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Designing magnetic softness in nanocrystalline alloys with exceptionally high Fe content 

Magnetically soft nanostructures have been obtained by crystallization of melt-spun amorphous precursors 

[1-4]. Unlike conventional crystalline alloys, the magnetic softness in these nanocrystalline alloys is due to 

the exchange-averaging effect [3] of the local anisotropy (K1). This has set alloy development free from a 

traditional prerequisite of reducing intrinsic K1, which usually requires a large amount of nonmagnetic 

additives, resulting in a reduction of the saturation polarization (Js). Thus, nanocrystalline soft magnetic 

alloys stand out with a great potential of realizing both high Js and low core losses. These properties will 

improve the efficiency of distribution transformers and electric motors, leading to suppression of the 

global greenhouse gas emission from utility and transport sectors. In the first half of this talk, the 

exchange-averaging effect in nanostructures will be summarised by following Herzer’s random anisotropy 

model and our extended model. The second half will focus on the latest alloy design strategy for enhancing 

Js to that of Si steel, followed by examples [5] of recent Fe-B based nanocrystalline alloys (HiB-NANOPERM) 

with Fe content up to 97.2 mass%. 
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