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1. Introduction

Permanent magnets based on neodymium–iron–boron (NdFeB) are essential components in 
modern technologies, including information and communication devices, renewable energy 
systems, and electric mobility. The increasing demand for neodymium (Nd) and other critical 
raw materials, combined with geopolitical supply risks and environmental concerns 
associated with primary mining, highlights the urgent need for efficient recycling and 
upcycling solutions. Waste electrical and electronic equipment (WEEE), particularly end-of-
life hard disk drives (HDDs), represents an important secondary source of NdFeB magnets; 
however, current recycling routes are limited, often downcycling materials or failing to 
achieve sufficient purity for high-value applications.
The NEO-CYCLE project addresses this challenge by developing and demonstrating, at 
Technology Readiness Level 6 (TRL6), an integrated and circular upcycling route for spent 
NdFeB magnets from HDDs. The project aims to recover neodymium (Nd), iron (Fe), and 
boron (B) and transform them into market-relevant, high-value products, thereby closing 
material loops and contributing to sustainable solid waste management. This work aligns 
closely with the themes of KOS 2026 by combining advanced materials processing, circular 
economy principles, and sustainability assessment.

2. Materials and Methods

Spent NdFeB magnets are sourced from dismantled end-of-life HDDs following established 
WEEE handling procedures. The developed process chain integrates several innovative and 
alternative technologies.  Electrochemical dissolution of the magnet, combined with 
hydroxide precipitation of Nd and Fe, enables the selective extraction of B into solution and 
the formation of a solid residue, thereby allowing further separation of Nd from Fe.
Recovered elements will be refined to industry-required purities and subsequently 
upcycled into application-specific products for four industrial case studies: (i) catalysts for 
ammonia synthesis, (ii) intermediates for pharmaceutical active ingredient (API) synthesis 
via Suzuki cross-coupling reactions, (iii) polymerisation process components, and (iv) boron-
based intermediates for specialty chemicals. Product performance will be evaluated using 
application-specific laboratory testing protocols in collaboration with industrial partners.
To support process optimisation and scale-up, digitalisation tools will be implemented, 
including mathematical modelling, process simulations, and digital twin concepts. In parallel, 
comprehensive sustainability analyses will be conducted, encompassing life cycle assessment 
(LCA), life cycle costing (LCC), techno-economic analysis, circularity indicators, and 
preliminary social impact considerations, ensuring compliance with international ethical and 
sustainability standards.



3. Results and Discussion

The integrated process will demonstrate the recovery of Nd, Fe, and B at high purities, 
suitable for downstream industrial applications. The developed methods will enable efficient 
neodymium recovery with reduced reagent consumption compared to conventional 
hydrometallurgical routes. The stepwise process design will minimise material losses and 
energy demand, supporting circularity objectives.
Upcycled products derived from recovered elements will exhibit comparable or improved 
performance relative to reference materials sourced from primary raw materials. In 
particular, Nd-based components will show suitability for catalytic and chemical synthesis 
applications, confirming the technical feasibility of high-value upcycling rather than 
downcycling. Digital modelling tools will support process robustness and identify key 
parameters influencing yield and energy efficiency.
Sustainability assessments are expected to indicate a significant reduction in environmental 
impacts, especially with respect to resource depletion and greenhouse gas emissions, when 
compared to primary production routes. These findings will demonstrate that advanced 
recycling of NdFeB magnets can contribute meaningfully to sustainable waste management, 
critical raw material security, and circular economy implementation.

4. Conclusions

The NEO-CYCLE project will demonstrate a novel, integrated, and scalable upcycling route 
for spent NdFeB magnets from end-of-life HDDs at TRL6. By combining innovative 
separation technologies, digital process optimisation, and comprehensive sustainability 
assessment, the project will deliver a viable solution for closing material loops and producing 
high-value products from WEEE streams. The expected results will confirm that NdFeB 
magnet waste can be transformed into strategic resources, supporting resource efficiency, 
environmental sustainability, and circular economy goals. This work is highly relevant to the 
themes of KOS 2026 and contributes original scientific and technical knowledge to the field 
of sustainable solid waste management.
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