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Collaborative project:  

 

Properties of new hard magnetic compounds  

and composites with reduced rare earth content 

 

Fe-based permanent magnet material (rare earth free or with reduced content of critical 

elements) will be synthesized by melting of pure elements. Formation of desired ThMn12 

phase (and also other intermetallic compounds: 1:5, 2:17) will be also controlled by further 

treatment: thermal and/or mechanical (plastic deformation). Optimal stoichiometry will be 

chosen to maximize magnetocrystalline anisotropy, energy product and Curie temperature. It 

is expected that the alloys will be characterized by high thermal stability and also high Curie 

temperature, exceeding that of commonly used Nd-Fe-B magnets. We intend to reduce the 

amount of critical elements in the group of alloys crystallizing in 1:12 structure. Our systems 

will be based on transition metals (Fe, Ni, Co) and cheaper substitutions (e.g. Ce, Zr, Al, Si, 

B, Ti) of critical elements (like Nd). Magnetic characteristics of 1:12 phases strongly depend 

on the minor substitutions on both rare earth and transition metal sites. Theoretically, 

NdFe12N is predicted to be the highest performance permanent magnet in this group. For 

structurally metastable 1:12 phase is expected energy product equals to 686 kJ/m3. In turn, 

theoretically determined values for Ce-based alloys are more than half of that of Nd-based and 

the energy product is equal to 396 kJ/m3 for CeFe11Ti. Concluding, 1:12 alloys containing of 

Sm or Ce would not reach the energy product of Nd-based alloys but should ensure 

advantageous performance vs. cost ratio.  


