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One of the most important areas in nanotechnolagycatalysis, which is applied e.g. in
environmental protection, fuel upgrading and supplychemicals. In situ TEM has become a
powerful tool in heterogeneous catalysis e.g. duést ability to directly monitor catalysts during
exposure to reactive gases at elevated temperatifese years catalysts for diesel exhaust
abatement receive increasing interest. The presertibution will therefore give examples of how
in situ TEM can be applied to obtain a fundamentaderstanding regarding challenges in diesel
emission exhaust reduction (e.g. nanoparticle sitgeand removal of soot from the diesel engine
exhaust).

The experiments are carried out using a CM300 FHE&NE [1]. Different model catalysts are
exposed to an oxidizing gas environment at elevigagperatures, and time resolved images series
monitor dynamical changes of the nanoparticles.Madel e.g. a diesel oxidation catalyst, Pt
nanoparticles are dispersed on a planar, amorpAbBs support. The Pt/AD; model catalyst is
monitored during the exposure to 10 mbar air at-@0°C as an approximation to the lean burn
conditions of the diesel engine exhaust. To modek sleposited in a diesel particulate filter, a
carbon black powder was mixed with a Gef@talyst powder. The soot-Cg€amples were exposed
to 2 mbar Q and a temperature in the interval 300-600°C. Frorsitu TEM images, quantitative
measurements of the magnitude of the combined teffet the electron beam and the gas
environment was obtained. This made it is posdiblelefine experimental conditions where the
beam effects are negligible.

The time-resolved in situ TEM image series direcdyeal mechanistic information. For example
the image series clearly show that sintering of Btenanoparticles is mediated by an Ostwald
ripening process (fig 1a). Another series provideal observations of soot particles during the
CeQ-catalyzed oxidation process, and show that thetijra centers are closely confined to the
soot-CeQ interface (fig 2). Furthermore, from the imageie®ikinetic information is derived in
such a way that the in situ TEM results become @vaige either with results from other techniques
or with kinetic models. Examples are: an activatesrergy barrier for catalytic soot oxidation or
time-resolved particle size distributions for tH6AP,O; model catalyst (fig 1b).
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Figure 1: (a) Time-lapsed TEM images recorded tn sf the same area of a Pt® model
catalyst during exposure to 10 mbar air at 650%Cgdide the eye an example of a growing and of a
shrinking particle is indicated with arrows. (b)riRde size distributions based on TEM images
obtained in situ. A lognormal (left) and a Lifshistyozov-Wagner (LSW) (right) distribution are
fitted to the data. Acquisition time after initiati of the experiment is indicated for each image an
histogram. Scale bar = 10 nm. The figure is adafrted [2].

Figure qu time-lapsed EEMimége series of saatontact with a Cefxcatalyst acquired during
the exposure to 2 mbar,@t 550°C. The time interval between the image2min. Scale bar = 90
nm. The figure is adapted from [3].



