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Abstract

Nanostructured magnetic materials are expettidhve superior magnetic properties
and are useful to improve the efficienoy devicesaswell asto increase the rangef
applications,Co and Co-Febased nanostructured magnetic alloys have not been well
explored although they exhibitrmimberof attractive properties. This project focused
the formationof nanostructuresn CoandCo-Febased alloys using crystallization of melt
spun amorphousprecursors and mechanical alloyirA) techniques,as well as
characterizatiorof the nanostructures fundamentally usiBgC, electrical resistivity
measurementRD, TEM, SEM andVSM. The alloys were choseto be basedn the
compositionof Co; Si:B,,Fg Ni, andCo,, Fg, -Zr,B, alloy.

Theinvestigation of the crystallization of theq, Si;B,,FgNi, alloy showedor the
first time anovelmetastable phase comprisafthighly modulated nanolamellar structure
(wavelength of about 7 nm). This alloy possesses a multi-step crystallization mechanism:
crystallization into large grains with nanolamellar structgfeprecipitation at grain
boundaries and inside thgrains— formation of heterogeneous microstructass>
formation of equiaxed grainsThe nanolamellar structure occurred within all the large
grainsof the first transformation event, these grains ha@base centered orthorhombic
crystal structure with a=0.74m, b=1.07 nm and ¢=0.77nm. The nanolamellae were
modulated in th€0 0 1) plane.The mechanismof formation of the nanolamellar structure
wasconsidered tdoe spinodal decomposition within the graims.situ TEM observations
revealedthat the crystallizationwashighly thickness dependent dtestrain effects and
enhancement of the atomic mobility in th@n foil. Coarseningof the nanolamellar
structurewas studied in detail for both conventional amdsitu thin foil annealing, the
largegrains with nanolamellae eventually transformed into equiaxed grains consisting of
Co,Si, CoB and h.c.pCo equilibrium phasesThe magneticproperties deteriorateapon

crystallization.
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MA of Cq.Si:B,,FgNi, and Co,Si:B,, from elemental powders successfully
yielded amorphousCo-Si-B alloys. The amorphization occurred directly withopitre-
formation of the crystalline alloys andt was a continuous transformation process.
Addition of Fe andNi increased the crystallization temperatuoéshe amorphouphase
and facilitated the crystallization proce3$e propertiesof the MA amorphous Cbased
alloys were similarto the melt spun alloysThe magnetic properties degradegon
crystallization.

The Cu free HiTperm Co,,.Fg,- Zr, B, amorphousalloy crystallized into a high
densityof a-(Co, Fe) nanocrystals and a secondary pteg€o, Fe),Zr uponannealing.
Theprimary nanocrystals, which appearedd@clusteredwerefoundinstead froniTEM,
HRTEM andCBED analysis, for the first time, tbe single crystals formeth a compact
dendritic morphologyDueto the high nucleation density and the composition difference
between the nanocrystals and the remainemgorphousmatrix, the growth of
nanocrystalsvasslow whenthe size reached arou@ nm; significantly, this resulteeh
a stable nanocrystalline structuihe soft magnetic properties improved after primary
crystallization and deteriorated after secondary crystallization of this alloy as expected.

MA from elemental powders also successfully yielded nanostructboeBebased
alloys. A banded microstructureas observedn the as milledCaq,,Fg;, powders,which
was dueto texture effectsThe alloying elementd® andB were found to have a strong
effectonthe powdersize,morphologyand inner microstructure, addition thlem during
MA of Co-Febased alloyded to formation of spherical nanocrystals instead of banded
microstructuresThe as milled Co-Febasedalloy powders were not magneticalloft.

Annealing significantly improved theoftmagnetic propertiesf these alloys.
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