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Implication of the microstructure of binary Cu/ZnO catalysts for
their catalytic activity in methanol synthesis
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Binary Cu/ZnO catalysts with varying molar ratios (90/10 through 10/90) were studied under methanol synthesis conditions at 493 K
and at atmospheric pressure. The methanol synthesis activity of the catalysts was correlated to their specific Cu surface area (N, O reactive
frontal chromatography, NoO RFC) after reduction in 2 vol% Hj at 513 K. Activity data were supplemented with a detailed analysis of
the microstructure, i.e., crystallite size and strain of the reduced Cu and the ZnO phases after reduction using X-ray diffraction line profile
analysis. The estimated copper surface area based on a spherical shape of the copper crystallites is in good agreement with data determined
by N>O RFC. A positive correlation of the turnover frequency for methanol production with the observed microstrain of copper in the
Cu/ZnO system was found. The results indicate a mutual structural interaction of both components (copper and zinc oxide) in the sense
that strained copper particles are stabilized by the unstrained state of the zinc oxide microcrystallites. The observed structural deformation
of ZnO in samples with higher Cu loading can originate, for instance, from epitaxial bonding of the oxide lattice to the copper metal,
insufficient reduction or residual carbonate due to incomplete thermal decomposition during reduction. Additional EXAFS measurements
at the Cu K and the Zn K edge show that about 5% ZnO are dissolved in the CuO matrix of the calcined precursors. Furthermore, it is
shown that the microstructural changes (e.g., size and strain) of copper can be traced back to the phase composition of the corresponding
hydroxycarbonate precursors.
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