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Preface

We　hope　you　find　the　projects　and　related　work

described　in　NRIM　Research　Activities1998to　beof

interest、”This　report　summarizes　the　annua1activ－

ities　of　the　Nationa1Research　Institute　for　Meta1s

（NRIM），If　a11ofyou　are　useful　ev㎝a　few　ofthis　it

is　honor，

　　　NRIM　is　a　research　institution　attached　to　the

Science　and　Techno1ogy　Agency　of　the　government

of　Japan　and　was　estab1ished　in1956．Since　then，

NRIM　has　p1ayed　an　essential　ro1e　in　the　fie1d　of

research　and　deve1opment　ofmetals，alloys　and　other

materia1s．An　ongoing　effort　has　been　to　improve

the　re1iability　of　existing　materia1s，which　is

documented　inthc“NRIM　Creep　and　FatigueData

Sh㏄t”series　of　pub1ications一’NRIM　Creep　and

Fatigue　Data　Sheet’is　likely　to　become　the　standard

of　the　wor1d　regarding　metal　eva－uation－

　　　On　Ju1y1．1995，NR1M　moved　its　headquarters

from　Tokyo　to　Tsukuba　Science　City，where　there

are　many　wor1d－class　experimenta1facilities　and

various　supercomputers．　With　the　support　and

efforts　of　sponsors，staff．and　the　community，we

have　bui1t　a　Center　of　Excellence　for　fundamental

materiaIs　research　in　Tsukuba－Responding　to　the’

present　sociaI　and　economic　needs　oNapan－

　　　We　are　establishing　a“Frontier　Research　Center

for　Structura1Materials”as　part　of“New　Century

Structural　Materia1s　Project、”　We　havc　a1ready

started　to　create　future　“u1tra　steeIs”　at　the　center，

making　fu11use　of　thc　exceHent　resources　availab1e

in　social1ife．In　this　way，NRIM　cqntinues　to

expand　its　activities　for　advanced　materia1s　research．

今一・〉イ

　　　To　a11of　you，who　have　supported　NRIM，we

greatly　apPreciate　your　continued　understanding

and　encouragement．

Dr．Masatoshi　OKADA
Director－GeneraI
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IReSearCI1in Progress1997－1998

O　List　of　Researc■1Subjects

Charact⑤rizationlproperties

Materials帥ysicsOivisi㎝

1　E脆ctsofP・ess…onthePhysicalPτope・lies
　　　　　ofMagne言ic　Ma芝erials

2　　Investigation　on　Synthesis　and　Chaτac芝eriza－

　　　　　tion　of　Metal　CompIexes　with　H三gh　E…ectron－

　　　　　SpinMultip1icity

3　　Study　oηthe　Improveme列t　o£AnaIyt1cal　Tech－

　　　　　nologies　for　Me辻＆llic　Mater1a1s

4　　！mprovement　of　the　Accuracy　of夏nductively

　　　　　Coup三ed　P1盆sma－M＆ss　Spectrome芝ξy　tbτough

　　　　　Sample　Preparation　and　至sotope　D…1ution

　　　　　Ana正ysis

5　　Composition，　Tempera雀服e　aηd　Pressure・

　　　　　1nduced　Struc芝ura1　Changes　and　Phys…cal

　　　　　Propert三es　of　Mater…a－s

6　　γwo　Dimens｛on＆l　Photoelectron　Spectros－

　　　　copic　Sセudies　on　Surface　Strじctures　and　P1’op－

　　　　ertieS

7　　　1nvestigat三〇n　o訂　the　Degener＆芭e　E…ectronic

　　　　Gζound　State　and別ectron1c　Transi辻ions　of

　　　　Metal　Compiexes　with　High　Symmetry

8　　X－ray　Diffraction　Sωdy　under　High　Pressure

　　　　　and　Low7emperature　Using　Diamond　Anvil

　　　　Cel1

9　　Eva1uat…on　of　S狡uctures　with7raceε1cment

　　　　　Analys…s

Physica1町opertiesDivision

1O　Spectroscopic　Study　o£Low　D1mensional　Sys－

　　　　tem　in　High　M＆gnetic　Fields

11　　Study　on　the　unusual　meta！1ic　s雀＆芝e　a訂d　elec＿

　　　　troηic　structure　of　magnetic　materi＆ls

12　　Sωdies　on　the　High1y　Corぎe1ated　εlectron

　　　　Sys室ems　under　Multip三e　Extreme　Condit1ons

Computation　Materia1s　Science1〕ivision

13　Development　of　Knowledge　D＆tabase　£or

　　　　Hjgb－Tc　S岬erconduct1ng　Materja】s

14

15

16

17

18

19

20

21

22

γhcory　ofγ針eζn3al　Reaction　o釘Solid　Surfaccs

Theore芝ical　Study　on　the　atomic　motions　on
SurfaCeS

γhermodynamic　AnaIysis　o£　Formation
Processes　o£Metastable　and　Stable　Phases

Improvement　ofthe　Long　Term　Creep　S鮒ngth

of　Ferritic　Steels　by　the　M1nimum　Ailoy1ng

Moiec訂三ar　Dynamics　Sωdy　on　Supeすp1astic

Deformation　and　Embrit辻1emen芝d嗅e　to　Grain

Bo訂ndaτy　Segrega芝io訂

Development　of　Unif…cation　Sys芝em£or　Dis－

tributed　Materiais　Sc1en辻ific　Data　uti11zing

Network三ng　Enviornment

Model1訂gandSimu1＆tio訂forthePredictionof

Material　S㈱ngth

A　Compu芝er－Simuiation　Study　of　the　Plastic

Deformation　of　Cぎys芝a至s

New　Phenomenain　U至芝rathin　Mag鵬tic　Films

and　Multilayer　Systems

M㏄h榊icalProp眺tiesDivi5ion

23　NRlMLong－TermFatigueDataS針㏄tProject－I

24　NR互M　Cr㏄p　Data　Sh㏄t　Project－V

25　　Relationsh三ps　betwee一、Fat1gue8ehavior　and

　　　　TεM　Structure　oFT1tanium　Alioys

26　　ドat1gue　Streηgth三n　a　Corrosive　Env…ronment

27　服fect　of　Cryogen1c　Temperature　and　Gas－

　　　　e三1vironment　on　Deformation　and　Fracωre

　　　　　Behavior

28

29

30

31

Characterizatioηand　Eva1uat三〇n　ofCryogenic

S㈹ctural　Mateすials

戸aもrication　of　Ni3A1－Base　Intermeta11ic　Com－

pou訂ds　by　Uη…d｛rec辻iona1SoI…d…ficat1on

ドuηdamentaj　Studies　of芝わe　Microb…a…　Reac－

tion　with1norganic　Compounds

lmprovements　oデHigh　Temperatu11e　PrOperties

jηM搬rjals　for川gh／U1言ra－hj曲Temperature

USe．
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32　Remaining　Life　Pred1ction　for　Weldments1n

　　　　　FBR　based　on　Cぎeep　Damage　Eva～at1on．

33　Dynamic　Microstruc辻ura1Change　and
　　　　M㏄hanical　Properties三n　Ceramics　at　H…gh

　　　　Temperatures

Mal1e干ia■S　PrOCeSSil’1g　l〕iViSiOn

34　The　Development　of川gh　Strength　削gh
　　　　Conductive　Cu8ase　ln－Situ　Composite

35　Contro1of凶e　Oriented　Sing至e　Crystals　of
　　　　　Refractory　Me芝a1s　through　Solid　Sta芝e　Proces－

　　　　SeS

36　Se1㎝ium（Vl）RemovaI汽’om　Wastewater　by　a

　　　　　FIuidized　Bed　Process

37　Study　on　combustion　Sy訂thesis

38　Synthesis　and　Ut…1ization　of

　　　　Materiais

Mesoporo汕s

39　　Photocata至ytic　Properties　orUltrafine　P＆rt…cles

40　MicroStructureContro1withP1ast1cDeforma一
　　　　　丈ion　under　Mashy　State

41　D…ffus…on　bonding　of　Stain1ess　Steel　and

　　　　　Meをals　ofGroup　IV～VI

42　The　Deve1opment　of　High　Strength　and川gh
　　　　　Fじnctiona王I訂一S…tu　Compos批e

43　Crysta1growth　and　dissolut1on　mechanisms1n
　　　　　peri辻ect…c　system

44　Applicatio珂of　lonization　Separation7ech－
　　　　　nique　to　Gaseous　Process

Special　Research　Office7

45　　So1id　S芝a芝e　…nまerfac三a至Reactions　and　Surface

　　　　　Ana三ysis　ofThin　So1id　Fiims

46　AStudyontheDuraもilityofCoat…訂gson
　　　　　St1’uctura1Materials

47　Preparation　of　Ionic　Conductors　by

　　　　　ized　Sintering

Pressur一

1stResearchGγoup：SupercoηductingMateria1s

48　Understanding　ofthe　Mech＆nism　ofSupercon－

　　　　ductivi芝y　in　副gh　Temperaωre　Supercon－

　　　　duCtOrS

49　S芝udy　on　the　Pinning　Mechanism　of　Vo－1tices

　　　　　in　High　Temperature　Superconductors

50　　Fabrication　of　Intrinsic』osephson　j訂nctions

　　　　　and　Ev＆luation　of　their　Physica！Properties

51

52

53

54

55

56

57

58

59

60

Computer　S三mu正at1on　S芝udy　on　the　Mecha一

η｛sm　of　High　Tempera芝ure　Superconductivity

Developmcnt　of　High－Tc　Oxide　Superconduc芭一

1㎎Wires　and　Tapes

Developmen芝ofaSupercond汕c芝ingMagnetfor
Magnetic　Separat1on

Grain　boundary　control　and』c　enhanceme訂t

of8i－2212／Ag　tape　co訂ductors

Preparation　ofIn＿planeτextured　Buffer　Layers

£or　YBa2Cu茗Oy　Fi1m　Growth　by　Mod｛fied

8ias　Sp勧t芝ering

Fじndamen芝a至research　on　new　materia1s　of

function＿harmonized　ox三des

ln　situ　TEM　Observa言ion　and　Structural　Ana1－

ysis　of　H…gh　Tc　Superconductoぎs　for　Fusion

Re＆ctor＆t　Low　Temperatures

Developments　of　high　strength　oxide　supercon－

d訂c雀ors　for　h1gh　magnetic　fie1d　app1ication

Fabrication　of　Ag－Cu　Alloy　Sheathed　Ox三de

Superconducting　Wires　with甘gh　Stre㎎th

and　High』c　Propert三es

St汕dy　on　surface　mod三fication　by　p1asma

so汕’ce　ion　imp1＆打tat1on

2nd　Research　Group＝Advanced　Nuclear　Mat甘ia1s

61　Real－Time1nves芝igation　on　Surface　Reactions

　　　　andDeiectGrowtbProcessesunderIrradiation

62

63

64

PIasma　reaction　　mechanism　　i列　　advanced

devices　studied　by　large　scaIe　first　princip正e

mo亘ecωar　dynamics

I訂fluence　of　Nuc1ear　Transmutations　on　Low

Activation　S芝mcωral　Materials　For　Fusion

Reactor　ApPlica芝ion

Understand1ng　＆nd　lmprovement　of
Radia芝ion＿1nduced　　一）egradatioη　　in　　芝he

Advanced　Nuc1ear　Mater1a…s

65　　茎sotope　Separa芝ion

　　　　Mater1a1s

舳d　I芝s　ApPI…catio訂　to

66　　Preparat三〇n　ofIsotopica1至y　Pほrified　Si…icon　for

　　　　Determ三n｛ng　Standard　Molar　Mass

67　　Research　on　Utilizat…on　Tech幻…que　of“Data－

　　　　　Free－Way”system　fo！1Mclear　Ma丈erials

3rd　Research　Group＝

Advanced　High　Tempe7at〃e　Materia1s

68　　Design　of　RefractoTy　Supera1至oys

一2



69　Design　of　High　Temperaωre　A11oys　Based　on

　　　　Sta辻is辻ica一γhermodyn＆mics

70　Research　and　Deve－opme鮒ofHi曲Tempera－

　　　　ture　T12AlNb　アitanium　A正uminide－Based

　　　　Composites，

71　MicmstrucωreControl　and　Propertiesofγita－

　　　　nium　Aluminides

72　Numer三cal　Simu1ation　oF　Ph＆se　Separation

4t11Researc11Group＝一三nαgy　Conversion　Materials

73　　一）eve三〇pment　of　Basic　Superconducting　Tech－

　　　　nology　for　High　Field　Micro－SMES

74　Search　of　New　Non1…near　Optical　Crys亡a1s　for

　　　　Wavel㎝gth　Modu1ation，Single　Crystal

　　　　Grow吉h　and　Princip互e　Tech打ology　DeveIop－

　　　　ment　for　Optica1Devices

75　Deve1opme列t　of　Composj迂ion　Gradiented
　　　　Shape　Memory　A11oy　and　Wear　Resistant　T1Ai

　　　　Based　Composites

76　Research　and　Deve！opment　oぎ　High－
　　　　Performance　Light　AHoys　for　Hydrogen　Stoぎ一

　　　　age

77　Energy　Conversio訂Ma室erials　Fabr1ca芭ed　w1th

　　　　Composite　Stmc辻ure

78　　Energy　Convers…on　Mater…a三s　Fabricated　with

　　　　Functional；y　Graded　S言rucωre

5t11Research　Group＝1桃e11ige枇Materials

79　　Crea辻ion　of　Mu1ti－func芝ional　Mater…aRs　by

　　　　Assembiage　of　Primitive　Functions

80　Deveiopment　of　micro－celMar　structural　mate－

　　　　ria1S

81　Deve1opmen芝of　Advanced　Sh＆pe　Memory
　　　　Thin　Fi1ms　by　Sput辻ering

86　Research　on　the　ge訂er1c三nterface　of　materia正s

　　　　databases

Center　for＾dvanced　Phys‘cal．＝i副d

87　Ana正ysis　of　stress　strain　curve　oεmatrix

　　　　c㎝tainingsec㎝d帥asepar辻ic1esbylarge
　　　　deformation　FEM

88　Materja1s　with　A芝omic　Scale　Structures（COE

　　　　PrOj　eCt）

High■V－agnetic　rieId　Research　Station

89　　Stabi三ity　o£Superconducting　Matcr…a1s

gO　Deve1opment　oF　l　G汽z　NMR　Spectrometer

91　　Fundamen吉al　S芝udies　for　Oeve三〇ping　Very

　　　　High　Field　Supe董．cond汕c芝ing　Magne芝s

92　Test　methods　of　superconductors

93　Development　o£Magnet1c　Sep服ation　Control

　　　　SyStem

94　　8va三uation　of　oxide　superconductors

95　Basic　Research　for　the　Controi　of　Chemica…

　　　　Reactions　by　High　M＆gnetic　Field

96　Measurcment芝echnolog1es　and　reference　mate－

　　　　ria1s　for　low　temperamre｛eぎmophysical　prop－

　　　　er芝ies　of　so1…ds

97　Measurement芭echnologies　and　reference　mate－

　　　　rials　fol．1ow　temperature芝hermal　expal｝s三〇n　of

　　　　solids

98　Fundamenta－Studies　on　Very　High　Magnet1c

　　　　Fie1d　Genera芝ion

99　Basic　Research£or　the　Improvement　ofM娩一

　　　　ria］by　Structura…Con辻m〕n　Hi凶Magnet1c

　　　　Fie1d

High　Reso‘ufion　Beam只esearch　Station

Biomat甘ia1s　Researc111’eam　　　　　　　　　　　　　100Surface　A1惚1ysis　Database

82　Fundamenta－Study　on　Biocompatib川ty　o£　　101　Surface　Chemica1Analysis
　　　　M　ater｛a互S
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　102　Cha…’＆c芝erization　a訂d　Conξrol　of　乏he

83　艮esearch　on　Creat1on　on　Biointegrated　Mate－　　　　Optoelec芝すonic　Propert1es　ofSm＆l1Crysta111ηe

　　　　rialsto互mprove　Phys1cally汽andicapped　Peo－　　　　Ma芝eria1s　with　Elec芝ξon　Probe　Analys1s

　　　　p1e’s　Qua肚y　o£Li£e
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　103An＆1ysis／Evalu飢1o列　o£　Atomic　scale

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Co肌positiona1Ch＆ngein　Materia1s　Duetothe

Ecoma　teria1s　Research’ream　　　　　　　　　　　　　　　　Rad｛ati0R　Damage

84　Study　o訂the　Processing＆nd　Assessmen辻of　　104Study　on　De室ec辻ion　and　Ev＆luation　of　Radia－

　　　　Ecomater1a三s　　　　　　　　　　　　　　　　　　　　　　tion　Oamage　in　Extrcme　Partic1e　Fie三ds

85　Methodology　of　MLCA　　　　　　　　　　　　105Deveiopment　of　Fundamental　Techno1ogies

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－3一



106

107

for　Excited　Neu波a1Beams

DeveIopment　of　ana正ytical　techniques　for　char－

acterization　of　nuclear　materia－s　using　new

generation　syηchrotron　x－rays

Advanced　characteriz㌶ion　of　micro　and　nano

meter　sc＆le鮒ucture　o£materia1s　by　briUiant

synchrotrOn　x－rays　at　the　Spring－8

■≡x廿eme1・1igトVacuum　Research　StatiOn

108Fabrication　a訂d　Characterization　of　Com－

　　　　　pound　Semiconductor　Nanometer　Struc辻ures

　　　　　（Nanospace　Laboratory　Project　II）

109　Fabr三ca芝ion　of　Nanometer－Scale　Structuξe　on

　　　　　the　Bxtremely　High　Vacuum　Surface

110Seにcontro正of　surface　composition　of　thin
　　　　　fi1m　and　its　app三ication　to　field　cm1をter

111ne　Chamber　Mateτial　for　Standard　Vacuum

　　　　　Pressure　Measurem㎝t

112 The　Eva1u＆雀ion　and　Contro正o£Material　Se1£一

〇rganiZatiOn

F70ntie7Research　Center　f07St川ctua1MateriaIs

113

114

115

116

117

S芭udy　on　S辻rengthen｛ng　of　Ferrite　】Matrix

Steels　For　Welded　Strucωres

Advanced　U1tra一汽igh－Strength　Steels（1500－

Mpa－P1us　c1ass）

Strateg三c　Research　on　Advanced　Ferritic　Stee1s

£or65ポCUSCBoi1ers（R＆DofStmcturaI
Materia1s　For21st　Century）

Development　of　S芭ruc辻ura1　Steels　HighIy

D服ab1e　to　Marine　Env1ronments

Fabr三ca辻ion　of　HighIy　Functiona1Composite

Casting　lrons

Materia1s　Creation　Researh　Station

n8Study　on　Me玉ting　of　Re耐actory　Metals　by

　　　　　Co1d　Crucible　Levitation　Melting　Method

119Research　and　Development　of　Recyclabie
　　　　　Simple－System　AHoys

120

121

122

123

Fabrication　of　Partic旦es　Dispersed　Materia1s

Through　Controi1ing　of　So1idi£ication　Intcr－

faces

Fi鵬Microstructure　Deve1opm㎝辻in　P1urai

肺ases　AI亘oy

Characterization　o£Recovery　and　So耐ening

Process　in　Martensit1c　Stee三s　at田evated　Tem－

peratures

Feasibi正ity　s芭udy　on　u書i正iza芭ion　of　high　br三1－

liance　Xイays　for　steel　characをerizat1on

jointing　and■r1terface　Stafion

124酎fect　of　the　Interfacial　Damage　on　Mcchani－

　　　　　cal　Properties　for　Ti－Based　Matrix　Composites

125Ev星1uat1on　of　mechanical　properties　for　meta1

　　　　　matrix　composites

126Eva亘uation　of　corrosion　damage　at　atomic
　　　　　正CVe1

127

128

Development　of　meta1having　environmenta1

c－e＆ning　abi1ity　by　photo　cata1ys…s　reaction

EfFect　of　Agi打g　Degradat三〇n　on　LocaIized

Corrosion　of　Structural　Mater1als　for　Light

Water　Reactors

S肘enght　a11dεvaluatiorl　ResearcトStation

129Deve1opment　o£Nano　Sca1e　Characterization
　　　　　Technigue　of　Gr昼in　Boundary　and　its　Use　t0

　　　　　AnaIyses　to　Intergranu1ar　Fracture　Mechmism

130Duc洲e　versus　Britt正e　Behav｛or　of　stmctura1

　　　　　Stee亘S

131

132

133

134

Mechanic＆1Properties　o£Th1n　Fi1ms　and
Coatings

Stabi！i辻y　ofTetragona1Phase　and　its］E二ffect　on

High－Tempcrature　Mechanical　Properties　of

Z…rconia

Evalua辻ion　Method　of副ghγemperat縢すe　Frac－

ture　Property　ior　Creep　Brittle　Materia1s

Long－Term　Creep－Fatigue　Properties　of
3］6FR　Sta…nless　Stee1for　Fast　Breeder　Reactor

4一



0　　ReSea7ChProgramme

characterizationlproperties

IVIaterials　physics　l）ivision

1　酬ectsofP欄sure㎝thePhysicalP岬・
eれies　of　Magnetic　Materia1s

人〃α舳8〃α，J。τα〃9，ノ、γθ，r、舳んα，〃．〃ε，∫．

1∫〃6α　αηゴ　ゾ．C．火、τ〃・〃舳ε〃α　〃α胞〃ακ　P妙∫た8

1）加なfoη

工Apr1】】996to　March1999］

We　h星ve　be㎝pursui㎎severa1research　projects　in

high　pressure　physics，centering　around　the　phys…ca1

properties　of　magne辻ic1ntermeta1正1c　compounds－

　　　One　of　the　current　research　interests　focuses　on

the　physical　propert三es　of　a3d　intermeωlic　com－

pound，Fe2VAL　This　ma辻erial　exhib｛雀s　in辻erest…ng

properties　which　resemb1e　those　of　he洲y　fermion

materials，such　as　an　enhancemenセof　spec｛fic　heat　at

low　芝emperatures，semiconducting　temperature
dependence　of　e正ectrica－　resistivity　and　so　fo11th．

Recently　we£ound芝hat　these　pτoperties　are　cxtreme－

Iy　sensitive辻o　heat㈱atmen辻一For　ex＆mple，a　quen－

ched　sample　exhibits　a　large　enhancemcnt　of　specific

hea辻and　does　not　exhibit　magne辻ic　ordering，whi1e

tbecηhancemen芝ofspeci丹che窒tjssupPressedanda

ierromagnetic　transition　is　observed　for　the　samples

which　are　annea1ed　at1ow　temperatures．　γhese

di鉗erences　of　physicai　properties　are　close…y　re1ated

to辻he　m1xture　among　Fe　and　V　atoms．

　　　Another　rese盆rch　projec雀is　concem；ng芝he　supeす一

conductiv…吉y　of　Pr1Ba2Cu茗07＿δ（Pr123）．Th…s　conユー

pound　　has　beeη　　cons…dercd　　室o　　be　　a　　no訂一

superconductor　for　about10yea…．s．We　fo㎜d沽at

the　pressure　coemc1ent　of　Tc，dTc／dP　is　extremely

三arge　for　the　superconducting　Pr三23［2］．　This　is　in

con赦ast　to　the　previous　resu正ts　for（Y，Pr）一23，iη

which　large　negative　values　of　dTc／dP　have　been

reported－It　is　surpr三sing芝hat　a　compound　with　the

same　chemical　composition　shows　an　opPosite　pres－

sure　dependence．At　present　we　are　investigat1ng　the

crysta！s珪ructure　of　the　supercoηduc辻iηg　Pr】23　in

detai1，

　　　Our　program　a正so　encompasses　develop1ng針igh

pressure　techniques－　We　have　c㎝structed　a

diamond－anvi三X－ray　d1附action　system　equipped

with　a　monochromator．With　this　system　we　can

obtain　exceHent　X－ray　d1附action　data　under針igh

pressures　which　are　comparable　to　that　obta三ned

usi㎎synchrotr㎝radiati㎝£ac川ty一
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Fabricat…on　of　molecuiar　dev三ces．w針ere01，e　m〇三e－

cuie　functions　as　o到e　device，　…s　one　of　the　mOst

cha三1enging　Projects　in　current　and　future　scie1，ce，ln

＆number　of　biolog1cal　systems，such　as　eI｝zymes，

which　can　be　considered　as　we正i－designed　m〇三ecuIar

devices，　u訂usual　e三ectronic　structures　have　often

been　observed　in　their　reac芝ion　centers　where　some

metaI　ions　play　an　important　r〇三e－ln　recen芝years，

pbthalocyanjnes　and　thejr　meta1compounds（MPcs），

which　are　industriaHy　impor芝ant　oξgan1c　dyes，have

attracted　much　attention　in　the　fie至d　ofeIectronics

nonlinear　optics，and　photosensitization　in　e1ectron－

trans£er　reaction．They＆re　a三so　of　interes吉from　the

viewpoint　of　the　similarity　in　their　mo1ecul＆r＆nd

electro訂三c　structures　to　those　of　reaction　centers　of

enZy「neS・

　　　We　have　studied　some　MPcs　as　caΩdidates　foぎ

such　mater1a至s．Quite　recent！y，we　have　iso…ated
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antimony（V）一phth盆1ocyanine　complex　with　unusuaI

spectroscopic＆nd　eIectrochemica1properties，which

might　be　versatile　in　the£ie1d　of　non－1incaζoptics，

fuel　ce11s，and　so　on．We　have　a！so　studied　spec打os－

copic　properties　of三ts　one＿e1ectron＿reduced　species

and　have　conc1uded　that　its　ground　state　was　orbita一一

1y　doub1y　degenerate　un正ike　the　other　known　MPcs、

臼ectrochemica1　三nvestiga辻ions　£urther　supported

雀his　co打c1usion　a打d　eveηsuggested　that雀he　gすound

state　ofits　doub互y　reduced　spec1es　might　be　atr三p－et；

げth…s　is芝me，th…s　species　co汕1d　be　a　unit　of　a　new

type　of　molecular　magne芝s　which　caηbe　app1ied芭o

magneto－optical　devices，　The　1a芝ter　suggestion，

however，couid　no芝be　co舳rmed　due　to　chemica1

instabili芝y　of　the　doubly　reduced　spec｛es．Efforts　are

being　made　in　our　laboratory芝o　stabi1三ze　doub－y

reduced　species　ofthis　type　ofcomp互exes．Our　main

purposes　in　th三s　project　are　to　make　compounds，

which　genera辻e　chemica11y　s雀able，doub！y　reduced

spec…es　a打d　to　verify　the＆bove　specu三ations．

　　　This　researcわis　being　Performed…n　co…1aboration

with　Me1ji　College　of　Pharmacy．

Keywords；phtha1ocyanine，antimony，eIectrochem－
is芝τy，spec芝roscopy，spin－multiplicity
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Systematic　study　on　the　improvement　of　various

kinds　of　ana正ytical　technologies　has　been　carried　out

to　promo芭e　the　reseとrch　and　deveIopment　of　new

meta11ic　materia1s，　The　aim　of　th三s　study　is　to

increase　the　adaptab1e　range　of　samples　and　e1e－

ments，and　aIso　to　improve　the　detectioパimits　and

precision　in　the　instrumenta三analy辻ical　methods、

（1）Direct　Ana1yses

①Fortheg1owdisch＆rgemassspectrometry（GD－
MS），the　s芭udy　on　the　effects　of　pre1iminary　dis－

charge　and　pretreatment　of　samp1e　surface　on　the

re…ativesensitivityfac芝ors（RSF）ofN＆ndOhas
been　carried　out．Accurate　analyses　of　nitrogen　and

oxygen　will　be　possib1e　by　using　the　RSF．

②In　orderto　determine雀race　amo㎜ts　ofeach

＆na1yte　in　meta1Hc　mater1aIs　by　using　the　gてaph1te

fumace　atomic　absorption　spcctすometry（GF－AAS），

d三rect　atomization　of　the　samp1e　so1ution　prepared

on1y　by　the　acid　decomposition　has　been　app1ied一

（2）Separation　Ana三yses

①The　inductive1y　c㎝p1ed　p1asma　mass
spectrometry（ICP－MS）has　been　app1ied　after

extract1ng　by　mice1！ar正iquid　chromatgraphy．

②副ghsens1tivesimltane㎝sdeterminati㎝proce－

d服e　of　trace　impurity　e1ements　in　high　purity

meta1正ic　materials　has　been　estab1ished　by　us三ng　the

inductive－y　co岬1ed　p1asma　a迂omic　emission

spectrometry（ICP－AES）．

③lnordertoutilizethehighsensitivityandthe
ξapidity　oF　the　totaI　reflect1on　X－ray刊uorescence

spectrometry（TR－XRF）in　the　ana－yses　of　solution

samp1es，the　mounting　method　of　so夏ution　samples

on　a　si玉icon　wafer　has　been　apPlied。

（3）Microarea　Analyses

①Inordertorevea1雀hesegregationofsmallamo㎜t
of　each　anaIyte三n　metamc　materials　a　technique　of

computer－image　process三ng　has　been　app1ied　芭o

improve　the　reso1ution　of　concentration　三n　the

electron－Probe　microana1yzer　（EPMA）　X－ray
imageS．

Keywor6s：GD－MS，GF－AAS，ICP－AES，ICP－MS，

TR－XRF，EPMA，HRTEM
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The　study　has　been　promoted　to　es辻ablish　a　prim＆ry

an＆lytical　method　to　determine　more＆ccurate1y　the

trace　eleme汕s　in　iron　and　s芝cel　standard　samples．In

order　to　do　smoothiy凶e　production　a訂d　bus1ness

transact1on　of　iron　and　stee1materials，the　intema－

tio列al　standardiz星tio刻　of　the　chemica1塾nalys1s

methods　is1mportant．W舳e，the　esta舳shment　of
the　primary　analytical　me芝hods，that　is　traceable芝o

the　SI　unit“mo1”，is　desired　from　the　standpoin芝of

曲e　metr〇三〇gy　of　amount－of－substance－The　combi－

nation　of　theヨsotope　di三汕tion　（1D）　and言he三訂duc－

tively　coup1ed　plasma－mass　spectrometry（iCP－MS）

were　se1ected　as　a　primary　analy言ica正method－in　this

f…scal　yeaす，室he　P「eParat…0n　ofan＆1ytical　solutio訂s　by

maki列g　use　of　microwave＆nd　the　de辻er狐in＆tion　of

芝一．ace　lead　by　iD／lcP－Ms　weξe　stud1ed．

…．SampIe　preparation

　　　Iηthe　determ｛na芝ion　of　trace　e正eme榊s　in1ron

and　steei　standard　s塾mpIes，the　f1rst　step　1s　the

preparadon　of　a　sample　solution　to　be　analyzed．A

sample　so1ution　for　lCP－MS　is訂s訂a1ly　pぎepared　by

disso1ving　the　sample三n　mineral　acids　such　as　hydro－

chloric　acid，nitric　acid，hydroBuor…c　acid　and　so　on．

However，some　ki訂ds　of　the　iron　and　steel　standard

samplesco11ta；nacid－111so1州e1㏄lusi㎝s，i．e．，alu－

mimm　oxide，chromium　oxide，siiicon服itride，etc．

which　become　residue　on＆cid　dissolution．　The

conventioηal　processing　of　the　acid＿insoluble　resi＿

due　w1th　flux　is　mt　on1y　troublesome，but　also　a

cause　ofincrease　ofthe　backgro汕nd　tha辻disturbs　the

accurate　determinat三〇n．Hence，microw段ve　ass三sted

decomposjtion　of　をhe　acjd－inso］ub，e　ぎesjdue　わas

been　studied　using　a…uminum　oxide，chromium

oxide，silicon　nitr…δe　and　a」SS　iron　and　steel　stan＿

darδsample£or　one－eIement（a1umin靱m）determina－

t…on，　in　addition，a刊ow－injec芝ion　system　was

examined　as　a　means　o£the　i訂t1’oduction　ofana三yti－

Cal　SOludO幻．

①Ni辻ricac1δ，hydrocわloricacidand11ydronuoric

acid　couid　not　sign1fica舳y　decompose　alum三num

o・ide，a1tho・gha鮒£ere…intheξeco…yof＆lum1－

num　measured　by　ICP－AES　was　found　betweeηthe

conventional　process1ng　me凶od　（一．83％）a訂d　the

microwave　assisted　disso1utio列（4．60％）．　Then，the

ki・dofth・・cidth・芝isusedtodecompose1he
samp－e　was　changed　to　sω～ric　acid，phosphoζic

acid　and列1言r1c　acid．γわe　recovery　ofaluminum　was

38．9％　fo　r　8　h　rs　decoζn　pos　i　t…o　n　by　the　co　nventi　o　n　a；

procedure　a訂d98．6％for1hr　decomposit…on　by

m1α．owave　assisted　dissolu芝ion．Thus，it　was　found

芝hat　the　m1cすowave－assis芝ed　decompos1tio訂is　e脆c－

t…ve　to　disso…ve　alurninum　ox…de　depending　on　the

kinds　of　acid．

　　　A　sample　o£chromium　oxide　was　d1ssoIved…n

sulfuricac1d，hydro仙oricacid，Perchlor1cacid，

わydrochlor1cacidandni芝1’icacid．nerecoveryof

alumin訂m　was95．8％£or8針rs　decomposition　by　the

convent三〇nal　procedureand97．1％for　lわrdecompo－

s1言ion　by　microw＆ve　assisted　disso1utio訂．　8oth

procedures　were　ef£ect…ve　and　significa汕difference

was　not　found　betweel1them．

②M1・・owaveassist・ddecomposit1o・w・sapPliedto

the　dissolu芝joηof　sil1co幻　nitride　samp1es（ESP｝，

γS－7）一Analytical　values　of　trace　impurit1es　in　the

soヨution　agreed　re－at1vely　weil　wi凶those　of芝he

samp1e　solution　prepared　by　the　convent1onal　high－

pressure　disso…靱tion　in　a　PTFE　vessel．However，thc

ana1yt1calvaluesofMg，MoandWwereslig舳y
iower　than　those　obtained　from汰e　sample　so…ution

prepared　by　aIk＆1i　fusion、了he　time　required　for　the

microwave　assis芝ed　decomposition　was　l　hr　at250．

C．While，芝もe　decompositi㎝time　of　c㎝venti㎝al

high－pressure　decompos1芝ion　was20hτs　at150．C．

Namely，the　decompos｛重ion　time　was　shortened　to…／

20．

③AjSS332－3［cer芝ifiedvalueofaium1mm：0．
0492％（m／m）］stand＆rd　s芝eel　samp…e　for　a～minum

determ…nat…on　w＆s　provided　to　m三crowave＆ssisted

decompos三tion．The　amount　ofres三due　decreased　to

1／6～…／8in　comparis01－with芝hecase　oftheconven－

t…o服ai　acid　decoI刻Pos…tio訂，butをhe　con1plete　dissoiu－

tion　was　diξfヨcult．Thc　same喜．esult　was　obtained　for

a至1oy　s辻eels．However，the　iηfluence　on　the　cert…fied

vai訂es　of　alum1mm　is　considered　negl1gible，since

the　amouηt　ofresidue　is　very　smali　foξthese　samples、

④Usingnitricac1d，the1n舳eηceof芝heacidc㎝一
centra辻ion　on　the　recove11y　o£ana1yte　was　studied，

For泌ric　acid　oデbe1ow1，0M，the　rccoverjes　of

var1ous　analy迂es　were　more　than95％．Subseguent1y，
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the　in刊uence　of　the　concentration　of　ni辻ric　acid

cou玉d　be　disregarded．However，when　the　acid　was

hydrochloricacid，suifuricacid，Perch1oricacidor

hydro丹uor｛c　ac…d，the　recovery1owercd　in　the　ac三d

conccntration　above0．5M－Accordingly，it　is　neces－

sary　to　adjustまhe　acid　concentration辻o　a　va－ue正ess

than　O．5M．

⑤Asameansofsamplein打oductiontolCP－mass
spectrometer，利ow　injection　sys亡em　was　studied．

Injection　v〇三ume　of沈e　sample　solutio列was　reduced

芝o　one－ten芝h　in　comp＆rison　with　the　volume

required　for　the　conven辻iona至spectmm　measuring

method．Conseque舳y，三芝has　become　poss1b1e　to

reduce　the1nterference　caused　by　matrix．The　obser－

Ved　ValueS　Of　re1a言iVe　Standard　deViatiOn　Were至eSS

than3％£or　the　analy芝es　from〕to　Tl．

2．Determina芝ion　by1D／1cP－Ms

　　　In　generaI，三sotope　d…1ution　uses　a　spike　in　which

a　par辻icu正ar…sotope　o£the　aηalyまe　was　enr…ched．

After　the　sp汰e1s　added雀o　the　samp正e　solution，the

…so芭opic　compos1tioパs　measured　and　the　amount　of

＆列alyte　is　evaiuated　from　the　deviat三〇n　of　isotopic

compositioη6．om　the　n銚ural　abundance．　There－

fore，theisotopicdilut1onanaiysisdoesnoけeedthe
s吉andard　samples　tha支are　indispe訂sable　in　the　usual

instrumental　analysis．Determin＆tion　o〔ead　in　the

』SS　CRM　o£high－purity　iron，jSS　OOl－4［cer舳ed

value　of　lead＝0．2ppm（m／m）］was　carricd　o汕t

accordi打g　to　the　ana…ytical　procedure　given　by　the

protocol　o£CCQM（the1ntema辻iona1committee　of

amount－of－substance）．　The　observed　value　was　O．

20±O、一0μg　g■1，which　was1n　good　agreement　w1th

the　anaIytic＆1vaIue　o£O，I9±O．10μg　g■1proposed　by

the　ana1ytica－laboすatoTy　of　the　Nationa1豆nstitute　of

Materials　and　Chemical　Research（MMC）．

Keywords：lCP－MS，刎icrowave一＆ssisted　decompo－

si雀io打，ac…d－inso1ub1e　residue，isotope　d…1ution，…ead

in　high－Purity　iron．

cations．This　is　substantiated　by　determining　bond一

一engths　and　　bond－ang1es　to　　undeTstand　　their

anisotrop三c　physica正propert三es．

　　　2．Dynamics　of　atoms　in　phasc芝ransit三〇ns＝the

temperature　ol’Pressure　dependence　of　opticaI

phonons　is　measured£or吉he　materia亘s　that　exhibit

any　structura1phase　transition（s），三n　order　to　under－

stand　their　mechanis㎡focus三ng　on　atomic　dispIace－

mentS．

　　　3．ChemicaI　pressure　effect：it　i1〕trigues　us　to　see

1f　the　chemical　prcssure　exerts　a　simi言ar　effect　upon

apPlication　of雀he　exter列a1pressure．　This　can　be

assessed　by芝esting三fをhe　mode　Gruneisen　parameters

ob芝ained　from雀he　pressure　dependence　of　optic

phonon　frequencies　cou至d　reproduce　the　mode紛e－

quency　ch盆nges　upon　doping－

　　　4．Infrared／Raman　spectroscopy　of　si，Ge　and

Si1＿、Ge。＝we　study　vibr＆tionaI　propert三es　of　Si，Ge

and　Siユ＿、Ge．incorporated　with　some　iηterstitials．

Keywords：oc芭ahedraI　distor辻io！1，phase　transitions，

chemical　Pressure，1n£rared／Raman　spectroscopy

Recemt　Publicatioms

Pressure，　temperature　and　concentration　depen－

dences　of　phonon　frequency　with　var三ab1e　GrO

neisen　parameter＝fits　to　the　Ram＆n－active　Eg　mode

in　Ti02and　Ti1＿xZrx02（x《0．，），T．削r＆ta，phys．

stat．so亘．（b），209，（I998）　17．

Oxygen　concentrat1on　depe列dence　of　Rama1－ac芝ive

phonons　with　variable　Grdneisen　parameter　iηYBa2

Cu30、，T．Hira芭a，Physica　B．263－264（…999）822一

6　　Two　I）imensional　Photo⑤lec肘on　Spectros・

copic　Studies　on　Suイace　Structures　and　Prop－
ertieS
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エApI’H1995to　March1997］
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エApr1〕998to　March2001］

With　changes1n　composition，tempera辻ure＆nd　pres－

sure，materia1s　unde…’go　stl’uctura1cbanges　which

dominate　their　phys1cal　aΩd　e至ec芝ronic　properをies　as

we…1．The　research　subject　is　composed　of芝he　fol－

1OWing芝OpiCS．

　　　1．Octahedra亘d…stortion＝we…ook　into　the　dis－

tortion　of　octahedron　M06in　meta］oxidos　upon

rep1acement　of　the　cen雀raI1on　in　M06w1th　another

The　su舳r（S）一termi訂ated　GaAs（001）surface　is　a

fundamen言al　s丈age　for　drop1et　ep1taxy，which　is　a

potentia1technique　to　fabricate1｝ano－scalestructures

on　the　GaAs　surface．For　deve1oping辻his　technique，

correct　k至ow－edge　ofthe　struc丈u1’e　and　s辻oichiome芭ry

ofth…s　sur£ace　is　essentia1．　So　far，SγM　studies　have

revea1ed　that　a（2x6）reconstruct三〇n　is　dominant　and

that　thc　adsorbed　S　atoms£orm　S－S　dimers．In　the

present　work，　X－ray　photoelectron　diffract1on

（XPD）　and　Auger　e王ectron　diffraction　（AED）

sωdies　have　been　perξormed　t〇三nves辻igate　the　sur－

f・…t…雀・・…d・・・…g・・fth・S1・y・川，21．N・

£orward　sca芝ter三ng　peak1s£ound　in芝he　XPD　image

of　S　2s　core－1evel　photoem三ssion，　…ndicating　that

adsor5ed　S　atoms£orm　a　single　layer－Comparing

8一
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AED　images　of　Ga　and　As　LMM　Auger　e1ectron

with　simuIated　images　using　a　single　scattering　c1us－

ter　model，the　S－S　bond　length　and　interlayer　dis－

tancebetween　the　S　ane　Ga　layer　aredetermined［1］．

Comparison　ofthese　images　with　each　other　reveals

that　a　sma11amount　of　As　remains　after　the　initia1

S－treatment　and　that　the　residual　As　disappears　by

the　second　S－treatment．　This　resuh　explains　the

reason　why　the　S－treatment　must　be　repeated　to

obtain　mol’e　homogeneous　and　clean（2x6）recon－

StruCtiOn．

［1］Photoelectron　and　Auger　Electron　Diffraction

Studies　of　a　Suifur－Terminated　GaAs（001）一（2x6）

Surface，M．Shimoda，S．Tsukamoto　and　N．Kogu－

chi，Surface　Science395（1998）＝75．

［2］Covcrage　ana1ysis　of　a　sulfur－terminated　GaAs

（001）一（2x6）surface1thee冊ectofdoublesulfur－

treatment，M．Shimoda，S．TsukamotoandN．Kogu－

chi，Surface　Science402－404（一998）：669．

Keywords：photoelectron　diffraction，Auger　elec－

t1’on　diffraction，GaAs，su1fur－termination

7　　　■nvestigation　on　t■1e　Degenerate一≡1■ec廿o■‘一ic

Ground　State　and　l≡lec廿o■1ic　Tra■1sitions　of

Metal　Comp1exes　wi肺High　Symme廿y

H．∫8αgo，　γ．κogoノα、舳∂　〃ゴー〃α3α〃　Zα〃れ

〃倣肋κP妙8た31）淋’o〃
［Ap1’il1998to　March1999］

Fabrication　of　mo1ecular　devices，where　one　mo1e－

cu1e　functions　as　one　device，is　one　of　the　most

challengingProjectsincurrentandfuturescience－In

a　number　of　bio1ogica1systems，such　as　enzymes，

which　can　be　considered　as　weH－designed　mo1ecuIar

devices，　unusua1　electronic　structures　have　of［en

been　observed　in　their　reaction　centers　where　some

metal　ions　p1ay　an　important　ro1e－In　rccent　years，

phtha1ocyanincs　andtheirmetal　compounds（MPcs），

which　are　industriallyヨmportant　organic　dyes，have

attracted　much　attention　in　the　field　of　e1ectronics，

nonlinear　Optics，and　photosensitization　in　e1ectron＿

transfar　reaction－They　are　a1so　of　interest　from　the

viewpoint　of　the　simi1arity　in　their　mo1ecular　and

e1ectronic　structures　to　those　of　reaction　centers　of

enZymeS・
　　　We　have　studied　some　MPcs　as　candidates　for

suchmateria1s．A1thoughatypicalMPchasa4－fo1d
axis　and　is　highly　symmetrica1，it　has　been　be1ieved

that　its　symmetry1owers　upon　Pc－ring　reduction　due

to　a　significant』ahn－Te11cr　effect（it　is　we11known

that　the　Iowest　unoccupied　mo1ecu1ar　orbital　is

doubly　degenerate）．Quite　recently，we　have　isolated

antimony（V）一phthalocyanine　complex　with　unusual

spectroscopic　and　e1ectroqhemical　properties，which

might　be　versati1e　in　the　field　of　non－linear　optics，

fucl　cells，and　so　on．We　have　a1so　studied　spectros－

copic　properties　of　its　one－e1ectron　reduced　species

and　have　suggested　that　its　ground　state　was　orbita1－

1ydoublydegenerateunliketheotherknownMPcs．
Electrochemical　investigations　further　supported

this　conc］usiorl　and　even　suggested　that　the　ground

state　ofits　doubly　reduced　species　might　be　atriplet；

if　this　is　true，this　species　could　be　a　unit　of　a　new

type　of　moIecu1ar　magnets　which　can　be　app1ied　to

magneto－optical　devices－

　　　This　project　is　being　conducted　in　order　to　con－

firm　experimentally　the　degeneracy　of　the　electronic

ground　state，main1y　based　on　spectroscopy　at1ow

temperatures・

Keywords：Phthalocyanine，　antimony，　spectros－

copy，orbita1degeneracy
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ltisveryd㈹㎝いocarryo勧tthehighpressure
X－ray　d1附ac丈ion　measurements　because　a　typical

sample　diameter　is　only　in　the　order　of100um．

Espec1aIly，£or　the　case　ofthat　we　put室he　samp1e　in

tbe　d1amond　anvil　cell（OAC）1nto　a　cryostat　to　coo至

the　samp1e　to…ow吉emper銚ure，the　X－ray　beam　has

to　go　through　two　oppositeIy－facing　diamonds．In

this　study，we　put　the　DAC1nto＆n　aiζ一coηdition

cすyostat　to　cool　the　s窒mp玉e　and　d1d　tbe　powder

X－ray　d柵raction　experiments　witb　an1ntense　Mo

rotoζtarget室s　a　X－ray　soul’ce　and　collected　the

di附ac辻ion　data　w…th　an1mage－p…ate　detector　by　the

ang－e－dispersive　method－

　　　With　this　system　we　sωdied　the　stmc雌e　change

1n　thespinel　compound　CuIr2Se4．1n　thiscompo汕nd

a列a莉omalous　beh盆v…oζthat　the　e！ectrical　resistivity

increases　with　increasing　pressure　has　been　repoζted．

We　found　that　this　behavior　is　owi㎎to　a　pressure－

iηduced　phase　transition．　H…gh吋esoIution　diffrac－

tio1，data　with　we…l　beh盆ved　li鵬shape　and　a　w1ed

dynam…c　range　is　essential　for　a　successfu正structuraI

analysis　o£Powder　s＆mples，especi盆11y£or　Culr2Se4

SampIe　W…凶a　large　maSS　abSOrpt1On　COe閉Cie到t，

Keywor6s：high　pressure，low　temperature，X－ray

diffract｛on，structure　change

9　　I…lva1uation　oξStmc汕res　wit11πace　Ele・

men11＾na1ysis

〃、〃ん舳1ηc〃〃α吻・fα13P伽た31州3わ〃

工April1998to　March2000コ

An　app至icat1on　of　trace－elemen㍑nalysis芝o　the　iden－

tiぎication　of　compounds　h昼s　bee莉　sセudied　｛n　this

rese＆rch　project．Usually，Precise　measurements　of

concentratiom　on　several　elemen芝s　are　necess＆ry　to

iden芝ify　cわeζnica…　coζnpounds，　　Natural　ores　and

matel’ia至s　pmd汕ced　withぴac辻ical　p訂rposes　contain

芝…・ace　elements　w1芭h　co訂centratio莉1ess　that　l　w言％as

impuξi芝ies－1芭seems　eas1er　to　iden雀ify　materials　with

汰e　analysis　of　these　trace　elements．Beca靱seΨalita－

tive　or　semi－qua1沁tative　analysis　of　only　one　or　two

kinds　ofelemen辻s　can　beexpected　to　givesa芝isfactoζy

results　for　the　ident1ficat1on　of　materials．

　　　The　feasbility　to　use　X－ray1mages　of　EPMA　for

th1s　puξpcse　has　been　studied　with　a　numerica至

si7nulation　n1ethod　on　the　spaci＆1reso1訂tion　and　on

the　precis1on　oデmeasurement　ofconcentration．The

trace－elemen芝analysis　is　exected　to　g…ve　＆　new

s二mp－eぺapid＿precise　method　£or　言he　三dent三Fication

and　For　the£01’mation　of　map　of　meta正1urgica1str靱c一

芝ureS．

Keywor6s：trace－e－ernent　an＆1ysis　of　meta1urgica妻

stmcωres，EPMA，computer　im盆ge　analysis　ofX一τay

im窒ge

1Physical　PI■operties　Division

10　Spec肪oscopic　St1』dy　of　Low　l）imensioηa1

System　i列High　MagneticドieIds

0．κ肋，τ、τα肋〃α舳，〃．κ肋Z舳0，κ．τα加伽〃α，

〃．0∫〃〃1吃〃、3〃〃〃o〃6　γ．／朋α〃αんo

［April1997to　Marcb1998］

For　the　study　of　low　dimensio打al　systems　such　as

low　dimensional　magnetic　ma辻erials　a訂d芝wo　dimen－

sional　electro1－s1n芝he　interface　of　semiconductors，

we　developed　several　optical　measureme訂t　systems

which　can　be　used　in　the　combin＆tio列with＆var…ety

of　magnets　1nst洲ed　in　High　Magnetic　neld

Research　Station　of　NRlM．　Using　these　optical

measurement　systems，we　performed　spectroscopic

study　o£三〇w　dimens…on＆l　m銚eri＆ls　together　with

transport　meas靱rements，ma馴e辻ostriction　me＆sure－

mentS　and　magnetiZatiOn　meaSurementS．

　　　11…the　reg1on　oξf＆r一…訂frared　and　mi川meter－w＆ve

magneto－optical　measurcmen芝s，　e莉ergy　shift　of

phonons　and　cyc三〇tron　resonance　oダsemiconductors

al．einterestingobjectstostudyinhighmagnetic
f1elds．We　have　constr汕c芝ed　measurement　system　for

thisfreΨencyreg1onusi㎎theFT－spectrometer
（BOM8M　DA－8）which　covers　wide　spectral　range

from1Ocm－to50000cm一．Lamel1ar　gra辻ing　in芝er－

ferometer　is　also　constructed　to　study　the至ower

frequency　range　Fl．om40cm■1down　to3cm■一．On芝he

otheζhand，for　the　st靱dy　of　inteζband　spec芝roscopy

ofsem1c㎝d㏄辻ors，measuremeηtsiパheregi㎝of
v1sible　and　near　in£rared1igh芝are　needed．We　can

use芝he　Fマーspectrometer　a－so　in　these1’eg1ons，how－

eveζ，＆newIy　constructed　CCD　c＆rera　sys辻em，which

enaもles　us芝o　obtain　magne雀ic£ield　dependence　oF

spectrun－in　a　single　shot　of　pulsed　m＆9netic　f三e1d，is

mair1iy　used　jn凶e　recent　exper…ments－Using　these

measuremen芝systems，we　have　ob芝ained　maηy　new－

resu1ts　o列magneto－optical　st汕dy．

　　　One　ofoUr訂ew　results　in芝he　far…nfr＆red　region

is　abou雀theonedim㎝si㎝a1s＝1／2ant1Fer－
mmagnet　CuGe03，theデ…rst　inorganic　spin－Peierls

materia1in　wh三ch　two莉eighbori篶g　sp1ns　are　dimer－

ized　altema雀ely　below　a　cr1tica正芝emper盆ture　T＝

1狐．We討ave　found　aΩew　folded帥onon　mode　at

98cm一三in室he　dimerized（◎）phase　and　cIar…Fy　i辻s

E／／・一・・ispo1・・i・・ti㎝p・・p・・ty・・i・g…燃i㎝・l

gr…d　polarizer．Furtbermore，this　folded　phonon　was

found　to　be　spl…t1nso芝wo　componen雀s　when　the

phase　transitjoηwas　occurred　into　the　incommensu一
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ra辻e（1C）phase　under　high　magnetic　field　above］2

T．With　the　po1ariza辻ion　meawem舳s，the＆bsorp－

don　at3工2cm－1，wbose　or｛giηhad　been　uncertain．

was　a1so　made　clear芝o　be　caused　by　＆　folded

phonon，One　the　o辻her　han（i，the　absorption　line　at

44cm■1，was　iound　to　have　strange　poiarization

proper辻y　and　it　is　not　straghげorward　to　be　explained

as　a　magnetic　exc1tation　at　F　poi耐｛n　the　reciprocal

la1二辻iCe．

　　　As　a　low　dimens1onal£rce　e1ectron　system，we

have　ir1teηsive1y　studied　two　dime口siona］elec赦on

gas　in　the　in辻erface　of　semiconduc辻or　heteτo　heteros－

trucωre，ln辻heGaAs／AlGaAsheteros辻mctures，two

dimensional　e1ectrons　have　very　high　mob1iity　at

］ow　temperature　and　it　show　var｛ety　of　unique

phenomena　such　as　integer　and　fract｛on盆1quaηωm

HaHeffects．Manyすesearchershavebeens亡udiedthe

iow　eneすgy　excitation　property　aro靱nd　Fermi　energy

of　these　phenomena　by　meaηs　oftransport　measure－

ments．We　have　per£ormed　a　combined　measure－

ment　of　opセica－and　tr星nsport　technigue　using　CCD

camera　at　Iow　temperaωre　T亡400mK；namely，

c汕rrent　dependence　o£photo亘汕minesceηce　was　mea－

sured．　As　shown　in　the　figure，two　dimension盆1

e－ectron　system　shows　severai　photo！螂minescence

peaks　of　electron－hole，e1ectron－acceptor　recombina－

ti㎝一　When　tbe㎝rreηt　is　appljed　through　tbe

sample三n　the　in辻eger　quantum　Ha1l　region，an　addi－

tional　peak（indicated　by　an　arrow）appears　and

increases　its　intens｛ty　with　increasing　current．Cur－

rent　dependence　of　peak　intens三ty（in　the　inset　o£the

figure）shows　noniine＆r　ef£ect，suggesting　tha辻this

peak　is　induced　by　the　rise　of　e］ectron　tempeすature

simi1ar　to　the　effect　oFc齪rre航一induced　breakdown　of

qua耐u㎜Ha』］e脆ct．

　　　Concerning　to　the　magηe芝o－opticai　me＆sure－

ments　of　semiconductors，the　guanωm　effec辻on　the

cyclo迂ron　resonance　exper｛ments｛s　one　of　the　most

interesting　objects－However　sucb　measurements　has

been1量mi辻ed辻o　the　electrons　in　GaAs／AlGaAs

heterostructures，　recent　progress　oF　the　epitaxial

growth　techn三que　enabIes　us　to　obtain　the　high

卯a1ity　1l－Vl　semicon釦ctors　whjch　show　clear

quantum　ha正i　effect－Using　such　high　qua正ity　sam－

p1es，we　have　s芝udied　qu蟹ntum　cyclotron　resonance

i打cdTe／cdMgTe　heterojuncdon　whose　mobi王ity　is

about　－0m2／vs．　　The　faす　infrared　magneto－

transmission　spectr＆were　observed　up　to14T．We

found　that＆single　sharp　cyc－otron　resonance　at－ow

temper銚ures　spIits　into芝wo　resonan芝peaks　w1th

increasjηg　temper銚ure－Thjs的enomenon　can　be
exp－ained　by　the　quantum　ef£ect　dueto　the　electron－

eiectron三nteτaction，Furthermore，at　low　tempera－

tures，e脆c亡ive　m窒ss　oεeie倣ons　reduced　from　the

防equency　of　the　cyc三〇tron　resonance　was£ound　to

osci11ateconspicu㎝slyasaFunctiono£thef1lling

£actoす、The　qua－i辻ative　explanation　c＆n　be　made　n

terms　of　e1ectron－phonon　in辻eraction，however，fur－

ther　study　js　necessary　for　the　quantita芭ive亡beOreti－

calanalysis．

Keywords：1ow　dimens三〇na三，spin　Peierls，Semicon－

ductor，hi肺magnet1c　fie童d
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The　discovery　of　high　Tc　s縢perconductive　cuprates

has　stimula言ed　much　｛nterest　on　tbe　physics　arld

chemistry　of　various　compounds，such　as　temary

rare－ear芝h　tra打sition－eiement　ox三des，cha1cogenides

and　so　forth．　The　mateパa三s　exh｛bit　a　Io亡of…nteξest－

ing　phenomena，such　as　superconductivity，co1ossa！

rn＆9nCtOreSiStanCe，meta1－inSulatOr　tranSitiOn，Charge

densi辻y　wave，spin　density　wave，charge　orderi打g　etc，

The　unusua1properties　are　mainly　exp1ained　by　tbe

e1ec狡on　corぎe1ation，hybridjzatjon　wjth　the］jgands，

and　the　low－dimensiona1e脆ct．However，there　is

no　exac辻consensus　about　the　correc雀mechanisms．

　　　One　ofthe　jn亡eres芝ing　problems　ofthese　materiais

is　that　the　electronic　state　diffeΣs　from　the　normai

Fermi　ligu三d．　It　is　obvious　that　the　anomalous

metau三c　state　shou三d　be　originated　from　the　e1ec－

tronic　s芝ructure　a列d　言he　elementary　excitat…ons，in

which　the　electron　correlat…on　pIays　an　important

τole．So　far，much　work　has　been　focused　on　the3d

transit1on－e童ement　oxides，while4d　or5d　transition－

e正emen亡compounds　havc列o辻been　paid　much　a蛇訂一

t…on．This　is　due芝o　wha辻the　eiectron　correlation三s

reiatively　weak　in　the　lat辻er　compounds．糾owever，
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辻he　correlation　strength　can　be　a1tered　by　means　of

the　const｛tuent　of　the　compounds，their　stmcture

and　the　apP－ied　condit三〇ns－

　　　The　spinel－type　transition－metaI　cha－cogen…des

show　various　properties，such　as　superconducting，

ferτomagnetic，and　so　on．Therecentstudy　on　CuIr2

S4and　CuIr2Se4iη　which5d　trans三don　e1ement

contributesmainlytotheelectronicc㎝ducti㎝
established　that　the　no訂＿meta1－ic　state　becomes　sta－

ble　even　at　high　pぎessure、　夏n　order　to　c正aすify　the

origin　of　the　unusua1behavior，we　shouId　perform

detailed　experimen芝al　research，such　as　structure　and

physica三properties　in　high　magnetic　f…e1d－In　addi－

tion，the　systematic　elqment－subst｛tution　study　is

alSO　neCeSSary，

Keywords：metal－1nsulator　transit三〇n，eIectron　cor－

re1ation，5dをransitioηeIement，cha1cogenides

tota正spin　f1uctuations　a〕ow　temperatures，which

shows　that　the　dimension　of　the　Cu　spin　system　p1ay

a　important　role　in　the　forma辻ion　of　the　spin　gap

StateS．

（c）　Spin　echo　nuclear　double　resonancc　measure－

ment　on　anoma1ous　meta至1ic　compouηd　Rb－Cu　su一一

f三de　revea1ed＆microscopic　ev…dence　to　show　that　a

CDW　s倣e　is£omed　in　the　anomalous　meta川c
phase　and　that　the　conduct三vity　is　caused　by　spin＿less

solitons　al㎝g　the　CDW，

Keywords：high　magnetic　f…eId，low　temperature，

high　pressure，highly　correlated　electron　system

Computation　Materials　Science　Divi・
SiOn

12　　Studies　on　the　l・1ighIy　Co〃eIated　I…lec廿on

Systems洲d甘Multipl⑤1…xtreme　Conditions

〃．ノoれ4肋伽3θακ乃G舳ρα〃∂τ3〃肋肋〃αg〃α

Lαゐ01ατ0〃θ3

We　h昼ve　developed　several　types　of　high　f1eld　mag－

nets，such　as　a　hybrid　magnet，in　the　preceding

project．The　capabilities　of　the　developed　mag鵬ts

are　proved　to　be　of　the　highest　cIass　in　the　wor1d．

The　purpose　of　this　project　is　to　develop　seveτaI

types　ofhigh　precision　detection　systems　under三〇w

te亘nperatures　and　high　pressures　£or　the　high　f…e1d

magnets　and　is　to　app三y　them　to　the　study　of　the

high1y　corre1銚ed　e1ectron　systems一

（一）Deve1opments

（阜）We　have　deve1oped　a　detection　system　of　quan－

tum　osc三11a辻ions　under　mu正tiple　extreme　conditions

ofmagnetic£ie1ds　up　to20T，temperatures　down　to

70mK　and　pressures　up　to20kbar．

（b）Development　of　the　nucIear　doub1e　resonance

spとctrometer　has　been　paruy　achieved　w量th　a　specific

feature　of　the　w三de　frequency　range　I0－200MHz

which　allows　a　double　resonance　between　transit｛on

me古al　ele㎜ents　in　a　magnetic　fie1d　up　to10T一

（2）Measurements
（a）The　detcct三〇n　system靱nde“he　mu1tip－e　extreme

condit…ons　has　beeηapp－ied　to　the　dHvA　effect

study　of　highly　corre正ated　f　e三ectron　systems　such＆s

CeSb，CeB6，CeRu2Ge2，CeRu2Si2　and　CeCo2．
Unconventional　pressure　efFects　on雀he　Fermi　surface

proPeτ芭ies　ofthese　materia1s　have　been　uncovered　for

thc　first　time．

（b）NMR　三nvestigations　on　Cu　oxidc　supercon－

ductoΣs　found　that　both　the　inter－chain　and　inter－

p1＆ne　susceptib…1ities　have　an　efFect　suppressing　the

13　■〕evelopment　of　Xnowledge　Database　for
l・ligh一γc　Superconductiηg　I、’lateI’ials

γ．ノ・α加，C6伽μ・伽〃〃肋〃8・jθη・θ1）加赦・η

【Apri11995to　March2000］

We　have　developed　numerical　d搬base　for　high－Tc

oxidesupercopductors－AI！thedata　in　it　areex辻ract－

ed　from辻he　papers　reported1n　joum＆ls．The　system

has　been　improved　for　www－usage．The　home　page

星ddress1s“http／／asagir1．nrim．9o．jp”一we　have　a1so

deve1oped　database　of　standardized　data（our　orig三一

nal　da辻a）　for　typica三　high－Tc　cuprate　supercon－

ductors．One　can　access　to　the幽tabase　through　the

home　page　mentio舵d　above．

　　　The　papers　contain　ma訂y　usefuI　in£ormation　as

we11as　numerica1data．　These　in£ormation　are
wr1吉ten　in　tex辻style1η＆bstract，summary　or　conclu－

sion．　It　is　desir＆bIe　that　reseaζchers　empIoyed　in

designing　llew　products　and　searching　new　materials

retrieve　these　in£ormation　from　da辻abase　and　apply

芭hem　to　their　purposes．

　　　In　this　project　we　study　how乏o　store　the　informa－

tion　and　how　to　construct　know－edgebase　for　high－

Tc　supeぎconduc芭ors．For　this　purpose　we…ntroduce

‘matisse’and‘REX’as　a　m昼in　software．These　are

object－oriented　database　management　system
（ODBMS）一We　are　developing　the　data　acquisiti㎝

system　with　semantic　network，Thesau…．us，especia1正y

semantic　thesaurus，dictionary1s　very　important　for

this　purpose－

　　　We　developed　Tc－pぎedict1㎝system£or　Y123－

system　by　using　Neural　Network　method．Neural

Network　was　constmcted　using　the　data　obtained　by

ζetrieving　from　the　numerica至δatabase“SUPER－

CON”。The　system　predicts　that　Ca　in　y－site　have　a

va1uable　e茄㏄t　for　high－Tc　materials　and　Tc　is　higher
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than　that　ofYBa2Cu307ifwe　choose　the　optimaI

contcnt　ofCa　and　O．

Keywords＝oxide　Supercond靱ctors，d＆tabase，k訂ow一

一edgebase，net　work
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14　　Theory　of↑heγma1Reaction　on　So1id　Su｛
faces

τ．0伽o，Co柳ρ〃α肋〃o／〃〃θ〃αゐ8dακθ〃ソ肋o〃

工Apri11994主o　March2000］

The　therma三reactions　on　so正id　suτfaces　p1ay　i㎜por－

tant　ro－es　in　various　surface　processes　inc正uding

epitaxiaI　growth，etching，and　cata1ysis．　The　pur－

pose　of　this　work　is　to　c1＆rify　theore芝ica三1y　the　ther－

mal　reaction　processes　oηsevera1solid　surface　sys－

tems　such　as　sem三conduc芝or　surFaces　and　metai　s服一

faces．　　γhe　analys三s　is　based　on　the　density＿

function＆l　electronic　theory　within　1oca1－dens三芭y

approximation，which　provides　a　powerful　tool　t0

determine　the　dynamical　behavior　as　weH　as　the

stab1e＆tomicarra㎎ementofso胴surfaces．

　　　Thc　optimum　ato肌1c　arrangement　oftheGa－rich

GaAs（00i）一（4x2）reco訂st閉c亡ed　s日ζface　has　been

thcoreticaHy　…nvestigated－　It　is　shown　th銚　芝he

Ga－rich　GaAs（001）sur£ace　consjs亡s　ofξwo　Ga

dimers　on　the　top1盆yer　and　another　Ga　dimer　at曲e

third　layerandtわatthesimu1a辻edimagesofscaming

tunneling　microscopy　are　in　good　agreement　with

the　observed　ones．

　　　The　in辻eraction　of　ch1orine　molecules　with　the

reconstructed　GaAs　（00I）　surfaces　has　been

examined．Ch－orine　is　one　of　the　most　important

halogens　used　in　the　sem｛conductor　etching　proces－

ses．Thestable　geo狐etries　oftheGaAs（001）surfaces

ch1orinated　by　chlorine　mo正ecules　have　been　deter－

mined　theoretica1正y，which　are　consistent　with　recent

temperature　programmed　desorption　measurements．

　　　Recendy，the　Sj　adsorpt｛on　on　the　monohydride

term｛nated　Si（00玉）一（2x1）surface　has　been　theoreti－

caHy　…nvestig盆亡ed　by　using　first－Pr三ncip】es　tota］一

㎝ergy　calcu1ation辻echniques．We　f1nd　that　the　Si

ad銚om　spontaneously　segregates　one　H　atom　from　a

surface　Si　dimer　dur三ng　adsorption，and　further

capωres　the　remaining　H　atom　of　thc　same　Si　dimer

duringsurfacemigrat1on，1eadi㎎to辻hemoststable

adsorp辻ion　geometry，　The　migration　of　the　S｛

ad銚om　is　assisted　by　the　mob｛1ity　of鮎atoms，being

reduced　compared　with　that　on　the　bare　S1suζface．

The　reduct1on　cf　the　Si　di£～sion　may　have　d｛smp－

tive　effec辻s　on辻he　Si　homoepitaxy．

Keywords：structur塾1staもi1｛ty，chemisorption，reac－

tiOn，so－id　surface
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γhe　atomic　motion　on　nlateria1surfaces　is　a　key　to

underst星nd　the　fundamenta三processes　which　charac－

terize　the　surface　pheno㎜ena，　such　as　cOrrosiOn，

cataiytic　react…ons　and　so　on．　In　this　study，we

utilize　one　of　the　state－of－the－aすt　computatioηal

materials　science　methods，芝he　f1rst－Pr1ncip1es　elec一

彼onicstructureca1cu1a辻ion，to　investigatetheatomic

mo辻ions　on　the　surfaces　of　metals　and　semiconduc－

tors　theoret｛ca11y　and　to　prov…de　a　chance　to　obtain

a　new　idea芝oward　the　atomic　contro1o£the　surface

proper辻ies－We　per£ormed　the　ca1cu！ations£or　the

o2／A1（I1正）surface　and　the　c1／GaAs（001）sur£ace．

The　former　case　is　expected　to　elucidate辻he　init三a－

stage　ofthe　oxidation　ofmeta正s．In　the　latter　system，

Cいs　known　as　one　of　typicai　mater三a－s　which　are

wide正y　used　in　G星As　etching．The　present　sωdy　on

this　system　is　a1med　to　c1arify　the　behavior　ofα

atoms1n　the　surface　region，especiaHy，subsurface

regiOn．

　　　The　ca1cu1aむon　methods　in　the　present　sωdy　are

mainiy　based　on　the　density＿functional　theory　and
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the　pseudopotential　me辻hod，which　aτe　promisi訂g

high　re三iabi…ity　in　its　resu1t　for　a　wide　ra訂ge　of

materiaIs．　General1y，such　a　numerica！e1ectronic

structureca1cu1at1onforthesurfacerequireslarge

computation　t1me－nanks　to　theNumerica1Ma雀e－

rials　Simuiator　installed　in　NRlM，NEC　SX－4and

閉M　SP2，wc　cou1d　obta1訂the　results　with　higb

aCCu「aCy・

　　　Litt1e…s　known　about　the　oxidiza芝io列processes

of曲e　A1（1三I）surface，experimenta呈1y．Our　study

汕nvei互ed　the　physics　of　the　init三a三stage　of　the　oxid一

三zation，the　dissoc｛ative星dsorp芝ion　of　the　mo1ec汕一e

by　prese列ting　the　potential　energy　sur£ace　and　the

e三ectron三c　structures．　The　result　exb…bits　that　aη

oxygen　mo1ecu豆e　is　easy　to　dissoc1ate　at　h三gh　a1辻itude

from　the　surface　and　that　this　process　is　re1ated　not

○打正y　to芝he　electron辻rans£erもetween　the　surface　and

the　molecu…e　but　a1so　to　the　change三n　the　magnetic

state　ofthe　molecu王e．

　　　γhe　density－functiona1calculations　for｛e　cl／

GaAs（001）surぎace　have　revea1ed　a　part　of　the

etch三ngぴocesses：The　Cl　atom　which　is互ocated　a迂

the　subsurface　region　in辻eracts　strong1y　with芭he

surround｛ng　hos辻crystaI　and　is　pushed　out　to　the

outer　region　breaking　thecova1eηt　bonds　ofthe　host

crysta1．The　analys｛s　has　ind三cated沽at　it｛s　due　to

the　e1ectrostatic　forces　originated　in　the　electron

transfer　from　the　surface　to辻he　Cl…mpurity　atom．

　　　In　this　project，we　a1so　perfoξmed　the　electron三c

s狡ucture　caIcu正ations£or　systems　otheζthan　surfaces

to　examine　the　va正id三ty　of　the　theory　and　the　effi－

ciency　of　the　caIcu正at三〇n　techniqucs．

Keywords：surface，oxida辻ion，etching，electronic

structure，density－functiona1　theory，釘rst－PrincipIes

Ca三CulatiOn
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16　Thermodynamic　＾nalysis　of　l＝ormation
P了ocesses　of　lVletastable　and　Stable　Phases
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A　wide　range　of　microstructじral　control　can　be

realized　thro靱g針meま星staも1e　s絞uctures　using　the　tran＿

si芝io訂process　from　amorphous　state　to　crystalIi鵬

state．　For　the　efFec吉ive　uti1ization　of　these　met＆sta－

ble　phases　to　improve　mechanica正properties　of

m銚erials，it1s　necessary　to　reveal　the　transition

processfrom　metastabIeto　stablephaseson芝heheat
をreatment．γhe　targe辻of　this　study　is　to　make　c…ear

the　format三〇n　process　and　the　microstructure　of

metas言匿b正e　phases　a訂d　the　transi芭ioηぴocess　from

mctastab1e　to　stab－e　phases　by　experimenta1observa－

tions　a訂d　molecu至ar　dynam1cs　s｛muIations．

　　　Ananocrys吉a1lineFe－Si－B－Nb－CuaI…oy，known

as　FINEMET，三s　a　very　fascinating　so欣magnet…c

material　exh三biting　exceI－ent　permeabi1ity　while

maintain1ng＆h｛9h　satura辻ion　ma馴etizat三〇n－This

materia1is　prep服ed　by　amea1ing　a　me1t－spun　Fe73．5

Si13．5BgNb3Cul　amorphous　ribboηat　the　tempera－

ture　range　of520－580C、汽ono　et　aL　have　reported

formations　ofCu－enriched　clusters　priorto　the　onset

of辻he　crysta1I三zation　reaction　based　on　the　atom

probe　field　ion　microscopy（AP戸IM）一The　target　of

this　paper　is　to　clarify　the　spatial　distribution　and

the　s三ze　ofCu－enriched　c三usters　by　three　dimensiona1

atom　probe（3DAP）ana1ysis　and　sma三1－angle　neu－

tron　scatteτiηg（SANS）in芝he　annea三ing　Process

before　the　crystallization　of　the　Fe－Si－B－Nb－Cu

amorphous＆11oys．Cu　clus辻ering　occurs　prior辻o　the

onset　of　the　primary　crysta三1izat三〇nτeaction，The

number　of雀he　c…縢sters　estim屋ted　by3DAP　is三arge

enough之o　prOvide　heterogeneous　nuclea芭ion　sites　to

a三1bcc／D03Fe－si　crystals　which　appear　at　higher

tempcratures．This　fac辻indicates　that　the　distribu－

tion　of　nanocrys辻＆11ine　Fe－Si　is　strong1y　a術ected　by

that　of辻he　Cレenriched　c三usters．The　average　diame－

ter　and三nterparticle　dis芝ance　of　the　Cu－enr…ched

c三us芝ers　estimated　by　SANS　are　a1⊃out三．8nm　and6

nm，respec雀iveIy．

　　　1n之he　pτevious　study，we　have　found芝he　forma－

tion　ofmetastableαphase　in　preference　to　the　stable

γPhaseinthecrysta11izat…onprocessofamorphous
γi－Al　al1oys，Furthermore，smalI－ang三e　X－ray　scat一

言ering　pT0fi1es　of　amoぎphous　Ti－60at％Al　a11oy　sug－

gestcd　the　existence　of　concentration　and／or　density

n汀ctuations｛n　the　sample，　The　formatio訂of　the

unknown　phase　is　considered　to　be　c1osely　re玉ated　to
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thesenuct・ati㎝s．Thus，inthepresentst・dy，the

transition　process　o£spu辻ter　depositedτi－A！amor－

phous＆11oy…s　studied　by　molecu1ar　dynamics　simu－

lations　in　v1ew　of　the　corre三ation　between　the　nuciea－

t1o・siteoデc・ystallinephas・a・dthest・汕・芝urala・δ／

0rCOmpOSiti㎝a1舳Cωati㎝iηtheamOψ0じS
sセructure　for　芝he　unders辻a訂ding　of　the　tra列sit…on

mech塁ηism　jη　the　atomjstic　scaie．　Liqujd－to－

amorphous　ξransition　＆nd　amo一．phousイo－crys芝al

transition　process　of7i－A1ailoys　are　investigated　by

us三ng　const＆nt－pressure，consta1，t－temperature訂101ec－

ular　dynamics　techniques－Many－body　interactions

semi－empir三c星11y　determ1鵬d　by　Embedded　Atom

Method　a一’e　used－　　Thermodynam1c　propert｛es

obta…ned　in　the　s三mulat…ons　are　in　good　agreemen芝

with　experimental　measurements．　Especially，the

present　simulat1on　can　reproduce　the　experimenta1ly

observed　concentrat三〇n　r＆ηge　of40－85at％Al　for

amorphous　format1on．　Stmcture　an＆lyses　have

reveaied　tha芝amorphous　T1－Al　a1三〇ys　formed　by

rapid　cooHng　ccnsist　of　three　regioηs，をhe　regjoη

havi㎎crysta111neconf19ul’at1㎝ofat㎝1s，theregi㎝

hav…ng　an　icosahedra】configuratjon　arld　the　mo，’e

d1sorderedξegi㎝havingrela芝ivelylargefreevo1－

ume．These　three　regio訂s£orm　med1um－range　s辻11uc－

tures　of莉anometer　sc＆ie　wh…ch　seem　to　be　c1oseiy

correlated　wi芝h　the　stmc辻ural　and／oぎcompositiona1

卸ucωation　in　the　amor帥ous　s芝ζucωre．From　the

ana三ysis　on　vibratio1惚1spectra　oεamorphous　ailoys，

it　is　found　tha辻　the　more　d三sordered　regions　are

responsib1e　for　an　excess　density　of…ow－frequency

motions，the　so－ca1三ed　boson　peak　which　is　a　charac一

芝eristic　fea辻ure　oξthe　arnorphous　state－　The　reduc－

ti㎝ofbos㎝peakhigh芝duri㎎structul．alrei＆xat1on

and　cξystallization　can　be　at辻ributed　to　theredじction

oεthe　nlore　disordered　region．

Keywords：me芝astab1e　structuすes，transition　pl．ocess，

Fe－S三一B－Nb－Cu　al1oy，T1－A1alloys，small－ang1e　neu－

tr01－　sca芝tering，　Cu－enr1ched　clusters，　moIecu1ar

dynamics　s｛muIat1ons，　med｛汕m－range　structures，

もoson　peak
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The　long　term　creep　streng芝h1s　one　of　importan芝

mechanica1propertjes　for　the　heat，’esjstant　ferritjc

stee三s　in　a　power　ge11erator．The　c…．eep　stre1，9芝…10f

fe韮’rit…c　steels　c01－ve蔓．9es　to　the　cons芝＆nt　inherent

creep　strength　a耐er＆1ong芝inle　exposuζc　by　los…ng

ef£ects　of　precipit銚ion　strengthe訂三ng．work　ha－1den－

ing　a打d　so　on，a13d　the　inbe一’en重　strength　depends

mainly　o喜1汰e　minute　con芝ents　o£Mo　and　C．The

presen芝　authors　h＆ve　£o訂1，d　a　good　corre…ation

between汰e　long　term　creep　stre1－gth　ofc＆rbol？stee1s

and　the　concentrations　of　Mn－C　and　Mo－C　atom1c

pairsinthefel．rite1苅atrix－Theseatomicpairsseem
to　reduce　the　c…in1b　ve…ocity　of　disiocations　due　tO

their　large　interact…on　ener9…es　w…th　disloca芝ions，

suggest1㎎thatthel㎝gtermcreepstr㎝g1わof£er－
rit…c　steels　is　c01－tro－ied　by　をhese　a芝omic　pairs，

