　the三nteΣface　between　the

ce至1and　the　materiaI，which　induces　the　ce11

detached　from　the　materia1ls　surface．However，no

method　or　datum　has　been　reported　to　directIy

nleasu歪e　the　shearing　ce1I　adhesive　force　to

materia1S．

　　　In　our　researchをeam，a　new　systemセo　d三rect1y

measu王eをhe　shear三ng　ce1呈adhesive　fo王ce　was

deveIoped　by　means　of　a㎜icrocanti1ever一

Pτincip1e㎜easu］＝ing　shearing　ce11adhesive　force

tO　a　materia正

A　princip1e　fo王the　measure㎜enをof　shear三ng　ce11

adhesive　force　to　a　materia1is　shown　in　Fig－！－A

ceu　adhered士o　a　maセer三a玉at　an　XY－stage　is肌oved

（aけhe　speed　ofユ叫m－s’一）セo　the　tip　attached　to　a

canti1ever（Hg．1（a））．The　distance　between　the

poi耐ed　head　of　the　tip　and　the　materia11s　surξace　is

ca．O．2μm．　The　ceu士ouches　the　tip　a列d　a至atera1

1oad　is　apP旦ied麦o亡he　cen（Pig・1（b））・The　canti1ever

is　de｛1ected　co王responding　to芝he　ce呈玉adhesive

strength－The　ce11is　deセached　from　the　surface　of

をhe　materia1（Rg．ユ（c））。The－can｛i亘ever　def1ect三〇n

was　measured　by　a　sensor　wi士h　a｛ocusing－error－

detec芝ion　opticaI　head．

　　In舳s　sysをem，m　speda1treat㎜ent　such　as
圭ixation　or　staining　of　ce1豆s　is　necessary　prio王童o

measuremen七During　meas雌emen辻、the　condit三〇n

of芝he　ce11s三s　observed　by　an　optica1microscope

and　poss三b1y　recorded　on　a　videotape　through　a

CCD　camera．

　　A　s室ain1ess　stee1cantiIever（whose　force
consをant三s3－lNm’1）with　a　pyramida呈tip　of　s搬con

was　used．The1oad　P　app1ied　to　the　ce11is　given

by芝he　equation（1）二

トk・δ　　　　　　（1）

where　k三s　the　fo王ce　consセant　of　the　canti1ever　andδ

三s　the　canti1eve至de麦1ect三〇n．Shearing　ce11adhesive

force　is　defined－as　the　criセica王force　which　has　the

same㎜agn三tude　as　the　app1ied1oad　to　the　ce至1

whenまhe　canセiIever　def1ectionbecomes　maximum、

Shearing　ce1l　adhesive　foi1ce　to　gIass

Shearing　ce呈1adhesive　force　to　a　g亘ass　s訂rξace　was

reprodudb至y　measured－L929ce11s　were　seeded

and　incubated　for2days　on　the　g1ass　d三sh　before

肌easurement．A欄u1芝of　the　measurement　o｛the

shearing　ce呈豆adhesive｛o王ce　to　g1ass呈s　shown　in

F亘g－2as　a　def1ection　curve，which　is　a　re1at三〇nship

between　the　canti1ever　def王ection　andセhe
disp1aceme耐of　the　XY－stage．

　　　PoinセA　in　Pig．2is　the　first　point　whe至eセhe　tip

of　the　canti1ever　is　attached　to士he　ce亘I．　The　ceu

star辻s量o　be　transfo王med，because　the　bot士om　of　the

ce旦1is　adhαed　to　the　g1ass　surface－The　can辻i亘ever

def1ection亘ncreases　in　accompanimenセto　the

la）

lb）

（C〕

SenSOr

medium

materiai

×y－Stage

F1g■P〃η吻1θfOrm㈱urem釧10fSわe鉗肋gOe〃adheSルθわ鵬10ama18〃a止
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movemen吉of　the　XY－stage－The圭endency　of　curve

A－B　seems　to　reチ1ect士he　stiffness　ofthe　ce11．

　　Point　B　in　Fig．2is　consideredセo　be　the　p〇三nt

where　the　detachment　of　the　ce至五starts．In　curve　B－

C，　the　canti1ever　def1ec芝ion　　dec工eases

corぎesponding　to亡he　progress　ofをhe　detachmenξof

the　ce呈L　F三na1至y，the　ce11is　co肌p｝ete1y　detached，

andをhe　canti1eve王δef1ecモion　keeps　a　cons圭ant

va玉ue，The　ce亘至adhes三ve　fo王ce　is　the　force　that舌he

maximu蛆canti1ever　def1ection　g呈ves．A童ea　A－B－C－

AissupPosedtoref｝ectthetota呈energynecessary
toτemove　the　ce11from芝he肌ateria11s　surface．

　　According｛o　the　def玉ection　curves　obta三neδ。セhe

shear圭ng　ce11adhesive　forces　to　g至ass　surfaces　are

caIcu至ated　by　equation（1）and　shown　in　Pig，3．The

data　obセained　were　c1ass三fied　into　three　gエoups

accordingセo　the　shapes　of　the　ce玉1s　before

measu支eme的round　ce11s　be至ong　to　group　I，
spind1e＿shaped　ce至1s　be1ong　to　g］＝oup　II．and　tl、三n

and　spread三ng　cells　belongセo　gmup　III．No

significant　diffeエence　in舌he　sheaτing　ce11adhesive

forces　was　observed　among　these　groups一
互rrespective　of　the　gτoups，the圭o芝al　average　of　the

cel1adhesive　force　to　g呈ass　was217±93nN，where

the　samp工e　numbem　was37．

z400

圭300

看200

冒roo

ω

　　o
　　　　　giass　l　　T1　91ass／Tポ　　Ag　9’aSs／Ag’　A’＾　　g’a筍s／＾’士

．The　sh畠昌一ng　o畠11adhesiv畠foroe甘o　th巳h目計　　glassノ↑i　or　Ag　orA1

灘蟻㌶、劣州
晦48楡吻口ε〃adh舳θわ㈱o仙29oθ”5わ9ね58，胎舳”，5”閑r舳d

81um佑um．

si1ve工or　a1um主num　was　physica11y　depos｛ted　on

ha呈f　of　the　g1ass　dish　and　steri1ized－　L929cells

were　seeded　and　incubaセed　fo至2days　before

measurement，The　shearing　ce王至adhesive　forces　of

L929　ce11s芝o　ti童anium　and　s三1ver　were
221±96nN（n＝25）and200±83nN（n＝8）on　average，

respecセively．On　the　o辻her　hand，L929cel1sl

shear三ng　ce11adhesive　force辻o　aluminum　was

61±19nN（昨6）exc呈uding3sa肌p1es1ower芝han　the

detec童ive　limit（20nN）、which　was　significant1y

sma11er　than　those　to　other　materia1s．

　　According舌o　the　resu1量oξthe　quan趾ative

am1ysis，a1uminum　at0－2ppm　was　detecセe（l　in　the

搬ed主um　recovered　fromをhe　d圭sh　with　a至umimm

film．However，aIum三num量ons　disso互ved　into　the

medium　are　not　considered　to　i曲ib妖ce呈互adhesion

becauseそhe　shearing　ce1王adhesive　force辻o　the　g且ass

parセof圭he　dish　w三th　a1uminumξi1m　is　a1most

equ三va1ent　to　that　to　the　g1ass　d主sh　without　any

r汀etal　f呈互m．

　　玉n　fuモu王e　woτks，the　morpho｝ogical　dependence

○圭cε至1adhesive　force　cou工d　possib至y　be　exarnined

based　upon　the　adhesive　area　or　the　shapes　of辻he

cells　by　associating　this　system　with　an　image

ana1yz主ng　sys量em－Furthermore，it　is　expected　to・

offer　useful　inξormaセ三〇n　to　eIuciδate　the

肌echanism　of　ce1呈adhesion　to　ma重eria1s　by

investigating吉he　t三n，e一，cen　kind－or　materia1－

dependence　of　ce丑1adhesive　foi＝ce　using　this

SyStem・

Keywords：biomaをer三a1s，biocompa芝ibility，ce11

adhesion，can童i呈ever

Shearing　ce1I　adhesive　force　toセi辻anium，sil∀er

and　a㎞minum

Shear主ng　ce11adhes三ve　forces　oξL929cells　to

ξitanium，S｛五Ver　and　a1uminu㎜Were　meaSured　and

the　resu1ts　are　shown　in　Pig，4』ach　of　ti｛an三um，

Re壬erence

1－A－Yamamoto，S－Mishima，Y．Ue，N．Maruyama，

　　and　M．Sumita，IlDevelopment　o王a　new　system　to

　　measure　shea虹ng　ce11adhesive壬orce　to　materia1s1’、

　　∫一∫戸η一Soc．B｛o〃伽fεr。，ユ4（1996）＝／2ユ＿ユ2δ：in　Japanese．
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Research　in　Progress1995－1996

口ListofResearchSubiects

Numbers　w三th　circ1e
started　fζo肌Apri1ユ995一

indica芝e　subjects　new1y Numbers　wi亡h　suquare　indicate　subjects　ended　by

N准arch至995．

Cha胞cterization1Properties

匿1⑧ctroηic　and　nuc1ear　ProI；，erties

7

S乏udy　on　Pressure　Ind1ユced　E1ectron三c　Sξates

of　Corre1ated　E1ectron　Syste㎜s

Se1ξ一〇rganized　Crit主ca至i乏y　in　Magnet三c　and

Superconduct三ng　Systems

Basic　Research　for　the　Contro1of　Chemica1

Reactions　by　High　Magnetic刑e1d

Fabrication　of　In校insic∫0sep1，sOn　Jし…nctions

and　Eva1uatiol，of　Their　Physica至Properties

Research　on　Low　D三mensiom1System　in
High　Magnet三c　Pie1d

Studies　on室he　Hig至／1y　Corre至ated　E1ecξron

Sys乏ems　Under　Mu1tip1e　Exセreme　Cond三室ions

Character三zation　anδContro1of　the　Optoe至一

ectric　Properties　oξ　Smal1αysta王1ine
Ma圭eria互s　w三室hE1ec芝ron　ProbeAna1ysis

Materia1s　with　Ato皿k　Sca1e　Struc芝ures（COE

PrOjeCt）

Pressure　Effects　on　Physical　Properties　oξ

Magneセic　Materia1s

Deve1opmen芝of　a　High　P王essure　Apparatus

for　H三gh　Precision　E互ectrica1　Resistivity

Measure肌ent　and　I圭s　App1ication　to
A呈10ma至ous　Pressure服ec吉s主n　PrBa2Cu408

S芝r訂cture　anδ　E1ectronic　Properセies　of
Si1icides

Pirst－Order　Phase　Transitions　in　Maglユetic

and　Superconduct三ng　Materia王s　at　Low
Temperatures

PuRda互nenta1　Stud三es　of　E1ectromagnet三c
Materia1s　with　St王ong　E1ectron　Corre1at三〇ns

Research　on服ective　Masses　of　Wide　Gap
Semiconductors　in　H三gh　Magnetic　Fie1ds

E1ectron三c　P工operties　in室he　Quanξum　Limit

Ato脳stlc　a汀angement

16Inξrared　and　Raman　Spectroscopy　oξMeta1

　　　Oxides

17　St訂dy　on　Ato㎜ic　Sca1e　Engineeτing　of　High

　　　Performance　Pi1ms

Qもlantifica吉ion　S芝udy　on　H三gh　Reso1ution

Transmission　E1ecセron　Microscopy

De麦erm三naをion　of　Order　Para狐e乏ers三n　Alloys

from　Elecをron　Diチfraction　Intensities　Using

CCD　Camera　System　and　Its　ApP1ication　t0

Examination　oξOrder三ng　Process

Phase折ansf◎rmation　and111icr◎s耐uc山res

22

23

24

Eξfect　of　High　Magneをic　Fie1d　on　P1／ase

Transformaセions　and　Its　Possib1e　App呈ication

to　Transfoζmation　Texture　Contro1

A走om　Probe　Microana1ys三s　o圭Advanced
Meta｝呈ic　Mate呈｛a1s

A　Mo1ecu1a王一Dynamics　Study　of　the玉nitia呈

Prcess　of　Fracをure

Atom　Probe　Microana1ysis　and　Hs　Use　in
Mater三als　Desigl，

Synをhesis　of　Superconduc芝ing　and　Super－

magnetic　U1traをhin　Fi至m．s　by　Use　of　Ion
In，P至an芝atio1、

服ecξs　of　High　Magnetic　Pield　on　Martens三ξic

and　Ba三ni吉ic　T蝸nsformations　iI，　Pe－Based

A互丑oys

Su爬face　a竈d　i耐erface　pr◎Pe7｛ies

So1呈d　Staセe　Interfacia1Reactions　and　Suぎface

Ana至ys三s　o圭Th三n　So1id　Fi1ms

Eva1uaξion　of　Atomic　Leve五1⊃amage　on

Maセerial

Evaluation　of　Durabi1iセy　of　Coati三1．gs　for

Stmcモura至Materia1s

29　Two　D三mensiona1photoe呈ecをron　Spectroscop三c

　　　　Stud主es　on　Surface　Struc室ures　and　Properties

30

31

Research　on凹ecむ℃de　Reacdon　be榊een　Meta皿c

Ions　and　Carbomceous　Mater三a五s／Research　on

E1ectτochemica1Character三stics　of　T｛A1A亘至oy

Surface　Ana王ys三s　l⊃atabase
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32　Se1f－Contro1of　Surface　Composit三〇n　o壬Th三n

　　　　Fi呈m　and　Its　ApP呈三cation　to刑e1d　Emit芝er

33　Fabricat三〇n　of　Nanome辻er－Sca1e　Stmctures

　　　　on　the　Extreme1y　HighVacuum　Surface

34　pabricat三〇n　　and　　Character三zation　　of

　　　　Co㎜pound　Sem主conducをoζ　Nanometer
　　　　St工uc童u・es　（Nanospace　Labo王a芝ory　Project）

匝　pabr主cat主on　of　Quan言um　We11Box　Systems

　　　　by　Drop1et　Ep三taxy　for　Advanced
　　　　Opセoe1ecをronic　Oevices

固　Basic　Sセudy　on　Reac素ion　between　Materia1s

　　　　and　Bacteria

E呈ectrochemistry　and　Mode1ing　of　Coエrosion

ofMeta1sunderThinWaterLayer

A　Study　on　the　Degradation　oξMateria1s　by

U1travio1et－Light　Irrad三ation

Eva1uahono冊gh－Perfom㎝ce珊az㎞edi㎞o1s
As　a　Corrosion　Inhibitor

52

53

匝
匝

Re1ationship　be辻ween　Pat三gue　Crack
Propagation　and　Cyc1ic　Deformat主on　of

Sman　Specimens

Pat三gue　S吉rength　Eva1uat三〇n　of　We1ded

Join芝s　in　Synthetic　Sea　Water　byσmax＝σv
Test

Patigue　Behav三〇r　o圭Britt1e　Materia互s　at

E｝eva室ed　Temperaセures

Sセudy　on　Deformation　and　F王ac亡ure　of

S紅uc血1ra至Maモeria互s　atCryoge㎡cTemperatures

Assessment　of　Strength　and　St工ucturaユ

Materia至s　Databases　for　WeIdment三n　FBR

（Fast　Breeder　Reacto工）Components

NR玉Mαeep　Data　Sheet　ProjecセーIV

Toughness1mprovement　of　Ce蝸肌ics　and
Britt1e　Stee1s　by　Control　of　Precipitation　and

Phase　T至ansfor肌ation

Mesureme杣and1…valuation
Mechanical　properties

⑧
④

E腕c麦of　Cryogenic　Temperature　and　Gas－

Environ肌en室on　Deforma言ion　and　Fracture
Behavior

Remaining　Life　Prediction　of　We亘dmen±for

冊Rby　Creep　Damage　Eva1uation

Effect　of　量he　Interfacia1　Da肌age　on
Mechanica1Properセies　for　Ti－Based　Ma辻τix

Composi室e

NRIM　Creep　Data　Sheets　Project－V

Duc走i1e　versus　Br三言t1e13ehav主or　of　Strucセura1

S芝ee1s

⑥
⑥

63

64

Improvements　ofHighTemperature　Proper紅es

圭n　Mate王ialsξor　High／U呈紅a－HighTemperぬre　　65

USe

⑥St・bi1ilyo冊1gon11Ph・ll・・dMllh・・il・l
　　　　Propeζ辻ies　of　Transformat三〇n－Toughened　　66

　　　　Zirconia　at　High　Temperature

47　　Cychc　Deformation　in　a　Corrosive　Envir0Rment

48　Genera1izeδRu1e　and　Guide　for　Use　of　　67

　　　　Fat主gue　Data

49　Long－Term　Creep－Fa走igue　Prope至ties　of
　　　　316FR　Stain1ess　Stee1　for　Past　Breede］＝　　　68

　　　　Reacセor

50　Study　on　Transient　Behaviour　ofDeforma走ion

　　　and　Fracture　at　the　E1evated　Tempera士脳e

51　Characterization　o圭Creep－Damaged　M1cro－

　　　sを工uc室ure　of　Stain玉ess　Steeユs　by　Computer

　　　Aided　Quantitat三ve　Meセa11ography

69

70

71

App1icabi1i室y　o｛Pho芝oaccoustic　Spectroscopy

Techn三que　for　Measurement　of　Therma1
Diffusivity　ofThermoe1ectエicMaセeria1s

Monitor量ng　and　Con量ro王ofTherma1PIasma

ApP且ication　of　in－situ　Strain　Measuremen亡

by　the　Laser　Speckle　Method

Develop肌ent　of　Funda㎜en童a1Techno亘og三es

for　Exdted　Neutra1Beams

S辻udy　on　F亘at　and　Mirror－finishing　byαow

Discharge　P呈asma　Using　Ra至e　Gas

I㎜provement　o壬Reso豆u辻ion三n　EPMA　X－Ray

Im・ge

Pundamenta1　Study　on　Advanced
Technigues　oξPhysi⊂a1Characterization　of

Me芝a眺c　Mater三a1s　and　Their　App1ication

Rese肌ch　on　the　Deve1opment　of　Chemica1

Ana1ysis　anδCharacterization　Techniques
for　Meta豆至ic　Ma芝eria互s

Mode1ing　and　Eva1uaセion　oチAdvanced
Materia至s－A　Coordinaセed　Inter1aboratory
Research

Pundamenta1Study　for　E1ectromagnetic
Eva1uat呈on　ofMateria1s

Nanoscopic　Ma芝eria至s　l⊃amage　Eva至uation

Chemica1Ana亘ysis　of　Organot㎞in　Marine

Environmen言a1Samp1es

Understand主ng　ofセhe　Mechmism　of　High
Te夏nperature　Superconductivity
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72

73

74

75

76

77

78

Study　onをhe　Vor芝ex　Pim三ng　Mechanism　in

H三gh　Te夏nperature　Superconducセors

In－situ　TEM　Observ養tion　and　Strucセura豆

Ana1ysis　of　High　Tc　Superconduc圭orsチor

Fusion　Reactors　a量Low　Temperatures

S亡udy　on　Deformation　and　Practure　of
Materia1s　under互rradiat三〇n

Pmdament昼1Research　on　F1exibIe　Structure

舳d　Machine　Systems　Using　Advanced
Ma量eria豆s

Deve1opment　of　Ana1ytica丑Techniques　for

Characterization　of　Nuc玉e鉗Materia1s　Using

New　Ceneraセioh　Synchroセron　X－Rays

Deve1op㎜erlt　for　Unification　System　of

Ma辻eria1s　Sden舶c　Database王or　Materia1s
Properセies　Pl＝edic辻ion

Study　on　Deセect三〇n　and　Eva1ua芝ion　of

Radiat三〇n　Da服ages　in　Extreme　Par辻ide

He互dS

Therma1and　E豆ecセ王三ca豆Proper室ies　of　n一互V

and　V－VI　TheΣmoe1ec辻ric　Semiconductors

Energy　Convers三〇n　Mater主aユs胎br三cated

wiセh　Punc辻iom11y　Graded　Stmcセure

Se1f－Organizing　Infor㎜ation－Base　Syste㎜

Used　for　Creaセive　Research　and
Deve1opmenセ

A　Comparative　S｛udy　of　Nanostmcture
Charac童erization　Techniques

Corre1aセion　between　P1asma　Parameters　and

Evaporation　in　Free－Buming　Arcs

In－situ　MeasuremenセoξLoca1Sセrain三n　High

Tempe芝ature　Range　of　Materia1al，d
Deセecセ三〇n　of　Defecセs　by　the　Laser　Speck1e

Method

Research　on　Quant三tative　and　Inte呈1igent

Nondestmc量ive　Eva1ution　Techniques　for
Materia1s　and　Stmcセures　of　High　Re1iabi1ity，

StageII

App1ication　of　Rutherford　Backscattering

and　Partic呈e　Induced　X－Ray　E㎜ission

Ana1yses　to　Materia1Science

Simulation　and↑heory

87　Deve1op服ent　of　Knowg1ede　Daセabase　for

　　　　High－Tc　Superconduc室ing　Maセeria1s

88　Estab1ishmentofMu1亡三d三mensiomlEva1uation

　　　　ofHumanSensesチorMateria1s　Des三gn

89　Theory　of　Therma玉React三〇至10n　So1id
　　　　Surfaces

90　Ther服odynamic　Ana1ysis　of　Transi芝ion
　　　　Process缶omMetastab1e　to　Stab亘e　Phases

91

92

Computatiom1Ana1ysis　of　Mechanical
Propeζty　and　Structura1Design　oチMaセeria亘s

Taking　Miαostmcをures　in士o　Account　for

Aをomic　Power　P且an辻s

Deve1opment　of　Virtual　Experimenセa至
Techno1ogies　for　Mater三a至Design

MateriaIS

1＝errous　Mat釧ials 98

⑧ASt・dyofth・D・fomationandP「actu「e　gg
　　　　Mechanism　of　the　High　Streng芝h　Me乏a1

　　　　Ma辻rix　Composites　　　　　　　　　　　　　100

94PmdamentalResearchforInセe1hgentMaセe芝ia1s
　　　　（FomationProcess　andRecoverhgMe迂hod　of

　　　　Creep　Damage）　　　　　　　　　　　　　　　101

Non－fe町0ds　IVlat8ria1s

95　Re1a舌ionships　between　Pat三gue　Soften三ng／

　　　　Ha王den三ng　Behavior　and正M　S童ructure　of
　　　　Titan三u肌A1loys

1榊ermetallic　compounds

⑧p・・daml・talRelll・11川Nl・We・・
　　　　Resis室anceMateria1s　oξ丁三A豆Based　Composites

⑦Mesoscop主c　Struc走ure　Contro1and　Propert三es

　　　　ofIn亡ermeta五1ic　Compomds

Diffus三〇n　in　Ordered　A1亘oys　and　Prepara

セion　ofComposi圭ion　Grad三ented　Ma童eria1s

Hydrogen13ehav三〇rs　at　Inセerfaces三n　A11oys

Improvement　of　Mechan呈ca1Prope王をies　of

Intermetau三c　Compoしmds　by　Crys芝a1Growth

Con童ro呈

High　Performa汀ce　Materia至s　for　Severe

Envi王on皿ents－I　（Microst肌1c乏u王e　and

Properセies　of　hteτmetal1三c　Co肌pomds　with

High　Specific　S言rength）

Pundamenta1Study　on　the　Search　for
Advanced　Mater三a呈s

Basic　Research　on　Intermeta11ic　Co㎜pounds

ξor　S芝mctura豆ApP1icaをions

Comp◎sites

104　Deve1opment　of　High　St王ength　Me吉a互Base

　　　　Compos三tes　w量th　Exce1至ent　Physical

　　　　P芝operties　by　the　Advanced　Bronze　Method
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柵5　High　Temperature　Sセrength　and　Practしlre　of

　　　　Reinforced　Oxide－　and　Nitride－Base
　　　　Ceramics

106　Therma1Stab搬y　oHnセermeta｝亘ic　Compomd
　　　　Maセrix　Composites　Re呈nforced　with　Pibers

柵7　Deve玉opmentofPorousCera㎜ics　Impre駅ated
　　　　wiモh亘onic　Conductive　Maセeria玉s

■Vla言er1als　for欄echanIcaI　apP1Icat1on

108Highτemperature　Mechanica豆Properties　of
　　　　Particu1ate　Reinforced　Titanium－Based　Metal

　　　　Maセrix　Composites

109　1⊃esign　of　Re圭racセory　Supera11oys

匝　　Effect　of　Particuia圭e　Distributio1て　on　the

　　　　Mechanicai　Properties　ofTi－Based　Particu1ates

　　　　Composi芝es

匝1Inte玉玉igentStruc圭um玉Materia1s

IVlateria1s　for　eIectronics　apP1ication

112　Struc圭ure　Contro1　and　E1ecξromag1ユe吉ic

　　　　Prope村ies　of　High　Te㎜perature　Super－

　　　　CO1ユduC走OrS

113　Effect　of　High　I三nergy　Ion　Irradiation　on

　　　　B｛2Sr2CaCu20x　and　YBa2Cu30y

114Deve1opment　of　Superconduct三ng　Magnet
　　　　for　Magnetic　Separation

115　Characterizat三〇n　and　App1三caセ三〇n　of
　　　　Superconducting　Thin　Pi玉n，s　Syn圭hesized　by

　　　　Atomic　Layer－by－Layer　and　Epitaxia1
　　　　Crowth　M［ethods

116Stabi1ities　ofSuperconduct三ng　Materia1s

117Deve1opmenセof　l　CHz　NMR　Spectro肌eter

118　Deve王opment　of　High　Strength／High
　　　　Conduct三vity　Maξerials　for　High　Fie豆d

　　　　Magnets

119　Microsモmcture　and　Elecセromagnetic－
　　　　Characセerishcs　S㎞dies　onV3Si　Mu1冊1amenta叩

　　　　Superco1，ductors

120　Fabr三cation　of　High　Strength　Oxide
　　　　Superconducting　Wiエes　for　High　Magneモic

　　　　Fie1d　ApP1icaセions

121　Eva｝uation　of　Long　Oxide　Superconduc麦or
　　　　Wi工es

Study　onセhe　New夏nセermeta11ic　Compomd
Superconductor

App1ication　of　Cし1－Ag　Alloy　P玉ates　t0

Exモreme1y　High－Pie1d　Magnets

Deve至opmenセof　High－Jc　B三一〇xide　Super－

conducセingWires

Magnetic　materia1s

126

127

Research　on　Quan圭um　Magnetic　Properties

a至／d　Spinic　Punctions　oチMesoscopic
Magneξic　Mater三a1s

Basic　Research　for　Deve1opment　of
Inte11igent　Materia1s　Aimed　aHnte王acセions

betweenAtoms　orMo1ecu至es

Pabrica芝ions　and　　Sp三nic　Funct三〇ns　of

Mesoscopic　Magnetic　Ma舌eria工s

Opto－mat餅ials

132

133

134

135

136

匝

Sing1e　Crysセal　Growth　of　New　Non1inear

Optica1Materia1s　by　Means　of　Contro11ing

Crysta豆Symmetry

Energy　Conversion　Maをeria至s　Fabricated

with　Compos主ξe　Structures

I三ffect　oξAging　Degτadation　on　Loca｝ized

Corros三〇n　oξStrucセura1Materials　for　Ligh室

WaterReac辻ors

Inf1uence　ofNudear　Transmutations　on　Low

Acセivation　S童ructura1Materia1s　for　Fusion

Reactor　ApP至ication

Research　on　Pundamenta1　Science　of
Frontier　Ceramics

Fundamenta1Study　of　Microst王しlctures　and

Properties童o　Deve1op　High　Performance
Mater呈a1s　for　Severe　Environment（II－High

Temperature　Intermeta呈1ic　Compomds）

Deve1opmen圭of　Th三rd　Generation　Nickeレ

Base　Sing1e　Crysta呈Supera11oys

Real－Time　　Investigat三〇n　　on　　Surface

Reactions　and　Defec圭Gmw吉h　Processes
under　IrradiatiOn

Research　on　U芝i至三zation　Technique　of　IlData－

Free－Wayll　SystemforNしlc互earMateria1s

Materia1Synthesis　to　Contro1of　Magneto－

Therma1Properties　by　Changing　Distance
between　Magnetic　Ions

Effec吉of　Crevice　on　Low　Cyc1e　Fatigue

Behavior　of　Pressure　Vesse1St鎚1三n　High

Temperaセu更ePressurizedWaセer

Environ㎜en圭a1　l⊃egradation　of　Structura1

Materia玉s　for　L主ghtWater　Reac圭ors

Materials　f◎7e列vior◎menta■Perfoτ榊aηce

Fundamental　Sセudy　on　the　P工ocessing　for
ECOmateria1S

S量udy　on　l⊃es三gn　and　Assessment　Techno呈ogy

fo工Ecomater三a豆s
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匝ヨpmda肌enta呈Study　o呈1Creation　of　M三cro　1桝
　　　　Sセereo㎜Fabrics　by　Powder　Techno1ogy

8iO－materia1S，⑧tC．

⑱F・b・i1・tio…柵・d・m・・1・1St・dillo・thl
　　　　Ma士eria｝s　with　Nano－Mesoscop三c　and　145
　　　　Nonperiod三c　Struc辻慨es

Spectroscopic　　and　　E1ect王ochemica｝

Investigat主on　oξ士he　Me芝a1Comp1exes　w曲

an　Unusua1E1ectron三c　Structure

Pundamenta1S吉udy　on　B呈ocompaセib舳y　of

Mater三a1s

PrOCeSSiηg

Sparation　and　sys肺esis

⑱Nl・C・・tim…St・・至m・ki・gP・g・・l1

147Processing　and　Deve1opme耐o壬Isotopica11y
　　　　Co耐ro亘1ed　Maセer三als（ICM）

Gaseous　process

Powder　Pr◎cessing

⑧Deve1opmenξofAdvancedShapeMemo「y⑧
　　　　Thin　FiIms　by　Sputtering

149Deve1opmenをof　Shape　Memo王y　Thin　Fi1ms　163

　　　　Pomedby　PVD　Me全hod

LlquId　state　prOcess

⑧M…f・・1・・lP・o・elli・gofRe・y・1・b1・
　　　　SimpIe－System　Al1oys

151Basic　Study　on　Reξining　ofMo1ten　Me芝a1and

　　　　Contro㎜ng　ofSoM追ca紅onby　E1ectromagne廿c

　　　　POrCe

152　So1idification　in　the　S佼ong　Magnet｛c跳e1d

153　王nves雀igation　on　Nuc1ea芝ion　and　Crysセa豆

　　　　Grow辻h　Mechanism　under　Heセerogeneous

　　　　Ambient　Phase

154Basic　Techno1ogy　Develop㎜en全of　Materia1s

　　　　Processing三n　a　ShorセーD雌a芝ion　Microgravity

　　　　EnVirOnment

155　So1idification　Pτocessjユlg　for　Pa玄tic1e　Dispe王sed

　　　　Unidirectionauy　Grown　Composites

156Metasセab1e　Phase　So至idiξ1ca乏三〇n　ξΣom

　　　　UndercooIed　Liguid　by　Inducing　External

　　　　Nuc旦eation　Seed
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⑧St・dyo・Co㎜b・lti・・Sy・th・・i・
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　　　　Sysセem　A呈1oys

匝鶉Meセa11雌gica1AmIys三s　of　Micro－Mach三ning

　　　　Regi㎝
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J◎iaig
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口Research　Programme

Characterization1Properti⑧s

I…Iec耐oηic　and　unc■ear　pr◎Perties

①St1dyo1Prlll1r111l1lllεllltr◎1ilSt1t1l◎f
C◎rrela言ed目ectr◎n　Syste湘s

T・舳f舳〃ofo、舳fα伽5P物5｛c5D加｛8ゴo〃

【Apri1玉996セo　Marcl、玉999］

There　are　nun｝erous　repor芝s　on　corre1a芝ed　e至ectron

sys芝ems　whose　typica呈subjects　are　heavyξer㎜三〇n，

the　Kondo　effect，va1ence　f1uc±uation，meta1－

insu呈ato更transit三〇n，exotic　superconducto王s　and　s0

for芝h－　In　spite　of　intelユsive　efforモs　on　t1，ese

pぎob1e蛆s，we　do1，ot　have　a　consensus　on　their

mechanism　comp1ete呈y．Thus，the　purpose　ofセh三s

p支oject　is　to　qし豆antita室ive｝y　eva1uate　t至1e主r　therζna呈、

e1ec芝ric．nユagne室ic　and　struc廿ural　prope村三es　at　high

pressure，al，dをhen±o　estab互量sh芝he訂nified　picture

and　the　mique　character　among走hem　to　darify

theinnechan三sm．However，theζe　are　several
barr三eエs　which　prevenをto　promoモe　the　research　in

this　f圭e至d：First、芝至1e　number　of　ma廠ia1s　regarded

as　the　corre1銚ed　e呈ectron　system　is　limi芝ed－The

reaSOI，iS　due　tO　the　faCt芝hat　they　a至e　mOS室1y

identified　in　art三チicia1compou1，ds　containing　the

loca呈ized　d－　and　f－e1ectrons．　Second，it　is

fτeque耐1y　diff呈cu1芝to　ge圭the　compounds　wi芝h

high　qua呈ity　in　the　intrinsic　ite1ns，for　examp1e，

res｛δua1　strains．　Purity，　colnpos主t呈o1，　and

c芝ys芝a11ograph三c　con／p1eセeness・Pina11y，there　is　no

obv主ous　po1icy　fo支the　deve至op肌ent　of　new

materia1a芝present，because　it　seems　toセake　a1ong

t三㎜e　for　the　con，P1etion　o｛sys芝eIT工atic　ana1yses　on

syn吉hesis　o麦compounds　which　have　an三n芝eresting

propert量es　resも1呈t主ng　fro皿室he　strong1y　corre呈a芝ed

e1eCtrOnS，

　　　In　add三tion　to　the　eva1uation　of　phys三ca1

properties　at　higl，Pressure，t1，e　fo至1owing
p王ob豆e呈皿s　are　concemed　in　this　projecを：（三）New

mater呈a王s　deve三〇pment　containing　the　Yb　e丑emen芝，

in　which　the　interesting　behavior　is　expecteδfrom

their　e1ecをronic　state－However，the　reported．

number　oチYb　compomds　is　not　so　mal，y，because

it　is　very　diff三cu1t圭o　synthesize　the　compomd　due

to　high　vapor　pressu王e　oξYb－Inξhis　wo支k　we

expecをto　supPress舳s　di冊cu1ty　by　using　the　new

equipme呈1t　for出e　synthes主s．（2）Sy耐hes三s　of　sing呈e

crysta1w三th　the　highest　qua1ity　whic至／is　aheady

con｛irmed　as　t至↑e　corre1aξe6℃1ec士ron　system．（3）

The　s紋uctura1refine服ents　at　anユbient　and　h三gh

pressure，　Por　Ul，derstanding　吉he　physica1
proper芝ies　at　h｛91，Pressure．it　is　necessary　to　geセ

the　correct　infor亘皿ation　onαysをa1structure．So　we

wi至1es迂ab至ish　a　technique　oξstructura1amlysis　a芝

1，igh　p］＝essure　by　using　the　dianユond　anvi1ce1至．

Keywords：corre1ated　e1ectron　syste㎜、Pressure

effec芝。肌a敏ia至s　deve1opment　Yb　compounds，
structu王e　ref三nen｝en芝

④S1lf・Orll1i1l1C柵111itli1M1g11li1l1l
Superc◎nductlng　SysteI11s

M・σ81・伽’α。M肋r加181切8｛・5D加1s｛o〃

lApril1996to　M丑r〔hユ9981

Some！0years　ag〇三t　was　noted　that　the　thermal

activation1苅echanisn，respons｛b至e　fo王the　diffus主on

of　mag1，etic　doma｛n　wa至1s呈1パheδisordered　alloy

SmCo3．5Cul．5s1，ows　a　s芝mng　anoma1y　be1ow　a

亡emperaξ脳e　of50K．This　effect，in呈麦ia1至y　attributed

to　quantum　f1ucセuations，has　been　stud三eδ主n　detai呈．

In　particもl1ar　it　was　showlパhat　the　evolution　oξ止he

magnetiC　re王aXatiOn　at1OW　temperatu至eチitS　a

simple　mode至where　an　effective　temperatu王e
T井～ユ0K　accounts　for　tul，ne1ing　of　sma11portions　oξ

domain　wa11s．Aセ五〇w　temperatures　be1ow2K，を至↑e

magnetizaをion　reversa1of　SmCo3．5Cも11．5セakes　p1ace

t1ユrough　successive　IT［agnetization　jurnps　of　near至y

the　same　amp1三tude．Such　a　staircase　behavior

S芝rOng1y　SuggeStS　the　eX三S芝enCe　Of　Simu1taneOuS

wan　motion　on　the　scale　of　the　samp1e，due　to　a

圭herma1’1ava1anche　effect1’associated　w三セh

diss巾a乏ion．and　in三芝iated　by　wa11tume1ing　events

on　a　micΣoscopic　sca玉e－I乏is　expecセed　that　such

behavioτof　theδecay　of1netas芝ab1e　state　is　also

observed　in　type玉I　super｛＝onductors－Hysteresis

1oops　of　superconducをors　often　show　at1ow

tempera走u至e1arge　irreversib1e　mag1letization　jump

resulting　from　ava1anche　process．　These
ava蔓anches　resu1t　from　a圭ransfer　of　potential

energy　of　vortices　or　domain　wa11s　to　guasi－

parξicles（conduction　e1ectrons，P豆asmons，Phonons

or　spin　wave）一Such　a　dissipation　effects1eads　to

self　heat三ng　of　tl，e　sample，Ma1，y（1uestions　ren／ain

to　be　answered：Physica至reasons　for　ju㎜p　even乏s、

王e1ations　with　se1f－organized　crit1cality．We

propose　measuring　ava1anche　effects　as　we11as

switch主ng　fie1d　distribut三〇ns　in　sing1e　cζystals　of

magnetic　and　superconduc乏ing　syste1苅s三n　iηore

ad三abatic　conditions，This　s呈↑oし…至d　a11ow　us　to　make
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a　connection　between芝his　phenomenon　and　se至f－

OrganiZed　CritiCality・

Keywords：first－order　phase　transi亡ion．diss三pation

effects，ava1anche　process，se1ξ一〇rganized　cri｛icality

Re1ated　Papers

ユ．M．Uehara、’1Doma三nbehavioエin　SmCo3，5Cul．5

　　・1㎎1…y・t・1・1㌧∫・λ〃・P／仰一48（互9”）：

　　5至97＿5200，

2．M．Uehara　and　B．Barbara，1INoncoheエent
　　quantum　effects　in量he　magnetizat三〇n　reversa1of

　　a　che㎜ica11y　disorδered　magnet1’、∫・P1－y吻工jθ。

　　47（！986）：235－238．

3－M－Uehara　and　B－13arbara．B．Dieny．and　P－C．E－

　　Stamp，11Staircase　behaviour　in　the　magneセization

　　reversa至of　a　chemica1至y　diso至dered　magnet　at

　　1ow　tempera芝ure’1，P～sたs　L砒εr5，114A（1986）＝

　　23＿26．

3　Basic　Research　f◎r　t11e　Contr◎1of　Che欄ical　Reacti◎11s

byトligh　Magrletic　l＝ield

H．A肋、4舳R側肌乃Gアoη（ρ燗ε〃f”敏
舳g・εf｛・肋胴Rε・・〃・乃8f〃・〃）

エApriI1996to1

With　the　aim　oチproducing　new　mater三a1s｛n　the

high　magneセ三c　fie1ds　mo王e　thanユ0T．we　have

star辻edξo　investigate　the　possib棚量y　of　contro11ing

chemica1reactions　by　the　high　magnetic　fie1ds．

Taking　advantage　o圭室he　ava三呈abi1i舌y　oξhigh

magnetic　fie五ds三n　Tsukuba　Magnet　Laboratories．

we　are芝o　deve至op　a　methodo1ogy　to　measure
magnet主c　fie1d　e圭fects　on　each　eユementary　process

in　chemica亘reac芝ions，Such　stud主es　hitherto　have

been　performed　in吉heξie1ds　up　to2T　and　have

given　a　clear　ground　for芝he　i1対erpretations　of

mdny　aspecをs　ofξhe　magne芝ic　fie1d　effecセs　on　the

phoセochemica1reactions　in　so1utions　and　on　the

dynan、三c　behavior　of　e1ectron三ca11y　excited

n｝olecu1es　in舌he　gas　phase．The　aim　of　this　project

is　no芝an　ex亡ens三〇n　of　such　studies圭o　high　fie1ds，

bu芝the　exp呈〇三tat主on　of　the　new　research　field、’1the

dynamics　of　exdted　mo1ecu1es　in　high　magnetic

fie1dslI，which　may　be　a　bas主c　researchチor士he

magl，e亡三cチie1d　contro1of　che肌ka1reac｛三〇ns・

　　Two　pieces　of　apPara吉us　are　now　under

cons辻ruction｛or　the｛o1lowing　exper三ments一

　　（ユ）Mechan三sm　of　photochemica1reacそions　in

so1utions　under40T　c1ass　pu1sed　magne主ic圭ie1d．

The　reaction　is　initiated　by　the　exdtaセion　oチ室he

セarget　mo1ecu1es　to　the　e1ectrolユica11y　excited　state

by　the　third　harmonic　of　a　pu呈sed　YAG　laser

（355nm、ユ5ns）．The　creation　and　amih三1ation　of

the王esu亘tant　reaction　intermediate　such　as　trip玉et

state，radica1pair，and　bi＿radica1are　observed　by

｛heir　transient　absorption．The　monitor　hghセ

sou歪ce　is　a　Xe　f1ash1amp、珊g9α士iming　of出e

1・・・…　dth・f1・・い・岬i・・6・打・1l・dt・

synchronize　with　the　maximumξie1d　st王engセh　of

the　pu1sed　magnet一

　　（2）Dynamic　behavior　of　e亘ectronica11y　exci室ed

mo1ecu1es　in　the　gas　phase　under　h主gh　magnetic

f三e亘ds　up　toユ0T

　　The　targe量mo1ecu1es　a王e　exci是ed　to　a　specific

energy1eve至10ca辻ed　arounδi童s　predissOciatiOn

thresho豆d　by　a　tumb互e　pu1sed1aser．Another

tunab1e　pu1sed至aser　is　used量o　detect　a　resu1tant

dissociationξragment　by　observing　a1ase－nduced

f呈uorescence．Changing　the　time　inteエva1between

芝he　firing　oξthe至ase至s，t三me　evo1ution　of　the

cτeation　and　amihilation　ofセhe　f芝agment　is

measured　under　magne士ic　fie至ds　up言o王OT．which．

is　apPユied　by　aヱiq・　He　free　superconducting

magne七Magneそic　fie1d　effects　on　the　e1e㎜entary

processes　of　combustion　reac芝ion昼nd　photo一
三〇n量zation　wi11a1so　be　invest三gated・

Keywo江ds：high　magne量icξie1d．chemica1reacセion．

phoξo－dissoda亡ion，reac亡ion　intermediate

4　　FabrIcat一◎n　of　Intr■nsIc　JosepI1so11　Junct1ons　and

Evaluation　of　T11eir　P■1ysical　Properties

K．H伽切、18fR概〃c舵τo仰
［Apri〕995to　March2000］

High　temperaセure　oxide－s岬erconductors　have

been　know1、士o　show　a1arge　anisotropy　in
magne吉ic　and　e1ec｛ronic　prope王ties主n　contras芝with

the　conventiona1meta1or　inte支meta11ic　super－

co1，duc乏ors，This　anisotmpy　co肌es　from　their

structures，which　are　composed　of　super－

conducting　Cu021ayers，sandwiched　w呈th｛he
insu1at三ng1ayers　or1ess－condu〔走ive1ayers・　The

e至ectrons　are　confined三n　two一δimensiona至system，

and　the　coherence1ength　perpend三cu1ar　to　the

1ayers　becomes　very　shor量（一ユA　or｝ess　for

B三2Sr2CaCu20s、δ）・This　s量mcturaI　anisotropy

caしlses　much　moζe　in士eresting　Phemmena・I亡is

qui｛e　reasonab1e室hat　the　Josephson　effect　may

hapPen　be芝ween　the　supe工conduc士ing1ayers
セhrough　the三nsu1ating　o工1ess－conduc室ive1ayers・

The工osephson　effect　has　been　ac舌ua11y　observed　in

the　vo至tage＿current　characteristics．and室he　dc一

王osephson　eξfec童has　recent1y　been　observed，too．

Highをemperature　superconducセors　have　the
Josephson　efチect　as　their　own　propert三es・The

1ayerness　of　these　mater三a亘s　leads　a1so亡o　the
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pecu1iar　character三stics　in　magnetic　and　e1ecセronic

propertiesl　magnet虻phase　diagram，the工osephson

p1asma　resonance．second　peak　eHect（fish董ai1）、and

S00n．

　　This　research　p王ogram　is　piamed　to　uti1ize　the

in芝rins三c　pτoper｛ies　of　high　temperature　supe麦一

conductors　for　the　apP1icat三〇n　such　as　室he

エosephson　effect，and辻oチind　a　new　characterisセic

feaセure　inをhese　ma童eria至s　under　various　circum－

stances－For　these　purposes，it　a呈ways　beco㎜es　a

key　to　grow　a1a芝ge　sing至e　crys辻a1wi芝h　high　qua豆呈童y・

We　wi至1deve呈op　our　techno1ogy室o　grow　sing1e

crysta呈s　of　h三gh　temperaセure　superconductors　by

芝rave1ing　so1vent　f1oaセing　zone肌ethod，f1ux

脈eセhod　and　Czokra豆ski　method－S主㎜u1ta列eous｝y、

辻he　eva1uation　o｛the　sing1e　crysta1s　wi1至be

performedセo　find　a　new　funct三〇n　in　the　magnetic

and　e豆ectronic　properties．　Based　on　these　resu1ts，

the　in麦rinsic　properties　wi11be　ana至yzed
theoret三ca11y　for　the　app1ication，and　a　new　device

wi11be　tested．

Keywords：high生e㎜perature　supeκonduc吉ors．

intrinsic　Josephson　junc乏ion，Josephson　devices

5　　Rese跳c11　◎n　Low　Oime11sional　System　in　Hig11

MagnetiCFields

G．K肋、4一肋R鮒肌乃Gro仰
岬r〃ユ995foM”て乃1996／

The　quantum　e艇ct　is　one　of　the　most　interesting

pheno狐ena　in　the　so1id　s芝ate　physics　and　known　t0

be　remarkab1e　in呈ow　d主mensiona1systems．The

spin－Peier至s　tτansition　occurs　in　the　one－

di肌ensiom1S＝王／2spin　system　w三芝h　He主senberg

antiferro　interaction，which　fo11ows　a1at芝ice
diStOrtiOn　due　tO　the　dimeriZatiOn　OξSpin　S｛芝eS・

Th三s　phase　transition　has　been　found　in　several

organic　conductors（TTトCuBDT，MEM［（TCNQ）。

etc一）and　inorganic　materia1s　CuGe03．The　high

magnetiC　f主e｝d　iS　quite　e旋C室iVe芝O　inVeStiga亡e　theSe

magnetiC　SyStemS　SinCe　i圭COntΣO至S芝he　degree　Of

quantum　effect－Anoをhe支phase泣ans量tion　into　the

1㎜agnetic　phase　takes　p1ace　under1，igh1nagne芝ic

f｛e1d　around至3Tξor　CuGeO　a1，d20T　for　　　　　　　　　　　　　　　　　　　　　　　　　　　　　3

MEM（TCNQ）。・The40Thybrid　magne芝and　the80

T　pu1sed　magneセwi至1be　emp1oyed　in　the
measurement・We　are　construct三ng　apParatuses　to

measure　the　AC　and　DC　susceptibi至ity，magneto

opt三ca1spectra　in　the　wide　region　from　far　inチrared

up　to　u至tra　vio1et　and1nagne吉ostriction　at　high

m・gn・ti・fie1ds・

　　　The　quantum　ha11effect　is　observed　on　the乏wo－

dimensiona至e1ectroh　system　which三s　rea1ized　at

the三nセerface　in　sem呈conduc士or．T1，e　accurate

transpor室measurements　at　very1ow　temperature

三n室he　high　magl，etic　fie至d．are　necessary　t〇

三nvestigateit－Achangeofi室soptica1propertysuch
as　an　energy　shiチt　of　the呈u肌三nescence　is　observed

三n　connec圭ion　with　this’Pheno㎜ena－The　precise

measurements　in　very1ow　temperature　are　a1so
1，eCeSSary　in　Order　tO　inVeStigate　it－

Keywords：至ow　d三mensiona王、spin　Pe三er1s，high

magneをic　fie1d

6　S杣dies　on榊e　High‘y　Correlated　l≡1ec析on　Syste欄s

u11der　Multlp1eεxtreme　Condltlons

H・Ao肋肋R概鮒〃α’o・ρ舳灯・・k泌αMαg〃
L”b0γ仰t0〃θ8

1Aprilユ995to　March2000］

We　have　deve1oped　severa1types　of　high　f旦e1d

magnets．such　as　a　hybζid　magne芝、in　the　preceding

project－The　capab搬ies　oξthe　deve1oped　magnets

are　proved　to　be　of　the　highest　c至ass　in　the　wor1d．

The　purpose　of　this　project　isξo　deve1op　severa玉

types　oξhigh　predsion　detect三〇n　syste肌s　under

1ow　temperatures　and　high　pressures　for　t至1e　high

fie1d　magne芝s　and　is芝o　app至y　them　to　the　study　of

the　h三ghly　com至ated　e至ectron　systems一

DeveIop㎜enセs

（a）We至1avedeveloped　a　de室ec芝ionsystemo圭the　de

Haas－van　A1phen（dHvA）effect　for　a50T　pu1sed

magnet．dHvA　frequendes　ra1，g三ng　fro㎜ユOTをo

ユ0000T　have　been　successチu呈1y　observed．

　　（b）We　have　deve王．oped　a　detection　syste狐of

the　fi1ed　1苅odu1ation　technique　ul，der　high

pressureチor　a16T　SCM／di至u芝ion　refrigeraξor

system－The　dHvA　signa1s　aζe　c1ear1y　observed

訂ndeパhe　mu1ゆ1e　extreme　conditions　of200肌K，

7kbar　and16T．

Measure㎜ents

（a）We1朋ve　sもlccessfu11y　observed廿he　dHvA

sig1，a1s　both　in　the　norma1　state　a1，d
supeエcondもlct主ng　states　of　the　new　borocarbide

superconducセor　YNi2B2C　The　angu1ar　dependence

of室he　dHvA圭requencies　and　the　effective　masses

｛n　the　high　symmetry　direct三〇ns1，ave　been　s吉udied

セ・…e・1theF・・misし1・f…p王・p・・ties－Thefi・ld

dependeI三ce　of芝he　signa1amp至itude｛n　the
superconducting　s吉ate三s　s乏udied　and　is　coinpared

with　the　p芝ed三ctions　oチ芝he　theoエies．

　　　（b）We　have　carefu11y　stもldied　the　wave　fom

and　the　amplitude　of　the　dHvA　osc呈11ations　in　the

fie1d　region　above　the　nユe圭anユagnetic　tral，sit｛on・

丁至1e　remarkable　change　of　the　f　electron1ユature
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frOm　itinerant　tO1OCa1iZed　aαOSS　the　tranSi走三〇n

have　bee1πonfirmed．I圭主s　a1so　found　that　the

dHvA　signals　above　the圭rmsition　is　diff三cu至t　to

unders乏and主nセhe舟amework　oチthe　conventiona1
士heory　of　the　dHvA　effec走。

　　（c）New　frequency　branches　in　the　heavy

fermion　compound　UP㌔have　beenτevea玉ed　for

thef主rs圭timearound乏heCaxis．

Keywords：high　magnetic　fie1d。玉ow　tempera芝脳e．

high　pressure．h三gh1y　corre1a亡ed　electron　system

7　C11aチac言餅1za言ion　and　C◎11抑◎1◎f　the　Opt◎electわc

Properties◎f　Small　Crystalline　Materials　wi賄Electro胴

腕beAnalysis

K．F〃・Wα、γF〃k・加、MT伽〃たα、α〃灯・Mfo、

〃ψRεsol〃o・肋舳R倣肌1－Sτ〃o〃

IApri1／995to　March2000】

Iセis三mportant　to　characterize　and　conモro1走he

specific　optoe1ectric　propert三es　of　very　sma1至

crystauine　mate工ia1s　which　are　endosed　by　other

kind　of　ma乏e至ials，anδwh三ch　term主na芝e　the

conducting　e1ectrons主nside芝heτnse1ves・　These

types　of　sma1至structures　are　feasib1e　by　burying

1，anome圭er－sized　crysta至s三nto　materia1s，and

coveringをhe　sur｛ace　of　one　materia1with　other

lmater三a1s－　In　this　s吉udy，the　fabrication　of　those

smal1”heteros室至uctures”is　carried　out，and　the

corre1ation　between　a古omic　strucをu工e　and

photo1um主nescence　properties　are三nvestiga芝ed・

　　Porous　s三1icon　is　chosen　for　one　exan，p1e　of

1，on－equ汕br三um　nanocrys童a1s　e㎜bedded主n　the

bu1k　matrix－A　high至y　porous　si1icon（PS）made　by

anod三zaセion　is　known　as　a　materiai　wiセh　the

efficient　visib1e　phoモo1u㎜inescence（PL）aけoom

temperatしlre－Various　mode豆s　based　on　qumtum

s三ze　effects，quantum　s三ze／oxide　defec芝s，ox三de

deξects，etc．have　been　proposed圭o　exp1ain　the

efficiency　and　spectrum　of　PL．Recent1y、セhe　ro豆e

of　ox三de三n　PS　has　proved　to　be　important　in　the

luminescence　pheno㎜ena．However、士he　PL
mechanism三s　not　yet　c至ear・PS　is　oxid三zed　a1so　in

air　at　roo㎜temperature．Ag三ng　phenomena　of　PS

三s　impoエtan迂from　the　view　p〇三1，ts　of至u皿主nescence

㎜echanis肌and　application．Up　to　now，howeve王、

aging　Phenomem　for　on1y　severa呈minu芝es　have

been　reported・In　this　study，the　aging　Phenonユena

during2months　have　been　investigated全o　clar三チy

the　re1ation　be芝ween1ight－emitting　Proper辻ies　and

nanostructure　or⊂hemical　composition，In
addition，hydrogen　imdia吉ion　was　performed　to

c1arifyモhe三mportance　of　crysta11inityξor　the　PL

eff主ciency－

　　The　p－type　Si　wafe王s　were　usedセo　fabricate

1主ght－emitting1ayers．A王was　depos三ted　on　the

back　surface　to　ensure　a　unifor皿anodic　cur工ent

distribuをion．The　PS1ayers　were　formed　by

anodization　in　HF－ethanol　so王u芝ions．As　an

excitation　sou工ce，a　nit工ogen　lase工with　a

wavelength　of337nm，pu1se　w主dth　of　O－3ns　was

used　for　PL　measurements．The　resu1ts　indicated

that　PL　peak　pos主tions　weエe1ocated　at600－650

nm　and　PL　intensity　increased　wi圭h　aging　time－h

au　case，PL　decay　was　not　sing至e　exponentia1，but

consisted　of　two　components　which　decay
exponentia11y　with　different玉ife走imes．This

co1nmon1y　apPears　in至un｝三nescence　decaysτe1a走ed

toセhe　presence　of　diso王dered　sta芝e．and　is　not

con芝rad三c亡ory　to　theエesu至ts　of　TEM　obsαvation

which　wi王亘be　descr三bed玉ater．The1ifetimes

ranged　from　oneセo　several　tensμs，and　increased

W三th　aging　time・FOurierξranS圭0rm　in麦rared

absorp乏ion　measure㎜en芝s　revealedをhat　Si－O

bonds三n　PS　increased　and　Si－H　bonds　decreased

wi芝h　aging乏ime．Hydエogen　irradiation　af量er圭he

anodizaセion　caused　the　degraδation　of　PL

effidency．High　reso1ution　TEM　showeδsmau　Si

crysta呈s　surrounded　by　the　a肌orphous　near　the

surface，The　behavior　o圭these　crysta1s玉ess士han至O

n肌in　size　seems　to　be　cor王e1a芝ed　with　the　aging

and　hydrogen　irraδiation　effects・The　data　sugges芝

that　the　visib豆e　PL三s　at打ibu吉ed　to　the　comb三ned

effecセs　of　nanost至uc童ure　and　oxide　deξecセs．

KeyWOrdS：Sma11αyS芝a至1ine　ma芝er亘a1S，SurfaCe

terminated　or　bur三ed　pa王t三cles，Porous　si1icon（PS）、

photo1uminescence（PL）

8　Materia1s　with　Aオ◎mic　Sca1e　S枚uc山res（COl…Proiect〕

M，0kα伽。D伽cfoγ一Gθ〃2閉1

エApri11995to　March20001

Under三をs5－year　p1an　imp1emented　inユ995，

Nationa1Research　Insti走ute　for　Meta三s（NR且M）三s

conduct三ng　researches　on　the　creatio1，of　advanced

mateζ三a1s　with　atomic－sca1e　structures　exhib三ting

quanセしm　pheno肌ena・This　research　is　promo古ed

as　one　of芝he　Cente至of　Exce1亘ence　Deve1opment

Prog・a皿　（COE　Project）　of　the　Japanese

Government，anδis　financed　with　the　spec主a1

coord主nation　fund　from　the　Science　and
Techno1ogy　Agency（STA）一

　　Ma三n　pa工t　oチthe　COE　Projecモis　progressed　aモ

セhe　Centeエof　Advanced　Phys主ca1Pields（CAPP）of

NRIM，equipped　wi芝h　some　extreme　experimenta1

environments　such　as　high　magnetic　f三e1ds．high

エeso｝u芝ion　beams　and　extreme　high　vacuum．The

projec圭is　in　factδesig1，ed仕o　make　use　o｛the

advantages　o麦these　exセreme　fie至ds　in　researches
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on　advanced　materia五s．

　　One　year　has　passed　sinceセhe　project　started　in

October至995－1⊃ur三ng　this　period．NRIM｛nv三ted　as

COE　fe至1owsユO　and　g　sden芝主sts　fro㎜abroad　and

within　Japan，respective1y、亡o　give　more
oppo王tun主室ies　of　discussions　to　NR玉M　s芝affs．

Besides肌ore　than40seminars，an　intemat三〇m1
symposium　was　organized，with　simi1ar　i呈／tent亘ons，

in　Marchユ996on　the　App1icaをion　of　Nanometer

Sca1e　Techno1ogies　to　Ma芝er三a1s　Sdence，w主th　gO

scienをis芝s　inc1uding20ilwited　speakers．An

Eva1uation　Comm肚ee，chaired　by　Prof．Tsukada

from芝he　Univers三辻y　of　Tokyo，verif主ed　the
feasibi1ity　o麦をhe　project　p1an・

　　　Researches　direct1y　aiming　at芝he　deve1opment

of　atomic－sca1e　maセeria1s　are　ofセhe1’top’1

importance　in芝he　project－Th三s　par亡inc至udes　eit1，er

of　invest三gati鴨quantum　phenomena　i呈1atomic－

sca1e　maセer三a至s　and　deve1oping　techno1ogies　to

ξabrica士e　and　eva1uate乏hose　materia1s．Research

sub　programs　in　this　fie1d王eceive　the　spec量a豆チunds

from　STA．COE　project　a1so　inc1udes　researches

w三量h　indiv三δua1specific，origina至1y　pmposed

h，dependently　of　the　COE　project－We㎞corporated

吉h・㎜intheproject，ast1・ey・・ep肌ti・u1・・1y

contr三buをing　to　deve1op（！）techniques　re至aをed　to

the　advanced　phys三ca1fie1d、（2）　ana1ytica1

techniques　for　nanometeζsca1e　ma芝eria豆s．and（3）

ma麦er三a三s　exhibiting　quantumphenomem・We　ca1呈

these　reseaΣches1，COE，supporセingI’1researches，

Keywords：advanced　physica1fie至ds，atomic　scale

stmc麦ures，quantum　phenomena

匝］Press鵬E晦ct・㎝閉y・i・・lP岬餉ies◎川ag・飾

Ma｛e1‘ialS

T．Mαf8一舳oτo，M耐〃加1s1〕勿sた8D加｛8｛oκ

【Apri〕993セo　m榊chユ996】

Pressし呈王e　is　one　of　the　most　importan芝pa王ameters

in　the　f三e1ds　of　materia1s　sc三ence　and　a1so　an

effect三ve　too亘to　contro1the　degree・of　hyb王idization

be芝ween　the4f　and　conduct三〇n　electro呈／s　which

causes　var三〇し至s　interest三ng　Phenomena　in　ra王e　earth

intermeta1呈ics，such　as　heavy　fermion，inセermedia芝e

va1ence　state，the　Kondo　effect　and　the　RKKY

inte蝸ction－Especiauy，we　are　veζy　inte支esteδin

the三r　therma1aI，d　magnetic　properties　as　a　functiol，

oξpressure　to　confirm　the　e｝ecをronic　sセate－High

pressure　tech1㌻igues　fo工the　measuren｝en芝s　o｛

speciξic　heat　and　magnetic　susceptibi1ity　have　been

deve亘opedセo　proceed　the　research　in　this　fie1d・

Using　these士echniques，we　have　invesセ三ga芝ed　the

origin　of肌agnetic　interaction三n　the　CePd2A13and

CePdA1syste㎜s－The　pressure　dependence　of　thei茎

N6e1tempera芝脳es　boセh　of　which　were　suppressed

w主th　pressu王e　was　exp至ained　byξhe　competit三〇n

between　the　Kondo　eξfec圭and　t至／e　RKKY
interac芝ion－A1soパhe　s芝rengをh　of　Kondo　coup1ing

was　ana1yzed　to　be　main1y　due　to　the　f－p

hybridiza亡ion　by　usi1，g　the　pressureδepenδence　of

セheir王att｛Ce　COnStan廿S．

　　　We　have　a｝so　s芝しldied　t1／e　p工essure　eξfecをon　Tc

of　the　oxi6e　supe王conδuc乏or，Y2．、Pr其Ba4Cuア015

whose　s室ωcセure主s　reg孤ded　as　an　intergrowth　oチ

YBa2C訂30アand　YBa2Cu｛Os．As　the　resu呈t，the

pressure　coe冊cient　of　Tc　wasチoundセo　change

fro㎜positiveセo　negaセive　with　increas主ng　Pr

conセeI〕t．　The　chal，ge　inモhe　pressure　dependence

was　interpreセed　by出e　magne芝ic　breakdown　oチthe

Cooper　pair　c舳sed　by　the　magnetic　moment　of　Pr

atOm．

Keywords：をherma旦and　magnetic　propert三es，

Kol，do　effect，　Pressure　effec芝，　rare　earth

三ntermeセa11iCS

Re1ated　Papαs

三、J－Tang，A．Matsushita，H－Kitazawa，and　T．

　　Matsumoto，1’High　pressure　effecセon　the

　　magne芝iC　tranSitiOn　in　heaVy　fermiO1パyStemS

　　CePd2A13and　CePdA豆’㌧1⊃～5主c口　B．2！7（ユ996）：

　　97＿101．

2－J．Tang，A．M1atsushita，H－Kitazawa，and　T－

　　Matsu肌oto，11Pressuτe　dependence　of　magnetic

　　order三ng　in　Ce－Pd－Aいn室ermeをa1王量c　compounds、’1

　　Proc・げ∫〃亡ηoポ1C01ヅψλJRλ1〕＝r’95：in　Press・

3．A，Matsush三芝a，Y．Yamada，N，Yamada，S，Horii，

　　and　T．Maをsumoto，1’王1ffects　of　press雌e　of芝至1e

　　electrica1resistivitiesofP玉咽aCuOand　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　2　　　4　　呂

　　Pr2Ba4Cu7015．1’！〕1〃8たo　C，2雀2（至995）＝38ユ＿384。

回De・e1◎P鵬ntolaHighPress・r⑧榊arat・sf・r

HighPrecision目e砒icalResistivityMeas鵬n1entandlts

Applica言i◎n　to　t11e　A11◎㎜a1o劃s　所⑧ssu陀　1…ffec｛s　in

P相a2Cu408

AMατ帥s胱α、M肋1伽181切8｛c8Dゴη｛sゴ㎝

IApril1995to　M日1’ch／9％1

The　sもlbsセ三圭u芝ion　o董Y　by　Pr　dranlatica11y　sし王p－

presses　the　superconductivity　in　Y－Ba－Cu－O　high－

Tc　superconductors　while　the　subs乏itutiol，by　other

・a・e－ea舳elements　sc・・ce1y・ffects　the

superconductivity．Recent1yPr1Ba！Cu一≡Os
（Prユ24）was　synt至ユesized　and　t至／e　e1ectrical

res主stivity　of　Pr／24was　found　to　exhibiセa　broad

peak　aroundヱ90K，Below190Kセhe芝emperature
coefξicient　oξthe　e至ectrica1res呈stivity　is　pos｛t三ve・

This　meta11ic　behavio王provides　an呈n芝eresting
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contrast　to　that　of　Pr｛Ba2Cu307（Pr三23）which　is

semiconducting　be呈ow　mom　temperatu芝e．The

sem量conducting　behavior　of　Prユ23has　been　a

major　evidence　sugges童ing　that　the　supPression　of

superconductivity　in　P支玉23is　due　to　so－ca11ed　ho1e

f三uing．Therefore，the　n｝eta11ic　behavio支of　P更ヱ24is

interesting・Neither　magnetic　transit圭on　nor
struct早ra1one　have　been　found　around　the　peak　s0

far．RecentIy　weξound　thaセthe　resistivity　be呈ow

the　peak　is　insensitiveセo　pressure　whi1e　tha走above

モhat　increases　wi士h三ncreasing　pressure．This

柵fe・・n…　fp・・SSu…　腕・ti・・keジ・をh・

undersセanding　of　the　meta11ic　behavior　in　Pむ24・

　　　In　this　project　we　deve亘oped　a　high　pressure

apParatus　for　high　precision　e1ectr三ca1resistiviをy

measurement　and三nvestigated　this　anoma1ous
behav三〇r　in　detai至一We　proposed　a　possib王e

exp1ana芝ion　that　the　e1ecセrica1conduc士三〇n　of　Pr／24

can　be　d三viδed　into　two　par芝s；one　is圭he

conduction　through　the　Cu02p1anes　and　the　other

is　that　throughをhe　CuO　doub呈e　chains　and
attributed　the　meξa11三c　behav卓or室o　the　conduct主on

through亡he　doub1e　chains．In芝his　exp1anat主on　any

phase　transiセion　is　not　supposed．This　mode玉is

consistentwiセh　the　expe工imenta1resu1古s　so　far・

Keywords：high　pressure，e1ectr三ca｝resistivity，Pr

substi走ution　effect

匝コStr・舳rea・d目ec桁o・icPropertiesofSilicides

丁一H｛舳ω、α舳｛c仰1Procεs8｛〃gD｛加8ioκ

1Apriい993セoMal’ch↑9961

The　purpose　of　the　study　is　t〇三nvestigate　structure

and　e1ectronic　properties　of　meta至disi玉ic三des．The

d呈silicides　concerned　are　CoSi，／S｛eutectic　and

h主gh－Pressure　phases　of　BaSi2，

　　　CoSi．／Si　euモectic　is　se呈ected　because　iをfom，s

Schottky　ba汀ier　al，d　the　height　is　selユs三tive　to亡he

structure　of　the　interface．The　flat　interface　was

formed　at　the1ow　growth蝸te　be1ow0．2mm／h
from　the　euセectic　a11oy　by　a　f1oa芝ing　zone　method－

Some　inte王faces　with　diξferent　misorientation　were

obta三ned．　The　Schottky　barr三er　heighセof　these

interfaces　is　under　nユeasuren／ent．

　　　BaSi2hasモhree　differen圭po王ymorphs，
orthorhon｝bic．cubic，and　tetragona1phases．　The

firsセone　is　norma1phase，The　laモter　two　are

cons三dered　to　be　high＿pressu更e　phases，b訂セi芝主s　not

c1ear　yet．Their　physica1p至ope王ties　are　not　known．

We　firs圭confiτmedセhis　pressure－induced
structuτa1phase　transi芝ion　with　f〃5主f〃X一工ay

diffraction　measurements，In吉erestingly，it　became

c1earξhat　both　phases　are　quenched　to　ambient

conditlons　without　s校uctura1changes．We　founδ

that　cubic　phase　is　an　n－type　semiconductor　whi1e

童r三gona1phase　is　a　ho1e　me芝aL　In　addition．the

trigona1phase　shows　a　superconduct三ng　with

onset　te服perature　of6，8K－I童is　r趾e1y　known　that

high－pressure　meta11三c　phases　are　quenched－We

a工e　going　to　construcをP－T　ph∂se　diagram　of　BaSi2

and　discuss　the　transforma童ion　sequence　unde王

high　pressure・

Keywords：si1icides、三n芝erface，h三gh－pressure

Re1a辻ed　Papers

三．M．Imai　and　T－Hirano、’1E1ectrical　res三stivity　of

　　metastab1e　phases　of　BaSi2synthesized　under

　　h三gh　pressure　and　h｛gh　temperaをureI㌧∫一んloy5

　　伽〃Coηηo〃η必、224（1995）：至11＿！ユ6．

2．M。㎞壷、K，H吐a走a、㎝dT－H汁ano、’1Superconducゼv吋

　　of出gon誠BaSら’1，P1Ψsた口C，245（ユ995）：王2＿玉4．

3．M－Ima呈and　T．Hirano，IlE丑ectrica至resistivity　of

　　モhτee　pO1yn｝0rphs　oξBaSi2and　p－T　phase

　　diagram11，Mα±．Rε5．Soc－5yη叩．1〕roc．。402（ユ996）：

　　567＿572．

口二…］　I＝iチsトOrder　Phase↑ransiti◎11s　in　Magnetic　and

Superco11duc－irlg　Materials　at　Low　Temperat1〃es

M．u伽閉、M肋伽151〕伽｛・sD加｛8｛o〃

IApri1／993to　Mar⊂h19961

Recent1y　much洲en芝ion　has　been　given士o　the

dynamica至列ature　in　magnetic　and　super－
conduc亡ing　systems　dueξo　the　firs圭＿order　phase

芝ransi言ion主n　which　the　f1uctuations　of　system　oチ

either　therma1or　quantu肌肌echanica豆origin　p玉ay

an　essentia玉ro1e　and　in　a　macroscopic　system　the

metaStab1e　Staセe　undergOeS走王anSitiOnS　tO　a1OWer

s圭ate－In　disordered　magnetic　systems1三ke

SmCo3．5Cu1．5magneをic　domain　wal1s肌ove
between　pinning　cen芝ers　provided　by　the　disorder－

At　h三gh　temperature　th三s　is　known　to　occur　via

therma玉activationl　a芝1ow　temperature　we　have

shown　previous1y　that　there三s　a　crossover　to

quantum　tunne丑ing・　It　is　expec吉ed圭hat　such

behav主o王of言he　decay　of　n，etastab1e　state　is　a1so

observed　in　type　I玉superconductors，We　have

shown　tha芝セhe　concepをof　mean　activation　ene王gy

1eads　to　coherent　resu至ts　on　the　mixed　staセe　nature

in　severa1high－Tc　superconduc舌ors（肌SCs）．We

have　found亡hat　the　decay　ofセhe　zeroξie1d　coo1ed

dia㎜agnetic　magnetization　of　HTSCs　and　severa至

conventiona1superconductors　such　as　T三50V50and

A至5co㎜pound　V3Si　sing1e　cτysta至s　can　be

exp王a三ned主n　terms　oチa　mean　activation　energy　E

which三s　found　to　be　proportiona1セo　the　rec三proca1
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magnetic　fie1d－The　temperaセure　variation　of亡he

penetration　and　exdusion　rate　of　vorセices　obeys　an

Arrhenius　type　equaセion　with　an　efチective

セemperatu王e　T㌧（θ／2）co辻h（θ／2T）．Here、θis　a

characteristic　te㎜perature　doseIy　re1atedをoをhe

crossover歪ro肌therma1process　to　quantu㎜
tunne1ing　of　vor亡ices・　This　study　has　been　part1y

carr三ed　ou辻within　a　cooperaセive　scientific亙esearch

prog王a服between　STA（Japan）and　CNRS（Prance）二

Laborat〇三re　deMagn6isme　L01ユis　N6e1．

Keywords：f三rs言一〇rder　phase　transi士ion，me土astab1e

Sセate，quanturn　tunneI三ng、㎜agneセiC　re旦aXatiOn

ReIa辻ed　Papers

ヱ．M．Ueha王a　and　B．Barbara，11Noncoherent
　　Quanセum趾ects　in　the　Magneセizat三〇n　Reversa1

　　of　a　Chem三ca11y　D三sordered　Magnet1’，∫．1切吻〃ε、

　　47（ユ986）＝235＿238．

2．M．Uehara　and　B．Barbara，1Tie至d　and　tem－

　　p6rature　dependence　of　the　mean　penetrat三〇n

　　rate　of　f1uxons　in辻he　mixed　sta辻e　of　high　Tc

　　supe王conductors1’、∫．P1〃s．、I　Prance3（ユ993）：

　　863＿870．

3．M．Uehara，T，Numazawa，T，H三rano，and　B．
　　Barbara，1，Decay　oξMe辻as辻ab1e　States　of　Hig1／－Tc

　　and　Conventiona1I’Low　Tc’1Superconductors，1，

　　P1〃sたo　C，235（1994）：2905＿2906．

匝Fo・伽e耐alS的die・・fEle砒㎝ag榊icM・t・ri・1・

wi航Strong　I…lectr◎n　Correlations

K．K〃oω〃、18fR鮒例℃乃Gγo仰

正Apri〕993to　March19961

StrOng　e1ec芝ron　corre1a芝ion　effects　have　been

known　to　give　rise　to　unusua1phys三ca1properセies

in　meta玉s　and　inter皿eセa11三c　compounds　w三th　rare

earth　and　ac麦三nide　e至emen士s－　The　ground　state　of

these　ma量e董三a亘s　at1ow　temperatures　cou1d　be

superconducting，magl，e童ic　ordering，norma王Fer肌三

1iquid　with　high1y　renorma1ized　effective　masses　or

insu豆ating，depending　upon　the　systen｝s，and

cannot　be　predicted　by　the　properties　at　high

te服peraセures，even　at士he　bes乏of　our　present

know1edge．In　order走o　better　understand　the

fundamen芝a1’driving　mechanism　o麦these　gromd

s芝ates，a　broad　spectrum　of　mater三a1s　has　been

invesをigatedl　heavy　fermion　compomds　such　as

CeRu2Si2，CeCu6．URu2Si2．UPt3etc・。a　new　c1ass　of

magneをic　supe麦conductors　such　as　RET2B2C
（R脹Rare　earth　e呈ements，T＝Ni，Pd，P廿）and　Kondo

insu1ators　such　as　PeSi，Ce3Bi4pt3∫Ce3Sb4p芝3．etc・

Por　the　study　oチp1，ys主ca呈properties　of　these

ma±eria五s三セis　essentia1to　grow　h｛9h　qua至iをy　single

crystaIs・We　have　setup亡wo　mu至セi－P腋pose　single

crysta1grow三ng　fumaces：one三s　theチour－arc

fumace　to　grow　sing1e　crystaIs　with呈ow　vapo王

pressures　and　the　other　is　an　induction　furnace

with　vertica1and　horizontal　zone　refin三ng

functions　and　with　bridgeman　as　we11as

Czochra1sk亘method，We　have　succeeded　in
prepar三ng　large　sing1e　crystaIs　of　mixed　va1enセ

compound　CeRu2．magnetic　superconduc芝ors　such
as（Y．Ho。欧）Ni2B2C，etc－Speciξic　heat，resistiv三をy，

magne辻oresis辻ance，magnetizaセ三〇n　in　the㎜ixed

state．de　Haas　van　A三phen　e麦fect，Shuvnikov－de

Baas　Osd11a芝ion，etc．have　been　measured　us三ng

high　quaI三セy　sing1e　crysta1s　in　order　to　unde王sセand

the　fo支mation　mechanis㎜o壬high1y　co更re1a亡ed

eIec辻ronic　sセate　inセhese　co夏npounds．

Keywords：sセrong－e三ectron　corre亘a辻ions，heavy

fermions，kondo　ef｛ec辻、high　gua1ity　sing旦e　crysta呈

growth

巨羽　Research　on　l…ffec－ive　Masses◎苛Wide　Gap

Semiconductぴs　in　I・1igh　Magn8－ic　I＝ields

M’・05〃k〃。4肋R舶8伽℃乃Gro〃ρ

エApr三1／995to　Marchユ9％1

The　wide　gap　semiconductors　have　been　shown　to

possess　the　potent三a1ξor　apP至ication　in　potentia11y

a室tractive　devices　such　as　u1tra　vio1e亡1asers，high

乏emperature　operation　devices，tral，sparent
e呈ectrode　for　s〇三ar　energy　devices　al，d　so　on。一This

study　aims　tQ　c1arify　the　band　s量ructure　near　band

edge　of　w三de　gap　se㎜iconductors　us三ng　far

infrared　cyc1otron　resonances　and　to　further

deve至op室he　apPropriate　measurement　systems．

　　Before　now，cyc1o芝ron　resonance　experimen芝s

on　n－GaP　and　n－ZnO　have　been　ca王r三ed　ou芝us三ng

・f・・inf…ed1・s…nd・gunn…i11・to・・s・
radia即n　source．ma三n1y　in　pu至sed　magnetic　fie1ds．

Since　the　n－GaP　has　a　doもlb1e　mini三皿a　feaをure　in

theconduc芝ionbandaround亡heXpoin乏、the
cyclotron　resonance｛s　co王np1ex　and　it　is　hoped

セhaセthe　reso蝸nces　wi11be　observed　over　a　wide

fa王range　ofをhe　far　infrared　region　so　that芝he

s佼ucture　of芝he　conduc芝io1，band　bot芝o至n　can　be

determined・In　our　stもldy，cyc至otron　resonances　in

をhe　wide　far　infrared　region（！ユ9，2至5，433，690、

至500μm）up古o　a　magnet三c　fie1d　of30T1，ave　been

observed，　By｛itt呈ng　the　cyc1oセro1，reso1，ance　data

to　the　Landau丑eve1energy　strもlcture　based　on　the

doub1e肌inin｝a㎜ode至、the　ba互1d　parameters　of

辻ransverse　e旋cをive　mass㎜i，1ongitudina1e脆ct主ve

nユass　n㍉and　the　came11s　back　height△E　have　been

determined　to　be0．25mo．0－90mo　and2．7meV．

respecをively．On　the　other　hand，the　ef｛ect呈ve
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e1ecセron　masses　of　n－ZnO　reported　previous｝y

Were　SCattered　OVer　a　Wide　range　anδm　C至eaτ

cyc1otron　resonance　curve　has　been　observed　as

far　as　we　know．The　effective　mass　es圭imated　by

us　is　apProxわηate工y0，3互ηo　with　the　rnagnetic　f主e｝d

perpendi．cular　to　（10／0）surface　aセ吉he　resonant

wavelength　of394μm，

　　We　are1，ow　p1aming　to　set　up　a　water

cooled　Bitter　pulsed　nユagne芝to王爪ake　it　easieエセo

Carry　Outモhe　CydOtmn王eSOmnCe　eXperime耐S
and　iiwestigaセe　other　kinds　of　wide　gap
rnater亘a王S．

Keywords：cycIotroηresonance，far一三nfrared，1、一

Gap，n－ZnO，effective　mass　determinat三〇n

Re1ated　Papers

ユ．M．Oshikiri，K．Takehana，T．Asano，and　G．

　　Kid0、’1ra・一i・〕fraredCydOt王OnreS㎝anCeOf

　　wide－gap－semiconductors　using　pu三sed　high

　　magnetic　f主e1ds1’、1〕～sゴco　B∫216（ユ996）＝

　　35＝L＿353．

2．M．Oshikiri，K．Takeham，T．Asano，and　G．
　　Kido，1’Cydotron　Resomnce　ofn－GaP　in　a　Wide

　　Par　Infrared　Region’㌧J．Phys・Soc，Japan∫65

　　（1996）12936－2939、

［王…］　Electronic　Properties　int11eQua11tu111Limit．

H．Aok｛、4f1－R鵬ε刎’c乃Gγo〃ρ伽∂τs〃k〃bαMαg〃所

Lαb0γαfOr｛ε5

iApriい995toMard／9961

from　the　co11aboraをion　study　with　GHFML1as迂year

thaセthe　step　wise　increase　coinc三des　with　the　dHvA

osc主玉1ation　in　the　frequency　and　angu1ar

dependence　which　a王三ses｛ro肌a　Fe工mi　sur｛ace　at

theXpo主n吉一

　　It　is三mportant　to　confi工皿that芝he　s亡ep　wise

increase　corresponds　to　a　rea玉mag1，etic　phase

セms玉セion－We　have肌easured　high　fie1d　magneto－

resistance　by　using　the　hybrid　magnet　which　can

deをec辻出e　electronic　strucセure　change　by　the　phase

trans三t1on・Obvious　changes　of　the　magneto－
resistance　can　be　successfuny　observed－　The　f主eユd

strength　where　the　changes　are　observed　and　the

hysteresis　coindde　w主モh芝hose　of圭he　sセep　wise

inCreaSe　Of　magnetiZatiOn・TheOretiCa1SttldieS弧e

necessary　to　revea1the㎜echalλism　ofセh三s　unusua1

m∂．9netic　behavior　and　its　relaξion　to　the　Permi

SしlrfaCe．

　　c）K一（ET）2Cu（NCS）2is　an　organic　super－

conductorwhoseTc　is　about玉OK．Wehavestudied
the　co肌b三na士ion舟equencies　ofαand　iセs　rnagnetic

breakdown　orbitβby　a　torque㎜ethod，It　is　found

モha乏the　amp肚udes　and　their迂emperaξu王e
dependence　can　not　be　exp呈ained　by　conventiona玉

theor三es　of　the　magnetic　brealくdown　and　the

magnetic呈nte王action　effect．P腋theエcaエeful　studies

with　other　methods　are　necessary　to　investigate　the

Or主gin・

Keywords：high　magnetic　fie玉d，hyb王id　magnet，

magnetiC　t支anSi芝iOn，1OW　C趾rier

Atomlst1c　arr釧gement
The　high　f｛e玉d　magnets　of　Na芝ional　Research

1nsセitute　for　Meモa1s（NRIM）are　now　beco肌e

avaj1ab1e圭or岬searches　of　various　purposes・　The

purpose　of　the　present　projec－sセo　deve1op1ow

ternperature　detect三〇n　syste亙ns　suitab王e｛orセhe

high　fie至d肌agneセs　together　wiセh　Grenob1e　H量gh

Fie1d　Magnet　Labo王aセory（CHlFML）、which　has
profound　experience　in　tl，is　fie1d，and　isをo　app呈y

them辻o　the　sモud玉es　of　e1ecセぎonic　properties　in　hi．gh

magnetlCξie1dS，

　　a）We　have　developed　a　jHe1ow　temperatu工e

system　for　the　hybrid　magne圭in　NRIM－The

system　uses　a　so工ption　pump　ins芝ead　of　an

ordimry　rotary　pしm↑p，which　is　suitab至e　to　reach

1ower　temperatures．We　have　a1so　deve1oped　a

re1iab1e　capacitance　ther1non↑eter　to　co1，tro1the

samp豆e　tempeτa芝脳e－

　　b）CeP　hasセhe　NaC1stmcture　and　exhibits　a

complex　p1，ase　diagram　as　functions　of
吉emperature　and　magneξic　fie1d．　Oate　et　a1三n

