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Introduction

Rare earth elements (REE), particularly neodymium (Nd), praseodymium (Pr) and dysprosium (Dy), are essential for high-performance permanent magnets (PM) used in
electric vehicles, wind turbines and advanced electronics!. The European Union (EU) is highly dependent on imported REE, with approximately 98% of its supply
originating from China, creating strategic and supply-chain vulnerabilities. At the same time, primary REE extraction 1s associated with significant environmental impacts,
while less than 1% of REE are currently recycled within the EU%. Recycling end-of-life (EoL) NdFeB permanent magnets can therefore reduce environmental impacts of
primary production, improve resource circularity and recover critical materials from secondary sources. Developing efficient recycling technologies is consequently

essential to strengthening the resilience of European REE supply chain and supporting the objectives of the Critical Raw Materials Act (CRMA)?.

Results

1. High purity REO (99%) 2 . High REE recovery (> 97%) 3. Homogeneous elemental distribution
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Figure 1. Elemental composition of the recovered REO determined by ICP-OES.
The recovered REO exhibited high purity, with Figure 2. REE recovery efficiencies obtained at lab- and Figure 3. EDS analysis of the recovered REQ, confirming the predominance of
Nd and Pr as the main constituents. pilot-scale hydrometallurgical process. REE and the low concentration of impurities in the final product.
4. Good morphological consistency 5. Scalability 6. Environmental performance
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Figure 4. SEM images of the recovered REQ particles. PIIOt scale validation ke I 11 x 1077 B e
Conflrmed t.h_e rObUStneSS and Negative values indicate a net positive contribution (prevention of tropospheric ozone formation).

Homogeneous particle morphology and microstructure
consistent with high-purity REQ.

reprodu01b111ty of the Process. Figure 5. Life Cycle Assessment (LCA) results comparing the environmental

performance of the ReMag process with conventional REE production.

Conclusion
* A pilot-scale hydrometallurgical process for NdFeB PM recovery was successtully demonstrated. References
* Recovery efficiencies above 95% and REQO purities up to 99% were achieved. I. Balaram, V. Rare earth elements: A review of applications, occurrence,

exploration, analysis, recycling, and environmental impact. Geoscience Frontiers 10,

 LCA confirmed lower environmental impacts than conventional mineral extraction. 12851303 (2019)

* Overall, the technology provides a promising pathway towards a circular and more resilient European 2. Schulze, R. & Buchert, M. Estimates of global REE recycling potentials from
NdFeB magnet material. Resour. Conserv. Recycl. 113, 12-27 (2016).
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