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A few words about GREEnMat 

25+ years of experience 
 
25+ researchers 
 
50+ industrial partners 
 
10+ european projects 
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In summary 

A few words about GREEnMat 

Our missions 

Research 

     Our core business 

     Topics of interest 

     Skills & Expertise 

Facilities 

     Powder Engineering 

     Metal Powder Gas  Atomization 

     Synthesis / Processing Reactors 

     Optimized Formulations 

     Manufacturing (2D & 3D) 

     Furnaces 

     Characterization 

Research Projects  

     Energy 

 Production 

 Management 

 Storage (Batteries) 

     Environment / Recycling 

     Health 

 

Contact  
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A few words about GREEnMat 

Our missions 

Fundamental 
Research 

Applied 

Research  
Teaching 

Private funding 
Companies 

Public and private funding 
Regional and European projects 

IP  
&  

Publications 
 

5 patents 
> 200 publications 
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TEACHING 
Pass on - Inspire - Share  
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RESEARCH 
Innovate – (Design to) Recycle - Create Value  
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Study and development of (new) materials (powders/films)  
with controlled microstructure and physical/chemical properties  

to improve or facilitate their use in different applications or processes (up to a pilot scale)  
related to energy, environment, health... 

Our core business 
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Topics of interest 
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Synthesis and optimization of 
ceramic, hybrid or metallic 
materials 
(powders, composites,...) 

Manufacturing and shaping 
of parts or devices (in 
ceramic or composite 
materials) by 2D deposition 
& 3D printing 

Development of  
formulations 
(suspensions,  
pastes,...)  

Characterization 
(micro)structural, 
(electro)chemical, 
mechanical,...  
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Skills & Expertise 
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POWDER ENGINEERING 
from a few grams to kilograms  

 
 

 Two  spray-drying units  
- Atomization of aqueous or organic 

solutions or suspensions 
- O2 atmosphere control (70 ppm) 
- ATEX environment 
- Production up to 5kg/hour  
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Facilities 
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Metal Powder Gas Atomization 

Facilities 

Key Features of the AU 1000 HTC Atomization Tower 

Melting Technology: 

Induction heating in graphite or ceramic crucibles. 

Melting under vacuum or inert gas atmosphere (nitrogen). 

Crucible volume: 1.5 liters,  

+/- 3 kg of aluminum, 7 kg of copper, or 8 kg of steel per cycle. 

Maximum Temperature: 

Up to 2,000 °C, suitable for high-melting alloys  
such as platinum or chromium. 

Controlled Atmosphere: 

Operation under vacuum or inert gas (nitrogen). 

Oxygen levels below 0.5 ppm for maximum purity. 

Inertization processing on surface powders 

 

Particle Size Distribution: 

Spherical powders with typical sizes between ~1µm and ~250µm. 

Precise particle size control via gas pressure, melt temperature, 
and flow rate. 

Classifier 
AC 1000 G  
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Synthesis / Processing reactors 
 

 

 One hydro/solvothermal synthesis reactor 

 5 liters (200 bar - 500°C) 
 

 Laminar reactor (Taylor-flow type) 
 
 Multiple (co)precipitation reactors 
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Facilities 
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Optimized formulations 
 

 Pilot grinding units (micron/submicron/nanometric) 

- Control and characterization of the size and morphology  
  of the powders 
- Dry/aqueous grinding  

 

 Formulation of suspensions/pastes     
- Homogenization 
- Stability 
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Facilities 
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Manufacturing  
From 2D… 

 

 Films  

- USP automated spray cabin (Sonotek) 
- Heating plate 500°C (10 cm x 10 cm) 
- Doctor blade  
- Spin-coating 

 
 
 

AccuMist ® Impact Edge ® 

Facilities 



© ULiège – GREEnMat - Confidential & Proprietary  © ULiège – GREEnMat - Confidential & Proprietary  © ULiège - GREENMAT - Confidential & Proprietary  

15 

…to 3D 
 
 