Osaka　un三versity　has　found　a　successive　sをep－w圭se

increase　of　magnetization　above20丁一芝was　fomd

161nfrared　aηd　Raman　Spectroscopy　of　Metal　Oxides

T．H〃α切、Mαfθ一伽18P～5北8D加｛5ゴo〃

エApril1995to　March了998］

It主s　we11know1パhat　phono1，s　p亘ay　a　c工uc呈a至ro至e

in　many　phel，omem　in　so1id　sセate　physics．By

infrared　and　Raman　spectroscopy，we　are
concemed　with　theξouowing　stud三esξromをhe

view－point　of　phonons．1，The　cornposiセiona1

eξfec辻on　phomns　in　mixed　oxides，where　othe王

meta1ca亡主ons　w技h　di旋ren亡ion　radius　and／or

valence　are　substit紅セed　for　the　consセituent　cations；

士he　mode　behavior　of　substituセional　so豆id

solutions　provides　infor肌ation　conce］＝ning至attice

distorセions　or｛orce　cons乏ants．2．　Interstit三a1solid

so1utions　incorporated　with　ions，in　reference　to

opticaI　phonon．s　of　disordered　system．3－　Phase

transitions　in　so王ids’the　normaユーsupe亙conducting

transit主on主n　high＿T，superconductors　is白n
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exaInp豆e．Paying　aセ圭ention　to　the　e1ectron－Phonon

coup1三ng　to　understand　the　n↑echa1，ism　of

superconduc舌ivi亡y－

Keywo迂ds：phonons，i1沽ared／Raman　spectro－
scopy．lne圭al　ox主δes．Phase　transitioI三s

17S山dyo糀At㎝icScale軸inee痂g◎fHighPe㎡o欄a鵬
戸ilmS

T・肋f舳o．1sfR」醐伽’c1－Gro〃ρ

一ApriI／994t（〕M趾ch］99ア】

The　ato狐ic　sca1e　engi1，ee王ing至／as　been　deve1oped

in圭he　semiconδuc乏or　f｛e至d．The　h主gh　pe王fo王mance

mater三a至s　are　designed　based　on芝he　prediction　of

quantum肌echanics　whicl｝rules　the　propαties　of

1苅aセeria王s　in　this　d三1mension．The　aiエn　of　this　study

is　to　ex室end　t至／isξechnique吉o　t至／e　other　ma廠ia1s

such　as　h三gh　T．sもlperconducting　oxides　a1，d

mo1ecu1ar　crysta1s・However，in　these　materia1s、

セhe　crysta呈strucセure　is　mud1呈皿ore　co肌p呈三cated　and

especiauy　t至1e㎜olecuユes　show　a　quite　different

characteris芝ics　in　couτse　o圭theチi1nユsynthesis．　The

mo至ecu1ar　beam　epiセaxy　techni（1ue　under　u豆芝ra　h三gh

vacuulη．and　the　e王ecセro1，diffraction　techl｝ique　are

mt　the　most　suitab呈e　techη．igue　for芝hese　mate王ia1s・

To　so1ve　t1三ese　prob1ems，synthesis　technique

having　highe王se1ecセivi士y　and　react三vity　is　necessary

and　other　probe　should　be三nsta11ed三nstead　of圭he

e豆ectron　beam－As　a　new　fabricationセechniq1ユ』for

these　maをeria豆s，we　i至1troduce　a　reactive　deposit三〇n

芝echnique　equipPed　w三をh　x－ray　ana1ysis　system　in

芝he士ota至ref1ec乏ion　region，

　　The芝otal　ref1ection　x吋ay　ana1ysis芝echnique　was

app1ieδtoξhe　artificiauy1ayered13呈2Sr2Ca、．lCu．02．、、4

ξi至ms　prepared　by　sequentia1sput芝eぎdeposition・　In

theθ／20d主ffract三〇列spectΣuln　at　the　grazing

三ncidence，the　osci11atory　pattern　can　be　observed

which　is　dueセo　the呈nterference　oチthe王ef至ected　x一

τay　fron、芝he　surface　and三n童erface　of　the　fi1rn・Sし王ch

pattems　are　also　observed　between　t1肥neigh－

boring（001）Bragg　Peaks・　The　nu㎜ber　o歪oscil－

1aを三〇列．exac芝1y　cor工espond亡oセhe王1urnber　ofし正n主芝s　in

theξi1m．The　thickness　of芝he　fi1ms　can　be　analyzed

inをhe　sca1e　of　one　aセo呈皿｛c　layer　by　th三s　analysis．

The　a亡om三ca至至y1ayer－by－1ayer　synthes三s　can　be

estab1三shed　by亡his　ana五ys主s．The　supers奴1ユcture　of

Bi2Sr2Ca、、．lCu、、02，、、｛system　was　successfu11y

synthes主zed　by　app1yingセhese　resu王セsセo　the

deposiξion　cond｛tions－　The　tota1ref董．ec室ion　x－ray

a1，a玉ys三s　techη．ique　can　be　extended　in　another　two

ways．One　is　the　l〃一ρ1”κx－ray　diffrac芝主on　which

revea至s　the　sし液face　sセructure　and　the　text訂re　ofξhe

fi1ms．The　other三s　the　f1uorescenをx一王ay　ana1ysis　o｛

the　sur｛ace．The　co王nposit三〇n　of乏he　fi1肌surface

can　be　ana1yzed・　It　is　planned　to　apP呈y　these

technlqもlesfo・th・わ1－s舳・n・lys1．sdu・iハgth・

synthesis　of　high＝r，superco1，duct主ng　oxide　fi1ms－

Keywo正ds：th三n　films，aξomic　sca呈e　charac－

ter主zation，x－ray　tota1ref五ectio1、

Related　Papers

ユ．T．Haセa11．o，A．Ish三i　and　K，Nakamura，

　　1’Enhancemenセofτ。in（Bi2S更2Ca3Cu4012、δ）1

　　（Bi2Sr2CaCu208、δ）l　super1atセice　fih皿by　cha夏ge

　　ξransfer1’、∫．λρμ．P乃γs一、79（！996）：2566＿2573。

T．Ha亡ano　aIユd　K．Naka肌u王a、’IStructure　and

properties　of　Bi1Sr2Ca、、］α1．02、、、4fi1ms　prep趾ed

by　seguentia1sputte亙deposit三〇nlI，ilぺ1Bismuセh

based　High　Te互nperature　SuperconductorsI1，ed．

H．Maeda　and　K．Togano，M弧ce1Dekker，New
York、（至996）。
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In　the　present　study．we　have　tr三eδ芝o　quantifyセhe

in吉ensi士y　of　乏he　l，ig1ミ　resokltion　e王ectro1，

1nicrOscOpic　image　al，d　electron　d｛ffracセ三〇1て

intensit三es，with　the　a主d　of　CCD　cameras，and　to

obtain　　n↑uch　　玉丁三〇re　infor1苅atiol，　than　　t11e

convent三〇na1狐ethod　w三thしlsing　photog王aphic

fi1ms．A　s五〇w　scan　CCD　camera－image　processor
w三芝h　a　dynamic　range　of玉04is　aξtached乏o走he　hig王1

reso1utlon　e1ectron　microscope，JEM－4000Ex，with　a

point　to　point　reso1ution　of　O－17nr汀。

　　We　identif三ed芝he　s芝rucセure　oξrecen圭1y

discovered　supe王conducting　compound　YPd2B2C，

We　identified　the　three　dimensional　struct脳e　of

the　reciproca〕at芝ice・We　compared　the　h三gh

resolut1．on　images　with芝he　computed　onesしlsing

MacTempas　softwa更e　and　foしmd　that乏1／e　structure

of　th主s　compound　is　basically　the　sam．e　as　tha芝of

LuNi　B　C．
　　　　2　2

　　Ano芝her　atセemp亡is　perfor狐ed　for　the　s校uc芝ure

ana1ysis　ofセhe　new1y　synthes｛zed狐ateria1．SrV2S5・

We　found　this　n，a芝eria呈11as　the　tr主gom〔ayered

structure　wiセh紅O．33n狐and　c：3．5nm汀he　mitcell

is　composed　of　th王ee　b1ocks　of　subce11s，which趾e

stackedセoc－d1rection1・a・ln9・shlftinthec－Plane・

The　position　of　S王and　V　atoms趾e　specu至a芝ed　by

hig1，reso1ution　inlages　and　Patセerso111苅aps・

　　　A圭ria1was　made　w1，et至／er　distances　and

direcをions　of　the　diff王action　spo走s　can　be　lmeasし玉red

し王sing　an　industria｝1ow　price　CC1⊃camera　set（〕n

the　v主ew　window　of　al㌻elec校on　mic王oscope－t　was
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found　the　measu工emen辻is　possib工e　for　the　b工圭ght

cond三セion　of室he　spots－The　disto王tion　was

successful1y　co汀ected　by　vaζying　the　aspec童ratio

ξrom3：4for吉he　CCD　camera　to1＝ユfor　the　prinまer－

Keywo韮ds：HRTEM，structure　image，supeト
conductor，YPd2B2C，SrV2S5，s1ow　scan　CCD
Carnera

Rehセed　Papers

ユーS・Ikeda，H・Fujii，T・Kimura．K・Kumakura．K・

　　Kadowaki，and　K，Togano，’’H圭gh　Resolution

　　Tral㌻smiss三〇n　E1ec辻ron　M三croscopic　Studies　on　a

　　Superconduc言oエYPd2B2C　compoundI1。∫ρη．∫．

　　却ρ1－Pl〃5・、33（ユ994）13896－3899・

2－S、互keda，1’Seセting　of　a　Low　Pr三ce　CCD　Camera　on

　　乏he　View　Window　of　TEM　for　P支inting　Out

　　E玉ectron　Diチξraction　Patterns’I、∫、E1εcfγoη

　　〃α’05ω〃幽（至995）：485－487、

匝D・t・1mi・・ti・・舳rJ・r晦・榊・r・i・All・y・lr・m

Electron　Diffraction　1閉ens…ties　using　CCD　Camera

System　and1言s　Applicati◎n　t◎1…xamina－i◎n　of　Ordering

PrOCeSS

T・K｛榊oτo，1εfR淑〃c乃G・o〃ρ

IApri〕993セo　Mlarch1995］

士e加pe珊紬re　of85ぴC　or93ぴC　On　the　cont蝸了y．

the　LRO　parameter三nc至eased　with　approaching
軒ain　bounda王y　in　Cu3Au　wh三ch　was　s｝ow1y　coo1ed

三n　a　e1ectr三c　fumaceチrom　high　te肌peτaセure・These

interesting　Phenomena－were　successfu1豆y
exp王ained　on　the　assumpt三〇n　tha芝excess　vacancies

introduced　during　amea1主ng　aセhigh　temperature

oξ85ぴC　or93ぴC　promote　ordeζing．In　B－doped

N主3A1，discemib至e　diffeエence　of　LRO　parameter

was　not　detected　between　the班ea　ne班gra三n

boundary　and　matrix－This　may　deny　the
previousIy　p更oposed　I皿echanis1皿tha亡乏he　decrease

of　LRO　p趾a㎜eter　near　grain　boundary　causes　the

ducti1ity　improvement三n　M3A呈by　B－doping．

　　In至995，we　a1so　deve亘oped　a　new㎜ethoδ言o

measure　expe王imen辻a至1y　the　e1ectron　absorp言ion

coefficient　for　the　first　t三n，e　in　o更der　to　achieve

much　higher　accuracy　in量he　ca1cuIat三〇n　of　LRO

parameter　by　consider三ng　the　absorption　effectε・

Considera量三〇n　of　the　absorp童三〇n　effects主n　the

calcu玉ation　of　LRO　parame士e王a1Iowed　us　to　app呈y

ourδeve1oped　syste肌to　the　ma芝er三a1s　whose

crysta1sセructure　is　much㎜ore　comp1icated　than

tha全of　b三na王y　a1豆oys．

Keywo王ds：1ong－range　o更der　para肌e辻er．mu呈t三一

s1icemethoδ、coo1ed　CCO　camera．9rain　boundary、

・bso王ptl・neff・・t

The　first　objec辻｛ve　of　our　research　is　to　deve丑oP　the

system　fo王deをermination　of　a1ong－range　ordeエ

（LRO）para㎜eセer　in　an　a11oy　fro肌the　ratio　of

super至a出ce　and　fundamenta1ref1ection主ntensities

in　e1ectro　diffraction　pattem，which　aτe　precise至y

and　quick1y　meas雌ed　by　a　coo1ed　CCD　camera　of

h三ghest　dynamicτange　of64，000．　The　second
objective　is　to　apP1y壬he　deve1opεd　syster汀をo　the

examination　of　ordering　Process　and亡he
understanding　ofモhe　physica｝Properをies　re1ated　to

○王dering　by　measuring　LRO　parameter　in　a

呈nicroscopic　reg三〇n・　Inユ993andユ99遅、the

δeve1oPment　ofをhe　system　was　successξu11y

perξormed　by　develop三ng　a　new　method　to

measure　speci㎜en　th三ckness　and　a　computer

progエam　to　ca1cu1ate　a　LRO　paramete王fro㎜
e1ectron　diξfract呈on　intensities　with是he　multi－s呈ice

method．It　was　ve舳ed　that　the　LRO　para皿eters

○チCu3Au　determined　by　our　developed　sysξem　is

il，good　agree肌ent　wi芝h　the　data　by　X一王ay

diffrac辻ion．

　　互n1995，we　measu更ed　the　LRO　parameters　near

grain　boundary　in　Cu3Au　and　B－doped　Ni3Al　wiセh

the　deve五〇ped　system．It　was　foundセhat　LRO

parameteエdecreased　with　approaching　gra圭n

boundaries　in　Cu　Au　wh主ch　was　annea1edチor
　　　　　　　　　　　　　　　3

ordering　afteエrapid　guenching　from　h三gh

Phase　tra閑formati◎n　and　micm－
StruCtureS

④EffectofHighMagnetic戸ield㎝Ph8se
Trarls｛αmat■ons　and　lts　PossIble　ApplIcatIon　to

Tra11sformatioη↑ex童ure　Co11廿ol

S・Kψω〃α。1〕切5た仰1ργoρε肋8肋｛s｛o〃

lApri11995to　March／9981

It　is　expected言hat　magnetic　f三e至d　w三王1afξect

transfonnaセion　behavior，especia至1yη、ar芝ensitic

transfor㎜ation，a1though　much　work　has　not

been　perfo更meδon　this　subject－There　may　be

so至ne　effect　of㎜agnetic　fie1d　on　transξorraa芝ion

芝e蛆peratu工e（Ms）、transformation　kinet呈cs　and

transformation　texをure－Inをhe　pエese耐work，

these　effects　are　studied　exセensive至y　on　bothξypes

○チaセherma玉and　iso乏herma至transformations　by

using　Fe－Ni－C，Fe－Ni－Co－Ti，Fe－Cr－C（athe王ma1

type）and　Fe－N三一Mn，Fe－Ni－Mn－C（isotherma呈

モype）auoys．The　aim　of舌he　study　is　to　c五arify　the

basic　pエocess　of　the　trans垂oτmation　mechanis皿

al㌻d　exp豆ore　possibi1it主es　of　texture　contro至by

app1ying㎜agne圭ic　fie至d，In　ordeエto　know　the

effec辻s　more　exp1icitly，super　high　magnetic
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チ三e呈ds，boセh　pu1se　and　stationary，have　been

emp1oyed．　In　the麦irst　fisca1yea王of　this　p至oject，

effect　of　MsセemperatuΣe　in　Fe－Ni－Mn　and　Fe－M－

Mn－C　a1至oys　has　been　exam三ned．　No肌ina豆

chemica1composi圭ion　of　the　a11oys　used　is　shown

in　Tab1eユ、These　a至1oys　are　isotherma1王y

transfor㎜ed　be互ow　room辻em－Perature　and
exhibit　C－curve　in　the　TT］＝d三agra肌。The　nose

te㎜peratu至e　in　theπT　d三agram　aをwhich　the

most　rap三d蛇ac辻ion　occurs　is　a1so1is士ed　as　T㎜三n

this　tab1e．Mos童of　the　a至1oys　used鉗e　comp1ete1y

austenitic　aけoom　te㎜pe漱ure　except　a11oys　No・至

and2－In　these　two　a11oys，some　amount（10－20％）

of　mar芝ensi芝e三sチormed　on　coo1三ng辻o　room

temperature　fromをhe　austen三tizing辻e肌perature－

Speci㎜ens0．5mm　thick　were　ausセenitized　atユ370

Kチor30m三n　and　coo1ed　to　room　temperature－
The　grain　size　of舳steni室e　was　in童he　range　of50－

80μm－Pu1se狼agnet三c　fie1ds　of8－28T　wi言h　about

40ms　duraセion　were　stepw三se1y　apPIied　to　these

austenitize（l　speci肌ens　aセ王oom　te蛆perature，

start主ng　from8r　The　amou淋of　martensite
induced，fp，is　increased　wiをh　increasi呈／g1eve1of

magnetic　fie1d二for　auoy　No。ユfp　startedをo　increase

as　ear1y　as　when8T　was　app1ied．for　a至1oys　No．2

，3and7fp　started麦o　inc更ease　atユ7T，After　some

per主od　of　a　cons辻an芝increase　wi童h　a1ow　gradient．

fp　beganをo　rapid1y　increase　atユ6Tξor　a11oy　No一王。

and　at25T　for　a1亘oys2，3and7．The　va1ues　of　fp

a芝the　app1ication　of28T　were1isted　in　Tab1e1－

Whi1e　the　above　ment三〇ned㎜artensitic
腕nsforma士ion　induced　by　pu1se五nagne芝ic　fie1d　is

COnS三dered　aS　aモherma1t至anSチOrmat三〇n，it　WaS

fou夏↑d　tha芝　乏he　isoモherma1　marモensitic

transformation　occurs　at　room　temperature　by

app1ying　constant　h三gh　lnaglユet三c　fie1d　for　a

cerをain　period　of　time－　The　amounセs　of

mar乏ensiをe，f簑、for1苅ed　isotherma王1y　at　room

temperature　by　apPly三ng　a　constant　magnetic
fie1d　of22T　for2h　are1三sted　in　the1asセco｝umn　of

Tab呈e至。■shou1d　be　noted　here　tha芝a1loys　No－3、

雀and7are　isother㎜a1至y　transformed　as　much　as

肋1θf月〃0γω”ρ05”0ηIη05召一肋ρ舶鵬τ。Im∂〃θ榊舳”鵬布a0”0η一

㌔aηdいd・・εdbγρ・’se8ηd・f・fわη・岬ag・e舳ε’dε・

T．、、（K）　六、（％）　五（％〕

60－80％at　room辻empera芝ure　a1though　prac士ica11y

no　marセensitic　transforma士ion　is　induced　forセhese

a11oys　by　apP1icat呈on　of　pu1se　niagnetic　fie1ds　up

to25T－We　are　now　cons三deringをhe　factors
which　are　responsib1e　for　such　st至iking　eξfect　of

肌agneセ三c　fie1d　on　the　martens三セic　tra列sformat三〇n－

　　Th主s　rese趾ch　was　perξormed　in　c1ose

co至1aborat三〇n　of　members　of　High　Magnetic　P三e1d

Researc1㌻Stat三〇n　in　Center　of　Materia呈s　Science

undαExtreme　Environments　ofNRIM．

Keywords＝isotherma1martensi芝三c　transformation，

super　high　magneticξie1d（Pu1se　and　stationary）、

transforma芝ion吉emperature

Alioy　No，　　mass％（Pe，bal）

④Ato舳ollMilrol1llylilofAll11l11Mlt1lli1
lVIate一’ia■s
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［Apri1ユ996to　March20011

Properties　of　meta11ic　materiais　are　cont支o11ed　by

microstruc亡ures．　Recentチ圭ndings　of　nano－

crys芝a1亘ine　mater三a1s　wh三ch　arises　var主ous

乏mconvenセiona1mechan三ca1and　magl，etic
properties　st三n，u五a麦ed　researches　in　nal，ocrysta呈亘ine

microstrucセure　contro1．Convent三〇na1structura1

mate王ia1S　SuCh　aS　Stee1S，a1um三num　a11OyS，
in芝erIneta至iics　al，d　supera11oys　are　a至至streng芝heI｝by

con校ouing　micros室mctures　by　making　use　of　so1id一

＞so1主d　phase　transformaセions．The　sca｝e　of　the

三皿icrostmctures　of　these　ma芝eria1s　are　becoming

smal1er　and　sma11er．and　many　microsセmctures　are

in　a　subnanometer　scale．　Thus，1nicros重ructura1

charactαiza芝三〇ns　of　meta1呈三c五nater三a至s　in　lessセhan　a

nanometer　sca至e　reso王ution　is　esse1池a1for

undersをanding　the　mechaI，isms　of　desi王ab1e

properties－This　s乏udy　a三ms　to　obta呈n　genera至

mdαstandi至／gs　to　ma芝e歪ia1s　prope王ties　by

cl，aracteriz三ng　nlicrostructures　of　solme　se1ected

advanced㎜aセe王ia呈s・For　t1↑is　purpose，we　emp1oy

the　a芝om　probeチie1d三〇n　microscope（APFIM）

techI，i卯e　wh呈ch三s　capab1e　of　ana1yzing1ocal

chemica1compositions　of　a1呈oying　e1ements　in至ess

セhan　a　nanometer　sca1e　reso呈uをio夏1．An　advantage　of

using　AI〕FIM　is　th就i芝can　d．etect　a豆1e1ements

inc1uding1ight　a芝oms　such　as　Li，Be，B，C，N　and　O

wh三ch　often　make　key　roles　in　contro至1ing　materia1s

pτoperties．An　appea蜆nce　of　a　new　atom　probe

deve至oped　for　this　p王oject呈s　shown三n　Pig・！・Th三s　is

a　combinat量on　of　a王ef1ectron　based　energy

⊂ompensateδatom　probe　and　a　tomograph三c　aセom

probe（TAP）一The　latセer　is　a　para11e亘芝ype　three

di狐ensiona1a亡om　probe，which　is　capab1e　of
mapPing　Positiol，s　of　individua1ato1篶．s　in　a　th至ee

d主mensiona王space・Foぎcomplementary肌icro一
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Alloy　Compositon　　　　　　　T．、、（K）

No．　（1皿ass％、Pe1ba1、）

㌔（％）　ζ「（％）

structural　characterization，　conventiona1
transmission　e1ectron　microscopy（TEM）and　high

reso1ution　e1ectron　microscopy（HREM）techniques

are　a1so　emp1oyed，Our　research　interests　inc1ude

nanocrysta11ine　magnetic　materia1s，magnetic　thin

fi1ms，　nanocomposite　a1uminum　a11oys，
amorphous　al1oys，and　phase　transformations　in

stee1s　and　other　a11oys．

　　Part　of　thisエesearch　is　performed　in
co11aboration　with　Institute　for　Materia1s　Research

（IMR）、Tohoku　University－

　　The　most　up－to－date　reporセs　of　this　project　can

befoundinthefo11owingWWWsite：
　　　　　　http：／／inaba．nrim．go．jp／apfim

Keywords：atom　probe，APFIM，nanostructure，
mic工ostructu工e，Phase　transformations
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22A　Molecular・Dynamics　Study　of　the　lnitial　Prcess　of

■＝raCtu■一e

K．K〃s〃〃ok｛、Co榊ρ〃切〃o〃α1ハ4〃αイα158c加κcθ

D加｛sゴo〃

lApri11994to　Mar⊂h／997］

Using　mo1ecu1ar－dynamics　simu1ations，the　present

study　aims　to　e1ucidate　how　the　microscopic　forces

and　disp1acements　of　atoms　deve1op　into　the

macroscopic　ones，It　a1so　aims　at　an　atomistic

description　of　the　macroscopic　concepts　such　as

c1＝ack，stress　and　strain，

　　We　deve1oped　a　simu1atoエby　which　we　can

make　both　tensi1e　and　compression　test　of　single

crysta1s．A　pre1iminary　study．which　used　this

simu1atoエfor　both　puエe　and　so1id　so1ution　of　fcc

crysta1s　with　modified　Lennard－Jones　type

interatomic　potentia1s，revea1ed　that　peエfect

CrySta1S　aS　We11aS　C工ySta1S　COntaining　One　VaCanCy

cannot　be　fractured　by　c1＝ack　initiation　but　by

p1astic　deformation．　This　year．we　new1y
developed　two　types　of　simu1ation　programs．one

for　fcc－Cu　crystals　constructed　with　an　embedded一

atom－model（EAM）potentia1，and　the　other　for
bcc一α一Pe　crysta1s　with　the　Johnsonls　potentia1－It

was　demonstrated　that，as　far　as　we　made　tensi1e

tests　of　fcc　crysta1s　under　non－PeriodicaI　boundary

conditions，bエitt1e　fracture　by　nuc1eation　and

growth　of　cエacks　cannot　take　p1ace　even　for　crysta1s

with　a　large　amount　of　vacancy　c1usters　and　for

mode－I　systems．In　this　case，we　observed辻he

generation　of　the　Schock1ey’s　partial　dislocations　at

some　stage　of　p1astic　deformation，It　was　a1so

demonstrated　that，in　case　of　tensi1e　tests　for　mode－

I　system　ofα一Fe　crysta1，britt1e　fracture　take　p1ace

at1ow亡emperatuエes　and　ducti1e　fracture　at　high

temperatures．These　resu1ts　aエe　consistent　with　the

genera1tendency　for　real　materia1s　with　fcc　andbcc

St工uCtu1＝eS．

　　We　are　now　investigating　into　mechanisms

which　cause　the　above　resu1ts　from　both　an

atomistic　and　crysta11ographica1points　ofview．

Keywords＝mo1ecu1ar　d沖amics，fractuエe，atomistic

mode1s，cエack

23Atom　Probe　Microana1ysis　and　lts　Use　in　MateriaIs

Design

H・H〃α肋、Co仰伽f｛o伽1M肋1伽1sD8s伽
D加｛5｛o〃

［Aprilユ994to　Mar〔h1．99ア］

Microstructures　of　thiエd　generation　Ni－base　single

crysta1（SC）supera11oys　deve1oped　in　NRIM　are

being　ana1ysed　by　an　Atom　Probe　Pie1d　Iron

Microscope（APFIM）equipped　with　a　Thエee
Dimensiona1Atom　Probe（3D－AP）。The　state　of

γ／γ1phase　equi1ibrium，inc1uding　atomic
configuration　inセheγ1phase，has　been　determined

in　the　a互1oys－The　resu1ts　have　been　compared

with　estimations　by　computer　mode11ing　using

C1uster　Variation　Method（CVM）and　a　very　good

一58一



agreemenをhas　a1ready　been　shown　between亡he帆

CVM　is　now　being　app1ied　to　the　deve1opment　of

Ni－base　SC　superanoys　with　fur圭her　superior

ten↑Peratu王e　capabi1ities・

　　　A　series　oチA1－co1，taining　NiTi－base　inter一」

me士a豆1ic　a11oys1㌻ew1y　deve1oped三n　NRIM童or
possib1e　apP至主cations　as　gas　t訂rbine　discs　have　a亘so

been　investigated－The　prec三p三tat三〇n　behaviour　of

Ni2TiA1p至1a』e　which　is　coherent　w三th　Nm　matr三x

is　thought芝o　be　the　key芝o　unders走anding　the　very

h三gh　strength　of言he　a亘1oys，The　APFIM／3D－AP

has　been　aga三n　useδto　a1ユa1yse　the　precipitates　in

芝ernミs　of　size，　dis芝ribution　and　che互n三ca1

con｝Position．It　has　been　poss主b1e　to　detect　a　very

ea支1y　stage　of　the　Ni2丁三A1prec三piセation－A豆so3D－

mapP三ng　of　the　che1苅icaI　compos｛童ion　c1ear1y

showed　an　evolut三〇n　of　the　cuboida至precipitates

during　aging－Partitioning　behav三〇ur　of　some

quatemary　e1ements．such　as　Mo．Cr。趾e　be三ng

’inVeStigated・

Keywords：Ni－base　supe支a11oy，NiT圭一base　a至1oy．

M2TiA｝Precipi室ate．Phase　equi1三brium．a圭om主c

COnf主gmat三〇n，COmputer　mOde11ing

Re1atedPape鵬

工．H．Murakam三、H．H鮒ada，and　H，K．D．H．
　　Bhadeshia、’1The　Location　oチAをoms　in　Re－and

　　V－containing　Mu豆ticompone耐Nicke1－base
　　Sing1e－cζys芝a1Supera11oys’I。λρρ〃θ∂S〃ぴηcθ

　　Scfθ〃cε、76／77（三99遂）：177一王83．

2．Y，K〇三zもlmi，H．Murakami，and　H，Harada，

　　1IPhase　Decomposition三n　MTi－N主2nA亘A1至oy

　　System，P・J・War芝en’1，Pl’oc・3r4〃θr舳f｛ol〃1

　　σ伽’1ε51〕〃soηsτ1〃伽ηεCo’ψrε〃cε、25＿27April

　　（1995）、Newcast至e　upon　Tyl，e，UK．

3．Y．Koizumi，Y．Ro，and　H，Ha閉da，11NiTi－base

　　Intermeta11ic　A王1oys　Strengthened　by　A呈
　　Subs辻三をutions1’、ハ4〃θr加1s　Scた1πε01〃E1侭f1πεr士ηg

　　λ，May，／997：in　press・

24　Sy榊hes1s　of　Sup8rconduct1訂g　apd　Supermag11etlc

u1並athin　Fi1ms　by　Us⑧0f　l◎籟■欄P■a耐ation

K．Sακo，S刎仰cε舳∂I〃α仰cεD加｛s｛o〃

［Apfi〕994to　March1996］

Supeζconducting　Bi－Sr－Ca－Cu－O　u1tra圭h三n　fi1ms

with　the　thicknesses　of30，！5，7，4and2nm　weエe

syn芝hesized　by呈丁三eans　of　r，f，raagnetron　sput芝er三ng

and　were　modified　by　irradiation　of！00keV　Ar

ions圭o　a　dose　of　aboutユ01㍉ons　c肌’2at至ow

te重皿peratures、玉0－20K．Por芝he　fi1ln　thickness　oチ30

n肌to7nm，セhe　obtained　va11ユes　of　zero－res圭stance

言エansi量ionセempeエature．T。，。。exceeded！00K．Po王4

m苅or2nmセhick　ulセ王a舳n　fi1ms，T　reached88K
or8雀K．which　is　the　highest　va至ue　so　far　reported

for　the　nea工1y　o1，e－un｛t　or　ha至f－ul，it　ce11dimension－

The　fi1nユthickness　and　the　interface　sセrしlcture　have

beel，ident三fied　by　cross＿sect三〇na至high吋eso玉ution

e至ectron㎜三croscopy（XHREM）．Tb．e　role　ofユ00keV

range　Ar　ions　i1，the　thil，film　modiξicaξion　was

inte王pretedi13termsofase1ecセivec・e・ξionof’’ul・1辻

ce王111sca至es　o麦the至ow　energy　co1｝ision　cascades　in

imperfecをcrysta11三ne　region　and　ion　channe至ing

th王ough　good　crysをa1hne　region主n　u呈芝rathin　films．

　　1n　order　乏o　exarn主ne　the　fi呈n，　thick1，ess

dependence　of　Fe16N2n三tr三de　for1mat三〇n，50n1苅

thick　Fe　u1trathin　fi1ms　we王e　imp1a1，ted　with

nitrogen　ions　aけoom　temperatU．re．Uniike　the　case

oξ250nm　th三ck　f三1ms，no　Fe16N2phase　was

produced　in芝he　as－implanted　state，butα㌧

martensite　phase　wasξormed　a1，d　its　vo1ume

fraction　exceede（190％一When辻he　imp1anted　fi至m

was　coated　wi芝h　Aし至oτCu創ms乏o　avoid　nitrogen

escape　from　the　specimen　surface　and　amea至ed　at

473K、セhe　volume　fracセion　oξ胎16N2p1蝸se　was

markedly　imp更oved　to　about36‘ん。

Keywords：supercondもlctiv量ty，9三an芝magnetization，

u1tra芝h呈n　fi1ms，　BiSrCaCuO，　Fel‘N2，　ion
implantatiOn

RdatedPapers

1M．Kaise　and　K－Saito、’1Sy耐hesis　a13d　Ion　Beam

　　Modiξ主cat三〇n　ofξhe　Bi　System　Superconducting

　　U1tra芝hi1土Pi1n，s’I，S1〃仰cθ＆Coo舳一95γθc／！〃ology，

　　3（ユ996）＝777＿782－

2．H．Shinno　and　K－Saito．1’Syn辻hesis　of　Pe16N2I至on

　　Ni芝r三de　by　Means　of　Nitrogen　Ion玉mp呈anセation

　　呈nto　Iron　Thin　F量1ms1’、∫oρα〃∫．∫〃5f．M肋15、（1996）：

　　757＿764．

〔至蔓〕　E前ects◎f　High　Magnetic　l＝ield◎n　Ma穴ensi｛ic　a11d

8ainitic㍗ansfor閉ati◎口s　i列1＝e・8ased　A1l◎ys

H．0肋舳1〔α、1〕切sたα11〕τ一〇μ竹加εD加｛8ゴo〃

［Apri〔995t（〕March／996］

Effects　of　h三gh　magnetic　f主e呈d　on　martensitic

芝ransforlnaξion　behavior　and互羽icrostruc辻ure　at

4．2K　have　been　studied　in　Fe－27Ni－0．8C（wセ％）

s1ミape　me肌ory　a11oys．Effecセs　of　tensile　stress　al，d

the　combined　effec童s　of　high　n↑agnetic　fie1d　and

tensile　stress　on　marセensitic　transforma辻ion　have

beel，invest三gated　as　we1l　in　order　to　lnake　dear

セhe　difference　of　the　effects　oチn↑agnetic　fie1d　and

tenSiヱe　SξreSS　On　tl，e王1uC1eatiOn　Of　n／arξe1ユSiξe

p1ates．　The　tra1，sfoτ肌a廿主on乏emPeratures　unde王
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肌agnetic　fie1d　o王tens三1e　stress　were　measured・

The　ex圭ra　drivingチorces　necessary｛or　martensitic

圭ransformation　under　magnetic　fie1d　or　tensi1e

StreSS　Were　Ca1Cu1ated　thermOdynamiCa11y　uSing

experimenta1data．　They　a王e　in　g00d　ag「eement

with　each　other．玉n　order　to　make　dear　the

difference　of　the　effects　of　magnetic　fie1d　and

tenSile　StreSS　On　martenSitiC　tranSfOrmatiOn，をWO

types　of　experimenをs　were　conductedパhat　is．the

sequence　o｛the　apP1ication．of　magnetic　fie1d　g圭

10T　and　the芝ensi1e　sセress　oξ220Mpa　was　changed．

The　anユount　of　martens主童e　formed　by　increas三ng

the　magnetic　f三e1d　unδer　constant　stress　is1arger

乏han　that　formed　by　increasing　the　stress　in　the

constant　magnetic　fie至d，which　shows走hat　the

effec亡of　tens三王e　sセ至ess　on　the　number　density　of

martensite　is　larger　than　tha走of　magnetic　f三e1d　in

走h呈s　exper三menta1condition－

Keywords：mc1eation，tensi王e　stress，Pe－NガC
a11OyS

Re1ated正■aper

l－H－Ohtsuka，K．Nagai，S．Kaj三wara，H．K三をaguch亘、

　　and　M，Uehara，1’趾ects　of　H三gh　Magnetic　P三e1d

　　and　Tensi1e　S芝ress　on　Martens三tic
　　Transformaセion　Behav三〇r　and　Microstmcture　aを

　　4．2K三n　Pe－Ni－C　A王1oys，1，M〃θr〃5τ1’”7s．μM，

　　37（三996）：1044一

Surfaceand　interface　properties

⑧S◎1idState1n紺facia1ReactionsandSu伯ce
Analysis◎fT11i口Solid　Films

meaSurementS．
　　Idea豆growth　conditions　wi11be　searched　by

using　ni芝rogen　ion　bombardment　from　a　specia呈

ion　source　providing　energies　between　lO　and

ユOOO　eV．So至三d　s｛ate　reactions　at　substraをe／fi1m

and　aをmeta1／n三t王ide　interfaces　wi11be　studies

ma三n1y　by　h三gh　reso1ution　dep吉h　profi1ing．In1ater

experi肌enta至stages，mu1ti1aye至structures　wi1i　be

fabricated　and　tested　with　respect　to　op芝imized

properties・

Keywo王ds：Su王faces，Interfaces，Thin　H1ms．
Niセrides，Coatings

④痘valuation◎fAt㎝icLevelDamageon榊erial

H．Mα舳加、肋｛1〃θP切5北s

1Apri11996to　March1999】

Prom　this　year　we　staζセthe　project芝o　study　the

nammeter　range　of　damage　caused　by　corrosion．

We　study　on　four　subjects＝王一deve豆op㎜ent　of

suΣface　po±en吉三a至　and　surface　hardness

measurement　technigues　by　SPM－2．mechanism　oξ

bacをer三u狐corros三〇n　by　in－situ　SPM　observa士ion－3．

h三gh亡emperat服e　corrosion　property　of　meta1s　by

both　photo－e且ectron　e蛆主ssion　measuremen芝and

SPM　observation．4．surface　fi王皿property　by　STM

process三ng－In芝his　p・oject　we　study　the　various

corrosion肌echan呈sm，those　are，in主tiation　of

atηユospheric　corrosion，the　nuc1eation　oξoxide

nodu1e，formation　of　pit　by　bacter三a　and　growth　of

oxide　fi1ms，by　the　nanoscopic1eve1of　SPM
observaξion．

Keywo王ds：SPM，Corrosio1、，High　temperature，
Bacteria

∫・Ho卿仰舳、D伽cfoγoグSμc加1Rεs8〃c〃

口a　n　ua　ry　T996セo1⊃ecenlber19981

The　purpose　of　this　rese肌ch　is　to　obta主n　optimum

growth　condi圭ions　and　properties　of　nitride　thin

fi1ms（e．g．CrN　and　TiN）．This　wiu　be　ach三eved　by

（a）contro呈1ed　deposition　and　annea王i互1g（b）

controHed　so1id　state　interfacia豆reactions　which

w主1玉be　monitored　by　AES／XPS　in　combination

with　sputter　depth　pro舳ng　and（c）opt三mized

inerセinter1ayer　and　capPing王ayers　for　thin　fi呈m

protectio1，and　stabiIization－

　　To　ensure　high　pu］＝iセy　and　perfor王nance，the

｛i玉ms　wi1玉be　prepared　in　exセre服e　high　vacuum

with　combined　evaporaセ三〇n　and　ion　bea肌

techniques　for　Cr，Ti　and　N、王espective1y．After

fabrication，the　thin　fi1ms　wi豆1be　thoroughly

ch趾acterized　by　AES／EPS　dep芝h　pro｛i1三ng　and，by

TEM　and　by　hardness、チ王iction　and　wear

⑳ε・aluati◎・◎m㈹bilityofCoatingslorStr・ct・ral

MateriaIs

r．Ko伽舳、E㈹かo舳ε伽11〕吻ol’榊α〃cεD〃s1o〃

エApril］．996to　Mard1】．999］

W主之h　increasing　matu工ity　and1ongev吋of
｝apanese　sode圭y，there　is　an　il，cてeas三ng　delnalユd　for

｛e　pro1onged　use　of　infrastructures．O王ga1ユic

coat三ng　is芝he肌ost　wide玉y　used㎜ethod　of　the

P・o圭ecセionofstee1st・uctu・es，andistheso1e
method　of　the　pro圭ect三〇n　of　steeI　stτuctures

exposed　in　at肌osphere・We　w呈n　conduct　exposure

tests　o圭po至yme更coa芝呈ngs　in　cooperation　with

eXtema1agenCieS　at　tWO　SiteS　in　Japan　and　tWO　SiteS

in　Tha三1and．Tha｛1and　was　se至ected　because　of　i圭s

ξropica1c1imate　and　strong　sun1igh芝and　because
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of　our1ong　history　o圭cooperation　in　this　fie1d－In

the　fie1d　work　of　atmosphe童ic　exposure，we　w三n

eva1uate　e王wironmenta1チacセors　affecting　maセeria1s

deg王adation，wh三ch　wiI呈contr三bute　to　the

construction　of　g1oba豆da辻abase　of　materia1s

durab搬y．In　para11e1with竜he　f三e1d　tests，we　wi玉1

conduc｛Iaboratory　experiments　hom　basic
viewpoinセs　of　po1ymer　and肌eta11urgica1science．

Laboratory　researches　inc1ude　the　chenユica呈

ana1yses　of　bonding　and　adhesion　between　meta1

and　organic　poIymers，mechanism　of　po1ymer
degradaセion　particu1a更1y　af量er　irradiation　by　UV

1ighl・・ddpl・・l1…　f・hd・・一film肌・舳i・

corrosion・A1so　we　wi1I　con士ime　working　on　the

e1eCtrOCherniCa1raeaSure肌enセS　OチC0ζrOSiOn　SySten，

under　very　thin　water　fi1m，where　a　non－conセact

sensor，Ke1vin　probe　w三11be　used－It　is　possib1e　to

㎜easure　e1ectrode　poセenセia1wiセho耐touching

waセer呈ayer．Both　fie1d　anδ1aboratory　works
described　above　wi11be　effect三ve　in　the　c1ar三壬ica言ion

of　mechanism　of　ma敏iaIs　degrada辻ion　and　wil1

contribu士e　to　the　materials　proセection　of

infrastructures．

Keywords：a童mospheric　co王rosion，Photo－
degrada亡ion　of　po1y肌ers，organ三c　coat三ngs，stee1

StruC辻ureS

29Two　Oi111e11sio11al　Pho－oelec並on　Spec｛r◎scopic

Studies　on　Su〆ace　S炊uctures　and　Propeけies

M．8〃伽o加、M〃8r加18P切sたs　D加｛5｛o〃

【Aprilユ995to　March19971

SuHur（S）イer㎜inated　GaAs（O01）surface三s
consideζed　as　a　hopefu1foundation　of’1drop1et

epi辻axy1’、a　usefu1me士hod　o壬fabricaセing　qua三／芝um

dot　stmctures．RHEED　and　STM　studies　have
revea1ed　t至／at　a（2×6）reconstruct三〇n　is　dominmt　for

舳s　surξace一珊e　STM　images　show　thatセhe
曇dsorbed　S　ato肌s　form　S－S　di㎜ers　and　that　every

one　of　six　di狐ers　is　missing・　In　order　to　confirnユ

をhese　findings　and言o　investigate　the　recons辻ruction

○チをhe　s服face　S至ayer　as　we11as　the　subs辻raをe五ayers．

we　performed　photoe1ec芝ron　and　Auge麦eIectron

d呈ffrac士三〇n　n，easurernents．The　observed　diffrac辻ion

pat芝ems　we至e　compared　with芝heoretica11y
c昼ku1aまed　ones　by　a　s主ng1e　scattering　c1uster㎜ode1

with芝he　spherica1wave　approximation－The肌odel

c1uster　contains　on1yモwo　pa至ameters。芝he　S－S

in言eratomic　distance　of　the　d三mer　and量he　inter至ayer

distance　beセween　the　S　and　Ga1ayer－The　missing

dime王、the　buck呈ing　of　dimers　and　any　modu至ation

三n　the2nd　1ayer　are　noセconsidered　in　our
ca至cu豆at三〇ns．In　spi芝e　of　our　simp1e　mode1．we

reached　the　condusion　that廿he　S－S　interato互nic

distance　is　abou童O．24nm　and　the　inter1ayer

disをance　between　S　and　Ga1ayer　is　abou亡0．12nm，

in　exce11ent　agreement　with　the　resu1ts　fζo㎜STM

image　ana豆yses・S三mu1ations　with　more　rea1istic

modeI　are　under　way・

Keywo王ds：pho亡oe1ectron　diffraction，Auger
eIectmn　diffraction，GaAs，2x6reconst王uc室ion，
Su至fuτ一辻errn主na芝iOn

30　Reseaκh　on　l…1ec－rode　ReaCtion　between　Metallic

1ons　　apd　　Carb◎naceous　　MaterIa1s／Research　　on

l≡lec廿oche禰1ca1Characオer1s｛lcs　of　TlAl　alloy

I。τo榊ゴz〃α、p切s｛cα1Pγoμγ肋s　D加｛8｛oκ

［April1994to　March1997】

a）Various　carbo列fibers（CFs）were　soaked　in

su1furic　acid　and　e1ectrochemical　impedance

spectra（EIS）was　observed　a亡a　cathodic　poten芝ia豆

and　an　anodic　potentia1・The　CPs　prepared　a走

higher　temperature　showed　e1ectro－capacity　high1y

depending　on　ang1e　ve1ocity　of　apP豆ied　po芝entia1

and　e至ec芝ro－resistance　hard旦y　depending　on圭t，

whiIe　the　CPs　prepared　a士1owe支士e㎜peraセure　did

をhe　reverse．

　　b）SimiIar　study　was　performed　for芝wo　fibers

wh三ch　were　p童epared　aセd三fferentセempeτaをures

fro肌an　iden芝三ca1precursor　containing　sodiu㎜。

The　fiber　prepared　aを士he1ower　temperaセure

behaved　in　an　anoma1ous　way：the　capacity三n　the

1oweパrequency　range　was　sma11er　apProximate旦y

by　one　digit　andセhe　resis芝ance　was　larger　by　a

considerab1e　amount　as　compared　with　those　of

the　other　f三be王s　of　comparative　crystal1in量をy－

　　　c）When　an　activated　carbon　fiber　was　soaked

in　a　so1ut三〇n　of　suIfuric　acid　contai1，ing　copPer

under　various　cathodic　potentials，the　rate　oチ亡he

decrease　in　res三dual　concen芝ra圭ion　of芝he三〇n　was

p王oportiona1to　the　residua至concentration．　The

concenセration　decreased　by　a　considerab至e　amount

三肌me（liaをe1y　afをer　the　soaking　and　d主d　so　at　a

1ower　rate　com肌on　to　a11f三bers　inセhe　fo11owing

period－The　initia1decrease　was　re1a芝ive至y　sma1呈

for　the　ACF．

　　　d）I芝has　been　imp1ied　by　x－ray　di搬actometry

tha芝セwo　types　of　meta1hydエide　are　present　in　t1，e

TiA1auoy，when　i乏is　kept三n　a　sulf訂ric　acid　u至↑der　a

cathodic　poten芝ia1for　a至ong　pe至iod（Spedmen　A）

or　when　it　is　kep童in　the　same　co1，d三tion　for　a　shor芝

period　and　then　the　A1aセoms　are　dissolved
p王eferentia呈1y　under　an　anodic　potentia1（Spednユel，

B）一An　experimenセwas　perξormed　th三s　yea王to

check室he　presence　of　the　two　by　a　thermo－am1ysis

procedure－Theresu1tonSpeci㎜enArevealed
evo1ut三〇n　of　gas　atセwo　di麦ferent　temperatし狐es．
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Mass－spectmme吉ry　carried　out　simuユtaneously

identj．ξied　the　gas　being1ユydrogen－　Thus　their

presence　was　weu　esモab至ished　fo王Spec主men　A．

Simi／ar　wo王k　is　in　p王ogress　on　Specimen　B・

Keywords：electrode　reacセion，meta11ic　ion，

carbonaceous　maモeria1，TiA／－based　a1呈oy

Keywords：AES，XPS，Common　Data　Process三ng
Sysセe1Tユ、In廿ernet，Database

Re1轟セed　Paper

ユ．K．Yoshihara　an．d　M．Yoshitake，’1Construc圭ion　of

　　the　Surface　Ana1ysis　Network　Data1っase1㌧∫。∫川ア

　　λ〃η／．、玉（1995）1369－374．

31　Surface　AI1alys1s　Database

K。γos〃1胴閉、Eπ亡1■ακHな〃yαα〃1閉∫肋虹oκ

［April／995toMar⊂hユ998］

In王994セhe　Scieme　and　Techno1ogy　Agency（STA）

○りapaneseGovemment1・mchedaprojectto
interconnect　networksしmder　var三〇us　ministries

alてd　agencies．　The　projec主is　ca11ed　Inter－Ministry

Computer　Network　System（玉MNet）．Every　si亡e

joining　to　IMNet　wou1d　have　a　comecモion　with

600M　bps　to　one　of　NOCs（Network　Opemtion

Cenセers）ユocated　in　Tsukuba－Tokyo－Osaka．As　a

siセe　of　IMNet　we　are　imp1ementing　a　network－

orienセed　database　for　surface　chemica童ana玉ysis

sud，as　AES　and　XPSspectra．

　　　A　workstation　was呈nsセ洲ed三n　Natioml
Research　Insセitute　for　Meta豆s　to　co11ect乏he　spectra王

da芝a　wiセh　VAMAS　fomat圭rom　differenセana1ysis

machines　via　computer　neセworks　a1，d　modem
正ines－Co11ected　spectra　are　stored　in　the　database－

The　surface　ana1ysis　database　can　be　re圭rieved　via

the　Inセαneセ、　If　a　pe王sona1computer　is　connec亡ed

セo　the　Intemet．one　ca1てaccess　tlユe　home　page　of

the　Surface　Anal．ysis　Socieセy　of　Japan（SASJ），whose

address　is1’sekimori．nrim，go．jp1’、To　cooperate

this　project，SASJ　was　esセab1ished　in1995and　has

theτesponsibi1ityセo　provide　t｝1．e　spectra1data，and

contro1s　its　qua趾y．when　the　home　page　of　SASJ

is　opened，one　can　se1ect　the　da吉abase　menu　and

retr1eve　a　spectrum　from圭he　se玉ect三〇n　me1w　The

reセrieved　spec辻mm　wi11be　disp至ayed　on　a　screen

as　a　lIGIFl　inユage－If　the　persona至compu亡er　has

a1readyセhe　Co㎝moI，Da圭a　Processing　System　in

its　memory，a　retrieved　spectrum　cal，be
down1（〕aded1つy　usi1，9モhe　programs　in　it一γhe

member　of　SASJ　will　be　provided　wiセhセhe

ComnユolてD誠a　Processing　Systen下．

　　　In　fuセure　we　hope　a11computers　of　the　surface

al，a王ysisユηachines　can　be　connected　to　the　syste呈丁主

so　that　every　surface　analyst　worldwide　can　share

the　spectral　daセa　a1ユdセhe　coln江三〇n　data　processing

softwareセo　identify　the　surfa．ce　chemistry　of1，ew

materia玉S．

　　This　rese帥ch　was　performed　in　co11aboration

with　the　Surチace　Ana王ysis　Sodety　oりapan　and

NTT　cooperation。

32　Se1f・Contro1of　Su〆ace　Compositi◎n　of　Thin　Fi1m　and

ltsApPlicationto　l＝ield　l…mi童ter

K。γos舳舳、砒fγ舳〃妙Vαα舳1仰Sτ”㎝

1Apri11995to　March20001

When　a　meta1fl1m　deposi迂ed　on　sしlbs吉エaセe　was

hea廿ed　in　a　vacuum，it　was　observedセhaセthe

subs圭ra辻e　e1en｝enセdiffused　to　the　surface　ofセhe

fib凡　　The　sしlrface　concenξraむon　of　the　segregant

was　a1ways　constanモ、Eve1，if　the　segregated1ayer

was　removed　by　argon　ion　spuセter三ng，the
segregated玉ayer　of　the　saturated　conce1，traξ三〇1，

was　formed　again　by王e－hea亡ing－Therefore，the

surface　co至皿posi吉ion　of　the　segregated玉ayer　onセhe

肌eta1film量s　expected　to　have　a　se1f－contro至1ing

property・

　　It　is　we11known　thaセセhe　surface　adsorption　of

meta呈changes止he　work　fmction　of　a　so1id　sし…rface－

Therefo工e，it　is　expecセed　to　changeセhe　work

function　by　the　surface　segregat主on．互f　the　work

function　of　materials　can　be1owered，we　can

p工oduce　a　f三e1d　emitte］＝of　high　performance，

Fowler－Nordheim　relation　shoWsセhat　a　ha至f　eV

deαease　in　woエk　fmcセ主on　brings　approximatelyヱ0

セ三mes　increase　in　fie旧emission　current，The　work

fu1ユction　varies　w玉ξh　a　coverage　of　adsorbed

maセeria至s．However，if　we　use芝he　seH－conセro｝至圭ng

property　of　segregation　behavior　on　the　n，eta1

fi1㎜、then　the　s言ab1e　work｛unct三〇n　on芝he　surface，

i，e一、stab王e　fie1d　emission　c雌rent　ca1沁e　expected－

　　In　this　sセuδy，　the　stabi三iセy　of　surface

COmpOS三モiOn　Wi11be　quanモitatiVe玉y　ana玉yZed　in　the

wide　range　ofセemperaセure．and　the　change　of

work　fmc乏ionby　segregation　wi11be　measured．In

ユ995。セhe・・・・…ing・・t・o〔h・su・f…
co狐pos三モion　during　Ar　ion　sputtering　in　the　case

of　Ti　segregaモion　on　a　Nb　thin　film，which　is　usefu王

as　al，inte五至igen．t　getter　fih皿was　meas岨ed．The

re玉ation　between　the　amoしlnt　of　adsorbed

contamina耐and　the　seg王egation　behavior　was
a玉so　exam三ned　in　case　of　Cu　segrega乏ion　on　a　Ti

fi1m．

Keywords：s服face　segregation，saturated　surface

compos主tion，se1f－compos圭モion　controユ、wo泳

fしmCtiOn，fie1d　emitter
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33　1＝abrlcatlon　of　Nanometer・Scale　Structures　on　the
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H・N勿o、砒〃ε榊ε勿〃ψηκ帆舳5肋f｛o〃

エApri1／995to　Mar〔h／9961

1－1．So　far，we　have　succeeded　to　fabricate

nanOmeter－SCa1e　StruCtureS　COnneCted　tO
macエoscopic　e1ectric　pa〔ls．Some　methods　of
fabrication　have　been　tried；①C1uster　extracセion

from　STM　tips　by　fie1d　in　both　UHV　and　ambient

conditions②Ext・・ctionofmeta1frommacroscopic
e1ectrica1pads　using　e1ect工omig・ation③Ext・・ction

ofc1usteエs　from　Liquid－meta1－ion　source（LMIS）by

heating　up．A1so，various　attempts　have　been

made　to　evaporate　macroscopic　e1ectric　pads　on

substrates；As　fo工・m・sk　①Me・hanica1ly　made

thought－ho1e　mask②Mechanica11y　made　and

farther　e1ectrochemica1etched　through－ho1e　mask

③Through－ho1e　is　made　using　focused－ion－beam

④Just　putting　meta1or　carbon　wi工e　on　a　subst工ate

⑤Gap　is　fabricated　using　conventiona1e－beam

1ightingraphy　fonowed　by　Aエion　sputteエing　for

removing　organic　residue　in　UHV，As　for　a
substrate①Si　substra士e　with　native　oxide　on　it②

C1ean　Si　subs廿ate　gotten　by　f1ashing　in　UHV．

　　　ユー2－Theさ1ectron　standing　wave　on　an　Au（11ユ）

surface　was　observed　at30K　using　STM（Figure）一

The　extension　of　the　standing　wave　is70nm　and

this1ength　is　moエe　than　severa1ten　times1onger

than　that　obtained　by　conventiona1observation

done　by　Eig1enIs　gエoup　and　Avouris，group．

Another　finding　is　that　due　to　this1ong　extension

the　direction　of　this　standing　wave　is　driven　by　the

direction　of　the　so－caned　herring－bone　structure　of

an　Au（！ユユ）surface，

　　　For　observing　standing　wave　for　a1ong
distance，it　is　requiエed　that　the　phase　of　e1ectronic

wave　is　conserved．For　fu1fi11ing　this　requisite，

twoconditionsshou1dbesatisfied二①The
temperature　of　the　samp1e　shou1d　be1ow　enough

so　that　a　trave1ing　e1ectron　is　not　scattered　by　a

phonon一②On1y　one　component　of　k－vectors

should　be　chosen　so　that　various　k－vectors　do　not

cance1out　each　other．We　coo1ed　the　sample　to

Fわ．f

30K　for　satisfying　the　condition1，A1so，the　bias

vo1tage　between　the　scanning　tunne1ing　mic工oscope

tip　and　the　samp1e　was　set　to3mV　for　satisfying　the

condition

　　2．This1ong　extension　of　standing　wave　may

open　the　way　to　rea1ize　the　atomic　sca1e　quantum

interference　device一

Keywords：cluster　extraction、・nanometer－9ap，

e1ectromigration，standing　wavと、scanning

tunne1ing　microscope
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With　the　continuousエeduction　in　the　dimension　of

e1ectronic　devices，quantization　effects　become

dominant　and　may　disturb　the　function　of　the
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device．　Nanon↑e芝er　researc至1，however，rnakes

constmctiveuseofq・a1伽meffecセs・hlnn・lin9，
singje－e亘ectron　transfer　al㌻d　wave｛nξer｛erence　can

be　used　as　a　basisξor　nove1devices．　In至994，

Science　al，d　Tec至1no王ogy　Agency　has　organized

severa1呈nstitutes　a1，d　u1，iversi迂iesξor　a　mw

research　P王ojec芝、mmeポNanospace　Laboぎa芝ory
Project1．　The　target　of　this　project　is　to　fabricate

a1，d　characterize芝he　materia至s芝rもlctu…＝es　w1th

dimensions　dow1パo　a　few1，anometers．In　this
project，we　are　l，ow　rese肌ch．三n9伽e　fabrication　anδ

charac乏erizati㎝ofconΨoしlndsemic㎝δしlc乏or
1，anomete「s芝「uctu「es．　互n　Orderセo　fabr三ca芝e　these

sをmctures，we　a肥researching　three肌ethods；self－

organized　ξorn／atio1，　by　using　adsorpキ呈on

p至1eno1ne1，a，microfabricat呈on　us｛ng1苅e芝al　fine

parセicles　deposi芝ed　on　sen／ico呈1dactor　qua至1芝もm↑

we1董s　and　Dr（）plet　Epitaxy　combihed　with

1it1・Og・aphy　by　SCan11ing　tu1mel．1lミg
microscopy（STM）・

　　　We1，ave　designed　al－d　in芝roduced　a　new

sys芝e1三／suiセab1e　for　t1，e　self－oτganizedξorlηat呈on　of

nano1洲eter　structures－This　system　is　colnposed　of

molecし…lar　beam　cpitaxy　equipme耐combined　w三th

STM　and　ref1ectance　difξerence　spectmscopy

1nstrumenセs．We　ca11perfoml　in－sitしl　observa芝1on

of　a　sし…rface　dUring　formatioηof　na1，ome芝er

StrしlCtureS　uSh，9thiS　neW　SyStem・

　　　It　is　necessary　to　invest三gate　the　S－tern，ina芝ed

GaAs（001）to　fabricate　mnometer　structもlres　by

Drop1et印itaxy　combined　w1セh　STM　lithog王aphy．

We　have　observed　the　S－term1nated　GaAs（OOl）

with（2x6）surface　reconst川c圭i〇三1by　STM　and

found　outセh三s　recons芝rもlction　orig呈na芝三ng　from　t1，e

cell　which　co1寸ainsξive　S－S　ada乏om　d呈mer　and　one

m1ss主ng　dimerチor　the　firsξt1me－A互so　we　have

estin，a乏ed　the　strし｝ctural　stab三1i．ty　of　this（2x6）

recons芝τuction　by　tl，e　first　princip至es　pseudo＿

pOtenセ三a王　ca1culaセ三〇n　and　confirnled　　the

pl・el・㎝・・n・・f・1・・tmtmnsf・・fm狐S－Sdim・・tb

m1SSingdime・、

　　　1nAs　epitax呈al　m三crocrystals　are　usefu王for

etc至1ing　masks　olr　GaAs／CaA1As　quantum　wens　to

ξabricate　ver芝ically　combined　GaAs／GaA至As

gmn芝しmdOをS・

Keywords：nanometer　structure、狐olecu旦ar　beam

epitaxy，CaAs，scanning　tulmeling　microscopy
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Predictions　o圭el、王↑anced　e至ectron1T工obi1iセy　dev三ce

and　advanced　semicondし王c芝o王至aser　with　h三ghly－

monoc王uom呈zed　and至ow　t1ueshold　cuζrent
density至1ave　been　made｛n　the　guanセum　well　box

s帆…cξし王re．A1セhoし一g至1the　mo至ecu呈ar　beam　epitaxy

（MBE）method　is　known芝o　be　successチu1主n
growil，g　f三ne玉y至aye王ed　strucセu王es　and　g．も1ant汕皿

we1旦wi至es，it　has　not　yet　been　successチし…至芝o　obta三n

the　quantum　we玉1box　structure－

　　We　have　proposed　a　new　MBE　growセh　m．ethod

mmed　as　Drop1et　Ep三taxy　forセhe　fabrication　of

some　m－V　comPound　se肌iconductor　quantu肌
well　box　struc芝ures．This　method　is　based　on

incorporating　V－co至も1mn　e呈ements　with　m－co1u1nn

ele王皿ents　in　the　period三c　tab1e　drop1ets　which　were

deposiをeδo列an　i列er圭surface　of亡he　substrate　by

monolayer　adsorp芝ion　of　the　II互and　V－columl，

elements・Some　HI－V　compound　sem三conductor
surfaces芝erminated　with　a　VI－co1umn　e至ement至三至（e

S，Se　or　Te　have　been　reported　to　provide　an三nert

surface　with　app王opr三ate　dang1呈ng　bonds　sui芝ab1e

fo・supPo・tingtheadhesionofξo・eignatoms－
Such　sし液faces　are　thought　to　be　suitab亘e　for　the

grow芝h　of　epitaxia1microcrys芝a玉s　by　the　Orop1eξ

Ep三圭axy　me圭至ユod－

　　　We　l，ave　demo至1stratedセhree　dimensiona1

growth　of　GaAs　epiモaxial　microcrysta1s　on　an　S－

terminated　GaAlAs　sもlbstrate　by　Drople乏Epitaxy．

A芝the　end　oξt三1e　process　of　Oぎop1e芝Epitaxyをhe

GaAs　microcrysta1s　are　covered　by　al，
M肥（migration　enhmced　epitaxy）g支own　GaA1As
呈ayers．　By　t1，is　tecl，nique　a　nu1苅ber　of　ep三室axial

microcrys芝a1s　w｛芝h　a　pyramidal　s至1ape　were

successξu至1yobt・ined㎝theS－termimをed
s1ユbsセ…＝ate．　The　base　size　oξeac1，　epi圭axia1

micmcrysta1s　was　abouセ／0n肌×！0m篶with
s芝andard　deviatio1，oξabout5％・al，d　the　average

disをance　between　each　nユicrocrysta呈s　was　aboし1芝至0

1，minthecaseoξsubsをra古etemperatureo董δOC
and　the　Ga　mo1ecu1ar　beam　in乏ensity　of3．3x三014
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cm12s’1．The　size　and　distribution　of　microcrysta1s

correspond　to廿hose　of　Ga　drop1ets．　The
measurements　of　the　Ga　dエop1et　saturation　density

as　functions　of　Ga　mo1ecu1ar　beam　intensity　and

substrate　tempeエature　revea1ed　the　nuc1eation

mechanism　of　Ga　drop1ets　on　the　S－terminated

GaAs．The　size　of　the　sma11est　stab1e　nuc1eus　is

one　Ga－Ga　paiエon　the　substrate．It　is　necessaエy　t0

fabricate　nuc1eation　sites　for　Ga　drop1ets　to　arrange

the　site　of　each　GaAs　microcrysta1．The　se1ective

deposition　using　fine1y　focused　Ga　ion　beam　is

a1so　a　pエomising　method　to　arrange　the　site　of　each

microcrysta1．Fine1y　focused　Ga　ion　beam　with　an

acce1a1ation　vo1tage　of30eV　makes　an　array　of　Ga

drop1ets　with　an　diameteエof200nm　without
radiation　damage．

Keywo正ds：quantum　we11boxes，m〇五ecu1ar　beam

epitaxy．GaAs，scanning　tume1ing　microscopy
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It　is　we11known　that　some　bacteria　have　specia1

・bi1ityt…idi・・F・2＋t・F・3＋．Thi…bi1ity・f

oxidizing　Fe2＋caused　corエosion　ofmeta1This　year

we　studied　the　bacterium　（Thiobaci11us
ferエoxidans）corrosion　on　SUS304stainless　stee1by

an　atomic　force　microscope（AFM）．Hgure　shows

the　examp1e　of　bacterium　corrosion　on　SUS304

stain1ess　stee1．Bacterium　corrosion　usua11y　starts

by　attaching　bacteria　to　meta1，The　crevice

corrosion　starts　undeエthe　bacteria　and　a　pit　whose

F19■

size　is　equa1to　that　of　the　bacterium　is　formed一

B・・t・工i・1i・・by・・ti・gF・2＋P工・d…dbypitti・g

corrosion，The　size　of　the　pit　produced　by　bacteria

is　veエy　important　to　predict　the　crack　initiation

under1oading　condition．

Keywords：Bacteria，AFM

［珂　Electroc11emistry　and　Modeling　of　Corrosion　of

Metals　under　Thin　Water　Layer
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Severa1types　of　cor工osion　reaction　occur　thl1ough

thin1ayer　of　water　on　meta1surfaces　in　such　cases

as　atmospheric　corrosion　and　indoor　corrosion－

E1ectrochemica1reactions　occur　in　those　cases　at

the　boundary　between　thin　water　fi1m　and　meta1

surface－　The　reaction　rate　is　higher　than　that　in

bu1k　so1utionbecause　of　more　active　mass　transfer

and　acce1eエated　diffusion．Yet1itHe　infoエmation

has　been　avai1ab1e　on　the　mass－tエansfer　and

current　distribution　of1oca1e1ectrochen／ica1

reactions　in　the　water1ayer　because　of
experimenta1difficu1ties　in　the　measurements　in

thin　surface1ayer，

　　To　measure　the　distribution　of1oca1e1ectrode

potentia1of　meta1，we　prepared　non－contact
e1ectrodes（Ke1vin　probe）of　go1d　wires　of　O．5mm

diameteエーThe　probe　was　a11owed　to　osci11ate

sinusoida11y　using　an　actuator－　E1ectrode

potentia1is　converted　from　e1ectric　current

f1owing　through　the　pエobe　and　samp1e　e1ectrode－

The　potentia1is　equiva1ent　to　the　contact　potentia1

difference　between　samp1e　and　go1d　e1ectrodes．

For　the　corre1ation　of　this　potentia1　to
conventiona1e1ectrochemica1potentia1measured

with　reference　to　a　we11－estab1ished　reference

e1ectrode（Ag／AgC1e1ectrode）、we　prepared　some
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夏皿eta1sampIes　such　as　si1ve王、copPer　and　zinc・For

exampIe，in　a5％NaC1so旦u辻ion，the　fo11owing

chem三ca豆reac芝ion　occurs　on　a　ch1orina室ed　si1ver

surface、

　　　　　Ag＋C1’＝AgC1＋e’　；E＝O－227V　vs．NHE

We　measuζed　the　e1ectmde　po室entia1s　of　such

react三〇ns　on　meta1s　as　is　expected　to　exhibit

e1ec亡rochemica呈equi1ibr三um　potentia1s　using　both

the　Ke1vin　probe（non＿con辻ac乏）and　si1ver／si1ver

ch1oride（contact）一We　obtained　the　fo11owing

re1a芝ionsh三p　between　potenセ三a1s脈easured　w三th

different　reference　e1ec麦rodes．

　　　　　　　E　　　　　x　O．044キ0，980正…
　　　　　　　　A拷ノAgC1　　　　　　　　　　　　　　　＾u

The　poten芝ia1王eferred　to芝he　Ke1vin　probe（】≡≡＾，，）is

reIated　linear1y　to　e1ectrochemica1poten芝ia1

・・f・…dt・th・・・・…li…1・1・・t・・d・（E榊。。1）

with　a　s1ope　a亘mos芝equal　to　unity：Ke1vin　probe

poセen室ia1gives　vaIues　equiva1ent　to　electro－

chemica1potentia1on豆y　w三室h　an　offset・It三s　thus

conc1uded　that　using　a　Ke1vin　e1ectrode　we　can

㎜easure　elecをrochemica1potentia1s　occurri汀g　in

thin　water　fi1m　without　perturbat三〇n　to芝he

SyStem・

Keywords：thin　water　fil㎜、Ke至vi至1probe，potentia1

distribut三〇n，at1mospheric　corrosion

固ASt・dy㎝肺eDeglad・ti・nofMaterialsby
峨raviolet・Light1附adiati◎n

T．Ko肋伽、E例〃o舳ε1伽1Pαプoη伽〃cεD加｛8｛oκ
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玉nをhe　same1ine　as芝he　case　oHSO　exposure　tests

we　have　conducted　exposure　tests　in　cooperation

w圭th　AS正；AN　coしmξries　foパhe　per三〇d　o｛five　years

begimingチ・o㎜ユ988－T1・・t・・辻h・s・eve・1edをh・芝

圭he　cor三〇s三〇呈uate　of　bare　met昼亘s　in　Southeas吉Asia

was　of　the　same1eve至as　that　oξwor至d　average・

Meta11｛c　corrosion　was　a腕cted　more　by　a三r

po至至乏1をants・　The　degrada芝ion　oチpo1y肌er　coatings．

on　the　contrary，was　much　h三ghe至in　these

countries　than　in　Japan－　The　c呈imate　and　high

level　of　u至芝rav三〇王et1三ght（UV）in　the士mpics

acce1erate　the　po1y1ner　degrada乏io豆1・

　　　Inをllis　conjmctiolてwe　started　new　expos雌e

tests　at　two　sites　in　Japan　and　two　s三走es　in

Thaiiand－Cou呈1乏erpart　agenc三es　in　the　preseI三t

study　are　Thailand　Instiセu士e　of　Scientif三c　and

Techno呈ogical　Research（TISTR）and　Ch呈ang　Mai

Universiξy．Tes芝ed　coat三ng　sanΨ1es　are　alkyd．

epoxy，Po1yurethane．a1，d　f呈uoride　resin・For　each

芝ype　ofτes｛nセhぎee　diffe王ent　co1ored　samples　we王e

prepa王ed　wiセh　d搬eren印igments二c1ear．white　and

red・Expos脳e　tesセs　are　c服ries　out　at亡wo　sites　boセh

iR　Japan　and　Thai1and－　For　the　l〕ユonitor主ng　of

po至ymer　degrada圭ion　month1y　measurement　of　an

op走ica亘method（91oss　retent三〇n）isセo　be　carried

Out－　ExpOseδ　samp1es　are　to　be　co11ected

periodica11y　and　wi11be　subjec辻edセo　the　Pour三er

transform　infrareδ（町IR）spectroscopy　and　ge1

permeation　chroma辻ography（GPC）一

　　　A　Iaboratory　simu1a辻三〇n　of　UV　degradation　has

been　carried　out　using　simulateδpa三nt　fi至ms　and

art三fida豆UV呈ight　source．Pour　types　of　resins

were　se1ecセeδξor　degradation　ana呈ysesl　a1kyd，

epoxy，ch1orina芝ed　rubber　and　po呈yurethane．

Pa主nts　thus　prepared　were　coa辻ed　on　g1ass

subs±ra童e　of　a　size5xユ5cm　using　a　bar　coateパo

the　thickness　of50m三cro　meters－Paint　samp1es

were　then　p1aced　in　xenon－1amp　weather　meter　foτ

UV　ir王adiation　up　to410hrs．The　struc士ure　change

was　detected　using　Fourie王transform　inf芝ared

（PTIR）spectroscopy・

　　　As　an　indicaセor　of　po1yme王deg王ada室ion

carbonyl　band　of1724cm’1was　used　for　epoxy

・・d2926・m一’f…　1kyd．Th・・納・・y1
product主on　kine芝三cs　obeyed　the　fo11owing

equation：I：Io（ユーexp（一k芝））・The　equation三sセhe

same　as　first　order　ra芝e　oξchemica｝kinetics

ind量cating　tha芝chain　sdssion　is　determined　by

random　p支ocess・White　pigment　containing
ruti1e歪etarded　the　de全er｛0ra量ion　P「ocess・　Po「

ch至orinated　rubber　anδpo呈yurethane　samp至es

1，o　structura1change　was　detec走ed　at　the　pτesent

1eve至of　UV　i支radiation、

Keywords：UV－degradation，pain乏fiIms，carbony呈

forma吉ion，at肌ospheric　corrosion

困E・al・aliono川igh・Pe打orma㏄eTr1aziηed鮒iolsAs

a　Corrosio11111hibi｛or
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Thi・p工oje・ξonsu・f・cξ・ntsof全・i・・in・dithi・1・

（RTDT）has　star室ed　in　cooperaセ主on　with
universities，9overn呈皿enta至research　institutes　and

indus芝ry　unde王the　ausp｛ces　of　Science　and

Tec1mo1ogy　Agency－The　genera1t服gets　ofをhe

projec走a支e　design｛ng　mo1ecu1ar　s帆至cture　of　high

pe至formance　RTDTls　w三th圭1uoζide　and　s三至三ceous

functiona至groups，anδestab1三shing　syl，thet｛c

methods　of芝he　compounds　thaをgive至1三g至ユ至y

proセective　interfa⊂ia1至ayers　on　su王faces　of豆皿eをa1s．

rubbers　and　p｝as吉ics．In　NRIM　weセake　part三n

c至arifying　the脈echan三sm　of　corrosion　inh三biセion

and　the　mセure　of　chemica至bonding　betwee13

me圭a1s　and　RTDT1s，Thio1radica1s（一SH）are
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know1，to　react　readi豆y　with　copPer　and　oセhe芝

meta1s　fo11owing　strong　d／emisorption．When
meta1s　are　treated　in　soIutions　of　proper1y　se1ecセed

セriazinedithio1s　with　varie士y　of　hydrophobic

subst三tution　groups（represented　by　R）、stabIe　and

protect三ve　surξace　f三1互ns　are　expecセed芝o　beチormed－

In　the　second　year　of　the　project　our　concern　is

focused　on　the　performance　of　high亘y　sophisticated

RTDTls　with　f亘uo王ide　func士三〇na呈g王oups　and　the

effect　of　conventiom1RTDT’s　on　copper　corrosion－

　　CopPer　specimens　were　e1ec圭rochemica11y

セreated　in　seve獺亘RTDT　so豆udons　with　various

王a出c出（一R）。sud／as－N（C4Hら）2、一N（CHらCH＝C㌧）2、一SH、一

N（n仙7）ガNHC（q｛）2C㌧C（CH；）ヅNCH；CH（CHリ212。一

NHC18叫5。一N（C叫C6H5）ゴNC㌧（C2H5）CH（CH2）3CH3］2．

aIユd－NC　P　CH　C肩CH＝CH　　The　tζeated　me亡a1
　　　　　　　7　15　　　2　　　2　　　　　　　2’

spec三㎜ens　were　then　subjected　to　the
characteriza芝ion　of　surface1ayers　and　eva1uat呈on　of

corrosion　res三stance．We　have　a至so　sをudied　the

e1ectrochemica1behavior　of　copPe王in　aqueous

so1utions　of　tr三azinedithio至s　fo更the　pu王pose　of

ob辻ain亘ng　the　optimu夏n　e豆ectro豆ysis　condiセ三〇ns　for

su・f・ce亡撒士㎜・nt・Th・highesをp・o亡ec亡i㎝w・s

a麦tained　when　　　copPe支　was　t至eated
potentiosセatica三1y　at　the　po芝entia豆oξcurrent　peak，

Ep・We　eva呈uated　the　co支rosion　resis迂ance　oξ

anodized　copPer　by　e豆ectrochemica1methods・

Potentiokinet三c　po豆arizat三〇n　curves三n3％NaCl

showed　that　corrosion　curτe耐was　supPressed　wi出

increasing　number　oチcaΣbon　b　the　hyd工ophobic　radic記s．

such　as－N（n－CsH1ア）2。一N［CH2（C2H5）CH（CH2）3CH3］2。一

NqF15C㌧CH三CH畢・
　　The　performance　oξ芝hiols　as　a　corrosion

inh三bi芝o王has　been　eva亘uated　for　a　specia至type　of

1oca1ized　corros三〇n　of　copPer、室he　case　of　so－ca11ed

’1ant－neSt1－COrrOSiOn　that　OCCurS　in　Wet　aCetiC　Or

董ormic　acids．The　perfo王mance　oξ芝h三〇1s　as　an

三nhibito董was　imp更oved　with　increas三ng　number　of

ca麦bon　in　hydエop1｝obic　rad三ca1s二e．g一、s1ユch　radical

as－N［CH2（C2H5）CH（CH2）3CH3】2showed　the
highest　pe至fo王mance．Among　the　groups　of　the

same　C　number、呈so－strucセure　showed　better

perfor狐ance　than　norma1strucセure・

　　Using　RTDTs　with　such　derivative　groし亘p　as－

N（n－CsH、ア）2we　studied｛he　performance　of町1つTs

as　a　corrosion　三1，h｛bitor　as　functions　oξ

concentra童ion　anδe1ecモ】＝ode　potentia1in　surface

pretreatmenを・　玉n　sokltions　contain三ng　these　types

of　inhibitors，anode　current　peak　was　re1evant　in

potentiokinetic　po1a支主zat三〇1，cし豆rves　at　a　potent三a1

躯ound0．38Vvs．SCE．Thisanodicc訂rrent
肌aximum　corresponded　to室he　po呈ymeriza辻ion　of

RTDTs．The　peak　potenセia1（Ep二〇．38V　vs．SCE）

was芝hus　se1ectedξor　the　amd量zationξreatment　of

copper　in　the　hope　that　the　optimum　perチormance

be　avai1ab1e　for　corrosion　p支otection，Copper

samp1es　treated　at　Ep　showed室he　highest　water－

repe1呈ent　p童operty　and　the　highes芝corrosion

inhibition　effic三ency一

Keywords：をr三azinedi舳o1e，corrosion，inhib三tor，

copPe「

M⑧chanicaI　Properties

⑨E晦clofC・yog⑧nicTe㎜pe舳rεandGas・
I≡≡nvironment◎n　Defor欄aオion　and　Fracture　Behavi◎r

τ。0gα肋伽〃T．γ閉づ。Mεc〃舳｛cα11〕一’oμ竹加8

D加｛5｛oκ

［Apri〕996to　March19991

To　promote　the　app1ication　of　c1ean　ene王gy　and

space　techno至ogy．there　is　a　pζoject　oチconstructing

1arge　sca1eξaci1ities　to　transport　and　sセore1iguid

hydrogen－It　is　very三mpor乏an乏to　eva王uate　the

mechan圭ca1properties　of　the呈nateria1s　inc1ud圭ng

we1d㎜eをa呈s　to　keep　the　re1iabi呈三ty　of　large　scale

structures　used　at　cryogen主c　ten｝Peratし亘res　and呈n

hydrogen　gas　env三ronment・　It　is　reguired　to

comprehend　the　mechanica1properties　such　as

co至1tinuo口s　da芝a　of缶ac芝し淋eセoughness　fro服room

temperat訂re　to1iqu三d　he1｛um圭emperature，and　the

c呈ari圭ication　　of　effects　of　hydrogen－9as

envirol，me耐at至ow　tempe工atもlres　on　deξor肌ation

and　frac芝ure　behavioτof　s圭ructura至materia呈s　for

the　des｛9n　of　structure　and　se1ectio1，of　lnateria至s－

Espec｛a11y，hydrogen　embrittIement　aHow
をemperatures　in　the1a童ge　sca1e　structures　of

stain1ess　stee1s　is　an　important　subject．In　this

s室udy，we　are　goingセo　establish　the　tes芝三ng

technigue　of　tensi至e、呈呈丁三pact　propeζties，and

fracture　toughness　to　eva1uateセhe　efξec乏s　of1ow

tempera乏ure　and　gas　environmentξrom　room
te肌pe王ature　to1iquid　he1呈uin　te狐peraをもlre，and

il，vestigaセe　the　effects　of　microstれlcture，grain　size、

δ一ferr主te，and　hydrogen　gas　envirOnnユent　on

tens三1e，impac芝。fatigue　p王operties，and　frac芝ure

tOughneSS　Of　auSten主セiC　Stain1eSS　Stee五SチrOm　rOOm

tempe工ature　to　cΣyogen三cξemperature・

Keyword：struとtura1mateζia呈、stain1ess　steel，

cryogenic　te呈皿peぎature．1，ydrogel，en，britt至emenセ

（重）細nlai糀ing　Life　Prediction　o言Weldment　for　FBR　by

Creep　Damage　Evalua言io11

Mo〃舳、肋1〃・ε1〕1η8｛c8Dわ｛8｛oκ

IApril1996to　March200ユ］
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A豆芝hough　the　accu肌u工ated　microstmctura1damage

to　the　we1dment　of　PBR　components　by　creep
exposure　is　considered．セo　be　ra走her　sma11．but　the

qu・nti亡・tl・・…lu・ti・n・f・…pd・m・g・j．nw・1d・d

joirlts　is　little　known、夏nセhis　s圭udy　we　p玉an　to

deve1op　techniguesセo　measure　the　degree　of　creep

damage　in　we至ded　joints　for　FBR．So　far　we　have

inves辻igated．the1，ature　of　the至oca1variab主董ity　of

creep　Properties　in　we玉d　me圭al　in　we1dment　of

ferritic　and　ausセeniセic　stain1ess　stee1s．The　effecセof

モh・・m・1・y・1ing・ndp1・・ti・con・セ・・in芝du・ing

we玉ding　Procedure　on　t1le　mechan主ca1prope王t三es　of

the　we玉ded　joinいs　comp王icated・A　triax｛a1staモe　in

stress　takes　p1ace　by　cエeep　loading　and　no玉ト

egui1ibriしm　heterogeneoしls　microsセrucセure　would

cOnstant1y　d1aηge　dしlring　creep玉oading－　The

maセe・ials　examined　a・e　we三ded　joints　of　modified

9α一／Mo　and3ユ6FR　stee1s．They　are　pri肌ary
candidates　of　sモructural　compo1，ents　for　the　fuモure

1arge－scale　FBR．Inモhe　previous　research　we
focused　on　the　test　temperature　at550℃、buセwe

wi11extelrd　it　higher　tempαat岨e　up　to650℃so

thaセ1苅eaningfu1accera1ation　can　be　achieved　to

save　the　test　du工at三〇n．

　　1n　additionセo　the　conventional　creep　testil，g　of

weldme1ユt，we　plan　to1ook　in走o乏he（luantita走ive

eva王uaセion　of　c王eep　dan｝age－　The　particu玉ar

tedmiques　being　considered　a・e　the
lni・・ost・u・tu・・1d・・ng・・inthesi…　ndξhe

distr三bution　of　precip三セa圭es　A1so　examined　will　be

the　change　o〔oca呈variabi1ity　inξhe　elasξic　modu豆i

of　we1d　metalセhroughセhe　so1ユnd　ve1ocity．A
simulation　sofモware　w1呈1be　developed　to　i1↑tegrate

the　olっservation　of　microstmcセ岨a玉changes　and

modeling　of　the　damage　processes．U1timate1y　we

aim芝o　deve1op　a　nol，desξructive　eva1uation　method

of　creep　damage　in　weld㎜en乏which　can　be　app三三ed

in－service　inspecセ三〇n　for　the　futしlre　FBR－

Keywords：cre叩damage．FBR，microstmctuエa1
ch乱nge，we1dedjoint

（憂）　Ef言ect　of｛he　lnt跳facia1l〕aIT－age◎n　Mechanica1

町◎pe州esfαTi－8ased　Ma蜥x　Composites

C．M鵬〃加、〃〃〃ε1〕1〃∫北8D加｛8｛o〃

止Apr1〕996±oM日rd1］998j

Silicol］一carbide（SiC）fiber　reinforced　titanium　a1ioy

］ハatrix　con↑Posites　are　aモけactive　for　s圭ructural

apP1三cations∫such　as　gasセしlrbi1ユe　engines，and　so

olλ・　Because　o圭their　high　specific　modu1us　and

strength．and　good　stabi1ity　at　h主gh　ternpera芝ure．

There　are　malてyユ＝epoエts　o1てthe　fabricat三〇nヱ爪ethods

aηd　m壱cha1，ica1proper圭ies　of　those　compos｛tes．It

is　wen　known　that　the　majo工prob1em　during

processing　is　fibe］＝degradation　due　吉o　the

unav〇三dab1e　natu王e　of　acセive　reacξion　behavior

beモween　the　fiber　and　matrix，that　is，the　reaction

1・y・・thlckn・・sw…e1atedt・thed・g・ad・tlo1・cf

mechan主ca1propert三es．The　effect　of　the　reac圭ion

1ayer　thicl〈ness　on　the　mechanica1properties　cou至d

not　be　deduced　by　the　miαo夏nechanics，because　the

mechanica1proper乏ies　o圭reacセion1ayer　cou至δno乏be

obtained．

　　　It　is　very主mportan吉to　discuss　the　effect　of

react三〇n至ayer　onセhe　mechan三ca1properties．and　t0

detect　the　interfacia1degrada言ion　and　inner　damage

in　compos三tes　forξhe　eva1uation　of　mechanica1

prope・tiesfo王me吉almat・i・composites・

　　冊｛s　subject　is　sta・ted舳s　year　for　the　fo1呈owing

objectives，

　　　ユ）The　n，echa1，isn，s　of三n吉erfadal　degradaセ三〇n

　　2）　The　deve至0p肌e1ユt　of　non’dest「uct主ve

eva王uatiOn　techl、三quesセoセhe　detecセthe　interfacia玉

deg・ada辻ion

　　3）The　basic　studyセo　detect　the亙nacroscOpic

imer　damage三n　COmpOSiteS

　　F三ml　targeをisセhe　deve1opment　ofξhe　new

compositestoreducetheln芝e・f・da1reacセion，

Keywords：乃一based　composiをe，Inξerfac圭a1damage，

Mechanica1prope卵、Damage　eva1uation爪ethoδ

⑨NR1MCre・pDataSheetsProjecl・V

H．肋、肋口〃㎝舳伽1P吻o閉〃肌2D加ゴε｛o〃

［Aprl．／996to　March，200］］

The　objectives　of　th三s　p王ojecセare　to　obセainユOコh　da吉a

of　heat－resistant肌eta11ic　materia1s　in　creep］＝upture

and　deformation　behav三〇ur，which　wi至I　be

pubhshed　as　NRIMαeep　Data　Sheets　in　order　to

co1対王ibute　to　fundamenta1s　of　ensur主ng　safe走y　and

re1主abi1i士y　oξst工uctura亘components　in　high

セemperature　p玉an亡s　and　machines、セo　invesセ三gate

long＿tenn　creep　deformatiolユbehaviour　and　creep

rupture　properties，and　to　deve至op　an　eva1uation　of

1ong一圭erm　creep　mp士ure　strengセh　at　high

tempera芝ure・

　　This　projecセhas　been　carried　out　sinceユ966and

主s　stiH　being　col，t主nued　in　orderセo　obtain　further

玉ongイe・mc亙eepセestlngd・t・ofdomesticstee1s・nd

a1玉oys，In　this　new　project－V　which　has　been

staτ吉edセhis　year，the　change三n　microstructure

during　creep　deformaセion　will　be　observed，us主ng

stored　up1arge　arnount　of　tested　speci亙nens　unt三1

now　and　a玉so　s乏ress　relaxation　behaviour　of　typical

metauic　bo1ts　and　so　on　wi11be　measured．Both

daセa　wi11be　publ．ished　as　photog王aph　co玉1ect主on

and　relaxation　data　sheets　respective呈y　in　add三tion

toセhe　creep圭es乏ing　data　sheets．　Purthe］＝mo工e，the
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呈arge　accom狐odation　oξdata　in　creep　deformat呈on

wi1三be　ana1yzed　and　predominant　factors　on王ong－

term　creep　s芝rength　wi11be　made　c1ear．

　　　At室he　firs圭stage　of　th呈s　p王ojec芝、fo王1owing

resea至ch　progra肌s　wi11be　c砒ried　ouセ．

　　　ヱ）Long一芝erm　creep　mp乏ure　and　deforma芝ion

芝es吉ing　wi1至be　being　continued　using　Cr－Mo　stee1s

and　a1so　stress　re至axation　data　of！2Cr　sをee1bolt

and　so　on　wi11be　co11ected，resu工をing主n　pもlb1ication

of　new　or　revised　creep　data　sheets，

　　　2）On芝he　ana1ysis　of　creep　deformat三〇n

behaviour　under　apP1ica室iol㌻of　the1苅od主fiedθ

projecセion三nethod。芝he　concept　of　inherelユt　creep

strengセh，and玉so－stress　lne±hodチor　prediction　of

long－term1ife，Predo狐三nant　facをors　inαeep
strengセ至／and　trans三モion　process　wi1l　be　made　c1ear、

