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Fe-zeolite based Urea-SCR catalyst technology
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A multi-site kinetic model (1/3)

Crucial role of NH 5 storage on deNO , efficiency

NH; storage on different sites
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Data extracted from lwasaki et al. (A. Cat. A Gen., (2010), 390, 71-77)

Development of a multi-site kinetic model
based on NH ; adsorption/desorption
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A multi-site kinetic model (2/3)
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A multi-site kinetic model (3/3)

Kinetic model

ﬁeaetion rate expressions \
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The IFP-Exhaust Library
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Catalytic reactor modeling based on the bond graph theory
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NH, storage on Fe-ZSM5 (1/5)

A) Model Calibration Calibration based on

data reported in literature

/

Kinetic parameters calibration

Typeof site Aue E.qs Ao Eqes a
[M¥s'KY Leyitel [kJ/mol] [mol/s-k,uyitdl [kJ/mol] [-] Reference Database
S1 (weak non acidic sites) 1200 0 1013 95.0 0.39
S2 (weak acidic sites) 700 0 1013 1345 0.155
S3 (strong acidic sites) 950 0 1013 195.0 0.130
A (metdlic sites) 500 0 1013 125.0 0.10
S5 (dehydroxylation effects) 800 0 104 255.0 0.00
L 4

\ 4
: o
Non activatedJ Imrlnob||le | Homogeneous
process noecues acidic strength

\ 4

Data from thermogravometric,
calorimetric measurements..
L

NH, storage capacity estimation

= Estimation of NH, storage capacity over each surface site
m Estimation based on zeolite structural properties

= Si/Al

m FelAl
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NH, storage on Fe-ZSM5 (2/5)

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

Type of site A s E.gs A s Eges a
[MISKG i | [kIMOI] | [Mol/skg,yd | [kI/mol] []
S1 (weak non acidic sites) 1200 0 1013 95.0 0.39
S2 (weak acidic sit 700 0 10 1345 0.155 Manual
(week acidic sites) : : calibration
S3 (strong acidic sites) 950 0 1013 195.0 0.130
4 (metallic sites) 500 0 108 125.0 0.10
S5 (dehydroxylation effects) 800 0 10M 255.0 0.00
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NH, storage on Fe-ZSM5 (3/5)

Urea-SCR catalyst, AMESim sketch

Monolith Reactor
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NH, storage on Fe-ZSM5 (4/5)
B) Model Validation: Fe-ZSM5 with different Fe load  ing

350 -
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Exp. results by Brandenberger et al. (J. Cat., (2009 ), 268, 297-306)

Points: Experimental Data Lines: Simulation Results

Skarlis et al. J. Phys. Chem. C 2012

116 (15), pp 8437-8448
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NH, storage on Fe-ZSM5 (5/5)

C) Model Robustness: Experiment on a different H-ZS M5 sample

400 + O Experimental Results
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Exp. results by Sjovall et al. (J. Phys. Chem. C, (2 009), 113, 1393-1405)

data reported recalibrated

Recalibration of kinetic parameters in literature values
Typeof site A E.ds A Edes /1/
[M¥s'Kg ,eyitel [kJ/mol] [mol/s-Kg,uyitd] JkJ/mol] [-]
S1 (weak non acidic sites) 1200 0 1013 95 |92.7 0.39
S2 (weak acidic sites) 700 0 1013 134.5/ 132 0.155
S3 (strong acidic sites) 950 0 1013 195 |170 0.130

Different characteristics of parent zeolite with res pect to the state of its structure (eg. history of the sample)
(Rodriguez-Gonzalez et al., A. Cat. A: Gen. (2007) 328, 174-182) Skarlis et al. J. Phys. Chem. C 2012

116 (15), pp 8437-8448
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Model capitalization (1/2)

A. Lab-scale experiments

Catalysts preparation/characterization SCR experiments coupling IR spectroscopy

1.75 %wt Fe-BETA

403 cm™t

Fe-BETA 347 cm-t

Intensity [a. u.]

Experimental set-up of UCCS laboratory
of University of Lille

H-BETA

1200 1100 1000 900 800 700 600 500 400 300 200
Wavenuml ber cm "]

1.75 %wt Fe-BETA and H-BETA characterization
through RAMAN spectroscopy
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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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Development of a multi-site kinetic model for NH 5 adsorption and desorption
over Fe-ZSM5.

m Validation and calibration by simulation of experiments applying different
operating conditions

m 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
m Correlation between model sites and natural surface sites (Brgnsted, Lewis
etc.):
= NH; adsorption and TPD experiments on 1.75% wt. Fe-BETA
= publication under development.

m  Multi-site model development through experiments over 1.75% Fe-BETA
= NO, storage and disproportionation
= Focus on NH ,NO; formation and decomposition
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