Phase transitions and hard magnetic properties for rapidly
solidified MnAl alloys doped with C, B, and rare earth elements
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Abstract MnAl alloys are attractive candidates to
potentially replace rare earth hard magnets because of their
superior mechanical strength, reasonable magnetic prop-
erties, and low cost. In this study, the phase transitions and
magnetic properties of melt spun MnssAlys based alloys
doped with C, B, and rare earth (RE) elements were
investigated. As-spun Mn—Al, Mn—Al-C, and Mn-Al-C—
RE ribbons possessed a hexagonal ¢ crystal structure. Phase
transformations between the ¢ and the L1, (t) phase are of
interest. The ¢ — 7 transformation occurred at ~500 °C
and the reversed t — ¢ transformation was observed at
~800 °C. Moderate carbon addition promoted the forma-
tion of the desired hard magnetic L1, t-phase and
improved the hard magnetic properties. The Curie tem-
perature T of the t phase is very sensitive to the C con-
centration. Dy or Pr doping in MnAIC alloy had no
significant effect on T¢. Pr addition can slightly improve
the magnetic properties of MnAIC alloy, especially Js.
Doping B could not enhance the magnetic properties of
MnAl alloy since B is not able to stabilize either the &
phase or the L1, hard magnetic t phase.
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were—annealed—at500-650 °Cfor10-min—under—argon

temperature; from the parent & phase during rapid
quenching.
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Conclusions

As-quenched MnAl alloys with C doping or C and RE
additions exhibits a single phase structure, consisting of the
hcp ¢ phase. After annealing at suitable temperatures, & can
transform to the metastable ferromagnetic t phase. The
effects of composition and heat treatment on the phase
transition and hard magnetic properties have been investi-
gated. Addition of C is beneficial to the formation of the t
phase and, thus to the hard magnetic properties. C content
also has a significant effect on the T of t phase. 2% C
addition reduced the 7T from 346 to 258 °C. The
Mns; 3Al45C 7 ribbon after annealing at 650 °C for 10 min
has the best combined magnetic properties. Doping of rare
earth elements Pr can slightly improve the hard magnetic
properties, but Dy does not have a positive effect. B does
not stabilize the hard magnetic phase, the unstable ¢ phase
transform to intermediate phases during annealing. Our
results indicated that the properties of MnAl-based alloys
depend strongly on the processing method.
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