訂sing　large　a工爪ount　of　data　s±ock　of　ferritic　hea亡一

豆’es量stanセsteels　such　as2．25Cr－lMo　stee1，

　　　3）Sys全ema芝ic　am1ys三s　of　microstruc芝ure　during

creep　deチor1mat三〇n　and　evaluation　of　accumu王ation

process　oξcreep　damage　using300series　s圭ain呈ess

stee至s，a　new　pub至ication　o圭co11ection　of

micmstructure　w淋a1ready　pub1ished　creep　data

w三11be　done，and

　　　4）Eva1ua室三〇1，of呈ong－tern，creep　st］＝ength　at

900．C　oξn三cke豆base　sもlper　a1王oy　In738LC　for

re至iab主1ity　oチu至をra－highセemperature　p1ant　wi至1be

car王ied　out．

Keywords：da芝asheet，hea芝一resistant　stee至、1三eat

resistant　a至至oys，creep更uptu王e．creep　deforn湿tion，

StreSS　re1aXatiOn

④DuctileversusB榊1eB餉avioチofS舳cturalSteels

S．Mαfs〃okα、肋η｛ro伽舳伽1Pε1チo舳伽cθ

1）｛η｛5｛oκ

【Apri〕996セo　March玉998］

Many　stee1struc圭u王es　we王e　damaged　on　Hansh呈n－

Awaji　g王eat　earをhquake　of　January17。ユ995・One

typica豆examp至e　was±he　buck1ing　of　stee呈columns

三n　highways　al，d　another　was出e　brit芝1e舟acture　of

s芝ee至box　co1u呈皿ns圭n　high－rise　build三ngs－

Such　a　difference　in　danユage　modes　is　c至0se1y

re1ated走oをhe　duct三1e　versus　bri走芝1e　behavior

of　structura1stee1s．

　　In　this　study，Charpy　impact　tests　and　frac圭ure

tOughness　tes古s　are　ca汀三ed　out　for　various

s芝rもlctura1stee玉s　suc亘／as　SS400，SM490B　or　SHY685

in　orde芝　t〇　三nvesセigaセe　the　effect　of　セest

teInperature，sheet芝h三ckness　and　test　speed　on　the

duct三1e　versus　br主tt1e　be1，av主or．　Fracture　surf昼ces

obセained　are　am1yzed　with訂scanning　tume1呈ng

microscope，STM，a1，d　atomic｛o王ce　microscope。

AFM。三n　order　to　c1ariξyセhe　mechan三sms　of　ductile

・・db王it芝1・f至・・t・…i・…1・…？Pi・…1・・

Keywords：stee1s，earthquake，ducti呈e　fracture，

britt1e　fracture，STM，AFM

⑥1mp…⑧㈹t・・川igH・岬・r・t・・舳・p・rti・・i・

Materials　f◎r　HighlU1廿a一トlig汽Temperature　use

T・丁伽伽bθ。肋〃・舳τα伽11〕吻・・舳・・εD｛η｛・｛・κ

lAprjl1996to　March】9991

MateriaIsチorhighセe㎜peraセure　use．

The　ai1苅s　of　this　stu．dy　areセo　c1a1＝ify　the　effects　of

ln呈c・ost・u・tu…ol・士he・…p・uptu・ep・・p・・li・sof

TiA1interme走a豆王ic　coヱnpo1mds　andセo　deve至op辻丑／e

a1呈oy　syste皿with　high　performa…1ce　in　h三gh

tempera芝脳e　creep　rupture　properties　as　we11as　in

roomセemperature　ducti1ity．Ti－49at．％A工and　Ti－

51a圭一％A1are　se1ectedセo　investigate童he　effects，

because　variolユs　microstructures　can　be　ob芝a主ned

圭hrough　heaセtζeaをments．Mkrostmctもlres　i1〕c1ude

をheγ9rain　size．1ame至呈a支gra三n　size．morpho1ogy　of

α2Phase　and　so　on・Creep　mptureセests　wi11be

car王ied　out　in　the　temperature　range　from！023t0

1373K　in　air，in　vacuum　and　in　h1gh．purity　he1量もlm

env三ronment，Addi芝主on　o圭third　e1ement　toセhe

a1呈oy　system　wi1亘be　co1，s三de支ed　to　deve呈opをhe

satlsfacto・y㎜ater1a1s．

Maセe互ials　fomlt正a－highセe㎜perature　use．

The　purpose　of　th三s　study　is　to　deve呈op　new

p1asmaチacing　materia1s　based　on　th．e　mixtures　of

theし豆呈tra－high　me1ting　point　lnater三a1s－　The

se豆ected　ma芝e工iais　are　W，Ta，Hチ、ca呈拙des　and

borides　and　the　mixtures　wil1be　fabricated

powder－meta至1urgica11y　from　the　powders　of　the

e至e肌ents・　Us量ng　an　e1ec芝mn　beam．heating

appa．ratus，therma1shock　tests　wi豆1be　carried　out

to　investigate　the　shock　resistance　oチthe　mixtures

and　the三r　fracture　and／or　eros三〇1，behaviors，

Study　on　芝hermophysica1properties　of　the
materia1s　before　and　after　irrad三aセion　in　JMTR　wj．至1

be　peτforIned　in　co至1abora芝三〇n　with　Tohoku

University（O肌ai　bral，ch）一

Keywords：1nte王肌etallic　compound．TiAL　creep，

p1as1皿a　facing　maセerial、出erma呈shock　resis辻ance・

Re1aセedPape・s

ユ、丁．Tambe，I，Mutoh，and　M．Nakam脳a，1’服ec圭

　　of　EIwimnmen芝and　Micms帆1cture　onセhe
　　Creep　Rupture　Behavior　of　T三Al　A童1oy　Ti－46A11’、

　　Book　g戸λわεfmcf5、ア〃〃CM、（至995）：43＿44－

2，M，Fujiをsuka，I－Mutoh，T．Tanabe．and　T
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Shikama，I’High　Heat　Load　Test　on　Tungsten

and　Tungsten　conセaining　A11oys1㌧∫・Mκ1・M〃θγ・l

in　preSS・

⑥StlbilitlofTltrllo111Plll1l1dM11細1il1l
P岬酬ieso川ansformali㎝・ToughenedZirconiaa川igh

Te岬era甘e

r．A加、肋ηかo〃榊ε〃肋11〕εヴor舳α伽θD｛加s｛o〃

1Apri1ユ996to　March玉999］

Stress－induced　martensitic　transformation　fro肌

tet工agona1セo　monoc1inic　phase　near　a　proceeding

c王ack芝ip　is　l＝esponsib1e　for　the　high　fエacture

toughness　of　par量ia1至y　stabi1三zed　zirconia　such　as

Zr02－Y203，Zr02－MgO　and　Zr02－CaO　a11oys－

Therefore，the　sをabi1ity　of　te校agona1phase　affec言s

吉ransformation－induced芝oughen三ng　and　can　be

contro11ed　by　severa王mic王ostruct脳a1and　che服三ca1

facto工s　such　as　tetragonal　partic1e　size．composition

of　sξabilizing　e1ements，gra三n　size，1a出ce　defects

and　S00n，

　　The　purpose　of　the　present　research　is　to

investigate　the　stabi1ity　of量etragona1phase　and　its

e圭fec芝on　mechanica1proper亡ies　foζtransfor肌ation－

toughened　zirconia　over言he　temperaセure王ange

between　room　temperature　an（玉ユ200℃．The

dynamic　process　of芝etragona至to㎜onoc1inic
transformat三〇n　wil1be　examined　by　measur三ng芝he

change㎞elastic　modu1i，especiauy　shear　modu1us．

during　transformat三〇n　a芝h三gh　temperature・The

e1astic　modu1i　w三11be　measure　based　on　a汀

u1trasonic　pu1se　sing－aromd　method　wh主ch　causes

no　mechanica1damage　of　the　specimens．The
effect　of　microcracks　on　the　s土ab三1ity　of　teセragona1

phase　wi亘1be　examined　by　means　of　transm三ssion

e1ectron　microscopy　befo工e　anδafter　the
打ansチor皿ation－　High一亡e肌perature　fractuζe　stress

σr　and　frac芝ure　toughness　KIc　wm　be　exam三ned　by

four－poinξbending童es乏andセhe　effect　of　the

stabi1｛ty　ofセetragonal　phase　on　the　mechanica1

properties　wi11be　d主scussed－High－te皿pera吉ure

Vickers　haエdness　wi11be　a1so　measured　to　obtain

hardness　and　Kl⊂as　a　function　of　temperature

during　continuous　hea言三ng　and　coo1ing　ofモhe

spedn｝ens・

Keywords：zirconia，fτacture　stress，量oughness、

吉etragona至phase，transformation

47Cycle　Deformation　in　a　Coκosive　Envi芋ownent

R．H舳〃〃o，M8c〃舳｛cα1Pγoμγ伽s　D｛η｛8｛o〃

［Aprilユ994to　Marchユ9971

The　grow士h　of　faセigue　crack　nudeated　a1ong　the

s1ip　bands　of　PSBs　or　PLBs　occurs　over　two

successive　propagaセion　stages－S言age　I（shear

rnode）and　Stage　n　（nor肌a1夏node）。　The　past

data　on　the　efξect　of　environments　n　crack

growth　in　Stage　Hatigue　region　have　been

reported　in　previous　works・Compar就iveIy舳Ie
attention　has　been　paid　to　the　effect　of　hydrogen－

re1ated　environments　on　Stage　I　crack
propagation　and　the　transiセion　of　crack　grow辻h

f・omSセ・g・ItoSt・g・至I・

　　We　present　experimen士a1resu互ts　suggesting

that　the　ear豆y　transi量ion　of　fatigue　crack　growth

from　Stage　I　to　Stage1in　a　hydrogen　environment

is　a　potentia1　index　for　hydrogen－reIated

embritt1emen　and　discuss　whether　the　ear1y

tエansition　oチthe　stages　of　fa亡igue　crack　grow士h　is

caused　by　the1oca1三zed　transiをion　of士he　stages　of

fatigue　crack　growth　is　caused　by　the1oca至ized

defo支mation　or　the　decohesion　at　a　notch　root，

carrying　ou芝fat三gue　tests　on　spec三mens　of主ron

sing至e　crysta1s　and　precipiセation　hardened

AIuminum　a11oy　in1aboratory　air　with　or　wiセhout

wa芝er　vapour　and　in　a3－5％Naαaqueous
SOiutiOn．

　　Pa辻igueをests　were　perfo王med　on　a　c1osed1oop

servo－hydrau1ic　machine，using　a　sinusoida1wave

and　a1oad　ra亡io　oξO工The　testing吉empera芝岨e

was293±1K，A　frequency　ofユ5Hz　in1abo閉言ory

air　wi士h　a　re呈ative　humidity　of　about50％and　a

fエequency　ofユHz　in　a3．5％NaO　agueous　so1ut三〇n

were　emp1oyed－Afteτfat三gue　testing。圭rac言ure

surfaces　were　observed　wi出scann三ng　e1ec｛ron

microscope（SEM）・

　　The　obser▽ation　of　the　ear1y　transition　of

fatigue　crack　grow辻h　from　Stage　I　to　Stage　H　and

走he　appearance　of　striations　on　the　fracture

surfaces　in　a3．5％Na1c　aqueous　so1ution　suggests

出at　seconda工y　s至ip　P1ays　an　impo王tant　ro1e　in　the

transition　of　fatigue　crack　growth　and室he　fatigue

crack　grows　by　the　operation　of　two　more　slip

systems豆eading　to　macroscopica豆王y　brit亡1e

（transcrys走a11ine）fractures　bisec亡主ng　the　two　active

s至ip　P玉anes・It　seems　reasomb呈e　to　propose走hat

the　dominant，hydrogen－re1ated　fa童igue　cracking主s

hydrogen－ass三s芝ed　strain1oca1ization　ahead　of

no芝ch　rooを　and　requires　subseguent　crack

propagation　inセwo　more　s1主p　systems　to　exp1ain

走he　supPression　of　Stage　I　growセh・

　　Theζeason　why　the　existence　of　hydrogen

occ至uded　in　materia1s　ac士三vates　s1ip　mu1tip1ication

m主ght　be　considered　based　on：（至）enhancement　of

d三s1oca辻三〇n　sources，and（2）an三ncrease　in　mobi1e

d三s1oca言ions　and　in　mob三1ity　of　screwδis1ocations

together　with　hydrogen　a量oms　accu㎜u豆atedセo　the

crack　t三p一
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Keywo正ds：stage　I　fatigue　crack，stage　n　faをigue

crack

Re1a辻ed　Paper

玉一R．Hamano。’1In　the　Transition　of　Patigue　Cracl（

　　Grow辻h　from　Sセage　I　to　Sセage　n　in　a　Corrosive

　　Environment’1，Mεf．M〃εγ．乃’舳5．A，27A（！99！）：

　　47ユ＿476．

48Genera1吃ed　Ruleand　GuideforUseof　l＝atigue　l〕ata

8・M曲柳榊α、肋｛1〃εP1η5｛cs　D加｛5ゴo〃

［Apri〕995セo　March玉997］

The　authors　have　been　conducセing　a　series　of

p歪ojects　s量nce！975to　es亡ab1ish　s走andard　reference

data　on　the　faセigue　p王opert亘es　of　Japanese　materia1s

for狐achines　and　structures・The　program　of　work

has　been　acco服p呈亘she（玉most　su㏄essfu11y　in　March

1995with　the　pub1ication　of83Data　Sheets－

　　The　presenをresearch　airas　at　the　presentation　of

genera1ized　ru1es　found　in　difチerent　fatigue

properties　that　can　be　exp亘ained　from　view　poin芝of

fundamentaI　mechanisms　of　fatigue　and，thereξore，

that　a至e　n三〇st　important　foζadequate　use　of　those

fa芝igue　data、■is．in　other　words．to　offe芝a　guide

for　unders士anding　the　change　in　properties　of

τaわ1ε川月〃刷9ueOafaSわe舳εchη1c舳㏄ume〃

ト～o．　　　　　　　　　　　　　　　Sublects ISSued

Fund酊ne11セal　Pa旬gLle　Proper印for　CaTbon，

Cral1dCr－MoStec胎

Fa晩ueS旋ngMorWeldedJoin色of刷ghS壮en帥Steds
Cra⊂kCrow齪、ム1Arc－Welded　ButtJoinおof

閉gh　S吐eng旺ユStee1s

S症記nRaセeEffe⊂tinLowCyde　Pa丘馴e　of

舳oySt㏄lsa冊ghTemps・
Pundalnental　Patigue　Proper士y　ofハS　Sセeels　for

Mad1iI，e　Sh＝ud■旺es

H．ighCycleFa晦1eof心1oySt舵1sa冊evated

Tempera打皿℃s

獅gh　Cyc－e　Pa聴ue　ProperサofC趾b㎜｛zed　Stee』

茅a晦1eCrackProP盆gah㎝forWeldedJo触of
S七■一d■u・a玉Steels

High　Cyc－e　P納gue　Properサof　Hard　S辻eeお

1981

1983

different狐aをeria1s　and　for　app1y三ng　the　data辻o

engineeτing　requirements．SeIected　da士a　f童om

re1ated　Data　Sheets　are　co11ec芝ive1y　anaIyzed　to　be

fitセoセheoζetica1nミode1s，for　son，e　cases，or

add三tiona1experimen童s　are　performed　to　verify

theor三es，fo室the　other　cases．

　　The　e｛fort乏o　show　the　genera1ized　m1e　on

fatigue　prope対y　da室a　has　acセua1呈y　been　con芝inued

in　the　prev三〇us　Fat三gue　Data　Sheet　P室oject．The

outputs　have　been　pubI三shed　inエapanese　as

Fatigue　Da芝a　Sheet　Technica1Docume玉1ts，Tab1e至、

and　wi11be　comp1eted　further　by　the　present　two－

yea「p「Og「am－

Keywords：fat主gue，stee1s　anδa亘1oys，a1uminum

a11oys．we1dedjoints，NRIMチatigueδata　sheets

2
3

7
8

ユ／Time／Temp　E舐ectin汕ghCyde遣ati駅eofSt舵1sat

　　h湘medj品teTemps・

ユ2Time－I）ependentmgi1？emper創weP目臼gueof

　　Sleelsmd舳oys

13Fa晦1ePrope吋of刈㎜in㎜m脳oys
　　forWe1dedS血一c肚es

ユ4　II，termediate　Tempera紅re　Pahgue　of　Steds

　　forWelded．S血1c比1工es

15Low／脳g11CydeFahgue　Properhes　ofStee1s

　　and　Aユしmτ㎞m1A班oys

】6　Intcrmedjate　TemperatuTe　Pa偵gue　of　Sセeels

　　for　Pressure　Vesse】s

17Elas丘cMod汕ofSteelsforMachineStmc㎞res

1984

1985

ユ989

玉990

1992

玉995

玉995

1996

1996

1996

（199η

（1997〕

（】997）

（ユ99η

49　L011g・τerm　Creep－I＝atigue　Pr◎pe柵es　of　3161＝R

S屹inIess　SteeI　for　I＝ast8reedεr　Reactor

K・γ舳〃g〃c〃、r〃1〃2P物s｛cs　D加｛sゴo〃

［Apri1ユ995to　M脳ch20001

The3ユ6PR　stai1，1ess　s芝ee1has　been　deve1oped　as　a

candida言e　ma芝eria1ξor　fast　breeder王eacto至of

twenty　f三rst　century・For　the　stmctura1des三gn　of

co至nponents　of　the　reactor，eva1uation　of　fatigue

1iチe　daセa　for±he316FR　s壮ee1三s　ilnpo王tant　to

represent　the　temperaセure－and　sセrain　rate－

denpendences　of　the細セigue至ife　design　cもlrves．

Because　the　ma三n　components　of　the　reactor　are

subjecセed　to　cyc旦icセherrna1stresses　due　to　s亡ar芝一uP

and　shut－dow汀oチセhe　system・One　of　the　objects　in

this　research　is　to　apP玉y　a　paralne校ic　ana1ys｛s　for

eva1uating　the　faをigue1ifeδata，and　to　predict　the

faセigue　Iife　at　very　s1ow　strain　raをe　up　t〇三〇’呂／sec．

This　method　was　deve1oped　by　the　autho至and

was　successfu1to　apP至y　to　many　k三nds　o｛

COnVen圭iOnal　engineering　heat　reSiSt三ng王nateぎ三a1S

・lth・・t工・1…t・・pt・10’5／…一Th・1・・ti・g・…

now　runn三ng　at500，550and600℃under　the
strain　rates　ofユ0’3、ユ014，！0’5anδ10’6／sec．

　　Second　is芝o　eva1uate　mono亡onic　creep　and

cydic　fat三gue　propert三es　for　moδified3ユ6FR　stee1s

wh三ch　is　now　deve1oping　by　a　stee呈狐aker　and

fabrica芝ors－So芝he　testing　data　wou1d　be　usefu1to

the　ma亡er三a1s　design－　Inセhe　first　ha1f　o麦th三s

research　sixteen　heats　of　the　materials　with

different　che肌三caI　compos三を三〇ns　var三ng芝he

e1ements　such　as　C，N，Mn，P，Ni，and　Cr　are　being

tested－n　the　second　ha1f　a　predict三〇n　me芝hod　of

the　faセ三gue1iξe　w棚be　deve1oped　by　using　the　data

of　rnonotonic　creep　rupをure　properties　such　as

creep　ruptuζe　ducti1ity・

　　冊is　research　is　per｛ormed　in　co脆bo至ation
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wi圭h　Mitubishi　Heavy　Indusをry　Ltd一。Mppon　Stee1

Co工p．and　TheJapan　Atomic　Power　Co・

Keywo王ds：1ow　cyc王eチatigue，fast　breede汀eactor，

316FRsをain1esss走eel

Re1ated　Pape証

！．K．Yamaguchi，K．Kobayashi．K．Ij三ma．and　S．

　　N圭shijima，1’Parameter　Analysis　for　Time－

　　Dependent　Low－Cyc至e　Fatigue　LiξeH、τ舳一ε・

　　λSME、∫．E〃g・舳fθr．τεc乃．、1ユ6（三994）：479－482・

50　Study　o列　Trarlsie耐　BehavioI』r　o言Deformation　and

賄ctureattheε1⑧vatedTe岬erat㈹

r．舳ε、肋η〃o舳舳fαlPαグo舳舳cεD伽5｛o〃

IApri1玉994to　March199ア】

Comp1ex　tエansient　behaviour　which　does　not　obey

c1assica1ξorm，is　observed　on　both　creep
deformation　and　cτeep　crack　growth　of　hea乏

resis士ant　sξeeユs　and　a11oys　at　the　e1evated

tempe工ature・

　　　Creep　deformation　and　c至eep　crack　growth　are

inf1uenced　by　the　c1惚nges　in　micros芝ructure　of

materials－This　st訂dy　aims　at　giving　a　ro1e　of

microstructuτa1change呈n　the芝ransient　behaviour

a乏セhe　e1evatedセemperature・

　　　Creep　deチormatio1，behaviour　and　the　effect　of

セhe王ma玉ageing　Prior辻oαeep　test　on　that　has　been

investigated　on　the　carbon　stee1・Comp王ex　creep

deforma芝ion　behaviour　wh｛ch　revea1s　severa1

peaks　and　loca1minima　in　creep　stエain　rate，that

differ行om　c至assica至one　which　consists　of
t王ansient．sセeady－sta｛e　al，d　tertiary　creep　stages，

has　been　c王ear互y　observed　on　the　s亡ee1wi麦houセ

pr三〇r　agein9・Such　amma1ous　creep　deformation

behaviour，however，has　never　been　observed　on

セhe　prio工aged　sモee呈s，A至most　common　c工eep

deformation　behaviour　has　been　observed　for　the

prior　aged　sセee三s，independenξof　ageing　ti1ne．　互t

has　been　conc至uded　that亡he　anoma1ous　creep

deformation　behaviour　is　caused　by　decrease　in

creep　stエength　due圭o　nユicエostructural　chal，ge　and

セhe　common　creep　deformation　behav三〇ur　o〔he

pr三0r　aged　stee1s　corresponds　to　the　inherenセcreep

stre玉／gthproper圭y　ofthe　stee1，

　　The　eva1uation　of　creep　crack　grow吉h　behaviour

at　ear1y　stage呈s　the　very　comp1icated　p王oblem．

The　theoreセica1t王ansition　time　from　sma1至sca1e

yie1ding　conditionセo　transient　creep　and　s言eady－

state　creep　condi芝ion　was　caicu1ated　on　severa1

materials．The　calcu至ated　results　have　been

co皿pared　with　experimenセa1observations－The
P】＝edicモing　methoδof　c］＝ack　opening　disp1acen｝ent

rate　aをtrans三en芝and　s量eady－state　stage　from　creep

curve　ofromd　b肌spec三mens　was　studied．

Keywoエds：creep　deformation．inherent　cエeep

strength，c王eep　crack　groWth，アnicrostructural

Ch・nge

Related　Papers

三．K．Ki皿ura，H．Kushima，F．Abe　and　K，
　　Yag呈、’1Effect　of　The王ma至Ageing　on　The　Comp1ex

　　Creep　Defo更mation　Behaviour　of　Carbon　Stee王

　　md　HIs工曲erentαeep　Strength11：submitted　to

　　Tetsu－to－Hagane：in　Japmese－

2，M．Tabuchi，K，Kubo，and　K．Yagi，I1服ec芝of

　　Specimen　Thickness　on　Creep　Crack　Growth
　　P王oper芝ies　ofユCr－Mo－V　stee呈1I：submi士tedセo∫一

　　Soc一ハ4αf・Scf・∫ηραη1in　Japanese・

51　Characteチization◎f　Creep・Damaged　Miぴostfucωre　of

Stainless　Steels　by　Computer　Aided　Qua耐itative
Meta11ograp11y

r一〃θ、Eκ〃o〃κθ伽1P吻or伽鮒εD〃5ゴoκ

lApri1ユ995辻o　March1998］

The　purpose　of　the　p王esent　research　is　to

ch肌acをeτize　theαeep－damaged　m三crosセructure　of

hea芝resisting　s量ee至s　and　a11oys　by　means　of

computer　aided　quantitative　meta11ography　andξo

ana1yze古he　creep　dan湿ge　process　in　the　n，ateria1s

based　onセhe　characterizeδmicrostmc芝ure．The

c1三aracterization　　oチ　　the　　creep－damaged

micmstructure　has　been　carr三ed　ouモat　di麦feren亡

1eve1s　of　creep　stra三n　with　emphasis　on　the

d三stribu言三〇n　oチcreep　voids　and　precipitates　a1ong

graiη．boundar三es・

　　　We　have　apP1ied　ion　sputteτ三ng芝echniques　to

etching　foτa　variety　of　heat　resis芝ing　stee1s　and

a1loys・A1芝hough　microstructure　examination　of
the　materia1s　is　usし至a1至y　carr三ed　out　after　etching　by

chen｝三ca1method．h三gh　sk三至玉is］＝equi］＝e　for　chen、三cal

etching　to　produce　c1ea王microstrucξure　and
repエoducib1e　microstmc走雌e　is　not　easi1y　obtained－

The　etching　of　sma｝呈tes辻pieces　was　carried　out　in

the　vacuum　chamber　of　a　microsputtering
apparaセus　f〇一Cr一ユMo－O－25V　ferr豆tic　stee豆、type3ユ6

s走ain1ess　stee王and　N三base　supera1loy　Incone王713C

a｛セercreeprupturetesting－Theetchingof1a工ge
boil．er　tubes　of2－25α一！Mo　ferritic　sをee呈and　type

32／sセain王ess　steel　after　long－term　service　in　plants

was　carried　ou亡using　a　specia1豆y－designed

m主αosputteτing　apParatus，where　the　vacuum
chamber　was　attached　to　the　outer　surface　of　boi1er

セubes，and　then　rep1icas　were　successful1y

produced，The　etching　by　Ar－ion　sputセeエing

produced　clear　micエostructure　for　a11the　mateτia1s
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at　an　anode　vo1tage　of0－8一ヱkV，disch脳ge　curren辻

of6－O　mA　and　sputtering室ime　of5－15min，
ir至espec辻三ve　of　d三f圭eren芝che節ica呈compositiol㌻s　and

d三チferent　hisセory　of室至／e肌ateria1s．We　cou1d

character三ze　grain　boundar三es，creep　v〇三ds　and

predpitates　such　as　carbides　and　σ　phase．　H三s

condudedthatthepresentme乏hoむequi・es亘ess
skiu　and　reprodudb1e肌icrost更ucture　is　eas三至y

obta三ned．

Keywo正ds：creep－damaged　microstructure，
compuをer　aided　meセa11ography，s辻ain互ess　stee1s

Re1a｛ed　Pape鵬

ユーH，Tanaka，F，Abe，K．Yagi、旺N三shikawa，and　T．

　　Sug三辻a，　’1趾ching　for　Microstructura豆
　　Exa狼ina芝ion　by　Ion　Spu圭te王ing1㌧Rερor止gグ〃κ

　　123γ∂Coη〃1〃fθεoηHε〃一Rε8fsfゴηg　Mθf〃5”〃

　　〃0yS、∫卯0〃SOC1仰∫0・P・01η州0η0グS・1θη・ε、

　　37（至996）：23－29：三n　Japanese・

2－F．Abe，1’C王eep　and　Creep　rate　Curves　of　aユOCr－

　　30Mn　Austenitic　Sセee至during　Carbide
　　P支ecipita士主on，1，Mθfα〃．τr舳s．。26A（工995）＝

　　2237＿22雀6．

52Relatio11ship　be言ween　Fa－igue　Crack　Pr◎pagatio11and

Cyclic　Defor欄ation　o｛Sma11Specimens

propagat呈on　rate，da／dn，and　the　range　of　stress

inセensity　factor、△K．However，the　fundamental

fatigue　cζack　propagatio1，Properties　for　d三fferent

ma芝eria1s　become　unique呈n　the王e1ationship

be室ween　the　fa芝呈gue　crack　propagation　rate、

δa／dn．anδ芝he　range　of　s走rain主ntensiセy　factor、

△K／E・　Th｛s　means　that芝he　fatigue　crack

P・opagationisco1桁o11edbythee1asticstrain
range　around　the　crack芝i．P－

　　　However，the　property　on王yξor　titanium　alloy

wh三ch　was　amea至ed　was　superior芝o　that　for　the

above　mentioned　unique　property－

　　　In　order芝o　revea1the　superior　properξies　fo王

theセitaniulT工a11oy　annea呈ed，the　cyc1三c　de童orlハa亡三〇n

of　sma11smooth　specimens　was　measured　by
keep三ng童he　max三蔓瓜u肌s古ress　to　be　the　yie1d

s嵌ength　of1nater三a至一The　mea1，va至ue　oチthe　cyc豆｛c

strain　saturaセed量n　the　ear玉y　pe王iod　of　tesセfor　the

most　oξ㎜ateria1s　which　have　un三que　da／伽一△K／E

re1at三〇nship．However，the　mean　value　of　the

cyc至ic　strain　increases　for　t至1e　who至e　period　ofξest－

These　deformaセion　propert三es　suggest　that　the

fatigue　crack　of芝itan三um　a11oy　annea至ed　c1oses

even　forセhe　maximum　load　hold　fat呈gue　crack

propagat三〇n　test・

Keywords：fat三gもle　crack，fatigue　proper芝｛es，cyc1ic

deformat三〇n

A－0〃α、肋η｛ro伽仰ε〃肋1Pθヴo〃伽〃cεD加｛8｛oκ

1April1994辻（〕March19971

The　fatigue　crack　pτopagatiol，Properセy　isもlsua11y

eva1uated　by　the　re1ationship　between辻he　fa室三gue

crack　propagat三〇n主ate，da／dn，and　the　range　of

sセress　intensity　fac芝or－　The　pτoperty　de室eriora圭es

with圭he　s辻ress　ra言io－Howeve更、the　pmperty
satし双aをes　in　the　very　high　stress　ratio　condi芝ion．In

ξhese　high　stress　ratio　condi芝ions．the　fa芝igue　crack

opens　in　the　whole　range　of　stress－Thaセisパhe

who至e　range　of　the　stress　intensi士y　factor　coil，c量ded

with　the　effective　range　of　stress　inをensity　factoτ．

Thαefore，the　proper走yξor　these　high　stress　ratio

con舳三〇n　is　determined　to　be　the圭unda肌en芝a呈

fat三gue　crack　propaga芝ion　property・

　　This　fundamenta至fat呈gue　crack　propagation

p王ope王ty　for　sセee1s，A5083a1しminum　a至王oy　md　Ti－

6Aレ4V趾anium　a呈1oy　wh三ch　rece三ved　STA　heat

t芝ea士ment　was　meas脳ed　by　two　of　the　maximu豆皿

1oad　ho｝d　fatigue　crack　propagation　tests・　The

dup至icate　tes芝s1end　the　co1，firmaセion　oξthe　unigue

properをy　in　different　s芝ress王aセ三〇cond三芝ions・

　　　T1，e　funda互nenta1ξatigue　properties　for　different

materia1s　become　suPe工ior　with　the　Youngls

至瓜odu1us，E，when　the　properties　were　co王npared

with　the　re1aξ主onship　be室ween　the　faをi．9ue　crack

53ドatigue　S｛r釧gth　Evaluation　of　Welded　Joi耐s　in

Sy耐he言ic　Sea　Water　by　o欄x＝σyTes童

ん01一肋、E〃ηかo伽伽〃肋11〕εヴo一’榊舳cεD加｛s｛o〃

1Augus辻ユ995to　March1998］

T1，e　fat三gue　sセrength　obtained　with　sma1豆we1ded

specin，ens　by　a　usua呈tes圭condition　o妻R＝O　is

h｛gher芝han　those　for1arge　we1ded　beams－

　　Thedifferenceoffatiguest・e1・gth・mong

specimensi・・so・cu・sf・omth・diff…n…　f
residua1s芝ress。丁至1at三s，｛n　we至ded　beams　a　high

をensile　resid1ユa1stress　ofセhe　yie1d　sセrength｛n

狐agnitude　exisセー　Thus、モheξatigue　stre1，gth　oチ

we1ded　beams　do　not　vary　with　stress　ratio，

bec舳se芝he　maximum　sモress1s　kepセto　be　the　yie1d

strength　by　the　shakedow11・Wh三1eパhe　fatigしle

streng芝h　oξsma11specimens　decreases　wiをh　the

｛1，crease　of　stress　ratio，because　the　sma1互

specin，ens　contain　s至ig1，t　residua｝s芝ress　and．th．e

maX三mum　StreSS1lWeaSeS　W三をh　the　StreSS　ratiO．

　　　In　order　to　overcomeセhe　difference，a　new

fatigue　test呈ng　rneξhod　si1苅u1at主1，9をhe　stress

condition　in　welded　beams　by　keeping　the
maximum　apPlied　stress　to　be　t1le　yie至d　sセrengt王1

was　deve呈oped．It　was　confirmed　that　the　fatigue
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sセrength　obセained　by　the　new　testing　me芝hod　wiセh

sma1i　we1ded　specimens　gave　the　same　fatigue

s芝reng芝h　o｛we1ded　beams　in　air　at　room

temperature・
　　　In　this　invesセigation、セhe　new　testing㎜ethod三s

app1三ed　in吉he　sy耐heセic　sea　wa芝er　condi言ion－

　　　The　NK－KA32s芝ee1of　which　yieId　strength　was

403MPa　was　used－The　speci㎜en　was　boxing　fi11et

we1ded　join芝s・The　width　of　smau　specimen　was

！20肌肌二the　thickness，10mm二and童he1ength，

800mm．The　environment　con嵌o豆chamber　was
bonded　on　the　speci皿en　after芝he　spedmen　was

pu11ed　up　to走he　rnean　va1ue　of　apP1ied　stress．This

process　avoided芝he1eak　of　synthetic　sea　water

due　to　the　separation　of　chamber　from　the

specimen　surface－The　temperature　of　syn吉he圭ic

sea　water　saセ脳a走ed　with　oxygen　was40℃．

　　　The　we1ded　beams　were1，600mm　in1ength，

2逐0丑nm　in　width　and400mm　in　he軸芝．Who1e　of

these　spedmens　were　put｛nto　a　s芝ee1cha肌ber

fi至1ed　with　syn圭hetic　sea　water．The　condi芝ion　of

synセhetic　sea　water　was　same　as　in　the　case　of

sma11specimens－

　　ra芝igue　tesセs　were　performed　with　s｛msoida1

waveform　at　O－17Hz．The　axia1至oad　was　app1ied

by　keeping　the　maximum　stress　to　be　the　yie1δ

streng圭h　on　sma11specimens，and　bending　moment

at　R＝O　was　app1ied　ol，we1ded　beams．

　　Paセigue　tests　were　performed　up　toユ×106

cyc1es，The　fatigue　sモrength　for　both　specimens

successfu1王y　coincided　with　each　other　even　in

synthe走ic　sea　water　cond主tion．

Keywords：We1ded　Joint，Fatigue　Strength，
Residual　Sセress，Sea　Wate王

Re1討ed　Pape正s

l－A－Ohta∫Y－Maeda，and　N．Suzuki，1，Fa乏igue

　　Strength　o圭Butt－We王ded　join±s　mder　Constant

　　Maximum　S芝ress　and　Random　Minimum　Stress

　　ConditionsI㌧P〃な〃ε＆Prκf“一’θEηg〃g．Mα±3r〃5

　　εデSわ’一κf1〃’θ5，19（ユ996）：265＿275．

2．A．Ohta，Y．Maeda，S，Machida，and　H．Yosh三nari，

　　11paセ三gueαack　Propaga圭三〇n　in　We1ded　Joints

　　under　Random　Load三ngs　in　the　Sp1ash　Zone1㌧

　　yVε1d．γVo〃d，35（1995）：391－394．

画FatigueB曲aviorofBri廿1⑧Materialsatεlevated

Ten1peratu芋es

G．C〃o｛。ハ〃θc乃α〃cα1Proρεγf加8D加｛s｛o〃

April1992toMar〔h三996

The　deve1opment　of　ceramics　is　being　watched

with　kl，ee　interest．beca訂se　they　are　very

promising　as　stmctura豆components　for
engineering　apP1ications　where肌eta11ic　ma士eria1s

are　not　avai1abIe，Since　many　of士hem　are
subjected　to　sをatic　and　cyc呈三c1oading　at　e1evated

temperaセures　for　pro1onged　periods，it　is　i皿portant

to　understand　faセigue　behavior　at　e1eva雀ed

tempera亡ures．Never士he1ess，the王e　are　very　few

s舌udies　on　staをic　and　cyc1ic　faセigue　behavior．of

ceramics　aセeIevaセed　temperatures・

　　　It　is　known　that　cyc1ic圭atigue　behavior　at　room

tempe王a量畷e　is　affected　by　facセors　such　as　fracture

toughness，environment，stress　ratio　and　variab1e

amp1itude1oading．However，it　is　mcer士ain
whether　these　fac辻ors　afξec量cydic　faセigue　behavior

at　e1evated　temperat脳es．

　　　In芝his　study，sta辻ic　and　cyc1ic　faセigue　behavior

in　norma11y　sintered　si1icon　nitride　and　pu支e

a1umina　ceramics　wαe　inves童igated　over　a　range　of

roo㎜圭emperature　toユ200■C．Fat三gue　tests　we王e

conduc芝ed　on　a　servo－hydrau1ic　n，achine．using

speci肌ens　with　sing1e　edge　precrack　introduced　by

briδge　inden走a芝ion　me±hod．It　was　found　that

static　and　cyc1ic　faセigue　crack　grow童h　rates三ncrease

as　temperature三ncreases∫but　cyc1ic　fa言igue　effect

decτeases　with　the　increase　of　te服perature．Such

stat三c　and　cyc1ic　fatigue　behavior　aζe　c1ose三yζe1aセed

圭o　the　decrease　of　frac芝ure　toughness　with

increasing　temperature　and　viscous　f｝ow　of　giass

phase　at　a　high　temperature，

Keywords：cyc1icξatigue，stat三c　fatigue，frac芝ure

tOughneSS，CeramiCS

Re1a辻ed　Papers

l．G．Choi，S－Hoパbe，and　Y．Kawabe　I’Cydic
　　Fatigue　in　Si1icon　Nit王ide　Ceτamics1㌧λc±o　Mθ肋〃．

　　八4ofεr．、42（！994）：1407．

2，G．Ch〇三、’1Cyc1ic　Patigue　Crack　Growth　in　S三1icon

　　Nitζide：Inf1uence　of　Stress　Ratio　and　Crack

　　C1osureI1、λc肋Mε肋〃、M〃εγ．、43（ユ995）：至489．

団StudyonDeformali㎝andFla舳eof舳ctura1
MateチialsatCWoge11icTemperatures

K　N昭α｛、Mεc〃α〃c〃Proμr肋s　D加｛ε｛o〃

［Apriu993to　March1996〕

S－N　curves　at　cryogen三c走emp－erature　we工e

de吉ermined　for　the　a11oys　such　as　SUS3ユ6LN

austeni芝三c　stain1ess　stee1，9％Ni　stee王、Ti－5A1－2．5Sn

a1至oy．Ti“e－O　a｝亘oy，and　A2219a1uminium　a11oy．

　　Patigue　crack　initiat呈on　behavior　was
investigated主n　terms　of三セs　microstructura1origins－

The　iniをiation　of　fatigue　crack　at　subsurface

occurred　more　often　at　lower士emperatu至e－The
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subsurface　or　in量erna1in三tiation　is　a廿ributab1e　to

the　cracking　o至specific　microstruc亡ure　by王oca｝ized

cyc1ic　deformaセion．The　size　and1ocation　ofセhe

initiaセ｛on　craclくvaried　fro正n　auoy　to　a1Ioy；ξor　the

SUS316LNセhe　size　was玉a王gest　among　the　a互1oys

s士ud三ed　and　the　dis辻τibu辻三〇n　was　un三form　and　for

the　Ti－5AI－2．5Sn　al1oy　the　size　became　sma11er　and

the　disセribution　beca互ne　rnore1oca1ized　near　the

surface－Mu互セip1e　fa辻igue　tests｛n　the　T三一Fe－O　a11oy

c1arified　no　in量e灯e豆a辻ion　amongセhe　size，the

1oca杜on　andセhe　number　of　cyc1es辻o　fai1ure－

　　The　eチfect　of　an　increase　in　frequency　from4Hz

言o20Hz　on　fatigue　behavior　at4K　was
investigated　forセhe　SUS3ユ6LN　and　the　T三一5A1－

2．5Sn肌I　a11oy．The20Hz　S－N　curve　was三δenticaI

セo　the4Hz　one　in　the1ong呈ife　regime（moreセh蜘

！05・yd・・t・f・i1…）肩・…il…b・・…1・d・d

that　the　increased　freguency　of20Hz　is　a11owable

for　the　deternユination　oチthe　fa芝igue　behavior　in

1㎝g1if…g㎞・・

　　The亡o走a1opera士三〇n　time　of　the　cryOgenic　fatigue

testing夏nachine　insta豆1ed　inユ980aをtained士en

thousand　hours　in1994．P工esumab1y　this　is　the

wor亘d　record　among　the　ac｛ive　c工yogenic　fat三gue

teSterS．

Keywo江ds：cryogenic　te㎜perature．fatigue
strengをh，crack　initiation

Re工a｛edPapers

玉一K－Nagai，T・Yuri，O・Umezawa．K・Ishikawa，

　　Y．Ito，and　T．Nishimura，1’刷gh　Cyc1e　Fatigue

　　Propert亘es　of　T三一6A1－4V　A11oys　at　Cryogen三c

　　Temperatures1’、T｛f口舳川プ92∫Sc主ε1πε口〃

　　τθc1〃ology，edi亡ed　by　FB。酎oes　and　LCap1an，

　　The　Minera1s，Me芝a1s＆Materia1s　Society、
　　（ユ993）：王827一ユ834．

2．K．Ishikawa，T．Yuri，O．Umezawa，K．Naga三、and

　　T・Ogaをa，1IFat三gue　Testing　and　Proper吉ies　of

　　S亡mcセura1　Ma量e更ia1s　at　C王yogenic
　　Temperatures1㌧F蝸ゴoη石ηgゴ〃εεr主1侶””Dεsなη，

　　20（ユ993）：429＿435．

3．O．Umezawa，T．Ogaセa，T．Yur三。K．Nagai．and　K．

　　Ishikawa，11Review　of　High　Cyc呈e　Fatigue

　　Properties　of　Structura1Materia至s　at　Cryogenic

　　TemperaをuresI1、　λdo〃κε8　オη　　Cryogεηた

　　Eηg加εθ1伽gM肋・f口15，40（ユ994）：1231一ユ238・

［≡≡≡…コ　Assessment◎守S汀ength　and　Structwal　Maオ欲ials

Oaねbases｛or　We1d閉e剛in田R｛Fast改艶der　Reactor）

C◎閉p◎nerlts

γ。Mo伽舳、肋〃〃rεP切5北5D加畑o〃

【Apri〕99ユセo　March王996］

The1oca1var三abi玉ity　of　creep　deforl〕ユation　in

welded　j〇三nts　is　investigated芝o　ensure　the

structura1integrity　of　the　pr主狐趾y　coI皿po1，enをs　of

The　FBR（fas亡breeδer　Reactor）．Narrow－gap

we亘ded　joints　of50肌㎜thick　platesチor　a　ferritic

2．25Cr一ユMo　s童ee1and　two　austeni芝ic　s士ain1ess

s乏ee豆s，30逐、3ユ6FR（0，OユC－0．O閉一ユ8Cr－1ユM－2Mo）、

were　prepared・Pu1l－thickness　we至ded　join走

spedmens　were　subjected　to　creep　tes芝s　at55ぴC

using50t　creep　testing　machines三n　NRIM　It　was

confir㎜ed　thaけhe　creep－rupture　streng辻h　of3ユ6FR

stee1亘s　abouセユ00MPa狐ore　than　tha古for　the

conventiona1304stee呈at50ぴC　and！O，O00h．Bo出

304and3ヱ6FR　stee1s辻he　creep－strength　of　we1d

meta1show　considerabIe1oca1variabi五ity　in　the
direc室ion　of　the　p至ate　th三ckness：The　resistance　to

creep　defor㎜ation　is　more　pronomced　inセhe　heart

of　t至／e　we呈d狼eta1，S三nce芝he　weld　me乏a1near　the

surチace　of　the　plaをe　is　much　weaker舌han　the　heart

one．the　crack　to亘ead　fracture　takes　p至ace　fmm

surface　po至tion　of　the　we1d　meta1．And，thus

we1ded　joint　fa三1s　in芝he　we1d　meセaL

　　　Another　in走eresting　observat三〇n　we狐ade　for

the　creep　of　we1ded　joint　is　thatセhe　initiation　of

fracture　in　the　we1ded　j〇三nt　of2，25Cr－1Mo　s±ee至

see㎜s　to　s言art　from　fine　grain　region　of　the　heat

affected　zone（HAZ）、particu1ar1y　where　fron走and

back　s三de　of　mu王t三一1aye至beads　meet．A王though　i芝

was　w三de1y　recognized　thaを士he　creep　rup芝ure

occurs　predo㎜inant亘y　in　HAZチor　feζriセic　stee1

weld㎜enをand　it　is　a王ong　coarse　gra三n　region，but

辻he　t王ue三nit三ation　o圭士he　crack　begins　in　fine王grain

region　in　HAZ．We　be至ieve　he　observation1eads

us　to　have　insight　inセo　the　ana王ysis　of言heτype玉V

creep　cracking　o麦we1ded　joints　in　ferrit三c　steeL

Keywoエds：creep．database、冊M．stain1ess　steel，

we1dedjoln芝

団NRlMCreepOataShe卵10ject－lV

Kγ昭｛、E〃η〃o伽伽’i肋11〕εヴoτ伽刎cεD加｛ε｛o〃

1ApriI1991to　Marc11ユ996］

One　oHhe狐ajor　objectives　of　the　NRIM　Creep
Data　Shee童Projec芝is亡o　obtain王0b　h－creep　rupture

sセrength　da走a　foτpr三ncipa至hea芝resisting　stee1s　and

al1oys　inc1uding　welded　joints　which　were

produced三n　Japan－NRIM　has　been　conducting

the　Project　since至966．　The　test　data　have　been

pub1ished　as　a　series　of　NR玉M　Creep　Da芝a　Sheets．

In壬isca至yearユ995，we　published　two　Sheeセs（CDS

No．lB　oIパCr－O．5Mo　stee王and　CDS　No．42on王8Cr一

ユ2N三一Mo　s走ee1）anδone圭echnical　document．The

techn｛ca1document　provides　totalξest　plan．

ma走eria1s　deをai1s，9u三dance　on　creep吉esting
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procedure，data　generation．data　ana1ysis　us三ng

t呈me－temperature　pa工ameセer　method．miαo－

sセrしlcture　exa1ハination　in　the　Project・It　repΣesen圭s

the　sta走e－oトar亡　for　creep　tesξ三1，9　and　daモa

acquisit三〇n　in　NRIM，md　the　informa芝ion　wil1be

ofinteresモ辻o　a　much　widαrmge　ofusers－

　　In　para1至e1w三tlパheセesting　and　publishing

program，we　have　made　researches　on1ong－te王m

creep　and　rupture　behavior　of　heat－resis芝ing

stee玉s　and　a呈1oys，Comp三ex　creep　deformation

behavior　which　revea1s　severa1peaks　and1oca1

1苅iniina　in　creep　工ate　curves　has　been

invesセigated　on　carbon　sセee1from　a　v三ewpoi祓of

1’InherenセCreep　Strengセh’’concep走・Comp1ex

phenomena　has　d．isapPeared　by　aging　Prior　to

・τ・・pte・t－M・・h・ni・狐・fcomp1・…　eep

deforn，atiol，behavior、仏アhich　is　based　on　decrease

in　creep　st王engセh　due　to　iT工iαosξrucセura1clユanges

and　adve1，t　of　inherent　creep　sξrength，has　been

proposed．　ト＝eat一亡o－heat　variation　of1ong－terユ皿

creep　sセrength　pτoperty　observed　forユ2Cr　stee1

has　been三nvesをiga芝ed　by　creep　curve　ana1ysis

based　on　a　mo搬iedθ一Projection　conc叩セand　by

microstmcture　examination．Heat－to－heat
vaτiation　o圭　乏he　creep　rupセure　sξrength

properties　was　descrゐed．by　the　difference　in　the

parameterαwhich　represen圭s　an　acce1erat三〇n　in

creep　rate　atセertiary　stage．The　magnitude　ofα

corre王ated　w主th　the　recovery　o董excess
d三s］．ocations　du工ing　creep・　The　effects　of　Iong－

termαeep　deformaセion　and　apP至ied　st工ess　onγ

γ’1γエicrostructure　have　been　il㌻vest三gaξed　for　a

po1ycrystalline　N三base　supera三1oy，Incone1713C

a〔O00℃一Higher　stresses　were　neededモo　for㎜

a　raftedγ’str汀cture・The　stress　dependence　ofγ

プmicrostructもlre　shou1d　be　taken三nto　accounを

for　evaluation　o〔ong一ξerm　creep　strength

properセy・

Keywords：1ong－term　creep．stress　re1axat三〇1、、

肌三CrOSセ王uCtura王eVO1utiO1、

Re1atedPapers

l．H－Kushima，1〈、Kimura，1〈．Yagi，a1，d　K．

　　Maruyama．1’Long－term　Creep　Strengセh
　　Property　and　Microstrucξural　Stabi1三セy　o〔2Cr

　　Sセee11I。〃5・一止o一舳go・ど（J一互・㎝・ndS亡ee1Inst．

　　Japan）∫81（1995）：2玉4－2ユ9：in　Japanese．

2．H．Nagai．K．Kimura∫P．Abe．anδK＝Yagi、
　　’’趾ecセof　S支王ess　on　Morp1，o1ogy　ofγ一phase　and

　　Creep　S芝rength　Properties　of　Incone17／3C1’、

　　T3f5〃一±o－Hog”κ（J．Iron　and　Stee豆Ins七Japan）、

　　81（1995）：667一＿672＝in　Japal，ese－

3－K．Kimura．H．Kushi狐a．K．Yag三、and　C　Tanaka，

　　1IE腕cts　of　Minor　AI1oying　E1ements　on

　　Inherel、走C肥ep　Strength　Propert三es　of　Perrit三c

　　Steels’1，τε亡s〃一fo－H口g”π（J－Iron　and　Stee1互nst・

　　Japan），8ユ（1995）：757＿762：in　Japanese．

4，K．Yagi　and　F．Abe，1’Ageing　and　Li麦e　Pエediction

　　of　Me亡a1lic　Ma亡eriaユs1’〃仰κ∫oc．カプ5加〃〃o〃

　　τεc／！〃o1一、15（玉996）：3－13：inIapanese・

匝］Toughness1叩ove㈹榊ofCelamicsand洲1e
Steels　by　Co杣r◎■　0f　Precipitation　and　Phase

TransfO芋mation

P．舳θ、肋η｛γo舳θ伽1P吻o〃〃肌θD｛眺｛o〃

［Apri11993to　M昼rch／996］

The　purpose　of　セhe　present　resea王ch　is　セo

investigate亡he　lnicrostruc辻ura三evo1ution　and　to

improve　toughness　by　m主crostruc乏ura呈control　for

parセi訓y　stabi1ized　zirconia　ceramics　and　ne耐ron－

irradia乏ed　rnar亡ensitic　stee1s，

　　The　transforma室ion　behavior　from圭eセragona1室o

momc1inic　phase　has　been　investigated　for　a　ZrOゴ

9，7mo至％MgO　by　means　of　di1atometry　and

吉ransmission　e1ectron　microscopy・冊e　t工ans－

for皿ation　from芝he　t－to　the肌一phase　occuエred㎞the

亡wo　disthユct　stages　dur㎞g　coo1㎞g二the｝ow－and1igh－

ten｝perature　stages　at　aエound600and　llOO　K，

respec廿ive亘y－　The　factors　for　co1ユtro1　of　the

transformaゼonwerediscussedbyta㎞glnloacco㎜l
of　the　e｛fec圭of　diffusion－con芝rol1ed　microstruc圭ura至

evo王u童三〇n　and　trans－foζmat三〇n－induced　microcracks．

η1e　effect　of　volume　fraction　ofモhe　constiむent　t－and

m－phases　on　fエacセure圭oughness　KIC　has　a1so　been

量nvestigated　for　the　Zr02－9－7mol％MgO　by

三ndentat呈on　method．The　vo1u㎜e　frac室ion　was

changed　from．Vm鴛O　to1，wheエe　Vm　is吉he　vo1ume

fraction　of　the　m－phase，by　heat　treatments　at　h三gh

tempera乏ure．The　KI⊂gradua11y　increased　from4－5

MPa石a芝Vm＝0to7MPa石a圭Vm＝1．It
shou1d　be　a1so　no量ed　that　the　K1⊂was三nverse1y

p王oportiona1to　the　Vickers　hardness，s三mi王ar　to

meセa11iC　mater三a1S．

Keywords：乏oughness，zirconia　ceram三cs，
martensitic　stee1，Phase　transformation

Re1a辻ed　Papers

ユ。P－Abe，S－Munek主and　K．Yagi、’’Contro1of

　　Te乏ragom1／Monoclinic　Tエansformatio1パn　a

　　Zr02－9．7mo1％Mg01I，Proc．4fり叩oηMθ1・η。

　　∫λMPESy〃1ρ．、（！995）：293－298－

2－S，Munek主、P．Abe　and　K，Yagi、’1Effect　of　Heat

　　Treatmen室s　on　KIC　of　a　MgO　Parセia1ly　S室abi1ized

　　ZirconialI．1〕γoc．4〃t∫oρoη∫〃εrη．∫Aハ”〕1三Sy17”一、

　　（｝995）：446＿45！．

3．P．Abe，S．Muneki　and　K．Yagi、’’Kinetics　of

　　Tetragona至to　Monoc1inic　transformation　and
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　　Micmstmctura1Evo1ution三n　a　MgO　Parセia11y
　　Stabi1ized　Zirconia1’、Foτ〃〃1EσRO　Cεro〃！ゴcs，

　　2（三995）：399＿406．

4．P．Abe　and　H．Kayano。，1Eva王uat呈on　of
　　E肌brittIement　of　Martensit三c　gCPWVTa　S芝eeis

　　by　Instrumented　Impact　Testing　Us主ng1／3S三ze

　　Specimens11，1〕roc。κλ〃ω〕∫兀R∫of〃Sy〃ρosfl・川！

　　0η∫η〃”SρεCl〃伽1τεSけε伽010抑S∫01’Fl・1510〃

　　R35ε”℃乃。（至996）：主n　Press・

Measwem⑧杣帥d　evaluati◎n

⑧Ap1lill1i1itlof舳ol1lo1llilSp1llr◎l1o1y
1’echnique　f◎r　Measwenlent◎f　TherI11a1l〕i言細sivi言y　of

Therrnoelectric　Materia1s

M．A．0k舳｛ofo，5肋1肋o榊fory，1〕乃y8｛cα1

1〕γoρθ1伽5D伽s｛o11．

IA艸1／996toMarch199ア1

Recently，photoaccoustic　spectroscopy（PAS）has

been　app1ied　to　a　w三de　f三e1d　of　industry　and

ぎesearch－Th三s圭ec董m三que　is　a　quite　s三mp1e　and

conven三enをone　whose　princip呈e主s　mai呈11y　based　on

the　characξerisξic　of　the皿ag玉1itude　of　therma1

diffusivity　of　the　specimen　materia1三n　the　case　of

1OWξre卯enCy　i至1u肌inatiOn．HOWeVer，VeryξeW

stud三es　have　been　reported　on　室haを　of
ther㎜oe1ectΣ主c　mate更三a1s，for　which　sensitiviセy　of

severa1pe亙cent　is　ordinar三玉y　requiぞed　over　a

comparative｝y　wide　range　of室emperaセures・On
this　view　point、士he　present　study　a三ms　to　examine

the　app1icab舳y　of芝he　PAS　technique　how　to　ge全a

re1iab1e　va1ue　o圭thermal　diffusivity　wi出三n　t1／e

requ三τed　error－Another　merit　of　this　technique　is

をhat　the芝her㎜a1cha王acteriza芝三〇n　of　theをarget

materia呈is　expected　to　extend　to　the　op吉ica呈

characterizaセion　a芝the　same　time　using　the　same

spec三men，

　　The　present　study芝o　be　made　emp至oys　a　gass－

microphone士echnique，a至↑dをhe　expeパmenta至

equipmenをconsis±s　o｛He－Ne1aser（30肌W）。Xenon

至amp（350W）andsta三n1essPASce至至（0．5㌦！cm3）．

Keywords：therma1d三ffus主v三ty，photoaccoustic
spectroscopy，thermoe豆ect王ic　maセer三a亘

⑨M◎nito痂gandCo附olofThermalPlas欄a

K．H伽o㎞、A加舳c〃M肋1伽sPl’ocθ8幽9
Dゴη｛8ゴo〃

エApr1〕996to　March］999】

The　ai肌of　the　new　p王ogmm　isξo　ana呈yze　and

con芝ro1the　state　oξtherma1p1asmasξor　the
apP至ication　to1，ew　mate王ia1s　process三ng．Arc

diSCharge．1aSer　and室heir　COmbinatiOn　teChni卯eS

areび舳zed．Two　ma呈n　subjects　are　sum㎜arized　as

fo1至ows．

　　　（了）Po・m・ti・nofst・b1…cp1・・m・und…

reduced　pressure　atmosphere

　　Vapo王iza亡ion　behavior　a1〕d　current　deηs三ty

distrib1ユtion　on　the　me1ting　anoδe　surface　wi1王be

al，a1yzed　in1ow　pressure　gasセungsξen　arcs・A　high

response　monitor呈ng　me圭hod　of芝he　current
distr三bu芝三〇n　on　the　mo呈ten　poo且wi11be　d主scussed

on　the　bas三s　of　co呈皿puter芝echniques　and　the

measure肌ent　of芝he　potentia1distribut主on　of　the

anode　p至a芝e－　Purt1，ermore、セhe　states　of　meta1

vapors　i夏1the1ow　pressure　p1asn蝸wi1l　be　ana1yzed．

fro服the　spectroscopic呈皿easuremenをs．

　　　（2）Porma吉ion　of　sセably　conセぎo王1ed　l．aser　p呈asma－

and　its　apP1icatio11to　lT工ate王ials　processing

　　We　d．emonstrated1n　the　pre，lious　work　that　a

large　and　stably　induced1aser　p1as1ma　can　be

formed　by　irrad主a芝三ng　focused1aser　beam　on芝o　a1，

arc　p1asma－　The　plasma　s芝and－s　sti．l1三n　space　by

absorb三ng1aser　power　even　if　the　arc　is　shut　off－n

the　present　program，we　wi11三nvestigaセe　how　to

co1対ro1亡he　state　of芝he　p至asma　a圭varioもls　nlixed　gas

atmospheres芝o　apP至y　it　to　a　new　chemical　react三〇n

plasma　processing・

Keywo工ds：arc　discharge，laser，P1asma，
spectroscopy，Probe　measurenユent，vaporizaをion，

㎜1・・dg・・

⑧ApP1i・・ti㎝・fi…it・S腕i・M・…r・鵬舳yth・

Laser　SpeckIe　Met110d

γ・M〃舳肋〃。A加伽c”M肋1伽s1〕γ㏄ε8s晦
1〕｛ηゴ5｛0〃

lApriい996to　March1999］

Non－conをact　strain　measもlreme呈1t　usingをhe　laser

speck1e呈皿ethod　is　characterized　by　its　h三gh＿

responsibi1ity　a1泊high－accuracy・We　have　been

exa1苅三ning　its　apP1主cab三1ity　to乏he　iI、一s主tu　strai1，

meas脳ement　during　loca王heating　such　as　we至ding

in芝h三n　s室ain至ess　s吉eel　p呈ates，We　a1ready　proved三n

the　previous　research　that　it　was　poss三ble　toδo　the

in－situ　st呈＾ain　measurement　for　a至服ost　a11period．in

a　thermal．cycle　even呈f　the　meas脳ing　Poin芝was呈n

a　high圭emperat訂re　range．

　　In芝henewresearch，however，wehaveto
c呈昼王ify　the　stτain　behaviors　in　severa至parts　of

heating　line，for　exalnp1es，the　sta王ting　p〇三nセal，d

the　crateτ．　To　detec圭the　strain　behavior　il，the

deposited　zone　or　the　heat　affected　zone　sl，oしlld　be
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i肌por辻ant　fo工getting辻he三nformation　for　the　h三gh

and　low　temperature　defects－Wewi11a1soexec耐e

the　measurementfo更those　areas，

　　　The　pee1ing　off　of亡he　sprayed　co説圭ng　fi工王ns

王ro皿芝he　base　materia1s　by亡he　therma1sをress　or

strain三s　another　subject主n　our　research．Many

s辻rain　curves　in　the　surチace　of　the　base　materia1

were　a互ready　detected　by　the豆aser　speck1e　metho（1，

So㎜e　k三nds　oチsprayed　coating　fi1ms　wm　be

se1ec言ed　and　examineδtheir　spedf亘c　charac舌er三stics

of　pee1三ng　off　conside王ing童he　strain　curves

obta三ned主n　the　previous　research．

Keywords：至aseζspeck1e肌eセhod，dynamic　sをrain，

in－situ　stra三n　meas岨ement．h三gh室emperature，

austenitic　stain至ess　stee豆、Plasma　spraying，Pee1ing

off，coat三ng　fi1m

　　　The　present　p至ojec－ncludes　two　kinds　of

をechno1ogies，i・e・、9enerating　technigues　fo王excited

neutra豆beams　and　de舌ecting　technigues　for

secondary　pa亙tic至es　ejected分om　irzad圭aセed

surfaces－As　regarδ三ngセo　the　beam　fo王ming，a

bea皿sys亡em　creating　h三gh　density　neut至a1beams

under　a　C1ean　VaCuura　enV三rOnment，eXCiting
atoms　by　e互ectron　impac亡s，removing　ions　and　high

Rydberg　atoms．se1ectingセhe　ve1ocities．and
po1arizing　the　e1ectζon　spins　of　aセoms　is　being

deve1oped．Means言o　measure　the　energy　angu1ar

dis辻r三bution　andセhe　spin　po1arization　of　ejecセed

1ow　energy　e1ectrons　are　a1so　being三nvestigated・

Keywoエds：neu量ra1beam，metastab1e　atom，
excited　neutra1，surface

⑨De・el◎P鵬杣ofF・nda㈱ta1Te伽ologiesf◎l
Exc肚ed　NeutraI8ea糀1s

γ・γα榊舳c〃、H｛ψR2so1〃o〃B8α榊Rε52〃c乃

8肋わ0〃

［Aprj1了996to　M昼rch20031

The　e1ectronic　states　Of　su「faces　P1ay　significan童

ro1es　in　che服三ca1react三〇ns　and　crysta1grow亡hs　on

surfaces　of　materia1s．The　exciteδneu芝ra1beams

are　promising　Probes　to　ge辻inチorma量三〇n　from

exact1y　outn｝os芝su工faces　ra亡her　than　e互ect工on　or

帥oton　beams・Pundamen辻a至ξechno1ogies　to

generate　exdセed　neuモra1beams　are　being
deve1oped・

　　　互n　spite　of童he　fact　that　photoe1ec吉rOn　spectra　Or

e至ect麦on－exci圭ed　secondary　e1ectron　spectra　inc至ude

the　informa辻ion　on　the　outmos言1ayer，photons　and

electζons　penetraセeセhrough　the　outmosを1aye工and

reach　to　more　deeper1ayers・Those　spec量ra　contain

the　infor㎜ation　on　deeper1ayers　whereセhe　ejected

e至ecセrons　a工e　generated・Thus　some　amb三guity

re肌a呈ns　whether　any　features　of　spec室ra　are

OriginatedチrO夏nセhe　Ou乏mOSt1ayer　Orモhe　deepe王

呈aye王s．On　the　other　hand　excited　neutra1s　a至so

may　re王ease　their　intema1energy　toをhe　surチace

e三ectrons－The　s互ow　neutra｝s　w三th　a　k三ne芝ic　energy

of　several　tens飢eV　are　ref1ected　by　the　potentia1

which　comes　from　the　sur圭ace　a麦oms　and　neveア

reach　toセheδeeper1ayers－　The　ejected　elec童rons

pick　up　on1y　the　infoζnミation　on　the　e1ectronic　sta芝e

ou吉side　o〔he室op－most亘ayer．Therefore　s1ow
excited　neutra1s　a］＝e　essentia1豆y　sensi辻ive　to　the

e1ec量ronic　state　oξadsorbed　mo1ecules　or　states

spatia11y　extended　wave　fmction　from　the　surチace

to　the　vacuum・　Purthα芝he　spin　se1ected　neutral

beams　enab1e　us　to　understand　surfaces互no芝e

precise1y一

63　S童udy　on　l＝lat　ar1d　Mi附or・Finishing　by　Glow

Discharge　Plasma　usir1g　Rare　Gas

M．8〃fo、」M’〃α加18P切8｛cs　D加｛5｛o〃

エApriu995to　march／9971

玉t　is　very　d疵icu1t　to　obta三n　the　mirror－f主n主shing

surface　for　me言a1s　and　se工niconductors　byをhe

p1asma－etching（（丑ry－etch三ng）technique，whereas

their　c1ean　surξaces　are　eas三1y　prepared　by　this

me走hod．h　order舌o　oveτcome　the　diff三cu1ty　of　this

technique，the　gas　n｝ix言ures　consisセing　of　the　rare

gases　such　as　Ar／Ne，Ar／Kr　and　Ne／Kr　was
investigaをed・

　　　The　direct　current　glow　discharge　p1asma　was

used主n舳s　sセudy　on　stee1samp1es－The　surface

roughness　of吉he　sa肌p王es　was㎜easured　w三言h　a

s鮒face　profi1meter．The　surface　roughness
obta｛ned　as　Rmax＝1μm　by　the　Ar／互voL％Ne

mixture　was　beセter　than　that　ob芝ained　as

R肌ax＝至一7μm　by　pure　Ar．In　a搬三tion，when　the

Kr／Ne　mixture　was　used　instead　of　the　Ar／Ne

mixture．the　surface支oughness（Rmax＝O．7μm）was，

improved　significan芝豆y　co爪pared　with吉haセof　the

Ar／Ne　mix量ure．However，since　the　mirroτ一

f主nishing至ess　than　R㎜ax＝O．3μm　by　the　above－

ment三〇ned　gas　mixをures　is　not　deve1opeδyet，the

○をhe王gas　mixtures　are　inves圭igated．

Keywordε：Mimr－finishing，direct　current　g1ow

discharge，mass　spectrome舌ry、工are　gas

64　1m町ovemen言of　Res◎luti◎n　in1…PMA　X・Ray　lmage

M・r〃k〃榊αc〃。M〃〃加151〕切εた5D加｛8｛o〃

【Aprii1，995to　Mar仁h1997］

EPMA三s　an　instrume耐to　revea1distribution　of
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chemica亘compos三tions　in1oca1s雌face　area　of　so1id

spec三n，en・　　The　size　of　region　producing
characteris土ic　X－ray　by　the　irradiaセion　of　e1ectrol，

beam　is　o｛the　order　of　micron　mete王s．The　spaぬ1

王eso1ution　of　EPMA　is　taken　as　in　the　order　o麦セh三s

size．Inセhe　ana1ys三s　of　EPMA，the　identification　oξ

chemica旦compounds三s　one　of　the量mporセanを
apP1ica亡ion．In　o童der辻o　revea1the　exisをence　and　to

iden搬y　the　compomds　sma11er　thanをhe　probe　size

of　e亘ectron　beam、セhe　computer　image　ana1ysis　was

apP1ied　to　al，a1yze　the　re1ation　among　the　chemica呈

concen芝raセions　o董e1ements　in　pixe1s　composing　X－

ray　image・The更e1ation　beセween　conce汀trations　oξ

eIen，en辻s　in　each　pixe至are　p1o辻ted・　The　patterns

for豆ned　byをhe　p｝ot芝ed　dat侵are　ana1yzedセo　obセain

亡he　raセio　of　concentrat｛on　among　the　e1emen圭s．The

ratio　is　compared　with　those　of　possib1e　che董皿ica至

compounds　to　identify　the　sma11compounds
CO1対ained　in　piXe呈S．

　　The肌ethod　is　app1ied言o　revea豆the　distribution

ofsma11㎞c1usions㎞sセee1such　as　MnI〕and　FeS　with

the　e至ectron－probe　s量ze1μm～ユ0μ肌、The　compounds

of　the　s主ze　from1／！0to！／30ofセhe　region　oξX－ray

gener昼tion　are　idel、セified　and　their　dist更ibut三〇ns　on

specimensuτfaceareshownasamap・

65　1＝u11dame械a1Study　on　Adva11ced　Techniques　of

Physical　Cha獺cterization◎f　Me－allic　Ma一跳ia1s　and↑11eir

ApP1ication

尺H仰8εgαωα、M耐α加1s1〕切s｛c8D加ゴs｛o〃

［Apr訂ユ994to　Mar⊂h1996］

Advanced　吉echn三ques　and　sys士e肌s｛or芝he
character呈zation　of　meta11ic狐a芝eria豆s　by　rout三ne

physica1anaIysis　are　s亡udied・

E1edmn　pf0be　m三cmna1yzer佃PMA）

A　data－anaiysis　system　based　olπomputeτimage

p王ocess三ng　was　esセab1ished・Main　compo1，en芝

ana1ys三s　of　a　Ti－Ni　a11oy　was　carr三ed　ou亡to　test亡he

reso至uをion　of　concentrat三〇n　of圭he　system．P1ane

ana互ys三s，which　can　get　a1arge　a皿omt　of　da芝a　a芝a

t三me，was　superior　in　pζecision　and　working　time

芝o　the　conven芝三〇na呈spot　ana至ysis．The　meセhod

was　apP1ied　to　the　ana1ysis　o圭a　Ti州i　shape－

me肌oζy　a11oyチi1m　made　by　sputtering－The
concent王a室ion　d三stribution　of　the五皿ain　con，Ponen芝

elements　was　c1arified　over　a　large　area（ユ5x50

mm）、as　we11as　a　re1at三〇n　between　che肌ica1

colnpositions　and　prepara芝ion　condit呈ons　of　the

fi1ms．

High　　reso1u辻ion　　transfnission　　e1echon

micmscope（HRnM）

A　d三gita1h三gト王eso1u芝三〇n　e呈ec乏ron　microscope

system　was　construc芝ed　to　obse子ve　aセomic　images

of　meまa1hc　materia1s・The　sysセenミconsists　of　a200

kV　transmission　e呈ectron　m主croscope，a　series　of

camera　system　invo1v三ng　a1ens，an　imag三ng　P1ate

and　a　sIow　scan　CCD　and　a　PIX　system　foζ

i「na9呈ng　P1ates・　In　Order芝0prove　the　high－

reso1ut主on　of　the　system，the　stmct岨e　of　the

austenite－martensite　phase　in芝erface　of　a5％

martensitic　tζansformed　Fe－Ni－Mn　aI1oy　was
sセudied．An　interface　with　wel〕a芝tice　f三童ting　and

few　dis1ocations　was　fouIユd　out　for　a　fine

martensi芝e　grain　of　about30μm　iong　and3μ1n
W三de．

Scaming　e1ecセ迂on　mic正oscope（SEM）

An　automa芝ic　data－amlysis　sysセem　was　bu三1吉訂p　to

ana五yze廿he　e1ect王on　c1，anne1ing　Pattern（ECP）

images　obtained　with　a　scam1三ng　e1ectron
microscope・The　system　aims芝o　be　a　power｛u至too呈

to　ana1yze　the　crysta玉orienta芝ion　of　fine　grains　of

sco至esμm三n　diame圭er，Degτee　of　ana至ysis　was

def三ned　as±he　nu㎜ber　of　the1苅easもlre皿ents　in

which　cor王ect　ana1ysis　was　carried　out－It　reached

above　gO％for　cubic　crysta1s，but　was　not　so　high

forセetragona至andhexagonalcrys芝a1s－Adata－
input　which　invo1ves　the　a走omic　posit三〇ns三n1at乏ice

coo芝d呈mte三s　being　examined　to　improve　the
abi1ity　of　the　sys芝em－

Keywords：EPMA，HRTEM，SEM

66　Rese釘ch◎n言he　Devdopment　of　Chemical　Ana1ysis

and　Charac言erizati◎n　Tec11niques　for　M敏al1ic　Materials

凡H鵬昭αωα、Mα肋伽1s1〕1〃s｛c8D加｛8｛oκ

lApr三11994辻o　Marci1ユ99ア1

Tak三ng　accoun芝of室he　recent　progress　oξmeta1至ic

materia1s，studies　were　carr三ed　ou亡onセhe
expansion　of　the　k三呈1ds　of　the　elements　to　which

三nstrun，en室a1ana1ytica1n，ethods　are　apP王量cab1e，as

we1l　as　on芝he　improvemen芝of　theδetection　I三三皿三乏s

and　p芝ec三sion．

E1ementaI　analySiS　I

（ユ）A　direct　de芝erm三na芝ion　procedure　without

ma乏rix　separation　was　es芝ab1ished｛or　trace　Pb，Mn

舳d　Co　in　re｛ractory　meta1s（V．Nb　and　Hf）by

graph量te　furnace　atom三c　absorpt三〇n　spectrolnetry

（GトAAS）一Detecセion1imits　of支he　procedure　were

0－18pg　for　Pb，3pg　for　Mn　and12pg圭or　Co、

　　　（2）P1uor三de　separaξion－mo1ybdosi1isic　acid　b1ue

spectrophoセometry　was　apP1ied　セo　the
deセermination　of　trace　S亘i．1，high－Purity　alumi三1um・
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When　a　sufficienを呈y1arge　amount　of　hydroHuor量c

acid　was　added、呈ξwas　possible　to　de言ecをsub－ppm

S三呈量COn．

1ヨlemenセa1am正ySiS　I互

（ユ）S三mu至taneous　determinat三〇n　p支ocedures　of17

芝race　impuri乏y　e1ements　in　t三taniu肌and　those量n

titan～m　disilicide　were　estab1ished　using

induct呈ve1y　coup1ed　p1asma－atomic　emission

spectrome芝ry（ICP－AES）after　cation　exchmge
sepa王a辻ion・

　　　（2）An　extended走orch　was　app1三ed　to　end－on

measure肌ent　in　ICP－AES　and　a　high呈y　sensitive

spectrometエic　method　due　to　the　significant

decrease　o｛background　emission　was　established

for　the24e1ements　wh主ch　have　e皿ission1ines　in

圭he　range　oξ220to770nm．

So1id　ana1ysis　I

（ユ）In　order　to　c至arify　the　fonnation　mechan三srn　of

the　maセrix　ions（divalen芝，dimer　and　arg三de）which

⊂ause　the　spec打a1interference　in　g1ow　discharge

肌ass－spec辻rometry（GD－MS）、30kinds　of　high－

purity　meta豆s　we王e　discharged　and　ion　beam

inセensities　were　measured．

　　（2）　Tota1　reチ至ection　X－ray　f1uorescence

spectromeセry（TR－XRF）was　app至ied　to芝he　so1ution

ana1ysis　oチhigh　purity　copPe支一Using　a　so1u乏亘on

from　which　copper　had　been　removeδby
e1ectroiysis，ng／g　trace　impuri量y　elements　were

successfu11y　determined．

So1id　ana1ysis　n

l⊃etermination　o圭trace　oxygen　in1ead　anδso1der

by　the　inerセーgas　fusion　meセhod　was　studied．

Optimum　oxygen　extraction　conditions　obta㎞ed

for　PbO　and　Sn02were　unsatisfactory　for　the
determimtion　of　trace　oxygen三n　the　meta呈s・

Keywo正ds：CトAAS，ICP－AES，Gl⊃一MS，TR－XRP，

Gas　ana1ysis

67　Modeliηg　and　Eva1ua言io110訂　Advanced　Ma言erials－A

Coordinated1榊erIabOra－ory　Resea「c11

S・M曲桝榊α、肋｛1〃θP～8｛c8D加｛5｛o〃

【Apriい992辻o　March／996］

This　work　aims　at　the　deve1opmen室of　mode1s
describing　the　behav三〇r　and　properモies　of　se1ected

advanced　materia1s　of　h呈gh　performance．It　covers

a1so　the　esをab1ish肌ent　of　rationa1ized　test　methods

fo・・δ・・n㏄dm・t・・1・ls、・s・p・・をofモhe

intemationa1research　coopera芝ion　k1，own　as

Versai1互es　Project　on　Advanced　Materia1s　and

Standards（VAMAS）．
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　　　The　woエk　is　par芝of　a　b三g　coord三na圭ed　research

pエojecセoξ㎞eScience　and　Tきc㎞o1ogyAgency．N㎜M

takes㎞itiativewithits35researchs｛affs　toharmo㎡ze

the　efforts　of　more　than50other　groups　from
h↑dus紅三a至、u1セversity　and　naゼonal1aboraセories・

IntαmetaHic　Compounds

Titanium　alumin三des　aエe1ighトwe三ght　and　heat－

resist三ng　mater三a1expected　for　space　vehic呈e

apphca紅ons－Cζeep　and　fa童igue　behav圭or　at　e1eva｛ed

tempe支a㎞resisi㎜portanttobestudiedinδeta三1－

　　Materia｝was　e1aborated　in　NRIM，typicaiiyチor

a　composition　of　l－49at％A1，and　hoをextruded　t0

be　a　b肌o｛ユ8服m　in　dia㎜eter．Creep　rup芝ure芝ests

were　conducted　in　pure　He　a亡ユ273Kξor　specimens

wi士hδiξferent　grain　sizes　adjusted　by　heat

trea芝men芝s－H　was　found　that　the　stτength　was

higher　for　materia1s　with1arger　gra三n　s量zes一刑gure

shows　tha吉the　creep　strength　can　be　about　the

same　with　hcone16三7when　treated　appropriate1y，

　　Simi至ar　researches　are　in　progress　on　Meセa至

Matrix　Compos三tes（MMC）in　co11aboτation　with

Mitsubish三Heavy　Indus室ries　and　Tokyo
Universi芝y，in　one　hand，and　on　Ceramic　Ma走rix

Composites　with　Toshiba　Corporation　and　Tokyo

Insti芝ute　of　Techno至ogy，on　the　oセher　hanδ一

IntematiomI　ProjectVAMAS

There服e！6Task　Working　Areas（TWA），
spreading　from　meta1s，Po1ymers　and　ceramics，

and　their　compos三芝es，as　we1王、to　test　methods　and

prob1ems　re1ated　to　materials　c1assifica芝三〇n　and

data－NRIM　o旋rs　in童ema走iona1chairpersons　for3

TWAs　respective1y　onl　superconduc芝ing　materia1s，

cryogenic　structura1materia至s　and　mateτia1s

property　databases・　Leading　members　are　also

from　NRIM　for5TWAs：me辻hod　of　evahating
MMC，method　of　cエeep　crack　growth　test、㎜ethod

of1ow　cyc1e　fat主gue　test，method　of　surface

chem三ca1am1ysis，and　method　of　mechan三ca至
evaluation　of　very亡h三n圭iims。

Keywoエds：advanced　materia1s，property
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eva1ua辻ion，　n，ode1ing，

inセer1aboratory　testing

VAMAS　p王ojecセ、

Re三説ed　Pape11s

！．K．Hashimoto，S－Kajiwa蝸、T．Kikuchi，and　M．

　　Nakamura，1，胱ecセof　Temperature　on　Tensi1e

　　Proper辻ies　of　TiA1Base　A11oys’1，5cr桝πMε±〃。

　　＾4ofεア．、32（］一995）：4！7＿422

2．Y．Yamauchi，N．Kishimoto，and　T．玉kuセa，

　　11Nondestumcセive　Characterization　of　Maセeria1s

　　V玉1㌧Mたrofo伽ogr卯切us加g　Co〃oε〃オoη〃Xイη

　　5o〃cεs，eds，R．E－Green，Jr．e士．aL、（1994）：玉29，

　　PIenu正n　Press、

68　1＝：undame耐a■Study　forε1ec愉omagnetic　EvaIuation　of

Mate柿a■S

It　is虹nporセant　to　exanline　the　ma辻eria1s　daraage　in

セhe　vidni辻y　of　crack辻ip　o王grain　boundaryセo

improve辻he　re1iabi肚y　of　stmctura1mate工iaIs－

Recent1y．the　damage　in　sn玉a1レsize　structura1

componenセs　has　a1so　beco㎜e　a　subject　of　much

concern，as　seen　f王on，an　exarnp1e　ofセhe　sセress－or

e1eCtm－migra辻iOnチOr　a亘uminum　thin－fiI㎜
conducセors　in　the士echno1ogy　o壬integraセed　circuits－

　　This王esearch　has　been　conductedセo　deve1op

セhe　materia1s　damage　evaIuation　tec㎞ique　in　the

nanoscopic　region－　The　damage　of　meta旦1ic

m・t・・i・1ssuch・sf・辻igue・ndc・eep，inc1udingthe

sモress－and　e1ectro－migraセion　for　a1uminum　thin－

fi互m　conductors，is　investigated　by　a　scanning

tumehng　microscope（STM）and　atomic　force

micmscope（AFM）which　has　two　exce11ent
abi肚ies　of　a辻omic－sca旦e　i皿aging　and　nano一

1．u3肋肋、肋｛1鮒2P切s｛c8D加ゴs｛oκ

［April1994to　Marchユ997］

F1aws　in　s仕uc㎞ra1maセeria1s　deαease　remarkabIy㎞e

maセeria1s　streng士h．The　de辻ection　of　even㎞amaws

and　n下aセeria1degradaせon　is　especia11y　i工nportant　for

the　security　of　impo施nt　s位uctures　such　as　reacセo工

pressure　vesse1s　and／or旦arge　cons虹ucせons・In　this

studyセhe　basic　phenomena　of　e1ect王omagnetic
eva1uaゼon　nユe士hod　is　invesせgaセed．

　　互n　a1セernating　magnetic　f1ux1eakage　tesセing

method，we　cIarified　an　eva1uation　technique　by

vector　Iocus　change　which　is　described　with

amp1iセude　and　phase　of　magnetic　fIux　Ieakage・

恥is　eva1uaセion　technique　can　de士ect　f1aws　wiセh

higher　accu王acyセhan1ユsuaI　detection　method　using

on1ysigna1ampIitude－A㎜agni辻udeof1ocus
change　part　increases　wi士h　an　increase　of　fIaw

depth　and　the　phase　of　peak　poin｛aセ辻he　vecセor

1ocus　change　has1ag　with　an　increase　of
magnetization　frequency，The　app1ication　of　high

