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The lithium-ion battery recycling sector is increasingly relying on hydrometallurgical routes
development owing to their recovery and selectivity efficiencies and their potential to support a
more circular economy. Despite industrial black masses differing in chemistry, mineralogy,
texture and upstream production history, and such variability being proven to affect reagent
requirements, impurity deportment, purification strategies and, ultimately, the overall process
efficiency, most current processes still rely on bulk chemical analyses of the so-called black
mass.

This work aims at reinforcing the understanding of black mass behaviour through a systematic
process-oriented characterisation linking feed characteristics with hydrometallurgical
responses. Rather than describing black masses from an analytical perspective only, the
proposed approach seeks to identify descriptors directly relevant for process design.

Black masses representative of different upstream mineral processing strategies, battery
chemistries and pretreatment histories were investigated through complementary physical,
chemical and microscopical techniques including particle size distribution, XRF, ICP-OES, SEM-
EDS and automated mineralogy. The generated dataset was interpreted from a process
perspective and compared with the corresponding leaching behaviour.

The results demonstrate that back masses exhibiting comparable chemical compositions may
present markedly different mineralogical assemblages, particle associations, liberation
characteristics and speciation features. Distinct process-oriented signatures were identified. For
example, thermally pretreated black masses exhibited reduced transition metals species (down
to the zero-valent state) which consequently required less reducing agent during leaching than
comparable mechanically processed black masses. In parallel, occurrences of metal alloying
could partially explain some leaching recalcitrancy. These differences were observed to influence
acid and reducing/oxidizing agent demands, impurity dissolution, residue characteristics,
purification requirements and metal extraction behaviour.

These observations suggest that feed characterisation can support a transition from chemistry-
driven towards feed-adaptive hydrometallurgical flowsheets. Integrating mineralogical and
process-relevant descriptors into process design should improve reagent utilisation, facilitate
impurity management and contribute to more selective and resource-efficient recycling
strategies.

Overall, the proposed framework positions process-oriented characterisation as a decision-
supporttoolforadaptive circular hydrometallurgical recycling of black masses rather than a mere
analytical step, providing new perspectives for predictive and reagent-efficient process design.
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