Digital twins of magnetic materials:
revealing microstructure-properties correlations
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Abstract
Magnetic materials are among the prime functional materials in establishing a carbon-neutral society. In particular, high-density magnetic recording media are required in data centers, while permanent magnets are essential components in motors of hybrid/electric vehicles and generators of wind turbines. It is important to improve the performance of such magnetic materials up to their practical limits through fine compositional and microstructural optimization. Micromagnetic simulations are usually incorporated to boost this optimization. These simulations are especially useful when a realistic model of the material can be constructed – a digital twin. Our recent achievements in developing such representative micromagnetic models will be presented in this report. First, a TEM image-based finite element model of FePt granular media allowed us to elucidate the effect of nanodefects on magnetic properties and to realize the micromagnetic approximation of hysteresis loops assisted by machine learning [1,2]. Second, the similar TEM-based approach was used to explain the suppressed coercivity in SmFe12-based anisotropic thin films and to guide toward its remarkable enhancement [3]. Finally, the most challenging large-scale finite element model was constructed for Nd-Fe-B hot-deformed magnets based on the FIB-SEM tomographic data obtained for a real sample. With this model, we were able to reproduce the experimental coercivity and to explain its microstructural origins. Thus, the combination of advanced microstructure characterization techniques, state-of-the-art data processing algorithms including machine learning, and GPU-accelerated micromagnetic simulations can bring a new horizon in the design of high-performance magnetic materials.
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