舟equency㎜agneセizaセion　fie1d　makes　it　d搬cuIt　fo王

正nagneセic　aux　to　pene廿ate　into　maをeria1。辻herefore

辻he　magnetic　f1ux　concentrates　on士he　su王face　of

ma辻eriaI．　I亡was　aIso　confirmed　tha辻the

dependency　of　magnetizaむon　frequency　on
magnetic　aux1eakage　is　Iarge　in　a　sha11ow　Haw　but

sma11in　a　deep　Eaw・

1〈eywords：non－destmcセive　evaIua｛ion，materiaIs

・v・1u・tion，e1ecセ・om・gneticmeセhod、㎜・gne辻icnu・

1eakageセesting，surチace　f1aw

69NanoscopicM榊ialsDamageεvaluati㎝

8．Mαfs〃oたα、肋りかo舳刎肋1P吻o舳α倣

D加｛8｛o〃

一Apri〕99垂モo　Marcい996】
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fabricating－Onセhe　basis　of　AFM，in　par雀icu1ar，a

nanoイnden吉ation　method　is　deve1oped　to　measure

the　e王as打c　moδu1us，y三e豆d　stress　and　hardness　ahead

of圭hecrack　tip　or　onthe　sur圭ace　of芝h三n　fi1ms．

　　In圭he　reSent　year，nam三ndenta三〇n　teStS　Were

conducted　for　aセungsten　sing1e　crysta1，using　AFM

u1tra一㎜icro　haτdness　measurement　tester　which

has　been　deve呈oped　by　o脳se呈ves－Pigu肥1shows

force－Pene仕raをion　depth　curves　on（001）P1ane　of

tungsten．　The　solid　curve　in　the圭igure三s±he

e1asセic　force－Penetration　depth　cu至ve　ca呈cu1ated　by

PE］〉L　Por　the　specimen　surface　e1ectro－chemica1呈y

pol1．shed（Pig一ヱ（a））、the　experi肌enセshowed　the

e玉astic　behavior　at圭he1ower　force　and　c〇三ncided　to

走he　ca1cu1ation．The　pop－in　which　corresponds圭o

the　upPer　and　lower　yie1d　phenomenon　in　the

BCC　meta豆andセhe　p亘asセ三c　behavior　occurred　at　the

higher　force．　Fina至1y，the　res呈dua亘peneξration

depth　fエom　wh三ch　the　hardness　is　determined

remained　at　the　fu11y　un1oading．For　the　specimen

sur圭ace　po1ished　by　a1umina　parモic1es（Rg一ヱ（b））、

on　the　other　hands，　the　pop－in　behavior

disapPeared　and　the　re至evant　yie1d　麦orce

d・・stica11ydeαeased．Thislsbecausethe
cOmpressive　residua豆s走ress　is　introduced　duエ三ng

a1u皿主na－Po1｛sh三ng－

Keywords：materials　damage，STM，APM，
molecu1ar　dynamics

70　Chemical　Ana1ysis　of　Organotin　in　Marine
EI1vironn1ental　Samples

H．0koc1一｛、Tεα榊oグD｛陀cforoグSμc加1Rε5ε伽’c乃

1Apl．il／991t（〕Mard1玉99ア］

The　so呈id　phase　extraction（SPE）fo芝sediment

samp1es　have　been　systema吉ica1呈y　investigaセed．

The　recoveries　oξtributy豆走in（TBT）and　tri－

phenylモin（WT）werebetterinOユ2MHC1，while
セhose　of　dibuty王tin（DBT）and　diphenyltin（DPT）

werebetter主n！．20M．Therecoverieswere

comparedbetween乏heSPEusing0，6M
hydroch1oric　acid（HC1）／40m至methano1（MeOH）

／60m1H．OandtheSPEat厳s乏withO．三2MHC1／
40m1．MeOH／60mi　HつO　and　then　w三th　the
efチ1uentreadjusモeda〕一2MHC1，The三ntensity
（cps）ratios　by　meas岨ing　with　m玉ce11ar　liquid

chrornatography／ICP肌ass　spectrometry（MLC／
ICP－MS）were　as　fo玉1ows：TPL14．579／玉5，726，

TBT；ユユ、612／ユ三、970，1⊃PT二241／1，670，1⊃BT二

1．315／6，465．　The　recovery　of　Organotin

compotmds（OTCs）decreased　with　the　increase　of

セhe　dryingセ三me　by　Ar　f亘ow　in　SPE．When　using

ヱOO％MeOH　for　eiut三ng　OTCs、｛e　content　of

MeOH　in　the　e1uate　became　ca．85％at　l　min

drying　time．When　evapora士ing．100％MeOH

gave　poor　recoveries　wMe85％MeOH　gave
be±ter　recoveries－The　temperature　con±ro呈at35℃

is　very　impoτtant　at　evaporation・

　　The　optimum　conditions　for　extrac芝ing　OTCs

from　sediments　have　been　investigaセed．When

ex芝racting　with　MeOH，the　add三tion　of　HC至was

not　adequate　for　TBT，whi1e　it　gave　better

recoveries　for　DBT－According1y，a　two　steps
ex吉rac±㎞g　procedure　was　se1ected　as　fo11ows二Take

0－5g　oエ1－O　g　of　a　sediment（dry）一Add20m1of

MeOH　and　shake　for60㎜主n　and芝hen　centrifuge

fo王45min　us三ng　a　high　speed　coo1ing　cen亡τifuge．

Then　add20m1of　MeOH　aI，d2m1ofユ2M　HC至
and　repeat　the　same　procedure．The　recovery芝es芝s

were　TBT（97％）、TPT（98），1⊃BT（92）and　DPT（9！）．

　　The　SPE　o汀BT　and　TPT㎞she11丘sh　samp1es　has

been　a1so　esをablished．The　interference　ofセhe1ipid　Lユ

OTCs　ex故acts　cou至d　be　removed　without　a　c至ean－up

procedure　by　changing　i全to　m呈ce1呈e　with

セris（hydroxy皿ethyl）a㎜三nomethane
dodecy至su王fa吉e（TDS）and．SPE　at　pHユ0±O．25－The

recove至三es　of　TBT　and　TPT　were　ca．96～97％．The

NIES　SRM　No－111仰1〃1s舳ε，1was　ana1yzed　by　the

estab至ishedprocedure，thatisSPE／MLC／ICP－MS．

　　At6mic　absor帥on　specセrometry（AAS）of　OTCs

was　compara芝ive1y　studied　among　AAS，hydride

generation　AAS　and　graphite　fumace（GP）一AAS

wi芝hout　changing　to　imrganic芝in．h　GトAAS　the

stab三1ized　temperature　p1at｛orm　fumace言echnique

was　app1ied　with　Ni　matrix　modifier．

Keywords：organo圭in，so1主d　phase　extraction，

sed亘men芝、she11fish，LC／ICP－MS，GP－AAS

Re1aセed　Paper

三K．Saセo，M．Koh支i，and　H，Okoch三、I’The
　　specia±ion　of　orgamtin　compounds　in　sea　waをer

　　by　mice11er1iquid　chromatography／ICP－MS’1，

　　Bl〃側たlKπg比1．44（ユ995）：56／－568．

71　understandiηg◎言the　Mechanism◎言High　Temperat雌e

S劃perconductivi言y

K・舳一痂。18fRε8ε伽℃乃G・o〃ρ

lApri11995to　March20001

1つiscovery　of　吉he　high　te皿perature　super－

conductors（HTS）has　sセj．mu呈ated　the　f1mdamenta1

physics　to　understand辻he　supercond1ユctivi圭y　and

the　e王ectron三c　sta吉e－of　their　no工皿al　staセe，as　they

have　higher　critica王temperaセures　and　the
superconduct主vity　happe1ユs　in　the　oxide　ma芝eria呈s．

The　BCS　theory　cou至δexp1ain　we11芝he　s1ユper－

conductivity　in　the　conventiona亘meta至o工
intermeta至王ic　superconductors　byセhe　phonon一
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e1ectron　interac童ion．Extending芝he　BCS　theory，or，

considering　the　non－Phonon三nteraction言heory，

many　mode1s　to　expIain　the　supe更conducセivity

have　been　proposed　such　as　RVB（歪esonating

va1ence　bonds）mode1，antiferromagnetic　spin

f1ucセuation　mode1，b三一poIaron　mode1，charge

f1uctuaまion　mode豆、e辻c一一At　the　beg三nn亘ng，the

re1iab1e　experimenta1resuI乏s　were　not　a1ways

obtained　soセha童㎜any　kinds　of　mode呈s　were

proposed．Recent1y，high　qua1ity　sing1e　crys童a1s

h早ve　been　grown　and　the　re1iab1e　data　have　been

accumu1aセed　by　meas岨ing　the　samp1es　wi亡hセhe

maセured　hand1ing　and　tec呈1n均ues－Understanding

o｛the　supe支conducting　andをhe　norma至state　ofセhe

HTS　hasbeen　pエogressed．湿or　examp1e，the　nor狐a1

state　of　the　HTS　has　been　foundセo　be　a　anoma1ous

metaI　s言ate　with　the　separation　oξsp三n　and　charge

measured　by　the　h三gh－res〇三ution　ang1e一ζeso1ved

photoe夏nission∫the　vo1tage－current　characteristics

and　Ra㎜an　spec亡roscopy－The　symmetry　of　the

superconducting　gap　has　been　foundをo　be　d－wave

symmetry　by辻he　ang亘e一至eso1ved　photoem三ssion

Study，tri一αyStal　JOSephSO・、junCtiOn　meaSu芝e－

ment　and量he　nuc1ear　magnetic　resonance　study・

Fro㎜these　resu旦ts，the　proposed　mode至s　have

been　se1ec辻ed．One　of　the　purposes　of　this

research　is辻o　unders｛and　the　mechan三srn　o圭士he

superconducセivity・

　　　The　oセher　a三m　ofセhis　research　is　to　understand

をhe　characteris言ic　phenomena　observed　in　the　HTS

in　a　magne辻ic　and　an　electric圭ie呈d．which　main王y

co㎜e　from　their至ayered　s芝ructures，composed　of

the　superconduct亘ng　Cu02豆ayers　sandwiched　with

the　insu1ating　o童1ess－conductive1aye蝸・　The
e呈ectrons　or　ho1es　are　conf三ned　into　a　quasi－two－

dimensiona豆state，wh三ch　causes　the　e1ectronic　s辻ate

セo　be　aniso量ropic．　The　Josephson　efチect　has　been

圭omd　as　an　intrinsic　nature　of　these　ma芝eriaIs　ih

the　vo1辻age－current　characteristics－The　magne隻ic

phase　diagram　of辻he　HTS　shows　a1so　qu三te

differentξeatures　fronユthose　of士he　conven辻iona1

superconductoTs・Understanding　these　charac－

terist三cs　and　ana1yz三ng　them，the　new麦unc芝iom1

devices　wi1l　be　proposed．

Keywo王ds：high　temperature　supercondし亘ctors。

蛆echa汀ism　oチsuperconduc辻iv三ty，magnetic＆1
e至ectronic　properties

72Study㎝1heVortexPinning晦chanisminHigh
Temperature　S■」Percorldl』ct◎rs

K舳・肋、ユ8亡R概〃c11Gγo〃ρ

lApl’i1ユ995to　Mar⊂h2000】

Physica｝p王operを三es　of　high　セemperature

s㍊perconductors（H］＝S）have　been　sセudied

intensively　af言er　the　discoveぎy　of　HTS－The

distinct　features　of芝hese肌ateria1s　have　been

recogn三zed．compared　wi芝h　the　conventiom三meta1

or　intermeta呈旦ic　superconductors　such　as　high

critica1temperature，high　critical　cu王ren室dens三辻y，

high　upPer　cri室ica1magne芝ic　field－　For芝he
apP1ication　of　these　materia1s，it　is　rea11y　essentia1

to　use　these　ma芝eria1s　at　1主quid　nitrogen

temperature77K－However、走he　h主gh　upper
cr三セica1curζentδensity，for　examp至e，is　reduced

under　a　magneセic　fie1d，and　is　decreased　to　become

comparab1eセo　the　va1ue　of　the　conven芝iona亘

superconductors　at77K・　Superiority　to　the

conventiona1superconduc走ors　can　be　found　in

using　圭hese　n／ater主a1s　oI〕1y　a辻　豆三qu三d　He

吉emperatuζe－The　reason三s出aセthere　have　been

found　no　pinning　centers室o　be　eξfecセive　at77K　or

higher　temperatures，on　one　hand－But，onセhe

other　hand，most　of　the　obstades　come　from　the

汀a士ure　of　the　HTSセhemse1ves、ξor　exa服p1e、室wo－

dimensiona1eIectron三c　state，1arge　anisotropy．

short　coherence1ength，etc．　Therefore，i芝主s　oチ

necess圭まy　for　the　apP1ication　of　the　RTS　to

unders芝and　the　physicaI　properties　ofをhe　HTS

Sing1e　CrySta王S．

　　　This　research　program　a三ms　t〇三ntroduce　the

effective　pinning　cen芝ers　by　understandingセhe

pinn三ng　mechan三sm　in　these　superconduc圭ors．

Pirst　of　a11，we　have　to　know　the　intrinsic

properties　ofh三gh　qua1三ty　sing至e　crys吉a1s；夏nagnetic

and　e豆ec芝ronic　p支ope出es・We　wi11deve1op’o雌

一c童ysセa1growth　technigues　with　various　me芝hods－

Based　on芝he　funda肌enta1study　on　tl，e　high

guali士y　sing1e　cζys芝a1．we　w…il　in走roduce　the

p｛nning　centers．a王tifi（＝ia1王y，such　as　defec芝s

（dis1ocations，co1umnar　defects　by　ion　irradiation，

other　phase，etc一）、impur主止y，and　so　on，The

inf亘ue呈↑ce　of　these　defects　toセhe　piming　wi11be

understood　exper呈n｝en芝a11y　as　a　function　ofセhe

number　of　defecξs，the　defect　s芝ructure、

士e狐perature，magnet主c　f三e1d，eモc・and　wi1l　be

analyzed　theoret圭ca11y・From　these　resもl1ts，we　wi1至

find　the　key　para玉丁三e芝ers　for　the　effec芝ive　p｛nning，

and　the　pinning　centers　wi1互be　apP王ied　in　a　rea1

SyStem・

Keywords：high　temperature　superconductors．
vortex　p圭mi夏1g，vortex　dynamics

73　1n－situ1’εM　Observati◎n　and　S匁uctura1Ana1ysis　of

トIigh　Tc　Supe手conductors｛or　l＝usion　Reacto芋at　L◎w

↑e岬e絨ure
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Few　prindp互es　for　the　deve1opmenモof　high　Tc

sUpe王conduc圭ors　for　fusion　reactors　have　been

found　because　モhe　皿echanism　ofセheir
・・p・…n∂u・ll㎝h・・mlb・・nmd…亡・・d・・f…

The　image　reso1ution　limit　oξa　trans㎜iセted

e1ectτon　microscope（TEM）is　extre玉ne三y1ow　a乏王ow

セemperatures　because　of　specj－men　d王主ft　due芝o

uns芝ab1e　temperature　contro1and　specimen
vjbration　due　to　the　evapo］＝at三〇n　oξ呈均uid　he1ium－

The　first　objec圭ive　of　our　resea工ch　is　to　improveセhe

reso至uセ1on呈imit　of　TEM　imaging　aセ1ow
temperaセures　in　order　to　observe　O　and　Cu　atoms

呈n　high　Tc　superconduc芝ors　near　or　above　Tc

w1，ere　abnor㎜a〕atセ｛ce　distortion　occurs　which

couj．d　revea1モhe　mechanisms　oチ　セheir
superco1てduct三〇n，The　other　objective　is　to　deve1op

the　method　to　examine　the　LRO　pa工ameξer　in　the

rnic王oscop主c王egioll　of　high　Tc　superconducモors

andtheana1ytiC・1肌eセ1・0dtOme・Su・ethe
abno工mal1洲ice　dis圭ortion　from　the　conve工gent

beam　e1ectron　diffracセion（CBED）pat芝ern－

　　In玉995，the　improvement　oξTEM　imaging　at

1ow　te服perature　was　tried　by　the　short－time

imaging　w圭乏h　the　hig董1－speed　CCD　camera　system

with　m主crochanne呈p豆a乏e（MCP）which　was
deve亘oped　for　the　f三rst　time　in　the　wor1d　in1994．

The　shortest　exposure　t｛me三n　the　high－speed　CCD

came王a　system．is50mno－sec－We　used　the　TEM

量maging　of1attice　image　of（Bi．Pb）2Sr2Ca2Cu30π］

（Bi2223）for　this　tr三a至．It　was　found　tha乏the　sing1e

snapshot　ofshort－t圭me　imaging　is　eチfectiveξo　some

exten乏for　the　improvement　ofTEM　imaging　a芝1ow

temperature呈1パhe　case　of　s1ow　specimen　drif乏and

specimen　v三braセion．As　expected，howeveτ、the

reduct三〇n　of　signa1and1ユoise（S／N）raξio　due　to

モhe　sma1止er　number　of　e1ectrons　for　imaging

preven芝s　us舟om　getting　a　image　of　c1ear　contrast－

　　To　reso1ve走he　prob1em　of亡he　reducセ三〇n　of　S／N

ratio，the　hardware　or　computer　sysをem　fo王the

specia1image　processing　of’1sh三ft　and　additionll　o圭

many　short－time　exposed　images　taken
continuously　was　deve1oped　in工995．　The
co肌puセer　is　sun　SPARCs辻ation20mode15玉4MP

whose　main　memory　is384MB一珊e　combimtion
ofセhe　deve1oped　com．pu支er　system　andセhe　high－

speed　CCD　camera　sysモem　enab王e　us　to　take

conti肌10us　snapshot　of　TEM　imaging　a圭the　speed

of　about5frames／sec　to　the　maximum　number　Of

／60frames　for　the2－l　MB　image　data－The
software　for　the　special．image　processing　of’1shift

and　ad．ditionIl　wi1旦be　deve1oped　in1996．

　　It　was　fomd　from　the　ana呈ys三s　o麦CBED　pattem

that　the　abnorma王temperatu王e　dependence　of

1attice　constal，t　occurs　atセhe　temperature　range　o歪

200－230K　in　a　sing1e　cエysモa至oξBi2Sr2CaCU208

（Bi2212）一The　same　abnorma呈te肌perature

δependenceof（1ユ5）呈att三cespacinga芝200－230K

in　the　Bi2212was　observed　inぬe　X－ray　d服ract三〇n

experiment－Since　i芝was　confirmed　by出e　h呈gh

reso1ution　TEM　imaging　at　room　temperature吉h∂t

th・Bi2223・ing1…yst・lh・s・g・・dc・y・t・1
structu工e　wi童h　few1attice　de圭ecセs、セhe　observed

乏empera芝ure　dependence　o〔att三ce　constant（or

abnorma1至attice　d三s吉orセion）at200－230K　is

thought　to　be　the　essentia1phenomenon　for　Bi22ユ2－

Keywords：resolution1三孤三セoξTEM　a麦1ow
te爪perature，high　Tc　superconductors．sho外time

TEM　imaging，MCP，CCD　camera，signa1and　noise

（S／N）ratio，sing1e　snapshot，con芝inuous　smpshot．

image　proqessing　oξ1’shif｛and　additiOn1’

74　Study　◎n　1〕ef◎符nation　and　Frac言ure　of　Materia－s

under　Irradiation

1．M8〃帆oα、2〃〃θ蜘κ11α伽ρ

lApr1l1993to　March19981

Changes　in　mechanica1properties　induced　by　the

irradiation　with　energet三c　partic至es　are　crit三ca五1y

i肌portantチor　the　stmcセura玉materia玉s　of　nuc1ear

・pPll・・ti・・．1ti・舳・・・…ig・ifi…tlゾh・

end汀王ance　of　structura1co王nponents－　I1，this

research　projec乏、deξor至nation　anδfracture　of

mateエials　under　i㍑adiation　has　been　s乏udied

experimenta至1y　and　theoretica11y．During　the圭isca1

year1995，the　fo11ow主ng　research　act三v主t主es　were

accomplished．

　　The　syne王gistic　s乏ress／strain　三〇a〔ling　of

a1士ernate　and　cons圭ant走ype，associated　w三th　start－

up／shutdown　and　sセeady　operation，respectively．

under　irrad三ation　is　characteristic　oξ乏he　nuc1ear

reacセor　ma士eria1s．In－beam　experimenセa1apPa支a芝us

and圭echnique　to　study　the　materia1’s工esponse　to

s訂ch　a　conδ主tion　have　been　deve1oped　inをhe

present　research　project．In1995，equipmenモfor

iOn－beam　COnけO1and　mOnitOr三ng　haS　been
comp1eted．The　who至e　system　was　connected　to

the　NRIM　co皿pacセcyc1otron　acce玉erator　and　a

series　of　pre1imimry　ir王adiat主on　testing　have　been

carried　ouセ．In　the　course　of　this　tria三s，i言was

τea玉ized　that　the　sセ王ain　measurement　range　foてthe

high　sens圭室ivity　mode　was　too　smal1，i・e一，地o！lt　O・4

m㎜、foエaustenitic　stee1samp1es　thaセdeformセo　a

ra芝her至arge　a服ount・An　imova吉ive　mechanism
consis芝ing　of　two　high　sensit三vity　LVl⊃T1s　and　a

compu圭er　for　contro至was　deve豆oped，wh三ch　can

cover　a　ve支y　wide　strain　range　of　more　thanユO　mm

w曲out　sacri麦icing　its　high　sensiセivity・

　　Nuc1ear　reaction　products豆三ke　he1ium　are

expected芝o　be　introduced　ab訂ndal，t玉y　in　the

fus主on　reacto支materia1s　under！雀MeV　neutron
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三rradia芝ion．He亘主u皿ato肌s　were三mp1anted主n　Fe－

25γ〕N主一15％Cr　austenitic　s芝eel　using　cyc1otro訂at

650℃to50atomic　ppm　A　new至y　ins芝a11ed　PEELS

was　used室o　exa｝皿ine芝he　m三cros芝ructure　of　th呈s

a呈1oy，al，d　he1ium　was　deをected呈n　tiny　cavities　of

about40nm三n　diameter．These　cav主t量es，or
he1ium一棚ed，1bubb1es1’，espec圭a至呈y　those　formed　at

the　grain　bounδaries　are　be1ievedセo　inf1uence士he

frac芝uτe　properties　by　deteriorating　the　coalescence

of　neighbo王ing　grains　or　by　initia吉ing　a　crack－

Keywo王ds：irτad主aセion。王adiat三〇n　da㎜age，

deformaセion，fracture

75　Funda欄erltal　Researc11　0n　F■exibIe　Struc池re　and

Machi－1eSystems1」si籟g　Advaηced　Mat餅ials

M811的α、5肋Rε8ε伽℃乃αo〃ρ

【Al〕riい995to　March199η

In　order　to　rea呈ize　f1exib亘e　s圭ruct訂res　and　machines

which　have　abi至itiesをo　respond芝o　envi王onmen±a1

ChangeS，i．t　iS　neCeSSaてy　tO　deVe10p　adVanCed

maをeぬ1s　provided　w呈th　the｛mctions　of　sensors

and　ac圭uators．　For　nユanifestatiol，of　the1丁工u1セi－

func芝ion三n　advanced　Inateria1s，uti呈ization　of

peculiar　fmctions　of　in室er壬aces　in　mate芝ia1s　is　very

usefu1．h　this　work　fabricaセio豆1and　measure服en芝

t・・hniqueSOf・・tiチlCia1m・t・至i・lin芝e・f・CeS雛e

deve1oped，alユδproper吉ies　of　various　art主ficia1ly－

fabricated　in童erfaces　a歪e　eva至ua芝ed．

Powder　pa拙de　mmipuIaセion　techni卯e

For　the　p王eparat三〇n　of　the　ar芝i｛icia1inte王faces，

powder　partide王凧a呈1ipもl1ation　techn呈ques　using　a

microprobe　are　being　studied，By　contro呈1ing

vo豆芝age　of　about10V　between　a　tungsセen

microprobe　a1消a　meta1至ic　subs芝rate，powder

partic1es　can　be　easi1y　absorbed芝o　and　desorbed

from　the　p更obe－Moreover．by　app至ying　high

vo1tage　of！OkV，powδer　parをic1es　can　be　we｝ded

onto　the　substra芝e　and　other　powde至par仕ides．

Using　these　technig乏1es，devices　for　measurements

oξinte工faceproperties　aてebeing　fabr主cated・

Measurements　ofin辻er壬ace　pmpe並ies

Iをis　we11knowl，that　the　Shot芝ky　effect三s　fomd　a圭

inter麦aces　between㎜eξa1s　and　semiconductors．

The　so－ca11ed　Sho室tky　effect　can　be　used　for

夏丁9anifesセa乏三〇1，of　the　currenセーvo至吉age　characteristic

of　v趾istors－Por圭he　purpose　of　a　new辻ype　varisをor

deVe王Opment，the　Current－VO1tage　CharaCteriSをiC　at

三nterface　between　a　go呈d　p趾t量c1e　and　a　po1ypyrro1e

（a　conductive　polymer）was　measured・The
measu至ed　non－1inear　current－vo1ξage　re1aセion

suggested．thaξセhe　iη．terξaces　between㎜e芝a1s　and

colユductive　po1yn｝ers　can　be　used　fo更superior

VariStOrS．

Keywords：in芝e芝face，Pa王圭ic1e　man玉pしl1ation，

mu至ti－fmcセion

760evel◎Pn1e榊o言Analytica1Techniq鵬s　for
Cれaracterization　of　Nuc1ear　Materials　Using　New

Geηeration　Synchro廿on　X－Rays

KSαた舳｛。H妙Rε・・1π肋1・肋舳Rε・ε伽℃1・

Stαf｛o〃

エApril］993to　March玉997］

The　new　sync1，roセron　radiation（SR）チac三至呈ty，

SPrin9－8is　schedu1ed　to　prov三de　the　firs圭1ight　in

！997．The　brigh廿ness呈n　X－ray　reg三〇n　wi1至be

highest　in　the　wor1d，and　there｛ore，sc三en亡ists　wm

be　ab1e　to　s±udy　new　phenomena　which　have　not

been　observed　so　fa王because　of芝he　fai1ユt　s三gna1s．

Another　benefit　fromセhe　SPring－8is　high　energy

Xイays，typica至1y，40－！00keV，where　any　other

apPropriate　X－ray　source　has亘10t　been　avai1ab1e．

Both　feaセures　of　new　synchrotron　radia七ion　are

very　a倣active　ho肌a　view　of　materia豆s
cha至acterizat三〇n．

Che腋icaI　sセaセe　anaIysis　o壬small　quanti辻y

specimen　by舳orescence　d耐ec辻ion　of　abso卯tion

edge　shi壬辻s　using　aセoセal　re丑ection　supPo叱　（Use

of　coni眺a辻ed　s脹ong　X－rays）

The　position　oξthe　absorption　edges．which　are　t豆／e

min三mum　energyセO　eXCi麦e　imer　She1i　e1eCをrOnS，iS

s1ighセ1y　affected　by　tl〕e　chemica豆env汝㎝m㎝t．We

deve至oped　a　techn均ue　for　che互n三ca王sta圭e　ana1ysis

based　on芝he　measure服en芝o圭出e　edge　s1／ifセs　by　X－

ray　fluorescence　de芝ec芝ion　using　SR　at　the　Photon

Facto王y，KEK．　One　of圭he　most呈mpor乏anを
advantages　is　high　sensitivity，aI，d　che王nica1sセa芝e

of　trace服etals　in　the　order　o｛PPm　or1，9in士he

so1id　can　be　ana至yzed－　The　extension　of言he

芝ec1，nique　to　s1na11quanti吉y　specimen1ike　a　1iquid

drop　is　a1so　important－In　the　p至esent　study，a

芝ota至ref至ection　mi更ror（Si　wafer）is　emp1oyed　as　a

sa亘np1e　supPor乏　to　reduce　the　scattering
background　further．　Tl，e　oxidation　nu互篶bers　of

tζace　meta1s（1－5mM，Pe，Se　etc。）三n　a1iquid　drop

（3μ1）have　been　successfu11y　determined　under伽e

toセal　ref1ection　condiを三〇1、．　Purther　sens三tivity

i　ln　p　r　o　v　en／enセ　　a　n　d　　　in　d　u　s　tr三a1／b三〇亙ne　d三c　a　I

apP1icat呈o1，are　future　task　using　strol，9Photon

f王ux　fぎo肌the　SPring－8一

High　energy　X－ray　f1uorescence　ana1ysis（Use　of

high　energy　X－mys）
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X－ray　f1uorescence　ana1ysis　oξheavy㎜eta至s　with

highenergyK1ines呈sverypエomising－In出e
presen芝study、室he　signa1to　background　raモio　has

been　studied　in　detai1，and　we　haveξound　that

quasi－monochromatization　o圭the　pr三肌ary　X－rays

三s　effec亡ive　to　improve走he　detection1imit・

Keywo正ds：synchrotron　radiat三〇n，chem三ca1s走a圭e

ana1ysis，　X－my　f1uorescence．　materia1s
CharaCteriZaモiOn

Related　Paper

ユ、M．Harada　and　K．Sakura主、1Narエow　pu1se　shapbg

　　for　high－coun㎞g－rate　X－ray　measure－menセs1㌧他ひ

　　5cf。∫〃8±rエ〃η．，67（！996）＝615．

77　DeveIop11，e耐　for　Uni莉ca言ion　System　of　Materials

Sci⑧ntific　l〕a言abase　foチMaterials　Properties　Pチediction

M．N伽｛、Co舳μ伽f｛ol〃lM肋r｛α188c｛8〃cθ

1）｛η｛s｛o〃

［Apr．／995to　Mar．2000］

Researches　with　a　view　of　deve1oping　new
eva1uation　tech1，o1ogies　of　materia1s　through　the

u舳zation　oξthe　materia1s　scientific　daセabases　are

be三ng　conδucセed・　Por　this　purpose．the　p王o乏otype

of　the　new　unification　sys士e肌u言i至izi汀g　a

networking　environment　and　treating　many
diffe芝ent　type　of服ateria1s　sc主ent三fic　daξabase．

which　are　on皿any　differenそsites　bound　w主th

1ユetwoエk　systems　such　as　IN兀RNET，is　deve1oped一

　　■is　we11known｛hat　there　are　many　difチerent

セypes　of　ma舌eria1s　sc主entific　databases　such　as　fact

daセa，visua呈data，equations　and　know1edge　data．

Therefore　the肌亘tua1uti1iza走ion　ofセhese　mater三a1s

sdentific　databases　is　considered　to　be　difficu玉セin

generaユーOn　the　other　hand、’it　was　akeady　found

in　the　previous王esearch　tlλat芝he　emp三rica1

sys舌ematiza言ion　approach　based　on士he　combining

the　scient三fic　and　e夏npirica1understanding　using

the皿aterials　streng量h　database　was　powerfu1そoo1s

for　the　faセigue1ife　pred三ct三〇n　of　many　hea亡亡reated

structural　stee1s－　To　extend｛his　apP王oach　for　the

other　materials　p王operties，more　d搬eren言セypes　o圭

scien乏ific　database　wi至玉be　needed．

　　This　research　has　a玉／aim　to　so至ve　this　prob1em

of　the　mutua1uをi1ization　of　scientific　da芝a　through

the　deve1oPmenをof　the　new　unification　system　of

maξeria1s　scien舌ific　daセabase．In　this　year，the

deve呈opmenセoHhe　pmセotype　system・for　the

unification　was　conduc芝eδ、刊gureユshows　the

F1g■
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X－ray　nuorescence　analysis　of　heavy　meta1s　with

high　energy　K1ines　is　very　promising－In　the

present　study，the　signa1to　background　ratio　has

been　studied　in　detai1，and　we　have　found　that

quasi－monochromatization　of　the　primary　X－rays

is　effective　to　improve　the　detection1imit．

Keywords：synchrotron　radiation，chemica1state

ana1ysis，　X一工ay　fluorescence，　materia1s
characterization

Re1ated　P副per

1，M－Harada　and　K，Sakurai，1’Narエowpu1se　shap㎞g

　　for　high－coun七ng－rate　X－ray　measure－mentsI㌧Rε0．

　　Sc1．∫η舳舳．、67（1996）：615一

77　Development　for　Unification　System　of　Materials

Sc－ent■fIc　Database　for　Mater■a■s　Propeh■es　PredIct10n

ハ〃．N肋ε｛、Co榊ρ〃肋f｛oκα1ハ〃仰f〃加15Sc加〃cε

D｛o｛s｛o〃

1Apr，1995to　Mar．2000］

Researches　with　a　view　of　deve1oping　new
eva1uation　te⊂hno1ogies　of　materials　through　the

uti1ization　of　the　materia1s　scientific　databases　are

being　conducted・　For　this　pu工pose，the　prototype

of　the　new　unification　system　uti1izing　a

networking　environment　and　treating　many
different　type　of　materia1s　scientific　database，

which　are　on　many　different　sites　bound　with

network　systems　such　as　INTERNET，is　developed，

　　　It　is　we11known　that　there　are　many　different

types　of　materia1s　scientific　databases　such　as　fact

data，visua1data，equations　and　know1edge　data．

Thereforeセhe　mutua1u舳zation　of　these　materia1s

sdentific　databases　is　considered　to　be　difficu1t　in

genera1－On　the　other　hand、’it　was　a1ready　found

in　the　previous　reseaエch　thaHhe　empirica1

systematization　approach　based　on　the　combining

the　scientific　and　empirica1understanding　using

the　materia1s　strength　database　was　powerfu1too1s

for　the　fatigue1ife　prediction　of　many　heat　treated

stエuctura1stee1s．　To　extend　this　approach　for　the

other　materia1s　properties，more　different　types　of

scientific　database　win　be　needed．

　　　This　research　has　an　aim　to　so1ve　this　prob1em

of　the　mutua1uti1ization　of　scientific　data　through

the　deve1opment　of　the　new　unification　system　of

materia1s　scientific　database．In　this　year，the

deve1opment　of士he　prototype　system－for　the

unification　was　conducted，Pigure　l　shows　the

蛙軸・〃卵㈱03。破狐伽伽鮎．oo．棚工2雌1伽舳伽

p工及唖二＄
醐ム舳汎曲鶉彗籔喜曲彗熾畿　　鯉舳偽o潮　　胤o諾　　由量　　暁＾口1匡■㎜ ’≡　o，＝　　1岨、＝●rコL＾：I。　　臣；セ　　　■■岬1＝』　　　岨七　　　I＝■！■■■

1為
　　　　滋締

勃金」ノニ3＝鰯籔

○鰯鰯
○璽灘畿滋
功一簑2鑑
窪．轟
隻緊
簑罐善鐵
讐Q盈虹二畷

　　　　　　　　　　　　　　　・・巾・・・・・・…　　　　　季’

事麟の場慈葦慧≡　　　　蔀参ンを
事撃してく亥二きい、

滋暮竈

ビ＾’ツお㎞ス奮愛婁

輿駿綴悠カ

婁簑鰍

ユ鰯c

畿o

？導至奪竈　　　　　　　2葛o §oむ　　　　　　　尋簑o　　　　　　　葛導簑養3竈

〔9■

一86一



operating　iraage　oチthe　deve至oped　system　thτough

the　LAN　envimm刻ent．The　sys芝ematization
apProach　us三ng　th三s　deve1oped　uni圭三cat三〇n　syste服

is　a互so　being　conducted　for　theをime－dependen±

c歪eep　rup芝ure　properties　fo至heat　resistant　stee至s．

Keywo正ds：materia1s　proper芝三es　pred三ction，

database，networking

78　Study　◎n　Detection　and　一…valuatior1of　Radiation

DamagesinExtre鵬Pa汽ic1eFie1ds

lV・Kゼε肋仰ofo，H妙Rθ501〃・・肋舳Rεs鮒・〃

S肋f｛0〃

［Aprilユ992to　March1999］

Hybrid　part三c1e　f三e1ds　of　ion　and　photon　exert

strong　in芝erac芝三〇ns　with肌a±eria至s　and　are　poをent

not　on呈yをo　detect　e豆e夏nentary　processes　bもlt　to

exp1ore　nove1properties　of　materiais－Espec主a至三y　if

bo芝至／high　ene至gy　and　high　density　of　ion　and

pho吉ol，are　a芝をained．unexp豆ored　nol、一equi呈ibr主uIm

effects　wi呈1be　expecセeδ、by　virtue　o｛thei王

con芝rasting　effects　of　momentum，energy，
excitation皿odes．The　extreme　partic豆eチ三e童d　is　a至so

an三mporta耐aspect　for　practica至e呈wironments　o主

high　energy　dev三ces，such　as　f汕s三〇n　reactors，MHD

generators　etc・The　ma呈n　purpose　oξthis至esearch

p更ogram　is　to　detect　and　eva呈uate　non－egui1ibr呈un｝

P・・・・・・…　fm・士・・i・1slnthee・ξ・em・p・・ti・1・

圭ie1ds，assoc三ated　w三th　rad三ation　da肌age．

　　The　keyセechn0至0gy　to　attainをhe　ext更e1le　io1、

チie1d　has　bee1λan　io董1i呈1jecξor　of　high　current　and

1ow　emittance．Particu1ar1y　the　negative三〇n　source

for　the　tandem　a㏄e呈eration－A　high－current

negaセive　ion　injector　o圭p呈as狐a－sput芝er　type1，as

been　success圭u三至y　deve1oped　anδ三〇n　cuτrents　of3

mA　have　beco皿e　avai1ab1e　forα1，Ni，Si　and　C　at

a　suff三ciently　low　e㎜鮒ance．A圭ter　optimiz主ng　the

bea狐charac芝er三stics，we　are　moving　onをo廿he　next

phase　o圭MeV　acce1eration，that　is，cons言mction　of

tanden，acce1erating　tubes．a　Schenke1イype　voltage

mu1圭ip至三e王。a　switching肌agneを。an　SF6tank　e芝c・Of

the　techno1ogica呈issuesパhe　mos童i㎜po支tant　at

presen±is　contro1of　t1，e　space　cha支ge　eξξects，fron，

the三njector芝o芝he　acce1erating　tube・After
ana1yz主ng　the　beam　opセics，a1ens　efξect　of　the

acce1eratoτtube　has　turned　out走o　be　ilnpo支tant

and　a　device　of　potentia1adjustment　was三nsta11ed．

As　compared　to隻he　ordinary　machines，not　on1y

吉he　power　supp1y　was　significant1y　in圭ensified　but

a1so　the　diameter　of　acce1era芝三呈／gれlbes　and　the

div三der　current　were　en1arged－

　　The　generator　of　ex圭reme　part三cle　fie1ds　has

th訂s　ar支ived　at　the　important　mi1estone　and　the

next　step　is　the　beam　1呈ne　and　the　in－situ

cha至acterizaセion　sys芝em　in　P．Y－1996－

Keywoエds：extreme　partic呈e　fie1d，high　current，

negatiVe　iOn　SOurCe，in－Situ　meaSuremenセ

Re1ated　Pape蝸

玉一N．Kish三moto，H．Ameku支a，a1，d　T．Saito、

　　，1ResonanをCreep　Enhaハcemenをof　Austenit三c

　　Stain1ess　Stee至s　Due　to　Pu玉sed　Irrad三aセion　aセLow

　　Doses1㌧F〃εゴoηEηg．＆Dεεなπ、29（1995）＝39！。

2－H．Amekura，N．Kishimo廿o，and　T．Saito、
　　’Ipho芝oconduct三vi吉y正三vo1ut三〇n　l⊃ue　to　Carrier

　　Tエapp三ng　by　Defects　in！7MeV　Proton
　　Irraδiated　SihcOn，1、∫・N工κ1．ハ4αfεr．，77（至995）：4984．

国Thermala・dE1ectrica1Pr◎Pertiesoll1－1VandV－Vl

Thermoelectric　Semicorlductors

I・A・Ms”伽1切5たαlPl’oρα仇sD〃5｛o〃

IA帥u993to　Marcl，／9961

Thermoe1ectric（TE）materia玉s　have　been　w三de1y

used麦or　the　di王ecセenergy　cOnversion　sys芝er汀s・

These　n，ateria1s　convert　ther1皿al　energy　to　e1ec校ic

power　with　quick　response　a互1d　withouセmise　and

n，echanicaI　vibraをio汀、Recent至y，the　thernユ0e1ect王ic

gene更a亡ors　are　main呈y　used　for　the　e1ectric　source

in芝he　sea，space，and　polar　regions，and　the

t蔓1ermoe1ectr三c　coo1ing　systems　are　main1y　used　for

the　precise　te1苅pera芝ure　contro1　in　the
semiconduc辻or　p王ocess三ng，op辻ica1and　e1ectro1、呈c

dev圭ces・珊e・・f…、itlsimpo・t・nセ芝・d．・v・lopTE

materia1s　wiセh　high　efficiency．

　　The　TE　mate更ia1s　wi芝h　high　ef董iciency　are　give1，

by　the圭hree　characteris芝ic，i，e一、h｛gh　thermoelectr三c

powe王α。high　e1ectric　conductiviセyσand1ow

therma1conduc芝ivity　K－For　the　TE　materials　with

very王ow　va1ues　o童K．such　as　the　case　oチBi2．、Sb，Te3皿y

Sey．Pb1、、Sn，Te　and　Mg2Sn］I，Ge、。iξis　very　d搬cu1t　to

obtainセhe　re1三ab1e　va1ue　of1（、which　is　necessary

for　deve1oping　TE　ma走eria玉s－

　　In　this　study，a　tech1，iqし王e　for　the　precise

measurement　of　K　was　es吉ab1ished　by　means　of　the

sta吉三c　compa支ative㎜ethod，and　the　deをai呈s　of

肌easurement　and　ana1yセ三ca1狐ethoδfor　PAS（Photo

Acousせc　Spec泣oscopy）were　exp1a㎞ed一

Keywords：をherma至co1，ductivity，セhermoe至ectric

prope列y．eneτgy　conversion．B㌧、Sb茸Te｝ySeγPb1，Sl、、Te．

Mg2Sn1、、Ge、

Relaセed　Papers

1．H．T．Kaibe，Y．Tanaka，M．Sakata，and　I．A．

　　Nish三da．1，An三sotropic　Ga1vanomagneセic　and

　　Then皿oe1ectric　Proper吉ies　of〃一Type　Bi2Te3
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　　S主ng1eαysta1with芝he　Composition　of　a　Usefu豆

　　Thermoe1ec是ric　Coo1ing　Materia1，1，∫一／切s．C乃θητ

　　∫o肱、50（1989）：945－950．

2－Y－Noda，T，Sugawa，1，A，Nis㎞da。㎜dK．Mas㎜oto．

　　11p・・p…tl・n・ndTh・㎜・・1・⊂t王i・P王・p・・士i…f

　　Mg2Sn、．、Ce、’㌧〃oc・ユ2〃7〃7・Coψη舳伽θ1εc±1’主cs・

　　Yoたo乃〃7・獅、〃ηη，November（玉993）：ユ岨＿1坐．

［配　En跳gy　C◎列v釘sion　Mat欲ials　l＝abrica童ed　with

Functio口allyG芋aded　S｛r劃ctwe

I。んM8〃伽、1切8北α11〕仰鮒｛εsD加｛ε｛o〃

【Aprilユ993to　Mlarch1996］

Thermoe1ectric（正）肌ateria至s　have　been　wide1y　used

for　the　purpose　of　d三rect　conversion　of　the王ma1

energy　to　eIec芝ric　power　w三thou吉noise　and

mechanica1vibraセion，For　a　g三ven　TE　materia1

sys童em　with　homogeneous　ca支rieエconcen細t三〇n．the

○帥mized　figure　of肌eritZ　canbe　obtained　on五y　in　a

1朋rrow童emperature　range・The　TE　conversion

ef麦ic三encyηhas　been　comparat三ve王y　sma1L

Te服pera亡ure　range　for　the　optimized　Z　can　be

shif芝ed　by　chang三ng　the　car王ier　concentration－　The

1arger　va1ue　oξηwiu　be　obtained　if　the　TE　materia豆

has　t1，e　continuous　change　of　carrie王concenセration

a1o1，gセhe　thermocoup1e1eg，i，e一、funcセiona1玉y　graded

materia1（rGM）．The　effective　va王ue　oξηis　estimaセed

to　be　more　than2t三mes1ager　aをa　tempe工ature

differenceof至000K．Inaddit三〇n，Zcanbe三ncreased

by　con童rol1ing　the　composi芝ion肌dセhe　grain　size　of

FGM，because　the1attice　contr三but三〇n　toセhermal

conductiv三ty　can　be　decreased　by　phonon　scattering

at舌he至att主ce　deξecをs　such　as　crysta1d三stortion　and

grain　boundary・

　　Ane｛fective　maximumpowerfor圭he　three玉ayered

PGM　ofη一type　PbTe　with　diチferent　electron

concentra圭ions　was　found　to　be亘arger　by1ユ％than

・nefo・th・・ptimi・edl・omog・n・・u・m・芝e・1・L

Keywo更ds：energy　conversionパhermoelecセric
maセeria至s，fmcセiom呈工y　graded1皿ateria1s（FGM）

ReIaセed　Papef

ユ．I．A．Nishida，1’High1y　Efξicient　Thermoe1ectr主c

　　Materia呈s　in　PGM　Program’’、1〕roc．∫卯舳一R燗1α一

　　αkr〃〃ε　〃ポ1．　W01’k5乃oρ　oη　Eηεrgy　Coηo・

　　M〃εr〃5（ENCOM95），Sendai、畑pan、畑nua王y
　　（1995）1lべO。

［重］　Se1｛一〇rganizing　lnformation・Base　Sys言em　used　for

Creatlve　Research　and　l〕evelopme杣

K．Hos〃榊oto，M〃8r〃s　Dθ5な〃D｛η｛s｛o〃

エApriI1992toMardパ9961

In言he　doma三n　of　me言a1s　and　a1豆oys　one　can　never

f主nd　any　two　species　that　have　predse至y三dentica三

intema1strucセure　even　iチthe　che肌三ca1composit三〇n

and　outer　shape　are　the　sa㎜e；which　means芝hat

one　can　not　specify　the　objec圭exact玉y三n　the

database　oξma走eria1s　properties・　Thereξore　the

specification　of㎜ateria1s　has　inevitab1y　somewhat

amb三guity，Specia1ists　create　new　ma室e工ia1s　by

co至nbining　basic　theo王ies．fac辻ua｝data　anδ

gし王a1iそative　know1edge　with亡he三r　fu1至ski玉1and

experiences，wh主1e　the呈nformation　on服ate工ia1s

today三s　increasing　day　by　day　beyond　the

guantity　which　one　person　can　dea1wiセh・To

supPort　resea工chers　wo汰ing主n　such　a　tang1ed

world，an呈nformation　base　sysセem　that　suppoτts

const王uctions　and　exp1ora亡ion　of　an　space　in

meta11服gy　was　imp1emented－Informat三〇n　about

mater主a1s　deve1opmenいnevitab1y　inc豆udes
ambiguities　because，in　most　cases．it　is　obセained

empirica1王y．Use　of　nat脳a1呈anguage　is．therefo王e。

主皿portant　to　transmit　ma芝eria至s　informa言ion・The

δeveloped　syste肌interprets　technica至papers　on

meta至玉urgy　and　constmcts三nfo更mation　space　se㎜i一

舳to皿atica王1y。互セconsists　of　two　sub－systems

which　are　ca至至ed　METIS（METa11ugy　papers
I耐e11三gent　Surveyors）and　KE（Know1edge　Editor）

respective｝y－　METIS　adop圭s　a　naive　natura王

至anguage　processing，and　KE　adopts　both　syn工actic

and　se肌antic　ana王ysisξechno1ogies・In圭he　system

domain　know1edge主s　represented　using　an
instance－orien吉ed　and　scr三pt－baseδmethod・

　　The　heart　of　METIS　is　a　packet　of　domain

specific　know至edge　caned　KP（Know1edge　Pieces）

in　which　procedures　fo王extτacting　and　stmc舌uring

techno1ogica1information　are　embedded．They
have　four　principa1facili｛三es，i．e一、to　se1ec芝

SentenCeS、吉OeX±raC芝featureS，tOS走mC芝ure
information　by　merge　andセo　sセmcture　information

by　intersection－M酊IS　extracts士echno1og主ca1

informaセion　from　technica1papers　on　meセa1至uτgy

wriモten　in　a　mark－up1anguage．by　a　naive　natu工al

1anguage　processing　specified　by　keywords　or　key

帥rases　embedded　in　KPs　which　are　c至assified　into

various　categories　in　ma亡e王ia1s　deveiopment　such

as　a11oys，test　procedures，materia1s　processing．

materia1s　proper芝主es，etc・・Product　oチM酊IS　is　a

var主eセy　of　summar三es　and　surveys　such　as

structuredセechnicaI　summary，as　we1玉as
visua1izaセion　of　simi1ar三をies，d搬erences　of　re呈evant

papers，and　cause－effect　re玉ations－

　　The工e　are　difficulties　in　consをruction　of

informaをion　space　from　natura1－1anguage舌ex圭s　and

τnuch皿ore　eHorts　are　requiredセo　understand

extrac走ed　inξorma芝ion　that　can　be　retrievedξrom

conventiona1system　by　keyword　match呈ng　with

fu至｝セext．KE　enables室o　construct　informa吉ion
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space　semi－auto肌atica1ly　by　seman乏ica1至y
undersをanding　the　con芝ents　of　artic1es　a1，d　faci至itates

to　prov｛de芝he　re芝rieved　informa乏ion　by　sema耐ic

ana1ysis　of　queries．KE　represents　know1edge　on

㎜eta1至urgy　by　a　set　of　objec隻s　together　w三th　a　set　of

re1aセ三〇ns　between　them．It　a1so　supPor乏sδe乏ection　of

unknown　objects　in　papers叩d　e1蝸b1es乏hem　to　be

sをored　into　information　space　by　communicating

w三th　users．KE　pζovidesセwo　interactive　faci1i芝呈es　for

exp1oring呈n芝o　infonnatiol，space二〇1，e　is　the　natura呈

呈anguage　query　based　o1，se1苅an芝三c　unders迂anding

and　the　othe王is芝he　navigation　of　the　re1ations

beれveen　objects・

　　It　wasξound，through　experi肌el，ts，tha走をhe

system　cou1d　be　app1ied　to　other　reseaエch
doma三n（s）．

Keywo正ds：se王f－organ三zing、三nforma芝ion－base．

maセer三a1S　deS三gn，diC吉iO蝸ry，knOW1edge　COnVerter

ReIatedPape王

ユーK－Hoshimoto，IlDeve1opment　of　a　Know呈edge

　　Base　Sys士e肌for　Computer－Assisted　A1呈oy
　　Des量gn’1，Advanced　Ma室eria至s’93，III，Pγocθε舳一gs

　　ψ〃κSyη1ρ05主〃η1g戸〃π3〃∫し工MRS∫η亡．Co〃グoη

　　λdη”π〃Mα士εr加15，Tokyo、（！993）：ユ73－176・

〔蔓……］　AComparativeS汕dyofNan◎s廿uctweCharac言e苅zation

↑e伽iqueS

K．Ho〃o，3〃R2sε〃c乃Gτo〃ρ

エAprii1995to　Marchユ9961

The王e主s　an｛ncreasing　in芝erest　in　synthesizing

nanos芝rucをured　mate王ia1s｛n　anticipation　of　the

appearance　oξnove1properties　which　arise　by　the

王eduction　of芝he｛ys三ca1dimens主ons　of
microsをructura1feaセures　s訂ch　as　grain　size，various

phase　domains　alてd　precipitaをe　partic1es・Recent

examp1es　nanostruc乏ured肌a室eria1s　incIude
nanocrysta11ine　sofをal，d　hard　magnets，gral，u1ar

magnetiC　mater三a王S，anδu1trahigh　S芝reng芝h

nanocompos三芝e　a1umimm　a11oys・These　examp1es
三ndica童e　thatをhe　syn芝hesis　of　nanostructureδa1王oys

can五ead　to　the　deve1opment　of　new　materia1s　with

unCOnVentiOm呈mag1，etiC．e｝eC芝r主C　and　StruCtural

properties・

　　　In　ordα芝o　un6erstand　the　mechanisms
invo1ved　inをhe　e呈ne王gence　of　the　nove至properをies

ho皿the　l，anoc王ysta11ine1nicrostrし亘ctえlres，it　is

esseI－tia至to　characterizeξhe　microstructuτes　in1ess

than　a　nanOme芝er王eSOlu芝iOn．The㎜主CrOStruCt毛1ral

characterizations　of　王丁三e芝a1王ic　n，ateria1s　are

performed　main至y　by　trans㎜三ss呈on　e王ectron

microscopy，e1ectron　and　x－ray　d｛冊ac芝呈on

lnethods－　These　techniques　are　efチective　to

detern，il，eをhe　crysをa1structure　and　grain　sizes－

Howeve茎。namsca至e　qu弧t三tative　am亘ysis　of　loca1

chemical　composit呈ons　has　been　inaccess三b呈e　by

these　convent三〇na1tec1ミnigues・　互n　part三cular，iセ三s

ex佼eme王y呈呈瓜portant　to　measu更e　tl，e王oca1chen｝量ca1

co1，cen乏ration　changes　of　lighξelen，ents　in1ess　than

a1，alミom．eter　sca1e　reso呈uセion　for　understanding芝he

mic・osセ・ucξu・esofn・no・・y・t・11ln・m・gn・ti・

mater三a1s－The　conve1洲ona至analytica王methoδs，

such　as　analytica1e｝ecξron1苅icroscope，has　a

significant　drawback　in　de芝ecting玉ight　e亘ements

卯an倣at三vely．An　atom　pτobe　fie1d　ion　microscope

（APFIM）三s　an　comb三na芝ion　of　fie1d　ion　microscope

and　a　time－of－f1呈ght　mass　spec士rometer　with　a

sing1e　a芝om　detection　capabi1三芝y。　玉t　can　deternユine

を至1e　chemica1composit圭ons　of　alloys　with　an　a亡omic

reso1ution・Fu対hermore，recent　development　of

three　d三㎜ens三〇na至ato狐probe（3DAP）狐ade　i芝

possib1e　to　v三sua1三ze　indiv呈dua1aセor汀s　in　a　three

dimensiona1rea1space　with　an　extremely　h三gh
spat三a1至eso豆ution（くO・・2nm）．By　emp1oying　both

APHM　and3DAP，it　wi豆1be　possib呈e　to　visua1ize

behaviors　oチ　aHoy｛ng　eユernen芝s　during　the

microstrucセure　evo1u室ion呈工／an　atom｛c　spatia1

reso1ution・However、乏he　atom　probe　techn三que

1acks　abi1ityセo　determine　crys圭a1sをmc走u支es－H　is

古herefore　strongly　desi王ed　tha亡various　advance

m三croana1ytica1too1s　a王e　used　comp丑ementari1y　for

CharaC圭eriZing　CritiCal　miCrOStruCtuτeS　Of　lmeモalhC

materials三n　less　than　a　subnanometer　reso1ution．

　　F0王　th三s　purpose、　ξhe　至nosを　adva1，ced

m｛crostructura1　characξe王ization　tecl，niques

avai1able　at　the　Nat三〇1，a1Research　Instituteξor

Meta1s　were　emp］．oyed　チo王　mnostructu王e

characterizations　o圭some　se1ected　meta11量c
mate「ia1s．　FOr　s吉ructure　a1柵1．ysis，high　reso1ut三〇n

e1ectron　miαoscopy（HREM）and　x－ray　diffraction

have　been　used・　Slna11ang1e　x－ray　al，d　neutrol，

scattering（SAXS　a1ユd　SANS）have　been　emp1oyed

for　characte王izing　d呈王nensions　of　nal，osca王e

heterOgeneitieS　in　n，aterialS．　FOζana至ySiS　O｛至OCa呈

chenユica至concen芝ration　changes，moder至てe至ectron

microscopes　with　an　energy　dispersive　x－my

spec芝roscope（EDXS）and　al，e1ect支on　energy1oss

spect支oscope（旺LS）。APHM，and3DAP　have　been
utilized．h　order芝o　e1ucidaをe　the　ro1e　of　mimr

solu芝e　additives．exセel，ded　x＿ray　absorp亡ionξ玉ne

strucをure（EXAPS）ana1ysis　and　APHM　have　been

perfor呈皿ed・　Based　onセhese　resu王圭s，co工nprehelてsive

discもlss呈o1，s　on　the　lハ．echanisn↑s　of　the　nalてoscale

王皿三crost王uc芝ure　ev0呈u圭ion　have　been　made　for　bet芝er

understandings　of　the　mechanls1皿s　of
nanOS走ruCttlre　eVO1utiO1、、

Keywords：atom　probe，trans肌ission　e1ectron

microscope，sma11ang1e　scattering，APHM。兀M。
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HREM，SAXS，SANS，mnostmcture，micro－
structure，Phaseセransformations

ReIated　Papers

ヱ。K－Hono，E，Abe，T．Kumagai，and　H－Harada，

　　I1Mechan三sm　of　u1tτaf三ne至ame11ar　structure

　　formation呈n　Ti－48at一％A1auoy1’、Sc1ψfo　M〃εr，

　　35（玉996）：495＿499．

2．K－Hono，Y．Zhang，A，Inoue，and　T－Saku更ai、

　　’1AP円M　sセudies　of　nanocrysta11izations　of

　　amo叩hous　a11oys1’、MRS　Procεε舳g5∫400（1995）＝

　　203＿208．

3．K，Hono、’’Subnanometer　sca亘e　m三crosセruc圭ura1

　　cha・acte・i・・tionbyath王eedimensiom1ato肌
　　probe’1、八伽亡εr加∫ηρ”・1，35（ユ996）：267＿274．

［蔓…］　Coκelati◎n　be言ween　Plasma　Parame言ers　and

1…vaporation　in　l＝ree－Bu閉ing　Arcs

K〃閉o㎞、A加α〃c〃M肋・〃5乃’oc鰯加g
D｛η｛8｛o〃

【April1993土o　Mar⊂h／996］

Main　resu1ts　of　th三s　program　had　been　shown　in

NRIM　Rese帥ch　Activities1994a亘ユd1995．Inセh三s

reporセ，f主rst1yパemperature　distributions　in　argon

arcs　were　discussed　by　severa亘kinds　of1三ght

spectroscopy　measuremen圭s一セhas　been　shown　in

○モher　researchersI　resu1ts　that　the　te狐peratures

（｛onizaセion　tempe王ature）of　arc　p1asma　esti㎜ated－

by　Pow王er－Mi1ne（Off－axis）method　and　ArII／ArI

re1a迂ive　intensity　raセio　n｝ethod　are　h三gher　thal、走hat

（exci吉ation　temperature）by　Bo1tzmam　p1ot

me走hod．The　temperatures　were　measured　in

detai1by　these　me圭hods－The　experimenta玉resu1ts

王ed　to　モhe　conc1usion　that　the　iOnizat三〇n

tempera圭ure　WaS　equa1tO　the　eXCita芝iOn
圭ei爪perature　in　high　current　argon　arcs－

Pur走hermore，it　was　theore圭ica王1y　conduded　that

t1，e　nleasured　data　e】二ror　had　a　ren，arkab王y　bad

inf1uence　on　the　temperature　deセermination　atセhe

p1asma　region　above　lO，000K　in　Bo1tzmam　ploセ

meセhod．

　　Secondly，to　prove　the　ef｛ecセof　auoy　e玉ements

on　the　anode　behavior，GTA　we1ding　was　carエied

out　on　the　amde　p1ate　which　was　spread　w三圭h出e

powder　of　some　ma圭erね1s，and　the　character三stics

of　the　arc　vo王セage　and　the　melting　phenomena　of

セhe　anode　p1ate　were　discussed一モwas　found　that

吉he　spread　materials　wh｛ch　caused　a　mar1くed

decrease　in　the　arc　vokage　and．the　we亘d　poo至size

were　chemical　compomds　with　the　a1ka1主ne皿etal

a1，d辻he　ha玉ogen．O1廿he　oセher　hand，it　was　found

セhat　the　materials　which　caused　an三ncrease　in　the

arc　vo1tage　a三1dセhe　poo1．size　were　co㎜pounds

w三th　the　e至ement　on　the　righ芝s三de　fro㎜the　cente王

of　the　periodic　tab豆e　and　the　ha1ogen　or　e1e肌ent　of

the　oxygen　g王oup・　These王esu至ts　supPorted　the

conc1usion　that　iセwas　possib1e　to　estimate　the

deg王ee　of　inf1uence　of　those　mater三ais　fromセhe

王e1ative　pos三tion　of　each　chemica1e王ement　in　the

proposed　coordimte　sys芝em　with芝he　ioniza乏ion

po亡entia1and　the　vapor　pressure・

Keywords：arc　p1asma，specむoscopy’te蛆pe王a乏ure．

a亘至oy　e玉ement，arc　vo1tage．me1ting　Phenonユena

回1n・situMeas劃remen1◎fL㏄a1St繍inHigh
Te岬e舳reR釧g80fMaterialandDetecli㎝ome㈱s
by言he　Laser　Speckle　Me肋◎d

γ。M〃舳痂・、A加舳c〃〃肋伽18Pγ㏄θ・s｛〃9
1）｛η｛5｛o〃

1Aprj11，993to　March19961

We　have　be㎝examining　the　app呈icabi玉ity　of　the

1aser　speck1e　sセrain　measurement　to　the　welding

process－We　already　p至oved圭hat　it　was　possib1e　to

dO　the　i1トsit訂strain　nユeasuエe1ment　in　a　high

temperature　range　such　as　in　we1ding　using　the

1・se・卵eck至emeasurement．

　　　In1995，we　main｝y　executed　the　measure㎜en走s

to　detect　the　informaセ三〇n　dur三ng　Phase－

transformation　in　some　kinds　of　stee1s．A9％M

stee呈and　a　mi1d　stee至were　usedチor　the　purpose

because　　走heir　　stra呈n　　behav三〇rs　　during

transformation　a王e　quite　d冊erent．A　SUS304p1ate

was　a1so　used　to　make　comparisons　w圭ξh　above

Stee1S．

　　A　moving　heat　source　of　Gas　Tungsten　Arc

（GTA）was　app1ied　on　aエectangu1ar　thin　p1ate　and

the　s圭ra三ns　were　detected　on圭he　bottom　surface　of

セhe　p王ate．We　c1ear1y　de芝ec芝ed　the　strains　during

phase－transfor正na芝三〇n　for　severa1conditions　of　the

heat　inpuセ．　The　strain　curves　in　the9％Ni　steel

s1，owed　anisot］＝opic　behavior　according　to　the

measuring　d呈rection．Theセypica1transformation

curve，so－ca1led　S－curve　was　observed　only　in　the

perpendicu1ar　d三rection　againsセthe　heating1ine，in

the9％Ni　steeL　In　the　expe支iments　with　the　mi至d

stee至s，however，we　cou1d　not　find　out　such
tendencies．The　restraints　in　the　rec圭angu亘ar　plate

andモhe亡ransforrna芝ionセelγ工peratしlre　stron9呈y　affect

these　s芝ra呈n　behaviors．

　　Moreover、出e　expans三〇n　during　transformation

in　the9％Ni　s走ee王piate　in　the　perpe1ユd主cu至ar

d三rection　against廿he　heating呈ine　exceeds　g王eatly

the　va王ues　oξthe　stress－free　specimen　with

increasing　the　heat三nput．Some　deg工ee　of　the

セransit｛ona亘芝ensi至e　stress三s　expected　to　apPear

when　the　transformation　starts　and　the　stress　acセs
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on室he　transfo支rned　part　and　stretches　it1ike　as士he

superp1asticity－

　　We　cou王d　detect　c1ear王y　t至1ese　strain　behaviors

using　the　iaser　speckIe　me芝hod，and　we　confirmed

the　usefu1ness　of　言he　1aser　speck1e　strain

measurements　in　an　actua1we1d三ng　Process．

Keywo正ds：1aser　speck1e触ethod，dynamic　strain，

in－s三tu　strain㎜easuremen芝，h三gh　te皿pera室ure，

phase－t室ansformation，9％Ni　s圭ee1，mi1d　stee王、

auStenit三C　Sta三n1eSS　Stee呈

［…憂］　Researc11　0n　Qu8ntitative　and　111telligent

N㎝destructi欄eEvaluati㎝↑e曲niΨesforMaterialsand
Str■」ctl』res◎f目igI1掃e1iabi■i｛y，Stage11

C・Mα舳加、肋｛1〃κP切sた5D加ゴ8ゴoκ

1Apri11994to　March1996】

In　this　research，it　is　p亘a1，1，ed　to　deve1opξhe

nondestructive　measu芝ementをechnique　and
systems　based　o1、もl1t王asonic芝ecl，niques　tO　eva至uate

tl，e　properties　ofセhe　meta1ma芝rix　composiセes，

This　research　is　sponsored　by　STA　and　suppor芝ed

by　members　of　vario毛1s　insti芝utions，universities

and　compan三es．The　previous　sセage（Sをageユ）o圭

this　projec芝was　the　deve至opment　o歪the　advanced

u1trason三c　measure肌ent　乏echniques　and
supPort三ng　Procedures，using　the　ultrasonic

spectmm　amlysis，ve1ocity㎜easurement　wiをh　a

SCannlngu1t・aSO1／iCmlCrOSCOpe，the至aSe・一
ultrasonic　technique　and　computer　simu1ation　fo至

u1t至asonic　wave　propagation・　In　the　S芝age　II

p王oduced　two　majo㍑esuks’as　fonows・

　　　（1）EvaIuation　of狐icrostruc吉服es　in　meセa1

matrix　composite　by　ana1シzing　the　u至trasonic

麦requency　response

　　The　freguency　response　ana1ysisをechnigue　has

been　wide1y　apProved　in辻he　qua耐itative
measure㎜enをof　mic至ostructua至para肌eters　such　as

gra｛n　size　in　a　stee1and　shape　factor　of　graphite　in

a　cast　iron・　By　i肌prov三ng走h三s士echnigue，higher

acc乏1racy　has　been　achievedをhrough　this　work，

Theoτet三cal　ana1ysis　indica芝ed　the　inf1uence　upon

frequency　spectrum　o麦different董actors，such　as

specimen　sur圭ace　roughness．th主ckness　of
も1呈trasonic　couP1an芝、soundチie1d　and　inpu室pu1se

wave　fo亘m．

　　In　the　Stage　I玉、the　ana1ysis　by　the　tech1，ique

c至ariξied㎜ec呈↑an三sms　of出e　wave　for㎜三nversion

of　the　tip　echo　of　flaw王ef1ecto王and　the　peak

frequency　shifセof　spectrum　of　sound　direcセivity

characteristics－Furthe（mprovement　of　the
technique　has　been　achieved　in　th三s　work．T1，e

ana旦ysis　by廿1㌻e　tech1，ique　also　c1arified　tl，e

mechanism　of芝he　wave　form　variaをion　in　tota1

ref至ection　oξa　ve村ica1至y　polarized　shear（SV）

WaVe．
　　The圭requency　response　a1，alysis　technique　was

apP1ied　to　eva1uate　the　microstructure　in
a1uminum　a11oy　ma芝rix　co呈岬osites　reinforced　by

セhe　SiC　whiskers（0．5al，d！．Oμm　in　diame芝er）w三をh

芝he　vo1u狐e　frac芝ions　of　O，　！0，　and　20％〕．

1⊃is麦ribut三〇n　of　reinforcement　can　be　eva亘uated　by

夏neasur圭ng　the　re1ative　el，ergy1oss　of　t王al，smiξξed

u1吉τasomd　in　the　specimen　thickness　of3肌m三n　C

scan　mode，The　C　scan　images　in3mm×3mm
area　c1ear三y　showed芝haをthe　va1ues　of　re1ative

energy1oss王ineariy　increased　w量芝h｛ncreasing　t1，e

volu肌e　fract圭on　on　se㎜三一〇garithm　paper・The

s1ope　of　the1inear王elationship　in　case　of　SiC

whisker　of　O．5mm　in　d主ameter　is1owe王thalパhat　of

王mm　in　diameter・Moreover，舳s　technique　was

apP1三ed　to　detect亡he三nner　fiber三n　the　a1uminum

a豆豆oy　mat更ix　composite　and玉セwas　suggested士ha芝it

WaS　Vαy　uSe舳tO　eValuate　the肌三CrOStmC走ureS　in

meta至maセr呈x　composites、

　　　（2）Eva1uat三〇n　of　sセructures　in　meta至mat王ix

composites　using1asemlセζason三c　techniqもles，

　　In吉he　Stage　I、セhe　noncontacセultrason三c

imaging　syste㎜was　deve至oped　using王aser
u1traso呈1icをech1、三gues．In芝his　year，the　S三C　fiber

reinforced　A呈matrix　composite　was　inspec芝ed

using　the　imaging　system－The　co狐posite
specimen　inc至udes　SiC　fibers　wi芝h140μm｛n

δiameセer　and35μm　dep圭至1be1ow辻he　surface．I乏

had　been　expected芝o　obta三n　the　inξensity　ilnage　of

theチibers，but1，o　contrast　corresponding辻o　the

麦三ber　appeared　on　the　image．　To　a1，alyze　this

resu1言。a　compute更simu1ation　technique　was

emp1oyed　to　visualize　u1trason三c　propagation　in

the　spec三men－The　computαsimulat三〇n　techn三que

character三zed　by　the　apPlicabi1ity　for　3－

dimensiona1，anisotropic，and　combined　mateぬl

co1，di芝ions．had　been　deve1oped　in圭he　Stage　I．

Prom　the　ca1cu1a芝ion，it　was　claエified　that三ntensity

modu1ation　o圭transmi出ng　u1traso1md　caused　by

theξ三bers　was　weak　in　co｝篶parison　withセhe

modu1ation　c舳ξed　by　voids，a呈、d　tτaveli灯g　time

through　the　specin｝en　becan↑e　shorter　because

ultrasonic　ve1ocity　i…↑the　SiC　f至ber　wasセwice　as　fast

as　that　oξthe　Al　maセrix－From　the　expeτiment　al，d

Ca1Cu1atiOn、圭t　WaS主nd三Cated　t玉1at　the　u1traSOn1C

imaging　using　trave玉ing　time　might　be　requ三red　for

廿he　de古ection　ofセhe　SiC　fiber．A王ready，the

u1芝至asonic三maging　us三一↑9モrave1ingセ呈me　had　been

rea1ized　in　the　sysをem・However、モhe　apP1ication亡o

亡he　SiC　fiber　specimeηwou呈d　requ三τe三mpτovemenセ

○チSlgna1tOmiSeratiOOfult・・SOniCde芝eCt101・一

　　Using　the　computer　simula士三〇n圭echnique

deve1oped　inセhe　stage　I，the　ca呈culaセ三〇1、ξoτ

u至セrason三c　generation　by1aser　bearn　scann三n9“・as
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a1so　exam三ned　and　it　is　succeeded　to　v主sua1ize

1ong三セud三na王、she帥and　surface　waves　geneエated主n

conjunct三〇n　with　scanning　ve三〇city　of1aser　beam　at

the　specimen　surチace－In　the　ca1cu王ation．thema1

sセress　caused　by玉aser　absorp圭ion　was　considered

・s・・t・m・1ξo・…　ff・・セlngthem・t1・n・fthe

quantified1nater呈a1inモoセhe　simu｝a芝ion士echnigue・

This　visua1ization　wou1d　be　usefu1for　am至ysis　of

the　u｝打asonic　waves　ge1，eratedby　laser　scaming，

　　　The　techniques　forモhe　frequency　response

ana1ysis　and　the　visua1ization　of　wave　propagaセ主on

were　deve1oped　in　this　work　as　ment三〇ned　above．

These　techniques　we王e　very　usefu玉セo　eva三uateセhe

re呈nforcement　distributions　and　i圭s　sizes　in　the

alu1苅inu1T工a11oy　lηatrix　con｝Posites・互モis　suggested

that　the　fundamenセa至techniques　were　estab1三shed

in　this　work　and　it　is　very三mporセanけo　apP1y　to

eva1uate　the　more　con｝P1ex　structura1con｝Posites－

Keywo正ds：Nondes圭mctive　Eva玉uat呈on，Frequency

response，Laser－ulセrasonic，Compos三te　materia1s，

Co㎜puξer　simu1a芝ion，An三sotrop三c　microsξructure

and　gτazing　ou乏geo肌etry　with　the　ang王e　of5

d・g・e・u・lngbe・mdi・m・t・・of50－！0G（m…d

current　o〔0nA　oξHe2＋of2MeV．We　succeeded

to　ge亡depth　reso丑uをion　of　l　nm圭or　W．which　is

about1O　ti肌es　beξξer　than　the　norrna1ang呈e　RBS

am1ySiS・

Keywords：RBS，AFM，SAXRD，Mu1ti1ayerパhin
f三至㎜S

Re1ated　pape正s

／－Y．Asada　and　K．Ogawa、’1Superconducξivity　of

　　Mo／Sb　Mu1ti1ayered　Pi玉ms’1，So胴S±肋Coη舳．、

　　60（1986）1161．

2．R．Sandrik，V．Bohac，K．Nakamura，A．Ishii、互．

　　Or1ic，S－M．Tang，and　F　Waセt，IlThe　Study　of　the

　　Stmc乏ura1Sξabi玉i吉y　of　Mu1t三1ayer　Systems　by

　　RBS　and　PIXE　Mcrobea㎜Me圭hods’’、Mκ1．∫η8わ’．

　　”〃ハ〃θ舳o此土η1⊃／〃s．Rε5．、B三04（ユ955）：519＿523．

S1mu1ation　and肺eory

〔憂］　ApPlication　of　Rut11er言o対　1≡…ackscatt鉗ing　and

Par苅c1e　lnduced　X－Ray1≡missio11Analyses　to　Ma｛eria1

Science

87　1〕evelopment　of　Know1egde　l〕atabase　for　Hig11－Tc

Superconducting　Materia■s

K．M㎞榊舳、18fRθ5ε伽℃乃Gγo仰

【Apri1丁995セo　March1996］

For　one　year　projec圭nan｝ed　IlBila芝era至Internaセ｛ona1

J〇三nt　Research1’，we　have　carried　out　coope蝸セive

research　project　with　Ins乏主tu芝e　of　Physics，S1ovak

Acaδemy　of　Sc三ence．In　this　p・oject，we　a｛medをo

deve至op　high　reso至u芝ion　Rutherford　backscat芝ering

（RBS）technique　to　ana工yze室hin創m　mu舳ayer

and　surface　roughness　of　oxiδe　supercolユducをor

fi至ms－For　th三s　purpose　we　a1so　ut三1ized　s肌a11

ang1e　X－ray　diffract三〇n（SAXRD）anδScanning

atomic　force　microscope（APM）to　investiga亡e

lnu王ti1ayer　modu1ation　period　a1，d　surface
roughness　to　con服m　the　RBS　resしl1ts．

　　　Por狐u1セi1ayer　samp至es．W／Si．W1皿、S三、／Si　and

Co／Si／W／Si　wh三ch　havebeen　prepared　by　UHV

e1ectron　beam　deposition　aHnstitu圭e　of　Physics

（S1ovakia）aエe　investigated，These　mu1ti1ayers　are

we1至knownモo　be　used　as　mirrors歪or　soft　X－ray

opモics．The　resu至ξs　obtained　in　S呈ovak　s三δe　is　that

セhe　W／Si　mu1ti1ayers　show　superconductivity　up

セo4，2K（Tc　of　bu1k　W＝O．012K）．This　resu1t　is

simi至弧走o　Mo／Sb　mu1ti1ayer1n　wh｛ch　Tc　increased

w曲increas呈ng　modu1aセion　wave王ength－Therma呈

sモabili亡y　of　these　mu1ti呈ayers　was　a呈so　studied　by

apPIying　ex三mer豆aser　amea呈呈ng　and　the　resu呈tant

mms　were　charac乏erized　by　SAXRD，AFM　andμ

beam　RBS．Po｝beam　RBS，we　app1ied　grazing　in

γ．A8α加、Co舳ρ〃〃㎝α1M肋伽1Scゴε〃cε

D｛η｛s｛o〃

エAprilユ995toMard120001

We　have　a呈ready　deve1oped　numerica工database　for

h三gh－Tc　ox呈de　superconductors．It　is　a1ready　opened

pub1主c1y　via　network．A亘1the　data三n　it　are　extracted

fron｝走he　papers　repor圭ed呈n　journa1s．　The　papers

contains　many　usefu1informations　as　we至1as

n訂merica1data．These三nformations服e　w王i舌ten　in

圭ext　sty1e　in　Abs圭ract，summary　or　conc1usion－t三s

desirable亡hat　researchers　emp1oyed　in　designing

new　produc芝s　and　s台arching　new　maセeria至s王etτieve

セhese　informa室ions　fro皿database　and　app1y　them　to

セheir　purposes．

　　　In　this　project　we　sセudy　how圭o　store　the

informations　and　how　to　construct㎞ユow至edge　base

fo王high－Tc　supercoIユδuctors．The㎞ow1edgebase

conta三ns　the　informa芝ion　induced　by　p王ocess主ng　the

data　from　numerica1database＝empirica至re1ations

lつetween　physica1proper芝ies，CoI｝c至usions　and

informations　obtained　in　studies　of　Mu呈ti－core

projec亡are　also　inc1uded　in　the　know1edge　base．

　　We　deve1oped　Tc－predic走ion　systemξor　Y123－

sys亡em　by　us三ng　Neura呈Neセwork　method．Neura1

Network　was　constructed　using走he　data　obtained

by　エetriev三ng　fro肌　the　1，umerica呈database

1’SUPERCON’’一τhe　syste狐predicセs室hat　Ca　h　Y－site

have　a　va1uab王e　effect　foτhigh－Tc　maセer三a1s　and　Tc　is
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1屯her芝han　that　o麦YBa2C訂307iチwe　choose　Ca－and

O－conten士the　bes芝。The　system　w｛1l　be　used　for

㎞owledgeacqu1sition丘omthemmer1ca1database．

Keywords：oxiδe　Superconduc芝ors，daセabase，

know至edge　base，ne芝work

Re1ated　Paper

ユーY－Asada　and　E－Nakada。’’1⊃aセabase　Deve1op－

　　ment　in　Ass三sをance　of　New　Superconducting

　　Materia1s’㌧∫．∫ρη一Soc一∫ψ川・1〃01川〃1く〃otol〃gε、

　　5（1995）：57＝in｝apanese．

88　Estab1is■1nlent　◎言　Mul｛idiTnensional　Evaluation　◎言

トlu閉an　Senses言orMate列als　l〕esign

γ．K〃〃〃閉、Mα肋伽1s　D88な〃D加｛8｛o〃

［April1994to　March1997］

Recent1y，there　are　increasing　demands　for狐ater三a至s

deve1op亘皿ents血om　new　aspects　such　as　e1w三王omnen芝

consciousness，amenity，al，d　so　on－When　we

hwesをigate　such　new　needs，most　of三nformaゼon　are

provided　mainly　by1anguage　and　human　senses，

Thus，the芝arget　oチthis　study　isセo　constrもlct　a

quanセitative　eva1uation　method　which　can
hユcorporate　sensory　h㎡ormahonむ1をo　maセeria至sδes三gn・

　　Por　this　purpose，we｛nguired　of8！persons　from

20to50yearso呈d　about　the　re1atio…1ship　be士ween

human　sense　al、δをechnica1terms　for　materia至s

properties　such　as　mechan三ca三，chelnica1and
physica1ones　using　a　re至a亡io1，sh三p　n，atr三x・　丁至1ree

chaζac圭eris芝ic　vectors王epresenting1，warmth’1，

11c1ean至inessll　and　I’sp1endidness’1were　extracted　fro肌

1皿u1t三Varia乏e　StatiS亡iCa至ana1ySiS　On　CO11eCted　SenSOry

data．Fromセhe　present　ana王ysis，i圭is　conc呈uded　tha芝

we　understand　and　express肌a敏ia1s　properセies三n

comparison　with　functions　and　properties　of　human

beings－n　o隻he王words，mos芝of　maセeria至s　rep至esent

the　functions　ofhumanbeings．

　　As　the　next　s芝age　of　this　study，we　have

constmc舌ed　a6a圭abase　which　corre豆ates　various

k三nds　of　maセeria1s　prope更t呈es　with　funcをions　of

human　beings　by　a　re1ationship狐atrix．This
re至at三〇nship　mat芝呈x　wi1豆be　app1三ed　to　f三nd　needs

foチnew　ma吉eria1s　and　ef｛ect三ve　uses　of　materia1s

prOpertieS・

Keywords：human　senses，materia至s　proper走ies，

relationship　lnatr三x，1γ［u1セivariate　s芝atistica呈

ana至ysis，ful〕ction　oξhulnan　beings
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The　therma呈reactions　on　so1id　surfaces　play

lmpo・tan芝ro1esinv昼rioussu・faceprocesses
inc豆ud三ng　epitaxia1growth，etching，and　cata1ysis．

The　purpose　of　this　work　is　to　c1arify　theoretically

the　thern／a1更eact主on　pτocesses　on　severa茎so1id

Sur圭aCe　SyStemS　SuCh　aS　Sem｛COnduCtOr　SurfaCeS

and　meta呈sもlrfaces．The　ana1ysis　is　based　on　the

density－functiona至e1ecをronic圭heory　within　local－

density　approx三maセion，which　provides　a　powerfu至

走001芝O　determine　the　dynam三Ca1behaViOr　aS　We11

as　the　stab呈e　aセo1m三c　arrangenlent　of　so豆id　sし豚faces．

　　The　stmc圭ura至stab三1iセy　and　optimum　atomic

arrangeme耐of走he　Ga－rich　GaAs（O01）一（4x2）

reconstructed　surface　has　been　t至1eoretica1iy

i玉wesをigated，This　work　shows芝ha’t　the　s士ab至e　Ga－

rich　GaAs（001）surface　co呈1s三sts　of　two　Ga　di．mers

o1㌻the古op1ayer　and　ano圭her　Ga　dimer　at乏he　third

layer　and芝haをセhe　ca1cu至aセed　surface　charge

dis芝ributions　are　in　good　agreement　with　t至ユe

observed　scanningをunne至ing　n／icroscopy　i王丁三ages－

　　　Recent1y．we　have　inves吉igaセed　the　adsorption

of　c1，1orine　皿o呈ecules　on　the　至econs亡ructed

GaAs（001）su由ces，Ollor三ne　is　one　of　the　most

importa1対ha1ogensもlsed　in　the　sem三conductor
eξching　Processes・　The　stab1e－ge〇三皿e亡更ies　of　the

ch玉orina士eδGaAs（00ユ）surfaces　have　been
6etermined　theoretica呈至y，which　are　consistent　with

recent　temperature　programmed　desorption
meaSもlreme夏1tS．
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The　crysta11三zaセ三〇n　process　of　sputξef　deposited

