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Turning fundamental research into solutions

Creating value and increased competitiveness for companies and governments

Governments

Companies

Citizens

Technology Readiness Level

1 2 3 4 5 6 7 8 9

Fundamental 
research

Research and education

Universities

Applied 
research

Research in the 
economic reality

Research & Technology 
Organisations 
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AI FOR CIRCULAR 
METALS & MINERALS

REGENERATIVE
METALLURGY

MINERAL ACTIVATION 
AND PRODUCTIZATION

Waste Recycling Technology Team

vito.be
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Dredging sediments Steel slags MSWI ashes

Concrete C&DW Energy ashes Bauxite residue

NFM slags

Mine tailings

EoL catalystsEoL batteriesShredder waste WEEE

R&D portfolio – Alternative resources
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Flash calcination Carbstone

Characterise-to-Sort

Granulation

Dusty plasma classification

Hydrometallurgy

Immobilisation

MW processingHeap leaching

Physical separation

Electrochemistry

R&D portfolio – Recycling technologies
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Introduction into MWAL

High-frequency non-ionizing radiation
Wavelength (λ): 1 meter to 1 millimeter
Frequencies (f): 300 MHz (1 m) and 300 GHz (1 mm)

Microwave radiationElectromagnetic radiation
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How can be MW radiation applied in hydrometallurgy?

Transmission
o Glass, plastics

Reflection
o Metals
 

Absorption

Capability to absorb EM energy 
and convert it into heat at given 
frequency and temperature

Advantages of MW heating:
➢ Fast heating resulting in shorter processing time
➢ Direct, selective and volumentric heating (inside out)
➢ Electrification of metallurgical processes

Industrial applications (so far):
• Food processing (tempering, blanching, pasteurization, sterilization, etc.) 
• Drying (paper, plastics, ceramics, wood, rubber, etc.)

Application in metal extraction limited to a mean to digest solid samples 
prior to a chemical analysis (e.g. ICP, AAS)
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Challenges:
➢ Reduction of the HCl concentration
➢ (Re)cycling of leachate
➢ Scaling up of MW assisted leaching

Pilot scale installation

3 g per experiment 50 g per experiment

Up-scaling

5-10 kg per hour

2016 - 2021
Grant Agreement n° 730224

Grant Agreement n° 958302

Optimization of the MWAL
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MWAL position within H2020 PEACOC

• Optimization of the MWAL process for specific EoL products
• Upscaling the MWAL process towards pilot-scale (TRL7)
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Chloride based leaching system

Crushed to < 2 mm

Cordierite ((Mg,Fe)2Al4Si5O18)

Tayheranite (ZrO2)
Cerianite (CeO2)
Corundum (Al2O3)

Objectives:

➢ Optimize the leaching system:

o by reducing HCl concentration

o by replacing Cl- from HCl by alternative source (NaCl)

➢ Optimize addition of oxidizing agent

➢ Optimizing reaction temperature and time 

➢ Optimize liquid to solid (L/S) ratio

Optimization of the MWAL



Leaching system optimization

Optimization of the MWAL at lab scale

Additional optimization and data gathering 
• Liquid-to-solid ration (5-10)
• Mass loss
• Data regarding temperature and pressure
• Energy consumption
• Leachate recycling

6 M HCl

1.5 M HCl + 1.5 M NaCl

Effect of temperature

Effect of leaching time

(Laboratory) Upscaling

Effect of oxidizing agent
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MW leaching
Autocatalysts

(milled <2 mm) PGM recovery PGMs

Leaching solution
(HCl + NaCl)

Spent leaching solution 

1.5 M HCl + 1.5 M NaCl, 
L/S = 10, 200 °C

Optimization of the MWAL at lab scale

reduced matrix 
dissolution
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Additional literature sources:

2020

2021 2025
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Upscaling of the MWAL process
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Conclusion

• MWAL demonstrates strong potential for sustainable, efficient metal recovery

• Fast, direct, selective, and volumetric heating via microwaves proves viable for hydrometallurgy.

• Upscaling MWAL technology from lab-scale to pilot-scale (TRL7) is a key technological milestone

• The PEACOC project illustrates the value of collaborative research in driving circular economy innovation

• Application of MWAL technology with other streams to recover critical raw materials
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