 
- SLA printer for ceramics  
      (CERAMAKER 900 - 3D Ceram and  
 FORM4 from Formlabs)  
- LPBF (mutli)materials printer 

(ACONITY 3D) for metals 
- Binder-Jetting printer (DESKTOP 

METAL) 
- Numerous furnaces for heat treatments 

(debinding/sintering expertise) 
 

Facilities 
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Facilities 

Classical furnaces 

 Muffle furnaces 

 Tubular furnaces 

 air, O2, N2, Ar, Ar/H2 (95/5) 

 Muffle furnace (October 2025) 

 Possible flush with inert gas 

 Metal fusion furnaces 

1250 °C 

1600 °C 

1800 °C 

1150 °C 
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Facilities 

Specific furnaces 

 Retort furnace (gas tight) 
 Ar, Ar/H2 (95/5) 

 

 High temperture furnace (April 2026) 
• H2 (1200°C) 

• N2 (1800°C) 

• 5.10-2 mbar (2200°C) 

• Ar (3000°C) 

 Organics decomposition furnace 

 (incl. afterburner) 

1100 °C 

1200 °C 

3000 °C 

2200 °C 

1800 °C 

1200 °C 
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 (Micro)stuctural 
- Granulometry/Granulo-morpho 
- BET  
- XRD (+ furnace 1200°C) 
- Carbon analyzer 
- TGA/DSC 
- Electron microscopy (SEM/TEM) 

-     Powder Flowability  

 
 Spectroscopies 
& Chemical analysis 
- ICP-OES 
- Mössbauer 
- UV 
- EIS 
- (Raman)  
- (IR) 

 
 

 Stability  
- Liquid/powder rheology 
- Zeta potential 
- Turbidimetry 

 

 Specific characterizations 
- Wear resistance 
- Vickers hardness 
- Adhesion   
- Wettability 
- Photovoltaic testing 
- Electrochemical (88 channels)  
 + in situ XRD, EIS, Raman 

 + mono-layer pouch cell line  
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Facilities 
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RESEARCH PROJECTS 
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ENERGY 

ENVIRONMENT 

HEALTH 

RESEARCH PROJECTS 
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ENERGY 

ENVIRONMENT 

HEALTH 

RESEARCH PROJECTS 

Production - Management - Storage  
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 New generation photovoltaics (perovskite,quantum dots,… ) :   
 Liquid deposition and cell assembly 
 Aging study 
  Lead-free perovskite 

 + recycling    

Project : QDSOC (LEAP-RE) 

1. ENERGY PRODUCTION  
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Hydrogen green production   

1. ENERGY PRODUCTION  

(a) Low Pt-content electrodes towards sustainable H2 production  (b) Metal fuels for H2 and heat production  

Project : INANOMEP (CNRS)  
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« Classical »  electrochromics by wet-routes 

IP 

Improved process of 

ultrasonic spray 

pyrolysis deposition 

WO2016113050A1 

M
u
lt
ila
ye
r
st
ac
ki
n
g

Glass-FTO

EC layer 1

Electrolyte

EC layer 2

TCL

All inorganic
solid-state device

« Plasmonic » electrochromics (selective filtration Visible – IR) 

2. ENERGY MANAGEMENT  

Project :  PECLABEL (M-ERA.Net) 
  MIMIC (PDR – FNRS)  link to defence « camouflage » 

Electrochromics 
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Synthesis of materials 
anode – cathode – electrolyte 

for Li-, Na-, K-, Mg-, Zn-ion batteries 

Characterization  

Formulation of suspensions  

Shaping of electrodes 

Assembly 
& testing 

including Operando 

Recycling 

3. ENERGY STORAGE  
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BATFACTORY 

Batteries & matériaux pour stockage d'énergie stationnaire 
Production à l’échelle pilote de poudres de matériaux actifs par des procédés de synthèse transférables à l’échelle industrielle 
Fonctionnalisation de poudres de matériaux actifs sous forme de poudres par voie liquide 
Développement de formulations base aqueuse à partir de matériaux actifs fonctionnalisés  pour la conception d’électrodes   
Assemblage de batteries de type pouch-cells (monocouche et multicouches)   