However，芝わe　con言rjbut1on　ofeach　a茎omjc　paj11cou］d

not　be　rnade　c三ear　quant妻tative1y　bec＆use　the　carbon

steelsused1…1thea蝸1ysiscontainedMnヲCrandMo
simultanio岐sly　as1mpur1芝ies．Thus，in凶e　p肥sent

sωdy，ξhe　e脆ct　of　solute　e1emen言、M，on　the　long

乏ermα．eep　strength　of　ferr1言ic　steels　was　s芝ud1ed　by

using　ternary　alloys　Fe－M－C（M＝Mo，Cl．匿訂d　Mn）

of£errite　single　phase　in　view　or　M－C銚omic　pa…rs－

The　ef£ects　of　M　and　M－C　atomic　pairs　on　the　creep

stra1訂ra芝e　is　discussed1n　terms　of　the　d1slocation

clirnbing　velocity、

Tab’e1Thee所ecfofsolufea亡om∫oη士わedls’ocaむoηc〃ηb加gra亡eaf9ア3κ。

Element　Di豚usヨon　Rate
　　　　　　　　　　　D。。

　　M　　　　　　　　　　　D。

BindingEnergy

△EM■C　△EM
　　　　leV）

Climbi11g　Rate　Conccntmtion

　VF巴　　V■。日　M－C　　M
VMイ　　　VM　　　　（日まpPm）

Mo　　　　l．17　　　0．33
Mn　　　　　　　　正．22　　　　　　0．26

Cr　　　　　0，41　　　　0．31

0，19

0．l1

0．02

lO．3　　　2．5　　　　3．一　　　1050

5．4　　　1．7　　　　1．1　　　　980

　I．3　　　0．4　　　　2．4　　　1060
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　　　Fe－O．Olat％C　and　Fe－0．lat％M－0，02at％C（M＝Mo，

Mn　and　Cr）a玉1oys　of　ferrite　si列g1e　phase　were

prepared　as　ingots　of　lkg　by　vacuum　induction

melting．Ingots　were　swaged　to　a　rod　with　a　diame－

tero〔2mm　at1373K　and　norm屋1ized　at　I193K£or

20min．The乱verage　grain　diameter　was　about，．O

mm　for　a1l　specimens．　Cons辻a列t　load　creep　tes芭s

were　carr1ed　out　at973K　under　an　ini辻ia1stress　of10

MPa　in　an　Ar　atmosphere　to　avoid　excess1ve　oxida－

tion．The　concen芝rations　of　atom三c　pairs　were　esti－

matedby曲ecentralatornsmodel（CAM）whichcan
calculate　the　atorn　configurat…ons　…打　言むe　nearest

neighbor　atom　she王1．

　　　列gwe1shows　the　creep　rate－t1me　curves　foζ

Fe－0．Ola辻％C　and　Fe－O．lat％M－0，02at％C（M＝Mo，Mn

and　Cr）al1oys　offerrite　sing1e　phase．ln　al1a三1oys，

the　creep　Tate　decreases　w呈th　incτeasing　creep　time－

The　onset　of　tertiary　creep　｛s　not　c…ear　i訂　Fig．　l

because　the　test　was　carried　out　under　a　consta訂t

正oad．The　rapid1ncrease　in　the　final　stage，however，

seems芝o　be　attributed　to　tertiary　creep£or　each　alIoy．

I訂the　Fe－C　alloy、芝he　mini｛um　creep　rate　of　about

3x1O…7s止1was　ob言ained　in　a　creep盲ime　range　fτom

4x102to8xl03s．　The　minimum　creep　rate　was

decreased　by　additions　of　Cr，Mn　and　Mo　to　the

Fe－C　alloy－The　magnitude　of　decrement1ncreased

i服this　order　aηd　a　remarkable　strengthe訂1ng　w＆s

obtained1n辻he　Fe－Mo－C　alloy．

　　　The　effect　of　so－ute　atoms　on丈he　dis1oca吉io訂

c正imb1ng　rate　was　examined　on　the　basis　tha〕he

c1imbing　ve1ocity　oデthe　dislocation　is　contro11ed　by

a　vacancy　d峨us三〇n　to　jogs，According　to　the　eΨa－

tion　derived　by　Sandstrom，盲he　r＆tio　of　the　dis－oca一

辻ion　cI1mbing　velocity1n　a　pure　iron　alloy（Fe）to

tha辻in　a　Fe－M－C　alloy（VM－c）depends　on　the　ratio

ofdif～si㎝coefficients（o。。／D。）aηdtheinterac－

tione舵rgybetweenMandCatoms．Table！shows
the　vF，／vM－c　value　For　each　M－c　pair　at973K．

Parameters　used　jn　the　ca1cuIat三〇n　are　also　shown　in

the　tab二e．The　largest　effec言to　reduce　the　chmbing

ve1ocity　was　obta三刻ed　by　the　Mo－C　pair　and　the

order　of　the　magη1雀ude　by　each　M－C　pa1r　explains

very　we11thc　effect　of　aHoy三ng　e正emeηt　on　the

m1n｛mumcreepratein　Fig．三，whilethee脆ctofeach
so－ute　elemen雀M（v≡、e／vM）is　far　sma1ler　than　that　of

M－C　atomic　pair．From　these　resuIts，三t　is　conc～ded

that　the　min1mum　creep　rate　of　Fe－M－C（M＝Mo，

Mn，Cr）aHoys　…s　controHed　by　the　三nteraction

between　M－C　atomic　paiξs　and　dis1ocations－

Xeyw帆ds：heat　resist＆打t　ferritic　steels，inherent

creep　strength，the　miη1mum　creep　rate，M－C　a迂om1c

pa1rs，dislocation　climbing　velocity
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Boundary　Segregatior1

〃．0ηo加アααη6G．τ〃，Co閉ρ〃o肋ηo1〃o胞r主o13

8Cた〃Cθ　D加なf0〃

［April1997to　March2000］

兵

○

忘
曽

魚8
』

り

．ユ

．Ol

．001

．OO01

．0000ユ

、OOOOO至

at973田10MPa　　　　　　　　　　　o

　　　　　　　　　　　　　　　　　　　　　　　　　　　□

　　　　　　　　　　　　　　　　　　　　　　　　○　　　口

国

血　　o　　●

　　o　o

o　Fe－O．1Cr－O

口Fe－O．至Mn－O．02C
▲Fe－O．lMo－0．02C
o　Fe－O，O至C

＾　　ム　　　＾＾

＾＾

一G王　　　　　ユ　　　　　　1　　　　　　王0　　　　　100　　　　1000

　　　　　　　　　　　　　　　Time／11

ηgure1τわe　creeρra士e一打me　cu〃es　for　Fe－0，01af％C　aηd

’＝’e－0．1af％〃一0．02af％C　‘〃＝〃o，　Mη　aηd　Cり　a〃oys　af

973κaηd10ル〃⊃a、

The　mechanical　properties　of　mater1als　are　often

lim三ted芝o芝heco．hesion　ofgrain　bouηdaries．Bec測se

the　streng芝h　of　grain　bo汕ndar三es　is　affected　by　the

in雀ergranular　segregatio訂of　impur1ties，mechanica1

properties　have　been　optimized　by　the　control　of

segregation　based　on　the　thermodynamics一；ncreas－

ing　demands　on　mechanical　properties　in　ncw　tech－

noIogies　require　a　prec…se　contr〇三　〇f　the　gra三n

boundary　str汕c芝ure－　Recent正y　it　has　been　reported

that　a　minute　content　of　sodium（Na）（…ess　than

latpPm）can　cause　intergramlar　embritt1emen辻in

A1－Mga11oysaswe三1ashydrogen（H）whichisawell
known　inteすg夏anu－ar　embritt…emen言enhancer　in　alu－

minum（AL）a1Ioys．Na　is　a　simp1e　metal　which　can

be　described　by　the　free　elec芝ron　model．Thus，室he

target　oftbe　present　study　is芝o　c1arify　the　reason　for

the　N＆　invoIved　1ntergramlar　embζ肚Ieme打t　by

examin1ng　the　cffect　of　a1ka11ne　mctals　impurit1es

such　as　Na　and　ka1ium（K）onをhe　elcctronic　struc－

tuξe　at　the　grain　bou列dary．
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　　　The◎Mol　method　wh1ch　is　a£irst－principle

numerica玉metbod£or　solving　the1ocal　density　func－

tional　equations　w1盲hi打c三us辻er　modeI　is齪sed辻o

calculatetheelec打onicstructures　of沽ec～s辻ers　wi辻h

and　without三mpurity　segregat1ons．　At　firs辻，＆

molecu1ar　dynamics　s1mulation　is　performed　芝o

obt＆in　a　reiaxed　structure　of　tiヨ雀gra…n　boundaries　of

pure　Alもy　using　the　Fimes－Sinc1air’s　many－body

potentiaI。γhe　impurity　atom　ofNa　or　K　is　p互aced

at雀he　point　having　the　widest　space　in　the　relaxed

grain　boundary．The　impurity　atom　and　Al　atoms

aζound　i辻£orm　the　c…も1s辻er£orthee－ectro訂三c　struct靱re

calculation．Fromtheeigenf㎜ct1onsobtaiηedse昨

consistent1y，we　evaIu銚e芝he　over三ap　integra！s　and

hence　the　overlap　popu三ation　between　Al　atoms　a列d

between　AI　and　impurity　atoms．

　　　Forall　typesofgrain　boundarystructures，Σ5，Σ7

andΣH，investiga芝ed…列芝his　study，the　cohes1ve

energy　becomes　smaller　whe列Na　or　K　is　placed　in芝o

thecius雀er，indicat…ngthat辻hecohesio訂ofthecluster

is　weakened　by　Na　and　K　atoms，For　evaluating　the

bo打d　strength　be芝ween　Al　atoms，we　havecalcu1ated

the　change　of　the　overlap　Popul＆tio訂s　be芝ween　the

Al　atom　neares辻to　theimpurity　atom　a1〕d｛eo盲he茱．

Al　a芝oms　when　the　impur1室y　atom　is　p正aced　into　the

cIusteξ．γhe　over1ap　pop汕三at1on　of　A1atoms　near

芝he…mpurity　atom　decreases　by　Na　and　K　impurity

atoms　as　shown　in　Fig．丘．㌘rom　these　res靱1言s　wecan

conc～de　that　a　segreg＆tion　of　N＆or　K　impurity

atom辻o辻he　grain　boundaries　of　pure　Al　causes　a

redistributio到of　electron　charge　density　result三ng　in

the　weakening　o£芝he　bond　between　A1atoms．

Keywords：intergranu1ar　emもrit芝1emen芝、＆lumi列um

al1oys，sodium，ka正ium，electron…c　strし一cture，cohes…ve

energy，over－ap　Popu…ations
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afoms加aΣ5f〃f　gra加bouηda’γdue　fo　aκ〃nρurκy　a亡om・

Rese＆rches　with　a　view　of　develop三ng　new　evalua一

芝io訂technologies　of　ma雀e1’ials　s芝すength芝hrough　the

汕tjlization　Of　the　materials　sc…en芝if…c　databases　are

bei訂g　conducted．　The　emp1rical　sys言emat1za雀ion

approach　based　on　the　combining　the　scientific

understanding　wi凶芝he　empirica…one　for　rnater三aI

s㈱ngthwass㏄㏄ssfuけorthedeve1opmentofthe
fat19ue脳epredictio…1p11ocedし…1’e　in　manyheattrea芝一

ed　structし王ral　s芝eels，wh三c11constmcts　the　new　empiri－

ca…eq訂at…ons　re…ated　to　the　character…zed　iteぎns　Of

m銚eri＆1s　by　using　the　extractedδata　se芝術om　the

factual　database．

τo　apP至y　this　system銚ization　apProacも　for　other

materi＆1s　properties　and　to　use　more　ef£…cieηtly　other

materials　in£o1’ma芝ions，we　are　deve1op｛ng

the　pro辻o芝ype　of　new鐵niξ｛cation　sys辻em　ut…1izing　a

networking　environmen芝and　treating　ma列y　diffeζent

type　ofma芝eriaIs　scien芝ific　database，which　are…ocat－

ed　on　many　different　sites　bourld　with　a　network

system　such　an　lNTεRNET．

　　　The　developed　system，DIMNET（now　only
usabIe　in　japanese　vers…on）wiU　be　soon　access…b－e

ror　s㎝1e1imited　in芝ernet　users　through　WWW　brow－

ser　such　as　NETSCAPE．
　　　F…gure…11ustrates　th　e　access　i　m　age　fo　r　th…s　systern

を11rough　lNTgRNET．
　　　The　system銚ization　approach　using　th…s　system1s

a1so　be1訂g　cond訂c芝ed　for　the　t1me－dependen辻cξeep

rupture　properties£or　heat　resisted　s雀ee1s．

　　　This　research　isもeing　Performed　in　coHaborat…on

w…芝…1FU挑RεSEARCH　INSγITUTE　CORPORA－
TION．

Keywords：mater…als　properties　predic芝io訂，
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20　Mode1ing　and　Simulation　for冊e　Predic－
tion　of　l、’■aterial　Strength

”．　　Wf乃θ之　　1（．　　”03乃fη10τ0　　α〃6　　”．　　8αんα〃つ0サ0

C0仰〃〃0ηα1〃ατθ1〃8C’ε〃Cθ〃洲0〃

8．〃α舳0んαα〃K．〃γα々〃ατ加∫舵ηψαη∂

ム搾小α／〃〃0〃Rθ3鮒C乃8伽’0〃

［Apri11995to　M肌ch1998］

The　coordinated　research　program　of　the　Science

and　Techno1ogy　Agency（STA）to　deve1op　the　vir－

tua1exeperimenta1technologies　for　the　materia1

design　was　carried　out　from　Apri11995．　This

research　program　aimed　to　promote　the
computationa1material　sciencc　of　Japan　and　to

deve1op　the　new　material　design　technologythrough

the　realization　of　a　virtual　exeperiment　system－In

this　rescach　program，the　fol1owing　three　different

phase　of　studies　were　conducted　to　deve1op　the

mode1ing　and／or　simu1ation　method　for　the　predic－

tion　ofmateria1s　strength．

L　Development　of　nano－scopic　materia1eva1uation

method

　　　This　aimed　to　develop　the　simu1ation　method

such　as　the　nano－indentation　tests　using　AFM　of

u1tra－thin　atomic　layers　appIied　for　semi－conductors

products．　1n　this　study，the　ca1cu1ation　codes，based

on　the　molecu1ar　dynamics　and　FEM　respective1y，

werc　new－y　deve1oped　and　the　resu1ts　calcu1ated　by

using　these　codes　shows　a　good　agreement　with　that

of　expeiments，

2，Development　of　meso－scopic　materia1eva1uation

method

　　　This　aimed　to　develop　the　meso－scopic　simula－

tion　method　using　the　continuum　mechanics　such　as

FEM　and　to　analyze　the　microscopic　deformation　of

poly－crysta1ine　material．Figure　shows　the　resu1ts　of

simulation　and　experiment．It　was　found　from　this

figure　that　the　strain　distribution　within　a　grain　was

caused　by　the　emect　ofconstraint　from　neighboring

grains　and　that　ofthe　crysta11ographic　orientation　of

eachgrain．

3－Deve1opment　of　virtua1consulting　expert　system

　　　This　aimed　to　develop　the　expert　system　which

offer　a　most　suitab1e　design　too1s　for　reseachers　and／

or　matcria1s　designers　in　the　field　of　materia1design

as　the　numerical　values，texts，1ogica1equations　and

caIcu1ation　programs．In　this　study，for　this　purpose，

some　sub　systems　were　newly　developed　such　as　the

vague　reference　system，METIS　system，which　makes

a　summary　ofpapers　automatica11y　and　offers　that　to

user，and　KE　system　to　trans1ate　the　natura1human

language　to　the　computer　automatica11y．

Keywo了ds：mode1ing，simulation，materia1eva1ua－

tion，expert　system
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21　A　Computer．Simulation　Study　of冊e　P1as－

tic　Deformation　of　Crystals

κ．κ〃〃〃oれCo仰舳foηα1〃ατθ肋18∫cfθηcθ

1）加むfoη

［April1997to　March2000］

With　use　ofcomputer　simu1ations，the　present　study

aims　to　e1ucidate　how　the　microscopic　forces　and

displacements　of　atoms　deve1op　into　a　macroscopic

p1astic　deformation．We　made　a　simu1ator　by　which

we　carry　out　molecular－dynamics　simulations　of

tensi1e　tests　for　metals　with　simp1e　crystaI　structures．

Both　the　classical　two－body　interatomic　potcntials

and　the　many－body五ノ〃（embedded　atom　modeI）

potentials　are　app1ied　for　the　construction　of　samp1e

crysta1s－　Corresponding　to　each　potentia1，the

mo1ecu1ar－dynamics　simlation　was　performed　at

room　temperature　without　periodic　boundary　condi－

tions．　The　size　of　the　samples　was20x20x40in

units　of　the　lattice　parameter．

　　　Tensile　tests　forα一ハθsinglecrysta1s，having＜OOI〉

axis　para1le1to　the　tensile　axis，were　done　and　the

resu1ts　are　as　foHowsI　In　case　of　samp1es　without　a

notch，a　phase　transformation　from　a　bcc　to　an　fcc

structure　took　p1ace．A1though　a　similar　phenome－

non　has　been　reported　to　occur　for　rea1〃metal

with　bcc　structure，there　is　until　now　no　report　that

the　rea1α一〃makes　such　reverse－martensitic　trans－

formation　under　applied　stress－So　the　present　result

may　be　attributed　to　the　nature　of　the　interatomic

potentials　or　the　size　effect　of　the　samp1es，in　which

the　contribution　ofsurface　atoms　to　the　total　energy

of　the　system　is　considered　to　be　not　neg1igible．1n

any　case，definite　explanation　for　the　present　resu1t　is

not　made　at　moment．We　are　now　making　Prepara－

tions　for　tensile　tests　using　much1arger　samp1es　than

the　ones　used　in　the　present　study．　In　case　of　speci＿

mens　with　a　notch，p1astic　deformation　init1ated　at

around　the　notch　took　place．　In　this　case　the　silp

system　was｛110｝〈1I　l〉．A1so　the　notch　b1unting　was

observed．The　blunting　region　was　more　noticeable

for　samp1es　with1arger　cross　sectiona1area－

　　　Al1oftheaboveresultsdidn’tdepend　on　thetype

of　the　potentia1s　used　here．　This　suggests　that　the

Caucy　force，which　is　exact1y　taken　into　considera－

tion　in　thecaseofthemany－bodypotential，does　not

change　the　deformation　mechanism　of　meta1s　with
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simple　crysta－logぎaph1cai　struc辻ures　as　used　in　the

presen辻stし一dy－

Keywords：p1astic　deformat三〇n，atomistic　mode1，

mole㎝lar－dynamics，α一ハθ

22　1，1ew　Phenomena　iη　∪1竹a冊in　Magnetic

I＝iIms　a11d　IVlu1tilayer　Systems

X、舳Colημ伽fo〃α1〃肋1伽18〃洲o〃
［Apri11997to　March2000］

The　phenomenon　of　sp1n　reor三en燃io列in靱三trathin

magnet三c　fi－ms　is　investigated．　A　micromagnetic

theory三s　presented　which　reveals　the　competit1on

between　the　in－plane　shape　a訂三sotropy　andセhe　per－

pend三cu1＆r　surface　anisotropy　through　　a　f…nite

exchange　s芝iffness．For　sma11suすface　anisotropy，two

c㎝tim㎝s言ransiti㎝sins｛or1entati㎝areder－
ived　as　the　mm　thickness　is　incζeased：fi1・sげrom　the

uniform，mすmaI　configuration　to　a　non－uniform，

canting　configuration，　a1，d　then　to　the　uniform，

in－p1＆ne　conデiguration．This芝わeoretica正resu－t　is…n

good　agreemeηt　w1th　exper1menta…observ＆tions．

For　large　surf＆ce　aniso校opy，三芝　…s　derived　theoreti－

cauy　that　oη呈y　the　fiぎst　sp…n　reor…en芝ation　occurs　and

言he　non－uniform，canting　config汕ration　rema1莉s　sta－

ble　even　at　large出ickness1im…t．The　critical　value

of　the　suすface　anisotropy　is　derived　to　be　the　squaすe

l．oot　of　the　product　between　the　shape　anisotropy

and　the　exchange　sti£fness．From　the　good　agree－

meηt　between　the　sc＆1ed　resu1ts　ofthe　discrete　modcl

and芝he　results　of　the　con吉inuum　model，it　is　con－

cluded　that　the　con迂inuum　approach…s　app1icable　to

magnetic　f1lms　as　thin　as　of　several　atomic　iayers．

The　sca…ing　re…ation　is　expected　to　provide　a　upified

way£or　plotting　experimental　resuIts　on　sp1n　reor－

ientat1on　transitions　in　var三〇us　magnet1c　films．

Keywords：ultrathin　magnetic　film，　surface
anisotropy，　spin－reorienta辻ion　transition，　mi－

CrOmagnetiCS
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伽蜘κ乃8伽’o〃，〃o〃α他3θoκ乃αητθ■伽
8舳α〃α／〃ατθ肋ゐ

工April1997to　March2002コ

The　project　a1ms　at　the　esta舳shme訂t　of　iong　term

standard　re£erence　data　on　the　fundamentaけ室tigue

propert｛es　of』apanese　engineering　materials　most

commonIy　used　foξmachines　and　structures　under

fat｛9ue　coηditions．

　　　Since1975，NRlM　hasestab11shed　standard　data

base　of　corlveηtjona』　fatjgue　pぎoper言jes　of　varj01」s

meta1s　and　their　weldedjoints＆nd　publ1shed83data
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sheets　and正6technica三documents．　In　the　docu－

ments，．fatigue£act　data　of　various　metaIs，their

re正ationships　with　basic　mechanical　properties　such

as　elasticity，the　fracture　mechan1sm＆nd　so　on　were

summarized　and　described　under　fundamenta正…nves＿

辻igations　on£atigue　phenomena，

　　　Recently　the　life　o£machines　and　cons紋uc圭io訂s

has　been　strong互y　required　to　be　eIonga辻ed　from　the

ecolog1ca1and　economica三points　of　v1ew．Accord一

…ng　to　the　c1assica玉theory　of　fatigue，many　of　stee1s

have　their　fatigue　Iimit　and　there　is　no　pぎob1em　for

any1o罰ger　time　ifthey　wi11be　used　bdow　the　fat1gue

limit．　Howeve1．it　has　bee訂pointed　out　tha言辻he

f盆tigue　－in1it　decreases　again　fOr　10nger　use，　fo「

instance　at　more　than　IOm　cycles．Then　we　wi豆1start

again　the　production　of1ong　term　stand盆rd　reference

d盆ta　even　with　some　technicaI　di£f1cu1ties．

　　　In　this　new　project，（1）farigue　data　of　high

strength　steds£or　machine　at　more　than1010cycles，

（2）£a辻igue　d銚a　of　heat　res…stiηg　steels　from　low　to

high　cycle　fat三gue　regions　しlnder　contro1三ed　st一’ain，

（3）fatigue　da辻a　of　titanium　a－loys　for　up　to　Iong

term口se　and（4）fatigue　d貝ta　of　welded　joints　for　b19

constructions　considering　res…dua…we1diηg　stress

wiH　be　produced　and　publ…shed　as　data　sheets．1n

addhion，in　each　category　o£data　product三〇n　bas…c

researches　on　fracture　mechanism　of　me辻al　due　to

fatiguefrom　themicro　and　macro　points　ofview＆nd

development　o£new　evalua芝ion　methods　wil1be
carried　out．

　　　ne　data　sheet　project　of　NRIM　has　a　program－

ming　system　for　deciding　ma辻erials　and　tes迂ing

methods　in　order　data　to　be　wide－y　used，A　commit－

tee，members　of｛e　which　are　selected　from　eng1neer

and／oすresearchcrs　of　typ三cal　stee1ma廷ing　and　fa－

bricating　compan三es，is　organized　and　discusses　the

testing　Program　wi迂h　NRIM．

　　　ln1997，a　new　committee　was　organized　and

discussed　a　new　testing　Pmgram　for　long　term

fa辻igue　da吉a　sheet．According　to　the　decision，candi－

date　materials　for　the　program（1）was　se亘ected，

middle　carbon　steei　jlS　S40C，｝ow　aHoyed　stee玉s」IS

SNCM439and　SCM440，steel　for　spring　JIS　SUP7，

stee三for　bearing　J1S　SUJ2and　stai1－1ess　steeIs』IS

SUS403and　SUS631．　The　starting　materia1was
se1ected　jIS　SUP7＆nd　tes辻ing　began　to　be　conduct－

ed．　Candida辻e　materials　for　the　project（2）we肥

seiected　JlS　SB480，JIS　SBV2，A4708，A387Gξ．l　l，

A387Gr．22ヨMod．9Cr－lMo，sta1訂1ess　steels　SUS403，

SUS316and　SUS316FR，new　heat　resis芝a打t　steeIs

NCF800，NF616and　HCM三2A，The　starting　mate－

ria1s　wereselected　NF616隻nd　HCM12A．Candidate
materials　For　the　program（3）were　se夏ected　indus言rial

pure　ti迂an1um挑S－2，Ti－5A1－2－5Sn　al1oy，T1－6A至一4V

a11oy，its　Eli　a11oy，Ti－15V－3Al－3Cr－3Sn　a1－oy　and

IMi834a1ioy．The　starting　material　was　decided

Ti－6A正一4V　a1Ioy，and　both　high　cyc1e　and　low　cycIe

tests　weぎe　started，Candidate　materia正s　fo〔he　pすo－

gram（4）were　seiected　strucωra正s辻eels洲S　SS400，

SM490B，SM570Q，and　Hη90and　J1s　A5083－O
a正uminum　a1loy．The　starting　materia正was　dec三ded

SM590Q　steel．we1ded　small　rib　cross　joint　and

we1ded…arge　cross　joyint　of　slit芭ype　were　prepared

and　their　fatiguetests　are　now　being　conducted．

Keywords：fatigue　properties，standa…’d　reference

data，stee1，alulη；nun1aHoy，titanium　aHoy
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［Ap－1il1996to　March2001コ

Themajorobjec芝ivesoftheNRlMCreepD銚＆Sheet
Project　are　to　produce　long－te11mα’eep　and　ruptu11e

d＆セ＆up　to　n玉ore　than　105hrs　foζheat　resistant　steeKs

and　a三1oys，which　are　produced　in』ap．an，and　to

pub11sh芝he　data　as　a　ser1es　ofNRlM　Dat弓Shee辻s，

7h三s　project　has　been　cont…莉ued　since　1966and　the

seすies　oFNR三M　Data　Shee芭s　have　been　distributed

not　on1y　in』apan　but　also　in　abroad－　In　fiscal　year

丘997，wc　pub三ished　three　shcets　listed　in　the　Tab1e．

　　　Among　ofthese　issues，both19B　and　lOB　are　the

rina1veξsions＆ηd　very　va至汕able　data　s…1eets　due　to

creep　，’up言ure　stre打gth　data　more　than　100，000　hrs－

The　data　sheet　No．198is　of　C妻．一Mo£errit…c　steeI

widely　used…n　heat　excbanger　and　boi－e1’and　con一

雀ains　long－tern－creep　rupture　data汕p　to130，000hrs，

tables　of　creep　rupt服e　prope1’ty，typica正micros－

trじct汕res　of　fractured　stee至s，　resu1ts　of　statisticaI

anaiysis　of　creep　rupture　data　and　so　on，The　data

s針eet　No．45is　ofs辻ain1ess　steel　SUS316＿HP，recen芝＿

…y　developed　attracting　I－otice　and　conta…ns　creep

rupture　data　up　to　50，000　hrs　and　properties　o£

as－received　spec…men．　γhe　data　sheet　No．lOB　is　oε

heat　res1st1ng　s芝eel　b＆r　JlS　SUH616－B　fo…’芝urbine

blade．it　con辻ains1ong－term　creep　rupωre　stength

data　up芝o170，000hrs，long－term　creep　stra1n　data

up雀o　I60，O00hrs，芝＆b至es　of　creep　rじpture　proper辻y，

tab1eso£creepProper芝y，typica1structures，resuhsoF

statistica三analysis　of　creep　r靱pture　d磁a　and　so　on。
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Table∫ummary　of～RlM　Dafa∫わee士s加打∫ca’year1997

Materia…s Number 玉SSued

9Cr－lMo　steeいubes　and　steel　p1ates

£or　l〕o　i　lers　a　n　d　l］eat　exch　an　gers 19B September30．1997
（STBA26）

Hot　rolled　18Cr－20Ni－Mo－middle

N－1ow　C　stainless　steel　plates 45 September30．1997
（SUS316一冊）

Heat　resisting　12Cr■Mo－lW－O．3V
stee18a　rs　fo　r　t　u　rb　i11e　b1ad　es 10B Marcb31．1998
（SUH616－8）

　　　1n　paraHe1with　the　芝est三列g　and　pub豆icat…on

program，we針ave　done　researches　on　iong　term

creep＆ndrupturebehaviorofheat－resistantsteels
and　a1；oys－

　　　On　the　b＆sis　o〔訂herent　creep　strength　concept，

creep　rupture　test　resu…ts　of　high　sセrength　g　to12Cr

ferr…tic　steel　were　analyzed．Stee王s，wわjch　have　more

stable　micros芝ructure　at　h三gher　temperature　and　ion－

geぎuse　revealed　s言ronger　creep　rupture　propety　w…th

respect　to　long　creep　behavior．

　　　Creep　defomation　beh＆vior　of　a2．25Cr－lMo

stee1，which　was　used　in　a　practica1p1ant£or　about

200，000hrs，were　invest｛gated、　γhe　cすeep　rupture

strength　of　this　used　steel　is｛nferior　to　thaセof　new

steeL　And　the　decrease　rate　w舳time　of　creep　rate

（一dlogε／d1・gt）1nth・t・a・si・nt・eg1o・ofth・used

stee1was　smaller　and　showed　cons辻ant　va1ue　with

respecま辻o　stress－It　was　cIeared　tha雀these　behav｛oτs

c；oseIy　re1ate　with　decrease　in　d三slocat三0D　density

during　long　use．

　　　Change　in　chemica1compos三tion　and　morphol－

ogy　ofσphase，which　is辻he　major　precip主tation　at

gra1n　bouηdary　formed　iη；ong　cre即tested　SUS304

austenitic　sta…n1ess　steei　were　investigated．At700．C，

the　nose　tempera芝ure　of　pecipitat三〇n，σPhase　grew

aIong　grain　boundary　and　Cr　condenseδw｛辻h　time

while　Fecontent　decreased　and　N1content　did　not

change．

Keywords：long－term　creep，creep　rupωre，stress

relaxat｛on，microstructural　evoiution

25　　Re‘ationships　befween　l＝a加9ue　Behavior

a柚γ1≡MStructureofTitaniumAlloys

τ．καf舳舳，〃θc々伽f6α／〃oρε〃θ31）舳joη

［Apr1l1997to　March1999］

The　dis夏ocation　arrangement　introduced　in　a1um三一

num，copper　and　iron　by　fatigueもas　been　studied　by

a　mmもer　ofworkers　us1ng　TEM芝echnigues．（1－5）

　　　There　is　generaI　agreemen吉雀hat　fatigue　modarate

stresses　resu1t　in　a　widespread　formation　of　sub一

grains．　Sega11reported　that　if　the　stress　was　suffi－

cientiy1ow，no　subgra…n　format三〇n　was　observed　but

that　disloca吉ions　existed　in　patches　with　a　rather

1arge　cocentra辻ion　if　dis1ocation豆oops　being　Present．

　　　The　change　ofthe　width　or　area　ofthe　hysteresis

1oop　during　the　fatigue　testing　o£materia1s　at　con－

stant　stress　amp玉itude　is　taken　usually　as　a　measure

of　dynam1cal　changes　in　mechanica1propert1cs．By

test…ng　at　stress　amplitudes　h…gher　than　the　y…eld

stress　of　amea－ed　materials，fa吉igue　harden三ng　only

takes　p1ace　in　a1正oys　as　we11as　pure　meta］s（decrease

1n　the　width　of　hysteresis1oop）．While　at　stress

amp1itudes　lower　than芝he　yie1d　stress　of　coid－

worked　mater1a－s，fatigue　so肚ening　occ服s．Detai1s

offaξigue　so行ening　behav｛or　have　been　repcrted　for

the　ma芝erials　such　as　a1um三num（3），copper（4）and

…ron（5）．

　　　The　a三m　of　this　work　is芝o　reveal　the　mechanisms

of　fatigue　so耐ening　and　hardening　behavior　oftita－

nium　a1三〇ys（hcp，bcc　structure），fcc　metals（copPeζ，

nicke！，304sta｛nless　steel）and　bcc　me辻a1s（iron，mid

stee1，mo1ybdenum，niob三um）in　connection　with　the

characteristics　of　crysta】structures，using　transmis－

sion　electron　microscope（TEM）．

1．Fatigue　behav三〇r　of　bcc　metals

　　　We　examined　fatigue　so欣ening　and　hardeni㎎

behaviors　using　Ti－3A1－8V－6Cr－4Mo－4Zr　a11oy（β一

type芝itanium　a11oy）and　mid　stee至（Fe－O，2C）．A1so

we　examined芝he　stress　ratio（R二1，R＝O．I）depen－

denceo£fatigueso針eningandfatiguehardeni㎎
bebavjOrs．

　　　The　experiments　for　the　fatigue　so鮒ening　and

針arden…ng　Phenomena　were　carried　out　on　work－

hardened　and　ameaIed　m＆teria1s，respect｛ve1y．

　　　In£atigue　ofthe　work－hardened　ma芝eria1s　under

R二＿］　stress　ratio，　the　fa室igue　so耐ening　existed

typ…cal1y｛n芝he　m三1d　stee1，but　hardly三n芝heβ＿type

t…tanium　aI三〇y．

　　　Under　R二0」stress　rat｛o，no£at｛9ue　soRening

existed　in　both　materia1s．

　　　三n　fatigue　of＆mealed　materials　underboth　s㈱ss

ratios，the　fatigue　hardening　existed芝ypicaily｛n芝he

mild　steeI，but　hard至y　in　theβ一type　titan1um　a1－oy．

2．　Fatigue　behavior　of　fcc　meta1s
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　　　We　examined　fatig汕e　so耐eni㎎and　haぎden1ng

behavior　using　pure　nickel　and304sセain］ess　steeヨ．

　　　ln　fatigue　ofthe　wo吹一hardened　materia君s　under

R二一一　stress　ra辻io，　the　£a芝igue　so汽eη…ng　existed

typical1y　in　pure　訂三ckeI，but　did　not　exis雀　三訂　304

stainless　stee1．

　　　Unde…．R二0．1stress　ra辻io，noe　fatigue　so耐ening

existed　i1－bo芭hτna雀erials．

　　　In　fatig固e　o£annealed　mater1a－s　underboth　stress

ra雀ios，芝he　fat…9ue　h塁rdening　existed　typicaHy…n　both

mater1alS．

3．Tra到smissi㎝e1ectr㎝microscopics舳cωre

　　　亘n　TEM　obse…．va芝ion，the　s舳c言ure　of　fati騨e

so陀ning　in　mild　stee1and　puすe　nickel　was　s靱bgl’ain

£O　rm　at　i　O　n．

　　　三n　the　TEM　struc芝ure　offat1gue　h＆rdening　under

R二一1stress　ratio　in　mild　stee…and　puすe　n1cke1，銚

1ow　s辻ξess　amp1iωde　the　loop　patc針s£orma芝ion　was

observed，bu辻at　high　stress　amplitude　the　subgrain

£orma雀ion　was　oもserved．

keywords：β一type　tianium　alloy，m1ld　stee1，pure

nic失el，304stainless　steel，TEM　structure，£atigue

sof圭ening，£atigue　haぎden…ng，stress　ratio　depende列ce
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26　　Fatigue　S廿ength　in　a

ment
Corrosive　1…nviron一

ed　fatigue　crack　propaga辻es　over　two　successive

stages－stage　l（shear　mode）and　stage　H　（norma1

mode）．

　　　To1mprove　the　resistance　to　corrosion　fatigue

crac良ing　which1s　sens1tive　to　m1cros辻ructures，we

must　c1ar1fy　first；｛e　mec針anisms　oFhow　corrosive

e訂vironments　assist　fat19ue　damages　iη芝he　processes

such　asτnicrostructure－seηsi芝ive　stage　I　crack　il－itia－

tion　and芝rans…tio列o£fat三gue　crack　growth　from

s辻age　l　to　s言age　H－The　present　work　was　concemed

w1言h　determ1ning　the　crysta…lography　of　cydic　defol・一

mation　of三ron　s1ngle　crystals　and　age－hardenable

Al－2wt％Li　alioy．

　　　γhe　spec…mens　o£a　g洲ge　section　of2．0mm　in

tbickness×4，0mm1n　width　×6，0mm　in　length，

or1en芝ed£ortwo£oldsl1pde£ormat1on　weξecutfrom

a　s針eet　oF　sing…e　crysta三s　oデ…ro訂．　γhe　axis　of　the

spec1men　was　c…ose芝o［O13］．A　closed　loop　servohy－

d…．aulic　mach…鐵e　was　used　under　grip　dis芝＆nce　con－

trol－Thc’g…1ip　distance　was　measured　by　a　S川M－

AZU　d㈹erent1a至traηs£ormer．　The　to雀＆1搬ain

means｛e　relat1ve　d1splacement　ofthe　grips　divided

by　thegauge1ength　of芝he　specimen．　Fatigue　tests

were　carried　o縢t　in　air　and　in　a3．5pct　NaCヨaqueous

solu芝ion　at　a　cathodic　potential　of－1．正V　against

Ag／Agc1韮．e£ere訂ce　electrode　at295±lK，using　a

sinusoidal　wave　w…th　aぎreq靱ency　of　lHz，a　load

・・tioof－1，・・d・tot・1・t・・i・・£5×lO－3．Sp・・i－

mens　were　immersed　in　a3．5pct　N＆C1aqueous

so1ution£or86－4ksatacathodicpotentia－of－1．lV
against　Ag／Agcl　before　be1ηg　fat1gued．The　inter一

£erence　op辻icai　n1icroscopy　of　s蔓ip　band　conf…9u…．a－

t…on　on芝he　sur£ace　of（03一）showeδthat　hydrogen－

re1ated　environn，ents　afFect芝he　dislocation　distri…〕u＿

t1on　ofsing正e　crystal　i1．on　The　present　resuk　seems芝o

correspond　with　the　observation　of　h…ghly　dense

dislocations　of　hydrogeη一charged　Fe－3，5pct，Si　s…ng1e

CrySta1S．

　　　γhe　experilncηta葦　ζesu1t　that　tbe　transi辻ion　of

fatigue　cξack　growth　from　stage　I　to　stage　I…is

acce…erated　in　a　hydrogeη一related　ewironment　was

discussed…n　terms　of針ydrogen　induced　d｛slocat…on

multiplication　nearacrack辻ip．Themicros辻ructures

less　susceptible　to　environme1煎a1dam＆ges　was

exami到ed，using＆n　age－hardened　A三一2wt％Li　a1三〇y．

Keywords：stag　I　and　H　crack　init｛ation，e列viron－

me1煎al　dam＆ge，fatigue鮒ength

沢．肋〃伽0，〃θC加〃ω／〃0μ〃θ∫〃洲0〃

［Apr1l1997to　March2000コ

Fatigue　c…．ack　…s　nucleated　a三〇ng　persistence　s1三p

もands，persis吉ent　Luders　bands（PLBs），or　a辻grain

もound＆ries　where　s…ip　bands　imp1nge．The　nuc1eat一

27　　一三ffect　of　Cryog⑧nicT跳npe7ature　and　Gas－

environmen11　on　　Defo附na11ion　　and　　rracture
8e11aViOr

τ．　0g〃α　α〃∂　τ．　γ〃’え　〃θc乃α〃cα／　〃oμ’吻θ3

1）加な’0η
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［April1996to　March1999］

To　promo吉e　the＆ppl…cation　of　clean　eηergy　a列d

sp…t・・㎞・1・gy，th・・・…p・・j・・ts・F・㎝・t・・cti㎎

la・gescalefaci1it1・s芝ot・a・spo・ta・dsto・e1iquid

hydrogen，　It三s　very　important　to　eva－ua辻e　the

mechanical　propert三es　oF　the　materials　including

we豆d　me辻als　to　keep　the　reiiab11ity　of　iarge　sc＆ie

structuresusedatcryogenic辻emperaturesand1n
hydrogen　gas　environment．1t　is　required芝o　compre－

hend　the　mechanica1properties　such　as　cont三nuous

data　offracture芝ou曲ness　from　room　temperatureto

11quidhe1iumtemperature，andtheclar1ficationof
effects　of　hydrogen－g＆s　e訂vironment　at　low　tempeτa－

tじres　on　deforma吉ion　and£racture　behavior　ofstruc－

tural　materials£or芝he　des三gn　ofstr汕c芝ure　and　se1ec－

t三〇n　of　materials．　Especia1－y，hydrogen　embすitt…e－

menta芝1owtemperatures1nthelargescalestruct服es

of　stainiess　s辻ee1s　is　aη1mportant　subject．1n洲s

study，we　are　going　to　es芝ab…ish　the　testiηg　techniq鵬

of芝ensile，impac芝propert｛es，and　fracture芝oughness

to　evaluate　the　effects　of　low　temperature＆nd　gas

㎝vi1．onm㎝t　from　room　temperature　to　liqu地

he1三um　temperature，aηd　investigate辻he　efFects　of

microstructureヨ9rain　size，δferrite，and　hydroge訂

gas　environment　on　tensile，impac芝，£atigue　prop－

erties，and　fracture　toughness　of　austenitic　stainless

steels　from　room　temperature　to　cryogenic　tempeζa一

ωre．In　I997，we　have　carr…ed　ou芝hi的cycle　fatigue

tests　ofもase　and　weld　metals　of　SUS304L　and

SUS316L　in　oτderto　eva～ate　the1ong－liie　reliabi1…ty

of　the　structほraI　materia1s　and　the　e妬ects　of　we1ding

structure　and　δferrite　o訂　the　fatigue　properties　at

cryogenic　temperat腋es．The　S－N　curves　of…〕ase　and

we豆d　me芝a1s　sh愉ed　to　h1gher　stress　or1onger11fe　side

with　a　decτe＆se　in　tesいemperaをure．　Tbe　ra芝io　oε

£atigue　strength　at　one　miUio刻cycles　to芝ensile

strength　of　the　weld　metaIs　were0．35to　O．7and

getting　lower　than　those　of　base　meta1s　w舳decreas－

ing　temperature．　　ドatigue　crack　i訂三言iation　site　of

SUS304L　we1d　metais　initiated　a1most　at　b1ow　ho1es

of　approx三mately200～700μm　diameter，＆nd　tha丈of

SUS316Lweldmetalsinit｛atedatav三rma1crack．A
v1rtual　crack　of　SUS3三6L　weld　meωwas　caused　by

carbides　of　M23c6ヨa訂d　A1／M打ox1des，which　were

Formed　at　we1d　pass　interface　boundary　during

we1ding．　The　decrease三n　fatigue　strength　at　one

mi1lion　cycles　at　cryoge訂1c　temperatures　was　due　to

very　sma1呈we1ding　defects　and　a　virtual　crack．

Althoughδferr三芝e　red汕ces　toughness　at　cζyogen…c

temperaξures，the　effects　ofδferrite　on　high　cyc王e

£a辻igue　proper芝ies　are　not　c至ear　or　significant．

　　　We　also　performed　detail　evaluat1㎝of　fracture

toughness　oF　each　part　of　we1d　joints　of　SOS304L

and　SUS316L　using　a　newIy　deve1oped　fracture

toughness　eva1uat三〇n　method　by　round　bar　with

circumfe汀entia…notch．Fract服e　toughness　of　weld

metal　at4K　decreased　significant1y　with　an　increase

oFδferri言e　content　comp＆red　to辻he　toughness　of

base　meta1．Fracture　sur£ace　of三0呪δferrite　we1d

metals　appeared　a　brittヨe　dendri辻e　s狡ucωre　wi辻hδ

ferrite．

　　　This　research　was　performed　in　collaboration

wi芝h　the」apan　Research　and　Deveiopment　Center　of

Meta1s　and　Mitsubishi　Heavy　Industry　Co，Ltd－

　　　Cryogenic　High　Cyc1e　Fatigue　Propeすties　of

We1d　Meta1s　for　Austeni芝ic　Stain1ess　Steeis，T．Yu…．i，

T．Ogata，M，Sa三雀o，Y．Hirayama，τθτ〃イo∬αgα舵

Vo…．84（1998），p，888－895，（…n」apanese）

Keyword：stmctura王　material，　s芝ain至ess　stee1，

cryogen1c　temperature，tens三1e　properties，fa辻igue

proper迂ies，hydrogen　embrittiement

28　　Charac｛erization　and　1…vaIuation　of

Cryogenic　Structural　Materia1s

τ．　0g〃o　o〃∂　τ．　γ〃之　〃θ6乃α〃ゴoα／　〃oμ〃θ3

1）加なfo〃

［Ap11i〕997to　March2000］

For　desig董1and　development　oflarge　sca亘e　cryogenic

apPlications，　such　as　a　nuc1ear　f汕sion　reactor，　a

sじperconduc芝ing　Power　generator，a　superconduct－

ing　magnetic　levitated　tr里in，and　so　on，i芭is　very

imP01’芝ant　芝o　c0打s迂ruc芝　三ntellectua1　infrastructure

thr㎝gh　intemati㎝a1Pre－standardization　for
promot…ng　Practica三use　ofadvanced　cryogenic　struc－

tural　materia至s，　high＿streng芝h　st＆in－ess　stee…sヨh…gh＿

Mηsteels．and　large舳ckness　weld　joi打ts－This

research　has　bee訂carried　out　with　a　cIose　contact

with　the　VAMAS　Technical　Working　A…’ea（TWA）

17，cryogenic　structural　ma芝erials，which　has　been

organized　in芝he　Versa1l1es　Project　on　Advanced

Mater1alsandStandardstopromotetheprest＆ndard－

ization　program　on　ma芝eria1propertjes　tests　ofglass

fiもer　re1nforced　polymer（GFRP）composite　mate－

rials　and　a1loys　a盲1三quid針e11um　temperature．The

b＆se　is　to　deve1op　an　unders芝anding　of　mechanica1＿

property　determinatio…1s　at　liquid－he1ium芝empera一

ωre（4．2K）aI｝destablishaunifiedme辻hod．Aseries

o£…nternationa1i訂ter至abora言ory　compar三sons　ofboth

tens…ie　a訂d　fracture　tough口ess　tests　for　h｛gh＿strength

stain1ess　steels，a言itaniun1　al1oy，and　a　alum…num

al…oy，a訂d　compression　and　shear　tests　for　composite

mater1aI　G－10CR　were　performed　so　far，Fourteen

research　i訂stiωtes　from　seven　nat三〇ns　have　par－

ticipated　in　these　projec吉oダTWA17．

　　　In　this　research　we　are　going言o　establ｛sh　and

repol’t　pre－standard　testing　methods　of　a）ter■sile　test

｛n　h三gh　magne雀ic　f…eld，　b）　an　adva訂ced　fracture
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toughness　evaI蝸雀ioηme辻hod　by　round　bar　with

c…rcumferrentia1notch，and　c）interlaminar　shear芝est

of　G－10CR，　gIass　fiber　reinforced　p1盆stic，　at

cryogen三c　temperature．　Main　backgrounds　and
objectives　of辻hese　research　items　are　as　f〇三1ows1

　　　三n1997，we　have　performed　investigation，anaIy－

s…s，and　pre1…minaτy　tests　on　testing　conditions　and

procedures　of　each　research　subjects，and　prepare

m銚eri室1s　and　instmction　manua－s　for　intemationa三

round　robin　tests．As　a　cha三rmaηand　the　office　of

TWA17，we　held　the　Tec㎞ica1Work1㎎Par辻y
meet1ng芝wice　i訂USA　and」apan　attcndcd　by　p鮒t三ci一

脾nts　to言his　progr＆ms　from　each　country，discussed

and　agreed　the　resu正ts　so　faぎ　and　detai－s　of芝esting

i芝ems　aηd　pmcedures　of　these　rou訂d　robin　tests－

　　　This　research　was　performed　in　col1aborat…on

wi辻h　the　Universi芝y　ofγokyo，Tohoku　Univers1雀y，

NationaHnst…雀ute　of　Fus三01〕a1？d　Sc1ence，a1？d　Osaka

Uη三versity　in　Japan，FZ尺i列Germany，RAL　in

U訂1ted心ngdom，NHMFL，Cγm亨and　UCLA1n
USA，SEP　in　France，EMPA　in　Switzer1＆nd，Tech

Univ．…n　Vien訂a…n　Aus芭…’ia．

　　　VAMAS　Round　Rob1n　Tests　on　Compos1te

Material　and　Solder　at　Liqu1d　He…iumγemperature．

T．Ogata，D．Evans，and　A．Nyi至as，published　iη

Advances　in　Cryogenic　Engineering　Materials　VoL

44（1998）．P－269－276

Keywo祀：structura1materia1，cryogenic　tempera－
ture，sta訂dardization，をensile　test，肪act汕re　toughness

test，shea…’test

29　rabrication　of　M3Al－8ase　lntermetallic

Compounds　by　unidirectional　So1idificatio列

τ．舳伽0，〃．∫舳工τ、〃㈹α1・工α〃〃．Dθ〃〃・α

〃θc加〃cα／〃oρθ〃θ∫1）主洲o〃

［April1997to　M鉗ch1999コ

So　far，we　found　that　unidirection＆l　so1idific銚ion

using　a郁oa辻ing　zone（FZ）method　is　effec芝ive　in

improving芝he　ductility　oぎpoiycrystaI…ine　Ni3A至

without　addition　of＆11oy1ng　eleme帆s　such　as　boron．

Also，we　s靱ccessfuUy　grew　high　qua肚y　single　crys－

tals　ofst〇三chiometr三c　M3Al　which　had　been　consid－

ered芝o　be　impossible　to　grow－The　results　i－1dicate

th銚芝he　FZ　me出od　is　a　powerfuI　technique　no雀on－y

to　rabricate　ductiIe1nte！’metallic　compounds　but

aIso　prov…de　us　single　crystals　necessary　For　f汕nda－

me訂tal　sωdy　of　defoぎmat三〇n　mechanism．

　　　The　objective　ofthis　study　is　twofo…d．First　is芝o

improve　h三gh－temper＆ture　streng辻h　of　Ni3A1．Since

芝he　br1t芝1e列ess　of　N13Al　is　almos辻overcome　as

mentioned　aもove，one　ofthe　remaining　Prob1e1丁ユs　is

1ack　of　high－temperature　stre訂gth．Our　target　is　to

develop　Ni3Al－base　intermeta11ic　compounds　s赦en－

gthened　by　a11oy…ng　or　second　phase　precipi迂銚ion．

We　app1y　thc　FZ　method－to　fabrica辻ion　o〔hescs

compounds－　Second　is　to　study辻he　deformat三〇n

mechan1sm　of　Ni註Al　us1ng　singie　cryst＆ls　grown　by

芝he　PZ　method－The　effect　o£stoichiometry　on　the

de£or犯a辻ionis£ocused－tisbecauseiηourpre1imi－

nary　study　we　found　some　interest｛ng　deformation

behaviors　which　are　character1st三c　of　binary　stoi－

chiometric　Ni話AL

Keywords：unidirectional　solidif…ca辻ion，　Hoating

zone　method，Ni茗A1，mechanica1properties，defor－

matiO列meCbaniS江rl

Rece固t　P口blica“ons

Stress　Response　by　the　Strain－Rate　Change1n　Binar－

y，Stoichiome言ζic　Sing1e　Crysta三Ni3A…，M．Demura

and　T．Hirano，Phi1．Mag．Lett．，75（1997），143＿I48．

Stress　Response　by　the　S言rain－Ra芝e　Change　in　Binar－

y，St〇三chiome辻ric　M3A至SingIe　Cξysセal，M．Dem服a

and　T．川rano，Mat．Res．Soc．Pmc．，460（1997），

549＿554．

Effec言of　A1三〇y　Stoichiometry　on　Gra1n　Boundary

Chem1stry　and　Fr＆cture　Behav1or　of　Directiona1…y

Solidif1ed　Ni茗Al，E．P．Geroge，M．Imai，andγ．

㌶irano，lntermetallics，5（1997）：425－432．

Ef£ec芝of　Directiom1Growth－Rate　on　the　Mechani－

ca1Properties　of　M3Al，T．川ram，T．Mawari，M．

Demura，and　Y－soda，M搬r．Sc1．8ng．A239－240
（1997），324＿329．

Compξessive列ow　Stress　o£a　Bin＆ry　S雀oichiometric

Ni3Al　Al　Single　Crystal，D．Golberg，M．◎emura

a列d　T．Hirano，Scr1pta　ma言er．，37（1997），1777一正782．

Higも一Temperaωre　Y｛e1d　Strength　of　Binary　St〇三一

ch…ometric　and　A1－rich　N…3Al　Sing1e　CrystaIs，D．V．

Golberg亨M．Demura，and　T．削rano，Proc．of2訂d

lnternationa－Symposium　on　Structuraいntermetai－

1ics，1987．9－Champion－

Single　Cζystal　Growth　and　Characterizat三〇n　of

Binaぎy　Sotichiometric　and　AレR…ch　N13A1，D．Go1－

berg，M．Dem服a　andγ．副rano，j．Crys吉、Growth，

一86（1998），624＿628．

E脆ct　of　A1－Rich　Off－Sto…chiometry　on凶e　Y三eld

S芝…．ess　oぎBi列aぎy　Ni3A正S1ng1e　Crys辻als，D．GoIberg，

M．Demura　and　T．Hirano，Acta　Mater．，46（1998），

2695＿2703．

Struc辻ure　and　Yi三ed　Strength　of　Directiona三1y

Solidified　N13Al　Al　lntermeta1lic　Pすeme三ted　w1雀h

MoSi2，D．Golberg，M．Demu…’a　and　T．削rano，
…n辻erζneta－1ics，7（1999），l09＿1夏4．
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30　　Fundam⑧ηtal　Stud1es　oチ　the　MicrobiaI

React＝oηwi怖一norganic　Compounds

ノ、ノoれ〃θc加〃ω／〃oρθ仰1洲3joη

［Apri11996to　March1998］

The　bacteri＆11y　catalyzed㌘el＿、S　oxidat1on町ocess

wi芝hγわiobac…11us£erroxidans　was　studied芝o　chaζac一

ξerize　the　part1cIes　secondari1y　formed　o訂the　suIfide

surface．ByじsingX艮D，b1ooxidation　productswere

revealed　to　be　K－jarosite　KFe。（SO。）。（OH）。，

shwer主manneite－akaganetite　type　compound　ofsimi一

一ar　crystaHography　to　Fe宮O豊（OH）6S04and　elementa…

sulfur；whereas　打othing　bu芝sma1！amounts　of

goet…te　type…ron　oxyhydrox1de　FeOOH　and　eleme打一

tal　su1fur　in　the　cbemical　med～m．　Morphology

change　of　the　particles　obta…ηed　was　the訂oもserved

by　us1ng　SEM　and　discussed　w1芭h芝he　results　of

xRD，FT童R　and　TG／DTA．　γhe　produc言after

30days　was　spherica1，severa至μms　in　diameter　and

u莉｛form　in　shape　a打d　s1ze；very　di脆rent　fすom　those

in　the　chemic＆l　process　in　which　the　particles　were

s帥erical　but　haviηg　numerous　fjbrous　sp1cu1es　o幻

the　surface．Theseぎ…brous　substance　was　also　found

at　the　early　s芝ages　ofthe　bacteξia1mcdium，however，

mos芝of　them　changed　i訂to　two　kinds　o£crysta－s　on

tもe　surface；plate＿1ike　and　small　rod　type　crystals．

Thesp三culeswereident三fiedtobegoethitebyXRD；
the　numerous　fibrous　substances　would　be　poorly

cl’ystallized　　goethite　containing　　relative正y　　…arge

amoun芝of～O　compared芝o　those1n　the　bioprocess，

which　was　estimated　by　FT1R　and　TG／DTA．

According…y，it　could　be　a1so　understood　mor－

phologica1…y　the　dimerence　in　the　oxidation　rate

between　bacter…a…and　chemica1reac芝ion＝various

kinds　of　powders£or　a　func芝io訂a1Iy　impor辻ant

materia1scouldbeobtainab正e，ifthereactioηproces－

ses　above　ment三〇ned　arc　possib…y　controHed．　Fur－

ther，some　organic　compounds　o嗅t　of　the　micro－

organism（extrace…lular　substance－e－g－phos帥oIip三d

wbich　is　known　as　a　surface－active　agent）wo汕亘d

affect　on　the　reaction　ra雀e　as　we…1as　the　struct服e　of

the　produc雀partic…es　in　the　bioox…da芝io列．

Keywords：b盆cter1aHy　cata］yzed　process，Thiob盆ci！一

王訂s　ferroxidans，KFe3（So4）2（OH）6，Fe808（O篶）6S04，

extracel1ular　substance

Recent　P聰b1ication

Cha1’acter1zat1on　of曲e　secondari至y　p＆rt三c1es　formed

during　the1⊃iooxidatio打of　pyrrhotite，A．Aok1，

Proceed｛ngs　of　IBS’97．Sydney（1997）PlM3！

31　1mpmvem帥ts　of　High一『emperature　pmp－
e竹ies　in　Materialsfor　High／U陀ra・high　Tempera－

i1■』re　l」Se．

τ．τ伽α加，〃θC々伽たα／〃0ρθ池3Df舳0η

［Apri〕996to　March1999］

1．Materials　for針igh　temperaωre　use．

　　　E脆cts　of　microstructures　on　the　creep　rupt齪re

properties　of下i－49at、％AL　a打d－51at一％A1were　inves－

tigated　in　a　higb　purity　helium　environment　at　tem－

peraωres　ranging£rom　！023K　to　1373K．　1n　T1－

49at．％A至，steady　state　creep　rate　was芝he　lower　in芝he

specimens　w1th　the　iargerγ9rain　size　in　the　singIe

phaseγa1…oys．　1t　was　found　that～1Iy　Iame三iar

microstructure　is　not　the　strongest　at1273K，espe－

cia…ly　at…ower　stζesses．　Fwther1t　was　recognized

thatα2phase…ntheγgrai打interiordoesnot
improve芝針e　creep　res三stance　but　the　one　a芝芝heγ

grain　boundaries　does　improve　the　res1stance－

Meanwhile　i列Ti－51at．％AI，rupture　lives　and　steady

state　creep　rates　ofthe　a至1oy　depended　o訂its　micros一

籔ucωres．The　specjmeηs　w1芭h　tbe　largerγ9rajηs三zc

showcd　the　longer　lives　and　the1ower　steady　st＆芭e

creep　rates　than　the　specimens　with辻he　sma11er　gra1n

size　througbo劃t　the　test　temperatures．The　existence

o£α2　Phase　improved　芝he　duc言i1…ty　of芝he　ai1oy　at

l023尺，whi互e　the　phase　at　theγgra…n　boundaries

improved　the　creep　resistaηce　at　temperatures　higher

than　l173K．Dynamic　recrys芝al1ization　occu汀ed　at

higher芝emperatures　higher　thaη1173K，leading　to

the　increase　of　rupture　e1ongation　ofthe　a1－oy．

2．Ma芝eria1s　foξu1をra－high　temperat岨e　use，

　　　In　order　to　examirle　the　change　of　properties　in

WduetotransmutationofWtoReafterbeavy
neutron　irradiat｛on，the　effect　of　Re　content（up　to

25mass％）on　the　therma1shock　res1stance，mechani－

cal　properties　and芝汽erma1diffusivity　of　W双e　a11oy

was　investigated．γ針e　results　obta…ned　were　as　fo1－

1ows；（1）Heat　load　tes芝：Wi芝h　increase　of　Re　con－

ten辻，the　incubatiorl　tinユe　for　erosion　of　the　al1oy

decreased　and芝heir　eroded　volume　increased．The

res泌s　ind1cate　the　s叩eriorjty　oぎW　to　W－Re　al1oy

as　a　plasma　facing　ma雀eriaL　（2）Mechanical　prop－

ert｛es：In　the　three－point　bend　test，maximum　bend

s芭ress　and　ductil1ty　i訂creased　with　increase　of　Re

content、　（3）Thermal　propert1es＝Therma至d1f－

fusivities　oぎW－Re　a11oy　decreased　wi芝h　increase　oぎ

Re　content　at　room　tempera芝ure．Wi芝パncrease　o£

temperature，芝he芝hermalc㎝duct1vi芝yofWde－
creased，while　those　ofw・Re　alloys　increased．l〇三9n／

cm2打eutro訂irradiation　did　not　a…ter　the　thermal

diffusiv1芝y　of　W－Re　alloys．

Keywords：intermetall1c　compounds，TiAl，creep，
plasma£ac1ng　ma雀eri＆1，thermaI　shock　resista訂ce、
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Re1批ωPape了s

Effect　ofMicrostmctures　on　the　creeザupture　prop－

erties　oF　Ti－49at／％Al，一．Mutoh，Y，Kawano，T，

Tanabe　and　M．Nakamura，Proc．Int．Con£　on
Ma辻eria1s＆nd　Mechanics97（1997）335－336．

High　Hea雀Load　Test　on　Tungsten　and　Tungsten－

Rh㎝ium　AHoys，M．Fujitsuka，I．Mutoh，T．Tanabe

ar■d　T．Shikama，Proc－1997FaH　Meeting　oギthe

Atom．Ener，Soc．oNapan，vo11（1997）I44

32　Remaining　Life　Prediction　for　Weldments

in■＝8R　based　on　Creep　Damage　EvaIuation．

τ〃〃加，〃θo加〃ωノ〃oρθ〃危51）加肋〃

［April1996to　March2001］

　　　（1）Heterogeneity　in　creep　Properties　ofwe正ds　on

304stainlesss辻ee1th三ckplatewasir■vest…ga辻ed－A

but辻一we1ded　joint　was　Fab三ric銚ed　using25mm　thick

p－ates　of304sta三n！ess　steei　and308we三ding　wires　by

a　submerged　arc　weldjηg　method－　Creep　rup亡ure

tests　ofbase　metai，we1d　metal　and　welded　join辻were

conducted　at823K，Creep　specimens　foすwe1d　me雀＆l

and　welded　joiηt　weすe　c岨out（Parallel　and　perpen－

dicular　to辻he　weld　iine，respectively）from　the

we三ded　p－ate　at1ocatio訂s　o〔／4辻and3／4t　from　the

front　side　of　the　p1a芝e．言t　was　shown　that　m1cros一

芝ructure　of　the　weId　metal　par辻of　the　welded　jo1nt1s

in飢uenced　by芝he　bu三1t－up　sequence　o£the　bead　and

the　ex…stence　of　the　cons紋aint　at　the　we1ding　per£or－

mance，with　the　resuh　that0．2％proo£sをress　and

creep　Pl．operむes　are　d｛fFerent　｛n　the　speciζnens　at

di蘭erent　samplimg　loca芭ions．　　The　di鮒ercnce

rem畏ined　after　severa1hundreds　hours．These　resu1ts

suggest　that　heterogeneity　of　mechanica1propcrties

in　the　welds　should　be　t砥en…nto　accourlt　when　the

streng辻h　ev＆1uation　and　the　simulation　for　the11£e

prediction　of　the　weidments　are　conducted一

　　　（2）Creep　behav…or　o〔6Cr－8Ni－2Mo　weId　me協1

part　of　the　we1ded　joi列t　in三〇w　carbon－med1um

ni辻rogen　type3…6steel（316L）was　invest三gated　and

the　data　were　compared　with　those　of3－6L　we1d

me辻al　part…n　the316welded　joint，　The　we1ded

joi訂ts　used　were　narrow　gap　we1ded　joinセs　and　were

fabricated　from　type316L　s辻ee1thick　p正ate　of50mm

thjckness　using　type16＿8＿2filler　metals　by　gas　tung＿

sten　arc　we－ding，Creep　mpture　tests　were　done　at

823and873K．16－8－2type　we1d　metal…n　the　as

weided　condition　had　a　two　phase　m三cぎostructuere

cons1sting　ofausteni辻icγphase　matrix　andδferrite

pぎec…Pitates．　Though　creep　rupture　streng辻h　o£type

316L　we三d　meta至is　iarger　than　th飢of－6－8－2we－d

meta1，rupture　e1ongati01〕of辻he1a辻ter銚1onger　test

t1mes　was三arger辻han　that　of　the　former，Residu星1δ

ferrite　co航en言a竹er　rupture　a辻873K　at　longtest　times

was　reduced　to　almost　zero．The　same　trend　was　also

observed…n316L　we正d　metal，howeverヨ芭he　metal

contaiηed　much　moreσ的ase　tha訂　16－8－2we－d

meta三．This　could　be　the　reason　why　rupt服e　ductil一

｛ties　oF16－8－2are　larger　than　those　of316Lweld

metal．

K6ywords：creep　damage，welded　joint，we1d　meal，

sta｛η盲ess　steeI，m1cζostructure，FBR

Re1飢ed　Papers

しoca！Variabi三ity　ofCreep　Properties　for304Stain－

less　S室ee1WeIds，M．Yamazaki，H、汽o㎎o，T．
Watanabe，J，Kinugaw＆，γ．Tanabe　and　Y．Monma，

Proc－35th　Sympo．oηStrengtb　oぎMateria－s銚H｛9h

Temperaturres（1997）169二173．

Creep　Behavioすof　Low　Carbon－Medium　Nitrogen

Type316we1d　meta1，H．Hongo，M．Yamazaki，T，

Watanabe，J．附nugawa，7．Tanabe　and　Y．Monma，
ibid（1997）　164＿168．

33　　Dynamic　Miαos打uctu7aI　Change　and
l、’lec11a11ical　Propeれies　in　Ceramics　at1・1ig■1Tem－

perat■』reS

κ．〃0gα，〃θC加〃C〃〃0ρθ肋3D州3f0〃

［Apri11998to　M劃rch2001］

Most　ofpoiycrystailineceramic　materials　show　plas－

t1cityathigh雀emperatures㎜der芝hea1dofgra1n
boundary　sliding　accommodated　by　mat芝er　transport

芭hro汕gb　or　across迂he　boundaries．　The　fai王ure　of

such　accommodatioηat　IocaIized　boundary　regions

－e＆ds　to　the　occurrence　of　intergranuIar　cavities，

which　grow…nto　facct　sized　ones　and　coa正esce　t0

form　intergr＆nular　microcracks－This　study　aims　to

get　basic　information　on　micros辻mctural£actors

relat1ng　to　such　deformation　and　fracture　processes，

Spec1a1鮒ention1s　p1aced0B　the　efFec芒s　ofdynamic

microstmc書ura1ch＆nges　on　cons芝itutive　behavior

and　cav1tation　damage　dur三ng　deformation　at　rela－

t…vely三〇w　tensiie　s辻resses（σ／E＝王o■4），a辻tempera－

tures　higher　than1600K．The　fo－lowings　are　within

the　scope　of　the　present　study．

　　　（1）　modeling　of　dynamic　grain　growth　in

alumjna　and　relaむng　mater｛als　wjth　and　without

second　phases：an　analysis　based　on　strai訂　energy

stored　during　deformation　and1ts　depletion　through

grain　growth　and　cavita芝ion　is　underway．

　　　（2）microstmctural　aspects　of　deFormaむon　in

zirconia：言he　e肝ects　of　intergranu－ar　segregat｛on

and／or　smail　amounts　o£a　s三1icate　are　undeぎexami－

nat1on汕sing　HRTEM，intema1friction　experiments

and　creep　tests，where　concurrent　tensi1e　strains　at
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gauge　portion　can　be　measured　direct1y　by　an　opticaI

method．

　　　（3）cavity　nucleation　and　growth　behavior　in

materia1s　with　sccond　phases：stereo－ogicaI　ana1ysis

ofcav｛ty　s三ze　dis芝すibutions　is　undertaken　to　get　basic

in£ormation　on芭he　effects　of　second　phases　on　the

elementa1process　of　i耐ergramIar　damage．

　　　（4）　tensile　faiIuすe　in　superp1astic　ceramics：the

occurrence　of　microcracks　followed　by　f…nal　fa…lure

is　under　examina雀ion　in　connec辻ion　w納such　mi－

crostructura至changes　as　dynamic　grain　growth　a訂d

the　prec…Pitation　of　g1ass　phases　at　mu正tiple　junc－

tions，stress　concentr＆tion，re1axation　of　s芝ress　by

diffusion，and　crack　extepsion　behavior－

Keywords：partic三e　dispersion，amorpho訂s　phase，

gr＆in　growth，tensi1e　creep，cavi吉ation，microcrack，

modeling

HMicrostructura1evo1ution　of　a　heavi1y　co1d－ro11ed

Cu－Cr　in　situ　co㎞posite”

Y．』in、尺．Adachi，T．Takeuchi，and汽．G．Suzuki，

App1icd　Physics　Le辻ters，69（1996），139H392，｛℃u

precipitation　in　Cr　ribbon　of　Cu－I5％Cr　in　s三ω

composite”

Y．Jin，K．Adachi，T．Takeuchi，and　H，G．Suzuki，j．

Mater．Science，33（一998），I333－1341，｝Agingcharac一

芝eristics　of　Cu－Cr　in　si辻u　composite”

Y．Jin，K．Adachi，T．Takeuchi，and　H．G．Suzuki，

Mater．Letters，32（1997），307－311，一℃orre1ation

between　the　co正d　wo汰ing＆nd　aging　treatment　in　a

Cu－I5Cr　in　situ　composite”

35　Con打ol　of　t11e　Oriented　Siηgle　C7ystals　of

Refracto了y　lVletals　through　So－id　State　Proces－

SeS

M－ateria－S　PrOCeSSing　DiViSiOn

34　　γ11e　Development　of　■・1igh　S肪eng刊1　1・Iigh

Conductive　CリBase111・Situ　Composite

H．0，8〃〃れα〃万．ταん0肋γ0，〃肋肋1∫〃0Cε33一

加9〃洲0η
［Apr111996to　March1998コ

　　　The　effec辻of　the　addition　of　Zr　and　T三〇n　the

mechanica正as　we11as　physical　properties　ofCu－15％

Cr　composite　was　studied－Effec　of　Fe盆s　an　im－

p故ity　e1ement　was　a1so　studied．

　　　1）The　addition　of　O．1to　O．2wt％of　Zr　causes｛e

retardat三〇n　of　recovery　and　recrysta－lizat三〇n　of　dis－

Iocation　struc芝ures三ntroduced　by　a　heavy　co正d　ro1I－

ing　and　resu1ted三n＆banding　structure．This　e鮒ect

1cads　to　the　increm㎝t　of　strength　by＆bout100MPa

compared　wi辻h　that　of　Cu一一5％Cr．　P㈹cipitation

hardening　and　the　recovery　of　e1ectrica1conductivity

are　remarkab正e　by　aging　treatment．

　　　By　optimizing　the　process　variab！es　such　as　co1d

rol1ing　and　aging　treatment，the　strength1eve豆of

1150MPa　and　the　e1ectrical　conductivi辻y　of71％

IACS　were　attained三n　the　Cu一正5兎Cr－0，15％Zr　a1loy．

　　　2）　γhe　effor辻of　pracdca三application　is汕ndergo＿

ing，Vacuum　induction　me1ting　of　a　size　of150良g

ingO辻SCa1e　and　W三re　ma註ing…〕y　WOrkS　IeVe1are

successfu1in　The　Furukawa　E1ectric．Co．LTD．

Keywor6s：Cu　a11oy，h三gh　s辻rength，electr…ca1

conductivity，cold　ro11ing，composite

Recemt　Pub1ications

Y．J三n，K．Adachi，T．Takeuch三，and　H．G．Suz汕ki，

Materials　Sci．＆Engineering，A212（1996），149－156，

τ．F蝋K．H0〃α0〃κ．κ0〃〃α〃倣肋13
〃ocθ∫3加g1）淋ゴo〃

［Apri11997to　March1999］

Molybdenum　and　tungstcn，b．c．c　refractory　metals，

have　many　advantage　such　as　high　me1ting　poi耐s，

usefu正e－evated　tcmper＆ture　strength，high　therma1

and　e－ectrical　conductivi辻y，1ow　therma1expansion

and　good　res…stance　to1iquid　metal　corrosion．Thus，

at　the　present，mo1ybdenum，tungsten　and　the1r

aHoys　are　wide三y　utilized　in　the£ields　of　e1ec吉rical

and　electronic　i訂dustries，high　temperature　vacuum

and　chemica1industries．　However，such　refractory

metaIs　undergoes　a　severe　loss　of　ducti1ity　after

recrysta三1ization，wc1d三ng　or　heavy　neutron　imadia－

tion．It　is　genera1正y　accepted　that　such　a　problem1s

due　雀o　｛ntergran縢Iar　en］britt三ement．　Th…s　is　辻he

greatest　weak　po｛nt　of　these　meta1s．

　　　Recently，NRlM（Natioml　ResearchInstitu辻efor

Metals）have　succeeded　in　establishing　a　new　tech－

nology辻o　deve1op　commerc1al　sca1e　molybdenリm

and　tungsten　sing正e　crysta1s　a訂d辻heir　mu1t三1ayer

crystaIs　from　hot－ro11ed　sheet　doped　with　a　certain

amount　of　oxides　by　means　of　secondary　recrysyta11－

ization，However，no　research　and〔ieve1opment　for

preparation　of　the　sing正e　crystals　with　desired　orien－

tation　by　a　soヨid　state　process　have　been　carried　out．

　　　τhus，the　main　purpose　of　th三s　study　is　t0

deve正op　a　new　technology　for　preparation　of　the

oriented　singIe　crystals　o£refractory　metals　such　as　a

mo至ybdenum　or　a芝ungsteη　throught　solid　sta辻e

processes・

Keywords：orien芝ed　sing1e　cryss芝a1，refractory　meta1，

solid　sta辻e　process

Rece口t　Pub1icatioIls

Preparat1on　of　Mo1ybdenum　Sing1e　Crystal　with　a
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Desired　Orientation　by　Means　of　Zone　Annealing，

K．Kam…hira，1（．Honda　and　T．Fujii－JSPM．44
（1997）770＿77毎．

36　Selenium（Vl）Remova1肘on1Wastewater
by　a■＝Iuidized8ed　Process

κ、G0τ0，〃αfθ〃α13〃0Cθ∬加gD加三8f0〃

［April1997to　March1999］

Thejapanesegovemmentoff1cee訂actedin1994tha芝
the　e閉uent　wateぎqua1ity　standard　for　se1enium　was

0．lmgハ．　This　was　an　important　prob正em　in　the

copper　refineζies，　because　they　djscharge　a　laすge

amOunt　Of　e嗣ue訂t　COnta三n1ng辻he　Selenium　iOnS

higherthanthestandard．AprovisionalstandardoF
20mg／lhasbee・apPliedtotheindustries，andthe
moratoξium　w11l　finish　within　a　few　years－In　order

to　c1ear　the　general　standard，v＆rious　methods　were

examined　and　investigations　were　caすried　out．

According　to　their　ef£orts，i吉becomes　cIear芝hat　Se

（lV）can　be　removed　but　Se（VI）cannot．　ln　the

laboζatory，Se（VI）caηbe　removed　by　the　reduct三0R

and　the　coprec…pitation　w三th　ferro靱s＆nd　ferric　ions．

The　cost　is，however，芝oo　expens1ve　and　the　method

camot　be　appI三ed　to　the　wastewa芝er　trea辻ment　from

the　prac芝ica三viewpoint－

　　　The　aim　of　this　study　is　to　deve1op　the　new

method芝o　remove辻he　selenium　ions．We　propose　a

］］ew月ujdjzed　bed　process，whjch　jnvolved　reducむon

oF　Se（VI）to　Se（V1）or芝o　crystal　se1enium．The

research　wili　be　carr三ed　outセo　verify芝hat　Se（Vl）｛s

reduced　by　the釘uidized　bed　process，and　to　decide

theopセimumcon砒i㎝sof辻heprocess．

Keywords：selenium，removal，wastewater，飛u…dized

bed

phase　is　studied　using　a　high　gaseous　pressure　appa＿

ratuS．

　　　γhe　se1ection　of　the　combinations　of　elements，

which　is　focused　in　the　present　study，wiH　be　inves一

芝ig＆ted．The　system　ofthe　combination　that　might

exhibit　the　e£fect　ofconvect三〇n　and　pressure　during

the　reaction　and　synthesis　process　is　selected　con－

sidering　the　sys辻em　that　performs　the　e脆ct　of　iiqu｛d

and　gaseous　phase．γhe　system　ofe1ements，in　which

thc　saiety　during　the　exper｛ment　is　assured，is

se正ected．

　　　Most　intermeta川c　compounds　are　conve耐ion－

a1ly　produced　by芝he　processes　inc互uding　high　fre＿

叩ency　induc雀ion　vacuum　me夏セing　and　casting．It　is

dj閉cu1t　to　con言ro1accur銚ely　the　chemjcal　compo－

nents　of三nteぎmetaH三c　compounds　produced　by　the

conven芝ionaI　process。　糾omogeneous　interme芝aH三c

compound　is　produced　by　the　indus亡ria1　process

inc三uding　a　combustion　synthesis　method，w針ich　is　a

new正y　deve1oped　manu£act服ing　Process　in　this　inst三一

tute－　The　chemica1components，the　impurities

industriaI－y　produced　by　the　process　are　revealed．

These　properties　are　vita三1y　importaηt　when　the

combustion　synthesis　method　is　app三ied辻o　an　indus－

tr三al　mass　production　pすocess　for　producing　inter－

meta1王ic　compounds．

Keywords：combustion　synthes1s，

38　　Syηthes三s　and　∪加Iization　of　Mesporous

Me｛e7ia1s

γ、8αんんα，K．0zαwα，τ．σc〃んo∫〃　τ．∫、8〃〃れ

α〃K8o庇〃舳＃，〃漉7舳〃ocθ33肋91）棚∫fo〃，

弗Kαg03〃朋α〃碓α〃α1伽舳κげ1〃ゴ舳ゼα1
τθC伽010gy

［Apri〕996to　March1999］

37　　Study　on　combustioηSy11thesis

γ．καた60，PrOcθ83　C0〃”0／　1）加j3f0〃

［April1996to　Marcl－1999］

The　fuがdamenta三study　to　reveaI　the　reactio訂s　in

combustjon　syn辻hesjs　is　carried　ou辻．The　propag星一

tion　ofthe　reaction　front　and　the　synthesis　process　o£

the　ma辻eria1s　synthesized　through　the　reaction　are

aiso　studied．Inves辻iga芭ion　by吉he　thermal　analysis

with　r三sing　temperatuζe　at　constant　speed　and／or　in

alternating　speed　is　carried　out　to　revea正the　condi－

tions£or　the　initiation　ofthe　reaction，the　propaga－

tion　and　the　synthesis．The　influence　ofpressure　and

convcction　on　the　phenomena　in　the　react1on　proc－

ess　ofthe　system　containing　gaseous　phase　or　I…quid

Two　types　of　porous　materiais　are　used　for　Fabricat－

ing　nanocompos三芭e，heterogeneous　phases，hierar－

chica；ly　s蚊ucωred　materia正s，etc．One1s　syn曲esized

by　conso1idating　fine　powders　through　a　colloidaヨ

processing．The　o曲er　is　microporous　materials　with

layered　perovskite　structures，which　are　synthes｛zed

もy　so£t　chemicai　processing　｛．e，a　soレ9el　or　a

hydrothermal　processing．

　　　The　coHo…dal　processing　is　a　useful　too1　for

preparing　mesopoすous　materia1s　with　des三red　pore

size　distribu辻ion．An　impoすtant　factor　is　to　conセro正

the　interpart…cIe　interac芝ion　in　liquid．　　Porous

alumina　or　z｛rconia　body　with　a　narrow　pore　size

distribut三〇n，which　was　determined　by　mercury

porosimetry，was　produced　by　s－ip　cas辻of　dispersed

suspension　followed　by　low　temperature　sintering－

1nfi1tration　o£metai　solu雀ions　into　the　porous　mate一
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rials　and　sintering　rsu1吉in　the＆dvanced　ma吉erials．

