The FEEL process in the context of End of Life Ceran® cooktops: Lithium recovery and
downstream processing
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With the upcoming phase-out of internal combustion engine vehicles in the EU by 2035 (European Union 2023)
and similar regulations emerging in markets worldwide, battery electric vehicles (BEVs) are gaining increasing
traction. Even before 2035, more than 40 % of newly registered vehicles are expected to be BEVs by 2030
according to the International Energy Agency (International Energy Agency 2025). These vehicles are
predominantly powered by lithium-ion batteries, typically containing around 8 kilograms of lithium per vehicle
(Chloe Williment 2025). Consequently, lithium-ion batteries are the main driver for lithium production and
recovery, which increased sharply from 32.5 kilotons of lithium equivalent in 2015 to 290 kilotons in 2025 (Brian
Jaskula 2016; Brian Jaskula 2026). This rapid increase has been accompanied by significant price volatility, with
annual-average prices for lithium carbonate fluctuating between 63,700 $/ton to 9,000 $/ton over the last five years
(Brian Jaskula 2026).

The economic importance of lithium is further underlined by its classification as a critical raw material
(CRM) by the EU (European Union 2024). This status arises not only from its economical relevance, but also from
the strong geographical concentration of its production, with 74 % originating from Australia, Chile and China
(Brian Jaskula 2026). In contract, EU production is lower by orders of magnitudes, which can be attributed to
several factors, one of the main challenges being the prevalence of low-grade deposits.

With this background, the recovery of lithium from end-of-life products becomes increasingly important,
as these materials should be regarded as secondary resource rather than waste. One process enabling lithium
recovery from both primary and secondary resources is the FEEL (FErric ion Enhanced Leaching) process, which
is a jointly patented process by Institute of Chemical Technology at TU Bergakademie Freiberg and Fraunhofer
IKTS in Germany (Doreen Kaiser, Robert Mende, Martin Bertau, Sandra Pavon 2025). The core of the process is
the hydrothermal leaching of lithium-containing materials with the addition of the waste material iron(111) sulfate.
The process has been successfully applied to a variety of materials, including ores of the world market-leading
mineral spodumene (Dessemond et al. 2019),the domestic mineral zinnwaldite as well as secondary resources such
as black mass derived from lithium-ion batteries with nickel-manganese-cobalt and lithium iron phosphate
chemistry. Representative leaching parameters for calcinated B-spodumene are 190 °C, 2 hours of residence time
and a solid-to-liquid ratio of 1:4. Under these conditions, an almost complete lithium mobilization of (97 £ 2) %
was achieved.

A frequently underrepresented lithium-containing material in recycling is glass ceramic cooktops. They
represent a potential feedstock for lithium recovery processes, as large quantities are annually disposed |,
amounting to approximately 1.3 million units per year, corresponding to around 4,000 tons (SCHOTT AG 2025).
Given a mass content of 1.7 % of lithium, the source is in the range of domestic mineral concentrates. The FEEL
process was therefore applied to this material, as shown in Figure 1.

The glass ceramic cooktops obtained from the local recycling centre, milled and investigated via X-ray
diffraction. A crystalline phase being a solid solution of B-quartz could be observed, as is expected for glass
ceramics consisting of such a crystalline phase embedded in a glass matrix. Leaching experiments were run with
both calcinated samples (1100 °C) and samples that were reacted with sodium carbonate at 750 °C. Under similar
parameters as for spodumene leaching, i.e., 190 °C, 2 hours of residence time and a solid-liquid ratio of 1:6, a
leaching efficiency of (96 + 2) % was achieved. A solid-liquid ratio of 1:4 gave a thick residue that was barely
stirrable and therefore only extracted (66 + 5) % of lithium to the aqueous phase. This however required the
addition of 25 wt.-% sodium carbonate before calcination.
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Downstream processing of the solution giving 96 % lithium extraction via sodium hydroxide precipitation
and subsequent sodium carbonate precipitation yielded lithium carbonate of 99.2 % purity with a total recovery of
78 % of the contained lithium. The resulting solid from hydrothermal leaching displays a rather complex
composition in that it contains natrojarosite (NaFes(SO4)2(OH)s), nepheline (NaAlSiO4) along with the glass
ceramic residue after leaching. This residue is further utilized together with laterite slag residues to produce
construction material.

Due to this complex composition, the residue still contains remaining lithium associated with iron-bearing
phases. To enable a more complete lithium recovery and close the lithium loop, an efficient separation of lithium
from iron is required. Iron forms gel-like hydroxides and should therefore be removed before pH adjustment.
Solvent extraction represents a suitable approach in this context, as it allows for selective removal of iron from
sulfate media while keeping lithium in the aqueous phase. This would enable further recovery of residual lithium
and improve the overall process efficiency.
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Figure 1: Process flow sheet of the FEEL process applied to glass ceramic cooktops (adapted from (Doreen Kaiser, Robert
Mende, Martin Bertau, Sandra Pavdn 2025).
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