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ABSTRACT

Development of high-performance permanent magnets relies on both the main-phase compound with superior
intrinsic magnetic properties and the microstructure effect for the prevention of magnetization reversal. In
this article, the microstructure effect is discussed by focusing on the interface between the main phase and an
intergranular phase and on the intergranular phase itself. First, surfaces of main-phase grains are considered,
where a general trend in the surface termination and its origin are discussed. Next, microstructure interfaces
in SmFe,,-based magnets are discussed, where magnetic decoupling between SmFe,, grains is found for the
SmCu subphase. Finally, general insights into finite-temperature magnetism are discussed with emphasis on
the feedback effect from magnetism-dependent phonons on magnetism, which is followed by explanations on
atomic arrangements and magnetism of intergranular phases in Nd-Fe-B magnets. Both amorphous and candidate
crystalline structures of Nd-Fe alloys are considered. The addition of Cu and Ga to Nd-Fe alloys is demonstrated
to be effective in decreasing the Curie temperature of the intergranular phase.
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Fig. 1 (a-c) Surface structures and (d) surface-energy densities y of SmFe,,. (e) Projected density of states (DOS) for 5d states of the Sm atoms and 34 states of
the Fe atoms in the SmFe, bulk. The upper (lower) panel denotes the projected DOS of the majority (minority) spin, respectively. The single-electron
energy is defined relative to the Fermi energy ¢;. The figure is adapted from Ref. 30). Copyright (2020) The Authors.
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Fig. 2 Optimized interface structures. The position with z=0 and 1.21 nm
represents the first interface layer of SmFe,,. d is the distance
between SmFe,, grains defined as that between the first interface
layers. The figure is adapted from Ref. 30). Copyright (2020) The
Authors.
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Fig. 3 Interface supercell with 8463 atoms for the main phase and an intergranular phase in Nd-Fe-B magnets.
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Fig. 6 Exchange coupling constant .J; between Nd-Fe pairs as a function of the interatomic distance r; for amorphous Nd,Fe,_, alloys with (a) x = 0.20, (b)

x=0.42, (¢) x = 0.59, and (d) x = 0.80.
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Fig. 7 The optimized crystal structures of the fluorite Nd-Fe alloys for
(a) Ndy4Fey, and (b) Nd,¢,sFe,ss5. (¢) The formation energies Ej,,
of the fluorite Nd-Fe alloys. The figure is taken from Ref. 72).
Copyright (2020) The Authors.
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Fig. 8 Formation energies of fluorite Nd, «;Fe,5;-,M, alloys. The dashed
line indicates the formation energy of the binary Nd,Fe,s; alloy
with the fluorite structure. For y = 0.17, the composition should be
read as Nd,;Fe, M, . The figure is taken from Ref. 72). Copyright

(2020) The Authors.
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Fig. 9 Curie temperature 7. for fluorite Nd-Fe-M alloys as a function of
the composition parameter y. The figure is taken by permission from
Ref. 74). Copyright (2020) The Japan Society of Applied Physics.
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