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Pr8face

This　report　covers　the　annua1activities　of　the

Nationa1Research　Institute　for　Meta1s（NRIM），

focusing　on　our　research　programs　and　the　prog－

resswehavemade　fromApri11．1998to　March31．
1999．

　　The　research　programs　have　been　carried　out

based　on　the5th　Long－term　P1an　which　started

from　April1997．The5th　Long－term　Plan　has
血ve　main　po1icies＝the　promotion　of　R＆D　for

fundamental　techno1ogies　and　materials　character－

ization　in　materia1s　science；the　promotion　of　the

research　for　the　socia1－needs－oriented　research

project；the　promotion　of　the　research　in　ad－

vanced　physical　ie1d　using　large＿sca1e　research

faci1ities；the　promotion　of　the　research　for　con－

structing　the　databases　of　the　materia1s－

fundamenta1informationbased　on1ong－term　pros－

pect；constructing　bases　for　intemationa1R＆D，

　　The　system　ofresearch　in　NRIM　consists　ofthe

Core　Research　Branch　with5divisions，5groups

and4teams，the　Center　for　Advanced　Physica1

Fie1d　with3stations，and　the　Frontier　Research

Center　for　Structural　Materia1s　with3stations，

We㎞ow　that　an　intemationa11eadership　and　cg－

operation　with　industries　and　universities　are　im－

portant　ro1es　of　the　national　institute．　Therefore，

we　have　the　Center　for　Advanced　Physica1Fie1d

for　fundamenta1materia1s　research，and　the　Fron－

tier　Research　Center　for　Structura1Materia1s　to

create　future“ultra　stee1s”．　These　Core　Research

Branch　and　Research　Centers　have　cooperated

among　others．

　　This　report　reHects　our　services　to　a11who　inter－

est　in　our　activities．We　continue　to　expand　our

activities　for　advanced　materia1s　research　and　im－

provement　of　re1iabi1ity　of　the　materia1s．

奮

、Q

一へ

」■一

詠
　　昭

　　To　a11of　you，who　have　supported　NRIM，we

great1y　apPreciate　your　continued　understanding

and　encouragement．

Dr．Masatoshi　OKADA
Director－Genera1
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□AListofR⑧s⑧archProgram

1．Investigation　on　Syηthesis　and　Characterization

　　　of　MetaI　Co㎜p玉exes　w舳Higb　Electron－Spin

　　　Mulic呈ty

2．Study　on　the玉mprove㎜ent　of　Ana玉yticai　Tech－

　　　nologies　for　Metallic　Materials

3．Composition，　Temperature　and　　Pressure－

　　　Induced　Struc亡ura玉　Changes　and　Physical

　　　Properties　of　Materials

4．AngIe－resolved　Photoeiectron　Spec辻roscopy

　　　Study　on　Surface　Structures　and　E玉ectroηic

　　　ProPerties

5．Evaluation　of　Structures　wi辻h　Trace　Element

　　　Analysys

6．Coating　of　Photocathode　and　FundamentaHn－

　　　vest｛9a辻ion　of　1≡■hotoe1ectron　Emission　from

　　　＝Laser　I11uminated　Photocathode　for　TEM

7．Developmcn士Program　of　New　H言gh　Pressure

　　　Tecbniques　and　Investigation　of　New　Magnetic

　　　Compounds　and　thcir　Physica玉Properties

8．Atom　Probe　Microanalysis　of　Advan㏄d　Metai－

　　　Iic　Materia玉s

9．Appl｛cation　of辻hc　High　Magne辻ic　F量eld　to　the

　　　Optical　Research　on　Low酬mensional　Syste㎜s

10．S施dies　on　the　HighIy　Corre玉ated　Electron

　　　Systems　undcr　Mu1辻iple　Extreme　Conditions

11．Studyon　the　unusual　meta王1ic　state　and　electron－

　　　ic　s辻ructure　of互nagnetic　nlateria1s

12．Research　for　the　Deve玉opment　ofa　New　Type　of

　　　Sem量conductor　Radiation　Det㏄tor

13．Thermodynamic　Analysis　of　Formation
　　　Processcs　of　Metastab玉e　and　S士ab玉e賄ases

14．New　Phenomena　in　U玉鮒athin　Magnetic　Fi玉ms

　　　and　M砒ilayer　Sys亡ems

15．Computer　simulation　on　the　vortex　states　and

　　　phase　transitions　of　high－T．　superconductors

　　　undcr　an　externai　magnetic丘eid

16．A　Computer－SimuIation　Study　ofthe　Hastic　De－

　　　formation　of　Crystals

17．Numerical　Si㎜u玉ation　of賄ase　Separation

18．Theoreticai　study　on　atomic　di肋sion　and　e玉ec一

19．

20．

21、

22．

23．

24．

25．

26．

27．

28、

29．

30．

31．

32．

33．

34．

35．

36．

37．

38．

trOniC　State　in　me士a10XideS

Theory　of　Therma玉Reac辻ion　on　So玉id　Surfaces

Deve玉opment　of　Uni行cation　System　for
Di鮒ibu亡ed　Materials　Scient脆c　Data　u舳zing

Networking　Enviomment

Deve玉opment　of　Know玉edge　Database　for　High－

Tc　Superconducting　Materials

Fじndame羽tal　Studies　of　the　Microbial　Reaction

with　Inorganic　Compounds

Fatigue　Behavior　and　Microstructure　of　Meta王s

Fatigue　Strength　in　a　Corrosive　Environmen亡

Dyna㎜ic　Microstmctural　Change　and　Mechan一

三cal　Properties　in　Ceramics　at　High　Tempera－

tureS

Fracture　Mechanism　of　Welded　S辻mcture　of

Stainkss　S辻eeI　at　Cryogenic　Temperature

Fabrication　of　Ni3Al－Base　Intermetallic　Com－

pounds　by　Unidirectional　Solid冊cation

Search　for　Group　IV別ements　Compounds
玉ncIuding　Alkaline－earth－metal　Elemen辻s

Remaining　Life　Prediction　for　Weldm㎝ts　in

FBR　based　on　Cr㏄p　Damage　Evaluation

Improvement　o£　Ther㎜a－　and　mechanical

Properties　in　Tungs辻en一］3ased　Materials

NR亘M　Creep　Data　Sheet　Proj㏄t－V

NRIMl　Long－Term　Fatigue　Data　Sheet　Projec辻一I

Control　of　the　Or三ented　Single　Crysta玉s　of　Re－

fractory　Metals　through　Solid　State　Processes

Selenium（VI　Removal　from　Wastewa士er　by　a

削uidized　Bed　Process

The　Devclopment　of　High　Streng出High冊nc－

tional　In－Si士u　Co㎜posite

Crystai　growth　and　dissoiution　mechanisms㎞

peritectic　system

ApP玉ication　oHonizatioηSeparation　Techn均ue

to　Gaseous　Proccss

Fabrication　　and　　charac士erization　　of　nano－

stmctured　materials
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39．D柵usion　Bonding　between　Transit…oηMeωs
　　　　（Cr，Fe，and　Ni）＆nd　Metals　of　Group　IV～VI

40．αadding　or　Coating　Processes　by　Utilizing

　　　　Semi－sol…d伽ocessing

如．E舵c吉of　Interfacial　D昼mage　on　the腕tigue

　　　　Crack　Propagatioηin　Fiber－Reinforced　Titani－

　　　　u胴Composite

42．Stむdy　on芝he　Near　Net　Shaping　of　a　Thick　Film

　　　　by　the　Deposi盲ion　of　Ultra狗ηe　Particies

43．DeveIopment　of　AgCu　Alloy　Sheathed
　　　　Superc㎝ducting　Wires／Tapes　with　High　Me－

　　　　chanica王S辻rength＆nd　Large　Cri辻ical　Current

　　　　Density

榊．Con室ro至o£the　In－p三ane　Tex施re　of　High－Tc

　　　　S篶percond凄cting　Thin醐㎜s　forMicrowave　Ap－

　　　　p玉iCatiOnS

45．Developme鮒of　High－T．Oxide　Superconduc言一

　　　　ing　Wires　aηd　Tapes

46．Unders重盆nding　of　the　Mechanism　of　Supercon－

　　　　ductivity　in　High　Temperature　Superconductors

47．Study㎝the　Pinning　Mechanism　ofVorti㏄s　in

　　　　High　Tempera士ure　Superconductors

48．　Fabrication　of　Intrinsic　Josephson　Junctions　and

　　　　Evaluation　of　their　Physicai　Properties

49，Characterization　and　ApPrication　of　Super－

　　　　co恥ducting　Thin刊1ms　Synthesized　by　Ato棚ic

　　　　Layer－by－Layer　and　Epitaxiai　Grow士h　Methods

50．丁欄e：High－Reso1ution　ReaレTime　Investigation

　　　　on　Def㏄t　Formation　Processes　under　Surface－

　　　　and　Interface＿reactions

51．　Understanding　and　Improvement　of　R盆diation－

　　　　Ind口ced　Degradation　in　the　Advanced　Nuciear

　　　　Materia玉s

52．h肋棚ce　of　Nuclear　Trans㎜uta士ions　oηLow

　　　　Activation　Structural　Materia－s　for　Fusion　Re－

　　　　actor　ApP玉ication

53．Iso辻ope　Sepa蝸t1on　a羽d玉亡s　App】ication亡o　M飢e－

　　　　ria三S

54．Research　on　U舳zation　Technique　of“1）ata－

　　　　Free－Way”System　for　Nuclear　Materials

55．Microstr㏄ture　Coηtro－and　M㏄hanical　Proper－

　　　　ty　of　Intermeta1三ic　Alioys　in　Ti－Ai　System

56．Deveiopm㎝t　of　Light　Weig舳冊gh　S辻reng言h

　　　　Ti2A三Nb　Ti室棚ium　Intermeta1Hc　Alloy

57．Developmen士of　Basic　Superconducting　Tcch－

　　　　nology　for　I｛igh　Fie－d　Micro－SMES

58．

59．

60．
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Energy　Conversion　Materials　Fabricated　with

Composite　Structure

Research　and　Deve1opment　of　High－Perfor－

mance　Lght　Alloys　for　Hydrogen　Storage

Developmen辻and　Total　Eva1uation　ofAdvanced

Metallic　Membranes　for　Hydrog㎝Puri丘cation

hves盲igation　of　New　Nonlinear　Optical　Crystais

for　Wavei㎝gth　Modulati㎝，Single　Crysta1

Growth　and　Princip玉e　Technology　Developmen辻

for　Optica1Devices

Research　on　Surface　Modi五cation　by　P玉asma

Source　Ion　IInp玉antation

Research　on　Quantum　Magnetic　Propcrties　and

Spinic　Func士ioηs　of　Mesoscopic　Magnetic
MatetialS

Development　of　Advanced　Shape　Memory　Th｛n

Fi1ms　by　Sputter｛ng

Creation　of　Multi－functionai　Materials　by　As－

semb1age　of　Primitive　Functions

Preparation　of　Ion　Conductors　by　Pressuriza－

tiOn

Enhanced　Durab舳y　of　StructuraI　S士eels　in

Marine　Environrnen亡

Design　of　Refractory　Supera1玉oys

Study　on　the　Processing　and　Assessment　of

Ecomater｛aIs

Forma士ion　ofAmorphous　A玉1oys　and　their　Phys－

ica1Properties

Study　on　Combustion　Synthesis　of　Useful

Interme辻allic　Compounds

The　Improvement　of　the　Intemationai　Coopera一

辻ion　in　the　Cen亡er　for　Advanced　Physical　Fields

Fundamental　Stu曲es　on　Very　High　Magnetic

Field　Generation

Materiais　Deve玉opment　through　Co鮒o1of
Phase　Transfor㎜ations　by　Higb　Magηetic　Field

Basic　Research　for　the　Contro1of　Chemica玉

Reactions　by　High　Magnetic　He1d

DeveIopmeηt　of1GHz　NMR　Spectrometer

Eva1ua辻ion　of　oxide　superconduc辻oiIs

Deve1opment　of　Mlagnetic　Separation　System

New　cryocoo】er　system　below4K　refrigera辻ion

DeveIopme羽t　of　New　Superco羽ductors　for　Nu－

C正ear　FuSiCn　USe

一2一



舶．

82．

83．

84．

85．

86．

87．

88．

89．

Ch・…t・・i・・1i・…　dC・・1・・1・fth・Opt。一

electroηic　Properties　of　Sma1玉Crys士a玉1ine　Ma辻e．

ria玉s　with　Biectron　Probe　Analysis

Aηalysis／Ev盆！ua士ion　oぎAtomic　Sca正e　Com．

pcsiticna王Ch独ge　in　Materiais　D鵬亡o　the　Radi．
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□Rese鮒ch町ogramme

Charactefization／prop甘ties

　　1　　　Investigatio110rl　Sy11t11esis　and　Characオeriza｛ion

of　Metal　Complexes　withトligh　l…lec｛ron－Spin　Mul｛iplicity

istry，spectroscopy，spin－mu玉tip玉icity

Recent　Publicatio㎜s

∬．ハαgo，X　Kαgα〃，〃∂。∬伽舳Z肋か舳∂∫．

W0た勿肋α＊，〃肋肋1∫肋畑C8DM∫ゴ0η

（＊：visiting　researcher　from　Me1ji　Co11ege　of

Pharmacy）
［April1997to　Mar曲2000］

　　Fabrication　of　molecu1ar　devices，where　one㎜ole－

culc　functions　as　one　device，is　one　of　the　most

chanenging　prOjects　in　current　and　future　science．In

a　number　of　biological　systems，such　as　enzymes，

which　can　be　considered　as　well－designed　molecu1ar

devi㏄s，㎜usuale五㏄tronicstructureshaveoft㎝been

observed　in　their　reaction　cen辻ers　where　some　meta1

ions　play　an　important　role．　In　r㏄ent　years，

phtha1ocyanines　and　theirmetai　compounds（MPcs），

which　are　industrially　important　organic　dyes，have

attracted　much　attention　in　the行e玉d　of　electronics，

nonlinear　optics，and　photosensitization　in　electron－

transfer　reaction－They　are　a玉so　of　interest　from　the

viewpoint　of　the　similari辻y　in　their　mo1ecular　and

electronic　structures　to　those　of　reac亡ion　centcrs　of

enZynユeS・

　　Wehavestudiedsome　MPcs　as　candidates　for　sびch

materials．Quite　rece洲y，we　iso玉ated　antimony（v）

一Phtha1ocyanine　complex　wi辻h　unusual　spectroscopic

and　electrochenユical　properties，which　nlight　be　ver－

satile　in　the負e玉d　of　non－1inear　oPtics，fue玉cei1s，and

so㎝一Weわave　also　s亡udied　sp㏄tmscopic　properties

of　its　one－electron－reduced　species　and　have　con－

cluded　tha辻its　ground　state　was　orbitally　doubly

deg㎝erate　un1ike　the　other　known　MPcs．
Electrochemica1investigations　further　supported　this

conclusion　and　even　suggested　that　the　grouηd　state

of　its　doub玉y　reduced　species　might　be　a　triplet；if

this　is　tme，this　species　could　be　a　uni辻of　a　new　type

of　molecular　magnets　which　can　be　applied　to

magneto－opticai　devices．The玉a搬r　suggestion，how－

ever，cou玉d　not　be　co洲rmed　due　to　chemical　instabi玉一

ity　of亡he　doub－y　reduced　spec…es－　E緬orts　are　be虹g

made　in　oじr三aboratory　to　stabi玉ize　do曲1y　reduced

species　of　this　type　of　compiexes．Our　main　purposes

in　this　projcct　are　to　make　compounds，which　gener－

ate　chemicaliy　stable，doub1y　reduced　species　and　to

verify　the　above　specuIations，

　　This　research　is　being　perfomlcd　in　coIlaborat三〇n

with　Meiji　Co1lege　of　Pharmacy．

Xeywo汕s；Phthalocyanine，antimony，e玉㏄trochem一

　　Faci1e　Reduction　of　Dichloro（phthalocyaninato）

antimony（V）Cation，Y．Kagaya　and　H．玉sago，

Chem．Lett，1994：1957－1960．

　　Spectroscopic　Properties　of　One一固ectron－Re－

duced－Species　of　Dich玉oro（phtha玉ocyaninato）anti－

mony（V）Cation，H．Isago　and　Y．Kagaya，Bull．

Chem－Soc．Jpn一，69（1996）：128玉一玉288－

　　Sy鮎hesis　and　NMR　studies　of　a　Single　Isomer　of

an　Alkynyl　S口bstituted　Binuciear　Phtha1ocyanine，H－

Isago，D．S．Terekhov　and　C－C－Lezno仔，J－Porphy－

rins　and　Phtha－0cyanines，1（1997）　：ユ35一玉40－

　　Syn辻besis　of酬chloro（Phtha玉ocyaninato）antimo－

ny（V）Perchlorate，Tetranuoroborate，and　Hexa－

Huorophosphate　and　Electrochemica－　Reinvestiga－

tion　on　the　New　Complex　Salts，Y．Kagaya　and　H．

Isago，Buil．Chem－Soc．Jpn。，70（1997）：2179－2玉85．

　　Aggregation　E脆cts　on　Electrochemica玉　and

Spec亡roelectrochemica1Properties　of［2，3，9，玉O，玉6，

17，　23，　24－0cta　（3，3　－dime出y1－　1　－butynyl）

phthalocyaninato］cobalt（II）Complex，H．Isago，C．

C，Lezno征，M．F．Ryan，R．Davids　and　A－B．P．Lever，

Bul1－Chem．Soc．∫pn一，71（1998）：玉039一玉047．

　　An　Adjacent　Dibenzo辻etraazaporphyrin：　A

StructuraI　Intermediate　between　Tetraazaporphyrin

and　Phthalocyanine，N－Kobayashi，H－Miwa，H－

Isago　and　T．Tomura，Inorg，Chem一，38（1999）：479－

485．

　　Rapid　Reactions　of　Phthaiocyanies　with　Te1lurium

Tetrachloride　in　Non－Aqueous　Solu辻ions，Y．Kagaya

and　H．　玉sago，　J－　Porphyrins　Phthalocyanines，　in

P「ess・

　　2　　Study　on　the　lmpmvement　of　Analytical　Tech一

萬ologiesforMe｛a1licMaterials

r．K0わαγ03〃，K．8ατ0，τ．K伽〃α，K．ταん肋08〃，

〃．K伽んα〃α，r．灼∫〃0んα，K．H0舳α，γ．

Wαたo榊〃o，K．Xα伽αdα，K．0gowα，8．〃o乃，K．

肋，8．肋∫εgαW0，H．Xα㎜αg〃C〃，X．肋∫εgαW0

α〃〃．ノ㎜α〃o，〃碗池1∫ア伽fc∫1）ル181o〃

［Apri至1997to　March2000］

　　Systematic　study　on　the　improvement　of　various

kinds　of　anaIytica玉technologies　has　bcen　carried　out

to　promote　the　research　and　development　of　new

metal1ic　materials．The　aim　of　this　study　is　to　in一
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crease　the　adaptable　range　of　samples　and　elements，

and　aiso　to　improve辻hc　det㏄tion玉imits　and　precision

in　the　instrumen辻al　ana玉ytical　methods．

（玉）Direct　Ana玉yses

　　①Fortheglowdischargemassspectrometry
（GD－MS），曲e　study　on　the　e脆cts　of　preliminary

d…scharge　and　prctrea士nユent　of　samp玉e　surface　on辻he

re玉ativesens｛tivityfactors（RSF）onNandChas
been　carr量ed　out．Accurate　analyses　of　n｛trogen　and

carbon　will　be　poss…ble　by　using　the　RSF．

　　②hordertodetermi鵬traceamo㎜tsofeach
analyte　in　meta玉1ic　materials　by　using　the　graphite

fumace　atomic　absorption　spectrometry（GKAAS），

direct　atomization　of出e　sa㎜pie　soIut｛on　prepared

oη玉y　by　the　ac量d　decomposition　has　been　app玉ied．

（2）Scparation　Analyses

　　①Theinduc伽elycoupiedplasmamassspectro－
metry（ICP－MS）has　been　app1ied　after　extracting　by

mi㏄llar　liqu｛d　chromatography．

　　②Highs㎝sitives1multamousdetcrminationpro－

cedure　of　tra㏄impurity　elements　in　high　purity

metai玉ic互nateriais　has　been　established　by　using　the

inductive玉y　coup1ed　plasma　atomic　emission　spectro－

metry（互CP－AES）．

（3）Microarea　Analyses

　　①互nordertorevealthesegregat1onofsmall
amount　of　cach　analyte量n　metallic　materia玉s　a　tech－

nique　of　computer－image　process量ng　has　been　apPlied

to　improve　the　resolution　of　concentration　iηthc

electron－probe　microanalyzer　（EPMA）　X－ray

imageS．

Keywords：GD－MS，GF－AAS，ICP－AES，三CP－MS，

TR－XRF，EPMA，HR－TEM
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2）　Measurement　onsotope　Ra士ios　of　Boron　and

　　　　Si玉icon　by　Glow　Discharge　Mass　Sp㏄trometry
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Hagane，85（1999）　埠0＿44．

　　3　　Co胴position，1－emp欲ature　and　Press竈re－1nduced

Structura1Changes　and　P11ysica■PrOpeぺies　of　lV－ateria■s

r．∬かαα，〃α工ε肋1∫〃畑c31）舳ゴ㎝

エApri1董998to　March2001］

　　Most　materials　undcrgo　any　structura玉change（s）

when　compositioηand　temperature　are　varied　or

pressure　is　applied，predominating　their　physical　and

e玉ectronic　properties．The　current　research　is　under－

way　focussing　on　severa玉issues　as　follows，

　　With　respect　to　structure－related　properties　ofma－

terials，it　is　of　interes亡to玉ook　into　the　octahedral

distortion　in　the　Ti02－Sn02system　based　on　bond一

玉eng出s　and／or　bond－angles．Tbe　information　on　this

distortion　mig趾help　us　in　understanding　d冊erent

and　anisotropic　compressibilities／thermal　ex－

pansivities　between　Ti02aηd　Sn02．

　　The　tempera辻ure　and　pressure　dependences　of

optic　phonons　for　some　materials　are　measured，to

search　for　any　phase　transition（s）and　to　understand

the　dynamics　of　atomic　displacements　tha辻are　rele－

vant　to　the　phase　transition．

　　γhe　mode　GrOneisen　parameters　are　de士ermincd

from辻he　frequency　changes　of　optic　phonons　on

apPlication　of　pressure　for㎜aterials．　This　encour－

ages　us　to　estimate　the　GrOneisen　parameters　when

the　corresponding　Phonons　are　changed　iηfrequency

on　a　mod焔cation　of　materials　composition，to　assess

similar　or　diss云milar　e脆cts　of　chemical　and　extema玉

pressure　on　the玉a伐量ce　distort貴ons．

　　Infrared　and　Rama舳pectra　of　Si，Ge　and　Sil．、Ge互

量ncorporated　with　oxygen　atoms　are　measured，in

order　to　study　their　structural　and　vibrat量onal　pro－

perties一

Keywords：玉attice　distortions，　Phase

phonons，infrared　and　Raman　spectra
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　　4　　　Angle－resdved　　Pho｛oe，ectron　　Spec彬oscopy

Study㎝S竈rfaceStructures帥dElectronicProperties

〃．∫〃㎜o∂α，〃肋肋18肋畑c3DM8f㎝

［April1998to　March1999］

　　On辻he　basis　of　s辻ruct服e　studies　with　photoe王ec－

tron　di征rac辻ion1’2）and　STM3），synchrotron　radiation

photoelectron　　spectroscopy　　（SRP1≡＝S）　has　bcen

performed　to　investigate　the　surface　s辻oichiome辻ry　of

the　S一言erminated　GaAs（001）一（2×6）phase．Photo－

emission　sp㏄tra　ofGa3d，As3d　and　S2p　core正evels

at　various　temperatures　are　analyzed　with　a　leas辻一

squares　curve丘杖ing　Procedure　to　extract士he　con鮒i－

bution　fro㎜the　surface　compositio羽．　The　S2p

spectra（Fig．1）are　satisfactori玉y　described　with　a

single趾ting　curve　aηd　show　a　sign節cant　decrease　of

辻he　peak　intcnsity　with　increasing　the　substrate　tcm－

perature　up室o530oC，which　gives　rise　to　a　transition

of　the　surface　reconstruction　from　the（2×6）to　a（2

×3）　phase　by　releasing　the　centraI　pair　of　the　ive

dimersユ）．　The　Ga　3d　spectra　（列gI2）are　de－

composed　in辻o　a　buIk　conlponent　and　more　than　one

surface　componen亡s．0ne　ofthe　surface　components，

which　is　at士rib耐ed　to　a　Ga－S　bond，decreases　in

accordance　wi曲the　change　observed　i羽the　S2p

spectr盆一　As　for　the　As3d　photoemission　spectra

（Fig－3），no　surface　component　associated　with

As－As　dimers　is　observed，and　moreovcr，no　signi丘一

cant　change　fonows　the　transition　to　thc（2×3）

phase，These　resu玉ts　strongly　support　the　model　that

each　pair　of　the丘ve　dimers　in　the（2×6）reconstmc－

tion　consis士s　of　S．S　dimers1）’ヨ）．

Xeywords：Synchrotron　radiation　photoe1ectron

spectroscopy，GaAs，su正fur－termina士ion
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　　5　　着valu州on　of　Stωcれres　w冊Trace　Element
A11a1ysys

〃、肋k㎜0㎜C〃α〃W．∫∫ん欣0Wα，〃倣r〃8
P妙∫fC∫〃洲0〃

星Apr1l1998to　March2000〕

　　An　app1ication　of　trace－eiement　aηalysis　to　the

iden湘cation　of　compounds　has　been　studied　in　this

research　project．UsuaHy，Precise　measurements　of

COnCentratiOnS　On　SeVeral　elementS　are　neCeSSary　tO

identify　chemica玉compounds－Natural　ores　and　ma－

teria玉s　produced　with　practical　purposes　contain　trace

elements　with　concentration　less　that1wt％as　im－

pur1ties－　It　becomes　easy　to　identify　materials　by

anaユyzing亡hese　trace　e正enユents．　Because　qualitative

or　semi－quantitativc　analysis　of　on1y　one　or　two　kinds

of　elements　can　be　expected　to　give　satisfactory

resu1ts　for　the　iden鮒cation　of　ma辻erials，

　　The　feasbi1ity　to　use　X－ray　images　of　EPMA　for

this　purpose　has　b㏄n　s辻udied　with　a　numerica1simu一

玉ation　nユethod　on　the　spacial　resolution　and　on　the

pr㏄ision　of　mearurement　of　concentration．　Thc

trace－e1ement　ana1ysis　is　expected　to　give　a　new

simp玉e－rapid－precise　method　for　the　ident欄cation

and　for　the　formation　of　map　of　meta玉1urgical　struc－

tureS．

Keywoぷs　l　trace－eIement　ana玉ysis　of　metanurgical

stmc辻ures，EPMA，computer　image　analysys　of
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X－ray　image

　　6　　Coating　of　Photocathode　and　l＝undameI1tal1n－

vestigationofPhotoelectr㎝E胴issi㎝fro顯しaser111u一

獺inated　Photocathode　for．lIEM

τ．K肋oτoo〃〃■㎜α〃o，〃ατθ肋1∫1〕伽jc∫
1）加ゴ3joη

［Apri〕999to　Marcお2002］

　　The　higher　brightness　electron　source　improves

high　reso1曲on　microscopy，e玉㏄tron　ho玉ograph，m三一

croscopic　u玉timate　ana1ysis，coherent　e玉ectron　micro－

d冊raction　and　so　on　in　a　transmission　electron　mi－

croscope（TEM）一　For　this　reason　a　Laηthanum

hexaboride（Lal≡；‘）tip　whose　br三ghtness　is　about10

times　bigher　than　a　conventiona玉Tungsten　hairpin

tip，was　deve玉oped　for　a　thermionic　emission　type

eIectron　source　in　the　1980’s．　I羽the　玉990’s　a角eid

emiss云on　type　e－ectron　sourcc　whose　brightness　is

about1O一玉OO　times　higher　than　LaB6tip　source　was

developed　for　practical　use，which　enables　us　to　per－

form　electron　holography．

　　I－s　estima辻ed士hat　a　pbotoca亡hode　of　high卯an－

tum　e搬ciency　illuminated　by　a玉aser　beam　could　be

an　e玉ectron　source　for　TEM　whose　brightness　is玉00一

玉000times　higher　than　a　neld　emission　type　e玉ec枕on

source．AfewpurelyfundamentaIresearchcshave
been　perforn1ed　on　the　characteristics　of　iaser　il一

玉uminated　photoca辻hode　so　far，b耐few　fundamental

researchcs　　on　　the　　pract量ca玉　1aser　　illunユinated

photocatbode　for　TEM　or　other　instrum㎝ts　have

been　carried　on．I士is　necessary　for　the　development

of　the　practical　photocathode　to　devise　a　special

method　to　coat　photoca辻hodes　such　as　Cs3Sb　onto迂he

top　of　a　cathode　tip，because　their　quanturn　e欄ciency

dccrease　rapidly　just　as曲ey　react　chem｛ca玉1y　to　small

amoun辻of　oxygenI）．　R　is　aiso　necessary辻o　coo玉

e茄ectively　the　laser　i玉1uminated　photocathode　in　the

high　vacuum　aηd　high　voItage－

　　In　the　present　research　the　fuηdanユental　experi一

㎜ent　is　aimed　in　order　to　get　da亡a　for　the　deve玉op－

ment　of　a　practical　photocathode　type　electron

source，a　new　type　h｛gh　brightness　elec辻ron　source　for

TEM．For舳s　purpose，we　wiil　verify　the　e舵c士ive－

ness　of　出e　devised　method　of　coatiηg　Cs3Sb

pho辻ocathode　by　vacじum　evapora亡ion　and丘nd　the

best　coa辻ing　con砒i㎝．We　will　measure辻he　temper－

ature　of1aser　illuminated　pho辻oca曲ode　which　is

cooled　with　a　devised　method　for　many　experimental

conditions－　　The　e術ect　of　temperature　of　室he

photoca辻hode，shape　of　the辻op　of辻he　photocathode

tip，environ工nentai　vacuurn　and　cathodc　voltage　on

the　beanl　current　of　the　photoe1ectron　from　the　laser

舳m㎞a辻ed　photocathode　wil1be　also　exa㎜ined．We

w…1－use　the　Argon　ion　laser　and曲e　speciauy　designed

devises　which　werc　aiready　made　to　carry　o疵the

presenげunda㎜enta－research．

Keywords：high　br｛ghtness　e玉ectron　source，trans－

mission　e玉ectron　証nicrOscope　（TEM），　coating　of

Cs3Sb　on　cathod　tip，quaηtum　e箭ciency　for　photoe一

玉ectric　e脆ct，iaser　i】lumination，Argon　ion　laser，

vacuum　evaporatioη，　coo1ing　of　iaser　ii1umina辻ed

photocathode
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　　Laser玉i1uminated　High　Cwrent　Photocathodes，L．

R．Danielson，C．Lee　and　P．E．Oettinger，ApPlic＆一

tions　of　Surface　Sc｛ence，工6（1983）：257＿267．

　　フ　　Developme榊P㈹gram　of　New　High　Presswe

Techniques帥d　ln惚stigati6n　of　New　Magnetic　Co棚一

po㎝dsandthei〃hysicalP岬酬ies
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1）ゴソ加fo〃

〔ApriI1996to　March1999］

　　We　have　pursued　for　a　number　ofyears　a　research

prcjcc支in　high　pressure　physics，centering　around雀he

physical　properties　of　magnetic　intermetai1ic　com－

pounds．One　of　the　objects　was　Pr－Ba－Cu－O　com－

pounds．We　investiga辻ed辻he　e脆c芝ofpressびre㎝the

supercond鶯cting　transition　tempera辻ure　Tc　of　the

superc㎝ducting　Pr！Ba2Cuヨ07．δ（Pr123）and　fo㎜d

the　pressure　coe鮒cie好t，dTc／dP　is　positive　and　ex－

tremeiy　large．This　w盆s　in　contrast　to　the　previous

resu1ts　for（Y，Pr）玉23，iηwhich　large　negative　vaIues

ofdTc／dP　had　been　reported－It　was　surprising　tha辻

a　compound　with　the　same　chemica－composition

showed　an　opPosite　pressure　dependence．In　addition

we　found　that　the　e術ect　of　oxygen　re－ordering　on　Tc

was　not　observed　in　superconducting　Pr工23whereas

it　is　rem盆rkable　in　Y123．We　also　investigated　the

pressure　e肝ects　on　the　e玉ec士rica玉resistivity　of　PrI1三…盆2

（Cu，M）40罫withM・・Ni，Zn－PrlBa2Cu40罧doesnot
exhibit　supercoηductivi雀y　but　shows　a　in辻eresting　pre－

ssure　dependeηce　which　re舵cts　its　characteristic

transportmechanism．Wefo㎜dthatthe　substituti㎝
e肝ects　were　qu三te　d欄erent　between　Ni　and　Zn，which

was　interpreted　as　a　d術erence　of　substit耐ion　site．

Ano出er　objec盲was　the　pressure三nduced㎜e辻ai－

iηsu玉ator　transition　in　CuIr2（S，Se）4－Last　year　we

carried　ou辻a　X－ray　d附rac室io篶measurement　under

high　pressurc　and1ow　temperature　using　aぷamond

anvil　ce1玉and　obセained　an　evidence　that　a　struc亡ural

tranSfOrmatiOn　giVeS　riSe　tO　the　metai－inSuIa辻Or　tran一
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SitiOn．

　　In　these　research　projects　we　main1y　used　a　piston－

cylinder　type　pressure　ccll　and　a　cubic　anvil　for

generating　high　pressure．The　maximum　pressure

obtained　with　these　high　pressure　technique　is　gGPa．

In　the　new　reasearch　project　started　from　this　fina－

ncial　year　we　are　aiming　at　higher　pressures　and　will

develop　a　new　high　pressure　technique　using　a　dia－

mond　anvil　ce11．We　are　planning　two　programs．

One　is　a　program　to　develop　a　technique　of　electricaI

resistivity　measurement　in　a　diamond　cell．Another　is

a　X－ray　dif『raction　measurement　at　low　temperatures

using　a　diamond　anvi1cell．

　　In　this　new　project　we　pursue　another　rcscarch　that

is　to　explore　new3d－compounds．　1n　the　former

project　we　found　some　new3d　intermeta1lic　com－

pounds　in　which　the　magnetic　behaviors　strongly

depend　on　heat　treatments．We　will　investigate　the

origin　of　these　phenomina　and　will　search　for　new

materials　that　exhibit　simi1ar　propcrties、

Keywords：high　pressure，magnetic　materials，high－

Tc　superconductor
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　　E価ects　of　Pressure　on　the　Electrical　Resistivity　of

Iodinc－doped　Po1yacetylene　A，Matsushita，K．

Akagi，T．一S．Liang　and　H．Shirakawa，Synthetic

Metals，in　prcss．

　　Evidence　from　High－Pressure　Experiments　that

PrBa2Cu30x　is　a　Normal　Yba2Cuヨ0x－1ike　Oxide

Superconductor，J．Ye，S．Sadewasser，J．S．Schilling，

Z．Zou，A．Matsushita　and　T．Matsumoto，to　be
pub1ished　in　Physica　C．

　　The　Physical　Propcrties　of　the　New　Quaternary
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Ishida，T．Naka，A．Matsushita，J．Ye，T．Shishido

and　T．Fukuda，to　be　published　in　Physica　B、

materials　are　sensitive　to　their　nanoscale　microstruc－

tures　and　interfacial　structures．　Thus，micro－

structural　characterizations　of　metallic　materials　in

less　than　a　nanomcter　scale　resolution　is　essential　for

understanding　the　mechanisms　of　various　novel　pro－

perties　in　materia1s．　This　project　aims　to　obtain

better　understandings　of　the　under1ying　mechanisms

of　mechanica1and　magnetic　properties　of　meta1lic

materia1s　by　characterizing　microstructures　of　ad－

vanced　materia1s．For　this　purpose，we　emp1oy　the

atom　probe　neld　ion　microscope（APFIM）technique

which　is　capable　of　ana1yzing　local　chemical　compo－

sitions　with　an　atomic　reso1ution．　Unlike　other

analytical　techniques，it　can　detect　a1l　alloying　ele－

ments　including　light　atoms　such　as　Li，Be，B，C，N

and　O　which　often　make　key　ro1es　in　contro1ling

materials　properites．　By　making　use　of　a　three

dimensional　atom　probe（3DAP），it　is　poss言ble　to

map　out　elementa1distribution　in　a1loys　in　a　three

dimensiona1rea1space　with　a　near－atomic　resolution．

For　complementary　microstructura1characteriza－

tion，conventiona1transmission　elcctron　microscopy

（TEM）and　high　resolution　e1ectron　microscopy

（HREM）techniques　are　a1so　employed．0ur　re－

search　interests　include　nanocrysta1line　magnetic　ma－

terials（Fig．1），magnetic　thin　mms，amorphous　and

nanocomposite　alloys，microstructures　and　phase

transformation　in　steels　and　aluminum　alloys　and

other　industrial　metallic　materials．

た

　　8　　Atom　Prob6Microanalysis　of　Advanced　Metallic

■、’1ateI・ia■S

K．Ho〃o，〃αfε肋1∫1〕伽∫た∫1州∫1o〃

エApril1996to　March2001］

　　Properties　of　metallic　materials　are　controlled　by

microstructures．Convcntional　structural　materials

such　as　stee1s，aluminum　a1loys，intermetanics　and

supera1loys　are　al1strengthcned　by　contro1ling　t1leir

microstructures．The　microstructural　scale　of　meta1－

lic　materials　are　becoming　smaller　and　sma11er，and

many　microstructures　in　the　modem　industrial　mate－

rials　are　in　a　subnanometer　sca1e．Magnetic　pro－

pertics　and　other　functional　properties　of　metallic

Fig．1　｛a〕TEM　bright　field　image　and（b〕3DAP　map　of　Nd　and　C］atoms　of　a　Nd一．5Fe冊．田

Br囲．占Cu□．望meit－spun　alloyannealed　at53『C　for1Omin．Nanocrys廿all「ne　FeヨB　part「oles日re

dispersedin1heamorphousmalrix．Cuol］stersarevisiblerndirectoo□1ao1with

indMsual　Feヨ昌partioles，sugg昌sting　thaHhe　FeヨB　primary　orystals　a廿e　heterogeneo］sly

neoleated　a〔he　sj士島of　C］olust創s一Thjs　oon廿jb山es廿o　refjn昌menl　ofthe　FeヨB／Nd！「e蜆B

□anooompos1te　magnet，and　the　resu11ant　magne苛io　propert≡es　are　s：gn≡f「cant■y　improved．

　　Part　of　tl1is　project　is　conducted　in　collaboration

with　the　Frontier　Researcll　Center　for　Structural

Materials．The　most　up－to－date　reports　of　this　pro－

ject　can　be　found　in　the　following　WWW　site1

　　　　http：／／inaba．nrim．go．jp／ap丘m

Re1別他d　Paper

　　K．　Hono，　“Atom　probe　microanalysis　and

nanOSCa1e　miCrOStruCtureS　in　metalliC　materialS”
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（OVERVIEW），Acta㎜ater，47（玉999）3127一

　　9　ApPlicati㎝o｛伽Hi曲MagneticFie1dto伽
0ptical　Research　on　l－ow　l〕imensiona1Syste獅s

G．K肋，且K肋zαwα，r。醐㎜励，8．吻，r．
rαんα朋α舳，〃．0∫乃汰肋，τ．乃7α∫〃榊α，■．Gofo，

K、乃如加〃α，∬．肋Z〃肋，X．肋α〃αたαα〃∫．

Kατo，肋畑cαげropθ肋∫1）j洲oη

【Apr1l　I995to　March　I998］

　　The　quantum　e征ect　is　one　of　the　most　interesting

凶enomena　in　the　so玉id　sta辻e　physics　and　known　to　be

remarkable　in　low　dimensionai　systems．The　high

magnetic餐eld　is叩ite　e脆ctive　to　investiga士e　these

magnctic　systems　s量nce　it　contro玉s　the　degree　ofquan－

tum　e舵ct，We　bave　constructed　the　optical　research

equipments　to　study　in　the　high　magnetic丘elds　of　the

hybrid　magnet，the　hi幽　伺e玉d　superconduct云ng

magnets　and　the　pu玉sed丘eld　magnets，which　are

provided　in　the　High　Mlagnctic　Fieid　Research　Sta＿

ti㎝of　NRIM．We　h盆ve　applied　the　syste㎜亡o亡he

optica1research　on玉ow　di㎜ensiona玉systems，

　　One　of　our　topics量s　the㎜agneto－optical　studies　on

the　spin＿Peier玉s　cornpound　in辻he　far＿infrared　region．

The　spin－Peierls　辻ransition　occurs　in　the　one－

dimensional　S＝1／2spin　system　with　He量senberg

antiferro　interaction，which　follow　a　lattice　distortion

due　to　the　dimerization　of　spin　sites．　This　phase

transition　has　been　found　in　severa玉organic　conduc－

tors（TTF－cUB0T，MEM（TcNQ）2etc、）and　inor－

ganic㎜aterials　CuGe03．An　incommensurate　lattice

正noduia辻ion　is　caused　by　thc　another　phase　transition

underおigh　magnet｛c行eld　around13T　for　CuGe03

and20T　for　MEM（TcNQ）2－optical　studies　are
usefuI　me辻hod　in　investigating　the　structura玉change．

We　have　f㎝nd　an　new　foldcd　phonon　mde㎝
CuGeOユ，which　the　proof　of　the1attice　dimerization．

Moreover，the　split　of　the　fo玉ded㎜ode　was　found　in

the　incom㎜ensurate　phase　for　the　nrst　time．This　is

the　new　phcnomenon，so　further　investigation　is

needed　to　clarify　the　m㏄hanism　in　more　detaiL

　　The　integer　and　fractiona玉Quantum　hall　e脆ct

were　aIso　investigated｛n　two－dimensiona1eiectron

systems　of　semiconductors．The　accura辻e　transport

measurements　were　performed　at　very　low　tempera－

tures　in　high　magnetic丘elds　so　far．Rece舳y，op辻ical

methods，such　as　a　photoluminescence　and　a　cycIo－

tro羽resonance　have　attracted　much　attension　as　one

of辻he　method　for　investigating　the　Quantum　hall

system，We　performed　the　magnetoluminesc㎝ce

experiments　in　the　hi幽mob砒y　samplc　of　GaAs／

AlGaAs　heterostructures　and　CdTe／CdMgTe　quan－

tum　we1玉up　to25T　aro㎜d400mK．We　found　very

comp玉icated　optical　spectra，originated　from　the
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many－body　e伍ect，　Moreover，tbe　anomalous　varia－

tion　of　the　poIarization　wcre　obscrvcd　around　the

刷1i㎎factor　becomes　un1ty　in　cdTe／cdMgTe　Qw．

Far－infrared　traηs㎜ission　experiments　were　also

perfor㎜ed　up辻o玉8T．The　coupling　cyclotron　rcso－

nance　through　the　coulomb　interaction　was　observed

cleary　in　the　temperature　dependence　o㍑he　cyclo一

辻rOn　reSOnanCe．

Keywords：high　magnetic　fie1d，optica1studies，low

dimensiona玉system，spin－peierls，Quantum　ha11e価㏄t

Relate6P盆pers

　　Magneto－opticaI　mesuremen辻s　of　CuGeOヨin　far－

infrared　region，K．Takehana，Ml．Oshikiri，T．

Takamasu，M1．Hase，G．Kido　and　K，Uch｛nokura，J．

Magn．Magn．Mater－177＿I81（1998）699．

　　Far－Infrared　Spectroscopy　in　Spin－Peier玉s　Com－

pound　CuGe03under　High　Mlagnetic　Fie玉ds，K．

Takehana，T．Takamasu，M．Hase，G．Kido　and　K，

Uchinokura，submitted　to　Phys．Rev．B．

　　Cyc1otron　Resonance　in　High　Mobi胱y　CdTe／Cd

MgTe2D　Eiectron　System　at　In暁cr　Quantu㎜Hall

Regi㎜e，Y，Imanaka，T－Takamasu，G．Kido，G．

Karczewski，T，Wojtowicz　and　J．Kossut，Physica　B

256－258（1998）457、

　　10　　Studies　on　the　■一1ighly　Corチe■ated　l…1ec廿on

Syste測s　unde芋Multiple　Ex彬eme　Conditions

G．K肋，肋畑cα1〃opo吻1）加f∫’o〃

＝Apri1玉995to　Mar曲2000］

　　The　high1y　corre玉ated　e1ectron　systems　such　as

high－Tc　cuprates，heavy　fermion　compounds，organic

metals，and　mesoscopic　systcms　have　been　the　most

importa耐subject　in　material　science．The　strong

e玉ectron－e玉ectron　correia辻ion　is　essen辻ial　in　under－

standing　those　fascinating㎜aterials　and　aiso　for　their

future　apPIications．　The　magnetic行eld　is　a　very

powerfu1亡ool　to　explore出eir　physicaI　properties　and

electronic　stmcturcs，especially　wheηit　is　combined

with　other　experi㎜ental　environments　such　as玉ow

辻emperatures　and　higb　pressures．At　the　early　s辻age

of　the　projec辻，we　dovoted㎜os辻of　our　eκorts　to　the

development　of　high－precision　magnetic　and　trans－

pOrt　measurement　syste㎜s　to　be鮎ted　w舳various

high一胞d㎜agnets　insta玉1ed　at　the　NRIM　and　ex－

panded　our　experimenta玉access　to　mui辻ip玉e　extreme

conditions，high　ields　up　to36T，low　temperatures

down　to25mK，and　high　pressures　up辻o20kbar．In

the　las辻stage　of曲e　proj㏄t，we，con辻inuing　the　im－

provemen辻of　those　sys辻e㎜s，concentrate　more　on

their　apP玉ication　to　researches　in　the　highly　cor一



rc玉ated　electron　systems．

　　The　main　achievements　of曲c　year　are　as　follows．

（1）Cu－Be　high－pressure　ce玉is　deve玉oped　for　the20T

supercond独cting　magnet　and　dilution　refrigerator

．system　has　extensive三y　been　used　to　s伽dy　the　pres－

sure　dependence　of　the　Fermi　s口rface　in　the　heavy

fermion　compounds，CeRu2Si2，UPt］，and　CeCo2as

weu　as　the　bulk　quan榊m　Hall　e㎜㏄t　in　organic

㎜eta1s．Wehave　also　initiated　an　investigati㎝of士he

Kondo　semiconductor　CeNiSn　under曲c　muitiple
eXtre王ne　COnditiOnS．

（2）The　search　for　quantum　osci1玉ations　in辻he㎜ixed

s辻a辻e　of言ype－H　supercond鶯ctors　has　been　continued

and　we　have　s口cceeded三n　observing　de　Haas－van

A玉phen　oscma言ions　in士he　A15superconductor　V3Si

down辻o11．4T　below　Hc2．Our　resu1ts　sugges宣that　a

con榊c辻between　two　Previous　reports　may　be

attributed　to　domain　forma言io擁due　to　a　structural

phase　transition－The　present　resu玉ts，together　with

our　previous　data　on　the　bcrocarb｛de　s口perconductor

YNiユB2C，o征ers　a卯antitative　basis　for辻heoreticai

considerations　of　sti1玉　controversiaI　origin　of　士he

quantu㎜osci玉玉a辻ion　in　the　mixed　state．

Keyworδs：high　magnetic　翁eld，1ow辻emperature，

high　pressure，highly　corre玉ated　e玉ec辻ron　system

Re1ated肋pers

　　d珂vA　E脆ct　Study　of　the　Meta㎜agnetic　Transi－

tions　in　CeRu2Si2ムTransi辻ion　Behavior　of　the　dHvA

Oscmations，H，Aoki，M．Takashita，T．Matsumoto，

S．Uji，T．Terashima，K．Maezawa，R．Settai　and　Y．

0nuki，in　Physics　of　StrongIy　CorreIated　Electron

Systems，JJAP　Series11（19xx）：3－5．

　　FOrmatiOnOfaCbjralSurfaCeS重ateandin亡erlayer
conduction　in　a　bule　quan辻um　Han　sys辻em，S．Uji，C．

Terakura，M．Takashita，T．Terashima，H．Aoki，J．S．

Brooks，S．Tanaka，S．Maki，J．Yamada　aηd　S．

Nakatsuji，Phys．Rev．B601in　press．

　　Fermi　Surface　Study　of盲he　A15Superconductor

V．Si，T．Terashima，C．Terakura，S．Uji，H．Aoki，J．

s－Qualls，D－H．Hail，J．s．Brooks　and　T．Fukase，

Proc．4th　In辻一Sy㎜p，Adv一肺ys．Fieids（19xx）：215－

217、

exhibit　superconductivity，coiossal　magnetorcsist－

ance，metal－insu玉ator（M－I）transition，etc．　One　of

言he　interesting　probiems　of　these　materia1s　is　that　the

e1ectronic　state　di術ers　from　the　conventiona三Fermi

liquid．　I言　is　obvious　that　the　e玉ectron　correiation

shou1d　pIay　an　impor辻ant　role　inまhe　anomalous　me－

tailic　state．　So　far，㎜uch　work　has　been　focused　on

the3d　transition－element　oxides，w舳e4d　or5d

transition－eler蘭cnt　coInpounds　have　not　been　paid

much　attention　because　of　the　weal（er　e玉ectron　corre－

iatiOn，

　　Recently，　it　was　found　that　the　spine1－type

cha1cog㎝ide　CuIr2S4exhibits辻he　M－I　trans｛辻ion　at

about230K，which　is　associated　with　a　structura玉

phase　transition　from　a　cubic　to　a　tetragoηaI　symme－

try　with　decreasing　temperature．More　inter－
estingiy，the　externa玉pressure　stabi玉izes　the　insu玉ating

phase，while　according　to　the　general　band　theory，

the　ex言ernal　pressure　enhances　the　overlap　of亡he

rela重ed　orbita】s　and1eads　to　a　tendency　cf　mc亡aηiza＿

セion．The　mechanism　of　the　M一玉transition　of

CuIr2S4is　still　an　open　question．　0rdering　ofcharge

on　thc　Ir　site　caused　by　the　electron　corrc1ation

between5d　elcctrons　is　o鵬possible　ofigin　of　the　M－I

transi辻ion．0ur　aim　is　to　clarify　the　crigin　of　anom－

a玉ous　physical　properties　of　CuIr2S4and　understand

the　electron　cOrrelation　extensive1y　by　detai玉ed　exper＿

imental　research．

　　We　wil1丘rst　of　ali　synthesize　the　spine1－type

Cuτ2×4（τ：5d　transition　ekment，X1S　and　Se）

compounds．nen，　the　samp1es　wm　be　we玉i
characterized　by　the　X－ray　d冊raction，electrica玉re－

sistivity，magnetic　susceptibi肚y　and　specific　heat，e士c－

The　physica玉properties　will　be　measured　under　vari－

ous　conditions（esp－high　pressUre　and　high　magnetic

坦eld）一Some　spectra1measure㎜ents　should　a】so　be

Carried　Out　tO　inVeS辻igate　the　meChaniSmS．　Fina1玉y，

we　wish　to　enlarge　and／or　enrich　the　understanding

of　e玉ec辻ron　correlation　system．

KeyWOrδS：metal－inSuiatOr　tranSitiOn，e1CCtrOn　COr－

re1aセion，5d　transition　eIement，chalcogenides

　　12　　Research　for　the　l〕evelopment　of　a　New　Type　o｛

Semicondoctor　Radiation　Detector

　　11　　　Study　on｛he　unusuaI　rne重allic　state　and　elec匁on・

ic　struct鮒e　of　magne｛ic111aterials

H．K肋zαwα，〃畑cα11〕roρθ肋∫1）舳foη

［Apr11至998to　March200童］

　　The　discovery　of　high　Tc　sむperconduc辻…ve　cuprates

has　stimulated　much　i赦erest　onまhc　physics　and

chemistry　ofvarious　oxides　and　chalcogenides，which

T．ταたo㎜・舳，1〕妙8たα1〃oρ8肋∫刀1洲oη

［Apri11999亡o　March2003］

　　三n　recent　years，intensive　s楡dies　to　deve玉oP　room

ten－Perature　radiation　detectors　have　been　per－

formed．　Especia玉iy，semiconduc言or　de亡ectors　are

though士to　be　suitab1e　candida盲es　for　the　sma玉1and

sensitive　detector．　However，conventional　semicon－

ductor　detectors　have　a　few　impor辻a鮎weak　poin辻s．
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One　of　these　is　that　it　is　di鮒cuit　to　purify　the　crysta玉

to　get　loηg　enough　mean　free　path　of　electron．To

avoid　such　di欄culty，we　propose　a　new　type　of　radi－

ati㎝de亡㏄torwh1chdir㏄的腕nsferthegenerated
electron－hole　pairs　into　visible　light．　For　the　basic

study　of　this　new　type　of　detector，we　adapt　In－V

semiconductors　wi辻h　rare　earth　i㎜purity．

　　γhere　are　many　combinations　of　materia玉s　of玉ILV

semiconductors　and　rare　ear出．　At　present，we　are

study㎞g　bas｛c　properties　ofYb　doped　InP　and　GaAs

using　visible　optica玉measurement　system　under　high

magnetic撮eld－Among　these，we　found　Yb　doped

InP　shows　very　strong　Photohminescence　（PL）

signal－　E脈ciency　of　this　PL　suggests　that　the　rare

ear亡h　impuriせy　has　corre1aせion　wi曲semiconductor

band，which　is　not　ciari胎d口p辻o　now．　To　specify

the　physical　origin　of　the　PL，we　are　studying　mag－

netic舵玉d　depcndence，which　can　resolve　a　PL　peak

in辻o　several　peaks　pecu1iar　to　the　inηer　modc　of　rare

ea舳atom．We　think　it　is　import棚t　to　clarify　the

p鳥ysical　mechan量sm　to　ind　the　best　combiηation　for

亡he　radiation　detectors．

　　For　the　devdop㎜en辻of　the　detector，we　plan　to

search　the　best　combination　using　crystal　growtb

technique　and　study　basic　physics　of　rare　earth　rdat＿

ed　PL　at　the　same　time．　Furthermore，to　enhance

the　e棚ciency　of　the　detectivity，Processing　crystals

｛ntO　nanOmeter　size　structu1二e　is　pianned．

Keywo地s：Radiation　Detector，　Semiconduc辻or，
Optics

　　13　　Thermodynamic　A籟alysis　of　l＝orm刎ion　Pmcesses

o｛Metastab1e　a縢d　Stable　Phases

H．0〃o加γα，〃．0伽〃㎜o，〃．8〃榊o〃o，rノ加

α〃G．”，Co閉μ肋oηα1〃肋肋18胴ε舳Dム
沁ゴ0〃

〔Apri1至997to　March2000］

　　Awiderangeofmicrostructuraicontrolcanbe
rea玉ized　through　metastable　structures　using　the　tran－

sition　process　from　amorphous　s官ate　to　crysta玉iine

state．　For　the　e脆ctive　utilization　ofthese　metasta－

ble　phases　to　improve　mechanica玉properties　of　mate－

rials，it　is　necessary　to　revcal　the　transition　process

from　metastab玉e　to　stable　phases　on　the　heat　treat－

ment．　The　target　of　this　sωdy　is　to　make　ciear　the

formation　process　and　the　microstruc辻ure　of　mctasta－

bie　phases　and　the盲ransition　process　from　metastable

to　stab王e　phases　by　experimeBtai　observations　and

mOleCular　dynamiCS　SimulatiOnS．

　　The　microstructure　of　Co－Al－O舳n刷ms　which

exhibit　sof士　ferromagηetic　and　superparamagnetic

properties　have　been　studied　by　transmission　electron

microscopy（TEM）and　s㎜au　angle　X－ray　scattering

（SAXS）・In　thc　superparamagnetic　specimens，high

resolution　ekctron　microscope　i㎜ages　show　that

iso】ated　spherica】Co　par言ides　are　surrounded　by　an

amorphous　a王u㎜inum　oxide　matrix．　However，in

the　soft　ferromagnctic刷㎜s，the　shape　of曲e　Co

particles　is　prolate　enipsoidal．　SAXS　intensit量es

from　the　soft　ferromagnetic　specimens　decrease　in－

VerSdy　With　the　WaVe　VeCtOr　in　the10W　WaVe－VeCtOr

region，whi玉e　an　inter－Particle　interference　peak　has

beeηobserved　in　thc　superparamagnet云c　specimens．

The　scattering　pro脳es　of辻he　soft　ferromagnetic冊ms

impiy　tbat出e　Co　par辻iclcs　have　a　cy玉indrical　shape

and　are　randomly　oriented，

　　The　transition　process　ofTi－Al　amorphous　a1正oys　is

studied　by㎜o玉ecu玉ar　dynamics　simuia士ions　in　view　of

the　correlat｛on　between出e　nucleation　site　of　crystal－

line　phase　and　the　structural　and／or　compositioηa1

月uc辻uatioパn　the　amorphous　structure　for　the　under－

standing　ofthe士rans…tion　mechanism　in　the　atomistic

sca玉c．　　　Liquid－to－amorphous　　　transition　　　and

amorphous－to－crystal　transition　process　of羽一Al

anoys　are　investig＆ted　by　using　constant－pressure，

constant－temperature　molecular　dy舳mics　tech－

niques．　Maηy－body　interactions　semi－e㎜piricaily

determined　by　Embeddcd　Atom　Method　are　used，

Thermodynamic　properties　obtained　in　the　simuIa－

tions　are　in　good　agreement　with　experimental　meas－

urements－　Especia1玉y，the　present　simulation　can　re－

produce辻he　experime鮒a1玉y　observed　concentration

range　of40－85at％AΣfor　a㎜orphous　formation．

Structure　analyses　havc　rcveaIed　that　amorphous

Ti－Al　alloys　formed　by　rapid　cooling　consist　of曲ree

regions，the　region　having　crystalline　connguration　of

atoms，thc　region　having　an　icosahedral　co蝸guration

and亡he　morc　disordered　region　having　relative玉y

large　free　voIume．These　出r㏄　regions　form

medium－range　stmcturcs　of　naηometcr　scale　which

seem　to　be　dose玉y　corrcla亡ed　w舳the　stmctural

nuctuation　in　the　an↑orphous　structurc　and　nuclea－

tion　site　of　the　crystaHization．

　　The　microscopic　mechanism　of　the　martens泊c

transformation　from　a　metastable　fcc　ph＆se　into　a

stabie　bcc　phase　in　Fe－Ni　ailoys　has　been　a玉so　s辻udied

by　using曲e　isob＆ric－isotherma玉molecuiar　dynamics

tec㎞ique－We　have　found曲at　a　pair　ofinterfering

vort6x　type　displacement　of　surface　atoms　evolves

into　aηuc玉eus　of　mar辻ensite　under　a　free　boundary

condition，whi－e　the　physicai　process　is　aiways

masked　by　a旬ctitious　transformation　induced　by　the

deformation　of　the　mo玉ecuiar　dynamics　cdl　under　a

periodic　boundary　condition．

Keywords：metastable　structures，　Co－A王一〇　舳n

films，small－angie　X－ray　scattering，　molccu三ar　dy一

鰍mics　simuiations，mediu阯range　s辻ruc鮒es，
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Mitani　and　H，Fujimori，J．App玉ied　Phys…cs，Vo玉．82

