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MagneticminorhysteresisloopsoHowcarbonsteelandFemetalhavebeenmeasureddul･ing
neutronradiationat563Kina50MW nuclearreactor.F()I.investlgationornucleationmechanism

ofcopperprecIPltateSanddislocationloopsduringneutronradiation,Specialattentionwaspaidto

minor-loopcoefficients,whicharededucedfromsimplerelationsbetweenminor-loopparameters

andareverysensitivetolatticedefectssuchasdislocations,copperprecIPltateS,andgrain
boundaries･WefoundthatwithincreaslngneutronRuence,theminor-loopcoefficientsoFlow

cal･bonsteelsharplyIncreaseandshowamaxLilnumatthenuenceofIX1019cm-2,followedbya
slowdecl.easelTheappearanceofthemaxilTlum Suggeststhepl･eSenCeOrtwomeChanismsof

lnternalstress;whilecopperpreclpltateSanddislocationloopsinthelllatrixmaketheinternalstress

increase,thosegrowninthevicinltyOfdislocationscompensatetheinternalstressofdislocatlOnSSO

astominimizetheelasticenergy･Ontheotherhand,theminor-loopcoefficientsshowamonotonic

lnCreaSewithneutronRuenceinFemetalwheredislocationloopsplayanimportantroleforthe
brittleness.@2006AmericanInstituteofPhysics.lDOI:10.1063/i.2214214]

A.lNTRODUCT10N

Thechangeofmechanica一propertiesduetoneutroni1--

radiationhasbeenstudiedforreactorpl-eSSureVesselmate-

rialsandtheirmodelalloys･LTheneutronradiationinduces

severalkindsoflatticedefectssuchasvacancies,interstitial

atoms,voids,dislocationloops,andcopperpl.eClpltateS.

Someofthelatticedefectsmaketheductilityofmaterials

lowandmakethebrittlenessincrease.Thestructureorcop-

perprectpltaleshasbeenstudiedusinganatom-Pl'Obefield

ionmicroscope2andpositronannihilation3becausecopper

precIPltationistheprimaryCauseOfbrittlenessinnuclear

reactorpressurevessels(NRPVs).Itwasrevealedthatcop-

pe1-PreCIPltateSWiththesizeof213nm,whicharenucleated

andgrownbytheirradiation,makelnateL･ialsbrittle･4･5How-
ever,thenucleationmechanismwhichLakesintoeffectof

dislocationshasnotbeenstudiedindetail,althoughthe

NRPVhashighdislocationdensltyPevenintheinitialstate.

DislocationswouldexertagreatinLluenceonthenucleaLion
oflatticedefectsbecausethereexiststheelasticinteraction

betweencopperprecIPltateSanddislocations.Ourinterestis

inthenucleationmechanislllOrcopperPreCIPltateSduI'ing

neutronradiation,especiallytheinteractionofradiationde-
flectswithdislocationslnA533Bsteel.A533Bsteelistow
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carbonsteel(0.19wt% C.0.19wt% Si,1.47wt% Mn,

0･16wt%Cu,0.64wt%Ni.0.51wt%Mo,0.14wt%Cr,
balanceFe)andisusedintheNRPV.

Thelatticedefectscanbeobserveddil･eCtlyorindirectly
afterneutronirradiation;thedirectobservationisduetoa

transmjssionelectronmicroscope(TEM),whiletheindirect

oneisduetothemagneticmethod,6theatom-probeGeldionつ
micl･OSCOPe,-positronannihilation,3 smallangleneutron
scattertng,7electricresistance,Ietc.Theinformationonl･a-

diationdefectsobtainedbythesecurrentlyemployedmethl
odsislimltedbecausecu汀entmethodsareusedtomeaSul･e

physicalpropertiesonlybefol･eandarlerthellTadiation.The

magneticmethodhasseveraladvantagesingettlnginfol･ma-

tiononlatticedefectsandcanbetechnicallyappliedforin
sE-lilmeaSurementSduringneutronradiationinthenuclear

reactor･TheinsituobservationoflattlCedefectsbymagnetic
methodgivesusdetailedinformationaboutil･1･adiationdam-

agesagalnSHheneutronrluence･Themainpurposeofthe

pl･eSentStudyistopel≠ ⅠⅦ magneticmeaSurementSunder
neutronilTadiationinthenuclearreactor.

