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Due to the scientific and technological progress, spatially 
resolved studies are becoming more important and more 
accessible for catalytic processes and catalytic material 
characterization [1-4]. In this context, studying exhaust gas 
catalysts [5] requires the combination of different methods, 
which cover various length scales and domains. In a 
typical configuration, the catalyst powder is deposited as a 
thin layer (~ 50 µm) on the channel walls of a honeycomb 
cordierite monolith (Fig. 1). For catalyst deactivation 
studies, the characterization is typically done either by 
investigating the aged catalyst powder without coating or 
by removing the catalyst layer for post-mortem analysis. 
Therefore, for obtaining a clear image on the ageing extent 
and effects the results of X-ray absorption spectroscopy 
(XANES, EXAFS), X-ray diffraction (XRD) and 
transmission electron microscopy were correlated with X-
ray absorption tomography studies. 

The model catalysts were prepared by incipient wetness impregnation of the alumina carrier with an 
aqueous solution of hexachloroplatinic acid for obtaining 4 wt-% Pt/Al2O3. The resulting catalyst, 
which contains Pt particles with an average particle size of 1-2 nm, in agreement with [6], was 
coated on a 400 cpsi cordierite monolith (denoted as fresh). Different conditioning and ageing 
treatments were applied: reduction in 5% H2/N2 (denoted as cond) and hydrothermal ageing in 
10% H2O/synthetic air at 950°C (denoted as aged hyd). Conventional characterization techniques 
like XANES, TEM and XRD, as shown in Fig. 2, have been used for monitoring the structural 
modifications due to the treatment. It was shown by ex situ XAS measurements that Pt is present as 
PtO2 in the fresh catalyst. The smaller Pt particles formed during conditioning are reoxidized during 
keeping the sample in air. The larger noble metal particles formed in the 950°C hydrothermally 
aged Pt/Al2O3 catalysts are maintained in a metallic state. These observations were confirmed also 
by the XRD. Changes in particle sizes distributions become evident in TEM, where ageing has the 
biggest influence and broadens the distribution significantly. 

 
Figure 2: a) XANES analysis: 

change in platinum oxidation state 
from PtO2 to metallic platinum  

 
b) TEM analysis: change of 

particle size distribution 

 
c) XRD analysis: emergence of 

crystalline metallic platinum after 
ageing 

 

 

 

 

 

 

 Figure 1: Automotive exhaust gas 
catalyst containing the ceramic support 
structure (Image: http://www.aecc.eu). 



To cover the overall structural and morphological changes, X-ray absorption tomography was 
performed at Petra III’s “Imaging Beamline” P05 [7, 8]. A phonon energy of 14.0 keV was selected 
for 1500 projections over 180 degree with 2 s exposure on a FLI (Finger Lakes Instrumentations, 
USA) camera with 3056×3056 pixels having a pixel size of 12×12 μm² combined with 10x 
magnification resulting in a field of view of 3.6×3.6 mm².  

In Figure 3, one complete reconstruction of a 1×1 mm² channel and three cropped to the lower left 
corner for every sample to inspect the details with approx. 3 μm resolution are shown. Green and 
red shades indicate cordierite and washcoat respectively, darker and brighter colours encode weaker 
and stronger absorption. In general, two layers of washcoat are present. One seems to be almost 
unaffected by the treatments (close to the cordierite) whereas the other is significantly influenced. 
Big grains are observed in the fresh sample, which are replaced by smaller and slightly brighter 
grains after conditioning. Ageing produces even brighter and again slightly bigger grains and the 
washcoat becomes stronger structured. 

In combination with the previous findings, we can conclude 
that conditioning doesn’t alter particle sizes on nano scale too 
much and leads to slight reduction of Pt, but on the micro 
scale important modifications of the washcoat happen to form 
smaller slightly brighter grains. Ageing produces several 
100 nm large crystalline metallic particles. In the washcoat 
some larger and brighter grains evolved as well as some more 
void areas especially at the interface of the two washcoat 
layers.  

Tomography shows, that ageing changes the structure/density 
of the washcoat tremendously and offers the advantage of 
non-destructive sample preparation. These changes in 
structure cannot be monitored by TEM or XRD alone because 
micrometer particles are not effectively detected by both 
methods and an assignment to local features as in tomography 
is hardly possible. A combination of several methods therefore 
compensates for individual methodical shortcomings and leads 
to new insights in the examined processes. 
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