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Introduction

Methanol is an important bulk chemical produced from syn-
thesis gas (CO, CO2 and H2) over solid ternary Cu/ZnO/Al2O3

catalysts applied in fixed-bed reactors. In the 1980s, a liquid-
phase methanol synthesis process (LPMeOH TM) was introduced,
based on synthesis gas from coal using the same type of solid
ternary Cu/ZnO/Al2O3 catalyst, which was used as fine powder
dispersed in a slurry reactor with high-boiling solvent to en-
hance the stability of the Cu catalysts.[1] The catalytic synthesis
of methanol from synthesis gas in the liquid phase has recently
been achieved by using metallic Cu in the colloidal state.[2, 3]

Catalysis with colloids offers the opportunity to gain deeper in-
sights into the nature of the active sites on Cu/ZnO catalysts,
which still remains a subject of controversy.[4] The colloidal Cu
particles were found to be highly active for methanol synthe-
sis, presumably due to the very high degree of dispersion and
the absence of any less accessible inner surfaces. To date, the
synthesis of Cu-based colloidal systems has involved organo-
metallic precursors, which are highly sensitive to air and water,
and require inert gas atmospheres and anhydrous solvents.[2, 3]

To scale up to industrial production, alternative synthesis
methods are needed. A Cu–Ni colloid was obtained by the
reduction of an alcoholic solution of Cu and Ni stearates with
H2 by Kimura et al.[5] and applied in amination reactions.[5, 6]

Herein, we report on the synthesis of a highly stable
colloidal Cu catalyst with well-defined structure from the same
readily available and air-stable reactants. Squalane was chosen
as the reaction medium due to its inertness and high solubility
of the synthesis gas.[7] The resulting dispersion of Cu and Zn
stearate had a bluish green color, and reduction with diluted

H2 produced a dark red metallic Cu colloid. In contrast to Cu
stearate, Zn stearate acting as stabilizer and promoter is not
reduced by H2 under the applied conditions. Accordingly, well-
separated spherical particles with a size of 5–10 nm were pro-
duced, consisting of a crystalline face-centered cubic (fcc) Cu0

core stabilized by a Zn stearate shell without long-range
order.[8] This study focuses on the characterization of the active
state formed under high-pressure methanol synthesis condi-
tions. The migration of ZnOx species onto the surface of the
Cu particles has been proposed for the industrial methanol
synthesis catalyst.[9–12] For the Cu–Zn colloids, the active state
was identified as triangular ZnO prisms with truncated edges
attached to the spherical Cu particles, which are assumed to
act as reservoir for ZnOx species diffusing onto the Cu particles
and promoting the catalytic activity.

Metal stearate-stabilized Cu nanoparticles, synthesized by an
efficient one-step process, were applied in the continuous
liquid-phase synthesis of methanol. After optimizing the reduc-
tion procedure, twofold higher rates of methanol formation
were found for Cu–Zn colloids, compared to the conventional
ternary Cu/ZnO/Al2O3 catalyst applied as fine powder in the
liquid phase. Structural changes were investigated as a func-
tion of time on stream; after reduction in H2, spherical, well-
separated 5–10 nm Cu particles stabilized by a Zn stearate
shell were found. Under catalytic high-pressure conditions Zn

stearate was hydrolyzed forming ZnO. High-resolution trans-
mission electron microscopy revealed the presence of trian-
gular ZnO prisms with truncated edges. Applying optimized
synthesis conditions these triangularly shaped ZnO particles
were found to be mostly attached to the spherical Cu particles.
The catalytic results and the structural and spectroscopic char-
acterization suggest that these ZnO particles act as a reservoir,
releasing ZnOx species, which diffuse onto the Cu particles and
promote the catalytic activity.
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