（1997）：5646－5652．
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　　14　　New　Phenomena　in　l」1故athin　Magnetic　Fi1ms　and

Mωtilay跳Systems

X．∬αα〃∂γ！Voηo㎜〃α，Co伽ρ〃α〃o〃α1〃α犯r’一

α1∫。Scfθηc81）加f∫ゴo〃

王Apri1旦997to　March2000］

　　Micromagnetic　theory　formulated　in　the　lasけwo

years　is　developed　for　mu玉ti1ayered　structures　of　al＿

tcrnate　anisotropy　directions．　Especially　hystercsis

Ioops　during　τnagnetization　reversal　processes　are

ca玉cu玉ated　numer量cal1y　for　systems　of　tri1ayer　mag－

netic　materiaIs　having　an　in－P玉ane　anisotropy　defect

between　two　perpendicular　anisotropy　layers．　The

shape　of　the　hysteresis　ioop　depends　crucially　on　the

magnetic　parameters　and　the　thickness　of辻he　in－p玉ane

layer．　The　sum　of辻he　anisotropy，exchange　and

Zeeman　energy　is　also　pursued　in　accordance　with

the　reversal　processes．When　the　energy　required

for　the　magnetization　reversa1is　plotted　as　a　function

of　the　defect　layer　thick鵬ss，the　energy　accumulated

in　the　defect　indicates　maximai　value　where曲e

nucleation　field　bifurcates　from　the　field　necessary　for

the　entire　magnetization　reversa玉一

Keywords　u1trathin　magnetic　m㎜，　surface　ani－

sotropy，spin－reorientation　transi亡ion，micromag－
netiCS

　　“Mag㏄tization　hystercses　in　triIayer　systems　with

an　in－p玉ane　component　defect’’，T－Yorozu　and　X－

Hu，J．App1．Phys．86（1999）：1581．

　　“Spin　reorientat｛on　in　ultrathin　magnetic　ilms　wi辻h

norma1surface　anisotropy”，X．Hu，Condensed
Matter　News，7（1998）：18。（invited　review　article）。

15　　Comput飲simulation　on　the　vortex　states　and

phasetransitio糀soけigh－T．s叩erco池ctorsunderan
external　magI1etic　fie1d

X．Hαα〃∂γ．Wo〃o閉〃α，Co伽ρ〃o〃o〃o1〃1o胞r’

α188C立ε〃CεDjソねf0η

［Apri〕999to　March2004］

　　Using　Monte　Carlo　simu玉ations　we　have　computed

the　phase　diagram　of　a　rotator　model　of　the　S0（5）

symmetry　between　antiferromagnetism（AF）and

d－wavesuperconductivity（SC）。Abicritica玉point
is　observed　at　a　nnite辻empera辻ure　where　the　second－

order　AF　and　SC　transition玉ines　merge　tangentially

into　a丘rst－order1量ne．　The　S0（5）theory　in　an

extema玉magnetic舵Id　is　a工so　inves辻igated，and　the

foilowing　fea施res　are　c1ar冊ed：The　long－range　SC

order　is　estab玉ished　through　a　丘rst－order　freezing

transition　of　the貴ux－Iine　lat士ice（FLL）；The　FLL　of

玉ong－range　SC　order　and　the　long－range　AF　order

coexist　at　appropriate　S0（5）一symmetry　breaking

丘elds；Vortex　cores　are　of1arger　AF　ampli辻udes　than

e玉sewhere．

　　The　mcchanism　of　the　FLL　melting　for　the　mag－

netic£eld　a1ong　the　c　axis　is　clar鮒ed．　From　our

simuIation　it　becomes　clear　that　the　or｛9in　of　this

melting　transition　is　the　entanglement　of　flux　lines．

The丘nite－size　sca玉ing　ofthe　melting　temperature　Tm

is　found　to　be　consistent　with　the　one－dimensional

character　of　the　mechanism　of　the　FLL　melting．

Keyworδs：　high－T．　superconductivity，　antifer－

rOmagnetiSm，VOrteX　State，舳X一玉ine　i鮒iCe　melting
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　　16　　A　Comp泌er－Simu1atioη　Study　of　the　Plastic

l）eforma｛ion　of　Crysta1s

K．K伽舳oκ，Co仰伽肋〃α1〃肋肋1∫8cjθ〃cε
1）加f3fo〃

［April1997to　March2000］

　　With　use　of　computer　s㎞ulati㎝s，the　pres㎝t

study　aims　to　e玉uc｛date　how　the　m云croscopic　forces

and　displacements　of　atoms　deveIop　into　a　macro－

scopicplastic　deformation．Wemadea　simulatorby

which　we　carry　out　mol㏄ular－dynam云cs　simulations

o㍑ensile　tests　for　meta玉s　w搬simp玉e　crystal　struc－

tures－The　many－body　万ノ〃　（embedded　atom

model）potential　which　reproduces　bo曲the　cohesive

energy　and　the　eiastic　constants　ofα一ハθis　apPl｛ed　to

construct　sa王nple　crysta玉s．

　　Under　no　periodic　boundary　condition，molecular－

dynamics　simulations　of　tensiIe　tests　were　performed

at　various　temperatures　forα一肋single　crystals　com－

posedofabout2X104to7×104ato王ns．　Thercsults

are　as　follows．　According　to　test　conditions　such　as

sample　connguration，test　temperature，and　pulling

speed，various　types　of　deformation　mode　were　ob－

served　as　listed　below・

a）p玉astic　deformation　and　neck云ng

　b）　forl＝nat量on　and　deve玉oprnent　ofcrack（cleavage）

c）9enerat呈on，9rowth，and　connection　of　voids

　　　　（dimple　fracture）

　d）　Primary　recrysta－lization

e）combination　of　the　above

Here　the　mode　a）and　b）are　also　observed　in　the

sma1l　systems　composed　of　about玉04atoms．　All　of

the　above　deformation　modes　have　been　observed　in

reai　experi王nen亡s，so　it　can　be　said　that　larger　samples

can，compared　to　sman　ones，reproducc　more　realis－

tic　resu玉ts　in　the　molecular－dynamics　simu玉at云on　of

tensile　test－　A1士bou飲deinite　explanation　for　the

present　relat…on　between　the　test　condit…ons　and　the

res砒ant　deformation　modes　is　not　made　at　moment，

there　seems　to　be　some　tendencies・Thc　sma1玉er　the

pull｛ng　speed，the　larger　the　revers｛on　speed　in　the

plas士ica1玉y　deformed　samples．　Crack　for㎜ation　and

deve玉opment　is　prone　to　take　place　for　lower　test

tempera施re，smaller　pumng　speed，and　deeper　notch

dep出一

Keywo冊s：p玉astic　deformation，atom量stic　model，

molecular－dynamics，α一肋

17　　1，lum飯ical　Simula｛ioP　o｛Phase　Separation

1V。■んα肋α，Co榊ρ〃α〃oηα1〃α犯〃α188c加〃cθDゴー

ソ畑0η

エApri〕998to　March2001］

　　Phase　separation　of　two　phase　mixtures　has　been

observed1n　a　variety　of　systems．Wben　the　str㏄一

tures　of　the　two　phases　are　thc　same，the　d岨use

interface　model（the　Cahn－Hi1玉iard　model）has　been

used　for　tbeoret｛cal　and　numerical　studies．　In伽s

case，the　free　energy　of　the　systenユis　composed　of　a

singie　curve　with　two　minima。？he　Cahη一Hilliard

model　geηerates　interconnected　spinodal　struc辻ures

at　the　critical　composition，and舳s　sp量noda玉struc一

施re　is　stab1e．　At　oκ一cr三tical　compositions　sp｛nodal

structure　initialiy　generated　is　unstable－M1orpholog－

ica1transit量on　from　the　spinoda玉structures　to　a　set　of

isolatcd　par士icles　occurs，

　　When　the　structures　of亡he　two　phases　are　d欄er－

ent，the　free　energy　of辻he　system　is　composed　of　tw0

di冊erent　curves．　In　this　case，iso玉ated　partic玉es　are

formed　by　nucleation　at　any　quench　positions，so　that

spinodaI　decomposition　does　not　occ町．　After　the

nucleation　stage　the　partic玉es　grow量n　supersaturated

solu辻i㎝s，When　the　supersaturation　beco㎜es　sman

or　the　vo玉ume　fraction　of　the　particle　phase　becomes

almost　constant，large　particles　grow　at　the　expense

ofsma1玉particles．　This　process　is　known　as　coarsen－

ing　or　Ostwa玉d　ripening，and　the　sharp　interface

mode玉isびsed　for　tbeoretical　and　numerical　s辻ud｛es．

　　In　the　late　stage　of　phase　separation，both　of　the

phenomena　are　driven　by　reduction　in士otal　surface

area　through　di術usion，resulting　in　an　increase　of　the

average　domain　size－It　is　weil　known士hat曲e　scal－

ing　laws　hold　in　the玉ate　stage．For　example，the

structure　functions　sca1ed　by辻he　characteristic　length

become　time　indep㎝dent．We　have　fo㎜d　that　an

一玉3一



of　the　qua玉itative　fea辻ures　in　the　structure　function

for　the　spinodal　structure　generated　by　the　Cahn－

H舳ard　mode－and　a　set　of　isoiated　particles

generatcd　by　the　sharp　interface　modeI　arc　the　same

even　though　the　domain　stmctures　are　quite　di脆rent。

　　玉n　this　project　we　perform　numerical　simulations

of　phase　separa辻ion　a士the　critical　compos｛tion　using

the　Cahn－mlIiard　modeいn　two　di㎜ensions，The

simulations　are　performed　using　two　methods　for

p玉aciηg　the　init｛a玉concentration　on　the　mesh　points－

The行rst　method　places　the　initiai　concentration

using　a　random　number　generator．This　initial　co外

dition　generates　the　interconnected　spinodal　struc一

辻ure，The　second　method　places　iso玉ated　particles　in

辻he　compu辻ational　cell．　玉n　this　case，曲e　concentra－

tion　is－on　the　mesh　points　inside辻he　particks　and一

玉outside　the　particles．We行nd　that　the　s辻ru伽res

consisting　of　isoIated　particies　are　also　stable．　This

suggests　that　theCahn－m1玉iard　model　has　two　stable

se玉f－simi玉ar　so1utions　at　the　critica玉composition一

Keyworδs：Spinodal　decomposition，Nじcleation　and

grow士h，Struc士ure　funct｛on

　　18　　Theoretical　s汕dy　on　atomic　di升usion　and　e1ec－

tI・OniC　State＝n棚etal　OXideS

r．∫ωα〃，Co伽μ伽jo〃α1〃倣池1∫∫cfε〃cεDM3jo〃

［Apri11999辻o　March2002］

　　Theproperties　ofmetaI　materiaIs　change　by　expos－

ing　its　surface　to　air、　γhe　shiny　surface　of　stee玉win

corrode　if　it　is　not　taken　care　of　correct1y；the　rus士

willbemade．0n　the　other　hand，aluminum　surface

can　be　protected　by　covering　its　surface　by　a－umina．

Ail　these　phenomena　occur　by曲e　oxide　formation．

The　study　on　the　oxide　formation　on　the　metal　sur－

faces　has　a玉ong　history．　It　contains　not　only辻he

phenomenologica－anaiysis　ofthe　formation　processes

bu士also　the　modeI　for　the　atomic　d冊usion　and曲e

chemica玉reaction．　Nevertheless，the　microscopic

theory　on　the　oxide　formation，especial1y，based　on

the　electronic　theory　has　not　been　availab玉e－　Previ－

ous　studies　have　revealed　that　the　oxide　formation三s

govemed　by　the　atomic　di榊sion　between　oxides　and

the　interior　buik　metal．　At　this　stage，辻he　di腕sion

of　atoms　occurs　w舳the　help　of　vacancy　or　self－

intersti辻ial　and　their　electrOnic　s辻ates　have　sign搬cant

in舳ence　to　the　di汗usion．　The　present　study　aims　to

elucidate　the　di肝usion　processes　of　atoms　in　the

oxides　including　defects　theoretically，based　on　the

s士ate－of－the－ar辻computation　techniques；the　Hrst－

princip玉es　electron…c　structure　caicuIation　nユe辻hods　in

terms　of　the　density－functional　formalism－　Thanks

to　the　deve－opment　of　high－performance　computers

and　the　progress　in　the　computational　technique，the

modern　eiectronic　theory　can　be　successfu玉玉y　appl｛ed

to　the　nユaterials　to　cxpiain　and　predict　various　phys－

ica玉properties．However，there　are　stilI　some　un－

reso1ved　prob玉ems－　The㎜etai　oxides　are曲c　cases－

This　s施dy　includes　the　investigation　to　exp1ore　how

far　the　present　e玉ectronic辻heory　can　be　apPlied　in　the

metai　oxides．The　computa辻ions　are　performed　on

the　Numericai　Material　S量mulator　System　installed　at

NR互M，which　consists　ofNEC－SX4／20and　IBM－SP
2／16．

Keywords：㎜etai　oxides，di肝usion，electronic　s辻ate，

丘rs辻一Princip玉es　theory

19　　Theory　o｛Thermal　Reac言io竈on　Solid　Sur言aces

r．0伽o，Co榊ρ〃α肋〃o1〃αθ〃α1∫∫c加ηcθ1）舳一

3オ0〃

［Apri11994to　March2000］

　　The　therma1reactions　on　so胴surfaces　p］ay　impor－

tant　roles　in　various　surface　processes　incIuding

epitaxial　growth，etching，aηd　catalysis．　The　pur－

posc　of辻h量s　work　is　to　c玉arify　theoretically亡hc辻her－

mal　reaction　processes　on　several　so胴surface　sys－

tems　such　as　se㎜iconductor　surfaces　and　metal　sur－

faces．　The　analysis　is　based　on　the　density－

functionai　e1ectronic　theory　within　local－density　ap－

proximation，which　provides　a　powerfuI　too1辻o　deter－

mine　the　dynamical　behavior　as　weil　as　the　stab玉e

atomic　arrangement　of　solid　surfaces－

　　The　optimum　atomic　arrangeme赦of　the　Ga－rich

GaAs（OO1）一（4×2）reconstructcd　surface　has　been

theoretica－ly　inves亡igated－It　is　shown　tha辻the　Ga－

rich　GaAs（00玉）surface　consists　of　two　Ga　dimers

on　the　top　layer　and　another　Ga　dimer　at　the　third

layer　and　that　the　simulated　images　of　scanning

tunneling　microscopy　are　in　good　agreement　with　the

obscrved　ones．

　　The　interaction　of　ch1orine　mo1ecu玉cs　wi辻h　the

reconstructed　GaAs（OO玉）surfaces　has　been　ex－

amined．　Chlor三ne　is　one　of士hc　most　important　hal－

ogcns　used　in　the　semiconductor　etching　Processes．

The　stabie　geome中es　of曲e　GaAs（001）surfaces

chiorinated　by　chlorine　molecules　have　been　deter＿

mincd　theoretica1玉y，which　are　co洲istent　with　recent

tempcrature　programmed　desorp亡ion　measurements．

　　Recent玉y，the　e脆ct　ofhydrogen士ermination　on　the

Si　MBE　homoep虻axy　has　been　investiga辻ed．　The

adsorption　of　a　Si　atom　on　the　monohydride

terminatedSi（001）一（2X玉）surfaceisfoundto1ead
toformationofaSiH2speciesbycapturingHatoms

fro㎜thc　substrate　Si　atoms－The　migra辻ion　ofthe　Si

H2adatom　is　assisted　by士he　re玉ease　and　capture　of　H
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atoms，being　reduced　compared　w舳that　on　the　bare

Si　surface－　The　e脆ct　of　steps　on　the　d岨usion　of　Si

adatoms　has　been　aIso　examined　on　the　H－term量nated

Si（00玉）surface，which　is　found　to　be　qua眺atively

si㎜i玉ar　to　tha士on　tbe　b設re　Si　surface．　Consequently，

the　reduction　of　the　Si　diκusion　by　the　hydrogen

tern－ination　Inay　have　disruptive　e肝ec辻s　on　the　Si

homoepitaxy．

Xeywoぶs1structural　stabi肚y，chemisorption，reac－

t｛0n，soIid　surface

Re1娩dP叩erS

　　First－princip1es　S士udy　on辻he　Ga－rich　GaAs（OO1）一

（4×2）Surface，T．0hno，Surf．Sci．357／358（1996）

256＿269．

　　Theory　of　Adsorption　of　C12Molecules　on　GaAs

（OO1）Slユrfaces，T－0hno，Surf．Sci．357／358（1996）

322＿326．

　　Adsorption　and　D冊usion　of　Si　Atoms　on　the　H－

Ter㎜inated　Si（001）Surface：S｛Migration　Assisted

by　H　Mob砒y，J－Nara，T－Sasaki　and　T－Ohno，Phys－

Rev．Lett．79（1997）：4421－4424．

　　Theory　ofAdsorption　and　D附usion　of　Si　Ada亡oms

on　H／Si（100）Stepped　Surfa㏄s，工Nara，T．Sasaki

and　T．0hno，J－Crysta玉Growth20玉／202（1999）
77－88．

Construction

　　20　　1〕evelopment　of　unification　Syste閉　for　■〕is廿i－

buted　Materia1s　Sci釧tific　Da｛a　洲1izi口g　Networking

I…nViOrnn，en言

〃．〃加fα〃〃．8αたα㎜o工o，Co榊μ肋oηo1肋一
τθれα13∫c加〃cθ1）fΨゴ3foη

［April1995辻o　Marホ2000］

　　Researches　with　a　view　of　deve1oping　new　eva玉ua－

tion　techno玉ogies　ofτnateriais　streng辻h　through　the

u舳zation　of　the　ma辻erials　sc｛en蜥c　databases　are

being　conducted．　The　empirical　systematization　ap－

proach　based　on　the　combining　the　scien辻i丘c　under－

standing　with　the　empirical　one　for　materiai　strength

was　successfu玉for　the　development　of　the　fatigue　life

prediction　procedure　in　many　heat　treated　structural

s辻㏄ls，which　constructs辻he　new　empirica1e卯ations

re1ated　to　the　characterized　虻e江ns　of　mater｛a玉s　by

creating　the　ex辻r＆cted　data　set　from　the　factuaI

database．

　　To　app1y舳s　systematization　approach　for　other

materiaIs　properties　and　to　use　more　e蘭ciently　other

materials　informations，we　are　deveIoping　the　proto－

type　of　new　un閉cation　systcm　u舳zing　a　networking

enviroηmen辻and　treating　many　d冊erent　type　of　ma－

teria玉s　sc三en倣c　database，which　are1ocated　on　many

d冊erent　sites　bound　with　a　network　syste㎜such　an

INTERNET．
　　Thedevelopedsyste㎜，DIMNET（now　only　usabIe

in　japanese　version）wiu　be　soon　accessible£or　some

limited　internet　users　thr㎝gh　WWW　browser　such

of　”aterials　lnfor固ations

⇒
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as　NETSCAPE．
　　Figure　shows　thc　systematic　iHustratioηfor　this

research　projcct．

　　The　systematization　apProach　using　this　sys士em　is

also　being　conducted　for　the　time－dependent　creep

rupture　properties　for　heat　resisted　stee玉s．

　　γhis　research　is　being　performed　in　co玉1aboration

with　FUJI　RESEARCH互NSTITUTE　CORPORA－
TION．

K㊥ywords：証nateria玉s　properties　predic辻ion，database，

networking

　　21　　1）eve1op洲ent　of1〈nowledge　l〕atabase　for　Hi曲一

Tc　Supe＝conductirIg　Materials

γ．ム〃α，Co閉ρ〃α肋α1M肋7fα18cjθηcε1）肋一
∫ゴ0〃

［Apri〕995to　March2000］

　　Wehavedevelopednumer1caldatabase　forhigh－Tc
oxide　superconductors，　All　the　data　in　it　are　extra－

cted　from　the　papers　reported　in　journals．γhe

system　has　bee羽　reconstructed　using　“orac玉e”　as　a

DBMS　in　orderto　c1ear“Year2000problem”and　to

improve　for　valuable　web－usage．　γhe　URL　of　the

ho㎜e　pagc　is“http：／／asagiri．nrim．9o．jp’’．

　　The　papers　contain　many　useful　information　as

we1玉as　numericaI　da辻a．These　information　are　writ－

ten　in　text　style　in　abstract，summary　or　conclus｛on一

夏n　this　project　we　study　how　tg　acquire　usefuil　infor－

mation　from　the　paper　and　how　to　construct　a

knowledgebasc　uscful1for　researchers．　For　these

purpose　wc　introduced‘matisse’and‘REX’as　a　main

software．　These　are　object－oriented　database　man－

agement　system（0DBMS）．Using　these　ODBMS
we　are　developing　proto辻ypc　of“Information　Acqui－

sition　System”．　τo　know　what　kind　of　information

are　inciuded　in　the　paper　is士he　impoれant　factor　for

thesystem．Wemade曲esaurus，especialiy　semantic

thesaurus，dictionary　in　the遍e玉d　of　high＿Tc　super＿

c㎝ductors（HTSC）．We　can　classify　information

according　to　thcir　usage　using　the　hesaurus　d量ction－

ary－　As　a　by－product　we　made　word－database　for

HTSC　and　opened　it　through　intemet．“Word－

database”contains　the　word　of“JIS　H705”．

　　We　have　also　developed　database　of　standardized

da辻a（our　original　data）for　typical　high－7c　cuprate

superconductors－　In　this　project　we　measured

superconducting　properties，Hall　coe餓cient，thermal

conductivity，thermopower，speci£c　heat　for　YBa2

Cu408bulk，T12Ba2CaCu20z　single　crystaI，Pb2Sr2Y

0．5Ca　O．5Cu30z　bu玉k，and　Y1lla2Cu307sing1e　crys－

tal．　These　data　are量nputted　into　the　database　witb

the　da辻a　of　sampIe　characterizat…on　and　measuring

co羽dition．　One　can　access　to　the　database　through

the　home　page　mcntioned　above一

Keyword：oxide　Superconductors，database，know－

ledgebase，net　work

Re12ted　PaperS

　　Database　Deve1opment　in　Assistance　of　New

Superconducting　Materials：Y．　Asada　and　E．

Nakada：J．Jpn，Soc．Information　and　Knowledge

（in　Japancse），5（玉995）：57－64－

　　Prcd呈ct量on　of　Tc　for　YBa2Cu30z　Doped　w舳Ca

Using　Neura1Network，Y．Asada，E．Nakada，S．

Matsu㎜oto　and　H．Uesaka，J．Superconductivity1O

（1997）：23－26．

　　22　　　Fundamental　Studies　o｛　｛he　Mic＝obiaI　Reaction

with　lnorga11ic　Co胴pounds

ノ．■oκ，脇c加肋α1〃oμ仰1）j洲oη

［Apri〕996to　March1999］

　　Certain　species　of　microorganism　accelerate　the

aqueous　oxidation　of　metals　and　iηorganic　com－

pounds．　These　are　caned　chemolithotrophic　bacte－

ria　and　have　p玉ayed　an　important　ro1e　in　mining　to

extract　meta玉valuab1es　from　orc．Much　e腕rt　has

been　done　to　c玉arify　and　controi　the　potential　usefu1－

ness　of　m…crobiology　in舳s　fie1d．　However，the

i斌erfacial　process　of　the　interaction　between　the

m云croorganism　and　the　inorganic　compound　is　stii1

not　su服cieηt玉y　understood－　To　c1arify　this　ambigu－

ous　point，as　a行rst　step，we　previously　investigated

the　character云stic　of　thc㎜icrobial　oxidat量o■of｛ron

su1丘de　　（Pyrite　　FeS2　　and　　pyrrhotite　　Fel一亘S）・

γhiobaccilus　ferroxidans，a　typical　microorganism　of

the　chemolithotrophic士ype，was　applied　in　this　study．

The　rcsuit　showed　the　signi丘cant　catalytic　inHuence

of曲e　microorganism　in　the　oxidation　process　inc玉ud－

ing　the　secondary　so玉id　phase　on　the　surface．

　　We　are　subsequently　trying辻o　clarify　the　role　of

the　crystallographic　orientation　of　the　su柵de　on　the

reaction　m㏄hanism　of　the　bacterial　oxidation；rep－

resentative　pla羽e　orientations　of（100）and（11王）of

pyrite　were　adopted　for亡his　purpose－Microbia1ox－

idation　of洗e　sulnde　surfacc　was　carried　out　in　an

acidbacteria玉solut｛onofpH2．3withH2S04ingK
medium　during4weeks　at30℃．　At　the　beginning

sma1玉amount　of　Fe2＋was　added　for　energy　source　of

themicroorganism－It　was　shown　by　SEM　measure－

mcnt　that　the（m0）plane　would　be　more　corros云ve

than　the（1玉1）P1ane　because　of　the　quant量ty　of辻he

pittings　associated　with　the　oxidat量on＝tetfagonal

（Rg－1A）and辻ypica玉1incar　pittiηgs　of　cubic　on　the
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（100）（Fig．lB）and　rod　type　pittings　on　the（H1）

plane　（Fig．2）、　Subsequent玉y，to　examine　the　ear玉y

st盆ges　of　the　oxidation　AFM　observation1n　tapping

mode　at出e　pyri辻e　surface　was　carried　out．　As　is　in

Fig．3Auntreated（玉00）surfacc　was　distinguished　by

a　reguiar　array　of　round　humps　at　AFM－After30

hours　oxidation　the　round　humps　disappeared　and

etching　pi辻s　were　produced　by　the　oxidation（Fig．3

B）。　Figs．4A　and4B　iilustrate　the　results　of7days

and　玉5　days　oxidation，respectively．　互t　was　es－

ti㎜a辻ed　that　these　pits　are　developiηg　to　becoming　as

is　in　Fig－1A　and1B．

　　The　resu玉ts　obtained　here，at　the　sa㎜e　time，wil1be

received　wide　application　to　soive　the　environmental

problems　by　the㎜icroorganism；bacterial　corrosion

of　the　metais　or　acidic　drainage　of　the　c玉osed　mines．

Xeywords：chemolithotrophic　bacteria，Thiobaccilus

ferroxidans，　interfacial　process，　redox　potentiai，

SEM，AFM

23　　1＝atigue8ehaviαand　Microstructure　of　Meta1s

F〃o〃o，〃θcんo肋α11〕仰θ〃θ∫〃洲oη

［Apr1l1999to　March2002〕

　　When　pure　metals　are　subjected　to　cyc1ic　plastic

strains，they　may　harden　or　soften　depending　on　their

initial　s辻ructures．Thus，metals　in　the　ameaIed　sta辻e

usua1玉y　become　harder　while　those辻hat　are　cold

worked　genera1ly　sof士en．　Such　a　fatigue　softening

or　hardening　i羽　deformation　resistance　can　be

detected　by　corresponding　changes　in　indentation

hardness，How　stress，damping　response　a－nd　the

cyc玉ic　s辻ress－strain　response　of　the　ma亡eria玉．

　　Fatigびe　da江nage　process　develops　preferentia1玉y　at

the　sites　of　cyclic　strain　localization－　As　a　direct

consequence　of　strain　locaIization，therefore，crack

nuc玉eation　occurs　and　crack　growth　proceeds　in　the

material．

　　In　order　to　understand　changes　in　the　deformation

resistance　and　the　strain　localization　during　fatiguc，

we　must　study　the　dis1ocation　struc辻ure　as　well　as　the

surface　slip　pattem　associated　wi曲cyc玉ic　deforma－

tion　process．　It　is　also　necessary　to　clarify　any　obvi－

ous　corre1ation　between　thc　interior　dislocation　struc－

ture　and　the　surface　s玉ip　band　structure－

　　We　examined　the　fatigue　behavior　in　pure　nickei

and304stainless　steel　with　FCC　structure．　SPeci－

men　was　bar　type　of80mm　tota1玉ength　with4mmφ

and8mm　gauge　length．Fat三gue　tests　were　carried

out　a辻a　frequeηcy　of4Hz　in　the　load　control　mode

and　a　stress　ratio　of　R＝O．1or一玉at　room　tempera一

施re．

　　In　fatigue　of辻he　work　hardened　materials　under　R

x－1，the　fatigue　softening　existed　typica1玉y　in　pure

nicke玉，but　it　did　not　occur　言n　304　stainless　s士ee玉．

UnderR二〇。1，no　fatiguesofteningexis辻edinboth

n－ateria玉s．　互n　fatigue　of　anneaIed　ma辻erials　under

both　s辻ress　ratios，the　fatigue　hardening　existed　in

both　materials．

　　玉n　the　fat｛gue　softened　pure　nickeI，the　micrOstruc一

ωre　was　mainly　subgrain　formation．玉n　the　fatigue

hardened　pure　nicl（el　under　R＝一1，the　loop　Patch

formation　was　observed　in玉ow　stress　ampli施de，

wh云1e　the　subgrain　formation　was　observed　in　high

s辻ress　amp玉itude一　互n　the　fatigue　hardened304st盆in－

1ess　stee玉under　R＝一玉　oriented　d量slocations　and

stacking　faults　were　recognized　in　iow　stress　amp玉i－

tude，while　cell－like　structure　with　high　dislocation

density　cxisted｛n　high　stress　amplitude一　γhe　reason

why　no　fatigue　softening　occurred　under　R＝一1in

work　hardened304s辻ainless　steel　is　considered　that

cross－s玉ip　deforma辻ion　was　d術cult　due　to　iower

stacking　fau1ts　energy－

　　Based　on　the　above　results，Particular　attention　is

paid　on　the　fatigue　behavior　aηd　n〕量crostructure　in

niobium　and　molybdenum　with　BCC　str㏄ture，We

exaπnine　detai玉s　of　the　surface　slip　band　structure，

dis－ocation　arrangemcnt，crack　nucleation　and　their

relations　during　fatigue　deformati㎝．We　compare

the　character三stics　of　fatigue　da㎜age　process　in　BCC

crystals　with　those　iηFCC　crysta玉s．　玉t　is　possible　to

reveal　the－nechanis王ns　of　fatigue　softening　and　hard－

ening　behavior。

Keywords：fatigue　soften云ng，　fa迂igue　hardening，

StreSS　ratiO，miCrOStruC施rC

24　　Fatigue　Strengtトin　a　Corrosive　Environ繭ent

R．肋閉α〃o，肋c加〃jco11〕岬θ肋∫D舳1o〃

［April1997to　March2000］

　　Fatigue　crack　is　nucleated　a玉ong　Persistence　slip

bands，persis辻ent】二uders　bands（1≡■L二Bs），or　at　grain

boundar三es　where　slip　bands　impinge．　Thc　nuc－

1eatcd　fatigue　crack　propagates　over　two　successive

stages－stage　玉　（shear　江node）　and　stage　II　（normai

mode）．

　　To　improve　the　resistance　to　corrosion　fatigue

cracking　which　is　sensitive　to　microstructures，we

must　clarify加st＝the皿echanisms　of　how　corrosive

environments　assisげatigue　damages　in　the　processes

such　as　microstructure－sc棚itive　stage三crack　initia－

tion　and　transition　of　fatigue　crack　growth　from

stage　I　to　s辻age　n－　The　present　work　was　concemed

with　determining　the　crysta1玉ography　of　cyclic　defor－

mation　of　iron　single　crystals　and　age－hardenab玉e　AI－

2wt％Li　a1玉oy、
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　　The　specimens　of　a　gauge　section　of2，0mm　in

舳ckness×4．Omm　in　width×6．0mm　in　length，

oriented　for　two　fold　s玉ip　deformation　were　c耐from

a　sheet　of　single　crysta】s　of　iro犯．　The　axis　of辻be

spec｛men　was　ciose　to　［O13］。A　ciosed　玉ooP

servohydrau玉ic　machine　was　used　under　grip　distance

control．　The　grip　distance　was　measured　by　a

SHIMAZU　di脆rentiai　transformer．　The　total

strain　mea棚the　re玉ative　displacement　of辻he　grips

divided　by　the　gauge1ength　of曲e　specimen－　Fa－

tigue　tests　were　carried　out　in　air　and　in　a3，5pct

Naαaqueous　solution　at　a　cathodic　poten辻ial　of－

1一玉V　against　Ag／Agαrcference　electrode　at295±玉

K，using　a　sinusoidal　wave　with　a　frequency　of　l　Hz，

a1oadra辻ioof一ユ，andatotalstrainof5X玉0…3．

Specimens　were　im㎜ersed　in　a3．5pc辻NaCl　aqueous

solutionfor86．毎ksatacathodicpotentia玉of－1．1V

against　Ag／Agαbefore　being　fa辻igued，　The　inter－

fcrence　optical　microscopy　of　s玉ip　band　con汽guration

on　the　surface　of（03玉）showed　that　hydrogen－related

environments　a術ect　the　dislocation　distrib曲on　of

single　crystal　iron．　The　present　result　seems　to　cor－

respond　to　the　observation　of　highly　dense　disloca－

tions　of　hydrogen－charged　Fc－3．5pct．Si　singic　crys－

ta玉S．

　　The　experimental　result　that出e　transition　of　fa－

tigue　crack　growth　from　stage　I　to　stage　II　is　ac－

celerated　in　a　hydrogen－related　environment　was　dis－

cussed　in辻erms　of的drogen　induced　disiocation　muL

tiplication　near　a　crack　tip，The　microstructures

less　susccp士ib】e　to　environmenta1damages　was　ex－

amined　in　a2．5％H2S04aqueous　solution　at　a
cathodic　current　density　of一玉OmA／cm2，using　ten－

sile　or　fa晦ue　specimens　of　coarse　grain　of　Al－2wt％

Li　allOy．

Xeywords：s辻age　I　and　II　crack　ini辻iation，　en－

viron㎜enta玉damage，fatigue　strength

　　25　　1〕ynamic　Micros汐uctuぎa1Change釧d　Mecha糀ical

Proper寸ies　in　Ceramics　a｛トli酌Te燃p跳a仙res

K．∬かogo，〃εcんα〃jcα1〃oρε〃θ∫1）舳joη

［Apri〕998to　March2001］

　　Most　of　polycrystalline　ceramic　materials　show

plasticity　at　high　temperatures　under　the　aid　of　grain

boundary　sliding　accommodated　by　matter　transport

through　or　across　the　boundaries－　The　fai玉ure　of

such　accommodation　at　localized　boundary　regions

leads　to　the　occurrence　of　intergraηular　cavities，

which　grow　into　facet　sized　oncs　and　coalesce　to　form

in辻ergranu玉ar　microcracks－　This　s辻udy　aims　to　get

basic　information　on　microstmctural　factors　reIating

to　such　defOr証nation　and　fracture　processes．　Special

a搬ntion　is　p玉aced　on　the　e脆cts　of　dynamic　micro－

structura玉ch盆nges　on　const｛tutive　behavior　and　cav－

ita亡ion　damage　during　dcformation　at　rclatively　low

士ensile　s亡resses（σ／E＝10…4），at　te㎜peratures滅gher

than玉600K．The　fo1玉owings　are　w舳in　thescopeof

辻he　present　study一

（1）modeling　of　dynamic　grain　growth　in　alumina

and　relating　ma辻er三als　w泌and　w量thout　s㏄ond

phases1an　analysis　based　on　strain　energy　stored

during　deformation　and　its　deple辻ion　through　grain

grOW曲and　CaVitatiOn　iS　underWay．

（2）microstructural　aspects　of　deforma辻ion　in　zirco－

nia：the　e術ects　of　intergranular　segregation　and／or

sma11amounts　of　a　silicate　are　under　examination

using　HRTEM　and　creep亡csts，where　cOncu「「ent

tensile　s士rains　at　gauge　portioη　can　be　raoni辻ored

directly　wi辻h　a　reso玉ution　of5μm　using　an　optical

eXtenSOrneter．

（3）cavi辻y　nuc玉eation　and　growth　behavior　in　materi－

als　with　second　phases：stereological　analysis　of

cavity　size　distrib口tions　is　undertaken　to　get　basic

informa辻ion　on　the　c冊ects　of　second　phases　on　the

elemental　process　of　intergranular　damage．

（4）tensi1e　failure　in　superplastic　ceramics：the　oc－

currence　of　microcracks　fo1玉owed　by　final　failure　is

under　examination　in　connection　wi士h　such　micro－

structural　changes　as　dynamic　grain　growth　and　the

precipitation　of　glass　phases　at　multiple　junctions，

stress　cOncentratiOn，relaxation　of　stress　by　di肝usion，

and　crack　extension　behavior．

Keywords：Partic玉e　dispersion，amorpho鐵s　phase，

grain　growth，tensile　creep，cav｛tation，m｛crocrack，

modeling

　　26　ドrac犯re　M㏄hanis獅of　Welded　S舳c榊e　of

StainIess　Steel　at　CryogeI1ic　Temperature

τ．0gα肋　o〃d　τ　γ〃f，〃εc乃α〃cα1〃oμ〃θ∫

1）ルf8joη

［April1999せo　March2002］

　　玉ηthe　apP玉ica辻ions　of　cryogcnic　techno玉ogy，therc

areprojectsofc㎝structinglargcscalefacilitiesof

superconducting　magnets　a〕iWid　he玉ium　te㎜pera－

ture（4K）and　clean　energy　to　tr狐sport　and　store

li卯id　hydrogen（20K）．It　is　very　important　to

evaluate　the　mechanica1properties　of　the　materials

includiηg　weld　meta1s　in　prac辻ica玉environmen辻to

keep　the　re1iabi玉ity　of　large　scak　structurcs　used　at

cryogenic　temperatures　and　in　hi幽magnetic　neld．

It　is　required　to　comprehend出e㎜echanical　pro－

perties　such　as　coηtinuous　data　of　fracture　toughness

from　room亡emperature　to　li卯id　he玉ium　temperature，

and　a玉so　to　clarify　the　e征ects　of　hydrogen－9as　envi一
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ronment　a辻1ow　temperatures　on　deformation　and

fracture　bchavior　of　s辻ructural　materia玉s　for　the

design　of　structure　and　seIcction　of　materials－　Espe－

ciany，hydrogen　embrittlement　at玉ow　tempcratures

in　the1arge　scale　structures　of　stainless　steels　is　an

important　subject．In　this　study，we　are　going　to

carry　out　high－cycle　and　low　cycIe　fatigue　tests　on

stainkss　steel　weids　with　delta　ferrite　but　less　we1d

defects　and　c玉arify　the　e茄ects　of　bri杖1e　structure　on

fatigue　properties，carry　ou辻the　J－evaluation　tensile

辻ests　by　round　bar　with　circumferen辻ial　notch　on　the

specimens　samp玉ed　fro㎜言he　we玉ds　and　hydrogen－

charged　to　eva1uate　fracture　toughness　of　the　welds

in　detail　and　e脆cts　of　hydrogeηon　the　we1ded　struc－

ture，and　carry　out　tensi玉e　aηd　fracture　toughness

tests　from　room　temperature　to　Iiquid　he玉ium　temper－

a施re　in　high　magnetic丘eid　and　investigate　the　e舵cts

of　high　magηetic　field　and　we王d　structure　on　the

王nechanica1prOperties　Of　unstab1e　austenitic　stainiess

steels　a辻each　temperaturc．

Keyworδs：structural　material，　s辻ainless　steel，

cryogenic　tcmperature，magnetic舵1d，tensile　pro－

per辻ies，fatigue　properties，hydrogen　embri釧ement

　　2フ　　FabチicatioI1　of　Ni茗Al－Base　1閉er繍etallic　Com－

Pounds　by　Unidirectional　Solidi｛ication

r．∬か0〃0，〃．〃0j，r．〃αW0〃0〃〃．Dθ榊〃α，

肋C加肋α1〃0μ肋∫0舳’0〃
［April　i997to　March1999］

　　So　far，we　found　that　unidirectional　solid焔cation

using　a　f1oating　zone（FZ）method　is　e脆ctive　in

improving　the　ductility　ofpolycrysta1玉ine　Ni3Al　with－

○泣addition　of　alloying　elements　such　as　boron．

AIso，using　the　FZ　technique，we　successfuny　grew

high　qua肚y　singIe　crys辻a王s　of　stoichiometric　Ni3Al

which　was　regarded　as　impossible　to　grow．The

resuIts　prove　that　the　FZ　method　is　a　powerfu1tech－

nique　nOt　on玉y　in　engineering　area　but　also　in　funda＿

menta1research．

　　The　objective　of　this　study　is　twofold．　First　is　on

the　high－tempera加re　materials　bascd　on　Ni3Al．

Since　the　britt1eness　ofmonolithic　Ni3Al　is　overcome

as　nlen辻ioned　above，one　of　thc　renlai羽ing　Problerns　is

its　insu搬cient　high－temperature　strength．　Our

target　is　to　estab玉ish　an　engineering　foundation　in

developing　Ni3Al－base　intermeta1Iic　compounds

strengthened　by　a1玉oying　or　second　phase　precipi言a－

tion．We　apPly　the　FZ　tec㎞i叩e　to　fabrication　of

the　composites．　Second　is　on　study　the　deformation

㎜echanism　of　Ni3Al　using　s…ngle　crystaIs．The

e征ect　ofstoichiometry　on　the　deformation　is　focused．

茎n　our　pre玉iminary　study　we　found　some　interesting

resu玉ts，for　example　comp玉iance　to　Schnid玉aw　and

s士ress　response　due　to　strain　rate　change，which　are

considered　to　be　charactcristic　of　binary　stoichio－

metric　Ni3A玉．

Keywords：unidirectional　solidincation，noating　zone

method，Ni3Al，mechanical　properties，defor㎜ation

mechanism
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　　28　　Sear曲for　G芋oむp　lV　Element　Compounds1I1clud－

ing　Alkaline－eartトーmeta1l…1eme“s

〃．肋0ゴα〃τ．∬かα〃0，肋Cん0〃fω1〃0ρε肋∫

1）ゴ切∫fo〃

エApril　i999to　March2001］

　　Si　is　sti玉1one　of　the　i王nportant　mater…a玉s　in　the

pres㎝t　LSI　technology．Wth　progrcss　of　the　tech－

noiogy，士he　pmb】e測s　arise　that　cannot　be　solved　wi辻b

thc　ma廠…als　used　convent…ona玉1y．Therefore，search

for　new　S量一related　materials　with　new　function　and

properties　becomes　more　important．Silicides　are

one　of　the　potentia玉constituents　of　microelectric　and

optoelectronic　device－　Among　the　silicides，si玉icides

inclu砒ng　alka1主ne－earth－metal　ele㎜ents　have　un均ue

structures　玉ike　a　layer＿by　iayer　packed　structure，

c玉athrate　st醐cture　and　so　on．　For曲e　reasons

above，we　s辻udied　a股aline－earth　metai　d1si1icides（MA

Si2，MA亡Ca，Sr，Ba）for　recen辻several　years・We

syntもesized　metastab1e　phases　of　alka玉ine－earth　meta！

disilicides　BaSi2　under　high－pressure　and　higb－

temperature　condition，and　studied　struc施re　and

electronic　propert量es　of　these　phases，　BaS言2was

chosen　as　samp玉es　because　o㍑heir　unique　atomic

con丘gurations　and　large　compressibility　of　Ba　atoms．

BaSi2was　found　to　be　a　semiconduc辻or　with　an

○舳orhomb1c　structure　at　amb1㎝t　c㎝ditions，We

synthesized　RaSi2wi曲a　cubic　structure　and　a　trigo－

na玉structure，and　found　that辻rigona1BaSi2is　a　hole

metal　while　cubic盈aSi2量s　an　n－type　semiconductor一

亘t量s　rarc玉y　known　tもat　high－Pressure　metailic　pbase　is

quenched　at　ambient　condition－　Furthermore，it

was　found　that　trigonal　BaSi2is　a　superconductor

w量th㎝set　temperature　of6，8K．We　aIso　observed

pressure－induced　structural　phase　transition　with　in

situ　X－ray　d岨raction　measuremcnts，and　discusscd

the　similarity　among　the　transformation　sequence

under　pressure量n辻hree　MASi2．

　　In　this　project，we　are　studying　Si　cla出rate　com－

pounds，and　CaA12Si2，which　has　a　layer－by－1ayer

packed　structure，and　related　materials－

　　Thc　Si　clathrate　co㎜pouηds　were　discovered　in

alkaline一㎜eta1－S量sys辻em　for　the服st　time，and辻he量r

physical　properties　were　investigated㎜any　years　ago．

Crysta玉stmcture　of曲e　Si　clathrate　compounds　con－

sists　of　Si　polyhedral　cages，and　alkali－metal　atoms

are　incorporated量nside　the　cages．Af辻er　recent　d量s－

covery　of　superconductiv｛ty　of　alkali－meta玉一doped

fullerides，the　Si　clatちra辻e　compounds　has　attracted

a倣en辻ion　again．　This　is　because　the　shape　oぎpolyhe－

dral　cage　is　c1ose　to　that　of　fullerene，and　thc　ex－

pected　Debye　frequency　for　the　士e士rahedrally

coordinated　Si　network　see㎜s　to　be　favorab玉e　for　the

superconductivity　of　the　BCS　mechanism．Now

辻wo　Si　clathrate　compounds，（Na，Ba）緕Si4‘and（K，

Ba）冨Si46，are　known　as　superconductors－　In曲is

study，we　are　trying　to　synthesize　the　Si　c1athra辻e

compounds　in　the　other　sys辻en1，and　investigate　their

physical　propert量es．

Keywords：silicides，aIka1ine－earth　meta1s，e1ectrica玉

reSiStiVity
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　　Phase　transitions　of　BaSi2at　h量gh　pressures　and

high辻e㎜peratures，M一三mai，T，Hirano，T．Kikegawa

and0－Sh…momura，Phys，Rev．B58（1998）：H922．

　　29　Remaining　Li｛e　Predicti㎝｛or　Weldm㎝ts　in　FBR

based　on　Creep1〕a獅age　l…valuation

r．τα〃αわε，〃．Xα榊αZαた1，H．H0ηg0α〃τ

肋伽αわε，〃θc加肋α1〃oρε肋∫1）M8｛o〃，∫

Kf舳9舳α，J0肋肋9αη〃倣ψCεR88θακ乃8肋一

〃0〃

三Apri1玉996to　March2001］

　　Creep　behaviors　of　austenitic　and　ferr云tic　sted

we玉ded　joints　for　Fast　Breeder　Reactor（FBR）were

investigated　and曲e　fo玉1owing　results　were　obtained．

　　（a）　㌻he　relat呈on　between　creep　behavior　and

microstructural　change　was量nvestigated…n　detai1on
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SUS304steel　plates　of　which　maximum　lives　reached

over　one　hundred　thousand　hours．　Creep　rate－time

curves　changed　its　shape　complicated玉y　reHec辻ing官he

precipitationofcarb｛desand／orσphase．
Microstructural　observation　revealed　tha辻after　one

hunderd　thousand　hours，灯either　sub　boundary　nor

dynamic　recrystallization　was　recognized一　（b）

Crecp　repture　test　results　oηthe　welded　joints　of2．25

Cr－1Mo　steel　mu玉ti－1ayer　we玉dment　showed辻ha辻the

fracture　posi辻io皿shifted　from　base　metal，via　he盆t

a脆cted　zone　to　we1d　metal　part，as　the　stresses

decreased　（rupture　lives　increased）．　（c）　Creep

damage　in316FR　steeI　loaded　a言a　given　stress　was

inspec言ed　u1trasonica玉1y　by　using　creep　specimens　i阯

吉errびpted　periodical1y，　Re玉ations　between　creep

rate，densi辻y，hardness　or　dis1ocation　density　and，

sound　veiocity　change，　loss　of　sound　propagation

energy　and　frequency　response　functioηwere　ex－

amined．　Positive　correlations　were　found　between

the　velocity　chaηgc　and　density，and　the　propaga士ion

energy　and　creep　rate．From　these　resu玉ts　and　those

obtained　last　year，it　can　be　safely　said　that　in　the

austenitic　stainless　stee玉s，　辻hc　assess工nent　of　creep

damage　by　uitrasonic　inspection　is　possib玉e一　（d）

When　multi－axia1s辻ress　s士ate　at　the　weldm㎝辻due　to

residuai　stress　on　we玉ding　is　taken　into　account　as

muM－axia1s辻ress　in舳ence　factor，the　creep　curves

＆nd　rupture1ives　of　mu玉辻i－layer　we玉dedjoin辻s　for　SUS

304thick　plates　can　be　successfu玉1y　simu1ated　with

use　of　a　simpie　ana玉ysis　model　developed　at　NR玉M．

Keywords：creep　da㎜age，we1dedjoint，ferritic　steel，

austenitic　steel，microstructure，FBR
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　　30　　1mprove閉ent　o｛　1’トer棚a1　and　mechanioal

ProPertiesinTungst㎝・8asedMateria1s

r．r伽α加∫〃肋乃0〃〃月ψ醐たα，〃θ伽〃一

たo1〃oρ2肋81）桃fo〃

［April1999辻o　March2002］

　　Tungsten（W）is　c㎝sidered　as㎝e　of　the　candi－

date　materia玉s　for　structural　app玉ica辻ions　in　fusion

reac士ors．　However，it　has1ow　room　temperature

ductit舳ty　and　玉ow　recrystanization　tempreature，

These　disadvantages　are　inproved　to　some　extent

with　addition　of　rhenium（Re）一　hrther，Re　is　one

oftheproductsinthetrans㎜utationofWafterheavy
neutron　irradiation．　Recent玉y，it　has　been　repoted

士ha辻Wwi辻hdispersedTiCatgrainbo㎜dar1esbas
better　tensik　ductility　and　strength，　and　higher

resrystallizati㎝temperaturethan　pureW－Further，

improvement　is　recogn量zed　in　the　toughness　after

neutron　irradiatin．　In　view　of　these　situatio棚，it　is

impotant　to　exa五nine　the　eκect　of　dispersed　par辻ic1es

㎝thethermal　and　m㏄hanicalproperties　ofW－based

n－ateria玉S．

　　In　the　study，c肝ect　of　neutron　irradiation　using

JMTR　reactor　on　thermal　and　m㏄hanical　properties

ofWandW－Realloyswil1beinvestigated丘rstly－
Then，i㎜provemen士of　their　properties　wil1be　made

by　dispersed　partic玉es士hrough　powder　meta肚rgical

nlethod．　The　species　of　dispersed　particles　consid－

ered　are羽C，TiB2，HfC　and河fB2．　E揃ect　of　neu－

tron　irradation　on　thermaI　and　mechanical　properties

ofthese　dispersion　strengthened　W－based　meteria1s　is

our　priτnary　concern一

Keywords：Tungs士en，　Tungsten－Rhenium　Ai1oy，

Dispersion　strengthening，Thermal　di仔usivity，τen－

sile　duct舳y，Neutron　irradiation

R幽｛edPapers

　　High　Heat　Load　Tes辻on　Tungsten　and　Tungsten－

Rhenium　a1loys，M．Fuj云tsuka，三．Mutoh，T，Tanabe

and　T－Shikama，Proc－1997Fall　Meeti㎎o〔he
Atom－Soc．of　Japan，voL1（1997）μ4．

　　E脆ct　of　Rhenium　Addition　on　Thermal　and　Me－

cbanical　Properties　of　Tungsten，M．Fujitsuka，亘一

Mutoh，T．Tanabe　and　TI　Shikama，Imovative　Mate－

rials　in　Adv乱nced　Energy　γechno1ogies，　9th

CIMTEC，Faenza，Ita1y，vol．24（1999）339一

31　　NR1M　Creep　l〕ata　Sheet　Projec｛・V
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F〃ε，H．r0〃αた0，K．K泌0，〃．〃〃伽，〃．
コ「αわ〃cんf，1＝．1書o5α，〃．8乃fη切z〃，K．　〕1oたoたαwo，　＝τ＝

