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Efficient characterization and testing of catalysts is important for the development of new catalysts. A new 
parallel reactor system as shown in Figure 1 (left) was set up to combine catalytic measurements with in situ 
X-ray absorption spectroscopy [1] as improvement of an earlier system [2]. The cell combined with an X-ray 
area detector for spectra collection facilitates the simultaneous analysis of six catalysts and contains separate, 
individually adjustable gas lines for each compartment. The product gas compositions can be measured by 
on-line mass spectrometry. 

The heterogeneously catalyzed partial oxidation of methane (CPO), i.e. an alternative to steam reforming for 
the production of synthesis gas (hydrogen and carbon monoxide) from methane, was chosen as a test 
reaction. Alumina-supported Rh and Au/Rh catalysts with different metal loadings (0.5–2.5 wt%) and 
prepared by different methods were applied to see whether a difference in their catalytic behavior can be 
detected with the novel setup. For the validation of the new parallel reactor, the same catalysts were 
investigated in a fixed-bed capillary reactor heated by a gas blower (also for XAS measurements) and in an 
eight-fold parallel gas phase reactor with gas chromatography analysis using similar reaction conditions (6% 
CH4-3% O2-He, 250–500 °C) to check for transferable results.  

 

Figure 1: Left side: View of the parallel XAS cell. Graphite seals were pressed on the compartments with 
covers that leave a window of 2 mm x 8 mm for the X-ray beam. Capillaries for gas in- and outlet are 

connected to each of the compartments (below). Right side: Absorption image taken with the X-ray camera 
of five compartments simultaneously (top) and Rh K-edge spectra at different temperatures und reaction 

conditions extracted from two different compartments. 



The experiments were performed at beamline C (DORIS III) using a Si(111) double-crystal monochromator. 
For spectra acquisition an 8 mm x 1 mm (width x height) large beam was used. The transmitted radiation 
was detected by a CCD-area detector, in which a single crystal scintillator converts X-rays into visible light 
that is then subsequently imaged on the CCD chip via microscope optics, yielding a picture as shown in the 
upper left part of Figure 1. The incoming intensity I0(E, x, y) and the transmitted intensity I1(E, x, y) were 
measured by taking an image first without and then with the cell. XANES spectra were taken around the Rh 
K-edge (E = 23,220 eV). The exposure time for each frame was 30 s. Each image was dark-field corrected, 
i.e. an average dark image was subtracted to remove the CCD dark current and read-out noise. By 
integrating over the pixels in one compartment and applying Beer–Lambert’s law for all recorded energy 
steps, absorption spectra for each catalyst bed could be obtained. The raw data were energy-calibrated, 
background corrected, and normalized with the WINXAS 3.1 software [3]. It was shown earlier – with the 
previous cell – that the resulting spectra are comparable to those recorded with a conventional ionization 
chamber setup [2]. By taking spectra at different temperatures during heat-up starting at room temperature, 
differences in catalytic activity of the different catalysts could be investigated, namely their ignition 
temperature (by on-line MS) and their structural behavior below and above this point. The ignition 
temperature is defined as the temperature during heat-up at which the formation of carbon monoxide and 
hydrogen starts. Below only carbon dioxide and water were detected, i.e. total oxidation occurred. 

The lower right part of Figure 1 shows the results of two of the compartments. It can be seen that, while the 
upper catalyst (0.5wt%Au/2wt%Rh/Al2O3) shows a spectrum representing reduced Rh species at 400 °C, the 
lower one (2wt%Au/0.5wt%Rh/Al2O3) still is in the same oxidized state as at 353 °C and, in fact, as at room 
temperature (not shown). On-line mass spectrometry showed that the former does produce CO and H2 at 
400 °C, the latter does not. By analyzing two series of catalysts in this manner, conclusions concerning the 
mechanism of the partial oxidation of methane and the interaction of gold and rhodium could be drawn [1]. 
Experiments with the aforementioned two other reactor setups showed the same picture, despite of the very 
different reactor characteristics, and by that validated the novel parallel XAS cell as suitable for reproducible 
and valuable high-throughput in situ measurements. This shows also another important application of an X-
ray camera for recording spatially resolved X-ray absorption spectra (further applications, cf. ref. [4]). 
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