STREAMS 
Recycling of cathode materials from spent Li-ion batteries 
Reconditioning of NMC material from the recycled battery by solid state, hydrothermal, and spray drying method 

 
RESiILEX  

Si/C composite materials for batteries from recycled PV panels 
Upscaling of the preparation of Si/C composite as anode material for Li-ion batteries 
Monolayer pouchcell assembly 

RESTINA 
Recovered Silicon/Tin sulfide nanocomposite materials as anode for generation 3b Li-ion batteries 
Si/SnS2@C composite by solvothermal method 
Cycle life testing and ageing characterization (In situ XRD, impedance and Mössbauer) 

MoSiLiB 
Modeling and development of Silicon/Tin sulfide composite anodes for generation 3b Li-ion batteries 
Production of nano-sized Si from PV wafers 
Si/SnS2@C composite by spray drying 

CISTEMEEC 
(REVERSE 

METALLURGY +)  

Circular Economy of Batteries 
NMC and LFP cathodes from recyced precursors at pilot scale  
Recycling of graphite 
State-of-health diagnosis of spent Li-ion batteries 

SOLIDBATTERY 

All solid-state batteries by 3D printing  
Synthesis of sulfide-based solid-state electrolyte 
Shaping of NMC and LTO electrode materials 
3D printing of all solid-state batteries 

PURSILICON 
Purification of recycled Si from photovoltaic panels  
Recovering of high-purity Si from spent PV panels 
Electrochemical tests of recovered Si based anode materials 

ECuME 
Recycling of end-of life Li-ion batteries 
NCA cathode from recycled precursors by co-preciptation and spray drying 

 

  
 

Batteries @ GREEnMat  

Technology  
Publications  

Patents 

3. ENERGY STORAGE 
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Production - Management - Storage  
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ENERGY 

ENVIRONMENT 

HEALTH 

RESEARCH PROJECTS 
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 Recycling of PV panels  

 
 - Development of a hydrothermal recycling process 
 
 
 
   

   

IP 

Method for recycling 

photovoltaic solar cells 

module 

WO 2017009062 A1 

Aluminium  
Polymer 

Glass  EVA  
Silicon 

   + metals  

Tedlar 

High  
value 
anode  

material 

 Recycling of used batteries 
 - Development of a recycling process for used battery electrode materials  
   

   

RECYLING 
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 Production of metal powders   
   

 - Implementation of a process for the production of metallic powders   
   (in particular from metallic scraps) 
 - Characterization of powders: (micro)structural properties, rheological properties,... 
 - 3D printing (binder jetting) 

RECYLING 

Projects : REMADE (PNRR RM+), WI3NING – GREEnProd (FEDER) 
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Production - Management - Storage  
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ENERGY 

ENVIRONMENT 

HEALTH 

RESEARCH PROJECTS 
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 Additive manufacturing of materials for personalized medicine 
 - Powder synthesis and paste formulation 
 - Additive manufacturing of parts by laser stereolithography    
 - Debinding/Sintering 
 
 
   

   

HEALTH 

Project : POWDRECOVERY (WIN2WAL), BioGREEnPowder (WIN2WAL) 
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 COVID-19 pandemic 
  
 - development of a rapid method for the synthesis of guanidine thiocyanate, 
  a strong base used for the lysis of the SARS-COV2 virus (COVID19)  
 
 - a new method for the synthesis of magnetic nanobeads, 
  used in the extraction of the genetic material of the  virus by the PCR method 

IP 

Preparation of magnetic 

core-shell particles 

WO2021198289A1 

HEALTH 
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 Sweat biosensor 
  

  

© Northwestern University 

HEALTH 

Sweat as a Key to Detecting Health Problems 
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THANK YOU FOR YOUR ATTENTION  

34 

Prof.  Rudi CLOOTS  
GREEnMat director 

 
 

rcloots@uliege.be 
 

Dr Pierre COLSON 
Administrative Research Manager 

Contact point 
 

pierre.colson@uliege.be 
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