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Impregnation of pre-shaped metal oxide particles is one of the most applied preparation procedures of 
industrial heterogeneous catalysts. Different mathematical descriptions of the impregnation step have been 
developed [1]. However, radial profiles have been seldomly measured in practice [2] and, to our knowledge, 
no tomographic study using X-ray microtomography has been reported up to now. Only recently, we 
reported on the application of X-ray absorption tomography to identify the oxidation state distribution 
inside a catalytic microreactor [3].  The advantage of X-ray microtomography is that it can give non-
destructively information on the microstructure [4], e.g. grain size structure, of the pre-shaped catalyst 
pellets. In addition, element contrast can be achieved, if the X-ray absorption is different. To demonstrate 
the perspective of this approach, we have determined the microstructure of a commercial 0.5%Pd/Al2O3 
catalyst, that we recently successfully applied in alcohol oxidation in supercritical fluids [5]. In addition, a 
Cu-based catalyst with different impregnation depth was prepared using different impregnation times and a 
similar kind of Al2O3-pellet (cylindrical shape, cf. ref. [2]). 

X-ray microtomography was performed on the differently impregnated alumina pellets with cylindrical 
shape (3.2 x 3.6 mm) at beamline BW2 at HASYLAB. The photon energy was set to 18 keV and a pixel size 
of 2.3 µm was used (resulting spatial resolution of about 4 µm). The sample was rotated using the GKSS-

stage described in ref. [6]. 
Fig. 1 shows the results on 
the 0.5%Pd/Al2O3 catalyst 
sample (Engelhard 4586). 
Clearly the microstructure 
of the alumina pellet with 
its grains is visible. With a 
brighter contrast towards 
the side planes the impre-
gnated part with the 
palladium constituent is 
observed. The sharp 
gradient demonstrates that 
the front during 
impregnation has been 
very sharp, indicating a 
diffusion-controlled impre-
gnation process. This is in 
line with electron mi-
croscopy (not shown), 
which however can only 
give two dimensional in-
formation. The present 
data in Fig. 1 contain the 
information in three 
dimensions.  

In the same manner, 
Cu/Al2O3 catalysts, diff-
erently impregnated with 

CuCl2-solution as described in ref. [2] and using alumina pellets of the same shape and size, were 
investigated. The results are depicted in Figs. 2 and 3.  

 
Fig. 1: 3D-reconstruction of 0.5%Pd/Al2O3, shell-impregnated catalyst 
pellet of cylindrical shape; sample was stuck from one side on the sample 
holder, field of view: 3.54 mm x 2.36 mm; total reconstructed volume of 
3.54 x 3.54 x 2.36 mm3. 
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Whereas the first catalyst was immersed 
for 1 min, the second one was kept for 10 
min in the impregnation solution. The 
sharp diffusion front moved progressively 
towards the center of the pellet indicating 
a shell-progressive behaviour [2]. Inter-
estingly, certain differences can be found 
(particularly in Fig. 3) for the horizontal 
and axial direction, indicating some 
structural anisotropy resulting in a 
different diffusion behaviour in the two 
directions.  

The presented results allow to determine 
the progress and shape of impregnation 
zone without destruction of the pellets and 
are thus excellently suited for deriving a 
mathematical description of the diffusion-
immobilization process [1,2]. This can be 
achieved with a series of experiments 
where the impregnation time is varied. 
This will allow us to optimize the 
impregnation process. The use of the 
technique will also be of further relevance 
to identify the element distribution (in 
combination with fluorescence detection) 
and thus the microscopic structure of 
heterogeneous catalysts. The strategy can 
be regarded complementary to micro-
Raman and UV-vis, magnetic resonance 
imaging techniques and the recently 
described X-ray absorption tomography 
using a microfocussed beam [3] as well as 
the detection of oxidation state 
distributions using an X-ray camera [7]. 
The latter are more time-consuming since 
full XANES spectra have to be measured. 

We thank J. Herzen and T. Donath, GKSS 
for support during the experiment at the 
beamline BW2.  
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Fig. 2: 3D-reconstruction of Cu/Al2O3, 1 min with 
CuCl2-solution impregnated catalyst pellet; field of view: 
3.54 mm x 2.36 mm. 

 

Fig. 3: 3D-reconstruction of Cu/Al2O3, 10 min with CuCl2-
solution impregnated catalyst pellet; field of view: 3.54 mm 
x 2.36 mm. 
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