Combinatorial high throughput studies of magnetic materials for energy conversion
High performance hard magnets based on the NdFeB phase play an essential role in the energy transition, be it for electricity production (wind turbines) or electric mobility. These magnets contain a significant amount of rare earth elements, the supply of which is becoming more and more critical. Therefore, it is important to quickly study the impact of element substitution in this and other hard magnetic phases (RCo5, RFe12 …) so as optimize the use of different rare earths in order to improve sustainability. We have developed a high throughput framework in which samples are grown by sputtering on silicon wafers with gradients of composition. One wafer then consists in hundreds of individual samples with different compositions that are characterized together by scanning tools. We measure the composition in this fashion by EDX(energy dispersive x-ray spectroscopy), magnetic properties by MOKE (magneto-optical Kerre effect), thickness by profilometry and structural properties by XRD (x-ray diffraction). In particular, the setup on BM02 allowing for the xrd characterization of a full wafer (~250 measurement points over the wafer) in around one hour with an automatic changing of the samples is crucial for our analysis. These high-throughput fabrication and characterization techniques coupled with an in-house developed software for automatic data treatment and visualization allows for the fast development and/or optimisation of new magnetic materials, as well as providing robust experimental datasets to feed machine learning algorithms.
