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Abstract:

The rare-earth permanent-magnet as exemplified by the champion Nd-Fe-B magnet are made
of 4f-3d intermetallics where the strong magnetic anisotropy originating in localized 4f-electrons
are transmitted to the 3d-electron magnetization via 5d-electron-mediated indirect exchange
interactions. The temperature dependence of the intrinsic magnetic properties of a given perma-
nent-magnet material in its practical operation temperature range spanning several hundreds of
Kelvins can be modeled with a multiple-sublattice classical spin model: part of the sublattices
carries spins with the single-ion anisotropy of 4f electrons and the others represent the domi-
nant 3d-3d exchange interaction, which are defined on a lattice mimicking the realistic crystal
structure with all of the model parameters basically derived from first principles. Numerically
exact Monte Carlo studies of Nd2Fe14B [1] and NdFel2Nx [2], where the latter is a material
that intrinsically goes beyond the former which is today's champion magnet compound, show
how the operation-temperature magnetic anisotropy can be sensitive to the fine-tuning of 5d-
mediated indirect exchange interaction, potentially leading to a low-cost solution for the high-
temperature applications of rare-earth-based permanent magnets. Secondly, our LDA+DMFT
studies combined with experimental fabrication and measurements for Ce-Cu-Co intermetallics
are described as another approach utilizing Ce with an appropriate valence control on its 4f-
electron to cost-effectively yield the desired magnetic anisotropy at finite temperatures.
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