　　　Interca茎ation　or　ion－exchange　reaction　in　host

materials　resu正ts三n　a　novel　e－ectron1cma雀eriaI　which

is　not　synthesized　by　heating　a辻h…gh　tempcratures，

Vanad三um　oxide－organic　composite三s　syηthesized

by　a　hydrotherma…method－The　l1芝hium　insertion

characteristics　were　exam三ned．　The　reacセio列was

innuence　by　themicro－poζesizeofthe　host－mater1al．

　　　Powder　and　fi！m　of　amorphous　antimonic　acid

are　prepared　by　a　d三recけeaction　of　Sb（O刈一C3H7）3

with　H202　aqueous　so～tion．　Three　types　o£

an吉imon三c　acids　（Sb205・nH20）　films＝（1Il）一

〇riented　and　non－oriented　po王ycrysta亘1ine　fiIms　of

cubic　antimonic　acids　and　amorphous　antknonic

acid　films，were　prepared　on　quarts　glass　substrates

wiまh　a　sp三n－coati訂g　technique．　マhe　electrical　con－

duct三v三をy　o£the（1－1）一〇r三ented　mm．which　increases

from　l．69×lO…5芝o2．89×10…3届cm■l　astherelative

hum1d三ty　changes　from…1to85％，is　approximateIy

one　order　of　magnitude　1argcr　芝han　those　oF芝he

non－oriented　and＆morphous　f11ms，　Effec芝o£thc

water　vapor　pressure　and　micropore　struct訂re　on　the

proton　conduc芝ivity　is　studied．

　　　This　research　was　per£ormed　in　collabora芭ion

w1th　Kagosh三ma　Prefec芝ural　Institute　o〔ndustrial

γechnology．

Keywords：soft　chemis辻ry，　micro－po…．e，　colloid，

vanadium　oxide，ant三monic　acid

Re㏄nt岬b1iCati㎝S
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Process三ng　and　some　propert…es　of　s計irasu／a三u茎Tlina

至ightweight　composites，K．Sodeyama，Y．Sak失a，Y．

Kamino　and　K．Hamaish三，』。Ceram．Soc．Japan三05

（1997）：815＿20．

Preparation＆nd　e1ec辻rica1conductivity　ofthree　types

ofantimonic　acid　films，K．Ozawa．Y．Sakka　and　M．

Amano，J．Mater，Res．13（1998）：830－33．

39　　P110110cataIy11ic　PI－ope1’ties　of　Ul｛rafine　Par－

tic1es

8．0加o，〃．0ん〃α舳o、γ、8αんんoαηゴτIσε〃ん03机

〃倣〃α13〃0Cθ∬加gDf洲0〃

K．〃oη朋α，〃肋〃αゐ〃ノ8た31）かj3jo〃

κ．Hα1αゴαα〃K．〃〃αg0〃α，万C0舳τθ肋Z3

他3θoκ乃τθα〃

EAprH1996to　Marcb1998］

I辻is　we1I廷nown　that　the　ultraf…nc　part…c1es（UFP）

have　many　excellent　physica正and　chemical　prop－

ert三es．ln　part三cu王ar，UFP　ofoxide　semiconductors　is

a　very　prom三sing　materia1as　a　pho芭oc＆talyzel．、

　　　In　this　s芝udy，言itanium　oxide（Ti02）UFP　synthe－

s1zesbyox1dat1onofTivaporintheをai川amcofan

argon　RF－P1asma，　and　the1r　activity　for
photocata－ytic　hydrogen　evo至ution　in　aqueous　sus－

pensions　hasもeen三nves雀igated．

　　　Synthesized　Ti02UFP三s　composed　ofthe　parti－

cles　having　both　芝針e　ru芝i－e　phase　and　芝be　aηatase

phase，and　anatasecon芝entin　UFPvariesfrom　abo訂t

35to75mass％with　the　oxygen　con雀ent　and　the
injection　point　ofa　reaction　gas．τわe　pho芝ocata三ytic

activity　of　Ti02UFP　三ncreases　drastical1y　with

decreasing　ana辻ase　con辻ent，and　reaches　a　max三mum

a辻about40mass％anatase．γ針e　maximum　ac吉ivity　is

！000times…arger芝hanをhat　of　a　commercial＆nat＆se

UFP．

Keywords：u1trafine　part三c1e，　arc　plasma，　RF－

pIasma，Ti02，Photocata正ytic　proper芝y

40　　MicroS廿uctureCon廿olwi冊PlasticI〕efor－

mation　unde7Mas．1y　State

τ、Dθ〃0，τ．8乃か0肋、τ．K伽〃α，ノ小舳C〃〃ατθ一

〃α131〕rOCθ33加9D加主8f0〃

［Apr1l1996to　March1998］

Processing　under　semi－so1id　or　semi－mo1ten　sta雀e　i．e．

mashy　state　has　attrac雀ed　the　atten吉iOn　as　an　exOt三c

technique　foけefinement　of　the　micro　structure　and／

or　for　creat三〇n　ofnew　composite　ma雀erials、丘n　the

procedure　ofthe　above　process…列g，pIastic　woすking　is

㎝ostIy　inevitable．　P三asdc　wo汰ing　under　mashy

state　in　which　so1id　and1三quid　phases　coexist，how－

ever，i訂duces　unfavorab－e　prob1ems　such　as　segrega＿

tion　due　to　the　How　ofthe11quid　component　and／oτ

difficulty　oぎ雀he　shape　retention　during　hand正ing　of

work　p三ece、夏n　order　to　solve辻he　above　prob1ems，a

new　metal　working　process　is　proposed，in　which　the

semi－mo1辻en　metaI1s　inserted　in屋so1三d　ho11ow　metal

and　worked　p正astically　together　with芝he　hoI正ow

me辻al　tha吉suppresses芝he　flow　ofthe　liquid　compo－

nent　and　reta三ηs　the　shape　of　mashy　meta！、　The

work　piece　fabrica芝ed　through　this　process…s　conse－

quent至y　c1ad　with　the　ho豆1ow　metaL

　　　Experimenta1study　is　carrying　out　to　grasp　the

comprehensive　feasibility　of　the　above　process－　In

the　present　s芭udy，severaI　kinds　of　A正一Si　alloy服e

adop古ed　as　the　semi－mo豆ten　metal，and　the　pipes　of

一30一



a－uminum，copper　and304stainless　steel　are鐵sed　as

the　ho11ow　metaL　Through　some　expeζimen辻s，load一

…刀g　chal’acterist…cs，£orm凄b川ty　ofまhe　ho11ow　meta1

and5ondability　at　the　cladding　interface　are　inves＿

t…9ated　with　respectto　the　process　parameterssuch　as

wo欣ing　temperaωre，soiid耐actio列or　semi－molten

metal　and　degree　of　p1＆st…c　deformation－As　foζ芝he

worked　pieces　obtained，m1cmscop…c　morpho1ogy
ofthe　bonding　interface　aηd　the…nte一’…01’material　is

examined．

　　　On亡he　other　hand，the　prefer】．ed　orje…〕tatjoηin

crys芝aH…ne　introduced　by　p1astic　deforma芝ion　u訂der

mashy　s辻a芝e　is　explored　so　as　to　a1m　at　deveIoping

new　method　oゴtexωξe　co訂troL　in　this　sωdy，cast

p1eces　of　AレSi　a三1oys　are　compressive1y　deformed

u訂der　semi－molten　state，and　tex芝ure　developments

due　to　the　defo…・1ηat…on　are　discリssed　…n　relat三01－　to

the　soiid　fζactioη．　1t　is　found　that　the　prcfe韮．red

or1en芭ation　paraljeいo　the　compressjng　Plane　wries

肘om　（1…0）to　（100）　according　as　the　sol…d　fl’act…on

decreases．

Keywords：mashy　state，plast…c　working，clad　metaI，

preferred　orientat…on

ReCemt　Pub1iCatiOnS

An　Attempt　for戸abrica芝jon　of　Oad　Parts凶ro訂gわ

Semi－Molten　Pl・ocessing，T．Dendo，T－Shirota，B．

Han，γ．Kimura，Proc．of5th互n芝．Conf．on　Semi－

Sohd　Processing（1998）：　i31＿138．

41　　I〕iffusion　bonding　of　Stainless　SteeI　and

Meta1s　of　G70up　lV～Vl

τ．Kα3昭αf0〃K．〃〃ソ伽C〃〃ατθ肋Z8〃0Cθ∬一

加g　D加一

［Apri〕996｛o　March1999］

1t　is　di汗icult　to　apply～sion　weldi莉g　processes，such

as　an　arc　weldi訂g　or　a訂elec籔on　beam　we三ding，to

dissim1iar　meta1sjo1ning　because　a　iarge　amount　of

brittie　metaHic　compounds　form　in　the　weId　me辻als，

On　thc　other　hand，the　size　o£mctailic　compounds

and　dif～sion　layer　in　d三ssimi－ar　meta正joints　c＆n　be

casilyc㎝tr舳edbyaso胴stated附us1㎝b㎝ding．
　　　γhe　basic　metal1腋gical　knowIedgc　on　the　dissim－

ilar　meta1bonding　zone　has　bee訂scarce　until　now，

and　it　is　difficult　to　estim＆te　the　s1ze／kind　ofme言a1－

1ic　compounds　at　the　bond三ng　zone　b＆sed　on　phase

diagranユs．Thediffusion　process　in　thebondingzone

of　dissimilar　me辻als，moreover，is　not　simp三e，but　a

few　negat1ve　dif～sio打or叩一hilI　diffusion　phenom－

ena　have　becn　observed　i列meta！s　oデgroup　lV．

　　　ln　th…s　study，joinabiiity　of　the　diffusion　bonding

of　stain1ess　steeis　anδmetals　of　group　1〉～Vl，the

formation　of　met＆llic　compounds　in　thc　bonding

zo訂e　of曲e　these　stee…s　and　meta1s，diffusion　proces－

ses．andb㎝dingcl’ackarejnvestigatedjn室hec㎝一
nect三〇n　w…th　the　per｛odic　taもle．

Keyworδs：Dif～sio打　bond三ng，　Stainless　Stee…，

Group　lV　metals，Gro汕p　Vl　me芝als，Group　Vll　metaIs，

Met＆1lic　compound

42　　The　Development　of　1・ligh　S桁engt■1　aηd

Hig11Func言ional■かSitu　Composite

万．τα虎0ん〃’00〃〃．G．3卿〃〃肋1・舳〃0Cθ∫3肋g

D加な｛0〃

工Apr1〕998to　Marcb2000］

High　strength　and　h三gh　e1ectric　conduct1ve　mater1a1

has　a　strong　apP1…ca芝ion　pote列ti＆1in　the　e三ectricai

and　electr㎝ic1ndustries－We　have　developed　Cじ一

15wt％Cr1n　siωcomposi芝e　that　has　a　strength　of

1000MP＆and　a訂e1ec芝すical　conωctivity　of70％

lACS　so　faτ．

　　　Thepresentstudya…msatimproving曲emechan－
ica！Property　of沽is　material。言n　addit1on　wc　also

plaηto　improve　that　of盲he　titanium　aHoy　in　the

sim1lar　w＆y．Atfirst，wep1an　toclarify出erelation

betweenthemicrostruc芝ureandthemechanica－p1’op－

erty　in　deta…1　…n　order　to　quanti£y　the　effects　of

reinforcemen芝，9ra1n　ref1nemen芝，Prec1Pitatio訂har－

dening　a莉d　solid　solu辻ion　hardening　on　the　stre11gth，

Furthermore，we　also　plan　to　improve　processes　by

opt…miz…ng　the　process　var…ab－es　such　as　casting，hot

forg1ng，cold　ro…ling　and　aging芝ξe＆tment．

Keywords：high　streηgth，　e］ecまrical　cond訂c言jvity，

co…δrolHng．con1posiをe

Recem亡Pub1icadons

Correiationもetween　the　Electrica1Conductivity　a訂d

Ag1ng　Treatment£or　a　Cu－15w言％Cr　A1三〇y　Compo昨

1te　Formed　in－siω，Y．3in，K．Adachi，T．Takeucむi

and　H．G．S汕zuki，Materia1s　Le芭ters32（1997）：307－

3I　l　I

Ageing　Cbaracteristics　oデCu－Cr1訂一siωComposite，

Y．jin，1（、Adachi，T．Takeuchi　and　H，G．Suzuki，』．

Mater．Sci．33（1998）＝1333－1341．

43　C7ystal　growth　and　dissolution　mecha－
nisms　i列peri｛ectic　Sysl1eぎn

κ．〃0～α，K－00工0α〃τ．〃桝
［April1998to　M齪rch2000］

We　in芝end芝o　claξify　the　mechanisms　of　crysta1

gmwth　and　disso…訂tion　in　a　peritect三c　system｛n　th三s
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subject，For　this　purpose，we　chose　Sr（NO。）。一H．

OperitecticsystemasanexampIe，量nwhich定he
crysta1grow辻h　and　disso1ution　processes　can　be

observed　iηsitu　in　a　tτanspare列t1三quid　at　room

tempera芭ure．Above　and　below　the　peritectic吉emper－

aωre，τp＝29．3℃，Sr（N03）2phase　and　Sr（NO。）。・

4H20phasc　aζe　equ三1ibrium　with辻he…iquid　in　this

system，respectively，A　peritec芝ic　reaction　is　cxpect－

ed　at　per三tec芝ic　po主nt　in　equi1ibrium－It　was　obser－

ved．howeveτ，that　in　the　I三quid　o£芝he　composition

oftheper奴ecticpoin丈atthetempera辻uresbe1owTp，
both　sol…d　phases　could　grow，In　these　cond三芝ions，

the　growth　rate　of　the　low－temperature　phase　was

much1arger　than　tbat　of芭he　h1gh－temperature　phase

and　the　dimerence　i訂汰e　growth　ra辻e　between　two

phases　increased　with　the　decrease　of吉he　tempera－

ture．I芝is£oHowed　that　the正atter　w星s　engu1fed　in芝he

former　simp－y　due　to　the　difference｛n　growth　rate，

which　resulted　in　a’Per…tectic　tex迂ure’．

K6ywords　l　Peritec芝icτeact…on，incongruent　melting，

crys芝al　growth

I～ecent　I，ub－ications

AFM　Observ飢ion　of肋rium　Nitrate　｛川｝　and

｛1OO｝Faces：Sp1ra1Growth　and　Two－dimension＆l

N㏄leat1on　Grow曲，K．Maiwa，M－P1omp，W．J－P－

van　Enckevort　and　P．Bennema，J．Crysta1Growth
－86（1998）＝214＿223．

44　　App1icatiOn　Of■0nizatiOn　SePa7atiOn’1■ec11－

niquetoGaseousProcess

γ．0gα〃o　α〃ゴ　0．Kη1かαえ　〃α姥〃oゐ　〃ocθ33加g

Dルな主0η

［April1998to　Marcb2001］

lon三zation　separat｛on　　methods　星re　e£fective　芝o

remove　impuri辻ies　from　a　gaseous　matrix　by　e正ectros－

tatic　fie1d．The　objective　of　this　study　is　to　investi－

gate　basica－ly　photoionization　and　surface　ioniza＿

tion　as　the　separation　technique．It　was　found　using

photoionization　th星t　there　many　unknown　high－

1y三ng　energy　levels　in　lutetium　which　is　the　last

member　o£the　rare－earth　elemenをs　and　has　the　f1l1ed

4fele倣on　shei1－L三ght　and　midd1e　rare－ea舳a芝oms

have　aηunf川ed4feIectron　sheIl　and　complex　spec－

tral　configurat…on．The　research　o£un斐nown　high－

Iying　energy　levels　of　these　a辻oms　is　important　to

understand　energy　transition　and　e三ectron　configura－

tion　o㍑aTe－earth　atoms　and　to　apがy　phot〇三〇niza－

tiOn　tO辻hem．

　　　The　reaserch　is　composed　o£the　foHowing　two

su　bj　ects－

1．Study　oF　high－1ying　energy　1evels　of　－ight　a刻d

　　midd1e　rae－earth　atoms　by　resonance　photoioniza－

　　tiOn，

2．Sまudyofthebasicfeatuτesandcharacter1st1csof
　　the　surface…onization　as　the　sepaすat…on　method．

Keywo洲s：1＆ser，resonance　photoionizationヨsur－

face　ionization，h…9h－Iying　energy　leveI，rare－earth

e豆emen芝S

Re1挑ed　Papers

Laser　Mateξial　Purif…cation　of　Neodym…umヨY．

Ogawa　et　a至．，」一pn．Inst．Met．55（！991）：545－552．

Observat三〇n　of　Even－Pari芝y　Au芝oionizat三〇n　States　of

Lute芝ium　atom　by　Opto－9a1vanic　Spectroscopy，O，

Kuj三raiandY，Ogawa，J．Phys．Soc．Japan，67（1998）

！056＿57．

Study　oぎEven－Par1ty　Auto1onizatio列　States　of

Lutetium　A芝om　by　Laser　Reson＆nce　Pho芝oioniza－

tion　Spectroscopy，Y－Ogawaand　O．Kujirai，s曲m｛t－

ted．

Special　Research　Officeγ

45　　SoIid　State　lnterfacial　Reacfions　and　Sur－

face　Analysis　of　Thin　Solid　Films

8．的伽αηη，8μ〃伽3θακ乃o〃砒τ陀閉θ〃ψ
グαc〃〃閉8τα肋〃（co〃o欣θ1．一Dγ、ノ．火蝋　C0五声1－

10〃

［Apri〕997to31．March1998（23julジ998）］

Out　of　the　major　aims　of　our　project，n＆mely　surface

a訂d　thin　f1lm　a訂alysis，and　thin　f1lm　depos…tion　and

processing，the　focus　ofour　small　research　group　was

mainly　on辻he　first　top…cs．The　low　energy　ion　gun

for　direct£abrication　of　nitride　coatings　is　currentIy

being芝eS辻ed．

　　　Aim三ng　at　the　determination　ofthe　composition

of　thin£i1ms　with　a　precision　of　the　order　of　one

atomic　monolayer，depth　profiling　by　ion　sputter1ng

in　combination　with　Auger　electron　spectroscopy

was　opt三mized　using　new　GaAs／A1As　re£erencesam－

p呈es［1－3］．The　investiga芝ioηs　wぴe　direc辻ed　to　find－

1ng　the　dependence　of　the　main　parameters　of　the

depth　resolution　fuηction，nameIy　a吉omic　mix三ng，

surface　roughness　and　in£ormation　depth，　on　the

instrumenta1setti打gs　ofthe　Micro1ab310F　used　in

our　exper1ments［4］．The　new　GaAs／AIAs　sample

had　the　struc芝ure：（Thickness　in　a吉om1c
mono｝ayeTs）：48　GaAs／－AlAs／48GaAs／4AlAs／

46GaAs／20A三As／GaAs（substrate）with　atomicaI夏y

sharp1nterfaces　checked　by　transmission　e1ectron

microscopy［4，5］．

　　　Aすgon（Ar），Xenon（Xe）and　Su舳r洲exa釘uor一
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ide（SF6）were　used　as　Sputter　Gases一下he　primary

ion　energy　w＆s　varied　from5keV　to500eV　with　the

ionincidenceang1es70and85deg．U三trahighdepth
res〇三纈tion　with（z＝1，6nm　wasobtained£orSF6＆nd

500eV，85deg．［6］．　Application　of　the　mixing－

roughness＿information　depth（MR1）rnodel　for　quan＿

titative　pτ0f…le　ev盆1uation　d…scloses　the　diダferen雀

contributions　ofatom1cm1xing，roughnessaηd1nfor－

mation　depth　to辻he　depth　reso－ution．Although　a芝

optimum　cond三tions（SF6，500eV，85deg一）凶e
rou凶ness　is　stil1dominating　with　aηrms　va正ue　o£O，

7nm，a　record　Iow　va互ue　ofO．4nm　was　found　foτ芝針e

mixing　zone　Ie打gth．　γhis　corresponds　t〇　三ess　than

芝wo　mono］ayers　and　opens　the　way言o　Iayer－by－layer

sput雀ering　wi辻hout　atomic　mixing．Characterization

of芝hin　fi正ms　and1nterfaces　with　atomic　monoiayer

accuracy　is　an　important　contr三bution　to　our　COE－

project　on　nanostr聰c芝ures．

　　　The　theore芝icai　model　for　the　m1x1ng　in舳ence

modified　to　inc至ude　sur£ace　roughness　and　inform＆＿

tion　depth，thesocalled　MRI－model（fromMixing－

Roughness－lnfoζmat三〇n　Depth）was～すther　deve…一

〇ped　and　a　Visual　Basic　version　was　set　up　which

wi蘭besoon　av＆ilableforthemembersofthe　Surface
Ana正ysis　Socie辻y　ofJapan［7］．High　accuracy　pro£i至e

reconstruction　can　be　ach…eved　by　caref訂互expeすimen－

taI　de芝ermination　and　theore芝ica夏mode川ng　of　the

depth　resolution　function－　O莉e　of　the｛mportan辻

parameters，name1y　s靱r£ace　roughness，can　be　deセer－

mined　by　Atomic　Force　Microscopy（AFM）．AドM

measurements　on　the　sample　s訂rface　a£ter　pro榊ing

showed　tha芝theζoughness…s　aもout　a　fac芭or　of　two

sma1ler　than　the　MR三dete…’m1訂ed　roughnesses．A

majorcontribu芝iontotheMRImodelwasa倣ibuted
to　the　gradual1y　decreasing　mixing　zone．F服ther

iηves辻ig窒tions，includ…ng　the　effect　of　or…9…nal　in辻er－

face　roughness，　are　p…anned　us…ng　C…anc…ng　I刻ci－

dcnce　X－ray　RcHcctivi芝y（GIXR）。It　is婁1so　p－an訂ed

tO　i莉trOduCe　nOnlinear　effeC辻S　in　the　COnCentratiOn一

…ntensity　re1ation　and　efFects　s靱ch　as　sputteすing　…n＿

duced　segregaむon　in　comもination　with　preierent三a－

sputter…ng－

　　　Depth　pmf11ing　using　Auger　electron　spectros－

copy　evaluation　with　respect辻o　the　chemica…bond－

i到g　state　was　used　to　analyze　the　forma言ior■of

si－icides1n　Si　sampIcs　implanted　wi辻h　energetic　Ca

and　Mg1ons　by　ion　i訂duced　thin　f1lm　reactions．

This　research　is　part　ofan　ong〇三ng　coopera辻ion　with

をhe　E正ectrotechnicai　Laboratory　in　Tsuk與ba．

Keywords：Depth　Pmf…1ing，　Depth　Reso1ut三〇n，

Thin　Films，surfaces，一nter£aces，Ion－Solid　Iηterac一

芝ions，Sputtering，Auger　Electron　Spectroscopy，

Atomic　Force　Microscopy（AFM）
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46　　A　Study　o貧｛h⑧Durabi1ity　of　Coatings　on

Structural■VIa｛erials

τ．　1（00一α’ηα，　∫／、　βαわα，　■‘．

κα仰α伽o

［Apriい996to　Ma11ch1998］

τα加ro，α〃〃．

1）Atmos凶e…’ic　Degradation　and　Co1’rosion　Resis－

ta打ce　of　Organic－coat1ng

　　　Most　o£s芝eel　s芝汕cωres　are　used　under　a　pain雀ed

condition　in　the　atmosphere　partly　because　of

estheticすeasons　and　part－y　fOr　corぎ0sion　prOtect三0n－

The　degradation　r＆芝e　of　organic－coati列gs　is　much

faster　in　outdoor　a芝茎r□osphere　th曇n　indoor亨　siηce

ultrav…ole芝（UV）rays　ofsun　iight　plays　a　great　ro1e

1n｛e　sc｛ssion　process　of　po－ymer　coati打gs．1n　this

s辻udy。芝he　degrad銚iorl　Process£or　alkyd　and　epoxy

coatings　is　regularIy　mo列1tored　by　g1ossすetention．

Ac　impedance　has　been　also　applied　to　study　the

corrosion　p…．otection　oforg＆n…c　coatings．　　　　Expo－

sure　test　was　conduc芝ed　to　eva1uate　atmospheric

degradation　and　corrosion　resistance　of　a三kyd　and
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epoxy　cOa芝ings．　The　gioss　of　all　coatings　was

汕easured　at　regular　interva互s，and　some　samples

were　collected　at　differen芝per…ods　oぎexposじre　t三me

ior　the　measurement　ofcontac芝a訂gle，ac　impedance

a打d　surface　anaIyses．　The　p1gmented　coatings

showed　high…eve…of　corros…on　resistance　owing　to

sur£ace　segrega辻ion　of　pigments　even　a術er芝he　gloss

retention　and　the　contac定　ang至e　decreased　to　the

min三mum王eve亘．　Corrosion　res1stance　started芝o

decay，at　the　time　w針en　the　ioss　orp｛9ment　s芝arted．

○訂unp1gmented　coa芝ings，on芝he　other　hand，cracks

were　observed　to　propagate　in｛e　ear豆y　stage　of

exposure1曲owingPoorcoτrosionresis芝ance，A
mechanism　of　a芝mospheric　degradatio打is　proposed

based　on　impedaΩce　da芝a．　I芭…s　demonstrated　th昌芭

AC　impedance　is　a　very　powerfulをoo1芝o　evaluate

就mospheric　degradation　and　corrosion　resistance　of

OrganiC－COaをingS．

2）Organome芝a111c　Coating　and　its　Chemical　Bond－

ing　to　Metal

　　　τwo　d柵ereηt　methods　were　used　for三mpτoving

the　anticorrosive　charac芝eristics　of　organic　fi三n3s　on

copper；potentiostatic　anodiza芝ion　which　acceler－

ates　p〇三yrnerization　ofをhiol　radica1s，　result…ηg　壬訂

improved　adhes三〇n　proper芝ies　o£the　f1lm　and　fi－m

pζoduc芝ion　by　anodic　reaction　ofcopPer，and　modi－

ficat三〇n　of芝riazinedithio1（TDT）．In　the…atter　case

alkyl　amino　groups　hav1ng　a　hydrophobic　group　of

a　long　carbon　chain　was　introduced　to　the　TDγas

a　subst三ωtion　radica…（一R），which　mod…fied　the　cop－

per　su董寸ace　to　give　a　bigh］y　coぎrosior1－resistant　and

water－repe11ent　nature．

　　　In　this　s芝udy，we　have　focused　on　TDT　having－N

（C豊H17）2as＆substitution　group（一R），£or　which　the

corrosioninh1biti㎝effecthasbe㎝reportedelse－
where，We　eva1uated　the　e脆ct　of　elec芝rode　poten一

芝ial，so至ution　coηcentrat1on　and　electroiysis芝ime　on

芝he　corrosion1nhiもit1on　ofcopPer．EIectrochemica至

ana至yses　of芝he　anodized　fi三ms　wcre　carried　out，and

the　re1a芝ionship　between　the　carbonηumもer　in　the

subs言itut1on　group　ofγDT　was　also1nves芝iga芝ed－

　　　When　copPer　was　anod1zed　in　solut1ons　contain－

i列g　various　concen芝rat三〇ns　of（C冨H三7）2N－TDT　the

anodic　po至arization　curves　showed　dup至ex　curre打t

peaks．　By　anodiz1打g　copper　iη5mM（CgH17）2
N－TDT　solution　at　the　potent｛a！eΨa1芝o　the　second

curren辻peak，1．25V（SCE），沈e　po1ymerjzat量on　of

凶e雀hio至gτoups　proceeded　w…th　the　simu1taneous

outward　growth　off11m，whic針resuIted三n　thecorro－

sion　…nhibit三ve　properties　of　the　copPer．　8y　芝he

introduc芝ioηof　long　alky…chains芝oγOTs，high1y

corrosion－resis芝ant　and　w＆雀er－repe…lent　fiims　were

obtained．

3）Evaluat1on　o£Defects1n　Meta1lic　Coating

　　　For　the　measじremen芝of　e！ectrode　potenセia1of

meta1s　covered　wi芝h　thin　so呈ution　film，the　Kelvin

technique　was　applied．1n　which　a　siIver　wiすe　of0．5

mm　diameter　with　a　AgCl　coating　was　used　as　the

Kelvin　probe　for　potent三a互de芝cc芝ion．　The　probe

pIaced1n　air　was　osc三至1ated　sinusoidaI至y　with　respect

to　metal　surface．　　…t　is　thus　possible　to　measure

re1銚ive　e1ectrode　pote打tia…without　touch1ηg　the

e至ectrolyte．A　galvanic　couple　model　compr1sing　of

iron　and　zinc　was　used　for　demons芝τat…ng　potentia三

tl’ansition　at　the　interface，εxperiments　weζe　carried

out　uηder　p汕re　water芝o0，5％NaC…solu芝io打1ayer

with100and400μm　th三ck．　Under　the　so至訂tion

films．po芝ential　on　z｛nc　was　abouピ1．2V　wh…le　th＆t

on三ron　was　abo汕t－O．7V．Under　the　pure　water　film

o〔OOμmthick．thezoneofpotentia王transitionwas

3to4mm　wide　from　the　boundary　in芝o戸e　surface．

The　width　of　potent…al　transit…on　was　influenced　by

bo芝h　soluton　f…kn芝針ickness　and　sa1芝concen奴ation．

The　w三dth　of　potential　trans｛tion　zone　under　the

fi1m　o£theNaC1soIut三〇n　was　largerthan　underp靱re

water．　This　indicates　that　ga1vanic　effect　reaches

further1nto　Fe　surface　in　salt　solutions．The　ef£ec一

芝iVediS舳㏄0fCOrrOSiOnprOteCti㎝byZ1nCiS
proport…nal　to　a　square　roo芝ofδ／ρ，w針ereρis　a

resistivity　andδis　a　thic失ness　of　a　solution　fi1m．

Potential　dis辻ribution　at　zn／Fe　boundary　was　ex－

p至a｛ned　in　terms　of“芝ransmiss…on　I…ne　mode至”．

Keywo了ds：atmospheric　degradaをion，　corrosion，

organic－coatings，exposure芝es芝，ac1mpedance，P19－

ments，Kelvin　p1．obe，9aIva訂1c　coup1e，transmission－

1｛ne　mode至

47　　Preparation　of　loηic　Cond8ctors　by　Pres－

surized　Sintering

〃〃αんα舳〃，τθα朋げ〃〃0・げ8μC〃
1～θ3θαrc乃

［Apri〕995to　Ma11ch1998］

γhere　have　been　many　reports　on　so1…d－sta芝e　oxygen

…onic　conductors　that　can　be　used　for　an　oxygen

sensor．For　mon1toring　Pol1uta打ts1n　a1r　s訂ch　as　SOx

and　NOx，there　is　an　increas1ng　demands£or　stab！e

sensors　consisting　of　so互id　state　e1ec芝ro1ytes　or　ion三c

conductors．Very£ew　reports　have　yet　been　avai1ab豆e

part－y　becausc　of　the　diffic汕Ity　in　the　search　o£

compounds　that　show　chemical　selectiv1ty　to　specific

chemical　species．　Moreover芝he　compou訂ds芝hat

show　se1ect…ve　affinity　to　pol～tan辻s　are　liab豆e　to

thermal　decomposit1on　a定e王evated　temperature．In

our　previous　research，however，we針ave　shown辻hat

several　solid＿s辻銚e　and　　g1assy　e至ectrolytes　gave

e1ectrochemicaI　pote訂tiaいndicative　of　SOx　concen一

芝rat…on　i訂air＝The　e…ectroly芝e　consis辻ed　of　oxides

and　sulfates．lt　was　demonstrated　that　the　sensor　was
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successfu1正y　appI｛ed　for　the　monitor…ng　SOx1eveいn

eXhauSt　gaSeS．

　　　三n　this　study，£or辻he　synthesis　of　comp三ex　so1id－

state　elec辻r〇三ytes　a　technique　of　pressurized　s…nteri訂g

was　deve－oped　to　supPress　the　thermal　decomposi－

tion　of　otherwise　readi正y　degr＆dab1e　compounds

（especi窒11y　ni打ates）．　The　techn…que　al1owed　the

syn雀hesisofsolidelectro1ytesc㎝sisti㎎o£asol1d

soIution　tha辻shows　complete　ion｛c　conduction　and

sufficien芭1y　high　conductivity　even　a雀re亘atively　low

temperatures．The　so1id－s倣e　eIectrolyte　thus　prepar－

ed　showed　sufficient　selcctivity　for　the　quantita芝ive

measurement　ofcorrosive　gases　and　could　be　applied

for　the　monitoring　of　NOx　g盆s－

Keywords：Pressurized　si汕ering，ion1c　conduc芝or，

so…id　e三ectro1y辻e，e1ectrica正conductivity

1st　Researc11Group＝Super　conduct－
ing　IV1ateria■S

48　Understanding　of　the　Mechaηism　of　S岬⑧r－

conductivity　in　Hig11　↑empe干a｛ure　Supercoη一

duct07s

K．〃か伽，τ．〃0C倣〃，H、τα加〃，〃．ταC倣えX．

舳，τ．γ0ん0ヅαα〃τ．

α’0〃ρ

［April1995to　March2000］

ταんα肋8〃／3fRωθoκ乃

To　understand　the　mechanism　of　superconduct1vity

三n　high辻emper星ture　superconductors（HTS），enor－

mous　amoun辻of　experiments　and　theoretica1ana正y－

sis　have　been　performed　after　the　discovery．Recent－

1y，highqua11tysing1ecrys迂a1sofHTShavebeen
grown　and　the　experimenta1data　have　become　more

re1iable　and　deε…nite－　ln　ouすgroup，　singIe　crystaIs

of　Bi2Sr2CaCu208＋δ（Bi－2212），Nd2＿xCe，Cu04and

YM2B2C　wi曲high　qua三ity　in　crysta－1inity　have

been　grown　by　trave1－ing　solvent　noating　zone芝ech－

nique，Among　oぎthem，Bi－2212sing1e　crysta1s　were

used£or　high－reso1utioηang－e－reso正ved　pho辻oemis－

sion　spectroscopy（ARPES），Preparingsamples　with

adifferent　kiηd　ofho1e－dopingfrom　under－doped　to

over－doped，careM　ARPES　exper1men盲s　have　been

performed　and　remarkab1e　resuhs　have　been
obta1ned，We　have　fo㎜d　the㎝ergy　gap　in　normal

and　superconducting　st＆te　o£these　sampIes．互n

optimally　doped　samp1es，　the　gap　closes　…n　the

v三cinity　of辻he　superconduc古ing　transition　tempera－

ture（Tc）．However，in　the　under－doped　samples，the

gap　sti三1rema｛ns　above　Tc　and　closes　in　the　norm＆1

sta辻e．　The　magn…tude　of辻he　g＆p　increases　with

decreasing　a　carrier　doping．　The　gap　has　a　finite

densi辻y　of　states　in　normal　state，which　is　thereFore

caHed　as　a“pseudo－gap”、The　pseudo－gap　seems　to

be　changed　continuous董y　to　the　superconducting　gap

（△）一Furthermore，1t　is　noted　th＆雀the　magnitude　of

supercOnducting　gap　is　irreievant　雀o　the　doping

leve一，whereas出e　Tc　is　di術eξent　w1凶　a　carζier

doping．　so，this　ind…ca雀es　that2△／κBT。（κB；the

Bo1tzmann　constant）increases　with　dec1‘easing　a

carrier　doping，By　ARPES　measurements，we　coωd

obtain　the　w＆ve－numberdependency　o£the“pseudo－

gap”．The　symmetry　of凶e“Pseudo－9ap”is　same　as

芝hat　of　the　supercond靱c芝ing　gap．　So，三t　suggests　that

由e　or1gin　of　the“gap”is　the　same　in　superconduct－

ing　a訂d　normaI　s亡ates－This　wilI　bc　a　great　c三ue　for

further　deve－opmen芝to　u訂derstand出e　mechanism　o£

superconductivity　in　HγS．

　　　Th1s　research　project　aims　also　to　understand　the

characte…’istic　phenomena　observed　in　the　supercon＿

ducting　state　oF　HγS　in　a　magnet…c　and　an　e1ectric

f…e1d一　γhey　may　mainly　come　from　their　layered

structures，composed　oぎ曲e　s叩el’conducting　Cu02

1ayers　sandwiched　w…雀h　the　insulating　or　1ess－

conductive　layers－　The　elec辻rons　or　holes　are　con－

fined　into　a　quasi－two－d1mensional　state，wh1ch

causes　the　e正ectro訂三c　state　to　be　anisotrop…c．　The

Josephso訂　efFect　has　もeen　found　as　an　in辻rinsic

na雀ure　ofthese　materia至s　in　the　voltage－cu1．rent　char－

acteristics．The　characteristics　are　s雀udied　by　numer＿

ical　analysis　to　ca三cu18te　the　differentia1equa辻ion　of

芝わe　phase　in　the　Josephsoη　current．　　γhe　mu1ti－

branches　in　the　characterist…cs　were　weH　reproduced

by　numericaI　caIcu！ations，assuming　the　ch室rge　d1s－

tribution　in　the　superconduc芝ing　layers．

　　　The　magnetic　phase　diagξam　of　the　HTS　aIso

reveals　quite　different　features　from　those　of　the

conventional　s縢perconductors．One　of　the　distinct

resu1ts三s　the　distributioηoぎthe　voξtices，when＆

magnetic　fie三d　is　apP1ied　along　Cu02正ayers。…t　was

cons三dered　tha辻the　vortices　distribute　accordi莉g辻o

the　penetration1ength　of丈he　magnet三c　fields　along

c－axis　and　perpend｛cular　to　the　axis，　and　the　disto11t－

ed　Abrikosov　lattice　may　be　formed．Howeveξ，by

the　numerical　an＆lysis　and　Monte－CarIo　simuIat1on，

a　cha…n＿like　dis芝ぎibut…on　has　been　obtained．　γh…s

was　a夏so　conf…rmed　experimentally　by　a8itter　P＆雀一

tem　technique．These　res訂至ts　wil1make　the』oseph－

son　plasma　and凶e　Josephson　current　perpendicuIaξ

to　the　c＿ax…sセo　be　reana1yzed　and　reconsidered．

　　　U訂derstanding　セhese　characteristics
凶enomeno1ogica1正y，we　wiH　reconstruct　a訂d　ref1ne

the　mode1to　m畝e　clear　the　reaI　mech＆n三sm　of

superconduc芝ivity　in　HγS　and　the　p針ysical　prop－

eすties　of　HTS　in　e1ectromagnetic　f…e1d－

　　　This　research　has　been　made　in　collaboration

with　Tohoku　Un｛versity．

一35一



Keywords：high　　temperature　　superconductors，

mechanism　of　superconductivity，magnetic＆e1ec－

tronic　properties

P舳HCatiOmS；

Anisotropy　and　Doping－Dependence　ofEnergy　Gap

1n　Bi2Sr2CaCu208＋δ＝T，Yokoya，H－1）1ng，T．アa一

失euch1，↑．Takahashi，3．Campuzano，M．Randeria，

M．Noman，T．Mochiku．and　K．Kadowaki，
Advances　in　Superconduct1v｛言y頁X，Spξi訂ger　VerI轟g

Tokyo（一997），p．133－137－

Des紋uctioηof　the　Fermi　Surface　in　Underdoped

High　TC　Superconduc芝ors＝M．Norman，㌶．Ding，

M．Randeria，J，Campuzano，γ．Yo失oya，T－Takaha－

shi，K．Kadowaki，P．Guptasama，and　D，G，H1nks．

Naをure392（…998）　I57＿一59．
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刷gh　temperaωre　supercond汕c辻ors（洲TS）have　been

studied　intensive亘y　on　their　physica…properties　aれer

芝he　discovery．　Dis芝inct　fea辻ures　of芝hese　materia1s

havebeen　obtained，compared　with　theconventional

meta1or　intermeta11ic　superconductors．There　have

been　found　a　higher　critjca1童emperat肌eラa　hjgher

critica1current　density　and　＆higher　upper　criticaI

magnetic　field－Two　dimensiona三i辻y　oftheir　crystaI

structure　is　a　significant£eaturc，which　has　been

recently　recOgn｛zed　…n　supercOnducti打g　prOperties．

For芝he　apPlica芝iorl　of　these　materiaIs，it　…s　rea豆1y

essential　to　use　a芝至iquid　nitrogen　temperature77K．

However，芝針e　upPer　cr…tica至curすent　density，foζ

examp至e，is　reduced　drastically　uηder　a　magnetic

f…eld－　　Super…ority　t0　室he　conventional　suPe「co訂■

duc言ors　can　befound　on1y　around至iquid　He　temper－

a芝ure．　The　reason　is　that　there　bave5een£ound　no

piηning　centers　e脆ct三ve　at77K　or　at　higher　tempera－

tures，However，most　of｛e　obstac正escome£rom　the

nature　of芝he　HTS　themse至ves，for　example，two－

dimens三〇nal　electron1c　states，三arge　anisotropy，short

coherence　length，superconduct三ng　quantum　fluctua－

tion，etc．γheすe£ore，it｛s　of　necessity　for芝he　apP1ica－

tion　of　the　HTS芝o汕nders辻and　the　pinning　mecha－

nism　of　vortices　in　HTS　sing1e　crysta至s　at　first，and

then，to　i打troduce　effective　p三nning　ceηters　intoをhe

mater1aIs　artific三ally．

　　　Thisζesearch　program　aims　to　f1nd　the　effective

pinning　cen雀ers　by　understanding　the　pinning　mech－

anism　in　these　superconductors，F…rst　ofa1正，we　have

芝o　失now　the　intr…nsic　pすoperties　of　h三gh　qua1ity

si㎎1e　crysta1s．　We　have　deve1oped　our　crysta1

growth　technigues　with　various　methods，Based　on

the　fundamcntal　studies　on　the　high　quality　singlc

crysta正，we　have　introduced　the　pinning　centers，

artif…cially，such　as　defects（dis三〇cations，columnar

defects　by　a　heavy　ion　irradiat三〇n　and　other　phases），

impuτities．Recen吉1y，we　have　found　dis辻inct£eatures

in　the　heavy－ion　irradiated　Bi－22I2　singIe　cすys辻als．

By　meas訂ring　the　Josephson　p至asma　resonance，new

phase　boundary　has　been　observed　above　the｛rrever－

sib三1ity　line，…n　which芝針e　voξtjces　are　considered　to

l〕c三n　the　I…quid　state－The　new　bour■dary　exists　a辻

Bφ／3（Bφ＝n×Φ；η＝density　of　co1um蝸r　de£ects，

Φ＝magnetic　flux　quantum），wh1ch　is　independent

to　temperat服e－Beユow凶ebound轟ry，thevorticesare

…訂the　liguid　state．　Above　that，the　coupling

between　the　superconducting　layers　becomes　strong，

which　ind…ca芝es　that芝he　vortices　become　a　l…ne－like

structure　with　increasing　magnet三c　f…e正d．This　fie－d－

induced　transition　has　been　a1so　confiすmed　by　the

Monte－Calro　sim訂Kat1ons．Fu舳eすmore，it　has　been

shown　that　this　boundaζy　penetrates　into　the　irrcver－

sibiiityぎegion｛ndependent芝o　tempcrature．γhis　was

obse・・edas・peake£f・ctat芝hem・gneticfieldofBφ／

3in　the　magnetizat三〇n　curves．

　　　Magnetic　phase　diagram　of　single　crysta1三i舵

YNi2B2C　has　been　stud三ed　by　ac　susceptib三1ity　and

dc　magnetizat三〇n　measurements．At　higher　magnetic

£…e1ds，peak　e汗ect　h＆s　been　observed　c1early，and，at

lower　fie正ds，a　vortex1三ne1attice　melting　has　been

appeared…n　ac　susceptiもil…ty．　This　charac亡erjsdcs

are　s芝udying　as　a　genera1property　of辻ype　ll　super－

conductors，when　the　crystai1inity　becomes　better

with1ess　pinning　centers．

　　　Arraagement　of　the　vor辻iccs　in　HTS　has　been

observed　by　the　Bitter　decora芝ion　technique．When

the　magnetic　field　is　app11ed　perpendicular　to　the

superconducting1ayers，c1car　Abr1kosov旦attice　has

been　observed．Inc1｛ning　the　magnetic£ie1ds辻o　the

layers，a　ch＆in－like　structure　apPears　at　some　angle

besidesthe　Abrikosovvoれex1at芝ice，Thes辻測cture　is

ana至yzed　in　re1atjon　to　the　interaction　be辻ween　the

vortices　and　the　layemess　of　the　materia1s，A　d1s－

tinct　d…stribution　of　vortices　appears，when　the

magnetic　f…eld　is　apP1ied　parallel　to　the　正ayers－

Arrangement　ofthe　vortices　is　not　a　distorセed　Abri－

kosOv　vortex1鮒ice，coηside舵d　from　the　penetra七〇n

leng芝h　ofthe　fields　perpendicu1ar　and　paralle1to　the

1＆yers．…t　shows　meshes　of　vort三ces　I…ne，This　sug－

gests芝hat　the　interaction　among　the　vort｛ces　is　some－

what　different　from　the　model　cons三dered　be£ore，

and，the」osephson　p1asma　and　the　Josephson　cur－

rent　are　reconsidered　to　take　account　ofthe　distr三bu－

tiOn0£芝he　VOrtiCeS．

　　　γh1s　research　has　been　made　in　co1三aboration

with　Tokyo　Insti芝ute　of了echnology．
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tex　pinning，vortex　dynamics
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S．Miyamoto，T．Mochiku　and　K－Tog＆no，Chinese

』．o£Physics36（1998）215－221．

50　　■＝abI’．ca1：lon　of　ln廿1nslc　Josephson　」unc－

tions　and　Evaluatioη　of　thei了　PhysicaI　P1’op一

甘tieS

κ．肋伽o，τ．〃oc々伽α〃〃．τα加〃〃
他3θ〃C乃0r0〃ρ

エApr1〕995to　M刮rcb2000］

Most　ofh1gh　temperaωresuperconductorshaveb㏄n
£ound　to　show　a　laすge　anisotropy　in　their　magnet1c

and　e！ectronic　proper芭ies，in　contrast　with　thc　con－

ventiona正　metal　or　intern↑e辻a1正…c　superconductors．

γhis　窒niso芭ropy　cornes　from　their　crystaI…ogすaphic

strucωres，which　are　composed　of　superconducting

Cu02正ayers，sandwiched　with　the　insu1ating　layers

or　less＿conductive　layers－　The　e1ectrons　or　ho1es　are

con£ined　in　two－dimensiona1system，and　the　coher－

ence　leng辻h　perpendicular　to　the　layers　becomes　very

short（～I　A　or　Iess　foすBi2Sr2CaCu208＋δ（Bi－2212））．

This　struc辻ura1　anisotropy　causes　interesting　Phe－

nomena．The　dc－Josephson　ef£ec辻has　actua1ly　been

observed　in　the　vo－tage＿current　character｛stics，and

the　ac－Josephson　e節ect　h星sすecently　been　oもserved，

too．High辻emperature　supe…．conductors1s　confirmed

to　have　the3osephson　e欄ect　as　their　ow列pmperties

without　any　artificial　insu－ating三ayer，The1＆yer1犯ss

0£these　materia三s三eads　also　to辻he　pecu1iar　charac－

terist1cs1n　magnetic　and　electronic　proper辻ies；mag－

netic　p11ase　diagram，the」osephson　plasma　reso－

nance，second　peak　effec辻（f…sh　ta…1），and　sO　on．

　　　This　research　p一．ogram　is　planned　to　u芝ilize　the

intr1nsic　properties　of　high　temperature　supercon－

ductors　for　the　apP1｛cation，such　as　the　Josephson

effect，and　to　fiηd　a　new　characterist…c　fe銚ure　in

these　ma吉elIiaIs　under　various　circumstances．　For

th三s　purpose，it　a1ways　becomes　a　key　to　grow＆large

si㎎le　crysta1of　high　qua1ity－We　have　developed

○しlr　techn〇三〇gy　in　grow…ng　sing正e　crystals　of　high

tempera辻ure　superconduc辻ors　main三y　by　traveiing

so1vent打0ating　zOne　method－　Large　s…訂g1e　crystals

have　been　obtained　with　a　size　of5mm三n　width，

1㎝ger芝han10mmin1ength．Theev盆1uati㎝oFthe
crysta1lin三ty　has　been　per£ormed　to　make　a　feedback

辻o　the　crysta1growth．　By　the　measurements　of　a

doub正e　crys辻a1X－ray　diffraction，siagIe　crysta1of

Bi－2212shows　about70a1℃seconds　in　the　fu11width

of　the　half　max三mum．There　is　also　less　misalign－

men辻in　the　d雌rac辻ion　plane，wh1ch　was　confirmed

by＆doublecrys雀a1X－raytopogra凶y．Magneticand
electron三c　properties　（res三st…v…ty　under　magnetic

fie1ds，ac　susceptibi1三ty，dc　n〕agnet三za辻ion，汽aI三co－

effic…ents，hea辻capacity，etc）are　measured　on　these

sing1e　crysta正s　in　norコnal　and　supercond汕c辻ing　state．

　　　ザor　the　curren辻一vo1tage（∫一γ）measuremen吉s，a

finestructureisessen辻iaいoavoidaheati㎎effect．
We　have　fabricated　the　mesa－structu！．ed　j㎜ctions　by

an｛on－mi川ng　with　a　diame辻er　from30to6μm　and

with　a　height肪om200辻o50ηm　on　the　c三eaved

surfaceo£Bi－2212singlecrysta1s．Measuring㎝the

mesa－structuredjunc辻ions．multi－branches　h盆ve　been

obtai1ミed　in　the　夏一V　curves　wi芝hout　applying　a

magnetic　field　and　a　mic1’owave，Under　the　m1cm－

wave，a　Shapiro　step，which　is　usua…1y　observed　in

辻he　mrmal　Josephson　junction，針as　not　been　seen　in

吉his　junc芝ions，　1nstead，＆£ine　struct雌re　in　the∫一1／

curves　has　been　found　at　low　vo1tage（current）or

zero　crossings　region．This　fine　step　is　considered　as

an　innuence　o£the　coherent　vortex　now．Even　the

ju列ction　is　sn－aIier　tha1，　the　lnagnetic　penetra芝ion

depth，芝heζe　might　be　a　phase　variation　ofjosephson

c雌rent｛n　this　mesa一芝ype　structure．To　u列derstand

the　step，the　measureme莉ts　has　been　done　under　a

magnetic　fie1d．　But，there　have　been　found　no　f…ne

step　at　vario汕s　magne芝ic　fie三ds．　Under　magnetic

£1elds　and　m1c…1owave，there　are　s辻i三1amb三guous

characteristics　obseすved．　Fur室her　experiments　wi－l

be　needed　to　develop　a　technique　for　the　fabricat三〇n

of　m…cro－structured　junctions－

　　　Based　on　these　resu…ts，芝針e　intrinsic　properties　of

the　josephso打junctio1l　in篶TS　will　be　anaヨyzed

numer1caHy　by　a　computer　simu1a芝ion，and，iorξhe

appI三cation　of　HγS，new～1－ction　wiH　be　proposed．

　　　This　research　has　been　made　in　conaboration

w｛th　Technica…University　of　Munich．

Keywords：high　芝empera芝ure　superconductors，

三ntrinsic』osephson　j靱nction，』osephson　dev…ces

ReceIlt　P氾blication

ln言r1訂sicJosephson」unc辻ionsu打derMicmwave1rξa－

diation．W．Prusseit，M－Rapp，K．H1rata　and　T．

Mochiku，Physica　C293（1997）25－30。
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51　　Computer　SimuIaせion　Study　on肺e－Vlecha・

ηism　o言High　Temperature　S叩ercoηductivity

K、〃伽0，τ．〃0C倣〃，〃．τα加〃，〃．ταC〃れX．

H〃，見8〃9αηo、τ一0ηo就γ一〃oな〃ゴα，τ．Koヅo〃α

伽ゴ　γ．0乃α3〃／3工Rθ∫θακ乃Groαρ

工October1997to　March1999］

This　research　project　aims　to　study　theoret｛ca11y　on

芝he　physical　prop航ies　of　high　temperature　super－

coηductors（H7S）in　a　m＆gnetic　fie1d　and　an　e豆ectr三c

field，by　using　a　computer　simulation．　For　th三s

puξpose，wehavedeve至oped＆lgorithm　a訂d　programs

for　the　ca亘culation　by　super－computer芝o　compare

卯an芝itative1y　with　experiments．We　have　perfomed

the　ca1culat1oη　（Mo耐e－Ca1ro　and　molecω肌

dynamics　method），b＆sed　on辻he　Lawrence－Doni＆ch

model　and　London－Maxwe1l　mode1，which　are
assumed　£rom　the　layer－s言mctures　of　HTS．　To

enhance　the　critical　current　densi辻y，fo㍑xamp正e，we

have　tried　to　汕nderstand　the　quantum　vortex　state，

＆nd　the』osephson　plasma，which　may　be　app正ied　to

commun1ca芝ions－　From　these　studjes，£o1lowing

significant　results　are　obta三ned；

　　　…）1n　heavy－ion　irrad…ated　Bi－22－2s…ngle　crysta至s，

j盲was　shown　by　the　p1asma　resonance　experiments

that　the　vor芝ices　are　…n　a　coup1ed　state　along　the

c－axis　w…th　increasing　a　magnetic　f…e1d．　Th三s　was

well　understood　by　the　numerica1analysis　thaいhe

tτans…tioηoccurs　atBφ／3（3ψ＝nxΦ；n＝der■sity　of

columnar　defects，Φ：magnetic那ux　quantum）both

in　the　reversibiiity　and　irreversibi正i古y　region．From

the　analysis，anoma！ous　peak　e脆ct　has　been　con－

firmed　by　the　pすec｛se　magnetization　measureme訂ts．

　　　2）Firs芝order　phase　transit…on　of辻he　vortices　is

obtaiηed　from　the　Abr三良osov　vor辻ex　line1鮒ice芝o

the　liquid　state　as　a　me1ti列g1ηthermodynam｛cs　by

compu芝er　simul＆芭ion．This　is　well　coincided　wi辻h

exper…ments．　Furtheξmore，it　is　shown　that　the

liq訂…d　is　in　a　decoup正ed　state　without　any　coherence

in　supercond訂c芝ivity　between　the　superconduct｛釘g

layers．

　　　3）3osephson　p1asma　mode　has　been　analyzed

numerica豆1y　on　the　frequency＿dependence　of　re＿

舖ectivity　and芝ransmiss｛v三ty　in　the　magne亡ic　and

electric　fie1d，when　the　magnetic　field　is　app1ied

par＆11el　to　the　superconduct三ng正ayers－It　is　shown

that　renectivity　and　transm…ssivity　osci1late　as　a

function　of　frequency，when芝he　frequency　is1arger

芝han　the　p三asma　frequency．　I芝…s　conc…uded　that　this

is　caused　by　芝he　τe賃ection　and　interference　of言he

transverse　e1ectro－magnet1c　wave　to　the　both　sur－

faces－　It　is　a…so　proposed　雀hat　generation　of　the

microwave　is　possible芝o　excite　the　plasma　wave　by

vjrをue　of　the　vor芝ex　now　with　Bowing　a　c服rent

perpendicu1ar　to吉he　superconduc雀ing1ayers．

　　　4）1n　the　superconducting　state，Goldstone　mode

（co！lec雀ive　excited　mode）has　been　analyzed，which

is　c＆used　by　a　spon辻a訂eous　bre荻down　of辻he　con亡in－

uous　symmetry－　Taking　account　of　the　L＆ndau

damping　of　quasi－part三cles，which　was　not　consid－

ered　we11before，i芝is　shown　that　the　Go正dstone

mode　can　be　observed　only｛n　a　d三rty　system．

　　　This　research　has　been　made　in　co11aborat…on

with　Advanced　Research　Laboraセory　at　Hitachi，Ltd，

Institute　for　So…id　State　Physics　at　Tokyo　Un…versi辻y，

Research　玉n　stitu辻e　fo　r　M　ateri　al　s　at　γo　ho失u　U　n　i　ver＿

sity　and　Tsu廷uba　University．

Keywor6s：high　tempeζature　s靱perconduc芝ors，com－

pu芝er　s三mulation，mecha莉三sm　of　superconductivity，

vortex　pinning，Josephson　p正asma

ReCent】PuhIiCatiOnS

Fieid－Driven　Coup1三ng下ransit三〇n　in　the　Vortex

S雀ate　of　lrradiated　8i2Sr2CaCu20呂十δ1COmputer

Simulation　S芝udy，R．Sugano，T．Onogi，K－Hirata

and　M．Tachik1，Phys．Rev．Le辻ters80（1998）12925－

2928．

52　　Dev⑧lopment　of　Hig11－Tc　Oxide　Supercon－

ducting　Wires　and1－ap⑧s

〃．Kα〃αん〃α，13τ伽3ω肋Gアo卯

王Apri〕995to　March1999〕

Bi－based　Oxide　suPe「conducto「s　a「e　ve「y　P「omising

for　high一£…eld　superconducting　magnets　because　of

their　extraordinari1y　h｛gh　upper　cri芝ica正行eIds　H．2

and　high　irrevers｛bility　fieヨds．　1n　case　of　B…2Sr2

CaCu20x（Bi－2212），c－axis　gra…n　oriented　micros－

tすucture　is　eas三1y　obtained　by　s至ow　so－idification

紛om　a　partia1ly　moIten　state　on　silver　tapes－This

grain　a－ignment　sigη三fican芝1y　increases　the　critic＆l

c服rent　density，Jc，even｛n　magnet三c　fie豆ds　wei1

匿bove20T　where　it　is　difficu1t　to　use　convcntiona1

meta豆1ic　s叩erconductors　because　o㍑heir三〇wer　H，2．

we　have　developed　h1gh－Jc8i－2212／Ag　supercon－

ducting芝apes　by　the　combination　of　this　melt－

solidi£ication　method　and　a　dip－coating　method．

　　　Recent1y，we　found言hat　the　app三ication　of　Pre－

Annealing　and　Intermediate一良o1豆ing（PA服process）

be£ore　the　me正t－so］｛dification　improved　the　m｛一

crosrtuc雀ure　ofB三一22三2iayer　a訂d　sign三ficantly　enhan＿

ced　Jc　va1ues．This　PA1R　process　is　promisi訂g£or

the　fabrication　of　high＿3c　long　tape　conductors．

First，an　oxide／Ag　tape　was　prepared　by芝he　d三p－

coat…ng　using　a　slurry　containing　B…一22正2powder，

and　was　pre－amealed　in　pure　oxygen　gas　at　a　tcm－

perature　be言ween800and880．C　for　l　hour．By　this

prc－an鵬aling，organic　m＆teria1s　in　the　s1服ry　were
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compIete三y　removed　from　the　oxide　layer．Then，the

pre－annealed　tape　w星s　cold－r〇三1ed－The　deformation

rate　of　Bi－2212三ayer　was～25％。　Af吉er　the　PA岨

process，雀be　convent｛onal　melt－solidif…ca雀ion　w盆s

apP1ied　in　order　to　obtain　grain　oriented　micros－

tructure　of　Bi＿22！2phase．By　the　appIicatio訂of　th…s

PA三R　process，J，values　werc　s…gnif…caηtly　e列hanced．

The　tapes　prepared　with　PA1艮process　showed　Jc

va三ues　above3×1o5A／cm2，wh三1e　the雀＆pes　prepared

with　only　the　conventio訂a正pζocess（w…｛out　PAIR

process）showed　j，va1靱es　of　H．5x105A／cm2．

　　　Ac　suscept1b川ty　measurement　indica辻ed　tha芝the

superconducting　tr＆nsit…on　width　of　the　PAIR

processed吉昼pe　was　less　se打sitive　to　ac　f1e三d　ampli一

雀ude　than　that　o£the　conventiona三1y　processed　tape－

This　resu1辻　suggests　that　tbe　gra…n　coup1ing　or8i＿

2212is三mproved　by　the　application　of　the　PAiR

process．　This1mprovemeηt1ηthe　grain　coup1ing

co1術ibutes　to　the　Jc　enhaηceme航me莉tioned　above．

We　obseすved　the　micros舳cセu1’e　of　tbe臥22121ayer

us1㎎asca㎜ingelectr㎝microscope．Theamo舳
ofimpurity　phases1n　the　PA服pζocessed　tapes　w＆s

smaHeT　than　that　in　the言apes　pすepared　without　the

PA1R　process－　Moreover，芭he　m1formity　o〔he

Bi－22I2　三ayer　was　sign1ficantly　improved　by　芝he

appl…cation　o£the　PA三R　process。γ針e　roll1ng　proc－

css　decreased　the　Bi－22121ayer　thickness，…ndicat…ηg

the　i訂crease　of　the　Bi－22正21ayer　dens…雀y、　…n　the

PA夏R　processed　tapes，moreわighIy　ali劉ed　grain

structure　was　observed．This　higher　grain　a1ignmen言

can　be　explained　by　both　the　sma11eξamoun芝s　of

imp凹rity　phases　and　smalIer　Bi－2212Iayer　thickness．

Keywords：B三一…〕ased　oxide，　pre－annealing，　cold－

roll1㎎，9ra1ncoupl1㎎
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53　　Dev⑧lopmentofaSuperconduct…ngMagnet
fo了I、’lagnetic　Separation

〃一κ舳αん〃α，／∫τ伽8θα1℃乃αoゆ

〔Apr1l1995to　March1999コ

Magneticseparation針asbeen靱sedξormanyyearsto
correc芭magnetic　paξticles　such　as　iron　ore．For雀he

effic1en芭mag訂e辻1c　separation，fie1d　gradient▽B

shou1d　be　large　because　the　magnet…c　force　is　propOr－

tiona1芝o▽B，Highα1adientMagne亡icSeparators
（HGMS）use　a　finely　dMded｛erromagne芝ic　matrix

to　create　董arge　gradieηt　a訂d　to　corξect　eveη　paす一

amagnetiC　materialS．　至n　mOSt　CaSeS，hOWeVer，COn－

vent1onai　copPer　electromagnets　are　being　used　for

HGMS，andthemagneticfieldsavailableal・elimited

to～2TesIa　by　the　sat服at1on　of　iron．1n　addition，

generation　o£mag舵芝ic舵1ds1n　a　large　vo～me　is

costly1ηterms　of　electric　power，iron　and　copPer，

For　example，a　largeelec校omagnet　for　kaolin　sepa－

ration　may　consume＆s　much　as500kW　elec言すic

power，all　ofwhich　is　converted　i莉to　heat．For　these

reasons　superconducting　magnets　for　magnetic　sepa－

ration　were　proposed　as　ear…y　as丘970，The　advan一

言age　of　s汕perconduct…v…セy　is　the　lack　of　e蔓ectr…c

power　diss…Pa支ion　at　a　co汀s芝a列tぎ…eld－　However，

cowent1ona至metal1ic　supeすconduc芝ing　magnets　usu－

a－1yζe叩1re　expensive1iquid　he1ium　for　cooling，

which　h…nder　the　signi£…cant　decrease　ofthe　mnning

cost一　ドurthermore，separator　rn盆gnet　users　are　not

accustomed　to　use　liquid　he至ium．　川gh－Tc　ox1de

superconductor　is　pl．omising£or　a　helium－free　m＆9－

net．Cryocoolercan　beused　e肝ectivelytocool　down

an　oxide　superco糀duct1ng　magne雀。

　　　1n　th1s　research　pξogram，we　wil…develop　the

prOtOtype　0£　an　oxide　superconduc芝ing　magnetic

separator　which　can　be　operated　with　a　cryocoo1er，

Bi－based　oxides　seem芝o　be　most　promising　for　the

magnet，RecentIy，we　have　fabr1ca芝ed　smal1Bi2Sr2

Ca2Cu茗Oy（Bi－2223）pancake　magnet　with79mm

bore，130mm　outeζdiameter　a1－d　130mm　hcight

us1ng20m－1ong　Bi－2223tape　conductors，and辻ested

iNsingaGMcryocoo1erinorde〔oinvest三gatethe
apPlicabi三ity　of　the　B…一based　oxides　to　the　m＆9netic

separation　sys芝em。γhe　voItages　and　temperatures　of

the　pancake　magnets　were　measured　as　a　funct1on　of

t1me　at　various　operating　curre耐s．　At30K，the

maximum　operat1ng　cuすrent　deBsi芝y　was8，600A／

cm2．7his　current　genera辻ed　a　fヨe－d　of　l　Tesla　at　the

center　of　the　magnet．　At20K，we…．epea芭ed　the

excita芝ion　o£the　magnet　up　to〕γesIa，and　we

found　the　magne辻was　stably　operated．　All　these

results　indicate芝hat　a8i－2223magnet　is　pすomising

for　the　magnet1c　separat1on　sys辻em，We　have　s雀arted

the　sca至e－up　of　the　B…一2223tape　conduc芝ors　to　con－

s言mct　a　pro芝otype　magne言£ora　m盆gneticsepar＆芝ion

SyS芝em・

Keywords：Bi－based　ox…de　superc01？duc言ors，critical
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currentdensity，cryogen－frcemagnct，stabi1ity
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A　Bi－22I2／Ag　composi辻e　tape　is　one　of　the　promis－

ing　mater1a…s　for　the　apPlicatioパo　s叩el’conduct1到g

powe1’dev…ces．C－axis　grain　oriented　B三一22121ayer　is

easi工y　ob芝＆ined　by　the　s1ow　cool｛ng　from　the　melting

state，　and　this　grain－or…cnted　microstr剛cture　can

sustain　hi凶cr1重ical　current　density（3c）．We　have

been　eηgaged　in　the　deveIopmen芝of　the　Bi－2212／Ag

tape　co訂ductors　by　apP1ying　a　dip－coa芝ing　Process

aηd　a　powder－in－tube　process，and　succceded　in　the

fabricatio列　of　smaU　coi…s　that　can　generate　high

magnetic　fields　in　combination　wi曲a　conventiona1

superconducting　magne芝。　The　microstruc芝ure　and

the　superconducting　properties　of　Bi－2212／Ag　tapes

are　in釘縢enced　by　the　heat－treatmen芝parameters－

Oxygen　par芝ial　pressure（p02）during　the　heat　treat－

me汀t　is　one　ofthe　parame芝ers　on　which」c　ofthe芝ape

sensitively　depends．　Jc　of　the　B1－2212／Ag　tape

increases　with　increas…ng　p02if辻針e　tape　is　he段t

㈱ated　at　an　opt1mumをemper銚urc　for　cach　p02

vaIue．However，the　origin　ofthis　Jc　increase…s　not

c三ear－The　vo1ume　fraction　of　Bi－2212phase　in　the

oxide1ayer　increases　with…ηcreasing　p02for　p02up

to0．2atm，but　the　vo至鐵me　fractio訂becomes　a王most

constant£or　p02above　O．2atm．　However，』c　for

p02＝］一0銚m　js　obviously　hjgher　than童hat　for　p02＝

0，2atm．Ac　suscept1b1lity　measurements　indicate　that

the　superconducting　transi芝ion　width　becomes　less

sens…tive芝o　ac　fie王d　amp1itude　wi芝h　increasing　P02ヨ

suggesをing　that　the　grain　couplings　of　Bi＿22I2　are

improved　by　the　heat　trea言ment　under　high　p02．

Pre1三minary　obscrvations　us1ng　a雀ransmiss三〇n　elec－

tro列microscope（TEM）indica書e　tha芝some　B1－2212

grain　　boundaries　contain　　non－superconducting

amorphous　thin　－aycrs　and　that　the　populat三〇n　of

grain　boundaries　having　amorphous　layers　decreases

with　increas三ng　p02．This　implies　that　the　modi£ica－

tion　of　grain　boundary　struc雀ure　o£Bi－2212is　pos－

siもle　by　the　p02control　during　the　hea辻treatment，

　　　In　th｛s　study，we　w三11make　precise＆nalyses　on

the　gra…打boundary　structure　o£the　Bi－22I2prepared

at　various　p02va1ues　using　h1gh－resolution　TEM

techn1que，We　wi1l　measure　the　distribuセion　of　the

misa至ignment　angle　of　the　boundaries　having　the

amorphous　Iayers，and　we　wi1I　ana｛yze　how　the

dis芭r1bu芝ion　changes　with　increas1打g　p02．From　the

obtained　resu1ts，we　wi1至discuss雀he　possibility　o£the

modification　of　grain　boundary　structure　through

the　p02contro1and　the　possibi正三芭y　ofthe　jc　enhance－

ment　by　th…s　nlod…ficat三〇p　of　grain　bourldary　struc＿

芝ure．

Keywords：Bi－based　ox…de，oxygen　par雀ial　pressure，

grain　boundary，amorphous　Iayer
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8ias　Spu廿ering
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Much　work　has　beenしlndertaken　to　deve－op　tech－

njgues　for　fab…．jca童jng　YBa2Cu30y（YBCO）super－

cond訂c芝ing　fi1ms　on　脆xible　meta三1ic　substrates

using　var1ous　buffer1ayers　s汕ch　as．MgO　and　yセtria－

stabilized　zirco打三a（YSZ）．Since芝he　qua1ity　of芭he

YBCO　f玉1ms　depends　strongly　on　the　crystallogra－

phic　orien辻a芝ion　of芝he　buffer王ayers，controI　ofgrain

orientat1on　of芝he　buf£er　laycrs　is　very　importan芝一n

particu1ar，since　cri芝ica至curren芝dens三ty　（Jo）　is　pr三一

mari－y　lim1言ed　bヅhe　g1’a三n　bound星ry　misorientation

of　Y8CO汽1ms，preparatio打ofbuffer1ayers　with　an

一40一



肋一μα〃θtexturingon　wh…ch　YBCOf…］msepi辻axia…1y

grow　is　vita1to　obtain三ng　high　jo　superconducting

films．　Recent1y，aηion－beam　ass1sted　deposit1on

（1BAD）process　has　been　deveIoped　to　grow加一μ伽ε

textured　YSZ　bu筋er三ayerson　po…ycrystaIiineme辻a1－

lic　substrates，resu三ting　in　a　significant　step　towards

fabrication　of　h｛gh－J．YBCO　coated　conductors．

Success　in　obtaining　high－J．films　by｛e肥AD
process　w星s　foI三〇wed　by　the　recent　marked　deve三〇p－

ment　in　processing　text服ed　YBCO　coated　conduc－

tors．In　the－BAD　process，the　occurrence　of　fη一ρ／伽θ

texturing　in　the　films　is　be三ieved室o　be　due　to　direc一

芝ional　ion－bombardment　ef£ec辻s　during　deposit…on．

This　has　led汕s　to　the　deve1opment　ofmodif1ed　bias

spuセtering（MBS）process，whicb㎝ab1es　to　deposit

加一〃α〃θtexωred　YSZ辻hin　films　on　polycrysta11ine

meωlic　substrates　as　a　bu脆r1ayeすfor　deposition　of

YBCO　fi1ms．　The　principle　of　developing　an肋一

ρ1αηθ　texturing　by　辻his　technique　三s　basica1三y　the

same　as　that　of　ion　beam　assisted　depos1tion；an

加一〃α〃芝exturi㎎occursby折〃o舳α／i㎝beam

bombardnユent　because　ofthe　highersputteringyie1ds

of　ai1orientations　other　than芝he　channel…ng　direc一

芝ion．　ln　our　process，however，a概ux　of　energctic

partic…es　impingi訂g　on　the　growing　film　is　genera辻ed

us…ng　specjaHy　devised　列egat…vely　bi＆sed　e三cctrodes

i11s芝＆l1ed1n　a　magnetron　sp訂ttering　sys雀em1n　s芝ead

of　a　separate　ion－source　in－BAD．So£ar　a　X一ζay

Φ一scan　w三dth　of　lポwas　atta三ned　for　YSZ　fi1ms　on

Hastelloy　tapes．　Epitaxial　YBCO　fi正ms　grown　o打

thesebu脆rlayersusj㎎Pu1sed1aserdepos1芝i㎝
showed　the　j。’s　exceeding1o5A／cm2（ηK，0T）．The

opt1m1za雀ioηof　the　bias　sput辻ering　technique　has

been　done　to　obtain　the　textured　films　on　large＆rea

substr銚es．Ai芝hough　the　proposed　process　o鮒ers　a

very　cowenient　method　to　grow芭ex辻ured　films，more

efforts　must　be　m漫de　to1訂crease　growth　r＆tes　of室he

films（current1y～0．1nm／s）£or…arge－scale　applica－

dons　of　YBCO　films．

Keywords：yBa2Cu30y　榊m，　…n－p1a訂e　textu妻’ed

bu脆rlayer，modifiedbiassputteri㎎criticalcurr㎝t
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】〉leセa1oxides　exh…b…t　var…ous　interesting　Properties

such＆s　d1e1ectricity，ferroe1ectricity，superc㎝一

ductiv1ty，gian辻magnetores三stance　and　so　on．The

comb…nation　ofthese　propertiesgives　onethe　oppor一

ωnitieS　tO　Create　neW　funCdOna1materialS　tOWardS

“oxide　e－ectroη…cs”、　In　order　to　ach…eve　the　har＿

monic1ntegra芝ion　for　functional　meta1oxide，辻he

growtb　contro］of　me芝ai　oxide…ayers　whh　atomic

layeraccuracyisne㏄ssaζy．Rece耐1ythetec㎞iques
for　un1t－ce1〕ayer－by－1ayer　growth　or　atomic　layer－

by－layer　grow芝h　of　metal　oxide　fi1ms針ave　been

progressed　by　modiFying　molecu三ar　beam　epit星xy．

The　growth　mechanism1nvoMng　oxidat1on　reac－

tions，however，has　not　bee訂understood　iηde辻ai一．

　　　We　have　investigated雀he　oxidation　reaction

process　oηCu　s㎜．face　as　wel1as　formation　mecha－

nism　ofCu－02－dimensional　la辻t1ce　using　supersonic

molecuiar　beam　technique，low　energy　electron

di腋action　and　Auger　eiec雀ron　spectroscopy．　02

mo正ecule　adsorbs　dissoci銚ive－y　on　Cu（001）ciean

suすface　a芝芝he　surface　temperatures　aboveξoom　tem－

perature（R↑一）．　The　init三al　d｛ssociative　sticking

pξobabi－i辻y　of02mo…ecu1e　i打creases　w三th　the　trans－

1atjoηal　energy　ofinc1dent02molecωe－The　proba－

bi1ity1s　dependent　ofinciden芝angle　of02mo1ecule

and　the　sca1e　f〇三1ows＆normal　energy　sca－ing－A辻

the　i打1tia1stage　O　atoms　adso一．b　random1y　on　the　Cu

s・・f…．ne・e…st・・ct・ds・・fa・・s舳cω・e（2ρ×

ρ），name1y　Cu－02－d1mensiona〕attice，三s　formed　in

a　d1sorder－order　phase　trans…tion　with　increasing

coverage，where　critical　nucIeation　takes　place　at　an

oxyge列　coverage　O，34．　The　saまura芝ion　coverage　in

th・（2刀×ρ）…f…i・O．5．P・・th…d…pti㎝・f

oxygen　forms　Cu20c1訂s吉ers　on　the（2ρ×ρ）sur－

face．τhe　h…gher　surface　temperature　and　the　iower

translational　energy　of　the　inciden辻02mo－ecu1e

enhance　the　formation　rate　of　the　Cu20ciuster．If

the　s靱rface　tempera辻ure　is1ow　and　the　tr＆nslationa1

energy　of　the　incident02molecu－e　is　enough　high，

the　oxygen　adsorpξioηsξops　a仔er　the　comp］etion　oF

（2ρXρ）surface　reconstruction　and　Cu20c正usters

are　not　formed　on　the　surface，which　we　call“sclf－

lim1ting　reaction”．Thus　i辻is　found　that　the1nitial

oxidat｛on　process　caηbe　control1ed　by　controIling

芝he　trans1ationa三energy　of　the　incident02molecule

and　surface　tempera芝ure．

Keywo州s：Surface　re＆ction　dynamics，Metal
oxides，Supersonic　mo！ecuIaぎbeam
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Few　pr1nciples　for　the　development　oF　high　Tc

superconductoξs　for　fusion　reactors　haveもeen£ound

because　the　mechanism　oftheir　supercoηduct三〇n　has

not　been　understood　so　fa亨、The　im＆ge　reso－ution

1imit　ofa　tr＆nsmitted　e1ectron　microscope（TEM）is

extremely　Iow　a芝1ow　temperature　beca勧se　o£speci－

men　drift　due　to　the　unstable　temperature　con辻ml

and　specimen　vi5rat…on　due　to　evapoξation　and

circu1a芝io列of　li卯id　he1ium．The　first　object1ve　of

our　research　is　to　improve芝he　resolution　l1mit　of

γ正三M　imaging　at　low　temperatures　in　order　to

observeOandCua雀omsinthefuωreinh1ghTc
superconductors打ear　or　aboveγc　where　abnorm＆1