0んわα，∬．Kα8〃榊αoκd　H。〃砂αzαんf，8炉ε〃9肋
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［Apri1至996to　March2001］

　　The　major　obj㏄tives　of　the　NRIM　Creep　Data

Sheet　Project　are　to　produce1ong－term　creep　and

rupture　data　up　to　lomger　than　105hrs　for　heat

一22一



resist＆nt　steels　and　auoys，wh｛ch　are　produced　in

Japan，aηd　to　publish　the　da辻a　as　a　series　of　NRIM

Data　Sheets．　Th｛s　project　has　been　co舳med　since

1966and　the　series　of　NR互M　Data　Sheets　have　been

distr言buted　not　only量n　Japan　but　also…n　abroad．　王n

丘scal　year1998，we　published4sheets　listed　in曲e

Table．

　　Among　ofthese　issues，26B　is　the丘na玉versions　and

very　valuab1e　data　shee辻due　to　creep　rupture　strength

data　longer　than1O，OOOhrs．　γhe　data　sheet　No，26

B　is　of　Fe　based　supera玉1oy　steei　wide－y　used　in　heat

exchanger　and　conta…ns　long－term　creep　rupture　data

up　to　14，000hrs，tables　of　creep　rupture　property，

typ量ca玉　nユ…crostructUres　of　received　and　fractured

steels，results　of　statistica玉analys量s　of　creep　ruptUre

data　and　so　on．　γhe　data　sheet　No．46is　of　g　Cr－2

Mo汽eat　resisting　ferritic　stee1s，Mod．STBA27and

Mod．SFVA27for　power　p玉ant　and　conta言ns　creep

rupture　data　up　to40，OOO　hrs　and　propert量es　of　as－

received　specimen，　The　data　sheet　No．4玉A　is　of

Ni－based　supperalloy　bar，plate　and　tube　NCF600

fOr　corrOsion　rcsisting　and　heat　resistiηg　materiaIs－

It　cOntains玉ong－term　crcep　rupture　strength　data　up

to120，000hrs，辻ens｛1e　s辻rength　at　high　tempera独re，

microstructure　of　as　received　and　creep　ruptured

sp㏄貴mcns　and　so　on．　The　data　shcet　No．47is　of

the　s枕ess　reiaxation　properties　at　between600and

750oC　and　also　contained　creep　rupture　data　up　to

30，000hrs　and　creep　strain　da辻a　up　to50，O00hrs－

　　The　data　sheet　No．M－1is　the丘rsHssue　of

metallograph｛c　at1as　of　Iong－ter亘n　crept　ma辻erials．　It

contains　a　lot　of　Inicrostructures　taken　by　opt｛cal

microscopes　and　electronτn…croscopes　at　three　por－

tions　of　SUS304H－TB　crept　s辻ainkss　st㏄l　specimens，

head，under　creep　stressed　aηd　near　creep　ruptured

portions．　According　to　creep　fracture㎜echanism

of　the　creep　rup辻ure　data　shee辻（No．4B，1986），me－

tanic　carbides　and　sigma　phase　are　also　quantitative玉y

ana1yzed　and　summarized．

　　In　paranel　with　the　testing　and　pub玉icat…on　pro－

gram，we　have　done　researches　on1ong　term　creep

and　rupture　behav量or　of　heat－resistant　steels　and

anOyS．

　　Long－term　creep　deforma士ion　behavior　of　ferritic

Cr－O．5Mo　and2，25Cr一正Mo　steels　has　been　in－

vestigated　and　also　m｛crostructura玉changes　in　creep

stressed　austenitic　stain1ess　stecl（18Cr－8Ni）bave

been　quant…tative玉y　investigated、

玉）

2）

3）

至n　the　time　rcgion，when　a　S　curvature　in　s亡ress－

mp士ure　t量me　relationship　was　observed，a　curva－

ture　was　a1so　observed　in　strain　rate－time　rcla－

tionship，　Under　higher　stress　than　that　which

revea玉ed　S　curva施re，the　creep　strength　remark－

ab玉y　decreased　by　preheat　aging，while　the　lower

stress　and　longer　creep　test　showed　no　e揃ect　of

preheat　aging－

Before　the辻ime　when出e　S　curva楡re　apPeared，

strengthening　factors　of　ine　carbides　and　d｛s＿

Iocations　d量sapPeared　and　the　creep　strength　is

governed　the　inheren辻creep　streng士h－

The　in舳ence　of　initial　microstruc施res　on　long－

term　creep　deformation　bchavior　became
sma1ler　at　iower　stress，　In2．25Cr一玉Mo　steei，it

Tab■eS1㈱aryofWDalaSh・・1・i・f5・。豊畑1998

MateriaIs Number 且ssued

hon　based21Cr－32Ni－Ti－Al　a11oy

fbr　heat　exchang⑤r　seamless　tub⑤s 2（5B September30．1998
（NCF800H　TB）

9Cr－2Mo　fenitic　steeIs　fbr　power

p1ant　boi玉er　tubes　and　forged　p1ates 4．（ヨ

Septe㎜ber30．1998
（Mod，STBA27and　Mo（玉．S1～VA27）

Nicke1based15．5Cr一畠Fe　supe閉玉Ioy

For　corrosion－resisting　and

heat－resisting　superauoy　bars（NCF（…OO一

B）and　p1ate（NCF600－P）and　sea㎜Iess 4王．A March31．1999
Ni－Cr－Fe　a11oy　heat■exchanger　tube（NCF

600TB）

S械ess　re1axation　properties　of　Fe－based

21Cr－32－Ni－Ti－A1for　corrosion　resisting 47 Mlarch．31．1999

superaI1o　bar（NCF800H－B）

Microg王aphs　and　microstm（：tura1

Characteristics　ofcrept　specime鵬of
18Cr－8Ni　stain1ess　steeHor　b（〕iler　and M一ユ March31．1999
he航exchanger　seam1⑧ss　tubes

（SUS304H　TB）
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　　　　could　not　be　found　at　less　than玉OOMpa－

4）　The　fact　that　there　did　not　exist　the　d柵erence　of

　　　　deformation　among　st㏄ls　at玉ow　stress　an引ong

　　　　testing士ime　indicated　that　the　strength　reacわed

　　　　the　inherent　one　which　does　not　depend　on

　　　　microstructure，due　to　the　recovery　of　micro－

　　　　struc辻ure　and　the　disappearancc　of　precipitation

　　　　s士rengtheηing　e妖ec亡．　The　di肝erence　in　creep

　　　　stre羽gth　due　to　initial　microstructure　could　be

　　　　exp三ained　by　the　diκerencc　of　the　strain　rate

　　　　coe餓cientαiなthe　modi行edθmethod，

　　The　resu1辻s　of　investigation　on　creep　behavior　in

austenitic　stainless　s辻eels　ara　as　foiiows．

1）　The　amo氾n言ofσphase　increased　aいhe　head

　　　　portion（1ow　s辻ress　portion）w舳time，bu首its

　　　　size　did　not　cha羽ged，while　i盲hard1y　changed

　　　　and　remarkab玉y　grew　at　the　gauge　portion．

　　　　This　resu1t　indicates　that　precipitation　ofσphase

　　　　is　governed　by　nucleation　under玉ow　stress，but

　　　　辻he　nuc1eation　tends　to　occur　at　the　grain　bound－

　　　　ary　at　which　the　stress1oads　in　the　nearly　norma玉

　　　　aXiS．

2）　In　M23C6particle，Cr　content　increased　with

　　　　time，w舳e　Fe　content　decreased．0n　the　other

　　　　hand，inσpl1ase　a玉1of　content　of　Cr，Fe　and　Ni

　　　　did　not　changed．The　equiiibrium　composition

　　　　of　Cr　in　M23C6is　much　higher士han　that　in

　　　　ma亡rix　and　i士precipi辻ates　at　short　time．γhen

　　　　M23C6with　low　Cr　content　precipitates　at行rst

　　　　and　its　content　gradually　increases　to　the　equi玉ib－

　　　　rium　value．As　Cr　con士ent　inσphase　is鮎gher

　　　　than　that　of　matrix　bu〕ower　than　that　of　M23

　　　　C‘，it　is　near玉y　the　equiiibrium　value　at　the　carly

　　　　stage　of　creep．

Xeywords：玉ong一言erm　creep，cr㏄p　rupture，stress　re一

玉aXatiOn，miCrOStruCtural　eVOlu亡iOn

32　　NRlM　Long一Termドatigue　l〕ata　Shee｛Projec｛・I
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〔Apri1重997to　Marcわ2002］

　　The　project　aims　at　the　establishment　of玉ong　term

standard　reference　data　on　the　fundamental　fatigue

properties　of　Japanese　engineering　materials　most

commonly　used　for　machines　and　struc辻ures　under

fatigue　conditions。

　　Since1975，NRIM　has　established　standard　data

base　of　convcntiona玉　fatigue　properties　of　various

metals　and　their　weldedjoints　and　published83data

sheets　and　16　士echnical　docu㎜ents．　至n　the　docu－

meηts，fatigue　fact　data　of　various　metals，士heir　rela－

tioηsh云ps　with　basic　m㏄hanica1properties　such　as

e玉asticity，the　frac施re　mechanism　and　so　on　were

summarized　and　described　under　fundamenta1inves－

tigations　on　fat量gue　phenomena－

　　Reccntly　the　life　ofmachincs　and　constmctio■s　has

been　stroηgly　required　to　be　elongated　fro証n　the

eco玉ogicaI　and　economical　points　of　view，　Accord－

ing　to　the　classica1theory　of　fatigue，ma羽y　of　stee1s

have　their　fatigue　limit　and　there　is　no　problem　for

any工onger　time　if　they　wiil　be　used　be－ow　the　fatigue

limit．However　it　has　b㏄n　pointed　out　that　the

fatigue　limit　decreases　again　for　longer　use，for　in－

stance　at　more　than1010cycles．　Then　we　wi玉1start

again　the　production　of　long　term　standard　reference

data　even　with　some　techn呈ca玉d欄culties．

　　至n　this　new　project，（1）fatigue　data　of　high

strength　steels　for　machine　at　more　th㈱1010cycies，

（2）fatigue　data　of　heat　resisting　steels　from1ow　to

high　cyc玉e　fatigue　regions　under　contro1玉ed　strain，（3）

fatigue　data　oftitanium　anoys　for　up　to　long　term　use

and（埠）fatigue　data　of　welded　joints　for　big　con－

structions　considering　residuai　welding　stress　will　be

produced　and　pub玉ished　as　data　sheets．　玉n　add量t…on，

in　each　category　of　data　production　basic　researches

on　fracture　mechanism　of　meta玉due　to　fatigue　from

the　micro棚d　macro　poin亡s　of　view　aηd　deve1opment

of　new　evaluation　methods　will　be　carr量ed　out，

　　The　data　sheet　project　ofNRIM　has　a　programm－

ing　system　for　deciding　ma廠ials　and　testing　methods

in　order　data　to　be　widely　used－A　com㎜ittee，

members　of　which　are　selected　from　engineer　and／or

rescarcher　of　typicaI　steel　making　and　fabricating

companies，is　organized　and　discusses　the　testing

program　with　NRIM－

　　In1997，a　new　committee　was　organized　and　dis－

cussed　a　new　testing　Program　for　long－term　fatigue

data　sheet－　According　to　the　decision，the　fo玉1owing

fatigue　tests　were　conducted．

　　1）Long一廠m　fatigue　tes亡at　room　temperature

　　The丘rst　candidate　of　steel　JIS　SUP7for　spring

material　began　to　be　tested　by　rotary　bending　type

testing　facilities　aiming玉010cyc玉es　fatiguc　da辻a．As

conventional　fatigue　da士a　of曲呈s　steel　was　already

published　by辻he　NRIM　fatigue　data　sheet　No．53．

The　testing　has　been　being　carried　out　on　the　basis　of

this　sheet，usiηg　steels　tempered　at430and500oC，

and　testing　frequency　is100to150Hz．　In　this　test，

the　fracture　mode　and　fractgraphy　arc　also　observed－

Iηaddition　to　this　normal　test，fatigue　tests　with　a

u1tra－sonic　fatigue　fac量1ity　w舳20kHz　have　b㏄n

tried　and　compared　with　thc羽orma玉tested　resu1ts　i羽
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order　to　shorten　the1ong－term　testing，The　S－N

curve　by　ultra－sonic　testing　nユachine　sh量fted　at　higher

s辻ress1evel　from　tha辻of　normal　test．　The　exact

ca］ibration　of　stress　and　others　of　the　ultra＿sonic　test

wm　carried　out　and　the　poss…bi玉ity　of　use　of　these

results云n　a　data　sheet．　Tbc　nano－indentation　tech－

niquc　with　AFM，developed　by　NRIM　willbe　used　to

make　clear　the　re玉ationship　between　the　fracture　ori－

entat｛on　and｛nclusion　inside　of江netal．

　　2）L㎝g－te㎜h1ghtempe・・t…f・tigu・test

　　Recently　deve玉oped　and　nearly　practically　used

high　temperature　stec玉NF616and　HCM12A　for
power　plant　were　begun　to　be　tested　uηder　a　strain

…t・・1・pt・105・y・1・・（P・・t1y106・y・1・・）．T・・ti㎎

亡emperaωres　were　room　temperaωre，400to70ぴC．

In1998，the　partly　tests　up　to玉05cyc玉es　were　nnished．

At　more曲an玉04cycles，the　S－N　curve　folded　to辻he

highcr　stress　level．

　　3）Fatigue　tcst　of　Ti　al1oys

　　Specimens　of3heats　of　Ti－6Al－4V　al1oy　have　been

fatigue　tested　fro㎜low　cycle　to　high　cycie　fatigue

region．The　S－N　curves　were　class搬ed　into　two

types，especiany　in玉ow　to　midd玉e　regio■of　fracture

cyc玉c．　However，the　fatigue玉imi辻of　a11heats　was

nearly曲e　sa㎜e　value．　The　cause　of　d冊erence　in

S－N　curve　has　not　been　clear　and　investigation　are

being　carried　out．　Fatigue　tests　of　Ti－6Al－4V　a玉1oys，

which　microstmctures　are　d冊erent　from　each　other，

will　be　conducted．

　　4）Fat云gue辻est　of　welded　jo量nt

　　玉n　order士o　ob辻ain　basic　fatigue　properties　of　prac－

tica1盆rc　welded　constmction，fatigue　test　of玉arge

scale　specimen　were　carried　out　and　at　the　same　time

the　innuence　of　residua玉stress　on　fat量gue　proPerties

h＆s　been　investigated，by　mcasuring　residual　stress．

Large　scaie　specimen　and　small　rib　cross　we1dcd　joint

of　JIs　sM590Q　stee玉were　produced．　In　large　scale

specimen，the　slit　type　weiding　was　carried　ou辻in

order　to　get　the　maximum　residuaI　stress，　Compar－

ing　of　fatigue辻est　results　using　both　welded　joint

indicated　tha辻the　small　size　rib　we1ded　joint　can

sinユuiate　practica11arge　scaie　joi口t　if　residual　stress　is

correctly　evaluated．　The　same　fa辻igue　test　wiu　be

carricd　out　with　sp㏄imens　of　J三S　SM400B　steeI．

Keywords：fatigue　propertics，standard　reference

data，s辻ee1，a1uminum　anoy，t言taniu㎜alloy

　　33　　Con汐o1ofthe　Orie閉ed　SingleCrystals　of　Re伽ac－

tory　IV－etaIs　througI1So■id　State　Processes

r．切〃，K．∬o〃oα〃K．Kα榊肋α，〃倣肋1∫
1〕γoc棚肋9〃附oη

［Apri11997to　March1999］

　　M1o玉ybdenum　and　tungsten，b．c．c　rcfractory

metals，have　many　advantage　such　as　high　melting

points，　uscfuI　eleva辻cd　te韮nper盆ture　strength，　high

thermal　and　electrical　conductivity，low　thermal　ex－

pansion　and　good　resis辻ance　to　liq虹d　ζnetal　corro－

sion．　Thus，at　the　present，n1olybdenum，tungsten

狐d　their　ailoys　are　widcIy　utilized　in　the丘elds　of

electrical　and　e玉ectroηic　industries，high　te㎜perature

vacuum　and　chem｛ca玉industries．　However，such

refractory　meta玉s　u紬ergoes　a　severe　loss　ofduc舳ty

after　recrysta1玉ization，we玉ding　or　heavy　neutron　irra－

diation－　It　is　genera1玉y　accep辻ed　that　such　a　problem

is　due　to　intergram玉ar　embr1ttlement．　This　is　the

greateStWeakpOintOf辻heSemetalS．

　　Recently，NRIM（National　Research　Ins批ute　for

Meta－s）have　succeeded　in　establishing　a　new　tech－

noiogy　to　develop　commerciai　scaIe　molybdenum　and

tungsten　single　crystaIs　and　their　mu1ti玉ayer　crys辻als

from　hot－ro玉ied　sheet　doped　with　a　certain　amount　of

oxides　by　means　of　secondary　recrysytalIization．

However，no　research　and　develoPment　for　prepara一

士ion　of曲e　s量ngle　crystaIs　wi亡h　desired　orienta辻ioηby

a　so玉id　state　process　have　been　carried　out．

　　Thus，the　main　purpose　of　this　study　is　to　develop

a　new　techno玉ogy　for　prep＆ration　of　the　oriented

single　crystals　of　refractory　metals　such　as　a　molyb－

denum　or　a　tungsten　throught　so玉id　s辻ate　processes．

Keywords：oriented　s量ngle　crystal，refractory　metal，

solid　state　process

R曲まedPa阻s

1）

2）

Preparat量on　ofMolybdenum　SingIe　Crystal　with

a　Oes｛red　Orientation　by　Means　of　Zone

Amealing，K．Kam舳ra，K．Honda　and　T．
Fujii．JSPM－44（1997）770－774．

Crysta玉1ographic　Orientation　Relationship　be－

tween　the　primary　and　Secondary　Recrystallized

Grains　in　MuI糾ayer　Mo玉ybdenum　Crysta玉s，K．

Honda　and　T－Fψi．JSPM．45（1998）80玉一805。

　　34　Selenium｛VηRemoval　fro洲Wastewa｛er　by　a

一＝luidized　Bed　Process

K．Gofo，〃αfε〃α1∫1〕roc棚f㎎DM∫ゴo〃

王Apri11997to　Marcお1999］

　　The　Japanese　governn1ent　o鮒ce　enacted　in　玉994

that　the　e冊uent　water　quality　standard　for　selenium

was　O．1mg／1，　This　was　an　important　prob1em　in　the

copper　re負neries，　because　they　discharge　a　－arge

amount　of　e㎜uent　containing辻he　seIenium　ions

higherthanthestandard－Aprovisionalstandardof
20mg／l　has　been　apPlied　to　the　industries，and　the

moratorium　wilげnish　within　a　fcw　years．　In　order
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to　c1ear　the　ge羽era】standard，various　methods　were

examined　and　investigations　were　carried　out．Ac－

cording　to　their　e竈orts，it　becomes　c1ear　that　Se（IV）

can　be　removed　but　Se（VI）camot－In　the　labora－

tory，Se（V互）can　be　removed　by　the　reduction　and

the　coprecipitation　with　ferrous　and　ferric　ions．

The　cost　is，however，too　expensive　and　the　method

camot　be　appiied　to　the　wastcwater　treatment　from

the　practical　viewpoint．

　　The　ai搬of舳s　study　is　to　deve1op　the　new　method

to　remove　the　se1enium　i㎝s．We　propose　a　new

刊凶dized　bed　process，which　invo玉ved　reduc亡ion　of　Se

（V玉）to　Se（VI）or　to　amorphous　selenium．　The

research　wi三1be　c邑rried　out　to　verify　tha辻Se（VI）is

reduced　by　the刊uidized　bed　process，and辻o　decide

辻he　optimum　conditions　of　the　process一

Keywords：selenium，remova玉，wastewater，肚idized
bed

　　35　　　The　Oevelop洲ent　o｛　High　Strength　1－1igト　Func・

tionaI　ln・S…t竈Composite

万．rαkαた〃α0〃∬．G．肋Z杁f，〃肋肋18
〃0C召∫∫f㎎〃洲0〃

［Apri茎1998亡o　March2000］

　　Recent　years，the　further　strengthening　of　the　Cu－

base　al1oys　for｛e　lead　frame　and　the　pu玉se　magne■s

strongly　sought－　Cu－base　in　situ　composite　tha辻has

high　strength　and　higb　electrical　conductivity　is　pro＿

mising　material．Wehave　developed　Cu－base　in　situ

composite　which　has　thc　strength　ofg06MPa　and　the

e玉ectrica玉conductivity　of76％玉ACS，as　far，　The

advantage　of　this　a玉1oy　is　lower　cost曲an　other　Cu－

base　i羽si加composites　such　as　Cu－Ag　alioy．　How－

ever，the　cost　ofthis　aIloy　is　not　so　low　because　of出e

high　purity　raw　materiais．Therefore，in　this　study

we　aimcd　to　clarify　the　e脆cts　ofthe　impurities　on　the

mechanical　property　and　the　eiectrica－conductivity

of　the　Cu－Cr　ailoy　in　order　to　utilize　the1ow　purity

raW　ma士erialS，

　　It　is　c1ari丘ed　that　Fe　is　the　main　impuri辻y　of　the

alloy　and　is　scavenged　into　the　Cr而ber．　Further－

more，this　is　resulted　in　the　increment　ofthe　hardness

in亡he肪er．The　maximum　e玉㏄trical　conductivity

of出e　aged　low　purity　aユloy　is　aimost亡he　same　as　of

the　high　purity　one　at800K．

　　I士was　con丘rmed　by　these　results　that　tlle玉ow

purity　Cu　and　Cr㎜ateria玉s　are　apP玉icable　as　the

starting　materials　to　produce　high　strength　and　high

dectricai　conductivity　Cu一玉5wt％Cr　a玉1oy．

Xeywords：high　s紋ength，　electrica】　conductivity，

cold　romng，composite

　　36　　Crysta1収owth　and　dissolωion　mechanis胴s　i釦

peri－ecticsyste閉

K．Mofwα，K．Gofoo〃r．Fψ
［Apri11998to　March2000王

　　We　intend　to　clarify　the　mechanisms　of　crystal

grow辻h　and　disso1ution　in　a　peritectic　system　in辻his

subject．For　this　purpose，we　chose　Sr（N03）2羽20

perit㏄tic　system　as　an　example，in　which　the　crystal

growth　and　dissolution　processes　can　be　observcd　in

si士u　in　a　transparen亡　1iquid　at　roc－n　tcmperature．

Above　and　below　the　peritectic　tempera施rc，rp＝

29．3℃，Sr（N03）2phase　and　Sr（N03）2．4H20phase

are　equi1ibrium　with　the1iquid　in　this　system，respec一

辻ively－Aperitecticreactionisexpectedatpcritectic

point　in　equilibr｛um．It　was　observcd，howevcr，that

in　the1iquid　of　the　composition　of　the　peritect量c　point

at　the士e㎜peratures　below　rp，bot止□so胴凶ases　cou工d

growI　h　these　conditions，the　growth　rate　of　the

玉ow－temperature　phase　was　much　larger　than　that　of

the　high－tempera伽re　phase　and　the　di術erence　in　the

growth　rate　between　two　phases　increased　with　the

decrease　of　the　temperature．　It　is　foilowed　thaけhe

latter　was　engulfed量n　the　former　simply　due　to　the

d欄erencc　in　growth　rate，which　resulted　in　a‘Peri－

teCtiC　teXture，．

Keywords：Peritectic　reaction，incongruent　melting，

CryS士a1grOWth
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　　AFM　Obs釘vation　of　Barium　Nitrate｛王11｝and

｛100｝Faces：Spiral　Growth　and　Two－dimensional

Nuc1eation　Grow辻h，K．Maiwa，M－Plomp，W，J．P．

van　Eηckevort　and　P－Beηnema，J．Crysta】Growth
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　　37　　Applicatiorl　of1onization　Separation　Tech11ique　t0

Gaseous　Proc6ss

X．0gowααηd0－Kη’か〃，〃α姥〃o181〕rocθ∬肋g

1）加な｛o〃

［April1998to　March200至］

　　Ionization　separation　methods　are　e肝ectivc　to

remove　impurities　from　a　gascous㎜atrix　by　ciectro－

sta亡ic垣eld．　The　objcctive　of　tわis　study　is　to　inves亡i－

gate　basicaily　photoionization　and　surface　ionization
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as　the　separation　technique一　互t　was　found　using

photoionization　that　there　were　many　unkηownbigh－

1ying　energy玉evels　iηlutet量um　whicb　is　the玉ast

member　ofthe　rare－earth　e】e測ents　aηd　has　the刷1ed

4f　electroηshell－　Light　and　midd玉e　rare－earth　atoms

have　an　un刷玉ed4f　electron　she1玉and　complex　spec－

tral　coniguration．丁汽e　research　of　unknown　high一

玉ying　energy　levels　of　tbese　atoms　is｛mportant辻o

understand　energy　transition　and　e玉ec辻rOn　cOn£gu「一

ation　of　rare－earth　ato盲ns　and　to　apPly　photoioniza一

辻ion　to　them．

　　The　research　is　composed　of　the　fo玉iowing　two

subjects，

1．　Study　of　high－lying　energy　levels　of　light　＆nd

　　　王niddle　rare－earth　atc㎜s　by　resonance　phctc一

　　　量OniZatiOn．

2．　Study　of辻he　basic　features　and　characterist…cs　of

　　　the　surface　ionization盆s　the　separation　method．

Keywords：laser，resonance　photoionization，surface

ionization，　high－lyiηg　energy　Ieve玉，　rare－car辻h　ele－

mentS
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　　38　　　Fabrication　　and　　characterizatiOn　　of　　nan0－

stI・uctured　洲ateria■s

not　been　established－　In　this　s施dy　two　types　of

prOcessing　　are　　conducted　　to　　fabr｛cate　　nano＿

structured　matcria1s－　One　is　synthesizcd　by　con－

solidating　fi羽e　powders　through　a　colioidal　processiηg

followed　by　sintering．　The　other　is　nano－porous

materia1s　wi士h　layered　perovski亡e　structures　through

the　soft　chemica玉　proccssing　i．e．　a　so玉一9el　or　a

hydrotherma玉processing－

　　The　co玉1oida玉processing　is　a　useful　too玉for　con－

solidating　nano－sized　particles　with　desired　pore　size

distribution．An｛mportant　factor　is　to　contro玉the

interparticle　interaction　in　Iiquid．　Alumina　and／or

z言rconia　compacts　w舳a　narrow　pore　size　d｛stribu－

tion，which　was　dctermined　by服ercury　porosimctry，

was　produced　by　sゆcast，Pressure触tra士ion　or　eiec－

trophoretic　deposition　technique．　S｛ntering　charac－

teristics　of　the　green　compacts　and　mechanism　of

prepar｛ng　nano－struc施red　materials　are　exam｛ned．

　　Powder　and　mm　ofantimonic　acid　are　prep3red　by

a　direct　react｛on　of　Sb（0－n－CヨH7）3or　Sb㎜etal　with

H202aqueous　so－ut量on．　Three　types　of　antimonic

acids（Sb205．nH20）刷ms＝（11l）一〇riented　and　non－

oriented　polycrysta1iine銚ms　of　cubic　antimonic

acids　and　amorphous　antimonic　acid耐㎜s，were　pre－

pared　on　quarts　glass　substratcs　with　a　spin－coat…ng

technique一　γトe　electrical　conductivity　of　the（1l　l）

一〇riented£1㎜is　apProxi㎜ately　one　order　of　magni－

tude玉arger　than　thosc　of　the　non－or量ented　and　amor－

pbous刷ms．Bismuth　doped　antimonic　ac…ds　were

a玉so　prepared　by　reacting　an　H202aqueous　so1磁ioη

with　Sb（O－i－C3H7）3and　Bi（O↓C3Hフ）3－　The　coル

duc辻ivity　of　Sb205．0，1Bi203．n亘20was　found　to　be

high（1－O×玉O川3ScmI…1）一　E冊ect　of汰e　water　vapor

pressure　and　nano－Pore　structure　on　the　proton　con－

duct…vity　is　studied．

Keywo“s：nanopart量cle，　co1玉oid，　antimonic　acid，

sintering，nanocomposi辻e
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8ゴ0κ

＊STA　fe11ow
［Apri11999to　March2002］

　　Nano－stmctured　materiais　can　be　classi丘ed　in士o

two　general　categories－　0ne　category　consists　of

materials　of　only　nanosized　materials，　The　o曲er

consists　of　materials　wbere　nanosized　particles　are

distributed　w虻hin　the　intra－and／or　inter－grains　of

micronsized　gra㎞s．These　nano－struc辻ured　mater三一

ais　have　been　receiving　increasing　attention　due　to

their　uniquc　chemica1and　physical　properties　which

cannot　be　obtaincd　from　the　convent量onal　materia玉s．

However，the　processing　of　the　na■o－stmctured　has

　　PreParatiOn　and　e玉ectricai　conductivity　of亡hree

types　of　antimonic　acid冊ms，K－0zawa，Y－Sal（ka

and　M－Amano，J－Mater．Res－13（1998）：830－33．

　　Prepara辻ion　of　ine－9rained　zirconia　and　alumina

ceramic　systems　through　conoida玉processing，Y．

Sakka，T．Uchikoshi，K．0zawa，T．S．Suzuki　and　K．

Hiraga，Advances　in　Science　andγechnology，1埠B

（玉999）：593－604。

　　39　　1）i打usion8onding　between1’ransition　Metals｛Cr，

Fe，and　l，Ii〕and　Meta－s　of　Group　IV～VI

r．Kα∫〃9αf，K、捌，〃肋池13〃ocθ∫8f㎎1）jリ．

［Apri1豆999to　March2002］
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　　It　is　di服cult辻o　app玉y　fusion　we1ding　processes，

such　as　an　arc　welding　or　an　electron　beam　we1ding，

to　d言ssimilar　metalsjoining　because　a1arge　amou羽t　of

bri棚e　metal1ic　compounds　form　in　the　we玉d　me辻als－

On曲e　other　hand，the　size　of　meta1lic　compounds

and　di任usion　layer　in　dissimilar　metal　joints　can　be

easily　contro1玉ed　by　a　so玉id　sta辻e　di仔us｛on　bonding．

　　The　basic　metailurgical　know1edge　on　the　dissimi一

玉ar㎜eta1bonding　zone　has　been　scarce　unti玉now，

and　it　is　di搬cult　to　estimate　the　size／l（ind　of　meta1玉ic

compounds　at　the　bonding　zone　based　on　phase　dia－

graIns．　The　di征usion　process　in　the　bonding　zone　of

dissimiiar　metals，moreover，is　not　simp玉e，but　a　few

nega士ive　d冊usion　or　up－hi1l　di馳sion　phenomena

have　been　observed　in　bonding　zone　between　N三一Cr

alloy　or　s辻ainless　steel　aηd　meta1s　of　group　IV．

　　至n　this　s辻udy，joinabi玉ity　of　the　di汗usion　bonding

between　transition　metals（Cr，Fe，and　Ni）and
meta玉s　of　group　IV　to　VI，the　formation　of　metalIic

co㎜pounds　in　the　bonding　zone　between士ransition

metals（Cr，Fe，and　Ni）and　mctals　of　group互V　to

V至，d服usion　processes，aηd　bonding　cracl（are　in－

vestigated　in　the　connection　with　the　periodic　tab1e一

Keywords：Di施sion　bonding，Cr，Fe，Ni，Meta玉s　of

Group　IV，Metals　of　Group　V，Meta1s　of　Group　VI，

Metallic　compound
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　　40　　Cladding　or　Coating　Processes　by　Uti1izing　Semi－

solidProcessing

＝r．1）θ〃∂o，　τ．8乃f1・oτα　α〃∂　r，1（fη一〃rα，1〃ατθ〃α13

〃0Cθ∬肋9D舳ま㎝
［ApriI1999to　Marcあ2002］

　　Iηthe　recent　years，much　interest　has　been　arisen

in　composite　or　combined　matcriaIs　because　require－

ments　of　engineering　materials　become　more　and

more　severe　and　versatile．Accordingly，various

processing　tecわniques　have　been　attempted　for　manu－

facturing　composite　materials　or　for　combining　dis－

similar　materials－We　also　have　proPosed　new

聰ethods　for　combining　dissimi1ar　materiais，in　which

cladding　and　for㎜ing　are　simu1taneously　performed

by　utilizing　semi－solid　pro㏄ssing．

　　This　study　consists　of榊o　sub－themes；one　is　on

cladding　process　combined　plastic　working　of　soiid

metal　with　squeeze　forming　of　semi－moIten　meta玉；

and　another　is　on　coating　Process　with　particIe一

dispersed　composite　by　means　of　pressure　in鮒rat量on

under　se㎜i－mo1ten　state．　Through　the　former　proc－

ess，cylindrical　bars　or　shaped　parts　c1ad　in　a　skin　of

dissimi正ar　metal　are　manuFac加red，and比rough　the

玉atter，b1ocks　or　parts　coa辻ed　par辻ial1y　in　a　composi辻e

1ayerarefabricated．

　　The　work　has　just　started　from　this　fisca1years，

and　wc　are　investigating　feasibility　and　problems　of

thc　new　methods　proposed　so　as　to　establish　funda－

menta玉tcchniques　in　these　processes．

Keywords：semi－solid　processing，cladding，coat量ng，

compositc，Plastic　working，in砒ration

　　41　　Effec寸　of　lnterfacia一■〕amage　on　the　■＝atigue

Crack　Propagation　in　l＝iber－ReiI1｛orced　TitaI1ium　Co閉pos－

ite

c．〃伽〃α，γ肋〃o肋α〃x一アム〃，〃肋肋13
〃ocθ∬晦1）舳foη

≡Apri11999to　March2002］

　　Contimous旬ber－reinforced　titanium　matrix　com－

posites　are　promising　structural　materia玉s　because　of

辻heir　high　speci丘c　modulus　and　spec欄c　strength　as

wen　as　good　stability　at　moderately　high　te㎜peraturc－

Such　apPlications　often　require　resistance　to　a　repeat－

ed　mechanica1玉oading　condition．For　a　composite

specimen　under　an　intern－ediate　玉eve1　of　apPlied

stresses，t汽e肪er　bridging　mechanism　is　bclieved　to

improve　the　resistance　to　fatigue　crack　Propagation

at　room　and　high　temperatures．Interface　debond－

ing　and　sliding　are　required　to　ach云eve而ber　bridging，

and　the　interface　debonding　may　be　ini幽ted　due　to

loca1ized　stress　intens搬cation　when　the　matrix　crack

front　reaches　the　iber－matrix　interface　in　a　notched

specimen　and／or　due　to　the　brittIe　reaction　layer

cracking　between　the　ma辻rix　aηd　outcrmost　carbon

coating　in狐unnotched　specimen－　In　contrary，the

鮎er　failure　was　believed　to　be　a　dominant　initia玉

fracture了node　in　unnotched　composites　and　eventua1一

玉y　evolved　into　microcracks　in　the　matrix　if　the

app玉ied　stress　was　high．　Surface飾er　breaks　aiso

occurred　at　a　low　or　in辻ermediate　level　of　cyclic

Ioading　at　various　tempera榊res．After　some　initial

fracture　event　i羽the　for聰of　matrix　crack　propaga－

tion，reac士ion　layer　cracking　or丘bcr　break，a　situa＿

tion　of　thc　crack　tip　touching　the　in辻erface　occurs；

the　crack　arresting　at　the　interface　may　then　propa＿

gatethroughdenectionorpenetration．Atwo－
dimensional　idea玉ization　of丘bcr－reinforced　systcms

was　considercd　to　address　the　crack　deHection　and

penetration　competition－　As　reviewed　above曲e　in－

terface　property　has　signi行cant　impact　on　stress

transfer＆nd　fracture　behavior　under　various　situa一
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tiOnS．

　　However，the　mechanism　of　in辻erfacial　damage

evo1ut｛on　under　fatigue　condi辻ions，Particu玉arly　at

high　temperature，is　uncIear．　The　e脆ct　of　test辻em－

perature　and　apPlied　stress　on　the　interfaciaI　damage

evolution　has　not　been　fully　understood－　They　wi玉1

be　investigated　in　this　s施dy　focusing　on　the　foilowing

subjects一

（1）Fatigue　tests　are　carr三ed　out　in　a　scanning　e1ec－

tron　microscopc　chamber　to　observe　fatigue　crack

growth　behavior　and　to砒scuss　the　mechan云sm．

Meanwhile，㎜easurement　of　crack　growth　rate　and

crack　opening　displacement　is　p玉anned．

（2）玉n辻erfacial　properties　are　to　be　evaluated　with　a

hi幽　temperature　nber　pushout　test　apPara施s

deveIoped　by曲e　au曲ors．　Thc　re玉at量on　betwecn

肪er　pushout　stress　and丘ber　disp1acemen辻can　be

obtaiηed　to　calculate｛nterfacc　bonding　energy　and

frictiona玉sliding　stress．　Besides，atomic　force　mi＿

croscope（AFM）is　used　to　explore　the　interfacial

damage　behavior　including　roughncss棚d　wear
change　and　frictional　property　evolution一

（3）Fatigue　crack　growth㎜ode玉wm　be　developed

with　the　interfacia玉damage　considered一

（4）Repe批ion　of　Items（1）～（3）to　establish　a

sound　model　having　Predic辻ion　capacity一

plied　Sciences．
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王Apri1玉999to　Marcb2001］

　　It　is　we1玉known　that　the　u1tr就ne　par辻ic玉es（UFP）

have　many　exce1玉ent　physical　and　chem…cal　pro－

perties．　It　has　the　possibility　which　can　get　a　new

functiona玉刷m　when　a　thr㏄一dimensionaI　thick刷m

（1－10mm　thick）is　composed　by　UFP．

　　In　this　s辻ωy，we　are　aiming　at　higher　adhes言ve　and

aggIomerative　properties　of　UFP　from　the　viewpoint

of　the　mo玉dabiIity，and　exam…ne　the　formation　of　the

thick服m　having　a　near　net　shape　by　us…ng　UFP

synthesized　from　the　thermal　plasma　process　such　as

a　DC－arc　plasma　or　an　RF－Plasma．

Keywords：ultraine　particle，ncar　net　shape，th言ck

ilm

Keywords：Fiber－Reinforced　Titanium，　Fatigue，
InterfacialDamage
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　　Sincc　superconductors　in　apPlications　sucb　as

superconducting　magnets　are　subjected　to　mechan｛一

ca玉1oads，in月uences　of　stress／strain　on　superconduct一

三ng　Properties　are　one　of　the　major　concems　in

deveIoping　superconduct…mg　wires／tapes　for　the

magnet　use－Ag－sheathed　oxide　superconduct言ng

tapes　made　by　the　widely　used　powder－in一触be

method　consist　of　the　Ag　matr｛x　and　the　oxide　core

embedded　in　the　matrix．It　is　reported　that　super－

conducting　properties　of　Ag－sheathcd　oxide　super－

conducting　tapes　are　easily　degraded　due　to　stress

because　of　weak　mechanicaI　strength　of　the　Ag

sheath　and　the　brittle　nature　of　辻he　oxide　super－

conductor．　It言s　objective　of　this　study　to　develop

the　oxide　superconducting　wires／tapes　with　high　me－

chanical　streηgth　and　Iarge　critical　current　densi辻y，

using　AgCu　a1玉oy　sheath。

　　玉n舳s　year　the　mechanical　proPer辻ies　and　c脆cts

of　strcss／strain　on　the　superconducting　Properties　of

Ag－and　AgCu　ailoy－sheathed　Bi（2212）oxide　super一
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conducting　tapes　were　investigated．　Specimens

were　prepared　by　the　power一｛n－tube　me曲od；pure

Ag　and　Ag－10at％Cu　tubes　were　m玉cd　with　the　com－

position　of　Bi2Sr2CaOI64Cu1，640x　oxide　powders

made　by　the　co－precipitation辻㏄hnique，　These　com－

posites　were　drawn　and　roiled　into　tapes　of0．15mm

in曲ickness　and2．3－2．7mm　in　width　wi辻h　intermedi－

ate　annCalingS　in　VaCuum．　Finaily，heat　treatmentS

ofpartia1玉y　me1ting　process　were　made　in　air　at875－

880℃for玉5min，followed　by　the　s1ow　coo玉ing　at　a

r砒e　of5℃／hr．and　simult胴eous玉y　tensile　stra㎞de－

pendences　of　the　criticaI　current　as　well　as　stress－

strain　reIations　for　these　Bi（22工2）証nonocore　tapes

were㎜easured　at4－2K　and　a　magnetic　ie玉d　of5T．

The　critica亘current　was　de詞ned　as　a　current　where

the　e三ectr三c舵1d　of玉μV／cm　occur　across　the　voitage

taps　soldered　on　the　specimens－These　composite

tapes　sllowed　some　d冊erences　in　mechanicai　pro－

per辻ies．　Strains　where　the　linearity　between　stress

and　strain　star辻to　deviate　were　about　O．2％and

0－45％for　Ag－and　AgCu　a1玉oy－shea曲ed　tapes，re－

spective玉y．　Furthermore，　AgCu　a玉1oy－sheathed

tapes　showed　about　the0．2％proof　stress　of60MPa

辻ha辻was　about　three　times　as　high　as　Ag－sheathed

tapes．Thus，AgCu－shea士hed　tapes　showed　im－

proved　mechanicaI　properties　compared　to　Ag－

sheathed　tapes．These　improvements　can　be
attribu士ed　to　the　reinforcement　of　the　sheath　resu玉t－

ing　from士he　dispersion　of　the　Cu　oxides　prec｛pitated

du「ing　Pa「tialiy　me玉ting　prOcess　in　air　through　the

sheath．　In　Fig．1the　results　of　strain　e妬ects　on　the

cri辻ica1current　are　shown－　Ag－sheathed　tapes

ShOWed　tha亡CritiCal　CurrentS　initially　remained　un－

changed　and　started　to　rapidly　degrade　when　strain

was　inc㈹ased　beyond　about　O－3％．　On　the　other

hand，degradation　of　the　critical　current　occurred

through　3stages　for　AgCu－shea辻hed　tapes．　On

straining　a　drop　in　the　critical　current　Occurred，

foilowed　by　gradua1decrease　in　the　critica玉current

until　strain　reached　to　about〇一5％、　Finany　the　crit－

ical　current　degraded　rapidly　with　further　increasing

Strain．

　　In　conciusion，it　was　found　that　mechanica玉pro－

perties　of　AgCu－sheathed　tapes　were　improved　co㎜一

　　　　20

　　　　　　　　　　　　　　　　　Ag一一〇邊t％Cu／Bi（2212）
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pared　to　Ag－sheatbed　tapes．　Further㎜ore，there

were　some　di脆rcnces　in　strain　dependences　of　the

critical　current　between　Ag－and　AgCu－sheathed　Bi

（2212）　superconducting　tapes．　In　reia辻ion　to　士he

cause　of　these　changes　in　mechanica1and　super－

conducting　Properties　under　strain，ful＝ther　study　is

to　be　planned．

Xeywords：Bi（22玉2）superconducting　oxide　tapes，

stress／strain　e沃ects，critical　current

　　44　　Con｛rol　of　t㍉e　■n－plane　Texture　of　■一1igh・Tc

Superconducting冊i糀1＝i1繍s　for　Microwave　App1ications

〃．肋た伽㎜1，1並地蜘rc乃G70〃ρ

≡April1998to　March200至］

　　High　temperature　superconducting（HTS）thin
刷ms　have　great　potentiaI　in　microwave　apPlications－

To　date，most　work　in　this　fie1d　has　been　done　us量ng

single　crystai　substrates　such　as　LaA103　and

NdGa03．　These　substrates　are，however，very　ex－

pensive　and　available　only　in　sman　sizes，狐d　all　have

iimi辻ations　for　tbe　microwave　apP玉ications，Various

other　HTS冊m／substrate　combina辻ions　should　be

surveyed　from　now　on．

　　The　HTS　thin捌ms　dealt　wi出in　the　present　s辻udy

fa1玉s　into　two　categories：1）YBCO　thin　m㎜s　on

1鮒ice－mismatched　substrates　such　as　MgO，sapphire

and　silicon；and2）YBCO　thin捌ms　on　substrates

having　no　template　for　epitaxiai　growth　such　as　po玉y－

crysta11云ne　metal，ceramic　or　amorphous　substrates．

The　development　ofthcse制ms　wou玉d　have　important

consequences　particularly　for　HTS　m量crowave　apP1i－

cations．To　successf汕y　obta呈n　these　mms，high－

ang玉e　grain　boundaries　resulting　from　in－p玉ane　mis－

orienta士ions　need　to　be　kept　to　a　min云mum　because

they　are　known　to　severe1y　incrcase辻he　microwave

surface　resistan㏄Rs　of亡he　mm，We　must，曲ere－

fore，control　as　strictly　as　possib玉e　the　in－Plane　tex一

迂ure　of辻he　YBCO　nlms　grown　on　tちese　s曲strate

materia1s．　For　this　purpose，the　study　on刷㎜s｛n　the

伺rst　category　is　directed　toward　searching　for　desira－

ble　multi－buκer　layers，especially　with　respect　to　the

in－P1ane　epitaxy．　亙or　the　usc　of　poiycrysta玉1ine　sub－

strates　of　the　second　category，wc　have　tr量ed　to

fabricatc　in－plane　tex施red　temp1atcs　for　the　subse－

quent　growth　of　the　YBC0刷ms　us言ng　a　mod欄ed

bias　sputtering　technique（MBS），which　we　previous－

iy　proPosed　as　an　altema士ive　to　the　ion　beam　assisted

deposition（IBAD），the　widely　used　method　to　grow

in－Plane　textured　mms．

　　The　Rs　va1ues　of　the丘1正ns　obtained　has　bccn了neas＿

ured　using　a　HTS釧m－sapphire　rod　resonator　tech－

nique－　So　far　we　have　succeeded　in　deve1oping

一30一



YBC0郷ms　with　a　fa｛rly　iow　Rs　on　poIycrysta1玉ine

copper　substrates　with　a　Cr／MBS－YSZ　double　bu脆r

1ayer．Astrongcorrelat｛onwasobservedbetw㏄n
in－P玉ane　misorientat云ons　and　the　Rs　va玉ues　of　the

