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Abstract:ToroidalshapeFeCuNbSiBnanocrystallinealloypowdercoreswerepreparedbycoldpressingusingmeＧ
chanicallycrushedandballＧmilledpowders,respectively．ThemorphologiesandtheireffectsonthemagneticproperＧ
tiesofthecompactedcoreswereinvestigated．ComparedwithballＧmilledpowders,mechanicallycrushedoneshave
moreregularshapesandrounderedges,whichleadtobetterinterＧparticleinsulation．FeCuNbSiBnanocrystallinealＧ
loypowdercoresfabricatedfrom mechanicallycrushedpowdersexhibitremarkablylowercorelossofabout２４８２
kW/m３at１００kHzformaximumfluxdensityBm＝０１T,andmorestablepermeabilityupto１０MHz．Moreover,
thedcＧbiaspropertycouldbeimprovedsignificantlyusingmechanicallycrushedpowders．
Keywords:nanocrystallinepowdercore;morphology;coreloss;highＧfrequencyproperty

　　FeＧbasednanocrystallinemagneticmaterialsexＧ
hibitexcellentsoftmagneticpropertiesincludinghigh
permeabilityandlowcoercivity[１,２],asexemplified
forFeＧCuＧNbＧSiＧBalloys,commerciallyknownas
FINEMET．ItwasfoundthatdopingtheFeＧSiＧBalloys
withoptimalCuand NbelementsenablestoimＧ
provetheirsoftmagneticpropertiesduetotheultraＧ
finenanocrystallineαＧFe(Si)grainsembeddedinan
amorphousmatrixaftersuitableannealingofamorＧ
phousprecursor．FeＧCuＧNbＧSiＧB alloy amorphous
ribbonspreparedbyrollermeltspinningmethodare
usedformanyapplicationssuchassensorsandpulse
generators．However,thecoreshapeshavebeenreＧ
strictedtotoroidallywoundorstackedtypes．And
amorphousalloysinpowderedformaresuitablefor
compactionanddensificationinavarietyofshapes
forusinginhighfrequencyrange．Accordingly,a
largenumberofresearchesonsoftmagneticpowder
cores using FeＧCuＧNbＧSiＧB nanocrystalline alloys
havebeencarriedout[３－８]．Inthefabricationofsoft
magneticpowdercores,anappropriateelectricalinＧ
sulationisessentialforobtainingsuperiorhighfreＧ
quencymagneticproperties．AcidＧtreatmentisconＧ

sideredtobeeffectivetosynthesizeanoxidelayeron
theparticle′ssurfaceandexhibitswonderfulintergＧ
ranularinsulationforthepowders．However,conＧ
ventional ballＧmilled powders have sharpＧangled
shapes[９],whichareunfavorabletointerＧparticleinＧ
sulation．ThereisarequirementtochangethepowＧ
deredgetobeasroundaspossible．
　 　Inthispaper,FeCuNbSiBamorphousflakes
weremechanicallycrushedtoroundＧedgedpowders
effectively．FeCuNbSiBnanocrystallinealloypowder
corespreparedfromcrushedpowdersexhibitsignifiＧ
cantlylowercorelosses,moreexcellentfrequency
characteristics and dcＧbias properties,compared
withthosefromtheballＧmilled．ThesecharacterisＧ
ticswererespectivelyinvestigatedindetail．

１　ExperimentalDetails
　　MeltＧspunFe７３５Cu１Nb３Si１５５B７amorphousribＧ
bonswerepreＧcrushedintoflakypowdersafterpreＧ
annealingat３５０ ℃ andthen mechanicallycrushed
andballＧmilledtoasizerangebelow１００μm,reＧ
spectively．Themorphologiesofthepowderswere
examinedbyscanningelectronmicroscopy (SEM)．



Bothtypesofpowdersofabout１０kgwereidenticalＧ
lymixedwithorganicandmineralbindersafteracidＧ
treatmentandwerecoldpressedintoringcoresunＧ
der２１００MParespectively．ThenthecoreswereanＧ
nealedat５５０ ℃ for１hinair．Thecoresthus
formedhadinsideandoutsidediametersofabout
１４１and２２９mm,respectively,andaheightofaＧ
bout７６mm．MagneticcorelosswasmeasureduＧ
singanIwatsuSYＧ８２３２BＧHanalyzer．Theeffective
permeabilityandthedcＧbiasfieldperformanceofthe

nanocrystallinealloypowdercoresweremeasureduＧ
singanimpedanceanalyzer．

２　ResultsandDiscussion
　　Fig１showsthemorphologiesofthemechaniＧ
callycrushedandballＧmilledpowdersobservedby
SEM．MechanicallycrushedpowdersinFig１(a)appear
relativelyregularandround．WhiletheballＧmilledpowＧ
dersinFig１(b)havesharpＧangledshapeswhichare
notbeneficialtointerＧparticleinsulation．

Fig１　SEMimagesofmechanicallycrushed(a)andballＧmilled(b)powders

　　CorelossasafunctionoffrequencyatmaxiＧ
mumfluxdensityBm＝０１TispresentedinFig２．
Inbothcasesthecoreswereidenticallytreated．A
notableresult wasfoundthatsamplesfabricated
from mechanicallycrushedpowdersshowedconspicＧ
uouslylowervalueofabout２４８２kW/m３ at１００
kHz,comparedwiththatoftheballＧmilledonesof
about２７０１８kW/m３．Forvariousfrequenciesand
magneticinductionamplitudes,themeasuredtotal
corelossP (energylossdensity)canbesubdivided
intohysteresislossPhandeddycurrentlossPe:
　　　　　P＝Ph＋Pe (１)
　　Amongthese,eddycurrentlossisdominantinhigh

Fig２　Frequencydependenceofthecorelossfor
FeCuNbSiBnanocrystallinepowdercores

frequency[１０]andcanbeeffectivelyreducedbyapＧ
propriateinsulationofthepowders．Moreover,hysＧ
teresislossiscorrelatedwithdefectsleadingtoan
enhanceddomainwallpinning[１１]．Accordingtothe
crossＧsectionalSEM imagesofFeCuNbSiB nanoＧ
crystallinealloypowdercores,ballＧmilledpowders
inFig３(a)arepronetobreakageduetothesharpＧ
angledshapes,whichinducesdefectssuchascracks
inthepowdercompacts．Inaddition,itisseenthat
thedistributionofnanocrystallinepowdersdiffers
significantly．Powdercorefabricatedfrom ballＧmilled
powdersshowsmorecomplexdistributionofmagＧ
neticparticlesandmoreirregularentangledbinders
betweenthepowders,whichdegradetheelectrical
insulation．However,mechanicallycrushedpowders
inFig３(b)areregularlyaligned withinsulated
coatings．Consequently,relativelymoredefectsand
worseinterＧparticleinsulationresultinhigherhysＧ
teresislossandsignificantincreaseoftheeddycurＧ
rentlossinhighfrequency,respectively,whichcan
beconfirmedfrom thevalues measuredusingan
IwatsuSYＧ８２３２BＧHanalyzer,asshowninTable１．
　　FrequencydependenceoftheeffectivepermeaＧ
bilityforthe FeCuNbSiB nanocrystalline powder
coresisplottedinFig４．Thecoresfabricatedfrom
mechanicallycrushedpowdersexhibitpercentperＧ
meabilityof８９１％uptohighfrequencyrangeover
１０MHz．Whilethevalueof６８１％isobtainedfrom
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