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Deactivation of supported copper catalysts for methanol synthesis
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Binary Cu/ZnO and Cu/Al2 O3 as well as ternary Cu/ZnO/Al2 O3 catalysts were investigated with respect to their catalytic
activity and stability in methanol synthesis. In a rapid ageing test, activity measurements were carried out in combination
with the determination of the specific Cu surface area. A close correlation between the loss of catalytic activity and the
decrease in specific Cu surface area was found due to sintering of the Cu particles. Differences within the deactivation
behavior and the area-activity relationship of every catalyst system imply that the catalysts should be grouped in different
classes.
Keywords: deactivation, Cu/ZnO catalyst, Cu/ZnO/Al2 O3 catalyst, Cu/Al2 O3 catalyst, methanol synthesis, N2 O reactive
frontal chromatography (N2 O RFC)

1. Introduction
Today, Cu-based supported catalysts are primarily
employed in large-scale commercial processes such as
methanol synthesis and the water-gas shift reaction.
The improvement of the purification methods for the
synthesis gas had made the low-pressure methanol synthesis over Cu/ZnO/Al2 O3 catalysts available for practical application in the 50’s. Consequently, the lifetime
of these Cu catalysts and their deactivation behavior are
of great commercial importance to meet the requirements for optimal process conditions. Despite this fact,
data with respect to the deactivation of Cu catalysts are
sparsely published in the literature.
Industrial plant data [1,2] show a strong initial decrease in methanol formation, suggesting that the Cubased catalysts undergo a relatively fast deactivation
within the first hundreds hours of operation. Laboratory tests confirm the fast initial deactivation in the first
few hours [3]. Deactivation processes of Cu catalysts
are supposed to occur mainly either due to thermal sintering of the metallic Cu particles or because of poisoning of the active Cu centres by sulphur or chlorine.
An accelerated deactivation of the catalyst was particularly found in detailed kinetic studies when a CO-rich
feed was used [4,5]. This evidence can be interpreted
by over-reduction of Cu which causes an enhanced sintering of the metallic Cu particles.
In this concise contribution, we present long-term
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deactivation experiments, the results of a rapid ageing test and the results of catalytic measurements,
which have been obtained from dozens of catalysts in
a standardized manner [6,7]. This procedure allows
us to compare the deactivation behavior for Cu/ZnO,
Cu/Al2 O3 , and Cu/ZnO/Al2 O3 , which is presented, to
the best of our knowledge, for the first time. Based on
these results a grouping of the catalysts into classes is
suggested.
2. Experimental
The Cu catalysts were prepared by coprecipitation
using aqueous solutions of Cu(NO3 )2 , Zn(NO3 )2 , and
Al(NO3 )3 . Na2 CO3 was employed as a precipitation
agent. High purity chemicals were used in order to
avoid impurities of chlorine and sulphur. Good reproducibility and comparability of the catalyst was attained by controlling the preparation conditions (i.e.
the pH value, stirring velocity, duration of precipitation, ageing, etc.) carefully. The calcination treatment
was conducted in flowing air at 600 K for 3 h. Nitrogen
physisorption was used to determine the BET surface
area. The characterization results for the catalysts are
summarized in table 1.
100 mg catalyst of the 250 - 355 m sieve fraction
were reduced in a packed-bed microreactor in a mixture of 2.1 % H2 in He by raising the temperature
from 300 to 513 K. The CuO contents of the catalysts
were calculated from the H2 uptakes during the reduction. The specific Cu surface areas were determined by
N2 O reactive frontal chromatography method [8] under moderate reaction conditions [9]. Kinetic data for a