搬ms．　More　e冊or辻is　under　way　to　fur辻her　reduce

the　Rs　values　by　inユproving　the　degree　of　texturing　of

the　nl㎜s－　Another　goaI　of舳s　s伽dy　is　to　obtain

microwave　qua肚y　YBCO　m㎜s　over　large　areas．A

new　laser　scanning　ab玉ation　me辻hod　has　a玉so　been

a㈱mpted　to舳s　end．

Keywo冊s：YBCO　th量n　mm，bu価er　Iayer，in－p玉ane

teXturC，miCrOWaVe　SurfaCe　reSiStanCe

　　45　　Developme榊of　l－1igh－T．Oxide　Supe犯orlducting

Wires　and　Tapes

∬．K〃閉αた〃γ0，∬．K肋g〃C〃，且切I〃，五

〃α舳㎜0τ0α〃K．τ0gα〃0

【Apr…1玉995to　March呈999］

　　Bi－based　oxide　superconductors　are　very　pro訂nising

for　h云gh一念eld　superconducむng　magηets　because　of

their　extraordinar量玉y　high　upper　cr量tica1丘elds　H．2and

hi幽ir肥vcrsib舳ty　ne玉ds．　In　case　of11li2Sr2CaCu20且

（Bi－2212），c－axis　gra…n　orieηted　micros辻ructure　is

eas量玉y　ob辻ained　by　s玉ow　so玉id流cat量on　from　a　partiauy

molten　state　on　silver　tapes－　This　grain　a1量gnment

signiicandy　increases　the　critical　current　density，J。，

even云n㎜agnetic伺elds　we1玉above20T　where　it　is

di舖cult　to　use　conventional　metamc　superconductors

because　of辻heir　lower　H．2，　In　the　past　years，we

have　deve玉oped　high－J．Bi－2212／Ag　superconducting

tapes　by　thc　combination　of　this　melt－so1id冊cation

method　and　a　dip－coating　method．

　　Recently，we　have　deve1oped　a　new　method　of

PAIR　（Pre－Anneal｛ng　and　Intermediate－Rolling）

process　in　order　to云mprove　current　carrying　Pro－

perties　ofBi－22玉2／Ag　tapes．We　appl1ed榊s　PAIR

process　to　multilayer　Bi－2212／Ag　tapes　prepared　by　a

la㎜ination　method．　Silver　tapes　were　coated　w量th

slurry　containing　Bi－2212powder．　Three　coated

tapes　were　stacked　and　laminated　w舳a　Ag－O．2at％

Mg　alloy　foiL　We　uscd　the　Ag－Mg　anoy　foil　for　the

la証nination　in　order　to　enhance㎜echan｛cal　strength．

By　apPlying　PA服　process　before　the　melt－

so玉idincat量on，Bi－22玉2grain　alignment狐d　intergrain

coηnectivity　were　much　improved，and　a　Iarge　J．

enhance㎜ent　was　obta…ned．　The　key　factor　of　the

PA三R　process　is　to　increase　the　density　of　the　oxide

layer　before　the　heat士reatmen迂（me1t－so玉id湘cat｛on）．

至n　the　conventional　process，organic王nateriaIs　in　the

S1urry　Were　remOVed　during搬e　heat　trea辻ment　and

ox量de　layer　became　porous，　In　the　PA玉R　process，

organic　materials　were　removcd　by　the　pre－annea1量ng

and　porosity　was㎜uch　decreased　by　the　subsequent

inter㎜ediate　rouing－　This　high　density　of　ox…de

layer　is　e脆ct｛ve辻o　obtain　exce1lent　grain　al｛9nment

by曲e　melt－so1呈dification．

　　　　　PAIR　processed　tapes　show　better　J．

reproducib冊ty　than　no－PAIR　processed　tapes．

Typ量caH．at4，2KofthePAIRprocesscdshorけapes
was～4×玉05A／c㎜2in　a汽eld　of10T　para玉1e㍑o　the

tape　surface　with　highest　J．values　over5×105A／

cm2－These　J，values　arc　two　or　three　times　higher

than出oseofno－PA玉Rprocessedtapes．　10mlong
tapes　were　also　fabricated　by　apply言ng亡he　PAIR

process－　J．values　of　the1Om1ong　tapes　were　some－

what　lower　than出e　J．values　ofshort　tapes　due　to　the

temperature量nhomogenei辻y　in　the　large　furnace　used

for辻he　heat　treatment．

　　In　addition　to　h量gh　J．va1ues，exce1玉eηt　E（e玉ectric．

丘e玉d）　＿J　（current　density）　characteristics　is　alsO　an

important　factor　from曲e　viewpoint　of　prac士…cal

apPlicat量ons－　For　exanユp玉e，energy　dissipa辻ion…n　the

tape　言s　cIoseIy　related　to　the　l≡＝一J　characteristics．

PAIR　process…s　much　e価ective　to　improve　E－J　char－

acteris辻ics　of　Bi－2212tapes．This　improvement　can

also　be　explained　by亡he　improved　microstructure　of

the　PA服processed　tapes．

　　As　is　well　known，grain　oriented　Bi－2212／Ag　tapes

show　fa｛r1y1arge　aniso士ropy　in　J．with　respect　to　the

τnagnetic遇eld　d…rection．　In　a丘eid　perpendicu玉ar　to

the　tape　surface，J．is　1／2－1／3　of　the　J．in　paraiIe1

丘eId，　This玉ow　J．in　the　perpendicular舵Id　is㎞con－

venient　for　practica玉apPlications－　PAIR　processed

tape　show　larger　J．anisotropy辻han辻he　no－PAIR

processed　tapes　because　of　the　improved　grain　align－

ment．　However，J．in　perpend量cu玉ar丘e1d　of曲e

PAIR　processed　tape　is　higher　than　that　of　the　no－

PAIR　processed　tape．　Thus，PAIR　processed　tapes

show　higher　J．values　than　the　no－PAIR　processed

tapes　in　entire翁e1d　directiOns．

Keywords：B量一based　oxide，

rOHing，9ra｛n　alignnユent
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sity　distribution　in　superconducting　ox量de　layer

of　Bi2Sr2CaCu20，／Ag　composite　tapes”，賄ysica

C301（1998）11玉一115。

　　46　　　∪nderstandi11g　of　the　Mec■1anism　of　Supercon－

ductivity　in　High↑emperatwe　Sup跳conductors

K．別刎α，τ．〃0C脈〃，且rαんθツα，〃．肋C倣ゴ

o〃X．〃，1並地3εαrc乃G舳ρ
～Apr麦11995to　March2001］

　　To　understand　a　mechanism　of　superconductivity

in　high　temperature　superconductors（HTSCs），enor－

mous　amount　of　experiments　and　theorcticai　ana玉ysis

has　been　performed　after　the　discovery　of　the　materi－

a玉s．　Recently，high　quality　sing玉e　crysta玉s　of　HTSCs

have　been　grown　and　the　experimental　data　have

b㏄ome　more　re玉iable　and　deiniteI　h　this　group，

sing1e　crystals　of　Bi2Sr2CaCu20呂十δ（別一2212），

Nd2＿、Ce，Cu04and　YNi2B2C　with　high　qua胱y　in

crystai1｛n呈ty　have　been　grown　with　a　travelling　sol－

vent　noa辻ing　zone　method．A㎜ong　of　them，Bi－

22工2　sing1e　crysta1s　have　been　used　for　high－

resoIution　angle－reso玉ved　photoemission　spectroscopy

（ARPES）一　Preparing　samples　with　a　d柵erent　kind

of　hole－doping　leve1　from　under－doped　to　over－

doped，careful　ARPES　experiments　have　been
performed　and　remarkab玉e　results　havc　been　ob－

tained．We　have　fo㎜d　a“energy　gap”in　nomal

and　superconducting　state　of　these　samples－　In

optimally　doped　samples，the　gap　closes　in　the　vicin－

ity　of　the　superconducting　transition　temperaturc

（τ。）．However，in　the　under－doped　samp1es，the

gap　stin　remains　aboveτ。and　c玉oses　in　the　normal

state－　The　magnitude　of　the　gap　increases　with

decreasing　a　carrier　doping．　The　gap　has　a丘n量te

density　of　states　in　norma玉state，wh｛ch　is　therefore

ca玉1ed　as　a“dpseudo－gap”一　The　pscudo－gap　see㎜s　to

be　changed　continuously　to　the　superconducting　gap

（ノ）．　Xurthermore，it　is　noted　that　the　magnitudc　of

superconducting　gap　is　irreievant　to　the　doping－evel，

whereas　theτ。is　di脆rent　with　a　carrier　doping．　So，

this　indicates　that2／／κ把τ。（κB；the　Bo玉tzmann　con－

s辻ant）increases　with　dec肥asing　a　carrier　doping．

By　ARPES　measurements，we　could　obtain　the　wave－

nu伽ber　dependency　of　the“Pseudo－9ap”。　The　sy互n－

metry　of　the“pseudo－gap”｛s　same　as　that　of　the

suPe「conductin99aP．　S0，it　suggests　that　the　origin

of　the“gap”is曲e　same　in　superconducting　and

ηorma1states．　This　wi1玉be　a　clue　for　further　devei－

opments　to　understand　a　bas云c　mechanism　of　super－

conductivity　in　HTSCs．

　　This　research　project　aims　also　to　understand　the

characteristic　phenomena　observed　in　the　supeト

conducting　state　of　HTSCs　in　a　magnetic　and　an

e玉ectric£e1d．They　may　come　ma量nly　fro㎜their

玉ayered　structures，composed　of　the　superconducting

Cu021ayers　and　the　non－superconducting　layers一

冊eeiectronscrholesarec㎝行ncdintoaquas1－two－
di㎜ensional　state，which　causes　the　eIectronic　state　to

be　anisotropic－　Thc　Josephson　e術ect　has　been　found

as　an　intrinsic　nature　of　士hese　－naterials　in　the

voitage－current　character量stics．　7he　charac辻eristics

are　studied　by　the　numer量ca王analys量s　tO　calculate　the

di価erential　equation　of　the　phase－　The　multi－

branches　in　the　characteristics　were　we1l　reproduced

by　numericaI　calculations，assu㎜ing　the　charge　d云stri－

bution　in　the　superconducting　layers，　In　a－nagnetic

舵1d　para1玉el　to　the　Cu－0planes，a　distribution　of

Josephson　vortices　has　been　sinユu玉ated　nu王nerica1玉y，

when　the㎝rrent　nows　alo㎎the　c－axis．We　fomd

that　there　are　in－Phase　and　out－of－Phase　con丘gur－

ations　in　the　d云stribution　of　vortices，wh量ch　causes　an

abrupt　increase　of　the　Josephson　current　in　thc　in－

phase　cond…tioη．

　　Magnetic凶ase　d主agram　of　HTSCs　reveals　also

quite　d欄ere1廿features　from　those　of　the　convention－

al　superconductors．　0ne　ofthe　distinct　results…s　the

d量stribution　of曲e　vorticcs，when　a　magnetic　fie玉d　is

app1icd　parane1士o　Cu－01ayers．　It　has　been　consid－

ered　that　the　vort量ces　distribute　according　to　thc

pcnetration　length　of　the　magnet云c　fields　along　c－axis

and　perpendicular　to　the　axis，　and　the　distorted

Abrikosov玉att量ce　may　be　formed．However，with

the　numer云ca－ana－ys言s　and　the　Monte－Carlo　simula－

tion，　a　chain一玉ike　dis辻ribution　has　been　obtained．

This　was　also　con命rmed　expcrimenta1ly　by　a　Bitter

decoration　technique．From　施esc　results，thc

Josephson　plasma　and　the　Josephson　current　perpen－

dicular　to　the　c－axis　were　analyzed　and　d貴scussed．

　　　　　　　　Understanding　　曲ese　　characteristics

phenonユenologicany，　we　construct　and　refine　tゑe

mode玉to　make　c玉ear　a　real　mechan量sm　of　sUpercon－

duct…v云ty　and　the　physical　propert量es　of　HTSCs　in

electromagnetic£elds．

Keywords：　high　tempera施re　superconductors，

mechanism　of　superconductivity，magnetic＆elec－

tronic　properties

　　47　　S加dy　o列the　Pinning　Mecha列ism　of　Vortices　in

Hig■1Temperature　Superconductors

K．∬か肋，r〃oc脈“〃Hroた榊，1並地一
8θαrc乃G70卯

［Apri11995to　March2001］

　　In　high　tcmperature　superconductors（HTSCs），

distinct　featufes　have　b㏄n　recognized，compared

wi曲曲c　convent…ona玉metal　and　intermeta脳c　super一
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conductors．Two　dimensiona1量ty　of　the云r　crysta1

structures　causes　s量gniicant　features　in　the　e1ectr0－

magnctic　field．For　the　app玉icat量on　of　these　materi－

als，量t　is　real1y　essential　to　usc　at　liquid　nitrogen

士emperature77K．　Hcwever，士he　upper　cr…tica1cur－

rent　density，for　example，is　reduced　drastically

uηder　a三nagnetic貧eld－　Super量ority　tc　the　conven－

tional　superconductors　can　be　found　on玉y　around

1量quid　He　temperature．　The　reason　is　tちat　there

have　bcen　found　no　p云nning　centers　e伍ective　at77K

or　at　higher　tempera士ures．However，most　of　tbe

obstacles　co測e　fro獅曲e　nature　of協e　HTSCs出em－

selves，for　example，two－dimensional　clectronic

states，　large　an量sotropy，　short　coherence　length，

superconduct量ng　quantum　Huctuation，etc．　The肥一

fore，　虻　is　of　necessity　for　辻he　appI｛cat｛on　of　the

HTSCs　to　understand搬e　pinning　mechanism　of　vor－

tices　in　HTSC　sing玉e　crystals　at　nrst，and砥en，to

呈ntroduce　e茄ect量ve　p｛nning　centers　into　the　materials

ar湘Cia玉1y－

　　This　research　program　aims　to丘nd　the　e舵ctive

pinning　centers　by　understanding　the　pinning　mecba－

n｛s㎜of　vortices…n　HTSCs．　First　of　ail，we　kave　to

know　the　intrinsic　properties　of　h量gh　qua1舵y　single

crystals－We　have　developed　our　crystal　growth

techniques　in　various　me辻hods．　Based　on　the　funda－

mental　stud量es　on　the　high卯al…ty　singIe　crysta玉s，we

have　introduced　the　pinning　centeτs　arti丘cially，such

as　defecセs（dislocations，co1umnar　defects　by　a　heavy

ionirradiati㎝andotherphases），impu洲es．Re－
cent玉y，we　have　found　d量stinct　features　in　the　heavy－

ion　量rradiated　Bi2Sr2CaCu20B＋δ（Bi－2212）single

crystals．By　me＆sur三ng　the　Josephsoηplasma　reso－

nance，new　phase　boundary　has　bcen　ol〕served　above

the｛rreversibi肚y　line．　The　new　boundary　exists　at

around3φ／3（週φ二n×Φ；n：density　of　columnar

defccts，Φ：magnetic肋x　qu＆ntum），which　is量nde－

pendent　to　temperature．　Below　the　boundary，the

vortices　are　in　the玉iquid　state，and　above　that，the

vortices　become　a　line－like　structure　w倣increasing　a

magne士ic　行eld．　Th…s　自eld－induced　transition　has

been　con伽med言n　the　Monte－Calro　simu1ations．

ヌur抵crmore，this　boundary　penetrates　into　the　irre－

versibi1ity　reg量cn　independent　to　temPerature．　This

was　observed　as　a　peak　e征㏄t　at　the　magne辻ic舶1d　of

3φ／3in　the　magnetizat量on　curves，which　is　also　con－

nrmed　by　the　dynam量ca玉ca玉cu玉ation　of　current　now

in　a　magnet…c舵1d．

　　Even　in　the　B｛一2212s量ngle　crysta玉s　with　h云gh　qual－

ity　in　crystallin量ty，there　observed　pinning　e伍ect　at

low丘clds　and　low辻emperatures　below30K，meas－

ured　by　a眺ter　deco棚ion　tec㎞ique－With　in－

creasing　a　magnetic　field，vortices　fo王㎜a　hexagona玉

1attice　as　the　n，agnetic　interact｛on　bcco王nes1arger　to

cve「cOme　the　pinning　force．At　h量gher　magnetic

汽e1ds　than2D－3D　transition脆1d，a　depinning　of　the

vortices　has　been　observed　in　magnet貴zation　curves，

which　causes　a　new　phase　boundary　in　the　irrevers…一

bility　region．　The　magnetic　phase　diagram　of　Bi－

2212becomes　a　co獅plicated，but　reveals　the　real

systen一亡c　reHec士the　existence　of　thc　pinning　centers．

　　This　research　has　b㏄n　made　in　co1玉aboration　w舳

Tokyo　Ins辻itute　of　Technoiogy，Inst…tute　for　Sol｛d

State　Phys量cs，tbe　University　of　Tokyo，and　Hitachi

Advanced　Research　Laboratory．

Keywords：　high　temperature　s叩erconductors，

vor亡ex　pinning，vor辻ex　dynanlics
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　　48　Fabricati㎝o｛lntrinsicJose的sonJunctionsand

Evaluati㎝of伽irPhysicalP岬erties

K．獅伽α，r．〃oc脈〃α〃∬。ταたεヅα，1∫ばθ一

8εα7c乃G70〃

＝Apri〕995to　March2000］

　　High　temperature　supcrconductors（HTSCs）have

been　found　to　show　a玉arge　anisotropy　in　their　mag－

netic　and　e玉ectronic　properties，in　coηtrast　with　the

conventiona1㎜etal　or　inter王neta1玉ic　superconductors．

This　an｛sotropy　comes　from　their　crystal　structures，

w繍ch　are　composed　of　superconduct言ng　Cu021ayers

and　insu王ating　layers　or1ess－conductive　layers。　丁汽e

electrons　or　holes　are　conined　in　two＿dimensional

superconducting　layers，　and　the　coherence　length

perpendicular　to　the　layers　becomes　very　short（～2

AorlessfOr捌2Sr2CaCu20君十δ（Bi－22玉2））。Th…s

structural　anisotropy　causes　interest…ng　Phenomena．

DC－Josephson　e冊ect　has　bcen　observed　in　the

voltage－current　char盆cterist…cs，and　the　ac－Josephsoη

e価ect　has　been　observed，辻oo，which　indicate　the

existence　of　Josephson　e岱ect　量n　thc　materials　in－

tr云nsicaly．　So，HTSCs　are　con丘rmed　to　have　the

Josephson　e術ect　as　their　own　properties　w量thout　any

art紛cia1insuIating　玉ayers．　The　layerness　of　these

n－ater｛a玉s　leads　also　to　the　peculiar　characteristics言n

magnetic　and　electronic　properties；magnetic　phase

diagram，the　Josephson　plas㎜a　resonance，second
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peake緬㏄t（舳taの，andso㎝．
　　This　research　program　is　planned　to　utilize　the

i飢rinsic　properties　of　HTSCs　for　the　application，

such　as　the　Josephson　e脆ct，and　to温nd　a　new

characteristic　feature　in　these　materials　under　various

circumstances．　For　these　purposes，　it　a玉ways

becomes　a　kcy　to　grow1argc　single　crystais　of　high

quality－We　have　deve1oped　our　t㏄㎞ology　in
growing　sing1e　crystais　of　HTSCs　mainly　by　traveling

solvent亙oating　zone　nユethod．　＝Large　singie　crysta玉s

have　b㏄n　obtained　with　a　size　of5mm　in　width，

正onger　thanヱOmm　in　iength．　T1le　eva王uation　of　the

crystallinity　has　been　performed　to　make　a　feedback

to　the　crys辻a1growth．　By　the　measurements　of　a

doub玉e　crystal　X－ray　d冊raction，single　crystaI　of　Bi－

2212shows　about70arcseconds　in　the　fu玉i　width　of

the　half　maxima．There　is　also玉ess　misa玉ignment　in

the　di愉action　p玉ane，w拙ch　was　con丘rmed　by　a

doub1e　crystal　X－ray　topography．　Magnetic　and

e1ectronic　properties　（resistiv三ty　under　magnctic

行elds，ac　susceptibility，dc　magnetization，Ha1玉coe昨

cients，　heat　capacity，　etc）　are　measured　on　these

single　crystais　in　normal　and　superconducting　s倣e－

　　　For　the　current－vo1tage（∫一γ）measurements，a

micr0－structure　is　essentia玉to　avoid　a　heating　e征ect．

We　have　fabricated　the　mesa－structuredjunctions　by

an　ion＿milling　on　the　cleaved　surface　of　Bi＿22玉2

single　crysta1s．Measuring　on　the　mesa－structured

junctions，multi－branches　have　been　observed　iη曲e

∫一γcurves．　Under　the　microwave，a　Shapiro　step，

which　is　usuaily　observcd　in　the　normal　Josephson

junction，has　not　been　scen　in　the　curves－　Instead，a

念ne　stmc施re　has　been　found　at　low　vo玉tage（current）

or　zero　crossings　region．　This　ine　step　is　considered

as　an　inHuencc　of　the　coherent　vortex　How．　To

con汽rm　the　step　under　a　para玉1el　magnetic舵1d，the

measurements　has　been　done，but，there　have　been

found　no邊ne　step　at　various　magnetic舶1ds－

　　Generation　of　microwave　has　been　tried　to　excite

the　Josephson　plasma　with　an　injection　of　quasi－

particles　into　the　junctioηs　in　an　equi脆rium　condi－

tiOn－　In出e　minuS　reSiStanCe　regime　in　the∫一γ

curves，the　microwave　emission　has　been　observed．

This　preliminary　result　enforces　us　to　セry　new

methods　in　the　excitation　of　the　Josephson　plasma　for

obtaining　a　coherent　emission．

　　Based　on　these　results，the　intrinsic　properties　of

the　Josephson　junctioη　in　HTSCs　are　anaiyzed

numerica玉1y　by　a　computer　simulation，and，for　the

application　of　HTSCs，new　function　wm　be　tried　to

ind．

　　This　research　has　been　made　in　collaboration　with

Technical　University　of　Munich　and　Tokyo　Institute

of　Technology一

Keywo冊s：high　temperature　superconductors，in一

trinsic　Josephson　junction，Josephson　devices
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　　High　Frequency　Microwave　Emission　from

BSCCO　Intrins1c　Ju㏄tions，W，Wang，K－L㏄，玉。

玉guchi，K－Hirata　and㌻．Moch1ku：to　be　pub1鰍cd

in至EEE　Trans．Appl．Superconductivity（1999）．

　　49　　C11aracterizatioI1　a11d　Applicatio11　0f　Supe芋一

conduc仙列g　’rhin　1＝iIms　Synt．1esized　by　Ato獅ic　Layer・by・

1ayer　and　Epitaxial　Growt㍉Metトods

τ．肋伽o，1∫〃召∫ω肋Gro岬
［Apri至1995亡o　March2002］

　　Syn㎜thes言s　of　ex虹eme1y　thill　ribbon－shaped丘1皿1s

　　New　synthesis　root　to　grow　Bi2Sr2CaCu20宮十δ

（2212）ribbon－shaped　丘1ms　has　been　developed．

The　ribbon－shaped冊ms　have　been　grow　under　ambi－

ent　pressure　from2212powder㎜aterial　on　a　silver

substrate　by　so　ca玉1ed“partial　melt　aηd　siow　coo1量ng”

heat　treatment　procedure－　The　r量bbons　are　extreme－

ly　thin　and　stuck　irmly　to　the　silver　substrates－　Thc

ribbon－1量ke冊ms　showed　superconducting　trans量t…on

with　the　onse士temperature　of　about80K，

　　Recryst舳iz州on　of8i2Sr2CaCu208＋δflms　ac・

COm脾nyimg肋一μα〃2C町Stalline　rOtatiOn．

　　In　order　to　keep　better　surfa㏄morphology　and

ゴη一μακ8　0rientation，thin£1ms　of　Bi2Sr2CaCu20y

（22玉2）and　Bi2Sr2Ca2Cu30y（2223）were　deposited　by

pu玉sed　Iaser　ablation　onto　MgO（100）and　LaA103

（100）single　crystal　substrates　at　temperaure　about50

一玉OOK玉owerth棚thedecompositionpointof2212
or2223phases．　To　get　the　e価cct　ofα一∫j伽anneal－

ing　on　the肋一μo畑orientation　and　r。，the触ms　wcre

accura士ely　post－annealed　in　oxygen　potential　con－

trolled　fumace．　The　results　showed　that　the　r．of

theamealing欄msreachedto75－80Kdepeηdingon
the加∫伽substrate　temperature　before　amea1ing－

The　amealed2223刷ms　showed　homogcneous　inter－

growth　mixing　of2212phase　by10－20％and　showed

the　r．at100－105K．

　　We　found　that　the1η一ρ1oη80rientation　ofthe22玉2

films　on　Mg0（100）substrates　depends　on　the　sub－

strate　temperature　during　deposition．　The　nlms

deposited　at　higher　substrate　temperature　have　either

2212［100］〃Mg0［100］±l1o　and2212［100］〃Mg0

［玉00】　relatioη　or　22I2口00］〃MgO口OO］±Ho－

W舳e　the　n㎞deposited　at1ower　substrate　tcmpera一

辻ure　sbowed　only　the2212［100］〃MgO［1001±1lo

epi辻axial　re玉ation．　After　annealing，the肋一〃o〃εdi一

・ecti㎝comp1・辻・1y・ot・t・dby45。，andonly伽2212

エ100］〃MgO［玉00］ep1tax…al　relat圭on　becamc　observa－

b1e，　0n曲e　other　hand，from　the　mms　deposited　on
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LaAl03substrate，only　the　strong　22玉2［1OO］〃

LaA103口OO］肋一μαηεepitaxia玉relatio羽was　observed

indcpendent　of　the　substrate辻emperature　and　post－

amea玉ing．

　　Atomica岬13yer・by－1ayer由pos雌o皿

　　Superla杭云ce　ilms　of　b量sn－uth＿based　oxide　super＿

COnduCtOrS，fOr量nStanCe

　　Bi2Sr2Ca3Cu40I2／Bi2Sr2Ca盲Cu20君and　Bi2Sr2CaヰCu5014／

酬2Sr2Cu06，have　been　synthesized　by　scquential

sputtering　of　bismuth－oxide，strontium－copper－oxide

and　calcium－copPer－oxide　mono王ayers．Crystal

struc士ures，superconducting　trans虻ion　te醐peratures

and　ho玉e　concentration　of　the倉玉ms　were　studied　by

x－1ay　di附action，Meissner　e脆ct　and　Hall　e揃ect　meas－

ure㎜ents．　X　was　observed　that疵e　superconducting

transition　temperatures　werc　enhanced　by　forming

super玉attice捌ms　of　over　doped（Bi2Sr2Ca1Cu20畠，

別2Sr2Cu06）　and　under　doped　（Bi2Sr2Ca3Cu4012，

Bi2Sr2Ca4Cu50ヨ4）phases．　The　results　can　be　under－

stood　by　stress　induced　changes　in　the　bole　concen－

trat量on　between　the　over　and　the　under　doped　phases

derived　from　the　ep量taxia1formation　o㍑he　super一

玉at亡…Ce自1n－S．

Keywords：h…9h一＝1「。，　　superconductor，　　thin　　fi玉nユ，

annealing，　pulsed　　laser　ab1atiOn，　iayer－by－layer

growth，Bi2Sr2Ca皿＿lCu，02皿十什δ・，intergrowth，lattice

mismatch，surface　morphology，加ρ1α〃80rientation

t…mc，amp肚ude　and　phase，with　static　stmc辻ure　of

defects．

2）We　are　also　going辻o　measure　the　mechanical

properties　of　NiヨAl　b言crysta玉specimens量n　hydrogen

ion　and　hydrogeηplasma　cnvironmen辻s，in　order　to

examine　the　emec辻at言n士erface　defects　induced　by

hydrogen　atoms　from　a　v量ewpoi鮎of　k呈net云cs．　An

equipment　for　the　in　situ　measurements　of曲e　me－

cbanical　properties｛s　now　being　des量gned．　Me汰ods

of　detection　of　changes　in　surface喜nechanical　pro－

pertics　wi1l　be　a1so　s施died．

Keywords：defect，u肘rashort　pu玉se1aser，coherent

phonons，hydrogen
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　　A　con辻rol　of　react量on　at　the　atomic　level　on　the

soIid　surface　and／or舖m／substrate　interface…s　essen－

tial　for　developing　materials　wi曲hi幽er　qua肚y　and

microscopic　dev量ces．　This　s施dy　is　to　elucidate　ki－

netics　and　dynam…cs　on　reactions　of　ions，neutral

a辻oms　and　plasmas　with　so玉id　materials．There　are

two　main　targets　in　this　study：

1）Using　a　pump／probe　technique　w倣u1士rashort

pu玉se　laser，we　are　going　to　develoP　an　equ｛Pment　for

observat量on　of玉鮒ice　vibration　on　a　time　sca1e　of1O

－100fs．　This　could　g量ve　us　direct　iηformation　to

understand　la杭ice　dynamics　for　defect　formation　and

carrier　excitat｛on　in　damaged　materiais．　γhe

coherent　phonons　of　Bi　having　a　slow　vibrat…onal

㎜ot1on　are　bci㎎observed．We　also　discuss　the

relation　of　the　dyηamic　infor王na辻ion，such　as　decay

∫．肋gαんαWα，γ．〃舳8θ，〃．γα榊0伽0如，γ．

1物及〃zowαα〃∂K．γαgf，2η∂1～ε∫θα7cんG1’o〃ρ

K．肋肋τo〃1∫τ肋8θ〃cんG舳ρ

［April1998to　March2002］

　　Changes　in　microstmc施re　and　degradation…n　me－

chanica玉properties　indlユced　by嵌c　irrad｛ation　with

energet言c　partic玉es　are　criticauy　importan亡for　the

stmctura玉mater…a玉s　of　nuclear　apPlicat云on，They

sig■iicant1y　in温uencc　the　endura■ce　of　structural

co王nponents　of　nuckar　reactors．　In　th量s　research

project，defonnation　and　fracturc　of　materials　under

irradiation　are　being　stud量ed　experimenta1玉y　and

theoret量ca1玉y　for　the　nuclear　n－ateria1s　to　be　used｛n

the　advanced　nuc1ear　energy　sources　like　the　fusion

reactors　and　the　next－9eneration　light　water　reactors－

Emphasis量s　p玉aced　on　the　understanding　of　deforma－

tion　and　fracture　proper亡ies　of　the　advanced　materi－

als　under　irradiation，and　a玉so　on　the　development　of

new　methods　to　suppress　the　radiation－induced　deg－

radatiOn．

　　Damage　by　energetic　particles　causes　atom云c　dis－

placements　and　introduces　migrat貴ng　Po量nt　defects

and　stable　defect　agglomerates　in　the　ma辻erial．　Mi－

gration　of　point　defects，　cspedally　the　interstitial
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atom　that　has　a　very　stronger　strain£eld，is　in－

auenced　by　the　externa1stress　ne1d　and　induces　vari＿

ous　materiai　degradation　pheno蜘ena．　One　of　the

㎜ost　i㎜por辻ant　degradation　for　the　nuc1ear　reactor

matefia玉s　is　the　radiation－induced　defor㎜ation．Un－

usually　large　plastic　deformation　is　produced　by　the

synergistic　e岱ect　of　irradiation　and　external　stress

even　a辻rather　low　tcmperatures　and　stress1evels1）．

　　IHS，0ntheOtherhand，WenknOWnthata醐e亡a1
fatigue　is　one　of　thc　crucial　m㏄hanica1properties　t0

decide　the　life　of　stmcturai　co㎜pon㎝ts，We　have

revealed　that　the　fatigue　fracture　is　a伍ected　by　the

simu1taneous　irradiation　and　further　by　thc　addition一

・1・・di・tio・一i・du・・d・・㏄pi・316・t・i・1…st・・12）．

The　fatigue玉ife，i．e．，the　number　of　cyc玉es　to　fai1ure，

under　irradiation　with17MeV　protons　at6ぴC　was

larger　by　severa玉times　than　that　of　the　thermal　case

in　a　load－con辻rol1ed　tensi玉e－tensiIe　fatigue　of　side－

notched　specimens．　玉n　the　fusion　reactors，atomic

disp亘acement　and　radiatioη一induced　defor王nation　are

cxpected　to　bc　mcre　signincan辻compared　wi辻h　those

in辻he　iss呈on　rcactors．　It　is，therefore，very　cr云tical

to　investigate辻he　rad量ation－induced　deformation　and

the　fatigue　fracture　behavior　under　irradiation　for

亡he　advanced　materia玉s　of　fusion　reactor　application．

　　There　are　two　stages　where　the　signincant　ir－

radiation－induced　deformation　can　i柵uence　the　fa－

tigue　phenomena．　Oηe　is　the　crack　initiat量on　stage

and　the　other　is　the　crack　prOpagatiOn　stage　that

fo1lows　the　former．　The　latter　stage　is　c1ear玉y　a脆ct－

ed　by　the　irrad量ation　as　the　crack　propagation　rate

revealcd　by　the　spacing　of　the　striat量on　pattern，

re胎cting　the　crack　propagation　step　made　each

cycle，is　sma1ler　under　irradiation．　In　order　to　ex－

amine　the　e脆ct　of肋一∫伽irradiation　on幽e　fa辻igue

crack　ini辻…ation，tちe刑ni士e創cmen亡Analys…s　has　bee羽

apPlied　to　the　stress　development　at　the口otch－tip

por辻ion　prior　to　the　crack　initiation　in　both　irradiated

and　unirradiated　condit｛ons－The　piastic　deforma－

t呈on　rate　of　the　signi丘can辻plastic　creep　under　irrad量一

ation　at60℃was　experimentally　obtained　and　was

included　in　the　ca玉culation．　The　results　indicate　that

出c　dcveiopment　of　stress　localization　in　front　of　the

crack－tip　is　s1owed　down　due　to　the　very　active

irradiation－induced　deformation．　However，the　re－

duction｛s　not　particu玉arly　signi汽can辻even　after3，000

cyc－es　al1d　it　does　not　seem　to㎜ake　a　large　d言術erence

in　the　number　of　cycles　to　start　a　fatigue　crack．

This　ana玉ysis　apPears　to　indicate　that　the　delayed

crack　propagation　may　play　a　rather　important　ro玉e

in　the玉onger　f盆tigue　life　under　irradiation，together

with　the　suppress云on　e脆ct　of　irradiation　on　the　crack

initiatiOn．

Keywo地s：radiation　damage，point　defects，defor－

n〕ation，fatigue
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　　Radio－act量vat云on　of　materiais　has　been　recognized

as　one　ofthe　most　crucial　issues　in　the　ield　ofnuclear

fus量on　technology　from　the　standpo…nt　of　waste　man－

agement，environmental　safety　and　pub玉ic　ac㏄pt－

ance．　The　problem　is　much　pronounced　for行rst

wal1／b1anket　struc辻ural　materia1s　used　in　a　prototype

reactor　and　the　beyond，due　to　large　radiation　doses

of　fusion　neutrons．　Since　such　heavy　irrad貴ation

causes　ma辻erial　deterioration　in　many　cases，the　de－

ve1opment　of　radiation－res云stant　structura1ma辻erials

with　low　activation　characteristics　has　been　hence

strong玉y　demanded　for　thc　pτogress　of　fusion　reac－

tors．　In　order　to　contr量bute　such　material　develop－

ment，we　have　investigated　the　innuence　of　nuclear

traηSmu倣i0ηal　e1ementS　On　ma亡er…al　integrity　uSiηg

accelerator　irradiation　techniquc　w舳a　primary　con－

cem　on　gaseous　e1ements（he1ium　and　hydrogen）

w脳ch　are　known　to　often　induce　severe　grain　bound－

ary　embrittle㎜en辻．

　　The　method　ofα一particle　irradiation　with　a　cyc1o－

tron　was　adopted　to　simulatc　neutronic　ge鵬ration　of

helium　by（n，α）reactions　in　reactors．Through　th云s

technique，he1量u㎜was量mplanted　into　a　representa－

tive玉owactivationmartensiticsteel，F82H（Fe－8Cr－

2W－V，Ta），which　had　been　selected　as　a　reference

materia1for　a　round一τob｛n　test　organized　by　IEA

（htemat云ona1Energy　Agency）一Thc　implantation

was　carried　out　a辻823K，a　desired　high　temperature

limit　ofmartensitic　steels　for　fusion　use．　Creep　tests

were　subsequently　conducted　at　the　same　tempera－

ture　on　specimens　conta言ning100appmHe　and300

appmHe－　Ruptured　samples　were　fractograph量ca玉1y

examined辻o　c玉arify士he　e冊ect　of　he1言um　on　failure

㎜odes．

　　The　creep　rupture　strength　and　e－ongation　of　lOO
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apPmHe　implanted　samp玉es　were　mos的identical　to

those　of　corresponding　he玉ium　free　controi　speci－

mens．　0n　the　other　hand，samp玉es　imp玉anted　with

300appmHe　showed　roughly　ive　times　larger　cr㏄p

玉ife　in　comparison　w舳unirradiated　references，w舳e

rupture　elongation　vaiues　of　both　sets　aga量n　re王nained

w撒in　a　normal　experimental　error　band．No　deg－

radation　of　rup施re　strain　was　therefore　perce｛ved　up

to300appmHe　implantat…on．　玉n　addition，a玉1the

specimens　including　implanted棚d　un…mplanted　ones

ruptured　perfectiy　in　a　transgranu1arly　duct量1e　fash＿

ion　and　any　indication　of　grain　boundary　embτ…ttle－

ment　caused　by　he玉ium　was　not　appreciated．These

facts　mean　that倣s　material，F82H，may　withs辻and

he1量um－induced　mechanical　degradation　in　the　fusion

reaCtOr　eηV…rOn－nent．

Keywords　：　helium　embritt玉ement，　hydrogeη

embrittlement，ferritic　steel，vanadium　anoy
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1I　至ntrOduCt云0n

　　Mater三als　composed　of云sotopically　se玉ected　ele－

ments　realize　the　essential　solution　of　subjects　such　as

induced　activity，He　embriωement，and　com－

positiona玉change　caused　by　reac辻ions　with　energetic

partic1es．Moreover，the1sotop1cally　controllcd　ma－

tcrialsちavc　been　po…nted　out　to　improve　various

physical　properties　of　crysta1玉ines．

　　The　object…ves　of　thc　progra王n　arc（1）to　deve玉op

C021aser　with　oxygen　isotope，which　expands　the

…nfrared　wavenu㎜ber　region　ofthe　laser　emission　and

辻o　search　infrared　laser　with　a　widc　range　of

wavenumber，（2）to　synthesis　isotopically　contro脆d

materials　such　as　silicon　and　boron　compounds，and

（3）to　u舳ze　isotopes　by　transmutat言on，量ncluding

si王nu1ation　studies．

2．Main　Results

2．1　Development　of　isotop量ca玉1y　controned　laser

and　search｛ng　infrared　iaser　with　a　wide　range　of

wavenumber

　　Usua玉pulse　C021aser呈s　lim量ted　in　emission　of

wavenu㎜ber　as93王一956c㎜■1，966－983cmLl，1，033－

1，057cm■l　and1，069一玉，085cm■1，　If12C　or160量s

replaced　by　the　other　isotpe　such　as13C　or180，then

new　emission1量nes　appear　due　to　the　d冊erent　stretch－

ing　and　bend｛ng　modes　of｛sotopic　C02from　those　of

usual　C029as，

　　In　order　to　achieve辻he　isotope玉aser，a　closed－cycle

C021aser　sys辻em…s　examined．　It｛s　necessary　to　use

｛sotope　C02e珊ectively　becausc　of　its　high　cost．

Whenthelaseriscm1ttcdbydischarge，iso辻ope　C02is

consumed　with　the　reaction　as

　　　　　　　　　　　玉

C02→C0＋一02　　　　　　　　　　　　　　　（1）
　　　　　　　　　　　2

Then曲e　catalyzer　co㎜posed　of　CuO　is　installcd㎞

the　c云rculation　system　to　recombine　CO　aηd0パo

retum　　C02．　　The　system　is　now　being
manufaCtured．

　　Fr㏄刷ectron　Laer（FEL）is　also　examined　to　be

used　as　the　other　laser　covcring　a　wide　wavenumber

reg｛on－　The　one　which　is　availab玉e　in　the　iむfrarcd

wavenumber　region　and　has　a　considerab玉e　high

power　is　the　FEL夏X　of伽FOM　in　the　Netherland－

The　FELIX　emits　the量nfrared　laser　at5－30μm（333－

2，000cm■1）and　at5MW．The　use　ofthis玉aser　also

is　being　exam｛ned　under　the　cooperat｛on　w倣the

FOM　ins砒u迂e　a■d　Los　Aiamos　Nat1onal　Laboratory－

ne　enrichment　ofsi玉icon量sotopes　in　the　SiF4formed

and　residua1Si2F6was　observed　in玉O，12and25μm

absorption　bands－

2．2　Synthesis　of　iso辻ope　si玉icon冊ms　and　growth　of

isotope　single　crysta1s

　　It　is　necessary　to辻ake　out　si玉icon　metal　from
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isotopica1ly　con㏄ntrated　SiF4or　Si2F6gas　to　examine

various　physica1properties　of　isotopicaI1y　controlled

si1icon　and　its　compounds．　Si1icon　nake　was

dcposited　by　a　plasma　CVD　mcthod．Natural　SiF4

gas　was　used　to丘nd　the　optimum　condition　of　Si　mm

formation　prior　to　isotopically㎝riched　gases．Mi－

crowave　of2．45GHz　with　a　power　of8．4×1O…4

Wm■2was　applied　to　the　gas　at13，3Pa－266Pa　at　a

How　rate　of30－500SCCM．Ar　and　H2are　added　as

a　plasma　assisting　and　scavenging　gases，respectively，

The　substrate　temperature　was　kept　at523－873K．

The　mms　formed　were　examined　with　SEM，XRD

and　weighed　for　measuring　formation　rates－　It　is

found　that　polycrystalline　Si　mms　were　formed　in　the

present　experimenta1temperature　range－That　is，

si1icon　can　be　produced　through　the　decomposition

reactions　of　Huoro－silane　gases　by　the　plasma　CVD－

The　optimum　temperature　to　obtain　silicon　films　with

a　high　emciency　was623－723K．The　maximum
conversion　emciency　from　fluoro－silane　to　silicon

metal　was28％．

　　Natural　boron　is　composed　of1oB　of19．9％and　ll

B　of80．1％．　Since　relative　mass　d冊erence　between

loB　and　ll　B　is　vcry　large，mass　e冊ect　on　physical

properties　of　boron　is　expected－　In　the　present

study，single　crystalline　isotope　boron　was　tried　to　be

prepared　using　zone　melting　technique－The　start－

ing　materia1s　were99．5％loB　and99％ll　B　powders－

After　isostatically　pressed　to　a　cylindrica1shape

under　hydrostatic　pressure　of2，000kgW／cmユ，the

isotopic　boron　powders　were　sintcred　in　a　vacuum　at

1，873K．The　sintered　rod　was　then　zone　melted　on

the　seed　crystal　under　flowing　Ar　gas．　Finally　iso－

tope　boron　single　crysta1s　with　a　size　of10mmφ×40

mm　could　be　formed（see　photo1）．The　observa－

tion　of　the　cross　section　of　thc　crystals　indicated　a

smooth　surface　and　the　growth　direction　was

identified　to　be＜100〉by　X－ray　Laue　back　refle－

CtiOn　analySiS．

The　boron　single　crystals　prepared　are93．2％lo　B，

99％llBandnatura1boron（19．9％loBand80．1％1］

B）一

Physical　properties　such　as1atice　constant，thermal

difrusivity，and　hcat　capacity　for　boron　singlc　crystals

are　bcing　measured一

2．3　Utilization　of　isotopes　by　transmutation

　　The　simu1ation　code，IRAC，calcu1ating　transmu－

tation　was量mproved　by　combining　with　a　ncutron

transport　ca1cu1ation　code　and　introducing　mu1ti－step

reactions　to　predict　more　precise－y　the　transmutation

of　materials　inc1uding　isotopical1y　contro11ed　materi－

als．　FENDL2．1was　introduced　as　a　newest　nuclear

data　me　covering　both　stab1e　and　unstable　nuclides

for　various　nuclcar　reactions．　Using　the　improved

calcu1ation　code，synthesis　of　new　materials　through

the　transmutation　and　annihi1ation　of　radioactive

nuc1ides　with　a1ong　l1a1f－1ife　are　being　examined．

　　SiC　has　excellent　nuclear　properties　and　has　been

considered　as　a　structural　material　of　fus貴on　reactors．

Since　SiC　itse1f　is　intrinsica11y　brittle，SiC　composites

with　a　high　purity　and　favorab1e　mechanica1pro－

perties　are　being　deve1oped　using　chemica1vapor

infiltration　process．

Keywo了ds：isotopical1y　contro1led　materia1s，isotope

separation，free　electron　laser，silicon，boron，chemi－

cal　vapor　inmtration，silicon　carbide，transmutation
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【Apri11995辻o　March2001】

　　Mater言a玉information　systeIn　having　huge　database

and　e秤㏄tive　compu亡er　a｛ded辻oo玉s｛s　required　for　the

alloy　design　or　sekct｛on　of　advanced　nuclear王nateri－

a1S．　列0WeVer，there　are　i量mitat云CnS　in　StOring　nu－

merous　materia玉prcperties　into　the　databasse　and

devcloping　a　variety　of　the　too工s　in　one　research

…nstit耐e．Thus，under　corporation　among　Nationai

Research　Institute　fcr　Met＆ls（NRIM），Japan

Atomic　Energy　Rcsearch　Institute（JAERI）and

Japan　Nuc1ear　Cycle　Deve1opmenいnstitute（JNC）

with　d個erent　spec主a1丘eld，the　p量1ot　d｛str云buted

database　system　for　deve1opment　of　nuclear　materials

called“Data－Fee－Way（DFW）”has　been　built　since

1990．　The　project　on　the　second　stage　was　started　in

1995under　collaborati㎝among　NRIM，JAERI，
JNC　and　Japan　Science　and　Tecちnology　Corpora辻ion

（JST）．　The　aim　of　this　project　are　to　store　the　data

iη　the　database　and　to　develop　usefui　computer

u舳zed　too玉for　da士a　ana玉ysis　and　s量mulation　codes

fro　various　phenonユena　under　irradiation　environ一

㎜entS．

　　The　method　of　the　connection　among　the　database

of　each　organ1zati㎝in　DFW　system　changed　from

private　line　to　the　Intemet．　Us…ng　tools　used　in　the

Internet，users　can　easily　refer　to　any　necessary　infor－

mation　by　a㏄essing　to　the　fore　database　with　WWW

browscr　without　taking　account　of　in　which　database

si士e　the　required　data　exit．　The　nnal　target　of　the

usage　ofthe　WWW　for　the　present　study　will　be伽

deve玉opment　of　a　data　informa辻｛on　sys辻em　for　design－

ing　and　select言ng　nuclear　materiaIs．

　　Some　trails　of　the　WWW　server－of　each　sites　in

DFW　to　s叩ply　the　informti㎝㎝nuclear　mater1als

are　introduced．　Several　databases　and　toois　for　the

system　are　provided1n　thc　WWW　ofthe　NR三M　site

（http：／／inaba．nri帆go．jp／），which　has　main　func－

tions　of㎜a辻erial　database，on－line　simulator　and

remote　exper…m㎝t．Databases　c㎝sist　of　DFW，

transmu辻ation　under　neutron　irradiation　and　d㏄ay，

di腕sion　infor㎜ation　in　Iron　or　Aluminum　matrix，

Ni　superailoy　properties，CCγdiagram　for　welding，

SiCf／S｛C　co㎜posite　materia玉s－　The　compositiona玉

s言mulators　are　pred主ction　ofthe　chcm｛cal　changes　and

radioactivation　undemeutron　tr棚smutation，eva1ua・

tion　of　m㏄han量cal　properties　at　high士empera施re　in

Ni－base　super－alloys　and　calculation　of　we玉ding　heat

cycIe．　Moreover，betweeη　NRIM　and　StaatIiche

Materialpr肘ungsanstait（MPA）Stu晦art　was　dis－

cussed　to　exchange㎜utuaily　the　mater｛al　informa－

ti㎝usi㎎DFW　sys辻em　in1998German－Japanese
Workshop　on　Chemical　Information　at　Karlsr凶e　on

the　progra㎜ing　of　German－Japanese　Meeting　of　the

Panel　for　Information　and　Documentation．

Xeywo挑：Data－Free－Way，distributed　database，

advanced　nuckar㎜ateria玉s，data　share，simulator，

re㎜ote　exper…men辻

　　5……　　Microstructure　Co閉rol　and　IVlechanica1Prop跳ty

of　Inter繭eta1lic　Alloys　i11Ti－A1System

K。肋∫〃㎜oτo，3〃伽8θα肋G舳ρ

王Apri1亘997to　March200リ

　　The　mechanica玉properties　of　intcrmeta1玉ic　alloys

change　drasticany　with皿icrostmcωre．　Thus　the

microstructure　control　is　a　key　to　improve　the　me－

chanical　properties　and／or辻o　decrease　the　manufac－

turing　cost　for　prac辻ical　use－　Among　them，γ一TiAl

based　alloys　have　been　paid　considerabIe　a枕ention…n

「ecent　yea「s　f「o㎜autOn10tive　industry　as　a　potential

matcr量aけor　making　ro倣ing　and　reciprocating　com－

ponents　to　produce　a　more　e餓cient　engine．　Al－

though砒anium　trialuminide　a1玉oys　exhib量t　britt玉e

fracture　at　ambient　tempcra士ure，辻he　alIoys　are　a玉so

prom…sing　ma士eria】s　for　h…9h　temperature　apP1ica－

tions．Thus　the　duc舳ty　improvement　of出c　alloys

is　one　of　the　most｛mportant　probiems　for　practica玉

uSe．

　　To　exa㎜ine　the　e価ect　of　composi辻ions　and　defor一

一nation　　processi■g　　on　　the　　microstructure　　and

deformability　ofγ一base　a1玉oys　with　compositions　of

篶一（37－44at％）AI一（3－9at％）Cr，thc　alloy　ingots

were　produ㏄d　by　vacuum　induction　melting．The

ingots　were　cut｛nto　tetrahedral　blocks　and　ho聰o－

genized　at1，273K　for604．8ks－　All　of　the　blocks

were　isother㎜a玉1y　forged　in　three　s士eps．　At汰c念rst－

step曲eyweredeformedto50％at1，473Kunder
strain　rate　of王O－3s■1．　At　the　second－and舳rd－

steps，thcy　were　deformed　to50％at玉，473K　and

正，273Kunderstrainra辻eo〔O■ユs…1，respective玉y，in

such　a　way　that　thcir　forging　dircctions　becamc　per－

pendic口1ar　from　each　o曲er．　The　tens｛le　tes士for　the

forged　alloys　was　carried　out量n　a　temperature　range

of1，223一玉，473K　and　in　a　strain　rate　range　of10■2一

王O…4s…1．　The　forged　alloy　with貧ne　sphericaI　shaped

γandα。phases　in　theβphase　matr｛x　has　exh言bited

superplast量ceIongationo〔，玉00％at1，273Kand｛t

aIso　exhibited　the　elongat｛on　of　more　than300％

even　at　a　high　strain　rate　of王O…2s■i．　Meanwhile，

the　c価ect　of　heat　treatment　on　the　m…crostructure　of

Ti－48at％A玉一3．5at％Cr　has　bceηexamined　by

changing　cooIing－ratc　during　Phase　transition　fromα

singIe　phase　region　to　theα十γtwo　phase　region．

Transmission　electron　microscopy　revea1ed　that　a

feathery㎜icrostructure　is　composed　of　lamenar　col－

onies（5－10μm），which　are　crystanographicaly　tilted

slightly　with　their　neighbors，and　can　be　prcduced

through　a　simple　slow－cooling。
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　　The　phase，s亡ructure　and　compos云t｛on　of　L12－type

titanium　tria1uminide（AlMn）3Ti－X（X＝Zr，V，Ag，

Ga）a玉1oyshea辻一treatedat1，450Khavebcenstudied

by　X－ray　d倣r＆ction　and　eiectroηprobe　microanaly－

sis．　From　the　microstmcture　anaiysis，the　L12－type

｛（A1Mn）3Ti｝（皿一．1〕一X皿sing玉e　phase　region　was

shown　iηthe　quatemary　phase　diagram，　For　those

a11oys，the　minimum　load　for　crack　initiatioηduring

hardness　measureme淋s　has　been　examined　by　optical

and　scanning　electron　nユicroscoPy　after　hardness

tests　and　the　residua1strain　which　was　induced

during　mi1玉ing　of　the＆lloy　into　powder　h3s　been

examined　by　X－ray　di肪action　anaiysis．　The　residu－

a玉strain　exhibi亡ed　a　positive　correlation　with　the

minimum玉oad－The　quatemary　alioys　containing　V

showed曲e　maximum　va玉ue　of　the　residual　strain．

In　thc　ternary　a玉1oys　the　relatively　high　residual　strain

was　obtained　in　the　vicinity　of　the　centcr　of　Al　and

Mn－rich　corner　of　the　sing1e　ph盆se　regioη．To　ex－

a狐｛ne出ee脆ctofVadd…士ionontheduct…胱yofthe

L12－type（AIMn）3Ti　auoys，曲e　alloys　w舳addition

of　V　from4to7at％have　been　examined　by
three－pointbendtes言ing．TheVaddi言ionupto6a辻
96increased　the　tensile　strain　iηthe　tension　surface

of　the　bend　test　specimen．

Keyworδs：intermeta1玉ics，9amma－ti辻anium　a玉uminidc，

L12－type　titanium辻ria1uminide，superplasticity，room

temperature　ducti肚y
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　　The　ordered　orthorhombic　Ti2AlNb（0－phase）

一based嵌anium　intermetallic　al1oys　are　coηsidcred　as

potentia玉　ma士eriais　for　aircraft　engine　apPlications

due　to　their　higher　room　temperature　strength，

ductiiity　and　fracture　toughness　than　conventioηal

TiヨAI（α2）and　TiA玉（γ）a1loys．　A㎜o■g　various　Ti2

AlNb－bascd　al1oys，two　phase　O＋βo（B2　type

ordered　phase）ailoys　such　asγi－22Al－27Nb　are　said

亡o　have　the　best　balance　oftensi玉e，creep　and　fracture

toughncss．One　main　drawback　of　these　Ti2AlNb－

b盆sed釧oys　is　that　the　servicc　tempera施re　is　limited

to　750oC　due　to　a　degradation　of　tensi1e　strength，

creep　resistance，thcrmal　stability　and　eηvironmenta玉

resistance．　Moreover，they　exhibit玉ower　clastic

modulus　and　higher　densi辻y　compared　to　those　forα2

andγa1玉oys．

　　The　objective　of　the　p蛇sent　research　project　is　t0

develop　advanced玉ight　wcight　Ti2AlNb－bascd　alloys

having　superior　combinations　of　nユechanical　pro－

perties　in　the　temperature　rangc　up　to1，000℃by　the

compositional　and　microstructura玉mod湘cat量on　and

the　homogen｛ous　dispersion　of丘ne　ceramic　particu一

玉ate　such　as　TiB　and　Er203．

　　So　far，we　have　cxamined　in　a　systematic　way　the

change　of　density　and　elastic　modulus　in　a　Ti－22A1－

27Nb　alloy　upon　subs流uting　other　transition　ele－

m㎝ts　sucb　as　Mo，W’and　V　for　a　part　ofNb．Tbis

compositionai　modification　was　based　on　achieving　a

same　beta　stab舳y　as　a　Ti－22A玉一27Nb　al1oy，　Ac－

cordiηg　to　the玉iteratures，亡he　beta　phase　s士abilizing

tend㎝cyofMo，Wand▽is3，60，1．44and2，4timcs
s辻rongcr，respec伽eiy，曲an言ha辻of　Nb，which　means

thatoneperc㎝tadditi㎝ofMo，WandVcorre－
sponds　to　the　replacement　of　the3．60，1．4卑and2．4

percent　of　Nb，respective－y．　Using舳s　guide1ine，

various　compositionaily　mod嗣ed　a玉ioys　such　as　Ti－22

Al－11Nb－4Mo，Ti－22A1－1卑Nb－4WandTi－22A1－21

Nb－4V　have　been　newly　developed．　The絨gh　tem－

perature　mechanica1proPer辻ies　such　as　creep　and玉ow

cycle　fa盲igue　are　now　bei羽g　evaluated　for　these

mod冊ed　a王ioys．

Keywords：砒anium　intermetailics，Particu1ate　com－

posites，Powder　metallurgy，microstructure，mechan－

ica玉properties
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　　B㏄ausc　the　stored　energy　d㎝si辻y　of　SMES

（Superconducting　Magnetic　Energy　S亡orage）is　in－

creased　rapid玉y　with　increas㎞g　the　magnetic丘e玉d，the

increase　ofthe　operation　neId　make　the　fabricat量on　of

micro－SMlES（compacted　SMlES）possible．The　op－

erat｛on　ield　is　determined　mainly　by　the　Jc－B　pro－

pert量es　of　superconducting　wire　used　for　SMES．

Tちere　are　two　kinds　of　commercialized　super－

conducting　wires；Nb－Ti　wires　for　low亙e玉ds＆nd　Nb3

Sn　wires　for　hi威月elds．A肋ou幽Nb352Al，Nb3

Ge，Nb3Ga，Ni－2212，and　Bi－2223havc　not　yet　been

commerciaiized，they　are　the　most　promising　candi－

date　superconducting　－nater…a玉s　for　｛ncreasing　the

ope倣ion胞d　of　SMES　b㏄ause　of　the1r玉arge
potent言a玉ities　due　to　higher　H．2（4．2K）’s　than　that　of

Nb3Sn．　Recent1y　we　found　thaけhe　Nb3Al　multi一

梛amentary　wire，fabr｛cated　through曲c　rap｛d－heat，

quench，　and　transformation　（RHQT）　Process，

showed　not　oniy2－5times玉arger　J．in　high舵1ds　than

出at　of曲c　commercialized　Nb3Sn㎜ulti揃amentary

wire　but　a亘so　exce1玉ent　strain　tolcrances．　でhe　iarge

Jc　in　high　ie工ds　and　the　excellent　strain　tolerance　are

the　nユost　required　properties　for　the　superconductor

used　for　the　micro－SMES，　In　this　study　we　are

investigating　the　co…l　fabrication　techηique，stabiliza－

tion，and…mprovements　of　superconducting　Pro－

perties　for　the　Nb3A1muiti刷amentary　wirc　and　other

high－neld　superconductors．　Superconducting　cur－

rellt　lead　and　superconducting　nユagnetic　sh｛eld　are

aiso　being　studied　as　tbe　basic　techno玉og…es　for　the

nTicro＿SM1≡王S．

　　We　stud1ed　the　Ge　addition　to　the　Nb3Al　multi一

刷amentary　wire，which　i㎜proved　remarkabiy　not

onlyT．from玉7．9Kto19－4K，butalsoH．2（4．2K）

from26．2T　to40T，but　drastically　reduced　J。（4．2

K）一　0n曲e　hand　the　Mg　addition　to　the　Nb3Al

mu1t舳a㎜entarywirereducedT．fro㎜17．9Kto17．4

K，butincreasedH．2（4．2K）fro㎜26－2Kto27．3K

with　i㎜proving　J。（4．2K）a］ittle．　The　additional

e術ects　of　Ge　and　Mg　to　the　Nb3A玉wire　shouId　be

studied　in証nore　detail．

　　For　stabiIizing　the　superconduc伽ity　of　Nb3Al

w…re，we　s施died　pure－Cu　coating　on　the　wire．　A辻

irst　we　tried　Cu－e玉ectroplating　on　the　Nb3A－wire

rapidly－heated／quenched．However，the耐m　Nb
oxide　layer　on硫e　Nb　surface，w脳ch　has玉arge　electri－

ca1resistance　and　thermai　one，preven辻the　stabiliza＿

t量on　of　the　Nb3Al　wire、　γherefore　we　studied

Cu－ion　plating　on　the　Nb3A玉w量re　in　thc　next　step．

We　f㎝nd亡hat　the　Cu－i㎝p1ati㎎with伽cker　than亘

μm　in　伽ckness　removed　the　Nb　oxide　layer

e紺caciousiy，and　prevented　the　reformation　of　oxide

layer㎝曲e　Nb　surface．We　found　that　Cu－
e玉ectrop玉ating　after　Cu一｛on　p玉ating　on　the　Nb3Al

wires　stabilized　their　superconductivity　re獅arkabiy．

　　In　collaborati㎝with　Nippon　Keiki　Works，むd，

and　M量tsui　Min1ng＆Smelting，Co．Ltd．，we
fabricated　a　玉arge－scaled　superconducting　Bi－2223

magnetic　shield　through　plasma　spraying－　In　a　large

zero一侃e玉d　chamber　surroびnded　by　the　magnetic

shieid，we　have　succeeded　in　measuring　the　magnetic

pulsed　丘eIds　caused　by　human　brain　activi辻ies．

These　measurcments　wi1玉be　very　pro㎜ising　for　uη一

derstand㎞gthebrain　activities　and　medica玉examina－

tion　ofbrain　disease．　However，the　Bi－2223shield…s

not　so　e揃ective亡o　shield辻he　high】eakage負elds　pro－

duced　by　SMES，because　of　its　low　irreversible丘e1d

at77KI

　　The　curren〕ead，transporting　current　from　an

ac－dc　converter　a辻room　temperature　to　a　super－

conduct｛ng　magnet　at　cryogen｛c　temperature　in　the

SMES，must　be　high　conductive　for　current，and　low

conductive　for　heat．互n　many　oxide　super－

conductors，Y－123舳m　is　the㎜ost　promising　matcri－

al　fcr辻he　current　Iead　in　SMES，because　ofits　high　J。

（77K）in　high爺elds－However，only　Y－123釧ms
wi士h　good　simiiarity　among　crysta正orientat…ons　show

high　J。．Westudied　on　the　fabrication　process　ofNi

substrates　w舳similarity　a㎜ong　crysta1orientations

for　using　them　the　substrates　of　Y一王23films．

Keywo冊s：Nb3Al，Bi－2223，Rapid－Heat，Quench，

Transfor㎜ation，J。，Superconduc辻ing　Shield，Current

Lead．
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　　58　　I…rlergy　Conversion　MateriaIs　I＝abricated　witI1