TherelationshipbetweenlTlagnetismanddislocationsin

ferromagneticmetalswaslnVeStlgatedbytheStuttgal-Igroup
ofMax-PhnckInstitute.8Thestrainheldarounddislocations

exertsan innuence on magnetization llySLeresisloops
throughthemagnetoelasticcouplinginfel･rOrnagneticmetals

suchasNi,Fe,andCometals･Thestructure-sensitiveprop-
ertieschangewiththedensityanddistributionofdisloca-
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lions.Therelationshipofmagneticpropertieswithotherlat-

ticedefectssuchasvacancies,interstiLialaLoms,hasnotbeen

studiedindetailsofarbecausetheselatticedefectsbring

aboutonlyasmallchangetothehysteresisloops;thesizeof
theselatticedefectsistoosmallcomparedwiththewidthof

themagneticdomainwalltodisturbthedomainwallmotion

slgniticantly･
Recently,ananalystsmethodofminorhysteresisloops
hasbeenfoundinFeslnglecrystals,Fepolycrystals,andlow

carbon steeI･9-12 Minor-loop coefficientsdeduced from

simplerelationsbetweenparametersor血norloopsarein-

dependentofthemagneticfieldamplitudeandaremuch
moresensitivetodislocationsandgrainboundariesthanthe

traditionalmagneticpropertiesofthemajorloop.Inaddition,

onecanobtaintheminoトloopcoefficientswithmuchlower

magneticfieldcomparedwiththatofthemajorloop･For

instance,IkA/m issufficientforminor-loopanalystsOF

A533Bsteel,thoughweneedmorethan10kA/m forthe

majorloop･12suchlowfieldmeasurementsareveryuseful

forpresentL'nsitLimagneticmeasurementsbecausethemaxi-
mumappliedReldislimitedto2kA/mowlngtOthelimited

spaceofani汀adiationcapsuleForrlngcoreSamples･

TheotherpurposeoFthepresentstudyistomakea

databaseoftherelationbetweenminor-loopcoefficientsand

radiationdefects.Currently,theintegrityOfpressurevessels

isevaluatedbyCharpytmpacHest,whichlSadestructive

testlng.ThelackofCharpyImpacttestSaI叩】espreinstalled

inthereactorisanurgentissue.Ontheotherhand,thein-

tegrityCanbeevaluatednondestructivelybythemagnetic

method.rrTledatabaseisnecessaryforthepracticalrealiza-

tionoFthemagneticmethodFornondestructiveevaluationof
NRPV.

Copperpreclpllatesanddislocationloopsaremainlaト

licedefectsthatcausethebritlIenessofNRPVduringneu-

tronradiation･Ini汀adiatedA533Bsteel,thel-eCOeXistcopper

preclpltateSanddislocationloops,whileonlydislocation

loopsareinducedbythe1.adiationinFemetal.Inthepresent

investlgation,westudiedradiationeffectsinA533Bsteeland

Femetal,andtriedtoseparatetheeffectsoFthesetwolattice

defects,inordertoelucidatetherelationbetweencopper

precIPltateSandminor-loopproperties.TheiFLSE'tumeasure-
mentswereperformedaHhesameternperalul.eaS563Kof

thecommercialreactoroperation,

lLANAUrSISMETHODOFMINORHYSTERESIS
LOOPS

Toanalyzeminorhyslel.esisloops,weintroduceminor-

)oopp1-0PertiesasshowninFig.I;minor-loopmagneti7_ation

Mn,minor-IoopcoerciveForceFIc',minor-loopremanence
MRIminorlloophysteresIStossWF,minor-loopremanence

