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The technical features of aerosol processes make them highly interesting for the 

continuous, large scale, and tailored production of divided nanomaterials, and in particular of 

advanced heterogeneous (nano)catalysts.1 In addition to the “simple” aggregation of preformed 

particles via spray drying, reactive aerosol processes – such as the “aerosol-assisted sol-gel” 

process (AASG) – allow synthesizing tailored-made catalysts with tunable surface properties, 

textures, compositions, surface functionalities, etc.2 The method is based on the sol-gel 

chemistry process, possibly coupled with the evaporation-induced self-assembly (EISA) 

concept.3 It allows producing micronic or submicronic, inorganic or hybrid organic-inorganic 

particles bearing tunable and calibrated porous structures at different scales. Here, we explain 

why this peculiar mode of preparation has led to high-performance solid nano-catalysts in 

various applications including olefin metathesis,4-6 lactate synthesis,7-10 olefin epoxidation,11 

(trans)-esterification.12, 13 We will also demonstrate the concept of chemo-enzymatic 

heterogeneous catalysts able to run cascade reactions.14, 15 Our objective is to demonstrate the 

tremendous possibilities offered by the coupling between bottom up sol-gel routes and aerosol 

processing technologies, which will arguably represent a major route of innovation not only in 

the field of catalyst preparation, but also more broadly in the mushrooming nanotechnology 

field. 

 

References 

 

1. Debecker, D. P.;  Le Bras, S.;  Boissiere, C.;  Chaumonnot, A.; Sanchez, C., Aerosol processing: 
a wind of innovation in the field of advanced heterogeneous catalysts. Chem. Soc. Rev. 2018, 47, 
4112-4155. 
2. Debecker, D. P., Innovative Sol-Gel Routes for the Bottom-up Preparation of Heterogeneous 
Catalysts. Chem. Record 2018, 18 (7-8), 662-675. 
3. Boissiere, C.;  Grosso, D.;  Chaumonnot, A.;  Nicole, L.; Sanchez, C., Aerosol Route to 
Functional Nanostructured Inorganic and Hybrid Porous Materials. Adv. Mater. 2011, 23 (5), 599-623. 
4. Debecker, D. P.;  Stoyanova, M.;  Colbeau-Justin, F.;  Rodemerck, U.;  Boissière, C.;  
Gaigneaux, E. M.; Sanchez, C., One-pot Aerosol Route to MoO3-SiO2-Al2O3 Catalysts with Ordered 
Super-Microporosity and High Olefin Metathesis Activity. Angew. Chem. Int. Ed. 2012, 51 (9), 2129–
2131. 
5. Debecker, D. P.;  Stoyanova, M.;  Rodemerck, U.;  Colbeau-Justin, F.;  Boissère, C.;  
Chaumonnot, A.;  Bonduelle, A.; Sanchez, C., Aerosol route to nanostructured WO3-SiO2-Al2O3 
metathesis catalysts: Toward higher propene yield. Appl. Catal. A 2014, 470 (0), 458-466. 
6. Maksasithorn, S.;  Praserthdam, P.;  Suriye, K.; Debecker, D. P., Preparation of super-
microporous WO3–SiO2 olefin metathesis catalysts by the aerosol-assisted sol–gel process. 
Microporous and Mesoporous Materials 2015, 213 (0), 125-133. 
7. Godard, N.;  Vivian, A.;  Fusaro, L.;  Cannavicci, L.;  Aprile, C.; Debecker, D. P., High-yield 
synthesis of ethyl lactate with mesoporous SnSi mixed oxide catalysts prepared by the aerosol-
assisted sol-gel process. ChemCatChem 2017, 9, 2211-2218. 

mailto:damien.debecker@uclouvain.be


8. Vivian, A.;  Fusaro, L.;  Debecker, D. P.; Aprile, C., Mesoporous Methyl-Functionalized Sn-
Silicates Generated by the Aerosol Process for the Sustainable Production of Ethyl Lactate. ACS Sus. 
Chem. Eng. 2018, 6 (11), 14095–14103. 
9. Vivian, A.;  Soumoy, L.;  Fusaro, L.;  Fiorilli, S.;  Debecker, D. P.; Aprile, C., Surface-
functionalized mesoporous gallosilicate catalysts for the efficient and sustainable upgrading of 
glycerol to solketal. Green Chem. 2021, 23 (1), 354-366. 
10. Vivian, A.;  Soumoy, L.;  Fusaro, L.;  Louette, P.;  Felten, A.;  Fiorilli, S.;  Debecker, D. P.; Aprile, 
C., The high activity of mesoporous Ga-SiO2 catalysts in the upgrading of glycerol to solketal 
explained by in-depth characterization. J. Catal. 2021, 400, 83-92. 
11. Smeets, V.;  Boissière, C.;  Sanchez, C.;  Gaigneaux, E. M.;  Peeters, E.;  Sels, B. F.;  Dusselier, 
M.; Debecker, D. P., Aerosol route to TiO2–SiO2 catalysts with tailored pore architecture and high 
epoxidation activity. Chem. Mater. 2019, 31, 1610-1619. 
12. Ramesh, S.;  Amoura, M.; Debecker, D. P., Highly basic solid catalysts obtained by spray 
drying of a NaAlO2 and boehmite suspension for the upgrading of glycerol to acetins. Sustainable 
Energy & Fuels 2020, 4 (7), 3546-3551. 
13. Ramesh, S.; Debecker, D. P., Room temperature synthesis of glycerol carbonate catalyzed by 
spray dried sodium aluminate microspheres. Catal. Commun. 2017, 97, 102-105. 
14. Smeets, V.;  Baaziz, W.;  Ersen, O.;  Gaigneaux, E. M.;  Boissière, C.;  Sanchez, C.; Debecker, D. 
P., Hollow zeolite microspheres as a nest for enzymes: a new route to hybrid heterogeneous 
catalysts. Chem. Sci. 2020, 11 (4), 954-961. 
15. Van der Verren, M.;  Smeets, V.;  vander Straeten, A.;  Dupont-Gillain, C.; Debecker, D. P., 
Hybrid chemoenzymatic heterogeneous catalyst prepared in one step from zeolite nanocrystals and 
enzyme–polyelectrolyte complexes. Nanoscale Advances 2021. 

 


