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Because the energy resources are limited, alternatives are sought to replace fossil fuels. In 

particular for automobile applications, hydrogen powered fuel cells are a promising 

replacement for conventional combustion engines. However, problems arise concerning the 

storage of hydrogen. Therefore, research has recently been focused on methanol steam 

reforming (MSR) to produce hydrogen on board. Currently used Cu/ZnO1,2 catalysts are not 

stable under dynamic reaction conditions. Hence, catalysts need to be found, that show higher 

stabilities. For that reason investigations are performed on Cu/ZrO2, and especially in this 

work, on the relationship between activity, stability and structural changes during reaction. 

The investigated Cu/ZrO2 catalysts can be divided into three groups. First, Cu/ZrO2 

nanopowders were synthesized either by addition of a Cu(NO3)2 solution to a solution 

of Zr(OPr)4 and tetramethylammoniumhydroxid followed by subsequent heating at 

80°C for 20h or the zirconia/ammonium solution was first heated as described, then 

the Cu(NO3)2 solution was added and the mixture was heated again to 80°C for 6h. 

The precursors were calcined at 500°C for 12h. Second, mesoporous ZrO2 structures 

were obtained from a blockcopolymer Pluronic123 soaked with a mixture of 

zirconium(IV)propylat and acetylacetonate. Subsequently, copper acetate was 

dissolved in the polymer solution before calcination was performed. Alternatively, 

after calcination of the zirconia/polymer solution, the formed zirconium dioxide was 

treated with hexamethyldisilazane to prevent crystal growth, and then 

Cu(NH3)4(NO3)2 solution was added. The precursors were calcined in air at 450°C. 

Third, macroporous ZrO2 was prepared from a polymer gel template4,5. The template 

was impregnated with a solution containing Zr(OC3H7)4, copper acetylacetonate, and 

propanol and left standing for several hours. Calcination in oxygen at 500°C resulted 

in the mesoporous ZrO2. 
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Under reaction conditions the complementary methods XRD (X-ray diffraction) and XAS (X-

ray absorption spectroscopy) in combination with online mass spectrometry were used to 

characterize the relationship between structure and activity. Ex and in situ XRD 

measurements were performed with a Stoe STADIP P diffractometer using a Bragg–Brentano 

scattering geometry, a secondary monochromator and a total flow of 100ml/min (in-situ). 

Copper crystallite sizes were determined by using the Cu (111) reflex and calculations on the 

basis of the Scherrer equation after the Cu-Kβ contribution was removed.  

In situ XAS experiments were performed at the beamline E4 (HASYLAB, Hamburg) to 

investigate the local structure of the catalysts. Pellets of catalyst, pressed (1t) together with 

boron nitride (mass ratio catalyst : BN=1:3) were analysed at the Cu K- edge at atmospheric 

pressure, temperatures up to 400°C and a total flow of maximum 34 ml/min. 

For most of the catalysts studied, reduction of the precursor material (CuO/ZrO2) in  

2 vol% H2/He (total 20 ml/min) or methanol and water (volume ratio 2) resulted in Cu/ZrO2, 

which exhibited a rather low activity for MSR. A considerable increase in the hydrogen 

production rate was observed after oxygen was added (20-30 min) to the feed, resulting in an 

oxidation of Cu to CuO.  

No significant changes in the local structure of copper metal clusters could be detected during 

the time in the feed before the oxygen pulse. In addition the crystallite size ( in situ XRD 

investigations) of Cu and ZrO2 remained nearly constant under reaction conditions and no 

sintering could be observed. The local structure of the copper clusters after the oxidation was 

analysed under reaction conditions. During heating up to 400°C for 50 min in 2 vol% H2/He 

the catalysts tested appeared to be stable. Figure 1 shows the radial distribution functions of 

spectra before and after heating to 400°C. As it can be estimated from the height of the 

curves, the crystallite size increased. After heating, switching back to feed at 250°C and a 

subsequent oxidation, a further increase in the hydrogen production rate could be observed 

(fig 2). Apparently, the most active Cu clusters need to possess a minimum crystallite size. 
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Figure 1. Radial distribution functions of 
Cu/ZrO2 (Cu K-edge) due to heating in 2 vol% 
H2/He to 400 °C 
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Figure 2. Evolution of the H2 production over 
Cu/ZrO2 during methanol steam reforming 
(MSR), oxygen pulses and heating to 400°C in 2 
vol% H2/He 