workWR*,andminorlloopsusceptibilitiesxll'XR''andxEI*･
*

TheseparameteI-Sareusedtorepresentcharacteristicsora

setofminol-hysteresisloops.Theycon'espondtosatul-alion

magnetizationMs,coerciveForceHc,reTTlanenCeMR,hyster-
esislossWr,remanenceworkWR,andsusceptibilities,inthe

maJOl･loop'I･eSPeCtively･WRFistheareaenc)osedbyaminol･
looplnthesecondquadrant.Wecanobtaininformation

abouHhepotentialenergyofdomainwaltdlSPlacementby

analyzlngtheseminoI･-loopproperties.

J･Appl･Phys･100,023902(2006)

FIG･IThemagnetlCPrOPelliesofaminorhysteresisloop;magneticheld
amplitudeFlu,minor-一oopcoerciveroreeFl∴rrunor-loopmagneliza【ionMJ
atH,,,minor-loophys(eresISLossW/,ITunOr-loopremanenceMR',minor-■
loopremanenceworkWR+,andlhreemnor-loopsuscep(lbllltiesXIJ'XR'
andxa'atFl=H∴0,andHn,respect.vely.

Weroundsixrelationsbetweentheminor-loopproper-

tiesinasetoF血norloops,whichareindependentorthe

magneticGeldamplitudeHL7aSWellasmagneticReld･ll.121n
thesecondstagewhereBlochwallsmainlycontributetothe

magnetization,W,'andWR*haveasimplerelationwithM(:
andMR+,reSPeCtively'asfollows:

w F*-WFO(% )1'r

wR･-WHO(%)''R

and

H l

(2)

Here,WrnandWROarecoefGcientsrepresentlngthemagnl-
tudeandthetroughdepthoFBlochwallpotential,respec-

tive)y,andaresensitivetolatticedefects.nFandnRal-eCOn-
stantsindependentorlatticedereclsaswellasthekindor

materlals;nF～nR-3/2.NotethaHhepower-law relation

withnF=l･6betweenWrandMn*wasdiscoveredbyStein一
metzaboutonecenturyagoandiswelトknownastheS【ein-
metzlaw.

13

HccorrespondsLotheheightofthecrestofpotential
andMR暮representsthepositionorthetroughinthevicinlty

ofthecresL･IlwasrevealedthatH:hasasimplerelation
withMR*inthesecondstage,givenby

Hct-HcO(%)lLc, (3,

whereFl,tOisacoefficientrepresentlngtheheightorpotential
and′い SaCOnStantWhichslightlydependsonthekindof

lllaterials;a,･～0.45.

1ntheinitialstageoFthemagnetizationprocess,three*
minor-loopsusceptibilitiesXFI'XR*,andxEI'areafunctionof

H/,MR*,andMa*,respectively,andal･eglVenby

Rch-吉-ROcexp(-bg ), (4)
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FIGI)_.(a)Photographand(b)sizeofaringcoresample.(C)PartoF
irmdlationcapsuleequlPPedwithnngcores.

and

xR･-X,0(% )tT',

xa*-xso(驚)'ls･

(5)

(6)

Here,Rco,XTO,andxsoarecoefficientswhichrepresentthe
resistanceaHhecrest,themobilityatthetrough,andthe

averagedmobilityofBlochwall,respectIVely･b,nT,andns

∬econstantswhichdependonthekindormaterials,and

haveavalueoF2-6,0.ト0.5,and0.5-1.0,respectively.
Allminor-loopcoefRcientsaresensitivetolatticedefects

comparedwiththestructure-sensitivepropertiesofthemajor

loopandhaveaproportionall･elationwithcoercivefoI･Ce･)2

1nthepresentstudy,therelationsofEqs.(1ト(6)whichwere

obtainedinplasticallydeFol-nedFemetalandA533Bsteel

wereadaptedtotheinvestlgationoftheeffectofneutron

radiationonminor-looppropel-tiesinFemetalandA533B
steel.

