Recovery and material utilization of LiPFs as conducting salt of lithium-ion batteries
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Lithium-ion batteries (LIBs) have become an indispensable component of the electric mobility sector in recent
years. With the ongoing electrification, including the growth of e-mobility, there is a rising demand for raw
materials needed for LIB production. Although Europe has plenty of economically viable primary deposits, past
lack of action on raw materials policy has led to a strong dependence on imports from countries like China,
Australia, and Chile.(European Commission, 2023) Until the foundations for the economic mining of these
deposits are laid, the utilization of secondary raw material sources, such as LIB black mass, and the establishment
of a local circular economy are becoming increasingly important. The Battery Regulation 2023 requires European
member states to recycle at least 65wt.-% of LIB cells by 2025 and at least 70wt.-% by 2030. In the case of Li, the
targets are more specific, requiring 50% Li recovery efficiency by the end of 2027 and 80% by the end of 2031,
with the latter including 6% direct recycling.(Regulation (EU) 2023/1542 of the European Parliament and of the
Council of 12 July 2023 concerning batteries and waste batteries, amending Directive 2008/98/EC and Regulation
(EU) 2019/1020 and repealing Directive 2006/66/EC 2023)
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deficit in total Li recovery, the recovery of this component was intensively investigated in this work.

For this purpose, a process based on the thermal decomposition of the conducting salt was developed.(M.
Bertau, B. Hansel, C. Pétzold, 2023, 2024) The advantage of adapting the thermal LiPFs treatment is its high
compatibility with already established processes. In this process, the perfluorinated anion PFs~ decomposes into
gaseous PFs and LiF. The formed PFs is then introduced into an electrolyte matrix containing LiF, resulting in the
resynthesis of LiPFg. This approach combines the mechanical separation of the conducting salt from the LIB cells,
the successful recovery of the perfluorinated anion species, and the implementation of a zero-waste concept
through the utilization of the LiF residue from the LiPF¢ decomposition. This method achieved LiPFg recovery
yields up to 93%. The incomplete recovery results from the reaction of PFs with the low water concentrations in

Figure 1: llustration of the established circular economy for the
hydrometallurgical recovery of Li from spent LIBs. In this case, Li
recycling is carried out using the COOL process, an
environmentally friendly, CO2-based process for selective Li
mobilization from LIB black mass.
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the electrolyte matrix. Hydrolysis leads to
the formation of HF and H3PO, as well as the
formation of difluorophosphoric acid
(HPO2F,) and fluorophosphoric  acid
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increases. Accordingly, a strongly aged solutions depending on the residual water content of the PFs

electrolyte is unsuitable for  LiPFs absorption matrix used.

resynthesis, due to the low PFg concentrations. Therefore, material utilization by splitting low grade LiPFg into a
Li, P and F-containing raw material takes on a particular role.

This was achieved using a process based on controlled PFs hydrolysis. PFs is generated by heating spent LiPFs-
containing electrolyte, whereby gaseous PFs is introduced into water. Based on the first realization of the direct
hydrolysis of PFs, the complete PFs conversion was achieved, whereby H,PO3F; is obtained as a by-product in
addition to HF and HsPO.. After separation of the target products HF and H3PO,4 and alkaline hydrolysis of
H.PO,F, (formation of NaF and NasPOs when NaOH is used; Figure 3) and treatment with acidic cation
exchangers, the complete conversion of LiPFe to HF and HsPO, is achieved.
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Figure 3: Dependency of the anion chromatogram of the HF-, HPO,F," and H3PO4-containing crude product of
the PFs hydrolysis on the NaOH concentration added to the hydrolysis of the HPO»F, impurity. The shift of the
peak positions is attributed to the increase in pH due to the addition of NaOH.
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