Ti4sA152amorphous　a1loy　was　sモudied　by　h三gh

reso1utionセransmission　e1ectron　microscopy
（HRTEM）and　Xプay　diffraction－An　unknown
phase　having　spher虻aI　mo叩ho1ogy　precipita｛es　in

a肌o工phous　rnatrix　主n　the　ear1y　stage　of
crysta11三za量ion－E至ectron　di搬ac乏ion　p鮒ems　from

this　phase　can　be　ident三fieδby　the　primi芝ive　cubic

or　tet支agona至sをrもlctures　with　the　la辻tice　parameセer

of　a（＝c）＝〇一69nrn－

　　Liquid－a㎜orphous童ransition　pエocess　o圭Ti－A1

al1oys　were三nves量iga芝ed　by　using　mo1ecu1ar

dymmics　techniques　with　the　Embedded　Atom
Method－　T1ユe　s三肌u1ation　cou呈d　reproduce吉he

exper三至nenta1王y　observed　concenモration　range（40－

85aを％A1）for　a皿orphization・Sセmcture　analyses　oチ

the　amorphous　a豆呈oys　indicate童hat　the　basic

bu三1d｛ng　blocks　for走he　amorphous　phases　of　Ti－A1

system　shou1d　be　icosahedra1c1usters　wi圭h　Al－

atOm　inξhe虹Center．

　　CoatingofHfConWpowderwas圭riedbya
f呈uidized　beδCVD　as　a　new　process　to
manufacture　s呈nte至ed　W－HトC　a1Ioys．A　HfC

coated1ayer　of8nm　th玉ckness　is　obtained　by　a

f1uidized　bed　CVD　atユ553K　for　gOOs，which

corresponds　to0．4mo1％of　HfC　in　bu1k．
Pre1i皿inary　experiments　were　a至so　performedセo

esモab1ish　CVD　condiセ三〇ns　for　coating　of　S｛02or　S三C

onFepowde・・

Keywords：metastab至e　phase，amoエphous．mo1ecular

dynan↑三cs，thαmody1柵nl｛c　ana王ysis．CVD
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The　cエeep　damages　and主rradiation　damages　wiu

initiate　and　gmw　in　materials　of　atomic　power

p1ants　du工ing　use，however　these　micro　structura1

changes　are　d三sregarded　when　p1ants　areδesigned，

This　rese肌ch　aims吉o　deve1op　the　eva1uation

program　of　mechanica1properties　taking
microstructures　in言o　account　by　us三ng冊M，m呈cro－

mechanics　and　damage　mechanics－The　designing

methods　of　most　suitab1e　materia玉stmctures　based

on　inve「se　ana王ysis　a更e　a1sO　s亡udied．　The　para亘至e至

compuセing　method　by　using㎜u1亡ip1e　CPU　are

intrOδuCed．

　　We　have三ndicated　tha素creep　crack　growth

behavior　have　beenδependent　on　microscopic

creep　fracture肌echanism　fromをhe王ong－term
creep　cエack　gエowth　tests．The　growth　rate　of

wedge－type　inte王granu1a工crack　and　transgramla工

crack　cou1d　be　predicted　f王o㎜frac量ure　mechanica1

C斗va豆ue　and　materia至Is　creep　duct三｝ity・The

growth　rate　of　cavity－type　in芝ergram1ar　crack　was

acce1e閉古ed　as　the　creep　damage　density　ahead　of

the　crack　t主p　increased　and　cou1d　no走be　predicモed

from　creep　duc舳ty．In　order　to　c1ar三fy　the　effect

ofδamaged　zone，we　are　developing　the冊M
program　which　simulates｛e　grow芝h　o｛αeep

voids　and　cracks　based　on　the　loca1critical　st王ain

cri亡erion一珊e　predict三ng　method　of　crack　growth

rate　from　the　creep　consti士uセ三ve　equation　under

cavity　type　frac芝ure　mode　would　be　discussed－

　　The冊M　progエam　to　simu1ate　the　He
embr呈tt1ement　has　been　deve丑oped．The　effecをof

size　and　density　of　He　bubb1es　and　wo王k

haτden三ng　exponent　on　tensi｝e　p工ope工ties　were

discussed．The　criセica1size　and　spacing　of　bubb1es

aをwhich　He　embr紺emen芝appeared　were　c1arif三eδ

from　this　simu1aξion．

Keywo互ds：FEM　s三mu至ation，Creep　damage．Creep

crack　growth，He　e服brit走1ement
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The　coordinated　resea至ch　p至ogram　of室he　Science

and　Techno互ogy　Agency（STA）toδeve1op　the　virtua1

experimen芝a1techno1ogies　fo王materia1s　design　i．s

being　carried　ouセfrom　Apri｝1995－Ove芝twenty
resea］＝che］＝s　paてticipate　in　this　pぎog王an／・　This

research　Program　ai皿es　to　promote　芝he
computa芝iona至science　of　Japan　in　the　region　of

mater三a呈science　and芝o　deve1op　t呈1e　new　mater三a呈

design　techno至ogy芝hrough　the　rea1izatioηof　a

v三rtua1experimenta1system　using　the　co肌puセer

techno至ogies　such　as　supercompu吉ings．databases

and　network　systems．This　research　program
consis芝s　of　four　parts，　the　first　pr三ncipa1

compuをatiom1apProach∫meso－scopic㎜ateria1
structure　prediction　using　the　s芝at三st三ca旦thermo－

dy列a㎜ics　and／ormon全e－car1o　ca1cu1aセion，mode至ing

and　simulaをion　of　maをerial　properセies　such　as

strengセh　and　deve三〇pment　of　a　virtua至experimenセal

sys芝emby主ntegrationofcomp1ユtertec1mo王ogies・

　　　In　th呈s　research　prog更a叫NRIM　is　conδuc吉ing

the　fo王1owing　threeエesearch　projects、

　　　ヱ、Ca至cu1at三〇n　of　a士o肌transfer　on　a　mate支ia1

surface　by　Ab　Initio　mo呈ecu1ar　dyna亘皿ics（Car－

P服ine11o1苅ethod）一

　　Th三s王esearch　aims芝o　dev61op　the　Ab　Ini±io

co1nput三ng亘nethod　based　on－the　density　func芝主ona王

theOry　tO　ana至yZe　p1，ySiCa豆phenOn，e1，a　SuCh　aS

che呈皿ica王response　on　the　so1三d　surface，ther王ma1

aセo呈n　t王ansfer　such　as　d三f叙1sion．　In　this　research、

そhe　force　act三ng　on　the　a芝o服is　simu1ated　by　the

圭irst　p至i至／cip1e　ca1cu至ation．

　　2．Materia呈design　of呈1eat－resistant　a1呈oys　by

statis乏ica旦thermo－dynamics　ca1cu至ation．

　　In　this　research，t1，e　statisセ三cal　thernユo－dyna1洲ics

ca1cu丑ation1nethod　is　being　iInproved　for　the

ma走eria1　des三gn・　The　C豆もls芝e王　Varia廿ion

Method（CVM）us三ng　a　phenomeno王ogica1
三nteratoInic　pote1／圭ia1（L－J　Poセent三a1）三s　e1ハp1oyed

for　the　ca呈cu1ation　of　t1／e　equii三briし王m　state　in　m訂1t三一

compol，ents　Ni－base　supera至至oys．

　　3・N｛odeI圭ng　and　si1苅u1atiol、ξor　the　preδic芝ion　of

n｝ateria1Strength．

　　This　aims　to　deve1op　the　s三mu豆ation　meセ至10d　for

strength，fracture　and　damage　process　of　ma童erials－

The　lmo亘ecu1ar　dynamics　is　being　app1ied　for　na汀o－

scopic　materials　eva1uation　such　as　the　nano－

indentation　and　the　combina乏ion　method　using　the

so1三d－sta芝e　mech舳ics　and　t至↑e｛act　daセabase　is　a1s0

deve1oped－　Inセhis至esearch，the　realization　of　a

vi更tua1consu1tant　sysセem三s　a1so芝ried　for　a　use　of

肌・te・i・1d・・lgn・・Se・ζChe…

Keywords：compuセationa至si狐ulation，mode1ing，

Vir芝ua1eXper三㎜en芝S
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Stee1fran，es　and　stee玉＿τeinξorced　conc］＝etes　have

never　been　soセerrib1y　broken　in王apan　as圭hey　were

by　Hanshin－Awaj三Great　Earthquake，Parセ三cularly．

there　were　britt1e　fractures　on　the　s芝eel　baエs　of　the

higトrise　bu三1dings　and　buck1ing　deformation　on

ξhe　oi1tanks－For　h三gh　s芝rength　ma亡er三a至s，most　of

them　are　stee至，セhe　s士ud三es　o〔he　bri量そ1e　fractures

have　been　tied　up　unti1芝heユ9701s・Quantitat三ve

sをudies　are　not　suffic主ent　concerning　the

defo支mation　and什act雌e　a亡base　meta1anδ
we1ding　joint．where　the　high　speed　and　res走ricted

defo王mation　happened　during　this　earthquake．

Moreover，the　strength　is　inco爪patib1e　with吉he

toughness　and／or　duct主1ity　on吉he　rea至stee1．i・e・、

the　higher　the　strength　we　wan芝∫the　lower　the

モoughness　and／or　ducti1ity　we　receive－

　　The　present　study　aims　a士the　compatibi呈ity

between芝he　high　s乏rength　and　high　tougl，ness

and／or　ducti至三舌y　in芝he　light　of　meta豆matrix

composites，incbding：

（玉）Pundamenta呈stuδy　oξthe　s叔ength　of　ferrous

materials　to　clarifyセhe　deformation　and　fracture

mechanism　at　restric芝ed　and　h三gh　speed
deformation　and　to　obセa三nセheチundamenta呈

know1edge　for　deve1oping　the　h三gh　s室rength　and

high　モoughness　maセeria三　ξhrough　the
miCrOSセruCtural　COntrOl

（2）Creat軸somebaslc㎞ow1edgefordeve1op㎞g辻he

sモruc㎞ra1compos三辻es　withhighphysica至properties

Keywo辻ds：st王ength，deformaセion，compos三ξe

94　1＝undamental　Researc11　for　lnt⑧111ge耐　Materlals

（戸0rrna訓on　PrOc8ss　and　Rec◎ve姉ng　M8thod　of　C惚6p

Damage）

Creep　damage　forma｛ion　pmcess

Us三ng　the　e至ectron　Moir6method．the　micro　creep

defor互nat三〇n　such　as　grain　bounda］＝y　s1iding。

・o・・s・s1ip・nd1o・・1l・edsξ・・lninpu・e・opPe・・nd

32王stain1ess　stee至specimens　have　been㎜easured．

The　resu至ts　show　that　the　loca1deformaを三〇n　after

seconda工y　creep　is　non－uniform，while亡he
deforma言io肌至p　to　beginning　oξsecond趾yαeep　is

comparat圭vely　uni圭orm，and　the　high1ongitud三11a至

tensi至e　s芝ra主n　and　transverse　compress三ve　strain趾e

formed　at　the　same　aエea．This　strain　distribl1士ion

has　a　c1ose　rela乏ionship　to　gra主n　boundary　s1iding

anδg支ain　boし童ndary　proPerties・

Hea1ing　oチC王eep　Damage

Por　the　purpose　of　hea1三ngαeep　damage　and　life

extension　on　heaをresis量ing　s言ee1s，a　s三ntering

mechanism　oξcavities　and　p工ecip主tation　behavior

of　stab至e　corqpounds　on　cav三童y　surface　are　s舌udied．

　　　The　progressive　sin室er呈ng　of　the　cav三ties　due　to

some　tτeat服ents（co㎜pressive　creep，hot　isostatic

press主ng　and　amealing）主s　monitoζed　using　high亘y

sensitive　densi童y　measurementをechnique－The

resu至ts　show　that　sintering　ra芝es　under

compressive　creep　are　rapid　and　depend
propor言iona1ly　on　compressive　creep王a芝e．whereas

annea1主ng　causes　on至y　s至ight　sin言e王ing．　Therefo王e

comp歪essive　creeps王emove　con，P三eセe1y　the　cavities

and　ex±end出e　ruptureユife　conside工abユy・

　　Cavi亡y　surξace　coated　by　precipita芝ion　of　a

stab1e　compomd1淡e　BN　is　expec言ed　to　suppress

the　surface　diffusion　and　the　cavi古y　growth

remarkab至y－The　austen三セe　stainless　stee1with　high

B，h主gh　N　and至ow　S　showed　the　predpita言主on　of

BN　on　cavity　surface，rare　for王nation　of　cavity，

extended工upture　time　and　high　rup士ure　duc舌i1三ty・

亙t　is　thought　that　these　prope工乏ies　are　due　toセhe

precipitation　of　BN，

Keywords：Inξe11三gent　Materia1s，e1ectron　Moir6

meセhod．creep　defoτmation，se｝f－hea1主ng　of　creep

cavity，life　exセension

NOn一｛errOuS　maierialS

N・S”〃yα、5肋Rεs8〃℃”Gro〃ρ

【April1994to　Marcい999］

In　this　woエk｛igh　te肌perature　damage　for肌ation

process　and　hea1ing　method　of　the　damage　are

be｛ng　stud三ed　for　creating　se1f－hea1ing夏nateria1s一

95　Relatio11ships　beiweep　Fatigue　Softerlingl1・lardeni11g

Be11avior　and　Tl…M　S彬uc池re　of　Titarlium　A11oys

T・K肋〃伽、肋c肋〃ω11〕1－oρ3材オθ5D加オ5ゴo〃

【Aprilユ994to　Mar〔h19971
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The　change　of　the　width　or　area　of　the　hysteres三s

呈oop　during　the　fatigue　testing　of　materia至s　at

constanセstress　amp1itude　is　taken　usua11y　as　a

measure　o麦dynamica1changes　in　mechanica1
prOper亡ies．By　testing　a舌stress　a㎜p玉iをudes　higher

than　y三eId　stress．fa芝｛9ue　harden｛ng　o列1y　takes

p1凄ce　in　a11oys　as　we11as　pu蛇meta王s（dec王ease　in

を至1e　width　o圭hysteresis　loop）一。Wh三至e　at　stress

amp1itudes呈ower　than　the　yie呈d　stress，fatigue

soξten三ng　occurs－Detai1s　ofξatigue　softening

be1蝸vior　have　been　repor言eδfor　the　materia亘s

such　as　a1uminu肌（／）、copper（2）、si至ver　and　iron（3）、

The　aim　of　this　work　is　to　revea至the　mechan主sms

of　fatigue　softening　and　harden｛ng　behavior　of

室itaniu蛆　a11oys　in　connection　with　the
characterisξics　of　crysta1　structuτes，using

t至ansmiss三〇n　electron狐三croscope（正M）・

Fa辻igue　softenin8and　ha元dening　behavior

We　determined　at　first　the　speci肌en　shape　most

suitab1eξor　tension－co互npression　fatigue　testi1，9，

then　exanユined　tl，e　c支ys芝a1s士ructureδependence　of

fa芝igue　sof室ening　and　harden三ng　behavior　using

T三一3A1－8V－6Cr－4Mo－4Zr　a至1oy（β一type　titan呈um

a11oy，Ti－3－8＿6＿4－4），pし泌e芝itanium（α一type）and　Ti－

6A至一4V　auoy（α今βtype）．Also　examined　the　stぎess

ret三〇（R二一ユ、R＝O・！）dependence　of圭atigue　soξtening

and　fatigue　harden主ng　behav｛or　usingβ一type

titanium　a王呈oy　and　pure　芝れanium．　　The

experin，ents　for　the　fatigue　sof廿ening　and

hardeni1唱pheno肌ena　weζe　carr三ed　out　on　work－

harδened　a1，d　amea1ed　mater｛a豆s．respective王y・

Fo玉1ow主ng　are　the　main　resulセs・（至）h　fatigue

乏esting　of　annea1ing　n／ateria至s，fa芝igue　haden三ng

behavior　ofβ一type　titanium　a11oy　was　more

remark昼b1e　than　pu支e　t三tanium（α一type）．（2）In

fat主gue　testing　of　co至d　working皿ateria1s，the

fatigue　sof量ening　behavio王ofβ一type　ti芝aniLm　a至至oy

taked　p至ace　more　remarkab1e　then　p雌e
titan主um（α一type）・

Re正ation　betweenチatigue　behavior　and　electmn

1＝nic正oscopic　s版uctu証e

The　TEN｛obseτvatioI，has　been　airned　to　revea1t1，e

1苅echa訂is1ns　of　fatigue　softening　and　l，ardening　in

theβ一セype　titanium　a11oys．　At1ow　and
in亡εr且皿ediaをe　cyc1ic　stress　ranges（s圭ress　rat圭o　R＝一！）

in　annea五主ng　mate茎ials　dis1ocaセion1oops。呈oop

patch（d三s1oca乏ion1oop　c1usセeτ）and　network　of

dis至ocation　ce1至s　are　observed－At1arger　cyc呈ic

stress1eve1s　equiaxed　subgra｛ns　a1，d　e至ol，9a乏ed

s訂bgrains　a肥appeaζed－As　co1d　working　TEM

structure　are　exh三bited　high　density　tang至e

dis1ocation　sモruc芝u支es．On　the　oセher　hand，TEM

structure　of　fa芝三gue　softening　are　changed

eguiaxed　and　elongated　subgrains　wi士h1ow
dislocation　density・

Keywords：Ti各8－6－4一遂、pureセitaniu肌、Ti－6A王一4V，

TEM　structure，fatigue　softening，fatigue
hardening

Re1ated　Papers

三、｝．C．G王osskreutz　and　P．Wa1dow、’1Substructure

　　and　Fat三gur　P工ac芝u工e　in　A豆uminumI’、Acfσ

　　Mε舳〃r9たo，l！（玉963）：717－724．

2．K　V．Rasmussen　and　O．B．Pedersen，1IPat圭gしle　of

　　CopPeζPo1ycrysta1s　a吉Low　P1asセ三c　Stra圭n

　　A狐p至itudes’1、λc亡口Mεfη〃1．’rg’co，28（ユ980）：

　　ユ467＿！478．

3．H．エ．Roven　and　E．Nes，HCyclic　Deformation　of

　　Fe・舳・S芝・eレ玉・St・ess－St・・inResp㎝s・・nd

　　Structure　Evo1ution1’、λcfη　〃1θ切〃．ηmfθr．、

　　39（ユ991）：ユ7！9＿1733．

lnt⑧rmetaric　compouds

⑧舳1m11t1lR榊111N舳WllrR11iltl1㏄
Materials　of　TiA18ased　C◎mp◎sites

S．瓜εκo，1〕l1畑ω1Pγoρα伽εsD〃5｛o〃

エApril／996to　March1998］

TiA1has　charateristics　of　high　spec三f主c　strengt至／and

high王ne1ting　P〇三nts，but　lack　of　dし王cti呈ity　atτoo工n

tempera芝ure－E歪forts　to　improve　the　ductihξy　of

乃Al　a芝roo肌te肌perature　have　been　made　by

many工eSearCherS．

　　Wear　resis｛ance　ofT1A1is　a至so　hig1／er　than　thaセof

ordinary玉皿eta｝s・However三t三s　necessary　to　increase

室he　surface至1ardeness　and1ower　the　fヱ・iction

coeξficien士±o　use　as　a　wear　resistance　materia呈．In

order　t〇三ncreaseセhe　wear支esis芝alxe　of　TiA豆，two

㎞、ds　oチTiAl　based　co王篶pos伽s，i．e．。TiA董一Ti2A1N　aI，d

TiA五一MoS2，werepreparedh／舳ss㎞dy．

　　Ti2A1N　in　TiA〕s　stable　a芝1273K－Therefore，

Ti2A至N｛s　suitab王e　as　hardening　particleξor　TiAl

based　composites－A狐｛xture　o歪TiN　powder　al，d

TiA至powder　is　hot－pressed　at1473K－573K．
Ti2A1N　partic1es　are　fo王med　by　the　reacセion　of　T量N

and　TiA至、and　dist至三buted　homogeneous1y　in　the

composite－The　composite　of　TiAl－Ti2A1N　has

bee1，deve1oped　for　a　high－temperature　s呈iding（〕r

rotating　Par芝s1苅ateria1in　ae王o－space・

　　　A　mixξure　of　MoS2powder　and　TiA豆powder　was

ho卜pressed　and　reacξed　each　other－MoS2parセic1es

ol，the　surξaceδecreased　the　friction　coef畳cient　ofセhe

composite　of　TiA1－MoS2．The　composite　of　TiAl－

MoS2has　been　developed　for　a　s1iding　o支rota吉ing
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parts　materia1in　high　vaccum　systems・

Keywords：TiAL　Ti2A王N∫MoS2．intermeta11ic
compomd，composi止e，wear　resistance

⑦MesoscoplcS榊ctu陀C㎝tro1a耐Pr◎Pert1esof

lntermetallic　Compounds

M．Nob〃た｛、3〃R慨肌11Gl’o〃ρ

［Aprilユ996to　March2000］

Mesoscopic　structしlre　and　fine　microst工uctu工e

conセ・o1saτepaidatセe1／セlonasamethodo圭
肌aterials　deve玉opment　for　strucセura至a1亘oys　of　the

next　generation．We　have　initiated　overa1至

research　systematica王1y　comected　with（ユ）

P・ocesslng，（2）cha・acterlsticevaluati．㎝・nd（3）

detai1ed　strucセu王e　ana1yzin9・

　　The　objectives　of　our　work　w主セh　respect　to　TiA玉

gamma　lつase　alユd　tria1uminide　intermeta呈三ic　a11oys

in　titanium　SyStem　are　aS｛0110WS：

　　　（a）Prepam吉ion　of　noneglユilibr主um　phase　a11oys

uti1三z三ng　a　rapid　coo1ing肌eセhod　and　a　vapor

deposition　method，etc．and　detai1ed　ana1ysis　of

セhe　microstructure　in　these　a11oys　wi三1be　carried

Out．

　　　（1っ）The　microstructuエe　change　by　chemica1

composi走三〇n　f1uc芝uation　or肌u1tip1e　auoying　w量11

be　invesをigated．The　e1ucidation　of　nユ三crostructure

formation　process　and　deve1opn｝ent　of　mesoscopic

structure　control　method｛rom芝he　view　po主nセof

the　phase　tra王ユsformaξion　wi1呈be　a1so　perξormed、

　　（c）The　c1arification　of互norpho王ogy　in　the　grain

strucセure　and　dispe至sion　of　precipitation　phase

will　be　done・Deve王opment　of　the　mesoscop｛c

sセmcture　contro1method　uti1izing　P至ast三c　work三ng

such　as三so之hermal　forging　wi11be　carried　out・

　　High1y　functional　properties　a1ユd　new
characteエisセic　properties　wi11be　investigaセed　based

upon芝he　m．esoscopic　structure　con亡ro1－　The

relation　between　mesoscopic　s芝rucセure　and

chemicaユcompos呈tion，phase　transfor㎜atiol、、

plastic　working，etc－and　the　re1ation　between

mater三a1properties　and　mesoscop三c　struc圭ure　wil1

be　a1so　systematica1至y　e1uc三dated．

Keywords：　　intermeta玉1ic　　co皿pounds，

microstructure，　Phase　　transformation，

thermomechan三cal　processing，mechanica1
prope村呈es．TEM　ana1ysis

98　Diffusi◎rl　in　Ordered　Alloys　a11d　Preparation　of

C◎rnpOsitio11GradierltedMaterials

H．S鵬舳o，1〕切s｛c〃Proρα伽8D加ゴ5｛o〃

エApr”995toMard11998］

One　o｛Pu叩oses　of　this王esearch　program　is　to

make　c1ear　diffusion　mechanism　and　phase
stabi呈ity　in　ordered　a11oys　such　as　NiA至。丁三A1and

T㌔AL　This　year　the　interdiffusion　coeffident　in

TiNi　was　measured　by　a　chemica王transpor±ation

techniq訂e　in　a　c1osed　tube　using　transporting

medium　of　a1umimm　ch1or主de　gas．The　coeff三cient

is　extraordinary1ow　in　the　compos三tion　range

between46and54ato皿三c　percent　a呈u皿im皿．The
王esu豆t　imp1ies　the　existence　of　a　miscibi1ity　gap　in　a

NiT三s三ng1e　phase　region・

　　Another　purpose　of芝he　program　is　to　deve1op

the　fabrication　method　of　composition　gradiented

mater三a1s　oチordered　a1至oys－If　the　composition　is

de1icaξe1y　changed　a1ong　the1ongit訂dina1direct三〇n

○圭the　materia1，we　can　obセa｛n　the　ma芝e王ia1

possess呈ng　un主gue　properties．We　t工ied　to　contro1

the　concen圭ration　oξt主圭anium　in　Ni－Ti　binary　a豆至oys

by　regu1ating　of　heating　temperaセure　of　nicke1

plate　specimens　and　mixture　of　titan三um　and

ammonium　ch1oride　p呈aced　in　a　c玉osed　a1u孤三na

tube　independent1y．I芝was　found　tha走titanium

concentration　in　TiNi　shape　memory　a1至oys　cou1d

be　precisely　con圭ro1呈ed　by　this亙nethod・

Keyw．oエds＝ordered　ai1oy，diffusion，chemica1

transportaモion，shape　memory　a11oy

99　1－lydrogen　Behavio芋s　at　lnterfaces　i列A11oys

C　M5〃榊〃閉、1〕物s｛c〃Pγoμγ肋s　D加｛8｛o〃

エApril／995to　March1998】

Hydrogen一をrapPing　behaviors　in　L12－ordered

Ni3A1have　been　inves圭iga芝edもls三ng　therma1

desorption　spectroscopy（TDS）。in　o芝der　to　obta三n

fundamen芝a1data　to　c至ar町走11e　mechanism　of

environmenta1e肌br三t圭1emenセin　L！－o王dereδ
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　2

呈ntermeセa11ics－Boron－free，equiaxed　po1ycrysta1s

of　Ni3A1were　used　for　sa㎜p亘es．The　sa皿p至es　were

prepared．starting　fエom　a　ducセi1e　bar　of　Ni3A亘

which　was　grown　by　f1oat主ng　zone　un三directiona1

so1idificat三〇n（FZ－UDS）、by　reαysta1至izing　co1d

ro11ed　sheeセs．Tritium　was　e1ectroc1ユemicai1y

charged　in　advance　to　the　measurement．Heating

raセe　was5K／s．The　therma1desorption　spectrum

exhibited　two　dis圭inct　peaks，a走363K　and458K．

This　resu1t　shows　tha芝the　samp1es　conξain　the　tw0

d三fferen圭types　of　t王apping　s三モe　for　hydrogen－One

poss主b三至｛ty　is　that　the　grain－boundaries　in　N三3Al

trap　hydroge1ユn｝ore　strong1y　than　the　in走erst三セia1

sites・It　is　spec訂1ated　that　environmental
embritt王ement　in　Ni3A1is　caused　by　the　moisture－

induced　hydrogen　which　segregates　at　grain

bomdar三es，Promo芝ing　interg王amlar　fracture．

　　Hydrogen　permea芝ion　behaviors　oξ㎜agnesium
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a1至oys至／ave　been　investigated三n　order　to　ob芝ain

fundaraenta1　data　on　hydrogen－absorpt三〇1，

cha支acter主stics　oチthe　a1至oys・Magnesium　a呈1oy

investigated　here　was　Mg－1．54A1－O－65Zn－O．05Mn

mass％．Auoy　me肌b閉nes　we至e　pa11ad量u脈p1ated

by　evaporation　in　vacuum－Hydrogen　permea芝ion

was　per｛or肌ed　in　the　eΨipmen量with　u1tra　high

vacuum　sys圭em　in　thとtempeτature　range423－

498K－Hy幽ogen　di肢1sion　in　the　Mg　a王1oy　is　not

s1ow：hydrogen　diffusivity　of　the　a11oy　is

comparab且e　to　tha芝of　pauadium．O1パhe　oをhe王

hand，hydrogen　permeabi1ity　of　the　auoy三s　rather

sma11－The　va豆ues　of　hydrogen　permeab倣y　in　the

t・mp…t・・・…g・i・…tig・t・d・・・・・…d10’12

mo王of　H、．m’1．s’1．P51／2，which　are　sma11er芝han是hat

of　pa11adium　by　near1y4orders－The　hydrogen

so1ubi1i吉y　ca1cu1a室ed圭ro肌舌he　ob芝ained　data　was

cons三stent　wi士h　the　previous　resuHs　determined　by

the　resistmetric　sセudy・The　presen芝resu呈童suggests

that芝he　addi士ion　of　a｝1oying　e1ements　which

enhance　the　hydrogen　so1ubi1ity主s　efチective　in

improving芝he　hydrogen　absorp圭ion　k三netics　of

n，agneSiurn　aI至OyS・

　　This　resea室ch　was　pe麦ξormed　in　co11aborat三〇n

with　the　Ins出uをe　of　Industr三a1Science，the
Universi量y　of　Tokyo・

Keywords：hydrogen，in圭ermeta至1ics．9rain
boundary，interface、圭rapP主ng

100　1mP了◎vemen｛　　◎｛　　Mechanical　Propeれies　　of

1杣尉metallic　Comp◎unds　by　Crystal　Grow欄C011汰ol

T．Hか伽o，C〃舳｛c〃1〕一一〇c28s加gD｛切s｛o〃

lAprilユ992to　March1997］

The　objective　of　this　sξudy　is　to　impmve室he

mechanical　properties　of三nter服eta11ic　compounds

by　crysta1growセh．We　haveξound　that
unidirectiona王so1idificat主on　us三Pg　a　f至oa芝三ng　zone

皿ethod　remarkably　e1曲ances　the　room一
セempe王a辻u室e　ducti1ity　of　Ni3A王w淋out　addiセ主on　of

a1亘oying　e1ements　such　as　boron・We　ca豆1th三s

method　PZ－UDS－Sをoichiome隻r三c　Ni3A1exhibits

more士han60％tensi至e　e豆ongation　a±room
temperature・It　is　found　thaげZ－UDS　can　enhance

even　the　duct倣y　of　A1－rich　Ni3A1which　can　not

be　ducti1ized　byをhe　addition　o壬a至1oying　e呈emen亡s．

indica童ing　tha芝FZ－UDS　is　a　new　promising

method　to　i㎜prove　the　brit伽ness　of　intαme芝a11ic

compounds・
　　互n乏his　study　three　subjects　are　s校essed・　服rs士。

crysta1gmwセh　techn均ue　is　deve至oped　in　deta三1．

Co1umnar－9rained　structure　which三s　c1ose1y

re1ated芝o　the1arge　duc舳ty　of　N三3A1is　obtained

by　se1ecting辻he　gτowth　raをe．depending　on　the

deviat三〇n　from　the　stoich三〇metry．Second，the

so1idif三ed　co旦umnar　s芝ructure　is　character三zed，

paying　aを走ent三〇n　to　the　grain　bo毛u／dary　structure

and　segrega士ion．　It　is　fo訂ndをhat　t至1呈s　str毛1c芝ure

consists　of1ow　energy　grai汀boundaries－Th圭rd，

the　mechanical　properties　and　deformation
behaviors　are　s亡udied、

Keywo韮ds：unid虹ect三〇na1solidification，f王oa芝ing

zone　meセhod．Ni3AL　room一セemperature　duc舳セy

R・1・辻edP・p・・s

1．T．Hirano　and　T．Mawari、’’Unidirect三〇na至

　　So呈idif三cation　of　N三3A至by　a　P1oa辻ing　Zone

　　Me圭hod’1、λ肋η！肋〃．〃1肋1’．、4ユ（！993）：至783－789．

2．T．Mawari　and　T，H1rano，1’趾fec圭s　of
　　Unidirectional　So至idification　Co1ユditions　on　the

　　Microsセruct訂re　md　Tensi豆e　Properties　of　Ni3Al’1．

　　1ηfθr〃1εfη1”cε、3（至994）：23＿33．

3．T．Wa芝anabe，T．Hira1，o，T．Ochiai，and　H．

　　Oikawa，I’Tex走ure　and　Grain　Boundaエy
　　Characをer　Disセribut三〇n（GBCD）三n　B－Free　l⊃ucti1e

　　Po玉y－crysta11ine　Ni3A至1’、Mofεr・5cf・Po川〃1・、

　　ユ57＿ユ62（ヱ994）：至！03＿ユ王08．

101　High　　P⑧rf◎叩nance　　MateチiaIs　　f◎芋　　Seveぎe

Envir◎nn1帥言s・1（Micr◎s榊ct㈹and　Prope州es　o言

1榊ermetallic　Compouηds　wit11High　Specific　Streng言11）

M．Mk舳舳、3r〃鮒肌11G舳ρ
［Apr111990t（i　Mar〔h19971

Ligh芝一weight，　heat－resisting　intermetallic

compound　TiA1is　a　candidate　for　a　structura至use

in　severe　environments　for　a　space　p1ane　eセc・、and

the　know1edge　of　var三〇もls　properties　of　TiAl　base

a11oys三s　required　foぎa　practica｝もlse　in　s汀ch　an

・nYi・・n肌・nt－nthi・・・・・…hp・・g・・㎜lth・

互nechanica1propert三es　are　systematica11y　s士udied

for　T三A1base　a至1oys　w1，ose　composition　a1－d

microstmctu支e　are　we1l　co1桁o1led，and　then　the

fundarαenta1rnethOdS芝O　COntrC至rrぽCrOStruCture

which　gives　the　opt三肌um　properties　fo工a　prac芝ica1

use　to　ma芝eria至s　aぎe　discussed．

　　TiA1base　anoys　with　Sb　addiセion　from3to　g

aを・％were　prepared　by　argo灯arc　me至ting，and

un三directiona至1y　so1三δi麦圭ed1ユsing　a　float主ng　zo1ユe

furnace．　The　effec芝of　the　Sb＿rich　phase　o1，y三e豆d

strength　a走1373K　was　sセudied．In芝he　a至1oy　with

芝he　addition　of　Sb　above6a乞％、the　proeutectoid

Sb－r三ch　phase　was　particもl1ate，and1，o　elol，gated

Sb－rich　phase　were　observed，The　a至至oys　w三th　a

small　amount　of　Sb　exh量b三圭ed　the　e｝onga圭ed，

fibrous　phase　w三セh　an　aspect　ra芝io　oチmore　than至O

in　the　central　part　of　the　directiona豆so至呈dified

specimens．The　a1至oys　wi圭h　theチibrous　Sb－rich
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phase　exhibited　the　tensi1e　s圭rength　above200MPa

at1373K，bu乏many　specimens　exhibited
premature　fai王ure　and　no　e1ongation　even　at1373

K，As　many　pores　were　observed　ne∂rをhe　fracをurε

surface，a1，d　was　considered　to　cause童he
pre1nature　fai1uエe，the　directiona呈1y　so至idi圭ied

a11oys　were　mPed　at1473K，and　then　tested　in

tension　atユ373K．　Thus，one　ofセhe　HIPed　anoys

exhi．bited　the　tensi1e　sセreng乏h　of　higher　than240

MPa，and　the　e1ongatio1，above　lOγ。、

　　　The　microsセructure　conセrol　of　TiA呈base　a呈1oys

was　carried　out　using　a　thermo－mechanica1

processing，and　the　h呈gh　temperature　streng乏h　was

exa1苅ined，In　order　to　obtain　hig玉↑strength　a芝high

temperat岨es，so1id　so玉ution　and　precipitation

hardening，and　1苅icrostructure　conセrol．are

required．　Based　on　prev…．ous　results、　走he

microstrしlcture　a呈／d　mechanica至prope工ties　oξTiA1

al1oys　wi圭h吉he　add三をion　of　S主∫V．Zr，Nb，Hf　and　Sn

we亙e　studied－The　a1ioys　wαe　HIPed　a乏ユ470K

・ndiso吉he・ma至1yforged・tboth1470・nd1530K，

followed　by　hea乏一treatment　a亡／370－670K－n　the

forged　alloys．recrys吉a至1ized　grains　with　a　grain

size　of　sma玉王er圭hanユOμm　acco㎜panied　wi辻h　a

sma1玉amomt　of　fine　second　phase　par士ic至es　were

observed，and　no1ame1王ar　grains　were　obse支ved－

After　heat－t王ea芝ment，芝he　m．iαostエuc芝ure　cons三sting

of　e〔1uiaxedγ9ra三ns　with　a　grain　s三ze　of　about

55μm　and乏he　fine　second　phase　partic1es　alongセhe

γgra三n　boundaエies　was　obta三ned．Thus，芝he
isoξhernユa三forg圭ng　a1｝d　heat一亡τeatnlenξaboveユ570

K　are　ava三至ab1e　for　the　m．icrosモructure　contro1of

t1，ese　al1oys．　The　heat＿treated　a11oys　ex1，ibited　the

y三e1d　strength　of1，4times　higher圭han　bin班y

alloys，but　they　hard1y　had　room　temperature

elOngatiOn．

　　The　microstructure　change　caused　by
quenchingfromtheαphasefield，a1てd主henag呈ng
aセh｛9h　tempera圭ures　was三nves芝igaセed　foτTi－48

a圭．％A］．、When　the　aging　temperature　exceeded　a

c舳ca1temperature，the　equiaxedγ9ra圭n　sセmcture

wi圭h　the　p1aセe一炊eα2P丑1ase主n圭heγ9rain　irl．teriors

al，d　the　particu1ateα2P1，ase　a1ong　the　grain

boしmdaries　was　obモained－The至atter　phase　was

formed　independent　ofセhe　ag｛ng　temperature，and

co趾sened　remarkab1y　as出e　aging芝ime　increased．

Meanwhileパheセhickness　ofセhe麦ormer　phase
（about　aξew　to　so肌e　tens　nm）hard1y　changed．

EPMA　measuremenモshowed　t至↑e　co皿pos三tion

difference　between　the　matrixγphase　andセhe

plate一呈ike　and　particula圭eα2phase．A至セhough　the

composi走呈oηchange　oξthe　particu豆ateα2Phase　is

caused　by圭he　rapid　diffusion　a呈o1，g士he　γ　gra三n

b・md・・i・・、th・t・fth・p1・t・一1ik・・mm・yb・

co1，tro｝王ed　by　the　s1，ort＿dis支ance　d｛ffusion．

　　The　m呈crostructure　of　the　rapid1y　coo1ed　Ti－48

at一％A1was　a1so　observed　us｛ng　highエeso1ut三〇n

electron　microscopy，and　new至oca1atomic
arrangement　wi乏h　a　B19struct脳e　was　confirmed　in

亡h・もmm・s・iv・1ジ・・nsfo・m・d・eglonbyfiηe

StruCture　ana1ySiS・

　　The　oxidat三〇n　behavior　at玉173K　and　tensi1e

proper芝ies　at　room　te皿perature　weてe　sセしldied　fo工

a1uminized　TiAl　base　a11oys・

Keywords：I1－ter肌etaHic　Compound，TiAl，Sb．

Microstructure，e1ongation，thermomechanical
process主ng，GAR．high　te皿peraξure　strengセh
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In　ord．er芝o　deve1op　advanced　materia1s　we　stしldied

the　mechanica玉proper走ies　of　a1uminides，Ni3A1∫

and　the　e1ectr主ca1propert主es　of　si1icides．BaSi2・

　　Ni3A1　exhibits　a　posi芝ive　tempera乏ure
dependence　of芝he　yield　stress　which　is　known　as

the　yield　stress　anoma王y．The　mechanical
properセies　have　been　extensiveIy　studied，but　the］＝e

are　few　da芝a　onセhe　sing1e　crystals　with

sをoichiomeξ互ic　composition．H　is　because　i止圭s

diξfi㎝．1セto　growセhem　due亡o　the　peritectic　reaction

during　so1idificaセion－We　have　successξully　grown

1arge　sing1e　crysta1s　by　fIoating　zone　me芝hod．This

binary．sto主chiometric　single　crysta1s　exhibited

strain－rate　independe呈1ce　of　the圭1ow　stress，wh三ch

主s　different　from出at　of　mn－stoichiometric　al1oys．

Th三s　suggests　that　the　defo工mation　is　contro呈Ieδby

dis1ocation　mu1t三p至ication－

　　So　fa王it　is　known芝hat　there　are　three　different
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po1ymorphs　in13aSi2．orthorhomb三c，cubic，and

tr三gom1phases・珊e　fi工st　one　is　no王ma至phase　and

the至att剛wo縦hig呈1－pressureones－Weξound　the

fourth　high－press岨e　phase（ca11ed　BaSi2（IV）

hereafter）by三n－situ　X－ray　measuren｝ents　undeぎ

high－Pressure　and　h呈gh－temperature　cond三セ三〇1，s・

BaSi2（IV）can　be　quenched芝o　norma1pressure　and

r00mイemperaセuτe．The　e1ectrica1resistiv三芝y

showed　a　positive　te皿perature　dependence，
suggest三ng　thaをBaSi2（IV）is　a㎜eta1」t　a1so　shows　a

supe支conductingをransition　at6－3K　simi1ar芝o

tetragona1BaSi2・

Keywords：M3A1．s㎞g至e　crysta丑。mechanica1properhes．

BaSら。high－Pressure　phase．e至ec紅ica1properhes
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TiA至base　in芝erme芝a1至ic　compou1，ds　have　become

of　major　interes乏　as　a　candidate　for　high

te至皿peratu王e　structura1apP1ications・A1though

they　have　advantages　of　h三gh　me1t三ng　point，high

strength　at　high　temperatures．high　e玉astic㎜odt11i

and　reasonab1e　oxidation　res｛stance，improveme耐

○圭both支oom　te狐pera走ure　duc走搬y　and　streng童h　at

high　temperatures　is王equired・

　　　S言oichio肌etric　T｛A1and　Ti－53昼t％A豆a1呈oys　were

tes吉ed　in　teRsion呈n　a　te肌perat服e　ra王1．9e　from

room　temperat脳eをo773K　in　order　to　studyξhe

br三tt至e－dもlcti1e　transiセ三〇n　behavior　in　e呈ongation・

The　elongation　increased　fron｝1％atτoolm
ter汀perature　to　about　3％　at　遂73　K　for　吉he

stoichiome芝王ic　a呈1oy，wh三1e　the　increase　of

e呈ongation　was　observed　aをabout573K　for出e　A1－

rich　a1至oy－　The　trans呈tion　te1苅perature　increased

by　l00K　inセhe　A豆一rich　a11oy　compared　with芝he

sセoichiome芝r三cγs三ng1e　phase　a1呈oy－This　resuit

was　d呈scussed　using1’the　eva至uation肌eをhod　o｛

phase　stabi呈iセy　of　TiAl　phaseI’which　has　a呈ready

been　proposeδal，d　in　wh三ch　lattice　constanセs

1neasured　by　x＿ray　dif舟action　and　ato王n三c　rad三呈are

taken　account　of．　I芝王nay　be　conc1し…ded　t1｝at　the

increase　of　the　t閉nsi芝ion　tempe蝸ture　in　the　A1－

rich　a11oy　is　due吉o　the　difξ三c叫ty　of　mechanical

twinning　caused　by　the圭ncrease　ofをhe　binding

force　beセween　Ti　and　A1atoms　in　the　A互一rich　TiA1

phase．

　　　The　know｝edge　o圭creep　behavior　a圭h三gh

セemperatures　is　a至so　reguired　for　high芝emperature

s芝ructural　apP1ications．but芝here　are　not肌any

researches　on　tel，siIe　creep　behavior　of　TiA1base

a至至oys・τhus．the　creep　mptL鮒test　was　carried　out　at

至273K呈n　a　vacuum　of3×10I5torパor　Ti－46aセ％A1

a王｝oys　with　a　fu11y1ame11ar（什α2）s打ucture（9ra㎞size1

至500、〃肌），什1ame1呈ar．s芝ruc±ure（350、。！m）andγ寺

1ame至1ar　struc芝ure（王50、μm）、a呈↑d　the　effect　of　the

㎜icrostmcture　on　the　creep　rupture　behavior　was

s血1died一刀1e　resu1ts　a王e　as　fo11ows一（ユ）The　mptしlre

1ife　is　the　shortest　hユt1，e　a11oy　w淋走he　sma11est　gra㎞

size・（2）In　a㎞gh　s紅ess　reg三〇n．the　a11oy　with　a　gra1n

si・eof350、αm・・h舳・dthe1onges吉mp芝u・e1ife，

wh｛亘e，（3）in　a1ow　s士王ess　region，the　fu11y1a三皿eHar

strucセure　e㎞bited　t1，e1ongesをone一王n　the　high　sξress

region．the　fully　lame王1ar　stΣucture　mptured　at　the

e1ongat三〇n　lessをhan三〇％，because　oξt至1e　br三tt1e

h／tergranu1ar　fracture．whi｝e，bユthe　low　stress　region，

it　exhib呈ted　the　e1ongation　oξabout50％，because　of

the　dy1，a至皿ic　recrysta旦王ization　of　the　iame11ar　s㎞し…cture．

The　a1至oy　with童he　sma1｝es芝grain　size　exhibi走ed出e

e至ongation　of　moτe　than！00％，and．the　ch三se至poin圭

fracれlrewas　a1ways　observed．

　　　The　m三cζostmc芝ure　co淋ro1of　T三A1base　a11oys

was　s芝udied　for　improvement　of　mechan三cal

p至operties　at　high　セemperaをures　using　a

thermomechanica1processin9－t　is　kmwn　that　a

王arge　aspec芝rat三〇〇f　grains　improves　remarkab1y

high－temperature　Streng芝h・刀、uS、芝至1e　reCryStau｛ZatiOl，

s血uc㎞re　wh圭ch　was　obtahled　wit至1．a　zone　amea王hlg

method　using　a　high　fre卯ency　inδuction　fumace

was　stもldied　for　Ti－47／48at％〕A1a11oys－The　anoys

were　at　f三rs芝isother皿a11y　forged　repeated王y　hユoτder

to　obセain　a　fi1，e　eguiaxed　gぎaiI，strtlctuぎe，and　then

recrystallized訂sjng　a　zone　anl，ea至ing　me芝hod－The

reSu王t　indiCateS　that　the　reCrySta11量Zed　grainS　W豆セh

the　grain　aspec走rat三〇（GAR）of　mo王e　than15was

obtained，if　the　annea1ing芝elnperature，zone　speed

a1，d　temperature　grad三ent　were　we呈1contro1至ed．

The　longitudina至direct三〇n　ofをhe　e呈onga芝ed　gra三ns

was　random1y　oriented－The　yie至d　strengセ至↑ofセhe

e1ongated　grain　strし至cture　increased　w1吉h

三ncreasing　GAR　a芝1273K，and　was　estima芝ed　to　be

about三一6times　higher　for　the　alloy　with　GAR　oξ

1．5than　for芝he　equiaxed　gτain　struct汀re　a王1oy－

　　　The　wear　properties　of　TiAl．base　a1loys　were

stud三ed．The　wear　resistance　of　two　a11oys，i，e．Mn

contai1，ing　T三Al　and　Sb－contai1，ing　TiA1was

compared　at　roomをen叩erature　using　a　Ohgoshi一

セype　wear　test呈ng　machine．The　M1n－contaiユ1j．ng
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a1至oy　wi芝h　a　fu1豆y1ame1至aエstructure（g蝸in　size　of

60μm）h∂d　the　V三ckers　hardness（Hv）of260to
320，The　additi．on　of　Mn　resu1ted　in圭he　increase　oξ

specific　wearτate，and乏hus　the　decrease　of　wea王

resisをance．Dis王ocation　sモructures　weτe　observed　in

the　portion　be1ow　the　frict三〇n　suエface．The　Sb－

conをaining　a1呈oy　consisted　ofγα2and圭he　Sb－rich

phases，and　showed330乏o560Hv．As　the　conten古
of　Sb　increased、をhe　hardness1argely　increased，the

spec｛fic　wear　rate　decreased　and　the　wear　resistiv主ty

was　improved－Although　the　hardness　was　as　high

as550Hv、セhe　alloy　with　a　large　amount　of圭hεα2

phase　exhibited　the　deαease　of　the　wear　resistance．

This　resu1t　is　differenξf】＝on／that　in　a　binary　a1｝oy

with　a1arge　amou耐of　theα2phase，that　is．the

ln・・・・…　Hh・α。Ph・…　esu王芝・dinth・
improvement　ofセhe　weaけesisξivityξor　a　b三na工y

a呈王oy－Mechanica至tw三ming　was　observed　in辻he

por芝ion　be三〇w士he　f王iction　surface，and芝he　twinning

δeformation　may　exp1ain舳sδifference．

　　Theresis童ancetotheエmalshockofWandW－Re
a至至oys　w曲a　high肌e1ting　po㎞t　was　a豆so　s血died　foエ

much　higher量empera耐e　stmctura1apP玉icaゼons　usむ／g

ae1ectronbeamhea㎞gapPara机1s・

Keywo王ds：intermetall｛c　co㎜pomd，TiA1、
・1㎝g・そlon。αeepb・h・vio・、9・・inmo・ph・1ogy

contro1，thermalshock，Walloys
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High　stエength　materia1s　with　exce亘至ent　physica1

proper圭ies，suc1，as　e1ec亡r三ca1conductivity，are

strong豆y　demanded　by　many　fie1ds　of　modern

indus亡ries．In　order　to　meeをthis　demand，we

applied　the　Bronze　Meをh・od（also　named　as
Tach三kawa　Method）、wh三ch　is　orig三na至互y　deve呈oped

for　the　production　of　br三室t1e　Nb3Sn
superconduct主ve　n｝a言erials，to　proδuce　a　kinδof

Cu三n－s呈芝u　composites．In　this　compos三言e，the

content　of　secondary　element　is　n，uch　higher　than

its　so1ub呈1ity　inセhe　Cu　matrix．Then　by　heavy　cold

working，the　dendrites　of　secondary　e玉ement　can

be　deformed　into走he三n－situ　re｛nforcing　e1emen室s

offibers　or　ribbons．Corresponding1y，the　sセrength

ofモhe　ma亡eria工is　great1y　i㎜proved－Purセhermore，

the　good　eIec校ica1conductivity　of　the　composites

can　be　obtained　by　an　optimu肌combination　of

co｝d　wo工king　and　aging芝reatments．

　　　By亡his　method，now　we　have　successfu1至y

deve1oped　a1ow　cost　Cu一αin－situ　composite　w主走h

tensi至e　strength　as　high　as850MPa，and　e豆ectrica1

conductivity　as　good　as　75％1ACS－　The
m虻rOStruCtural　eVO至ut｛On　Oチthe　COmpOSite　haS

a1so　been　characterized　systema舌icany　by　means　of

opξica1　metal1ography，　scanning　e1ec打on
microscopy．ana豆yt三ca1transm三ssion　e王ectron

n，icroscopy．h三gh　reso1uをion　e玉ectron　n｝icroscopy

and　computer　image　simu1ation．It呈s　found　that

Cu　incorporates　in芝o　Cr　and　for脈s　nanosize　Cu－

rich　dusters　dし玉ring　coユd－ro1ユing　Process．whi亘e

screwδ主slocat三〇ns1ine－up　a1ong　the1ong三tもldina1

d虹ection　of芝he　reinforcing　e呈ements．In　addition，

by　X－ray　texture　s打ucture　ana呈ysis、をhe　preferent量a豆

e1onga走ion　direction　of量he　Cr　dendriをes　is

de芝emined　to　be＜01ユ〉．

　　Now　we　are　carrying　out　a　more　profound

investiga吉三〇n　on　the　deforma乏三〇n　mechanism，

aging　mechanis肌and　other　theore古三ca1topics

concem三ng　the　in－situ　composites・A辻sameを三me，

eXtenSiVe　effOr芝S　are　a亘SO　deVO亡ed　tO　the

exp工ora壬三〇n　of　other　kinds　of　Cu－based　and　Fe－

based　composi乏es　with　even　higher　strength　and

beセ芝er　physica1properties，through三ncorporation

of　in－siセu　composite　processing　techniques　with

other　advanced　materia至s　processing　techniques．

The　commerciahzation　of　our　resu1ts芝o　inδustria1

mass　producセ呈on　is　a1so　under　considerat主on－

Keywords：玉n－situ　composiξe，Bronze　Method，

high　strength．high　conductivity
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105　High　－1－eI11pera～re　Strengt11　arld　　lキactu狢　　of

帰eil1fαced　Oxide－aηd　l，Ii洞de・8ase　Ceramics

K．刑r昭α、Mεc1〃〃cα11〕γoρ〃f｛θ8D伽8｛o〃

EAp王i〕995セo　March王997］

Thoもlgh　po1ycrysta亘1in　ce王amic　mate王ia1s　are

typica11y　bτittle　a吉roonlセenユperatえlre．most　of

them　show　p1asξicity　at　h主gh　te肌peratures　mder

芝he　aid　of　grain　boundary　s1iding　accommodated

by王皿at芝er　transpoτt走hrougl，a11d／or　across　the

boundaries－Concurrent　damage凄ccumu1ation
occもlrs　by　cavitation　and／or　d量Husional　crack

grow乏h，both　oチwhich　are　re1ated　c1ose1y　to　the

above－n｝en乏三〇ned　defornユatiol，1nechanisms．　The

bas三c　informa室三〇n　oξsuch　defo更maセ主on　and

damage　process，which　aΣe　quite　different　from

those　at呈ower　temperatures，are　important　when

the　ma童e芝ia1s　are　used　in　high　temperaを脳e

nユachinery．　The　present　study　is　conducをed　to

exam三ne　the　high　temperature　deformaセion　and

fractme　o｛whisker－reinfoζced　nitrides　and
pa］＝tic1e－d三spersed　oxides・The　specia1aセtention　is

p1aced　on　the　co呈1st三芝utive　behavior　and　cavita吉ion

δa㎜age　of　re三nfo王ced　composites　at　re1ative至y　low

t…il・・t・・・…（・／トユO’4）、・tt・岬・至・1・…high・・

than1400K．

ユ373K　are　essentia1to　the　deve1opments　of　the

space－p1ane。走he　fusion王eagtor　and麦he　high－

eff三cien廿turbine　eng三ne－　TiA三intermeセa豆1ic

conlpounds　have　higher　strength　and童oughness
than王neta1s　and　cera狐量cs　a圭e1evated　te亙nperatures－

TiA1matr主x　composjtes　reinforced　wi走h　fibers　are

pro1nis呈ngチor　structura1inaをer呈a王s　above1373K－

　　Reinforcements　for　T呈Al　matrix　are　SiC，B　al，d

Wfibers．BandWfibersare廿ougherセhanS三C
圭ibers．whi1e　are　more　reactive　w三芝h　TiA王一If　good

protec芝ion1ayersaredeve1oped，BandWチiberscan
be　app至ied　for　TiA1matrix．When　protection至ayers

has　insu壬麦ic三ent　shea王stress，roughen呈ng　ofチiber

su王face　is　e妊ective三n芝ra1，sfeζrinσstress　fron、圭ibe支s
　　　　　　　　　　　　　　　　　　　　　　　　　　　b

to　ma乏r三x・In芝his　study．the　fo11ow圭列g　subjec芝s

have　been　inves言igated　to　develop　good　protection

1ayers　for　T三A1肌atr呈x　and　to　improve　sセress

t支ansfer　fron／f三be王s　to呈篶atr三x：

Po正mation　of　BN　and　TiB2pro辻ec辻ioパayers　and

OpセimiZatiOn　Of　layα舳CkneSS

B　f呈bers　were　coated　w三芝h　Ti　by　using　PV1⊃method，

and　were　heat　tぎeaセed　to　form　TiB2玉ayers　o1パhe

surfaces．The　fiber　sをrength　was　decreased　w三th

三nαeas三ngセhe至ayer　thickl，ess・　It　is　due　to　the

hete更ogeneous　formation　of　Ti132a1ld　the　p三芝s　of

f亘bers　by　the　forIna芝三〇n　of　T三B2・　Theをhin呈ayer　of

1ess　than！μm　is　desirab王eセo　preve1〕t　fiber　strengセh

from　decreasing－

　　Wf三berswerecoatedw1芝hBNbys呈urry
ユ瓜ethod，and　TiA1肌atr三x　were　reinξorced　with　the

13N－coaそed　fibers．BN　pro芝ec芝ion妻ayer　showed

good　perfo打nance　for　supPressin9芝he　interfacia1

reaCtiOn．

醐ecto壬surface㎜orphoIogyonセhes｛rengthofW
fibe互

ThesurfaceoξWf｛berwassuccessfullyroughened
by　oxidiz主ng　method．I芝is　obvioしls　t1，atモhe

optin／ized　roughness　can　keep　the　o王iginal　f量ber

strengセ至1andモransξer　stress　su冊ciently　from　fibers

tO　rnatriX．

Keywords：TiA王狐atrixcomposiセe，Bf主ber，W鮎er，

protecをion呈aye王。BN．TiB2

Keywords：creep，cavitation。芝oughen三ng
miCrOStruCをure

107　◎evelopment　of　P◎了◎us　C鉗a閉ics　lmpregnated　w爽h

lonic　Conductive　Materia1s

106　－rherma1Stability◎f　lnter閉etallic　C◎mpound　Matr1x

Composites同einforced　wi言111＝ib鉗s

γ．S1伽ol〃rα、1〕物8ゴcα11〕仰ε1伽8D伽8｛o〃

［Ap・ilユ9931・M…h玉9971

Hea乏resistive　mate王ia1s　which　can　be　used　above

H．Mk伽伽舳、肋ηゴ・o舳ε1伽11〕功o舳伽c8

Dわ｛8｛oκ

［Al〕ril1995to　Marchユ9981

Recent1y，research　works　o王1soiid　high　ionjc

conductor　have　been　main1y　focもlsed　on　oxyge1、
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ion　conductor　such　as　Z工02，Proton　conductor　such　as

SエCe03and　sodiu㎜ion　conducto王such　asβ一A1203．

　　One　of　the　reasons　why　no　other　solid

e至ectro工ytes　have　been　deve王oPed　as　h主gh圭on圭c

conductor　is　thaセcracks　caused　by　grain　growth　or

voids　a1ong　grain　boundaries量end　to　initiaセe｛n　the

sintered　mater三a1s　prepa王ed　fo王the　solid
eleCtr0至y言e・

　　The　objec走ive　oξthis　study三s　to　deve1op　a　new

type　oチso1id　e1ecをro至y芝e　in　wh三ch　grain　boundar呈es

or　vo呈ds　are　extremeIy　decreased　by　impregna走ion

o〔iquid　compounds（M20－B203－M2S04．M＝
Li，Na，K）into芝he　porous　oxides－　Subsequent1y．its

elec芝rica1pmperties　wi1玉be　eva1uated　by　the

measurement　of　e1ec童王ica1conduc言ivity，the

invest三gaξion　of　po1arizing　behavior　and　the

determina吉三〇n　of　chaエge　carrier．Purthermore，the

セherma1charac廠ist三cs　wi至1a1so　be　eva1uated　using

var三〇us　therma1ana至ysis　methods－

Keywoエds：ionic　conductoぎ、so呈id　e1ectro至y吉e，

charge　ca王rier．e至ectrical　conductivity

～20丁三B，T㌔A亘／10TiB　and　Ti／T三C　have　been

produced　using　the　bes量process三ng　conditions

obtaineδ，and’high　tempera童ure㎜echanica1
prope至士圭es，espec｛aI玉y　creep　and　fatigue，have　been

eva1ua量ed　quantitative1y－

Keywo正ds：particu1ate－re三nforced，titaniu肌、

MMCs，mechanica1properセies，Powde工meta呈呈urgy

Re正a｛ed　Papers
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柵9Desi卯ofRefractorySuperalloys

Materia1s　for　mechanIca6appIicati0”

108Hig汽Tenlperaωr⑧Mechanical　P岬酬ies　o｛
Pa汽icu■a｛e　Reipforced　Titanium＿Based　Metal　Matrix

Comp◎sites

〃．H破ω〃α、池・〃απ亡c〃Proρε〃ε51肋ゼ8ゴo〃

lApril／994to　Mar〔hユ997】

丁三tanium　a11OyS　are　atをraC伽e　maをeria至S圭Or　a三蛆aft

and　automobi1e　apP至三cations　due　to　thei工high

streng亡h／weight　rati〇一However、舌he　service

亡e㎜perature　is至imited芝o60『C　due　to　a
deg・・d・セi・n・ft・nsilesセ・・ng芝h。・…p・esist・n・・、

the工n，al　Stab三1三ty　and　enVirOnrnenセa1reSiSセanCe．

Moreover，Ti　a三1oys　exhibi芝1ower　stiffness　and

poor　abrasion－re1ated　p］＝operties　than　nickel－based

a互至oys，The　dispersion　of　cera王篶三c　par芝icu1ates　such

as　TiB主nto　T三ma走rix　is　expected圭o　ove］＝comeセhese

drawbacks，These　particu1ates　meta1matrix
composites（MMCs）have三sotτopic　properties　and

can　be　pτocessed　more　cheap亘y　using　the

conven亡iona王near　net　shape狐ethods－However，

mechan三cal　property　data　available　foエthese　types

of　MMCs　is　s舳1acking．

　　This　research　pmgram　has　been　aimed　to

produce　Ti－based　particしl1ates　MMCls　us三ngξhe

advanced　powder　meta至1urgy（P／M）processes
such　as　b1e1ユded　e1emen走al　and　rapid　so至三dification

techniques．Firs芝1y　we　have　discussed　the
processing　cond呈ξions　in　n｝ore　de乏ai1．Second1y，Ti－

based　MMCIs　such　as　P／M　Ti－6A1－2Sn－4Zr－2Mo／5

H－H〃α加、Co閉μ肋f｛o伽1Mαf〃α15D路な〃

D加｛s｛o〃

1Apri〕995to　March20001

The　te服perature　capabi1ity　of　the　Ni－base

superauoy　has　been　improved　by400℃since　it

was　inξroduced｛n！945パhe　capab搬y　of　the1a童es吉

sing至e　crysta呈supera至至oys　is　apProachingユ100℃一

However，it三s　obv三〇us　that　there　wi11be　a

至imitat量on　which　comes　f工om　the　me1ting　P〇三nセs

（㌦1350℃）of　the　Ni－base　supera11oys－

　　In　this　project　we　design1’Refractory

Supera11oysll　wh三ch　are　defined　by鵬as　a11oys

with　fcc／Lユつcoherent皿icrosξmctu「es　sim三1a「to

N量一base　supera11oys　and　yet　with　considerab工y

higher　me1t三ng　poinをs－A　compu舌er　mode1based

on　sセaセist主ca1圭hermodynamics　ca1cuIat呈on三s

emp豆oyed　in走he　a至1oy　design，Me舳ic　e呈ements

with　h三gh　me1ting　poi耐s，such　as　Ir　and　Rh，has

been　examined　experimenta豆至y　for　possib1e　use　as

the　base㎜eta1in　the　reチractory　supera11oys．It　has

been　shown芝ha芝bo吉h　Ir　and　Rh　can　be
prec呈p主セaセ圭on　hardened　by　L！2Phase　to　exhibit

high　yie1d　strengths　a言ult王a－high　te王nperatures，

e－g。、220MPa　at1800℃for　Iτ一至5a芝％Nb　a至1oy，

Characterization　of　the　micro－stmcture　and

eva1uation　of　the　ultra－high　te互nperature　c工eep

streng吉h／oxidat三〇nτesistance　are　being　carried

Out．

Keywords：computer　model1三ng，refractory
supera呈呈oy，creep　strength，Ir三dium，Rhodium
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固E梅clo言Pa榊嚇eDis榊湘㎝舳h州echa眺a1
Prope汽ies　o｛Ti－8ased　Paれiculates　Composi－es

M．H破ω〃α、Mθ伽〃｛c〃Pγoρα仇sD伽sゴo〃

【Apr川995to　March19％】

Titan三um－based　par主icu1ates－reinforced　compos畑s

（MMCls）have　a　strong　app1三cation　poten芝ia1for

ae王ospace　and　au吉omob三呈e　indus圭ries　dもle　to　thei王

1ow　dens三ty．high　speciξic　strength　and　attr昼ctive

high乏emperature　strength－However，the　effect

of　part圭cuIaセe狐orpho1ogy　such　as　diameter．

w三dth．dimens三〇n　anδaspect王atio　on　the

mechanica1properties三s　notξu至1y　understood．In

the　presen隻study，Ti／TiC　MMC1s　wi圭h　differen芝

dia㎜eter　of　T三C　particu1ates　were　produced－The

fundamenta1re1at三〇nship　between　part主cし豆至aξe

diameter　and　tens主呈e　propert三es　were吉hen

exa互nined，

　　The　Ti／T三C　MMCls　weτe　produ㏄d　by
㎜echmica1a1至oying　pureセ三taniu肌powder　and　fine

carbon　powder　in　a　high　energy　p1anetary　ba11mi呈1

and　subsequent　HIP’三ng　at！273K　under200MPa

pressure－TiC　dia㎜eter　were　found　to　be　var三ed

from2μm　to20μ㎜depend三ng　on　both　app1ied

energy　δuring　ba11　m三1至ing　and　annea1ing
芝empeエaセure　after　HIPling．珊e　finerTiC　par芝主cu豆ates

weζe　formed　by　inc王eas三ng　the　app亘ied　energy　anδ

decreasing　the　al，nea1主ng　temperature．The　tensile

s乏reng童h　and　ducti1i士y　showed　higher　va1ues　foζ

MMC’s　with　sma11eぎd三ameter　oξTiC　particもl1ates．

For　examp互e，w三th　decreasing　TiC　diameter　from

14－Oμm　to5．9μm，the　corresponding　tensi1e　st王eng芝h

increased　from850MPa　to925MPa，and　e1ongation
inc］＝eased　froln！．8％to6．盗｛％．

囮1雌11igentS舳舳a1Materials

S・Mαf…㎞。肋η｛・o舳ε肋11〕αク・閉〃・・ε

D加｛8｛o〃

1Aprii1991to　Ma11ch1995］

Recenセ1y，a　new　mate王ia1concept，known　as
in士e1豆igent　materia1or　s狐art　materia王、has　been

prcposed　and　deve1oped　to　estab豆三sh　the　reHabi1ity

of　engineering　strもlcセuτes　such　as　air　cra｛ts，space

structures　and　nuc1ear　power　p1ants－　The
int・11ig・n…　fをhem・をe・i・1lsdefined・ss・1f－

deセectab｛至三セy　for　e1，vironlnenta王changes　and

｛easibi1ity　of　sensing．processing　and　actuaセing．

　　互n　this　study，fundamen芝a五research　has　been

carried　out　in　ordeτt〇三mparを圭he　inte11igent

func芝ions　to　the　meセa11ic㎜ater三a1s　for　s芝rucセura1

use．Sma1至cav三ties　which　do　not　deteriora乏e　the

mechanica1p芝operties　exist　in　the　materia1s－An

a芝tempセhas　been　made　to　imp1a1，t　the　sound－

em三tted　materiaI，Phase一をransformed肌ateria1oτ

surface－f三hn－contro至1ed　rΩ昼teria1in芝oセhe　cavities．

T1？e　impla1対ation　coωd　n蝦ke　tbe　mater三a至possib1e

to　se1f－sense　and　se亘f－resセore　the　damage　dur主ng

operation．Ananotechnologybasedonascann｛ng
乏unne1ing狐icroscope（STM）and　atomic　force

m三croscope（APM）has　a1so　been　deve1oped芝o
eva1ua圭e　the　inをe11三ge1，t　functions　of　the三篶ateria1s

from　atomic　scale　viewpoint．

　　Y203particles｛n　Pe－20Cr　a呈1oy．Pb　partic1es三n

two　stai1，1ess　stee1s，SUS304al，d　SUS403，and　a

sn蝸11add三tion　of　Zr　in　Pe－27Cr－35Ni　a至至oy　have

been麦ound　to　arΣest　the五〇ng　fatigue　crack　growth

at　e亘evated　temperatures・Inモhe　c峨ren乏year，Y203

and　Pb　partic至es　and　Zr　addition　a1so　s1，owed　the

arrest　funct三〇n　in　the　shor芝faξigue　crack　growt至1

near　the　no吉ch　root　aセe玉evated　temperatu王es．

According至y．Y203and　Pb　par芝ic1es　and　Zr　addition

increased　the　faセigue工imits　of　notcheδspecimen　at

e至evaセed芝emperatures，as　compared　w三をh乏hose　for

host　rna芝eria五s．

Keywords：inte呈至主gent　materials，materials　damage、

・・lf－s・nsing，・・lf一…セ・・1ng，n・n・t・・1・n・1・gy

Materia■s　f◎r　e■ectr◎nics　apPIication

Keywords：t三tanium，part三cu玉ate　composites．

mechan三ca1a11oying，tensi1e　p王operty

Re1ated　Paper

王一M－Hag1wara，S』mum，Y．Kawabe，and　S，J．

　　K呈㎜、11In－Situ　Reinforced　Titanium－Based　Meta1

　　Matr三x　Composi芝es’1，Sy’舳εsゴε／1〕rocθ55主ηg　oゾ

　　Lゴg〃ωθ土g〃M肋1〃c　Mη丘θr〃ε。ed．P．H．Froes．

　　TMS、（1995）：97－06．

112　S廿ucture　C◎n彬o1a列d　Elec言roぎnagnetic　ProPerties　of

High1’欲np8ra池re　Superc0Bductors

K．τog伽・o．18亡Rε8ε伽℃乃α’o・ρ

エApril／993to　Marc11↑997］

Tl，e　pし液pose　of　this　sセudy　is　to　estab王ish　the　basic
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technO1ogies　to　cOntro1圭he　structure　of　h三gh

temperature　superconductors　（HTSC）　in
synt1，es三zingセhem　by　rne1セor　vapor　process・　The

re1ation　between　the　s辻mc仕ure　and　e1ectromag王1etic

properties　is　a1so　studied　to　understandξhe　vortex

sta圭e　and　pinning　mechanism　o圭HTSC，The
informaセions　obtained　here　areξeedbacked　toセhe

p工ocesses乏o　optim三zeセheh　pa工ameters・Fo王王owing

four　subjecセs　are　being　studied一

c〇三1．亡ro至1ed　crysta至orienta芝ion　for　YSZ　buチfer1ayer

on　a　Haste｝1oy　tape　using　a　mod呈fied　b呈as

sputteringセechn内ue．The　YBCO　fi王m　deposited

on　this　buffer1ayer　shows　in－p王ane　a1ignment，

resu｝ting　in　a1arge　improvement　ofセransport

cri芝ica1current　densiセy－Other　materia1s　are　a1so

being　examined　for　buffer王ayer．

Keywords：structure　contro至、me1t三ng　process，

vapo王process，mixed　s芝ate

Re1aセion　Be｛ween　Micros辻mcセure　and　Cr出ca正

CurrePt

ComPrehensive　works　onセhe　micros圭mcセure　and

phase　changes　duringセhe　parセia1me工ting　Process

for　Bi2Sr！Ca］Cu20x（Bi－22ユ2）are　being　carried　ouセ

in　this　subjec辻・夏n　ord．er　to　i工np］＝ove　the1苅echanica1

properをies　of　Bi－22ユ2／Ag　co爪posite　tape，セhe

addiセion　of　e1ements　such　as　Mg　md　Mセo　Ag

substrate　tape　is　sセudied，Coils　were　made　by

usi1，g　the　Bi－2212／Ag　a1王oy　composite　tape　and

tested　to　generate　magnetic　fie1d、

E1ucidation　o冊1ec辻romagne辻ic　Behavior

The　purpose　o〔his　subjec－s　to　estab1ish　a　new

concept　of　mixed　s辻ate　of　HTSC　Large　and　high－

qua1ity　sing1e　crys辻a1s　of　Bi－2212were　prepared　by

zone　me沽ng　technique　w三th　the　in分ared　image

fumace．which　were　used　for　predse　measure－

mel，ts　of　resistivity　change　and　microwave

respol，se・　These　resしl1ts　were　a11a1yzed　in

connecセ主on　with　the　p王／ase　change　of　vortex　sセate

a1ユd　intrinsic　Josephson　jun〔ti㎝一We　have　a1so

suc〔eeded　to　fabricate　sing1eαystals　of　new

intermetallic　compound　superconductors　of
borocaτbide　syste狐．

S肘ucture　Contro1by　Thin酎1m　Syn辻hesis

By　using　alternative　sputtering　tech王1ique，we

succeeded　in　Prepari王1g　rneモasξab1e　structu王es　up　to

n＝7of　Bi〕Sr〕Ca≡、1lCu，、O，a王／d　s1」Per1aセモices

composed　of　stmctures　with　d三fferent　n－The　Tc

change　of　the　super1atセices　suggested　us　that　the

sljperconducセivity　is　governed　by　the　averaged

hole　conce鮒ation　of　the　mother　structures　with

different　n．We　are　a1so　cha！1enging　the　syn吉hesis

of　metasセab1e　sセrucξure　of　borocarb三de　new

inセe・met舳ccompound．

Microsセmcture　ControI　by　Vapo迂Deposition
Technique

Studies　on　the　texture　contro1of　YlBa2Cu30，thin

fi1狐are　being　carried　out　to　oveτcome　the　weak

王ink　probl㎝10f　this　ma之eriaL　We　have
succeeded　in　obtaining　three　dimensiona1玉y

113　E訂ect　o言High　l…嗜ergy　l◎n　lrradiation　on8i2Sr2CaCu20x

and　Y8a2Cu30y

H－K伽伽k舳、1εfRε5ε伽℃乃Gγo〃ρ

［Apri1玉995to　March／999］

A　co1umnar　defecモinセroduced　by　high－energy
heavy－ion　ir工adiation　is　one　of　the　mosセeffective

f工ux　　pinning　　centers　in　　hig兵一丁、　oxide

superconductors．In　this　program，180MeV　Cu11＋

i王rad三ation　was　perfoエmed　on　B三2S王2CaCu20、（Bi－

2212）and　YBa2Cu30y（Y一王23）。and　the　obta三ned

resu1ts　were－compared　each　othe工。

　　Sa肌p呈es　were　g王ain　oriented　Bi－22！2and．Y一ユ23

セhick’fi1ms．王80MeV　Cul］十irradia圭ion　was

performed　atユOOK　with　f｝uence　of10］㌧3×ユO］3

i…／・m㍉・i・9th・T・・δ・m・…1…t…tlh・

｝apan　Atomic　Energy　Research　Institu辻e－Critica1

curren走density　J，and　pinning　characte王istics　were

eva1uated　from　　the　hys芝e王esis　in　D－C．

magneセizat三〇n　curves・The　increase　in　the　J，va至ues

byセhe三rradiation．J。，。fせ。、i、一，一、、d、…J、，b．f。，一。ヨ，一、一、d．is

comparab至e　foエbo芝h　superconductors　a〕．ow

temperaセu王e　region・At1，igh　temperatures，on　the

○芝her　hand，co1umnar　defects　il㌻セroduced　byセhe

irradiation　were　much　more　effec芝ive　as　piming

centers　in　Y一ユ23than　those　in　Bi－2212，This

indicates　that　the　defects　introduced　by　the

irradiaモion　act　as　much　more　eHect主ve　piming

centers　in　Y－123than　in　B｛一22玉2，　Before　the

irradiation，the　f至ux　pi1，ning　force　dens三ty　Pp

versus　magnetic　f呈e1d　cuエve　of　Bi－2212was　much

dif｛erent　fromセhat　of　Y一ユ23．After　the　Cu］1＋

i・mdi・t三・・パhi・互趾g・柵・・・・…fth叫一B・・・…

betweelユBi－2212and　Y一玉23was　sセ三至王observed．

　　The　decay　of　magnetization　was　measured　as　a

～nction　of乏ime，The　decay　of　magnetizat主on

increased　with　temperatu王e　and　m．agne吉ic　f三e1d　for

boセh　non＿三rrad主ated　and三rrad主ated　ox三des．The　decay

of　mag1，ehzaゼon　of　B三一22王2is1nuch1arger　tl，an　thaセ

of　Y＿123not　orJy　for　l，on＿三］＝rad主ated　samp1es　but　a1so

for主rradiated　samples，suggesting　that　the　decay　of

n｝agnetization　depends工nore　sensitive1y　on　the

materialratherlhanonthe㎞dsofp㎞ingcenters．
T㎞s　d冴erence　of　the　decay　o｛㎜agnetizaξion　between
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脱一22ユ2and　Y－123becomes1arger　with　increasing

te㎜p…㎞・e・ndm・gneti・f1・呈d・

　　A11these　resu1ts　mentioned　above　indicate　tha室

the　defects　in　Y－123are　more　e蜘c芝ive　as　pim三ng

centαs走han　those　in　B三一2212．This　di｛ξerence　can

be　unde支stood三n　terms　of　the」diξference　inをwo－

dimensiona1ity　ofthe　oxides・

　　This肥search　was　performed主n　co11aborat圭on

with　the　Japan　Ato㎜亘c　Energy　Resea王ch　Institute．

Keywords：cr三tical　c乏1rren辻density。チlux　p三ming，

two　d主mensiona1ity

Re1ated　pape鵬

ヱ．Y．Kazumata，S－Okayasu，H．Kumakura，and　K．

　　Toga1，o，1，Bi－22至2fi1ms　and　tapes　iτradiated　by

　　120MeV　oxygen　ions’1，1切sた〃C，235－240（1994）：

　　2825＿2826．

2－H．Kumakura，K－Togano，N．Tomita，E．
　　Yanagisawa，S．Okayasu．and　Y－Kaz汕nata、
　　’1Comparative　study　on　！80MeV　Cu11＋

　　irradiation　effec室on　textu更ed　YBa2Cu30，and

　　Bi2Sr2CaCu20y1㌧P1〃5たα。C251（1995）：231＿237，

3．X．Gao，Y．Kazumata，H．Kumakura，and　K．
　　Togam，11酪ec士s　of230MeV　Au14三mdiation　on

　　Bi2S茎2CaCu20，11，P1〃sたo，C250（1995）＝325＿330．

114　0eveIopme榊　　of　Superconducting　Magnet　for

Magnetic　Separati◎n

H．K伽伽た〃閉、18fRε8ε〃c乃Gγo〃ρ

【April　l．995セo　March玉999］

Magneセic　separaをion三s　a　prom亘sing　method　as　a

separaセion　technigue　in　many　techno1ogica至fields

such　as　stee豆indus童ry，mining三ndust至y．nuc1ea芝

fue1至ecyc1e，and　so　on。耽e　fie1ds　avai1ab1e　w三セh

conventiona呈e1ectro㎜agne圭s　are1imi辻ed　to　l　Tes1a

by　the　saturation　of三ron－In　addiセ三〇n，the　creation

of1a支ge　fie1d　vo呈u至nes　is　cost1y　in　terms　of　copPer，

iro1，and　e1ectric　power・For　these　reasons，

supe王conducting　magnets　for肌agneセ三c　separation

is　proposed・However，セhe　use　of1三（Iuid　he至ium

reduces芝he　aδvant昼ge　of　the　superconducting

separa室or　mag呈／ets．Oxide　superconductors　with

critica1temperaセures　much　higher　than　those　of

肌etal1ic　superconduc芝ors　are　very　p芝o皿主s三ng　from

室his　p〇三nt　oチview．　Operation　at　higher

をemperatureS　uS三ng　a　CryOCOO呈er　Or至iquid　nitrOgen

significan室至y　reduces　cryogenic　costs・　In　this

research　program，we　wi1至deve1op　a　high－T，oxide

superconduct三ng　separator㎜agne七　In王995．we

developed　smal1bisn｝uth－based　ox圭de　super－
conduct三ng　mag呈1et　and　tesセed　it　usi王↑9cryocoo1ing

SyStem・

　　Bis王nu芝h－based　oxide　suPerconductor／s三1ver

composite　tapes　were　fabr三cated　by　the
co1nbinaをion　of　s1ur王y－coa．ting　n，ethod　and亘皿e1吉一

so1idi歪圭ca吉ion　method－The乏ape　col，ductors　were

wound三nto　sma1至pancake　coils　wれh　outer
diame芝er　of50mm，and　fixed　with　epoxy　resin．

Four　pancake　coils　were　stacked　and　connected　in

se工ies・This　magne芝was　se吉at　the　coo1ing　stage　of

the　G慨ord－McMahon（GM）cryocoo1er，and　tes圭ed

a吉teimperatures舟olm10芝o80K　in　a　zero　b三as　field－

POuτC〇三1S　ShOW　a1mOSt　equa至CritiCal　Current

density　J，aをa11temPαaをures・J，aセ10K　was　as　high

as2×至05A／cm2．｝、decreased　wiをh　i1てcreasing

乏emperatures・However．the　deαease　of了。was　no圭

crucia1up　to40K－　This　result　suggests亡haをa

bismu乏h　oxide　supercondもlcting　magne圭can
genera芝e！－2Tes1a　at20－40K　where　the　cryocoo1er

can　be　effic三e1対至y　used．The　resu豆芝三ndicates　a　great

possibi1三ty　of　bisrnu廿h　oxide　superconducセors　fo工

the　lnagnetic　separaモionτnagne芝s．

　　In1996．we　wi11make　a豆arger肌agne吉and
define芝he　specificaモion　ofセhe　protoξype　mag1，et．

Keywords：bismuth　oxide　superc〇三1dtlctor，肌agnet

モeS圭。C・yOCOO1ing

Re1a辻ed　Paper

ユ．N－Tomita，M－Arai，B．Ya1柵g三sawa，T．

　　Morimoto，H．Kitaguchi，H一くumakura，K．
　　Togano，T－Kiyosh三、K。玉noもle，H．Maeδa，K．

　　Nomura，and工一C．Va1lier、’1Deve1opmen亡o圭

　　Superconduct三ng　Magnets　us三ng　B三一22！2／Ag

　　Tapes1㌧∫EE1三＝rm〃s・λρ正コ正　5〃戸ε1℃oη｛κ”η主fy，

　　5（至995）：520＿523．

115　Characterizatio11　　　and　　　ApPlicatio11　　　0f

Sup釘co列dI」ctiI1g　T11in1＝ilms　Sy耐hesized　by　Atomic

Layer－by－Layer　a11d1…p養axial　Gωw愉Methods

KM㎞伽〃’仰15fRε8θ肌11G1’o・ρ

IApril1995to　Mar⊂h2000j

In　the　preced三ng　p王oject　on　high　Tc　supeト

conδuctors，we　have　invesセ三gaセed　onセhe
apP1量cat｛on　of　atomic1ayer－by一呈ayer　deposition

圭echnique　toをhe　grow仕h　of　Bi　and　Y　based

superconduct三ng　fi1n，s，and　the　app1三cation　oξa

㎜odified　bias　sputをe支ing　芝echniqもle　to　the

P「ePa支a吉ion　of主n－p1aneξextし王red　buffer1ayers　on

㎜eta11ic　substrate　for　t至1e　epitaxial　growth　of　YBCO

舳ck　fi1皿s・In　the　prese耐projec辻we　at走emp芝a

further　deve1opment　based　on　the　above
men亡iOnedチeSukS。互n　the　atOm三C1ayer－by一玉ayer

grOW全h　We　are　inVeSt呈gating　SurfaCe　and　imα

defects　and　are　aimingセo　get　a　con吉roned　surface
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morphology　in　the　atomic　sca1e．Por　example．in

the　Bi　sys芝em，we　are三nvestigating芝he　effect　of

various　deposiセ主on　conditions　in　the　sputtering

and　laser　ab1ation　deposition　techniques　on　the

format三〇n　of　various　defects．　These　defects

observed　in辻he　as－deposited　fi1ms　inc1ude

inteエgrowth　and　oセher　stacking　faults，surface

roughness　inc1uding　partic1e　fo王n｝ation，anδisland

growセh　inc至uding　screw　dis1ocat量on　in　YBCO　fi1ms．

　　　In　order　to　deve呈oped　in－p王ane　a1igned　YBCO

films，a　newセechnique　nameポ1p1asma　bea狐
assisをe∂depos泊oη（PBAD）’’is　proposedをo　grow

bu｛fer玉ayers　on1ong　tape　or1arge　area　subs校a乏es－

Furthermoエe．using　modified　PBAl⊃processes．we

are　　tryiηg　　セo　　fabr主cate　　textured　　f呈1ms

simultaneouslyononesideorboξhsldesofp1u・a1
pieces　of乏ape　subs辻rates，The　resu1セs　indicatesξhat

PBAD　is　one　ofモhe　most　prom三sing　Potentia1

ξechniquesセowards　future1arge　sca1e　apP至ication

oξYBCO　f｛王狐s．

Keyword：atom三c王ayer　epitaxy，super呈att三ce，oxide

superconducセor，Boro－carbide　suPeτconductor，

textu王ed　buffer1ayer，狐icrowave　cavity，high

temperature　p1asma

Re玉aセed　Papers

1－丁一Haξano，A、亘sh血、and　K－Nオ㎞m岨a，1’Owge征叡旭fer

　　enhancemenセ　on　Tc　in　（Bi2Sr2Ca3Cu4012、δ）

　　（BらSらCaCしちOs＋δ）super1a出ces1㌧／λ〃～一P物s．79（至996）＝

　　2556r2573．

2－J．Ye　and　K．Naka狐ura，HRe1axaセion　of
　　cryst洲ographic　defects　of　YBa2Cu30ア、δ室h三n

　　fi1ms　by　heat吉reatn｝ent　and　iセs　effect　on　Tc1㌧

　　／〕／！y5たo　C，254（1995）：玉13＿123，

3・J・Ye　and　K・Nakammぺ1Defects　in　YBa2Cu30ア、δ

　　YBCO舳n　mms　and　theiエinfhlence　on　Tc1’、

　　MR∬y〃1ρ05主1mProcεε舳95、蝋（1996）：429－434－

4．M．Pukuセomi．S－Ku狐agai，and　H．Maeda，
　　’’Pabrication　of　YBa2Cu30y　t11in｛i1ms　on　textured

　　buffer　layers　grown　l⊃y　p1asma　l〕eam　assis乏ed

　　depositionlI：圭o　be　pu1っ王ished　ヨ．nλ“5けα〃η

　　∫．P乃ysたs一

116　Stabi1爽ies　of　Sul〕erconducting　Materia1s

H・Wα伽〃ψ伽gκθ枕肋1∂8f〃0κ
1Apri11994t（〕March／9991

The　main　P1」rpose　of　this　s之udy　is　to　define

stab玉…iξies　of　superconducting　nユateria1s　unde王

various　conditions　they　may　expe王ience　when

wound　to　supe工conducξing玉皿agnets．Stabiliti．es　of

ηew∫p工omising　superconducting　mate工ia1s
inc】一しld｛ng　呈／三gh－temperature　oxide　super一

conducto王s　are　exa㎜三ned　in　ter肌s　of　te夏nperature，

magne芝iCξie1d　and　magnet主C　fie1d　and　meChaniCa王

s言tess／s芝ra三n．

　　In　fisca1year玉995temperatureδependence　of

cr主ξica1cu汀en吉s　of　new　Nb3A至mu｝tifi豆amentary

w主resξabricated　by　rapid　heating　and　quenching

pmcess　was　studied．Cri吉ical　currents　were

cons量δerably　decreased　with　increasing
te夏nperaセure－Inセhe　magnetic圭idd　of12T　a　critical

curζent　density　of6×玉08A／m2aセ6K　was　decreased

to8x／OアA／m2at三〇K．Magnetic　f三e玉δdependence

Of　CritiCa1CurrentS　Were　near1y　the　Same　in　the

セen｝perature　range　o圭　6K　セo　玉6K　testeδ．

Pu工thermore，upPer　c工iξica1fieIds　were　eva1uaセed

on　the　basis　of　critica｝currents　vs，magnetic圭ie至d

data．For　the　optimized　wire　upper　crit三cal　fie1ds

were2－O　T．8－9T，15．9T　and22．9T　forユ6K，！3K．

10K　and6K，respective1y．The　upper　cエitica1f呈e至d

oξabouセ25T　aセ4．2K　may　be　estimated　from　the

extエapo王aモion　of　these　va1ues，It　is　h三gher　than　tha芝

of　comentiona11y　pτocessed　Nb3A1wires　and
comparab至e　to　tha圭of　pracセica1（Nb、丁三）3Sn　wires，

