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Abstract: Magnetic materials, such as soft and hard magnets, are essential for a wide range of energy conversion applications. Rising demands and emerging applications require these materials to operate closer to their theoretical limits while meeting sustainability challenges. Achieving this goal hinges on microstructure design and control across multiple length scales, guided by experiments and modeling. This talk will highlight several such strategies. In the first part, we demonstrate how introducing magnetoelastic anisotropy in soft magnetic materials can benefit different applications from Wiegand wires to the power electronic applications. Supported by micromagnetic simulations, 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. Unlike conventional approach 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 the talk, we present advances in high-coercivity Dy-free Nd–Fe–B permanent magnets with excellent thermal stability. These results stem from integrating advanced processing methods, multi-scale microstructural characterization, and microstructure-based micromagnetic simulations. Finally, we show how this combinatorial approach accelerates the development of Fe-rich SmFe₁₂-based sintered magnets with an optimized microstructure.

