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Fe-zeolite based Urea-SCR catalyst technology
Fe-Zeolites as SCR catalysts
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- High deNO x efficiency over a broad 
range of temperatures: 150 – 500 °°°°C

- Resistance to hydrothermal ageing
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- H proton: acidic properties
- Exchanging the proton with transition 
metals (Fe, Cu, ...): redox properties

Alumina (Al 2O3) – Silica (SiO 2) natural or synthetic materials

Schmieg and Lee
2005-01-3881, SAE Technical Paper
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Doctoral Thesis Scope 
� Macro-kinetic modeling of a Fe-zeolite based Urea-SC R catalyst for 

diesel engines aftertreatment system simulation

Molecular scale

Washcoat

Equivalent 
Channel 

Vehicle
Scale

Urea-SCR
Converter 

Exhaust Line

Doctoral Thesis Research Domain 

Lab-scale analysis Application-scale analysisMicro-scale analysis
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A multi-site kinetic model (1/3)
NH3 storage on different sites

Development of a multi-site kinetic model
based on NH 3 adsorption/desorption

Crucial role of NH 3 storage on deNO x efficiency

Data extracted from Iwasaki et al. (A. Cat. A Gen.,  (2010), 390, 71-77)
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A multi-site kinetic model (2/3)

Types of surface sites included in the model:

• S1: NON acidic sites for weak adsorption or physiso rption
• S2: Weak acidic sites 
• S3: Strong acidic sites
• S4: Metallic sites
• S5: Sites accounting for dehydroxylation effects at high 
temperatures

Exp. results by Brandenberger et al. (J. Cat., (2009 ), 268, 297-306)

Skeleton of a multi-site 
kinetic model
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A multi-site kinetic model (3/3)
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The IFP-Exhaust Library

LMS.Imagine.Lab AMESim
0D SCR Catalyst modeling

IFP Exhaust Library

Modeling the exhaust line
using components

Equivalent channel approach
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NH3 storage on Fe-ZSM5 (1/5) 
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A) Model Calibration 
Kinetic parameters calibration

Calibration based on
data reported in literature

Reference Database

Data from thermogravometric,
calorimetric measurements..

Homogeneous 
acidic strength

Non activated
process

Immobile 
molecules

NH3 storage capacity estimation

� Estimation of NH3 storage capacity over each surface site
� Estimation based on zeolite structural properties :

� Si/Al
� Fe/Al 
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NH3 storage on Fe-ZSM5 (2/5) 
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Exp. results by Brandenberger et al. (J. Cat., 2009,  268, 297-306)
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NH3 storage on Fe-ZSM5 (3/5) 

Inlet gas composition

Inlet mass flow rate

Inlet temperature

SCR reactor

Urea-SCR catalyst, AMESim sketch
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Monolith Reactor

Assumptions
Direct NH3 injection

Number of reactors computed based on the Péclet number
Axial heat transfer within the solid phase neglected

Heat loses to ambient neglected
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NH3 storage on Fe-ZSM5 (4/5) 
B) Model Validation: Fe-ZSM5 with different Fe load ing 
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Exp. results by Brandenberger et al. (J. Cat., (2009 ), 268, 297-306)
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Skarlis et al. J. Phys. Chem. C 2012
116 (15), pp 8437–8448
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NH3 storage on Fe-ZSM5 (5/5) 
C) Model Robustness: Experiment on a different H-ZS M5 sample

Exp. results by Sjövall et al. (J. Phys. Chem. C, (2 009), 113, 1393-1405)
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Recalibration of kinetic parameters

Skarlis et al. J. Phys. Chem. C 2012
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Model capitalization (1/2) 

 

A. Lab-scale experiments
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SCR experiments coupling IR spectroscopy 

1.75 %wt Fe-BETA 

Catalysts preparation/characterization 

1.75 %wt Fe-BETA and H-BETA characterization 
through RAMAN spectroscopy

Experimental set-up of UCCS laboratory
of University of Lille 
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Model capitalization (2/2) 
B. Modeling and Simulation using IFP-Exhaust Library

Reproduction of experimental set-up 
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Conclusions and perspectives 
� Development of a multi-site kinetic model for NH 3 adsorption and desorption 

over Fe-ZSM5.
� Validation and calibration by simulation of experiments applying different 

operating conditions
� Skeleton of a multi-site kinetic model for SCR reactions over different Fe-zeolites

� Multi-site model capitalization: Experimental investigation and modeling and 
simulation .

� Work underway
� Correlation between model sites and natural surface  sites (Brønsted, Lewis 

etc.): 

� NH3 adsorption and TPD experiments on 1.75% wt. Fe-BETA

� publication under development.

� Multi-site model development through experiments over 1.75% Fe-BETA :

� NOx storage and disproportionation
� Focus on NH 4NO3 formation and decomposition
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