
9th International Conference on   
Nanomaterials: Applications & Properties '2019 
Odessa, Ukraine, 15-20 Sept. 2019 

 IDNUM-1 

Synchrotron X-ray analysis of functional magnetic 
materials with micro–nano scale resolution 

 

 

Tetsuya Nakamura 
Center for Synchrotron Radiation 

Research 
Japan Synchrotron Radiation Research 

Institute 
Sayo, Hyogo, Japan 
naka@spring8.or.jp 

Yoshinori Kotani 
Center for Synchrotron Radiation 

Research 
 Japan Synchrotron Radiation Research 

Institute 
Sayo, Hyogo, Japan 

ykotani@spring8.or.jp 

David Billington  
Center for Synchrotron Radiation 

Research 
 Japan Synchrotron Radiation Research 

Institute 
Sayo, Hyogo, Japan 

BillingtonD1@cardiff.ac.uk 

Hiroyuki Okazaki 
Center for Synchrotron Radiation 

Research 
 Japan Synchrotron Radiation Research 

Institute 
Sayo, Hyogo, Japan 

okazaki.hiroyuki@qst.go.jp 

Kentaro Toyoki 
Center for Synchrotron Radiation 

Research 
 Japan Synchrotron Radiation Research 

Institute 
Sayo, Hyogo, Japan 

toyoki@mat.eng.osaka-u.ac.jp 

Motohiro Suzuki 
Center for Synchrotron Radiation 

Research 
Japan Synchrotron Radiation Research 

Institute 
Sayo, Hyogo, Japan 

m-suzuki@spring8.or.jp  

Magnetic materials attract us by their very curious 
properties, which have become interesting subjects in 
physics and chemistry. In materials science, the innovation 
of new functional devices has been brought by exploiting the 
magnetic properties. Advanced experimental techniques to 
uncover their magnetic properties have become increasingly 
important since phenomena that could be applicable to useful 
functions for new devices are not easily understood by 
conventional analytical techniques. Synchrotron X-ray 
analysis is a promising approach for investigating magnetic 
materials with micro–nano scale resolution; technical 
progress that addresses new issues with these are ongoing. 
Among the wide varieties of synchrotron X-ray applications, 
crystal structure analysis using X-ray diffraction is probably 
the most popular and universal application in materials 
science. In addition, X-ray magnetic circular dichroism 
(XMCD) spectroscopy (for example, Stöhr et al. [1]) is a 
very powerful magnetic probe with element and shell 
specificity that takes advantage of the tunability of X-ray 
energy and polarization in synchrotron radiation facilities. In 
this talk, I will present our recent synchrotron X-ray-based 
studies on the structural and magnetic properties of a Nd-Fe-
B permanent magnet, current trends in their use, and possible 
future applications. 

Nd-Fe-B sintered magnets have been the strongest 
permanent magnets since their invention by Sagawa et al. [2], 
and are widely used in applications including the motors of 
electric vehicles, wind power generators, voice coil motors, 
and actuators for robots. The key challenge in improving the 
performance of Nd-Fe-B permanent magnets is to increase 
their coercivity significantly without decreasing their 
magnetization. To achieve large increases in coercivity, it is 
desirable to understand the magnetization reversal 
mechanism. In other words, magnetic domain reversal by 
external magnetic fields should be visualized to determine 
magnetically weak points in the microstructure. However, 
techniques for observing magnetic domains in rough surfaces 
under large applied magnetic fields did not exist previously. 
We have, therefore, developed a scanning soft XMCD 
micro-spectroscopy apparatus equipped with an 8 T 

superconducting magnet [3] at BL25SU at the SPring-8 
synchrotron facility [4]. By applying this experimental 
technique, magnetic domain reversals of different applied 
external magnetic fields, for both polished and fractured 
surfaces of Nd-Fe-B sintered magnets, are clearly visualized 
[5]. As the applied field is varied, the domains in the 
fractured surface behave completely differently from those in 
the polished surface. By tracking the reversal of individual 
grains, significant variation in the reversal behavior was 
observed and intergranular correlations were identified. 
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