
Site-Specific Magnetic Anisotropies in Nd2Fe14B Systems 

 

Substantial enhancements of intrinsic coercivity in sintered Nd-Fe-B magnets are 

crucially important from the aspect of green technology. It is strongly believed that the 

coercivity is mainly dominated by the large magnetic anisotropy of Nd ions produced 

by the crystal electric fields (CEFs). It is not clear enough, however, how does the local 

magnetic anisotropy of each Nd ion contribute to the bulk magnetic anisotropy and 

coercivity. Indeed, there exists an experimental study of magnetic x-ray scattering by 

the Nd2Fe14B single crystal, which claims that the c-axis anisotropy arises from one-half 

of the Nd ions and the others reduce the anisotropy [1]. There still remains controversy 

because of inevitable ambiguities in interpretation of the experimental results [2]. To 

resolve these controversial arguments, more detailed analysis of the magnetic 

anisotropy are needed from theoretical viewpoint. To this end, we formulate a 

microscopic spin model taking in the maximum number of microscopically determined 

information, the site-specific magnetic anisotropy of Nd and Fe sites, and the exchange 

interactions between Nd-Fe and Fe-Fe.  

 In this paper, we clarify the role of the two inequivalent Nd ions for the magnetic 

anisotropies, where we report such site-specific magnetic structures in Nd2Fe14B 

systems from higher order CEF parameters based on the first principles estimations. 

First of all, Fig. 1 shows the local magnetic moment at each Nd site, obtained by the 

purely single ion CEF Hamiltonian. These results are consistent with previous study [1]. 

In Fig. 2, we made sure that the spin reorientation transition occurs around T=130 (K) 

and the tilting angle is around 33 degrees at T=0 by taking into account the molecular 

field due to the Nd-Fe exchange interactions. We also examine the possibility of the 

intrinsic coercivity enhancements by preferential chemical substitution of Nd ions, as 

pointed out in Ref. [1].  

 

[1] D. Haskel, J. C. Lang, Z. Islam, A. Cady, G. Srajer, M. van Veenendaal, and P. C. 

Canfield, Phys. Rev. Lett. 95, 217207 (2005). 

[2] M. D. Kuz’min, Phys. Rev. Lett. 97, 259701 (2006), D. Haskel and M. van 

Veenendaal, Phys. Rev. Lett. 97, 259702 (2006). 

[3] K. Tokuhara, Y. Ohtsu, F. Ono, O. Yamada, M. Sagawa, and Y. Matsuura, Solid State 

Commun., 56, 333 (1985). 



            

Fig. 1. Site-specific magnetic structure of Nd2Fe14B main phase. 

 

 

Fig. 2. Tilt angle of the direction of easy magnetization of Nd2Fe14B main phase. 

Experimental results are also shown by circle from Ref. [3]. 


