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Keyword: LIQUID-PHASE SINTERING/LTP-MnBi /VACUUM SINTERING/DIFFUSION
COEFFICIENT /MAGNETIC PROPERTIES/ MAGNETIC STABILITY/DEGRADATION

Low-temperature liquid-phase sintering (LPS) in vacuum has been
demonstrated to be a promising method for synthesizing ferromagnetic low-
temperature phase manganese bismuth compound (LTP-MnBi), which is also a
promising rare-earth-free magnetic materials for fabricating high-performance
permanent magnets. The technique requires no extensive post-sintering processing,
and thus is a facile technique for mass production. Powder of LTP-MnBi with coercivity
of about 5 kOe at room temperature has been achieved by a single-step low-
temperature LPS. The highest (BH),,., of approximately 5.5 MGOe was obtained for the
MnBi powder sintered at 325 °C. The complex nature of the liquid phase sintering
processes for synthesizing LTP-MnBi was explained. The diffusion mechanism plays an
important role in the formation of LTP-MnBi during LPS. At sintering temperatures
higher than the melting point, Bi powder was melted into liquid before migrating over
the surface of the Mn particles, and along the cracks within the Mn particles. LTP-MnBi
layers were formed when Bi diffuses into the bulk Mn particles from their exterior
surfaces and from interior surfaces of cracks within the particles. The diffusion
coefficient in MnBi was experimentally determined. At temperatures between 275 and
375 °C, the diffusion coefficient follows the Arrhenius equation with the pre-
exponential factor of 5.33 x 1071 cm?/s and activation energy of 0.45 eV. This equation
provides the information to estimate the thickness of LTP-MnBi layers sintered at any
temperature between 275 and 375 °C for a given sintering duration.

The sintered LTP-MnBi exhibits rather interesting changes that the magnetic
performance improved with aging. Both coercivity and energy product were found to

increase by 52% with 18-month aging at room temperature. The enhance in the
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magnetic performance was considered as the increase in the LTP-MnBi content in the
sintered product due to the diffusion. LTP-MnBi is rather stable at room temperature.
However, LTP-MnBi is easily decomposed at 150 °C in air. The decomposition was
caused mainly by oxidation, yielding Mn oxides and Bi. Therefore, the prevention to
expose to air must be taken into account seriously to utilize this material at elevated

temperatures. Capsulating or thin film coating maybe a solution to this problem.
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