Pushing the Limits of Metal Oxide Particle Production:
The Pulsation Reactor
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BU-tec's Pulsation Reactor is a technology for producing fine powders. It can be characterised as a ther-

mal shock treatment with a unique functional principle: a periodically unsteady flame reactor in which
gas-borne substances can be thermally treated at retention times between 0,2—2 s. Due to the pulsation
of the hot gas flow, the axial velocity field is even more similar to a plug-flow than a turbulent flow with-
out pulsation. This leads to a very narrow residence time distribution, which ensures a very homogeneous
treatment of the educt. Additionally, the pulsating hot gas flow causes an increased convective heat and
mass transfer to and from the particles.
In order to investigate the impact of the process conditions in the Pulsation Reactor on the resulting ma-
terial properties, three different materials have been synthesized: aluminium oxide, cerium dioxide and
iron oxide. The results show that the Pulsation Reactor platform enables specific control of the size and
surface properties of metal oxide particles. The properties of the materials generated in Pulsation React-
ors are significantly different from materials generated in conventional kilns such as rotary kiln or muffle
furnace. In Pulsation Reactors metastable phases can also be produced.

1 Introduction

IBU-tec’s patented Pulsation Reactor is a \ |
technology for producing fine powders. It '
can be characterised as a thermal shock
treatment with a unique functional prin-
ciple. This principle results in process par-
ameters that differ from conventional pro- ¥ o
cesses and that ultimately lead to special ' ‘
properties in the generated powder mater-
ials. The Pulsation Reactor has proven to be
particularly useful for the production of cer-
amic and nanoscale powders, as well as for Airand v
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the production of highly active catalysts. For
instance, simple oxides such as zinc oxide or
zirconium oxide can be produced with dop-
ing elements or mixed oxides such as spinel.
In the following, the working principle of
the Pulsation Reactor is presented, followed
by three examples that demonstrate what
material properties can be obtained.

2 Experimental

Fig. 1 shows the schematic of a Pulsation
Reactor (PR). In principle, a Pulsation React-

or is a periodically unsteady flame reactor
in which gas-borne substances can be ther-
mally treated with retention times between
0,2-2s.

The generation of the pulsating hot gas flow
(250—-1250 °C) takes place within a hot gas
generator via the combustion of natural gas
with ambient air. The hot gas flows through
a resonance tube and carries the thermally
treated material. The educt — either a dry
or a wet powder, a suspension or a liquid
solution — can be fed into the combustion
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Fig. 2 SSA of Al,0, determined for the samples synthesized
using a Pulsation Reactor and a rotary kiln at different
temperatures

[a.u.]

— Rotary Kil - Pulsalion Reactor = p-ALO a B-ALD

Relative Intensity

2 Theta [°]

Fig. 3 X-ray diffraction patterns of a synthesized product
using a Pulsation Reactor and a rotary kiln (1300 °C)

chamber or the resonance tube. The thermal treatment is carried
out by the hot gas flow within the resonance tube and is termin-
ated by suitable cooling with ambient air. The finished product
can be separated in a particle filter and/or a cyclone. Due to the
pulsation of the hot gas flow, the axial velocity field is more
similar to a plug-flow than a turbulent flow without pulsation.
This leads to a very narrow residence time distribution, which
ensures a very homogeneous treatment of the educt. Addition-
ally, the pulsating hot gas flow produces increased convective
heat and mass transfer to and from the particles.

In order to investigate the impact of the process conditions in
the PR on the resulting material properties, three different ma-
terials have been synthesized. Their properties are compared to
materials that have been treated in conventional furnaces.

3 Results and discussion

3.1 Example aluminium oxide

Aluminium oxide (Al,0,) can exist in a number of different phas-
es. The most important being cubic y-AlLO, and trigonal 0i-Al,0,
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(corundum). In economic terms, the primary use of aluminium
oxide is as a precursor for metallic aluminium; 90 % of global
aluminium oxide production is used for this purpose. Alumina
however, has many more applications: in the chemical industry,
it comes into play as an adsorbent, a carrier material for cata-
lysts and a catalyst in its own right.lts high hardness makes it an
ideal abrasive and polishing agent.

