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When Nd-Fe-B as-sintered magnets are annealed within some optimal temperature 
range, the coercivity is substantially enhanced, and this enhancement has been linked 
with the formation of a thin and continuous Nd-rich grain boundary (GB) phase that 
coats the Nd2Fe14B grains. When Nd-Fe-B sintered magnets are produced with Ga 
(Nd-Fe-B-Ga), much larger coercivity enhancements under annealing have been 
reported, even as large as 80% compared with 20% in standard Nd-Fe-B sintered 
magnets [1]. Recent measurements have indicated that the GB phase of 
optimally-annealed Nd-Fe-B-Ga sintered magnets is much thicker (> 10 nm) than the 
typical GB thickness (≈ 2 nm) of optimally-annealed standard Nd-Fe-B sintered 
magnets. Furthermore, the thicker GB phase contains much higher rare earth, and 
much lower Fe content, suggesting that it can no-longer be considered ferromagnetic. 
Since the ferromagnetic exchange length of the Nd2Fe14B phase is ≈ 1.3 nm, it was 
concluded that the thicker, non-ferromagnetic GB phase causes exchange-decoupling 
of the Nd2Fe14B grains, thus resulting in the larger coercivity enhancement. 

Through a combination of x-ray diffraction and soft x-ray magnetic circular 
dichroism microscopy measurements, we have determined the constituents of the 
microstructure and mapped the magnetisation reversal process, respectively, in both 
as-sintered and optimally-annealed Nd-Fe-B-Ga permanent magnets. These 
measurements provide important insights into the relationship between the 
microstructure, coercivity, and inter-granular magnetic exchange-coupling. 
 
[1] Sasaki, T.T. et al. Scripta Materialia 113, 218–221 (2016).  


	Relationship between the microstructure, coercivity, and inter-granular magnetic exchange-coupling in Ga-containing Nd-Fe-B sintered magnets

