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Recovery of Rare Earth Elements From 
Mining, Industrial and Urban Wastes: 

Economical and Environmental Relevance

Rare Earth Elements (REEs; lanthanides, scandium and yttrium) have become an important raw material in the
industry, playing an essential role in modern electronic technologies, industrial and medical products and
innovative environmental technologies. REEs are considered as being highly relevant for societal needs but
there exists a significant risk of supply for actual demand. Therefore, the development of selective, efficient,
economical and environmentally friendly separation processes of REEs from different materials is under
intense development.(1) This research topic clearly addresses one of EC’s societal challenges, specifically,
“Climate action, environment, resource efficiency and raw materials”.

Figure 2 – Applications of REEs.

The experiments involved the combination of aqueous solutions of several
lanthanides (Ln) in both sulfuric and nitric media, at different pHs, with toluene
solutions of IL1 and IL2, in a molar ratio IL:metal 4:1 (Figure 5).
Advanced mass spectrometry techniques play an important role in this type of
studies, as they can provide precise and sensitive elemental analysis via ICP-MS, as
well as relevant molecular analysis for mechanism elucidation via ESI-MS.
Metal concentrations in the aqueous phases, before and after extraction, were
assessed by ICP-MS in a quadrupole system equipped with a collision/reaction cell.
IL1 was clearly less efficient than IL2 but displayed a significant differentiation
between Ln (Figure 6). IL2 showed to be a very efficient extractant at moderately
acidic pH but not selective for Ln (Figure 7).

Work is in progress with new ILs searching for a selective extraction of REEs in the
presence of other metals and an effective separation along the lanthanide series.
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Figure 4 - 1-butyl-3-methylimidazolium-di(2-
ethylhexyl)-oxamate: IL2.

In our current work, ionic liquids (ILs) with only
CHON elements in their composition are being
used for separation of REEs from other metals,
as an alternative to more traditional
methods.(2) Tetraoctylammonium oleate (IL1)
and 1-butyl-3-methylimidazolium - di(2-
ethylhexyl) - oxamate (IL2) were the two ILs
under investigation (Figure 3 and 4).

Figure 6 – Extraction with IL1.

Figure 3 – Tetraoctylammonium oleate: IL1. Figure 5 – Scheme of the extraction process.

Figure 7 –Extraction with IL2.

 

Figure 1 –Worldwide end use by element.
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