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Nd-Fe-B sintered magnets have the best properties of any permanent magnet to date [1], and 
are used in a wide variety of applications in energy-saving, (hybrid) electric vehicles, wind 
power generators, and so on. In these applications, the magnets are used for motors or dynamos 
which require high coercivities in order to be robust against demagnetization fields. Although the 
addition of 4-8 at.% Dy to Nd-Fe-B sintered magnets increases the coercivity effectively, 
improvements in coercivity without the addition of Dy, and without the reduction of 
magnetization, is crucial because Dy is a critically scarce element. Since it is well-known that the 
microstructure of permanent magnets is intimately related to the coercivity, controlling the 
microstructure might bring a solution to the development of high-performance, Dy-free, Nd-Fe-
B sintered magnets. In the present study, magnetic domain reversal processes are investigated in 
order to relate the microstructure to the coercivity through magnetic domain observations via X-
ray magentic circular dichroism (XMCD). In a previous study [2], we showed that the coercivity 
of the fractured surface closely resembles that of the bulk, in stark contrast to the polished 
surface in which the coercivity is significantly decreased [3]. The higher coercivity of the 
fractured surface is attributed to the particular way in 
which Nd-Fe-B sintered magnets fracture, where the 
majority of the fractured surface remains covered with a 
thin layer of the grain boundary phase. Therefore, 
magnetic domains in the fractured surface may provide 
more direct information of the bulk magnetic state.   

In order to observe the magnetic domain structure in 
the fractured surface under various magnetic fields, we 
have developed a new scanning soft X-ray 
spectromicroscope equipped with a superconducting 
magnet with a maximum magnetic field of ±8 T. When 
used in combination with XMCD and total-electron-yield 
detection, magnetic domain observations of the fractured 
surface become possible. Figure 1 shows a demonstrative 
result obtained using the present technique, where both 
the microstructure and the magnetic domain contrast in 
the fractured surface of a Nd14.0Fe79.7Cu0.1B6.2 sintered 
magnet are clearly observed. Further analysis has allowed 
us to characterize local magnetic hysteresis loops for areas ~ 100 × 100 nm2. 
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Fig. 1 Intensity map of X-ray 
absorption at the Fe L3-edge in 
Nd14.0Fe79.7Cu0.1B6.2 sintered magnet. 