日.EXPERIMENTALPROCEDURE

SheetsamplesofFepolycrystalswithpurityOr99･99%

andA533Bsteelwerepreparedbycoldrolling･Duringthe

manufacturlngProcess,thesteelwasaustenitjzedbyaglngat

1153Kfor1handwastempereda【943Kfor80minFor

theformationofbainitestructure.Thesampleswereshaped

intoarlngCOrewithelectricdischargemachineformagnetic

meaSurementSaSShowninFigs.2(a)and2(b).

Magneticmeasul-ementSOfringcoresunderneutronra-

diationwereperfol'medinJapanMaterialTestingReactorat

JapanAtomlCEneL'gyAgency.Forinsitumagneticmeasure-
menls,thellngcoresWithanexcitlngCOil,Pickupcoil,and

thermocouple,wereinstalledintoanirradiationcapsuleas

showninFig.2(C).Mineralinsulated(MI)Cableswhichhave

highdurabilityagaJnStneutl･OnirradiationwereusedForthe

coils.TheMIcablewithadiameterorO.5mmcoITIPrlSeSa

copperwirefoHheexcltlngcoil,aconstantanwireforthe

pickupcoil,MgOinsulator,andastainlesssteelsheath.This

wirewasalsousedforthermocouplesbecauseofthehigh

durabilityagalnstneutronil'radiation.ThisMIcablewas

woundonthel'ingcorewithlooturns,whichyieldsamaxi-

mumappliedheldof2kA/m.TheMIcablesextendedfrom

J.AppIPhys.loo,023902(2006)

Fuzlctiongcncratorpowersupply(Amp.)

FIG･3･Schematicdiagramorclectr1cclrCullrorITunOr-loopmeasurements.

thecapsulewereconnectedtoanelectroniccircuitinstalled
outsidethereactor.

Figure3showsaschematicdiagram oftheelectronic

circuitforlllinor-loopmeaSurementS.Atriangularvoltage

from afunctiongeneratorwasappliedtoabipolarpower

supply.ThebipolarpowersupplyconvertsvoltageLocurrent

andampliResthecurrent.TheampliRedcurrentwasapplied

totheexcitlngcoiltomagnetizetheringcoreswitharateof

400Am-1S-l･ThemagneticheldinsidetherlngcoresWas

obtainedfromthevoltageVlacrossani∩resistancecon-
nectedtotheexcitlngcoilinseries.Theinducedvoltageof

thepickupcoilwaspurihedbyalowpassfilterwithcutoff

frequencyof30Hz,thenamplifiedwithgalnOf60dB,and

filteredagain.Aftertheseslgnalprocesslng,theinducedvolt-

ageVβwasintegratedtoobtainthemagneticRuxinsidethe
ringCores.AsetofminorhysteresISloopsweremeasuredby

increaslngtheamplitudeofwavecurrentgradually.

Fortheinsitumagneticmeasurementsat563K,the
temperature of samples was Rl-St increased From
300to423K withoutneutron radiation in the rate oF

0.2K/min.Thereactorpowerwasthenincreased什om
0to50MW witharateOF0.5-1.0MW/minandthete111-

peraturewasIncreased良.om 42310563K intherateoF

14K/min･The neutron nu又 was approximately 0.5
×1013cm-2S~land the totalneutron fluence was 5

×1019cm-2･lnsL.tumagneticmeasurementswerecalTied
outeve1-ythreeorfわurdaysatthereactorpoweI'OF50MW.

