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Reevaluation of the Nd,Fe 4B system based on new interpretation of

crystalline electric field interactions and high-temperature high-field magnetization measurements

Nd-Fe-B sintered magnets have a very large energy product and are used in a wide range of
fields. Current Nd-Fe-B magnets commercially available contains a huge amount of heavy
rare-earth (R) elements such as Dy to enhance coercivity. Because of an estimated short
supply of heavy R owing to their low natural abundance, many research projects are in
progress to achieve higher coercivity magnets without using heavy R. Crystallographically,
there are two inequivalent R sites, f and g in the R Fe4B structure, in which the local
magnetic anisotropy (MA) at the former is reported recently to be against the latter. Now,
based upon a new viewpoint of the site dependence of MA in R,Fe;4B, it is necessary to
recvaluate the intrinsic magnetic properties, in order to understand the mechanism of MA in
IR,Fe4B and to give a new insight to a clue to further improve the coercivity in Nd-Fe-B
magnets. As an approach to this problem, I pay attention to the R moment reduction when
forced to be aligned along the hard direction by the magnetic field. A degree of the R-moment
reduction would be different in inequivalent R sites reflecting the difference in the local MA.
In this thesis, magnetization curves in RoFe 4B single crystals were measured systematically,
which were compared with the calculated magnetization based wupon the
crystalline-electric-field parameters determined from the first-principles calculations.

The contents and the structure of the thesis are as follows.

In section 1, as an introduction, basic magnetic properties of R;Fe;4B system were
described in order to explain the purpose of this thesis.

In section 2, experimental procedures were described, including a newly-developed
surface-coating method for the single-crystal samples.

In section 3, experimental results of high-field magnetizations were presented, showing the
anisotropy in the saturation magnetization and paramagnetic susceptibility.

In section 4, results of numerical calculation for magnetization were presented, which are
in good agreement with the experiments. The reduction rate of R moment in the g site was
suggested to be larger than that in the f'site in the case of R = Pr and Nd.

In section 5, results of previous sections were analyzed in detail. The local MA at the f'site
was suggested to be much reduced as compared with that at the g site.
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