至attice　distor吉ion　occurs　wh…ch　could　revea…the

mechanisms　of　their　superconduction．　The　other

object…ve…s芝o　deve三〇p　the　method　to　examine辻虹e

long－range　order（LRO）parameter　in芝he　micro－

scop…c　region　of　h…9h　Tc　superconductors　and　to

develop　the　analyticaI　method芝o　measure　the　abnor－

mal　lattice　distor芝ion　from　the　convergent　beam

e…ectroηd三ffract1on（CBED）Pattem．

　　　We　deveioped　iパ994芝he　hi的一speed　CCD　cam－

era　system　whose　minimum　exposuretime1s50nano
sec．一t　was　io鶯nd　tht　a　short－time　cxposed　imaging

デrom　a　driダting　specimen　improves　TEM　resolu芭ion

at　iow　temperat服es　to　some　extent，but　that　the

reduction　of　s／N　ratio　d汕e芝o　the　shoζt－time　expo－

sure　makes　the1mage　u篶c；eτ．We　developed塁new

imaging　system　for　TEM　a列d　so£tware　for　image

processingtosolvcthisprob1emin1995and1996．
8y　us｛ng　the　developed　imaging　system，we　take吉he

short－time　exposed　TEM　images　of　I0－8×1000
p三xels　sequen雀ia1ly　at　a　speed　of5images／sec．with

the　deveIoped　software　for　image　processing，the

computercalcul＆tes　thedistanceand　direc雀ion　ofthe

image－sh1ftもetween1mages，which　are　taken　from　a

drif芝ing　specimen　with　the　developed　imaging　sys一

芝em，sbif芝these　images　to　be　adjust　with　each　other

and　then　fina1ly　add芝hese　shifted　images　to　ge芭a

c1carer　image　by　increas三ng　s／N　ratio．　A鵬w

method芝o　control　the　spec1men　言emperature　by

co列trolling1iΨid　he…ium　circu1ation　instead　of

リsing　a　hea芝er　was　also　deve…oped　to　suppress　the

spec三meηvibration．However，the　new　temper＆ωre

control　method　iηcreases　the　speed　oFspec1men　drift

because　the　specimen　temperature　becomes　more

unstable、…n1997，the　new　software　was　deve…oped

whicb　enables　the　computer　system　including　the　A／

Dconverter（DASBOX）andthesunworkstationto
s叩press　the　dr1ft　of　TEM　image　by　co鮒o11iηg雀he

magnetic　fie1d　foζthe　TEM　function　of“im＆ge

shi£t”，which　shiデtsγEM　image　very　sl1ghtly，even　if

the　TEM　specimen　drifts－By　using芝he　new1y　deveレ

oped　software　for　computer　co訂tro1of　the　function

of“1mage　shif芝”，芝針e　previousIy　deveIoped　imaging

system　mentioned　above，and　the　new　method　for

temperature　controI，we　are　able　to　take　a£ine　and

highreso1ution7EM　image　at1ow　tempera雀ures．

　　　We　started　in1996to　develop　a　new　type　of

electr㎝source　by　usi㎎a　CW　laserヨwhich　cou1d

produces　high　intens1ty　e1ectron　beam　for　TEM．

γhe　new　type　of　e…ectron　source　coωd　not　on正y

improve　s／N　ratio　of　the　shoζt芝ime　exosed　TEM

image　but　also　improve　the　abi舳es　o£a　TBM，an

e1ectron　acceierator，X－ray　generato1’because　it　pro－

d訂ce　e…ectron　beam　of　high　intensity．　　For　th｛s

purpose，we　constructed　the　dev…ce　to　produce　an

CW　Ar　i㎝laser　and　deve1oped　a　va㎝um　chamber

to　examine　the　fundamen芝a1technical　prob1em　such

as　coηversing　of　a　laser　beam，coo1ing　of　the　area

iτrad…ated　by　a－aser　beam　with　the　Pe至tier　cooling

method，aηd　so　on．　至n　1997，we　designed　and

constructed　a　chamber£or　TEM　electron　source
which　a11ow　us　to　i董．rad｛ate　laser　beam　o訂to　a　tip　o£

the　cathode　for　electron　so訂rce。　　γhe　spec｛a1－y

des三gned　evaporat…on　device　was　also　constructed　in

王997…n　order　to　coat　Cs3Sb　whjch　has　high　quan－

tum　eff1ciency　foτvisible1ight　on　a　tip　of芝he　cath－

Ode．

　　　1n1997，wc　a至so　developed　the　me芝hod　to　de芝er－

mine　a　long－rang　order　paすameter　of　high　Tc　s叩er－

conduc吉ors　and　started　to　develop　the　method　to
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measure　an　abnorma1lattice　distortion　from沽e

。。・・。・g・・tb・・m・1・・t・㎝舳・・ti・・（C睨D）

method，

Keywords：rcso1ution　l1mi辻cfTEM　at　iow　tempe「a一

ω。。。，highT…p…㎝d・・t…，・h・・1・tim・TEM
im．gi㎎，CCD・・m・1・，・ig・・1・・d・・i・・（S／N）・・辻i・・

㎞。g・p・・・…i・g・f“・hi耐・・d・ddit1…lm・g・一曲i汽

co帆rol　by　compu辻er，h｛gh－inteηsity　electron　souすce

580。・・1・pm・・t・・fhigh・t・・㎎th・・id・

。叩…㎝d耐・1・f・川ghm・g・・ti・fi・Id・pPIi・a－

tiOn

γ．τ伽αんαα〃τ．K〃・0加

［Apri11995to　Marc111997コ

Bi－2212Ag一・h・・th・dwi…with・・㎜d・・…一…d・列

h。。。b。。。d。・・1・p・df・・th・・pPli・・ti・・t・highfi・1d

。。p。・…d・・ti・gm・g・・t・・R・㎜d・・…一…ti㎝・1

wires　with7一，19－and37－cores　where　cach　core

。。。。i．t。。ぎd。。b1．t・b…f・・id・1・y…h…b…

successfu亘1y　fabTicated　by沽e　powdeす一in一辻ube　tech一

。iq・…d・h・w…iti・・1・・・…t・い・1…fove「

200A　at4．2K　and　in　the　magnetic　fie三d　of12T．In

舳。ぎi。。・1y…。i・・・・・…i・・1・th・・…lt・・b・・i・・d

。。f趾，。陀。t・・f・h・・㎜b…f・。・・…dth・…I…ηg

。。t。紡。m．i・tぬg1・mp…1…㎝1．h…b…
s辻udied．Furthermore，innuenccs　ofbending　in　wiすes

before　heat　treatment　on　I，have　been1nvestigated　as

．p1・1imi…yt・・・・・・・…1・…m・1l・。i豆・・O・…亘1

crit…cal　current　densities，』、，were　increased　with

increasing　number　of　cores　up　to37buξfur芝heぎ

imp・…m・・t・w・削・t・bt・1・・dwithwi・・・…辻・in－

i・g61・・…．沿・w・w，・・・・・…fい・正…we「e

sma蘭eτfor61－core　w三res　than　that　for7一，I9㍉37－core

wires．　On　the　other　hand，the　sma三1er　was　the

。。。li．g・・t・，th・high・・w・・・・…1〕・，i鵬・p・・ti…f

。。mb。。。f。。。。。．Th・h1gh・・t・・…nj、・定4・2K・・d

12T　of2．8xio4A／cm2was　obtai鵬d　for37－core　wires

coo1ed　aセthe　rate　of　l．5．c／hr　from90γc　to82ぴc，

fo1正owed　by£urnace　cooling－　As　to　bending　tes雀，

overal1」、’s　decreased　with　increasing　bending　stTai糺

N。㎜。li。。d。。。。。1〕。’・t・th・i・i・iti・1・・1・…f

。。b。。t。。mpl・・w…87％・・d57％・t・b・・di㎎

。榊i。。£5％f・・p・・一・・…1・d舳d…p・・一・・…！・d

・・mpl・s，ξ・・p・c辻i・・｝y・

　　　Thi。湖。。。・hw・・p・・F・m・d1…　ll・b…ti・・

with　Sumれomo　Heavy　lndustries，Ltd　and　Sukegawa

凹ectric　Co．Ltd．

K．yw・・d・：Bi（Pb）S・C・C・O・Ag・h・・th・P・wde「■

｛η一tube，Muhifi1amentary　w…res

R㏄㎝t肺b1iCati㎝

Bi－2212Ag－Sh・・1h・dR・㎜dC・…S・・ti・・Wi・…K・

Miura，Y．Abe，Y．Suga，Y－Tanaka，T．Kuroda，M一

互shizu良a，γ、Yanagiya＆nd　S，Yasuhara，Advan－in

Superconduc言ivityX（1997）：829－832一

59　　1＝abrication　of　Ag－Cu＾lloy　SheatI1ed　Oxide

Sup甘conducting　Wires　wi怖High　S廿帥gth　and

川gu．p岬⑧れieS

γ．rα〃αんoα〃r．κ〃o伽，〃伽θακ々0・・岬

［Apr1い998to　March2000］

Bi一・y・t・mhight・岬…t・・…1d…p・・…d・・ti・g

wires　have　bee訂ofgreat　i訂terest　For　high　curre耐and

highm・g・・t1・£1・ld・pPli・・ti・・・…h…u「「ent

l。。d。，P・w・・t・…mi・・i㎝・盈bl・…dhighfi・ld

m．g・・t・．P・・d・・i・g・㎝d・・t…w1thh敏・洲・・1

。。。。。。td。・・ily，j、，high・・it1・・1㎝…ηt・I・・1㎝g

l。・gth・・dhighm・・わ・・i・・1・t・㎝g舳…b…th・

k．y－t・・h・・1・gyt・…li・・th・…pP正i・・ti・…7h・J・

proper芝y　is1n　gener盆1strongly　depe訂dent　on　m即y

k三。d。。£狐i。。。。t。・・t…ld・f・・t・・f…　pP・op・i・t・

size　a1？d　distribution　which　are　spread　over　within

。。id・g・・1・…dg・・i・b…d・・i・・」igh・・』・・an

。。・1lyb・・b1・i・・dp・im・・ilywith1・・・…i・g9・・i・

。lig㎜・舳・dhighg・・1・・㎝…ti・ity・・d・・・…i・g

elec芝rica1resistivity　be言wee打wel1aligηed　plate－1ike

gra1nS．

　　　1．th．p・・…tp・・j・・tf・も・i・・ti㎝t・・h・ig…f・・

も。thB1．2212。・d8i－2223・…d・・・…一…li…一

mult…一£…1amentary　wires　wiil　be　studied　wi辻h　empha一

。i。㎝higbj．P・・p・・ty・・di・・丁・…dm・・h・・呈・・1

。・…g・h．R・㎜d一・・…一…ti…lm・1t舳・m・・ta「y

w｛res　aξe　fabr三cated　by芝…1e　so－cal1ed　oxide　powder－

in－tube－techn｛que．　Elementary　wires　consisted　of

two　concentric　Ag－Cu　a1玉oy　tubcs　with　a　c棚tered

Ag－C・wi・…d・・1d・p・wd・・1窒y…b・tw・・パhem

aξe　first　prep＆red　then　n靱mbers　of辻hese　element＆ry

wires　are　assembied　and　inserted　in辻o　a　Ag－Cu　a正ioy

tube　to　form　a　muIti釧amentary　composite・These

。。mp・・it…1・鮎・i・…d1・舳w1…byd・・wi・g

　and　subjected辻o　heat　treatment　to　produce　supe「con‘

d。。ti・gwi…．Ag－C・・1i・yh・・h1gh・・m・・h・・i・・I

。㈱・gthlh・舳・t・fp…Ag一・lh・p・…列t・t・dy・

　further，＆smal1amount　of　third　elements　aτe　doped

i・1・Ag－C・・ll・yt…h・…th・g・・i・・lig・ment・

。。。。・q…t1yt・・tt・1・highJ．P・・f・m・・…Fo「

　　wi列ding　high　homogeneity　m＆gnets　round－cross－

　　sect1onal　mu1ti舳amenta工y　wires　become　very　impor・

　　tant　w｛th　benefi辻s　ofno　anisotropy　in　J。，contrary辻o

　　the　conventional　tape－shaped　wires，and　easiness　of

　　fabricat…on　process・

　　　　　Th三s　project　w川be　perfoT胴ed　through　a　collab－

　　oration　with　Su㎜itomo　Beavy　Industries，Ltd，63－30，

　　Yu－higaokaラHiすatsuka，Kanagawa　and　Sukegawa

　　凹ectric　Co．㍑d，3－19－5，N＆merikawa－honmachiヨ
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Hitachi，Ibaraki．

Keywo祠s：Bi－ox三de　wires，powder－in－tube　tech－

nique，elemeηt　addition，high－j。，high　strength

60　Study　o11swface　modificatio11by　p1asma
SOu一’Ce　i0■1in1p1antatiOn

〃．∫乃fηηo，4ζみRε∫εorcみ　（～1’oαρ

［April1995to　March1998］

Ion　impla列tation　method　has　bee訂used£or　surface

modif1ca雀ion　ofmetals，ceram三cs，po正ymers　etc．Thc

surface　layers　formed　using　ion　implantation　has

exceHen芝adhesion　since　gradient　layers　are　formed

between　the　surface　layers　and言he　substrates　and

essentia至1y　there　are　no　cIear　interfaces　between

them．ConventionaI　ion　impIantation　method　uses

ion　beams，so　that　substrate　materia1s　are　ion－

implanted　from　one　side，In　order　to　treat　aH　sur－

faces　of　three－dimensiona1materials，ro㈱ional

manipu1ation　of　the　materiaIs1s　necessary－

　　　Plasma　source　ion　implantation　（PS11）　（oξ

plasma　immers三〇n　ion　imp1antation（Pm））method

is　a　novel　ion－implan倣ion　method　which　was

deve正oped　by　Conζad　et　aI．I〕．τhis　method　is　char－

acterized　by　substrates　immersed三n　plasma　and

negative　h｛gh＿v〇三tage　puIses　appI…ed　辻o　the　sub＿

s敏ates．Ions　in　the　p正asma　are　accelerated　by　the

negative　high－voltage　pulses　to　the　substrates　and

implanted　into　the　surf＆ces　of　the　substすates．PSH

method　has　an　advantage　to　the　convent1onal　beam－

1ine　ion　inlplantation　that　aH　surfaces　of　three－

dimensionaI　materia1s　can　be　trea辻ed　simultaneously

without　rotadona正manipuIation，because　ions　are

imp1anted　norma岬to　tbe　surfaces　of　the　target

materia至S．

　　　However，thickness　of　the　sur£ace三ayer　varies

substanda1正yaroundsharpedges，narrowgroovesor
sm＆l1ho正es　on　the　surfaces　of　materia1s　treated　by

PS夏I．　τh三s　prob正en1beccnユes　severc　as　the　sizes　Of

these　grooves　or　ho1es　become　smaller　than　a　critical

size，which　is　determined　by　the　thickness　of　the

plasma　sheath－One　of　purposes｛s　to　study　these

geometrica正efiects　on　the　th｛ckness　of辻he　surface

1ayers．AuxiI三ary　e正ectrodes　wiIl　be　used　ir■orderto

change　the　thickness　dis打i1⊃ution　ofthe　sur£ace　layer，

and　their　ef£ects　w三11be　invest呈gated．

　　　In　the　case　ofthe　beam一一ine　ion　imp1antation，ion

energy　is　cons芝ant，b訂t　in　the　case　of　PSH，the　ion

energyhas＆broadspectrum－Adynamicprocessof
the　plasma　during　the　h三gh－vohage　pu1ses　determines

thc　energy　spectrum．　This　causes　d…f£erences　in辻he

depth　distr三bution　of　the三mplanted　ions　and　the

properties　of　the　surface　layer　between　PSII　and　the

beam－1ine　ion　imp1antation．To　c1ar｛fy　the　energy

spectrum　and　the　depth　distribution　of1ons　in　the

case　of　PSII　and　to　compare辻hem　with　those　in　the

case　of　the　beam一一ine　ion　implantatiOn　＆re　a1sO

purposes　of吉his　study．

　　　To　imp1ant　ions　in　gas　p正asma　such　as　nitrogen

ions　by　PSII，the　target　ma辻eria1s　are　immersed　in　the

gas　p1asma　and　negative　high－vokage　pulses　are

app1ied　to　the　target．On　the　other　hand，t〇三mpIant

metal　iOnS，VaCuum　arC　SOurCeS　are　uSed　tO　generate

metaいons，Vacuum　arc　sources　cons三sts　of　metal

cathodes　and　fi1ters　to　e三iminate　neu狡aI　atoms　and

meta1drop正e吉s　ejected　from　the　arc　spots　on　the

cathode　surfaces．γhe　metal　ions　from　the　vacuum

arc　source　are　accelerated芝o　the　target　material　by

the　negat…ve　high－voltage　pulse　b…as　apP正…ed　to　the

芝arget－S三nce　mcta1ions針om芝he　vacuum　arc　so訂rce

come　from　one　side　of　the　target，it　is　necessary　to

use　many　vacuum　arc　sources，wh1ch　surrounds吉he

target，　to　　trea辻　a1三　the　surfaces　of　the　thrce＿

dimenSiOnal　materia玉Simu玉taneOuSly．

　　　Hard　and　adhes｛ve　diamond一…ike　carbon（DLC）

f1lms　are　formed　on　vaξious　target　materials　using

PSIi　and　vacuurn　arc　sources　of　carbon．　This　hard

coating　is　expected　to　be　useful　to　reduce　肝icまio訂

coefぎicient　suもstanti＆11y　and　reduce　friction　eτosion

of辻he　materiaL　In　this　case，how　to　keep　the

homogene三亡yof£ilm洲cknesson　thesurfacesofthe

three－d｛mensionaI　materia亘s　is　a　problem　to　be

soIved．　C－N　fiIms　formed　using　PSI1and　carbon

vacuum－arc　source　with　the　presence　ofn1trogen　ions

are　expected　to　become　harder　than　DしC　f…1ms．The

deve－opment　of　the　hard　C－N　coatings1s　aIso　one　oF

purposes　of　th｛s　study．　Theoretica1玉y，C3N4　is

expected　to　be　as　hard＆s　diamond．

　　　Ion　be盆m　assisted　deposi吉io列（1BAD）techn｛que

is　a　combined迂echnigue　of　io列implantation　and

physica1vapor　deposition（PVD），which　has　been

蠣sed吉o　fabricate　adherent　fiIms　with　good　quality．

γhe　ion　beam　irradiation　during　thc　fi1m　deposition

improves辻he　s芝洲cωral　comp1ete訂ess，the　perfor－

mance，and　the　adhesion　of汰e　depos三ted　fi1ms．In

this　study，IBAD　techniques　using　PSII　instead　of

the　beam－1ine　ion　implantation　wilI　be　deve1oped

and　a11surfaces　of　three－dimensiona1materials　wiH

be　coated　simultaneously　w鮒the　adherent　PVD
f…1ms　with　good　qua1ity．

　　　The　exceHent　adherence　ofthe1BAD　fi－ms　is　due

芝o　the　atomic　mixing　a辻雀he1nterface　region　between

the　f1lm　and　the　substrate　by芝he　ion　beam．As　the

resuIt　ofthe　atomic　mixing，gradient　layer　is£ormed

be辻ween　the　f…1m　and　the　substrate，and　the　adher－

ence三s　improved．　The　adberence　of　the　fi1ms

depcnds　on　the　dcpth　prome　ofthe　composition　and

the　structure　of　the　gradient至ayer．Relation　between

the　adherence　aI〕d　the　compositional　profi正e　of　the
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gradien〕ayer　w…ll　bc三nvest…gated　in　this　study．

　　　Recently，requireme耐s　o£metaI，ceram1cs　and

carbon　coatings　on　materials　with　iow　melting

points　such　as　s｛licon，9Iasses　and　polymers　have

been　increasing．　The　combined　IBAD　and　PSH

technique　may　meet　w｛th　these　re叩irements，since

adherent　fiIms　with　good　quality　can　be£ormed　at

room　temperature　wi芭h　this　method，and　also　a11

surfaces　of　three－din1ensiona－rn盆terials　can　be　coat－

ed　simu肚a鵬ous正y．

　　　In　these　applicatio訂s，homogeneous　d｛stribution

off…lm　thickness　and　f1lm　properties　may　be　requiすed

on　compiex　shaped　surfaces　o£雀＆rget　m＆teria1s．For

this　purpose，many　vapor　so収ces　may　have　to　be

arranged　proper1y　around　theξarget　maまeriaL肘om

this　point　of　view，wide－y　spre＆d　vapor　sources　such

as　sputtering　targe盲may　be　suitable．The　deve1op・

ment　of　the　IBAD＆PSI1method　using　sputtering

vapor　source　and…ts　apP－icat三〇n辻o　form　various

coatings　on　materials　with正ow　me互ting　Points　are

a！so　purposes　of　this　study．

Keywords：Piasma　source　ion　implantat三〇n（PSiI），

surface　modificat…on，ion　beam　assisted　deposit…on

（IBAD）
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61　　Rea■■Time　■nvestigation　on　Su　rface　Reac－

tlons　and　l）efect　Growth　Processes　under1〃adI．

atiOn

〃．K肋伽α，K．肋f0んαα〃ノー〃α肋舳〃‘〃αん〃一

αソ，　2η4　1～θ8θαγc乃　（かo〃ρ
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エApri〕994to　March1999コ

θ一〃αグ肋αプ加α＠〃伽．

Dynam三cs　and　k三netics　of　reactions　on　materia1

surfacs㎜derirradiati㎝ofi㎝s，Plasma，mo1e㎝lar
beams　and正三ght　are　being　investigated－It三s　a－so＆

target　of芭his　project　to　deve1oP　fast盆na1y辻ica1辻ech－

niques汰at　en＆b正e　rea1－time　observation　of　dynamic

processes．Resonanceenhanced　mu正tiphoton三〇niza－

tio訂（REMPI）me＆surem㎝辻s　have　been　camied　out

to　obt星in　the　intema1－s辻aまe　distribut三〇ns　of　SiO　and

GeO　mo1ecules　desorbing　from　Si　and　Ge　surfaces

respective1y　in　reaction　with02beam，We　have

extended　the　mu1tiphotoηionization（M［PI）work　to

the　react1ve　sca辻tcr1ng　of02on　carbon　surface　under

a　condi辻ion　of　laser－abla辻ion，and　determined　the

trans1ationa－energy　distribu芝ion　ofCO　produced　in

辻he　i莉frared－1＆ser－assisted　reactio打。Rea一一time　e11iP■

sometry　has　been　successful1y　applied　to　the　de辻ermi－

nation　of　threshoId　energy　o£erosion　of辻ungsten

wi辻h　neon　pIasma，which　was　a　result　oFtheco！1盆bo－

ration　work　w舳SANDIA　Laboratory．We　have
sta・tedabasicst・dyfo・m・as・・i㎎tec㎞iqueof
sur£ace　st一’ess　char1ge　induced　by　thin　fiIm　growth　in

a　p1asma　condi辻ion．　γhe　reflectance　on　materiaI

s服face　is　aiso　being　measured　w｛th　femtosecond

time一ξeso1汕tion　　us三ng　　the　　optica1－heterodyne

me辻hod．We　have　f1n1shed　an1nitiae　s峻e　on　this

ξechnique，　and　detec芭ed　coherent　optica］　Phonon

sign＆ls　foτB…Po1ycrytai1ine．For吉he　next　stage，we

wil1study　effects　ofdeFects　in　crysta－on　the　dephas－

ing．　For　H2in　silicon，we　have　made　Raman

measuremen辻s　on　crysta1－i訂e　S1implanted　with200

keV　Si＋。The　signa〕ntensity　of　H2at4160cm…l

decreased　with　the　phonon　coわerent1ength　in　the

samp三es　a肝er　a　hydrogen　plasma　treatmen辻，suggest－

ing　that　the　H2mo1ecu1e1s　not　trapped　with　defects

such　as　vacancies　but　in　the　voids　in　weIi－ordered

crys芝allinephase．Adeセai1edstudyonthere三ation

with　a　new　R＆man　signaI～at3600cm■1，which　has

been　recently　detected，is　being　caすried　out　to　under－

stand芝he　formation　mechanism　of　H2in　crysta1三ine

Si．

Keywords：irradiatio訂，surface　reaction　dynamics，

growth　process　of　surface　defect，rea三一time　observa－

tiOn

ReEatedPaperS

L　Kamioka，K．三z靱mi，M，Ki辻ajima，T．Kawabe，K．

Ishioka，K．G，Nakamura，“Trans－at三〇na18nergy

◎istributio訂　o£CO　Produced　in　Infraぎed－Laser－

Assisted　Reaction　of02with　a　Graph三te　S服face”，

jpn，J－App正、Phys－37（1998）：L74↓76．

M－Kitajimaラ“DefectsinCrystalsS芝udiedbyRaman

Sca迂tering”，Crit｛cal　Reviews…n　So1｛d　State　and

Mater1als　Sciences，22，Issue4（1997）＝275－3嬉9．

M．Kitaj1ma，K．Ish1ok＆，K．G．Nakamura，N．Fu－

kata，K．Murak＆mi，j一尺1kuchi　and　S．Fujimura，

“Hy由ogen　Molecu至es　in　Crysta－line　Si！icon”，Ma辻e－

ria1s　Sdence　Forum，258＿263（1997）：203＿210、

62　円asma　reactIon　mechanIsm　In　adv洲ced
devices　studied　by　large　sca－8　fiI’st　pri11cip1e

mol⑧culardynamics

〃．κ肋伽α，K．G．肋肋舳rα，ノ．〃γα舳0工0仰0乃0一

ん〃σ〃加．ノ，〃．K必0仰0々0ん〃σ〃り，α〃K．〃αf－

3〃仰0乃0肋ση加．リ

一45一



［April1996to　March　I999］ press）一

For　the　purpose　of　optimizing　the　pIasma　processes

used…訂the　advanced　sem1conductoξdevice　manufac－

twing，compu芝a芝ioml　chemistry　techniΨcs　such　as

quanωm　chemical　calculations　a訂d　moIecu1星r
dynamics　simu1＆tiom　weすe　peぎformcd　to丘nvestigate

the　mechanisms　of　plasma　react三〇ns　on　the　semicon－

ductor　surfaces．　In　order辻o　investigate芝he　react…on

m㏄han呈sm　duTing　the　p－asma　oxidation　of　silicon，

the　insertion　of　oxygen　were　traced　one　by　oηe　up芝o

five　a芝oms　by　means　of卯an芝um　chem三ca1calcuIa－

tion　us三ngclustermodeIs．InthecaseofSi（100）一2xl，

because　the　surface　dimer　sites　are　not　directly　con－

nected　to　each　other，ox三dation　oギne1ghboすing　dimer

s三tes　and曲at　ofdis丈ant（iimer　sites　are　energet1ca1ly

a至most　equa正．In　the　case　of　Si（Hl）一1xI，s汕rface　S1

atoms　are　comec辻ed　to　each　other芝o　form　a打etwork

s辻ructure，and　oxygen　is　favorabIy　inserted　so　as　t0

be　connected　to　the　Si　which　is　a1re＆dy　bonded　to

the　preceding　oxygen．Wheη榊e　oxygen　atoms　are

inserted，雀he　ox三de　growth　to　the　third　layer　and　the

oxidation　at　a　distant　d三mer　site　are　energe辻ica1ly

aImost　equa1on　S｛（100）一2x1．On　the　other　hand，the

insertion　of　oxygen　so　as芝oもe　connected　to辻he　Si

which　is　a1ready　bonded　to　oxygen　is　preferred

energetically　to　the　oxidation　銚an　iso正ated　site　or

をhe　growth　of　the　oxide　toward　deeper正ayer．It　is

expected£rom　these　resu1ts　that　the　ox1de　nuclei

would　be　h三gh1y　dispersed　and　oxidation　proceed

un1formly　on　Si（一00）一2x一，whi正e　the　oxide　wou至d

grow1ocaHy　in1ateral　direction　on　S三（…ll）一1x一、

Furthermore，　acce正erated　Ψantum　molecular
dynamics（Tigh芭一binding　mo互ecu玉ar　dyn盆mics）pro－

gram　has　been　developed　and　app三ied　to　analyze　the

dynamics　of　the　surface　oxidation．With　regard　to

the　hydすogen　p至asma　reactions，the　stab川ty，芝he

migration　e訂ergy，and　the　vibrationa至frequency　of

H2in　s三1icon　crysta－weぎe　determined　by　ad三n…tio

mo1ecular　orb三tal　ca1cu18tions、

Keywords：quantam　chemica1c＆1cu1ation，semicon－

d勧c雀or　surface，p亘asma　reaction，oxide　film£orma－
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Forthepurposeo£con芝r1buti㎎tothedevelopment
of三rradiation　resistant　low　activ銚ion　struc芝ural

materials　for　first　wa至1and／or　b三anke芝use　in　future

nuclear　fusion　systems弓such　as　prototype　reac辻ors

a打d　　beyond，　the　　三nHuence　　o£　nuc1ear　trans＿

mutationa1e正ements　on　material　integr1ty　has　been

invest…gated　using　io打irradia芝io訂w三th　a　cyclotτon．

The　emphasis三s£ocussed　on　ef£ects　of　gas　species

（helium＆nd　hydrogen）on　mechanical　proper辻ies，

due辻o　their　strong　tendency　of　induc1ng　embri出e－

ment，

　　　Creep　rupture　tests　a針er　hot　he1ium　implantation

（！00appm）byα一particie　irradia芝io打at823K　were

cond祉c芝ed　at　the　same　temperature　on　a三〇w　activa－

tion　ferr1tic　steel，F82H（Fe－8Cr－2W－V，Ta），which

had　been　chosen　as　a　re£erence　mater三a－for　IEA

roundべobin　examin＆tio訂．　　γhe　creep　ruptuすe

strength　and　e1ongation　of　helium　imp正anted　s＆m－

p三es　were　most至y三dentica1to　those　ofcorresponding

contr0至s．　ln　add｛tion，a夏1the　specimens　including

…mpIanted　and靱nimp至anted　ones　ruptured　perfect三y

in　a　transgranular1y　ductile　fashion　and　n〇三ndica＿

tion　of　grain　bound＆ry　embritt1ement　by　hel｛um　was

observed．These　facts　mean　that　this　materia1can

wi辻hstand　heI三um－induced　mcchanica丘degradation

三n芝he　parameter　range　inves辻igated，

　　　On　the　other　hand，modeI三ng　ofhe正i訂m　embri辻tIe－

m舳phenom㎝onhasbe㎝proceeded．γhecritic＆l
size　of　intergranu正ar　he…iumもubb正es，beyond　which

芭heyもecome　energeticaI互y　unstable　and　con雀inue辻o

gξow　up　to　fractu胴，was　evaluated　thτough　di～ect

computat三〇n　ofthe　bubb1e　growth　rate　and　compar－

ed　to芝he　resuIts　of　microstructural　observa芝ions　on

Fe－25％Ni－15％Cr　austenit三c　a11oys．　In　these　a11oys

the　average　distances　of　grain　boundary　bubb！es

with　super－criticaI　radii　s吉ay　w三th｛n　the　order　of

h汕ndreds　of　nm，and　coi打cide　with芝he　spacings　of

cavity　traces　o列the　surfaces　of　intercすysta三1ine　frac－

ture．This　corτespondence　probably　mirrors　grain

boundary　separat三〇n　Ied　byをhe　imtab三1ity　ofhehum

bubb1es．

Keywords：helium　embr1ttIement，hydrogen　em－
brit辻1ement．ferritic　stee至，vanad1um　aI－oy
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Changes　in　m…cros籔ucωre　and　degradat…on　量n

mecha莉圭ca】　Propertjes　ioduced　by　the　三rτadja芝jon

w…th　energetic　partic…es　are　critica11y　importa1材for

曲e　structura1ma芝eria1s　ofnudearapp1三ca芝ion．They

in列uence　s…9ni行cant1y　the　e訂durance　o£s重すuctu1’al

components　of　nuc1ear　reactors－　in｛is　research

project，deformation　and　fracture　ofma言erials　under

…rradiation　are　being　stud三ed　experimental1y　and

芝heoretica1正y　for　the　advanced　nuclear　ma芝erials　t0

5e　used　in　the　futりreηuc…ear　energy　sources　like　the

～si㎝reactor，Emphasisisplaced㎝thedeve1op－
men芝of　a鵬w　method芝o　supprcssをhe　radiat…01一一

iηduced　embrittlement．and　also　on　the　understand－

ing　of　de£ormation＆nd£racture　propert｛es　of言he

advanced　materials　under　ir1・ad1ation．

　　　0amage　by　eηergetic　par芝ic1es　causes　atomic

displacement　and　introd齪ces　mig一’ating　point　defec芭s

and　stable　defect　agglomerates　j幻　tbe　mater三aL

】〉ligrat…01－of　point　defects，especia1…y　the　intersti芝ial

atorn　that　has　a　very　stronger　st1’轟inぎie1d，…s…ηBuen＿

cedbytheex芝ernalstrcss胴dandinducesvar1ous
materia1degr＆da辻ion　phenomen＆．One　ofthe　most

important　degradat1on　for　the　n訂c1ear　reactor　mate－

rials　is　the　radiation－induced　defoぎmat三〇n．　Unus汕一

＆lly　large　pIastic　de£ormat｛on　is　produced　by沈e

synergjstjceffecto£irradiatj㎝andextemalstress

even＆t　rather　low言emper銚ures　and　stress1evels．

This　phenomenon　has　been　extensively　examined　for

austenitic　stain1ess　steels，i－e．出e　most　w｛dely　used

ma芝erials　in　the　commercial　light－w銚e〔．eactors　and

experimentaけast　breeder　reactors．汽owever，li辻t三e　is

known　for　the　adva列ced　nuclea…’mateすiais　such　as

low　act…va芝ion　vanadium　a1…oys　aηd　s1c／sic　com・

pOSiteS　fOr　the　fuSiOn　reaC芝OrS．　ReCeηtiy．We　haVe

revea－ed　that　the　fat…gue　f…1act訂re　is　afiected　もy　芝針e

simu至芝aηeous　irradiat1o11　and　～rt11er　by　出e

rad1ation一…ηduced　deformation　i列　316　sta1nless

stee11〕．lnthefusi㎝1’eactors，atomicdispla㏄ment

andradiat1㎝一induceddeformation＆reexpectedt0
be　more　significan芝compa茱．ed　w1芝h　those　iηthe

fissi㎝reactors．ltis，therefo・c，・eryc・it1c＆1芝o

jηvesti　gate　the　rad…ati　oη一jηd　uced　deformati　on　aηd

the　fatigue　fract訂re　1つehavior　under　ir…1adi段tio訂　for

the　adva1－ced　materials　offusion　reac芝orappl1ca室ion．

Us｛訂g芝針e　NRlM　cyclo芝ron　acce1e一’ato韮．＆nd　the　in－

beam　　creep＿fat…gue　　mach量ne，　rad…ation＿indじced

deξormation　and　fatigue　under　irrad1ation　wi11be

量nves芝iga言ed　for　the　v＆rious　advanced　nuclear　m＆te－

r…als…訂thisぎesearclつ　project．

　　　Rad…atjon　damage　aΣso　inξ；’oduces　s芭able　de£ect

agglo1ηeξates　that　hinder　the　propagat…on　ofdisloc＆＿

tions　a打d　consequently　the　dissipatio列　of　妻mpact

energy　during　acc｛denta二　stressi1－g　on　the　reactor

components．　γhis　phe列omenon　is　k1，own　as　the

rad1ation　embritt言ement　and　regarded　asΨite　detr1－

rnenta1，leadil1g　to　the　i1－itiation　ofcracks　and　subse－

quen芝£rac芝ure．　It’H　be　very　valuable£or　the　develop－

ment　of～sion　reac芝ors　and£or　the　pro1oηga言ioηoデ

light－water　reactors　if　this　phenomenon　can　be

prevented　or　suppressed．　Oul’previous　HVεM

observatjon2）showed乏hat　disloca書ions　absorb　the

de£ect　agg－omera芝es，tha芝＆re　essen芝iaHy　d…slocat…01一

一〇〇ps，wheηthe　Burgers　vector　is　the　same，o喜．push

the迂n　as三de　i£the　Burgers　vector…s　di術erent－　By　this

way，a　ciear　channei　zone　is　fo…1med1n　the　rad1ation－

hardeDcd　materja】　a幻d　djsioc銚ion　can　propagate

th…’ough　th1s　cham1el　unti1the　dislocation　multipii－

c＆tioηiss辻opped　d汕etotheback－s芝ぎess什om，1es三伽ai

dislocations　piIed－up　o訂迂針e　channe1waH．　γhe…’e－

fo　re，　even　　th　e　rad　i　at…o　n＿針arden　ed　　n1ateri　al　s　nl　ay

de£orm　re＆so打ab1y　well　if　the　channel　couid　be

c㎝t1nuoじsiyfo㎜edallove11them芝erial．ln舳s
research　project，study　h　as　been　…n　iti＆ted　芝o　デ…nd　a

new　method　to　effec盲ively棚d　continuously　in言ぎo一

飢ce　massive　amoun芝ofdisloca言ion　c針annels　in芝11e

…rぎadi＆芝ed　matcr｛a…s．

Keywords：radiation　damage，point　defects，defor－

n｝at…On，f＆tigue
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1．lntroduction

　　　］〉1ater三a1s　composed　of　isotopica至1y　se正ected　ele－

ments　real　ize　the　essentia1so呈ution　of　subj　ects　such

as　三nduced　ac芝ivity，　篶e　embr三ttIement，　and

compositional　change　caused　by　reactions　with　ener－

getic　partic1es．Moreover，theisotopicallycontrolled

mater1a至s　have　been　pointed　out　to言mprove　various

physical　progerties　of　crysta！lines．

　　　The　olつjec言ives　of　the　program　are（丘）to　develop

C021aser　w三言h　oxygen　isotope，which　expands　the

infrared　wavenumber　reg三〇n　of　the　laser　emission

and　to　search　in£rared　laser　wi曲a　wide　range　of

wavenumber，（2）to　synthes1s　isotopically　con雀roHed

materia王s　such　as　s1licon　and　boron　compounds，and

（3）to汕t1lize　isotopes　by　traηsmutation，三ncluding

Simulat1On　S芝ud…eS．

2．Main　Resu1芝s

2．l　Development　of三sotopica1Iy　contro1led亘aser　and

searching　infrared　Iaser　with　a　wide　range　of

wavemmber
　　　Usua王pulse　C021aser　is　l…mited　in　emission　oデ

wavenumber　as931－956cm■1，966－983cm■1，！033－

1057cm』1and1069■085cm■1．　If　I2C　o！．160is　re－

placed　by　other　isot…〕es　such　as13C　or180，then　new

emission　l1nes　appear　due　to　the　differcnt　stretching

and　bending　modes　of　isotop1c　C02from　those　of

usua王C029as．

　　　至n　order言o　achieve　the　三sotope　1aser，a　closed－

cyc1e　C02Iaser　system　is　examined．It　is打ecessary　to

use　isotope　C02effec芝iveIy　because　of　i芝s　high　cos芝．

When雀he1aser　is　emitted　by　d1scharge，isotope　C02

is　consumed　wi芝h　the　react1on　as

　　　　C02→CO＋÷02　　　　　　　　　　　　　（一）

Then　the　cata王yzer　composed　ofCuO　is　installed　in

言he　circu王ation　system　to　recomb三ne　CO　and02to

reωrn　C02．The　system　is　now　being　mamfactured．

Free　E－ectron　Laer（FEL）is　a至so　examined　to　be

used　as　the　other　laser　cover1ng　a　w1de　waveηumber

regior1．γhe　one　which　is＆va…1ab正e　in　the　infrared

wavenumbeξreg三〇n　and　has　a　considerab…e　high

power　is　the　FEuX　ofthe　FOM　in　theNe言her1and．

TheFBuXemitstheinfraredlaserat5－30μm（333－
2000cm一…）with5MW．The靱se　ofthis　laser　also1s

being　exam1ned　under　the　cooperation　with　the

FOM1ηstitute　and　Los　Alamos　Na言ional　Laもora－

tOry，

2．2Synthesis　o〔sotope　silicon　fiIms　and　growth　of

isotope　sing1e　cτys芝als

　　　I芝iS列eCeSSary　t0芝ake　Out　Si正iC0到汕etaI　frOm

isotopica王1y　concen言rated　SiF，l　or　Si2F69as芝o　exam－

ine　various　phys…cal　properties　of　…so雀opica…ly

contro王1ed　smcon　and　its　compounds，

　　　Silicon打ake　was　depos…言ed　by　a　plasma　CVD

method．　Na芝ura王S汗4gas　was　used　to　find　the

optimum　co列dit1on　of　Si　film　format1on　prior　to

isotopicaI至y　en一．iched　gases．M｛crowave　oデ2，45GHz

with　a　power　of8一舳0■＃Wm■2was　applied芝o　the

gas　at13．3Pa－266Pa　at　a　now　ra芝e　of30－500SCCM．

Ar　and　H2are　added　as　a　piasma　assisting　and

scavenging　gases，respective！y。γhe　subs言rate　tempel’一

銚ure　was　kept　at523－873X．The£ilms　formed　were

examined　w1沽SEM，XRD　and　weighed£or　measur－

1ng　fOrmatiOn　rateS．

　　　円g－shows　tbe　X－ray　diffraction　pattems　of

si－ms　formed　at　various言emperatures，It　is　Foun（i

that　polycTyst＆l1ine　Si　fi王ms　were　formed　in　thc

present　exper主mental　temperature　range．　That　is，

siI三con　can　be　produced丈hro訂gh　the　decomposition

reactions　of打uoro－s三1ane　gases　by　the　p至asma　CVD．

The　optimum　temperature　to　obtain　siI三con釧ms

with　a　h1gh　e汗iciency　was623－723K．The　maximum

conversion　efficiency　fron三　fIuoro＿s｛lane　to　siIicon

metal　was28％．

　　　Natura…bor011is　composed　ofloB　of　I9．9％and11
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B　o£801％．Since　re1銚ive　mass　dif£erence　between1o

B　and　llB　is　veぎy三arge，mass　ef£cct　on　physica正

…〕roperties　ofboron　is　expected．　一n芝針e　present　study，

sing…e　crysta11ine　isotope　boron　was　tried　to　be

prepared　using　zone　melting　techniq聰e．γbe　starting

mater1aIs　weぎe99－5％mB　and99％uB　powdeζs－A肝er

isostaticallypressedtoacy11ndr1calshape㎜der
hydrostatic　press雌of2000㎏w／cm2，tbe1so芝opic

もoron　powdersweresintered三n　avacuum　at…873K．

γhe　sinteredぎod　was　then　zo列e　me1雀ed　on　the　seed

crysta1靱nder那owing　Ar　g盆s－Fina－ly…sotope　boron

sing正e　crystals　with　a　size　of10mmφx40mm　could　be

formed．γhe　observa雀ion　of　the　cross　section　of　the

cすysta三s　indicated　a　smooth　surface　and言he　growth

d1recむon　was　ident1fied芝o　be　＜lOO〉　by　X－ray　La睦e

backrenect1㎝analysis．Theboぎonsinglecrystals
prepared　are　93．2％loB，99％11B　and　natura1　boζon

（lg．g％ioB　and80．1％HB）．

　　　Phys…c＆1properties　such　as　latice　cons辻塁nt，ther＿

m蛮1diffusivity，and　heat　capacity　foζboron　sing三e

crystals　are　bc…ng　measured，

2．3Utilization　ofisotopes　by　traηsmutation

　　　The　simulatio訂code，服AC，calcui屋をing　trans・

mutation　was　improved　by　combining　with　a　neト

tron　transpor芭　calcuIat…on　code　and　…ntroducing

ζnu1芝i－step　re＆ct｛ons　to　predict　more　precisely　the

transmutation　of獅＆tcrials　inc三uding　isotop1c＆lly

controUed　materiais，FENDL2．l　was　in芝roduced　as

a訂ewest　n汕cleaすdata　file　cover三打g　both　stab…e　and

u　nstaもle　　n　uc工i　des　£o　r　vari　o　us　n　uc正ear　reac芝i　o列s．

Using　the三mproved　c盆1cuIat三〇n　code，synthesis　o£

喜1ew　materiaIsthroughthe奴ansm雌ation盆nd　a打nihi－

1＆tion　of　radioactive　nuc至ides　with　a　long　ha至f一一i£e

are　being　exan↑…ned．

　　　S…ChasexceHen芝n訂clearpropert三esandhasbeen

considered　asastructura1mater1a－of～sioηreactors．

Since　SiC　i辻se1f　is　intr三nsica三1y　britt1e，SiC　compos－

1セes　with　a　h…gh　purity　a列d　favorable　mecha列…cal

propeξties　are　being　developed　using　chemicaI　vapor

infi1tration　process．

Keywords：1so辻opicallycon辻rolledmaterials，iso－

tope　separat三〇n，free　elec籔on　laser，siI…co到，boroη，

chem1cal　vapor　in釧級ation，silicon　carbide，trans－

mutatiOn
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〃ゾ伽弗1、

…．Introduc言io打

　　　Si1…con…s　produced　in芝he　form　ofhigh三y　pur…fied

and　perfec言crystal．　Recent　progress　in　measuring

physicaI　constants　reguires　the　p11ecise　deterlm三na芝iOn

of　Avogadro　co訂sta訂t．　S1licon　singIe　crystal　is

believed　as　the　mos芝re…iable　ma芝erial　for　this　pur－

pose－However，nat服a1siI…con…s　composed　of92．

23％2呂Si，4－7，％29S…and3．1％30Si－　Si列ce　isotope　effec言

㎝physica1propert1esapPearin1at芝iceconstant，
vo1ume　and　molar　mass，1sotopica…ly　pur1fied　sili－

con　is　needed　to　improve　the　accuracy　ofmo1＆r　rnass

meaSurement．
　　　Among　severai　isotope　separation　methods，iso一

芝ope　select…ve　decornposit三〇n　of　S…2F6　gas　usi列g

in紛aredlasermakes…芝easytoconduc辻theconcentra－

t…on　oFsi至icon　isotopes－

　　　1n　the　prese莉t　study，　the　objectives　are　l）　芝o

concen辻rate　　2冨Si　us…ng　　infrared　　1＆ser　　mu正ti＿

decompos1tio列of　Si2F6，2）to　convert1so芝op1cal1y

co訂cen芝すated列uoro＿s…1ane　to　s三1icon，and　finally　to

prepare凶e　higbly　pur閉ed　sjljco幻eηrjched　with2呂

S1．
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2．Main　resu1芝s

2．l　Concen芝…・ation　of2君S…

　　　The　effec芝of　several　parameters　suc針　as凶e

w＆venumberand　thepower　ofC021aser．and芝hegas
pressure　a訂d　the貴ow　rate　of　Si2F6on　the　enrichment

of2宮S1is　exam1ned　and　op芝imum　cond1tiom　to
obtain　篶uoro－siIane　enr1ched　with　2宮Si｛s　de芝er－

mined．

　　　C02puIse　laser　with　an　oじtput　power　of1．62－3．

2J　was　used　for　the　e訂richme列t　of2宮Si三so雀ope．The

reaction　ce至1is　a　cy1indrical　tube　of　sをainless　stee1

with　asize，60mm　in　d三ameterand2m　iηleng芝h．The

…aseヨ．beam　was　focused　to　be　about6x7mm　by　ZηSe

with　a一．5m　foca…disをance銚thecentra王part　o£the

react…on　tube．γhe　pressure　and芝討e竈ow　r銚e　ofSi2

F6gas　were　kept　at10．7～266．6Pa　and8，3x66．7xlO■7

mm2／s，respective1y．　As　the　resu王t，si巳　which

main…y　contained29Si　and30Si　was　formed　at950－

956cm1…and2畠Si　was　concentrated　in曲e　residua1

S12F6．At956cmL1，the　Si2F6gas　containing97％28
s…ws　produced　under　the　flow　ra言e　of16．7mm3／s

and芝he　pressure　of133Pa　cond…tions．　The　enrich＿

men辻of28Si　increased　w…言わ　jηcreasing　the　1盆ser

power　and　in　addition　introducing　an　iηert　gas　iike

He，Ar，and　Kr　simu1taneous1y．Under　the　cond1一

丈ions　ofthe　wavenumber　of953cm…1and　the　power

of7．47U／m2，星nd　the　Ar　f1ow　rate　of83．5mm3／s，si2

F6gas　with99．72％2宮Si　was　ob芝ainedcoηtinuously　at

about4％yield、　総owever，the　yield　of　the　Si2F6

enriched　with2宮Si　decreased　with　increasing　the2昌Si

concen芝rat1on．1t　was　found　tha芝the　yield　exceeded

50％う…f　the28Si　conce打tration　of　about95％　…s　satis－

factory．

2．2Conversion　of∩uoro－s｛1ane　enriched　with28Si　to

meta11ic　siIicon　by　using　Piasma　CVD

　　　Fluoro－s三1ane　gases＆re　thermodynamically　stable

＆nd　are　difficu1芝to　beξeduced　to　s三1icon　even　using

もydrogen，　in　genera1，aれer　conver芝ing　f1uoro－si三ane

to　silane，then　Si…s　obta三訂aも1e　by　the　therma至decorn－

position　ofthe　silane．However，芝註e　finai　Si　yie王d

decreases　with　the　steps　o£the　process、γhere£ore，it

was　triedξo　direc芝1y　convert　nuoro－s三1ane　to　meta1I1c

si至icon　by　piasma　CVD．TheΨartz　pipe　of30mmφ

was　used　as　a　reaction　cel1．Microwave　w鮒abou芝

360W　was　applied　to　m1xed　gases　of　SiF4or　Si＾，

Ar　and　H2at523－723K　so　that　f1uoro－s三1ane　is

decomposed－　Si　fiIm　was　deposited　on芝he…mer

waH．　Below523K，SiF2was　formed　and　Si　fiIms

once　deposited　was　etched　by　SiF，above723K．

A欣er　c〇三1ecting　Si　fi1ms，thc　isotope　abundance　was

measured　w1芝h　glow　discharge　mass　spectrome芝er

（GDMS）．　It　was　confirmed芝hat　silicon　fi三m　was

produced　w1th　the　same　isotope　compos三芝ion　as　for

the　fluoro－si1ane　e服iched　with2呂Si．　一t　was　then

conc至uded芝hat　the　p1asma　CVO　was　effect1ve　as　a

method£or　directIy　conver芝ing　from　nuoro－si三ane　to

meta1正ic　silicon．

Keywords：
Separat1On，

depos…芝io訂

三so芝opica亘iy　coηtrol1ed　siI…con，isotope

moiar　mass，plasma　chcmical　vapor
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gr0卯
［Ap11訂1995to　Ma11ch2001］

γogj　2〃ゴ　1～θ3θorc乃

Material　information　system　a　having　huge　database

and　ef£ect…ve　compu雀er＆ided　tools　are　required　For

the　a亘1oy　design　or　select…on　of　advanced　nuc三ear

materia1s．郷owever　tbere　are　limitations　in　storing

numerous　material　pぎoperties　into　the　database　and

develop…ng　a　va…1…ety　of　the　tools　in　one　research

insti雀ute．Thus，じnder　corpora芝ion　amo訂g　Nationa1

Research夏nst1tuteforMetals（NR至M），Japan　Atomic

EnergyResearch　lnstitu芝e（』AER…）andPowerReac一

芝or　and　Nuc互ear　FurI　Deve1opmeηt　Corpo…’at三〇n

（PNC）with　di筋erent　spec…ai　fieid，the　pi1ot　dis－

tr三bu‡ed　database　system　for　development　ofnuc1ear

mater1a1s　ca1led“Da言a－Free－Way”has　been　built

since1990．　The　project　o訂をhe　second　stage　was

started　iη1995u訂der　coilaboration　among　NRIM，

」AE脳，PNC　and』apan　Science　and　Technology

Corporat1on（」Sγ）、The　aim　of　this　project　is　to

store　the　data　in　the　database　a打d　to　develop　usefu1

compu言er　uti1三zed　tooげor　data　ana1ysis　and　simu1a－

tion　codes　for　various　phenomena　under　irr＆diat…on

e訂VirOnmentS．

　　　The　method　of　the　connection　among　the
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database　of　eac針oぎganizat1㎝in“◎ata－Free－Way”

system　changed　from　private11ne　to　the－n亡ernet．

Us1㎎辻oo1susedinthelntemet，userscaneasi1yrefer

to　simu虻aneously　any　necessary　in£ormat｛on　by

accessing　to　the　four　da雀abases　i訂NRIM，JABRl，

PNC　and」ST　with　WWW　browser　witho航taki㎎
account　oFin　which　database　site　theξequ三red　daセa　exit．

　　　The　constmc雀ion　of　we1ding　database　using　the

t㏄hn1que　used　in“Data－Fζee－W屋y”system　iscarr1ed

coI…aborative正y　out　between　NRiM　and　JST　in

databasc　deve正opmen吉　support　program．　　The

database　consists　of　mol・e　than200CCT　diagrams

meas訂red　by　same　experimentaI　method　a1｝d　the

prediction　system　of　heat　cycIe　at　each　po1nt　in

weIded　zo訂e　based　on　the　conductivity　of　we至d…ng

heat．The　optimum　of　we至d｛ng　conditions　and　the

se三ection　of　su…雀ab正e　stee三s　for　we正ding　are　easi1y

us三ng　the　database．

Keywor6：Data－Free－Way，di搬ibuted　dat＆base，

advanced　nuc1ear　ma辻erials，data　share，we1ding

da辻abase

3rd　Researc11Group＝AdvancedHigh
Temperature　lVlateria1s

68　　1）esign　of　Re冊actory　SuperalIoys

〃．〃αア〃が，γ．γ0〃αわθ一〃〃〃α戸，γ、κ0肋〃串，

”．ハ4αγ0んα〃ガ串，γ．1～0＃，τ．ハ1αア〃ん0，τ．γ0ん0ん01〃0＊，

8．〃0肋Z卿α＃，τ．K0肋ノα3〃＃，γ〃ψ刀gGが，X，H．

γ〃＃αη6　γ＝γαη一〇goエα＃，31ゼ1～ε8θoγc乃Gア0〃ρr＃”0w

fη〃fg乃　τε1ηρθrατ〃1’θハ4oτθ〃o1321ρr〃’θcリ

［Ap11i〕995to　Marc呂2000］

丁針e　tempcrature　capabi！ity　of　the　Ni一もase　supera1…oy

has　been　improved　by40『C　s1nce　it　was　inまroduced

…n　I945；芝he　capabiI｛雀y　of　the　1atest　sing三e　crystal

superalloys　is　approac針ing　Il00．C．However，it三s

obvious　that　there　wi1正be　a至imitat三〇n　which　comes

£rom　the　me正ting　points（～1350．C）of　the　Ni一もase

supera1三〇ys．

　　　In　this　projec言we　des…9n“Refractoすy　Supera1－

1oys”which　is　defined　by　us　as　a至1oys　with　fcc／L12

coherent　microstrucωres　similar　to　Ni－base　supera1－

loys　and　yet　with　considerab1y　higher　melting

points，Meta1iic　elements　w納high　melting　poin芝s，

such　as1r　and　Rh，have　been　exam1ηed　experimen－

ta1三y　for　possib1e　use　as　the　base　metal　in　the　refすac－

tory　supera1三〇ys．I雀has　been　shown　that　both　Ir　and

Rhcan　beprecipi辻a吉ion　hardened　by　L12ph＆seto

exhibit　high　yield　str㎝gths，e．g．，220MPa　a芭180ぴC

for1r－15at％Nもa三1oy－Characteすisat三〇n　of芝he　mi－

crostructure＆nd　evaluat三〇n　of　the訂三tra－high芝emper一

・t・・・・…p・t…gth／・・id・辻i・・…1・t・・・・…b・1・9

carried　ou芝一A　compu辻er　mode1I1ngもased　on　s辻aむsti－

cal　thermodynamics　is　emp1oyed｛n芝he＆Hoy　design．

TheoreticaI　predictions　on　the　equi1ibri訂m　state　of

thealloyshavebecomepossiblefoζselec吉edbinary，

tem＆ry　and　quatem＆ry　sys辻ems．The　model　is　be1！ユg

used　to　search　For　alloys　wi芝h　optjmum　micros－

tructure　to　exhibit　further　super1or　high　temperature

stl’engths．

Keywords：iridium，rhodium，すefractory　s叩eraHoy，

high芝empera言ure　stre莉gth，computer　model11ng
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The　equiiibrium　state　in　multi－comPone訂t　si1，91e

c…．ys雀al（SC）Ni－base　superalloys　was　es芭imatedもy

computermodell1ngus1ngCluster　Var1ation　Method

（CVM）＆nd　Mo航e　Ca…．lo（MC）simu1ations．The

microstructures…n　the　Ni一…〕ase　superaI三〇ys　were　a－so

analysed　by　a1－Atom　Probe　Fie1d　Iron　Miα’oscope

（A汗IM）equipped　with　anree　D1mensionai　Atom
Proもe（3D－AP）一　丁1犯state　o£γ／γ’phase　equ11ib－

rium，iηclud三ng　atomic　con£19urat1on　in　the　γ’

phase，has　bee1｝determined．A　good　ag…．eement　was

obtained　between辻he　calcuIat三〇ns　and　the　experi－

mentai　result．CVM　has　bee1，successful1y　app1ied　to

をhedeve正opmen芝of3rd　gene11ation　N…一baseSCsuper－

a至1oys　with　Further　superiour　temperature　capabil－

it三eS．

　　　In　order　to　deve三〇p　a訂aHoy　design　system　f01’

in辻ermetallic　t三tanium　aluminides，TiAl（L1o）a訂d
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Ti3Ai（DOlg），based　on　the　CVM，formu1ations　of

the　CVM　for　the　DOlg　and　口o　structures　were

performed　on　the　tetrahedron　apProxima辻ion．　The

phase　equi正ibrium　between芝he　h．c－p，ph室se　and　the

ordeすed　DO1g　phase　i列　the　Ti－Al　system　was

examined　by　Monte　Car正o　s…mu三ations．　Obtai鵬d

resuIts　suggesまed　that　a辻　Ie＆st　雀he　second　nearest

neighbour　d三stance　shou…d　be　taken　in辻o　cons三dera－

tionino・d・r芝o・eproduceth・α／α2phasebo㎜d－

a此S．

　　　Many－body三nteractions　semi－empiric盆11y　dc辻er－

m1ned　by　theεmもedded　me出od　were　used　to　s三mu－

late1iquid－to－amorphous　transi芝ions　in　T三一AI　auoys．

The　present　simulation　co靱至d　reproduce　the　experi－

mentaHy　observed　conccntra童ion　range　for　amOr－

phisation（40－85at％A1）by　spu芝tering．

Keywords：Ni－base　superalloy，γi－base　a…1oy，TjA1，

Ti3A至，phase　equiiibrium，atomic　configuradon，

computermode1li㎎
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70　　Research　aηd　l）eveIopment　of　High　Tem－

peraオure　Ti2A■Nb　Titan杣m　　Alumiηide－Based

Composites。

1，OOO．C．

　　　The　fabrication　of　titanium　　＆lum三naide＿based

composites　re三nforced　with　ceramic　particu1ate　c「e’

ates　cons…derab1e　poten辻ial　for　improveme列t　in　vari－

ous　properties．These　particu1ate　meta1matrix　com－

pos三tes（MMC’s）have　isotropic　characteris辻ics　and

can　be　processed　more　cheap1y　訂sing　the　conven－

tionaI　net　shape　techno1ogies．

　　　ReCen雀1y，a　neW　ClaSS0£ti芝an三um　aluminide

based　on　the　ordered　orthorhombic　phase　Ti2A1Nb

hasもeen　developed．Because　of　its　at芝ractive　combi－

nation　of　room　temperature　ductility　and　e夏evated

temperature　strength　compared　to　Ti3AI（α2）and

TiAl（γ），Ti2A1Nb　can　be　considered　as　a　potentia1

matr…x　aHoy£or　partjcu】ate　composites－

　　　The　objec芝ive　of　th三s　research　program　is　to

produce　Ti2AlNb－baseδMMC’s　reinforced　with

both　re1ative正y1arge－sized　ceramic　particulate　such

as　T三C　and　TiB　and　very　fine　oxide　part｛culate　such

as欣203using　advanced　P／M　processes，and　creep

and　fa芝igue　propert三es　w三11be　evaiuated　w｛th　empha－

sis　onすe1at｛ng　microstructuraI　characteris辻ics　to　these

high　tempera辻ure　mechanica1propert三es．

Keywoωs：titanium　a1uminide，　Part三culate－

reinforced，composites，Powder　me芝＆11urgy，mecha訂三一

ca－Properties
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T…tanium　a1王oys　and　titanium　a1じminides　are　of

grea芝tech訂o1ogica正interes雀because　o£their1ow

density　and　high　tempera雀ure　streng辻h．One　main

drawback　of　these　titanium－re1ated　mater三als　foτ

stmctural　app11ca辻ion　is　that　the　service　tempcra辻ure

is正三mited　to76ぴC　due　to　a　degradation　of　tensi1e

strength，creep　resistance，thermal　s辻abi1ity　and　envi＿

ronmenta亘res…stance．Moreoverラthey　exhibi芝1ower

st三f£ness　and　pooreτabration－rela芭ed　proper芝ies　than

n｛ckeI－based　＆l1oy．　However，for£u雀ure　aircraft

design．there　are　sti11demands　for　advanced　light－

weigh芭a11oys　having　superior　combinations　of
mecha列ical　properties　in　the芭emperature　rangc　up　to

71　　M…αos耐uc｛ure　Co耐ml　and　Prope7ties　of

Titaηiu獅Alumi列ides
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We　havc　continued　oveぎall　research　systemat1ca11y

connec辻ed　with　processing，characterist三c　eva1uat三〇n
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and　detai…ed　structure　ana－yzing－　The　objective　of

芝his　work　with　respect　to　T…A1γbased　and　L12

modified　A13Tiτbased　a正ioys　is　to　improve辻he

mechanica正properties　for　s籔uctura1apPlication，

　　　Thephase，strucωreandcompos1tionsofA三一Mn－

Ti－X（X＝Zr，V，Ag，Ga）a1正oys　were　studied　by

X一ζay　di鮒盆ction　and　E1ec打on　Probe　Microanalyzer

（EPMA）．The　so1此舳y　of　X（X＝Zr，V，Ag〈Ga）
e1ement　in辻o｛e　L12－type　｛（Al．Mn）茗Ti｝（1－n）Xn

tria－uminides　at1450K　was　varied　from6．8Zr　to－2．

9Ga．　lt　was£ound　that　the　resu1tant　qu飢ernary

alloys　had　the　region　of辻he　singIe　phase　of　the

〕2－type　｛（AlMn）3Ti｝（1－n）Xパriaiuminides£or

all＆ddition＆l　e－ements．一ts　s三ng1e　phase　region　w窒s

showパn　the　quatemary　phase　d1agram　of　AレMn－

Ti－X　a1loys．Wh㎝Zr，V，or　Ga　was　added　into　the

u2－type（A1Mn）3T1打ia1uminide，芭hey　occ卯ied　the

A1－andT…一sub…atticeintheL－2crysta1．Thelattice

parameter　of　the　resu1tan支Ψatemary芝ria～m1列1de

was　smaller雀han　that　of曲e　ternary　cou耐erpa…’ts，

exce1並for辻rialumind　with　Zr　addition．On　the　other

h＆nd，the　Ag　occupied　the　Al－sub1attice　in　the

〕ガtype　（A正Mn）∬i　tr｛a…um三列量des　when　三迂　was

added　into　the〕2crystal．The　lattice　parameter　of

thcぎesuIta鮒qua辻emary　tria正uminide　with　Ag　or

Zradi辻t三〇n　was　iarger　than　that　o〔he　temary　coun－

te…．Parts．　The　var…ation　of　Iattice　parameter　of　the

〕ガtype　｛（A正Mn）∬i｝（1－n）Xn　tria1um三訂…de　c盆n

be　cxp1a…訂ed　by　the　atomic　size　effect，

　　　We　h＆ve　discussed　theα叫γphase　transforma－

t1ons　oぎa　T1－48A正（mol％）al1oy盆ccomp1ished　within

a　very　short　time　on　quenching／heating　based　on｛e

results…n　a　ser…es　of　ouぎsωdies，which　have　been

made　by　exam三ning　the　characterist三c　featurcs　oξthe

n－icros辻ructure　in　detai1　using　high－resolution　e…ec－

tron　microscopy、

（a）Fine　iame1正ae£ormat1on：α→α2＋γ一1）P盆rtial

dis1oca辻ion　ledges　to　accomp！ish　the～ndamental

iattice　change　of　h．c－P－to　£c－c．are　observed　at　the

αガγ…nte…’faces1n　the　growth　edge　of　theγ一plate．2）

Theα2一γinter£acia11attice　misfit　is　very　small，and

セheα2一γinterfaces　and　γ一γ辻win　boundaries　are

atomicaHy那at　in　a　wide　range．Par辻iaI　dislocation

三edges　are　hardIy　recognized　at　theα2一γi列terf盆ces，

which＆re　known　to　be　observed…n　high－dens1ty£oζ

Iame三1ar　structures　formed　by　relative正y　s正ow　coo－

1三ng．3）Anti帥ase　doma1n　bo汕ndaries（APDBS）are

formed　both　in　theα2andγ一p1ates，and　they　are

continuous　across　theα2一γi打ter£aces　andγ一γtwin

boundaries　a辻the　atom1c　level．　4）Cons1derable

compositional　change　has　occurred　between　theα2

＆ndγphases　during　guenching．On　these　bases，the

£orma辻ion　process　of　the　present　f1ne1ame1三ar　struc－

ture　is　described　asα→α2→α2＋γ．　AIthough　a

101＝1g＿range　diffusion　proccss　is　invo1ved　in　this　trans＿

£ormation，it　｛s　conc－uded　that　the　狐echanism　三s

strongly　dominated　by　the　atom三c　movement三nvolv－

ingsheardisplaceme1－ts．

（b）Massive　transform＆t1on：α→γm．1）　閉gh－

density　of　microtwins　which　are　a夏igned　paraHeI　to

one　another1s　formed　in　some　p1＆ces－　Ex流mely

th三n　h．c．p．p正ates　with　the　thickness　of　about0，8－2，0

nm　arefouηd辻o　exist　in　themassivelytram£ormedγ

phase，which　are　aIso　a正ig鵬d　to　the　microtwins

mentioned　above．2）Twin　bouηdaries　are　irregul＆r

a列d　are　not　on　the（1H）mirror　plane　ofthe　twin－

ning　operat…on－　Large1edges　with　the　he…gh辻of

about　a　few芝ens　nm　are　formed　at　the　twin　bound－

aries．Thesefeaturesareattr1bu辻edtothepileupof

迂winning　Parti＆1dis1oca芝ions．　3）Extreme1y辻hin

ro吉a辻ed　domain　walls　arc　most1y£ormed　at　the

APDBs．Thesero吉銚ed　domains　areconsほered　to　be

駁own　fromthesimpleAPOBin　orderto　reducethe
high　APB　energy　oぎ芝heγPhase，From雀hese£acts，

三t　is　co莉c1uded　that　the　1Tiechanisrn　of芝he　present

massive　transforma雀ion　is　based　on　the　h．c．p．to£c．

c．shear　disp1aceme1－t，although　the　mobility　of　indi－

vidua1　aton－s　is　high　due　芝o　a　na雀ure　of　h三gh＿

tempeξature　transform銚ion．　Short－range　di肝usion

process　…Tlust　be　involved　in　the　present　massive

transforma辻ion，which　accomp正ishes　the　rearrange－

ment　of　atoms　including　order1ng　for　the〕o＆訂d

grOW辻hO£rO倣eddOmainS．
（c）ドorma辻ion　oftheα2p至ate　from　theγm　phase：γm

一｝α（α2）。　三）By　isothermal　aging＆t1473K，theぎ…ne

α2P三ates　are£ormed　in言he　grain　inter三〇rs　iying　on

芝註e　｛11三｝　pIanes　of曲eγphase，The　forma辻ion

processisdescr三bedasγm→γ十α→γ十α2，2）lnthe

e屋r正y　stage　of　theα2p1ate　growth（a　iew　nm　in

thickrless），雀heαガγinter£aces　arenearly1yingon　the

｛11l｝P1・…，・1th・・ghth・i・te・f…s・…oけ・t

but　havingacomplexstmc辻ure．γheα2一γinter£acia正

iattice　misfit三s　re1ativeIy　large．3）As　plates辻hick－

e舵d（abou芝100nm），m＆cすoscop三caHy　theα2一γin辻er－

facesp・・tia1lybec㎝〕ec・・veda・dnot㎝th・｛lll｝

planes．　Th…s　is　due芝o　for1苅ation　of　high－dens…ty　of

三edges　a芝the　interfaces．Thcsc　fac辻s　indic銚e　that　th三s

tr＆ns£ormat1on　mechanism1s＆1soもased　on　the　f．c．

c、一h．c．P．　change　＆cconユplished　　by　－Tユigrat…on　of

Iedges．γhecompIex　i鮒erface　stmcture　is　considered

to　be　responsib－e　for　the　thern1al　s辻ab三1ity　of　theα2

f…ne　plates－

Keywords：titanium　aluminide，　Paす辻三cu三ate一

すein£orced，composites，powder　meta－lurgy，mechani－

caI　properties
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72　　NumericaI　SimuIation　of　Phase　Separation

〃．〃α～α，Co〃〃刎わηα1〃肋肋13∫ofθ肌θ1洲一

∫j0〃

［April1998to　March2001コ

Numerical　simu1ations　of　phase　separation　are　gen－

erally　performed訂sing　di舳se　and　sharp　in辻er£ace

approaches－When　the　structures　of　the　two　phases

are　the　same，　the　di　ffuse　i　n辻erface　approach　（辻he

Cahn－Hi1至iard　mode至）is　used　for　theoretica1and

numerica至stud三es．　In　this　case，　the　free　eneすgy　of

the　system1s　composed　of　a　sing童e　curve　with　two

minima．The　Cahn－Hi至1iard　mode1geneξates三ηter－

connec芝ed　spinoda至str汕cをures　near　the　critica1com－

pos三芝ion，whi1e　ne＆r　the　coex三stence　line　the　system

consists　of　a　set　of　isola辻ed　paすticles　which　are

generated　by　nucieation，8etween芭hose　two　regions

mor帥〇三〇gica－transit三〇n　from　the　spiB0dal一脈e

structじres芝c　a　set　of　iso】aξed　particヨes　occurs．

　　　On　the　other　hand，when　thc　structures　of辻he

two　phases　are　di脆rent，the　free　energy　ofthe　system

is　composed　oデtwo　di汗erent　curves．In　this　case，

is〇三ated　par芝icles　are　formed　by　n訂cleat1on　at　any

quench　pOsi芝iOns，　so　that　spinodal　decomposition

does　not　occur．　After　the　nucIeation　stage　the

parωes　grow　jn　supersaturated　so1u芝ioηs．When

the　supersaturat1on　becomes　sma1l　or芝he　vo1ume

frac辻ion　of　the　p＆rticIe　phase　becomes　almost　con－

stant，1arge　part三cles　grow銚the　expense　of　smaH

partic1es．　Th…s　process　is　known　as　coarsening　or

Os芭wald　ripening，＆nd　sharp…nteζface　mode－is　used

for　theoretica1and　numerical　studies．

　　　In芝he1ate　stage　ofPhase　seParaセiOn，both　ofthe

phenomena　are　driven　by　reduction　in　total　suぎface

＆rea　t針rough　diffusion，resulting　in　a訂increase　o£

the　average　doma三n　s…ze．It　is　weu　known　that　the

sca1ing：aws　hoid　in　the1ate　st＆ge．For　example，the

structure　functions　sca1edもy芝he　charac芝eris吉ic　length

become　time　independent．We　have　found　previous－

ly　that　a1互ofthe　qua1itative　fea芝ures三n　the　structure

func芝ion　for　the　spinodal　structure　generated　by　the

Cahn－Hi川ard　model　and　a　set　of　isolated　particIes

generated　by言he　sharp　interface　model　are芝he　same

even　tho訂gh亡he　domain　structures　are　qu｛te　di脆r－

ent，　The　structure£unction　can　be　obtained　experi＿

mentailyもy　X－rayヨneutron　or　light　scatter1ng　and

g1ves三nformation　abou芝the　domain　s芝ructure三n

Fourier　space，Howevcr，it三s　not　easy　to　re1塁te　the

scatter…ng　in芝ensity　profile　to　the　rea1space　structure．

　　　In　this　project　we　perform　mmerical　simulations

○ダphase　separatioη銚tbe　critical　compos｛tioηusing

芝he　Cahn－H111iard　model　in　two　dimensions．The

simu1ations　are　performed　using言wo　methods　for

p1acing　the　initial　order　parameter　on　the　mesh

points．Thefirst狐ethodp1acestheinitialorder
parameter　using　aζandom　n汕mber　generator。γhis

injt三a1　COnditiOn　　genera言eS　the　　jnterCOnneC言ed

spinodal　structuζe．At　the　critical　compos三tion，the

morphoIogicaI　transition　from　the　spinodal　structure

to　a　set　of三solated　particles　does　no芝occur一　Thus，

凶e　sp｛noda正structure　is　stabIe．The　second　method

p1aces　iso亘ated　particies　in　the　computational　celL

In芝his　case，the　order　parameter　is　I　on辻he　mesh

points　inside　the　partic1es＆nd－1outside　the　par辻i－

c1es，We　find　that　the　s舳ctures　consisti㎎of1so－

1ated　part三c1es　are　a1so　stable．　This　sし1ggests　that

there　exist　two　stab至e　solu辻ions　at　the　critical　compo－

si言ion．　The　purpose　o£芝針is　project…s　to　obtain　the

re1at三〇nships　between　the　domain　struc芝ures三n　the

real　space　and　the　structure　functions．

Keywords：Spinoda王　decomposjtion，　Nuc1eation

and　growth，Structure　function
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73　　Dev8■opment　of　Basic　Superconducting
Techno1ogy　for1・1igh　l＝ie■d　lV．icro－SlVlI≡1S

K．∫〃0〃θ，γ。γ03んf∂α，γ．∫ウ．fη一α，α〃ゴ■．Kfん〃c々主、4th

伽蜘κ乃α0卯
［Apri〕997to　March2002コ

Because　the　stored　energy　d㎝sity　of　SMES（Supor－

conducting　Magnetic　Energy　Storage）is　increased

r塁p三dIy　with　incrcasing　thc　m＆gnetic　針c1d，thc

incrcase　of　thc　operation　fie三d　make　thc　fabrication

of　micro－SMES（compac蛇d　SMES）possible，The

operation　field　is　determ三ned　ma三n三y　by　the3。一B

properties　of　superconducting　wire訂sed気or　SMES．

There　are　two　k1nds　o£commerc｛aiized　supercon－

duct三ng　wires；Nb－Ti　wires£or王ow　fieids　and　Nb3

Sn　w三res　for　high　f…elds．Although　Nb罧Al，Nb3Ge，

Nb島Ga，Ni－2212，and　Bi－2223bave　no芝yet　been

commercia1ized，they　are　the　most　promising　ca訂di－

date　superconducting　materials　for｛ncreasing　the

operat｛on　fie1d　of　SMES　because　of　thejr　王arge

potentiaIities　due　to　h三gher　H．2（4．2K）’s　than辻hat　of

Nb3Sn．　Recently　we　found　芝hat　the　Nb3Al
m訂…tif…1amen芝ary　wire，fabricated　through　the　rapid－

heat，quench，and　transformation（RHQT）Process，

showed2－5times1arger』。in　high　fields　than　tha辻of

commercialized　Nb宮Sn　mu1tifi至amentary　wire　and

exceHeηt　strain　to工erances－　The　large　Jc　iη　high

fie1ds　and　the　excelienをstrain　tolerance　arc　the　most
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requ1redpropert1esfo〔hesuperconductonsedfor
the　m1cro－SMES．In　this　sωdy　we　arc1nves辻iga言ing

thecoilfab・…cation辻ec㎞1que，stabilizati㎝，sup・・一

COnduCt1ngjunCt10n，and三mprOVementS0ぎSuperCO伽

ducting　properties£or　the　Nb3A三mult｛mamentaすy

wire　and　other　high－f…e正d　superconductors－　Super－

conducting㎝rr㎝〕ead＆ndsuperc㎝duct1㎎mag－
netic　sh…eld　are　alsoもeing　studied　as　the　basic　tech＿

nologies£or　the　micro－SMES，

　　　We　tried　the£abrication　o£Nb3Ga　wire　through

the　RHQT　process　by　using　mixed　powder　oデNb－Ga

intermeta1lic　compound　as　a　precoτsor．However　we

could　no芝　obtain　the　exce正1en芝　superconducting

propertiesfortheNb3Gaw…re，becausethepoorheat
conduct1v三ty　o£the　powder　preven芭ed　the　samples