Compos1狛Structure

∫．■4．1Vf8んf∂α，4τんRε∫εαrc乃Gγo〃ρ

王Apri1至996to　Mar曲2002］

　　Thermoelectric（TE）㎜ateria1s　have　been　widely

used　for　the　purpose　of　direct　coηversion　of　thermal

e鵬rgy　to　eiec士ric　power　without　noise　and　cooIing

system．　Recently，the　thermoe玉ectric　generators　are

mainly　used　for　the　eiectric　sOurce　in　sPace，ma「ine

盆nd　p0］ar　regions，and　士he　tあermOe1ec亡ric　c001iηg

systems　are　mainly　used　for　thc　precise　temperatu肥

control　in　the　semiconductor　processing，opticaI　and

e玉ectroηic　devices．　Therefore，it　is　important　to　de－

ve1op　TE　materia玉s　w舳a　high　ngure　of　merit　Z．

　　γhe　good　TE　materia1s　are　given　by　Z　w云th　h云gh

thermociectric　powerαand　electric　conduc辻ivityσ

and　low　thermal　conductivityκ．　For　a　giveηTE

ma亡eria玉s　with　homogeneous　matrix　and　dopant　con一

㏄ntration，the　optimized　Z　can　only　be　obtained　in

the　relative　narrow　temperature　range－　In　other

te㎜pera施re　range，the　TE　conversion　e揃cオencyη

becomes　comparativdy　sma1玉、　However，Z　can　be

increased　by　controuing　the　dopant，composition　and

grain　size　of　the　functionally　graded　MateriaI

（FGM），because亡he　latti㏄contribution　to　the　ther－

mal　conductivity　caηbe　decreased　by　phonon　scatter－

ing　at　the　la枕ice　dcfects　such　as　crystal　distortion　and

grain　boundary．

　　The　properties　of　unidirectionany　so玉idified　p－type

AgSbTe2and　Ago，20呂Sbo，225Teo．517boules　have　been

evaluated　to　deve玉op　FGM　wi曲complex　structure　of

Ag2Te　and　Sb2Teヨ．　The　boules　had　two　kinds　of

di脆mt　structures　in　it・㎝e　is　Widma㎜staten

structure　near　the　surface　of　boule，and　another　is

eutectic　stmcture　in　the　center　of　bouie．　The　eutec－

tic　struc施re　contained　more　Ag2Te　precipitates－

Both　the　struc施res　showed　the　di脆rcnt　temperature

dependence　of　thermoe玉ectric　properties，which　were

stronglya舵ctedby曲ctransformationat418Kand

also633K．High　temperature凶ase　of　AgSbTe2
above633K　revealed　its　high　potential　of　power

generation－The　e冊ective　maximum　power　ofAgo，20呂

Sbo．225Teo，5ηboule　was　four　times　as1arge　as　that

AgSbTe2at　a　temperature　d冊erence　of350K　and

a1so　equaled辻hat　of　the　segmented　Pbl＿、Sn，new玉y

developed－　These　results　suggest　that　there　is　a　high

possib舳ty　to　realize　superior　FGM　by　con亡rolling

structure　and　composition．

Keywords：energy　conversion，士hermoe1㏄tric　mate－

ria1s，composite　materia玉s，thermal　conduction，ther－

mOeleCtriC　COnVerSiOn，辻hermOe玉eCtriC　C001ing　SyStem
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　　59　　Research　and　Development　o｛High－Performance

Lig11t　A11oys　for　Hydrogen　Stoチage

C．1W∫〃伽〃α，H．W〃伽α勿oη∂〃、Ko肋α紅4肋

ル∫θα肋G舳ρ

〃．■㎜α〃0，〃αf召肋1∫〃畑C∫〃洲0〃

【Apri11997to　March200玉］

　　Hydrogen　can　be　regarded　as　an　ideal　energy　in辻er－

mediary　for　the　fo1玉owing　reasons：（1）it　is　a1most

…nexhaustible，（2）　c玉ean　and　tender　to　eco玉ogy，（3）

casy　to　be　stored　and　transported．　There　is　no　doubt

that　hydrogen　wm　play　an　important　ro玉e　in　the　near

future　after　the　fossil－energy　era．　工n　scope　of士he

］arge－scale　use　Of　hydrOgen　as　an　energy　iηtermedi－

ary，　it　is　｛nevitab玉e　to　establish　thc　techno玉og…ca玉

funda㎜enta玉s　of　materials　related　to　hydrogen－

energy　apPlications．　夏n　this　study，it　is　ai王ned　to　give

gu量delines　for　developing　high－Perfor互nance　玉ight

a1loys　for　hydrogen　storage，based　on　Mg，wbich　can

be　app1量ed　in　automobi玉es　as　gas－con士ainers　or

ba枕eries．

　　A　new　automatic　equipment　has　been　introduced

in　order　to　characterize　the　anoys　for　hydrogen　stor－

age．Pressure－compos揃on　isotherms　for　four　distinct

samp玉es　can　be　obtained　at　a　time　by　this　equipment．

Characterizations　of　the　M1g－Ni－X　a1loys　are　in　prog－

reSS．

　　Bas量c　data　on　hydrogen　di肋s…on　will　give　impor－

tant　guidelines　to　develop洲gh－performance　anoys

for　hydrogen　storage．　Reports　on　hydrogen　diifu－

sion　are，however，scarce　for　Mlg　alloys．　That　is辻me

ev㎝for　pure　Mg－Here，hydrogen　di鮒sion　behav－

iors　in　pure　Mg　have　been　inves辻igated　by　nleans　of　a

gas－Phase　peτmea辻ion　technique．Permeat｛on　meas－

ure㎜ents　were　performed　in　an　equipment　w搬ultra－

high　vacuum　sys辻e㎜over　a　pressurc　range　from1－O

to25kPa（1to200torr）and　a　temperature　range　of

463to503K．　Thickness　of　me㎜brane　specimens

was　ranged　from　O．6to3mm，　For　thicker　speci－

mens（舳ck■ess＞2mm），the　permeation　process　was

rate－control1ed　by　the　di箭usion　of　hydrogen　iηbuik

㎜agnesium．The　di馳sion　coe餓cient　was　deter・

mined辻o　be：D二玉．54×lO’■‘exp（一24，豆O0／RT）in

m2．s■1，　The　steady　state　hydrogen　permeab砒y　was

determined　to　be：Φ、彗竈2．77X王O■7exp（一35．700／

Rγ）iηmol　of　H2．m■1．s■一．Pa…1／2．D　andΦ舶were

independent　of　apPlied　hydrogen　pressures，suggest一

ing　that1）is　independent　of　hydrogen　content　aηd

the　soiubility　of　hydrogen　obeys　Sieverts　law．We

believe　that　the　present　data　are　the　first　data　on

hydrogen　di肋sion　coe舶cient　in　pure　magnesium，

deter㎜ined　by　a　dynamic蜘etbod．

　　This　research　is　performed　in　col1abora迂ion　w云th

Japan　Science　and　Techηology　Corporation，Science

University　of　Tokyo，and　Ibaraki　University．

Keywords：hydrogen，hydrogen　storage，magnesi－

um，d柵usion　and　permeation
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　　Purity　of　hydrogen　gas　a脆cts　the玉ifet量me　of　fuel

ba杖eries　and　hydrogen　storage　a1玉oys，which　p玉ay　key

roles　in　hydrogen－re1ated　energy　conversion，　So，

production　of　high　purity　hydrogen－gas｛s　an　impor－

tan士technical　matter　associa辻ed　with　energy　a■d

environ王nent　probie王ns　for　tke　future．　Palladiuτn－

silver（Pd－Ag）alloy　membranes　have　been　used　for

decades　辻o　provide　hydrogen　gas　of　99－9999996

purity　or　morc，mainly　for　semiccnductor　manufac一

ωre　and　laboratory　usc．　However，Pd－Ag　alloy　has

two　shortcomings：（1）Pa11ad呈um　is　as　expensive　as

platimm，（2）and　hydrogen　permeab肚y　of　the　a玉1oy

is　insu欄cient　at　lower　te㎜pera施res－　Thus，Pd－Ag

a1玉oy　has　not　been　used　for　large－sca1e　hydrogen
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purification－

　　Vanadium　is　one　of　the　most　hydrogen－permeab1e

metals，because　of　its　high　hydrogen　di舳sivi士y　and

solub舳y．　The　intrinsic　hydrogen　permeability　of

vanadium　is　much　higher曲an　that　of　Pd－Ag　a1玉oy．

Vanadium　has，however，not　been　recognized　as　a

possib1e　membrane㎜ateria玉for　hydrogen　pur紛c－

ation；hydrogen　embri出ement　and　surface　problems

have　prec1uded　the　apPlication　of　v盆nadium　to　the

membrane　ma吉erial．We　have　searched　a1loying　ele－

ments　to　e1iminate言he　hydrogen　embrittlement　prob一

工em　wi士houけedびcing　the　high　hydrogen　per㎜eabi雌y

ofvanadium，signincantiy．We　have　fo㎜d　that　ad－

dition　of1O　to30mol％of　nickei，coba玉t　and　molyb－

d㎝um　is　e価ectiveI　We　showed　thaげd－coated　disks

ofV－Ni，V－Co　and　V－Mo　alloys　kept　a　high　hydrogen

permeability　even　at　a　low　temperature　of473K，and

showed　a　good　resistance　to　the　hydrogen－induced

cracking　during　a　run　of　the　permeation　testロー3］一

We　have　proposed　Pd－coated　membranes　of　V一玉5Ni

alioy　as　a　promising　candida辻e　for　new　hydrogen－

pur欄cation　membranes．

　　Fromユ999，we　have　started　a　project　to　estabhsh

the　techηicai　fundamen辻als　for　the　practical　apP1ica－

tion　of　vanadium　anoys　to　hydrogen　puri伺cation

membranes－hves辻igaセions　have　been　started　to　de－

ve1op　vanadiu正n　ailoy　membranes　having　high　per－

for㎜ance　and　good　durability．　At　the　begiηning，we

have　investigated　the　e肝ect　of　thinning　on　the　hydro－

gen　permeation　charactcristics　of　Pd－coated　alloy

membranes．There　was　no　di冊ercnce　in　steady－sta亡e

hydrogen－per㎜eab肚y　for1mm　thick　membr棚e　and

O．1mm　thick　membrane，suggesting　possib1e　achieve－

men辻of　high　performance　for　hydrogen　puri洞cation，

inversely　proportionaいo　the　membrane　thickness．

We　have　a1so　checked　the　durability　ofPd－coated　V－

15Ni　alIoy　membrane．After　a　cont量nuous　permea－

tion　test　at573K　for榊o　weeks，the　membrane
showed　litt玉e（2％）decrease　iηhydrogen　per㎜eab舳一

ty．　The　permeability　has　been　comp玉etdy　recovered

by　a　baking　treatment．

Keywords：hydrogen，vanadium，Permeation，Puri－

5cation，membrane
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　　Single　crystals　of　nonlinear　optical　materia1s　are

important　for　frequency皿odulation　devices．　It　is

usua玉1y　required　for　this　purpose　that　single　crystaIs

should　have　crysta1asymmetry，　Howcver，it　is　gen－

erany　d欄cu1辻to　grow　sing玉c　crystals，which　have

crystaI　asymmctry，even　if　new　matcria玉s　are　dis－

covered．It　would　be　possibie亡o　make　an　asymmet－

ric　part　in　micro－scale，even　single　crystals　which

have　crysta1symmetry．The　method　is　a　substitu一

辻ion　of　the　sman　constituen亡demenげor　an　another

large　element　to　form　an　asymmetry　in　surroundings

of　a　pair　of　the　large　and　small　e玉eme斌s．In　this

work，single　crysta玉s　of　these　materials，which　have

crysta玉＆symmetry，are　grown　by　the　Czochralski

method　and　the　Hoating　zone　pu11量ng　down　method．

Furthermore，opticaI　propert云es　of　the　crystals，sucも

as　a　refractive　index　and　a　harmonic　generation，are

evaluated　using　the　singIe　crysta1s　grown－

　　In　this　year，single　crystals　of　BaB204substituted

Ai　for　B，such　as　Ba（Bl＿、A玉エ）204，were　grown　by　a

new　doub1e　ring－shape　ba玉ogen　lamp　f1oating　zone

pumng　down　method（Fz－PD）。Transparent　single

crysta1s　with1mmφ×20mml　couid　be　grown　by　this

method　up辻o0．05of　x　despite　the　sing1e　crysta玉s

grown　by　the　Czochralski　method　were　opaque．

The　crystal　transparency　of　the　Ba（Bl＿、Al、）204was

depends　on　the　crysta1　diameter，　and　was

summarized　as　showηin　Fig．玉一Thcir　non玉inear

optical　properties，such　as　a　SHG（second　harmonic

generation）intensity，were　superior　to　the　Ba1≡…204．

We　think　onc　ofthe　reasons　that　the　crystal　asymme－

try　is　emphasized　by　the　subs辻i辻ution　in　micro－sca玉e，

　　On　the　other　hand，it　is　important　to　study　an

origin　of　the　SHG　becaじse　i士s　data　is　useful　to　inves－

tiga辻e　new　oxides　for　the　SHG，Therefore，we　are

studying　the　origin　of　the　SHG　on　single　crystals　of

the　BaB204substituted　Al　for　B　from　the　viewpoints

of　a　refractive　index　and　a　dielectric　constant．We

expect　that　the　refractive　index　and　tbe　die1ectric

constant　wi1玉be　increased　by　the　substitution．
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　　For　the　application　of　the　BaB204substituted　Al

for　B，it　is　important　to　fabricate　an　optical

waveguide　structure．　It　is　required　for　thc　optical

waveguide　that　the　refractive　index　of　a　core　part　is

larger　than　that　of　a　matrix　part．The　refractive

index　is　increased　by　the　substitution，　Therefore，it

is　possib1e　to　fabricate　the　waveguide　by　means　of　the

Ba（Bl＿、Al、）204on　the　BaB204structure．　Fig．2

shows　a　SHG　image　radiatcd　Nd＝YAG1aser　to　the

trial　waveguide　fabricated　by　a　reaction　di廿usion

methodusingthe　BaB204sing1ecrystaIandtheBaA12
04crystal．

　　In　addition，this　research　was　performed　in　collab－

oration　with　the　Institute　for　Matcrials　Research，

Tohoku　University，and　the　Institute　of　DEO　for　a

crystal　growth　and　a　characterization　on　nonlinear

optical　oxides．

E
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try，substitution，refractive　index，die1ectric　constant
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　　62　　Research　on　Surface　Modification　by　Plasma

Source　lon　lmplantation
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　　Imp1antation　of　accelerated　ions　into　a　surface

layer　of　a　material　causes　compositional　and　micro－

structural　changcs　in　atomic　scale．Thereforc，ma－

terials　which　are　unab1e　to　bc　synthcs…zed　in　therma1

equilibrium　are　created　by　the　ion｛mplantation

methodI　In　this　study，surface　modincation　of　ma－

terials　by　a　ncw　ion　implantation　method　caued

plasma－source　ion－implantation　wil1be　performed－

Further，surface　layers　of　innovative　materials　sucl1

as　C3N4，Bi－based　high　temperature　supcrconductor，

and　modified1ayer　on　TiAl－based　materials　will　be

synthesized　using　a　conventiona1beam－line　ion－

implantation　method　and　characterized．

　　The　plasma－source　ion－imp1antation　is　a　new　ion－

implantation　mcthod　by　which　materials　are　im－

mersed　in　plasma　and　implantcd　with　positive　ions

acceleratcd　by　negative　high　voltage　pu1ses．　This
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rnethod　has　characteristics　that　au　the　surfaces　of

three－dimensiona1materia玉are　abie　to　be　ion一

呈mp1狐ted　simu玉taneously，while　conventional　bea㎜一

玉ine㎜e出od　on玉y　imp1棚t　ions　from　one　side　of　the

materialS．

　　A　h｛gh　vo1辻age　pulse　generator　for　p1asma－source

ion－implantat云on　was　constmcted．　Fig．1shows　the

pulse　circuit　and　辻he　experimental　apParatus

sche王natica1玉y．　High＿voItage　　　and　　　high＿current

pulses　were　generated　using　a　dc　high－vo玉tage　gener－

a辻or　and　a　tetrode（柵R1000A）as　a　switching　device

of曲e　hi幽voltage．　Thεpulse　vo1施ge　was－5kV　to

－20kV，㎜aximum　current　was1A，Pulse　w云d曲was

10to20μs　and　the　pulse　rcpetit呈on　frequency　was玉OO

to玉OOO　Hz．　The　rise　time　of　the　pulse　was　O－5μs，

the　decay　time　was王．5μs，and出e　pu1se－vo玉tage

deviation　was　O．7％，wbe■a　ioad　resistance　of20kΩ

was　connected　to　the　outpUt　termina玉一　The　p玉as㎜a

was　gcnerated　using　a　radio　frequency　generator

（王3．56MHz，300W），in　a　magnetron　sputtering　ap－

paratus，by　apPly量ng　a　radio　frequency　power　to　a

substrate　termina玉．　γhe　hi幽voltage　pulses　were

in士roduced　through　a　忘igh－vo玉tage　feed－t汽orough．

The　e玉ectrode　of　the　feed－through㎞the　vacuum

chamber　was　insu玉ated　w虻h　a　g玉ass　tube　except曲c

tip，and　a　s㎜all　samp玉e　was　attached　to　the辻ip　of　the

electrode．

　　Pre1i㎜inary　experimen辻s　using　a　mixed　gas　of　Ar

and　C2H2showed辻hat　when　the　gas　pressure　was0．玉

to1Pa，plasma　spread出roughout　the　entire　chamber

and　the　condi辻ion　was　favorable　for　usual　plas㎜a

source　ion｛mplan倣ion，　On　the　other　hand，when

the　gas　pressure　was嚇gher，P玉asma　was玉ocalized

around　the　substratc辻erminal　of　the　sputtering　appa－

ratus　and　did　not　reach辻o　the　sample－　However，in

the　case　of　the1鮒er，another1oca玉ized　piasma　was

genera辻ed　which　enveloped辻he　sa㎜p1e　and曲e　e玉ec一

辻rode＿tip　of　the　feed＿through　by　the　pulse　voltage．

It　may　be　probable　that　the　second　p玉asma　will　be

used　for　p玉asma　ion　imp玉antation　into　sma1玉complcx－

shaped　three＿dimens｛onal　mater…a玉　that　is　hard　to

implant　even　by　the　usual　plasma　ion　imp玉an士ation．

　　RecentIy，research　on　carbon－base　m磁erials　has

progressed，and　ultraナard刷ms　such　as　DLC（Dia一

㎜ond　Like　Carbcn）and　c－BN（cubic　boron　n…tride）

have　been　deve玉oped　as　a　new　wear　resistant　coat｛ng

material－Especiaily，β一C3N。（hexagonal　carbon　ni－

tride）is　noticed－　The　value（埠27GPa）of　the　bulk

modu玉us　ofβ一C3N4is　equivalent　to　value（435GPa）

of　diamond．三〇n　assisted　deposition　and　reactive

sputtering　method，e辻c．have　been　used　as　syn洗esiz－

ing　methods　ofβ一C3N。一　Howcver，the　hardness　has

been～60Gpa，and　the　syn曲esis　of　the　C－N　crystal

has　not　been　achieved　yet．α一C3N4（tr云gona1carbon

nitr量de）has　see㎜ed　bc　for㎜ed　in　most剛㎜s　in　these

cases，s量nceα一C3N4is　energetically　more　stab玉e　than

β一C3N。．　Therefore，the　synthesis　ofβ一C3N4was

tried　using　ion一…mplantat云on　tcchniquc　in　thc　non－

equilibrium　state－First，carbon　mms　were　prepared

using　RF　magnetron　sputtering．Tben，n量trogen
ions　were　injected　in士o　the釧㎜s　in　order　to　synthesizc

β一C．N．by　an　ion　imp玉an倣ion　method．　However，

clear　ev量dence　ofβ一C3N4凶ase　has　not　been　obtained

yet．　In搬e　future，we　need　to　establish　iden辻粉cation

me辻hods　ofproduct　materia1s　and　the　way　ofmeasur一

｛ng　hardness－

　　Measuremen士s　of　critical㎜agnctic　ie玉d　of　B量一base

hi幽一temperature　super－conduc辻ing揃㎜s　were　also

conducted　us量ng　a　superconducting　㎜agnet，　and

c茄ects　Of　iOn　imp玉antatiOn　intO　the　i玉nユs　On　cr量tical

magnetic丘eld　were　investigated．

　　New　wear－resistant　materials　of　TiAI　co㎜plex

alloys　were　also　invest量gated．　TiAi　shows　higher

wear　resistance　than　the　ordina玉㎜eta玉s．Howevcr，

lower　surface　har由ess　restricted　use　ofT｛Al　as　wear－

resis辻ant　substance　especially　for　iow　friction

ve玉oc量t量es．Matr呈x　of　TiAl　complex　ailoys　was

strengthened　by　SiC　or　TiC　particles一刷rthermOre，

hardsurface1ayersofTiNand　Ti2AlN　are　formed　by

N呈on　imp玉antation．

Key　words：Plasma　source　ion　implantation，high

voItage　pulsc，C3N4，TiAl
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　　63　　Research　on　O竈a閉um　Magnetic　Properties　and

S淋icFuncti㎝sofMesoscopicMagneticMatetia1s
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　　The　object｛ve　of　the　project　is　to　exp玉ore　the　basic

research，techno玉ogy，and　app玉ications　of　nove玉mag－

netic　materials　w舳mesoscop言c　sizes－　In　all　sort　of

fundamental　pheno㎜ena　on　mag鵬tism，there　exist

corresponding　characteris士ic玉ength，e．9．distance　of

exchange　interaction，　distance　of　magnetic　d…Pole

interaction，magnct量c　doma云n　s｛ze，spin　d冊usion

length，and　so　on．　The　project…ncludes　three辻ypes
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of皿agnetic　materials　w舳mesoscopic　sizes　of　di－

mensions　in　around100ηm，10nm　and1nm　regi㎜e，

respectivily．　This　work　has　two　ma云n　components．

　　First，　thcre　｛s　辻he　exp玉oration　of　fabr｛cation

method　for　the　folIowing　three　types　of　mesoscopic

magnet…c　materials．　These　are　nanostructures　of

ferromagnetic　substances　fabr｛cated　by　an　e1ectron－

beam　nanolithography量nto　dimensions　of　severa玉

hundreds　nm　or　sub一玉00n㎜，magnetic　co1玉o云ds（mag－

netic舳ids）of　ferromagnetic　ion－nitride　par辻icIes　of

seb一亘Onm　in　diameter　dispersed…n　Iiquids　of　mineral

oils，and　nanogranular　magnetic　materials　that　ferro－

magnetic　fine　partic玉es　wi曲severai　nm　or　l　nm　in　size

are　embedded　in　so1麦d　ma辻rix　of云nsuIator．

　　Second，there量s　the　challenge　that　one　can　expIore

mesoscopic　magnetic　phenomena，from　classical　to

the　quantum　limit．A玉though　its　roots　are　in　the

quantu㎜description　of　soiids，new　fabrication　tech－

niques　for　sophis辻icated　㎜ater三als　described　above

a1low　to　mak｛ng　widespread　studies　of　the　phenome－

non　and　the　development　of　device　apPi｛cations．

Keywords：ferro王nagnetic江nater三al，electron－beam1i－

thography，　micro　fabrication，　magnetic　Huid，

nan09ranu玉ar　magnetiC　material
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　　Recently　sput辻er－deposited　thin　mms　of　T量一Ni　are

expected　to　be　used　as　microactuators　for　micro一

㎜achines　such　as　micro証nanipulators　and亙uid　micro＿

valves．　Since1993we　havebeen　successful　in　show－

ing　that　sputter－deposited　thin刷ms　of　Ti－Ni　display

perfect　shape㎜emory　e脆ct，supere1asticity　and　two－

way　shape　memory　e脆ct．We　also　succeeded　in

eva玉uating曲e　mechanical　properties，incIuding　yield

stressandelongation，ofsputterdepositedthin刷ms．

The　mechanicaけest　showed　that　a　sp耐ter－deposited

thin舖m　of　Ti－50at。％Ni　exhibits40percent　e玉onga－

tion　before　fractureI　These　results　prove　that

sputter－depos…ted　士hin　姻1ms　of　Ti－Ni　possess　stable

shape　memory　e拓ect　and　rcliab16mechan丑ca玉pro－

pert｛es　for　practical　apPlicat量ons．　However，it　is

like玉y　that　刷了n　th｛ckness　a術ects　v盆rious　properties

s口ch　as　shape　memory　e脆ct　and　mechanical　pro－

perties．Weinvestigated，therefore，the　e舵ct　o川m

thickness　on　shape㎜emory　behavior．Ti－50at．％Ni

thin舳ms　w舳various舳cknesses　of0．5，1，3，5，7μm

were　prepared　by　magnetron　spu脆ring－The　shape

江nenユory　e肝ect　of士hese丘1王ns　was　evaluated　at　stresses

of　100MPa　and　200MPa－　Figure1　shows　the
transfonna辻ion　and　plastic　strains　obtained　at　1OO

MPa．　It　was　found　that　these　strains　show　the
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maximびm　values　at　a舳ckness　of2μm．This　resu玉t

can　be　explained　by　the　microstructure　of　a2μm

舳ck　脳m．　Transmission　electron　microscopy

showed亡hat　this刷m　has　a　bamboo　s士ructure．　The

transformation　temperatures　were　constant　at

thicknesses　of　more　than2μm，but　decreased　with

tllick鮒ss　if　the　thickness　is　less　than2μm．The

decreasc　in　transformation　temperatures　is　attributa－

bk　to　oxidation　of　a　Ti－Ni釧m　which　seems　to　occur

during　oxidation．　These　resuIts　indicate　tl1at　the

e価ect　of刷m　thickness　can　not　be　ignored　in　a舳n

釦m　with　a　thickness　of　less　than2μm．Tbe行1m

thickness　is　also　like玉y　to　a脆ct　the　mechanica玉pro－

perties　of　sputter－deposited　Ti－Ni舳n郷ms．This

eva玉uatiOn　wiH　be　carried　ou盲soon．　互n　Order　tO

apP重y　a　shape　memory亡hin　mm　to　practicai　use，

further　studies　including　fabrication　process　are

c1ear1y　necded．　In　our　laboratory　such　investiga－

tions　are　under　way．　It　is　be玉ieved　that　micro－

ac士uators　with　shape　memory　thin馴醐s　are　beco㎜ing

increasingly　feasible．

Keywords：㎜icroactuator，shape　memory　emec辻，thin

mm，Ti－Ni，sputtering
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Background

　　Research　on　inte1玉igenセmateria1s　is　one　ofthe㎜ost

important　frontiers　in　the　material　science．The　in－

te1玉igent　matcria玉s　are　the　materials　which　have　sys－

tematized　and　cooperative　functions．　They　work　as

mechanica1parts　or　electronic　devices．

　　We　proposed　a　particie　assemblage　to　create　intei－

ligent　materiais－We㎜ust　give　materials　multiplc

functions　and　make　thc　functions　work　cooative玉y．

It　wi玉玉be　rea1ized　through　accurate　three　dimensiona玉

arrange㎜ent　of　various　particles，each　of　which　has　a

prinlitive　function　such　as　sensor，Processor　a羽d　ac一

加ator，　In　other　words　we　consider　that　micro－

metersizedparticlesaretheunitofmater量a玉sand　unit

of　functiOn．

　　AkeyoftheparticIeassemb玉ageisa㎜ethod士o
integrate　various　kinds　of　partic1es．　Each　kind　of

the　particles　must　bc　placed　at　a　prescribed　position．

More　accurate　positioning　is　required曲an　achieved

by　the　conventiona1mcthods．Thus，we　have
developed　three　methods，i．e．，ordered　mixture，ma－

nipulation　by　a　microprobe，and　particle　arrangement

usi竈g　electron／ion　bea㎜s．Detai1cf　each　me出od　is

described　in　the　fonowing　section．

Integratioηmcthods　of　partic玉es

　　Each　of　three　methods　has　a　potentia1so　as　to丘nd

its　appiication丘elds　as　described　below，　Our　nnal

gOal，hOWeVer，iS　tO　Create　inte1ligen辻materialS　in

coopcration　w｛th　the　threc　methods．

　　The　nrst　one　is　a　fabr云cation　of　ordered　mixtures，

in　which　two　or　more　kinds　of　particles　are　com－

bined．　The　composite　particIe　is　for㎜ed　by　an　elec－

trifica士ion　method．Two　kinds　of　partic1es　are　sepa－

rate1y　encIosed　in　metallic　vessels．The　partic玉es　are

e1ectr而ed　positively　and　negatively，respectively，by

applyinghigh　DC　vo1tageto　the　vessels．Whenboth

partic－es　are　sprayed　in　the　same　space　at　thc　same

time，the　composite　partic1es　are　formed　by　the　e玉㏄一

trostatic　force－　In　comparing　wi搬tbe　conve羽tional

me曲od　of　mechanical　mixing，the　e玉ectri行cation

me辻hod　has　an　advantage亡hat　homogeneity　of　the

composite　is　assured．

　　The　ordered　mixture　of　composite　partic1es　and

another　kind　of　partic1es　can　be　fabricated　by　repeat－

ing　the　process．

　　Using　舳s　method，new　PTC　materials　are

deve玉oped－　A　packed　bed　of　semiconducting

BaTi03particles　showed　the　similar　PTC　properties
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w｛th　those　for曲e　sintered　bu股．　The　res量stance　of

the　packed　bcd，however，量s　more　than玉OO　timcs

higher，　It　is　attributed　to　high　contact　resistance

be辻ween伽semiconducting　Particles．While　a
packed　bed　of　the　ordcred　mixture　of　semiconducting

BaTi03and　In　par亡icles　showed施e　same　PTC　pro－

perties　and　the　same　resistance　with　those　for　the

buIl（．　The　reason　is　that玉n　partic玉es　exis辻ing　be－

tween　the　BaTi03par辻ic玉es　remove　the　high　contac辻

resistance。　三t　opens　the　door　to　the　shape　free　form－

ing　of　ceramics．

　　Further訂nore，辻he　resistance　of　the　ordered　mixture

of　PγC　partic玉es，NTC　part量c玉es　and　In　partides

showed“V”一type　dependence　on　the　tempera施re．

h　is　an　examp正e　ofthc　integra辻ion　of　func士ions　by出e

particle　assemblage，

　　The　second　one　is　a　particle　manipulation　us言ng　a

microprobe，　The　manipu1ation　system　is　composed

of　a　tungsten　microprobe，a　probe　positioning　system，

stages　for　movement　of　substrates，and　a　CC】）

camera　for　the　observa辻ion．

　　Particles　of　less　than玉OOμm　on　a　metamc　sub－

strate　can　be　adsorbed　to　the　tip　of　the　probe　by

app1yiηg　voltage　between　thc　probe　and　the　substrate．

Thc　probe　can，thereforc，carr三es　the　particle　to　any

positions　on　the　substr盆te．　Furthcrmore，the　meta1－

lic　particle　caηbe　welded　by　applying　high　vo玉tage　so

as　to　m3ke　the　g1ow　discharge－　It　is　shown　that

two－step　discharge　makes　a　tough　bo■d　bctween　the

particle　and曲e　substrate．High　voltage　of　abou〕O

kV　is　applied亡o曲e　probe　in　touch　with　the　par亡ic1e．

Tbe　probe　is　Iifted　up　for　about50μm，and2kV　is

apP玉ied　again　to　the　probe．

　　Five　meta1玉ic　part量c玉es　were　stacked　and　we1ded　by

the　probe　sys辻em　as　an　example　of　tbree　dimensionaI

nliCrOStruCtureS．

　　The　third　is　a　particle　arrangementびsing　an　e玉ec－

tron　beam　and　an　ion　beam．In　contrast　to　the

manipulation　by　the　micro－Probe，it　can　process　a

玉arge　nunユber　of　particles　at　a　ti㎜e．

　　The　process　is　as　fo玉1ows．　An　e玉ectr繍ed　pa辻tem呈s

drawn　on　insu－ating　substrates　by　irrad｛at｛on　of　an

elec士ronbeamor棚ionbea肌Asuspensioηis
prepared　fronユthe　partic玉es　to　be　arranged　and　an

inert　non－Polar　so1vent．　The　substrate　is　dipPed　into

the　suspension　for　about30seconds．　Since　the　par－

ticles　are　attracted　to　the　electri翁ed　pa杖ern　by亡血e

e玉ectrostat｛c　force　iη　the　suspension，　they　are　ar－

ranged　as　the　electr楡ed　pattcrn．

　　Sii量ca　part云cles　of5μm　can　be　arranged　on　a　elec－

tr蝸ed玉ine．　The　line　composed　of　the　particles　is

about30μm　wide．The　arranged　particles　are丘xed

by　a　heat　treatment　or　by　a　coating　treat㎜ent．　The

£xing　is　necessary　to　repeat　the　above　arranging

proccss　for　the　fabrica辻ion　of　three　dimensional　mi－

CrOStruCtureS．

Keywords：In辻emgent　materials，multiple　fじnctions，

par辻ic玉e　assenユb玉age

66　　Preparation　of　lon　CoI1ductors　by　Pressurizatio11

∬。枇んα舳rα，1rω榊げ〃棚orげΦθcfolRε一
∫θαrC乃

【Apr1l1998to　March2000］

　　Thcre　have　been　many　examples　of　research　relat－

ed　to　so胴electroIytes　which　use　var量ous　ion　conduc－

tors　found　in　oxide　ceramics・some　of　these　electro一

玉ytes　have　been　put　into　practical　use　as　oxygen

sensors，In　order　to　obtain　real－t｛me　measurements

of　the　cheτnical　species　characteristic　using　solid　e1ec－

trOlytes，｛t　is　necessary　to　synthesize　solidined　h｛gh＿

ion　conductors　related　to　these　species．　However，

㎜any　if　not　most　of　the　compounds　of　chemical

species　re玉ated　to　air　pollutants　break　down　easily　at

high　temperatures，so　there　has　been　no　attemp辻to

synthesize　co㎜plex　compounds曲at　can　indicate　ion

conductiv虻y．

　　In　this　study，press1ユr三zed　baking　was　used　to　sup－

press　the　breakdown　of　otherwise　easily　degradable

compounds　（such　as　nitrates）　for　synthesis．　This

made　it　possib玉e　to　increase　the　types　of　so玉id　electro－

lytes　derived　from　complex　compounds　that　can三ndi－

cate　ion　conductivity，so　e玉ectric　conductivity　was

high　at　reIatively　low　temperatures－　The　pじrpose　of

亡h三s　study　is　to　produce　soΣid　　electroly亡es　for

se玉ectively　classifying　and　quantita辻ively　πneasuring

COrrOSiVe　gaSeS．

Xeywords：ionic　conductor，so1id　e玉ectro玉ytc，charge

carrier，electrical　conducねvity

　67　　　1…nトanced　I〕urab＝li｛y　of　S㍗uctural　Steels　in　Marine

l…nVirOnment

rK0∂α㎜α，

≡Apri1玉997to　March2001］

　　A㎜ong　structural　st㏄ls　for　the　use　of　marine

environment　we　have　concentrated　our　e腕rt　on　the

developme羽t　of　s辻ainkss　stee】s　and　coatings　that

show　corrosion　resis辻ance　in　sp－ash　zone，and玉ow

a1玉oy　weathering　steels　for　marine　atmospherc　use．

In　the　case　of　stainless　steels，its　performance　in

seawater　was　eva玉uated　by　the　tendency　to　localized

corrosion辻ests　since　it　is　more　serious　proble㎜than

genera1corrosion．　In　the　Iatter　case　it　is　thought　to

be　most　advantageous　to　develop　in　advance　accelcr－

ation　tests　that　simulate　acωaI　atmospheric　co服osion

process　and　are　capable　of　di術erentiating　the　cor一
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rosiviセy　of　stee1s　in　marine　at㎜osphere－　Severa】can－

didate　e玉ements　for　a1玉oying　are　proposed　for　new

weathering　stcels　using　a　new　acceleration　tcst．　丁拙s

metllod　is　extended　for　standardization　and　is　ex＿

pected　to　reduce　the　eva1uation　time　for　the　deve玉op－

ment　of　new　stee玉s．

Materia玉s　Creation　Studies

　　In出e　creation　of　new　stainless　stee玉s　higMy　resist－

ant　to　marine　corrosion，we　have　placed　focus　on　the

structural　cieanness　and　ni辻rogen　addition－　For　ob－

taining　the　c1eanest　structurc　a　levitation　smelting　by

means　of3co玉d　cmcib玉e　technique　was　used．　The

enhancement　of　corrosion　resistance　by　nitrogen　ad－

dition　was　motivated　from辻he　preservation　of　less

commoηmet＆ls　such　as　Ni，Cr　or　Mo　and　the　deve1－

opmen亡off汕y　austenitic，resource－saving　stee玉s　with

the　minimum　addition　of　Ni．h舳s　case　as　a

starting　and　referenc㎞g　materia玉we　used316L　type

steel，亡o　which　ni辻rogen　was　added　by　various

methods．　Conventionally　nitrogen　enrichment　has

been　carried　out　at　normal　pressure　by　simultaneous

melting　of　Mn　with　so1id　nitrides．Usually玉6to

20％of　Mn　is　added　simultaneously　for　this　purpose，

since　Mn　reduces　activity　ofnitrogen言n　stainless　steel

meIt－Additioηal　process　for　N－enrichment　was　gas

di舳sion，in　which　high－pure316L　sheet　of2㎜m

thick　is　heated　in刊owing　nitrogen　gas　for24hrs　at

120ぴC．　Fig、工shows　change　in　pitting　potential　as

a　fUnction　of　nitrogen　content　both　for　high　and　very

low　Mn　contents　of　N－bearing　steels．Evident1y

pitting　potential　shifts　in　nobler　direction　with　an

increaseinNcontentandisaisoin肚encebyMn
conten辻。　The　deteriorated　pitting　resistance　is　partly

because　of　the　increased　amoun亡of　non－metallic　in－

c玉usions　and　part玉y　because　of　the　deteriorated　pro－

tectiveness　of　passive　nIm．The　results　suggest　that

the　corrosion　resistancc　of　nitrogen　addit量on　is　the

most　e伍ective　when　stmctura玉puri羽cation　is　attained

to　extreme　leve玉一　For　this　purpose　we　investigate

cold－cmcible　method　for　small－scale　produc辻ion　and

pressure　eiectroslag　re£ning　（PESR）　Production－

By　the1atter　method　the　nitrogen　enrichment　and

inc玉usion　removal　are　a倣ined　simu1taneous玉y．

Surface　Coa士ing

　　Spray　coating　techno玉ogy　gives　a　promising辻ech－

nique　for　the　production　of　corrosion－resistan士mate－

riais，where　our　goa1is　to　deve1op　a　spray　coating

method　that　may　substitute辻he　titanium　c玉adding．

We　emp1oyed　high　velocity　oxy－fue1（HVOF）spray

㎜ethod　that　genera辻es　high　velocity　to　par辻ic1es　to　be

sprayed　at　relatively　low　temperature　resu玉ting　in　the

formation　ofpore－free　n1m　with　i㎜proved　adherence．

Part｛cles　ofstainless　stee1s　and　nicke－base　alloys　were

sprayed　on　carbon　stee玉s辻o　form　corrosion　resistant

coatings　by　means　of　HVOF．　For　comparison　also

p1asma　spray　was　emp玉oyed．　Fig．2shows　change　in

corrosion　potentia】w…th　ti㎜e　when曲e　coa亡ed　steel

samp玉es　are　immersed　in　syn曲etic　seawater・

Samp玉es　coated　wi曲pore－free刷ms　retain　potential

at　a　nob1er　value．　For　samples　w舳higher　porosity

potentia1drops　to　a　value　ciose盲o亡hat　of　carbon　stee－

when　penetrated　seawater　reaches　the　coating／sub－

strate　iηterface．　γhe　penetrated　seawater　induces

galvanic　corrosion　to　substrate　meta玉，which　leads　to

the　peeiing　of　the　coating．　Fig－2demonstrates　tha士

the　combination　of　HVOF　and列aste1玉oy　C　as　a

coating　meta玉gives　good　corrosion　performance．

For　the　further　improvement　ofthe　coating　proper士y

post－trea士ments　such　as　ro1玉ing　and　heat－treatment

are　to　be　schedu玉ed．　AIso　basic　studies　wi1玉be　con－

duc辻ed　for　the　elucidation　of　improved　galvanic　be－

havior　of　nicke玉＿base　alloys．

　　Evaiuation　of　Atmos凶eric　Corrosion　and　Deve1－

opmeηt　of　Low－Auoy　Steels

　　It　was　almost　impossible　to　d棚erentiate　the　cor－

rOSiVity　Of　lOW－a1玉0y　Stee1S　by　COnVentiOna1aCCelCra－

tion　corrosion辻ests　of　wet－and－dry　cyc玉es，in　which

the　wet　cycle　consists　of　saltwater　spray　wh量1e　in　the

dry　cyc1e　thc　atmosphere　in　a　chamber　is　heated　so　as

to　avoid　condensation　to　occur　on　metal　surface．

The　development　of　accderation　tests　was　initiated

from　a　very　basic　standpoi斌；pheno㎜enologica玉but

nanoscale　analyses　of　water　condensation　on　meta玉

surfaces　and　rust　nucleation　on　metal　surface．　The

instrumental　tcchniques量nc1uded　atom－force　micros－

copy（ArM）and　Ke1vin　force　microscopy（KFM），

which　are　apP玉云ed量n－situ　measurement　in　actual　cor－

rosion　environmen辻s　of　wet　atmosphere　of　atmos－

pheric　corrosion－

　　In　para1玉el　w舳the　nanoscopic　measurements㎜ac－

roscopic　structural　analyses　and　electrochemical

techniques　have　been　carried　out．　In　the　presence　of

high1evel　of　sa1inity　in　rust，unstabieβぶeOOH　is　the

major　ferric　product　which　is　readily　reduced　to

Fe304or　green　rust　consisting　of　Fe（I至）一Fe（III）

m量xture　under　wet　cycie．Acceleration　of　atmos－

pheric　corrosion　exists　in　the　catalytic　redox　reaction

throughβ“e00H．　In　the　simu玉atioηof　marine　at一

㎜osphere　simple　dry－and－wet　cycle　is　not　su緬cient

since　wet（aqueous）Process　of’redox　reaction　pro－

ceeds　even　dry　cycle．　In　addition　to　the　dry－and－wet

cycle　a　cyc玉e　of　water　spray　shou玉d　be　added　for　the

removal　of　a㏄umulated　sa1inity　in　rust．When

water　spray　cycle　was　inserted　in　the　acce1eration

cyc王e，the　corrosivity　order　of　low－a1玉oy　steels　agreed

with　that　in　natural　cxposure．　Fig．3shows　results

obtained　for　iow－alloy　steels　eva1ua士ed　by　thc　new

acceleration　test．Time　for　evalびating　atmospheric

corrosivity，which　otherwise　required　fro㎜several

years　of　outdoor　exposuer，has　been　reduced　to　one

month　by　using洗e　new　acce1eration　test．　The　ac－

ceieration　test　is　to　be　applied　for　the　development　of
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new　weathering　steels　and…s　extended　for曲e　futurc

standardizatiOn．

　　For　macroscopic　evaiuation　of　a辻mospheric　corro－

sion，a　high－accuracy　testing　fac倣y　for　atmosphcric

test　was1nstalled　within　NR三M．0ther　than　NIRM

s…te　atmospheric　exposure辻ests　are　in　progress　at

marine　and　subtrop1cal　sites　of　Japan　Wea曲ering

Test　C㎝ter（JWTC）一Exposed　specimens　i㏄lude

both　standard　low　alloys　and　deve玉oped　anoys．　The

former　co羽sists　ofstee玉s　with　a　basic／s量mpie　composi－

t量on　and　is　to　be　served　for　da辻abase，

Conc玉usion

　　三n　the　deve1opment　of　stainicss　stee玉s　for　marine

use　a　new　facility　of　pressure　e玉ectros玉ag　remelting

（P登SR）was｛nstaned　by　wh｛ch曲e　production　of

high　n云trogen　stainless　st㏄l　wi曲N＞王％is　now

possible．　The　new　a聰oy　is　to　be　tested　for　corrosion，

mechanical　properties　and　weldab汕ty．　In　the岱e1d

oflow　anoy　stee玉the　focus　is　to　be　s嚇fted　to辻he　ailoy

develop㎜ent　on　the　basis　ofbasic　studies　and　acceler－

atiOn　teStS．
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　　The　te㎜perature　capab汕ty　of曲e　Ni－base　super－

a1玉oy　has　been　improved　by400℃since　its…ntroduc－

tion　to　a　jet　engine　in　1940s；the　capabi玉ity　of　the

latest　single　crys辻al　superalloys　量s　apProacbing

且10ぴC．　However，i辻is　obv…ous洗at　there　will　be　a

limitation　which　comes　from　the　melting　points（～

玉35ぴC）of　the　Ni－base　superanoys．

　　In　this　project　we　design“Refrac辻ory　Superalloys”

which　is　de汽ned　by　us　as　alioys　with　fcc／L12coheren辻

m量crostructures　s量milar　to　N量一basc　superanoys　and

yet　with　coηsiderably　higher　melt量ng　points．　Metal－

lic　e1ements　wi曲high　melting　Points，such　as　Ir　and

Rh，has　been　exa㎜ined　experimentaliy　for　possible

use　as辻he　base　metal　in　the　refractory　superal1oys．

It　has　been　shown　that　bo洗Ir　and　Rh　can　be

precipitation　hardened　by】二12Phase　to　exhibit　high

yield　strengths，e．g．，220MPa　at玉800℃for　an　Ir－15

at％Nb　alloy．Charac辻erisation　of　the　microstruc－

ture　and　evaluation　of辻he　ultra－high　temperature

creep　strength／oxidation　resistance　are　being　carried

out．Aco㎜putermodemngbasedonstatistical
themodynamics　is　employed量n　the　alloy　design－

Theoretica1predictions　for　equ舳brium　state　of　the

anoys　have　become　possible　for　se玉ected　b量nary，ter－

nary　and　quaternary　systems．The　mode1　量s　being

used　to　search　for　a1玉oys　with　an　optimu獅micro－

structure　　to　　exhibit　　further　　superior　　high－

tenユperaturc　strengths．

Keywo地s＝iridium，rhodium，refractory　supera玉1oy，
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higll　temperature　strength，computer　mode1玉ing

Related肋pers

　　Deve1opmeηt　of　Ir－base　Refractory　Superal1oys，Y．

Yamabe，Y，Koizumi，H．Murakami，Y．Ro，T－
Maruko　and　H，Harada，Scripta　Materia玉ia35（工99

6）：21玉一工5・

　　Rh－base　Refractory　Supera玉1oys　for　Ultra－high

Temperature　Use，Y．Yamabe－Mitarai，Y－Koizumi，

HI　Murakami，Y．Ro，T．Maruko　and　H．Harada，

Scripta　MateriaIia，36（1997）：393－398．

　　Ir－base　Refractory　Supera1玉oys　for　Ultra－high

Temperature　Use，Y．Yamabe－Mitarai，Y．Ro，T．

Maruko　and　H．Harada，Me辻一Trans，29A（1998）

537＿549．

69　　Study　o目　the　ProcessiI1g　and　AssessmeI1t　of

1≡≡COn1ater1aIS

K．∬α1α∂α，K．〃肋αgαW0，K。刀伽0，H．γ0∫〃・〃，

1；co榊ατε〃α181～θ∫εαrcん　7「θαηユ

＝April1997to　March2000］

　　ECOMATERIALs，which　have　high　recycIabi玉ity

and　give1ess　environmentaHoad　to　thc　eco－sphere

without　deteriorating　their　properties，are　expected　to

be　com三ng　materia玉s　adapting　to　the　sustainabk　de－

velopment－　It　is　an　apProach　from　materials　science

and　engineering　to　the　Industrial　Ecology　towards

the　coming　Sustainab1e　Society．The　coming　para－

digm　of　the　post　mass　production　is　often　ca1玉ed

Demateria玉ization．　This　comes　from　the　re－

consideration　of　mass　production，in　which　it　was

believed　that　the　resources　were　in丘nite　and　the　ca－

pacity　of　g1oba玉environment　was　also　innnite－

Dematerialization　means　to　decrease亡he　mass　of

materials　which　the　mankind　uses，bu亡does　not

mcans　n㏄d1essness　of　materia玉s，Materials　wi玉1

circulated　ma㎞ly　among　Produ㏄rs　and　scrvice　pro－

viders　to　rea玉ize　e仔ective　circu1ation　system　to　de－

crease　the　input／output　of　material　from／to　the　envi－

ronment－　In　this　coming　era，the㎜aterial　technolo－

gy　will　become　more　important，because　we　have　to

circulate　materia玉s　and　products　with　higher　quality

ade叩ateiy－Materia1s　shou1d　have辻he　properties　of

1）玉ower　environmental　ioading，2）Hexib肚y　of　pro－

duction，3）long　life　and　the　possibility　of　progressive

main言enanCe．

　　This　s辻udy　consists　of　two　par亡s　in　concrete．　One

part　is　the　experimenta玉feasibi玉ity　study　on士he　new

processing　technology　for　the　coming　dema士eriaiiza－

tion　era．　The　processing　with　higher　materials　e冊一

ciency　is　the　key　concept　of　this　study．　The　n－ateri－

a玉s　e冊ciency　does　not　means　the　direct　amount　of

materials　per　product，but　the　total　ainount，in　which

fuel　materiais棚d　raw　materials　are　included，of

materials　in　thc　lifecycle　per　in辻ended　scrvice．　The

expected　processing　techno1ogy　is　not　only　the　proc－

ess　with　iower　energy　consumption　nor　lower　emis－

sion　but　the　process　which　can　contro1士he　micro－

structure　of　materia1to　assemble　into　proper　part　of

the　aimed　material，From舳s　viewpoint，powdcr－

meta1玉urgical　techno玉ogy　is　selected　as　one　of　the

most　available　process．At　the　first　par辻of　the

study，Fe－Fe　composite　as　higher　recyc玉ab玉e　compos－

ite　is　investigated．

　　Preparation　of　fiber　reinforced　porous　Fe－Fe　com－

poslte　composed　from　SCIFER（hlghly　drawn　lron

偏ber）and　Fe　powder　was　investigated　as　an　attempt

ofproduction　ofECOMATERIAs　by　P／M　techno1o－

gy．This　Fe－Fe　composite　is　expected　to　have　high

recyc玉abi玉ity　because辻he　microstructure　of　SCIFER

reiηforces　the　matrix　wi曲out　using　any　alicn　materia玉

nor　any　ailoying　e玉ements．　In　order　to　u舳ze士he

cold－worked　structure　of　SCIFER，sintering　temper－

a施re　was　limited　under450．C．　UFP（ultra一丘ne

powder）of　Fe　was　used　for　the　acceleration　of

sintering　in　iower　temperatures．　SCIFER肪er　and

Fe－powder　were　covered　and　embe玉1ished　with

Fe－UFP　by　wet　dispersion　method－　Sintering　be－

havior　of　cmbcnished　SCIFER　and　Fe　powdcr　mix一

辻ure　was　examined，and　rap伽red　microstructures

were　observed．Fe－Fe　composite　had30kg／mm2of

frac辻ure　resistance　strength　by　sintered　at400oC，

whiie　sintered　Fe－powder　had　1O．3kg／mm2by

sintered　at　the　sa㎜e　temperature．SEM　observation

showed　tha辻Fe－UFP　improved　the　interconn㏄tion

of　SCIFER肪er　and　Fe　powder　at　lower　tempera－

ture．

　　The　other　part　of　this　study　is　to　estab玉ish辻he

assessment　techno玉ogy　of　ecomaterials－In　the

earlier　work　on　ecomateriaIs，MLCA（materials　life

cyc玉e　analysis）was　established　as　an　assessment

mcthod，and　the　environmental1oad　data　of　meta1s

and　a玉1oys　were　calculated　and　collected　into

database．　In　this　work，fur辻her　deve1opment　of

MLCA　is　investiga辻ed　to　give　the　guideline　of　D肥

（design　for　environment）and　Eco－Design　of　prod－

ucts　to　the　user　of　materia1s，　As曲e　utilization　of

MLCA㎞future　should　be　used　as　an　environmen辻a玉

element　of玉ife　cycle　engin㏄ring，士he　exchangebli1ty

of　data　w舳CAD　and　STEP　is　seeked．　And，the

predic辻ability　of　the　environ王nental　data　change　in　the

improvement　ofthe　process　is　a玉so　the　required　prop－

erty　ofthe　database　in　order　to　deal　with　the　develop－

ment　of　nexible　processes．At　the　nrst　part　of　the

study，the　retrieval　interface　and　the　data　structure　of

“the　environmenta〕oad　database　of　st㏄玉a1玉oys”is

modi伺ed．

　　The　database　is　composed　of　three　unit；1）C02，
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SOx，NOx　emissions　of　preceding　alloying　elemcnt

processing　and　each　processes　of　steel　mak㎞g，2）

process　flow　in　production　of　steds，3）composition

of　stee1s　in　JIS　classi伺cation．　System1is　the　primi一

辻ive　data－system　wbich　gives　the　emission　data　corre－

sponding　to　the　input　data　of　the　co王nposition　of

subjected　s辻eels，　However　this　is　useful　to　use　these

da士a　in　the舵id　of　materials　design，Product　designer

caηnot　use　these　data　without　the　knowledge　of　com－

position　of　steels－　In　System　II，the　retrieval　system

of　alloys　from　the　purpose　of　usage　is　王nod繍ed．

Another　table　of　the　purpose　of　usagc　and　the　J至S

code　are　preparcd　and　related　together　corresponding

with　tもe　inp耐from　selection　window　of　the　purpose

of　usage．　Furthermore，System夏IHs　deve1opcd　as

to　design　new　product．　In　the　System　IH，a玉1oys　are

once　selected　corresponding　to　the…nput　data　of　the

propertiessuchasyieldstrengthorhardness－A
des云gner　can　se1ect　or　compare　the　mater｛a玉s　from辻he

environmental　data　of　Sys士em　III　from　the　selec亡ed

anOyS．

XeyWOrdS：eCOmaterialS，　materia玉S　e蘭CienCy，　re－

cyclabi1ity，　Powder　pro㏄ssing，　materials　en－

viron㎜ental　life－cycle　analysis，computerized　materi－

alS　data

Rece㎜t　Pub1icadoms

　　Est呈mation　of士he　emissions　of　C02，Ox，and　NOx

of　steel　anoys，K．HaIada，K．Ij…ma　and　K．Yagi，J1

Mater．Res一，亘3（1998）：25脾．

　　Recyclability　and　Life　Cycle　EnvironmentaI　Load－

ing　of　PM　Products，K．Haiada，K－Ijima　and　K，

Minagawa，Proc．1998Powder　Metallurgy　World
Congress，Granada，Spain，0ctober18－22．

　　The　reguirements　of　LCI　data㎜ode1as　a　tool　of

life　cyc玉e　engineering，三（．HaIada，Proc－3rd　Intnl，

Conf．on　EcoBalance1998Tsukuba，（1998）一

　　70　　戸or聰ation　of　Amorphous　A刻oys　and　theレPhysト

Ca1P岬ertieS

五P．乃αf，ψ8r肋た〃肋池18地8鮒Cんr8α伽
王Apri1至997to　Marcわ2000］

1．Dynamic　M㏄hanicaげroperties　of　Amorphous
Alioys

　　Dynamic　tensile　properties　have　been　studied　on　an

amorphous　Pt6oNi15P25anoy，be1ow　and　c1cse　to　glass

t銚nperature　range．　The　storage　and　loss　tensi玉e

moduli，as　we玉1as　the　dynamic　tensile　viscosity，are

found　to　obey　the　time－tempera施re　superposition

Principle　in　the　te㎜perature　range．　The　three　quan一

舳es　display　Arrhenius　temperature　dependences

with　similar　activation　energies　and…ndicate　that　the

aIloy　has　an　internlediate　frag汕ty　strenght　in　the

genera玉　sche㎜e　for　glass－forming　liquids．　The

master　curves　re舵ct　a　very　broad　distribution　of

microscopic　relaxation　times．　The　results　obtained

in　this　study　indicate　a　very　high　degree　of　dynamic

heterogeneity　in　the　tensile　relaxation　process　for　the

a㎜orphous　anoy．

2．　Quasicrysta玉1ine　composites

　　Nanocomposites　co㎜pr…s量ng　of　nanopartic玉es

embedded　in　a㎜atrix　of　another凶ase　can　be　pre－

pared　by　phase　separating　the　liguid　prior　to

solid量ficatioη，　using　rap｛d　so玉id桁cation　technigue．

We　e㎜bedded　the■ano－Pb　particlcs　in　a　matr…x　of

amorphous　phase　and　in　a　guasicrysta亙ine　phase，in

an　Ai75Cu15Vlo　a1玉oy－　In　thc　Al－Cu－y　alloy，the

amorphous　phase　formed　by　rapid　sol｛d紛cation　can

be　transformed　to　the　quasicrystal　on　annealing．

Thus　if曲e　Pb　particles　were　embeded量n　th｛s　alloy，

the　e任ect　of　the　amcrphous　phase　and　quasicrystal　on

melting　and　so玉id冊cation　behav言or　of　the　part…cles

can　be　directly　compared－　In　the　amor凶ous　phasc，

Pb　partic1es　show　a　lowering　of　mclting　temperature

by　abo滅20K，which云s　comparable　to　the　melting

temperaturc　of　free　nanopartic玉cs　of　about　the　same

sizc．　In　quasicrystaH｛ne　phase，Pb　partic玉es　reveal　a

iowering　temperature　by　about6K．ne　iowering
of　me玉ting　temperature　is　attr｛butted　to　the　loss　of

coherency　at　interphase　interface．

3．Grow｛ng　single　Quasicrystals

　　Current　interest　of　study　on　quasicrystals　has　been

focussed　on　the　structurc　and　physicai　properties　of　a

single　quasicrystal．We　have　grown　a　single
decagonai　quasicryst凱玉w云th　a　size　of　cm　in　an　A玉η

