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Development of higher performance permanent magnets is an ongoing research subject because 

of demand from modern technological applications. Improving Nd-Fe-B sintered magnets is 

regarded as the most effective solution, since these systems have the best magnetic properties 

obtained so far. Controlling the microstructure in the Nd-Fe-B sintered magnet is considered to be 

the best approach for achieving higher performance because the microstructure strongly influences 

the coercivity, as evidenced by the large coercivity enhancements achieved by annealing the 

magnets post-sintering [1]. The constituent phases forming the microstructure before and after 

annealing have been observed by TEM, SEM, and 3DAP tomography. However, the changes of the 

constituent phases during the annealing process are poorly understood. In the present study, we 

performed synchrotron based in-situ high temperature X-ray diffraction (XRD) on a Nd-Fe-B 

as-sintered magnet in order to determine the constituent phases and their crystal structures. At 

ambient temperature, Rietveld refinement of the XRD profile for an isotropic Nd14.0Fe79.9B6.0Cu0.1 

as-sintered magnet has identified dhcp-Nd, NdOx, Nd2O3, and Nd5Fe18B18 sub-phases, together with 

the Nd2Fe14B main-phase. Among them, the lattice constants of the non-magnetic dhcp-Nd phase 

show an abnormal temperature dependence that is strongly influenced by the spontaneous 

magnetostriction of Nd2Fe14B. Moreover, the lattice constants of dhcp-Nd in the magnet are 

different from those of pristine Nd metal. From subsequent ab initio calculations, we have 

concluded that interstitial oxygen atoms in the dhcp-Nd lattice can change the lattice constants. The 

present finding indicates that oxygen exists not only in the Nd oxides, but also in the dhcp-Nd phase, 

and that the occupation of the interstitial site may relax the microstructure distortion by the 

spontaneous magnetostriction.  
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