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Nanocomposite alternatives to rare-earth permanent magnets
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Permanent magnets are a component in many modern energy applications such as hybrid electric vehicles, wind power, 
magnetic refrigeration, and flywheel energy storage. The key parameter controlling the performance is the magnetic energy 

density, typically presented via the maximum energy product (BH)max, since it leads to an increase in the whole device efficiency 
(for example the volume-to-power ratio of an electric motor). For single phase material, since the development of rare earth 
permanent magnets in the 1970s, there have been minor advances in the (BH)max, achieved mainly by varying the synthetic 
processing and the ability to control the anisotropy. An alternate approach is to develop a multi-phase material consisting of an 
assembly of hard and soft phase nanoparticles that interact via exchange coupling. This approach is particularly exciting in view 
of the recent developments in chemical synthesis methods of nanoparticles that allow for size and composition control. These 
nanoparticles have atomic structures and compositions often different from the bulk stable phases. Recently, we have been able 
to synthesize a new nanocomposite material composed of a mixture of Co2C and Co3C nanoparticles of varying size using 
polyol reduction chemistry. The material offers unusual magnetic properties and has the potential to become the first non-rare 
earth permanent magnet developed in over 40 years.  This new approach to permanent magnets allows one to tune the magnetic 
properties of the resulting material by controlling the magnetic characteristics of the mixed phase nanoparticles, serving as 
building blocks of the assembled material.
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