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Abstract 

Lithium-ion batteries (LiBs) are crucial technologies for the energy transition, providing portable and 
reliable electricity storage. Increasing efforts are being made to recover critical raw materials from 
spent batteries, such as Li, Co, and Mn, to improve circularity and reduce pressure on primary 
resources. However, LiB waste may contain a wide variety of battery chemistries with differing 
elemental ratios, depending on their original application and time of manufacturing. As a result, when 
end-of-life LiBs are collected and pretreated at an industrial scale, the resulting black mass can be 
highly heterogeneous, and subject to significant compositional variations. Current black mass 
characterization practices primarily focus on quantifying the metallic content, incl. Li, Co, Ni, Mn, Cu 
and Al. In contrast, non-metallics, graphite and other carbonaceous matter, fluorinated compounds 
and electrolyte decomposition products are rarely analysed in a systematic manner, despite their 
potential influence on downstream hydrometallurgical recycling. This research addresses this 
knowledge gap by exploring the comprehensive characterization of both metallic and non-metallic 
constituents in black mass and developing a practical protocol for streamlined characterization. 
Multiple black mass samples from different origins are analysed using ICP-OES, SEM, XRF, XRD, LECO 
and ion chromatography. The study provides new insights into the occurrence, quantification and 
relevance of non-metallic impurities in black mass. Furthermore, the potential influence of these 
impurities on downstream hydrometallurgical recycling processes are investigated. 


