
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Catalytic soot oxidation studied by Environmental Transmission Electron Microscopy

Simonsen, Søren Bredmose; Dahl, S.; Johnson, E.; Helveg, S.

Publication date:
2008

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):
Simonsen, S. B., Dahl, S., Johnson, E., & Helveg, S. (2008). Catalytic soot oxidation studied by Environmental
Transmission Electron Microscopy. Abstract from 14th European Microscopy Congress, Aachen, North Rhine-
Westphalia, Germany.

https://orbit.dtu.dk/en/publications/6dfccf93-b801-42a7-aa53-97239ea70eec


Catalytic soot oxidation studied by Environmental 
Transmission Electron Microscopy 

 
S.B. Simonsen1, S. Dahl1, E. Johnson and S. Helveg1  

 
1. Haldor Topsøe A/S, Nymøllevej 55, DK-2800 Kgs. Lyngby, Denmark 

2. Nano-Science Center, Niels Bohr Institute, University of Copenhagen, Denmark 
 
sth@topsoe.dk 
Keywords: ETEM, catalysis, soot oxidation, diesel engine, emission control 
 

At present, the awareness of soot abatement in the exhaust from diesel engines is 
increasing due to new environmental legislation for exhaust specifications. An attractive 
approach for effective soot removal includes the introduction of filters on the diesel-
driven vehicles and the functionalization of the filters for catalytic soot oxidation by 
ceria-based materials. Although it is generally accepted that the redox properties of 
ceria are crucial to the catalytic effect, the detailed reaction mechanism and the location 
of the catalytic active sites are still matters of debate.  

In this contribution we present an Environmental Transmission Electron Microscopy 
(ETEM) study of ceria-catalyzed soot oxidation related to diesel engine emission 
control [1]. ETEM has become a powerful tool in heterogeneous catalysis due to its 
ability to directly monitor catalysts in situ during exposure to reactive gases at elevated 
temperatures [2]. From time-lapsed ETEM image series of soot particles in contact with 
a CeO2 catalyst, as illustrated in fig. 1, direct observations at the soot-catalyst interface 
were obtained during exposure to oxidation conditions and provided mechanistic and 
kinetic insight into the catalytic oxidation reaction. The results show that the catalytic 
oxidation reaction involved processes, which were confined to the soot-CeO2 interface 
region, and that the catalytic reaction surprisingly resulted in motion of soot 
agglomerates toward the catalyst surface, which acted to re-establish the soot-CeO2 
interface in the course of the oxidation process. The observed reaction dynamics was 
found to be consistent with observations from ex situ oxidation experiments and 
quantitatively in good agreement with previous kinetic measurements.  
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Figure 1.  Time-lapsed ETEM images of  soot in contact with a CeO2 catalyst during 
the exposure to 2mbar O2 at 550ºC. The time interval between the images is ~2min. 
Scale bar ,  90nm. The figure adapted from [1]. 
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