Behavior of Nb atoms in Nb Substituted Nd2Fe14B Nanocrystalline Alloys Investigated by Atom Probe Tomography
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Nd-Fe-B permanent magnet alloys have been developed into essential engineering materials in many industrial applications. Numerous studies on various alloying elements have been performed, but in many cases it is unclear to what extent the solute atoms affect the exchange interaction or alternatively act solely as grain refiners. Previous studies have shown that Nb substitution in nanocrystalline Nd2Fe14B alloys is an effective way to improve hard magnetic properties. However, due to lack of direct evidence, the accommodation of the excess Nb atoms is unknown.  In the present study, atom probe tomography (APT) has been employed to examine the site locations of Nb atoms in Nd12Fe82-xB6Nbx (x = 0 to 3) alloys on near-atomic scale. Alloy ribbons were synthesized by the melt-spinning technique under optimal quench rates and subsequently isothermally annealed to optimize hard magnetic properties. Transmission electron microscopy (TEM) characterization revealed a significant decrease in the average grain size of up to 30% with the increase of Nb substitution, which enhances exchange-coupling effect among grains in the alloys. APT investigations on Nd12Fe80.5B6Nb1.5 and Nd12Fe79B6Nb3 alloys further reveal that Nb atoms are enriched at grain boundaries, where the peak concentration of Nb is as much as 5 at.% and 10 at.%, respectively, approximately 4 times higher than the average Nb concentration in corresponding Nd2Fe14B grains. A grain boundary region with a chemical composition near a Nb:Fe:B stoichiometry of 3:3:5 is also measured by APT in the Nd12Fe79B6Nb3 alloy. The near-atomic scale of the APT results provide direct evidence of microstructural refinement due to solute drag of Nb atoms during solidification, resulting in Nb enrichment at grain boundaries and possibly the formation of a Nb-rich interfacial phase, with corresponding enhanced magnetic properties.
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