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Properties

 Tunable acidity

 High surface area

 High thermal stability

 High chemical stability

 Well-defined micro-pore structure

 Shape-selectivity

Applications

 Heterogeneous catalysts in oil refining, 
petrochemical industry, fine chemicals

 Molecular sieves

 Separation of toxic gases and radioactive 
isotopes

 Environmental applications 

Defintion: Zeolites are crystalline aluminosilicates, composed of TO4 tetrahedra (T = Si, Al) with O atoms
connecting neighbouring tetrahedral, that contain pores and cavities of molecular dimensions (Breck, 1974).



Michel BOUDART: «Catalysis Blends Elegance and Relevance»

Global Catalyst Market (2015/21)

 $27.7/36.1 109 - Affects 20-30% World GDP  ($ 73 1012)
 Catalyst costs < 0.2% sales from the products they create

The Catalyst Group Resources, Inc.

Global Zeolite Market



Zeolites = Game Changer in FCC (60’s)

Fluid Catalytic Cracking (FCC)
a milestone in catalysis

Introduction of zeolites in FCC (1964) – a Disruptive Technology

~ 90 106 b/d
1,454 – 1,135 109 b: Proved (oil-gas) reserves

SUPPLY DEMAND



New materials for the current/future needs of chemical process industries
- Oil-to-chemicals 
- Methane-to-chemicals
- Methane as a transition fuel 
- Renewable feedstocks 
- Plastics processing 
- Greenhouse gasses separation/processing 
- New energy vectors
What do we need? 
- Hydrothermally stable 
- Ultra hydrophobic 
- Ultra thermally stable 
- Ultra-large pore zeolites 
- Single acid site catalysis 
- Improved accessibility

Going beyond the conventional zeolite comfort zone

Energy transition – the big challenge of nowadays
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Extending the potential applications of zeolites –
thinking about tomorrow

1. Medical applications

2. Drinkable water production from air humidity

3. New materials for energy storage

4. Wastes processing



How to get what we need? 

Two complementary approaches to design zeolites

Zeolite Crystal Engineering
Design “fit-for-purpose” 
materials from existing 
structures (particle size & 
shape, composition, added 
meso--& macro-porosity, 
defects control, Al siting…).

FAU, MOR, CHA, FER, LTL
MFI, BEA*, LTA

Find a New Framework Type
You may hit the jackpot and 
discover a new material with 
unique properties.

MWW, TON, MTT, 
MFI, BEA*, LTA



Our approach: Zeolite Crystal Engineering

• Customized zeolite synthesis
• Control of zeolite crystal size and morphology

• Post-synthesis modification of zeolites properties
• Modification of zeolite framework

composition
• Generation of mesopore to improve the 

intercrystalline diffusion
• Combining customized zeolite synthesis with

post-synthesis modification to obtain the desired
material

• Development of new synthetic methods
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In-situ control of zeolite crystal size
 Which stage of gel evolution are the 

viable nuclei formed at?
 What is the spatial and temporal 

location of the nucleation events?

The zeolite crystal size determines:
 The diffusion pathway

The accessibility to the active sites
The adsorption/desorption kinetics

 The external surface area
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Post-synthesis control of active sites accessibility in zeolites 

Advanced Science 2022, 9, 2104414; Advanced Science 2021, 2100001; Science 
Advances 2021, 7, eabg0454; J. Am. Chem. Soc. 2017, 139 (48), 17273-17276; 
Angew. Chem. 2016, 55, 15049-15052; Chem. Mater. 2013, 25, 2759-2766. 

Open the route to:
- Decrease the impact of the diffusion limitations
- Healing the defect sites
- Incorporation of catalytically active species
- Retaining only the coherent domains in a zeolite crystal

z
TEM tomography slices of FHF- etched ZSM-5
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First results
Title: Mechanochemically Induced OSDA-Free Interzeolite Conversion
ACS Sustainable Chemical Engineering, 2024, accepted
DOI: https://doi.org/10.1021/acssuschemeng.3c08477

Summary
 Mechanochemical processing under controlled elevated

temperatures allowed for rapid, efficient, and controllable 
solid-state interzeolite conversion without added OSDAs.

 Milling FAU-type zeolite Y with alkali hydroxides at 110 °C
afforded three phase-pure crystalline products (ANA, MER,
and CAN), mixtures of several zeolite phases, and an
amorphous phase that was detected in some products. 

 Our future work will focus on developing strategies to
achieve the direct formation of advanced zeolite materials by 
mechanochemical processing and further our efforts 

presented herein to achieve selective interzeolite conversions.
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