Ni12Co16a11oy，by利oating　zone　method．0n　the

other　hand，　a　s｛ngle　icosahedral　Zn－Mg－Ho

quasicrysta玉have　been　grown　by　Br…dgman　method

in　an　originally　designed　furnace．　The　singlc

quasicrystals　have　been　characterized　by　back－Laue

X－ray　d冊raction　as　wel1as　ncu辻ron　di附action　and

verined　to　have　high　perfec辻ion　in　structure．

4．　Neu士ron　sca士士eriηg　on　s1nglc　Q脇sicrystals

　　Mganetism　in　a　single　icosahedral　Zn－Mg－Ho

quasicrystal　has　been　studied　by　neutron　scattering．

No　any　long－range　magnetic　order　but　short－r狐ge

order　characterized　by　the　magnetic　d柵use　scat辻er－

ing，was　observed　in曲e　singie卯asicrystal－　It　was

found　that　the　difruse　scattering　apPears　as　sate1玉i辻es

from　intense　nuc玉ear　Bragg　re舵ctions．　This…ndi－

cates　that　corresponding　spin　corre玉a辻ions　can　be

regarded　as　a　sor辻of　deve王opment　among　spins　on

six－dimensiona玉hyperspace　lattice－A　magnetic

moduiation　vector　for　the　correlations｛s　proposed　as

q6D。＝（3／4，0，O，玉／2，3／4，玉／2）．

　　On　the　other　hand，the　dynamics　of　the　decagonal

phase　has　been　invesiga士ed　on　a　stingle　A172Ni12Co16
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quasicrystal　using　inelastic　neutron　sca械er｛ng．　The

decagonal　st胴cture　is　viewed　as　a　periodic　stacking

of　quasiperiodic　p1anes．　The　anisotropy　between　the

modes　propagating　in　the　pcriodic　and　quasiperiodic

directions　is　found　to　be　much　weaker　than

theoretica11ypredicted．Astrongresonancesplit－

t㎞g　is　observed　at　an　energy　transfer　of15meV　for

transverse　modes　po1arized　in　quasiperiodic　plane，

5．　Atomic　s敏uctures　of　Quasicrystals　studied　by

刷ectron　Microscopies

　　互n　a　high－resolution　transnユission　electron　micro－

scopy　　study　　on　　亡he　　Frank－Kasper　　decagona1

quasicrystal　in　Zn－Mg－RE（RE：rare　earth　metals）

auoy，we　found　that　the　decagona1structure　can　be

simply　described　by　the　Penrose舳ng　decorated　by

individual　atoms　on　quasiperiodic　piane．　R　is　strik－

ing辻hat　there　iS　nO　large　atOmiC　C1uSter　in　the

decagona1phase，being　agains辻　the　idea　of－inking

atomic　clusters　which　has　beiηg　availably　described

the　struc亡ure　of　quasicrystal　in　iast　dec3de－　In　sonユe

case，the　structure　of　the　decagona玉s辻ructure　can　be

described　by　the　g〃α∫ゴ＿〃〃〃＿cθ〃　picture－　Fur亡her＿

more，we　have　observed　a　revers｛ble　phase　transfor－

mation　between　the　icosahedrai　phase　and　hexagonal

phase　in　an　Zn－Mg－Y　alloy，accompanied　with　a

minute　concentra辻ion　change－　The　hcxagona1phase

has　been　clari自ed　to　have　a　struc施re　withouHarge

icosahedraI　atomic　cluster，imp玉ying　that　s辻ructura玉

unit　such　as　the　Mackay　or　Bergman　type　cluster

does　not　exist　in　the　icosahedra1phase　in　the　Zn－Mg－

RE　SyStem．

Keywords：amorphous　al1oy，dynamic　property，

quasicrys辻a工，composite，nano－particIe，nuetron　scat－

tering，eIectron　microscopy，atomic　c1uster

　　71　　Study　on　Cooobustion　Synthesis　of　■Jseful

lnt甘metallic　Co繭pounds

γ。Kα加∂ααη∂1V．0g〃o，Co榊わ伽〃o〃卵〃加8ね

地∫ωrC乃乃0㎜

［Apri茎1999to　March2002］

　　The　fundamenta1study　to　reveai　the　reactions　in

combustion　syηthesis　of　intermetal1ic　compounds　is

carried　out．　The　propagation　of　the　reaction　front

and　the　synthesis　process　of　the　intermeta玉1ic　com－

pounds　synthesized　through　the　reaction　are　a1so

studied．　Investigation　by　the　thermal　ana玉ysis　with

rising　tempera辻ure　at　constant　and／or　in　a1tema辻ing

velocity　is　carried　ou士to　revea1the　cond｛tions　for　the

initiation　of　the　reaction，the　propagation　and　the

syn辻hesis．　The　in伺uence　of　pressure　and　convection

on　the　phenomena　in士he　reaction　process　of　the

system　contain㎞g　gaseous　phase　or　liquid　phasc　is

studied　using　a　high　gaseous　pressure　apparatus－

　　The　se玉ectioηof　the　combinations　of　elements，

wbich　is　focused　in亡he　present　study，wiil　be　in－

vestigated．　The　system　of辻he　combination亡hat

might　exhibit　the　e舵c辻of　conv㏄tion　and　pressure

during　thc　reaction　and　synthesis　process　is　selected

considering　the　system　tha辻performs　the　e脆ct　of

liquid　and　gaseous　phase．　The　system　of　elements，

in　which辻he　safety　dur云ng辻he　experiment　is　assured，

iS　SeleCted．

　　The　processes｛nc1uding　high　frequency｛nduction

vacuum　me嚇ng　and　casting　coηventionally　produce

most　intermetamc　compounds．It　is　d湘c肚to　con－

troI　accuratcly　the　chemica1components　of　intef－

metal1云c　conユpounds　produced　by　the　conventional

process．The　industrial　process　including　a　combus－

tioηsynthesis㎜ethod，which　is　a　newly　developcd

manufacturing　Process㎞the　present　institute，Pro－

duces　homogeneous　intermetailic　compound－The

chemica－components　and　the　impurities　in　the　spec－

imens　industria1玉y　produced　by　the　process　are

revealed．　These　properties　are　vitally　important

when　the　combustion　sy淋hesis　mcthod　is　apPl…ed士o

an　industria玉mass　production　process　for　producing

intermeta1玉ic　compounds．

Keywords：combustion　synthesis，intermeta1lic　com－

pound

Re1ated　P理er

　　Morphology　Change　in　the　Opt云ca1Microscopic

Microstructure　of珊anium　by　Nitriding　Reaction

and　Combustion　Synthesis　Under　NormaI　and
Microgravity，Y－Kaieda，J．Ma辻er．Syntbcsis　Process

7（1999）：67－82．

　　72　　The　lmprovement　o｛the1ntemational　Coop欲a－

tioI1in　the　Center　for　Ad、’anced　Pトysical　Fields

K．乃3舳〃α，

　　The　Center　for　Advanced　Physical　Fie1ds　has　three

stations　such　as　High　M＆gnetic　Field　Station，High

Resolution　Beam　Station　and　Extreme　High　Vacuum

Station．Most　advanced　faci肚ies　have　been　in－

tegrated　at　the　Cen辻er　for　Advanced　Physical　Fields．

NRIM1intends　to　open　these　facilities　to　ail　over　the

world．The　irst　s士ep　of倣s　program　is　to　open剛gh

Ma馴etic　Field　Station．This　s辻ation　has　a　series　of

the　most　advanced　high一丘e玉d　magncts　such　as“Large

scaIe　magnets”，“Puised舵玉d　magnets”，“High　preci－

sion　magnets”and“Sman　sca1e　superconducting
magnets”、　NRIM　invites　sc五entists　who　wish　to　use

thesefaci1ities．Ascientistwhowishestousethese
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faciiities　shou1d　present　the　proposal　to　the　o蘭ce　of

the　Center　for　Advanced酌ysica玉Fie玉ds．　The　com－

mittee　in　NRIMl　wi玉1assess　the　presented　proposals，

and　the　machiηe　time　wiI玉be　allocated　to　the　scien－

tists　when　their　proposa玉s　are　accepted　by　the　assess－

ment　COmmittee．

　　This　process　wi玉1be　app玉ied　to　other　sta士ions　in　the

Center　for　Advanced　Physical　FieIds　in　future．

Keywords：international　cooperation，　Advanced

Physical　Fields，High　Magnetic馴eld　Statioη

　　73　　1＝u竈damental　Studies　on　V跳y　High　Magnetic

Fie1d　Ge糀eratiOn
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　　Generation　ofvery　h五gh　magnetic舵ids　is　expected

to　open　new　frontiers　of　science　and　techno玉ogy，　To

rea玉ize　such　high丘elds，continuous　studies　on　nユagnet

design，magnet　fabrication，cooiing　system　and　mate－

ria玉s　shouId　be　performed．

　　New　app1ications　of　magnetic　ie玉ds　often　require

special　magnets　based　on　new　concept．　Uniform

㎜agnetic　force丘eld　magnets　are　now　under　develop一

㎜entforanewapPIicatio羽tostructuralbio1ogy．A
magnet　is　usuai1y　designed　and　fabr…cated　to　achieve

uniform　magnetic　ieId　as　weI玉as　uniform　magne士ic

丘eld　grad｛ent．　In　this　new　apP玉ication，uniform

nユagnctic　force伺eld　is　important　because　it　has　re＿

cent1y　been　found　that曲e　growth　of　protein　crysta玉s

is　a箭ected　by　the　presence　of　magnetic　force．

　　Uniform　magnetic　force振e1d　magne辻s　are　super－

conducting　magnets　because　they　must　be　continu－

ous玉y　run　for　several　days　to　grow　protein　crystals－

The行rst　magnet　wound　with　NbTi　is　now　under

operation．Itis　cooled　down　to3．6K　wi辻h　two　G－M

refrigerators－Th｛s　magnet　genera辻es　unifor㎜㎜ag－

nctic　force冠eld　up　to22埠丁2／王n言n　a　cylindrica1space

oξ10mm　in　dia㎜eter　and10㎜m　in　hei幽t，and　the

㎜agnctic　force£eld　Huctuation　aiong　z－direction　is

better　than0，4％．　Exper｛ments　on　protein　crystal

growth　in　magnet五c　force　environment　have　been

carried　out　using舳s　magnet．

　　This　s施dy　has　been　carr三ed　out　in　cooperation　with

the　Nationa玉Institute　of　Bioscience　and　Human－

TechnoIogy　and　the　National　Ins砒ute　of　Materials

and　Chem…cal　Research棚d　partia1玉y　supported　by

CREST　of　JST．

Keywo地s：洲gh　magnctic　舵Id，superconducting

magnet，water－cookd　㎜agnet，uniform　magnetic

force自eld

　　74　　Materlals■〕eveloμnent　through　Control　of　Pトase

↑ransfo㈹at1㎝sbyドighMagnetic戸ield
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【Apri1至998to　March2001］

　　A　he－ium　free　type　superconducting　magne辻has

been　deve玉oped，which　has　made　i辻easier辻o　get　high

magnetic行eld－　As　a　result，new　type　ofexperiments

such　as　the　heat　treatn1ent　at　high　te訂nperatures　in

high　magnetic丘eld　or　deformation　in　high　magnetic

舵玉d　have　become　possib1e．　玉n　iron－based　a王1oys，

there　are　many　so胴／so1id　phase　transformations

such　盆s　recOvery，　recrystauizatiOn，　prec三pitatiOn，

ordering，sp｛noda1deconユposition，di征usiona1辻rans－

formations　and　martensitic　transforma辻ion．　In

these　phase　transformations，ηot　on1y　the　di肝erence

of　magnetic　momen辻but　also　magne士ocrystalline

anisotropy，shape　magnetic　aniso辻roPy，induced　mag－

ne辻ic　anisotropy　and　nユagnetostrict…on　a術ect　the

nucleation　and　growth　rate，transformation　kine辻ics，

varia耐s　and　microstructure　of　product　phases．

Therefore　transformation　behavior　and㎜icrostmc－

tureis　expected　to　be　a鮒ected　by　magnet云c舵1d－　In

this　research，e蘭ec辻s　of　magnetic行e玉d　oηdi肝usional

transforma亡ion　behavior　and　structure　have　been　in－

vcstiga辻ed　in　iron＿based　ailoys．　The　specin－ens　used

in　this　s軸dy　are　Fe－0．4C（wt％）and　Fe－1．5Mn－O．玉C－

O，05Nb　for　fe灯ite　transfor㎜ation，and　Fe－O．8C　for

pear玉ite　transformation．　Both　ferri辻e　and　pearlite

transform3tion　kinet三cs　are　remarkably　acce玉erated

by　magnetic丘e1d．　The　Fe－C　phase　diagram　was

calcu1ated　under　various　magne辻…c行elds　using　the

suscept三bi1量ty　of　ferrite　and　austenite　at　high　te㎜per＿

a辻ures，and　it　was　found　that　A3temperature　in－

creascs　with　increasing　magnetic丘e1d．　The　A，3tem－

perature　of　pure　iron　in　a　magnetic丘e1d　of1OT　was

experime耐a1玉y　dcterm量打ed　by　the　recalescence

dur三ng　coo1ing，and　it　was　found　tha辻the　A，3temper－

a施re　increases　by7K，whicb　is　in　a　good　agreement

with　the　calculated　value，　The　direction　of玉ame玉1a

of　pear1ite　observed　on　the　specimen　surfacc　was

a頒ec辻ed　sIightly　by　magnetic行eld．

Keywords：phase　transformation，high　magnetic
丘eld，kinetics，microstructure，ferrite，Pear玉ite
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　　W熾the　aim　of　prod㏄i㎎new　materials　in　the

high　magne辻ic丘e1ds　more　than10T，we　have　started

吉o　investigate　a　possibi1ity　of　contro1玉ing　cllemica玉

reactions　by　the　high　magnetic而elds－　Taking　ad－

van辻age　of　avai1ability　of　high　magnetic伺e1ds　in

Tsukuba　Magnet　Laboratory，we　are　to　deve1op　a

methodology　to　measure　magnetic£eld　e肝ects　on

each　elcmentary　process　in　chemica玉reactions．

Such　studies　hither辻o　have　been　performed　in　the

丘elds　up　to2T　and　have　given　a　clear　ground　for　the

interpretations　of　many　asp㏄ts　of　the　magnetic£eld

e脆cts　on　the　photochemica玉reac士ions　in　so1utions

and　on　the　dynamic　behavior　ofe1ectronica1玉y　excited

mo玉ecu1es　iηthe　gas　phase．Thc　aim　of　this　project

is　not　an　extension　of　such　studies　to　high丘e1ds，but

exploitation　of　new　research舶玉d，“曲e　dynamics　of

excited　molecu玉es　in　bigh　magnetic　ieids”，which

nユay　be　a　basic　research　for訂nagne辻ic丘eld　control　of

ChemiCa－reaCtiOnS．

　　Two　appara辻us　are　used　for　the　fo1玉owing　experi－

mentS．

（玉）Mechanism　of　photochemica玉reactions　in　so1u－

tions　under40T　c玉ass　pulsed　ma馴etic　neId．The

reaction　is　initiated　with　the　excita士ion　of　target

molecule　to　the　electronica11y　excited　state　by　the

third　harmonic　of　a　pulsed　YAG玉aser（355nm，15

ns）．　The　creatioηand　annihi玉ation　of　the　resultant

reaction　intermedia辻e　such　as　triplet　state，radical

pair，and　bi－radical　is　observed　by　its　transien亡ab－

sorptioη．　The　monitor　Hght　source　is　a　Xe竈ash

玉amp．Trigger　timing　ofthe玉aser　and　the　Hash　la㎜p

is　contro1至ed　to　synchronize　w舳言he㎜aximum岱e至d

strength　of　the　pu1sed　magnet．

　　Using　this　apParatus，　the　photoreduction　of

benzophenone　in　mice1玉ar　solびtions　was　investiga辻ed

under　magnetic　neids　of　O－29．6T．1）Large　magnetic

角e］d　e蛇cts　were　observed　for　both　of曲e　life士i伽e　of

radical　pairs　and　the　yie玉d　ofescape　radica玉s．Mo蛇一

over，we　have　observed　new　saturation　phenomenon

of　magnetic丘e1d　e価ects　due　to　the△g　mechanism

under　high　ields　up　to28T．2）　This　saturation　phe－

nomcnon　has　predicted　theoretically　to　occur　at　ex一

セreme1y　iarge　magnetic丘eid　of103T．

（2）Dynamic　behavior　of　c1ectronically　excited　mo玉e－

cuies　in曲e　gas　phase　under　high　magnetic行e1ds　up

to玉0T．　Target　mo玉ecuIc　is　excited　to　a　speci丘c

energy　leve110cated　arOund　its　predissOciation　thresh－

old　by　a　tunable　pulsed　Iaser－　Another施nable

pulsed　iaser　is　used　to　detect　a　resukant　dissociation

fragment　by　observing　a　lascr　induccd肋orescence－

Changing　time　interva玉betw㏄n　the角ring　of　the

lasers，time　evolution　ofthe　creation　and　anni舳ation

of　the　fragment　is　measured　under㎜agnetic行elds　up

to10T，which　is　applied　by　a　liq．He　free　super－

conducting　magnet．Magnetic　ield　e肝ects　on　the

e玉emeηtary　processes　of　combustion　reaction　and

photo－ionization　win　be　a1so　investig盆士ed．We　have

aiso　constmcted　mo玉ecu玉ar　beam　apParatus　w量thin

the　magnet　bore．Usiηg　it，we　a肥to　measure　the

spin　re玉axation　rates　of　paranユagnetic　mokcuies

辻hrough　cooling　e脆ct　in　the　supersonic　beam．

Moreovcr，in　order　to　observe　the　electronic　s辻ruc一

辻ures　of　paramagnetic　radicals　under　high　magnetic

ields，which　are　the　intermediates　of　gas　phase　reac－

tio羽s　such　as　CN，0H，CH，C2，etc．，we　are　construct－

ing　microwave　discharge　Howing　afterg玉ow　appara－

tuS．

　　As　the丘rst　step　to　the　excitat｛onセo辻he　high玉y

excited　state，the　eI㏄tro羽ic　sp㏄tra　of　gaseous　NO

X2I玉→A2Σtransition　were　observed　under　magnetic

丘elds　up　to10T．　Large　Z㏄man　e価ects　on　the　spec－

tra　were　observed．A　quantum　mechanical　ca1cu玉a－

tion　was　carried　out　to　obtain　the　eigen－function　of

each　Zecman　perturbed玉evel　and　at　the　resuit，both

transition　energies　and　the　intens｛ties　of　aH　spectral

1ines　could　be　complete玉y　reproduced．3）　Now，we

have　succeeded辻o　get　preliminary　data　of曲e㎜ag－

netic8eld　e伍ects　on　the　levei　struc辻ure　of　Rydbcrg

mo玉ecu玉e，　auto－ionization　rate　（which　probably

comes　from　the　dissociation　rate）from　the　level，and

Landau　level　above　the　ionization　poten辻ial，which　is

theおrst　observation　for　molecu1eI4）Cooling　e脆ct　of

mo玉ecu玉ar　beam　under　high　magnetic　ields　was　ob－

served　for　NO　molecule，resulting　about工0K　of　the

rotatio羽al　temperature．

1）Nishizawa　et　aL　Chem．肺ys－Lett．267（I997）

　　　501＿506．
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　　Constmction　ofthe　cryostat　was行nished．　Its　test

operation　without　LTS　and　HTS　coils　will　be

schedu玉ed　in1999．

76　　1）evelopment　of1GHz　NMR　Spectrometer

∬．肋dα，r．Kjγ0曲，r．τ0加〃C〃，K．肋ん，■．

8α0，τ〃舳αZαWα，〃．γ〃0榊0，〃。K0醐98，∬．

Wαgαjα〃F．〃α舳閉0工0，別ψ〃0g〃fC肋〃
一Rε∫εαrC乃’∫工α〃0〃

H－0肋，r。醐州醐，τ．〃α∫〃榊0α〃8．吻，
〃畑cα11〕roρε伽8D主洲o〃

H．K舳αた〃αo〃亙K肋g〃c〃，13げθ8θoκん

G伽ρ
K一〃o〃ε，4肋地∫θακんG70卯

［Apriu995to　March2002］

　　High　τc　oxide　superconductors　（HTS）are　ex－

pected　to　be　able　to　induce　much　hi幽er　magnetic

ields　than　low　rc　meta玉1ic　superconduc辻ors（LTS）

when　used　at4－2K－We　have　initiated　a　program　in

which　we　will　develop　a1GHz　superconducting

NMR　spectrometer　including　a23．5T　superconduct－

ing　magnet；such　magnet　must　be　constructed　using

HTS　coils　in　combination　w｛th　LTS　coils．　In丘sca玉

year1997，㎝g㎞eering　desigηof　the　NMR　magnet

was　done　and　fabrication　of　NbTi　and　Nb3Sn　con－

ductors　has　been　started．

　　亘n　our　des呈gn　the　LTS　coils　are　operated　in　persist－

ing　mode　at　a洞eid　of21．1T　in　a132㎜m　diametεr

bore．　The　HTS　coii　is　expected　to　generate　an　addi－

tionai伺eld　of2．4T　in　a54mm　room　temperature

bore．　The　cl＝yostat　has　been　designed　to　replace　the

HTS　coil　when　necessary－　This　enables　para玉1el　de－

velopment　of辻he　LTS　and　HTS　coiis．　Those　coi1s

are　cooled　w舳atmospheric　super趾id　helium　a〕一8

K．

　　Development　of　high　performance　meta1玉ic　super－

conduc辻ors　is　one　of　the　key　issues　of　this　progranユ．

】二TS　coil　conductors　need　to　have　high　yield　strength

as　well　as　high　critical　current　density　in　order亡o　be

wound　compact．　The　required　conductors　except

Ta　reinforced　Nb3Sn　conductors　were　fabricated．

We　have　started　to　wind　them　into　coils，

　　Since　HTS　coil　development　requ量res　a　loセof

technologica1cha玉1enges，we　have　fabrica士ed　a　Bi－

22玉2doub玉e－pancake　coil　with　an　outer　winding　di－

a㎜eter　of脾7mm．　It　is　designed　as　the　innermost

coi玉of　a2玉T　superconducting　magnet　deveioped　a辻

the　NR至M．　It　generated　ce鮎ra玉magnetic　ne玉ds　up

to2玉Tinabackupneld　of18T　and　at1．8K，After
the　test　operation，this　coi玉has　been　used　to　generate

nelds　up辻o2げas　a　part　of　the　user　facilities－We

proved　that　a　Bi－22玉2　coii　could　be　apPlied　to　a

high－ield　insert　coil．

Keywords：NMR　sp㏄trometer，high丘eld　magnet，

oxide　superconductor
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　　To　realize　a　magnet　made　of　a　high－T．oxide　super－

conductor（HTS），it　is　indispensab玉e　to　have　a　long

wire　w1th　high　quality　and　bomogeneity．We　of辻㎝

use　short　specimens　cut　from　the　di脆rent　positions

of　the　whole玉ength　of　a　wire　to　check　the　qua玉i辻y　and

homogeneity．　However，such士echnique　does　no辻

only　waste　a　wire　but　also　disable　to　use　it　for　magnet

winding－

　　In　this　study　we　develop　and　establish　e蘭cient

techniqucs　to　measure　superconducting　Properties

such　as　the　critical　current（I。）as　a　function　of丘eld，

temperature，m㏄hanical　strain，etc－　In　addition，we

develop　measuremenけechniques　on　Iong　and／or　coil

shaped　specimens，and　compare　the　results　with　those

obtained　by　the　techniques　On　shOrt　sPecimens・

Such　comparison　wouId　be　usefu玉for　the　develop－

ment　of　wire　fabrication　and　winding　techniques，

Another　objective　of舳s　project　is　to　prepare，to

estab玉ish，and　to　manage　various　testing　systems　for

superconducting　properties　such　as　I．which　are　nec－

essary　for　conductor　and　magnet　deve玉opment．　＝By

using　these　systems，we　heip　other　groups　in　the

multi－core　research　project　for　their　test　of　prototype

products　and　possible　candida辻es　of　conductors－

For　example，we　tes辻ed　various　kiηds　of　me辻allic　and

oxide　superconductors，which　were　developed　for　the

玉GHz　NMR　magnet　and　the　magnet　for　magnetic

separati㎝．We　also　perform　extensively　many　col一

玉abora辻ion　projects　w三出　superconductor　research

groups　in　universities　and　companies　in　order　to

uti玉ize　our　facilities　more　e欄cient1y　and　to　progress
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scient脆c　research　on　superconductors（HTS　as　we］l

as　metallic　superconductors）一

　　　Since　the　beginning　ofthis　project，we　have　estab－

iished言he　eva1柾ation　system　for行e1d　ang1e　depend－

ence　of　I．and　measured室he　re1ation　be辻ween　field

ang玉e　aηd　I．for　Bi2Sr2CaCu20互（Bi－22玉2）and　Bi2Sr2

Ca2Cu30、（Bi－2223）silversheathed　HTS　tapes．We

found　that　the　fie1d　angie　dependence　of　these　con－

duc辻ors　was　dominated　by　the　自eid　component

nornlal　to　the　tape　surface　except　for丘e玉ds　nearly

paral1e三tO　tbe室ape　surface．　Results　obtained　should

be　usefui　for　the　design　of　HTS　magnet，at　the　end

parts　of　which　the　normal　componen亡of　ne1d
becomes　Iarge　and　for　the　eva玉uation　of　ieid　irrevers－

ibility　against　coil　current．　A　I、辻est　system　for　high

行e1d　and　high　c独rrent　has　been　also　estab1ished　and

used　by　ma篶y　gro即s　eηgaged　in　development　of

HTS　ma辻eria至s　and／or　the　conduc辻ors　for　the玉GHz

NMR㎜agnet　sys言em．
　　Major　evaluation　sys辻e㎜s　estabIished　in　this　pro－

ject　are　listed　below　with　brief　introduction　and

speci自cation．

玉）Measurement　System　for　Magnetic　Field　Angle

Dependence　oH．

　　We　have　established　two㎜easurem㎝t　systems　for

伽s　purpose－　Speci丘cation　of　each　system　is　as

fouows・

＃1－1）Magnetic丘eld：一玉5～15T（Sp1it　type　supeト

　　　　COnduCting　magne士）

　　　　Temperature　range：玉一8～l00K（he玉ium　gas

　　　　C00玉ing）

　　　　Sample　length：70mm（30mm　in　homogeneous

　　　　neld）

　　　　Rotation　ang三e＝一360～360o盆nd　more

　　　　Current　capacity＝200A（300A　for　very　limited

　　　　period）

＃1－2）Magne士ic　角eld：0～8T　（Axial　so】eno…d　type

　　　　superconducting　magnet）

　　　　Tempera加rerange：4－2K（liquidhdium）and

　　　　1O～玉00K（heliumgascooiing）

　　　　Sample1ength：50mm（whoIe　part　is　in　homo－

　　　　geneOuS丘e玉d）

　　　　Rotation　aηg1e：一30～210o　（O。：B／／sampIe

　　　　supPort）

　　　　Currcnt　capacity：400A（600A　for　very1imited

　　　　period）

2）Strain　E舵ct　Measurement　System

　　For搬agnet　apPlications，strain　e欄ec亡of　conduc－

tors　is　very　important．　However，information　on

this㎜atter　stays　insu鮒cieηt　for　HTS，　h　order　to

perform　a　systematic　study　for　HTS，we　instal1ed　a

measurement　system　for　strain　e脆ct　by　which　I．can

be　measured　under　strain．　The　specimen　is　mounted

on　a　U－shape　holder　and　attached　to　the　movemen辻

mcchanism．Thefeaturcof伽ssystemis曲atstrain
can　be　changed　continuously　from－1％（compres一

sive　strain）　to　玉％　（te羽si工e　strain）．　Ths　type　of

evaluatiOn　system　is　unique　in　Japan－　The　system　is

also　e卯ipPed　with　a　temperaturc　controlling　system

By　using　this　system，4dimensional（玉。，magnetic

fie1d，strain　and　te㎜pera辻ure）information　can　be

ob辻ained，　In　addi辻ion，this　system　is　expected　to　be

uti1ized　a玉so　for　a　fatigue　test，in　which　the　re1ation－

ship　between玉。degradation　and　the　number　of　strain

cycle　is　examined　under　alternative　strain．

　　Magnetic行eld：O～8T（Axial　solenoid　type　super－

conducting　magnet）

　　Temperature　range：4．2～亘OOK（heli口m　gas　cooi－

ing）

　　Samp1e　length：60mm（center　part　of～玉Omm
can　be　deformed　with　ho㎜ogencous　strain）

　　Strain　range：一1％　（compressive　strain）　～玉96

（tenSi1e　Strain）

　　Current　capacity：300A（500A　for　very玉imited

pcriod）

3）Variab玉e　Temperature　Large　Current　Capacity　I．

Measure㎜ent　System

　　Because　of　the　progress　iηHTS　conductor　deve1op－

ment，I，cllaracterization　at　high　tempera加res（王O～

30K）with1arge　curr㎝t　becomes　essentiaL　We　es－

tablished　a　measurement　system　for　this　purpose，

　　Magnetic胞d：O～8T（Axial　solenoid　type　super－

conducting　magnct）

　　Temperaturerange：4．2K（玉iquidhe1ium），10～

77K（he玉iumgascooiing）

　　Sample玉ength：70mm（whoie　part　is　in　homoge－

neous行eld）

　　Current　capacity＝800A（1，OOOA　for　vcry　limited

period）

4）High　Field　Performaηce　Test　System

　　By　utilizing　TML　hybr三d　magnet　syste㎜，we　can

perforIn　I．characterization　in　high　aeid　up　to30T．

　　Magnetic胴d：O～30T（Hybrid㎜agnet　system

in　TML）

　　Temperature　range：4－2K（1iquid　heliUm）

　　Sample　length：35mm（whole　par辻is　in　homoge－

ne㎝sneld）

　　Currentcapacity：500A

Keywords：oxide　superconductor，evaiuation，meas－

urernent　technique

78　　0eveわp㎜eI1｛o｛Magne｛ic　Separa刊o同System

τ0ん〃o，∫卯o〃9ル‘og惚ガc凡ε〃Rθ舵〃cん8肋一

〃0〃

［April1995to　March2000］

　　Progress　in　apPiied　superconductivity　techno1ogies

has　resulted　in　the　deveΣop㎜en士of　s氾perconducting

（sc）magnets　with　exce1玉e就operabi肚y．One　of　the
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promising　apPlication旋1ds　is　magnetic　separation．

The　prinユary　advantages，辻hose　being　energy　saving，

compact　size，and　increased　speed　b㏄o㎜es　visible

only　after曲e　system　is　superconductorized．　The

fu玉1－sca玉e　application　of曲is　process　wiil　a玉so　contr云b－

ute　greatly　to　the　preservation　of　giobal　environ－

mentS．

　　We　have　deve1oped　the　key　system　technologies　of

app玉ication　of　high　Tc　sc　magnets　to㎜agnetic　sepa－

ration．　One　of　the㎜is　an　optimization　method　of

an　sc　so1enoid　for　High　Gradien亡Magnetic　Separa－

tion（HGMS）systems辻o　min…mize　the　quanti辻y　of　sc

wire　uscd　in　the　systems．We　developed　two　com－

putationa玉techniques　to　simulate　the　magnetic脆1d

created　by曲e　so玉enoid：a　detai1ed　numerical　model，

and　a　simpli£ed　gra凶ical　method．　Compar｛ng　w舳

the　case　where　an　HGMS舳er　and　a　soieloid　have

辻hc　same　length，our　opt｛mization　technique　shows

tha辻a　large　amount　of　wire　reduction　is　possible．

　　Weproposedmagneticchromatography（MC）as　a
new　techn均ue　for　u玉tra－Ene　partic玉e　separa辻ion　which

separates　chemica1玉y　simi玉ar　but　magnetica1玉y　dissim－

ilarmaterials，suchaslan伽nideandac士inideele－

ments．MC　has　a　possibi1量ty　to　analyze　u玉tra一垣ne

particles　with　dianユe辻ers　of　severa1辻ens　nanOmeters，

which　are　too－arge　for　conventional　chromatography

techniques．　Our　MC　systcms　use　ferromagnetic

wires　in　a　strong　magne辻ic　ne玉d辻o　create　high　mag－

netic伺eld　gradients．　The　Huid　veloci士y　is1ow　near

the　wires，so　that　part量c玉es　with　high　magnetic　suscep－

tibility　are　drawn　to　the　wires，and　are　separated

from　the　particIes　of1ow　susceptib洲ty－　Because

MC　columns　can　be　easily　c1eaned　by　switching　o肝

the　apPlied　magnetic丘eld，MC　systems　generate　no

secondary　waste，which　is　a　common　prob玉em　wi亡h

conventional　chromatography　systems．　0ur　MC
simulator　mode－ed　the辻ransient　behavior　of　the　paト

t…c玉es　by　taking　into　account　the　Huid　How自eld，

magnetic　振eld，Part量c玉e　difEusion，　and　particle　size

distributions．0ur　simulation　resui辻s　showed　the

following11）Partic玉e　staying　time　in　the　channel　is

an　important　factor　to　decide　the　separat｛on　e餓cien－

cy．2）Increasing　the　appl｛ed　magnetic丘eld　strength

improves　the　separation　e繍ciency，and　has　the　advan－

tagc　of　no　degradation　of　particlc　concentration

which　is　caused　withセhe　channel　length　increasiηg

me曲od．　3）It　is　possib工e　to　make　magne士ic丘e玉d

distribution　most　suitabie　for　MC　by　adjusti㎎a

ferromagnetic　wire　arraηgement．　4）As　the　size　dis－

tribution　widens，the　steady－sta亡e　partic玉e　concentra－

tion　increases　near　the　ferromagnetic　wires，and　de－

creases　the　separatioηe揃ciency　at玉ow　How　velocities．

　　We　c㎝duct舳s　research　in　conaborati㎝wi曲the

Electrotechηica玉Laboratory，AIST，MnI．

conducting　magnet，high　gradient　magne亡ic　separa－

tion，magnetic　chroma辻ography，computer　simula辻ion
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Nαgof

［April1999to　March2004］

　　Anumberofdevicesthatrequirescryogeniccoo1－
ingbeiow4Kareconsiderabiyincreasingbecauseof

the　progress　in　cryogenic　system　us㎞g　magnetic　re－

generators－　Liquid　heHum　temperatures　have　been

achieved　with　two－stage　GM　coo玉ers　by　using　rare－

earth　in士ermetallic　compounds．　R㏄ently，m口ch

lower　temperatures　below4K　are　required　for　cool－

ing　such　as　superconducting　magnet　system　which

ηeeds　high　current　density　and　stability　in　our　labora－

tory．We　have　s辻arted　to　investigate　a　new

cryocooler　system，wbich　refrigerates　below4K．

First，the　system　down　to2K　region　has　been　consid－

ered　in　GM　or　S舳ing　cycle　with　new　magnetic

regenerator　mater｛a玉s．The　test　machine　is　under

cons辻mcting　with　high　e嗣cient　heat　exchanges　and

mass　flow　system－The　scope　ofthe　refrigerator　is　to

test　for　superconducting㎜agnet　coo玉ing　at2K－

Second，wewiuconstmctanothersub4Krefrigera一

辻ion．Anewhelium3regenera士orcyclewinbcused
in　the　system－　The丘nal　goai　of　this　study　is　to

estab玉ishaconvent｛onalsub－1Krefrigerationsystem

without　li卯id　helium　Study　for　magnetic　materiais

used　in　the　regenerator　will　be　also　donc．　The　s伽dy

win　be　also　focussed　on　high　heat　capacity　materials

below4一（region．

Keywo池：cryogenic　system，GM　cycle，Stirling

cycle，Pulsed　tube　cycle，regenerator

Keywo冊s：ultra－fine　particIes，　high　Tc　super一
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　　80　　D帥elopm6nt　of　New　Superconductors　for　Nuc1e－

ar　I＝uSiOn　USe

τ．rαkθ〃C〃，別9乃〃0g〃e此肋〃肋サf0η

［Apri11999to　March2004］

　　Tl1e　main　purpose　of　this　study　is　to　develop　the

new　superconductors　to　be　used　for　the　nuclcar

fusion　reactor．　The　superconducting　conductors　for

the　nuclear　fusion　are　required　to　have　（1）　large

critical　current　density　（J。）　in　high　fie1ds，（2）　high

tolerance　to　mechanical　stress　and　strain，（3）large

current　carrying　capacity，（4）low　sensitivity　to　radi－

ation，（5）high　stability　to　electromagnetic　disturb－

ances，　（6）　1ow　ac　losses－　Recently，　we　have

developed　a　new　Nb｝Al　mu1ti丘1amentary　super－

conductor，which　is　based　on　a　Jelly－Rolled（JR）

Nb／Al　composite　and　fabricated　by　rapid－heating

and　quenching　a　wire　of　such　composites　with　subse－

quent　transformation　annealing　to　form　Nb3Al

phase．　In　contrast　to　the　conventionalIy　fabricated

NbユAl　conductors，the　transformation　from　super－

saturated　bcc－solid－so1ution　Nb（Al）昌、enab1es　the

highly　stoichiometric　A15－Nb3A1to　form　with　fine

grains，　and　the　∫。　characteristics　are　significantly

improved　over　the　whole　range　of　magnetic　fields，in

particu1ar，in　the血elds　more　than20T．　The　result－

ing　substantial1y　improved　high－ne1d　performance　is

compatible　with　the　excellent　strain　tolerance．

Thus，the　transformed　Nb3Al　conductor　is　promising

as　a　realistic　altemative　to　Nb3Sn　for　the　fusion

reaCtOr　uSe．

　　The　current　carrying　capacity　is，however，current－

1y　too　sma11for　such　large－sca1c　application　uses．　In

the　present　study，various　cross－sectiOnal　structures

for　the　multimamentary　billet，with　d冊erent　Nb－

matrix　ratios，JR－mament　configurations，etc一，were

designed　to　enhance　the　current　capacity．　Figure1

shows　the　transversely　cross－scctional　images　of　the

JR　Nb／A1composites　examined．　The　specifications

of　these　conductors　are　given　in　Table　I．　The　Nb－

matrix　ratio　is　decrcased　from1．5to　O．52，adjusting

the側ament　sizes∂∫to～100μm　for1．25mmΦwires．

In　order　to　ensure　high　cooling－rate　in　the　rapid－

quenching　process，the　diameter　of　a　JR　Nb／Al　com－

posite　wire（∂、、），however，used　to　be　below0－5mm，

1imiting　the　current　carrying　capacity　of　this　type　of

conductor．The　increase　in∂。is　most　likely　direct

and　e冊ctive　way　to　enhance　the　current　capacity，

Thus，∂。was　increased　from0．5to1．25mmI　The

maximumんof　l．25mm　is　current1y　limited　by　the

performance　ofthe　e1cctric　power　supp1ier　for　contin－

uous　sclf－heating．　The　critical　current（1。）was　pro－

portional1y　enhanced　by　increasing∂、、，almost　with－

out　degrading　non－Nb∫。．　A　decrease　in　the　Nb－

matrix　ratio　from1．5to0，52further　enhanced　the∫。

for　the1．25mmΦsamp1es．　Consequently，∫。for　a

monolithicconductorat21Tand4．2Khasnowbeen
enhancedto166Awhichusedtobe15A，byincreas－
ing∂。to1．25mm　and　decreasing　the　Nb－matrix－ratio

to　O．52．

Keywo冊s：transformed　Je1ly－rolled　Nb3Al，current

carrying　capacity，Nb－matrix　ratio，wirc　diamcter

　　　　一

F1gure「、　Transversely　oross－sectional　v1ews　of　the　JR　Nb／Nb｛Al〕開　m］ltifilamentary

㏄nductors．

TablelSpecilioatronsoltheJRprocessedNb仏1oomposites

S且mple　d。■．（mm〕　Nb　ma廿ix　Nunlbor　o『　　ψ一（μm〕　　　filam已nt

　　　　　　　　　　　　　TatiO　　　　　nIHn1CntS　　　　　　　　　　　　　　　　10CatiOn

＃A

＃B

＃C

＃D

＃E

＃F

＃F　l

＃1；2

1，25

1，25

1，25

1，25

1，25

1，25

1．O

O，5

O．52

0，56

0，82
1．O

l．06

1．5

1．5

1．5

84

120

罧4

罧4

斗2

36

36

36

l12

92

103

92

139

136

109

55

　Center

　Center

　Center

　Center
out巳Tshc1l

　Cent町

　Cenler

　Center

　　81　　Characterization　and　Control　oft11e　Optoelectro－

nic　Properties　of　Small　Crystalline　Materials　with　l≡1ectron

Prob6Analysis

K．肋岬o，γ．〃た〃α，〃．ταηαkoo〃K．

γo∫舳o柵，∬妙伽∫o1洲oη肋o榊R8∫〃cん肋一
〃0〃

［Apri11995to　March2000］

　　It　is　possib1c　to　characterize　and　contro1the　spe－

cinc　optoelectronic　properties　of　very　sma1l　crystal－

1ine　materia1s　by　enclosing　the　crystals　with　a　d冊er－

ent　kind　of　materia1s，or　by　terminating　the　conduct－

ing　electrons　inside　particlcs．This　type　of　small

structures　is　feasible　by　burying　nanometer－sized

crysta1s　into　materials　and　covering　the　surface　of

one　materia1with　other　material．We　are　trying　to

create　those　small　hetero　structures　and　to　character－

ize　their　structures．

　　Porous　silicon　is　chosen　for　one　example　of　non－

equilibrium　nanocrystals　embedded　in　the　bulk

matrix．A　highly　porous　silicon（PS）made　by

anodization　is　known　as　a　material　with　emcient
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visible　pboto玉uminescence（PL）at　room　tempera－

ture．The　quantum　con£鵬ment　model　can　explain

the　PL　in　洗e　visib1e　Iight　range．　However，a

number　of　experimental　data　inconsistent　with　this

model　have　also　been　observed　and　alternative　exp玉a－

na辻ions　proposed．　For　example，si玉oxene　deriva一

伽es，SiH2，or　oxide　defects　on　the　surface　of　Si

particles　are　suggested　to　be　responsible　for　the　PL．

However，many　points　are　stil1unclari汽ed．

　　互n舳s　year，the　correlation　among　PL　properties，

chemica玉states，and　microstructures三n　PS　layers

treated　w舳NH3solution　has　been　investigated　to

clarify辻he　origin　of　PL．　PS　samp1es　were　prepared

by　anodizing　p－type　Si（100）wafers　with0．04－O．06Ω

cm　res…stivity，　The　anodization　was　performed　in　a

50％HF－ethanoi（1：1）solution　at　room　tempera－

ture　at　a　constant　current　density　of0．35A／c㎜2for

10seconds．　The　chemica玉treatmcnt　of　PS　was

carried　oUt　by　immersion　in　O、玉4％aqueous　NH3at

room　temperature．　The　microstructures　and　chemi－

ca玉states　of　PS　layers　were　stud｛ed　using　transmis－

sioηelectron　microscopy（TEM），eI㏄tron㎝ergy

loss　spectroscopy（EELS），and　Fourier　transform

infrared　spectroscopy　（FT玉R）．　PL　spectra　were

measured　at　room　temperature　by　using　a　nitrogen

玉aser　pu玉se（337nm）as　an　exci辻ation　source．　As－

prepared　PS　exhibited　red　PL．　The　red　PL　was

almost　quenched　by　NHパreatment　for1minu辻e，
whi玉e　the　sponge－like　stmcture　in　the　PS　top　surface

region　disappears．　The　PS　trcated　for5min械es

shows　strong　yellow　PL，while　a　new　sponge一玉ike

struc椀re　is　formed　in　the　top　surface　region．　TEM

and　EELS　observa辻ions　sugges士tllat　the　sponge－like

region　consist　of　oxidized　Si　nanoparticles．　FT玉R

ana玉ys云s　revcals　that　亡here　is　no　direct　cOrrclatiOn

be榊een　chemical　sta士es　and　PL　properties，　These

results　suggest　that　the　red　PL　in　as－prepared　PS

＆rises　from　the　original　spongc一玉ikc　structure　and　the

yenow　PL　in　NH3－treated　PS　is　ascribed　to辻he　newly

formed　sponge－1炊e　struc施re．

KeyWOrdS：Small　CrySta1玉inC　materialS，　SurfaCe

terminated　partic玉es，Porous　silicon，Photo1uminesc－

CnCe

　　82　　Analysis／l≡val1」ation　o｛　Atomic　Scale　Com－

posi｛ionaI　Change　in　lVlateria1s　■〕ue　｛o　the　Radiation

Da繭age

K．肋岬0，〃．τ0加g〃C〃，K．〃舳f∫〃，〃．80㎎

α〃r．∫α伽，別g乃地80肋f0〃肋α㎜地8θα肋
∫如τ立0η

［Aprii1995to　March1999］

Radia辻ion　damage　in　materiais　is　characterized　by

the　atomic　displacemeηts　assoc｛ated　with　thc　destmc－

tion　of　crystanine　structure，transmutation　by　nucle－

ar　reaction　a■d　radiation　induced　solute　segregation

by　the　irradiation　of　energetic　pardcles　such　as　neu－

trons　and　ions．　In　addition　to　the　for正nation　of

many　types　ofdefec辻cIusters　produced　by倣s　atomic

process　and　the　resultant　microstructural　changes，

enhanced　di仔usion　associated　with　these　defect　reac＿

tions　results　in　the1ocal　change｛n　the　concen士ration

of　solute　atoms，辻he　segregation　at　grain　boundaries

and　surfaces，　and　the　precipitation　of　secondary

phases，　For　the　basic　じnderstanding　of　radi主tion

damage　and　compos云tionai　changes，an　ana1ytica玉

TEM　consists　of玉MeV　electrons　with　two　ion　acce玉一

erators，energy　dispersive　X－ray　spectroscopy（EDS）

and　energy　loss　spectroscopy　（EELS），so－caned

“SUBNANOTRON”，is　used　in　this　research．　王n

this　year，the　researches　on　辻be　advantage　of　the

extensive　usage　of　EELS　spectra　and　EFI　were　in－

vestiga辻ed一

　　玉t　is　known　that　when　inert　gas　Xe　ions　are　im－

p1anted　into　so1言d　materials　such　as　metals　and　semi－

conductors，they　usua玉玉y　form　crys亡ail…ne　precφ…tates

with　a　FCC　or　HCP　stmcture．　Xe　precipitates…n　Al

have　a　FCC　structure　w舳the　samc　crysta玉orienta－

tion　w舳the　A玉matrix．The　Iatt｛ce　structure　a乃d

the　shape　of　the　Xe　precipitates　have　been　ckar1y

observed　by　means　of　h｛gh－resolution　e玉ectron　mi－

croscopy　using　so　ca玉ied　o汗一axiaI　condition－　How－

ever，litt玉e　work　has　been　carried　out　oηthc　structural

and　chemica玉aspects　of　Xe　precipitates　at　high　tem－

perature．

　　In　the　presen辻work，we　conducted　stmctura玉and

chemical　analyses　ofXe　precipitates　in　Al　in－s…tu，as　a

function　oftemperature，using　of　eiectron　energy－oss

spectrOscopy　（EE】二S）　and　energy　Eltered　i了naging

（EFI）t㏄㎞iques．

　　A－specimens　were　imp玉anted　w舳50keV　Xe　at

423Kand473Ktoadoseupto2．6X1021ions．㎜」2
in　a　SUBNANOTRON．　EELS　spectra　were　meas－

ured　and　EH　images　were　taken　at　room　tempera－

ture，773and858K　using　a　post－column｛maging

刷ter　system（G玉F）made　by　Gatan－

　　In　order　to　make　the　Xe　precipitates　observable　in

EH　mode，specimens　were　implanted　at423and473
K．　Extra　SAD　spots　at　positions　between　the　center

spot　and　Al｛H　l｝or｛200｝spots　were｛dent楡ed　to　be

those　from　Xe　precipitates－　Precipitatcs　in　size　from

less　than10nm　to　about30nm　are　s㏄n　in　both

zero－loss　and　core－ioss　images－　The　shape　and　dis－

tribUtion　of　Xe　precipitates　in　E醐images　are　consis－

tent　with　those　observed　in　TEM　d冊raction　contrast．

Though　there　are　some　noises　seen　as　smali　white

spots（about　l　nm　in　size），the　contrast　of　large

precipitates　is　usua1玉y　better　than　that　of　sma1玉ones－

This　indicates　that出e　signa1／background　ratio　in　the
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image　depends　on　the　mmbcr　of　Xe　atoms　in　the

precipitates，

　　CrystalIiηc　Xe　precipitates　changed　to　a　non－

crysta1玉ine　state　as士he　temperature　increased－　The

di愉action　spots　from　the　Xe　precipi倣es　start　t0

become　weaker　at　about623K　and　weakened　further

with　increasing官emperature．The　spots　disappeared

completely　at　about773K－

　　Xe－M4，5core　loss　spectra　a1so　show　a　change　wh㎝

the　temperature　increascd　from300to773K．A辻

300K，the　experimenta玉iy　obtained　Xe－M4，5edge　has

three　peaks　at　energy－osses　of683，698and712eV，

w舳e　in　the　spectrum　obtained　at773K　only　two

peaks　seen　ciear玉y　at688and700eV　respective玉y．

TheXe－M4，5edgeobtainedat773Khasasimiiar
shape　and　peak　posi言ions　to　a　spectrum　obtained　fro㎜

gaseous　Xe－　This　suggests　that辻he　Xe　precipitates

areingassta室eat773K，A丘na1co舳r㎜ationre－
qαires　on　the　further　study．

Keywords：SUBNANOTRON，EELS，Xe，precipi－
tate，EH

　　83　　Sωdy　on一〕etectio糀、Evaluation　and　Uti1ization　of

Non－equilibriu繭Processes　Under1…x｛reme2ar｛icle　Fields

1V．1（f∫乃’ηつoτo，1f．■4閉θんαro，〕1．rokθdα，1（．1（oηo，
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獅ψRθ∫01〃f0〃肋0肋