Measuremen乏s　of　superconduc亡｛ng　properties

unδer服echanica1stress／strain　of　pτesent　Nb3Al

wires　are　tobep1anned－

Keywords：Nb－tube　processed　Nb3Al．wむes．
critica至　curren芝、　critica呈　f主e1d　te1nperature

dependence

117　1〕evelop卵ent◎f．1GHzNMRSpec材ome言er

H・Wα肋、冊ψMαg〃ε批乃ε〃Rε5ε伽’c乃S肋t｛o〃

エApri11995to　Mar⊂h20011

Highτc　oxide　superco1，ductors（HTS）aエe　expec±ed

to　be　ab1e　to　induce　much　higher　magnet圭c　fie至ds

走han呈owτc　metanic　superconductors（LTS）when

しlsed　at遂．2K－We　have　initiated　a　p王ogram　in

which　we　wi11deve1op　aユGHz　superconducξ三ng

NMR　spec圭m㎜eter　inc1uding　a　23．5　T
superconducting爪agnet；such　magnet　must　be
consセmcted　us三ng　HTS　coi1s　in　comb三na走ion　w曲

LTS　coi至s．　In　fisca1year1995．pre至i1皿inary　design

work　of　the　NMR　system　was　done，togeξher　with

the　deve玉opment　of　high　perfo王肌ance　meta至1ic

superconductors　and　small　HTS　coi1sセo　be　used

for　the　NMR㎜agnet主n　the　system－

　　In　our　design　the　LTS　coi1s　are　operated　in

pers主sting　mode　at　a　fie1d　of2LユT　in　aユ50mm

δiameter　bore．　The　HTS　coi1is　expec走ed　to

gerユerate　an　additiona呈fie1d　of2．4丁三n　a5／mm

roomセemperature　bore．Theαyostat　sha王至be
composed　ofセwo　vesse1s－Th量s　enab至es　para至1e1

deve1opmenセof室he　LTS　and　HTS　coi1s，and　we　can

玉ater　rep王ace　the　HTS　co主1easi1y　when　necessa王y。

一ユ08一



The　LTS　coi1s　in　outer　vesse1is　coo1ed　wiセh

atmospher三c　supe更f1汀id　he1ium　a室1．8K，whi1e　the

inne支HTS　coi1vesse1is　f三11ed　with呈iquid　he｝三u肌．

　　Deve呈op㎜ent　of　high　performance　meta11ic

superconducセors　is　one　of　the　key｛ssues　of　this

program－LTS　c〇三呈conductors　need　to至／ave　high

yie呈d　s芝reng芝h　as　we至1as　high　cr三室ica1current

density　in　orδer　to　be　wound　co肌pact，A　Nb3Sn

conductor　reinξorced　w主芝h　Ta　was　new豆y

deve1oped．Its　O．2％yie1d　streng圭h　was358MPa

at4．2K－Th三s　is　the　highest　va1ue　ever至epOrted　ol、

芝he　reinξorced　mom1ithic　Nb　Sn　conductors．
　　　　　　　　　　　　　　　　　　　　　　　3

　　Si1，ce　HTS　coi至deve10pmel〕乏ぎequires　a10t0チ

をechno1ogical　cha11enges，we　have　p台rformed　R＆D

studies　on　sma11HTS　coi1s　asをhe　first　step－A　Bi－

22至2c〇三1made　of　doub1e－pancakes　generated　an

三ncre旦nenta1f三e1d　ofユー8T　in　a　backup　fie1d　of2ユT。

丁至／e　tota1fie1d　o壬22・8T　in麦u呈1y　superconδucting

state　is　a　new　wor1d　record．

Keywo王ds：NMR　spec芝rometeτ。high　fie1d　magne芝

ox三de　supercondし王ctor

Re1池dPape・S

ユ．K．Inoue，T，K三yoshi，A．Sato，H．Aoki，K．Itoh，

　　H．Wada，H．Maeda，R．Ogawa，Y．Kawate，K－

　　Takabatake，T．Horiuchi，J．Kida，and　K．
　　Higuchi，IlDevelopment　Project　of　l　GHz　NMR

　　Spectro1苅eter1㌧1⊃roc．／C石C16／∫CMC。（ユ996）：

　　！103＿1！06．

2－K．Itoh，M－Yuyama，T．Kiyoshi．T－Takeuchi，1〈一

　　玉noue，H－Maeda，T．Miyatake，and　M．Shimaδa，

　　11Deve1opment　of　Nb乃and　Nb3Sn　Conductors

　　｛oエ三GHzNMRSpectΣo狐eterlI。伽d。王735＿ユ738－

3．T－K三yoshi，K．Inoue，M．Kosuge．K．Itoh．M－

　　Yuyama，and　H－Maeda．11NRIM　R＆D　Program

　　on　HTS　C〇三1s　forユGHz　NMR　Spec芝rome辻er’’、

　　”f∂、1099＿1ユ02．

118　0evelop11？eI1t　o｛High　Strengthll・ligh　Conductivity

Mat跳ialsforHigh1＝ield　Magnets

K．1〃o〃ε、H敏Mαg〃θ肋Rεsε伽℃11S耐ゴoκ

［Apriい995to　March玉998］

玉nセhis　sξし…dy　we　are　deve1oping　new　high－

strengをh／high　conducセ三vity　mater量a1s　for　resistive

high－fie1d　magnets，such　as　Bitte王一type狐agnets．

po1y1，e1ix－type　nlagnets．and　no王γdestruct三ve

pu1sed　magne吉s．　Recent1y　we　successfu至1y

deve1oped　a　new　C阯Ag　m三crocompos三te　a1至oy．

which　is　composed　of　Cu－based　a11oy　m漱ix　and

Ag－based　alloy　fi1amen圭s。至／as　a　pron／ising

combinat三〇n　of　high互＝nechanica1s芝rengセh（O－7＿ユーユ

GPa）and　high　e呈ecセrica1co11ducセ三viセy（75－83

％IACS）at　room圭empemture・Intermediate

almea1ing　two　or圭hreeセi㎜es　at　about350－450℃

du王ing　co1d－work三ng　is　very　effective　to　improve

not　o呈／至y　its㎜echanica王strength　but　a呈so　its

e1ecをrica1conducをivity　through　the　deposition　of

so1ute　e1e皿ents（Ag　in芝he　Cu－based　a豆1oy亘皿atr三x

and　Cu　in　the　Ag－based　a至1oy刮a肌ents）一This　year

we　opti肌ized芝he　fabrica芝ion　process　of　Cu－Ag

microco肌posite　a1至oyセo　ob亡ain　u1tra－high　strengξh

as　we11as　high　conduct三vity，Heavily　co至d－drawn

with　repea室ing　the三ntermediate　annea1ing、モhe

肌echa1λicalをensi｝e　strengセh　increased　effec芝ive玉y

without　severe　decay　of　conductivity．In　th主s

opti至皿ized　p至ocess　the　C阯2雀wt％Ag　were　cold

drawn　upセo　aセota1d室awing　s芝rain　ofη＝5－8with

三ntermediate　annea1ing5times　at330－430℃一The
d閉wing　reδuct三〇n　rat｛os　are　defined　as　terms　of

至ogar主芝hmic　stτain　byμ＝至n（Ao／A）。w至↑ere　Ao　and

Aarethei1泌ia1andre（lucedcrosssectionareas，
respec芝ively．Tensi1e　streng乏h　of　l．5GPa至／as　been

realized　in　the　C阯Ag　alloy　whi豆e　its　conductiv三ty

is　abo砒65％IACS　aセroom　temperatu王e．
Purをher肌ore，the　wi王e　can　be　wound　to　sma1玉

diameセer　without　surface　microc王acki－ng，

However，it　needs　muc1，mo王e　effort　to　wind　the

u1芝ra－high　streng吉h　wire　in芝o　pもl1sed　high一チie至d

magnets　because　of　its1arge　spr1ng－back　force．

Keywoエds：Cu－Ag　microcomposite　a1王oy，high
stζength／high　condし一ct三v三ty，high－f三eld　conductor

mater三a三

Re1atedPape・s

l．Y．Sakai，K．Inoue，aI｝d　H，Maedぺ’New　High－

　　Stエength，High－Conduc言ivity　Cu－Ag　A1王oy
　　Sheets’’、λc切八4ε肋〃．ハ4口fθr．，43（！995）：15ユ7＿ユ522，

2－S・I・Hong，M　A・Hi11，Y－Saka三、J・T・wood，alユdJ’・

　　D，E肌b岨y，110n　the　S芝abiユity　of　ColδDrawn

　　Two－Phase　Wires’1、んfηMε±ρ〃．M肋r．、遂3（三995）：

　　33ユ3＿3323．

119　Micr◎s故uc池re　and　Elec紡omagne言ic－Characteぎistics

Studies　on　V3Si　Mu1tifilaI11en言ary　Superc◎nduc童◎rs

T・Tα1（ε〃c〃、H妙M偲〃〃c肋〃S肋f｛o・

1Apri11994to　Mal．⊂h199η

AV3Si肌u至セimamentaryconductorhasbeen
deve王oped　as　a　new　Aユ5－type　AC　superconductor，

V5Si31ayers　a工e　pre麦ere耐三a至王y　fo支med　betwee1，the

bronze　maセrix　and　V3Siチi1aments　a圭t至／e　e趾1y　stage

of　diffus三〇n　reaction－The　resisセ三vity　of　V5Si3is～ユ5

μΩcm　at4－2K，w至／ich　is　expecセed　to　be　higl，

enough圭o　separateセhe　fi玉aments舟om　each　other

for　e至ectron↑agnetic　decoupling－　The　colmbination

ofadjus芝呈1唱thetota1proportionofVtoSiinthe
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Cu－Si／V　composite室o～3and　reducing　V
f三1amen辻s　to～ユμm　emb1es　the　comp1et三〇n　ofセhe

reaction　in　a　shor室timeパhe　in主tia至1y　foζmed　V5S三3

appropriate工y　decomposes　the　most1y　V3Si
probab1y　w三thout　grain　growth　is　produced　to

・・hi・…hlgh・・…11J、（ユー3川りA／m2・t5T）．

In　Order　芝0　inves辻igate　芝he　fIux　pinning

皿echanism，the　angu1ar　dependence　of　the
piming　force　density　Pp　with　respecセto　magnetic

fie1d　dhec量ion　was　examined　in　detai1with　a

f1at芝ened　mu1tifi1amen亡aτy　conduc童or．　Pron｝the

ana1ogyモo　Nb3Sn　conductors，both　the　grain

boundary　and　S（superconductor：V3Si）一N
（normal　conductor：V5Si3、（Cu－Si）、V）三nte工face　are

be1ievedセo　ac是as　effecξive　pinning　cente］＝s－

However、三t　is　so　far　di冊cu1t　to　sepaてate　and

eva1uateモhe　individua1contr主bution　as1ong　as

the　wire　spedmen　is　used．On　the　other　hand，in

the　flatをened　cOndu（1量o「、S－N三nte「face　a「e　Pa「a1三e1

セo　the　conductor　suτface　and　co1umnar　g蝸ins　of

V3Si　are　grown　perpendicu1ar言o　the　surface・

Thus．two　kinds　of㌦peaks　appear　when
f1uxoids　and芝he　conductor　su王｛ace　raake　ang至es

of　nπand（2n＋至）肌／2（n：三nteger）、denミonstra芝ing

actua1至y　the　existence　of童wo　kinds　of　pim量ng

centers，We　have　eva1uaξed　the　peak　he主gh芝of　Pp

by　considering　the　inセeτface　densi圭y，and　thus

conc1uded　that　an　eiementa1piming　force　of　S－N

三nterface　is2－3t主mes1arger　than　tha走of　grain

boundary　pinning．

Keywords：nux　pinning，ac1oss．V5S三3，image　ana1ys主s

Re1ated　P困pα

1・T，Takeuchi．Y．Nemoto，K，Itoh，Y．Iijima，M．

　　Kosuge．K－houe㎝d　H－Maeda．1’Superconduc紘／g

　　Prope州es　oチV3Si　Mu炸fi1amentary　Conductor1’：to

　　be　pub1ished　inλ∂η．C〃o．Eηg加ε一42（1996）一

120　1＝abricati◎同◎f淵igh　Streng言h　Oxide　Superconducting

Wires　forトligh　Magne簑c同εld　App”cati◎ns

γ・Tακ脈α。冊g1〃αg〃〃cH〃S肋fゴo〃

lApri11995セo　Mar⊂h】99ア］

Bi－2223highモemperature　oxide　superconductors

are　of　great　interes童for　high　cuエrent　and　high

magnetic　fie1d　app1icaセ三〇ns　such　as　power

transmissio1πab1es　and　high　fie1d　magne士s．

Producing　conductors　with　high　critical　curre耐

densiセy．J。。h三gh　critical　cuτren乏、I、、1o1，91engths　and

high　mechanical　strength　are　p蝸ctica至1y　essen士ial

toてea1ize圭hese　applications．玉t　has　genera11y　been

thought　in　oxiδe　superconξuctors　that　the　Jc

prope1＝セy　is　strongly　dependenξon　the　ox三de

microstructures　such　as　many　kinds　of　prec三pi芝ate

particles，dis1oca量ion，crysta1defects　introduced　by

parセic1e　irrad三ation言echn三gues　or故ansfornユation

during　heat　treat肌en辻．h　the　present　work　Bi－2223

superconduc士ingξapes　wαe　prepared　by　the

powde至一in－tube　technique　uξing　Ag一至Oat％Cu　a11oy

sheaths　with　and　w三thout　a　sma11amomt　of

doping　e1ements　such　as　T三、Zr　o芝冊、The　Ag一

ユOat％Cu　al1oy　shea言h　enab1es　to｛ncrease　the

mechanica1st支ength　by　two士o舌hree　times　as　that　of

pure　Ag　sheaセh．　The　doped　samp1es　have
exhibi亡ed　high　critica1cul＝rent　density、エc　due　to　a

modiξied　gra三n　structure　of　Bi－2223phase．

Micrograph　examinaセions　onセhese　samp1es
revea1ed1aエge　and　p1ate－1ike　Bi＿2223gra三ns　a亡the

sheath／core　inteエface　a互ong　wi言h　a　more　dense　and

aIi駅ed　micros校ucklre㎞side，especia11y　for　the　Ti　and

Hf　dopi］ユgs．The　effect　enhancing　the　for肌aゼon　of　Bi－

2223phase　is皿ore　s主gnif三cant　for言he　AgCu　al1oy

sheath　w紙㎞gher　Cu　concen校ation－Higher　vo1ume．

fraction　of童he　Bi－2223phase　was　obtained　foI　the

doped　samp1es　wiそh　an　improved　tex㎞re，resu1七皿g㎞

generauy　higher　J。．D三str三buせons　of　doped　e1ements

a至e　being　ma1yzed　with　respectをo　microstruc芝ura1

defects．

　　This　research　was　performed　in　co｝1aboration

with　Sしmitomo　heavy三ndust支ies　Co．Ltd．

Keywords：　B三一2223　tape，powder－in一士ube
technique，e1emen吉aδd主芝ion，high一エc

Re1aセedp・per

1，M」sh三zuka，Y－Tanaka，and　H，Maeδa，1’Super－

　　conducting　prope村ies　and　m三cro－s芝mcモures　of　Bi－

　　2223Ag－Cu　a11oy　sheathed　tapes　doped　with　Ti，Zr

　　or　Hf’1、〃押c口，C252（ヱ995）：339－347一

1211…valuati◎n　of　Long　Oxide　Superc◎nductor　Wires

K．I舳、H敏舳gκε批r｛〃Rεsθ〃c〃Sf〃o〃

～Apr三1】995to　Mar〔h20001

To　rea1ize　a　magne辻made　of　a　high一ξempe王aセure

o・idesupe・conductor，i走isindlspensabletohavea

王ong　w｛re　wiセh　high　qua1ity　and　homogeneity－We

often　use　shorξ一1ength　specimens　cut　from　the

diffeエent　positions　of士he　who1e1engξh　of　a　wire　to

checkモhe　gua1三ty　and　ho㎜ogeneity，However，
such　technique　does　no乏on1y　waste　a　wire　but　a至so

disab1e　to　use　it　for　magnet　winding．

　　Inセh呈s　study　we　deve1op　techniques　to　measure

supercOnducting　properties　such　as　the　crit主ca亘

cur王ent，ac1osses，thern，a亘and　e工ec芝ro一肌echanica呈

properties，of　a1ong　wire　w呈thout　giving　any

damage　to　the　wire．In　add三辻三〇n，we　deve丑op

measure㎜ent　室echniques　on　a　coi1　shaped

一1ユO一



specimen，and　compareセhe　resu1ts　with　those

obtained　by芝he　technigues　on　short－and1ong－

1eng亡h　spedmens－Such　co肌parison　wou呈d　be

usefu至for　the（leve1opment　of　wire　fabτication　and

windingtechn均ues－

Keywords：oxide　superconductor，eva1uation，
measurement　technique，1ong1ength

匝　S～dy◎n　the　New　l11一跳me－a1lic　Co111pour1d　Supeチ・

condI」ctor

K・Togαηo，18㍑88鮒c乃Gm〃ρ

【Aprj1ユ995セo　March玉9961

Recenセdiscove更y　oξa　new　fa服i1y　oξboΣocarbide

in走ermeta11ic　superconductors　o〔RE］1T2B2C1，

where　RE寸are　earth　e1ements　a汀d　T＝M，Pd，Pt，

attract　again　the三nterest三n｛ntermeta1互三c

compounds　as　a　possib1e　road　to　high　temperature

superconductivity．　The　study　onをhe　phys三ca1

properties　aheady　s吉arts　for　N三sys士ems（RE－Ni－B－

C）、whose　s量ng1e　phase　can　be　easi呈y　synthes主zed　by

conventional　methods．However．the　YPd2B2C
compound，which　shows　the　hig1，est　transit三〇n

te蛆perature　Tc　of23K，can　never　be　fo至med　from

nOn｝ina1cOlnposi乏呈on　of！221by　col，ven士iona1

me1ting肌ethods－It　can　beξormed　on1y　fromセhe

no㎜主na1composition　of　arou1λd　YPd5B3C｛］．3、

乏he王efore　the　maをeria1synthesized三s　composed　of

mu1tip1e　phases・Pro㎜severa亘expe王imenta至resu亘ts

o1パhe　phase　diagram，we　specu1ate乏hat芝he三221

phase　is　formed　by　peζitect三c　reaction　wh三ch　exists

チarξro狐the至iquidus　curve　and　is　stab1e　on1y　at

high　tempe芝a圭ure　region　above！。000℃一

　　In舳s　s芝udy，we　investiga吉edセhe　e旋c芝of　rapid

quench三ng　o1、　をhe　壬ori皿aセion　o圭　YPd2B2C

compound－The　i1唱ot　w三th　nomina1composit三〇n

ofユ221prepared　by　a　conventiona1arc　n／e豆セing

showed　no　sign　of　superconduc圭ivity－Quenchiηg

was　done　by　a王c　me豆ting　a　s㎜a1至piece　of乏he

sal〕／p1e　and　sp1ash三ng　the　drop1et　onto　a　copPer

substrate　by　argon　gas　jet・　The　guenched　san，P1e

showed　apparen芝superconducting　trans三tion　a室

about22K．　On芝he　other　hanδ、the三呈qu呈d
quenching　of　YPd5B3Co．3resu1芝ed　in　a　co㎜plete

disapPearance　of　superconducセ三vity・This　is　due　to

the　co1np1ete　suppression　of至22ユequi1三briu肌

peritect三c　reaction－　Th主s　resu1t　indica±es士hat　the

12211三quid　was1arge至y　supercoo1ed　and　the王221

phase　was　d三rect至y　for㎜ed　fro㎜ξhe　supercoo至ed

至主quid－We　a1so　su㏄eeded　to　synthes三ze　the

metas芝able　LuPd2B2C　phase　by　t1，e　1iguid

quench主ng．which　s1，owed　Tc　oξ15K，

　　The1苅ateria｝s　prepared　by　the至iquid　quenc妻1ing

a王e　sti11mu1t巾至e　phases．however．the　experi㎜en芝s

de㎜onstrated　that　the　metastab1e！221phases　can

be　forn｝ed　from　supeぎcoo1ed1iquid．

Keywords：sもlperconductor，borocarbide，1iguid
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巨…黎　　App1ication　of　C■』一Ag　Alloy　Plates言o　I≡≡x廿e111ely

High・FieldMagnets

K・〃ol〃。H妙Mαg〃｛c肋1〃θ8θ伽・c〃Sf〃oπ

【Aprii1995to　March1996］

Cu－Ag　a1呈oy　p1ate．newlyδeve呈oped　at　NRIM，is

co㎜posed　of　Cu－based　a11oy　matrix　and　Ag－based

a11oy　micro一ξi1aments，and　a　promising　ma芝eria1for

res三stive　high－f｛e1d　magneセs　due　to　the　usefu1

combination　of　high　mechanica1stre呈／gセh　and　high

e1ect麦ical　conduc芝iv三ty－Bi芝ter－type　wate支一coo1ed

lnagne芝三s　one　ofをhe　hopefu至apP1ications　of　the

Cu－Ag　a至呈oy　p1a士e－Nat三〇na豆H三gh　Magnet亘c　Piel．d

Laborato更y　has　the　mos芝powerfu呈DC　power

supp呈y　a呈／d室he　most　powerfu1water－coo1｛ng

system麦or　ope獺ting　wate亙一coo1ed　magne走．In

addiセion　芝here　are　many　exce呈1en芝1nag1，et

designers至1av三ng　much　experience　to　fabricate

Bi±ter－magnets　in　NHMFL．Fo王eva1uat1ng廿he　new

materia1as　the　conductive　material　in　Bitter－type

wate王一coo1ed　magnet，we　performed　t1，e　presen芝

couabora室ion　study　wiセh　NHMFL，

　　A㏄o芝d三ng　to　the　design　proposed　by　NHM肌、

we　fabricated　Cu－Ag　a11oy　p1aセes　with　optimizing

the　fabrication　conditio1，s　and　send　the呈mセ0

NHMPL－At　NHM兀the　Cu－Ag　al1oy　p亘a芝es　were

processed　into　Bitter－p1ates，assemb1ed　into　a

B亘tをer－type　water－coo至ed三nagnet　and　then　tested

with　using　the㎜ost　powerfu1power　source　and

waモer－coo呈ing　system・On　Febmary、三996we
successfu11y　generated　steady　magl，e土ic　f三e至ds　up

to34T　in　a　clear　bore　of32mm．Th量s　vakle三s　a

new　wor1d王ecord　of　s芝eady　magneセic　fie呈d

generated　by　an　enセi支e1y　water－coo1ed　magnet，

The　resu1t　has　demonstrated　the　great　va1ue　oξCu－

Ag　a11oy　p1ate　as　the　conducセor　materia1in　Bit芝er－

type　water－coo1ed　magnet・The　previous　record

were　perfor㎜ed　by　a　Bitte支一圭ype　water－coo至ed

magnet　wi芝h　using　Cu－Be　a王丑oy　p1ates，of　which

conduct三vi圭y　are　abouξha至f　of　the　Cu－Ag　a11oy

p1ates．The　exce11ent　properties　of　Cu－Ag　a11oy

plate　are　the　mai至πauses　of　this　success・

　　This　research　was　performed　in　co11aboration

w曲Natiom1High　Magnetic　Pie1d　Laboratory一

Keywo正ds：Cu－Ag　a至至oy，B三モter－type　magl－eセ，

water－coo1edmagne芝

Re1ated　Papers

一ユu一



1－Y－Sakai，K．Inoue，and　H－Maeda，I’New　High－

　　S士rength，High－Conduct主vity　Cu－Ag　A互至oy

　　Sheets1’、λαoハ〃ε切〃．ハ4〃εr一、3雀（ユ995）：ヱ517＿1522－

2．Y．Saka呈and　H．J．Schne三der－Muntau，I’UHra

　　High－S圭rength，H三gh－Condもlctivity　Cu－Ag

　　W三resI’：tobepub1ishedinん肋M舳1－M肋’一

shea㎞of　Bi－2223tapes’1、∫CEC！6〃CMC．Iぐtakyusyu．

Japan、（1996）：May20r2雀．

Magnetic　Materia1s

巨黎　　I〕evelopnle11－ofト1Igh－Jc　BI－OxIde　Superconduct111g

Wires

γ。丁舳秋α、H妙M昭〃〃CH〃他5θ肌”∫τ〃0κ

エAprilユ995toM齪rch玉996］

Bi－2223セapes　using　Ag－Cu　a至1oy　sheath　doped

wi圭h　Ti，Z王or　Hf　have　been　fabr三cated　by　the

powder－in－tube　technique　in　orderセ〇三ncrease

mechanica1strengをh　a1ong　wi圭h　improved｝c
property－Ag－10at％Cu　a11oジubes　doped　wiセh　Ti－

Zr　or　Hf，by　an　a肌oun芝oξ1ess　thanユaセ％have

been　prepared　and　fi王1ed　with　Bi－2223powder　to

make　composites．A｝1these　composiをes　were
ro11ed　to　thin　tapes　after　swaging　anδdrawing　md

セhen　subn｝itted　to　hea芝trea芝ment　to　for工n　Bi－2223

supe王conducting　phases．　M三crostructures，

superconducting　properties　and　mechanical
pmpeエties　have　been　measured　by　XRD，SEM，

HRτEM，SQUID，4－Probe　resist三ve　meas服ement

and　micro－Vickers　hardness．

　　　It　is　observed　that　Ag－7－10a芝％Cu　a11oys　have

mechanical　streng圭h　with2to3times至arger　than
セhat　of　pure　Ag　and　show　no　decrease　in　Tc　or｝c

proper圭ies　of圭he　Bi－2223．As　for　the　e好ect　of　the

dop呈ng　Ti，Zr　or　Hf　into　the　AgCu　a至1oy　sheaセhs呈セ

is｛oundセhat芝he　add三tion　with1ess　than　O．！at％

increases　the　Jc　remarkab1y，especia1至y　for　Ti　and

Hf　dopings－In　the　doped　samp1es1arger　and

p王ate－like　Bi－2223grains　are　foエmed　which　seem　to

be　st王ong1y　responsib1e　forセhe　h三gh　Jc　property

observed　due　to　an　improved　texture　and　e三ectrica1

connecモions　between　grains．Furthermore，i芝is
suggested　that　a　new　kind　o閉ux　p｛ming　cen芝er　is

in亡roduced　inセo　the　Bi＿2223crysta王1ine1att三ce　of　the

Hf　doped　samp1e　according　to　the王esu1ts　by

SQU旧measurements．Stud三es　on　microstruc亡ures

by　high　reso1uセ三〇n　trans玉皿｛ssion　electron

nユicroscopy　have　been　continued．

　　　This　research　was　peτformed　in　The　Bi1atera／

Joint　Resea王ch　by　Speda呈Coordinaモion　Punds

Promoting　for　Science　and　Techno1ogy（FYヱ995）一

Keywords：Bi－2223　tape，powder－in　tube
セechnique．e1ement　addition，hig　h－Jc

Re1ated　Papers

！．Y．Tanaka，M．Ishiz血a，H．Maeda，andT．Hash㎞oto，

　　　1，h柵uence　of　doping　Ti，Zr　or　Hf　in童o　Ag－Cu　anoy

⑳R11舳1㎝Q舳mM1l11tilP岬1rtiel11d
SpinicFunc－ions◎fMesoscopicMagneticMate伯1s

I．N脈〃伽｛、T。肋γ泌ηαs〃、H．Mα閉勿α、α〃

T・Tα吻伽伽

［Apri1ユ996セo　Apri－2002】

The　objective　of　the　project　is　to　exp1ore　the　basic

research、をechno至ogy，and　apP玉ications　of　nove至

皿agnetic　materia1s　w三th　mesoscopic　sizes・h　a1亘sort

of　funda皿enta1phenomena　in　magnetism、圭he王e

exisモcorresponding　characセeristic1eng亡hs，e・9一工一

dis亡ance　of　exchange　interaction，distance　of

magneをiC　dipO1e　interaCt三0n，magnetiC　dOmain　SiZe，

spin　d三ffusion1ength．and　so　on・　The　projec圭

inc1udes　three　types　of　magnetic㎜ater三a豆s　with

mesoscopic　sizes　of　di㎜ensions　in　around！OOnm．

！0nmandl㎜reglme，respective1y．Thlsworkhas

two　maincomponents・
　　　Pirst，童here　is　a　exp1oraゼon　o圭fabr虻a虹on　method

for　mesoscopic　magne芝ic　ma芝er主a至s－Thesεare

e1ec圭ron－bean｝　nano1ithography　to　fabr三cate

nanostructure　of　ferromagneセ三c　subsセances　w主圭h

d三mensions　in　severa1hundreds　nm　or　sub－！00nm，

syntheses．of　magnetic　co至亘o｛ds（magnetic　nu三ds）of

ferromagnetic　iron－nitride　partic玉es、ユOnm　or　sub－

10㎜㎞diameter，dispersed㎞1iquldolmhera1ol1，
and　preparahons　o歪nanogramlaτma駅e打c　materia1s

lhatfeエromagnellcf㎞epartic1es，severa1㎜orl㎜

㎞size，areembedded㎞so｝三dma紅ix　of㎞su1ator．

　　Second，there　is　the　chanenge　that　One　can　exp1o「e

mesoscopic　magne士ic　phenomena，from　classica至芝o

セhe　quan汕m1㎞三t－A　new　fie至dモhat　has　come　to　be

ca至1ed　Ilspin－Po1arizedセエanspor芝1’is　now　growing・

A1though　its　rooモs　are㎞the　quanむm　description　of

solids．on王y　recenセly　new　fabricaセion亡edmiques　for

soph｛sticated爪aモeria1s　described　above　a11ow　to

make　wide－spread　studies　of　the　phenomenon　and．

the　deve1opmentofdevice　apphca芝ions．

Keywords：皿esoscop主c　magne亡ic　materia呈、
quantum　magnetk　p王operties，spinic　fmcセion

1268asicResearcいorDevel◎Pme耐Of1耐elligent
Materials　Aimed　at　1nteractions　be言ween　Atoms　◎r

M◎1eCuleS

I・N脈”舳｛、1〕～s｛c仰1〃oρ〃肋8D加｛8｛o〃

IAp11il］993to　March19961
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The　objec迂三ve　o麦the　project　inc1udes　studies　on

u1セramicro　fabrica辻ion　techn三ques　for　magnetic

substances　and　on　magne芝ic　qua汕u狐efξecセs

originated　by　the　u1tramicro　s童mctures－The

research　area　is　div三ded　in言o　thΣee　area

・・・…p・・d主・g±・・h・…t・・i・tl・至・・gt至・・f

mesoscopic　phenomena：These　are　mesoscop圭c
magneをic　subsセances　with　sizes　of　aromdユ00nm，

！0nm　anδ1nm　in　dimensions．

E1edmn－beam　nanoIithography　and㎜icromagneセic

properties　of　mno－structured　fermmagneHc
狐ate由1s（1OOnm　dass）

A　mve1reacセive－ion－etching　method　fo支服agne芝ic

lnateria1s　has　been　investiga芝ed　and　deve1oped　in

the　course　o圭t豆／is　projec亡．　This　meをhod　has　an

ab舳y　of芝he　key　techno1ogy　of　micro－fabrications

○圭n蝸gnetic　substances・　By　apP1y三ng　the夏nethod，

ferromagne士三c　Fe－N三th三n　w三re　arrays　wi圭h250nm

width　al，d　space　were　successfuuy　fabricated一

CoIloid　of　fenomagnetic　fine　pa拙cIes（㎜agneセic

Huids）（10n正n　c1ass）

Magnet主c　re1axation　pheno㎜ena　of　the主ron－nitride

㎜agne芝三c　f1uids　are　studied．It　was　c1趾ified　that

芝he　magneセic　re1axation　process　oξ出e　magnetic

f至uids　can　be　exp1ai1，ed　by　the　N6e1－type　re1axation

added　by　d巾ole　interaction　be芝ween　the　partides．

Superparamagnetic　propeτ走ies　and　magnetic
re1axation　were　s室udieδon遂diチferent　types　oチ

iron－nitride　magnet三c　f1uids　with　d主fferen圭parをic1e

dia皿eteパrom6芝o　lO　nm－The　re1ationship
between　viscos三t圭es　of　the狐agnetic　f1uids　and

vo1ume　fractions　oチsolid　partic至es　was　made　c1ear．

Nanogranu1ar磁agneHc　mate王ia1s（h㎜dass）

Nanog王anu1ar　magne室ic三皿ate王ia1s．Fe　partic1es

with2nm三n　diameteエembedded　and　we11
d三spersed　in　insu1ating　Si02or　MgF2matr1x．were

prepared　by　co－evaporatiolてin　ultrahigh　vacuum

system．The　gian亡magnetores三s芝ance（GMR）。

ζeaching6－2％a亡78K，was　observed．It　has　been

ehlcidated　tllat　the　GMR　effect　is　due　to　spin－

p〇五arized　e1ec±rons　tunneling　be芝ween　the　Fe

parセic1es、

KeyWO江dS：｛nte11igent　materia1，magnet三C　materia1，

u1芝ramicro　fabricat三〇n，mesoscop三c　phenomenon

Re1ated　Papers

至．I．Nakatani，1’U1tram主cro　Pabricat三〇m　on　Pe－M

　　A至1oys　Usi呈1g　E至ectro1／－Beam　Writing　and

　　Reactive－Ion　E芝ching’1，1EE1三＝rroηs．Mηg〃一

　　32（三996）：4逐48＿遂451、

2－I－Nakatani、’1Pab支ications　ofTh三n　Wire　Arrays　or

　　Fine　Partic1e　Arrays　of　Perma11oy　by　E1ec校on－

　　Beam　Nano1ithography　and　Their　Magnetic
　　P王0peτties，1、ハ4〃εr加∫oρo〃、35（1996）：854－857．

3．T．Furubayashi　and　I．Naka芝ani、’IMagnetic　and

　　Transport　P王operties　ofGranu1ar　Fe－MgF2Piims’1，

　　M口fθr，Sc主．1三η＆、A，2三7－2ユ8（！996）：307＿309－

4．T．Pumbayashi　and　I．Nakatani、’1Giant
　　Magentores三stance　in　Granular　Fe－MgF2Fi1ms’’、∫。

　　却ρLP乃ys－79（！996）：6258－6260．

5．H．Mamiya　and　I－Nakatmパ胱ecセof　Cooling
　　腋e王d　on　Magnetic　Re1axation　for　an　Iron－Ni芝ride

　　Pine　Parセ三cle　System’㌧∫・ノ｝ρ1－1〕乃yε．（ユ997）：in

　　p工ess・

6．H．Mam呈ya．M．Onoda，T，Pも肌1bayashi，al㌻d　I，

　　Nakaセani，IlStructura王and　magl，et三c　sをudies　on

　　vanadiu肌spine1MgV204’I、∫．λ卯1．1〕／1y5．、（1997）＝

　　呈n　press・

127Fabricati㎝sandSpinicFunctionso川esoscopic
Magne｛ic　Materials

1．N脈〃伽｛。T．R舳bη鵬11｛、H．M伽1吻α、伽〃D．K伽

IApri1王995to　April／996］

The　objective　of　the　project　includes　stud三es　on

u1圭ramicmチabrica全ionモechniques　for　magnetic

s曲s芝ances　and　on　magnetic　quan芝u狐effects
orig1na乏ed　by　the　u1tramicro　structures－

　　　Tl，eτesearch　area　is　d三vided　into　three　areas

coτresponding　走o　character三stic　至eng圭h　of

1苅esoscopic　phenonユena・　These　are　n｝esoscop呈c

mag舵tic　substances　with　sizes　of　aroundユ00nm，

101刀n　al，dユ1，1苅｛n　dilmens三〇ns．

E1ectron－beam　nano1ithography　and㎜icro一

㎜agmti・p・op・・ti…　fn・no－stumctu・ed
feno㎜agneセic㎞ateria1s（玉00nm　c－ass）

Anove1reac走ive－ion－e芝chiηgmethodformag1ユet呈c

mateエia1s　has　been　investigated　and　deve1oped　in

the　course　of　this　project，This　method1／as　an

ab舳y　of　the　key士echno1ogy　of　mi〔ro－fabricaセ三〇ns

○チ1nagnet三c　subs走ances．　By　app呈ying　the　method，

fer王omagne圭三c　Pe－N三thin　wire　arrays　w三セh250nm

w量dth　and　space　were　successfu1ly　fabricated．

Conoid　of　fermmagneセic麦ine　p砒ticles（㎜agneビc

Huids）（玉On1＝恥c1ass）

Magneセ三c　re1axat三〇n　pheno王ne1，a　of　t1，e　iron－1，itride

magne辻三c　fklids　are　s乏udies．It　was　c1arif1ed　that

the　magnet三c　re1axaξion　Process　ofモhe　magnetic

f1し亘ids　can　be　exp1ained　by　the　N6e豆一type　re1axation

added　by　dipo1e　i耐eraction　beセwee三1the　partic玉es．

Superparamagnetic　properties　and　lTユagl，eξic

re丑axat三〇n　were　studies　on4djfferenセtypes　of｛mn一

一113一



nitride　magnetic　f至uids　w呈th　different　partic1e

diameter　form6toヱO1，m一珊e　re1aセionship
between　viscos三ties　o圭圭he　magnetic　f互u三ds　and

volume　fractions　ofso1id　partic1es　was　made　c1ear、

Nanog蝸m1ar脈agnetic　ma辻eria1s（1n㎜c1ass）

Nanog工anu1ar　magnet二c　materia1s．Fe　part三c1es　with

2nm　in　diameter　embedded　and　we11dispersed　in

insu1at呈ng　Si02or　MgP2ma圭rix，were　prepared　by

co－eva．poration主n　u1ξrahigh　vacuum　system．The

gia耐magnetoresistence（GMR）。reach三ng6．2％at

78K，was　observed．It　has　been　e1uc主dated　that　the

GMR　effect　is　d1ユe　to　spin－polar圭zed　electrons

tume王ing　between出e　Fe　parセic1es・

Keywords：mesoscopic　magnetic　materiaL
e1ectron－beam　lithography，magneセic圭｝uid，

granu1ar王nateria1

ReIaセed　Papers

至．I．Nakatani，’IUltramicro　Fabrications　of　Magnetic

　　Mate王ia1s　by　E三ectron－Beam　Lithography、’’M卿1－

　　Soc．∫ρη一，／9（1995）：83！－839・

2．T，Purubayashi　and　L　Nakatani，1’Magnet三c

　　Properties　of　Iron　Pine　Partic1es　in　Fe－MgP2

　　Co肌pos｛te　Fi王ms，’1∫．Mog〃一Mogη．M〃θr．140一

　　ユ44（1005）：393＿395．

3．T－Furubayashi　a1，d　I．Nakaセani，1’］Magnetic

　　Properties　of　Granu1ar　Pe－Si02pi1肌s，11∫・Korω

　　舳g〃一Soc・5（1995）：474－477・

4．H．Ma㎜iya　and　L　Nakatani，IlDynamica玉
　　Magnetic　Pmperties　of　Iron－Mtr1de　Mag1λetic

　　Fluids，’’∫。Korεσ舳g〃。Soc．5（ユ995）：8ヱ5－818。

Opto－mat餅ia1s

⑳　Si列gle　Crystal　Growth　of　New　No111inear　Optica1

Ma言erials　by　Mea11s　o言Con柵o1ling　Crys言a1Symmetry

MSαfo，1〕切εゴcα11〕γoρεrτ｛θ8D加ゴ8ゴo〃

［Api．111996toMarch／999］

Sing1ec・yst・1sfo・non1inearopticalmaterialsa・e

ilハportant　for　frequency　modu玉ation　devices－R　is

usu・11y・equi・edfo・thispし・rposetha走slng1e

crysta1s110u1d　have　asymmetry．However、三t三s
ge1，era玉1y　d主fficu王t圭o　grow　single　cτysセa1s　having

CrySta1aSymmeセry　eVen　if　neW　maセeria1S　are

discovered．It　wou1d　be　possib王e亡o　obtain　sing玉e

crysta1s　having　crysta1asymme亡ry　by　means　of　the

subsセitut主on　of　constiセuenモe玉ements　for　anoセher

e玉ements　in　o王derをo　form　the　asymmetry

surroundings　of　substituent　e1e皿ents　in　micro

sca1e・互n　this　work．sing1e　crysta1growth　of　these

ma芝eria王s　having　crysta1asymme乏ry　wi11beセried　by

the　Czochra1sk三皿ethod　from　the三r　me1芝s　and　the

crysta1qua1ity　wi1互be　imp王oved　by　means　of

contro至呈ing圭he　crysta玉growth　cond三芝ions．
Furξhermore，走he　op芝ica1property　of　the　crysta1s

wii豆be　eva1uaをed　us三ng　the　sing豆eαysta1s　grown－

　　In　this　year，BaA1204substituted　A1for　B　wi11be

targeted　on　and　synthesized　p0｝yc麦ysta丑1ine

sa㎜p1e－　The　non1三near　Optica1P「oPe「ties　us量ng

SHG（second　harmonic　genera舌ion）intensity　w呈11

be　investiga芝ed．

　　Thisτesearch　is　perfor皿ed量n　co11aboration　w三th

the　Institu圭e　fo王Materia1s　Research，Tohoku

UniVerSiセy－

Keywords：frequency　modulat主on，crysta1
aSyrn肌etry，SubStituセ三〇n

MateriaI　for　energy　apP1ication

⑳臨rllCo1l1rli㎝榊erilll1舳1111wit1
Composi胞Str1」ctwes

τA．M8〃加、1〕～εゴc〃Pγoμ一’肋s　D加｛s｛oκ

lApri〕996to　March玉999］

Thermoe1ec圭ric（TE）mateζia1s　have　been　wide1y

usedチor　the　direct　energy　conversion　sysモems－

These　materia1s　conver圭therma1energジo　eIect工ic

power　with　quick　response　and　wi走hout　noise　and

mechanica1v主braセion．Recent呈y，the　TE　generators

are　main1y　used　for　the　e至ectr三c　source　in　the　sea，

space，and　po1ar　regions，and　the　TE　coo1ing

sys走ems　are　main1y　used　for圭he　prec三se

temperature　contro1in　the　semiconductor
process呈ng，op圭ica互　and　e工ectronic　devices・

Therefore，it主s主mportant　to　deve呈op　TE　materia1s

with　high　ef趾iency－

　　The　TE　materia1s　with　high　efficiency　are　given

byセhe　three　cha王ac辻erisセics，i．e一、high　Seebeck

coeffidentα，high　electric　co1，ductivityσand1ow

therma1conductivityκ．The　good　TE　materia1s

can　be　found　in走he　se狐iconducting　con／pounds，

al／oys　and　their　mixセ収es　w圭乏h　very　low　va1ues　of

th・ph・…th・㎜・1…d・・ti・三亡y㌦、・…h・・B｛。．

、Sb，T・。・・dPb］一、S・、T・・Th・・。］、i…dし…dbyth・

phono1，scattering　of芝he　deforn｝ation　f三e1d　in　the

crysta1grains，9rain　boundary　in辻he　sin辻ered
bod三es　and　c0互nposi走e皿ate「ia1s・

　　In　モh主s　study，　the　severa1　preparaセion

techniques　and走heエmoelectric　proper走ies　of　TE

ma圭eria呈s　with　a　composite　structure　are　exam三ned，

and　also　the　optimu㎜composite　stmcture　for

good　TE皿ateria1s　is　exp1ained．
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Keywo正ds：energy　conversion，thermoelec量ric

mater三a1S，COmpOSite㎜a芝erialS，thermOe1eCtΣiC

materia亘

Re1ated　Pape工

1．H，T．Kaibe，Y．Tanaka，M，Saka乏a，and　I．A．

　　Nish三daジ1Anisotropic　Ga1vanomagnetic　and

　　Theτmoe1ec童ric　　Properties　　of　〃一Type

　　Bi2Te3Sing1eαysta1withセhe　Composition　of　a

　　Usefu1The王moe1ec芝ric　Coo1ing　Materia11’、∫。

　　P1〃ε。C1π伽．So1〃s，50（！989）：945＿950一

⑧撒1fAli1lDlgrll1ti㎝㎝1o111i1l1
Co㈹sion　of　S㈹ctwa1Ma鮒ia1s　for　Light　Wate州eac｛ors

γ・K肋加、p舳〃θP物8た5D伽5｛o〃

エAprilユ996to　March2000］

The　object主ves　o｛thisτesearch　as　one　of　the　n訂c豆ear

safety　researches　are　to　inves言igate　the三nteract主on

be辻ween　aged　s士mctura1maセeria1s　and　the
il，it三ation　of1oca1corrosion　such　as　s量ress　corrosion

cracking，corrosion　fatigue三n　hig1、をe互nperature

wateζ、and　to　res圭rain　the　en1argement　of1oca互

damage　in　we1djoin芝sby　us三ng　a　laser　me麦hod。

Inセe蝸cせion　between　aged　materia1s　and　loca－

damage

Stress　corrosion　cracking芝es芝s　and　corrosion

fatigue辻ests　are　conducted麦or　aged肌ateria1s　such

as言emper　e㎜britt1ement　s主mもl1ated　by　hea辻

treatment，hydrogen　e㎜bri圭t1e㎜ent　by　caモhod三c

treatment　and　so　on．T1，eseをes芝s　are　carried　out　to

inves芝igate　the　initia吉ion　oチセhe1oca1damage｛rom

the　view－Poinセof　microscopic　aspect　by肌eans　of

SEM，AFM，EDX　and　so　on．

Resセrainセof　enIaエgemenセof1ocaI　d劃mage　by1aser

］me砒od

Weld　jo主nts　of　structural　componenξs　incklding

we呈d　meta1and至／eaをaffected　zone（HAZ）are
considered　to　be　more　sensitive　than　base　metal　for

aging　degradat｛on　becaもlse　o｛the　d三scont量nuous

miCrO　StruCture，reSidual　S言reSS，Segregaを圭On　anδS0

0n．

　　Synthetic　aged　we豆d　meta1an（l　HAZ　w呈11be

produced　by　high　heat　input　nG　aエc　we1ding

and／or　hea亡treatmenセand　w三11be　homogenized

by　rapid　so1idifica芝ion　treatment　with　a　high

powαcarbon　dioxide至aser　up　to6kW－M三αo
s芝歪uc芝ure，segregaを｛on　aをthe　gra量n　boundary，

co「「osion「esis辻ance　and　s00n，of　the　rapid

so1三dified　Iayer　wi11be三nvestigated－A麦the　same

time　a　lase王speck1e　n｝ethod　oξhigh　reso1ution

wi士h支espectセo　place　and　time　wi11be　app豆ied　to

so1三dified　and／or　HAZ　to　investigate芝he　stress

and　strain　behavior　during1昼serけeatmen芝．

Fina11y　the　recovery　o｛damaged　zone　w川be

eva1uatedチromセhe　poin芝oξcorrosion王esjstance一

Locah・edcomsionmap

LocaIized　corrosionmap　wi11be　deve1oped　mainly

in　the　fie1d　oξhigh　temperature　water　inセerms　of

s吉ress　corrosion　cracking　da止a，e至ec芝roc至1em1ca至

da芝a．corrosion　fa芝igもleαack　growth　data，low

・y・1・f・llgu・d・t・・nd…n・Th・・・・…i・nm・p

wi三至be　usefu至for　mater｛a至se亘ection　in　eng㎞eering

δesign　and　for　high　accurate　prediction　of

materia1da皿age．

Keywo辻ds：aging　degrada乏ion、至oca1ized　corrosion，

1量ght　wa辻er　reactor，laser，rapid　so1idif呈ca芝三〇n

treatmenセ

⑥l1f11釧110川1111［r11lm燃i◎11o11ow
Activation　Sオr■」ctural　Ma言eria1s　for　F■」sioη　萬eacto芋

ApPlicatio11

N・γ舳伽仰ofo，2〃Rθ8θ伽’c〃α’o〃ρ

エApri1／996to　March20011

Reducing　radio－ac圭iva士ion　of　maセeria1s　has　been

strong1y　des｛redチor　nuclear　fusio1，reactor　sysをelns

f王om　the　viewpo主n芝oチwaste　manage服ent　and

env主ronmental　sa圭e印一圭is　especially　impor芝an亡for

advanced　reactoτs1ike　p王o芝oウpe　and　DEMO　reacセors

which　succeed　to　an　experimenta呈reactor　such　as

ITER（In室emationa亘Thermonuc1ear　Experimental

Reacセor）。dueをo肌uch　higher　doses　expected　iパhose

reactors．　Since　s訂ch　ac室三vation　occurs　n｝ost

exte11sive1y　in　sξructura11T工ateria1s　used　fo王f三rs古

wa11／b1anket　app1｛cations，a　g更eat　col，cem　has　been

paid　to至oweτing　the　degree　of　ac仕ivation　in　these

mater三a至s．At　the　same芝imeセhose　ma亡eria1s　must

wiをhstand　severe　fus三〇n　environme茎1ts，such　as　heavy

neutron｛rradiat｛on．and皿a｛ntai至11㎜aterial　integrity，

Theぎefo王eセhe　deve呈opnユenξof　high　perforn／ance　and

low　activation　structura1materials　has　beel，

recogn三zed　as　one　of　key　issues　in　the　progress　of

f訂sion　reactors．

　　In舳s　sセudy　the｛nf1uence　of　transmuta吉iona至

e1ements，which　are　generated　inセhe　mat台rials

through　mc1ear　reactions，on　the　properties　of1ow

acをivaをion　cand三dates　has　been　investigated　il，

order　to　estiIT旧te　their　capabi1呈ties　and　to　gailr

significant　三nsigh芝　for　futuζe　　ma亡eria丑

deve1oplnent．　The　ernphasis呈s　focussed　onξhe

effect　of　gas　e1ements（he至iu肌and　hydrogen）on

the　mechanical　properセies，because　these　elements

肌e　known　to　be　able　to　cause　remarkab至e
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dgter三〇ration，The　mater主a至s　intens三ve1y　studied　in

セhis　research　are王ow　activation　feζritic　stee1s　and

vanadiu互皿a11oys，prOmising　candidates　for

prototype　and　DEMO　reactors．He至～m　and
lWdrogen　will　be　imp1anセed　in　the　samp1e

maξerials　by　ion　bombardment　w主th　NRIM
co1npac圭cyclotron－　The　芝echn玉que　of　post

implan圭ation　mechanica1testing（e，g－creep　and

セens三1e　tes圭s）w川be　c1，ief1y　adopted　for　the

eva1uation，owing　to　its　high　effidency．accuracy

and　s主1篶p亘icity・　Practographica1examination　alユd

1苅icrostrucセura呈observaモion　on　the　fractured

specimens　wi玉1a1so　be　carried　oもlt　to　prov主de　the

link　between　mechanical　properties　and
miCrOSセruC乏ureS．

　　This　fiscal　year　the　half　parセof　the　high　vacuum

creep　testing　eΨipment　which　is　u舳zed　for　post

implantation　experiments　wiH　be　constructed　and

the　methodo1ogy　of吉he　testing　wi1王be　estab1ished

through　tests　o1，ul，implanted　spec主mens・　The

pre1iminary　modeling　of　pheno肌ena　wi玉1a1so　be

started　as　we王1．

Keywords：he1ium　embritt玉ement，hydroge亘1
e狐bエitt1ement，ferr泊c　s圭ee1，vanadium　a11oy

us三ng　nanomete王一s三zed　ox三de　powders・

　　刊rs走we　ana1yzed　damage　accumu1ation　in　a

pure　te芝ragona1z三rcon三a　during　superp1astic　tensi1e

deformation，　The　ana1ysis　revea1ed　the　rnosセof

damage　introduced　up　to　lnoderate　strains　oξabou芝

200％to　arise　from　the　growth　of　preexistent

in芝ergエanu1ar　defects．Fromセh呈s王esu至亡s，we　triedξo

reduce　the　dens三ty　ofセhe　defec士s　by　co豆1oida1

processing・We　con吉rol1ed　the　dispersion　of

nanometer－sized　zirconia　powders　in　col1oida1

so1ution　based　on　the　re1aセionship　be芝weenξhe

surface　poセentia1of　the　pρwdeτs　and　the　pH－va1ue

of芝he　so1ution．The　processing　fo11owed　by
p「essu「e　f三至tratiOn　enab1e　us　to　ge亡sintered　bodies

w主th　higher　densiセies　and　with　finer　grain　size　of

aboutO．2一αmascomparedwithをhoseob走ainedby
usual　dry　process三ng．As　expecセed丹om　the

ana1ysis，the　resu1モant　materials　showed　higher

superp1astic　tensi1e　ducti王iセiesセhan圭hat　of　the　usua1

one，The　cooperaセive　work　onセhe　microstmctural

COntrO玉OHine－grained　Zi王COn呈a　and．a工um三na　baSe

materials　containing　intergranu1ar　g玉assy　phases　or

secondphasepartic至eslsa王soinprogress・

Keywords：co11oida1process三ng，ox玉de　ceram三cs．

inセerface，　m三cms辻mctura1　contエo1，　high

temperature，deformation　and　frac圭ure　mechanisms

132　萬esearch　on　Fじ訂damental　Science　of　lキontier

Ceramics

K．H1閉gα、M8c11舳1cα11〕roρθ沌｛θ5D加ゴ8｛o〃

lApl’il1995t（・M・・cl・／99ア1

This　study　aims　at　obtainir■g　systemat三c1っases　for

the　nlicrostrucセura王design　of　advanced　ox主de＿base

ceram三cs　for　superp1astic　forming　and　for　high

temperature　machinery・

　　　A呈モhough　the　requirement　for　high芝emperature

p1asticiセy　is　opPos呈亡e　between　superp1as圭ic

materia1s　and　heaけesistan走ones、廿he　performance

ofboセhm・セe・i・玉sdepe1・dsonthes・mef・cモo工ssuch

as　n↑orphoユogies，nanon下eter－sized　strucセures，and

chen，istry　of　in走erfaces一　至t　is　becauseセhe　factors

c1ose1y　re王ate　toモhe　grain　bou1，dary　s1iding

accO1η1nOdated　by　intergranu1ar　n↑atterセransport

and　the　nucleation　and　growth　of　intergranu王ar

defects，whicha・etheconユmone1e1皿en辻alprocesses

of　hiσh　defornユation　and　fracセure　in　boセh　rnateria1s．
　　　　b
Po・thead・al・cedmi・・ost・ucモu・・1design，the・efo・e，

it　is　essentia玉セo　tmderstand　systemat三cally　how　the

f・clo・sgovemモhee1em㎝ta1Pmcesses・ndセo
establish　lてew　adva1，ced　methods　fo王co1ユtro11ing

these　rnicrostrucセura1factors－For　this　purpose，we

have　promo辻ed　tight　cooperaセion　between　the

micromechanisms　of　high　temperature　maセeria1

perforn↑a1，ce　underえensi1e1oading　and　high1y

qmlified　materia玉synセhesis　by　co玉1〇三dal　processing

133Funda卵ental　S約dy　o言　Micr◎strucωres　and

PrOpeれies　t◎　Devel◎p　High　Perfoぎma11ce　Mateチials　fo芋

Seve芋e　Environme補　（Il・High　Temperatuチe　lnter獅eta1lic

C◎mp◎unds）

丁一γ伽ηαg〃α、Mαfα’加15Dεsな〃D加｛s｛o〃

【April1990to　Marc11ユ99ア］

The　projecセis　a　paτt　of　a　natio1ユa豆research　projecモto

develop　highモemperature　intermeta至1ic　compomd

such　as　Mobium　A呈㎜inide－In　this　p工oject，乏he

target　was　f三xed　on肌echan三ca玉proper亡ies　of3％

e玉ongat三〇n　at　room　temperature　and75MPa　tensi1e

sセrength　at2073K．High　temperatもlre　s迂reng圭h，in

genera1，sセrong1y　depends　on　the　homo1ogous

セemperaセure・　互n　this　project，homo玉ogous
セenlperature　correspondsセo　O．9of1皿e1セing　Point　of

Nb3A1．Iゼs　necessaryパhereforパo　riseセhe　melting

point　of　Nb3A1phase　by　the　addiセion　of　high．

me1むngpoinセrefractorye1ement，suchasTa，Mo，W．

Nb3A1．on　the　o圭her　hand．is　a　typica1briωe

material，so　that，ducti玉e　Nb＋britt1e　Nb，A1two

phase　aIloys　equilibra之ed　at2073K　were　searched　in

binary　and　Nb－A｝一Xモemary　syste肌s，Two　phase

a1ioys　were　obtained　in　Nb一玉8A1，Nか4Ta一三8Al，Nb－

4W一ユ8A1a1豆oys．酬ective　anoying　e1ements　toエise

me1吉ing　point　were　searched　for　by　th．e

indpientme1t－structure　observa圭ion　method．Arc
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me1をspecimens　were　hea芝tζea±ed　at2073K～2400K

foぎ2hζinvacuum，Mo，Ta，Wwereeξfective
e1ementS．

　　　These　two　phase　a11oys　were　me至ted　to3Kg

ingots　by　high　frequency　scar㎜e1t　method．Aξter

2hr　hea童trea芝㎜ent　aを2073K　in　vacuum，4φ×

ユ0m㎜compression　specimens　were肌achined
and　mechan三ca1p室opeζ麦ies　were　eva1ua走ed．Aを

room古emperature，very　few　deforma芝ion　was

observed　and　at2073K，23MPaユ0％compression
deformation　strength　were　obtained　in　Nb一ユ8Aレ

4W　a1至oy．Addit三〇n　of4a芝％M〇三mprovedをhe

strength　up　to3！Mpa．

Key㍗ords：Nb3A1キNb　two　phase　stmcture．
co1npression　strength　at2073K

KeyWO迂dS：Sing1e　CrySta至、Supera豆至Oy，a11Oy　deS三gn，

creep　strength，hot　corros三〇n　resistance

Re1討ed　Papers

！．H－Murakam三。Y．Yamagata，and　H．Harada、’1The

　　㎞uence　of　Co　on　creep　deformaゼon　a1寸so紅opy　h

　　Ni－base　s三ng1e　crysta1sもlpera王1oys　at三nte王mediaセe

　　tempera汕res’1：accepted　for　pub至icahon　in∫c’θ〃cθ＆

　　Eηg加εα伽gλ、May至997．

2．T．Kobayashi，Y－K〇三zumi，S－Nakazawa，H－

　　Harada．and　T－Ya江三agata、’1Design　of　a　high

　　rhenium　containing　sing1e　crysta1superanoy

　　with　ba1anced　inter㎜ediate　and　h三gh
　　temperat訂re　c王eep　strengセhs’I：to　be　presented　a芝

　　セ至1e4th　II、セema芝ional　Char1es　Pa至so1，s　Turbine

　　Conference，4－6Nov．至997，Newcasを1e，UK（The

　　Institも1セe　ofMateria1s）．

134　1〕eve1opmentofThird　Ge11erati◎n　Nickel－Base　Single

Crys｛al　Supe閉11oys

T・γ伽伽8痂、C0閉ρ〃f州㎝α1伽肋1伽∬C加肌ε

D加｛5ゴo〃

lAprilユ994to　March1997］

A　single　crys圭a至（SC）supe至a11oy　w三th　ba至anced

intermed三ate　and　high　temperature　creep　s芝rengths

was　des三gned　by　us三ng　NRIM　A至王oy　Oesign

Program（ADP）with　he1p　oチC1uster　Va王iation

Meをhod（CVM）computer　program．based　o董1
statistica1ther肌odynan、三cs．　The　design　cond三圭三〇n

was　as　fo11ows；a呈豆oy　density　to　be　less　than8，9，

solution　heat士τeatment　w三ndow　to　be1蹴ger童han

40℃、至a芝tice　m三sξ三t　to　be　negaセive　aセh三gh

temperatures　buセno芝beyond　cerセain　extent．creep

rupture1三ves　both　at　gOぴC－392MPa　a1，d　at至04ぴC一

三37MPa　to　be1onger芝hanユ000h王s，etc．

　　　An　a1至oy　wi芝h　a　mu1ti－che㎜三ca亘composit三〇n，

TMS－75，having3wt％Cr．5wt％Re，eをc，was
se1ecセed　as　the　bestセ至uouglパhe　programs　and　was

casをto　SC　bars．The　SC　b破s　we至e　su㏄essfu至1y

so1ution　heat　treated　by　a　simp1e芝wo－step　heating

at1300℃fof2hrs　and　a芝ユ320℃麦or5呈↑rs，fo11owed

by　a　two－step　aging　trea芝肌en芝。first　at　n5ぴC　foτ

4hrs　and　second　a芝87ぴC　for20hrs，

　　　Creep芝ests　a芝temperatし玉res　ranging　from　g00to

n5ぴC　showed芝hatをhe　a11oy　has　a　good　ba1ance　of

creep　s室re呈1gths　over　this　をelnpera圭ure　range

compared　with　other　Re　co1対aining　a11oys呈ike

CMSX一玉Oパypica1rupture呈ives　at　gOぴG392MPa、

ヱO00℃一2盗5MPa　and王10ぴC－137MPa　being至0001棚，

330hrsand220hrs，respect三ve1y．A1aboratorysca1e

hot　corros三〇n　tesセusing　Na2SOべ25％NaC1sa1走

㎜ix圭ure　at　gOぴC　showeδ仕hat亡he　a11oy　has　a　very

good1，ot　corrosion　resistance　as　we呈1・

　　　Design　and　deve至opme重1t　of　further　supe王ior　SC

suPera1呈oys　a芝e　being　conducted・

135　Rea1・Time　1ηvestigati◎r1on　Surface　Reac｛ions　and

Defect　Growth　P芋ocesses■」nder　lrradia言ion

M・K伽仰伽。2〃欄ε〃chG1伽ρ
工Aprilユ994to　March1999］

We縦studying　on士eact三〇n　dymmics　of　ma圭erial

surface　under　irradia圭ion　of　三〇1，s，P1aslma，

mo1ecu1ar　beams　and1三ght．The　purpose　of　th三s

research　is　to　elucidaセe　dynamics　oξ　芝he

irradiat三〇n－aCtiVated　SurfaCe　reaCt三0nS　inC五ud三ng

surface　d．amage　process　a1ld　to　deve1op圭he　fas芝

ana1yt三ca1techniques　w呈th　emphasis　of　rea至一time

observat亘on　of　dynamic　process一玉nves古igations　on

clusセer　reactions　in　gas　phase　and　with　sur｛ace　is

a至so　targets・From舳s　viewp〇三nt．we　have　started

sセudies　on　react三ve　scattering　of1no1ecu1ar　bea王n

with　s〇三id　s訂rξaces　using　a　resonance　en1，anced

mもl1をiphoton　ion三zat三〇n（REMPI）spect芝oscopy，1呈1

0rdeτto　get　d三rect　inf0王皿atiOn　on「no至ecu1a「

dynan／ics　during　surface　chemic昼1reaction－In芝he

REM凹狐easurements，the　desorbing　mole㎝les
f王o狐the　surface　are　ionized　with　a　tunable　UV

至igh室、introδuced　in芝o　t1，e　TOP　chambe王and

δetec芝ed　by　a　mu丑セ三cha1洲e至plaセe－We　obtained

in士erna1state　distribu芝三〇ns　of　the　SiO　and　GeO

mo1ecu1es　desorbing　from　Si　and　Ge　surfaces，

respective至y，in　reaction　w三出02beam．The　REMPI

resu1t　gives　a　c1ue　forξu王t1，er　deve1opn／en乏of　the

s圭udy　on　surface　chemica豆王eactio13dyna三皿ics，and

theセechnigもles　obtained　here　wi1l　be　app呈ied　to　the

s室udies　olて　cluster　ζeac芝三〇1，s，　P1asnla－so1id

i茎1teractions　are　a至so　bei1，g　sセudied　by　us圭ng　in　sitU

rea1－ti肌ee11主psometry－Astro11gsa㎜p1ebias
dependence　of　growth　rate　of　very　thin　ox呈de　f三王m

in　oxygen　p］asnてa　has　been　fou1，d　and　三芝s

temperature　dependence　is　be三ng　examined一
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Rece1洲y　we　have　sξa王ted　a11app1icat三〇n　of亡his

techlてique　to　determine　the　th王eshoId　energy　of

sputtering　for　meセal　fi1ms・　With　Rama1，

specセroscopy，we　have　obtained　the　first
e・pe・imenta1evidenceofモheexistenceofhyd・ogen

molecu三esincrysta1linesi王icon．Abas三cs芝udyon

セechnique　of辻ransienモRamalユscattering　for　ion－

irmdiated　crysta呈s玉s　now　in　progress・

Keyw0fds：imdia圭三〇n，surface　reaction　dy1ユamics，

grow赴↑process　of　surface　defect，reaユ＿㎞＝ne　observahon

Reh辻ePape蝸

1．K－C－Nakamura　and　M．Kitajima，1IReactive

　　scattering　of02w主モhセhe　Si（ユユ／）surface1

　　Reso1ユance　enhanced　mu呈セiphoセon　ionization　of

　　SiO，1’∫。σ！θ1η．P〃yε．、l02（1996）：8569－8573．

2－K・玉shioka，K・G．Nakamum，and　M－K三taj三ma，

　　1’Phonoηconfineme耐in　GaAs　by　defect
　　for1ユ／ation　s走udied　by　rea玉＿セ三孤e　Rarnan

　　τneasurements，1I　／〕乃y8．　Rεη．，　B52（ユ995）：

　　2539＿2542，

3・M・Kitajima．I・Kamioka，K．G　Nakamura，and　S－

　　H三shita，I’Oxida室ion　rate　and　surface－potentia1

　　variations　of　si1主con　during　P至as互na　oxidation，1’

　　P乃y5－Rθひ、B53（王996）：3993＿3999．

4．M－Ki室ajima、’’Rea至一セ呈皿e　Measurements　of

　　Chemical　React三〇n　and　Damage　Processes　of

　　S1ユrfaces，1’Proc・伽士．S〃ηρ．o〃M〃θr加1C加榊｛5fry、

　　王996（ユ996）187－94．

cornpuセeτuti1ized　too至foてda芝a　ana至ys呈s　and

si玉nu1ation　codes｛or　various　phenon，elユa　unδeτ

i］＝rad主ahon　envi］＝o1皿nelユセs．

　　To　supP1yモhe三nformatiQn　for　designing　and

se1ection　of　nuc1ear　materia呈s，someセria1s　were

made㎝Wor1d　W三de　Web（WWW）used　to　send
information　to　In舌emet，Severa1daセabases　and

too1s　in．走he　WWW　provided　the　fmction　as

fo至1ows：ユ）Factua1database，2）Fu11text　fi1e，3）

A1至oy　design　tool　for　Ni－base　supeエa11oy，4）

Simu1a芝ion　for　nuc1ear　transmuセa言ion．It　was

showパhatをhe　WWW　ser附system　is　power舳
md　attractive　to　supp亘y　the　mater主a至infoエma芝ion－

Keywords：Data－Pree－Way，distributed　da亡abase，

advanced　　nuc1ear　rnaセeria1s，　data　　share，

tranSmlユtatiOn

Re1a辻ed　Paper

！．M－Fujita，Y－Kurihara，M　Shindo，N．Yokoya肌a，

　　Y，Tachi，S，Kano，and　S一互wata，1’A　Computer

　　Ne走work　System　for　Mu芝ua玉Usage　Pour

　　Databases　oチNuc1ear　Ma敏ia豆s（Data－Pree－

　　Way）I㌧pγoc．M・S〃仰o．M螂土・C加η1，Mκ1θω’E1仰・、

　　Tsukuba、（ユ996）：675＿884．

［i至ヨ　Material　Sy耐hesis　to　Co耐rol　of　Magne言◎・T11ermal

ProPerties　by　Cha11gi11g　l〕istance　between　Magnetic1ons

M8肋、P切sたα11〕γoρε・伽8D｛桃｛o〃

1Apri1玉993toMarch王996］
136　Research　on　Uti1izati◎n　↑echnique0｛　I－1〕ata・Iキee・

Way“Systemチ◎r　Mdear　Ma｛er1als

M．r〃ブ伽、2〃R淑〃c乃Gro1伊

一Aprjほ995士o　Mard1200η

Da圭a　systems　having　huge　mate王ia1da亡abase　and

effectivecomputeruせ1izedtoo1sa肥requl・edforthe

a1loy　desigl，or　se1ection　of　advanced　nuc1ear

materia玉s・Howeve王芝here　are1i皿itations　in　storing

mmerous　materia1propert主es　h1走oをhe　database　and

deve至op主ng　a　varie芝y　ofをools　for　mater量a1design　in

each　research1aboratory．Underセhe　coopeエaセion

among　National　Rese趾ch　Institu言e　for　Meta1s

（NRIM）。Japan　A士omic　Energy　Research　Ins趾uセe

σAE㎜）and　Nucle服Pue1Deve1op肌en亡Corporaせon

（PNC）w主セh　different　specia1fie1d，the　pi1ot

distribu廿ed　database　systen／foτdeve1opment　of

nuc至ear皿ateria王s　ca11ed1，Data－Pree－Way11has　been

bu主I吉sわce1990．珊e　project　on　the　second　stage　was

staエted　hlユ995㎜der　the　coopera紅on　among　NRIM，

JAER【。PNC　and　Japan　Infor肌ation　Center　of　science

and　Tecわno1ogyσ1CST）．珊e　aim　of　t㎞s　project　are

芝o　store　the　data　hl　the　database　and　to　deve1op　useiユ1

Several　nanocomposite肌agne芝ic　materia1s　were

synthesized　by　so1－ge三pmcessing．　Nano－

composites　conをa主ning　lO－20w量％Fe　were
prepared　by　adding舌he　appropエiate　amounts　Of　an

aqueous　so1ution　of　fer王三c　nit王aをe芝o　a50mo至％

so至u｛ion　oξtetraethoxysi至ane　and　e量ham1，with　a

few　dmps　of　HP　added　as　a　cataIys士．The

na1，ocompos呈te　containing12wt％Gδwas　aIso
prepared　by童he　s三皿i1ar　processing　w三セhoutモhe

cata1ys亡・The㎜agnetiza言ion　measurements　show

the　paramagnetic　behavior　beセween4．5andηK－

This　suggests　the　evidence　of　nano＿sca三e　magnetic

composites，especia11y　for　Fe　base　samp王e－

　　An量sotropic　magneto一童herma玉pmperties　of

Czochra1ski－grown　RA王03（R＝Dy，Ho　and趾）
sing1e　crysta至s　having　oエthorhombic　system　were

measured　for　magnetic　ref王igerants　a呈ong　each

crysta1axis　direction・　Largeτ㎜agne芝ic　en校opy

changes　were　ob走ained　for　sing至e　crysta1s　of

EτA至03a1ong　l00ユl　direction　and　DyA103a1ong

｛O玉0｝direction　than　those　for　sing1e　c王ysta1s　of

Dy3Aユ50］2and　Gd3Ca5012a1ongくlll〉direct主on

which　were　used　for　the　curren室magnetic
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ref王igera室ion　sysをemセo　prodもlce1iquid　he玉ium

be1ow20K．

　　Sing丑e　αysta至s　of　BaB204hav三ng　呈ow－

tempe王ature（β）phase　cou1d　be　grown　by主he

Czoc至ua1sk三method　using　a　Pをtube　as　a　seed

（a至ong　pa王吉icu1ar　crys士a11ographic　direction　when　a

β一Phase　single－c王ys芝a1seed　was　momをed　inside　the

tube　and　theβ一αphase　transfo・㎜a芝ion　was
prevel、セed　befoζe　seeδing）、

　　T㎞s支esea工dlwasper｛o㎜ed虹てcouabora紅onwiu洲↑e

hsdtutefo王Mater挑Reseaエd／。Tohokし亘UI寸versity－

Keywords：magnet三c　refrigerants，namcomposite、

○村horho肌bic　system．aniso室ropy．1ow一をemperature

phase

Related　I，apers

至・H」〈i1篶ura　and　R－S－Feige1son，1’Phase　fo王n蝸tion

　　of　BaB204fτom　me1圭s　in　graphi芝e　cruc三b至eI’、

　　∫o正〃・1〃1o∫λ〃oy50η∂Co〃叩oエ〃〃s，　234（至996）：

　　三87＿192．

2．H．K主呈皿ura，T．Nu㎜azawa，M．Sato，V．V．

　　Kochurikh三呈↑、K．Shi肌amも1蝸、and　T．Pしlkuda，

　　I’Optica1Abso叩を・ion－Specをra　o麦Czochra1ski

　　Grown（Dy］、、Gd、）3Ga5012and　l⊃y3（Ga1，yA1y）5012

　　Gamets　Re1ating　Unstab1e　Spiral－shape
　　Gぎow古h1㌧Cγy∫〃Rε舵ρrc乃ηηdτεcア川olo〃、

　　3工（ユ996）130至一306．

圃　　1…f飴ct　of　Crevice　on　Low　Cyc1e　I＝atigue　l…ヨe11avioぎ◎言

Pressure　Vessel　S言eel　in　High’1－empera胸チe　Pチessu莉zed

Water

τ、I曲肋〃α、肋｛1〃陀1〕切8た5D加｛s｛o〃

［April1995to　Marc11玉996］

The　objective　of室his　cooperative　research　is　to

cIarify　the　efチect　ofαevice　on1ow　cyc1e　fatigue

behavior　oξa1ow　a11oy　press脳e　vesse1stee1三n　h主gh

temperat1ユre　water　by　means　of　experi狐enta1md

anaiytica丑procedures・

Low　cycle　fatigue　behavio工

E旋ct　of　crevice　on王ow　cyc1e　fatigue　behavior　was

inves芝igated三n　h亘gh芝empera芝ure　water　by　using

s肌oo壮hed　romd　bar　specimens　w曲a　pa汝of　sp1it

co丑1ar　made　from亡he　sa肌e　materia1，The　tests

we芝e　conducted　under　a　wiδe　range　of　disso1ved

oxygen（DO）concentΣa芝ion　f至omユ0ppbξo4000
ppb三n　order　to　c1arify圭he　re至a芝三〇n　between　the

effect　of　crevice　and　l⊃O　concen汝aをion．As　a　resu1t，

it　was　f帆md　tha芝ξatigue亘ives　withαevice　we肥

1onger出an　those　without　crevice・Th主s　trend　was

more　str三king　w三th　decreasing　tota至strain　range．

Fron，the　resu五ts　of　op芝ica1observa吉ion　of乏he

specimen　surface　af芝er　the　tests　it　was｛oundをhat　in

the　case　oチw三モhoしlt　crevice　mmy　cor王os三〇n　pits　of

about50μm　in　diameter　we．re　observed　and　a

sma11αack　was　recogn呈zed　at　theτoot　of　eac1，Pit，

while　few　corros三〇n　p三をs　were　observed　in　the　case

Of　W曲CreViCe．

Analy辻icaI　evaImセion　o壬waセerche㎜is町in　crevice

Behavio至of　severa至parametαs　re1ated　to乏he　water

chemis圭ry主n　crev三ce　such　as　pH，co王rosion

po圭entia1and　DO　concentrat主on　were　analyzed　by

us三ng　two－dimens三〇na1mat1，ematica1mode1，

which　was　developed　taki1唱i1廿o　account　the

pumping　effect　by　cyc1ic亘oad三ng，d慨usion　of

various三〇nic　spec呈es，1aw　of　conservaセ三〇n　of肌ass

in　crev三ce・Ana王yt三cal　resu1ts　were　compared　wi走h

the　experi至皿en竜a1resu亘ts　by　using　CT　specimens　in

NaC1so王ution　resu1舌ing　in　the　a1，a1ytical　results

be三ng　reasonab1e・Cor至osion　pote豆1圭三a1and　pH　i1，

crev主ce　were　decreasing　with　apProac至1ing　to　the

center　of吉he　c支evice．

　　This　research　was　preformed　iηco至1aboration

with　Il，sξitute　of　Corros圭on　anδProtection　of

Meta王s，Academy　ofSdence　in　China．

Keywo王ds＝crev量ce．1ow　cycle　fat1．gue，high

芝emperature　Water

匝εnviron㈱talDegradationof舳ctura1榊erials
for　Light　Wate閉eactors

γ．Kα肋加、肋伽〃’81〕1ηs｛c5D加｛8｛o〃

［Ap州了99ユt（〕March】996】

The　purpose　o麦this　research　is　to　c王arify　the

e1ementa豆prOCeSS0ξenVirOnmenをall．y　aSSiSted

cracking（EAC）o圭struc辻ural　materia亘sξor1ight

wate王reactors　in　high　temperature　wa芝er　and　to

syste1苅atize　the　re1a圭ed　data　for　p王ediction　of

damageofst・uctu・a1co㎜pone1・ts．Inthisyear，
fo11owing　two　items　we王e　conδucをed：

1耐e甲ction　between　sセress　co蛆osiop　cracking　and

CO打OSiOn　fatigue

Three　kinds　of　corrosion　tests　byもlsing　colnpact

tens三〇n　specimens　ofsensitized　s芝ai1／至ess　stee1were

conducteδin　high　temperatu王e　waをer：（a）fat三gue

CraCk　grOWth　teStS　at　a　COnStant　St更eSS　ratiO、（b）

s1ow　strain　rate　tests　a列d（c）combined　tests　of（a）

with（b）一As　aぎesu1t，crack　growt至πate　of（a）was

hig至1er芝hanセhat　of（b）by　about！O　times，w呈1i1e

crack　growth　ra芝e　of（c）was　h呈gheパhan　those　Of

（a）p1us（b）by3times，wh圭ch　meanを走he　existence

of　aδditiona1　in圭eraction　effecξ　due　to　tlてe

con／bined　test　n］．ode．　From　the　observaセion　by
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SEM　ofをhe　fracture　surface　ob土ained　by芝he

combined　test　mode（c）、三ntergram1a王αack三ng

md　str三ation－1三ke　pattem　were　observed　at圭he

sanユe　fracture　surface．

Disso1ution　behavior　of　MnS　inc1usion　in　hiσh
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　b

temperaturewater

Dissolut三〇n　behavior　o｛MnS　inc1usion　in　high

temperature　water　under　crev｛ce　cond三セion　was

conducted　aモvar三〇us　tempera亡ure　fro㎜至oom

temperature　to561K．As　a　resu1t．amount　o圭

dissokltion　o｛MnS　incτeased　with　increasing

tempera芝ure，and　MnS　inc1usion　was　comp1ete1y

disso1ved　at561K．

　　　After辻he　test，the　depth　of　disso至ved　MnS

indusions　aセvarious　temperature　was　measured

by　an　a辻omic　force　microscope（APM）一Based　on

the　measuエed　data　by　AFM　a　new　procedure　was

proposed　for　prediction　of　disso1ution　ra圭e　o多MnS

at561K　fromモhe　disso1ution　rate　a圭1ower
temperature　less　than523K－

Keywords：st至ess　corros主on　crackiI3g，corrosion

ξatigue，stain1ess　sセee1，high芝emperature　water

Materia1s　f◎r　environm⑧杣al　Pe㎡ormance

⑧F・ndamenlalSωdy㎝theProcessingfor
ECOmaterialS

Hα1α加、砒01伽τε，伽18R8εε伽’c乃丁ε舳｛

［Apri〕996to　Marchユ998］

acce至eζa芝ion　of　s三ntering　in1ower　tempe支a是ures・

SCI肥R　fiber　and　Pe－powder　were　covered　and

embe1至主shed　with　Pe－UPP　by　wet　d三spersion

method．Sintering　behavior　of　embe1三ished
SCI肥R　and　Fe　powder　mix辻ure　was　examined，

and　raptured　mic工ostructures　were　observed・Pe－

Pe　composite　had　30kg／mm2　of　Fracture
res主sセance　strength　by　sinte王ed　at40ぴC，wh主1e

sinte肥d　Fe叩owder　had！O．3kg／肌m2by　sintered

at　the　same　te肌perature．SEM　observation
showed　that石e－UPP三肌proved芝he　interconnection

○チSCユ冊R　fiber　and　Fe　powder　at1ower

temperature・
　　Adding芝o　the王ecyc至ab三1iセy　and　property．

energy　consun｝Ption　and　other　environ肌enta1

buチdens　to　produce走he　materia1oughHo　be
d主scussed　in　order　to　develop　the　Econ｝ateria王s・

MLCA（Materia｝s　environmenta1Liξe－Cyc1e
ana1ysis）wi互至be　app1ied　and　modified．

Keywo正ds：ecomateria1s，recyc1abi至ity，pe－Pe

composite，Powder　processing，materials
enVirOn亙nen走a1呈三fe－CyC至e　analyS三S

Re1ated　Papers

1，K．Ha1ada，K－M主nagawa，S－Ohno，H－Okuyama，

　　and　N．I士subo，1’Porous　Fe－Fe　Compos三te　as　an

　　Environ皿ent　Conscious　Materia至s（ECO－
　　MATERIAL）I’、λ加伽πθ5｛〃1⊃oω加一’Mεfo肋偲y＆

　　1⊃ργ〃cτ〃ofθ　ハ4螂fεr加1ε、　！996、（1996）：　to　be

　　pub1ished・

2．K．Ijima　and　K．Ha至ada，11Environmenta｝Life－

　　Cyc1e　Ana1ys呈s’㌧βoエ川加ry、ユ2，No一ヱ（ユ996）：

　　42－45：inJapanese・

ECOMATERIALs，which　have　high　recydab主1ity
and　give　less　e1てviζonn，en芝a1亘oad　to　the　eco－sph欲e

w主thout　deをerioraをingセheir　pmperties．are

expected　to　be　coming　maセeria1s　adapting　to　the

susセainab三e　deve玉opment－ECOMATERIALs　have

super｛or　p王ope王セies　in芝he　each　fo王1owing三ndexes．

1）Expalてding　the　hu肌an1＆o耐iers，2）Co－existing

with　eco－sphere．and3）Opti肌呈zing　the　a㎜eni走ies：

This　study　is　a　case　study　On　p工ocessingセ0

develop　mater圭al．into　ecomaをeria玉．

　　Preparation　of　f主ber　reinforced　po王o1ユs　Pe＿Fe

composiモe　composed　from　SC亘肥R（highly　drawn

三ron　fiber）and　Fe　powder　was　investigated　as　an

at芝empt　ofproduc室ion　ofECOMATERIAsby　P／M
technology・　This　Fe－Pe　con｝Posite　is　expectedセo

王1ave　high　recyc1abi1ity　becaしlse　the　microstructure

of　SσPER　reinforcesモhe　ma童r主x　wi士hout　using　any

alien　material　nor　any　a1亘oying　e1ements・In　order

to　uti1ize　the　co1d－worked　s芝ruc芝ure　of　SC佃ER，

sintering　temperature　was　lim三淀d　mder45ぴC．

UPP（u王芝ra－f呈ne　powder）of　Pe　was　used　for　the

［亘］　　S言udy　on　l〕esign　and　Assessme耐丁⑧ch1101ogy言ol

Ecoma｛eria1s

K．γαg｛、肋〃o〃榊ε伽1P吻ol’舳舳D加｛8｛o〃

【Aprい993to　Marcい9961．

G1oba1environmenta玉prob玉ems　o王igina圭e　from

strains　exist圭ng　in　a　large　amounセof皿ate工ia1s　and

energy　consumption．A玉セhough肌an－made
mate王ia1s　have　supPo村ed　the　society　bringing

advan辻ages　and　conveniences　to　hunユan1ife、ξhey

a！so　impose　a　w主de　varieセy　of　burdens　onセhe

environment　through　each　and　every　step　of

producセion．Pro㏄ssing，consumption，usage，
recyc1ing　and　disposa互、Eco㎜ateria1s　which　wou至d

haτmonize　with走he　e至wironmenセand　minimize

environmenta11oad　haveをo　be　developed　as　a　new

concept　of　materi」a1s　design　and　maセe王ia1s

technology一　互n　this　project，the　study　on　three

subjects　as　fo11ows　a工e　be三ng　conducセed．
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Constiucせion　o冊comaセe正ia1s　Data　Base