ξrom　rapid　heat1ng　and　quenching．We　also　studied

the　Ge盆ddition　to　the　Nb3Al　mu1辻ifilamentary　wire．

wh1ch　improved　rcmarkably　not　only　Tc紛om17，6K

to　19．4K，but＆1so　Hc2（4．2K）愉oτn27．6T　to40T，

but　reduced　J。（4．2K）盆1…tt三e．The　addi辻ional　ef£ects

ofGe　to　NbヨAl　shou1d　be　sωdied　in　moぎe　deta…1．

　　　互n　order　to£abricate　a　large－scaled　superconduct－

ing　Bi－2223magnetic　shie1d　through　pIasma　spray－

i訂g，　we　are　deve1opi訂g　芭he　junction　techniq靱e

between　the　Bi－2223f…1ms．　By　spreading　B1－2223

powderもetween　the　junction　arld　then　heat籔e＆芝ing

the　junctio訂汕ndeζuniax1a…compすessive　stress，we

could　obtain　an　excellent　junct…on　between　Bi－2223

f…lms，which　shows　good　magnetic　shie三ding　prop－

ert1eS．

　　　γhis　research　w＆s　performed　in　col－aboration

w派h　Hitachi　C＆b三e　Co．㍑d．

Keywords：Nb君A1，Bi－2223，Rap…d－Heat，Quench，

γrans£ormat三〇n，jc，Supeぎconducting　junct三〇n．
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74　　Search　of1，Iew　Nonliηear　Optica1Crystals

f07　Wa鵬1ength　Mo伽1a｛ion，Sing1e　Crystal
Grow｛I1and　P7inciple↑echnology　Development
f070ptica1Devices
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Sing1e　cξystals£or　non1三near　optica1mater1a三s　are

importan雀for　frequency　modu1a芝ion　devices．1t　is

usua11y　requ…red　for　this　purpose　th銚sing…e　crystal

shou至dhavec…’ystalasymmetry．However，itisge列er－

al1y　difficu正t　to　grow　single　crysta至s　havi訂g　crysta言

asymmetry　even　ifηew　m＆teri＆ls　are　discovered．…t

wouId　be　possible　to　o5芭ain　sing1e　crys雀als　having

crystal　symmetry　by　means　of　the　subst三tutio訂of

co打stiωent　elemen辻s　for　another　elements　in　order　to

£orm　the　＆symmetry　surroundings　of　substituent

elements　i訂m1cro－sca1e．ln　this　work，singIe　crysta1

growth　ofthese　substitu芝ed　materiaIs　having　crysta1

asymmetry　aぎe　triedもy　the　CzochraIski　method　and

言he　noating　zone　method　from　their　melts　and　the

cすys芝塁1qua…ity1s　improved　by　me＆ns　o£con芝ぎo1iing

the　cryst＆l　growth　conditions．Furtheすmore，optical

propert…es　of　the　cryst＆1s，such　as　tr＆nsn1ission　and

harmonic　genera芝ion　e辻c一，are　evaluated　usi訂g　the

sin91e　crystals　grown、

　　　夏nぬis　year，s…列gle　crys芝＆ls　of　BaB204，substitut－

ed　Al　or　Ga　for　B，were　grown　by　a列ew　double

ring－shape　haloge訂1amp　noating　zone　pulling　down

furnace（DRFz）．Transp盆rent　single　crystals　with　l

mmφx20mml　cou胴be　gmwn　by　this芝echn三que　as

曲own　inドig．1，despite　the　single　crystals　by　the

Czochra1sk1method　were　opa叩e，Their　nonlinear

op辻ical　properties，such　asaSHG（secondharmonic

generation）intens三芝y，were　superior　to　the　BaB204．

　　　On　the　other　hand，it　is　impor雀＆nt辻o　study　an

origin　o£the　SHG　because1ts　data　is　useぎul£or

invest1gation　ofnewoxides£ortheSBG．So　weare
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’＝’9－1　εxan1ρ’e　of　crγsta’s　growη　subst〃u士ed　ハ1　for　B　as

596－　Uρρer　crysfa’fs　growl1byηorma1士yρe　〃oa打ηg　zoηe

ρu〃’ηg　dowηfurηace‘DEFz〕，’ower　oηe1s　by　D尺Fz－　Scale　ls

10mm．

studying　the　origin　ofthe　SHG　on　sing1e　crystals　of

BaB204，substituted　Al　or　Ga　for　Bラas　a　refractive

index　and　a　dielectric　constant　viewpoints－We

expect　that　the　refractive　index　and　thc　dielectric

constant　will　be　increased　with　the　increase　ofA1or

Ga　content．

　　　Th｛s　article　also　introduces　another　research

program　of“lnvestigation　of　Wavelength　Modu1a－

tion　on　Nonlinear　Optica1Oxides　by　Atomic　Distri－

bution　Control”（Apri11998to　March1999）、

　　　In　addition，this　research　was　performed　in　co1－

laboration　with　the　lnstitute　for　Materia1s　Research，

Tohoku　University，and　the　Institute　ofDEO　for　a

crystal　growth　and　a　characterization　on　nonlinear

optical　oxides，

K6ywords：frequency　modulation，crysta1　asym－
metry，substitutjon，refractjve　jηdcx，djelectric　con－

Stant
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75　Development　of　Composition　Gradiented

Shape…emory　Alloy　and　Wear　Resista耐TiAl

Based　Composities

〃．8α3伽0，8．σθ肋〃α〃∫．

gr0岬
［April1997to　March1999］

∫たθ〃o，4τ乃　アθ3θαγc乃

One　of　the　purposes　of　this　researchうrogram　is　t0

develop　the　fabrication　method　of　composition

gradiented　shape　memory　al1oy．If　the　composition

is　de1icately　changed　a1ong　the1ongitudinal　direc－

tiδn　of　the　materiaI，we　can　obtain　the　materia1

possessing　unique　properties．We　successfu1ly　made

zinc　concentration　gradiented　Cu－Zu－A1shape　mem－

ory　aHoy　by1ocal1y　regu1ating　temperature　of　Cu－A1

wire　in　zinc　vapor．We　tried　to　contro1the　concen－

tration　of　titanium　in　TiNi　shape　memory　al1oy　by

the　chemicaI　transportation　technique　using　tran－

sporting　medium　of　titanium　ch1oride．We　have

obtained　narrow　strips　of　concentration　gradiented

NiAl　shape　memory　alloy，

　　　Another　purpose　of　the　program　is　to　develop

wear　resistant　intermetaIlic　compounds．In　order　to

increase　wear　resistance　of　TiA1and　to1ower　the

frictioncoefficientofTiA1，two　kindsofTiAlbased

composites，TiA1－Ti2A1N　and　TiA1－MoS2，are　stud－

ied　in　this　work．TiA1based　composites　are　prepar－

ed　by　powder　meta11urgica1method，using　TiA1，

TiN　and　MoS2powder，Ti2AlN　in　TiAl　is　formed

bythe　interactionofTiN　and　TiA1．Ti2AlN　isstab1e

up　to1273K　and　suitab1e　as　a　hardening　particle　for

TiA1based　composites．MoS2partic1es　on　the　sur－

face　of　TiA1－MoS2composite　decrease　the　friction



coefficient　ofthe　composite．TheγiAl　composites

have　been　deve－oped　for　a　s正iding　oぎro辻aセing　Parts　in

high　vacuuTn　systen1．

K6ywords：shape　memory　a1－oy，interme辻allic　com－

pound，chemical　transportation，composite，wear

resistance，TiA正，γiNi

76　　ResearcI1　aηd　　Deve1opment　of　l・ligh－

P8rforπ■ance　Light　AIIoys　for　Hydrogen　Storag⑧

C．　〃む々fη一〃1・α，　H．　ノV〃〃一ατα　αη6　ルク．　1（o〃10ん之　4τ乃

伽∫θακ乃0舳ρ

〃．ノ〃αηo，〃ατε〃α131〕伽た3〃沁fo〃

［Apri〕997to　M鮒ch2001］

Hydrogen　can　be　regarded　as　an　ideal　energy　inter＿

mediary　for凶e　folIowing　reasons＝（1）it　is　a1most

i1，exhaustibIe，（2）ciean　andセendeぎto　ecology，（3）

easy　to　be　s辻ored　and　transported，There　is　no　doubt

that　hydrogen　wi1I　play＆訂important　role　in辻he　near

future　盆f言er　the　fossjコーePergy　era，　　I　n　scope　of　tbe

1窒rge－scale　use　o£hydrogen＆s婁n　energy　intermed1－

ary，itisinevitable言oesセ＆b舳thetec㎞o1og1cal

fu莉dame列taIs　oぎmater1als　related　to　hydぎogen－

energy＆PPlications．Iηth1s　study，it　is　aimed　to　give

guidelines£ordeve1opi㎎high－Perfo㎜anceiight
al1oys　forhydrogen　s辻orage，based　on　Mg，which　can

be　applied　i訂au辻omobiles　as　gas－conta1ners　or　bat－

terieS．

　　　Anewme1雀ingfumacehasbeen…ntroducedin
order　to　melt　and　cas芝Mg　a1loys，which　are　d榊cui辻

to　melt　because　ofh｛9h　v＆Por　pressure　and　oxidatjon

problem　ofMg．ln洲s　fumace，Mg　a－loys　can　be

melt，wi芝h　Mg　vapoξiza辻ion　being　suppressed　byん．

atmosphere－Mo1t㎝a1loys　can　be　mixed　a訂d　al1oy－

i㎎elementsca列bead舳㎝allych＆rgeddur1ng
洲elting・We　started　the　melti㎎and　cas辻i㎎of

Mg－Ni　based　a正1oys　using　this　new～r訂ace－Charac－

terizations　ofthe　aIioys　are　in　progress－

　　　Basic　d銚a　on　hydrogen　diffus三〇n　wi三1give　impor－

ta列t　guidelines　to　develop　high－Perfoすmance　alloys

for　hydl．oge1，　storage．　Reports　on　hydrogen　d三fデu－

sion　are，針owever，scarce　for　Mg　a1loys－That1s　true

evenforPureMg．Here，hydrogendiffusi㎝behav－
iors　in　pure　Mg　have　been1nvestigated　by　means　of

＆9as－Phasepe㎜eationtechnique．　Permeati㎝
measurements　were　performed　in　aηequ1pment　with

u1tr＆一h三gh　vacuum　sys芭em　over　a　pressurerangefrom

l，0to25kPa（1to200torr）and＆temperature　raηge

of463to503K．Thickness　of　membrane　specimens

were2to3mm－Hydrogen　d附usivity，！二），show　no

dependence　on　hydrogen　pressure　applied　on　雀he

eηtraηce　sjde－　Steady－st銚e　hydrogen　permeabilhy，

o，keeps　constant　up　to　a　certain　va－ue　ofhydroger■

pressure，but　decreases　銚　higher　pressures．　This

observa芝ionimpliesthathydrogendissoluti㎝devi－

ates紡om　Sieverts’law　at　hi曲ぴpressures．Hydro－

gen　diffusion　coe閉cients　determined　in　this　investi－

gation，3－4x　lO…9m2’s…1at473K　for　an　example，are

one－order　h1gher　than　those　ex披apo－ated　from　the

prev1ous　data［I］determi舵d　a雀higher　temperatures

foζMg－2mass％Ce　al1oy．

　　　This　research　is　per£ormed三n　collaborat1on　with

Yokohama　Nat1onal　University，Science　Univ釘sity

ofTokyo，and　Institute　oFIηdustrial　Science，and　the

Univcrsi辻y　ofTokyo．

Keywords：hydrogen，　hydroεen　storage，　magne－

s三um，di£fusion　and　permeation
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M－Amano，I，TomizukaandT－Tsujimoto，j．Japan
Inst，Metals61（1997）：　105＿三I2（in　japanese）

Hydrog㎝Permea辻ion　through　Magnesium，C．Ni－

sh1mura，M．Kom＆ki　and　M．Amano，（submit辻ed　to

』．Alloys　and　Compounds）

77　　I≡1nergy　ConversioI1　Mate7ials　1＝ab7icated

wi肺Composite　S抑ucture

／．ノL　／Vなんf6α，4τ乃　1～θ3θαrc々　（”0αρ

［April1996to　Marc112002］

下hermoelectric（TE）materia1s　have　been　widely

used　for　the　pu…．Pose　ofdirect　conversion　oFtherma1

energy　to　e三ectr三c　power　wi雀hout　noise　and　cooling

system．Recent正y，the芝heぎmoelectr三c　generators　are

main三y　used　for　the　e三ectr1c　source　in　space，marine

and　polar　regions，and　the　thermoe三ectr…c　cooI…ng

systems　are　mainly　used　for　the　precise　temperature

contro至in　the　semiconducセor　process｛ng，optica正and

e正ectronic　devices．　Therefore，it　is　important　to

deve1op　T区materials　w榊a　high　figure　ofmerit　Z，

　　　The　good　TE　materiaIs　aregiven　by21with　high

thermoelectric　powerαand　electric　conduct…v…tyσ

and　iow　thermal　conductjvj辻yκ一　For　a　given　TE

mater三aIs　with　homogeneous　matrix　and　dopant
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conceηtra芝ion，theop芝im1zed　Zcan　onlybeobtained

in　the　re－ative　narrow　temperature　range．In　other

temperature　range，the　TE　convers1on　efficiencyη

becomes　comparat1vely　smalL　Howcver，Z　can　bc

inc撒sedbyc㎝trolli㎎thedopa航，compos1ti㎝
and　grain　size　of　the　functiona三至y　graded　】〉1ateria1

（FGM），beca訂sethe　latticecontribut1on　to芝hether－

mal　conductMty　can　be　decreased　by　phonon　scat－

tering　at　t1？e　lattice　defec雀s　such　as　crystal　distortion

and　grain　bOu打dary．

　　　γE　properties　of　unidirectional1y　so1…dified　p＿

type　AgSb下e2boule　have　been　eva互ua芝ed　to　deveIop

FGM　with　comp…ex　stmc芝ureofAg2Te　and　Sb2Te3－

The　boule　had　two　ki訂ds　ofdi汗erent　strucωres　in　it；

one　is　Widmannstat㎝s舳c芝ure打ear芝he　surface　of

boule，and　a1－other　is　eu芝ectic　structure　in　the　center

ofもoule．The　e訂tectic　stmc芝ure　contained　more　Ag2

Te　precipitates．　Bo汰　the　structures　showed　をhe

differen言temperature　dependence　of　thermoe亘ectric

propertiesヨwhich　were　s雀rongly　aぎfected　by　thet11ans－

format1on　at418K　and　aIso633に　High　tempera－

ture　phase　o£AgSb7e2above633処reve＆1ed…ts　high

potentia…of　power　generation．These　results　sugges芝

をhat　there　is　a　h…gh　possibi正i辻y　to　rea正ize　superior

FGM　by　controlling　s舳cture．

KeyWOrdS：energy　COnVerSiOn，芝hermOe1eCtriC　m銚e－

ria至s，compos1te　mater1a－s，宣heτmal　conduct1on，ther－

moelectric　conversion，thermoe1ectric　coo正ing　sys芝em

Re1ated　Paper

Developme打t　o£FGM　nermoelectric　Ma芭erials　in

japan－StateofArt一，1．Sh1ota　and　I．A，N三shida，Proc．

16th　lnt’1．Con£Thermoelc芝rics（lCT’97），Dresden，

Germany（1997）＝364－370．

78　　巨ne7gy　Conversion　Materia1s　Fabricated

wit㍉I＝unctiona11y　Graded　St閉ctwe

∫．ノ’．〃あ乃ゴゴα，4τ々　沢ε8θαγcん　0アo〃ρ

［April1993to　March1998］

γhcrmoelec芝ric（マE）materials　have　bccη　widely

used　for　the　purpose　ofdirec芝conversion　ofthermaI

energy　to　electric　power　without　noise　a列d　cooling

system．For　a　given7E　materia1system　with　homo－

geneous　matrix　and　dopaηt　concentra芝ion．the

optimized£igure　ofmerit　Z　can　on至y　be　obtained　in

a　narrow　temperature　range，　In　other　ternperature

range，the　TE　conversion　efficiencyηbecomes　com－

paratively　sma王L　Since　the　temperat肌e　of　the　ther－

mocoup1e　legs　changes　cont1nuo靱sly　from　the　top

（high　temperature）end　to　the　bottom（1ow　tempera－

ture）end，the…arge　vaIue　o£ηwi亘1beobtained　if雀he

carrier　concentra芝ion1n芝he　TE　mater三ai　changes

con芝inuous正y　a1ong　the　thermocoup正e1egs，i－e．，func－

t｛ona三1y　gradient　TE　mater1a正s．By　preparing　these

materia1s，the　effective　va1ue　ofηis　estimated　to

incτeaseamorethandouble．Inaddit…on，Zcanbe
increased　by　con芝rolling　the　composit｛on　a訂d　grain

size　ofthe　FGM，becausethe　latticecon芝すibu辻ion芝o

the　thermal　co打ductivity　caη　be　decすeased　by

phonon　scattering　at　the　lat芝ice　defects　such＆s　crys＿

ta亘distor言io訂and　grain　boundary．

　　　7he　cf£ect三ve　max三mum　powers　fo〔he　two　ste－

pped　FGMs　o£n－type　Pb7e　w1th　diffeτent　electr0R

concentration　and　p一芝ype　PbTe－Snγe　soliδso1u辻io訂s

with　differen言Sn－compos1芝ioηwere　Found芝o　be

larger　24％　and　28％　than　those　for　the　optimized

homogeneous　mater三aIs　at　a芝emperat訂re　difference

o£320K，respect…vely，

Keywords：cnergy　conversion，芝hermoe…ectric　mate－

ria1s，～nct1onally　graded　mater1a1s（FGM）

Re1池dPaper

Highly　E冊ci㎝t7hermoelectric　Mater1als　i列FGM

Progすam，1．A．Mshida，Pτoc、』apan－Russia－U廷rai鵬

1nt’1，　Workshop　on　Energy　Conv．Materiais

（ENCOM95），Sendai」apan，january（1995）：1一］O．

Development　of　FGM　Thermoelectr1c　Materials　in

』apan－The　State　o£the　Art一，王、Sh1ota　and1．A．

Nishida，　Proc，　of　16芝h　inゼ1，　Conf．　on　γher－

moelectr1cs（lCT’97），Dresden，Germaηy，August
（一997）：364＿370．

5th　　Research　　Group＝‘nte11igent
MaterialS

79　　Creation　o｛Ml』Iti－func｛ional　l、’1ateria1s　by

Assemblag⑧of　Primitive　Functions

〃．8乃妙α，〃一κ0わαγω〃r－D〃，〃．堆ω〃〃，τ．

κ0舳0，8．κ舳j〃0τ0，〃．F〃0〃砿〃．H伽θ，α〃ノ．

仰0〃05肋伽∫θ0κ乃α0〃ρ

［Apri11997to　March2002］

Backgζound

　　　1nte11igent　mater1al　reSearCh　iS　One　Of　tbe　mOSt

important　£rontiers　三n　the　τnaterial　scieηce．　　↑he

mater1a－s　have　the　ab1lity　to　respond　to　environmen－

tal　cir㎝ms芝ances．　We　can，芝h鮒fore，rep1＆ce

mechanical　parts　and　elec芝ronic　dev1ces　w1雀h　them．

　　　Various　apPro＆ches　are　stud…ed芝o　create　s訂ch

materia1s．We　proposed　a　partic1e　assemblage＆s

Follows．As　the　intel11gent£unc芝ioηis　considered　to

be　a　syste沽atica至1y　coordinated　multiple　functions，

1t　will　be　re昼1ized　through　accurate　three　dimen－

siona1　arrangen－ent　of　various　partic三es，　each　of
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which　has　a　primitive　function　such　as　sensor，proc－

essor　and　actuator．In　other　words，we　considcr　that

micro－meter　sized　particles　are　the　unit　of　materials

and　unit　of　function．

　　　A　key　of　the　particle　assemb1age　is　a　method　to

integrate　various　kinds　ofparticlesI　Each　kind　ofthe

particles　must　be　p1aced　at　a　prescribed　position．

More　accurate　positioning　is　required　than　achieved

by　the　conventional　methods－Thus，we　have　devel－

oped　three　methods，i，e．，ordered　mixture，manipu1a－

tion　by　a　microprobe，and　partic1e　arrangement

using　e1ectron／ion　beams．Detai1of　each　method　is

described　in　thc　fo1lowing　section．Figure1shows

the　conceptual　process　to　create　intelIigent　materia1s

through　the　newly　developed　methods　of　particles’

integratiOn．

Integration　methods　of　particles

　　　Each　of　three　methods　shown　in　Fig．1has　a

potentia1　so　as　to　find　its　apPlication　ficlds　as・

described　below．　0ur　final　goa1，however，is　to

create　intel1igent　materials　in　cooperation　with　the

three　methods，

　　　Thefirst　one　jsafabrication　ofordered　mixtures，

in　which　two　kinds　of　particles　are　combined－The

composite　particle　is　formed　by　an　electrification

method．Two　kinds　of　particles　are　separate1y　en－

c1osed　in　metaHic　vesse1s．　The　partic1es　are

electrified　positive1y　and　negatively，respectively，by

app1ying　high　DC　vo1tage　to　the　vesse1s．When　both

particles　are　sprayed　in　the　same　space　at　the　same

timc，the　composite　partic1es　are　formed　by　the

e1ectrostatic　force．In　comparing　with　the　conven－

tional　method　of　mechanical　mixing，the　electrifica－

tion　method　has　an　advantage　that　homogeneity　of

the　composite　is　assured－

　　　Using　this　method，new　PTC　materials　are　deve1一

oped，　A　packed　bed　of　semiconducting　BaTi03

partic1es　showed　the　simiIar　PTC　properties　with

those　for　the　sintered　bulk．　The　resistance　of　the

packed　bed，however，is　more　than100times　higher．

It　is　attributed　to　high　contact　resistance　between　the

semiconducting　particles－While　a　packed　bed　ofthe

ordcred　mixture　of　semiconducting　BaTi03and　In

partic1es　showed　the　same　PTC　properties　and　the

same　resistance　with　those　for　the　bulk．The　reason

is　that　In　partic1cs　cxisting　betwcen　the　BaTiOヨ

partic1es　remove　the　high　contact　resistance．It　opens

the　door　to　the　shape　free　forming　of　ceramics．

　　　The　second　one　is　a　particle　manipu1ation　using

a　micro－probe－　The　manipu1ation　system　is　com－

posed　ofa　tungsten　microprobe，a　probe　positioning

system，stages　for　movement　of　substrates，and　a

CCD　camera　for　the　observation．

　　　Both　meta11ic　particles　and　polymer　particles　of

lessthan　l00μm　can　be　adsorbed　to　thetip　ofthe

probe　and　detached　from　it　by　contro11ing　the

app1ied　voltage　between　the　probe　and　the　substrate．

The　probe　can，therefore，carries　partic1es　to　any

posjtions　on　the　substrate．Furthermore，jt　can　we1d

metallic　partic1es　by　applying　high　vo1tage　so　as　to

make　the　glow　discharge，　Five　meta11ic　particles

were　stacked　and　we1ded　by　the　probe　system　as　an

exampIe　of　three　dimensionaI　microstructures．

　　　The　third　one　is　a　particle　arrangement　using　an

e1ectron　beam　and　an　ion　beam．1n　contrast　to　the

manipulation　by　the　micro－probe，it　can　process　a

1arge　number　of　particles　at　a　time，

　　　The　e1ectrified　pattem　is　drawn　on　insulating

substrates　by　radiation　of　an　electron　beam　or　an　ion

beam．The　substrate　is　dipped　into　a　suspension，

where　partic1es　to　be　arranged　were　dispersed，Since

the　particles　are　attracted　to　the　e1ectrified　pattern　by

　■
●　●●

．　●■

　○　●

○

　　　　　　む

orderedmixture

＼＼

「
manipu1ation　by

a　microp正obe

ジ4、、、、、、、、、、

using　e1ectron／ion

beams

’＝’9－1　Coηceρ士ofρar打c’e　assemb’age
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the　electrostatic　force　in　the　suspension，the　particles

are　arranged　as　the　e1ectrified　pattern．Fixingofthe

arranged　partic1es　are　needed　to　repeat　the　above

arranging　process　for　the　fabrication　of　three　dimen－

sional　microstructures－　Experiments　showed　that

formation　of　thin　po1ymcr　mm　and　a　heat　treatment

are　both　effective　to　the　fixing．

Keywo阯s：Intel1igent　materials，multiple　functions，

partic1e　assemb1age．

80　Development　of　mIcro－cell■』lar　structural

materialS

8．K舳加0τ0，〃一8〃η〃，〃．κ0肋〃眺τ．Dαη．

α〃ノ、κγ0〃0

［Apri11998to　March1999］

INTRODUCTION
　　　Recently，passive　and　active　damping　techno1－

ogies　are　becoming　increasing1y　important　in　terms

of　vibration　contro11，　and　aIso　ene1－9y－absorbing

systems　are　being　required　to　protect　a　person　from

impact　in　atraffic　accident．The　keytechnologies　of

these　research　fields　arc　energy－absorbing　materials2．

Particu1arly，ceuu1ar　materials　are　receiving　renewed

attentions　as　structural　and　functional　materials，

Ce1lu1ar　materia1s　have　uniquetherma1，acoustic　and

energy　absorbing　properties　that　can　be　combined

with　their　structural　efficiency3．　Therefore，many

kinds　ofce1lular　materials　have　been　tried　for　use　as

damping　and　energy　absorbing　materials．However，

most　of　the　cellu1ar　materials　are　open　ce1lular

po1ymers　and　woods．Though　the　c1osed　ce11ular

materia1s　are　thought　to　have　many　abilities　and

apP1ications　for　the　vibration　contro1　and　the

energy－absorbing　systems，there　is　a　lack　of　tech－

nique　to　produce　such　fine　c1osed　cellular　materia1s

except　for　gas　foaming4or　honeycomb　structures3．

　　In　this　study，in　order　to　solve　thesc　prob1ems，a

new　method　to　produce　a　meta11ic　c1osed　ce1luIar

material　such　as　three　dimensional　micro－

honeycomb　structural　materials　has　been　developed．

CONCEPTUAL　PROCESS
　　　The　schematic　process　How　of　the　c1osed　ce1lu1ar

material　production　is　shown　in　Fig，1．Theprocess

is　as　Fo11ows；1）powder　partic1es　ofthe　po1ymer　are

coated　with　a　meta11ayer　using　e1ectro1ess　plating，2）

the　powder　partic1es　are　assemb1ed　and　the　green

compacts　are　formed　by　co1d　isostatic　pressing，and

3）after　sintering　at　high　temperature　in　a　vacuum，

the　c1osed　cellular　materia1was　produced．

MICRO－CELLULAR　STRUCTURAL　MATE－
RIAL
　　　Powder　particles　of　po1ystyrene，which　is　a　ther一

ma1plastic　polymer，were　used　to　produce　the

micro－cellu1ar　structures，Polystyrene　particles　of10

μm　diameter　were　coated　with　a　O．46μm　thick

nicke1＿phosphorus　a1loy1ayer　using　electroless　p－at＿

ing，　These　powder　particles　of　polystyrene　were

pressed　into　green　compacts　by　isostatic　pressing　at

180℃。　This　temperature　is　higher　than　the　g1ass

transition　temperature　of　polystyrene．　After　this，

these　green　compacts　were　sintered　for1h　at800℃

in　a　vacuum．Figure2shows　an　SEM　image　ofthe

cross－section　oF　the　cellu1ar　material　after　sintering，

and　it　was　observed　that　the　shape　ofthe　ce11s　ofthis

material　is　polyhedral，

　　　Though　the　volatilized　temperature　of　po1ystyr－

ene　is　lower　than　the　sintering　temperature（800℃）5，

the　cross－section　observation　shows　that　a1most　ceIls

of　this　material　contain　polystyrene，These　results

show　that　the　c1osed　ce1lular　soIid　inc1uding　the

polymers　can　be　produced　by　using　this　powder

particle　assembling　technique．

　　　　　　　　　叩me「

　　　Meta1

1三＝1octroIess　pI田ti皿g　　　Is0冒tatic　pr6ssi皿g

　　　　　　　　　　　　　　　　汐

3D　Micm－h㎝6ycomb　Mat6ria1　　　　Si皿torimg

的ure1』o〃d1agramofclo∫edce〃ularso〃dfa舳ca打ηg

ρrOCeSS。

斤g．2Cros∫・sec打oηof　a　c’osed　ce〃u’ar　mafe〃a’．
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　　　The　density　of　th…s　materiai…s　aboじt2．0－2，39／

cm3芝his　va1ue1s　sma1ler芝針an　that　of　alum1打um

（2，79／cmヨ）．compressive　tests　were　carried　out　and

a　typ1ca1ex＆mp正e　of　the　compress三ve　tes言ζesult　is

shown　Fig．3－The　strcss－strain　curvc　shows　a　lineaξ

e三as辻icぎegion，a　long　Plate醐wbere曲e　s辻ress　gradu－

ally　increases　and　a　wavy　reg…on　w針ere　the　sむ．ess

rapidly　列uctuated．　The　sh＆pe　of　the　curve　in　the

｛inear　e1塁stic　and　plateau　region｛s　the　s＆me　as　the

芝ypicaヨ　stress－strain　curve　of　ope訂　ce1三鐵Iar　so1id

materia14・6，　The　sh＆pe　of芝he　curve　in　t針e　nex芝

region，is　the　same　as　the　stress－str＆in　curve　of　a

bri芝t三e　ceram1c　foam6．一t　is　suggested　that　the　frac芝ure

initiates　from　a　de£ect　jηthe　ceHu1ar　so1｛d．There一

£ore，i£the　closed　cel～1ar　materia…has　on1y　a　few

defects，the　p1ateau　aすea　ofthe　stress－strain　curve　w三11

con辻inue　fur曲er　during曲e　compξessive　test－As　the

presence　of　the　piateau｛ηthe　compressive　stress・

straiη　curve　is　responsib1e　£or　the　high　eηergy

＆bsorption，this　closed　ce…1uiar　solid　seems　to　have　a

high　energy　absorb＆biヨity－

CONCLUSION
　　　Aclosedce三1ularm銚erialcontain1ngPo！ys芝yrene

particles　has　been　developed．　This　ce1正uIar　material

has　a　h｛gh　energy　absoζption．The　resu正ts　obta｛ned

emphasize　that　the　closed　ceHu1ar　mater1aI　can　be

uti1ized　£or　the　energy　absorbing　a列d　迂he　pass…ve

dampi利g　systems．

Key　worδs：ciosed　ce1正u正ar　solid，high　strength　to

weight　rat｛o，energy　absorbi訂g
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ノ．肋〃αα〃〃．8ατ0肋伽3θ0κ乃σ0即
［April1997to　March2002］

Recen芝1y　sp汕t芝er－deposited　thin　mms　of　Ti－Ni　are

expec言ed　to　be　used　as　microactuatoζs　For　microma－

ch三nes　such　as　micromanipulators　and那uid　m三一

crova…ves．　Since1993we　have　been　successfu1…n

showing　that　sputteτ一deposited　th三n　fi1ms　of　Ti－M

dispIay　per胎ct　shape　memory　e鮒ect，supeぎelastici辻y

and　two－way　shape　memory　e術ect．　Lately　we　s凹c－

ceeded　｛n　evaluati打g　the　mechanical　properties，in＿

c三uding　yied　stress　＆nd　eIongation，of　sputter　de－

posited芝針in　fi！ms．Fig嗅ぎe1shows　the　stress－str盆in

curves　o£spu芝ter－depos三ted　Ti－48．3，50．0and5一．5at．％

Ni　thin　fi至ms，TheT三一50，0a辻、％M　thin榊m　shows　a

large　piast…c　deform銚io訂a列d£rac辻ures　a耐er　an　e1on－

gation　of40％，whereas　the　T三一51－5aむ％N｛th…n榊m

fractures　be£ore　y…eIding．　τhe　stress　y三eId　of吉he

T1－51，5at．％Ni　th1n　film　is　esセima辻ed　to　be　above　l．

5GPa　and辻hat　of　the　Ti－50．Oat．％Ni　th三n　mm　is

detem…ned辻o　be700MPa．The　high　yie旧stress　of

the室hin　films　is　partly　owing　to　the　smail　gζain　size

in芭he　f三1ms．Th6grain　size…n　the　f…1ms　was　a　few

micrometers，whereas　that　oぎbulk　specimens｛s　re－

ported　to　beseverai　tens　ofmicrons－Figure三曲ows
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8iomaterials　Research　Team

c1ear1y　that　sput雀er＿deposited　吉h三η　£ilms　possess

enough　ducti1ity　and　strength　for　practica三app－ica＿

tions．Purthermore，i辻is　of　importance　to訂o辻e曲e

deForma雀ion　beh＆vior　of　the　T1－48，3at．％Ni　thin　fi三m．

The　yield　stress　ofthis　f…lm　is　I．正GPa，being　signi£i－

cantly　highcr　than　that　of　the　Ti－50．0at．％Ni　thin

fi1m，On　the　other　handラthe　e正ongation　of　the　fi三m

is　as　large　as20％．As　a　resu1辻，the　Ti－48．3at．％N三芝hin

f1lm　shows　a　good　ba豆ance　between　duct1lity　and

strength，This　is　s服pris｛ng，since　a　bu－k　specimen

with　the　same　composition　has　not　been　reported　to

showanyductility．AdetaiIedobservationofthe
microstructuすe　in　this　fi呈m　was　made　wi曲a　tTansmis－

sion　e－ectron　microscope．　The　thin　fi1m　showed

d柵erent　microstructure芭o　that　oF　bu汰specimens．

In　bu1k　specimens　the　gr星in　boundaries　ofTiNj　are

decorated　by　b1ocky　precipitates　of　Ti2N三，resu1ting

in　the　br1ttIeness　ofthe　bull（specimens．1n　contrast，

no　prec｛pitates　are　observed…n　the　grain　boundaries

of　the　Ti－48．3at．％Ni　thin　film．　Instead　o£　9rain

boundary　precipitates　of　T｛2Ni，fine　GP　zones　were

formed　w1thin　theγiNi　grains．This　di舵附nce　in

microstructuすe　is　considered　to　be　responsible　for　the

exce1玉ent　ducti至ity　of　Ti－48．3at．％Ni　th…n　mms．

　　　The　resu1ts　from　the　mechan｛ca，tests　prove　that

sputter－deposited　th三n榊ms　of　Ti－Ni　possess　sをabIe

shape　memory　ef£ect　and　re1iab…e　mechanical　prop－

erties　for　pract三ca1apPIications－　In　ordeζto　apPly

these　shape　memory　thin　fi1ms　to　prac辻ical　dev三ces，

further　research　work…s　undeすway．

Keywords：micro＆ctua辻or，shapc　memory　e脆ct，

thin　mm，Ti－Ni，sputtering

82　　戸undamentaI　Study　on　Biocompatil〕iIity　of

i、’1ateria1S

〃．8〃舳α1，K．M肋ZαWα’，〃．〃α〃γα㎜α’，ノ．

γα刎α伽0τ0’、8．Hか0伽0τ0’，〃．γ加gI，r．K0ろαノα3〃2

…肋〃倣肋ゐRθ3θακ乃rθα例，2〃θC肋〃たα1〃0ρ一

θ仰〃洲0〃

［April1994to　March1999］

Rapid　progress　of　aged　society　i刻3apan　derives　the

impor吉ance　and　urgency　of　a　research　on　biomater－

ials．　Increasing　needs　for　biomater｛a正s　induces　e1on－

gation　of　the　imp1anting　Periods　of　biomedical

devices，which　revea1s芝he　insu汗…ciency　on　their

durabi至ity　and　b三〇compatibi1ity．Biomateria1s　are

required芝o　have　non－toxicity，optima1affin1ty　for

tissues，high　fatigue　strength，and　high　resistance　to

wear　and　corrosion．Me雀a1lic　biomateria1s　c服rently

used，　however，　have　troubles　on　their
biocompatibi豆ity，＆f£inity　for　tissues，and　durabiI三ty，

because　they　have　orig…nal1y　been　deve三〇ped　foτ

industrial　uses　and　then　diver芭ed　For　biomedica1

uses．　　Therefore，new　and　super…or　meta1lic

biomateri盆1s　are　re叩ired　to　be　deve玉oped，but　it　is

difficu1t　to　obtain　a　suff1cient　amoun雀oF　fundamen－

tal　data　necessary　for　the　deveIopment　of　new　meta1－

licもiomateria1s．The　objec室of　this　research　is　the

accumu豆ation　of　fundamenta1data　necessary　to
develop　new　and　s訂perior　me雀al1ic　biomaterials．

他8θ〃C乃0〃9〃α舳αがソθα〃∫Wθ舳ατたθΨα1〃ατf0〃

ψCγ刎0肋妙げ舳τθ〃αゐ

　　　γoxicity　data　of　meta11ic　e1ements　have　been

accumu1ated　by　evaluating　meta1salts’cytotoxic三ty

using　ce11cukure　technique．　Cytotoxicity　of43

meta1sa1辻s　was　a1ready　examined　for　ce正〕ines　der一
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ived　from　murine　tissues．　However，difference1n

meta－saits’cytotoxic虻y　be迂ween　species　has　not　bee列

studied　before．　11…order　to　invest…9ate　the　efFects　of

these　meta11三c　elements　on　human　be1訂gs，cytotox－

icity　of12meta至saIts　was　evaluated靱sing　human

epithelial　carcinoma－Obta1ned　resuhs　werecomp＆r－

ed　with　thosefor　mur三nefibrob1asts　aηd　osteob三as芝ic

ce－ls．Co打seguendy，the　tendency　ofthe　meta1salts’

cytotoxicity　corl’esponded　weH　between　the　h　uma三1

cel－1｛ne＆糀d　the　mur三ne　ce1l　iines．

伽3θακん0パ加θリα／伽主0〃ぴ〃肋〃01ポ0倣η妙

伽cθ〃3

　　　Biomater1als　are　reΨ1red　to　have　optim＆1＆閉n一

三ty　fo　r　cei　l　s　o　r　雀i　ssues　because　respo　n　se　o　f　tbe　cel　ls

adher三ng芝o　materiaI　surface　induces　reac芝ions　of　a

1…ving　sysξem　童o　凶e　mater…a…，which　someむmes

res汕1ts　in　faiIure　of　the　imp1＆ntat…on．　In　orde喜1芝o

develop　new　meta正iic　biomaterials　with　optimal
affi　n　i　ty　fo1’cel　l　s，q　u　antitat…ve　eva1u　at…o　n　o　f　the　ad　he＿

s三ve　pすopertiesもetween　ce1正s　and　ma芝erial　s汕r£ace＆re

necessary．ln　this　research，a　new　system針as　been

deveioped　to　meas汕re　directly　the　shear　force　neces－

sarゾo紬盆chas1㎎lece1lチrommate洲sul．face－
Us1ng芝his　system，the　＆dhesive　properties　of　a

m㎜．1ne　fibrobiast　to　glass　swface　were　determined，

As　a　resuIt，the　celi　adhes…ve　shear　force　and　the　ce11

detachment　energy　d｛f£er　with　thc曲apes　oft1－ece至1；

round，spindle－shapedヨor　thin－spreading．

伽蜘κ乃0η伽〃θC肋ηゴCα／〃0ρθ1伽∫げあf0閉αfθγ一

fα13

　　　Corrosion　fatigue　and　frett三打g　co汀osion　fatigue

are　some　ofthecauses　foバailure　ofsurgica正impla訂ts

such　as　artificiai　hip　joints　and　bone　pla芝es　with

screws．　Fatigue　and　frett…ng　£a童igue　pξoperties，

however，have　not　been　studied　even　for　metall1c

b｛orn＆terials　cu1’rentiy　used．　1n　this　research，fat…gue

a訂d　fre雀t…ng　f＆tigue　properties　ofcornmercia1iy　pure

tita訂1靱m　and　T1－6Al－4V　洲oy　were　a1ξeady

examined…n　air　and　under　a卯asi－bio1ogica1envi－

ronment．In　th1s　year，fatigue　properties　of　forged

Co－Cr　alloy（ASγM　F75－92）we一’e盆1so　examined　iB

a三r直nd　under　the　quas三一biolog…ca1eηviron一丁1ent．As

a　resu1辻，the　fat三gue　streng辻h　ofthe　Co－C…1a三1oy汕nder

the　guas三一bioiogica…　environnlent　decreased　芝han

thOSe　iηair　at　lOWer　CyCIeS、

他8θακ乃0η伽伽〃α1伽αf0ηげ伽鮒加9
刎θ肋0ゴ伽〃倣C〃物ノ0〃∫妙0伽∫f舳肋01’
　　　Ar芝i£cja1hip　join芝s　curreηtly　used　have　insu閉一

ciency　in　wear　resista打ce　o£芝heir　bearing　Parts，

which　inducqs　pat｛en芝s　to　have　revision　of　h…p　arth－

roplasty．篶owever，no　standaζdized　tes芝ing　method

is　determincdぎor　them．In　this…’es㈱rch，the　e脆ct　of

the　maximum　load　on　wear　of　artific三a－hip　joints

were　examined　by　a　hip　simu1飢or　developed　here．

Thejoints　used　were　composed　of｛e針ead　of　COP

al1oy　and　the　cup　of　UHMWPE－Wear　test　of　the

jo…ηts　wel．e　performed　in　O．9m＆ss％NaCi　a辻37血C．

ConseΨent1y，芝he　cup　hal．dly　wo11e　a芝the　max1mum

load　of1960N　but　at2940N．　The　cup　wore　most

at　＋20。，Presu1ηably　by　the1o＆d　at　the　peak　corre－

spond…ng　to　the芝ouch　of　a　hea1to　ground．

Keywords：cytotoxicity，　cell－ma言e董．ial　adhes…o！1，

fatigue　a訂d　frett…ng　fatigue　properties
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P⑧ople，s　qりaI三ty　of　Lif8

〃．8舳肋’，κ．MんαZ舳α’，〃．〃”Wα舳α’，ノ、

γ0〃α朋0τ0’，8．〃か0舳0τ0’，〃．γ肋91，τ．κ0ゐ0〃一

3〃2，ノ．戸．nα戸

’別0刎肋1伽8伽蜘rC乃τθα〃，2〃θC伽〃たα／〃0ρ一

θ仰〃洲0η，島〃0〃μ〃0仇〃肋肋18伽3θακ乃
τεα伽

［April1997to　March2000］

8iomater…a董s　currently　used　針ave　troubles　o…1　thei一．

biocompaむbility．bioamnity，corros1on　resistance，

and　du】1ability．　Furtherm011e，stapies，bone　plates

with　screws，a…1tif…cial　joints，and　sensors　are　s芝…1ongiy

dem＆nded　to　be　smaller　in　s…ze　bec＆use　they　are

三mplan芝ed　between　tissues：釘o　sp＆ce｛s　or三ginally

remained　for芝針em．　Amorphous　alloys　gene，．a－iy

わave　higheζ　res…stance　to　corrosion，　b…gher　tensile

s芝rength，aηd－ower　You服g’s　moduius　than　crystal－

1ine　a三1oys．These　features　of　amorphous　a11oys　are

£avoξfor　biomaterials．　Therefore，the　objective　of

this　researc針is　deve至opment　of　new　biointegrated

amorphous　ai1oys　w｛芝h　s岬erior　biocompa辻ibility，

51oa椚ni芝y，resistances　to　corros1on　and　wear，and

fat1gue鮒ength－For　th1s　purpose，fundameηta…data

ofcy言o茎ox｛city，af漬njty　force】］s，corros｛on　resistance，

and　飢ぎabi11ty　of　vaζioじs　metal1ic　materia－s＆re

sys芝emat…ca1Iy　accumu－ated．　On雀he　bas三s　o£芝he

ol〕tained　data，then，buiky　amorphous　a1Ioys　are

expiored　themodynam三c＆l1y　a列d　ma芝eriaI　struc伽‘一

a1ly一

他蜘κ乃0η伽Cγ刎0Xた妙げ1η伽〃た肋伽αfθ（
主αゐ

　　　Dependence　or　metal　ions’cytotoxicity　o訂the
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kind　ofcelIs　was　investigated　using　severa1ce11至ines．

Cy辻o芭oxicity　of12meta亘sa1ts　were　eva1uated　using

murine　macrophage　and　human　neurobIastoma　by

colony£ormation　method．　The　obtained　res眼Its

were　compared　with　those　aiready　ob芝ained　for

murine　f…brobIasts，murine　osteob1astic　cells，　＆nd

human　epithe1ia1carcinoma，Consequen芝Iy，metai

｛ons『cy芝otoxicity　corre1ated　wel1between　these5ceI…

1…nes（correlat…on　coefficients　were0．7－0．9）、This　fact

indicates　that　metal…ons　tend　to　have茎ow　depen－

dence　on　ce1I正iηes　concerning　the三r　ab｛lity　to　inhibi芝

ce三1pτoI三Feration。

他8θακ乃0η伽〃肋肋1αが〃妙伽Cθ炊
　　　Adhes1ve　property　be芝ween　a　ce至1and　mater三a亘

surface　was　evaluated　as　cel1adhes三ve　shear　force

and　ceil　detachment　energy．　These　indexes　were

measured　by　detaching　a　single　ce至1　肪oτn　materia1

sur£ace　in　acell　cじ1ture　med～m　apP王yingshearforce

to　the　ce至1using　a　cant…1ever．The　ce11adhesive　shear

£orce三s　defined　as　the　maximum　force　necessary　t0

de芝＆ch　盲he　celI，and　the　ceH　de雀achme訂t　energy　…s

defined　as　the辻ota1energy　required　to　completely

detach辻he　cell，As　a　resu1t，cell　adhesive　shear　force

and　ce1正detachment　energy　of　murine£ibroblast

adhering　to　c〇三1agen＿or£ibronect｛n＿coated　surface　is

more　th蜘twice　as　h…gh　as汰ose　ofthe　ce至1s　adheτing

to　uncoa室ed　polystyrene一

伽8θακ乃0〃C0〃08f0〃7ε3j3伽Cθげα〃0ψ0〃8

α〃0ヅ”η伽α榊α∫崩010gたα／ε〃か0〃舳〃

　　　Corrosion　resistance　of　new　amorphous　a1正oys

was　evaluated　under　a　quasi－biologica正environment

and　compared　to　that　of　cτystal…ine　aHoys　with　the

same　chem三cal　composit三〇n　and　commerc三aHy　pure

（CP）titanium，a　representative　of　the　meta1－ic

b｛omaterials　current1y靱sed－　The1aminary　spec1－

meηs　of　new　amorpho靱s　a1三〇ys　with　chemical　com－

position　of　Pd7冨Si：6Cu6〕xCrx　were　prepared　by

1iquid－quencbing　method，　　Then，　po1arization

curves　of辻he　specimens　were　measured　in　phosphate－

buf竈ered　sa1三ne［PBS（一）］bubb1ed　with　aξgon　gas．

necorτosi㎝㎝rre訂td㎝sity，crit1calpassiva芝i㎝

current　density，and　pass｛vation　current　density　of

amorphous　alloys　were至ower／smaI至er　than芝hose　for

thecrystall1nea11oysandtheCP芝itanium，indicating

that　new1y　prepared　amorphous　a…1oys　have　higher

res…stance　to　corrosion　under　the　co訂dit…on　tes雀ed．

D㈹伽〃θ〃げ伽伽〃〃9仰妙θ舳娩〃αC肋θ
伽“朋o〃3ρθc肋θ〃

　　　Anewfret辻ingfat1guetestiηgmachineis
des1gned　and　manufactured　for　a　sma1－spec三men　of

amorphous　alloys　under　a　quasi－biolog1cal　environ－

ment，　This　machine　can　eva1uate　fretting　fatigue

s㈱ngth　of　a　sma1－specimen　with35mm　between

chucks　in　PBS（一）under　contro11ed　concen辻ration　of

disso－ved　oxygeηat3γC．

Keywords：amorphous　a三1oys，cytotoxicity，ce1正
adhesive　　strength，　corrosion　　resis辻＆nce，　fatigue

strength
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detachment㎝ergy，A．Yamamoto，S．Mishima，N．
Maruyama，and　M．Sumita（submitted　to」．B三〇med．

Mateす．Res．）
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84　　St蟹dy　on　tトe　Processi列g　and　Assessme列t

of　Ecomater■aIs
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ECOMATERIALs，whicb　have　high　recyclability
and　give…ess　env三ronmental　load　to　the　eco－sphere

without　de芝eriora芝ing　the…r　properties，aζe　expected

to　be　coming　ma吉erials　adap芝ing　to　the　sustainab1e

development．　It1s　an　apProachξrom　materia三s

science　and　engineer…ng　to　the　三ndustrial　Ecology

towards　the　comi打g　Sustainab1e　Society．The　com－

ing　paradigm　of　the　Post　mass　product｛on｛s　often

ca至1ed　Demateria正iza芝ion．This　comes　from　the　re－

consideration　of　mass　produc芝ion，in　which　it　was

believed　that　the　resources　were　infinite　and　the

capacity　oF　g1oba正environment　was　also　infi…11te，

DemateriaI三zation　means　to　decrease雀he　mass　of

materia－s　which　the　mankind　uses，but　does　no芝

means　theじme㏄ssity　ofma辻erials．Materia1s　wm

circu1ated　mainly　among　Producers　and　service　pro－

viders　to　real1ze　e脆ctive　circulatio打　system　to

decrease　the　inpu芝／of　materiaけrom／to　the　e列vimn－

ment，in　this　coming　era，the　materia王technology

w…1l　become　more　importan芝，beca汕se　we　have　to

circu王ate　materia…s　and　products　with　higher　quality

adequately．Ma辻erials　should　have　the　propeζties　of

l）1ower　environment盆11oading，2）nexibility　of

production，3）1ong　I三fe　and　the　possibi正i雀y　of　pすo－

greSSiVe　main雀enanCe．

　　　The　basis　ofth三s　s吉udy　is　to　seek　the　direction　of

芝he　apPropr1ate　processes　and　materi昼1s　in　the　com－

iηg　era．　Iηthis　service　oriented　society，the　thinking

of“product　o訂t”w川be　ancient　manner　ofthe　mass

product…on　era　which　push　out　the　great　amount　of
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products　to　consumers．Materia1s　should　be　orga－

nized＆nd　assemb1ed　in　according　to　the　demanded

service　to　the縢ser．This　means　tbe　impor辻ance　ofthe

f1exibi三ity　ofprocess…ng　oFmateriaIs．The　manrleτby

which　the　producer　of　materials　product　out　stee1

sheet　or　s三abs　and　e訂trust　the芝ξe屋tment　to汰e　foHow一

三ng　dea－er　wiil　not　succeed　訂o　longer．　Sur£ace

treatment，near－net－shape　processing，semi－solid縢s

processing，or　other　comp正ex　nex1b正e　processing　wi1I

become1nside　of　materia1producer，三n　order　to

response　the　demand　from　user　nexibly．Mateぎia1s

processing　is　訂ecessary辻o　＆cgu…re　l）　Puζposive，2）

au辻onomouns3）ef£icient　feature．

　　　This　s亡udy　cons三sts　oftwo　par辻s三n　concrete．One

p盈rt｛s　the　experimenta正feasibility　study　on　the　new

processing　technology£or　the　den，ateria正｛zaむon　era．

The　processiηg　with　hi曲eぎma廠ia亘s　effic｛ency　is　the

key　concept　of　this　study，The　mater1a至s　ef£iciency

does　not　means　the　direct　amo饒n芝of　materiaIs　per

product，but　the　totaI　amo汕nt，in　which　fue三mate－

ria1s　and　r＆w　mater1als　are　inc1靱ded，o£ma辻eriaIs　in

the　1ifecyc］e　per　in芝ended　servicc．　　The　expected

processing　tech訂o1ogy　is　no芝only雀he　process　w1曲

正ower　energy　consumption　noζlower　emissionもut

the　process　which　can　contro1芝he　microstructure　of

materi＆l　to　assemb玉e　into　proper　part　of　the　aimed

㎝aterial．From　this　v三ewpo1ηt，powdermeta正三汕rgical

technology　is　selected盆s　o打e　of　the　most　available

process．A辻the　fi淑part　ofthe　sωdy，Fe“ecompos－

ite　as　higher　recyc1ab…e　comPos三te　is　investigated．

　　　Preparat｛on　of　f…ber　re三nfoτced　poro紅s　Fe－Fe

compos1吉e　composed　from　SCIFER（highly　d…．awn

iron　fiber）and　Pe　powder　was　investigated　as　an

attempt　o£producむon　of　Ec0MATERlAs　by　P／M

technology－　This　Fe－Fe　compos1te　is　expected　to

havehighζecyclabilitybec棚ethemicrostructureo£

SCげER　reinforces言he　matrix　wi辻hout　using　any

alienm盆terialnoranyalloyi㎎elements．lnorderto

utilize　the　cold－worked　strucωre　ofSCIFER，siηter－

ing　tempeξature　was　lim1ted　under450℃一　UFP

（u1tra－fine　powder）o£Fe　was　used　for　the　acce1era一

芝ion　of　sin芭ering　in　loweぎtemperaωres．　SC肝ER

fiもer　and　Fe－powder　were　covered　and　embe川shed

w三th　Fe－UFP　by　wet　dispersion　me辻hod．Sin雀ering

behavioζof　embe11ished　SCIFER　and　Fe　powder

mixture　was　exami列ed，and　raptured　microstrucωres

were　observe（i．Fe－Fe　co鰍posi辻e　had30kg／mm2o£

Fracture　resistance　strength…〕y　sintered　at400．C，

whi！e　sintered　Fe－powder　had10．3kg／mm2もy　sinter－

ed　at　the　same　temperature．　SEM　observation

showed　that　Fe－UFP　improved　the　interconnection

of　SC冊ER　fiber　and　Fe　powder　a〕ower　tempera－

t服e．

　　　The　other　part　of　this　study　is　to　est盆blish　the

＆ssessme榊technoIogy　ofecomateria－s．亘n出eearlier

work　on　ecomateria1s，MLCA（mateぎials　life　cycle

analysis）was　esta舳shed　as　an　assessmen辻method，

and　the　enviぎonmen芝al　load　data　of　metals　and

aHoys　were　ca至cula芝ed　and　collec辻ed　into　database．

【n舳s　worl（，f汕rther　deveIopment　of　MLCA　is　inves－

tig・ted辻ogi・etheg・id・l1・eofD肥（desig刻fo・

environment）and　Eco－0esign　of　products　to　the

user　of　materia正s．As　the　utiI1za辻ion　of　MLCA　in

ぎu吉ure　shou正d　be靱sed　as　an　enviζonIγ1en吉a1e亘e王nent

of1ifecyclee㎎ineering，theexcha㎎ibliltyofdata

with　CAD　and　STEP　is　seeked－And，the　predictab－

1ity　of言he　environme帆al　data　cha列ge　in　芝he

improveme航of　the　process　is　also辻he　reΨired

propeξty　of芝he　database　i訂order　to　dea正with　the

deve！opmen芝of叙exible　processes．At　the　first　part

of　the　study，the　retrieval　in言er£ace　and　言he　d銚a

struct凹re　of“まhe　environment盆1正oad　database　of

steei　aIloys”1s　modif1ed，

　　　The　database　is　composed　of　three　unit；正）C02，

SOx，NOx　emissioηs　of　preceeding　aIloying　e1emen辻

processing　and　each　processes　of　steel　making，2）

process訂ow　in　production　ofs辻eeIs，3）composition

ofsteels　in　J1S　c三ass｛fication－System　l1s　the　primi－

tive　da芝asystem　which　gives汰e　em1ssion　data　corre－

sponding　to　the1nput　data　of凶e　composition　of

subjected　stee正s．However　tbis　is　useful　to　use　these

δata　in　the　fieid　of　materia1s　design，　prod汕c辻

designcr　canno辻use　these　d欲a　without　the　know…一

edge　of　conユposition　of　steels－　Iη　Systenユ　lI，the

retrieva1system　of　a正1oys　from　the　purpose　oF　us盆ge

1s　modi£ied．A訂other　tabIe　of　the　purpose　of　usage

a打d　the』IS　code　aτe　prepared　and　re正ated　together

correspond1ng　with辻he…nput紡o汕selection　window

of　the　purpose　of訂sage．ドurthermore，System　lll　is

developed　as芝o　design鵬w　product．至n　the　System

llI，alloys　are　once　se三ected　corξesponding　to　芝he

i列put　data　ofthe　pξoper芝ies　such　as　yie1d　strength　or

h＆rdηess．　A　des1gner　can　selec芝or　compaξe　the

materiaIs　from　the　enviro訂me打ta至data　of　System　lll

from　the　se1ected　a至1oys．

Keywords：ecomateria正s，materi31s　e冊ciency，recy－

clabi－ity，Powder　processing，materiais　environmen－

ta1life－cycle盆nalys三s，computerized　materiais　data
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85　　Me肚odo1ogy　of　MLCA
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rθα伽　α〃6　＊2〃∂　γε3θαrcん

G－abal　environmental1ssues　originate　from　stra1ns

existing　in　a　large　amount　of　ma言eria1s　and　energy

consumption．A1though　man－made　materia1s　have
supported　the　society　bringing　advantages　and　con＿

veniences　to　human1ife，they　a1so1npose　a　wide

v＆rie芝y　of　burdens　on　the　environment　through　cach

and　every　step　of　production，Proccss…ng，consump－

tiOn，じsage，recyc1ing　a訂d　disposa1．　Ecomateria至s

w…1ich　wou1d　harmonize　with　the　env…ronme莉t　and

minim1ze　environmen芝a〕oad　have　to　be　developed

as　a　new　concept　of　mateζials　design　and　materia1s

technology．ln　the　project　o£“S芝udy　on　Design　and

Assessment　Tech列ology　for　EcomaterIals”，three

subjects；assessment　techno－ogy，ma芝eria1s　design

aηd　rccyclabie　design　are　being　conducted。　丁討is

work，methodology　of　LCA，corresponds　to　the
share　of　assessment　tec針nology　of　the　projec芝．

　　　The　development　oデassessment　method　for　envi－

ronmental　load　through　the…i£e　cycle　o£mater1als　is

a　veζy　important　subject　三n　芝his　research．　　The

objective　ofthis　work　is　to　construct　basic　database

and室heir　frame　iηorder　to　establish　a　new　ecoba1an－

ce　eva1訂ation　me曲od　in　which　environmenta1load

and　materiais　properties　are　eva1靱ated－　A　new

eva1uat1on　method　named　MLCA（Mater1a1s　env1－

ronmental　Li紅Cyc正e　Analysis）is　es辻ab三ished，and

｛e　data　o£the　environmenta〕oad　of　materiaIs　are

accumulated、

　　　τhe　methodology　of　LCA　inve訂tory　ana1ysis　is

discussed　to　develop　a　commo列proced服e　of　inven－

tory　ana1ysis，　　Description　ru…e　of　inven芝ory－tree，

treatmen芝of　recycling，discrepancy　of　physica1allo－

ca芝ion　method，and　qua1三titative　expression　o£data

quaHty　are　subjccted　to　deve互op　LC言as　a　scient柵c

method　with　repeatabi至ity．

　　　As　res汕…芝s　of芝he　work，a　description　procedure

which　ca訂easi1y　connec芝to　a　matrix　ofprocess打ow

三s　proposed，　Concu…．rentness　o£the　c1ose－loop－

recyc1三ηg　and　the　open一三〇〇p－recyc至ing　is　ins…sted　in

rea三recycl1ng　system．　A　mode至case　of　physica1

aHocation　is　exam｛ned　to　disclose　the　djscrepancy

depend1ηg　on　the　dep汰of　a1locat1on・Wide　data

distr…bu辻ion　in　the　same　industrial　prcess　is　shown．

γhe　necessity　of　aΨanti室ative　parameter　of　data

qua三ity　is　men芝ioned　to　utilize　g正oba正1y　dis書ξibuted

data　systcm　w1芝h　differen辻data　qua夏ity．γwo　rccom－

mendati01－s　are　proposed；　1）　stocks　of　materia1，

which　are　carried　ou宣or　in　beyond　a　system　bound－

ary，2）pre1iminary　LC1procedure，in　which　dom量一

mnt　data　uncertaiηty　w汕もe　ind三ca辻ed　to　improve

the　data…n　order芝o　ach…eve　graduaHy　to　an　agree－

ab…e　resu1芝．

　　　MLCA　in　in芝ended　to　eva1uate　from　thc　bo辻h

sides　ofproperties　ofmateria1and　life－cyc1eenviζon－

men言a11oad．γhe　w＆y　to　eva1uate　the　environmental

load　relating　to雀he　mechan三cal　pτoperties　or　func－

t三〇ns　are　investigated．As　the　result，theenv三ronmen－

taHoad　through　life　cycIe｛s　expressed　as　fo1正ows；

（environmentai三〇ad）＝（env1ronmentaI　load　for　unit

maSS）

弗（mass－sav1ng　ratio　by　super三〇r　property）＊

（mainte訂ance－savi㎎r＆芝iobyl㎝g1ife）

Furthermore，m＆teria1－design　is　deve1oped　to1三nk

w納MLCA，to　design　the　composi芝ion　of芝he
mater｛a…which　brings－east　eRvironmentaいoad　with

su£ficient　mechanica至propert1es　demanded　in　the

inteηded　utiiizat三〇n．　Phase　caicu1atio訂is　subjected

foτa　given　cOmpOs…芝iOn，and　gives　the　prediction　of

propeξties；dens三雀y，yie1d　s流ngth，metal　loss　by　hot

corrosion　and　creep　r汕pture　至i£e．　Predicted　prop－

erties，e－g－density，yield　strength，meta11oss　by　hot

corrosioη　and　creep　rupωre　”£e，were　compared

with　a　givcn　demand　of　mechan三cal　perfoすmance；e－

g．言o　sustain　lMN£orce，to　endure　during　l000h　at

l040℃with137MPa，to　protect　from　corrons1on0．8

芝imes　effective　than　lN738．From　these　both　va三ues

of　demanded　properties　and　predic芝ed　ones，mass　oぎ

materia1wh｛ch　is　reΨired芭o　satisfy　the　demand　and

freguency　of　main芝enaηce　which　w川beηeccessary

to　repair砒er芝he　predicted榊e　span　of　material．

Then，言ota1weight　ofmaterial　through　I三fe－cyc1e　can

be　ca1cu1ated　by　mu茎芝iplying　required　mass　and

ma｛ntenance　frequency．O打the　o辻her　hand，e訂viron－

menta11o＆d　per　unit　weight　can　be　known　from　a

database　by　giving　the　composi芝ion．The　database

which　gives　environmentaいoad　has　been　construct－

ed　as　a　series　of　materials　Eco－Sheet．　The　total

env1ronmental　load　is　obtained　by　mu…言ip1ying出e

env…ro打menta〕oad　data　associated　wi芝h　composi－

tion　and　the　tota王weight　thmugh　iife－cyc童e－　The

composition　which　gives　the　minimum　value　ofthe

ca正cuiated辻otal　environmenta至1oad　is　the　best　com－

position　both　for　performance　and　for　environment．

　　　In　ordertosupportMLCA，thedatao£environ－

menをa〕oad　have　to　be　es芝imated　by　using　thesame

method＆nd　from　pub王ished　data　which　everybody

can　access，whiie　various　types　of　d磁a　are　coHected

and　comprehensively　accumu正ated　｛n　common
PLCA．至n　th…s　work，data　subjected芝o　ana正ysis　are

emission　of　C02，SOx，and　NOx，consump辻ion　of

energy　and　resouぎce，and　recycIability　ofalIoys．The

consumpt1on　of　energy＆nd　resources　are　est…matcd

from　the　data　of　the　un1t　requirement　of　fue1s　and　of

raw　materials．The　generat…on　of　airbome，sucわas

C02，SOx，or　NOx，are　calcu三ated　by　mu1tipIying　the
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unit　fue1requirement　by　hs　emission　factoξs　of　each

substances　from　the　peculiar　fumaces　and　boilers　of

the　process．In　the　case　of　C02，emiss1on　per　unit

production　is　assumed　to　be　equa正to辻he　emission

amount．Removal　factor　is　accounted　for　SOx　and

NOx　when　the　objective　system　is　equipPed　with

remova1fac川ties．

　　　The　calculated　environmentaI　d飢盆盆re　arranged

with　datai－ed　description　of　aHoys　in　the　database，

whicb　is　named　Materia1s　ECO－sわeet．We　caHead

Out辻hat　a正1oy　stee1s　have　different正eve1s　ofenviron－

menta11oad　each　other．Th｛s　means　that　it　is　impos－

sib－e　to　discuss　them　col1ectiveIy－Materials　ECO－

sheet　wi1正g1ve　the　inFormation　of　environmenta－

load　of　each　a1正oys－　In　add｛tion，the　method　to

ca1cu1ate　the　environmenta正1o盆d　of　al1oy　prov…des

the　estimation　method　to　calcula辻e　that　of　al－oy　with

arbitrary　composition　and　processi㎎．When　the

property　is　given　for　a　a1－oy　wi辻h　any　composi辻ion，

we　can　assess　it　from　the　viewpoint　ofEcomaterial

by　using　the　Materials　Ecc－sheet．

Keywords：ecomateria1s，enviζonmenta11oad，LCA，

Mate曲1s　LCA，database
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The　recent　rapid　progress　and　the　expaηsion　of

in辻ernet　and　computer　techno正ogies　involves　every

engineering　fieids芝o　process　various　in£ormation．

Materialsscienceisoneof辻hemostexpectedf…e1dof

靱tilization　of1nformation　technology－

　　　Many　d搬bases　ex1st　on　the　in辻emet，a1三d　a1med

information　of　each　user　ca訂be　obtained　by　access－

ing　to辻hese　d象tabases。　総oweve…1，these　d銚abases

have　its　unique　independent　interfaces　oft1－e　datasys－

ten1．　Bven芝he　descrip辻ion　procedures　of　the　data　in

the　s三miIa…．ma芭eria1s　field　does　not　standardized，

Furthermore，each　database　has　i1？dependent　data

s言…．uctures－Noto莉1ythecomputerized　dataexchange

b剴t　aIso　the　mutual　re芝…．ieva1of　data　are　d1冊cuh1n

the　present　state　of　rnaterials　database．

　　　In　this　sωdy，the　establishme航of　the芝echnical

basis　of　the…nte…・face　for　data　exchange　is　ai1ηedまo

crea雀e　an　open　datasystem　ofmaterials　property　data．

The　opeηdatasys雀em　shouId　be＆ccessab三e　and　ex－

changable　among　different　viewpoints　of　mateτials

sc…ences；name三y　mater三a正s－design…ng，　Processi1－9／

deve三〇ping　of　materials，evaluat…01？of　materia1s，and

util1zation　ofmateri盆1s£or　product　des｛9ning．Since

each　user　or　constructor　of　d＆tabase　f…・om　dif£ere列t

v三ewp〇三nts　regu二res｛ts　spec｛a三ized　da籔structure，

generic　pla芝for1ηofdatabases　is　targeted…n　thisstudy

to　share　a打d　exchaηge　the　data　from　each　d銚abase，

三nstead　of　creating　the　generic　data＿or　d盆tabase＿

fOrm　at　O　f　m　ater…a至S　d　ata．

　　　The　ma…訂activi丈y　in　the　f三rs芝year　was　to　coUec言

information　o£materials　database　and　computerized

n〕aterial　property　data－book　issued　fro！Tl　the　institute

a…1over　the　wor三d　by　the　use　of…nterne雀or　o汰e1l

media．The　interface　structure　ofthe　d銚＆bases　and

the　description　procedure　of　materials　prope一’ty　data

are1west19ated．

　　　B＆sedon芝heresult，theproblem㎝themater1als

database　for　computerized　excha…1ge　is　extracted．

一）Extract　of　prob…em£or　the　co…lected　materiaIs

database　al1d　materials　property　data－book－Iηthe

current　state，the£o11owings　are　found　by　now．

　　　Material　da芝abases　have　each　own　speci＆l　origi－

nal　format　and　structure．This三s芝he　reason吉11at　the

common　proce釦…’e芝o　retrieved　and　use　the　data

from　d銚＆bases　does　no丈exist．　The1ηater…a…names

which　is　a　typica至ret1’ieval　i芝em　o£the　database　are

also　used　d…f£erently　in　the　descript…on　i1－　each

database．　For　example，they　are　described　some

UNs（Un三fied　Numbering　systen1）ofε527／E1388／

ASTM　standa…’ds，洲S（」apanese　Industrial　Standard）

or　DIS三n　another　time一篶owever　UNS　was　expected

芝o　be　a　domain　standa…’d，it　is　not　used　thorough　tbe

world　excIuding雀he　United　S雀＆tes－

　　　From　the　results　ofsurvey，the　common　or　s㈱1－

dardized　procedure　for　da芭a　exchange　system　should

be　developed　as　the”inter£ace　of　the　platforn1”ヨon

which　data　can　be辻…・ea吉ed　w…芝hout　consciousness　of

the　str汕cture　o£芝…1e　originaI　database－

2）　DeveIopment　of　the　database－

　　　As　a　case　study，the　da芝abase　using雀he　creep－

rupt雌e　data　which　has　been　constructed　and　pub…i－

shed　by　NRIM　is　deveioped．The　structul．e　of　the

illterface　of　the　material　dataもase　is　ana1yzed　using

this　database．　γhe　structure　of　this　database　…s

con1posed　of　three　parts　0£specimen　info「ma雀i②｛1，

芝est　results　and　data　concerning　ana］ytica1刈ηode1
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evaluation．ASTM　standards　are　described　as　one

item　for　thc　test　resu1ts　and　data　concerning

ana1ytica1－model　eva1uation．Each　da－a　file　is　to　be

examining　simp1ify　as　much　as　possib1e　to　have　an

apProach　structure　corresponding　to　the　structure　of

each　data　file．The　data　ana1ysis　program　shou1d　be

added　as　an　outside　system，as　various　ana1ysis　wil1

be　subj　ected　depending　o　n　the　published　user．

　　　The　retrieval　item　which　should　be　deve1oped

with　priority　are　fo11owing；material　name，product

form，application　and　rupture　strength（for　examp1e，

100000hour　rupture　strength　is　designated）．

　　　Furthermore，the　deve1opment　of　the　test　system

which　becomes　the　prototype　of　the　open　data　sys－

tem　is　schedu1ed　in　the　future．

Keywo阯s：materia1s　database，interface　for　data

exchange，materia1property　data
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87　　AnaIysis　of　stress　strain　curve　of　ma廿ix

contai　ni　ng　seco■1d　p1lase　pahic1es　by　large

deformatlon■＝一≡M

〃．8伽αj3〃〃ソαηC〃P妙3たα1肋〃8

［April1994to　March1999］

The　stress　strain　curve　of　the　matrix　containing

second　phase　particles　is　ana1yzed　by　the　large

deformation　finite　e1ement　method．Model　consists

of　the　infinite－y　arrayed　circular　holes　in　a　plate．

This　is　an　two　dimensiona1approximate　of　the　rea1

three　dimensiona1materia1．Mises　yield　condition，

』2flow　theory，n－th　power　work　hardening1aw　and

periodic　boundary　condition　are　assumed．In　this

ca1cu1ation，the　fo1lowing　stress　strain　relationship　is

assumed　for　the　matrix．

　　　σ二Eε，σ≦σツ

　　　σ＝C（εo＋ερ）”，σ＞σツ

　　　The　materia1constants　in　the　above　equations

are　determined　to　correspond　to　the　case　of　the

austenitic　stain1ess　steeI．The　Young’s　modulus　and

the　yield　stress　of　the　second　phase　partic1e　is　set4

㎜〈　o，ooo1
□～o．02
團～　1．o

□～o．ooユ
■～o．05
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　　　　O．5μ回
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’コarf1c’e　sρac’ηg：　1－0μm
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times　of辻he　those　of　the　ma辻rix．

　　　Hgure　l　shows　the　efFect　of芝he　part…cIe　size　on

the　stress　str＆in　curves　of　composite三n辻he　case　o£

partic1e　spacing　fixi㎎to　lμm．Wheパhe　part1c正e

size　is　smaIl，ηo　effect1s　seen01バhe　work　hardening

behavior　bu辻辻he　un｛Form　e1onga辻ion　is　reduced雀o

the　halfofthe　no　particle　case．With1訂crease　ofsize

ofthe　particle，the1％How　stress…ncreases　and芝he

㎜ifo㎜e1㎝gationdec撒sessh窒rP1yto1．8％inthe
extreme　case　of　part1c｝e　of0．95μm　diameter一円gure

2　iI三us雀ξates　the　equiva…en芝　紋ue　s披a…n　distribution

around　辻he　partic］e　at　the　fina…stage．　Tわe　calcuIa一

芝ion　was　i1煎errupted　when　the　present正oad　reduced

to80％of　the　maximum正oad．The　strain　d…stribu－

tioIユinside　the　particle　is　not　shown　bcc盈むsethe　state

almostre㎝ai訂ede1ast1c室hrough㎝tthecalculati㎝．

The　direction　of　load　is　up芭o　down　and到oξma正to

the　paper　p］ane・At£irst，芝he　p1astic　strain亭PPears

backward　of雀he　par雀icle．　At芝he　poir■t　of　the

max三m㎜ηload，the　strain　reduces　c1ockwise£rom　y

to　x窒x三s’s．AFter　this　p三astic　i…1stability　point，the

reg1on　of　the　large　concenセration　of　strain　is£ormed

beh1nd　the　par芝ic1e，as　iHustrated　in　Figure2．A1so，

this　stra三n　p銚tem　shows　that　the　…nter　partic至e

necking　appears　and　this　is　the　reason　of芝汽e　reduc＿

芝io打of　the　un三form　elongati01一．

Keywords：stress　stra1n　c雌ve，composite，£…nite　ele－

men迂method，con辻inuum　mechanics

88　Materials　wi｛h　Atomic　Scale　St閉c如res

（COI三Project）

〃．0んαゴo，1）かεαoγ一Gθ〃θ11α／

H．8伽αな〃1）かθαorげCθ〃ぴ伽〃リαηc〃

〃畑cα1肋〃3
〃ψ他80〃f0〃肋α舳Rθ∫θ〃C乃8刎f0η一．κγ0－
8乃肋”・α、　κ．F〃・〃ノo，　γ．F〃ん〃ゴα，ルf．　ro〃αんα，　〃．

κ肋肋0τ0，H．ノ伽θん〃α，K．κ0η0，γ．rα加加，γ．

γα〃〃κ〃〃．K〃α肋3〃

E〃θ〃θ〃ψザαα〃舳Rε3θω℃々∫伽10ヅ〃．

κ0馴6〃〃．〃η10，D．切1肋，ノ．〃α肋舳1’α，r、

γα肋わθ，τ．σC肋ω机〃、τ08α，ノ．K伽α加rα，〃．

γ03肋α加，r．C倣γo，8．τ舳んo〃oτo，κ．18〃gθ

P伽たα／〃0ρθ肋8Dθソ肋〃．．0．κ肋，H．K肋Z一

αwα，〃．0肋欣れκ．rα加乃伽α，τ．rαたα〃α〃，H．

8〃〃れγ．肋α〃肋，8．Kατ0，〃．ノ0れ8．蝋τ
8んカηfz〃，ノ‘．Goτo，　τ．　τθ1・α∫乃fη一α

3卯0〃9〃αg〃た肋〃8τ〃0η、1H．肋∂α，τ一
κ砂03机τ．0乃α〃、τ．rα加αc〃κ．〃o，τ．M1〃αz一

舳α，γ、8α肋えノ．∫αf0，〃．γ〃α舳0，〃．K0〃9θ，τ．

ん伽0，ハ．〃α舳〃0τ0，H．〃αg砿K．τα肋Z舳α，γ、

∫カ．伽α，〃．0〃3〃（α

Dかθα01一肋助εCね／Rθ∫θα1て乃．’8．∬ψηα舳

8肋〃9肋α〃五搾〃α1〃ατf0η他3θ0κ乃肋肋η。．3．

λ1αな〃0んα

C0岬〃0肋〃α／〃肋〃α1∫8C肋Cθ〃沁ゴ0η．・τ．

0乃〃o

〃肋肋け小た8〃沁f0η．・〃．8〃〃0加
COE　肋〃ow8．．γ。γα，ρ．C加η，　ザ．G〃∫γηα，　τ．

0乃g工H0んo伽oτo，K、ノ〃θ舳ンo，8，Doηg，〃．8加刀g、

γ．8o〃〃，K．8．ムθθ，K．8αんo柳oτo、ム、亙．Co1θ，τ．

〃α〃机〃Fo伽〃θ，1）。X．吻ηg，ザτκoリαc加ソ，ム．

Z乃αηg，ム．γ．〃α0，ノ．Rαγ

［April1995王o　March2000〕

Under　its5－year　plan　imp1emented　in－995，Nationa1

Research　Institute　fo…’Metals（NRIM）is　conducting

reseaζches　on　the　creat1on　of　advanced　materials

w三th　atomic－sc＆le　s芝川cωres　exb｛biting　quantu㎜

pheno－Tユena．　Th…s　research　is　p！’onlo雀ed＆s　one　of辻he

Cel－ter　of　ExceHence　Deve正opment　Program（COE

Projcct）of　the　Japanese　Government，and　is　f1nan－

ced　with芝針e　specia1coordina芝ion£und　from　the

Science　and　Technology　Agency（STA）．

　　　The　main　part　o£our　COE　Project　is　progressed

a雀the　Cen雀er　for　Advanced　Physica三Fie1ds（APF）of

NR1M，equipped　w三約some　statio打s　which　provide

extreme　experimenta1environme航s　such　as　h1gh
magnet三c　fields，high　reso至ut1on　beams　and　extreme

high　vacuunγ　　The　projec芭　三s　三n　fact　desig訂ed　芝o

make　use　of　the　advantages　of　these　faciI1ties　in

researches　on　advanced　ma芝eria1s．

　　　The　COE　Project　is　roughly　divided…nto　two

pa一．ts．One…ポ｛Improvement　of芭echnigues　to　estab－

1ish　extreme　physica－fields”一　The　techniques　pro－

vided　by　the　Center　for　APF　are　important　to　carry

outl・esearch　on沈ecreation　ofma辻erials　with　atomic

sc窒1e　s舳cture．We　cal1洲s　researcパ℃OE　support－

ing　resea…．ch”．　The　other　one　is　HCrea辻ion　and

physical　properties　of　atom三c　scale鮒uc雀ure　mate－

ria1s”．We　call　this　researcパ℃OE　core　research”．

Atomic　scale　structure　matel’ia1s室re　categorized　in辻o

guantum　dot，quant訂m　w1re　and　thin　f1lm－There－

fore，we　d…v三ded甘COE　core　research”i航o6sub

projects，which　cover　quantum　dot，quantum　wire

and　thi1三f11ms．We　have　created　new　naηo　dimen－

s三〇n　crystaIs，f＆bricated　s三ng1e　atom…c　w三dth1…nes

wh三ch　exhibited　eIectro訂transport　pζoper芝ies，and

found　interesting卯antum　phenomeηa　i訂the　h1gh

ma馴e辻ic£1elds．The　ma三n　resu正ts　of　these6sub－

projects　are　as　fo11ows1The　s言ぎuctura1observation

of　nano－mater1als　with　TEM　has　been　developed，

and　the　determination　of　shape　and　atomic＆rrange－

ment　was　successfu三1y　demons辻rated－Applic＆芝ion　of

negative三〇ns　to　c〇三1oid　forma芝ion　has　been　tried　and

雀his　proced訂re　may　至ead　to　fabricat三〇n　of2D＿1ike

distribution．　Various　attemp辻s　have　been　done　to

realize　atomic－and　nano－scale　s狡uctures　which　are

con到ected　雀o　eIectric　pads　for　1ηeasur三ng　electron

校ansport　propert1es，　The　boron　nitride　fi至m　has
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b・㎝p・…dt・b・・g・・d・・bst・・t・f・・th・f・b・i・・一

t三〇n　Of芝he釘ano－struc吉ure　ma雀eria1．The　measuring

systems£or　experimen芝s　in　the　h三gh　ficld　magncts

have　been　se芝up　and　have　bcen　used£or　a　varie芝y　of

experiments．The　unique　charac芝eristic　phenomena

ofthe　low　dimensiona…systems　aηd　highlycorre－at－

ed　e1ec芝一1on　systems　were｛nvestiga芝ed　in　high　mag－

netiC　fie至dS．

　　　Since　the　s芝art　point　the　projec芝，　the　research

fe…王ow　posi芝ions　ofCOE　projec芝have　been　opened　to

the　world．Over20fellows　are　employed　from　all

over　the　world．However，the　number　o££ellows　is

sti王1　no迂　sufficient，though　partic三pa芝ion　of　young

scientists　both　from　foreign　countries　a訂d　from

J・pa・iss・bsta・t舳yiη・reas・d・↑o㎝・・…g・the

mu芝ual　communication，lntemational　Symposia　on

Advanced　Physica1Fields　were　he豆d　in　NRlM　once

a　year，and　they　wil…enhance　the　research　act三v三ties

in　this　research　f言e1d．

Keywords：adva訂ced　physicai　fields，a迂omic　sca－e

stmc芝ures，quant汕m　phenomena
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89　　Stabili｛y　of　Supe【conducting　Materials