　　Hybrid　partic玉e　角elds　of　ion　and　pho辻on　exert

strong　interactions　with　materia玉s　and　are　potent　not

only　to　detect　ele㎜entary　processes　but　also　to　ex－

pIore　novei　proper辻ies　of　materiais，　Especial1y　if

both　high　energy　and　high　density　of　ion　and　photon

are　a伽ined，unexplored　non－equilibrium　e脆cts　win

be　expected，by　virtue　of　their　contrasting　fea士ures　of

momen施m，energy　and　excitation　modes－Up　to

present，we　have　a倣ined　ion　beams　over6MeV×

mA　for　heavy　ion　species　and　have　combined　w舳a

5J／pulse　laser．　The　hybrid　state　of　the　ions　and

photons　is　cal1ed　an　Extreme　Partic玉e　Fie玉d（EPF），

emphasizing　the　hybrid　fea楡res　of　particle　env三ron一

㎜ents　high玉y　interactive　with　materials．The　EPF　is

a］so　a羽import盆r1t　asp㏄t　for　practica1enviroηmerlts

of　high－energy　devices，such　as　fusioηreactors　etc．

The　main　purpose　of伽s　research　program　is　to

detec辻and　eva1uate　non－equilibrium　processes　of　ma－

teriais　in　the　extreme－partic玉e一洞eids．　Utilization　of

the　non－equi玉ibrium　processes　is　further　aimed　at．

　　In　this洞scal　year，high－current　ion　irradiation　into

insu玉ators，amorphous／crysta玉1ine　Si02，and　MgO・

A玉203spinel　have　become　capable　by　use　of　appIying

negative　ions　and　have　den－onstrated　dose－rate　de一

pendent　changes　in　nanocrystal　formation－Meta1

nanoparticles　embedded　in　insulators　are　prom圭sing

for　optica玉devices，such　as　optical　switches　and　logic

e1em㎝ts．We　have　focuscd㎝ncn－eq洲brium　pro－

cesses　either　in＿beanT　or　after　irradiatiOn．　In－situ

spectroscopy　of　ion－induced　photons　has　been　con－

ducted　and　detected　synergistic　bea㎜一material　i羽ter－

actions　inc玉uding　a　strong　P玉as王na　continuum　and　line

spectra　of　spu杭ered　ions．　Existence　of　the　plasma

indicates　strong　beam－surface　interactions　induced

by　high一貧ux　ions，Primarily　surface　sputtering　Proc－

ess．　γhe　iine　spec辻ra　are　evidence　of　ion－induced

mass　transport　from　thc　intra－solid　to　the　vacuum，

dependent　on　the　ion舳x－　Another　in－si施device　of

particie　emission，i．e．，secondary　electrons　and　ions，

was　insta玉1ed　into　a　high－vacuum　cha㎜ber．　The

device　meets　various　surface　aηalyses，i，e．，XPS，

AES，SIMS　and　SPM　under　ion　irradiation．ne

post－irradia辻ion　op辻ical　properties　due　to　nano－

crysta］s　were　also　evah3ted　wi疵a　pu㎜p－Probing

method，employing　a　femto－sec1aser　of　titanium－

sapphire一　γhe　measurement　of　the　plasmon　absorp－

tion　gives　time－resolved　understandings　of　e1ectrons

co洲ned　within　meta玉nanoparticles．　The　resu1t　of

as－irradiated　specimens　showed　absence　of　a　pico－sec

component　in　p玉asmon　absorption　and　tha辻the　major

component　is　a　few　hundreds　pico－sec．After　ther－

mal　amea玉ing，the　faster　component　of　plasmon

recovered．　γhe　fas辻er　compo口ent　was　hindered　by

defects　due　to　high－nux　ions．　Tbe　changes　in　optical

properties　were　correlated　wi亡h　microstmctura1

changes　observed　by　cross＿sectiona玉TEM，

　　Other　in－situ　techniques　of　measurements　are　also

inprogress：Afastbeamchopperaccomplishedpui－
sation　of6MeV　ions，down　to　a　pu1se　widtb　of

severa1tens　nanosec，which　will　be　used　for　bcam－

induced辻i㎜e－resolvcd　measurements．　MateriaI　irra－

diation　techniques　of　a　high－power　laser　has　been

deve玉oped　after　optimizing　the　optics　to　reduce　the

beam　load　onto　the　window　glasses　and　employing　a

double－sided　optical　window．Deve玉opment　of　in－

situ　conductivity　measurements　focused　on　co－

irradiation　　e岱ects　of　high－energy　　protons　and

photons　on　semiconductors．　The　results　showed

noniinear　dependence　ofparticie－induced　conductivi－

ty　on　the　beam舳x－　The　ion－induced　nonlinearity

indicates曲e　promunced　recombination　process　due

to　s士rong　excitation　of　electrons　and　hoIes．　These

辻echno玉ogies　integrated　f0f　the　EPF　are　now　in　Use　to

reveal　the　highly　non－equilibrium　prOcesses．

Keywords：non－equi玉ibrium　process，extreme　parti－

c玉e　heavy　ion，気n－siωmeasurement
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　　The　e玉ectronic　sta辻es　of　surfaces　p玉ay　signi昼cant

roles　in　chemica玉reactions　and　crystal　growths　on

surfaces　ofmatcrials．The　excited　ne滅raI　beams　are

promising　Probes　to　get　information　from　exactly

outmost　surfaces　rather　than　electrOn　Or　photon

beams．　Fuηdamenta1　techηologies　to　generate　ex－

cited　neutrai　beams　are　being　deve玉oped－

　　In　spi辻e　of　the　fact　that　photoelectron　spectra　or

elec士ron－excited　secondary　eIectron　spectra　include

the　information　on　the　outmost　layer，photons　and

electrons　penetra辻e　throu曲the　outmost玉ayer　and

reach　to　more　deeper　layers，Those　spectra　con辻ain

the　information　on　deeper玉ayers　where　the　ejccted

electrons　are　generated一　γhus　some　ambiguity

remains　whether　any　fea辻ures　of　spectra　are

originated　from　the　outmost　iayer　or　the　dceper

玉ayers．　0n　the　other　hand　excited　ne耐ra玉s　aIso　may

release　the量r　internal　energy　to　the　surface　e玉ectrons．

The　s玉ow　neutra玉s　with　a　kinetic　energy　of　several

tens　meV　are　re舵cted　by　the　potentia1which　comes

from　the　surface　atoms　and　never　rcach　to　the　deeper

玉ayers．　The　ejected　electrons　pick　up　only　the　infor－

mat量on　on　the　electronic　state　outside　of　the　top－most

玉ayer．　The肥fo肥s1ow　excited　neu辻rals　are　essentiaI一

一y　sens云tive　to　the　el㏄tronic　state　of　adsorbed　mole－

cules　or　states　spatiany　extended　wave　funct貴on　from

the　surface　to　the　vacuUm．　Further辻he　spin　se玉ected

neutral　beams　enab玉e　us　to　understand　surfaces　more

precise玉y．

　　The　present　project　inciudes　two　kinds　of

techn0玉0gies，i－e一，generating　techniques　for　excited

neutral　beams　and　detecting　techniques　for　sccondary

particles　ejected　from　irradiated　surfaces．As　re－

garding　to　the　beam　forming，a　bea㎜system　creating

high　density　ne雌ra玉beams　under　a　c1ean　vacuu㎜

environment，exciting　atoms　by　ekctron言mpacts，

removing　iolls　and　h量gh　Rydberg　atoms，select三ng　the

ve1ocities，and　polarizing　the　dectron　sp㎞s　of　atoms

will　be　developed．Means辻o　measure　the　energy

angular　distribution　and　the　spin　polarization　of

ejected　low　energy　ekctro竈s　wi玉1a1so　be三nvestigated．

　　Based　on　the　prei｛mi舳ry　study　which　had　been

conducted　using　a　prototype　apParatus　for　beam

generation　and　excitation，i㎜provcments　of㎜etasta－

b玉e　atom　beam　source　has　been　attempted．A
holIow　cathode　d量scharge　was　introduced　to　a　nozzle－

s1（immer　discharge　helium　mctastable　atom　beam

source　with　a　trigger　e1ectrode　between　a　nozzk　and

a　skimmer．　A　hollow　cathodc　is　contained　inside　of

a卯artz　g玉ass　nozzle　of20mm　in　dia㎜etcr．The

aperωre　of辻he　nozz玉6｛s　O．5mm　in　diameter．The

distance　between　the　nozz玉e　and　the　skimmer　is7

㎜m－Apu1sedhighvoltageisappliedtothehollow
cathode　through　a　high　speed　FET　switch　and　a

stabiiizingresistorof2kΩfromacapaci辻orof1μF

charged　by　a　consta耐current　power　supp1y　of3kV

in㎜aXimum　V0玉tage－The　atOm　SOurCe　WaS　SuCCeSS－

funy　operated　at　variable　pulsed　discharge　currents

upto玉Arunn㎞gthroughtheho1玉owcathodebehind
the　nozzle　and　the　skimmer　anode，　The　totamux　of

the　con辻inuous　beam　with　mechanica玉chopping　equi－

valent　to　the　pu王sed　beam　measured　at　a　mean　dis－

charge　curreηt　of玉OmA　was　estimated　a〕．2×1015s’1

sr’1，The　i耐ensity　of　the　mctas士abk　he玉ium　beam

increased　proportiona玉1y　wi辻h　the　increase　of　the

mean　discharge　current　up　to50mA－　Higher　dis－

charge　curre斌s　which　could　be　achieved　by　an　active

cooling　mechanism　are　expected　to　produce　more

intense　me士astabie　atom　beams，

　　Spin　po玉arization　of　metastable　atoms　was

performed　by　an　opt量ca玉pumping　mcthod．The
photon｛ntensi亡y　required　for　getting　a　su冊cient　po－

larization　is　strong1y　depends　on　the　accuracy　of　its

wave1eng出．　The　wave　length　of　the　pumping　laser

diode　was　stabiIized　to　the　saturated　absorpt量on　by　aη

he玉ium　discharge　ceil－　The　degree　of　polarization

was　conir㎜ed　by　a　S辻em－Gerlach　measurement　with

a　co㎜pact　Rabi亡ype　magnet　which　was　a1so

deve玉opednewly．Alaserdiodeofratingpowerof
25mW　was㎝ough　to　polarize　the　most　of　triplet

atoms　when　its　freWency　was　s辻ab舳zed．　For　appli－

cations　of　the　spin　polarized　metastable　deexita辻ion

spectroscopy　such　as　magnetic　properties　of　outer－

most　surfaces　of　transition　meta玉s　the　stray　fie玉d
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around　a　sample　has　to　be　taken　into　account－

Therefore　the　spin　s亡ate　change　of　He23Sl　atoms

skimming　over　a　Fe　single　crystal　surface　were　care－

fu玉1y　examined．　The　spin　f1ip　of　He23Sl　atoms　was

found　to　be　avoided　by　magnetizing　the　samp1e　anti－

paraIlei辻o　the　denning荊e1d．

　　The　adsorption　of　oxygen　on　a　polycrystalline　zir－

conium　surface　at　room　temperature　has　been　studied

by　metastabie　deexitati㎝spectroscopy（MDS）and

ultraviolet　photoelectron　spectroscopy（UPS）using

the　pulsed　metastable　atom　beam　source　developed．

冊om　the　ana1ysis　of　the㎜easured　spectra　of　MDS，

UPS　and　Augcr　e玉ectroηspectroscopy，followings

were　clari丘ed；（1）At　thc　initial　stage　of　oxygen

adsorption（exposure＜1．2L），the　surface　density　of

states（SDOS）of　zirconium　changes　little　at　around

the　Fermi　leve玉（EF），whiIe　it　d㏄reascs　appreciab玉y

at1－2eV　be1ow　EF（E月＝1－2e▽）by　oxygen　adsorp－

tion。　（2）The　SDOS　a亡E丑＝O－2eV　decreases　wi辻h

increasing　oxygen　exposure　at＞1．2＝しaηd　disapPears

at＞8L　　（3）The　oxygen2p　states（EB二5－8eV）

are　Ioca玉ized　at　the　subsurface　then　grows　with　in－

creasing　exposure　O－2L．　（4）　The　Zr02　phase

appears　at　the　outermost　zirconium　surface　at　around

2L，辻hen　grows　wi曲increasing　exposure，and行nally

dominates　a士＞8L　　玉t　is　suggested　tha辻two　di揃er－

ent　phases（Zr02Phase　and　that　in　which　oxygcn

occupies　subsurface　sites）coexist　at　the　outermost

surface　at2－8L．The　u1timate　surface　sensitivity　of

Ml）S　and　its　capability　for　the　surface　eI㏄tronic

analysis　were　successfully　demonstrated一

Keywords：neutra1beam，metastable　atom，excited

neutra玉，surface
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The　present　research　program　aims　to　estab1ish

new　techniques　for　analysis　with　super　prec量s貴on　and

high　resolution　to　eva玉uate　micro　and　nano　me辻er

scale　stmcturc　of　ma辻eriais．　Deve玉oping　a　new

X－ray　Huorescence　spectrometer　is　one　of　the　most

signi姻cant　activities　for　such　advanced　analysis，be－

cause　the　conventional　Si（Li）spectrometer　does　not

have　su冊cient　performance　to　make　fuil　use　ofhighly

brilliant　synchrotron　Xイay　source．　It　often　leads　to

unsuccess舳separation　from　the　scattering　back－

ground　or　di価erent　X－ray　peaks，狐d　one　cou旧en－

counter　the　sa施ration　of　the　detector　sys辻em　as　wen．

　　Pおoto　l　sわows由e　spectrome士er，wllicb　has　been

designed　and　assemb1ed　at　our玉abora士ory－　A　Gc

（220）ana1yzing　crystal（Rowland　radius350mm）

and　a　NaI：Ti　detector　with　a0．玉5mm　receiving　slit

were　emp玉oyed．　The　spectro㎜eter　is　equipPed　with

31inear　stages　and　a玉一axis　goniometer　for　angular

scan．γhe　experiment　was　carried　out　on　undu1ator

beam1ine　BL－39XU　at　SPring－8．　Undulator　radia－

tion　was　monochroma辻ized　by　a　Si（111）rota亡ed－

incl｛ned　doub1e　crystal㎜onochromator，and　hi幽cr－

order　harmonics　were　rejected　w舳a　sing玉e，flat

pia辻inu王n－coated　mirror　at　a　g玉ancing　angle　of　5

mrad．　The　width　ofthc　entrance　silt　ofthe　chamber

was　O．2mm，and　thc　bca㎜size　at　the　sample　position

was0－2（H）×2（V）㎜m2．Figure1shows　an　XRF

spectrum　of　Cu－Ta　al1oy　powder－The　sample　is

ixed　on　thin　polymer　tape，w云th　the　quantity　being　a

few　mg／cm2．T1lough　the　Cu　Kαand　Ta　Lα1…nes

are　rather　close　and　usua玉1y　overiap　in　a　spectrum

obtained　by　a　Si（Li）detector，they　were　observed　as

complete玉y　separa亡e　peaks．Even　Cu　Kαl　and　Kα2，

or　Ta　Lαl　and　Lα2，were　clear1y　scparated．　The

presen辻energy　resolution　is　estimated　as8eV　at

CuKαI（8，04keV）一　Figure3shows　the　XRF　spec－

tra　of　Cu　foii（6μm）measured　as　a　function　of

量ncident　X－ray　cnergy　around　the　X－ray　absorption

edge（8．96to9－02keV）．　The　near－edge　absorption

spectmm，which　prov｛des　information　on　the　chemi－

cal　statc　ofthe　elements，is　obtained　by　mcasuring　the

total　XRF　yie玉d．　This　time，not　only　the　integrated

intensity　but　a玉so　the　spectraI　pro搬e　were　obtained，

and　therefore　more　detailed　information　is　available．

Faint　peaks　of　X－ray　Raman　scattering　are　seen　at

8，98keV　or　lower　energy．

　　The　prescnt　Johansson－type　curved　crystal　spec－

trometer　is　feasible　and　promising　for　XRF　aηa玉ysis

with　monochromatized　undulator　radiation．The
energy　reso工ution　is　much　better曲an　that　of　a　Si（乙i）

de辻ec辻or，and　is　su冊cient士o　avoid　the　overlapPing　of

the　low－energy士ails　of　scattering　X－rays．　Although

XRF　intensity　obtained　in　the　present　study　is　fairly

strong　b㏄ause　of　the　extreme　brilliance　of　Undulator

radiatioη，further　enhancement　of　the　si馴a玉is　neces－

sary　to　measure　trace　systems．Opt量mization　of　the

spectrometer　for　de辻ection　e冊ciency云s　currently　in
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　　We　havc　repor辻ed　our　su㏄ess　in　observing　stand一

㎞g　wave（Friedei　oscillation）on曲c　surface　of　go玉d

single　crystal　（111）　by　using　a　scanning　tunne玉ing

microscope－The　s辻anding　wave　was　observed　morc

signi丘cantly　on　a　pecul…ar　structure　ca玉1ed　a　herring－

bone　s辻ructure　on　the　reconstructed　surface　of　goid

（玉王1）．　By　cooling　down　the　go玉d（玉11）sample　to

30K，we　found　o耐two舳ngs：曲e　surface　standing

waves　were　found　to　be　elongated　over70n㎜；their

amp肚udes　on　the　surface　were　not　uniform　but

ra辻her　complicated　due　to　the　formation　of　potential

moduiation　caused　by　the　surface　structures　such　as

亡he　herring＿bone＆nd　steps．　There　exists　the　surface

state　ca1玉ed　Shockley　state　on　the　reconstructed　sur－

face　of　gold　（111）。　Since　e玉ectron量c　state　on　the

surface　can　be　regarded　as　two－dimensionaげree　elec一

辻ron　gas　and　the　electron－wave　is　scattered　by　its

steps　as　wen　as　defects　ofthe　surface，the　wave　shows

several　interference　patterns．

　　Furthermore，taking辻he　above　outco王ne　into　coη一

sideration，we　have　anaIyzed　the　standing　wave　in　the

wave－number　space　by　apPlying　two－dimensional

Fourier　transform　to　the　reaLspace　STM　…mages．

By　this　metbod，we　were　ab玉e　to　visualized曲e

anisotropic　two－dimeηsiona玉Fermi　surface，　By　this

method，tbe　observed　k－space　image　can　be　attributed

to　the玉ocal　Fermi　electronic　state　on　the　surface　in　a

nano－scale　order－The　phenomenon皿ay　be　caused

by　the　peculiar　nature　of　the　recoηstructed　surface．

　　γhe　method　to　ev＆luate　the　transformation　from

the　STM　image　into　wave－number　space　by　the

Fourier　transformation　is　more　interesting，compared

to　another　method　that　evaluates辻he　electronic　state

on　tトe　surface　in　the　wave－number　space　by　ang玉e

resbl・ed　ult・a・iol・t　photoe1ectro・spect・oscopy

（ARUPS）．　Since曲e　method　with　ARUPS　requires

the　u玉traviolet　radiation　toward　the　sample　surface

with　its　large　area　beam　diameter，the　observed　infor－

mation　corresponds　to　the　averaged　value　over　the

quite　wide　area（mi1玉imeter）．On　the　contrary，the

me辻hod　to　FoUrier－transform辻he　STM　image　enab玉ed

us　to　evaluate　the　elec辻ronic　state　in　a　considerab玉y

Sma1l　area（miCrOmeter　tOηanOmeter）。

　　In　addition　to　the　above　research，　our　current

interest　is　magnetic　fea施res　of　minute　magnetic　sub－

stance．　By　uti玉izing　e玉ectron　beam玉i出ography，we

have　fabricated　sub苅icron　magnetic　wire－　By

measuringthee玉ec辻ronic　resistance，wehaveobserved

the　changes　in　the　resistance　a価ected　by　the㎜agnetic

domaiηwall　as　we1玉as　the　movement　of　the　wa玉i

itself．　Since　similar　experiments　have　performed

quite　activeIy　in　these　days，it　is　known　that　the

electronic　resistance　dec玉ines　wi亡h　the　invas…on　of

magnetic　domain　wali．We　now　at辻empt　to　control

the　movement　of　magnetic　domain　wall　by　fabricat－

ing　mUltiple　coηstrictions　in　this　system，and　examine

the　e舵ct　of　magne辻ic　dom盆㎞wa玉1more｛n　detail．

　　From　now　on，taking　an　advantage　of　those　mag－

net｛c　features，we　will　examinc曲e　e脆ct　of　the

nlagnetic　structures　on　the　elcctron｛c　traηspor辻phe－

nOmena．
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　　Wh㎝deposited　metal　mm　on　substfa辻e　was　heated

in　a　vacuum，it　was　observed辻hat　substrate　element

di舳sed　to　the　surface　of釧m．　The　surface　concen－

tration　of　segregant　was　always　constant．　Even　if

the　segregated　layer　was　removed　by　argon　ion

sputtering，士he　segregated　layer　of士he　saturated　con－

centration　was　formed　again　by　rc－heating．　There－

fore，the　surface　composition　of辻he　segregated　iayer

on　metai刷一n　is　expected　to　have　a　self－controlling

proper辻y．

　　玉t　is　we玉11（nown　that　the　surface　adsorption　of

metal　changes　the　work　function　of　a　solid　surfacc．

Therefore，i辻量s　expected　to　change　the　work　fuηct｛on

by　the　surface　segregation．　The　work　funct量on

var量es　with　coverage　of　adsorbed　ma士eriais．　Howev－

er，if　we　use曲e　se玉f－controiling　Property　of　scgrega－

tion　be汽avior　on　meta1刷m，then　the　stable　work

func辻ion　on　the　surface，i．e、，stabIe丘eld　emission

current　can　be　expccted　and　we　can　produce　a行eld

emitter　of　high　performanceI　I士has　been　shown　by

authors　that　Nb舖m　withγi　surface　segregation

works　as　a　getter　for　residua玉gas量n　ultraちigh

vacuum，in　which　env量ronment　a丘eld　emitter　func－

tiOnS．

　　亘n　th言s　study，the　stabi玉ity　of　surface　composition

has　been　quantitatively　analyzed　in　tbe　wide　range　of

temperature，and　the　change　of　work　function　by

segregation　has　been　measured．Until　now，thc
recovering　rate　of　the　surface　composition　dur｛ng　Ar

ion　spu士tering　in　case　of　Ti　segregation　on　Nb　thin

郷m　was　measured．The　time　dependence　of　Ti　sur－

face　concentration　has　been　analyzed　by　introduciηg

two　parameters，the　di征usion　coe鮒cient　of　Ti量n　Nb

mm　and　surfacc　segrega亡ion　possibility　of　Ti　a辻om

under　surface．It　is　shown　that　those辻wo　parame－

ters　in　any　elemental　combination　can　be　obtained　by

fitting　the　experimenta玉results　on　surface　cOncentra－

tion　variation　of　substrate　element　at　certain　temper－

ature．　The　work　function　change　by　the　surface
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segregat｛on　of　Cu　on　T量冊m　and　of　Ti　on　Cu釧㎜has

been　measured．Work　function　d㏄reascd　approxi一

㎜a士ely　O．3eV　by　the　surfacc　scgregat云on　of　Cu　on　Ti

fiim　and　siight玉y　increased　by　the　surface　segregatiOn

ofTi　on　Cu．Tbe　amount　ofwork　function　d㏄rease

caused　by　Cu　segregation　is　reproducible　when　sur－

face　is　once　re㎜oved　and　Cu　segregates　again　by

heat量ng．　Therefore，it量s　shown亡ha辻the　original　idea

of　gettiηg　stable　work　funct｛on　by　Us量ng　features　of

segregation　pheno㎜enon　is　working．　The　electronic

state　of　Cu　under　surface　segregat｛on　was　observed

with　XPS，　It　is　conc玉uded　that…n　both　cases　e玉ec－

tron　is　par辻ially　transferred　from　Cu　to　Ti，and　that

the　direction　of　electric　dipo玉e　for　each　case　corre－

sponds　to曲e　tcndency　of　work　function　change。

Xeywords：surface　segregation，saturated　surface

composition，self－co㎜pos量tion　control，work　func－

tion，念eld　emi㈱r
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　　A　cold　crucibk　type　levita辻ion　me玉ting　method

using　high　frequency　electric　power｛s　known　as　a

non－contact…ng　melting㎜ethod．Therefore，from　the

point　of　view　of　high　pure　mater｛a玉creation，this

melting　method　is　advantageous　for　melt量ng　of　hi幽

purity　nユetals，che正nica玉1y　reactive　nユetals　and　refrac－

tory　meta1s－As　for　the　refractory　metals，the肥have

neverbeen　means　for　melting　ofrefractory　metals　by

using　cmcib玉e　made　of　common　oxide　refractories．

　　In　these　several　years，we　have　already　deve玉oped

the　new　contro玉tecちn｛que　for　cold　cruc伽e　levitation

melting　；　thc　two　di脆rent　frequencies　are

simu玉taneously　supp玉ied　to　two　work　coi1s　that　are

wound　to　the　water　cooIed　crucibk．Rather　lcwer

frequency　is　supPlied辻o1ower　coil　for　levitation　of

me玉ting棚aterials　mainly　and　the石igher　frequency　is

supPi量ed　to　upPer　coil　heating　of　the　materials．S㎞ce

we　have　succeeded　reducing　the　oxygen　in　moltcn

titanium　by　this　new　technique　of　cold　cruc捌e　of

levitation，so　next　we　are　chanenging　to　melt　refrac－

tory　metals　and　its　alIoys　by　mean　ofthe　cold　cmcibIe

lev量t盆tion　device．

　　The　purpose　of舳s　study　is　the　creation　of　molten

refractory　meta1s　and　its　anoys　by　the　co玉d　cruc言ble

levitat量on　me玉tiηg　me銃od　and　the　or｛gination　of　ho－

mogcneous　sohd繍ed　structures　that　have　been　never

gotten　by　the　usual㎜elting　mo出ods　for　refractory

metals　for　instance，electron　bea㎜remeiting，Piasma

arC　re更ne玉ting，

　　As　the　most　of　refractory　meta玉s　have　not　only

high　mc玉ting　point　but　a玉so　high　dens…ty　and　high

thermoconductivity，i辻is　considered　that　ievitation　of

refrac亡ory　meta1s　and　its　alloys…s　not　easy．So洗e

optimum　levi士ating　con砒主ons　such　as　thc　shape　of

the　co玉d　crucib玉e，high　frequency　coi玉and　the　electric

output　power　are　to　be　examincd，and　we　are　going　t0

design　and　nユanufacture　tria1　of　the　coid　crucible

devices　for　this　purpose．

Keywo州s：cold　cmcibIe，1evi鮒ion　mclting，refrac－

tOry　metal，high　frequenCy

Rece固t】Pub1ication

　　Levitation　and　Heating　Metamc　BalI　in　Cold　Cru－

c伽e　Simu1taneous　SupPlied　Two　Frequenc…es，K－

Sa㎞raya，T．Wat棚abe，S．Iwasaki，A．Fukuzawa，

M．Yamazaki，T．Take　and　M．Fujita，γetsu－to－

Hagane．81（1995）：179－8扉（in　Japanese）。

　　89　　　Feasibi1ity　Study　on　utilization　o｛トligh6riIliance

X・；ays　for　Steel　Characteriza｛ion

0．σ㎜θzowo＊，r．rαたα加8〃＊＊，K．τ舳zαた｛＊，γ．

γα榊伽c〃＊＊＊，K．K伽〃α＊，〃．Hαγαたαwo＊＊，r．

0榊〃o＊＊o〃∂r．∬〃α＊，＊ル‘o蛇〃α1∫Crωカoη

伽8ω肋8肋0〃，＊＊8f閉g肋α〃工搾肋α〃α一

肋〃倣α肋肋伽〃，＊＊＊別g〃θ∫01〃0〃肋0㎜
1～ε∫εαrc乃∫ταガoκ

【April1998to　March2000］

　　The　third　genera辻ion　storage　ring，SP　ring－8（Super

Photon　ring－8GeV）has　been　cons士ruc士ed　at　the

Harima　Science　Gardenαty－The　beamline　BL24

XU　which　Hyogo　prefecture　supports　is　designed　for
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prov｛ding　the　h｛ghly　brilliant　microbeam　and　phase

COntraSt　imaging－

　　Regarding　on　the　microstructural　characterization

of　s士eels，transmission　e正ectron　microscopy　has　been

usua玉iy　emp玉oyed．However，the　ana1yses　have　to　be

done　by盲hin　foi玉and　are　i舳alid　for　bu玉k　informa－

tioη．Thus　the　three－dimensional　distribution　of　tiny

precipitate　and／or　microcrack　in　buik　sample　in辻erior

has　been　hard1y　c1ariied．The　improved　resolution　of

topographic　images　with　hard　X－ray　is　expected　for

an　advanced　characterization　of　steels．

　　We　have　col1aborated　with言he　Center　for　Ad－

vanced　Science　and　Techno1ogy，Hyogo，and　have

investigated　the　feasibi1ity　of　phase　contras辻inlaging

for　stee1s’study　in　the　following　aspects：

1．　Microstructura玉characterization　of　s亡ee1s

　　Imaging　tiny　precipitates脈e　carbides，ni辻rides，

and　intermetanic　compounds　in1ow　a1玉oy　stteIs，

2．　Ana玉ysis　for　de1ayed　fracture　in　steels

　　玉maging　i航ergranu董ar　cracks　and　grain　boundary

structure　in　high　streng辻h　stee王s．

3．　Anaiysis　for　the　microcrack　an引oca1stress　ne玉d

in　higll－cycie　fatigue

　　Imaging　interior　microcracks　and玉ocal　stress　dis－

tribu辻ion　introduced　by　fatigue　damage．

Keywords：synchrotron　radiation，　stee1s，　Precipi－

ta辻es，intergranu玉ar　crack，de1ayed　fracture，fa辻igue

crack　and　deformation

　　90　　Research　and　l〕evelopme11t　of　Recyc1ab1e　Si閉p1e－

System　A11oys

ノ．8〃o＊，亙．γ肋＊＊，K，Kαw励〃α＊＊＊，0．0加∫〃

柵＊，KI〃〃αgowo＊＊＊＊、K．∬α7α伽＊＊＊＊，X

0加αwo＊＊＊＊＊：，G．■roたαηθ＊＊＊＊＊，8．rαたα伽oれ

＊＊＊＊＊，∫，γ0榊0吻0工0＊＊＊＊＊＊，＊仰㎝加7伽∫ωrC乃

C8倣7仰8舳伽ro1肋工θ肋13，＊＊Do榊ε∫τfcRε一

∫θ〃Cん凡〃0W，＊＊＊ω刎地8εαrC加r，＊＊＊＊

肋0㎜倣肋18R㈹αrC乃丁θα榊，＊＊＊＊＊〃倣γゴ018

Crεαガo〃　　1～ε3εαγcん　　。∫τα〃oη，　　＊＊＊＊＊＊〃ατε〃o18

Pγoc棚肋91）M∫f㎝

至Apri〕996to　March2001］

　　Because　of　various　additives，the　recycling　of　mc一

士a11icma士eria〕susedforautomobi1espartsandother

aspec辻s　shouId　be　so1ved－Nowadays，the　r㏄yclabiliy

of　materials　should　be　fu1舳ed　in　deve1oPing　new

structural　materiais．In辻he　present　research，four

kind　of㎜etalIic　materia1s　and　processing　methods　for

in1proving　recyc1ability　are　concerned．

　　The｛lO1｝type　twin　boundaries　have　been　consid－

ered　as　an　iπnportant　factor　that　contributes　to　the

high　damping　capacity　of　MnCu　aI玉oys．　Cry－

stal1ographic　studies　of辻he　twinning　boundaries　are

conductcd　to　c1arify辻he　structural　fcatures　which

a脆ct　the　mobility　of辻he　boundar量es　when　a　cyclic

extema1stress　is　apPlied．Damp量ng　capacity　of　alloys

are　sensitivc　to　the　measuring　con砒ions，such　as

frequency，strain　amplitude，tempera士ure　and　vibra－

tion㎜ode，A　concise　measuring　method　is　designed

to　coordinate　the　factors　in　determining　the　damping

capacity　of　alloys．

　　1n　　order　to　deve1op　　recyclable　high－strength

sintered　stee玉s　a　powder－deposition　equipment　has

b㏄n　ins亡aned　in　NRIM．By　altering　atomizing　pres－

sure，distance　betweenセhe　gas　outlet　and　centrifugal

board，as　wel13s　the　rotation　rate　of　the　centrifugal

board，the　factors　that　a仔ect　the　particle　size　distribu－

tio■of　produced　powder　a■d　the　particle　reinement

will　be　conirmed　through　the　app玉ication　to　A玉．玉n

addition，the　sedimentat｛on　process　of　ine　droplets

could　also　be　clar捕ed．

　　Aluminum　cast量ng　alloys　without　addition　of　grain

re月ning　elements　present　a　higher　recyclabi肚y．In－

s辻ead　of　the　grain　renning　elements，a　strOng　stirring

of　ui辻rasonic　vibration　during　the　so玉id蝸cation　is

capable　of　re丘ning　the　n1icros士ructure　of　castings．

And　e脆cts　of　the　vibration　on　the　formation　of

primary　crystals　in　a　molten　Al－Si　a玉ioy　are　examined．

In　the　Al－6％Si　alloy，the　primary　crystals　are　obvi－

ously　destroyed　by　the　vibration．As　a　result，den－

drites　are　segmented，and　a　granular　microstmcture

is　formed，UItrasonic　vibratioηis　also　e肝ective　to

reine　the　primary　Si　of　Al一玉8％Si．　Vibrat｛on　of

moIten　meta玉and　the1a㎎e　acoustic　stream　formed　in

mo1ten㎜etal　should　promote　the　nucIeation　and

segmenta亡ion　of　primary　dendrite　crystals．

　　Pb　free－c雌ing　steels　are　used　for　machine　prod－

ucts　and　vehicles　parts－Stee玉contain｛ng　Pb　wi玉1be

prohibited　due　to　the　environmental　po玉1ution　and　the

poor　recyclabi1ity－New　free－cutting　steels　containing

noPbarerequiredkeenly，ATideoxidationstee1
辻hat　shows　the　hardness　of　HV350by　the　introduc－

tion　of　martensite　microstructure　is　developed．The

machinab舳ty　of　the　steeHs　examined　by曲e　pro－

perties　of　tool　abrasion，　cut　resistance，　chip－

disposability．　　Since　the　stee玉　has　a　high　tensile

strength　of　abou〕O00Mpa，a　high－stre㎎th　free－

cutting　steel　is　prospective　to　meet　thc　iight－weight

and　compact　re卯irement　of　vehic玉es　parts　and　me－

chanical　produc士s一

Keywords：High　damping　alloys，U1tra£ne　stee玉par一

辻iclcs，Ui辻rasonic　vibration　cas辻ing，Chip－disposa－

b砒y，Martensite　microstmcture
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α〃H．〃ε，雌c肋〃たα11〕70ρθ肋3DM∫ゴo〃

【Apri1玉997to　March2002］

　　Buiiding　s辻eeHs　one　of　major　mass－produced　items

in　the　stee玉market．Easier　recyclabili辻y，more　e餓一

cient　and　less　skined　welding　and　enhaηced　mechan－

ical　properties　w量1玉be　required　for出e　bびiIding　stee玉s

in　the　next　century　to　construct　sustainable　infra＿

structure－　However，Present　high　strength　steels　of

600－800MPa　in　tensi1e　strength　contain　the　a1玉oy量ng

e玉cments　undes｛rab1e　for　rccycle，and出eir　we玉ded

joints　show　very　poor　fatigue　strength，i．e－on玉y　one－

tenth　of　tensiIe　strengtll．

　　Low　s辻reng辻h　C－Si－Mn　ferritic　steeis　are　potent量al

aiternatives，s…nce　they　are　desirable　for　recyc1e　and

easy　to　weld．　To　overcome　the玉ow　streng曲，in汰c

present　s施dy，new　ther㎜o－mechanical　process｛ng　is

developed　to　re丘ne　the　ferrite　gra｛n　size　into　under1
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micron　and　doub玉e　the　tensi玉e　strength　from400MPa

to800MPa．In　a　sma1玉一size　sample　of　a0．15wt％C

st㏄1（SM490grade）wi曲about玉mm　thickness，an
u玉tra一丘ne　grain　ferrite－pcar趾e　struc施rc　was　created

w舳a　ferrite　grain　size　of1micron．Through　war㎜

gr00ve　rOliing　prOcess　developed　in辻hc　present　study，

u玉tra－nne　grain　ferrite　microstmcture　wi言h　a　ferrite

grain　size　of玉ess　than工micron　was　created　for玉2

mm　square　rods，which　showed　tensi玉e　streng出of

680MPa　aηd　ducti1e－to－brittle辻ransition　te㎜pera施re

of77K，In　addition，‘0xstee1’，iron　wi曲fine玉y－

dispersed　oxides，was　a］so　created　wi曲a　fe∬ite　grain

size　of　less　than1micmn　through曲e　warm　groove

romng　of　a　compac亡ion　of　mechanically－mi玉ied　com－

mercial　pure－iron　powders．

　　High　speed　and　no　defect　welding　has　to　be

deve玉oped　coincident　with　p肥serving　the　ultra－nne

grained　microstmc亡ure　from　its　hcat　in　the　heat－

a脆cted－zone（HAZ）一　In　arc　weiding，an　ultra－

narrow　gap　arc　welding　processing　was　deve1oped

witll　an　idea　of　simultaneous　controI　of1ow　heat

dis士ributioηand玉arge　eIectricity　input　to　make曲e

HAZ　as　narrow　as　poss湖e－　The　progress　has　been

made　to　deve玉op　a　phase　controlling　system－And

further，a　high－power　C021aser　one－pass　we玉ding　has

been　eiucidated，A　main　prob玉em　is　that　plasma

generation　due辻o　metal　evapora士ion　deteriorates辻he

e服ciency　of玉aser　beam　heat．　The　pre玉iminary　stUdy

to　obtain　the　high　e航ciency　is　a玉most姻nished　to

introduce　a　high－Power　machineI

　　γhe　small　samples　wi曲ultra－nne　grain　microstmc－

ture　was　subjectcd　to　si証nu1ated　weid…ng　proccssing

like　arc　welding　and　spot　weIding－　The　arc　we工ding

simu1ated　sa㎜pIes　showed‘softening’at曲e　HAZ

accordiηg　to　input　heat－　The　spot　we1ding

simu三ated　sampie　reveaied　a玉mos－dea1hardηess　dis－

tribution　without　any　specinc　hardened　region　at　the

WhOle　jOiηt．

　　We1ded　sp㏄imeパarge　enough　to　simu1ate　the

conditions　for　service　was　subjec辻ed　to　mechanical

tes辻s　with　a　large　capacity　of　power　to　evaluate　the

fa士igue　property．　The　lower　fatigue　strcngth　of

welded　joints　has　been　tried　to　basically　increase　by

using　a　new玉y　designed　we玉ding　rod　with　a　lower

transformati㎝　temperature－With　introducing
compressive　residual　stress　at　the　weIded　joints，thc

fatigue　strength　of　high　tensi1e　s士eel’s　joint　was　suc－

cessfuny　improved　by　a　factor　of　three．The　fatigue

s辻rength　of　stmcture　member　of　box　sec辻ion3，5m

Iong　bea㎜s　was　a1so　improved　by　inducing　compres－

sive　residual　stress　on1ongitudina1comer　weid，

　　Defects　might　be　introduced　into　the　materials　and

thcir　joints　through　welding　Process－　ToIerable　size

of　the　defects　becomes　smaller　under　higher　stress

condi辻ions　expected．　Hence，more　reliab1e　insp㏄一

tion　techniques　have　been　developed1ike　supersonic

CT　scanning　of　defects　in　a　welded　joint　and　magnet－

ic　Hux玉eak　detect量on　by　DTF　for　surface　naws－

Laser　speckIe　technique　was　advanced　to　fo1玉ow　the

strain　change　at　a　bead　both　oη　heating　and　on

coo玉ing　during　welding　Process．

　　Finite刷ement　Mlethod　was　successfu1玉y　app1ied　to

clarify　the　re玉ationship　between　strain　given　in　the

ther㎜o－mechanical　processi■g　and　evolved　ferrite

grain　size．　And　a　simuiation　sys士em　to　predict　the

deformation　and　fracture　behavior　of　we1ded　points

has　been　aIso　deve1oped　by　combining　ca玉culation　of

stress　and　strain　distribution　and　experimenta玉tensi玉e

亡eStS．

Keywo汕s：ferrit量c　steels　forwe1ded　structures，grain

re丘nement，we－ding　process，heat－a脆cted－zone，re－

siduaI　stress，we1ded　joint，辻ens｛le　strength，fa辻igue

strength，simu1ation

　　92　　E竹ect　of　Aging　l〕egradatioI1on　l＿ocalized　Corro－

si㎝of　Str竈c榊a1Ma｛erials　foチLight　Wa｛er　Reactors

γ　　Ko如∂α，　8，　0肋∫〃，　K．　K〃030wα，　∫．

幻舳9αWα，γ．〃〃α㎜α舳α〃γム0f，J0肋f㎎

0〃〃肋ψCε伽3θ〃Cんα0エゴ0〃H．〃θ，肋C乃0〃一

たα1P岬θ肋∫1州∫fo〃τKα舳9αjα〃K．”，
〃肋池181〕rocθ∬肋9D肋∫ゴo〃

［Apri－1996亡o　Marcも2000］

　　Life　management　of　Nuc玉ear　Power　Plant（NPP）

for　the　acquisition　of　renewal　license　is　o羽e　of　the

worldwide　primary　con㏄ms．From　the　viewpoint

of　the　integrity　evaluation　of　structura玉materials，

therefore，the　i■teraction　between　aging　degradation

of　the　materials　and　environmentally　ass｛sted　crack－

ing（EAC）is　one　of　the　important　issues　to　bc

investigatcd．

　　The　objectivcs　of　the　research　are　to　investigate　the

interaction　between　aged　structural　materials　and

environmentany　assisted　cracking（EAC）such　as

stress　corrosion　cracking，corrosion　fatigue　in　high

temperature　water，and　to　mitigate　the　enlargement

of　Iocal　damage　in　we玉d　joints　by　using　a　laser　bea㎜

teChnique．

1．　Environmenta11y　assisted　cracking　of　A1玉oy600

in　high　temperature　water

　　Interaction　between　corrosion　fa辻igue（CF）and

s辻ress　corrosion　cracking（SCC）of　Al1oy600were

i舳estigated　under　three　loading　modes　in　high　tem－

perature　water－　Type1was　a　cyclic玉oading　condi－

tion　at　constant　stress　rat…o．　Type2was　a　mono－

tonic　loading　condition　and　Type3was　a　combined

loading　condition　ofType1and　Type2．　As　a　result，

the　crack　growth　rate　Under　Type3was　aimost　equal

to　the1inear　summa士ion　of辻hose　under　Type1and
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Type2．　X　was　fouηd　therefore　that　there　was　no

striking　interaction　betw㏄n　Cヌ／SCC　in　Al1oy600，

Further　investigation　using　sens…tized　Anoy600is

now　being　investigated　under　reievant　conditions．

2．M1tigation　for　the　en玉argem㎝t　o〔ocal　damage

by　laser　beam　technique

　　As　one　ofthe　evaIuations　for　corrosion　behavior　of

we1d　metal　of　SUS304s辻ainless　steel，wh量ch　was

post一辻reated　by　C021aser　beam　technique，elec－

trochemicai　approach　was　conducted　by　using　a

micro　vibration　e1ectrode　in8N－HN03so玉ution．　I士

was　found由at　the　post－treating　by　laser　beam　tech－

nique　for士hc　HAZ　was　ab玉e　to　suppress　the　initiation

of　corrosion　pits．　Further　inves辻iga辻ion　for　the

e価ectoflaserbeamwillbecarried㎝tusing
thermauy　aged　materials，which　s量mulate　sensitized

welded　region．

　　In－situ　observation　by　a　laser　speckle　me曲od　has

been　apPIied　言n　order　to　measure　the　local　strain

behavior　of　weld　meta玉in玉aser　processing．Sin㏄

the　precision　of　strain　measurement　decreased　due　to

the　very　high　intensi辻y　of　radiation　by　the　p玉asma　of

laser　beam，opti㎜ization　of㎜e盆surcmeηt　con砒ions

was量nvestigated　at伺rst．　As　a　resu玉t，言t　was　found

that　high－speed　measurement　of　locai　s辻rain　was　suc－

cessfuI玉y　made　by　using　a　pin－ho玉e，shidding　hght

cy玉inder　and刷ters．

K6ywords：aging　degradaむon，1oca1量zed　corrosion，

1…9h辻water，re盆ctor，weld　joints，laser　beam

　　93　　Adva11ced　l」1衣a－I・1ig11－S廿e11gt11S｛ee1s｛1500－MPa－

plusdass〕
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【Apri1玉997to　March200至】

　　There　is　an　i■creasing　demand　for　ui士ra－high－

strength　steel　that　has　a　tensi玉e　strengt鳥　exceeding

玉500MPa，for　exa王nple　in　the　use　of　higher＿streng辻h

bolts　in　the　construction　industry　and量n　the　weight

reduct云on　of　automobile　parts　and　main　cables　of

玉ong－span　suspcnsion　bridges．　The　key　to　practical

implementation　does　not玉ie　iηthe　ach…evement　ofthe

high　strengths　but　ra士her　in　preserv…ng　the　necessary

re1iabi1云ty　in　the　delayed　fracture　and　giga＿cycle　fa＿

tigue　proper㍍es　of　the　stee1－

　　In　thc　search　for　advanced　u玉tra－bigh－s迂rength

s士㏄玉s，the　ce批er　is辻ry量ng　to　deve玉op　new　martensitic

steels　that　conta云n　carbide－free　boundaries　and　hy－

drogen　trap　sites　to　give　h｛9h　delayed　fracture　resist－

ance．　0ther㎜artens云tic　steeIs　co銚ain㎞g　a　large

amount　of　nitrogen　is　also　deveIoped㎞order　to

attain　a　high　fatigue　rcsistance．　Studies　of　the

mechan言sms　of　delayed　fracture　and　fatigue　will

reveal　new　concepts　for　materia玉des量gn－　Such

studies　require　atomic－scale　analysis　of昼ne　precipi一

辻ates　and　interphase　boundaries　by　AP－HM　and

nanoscopic狐alysis　of　deformation　and　fracture

struc辻ures　by　AFM　and　nanobardness　tester．　0ther

works　wm　inchde　standardizing　the　evalua亡ion　of

de玉ayed　fracture　and　constructing　a　database　that

contains　fat…gue　property　data　for1010cycle　tes辻s．

　　In　the　reSCnt　year，the　aCtiV云tieS　are　SummariZed…n

the　fOuOWing．

玉．　Delayed　fracture　res｛stance　for45ぴC　tempered

SCM440stee玉was　cva玉uated，　The　rc玉ations鮎ps　be－

tween　di肝usible　hydrogen　con士ent　and　rapture　time

were　dependent　on　the　specimen　conngura辻ion　and

ioading　cond｛tions．

2．De1ayed　fracture　resistance　for　ausformed　SCM

440s辻ee玉was　a玉so　evaluated．　The　de玉ayed　fracture

resistance，i．e．，critical　di炉us三b玉e　bydrogen　content，

was　much　higher　for　ausformed　SCM440steeI　than

for身50oC　te㎜pered　one．

3．AFM　observations　and　ultra－m云cro　hardncss

measurements　were　conducted　for45ぴC　tempcred

SCM440stee止　互t　was　new玉y　found　that　thc

martensitic　stee1was　s辻rengthened　main1y　by　block

boundar貴es．　The　d量冊erence…n王nicrostructures　and

strength　mechanisms　be榊een450℃tempered　and

ausformcd　SCM440s辻ee玉s…s　being　invcstigated　by

the　two　techn均ues．　This　w…H　cIarify　the　high　resist－

ance　of　de玉ayed　fracture　for　ausfor㎜ed　stcels．

4．Add呈tions　of　more　than0．2㎜ass％nitrogen　and

2㎜ass％molybdcnum　decreased　the　fatigue　crack

growth　rate　and　increased　the　fatigue　threshold　for

316type　austen量tic　stain玉ess　s迂ee1．　AP－FIM　ana玉ys言s

showed　that　it　is　Mo－N　pairs　that　improve　the　fatigue

resistance　for　the　stai1ess　steel．　The　study　on　estab－

lishment　of　the　mechanism　for　martens｛tic　steels　was

started．

5．　It　was　con伽med辻hat　an　u玉tra－sonic　fat量gue　test－

ingmachinewith　a　fre卿ency　of20kHzwas　usefuho
obtainthefatiguest・ength・t玉Om・y・les、

Keyw0地s：mar辻ensitic　stee玉，delayed　fracture，giga－

cyc玉e　fatigue，AP－HM，SPM1，nanohardness　tester

　　94　　MechanicaI　ProPerties　of　Thin　Fi■I11s　and　Coat・

ingS
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Mechan1cal　properties　of舳n自1ms　and　coatings
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become　a　subject　of　much　concem，because　they　are

widely　used　in　a1arge　nu㎜ber　ofindustriame玉ds．　In

this　sωdy，depth　sensing　i地entation（DSI）tech－

nique　is　developed　to　mcasure　hardness　and　e1asセic

modulus　of辻hin搬ms　and　coatings．The　study　is

closeiy　related　to　the　new　technical　working　area

TWA22“Mechanical　properties　of　thin　nlms　and

coa辻ings”among　VAMAS　projects．

　　h　this自nancia玉year，DS玉was　carried　o耐for　gold

aηd　plaまinum　thin銚ms　on　a　hard　substrate　of　sap－

phire－The　results　obtained　were　compared　with

those　for　a，umiηum刷ms　which　had　been　measured

in　the1ast　year－　Pop－in　phenomena　which　are　usual－

ly　seen　oη　the　load－Penetration　depth　curves　for

a玉u㎜inum　mms，did　not　occur　for　both　gold　and

platinum　揃ms．Auger　electron　sp㏄troscopy
revealed　that　the　natural　oxide　Iayer　existed　on　the

surface　for　aluminum嗣ms，whereas　thc　oxygen　did

not　det㏄t　for　goid　and　p玉atinum　mms．It　is　con－

c1uded　from　these　resuits　that　the　pop－in　phenomena

for　aiumiηum　mms　are　duc　to曲e　oxide1ayer　oηthe

specimen　surface一

Keywords：Thiηfilms，Coatings，E1astic　modulus，

Hardness，Depth　sensing　indcntation

　　95　　Compu｛ational　Simu1ation　of　Mechanical　P，o－

p甘ties　and　8ehavior　o｛Materials　for　Ato閑ic　Power

P，ants　by　Tak：ng　Microstructures　into　Accouηt

〃、　rαわ〃cんf，　1（．　1（α8〃〃oた’　o〃d　　lV、　■4ko’wα，
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［Apri〕999to　Mar曲2004］

　　The　ma辻eriais　used　irl　atomic　power　p1ants　degrade

due　to　the　ini士iatioηand　grow辻h　of　various　kinds　of

damages　indUced　by　neutron　irradiation，creep　and　so

on．The　present　study　ainユs　to　develop　the　progranユs

to　simulate　the　initia官ion　and　grow辻h　behavior　of

damages　and　mechanical　properties　of　damaged　ma－

teria玉s　by　using　micro，㎜eso，and　macroscopic　com－

putationa1method．The　material　designing　method

to　prevent　the　embrittlement　and　the　evaluation

method　of　materiai　re玉iability　wi聰be　discussed．

玉．　Dynamica玉process　ofirradiation－induced　defects

and言heir　e揃ects　on　materials　properties

　　W舳use　of　co㎜pUter　simuiati㎝s，舳s　study　aims

to　e1ucida辻e　how曲e　microscopic　defects　such　as

vacancies，interstitia1s，and亡heir　complex　in　ir－

radia士ed　materia1s　deveiop　into　macroscopic　ones

such　as　voids　and　bubb玉es．　A玉so　we　study　how出ese

defccts　a脆ct　the　mechanica玉properties　ofthc　materi－

a1s－　For　these　purposcs，we　perform　two　types　of

caIculations－　One　is　the　calcu1ation　for　a　microscop一

ic　region　where　the　initial　process　of　irradiation－

induced　defects　p玉ays　important　roles　on　the　overall

fortune　of　the　materials．　For　th呈s　region　we　carry

out　ca1cu玉ations　based　on　atomistic王nodels　such　as

the　molecular－dynamics　and　the　Monte　Car五〇simula－

tions，The　other　is　for　a　mesoscopic　region　where

aggregation　and　diminishing　of　vo量ds　and　bubbles，

which　are　regarded　as　products　in　very　ear1y　stage　of

the　macroscopic　region，are　thoug趾士o　be　most　im－

portant　for　the　mechanicai　propcrties　of　materials．

For　this　region　we　perform　calcu1ations　based　on

continuum　mode】s　such　as　di秤use　and　sharp　in士erface

mOdelS．

2．　Computationa玉anaIysis　for　deformation　and

fracture　of　damaged　materiais　at　hi敏temperatures

　　互n　the　previous　research曲eme，the　predict｛on

method　for　tensile　properties　of　materia1s量ncluding

He　bubbles　by　using　FEM　analysis　has　been

developcd。　玉ηthc　prese斌research，we　investigate

the　prediction　me曲od　for　creep　and　fracture　pro－

perties　of　materia玉s　inc1uding　damages　such　as　He

bubbles，creep　voids　and　cracks，The　e脆cts　of　mor－

phoiogy　and　distribution　of　He　bubbles　on　creep

properties　are　investigated　by　FEM　ana1ysis．The

diκusive　growth　and　cohesion　to　precipitates　of　He

bubbies　will　be　taken　into　a㏄ount　for　the　simulation．

γhe　growth　rate　of　damages　under　creep　cond赫on

will　be　computed　by　tak量ng　the　microscop量c　mecha－

nism　such　as　di肝usio羽and　s1iding　into　account一　γhe

growth　rate　of　damages　is　acce1erated　under細u－ti－

axial　conditions．　The　creep　and　fracture　properties

under　mui辻i－axia1conditions　i羽welded　joints　inc1ud－

ing　irradiation　and　creep　da－nages　are　also　in－

vestigated一

Keywords　l　computer　simulation，　irrad量ation

da㎜3ge，mol㏄ular－dynamics，Monte　Carlo　simula－

tions，di征use　and　sharp　interface　models，he1ium

embrittlement，creep　fracture，inite　e1ement　method

　　96　　Long－teぎ烈　Creep一｛atigue　P芋ope汽ies　of　316FR

Stainless　S寸eel　for　Fast8I・eeder　Reactor

K．γα閉αg〃c〃，冊o〃此7〃肋肋18ル8εαrcん
Cε〃α

［Apζi1玉995to　March2001］

　　The316FR　s亡ain1ess　steel　has　been　deve1oped　as　a

candidate　material　for　fast　breeder　reactor　of　twenty

first　century．　For　the　stmctural　design　of　compo－

nents　of辻he　reactor，a　simple　and　accurate　analysis

method　for　evaluating　the　low　cycie　fatigue玉ife　ofthe

316FR　steeHs　required，because　the　main　compo－

nents　of　the　reactor　are　subjected辻o　cyclic　tbe∬nai

stresses．　0ne　of　the　objects　in　this　research　is　to
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apP玉y　a　parametric　ana玉ysis　method　for　time－

dependent　low　cycIe　fatigue1ife　data　of　the3玉6FR

steels．　Th量s　mehtod　was　deve1oped　by　the　authors

and　was　successful　to　represent　the　temperature－and

strain　rate－dependences　of　thc　fatigue　life　for　many

kinds　of　conventional　engineering　heat　res量s辻ing　ma－

terials　at　the　strain　rate　up　to10■5／sec．　The　fatigue

辻ests　for3王6FR　steel　are　now　mnning　at500，550

and600℃under　the　strain　rates　from玉O■2／scc　up　to

10■6／sec．

　　Second　object　is　to　eva玉uate　creep　rupture　and

creep－fat…9ue　propert量es　for　rnod胴ed　3161FR　steds

w嚇ch　is　now　developing　by　a　steel　maker　and

fabr…cators．　So　the　testing　data　would　be　usefu玉to

the　materials　design．　In　tわe　nrst　ha1fofthis　research

the　e脆cts　of　the　chemical　composition　such　as　C，N，

Mη，P，Cr，Ni，Mo，Si　and　microstructure　such　as

grain　size　on　the　high　temperature　strength　pl＝oPerties

are　exam…ned．　In　tbe　second　half　a　dcve1opment　of

predict云on　method　of　the　creep－fatigue　life　is　aimed

by　using　the　data　of　monotonic　creep　rupturc　pro－

perties　such　as　creep　rupture　ductility．

　　This　research　is　performed　in　co脆boration　w三th

Mitub1s脳Heavy　Industry　Ltd．，Nippon　Steei　Corp，

and　The　Japan　Atomic　Power　Co．

Xeywords：low　cycie　fatigue，fast　breeder　reactor，

316FR　stainless　stee1

Re1ated　paper

　　High　Temperature　Fatigue　Properties　of　the316

FR　Stee玉，K．Kobayashi　and　K－Yamaguchi，Trans．

Japan　Soc－Mech．Eng一，64（玉998）：545＿549一

　　97　　S廿ategic　Research　on　Advarlced　I＝erritic　Stee1s

for650oC1JSC8oi1ers｛R＆D　of　St閉ct収al　Materials　for

215－CeI1tu芋y〕
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［Apri〕997to　March2002】

