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Abstract
The versatility of lithium ion batteries (LIBs), which is powered by intense research activities and a
constant pursuit of improvements, enables their usability in various applications on the one hand but
also has its downside, since efficient waste management and recycling becomes difficult for hardly
predictable waste streams with fluctuating chemical compositions. [1, 2] Nevertheless, due to the
valuable and partly critical raw materials that are used for the cathode materials of lithium ion
batteries, their recycling is not only necessary to reach sustainability goals and to ensure future raw
material supply but can also be a technological challenge, which is economically worth going for.
[3] A new approach on pyrometallurgical metal recovery from black matter, a product of the preprocessing of spent LIBs, is the application of the so-called InduRed reactor. With its inductively
heated carbon bed that offers a large reaction surface and enables highly reducing conditions, the
simultaneous recovery of nickel, cobalt, manganese, phosphorus and lithium shall be achieved. The
corresponding research project in a first step investigates the behaviour of currently used pure
cathode materials like NCA, NMC in different variations, LCO as well as LFP at high temperatures
and under reducing conditions for which highly reactive carbon powder is added. For this purpose,
heating microscope experiments as well as thermogravimetric and differential calorimetry analyses
under inert and reducing conditions have been conducted. The experiments and analyses have also
been carried out for black matter from a battery pre-processing step and the results of both
experimental series were compared. The findings of these preliminary experiments have then been
used to design an experiment in the so-called InduMelt plant, which is a discontinuous lab-scale
reactor prototype that is based on the InduRed concept. It could be seen that first changes in the
materials occur at temperatures of about 800°C when carbon was added, which might be caused by
reduction reactions of nickel or cobalt compounds. The formation of a metal phase is affirmed by
melting processes that can be observed at temperatures of around 1500°C. The results so far also
show that the behaviour of the black matter from the pre-processing differs significantly from the
pure cathode materials, which indicates that impurities like residues of copper or aluminium
conductor foils have a big influence that must be investigated in the course of the research project. In
experiments in the InduMelt plant, lithium removal rates of more than 89% have been reached in the
test with NMC 111 and a metal alloy of nickel, cobalt and manganese could be obtained. The
number of experiments still has to be increased in order to reproduce these values. At present,
however, the qualitative result of gaseous Li removal is reaffirmed and is a distinct characteristic of
the applied reactor. In conclusion, it can be said that the major findings of the research activity so far
and especially the lithium removal rates are very promising. The further research work concentrates
on the investigation of the occurring reactions regarding their energy demand and on the evaluation
of necessary additional modifications of the black matter to match the requirements of the desired
recycling process.
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