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A systematic series of binary and ternary copper catalysts was investigated in methanol synthe-
sis at atmospheric pressure. Strong metal-support interactions between copper and zinc oxide
induced by strongly reducing conditions were probed by the adsorption of carbon monoxide
which was monitored qualitatively and quantitatively by a combination of microcalorimetry,
temperature-programmed desorption experiments and Fourier transform infrared spectroscopy.
For the zinc oxide-containing catalysts, the pretreatment in flowing carbon monoxide at 493K
resulted in a severe decoration of the copper metal particles with ZnOx adspecies, whereas after
methanol synthesis at 493K the state of copper was essentially identical to that after hydrogen
reduction. Copper was always found to be present in its zero-valent state.

1 Introduction

Methanol is together with ammonia and sulphuric acid one of the three most important products
synthesized industrially. The applied catalyst is a ternary system containing copper (Cu), zinc
oxide (ZnO), and alumina (Al2O3) [1, 2]. Although this catalyst has been used for about 40
years and in spite of the importance of methanol synthesis, the nature of the active site, the
role of the different catalyst components and the mechanism of the methanol synthesis are still
under debate. The active site is described e. g. as metallic copper, isolated Cu(I) ions in the
ZnO matrix, Cu(I) species stabilized by Cu-Zn alloys, the Cu/ZnO interface, or strained copper
particles [3, 4, 5, 6, 7, 8, 9, 10].
In 1978 Tauster et al. [11] reported that titania-supported noble metal catalysts show different
behavior in the adsorption of H2 and carbon monoxide after low-temperature reduction and
high-temperature reduction. The adsorption capacity of the samples decreased to nearly zero
after high-temperature reduction, but was fully restored by an oxidizing treatment. Using
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