ECO-FRIENDLY HYDROMETALLURGY FOR RARE EARTH RECYCLING

Fabio Piccinelli,* Andrea Melchior,? Slododan GadzZuri¢,* Tatjana Trti¢-Petrovié¢,* Gustavo Perez,> Marija BeSter-Rogac¢,® Oscar Prado,’
Leonardo Piccinetti,? Enita Kurtanovié¢,” Markel Luaces,0

IDepartment of Biotechnology, University of Verona, Italy

?Polytechnic Department of Engineering and Architecture, University of Udine, Italy
SDepartment of Chemistry Biochemistry and Environmental Protection, University of Novi Sad Faculty of Sciences, Novi Sad, Serbia
“Laboratory of Physics, Vinca Institute of Nuclear Sciences, University of Belgrade, Serbia

>Department of Chemistry, Universidad Autonoma de Barcelona, Spain

Faculty of Chemistry and Chemical Technology, University of Ljubljana, Slovenia
'R&D Department, AERIS Tecnologias Ambientales SL,Cerdanyola del Valles, Spain
8Sustainable Innovation Technology Services Limited, Limerick, Ireland
SAD Harbi Itd Sarajevo, Bosnia and Herzegovina
WInstitute of Materials Science and Technology, University of Havana, Cuba

fabio.piccinelli@univr.it Fabio Piccinelli

Rare Earth Elements (REEs): Key Points UNIVERSITA
H. *REE abundance Despite being labeled “rare,” REEs are relatively abundant in Earth’s crust: di VERONA
-+ Cerium (Ce) = 25" most common element

-+ Thulium (Tm) and lutetium (Lu) = around 70"

- +Geographic distribution Their uneven global distribution (see Figure 1) contributes to supply risk.

¢  <Rolein green technologies REEs are essential for emerging technologies supporting the green transition.

W} -CRM classification The European Commission identifies REEs as the most strategically important group of Critical Raw Materials (CRMS).
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“l — N N Hydrometallurgical and pyrometallurgical processes
0 Hetle are currently considered the main methods for
- e EEl recovering valuable materials (see Scheme 1).
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-~ Figure 1. Geographic REEs distribution (2020),” and (right) annual REEs mining production and demand in China. Mechanical Processing
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% \What the FREECOVER project does { e
"8, <Eco-friendly recycling FREECOVER develops a green chemical process to recover . .
- & valuable metals from old magnets. L eaching } { Smetling
& It uses natural materials instead of harsh chemicals, making the process safer and more  Harometaurey ¥ §—
23 SUStainabIe' { Scparalim.l am_l Puril”lcalion * Refining J
= eIt focuses on recovering rare earth elements (REEs) — Nd, Pr, Dy, Sm — from NdFeB Chnae) ‘
& and SmCo waste magnets. &
- It also recovers transition metals like cobalt (Co) and copper (Cu), and reuses water, < >
redUCing waste. Scheme 1. Flowchart of REEs recovery through

hydro/pyrometallurgical routes.
- Howthe FREECOVER process works, more detalils
_®= 1) Dissolving the magnets and removing iron
- +0Old magnets are broken down using natural acids (acetic and citric acid). These acids come
w.  from biomass and are much gentler than industrial acids.
5 *|ron Is then removed by forming a solid that can be separated (precipitation).

2) Extracting rare earth elements (REES)
== <The dissolved metals include REEs (Nd, Pr, Dy, Sm) separated using eco-friendly ionic Emanuele is heading off to Barcelona, where
= liquids (ILs) placed on a polymer support. they form Supported lonic Liquid Membranes he’ll be spending three months. Silvia will start

(SILMS). her adventure in 2027, travelling to Ljubljana for
. <Natural minerals like pyrophyllite (PYP) and zeolites (ZEO) are added to make composite a one-month stay.

/)

~ membranes.

5 3) Recovering transition metals and recycling water

= <Natural adsorbents (PYP and ZEO) capture leftover metals such as Co, Ni, and Cu.

% °The cleaned water is reused to dissolve new magnet waste, reducing water consumption.
&  -Once the adsorbents are full, they can be cleaned and reused
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