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The development of hard and semi-hard magnetic materials is driven by the continous
growth of the global market of permanent magnets. Although it is always possible to
manufacture new systems with improved properties, there is a group of metastable
phases that are difficult to synthesize. Several methods are used to determine the
optimal compositions, not only to improve magnetic performance but also structural
stability. A relatively simple and affordable approach based on the semi-empirical
Miedema’s model with various modifications and extensions will be discussed. This
approach is useful to mimic the synthesis process, where various intermetallic phases,
the solid solution, and the glassy state compete.
The results of calculations will be presented together with the experimental evidence
for various groups of alloys, e.g. (Hf,Cr)-Co-B system, for which the synthesis route
involving rapid quenching and isothermal annealing of an initially amorphous pre-
cursor has been proposed. Another group of alloys that crystallize in a tetragonal
ThMn12-type (space group I 4/mmm) structure and are based on Fe and rare earth
elements is considered to have a potential to bridge the performance gap between fer-
rite and Nd-based magnets. Their progress is also hindered by low structural stability,
compared to other phases competing in the synthesis process, e.g. Th2Zn17-type. The
enthalpies of formation of the different phases in (Zr, Nd, Ce)-Fe-Si systems will be
presented with a focus on the Fe-rich compositions to analyze the stability range and
to propose stabilization routes.
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