The　deve工opment　of　assessment　method　for
env三ronmenta1呈oad　th工ough出e　Iiチe　cyc1e　o麦materia1s

is　a　very　impo王室ant　subject　in　this　research・The

objec士ive　of　this　work三sセo　cons芝ruct　basic　da圭abase

and曲eir丘ame㎞orde王to　esをab1isha　new　ecoba1ance

eva1uahon肌ethod㎞which　envirom／enta豆Ioad　and

materia呈s　properhes　are　eva1uated．A　new　eva1uation

methodnamedMLCA（Mate王ia1senvirorme1湘1Life－
Cyc1e　Ana1ysis）was　esta眺shed，and　the　daセa　ofセhe

environmental1oad　ofma吉eria1swere　accumu1ated．

S辻mc辻u服1Design　of　High　Te㎜peratu爬Solid

Sohtion　Anoys

Ecoba1ance　o麦heat　resistant　ferritic　stee1s　can　be

improved　by芝至／e　minimum　a豆1oying　through

saving　energy　and　minera1resource．Inセhe
p更esen童s室udy．the　optimum　ferrite　co肌positions

has　been　sought　through　maximizing　M－C　atom三c

pair　concentrat三〇ns　which　cont支o1the　long　ter㎜

creep　strength　of　fer更it三c　stee1s．The　maximum　M－

C　pair　concentration　was　ob士a圭ned　in　a　Pe－

〇一002aを％C－0－9至at％Mn一王。6at％Ni－O．01at％Mo　a11oy．

The　c至eep　rupture王ife　ofをhe　a11oy　is　estimateδ芝0

be．55mi1呈ion　h　at88MPa／773Kξro肌芝he
previous1y　repor乏ed　regression　equation．
suggesting　that　the　Iong　term　creep　strength　o｛

ferri芝ic　stee1s　can　be　improved　byモhe　optimization

of　chemica豆compositions。

肚act岨eαiterion　forMu咄phase　Stmcture

S三mp1e　system　a11oy　is　a　poten乏ia1candida芝e　for

inheren芝1y　recyc1ab互e　mate王ia1－A1－Si　a呈ioy主s　one　of

the　si肌p豆e　system　alloys　which　contain　only　high

C1ark－mmber　e1ements　and　are　composed　of
p1ura1phases．The　A至一Si　a至呈oy　is　a　two－phase　a1loy

used　genera豆王y　in　as－cast　condi辻三〇n・Howeve王、the

a11oy　is　h航dly　defoエmab至e　due圭o　easy　cracking　by

p1ast三c　deforma亡ion．This　study　ehlcidates　the

apP1icabi1三ty　of　the王皿o－mechanica1t工ea室men芝for

enhancingtheduct三1ity－Acyc呈ictreaそmentof
s1ighを　straining　and　a1ミnea1三ng　n｝akes　the

microstmcをure　five芝imes圭imrξhanξhe　aε一cast

conδit主on．The　thusをreaセed　materia王deforms董皿ore

セhan99％and　shows　twoセ｛mes　strengをh　w三セh　a

higher　duct三至i芝y一

Keywords：evahlaセ主on　of　enviτo呈1m．enta〕oad．

ecoma芝e・ia1sdatabase，sセ・uc士uraldeslgnofsolid

so1ution　alloys，recyc1ab至e　mater主a1s　design．

IT工u｝tiphaSe　S芝ruCture
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Minerals　of　biolog1cal　oぎigin　have　the　micro－

st王ucture圭o　pe工form　func乏io1，s　efficien芝1y．　It　is

we11－known　that　spicules　or　echinoderms　have

three　dimens三〇na豆缶a皿ework　or　porous　structもlres，

e，g－m三croperfo更aをe，labyr呈nthic，retiformチascicu1ar

etc一，舌o　pe支ξo至m　e搬cient　mechanica1pmperties－

We　have　s芝arted亡his　study　as　a　first　step　with　an

ambitious辻o　acqu量re　or　m三㎜ic　the　des呈gn　and

construct主on　of　materials　of　m芝ura至oτi帥／in　the

fie1d　of　the　inorganic1nateria玉s　techno1ogy・

　　Powder室echno1ogy　is　noセeworthy　techno至ogy　to

creaセeξhe肌imetic　microstrucセu呈・e　of　na圭ura至

materia1s，because　the　powder　cal，be　d圭v1．ded　to

sma1互elementa1partic1es　and　can　be　sy耐hesized

under　op童三〇na1co1ユtro1玉ings．　Prediction　of

micros芝ructures　and　stereom　morpho1ogies　of

sintered　ma吉er三a1s　is　important　to　design　such

mic王ostrucをures－One　parセof　this　sセudy　is　tha芝on

arrangemenを；to　deve王op　the　way　of　prediction　foτ

セ董1e　miαostructure　and　the　stereom　morp1301ogy　of

S三n芝ered　r汀a圭erialS，

　　Theξea芝ure　of　powder　partic1e　is　a｝so　imporセan乏

asξhe　e1ement　oチsynthesis．Embe玉至三shment　of

partic王es　wi室h　fine1y　conセroned　qua至ities｛s　expected

to　en至arge走he　possibi1｛をy　of乏he　des主gn　of　stereolm

fabrics－　Tl，e　second　part　of　the　sセudy　is　that　on

assem舳ngパo圭ηqu童reを1〕e　way　oチcombinaセion　oチ

various　type　of　pa更ticles　and　to　inqしlire　tl，e

product｛on　method　of　apPropriate　powder　or

embe1至ished　part量c至es　for　assemb1ing．　The

embe玉1ishme耐techno1ogy　was　apP1ied亡o　porous

Pe－Fe　composite　which主s　one　type　of　recyc1ab玉e

composite，and　the　mechan1ca1prope村y　of　the

porous　Pe－pe　composite　was　examined－

Keywords：Powder，Poτosity，sintering，sセructure

COnセr0至、eCOmateria1
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In　this　year，we　have　been　star血ユg　three　topエcs二（1）

fabricaせon　of　the　nanopartic1es㎞㎞misicb1e　sys士em、

（2）Grow㎞g　sing1e　decagona1quasicrysta1。（3）study

onrheo1ogyofamorphousa11oys．

Nanosca1e　Pb　pa正tic1es　embedded　in　amo正phous

meta11iC　ma肚iX

Most　of　nanocrysta11㎞e　materia1s　were　prepared　by

the　crysta11ization　of　the　amorphous　a11oys．In　the

previous　process、士o　obtain　a　structure　with

dispersion　of　nano　sca1e　partic1es　iso1ated　in　the

matr叔is　impossib1e．Sinceせhe　Pb　isim皿1scib1e　toA1，

Cu　and　V．we　emp1oyedme1t－quenchhg士ech巾ue　to

fabricate　a　composite　structure　consisting　of

nanosca1e　Pb－partic1es　homogeneous1y　dispersed

within　an　amoエphous　matrix　in　an　a11oy　with

composition　A175Cuユ5V1o－20wt％Pb．X－ray　and

transmission　e1ectron　microscopic　examinations
revea1ed　that　the　par丘c1es　had　spherica1shape　in　the

an／orphous　m－a廿ix・

　　In　Fig．1（a）、a　bright－fie1d　image　and　the

corresponding　se1ected　area　diffraction　pattern　of

amorphous　AICuV　containing　a　dispersion　of　Pb－

partic1es　are　revea1ed．In　the1ow　magnification

micrograph（a）the　Pb－partic1es　uniform1y
dispersed　in　the　amorphous　matrix　are　revea1ed．

In　Pig．ユ（b）、it　cou1d　be　no士ed　that　the　shape　of　the

partic1es　was　a1most　that　of　a　perfect　sphere，and

the　size　distribution　was　estimated　to　be　beiween　a

few　nm　to20nm．In　some　particu1ar　cases，P1anar

defects　were　c1ear1y　observed　running　across　the

Pb　partic1esパhis　has　been　observed　in　Fig・1（a）・In

the　corresponding　se1ected　area　diffraction　pattern，

in　addition　to　the　ha1o－ring〔lue　to　the　presence　of

the　amorphous　phase，a　few　dim　spots　forming　a

ring，corresponding　to［ユユユ1zone　of　the1ead

structure　could　be　recognized．Since　the　Pb　a士om

is　immiscib1e　to　the　matrix　and　the　matrix　is　an

amorphous　phase（without　grain　boundary）、the

characteristics　of　nanosca1e　Pb　pa工tic1e　a］＝e

measurab1e－We　are　now　studying　the　me1ting－

so1idification　behaviors　and　superconductivity　for

the　nanosca工e　Pb　partic1es．

Gmwth　of　sing1e　d㏄agona1quasicrysta1

Current　interest　of　study　on　quasicrysta1s　has

been　focussed　on　the　structure　and　physica1

P「oPe「ties　f工0m　a　sing1e　quasicrystaL　This　has

been　achieved　in　icosahedra1A1－Pd－Mn　a11oy

where　sing1e　grain　with　a　size　of　centimeter　was

obtained，Studies　on　resistivity，magnetic
properties　and　neutron　scattering　for　the　sing1e

icosahedra1quasicrysta1have　been　extensive1y

studied．On　the　other　hand，on1y　a　few　w0Tks

concering　to　the　preparation　of　sing1e　decagona1

quasicrysta1have　been　reported・The　sizes　of　the

sing1e　decagona1quasicrysta1s　were　abouト1mm

and　their　qua1ity　were　not　good　enough　for

structura1ana1ysis－We　have　grown　a　sing1e

decagona1quasicrysta1with　a　size　of5mm　in　an

A1－Ni－Co　a11oy，by　f1oating－zone　method－The

sing1e　quasicrysta1s　have　been　characterized　by

Laue　back　scattering　as　we11as　precession　cameTa

and　verified　to　have　high　perfection　in　structure・

Hgure2revea1s　a　pa肚em　showing1Omm
symmetry　taken　by　the　precession　camera　a1ong　a

ユ0fo1d　zero　layer．Detai1ed　characterizations　are

in　progress・

Rheo1ogy　of　amo－phous　a11oys

Oxide　and　f1uoride　g1asses　are　known　to　have

significant　g1ass　transition　and　stab1e　supercoo1ed

Iiquid　region　before　crysta1lization・　Structura1

re1axation　and　g1ass　transition　for　these　g1asses
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∫〃〃．　Thus，to　rea1ize　the　inherent　nature　of　the

g1ass　transi止ion　for　the　amorphous　a11oys　the

viscoe1astic　measuremen辻s　are　required．

　　　A1－base〔l　amorphous　auoys　are　a　new　group　of

㎜ique　materiaIs．because　they　show　the1ow　specific

graviウand　high　tensi1e　strength．In　this　study，we

emp1oyed　a　forced　osci11ahon　method　to　measuエe士he

dynamic　mechanica1properties　of　storage（EI）and

1oss（E11）moduli　in　A1－based　amorphous　a11oys－Fig，3

shows　temperatLlre－dependent　mechanica1properties

ofE㌧E，1and　tmδfor　an　A1s5Ni1oCe5amorphous　anoy．

The　measurement　was　performed　at　a　heating　rate

5K／min　and　a　frequency　of6．28rad／s．A　hump

obse工ved　in　E’，and　tanδ　around400K　is　cor工e1ated

with　structura1re1axation．Furtheエmore，a　drastic

change　obsewed　h　the　threeparameters　around500K

is　caused　by　the　g1ass　transition・In　o工der　to　c1arify　the

detai1s．the　measurements　offrequency　scan　and　hme

scan　for　the　g1ass廿ansi廿on　are　in　progress．

Keywords：nanocrysta11ine　ma辻eria1s，quasicrysta1，

amorphous　a11oy
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have　been　comprehensive1y　studied　from　the　view

point　of　rheo1ogy・Since　most　amorphous　a11oy

raエe1y　showed　such　a　significant　g1ass　transition　or

stabi1ity　against　crysta11ization，　natu］＝e　of　g1ass

transition　in　amorphous　a11oys　is　most1y　unknown・

Recent1y，a1arge　number　of　amorphous　a11oys

revea1ing　c1ear　g1ass　t1lansition　and　supercoo1ed

1iquid　have　been　discovered　in　meta11ic　a1loys．

Espeda11y，these　a11oys　show　high　g1ass　formabi1ity

which　a11ows　to　produce　a　bu1k　amorphous　a11oy

with1arge　size　sca1e．Thus．the　g1ass　transition　in

amorphous　a11oys　is　remarkab1y　important．The

amorphous　a11oys　behave1ikeε1耐主c　so胴be1ow

the　g1ass　transiセion　whi1e　at　sufficient1y　high

temperatures　they　have　the　pエoperties　ofη1sco閉

144Spectroscoplc　and　Electrochemlcal　lnvestlgatlon　Of

t11e　Metal　Complexes　with　an　Unusual　Electronic

S廿ucture

H．Is仰go．C加榊た〃Pγoc88s肋g　D加｛s｛o〃

エApril1994to　Mar〔h1997］

The　fabrication　of　molecu1ar　devices，where　one

mo1ecule　functions　as　one　device，is　one　of　the

most　attractive　and　cha11enging　themes　in　current

and　future　sdence－Some　materiaIs　in　bio1ogica1

systems，such　as　proteins（inc1uding　enzymes）、can

be　considered　as　wen－designed　mo1ecu1aエdevices．

In　numbeエs　of　such　materia1s　inbio1ogica1systems，

unusua1e1ectronic　structures　have　often　been

observed．　Therefore，it　is　a　key　step　for　the

fabrication　of　mo1ecu1ar　devices　to　find　out

compounds　with　an　unusua1e1ectronic　structure．

In　this　meaning，meta1comp1exes　are　parセicuIarly

of　interest　as　mode1compounds　for　such　materia1s

in　biologica1systems　because　numbers　of　such

materia1s　contain　some　meta1ion（s）in　their

エeaction　centers　which　have　an　unusua1e1ectronic

StruCture．

　　　We　have　investigated　some　meta1comp1exes　of

phtha1ocyanine，which　have　attracted　much
a廿en廿onas　a　group　ofnew　advanced　materi出㎞recent

years－Forex㎜p1e，itwasfomdin㎞∋1abo工atory出at

bis（phtha1ocyaninato）1anthanoids（III）comp1exes

exhibited　remaエkab1e　e1ectro－chromic　properties　in

organic　so1vents　and　in　so1id　state　as　thin　fi1ms．In

these　compounds，un1ike　usua1mo1ecular
compounds，a　ho1e　is　created　in　the　comp1ex
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mo1ecu1e．This　work　is三ntended　to　understand
the　unusし王a1e旦ectro1，ic　strucξures　of　t1，e　above

mentioned　bis（ph芝ha1ocyaninato）1an圭hmoids（m）

co董np1exes　from　the　viewpoints　of作パnteζaction

between　the　two　cofacia1ph圭ha1ocyanine
chromophores　mai夏1亘y　by　us三ng　spectroscopic，

e至ectrochemica1，and　spectro－e呈ectrochemica1

techn三ques・Pもlrther肌oτe．we　w主11try　to　prepa蛇

prev1ous至y　unkl㌻ow呈1anti肌ony－Phtha至ocyanine

comp1exes－t　is　becauseをhat　ant三mony三s　s士ab1e　in

tr三va至ent　oxiδation　state　and　has　a　c1ose　ionic

rad呈us　to　those　of1anthanoids（IH）、and　hence，

bis（Ph芝ha1ocyan1nato）antimony（III）、which　has　a

1，o至e　i11乏he　mo1ecu1e，is　expected土o麦orm．

　　The　resu1芝s　of　this　work　wi亘豆sewe　mt　on1y　fo王the

fabr三cation　of互＝nolecu1a王devices　buをalsoチor　fur芝her

understalてdimg　of　sup胴m．o1ecular　che1nisξry－

Keywoπds：　Metal　Complex，　An芝i㎜ony，
Phセhaiocyanine，E1ectronic　Structure

145　I＝undan1enねl　S～dy　on　Bioco卵patibiIity　of　Materials

M．8〃榊伽、醐o舳f〃α15Rθ8ε〃c1汀c舳

1April／994toMa・ch／9991

Towards21s童century，the　aged　soc三e芝yセhe
progresses．anδrequirenユen吉sξor　aξf1uenξqua至ity

of1ife　are　ge芝ting　strongeζ．The　number　of　the

aged　and　the　phys三ca1至y　cha11enged三1mp至anted　in

thei・bodiesinc更ease．Iセisimportantthata至tlflcial

organs　and皿edica言devices　exisをand　func芝三〇n　in

thei（odies　wi室hout　any　trouble　for　many　years

un乏i1they　die．Re1ease　of　meta11ic　ions　and　debris

fron／　n，a　te　ri　a王s　三n↑p王a列te　d　i　l㌻b　o　d　y　sl，o　u1d　b　e

avoided，because　t1，ey　a1ways　or　inξreq汀ent1y

・肌1S・…CinOgeniCity，PhySi・・1d・f・・1舳y
enhancemenをand　a至1ergies．Unexpected　fa三至ure　of

art三f三cia1organs　and　lmedica至dev三ces　i王np1a1，ted

a1so　shoもl1d　be　avoided，because　the　re至ucをanセre－

operat三〇n　forces　the　pat三ent　physical　and　lnen圭a1

pains・Therefore，1，on　toxici芝y，adhesion　to　tissし至e，

cont王o1in　bioreaction　caused　by麦oreign　bodies，

suff三cient　resistance　to　corrosion　and　wear，and

1Ong　fatigue1iチe　are　COnS三dered　aS　neCeSSary

characξer呈stics　for　the　used　in　vivo　co裏1dit三〇ns．

　　As　meをa1呈ic　ma芝eria1s　had室he　higher　strength

and　the至1igher　tough1ユess　than　a11of　the　o芝her

materia1s．3ユ6L　sta三n1ess　stee1，Co－Cr－Mo　a11oy，Ti－

A1－V　a1豆oy　eξc－have　experimenta1呈y　been　used　as

bio肌a走eria1s．though　t至10se　a1至oys　had　been

6eve1oped　fo1’other　app1ications．　Therefo王e，a

capabi1ity　exists　in　deve1opment　of　o芝her　mater三a1s

w呈th　highe芝々iocompatibi1ity　than　those　bei1，g

used　as　biomater三a1s．The　resea支ch　conducted　here

is　the　a㏄もlmu1ation　of　fundamenta1data乏0

deve1op　new　biomateria至s．which　are　superior　in

bio－compatibi1ity呈n　livi夏↑9bodies－

　　The　content　of　the　prese1対research　subjecモis　as

fo至至ows：

（1）Quant呈tative　eva至もlation　and　systematic
interp芝e芝ation　of　cy走otoxic三芝y　of　bio1nater主a王s一

（2）Measurements　oξce11a（lhes量on　force芝o　various

lnateξia1s　and　observations　of　ce11response　to

mechanica1stimu1at三〇n　by　a孤odif亘eδatomic　force

iT工icroscope・

（3）Measure旦皿en乏s　of　corrosion，wear，fa芝igue，md

fζetting　fatigue　proper芝ies　of　bio王nateria1s　ul，der　a

quasi－b呈o｝ogica玉e呈wironment。

（4）Re至iab量丑ity　tests　and　standardiza芝ion　oξart三f三cia1

hip　joints　by　a　s主至nu至ator　having　been　deve1oped一

（5）正）訂rabi1三ty　tests　oチbone　p呈ates　and　ar芝ificial　hip

j〇三nts　in　anin｝a1bodies，being　carried　oもlt　by

cooperative　resea支ches．

Keywords：b呈o狐ateria1s，cytotoxic三セy，ce1至

adhes三〇nξorce，durabi1ity　tesセs，bio－simu1aセor，in

ViV0セeStS
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Pr◎C⑧SSing

Separation　and　synthesis

⑧NlwCo舳◎11S鰍11i舳olll1

ん肋た〃zαωαC伽刎｛ω1P一’ocε85伽9D加｛s｛o〃

【Apri□996セo　Marclユ1998］

Today．basic　oxygen　stee王mak呈ng　furnace（BOF）is　a

dominanセpmcess　which　co1werts　pig　iron
p王oduceδin　the　blast　furnace　to　stee1－Among

many　kinds　of　processes　in　the　stee1indusをry，BOP

is　the　ol，1y　one　p王ocess　wh三ch　keeps　batch　type

operation　p工ocess・Over　a　quarter　century　ago．

various　types　of　continuous　steehnaking　Processes

weτe　proposed　and　examined　by　us三ng　tons　of至10t

metal．．However，none　of　tl，em　was　rea1ized
di至ect1y三n　indしlstr三a三scale，since三辻was　in　the　mids圭

of　deve1op三ng　era　of　BOF．However，an　idea　or

technology　of　co1，t三nもloもls　stee｝rnaking圭s　succeeded

nOW　in　the　COn辻inuOuS　deSi1主COn主Za吉三〇n　Or

continuous　dephosphoriza芝三〇n　process　il，fro1対of

b至as圭fumace．However，a1，expecセat｛on　to　the

con芝in1ユous　stee1I苅ak三ng　sξi玉1ex三sts　because

demands　for　h呈gheζproductivity　and呈ower　man

power　are　becoming　stronger　in　these　days・

　　　Here，a　new　co1㌻t三nuoもls　stee1making　P工ocess　is

proposed　to　solve　芝hese　problems・　　The
characteris走ics　of　the　new　one　is三n　one校ough　type

oxygen　bottom　b1owing　fもlmace．that　is．by　sett三ng

b1ow三ng　nozz1es　at　certain　inte王va1in　the　botセom　of

t至／e　furnace　stee1n｝aking　reacをions　can　be　div三ded

by　the　bもlbb1e　curtain　wit1，out　changing　the

fumace－This　wi11bζingをhe　reduction　of　heat亘oss

and　man　power，and　simp五ification　of至ayoし亘t－This

year　water狐ode至experiment　is　go主ng　to　be　carr三ed

OuセtOSi肌u五a芝ethemiXingCharaCterlStiCSi1・the
bath．

Keywo出s：continuous　stee至makin9，sセee1making．

oxyge呈／bottom　b王owing，troughをype　furnace

147Pr◎c8ssi㎎and　Dev⑧lopmen言◎f　lsotopical1y
Contr◎lled　Materials｛lCM）

T．No肋、HなllRεεol〃o〃肋舳rαcゴ物

一Apri1／992to　March／9961

Mate王ia1s　co1mposed　of　iso芝op三ca1至y　se至ected

e1ements　rea1呈zeをhe　essentia至so呈ution　of　subjects

such　as　induced　act三v呈ty，He　embr柵ement．and

compos三tiom至change　caused　by　reactions　wiξh
ene更get三c　part量c1es・

　　The　objectives　of　the　program　are（ヱ）R＆D　of　in－

situ　ICM　processing　faci1三ty（ICMPF）uti11zing

i1，frared　mu至をi－phoをon　deco1皿positio1，react主on、

（2）se狐ch　of　working　ma芝e至ials　for　isotope

separaセion。（3）deve玉op狐en室oξil、一s｛tu　syl，thes三s　of

isotop三ca重1y　co耐更o1至ed　S主C，Si3N4，BN　etc．昼I，d

（4）deve1opment　of　ceramics　a1r．d　t至1e圭r　composites

with　advanced　properties，

　　T1，e　isotope　separation　experiユ皿e1、乏usjng　S三2p‘、

was　conducted　ulユdeτthe　i㍑aδ圭at｛on　of　pulse

infrareδ1ase支a芝930－985cm’」1．SiF　with　conde1，sed
　　　　　　　　　　　　　　　　　　　　　　　　　　　　4
2りSi　and3｛］S三was　produced　at944－967cm’1whi1e2sSi

was　concentrated　in　the　res三dua1Si2F6，The　natura1

Si　is　composed　of92－23％of2sSi，4．67％of2リSi　and

3．舳・ビ〕Si．Th・・ptim㎜・・p…ti…f…h
isotope　mainly　depends　oηthe　wave三ユu狐ber　of

CO，1aser．30SiF，of43－3％and2リS呈F，of12％at

n｝aximもlm　cou｝d　be　continuoU．s1y　obtained　with　a

yi・ld・f4％・t951－20・ln’1・・dlO％・1956．20・m’1，

respective1y・　In　the　presen芝s圭udy　tl，e　e仔oτts　to

concen乏rate2sSi三n　the　res三dua1Si，F、、was1皿ade

using　a1ong　ce11，601mn，i1ミd三an，eter　al，d200n｝ln

玉ong，with　NaO　windows　at　both　inlet　and　out1et

ends　ofセhe1aser　bea1苅、　The　addition　of　i王ユert　gas

such　as　He．Ar．and　Kr　to　Si2Pf，was　effective圭o

increaseξ至1e2昌Si　concentration．The　maximum

concent支ation　of99－7％a室952，923cm’i　with　a　y1eld

of5．4％was　obtained．．

　　The　SiP，al，d　Si，F，e王uiched　with2呂Si，2リSi　or30Si

is　being　transformed圭o　S｛ξlake1」sing　a　p五asma

CVD　technique・

　　The　simu至aをion　code，　IRAC，　ca王cu1ating

transmU．tation　was　improved　by　co狐bining　wit夏1a

neuセron　t王ansport　ca至cし王1ati〇三1code　and　introducing

lmu至ti－s乏ep至eact三〇ns　to　predict　lmore　precise至y室he

芝ransmutadon　of　ma室er三a1s　h／c1udi／g　ICM．Chemical

vaporh／チi1trat主onprocessξoobtah／SiC　composi芝ewi亡h

a　high　p1ユrity　and　a　stabi1ity　agahユst　te1nperaセure　and

neu乏ron　o王ion三md三ation　is　being　deve至oped・It　was

requi王ed　to　useαysta11ine　S三Cξiber一

Keywords：isoセop呈ca呈1y　contro11ed　materia1s，ICM

p王ocessing　facili乏y，isotope　separa芝ion，chernical

vapor　inf三呈芝ration

Re1ated　pape鵬

至．H－Suzuki，H，Araki，a1，d　T．Noda、’1Si互sotope

　　1三nrichme1対by　infrared　Laser’1，1〕roc．6f乃∫CSCM，

　　（ユ995）．
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2．H．Arak圭、T．Noda，H．Suzuki，F　Abe，and　M．

　　Okada、’1Effect　of　Pyτocarbon　Pre－Coating　on　the

　　Mechanica1Proper芝ies　of　CVI　Carbonチ三ber／SiC

　　CompositeslI、∫．N正’c1．5cゴ。τεc1〃o1．。32（ユ995）：

　　369＿371．

Gaseous　Process

（璽）Develop㈱tofAdvancedShapeMemWThin
FiIms　by　Sp汕tεring

A．I8〃加、31・∂R慨〃c乃Gγo仰

1Aprilユ996to　Mard120001

Since！993，we　have　been　successfu1in　showing
that　spuセ童er－depos三セed　thin　fi1ms　of　Ti－M　disp至ay

perfec芝　shape　memory　effect．　Perfect
supere1ast三city　and　two－way　shape皿emory　efチec芝・

These　successes　have脈ade　a　shape　memory　thin

f量至m　at吉ractive　fo至a　microacれ童ato王and　stimu1ateδ

interes童主n　the　sputter－deposited　thin　fi1m　of　Ti－Ni，

　　In　thisエesearch　subject，we　try　to　produce　a

h三gh　per圭ormance　shape　memory　thin刮m・Such
an　advanced　fi1m　w三呈1be　obねined　in　severa至ways．

One　of芝he　ways　to　improve　the　shape　memory

effect　is　aδdition　of　the士hiエd　e1emen言to　Ti－Ni

a呈呈oys．The　third　e至eme豆1ts　such　as　Cu　and　Pd　wi呈1

王educe　thermal　hysteresis　of　shape　memory　effecセ。

1eading　to　quick　response　of　a　microactuator・This

effect　is　we1至known三n　bu1k　spedmens，but　iセis

difficu1t　to　use芝his　effecをin　thin　fi1r汀s　because　of

d主fficuHy　in　controningセhe　fi1m　composit三〇n－

Therefore　we　have　to　estab至ish　the　way　of

contエouing芝he　fi1m　composition．This　is　a1so

i㎜portant　even　in　T三一Ni　b主nary　al1oy±hinチi1ms・

Another　inteτes隻ing　approach　to　the　improvement

of　the　shape　me皿ory　effect　is　to　u亡iiize　an　uns室ab1e

s室ructure　formed三n　spu走をer－deposited　thin　f主1肌s．

Ti－rich　Ti－N主thin　films　after　annea1ing　at773K　foτ

lh　wereξound　to　contain　fine　distribu芝ion　of12Ni

precipitaをes　in　a　Ti－Ni　grain・This　structure　cannot

be　obtained　in　bu1k　spedmens　and　gives　us　the

opPorモmiモyを〇三mprove　the　shape　memory　effec七

Such　a　fine　sをructu王e　is　like1y　to　increase　the

recovery　force，1eading　to　an三ncrease　in　the　work

output　of　a　microactuatoτ・

Keywords：micromach主ne，shape　memory。丁三一Ni．
Sputtering

Re1ated　P田pells

1－A－shida，A－Takei，and　S．Miyazaki、’1Shape

　　Memoエy　Thin　mm　of　Ti－N三Formed　by
　　Sputtering1’、τ〃η∫o1〃Fゴ1〃！5，228（1993）＝2ユO＿214、

2．A．Ish三da，M．Sa素o，A．Take三、and　S－Miyazaki、

　　’IEffect　of　Heat　Treatment　on　Shape　Memory

　　Behavior　of　Ti－rich　T三一Ni　Thin　Fi1ms1㌧n舳5∫1M，

　　36（1995）：13遂9－！355一

149Deve1◎Pme耐ofShapeMemory↑hinFilmsFor㈹d
by　PVD　Me肪od

A．肋肋、3〃R倣肌乃Gro〃
［Apri〕993to　March1996］

Micromachines　such　as　micromanipu至ato更s　and
f亘uid　n｝icrova1ves　are　expected　to　be　used三n　the

near　future　in　　var主ous　fie1ds　such　　as

biotechno呈ogy、㎜edidne　and　the　semiconductor

indus舌ry．However，in　order　to　achieve　such　a

micromachine、をhe　deve1opment　of　an　effective

microactuator三s　essentiaL　Recent至y　the　shape

me㎜ory　thin　fi1ms　have　begun童o　attract・

consiδerab1e　a芝tention　as　one　of　such　promising

aCtuatOrS．

　　S呈nce！993，we　have　been　successfu11y

ch弧acterizing　the　shape　memory　effect．
supere呈asticity　and　two－way　shape　memo歪y　effect

of　the　sputtαdeposited　thin　films．A　Ti－5至at一％Ni

thin　fi1m　after　amea王三ng　at773K　forユh　showed鼻

perfect　shape㎜emory　effec±with　a　maximum

recoverジorce　of500MPa　and　a全ransfoエmation

strain　of4％．　These　va至ues　are　a至肌ost　equiva1en亡

to量hose　oξbu汰speci狐ens、主ndicat三ng　the　great

advantage　of　a　shape　memory　thin　fi1m　as　an

ac言uator．　Furthermore，this圭ihn　exh三bited　a

perfect　shape　memory　effec士even　after！OO

thema丑cyc至es　mdeζa豆oad　of240MPa，A1so．this

芝h主n　f三1m　showed　a　pe王fect　supere1asticity　at　room

舌e孤perature．The　two－way　shape　memoぎy　effect

was　obtained　in　the　Ti－5ユa±．％Ni舳n　fi1皿by　age－

treat肌en芝a童673K　for王OOh　u列der　constraint．This

チi1m　wasξound　to　change　its曲apeエevers三bly　and

repea｛ed1y　wi量h　a三一5V　battery－This　p更opeτty　is

desirab1e麦or　a　mic王oactua童or　s量nce　any　b主as　force　is

not　necessary．As　described　above，Ti－51at一％Ni

thin　fi1msδisplayed　a豆㎜ost　the　same　shape

memory　behavior　as　bu1k　specimens－h　contrast．

Ti49at。％Ni　thin　fi1ms　showed　di縦ren芝shape

memoエy　behavior　from　bu1k　spec三㎜ens－This

composition　fi1肌showed　good　shape　memory
efξect　compared　with　bu1k　specimens・Th三s

difference　comes　from　d三fferent　structures．Thin

チi1ms　of　Ti－49at、％Ni　contain　fine〔iistribu童ion　of

Ti2Ni　inside　a　T三一N三gra呈n．whereas　Ti2Ni
precip三tates　foτm　a1ong　the　gra主n　boundary　o圭a　T三＿

Ni　grain　inbu至k　specimens・

Keywo辻ds：m亘cromachine，shape　memory．Ti－N三∫
Sputtering
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⑧M釧1f1舳11rol11li11舳1yl11ll1Si岬11・
Syste閉Alloys

A．S”fo，A加舳c〃M〃εr加151〕一’ocε58加gD加ゴs｛o〃

【Apriu996セo　M榊ch200η

Pree　cutting　stee1s　used　nowadays　conta呈n　Pb，but

Pb　is　very　harnユfu1toζecyc1ing　of　stee豆s－　Hence，

free　cut乏ing　stee豆s　without　Pb　shou1d　be

deve1oped．

Keywords：enviro汀ment．recyc1ing，high　damping

a呈1oy．Powder　meをaI1urgy，sprayδeposition，free

cuセting　stee1．fine－9rain　materia1，composite

It三s　very　imporまan吉麦or　protec芝ing亡he　terres嵌三a1

environment　to　reduce　energy　and　resources　used

in　industries－Recyc1三ng　of　meta11ic　ma芝eria豆s　can

conセr三bu±e　great1y　to　the　reδuc麦ion　of　bo亡h　enαgy

and　resources・The1aw　of　p王o肌otion　of　u舳zing

regenerateδresource（The｝aw　of　recyc1ing）urges

to　cont王ive　f至a肌eworks　and　mateエia1s　for　an　easy

recyding　a麦terセheir　consump亡三〇n・　But　meta1王ic

ma辻eria1s　used　for　automobi1es，foΣexamp呈e，

worsen　肌ateria1s　regenerated，　and　the
regenerated　materia1s　cm　notbe　used　and　have　t0

be　abandoned　as　a　so1id　waste　after　severa1times

of　recyc亘ing－The　main　reason　why　regenerated

蛆ateria1s　have　to　be　abandoned　is　e至emenをs　and

additives　w至／ich　have　harmfu1effects　o1uecyc1i呈／g

oξmeta亘1ic皿ate工ia1s．Materia1s，therefore，have　t0

be　eas三1y　recyc呈ab1e．On　the　o芝her　hand，the

properties　of　ma芝er三a豆s狐ust　be　the　sa蛆e走o　those

○麦ma芝eria呈s　with　e呈ements　and　addit三ves　which

have　harmfu1e旋cts　on　recyc1ing・

　　Th三s　research　is　consisted　of　four　sub－themes，

and　the　object三ves　are　as　fo11owsl

Multi－Phase　comp1ex　mセeria1s・

a）High　damping　a1至oys　of　easy　recydability．

High　damping　a11oys　shou至d　be　deve豆opedξo

subst三tuセe圭or　vibration　absorbing　stee1sheets

whose肌acromoIecu1ar　p1ast三c　sheets　sandwiched

sheets　prevent　stee1s　from　recyc呈ing・

　　b）Sintered　ferrous　a11oys　of　easy　recyc呈ab三旦i吉y．

Copper　is　usua1ly　added　to　sintered　fe支rous

㎜ateria1s　to　improve　their　mechanica1properties・

But　copper　is　one　oξthe　worst　e呈e肌en七s　for

recyc豆三ng　of　ferrous　materia1s－High　streng出

sintered　ferrous　mater三a1s　shou1d　be　made　by

surface　trea芝ment　of　powders一

Materials　withouセharmful　additions　for
recyc1ing・

（c）Cast　a1umimm　a11oys　of　easy　recyc1abi1ity・

Grain　refining　e1emen芝s，such　as　Na．Sr．Sb．are

used　to　refine　the　g王ain　strucセu王e　of　akuninu呈皿

castings・Because　those　e1e肌e呈／ts　worse亡he

regeneraをed　materiais，a　new　so1idification

processing　shou｝d　beδevdoped．

　　　（d）Pree　cutセing　s芝ee1s　of　easy　recyc五ab主1ity．

1518asicSωdy㎝Refining◎川o1t帥胴aland
Contω11l11g　of　Solldlflcatlon　by　Elec桁o111agn創1c　l＝◎rce

A・P〃k〃zαωα。C伽〃c〃Pγocεs5加8D加ゴ5｛oκ

エAprilユ994to　Ma1’ch1997】

A　cold　cmcib1e　type1evitation　me1ting　method

usi列g　highξrequency　e1ectr三c　power　is　known　as　a

non－con圭ac芝ing　me1ting肌eセhod．Therefore，this

me1ting　method　is　advan芝ageous　for　me1辻｛ng　h三gh

puri吉y　meta1s，chemica11y　reactive　meをa1s　and

・ef・aCt0・ymeta1S．

　　In圭hese　severa1years，we　have　made　varioし王s

ki1，ds　of　tria｝s　us三ng　the　co1d　c芝uc圭b1e　type　non－

con亡acting　induction　fumace　anδwe　have
obta呈ned　lnany　fundamenta1resu至芝s　concerning
the　co至d　crud．b1e．

　　Another　advantage　oチthis　me1ti1唱method　is

ξhat　i芝has　the　abi1呈ty　of　separati汀g　i訂c1us三〇ns

fromセhe　mo1te茎ユmeをa1，because　magnitude　of

e至ectmmagneセic　force　workil，g　toward　the

lno王ten夏neta1is　d三f壬erent歪rom　that　of　incklsio列s

due室o　the　d三fference　in　physica丑properties

between　meta1and　inc呈usions・So，the　optimu肌

1ev三taセing　condi圭ions　for　separating　inc至uSions

from　mo1ten　meta1，such　as　the　shape　of　the　co1δ

crもlcib1e，highξrequency　coi1and　t至1e　e1ectr三c

ou印u芝power　have　beel，sough芝to　obtain
mater三a至s　w三士h　exce1Ien亡qua1ity・The　study　on

separa芝三ng　mechanism　and　separaセing　ra童e　of

OX三de　induSiOnSξrOm㎜O1te汀titan三um　are　nOW

progress三ng・

Keyword5：co1d　crucib呈e，1evitation　me1亡ing，

e五eCt・OmagnetlCξO・・e

152　Solidification　in　the　S言ro11g　Magnetic1＝ield

んr〃k〃z肌〃、C1一ε榊｛ω11〕一’ocε55加g　D加｛s｛o〃

lApril1995辻o　Mard119981

In芝he　dendriセic　crys芝al　growth、圭here　exisセs

Seebeck　cu王ren芝betweenセhe　top　and　the　base　of

dendr三tes　caused　by　the　temperat1ユre　difξerence．

The　c脳rent　is　very　weak，however，inξhe　strong

magnetic　fie至d三芝wou1d　be　possib1e　to　induce

一！27一



Loren芝z　force三n　the　so1idification　fron芝、and　make

ξhe　flow　in　the1iguid　me芝a亘trapped　in　the

dendrite　reg主on－From圭his　effect，it　can　be

expected士o　make　a　homogeneoしls　composit主on

ingo芝from　the　surfaceセo　center　of　the　ingot　wiセh

ξ主ner　g王ain　size，W三走h辻he　idea　men芝三〇ned　above

the　research　work　w主11be　carried　out　by　using　a　lO

Tes王a　superconduc亡三ng　magnet－h舌h三s　fisca1ye鉗、

by　setting　a　fumace辻o　me玉t　and　so至idify1ow

me至tilてg　Point　a1呈oys　inセhe　magne言。the
so1id玉f呈cat三〇n　behavior　of　Sn　and　A1a11oys　wil1be

lnves亡igated－Thee旋ctofmagneticfie玉doパhe
g王ain　growth　is　a1so　g〇三ng　tobe　examineδ・

Keywords：dendr三te　growth．strong　magnet．
Seebeck　effect，Lorentz　foエce

153　111vestigatiorl　on　Nuc1ea｛io11and　Crys言al　Growth

Mechanis洲under　Heter◎ge11e◎usAmb1ent　Phase

T．r〃仰、C伽〃c”11〕γocθs8加9D｛挑｛o〃

エAprilユ994to　March19％1

The　purpose　of　the　present　study　is　to　ob辻ain　the

fundamenta1know｝edge　for　contro11ing　the
ξo11owing　crysta互growth　processes，which　occur　in

the　circumstances　containing　oセher　so1id　phases　oチ

foreign　partic呈es・

　　　1）Nuc1eat三〇n　anδcrysta亘growth　with　pe工itect主c

reaC亡iOn．

　　　2）Nuc玉eaセio1，in　so亘id　s±ate　reaction　and

e・・ggeraをedgra1ng工owth－

　　　Recent玉y，high　J，va1ues　have　been　obξajned　in吉he

bu1k　specimens　of　high　T，oxide　superconductors

fabr三ca芝ed　by　means　o童peritect三c　so至idification

process．However，the　growth　mechanism　of　these

c・yst・至s・ndξhero1eofpeτi芝ectic・e・ctionin量he

growセh　process　have　no廿been　revealed．In　the｛irst

subject，we　intenδto　c1arify　such　a　growth

mechanism　on　YBa2Cu30，cτysをals　which　me1t

incongment至y　at／000℃through　the　meta11ographic

observatio1てand辻he　measurement　of　growth
parame圭ers　onセhe　quenched　specimens　grown　aξ

variousセempera血res．

　　1nvestigation　wiu　a玉so　be　made　on　sa1icy至ic

acid－acetamid　system，in　wh三ch　a　peritectic

compound　w泌h　the　composition　of1：haセio　forms

aセ65℃．It　is　possibleセo　obseτve　in　situ　the　crysta1

growth　Process　by狐eans　of　op亡三caI　mic工oscopy　in

舳Se・pe・lmen圭・

　　In　the　second　subjecセ、we　aim走o　deve1op　the

theory　of圭he　nomai　and　abnormal　grain　grow辻h

process　so　as　to　apP1y　it圭o芝he　growth　of　sing1e

cτys芝a1s　of三ntermeta11ic　and　ceram三c　mateてials　as

We呈1．aS　meta11三C　materia至S．

Keywords：Nudeation．crys士a1growth．peritec量ic

reaCtiOn，SeCOndary　reCrySta1豆iZatiOn，eXaggerateδ

grain　growth

154　Basic　↑ech1101◎gy　Devel◎pment　of　Mat釘ials

Processing　i11aSho汽一Duration　Microg手avity　l…11vironn1ent

ん8〃o，A肋舳c〃M’αfα加18Procεs5加9D加｛8｛o〃

［Apr1lユ995to　March199ア1

Astudyondoub工eco㎜bus辻ionsy洲heεis
apP趾aセus

Combus芝ion　synthesis　is　a　product三〇n　processセo

pmduce　chemica1co㎜pounds　fro皿e至emen麦a至
powdeエs　in　a　shorHime　using　the　heat　of

forn｝at三〇n　of　co夏nponenセe1e｝nents－　The　main

purpose　of　the　study　is　synthesizing　high

performance　intermeta至1ic　compounds　using　short

time　miC王O－9raV三ty　enVirOnment－The　ShOrt　ti㎜e

doub玉e　co皿bustion　synthesis　appaエatus　was
deve1oped　in　orδer　to　conduct　the　experimen走o圭

combus量ion　synthesis㎞m三crogravity－The　micro－

gravity　is　achieved　by　dropping　the　exper三menta王

apPara亡us．The　experiments　were　carrieδou童
us呈ng　the　same　co㎜bustion　syn芝hesis　appara芝us　in

order　to　compare　theユG　and肌icro　G王esu至ts

exact王y．　The　ve1ocities　of　propagation　of

combustion　synセhesis　were　meas杣red　by　two　sets

ofW－Rethermocouple・

Study　onセhe　synthesis　of　high辻empαatuエe

sl二1perconductors

This　research　program　isξocused　oパwo　top主cs；

wettabi1ity肌easurement　for　mo1ten－Bi－Sr－Ca－Cu－

0／Ag－substrate　and　synthesize　of　superconδuct｛ng

meta－sξab豆e　Y－Pd－B－C　phaseチro㎜large－super－coo1ed

1三quid－We亡tabi1ity　measurement　for　Bi－Sr－Ca－Cu－

0／Ag　was　performed主n至C　alユd　short　durat三〇n

㎞crograv吋enviro㎜ents，S㎜p1eofaboulユOmgof
Bi／Sr／Ca／Cu＝30／23／10／34was　me1ted　onp岨e　siver

subs廿atebyusbg㎡ra－red㎞age叔mace－We廿ab岬
mg1e　was　determ㎞ed　by　a皿a1yz㎞g　video㎞ages．For

Y－Pd－B－C　syste玉n，as辻he　superconducting　YPd2B2C

phase　is　meta－stab1e．it　is　advantageous　to　uセ岨ze1arge

super－coo1jng　state．Rap呈d　solid沿cahon　wi走h　d㎡ferent

coo1ing　raモes二so1三d三fication　on　water－coo1ed　copPer

b1ock　and　the　sp呈atter　guench　technique，were

exami玉1．ed．Supe王conducting　YPδ2B2C　phase　is　not

formed㎞thefomercase．1lcanbeoblahedo巾with
the　sp1鮒e王quench　tech～que　with㎞e　bigher　coo㎞g

rate．

Keywo正ds：microgエavity，combustion　synthesis，

intermetal1ic　compounds，superconductor
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155　S◎Iidification　Pr◎cessirlg　for　Particle　l〕ispersed

∪11idi硲c言ionally　Grown　C◎nlposites

A・Sαto．A加肌〃M肋γ｛”15Pτoc鰯加9D加ゴ8｛o〃

［Apri1ユ994to　Marchユ997］

The　destruction　oξmetau三c㎜ateria1s　is　grea芝1y

affected　byをhe　crysta至s㍍ucture　of　maセer三a1s－bユorder

芝o　improveセhe　mechan呈ca1propert三es　oξ肌ate幽1s，

structure　contro11ingをechn三ques，such　as　g更ain

refin三ng，unidi王ectiona1solidification，siη91e　crys麦a三

grow芝h，are　apP1ied　in　manし至fac芝岨三ng　oチmateria1s．

○走her　methods　are　compos三tes　whose　reinチorcing

pa至hc1es　or　fibe工s　preven室セhe　propagahon　of　c王acks　in

肌ate王ia1s．Partic1e　d三spersed　compos三走e　maをer三als　can

be　manufactured　by　so1idification　processing　at　the

1owes走cos七Iモ三s　very　i㎜porをant　that　pτoperties　o壬

part三c豆e　d三spersed　n｝a芝eria1s　can　be　i肌proved　by

controning　the　structure　of至naξrix　a1至oys－The

purpose　of　this　study，therefore，isをo　obta三n　basic

know至edges　and　funda㎜en舌a1をechniques麦o肌ake

pa叱c1e　d三spersed　midi茎ectiona豆豆y　grownco狐posi芝es－

　　The　powder　me童a11urgy　technique　is　used　to

prepaτe　samp1es，Because　the　behav三〇r　of　a

part呈c1e／partic1es　aをthe　sohdification　interface

between豆iquid　anδso1id　is　most　i肌port舳t　to

make　materia1s　so1id三fied　un三direcセiona1亘y　with

partic1es　d三spersed　uniform1y，properties　of

powders　of　a11oys　and　ceramics　shou1d　be　a至ready－

known．Powders　of　a1um三nu服and　a呈umim　are

mixed　mechanica11y　in　stain1ess　stee1pots　set　on　a

p呈anet脳y　ba11－mi11，A1umimm　can　be　hand1ed

easi亘y　due　to　its　Iow　me1ting　Point・S三ntered

sa1T［P1es　of！1・3r汀m　in　dialme亡e支and！O肌n、圭n

をh主ckness　of　A1一（0～20）vo1％A1203could　be　made

芝o　use　in　experimen芝s　ofso1id｛チica麦ion　processing・

Keywo辻ds：so1idiチica芝io汀、so1idification　processing、

もlnidirect三〇na1so1idification，composite，Partic1e

dispersion

ReIated　Pape王

ユーY．Osawa，G．Aragane．S．Takamori．and　A－Sato．

　　1’Manufac芝ure　of　A呈203partic1e　d三spersed　A1

　　a11oys　with　pel1ets　a至1oyed　mechanica王1y1㌧

　　PrOCεε舳gS0∫艸ω・θSεFO1川的Eη91ηθεrlηg

　　Soc的，ユ28〃lMε舳9、（！996，5，27～28）：ユ2至一

156　Metastable　Phase　S◎■idification竹om　Undercoo1ed

Liql」id　by　Indl』cirlg　l…x言e閉a1Nucleati◎n　Seed

8．Ts〃k舳ofo，A加舳c〃M肋i伽ε1〕1一㏄888加g
1〕｛η｛S｛0〃

lApril1993to　Mar〔h／9971

Metastab豆e　meta1至ic　materia至s　pτoduced　from　deep王y

undercoo1ed　melts　can　provide　some　inセe王esting

P・・p・・ti・・一Th・・im・圭th・i・…tig・li・・i』1・

e1ucidate　the　ro呈e　of　nudeatio1，　d1一…ring　セhe

so1id三fica士ion　of　undeκoo1ed　me1童s　and　to　deve1op　a

new　technique　for　producing　metas芝ab1e　bulk
mateτia1S　uSing　an　e1eC芝王0magne廿iC王eV｛tatiOn　me1ting

andanexte・m1seeding．
　　Two　kinds　of　s芝ain王ess　s童ee至s　with　differe耐

so1id圭ficat三〇n　modes　of　primary　fe支ritic（type316）

and　ausセeniセic（type3！0S）were　undercoo1ed　up乏o

230K　us三ng　the　e至ec佼omagne芝ic1evi圭atiOn　me豆tin9・

Howeveエ、no　sign　of　meξas辻ab至e　phase　so1idifica亡ion

was　observed　inboth狐ateτia1s．In　the　e1ectron　beam

su王ξace夏nelt｛ng，on圭he　other　hand，the　so1id｛ficaセion

mode　of　type3ユ6changedξrom　pri㎜ary　ferriセic　to

auSten三tiC　With　inCreaS｛ng　COOling　rate　Or

undercoo1ing，The　distincセdiffαence　between　the

1evi芝a芝ion　and　the　e1ectron　beam　processes　is　the

presence　of　the　so至id　substrates　which　may　a玉1ow

epitax三al　growth　or　he芝erogeneoもls　nuc1eation　in　the

｝a廿er　case－　In　the　e呈ectron　beanユprocess，the　phase

se1ection三s　main至y　determined　by　the　kinetics　of

growth　which　is　favoured｛or　austenite．In　the

呈evitation　pζocess．on　the　other13and，iをInay　be

deteτmined　by　the　kinetics　o｛nudeation　which呈s

favoured　for　fe王ri芝e．

　　　1⊃もlring　the　above　expeτiments，deten苅ination　of

ξhe　pri㎜ary　so1id三丘ed　phase　was　not　a至ways　easy，

because　solid　phase　transformation　took　p1ace　after

芝he　so1id圭ficaセion．A　new　system　was　deve至oped　to

ana至yse　the　pri服ary　so至idif主ed　phase　easi1y．　The

e1ectr圭c　powe王was　shu芝down　w三芝hin200ms　af芝er

the　reca1escence　eventセo　quench　the　samp至e呈n1ow

tempe王ature　Ine至ts・　The芝e王nperaモure三ncrease

during　the　reca｝escence　was　also　measured　using　a

hig至／time－response　py支ometer，The　exをerna1

seeding　with　a　thin　Pe－N呈austen三を三c　need至e　was

attempted　onto　undercoo1ed3三6me1ts　to　form

metastab1e　austenite．However，it　was　not
su㏄essfu1，bec・uses亡・ongsuぎf・cef1owofthe
1evitat｛on狐e1ted　sa1皿p至e　preve1〕ted　a　good　co訂tact

be芝ween　the　samp1e．andセhe　need王e．The1、，we　are

try三ng　ano亡her　seed三ng　method　where　the

nuc1e・tionseedofultrafinepa・セ1clesisproduced
in　the1evitatiol，cl，a狐ber．

　　　This　reseaζch　was　performed三n　co11aboraセion

with　Research　Deve1opment　Corporation　of　Japm

and　Universi室y　ofCambridge、

Keywords：so1id主fication，undercoo1ing，metastab玉e

phase，electro玉皿agneセ三c亘evita乏ion．sセain1ess　stee1
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Mos圭intermeta玉1ic　compomds　aτe　colwen芝iona11y

produced　by　the　processes　inc呈ud三ng　high

frequency　induction　vacuum孤e1ting　and　casting．

It　is　di吊c汕to　contro呈accurate呈yセhe　chem三ca王

componen圭s　of　interme±a11三c　compomds　produced

by　the　convenセiona1process・Homogeneous
三nterrneta11三c　co肌pound　is　produced　by　the

三ndusモria1process　inc1uding　a　co夏nbustion

syn芝hesis　meセhod，which三s　a　new1y　deve1oped

manufacturing　pro⊂ess　in　th三s　institute－　The

chem三ca1components，the　i皿purit三es　indus芝ria豆1y

produced　by　the　process　are　revea1ed．　These

properties　are　vita11y三㎜portant　when　the

combustion　synthesis　method三s　apP1ied走o　an

industria1n，ass　production　process　for　producing

intermeta11iC　COmpOundS，

　　The　fundamenta1study　to　revea1芝he　reactions　in

co1nbushon　synthes三s　is　carr呈ed　out　The　p］＝opagaゼon

of　the　reacゼon　front　andセhe　synthes三s　process　of吉he

狐aterials　synthesized　t至1rough　the　reaction　are　a1so

stud三ed．Ilwestigation　by　the　therma1ana1ys三s　wi芝h

risi列gセempera吉ure　at　col，stant　speed　and／or　in

a1terna吉｛ng　speed　is　carried　ouをセo　revea1the

conditions　for　the三nitiatio1，ofをhe　react三〇n，the

propagation　and圭he　synthesis．The　inf1uence　of

pressure　and　convec乏ion　on　the　phenomem　in　the

reactio1l　process　of芝he　systenユcontain｛ng　gaseous

phase　or　liquid　phase　is　sむdied　using　a　h呈g1，gaseous

pressureapParaセus・

　　The　selecセion　of　the　combinat三〇ns　of　e1ements，

whic1ユis　focused　in　the　present　study，wi1l　be

investigaセed－The　sysセem　of　the　combinaセ三〇n　thaξ

nlig玉1t　exlribiセthe　effect　of　convec芝ion　and　pressure

during　the　reaction　and　synthesis　process　is

se呈ected　considering　the　system　thaをperforms　the

e旋cセof1iquid　and　gaseous　phase．The　sys芝em　of

e至en，e1，ts。三n　which　the　safety　during　the

experiment　is　assured，is　se1ected。

Keywords：combust三〇n　synthes｛s、丁主Ni
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【Apri11996to　Mar⊂hユ9971

Mechanica至properξiescanbe　genera豆1ycontro1至edby

chang三ng　nミicrostructures・In量he　present　study，a

high　densiセy　and　f三ne　dispersion　of　second　phase　in

the　matrix三s　g〇三ng　to　be　desi駅ed　us三ng　a　thermo－

mechan三ca1processing　on　some　two　phasea至1oys・

　　The　basic　idea　is　menをioned　inをhe　fo11owing一

Microscopic　distribution　of　second　phase：

When　the　second　phase　is　defomab至e∫p呈astic

work　of　the　samp豆e　leads　to　a　decrease主n走he

second　phase　spacing・

　　When　the　second　phase　is　undeformab至e．the

p1as吉ic　work　causes　the　second　phase　cracking　md

finer　d三stribution、

Ro1e　of　the　second　phase　as　pinning　site　in

defo王maセion　of㎜漱ix：

The　second　phase　is　a　site　for　1oca1ized

deformation　and　a　pinn三ng　siモe　for　dynamic

recovery　o圭童he王natrix・

　　The　marked三ncrease　of　p1ast三c　stra三n　in芝he

肌atrix　introduces　dynamic　recovery　and
reCryS童a11iZatiOn　intO　Very　fine　m三CrOS辻ruCture・

　　A1－Si　a1loy　is　a　typical　cas芝mate至iaL　The　heavy

co1d－work　produces　sever　cracking　in　the　eutectic

and／or　hyper－eutecをic　A1－Si　cast　materia1s．Then，

we　have　deve1oped　a　new　thermo－mechanica王

processing　with　mu1tip1e　comb主nation　of1imi走ed

Sセrain　and　annea1ing　圭O　n｝ake　the　a11OyS
deξormab1e－An　eutectic　A1－Si　a11oy　is　composed　of

A至一rich　matrix　a訂d　coarse　primary　Si　phases．By　a

given　a㎜ount　of　co1d－woτking　a　primary　Si　cracks

into　a　few　pieces　and　decreases　the　size・The　v〇三δs

fo王meδby　the　cracking　hea1up　by芝he　annea1ing．

A　series　oチ走hese圭rea芝ments　resu1ts呈n　aξine

microsξmcture．The　fine　stmcture　samp1e　shows

モhe　exce11ent　p1as走idty　such　as99％in　reducをion・

The　tensi1e　strength　is　higher　than圭wice　strength

of　the　as－cast．The　above　idea　wi11be　app1ied　for

a1至oy　systems　such　as　A岬e，Fe－C，and　so　on－

Keywords：co1d－working、行ne　micエostrucセ脳e，high

p王ast呈city，high　streng芝h

［画　Metalluゴgical　Analysis　of　Micro・Machining　Region

S・γα閉伽〃ofo，A∂ηα〃cε∂ハ4仰施r加1εPγocεε8加9

D加｛5｛o〃

lAprj1ユ993土o　March19961
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A三ming　at　the服iniat岨izaセion　ofセhe　mechanica1

system，the　effecモoξセhera　meta1至urgica1factor　on

the　micro一㎜acl，ining　are　ana至yzed，da量a　on　micro一

皿ach三nabi1i亡y　of芝he　va王ious　mater三a1s　are

aCCumu1ated．
　　　珊e芝e1a芝ion　of　da言a　on　micro珊achimb脳y　and

セhat　on　machinabi1ity　in　usua互cu童ting　work　of　the

various　ma芝er三a玉requ虹ed　in　this　year・Cracks　and

exfo豆三ations　are　generated　in　usua1cutting　work　at

the　machi肥d　surface　region　of　T三A〕nte至meセal1ic

cornpound　materia豆s－　Il，order　to　so豆ve　those

probIe㎜s，and　it呈nicro一肌achining　works　are　a1so

examined．

　　　The　cu杜ing　resis室ance三pcreases　a鼻the　hardness

of　a　work　ma｛eria至increases三n　a　genera1芝enδency－

But．this　resu1t　is　reverse　to　the　usua1cu辻ting　data，

because亡he　heat　quantity・effects　great1y　on　the

cu吉ting　resistance　in　the　usua三cutをing．　The

machined　surface　region　of　the　T三A至inセαmeξa亘1三c

compound　sound，1）in　a　high　cutting　speed　area，2）

by　using　a　sha叩cu出ng　edge　and3）by室he　micro－

machining．In　othe王words。ユ）芝he　p豆ast三city　of　TiA亘

in　chip　shear　region　starts　inモhis　te肌perature

range．2）。and3）the　sけess　in　cutting　region

decreases　and　suppress　cracks　and　ex圭o1iat亘ons－

Keywoエds：micro－machi列abi至i芝y，meta11ic　materia1，

TiAI　interme室a11ic　compomd．cut量ing　resistance

Powd⑧r　proc⑧ssing

⑧Cl㈱o18舳rolTi舳tlr閉舳Co岬o1耐1
Pr◎duced　by　Powder　Meオall■〃gical　Techniques

γハ4〃閉閉〃醐、C加閉｛cα1Pγocεs5加g　D加｛8｛o〃

正Aprj〕996セo　March王997］

TiA1hasζeceived　cons三derab1e　atten芝三〇n　as　a

1ow　densi辻y．high　s芝reng士h．creep　resistant

materia1for　high－temperature　app1ications．

However，this1苅ate至ia1has　not　yet　been　used

industr三a11y　because　o圭　its　br三亡t1eness　at

te肌pe王atures　be王ow　gOOK　and　poor　oxidation

res三sセance　a芝童emperatures　exceedingユOOOK・

Therefore，improvemen士s　of　these　p至operties　are

main　prob1ems　for　practica呈uses　of　this
1丁三ater三a豆．

　　This　s辻udy　concernsをhe　oxidation　behavior　of

TiA1　co㎜pounds　produced　by　powder
meta1呈urgica1（P／M）室echnigues，convenをiom1

sin亡ering　and　mPing・Isotherma1and　cyc1ic
oxidation　tests　wi1至be　carded　ou芝in　a三r　and

oxygen　aセmospheres　for　compou1，ds　co耐aining　a

third　e1emenセsuch　as　niob三um、㎜o1ybdenu肌or

tungsten－　Effects　of　residual　pores　and芝he　third

e1emen芝on　oxidaセ三〇n　res呈stance　win　be　examined．

Structures　oチoxide　sca五es　togetheτwith　tl〕e

帥enomenon　oξspa1Iing　wi1l　also　be　examined主n

order　to　c1arifyセhe　mechanism　of　oxidation

resistance．　The　fina1purpose　of　this　study　is　to

deve1op　P／MTiA1compomdsζesistan圭to　oxi－
dation　atをemperatures　o｛1000K　and　higher
w呈圭hout　sacrific｛ngセhe呈r　inheren芝good　mechanical

properties一

Keywoエds：TiA1intermeta11ic　compomd，powder
metanurgy，oxida芝ion　resisセance

⑥Cllrllt1ri11li㎝of舳o11t11lti1Proplrtielol
∪■trafine　Pa汽icles　Sy榊11esized　by　Plas閉a　Pr◎cessing

S－0乃〃o．C加伽｛c〃Procε85加9D加｛8｛o〃

lAprilユ996to　March／998］

Iをis　we豆互known　tha走セhe　ultτafine　particles（U冊）

have　1nany　exce至王ent　physica1and　chen、三ca1

p支operties・　　In　particu1ar，　UFP　oξ　ox三de

semiconducをors　is　a　veζy　promising　mate更ial　as　a

photocaをa1yzer・

　　玉n　t呈1圭s　s吉udy，various　oxides　and　compos三te

（ox三de／me吉a1）UPP　synthesizes　by　the　plasma

processing　such　as　an　arc　p呈昼sma　tec1，nigue

（reactive　p1asma一互皿eta1reaction）and　a　RF－P王asma

CVD．Then　the　phoをocatalytic　property　of圭he

UFP　characterizes　by童he　photodecomposition　of

Wateて、

⑧Sl1賄11il1舳ili11ti◎1ofMl1oporo1lM1tlri1ll

γ．8α脈α。C伽榊た〃〃ocε88伽9D加｛s｛o〃

［April1996to　Mar〔h／999］

Twoサpes　ofporous　mater三a豆s　are　used　for　fab王icath／g

nanoco狐posite，heterogeneous　phases，biomimetic

materia1s，etc・One　is　synthes圭zed　by　conso1iδating

f三1－e　powders　through　a　co11oiδaI　processing－The

other　is　microporous㎜ateria1s　with1ayered
perovs熾e　sをmc㎞至es，which　are　synthesized　by　a　so1－

ge玉processむ、9or　so1id　s言ate　reac紅on・

　　The　co1呈oida呈process三ng　is　a　usefu1セooi　for

preparing　mesoporous　maをeria1s　with　desired　pore

size　distribution．An　importa耐fac芝or　is辻o　con童rol

the三ntαpartic｝e　iれteraction主n1iguid－Inチ｛夏乏ra士三〇n　of

meta1so1utions　into　the　porous　materia豆s　and

sintering　resu呈セin　the　advanced1nateria1s・

　　Interca1aセion　or　ion－exchange　reac辻ion三n　host

ma芝erials（antimony　oxide，vanadium　oxide．etc。）

resu1ts　in　a　nove1e1ecセronic　materia1wh量ch1s　noを
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synthes三zed　by　hea亡ing　at　high　te呈npera圭ures．The

reaction　is　inf五しlenced　by　the　n｝icro－Pore　s三ze　of　the

hos乏一materi．a｝．Determinatio王10｛the　reac圭ion

mechanism　is〔oηducted　and　effect　of圭he　pore　size

on　the　electronic　propert量es　is　studied．

Keywords：soft　che狐istry，micro－pore，c〇三呈oid，so1－

ge1p］＝ocess．antin，on三c　acid

163　Coati鰺gs　l＝or閑ation　by　Powdeぎ1〕eposition　Processes

S－K伽」・加、A加舳c〃M肋1伽181〕1’o・ε・8｛〃9

1）｛η｛8ゴ0〃

lApril】995辻（〕Mal・ch199ア1

Coaセings　with　thickness　over50μI皿are　high1y

demanded　in　various　indusセries．The　mosセ
st1ccessfu1processヨn　this　category　has　bee1，a

family　of　themユaヱspray　processes．Therma1玉y

sprayed　coat主ngs　have　been　used狐ostヱy　for

surface　proセectio1，buセrecenセapP1三cations

i1，c］ude　Inore　funcセiona1　areas　such　as

biomedica1imp玉ant，e1ectr｛c　heaters　and
radiators，and　cata1ytic　c呈eaners．Our　group　has

worked　on　P1asma　spray　inセhe　pastユO　yearsセo

clarifyセhe　mechanism　of　coating　formation．

This　research　has　two　objectives．The　firsHs　to

exte1消セhe　study　o1パherma王spray－Special
emphasis　wi11be　p1aced　to　cla王ify　the　bonding

between　sprayed　spla圭s．which　p1ays　a　key　role

inセhe　deve1oplγユent　ofモhe　rrlicrosセructure　of

sprayed　deposiセs，　Effects　ofセhe　substrate

temperaセUre．spraying　environment、乏he　ve1odセy

and　temperatしlre　of　partic1es　before　im．Pacセon

セhe　inter－Iame11ar　bolてding　wi1l　be　studied

SyS1ematlCa岬・TheOt1・e・iS亡Ode・e1OpaneW
process　to　deposれthick　coatings　with1mproved

properモies．such　as1ess　porosity－Finer　powders

セhan　those　usua11y　used　for　therma王spray　are

elecをrifiedanddepositedon亡oasubsセrate，A
possibi1ity　to　conso1idate　the　deposi芝by　a　C02

1aser　is　under　investiga乏ion・

Keywords：thick　coatings．spray　deposition，
e1eCtrifiCatiOn

ReIateδPapers

ユ・S・Kしlroda　and　T・w・C1yne∫’1The　Quenching

　　Sセress　in　Therma王王y　Sprayed　Coaセings’1、η〃〃

　　∫o〃d　F〃1ηs，200（1991）149－66．

2．　S．　Kuroda，　T．　1⊃endo，　a1，d　S．Kiセahara：

　　’1Quench…ng　stress　in　p1asma　sprayed　coatings

　　al，d　its　corre王aセion　with　the　deposiセ

　　miCrOStmCture’㌧∫一丁11ピr11ml　SρrW　TεC／川01．、

　　4（了）（1995）：75＿84．

1640eve1op鵬ntofPaれic1esAsse榊1yTe舳◎logyfor

hteg制i㎝OfFunCti㎝S

N．S1伽〃、5肋R倣伽℃1－0ro〃ρ

エApril／992to　Marcb／9971

Porcreationofinte1至igentmate・ia1s，techno1ogies

for　systemat三za乏ion　and　inセegration　o多mu1乏ip1e

materia玉fしmctions　shoもl1d　be　deve1oped　in

adVanCe．

　　　Systemat三ca町coordimted　mu1tip王e圭mc芝ions

wi1〕ead　to玉皿anifestation　oξinte1hgent　functions，

such　as　self＿repai王。seiξ＿diagnosis．feedback　and　so

on，which　can　respond｛o　environmental
COnditiOnS．

　　　In　order　to　pエovide　maセeria1s　w三セh　the

sysセema亡ica玉1y　coordinated皿u｝ξip1e　functions，a

new　approach　is　made　through　a　deve1opment　of

paエtic1es　asse㎜bly　techno1ogy　in　this　work．Each

particle　has　a　pri王爪itive　function　such　as　sensor，

P「ocesso「and　actuatOr，　Therefore　coordinations

and　systematizaセions　of吉hese　prim三tive　funct三〇ns

may　be　rea1ized　throughモhree　dimensiona玉
partiC】．eS　arrangemen仁FOrセhe　arrangement　it　iS

necessary芝o　deve1op吉he　techno1ogy　which　make　it

possi．ble　to　assemb1e　severa玉kinds　of　partides

accord圭ng　to　micro－structura1designs　forセhe

man主fes走ation　of　｛e　coordimtion　and
systematization－As　key　tec玉mo1ogies　forモhe　three

dimensiom至partic1es　assemb1y，a　fabrication　of

particlels　ordered　n｝i．xtures　and　a　pa村ic1e

∬圭anipし1王aセion　using　a　rnicro－Probe　in　addiセionモo

theparモiC1eamngemelltuSingane1eCセrOnbealn
are　being　sセudied．The　ordered　mixtures　o圭

semicondしlctive　BaTi03Partic1es　and　me走a1hc

indium　partic…．es　were　prepared　by　the
elec亡rification玉nefhod．　These　con／p至ex　par亡ic1es

showed　a　good　positive辻empeエature　coe冊cie玉1．t　of

resisモivity　by　on1y　packing　wiセhout　sinter三ng－Por

セhe　partic玉e　man主pulation，a　tmgsten　mi⊂ro－Probe

me出od　was　deve1oped，and　it　was　confirmed　tha迂

particles　can　be　easi｝y　manipu1ated　one　by　one　and

we1ded　each　other　by　contromngセhe　vo1圭age

betweeパhe　probe　and　the　s1ユbstrate－

Keywords：inte11igent　materia1s．mu1tip｝e
funcセions，Partic1e　assen｝bly

巨蚕≡≡］　Study　on　S◎1id　Sta言e　C11emical　ReactiOn，lts

Propagatio11and　MeteぎialsSyn言yesis

γ．Kα加dα、C乃α〃cα11〕γocε85加g　D加｛s｛o〃

［Apri〔993toMarch王9961

The　fundamental　study　to　revea呈セhe　reactions

beセwee］λso1ids，so1id　and呈三quid，al，d　soユ三d　and　gas
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is　carried　ou芝・The　propagation　of　the　reacセion　and

セhe　synthesis　process　of言he　ma芝eria1s　syn芝hes主zed

through辻he　reaction　are　a旦so　studied－The　fie1d　of

the　study　cove王s　not　on1y　the　grasp　of　the

phenomena　buセthe　comprehens三ve　unders芝anding

of　the　chemica呈reaction，the　heat　t王ansfer、セhe肌ass

transfer　and芝he　other　aspects　of　the　synthesis　of

ma辻eria1s　in　the　so1id　phase　system－

　　The　se1ection　ofξhe　co1nb三nations　of　e1e肌ents，

which主s　focused三n　the　present　study，wi1I　be

investigated・　The　system　of　the　co王nbination童hat

might　exhibit　the　effect　of　convecをion　and　pressure

during　the　reaction　and　syn芝hesis　process　is

se1ecをed　considering　the　system　tha士performs　the

effect　of1iquid　and　gaseous　phase・The　sysセem　of

e｝e㎜ents，in　which　the　safety　during　the
experiment　is　assured，is　se1ected・

　　Investigation　by　the　therma至ana1ysis　with

ris三ng　temperature三n　cons芝ant　speed　and／or　in

a1ternating　speed　is　carried　out　to　reveal　the

conditions　for　the　initiation　of　the　reaction，the

propagation　and芝he　synをhesis．　The　inf1uence　of

press岨e　and　convection　onセhe　phenomena　in出e

reaction　process　of　the　syste互n　containing　gaseous

phase　or1iquid　phase　is　studieδusing　a　high

gaseous　pressure　apParatus・

　　　Combus辻ion　syn士heses　of　mixセure　of　M　and　Ti

powder　are　ca支r三ed　out　in　a　lOOkg　batch　sca1e－The

synthesized　materia1s　were　woτked　to　be　wi王es．

The　w三re　samp1es　were　examined　by　a
measurement　of　therma呈ana1ysis－

Keywords：combusセion　synthesis，TiNi

巨蚕司　Si11tering　of　TiAl1nter閉eta1lic　Compounds

γ．M〃r舳〃fs〃、C〃8榊｛cα11〕rocεεs加g　D加ゴ8ゴoκ

lApril／993to　Mar〔h】．9951

TiA呈intermeta11ic　compomds　were　prepared　by

siI、芝ering　mixed　powder　comp昼cts　of　TiH2and

TiA13in　varying　sin麦ering　temperatures・Sintered

compounds　were　further　dens三ξieδby　HIPing　at

王470K　and202MPa　foζ3．6ks　withou芝caming，Tl／e

densificaセion　due　to　HIP呈ng　was　exa肌ined・The

hardness　and　oxidat三〇n　behavior　of　HIPed

compounds　were　examined　anδcompared　to　those

ofwrough芝TiA1compomds．
　　　nエe　de鵬三ty　oξH皿ed　compomds㎞creased　with　an

increase　of　sintered　dens吋，a1，d　satura芝ed　when芝he

re1ahve　density　exceeded94％．耽e　room－temperatL鵬

hardness　varied　w三th　s三ntering　temperat岨e．and

b↑creaseδw曲㎞creased　shlセer㎞g　temperature一珊e

temperature　dependence　of　harδness　was　simi1ar　to

出atofwroughtcompomds．Homogene㎝slame1lar
stmcえura至compounds　showed　higher　h三gh一

tempera芝ure　hardness　than　dup1ex　structura1

compomds一刀／eoxidationbehaviorwasdependenton
H↑e　micros泣uc㎞re．Homogeneo｛s1ame1ler　s紅uc応ra1

co肌pounds　showed　exce1lent　oxidat亘on　res三sセance　as

compared　with　dup1ex　stmctura1compounds－In

comparison　wiセh　wrought　compounds，HIPed
compo砒ユdsshowedbetteroxidationresist㎝ce一

Keywords：TiA至。powder　meta11urgy，h三gh
temperature　hardness，oxidation舵sistance

Re1ated　Paper

1，Y．Muramatsu．T．Ohkoshi，and　H－Suga，I’High

　　Te肌perature　Hardness　and　Ox三dation
　　Resistance　of　Sinter－HIPed　TiA11㌧∫。∫叩”一∫η5f。

　　ハ4εfols，59（！995）：754－760：in　Japanese・

巨重≡コ　Characte芋1zatlo110f　C◎mp◎slte　Ultraf111e　Partlcles

8．01〃o，C1閉仰｛cα11〕，・ocε8s伽g　D加｛8｛o〃

【Al〕ri1玉994セo　March19961

I芝is　we11known　that　the　u1tra｛ine　p服tic1es（UPP）

1，ave　many　exce1lent　physica1anδche1nica亘

properties，Fur芝her，the　composite　UPP　formed　by

combining　be圭ween　foreign　partic呈es　in　the　region

of　a　UFP’s　size　expect　to　improve亡he　p王operties　of

UPP　and　to　create　a　newξunction．

　　In　this　st訂dy，we　synthesize　the　compos三セe　UFP

of　N｛一Zr－O　sysセem．s　by　a　RF－p1asma　CVD

芝echn三que，and　then　characterize　pho芝ocata至ytic

proper芝ies　o圭the　UFP　by吉he　photodecompos三ξion

of　water－　The　U冊of　Ni－Zr－O　systems　prepared．

by　the　RF　p1asma　CVl⊃is　composed　of　the

fonowing麦ore　phases：mol，oc1inic　Zr02，te芝ragona1

ZrO　NiO　and　meta亘至ic　Ni．It　was　found　that　the
　　　2’

UPP　of　Ni－Z支一〇sysセems　has　a　maximum
pho芝ocata至ytic　activity　fo至芝he　decompos三tion　of

water　at　the　composition　of　about2m〇五％NiO．

Keywords：ultrafine　par亡三cle，composite　UFP．RF－

p1asma，M－Ti－O　UFP，Photocataly吉ic　p更operty．

photodecomposiをion

［1函　　Syn｛hesis　and　Characte内zatio打　of　Adva11ced

Mat欲ials　uti1iziηg　Colloidal　Dispersed　Systen1s

γ．Sα脈α、C伽閉｛cα1Pγoc888加9D加｛8｛o〃

エAprjl／993to　M品rch－996］

Key　deve｝op狐e1寸s　in　processing　oξfine　powders

are（！）syn芝hesis　of｛ine　powders　with　contro11ed

sizes，shapes　and　chemistries。（2）consolidation

techniques　to　con圭rol　po芝e　vo1ume　and　pore　size
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distribution，and（3）the　ro1e　of　powders　and

co正npacts　on　the　evo1ution　of服icrostrucをu王es

during　sintering．A1though　many　kinds　of
セechniques　in　prepa王三ng　fine　powders　have　been

reported，1i士亡1e　efforts　have　been　paid　on　the

conso亘idation　oξfine　powders．In　this　studyパhe

emphasis　wi11be　on芝he　seconδand　th主rd
deve至opment－

　　　Co至1〇三da1pmcess主ng　of　nano－sized　powders

（A120γZr02．etc・）is　conduc圭ed　to　obtain

consolida芝eそhe　powders　with　cont丈o1led　pore

sizes・The　mos雀圭皿portant　factor　is　howをo

d三sperse　the　powders－　We1l－dispersed
suspensions　are　prepared　by　contro11ing　PH

and／or　add三ng　appropriate　amount　of　s量abi1izer

such　as　po1yacry至ic　add，etc・　E1ectro－discharge

sintering　is　app1ied　to　obtain芝he　advanced

materia玉s・In　th呈s　procedure，the　powders　are

heated　by　instaneous　high　e1ectric　pu1sed　power

apP王icaモion　　u1，de王　　uniaxia至　　pressure－

Characterization　of士he　syn圭hesized　materia1s呈s

am乏he王subject・The　gas（especia呈1y　H。。H．O．CO

and　C02）sorption－desorption　exper｛men芝s　of

meta至一cera肌三cs　nanocomposite　partic1es　are

conducted　for　charac芝e王izing　the　cata王ytic

properties・

Keywords：co11oid，fine　powder，s三nte王ing　gas

desorpt主on．nanocomPosite

Re1a辻ed　Papers

1．Y．Sakka．D．D－B三dinger．and　I，A－Aksay，

　　11Pエocess1ng　of　Si1icon　Carbide－Mu呈肚e－A1umina

　　Nanocomposite’’、∫．んη．αr”η。Soc．78（ユ995）1

　　479＿486．

2－S，Hong，K．Ozawa，and　Y．Sakka，’1Elec走ro－

　　Discharge　Sintering　of（Fe，Co）一B　and　Ni－B

　　Amorphous　U1trafine　Powders　Prepared　by

　　Chemica1Reduc±ion1㌧∫。〃η．Soc－Poτ〃加r”一∂

　　Poω伽M肋〃．42（1995）1323－329．

3－Y－Sakka　and　S，Ohno，1’Hydrogen　Sorpt三〇n－

　　Desorption　Charac童e支istics　of　Mixed　and

　　Composite　l＼1i－TiN　Nanopartic至esI’、Noηo一

　　伽κf川切M肋1・．7（1996）：34ユー353．

Joining

⑯）　Di舳」sion　B◎nding　of　Stai111ess　Steel　a■1d　Meta1s　of

G狗up　lV－Vl

T・Kα醐9ψA加鮒〃M・士θ1伽1s1〕γoc棚加9
D加｛8｛o〃

エApriIユ996セo　March1999］

Iセ三s　diξficu亘t　to　app1y　fusion　we1ding　processes，

such　as　an　arc　we1ding　oζan　e王ectron　beam

welding，to　dissi㎜i1ar　meta1s　joining　bec舳se　a

豆arge　a皿oun亡of　br柵e肌eta11呈c　compounds　form

in舌he　we1d　meta1s．OIパhe　other　hand，the　size　oチ

meta11ic　co肌pounds　and　diffusion1ayer　in
dissimi1ar　meta1joints　can　be　easi1y　contro11ed　by　a

so王id　sta走e　diffusion　bonding・

　　　The　basic㎜eta1lurgica1know至edge　on　the

dissim三1ar　meta1bonding　zone　has　been　scarce

un芝i至now，and　it三s　d呈fficu1t　to　estimate　the

size／k主nd　o圭me士auic　compounds　aξthe　bonding

zone　based　on　phaseδiagrams，The　diffusion
process　in　the　bonding　zone　of　dissimi1ar　meta1s，

moreover，is　not　simp1e，but　a　few　negative

difξusion　or　up－h三11di打usion　phenomena　have
been　observed…〕．

　　　In　this　st汀dy，joinabi至ity　of　the　diffusion

bonding　of　sta三n至ess　stee1s　and　meta1s　of　group　IV

～VI，the　forr■蝸tion　of肌etauic　compounds　in　the

bonδing　zone　of　these　sセee1s　and　meta1s，and

diffus三〇n　prOcesses　a「e　investiga量ed　in　connection

with　the　pe王iodic　tabユe．

Keywo正ds：Diffusion　bonding，Stain1ess　stee1，

Group互V狐e室a1s．Group　V　meta1s，Gτoup　VI
meセa1s，Meをa11三c　compound

Re1ated　Paper

ユ．T，Kasugai，K．E主、and　H．Irie＝’1Diffusion

　　Bonding　of　Z王and　Stain呈ess　S量ee11㌧∫。げHな11

　　Pγεs舳’θ1ηs舳fε引卯舳、33（1955）5，237－24411n

　　Japanese・

⑰）　改azlng　l…xperlment　und銚　Microgravity　Using

Parabolic　Orbital　Rocket

K・Sαs伽、A加舳cε∂M肋伽18Proc棚｛〃9
D加｛sゴoκ

［Apri1了996セo　March玉9981

Nea王future．the　construction　of　the　space　station

wi11begin．The　space　s走ation　wi11be　a　permanent，

rnu1t主purpose　manned　faci三主ty　and　uti1ized　for　a

very玉ong　Period・Iをwi11be　useチu1、亡hereξore，to

prepare　joining　techn三que　to　be　used　on　the　space

stat三〇n　in　future．

　　　Bτazing　is　one　of亡he肌os芝expec言ed　technigue

as　a　joining　method　in　space　environment－It　was

thought　genera呈呈y　that蛆三cro　gravity　wou1d　be亡he

idea1cond三亡ion　for　brazing　because　cap三11ary　f1ow

during　brazing　is　noセdisturbed　by　gravi量y．It　was

however　c1a亙ified　by　our　recent　study　that　the

brazing　mechanism　under　micro　gravity　is　no童so
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simp1e　as　it　wasをhought　beξore－The　mos士
三mportant　fac辻or　fo沁razing　uRder　micro　gravi乏y　is

to■fi玉豆brazing　gap　comp1ete1y，wh三ch　depends　on

the　contro呈of　in三芝ia呈behav三〇r　of　capi1呈ary

penet王ation、三。e．meniscus　m汀sセbe　formed　at芝he

p1ace　expected　strict1y　by　con芝ro11量1㌻g　of

te肌peraセure　d三stributions．

　　　We　are　going　to　carry㎝をabζazing　experimeハt

しmder　m三crogravity　using　a　parabo1三c搬ght　rocket．

The　test　specimens　are　prepared　to　verify　our

theoretica1predic辻ions　abou辻セhe　re玉atiolλships　of

meniscusチormation　mechan三sms舳d　temperature

distr三bu芝ions　duringbrazing　under　microg王av三セy・

　　　We　wi1豆use　s1eeve　joints　ofセhin　wa呈1走ubes　as

specimens－The　mater三a1oξセhe　tube　is　s芝ain1ess

stee1（SUS3玉6）and　the　fi11er　a11oy　is　a　Ag－Cu

eu童ecセic＋02Li　a11oy（JIS　BAg－8A）。

Keywo証ds：braz三ng，microgravity，capi1至ary
penetrat三〇n，te肌pe至aをure　d三stribu室ion

171　111刊uence　of　Surfac⑧Composition　◎n　J◎i11ing　of

MateriaIS

K．Sαs伽、A加舳c〃M肋1伽1s1〕1’oc鰯晦
D加｛8｛o〃

【Apriい995セo　March1998］

Ion　bombardment　has　severa1e圭fects　on　a　joining

surface二noまon1y　c呈ean三ng．bu〕o呈／三mp1antation　and

surface　roughening－The　re1ationship　beれveen　each

effec芝and　jo㎞t　proper杜es　is　not　c1ar三丘ed　yet・On出e

○ゼユer　hand，hydroxy1radicaユand由erma1o対de　onゼユe

su・faceaccelerate亡11ejobh・gProcessofs11icom耽e
bonding　mecha玉七s1n　is　not　c1腿i丘eδyet・