ThetemperatureoFsampleswasmonltOredwiththethermo-

couplesinsertedintothesamples.Thetemperatureol､A533B

steelandironmetalsampleswasstabilizedat562±1.5K

and563±lK,respectively,byuslngaheaterandregulat】ng

theheliumpressureinthecapsule.

lV.EXPERIMENTALRESULTS

A.Temperaturedependenceofminor-loop
coefficients

lnthep1-eVi?usstudy,12therelationsorEqs･(I)-(6)Were
examinedexperimentallyatroomlemperalureforplasLICally

deFormedA533BsLeel･Minor-loopcoefRcients,WrO,wRn,
HcO,RcO,XTO,andxfhaveagoodrelationwithtruestress
whichcorrespondstotheresidualInternalstressdueLodis-

locations.Inthisstudy,theinsE'EumeasurementSinthe

nucleart･eactorhasbeencan･iedoutatahighertemperature

of563KITherefore,weHrstcheckedthetemperaturedepen-

denceorminor-IoopcoemcJentSinourlaboratorybefol･eL'n
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FIG･4･Minor-loopcoerhcientsIWFO,WRO,Hco,R,0,aJldI/XTO,asaFunc-
tionoflempel'aturetnA533Bsteel

∫iJ〟meaSurementsinthenuc一earreactor.A setorminor

loopswasmeasuredisothermallybyuslnganu又meterinthe

temperaturerangefrom 300to583K･Ilwasfoundthatall

minor-loopconstantsnF,nR,nc･,b,andnTal-eindependentoF
temperature,and are 1.48, 1.43,0.28,3.4±0.3,and

0.13j=0.Ol,respectively.Thesevaluesareconsistentwith

thoseofplasticallydeformedA533Bsteels.As ShowninFig.

4,theminor-loopcoefficients,UFO,WRO,Nco,R,0,andi/xTu
decreasemonotonicallywithincreaslngtemperaturefrom

300to583K･ThedecreaslngrateOfWHO,WFO,andHcOat
563K isaboutO･15%/K,whilethatofR(･oand1/XTOis
about0.24%/K.Theseresultswerealsoobtainedinthe

presentinsitumagneticmeasurementsinthenuclearreactor･*.
NotethatsinceXa Includesalargeexperimentalerror,the

･･esultofxsOisomittedinthisstudy･

B.Minor-loopcoefficientsunderneutronradiation

ThetemperatureorA533Bsteelsamplewascontrolled

automaticallywithin562±1.5KthroughouHheradiationex-

periment.ThlSyieldsamaximumdeviationof0.2%inWJf,
WFO,andFI:I,0･5% inRcu,and1/x/'rrom thevalueaLT
=562K.AlthoughthisdeviationdidnotchangetheFLuence

dependenceorminor-loopcoefrlCientsslgnificantly,thedaLa

werecorrectedForthetemperaturedeviationtoobtainan
accuratevalueofthecoerncientsatT=562K.Ⅰtshouldbe

notedthaHemperatul.e1-isedueloheatradiationorexcitlng

coi一sduringminor｣oopmCaSuremenLsdoesnotaffectex-

pel-imenLalresults,becausethedatabelow0.8kA/m were

usedfo日heminor-loopanalystsandtheriseohemperaLure
waslessthan0.5K.

Dependenceofminol･-loopcoerRcientsonneutronrlu-

enceinFemetalwasobtainedbyanalyzlngaSetOrminor

loopswithEqs･(1)-(6)AFigure5Showsminor-loopcoeFh-

cientsWr(),WHO,andHcOasaFunctionoFneut1-0nnuenCein
FemetaLOnecanseethatallcoeFficientsincreasemonotoni-

CallywiththeincreaseoFneutronrluence.Theirincrease
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correspondstotheincreaseofstressReldandisc()nsistent

withtheFactthattheirradiationdamageincreasesduring
neutronradiation.1

However,inA533Bsteel,thedependenceorminoトloop

coefficientsonneutronRuenceislargelydifferentfromthat

ofFemetal.As ShowninFig･6,minor-loopcoefficientsWFO,
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FTG 7･NeutronfluencedependenceorRrOand1/XTOinA533Bsteel

WRO,andHcOsharplyIncreaseduetotheradiationandshow
amaximumattheLluenceof1XLO19cm-2･withincreaslng

theneutronfluence,thesecoefficientsslowlydecreaseand
seemtohaveanotherlocallTlaXimumaround3×1019cm~2.