H．肋伽，〃ψ〃0g〃た肋〃8τα工f0〃
工Apri〕99尋to　March1999］

The　main　purpose　ofthis　stしldy　is芝o　define　stabi1…ties

of　superconducting　ma芝erials　under　various　condi－

tion　they　may　experience　when　wou訂d　to　supercon－

ducting　magnets．　Stabilities　of　new，Promising

・・p…㎝d・・芝i㎎m・芝・・i・1・，d…1・p・df・・f汕si・・

rcactoτmagnets　such　as　Nb畠A　and　a　series　ofhigh－

temperature　oxide　supercoηductors，are　examined　in

terms　of言emperaωre，magnetic　field1ntensity／d｛rec－

t1on　and　mechanica玉s芝ress／stra三n．

　　　Nb3Al　has　been　considered　as　an　altemative芝0

Nb畠Snfornuclearfusi㎝use，sinceexceilentstrain
tolerance　has　been　demonstra言ed　for　je至1y－rol1（jR）

and…．od－in－tube（RIT）processed　Nb3A1conductors－

However，non－Cu　j，of　this　Nb茗Al　conductor　is

much　smaller　than　tha芝of　Nb3Sn　conductors，prob－

ab1y　due　to　the　dev1ation　ofNb3Al　phase　composi－

t三〇n　from　A夏5stoichiometry．　Recent1y，we　have

deveioped　a　new　fabr三cation　techn｛que£or　Nb3A互

multifi至amentary　superconductors　with　very　h三gh

sto…chiome芝ry　and　fヨne　grainsξo　attain　the　enhanced

high－fie玉d　j．performance　by　exp1oiting芝he　transfor－

mation　from　supersaωrated　bcc－solid－solution　Nb

（AI）、、．Thesをrain　sensit｛vity　o〔。ofA15phases　was

expia1ned芝o　increase　dramatically　wi迂h1ong－range

atomic　order　parameter．Ifthis　is　the　case，the　above

mentioned3。一enhancement　in　highly　stoichiometric

Nb3Al　wou1d　trade　offtheexce至1ent　strain　tolerance．

三n　fisca1year1997芝he　strain　sensi言jvity　of　the　trans＿

formed　Nb3Al　conductors　with　nearly－
stoichiomctric　composition　was　exami鵬d　in　com－

parison　wi芝h　that　of　conventiona1ly　heat－treated

Nb茗Al　conductors　to　see　i£these　trans£ormed　Nb3A至

conductors　can　be　a　rea1istic　a1teξnative　to　Nb3Sn

conducto！・s　in　high－field　and　至arge－scale　apPIica－

tiOnS．

　　　The　I，max三mum三s　believed　to　occur　atε口，閉。。

where　the　thermal　differen芝ial　ax三a至strain　is　cance1ed

by　the　externally　app豆ied　strain　and　the　三ntrinsic

strainεi（＝ε。一ε、，m刮、）｛s　zero－The　crit｛cai　c服rent

norma正ized芝o　the玉、maximum　is　p1ot芝ed　as　a　func－

t…on　of出e　intr｛nsic　strainεi　in　Fig．1（b），comparing

the　s芝rain　sensit…vity　with　the　convent三〇na…3R

processed　Nb3A1and　tbeπERNb3Snconductors　at
12了一　The　upper　critical　fie至d　B，2曲，obtained　by

extrapo1ating　the　Kramer　plot，is　also　given三n　F三g．

1（a）．B．2＊（0）of　the芝ransfo…‘med　RIT　Lb3A三conduc一

芝or　is1arger　by　about5T　than　that　o£theconvent三〇n－

any　heat　treated　Nb茗Al　which　is　known芝o　be　ofト

stoichiometric　and　of　high　strain一芝oierance－　The

B，2＊degradat三〇n　with－O．7％intr三nsic－stra…n三s8％

for曲e芝ransformed　RIT　Nb3A1，and　almost　compa－

rable　to　conventiona1至y　hea室trea芝ed　Nb3Al．ln　line

with芝he　pξedict…on　by　Flukiger　et　a…，芝he　high　stoi一
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　○　　transformed　rod－in－tube　Nb3Al

　△　　持ansformed　jelly－roll　Nb3Al

、．、※．．．conventional　jelly－roll　Nb3A1　　4・2K

　＋　　lTER　Nb3Sn　　　　　　　　　　　　　（b）

　　　　　　＿O．6　　＿O．3　　0．0　　　0．3　　　0．6　　　0．9

　　　　　　　intrinSiCSt訂ain，ε1（％）

’＝’9．1　∫士ra1ηdeρeηdeηCe　Of‘a，　fわe　uρρe1－C1一〃fCa’打e’d8c2非

exfraρola士ed斤om士わeκramerρlot，aηd（bパわeηorma〃zed

c〃〃calcu〃eηf1．a亡12τaηd4－2κ．1ηorder　fo　comρare

士わe　coηyeηむoηa〃」／　わeaf－freaオed　JR　～b3ハ’　coηducfor　aηd

沽e　1γε尺　～b昌∫η　coηduc士ors，fわe　dafa　areρ1offed　aga加s士

沽e1η士〃ηs1c・∫fra1η．　Closed　cルc’eた肋e　Bc2串of肋e　coηveη・

floηa〃γ　わea　f一かea　fed　『od－1η一士ube　＾’わ3！）　coηduc　for　wκhou　f

aρρ〃ed・∫士ra加．

ch三〇metry　ach1eved　in　t1犯p一一esen芝芝，．ansformed－Nb3

Al－conductors　seems　to針ave　slightly　i11creased芝be

strain　sesitivity　ofthe　B．2＃一However，since　J，s芝11ong－

ly　depeηds　on　B．2＃（εj）itse｝f　as　weil，3、銚a　give1？

rnagnetic－fie至d　may　…ook　less　sensitive　to　s芝，1ain　if

Bc2＃（ε≡）三s　larger．…t　should　anyway　have　ser■se　from

the　practica1standpoint　to　compare　the　st11a1n－

sensitivi芝y　ofJc　at　12T＆mong　di術ere訂t　conductors，

s…一1ce言董1is　is　a　desig1－ed　oper銚ion　f…eId　for　fusion

magnets．The』、degradation　with－O－7％iηtr…nsic

strain　is　only20％for　the　both　transformed　Rrr　and

」R　Nb3Al　conductors，a1mostthesame　in　magnitude

as　that　for　the　convent三〇蝸1JR　Nb3Al　c013duc芝or

tha芝has　a　B，2＃1ower　by5γ一The　degradat…on　of　Jc

at12T　iηthese　Nb君A－c011ductors　is　much　smaller

than芝hat　of　the　ITεR　Nb3Sn　conduc芝ors．　Conse－

quent至y，it…s　conc正uded　that　in芝he　traηs£ormed　Nb3

Al　conduc辻ors　the　excelient　strain一芝olerance1s　com－

patibIe　with　substant…ally　impmved　high－field　per一

£O　rm　anCe．

Keywo“s：trassfo喜’med　Nb3Al，　neg1igib三e
anisotropy，angu正ar　depende1｝ce，critical　current

〃吻加，τ．〃γ03〃r．τα加〃C〃κ．〃0々，ノ．8αf0，

τ・Ml〃αZ〃α，〃．γ妙α舳0〃〃．κ0∫llgθ，〃ψ

〃αg”た肋〃伽8εα1’C々8τα〃0〃

”・ノ0れτ一8肋η肋，τ〃α8肋ηαα〃8．峨
P小たα／〃0ρθ1伽3Df附0〃

尻κ〃ηαん1〃・αα〃H．κ肋g〃C〃〃伽8ε”℃乃
0ro〃ρ，κ．1〃oαθ，4工々　1～θ8θα1℃乃　01■o〃ρ

工Ap！1i〕995to　M割rc自2002］

Hig11τco・1desupercond・clors（H∬）aree・pected

tobeable言o1nd汕cemuchhighel’magneticfields
than　low　rc　meta…lic　supercondリc芝ors（LTS）when

used　at4．2K，We　have　initiated　a　program　in　which

we　wi…l　develop現1GHz　supercon飢cting　NMR

spectrometer｛nc～ding　a　23．5T　s叩erconducting

magnet；s汕ch　magnet　must　be　cons芝ruc雀ed　using

HTS　coils　in　combina芝ion　with　LマS　coils．ln　fiscal

year1997，engineering　desig列ofthe　NMR　magnet

was　do－1e　and　fabricat…on　ofNbT1and　Nb3Sn　con－

ductors　has　been　star芝ed、

　　　　…n　our　des…9n　the　LTS　coi－s　are　operated　in

persisting　mode　a芝a　f…eld　o£2〕T　i1｝a132mm

diameteすbore．The　HてS　co11is　expected　to　generate

anadd1ti㎝a1fieldof2一灯ina54mnπo㎝1tempera－
ture　bore．　7針e　cryostat針as　been　designed　to　replace

theH∬coilwhennecessary．洲semblesparallel
deveIopmen芝ofthe　LγS　and　H7S　coils．Those　coi1s

are　cooled　w…th　atmospheric　super駁u…d　he…ium　at

I．8K．

　　　◎evelopmen芝ofhigh　pcrformance　metalI1c　super－

conductors　is　one　o£the　key　issues　o£this　program．

LTS　coi1　conductors　打eed　雀o　huve　high　yie－d

strength　as　we11as　high　critical　current　density1打

o1’der　to　be　wound　compact．lmprovement　ofaわigb

cr…tica1curre打t　densi芝y　Nb3Sn　cond靱c芝or　a打d　a　Ta

rein£orcedNb3Snconduc芝orwascarriedout．A
critical　current　density　of　l19A／mm2was　oも芝＆ined

aを4．2K　and　at18．5T．

　　　Si列ce肩TS　co11deve…opmen芝requ1res　a1ot　of

tec針no1og1cal　chaHengcs，we　have£abricated　HTS

coiIs　with　an　o眼ter　diamcter　of　ca．160mm．　1芝is

designed　as　the　i…mermost　coil　ofa21T　supercon－

ducting　magnet　deve1oped　at芝he　N　R言M．　1ts　per£or－

mance　w川be　confirn1ed1n　a　bac失up£ield　of18T

and　at1．8沢1n　autum1－of1998．F｛eld　s芝＆b三1ity　isone

of　the　most　important　requiren1ents　for　aη　N】〉1R

magηe芝一ABi－2212pancakecoi1madeof16pan－
ca廷es　was　deve－oped　for　th1s　p訂rpose－lt　was　wound

col，tinuously　and　inc1uded　no　join芝betwee1一凶e

pancakes．

Keywords：NMR　spectrometer，high　fie正d　magnet，

oxide　s汕perconductor

90　　Development　of1GHz　NMR　Sp⑧c廿ometer

Re1ated　Papers

Current　Decay　Eva1uation　of　Closed　HγS　Coi1
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C1rcuits，T．Kiyosh1，K－Inoue，M．Kosuge，H．Wada，

and　H．Maeda，IEEE　hans．AppL　Supercon－
ductivity，7（1997）877＿880一

汽igh“三e1d　Performence　of8SCCO　Coi1s　wi芝h　a訂

Outer　Djameter　of］30mm，T．Kiyoshi，H，Kjtaguchi，

H．Kumakura，K．Inoue，H．Wada，T．Hase，S．
Hayashi，K・Ohkura，K・Sa芝o，1く二・Tanaka　and　M・

Okada，Proceedi訂gs　of］5th三n芝ernat三〇nal　Co械er－

ence　on　Magne芝Techno－ogy，878＿88丘（1998）．

91　Fu列dame耐al　S池dies　for　l）eveloping　Very

1・1igh　Field　Su1〕⑧rco饒dびctiηg　Magnets

（NHMFL），Ta三1ah＆ssee，Flor1da，U．S．A．

Keywords：niobium　a1uminum　superconductor，b三s－

m訂th　ox三de　supeすconductor，針igh　fie至d　magnc芝、

NMR　magne芭

Rece固t　Pub1ications

Nb3（A1，Ge）Multifi1amentary　Conduc芝or　Fabr三c＆t－

ed　by　continuous　Rapid一悩ea言ing／Quenching　by

P1‘ocess，Y．Iijima，K．1noue　and　T．γ荻euchi，Pro－

ceed…ngs　of　the　F岨eenth　htemationa1Con£erence

on　Magne芝Techmlogy，1040－1043（1998）。

〃．舳加，κ、〃0乃，τ．τ0んακ〃〃．κ0〃gθ，γ．

8αんα二〃．0〃〃たα，〃．γηα閉α，τ．κウ08〃　r、

ノ3α〃o，τ．0乃〃α，〃．ノ加，κ．ταんαzαwα．ノ．8o工o，τ．

M舳2㈹α、H．舳gαfα〃F．〃α舳〃α0〃助
〃0g〃た肋〃伽8θ肌乃8舳わ〃
γ．τ伽αんαα〃〃．〃α馴c〃／3げε3θα肋Gアo卯

γ．／ヴf〃一α　α〃6　κ．∫〃o〃θ4工乃　1～θ3θαグc乃　G1’o〃ρ

［April1997to　March1998］

Development　of　new　superconductors　for　very　high

fields　is　one　ofthe　key　issues芝o　rea1…ze　the　very　high

f…e1d　s汕perconduct三打g　magne芝s，　Nb3A1by　rapid

heating　and　quenching　process　and　Bi－22－2conduc－

tors　are　cons｛dered　the　most　promising　for　such

apP至icat｛01㌻

　　　Crjtica1curre蚊s　of　Nb3A王and　Nb3（AlヨGe）

conductoτs　were　measured　in　the　Natioηal　High

Magnetic　Field　Laboratory（NHMFL）and　the
Na芝iona1艮esearch　Institute£or　Metals（NRIM）．

They　were　fabricated　at　the　N則M　using　a　md－in

tube　p…．ocess　and　rapid　hcat…列g　and　quenching　treat＿

ment．The三r　critical　curren芝s　below28T　weζe　mea－

sured　a芝the　Tsukuba　Magnet　Labora芝ory（γML）o£

the　NRIM．By　using　a　water－cooled　magnet　ofthe

NHMFL，c舳cai　currents　at33T　were　measured，

These　meas訂rements　proved芝hat　the　Nb3（Al，Ge）

conductors　cou1d　－main乏ain　superconducting　state

even　over33T，The　coincidence　ofthe　expぴimenta1

resu1芝s　measured　in　bo曲至aboratoξies　suggested　tha丈

the　high　f…e1d　magnets　i訂bo芝h　laboratories　were　wel1

characterized．

　　　High　fieid　performal1ce　of　a　B｛一22丘2single　pan－

cake　coiけabricatcd　by　the　NHMFL　was　mcas汕red

with　a21T　superconductjng　magnet　deve…oped　at芝he

TML　ofthe　NR舳．The　engineer1ng　curぎen芝density

of70．5A／mm2is　requil・ed　for　the　planned　innermost

coi1ofthe　lGHz　NMR　mag鵬t芝hat　is　under　deve1－

opme11t　at　the　TML　of室he　NRIM－The　coil　cou1d

main芝ain　the　crit｛cal　curren辻density　over90A／mm2

even　a丈2…T．

　　　Thjs　smdy　was　carried　out　in　cooperatjoηwith

the　Na芝iona1副gh　Magnctic　Field　Loboratory

92　’res言methods　oξs卵ercoηdむctors

〃．肌〃0，κ．〃0乃，ノ．8〃0，τ．τα加〃C机〃．

γ〃α舳α〃〃、κ03〃9θ〃ψ〃0g〃た肋／6
1～θ3ε0rC乃　8ταガ0η

〃．K肋馴C〃τ．K〃0ゴαα〃κ一K〃榊αん〃rα13工

伽8εακ乃0舳ρ
［…ill…1・・・・・・・…1

lt1svc11y1mportanttoes芝ablishandstandardizethe

test　methods…n　order　to　promote　the　development

and　uti1iza芝ion　of　meta至1ic　and　ox三de　supercon－

ductors．　　蔓n　this　sωdy　we　work　on　pre－

standardization　of芝est　methods1n　conjuncまion　with

a1arge　number　of　domestic＆nd　overseas　research

laborator1es　in　tbe　framework　of　VAMAS．Results

obtained　wi1至be芝he　base　ofthe　s芝aadards　d三scussed

and　decided　at　the　lEc／Tc90；a訂　intem＆tional

orgaηizatio訂responsib1e£or　stand星rds　oぎsupercon－

ductors．

　　　In　this　s辻udy　we　intend丈o　establish　and　pre－

standardize；

　　　1）cr1芝ica至c汕rrent　measuremen童methods　of　Ag－

shethed　oxide　superconductors，

　　　2）crit三cal　curren芝measuremen辻methods　under

lnec針anica1strain　and

3）　coup至jng1oss　measuremen迂methods．

　　　In　add…tion　to　this，we　intend　to　estaも1ish　a

da芝a－base　system　containing　e至ectromagnetic，芝her－

maI　and　mechan三cai　proper言y　data　of　superconduct－

ing　and　other　materiais　which　are　necessary　for

desig1？ing　superconduc言ing　and　cryogenic　devices．

　　　In　fisca1year　I997，we　summarized　the　resu三ts

obtained　befo王’e　jn　tbe　domestic　round　robi打tests　on

the　critica1cur㈹1t　measuremen芝method　oξoxide

superconductors．We　were書roub1ed　w1th　the　crit1ca1

current　degradat1on　in　samp1es，probab至y　caused　by

thermal　cyc三ing，transportation　and　aging．However，

we　foじnd　that　f1v1ng出e　sample　to　the　measurement

holder　is　quite　e鉗ectiveをo　reduce　the　degrada辻ion．

We8ηa］］y　dra脆d　a　measu王1eme鮫standard（g洲e－

line）and　submitted　it　to　the　VAMAS　and　then　to
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芝he　IEc／Tcgo．

　　　As　for芝he　strain　e術ect　measuremen辻methods，we

focused　the　target　to　the　uniaxial　tensi三e室est　method

and　cons雀ructed　a　facility芝o　test　it．　As　for　the

data－base　system，we　inves辻iga芝ed　the　scope，data

format，accessiiility，e芝c．and　constructed　a　small　test

SyStelTL

Keywords：s芝andard，　met星…夏…c　superconduc言or，

oxide　superco1三ductor，me＆suremen雀me辻hod，critical

current，strain　e閉ect，da芝a－base

93　　D⑧verolopment　of　Magnetic　Separation

Con廿ol　System

τ0乃o1・α，8〃oηg〃αg〃此〃θ〃Rθ3θα1℃乃8ω〃oη

［Ap．il1995to　M割・ch2000コ

Progress…n　appI三ed　superconductivity芝echnologies

has　resulted　in芝わe　development　of　superconduc言ing

（sc）magne言s　with　exce…1ent　operabi三ity．One　o£the

p…．omising＆pp1ication　fie1ds　is　magnetic　separadon．

The　primary　advantages，汰ose　being　energy　sav1ng，

compact　size，and　increased　specd　becomes　visib］e

on…y　a耐er　the　syste列1　…s　superconductor…zed－　The

～正i－scale　app1icati01－of　th…s　process　wi亘i　also　con－

tribute　gre＆芭1y　to　the　preservat…on　ofglobal　env…ron－

mentS，

　　　We　have　deve1oped　the　key　system　technologies

of　appljcatjoηof　hi飲Tc　sc　magnets芝o　mag鵬tjc

separatio！1．One　of　them　is　an　optimization　method

of　a　s纈perco訂ducting　so1enoid　for　High　Gradient

Magnetic　Separat1on（HCMS）systems　to　minimize

the　guantity　of　superconduct三ng　wire　used　in出e

HGMS　systems．We　deve1oped　two　compu芝atiom1

techniquestos㎞ulatethemagnet1c£ieldc㈹tedby
芝he　solenoid：a　detailed　mmerical　mode豆，a1－d　a

simp肘ied　graphical　method－Comp＆ring　with　the

case　whe1’e＆n汽GMS　fi1ter　and　a　soleloid　have芝he

sameヨength，our　opt…m…za芝ion　technique　shows　that

a　iarge　amount　oデwil’e　reduction　is　possibIe．

　　　We　proposed　magnet1c　chromatography（MC）as

a1三ew　techniq凹e　for　u1辻ra－fine　partic至e　separation

wh1ch　separates　chem1cally　simi1ar　but　magnetically

dissimi三ar　ma辻erials，such　as1anthan1de　and＆ct1n｛de

eleme幻ts．O脳MC　simulatol・modeled　the　tl・ansient

b・h・・1o・・f300A・・d500Ap・・ti・1・・byt・ki・91・t・

account　the縢訂…d　nowξ…e1d，magnetic　field，and

par芝ic1ed附usion．Usingthes1mulator，wediscussed

threefactorsof芝he打owve1oc…tyandchanne11ength，
芝…1e　nlagncticぎield　strength，a1－d　the　lmagnetic　f…eld

d…stri…〕ution，which　direc言1y　a鮒ect芝…1e　separation

efficiency．　The　resu正t　showed　the　folIowing：…）

Par芝icle　staying　time　in　the　channel　is　an　impoすtant

factor　to　dec三de　the　separation　efficiency，2）Increas＿

i㎎theapP1iedmag・et1cfieldst・e・g吉himp・oves辻he

sepa・atio・e閉ciency，aηdhas芭head・aηtageof莉0

degraωi㎝ofpa・室i・1ec㎝ce鮒ati㎝．Th1spointis

d欄erentぎrom　thechanne11eng言h1ncreasing　method．

3）至t…s　possib1e　to　ma失e脈agne芭ic　fie1d　d…stribution

most　s訂1tab1e£or　MC　by　adjust｛ng　a　ferromagnetic

Wire　arrangemenを．

　　　We　conduct洲s　research　in　coUabora芝ion　with

the　E1ectrotechnical　Labor盆tory，AIST，MITI．

Keywords：u1tra－fine　par芝icles，high　Tc　supercon－

duct…訂g　magnet，high　gradieηt　magnet1c　separation，

magnetic　chromatography，Computer　S1muIat1on

Recenセ1≡一ub1ications

Op芝imization　of　a　Superconducting　So1enoid　for

Hi曲Grad1ent　Magnetic　Separation　Sys芝ems，T．

Ohara，K．Kaiho　and　T－1（iyosh…，1EEε　Trans．

Magnetics32（1996）＝5103－05．

Feasibil1芝y　of　Magnetic　Chromatography　foτU1tra－

FineParticleSeparation，T，Ohara，S．Mori，Y．Oda，

Y－Wada　and　O．Ts劃kamoto，Tram一服of』apan
l－6－B（…996）：979－86．

Computer　Simu1a芝ion　ofMagnetic　Ch11oma芝ogra帥y

System　for　U1tra－Fine　Pal’ticle　Separa辻ion，X．Wa㎎。

T．Ohara，E，R．Whitby，K，C．Karki，C．H．Winstead，

Trans－　IEE　of　」apan　H7－B　（1997）：I466＿74　in

3apanese一

94Evalua言ionofoxidesuperco列曲ctors

κ．〃0ん，τ〃ノ03〃〃．γ妙0〃α、〃．κ03昭θ，α〃〃、

〃〃α，〃ψ〃αg〃θ此肋〃伽3θακ乃8τα肋〃

〃．κ伽帥c机τ、κ〃o加，o〃γ．τ伽oたo，／3τ
Rθ3θ01℃乃01・0ゆ

κ．∫ηo〃θ，4τ乃　1～83θαrc乃　Gro〃ρ

エApril1995to　March2000】

To　rea1｛ze　a　mag打e芝made　ofa　h三gh¶。oxide　super－

co列ductor（HTS），三t　is　indispensable芝o　have＆1ong

wire　with　h1gh　quality　a1－d　homogeneity．We　of辻㎝

use　short　specimens　cut　from　the　different　posit三〇ns

of　the　wh〇三e1eng辻h　o£a　w…re　to　check　the　qua肚y

and　homogeneity－　However，such　techがque　does

not　on1y　waste　a　wire　but　also　disable　to　use　it£or

magnet　wjnding－

　　　In　this　study　we　deveIop　and　es芝ab三ish　e汗ヨc三en雀

芝ec㎞巾estomeasuresuperc㎝duct1㎎Propeζties
suchasthecrit1cal㎝rrent（I。）asaf㎜c芝iono閉eld，

temperature，mechaη三cal　stra1n，etc．Inadd1芝ion，we

deveiop　measuτement　techni叩es　on1ong＆nd／or

coil　shaped　specimens，and　compare　the　results　with

芝針oseobtainedbythetechniquesonshortspecimens－

Such　comparison　wou…d　be　usc～三for　the　dcve1op一

犯ent　of　wire　f邑brication　and　wind…ng　techniques。
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Another　objective　of　this　projec芝is　to　prepare，to

establish，and　to1ηanage　various　tes芝ing　systems£or

superconduct1ηg　properties　such　as　I．which　are

necessary　for　conductor　and　magnet　developme耐．

By　us｛9｛ese　systems，we　he…P　o芝her　groups　in芭he

multi－col’e　project　for　their　tes室of　prototype　prod－

uc芝s　and　possible　candidates　of　conduc芝ors．　　For

example，we　tested　va…．ious　ki訂ds　of　mctallic　and

oxide　sし1perco訂ductors，which　were　deve1oped　for

the　lGHzNMRmagneta打dthemagne芝formagnetic
separat1on，We　also　perform　extensively　many　col－

lal⊃ora芝ion　projec芝s　with　sl」Perconductor　research

groups　in　univers1芝ies　and　companies　in　order　to

ut川ze　ouゴfacil1芝ies　more　efficiently　and　to　progress

sciel－tific　research　on　superconductors（HTS　as　we互玉

as　metall1c　superconduc芝ol’s）．

　　　Since　the1⊃eginη｛ng　of汰is　project，we　have

establi曲ed　the　evaluation　system£or　f1e亘d　ang1e

dependence　of　I。（up芝o15T）and　measured芝herela－

t三〇n　betwee1－field　angle　and　I、£or　Bi2Sr2CaCu20x

（Bi－2212）　and　Bi2Sr2Ca2Cu30x　（Bi－2223）　si…ver

sheathed　HTS　tapes，We£ound芝hat　the　field　ang1e

dependence　of　these　conduc芝ors　was　domina芭ed　by

the　fie1d　cornp01－el－t　no一．ma…　to　む1e　言ape　surface

except　for　fie至ds　near丘y　paraHel　to　the　tape　surface．

Results　obtained　shou王d　be　useful　for　the　design　o£

HTS　mag王1et，at　the　end　parts　of　wh1ch　the　normal

componen芝of　fie1d　becomes　large　aηd　for　the

eva…uaion　offield　irreversibi亘i芝y　aga…打s芝coiI　current．

A一、芝est　system　for　high　fie…d劃nd　high　curren芝（up

to28γ，400A）has　been　also　estab…ished　and　used　by

many　groups　engaged　in　deve至opment　ofHTS　mate－

r1a互s　and／or芝he　conduc芝ors　for　the　IGHz　NMR

magnet　SyS言em，

　　　Major　achievem㎝t　ofthis　year1s　as　follows1

l）　Loca…j．　Distribution　in　Superconduc芝ing

oxide　Layer　of　Bi－2212／Ag　Tapes

　　　The　relationship　between一、and　the　th…ckness　of

oxide　至aye1’of　Bi－2212／Ag　composite　supercon－

ductor　was　stud1ed芝o　c1arify　local　critical　c汕rrent

de1－sity（3c）distribution　in　the　oxide　layer．Ox…de

layer　th1ckness　of　B三一22！2／Ag　monolayer　tape　was

reduced　by　a　mechanica…polish｛ng　from　the　in芝ia1

芝hickness　of25micron室o2－20m1cron　a列d　I，was

me＆sured．　The£irst　derivative　of1。一｛ickness　rela－

tion　g…ves　local　jc　as　a　function　of　thickness．

M1crostmcture　observation　was　per£ormed　to　exam－

ine　theヨ．elationship　between　local　j，and　Bi－22…2

grain　al1gnment．Loca王J．exceeds300，000A／cm2at

4．2K．10T　For　the　reg…on　near　oxide／silver　interface

where　Bi－2212grains　aligηwell．On　the　contrary，in

the　midd1c　rcgion（5－201n三cron　apar芝from　the　inter－

face）ofthe　oxide1ayer　where　the　grain　a1三gnment　is

l⊃ad，loca〕、（4．2K，l0T）stays　l⊃e亘ow50，000A／cm2．

γhe　resuIts　indicate　tha芝…c　of　the　whole　tape　is

τnain1y　achieved　by芝he　contrib訂tion　of　the　region

within5micron　from　the　oxide／si］ver　inをerf＆ce　with

highly　orieηted　microstructwe．　The　resu正ts　also

indicate芝hat　the　higher　J．can　be　expected　with

decreasing　the　thickness　of　oxide　…ayer　or　wi芝h

1ncreasing　the　thickness　o£Bi－22I2　we…1－aligned

・egi㎝・1㎝go・1de／silve・i・te・fa・e．

2）S芝rain　Effect　Measurement　Sys芝em

　　　For　m＆9net　apP亘ications，stra三n　effect　ofconduc－

tors　is　very　important．篶owever，info1’mation　oパh1s

matter　stays　insu冊cient　for　HTS．1n　order芝o　per－

form　a　sysをematic　study　for　HτS，we　installed　a

measul’emen芝system£or　strail］effec芝by　which豆c　can

be　measured　under　strain．The　strain　can　be　changed

cont1nuously　from－1％（coml〕ressive　strain）to1％

（芝ensile　s芝ra三n）．The　system　is　a1so　equ1pped　with　a

temperatu11e　controll1ng　system－　By　us1ng　thjs　sys－

tem，4dimensiona1（1c　magnetic　fieldヨstrain　and

temperature）information　caηbe　expected．lnsta－la一

芝ion　of　the　system　was　completed　Iately　and　pre1imi－

nary　test　has　been　performed　successfully．アhe　fur－

ther　improvcmcnt　is　sc針eduIed　in　next　year，　1n

addition，this　system…s　expec芝ed　to　be　uti…ized　a1s0

for　a　fatigue　test，in　which　the　re…at1onship　be盲ween

1c　degradation　and　the　number　of　strain　cycIe　is

exami舵d　under　a1ternative　s芝rain．

Recent】P泌b1ications

High〔e1d　Per£ormance　Tests£or8i－2212Magnets

with30mm　Bore，H．1（itaguchi，H一尺umakura，K．

Togano，M．O失ada，K．Tamka，3，Sato，Cryogenics
38（！998）181－i86．

Critical　Curent　Bensity　B｛stribut三〇n三n　Supercon－

d汕cting　oxide　Layer　of　Bi2sr2cacu2o，／Ag

Composj芝Tapes，篶．Kit＆guchi，H．M三ao，H．Kuma－

kura，1（．Togano，and　B，Cheηev…er，Phys三ca　C301

（1998）lll－l15．

Fabr三c＆tion　and　Transport　Properties　ofBi－2212／Ag

M洲榊amentary　Coi1s　for　H1gh　Magnetic　Fie1d

Generation（H）；High　F三e1d　Performance　Test，H、

量（itaguchi，篶■くumakura，K．Togano，M．Okada，K．

Tanaka，1（．Fukush1ma，K．Nomura，and　J，Sato，

玉nst，Phys，Con£　Ser．　一58，Applied　Supercon－

ductivi芝y丘997，（玉nst．Phys．Pub1…s針ing，8ris芝ol，1997），

1543＿1546．

Study　on　Rep1’oducibil…芝y　of　Transport　Cri雀ical

Curren芝for　HTSC，H．K1芝aguchi，K．ltoh，H，Wada，

a打d　lく。Togano，（to　l⊃e　p曲1ished　in　Advances1n

Cryogeがc　Engineering　Materia1s，44）．

Cr…tica1Current　Density　Distribu芝ion　in　Supercon－

ducting　Oxide　Layer　of　PAIR　Processed　Bi2Sr2

cacu2o，／Ag　composite　Tapes，Y．mshinuma，H．

Kitaguchi，H．Miao，H．Kuma良ura，K．Itoh，and　l〈．

アogano，（to　be　published…n　SupercOnductOr　Sc…ence

＆Techno1ogy）．

Keywords：oxide　superconduc芝or，evaluation，mea一
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surement　technigue

95　　Basic　Research　for肚e　Con打o1of　Chemical

Reacオions　by■・1igh　I、’lagne｛ic　rield

〃．ノろθ　α〃∂　κ．　ταたαzowα、〃な乃　ハ4αg〃θfた　アfθ／ゴ

1～θ3θα’℃乃　∫ταガo〃

［April1996一］

　　　W納the　aim　o£Produci㎎new　ma芝erials1l〕the

high　magnetic　fie1ds　more　than　lOT，we　have　staぎted

to1nvesdgate　a　possibil1ty　of　control1ing　chem1cal

reactions　by　the　high　mag訂etic舵1ds，Taking　advan一

芝age　ofavaiiability　ofhigh　magnet1c　fie1ds　in　Tsu－

kuba　Magne雀Laboratory，we　are　to　develop　a

methodo正ogy　to　measure　magnetic　field　e脆cts　on

e＆ch　e1ementary　process　in　chemical　reactions．Such

st汕djes　hj室herto　have　been　perデormed　in　the　fields　up

to2T　and　have　g三ven　a　cIear　ground　foζthe　i莉te11pre一

概ioηs　o£狐＆ny　aspects　of　the　mag訂e芝ic　fieid　e陥cts

oηthe　photochemicai　reacξions　in　solutions　aηd　on

thedynamicbehaviorofelectrol－ica1iyexcitedmo1e－
cules　in　thegas　ph＆se．The　aim　ofth…s　projec辻is　no書

an　ex芝ension　of　such　s芝udies　to　high　fie1ds，　but

expl〇三芝＆tio訂of　newすesearch　f…e1d，、he　dynamics　of

excited　moiec訂三es　in　high　magnet1c　fieids”，which

n〕ay　be　a　basic　rcse＆rch　for　magnet…c　field　controi　of

chemical　reactions．

　　　Two　apParaωs　are　used　ior　the£oHowing　experi－

mentS、

　　　（1）Mechan1sm　of　photochemicai　react1ons　in

so…utions　under40T　c三ass　pu1sed　mag鵬tic　fie1d．The

reaction　is…nitiated　with　the　exc…tatio列of　target

mo…ecu1e　辻o　the　elec辻ronicaHy　excited　state　by　芝he

th1rd　harmo訂三c　of　a　pulsed　YAG　laser（355ηm，

一511s）．Thecrea芝ion　and　annihila芝ion　oftheresultan芝

rcaction　intermed｛ate　such　as　tr｛P1e芝s漉をe，radical

pair，　and　bi－rad…cal　…s　observed　by　三芝s　transient

absorption．The　monitor　l1ght　source　is　a　Xe灯ash

lamp．Trigger芝iming　of曲e1aser　and芝he釘ash　lamp

is　con辻ro咋d　to　synchronize　with　the　maxim訂m　f1e1d

s辻rength　of　the　pじlsed　magnet．

　　　Using　this　apparatus，the　photoreduct…01－　of

benzophenone三n　mice1…arsolutions　was　iηvest三gated

じnder　magnetic　fie］ds　oε0－29．6T．ユ）Large　magnetic

fie1d　effects　were　obscrved　for　both　of　the1…fetimc　of

radical　pairs　and　t13e　yieid　of　escape　radicals．2〕

　　　（2）Dyn乱mic　behavior　of　e三ectronica1三y　exc1ted

mo…ecu1es　in　the　gas　phase　under　high　magnetic

fie三ds　up　to　lOT，Target　molecu1e1s　excited　to　a

specif1cenergyleve1locatedaro㎜d1tspredissocia－

tion　threshoid　by＆tunab1e　pulsed！aser．Ano芝her

をunab王e　pu1sed　1aser　is　used　tc　detcct　a　resu］tant

dissoci＆tion　fragmeηt　by　observing＆laser　induced

刊uoζescence．Changing　time1nterval　be室ween　the

firing　o£the　lasers，t1me　evolution　oぎthe　creation

and　ann1h1iatioηo£the　fragment　is　measured　under

magnetic　fie1ds　up芭o　lOT，whjch　js　apψed　by　a　liq．

㌶e　free　supeξconduct1ng　magne芝、　Magnet1c　field

effec芝s　o莉　the　e三ementary　processes　of　combust…on

reaction　and　pho言o－io訂｛z銚ion　wi…1be　also｛nves－

tigated．We　have　a1so　constructed　molecular　beam

apPar＆tus　within芝he　magnet　bore．Using　it，we　are

tomeasurelhespinτelaxati㎝ra芝esofpa・＆magnet1c

molecules　through　cooling　effect1n　the　supersonic

be盆m．

　　　As　the　first　step　to　the　excitation芝o　the針igh1y

excited　state，thee1ec芝mnic　spectra　ofgaseous　NO×

2rI一・A2Σtransitionwereobservedundermag－
netic　fieIds汕p　to10T，Large　Zeeman　effects　on芝he

spectrawereobserved－　Aquantummechanica－
calc山ation　was　carried　o訂t　to　obtain　芝he　eigen－

function　of　each　Zeeman　pert訂rbed　leve1and　a芝the

resuh，bo芝いぎans1d㎝energiesandthej耐ensj言iesof

a1l　spectral1三ηes　could　be　completely　reproduced．茗）

Now，we　have　succeeded芝o　get　preliminary　data　o£

芝白e　rnagnetic　fie…d　ef罰ects　on　the　王eve正structure　of

Rydbergmolecule，au芝o－ion｛za室ion　rate（which　prob－

ably　comes　from芝he　dissoc…ation　rate）from　the1evel，

乱nd　Landau　level　above　the　ionization　potentia1，

which　is　the　first　observat…on　for　mo1ecule．4〕

Keywords：hi曲magnetic　fieId，chemicai　reaction，

photo－dissociation，Photo－ionizat1㎝，reactionint昨

n｝ediate，Pho辻oreduction

1〕Nishizawa　et　al．Chem．Phys．Let芝、267（1997）
　　50】＿506．

2）M．Wakasa，K，Msh1zawa，H．Abe，G．Kido，and

　　湾．Hayash1，3．Am，Chem．Soc．，I20（1998）10565．

3j　K．Takazawa　and　H－Abe，」一Chem．Phys．，u0．

　　9492（…999）．

刈K．γ荻azawa　a列d　H．Abe，j．Chem．P計ys．，in　press．

96　　Measu7ement　techno■ogies　and　ref8rence

materials　fo〔ow　temperatwe　thermophysical
prope叶ies　of　soiIds

ノ‘、　8α‘0，　τ、　”〃〃1αZαWα，　F．　”α独αη一0τ0　　α〃∂　　H．

ルg〃
［Ap1’i〕997to　March1999］

Anatioηalprojecthasbeenstartedin三997toestab－

lish　measurement芝echnolog1es　and　refぴence　mate－

rials　for　thermophysical　properties　of　solids，We

have　joined　the　project　for1ow　temperature　prop－

er芝ies　of　solids　on　heat　cap＆city　and　therma正conduc－

tjv…ty．　Siηce　it　is　requ三red辻o　c1a…．jfy迂he　uncertaiηly

in　meas脳ements　and芝he　characters　of　mater｛a－s£or

…’eliable　thermophysicai　proper辻y　of　data，we　started
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to　deve至op芝he　both　measuremen辻systems　by　using

the－atest　technologies．For　hea芝capacity　system，we

used　a　heat　reIaxation　me芝hod　in　the　temperatures

be雀ween0．5尺and200K＆nd　the　magne芝icタ三eId　up　to

12T，　By　introduc…ng　new1y　deve1oped　hel…um3

refrigerator，the　temperature　region　w三11be　extended

down　to　O．3K．For　thermaI　conduc雀ivity　sys辻em，a

steady　heat　flow　mcthod　was　used　and　itcovered　the

芝emperaωres　from2K芝o200K　with丈he　magnetic

fie至d　oぎ∬．てhe　measurement　range　wiH　be　extended

from　O．5K芝o300K　and　upをo8T．Severa1candidates

of　reference　mateヨ．ia王s　have　been　measured．　Some

garnet，ortho－alminate　and　varladate　ox三de　crystals

…・・1・d三㎎・…一・・ζth・工・mg・t・h…b・…h・・・…d

measured　from　the　view　point　on　the　sharp　magnet1c

trans…芝iOn　peaks　in　the　heat　capac三芝and　on　the王arge

magnetic　f…dd　dependence　of芝he　therma1conduct1v－

ity．The　measured　data　now　are　being　an1yzed．

Keywords：measurement　techno…ogy，　ζe£erence

mater…aIs，low　temperature　thermophysica1prop－
ertieS

Rece固t　PI1も1ic記tions

Thema王Cond汕ctivity　of　Rare－earth　Oxides£or篶eat

Switch　App1icat｛on，T．Numazawa，A．Sato　and　K－

Shimamura，Proc．o〔CEC16，The　Cryogen三c　Sciety

of　Japan，Sokyo，Japan（1997）

ThemaI　Conductivity　ofRA13（R＝Dy，Er　and　Ho），

T．Nしmazawa，A．Sato　and　K．Shimam服a，」、o£

Materia1Science，vol．（1998）：827－831

97　Measurement｛echnologies　and　reference
materials　for1ow　te獅p甘ature　therma1expan－

sioηof　so■ids

ノ．　8αf0，　τ、　〈1”〃1αZαWα，　F．　』4αな〃〃つ0f0　　αη0干　”．

舳goゴ

［April1997to　March1999］

Anationalprojecthasbeenstar芝edini997toes芝ab一

至ish　measuremenいechnolog三es　and　reference　mate－

r1als　for　themophysica1properties　of　so1ids．We

have　joined　the　project　For至ow芭emperature吉herma1

expansi㎝property　ofso1ids．We　star芝ed芝o　develop

a　therma互expansion　measurement　system　in　low

temperaをuresbetwecnlKand20K．As芝ra三ngege
me芭hod　is　considered　heぎe　because　of　ease　of　mea－

surement　for　various　test　samp－es．The　cold　stage

wh1ch　contro1s　the　sample　temperature　between　H〈

and20K　has　been　bui1t　by　using　a　he王ium3refrigera＿

toぎ．It　could　set曲e　samp－e　temperature　within　O．

O1K　error．　Severa至mater…als　have　been　l｛sted　to

measure　the芝herma至expansion　beIow20K－Since

most　materials　show　very　sma11amoun芝of丈hermaI

expans三〇n　change　below20Iく二，the　se1ected　materi＆1s

are　considered　from　some　un1que　magnet三c　prop－

ert1es　such　as　a　sharp　lambda　magnetic　transition　in

RSb　system（R二Ho，Dy，Gd）or　Yahn一γeI至eぎe脆ct

三n　DyV04．　1η　particu1a1．，magne芝ic　regenerator

materiaIs　including　RSb　服e　important　for

cryocooler　app三ica丈ionもelow10K，a　data　base　is

bcing　constmc辻ed　on　the芝heξmaI　properties…nc1ud－

1ng　thermal　expansion　data－

Keywo州s：measurement　technology，　reference
mater1als，low　temperature　thermal　expaηsion

98　　Fu列damental　Studies　on　Very　Hig■1　1、’lag一

列etic　Field（；eneration

r．〃γ03机τ．ん舳0，〃．κ0〃9θ，〃．γ仰舳α，ノー

8ατ0，F．〃α舳〃0τ0，HMg砿r．M閉αZα〃0，τ

τα加〃C加K．〃0乃α〃〃．肌α加

［Apri〕998to　March2001］

Ge鵬ration　of　very　high　magne芝ic　fie至ds　is　expected

to　open　new　frontiers　ofscience　and　technology．To

realize　such　high　fields，con芝inuous　studies　on　mag－

net　design，magnet　fabrica辻ion，coo－ing　sys迂em　and

materi＆ls　should　be　perfo1’med．

　　　New　applications　ofmag打e芝ic　fieldso汽en　require

specia至magnets　based　on　new　concept．　Uniform

m＆gnetic£orce　f…e1d　magnets　are　now　under　deve1op－

men芝for　a列ew　appl1c＆芝ion　to　st…．uc芭ura1biology．A

magnet｛s　usually　designed　and　fabricated　to　achieve

un三form　magnctic　fie至d　as　we至1as訂nifoτm　magnetic

fie1d　gradient．　夏n　this　new　application，uniεorm

magnetic　force　fie…d　is　important　because　it　has

recently　been　found　that　the　growth　of　protein　crys一

をa1s　is　af£ected　by　the　presence　of　magnetic　force．

　　　Uni£orm　magnetic　force　fie至d　magnets　are　super－

conduct三ng　magnets　because　they　m訂s辻be　contim－

ous王y　run　for　several　days　to　gζow　pro芝e…n　crysta1s．

Thc　f1rst　magnet　wound　w三th　NbTi　is　now　under

construction，This　magnet　is　desig舵dをo　genera芝e

unjform　field　of240T2／m　in　a　cy至indrica1space　of

！O　mm　in　diamete…’and　lO　mm　in　he三gh丈，and　the

rnagnet三c　Fo　rce　fieId　f1uct　u　ati　o　n　a王o　n　g　z＿d　i　rect…o　n　i　s

bet辻er　than　O．4％。Its　per£ormance　was　confirmed　in

Iiquid　helium．Th三s　magnet　will　be　coo至ed　with　a

G－M　refrigeTator　and　used　for　s芝ud主es　on　protein

crys迂a1g…．owth　in　magnet三c　force　environment．

　　　This　study　has　been　carried　out三n　cooperation

with　the　Nationa1　…nstitu芝e　of　Bioscience　and

Human－Techno…ogy　and　the　Natioηal1nstitute　of

Mater1als　and　Chemica1Research　and　par芭ial1y

s汕ppo…．ted　by　CRESτofJST．

Keywo了ds：high　magnetic　fie1d，superconducting

magnet，Water－C001ed　magnet，uni£Orm　magnetiC
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force　field

Recent　PubHcadoIls
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Nak＆yama，H．B，jin，H，Wada，N．1．Wakayama　and
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99　　8asic　Research　for　言he　I閉p手ovemen言　of
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Magnet1c　fie1d　afξects　most　o£曲e　solid／solid凶ase

transformatioηs　in　Fe－based　a1三〇ys　mainly　dueto　the

di脆ζence　of　magne迂ic　moment　of　product　and　par－

ent　phase一夏t　is　expected　that　nuc1eation　and　growth

…’ates　ofproduct　phase，transformation　kinetics，芝rans＿

formed　struct汕re　and　mechanical　properties　of　prod－

uct　phase　are　remar失ab…y　…nfiuenced　by　m＆gl－etic

fi　e1d－　　Tb　ere£o　re　m　agn　et三c　fi　e…d　i　s　al　so　usefu　l　fol’

structuralcon芝1’olofFe－based州oys．　ln舳s
ξesearch，ef£ects　of　magne芝ic　fieid　on　martens｛tic

t「ansfo「m級iOn，spinod＆1decomposit…01ユ，recrystaI！＿

iza辻ion　and　gelcasting　in　magnetic　f…e1d　have　been

investigated．

　　　三Effec芭s　of　magne芝ic　fie呈d　and／or　tensile　s芝ress

on　martensitic　transformat1on三n　Fe－Ni－C　ailoys　has

been　studied　at4．21く．　Number　deηs1芭y，length　of

martensite　p－ates　and　fraction　tr＆nsformed　were

measured　and　the　size　of　nucieus　of　martensite　was

ca－cuiated．　The　c01煎ri…〕ution　of　autocata1yt…c　nu－

cleation　was　also　obta1ned，a訂d　experimental　resuIts

were　we三1explained　by　this　calculation，

　　　2Aspect　ratio　of　mar芝ensite　formed　at4．2K　was

measured　in　Fe－N三一C　al1oys－The　aspect　ratio　has　a

c1ose　re1at…onship　with　drjving　force，mechanical

behaviol．ofproductandparentphase，etc．M岬
da辻a　o£aspect　rat三〇have　been　ob辻ained　so　far，and

they　are　on　a　stmight　l｛ne　as　aデunction　of　tempera－

t服e，bu芝…t　was　found　that芝he　d銚a　below77K　are

larger　than　those　on　the－ine．This　is　because　very

sma1三amount　of辻ransformation　strain　is　accom－

modated　in　mar芝ensi辻e　below77K．

　　　3An　Fe－Ni－A王alloy　was　aged　in　mag㈹七c　field

and　magne辻ic　moment　was　measured．至t　was　found

that　the　magnetic　moment　is　decreased　by　the　aging

in　magnet…c　fie言d，wh｛ch　is　due迂o凶e　change　of

precipitat1㎝，orderingandspinodaldecomposit1㎝
廷inetics　in　magnetic　field、

　　　4酎fects　of　m＆gnetic　fie1d　on　recrystaIiization

was　s辻ud1ed　in　Fe－3％Si　a互1oy．Recrys芝a11…za辻ion　and

・0a・S・ni㎎beh・・iO・aft・r・eC・yS1洲・・t1㎝We・e

f㎝ndtoberetardedbymagneticfie1d．nerefoξe
magneticfieidca訂b・・sedtop・…ntco塾rse・i㎎
d訂ring針ea芝treatn1ent．

　　　5Aiame1－astr訂c芝ureoftexturedphase，which

hasbeenmadebygelcast1㎎inmagneticfie1d，and
non－textured　phase　of　Fe2Ti05was　produced．lt　was

showl－th銚thetoughness1s　rema汰ab1y　improved　by

ge－cast…ηg　in　nlagnetic篶e1d．

Keywords：marte1〕s1tic　trans£ormat三〇n，diffusional

transformation，aspect　ratio，spinoda1decompos1一

をion，9elcasting，recrysta…1ization
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About20ye＆rs　has　passed　since　commercia至AES

and　XPS　apPar＆tuses窒pPeared．Since　that　time，a

number　oぎspectra1data　foぎs訂rfaces　were　obtained

by　many　scie訂tists　and　engineers－However，a1most

alI　of　them　were　not　shared　and　no芝stored　as

databases．Nowadays，it　becomes　important　to　stock

these　knowledge　or　da船as　databases，because　we

aware　that　these　d＆ta　a一’e　very　usefuI　to　c夏1aracter三ze

unk列own　s服faces．To　create　spectral　da芝abase，we

have　to　estab1ish芝he　system芝o　sh＆re　spectrai　data

ξa失eηOn　difFerent　maChineS．

　　　N亘ST　has　published　a　database　for　XPS　peak

positions．AVS　is　pubiishing　SurfaceScience　Spec一

芝ra－Man甘acωrershavethei一．ownspectraldatabases

and　distrib訂ted　to　their　customers，　Usually，芝he

objective　ofthese　databases　is　to　provide　users　w｛th

spec芝ra正data　of　clean　sur£aces　of　pure　materials．

However，the　conccp芝of　this　database…s　thaピT　we

s芝ore　the　all　spectr＆i　d＆芝＆ofa三1surfaces　taken　on　al1

mach1nes，we　can　charac辻erize　any　surfaces＆nd
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ca1ibrate　any　ana…yzers　without　di£ficu1ty”．　This

concept三s　differen辻from　those　of　o辻her　existing

dat＆bases，and　we　consideすthis　database　should　be

open　to　public．Nowadays　the　usefulness　ofIntemet

is　increasing．　1f　the　database　is　connected　to　Inter－

net，　a　number　of　sc…entists　can　愉ee－y　access　thc

accumulated　sc1entific　property．

　　　1n　1994辻he　Science　andγechno夏ogy　Agency

（STA）o〔apanese　Govemment　launched　a　project

to　interconnect　networks　undeτvarious　ministries

and　agenc1es，　As　a　site　of　this　network　we　are

implementing　a　network－oriented　database　for　sur－

face　chemical　analysis　such　as　AES　and　XPS　spectra．

We　asked　the　Surface　Analysis　Society　o〔apaη

（SAS」）to　provide　the　spectral　data，and　to　control

its　qua1…ξy．Intemet　spectral　data　now　has　about2，

000spectra　of　meta1s，semi－conぬctors　and　ceramics。

マhe　fi1e　struct服e　of　spectra1data｛s　based　on　ISO

FDIS14976and　ISO　CD　I4975，and1s　ful…y　compat－

ib三e　w1芝h　VAMAS　Standard◎ata　Tr＆nsier　Format．

Because　this　file　structure　can　carry芝be　i1好ormation

on　specimens，caIibration　and　data－processing，we

cou三d　consをruct　a　GUI　searching　system　for三nter鵬芝

database．

　　　Aworkstationwas三ns芝allediηNationaI
Rese趾ch　Institute　for　Meta1s　to　co11ect　tbe　spectral

da辻a　with　vAMAs／Iso£ormat針om　di脆rent　ana1y－

sis　machines　via　compじter　networks．　Co1三ected

spectra　are　stored　in　the　database．　If　a　personal

computer　is　connected　to　Inteme辻，one　can　access　the

database，address　of　which　is　http：／／sek三mori．nr1m．

go．jp．　wh㎝　＜http：／／sekimori．nrim．go．jp〉　is

opened，　one　can　select　the　da辻abase　menu　and

retr三eve　a　spectmm　from　the　select1on　menu．The

retrieved　spectrum　wiH　be　displayed＆nd　can　be

down1oaded　if　a　user　is　a　member　of　SASJ．

　　　Spectral　data　have　been　co11ected　tbrough　the

vo1untary　work　ofthe　members　of　SASJ　using　cert三一

f1ed　materia1s．The　guaI三ty　of　spectra　is　checked　by

the　comm三芝tee　of　SAS』．The　committee　checks　the

c盆1ibration　proced汕res　for　energy　and　intensity

sc＆les　of　a　supP1｛eポs　ana1yzeξ，and　rate＆spectrunl

sent　from　a　supPlier．We　are　intend1㎎to　construct

an　automatic　spectra　acquiring　system　for　database

using　Intemet．If　this　system｛s　estab1ished，one　can

easily　se口d　one’s　spectra1data芝o　SAS3database

芝hrough　Inteme芝．The　spectra　wi1I　be　used　to　iden－

tify　the　surface　chemistry　of　new　materia1s　by

comparing　it　w｛th　an　observed　sp㏄をrum．

　　　The　spectra　da芝abase…1as　an　index　for　each　spec一

芝ral　da芝a．　When　a　spectra　is　registered　in　the

database，the三ndex　is　renewed　and　its　information1s

registered．If　a　spectmm　fo11ows　vAMAs／Is0for－

mat，the　necessary　inFormation芝o　register　is　au芝omat－

ica1豆y　at辻ached．The　index　is　created　using｝OracIe”

database　engine，and　easi1y　retr…eved　by　sQL　夏an一

guage．However，i芝is　impossible　for　a　person　who

does　not　know　SQL1anguage　to　retrieve　a　spectrum．

Therefore，the　spectra　dataもase　prov…des　a　user　with

an　graph1ca1user三nterfa㏄（GUI），and　the　viewer

named　Common　Data　Processing　System　for芝he

downloaded　spectral　daセa　W針en　a　user　inputs　or

selec芭s　searching　condiをions£or　spectra，the　lis吉ofthe

spectra　which　corresponds　to　the　se1ec辻ion　is　shown－

When　a　user　se1ects　one　of　the　spectra　from　the1ist，

the　retr三eved　spectrum　is　shown　on　the　screen．K　a

user　is　a　member　ofSAS』，丈he　retrieved　spectrum　can

be　downloaded　and　processed　or　compared　w三th

other　spectra至data．

　　　Since1989，we　have　bee打constructing　the　spec－

tral　da芝a　process1ng　system　under　VAMAS（Ver－

sail1es　Project　on　Advanced　Mater1a1s　and　Stan－

dards）umbre11a．　This　system　is　caHed　Common

Oata　Processing　System（COMPRO）．COMPRO　is
designed　to　be　a　program　to　convert　an　original

spectral　data　f1le　stmcture　to　common　o列e，to　assess

the　data　processing　Procedures　proposed　by　scien一

芝is吉s，to　caIibrate　eηergy　and　in吉ensi芝y　scales，to　check

a　spectrum，and　to　build　boをh　spectra　and　correc辻iOn

factor　database．　…n　this　syste百n，the　spectra1　data

acΨired　on　di肝ere列t　instmments　and／or　computers

can　be　compared　to　one　another．　COMPRO　is
desig打ed　to　be　a　program　to　assess　the　da辻a　process＿

ing　procedure　provided　by　scientists，　to　check　a

spectrum，and　to　buiId　both　a　spectra　and　a　physicai

proper雀y　databases、　　マo　achieve　these　object三ves，

COMPRO　provides　a　too1for　convert1ng　spectra1

data　taken　on　d術erent1ns芭ruments　to　common　one．

COMPRO（pres舳vers1on　is5．4）r㎜s　on　Windows

95and　can　be　downloaded針om＜h雀tp：／／sekimori．

nrim，go－jp〉．

　　　In　f訂ture　we　hope　aH　computers　of　the　surface

analysis　m＆cbines　can　be　connected　to　the　system　so

that　every　surface　ana1yst　wor1dw…de　can　sh＆re　the

spectra至data芝o　character三ze　surfaces　of　ma芝erials．

Keywords：AES，XPS，Da芝abase，Intemet
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Surface　chemical　ana言ysis　is　a　re1at1vely　new　f1e1d，

sta…．ting　emb…．yoηically　in－968in　a　fcw　Univers1芝y

deparまments，Tわe　m星jor　grow言h　in　apPljcatjons　of

the　tecもn三ques　occurred　in　the　last　decade　as　the

instr靱mentat｛on　deve正oped．◎uring　th1s　period　the

汽eld　of　apPHcations　oデsurface　ana三ysis，　もoth　…n

academic　research　and　in…ndust…．y，grew　widely　to

range　from£ailじ…’e　processes　in　advanced　rn＆terials　to

the　deve1opme汕ofc銚alysts　and　microelectronics．

　　　The　above　studies　include列ot　oniy芝he　analysis

of　the　sし葦rface　atom　layers　but勃1so　composjtjoηs　in

the舵ar　surf＆ce　layers　to　a　depth　o〔um　or　so．To

a1｝＆iyze　th　ese　regi　o　ns　fo　u　r　mai　n　tech　n　i　q　ucs　h　ave

evolved：X・ray　pho芝oe1ectro…1spectroscopy（XPS），

Aじger　electro訂spectroscopy（AES）、secol1dary　ion

massspectromety（SlMS）andsp舳e！．edneutraim＆ss

spec辻rometry（SNMS）一XPS　and　AES　a…’e凶e　s1m－

p1er　of　the　techniΨes，XPS　providing　chemical　st＆te

da芝a　whj1s言AES　providesspatjai　reso～tion　to　sub－

micron　levels．711e　advantages　ofS亘MS　and　SNMS

…ie　in　the…r　greater　sensitivities　although　th…s　is　cou＿

p…ed　w1迂h　a　greater　diffic靱王ty　in　a訂alys…s　oダthe　data．

　　　Prio一’to　the1n1tia芝ion　ofthe　VAMAS　program，

in　which　the　Surface　Chemica1Ana三ysis　Tecl｝nical

Working　A㈹is　a£o㎜der　actM芝y，芝he　ex芝ent　of

intema芝ional…yco－ordinated　work　wassmalL　At　the

○汕tset1芝w盆s　recognized室hat，jf舳s　TWA　were　to

cover　the　who…e　surface　chemical　ana1ysis　f…eld　effec一

芝ive1y，i言wo汕…d　need　subdivision　into　a　series　of

semj－autonomous　s曲一Projects　ied　by芝heξe1evanを

exper芝in　one　of　the　Member　States．　Large，all－

embracing，Projec辻s　were　avoided　so　that　individua…

points　cou…d　be　addressed　a1－d　so1ved　at　rates　gover－

ned　by芝he　ac芝ivities　of…’elat1veiy　small　gζoups　of

workers－Groups　could　build　on　each　othe1’s’results

but　we…’e　not　dependent　on　them　for　compIet…ng　thei…．

p　roj　ects－

　　　Wth1パhe　above　structure　three　main　object1ves

were　defined．（1）芝o　prov1de　the　measureme列t1nfras－

tr訂c芝ure　regu…red　for　sc芝t…ng　standard　methods　of

spec｛fy…ηg　suζface　chel？lica1analysis．　（i三）to　develop

anagreedbaseforPrinciples，def1nitionsandequa－
t…ons　for　re…evant　aspects　of　su…’face　a1－aiysis　tech一

珂iques　and（ii…）to　iden芝ify一．e£erence　proced訂res　for

莉1aterials，data，　…ns芝ruζnentat三〇n　and　measure1Tle1－t

me盲hods．　T01ηeet　these　oもjectivcs，3妻sub－Projects

have　now　been　estab－1shed　in　VAMAS　community．

lt　is　easier　to　unders芝a訂d　the　sむ1ucture　of　this　p一．o－

gram　ifwe　no芝ethatthe　work　naturally　f＆l1s　into　one

or　n〕01・e　of£…ve　d…st…！1ct＆reas．（i）芝もe　deveIopment　Or

va1idation　of　the　basic　theory　for　the　physical　pξoc－

ess　involved　三n芝he　techniques．　（｛i）the縢nderstand－

ing　and　ca1ibration　of　the　meas訂ring　instrumen芝s．

（…ii）圭he　deve…opmen芝or　caHb11at…on　of　sofをware　for

data　reduction　and　for　communica芝ion．　（iv）the

development　ofrefe－1ence　m跳erials　and（v）the　deter一

mination　of　reference　data．　Below　we　desc…’1be，

br…e郊y，developnlcn芝s　in　these＆reas．

　　　！n1992，Iso／γc201commit芝ee　has　been　es芝ab－

l1shed，芝針e　objective　ofwhich三s　the　standardizatioη

○タsu11facechem1calana1ysis．niscommitteehas
liaison　w1th　VAMAS　Su】1face　Chemical　Analys1s

group　and　thefmits　o£VAMAS　ac辻ivities　aretrans－

ferred室o　lso／Tc201as芝針e！so　sセandards．

　　　S1ηcethe　VAMAS　project　hasstarted　in1982，we

have｛nves芝iga芝ed　the11e1…abi1…言y　of　the　quantif…ca言ion

wj言hAεSandXPSw1throuηdrobin，andp！．oposed

cal1br・ti㎝proceduresfo・th・e・e・9y・ndinte・sity

scales－S1nce1989，we　have　also　been　co－1st11uc芝ing

the　spectral　data　processing　sys芝em．This　system1s

called　Common　Data　Processing　Sys芝em（COM－

PRO）、COMPRO　isδes…gned　to　be　a　program芝o

conver芝　an　o茎．igi訂al　spectrai　data　fi…e　structure　to

common　one（VAMAS　standard　data　transfe11foト

111a言），　to　assess　the　data　processing　Procedures

proposed　by　sc…en芝ists，to　ca1…brate　energy　and　inte1ト

si芝y　sca三es，芝o　chec良　a　spectrじm，and　to　bu…1d　bo芝針

spectra　a董1d　correc迂ion　factor　database．　1n　this　sys一

芝em，the　spectra茎data　acquired　on　diffe董1ent　i1，stru－

ments・nd／orcomp・terscanbecomparedtoo11e
anot1犯r．　By　usiηg　this　so£tware，users　of　surface

analy芝ica董　n1acわines　can　easily　use　the　ca1…bration

process　proposed　by　t11e　VAMAS　comm訂舳y．

　　　Nowadays，i芝becomesvery　imPor芝antto＆nalyze

the　snlall　area　of　surfaces，so　that　p1．ilnary　bea1η

c訂rrent　densi芝y　…ncreases　and　nlay　de芝e1’io…．ate　the

SurfaCe　StmCωre，and　giVeS　WrOng三訂fOrmatiO訂O！1

surfaces－So　it　becomes　impo1’tant　to　est1mate　t1三e

deg11adation　and芝oぎind　the　proced洲’e　to　minimize

凶e　damage　of　surf＆ces．Since1997，we　have　started

a　new　research　project　on芝be　dan］age　iηduced　by　the

primary　bean｝．S102w三11be　reduced　by　the…rradia－

tion　ofe1ectroηbeam，Therefore，w1－en　one　wanξs芝o

ana－yze　a　thern1aHy　oxidized　si“cone　s閉face，0ne

ca訂no芝identify　precisely芝11e　interface　between　the

ox1dized　surface　and　substl・ate．We111ves芝iga芝ed　the

deg韮Iadatio打behavior　of　Si02もy　the　irrad1ation　or

e1ectron　beam，and　found　the　procedure　how　to

minim1ze　the　degradat1on．

During芝he　time　that1t　takes　to　col…ect　XPS　data，

every　material　wil－beexposed　to　exper…men芝＆1con－

ditjons　that　can　c＆use　n1inor　or　n1乱jorchanges　in　the

chem1ca1compos｛tio…1and／or　the帥ysica－st11訂c辻urc

of　the　surface　region．　The　resu1ts　of　the　changes　to

a　materia1are　defined　as芝he　degradatio打of＆
material．Therefo11e，we　est…mated芝…1e　degrad銚ion　oF

PVC　f…1m　by　meas汕1ing　the　c針ange　of　C正2p　peak

heights　dur1ng　the　ir1．ad1at1on　of　X－ray．We£ound

thattheC12p　peak　height　decreasesexpone！1ti＆11y

w1th　irradiati〇三1t…me　oデX－ray一肩owever，weshou；d

confirm　tbis　degradat1on　behavior　by　round　rob…訂，

becausethebehaviormaybe1舳uen㏄dbythe
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measurement　conditions．Therefore．we　wiI三propose

the鵬w　roむnd　robin　on　po1ymers　degradation　under

the　i州uence　of　x－ray　j1luminat1on1n　vAMAs／

TWA2comm㎜i雀y．

Keywo汕s：VAMAS，Standardizat三〇n，AES，XPS
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a訂d　K．Yoshihara，J．Surf．Ana…，3（1997）：478－482

Round　Robin　o列Spec芝rometer　Transmission　Cali－

bration　for　AES　in　the　Common　Data　Processing

System，M．Yoshi芝ake　and　K．Yosh1hara，Suげ

Intcrface　Anal，25（1997）：209－214

102　C11a7ac｛erization　and　Control　of　曲e

OptoeIectroηic　Properties　o｛Smal1Crystalline

Mat郎ials　wi帖εlec打on　P【obe　Analysis

K．F舳1〃、γ．〃ん〃α、〃．τ伽αんα0〃κ．γ03か

加〃，〃ψ他30〃f0η肋α〃Rθ∫θακ乃8舳わη

［April1995to　March2000］

It　is　poss三b呈e　to　charac吉erize　and　control　the　spec三fic

optoe1ectronic　properties　of　very　smal1crystalline

m銚eriaIs　by　erlclosing　the　crysta至s　wi芝h　a　different

k三nd　ofmater｛als，or　by　terminating　the　conducting

e1ectrons　inside　part｛c1es－This　type　of　small　struc－

tures　is　feasib1e　by　burying　nanOmeter－s三zed　crysta三s

into　materia三s　and　covering　the　surface　of　one

material　with　other　ma芝eriaL

　　　We　are　trying　to　create　those　smaザhetero　struc－

tures”and　to　characterize　their　structures，

　　　Porous　silicon　is　chosen　foξone　example　of

non－equi1ibriumηanocrysta至s　emもedded三n雀he　bu王k

matrix，　A　highIy　porous　siI三con（PS）made　by

anodizat1on　is　known　as　a　material　with　e汗icient

visib1e　photoluminescence（PL）at　room　tempera－

ture一γhe叩antum　confinement　model　can　explain

the　PL　in　the　visible玉igbt　range．However，a　n訓mber

of　experimenta王data　inconsisteηt　with　th三s　model

have　a－so　been　observed　and　alternative　exp－ana－

tions　proposed．Foζexample，si！oxene　derivatives，

S…H2，or　oxide　de£ects　on　the　surf＆ce　of　Si　partic亘es

are　suggested　to　be　responsib三e　for　the　PL．It三s

therefore　considered　that　the　v三sib1e　PL　may　be

ascribe（i　to　not　only　the訂anosize　effect　but　a…so　to

some　surface　s倣e．However，few　studies　have　been

reported　on　the　PL　properties　re…ated　to　both　chen，i＿

ca1states　a訂d　microstmctures　of　PS　Iayer．

　　　至n　this　year，the　corre…ation　amo列g　PL　proper芝ies，

chemica互states，and　microstructures　in　PS　Iayers

treated　w三th　NaOH　so1ution　has　been　investigated　to

c1ar…fy雀he　origin　of　PL．PS　samples　werc　prepared

by　anodizing　p－type　Si（100）wafers　with　O．04－O，

06Ωcm　resistivity．γhe　anod1zation　was　performed

in　a50％篶F－ethano！（1：丘）solution　a芝room　temper－

a芝ure　at　a　constant　current　density　of0．35A／cm2for

10seconds．　In　add三tion，PS　samples　aged　for15

months　were靱sed．　γhe　chem…cal　treatmen辻of　PS

was　carried　out　by　immersion　in　O．05％aqueous

NaOH＆t　room　temperature．　γhe　chem三c＆1s芝ates

and　microstructures　of　PS　layers　were　studied　using

Fourier芝ransform　infrared　spectroscopy　and　e1ec－

t…’on　microscopy．PL　spectra　were　measuζed　a芝room

temperatu11e　by　using＆nitrogen　laser　p縢Ise（337nm）

as　an　exci芝atio－1source－As－prepared　PS　exhib三ted

red　PL．The　red　PL　was　a至most　quenched　by　NaOH

treatment　for　lO　seconds，while　a至ightIy　oxid…zed

outer　su】1face　layer　of　about100nm　was　removed．

Aged　PS　showed　stronger　red　PL　than　as－Prepared

PS．The　PL　of　aged　PS　became　weak　gradua三1y　as

the　S三一〇bond　content　in　PS　decreased　w三th　NaOH

treatmen芝t三me，b汕t　was　strongeζ芝han凶at　of　as－

prepared　PS　even　a行er　trea芝mcnばor450seconds．豆n

this　case，a1though　micro　pores　were　w…dened，the

芝hickness　of　PS　layer　did　no芝chaηge　and　the　outer

sur£ace　layer　remained1n　part．Tbesc　results　s靱ggest

that　tbe　oxid三zed　ou芝er　surface　layer　ofSi　na訂ocrys＿

ta…s　in　PS　is　responsib－e　for　the　red　PL．

　　　pho芝o1um1nescence　Change　of　As一ぴepared　and

Aged　Porous　Silicon　with　NaOH　Treaをment，Y．

Fu㎞da，W．Zbou，and　K．Furuya，subm1雀ted　to　J．

E三ectrochem．Soc．

Keywords：Smal1crystaI三ine　mater1a至s，surface　ter－

mimted　partic1es，Porous　siI三con，PhotoIuminescen－

Ce

103Ana1ysis／l≡valuation　of　Atomic　Scale
Compositioηal　Cha列ge　in　Materials　Due　to　the

Radiation　Damage

κ．〃〃〃，〃、80〃9，τ．〃0伽α〃τ．8〃0，〃ψ
1～θ30／〃”0η　ムθ0〃一1～θ3θα1℃乃　8τα”0〃

［Apri〕995to　March1999］

Radiation　damage　in　materials　…s　characterized　by

the　atomic　displaceme打ts　associa芝ed　w1th雀he　destruc－

tiOn　　OF　CrySta1line　StruCture，　tra訂Sm汕tat三〇n　　by

nudearζe屋ct｛on　and　radiation　induced　solute　segre－

gatio列by　the三rradiation　of　energe芝ic　par吉ic1es　such

as　ne汕trons　and　…ons．　玉n　addition　to　the　formation

of　many　types　of　de£ect　c呈usters　produced　by言h三s

atomic　process　and　the　res靱至tant　microstructural

changes，enhanced　diffusio列associated　with　these

deiect　reactions　res汕至ts　in　thc　1ocal　change　in　the

co刻cen扱ation　of　solute　atoms争the　segregation　at
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grain　boundaries　and　surfaces，and　the　precipitation

ofsecondary　phases．　For　the　b盆sic　unders辻anding　oF

radiation　damage　and　composit1onal　changes，an

analytical　TEM　cons1sts　of　l　MeV　el㏄trons　with

two　ioη　acce正erators，　e舵rgy　dispeすsive　Xイay

spectroscopy（EDS）and　energy　loss　spectroscopy

（EELS），so－ca1正ed｛一SUBNANOTRON”，is　used　in

this　research、　至n　芝his　year，the　researches　on　the

advaηtage　of芝he　exte1｝s…ve　usage　of正≡二ELS　at針igher

vo1芝＆ges　and　on言he　chemical　ana正ysis　of　Ni　s1licide

ep1taxia1正y　formed　oηSi（三00）s訂rface　were1nves－

t19ated．

　　　A　post－co1umn　type　energy　filtered　imag1列g　sys－

tem　made　of　GATAN　Ltd．was　iηs辻a1Ied　beiow＆

camera　c11amber　of　a』εM－ARM1000h1gh－vo1芝age

transm…ssion　elec芝τon　microscope（HVTEM）．The

＆ddition　of　the　optical　de打ection　lens　for　the　detec－

tion　system芝o　e11minate　stray　X－rays　makes　it　pos－

s三ble　to　take　HV－EELS　spectra　and　energy　filtered

TEM（E町EM）a辻1000kV．Tbe　energy　resolu芝ion

of　EFTEM　was　measured　£rom　zero－loss　peak

obtained防om　the汽V－EELS　system　operated　at

1000kV．The　full　width　at　haげmaximum（FWHM）

of　the　peak　was　O，7eV　For　unsamrated　f1l＆men芝，

wh三ch　indica辻es　the　limitation　of　spectra…ana王ys三s－

HV－EELSspectrawereob雀ainedforS…L2，3－edgeand

Ni　M－edge　w納the　detection　area　o£aもouま！0nm

in　diame辻er　and£ollowedもy　EF7EM　in　the　same

三’eg…On1

　　　Ni　siI…cide　s書洲ctures　were　prepared　by　electron

beam　evaporation　o£Ni　onto　S1（100）TEM　th｛n

fi…n－s　i訂　aη　u1tra＿high　vacuum　chamber　（base　pres＿

sure　of2X　lO’8Pa）．　The　average　th三ckness　of　Ni

was3nm　and芝he　deposition　rate　was0．01nm／s　at

573K、　篶igh＿resolution　tr匿nsmissio列electron　m…cros＿

copy　（HRγEM）　was　performed　with　JEM－
ARMl000h三gh－vo至雀age　e1ec芝ron　microscope．　Ni

si1三cide　rorms三slands　with　the　size　rang1到g　from50

言o200ηm－HRγEM　images　ofthe　boundaすy　reg1on

between　si1｛cide　and　Si　indicates　the　d｛f竈erence…n　the

contrastd訂etothestr訂c芝uraldifference．Mult1－slice

image　simulation　supPorts　this　change　in　coηtrast，

name1y　the　contr＆st　ofNi　co正umn　is　lower　tha訂that

of　Si　co1umn．Energy　fi正tered1mages　were　ta虻en銚

400and　l000kV　to　perform　two　dimens1onal　c11emi－

ca三anaIysis　o£Si　and　Ni．The　resし…1tsclear…y…ηdicat－

ed　the　di搬ibut三〇n　ofNi　as　is三ands　sim｛lar芝o　those

in　HRTEM　obse1’vation．　However，atomic　sca1e

m＆pping　of　Ni　was　preven芝ed　by　the　ch－1omatic

aberξat1on　of　e1ectron　beams　and　the　vibration　o£the

SpeC㎞㎝一

Keywords：SUBNANOTRON，EELS，N1siI…cide，
compos1芝ional　mapPing

104　Study　on　Detection　aηd巨vaIuation　of　Radi－

ation■）amage　i8　一≡1x愉en1e　Partic■eドie■ds

〃．K肋伽αo，H、ノ例εん〃・α，γ．τo加伽，K．Koηo，C

G．ムεθ，〃。醐1一α洲α〃τ．8α肋H幼1～θ30〃foη

3θα伽　1～θ8θαrc乃　8τo〃oη

［Apri〕992to　M劃rch1999］

Hybrid　particle　fields　ofioηand　photon　exeζtstro列g

1nteractions　with　materia…s　and　aξe　poten芭not　on1y

to　detect　e至e汕entary　pζocesses　but　to　exp1orc　nove1

prOperties　o£　1ηateすia至s．　Especia1…y　if　both　h…gh

㎝ergyandhighdensityof1㎝andpho辻㎝are
銚tained，unexplored　non－equi1ibrium　effects　wiI…

be　expected，by　virtue　of　their　contrasting　effects　of

momenωm，energy　and　excitation　modes．　The
extreme　particle　fieid　is　a－so　an　i1苅poξtant　aspect　for

pract三c盆1e列vironments　of　higわenergy　dev｛ces，such

as　fusion　re＆ctors　e芝c．　The　main　purpose　of　this

research　program1s　to　detect　and　evaiuate　non－

equi1ibr三汕m　processes　of　materia1s　iηthe　ex㈱me－

particle－fieids（εPF），associated　with　rad三ation　dam－

age・

　　　三n　this£iscal　year，the　program　concentrated　on

system　integration　of　the　EPF　generator，espec三a三1y

on　PIユase－IV，i．e．，a　p針oton－field　genera芝or　a訂d　opti－

cal　devices　instalIed　into　one　of　the　two　irradiation

c針ambers－The　photon－fie三d　gener銚orヨi－e．，a　h…gh－

per£ormance　YAG　laser，emp1oyed芝針e　image－relay

transpOr芝　and　atta…訂ed　5　J／pulse　at　the　speciΩ1en．

Concurren芝Iy，beam－maをerial　interactions　iηthe正ow－

energy／high－current　io訂fie至ds　were　s雀udied　by　use　of

the　negative一三〇n　beam－1ine．　The　intense　paすticle

nux，comp＆rable　with　vacu靱m　evaporation　methods，

occurred靱nusuaI　materia1kinet｛cs，such盆s　sponta－

neous　co…loid　Formation　w1汰ou芝thermal　amea1三ηg．

　　　Technolog三es　of　i列一situ　measuremeηts　were　deve1－

oped　fo…．pa…．ticle－1nduced　conductivi芝y，DLTS　and

plasma　spectroscopy．Partic－e－induced　conduc芝ivity

（PlC）under　pro雀on　irradiation　was　measured　in

comparison　wi芝h　photoco訂duct三vity　（PC），　三．e．，

photon－induced　charge　transport。　γhe　in－situ　con－

ductivities　mani£ested　s｛mi1arity　and　difference

between　ions　aηd　phot011s，Ei辻her　PIC　or　PC　was

caused　by　e至ectronic　excitation，but　there　apPeared　a

differe1－ce　…n　excitation　…ntensity　dependence：the

PIC　was　proportional　to芝針e　square　roo辻of　beam

i訂tens｛ty，differen辻一y　f…’om雀he　linear三ty　of雀he　PC，

The　apparent　difference　was　understood　in　the三den－

ticaI　regime，by芝ak1ng　account　of　d欄erence　in

excitation　in言ens1言y．　Prac芝ical　beam　dens1ties，e．9、

～1o　nA／cm2，9ives　a　strong　excitation　condition，

where　e1ecむon－ho－e　recombination　becomes　domi－

na航．Needlessto　say，a　princ三pal　di汗erenceoぎPlC

resu1丈s　from　atomic　d三sp1acements　d靱e　to　n齪clear

e訂ergy　deposjtion－The　PIC…s　subject　to　perpe雀ual
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deter三〇ration　d靱eto　accumu1atedde£ects一一t　wasalso

found　that，above　the　critical　f1uence，the　decreasing

rate　ofPIC　against　f1uence　was…02times　larger　than

PC．1η一situ　DLTS　confi…1med　that　VO－and　V2－centers

were　responsible　for　the　deterior＆tion　aηd　that　other

deep　cen芭ers　ofcarbon－de£ectcomplex　coexisted1n　a

metastable　manneξ．　I芝1s　thus　revea正ed　wi芝h　those

in－si芝u　measurements　that　dynamic　coupI1珂g　between

de£ects　and　impuri芝ics　p至ays　important　ro1es　under

the　hybrid　partic…e　fie1ds．

Keywords：extreme　part…cle　field，high　curren芝，

heavy　ion，in－situ　measuremenを
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γ．γα〃伽C〃〃θ〃〃肋0〃σ〃〃，〃ψ伽30舳0η
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王Apr1H997to　March2002］

