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Dynamical changes in Cu/ZnO/Al2 O3 catalysts
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A combination of various transient and steady-state kinetic experiments was used to provide evidence for dynamical changes in a
Cu=ZnO=Al2 O3 catalyst of industrial interest. From these it can be deduced that the reversible structural alterations strongly depend on
the reaction conditions as well as on the pretreatment. The pretreatment was found to induce changes in the morphology of the metallic
Cu particles to some extent, and surface alloying under more severe reducing conditions.
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1. Introduction
The copper/zinc oxide catalyst containing alumina is
industrially important for methanol synthesis from gas
mixtures consisting of H2 , CO2 and CO [1]. It was
reported that morphological changes of the Cu particles
signi®cantly in¯uence the catalytic activity in methanol
sythesis [2±6]. The development of in situ methods such
as EXAFS and XRD allowed the extraction of quantitative short- and long-range structural information on a
heterogeneous catalyst [7±9]. The Topse group has
been particularly active in this area, applying these
techniques and catalytic studies to obtain in situ data
on structural changes [4±6] and to follow dynamical
changes occurring under reaction conditions [3,5].
Their results for a 5% Cu/ZnO catalyst revealed that
the Cu±Cu coordination number for Cu metal particles
on ZnO changed reversibly depending on the gaseous
atmosphere applied. These observations led to a dynamic
model that correlated the relative interfacial area
between Cu metal and ZnO in Cu±ZnO with the
reduction of the ZnO component and the consequent
spreading of Cu metal species on ZnO [4]. Finally, the
Topse group integrated the dynamical changes into a
microkinetic model which can be used for extrapolation
to industrial relevant reaction conditions [10].
Recently, Topse and Topse [11] applied infrared
spectroscopy of CO adsorption in order to study the
formation of Cu±Zn surface alloys (1 and 5% Cu on
ZnO) under more severe reduction conditions. It was
found that the formation and destruction of the surface
alloy occurs reversibly. New results con®rm the dynamic
changes of the Cu particles as well as the surface alloying
under severe reducing reaction conditions [6]. Investigations on Cu/ZnO catalysts with various reducing agents
* To whom correspondence should be addressed.
E-mail: olaf@techem.ruhr-uni-bochum.de

by Jung et al. [12] proved that ZnO can be reduced
with CO or methanol in the presence of Cu giving rise
to brass formation under highly reducing conditions in
good agreement with ref. [13].
In our study, a combination of the temperatureprogrammed desorption of H2 (H2 TPD) [14,15], N2 O
reactive frontal chromatopgraphy (N2 O RFC) [16] and
¯ow-switching experiments was applied to characterize
the state of a coprecipitated ternary catalyst (50% Cu,
35% ZnO and 15% Al2 O3 ). The choice of the pretreatment gas and the duration of pretreatment were found
to have a signi®cant impact on the methanol synthesis
activity. In particular, H2 TPD followed by N2 O RFC
was used in order to prove the state of the working
catalyst under reaction conditions close to industrial
operation.
2. Experimental
The experiments were carried out in a ¯ow set-up
equivalent to that described in refs. [14,15]. The following gases of high purity were used: He (99.9999%), H2
(99.9999%), CO/He (10% CO, 99.9995%), CO2 /He
(4% CO2 , 99.9995%), N2 O/He (1% N2 O, 99.9995%),
H2 /He (2.1% H2 , 99.9995%) and a mixture of 72% H2 ,
10% CO and 4% CO2 in He used as methanol synthesis
feed gas (99.9995%), termed synthesis gas in the following. The synthesis gas was further puri®ed by means of a
guard reactor ®lled with ZnO to adsorb impurities such
as sulfur and chlorine compounds. Fast on-line gas
analysis was performed by a calibrated quadrupole
mass spectrometer (Balzers GAM 422).
The kinetic experiments were carried out with a
ternary Cu/ZnO/Al2 O3 catalyst with approximate overall composition of 50% CuO, 35% ZnO, and 15%
Al2 O3 prepared by sodium carbonate precipitation of
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