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Abstract

Sustainability is a key focus of current R & D interest throughout the world. Conventional magnetic cooling
materials use rare earth materials. However, heavy rare earth materials are classified as “critical” materials due
to strategic instability in supply, price fluctuations, hazardous mining issues etc. This leads to serious sustainability
concerns. Hence, we studied novel rare earth free materials for thermal management and energy harvesting. We
have developed autonomous and self-regulating magnetic cooling heat pipes using rare earth free ferrofluids.
These heat pipes exhibit high performance for cooling in the kW range, high heat load temperatures and transfer
heat efficiently over long distances. We have also fabricated a solid state, rare earth free, combined magnetic
cooling and energy harvesting system.

There is an urgent unmet need for sustainable components exhibiting locally optimized properties, such
components will minimize materials use. Combinatorial synthesis of compositionally graded structures is very
useful to rapidly identify compositions possessing this locally optimized property set. We used combinatorial
synthesis to develop low coercivity, mechanically strong, magnetic materials for high frequency electrical motors.
We processed rare earth free compositionally graded magnetic structures by laser engineered net shaping
(LENS) additive manufacturing. Quick materials assessment, including the use of Al/Machine Learning, was
used to identify the most promising composition, structure and property set. Our results are beneficial to develop
net shape, complex geometry components with locally optimized properties.
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