The　e1ectron三c　states　ofsurfaces　p1ay　signif…cant　ro1es

in　chemical　reactions　and　crystal　growths　on　surfaces

ofmateria至s．The　excited　ne勧tral　beams　are　promis－

ing　Probes　to　get　information汽．om　exact1y　outmos芝

sul’faces　rather　than　electron　or　photon　beams．

Fundame1－tal　technologies芝o　ge1蛇rate　exc1ted　neu－

tra1beams　are　being　developed．

　　　In　spite　of　the　fact　that　photoelectron　spectra　or

e1ectron＿excjted　secoηdary　electron　spect，‘a　inc1ude

the　informat1on　o打曲e　o汕tmost至ayer，Photons　and

e1ectrons　pene芝rate　through　thc　ou芝most　laye一．and

1’each　to　more　deeper　layers．Those　spectra　contain

the　information　on　deeper　layers　where　the　ejected

e－ectrons　are　genera芝ed．　Thus　some　ambiguity

rema…ns　whether　any　fea芝ures　ofspectra　are　origina芝一

ed　from　the　outmosをlayer　or　the　deeper　layers．Oη

the　other　hand　excited打eutra1s　a至so　may　release　their

in芝erna亘energy　to　the　swface　e王ectrons．　マhe　slow

neutrals　with　a　kinetic　energy　ofsevera］tens　meV　are

reflected　by　the　potential　which　comes　f…’om　thc

surface　atoms　and　never　reach　to　the　deeper1ayers．

The　ejected　e－ec芝rons　pic廷up　only芝he　in£orm＆tion

on　the　e1ectron三c　state　outs1de　of　the乏op－most　layer．

τhe喜．efores－ow　exc…芝ed　neu芝ra1s　areessenをiallysensi－

tive芝o　the　elect1’onic　sをa言e　ofadsorbed　mo1ecules　or

states　spat三a1三y　ext6nded　wave　funct1on　from　the

surface　to芝he　vacuum－　Furthcr　the　spin　se1ccted

neutra1beams　enab1e　us　to　unde…‘stand　sじrfaces　mo，．e

precisely．

　　　The　present　project　includes　two　k三nds　of　tech一

訂o1ogies，i．e．，9ene1’ating　tech訂…ques　for　excited　neu－

tra工beams　and　detecting　tcchniques　for　secondary

parddes　ejected　f…1〇三ηirradiated　surfaces．As　regard－

ing　to　the　beam　fo1’ming，a　l⊃eam　sys芝em　creating

high　density　ne舳’a｝beams　under　a　clean　vacuum

envirOnmen芝，　exciting　atorns　by　electron　impacts，

reiTユoving　ioηs　and　high　Rydbe11g　atonls，se1ect…ng　the

ve－oci芝ies，and　poIariz…ng室he　e1ectron　spins　ofatoms

will　be　deve1oped，Means　to　measure　the　energy

angu1ar　distribu芝ion　and　the　spin　po1ar…zation　of

ejected　low　encrgy　electrons　wi1l　a三so　be　investigat－

ed．

　　　↑o　co…1cre芝ely　design　a　neutral　beam　system，a

pζe1｛m｛打ary　study　has　been　conductedじs｛ng　a　proto－

type　apParatus£or　beam　geηera芝ion　and　excita芝io打．

The　direct　excitat1on　by　a　discharge　bctween　an

electrode　ins1de　a　nozzle　made　of　insu1ating　mate－

rials　an．d　a　sk三mmer，i，e一、nozz1e－skimmer　discharge

produces｛ηtense　beams　and　i言s　s圭mpl…city　js　bene月一

cial，　Howeverηozzle－skimmer　discharge　so頸rces

produce　not　on1y　metastable　atomsもut　also　emit

pho芝ons　of　appreciab1e　amount．Therefore　time－oト

釘ight（TOF）method　al－d　mechanica玉chopping　of

atom　beams　are　combined　to　eliminatc　the　effect　of

pho芝ons　bu芝　the　addit三〇na王　mechanism　…oses　the

advantage　of　their　simple　structure．A1though　the

pulsed　discharge　n｝ay　enab1e　us芝o　get　puised　beaτns

without　mechanica1chopping　and　to　keep　the　night

distance　between　a　sourcc　and　a言arget　sma…1，no

pulsed　d｛scharge　ofnozz1e－skimmerdischargesource

has　been　reported－　This　is　due　to　the　fact　that　the

ignition　condition　ofa　discharge　is　large互y　differe打t

from　its　steady　operation．Whi1e　several　hundreds

vo豆ts　is　enough　to　sustain　the　dischaヨ’ge．　severa至

th帆1sands　volts　js　normal1y　reΨjred　to　s在art　k　至n

some　cases　the　gas　pressure　is　riseηup　higher　or　the

nozzle　is　moved　c王oser　to　the　skimmer£or　the　ign1－

tion．　The　stand＆1’d　method　to　obta1n　a　stable　dis－

Charge　iS　tO　CO訂trO1　0ne　Of　乏he　majOr　diSCharge

parametel’s，thed1schargevo1tage，thegaspressure，

and　the　distance　be芝ween　e1ectrodes．Pract1ca11y　the

vo1tage　is　easiest芝o　vary　i1－　the　pu｝se　durat…ons　of

－0－100μS　amo打g　them－Therefore，to　sec日re　a　stab1e

pulsed　discharge，the　electric　fie王d　ofthe　so服ce　was
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controlled　by辻he　tb…rd　elec狡ode　between　the　nozzle

and　the　skimmeζ．The　max三mum　tota至打ux三n迂be

pu1se　duration　which　is　egu三vaIeηt芝o　a　continuous

beam　nux　to　be　chopped　mechanica1三y　is　estima雀ed

tobe一．7X－015s■1sr－1consideringthedutyfactorof

the　pu1ses．　Th三s　in雀ensi辻y三s　comparable　to　that

reported£or　a　high　power　so靱rce　operated　at　a　power

of100Wandisoneorderofmag1－itudeiargerthan
that　of　o辻her　convent…onal　low　power　sources．On

the　other　hand雀he　pulsed　discharge　aI三〇ws　higher

peak　powers　while　the　average　power　remains三〇w

leading　to　a1ong　lifetime　and撤aining　the　advan－

tage　o〔ts　simp！e　structure．Theco列tinuo汕smetasta－

b三e　atom　beam　most　of　which　is　scattered　by　a

mechan…ca1　c針opPer　in　a　co打vent三〇nai　system　…s

squeezed　up　to　a　pulsed　beam　in　the　present　source

and　i辻s　peak　in辻ensity　increases　wi出the　duty　ratio　of

the　pu1sed　discharge．

　　　The　oxygen　adsorption　on　a　poIycrystaHine　tita－

nium　surface　at　room　temperature　was　s辻ud三ed　to

examine　the　capabi1i言y　ofthe　MDS．MDS，UPS　and

AES　spectra　were　measuすed　by　the　prototype　app＆ra一

ωs．From曲e　analysis　of芝hespecをra，the£ollowings

were　revea1ed：（1）With　increas1ng　oxygen　exposure

at0－2L，the　Iocal　density　ofstates（LDOS）o£芭he　first

atom1c　layer，i．e、，芝he　surfacedens1ty　o£state（SDOS）

＆t0－leV　below辻he　Fermi　level（E∂decreases　more

steeply　tha訂tha辻ofdeeper　layers．（2）The　SDOS　at

5－8eVもeIowみremains　smail＆t0－2L，and　begins

to　increase　at2L　while　the　LDOS　of　sub　s腋face

layer　increase　firs辻、　These　results　support　that　the

adsorbed　oxygen　atoms　occ汕py　s靱bsurface　sites　at

0－2L．Tbe　u1芝imate　surface　se1｝s…tivity　ofMDS　a1｝d

三ts　potent…a妻for　the　s服face　elecセronic　analysis　were

successfu1正y　confirnユed、

Keywords：neutra三beam，metastab1e　a芝om，excited

neutra1，surface
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Synchro芝ron　　light　source　can　　p1’ov…de　tunable－

monocもromatic，　well－collimated　a訂d　polarized

in芝ense　X－1．ays．Suc針properties　are　quite　attractive

術om　a　viewpoint　ofm銚eria1s　characterization、γhe

present　program　aims　to　develop£easible　anaIyt1ca1

tech列三ques…打both　hardware　and　so行wal．e．　Our

1．ecent　activities　have　been　pIaced　on｛e　n＆m－meter－

scale　mo…1pho至ogy　on芝he　mirror－polished　surface　by

grazi訂g　i打cidence　X－ray　scattering．

、
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　　　X－r＆ys＆re　tota玉1y　renected　at　nat　smooth　surfaces

when　impinged　at　an　extreme三y　shaHow　ang正e，and　it

indicates　that　X－ray　techni卯es　can　be　extended辻o

芝he　surface　and　interface　study．　　Recent　rapid

advances　in辻heory　of　X－ray　surface　scattering　are

demonstra吉ing　that　bo芭h　specu1ar　reflect三〇n　＆nd

dif£use　scatter三ng　give　significan辻玉y　dcta玉ied　informa－

t三〇n　on芭he　physica三shape　of　the　surfacc　and　inter－

faces．Wh1le＆nguiar　profile　oF　specu1ar　reflectivity

is　rela芝ed　to　芝he　density　change　a正ong　the　depth，

di汗use　sca芝ter呈ng　enab三es　the　analys｛s　in　the　Iateral

direction，such　as　a紛acta1parame室er　and　a　correla－

t三01－1ength．I打the　present　program，we　have　deve1－

oped　a　specia11y　designedζe刊ec芝ometer£or　measur－

ing　X－ray　scaをter｛ng　at　graz1ng　inc1dence．Not　o剛y

the｛nstrument　b靱t　a1so　software　fo…．simu1a芝ion　and

data　ana1ys1s　is　important　to　per£orm辻he　precise

surf＆ce　morpho1ogic　s芝udy．The　so術waζe　developed

here　works　on　Windows95PC，and　can　analyze　the

isotropic　selトaξfine　rough　surface．　The　DWBA

（Distor芝ed　Wave　Bom　Approximat1on）芝heory　has

been　implemented．One　advantage　ofthe　so耐ware　is

a　c＆pabi1三ty　o£the　combined　fitting　for　d㈹erent

typesofdiffusescatter1㎎data，suchastransverse
and　radial　scans．了he　renectome雀er　and芝he　software

are　now　successデu11y　ap15亘ied　to芝he　eva三ution　ofthe

super＿poI…shed　　e訂gineering　　sur£ace　of　synthetic

quartZ．

Keyw01．ds：synchro辻ron　radiation，materia1s　charac－

terization，instrumen倣ion，surface　morpho1ogy，re一

郊ectometer，d榊use　sca辻tering，so釘ware
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The　present　research　program　a三ms　to　estab正ish　new

techniques　for　analysis　with　super　prec｛sion　＆nd

high　reso1u芝ion　to　eva正ute　micro　and　nano　meter

sca1e　structure　of　materials．We　are　invo1ved　in　the

construction　and　commissioni列g　of　the　phys三co－

chemica至ana1ysis　beam三ine　at芝he　SPτiηg－8，which　is

a　new　bri川a耐synchrotron　fac川ty　just　started　in

October，1997．　A　new　gr＆zing　incidence　X－ray

spectro－r訓ectome吉er（日gure1）has　been　veryすecent－

ly　instaHed，and　some　preI三minary　experiments　are

being　carried　ou芝during　the　commissioning．

　　　The　measurement　w盆s　done　us1ng　IO　keV　mono－

c針romatic　X－rays（ID　Gap14．46mm），and　higher

order　harmonics　were　rejected　by　the　beamline　Pt

mirror（5mrad）．Two　ionization　chambers（N2for

inciden圭monitor　and　Ar　for　re釘ection／scatter1ng

detec辻ion）wereused．ASi（Li）detectorisp1acedat

160mm　dis辻ance　from　the　samp1e．γhe　ch＆mbcr　is

evacuated（around　I00mTorr）辻o　reduce　air　scatter－

ing　o£the　inc三dent　beam．To　m三nim三ze　a　parasitic

f1uorescent　X－rays，the　samp1e　ho1der　has　been　care一

～三1y　designed，and　a1so　a　paすt　of言he　inside　wa11is

covcred　with　Tc刊oηp1ates．

　　　Figure2shows　the　X－ray刊汀orescence　spectrum

of＆Si　water，o£wh三ch　surface　is｛ntentionaily

contaminated　by　severa13d　transit三〇n　me吉a1s．The

concentra辻ion　is　around3×三011atoms／cm2，　one

can　co列firm　tha雀a正most　aIi　metals　are　detected　very

easi1y，　8nd　三n　this　case，　芝he　sca芝tering　does　not

restrict　the　detect1on　limit．When　the　concentration

is　lowered　to109or1o呂atoms／cm2，the三〇w－energy－

side　tai1ofthe　scattering　becomes　a　main　part　ofthe

background　aga1n．It　has　been　found　tha芝optimiza－

t｛on　of　the　geome雀ry　can　enha打ce　s…9na三　to　back－

ground　r銚io　further，and　in　the　futwe，we　plan　to

renew　the　record　of　the　detection　power　for　trace

meta正s．　Figure3shows　specu1ar　ref1ec吉ion　and

d淋use　scat芝ering　from　cr／A訂thin　f…1m．Because　oダ

士わe　j幻teぎference　e£fect　caused　by　mu1tip1e　renectj0幻

at　each　inter£ace，Kiessig　fringes　were　observed　in

specular　ref1ection，which　inc亘udes　in£ormation　on

the　Iayer　th三ckness　and　interface　roughness．One　can

f…ndをhe　interference　osci至1乱tion　in　d三f£use　sca芝tering

as　we1互．　It　is　possib1e　to　determine　the　nm－sca1e

shape　of　the　surFace　and　i訂terfaces　based　on　the

se1トaffine　description．In芝he　next　opPortunity，we

wou…d　p1an　comb三ned　measurements　of　d附use　scat－

ter三ng　and釘服escent　X－rays　f1．om　trace　meta1s，which
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（c）

〃g．1Graz1ηg’ηc〃eηce　X－ray　sρec士ro－re〃ecfome士er1ηsfa〃ed

af　fわe　8L－39XU，S’⊃r加g－8　‘わo〃zoη士a’　ax’s　geomefrγλ　　1．

Samρ’e，　2．　Goη1omefer，　3．　∫fage　for　ρosκ∫on1ηg　肋e

go〃ometer　ceηfer，　4．　Stage　for　ρos〃1oη加g　fわe　samρ1e

surface，5．lnc1den｛X－raymo舳orw舳entrances倣，6。

κe”ecむ0ηdefec士0r　wκわrece”1ηg　s〃f，7．0〃一ecf　beam　sfoρ一

ρer　aηd肋e　sfage，8．∫士agθ声or　re〃ecむoηdetec士or∫caη，9．

Sfage　for　aψ．us打ηg　aηgular　resolUむoη，　10。　’＝1uoresceηce

defec士or，11一肋ores㏄ηcede士ecfor（dルecむoηco〃e舳1e

fyρe〕，12．yacuum　cわamber．

could　give　detailed　infor汀1ation　of　interfaces．

Keywords：sy訂chro芭茎．on　rad…ation，beam正i列e．mate－

r…aIs　cha…・acterization
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With　the　contim㎝s　reducti㎝in　the　dimension　of

elec芝ronic　devices，quantization　e脆cts　become　dom1－

n＆nt　and　may　d1st雌b　the　fuηc辻ion　of　the　device．

Nanometer　research，however，makes　constructive
use　of　quantum　effects，Tunneling，sing…e－electron

trans£er　and　wave　interference　can　be　used　as　a　bas｛s

for　nove－dev…ces，互n1994，Science　and　Techn〇三〇gy

Agency　has　organized　severa1institutes　and　univer－

sities　fo11a訂ew　research　project，nameポNanospace

Laboratory　Project’．The　targe芝ofthis　project　is　t0

fabrica†e　and　characterize　the　materia王stmctures

with　dimensions　down　to　a　few　na訂ometers．In　this

project，we　are　researching　the　fabrication　and　char－

acξerization　of　compound　semicondじctor　nanometer

structじres．　In　order　to　fabricated　ξhese　strじctむres

with　high　qua1ities，we　need　to　estab至ish　a　rea…一t｛me

1n－situ　growth　monitoring　system　with　atomic－sca豆e

reso1utions，　observing　　rea互一space　　semiconductor

growthfronts．

　　　Recently，the　comb三ned　mo王ecular　beam　epi芝axy

（MBE）and　scanning　tumeling　microscopy（TM）

system　has　proven　to　be　a　very　powerfu1techniq鵬

for　the　obsel．vation　o£rea1・space　semicon曲ctor　sur一

£aces　wi芝h　extremely　high　latera1and　vert三ca1reso1u－

tion．Using　this　system，samp三es　need　to　cooled｛n

MBE　chamber　and　trans£erred　to　ac1eanerenviron－

m㎝t　for　STM　analysis．This　procedure　a1lows　the

surface　to　evo至ve，and　no1onger　be　representa芝ive　of

the　true　grow芝h　front－　In　this　project，we　study

real－time　in－si芝u　STM　observations　of　Ga　adatoms

on　the　M8E　growth　froηt，GaAs（001）（2×4）一As

sじrface，with＆system　which　STM　and　MBE　are

complete1y　one－It　is　found　that　the　Ga　adatoms　are

reIat｛veIy　Iocated　near　not　A－but8－type　s辻ep　edges．

Fi至1ed　state　STM　images　ofGa　adatoms　near　B－type

stepped　terrace　were　observed　at三5sec，250sec　and

500sec　a耐er　the　supp1y　ofO．l　ML　GHりOO℃．γhe

Ga　atoms　form　a　dimer　iike　surface　struc芝ure　with

two　Ga　adatoms　abou芝one　unjt　ceH　far　from　the

B－step　edge　and　on　a　m1ss三ng　dimer　row．Then，w1th

芝he　addition　o£one　Ga　atoms，this　d1mer1ike　s言mc－

ture　changed　in芝o　芝rigonaI　Iike　s訂rface　structure．

A針er250sec，this　trigona三changed…nto　a　tetragona1

呈ike　struct腋e　with　the　addition　of　one　more　Ga

atoms．I芝seems　tha芝this　posi辻ion　attracts　the　Ga

atoms．7here　is　theoret三cal　ca至culations　which　pre－

dict　tbe　mjgratjon　poξe耐ja1s　o£Ga　adatoms　near

step　edges．These　ca1cu王ations　show　that　thc　lowest

migration　potential　value　on　a　s芝epped　GaAs（001）

（2×4）surface　was　located　atthe　posit｛on　oデone　uni迂

ce1げar　from　the　B－step　cdge　and　on　a　m三ssing　d…mer

row，The　experiment　we11agrees　with　these　theore言i一

Ca1reSultS．

Keywords：nanometer　s言rじctures，in－situ，GaAs，

mo1ecu1ar　beam　ep三taxy，scaming芭unnel｛ng　micros－
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109　1＝ab【lcat1on　of　Nano獅eter－Sca1e　S廿ucture

o11肺e　l≡xtremely　High　Vacuum　Surface

H一州η’0，D．〃仰α，τ．びC舳ω似τ．γαんαわθ

〃〃θ〃ψ〃助吻α〃〃3肋’0刀
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We　reported　that　we　observed　standing　waves　on　a

sing1ecrysta－Au（1至1）s雌facebyscanningωnne1ing

microscope（STM）。　Herring－bone　reconstruction
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structure　which　is　peculiar　to　go1dsurface　was　obser－

ved．We　discovered　that　the　wave1ength　ofstanding

waves　was70nm　at30K．Since　the　surface　struc－

tures；herring－bone　structure，　steps　and　　so　　on

modulated　the　potential　surface，the　standing　waves

were　not　isotropic　and　had　complicated　structures、。

Thereis　Shockley’s　type　surface　states　on　reconstruct－

ed　Au（111）surface．Since　theesurface　electrons　can

be　considered　as2D　electron　gas，they　can　show

interierence　pattern　with　scattering　by　surface　steps，

defects　andso　on．

　　　Furthermore，we　ana1yzed　the　wave　vector　spaces

of　STM　images　by2D　Fourier　transform．Figure1

is　an　STM　image　of　Au（l1l）surface．Since　its　bias

voltage　was　very　small（一3mV），it　showed　a1oca1

density　of　state　around　Femi1evel．The　bright　area

around　center　is　one　atomic　step　higher　than　others．

The　stripes　from　Ieft　up　to　right　down　and　the　other

ones　from　left　down　to　right　up　are　so　ca11ed　soliton

wa11s　which　are　peculiar　to　herring－bone　structures．

Two　domains　which　have　soliton　walls　of　different

directions　make　a　boundary　around　center　ofis1and

in　Fig．1．　Ripp1es　are　standing　waves　which　we

observed　on　this　Au（11I）．

　　　Figure2shows　Fourier　transform　to　wave　num－

ber　space　from　Fig，1，There　is　an　el1ipse　around

thecenter　in　Fig．2．　If　the　surface　electrons　are

isotropoc，the2D　Fermi　surface　shou1d　be　simp1y　a

circle．We　think　that　this　elliptic　ring　pattem　shows

loca12D　Fermi　surface　on　nano－sca1e　region　of　Au

（1I1）surface．From　Fig．2，the　short　and　long　radius

are3．O～3．4nm■1．Since　a　wave　number　of　a　stand－

ing　wave　is2KF（kF＝Fermi　wave　number），the

’＝1g．22D’＝FT　lmage　of　Sfaηd1ηg〃a甘e　oηハu（111〕a士30κ

observed　wave　number　is　consistent　with　Kj＝1．

73nm■1，observed　by　angled　resolved　ultra－vio1et

photoelectron　spectroscopy（ARUPS）．

　　　1t　is　ve「y責nte「esting　to　pOint　Out　that　the　evaIua－

tion　method　by　Fourier　transForm　from　STM　images

into　wave　number　spaces　givesfiner　information

compared　with　ARUPS　which　evaluates　electron

density　ofstates　into　wave　number　spaces．ARUPS

takes　the　averaged　data　from　mcroscopic　size（mi11i－

meter　order）because　of　the　beam　radius．On　the

other　hand　this　method　can　take　from　microscopic

size（nano　or　micrometer　order）．

Keywords：standing　wave，2D　Fourier　transform，

wave　number　space
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［Apri〕995to　Marc112000］

When　deposi辻ed　meta1fi1m　on　substrate　was　heated

in　a　v＆cuum，…t　was　observed　that　s曲str銚e　element

dif£used芝o　the　surface　of　Fi至m．The　surf＆ce　concen－

tratiOn　OfSegregant　WaS　aiWayS　COnS辻ant．εVen　if芝he

segregated　layer　was　removed　by　argon　ion　sputter一

三ng，the　segregated　layer　of　the　s＆tura言ed　co1－centra＿

tion　was£ormed　again　by　re－hea辻ing．Therefore，the

surface　composition　o㍑he　segregated王ayeron　meta三

fi正m　is　expec芝ed　to　have　a　selヂcontrol1ing　prope…・ty．

　　　it　is　we一…known　tha芝the　s汕rface　adsorp芭ion　of

metaI　cha莉ges　the　work～nct…on　oぎa　solid　surface．

Thereぎore，it　is　expected芝o　change　the　wor失function

by　the　surface　segreg＆tion－The　work　function　varies

with　coverageofadsorbed　materia1s．However，1fwe

use　the　se1仁contro至1ing　P－1oper辻y　of　segrega芝ion

behavior01〕meta至fi1m，theηthe　stabie　work　func－

tion　on　the　surface，i，e．，stable　fie－d　emiss…on　curξen芝

canもe　expected＆nd　we　can　produce　a　f…e1d　emitter

o£h…gh　performal－ce，It　has　been　showηby　au芭わors

that　Nb　f11m　with　T1s汕rface　segregation　works　as　a

ge芝ter　fol．resid汕al　gas…n　uItra　high　vacuum，in　which

env1ronment　a　f1e1d　emitterぎunctions．

　　　11｝th…s　study，the　stabi1…ty　ofsurface　co…Tlposition

hasもeen　quantitatively　anaIyzed　in　the　wide　range

o£temperature，and　the　change　of　wo】1k　funct1on　by

segregation　has　been　measured．　Unt…l　now，the

喜．ecovering　ra雀e　ofthe　surfacecomposi芝ion飢r三ηg　Ar

ion　sput芝ering　in　case　of　Ti　segregat…on　on　Nb汰in

f11m　was　measured．At　first，ion　sputte喜’iηg　rate　was

precise正y　c＆川〕rated　qua1洲tatively－　The　concentra－

tion　of　Ti　remains　cons言ant　if芝わc　removaいate　of　Ti

by　ion　sputte…1…ng　ba1ances　with　the　supp1y　rate　o£Ti

by　diffusion　from　substrate，By　observing　the　condi一

芝ion　of芝針e　ba1ance，the　ra｛e　ofTi　supPly　at　var三〇us

temper銚ures　was　determined、　γhe　wo吹£u訂ction

cha訂ge　by　the　surFace　segregation　ofCu　on　Ti　f…1n1

and　of　Ti　on　Cu　f1lm　has　been　measu1’ed，Work

functio訂　decreased　approximateiy　O，3　eV　by　the

surface　segregation　of　Cu　on　Ti　f11m　and　slight至y

葺ncreased　by　the　sur£ace　seg…・egati01－of　Ti013Cu．

丁針e　amount　ofwork£unc芝ion　dec－1ease　ca鐵sed　by　Cu

segregation　is　reproducible　whel1surface　is　once

removed　and　Cu　segrega芝es　again　by　heat…列g．There－

fore，it　is　shown　th銚the　or丘gina1…dea　of　getting

stabie　work　function　by　us…訂g　ieaωres　ofsegreg＆tio訂

phel－omemn　is　working．

Keywords：surfacesegregat1on，saturatedsurfacc
composition，se咋composi辻ion　co！1trol，work　func－

tion，field　em…t辻er
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Calibrati01－　of　sta1，dard　vacuum　pressure　gauge

regu三res　the　surface　mod1ficat三〇n　method　to　generate

the　standard　pressure　f…e三d　with　accurateIy

controlled　cons芝ant　pressure　and　the　study　oF　the

interact三〇n　among芝hc　chamber　wall　m銚erial　sur£ace

and　the　hydrogen　be針avior　ofdeposi芝ion　a1－d　perme一

＆芭ion　and　res三dua至gas　molec山es．Themain　res1釦al

gas三打出e　vacuum　chamber　mai列…y　contains　hydro－

ge1三molecuies　in　the勧三tra　high　vacuum．The　red訂c－

tion　ofthe　hydrogen　behavior　is　therefore　inevitable

fo　r　th　e　generati　o　n　o　f　stan　d　ard　sta51e　vac　u　um　fi　e1d

£or芝he　calibratio110f　standa1．d　vacuum　pressure

gauge　and　the　projec辻aims　the　deve1opment　of

advanced　surface　modif1cation　ofthe　vacuum　cham－

ber　wa11mater…aI　wh1ch　can　reduce　the　hydすogen

behavior　to　disturb　the　s芭eady　standard　vacuum
fie…d．

　　　The　improvement　ofs腋facemodification三sstud－

ied　by　芝he　apP三ication　of　surface　segregation　of

hexagonal　boron　nitride（h－BN）on　the　copper　sur－

faces．Copper　meta11s　exce1Ient　in　low　hydroge1－

solut…on，high　thermaヨand　electric　c靱rrent　conduc－

t1v三雀y　and　hiφvacuum　packingbutsu脆rsfromeasy

oxjdatjon　which　becomes　iarge　o汕gassil－9sou工ce－

The　surface　ofh－BN　is　exce1三ent…n　low　gas　adsorp一
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tion　but…s　br…ttIe　and辻he　prepa…．at…on　of　BN1＆yer　on

言hesubstra迂eisnotsoeasy．Theco－sputter1ng
deposition　process　with　BN　s三ntered　poすous　disc　and

pure　copper　disc　and　the　fol1owi訂g　in　siωv塁cuum

＆nne＆ling　is　deve1oped　and　discussed　in　order　to

prep＆re　the　h－BN　compound1ayeξ£or　the至ow　gas

adsorption　on　the　surface　and　the三〇w　permeat1on

through　the　substrate　carried　out　by　hydrogen．

　　　BN　can　cover芝he　surface　of　the　substrate　aimos辻

unifoぎm…y　and　adsorbs　low　gas　mo－ecules　about　less

than　one－th三rd　o£the　s服face　compared　wi辻h　the

copper　substrate　witho汕t　BN1ayeξon　the　surface－

Lower　a雀omic　attractiveforce　is　a－so　observed　on　the

surface　of　the8N　covered　substrate　with1ess言han

abou芝1訂N　though　the　subs紋ate　wi芝hou雀BN　surface

layer　shows　over　abou吉20訂N　with　an　atom三c　Force

n1icroscopy．　Sc＆nning　tunneling　τnicroscope　also

shows　hi幽er　d三e1ectric　behavior　on　the　BN　part－y

that辻he　BN　suζfacesegregati01｝一ayeぎon　thesubstrate

mixed　with　BN＆打d　coppercan　we至1impζovelowgas

adsorption　ofthe　su…．face　of曲e　chamber　wall　for　the

steady　standard　vacuum　f1eId．

Keywords：9as　adsorption，9as　permeation，9as

dcs岬t1on，s㈱dardpressuregauge，sur£acesegrega－

t三〇n，co＿spu芭辻ered　fi1τn，hexagona三boron　n三tride

112　The　EvaIuation　aηd　Con附o1of　MateriaI

SeIf－organization

〃．τρ800〃ノ．Kα8α加〃∫E〃θ閉θ〃ψ〆αc一
〃一〃η　8ταガ0η

κ．γ08舳α〃、’〃ψ伽80／〃0〃肋α〃8τα肋η

［April1996to　March1999］

substra辻e　wi凶BN　and　alloy迂argets．Segregated　BN

can　cover　the　爺im　s訂bstrate　prepaすed　by　the　co－

sputtering　copper　and　BN．Auger　scaming　pmve
anaiysis　shows　that　the　d三stribution　of　B　and　N　is

unifoすm　and－ess　carbona辻e　adsorbs　on　the　BN　segre＿

9・t・dsurfac・i・spit・of・bout60％洲co・…g・・nd

a芝omic　force　microscopy　also　shows　th磁attr＆ct｛ve

foぎce　reduced　on　the　suξface　of　the　segrega辻ed　BN

fi1m　compared　with　no　BN　segregates　subs雀…’ate．

　　　Tribo1ogical　property　of　prepared　BN　£…1ms　…s

evaluated　with　slidi㎎fric芝ion　force．We　developed

曲e　v＆cuum　m三cro－friction　measuring　device　which

can　meas汕re　sliding　fricセion　force　in　range　oF　from

＆n　atmospheric　pressure　down　to　u正tra　high　vacuum

pressじre　of－0…8Pa　by　a　tendem　turbo　mo正ecular

p訂mping　system．The　range　o〔oading　weight　can

be　a1so　changed　from　abou雀several10N　down芝o

iess　than　l00μN　in　the　same　raηge　o£vacuum

pressure・

　　　The　f…’ict三〇n　coe閉cicnt　of　the　s曲strate　of　mix－

ture　of　BN　and　copper　partiaily　covered　with　h－BN

can　be　less　th盆n013e－third　comp＆reδwi辻h　no　BN

covered　substra芝e　in　an　atmospheric　pressure　aηd　jn

the　uItra　high　vacuum－　Lower1oading　weight
i喜1creases　the　fr三ction　coefぎicient　of　no　BN　covered

substrate　by　severa1ten　while　that　o£BN　partia11y

covered　substrate　can　keep　aimost　constant　w1芝hou辻

increase．Th三s　shows　therefore　th＆t　the　BN　surface

segreg＆tion　can　well　improve　micro－tribologica1

property　of芝he　substrate－

Keywords：se1ヂorgan…za雀ion，　surface　segregation，

co－sputtered　f1lm，vacuum　芭r｛bology，hexagonal

boron　ni吉r｛de

HexagonaI　boron　nitride（h－Bト；）segregated　orl　the

sur£aces　of　metals　or　a1loys　doped　with　bor11and

nitrogen　c星n　£orrn　the　preferred　（0001）crystal　basa正

p1ane　para！le1to　the　base　substrate　materia言su蔓‘face－

Thebind1ng£orcebetween　cp1a打es1smじch　smaHer

thanthoseofotherplanesandthefr1cti㎝£orce㎝
the　plane　wi1l　be　small　in　case　ofthe　bor…zonta正force

due　to　easy　s1ide　ofthe　p正ane，　The　proper芭y　ofthe

sma…1＆dsorption　force　ofsegrega辻ed　h－BN　layer　wil1

be　applied　to　the　micro　scanning　p！’obe　systcm

without　large　s正三凶ng　frictio打which…eads　to　the

development　of　the　advanced　memory　media　disc

sys雀em　with　a針uge　amount　of　me㎜ory　vo1ume－Th三s

s芝ud　y　therefo　re　ai　nユed　th　e　fab一．…ca芭i　o　n　of　h－BN　l＆yer

with　preferred（0001）c…．yst＆1p正ane　p＆rallel　to　the

base　s眼bstrate　by　すneans　of辻he　controI　of　s靱rf＆ce

SegregatiOnuSi㎎Straineηergy，

　　　The　co－sputtering　depos…芭io列　process　and　the

foilowing　vacuum　annea正i列g　can　prepare　the　h－BN

compo汕nd1ayer　on　the　surface　ofthe　sput辻ered　film

Frontier　Research　Center　for
Stl・uctua■1Vlate1■iaIs
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Bui亘d三ng　steel　is　one　of　major　mass－Produced三tems

in　the　steel　ma汰e芝．εasier　recyclabi三ity，more　effi－

cient　and1ess　sk…11ed　we1d…訂g　and　enhanced　mechan－

1c＆1properties　wi1至be　required£or　the　building

steels1nthenexlcenturytocons㈱ctsusta1mble
infrastructure．However，Preseηt　high　strength　stee…s

o£600－800MPaintemiIes㈱ng迂hconta1n出ea亘1oy－
ing　e王ements　undesirable£or　recyc1e，and　their　weld－

ed　joints　sbow　very　poor　fatigue　strength，｛、e．on…y

㎝e－t㎝言hOftenSi1eStr㎝gth．

　　　Low　strength　C－Si－Mn£errit1c　steels　are　poten芝ial

alterna芝ives，since　they　are　dcsirable　for　recycle　and

easy　to　we…d．To　overcome　the　low　strengthヨin芝he

present　sωdy，new芝hermo－mechanica至process1ηg　is

developed　to　refine　the　ferrite　grain　size1nto　lμm

a打ddoublethetensi1es㈱ngthfl・om400MPato800
MPa，1n　a　smal1－size　samp1e　wi芝h　about　lmm　thick－

ness，an　u至芝ra－fine　gra…ned　£errite－Pear1…te　structure

was　created　with　a　ferrite　grain　size　of2micron－

rnetcr，no　cilysta…lograph…c　texture，and　a　high　ratio

of　h…gb　angle　boundaries－　Abou芝40％increase　i列

streng芝h　is　expected　witb　this　refinemen言．ln　addi－

tion，u…迂ra－fi列e　grained　ferrite　micros芝mcture　with

finely－dispersed　second　phase　partic至es　was　also

created　with　aferr三tegrain　sizeof1essthan2m三cmn－

meter　through　a　warm　deformation　processing　of

martensite　microstructure　as　we茎1as　a　newly　devel－

oped　cornpactjoη　process…ng　of　commercial　pure－

iron　powders．

　　　ln　order芝o　keep芝右eultra－f…ηegra…ns三ntheHAZ

on　we1ding　process，the～1－ction　of　finely－dispersed

particles　like　oxides　is　investigated　in丈erms　of　pin＿

ning　sites　for　gra三n　growth　as　wel…as列uclea芝ioηsites

for　ferrite　trans£ormation　from　a訂stenite－

　　　H1gh　speed　and　no　de£ect　weIding　has　to　be

deve…oped　coinc｛dent　w…th　preserving　the　u1tra－fine

grained　m1crostrucωre　from　its　heat　in　the　heat－

af£ected－zoηe（HAZ）。　1n　arc　we亘ding，an　u1tra－

narrow　gap　arc　we1ding　Processing　is　developed　w…言h

an　idea　o£simukaneoじscontrol　oflow　heat　d1stribu－

tio打and　laξge　electricity　input　to　make芝he　HAZ　as

n＆rrow　as　possible，With　th1s　concept，20mm　thic廷

s芝eel　plates　werejoined　with　a5mm　gap　by2passes，

although　the　narrowest　gap　was　lO　mm　in　conven－

t1onal　methods．　And　further．a　high－power　C02

1aser　one－pass　we至ding　has　been　elucidated－A　main

prob1em　is　that　p1asma　genera芝ion　due　to　metaI

evapora室ion　deteriora芝es　the　efficiency　of…aser　bean三

heat，Apreliminarysωdydemonstra芝edtha芝the
plasma　genera芝ion　is　well　seppressed　by　contro…ling

the　FOcus　heヨghξ0£t11e　iηcident　laser　beam，

　　　Welded　specimeパarge　eno汕gh　to　simuiate　the

cond1芝ions　for　service　is　subjec芭ed　to　mechanical

tests　wi丈h　a　large　capaci芝y　of　power　to　eva…ua芝e乏he

£a芝igue　proper芝y．　The　lower　fatigue　strength　of

welded　joints　is　tried　to　basica11y　iηcrease　by　using　a

90

new－y　des…g1－ed　welding　rod　with　a1ower雀ransfor－

mat1on　temperature．With　a　decrease　in　the　tensile

residual　stress　at　the　welded　joints，the　fatigue

strength　of　high芝ens｛1e　stee…’s　join言was　dras芝icaI三y

improved　by　a　factor　oftwo．

　　　Defects　might　be1ntroduced　into　the　ma芝erials

a打d　their　jo…nts　through　we…ding　Process。γoierable

size　of　the　defects　becomes　smaIler　under　hi凶er

stress　cond…tions　expected，　Hence，more　re1…able

inspec芝ion　techn…que　is　desired　in　a　nondestructive

or　a　non－contac芝ing　manner．Laser　beam，supersonic

wave．and　magnetic　nux互ea鼓are　tried　to靱t…1ize£or

de芝ection　and　characをerizat…on　ofξhe　smaH　defects

and　the　microstr訂ctura1evoIution．　Laser　speck－e

techniqしle　was　ab1e　to　follow　the　stra1n　change　at

high　tempera芝ure　dじ…’…ng　we1ding　process，

　　　Computer　simulation　ofthe　m1crostmctu11e　evo一

韮uti01－in芝he　s芝eels　studied　aηd　the　deformat…on　and

fracture　behavior　of　we至ded　po1ηts三s　a1so　s言udied－

Fu打dameηtaI　approach　has　been　made　to　modei　the

meso－as　well　as　macro－level　p…as芝ic　behaviors　of

p1ul’al　m三cτostructure1n　tensile　deformat｛on，

Keywords：ferritic　s芝eels　for　we1ded　structures，grain

refinement，　we至ding　process，　heat－a肝ected－zone，

residual　stress，we1ded　joint，tensi至e　streng芝h，fatigue

strength，simu…ation

114＾dvanced　U1脈a－High－Strength　S｛eels
（1500－1ViPa－P■us　class）
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7here　is　an　1ncreasing　demanδ　foζ汕tr＆一high－

strengtb　steel　that　has　＆tens三1e　strength　exceeding

1500MPa，£or　exampIe　in　the　use　ofhigher－streηgth

bo1芝s　in芝he　constmc雀ioη｛ndustry　and　in　the　weight

reduction　of　au雀omob1le　par芝s　and　ma｛n　cables　oダ

1ong－span　suspens…on　bridges，The　key芝o　practica1

imp…ementation　docs　not　lie三n芝he　achieven｝ent　of

thehighs統ngthsbutratherinpreservingtheneces－

saryreliabilityinthede1ayedfractureandgiga－cycle
fa之igue　properties　of　the　s芝eeL

　　　lnthesearchforadvaηcedu1芝ra－high－str㎝gth

stee1s，ξhe　cen芝er　is　trying芝o　deve1op　new　martensi辻ic

s芝ee1s　芝hat　contain　carbide＿free　boundaries　and

hydrogen　trap　sites　芝o　give　high　de1ayed　frac芝ure

res三stance．　Other　maすtensitic　stee…s　containing　a

large　amount　of　nitroge訂is　a…so　developed　in　order

to　attain　a　high　ギa芝igue　resis芝ance．　Studies　of　the

mechanisms　of　de1ayed　fractじre　and　fatigue　wiH

reveaI　new　concepts　foτmaterial　des19n．　Such



studies　require　atomic－sca三e　ana－ysis　offine　precipi－

tates　and1nterphase　boundar1es　by　AP－FlM　and

nanoscopica幻a1ysisofdefomatj㎝aηdfracture
structures　by　AFM　and　mnohardness　tester．Other

works　wi1いnc三ude　standardizing　the　ev＆1uation　of

de正ayed£rac童・・e・ndc㎝st…ti㎎ada辻・base芝針at

contains　f＆tigue　property　data　for　…01o　cycle　tests．

　　　区n　theすesent　year，experimenta1fac1lities　have

been　e卯ipped　for　this　s辻udy－　A　sma1l　sample　oF

marteηsit1c　stec三w三th　carbide－freeboundaries，which

w…ll　gjve　hjgh　delayed　fracωre　resistaηce，was

○もtaiηed　by　apPlying　the　aus£orming　Process．Hig針

strength　wiぎes　have　been　ana1yzed　in　an　atomic　scale

with　AP－FIM，The　ana正ysis　revea1ed　new　streng汰一

ening　mechan1sms　of　the　wire，

Xeywords：marteηs1ticsteel，de1盆ye“racture，9iga－

cycle£a辻igue，AP－FlM，SPM，nanohardηess　tester

115　Strategic　Research　on　Advanced　I＝erritic

Stee1s　for650．C　USC　Boi1ers（R＆1〕of　St閉c－

tural　l、’laterials　for21st　Ce耐ury）
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Keywords：ferritic　heat　resis伽雀steel，山ra－

supercξi芝ica至power　p1ant，a－ioy　designing，creep，

s辻eam　oxidation，f＆tigue，welded　jo1nt
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The　criticaI　issues　for　the　deve三〇pment　of　ferrit｛c

steeis　for65ポC　USC　bo｛iers　aすe　the｛mp…．ovement　of

oxidat三〇n　ζes三stance　as　we三1as　long－term　creep

mpture　strength－For芝he　improvement　of　long－term

creep　rupture　strength　of　ferritic　stee1s，t針e　stabi三iza一

セion　of　initiaI　microstructure　is　required　£or　up芝o

1ong　times－The　logarithm　ofcreep　rupt服e廠ength

oεsimp1e　O．lC－9Cr－W　stee1s　increased　line＆r1y　with

increasingWconcentrati㎝upto3％Wforup芝o
1ong　times　at　temperaωres　between550and65ポC，

suggesti㎎tha室Wcanbcmaxim1zeduptoabout3％

1nthegCrsteeLThestrengtheη1ngbyWresu1ted
耐om　the　stabi互ization　of　M2ヨC6and1ath　subgrains

for　up　to－ong　t三mes．　The　addit三〇n　of　austen三亡e

s辻ab川zing　e1emeηts　is　required　to　prevent£rom　the

δ一£err1te£ormatioη　for　the　steeis　containing　Cr

higher　than9％or　Si　highぴ芝han　O．5％．　Of　the

austen1亡e　s辻ab川ziηg　eiements，the　high　melti列g　Point

eIemen辻Ir　is　promising£or　strengthen1ng　and　stabii一

…zing　言he　matrix　of　martensite－　lndeed，the　creep

str㎝gth　of　O．08C－9Cr－3．3W－O．2V－O．05Nb－0，005B－0．

05N　stcels　inc陀星sed　with三ncreasing　Ir　concentra－

t1on．The　we1gh辻gain　of0．15C－8．5Cr－2W－0．2V－0．

05Nb　stee1s　during　oxidation　in　air　decζeased　with

increasing　Si　concentradon　from　O　to　1％，resulting

£rom　a　chaRge｛n　morphoiogy　of　ox1de　sca王e　from

porous芝o　compact、丁三and　Y　can　be　used　to　subst1－

tute　fo　r　a　p＆rt　of　S　i．

u60evelopmen｛o｛St閉ct洲al　Steels閉9h1y
l〕1』7abIe｛o　Ma『■ne匡nvIronmen11s
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In　japan，there三s　a　great　act…vity　in　new　infras－

t「uctu「e　construction　in　n3arine　and　offshore　envi＿

ronmen芝s　because　the｛nhabitable　coasωzones　are

aIready　heavi正y　burdened　by　the　popu1ation．How－

eVer，marine　enVirOnment　iS　eXtremely　aggreSSiVe　tO

steels，For　examp1e，weathering　s古eels迂hat　are　resis－

tant　to　r靱ra三and　industrial　environments　show　poor

corrosion　resistance　i訂a　marine／coastal　atmosphere．

Si㎝i正arly，stain1ess　s辻ee1s雌feすs　in　the　sea　from　vari－

ous£0rms　of　loca1三zed　at言acks　such　as　p三tting，stress

corrosion　cracking，and　crevice　corros三〇n．The　aim

o£this　s辻udy　is　to　deve1op　high－and1ow－alloy　stee三s，

and　protective　coatings　resistant雀o　marine　env｛ron－

men迂s．The　princip王e　of　our　materia三s　devdopme耐

is　to　avoid　using　expensive　or　exo辻ic　materia1s　that

have　here芝ofore　been　used　辻o　develop　corrOs｛on一
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resistant　aHoys1instead　we　improve　corrosion　resis－

tance　by　purification　and　homogenization　of　ma言ix

meta豆s－　　In　addition，　techniques　of　nanoscopic

measurement　ofcoτrosion　and　passive　mm　sca三e　is　to

be　carried　out．Th｛s　basic　research　a1互ows　us　deve1－

oping　new　me芝hods　of　acce1era芝ed　corros｛on　tests．

　　　1、互mproved　Corros三〇n　Resistance　of　Sta三n至ess

Steel　by至ncreas三ng　Purity

　　　Phosphorus　in　s芝ai打至ess　stee…known　to　degrade

三ts　corros…on　res…stance．　However，in　the　sme…ting

process　of　stain王ess　stee至s，｛t　is　difficult　to　remove

phosphorus　originated　from£errochrome，o舵of芝he

principal　raw　meをaria1s　of　stain三ess　steel．　Since

chromium　removal　occurs　s㎞u肚aneous1y　w1th
ox三dat三ve　dephosp針oriza辻ion　conventional　sme至ting

canno辻be　apP1ied　for芝he　phosphoms　removaげrom

StainIeSS　S芝eelS．

　　　An　innovat1ve　method　ofcold－crucible1evitat三〇n

smeIting　allows　non－contacをme1芝ing　and　so至id1fica－

t三〇n　ofmetals．Contamination　does　no芝occur　from

the　crucib1es　in芝he　cold－crucible　smelting．三n　add1－

tion，thereisnorestr1c辻i㎝inse1ectings1agcomposi－

tion　bec＆use　of　the　non－contact　nature　between　the

slag　and　cruc…b王e：the　coId＿cruc…bIe　sme豆芝ing，there＿

£ore，makes　i辻possible　to　uti1ize　the　hitherto　unusa－

ble　metal－slag　systems－We　applied　the　cold－cmc1b1e

至evitat｛on　sme1ting　to　crea芝e　a1ow－Phosphorus　stain－

IeSS　Steel，

　　　Figure　l　shows　an　examp夏es　of　phosphorus

reduction　when800g　oftype316L　stainless　s辻ee1was

processed　with5g　of　Ca－CaF2鴛ux　in1evitat三〇n

sme1t三ng－Phosphorus　concentration　in　commerc1a正

316L三s　reduced　from　origina1O．026％to　O．00三％or

even　less　by　sme1ting　with　the　Ca－co列ta1ning舳x．

γhe　Figure　aIso　shows　the　remova1of　P　by　increas－

ing　the　repeated　number　ofsmeIting　processes．The

phosphorus1cve1was　reduced雀o正ess　than　O．002％

aれeすthreeprocessesof雀hesmelti㎎一

　　　Future　researches　onまhis　ljne　inc］ude　the　deter－

mination　of吉he－owest　phosphorus　Ievel＆ccessible，

芝he　mechan三sm　of　phosphorus　remova1，and　the　most

effective　f1ux　composition　for　this　reaction．At　the

same　t三me，　corrosion　behaviors　of　the　1ow－

phos帥oms　stain互ess　s芝ee1s　are　to　be　examined　in

VariO靱S　enVirOnmentS．

　　　2．Oeve三〇pment　of　Stainless　Steels　Conta三ning

ト≡igh－Nitrogeη

　　　Investiga芝ions　are　being　co打ducted　on　the　devel－

opment　of　sをainless　stee王s　that　require　smaller

amount　of　a1loying　e1ements　such　as　Cr，Ni　or　Mo．

1n　our　previo靱s　study　we　have　proven　that　austenitic

stainless　stce－showed　better　corrosion　resis辻ance

P＆rt三cularIy芭o至oca1…zed　corrosion　in　ch1oride　media

with　increasing　N　add…don　to芭he　stee1a訂d　puri行ca－

t…on　of　matrix　metaL　In　FY　1998，we　pIan　to

pressurized　reme1t三ng　for　the　production　of　high－

nitrogen　stainless　ste11s．Prior　to　the　enhaηcemen辻of

nitrogen　under　high　pressure，we　prepared　high

nitrogen　stee1　by　annea正ing　the　316L　stee正　in　a

p服e－nitrogen　environment　a芝mrma1atmospheric

pressure・

　　　The　specimens　were　prepared　from　1ow－Mn

316L－like　steel（F4－6．5mass％Cr；14mass％Ni；

2mass％Mo；0．17mass％N）、In　the　nitrogen　atmo－

sphere，2mm－thick　an打ea至ed　specimens　were　therma三一

1yぴocessed　at－20ぴC．Specimens　thus　processed

were　tested　for　Ioca1corrosion　such　as　pitting　and

crcvice　corrosion，and　electrochemica三polariz＆tion

measurements　were　carr1ed　ou芝in　seawater．Figure2

shows　the　p…芭t…ng　po辻ent三a…as　a　funct｛on　of　the

nitrogen　conten辻of16．5mass％Cr－14mass％Ni－

2mass％Mo　stee正。The　F4N　steeI（0．51mass％N）三n
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this　figure　is　therma11y　processed　F4stee1（O．17

mass％）at　I200℃for24hours　in　nitrogen　atmo－

sphere．Asharpenhancementofthepittingpoten－
tia1（indicating　more　resistant　to　pitting　corrosion）

was　observed　with　an　increase　in　nitrogen　content．

In　future　experiments，it　is　expected　to　deve1op

stain1ess　stee1s　with　higher　nitrogen　content　using

pressurized　ESR．

　　　3．Protective　Coating　by　Improved　ThermaI

Spray　Techno1ogy
　　　High－ve1ocity　oxygen－fue1（HVOF）name　spray

technique　was　app1ied　to　produce　protective　films　of

316L　stain1ess　stee1，Hastelloy　C，and　WC－Co　on

stec1．During　the　stray　process　in－situ　measurement

ofresidual　stress　in　fi1m　was　carried　out　by　measur－

ing　curvature　ofsubstrate　metal．The　stress　monitor－

ing　Proved　that　the　unfused　partic1es　co11ided　at　a

high　speed　to　the　substrate　meta1，resulting　in　com－

pression　in　meta1fi1m－

　　　Furthermore，we　examined　the　structure，stress，

porosity　and　corrosion　resistance　of　spray　film　as

functions　of　the　velocity　and　temperature　of

SUS316L　partjcles　and　substrate　temperature－The

compression　introduced　into　the　fi1m　was　direct1y

related　to　the　kinetic　energy　of　thc　particles，and　the

fi1m　porosity　cou1d　be　reduced　to1ess　than1％at

optima1conditions，　Corrosion　resistance　was

eva1uated　in　synthetic　seawater　by　e1ectrochemica1

po1arization　and　impedance　measurements．　The

results　showed　HVOF　were　much　better亡han　those

with　plasma　spray　fi1ms　but　less　protective　than　bu1k

materia1S．

　　　4．Detailed　Ana1ysis　of　Saline　Partic1e　and　Labo－

ratory　Reproduction　（Nanoscopic　observation　of

rusting　and　atmospheric　corrosion）

　　　Atmospheric　corrosion　of　meta1s　initiates　in

large　part　from　deposited　saIine　partic1es　that　are

carried　by　wind　and　adherent　on　metal　surfaces－

Existing　acce1eration　tests　employ　conditions　that

cou1d　rera1y　occur　in　natura1conditions，　Actual

sa1ine　partic1es　were　coHected　to　conduct　a　detailed

analysis．　As　a　resu1t，it　was　found　that　saline

partic1es　of　up　to　about20μm　in　diameter　were

carried　in　particu1ate　form　by　the　wind；at　a　relative

humidity　of75％or　less，they　cxisted　in　NaCl　crysta1s

and　in　saturated　MgC12solution，while　at　higher

humidity　they　were　found　in　droplets．An　attempt

was　made　to　reproduce　sa1ine　partic1e　adherent　to

metals；partides　of　nearly　of　the　same　morpho1ogy

as　natura1ones　were　successfu11y　created　on　the

meta1surface．

　　　Then，using　high－precision　metallurgical　micro－

scope　and　AFM，sa1ine　partic1e　was　investigated　at

various　temperature．　For　accurate　morphology

measurement，layered　gエaphjte　and　gold　mirror　sur－

faces　were　exposed　for　severa1days　in　a　coasta1area、

　’、而
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Figure3shows　an　atomic　force　microscope（AFM）

image　ofsa1ine　partjc1es　adhered　to　go1d　surface　at

40男humidity，The　crysta11ine　NaC1particles　obser－

vedhereranged5－30μmindiameter．whenviewed
under　AFM　magnification，there　was　a　height　gap　of

8nm　between　the　discolored　and　coIored　sections，

which　was　not　apparent　with　an　optica1microscope－

We　cou1d　a1so　see　that　there　was　a1iquid　substance

（MgC12so1ution）covering　the　entire　discolored

portion，

　　　5．Characteristics　of　Iron　Rust　Occurring　in

Coastal　Environments（Development　of　low－a11oy

weathering　stee－s）

　　　For　the　simulation　of　marine　atmosphere　a　new

wet－and　dry　cyc1e　was　proposed：o．4L／m2of　an

aqueous　ch1oride　so1ution　was　dripped　onto　a

carbon－stee1specimen，then　dried　for12hours　in　a

thermostatic　incubator　at25℃and　a　constant　rela－

tive　humidity　of60％．The　steel　s1ats　were　washed

with　pure　water　immediate1y　before　dripping　the

so1ution　to　prevent　the　accumu1ation　of　sa1t　over

time．To　investigate　the　effect　of　chloride　in　rust，

fourtypes　ofNaCl　so1utions　with　different　concen－

trations　were　used．A1so　testso1utionswith　different

Na／Mg　ratio　and　the　same　c1concentration　were

used．

　　　The　structura1analysjs　of　rust　was　carried　out

using　an　innovative　X－ray　diffraction　（XRD）
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method．A術er20wet－and　dry　cyc－es，the　rust　phase

WaS　quanti辻atiVely　analyZed　uSing芭he　intema1Stan－

dard　method．

　　　The　corrosion　on　carbon－steeI　increased　with　an

increase　in　environmenta1ch－oride　concentration，

As　shown　in　Figure4，among　the　mst　phases，the

occurrence　ofβ一FeOOH　was　especia11y　remarkab1e

with　increasing　C正，which　suges辻s　the　non－Protective

nature　of　rust　formed　in　a　coast＆1environment，

　　　On　the　other　hand，the　structure　of　rust　is　not

dependent　on　Na／Mg　ratio　as　far　as　cl　level　xas

maintained　constant一正n　the　process　ofβ“eOOH

formation，Cl　ion　plays　a　ctalytic　role盆nd　therefo肥

三t…s　no辻trapPed　in　the　fina1product　ofβ一FeOOH．

Keywords：maτine　corrosion，　weathering　s辻eel，

stain1ess　stee1，n奴rogen　in　steel，atomic－force　lηicro－

scoPe，saline　partic1e

however，when　the　particles　are　mixed　with　calcium

hydroxide，吉he　amorphous　silica1ayers　are　found　to

cr　sta1正ize　into　α＿quar辻z　crystals　a辻　一300K，and　to

crystobaiiteat1500K．Thecoati㎎ofsilic㎝carbide

㎝a1・mi・apa・t1clesisa1sopすoce・dedinag・s
mixture　of　silicon　tetrachloride　and　methane．

Fina1Iy，the　mechanicalぴoperties　of　the£abricated

composite　materials　are　characterized，intending　to

qua1ify　the　mateζia1s辻o　different　app－ications．The

compocasting　technique，usua1正y　used£or　a正1oys　with

lower　melting　temperatures，has　been1mproved盆nd

・pP三i・d辻・th・・欄ti㎝・f…ti・o・s，th…gh・・1・i㎎

some　processing　probIems　and　designing　suitable

apParatus－

Keywords：Cast　iron，Compocasting．A三umina　par－

tic1es，st…rすing，CVD，Si02

1、’1ateriaIs　Creation　Research　Station

118　Study　on　IVleIting　of　Refractory　I、’letals　by

Co1d　Crucib1e　l－evitation　Melting　l、’let110d

11．7　1＝abrication　of1・■ighIy1＝unctionaI　Compos・

ite　Casting　Irons

ノー8oτo〃oη伽伽8θα1℃乃Cθ〃α〃8舳c肋α／

〃肋肋ゐ，τ．肋gαれ8τ1刎9肋α〃ム搾〃α〃0ガ0〃

Rθ3θoκ乃8肋肋η，τ〃カ砿　γ．080wα，G．■41・αんoηε，

8、　ταんα〃10’’え　ルf0τθ”α13　Crθα”0〃　1～θ∫θα’℃乃　8ταカ0〃

［April1996ξo　March1999］

The　present　study，as　one　theme　in芝he“Living　and

Socia1Basis　Projacセ”joint－y　researched三n　some

insti辻utes，univers…ties　and　corporaむonsヨwas　started

in　I996．　Fabrication　of　ceramics　part｛c1es　dispersed

casting1ro列is　being　tried　in　NRIM，with　a

compocasting　technique　used　to　produce　composite

mateτia1s　by　adding　various　par辻icles　in辻o芭he　soI…d－

liqu妃co－exist三ng　sIurry．Simu！t盆neous三y，a　CVD

coat1ng　method　is　attempted　to　the　particles　aηd　iron

powder　to　improve辻he　wettabi正i迂y　w納molten　cas雀

iron　and　辻he　dispersion　state　of　the　partic三es．

A1umina，silica　and　silicon　carbide　are　possibly汕sed

as　dispersion　partic1es｛n　cast　iron，　A正though

a－umin盆三s　the　most　promising　one．the訂nsatisfac－

tory　wettabi正i辻y　of　alumina　with　cas辻iron　makes　it

necessary　to　coat　wi辻h　some　other　compound　such　as

siIica，silicon　carbide，to　improve　the　wettab三1ity．

There£ore，a　chemica1vapor　deposition　technique　i訂

刊uidized　bed　is　appIied　to　ma失e　coating1ayers　on

alumina　particIes一γhe　coating　ofsi1ica　on　alumina

substrate　and　on　the　cast三ron　powder　is　proceeded

in　a　gan　mixt服e　of　Tetrame辻hy三si三ane　and　water．

The　deposited　silica　layeパs　an　amorphous　silica．

The　amorphous　si三ica　solitary　is　stab三e　up　to　I393K，

人肋ん雌αwo，K．∫αんα岬α，τ．肌α伽α加，∫．

1舳3αれα〃γκoろα〃8乃オ〃肋肋1∫σθα肋η
1～θ3θαγC乃　8τ0〃0〃

工April1997to　March2000］

A　cold　cmcibletype　levitation　melting　method　using

h｛9h　freq汕eηcy　eIectric　power　is　known　as　a　non－

contacting　melting　method．　Therefore，from　the

point　of　view　of　hi飲pure　ma辻erial　crea辻ion，this

皿e1t1ng　method　is臣dvantageous£or　me1辻ing　of　high

purity　metaIs，chem1calIy　reac雀ive　meta三s　and1．efrac－

tory　metals，As　for　the　refractory　me辻a1s，there　have

never　beeηmeans　for　melting　of　refractory　meta1s　by

using　crucib1e　made　of　common　oxide　re紛ac芭ories．

　　　1n　these　severa－years，we　have　a1ready　deve1oped

the　new　con芝すoI辻echnique　for　cold　cmcib－e三evita一

雀ion　me1ting；the　two　different　frequencies　a肥

simultaneously　supplied　to芝wo　work　coi1s　that　are

wound　to　the　water　cooled　crucib1e．Rather　lower

frequency　is　supp1ied雀o　Iower　coi1£or1evitation　of

me1辻ing　materia1s　main1y　and　the　higher　frequency　is

supplied　to　upper　coi夏£or　heat三ng　of　the　materia1s．

Since　we　have　succeeded　reducing　the　oxygen　in

molten　titanium　by辻his　new　contro1辻echnigue　of

cold　crucible　levitation，so　next　we　are　cha11enging

to　me三t…．efrac辻ory　metals　and　its　alloys　by　mean　of

芝he　co1d　crucible1evitation　dev…ce．

　　　The　purpose　of　th三s　study三s辻he　creaむon　of

moIten　refractory　metま1s　and　its　alloys　by　the　cold

cmc三b正e　levitat1on　me1辻ing　method　and雀he　origina－

tion　of　homogeneous　so1idified　structures　that　have

been　never　gotten　by　the　usual　meIting　methods　for

ξefractory　me辻a1s　for三nsセance，electron　beam　reme1t－

ing，P1星sma　arc　reme1辻ing．
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　　　As　the　most　of　refrac辻ory　metals　have　not　oniy

h1gh　meh｛ng　po1nt　but　a1so　high　density　and　h｛gh

theすmoconduct1v1ty，it　is　cons三dered　that1evitation

ofrefractorymetalsand1室salloysisnoteasy．Sothe

optimum　lev1tating　condit1ons　such　as　the　shape　of

the　cold　crucible，high　frequency　c〇三1and　the　e三ectr…c

○汕tput　power　are　to　be　exam三ned，and　we　are　gong　t0

design　and　manufac辻ure　tri＆1o£the　cold　crucible

dev…ces　fo　r　th　i　s　p　u　rpo　se．

Keywords：co1d　crucib1c，三evitaξion　melting，refrac－

tory　n1eta1，high　frequency

ReCent　PubliCatiOll

Levitation＆nd㌶eating　of　Metallic　Ball　in　Cold

Crucjb1c　Simuれaneous工y　SupPljed　7wo　Fre一

Ψe列cies，K．Sak汕raya，T．Watanabe，S■wasak1，A．

Fukuzawa，M．Yamazak1，γ．Take　and　M．Fujita，
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Si閉ple－Sysオe閉AIloys
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［Apri〕996to　March2001］

8ecause　of　the　various　addi迂ives，…’ecyc…ing　of迂he

meta至1ic㎜aterials　used£or　the　parts　of　automobiIes

and　other　aspec辻s　rema三ns　a　questio打aw＆it…ng　to

solve，　Nowadays，吉he　recycl＆biliy　of　mater1als

sho山d　be　fulf川ed1n　the　development　of　new　s迂ruc－

turalm星terials．㎞thepres舳research，4k1ηdof
meta1lic　ma辻erials　and　processi1昭methods　for　im－

proving　recyc］ab圭］ity　are　concerned一

　　　（1）Changes　o〔ogarithmic　decremeηt　with　tem－

perature　weぎe　measured　……1Mn　19－2Cu4Ni2Fe，

Mη18Cu5．19Ni2Fe　and　Mn18Cu5，98Ni2Fe（at％）

a11oys，which　were　so1…d　so1ut1on芝reated　at　g00．C

and　subsequently　cooled　to　room辻emper銚ure　in

1Oh，　The　microstructure　the　treated　al－oys　con古＆ins

three　phases，j．e．a㎝鮒1x　Mn－rjcわic言γMn　phase，盆

fine　Cu－rich　phase　and　a　small　amount　o£retainedγ

fcc　phase，Below　the　Tt　temperat縢ξes，both　m＆gnetic

demaiη　bou訂dary　damp三ng　and　（011）twinn1ng

boundary　d塁mping　con吉パbじte　to　芝he　obvfous

incζeases　in三〇garithmic　decl．emen芝一削gher　Ni　con－

tent　in　alloys　tends　to　shi股both　dampi1｝g　pe荻s　to

lower芝emper塾tures，however，improve　the　magni－

tudes　o£domain　damp三ng＆nd　Ha辻teηtbe　twinning

boundary　dampi1鳩peak。　（Ol］）twin　packets　have

showed　very　di飾erent　dimens｛01∬and　pack…ng　con－

figuration　in　tbe　three　a三ioys，and　sOn，e　reoriented

紛actioηs，deviated　from　the　origina…tw三nning　orieη一

tat…on　by　a　few　degrees，appear　inside　the　twi訂ned

p1ates　or　as　a13abnomla王twinning　P1ate　in　the

packet．The　mobiiity　of（01…）tw…nning　boundar三es

may　be　prohibited　by　those　reo…1ien辻ed£rac辻ions，and

consequent三y　a　sharper　nlai1－dan1p…莉g　Peak　is　resuれ一

cd…n　the　a1三〇ys　with　a1ower　Ni　coηtent．

　　　（2）Manystructura1pa…．tsmadebypowdermetal一

…urgy　are　we1三used1ηveh…c1es．Anotherelementsare

added　to言he　conventio訂al　materiaI　for　the　perfor－

mance　enha訂ceme打t　of　the　sintered　mate1．ials，

thτough　　the　　ζef…ne1ηent　of　nユ…cすostructure　　and

三mp・…m・ηt・fm・t・・i・i－p・・p・・ty・H・w・・…th・

separat…on　of　the　add｛tives　is　quite　difficult，w舵n

the　recycling　is　considered．Therefore，the　man訂fac－

turingofFe－Fecompos1芝ematerialsmadeof｛e…ron

powder　as　the　matrix　and　re1nfoぎced　fibers，becomes

instruct1ve　in　the　development　ofrecyciable　sin芝ered

a1三〇ys．A2patteすnss三nte｛1gprocesses（250．C×

30min－40ぴC×30mi幻）　has　been　reached　wb1ch

・芝tainsas鮒ngthofashighas50㎏／mm2inthe
Fe－Fecompos1temate舳s、

　　　（3）Alumiηumcastingalloyswithoutadditionof
the　third＆Hoying　e茱ements　p韮．esent　a　higher1’ecycla－

ble　property．1ηs芝ead　of芝he　grain　refinement　effec迂s

of　the芝hird　elernen芝s，strong　s辻irr…ng　oデultrasonic

vibration　during　the　solidification　process　of芝…1e

al－oys1s　expec辻ed　cap＆ble　ofζeぎining　the　micros一

芝…．uct靱re　of　cas芝ings．　！n　order　to　apP1y芝he　u董芝｛1asonic

vibr＆tioη三nthemolten　metal，沽eS1ALON　ceram1c

主s　used　as　hoζn　mater…a三．And　the　e腕cts　orsuch　a

hom　on芝he£ormat1on　of　primary　crystaIs　in　a

molten　A！一S1alioy　is　examined－　1n　the　Al－6％Si

aHoy，the　pr…mary　crystals　are　obviously　destroyed

by　adding　the　vibra芝ion，as　aζesじ1t，芝he　dendrites　are

segmen室ed，and　a　gramlardendrite　microstruc芝ure　is

formed．　U！trasonic　vibr星tio訂is　also　effective芝o

refiηe　the　prim盆ry　Si　ofAH8％Si。

　　　（4）The　study　on　improvement　ofthe　tool　l1fe　has

been　carr三ed　ou芝芝his　year芝o　develop　the　alternative

m＆teriai　instead　ofIead　free　c改ti訂g　stee1．Accord…ng

to　the　cutt…ng　test…n　wh三ch　t…芝anium　oxide　dispeξsed

mater1al　was　mac針ined，汰e　ox三de　covers芝he　surface

of　too至and　pro芝ect…芝from　abrasion　by　chips．　Bu芝

ch三p－djsposabiljty　and　cuttjng　三’esjstarlce　are　not

improved…n　th…sγi　deoxidized　steel．I…10rder　to

improve　these　propel’ties，heat　treatmen芝was　carried

out　to　obta…n　rnartensite　rnixed　structuτe．　This　heat

芝ぎe＆ted　steel　shows　super…or　chip－disposab｛iity　a打d

tOOi　Wear　and　Cu芝t…ng　reSiStanCe－

Keywords：highdampinga11oys，Ultrafineドeparti－

cles，　Uitrasonic　vibration　cast｛ηg．　Chip一
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disposability，martensite　microstructure
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120　FabI’ication　of　Partic■es　■）ispersed　Ma｛e－

ria1s’rhrough　Con廿ol1ing　of　SolidificatioηI11ter・

faCeS

人8ατo〃o〃伽伽8θ〃c乃Cθ〃ぴ伽8舳伽〃
〃ατθ〃α13　γ．030wα，G．ノ〃ん伽θ，8．τoんo〃o〃

ハ4ατθ”α18　C■θα”0〃　1～θ3θ0γc乃　8τ0”0η　1干．　γf〃D0η1θ3一

此Rθ3θακ乃ハθ〃0Wγ．肋08〃〃10W3物8．
γ0加附肋g伽3θακ加■

［Apri11997to　March1998］

Parまicles　such　as　fine　cerarnics　are　ofteη　used　for

partic豆e　dispersed　metals　to　pTeven言the　progress　of

crack　and支o　increase　the　s辻rength　and　toughness　of

the　ma芭eria1。豆n　th三s　study，the　mater1als　in　which

ceramic　par辻icles　were　un三formly　dispersed　were

unid…rectiona11y　sol…dificd，and　the　behavior　of　the

par辻icle　at　the　solidif…cation｛nterface　was　ana1yzed．

　　　The　partic1e　dispersed　material　was　produced

from　pure　aIuminum　powder　and　alumina　powder，

by　m㏄hanical　mixing　and　a1三〇ying　using　the　plane－

tary　ba11－mi1正foすmechanical　a1Ioy三ng，and　then

unidirect1ona1so1｛dificat三〇n　exper三ment　was　carr1ed

out　on芝his　material．Furthermore，the　behavior　o£

the　oxide　particle　a芝芝he　solidificat｛on　interface　was

examined　by　the　visua亘ized　model　experiment，

　　　Powders　were　mixed　and　compac雀ed，芝hen

swaged　for　汕nidirectionaI　s〇三id三fication．　　The

solidif1ed　samples　show　unidirec雀ionaHy　soIidified

structure．　But　oxide　f…lm　on　Al　powder　d…d　not

dissolve　and　constructs　oxide　network辻hrough　the

samp1e．This　oxide　network　was　torn　off　during

汕nidirectiona1soI…dification，and　was　p㎎shcd　up

togetherwith　a亘um1napowders　byso1id／liqUid　inter－

face．　UnidirectionaI　so1idificat…on　struct服e　was

observed　only　where　ox三de　network　was　e1iminated．

　　　τhe　mechanical　a呈1oying　was　carr｛ed　out　on　the

powders．　Pe三1ets　were　produced　by　this　method－

These　pe三1ets　are　very　h＆rd　becausc　of　work　harden－

iηg，and　have£irm　oxide　fiim　on　the　sur£ace，　So

compaction　could　no芝be　done　using　this　peI1et一

γhese　pe11ets　were三ntroduced　in芝o　the　me1t　o£A1一令

5w雀％Cu．These　were　easiIy　in芝…．oduced　into　the　me1t

without打o＆ting．But　the　oxide榊m　on　the　pel1et

surface　is　too£irm　to　disso至ve　in芝o　melt，so　the

aIumina　partic至es　d三d訂o芝disperse　unifoξm1y…n　the

me1芝．

　　　In　the　visuaヨized　model　experiment，the　behavior

of　the　particle　a芝　the　unid…rec辻iona正so夏id…ficat…on

…nterface　using　succinonitrile　which　is＆tr＆nsparent

organic　substance　with　the　same　s汕r£星ce　property　as

metalliC　mater三aI．

　　　As　aresu王芝of辻heobserv＆雀ion　on　condi芝ion　ofthe

smoo芝h　so胴／1iguid　interface，Paぎtic至es　were　not

entrapped　by　the　interface，but　pushed　out．　On

condit三〇n　of　the　dendrit三c　so1idif…cation，Partic1es

were　not　entrapped，but　the　part…cle　located　between

dendrite　arms　as　i£i辻was　entrapped　in　the　matrix．

　　　Ox三de　part1cle　dispersed　mater三a正was　produced

and　so1idified　unidirectionally　to　exam｛ne　the

beh＆v｛or　of芝he　par芝ic1e　at　the　so……d…fication　三nter一

£ace．lt　was　not　possib呈e　to　e三iminate芝he　oxide

訂e辻work　produced　on芝he　surface　ofa一汕minum　pow－

ders　during　sintering．Bu芝we　found　that　A1umina

powders　are　like正y芝o　be　pushed　out　at　so…id／Iiquid

in芝erface．　下h…s　means芝his　k…nd　of　particles　exist　a芝

gra…ηboundary　or　interdendritic　region　on　normai

CaS辻ing　COnd｛tiOn．

Keywords：solidificat三〇n，soI三dificat｛on　process三ng。
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unidirectiona1so－idification，composite，Part三c1e

dispers三〇n

121　I＝lneMIcrostI’uctu7e一）evelopmentInP1l，Il・aI

IPhases＾■1oy

K．〃αgαゴα〃6　0．σ〃θzα〃α，〃〃θ〃αゐ　Cκα肋η

1～θ3θαアCん　8τ0〃0〃

［April1996to　March1998］

長n　the　present　aluminum（Al）materia1釘ow　of　re－

cyc－e　stage，few　rec1aimed　scraps　are　rebom　as

wrought　preducts．　Major　secondary　products　are

castings－ThecastAlalIoysarebrittleandshowvery
poor£omab舳y，When芝he　cast　alloys　rn1ght　have

as　high　formability　as　the　wrought　al－oys，the　Al

ma辻eria1刊ow　would　ch盆nge針om　one－way　c！ose－

loop　system．

　　　In　the　present　sまudy，AI－Si（siliconc）system

aHoys　as　most　typica1and　practical　one　of　the　Al

cast　aHoys　were　attemp辻ed　to　atta1n　a　suffic1ent

£ormab川ty　沽rough　a　newヨy　desigηed　thermo－

mechanica1processing．　The　maiηconcept　to　tum

br三tt正e　into　ducti三e　is　to　crea辻e“recyclab正e　m1cro－

complex　micros吉mcture”．　The　A一一Si　system　has

two－phase　microstruct雌e　of　A1ma辻rix　w三th　disper－

sed　Si　crysta1s．The　bri辻tieness0£coarse　Si　c「ysta…

results…n　the　poor　ductility　of　the　a1－oy　sys辻em，

When　the　Si　crystals　become　sma1l㎝ough　no辻t0

break　under　workings，the　ailoys　is　expected　to

revea1a　good　formabi－i芭y．

　　　The　alloys　examined　were　A1－7mass％Si，A1一三2％

Si，and　Al－20％Si　for　A1－Si　binary　system　and　A三一7％

Si－1％Fe，Al－ll％Si－2％Fe，and　A正一I4％Si－2％Fe　for

ternary　system．三ron（Fe）is　one　ofmain　impurit三es

m1xedinrecyc1三ngprocess．These洲oyshavebrit辻1e
second　phases：f…ne　needle＿1i良e　eutectic　S…crysta正，

coarse　need正e－like　in辻ermetallic　compounds

（A15SiFe）and　coarse　primary　Si　crysta1－　Hence，

they　showed　the　sma1正£rac辻ure　strain　between0．3

and7％and　a　poor　cold－formabi1ity．

　　　By　a　given　amoun辻oF　cold－swaging　a耐er　the

samp1e　was　coo1ed　in　liguid　nitrogen（77K），a1三the

br｛tt正e　phases　cracked　i1？to　smal1er　pieces　and　de＿

creased　their　size．　Intermediaセe　heat－treatment　of

annea－ingfor3－6ksat793Kandwater－coo正ing
FoHowed　the　swaging．Until　when曲e　accumu1ative

reduct…on　in　the　samp1e　sec辻ion　was　achieved　about

80％by辻he　repetition　of　tbe　thermo－machanica！

treatment（TMT），辻he　sample　became　so　ductile　that

more　than　90％　reduc辻ion　could　be　given　in　cold－

deformation．
　　　The　bτiωe　phases　were　refined　into　about　a　fi針h

j幻size　compared　wjth　those　jn　the　as－cast（AC）

materials．Even　ifthe　ref1ned　brittle　phases　cracked

…n　c〇三d－deformation，the　cracking　did　not　deve1op

1nto凶e　A1matrix　and　only　m三cすo－voids　formed

arOund　the　re£三ned　partic正es．

　　　γhe　TMT　mater1a1s　had　higher　strain－hardening

rate迂han　the　AC　mater三als，and　eventua1Iy　their

uni£orm　e1onga芝ion　was　remarkab正y　improvcd，

Furthermore，higher　tensile　strength　was　given　and

言here£ore　strength－elongaむon　balance　was　evident1y

super1or　to芝針e　AC　materi＆1s．Figure　I　demonstrates

the　good　stre…1gth－eiongation　balance　of　the　TMT

m盆terials　compared　w三th　various　wrought　a1loy　sys－

tems．Some　of　A1－Si　al1oys　by　the　present　TMT

show　comp星rab正e　proper芭ies　with　prac辻ical　mater三a正s

for　wぎought　products．

　　　Most　interesting　phe訂omenon　in　the　newly　devel－

oped　processing　is　“healing”　of　cracks　三n　coaすse

primary　Si　crysta言introduced　in　cold－swaging，

These　cracks　did　not　perfectly　disappear　by　the

subsequenセannealing－　However，a1most　alI　the

cracks　were　extiηguished　during　the　repeti芝ion　of

γMT．The　authors　discussed　th銚easi！y　deformed

A－matrixm1ghげ川upthecrackedspacep1astica1互y

anいhatthevo1dsd榊s1㎝inthボecoveryof
deformed　AI　matrix　by　amea正i訂g　could　accelera辻e

