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ZnO/Al2O3, CuO/Al2O3, and CuO/ZnO/Al2O3 xerogels and
aerogels have been prepared by a sol–gel route using propyl-
ene oxide as gelation initiator. For aerogel preparation, the
solvent was extracted with supercritical CO2. Calcination of
these xerogels and aerogels was followed by thermogravime-
try (TG), and the microstructure of these calcined xerogels
and aerogels was investigated by TEM, powder XRD, EX-
AFS, and nitrogen physisorption (BET, BJH). The oxide mix-
tures CuO/Al2O3 and CuO/ZnO/Al2O3 were also studied by
temperature-programmed reduction (TPR), and their cata-

Introduction
Cu/ZnO/Al2O3 catalysts are widely used for the indus-

trial synthesis of methanol, for methanol reforming, and for
the water-gas shift reaction, and have therefore been inten-
sively investigated in the last few decades.[1–3] Various meth-
ods have been developed for the preparation of Cu/ZnO/
Al2O3 catalysts. The differences in preparation methods,
synthesis conditions, and pre-treatment have a considerable
influence on the structure of the catalysts, which finally
leads to disparities in the catalytic performance. It is gen-
erally accepted that a large specific Cu surface area leads
to an active methanol synthesis catalyst.[1,4] In addition, the
metal–support interaction plays a key role in this catalytic
reaction.[1,2,5,6]

Catalyst preparation usually involves complex processes
and the performance of the final product is very sensitive
to rather subtle changes in the synthetic procedures.[7–11]

Copper/zinc oxide nanocomposites are usually prepared by
co-precipitation from aqueous solutions. Typically, a mixed
solution of copper and zinc salts (frequently nitrates or ace-
tates) is prepared and the precipitation of both carbonates
is induced by the addition of sodium or ammonium carbon-
ate whilst stirring, followed by drying and calcination.[8,9,12]

[a] Inorganic Chemistry, University of Duisburg–Essen,
Universitaetsstrasse 5–7, 45117 Essen, Germany
Fax: +49-201-183-2621
E-mail: matthias.epple@uni-due.de

[b] Laboratory of Industrial Chemistry, Ruhr University Bochum,
Universitaetsstrasse 150, 44801 Bochum, Germany

[c] Max-Planck-Institute for Coal Research,
Kaiser-Wilhelm-Platz 1, 45470 Muelheim an der Ruhr, Ger-
many

© 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2006, 4774–47814774

lytic activity in the formation of methanol from CO/CO2/H2

synthesis gas was measured. The aerogels have a higher spe-
cific surface area and a higher Cu surface area than the cor-
responding xerogels, which results in a higher catalytic ac-
tivity for methanol synthesis. The presence of ZnO signifi-
cantly increases the catalytic activities of both the xerogel
and the aerogel.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

The particle size and crystallinity of the products can be
adjusted by varying the pH, the reactant concentrations, the
stirring rate, the duration of precipitation and aging, and
the calcination conditions.[13] Günter et al. have investigated
binary Cu/ZnO catalysts with varying Cu/Zn molar ratios
(90:10 to 10:90) and found that the precursor phase compo-
sition directly influences the resulting Cu microstructure
and, in turn, the performance of the Cu/ZnO catalyst.[8]

The effect of pH on the composition of the precursors and
the activity of the Cu/ZnO/Al2O3 catalysts for methanol
synthesis has been studied by Fang et al.,[14] and Deng et
al. have prepared ultra-fine Cu/ZnO/Al2O3 catalysts by an
oxalate gel co-precipitation.[15] The obtained catalysts show
a high activity in methanol synthesis. A non-aqueous orga-
nometallic route has been developed by Fischer et al. and
uniform copper/zinc nanoparticles (“nanobrass“) were ob-
tained with [Cu{OCH(Me)CH2NMe2}2] and Et2Zn as pre-
cursors.[16] Schüth et al. have reported that colloidal copper
nanoparticles prepared by reduction of copper acetylace-
tonate with trialkylaluminum are highly active for quasi-
homogeneous methanol synthesis.[17] We have reported the
preparation of copper/zinc nanocomposites by the thermol-
ysis of dimetallic copper/zinc cyanide coordination com-
pounds under mild conditions.[18–21] For instance, the cop-
per/zinc cyanide compound [Zn{Cu(CN)3}] was precipi-
tated by both a batch-wise and a continuous synthesis
method. Depending on the ligands in the complex and the
thermolysis conditions, the activity towards methanol syn-
thesis could be controlled.[21]

The sol–gel route can be considered as a very interesting
way of preparing catalysts because of the possibility to con-