As ShowninFig.7,suchmaximawereobservedalsofor

I/x,0,although themaximuma一･ound3×1019cm-2wasnot
clearlyseenforRcO･Themaximumofminol･-loopcoeffi-
cientsaHheinitialstageofneutronirradiationhasbeenob-

servedalsoinFemodelalloysafterneutronin･adiation･14

Thedecreaseoftheminor-loopcoefHcientsindicatesthatthe

irradiationdamagedecreasesaboveIX1019cm-2,Contrary
totheresultsorFemetal.

V.DtSCUSS10N

Theminor-loopcoefRcientsareafunctionofmodulusof

rigidity,Poissonratio,magnetostrictionconstant,andmag-

neticanisotropyconstant,andtheirtemperaturedependence

gJVeSuSinformat10nOntheirfunctionalstL-uCture･As Shown

inFig.4,allcoefficientsdecreaselinearlywithtemperature

andshowasimilartemperaturedependence･Therefol'e,the

minor-loopcoefficientswouldhaveasimilarfunctional

structureoFsuchphysicalproperties･

Minor-loopcoefficientsWrO,wRO･andHc･Oaresensitive
tothesizeandshapeoFBlochwallpotential,whitethose

relatedlosusceptibilities,nco,l/XTOand1/xsO'dependon
theresistanceagalnSHhemovementoFBlochwallatthe

specialpolntOfpotential.Generally,thecoefficientsaresen-

sitivetodislocationsbecauseoFmagnetoelasticinteraction

betweendomainwallsanddislocations･8Theminor-loopco-

efhcientsalsoglVeinrormationaboutirradiationdamagedue

tooLheJ-latticedefectssuchascopperprecIPllatesanddislo-

cationloops,becausethesedefectsalsoyieldstressrleld
aroundthem.

InFemetal,allminor-loopcoerrlCientsWFO,wRn,and
FIL･OincreasemonotonicallyduI-ingneutronradia【ionas
showninFig.5.Theil-radiationdamageinFemelalwould

beduelodisl∝ationloops,Vacancies,andinterstitialatoms.
SincethesizeofvacanciesandlnterStitialatomsaretoo

smalltoexertaninHuencetoBlochwallmotion,onlydislo-

cationloopswouldplayanimportantroleforobstaclestothe
Blochwall1110tioninFelTletal.Thenumberandsizeor

J･Appl.Phys.100,023902(2006)

dislocationloopsincreasewiththeincreaseofneutronRu-

ence,resultinglnthemonotonicincreaseintheminor-loop

coefficients･Ontheotherhand,inA533Bsleel,minor-loop

coefficientsincreaseduringneutronradiationandshowa

maximum attheRuenceoflX1019cm-2,followedbya

slow decreasewithneuLronfluence.Thischangeinthe

minor-loopcoefficientsindicatesthaHhel･eSidualinternal
stressdecreasesandobstaclestotheBlochwallmotionbe-

comesmallabovethenuenceof1X1019cm-2.

ThemetalturglCaldifferencesbetweenA533Bsteeland

FemetalarechemicalcoI叩OSitionsandthevalueoF∫);the

valueofpForA533Bsteelisabove3×1010cm-2andis

muchhigherthanthevalueofFemetal.)5Theradiationde-

fectsthatyieldthebrittlenessinA533Bsteelwouldbecop-

perprecIPltateSanddislocationloops,sincetheyactasob-

stacletothedislocationmovemenLCopperprecIPltateSand

dislocationloopsdonotdiminishwiththeincreaseofneu-

tronnuenceeventhoughthedensltyOfsuchdefectsISSatu-

ratedatahighfluence.

