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A strong permanent magnet requires high saturation magnetization (JS), high 

coercivity, and high Curie temperature (TC). Among them, the coercivity is an extrinsic 
quantity in the sense that it is not solely determined by the main phase, but it depends 
on the microstructure of sub-phases, the interface between the main phase and a sub 
phase etc. As a matter of fact, a single crystal of the main phase hardly exhibits 
coercivity. However, experiences tell us that the coercivity has strong correlation with 
magnetocystalline anisotropy (KU) if the microstructure of the magnet material is 
optimized. Hence, a challenge in permanent magnet research is exploration of a 
ferromagnetic compound that has high JS, high KU and high TC. Another challenge is to 
clarify the mechanism of coercivity. In the present talk, I will mainly talk about the 
former problem.  

Starting with a brief history of permanent magnets, rare-earth magnets are discussed 
in detail. The main components of the rare-earth magnets are 3d transition metals and 
rare-earth elements. High JS and high TC mainly come from the former, whereas the 
latter is the source of high KU. The quantum theory of the rare-earth magnet compounds 
will be given (Fig.1). The current strongest magnet is Nd-Fe-B based magnet developed 
by Sagawa, the main phase of which is Nd2Fe14B. It contains a light element (B) in 
addition to transition-metal (Fe) and rare-earth (Nd) elements. In fact, introduction of B 
was the main point of Sagawa’s invention. I will explain how the third element affects 
the magnetism based on first-principles calculations. Recent research activity on 
exploration of new hard magnet compounds are also discussed, with particular emphasis 
on recently-synthesized NdFe12N and materials-informatics approaches. 
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Fig. 1.  Interaction between transition-metal 3d electrons and rare-earth 4f electrons in a 
rare-earth magnet compound [1]. 
 


