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Nd-Fe-B Permanent Magnets

Nd-Fe-B magnets base on the excellent intrinsic
magnetic properties of Nd,Fe,,B. Transformed to a
key microstructure, remanences of up to 1.4 T and
energy densities of more than 400 KJ/m3 can be
achieved in sintered magnets, which have the
greatest market share (based on S) since more
than 10 years.

60

1 1
450 - [ |—'
H i i Nd Fe B
400 + \ -4 50
350 +
g fo
i 300 Sm.Co,. 8
— O
5 250 N\ | 1a0 £
% 200 SmCo _E
=~ _ XL
150 b 20 @ 0. Gutfleisch, M.A. Willard, E.
Hard Fe rrltes Briick, C.H. Chen, S.G. Sankar,
100 - Alnico J.P. Liu,
\ 710 Magnetic Materials and
50 | Steels Devices for the 21st Century:
 e—p—lT T e e a Stronger, Lighter, and More
D | T | | 1 1 U'

Energy Efficient, Advanced

1910 1920 1930 1940 195{) 1960 19?0 1980 1990 2000 2010 Materials 23, 821-842 (2011)

The production of a typical annual amount of 150.000 tons/year is increasing due to the increasing
demand by e-mobility, robotics and energy conversion applications. The magnets possess a high resource
criticality by two main reasons, one third of the weight is composed of rare-earth metals (Nd, Pr, Dy, Tb)
and the complex production from the ore to the magnet consumes a lot of energy, water and chemicals.

Process chain of the state
of the art sintered magnet
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achievable magnet . . . .
A top down approach is used in the project funded by the Pioneer Fund of TU

Formetion n NdFes Tornary AlloySysem for Magnet b grade of the final sintered product.

surip Casting Method, & Japan fns. et Mater. 86,1 (2015) Darmstadt. This means, a cast rod of Nd-Fe-B material is wrapped with a steel
Thus the composition (Nd,Fe,B + Pr,Dy,Co,Al,Ga,..) as well as the casting cladding and the existing coarse Nd-Fe-B grains are broken down to few
conditions (temperature, speed of tilting, wheel rotation speed) provide a large micrometer size by a rotary swaging step. Before swaging, the rod is preheated
parameter space to optimize process and material. The targeted smaller grain to reach the thixo-state of a partly molten material. This is possible, since the
size in the sintered magnet leads to an increased coercivity and allows to grain boundary phase of the Nd-Fe-B magnet already melts below 700°C. The

reduce the amount of heavy rare earth elements (Dy,Tb).

crushing is supported by a flow of this liquid material to the opening cracks
forming ideally a fine grained structure similar to a sintered magnet.
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The adaption of composition and process condition allow

to reach a coercivity of 2000 kA/m at room temperature
and an improved high temperature (200°C) performance

although the amount of Dy by more than 1.5wt%. Thi

work and the upscaling to a commercial production are
the goals of the EIT Raw Materials funded project

,UPGRADE" running from 2019 — 2021

process. In addition, this route is promising for a continuous production
compared to the typical state of the art batch production. However, the
application of these magnets is limited being isotropic magnetic material with
rod-like shapes.
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