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Introduction

Cu/ZnO/AlO5 catalysts have been used are well known catalysts for methanol
synthesis variety and low temperature water gas shift reaction, which are important for the
production of chemical intermediates. These catalysts are conventionally prepared by co-
precipitation of metal nitrate salts with sodium carbonate to produce copper and zinc
hydroxycarbonate phases, with are then calcined and reduced in situ to form the active
Cu/ZnO/Al,03.[1] Precursor phases strongly influences the activity of the final catalyst with
zincian malachite being the desired phase.[1] Its preparation by co-precipitation involves the
transient formation of amorphous georgeite [2], which then transforms rapidly to crystalline
malachite. The inability to synthesize stable georgeite, or even to find mineralogical examples
of georgeite with high purity, has led to it being largely ignored. Here we report the preparation
of a stable georgeite precursor phase using a supercritical CO, anti-solvent (SAS) precipitation
method. This synthetic georgeite is a precursor to highly active methanol synthesis and LTS
catalysts that display in the latter case superior stability to comparable catalysts prepared from
crystalline malachite.

Materials and Methods

Well-known catalyst precursors, such as zincian malachite were prepared by the
conventional co-precipitation, using nitrate salts, Na,CO; at 65 °C and pH 9. The zincian
georgeite was produced using the SAS anti-solvent method. Briefly, solutions of copper and
zinc salts were precipitated into supercritical carbon dioxide at 100-150 bar and 40-60 °C. The
recovered precipitates from both preparation routes where dried and calcined. Prior to catalyst
testing or copper surface area analysis the calcined CuO/ZnO was reduced in-situ with dilute
hydrogen.

Results and Discussion

FT-IR and XRD confirmed that the SAS prepared material was analogous to the
mineral georgeite. Advanced characterization by X-ray absorption spectroscopy (XAS) and X-
ray pair distribution function analysis (PDF) demonstrated that zincian georgeite is highly
amorphous with structural order being smaller than a single unit cell of conventionally
prepared malachite. Calcination of the zincian georgeite sample resulted in a well-mixed
matrix of nano-crystalline CuO and ZnO, compared to the larger crystallites observed from
calcination of the zincian malachite sample. Environmental Transmission electron microscopy

and in situ XRD-XAS show that micro-structure of the active reduced Cu/ZnO catalyst is
dependent on the catalyst precursors structure. Zincian georgeite derived catalysts were found
to have small Cu crystallites dispersed in a highly disordered ZnO matrix, whereas the zincian
malachite sample had defined crystalline ZnO interspersed amongst Cu particles. The greater
Cu-ZnO interface in the georgeite derived catalyst resulted in high initial activity for methanol
synthesis for syn-gas and exceptional stability in the LTS reaction (Figure 1).
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Figure 1. Catalyst test results: (a) Mass normalized time-on-line methanol productivity; (b)
CO conversion for LTS reaction time-on-line (...) represents maximum equilibrium
conversion). Key: (---) shows representative methanol synthesis reactor bed temperature; (A)
zincian georgeite; (M) co-precipitated zincian malachite (o) industrial standards (methanol
synthesis catalyst wt% is CuO:Zn0O:Al,O; = 60:30:10, LTS catalyst wt% is CuO:ZnO:Al,03 =
50:33:17).

Significance

Our findings highlight the value of advanced synthesis methods in accessing unusual mineral
phases, and show that there is room for exploring improvements to established industrial
catalysts. The high activity of the zincian georgeite catalyst can be explained by a strong metal
support interaction between Cu and ZnO, facilitated by the small ZnO particle size and high
dispersion of Cu, which is in agreement with resent theoretical studies [3]
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