　　The　creep　rupture　strength　has　been　improved　t0

develop＆dvanced　g　Cr　stee1s　for　appIication　to　Iarge

diameter　and伽ck　section　boiler　components　such　as

main　steam　pipe　and　header　of　ultra－supercritical

（USC）plant　which　wm　be　operated　at65ぴC　and350

atmospher呈c　pressure．　The　main　results　are

summarized　as　fo玉1ows一

　　（1）ThemaximizationofWcon㏄ntrationupto
’about3％in　thc　martensitic　phase　and　the　sma1玉

addition　of　MX　forming　elements　e脆ctiveiy　im－

proved　the　creep　rupture　strength　of　tempered

martensitic　gCr　steels．

　　（2）Of　the　austen…te　stabiliz…ng　e玉ements，the　high

㎜e玉ting　Point　elements至r　and　Pd　are　promising　for

further　strengthening　and　stabi玉izing　the　matrix　of

martensiteofthegCr－3Wbasesteelbysolidsoluti㎝
and　precipitation　strengthening，respectively．　The

偏ne　prec量pitation　of　Fe－Pd　intermetanic　compound

having　L1o　ordered　stmcture　occurred　homo－
geneous玉y　in　the　matrix　during　creep　as　well　as　dur量ng

tempering、γhe　e伍ect　of　Pd　addit…on　on　the　im－

provenユent　of　creep　rupture　strength　becomes　n1ore

sign繍cant　at　higher　tempera施re．

　　（3）　Ir□Mod．9Cr－1Mo　s亡eel，　the　recovery　of

martensitic　microstructure　proceeded　preferentially

in　the　vicinity　of　prior－aUstenite　grain　boundaries　at

low　stresses　and玉ong　rupture　time　conditions　above

I04h．　The　preferential　recovery　accelerated　teh

onset　of　acceleration　or　tertiary　creep　and　degraded

the　cr㏄p　rup辻ure　streng出．Therefore，for　the　im－

provement　o〔ong－term　creep　rupture　strength，spe－

cial　attention　should　be　paid　to　the　supPression　of

preferential　recovery　ofthe　microstructure　near　gra…n

boundaries．　An　indication　of　the　degradat｛on　in

creep　mpture　s亡rength　at　long　timcs　was　easi王y　seen　in

the　creep　rate　－　true　strain　curves　｛n　short　times

before　mp施re－　The　strain　to　reach　a　minimum

creep　rate　shifted　to　s㎜all　va玉ues　when　preferential

reCOVery　OCCu「S・

　　（4）The　creep　rupture　time　of　HAZ　simu玉ated

materials　of　HCM12A　had　its　minimum　af辻er　Ac3

heating．　The角ne　grains　produced　by　the　Ac3heat－

ing　were　responsibie　for　the　mini㎜um辻ime　to　mp－

ture．

Keywords：ferritic　heat　resistant　steel，　ultra－

supercritical　power　p玉an辻，al－oy　designing，creep，

steam　ox…dation，fatigue，welded　joint
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　　－xZnxGe03and　CuGe1－ysiy03，J．P妙∫．8oc．勿〃，67

　　（1998）：1440＿1450，

247．T．Sek｛ne，H－Kuroe，J，Sasak｛，Y－Sasago，N．Koide，

　　K，Uchinokura　and　M．Hase，Spin伽ctuations　in

　　CuGe03probed　by　light　scattering，P伽∫。伽p．ム，55一玉

　　（1997）　＝409＿415一

248，M　C－Martin，Y．Sasago，N－Koide，K．Uchinokura，

　　M．Hase，K－Hirota　and　G．Shirane，Spin－Peierls　and

　　antiferromagne亡ic　phases　in　CuレxZnxGe03：meutron

　　scattering　st1ユδy，1〕乃ツ∫．1～εソ，1；，56＿6（1997）：3亘73＿3180、

249－M．Hase，K．M－S一胱heredge，S一一工Hwu，K－Hirota

　　and　G－Shirane，Spin－Singlet　Ground　state　with　energy

　　goPs　in　Cu2P04　：　neutron－scattering　magnetic－

　　suscept…bili辻y，1％ツ∫一1～2ソー1ヨ，　56＿6（1997）　：3231＿3238。

250．K．Kojima，A．Keren，L．P．Le，M．Larkin，G．M．

　　Luke，B．Nachumi，W．D，Wu，Y．Uemura，M．Azuma，
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M．Takam，K．Kiyono，S．Miyasaka，N，Motoyama，H．

Takagi，S．Uchida，M，Hase，Y．Sasago，K－Uc鳥inokura，

M　Matsuda，K，Katsumata，A．Revcolevschi　and　R．
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37－42、

25L　D．Fujita，K．A㎜e脳iya，T．Yakabe　and　H．Nejo，

　　0bservation　of　two－di㎜eusional　Fermi　surface　of　a

　　reconstructed　Au（11重）wurface　us｛ng　Fourier　trans－

　　forn－scanning　tunneling　microscope．，8〃rψc8∫cたκc召，

　　423（1999）　：160＿168一

252．Y．Sakai，K．Inoue，A．Tanaka，K．Moritasu　and　T，

　　0hgaki，Develop㎜ent　and　App玉ication　of　Cu－Ag　A羽oys

　　with　　High　　strength　and　High　　Conductivity．，

舳owα伽此εf閉η地沈w，48－2（玉998）1玉40一玉44一

253，K．Takehana，T．Takamasu，G．Kido，M．Hase　and
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口NR1M　Pub1ications（Apr．1998to　Mar，1999）

玉．Bulletin　of　Na1二iona玉　Research　Institu1二e　for　Metals，in

　　Japanese　No．21（Mar．1999）

2，AnnuaI　Report　of　National　Research　Institu辻e　for

　　Metals，in　Japanese　For丘scal　year　of　I997（Mar．1999）

3．Kinzaigiken　News，in　Japanese　No．4to12（1998）and

　　No－l　to3（1999）

4
5．

NRIM　Research　Activities，in　English（Mar－1999）

Material　S辻rength　Data　Sheet，in　English　NRIM　Creep

DataSheetNo．26BandNo．46（1）ec、一998）

Guide　to　National　Research　Institute　for　Metals，in　Jap－

anese　and　in　English　For五sca－year　of　I998International

Co1laboration　Research　Apr．ユ998to　Mar．1999
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Inte7natiOnal　l…XChaηge

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Apr．1998to　Mar．1999

　　　　　　　　　　　　　　　　　　　　　　　　　　　　1nternationa1Col1aboration　R⑧search

Australia

1．Studies　on　conductor　fabrica亡ion　Processes　of　higわ一Tc

　　BiSrCaCuO　　super－conductors　　（University　　oぎ

　　Wollo㎎o㎎）

2．Aco㎜parisonofh…敏energydensi亡y…〕ea棚andarc

　　welding　tech服iqueぎorjoin…ng　advanced　materia…s　ofboth

　　the　me亡a1珊atrix　composite　and　inter㎜etallic　co搬pound

　　types（CSIRO）

3．Processing　technology　and　character量zation　of　advanced

　　meta1搬atrix　Composites（CSIRO）

　　UniOn　UniVerSity）

至2　Atomic－scale　Structure　Fabhcatioll　using　Scanning

　　Tunne1ing　Microscope（STM）〔Beijing　Laboratory　of

　　Vacuum肺ysics〕

13　Composition　and　Stmcture　OF　Nitride　Interfaces（In－

　stitute　of　Metai　Research，Academia　S｛nica）

14　氾nv｛ronmenta11y　Assisted　Cracking（EAC）of　Struc－

　　tura玉Materials　for　Light　Water　Reactors（Sha㎎ha1

　　Research　Inst1tute　of　Mater1als）

E∪

BuIgaγia

1，Characterization　of舳n61ms　using　X－ray　totai　reHe－

　ction　（Institu辻e　on　Nuclear　Research　and　Nuclear

　Energy，Bu－9arian　Academy　of　Sciences）

China

1－Investigation　of　high　tempera士ure　Titaniunl　a玉1oyぎor

　　appl｛cation　over60ぴC（Nortbwest正皿stiωte　for　Non－

　　Ferrous　Meta至Research）

2，Studies　on　structura工contro工and　supercond1ユcting　Pro－

　　perties　of　higb　Ten－perature　supcrconductors（Institute

　　of　Meta1Research，Chinese　Academy　of　Sci㎝ce）

3－Fundamenta玉study　on　the　improve㎜ent　of　supercon－

　　duc辻ivity　forわigh－Tc　oxides（Northwest　Institute　for

　　Non一ぎerr㎝s　Metal　Research）

4－Studies　of　loca…corrosion　damage　of　corrosion　resistant

　　alloy　i竈high　Tempera亡ure　aqueous　sohtion（Sl1angちai

　　JiaoTo㎎㎜｛vers1ty）

5－Study　on　tbe曼㎜provement　of　brittleness　of　NiヨA茎and

　　NiA玉by　Un1directional　Sol1di昼cation（Institute　of　Meta！

　　Research，Chinese　Acaδemy　of　Scien　ce）

6，Env｛ronnユentaHife　cycle　analys三s　ofmaterials（Lanzhou

　　Un1VerSity）

7，Study　of　T曼A…Base　Alloys（Nor搬west　Inst｛tu亡e　for

　　Non－Ferrous　Meta1Research）

8．Fundamental　research　on　TiAl　base　intermetal1｛c　co獅一

　　pounds（University　of　Science　and　Techno玉ogy，Beijing）

9，Sωd｛es　o乃Crev…ce　Corrosion　of　Low　A一董oy　pressure

　　vesse…steels　in　h…幽Temperature　aqueous　solution（正nsti－

　　tute　of　Corrosion　and　Protect1on　of　Metals）

1O　Enhancement　oぎSuperconducting　Properties　in　Bi2Srユ

　　Ca2CuヨOx／Ag　Wires　and　Tapes（Northwest　Ins辻itute

　　for　Meta1Research）

1至Co岬arison　Researches　of　Materials　Life　Cycle　As－

　　sessme羽t（MCLA）Be亡ween　Jap刎and　C島iηa（Sichuan

1．Research　on　Materials　for　Nuclear　Fusion　Reactor

　　（KFKJuelichetc．）

2．Evaluation　Mode1ofthe　Characterizati㎝Data　of　Ma－

　　terials（Institu士e　for　Advanced　Materials，Petten　Site）

3．Development　of　High－Fie正d　I〕uise　Magnets（Gremb正e

　　冊gh　Magnetic　Field　Labo－atory）

4．Evaluation　Mode1ofthe　Characteriza亡ion　Data　of　Ma－

　　ter｛als（I欄titu亡e　for　Advanced　Ma亡eria－s，Petten　Site）

FranCe

1．

2．

Superconducting　and　cryogen｛c　magnetic　materia】s

（Service　National　des　Champus　Intenses，CNRS）

Mechanical　propeれies　for　shor士iber　reinfor㏄d　metal

matrix　composites（Conservatoire　Nationa玉des　Arts　et

MatierS）

Firs亡　Order　Phase　Transitions　in　Magnetic　and

Superconducting　Materials　A亡Low　Temperatures

（CNRS）

S辻ructural　S士u的of　Disordered　Syste胴by　Synchrotron

Radiation　X－rays（Centre　de　Recherche　sur玉a　Physique

des　Hautes　Teparature）

Germany

1．　H1曲　Perfor㎜an㏄　Superconduc士ing　Materials

　　（Forscbungsze皿tmm　Karlsr沁e）

2－Deve童op㎜ent　of　Documentation　Panel　Numer｛cal　data

　　（Fachinforma亡ionszentrum　Kar1sruhe）

3．Design…ng　of　New　Coηtinuous　Re肋ing　Process（H柵s

　　der　Technik　e．v－Essen）

4．Nanoscopic　Bvaluation　of　Materia王Properties（Max－

　　P1anck－Instit＞t　f＞r　E三senforchu眼g　Gmbh，Un｛versit：t

　　desSa盆rlandes）

5．In　Vitro　and　In　Vivo　Bioco㎜patibility　oぎBiomater｛als

　　（FreeUniversityofBer1in）
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Hungary

1．Studies　on　Mechanis㎜s　of　Nanoscale　Microstr㏄tural

　　Evolution　in　Advance　Meta玉1ic　Materia玉s（Department

　　ofG㎝eramhysics，趾＝v＝s㎜iversity）

2－Noise　Ana1ysis　of　Sing玉e固ectron　Transister（Depert－

　　ment　of酬ysics，Jozses　Atti玉a　University）

lndia

　　layer　Stfuctures（FOM　Ins批ute　for　Atomic　and　Mo玉ec一

　　氾1割r　PhySiCS）

5，Study　on　E玉ectronic　Instabilities　in　Magnetic　Ma辻eria玉s

　　With　F－e1ectr㎝s　Under　Multi－extreme　Conditi㎝s（Uni－

　　versity　of　A㎜sterd刮m）

6．Design　and　Evaluation　o£Super－alloys　for　Gas　Turbine

　　ApPlications（University　o£Twente）

7－Charac辻erization　of　High一丘e1d　and　Strain－tolerance　Per－

　　for㎜ances£or　Super－conductors（University　of　Twente）

1，Studies　of　quasi－crysta1line　based　compositos（Indial1

　　正nstitu1二e　of　Sc三ence）

1ta1y

玉。Superconducting　　ProPerties　　of　　advanced　　super－

　　conductors　in　time－varying　magnetic自e玉ds（CISE　SPA，

　　T㏄hno1ogia　Innovative　Thermophysics＆Cryogenics
　　Sec一）

2．Intercomparison　of　methods　and　materials£or　strain

　　measurements　a辻　cryogenic　tempe1＝atures　（Instituto　di

　　Metrogia“G－Colonnetti”一αN．R）

3－Meta］］jc　materials　（Instituto　per　1a　Tec1lologia　dei

　　Materiali　Meta玉ici　Non　Tradizionzli）

Pola11d

1．Magnetization　and　magnet－optics　in　diluted　magnetic

　　semiconductors　in　high㎜agnetic舵1ds（Polish　Academy

　　of　Science）

RuSSia

Eco－balance　ana－ysis　in玉ife　cycle　of　Inaterials（Russian

Research　Center　for　standardization，Information　and

Cer雌cation　of　Materials）

Study　on　e玉ectron　transport　through　atomic　scale　tunnel

junctio珊s（Novosibjrsk　S士ate　University）

Sweden
1〈07ea

1．Develop㎜ent　of　the　aluminum　base　in亡ermeta玉玉ic　com－

　　poullds　for　structural　application　at　high　temperature

　　（Korea　Institute　of　Machinery　and　MateriaIs）

2．Performance　characterization　of　nla辻erials　at　high　tenl－

　　perature　（Korea　Research　Institute　of　Standards　and

　　Science）

3，Deve1opment　of　Fab工icat｛on　and酎ahation　Techn幻ue

　　for　Semiconductor　Nam－Structure（Korea　Research

　　InstituteforScienceandStandard）

4．TherInoeIectrics　research　for　advanced　internletallic

　　compounds（RapidIy　Solidiaed　Materia1s　Research

　　Center）

5．Evaluation　of　the　high　tempe蝸ture　properties　for

　　titaniu㎜一based　particuiate　Composi亡es　（Korea　Ad－

　　vanced　Instit1ユte　of　Science　and　TechnO10gy）

6．Studies　on　the　fabrication　of　Br2223superconducting

　　wire　and　its　app1ication（Korea　Institute　of　Machinery

　　and　Meta1s）

I，18ther■ar1ds

1．studies　for　Measuring　Technique　of　Quantum　E冊ect

　　and　for　Strong玉y　Corre－Lated　Electron　System（A㎜ster－

　　dam　University）

2．Study　on　Magnetic　Properties　ofSteels　at　mgh　Temper－

　　ature（De附Universi辻y　of　Technology）

3．Assessm㎝t　of　Environmental　Load1ng　of　Materials

　　（Center　of跳vironmenta王Science　Leiden　University）

4．Interface　Roughness　and　Th1ckness　o汀hin酬m　Multi一

Fabrication　and　characterization　of　semiconductor

quantum　dots（Lund　University）

Atomic－scale　Single　Electron　Trans｛stor（Cha一㎜ers　Uni－

versity　of　Technology）

Switzerland

1．Research　and　Deveiopment　of　Hi敏Performance　Ce－

ra㎜ic　Super－conducti㎎Wires（University　of　Geneve）

∪．1〈．

3．

4．

5．

Prediction　technology　of　life　and　reniaining　life　of　huge

structures　under　service　condition　and　its　apP－ication　to’

design（ne　Weldi㎎Ins砒ute）

Investig盆tion　and　Develop獅ent　ofH｛gh1y　Paral1el　A1go－

rithms　for　Mater1a1s　Science　Calcu玉ations（Kingston

Un｛verSi1二y）

Measurem㎝t　and　Evaluation　Methods　for　Critical　Cur－

re皿辻in珊gh　Te㎜perature　S岬ercond1ユc辻ors（Cambridge

UniVerSity）

Advancement　of　Lev｛tation　Me1ting　and　Re丘ning　Tech－

nology（Nationa玉Physical　Labolatory）

Assessment　of　U三tra↓ong－Term　Creep　Rup舳re

Strength　of　Heat　Resist｛ng　Steels（GEC　Alsthom　Gener－

a1二0rs　Ltd一）

U．S．A．

1．Research　and　development　on　systems　and　materials　for
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　　magneticチefrige工ation（Fra11cis醐tter　Nationa1Mag皿et

　　Laboratory，MIT）

2．Databases　on　high　temperature　superco1lducting　materi－

　　a…s（Nationa1正皿st｛tute　of　S亡andards　and　Technology）

3－Studies　of　bigh－s校ength／high－conductive　n－aterials　and

　　搬eir　apPlication　to　hig紅ae至δmagllets（狩anc1s　Bitter

　　Nat｛onal　Magnet　Laboratory，MIT）

4．Fundamenta1studies　on　tbe　conductor　fabrication　of

　　泳鹸temperature　ox｛de　superconductors（National　Hi幽

　　Magnetic　Field　Laboratory）

5．Meas讐ren呈en言　and　　eva至uation　　言nethods　for　super＿

　　conducting　propert1es（National　Ins亡i榊e　of　Standards

　　anδTechno｝ogy）

6．Developments　aod　appi1c盆tions　of　extremely　h1gh一自eld

　　magnets　and㎜agne古syste棚s（Na辻iona1別gh　Magnetic

　　FielδLaboratory）

7－Study　of　nano－composites　脇agnet｛c　ma亡erials　for

　　cryogenics（Nationa1Institute　oぎStandards　and　Tech－

　　nO10gy）

8－Joint　Research　on　the“in－situ”ana1ys｛s／eva11ユa亡量on　of

　　atomic　and　㎜icrostmctural　changes　in　materials

　　（Argo1me　Nationa－Laboratory）

9．Fundamen亡a！s亡udies　of　vortex　state　in　high　Tc　super－

　　conduc士ors（Argonne　Nationa玉Laboratory）

1O　High　pressure　research　on　strongly　correIated　eiectron

　　syste獅s（University　of　Caiifomia）

11，E舵cto舳igbmagne士ic丘e］donsolid／solidpわasetra棚一

　　for醐a辻ions（Northwes辻em　University）

12．Studies　on　mechanisms　of　na皿osca玉e　microstructura玉

　　evo玉ution　in　advance　metal1ic㎜aterials（University　of

　　Virginia）

13，Study　on亡he　mechanical　properties　of　direction盆11y

　　solidi自ed　intermeta1玉ic　compounds　（0ak　Ridge　Nation－

　　a玉Laboratory）

14－Evaluation　of舳ck　coatiBgs　formed　by　advan㏄d　ther一

　　棚al　spray　processes（New　York　State　University）

15．Photolysis　of　Sil…con　Compoundsもy　Infrared　Free

　　固㏄tron　Laser（Los　A；a磁os　Nat1onal　Laboratory）

16．Basic　Stuδ1es　on　Mechanis㎜s　ofM1cro－structuramvo－

　　lut｛on　in　Next　Genera辻ion　Steels（Virg…nia　Polytechnic

　　Iηsti亡ute　and　State　University）

17，Study　on　the　F1ux－line　States　and　Josephson　P1asma｛n

　　High－Tc　Superconductors（Argonne　Na亡ionai　Laborato－

　　ry）

18－Pおysical　Properties　of　t上1e　Transitioll　Metal　Com－

　　pounds　under　High　Pressure（Camegie玉nstitut｛on　of

　　Washington）

19．Developm㎝t　of　NbヨAl　Multi一負1am㎝tary　Super－

　　conductor（0hio　State　University）

20．Analysis　and　Numer1cal　Moδe1ing　of　High　Energy

　　BeamWeiδ1ngPh㎝omena（New　Mexico　StateUniversi－

　　ty）
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＊STA　Fe1lowsh量p

Country棚d　Name

Argentina

　　MigueiIpohorski

　　LenkieWiCZ

＾uStra1ia

　　Yu棚Challg　Guoヰ

NinhtもeNg邊y㎝ホ

Ringer，Simon　P、

Austlia

　　Ham　Kirchmayr

3razil

　　MarCe－OFerreila

　　Moreira

Belgium

　　Josef　Corne…量s

Bu19aria

　　l）imitar　Stoy棚ov

　　Tc鳥ankov串

　　Krass1㎜irNedialkov

　　Stoev

China

　　Ping　Dehai

　　Guo　Jun卵ing

　　F㎝gTa㎎‡

Yang　W㎝

Yingda　Yu

Ya　Ku

Li　Ye　Xiao

口List　of　Visitir19ド0reign ReSearCh⑧rS

A冊1iat曇o邊 Term Research　Su呵ect

Co㎜is量oI1Nacional　Energia　Atomioa

The　University　of　Wollo邊g㎝g

The　Un至versity　of　Ade…aide

Departm㎝t　of　Materials　En幽eer－

ing，M㎝aShU邊iV．

Technical　Univ．of　Vien珊

玉nstitute　de　Pesquisas　Teohnologicas

（玉PT）

V1aamse　Instelli邊g　voor　Techno－

1ogisch　Onderzoek

Techn…cal　University　o£So帽a

玉邊stitute　o£Nuclear　Research　a11d

Nuclear　Energy　Bu…garian　Academy

ofSciences

Ins銚邊te　of　Metal　Research，Cinese

Acade㎜y　of　Scie邊ce

Harl〕長n　Insti施te　oぎTechnology

Nuolear　Power玉ηstitute　of　China

Institute　of　Metal　Research

Japan　Science　and　Techllology　Cor－

poration（JST）

National　H…gh　Magnetic　Field　Labo－

ratOry

王998．王．13～1998．L30

1997．5．20～王998．8．王6

1997．9．1～王999．8．3王

王997．12．1～

王997．王2．2C

1997．10．25～

1997．10．29

i997．9．3～王997．王0．30

王997．王0．26～

王997I王0．29

1997．卑．9～i998．4．8

1997．8．1～玉997．…O．29

1997．5．1～一998．4．30

1997．6．1～2001．i1．30

1997．8．王～1998．王2．3王

王997．8．25～1998．2．23

1997．8．29～1998．2．28

王997．9．1～2000．8．31

1997．9．一9～1998．3．30

眺ctronMcroscoPy棚dSu幽ceTech－

niq邊e

玉mprove㎜ent　of　Eleotrical　and’M㏄hani・

ca…　ProPerties　in　mgh　Tempera触re

Superconductors

Assess竈nent　ofFatigue　Str㎝gth　ofWelded

Joint　in　a　Residua…Stress　Field

A童om　Probe囲nd　TEM　Stud量es　of　the

PrecipitationProcessesofHighStrength

AlUmi洲m　Alloys

Testing　and　Bva1湖tionMethodsof

Superc㎝ductors

surface　Qua1託y　on　cast　supera1loys（Di－

rectio邊刮1So養di伺ed　and　Single　Crystal

sUperalloys）

Testi㎎　and　Evaluati㎝　Methods　of

Superc㎝鋤tors

Ra邊dom　Fatigue　on　Notched　Plates

Theoretical　Ana1畑s　of　Surface　X－my

Sca晩ringfromlもeRandomlyRougも

S邊rfaoe

Crysta－Str邊c主ure　Analysis

脇1icationofQ蝸sicryst齪1s

Synthesis　ofUght　Weight　Co棚posites　and

Evaluation　of　their　Higお　Te㎜perature

ProPerties

SynlhesisandEva1uationofIrrad1ati㎝

E汗ects　of　SiC　Co㎜posites　Prepared　by

CVD　and　CVI　Technique

Rela士iOn　1〕etWeen　MiCrOSturuCture　and

Photolu－ninescense　of　Porous　Silicon

B舵cts　of　High　Magnetic　Field　on　Crys－

tallization　Behavior　in　Fe－based　A…1oys

Quench　stab搬y　of　High　Temperature

Superconducting　Co｛ls
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Co邊邊try　and　N刮me

ZhoU　Wei

Yuefung　Gu‡

Lanting　Zhang

Qing　che皿

Zhang　Xuanjia

Zhang　W㎝

Yuning　Jiao‡

Jiao　Zhengkuan串

Xie　Huimin串

C2eck

PavalLejcek

1〕en柵a欧

Erik　Johnson

Finland

Franco　Mancin芦

FranCe

Evelyne　Peron　Gon1a串

Bemard　Chenevier

Francois　We1ss

Stephane　Odasso幸

Natha張e　Bergion‡

Luc　Ortega＃

A棚iation Ternl

Tsing　Hu　U聰iversity

Shanghai　Jiao　Tong　Univ、

Sha㎎h註iJiaoTongUnivers1ty

Be箏in　U螂iv．of　Soience　and　Technol－

0gy

Physics　Department，Zhejiang　Uni－

VerSity

Institute　of　Advanced　Energy，Kyoto

Univ．

I邊stitu士e　of　Metal　Research，Chinese

Academy　of　Science

Physics　◎epartmen士，Zhejiang　Uni－

VerSity

Department　of　M㏄hanics，Tsinghua

University

Me士al　Physics　Division，Czech　Acad－

e岬ofSci㎝ce

University　of　CoPenhagen

Department　of　Geology蜘d　Minera1－

ogy，Univ，of　Turku

Eco－e　National　Superiour　des　Mines

de　Paris

Laboratoire　des　Materiaux　et　du

Genie　Physique，CNRS

Labora士oire　des　“杢ateriaux　et　du

Genie跳ysique，CNRS

Research　Center　on　the　Mechanism

of　crystal　Growth

National　Institute　of　Apphed　Sci－

encesofLy㎝

Europe舳Synchrotron　Radiatio日Fa－

oilily

王997．9．20～

1997．王2．24

1997．王O．王～1999．9．30

王997．王O．王3～

王997．王2．王2

王997．王0．3i～

王998．2．28

三997．1王．王3～

王997．12．27

王998．王．5～1999．1．4

1998．2．1～2000．1．31

1998．3．1～1998．5．31

1998．3．16～王999．3．15

1997．10．27～

1997．11．22

1997．10－13～

1997．10．26

王997．8．25～1997．9．29

1997．4．3～一998．4．2

1997．iO．i2～

i997．11．16

三998．3．9～i998．3．14

正997．5．1～2000．3．3i

1997．5．8～1998．8．31

三997．6．I6～1998．8．7

ResearohSubject

Aging　Behavior　of　Porous　S挑con

Grain　Boundary　Struotu欄and　Ductility

Improvem㎝t　of　Platinu棚Metals　based

RefractorySuperalloys

Synthesis　of　TiNi2Singie　Crystal

Stmctu閉1　　hvestigati㎝　　of

Nanocrysto搬ne　Pも，In　and　Ge　o日Si1icon

Study㎝the　CDW　Film　and狐gh　Tem－

peratureSuperc㎝duc榊yFilm

Iηterfacial　Contro1　and　Eva地ation　of

SiC／SiC　Co竈oposites　by　CVI　Teohn量que

Solidi伺cation　Phenome腕in　Casting　Proc－

eSS

Study　on　the　Fomati㎝and　Charac1eri－

zation　　of　　High　　Temperature

Superconductor列ms

Measure㎜entofMcro－defomalionus1ng

Electron　Moire　Method棚d　AFM　Moire

Method

So1id　State玉ntorfaoia1Reactions　and　Sur－

face　Analysis　of　Thin　So1id玉il㎜s

Struclura1Detemination　of　Metastable

PbInclusi㎝sinMeta－Matrix

Crystallographic　Inves臼gatio聰　o邊　Fe－

Mg－Si　Minerals　Produced　in　Scandimvia

Microscopic　　Deform刮士ion　　Analysis

Around　the　Cera㎜ic　Rei邊force㎜ent　for

SiCw／Al　Co㎜posites

St的㎝SupercondUctingPropertiesand

Microstructure　for　YBCO　Films　Prepared

with　Modi自ed　CVD　and　Sputtering

Pr㏄eSSeS

（ditto）

Lead　Chain　Pabrication　on　Si（111）Sur－

faCe

Ato竈Gic　Force　Microscopy　Study　of　Fe－

based　Shape　Memory　Al－oys

Grazing－incidence　　X－ray　　Scattering

Sludies㎝theInitialStagesofMetallic

Thin　Film　Growth
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Country　and　Name

C茱aude　Landron　Centre　de

RechercheSurlaPh幽ue

des　Ha邊tes　Te㎜perature，

CNRS

Ste凶aneLabat‡

GermaW

Hans　J．Ste駈en

Ar㎜a邊Nyilas

舳ngary

Reich，L勾os

1日dia

Ram　GoPal　Sharma

Venkatachaiapathy

Sal＝avanan

Chandrasokhar　Rao

V．Tummella幸

1srael

MOSCbe　l（uZnietZ‡

1〈or鯛

Hong，Moo邊H1

Aもn　Jeon　Ju串

Byung　Deok　Y邊

KyoUnSubLee

BaeJ09SuCk

Hong－Boem　Jin

Lim　Yun　Soo

SungJoonKi獅

Soo　Woo　Nam

A舖曇ation Ter棚

Univers的of　M盆rseme

Univers畑　of　Applied　Soie邊oes　i邊

Mann鳥eim

Forsc亙㎜gsze倣u㎜Karlsr邊he

Department　oぎ　Genera…　Physics，

EtOVOSU邊1V．

Na士ional　Physicai　L刮boratory

Anna　Universiセy

Bhabha　Atom量c　Research　Center

Nuclear　Resear幽Center－Negev

JST玉）on｝estic　Pe11o、｝

Yeungnam　Uniwesi童y

F控nda榊ent劃1　Research　Laboratio－

ries，NEC

Sungkyunkwan　University

Tohoku　Univers註y

Korea眺c1rotec㎞o1ogyResearcb
Institute

Korea　Ato㎜ic　Energy　Research玉n－

stitute

Korea　In鮒邊te　of　Machinery　and

Ma‡er1alS

Korea　Advanced　Inst細te　of　Science

andT㏄hnology

i998．3．1～王998I3．王5

1998．3．31～1999．8I王7

1997．9．14～i997．9．26

1998．3．22～1998．3．27

王997．王0．1～

王998．王王．ll

王997．7．2～1997．7．23

－997．9．王～1997．9．30

王998．王．8～1999．1．7

王998．王．24～1998．4．22

王997．4．1～1998．2．28

1997．4I2王～1998．8．26

1997．6．i～2000．3．31

王997．9．1～1998．2．28

王997．王O．王～1998．3．30

王997．一2．一5～

玉998I王2．14

玉998．王．6～1998．3．31

王998．一．一2～1999．1．王9

1998．1．19～1998．1．25
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ResearchSu域ect

X－ray　Absorption　Fine　Sまructure（XAFS）

Analys量s　of　Reぎractory　Oxides

Charac言erization　and　Appicaまion　of

Superco邊ducting　Thi11Films　Syntわesized

by　Atomic　Layer－by－layer　a邊d　Epitaxial

Grow主h　Methods

Ion　Beam　Synまhesis　of　Silicides　Studied

w搬AES　Dep言h　Pro舳日g

Characterヨza主…on　　and　　Evaluation　　of

Cryogenic　Str邊c主ural　Materia…s

Three　Dimensional　Ato㎜Probe　S主udies

ofthePreoi幽tionProcessesofHigh

StrengtわAlmi邊um　A……oys

StudiesonHighTcSuperc㎝duct1ng
Tapes

嚇ects　of　High　Magnetic　Reld　on　Crys－

tallization　Beちavior　in　Fe－based　A11oys

PhysicalPropertyResearchunderlhe

S邊perconduぬgP欄s邊re

Magnelisma邊dSuperconduo伽ityoflhe

（Pr，Dy）Ni2B1C　Solid　So…utions

Ato㎜　Probe　and　TEM　Stud…es　of　the

Microstructures　of　Pearlistic　Steel　W1res

Fatigue　Properties　for　SiCw／AC牟CH　and

SiCw／AC昌C　Composi主es

Ato測ic　　Structures　　of　　Meta1－

SemiCOnduCtOr　Inter£aCeS

F註br1catio日o£Monolayer　Thin　Fi1m£or

Advanced　S邊bs主rate

E1ectron　　In士eract萎on　　with　　lヨvanescent

Field

Design　of　Superconducting　Mag螂et

AMioroscopicStudyonInitiatio邊of

Corrosion　Pits　by　Using　Atomic　Force

Microscopic　in　Aqueous　So1邊tion

Eva1uation　of　銚e　冊gh　Temperature

ProPerliesforTitanium－basedParticulate

Composi主es

Eva1uation　of　tlle　Hi幽　Temperature

Properties　for　T壬taniu㎜一based　Particulate

Co㎜pos…tes



Country　and　Name

Yang　Hae　Un

Ma1aySia

Md．Hasan　Zahir串

Myan㎜ar

T洲Thi　Lay

New　ZeaIa11d

Deali邊g　L．Zhang＊

礼ssia

01ga　Tkachenk0

Andrei　Rar

S1o、’akia

MichaヨRabara

Swi寸zei1帥d

Markus腕t鰍er

∪kraine

Yu…ia　Vit成evna

BOSOVが

Un‘ted　K‘ngdam

Bryan　Edward　Cole

StephenE，1）㎝n曲

Timothy　M．King

】〕avid　　Evans　　Rutherford

App1e士on　Laboratory

u，S、＾．

Robert　C．Birtcher

Justin　Schwartz

Yusuf　Hascicek

Loren　F．Goodrich

A冊至ation

Chon口am　National　Univ．

Universiti　Sains　Malays1a

Japan　Science　and　Technology　Cor－

poration（JST）

UHiversity　of　Waikato

NovosibirskS嚇eUn1versity

The　Univ，of　Tokyo

Geneva　University

InstituteforSorptionandProble㎜s

of　Endoecology

University　cf　Sal£ord

NOttinghamUniWSity

Kocbi　Univ，of　T㏄hnology

Argonne　Nationa1Laboratory

Nati㎝a川ighMagneticPiel“abo－

ratory（NHMFL）

NHMFL

NationaI　Ins士itute　of　Standards　and

Technology

Term

1998．1．王9～1998．2．28

1997．11．5～1999．i1．4

王997．9．1～2000．8．3王

玉997．王2．9～1998．2．28

王997．9．王0～1997．9．17

1997．10．王～2000．3．31

］997．5．20～2000．3．3］

1997．7．22～1997．7．26

1997．5．王8～1997．8．5

一997．9．正6～1998．2．28

玉997．9．20～1997．10－4

王998．3．1～2000．3．31

王998．3．22～1998．3．27

1997．9．i5～王997．王0．卑

1997．10．15～

1997．10．25

1997．iO．20～

i997．］0．24

1997．1O．2卑～

1997．11．1

Researc珪S曲jecl

Microstmc鮒e　C㎝tf01of玉ntemetallic

Co醐pounds　in　Ti－Al　System

Synthesis　and　Charaoteriza臼on　of　Noble

Phthalocyan1neSpecies

Developme邊t　of　Mearuring　Tecb1畑ues

for　Nanostructural　Q　E磧ects　by　Photo螂

Probe　Methods

The　Study　of　the　M㏄hanis㎜of　T㎝sile

Strength　a邊d　Fracture　of　Cu羽ase　in－si士u

Composites

Phot㎝一assistedT㎜nelingPheno舳en㎝

Solid　State　I1lterfacial　Reactions　and　Sur－

face　Analysis　of　T滅n　So胴醐ms

Crjtica】Curreηt　Dens卿C紬racterjstics

for　Bi2Sf2Caヨ0x　Tape　Conduc士ors

Tumeling　Time　in　Magnetic　Field

Research　on　Measuring　Techn量cs　for出e

固ectrochemica－　Property　of　Act云ve

Carbon

D　Electron　Sys士e柵in　Semiconductors　in

High　Mag口e士ic跳1ds

Defect互nte閉ction　of　Metastable　Xe　Pre－

cipit齪tes

The　Research　Concemi邊g　Upgrade　of

Materials　Data　System

Characteriza士ion　　and　　Evalu盆tion　　of

Cryogenic　S紅uctura…Materi盆1s

B伍ect　of　Ion　Radiation　On　the　Structu「al

Stability　of　Metastable　Xe　Precipi主ates

High　Temperature　Superconduotors

Develop㎜ent　of　m幽　　Field　Insert

Magne1sw倣鞠わTcS即erconduc1ors

Testing　and習valuation　of　Superconduct－

ing　Materials
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Country　and　Na㎜e A搬1iation Term ResearohS曲ject

Edward　W．Co1lings

Yeon　Soo　Sung串

JobnL．Ly㎜a邊‡

K．A．Gschneidner，Jr．

Steven　W．Va聰Sc1ver

l〕avid　Larba1es｛ier

Bruce　Brandt

Robert　P．Wa鮎

Rona韮d正三．Cohen

Ch盆rles　W．Allen

The　Ohio　State　Univers柱y

Los　A1註mos　Na言ioml　Laboratory

mes　Laboratory，Iowa　State　Univer－

sity

NHMFL

ApPlied　Superconductivity　Center，

Univ．of　W1sconsin

NHM肌
Nati㎝a川ighMagnetic醐dLabo－

r邊tory（NHMFL）

GeoPhysical　Labo王atory，　Carnegie

Instituti㎝of　Washingt㎝

Argonne　National　Laもora主ory

玉997．10．26～

王997．10．29

1997．王0．30～

1999I王OI29

…997．王王．3～

i997．王2，20

i998．iI1C～三998．1．19

1998．2．8～玉998．2．一3

1998．3．21～王998．3．29

－998．3．21～1998．3．29

王998．3．22～1998．3．27

玉998I3．23～1998．3．26

王998．3．27～1998．3．3i

Testingand　Evaluation　Methodsof
Superconductors

Microstmc鮎re　Co聰trol　and　Jc　Enhance－

ment　of　Bi－based　Oxide　Superconductors

Photo－deco㎜position　of脇aFlmr0

D1sila邊e　by服Laser　Irradiat…on

Sing1e　Crystal　Growth　of　Boro－oarbide

Superc㎝duot0fs割nd　The1T　Ph｝sioal

ProPerties

Levitation　of　Non－magnet壬c　Objects　in

HigわGradient　Magnetic　Relds

Deve韮op㎜ent　of　HTS　Conductors

Mag邊etTeohnology

Charaoter妻zation　　and　　Evaluation　　of

Cryoge邊ic　Str邊ctural　Materia韮s

Seed－seeking㎝PhysicalProPertiesMeas・

urements　for　Sub－micron－s｛ze　Samples

E冊ectof遣1ectr㎝1rrad1ati㎝㎝the

Structural　St盆も鮒y　of　Metastable　Xe　Pre－

cipitales

一95一



Nati㎝a晦andN棚e

Engiand

Dr．Douglas　S．F…ett

C封iηa

Y盆n　Luguang，Sha　Ciwen

lndia

Dr．Dpank欲B㎝e巾e

Brazil

Mr．Denilson　Josc　do　Carmo

U．S．A

Dr．Shih　Chi　Liu

lndia

K．A．Nataraja邊

Cわina

Pan　Wei

U．S．A

Dr．Timothy　J．Renk

ロシア

O…eg　A．P…aksin

U．S．A

S，K．Guharay

Chi目a

Yang　Deze

台湾

Jach　Chen

韓国

SangSjkka㎎

Mexic0

Ms．Bste1a　Gonzalez　Cal〕allero

口List　of　Visitors

A胴1iation

Consu1ting　Meまal1urgisま

Ins迂i言ute　of　Electrical　Engineed邊g，Academia　S…邊ica，Director

andl〕ipu的directorofMHDd1v1sio邊

De£enceMetallurgicalReseacHaborat0fy，玉nd姑

Marceiino　Comdげoundry　Technology　C㎝ter，T㏄h珊oogical

Assistance　Area／M㏄h狐ical　E㎎ineer

National　Sc量e邊ce　Foundaまion，Program　Director　Division　oぎ

C細量工＆Mechan量ca工Systems

IndiaパnstituleofScience，Proξesser

Qing　Hua　Univ，Dept．of　Ma士eria王sc量ence

S盆ndia　Nationa…Labora童ories，P王incipa1Member　of　Techn量cal

Sまa旺

I邊stiluleof晦s1cs＆PowerEn幽eedng，Se聰iorScienlist

U皿iviers並y　of　Mary】棚d，Gエ0Dp　Leader，Assocjate　Reseach

P1＝ofessor

Chiηa　Meta1lurgical　In£omlation＆Standardization玉nstitute，

President

（財）中日経済貿易発展基金会、顧問

MOST（Ministry　of　Soience棚d　Techllo工ogy）R＆D　M盆nage一

㎜ent　Division，MOST

Engineering　and　Industria1Develop醐ent　Cente王，Material

Charactedzatioll　Division，M誠erial　Tecも邊ology　l）ept．

一96一

Site　　　　Da童e

王C－　　　　Apr．三998

20．　　　　Apr．1998

20．　　淑ay」998

2．　　　　　　　　J邊1．王998

14．　　　Ju1．1998

21．　　　　　　　Ju三．1998

7，　　　　　Aug．三998

22．　　Sep．1998

14．　　　　　Oc言．1998

26．　　　　　0ct．］998

29．　　　　　Oct．王998

20．　　　　Nov．王998

20，　　Nov．1998

30．　　　　Nov．1998



Nationa燃y　and　Name A冊1i盆tio蘂 Site　　　　　　　l〕ate

MeXiCO

Ms．M盆ria　J讐dit　Riveτa　M㎝まea1vo

China

Hai　Jin－Tao

E珂gland

Laurence　Eaves

China

Z絨Ining　Liu

Engineer量麩g　a螂d　Ind控strial　Develop㎜ent　Center，Tもe　Chief　of

the　genera…s僚a量airc　depatment　d妻visio邊

Acade㎜y　of1M1echinery　Science　＆　Technology．General

Directoτ

Depar繍ent　of　Ph畑cs，U邊iversity　of　Nottin敏am

Hebei　Technological　U邊iversity，Dep邊ty　Preside蘂t

5．　　　　　　　　　Mar．1999

1王．　　　　　　　Mar．1999

11．　　　MarI至999

24．　　　　　　　Mar．三999
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口趾ief1n廿oduction　of　S1’A　Fellowship　Pmg陀m

　　In舵sponse　to　growing　ca1ls　fro㎜the　interna亡i0Ral　co脇一

munity　for　greater　intemat｛onai　cooPeration，the　STA　Fel－

lowship　program　was　estab1ished辻o　provide　foreign　re－

searchers　with　opP0ftunities　to　conduct　research　at　Japa－

nese　nationa玉1aborator｛es　and　public　corporations　which

are　not　part　oぎthe　un｛vers…ty　syster竈．

　　The　program　is　managed　by　tke　Japan　Science　anさ

Technology　Corporation（JST）Which　is　one　of　the　key

organizations　for　i㎜plementing　po茎icies　of　the　Science　and

Technology　Agency（STA）in　cooperation　with辻he　Japan

頁nternational　Sc麦ence　andγechnology　Exchange　Cen辻er

（JISTEC）一Fe1lowship　qua1焔cations　are　as　fo1至ows＝

　　1．　Possess｛on　oぎPh．D－or　equivalen辻qua玉iacat…ons．

　　2．　Long　term　fe至王owship　is　less　than35years　of　age．

Short　term　fenowship｛s　no　limitat｛on　of　age－

　　3．　Good　health　to　do　research－work　and1｛ve　in　Japan．

　　4．　Ski1玉fuHang1ユage　of　Japanese　or　Englisb　words．

　　The　tenure　isチrom6months亡o2years（1ong　term

Fellowships），or1～3㎜onths（shoζt　ter㎜Fellowships）一

　　JST　provides　fel1owships　with　a　round－trip　airline亡icket，

a　n－onth1y】iving　expenses，a　fan－ily　ano切ance，an　initial

intematiOnaI㎜OVing　ai10WanCe，aCCOm醐OδatiOnS（一0ng

term　fel1owships），a㏄o棚modations　a至iowan㏄（short　term

fellowships）一

　　And　to　the　long　term　fellowships　it　is　paid　the　travel　cost

in　Japan　re…ated　to　research　act三vities　but　it｛s　not　apPlied　to

the　short一辻erm　f釧owsも｛ps－Researホexpenses　will　be　paid

to　the　host　inst三辻u辻es．

　　恥rther　information　caB　be　oもtained　a〕ISTEC：

2－20－5，丁放ezono，Tsukuba　City，玉baraki　Pref，305－0032，

Japan．

　　Phone　＋81－298＿53＿8250

　　Fax　　　＋8亘＿298＿53＿8260

一98一



o　Organization

Orgarli肥tionofNR1M

Organization

Director－General Masatoshi　OKAOA，Dr．Eng． Advisory　Comm1ttee

Deputy　Direc－or－General 了etsuya　SAlγO，Dr　Eng一

Visiting　Research　O㈹oers

P1ann1ng　Office Tetsuj1NODA，Dr．Eng．

Adm；nis－ration　Oivis；on

　General　A肯airs　Section

　Accounts　Sec－ion

　Sa｛ety　and戸acili1y　Conlrol　Seo－ion

　Technica1Support　Section

Mi－sugi　CHiBA

Katsuhiro　MlNAGAWA
Mich1nobu　OZAWA

NobuyasuK1下AHARA
Takah1ro　SAKAGUCHl

Mater1als　Physics　D；vision

Physica－Properties　Div；sion

Compula－iona1Mater1als　Science　Div1sion

Mechanical　Properties　D；vision

Ma－erials　Processing　Divis1on

3st　Res偉arch　Group（Superconduct；ng　M磁erials）

3nd　Research　Group｛Advanced　Nuclear　Ma－erials）

3rd　Research　Group｛Advanced　High　Temperature　Mat研ials〕

4th　ResearcわGroup｛Energy　Convers；on　Materials）

5－h　Res舶rch　Grouρ｛lntelligent　Ma－erials）

Special　Research　O－ficer

Special　Researoh　O廿icer

Muneyuki　AMANO，Dr．Eng．
Giyu　KlDO，Or．Eng．

Takehiko　MATSUMOTO，Or．Sci．
Hirosada　lRlε，Dr．Eng．

Hiroo　SUZUKl，Dr．εng．

Kazumasa　TOGANO，Dr－Eng－
Kouich1YAGl，Dr．Eng－

Morihiko　NAKAMU汽A，Pr，Eng．

Kiyosi　lNOUE，Dr．∈ng．

Norio　SHlNYA，Dr．Eng．

γoshiaki　KODAMA，Dr．Eng．

Hiroshi　HARADA，Or．Eng．

CeηterforAdvanced　Phys1cal　Field　Dヨrector　Xazuわjro yOSH1HAR＾，Or．辰ηg。

HighMagnet；c暮ield　ResearchStat1on

High　Resolu1ion　Beam　Research　Station

εxtreme　High　Vacuum　Research　Sta－ion

Hitoshi　WAOA，Dr．Eng．

Kazuo　HuRUyA，0r．Eng．
Nobuyuk1KOGUCHl，Dr一εng．

汽ont；erResearchCenter－orS虻ucturalMaterialsOirec－or A良ira　SATOU，Dr－Eng一

Materia1sCre豊tion　ResearcわStat1on

3ointing　and　lnterface　Rese研ch　Sta－ion

Streng－h　and　Evaluation　Research　Stat1on

A炊8則KUZAWA，Dr一匿ng．
Chi誠i　SHlGA，Dr－Eng一

Tosわihiko下AKAHASHl，Or．Eng．

Mater1a11■esling　O廿ice Masaru　TODA

o　　Budget　and PerSOnneI in　FiSCaI Year　of 1999

Budget PerSOnneI

Researcトand　fac＝Iities

I＝le『SOnr1el　eXpenSeS

1－otal

6．613

3．808

9，821

Administrative　sta竹s

ReSea『C11erS

1Iotal

86（8）

319（5）

405（13）

u11it：閉i1IioI1y酬1 nu痢ber　in　parentheSis＝ material　testing　O榊ce
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ト1ow　to get　t0 1，1R1M

To　NRlM　Tsu鶉ub昌Site

　1・2・1Sengen．Tsukuba－shi，1ba帽ki305・O047

　Phone＋81・298・55－2000．F跳十日1・298・59－2029

p陀sslr昌inapProxmately60minules

ay　Bus　for　T5ukub目Center日pproxim目拍1y70mhu拍昌

maf日1y5而inu｛es，oronfoo－approxi而a－elソ15minut昌s

To　N目IM　M6guro　S而e

　2－2．54N8k畠m目guro．Megwo・ku．To鶉yo153－O061

　Phon6＋81－3－3719－2271．戸目x＋81－3＿3719＿2177

N昌rita　Expr国ss甘ainaρPro貝m副oly60minutes

Yam畠not8Ljne打目in呂ppro貝jma！dy25minu－es

昌pProximatdy5m1nut8s．oron訂oo－apPro対ma炮1ジ5m1nutes

一■■J萬R昌ilw目y

、一i　Exp爬ssway

　　下Sukuba
Sd8noe

　　　　　NRlM

（TsukubaSite〕

Mt．Tsukuba

　　ム

／

／

／

Tsuchiura

A帽kawaOki

To　Mito

P目O肝ioO06an

Joban

Exp㈱waΨ／

」R　YamanOte　Lin日

Ebisu

NRlM一〉■
｛Meguro　Site〕

Ueno

Ab1kO

Tokyo

Tokyo8目y Chiba

　　　　　　　　　　N舳To柳o
　　　　　　　　　　，ntern日オion目3
Narit8　／
　　　／　　　A榊
　／
／Hj9・・hi’K・n旧

EゆreSSWヨy

20　　　　　　　　　40

TO　YO註Oh百而日
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　　　　Tsu＾ub畳Soienoe

■　　　　L日bOratOri畠舌

NRlM
（Sakura　Site〕

宮Cent副

跳minal

丁畠uohiur目

G目ku呂n

＾VOnu8

T0
M1lo

NiShi－Ohdor1一一 NRlM
Site〕

丁昌uCh1ura・

、ニニ＝二、↓

↑
　Ya胞b固
■n1帥hang固

Higashi－
Ohdoi1

十。。。目。

E榊囮5sway

　Sakura・

TSuOhiu胞
！n一畠『Chang8

焔、、、。）

S幅tion

千

Rou1国6

　→
Tsuohiura

St昌tion

JR　Joban　une

〔
「Bus　Teπnin8一

Tou日no 0　　1　　2罧m

」］マsukuba　S1te

To　ShibUya To　Shibuya

…bisu　S！畠1＝on

Tokyu　Toyoko　Lin呂

manot6Lin個

Subwaソ．H1biy目Lin画
　　　　　　　　　　　　1

　　　　　　！

！／／

　　　∠

Nak帥egurO
　St釧ion

↓二。。。、。、、

“

KOm8～8wa　Avenu8

κDDL畠b、

　　　　　　　　　　　　　TO～O
　　　　　　　　　　　　　Kyosai

Y目m創国Av6［ue

100 200m

　R65ea肥h　C6n一馴

Japan06fensε＾9ency

Po」lo日D日pa向m伺n一

NRlM
（Tokyo　Sjte）

　　　　＼

T0

To～o

b
0⊂⊇

口

、　、　　　　　　　　M直guro

　　，　　　　　　　　lnCin6ra宙On
　　　　，
　　　　　　　　　　P1目州
　　　　　　　、
　　　　　　　　、
　　　　　　　　　、
　　　　　　　　　　　、

Tokyo　Site
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〕st　of　Keywords

A

advanced　nucIear　mater…a玉s

Advanced　Phys｛ca玉Fieids

AFM
aging　degradation

alka玉ine－earth　metals

alloy　designing

a玉uminu㎜allOy

amOrphOus　al10y

amorphous　phase
annealing

antiferrOmagnetiSm

ant量monic　acid

antimOny

AP－FIM

Argon　ion－aser

atOmiC　CluSter

atomistic　mode玉

auStenitiC　Steel

38

54

玉6

70

21

73

24

53

19

34

玉2

27

　卑

71

　7

53

玉3

21

COmpOSitemateria玉S

computer

computer　image　ana1ysys　of　X－ray　image

computer　si㎜ulation

compu辻erized　materials　data

cooling　of　laser　i1玉uminated　photocathode

Cr

c「eep

creep　damage
creep　fracture

creep　rupture

CritiCa玉Curren士

CryOgeniC　SyStefn

cryogenic　tempcrature

CryStal　aSymmetry

CrySta玉gfOW曲

current　carrying　capacity

Current　Lead

　　　42

　　　51

　　　　6

58．72

　　　52

　　　　7

　　　27

　　　73

　　　21

　　　72

　　　22

　　　29

　　　59

　　　19

　　　44

　　　26

　　　60

　　　41

Bi（2212）superconducting　oxide　tapes

Bi－2223

Bi2Sr2Cu而02皿十4＋δ

B云＿based　oxide

boron

bu価er　Iayer

C

C3N4
CaVitatiOn

chalcogenides

ChargeCarrier

chemical　reaction

chemica玉vapor　in丘1tration

chen1isorption

chemo玉ithotrophic　bacteria

Chip－disposability

c玉adding

Co－Al－0thin剛ms
COat｛ng

coating　of　Cs3Sb　on　cathod　tip

Coatings

coherent　phonons

cold　crucib1e

co1d　roHing

CO玉d－rOning

COl1Oid

combust云on　synthesis

composite

29

41

34

31

37

30

　　　　　　45

　　　　　　19

　　　　　　10

　　　　　　49

　　　　　　56

　　　　　　37

　　　　　　14

　　　　　　17

　　　　　　68

　　　　　　28

　　　　　　11

　　　　　　28

　　　　　　　7
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