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Sintered magnets are ubiquitous in everyday life, being applied in technologies such as
energy generation, automotive applications, loudspeakers and actuators. Rare earth
elements such as neodymium, praseodymium, dysprosium and terbium, primarily used
in the production of sintered magnets are considered to be critical materials by the UK, EU
and US [1, 2, 3]. With exponential growth in demand predicted in the coming years,
current supply may not be able to deliver the required amount of sintered NdFeB
magnets. Recycling can be used as additional supply to supplement virgin material as well
as mitigate the risk of supply shortages.Hydrogen processing of magnetic scrap (HPMS) is
a recycling technique for sintered neodymium iron boron (NdFeB) magnets developed
and patented by the University of Birmingham [4,5]. This technique combines hydrogen
decrepitation and mechanical agitation to liberate NdFeB-alloy powder from end-of-life
components. The nature of HPMS allows for the direct recovery of the magnet material
from end-of-life components without the need for disassembly and separation of the
magnets.

One application for NdFeB sintered magnets is in auxiliary motors in the automotive
industry. The magnets in these units tend to be internally mounted and secured in place
using organic glues, presenting a challenge for short loop recycling as the adhesives can
become entrained in the separated alloy powder. The adhesive can raise the oxygen and
carbon levels and result in deterioration of magnetic properties. Drive motors are
designed in a similar way with ,in some cases, over 500 small magnets mounted inside
the rotor.

In this work rotors from automotive auxiliary motors in various states of disassembly,
including full rotor assemblies mounted on the shaft with no pre-processing were reacted
inside the HPMS vessel at the University of Birmingham pilot facility to liberate the
magnet material as a demagnetised powder, which was subsequently purified. The
conditions used were 2 bar hydrogen over 16 hours with periodic damage cycles; these
conditions were to ensure a full liberation of the magnets and can be reduced with
optimisation to under 8 hours. It was estimated that 95% of the NdFeB material was
recovered from the rotors. During HPMS the NdFeB material was stripped from the
surface of the rotors resulting in a powder containing mainly hydrogenated NdFeB and
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small pieces of electrical steel.The composition of the material was analysed after HPMS
and purification. The HPMS material had a carbon content of 0.48wt%, whereas post
purification the carbon content was reduced to 0.12wt%, a reduction of 75%. The purified
powder was further processed into sintered magnets using a conventional powder
metallurgy route. The material was jet milled, blended with 5 wt.% of neodymium hydride
powder, compacted and aligned before sintering.The recycled magnet had the following
properties: B, - 1.27 T and H¢j - 1110 kA/m and BH 5 -317 kJ/m?.

For the first time it has been shown that it is possible to extract NdFeB magnets from end
of life automotive auxiliary rotors with no pre-processing prior to loading the rotors into
the HPMS vessel. This means that large volumes of scrap rotors can be processed
efficiently with very limited manual pre-processing, and this has also been demonstrated
for full electric drive motors. The sintering conditions have yet to be fully optimised for
this composition of material, but it is clear that commercially viable magnets can be
produced from this feedstock.
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