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New synthetic routes to more active Cu/ZnO catalysts
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New preparation routes are applied to synthesize novel Cu/ZnO catalysts exhibiting high catalytic activity in methanol
synthesis. In particular, the deposition–precipitation of copper onto high specific surface area (SSA) zinc oxide particles and the
chemical vapor deposition of diethyl zinc turned out to be effective techniques, leading to promising methanol synthesis catalysts
due to the enlargement of the Cu-ZnO interface.
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1. Introduction
The synthesis of methanol from CO2 =CO=H2 using
Cu/ZnO-based catalysts is an important industrial
process [1]. Although extensive research has been carried
out applying classical methods to supported Cu
catalysts as well as surface science techniques to Cumodel catalysts, the debate is still continuing concerning
the role of ZnO and the nature of the active sites [2].
Commercially applied ternary Cu=ZnO=Al2 O3 catalysts
are prepared in large quantities by coprecipitation.
Technical advances toward a more precise control of the
precipitation process were achieved by the application of
the flow cavitation reactor technology [3] and by the use
of micromixers [4]. More advanced approaches to
generate nanocrystalline oxides from solutions employ
the controlled hydrolysis of metal alkoxides or halides.
Particles obtained from such preparation techniques
have fully hydroxylated surfaces unless extreme heat
treatment or chemical dehydroxylation reactions are
applied. It is known that residual hydroxyl groups
influence the material properties significantly. Obviously, there is a need for other preparation techniques
than the classical ones to extract more detailed
information on the synergy between Cu and ZnO.
In this work, we describe two novel preparation
routes for Cu-based catalysts employed in methanol
synthesis. The synthesis routes were inspired by two
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recent experimental studies. Günter et al. [5] observed a
positive correlation of the catalytic activity expressed as
methanol turnover frequency (TOF) with the microstrain of the Cu particles detected by X-ray powder
diffraction (XRD). Thus, we attempted to maximize
the Cu–ZnO interface by using size-defined ZnO
nanocrystals formed by a nonhydrolytic route followed
by deposition–precipitation of Cu, resulting in a highly
active binary Cu/ZnO catalyst. Fujitani and Nakamura
[6] were able to promote a Cu(111) single-crystal surface
efficiently by depositing Zn. They identified a Cu–Zn
surface alloy as the catalytically active site on this model
catalyst for methanol synthesis from CO [6]. Thus, in a
second novel approach, a ternary catalyst was prepared
from a coprecipitated reduced Cu=Al2 O3 catalyst via the
chemical vapor deposition (CVD) of diethyl zinc
(Et2 Zn), resulting in a large increase in methanol TOF.

2. Experimental
Coprecipitation was applied to prepare reference Cu
catalysts with different Cu content. Metal nitrates were
used as precursors, and an aqueous solution of Na2 CO3
was added as precipitation agent. Good reproducibility
was attained by controlling the preparation conditions
(purity of the chemicals, concentrations, temperature,
stirring velocity, pH value, aging time, and washing
treatment) carefully [7]. The calcination treatment was
conducted in flowing air at 600 K for 3 h. The reduction
was carried out in a catalytic test equipment [8] with a
mixture of 2.1% H2 in He raising the temperature from
300 to 513 K.
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