芝his　healing　Process．

　　　MicrostructuralDesignandPro㏄ss1ngofPlastic－

ized　Hyper－eutec芝ic　A1－Si“e　AI三〇ys，O．Umezawa

and　K．N＆gai，　Proc，　　Third　1nter．Con£　on

εCOMATERILAS，（1997）：59－62，Microstructural
Design　of　Hyper－eutect三c　Al－Si　AHoy　and　lts　Defor－

mation8eh＆v三〇r，O，Umezawa　and　K．Nagai，Proc．

Third　Inter．Conf　on　ECOMATERILAS，（1997）：

91－94．Microstructural　Contro1ofrecyc1ab1e　A1－Si－

Fe　Al1oys　by　Low　Temperature　Worki㎎．Pζocess，C－

Y．L1m，O－Umezaw＆and　K．Nagai，Proc．Third
Intel’．Coηr　on　ECOMATElLAS，（1997）：99－l02．

O．U狐ezawa　and　K．Nagai，Japanese　Contrac辻10－

48382（1998）．

O．Umezawa　a打d1（．Nagai，3apanese　Contract10－

5川1（1998）．

Keywords：Ai－Si　cast　al1oys，recyc三able　design，

thermo－mechanical　treatment，　refinement，　For一
τn＆bi…ity

122　Cha7ac｛erization　of　Recovery　and　SoHen－

ing　Process　i”　Martensitic　Steels　at　亘I8vafed

↑ernpe了atures

〃、　∫gαrα8乃之　3、　ハ4〃ηθん之　K．　Kf舳〃アα　‘〃α姥〃ακ

σθα肋〃他3θα1℃危8τα肋砂α〃F．〃θ仰κηg肋

α〃L搾〃α1α〃0ηRθ8θαrC々8肋0砂
［Apτiい998to　March1999コ

High　Cr　ferritic　stee1s　such　as　gCr一，MoVNb　stee！
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（ASME　SA335Pg1）have　successfully　be㎝used£or

large　d1ame雀er　and　thick　sect｛on　boiler　components

such　as　main　s芝eam　pipe　and　header1n　super　critical

（SC）boilcrs　in　fossil－fired　power　p1ants－　Recel－t

trend　to　utilization　of　c…ean　energy1eading　to　pro辻ec－

t…on　of　g1oもa至　environment　has　been　acce1eraをing

apP1ication　oF汕亘tra　super　cζitica至（USC）bo…1ers，

which　are　opera芝ed　with　higher　efficiency三n　power

geneζation　than　…η　convent三〇nai　ones　and　芝hus

re1ease1ess　amount　of　carbon　dioxide　etc．The　USC

boiler　requires　he＆芝resistan芝mateξiais　with　im－

proved　creep　rupture　strength　at　elevated　tcmpe！1a－

tures　over600．C，because　of　increase三n　operating

temperatul．eandpressureofthesteamused－W
added針igh　Cr　ier洲c　stee1s　such　as　gCr－O．5Mo－L

8WVM（ASME　SA335P92）and12Cr－O．4Mo－
2WCuVNb（ASMB　SA335P122）s迂eels　have　already

been　developed　for　the　USC　boilers　up　to　aro靱Bd

610．C　and　aすe　being　prod訂ced　for　actual　applica－

tions，　The　expec芝ed　goa1of芝he　USC　boilers　is，

however，now　cons1dered　to　be63ポC　and30MPa，
w針ich　migh芝be芝わe　app1icab三e至imit　of　the　conven－

tjona】　£errit…c　stee王s　regardjηg　creep　streng言b　and

Steam－OX三datiOn　reSiSセanCe．

　　　The　ferrit…c　stee1s　with9－12％Cr　deve1oped　for

USC　boi正e喜．s　are　basica1三y　uscd　a行er　norma1izing　and

temper1ng芝o　obtain1ong－term　creep　rup辻ure　streng雀h

withenoughtoughness．Atypica1microstructureof
the　steels　normalized　and　tempeすed　cons｛sts　o〔ath－

martensitematr…xaηd〃1罧C6（M；Cr，Fe，Mo，W
etc．）type　carb三des　a至ong　Prior　austenite　grain　bound－

aries　and　la芝h　boundaries。〃X（M；V，Nb．etc．and

X；C，N）type　carbonitrides1nside　lath－martens1te

grain．TheadditionofWtothestee1senhances
precipitat1on　of　intermetal－ic　compounds　such　as

Lωθ3andμPhases　mainIy　a1ong　Pr三〇r＆ustenitic

gr＆in　boundaries　and1ath　boudaries，and　a正so　inside

grain　d訂ring　long　term　exposure＆t　high　tempera－

tureS．

　　　Creep　deformation　of辻he　ferritic　steeIs　during

service　exposure　at　high　tempera雀ures　…s　contro11ed

by　recovery　and　so耐ening　process　o£the　tempered

martensi言e　described　above，which　strongly　depends

on　the　constitut…on　of　the　microstructure　and　its

change　w…芝h　t三me－　lt　is，thus，impor辻ant　to　under－

stand　the　deta三1of　the　coηst1芝udon　of　the　m1cros－

tructure　and　its　change　w三雀h　time　by　changing　the

a11oying　e－ementsヨ芝o　c1arify　the　creep　defoすmat三〇n

process　at　h1gher　temeratures　overωO℃．

　　　γhis　research　program1s　thus　proposed　to　c1aζify

firs芝the　effects　of　a11oying　e三ements　on　the　relevant

phase　equi1三bria　of　the　stee－s　…n　question　at　the

corresponding　temperatwes　using　a　thermdynamic

so服ware，τ加r舳o－Cαた．Then，as　a　new　attemp，the

tra訂s£ormation　and　precipitat1on　behavior　of　the

s芝ee1s　are　cxperimenta夏1y　mcas汕red　us三ng　DSC（Di仁

ferentia1Scaming　Ca1orimetry）．γhe　results　would

be　anaiyzed　in　re正ation芝o　the　change　in　micros一

舳ctureandthec欄prelatedproper雀iessuchas
d附usion　coeff三cient　dw1訂g　creep　defoすmat三〇n．

Keywo“s：martensitic　transfoすmation，　£erritic

steels，creep　resistance，recovery

123　I＝easibility　study　on　1，Iti．ization　of　high

bri1liance　X－rays　for　stee■cha7acterizatioη

0．σ伽αα〃が，τ、τoん励α3〃紳，κ．乃〃zα〃＃，γ．

γα〃o〃c〃＃＊＊，κ、κ加〃〃弗，ルf、〃αノαんαwα朴，　r－

0伽〃α榊，伽ゴτ．〃α〃＊

串　　ハ4ακ〃o1∫　Cアθo〃o〃　1～θ∫θorc々　8τα〃oη

坤＃3肋ηψα〃ム枇〃α〃0肋η伽3θακ乃8伽f0η

州〃ψ他∫0／〃0η肋α〃他3θ〃C乃8伽f0〃
【Apri〕998to　March1999］

The　third　geneξat三〇n　s書orage　r1ng，SPring－8（Super

Photo訂すing－8GeV）has　been　constructed　at　the

Harima　Scjcnce　Garden　City－　The　beam1ine

8し24XU　which　Hyogo　prefecture　suppor雀s　三s

designed　for　providing　the　highly　br1lliant　mi－

crobeam　and　phase　con芝rast三maging．

　　　Regarding　on　the　micros辻ructura1　characteriza－

t1on　o£stee1s，transmission　e1ectron　microscopy　has

been　usu＆1ly　emp1oyed．However，the　ana正yses　have

to　be　done　by　thi1－　foi三and　are　invaI三d　for　bu三k

in£orma芝ion．Thus　the　three－dimens…ona三dis吉ribu－

tion　oダt1ny　pξec三pitate　and／or　m1crocrack　in　bu正k

sample三nter三〇r　has　bee列hard1y　c1arif…ed，The　im－

proved　reso～tion　oダtopograph｛c｛mages　whh　hard

X－ray　is　expected　For　an　advanced　char＆cterization

of　s辻eels．

　　　We　have　collabor＆ted　wi雀h　the　C㎝ter　for

Advanced　Scieηce　and　Techno－ogy，Hyogo，and
have　三nves芝igated　the　feasibi1三ty　of　phase　contrast

imag三ng　for　steels’study｛n芭he　foHow…ng　aspec辻s1

1．M三c…・ostructura互character…zatiorl　of　s芝ee1s

　　　lmaging　tiny　precip1tates至ike　c＆rbides，nitrides，

and　intermeta至1ic　compounds　in　Iow　aIloy　s辻eels，

2－Ana互ysis£or　delayed　fracture　in　s芝eels

　　　呈maging　in芝ergra訂u1ar　cracks　and　gra三n　boundary

stmcture1n　high　streηgth　steeIs．damaged　by　de1ayed

fract汕re，

3－Ana1ysis£or曲e　m…crocr＆ck　and1oca1stress　field

…n　h｛gh＿cyc1e　fatigue

　　　Imaging三nterior　microcra畝s　and1ocal　stress

distribution1ntroduced　by　fatigue　damage．

Keywords：synchrotroη　radiat｛on，steels，Precipi一

芝ates．in芝ergranu1ar　crack，delayed　f…．acture，fatigue

crack　and　deformation
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Jointi㎎and1nterfaceStation

124　匡肘ec1＝　of　the　　lnterfacial　l）amage　　On

Mecha饒ical　Properti8s　for　Ti－Based　Matrix　Com－

poSites

C．〃α醐ぬ，λ、Fαん必α閉，五σ勿α加，H　γα閉αwαれ

γ．　二rαηαたα　oη6　γ．F．　1二加

D加なf0η

［April1996to　Mar曲1999］

〃εψC・α〃〃”㎎

Si－icon－carbide（SiC）fiber　rein£orced　titanium　a1正oy

m．t．i。・・mp・・it・・・…tt…ti・・f…舳・t…1・pP1…一

。。ti㎝。。。。h・。g・・t・・bi・…gi…，b・・・・…fth・i・

high・p・・ifi・m・ω・…d・1…gth・・1・dg。・d・t・bi…一

i辻y　at　high　temperature．There　are　many　reports　on

the　fabrication　methods　aηd　mechanical　properties

ofthose　composites．一t　is　we豆1known　that　the　major

P・・bl・md・1i・gP・・・…i打gi・£ib・・d・g・・d・ti・・due

雀。th。㎜。。。id．bl…t・…f・・ti・・・…1i・・b・b・・一

ior　be辻ween　the　fiber　and　matrix，that　is，the　reaction

1．y・・thi・㎞…w・…1・t・dt・th・d・g・・d・ti…£

m。。h。・1・・1p・・p・・ti・・、Th・・ff・・t・£th・・…ti・・

1．y…hi・㎞…㎝・h・m・・h・・i・・lp・・p…i・・…呈d

。。tb．d．d。・・dbゾh・㎜i・丁・m・・h・・i・・，b・・・…th・

m。・h。・i・・1p・・p・・t1…f・…ti・・1・y舳・・ld・・tb・

obtained，
　　　（1）F・tig・・・…ki・i・i・ti・…dp・・p・g・乞i・・

mechanisms　tested銚room　temperature　arc　as　fo1一

至ows；（］）a　fiber　cracking　and辻he　initiation　a芝the

tip・fiti・1h・・…ti㎝1・y・・，（2）i・t・・f・・i・ld・b・・d■

i・gb・tw…1h・・…1i・・1・y・…d・・t・・…b・n

i・y・・，（3）・w…1・gb舳・・・…b㎝1・y…nd「eac■

ti・・1・y・ζ，・・d（4）m・t・i…屋・ki・g・F・tig・・m・・h・’

nisms　tested　at　h三gh　temperature　in　vaccuum　was

nearly　the　same　as　those　tcsted　at　roo狐雀empe「銚u「e・

Buけhe三脆dur盆tion　for　the　format1on　o£まhe　debon－

di・gb・tw・・…t・・…b㎝1・y・…d・…ti㎝…・y・・

　was1onger　at　high　temper銚ure曲an辻hat　at「oom

辻emperature　under雀he　same　stress　leveL1辻is　suggest■

　ed　that　the　fatigue1ife　at　high　temperature　is　higher

　than　that　at　room　temper航ure　due　to　the　formation

　of　debondir■g．

　　　　（ll）A・1・…1・d・・p・1im・…lly・th・i・t・・f…

・。g1・・b・tw…lh・f1b・・，・・…i・・1・y・…dm・t・i・

pl・y…　imp・舳t・・1・i・d・㎜g・i・i・i・・i㎝・nd

P・・p・g・・1・・，th・巾・・m・d・li・g・・d…正y・i・・fth・

　in辻erfac｛a正dam＆9e　init｛ation　and　propagation　have

　been　carried　out．A㈱1yticai窒nd　numerica正results

。。。。bt．i・。d・・g・・di・g3typ…fd・m・g・i・t・…ti・・

　between　in辻erf乱ce　bonding／debonding　and　a　crack

　　in汽ber，reinforced　metals，蝸meIy，a　circum£erencial

。。。。k・pP・…hi・g・fib・・一m・t・1・i・t・・f・・・・・…k

d。脆。ti。。・・dp㎝・t・・ti…　t・・i・t・・ph・…3一

dimens…onal　plasticity　growth　around　a　crack　tip

and三nterface，Tbeseξesu1ts　a王e　summarized　asξol－

lows：（】）bonding　intcrface　may　h三nder　or＆cceler一

。1．tb・g・・wth・£…pP・…hi・g・…kd・p・・di㎎

on　the　combi訂at三〇ns　of　fiber　and　matrix　mater｛ai

P・・p・・ti・・，（2）P・・p・τti・…dthi・k・・・・…ftb・

interphase　areveTy　impoれ径ntto　crack　de脆ction　aηd

P・…倣i・・…diti・…〕・・郷h…1…すf・・…（3）

plasticity　growth　is　l｛kely芝o　occur　pτefere打ti＆11y

around　and　i列terface　because　of　thernla正　s校esses

…nduced　during　composite　processingラand伽s　com－

pli・・t・・d・b㎝di㎎・o・diti㎝・・

Xeywords：meta呈matrix　composite，fatigue　fr＆ctuξe

mechanism，interfaci盆1debonding，wearing，FE］〉≡

analySiS
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　　　o£a　fiber一㎜＆trix　axisymmetricaR　model　with　a

　　　ciζcumferen辻ial　cすack”，一n雀．J．Fぎac吉ure，88（1998）

　　　p87＿l05，
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　　　　。ei．fo．cedTi－15－3composit・・thightenlpera一
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125直valuati㎝ofmech㎝icalp岬e州esfor
metal　mat刈x　composites

C肋。。〃〃。∫肋，γ・∫舳∫・τα・・ん・J・洲ηgα”

∫肋ψ・εRε∫鮒・危∫舳f・η

［Ap工i11996・・M・1舳9991

As　meta正matr1x　composites　h＆ve　anisotropic　str削c一

ωres，those　mec針anica正pζoperties　are　significa耐

d・p・・d・d・p・・th・f1b・・d1…t1㎝iηth…mp・・it・・

iη・・mp・・1・・列t・th・・・・…ti…t・・I…1・mimm

・ll・y…d・・㎝．1…d・・t・・bt・i・th・す・I…・b1・d・ta

of　mechanica正properties　for　metal　matrix　compos－

ites　and　to　propose辻he雀est　standard芝o　ISO　and　so

。。，ith。・b・…㎝tim・d・i…1992t・p・・…d・・

i．t．m．t1㎝。1…p…li・・・・・・…h£・・th・・㎝・d

robin　test（RRT）of　mechanica三properties　for　metal

matr三x　composites．　About　eight　organizations　in

United　State　of　Amer1ca，United　Kingdom，Geぎ一

ma訂y，France，and　Japan塁re　ass三sted　for　the　mem－

bers　of　this　technica玉working　area　of　VAMAS

Pτoject．

　　　Upt…w・t…i1・・…w…盆・王i・d…ぎ…
sihcon　carbide　whisker　reinforced　aluminum　a正1oy
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matrix　composi迂e　supplied　from　NASA　at　room

temperaωre，　Data　obtained　from　RRT　were　ana一一

yzed　and　the　tensi至e芝est　method　for　metaI　matrix

compos1te　at　room　temperature　was　proposed　to

ISO．

　　　Moreover，the芝ens1le　test　a言high吉empcrature　for

the　same　compos三芝e　was　performed　and　anaIyzed　the

d銚a　obta三ned　by　about6organizat…ons　in　the　wor…d．

The　modu1us　and　tensi1e　strength　data　showed　very

large　scatters，because　of　the　d三fference　of　the　test

procedじre　among芝he　organizations－The　second　test

was　organ三zed　to　check　the　efiect　ofthe　stすa三n　rate　on

the　tensi三e　strengセh　and　modu正us．　The　second　test

has　finished　now，but　a正至data　were　not　ga凶ered　yet，

According　to　our　resu1ts，the　tensi1c　streng芝h　i訂一

cすeased　with　increasing　strain　rate，a正though　the

e術ect　of　the　strai列rates　was　not　made　clear　yet．

Fa芝igue　test　wi…l　be　organized　for　silicon　carb三de

whisker　reinforced　aluminum　a11oy　matrix　compos－

i辻e　at　room　and　high　temperatures一γhe　test　condi■

芝ion　has　a正ready　been　discussed，bu㍑he　specimen

conf…gura雀ion　was　no辻yet　decided一

　　　Titanjum　alloy　m磁r｛x　composite　w川be　tested

for　the　tens三1e　and　fatigue　condit…on　at　high　tempera＿

ture．　For　that　purpose芝he　nユa辻erials　have　akeady

obtained　and　芝est　condit…ons　h＆ve　a1so　decided．

Because　the　reference　fatigue　data　were　not　ob辻ained，

those　data　are　necessary　to　take　now．RRT　will　be

started　after　the　test　s芝…．ess…evel　is　dec三ded．

Keywords：meta1matrix　composites，standardiza－
tion　of　test　methods，tensiie　stest，fa芝igue　test，a正u㎝i－

num　a三1oy　matrix　composites，titanium　matrix　com－

posites

1261…valuation　of　co〃osion　damage　at　atomic
leVel

Keywords：Corrosion，KFM，Pote列tia三

Related　paper

Possibi1ity　of　obscrvatioηof　water　film　by　meas縢r－

i訂g　surface　potential　distribution＝H．Masud＆，3．

Japan　Inst．Metals　Vol，62No，12（1998）1183－l188

1．27　Deve1opment　of　meta■havIng　envlronmen一

｛aI　cIeani11g　abiIity　by　pl1oto　ca11a1ysis　reaction

17．〃α3α6α，／〃0〃〃ε戸　3〃〃0τ〃1・α／　〃10τθ1プ0／　6ε〃τθ戸

［April1996to　Marcb1998］

Prev三〇us　AFM　observation　showed　that　sma11water

dropIe芝s　a刻d　water　film　were　observed　on　the　surface

when　p靱re　water　or　aqueous　so1ution　was　poured　on

graphite　or　mica．1n　th1s　cxperiment，Pouring　Pure

waterandO．OlMCuS04＋H2S04a叩eoussoludo訂
on　graph1室e，adsorbed　water　observed　by　AFM　was

tried　to　detect　by　the　FT－IR　microscope．The　exis－

tence　of　adsorbed　water　on芝he　surface　of　gold　and

pure　iron　was　a1so　examined　by辻he　FT－IR　micro－

scopea訂d　AFM．γheres靱Itsshowedthatthepeak
ofwater　was　observed　near1590cm■l　on　the　surface

of　graph…te，9〇三d　and　pure　iron。　γhe　existence　of

三iquid　mm　ofwhich　thickness三s2nm　wasconfirmed

by　the　AFM　observation．From　these　resu1迂s，there

1s　the　high　possibiIi芝y　that　the　wa吉erξi三m　ex三sts　on

the　metaI　surface　used　for　present　experimen雀．

Keywords：Water　drop三et，AFM，町一IR

Related　paper

Observation　of　Adsorbed　Water　on　Various　Mate－

rials　by　AFM　and　FT－IR＝H．Masuda，J，Japan　Inst．

Metals，Vol．62，No．7（1998）617－620

∬．ルfα∫αoiα，Fγo〃〃εr　3炉〃cτ〃rα1　η一ατθ〃α／　cθηκr

［Ap州1996to　March1998］

Previous　AFM　observation　showed　that　sma亘1water

drop1ets　and　water　film　were　observed　oパhe　s服face

when　pure　wateすor　aqueous　soIut…on　was　poured　on

graphite　or　mica．　However　when　the　specirnen

surface　was　dirty　and　too　rough　to　observe　very芝hin

water　film三ike　rough－y　po1ished　metaI　surface，we

cannot　decide　whether　the　water　film　exists　or　no芝．

The　possibi正三芝y　o£mbasurement　of　water　film　d三stri－

bu言ion　by　s汕rface　poten芝ial　measurement　was　s芝ud－

ied．As　the　results　it　is　proved　that　sur£ace　potentia1

becomes三〇w　when　w銚er　fi1m　is　exis辻ed　and　thin

water　fi1m　which　cannot　be　distinguished　from　the

surfacc　shape　can　be　observed　by　measuring　the

surface　potent…a…distr｛bution．

128　■三ffect　of＾9ing　Degradation　on　Localized

CorrOsiOn　Of　Structural　MateriaIs　for　Light

Wafer　Reactors

γ．K〃αゴα，8．0々伽〃K．K〃08αwα，ノ．κ加〃9αwα，

γ．〃〃α伽α舳，γ．＾α之〃η加gα〃〃θψCθ
1～θ8θα1C々　8τα〃0〃

H．〃θ，〃θC肋〃Cα／〃0脾肋3D州3f0〃

τ．Kα測9砿κ．助〃肋r舳〃0Cθ∬加gD州3j0〃
【April1996to　March2001］

Life　management　o£Nuclear　Power　P三an芝（NPP）for

the　acquisition　of　renewa11icense　is　one　of　the

worldwide　pr三mary　concems，From　the　vicwpoint

of　the　in芝egrity　eva1uation　of　structura1materia1s，

theエefore，言he　interaction　between　aging　degradation

of迂he　mateξia豆s　and　cnvironmen言a1ly　ass三sted　crack一

一100一



ing（EAC）is　one　of　the　important　issues　to　be

inVeSdgated．

　　　The　objectives　of　the　research　are　to…nvest…9ate

吉he　interaction　between　aged　structuraI　materials　and

environmental1y　assisted　cracking（EAC）such　as

stresscorrosi㎝cracki㎎，corros1onfatigueinhigh

temperature　water，and　to　mitigate　the　en－argement

of1oca1damage　in　we1d　joints　by　using　a1aser　beam

technique．

1－I耐eraction　between　aged　materia1s　and　EAC

　　　Su伽r（S），which　exist　as　a£orm　oFMnS　inclu－

sion　in　ma辻eria－s，is　one　ofthe　import＆nt£actors　for

eva1uation　of　EAC　behavior　in　high　temperature

water．The　disso1ution　ofMnS　resu1ts…n　lower…ng

PH　in辻he　vicinity　Of　a　cracl（tip．　In　this　year　the

effectsofMnSandTemperaωreoncorrosion1ossof
low　a1loy　steel　in　high　temperature　watぴwere　inves－

tigated．As　a　result，it　was　found　th挑the彼end　of

corrosion1oss　was　subjected　to　the　series　of　tcst

condit1on：aeraむon＋MnS＞aeration＋no　MnS＞
deaeration＋MnS＞aeration＋no　MnS．In　addit1on，

it　was　a1so　found　that　in　thecase　ofaeすat1on＋MnS，

the　corrosion正oss　was　the　largest　a辻艮75．C，which

was　probab1y　due迂o　the　format1on　of　strongeζoxide

film　of　magne亡ite　at　h1gher　than17デC．

2．Mitigationfortheen1argemento〔oca1damageby
laserbeamtechnique

　　　TEM　observa辻ion　was　conducted　ror　a　helium

doped　he銚affected　zone（HAZ）of　stain1ess　steel

from2－200appm　in　amount　of　helium，on　which
sur£ace　was　pos辻一treated　by　electron　beam　techni卯e

simu三ating　a　laserもeam　process1ng－　It　was£ound

that　he1ium　bubbIes　were　observed　in　the　case　of

わigher　doping　more　than20appm，and　its　behavioζ

showed　vario汕s　appearances　such　as　tiny　bubb－es

scat辻ered　in　gr＆ins　or　large　bubb－es　gathered　in　grain

boundary，which　depended　upon　…ts　input　heat

COnditiOη．

　　　As　one　ofthe　eva1uaむons　for　corrosio列behavior

of　weld　meta三〇f　stainless　stee1wh三ch　was　post－

tre＆ted　by　laser　beam　technique，elec汝ochemicaI

approach　was　conducted　by　using　a　micro　vibr＆tio莉

e三ectrode　in3％N＆αsolut｛on．Althoughcorrosion

pits　were　observed　in　HAZ，it　was£ound　tha芝the

post－treating　by1aser　beam　technique£or　the汽AZ

was　ab－e　to　supPress　the　initiation　ofcorros…on　pits．

The　mechanism　ofthe1nitiaまion　ofcor…．osion　pits　is

now　be三ng　investigated－

　　　In－situ　observation　by　a1塁ser　speck1e　method　has

been　appiied　in　order　to　measure　the　loc盆1stra三n

behavior　o£we1d　me雀＆1in1aser　processing．互t　was

£㎝ndthaいheprecisi㎝ofs打a1nmeasurem㎝t
decreased　due　to　the　very　high　intensity　o£radiation

by　the　p1asma　o£！aser　beam，　Optimization　o£

measurement　cond1tions　was，therefore，Primary　con－

cerns　at　present．

Keywords：aging　degradation，正ocaIized　corrosion，

Hght　water，rcacセor，we1d　j〇三nts，1aser　beam

Strenght　and　EvaIuatiOn　Resea「ch
Station

1291）eve1opme舳of　l，lano　Sca1e　Charact甘1za・

｛ion1－echnique　of　Grain8oundary　aI1d　its　Use　t0

A■alyses　to1耐ergranu1ar　l＝raCt1〃e　Mechnaism

τ．乃んα乃α3〃＃，8．〃α舳0んα＃，E．τα加αC〃曲，〃．

〃αノαんα〃o＃，κ．τ3吻α〃舳α〃68．γ〃3α榊

＃8肋ηg肋α〃L搾〃α〃ατj0〃伽3θα1℃h舳ゴ0〃
曲＃λ4ακ〃α13　Crθα〃oη　1～θ3θαγc乃　8τα〃o〃

［April1997to　M刮rc112000］

Grain　boundary　is曲e　most　important　factol’of

meta一～rgica1stmcωres　which　controI　mechanica1

propert…es　of　metals　such　as　delayed　fracture　and

stress　corrosion　cracking　as　we11as　strength　and

toughness1

　　　It　is　essential　to　have1nfoζmations　about　micros－

tructures　and針ac辻ure　behaviour　at　grain　boundary

and　the　mechanica1propert三es　in　the　immed1ate

vicinityofgrainb㎝ndaryinorder辻oc1arifyセhe
mechanism　of　intergranular防acture，

　　　Sccaning　e1ec迂ron　microscopy　（SEM），Auger

electron　spectroscopy（AES）and　transmission　e正ec－

tron　microscopy（TEM）are　typ1ca1methods　for

rnicroscopic　analysis　of　grain　boundary　struc辻ures－

However，c盆pabi1ities　o£セhese　methods　are　not

enough　to　reve盆1the　detai1s　o£rnicrostructures　and

針acture　behaviour　at　grain　boundary，that　is，SEM

and　AES　do　nothavesuξficientreso～tion　to　observe

very　snユaI正prec｛Pitates－ess　than　－0nano1皿eter　and

TEM　is　not　adequa辻e　for　a　three－dimens1onal　ana1y－

s…s　of莉1icrostruct縢res．

　　　This　study　has　the　fol1owing　Four　aims．

I，Deveiopment　of　the　techn1que　for　a　three－

d1mensiona…nanosop三c　characterization　o£9rain

boundaries，

2．Analys三s　of　the　efiec辻of　grain　boundary　m三cros－

tζuctures　on辻he　mechanica…Properties　in　a　very

sTna1l　area　near　grai訂boundary　by　nano－indentation

method　developed　at　NRIM．

3．Analysis　oftheすelationship　between　grain　bound－

ary　microstructures　and　the　streng芭h　and　the　inter＿

granular耐acture　based　on　above　informations．

4．Estab1ishment　of　the　gu三de　principle　to　improve

芝he　reSiS芝anCe雀O　intergranuIar針aCture－

　　　The　sccaning　probe　microscope（SPM）is　appro－

priate　for　nanoscopic　ana三yses　of　grain　boundary

microstructures，because　the　SPM　has　the　atomic

sca正e　resolution．However，it　is　hard　to　observe　very

一10ユー



sma1正precipitates　on辻he　spec1fied　grain　boundary

s齪r胞ce　of｛ntergすanu三ar　fractured　spec｛men　by　the

conv㎝芝iona1SPM　because　ofits1arge　surface　rough－

ness　of　more　than－0μm．

　　　This　study　began　w三th曲e　deve1opment　of　a　ncw

probe　and　a　lever　for　atomic　force　microscope

（AFM）which　enable　the　nanoscopic　charac吉eriza－

tionofgra三nbo訂ndary，Anewlydevelopedprobe
has　a　height　o〔mm　tallerthan　conven辻ional　oneof

20μmandanewleverhasawidthof400μmwider
thanaconventional㎝eof50μm．Next1y，inorder
to　resoive　prob1ems　related　to　reduction　of　measur－

1ng　accuracy　ofheight　due　t〇三ncrease　of1ever　weight

and　related　to　increase　o£spring　constant，the　shape

of　a1ever　is爬wly　designed　and　the　new　materia1is

usedforalever一γhenewmaterialisa1soadopted

£oraprobetoimprovereso1ution．Moreover，aSEM
is　incorporated　in芝o　the　AFM　t．o　make　poss三bIe　to

observe　the　spec三fic　grain　boundary　surface．

　　　Pre1三minary　observations　of　fractured　surface　of

the　guenched　s芭eel　of　O．53％carbon　was　carried　out

by　use　the　comentional　AFM　to　verify　that辻he

AFM　was　effectjve　tool　for　nanoscop1c　ana1yses　of

microstruct岨es　of　the　fractured　surface．　It　was

confirmed　that　nanoscaIe　precipitates　couId　be　ob－

served　by　AFM　wh1ch　were　no辻observed　by　SEM

w…th　the　highest　qua1ity－

　　　In亘998，the　foHowing　studies　are　schcdu1ed．

1．Analysis　ofthe　grain　boundary　microst洲cture　by

打ewly　developed　apParatus．

2．Ana1ysis　ofthe　grain　boundary　microstructure　on

the　mechanica1propeζties　in　the　vicinity　ofthe　grain

boundary　by　nanoindentation辻echnigue．

3－Ana1ysis　of　the　re1ationship　between　the　grain

boundary　microstructure　and　the　intergぎanular　frac－

ture．

4．Improvement　of　the　performance　of　new1y　deve三一

〇ped　apParatus．

Keywords：grain　boundary，delayed　fracture，nanos－

caleヨsccaning　Probe　m1croscopy（SPM），atomic

force　microscopy（AFM），intergranu1aパracture

130　■）uc｛ile　versus　B了ittle　Behavio了　of　struc－

tu　ral　SteeIS

8．舳肋o肋，〃oη伽ル3θακ乃Cθ〃θ・伽8肋κ一

〃α／〃肋肋ゐ，8〃θ〃ψ
1～θ3θαrC々　8τα〃0η

［Apri11996to　March1998コ

α〃ム搾ハ肋〃0〃

Ma莉y　s芭eel　s舳c雀ures　were　damaged　on　Hansh1n－

Aw邑ji　great　earthguake　of3anuary17．1995．One
typica正examp1e　was　the　buck1圭訂g　of　steei　columns　in

highways　and　another　was　the　br｛ttle　fracture　ofstce互

box　columns　in　high－rise　bui1dings．Such　a　di冊er－

ence　in　damage　modes　is　ciose亘y　re1銚ed　to　the

ductile　versus　britt1e　behavior　ofthe　structura1steel，

　　　SEM　fractgraphy　showed　that　the　c1eavage

apPear星nce　was　observed　in　large－sca1e　specimens

fτacセured　under　load　seΨence　simu1ating　Hansin－

Aw＆ji　earthquake．了his　confirmed　tha辻steel　struc－

tuτe　components　were　br三t辻1e－fractured　on　Hanshin－

Awaji　earthquake．　Duct｛ie　fracture　specif董ed　by

dimples　was£ormed　ahead　of　britt1e£racture　in

large－scale　specimens．　Similar　phenomena　were

observed　in　sma1－specimens　ofCharpy　impact　tests，

Based　on芝hese　resuhs，We　proposed　that　the　tough－

ness　of　stee1structuすal　components　w塁s　equa1to　the

Charpy　impact　energy，when　the　ductile　crack　length

was　the　same　each　other．

Keywords：Hanshiη一Awaji　earth叩ake，　buck－ing

and　brittle　fractuすe　of　stee三compo舵nts，fractgraphy

131　Mechanical　Propehies　of　TI1in　I＝i1ms　and

Coatings

8．〃α舳oんα，〃oη伽地3θ〃c乃Cθ〃θr仰8舳c一

柳α／〃肋〃o13、∫肋ηg肋
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［April1997to　March1999］

0〃ム搾肋α〃〃0〃

Mech＆nical　pmpeζties　of　thin　fi1ms＆nd　coatings

become　a　subject　of　much　concem，bec盆use　they　are

widely　used　in　a－arge　number　ofindustria－He1ds．In

’辻his　study，　depth　sensing　indentat三〇n　（DSI）　tech＿

nique　is　deve1oped　to　measure　hardness　and　elastic

modulus　of　thin　f1lms　and　coatings．The　study　is

close1yζelated　to　the　new室echnicai　working　area

TWA22“Mechanical　proper辻ies　of　thin’fi1ms　and

coat1ngs”among　VAMAS　projects，

　　　In　the　financial　year，DSl　was　carried　out　for

a三uminum　thin榊ms　on　a　hard　substrate　ofalumina

which　weζe　prepared　in　the　pζevious　year，Pop－in

phenomena　were　occ服red　because　the　oxide　film

was£ormed　on　aluminum雀hin　f1lms．An　empirica1

equation　w＆s　developed，so　tha辻Vickers　h星rdness

was　est…mated　from　DSI　da辻a．The　e卯adon　was

use£ul　for　eva1uating　the　hardness　of　the　meセa11ic

th三n　fi三m．

Keywords：舳ηf1lms，coat1㎎s，elasticmoωus，
hardness，depth　sensing　indentatiOn

132　Stability　ofTe趾agonaI　Phase　and　its三ffect

on　Hig11・Tempera帥re　Mecトanica1Properties　of

Zircoηia
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γransformation－toughened　zirconia　（Zr02）　base

ceζamics　have　been　ofmuch　interes亡in　receηt　years，

because　o£　the　considerabIe　po辻entia三　〇f　these

ceramics　in　struc辻ural　apP－icat…ons．　The　author　and

co－workers　have　revealed　for　a　p＆rt…a－ly　stabilized

zirconia（PSZ）Zr02－9．7moi％MgO　thatthe　te打ago－

n＆1（t）to　monoclinic　（m）Phase　transfoぎmation

occurred　in　the　two　distinct　stages　at　l000－1200K

and400－700K　on　cooling．　The　low－temperature

stage　was　ca日sed　by　martensitic　tr＆ns£orma辻io齪oF

the　e一三ipsoidal　part…cles　of言he　t＿phase　in　the　cub…c

帥ase　matrix．　γhe　high－temperature　stage　was

c室used　by　martensitic　transFormation　of　the　low－

MgO－content　m－and　t－phase　containing！一2mol％

MgOproduced　byeutecto1ddecomposition　o£cub1c

phase．In辻his　research，the　transform盆tion　behavior

has　been　compa肥d　with　tha雀i訂an　another　PSZ，

Zr02－8mol％CaO，and　in　tetrago列al　zirconia　poly－

cryst＆1（TZP），Zr02一（2－3）mol％Y203－The　Zr02－8

mo一％CaO　and　Zr02一（2－3）mol％　Y203showed

martensitic　transformation　corresponding　to　the

high－temperature　and1ow－temperature　stages，respec－

tively，1n　the　Zr02－9．7mol％MgO－The　present

results　sugges芭th銚the　transformation　beh＆v1or　in

zirconia　ceramics　strong1y　depends　on　the　micros－

truCture．

　　　γhe　rela辻ion曲ip　between紡ac雀ure　toughness　Klc

and　Vickers　hardness　Hv　has　been　investigated　for

the　Zr02－9－7mol％M［gO　and　Zす02－2mo正％Y20茗in

the　temperature　range　between　room　temper我t服e

and1三73K．The　volume　fr＆ct三〇n　ofthe　m－phase　in

the　specimens　was　changed　from　O　to　O－987for　the

Zr02－9．7m〇三％MgO　by　various　heat　treatments．了he

present　resu1辻s　showed　that　the　KIc　was　inversely

P・oporti㎝aいothe舳，simi1aras芝針oseinthe
maraging　stee1s　and　Ti浅11oys　which　were　aIready

pub1ished　by　Muneki　et　al．ne　zirco列1aヒeξam1cs

were　iocated　in　low　Klc－high　Hv　side，while　the

meta1lic　ma辻erials1n　high尺1c－1ow　Hv　side－

Keywo“s：PartiaIly　stabi－ized　zirconia，辻ransforma－

tion，£racture　toughness

ReIated脾pers：

副gh　Temperature　Hardness　and　Tough鵬ss　ofMgO

PartiaHy　Stabi1三zed　Zirconia　and　Y203TetragonaI

Zirconia　Po1ycrystal，S－Muneki　and　F，Abe，

Ceramic　Processing97（1997）in　press．

Reiationsh三p　between　hardness＆nd　fracture　tough－

ness　o£a9，7mo1％MgO　par辻ia1ly　stabil1zed　z1rconia

alloyandhighspecif1cstrengthmeta1licmaterials，S．

Muneki，F．Abe，Proc．5th　』apan　Intemational

SAMPE　Symposium（1997）547一

Imp服i辻y　Contro…in滅ea辻Res…st三ng　SteeIs　and　Eva1－

u＆tionoFTheiすRadioactivity，F．Abear■dT．Noda，

8th　Intemation＆1Con£erence　on　ドus三〇n　Reac辻or

Materials（！997）198．

133　■三va■uation　Method　of　渕igh　Temperat1』re

1＝racture　Property　for　Creep8ri廿1e　l、’late了ia1s．

〃。τα肋c机κ．κ必oαηゴτ．0肋α8卯θ〃9肋αηゴ

L砕伽α〃〃0η8刎10η
［April1997to　March2000コ

亘t　is鵬cessary芝o　es芝ablish　the　test　method　of　creep

crack　growth　in　order　to　evaluate　the　re－i盆b11ity　and

residua1　life　of　わigh　temperatu1・e　components，

VAMAS　intematio訂aI　collaborative　research　for

creep　crack　growth　has　been　cond汕cted　since1986．

Based　on　the　results　of　this　research　project，　the

辻esting　standard　conceming　creep　crack　growth　of

creep　ductile　meta1s　have　been　adop辻ed　by　ASTM　as

E1457－92．　However，the　test　method　shou正d　bc

modified　in　orderto　adaptto　adva列ced　heatresisting

materia1s　because　they　show　dif£erent　creep　crack

grow芝針behavior　from　ductile　meta－s．　7herefore

VAMASγechnical　Worki㎎Area19on副gh
TemperatureFractureofCreepBrittleMater1a！swas
established　in－993．This妻．esearch　aims　to　conduct

the　collaもorative　reseaζch　in　VAMAS　TWA19and

to　establish　the　standard　test　and　evaluat1on　method

o£cζeep　crack　growth£or　creep　britt1e　ma辻eriaIs．

　　　The　round　robin　tests　on　titanium　alumin三des

（Ti－33．4wt％Al）i打termeta1Iic　compound　wh｛ch　have

f阯1y　Iamcl1a　microstructure　and　coarse　grain　have

been　conducted．We　have　proposed　the　guide11ne　of

cすeep　crack　growth芭es辻methodεor　TiAl　based　on

the　round　robiηtest　resu1ts．　This　gu…deline　was

d1scussed　in　VAMAS　TWA19m㏄t1㎎一

　　　Fatigue　pre－cracking　was　recommended　in　con－

ventionaI　fracture　mechan1cs吉ests　method．　How－

ever，the　fatigue－pre－cracks　grew　to　the　direction

along　the三ame1la　struc雀ure　and　dev1ated　more　than

20ソrom辻he　notch　plane．lt　was　experimentaHy　and

numer1ca1ly　indicated　that　the　sharp　V－notch　speci－

me訂was　usefuI　in　s辻ead　of　pre－crac失ed　specimen1n

order　to　get　creep　crack　growth　rate　For　this　creep

brittle　material．M1cro　cracks　induced　by　e1ectrica正

discharged　mach1n1ng（EDM）affec辻ed辻he　stabi11ty

of　creep　crack…nitia芝ion　behavior－　Therefore　we

recommended　the　V－notch　machined　by　hard　tool

cutteζas　a　s辻andard　starter　notch－　The　notch雀ip

a訂g1e　shou正d　be　smaller　than3ぴand　notch辻ip

radius　shouldもe　sma…ler　th＆n　O，lmm．　The　side－

grooves　were　efFective　in01’der辻o　prevent　the　devia－

tion　and　tunneling　of　creep　crack．　Creep　crac良

1ength　couid　be　measuredもy　direct　current　elec辻rical
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potential　method　within　the　accuracy　of5％．The

method　to　unite　the　potential　leads　w三th　specimen

w＆s　invest1gated　in　deta11because　the　poten辻ial　must

be　me＆sured　for　long　time　at　high　tempera辻urc．

　　　Creepcrackgrowth辻estswereconductcdat973K
～11231〈．For　the　creep　brittle　mater三a！s．C＊in辻egra三

cou1d　chaぎacterize　the　creep　crac失growth　rate　better

than　stress　i鮒ensity　factor．The　creep　crack　growth

rate　of　TiA－was　higher　than　that　of　creep　duc吉i正e

Cr－Mo　stee1and　was1ower辻han　that　o£more　b舳1e

Ni－base　supera正1oy．Therefore，it　is　considered　tha辻

芝he　reasonab1e　value　was　obtained　according　to　th…s

test　guide1三ne．The　creep　crack　growth　mechan1sm　o£

TiA1was　dep㎝d㎝芝on　temperature．W舳e　creep
crack　grew　a］ong　the　jnterface　o〔ame11ar　s披uc芝ure

a辻973K．crack　grew　on　grain　boundaぎies　at　higher

tha列　，0231（．　At　1073K　and　I123K　where　the

dynamic　recrysta1lization　was　observed　on　gr＆in

boundar三cs，辻he　creep　crack　growth　ra辻e　showed　a

higher　value．

　　　We　are　also　pla列ning　to　conductセhe　ro㎜d　robin

tests　on　TiAI（Ti－34A〕．8Fe－1．6V－O．09B）which　has

dupIex　s辻ruc雀ure　and　fine　grain－The　effect　of　speci－

men　configuration，specimen　size，1oad，tempera辻ure，

micros雀川cture　of　materiais　and　fr＆ct服e　mode　on

crecp　crac失growth　propertics　wi1正be　investigated．

The　standard　test　and　eva1uatio列method　will　be

d三scussed．

Keywords：cζeep　crack　growth，TiA…，standardiza－

tion　of　tests　method，VAMAS　project
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134　Long－Term　Creep－Fatigue　Prope打ies　of

316戸R　Staiη1ess　Steel　forドast　Breeder　Reactor
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The3三6FR　sta三nless　steel　has　beeη　deve1oped　as　a

cand1δate　materia…for　fas芭breeder　reactor　of辻wenty

firs辻century．For　the　structura正des三gn　of　compo－

nents　of　the1’eactor，evaluation　of　fatigue1ife　data

for曲e3I6FR　steel　is　importa航to　represen雀the

temperatじre－and　strain　rate－depende列ce　of辻he

fatigue　iife　des…gn　curves．Because　the　m＆in　compo－

nents　of　the　reactor　arc　subjected　to　cycl｛c　therma1

stresses　duc　to　start－up　and　shu芝一down　of　thc　systcm．

Figure　shows　the　stra三n　rate－depcndence　of　the

fatig汕e1三fe　of316FR　stee…a吉550．C．The　S－N　curves

are　the　results　of　parame芭ric　ana正ysis　which　was

prOpOsed　by　tbe　authors．

　　　Ano芝hぴobjec雀is芝o　develop　the　new　material

with　正ongcr　creep－fatigue　Iife　by　modify三ng　the

316FR　steel．　Twe－1ty　seven　heats　of　the　materia1s

with　different　chem三cal　compositions　varying　the

e1ements　such　as　C，N，MnヨP，Cr，M，Mo，Si　and

with　differen辻gra｛n　size　are　being　tested．

　　　This　research　is　performed　in　coI三aboration　with

Mitubishi　Heavy　Industry　Ltd．，Nippon　Stee－Corp．

and　The』apan　Atomic　Power　Co．

Keywords：low　cyc1e　fat…gue，fast　breederぎeactor，

316F更s芝ain1ess　stee…
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　　　sity　of　Wollongong（

2．Acomparisono£highenergydensi辻ybeamand
　　　arc　welding　technique　for　joining　adv盆nced

　　　materials　ofboth　theme辻al－matrixcompositeand
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　　　titan三um－based　p＆rt三cu1ate　Composites（Korea

　　　Advanced　Inst三tu芭e　of　Sc1ence　a訂d　Technology）

6．　Studies　on　the　fabr三cation　of　Bi－2223supercon＿

　　　ducting　wire　and｛ts　apP1ication（Korea　Inst三tute

　　　ofMachinery＆nd　Metals）

Net■・lerIands

L　studies　for　Measuring　Techηique　of　Quantum

　　　Effect　and　for　Strong1y　Corre－Lated　E1ec狡on
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（Russian　Research　Center　for　s迂andardization，

Informat1on　and　Certif1ca芝io訂of　Materia1s）
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　　　tor　guantum　dots（Lund　University）

2．Atomic－sca1e　Sing－e　Electron　Transistor（Chal－

　　　mers　University　of　Techno1og））

Swiセerland

1．Research　and　DeveIopment　of㌶igh　Performance

　　Ceramic　Super－conducti㎎Wires（Univcrsity　of

　　Geneve）

U．K．

1．

2．

3．

4．

5．

6．

Prediction　techno1ogy　of　life　and　rema三ning1ife

ofhuge　s抜uctures　under　service　condition　a打d　its

app正ication　to　design（The　Weldi㎎lnstitute）

Research　and　Deve－opment　of　High　Performance

Multifi1ament＆ry　Ceramic　Superconducting

Wires（Cambridge　Univeすsity）

I訂ves辻iga雀ion　and　Deve1opmen辻of　H｛ghly　Paral－

1e1A1gorithms　for　Materia1s　Science　Calcu1a－

tiOnS（KingStOn　UniVerSity）

Measurement　and　Evaluation　Me辻hods　for　Criti－

cal　Current　in　汽igh　Temperature　Supercon－

ductors（Cambridge　University）

Advancement　o£Levi倣ion　Melt1ng　and　Ref…n一

三ng　Technology（Nationa1Physica正Lab〇三atory）

Assessment　of　U三tra－Long－Term　Creep　Rupture

S㈱ngth　o£Heat　Resisting　Stee玉s（GEC　A三sthom

Generators　L芝d．）

∪．S．A、

1．

2．

3．

4．

Research　and　development　on　systems　and　mate－

rials　for　m＆gnet…c　refr…geraをion　（Francis　Bitter

Na芝ionaI　Magnet　Labora言ory，MIT）

Da言abases　on　high　temperature　superconducting

materials（N＆tiona1Instiωte　of　Standards　and

γeChnO－Ogy）

studies　of　high－strength／high－cond訂cをive　mate－

r…a…s　and辻heir　appIica吉ion　to　high＿field　magnets

（Francis　Bit廠Nat1onal　Magnet　Laboratory，

Mπ）
Fund＆men言星1studies　on　芝he　conduc辻or　fabrica＿

tion　of　high　tempera芭ure　oxide　superconductors
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　　　（Nationa正High　Magnetic　Field　Labor銚ory）

5－Measurem㎝t　and　evaluation　methods　for　super－

　　　conducting　Properties　（Nationa－　Institute　of

　　　Standards　and　TechnoIogy）

6．Deve1opments　and　app1三cations　of　extremely

　　　high－f三e1d　magnets　and　magne辻systems（Nat三〇na1

　　　則gh　Magne辻ic円e1d　Laboratory）

7．Study　ofnano－composites　magne辻ic　materials　for

　　　cryogenics（NationaI　Institute　of　Standards　and

　　　TechnoIogy）

8．JointResea・ch㎝the“i・一sit・”ana1ysis／evalua－

　　　tion　of　a辻omic　and　micro－s故uctura1changes　in

　　　materiaIs（Argonne　Nation＆1Laboratory）

9，Fundamental　studies　of　vo流x　state　in　high　Tc

　　　superconductors（ArgonneNational　Laboratory）

10．High　pressure　research　On　strong1y　corre1ated

　　　e1ectron　systems（University　of　Cali£omia）

ll．EffectoFhigh　magneticfie－d　on　so1iφ／so1id　phase

　　　transformations（Nor｛一western　University）

12．Studies　on　mechanisms　of　n＆nosca－e　micros－

　　　tructura！evo1ution　in　advance　metalIic　materia正s

　　　（University　of　Virginia）

13．Study　on　the　mechanical　properties　of　dir一

　　　ectiona1正y　solidified　inter－metallic　compounds

　　　（Oak　Ridge　Nationa1Labor銚ory）

14．Evalua辻ion　of　thick　coatings£ormed　by　advanced

　　　thermal　spray　processes（New　Yo汰State　Univer－

　　　Sity）

15－Photolys｛s　of　Si1icon　Compounds　by　lnfrared

　　　Free　Electron　Laser（Los　AIa㎜os　Nationa1Lab－

　　　OratOry）

16．Basic　Studies　on　M㏄hanisms　ofMicro－structura1

　　　Evo1ution　in　Next　Generation　Stcels（Virginia

　　　Po－ytechnic－nstitute　and　State　University）

I7－Study　on　the　F－ux＿1ine　States　and　josephson

　　　P亘asma三n削gh－Tc　Super－conductors（Argonne

　　　Nationa三Laboratory）

18．Physical　Proper亡ies　ofthe　nansition　Metal　Com－

　　　pounds　under汽igh　Pressure（Camegie　Ins汰u－

　　　ti㎝of　Washington）

19．Developme耐ofNb3AlMulti－fi1amentarySuper－

　　　conductor（Ohio　State　University）

20．Analysis　and　Numerical　Modeling　o£High

　　　Energy　Beam　Welding　Phenomena（New　Mexico

　　　State　University）

　　　　　　0　1＿ist　of　Visiting　Foreign　Researchers

who　came　to　l、旧Wl　from　Apr，1997to　Mar． 1998

＊STA　FeI－ows

Country　and　Name A『閉iat1on Term Research　S　u　bj　ect

〃9entina
Mヨgue11pohorski
Lenkiewicz

Austra■ia

Yuan　Chang　Guoホ

Ninh童heNguyen＃

Ringer，Sinlon　P．

Austria

Hans　K1rchmayr　Brazil

趾aZil

Mar㏄lo　Ferreila　Moreira

Be1gium

Jose£Cornel1s

Bulgaria

○妻mitar　Sξoyanov

kov非

Tchan一

Comision　Nacioηal　Energ1a
Atomica

The　University　ofWollo㎎ong

The　University　orAdelaide

Departmenまo£Materials　Engineer－

ing，Monash　Univz

Techn壬ca－Un…v．ofVienna

1nstitute　de　Pesquヨsas　Technolog…cas
（lPT）

Vlaamse　Insξe川ng　voor　Tech－
no1ogisch　Onderzoek

Techn…cal　University　ofSo晦

1998．1．13～1998．ヨ．30

1997．5．20～1998．8．16

1997．9．1～1999．8．31

1997．12I　l～1997．12．20

1997．三0．25～1997．10．29

1997．9．3～1997．10．30

1997．lO．26～一997．i0．29

1997．4．9～1998．4．8

Electron　M1croscopy　and　Surrace

Techn量que

㎞provem㎝t　of£lectrical　and

Mech盆nical　Properties　in　High
’remperature　Superconductors

Assessment　of　Fatigue　Strength　of

We1ded』oint　in　a　Residua1Stress
Field

Atom　Probe　and　TEM　Studies　of
the　Precipitat云on　Processes　of　High

Strength　Aluminum　AHoys

Tesξing　and　Evaluation　Methods

of　Superconductors

surface　Quality　on　Cast　supera一一

1oys（Directional　Solidi釘ed　and
Single　Crysta葦supera蓑至oys）

Testing　and　Evaluation　Methods
of　Superconductors

Random　Fatigue　on　Notched
Plates

一ユ21一



Krassimir　Nedialkov　Stoev

China

Pi㎎Dehai

Guo　Junquing

F㎝gTang申

Yang　W㎝

Yingda　Yu

Ya　Ku

Li　Ye　Xi刮o

Zhou　Wei
Yue～ng　Guヰ

Lanting　Zhang

Qing　Chen

Zhang　Xuanjia

Zhang　Wen

Yuning」iac非

jiao　Zhengkuan＃

Xie　Huim1n＃

Czeck
PaValLejCek

Denmark

Erik」ohnson

1＝inland

Fr帥co　Manciηi＃

rra竈Ce

Evelyne　Peron　Gonia虫

Bemard　Chenevier

Franco1s　Weiss

1nstitute　or　Nuclear　Researcb　and

Nuclear　Energy　Bulgarian　Academy

of　Sciences

i目s士i士u士e　of　Me亡al　Research，αnese

Academy　o£Science

HarbiηlnstituteofTec㎞ology

Nuclear　Power　lnstiωte　or　Ch1na

1nst…士ute　or　Mota1民esearch

」apaηSc1ence　and　Techrlology　Cor－

poration（jST）

Natioηal　High　Magnetic　Field
Laboratory

Tsing　Hu　University

Shanghai　jiao↑ong　Univ一

Shanghai」iao　Tong　University

Beijin　Univ．of　Science　and

Techno1ogy

P自ysics　Department，Zhejiang　Uni－
VerSity

lnstjωte　orAdvanced　Energy，Kyoto

UηiV．　　　　　　　　　　　　1

1nstitute　o£Metal　Researc島，Chiηese

Academy　o「Sc1ence

Physics　Department，Zhejiang　Uni－
VerSity

Department　orMechanics，Tsinghua
UniVerSi士y

Meta1Physics　Division，Czech　Acad－
enly　of　Science

University　ofCopenhagen

Dep舳mentorGeologyandMineraレ
ogy，Un1v．or　Turku

Ecole　National　Superiour　des　Mines

de　Par1s

Laboratoire　des　Mater…aux　et　du

Genie　Pbysiq齪e，CNRS

Laboratoヨre　des　M纈teriaux　et　du

Genie　Physique，CNRS

1997．8．1～1997．lO．29

1997．5．一～一998．4．30

一997．6．1～2001．1ヨ．30

1997．8．1～1998．12．31

1997．8．25～1998．2．23

I997．8．29～1998．2．28

I997．9．1～2000．8．31

1997．9．19～1998．3．30

1997．9．20～1997．正2．24

司997．10．1～1999．9．30

I997．lO．13～1997．12．12

1997．lO．31～一998．2．28

一997．l　l．13～1997．12．27

1998．1．5～司999．1．4

1998．2．ヨ～20｛〕0．1．3ヨ

1998．3．I～I998．5．31

1998．3．16～王999．3．15

1997．10．27～1997．l　l．22

1997．lO．13～一997．10．26

1997．8．25～1997．9．29

1997．4．3～1998．4．2

一997．lO．12～1997．1！．ヨ6

1998．3．9～1998．3．14

Theoret孟cal　Analysis　of　Surrace

X－ray　Scattering　from　the　Ran－

domly　Rough　Sur£ace

Crystal　Strucωre　Analysis

Fablication　ofQuasicrystals

Synthesis　of　Ligbt　WeighまCom－

posites　and　Eva韮uation　or　their

high　Temporature　Properties

Synthesis　目nd　Evaluation　of　lr－

radiation　Effects　o£SiC　Compos－

ites　Prepared1〕y　CVO　and　CVl
↑eC㎞1que

Relatioηbetween　Microsturucture
and　Photolum1ηescense　o£Porous
S1l1con

E蘭eCtS　Of　High　MagnetiC　Fie韮d　On

Crysta11izat1on　Behavior　iη　Fe－

b註sed　A11oys

Quench　StabilityofHigh　Tempera一

ωre　Superconductiηg　Coi1s

Agヨng　Behavior　of　Porous　Silicon

Grain　1≡…oundary　Str口ctures　and

Duct川1y　lnWovementofPlal1－
num　Metals　based　Re£mctory
Superalloys

Synthesis　ofTiNi2Single　Crystal

Struct日ral　1nvestigation　of　Nan0－

crystalline　Pb，1n　and　Ge　on　SHi－

COn

Synthesis　a11d　Physica1　Preperties

o「High＿tc　Superconducting　Single

Crysta1s　and　their　Films

1nterfacial　Control　and　Evaluation

or　sic／sic　composites　by　cvi

TeChηique

Solid閉cation　Phenomena　in　Cast－

i㎎process

AStudyontheRelat牙onbetween
Structure　and　Appl…ed　Proper主ier

ofHigh－TcTbinF1㎞sSynther－
ized　Variosis　Deposition　method

Me刮surement　o£　Micro－
deformatjoηusjng剛ectron　Moire
Metbod　and　AFM　Mo1re　Metbod

Sol…d　State　lnterracial　Reactions

and　Sur£ace　AnalysisofThin　Solid
Films

Stmctural　Determimtioηo£Metas－
table　　Pb　　lnc韮usions　in　　Metal

Matrix

CrystaI1og陀phic－nvestigat1on　on

Fe－Mg－Si　Minerals　Produced　in
Sca11dinavia

Microscopic　Deεormation　Ana1ysis

Amund　士he　Ceramic　Rein£orce－

ment　For　sicw／A1composites

S士udy　on　Superconducting　Pl’oP－

erties　and　Microstmcture　for

YBCO　FHms　Prepared　wれh
Mod断ed　CVD　and　Sputtering
PrOCeSSeS

｛diuo）
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Stephane　Odasso‡

Natha1ie　Bergionホ

Luc　Ortega‡

C至aude　Landron

Stephaneしabat申

Germany
Hans』．Stemen

Arman　Nyilas

Hungary

Re量ch，Lajos

lndia

Ram　Gopa1Sharma

Venkaξacha1apathy
Saravanan

Chandrasekhar　Rao　V．

Turume11aヰ

lsrae1

Mosche　Kuzn1etz＃

Ko偲a
Hong，Moon　Hi

Ahn　Jeon　Ju＃

Byung　I）eok　Yu

Kyoun　Sub　Lee

BaeJogsuck

Hong－Boem』in

L1m　Yun　Soo

Smg　Joon　K…m

Soo　Woo　Nam

Yang　Hae　Un

MalaySia

Md．Hasan　Zah1r申

Myanmar

Research　Center　on　the　Mechanism

ofcrysta1Growまh

National　Institute　of　Applied　Sci－

ences　of　LyOn

EljroPean　　Synchrotron　　Radiation
Facil1ty

Centre　de　Recherche　Sur－a　Physique

des　Hautes　Tempeτature，CNRS

University　or　MarseiHe

Un…versity　or　ApPlied　Sciences　in
Mannheinl

FOrSCh㎜gSZenlrumKar1Sruhe

Dep鮒tment　of　General　Physics，
EtOVOS　Un量V．

Nat妻onal　Physica1Labora主ory

Anna　University

Bhabha　A芝omic　Research　Center

Nuclear　Rese鮒ch　Center－Negev

jST　Domest…c　Fellow

Ye㎜gnamUnivresity

Fundamenta至　Research　Laboτatior＿

ies，NEC

Sungkyunkwan　Universi芝y

Tohoku　University

l（orea　E－ectro芝echnology　Research

Inst量tute

Korea　Atomic　l≡三nergy　Research
正nSti童u童e

Korea1Hstitute　oぎMa－cbinery　and
N在aξer量als

Korea　Advanced1nstitute　of　Science

and　Techno1ogy

Chonnam　Naξional　Univ．

Universit…S刮ins　Ma…ays…a

1997．5．1～2000．3．31

1997．5．8～1998．8．31

1997．6．16～1998．8．7

1998．3．…～1998．3．15

王998．3．3董～一999．8．17

1997．8．14～1997．9．26

1998．3．22～1998．3I27

玉997．10．董～1998．ヨ1．1董

1997．7．2～茎997．7．23

註997．9．1～1997．9．30

1998．董．8～1999．1．7

1998．1．24～1998．4．22

1997．4．1～1998．2．28

1997．4．21～1998I8．26

1997．6．一～2000．3．31

董997．9．1～1998．2．28

1997．董O．1～1998．3．30

1997．12．15～1998．三2．14

董998．1．6～1998．3．31

1998．…．12＾一1998．1．19

1998．1．至9～1998．1．25

1998．一．19～　1998I2．28

1997．l　l．5～…999．11．4

Lead　Cha…n　Fabrication　on　Si
（H1）Surεace

Atomic　Force　Microscopy　Study
or　Fe－based　Shape　Memory　Alloys

Grazing－incidence　X－r呂y　Sca雀まe卜

ing　Stud…es　on　the玉nit…al　Stages　of

Meta11ic　Thin阿1m　Growth

X－ray　Absorption　FiBe　Stすucture

（XAFS）Ana…ysis　o£Refractory
Oxides

Cbaracterizat量on　and　ApPicati0B

Or　Superconducting　Thin　Films
Synthesized　by　Atomic　Layer－by－

layer　and　Bp1taxial　Growth
Meをhods

Ion　Beam　Synセhes…s　o£　Silicides

Studied　with　AES　Oepth　Pro行1ing

Characterization　and　Evaluation
ofCryogenic　Structural　Materia1s

Three　Dimensional　Atom　Probe
Sまudies　ortbe　Prec葺p責tation　Proces－

ses　o£High　Strength　Alm1num
Alloys

Studies　on　High　Tc　Superconduc芝一

1ngTapes

Effects　ofHigh　Magnetic　Fie1d0B

CrystaHization　Behavior　in　Fe－

based　Alloys

Physica1Proporty民esearch　under
the　Superconducting　Pressure

Magnetism　and　Superconductivity
of　the（Pr，Dy）N12B2C　Solid　Solu－
t1OnS

Atom　Probe　and　TEM　Sωdies　oぎ

the　Microstructwes　or　Pearlistic

Steel　Wires

Fatigue　Properties　nor　sicw／Ac4

cH　and　s1cw／Ac岳c　composites

Atomic　Structu欄o£Metal－sem1－
cOnductor　Interfaces

Fabrication　of　Monolayer　Thin
Film　for　Advanced　Substrate

Electron　lnteraction　with　Evanes－

cent　Field

l）esign　of　Superconducting　Mag－
net

AMicroscop…cStudyonInitiation
ofCorros1on　Pits　by　Us三ng　Atom1c

Force　MicroscoPic　in　Aqueous
So】u主jon

Evaluat1on　of　the郡9h　Tempera－

mre　Propert量es　for　Titanium－based

Particulate　Composites

Eva1ua芝ion　of　the　High　’renlpera－

ture　Proper芭ies　for　Titan妻um－based

Parξiculate　Composites

Microstruc芭ure　Control　of玉nter－

metallic　Compounds　in　Ti－Al　Sys－

tem

Synthesis　and　Character量zation　or

Noble　Phtha10cyan三ne　SPecies

＿123一



Th壬Thi　Lay

1，1ew　Z⑤aland

Dea11ng　L．Zhang＃

RuSSia

Olga　Tkachenk0

Andrei　Rar

Slovakia

M1chal　Rabara

Swiセ⑤r1a11d

Markus　Buttiker

Ukraine

Yl』lia　Vita了evna　Bosova申

United　Kingdam

Bryan　Edward　Co1e

StephenE．O㎝ne1ly

Timothy　M－King

I）avid　Evans

U．S．A．

Robert　C．Birtcher

just気n　Schwar主z

YusufHascicek

しoren　F．Goodrich

Edward　W．Col1i㎎s

Yeon　Soo　Sung＊

john　L，Lyman‡

K．A．Gscbneidner，Jr，

SteveηW．Van　Sc1ver

David　Larbalestier

Bruce　Brandt

Robert　P．Walsh

Ronald　E．Cohen

Charles　W．Al1en

』apan　Science　and　Techno1ogy　Cor－

Po「atiOn（JST）

University　of　Wa1kato

Novosibirsk　State　University

The　Univ．of　Tokyo

Geneva　University

Instiωte£or　Sorption　and　Problems

of　Endo－ecology

U　n　i　vers　i　ty　of　S　a…ford

Nottingham　University

Kochi　Univ．ofTechnology

Rutherford　ApP1eton　Laboratory

Argonne　Natioml　Laboratory

Nat…om1川曲Magnetic　FieldLabo－
ratory（NHMFL）

NHMFL

Nat五〇na11nstitute　o£Standards　and

下ec㎞ology

The　Ohio　State　Univers壬ty

Los　Alamos　National　Laboratory

Ames　Laboratory，1owa　State　Uni－
VerS1ty

NHMFL

Applied　Superconductivity　Center，

Univ－o£Wiscons1n

NHMFL
Nationa川igh　Mag鵬tic　Fie1d　Labo－

ratory（NRMFL）

Geophysica－Laboratory，Camegie
玉ns芝itution　oξWashington

Argonne　Nationa…Laboratory
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1997．9．1～2000．8．31

1997．12．9～1998．2．28

1997．9．lO～1997．9．17

1997．lO．1～2000．3．31

1997．5．20～2000．3．31

1997．7．22～1997．7．26

1997．5．18～1997．8．5

1997．9．16～1998．2．28

1997．9．20～1997．10．4

1998．3．1～2000．3．31

1998．3．22～1998．3．27

1997．9．15～1997．三0．4

1997．三0．15～1997．10．25

1997．10．20～1997．lO．24

1997．王0．24～1997．11．1

1997．王0．26～訂997．1O．29

1997．lO．30～一999．10．29

1997．I　l．3～1997．12．20

1998．一．10～1998．1．19

！998．2．8～工998．2．］3

1998．3．2王～三998．3．29

1998．3．2王～王998．3．29

1998．3．22～王998．3．27

1998．3．23～1998．3．26

一998．3．27～】998．3．31

Developm㎝t　of　Mearuring　Tech－

n量ques　fo1－　Nanostructura1　Q
E脆cts　by　Photon　Probe　Methods

下he　Study　o£the　Mechan1sm　or

γensile　Strength　and　Fracture　Of

Cu　Base五n－s打u　Composites

PhOtOn－assisted　　Tunneling　　phe＿

nOmenOn
So韮id　State　1nterracial　Re劃ctions

and　Surface　Ana証ysisofTh量n　Solid
FilmS

Critical　Current　Density　Charac－

teristics　ror　Bi呈Sr里Ca30x　γape
Conductors

Tun肥1ingTimein　Magnetic　F1eld

Research　on　Measuring　Technics
ror　the齪ectrochemical　Property　of

Active　Carbon

2D　Blectron　System　in　Semicon－

ductors　in　H云gb　Magnetic　Fields

De£ect正nteract1on　o£M舳sξab1e

Xe　Precip1tates

γheResearch　Conceming　Upgrade
ofMaterials　Data　System
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0　Brief■n廿oduction　of　STA一＝el1ows11ip　Program

　　In　response　to　growing　caI亘s　from　the　intcma－

tiona1community£or　greater三n廠一mt｛onal　coopera－

tion，汰e　STA　Fellowship　program　was　estab1｛shed

to　Provide　foreignresearchers　with　opPor辻un…ties芝o

conduct　research　a芝5apanese　na辻iona1至aboraをori－es

and　pub1ic　corporations　which　a肥no芭part　of　the

un1VerSity　SyStem．

　　The　program三s　managed　by　the』apan　Science

and　Technology　Corporat1on（JST）Which　is　one　o£

the　key　organ｛za辻ions　for　imp1ementing　Po1icies　of

the　Science　and　TechnoIogy　Agency（STA）in　coop－

eration　with　the　Japan　Intemational　Sc｛ence　and

Techno正ogy　Exchange　Center（JISTEC）．　Fe旦1ow－

ship　qualifications　are＆s　Fo11ows1

　　　1．　Possess｛on　of　Ph．】）．or　equivalent　qua正ifica－

tiOnS．

　　2－Long芝erm　fe至1owship　is　less　than35years　of

age．Shoぎt　term　feHowship　is　no　limitat三〇n　of　age．

　　3．Good　hea至芭h　to　do　research－work　and1ive三n

』apan．

　　　4．　S廷i　l　l£u1　正anguage　of　J　ap　a齪ese　　oす　B　ng－ish

words、

　　　γbe芝enure　is　from6months　to2years（long芭erm

FeHowsh三ps），or一～3months（short芝erm　Fe亘1ow－

ships）．

　　」ST　prov｛des　fe至1owships　with　a　round－trip　a三r－

line芭ic失et，a　month1y　I三v1ng　expenses，a　fami1y

a11OWanCe，an　init…aI　internatiOna1mOVing　a1－OW－

ance，accommoda－t1ons（正ong　term　fe－lowships），

accommodat1ons　al1owance（shortterm　feHowships）．

　　　And　to　the正ong　term　iellowships　it　is　paid　the

trave1cOst　in　Japanζe1ated　to　research　activities　but

it　is　not　apPlied　to　辻he　short－term　fe－lowships．

Research　expenses　w三11be　pa…d　to　the　host　institutes－

　　　F靱r芝her　informat…on　can　be　obtained　at洲STEC：

2－20－5，Takezono，Tsukuba　Ci辻y，Ibaraki　Pre£305－

0032，3apan－

　　Phone†81－298－53－8250

　　　Fax　†81＿298＿53＿8260
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Organization　of　NRlM

Q　Organization

Iルector－General I、’lasatos11i　OKAl〕A，Or■E11g、 Advisory　Commi並ee

0eputy　Direc｛o一’一Genera‘ ．1’e｛suya　S州TO，Dr．εng。

Visiti竈g　ResearcI10fficers

P1anning　O附ce γet馴j‘NOOA，I〕r，6ηg・

Adrnini5tl・ation　I）ivision ShinichiマAX＾YAMA
GeneraI　Affairs　Sectio竈 1〈ats舳im柵NAGAWA
＾ccou耐s　Section ㎜icわinobu　OZAWA
Safety　Pro閉otion　Section Nobuya5u　KI↑A1・1ARA
Tec－nica1Support　Secti0籟 Takahiro　SAl〈AGuCI・Il

I、’lateriaIs　PI1ysics　I〕ivision Muneyuki　AMANO，I〕r■ξng。
PhySiCal　P一・0pertieS■）iViSiOI1 Giyu　KlD0，Dr、亘ng一

Computational　Materials　Science　l〕ivision Takehiko　MA7SuMOTO，Dr■Sci、
Meckanica■Prope汽ies1）ivisioη 1－1i■’osada　lRII…1，1〕1・．1≡＝ηg．

1、’latel’ia1；Piocessing　Division Hiroo　SUZUKI，I〕r．I三11g．

ユst　Research　Group（Superconducting　MateriaIs） Xazu獅asa　TOGAI，IO，Dr，Eng。

2nd　Research　Gro1』p（Advanced■、1ucIear　Materials） 1〈ouid1i　YAGl，I〕r．Eng、

3rd　Researc11Group（Adva11ced　Hig11Temp⑤raセure　Materials）洲ori－iko　NAXAMdRA，Dr，I≡ng。
4tI1Re…≡earc－Group（I≡1nergy　Co鉋versioo　Materials） ■〈iyoshi1脳OI」1…，1）r．Eng、

5t－Resea一’c■1Group（1nte■■igent　Materia1s） 州0riO　S斜1NyA，Dr、εng。

Special　Researc－O附cer Siegfr‘ed　Ho｛man”，P一■D．

Specia1Researcl1Officer τos11iaki一くOI〕AMA，Dr．1≡ng．

Cenねr　for　Advanced　PhysicalξieId◎irector　Ha“ki　SHIRAlS■・I■，Dr。一三ng、

I・1igh　Magnetic　I＝ield祭esearch　StatiOn Hitoshi　WAl〕A，1）r，1≡ng。

High　Reso1ution　Bea胴Research　Statヨon Kazuhiro　YOSI・llHARA，Dr、置ηg■

I三x氷eme　l・Iigh　Vacuu閉Researcb　Station Nobuyuki　I〈OGuCI・11，Dr．I三ng、

rmntier　Resea化h　Ce杣鉗for　St川ctwal　Mat釧ials　I〕irector　Akira　SAT08，Dr．I三ng．

Materials　Creation　Research　Station Akira茅UXUZAWA，Or．Eng、
Joinセing　and■nteI’face　Researc11Statioη C－iaki　S糾IGA，I〕r．I…＝ng．

Stre靹gth　and　I≡：valuatioηResea1■ck　StatiOn Tos11ihiko了＾KAHASI・1I，I）r．1三ng。

Material　Testing　O附ce Masa川丁0DA

⊆〕　Budget　and　Personne■in　Fisca－Year　of1998

肋dget PerSOnneI

Researc－and　faciIities

Personne■expenses
Total

5．677

3783
9，460

Administrative　sta肝s

ReSeal・CI1e干S

Total

　　79（7）

3玉7（7）

410（14）

u　nit： miI■iOn　yen Number　in　par㈱thesis　l Mat甘ial’1’esting　Office
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HOW　tO　get　tO　NRI㎜

To　NRlM　Tsukuba　Sit6

　1・2・1S目ng8n一τsukub呂・shi，lba聰珪i305

　Phone＋81＿298＿53－1000．芦ax＋81－298・53－1005
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List　of　Keywords

2三）Fourier　transform

304sta三nless　steeI

3－6】FR　stain三ess　stee1

5d　transition　element

87

22

105

11

buckl…ng　and　brittic　fracture

ofstee1components
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103

A
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advanced　nuc1ear　materia1s
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high£三eld　magne辻
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high　gradient　magnetic　separation

high　magnetic　field

highpressure
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high　strength　to　we三ght　ratio

highγc　superconduct1ηg　magnet

high　Tc　superconductors

h1gh　temperature　strength

h…gh　tenlperature　superco列ductors
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inCOngruent　me1ting
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