Generally,mechanicalpropertiessuchasyieldstress,

∨ickershardness,andductile-brittletransitiontemperature

(DBrIT)increasewithneutronfluenceForallmaterials.It

wasconfirmedforpresentA533BsteelthatbothVickers
hardnessandDBTTincreaseafterneutroni汀adiationwith

theRuenceof5×10L9cm-2･Suchachangeofmechanical

propertiescanbeexplainedbythedislocationtheoryandis

cont1-adictol-ytOtheminor-looppropertiesinA533Bsteel.

Themaximumofminor-loopcoefficientsinA533Bsteel

wouldbeexplainedbytheIntroductionoranideathatcop-

perprecIPltateSgrowinthevicinltyOfdis)ocationsbyneu-

tronirradiation･CopperprecIPltateSanddislocationloopsin
thematrixhavestresshe一dinthemselvesandmakethe

minorlloopcoefncientsincrease.Ontheotherhand,the

stressfieldisreducedandminor-loopcoefficientsdecrease

whenthesetwolatticedefectsexistinthevicinityOfdislo-

cations･Edgedislocationsincludethecompressiveandre-

pulsivestressfield,andbothdislocationloopsandcopper

precIPltateSmaygatheraroundthedislocationsthroughlhe

elasticinleraction･Bothradiationdefectswillcompensate

thestressfieldofdislocationsandthiscompensationbrings

aboutareductionintheelasticenergy.TheemulationoF
thesetwoeffectsofstressfieldinthematrixandaround

dislocationswouldresultinthemaximumoFlllinor-loopco-
efRcients.TheseradlationdefectsRxedarounddlSlocations

stronglydisturbthedislocationmovementandmakeme-

chanicalpropertiesincl-easeaSWasObservedexperimentally.

Tnthesameway,dislocationloopsnucleaLeandgrow

duringneutronradiation,alsoinFemetal.However,disloca-

Liondensltybeforeneutronradiation,estimatedFromcoer-

civeroJ･CeOF60A/m,is7×108cm-2andisverysnlall

comparedwiththatofA533Bsteel.Thererol-C,thestress

fieldofdislocationsmaybecompensatedpartlallybydisloI

cationloopsandthenetslressfieldincreasesduringneutron
radiation.

Quiterecently,smalldislocationloopsandcopperpre-

CIPltateSinthevicinltyOfdislocationshavebeenobserved
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byTEM inA533Bsteelafterneut1-Oni汀adiationwiththe

fluenceof5X1019cm-2･ThedensIlyofdislocationloops

andcopperpreclpltateSinthevicinltyOrthedislocationswas

foundtobehigherthanthatinthematrix.Theresultsby

TEM observationwillappearinaseparatepaper.

VLCONCLUStON

Insitumagneticmeasurementshavebeensuccessfully
carriedoutunderneutronradiationaL563K.Wefoundthat

thenuclealionmechanismofradiationdefectsinFellletal

andA533BsteelislargelydifferentFromeachother.

InFemetal,minor-loopcoefficientsincreasemonotoni-

CallywiththeincreaseofneutronRuence.Dislocationloops

whichnucleateandgrowduringneutronradiation,makethe

minor-loopcoefficientsincreasethroughmagnetoelasticcou-

pling.

Ontheotherhand,inA533Bsteel,theminor-loopcoeト

Licientsincreaseinitiallyandshowamaximumattheneutron

Huenceof1X1019cm12,followedbyaslowdecreasewith

neutronRuence.Thisindicatesthepresenceoftwomecha-
nismsorinternalstressduetoradiationdefectsinA533B

steel.ThecopperprecIP)latesanddislocationIoopsgatheL-ing

inthevicinltyOfdislocationswoulddisturbthedislocation
movementandmakeA533Bsteelbrittle.
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