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Permanent magnets (PM) used in energy-related applications occasionally operate under strong 

demagnetizing fields and at elevated temperatures of about 150 ºC or more. One of the most desirable 

properties of PM that operate under such conditions is the coercivity. Nowadays, the main type of PM 

used in these high demanding applications are the Nd-Fe-B sintered magnets, which usually use the 

scarce heavy rare earth (HRE) elements such as Tb or Dy to improve their coercivity and thermal 

stability. In order to avoid the use of the scarce HRE, it is important to have a good knowledge of the 

effect of the microstructure and the grain boundary (GB) phases on the magnetic properties of a magnet. 

It has been known that the magnetic properties of the GB phase is associated with the coercivity through 

nucleation of magnetic domains and the pinning effect of the magnetic domain wall displacement. The 

evaluation of the magnetic properties of the GB phase is, therefore, crucial for the study of permanent 

magnets. Soft X-ray magnetic circular dichroism (XMCD) with the total electron yield (TEY) regime 

is a surface sensitive probe for element specific magnetic moments. XMCD measurements previously 

showed the magnetic properties of the GB phase exposed in the fractured surface [1]. The estimated 

values were, however, those averaged over a wide area with significant inhomogeneity. In this work, 

we present the distribution of the local Fe magnetic moments estimated by the sum rule analysis for 

XMCD spectra. The local XMCD spectra were recorded using the scanning soft XMCD 

microspectroscopy technique with the spatial resolution of about 100 nm [2,3] and it was possible to 

discern the magnetic moment of Fe from the intragranular fracture (related to the Nd2Fe14B phase) and 

the intergranular fracture (related at some extent with the GB phase). The value obtained for the 

intragranular fracture was ~2 µB, similar to that obtained by Mössbauer spectroscopy [4]. 
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Distribution of Fe magnetic moments related to the Fe/Nd composition ratio. The Nd2Fe14B phase corresponds with Fe/Nd = 
7. 
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