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Influence of Intergranular Grain Boundary Phases on Coercivity in Nd-Fe-B-based Magnets
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To determine how to increase the coercivity of Nd-Fe-B-based sintered magnets without
the use of heavy rare earths such as Dy, the influence of intergranular grain boundary
(GB) phases on coercivity was studied. Spin-polarized scanning electron microscopy (spin
SEM) revealed that GB phases in conventional Nd-Fe-B-based sintered magnets are
ferromagnetic, and their magnetization is around 0.4 T. Micromagnetics simulations
showed that magnetic interaction between adjacent Nd.Fe;4sB grains, which affects the
propagation of magnetization reversal, strongly depends on both the thickness and
magnetization of GB phases, and that coercivity decreases if the magnetization of GB

phases increases.
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Fig.1 Cross-sectional backscattered electron image of Nd-Fe-B-
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Fig.2 Schematic illustration of spin SEM principle
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Fig.3 Schematic illustration of experimental technique to measure
magnetization at grain boundary phases using spin SEM
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Fig.4 (a) Assumed sample condition during the ion milling process:
® Just after the magnet fractures (the grain boundary phase is
thicker than the spin SEM probing depth, @ in the course of the
ion milling proceeding (the grain boundary phase is thinner than
or equal to the spin SEM probing depth), and ® ion milling
proceeding for long enough to eliminate the grain boundary
phase completely. (b) The expected data (correlation diagram) of
the obtained spin polarization and length of milling time is as in
(I). However, if the initial grain boundary phase at the fractured
surface is not thick enough, the condition described in (D is not
assumed, and the data obtained should be as in (1) ?.
[Reproduced with permission from ref.2. Copyright 2014, AIP
Publishing LLC.]
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Fig.5 Spin SEM images of the fractured surface of an Nd-Fe-B-
based sintered magnet (a) just after fractured (b) after ion milling
of the fractured surface®
[Reproduced with permission from ref.2. Copyright 2014, AIP
Publishing LLC.]
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Fig.6 Spin SEM images of the fractured surface of an Nd-Fe-B-
based sintered magnet (a) topography image and (b-g) after
argon ion milling of the fractured surface at different times®
[Reproduced with permission from ref.2. Copyright 2014, AIP
Publishing LLC.]
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Fig.7 Relationship between total milling time and detected spin
polarizations in the areas marked A and B in the images in Fig.62>
[Reproduced with permission from ref.2 . Copyright 2014, AIP
Publishing LLC.]
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Fig.8 Schematic illustrations of models applied to calculations for
magnetic interaction energies
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Fig.9 Relationship between the thickness of intergranular grain
boundary (GB) phase D and magnetic interaction energy Eix
when the GB phases exhibit paramagnetism (i.e., Ji°° = 0) '
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