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Magnetic materials play a vital role in a wide range of applications, from energy conversion to data storage. Their functionality is largely determined by their magnetic hysteresis. For instance, large hysteresis is desired in permanent magnets and recording media, while minimizing hysteresis improves the performance of soft magnets and magnetocaloric materials. In this presentation, we will first provide an overview of our team’s work on tuning the hysteresis of various functional magnetic materials through material design and multi-length-scale microstructure engineering. 
In the first part, we demonstrate how introducing magnetoelastic anisotropy in soft magnetic materials can benefit reduction of core loss for high frequency power electronic applications. We will show that optimum annealing in Fe-based amorphous ribbons with a large magnetostriction induces a small stress-induced perpendicular magnetic anisotropy. This promotes change of magnetic domain configuration from large curvilinear magnetic domain to the formation of narrow stripe-shaped domain and resulted in a change in high frequency magnetization switching mechanism [1]. Unlike conventional approaches that focus on necessity of low magnetostriction values to reduce core loss, we succeeded in 50 % reduction of core loss even in materials with large magnetostriction which can open materials choice for high frequency power electronic applications. 
In the second part of this talk, we will highlight our efforts in developing on-demand permanent magnets with tailored properties—such as optimized electrical resistivity, improved thermal stability, flatter recoil curves, and reduced dependence on critical elements—while preserving excellent hard magnetic performance [2-4]. We will demonstrate how combinatorial research approach of advanced processing, multi-length-scale microstructure characterizations and magnetic domain observations, and digital twins of permanent magnets have enabled us in development of high coercivity Dy-free Nd-Fe-B magnets. Additionally, we will discuss how tailoring the magnetism of the thin intergranular phase can enhance the thermal stability of coercivity, bringing it closer to its theoretical limit—a key factor for high-temperature applications.
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