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RePower project — Thematic opening: Electricity storage and
accelerating clean energy/ Critical Raw Materials for clean energy

Funded by the European Union NextGenerationEU. The project is part of the strategic
research opening “Electric Storage” of VTT, launched with the support of the additional chapter
of the RePowerEU investment and reform programme for sustainable growth in Finland.

The focus areas within CRM for clean energy are:
e Lithium iron phosphate (LFP) battery recycling
* Rare earth recovery
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RARE EARTH SUPPLY
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* Rare earth elements are critical raw materials (CRM) according to the International
Energy Agency (IEA).

e Rapid increase of global REE demand due to their crucial role in green energy and
advanced technologies.
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Materials and Methods
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Drying &
homogenization

PSD, XRD, ICP-OES,
SEM, ignition loss
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Water leaching
mixing (1h, 10 Wt%)

Filtration

200-270°C, 2-4h
S/L: 0.5-1.4

Analytics: ICP-OES, pH, ORP
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HCI
solution

mixing

170 rpm, 35°C,
2h, 0.05-1.5M
HCI, 5 wt.%

~170 rpm, 35 and 75°C,
2h, 1.5M

Analytics: ICP-OES, pH, ORP
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Analytics: ICP-OES, pH, ORP

150 rpm, S°
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Results
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Particle size distribution (PSD):
Dv(50)= 140 pum; Dv(90)= 390 pum

Mineralogy: monazite and apatite as
REE-bearing mineral (0.7% <45 pm) +
REE-silicates

TREE: 0.6 wt%, Pr-Nd enriched
Gangue: 19% Si, 7% Ca, 5% Al, 3% Fe

Highest REE concentration (0.9 wt%)
at <32 um



REE mass balances
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Table 1: Highest yields by different extraction means tested

Extraction TREE leaching Parameters
mean yield (%)

Acid baking + >90 1 (w/w)*, 250°C,
water leaching 2h+1h
HCl leaching ~60 1.5M (0.3, w/w)*, 75°C,

170-300 rpm, 1h

Bioleaching ~30 10 (w/w)**, 35°C,
150 rpm, 28d

*w/w is tail/acid; ** w/w is tail/S°
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Tailings can be locally available sources of REE.
REE concentration increases by particle size reduction.

Concentrating the tailings is challenging due to the complex mineralogy, with the
highest concentration ratio of 2.3 achieved through density separation.

The highest leaching yield is obtained through sulfuric acid baking followed by water
leaching.

High acid consumption during acid baking and HCl leaching due to low grade of
material.

Improving concentration is essential to decrease processing costs.

Bioleaching offers an energy-efficient and low-chemical alternative but requires
longer leaching times and results in lower yields.
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