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What are zeolites?

- Micropore aluminosilicate materialsMicropore aluminosilicate materials

- Applications in catalysispp y

- Fluid catalytic cracking
- Oligomerization of light olefins- Oligomerization of light olefins
- Methanol to hydrocarbons
- …
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Heterogeneous catalysts are truly heterogeneous

Weckhuysen, Angew. Chem. Int. Ed. 2009, 48, 4910

g y y g
They are spatially and temporally non-uniform and very dynamic!



Showcase: large H-ZSM-5 crystals

20 µm

ID21 ESRF, 
Grenoble, France
MicroXAS beamline Si:Al ratio of 17

SEM images

20 µm



z

Sinusoidal pores

z

x

Straight poresy

90º rotation 90º rotation



Electron backscattering diffraction studies

Stavitski, Weckhuysen et al., Angew. Chem. Int. Ed. 2008, 47, 5637
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Focused ion beam milling experiments
Ga ion 
source
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Stavitski, Weckhuysen et al., Angew. Chem. Int. Ed. 2008, 47, 5637



EBSD combined with focused ion beam milling

Stavitski, Weckhuysen et al., Angew. Chem. Int. Ed. 2008, 5637

Karwacki, Weckhuysen et al., Nature Materials 2009, 8, 959



Styrene oligomerization over H-ZSM-5 zeolites
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Kox, Weckhuysen et al., Angew. Chem. Int. Ed. 2007, 46, 3652



In-situ UV-Vis micro-spectroscopy



Non-uniform catalytic behavior of a H-ZSM-5 crystal

H+H+
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More extended carbocations
(e g trimeric species) 635 nm(e.g. trimeric species)

Kox, Weckhuysen et al., Angew. Chem. Int. Ed. 2007, 46, 3652
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In situ synchrotron-based IR microscopy
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Lisa Miller

Stavitski, Weckhuysen et al., Angew. Chem. Int. Ed. 2008, 47, 3543 



Identification of carbocationic species in H-ZSM-5
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Stavitski, Weckhuysen et al., Angew. Chem. Int. Ed. 2008, 47, 3543 



Identification of carbocationic species in H-ZSM-5

Stavitski, Weckhuysen et al., Angew. Chem. Int. Ed. 2008, 47, 3543 



Styrene oligomerization over Bronsted acidic zeolites



Species 5 and polarization dependent IR spectra

Stavitski, van Santen, Weckhuysen et al., Chem. Eur. J. 2010, 16, 9340



Species 5 and polarization dependent IR spectra

Stavitski, van Santen, Weckhuysen et al., Chem. Eur. J. 2010, 16, 9340



Showcase II: Thiophene cracking over H-ZSM-5



Thiophene cracking over H-ZSM-5 zeolites
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Kox, Bonn, Weckhuysen et al., Angew. Chem. Int. Ed. 2009, 48, 8990 



Thiophene cracking over large H-ZSM-5 crystals
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In-situ synchrotron IR microscopy at 220ºC
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In-situ synchrotron IR microscopy at 220ºC
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2-D IR images of reactant (1410 cm-1) and product (1401 cm-1)

Kox, Bonn, Weckhuysen et al., Angew. Chem. Int. Ed. 2009, 48, 8990 
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