　　　The　aim　o圭this　st訂dy、三n　joining　of　meをa至s．is　to

もユveshgate；i）セhe　re至ahor唱hip　bebveen　each　effecセand

joint　properビes，i）ef｛ect　of　gases　on　a　joむing　surface・

The　aim，in　joinh／g　of　si1三con．is　to　invesを三gate；i）th．e

efξect　of　hydroxy1radicaユand　therma豆oxide　on　a

surface、三三）the（lifξerence　in　bonding　mec至／anism

be榊een　rne芝a1S　and　S舶COn、

工0iningO壬meセalS

In舳s　sぬdy，we　can1y　out出e鮒～sionjo㎞g　us虹ユg　a

cl．eans皿facewi出肚1edefects．Wehweshgatetheeffec圭

of　an　adsorp廿ve　onjo㎞ing　P支operties・

JOining　Of　Si1三COn

h↑ordertoc1ar町Parameters出ata旋cセmechaエセca！and

e至ect・｛c　prope・t｛es　of　join圭、we　invesをigate　the

re互ationsh三p　between　surface　adsorpをives　and　joint

prope支t三es　using　a　c至ean　surface　in　an　u呈tra　h主gh

vacuu1苅a㎞osphere－It主s　expected　t1蝸室oxygen三n　a

ma辻eha1afξects　d三sapPearameofs㎜faceadso叩滋ves．so

we　a1so　iIweshgate出e　re1地o呈旭1寸pbetweenbehavior　of

sUエface　adso甲せves　a二nd　joint　prope支ties　of　CZ　s鮒con㎞

d旺feren廿OXygen　COnCen血atiOn－

Keywo正ds：jo㎞ng，adsorP廿ve，si王icon

匝F・nda㈱la1Researchon8ra・ingandEle鮒㎝
8eam　We1ding　in　Space　l…nvironme舳

K・5鵬伽。A肋伽・ε∂M肋1切・P…ε・・加9

D伽s｛o〃

【Ap1伽994toMarchユ9961

The　characterist三c　phel，o肌ena　of　mo1ten服eta1打ow

d岨㎞g　brazing㎜d　EB　we1d㎞g　have　been　studied　as

fmdamenta1・esearch　for　uユe　estabhs㎞／ent　oξjoh曲・g

tech1寸guesむユspace－

Rese班ch　on　b正azing

I室was　though走genera11y　that　miαo　grav｛ty　wou1d　be

山e　idea1cond拍on　for　braz㎞g　because　capi11ary　now

d岨加gbraz㎞g　is　not　dist㎝＝bedby部av町、Howeve芝、it

was　c王ari細d　by　o㎝’study出at出e　brazhユg　mechar■ism

under　m三C支O　graVitatiOn三S　nOt　SO　S量mp1e　aS　it　WaS

芝hought　before．

　　　We　have　studied　on　the　re1a芝ionships　between

㎜eniscus　formation　mechanisms　and　tempera芝ure

d三s廿ibuhor嶋du工iユー9brazing　of　the　s1eeve　bu肚johlts　of

uオnwauedpipes　as　aサPica1mode1forbrazh唱㎞space

enVirOnmen芝．

　　　Our　aユ、alysis　of　pene紅aせon　mec至1a㎡sms　using　the

罎1e㎜aユconduchvity出eory　proved由aセ丑、e　formaho1，

mechanisms　of㎜eniscus　preceding　capi五1ary
pene肘aビon　are芝he　pohlts芝o　be　speda11y　considereδ・

Based　on出e　resu王吉s　ofa1，alysis，we　proposed7ウpes　of

specimens　forセ至1e　micro　gravity　experiments　using　a

paraboHc　orbita1rocketTR一ユA＃5，By舳s　rn二1⊂ro　grav吋

exper㎞ent，we　expec芝to　ge隻h〕formadon　to　esセab丑三sh

the　guide1ines　of　design　and　construction　of　brazing

joints　in　space　env止omnen吉・

E1㏄佼onbeamwelding

Cons亘derhユg　usage　of　e1ectron　beam　weldh，g　h，space，

をhe1ower　acce1erat｛ng　vo1tage　is　desirab至e・So　an

a㏄e至era芝三ng　vo1tage　of20kV　was　se至ec士ed　and　the

wd．ding　were　carried　ouセ．The　minimu肌diameセer

mder　th．1s　vo1tage　was　about！．3mm　and　penetra芝ion

dep室h　wasユmn〉三〇mA　when　the　we1ding　was
carr三ed　out虹ユdri1亘㎞g　n，ode　and　aセ1ow　we1dむ1g　speed

oξ3mm／sec．刀1el，the　e1ecセron　be6㎜o〔OOmA　could

we1d　a　stee1ofユ0m肌jn　thickness．In舳s　case，su五～r

conte1，t　h，s芝ee1eξfected　on呈y圭he　su王face　bead，thaセ三s

the　surface　regiol，above　the　neck　port呈on，al，d乏he

penetrahon　dep廿h　did　not　change．Iξsし至1fur　con走ent

was　less　than50ppm，the　bead　wid止h　was　wide　a13d

the呈↑eck1ocateδne昼r　tl／e　sし…rface．Howeveぎthe　width

of　fusion　zone　was　very　shallow・When　su1fur　was
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morethan50ppm，theneckmoved　toward㎞sideand
the　bead　width　became　narrower．But　at　su1fur

conten±of　more　thalパOOppm，the　fusion　zone㎞由e

stee互ξended芝o　be　para呈至e豆一Vゾhen　the　me1ゼng　Process

by　e1ec㎞on　bea皿was　of　hea｛conduc虹on　mode｛rom

芝he　sur壬ace　heat　source　as　arc　we1d㎞g，1ower　su1fur

content　induced　wide　and　shauow　beaδand　thick

mater呈a1cou至d　not　be　we1ded－More　than50ppm
sulfur　conセent　resし言1ted　in　deeper　pene芝ration　and

with　narrow　widセh．The　innuence　of　su1fur　content

on　shape　ofチusion　zone　was　inves古三gateδand

ana1yzed　with　respect　to服o1ten皿etamow　by　a　high

speedvideoand／6㎜mov三e．

Keywords：Brazing，EB　We1ding．M三cro　g王av三芝y．

Sirnえiaむon，Sし岨皿

ind三cated　good　prope王ty　oチcorrosion　of　the

d三fチusion　bonded　joint－　The　loca1stress　and　s芝ra主n

distributions　across　the　bonded　interface　were　a1so

measリred　by言he1aser　speck1e服ethod　using　a　tube

モype　joint　by止he　above　bonding夏nethod・

Keywoエds：d三ffusion　bond主ng，zi王conium，tanta丑um。

趾a㎡um，auste㎞ゼcsta㎞玉esssセeel，corrosion，ni校ic　acid

Composite町oc⑧ss

⑭　MicωStrl」ctlwe　Con廿◎l　with　P1astic　Deformaオiorl

■」nder　Mashy　S－ate

lr．Dε〃o，A加舳c〃M〃ぴ加181〕γocθ88伽g　D加｛sゴo〃

1Apri〕996to　March／9981
巨Zヨ　Cor芋osion◎f　l〕issimi1ar　Meta1s　Joinオs　in　Reac｛or

戸uelRepr㏄essi㎎p1ants

H。〃θ、A肋舳c8∂Mαfεγ加18Pγoc舶8伽g　D加｛8｛oκ

エApr．ユ99ユto　Mar一ユ996］

D三ssimi亘ar㎜eta1s　joints　a・e　to　be　used　in　a　new

reactor　fue1reprocessing　P1ant　in　Japan・The　joints

composed　of　austenitic　stain至ess　steels　and　va1ve

肌eta1s　a王e　made　by　so1id　state　joining－It　is

necessary　for　the　safe室y　of　p1antをo　assure　suf麦ident

high　corrosion　res亘stance　against　condensed　nitric

aciδinvo呈ving　active　fission　products・　The
objecセives　ofまhis　project　are亡o　obtain　a　satisfactory

j〇三nt　between　zirconium　and　sta三n王ess　stee至or

t畑nilユm　and　stainless　s亡ee玉with　enough　st工ength

and　corrosion　resistance．

　　　According　to　the　research　resu呈ts　carried　out

unti1王ast　year，a　satis｛actory　d量ffusion　j0三nt　of

zirconium　and　stain1ess　stee豆with　a　st王ength　leve至

of　pure　zirconium　cou呈d　be　accompiished，using

annea呈ed　tanta呈um　foi至inserted　into　j〇三nt　surfaces，

which　could　depressξormaセ三〇n　of　brittle

interme芝a11三c　compounds1ayer　md　accomp呈ished

fu11contacto麦inter圭aces．Adirectbondingof
t｛tanium　and　sセain豆ess　stee1co杣1d　be　obセained　in

vacuum　diξ～sion　bonding　with　c1eaning　of

surfaceby走he　ion　sputtering　method・

　　　Inセhis　year，corrosion　proper吉ies　of　above　so1id

state　d搬usion　bonded　j〇三nts　were　inves童igated　by

measuring　macmscopic　co支rosion　speed　in3N－

HN03w三th0－1gCr6＋／1at60℃and　microscopic

electrochemica1potenセial　distribuモion，Co工rosion　at

the　first　stage　at玉440h　depended　strong1y　upon

the　fin三shed　surface　state　and　occurred至oca11y　near

the　bond三ng　inte王face・However　longer－term

corrosion　occurred　in　stainless　stee至in　the　grain

boundary　corrosion　manner　and　the　bonded
inte王face　was　no室selec士ive1y　corroded－Th三s　resu至t

Processing　mder　semi－so1id　or　semi－mo至をen　state　i．ε1

mashy　state　has　attracted　the　at芝en言ion　as　an　exot呈c

technique圭or肥finement　ofをhe　miαo　stmcture

and／or　forαeation　of　new　compos三te㎜ateria1s－In

をhe　procedu工e　of　the　above　processing，P1astic

work㎞gismosl1沖evitab1e・P呈ashcwor㎞g㎜der
mashy　s舌ate　in　w㎞ch　so1id　and1iguid　phases　coex三st．

however、主nduces　unfavorab豆e　p支oblems　such　as

segreg柵on　due　to　the　f1ow　of　the1iguid　component

and／or　dif丘cu1ty　of　the　shape舵をen亡ion・

　　　Against　the　backgromd　mentioned　above、辻his

s亡udy　starts麦rom　this　fisca至year．and　consists　of

two　subイhemesl　one三s　to　make　some　at走empts　so

as　to　so1ve圭he　above　prob1ems．and吉o　exanユine

their　feasibi至ity二and　another　is　to　exp1ore　the

pτe麦eτred　orien量ation　in　the　crystauine　introduced

by　p至astic　deforma芝ion　under　mashy　state　in　orde至

走o　deveiop　the　new　me芝hod　oftexture　cont王o1・

Keywords：mashy　state，P1astic　woτking，
deforming　behavio王、pre圭er王ed　o至ienta舌ion

囮Fo㈹d1榊rationPr㏄essforM舳gC㎝posile
Struc言ures

T・Dε〃o，A加α〃c〃M肋γ｛αlsPγoc鰯確
D加｛8｛oκ

エApri1ユ992to　March　T996］

Porced　infilセraモ三〇n　technique　is　app1ied走o　two

different　processing　purposes　in士his止he㎜e．

　　耽e　first　is亡o　mamfacれlre　a　sort　of　meをal－ceramic

compos呈圭ebyinfi1traゼon㎜deてthesemi一㎜o1ten　staセe．

Through　this　process、榊o　types　o壬cornposite　can　be

obね㎞ed二〇neis　ofa　porousceエa服iccompac芝hav㎞ga

me芝a1－ceramic－co㎜posiξe1ayer　near　its　surface；

another　is　of　a　ce王a服三c　compact　jo㎞ing　w脇a服eta呈

1aye王whichis　theso1id　component㎞thesem三一mo1ten
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state．The　in冊raセing　metals　emp｝oyed　are　Pb－Sn

a11oys　which　have　a　wide　reg三〇n　of　the　semi－mo至芝en

staをe・The　pomus　compacts　used　are　made　of

a1umina　powder・　Infi1trating　behavior　and
morpho1ogy　of　the　stmcまure　in芝he　composite　Iayer

were　investiga乏ed　in　re1a亡ion　to　the　process

parameters　such　as　vo1ume　fraction　of　so1id，Poros町

○圭ceramic　compac辻。infi呈tra乏ion　p更essure　and　so　on・

As　forセhe　joining　Pieces，it　was　confir㎜ed　that　a

durab1ebondbe量ween　meta王and　ceramic　was　gah／ed

asa王esu豆toftheoptimumpζocess㎞gcond雌ons－

　　The　second　is室o　synthesize　inter肌e走a11三c

compounds　by　fo王ced三nfi1traセion　of　mo1teη

a1umh㎜㎞toとporous紺a㎞㎜preform一血ough
this　process，th王ee　kinds　oチ丁三一A1compounds　are

s）m量hesized　i．e．、Ti3A呈、TiA1and　T三A13．Praction　and

δ亘stribution　ofセhem　are　ma三n1y　aチfecteδby走he

therma1conditions　such　as　pre－heating　temperature

and　pouringをempera室ure－At1owαprocessing
temperaセure．TiA13and　un－reacted　T三aτe　seen．

whereas　TiA呈and　Ti3A1a麦e　observed　at　higher
室ernpera｛■lre・On　the　o室her　hand，e圭fects　of　grain　size

and　re1ative　dens卿of辻he　T｛一powdeエpreform　on

synthesiz主ng　behavior　are　exp1ored・

Keywoエds：forced－infi1tratio列、joining，semi－
1刻o呈芝en　staセe，ceramic，in走ermeta呈五ic　compomd

Re1atedPapers

王、T．Shirota，T．Hashimoセo，M．Nakamu更a，H．D〇三、

　　T，Ki㎜ura，and　T．De列do、，1Synthes三s　of　Ti－A豆

　　Inセermeta至1ic　Compounds　by　React三〇n　during

　　Pressure　Infi1tra辻圭on’’、1〕γoc．43〃一∫oゴη。C01ゲ．γεc1τ

　　1〕／鵬f．、（！992）＝483＿486：in　Japanese－

2．T．Dendo，T．Shirota，and　M．Kiuchi，11Press服e
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Process　with　aid◎f　beam　techηology

176　S｛udy　on　the　Efficiency　of　Resonance　Photoioniza｛io1
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Laser　resonance　pho室oioniza辻ion　continuesセo　be

popu至ar　in　many　research　fie1ds　and　the　process

may　find　a　wide　va王三e芝y　oξapP1ications－In　this

process．ato肌s　are　se豆ect三veIy　pumped　from　the三r

grOund　state　to　an　intermeδiate　excited　s室ate　and

subseguenセ1y　the　exdted　atoms　are　ionized　by

direcセphotoionization・　The　ions　generated　are

then　extracted　f麦om　a　photoionization三nduced

p至asma　by　an　extema11y　apP亘ied　e呈ectric　fie1d－One

of　the　impor亡ant圭ac圭ors　in　eva1uating　the　process

performance　is芝he　overaI1ion　yie1ds，which　is

res室ricをed　by　two　condiセions：sma1亘bound－free

transiセion　cross－section　inをhe三〇nizat三〇n　scheme

and　space　charge1imitation三n　the　p1asma，

　　The　objective　of　this　s芝udy主s　to　i至nprove芝he

overal1effic三ency　of　the　resonance　photoionizat三〇n

process・　The　reaserch　is　co1苅posed　of　芝he

fo玉至owing　two　subjects・

　　　ユー玉nvest三gaをion　for　autoionizing1eve豆s　or

high1y　excited　Rydberg　leve1sをo　achieve　the

eξξicient　phoセoionizat呈ol，of　atoms　via　bound－

bound　transitions．

　　2．Measu亙e狐ent　of　p1asma　characteτistics　to

e呈ucidate　the　ion　extτacセion　behavior　from　the

plas狐a・

Keywo了ds：resonance　photoionization，phoセo一

三〇niza辻ion三nduced　p1asma，autoionizing1eve1，

Rydberg1eve1．P1asma　characteris士ic
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Because　of　very1arge　magnetic　mo㎜en吉s，Pe・16N2is

an　atをract三ve肌aterial　used　for　magnetic　recording

dev三ces，buをit　is　hard　toξabricate　a　ma芝eria1with　a

large　voIume　fraction　of　Fe16N2－This　nitride　has

been　synthesized　by　a1ong　time　annea1ing　ofα1－

mar芝enSite　at王OW　temperature，in　Order芝0aVOid

decomposition　ofα㌧martensite　inξoα一Pe　and　other

ni芝rides．The　transformation　ra芝e　and吉he　f呈na1

vo呈ume　fraction　of　Pe16N2was　sma1至。s三nce

amea1三ng　temperature　was1ower出an473K－
　　　In　this　stもldy．we　a芝tempted　to　synthesize　Fe16N2

by　nitrogen　ion　imp王antat呈on三nセo　sputtered　Fe

films　and　pos圭amea1ing　under　mag1，etic　fie1d一乏

is　expected　tha芝magnet三c　fie1d　wi1豆d．isをort　an　Pe

1atセice　and　reduce芝he　potentia五barrier　for1，itrogen
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diffu・lon・1・ngint…tlti・1・it…げ・1・ttl…

　　A　pre1iminary　experiment　of　amea至ing　under

magnetic　fie1d　was　performed．A50nm　thick　Pe

舳m　was　sput吉er　deposited　on　a　MgO（100）

subsセrate　and　coated　with30nm　thick　Cu，in　order

to　prevent　nitrogen　escape　fτom　the　sur圭ace・

ユ20keV　N2＋ions　and80keV　N2＋ions　were
imp玉anξed　up　to7．5xユ020m’2and5×ユ020m’2

respective1y・珊en　the　fi1m　was　coated　with　gOnm

th呈ck　Cu－X一王ay　di服ac亡ion　ana1ys主s　showed出at

a1most　a呈玉Fe　fi1m　transformed　toαI－ma工tensite．

The刷m　was　amlea亘ed　at423K　for3．6ks　unde王
magnetic　fie1d　ofユ、3T　para豆1e至セo　theξi玉m　p1ane．

But　X－ray　d三冊action　did　not　show　c1ear　ev三dence

oξex主stence　of　Fe　N　　It　is（＝onsidered　that
　　　　　　　　　　　　　　　　　｛6　　2‘

amea1ing　temperature　was　too1ow　and　d脳a±三〇n

was　too　shorセin　this　exper三ment・Purther
sys圭ematic　s芝udy　has　been　under　way．

Keywords：Fe■61＼㌧。　｛on　i肌p1antation．　annealiI｝9

under王nagnetic　fie1d
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Radiaセion　damage　in　n，ateria亘s　is　characterized　by

the　atomic　d三sp1acemenセs　associaセed　wi芝hセhe

destmction　of　crysta玉1ine　structure、圭ransmutaセion

by　nuc玉ear　reaction　and王adiation　induced　so至ute

seg王ega走ion　by　theむrad主ation　o歪energetic　pa更t主c1es

such　as　neutrons　and　io1ls－Many　types　of　defect

cklsters　are　supPosed　to　be　proδuced　by廿his

atomic　process　andセhe　resu1tant　mic王ostruc芝ure

gener洲y　become　comp1ica吉ed　w三t至1セhe　fo王㎜ations

of　dis1ocaセion王oops，voids　and　so　on．In　add三tion，

enhanced　d玉ffusion　associated　with　these　defect

reactions　resし王王セs　in　the玉ocal　chal，ge　in　the

concentraむol，of　so1ute　atorns。セhe　segregation　at

grain　boundaries　and　sし王rfaces，　and　セhe

predpi圭ation　of　secondary　phases．　Por圭he　basic

uηδerstanding　of　radiation　da㎜age　anδ
co狐positiom1changes．an　ana1yt三ca1TEM　which

consisセs　of　l　MeV　e1ec吉rons　with芝wo　lon

acce1erators．energy　dispersive　X一ζay　spect工oscopy

（EDS）and　energy1oss　specセroscopy（EELS）。so－

ca11ed’1SUBNANOTRONI㌧is　used　in　this　research．

Atをhe　firs辻sセage、芝he　hardware　of　the　EDS　was

deve亘oped　to　be　operated　atユO00kV　and　the

behavior　of　e1ectron　irradiated　defect　c1訂sters　in

3！6sta三n1ess　stee呈was　investiga走ed　in舳s　year－

　　The　EDS　spectra　have　been　measured　from400

kVξoユOOO　kV－The　genera1shape　of　the　spec叙a

d三dn’t　change　at　a11acce1era圭ing　vo王tages　tested．

As　inαeasing　the　acce1erating　vo1tage，a1itξ1e

inαeasing　of　the　dead圭ime　md　oチthe　backgromd

1，o主se　be1owユkeV　were　observed．Howevαthe

conユbination　of　the　high　reso1ution　e1ectron

microscopy（HRTEM）with　EDS　at！OOO　kV三s
considαed　to　be　very　powerfu至fo王主n－situ　ana1ysis－

　　The　e至ectron　irradiation　induced　defects　in3ユ6

sta三n丑ess　stea至have　a1so　been主nves芝iga芝ed　by亡he

atomic　sca1e　imag三ng．The　defecセc亘usters　were

observed　on　two　apparenを｛ull　p三anes　in　HRTEMl

a呈ong　lnOl　Pτojecセion，but　were　difficu1t　to　detect

in　tb．e　bright　fie1d　images　due　to　the　s1ight

diffraction　con叔ast．　The　deta量1s　in　the　structura1

morpho1ogy　of　theseδefects　was　comp趾ed　wi乏h

圭he　resu1ts　of　i㎜age　simu1at三〇n．in　wh三ch　the

mode1s　o圭various　kinds　of　defects　we支e　proposed－

The　defect　c1us芝ers　andをhe　loca1co1苅posit三〇n

cha1，ge　by　ion　beam　｛rrad三ation　wi呈1be
investigaセed　as　a　nex吉step・

Keywo迂ds：rad三aξion－da服age，SUBNANOTRON，

ana1ytica1TEM，EDS
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The　C021ase王has　been　w三de玉y　used　as　an　ene王gy

source　ofmateria1processing．One　ofmainprob1ems
of　the　processing　is圭hat走he　in吉eraction　among　laser

beam，me童a1vapour　and　gases　produces　a1aser

induced　p1asma．Once　the　p1as皿a　foms，it　absorbs

or　sc漱ers　the1aser　beam　and　leads　to　a　reduction　in

heat　inpも1吉or　power　densi圭y・It　is　very　di冊cu至t，

however，to　measureセhe　distエ三butions　of　e｝ectron

del，sity　and　te肌perature　of　the　p1asma　to　e王ucidaセe

the　interaction　betweenセhe1aser　and　the　p亘asma．

because　they　change　very　rap三dly　d訂ring圭he互aser

processi1λg・

　　夏n　the　presenセstudy，fo王mation　of1arge　and

stab1y　induced互aser　p1asma　has　been　attempted　to

ana1ysethecharacteristicsofセhe1aserp！as肌a－A

focused1aser　beam　was　irradiaセed　onセo　an　arc

p至asma　generated　in　a　horizontai　d三rection－Assist

gas　of　Ar　was　f1own　through　a　coaxia11ユozz1e　of5
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皿m　in　diameをer・With　an　adegua童e　coup王三ng　oチ

1aser　power　and　the　f1ow　rate　ofセ至／e　ass三st　gas，the

p至asma　sセood　sti11in　space　between　the　nozz1e　and

セhe　arc　p1asma．Once芝he　p至asma　formed　in亡he

space．it　continued　to　exis芝by　absorb三ng1aser

power　even　if　the　arc　was　shut　off．This　p1asma　is

1arge　and　stab1e　enough　to　ana呈yse　the
cha王acteris辻三cs　of　the　p1asma－

　　The　absorption　coefficient　o壬the　p1asma　was

measured　using　a　power　probe．D三st茎ibuセions　of

the　e1ectron　density　was　eva1ua±ed　by　measuring

童he　infrared　radiation　from　the　p1asma－
Tempera室ure　distr主butions　in士he　p五asma　were

ca1cu1ated　numerica11y　fro㎜the　va1ue　o麦をhe
e1ectron　dens三セy　on　an　assu肌ption　tha辻the　p豆asma

was三n1oca1thermodyna皿ic　equ三1ibrium．The
maximum　va1ue　of　the　e1ectron　densi童y　andセhe
セe皿perature　oチthe　p亘asma　were2．OxユOηcm’3and

玉8000K，respec辻ive1y，The　absorption　coeH三cient　of

士he　plasma　h昼d　an　approximaセe1y　constant　value　of

O．6c㎜’…independen童o圭the1aser　power－The

resu1ts　were　wel｝exp1ained　on　the　basis　of　inverse

Bremssセ蝸h1mg－F服thermore、士his　s士ab至e　p至asma

can　be　used　as　an　energy　source　of　a　new　therma1

p亘asma　maセeria｝s　pτocessing・

　　This　research　was　performed　in　co11aboration

wiをh砧araki　University－

Keywo証ds：high　energy　density　beam．1aser．1aser

induced　p1asma，abso工p言ion，e1ec士ron　dens三ty。
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in舌he　unique－pζoperties　of　materia1s．Inセhis

study。芝he　inves圭igatiOn　of　the㎜ic至os乏「uctu「es　of

imp1anted　ions　inをo　the　crysta11ine　ma敏ia1s　at　an

ato正nic　sca1e　has　been　perfor皿ed　as　a　jOint　resea「ch

with　Argonne　Naセiom1Laboratory（ANL）一

　　The　assignment　of　this　co11abora芝ion　work　is　as

fo1至ows－The　A五specimens　for　high　reso至ution

e1ecセron　microscopy（HRTEM）were　prepared　i列

NRIM　by　e1ec吉rochemica｝po1ishing．Then　rare　gas
ion　such　as　Xe＋al，d　Kr＋were三狐p呈an芝ed　inセo　the

spedmens　by　using　the　NEC－650kV　acce1erator　i至1

Tmdem－Fac舳y　at　ANL　with　acce玉e亙a辻圭ng　voユtage

of25－35kV．The　HRTEM　and　composi亡ional

ana1ysis　was　do呈1e　by　SUBNANOTRON（JEM－
ARM一ユ000）with　EDS．

　　A　great　many　precipitates三n　Al　with　the　size　of

ユー5nm　in　diameter　were　observed，El⊃S　ana1ysis

showed　stronger　peak　of　Xe　at　these　predpitates

芝han　that　of　at　A1肌a室rix．The　ex言ra　spo芝s　in

electronδ三fチraction　pattems　appeared　with　the

sa肌e　orienta室ion　of　the　matrix．These　resu1芝s

showedセhat　the　existence　of　Xe　in　the　precipitates

whch　have　a　pCC　stmctも一re　and50％1arger1attice

spacingをhan　that　of　A1－The　detai1s　ofモhe　sモmcture

were　invesをigated　by　HR正M－The　mo主r6pattem

of　Xe　prec三pitates　in　every3A1圭ringes（2Xe

fringes）apPeared　and　they1，ad　a　poIyhedτon

stmcture－Accord三ng室o室hese　resu1ts，the　model　of

Xe　precipitates　was　proposed　and主mage
simu1a辻ion　has　been　performed　wiをh　A1αysセa1

inc1udingセhe　po1yhedron　Xe－predpiセates－Tl，e

physica1properties　and　the　behavior　of　Xe－
predpi量ates　wi1i　be三nvestigatedξor　c1ar｛fy三ng　the

formatio1，　mechanism　of　nonequiIibrium
nanocrys辻a1s　in　solids・

Keywmds：precipita圭主on　of　rare　gas．HRTEM．
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Understanding　of　the　behavior　of三mp1anted　atoms

which　make　nonequi1ibrium　phase　is　interest三ng

because　of　the　physica1poinセof　view　as　we1呈as　the

apP王三ca辻ion　p〇三n辻of　view・Po至examp1e．in　the　case

oξ王are　gas　ato互ns　clusters　precip量セated　as　crysセa1s　in

me辻als　anδse㎜iconductors，the三1曲omogeneity　of

atOm　StruCtureS　and0ξe1eCtrOn　State　denSity　reSu1tS

⑥1111舳1杣11St11i11o1Milrobi11Re1lti◎11wit1

1norganic　Compounds

A　Aoた｛、肋｛1〃rε1〕切sた8D加｛8｛o〃

lApril1996to　Marchユ998】

Certain　spedes　of　nス三crooぎgan三s皿acce1eraセe　the

aqueous　OxidatiOn　oξmeta1s　and　inorganic
compomds．These　are　ca11ed　chemo1舳otrophic
bacセeria　and　have　played　an三mporta1対role　il，

mining　to　extract　me芝a1va1uab1es　from　ore・Much

ef麦o支童has　been　done　to　c1arify　and　conセro1the

po芝ent三a1usefu呈ness　of　microbio1ogy三n　this　f三e至d－

However，the　in廿erξac三a1p至ocess　o圭the　interaction
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between　the　microorganism　and　the　inorganic

compomd｛s　sti至1not　sufficient1y　understood．To

c1arifyセh呈s　ambiguous　point，as　a　firs芝step，we　are

investigating止he　characteristics　o圭±he　mic支ob主a呈

reac辻ion　of　the　oxidation　of　the　inorganic

co王npounds．　Thiobaci1us　ferroxidans．a　typica至

microorganism　o圭モhe　che亘皿o1呈thotrophic　type．is

app｝ied　in　th三s　study．A　few　grams　oξpowdered

n｝eta1su玉fide　are　p1」t　in乏o　a1’9K狐ediumIl　of　pH2－2

and　abou〕06ce11s／m1of　the　microorganism　is

subsequenモ1y　added．T1，e　reac之ion　is　carried　ou芝at

30℃in　air－Redox　potenそia1．pH　and　me走a1主on

concenモrations　are　meas雌ed　dもlring　a　run　and亡he

resu1モs　obtained　are　dis⊂訂ssed　by　referr三ng圭o　the

contro呈．First　we　found　tha走芝呈1e　redox　poセentia1

change　was　propoτtiona王toセhe　number　of　the

bac吉eria，which　increases　acco王ding　to　the　progress

of　oxida圭三〇n．　This　resu1t　shows芝hat　the

microorganism　significan吉1y　inf至uences　the

oxidising　reaction．　Furthern｝ore．the　so1三d　phase

formed　at　the　su胎de　s1」rface　wi1至be　characterized

by　using　XRl⊃，玉R　and　EDX．and　a1soセhe　corroded

surface　ofセhe　su1ξide　wi11be　observed　by　us三ng

SEM　and　AFM．

Keywords：　chemo王ithoセrophic　bacteria，
Thiobac三11us　ferrooxidans，inセerfacia1process，

redox　potentia1，AFM，IR
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This　study　is　focused　on　a　key　component　of　a　new

refrigeraセion　system　which　prov主des　various

セemperaセures1owerセhan　l　K　by　the　super　f三u主d

he1iun｝　Stirli王1g　cyc1e・　Seveτa1regenerator

maセeria1s　which　have1、三gh至／eat　capacity三n　the

te王皿perature　range　be三〇w2K　are主nvestigated．

Some　kinds　of　magne芝ic　ma圭eria1s　show　spedfic

hea乏anoma1y　and　magneto－ca1oric　e圭fecをre1aセed　to

magnetic　phase仕ransi圭ion　or　Shotをoky　anoma至y．In

p∂村icu1ar．some　rare－earth　gar1，e吉s　are　very　usefu1

because　of　h三gh　enけopy　properties　and　low

けansition　ten／peratures．The　specific　hea吉s　of

（DyGd）3Ga50i2sys圭em　have　been　measu王ed．珊e

heaセcapacity　is　abouセfourセimes王趾ger　t至↑an　that　oξ

1⊃y3Ga5012above0．5K．This　magl，eセic　materia1．wi1l

be　one　of　mosセcandidates　as　the　regenerative

ma吉eria呈s　between　O，5K　mdユK－A　tesモapparatus

for吉he　regenerator　is　under　construct三〇n，This

app趾a芝us　will　be　usedξor　measurements　on　heat

exchange　mte　be圭ween　the　rege1，era吉or　materia1s

and3He一侑e　gas，and　heat　conduc芝ion豆oss．Cyc1e

simulations　wi11be　done　by　us三ng　the　expe王imenta1

parameters・

Keywo工ds；1ow　tempera士u王es，regenera芝or，he1ium

RelaセedPapers

！－Therma1Proper芝ies　of（1⊃y，Gd1．、）3Ga5012Garnet

　　Sing呈e　C王ysta1s・

2．T．Numazawa，H．Kimura，A，Sato，H．Maeda，K．

　　S㎞m冴mu工a，and　T－P汰uda，Advamces㎞CΨogedc

　　E1，gineering＿Mate㎡aユs，42（ユ995）：in　press一

183　Devel◎pme11t　of　Magnetic　SeparatiOn　Co耐r◎I

Sys言em

T・0〃〃仰。S赦o〃9M仰g脱f｛c　Hθ〃Rε8θ〃c乃8加fゴo〃

［Apri〕995to　March2000］

Progress　in　apP1ied　superconductivity　tech－

no1ogies　has　resu王芝ed　inセhe　deve1opn，ent　of

superconducセing（sc）magne芝s　with　exce11enセ

operab三王ity．One　oξthe　prom三sing　app1icaセion

f三elds　is　magnet主c　separation・The　pζ三mary

advantages，those　being　e1，ergy　saving，compact

size，and　increased　speed　beco肌es　visib1e　on王y

after　the　system　is　supercolユductoエized．The｛u豆レ

sca至e　apP1icaセion　of　this　process　wi1至a1so

con芝r地ute　great1y　to　the　prese王vation　of　g1oba1

enV主rOnmentS．

　　We　wi呈至deve至op亡he　key　sys芝em　techno1ogies

of　apP1ication　oチhigh　Tc　sc　magnets　to　magnetic

separation・We　proposed　the　concept　ofmagnetic

chromatography　which　can　separate　chemica11y

sim呈1ar　but　magneticauy　diss三mi1ar　ma芝e工ia1s，

such　as1anthanide　and　ac吉三nide　elements，Our

rOugh　numeriCal　Simu玉atiOn　i1豆uSt工ated走he

fractionation　process，and　suggesをsをhe　potent三a王

of　separating　very　weak　para孤agnetic　materia呈s

which　we　have　not　been　able　to　deaI　with

through　the　conven圭iona玉　High　Gradient

Magnetic　Sepaエat呈on（HGMS）techniques－We
have　deve1oped　more　accもlrate　s三㎜u1ation　code

by　us三ng　COMPACT3D　to　get　precise　information

On　deSign至i互nit－

　　In　orderをo　minimize　the　quantity　of　sc　wi王e

used　in　sc　HGMS　systems，we　deve1oped　two

computational　techn均ues吉o　sim訂1a圭e　the　magnetic

f主e1d　created　by　sc　so1enoids：a　deta三呈ed　mmer三ca1

mode至。and　a　simp1i｛ied　graphica1method．We

used圭he　n1ユnユerical　nユode1as　a　standaアd　of

con｝Parison　to　eva至uate　the　accuracy　oチ芝he

graphica1method．　The　eva1uated　error　inセhe

graphica1determination　of　sc　wire　vo1ume　was1ess

than4．6％｛n　hypothetica1systems　for　purifying

disso1ved　fission　products　in　nuc1ea王reprocessing、
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Co皿paring　w量th芝he　case　whe王e　an　HGMS舳er

anδan　sc　so呈enoid　have辻he　same1eng吉h，our

optim三zation　technique　shows　tha芝a1arge　amount

of　wire　reduction　is　poss三b呈e・

　　We　conduct　this　research三n　col1aboraセ三〇n　with

芝he　E1ec圭rotechnica1Labo淋ory，AIST，MITI。

Keywords＝fine　par芝ic1es，h主gh　gradien吉magne芝ic

separation，magne芝ic　chro1na芝ography

Re1ated　Papers
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　　222＿236．
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　　Composiモes’I，∫。N〃c．ScプTθclL，32（1995）：

　　369＿37！．

177．A－Ish1da．A－Take三。and　S－MiyazakパShape
　　Memory　Th三n　Fi1m11，∫．∫1〃仰θP〃5舳195oc。∫ρ〃．、
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　　Refracセories　Co一、L辻d、）、，1Effects　of　U1trasonic

　　V主bration　on　Solidificaξion　Strucξu狛s　of　Cas亡
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　　I’P更eparation　of　Pine　Shirasuba11oonsI’、∫。∫ρ〃。Soc．
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　　Mε1・、59（1995）：ユ157－！164：剛apanese・

192－T－Uchikoshi，Y－Sa炊a，al，d　H．Okuyama、
　　，1pressu王e刑1trat三〇n　of　A1203I’、∫．∫ρ1一一Soc．Po伽加r
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　　1η舌．η一θrη〃1∫ρ〃y　C01ヅ．、（王995）＝489＿494．

Pmcess　with　aid　ofbeam｛echmlogy
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　　∫y仰o．〃MR’95、（ユ995）：205－208．

Pmcessing　in　speda1environmenせ

208，T．Ohara。’1App1ied　Superconducセing
　　Techno1ogy　チor　Preservaセion　of　Natura五
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　　M肥）。and料Y－Wada（糾PNC）。’’Peasibi町Sむdyon
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　　Wada（十PNC）、and料O．Tsukamoto（柵Yokohama

　　Natio蝸1Univ）、叩easibi1i士y　of　Using　Magne吉ic

　　Chromatography　for　U｝亡ra－Pine　Partide
　　Separation’1，Pアoc・9戸1EE∫poωεγ伽〃Eηεγgy’95、

　　（／995）：16ユー66．
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口NR1MPub1ications（Apr－1995toMarI1996）

ユ．Bu互1etin　of　Nationa1Research　Insセitute　for

　　Me辻a1s、剛apanese．

　　No．玉8（Mar．ユ996）

2．Annual　Report　of　Na辻iona1Research　Institute

　　fo王Meセa1s、三nJapanese．

　　Porfisca1yearof／994（Mar一ユ996）

3，K三nzaigiken　News，in　Japanese．Nos．4をo12
　　（ユ995）曇nd　Nos．l　to3（玉996）一

4．NRIM　Research　Activities，in　Eng豆ish

　　（Dec．ユ995）

5・Maまeria1Sセrength　Data　Sheeき，in肋g1ish－

　　NRIM　Creep　Data　S至1eet，

　　Nos、ユB　a肌d42（Mar一玉996）

　　NRIM　Maセe由1Strength　Daセa　Sheet　Technica1

　　Documenセ、inエapanese　No．10セoユ3（Ma〕996）

6．Guide　to　NationaI　Research　I1，s趾uセeチor

　　Meta亘s，in　Japanese　and　in　Eng1ish．Poτfisca｝

　　year　ofユ995（Julyユ995）
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6ntel‘nati◎na1l…xchange Apr．1995to　Mar－1996
lnternational　C◎llaborat1on　R⑧search

口ReS⑧鉗ch町ogramm⑧

Austra1ia

ユ．Stωy　on　Surface　Modificaセion　of　Meta1s　w三th

　　Uitra－H主gh　Temperature　Heat　Sources・（CSIRO）

2．Studies　on　Conductor　Pabricaモio篶Process　o｛

　　High－Tc　BiSrCaCuO　　Superconduc圭ors．
　　（Un三versity　ofWo玉1ongong）

3．Compar主son　of　HiglユEnergy　Density　Bea㎜and

　　Arc　We1ding　Techn三que　for∫o1ning　Adv舳ced

　　Materials　of　both圭he　Metal－Ma圭rix　Composite

　　and工ntermet洲ic　Compound　Types．（CSIRO）

4．Process　Techno1ogy　and　Chara（＝芝erization　of

　　Advanced　Meta1MatrixCo㎜posites．〈CSIRO）

8．Pundamenta1Research　on　TiA1Base　Inter－
　　meセanic　Compounds．（Univers三ty　oξScience　and

　　Techno旦ogy　Beijing）

9．Studies　o｛Crev三ce　Corrosion　of　Low　A11oy

　　Pressure　Vesse1Stee至s　in　mgh　Temperaセure

　　Aqueous　S〇五u圭ion．（互nstitu走e　of　Co狐osion　and

　　ProtectionoξMeセa1s）

Fin1and

1，Deve1opment　of　Superco1，duct三ng　Thin　Oxide

　　Coat三ngs．（Tampere　Technica1University）

Fr釧Ce
Brazil

ユ．Study　on　Ni－Base　Superal1oys。（Pundacao　de

　　TeChm1OgiaInduStrial）

Canada

ユ．i⊃anユage　Eva至uaξion　and　Ren／aining　Life

　　Predict三〇n　of　S吉mctura1Maセeria1s　for　Extel，ded

　　Service　Operation、（Canadian　Cenセe支for

　　Minera／and　Ene王gy　Techno1ogy，Energy，Mines

　　and　Resources）

China

1－Invest三gaセion　of　High　Te王皿peraセure　Tiセanium

　　A11oy　for　App1ication　over600℃（Northwest
　　Instiセute　for　Non－Pe王rous　Meta王Research）

2－Studies　on　St工uctu工a1Contro｝and　Supe卜

　　・・ndu・セingP・・pe・ti・・ofHighT・mpe・・芝u・e

　　Superconductors一（Ins趾ute　of　Metals　Research，

　　C主／inese　Academy　of　Science）

3・Pundamenセa1Study　on　the玉mp至ovement　of

　　Superconductivity　for　H呈gトTc　Oxides．
　　（Noれhwest　Institute　for　Non－Ferrous　Me走a1

　　Research）

4．S走udy　oξLoca1Corros三〇n　Damage　of　Corrosion

　　ResisセanセA11oy　in　High　Te肌perature　Aqueous

　　soklセion・（shanghai　Jiao　Tong　Universiセy）

5・Sセudy　on　the1nユprovement　of　Britt1eness　of

　　Ni3A1and　MA1by　U1てidirectiona1So1idificaセion．

　　（hstituセe　of　Meta玉Research，Chinese　Academy　of

　　Sc主ence）

6．Environmen圭a1Life　Cyc王e　Ana1ysis　of　Maセeria1s。

　　（L早nzhou　University）

7－Sセもldy　of　TiA王Base　A1呈oy一（Northwest　instituセe

　　for　Non－Ferrous　Meta1Research）

1・Superconduc吉三ng　and　Cryogenic　Magnetic

　　Ma圭eria1s一（Serv三ce　Nationa1des　Champs

　　I耐enses，CNRS）

2，Mechanicai　P至operties　such　as　Fatigue　and　so　on

　　fo支．Short　Hber　Reinfo王ced　Meta1Matrix

　　Compos三をes．（Conservaをoire　Nationa1des　Arts　et

　　Metiers）

3。刑rst　Oエder　Phase　Trans三tions　in　Mag1，etic　and

　　Superconduc圭ing　Maセeria豆s　at　Low
　　Temperatures．（Labora吉oire　Louis　Nee三

　　Magnetisme，CNRS）

Germany

王、High　Performance　Supercol，duct呈ng　Mate王三a1s．

　　（Kernforschungszentrum　K航1smhe）

2．Inforn，ation　and　Docu王nenta走ion　Pane呈

　　Numerica1Data．（Fach｛nfoでmationszentrum
　　Karisruhe）

3．1⊃esigning　of　New　Conセimous　Refining　Process一

　　（Haus　der　Technik　e，v．Essen）

4－Nanoscopic　Evalua芝ion　of　Maセeria1Propert三es、

　　（Max－P呈anck－Ins古itut　fu王E呈senforschmg　G肌bH，

　　Universiをat　des　Soar1andes）

5，In　Vitro　and　In　Vivo　Biocompatibi1三圭y　of

　　Materia1s・（Instituセe　of　Patho王ogy．Sセeg1ity

　　University　Hospita1）

1ndia

！、Stしldies　o1－Fabricaセ三〇n　Processesチor　Super－

　　conducting　Oxide　Conductors。（Naセ三〇na1

　　Physica1Labora走ory）

舵aly

ユ・Supercol，duct三ng　Properties　of　Advanced　Super一
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　　conductors　in　Time－Vary三ng　Magneセic　He1ds・

　　（CISE　Spa，Techno1ogia　Imovative　The王mo－

　　physics＆Cryogenics　Sec・）

2．Inをercompa王三son　of　Methods　and　Materia1s　for

　　Strain・Measurements　at　Cryogenic
　　Tempera乏u王es一（Instituをo　di　Metrogia　“G・

　　Co1omett三”一C．N．R）

3．Meta11ic　Materia1s．（Insセitえlto　per1a　Techno1ogia

　　deiMateria1iMeセalidNonTζadizionz1i）

Ko侶a
1，Deve1opmenをof芝he　A1u肌in三de－Base　In士er－

　　me｛a11ic　Compounds　for　Struct雌a1ApP1ication

　　of　High　Te狐peratures・（Korea　Institute　of

　　Machinery　and　Maをeria1s）

2．Perfor㎜ance　Characterization　of　Materia｝s　aセ

High－T・mp…t・…（K・…R・・・…h1・・tit・t・・f

　　Standards　and　Science）

3．Deve1opment　o王Meセa豆1三c　Superconducセing

　　Materia1s．（K0fea　Research　Institute　of

　　Sをan（la室ds　and　Science）

4，Thermoe1ectrics　ResearchチoエAdvanced　Il、士er－

　　meta互1ic　Compounds。（Rapid1y　So1idiξieδ

　　Ma圭eria至s　ResearchCenter）

5．Eva1uation　of　the　High　Temperaセ脳e　Properties

　　for　Titanium－Based　Parセicu1ate　Composites。

　　（Korea　Advanced　Ins趾uセe　of　Science　and

　　TechnoIogy）

6．Stud三es　on　the　Fabrication　of　Bi－2223Supercon－

　　duct三ng　Wire　and　its　ApP1三cation・（Korea

　　Ins辻itute　ofMachinery　and　Materials）

Poland

！．Magnet三zaセ三〇n　and　Optics　in　Di1uted　Magneセ三c

　　Semiconductors三n　High　Mlagnet三c　Pie1ds．（Polish

　　Academy　of　Science）

RusSia

ユ．Research　on　Ma辻eria亘s　Property　Data　Mode五ing一

　　（互ns眺ute　Imrganic　Chemist工y．Academy　oチ

　　Sciences）

2．Water　Pu支ification　through　Absorpt三ve　Dis－

P・王・・dE1・・1…h・皿i・・1Sy・1・m・（P・・mki・

　　Insをitute　of　E1ec室rochemistry）

3．Eco－Ba1ance　Ana1ysis　in　Liチe　Cyc1e　of　Maモerials．

　　（Russian　Rese昼rch　Center　for　Standardization．

　　Infomationand　Ce王tificat三〇n　ofMateria1s）

4．Study　on　E1ectron　Transporセthrough　Atom三c

　　Sca1e　Tunnel　Junctions．（Novos三birsk　State

　　UniVerS三セy）

Sweden

王、Pabrication　and　Characterization　of　Semi－

　　conductor　Q訂antu皿Doモs．（Lund　University）

Switz⑧rland

三．Research　and　Deve1op肌ent　of　High　Performance

　　Cera肌三c　Superconducting　Wires・（University　of

　　Geneve）

∪．K．

ユ。Prediction　Techno1ogy　oξLiξe　and　Remaini列g

　　Li｛e　of　Huge　Struc圭ures　under　Se王v三ce　Condition

　　and　iモs　Appl｛caξion　to　Design一（The　We1ding

　　InS乏itute）

2．Research　and　Development　oξHigh　Pe支fo王mance

　　Mωtifi1amen完ary　Ceramic　Superconducting

　　Wires一（UniversityofCamb麦idge）

3．Investigation　and　Deve1opmen言of　High1y
　　Para11e1A1gorithms　for　Materials　Science

　　Ca1culaセions．（Kingston　Un三versiセy）

4．Measurement　and　Evalua吉ion　Methods　for

　　C王itical　Current　in　H三gh　Tempe王at訂re・

　　（University　oチCambridge）

5．Advancemenモof　Levitation　Meiting　and　Reξ1n三ng

　　Tec㎞o1ogy一（Nationa呈Physica1Laboratory）

U．S．A．

ユ、Research　and　Deve1opmen隻on　Systems　and

　　Mate支ia1sξor　Magnetic　Refrigerators一（Pranc三s

　　B肚erNat三〇na1MagnetLaboraセory．MIT）

2．Databases　on　High　Te肌pera㎞re　Superconducting

　　Materia至s．（Naセiona1玉nsをiセute　of　S書andards　and

　　TeC㎞O1Ogy）

3．Studies　of　H三gトStreng麦h／H三gh－Conduct主ve

　　Materia1s　and　Their　App呈ication　to　High－Fie亘d

　　Magnets一（Pranc三s　Bi圭ter　NatiomI　Magnet

　　Labora寺ory，MIT）

遅．Pundamenta1Stud1es　on芝he　Conduc芝oτ
　　Pabrication　of　High　Te㎜pera吉ure　Oxide

　　Supeτconducting　Materia1s一（Nationa1Hig亘／

　　Magnetic　Held　Laboratory）

5．Eva1uation　Me主hods　for　Superconductors一
　　（Nationa1Il，s芝itute　oチStandards　and　Techn〇五〇gy）

6．Deve1op肌en圭s　and　App1icatiol，s　of　Exをremely

　　High－PieほMagnets　and　Magnet　Sys廿ems一
　　（Nat三〇na1HighMagnetic　Pie至d　Labora室ory）

7．Sモudy　of　Nanocomposi芝es　MagReセ三c　Maをeria1s　for

　　Cryogen主cs．（Nat三〇na1Insセi芝ute　of　S乏andards　and

　　TeC㎞O1Ogy）

8．Joint　Rese狐ch　onセhe　“in－situ”Ana1ysis／Ev盈旦一

　　uation　of　Atom三c　and　Micro鮒ucセura1Changes

　　in　Mate王ia1s一（Argome　Nat三〇m1Laboratory）

9．Fundamenta至Studies　of　Vortex　Sta乏e　in　High　Tc

　　　Superconductors一（Argom↑e　Natio1，a1Laboratory）

10．High　Press乏1re　Rese服ch　on　St王ong呈y　Corre1ated

　　　Elec芝ron　Systems。（Un三versity　of　Ca五ifomia・Davis）

1玉．Ef差ec迂of　High　Magnet三c　Pie王d　on　Solid／So1id

　　　Phase　Transformations．　（Northwestem
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　　　UniVerSi±y）

12．Studies　on　Mechanisms　of　Nanoscaie　Micro－

　　　stmctura1Evo1ution　in　Advance　Me走a11ic
　　　Materia1s、（Un主versityofVirginia）

ユ3－Study　onセhe　Mechan主ca1Propert三es　o｛1⊃irec一

三4．

t亘ona11y　So呈idified　Intermeta11ic　Compounds・

（Oak　Ridge　Natiom1Laboratory）

Muaせonof珊ckCoa㎞gsPo㎜edbyAdvanced
Therma1Spray　Processes．（New　York　Sta圭e
U㎡VerSity）

口ListofVis閉ngF◎reignResearch⑧rs

ヰSTA　Fe1王owship

Country　aηd　N日mo Affiliation Term Rese・・chS・bject

Belgi㈹

1．一ievo　Sto⊂kn1刮r

Joha11Vana⊂ken

BraZil

joscEduardoCon〔alvcs
L日mas

Mario　Boc⊂a1inijr．

Canada

Wi！liam　RossDatars

Mid／aelA，Peters

Chi竈a

DaliMao井

Sh日o　Q1ng　z110ng井

』un　Qing　Cuo＃

Hua11gYingl〈ai斗

Y日n」in斗

Pi日OMin

し…u」i・1・HOn9

Wci　Sun

Zh日oMinshoし1

Nijmege11UniVe・Sity

Leu・enUniVerSヨty

Tech・ologicalResoa1－chlns銚ute

oξState　ofSao　Paulo

下ed・nOlOgiC・lRe昌ea11Chl・S舳te

ofState　ofSao　PaUlo

M〔Mas土er　University

University　ofCambridge

Sha11ghaiJiaoTongUniversi土y．

Department　of　Materia1s

Sdence　and　El，9ineerii1g

Beijing　lnstitute　of　Aeronauセicai

Ma辻eriaIs，Naセion刮］Key　L日boratory

of　Advanced　Composite

Hal’bi111nstituteofγed・mlogy

UniversityofAmsterdam

University　of　M日nitoba．

Depセ．Mechanicaland三ndusセria1

UniversityofA111sterdam

H・・binln舳uteOfTeChnOlOgy

TO110kuUniVerSity，InStitute

ξorMate11ia1sRese榊ch

OMngdum1nstitutoofAppiied
C11emisセ1’y．Chjnese　A⊂ademy　of

Science

ユ996．／．8to－996．1．31

／995．Tl．ll　to】995．12．ユO

玉995．8．2to1995，9．29

1996．3．5to玉996．4．ユO

】995，1王．1to／995．ユ2．28

玉996．2．ユ9to王996．3．9

／996．3．6to　996．5．3玉

1995，5．25to　／996．1了．24

丁996．3．8to1996．4．7

／996．3．21to／99ア、5．20

1994．4、三4セo1995，4．13

王995．5．1O　to工995．ユ］．．9

1995，3．22to下996．玉2．21

】994．1．1土o／996．12．31

1994．］．／2to1995．4．30

了994．l／．］to玉997．TO．3一

1995．5，8toユ995．5．11

Quantum　Phenomena　Appe日red　on
Atomic　S〔aie　Structures

S㎞dy　ofQuan血1m　Effect　bl　Mesoscopic

Systems

Creep　TestTe⊂hnology　and　Evaiua土ion

Te〔hn〇三〇gy　about　Structure　of　Ni＿Ba昌e

Supera11oys

Ceramic　Mold　for　Oirecセjona1Solidifi一

〔ationofM－BaseSupera1loys

Study　of　Quantum　Effect5in　Me50－

scopic　Systen↑s

Deve】opment　of　High　Temperature

NiTi　Based亙ntcrmetaui⊂Alloys

Deve1oplne1廿of　Magnetic　and　Super－

conductiηg　Materials　for　High　Fie1d

USe

D・vd・pm・nt・fNewHigh－st・el・gth

and　High－conductiv1セy　Composite
MaterialS

Pori刀ation　of　Metastab］e　Materials

from　Deeply　Unde王coo】ed　Meセa1】ic

Melts

Fundamenta1Sludyomectro－
magneti〔Materials　with　Strong

E】ectron　Correiations

l）evdopi羽enセof　High　Sセrength　Metal

Base　Composites　wiセh　Excel1ent

Physi⊂a1Properセies　by　the　Advanced

Bronze　Method

Research　on　Effecセs　ofLatti⊂c王）efects

on　Phase　Transfornユations　and

Pre⊂巾itations　of　A－1oys　by　NRTEM

Microsセru⊂ture　and　Mechani⊂al　Pr（〕一

1〕er土ies　ofTi〕A洲1〕王1〕tem，etaiIic

Compounds　Produced　by　the　Powdcr

MeセaI］urgy　Process

In－situ　Observaセion　and　Structural

AnaIysis　of　Hig11Tc　Sul〕ercondu⊂t

Superconductors壬or　Pusion　Research

at　Iow　TemPerature

Purification　and　Chemical　Analysis
（〕f　rare］三al・セh　N4eセals
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Counセry　and　Name Affiiiation
了erm Rese囲rdl　Subject

HangOon9 互nstitute　ofMeセa1Researc11，Chines0

Academy　of　Sdence

1995．1玉．20to1995．／2，20 Fund昼n1el一セa11nv配sHg日セion　of　Effect　of

Particu－ate　l）istribuHol］ol〕セ110

Mεchaηjca】Propεrhes　of　Pa工1セicu】ates

MMC’s

Mu　ying

BingJun　Gao

Ke　Wei

Han　Yunユei

WuJiansheng

弄r釧Ce

畑nLouisBobet斗

He1・ve　Rouch井

8ernard　l⊃eCOnihOu辻

Research　DevelopmenセCorporaセion

Of畑pan

N・li・n・川ighM・gneticPieid
Laboratory

玉nstituセe　of　Corrosヨo11a11d　Proセectiolユ

of　MetaIs　Ac品demi日Sinica

Insti士u辻e　ofCo1・rosio11and　Pr（〕辻ecセion

（〕ξMetals　Acadcmia　Sinica

Shangh剛iaoTongUniversity

UniversityofBordeaus

S2MC（Labor品セories　de　Sc｛ence

des　Surfaces　et　Materiaux　Carbone〕

Labor刮辻oire　de　Mi〇一〇sopie　iolユiquε

URA　CNRS　Pa⊂ultedcs　Sciences

玉995．ユO．l　to1998．9．30

1996．2．l　to／996．2．14

／996．3．ユtoユ996．3．20

1996．1，191o玉996．3．19

／996．3．28士o1996，3．30

1994．3．l　to／995．8．31

一994．一／．l　to　】996．ア．31

］996．3．／8to1996．3．31

Pundamo11tal　Stしldy　o11Bioco1羽patibi正ity

ofMeセal1虻Mater洲s

Applicaセ1onofCu－AgAlk〕yPlatos

toExtr㎝1ely甘gh－FieldMagnets

屋ffect　ofCrev1ce（〕n　l－ow　Cyc1e　Patigue

13e11av1or　of　Pressure　Vossel　Steel　in

High　Temperaturo　Prossurized　Waセer

Effe⊂tofCreviceonLowCyc1eFatigue
Behavior　of　Pl℃ssure　Vessel　Stoo1i11

洲igh　Temperaセure　Pressしlrized　Wa辻or

Sl・・cl・・…dM・d…i・・〕〕・（〕P巴・li・s

of　in辻em1etallic　C〔）nΨounds

T11ern1os辻ructul’alC（〕mPosites訂一abo一

・ato11y醐eclofResidしlalStrcssol・

Meclr舳ical　Pl．opertios　for　SiCノ休】5－3

MεtaヨMa士rix　Compos壮ε

Control　ofSul・face　Reacti（）n　and

Sy・tholi・P・・・・・…bジSt・tcco・1・oll・d’’

M（〕lo〔ular　Beams

In1plementotion　oチthc　Tomographヨ⊂

Atom　Pr（1be日nd1tsApplicaセi（〕ns

to　MateriaIs　Scien〔e

G舳anV
Clwistian　Roセh井

K11utDepPert

Eckl－ard　Steep

Wi1fredSiglo

Ma舳日s　Goeken

lndia

Balvinder　Gogia井

Saηkara　Paj凹rdraη

Pillai井

Mann榊・aセhu　Devasia

Maセhew＃

Himn1羽ayXPa1井

C肌1士amGhosh

Anil　R　Ch品urasia

SuniI　D，Oeshpande

Techin1s〔he　U1－iversitatC1aしlsセhal

1⊃epa・tm・・t・fS・lidSt・tePhy・i・・。

Lund　University，SwedeI1

Grenob』e冊9hPield　Magnet
Laborato11y

Max－P1昼nck一王nstitute　Met品1レ

fo・sd1unge．Sltutga・t

Univers玉辻y　of　Saarlalユd

Panjab　University．I〕hysi〔s

Department

工ndjユ1a　Gandhj　Cen士er　for　A士omjc

ResearchMetallurgyDivision

王ndiraCandhiCe11terforAtomic
Researd1Materials◎evclopmen辻
一）iViSiOn

Indian　Asso〔iation　f（〕11the　Cuhivation

of　S〔ience，Department　of　Materials

Science

Nor辻hwestern　Unjve1’sity　Dept・of

Materials　Sciel，ce　and　Techno1ogy

Oepartment　of　Phys｛cs，E日st　Texas

Statωniversity

Physi⊂s　Deparセn1ent・Coa

U1，iVerSity

／995．3．28to／997．3．27

玉995．玉．下6to1995．／l．5

ユ996．2．／7to1996．3．9

1995．↑2．4－o／995．／2．12

／996．3．18to】996．3．31

】995．2．5to1996．8．4

〕996．1，9to］996．4，8

ユ996．／．／1辻o］996．4．／O

】996．】．17to1997．1．】6

1996．1．15セo1996．2．3

1995．ユ2．21辻o／996．3．19

1996．3．1－to1997．3．lO

Dosign1ng　o千C（〕nti11uous　Re庁ining

PrOCCSS

l；abricaセi（〕n　of　Qumtum1）o辻s　i11Hl－V

Compound　Semiconduc士ors　Usi11g
M班／STM　De即洲〔）n　of　Mo辻ol　Masks

芒・・pl・・maElChil・g

Eloct11（〕nic　Propertios　in　Quantum

Limi辻

Al，alysis　ofQuantum　Sizc　E打ects　in

NalW〕StruCtu・CSbyWM

Modeli11甘and　Sinxlla辻io11チor　tho
　　　　　　o
Prcdicエヨo110ξMateria－Streng±h

Study　on±he　Si11gヨe　Cl．ysta，Crowtlπ〕f

Nigh　Temper罰ture　Oxido
SupclI⊂olユductors

SセUdy　o11Ev日1ua辻joユr　oチCreapΣ一ifeチor

HeatResistingSteelsand　Alヨoys

Self－hcal1ng　of　Creep　Damage　aセトlig11

下eml〕eratu11e

Bffe〔t　of　Maσnビtic　Pield　oηTrans－
　　　　　　　　　o
fornlatヨo11Structuros　and】〈ine辻i⊂s　i1／

thofcc／bccMartonsit1⊂Transf（〕1・mation

服・・t・m軸M・g・・ti・Fiold・1・

Ma1’セensitic日ndBainiticTl’ans－

fol・nlatio11sヨn　Steels

Ma辻crials　Characterization　by　X－ray

AbsorP辻ion　Pine　Structure

X－ray　Spectroscopic　Sセudies　on士he

l111purjties　i110iklted　Magneセic　Somi－

COnduCtOrS
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Couηh－y　aηd　Nan1e

IndOneSia

舳natapuraShaidi11
Didiη

Kazakhstan

Askal’1〈．Bazaev井

1〈oすea

Suηg－J（〕（〕nK｛m井

jo11ghuηYou斗

ChoiH　l⊃ong＃

』aimooYoo井

Kjm　Dong　Yup

Soo－W（1o　Nam

Sung一』oon】く白刀

Choi　B日ing－Gyu

Hyum　KyOng1〈im

Kyしmg－Y（〕u1Min

M〕ngMoonHwang

Choe　Seung　Joo

Wan－YoungMaeng

Cha11σSoo　Kim
　　　　む

Kim　Young　Suk

LeeYong－Ho

Monteneg㈹

j（〕vanMirkovj⊂斗

Nethe了■ands

FrankdeBore

AnI1e　de　Visser

Af柵iadon γerm

Naセiona，AtomicEnergyAgen〔y，
lndonesia

lnStilutefOrMetallUrgyand

1三nriChn／ent

K（〕11ea　lns舳1士e　ofMachinery　and

Materials

U11iversi辻y　of下exas　at　Dal1as．Cenセer

of　Qum辻um　Electronics

Korea　MaritimeUnivers討y

Korea　institute　of　Machinery　and

Matel・ials

Ssang　Yong　Researd1Cen土er．Dept－

○圧1ec　md　Maσnetic　Materials
　　　　　　　　　　　b

K01－eaAdvan〔ed　InsセituteofS⊂ience

aIld　Technology

KorealnstituteofMachine・yand
Maセerials

Korea　Advan〔ed　Instiセuセe　ofScience

・nd↑echno］ogy

Kore日Research1nstitute　of　Standards

aηd　Sdence

Osaka　Unive工sity

Korea　Research…nstiセute　of　Standards

a1／d　Science

1〈orea王nstituセe　of　Machinery　and

Materia1S

l〈orea　A土omic　Energy

Research　lnstitute

l〈orea　Rese榊ch　lns肚u辻e　of　Stand目rds

and　Science

Korea　Aセomi〔Energy　Research
InStitute

Korea　Advanced1nstitute　of　Science

al，d　Techno1ogy

Mos⊂owState1Jniversity

Universiセy　o芒Amsterdam

University　of　Amsterdam

1995．ア．31to　1996．2．29

1996．3．ll　to199ア．5．ユO

ユ994．4．2　to王995．4．玉

／996．2．】±o／996．2．15

1995．2．1to／996．ユ．31

／996．！．！to－996．2．玉8

／996．2．26to1996．3．25

1994．1玉．9セ〇三995．1玉．8

1995．ア．ユO　to1995．8．6

ユ996．2．ユセo1996．2．15

1996．／．／6toユ996．2．23

1995，7，24toユ995．工O．ユ4

1995．10．ユto1998．9．30

一996．ユ．29to1996．4．25

1996．3．4to／996．3．30

1995．1玉．2アtoユ996．3．26

ユ996．3．玉Otoユ996．6．7

1995．12．3toユ996．2．25

1996．1．ユ6to／996．2．23

／996，2．5to1996．3．31

ユ995．10．8セo1995．ユO．29

1996．3，17to1996．3．23

Resεarch　Suわjec士

Transmission　Electron　Miαoscopy

Techniqu直and　iセs　ApPlicaセions　to

Po工一〇us　Silicon

Res・…h・nthe㎞p・o・em・・t・f

Long　Term　Creep　Strength　of　Ferriti〔

Steeis　based　on　Design　of　Atomic

Configurations

Sセructure　Amlysis　and　Fat塘ue

Properセies　Eva1uation　ofマi－based

Meセal　Matrix　Composites

下i・eSynth・si50fSup・…ndu・セing

Ultrathin　Pilms　by　the　Combined

Use　of　Magnetron　Sputtering　and

玉on　ImP三antaセion　Te⊂hniques

Study　on辻he　Paセigue　Improvement

ofセhe　Tit舳ium　Particulates　Composi辻es

Deveiopmenセof　Bi－system　Super－

conducting　Wireby　P王T　Process

Proparation　and　Magneti⊂Properties
of　Chemica1iy　Stabilized　Iron－1，itride

MagneticP王uids

Invesセ三gation　ofCreep　Deformation

Behavior　of珊anium－Based　MMCs
and　TiA1玉ntermeセalhcs

Morphology　Conセro1of　Reinfordng
Ceramic　Parむculates　in　Titan三um－

Based　MMC’s

Creep　Deformation　and　Creep　Cra〔k

Growth　of　Hea土Resisting　Steels

Research　on　the　Surface　Analysis

Daセabase

工nterface　Contro1and　the　Measurements

of　Physica－Properties　of　Thin　Pilm

NitrideS

Modeling　ofOrder－Disorder　Trans－

forrnation　in　the　b．c．c　Stru⊂セure

by　the　Ouster　Variation　Method

Design　of　Nickeレbase　Supera1－oys

Enviro㎜ent柵egradationofStmc肚1ra1
Materials　for　Light　Water　Reactors

X－ray　Structure　Analysis　of　Advanced

Ma辻erials　and　High了emperature

Superconduc辻or　Films

Phase　Stabiliセy　and　Atom三〔Leve王

Analysis　ofZr－2．5Nb　Alloy　under

EieCtrOn　Irradia土iOn

Computationa1S三mula辻ion　for　Material
Research

Fundamental　Study　of　E1e⊂tromagneセic

Maセerials　with　Sセrong　E1ec世ron

CorreIations

Studyomecl・onicP・ope・liesunde・

矧igh　Magnetic　Field

Study　ofQuan㎞m　Effect　in　Mesoscopic

Systemε

一158一



Cou11try　and　Name

閉ゆ的eS

Barbara　DarJu日1、γI○

脳SSia

Dmit1・i　Vi⊂torovich

G・ibe・g＃

Marat　GaifuHjn

S■ova註ia

Ronlal，Sandrik

Spain

jose　Luis　jiIηe］ユez

Caste11s

Sweden

Magms　Persson

Switzerland

GiovamiCrasso

ThaiIand

S・・mki・U・mjunyo・g斗

Pakd三THONGChAROEN

Cha］othorn13han，ornsut

u．K．

Ame　P．Whitehouse井

Pa州．Warren＃

Timothy　Marセin　l（ing井

SwaHow酬zabeth＃

Rjd1鮒dA．Doy1e

Martin　P．Seah

J．Singleloη

Robin　J．Nicho1as

Howard　C；．Read

Afmiaセ三〇n Tcrm

一ndustrial　Technology　Developlle11t

lnstitute◎epartmentofSdence
aηd　Technology

Max－p1anck　Insセitute　fur

EisenチorshungGn1bhMaterials，
Science

〔）epartmentoξPhysi〔s，Hokkaid（〕

UniVerSily

1nsセitute　oξPhysi⊂s　Slovak　Academy

of　ScieIlce

Columb1a　Univer昌ity

Cha1mers　Un1versity　of

T・・hm］09y

UniversjtyofGeneve1二）epartn，en士de

Physique　de　L日Matiere　Co1，densee

Chiang　Mai　University，paculty　of

Engineering

Deparセnlen辻of　Mi11eral　Resouヨ1ces

M1nisセryofIndustryMeセ舳urgy
DiViSiOn

Thailand　Inst註ute　of　Scie11tific　and

Technologica－Research

University　ofCanlbridge，Ma士eria1s

SdenceandMetallurgy

Unive・sityof○・ford

CEC、』oil，t　Researd1Center．

Institute　Eor　Adwlced　Maセerials

Univers趾y　of　Can1bridge．Depar士men士

of　Materials　Science

服C　jn　SuPerα〕nduc辻jvjtγ

University　ofCa111bridge

NaHonal　Physica，しab01’atory

Oxford　University

Oxford　Universi辻y．C1arend（〕n

L罰boratory

Center　for　Tsukuba　Adva11ced

1995．2．6to玉995．フ．27

1996．3．29to199ア、5．28

一996．1．15　辻o／996，3．3一

1995．9．25セo1995．10．玉6

1996．1．8toユ996．3．玉

／996．3．4to了996．3．8

ユ996．3．ユ8toユ996．3．27

1995．一〇．／6to／995．1】．4

／996，3．15to　T996．6．ユ4

1995．3．20to1995．6．8

1996．3．1士o／996，3．30

／996．2．9to／996．4．8

／994．4．／ユ士o／995．4．ユO

ユ994．9．30toユ996．9．29

互996．】．22亡o1997．ユ．21

ユ995．3．三3，o】995．4．】O

ユ996．2．6to1996．2．lO

1995．8．】4セo1995．9．1

1996．3，24to1996．3．3／

ユ996．ユ．4正o1996．3．31

Rese日rc11Subject

Jal〕an－ASEAN　Cooperation　program

on　Materia，s　Sde11ce　and　Tech1101ogy、

洲卵PjηePmjecセon舳w〕5phe1’jc

Corrosion（M出川c　Coating）

○ntheStudyoftheMe⊂han1cal

Propertiesofthe　Ul，idircctiona1ly

GrownNi1A1

眺riCati（〕nOflnt11iSiC」OS叩hSO1・

1；unctionヨ⊃evices　andγheir　Eva1uations

Applicati（〕nofRutherford　Back－

scattoring　and　Partヨcle　Induced　X－my

Emission　Ana正ys1s士o　Maセeria1s　S〔ien⊂e

Quantum　Phenome，1a　Appoaredolr
AtomicScaleStructuros

Quantum　Phen（〕mena　Appoared　on

AtomjcScaloSむ・uchコ，・os

Devdopment　of川gh一』c　Bi一○xide

SuperconduclヨngWires

Dし11’ab倣v（〕ξMaセcri丑1s　f（〕r　lnチrastructure

Use1n　Asi舳Pacific　Rim

」apan－ASEAN　Cooperaセi（〕n　Prog！．am

onMaterialsSdencoa11dTechmlogy，
ThaiProje〔tonAtmosphericCorrosion
（O1－g囲11ic　Coat－11g〕

Deg・adatiOnO舳ate11ialSbyUl1・a－

ViOlet　Li甘ht
　　　　　　b

Oe・e－opmento川ewHigh－strength
and　High｛onductivity　Composite
Matol・1als

Atom－pmbeMicroanalys1s（、fNiTi／

Ni＝アiA1Two－Phasc川ghTemperature
Alloys

lnVeSligati（〕nOfKeyTeChn（・長（〕9ieSf・・r

ll・t・m・tiol・・1Sl・・1’i・go舳・t・・i・ls

Properセy　Databasesand　Advanced
Mode1s　of　Materials　Be11aviOr

Aセon1icP〔）rceMcroscopeSl・dy（・f

ShapeMem（・・y酬ectsinPo－based
Al1oys

Study　of1三］ecけoηic　Traηspo11セPro－

perties　in　Sul〕erconducting　Vortex

Sl・t…　HighT⊂S・p・1’⊂・・ducto・

Bi22玉2SiI，gle　Crystal

Surface　Analysis　oE　Nano－Stru⊂ture

MaterialS

Qしlantum　Osdllations　i11Tw（1

三）inle11siona正E，cctr（〕n　Svstenls

Studyon　EffectiveMassesofCurriers
i11Wide－Cap　Semiconductors　Usi11g

Very　High　Magneセic　Fieid

A辻om　ProbeMicr（〕analysisofMetalli⊂
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Country　and　Name Aξfiliation Term Research　Subject

col1n　J．Humphreys

And1・ew　Piers

卜正orsefie三d

Wei　Yao　Liang

HenryWinand

∪klaina

SvetlanaAlexandrovna

Viセusevich

u．S．＾

」ohn下．Grant

J．S．Brooks

Wmam　GHbert　Oark

』ohnG（〕odwin

Vandegr派

Lance　L．Miller

RobertC．8jrtcher

CharlesW．Al1en

Christopheり．Gi1bert

Roberりames　Bastasz

James　Robert　Engstrom

Research　Ai－ian〔e，University　of

Tsukuba

Unive工sity　of　Cambridge．Deparセment

○舳aterialsS⊂ience品ndMetal】urgy

Un三versity　ofOxford

Cambridge　University

U11iversity　ofCambridge

Uk1ainaAcademvofScien⊂e

University　of　Dayton

NationaI　High　Magneti⊂Fie1d

Laboraセory

Universi辻y　ofCaIifornia　at

Los　Angels

University　ofA1abama　in　Huntsvilie

Ames　Laboratory．Condensed
Maセter　Physics．lowa　St品セe

U11iVerSiセy

ArgoIme　Nationa工Laboratory

ArgonneNationalLaboratory

l⊃epartment　of　Materials　Science

and　Minera1夏ngineering，University

ofCalifomia，Berkeley

Sandia　National　Laboratories

Cornel】1Jniversiセy，School　of

Chemic目1Engineering

了996．3．21to1996．3．3／

ユ996．2．19toユ996．2．27

／995．8．22to1995．8．26

／996．2．9土o1996．4．8

王996．3．7to1996．3．ユ5

1996．2．5toユ996．2．ユ4

1995．6．3セo1995．6．24

丁996．2．丁8to！996．2．24

1995．6．29セoユ995．8．12

玉996．ユ．29to／996．2．20

1996．2．13to1996．3．ユ5

1，996．2．工3to　ユ996．3．ユ4

ユ995．6．29to1995．8．12

1996．1．3／to玉996．3．玉9

／996．2．26toユ996．3．／6

Materials

トエano－anaIysi50f　High　Tenlperature

A－1oys

Analysis　of　Quantum　Size　Effe〔セs　in

Nanostrucセure　by　TEM

Partidpation　in　the　Muiセicore　Proje⊂t

Symposium　on　SuPerconducセing
Materiais

The　Deve1opment　oチCu－Cr　in－situ

Composite

Quan土um　Phemmena　ApPeared　on
Aton，i〔Scale　S辻mc士ures

Surfa⊂e　AnaIysヨs　of　Nano－Structure

Materials

Permi　Surface　Studies　of　Organic

Conductors

Study　ofQuan辻um　Effec辻in

Mesoscopic　Systems

Me壮ingandSolidificationof
Par土i⊂Ie　Dispersion　AHoys　Main1y．

the酬ect　of　Bubble　Motion　on

the　Dispersion　wi11be玉nvestigaセed

Study　on　the　New互ntermetalIic

Compound　Superconductors

Stru⊂turaI　and　State　Anaiysis　of

Liquid　and／or　Solヨd　Gas　Clus辻ers

byTBM
A11alysis　ofQuaηtum　Size　Effects

in　Nanostfucturesby　TEM

Research　on　Patigue　Crack　Growth

in　A1umina

Rea〔セion　Processes　of　PIasma／Surface

InteraCtiOnS

01emi〔a1Dynami⊂s　of　So1id　Surチace

and　Mkros⊂opic　S打ucture
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□　List　of　Visitors

T：Tsukuba　Site　　M＝Meguro　Siセe

NatioI，ality　and　Name

U．S．A

Dr．Crystal　H．Newton

Prof．D．K．Pinnemore

Mr、｝ohn　Bell　and　his　party

Dr，Richard　Gann　his　party

Direct0L　Dav三dγShaw　h｛s　party

D王．Sord1et　and　his　party

Ch｛na

Dr，HAM　En－aou　and　his　party

Se汽ior　Research　E烈gineer・

PANG　XIANG　WEI　a沿d　hisparty
Proξ・MaIu－sheng　and　his　party

Deputy　Director．Xiong　Guo　Xing　and

his　party

Dep沿ty　D三rector．SHI　Pei－hua　and

his　party

Prof．WENG　YUQ互NG　and　hisparty

Director・KBWei　an舳is　party

Ko正ea

D曼recξor，O，ang　S王、ik　Sh｛n

and　his　party

Senior　Resercher．YIM　CHANG　HEE　a王、d

his　pa王ty

Mr．JUNG　CHUL　SHIN　and　his　party

Ita童ia

Mr．Moハica　Zamboni　a汽d　his　party

Dr．G．N．Bab｛ni棚dhisparty

Ge正㎜any

Researcher．Gerd．Rud三ger．Ti11ack

hisparly

】⊃irector．互｛errnann　Krocke1

Dr－Beyer　his　parセy

India

Associate　Professor．

G．Anantha　Kr三shna　and　h｛s　par圭y

趾ance

Dr，B，Barbara　his　pa亙ty

Miss．Emmanuelle　Coudert

U．K．

Adviser・Ken　Mi11s　his　party

Swutze正Iand

Or．Lukas　Roh王

Affihat圭on

ASTM閉一49Commi｛tee
Iowa　State　URivers｛ty　Ames　Laboraξory

DIST　Oeputy　Secretary＆Chief　Science　Adviser

N互ST
State　Un…versity　of　New　York

Iowa　State　Universi｛y　Ames　Laboratory

Institute　of　Cor王osion　of　Protection　of　Meta1s

Shanghai　Research　Insセituセe　of　Maセeria王s

Qing　Hua　Universi迂y

Da互ian　Insti辻ute　of　Chemica1Phys｛cs

Shanghai　Nuc1ear1三ngi汽eering　Research　of　Design

Centra1Iron＆S圭ee1Research　Ins吉i言ute　Min1stry　of

Meta11し王rgiCaHnduStry

亘nstituセe　ofCorrosion　and　Protection　oξMe辻als

Research豆nstitute　of　Industria王Scieηce

＆Techno王ogy
Pohang　Iron＆S迂eel　Co．Lセd一

Research互nstitute　of　Industria王Science

＆Techno1o8y

University　of　Southampton

Reseaκh1nstit㍑te　for　Ceramic　Techno1ogy

8AM

Institute　for　Advapced　Materials

Degussa　AG

I荻dian　Institute　of　Science

CNRS　Labo王atoire　Louis　Neel

Creusot　H〇三re　I汽dustrie　Research　Center

Br湿ne1UniVerSity

Swiss　Pedera1Laboratory　for　Materia1Testing

and　Research

Siセe

T
T

T
T

T
T

γ

T

T
T

Date

Apr．／995

Apr■995
May．1995
Jun，／995

0ct．1995
Peb．！996

Apr・ユ995

Apr・1995

J1－1n．ユ995

Sep■995

Nov．ユ995

Dec．｝995

Mar．ユ996

Sep・1995

Dec．1995

Mar．ヱ996

Aug・ユ995

Mar．1996

May1995

Sep・／995

0ct．1995

Sep・1995

Aug・玉995

Dec．1995

May・1995

May・1995

Singapol1e

Dr．KumiaWira Gin吉ic1nst1tute　oξManufac圭aring　Tedmo1ogy May・！995
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口Brie育㎞troduction◎f　S↑A　Fel1owship　Programme

　　The　Sdence　and　Techno1ogy　Agency（STA）、an

administrat三ve　organ　of　the　Govemment　of∫apan．

oHers　opPorセuniセies　for　promising　young　fo王eign

researchers　in士he　fie1ds　of　science　and　technology

to　conduc量research　at　Japan，s　nationa1互aboratories

and　pubユic　research　corpoΣations（exc1uding
uniVe王Si芝ieS　and　uniVerSity－aチ圭ihated亘nS言itu士eS）・

　　The　program三s㎜anaged　by　the　Research

Deve至op㎜ent　Corpora量ion　of　Japan（JRDC）、a

sta量uをory　o王ganization　under　the　superv｛sion　of

STA　in　cooperation　wi出亡he｝apan　Intemationa1

Science　and　Techno1ogy　Exchange　Center（JISTEC）。

Fe豆1owship　qualifications　are　as　fo旦1ows＝

　　！。Possession　of　a　docセorls　deg王ee　in　a　scientific，

techno互og三ca1．engineering　or　l］ユedica1王ie1d・

　　2・Less　than35years　Of　age，in　princip1e・

（N．B一＝Any　age　is　accep亡ab1e　for　Shor亡一Term

Pe11owships）

　　3．Sufficient　good　hea1th　f0Hesearch　work　and

1ife剛apan・

　　4．Suff｛c｛ent1anguage　abi1i竜y　in｝apanese　or

Eng1ish－

　　The　tenure　is　fro㎜6months　to2years（Long－

Term　PeIIowship）。or1～3months（Short－Term
Fe旦1owship）．｝RDC　provides　FeIIows　with　a　round－

tr主p　air工圭ne　t主cke士、a加onthユy　hving　auowance，a

ξa服i1y　a110WanCe，an　init三a1intematiOna1mOVing

a11ow蜘11，allo㎜odaせonl（Long－TermFluowlhp）。

acco㎜odaもonsa11owance（Short－Ter蛆Peuowshp）

and童rave互cost　with三n｝apan　re1ated　to　research

ac童ivit三es．Research　expenses　w量至1be　paid　to　the

host　ins言itu芝e．This　does　no辻app｝y三nセhe　case　of

Shorを一Te至m　Fe11owships－

　　Fu］＝ther　infor㎜ation　can　be　obtained　at：

工apan　Internationa三Science　and　Techno豆ogy

Exchange　Center（JISTEC）

　　2－20－5、τakezono，Tsukuba　City，Ibaraki　Pref－

305．Japan
　　Phone＋8玉＿298＿53＿8250

　　Pax寺8ユ＿298＿53＿8260
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□　　Organizati◎n

Masatosh1Ol〈Al〕A，1〕r．Eng。
…i・・・・・…it；・「

厄・p岬■。。。1。。・・。。。。。1
1’etsuya　SAlTO，Dr．ほ糀g．

Visi－ing　Research　O行icers

「

Planning　O笥ice

Adminis桁ation　Division

　Genera1A行airs　Sectio11

　Accou11ts　Sec言io11

　Safe言y　Pron1ot＝on　Section

　↑echnica■SupPor｛Section

Shinic汽i　TAl〈＾yAMA

　　Yoshik誠su　Ol・lTA

　　Michinobu　OZAWA
　　洲obuyasu　l〈ITAHARA

　　Masaru　TODA

ド

MaオeriaIs　P11ysics　Division　　　　　　　　　　　　　　　　　　　　　　　　　　Takehiko　MA了S∪MOTO，1〕r．Sci．

physica■propeれies　l〕ivision　　　　　　　　　　　　　　　　　　　　　　　　Muηeyuki　AMANO，Dr．ξ11g．

Computational　Materials　Scierlce　l〕ivisiorl　　　　　　　　　　　　　　　　Haruki　S料1RA1SH1，◎r．E11g．

Mec汽anica■Proper言ies　Divisio11　　　　　　　　　　　　　　　　　　　　　　　　Hiroo　SUZu1〈1，Dr．．…ng．

Chemical　Processing　Oivision　　　　　　　　　　　　　　　　　　Akira則1〈uZAWA，D症ng－
Advanced　Materia1s　Processi11g　Division　　　　　　　　　　　　　　　　　Akira　SATO，Dr．Eng－

1＝ai1閉e　Physics　I〕ivisio11　　　　　　　　　　　　　　　　　　　　　　　　　ChiakiS1－11GA，1〕r．Eng．

I…nvironmenta1Performa11ce1〕ivision　　　　　　　　　　　　　　　　　　　　　　　Hirosada■RlE，1〕r，Eng．

1s言Research　Group（New　S岬飲corlduc言irlg　Materials｝　　　　　　　　Kazl」masa　TOGANO，1〕r．1…ng．

2nd　Research　Group｛Radiation　Resistant　Mat6芋ials〕　　　　　　　　　　　Haruki　S1－11RAlSl・1■，◎r．I…ng，

3芋d　Researc11Group｛Meso・Strl」ctwed　Materials）　　　　　　　　　　　　Mori11iko梨Al〈AMuRA，1〕r－I…11g．

4t11Researc11Group｛1≡…lec愉onic　P狗perties　in　Strorlg　Mag．1etic　I＝ield）Giyu　l〈lDO，1〕r－I…11g－

5th　Research　Group｛IntelIigent　Ma童e芋iaIs）　　　　　　　　　　　　　　　　　NorioSHINYA，I〕r．1…ng．

Special　Research　O榊cer　　　　　　　　　　　　　　　　　　　　　　　　　　Harl」1100HKOCHl，I〕r．Eng－

Sp・・1・lR・・・…hO榊…　　　　　　　　　、Sl・gf・1・dH・fm・…坐＿」

Materia1Testing　O言言ice

口BudgetandPerson犯11nF1scalYearof1996

8udget PerSOnnel

Research　and　facilities

PersonneI　expenses

↑Otal

4．779

3．792

8，571

Admi11istrat1ve　staffs

費esearcheI■s

Total

　　88｛8〕

329｛6）

417｛14）

unit：mi－IiOn　yeI1 Number　i11pare11肺esis：Ma言eria1Testi11g　Of言ice
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