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Abstract

Determination of the dissolved iron oxidation state is of particular interest for
hydrometallurgical process control, as Fe speciation strongly influences impurity removal
strategies and downstream recovery of critical raw materials (CRMs). The adapted ferrozine
method provides a rapid, accessible approach for characterizing Fe oxidation states in
complex battery recycling solutions and offers a practical alternative to more instrument-
intensive analytical techniques for routine process monitoring. The ferrozine method was
adapted to determine Fe*/Fe3" speciation in pregnant leach solutions (PLS) generated
during the hydrometallurgical recycling of lithium-ion batteries (LiBs). Spectrophotometric
analysis of the Fe?*-ferrozine complex was performed by UV-Vis spectroscopy on a sample
before and after a reduction step, allowing to calculate the concentration of Fe3* by the
difference between the total Fe and dissolved Fe?'. The method was calibrated using
dissolved Fe standards and confirmed against ICP-OES measurements. The validation of the
technique was initially carried out using Fe-only solutions, followed by the evaluation of
potential matrix effects arising from dissolved Li*, Ni**, Mn%*, Co?, Cu®, and Al*,
representative of LiB black mass (BM) leachates. Finally, the applicability of the method was
assessed using both cathode active material (CAM) BM leachates and industrial BM PLS,
demonstrating its suitability for multi-ion, complex solutions.



