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Introduction

Homogeneous process conditions are essential for the produc-
tion of oxide powders, such as advanced ceramics or catalysts.
Another advantage is continuous processing. Glatt Powder Syn-
thesis represents a further development of spray drying [1-3]. By
using an oscillating process gas stream, special thermodynamic
conditions are created within a tubular reactor. The modulation
in the pressure ratios caused by the pulsation as well as the free-
ly adjustable amplitudes of the pulsation intensify the mass and
heat flow by a factor of 2-5. A secondary breakdown caused by
the oscillating process gas stream, the Glatt Powder Synthesis is
not limited to the generation of droplets and the properties of the
spray solution compared to conventional spray drying methods.
The powders obtained show a high homogeneity of their proper-
ties due to the homogeneous treatment in the reactor.

The Glatt Powder Synthesis is not only suitable to produce pow-
ders but also for the coating of materials. Starting from suspen-
sions, drying, coating and calcination can be done in one step by
a core-shell process.

Besides the presentation of the technology, the fabrication of
photocatalysts as well as oxide materials for the generation of hy-
drogen will be exemplified.

Materials and experimental procedure

A powder synthesis system from Glatt Ingenieurtechnik was used
to produce the powders. A schematic representation of the Glatt
Powder Synthesis is shown in Figure 1.

Fig 1: Glatt ProAPP® 80 HT synthesis reactor

By using an electric heating element, powders can be produced
in a continuous process under both oxidative and inert or reduc-
tive conditions. Process temperatures up to 1300°C can be ap-
plied. The liquid (solutions, suspensions) or solid starting materi-
als are fed into the tubular reactor by injection. By abrupt cooling
of the process gas at the reactor outlet, metastable phases can be
generated. The powders are also characterized by a high specific
surface area, partially crystalline structures and a predominantly
spherical morphology.

An electrocatalytic active BSCF powder was prepared by dissolv-
ing the amounts of BaCO,, 5rCO,, CoCO, and Fe(NO,),-9H.O cor-
responding to the chemical composition Ba  Sr,.Co Fe O, in
a solution containing citric acid. Photocatalytic active powders
of copper-doped ZnO were prepared by dissolving the basic car-

bonates of copper and zinc in diluted HNO..
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Characterization of the Zn, Cu O powders

A summary of the synthesized Cu-doped ZnO powders is given
Table 1. The diffraction patterns corresponds to a hexagonal crys-
tal system with space group P6.m/c. The powder 008 show a mi-
nor peak at around 39°, which could be indexed to the (111) of
CuO. The particles are mainly spherical in shape (Figure 2).

}'@‘ Sample [p;‘;] [ng/Tg] Zn,,Cu0,
005 2.61 32 x=0
006 2.33 30 x=0.01
007 2.51 31 x=0.03
g ey (e ce O3 008 2.24 32 x=0.05
Fig 2: SEM images of the Table 1: Overview of the synthesized

material 008. Cu-doped ZnQ.

Catalytic activity of the Zn, _Cu O powders

The photocatalytic activity of the synthesized powders was in-
vestigated by the degradation of Bisphenol A. From the stud-
ies, a dependence on the specific surface area (compared to
TiO,) and the content of copper was found.
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Fig 4: Photocatalytic activity of
powder 005 by vary the
concentration of the catalyst

Fig 3: Photocatalytic activity of
Zn7_XCuXOy in comparison to Ti0O,

Characterization of the BSCF powder

The powders were prepared by controlling them based on the
outlet temperature from the reactor. The BSCF material was
synthesized at a reactor exit temperature of about 1240°C. The
material exhibits a cubic crystal structure in the space group
Pm-3m with high crystallinity (Figure 5). Impurities are not de-
tected. The determined lattice constant a=0.3986 nm corre-
sponds to values from the literature. A spherical morphology
is evident on SEM images (Figure 6).
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Fig 5: PXRD pattern of the synthesized BSCF powder

Catalytic activity of the BSCF powder

The electrochemical activity of the prepared BSCF powder was in-
vestigated by the hydrogen evolution reaction (Figure 7). Figure 4
show the results in comparison to glassy carbon and nickel powder.
Each powder was mixed with carbon black, neutralized Nafion®, iso-
propanol, and distilled water and applied to the rotating ring disc
electrode (RRDE). Electric potential is iR corrected.
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Fig 7: Electrochemical measurement of hydrogen evolution reaction

Conclusion

The innovative Glatt powder synthesis offers numerous advan-

tages over other currently established technologies. The pre-

requisite for this is the pulsating gas flow. This influences the

formation of the particles and thus the properties of the pow-

der in several ways:

- Particle synthesis or core-shell-coating of complex material
compositions

 Process temperatures from room temperature up to 1300°C

- Adjustable particle size distribution

- Working with oxidizing/reducing or inert conditions

- Wide range of applications
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