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Extractive metallurgy originally developed for natural metals paragenesis .
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Spent Automotive Catalytic Converters

PGMs AssociationsACC TypeApplication

Pt/Pd/RhTWCGasoline & HEV cars

Pt/Pd/RhcGPF

Pt/PdDOCDiesel Light and Heavy 
Duty Vehicles Pt/PdcDPF

Ceramic (Cordierite), Metallic and SiC supports

Al, Corg, Mn, Ti



UG 2 Ore, Bushveld, South Africa Man-made minerals
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PGEs Primary Ores and Metallurgy

Impurities: Si, S, Mg, As, Pb, Sb, Bi, Fe, Sn – Cr, Se, Te



PGEs ores, from Mine to Metals





Prof. Jochen Petersen, University of Cape Town,  shortcourse on PGM Metallurgy



Prof. Jochen Petersen, University of Cape Town,  short course on PGM Metallurgy



Prof. Jochen Petersen, University of Cape Town,  short course on PGM Metallurgy



Principal flowsheet of Umicore's smelter and refinery at Hoboken, Belgium.

Co-processing of e-scraps, catalysts and 
multiple feedstocks





Spent Automotive Catalysts
Is there a room for dedicated flowsheets shortening the recycling process loop

from EOL equipments to new catalysts?

Sensor Based Sorting

Pretreatments
Calcination

Dry chlorination

Leaching

Solution Purification

PGE Grade correction

Direct support Impregnation and 
catalysts synthesis

Pt/Pd/Rh Co-extraction

Pt/Pd/Rh Nitrates production
PGE Garde correction

Support Impregnation and catalysts
synthesis

Close the gap between Recyclers/Metallurgits and Material Scientists. 

Pt Pt/Pd Pt/Pd/Rh



Smart sorting to unlock short-loop recycling.
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GeMMe’s on-line XRF analysis and robotic sorting prototype



The PICKIT concept and technology: SINGLE PASS MULTI-CLASS SORTING

https://matvision.eu



PICKIT – MULTIPICK: Investissement de 9.4 M€ sur le site industriel d’Obourg – Capacité de traitement de 
20 000 t/an de Zorba (Valeur métal > 30M€/an) - Création  de 15 emplois .



EOL Rare Earth Permanent Magnets from e-Mobility.

e-Scooters e-Bikes BEV – HEV - FCEV



Exploring short-loops for EOL Rare Earth Permanent Magnets.



The Li-ion batteries case study.

Blackmass from Spent Li –
ion NMC Batteries 

Leaching

PLS Purification

Ni-Mn-Co mixed salts
Precipitation

New CAM Synthesis
methods from mixed salts

Ni-Mn-Co grades and Ratio 
Adjustment with pure salts

Close the gap between Recyclers/Metallurgits and Material Science Actors. 



• Close the gap between Recyclers, Metallurgists, Materials Scientists and Products Designers.
• Explore the Designed from Recycled options.
• Do we always have to go back to pure elements or do we have to keep the maximum of the 

energy embedded in man-made minerals and anthropic elemental associations.
• Develop Smart Sorting Solutions to chanel the EOL products to the shortest recycling loop.

• No sustainable Circular Economy and Urban Mining without Primary Mining.
• Stop using slogans like Zero Waste, 100 % recycled, carbon neutral and climate neutral.
• Mitigating and minimizing the environmntal impacts of our societies require to think in terms

of systems.

Summary of today’s sharing











Engineering the circular economy of minerals and metals

I. FEED

II. DESIGN

III. SLOW DOWN

IV. CLOSE

 25+ Research Staff
 3 M€ annual turnover

Université de Liège hosts the GeMMe, a Research Unit specialized in georesources, mineral engineering and extractive metallurgy. 

The GeMMe contributes to the development of innovative processes for the efficient management of mineral and metallic resources while providing 
unparalleled upscaling experience in urban ore characterization and processing (with a focus on innovative sorting techniques and hydrometallurgy) 
derived from a long research tradition in primary ores mining and processing. 


