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Upscéling the Novel 2 Powder Method for the Manufacturing
of Heavy Rare Earth-Lean Permanent Magnets

K. Opelt'?, T. Ahmad', O. Diehl'-2, M. Schonfeldt'?, E. Brouwer!, I. Vogel', J.D. Rossa’, J. Gassmann', S. Ener?,

A. Weidenkaft 14, O. Gutfleisch?

"Fraunhofer Research Institution for Materials Recycling and Resource Strategies, 4Technische Universitat

%EM@@@ethod* is a novel way to enrich (Nd/Pr),Fe,,B grains with a shell of high magnetic anisotropy. Thus preventing the nucleation of reversed domains in large
sintered blocks without magnet size limitation and at the same time, the minimization of the total heavy rare earth (HRE) content in the large magnet volume. Here, two
powders with differences in particle size and chemical composition were blended and sintered together. The powder with the smaller average particle size (AP - anisotropy
powder) includes HREs like Dy or Tb and therefore, shows a significantly higher magneto crystalline anisotropy than the second powder with larger average particle size (MP
- main phase powder). Further, the average particle size of the MP is at least 50 — 100 % larger than the particle size of the AP. During sintering, the anisotropy powder will
turn into the liquid phase first, because of the higher surface energy of smaller particles. This results in a homogeneous distribution of the HREs around the 2-14-1 grains
and finally forms a core shell structure. Therefore, by use of the 2-powder method, size independent HRE-lean magnets can be produced, which is not the case for the
grain boundary diffusion (GBDP) and no additional diffusion treatment after the normal sintering procedure is necessary, making the 2-powder method useful to integrate
in the commercial used mass production for high performance didymium-based sintered magnets.

2 -Powder Method*
M Blending ot two different RE,Fe,,B powders with different particle size
distributions

B Heavy rare earth free main phase powder (MP) with ideally at least 50 - 100 o O @'.‘\
% higher average particle size *RE - rich phase

- : .o :
Blended Wlth d HRE (SUCh > Dy) COﬂtalnlﬂg anISOtrOpy pOWder (AP) Lowe, K., Grain boundary engineering in sintered Nd-Fe-B permanent magnets

] During the Siﬂteriﬂg prOCQSS the Sma”er AP partides turn earlier into the for efficient utilization of heavy rare earth elements. Dissertation 2016:
: : : Darmstadt.
liquid phase and surround the MP particles

B Formation of a core-shell structure
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Comparison of the 2-Powder Method and the GBDP Summary
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magnet grades can be used as AP The B Comparison of the 2-powder method

Comparison of the magnetic properties for 10 mm

lcoatlng Step 15 Sklpped, ds the pQWderS dalre thick sintered magnets by using the 2_powder aﬂd the GBDP i”UStrate the advaﬂtages Of
just blended together and the additional heat method (black curve) and the GBDP (red curve). The the 2-powder method, that magnets
treatment is not required because the Dy content was adjusted to 1 wt.% for both independent of their size can be produced
standard sintering route is used. Finally, magnets underlining that the 2-powder magnet is by using the conventional metallurgical
magnets can produced independent of their even useful for thick magnets. The poor squarness orocessing route for sintered Nd-Fe-B
size. of the magnet treated with the GBDP indicates a not based permanent maanets
homogeneous distribution of the HREs because of P 9
the size limitation in terms of GBDP compared to the
2-powder method.
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