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catalysts in high pressure methanol synthesis as an example
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Abstract

High-throughput experimentation is by now an established technology for the synthesis and evaluation of catalysts. However, so far most
of the systems described in the literature for the study of gas-phase reactions have been restricted to less demanding reaction conditions,
i.e., atmospheric pressure. We have developed a 49-channel parallel flow reactor for use under elevated pressures up to 5 MPa and used
this system to screen methanol synthesis catalysts based on the Cu/ZnO system. The catalysts have been prepared by co-precipitation under
various preparation conditions. Catalysts obtained from the same precursors, but showing vastly different performance, were then selected
for a more detailed study. Differences in performance could be traced back to differences in phase composition and reduction behavior. This
study demonstrates that high-throughput experimentation not only is a suitable tool to screen catalysts, giving little scientific insight—as it is
often perceived—but can also be used as a first step to obtaining more fundamental insight by rapidly identifying those compositions which
are most suitable for detailed study.
 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction

Over the past five years, high-throughput experimenta-
tion (HTE) has become a valuable tool for the development
of solid catalysts (reviewed in Refs. [1–5]). While initially
there was severe skepticism with respect to the possibility
of obtaining meaningful catalytic data by HTE approaches,
very rapidly we have seen the technology becoming more
and more accepted, and by now almost all major chemi-
cal company either have closed strategic collaborations with
service providers, such as Symyx, hte AG, or Avantium, or
have their own internal efforts. Also many academic groups
have developed own tools and methods, and it can be pre-
dicted that within the next 5–10 years there will be almost
no catalysis laboratory, which does not depend to some ex-
tent on components of HTE-technology, such as synthesis
robots or parallel reactor technology. However, the field of
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high-throughput experimentation is still in a “volatile” stage;
i.e., concepts are still being explored, different approaches
are being evaluated, and not all components necessary are
fully in place. In addition, the full reach of HTE in catalysis
is not quite clear at this point, a feeling which condenses
in the question: “Where is the science in HTE in catalysis?”
This is a question which will, to some extent, be addressed in
this contribution. As a preliminary answer, one can identify
four different aspects with respect to the “science” in HTE:
(i) There are interesting scientific aspects in the tool develop-
ment for HTE, such as the various methods for mass spectro-
metric analysis of addressable arrays [6–10], thermal imag-
ing [11,12], imaging FTIR-spectroscopy with focal plane
array detectors [13], parallel laser-induced fluorescence [14],
resonance-enhanced multiphoton ionization [15], parallel
photoacoustic spectroscopy [16], or selective color detection
schemes [17–19]. (ii) It is expected that the chance of achiev-
ing breakthrough discoveries is strongly enhanced by us-
ing HTE technologies. Such breakthrough discoveries would
also typically present a major scientific achievement, since
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