Micromagnetic simulation of magnetic properties of exchange-coupled Nd2Fe14B/α-Fe nanocomposites
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The hysteresis loops and the magnetic properties of exchange-coupled Nd2Fe14B/α-Fe nanocomposites (NCs) permanent magnets, with a different volume fraction of α-Fe (10 - 60 %) and a deviation angle of easy axis from the applied magnetic field direction were discussed using the Micromagnetic finite element method.

 The Object-Oriented Micromagnetic Framework (OOMMF) is used as a micromagnetic simulation software to simulate the magnetization reversal process. The simulation model is created by the method of 3D Voronoi 
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. The model contains 58 randomly distributed irregular hard and soft magnetic phase particles. The model size is 300 × 300 × 300 nm3, and a cubic unit cell of 2.5 × 2.5 × 2.5 nm3 was chosen.
     The results show that in Nd2Fe14B/α-Fe NCs, the energy product and coercivity decrease significantly with the increase of the deviation angle of the easy axis from the direction of the applied magnetic field [2].

As the soft α-Fe phase increases, the coercivity (Hc) decreases monotonically. Saturation magnetization (Ms) and remanence (Mr) increase with the increase of α-Fe. The increment of squareness ratio (Mr/Ms) and the maximum energy product [(BH)max] with the increasing of α-Fe from 10 to 20 vol. % , indicates that the α-Fe is beneficial to the remanence enhancement effect, and then decreases with the continuous increase of α-Fe, which is due to the existence of large-sized soft phase grains [3]. 
The experimental and simulated magnetic properties agree well with each other, indicating that the accurate selection of the intrinsic parameters of the material and the structure of the adopted model are realistic [4]. 
The simulation predictions obtained from this work open up new prospects for the fabrication of exchange-coupled permanent magnets. Regarding the future prospects of our work, we point to the importance of simulation studies to reproduce the trends in the experimental hysteresis curves of NCs, which provide reasonable insights into the magnetization dynamics of NCs models [5]. It could serve as a starting point for the development of rare earth-free exchange-coupled NCs with enhanced magnetic energy products for spintronic applications.
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