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Zinc oxide, aluminium oxide and binary ZnO–Al2O3 composites were synthesized using a novel
preparation method that combines continuous precipitation in a microreactor with an immediate spray
drying process. The sequence of the post-precipitation processes as well as the type of drying can
therefore be investigated in detail and turn out to be crucial parameters to achieve high specific surface
areas. By optimizing those unit operations the formation of hydrotalcite during the synthesis can be
suppressed resulting in an increase of the BET surface area up to 144 m2 g1 for the co-precipitated,
washed, freeze-dried and subsequently calcined Zn–Al precursor.

Introduction
The synthesis of bulk catalysts and catalysts support by precipitation methods is of enormous industrial importance.1 Most
large-scale materials used today in the field of heterogeneous
catalysis exhibit at least one precipitation step during their
preparation route followed by several post-precipitation
processes such as filtration, washing, drying, and calcination.
Zinc oxide is used in a wide field of applications due to its
favorable electronic and optical properties.2 Furthermore, it is
catalytically active in hydrogenation reactions3 or is used as the
catalyst support.4,5 In the process of low-temperature desulfurization of natural gas it plays an important role as a hydrogen
sulfide absorbent.6,7 One crucial parameter for the absorption
efficiency is a high specific surface area, which is beneficial for the
capacity for H2S removal.8 Although the industrial production of
ZnO is mainly based on the oxidation of Zn vapor,9,10 precipitation methods are also of great interest as they lead to nanocrystalline materials with high specific surface area. ZnO can be
obtained by precipitation of zinc hydroxides or carbonates
starting from ZnCl2, ZnSO4 or Zn(NO3)2 solutions followed by
washing and calcination. Additionally, the specific surface area
of ZnO can be increased by adding a second metal species during
the co-precipitation process. Aluminium is a promising candidate acting as such a structural promoter.
Active aluminas are interesting materials for a large range of
applications in the field of heterogeneous catalysis. Alike zinc oxide,
they are catalytically active11,12 or are used as catalyst support in
many processes of industrial importance.13–17 Porous alumina can
be achieved by controlled dehydration of aluminium hydroxide
(Al(OH)3 ¼ Al2O3$3H2O) or aluminium oxide hydrates (AlOOH ¼
Al2O3$H2O). Further heating between 400 and 1000  C yields
porous transition aluminas of different crystalline structures. The
most important one with respect to catalytic applications is
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g-alumina. Aluminium hydroxide and aluminium oxide hydrates
are synthesized by controlled precipitation processes of aluminium
nitrate solution with sodium hydroxide18 or sodium carbonate.19
The use of the latter as a precipitation agent additionally leads to
the formation of aluminium hydroxyl carbonates.20,21 Carbonate
species are reversibly adsorbed on the aluminium hydroxide planes,
and their content is a function of pH and temperature.22,23
In recent years, the role of methanol as a basic chemical has
strongly increased, and therefore the further investigation and
development of the ternary Cu/ZnO/Al2O3 catalyst for methanol
synthesis became more and more important. It is widely accepted
that ZnO acts both as an electronic and structural promoter and
exhibits a major influence on the catalytic activity, while alumina
mainly increases the long-term stability of the ternary catalyst
system.24–28 Thus, the interest in the binary Zn/Al system is also
very high. In a recent study, Miao et al.29 showed by co-precipitation experiments how the incorporation of Al3+ into ZnO as
a function of the Zn : Al ratio can influence the structural and
electronic properties of the final material.
In our previous studies on the synthesis of ZnO materials, the
following results were obtained:30,31
1. Due to the immediate spray drying process, sodium zinc
carbonate Na2Zn3(CO3)4 (SZC) is achieved as a metastable
precipitation product during the continuous precipitation of
aqueous zinc nitrate solution with sodium carbonate.
2. Exposing this phase to water during the washing step leads
to a phase transition of the metastable sodium zinc carbonate
into the thermodynamically stable zinc hydroxy carbonate
Zn5(OH)6(CO3)2 (ZHC).
3. This phase transition is an activated process due to mass
transport phenomena, and its rate can be increased by intensive
stirring.
4. The sequence of the post-precipitation processes, i.e. calcination and washing, strongly influences the morphology and the
properties of the final ZnO material.
5. By optimizing the precipitation and the post-precipitation
parameters porous ZnO materials with specific surface areas up
to 98 m2 g1 can be achieved.
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