Sintered AlLO, (corundum) is used as a refractory material in
high temperature environments such as furnaces. Aluminium
oxide-based ceramic materials are a vital component of modern
electronics; their low dielectric loss factor makes them ideal di-
electric materials. Here, the utilisation of PR and Rotary Kiln (RK)
technology in modifying the characteristics of ALO, particles is
described. During the trials, the correlation between the Spe-
cific Surface Area [SSA (BET)], as an example of the properties
and application of both technologies were investigated. In both
cases, Al(OH), (gibbsite) powder was used as raw material.

The temperature, as a key parameter of both reactors, varied
within the range of 700-1300 °C. The expected behaviour
for the SSA of AL,O, could be achieved with both technologies
(Fig. 2). The obtained SSA decreases with increasing tempera-
ture, due to sintering of the material.

However, significantly higher surface areas can be obtained in
PR as compared to RK, due to the significantly higher residence
time in RK which leads to a higher degree of sintering resulting
in a lower SSA. The evaluation of the X-ray diffraction pattern
(Fig. 3) shows a varying behaviour for PR and RK samples which
were treated at the same temperature (1300 °C). It can clearly
be observed that under PR conditions the metastable 8-Al0,
is predominantly generated, while under RK conditions (higher
residence times) the stable a-AlLO, is formed.

3.2 Example cerium oxide

Cerium dioxide (CeO,) is used in gas mantles, as a polishing
agent or as an oxidation catalyst. In this study, a liquid cerium
nitrate solution (15 mass-%) was fed as a precursor into a PR.
The CeO, produced in the PR was analysed and subsequently
fed into a RK, where it was thermally treated for 1 h at the same
temperature as previously in the PR. The resulting material was
then analysed for a second time. The results are depicted in
Fig. 4.

In both the ALLO, and CeO, examples, the SSA of the material
produced in the PR is significantly greater than the SSA of the
material treated in the RK at the same temperature, which may
be related to the significantly higher heating rates and shorter
residence times in the PR as compared to the RK.

Furthermore, the SSA decreases with temperature due to sinter-
ing. For the same reasons, the crystallite sizes obtained in the
PR are significantly smaller than after thermal treatment in the
RK. While in the PR the crystallite sizes remained below 16 nm,
they increased up to 94 nm upon thermal treatment in the RK.

3.3 Example iron oxide

Iron oxide is a widely used material with many different ap-
plications, such as pigment for paints and colours, coating on
magnetic tapes or catalyst material. Iron oxide can exist in a
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Fig. 4 SSA (l.), and crystallite sizes (r.) of CeO, determined for the samples synthesized using a Pulsation Reactor and a rotary kiln at

different temperatures

number of different variations, the most important being trigonal
o-Fe,0, (hematite), cubic y-Fe,0, (maghemite) as well as Fe,0,
(magnetite).

In this case, fine iron oxide particles have been synthesized in the
PR from a liquid Fe(NO,), - 9H,0 solution at various temperatures.
In a second step, the material was exposed to thermal post-treat-
ment for 1 h in a Muffle Furnace (MF) at the same temperature
as previously in the PR. The SSA of the generated materials is
depicted in Fig. 5.

Basically, the same qualitative trends cited in the previous exam-
ples have been obtained: the SSA decreases with temperature and
residence time. The interpretation of these results is supported by
SEM (Scanning Electron Microscope) pictures shown in Fig. 6 and
Fig. 7. A higher residence time at the reaction temperature in the
MF leads to sintering/thermal annealing and to the generation of
larger crystallites.

4 Summary and conclusion

The Pulsation Reactor platform of IBU-tec enables specific con-
trol of the size and surface properties of metal oxide particles.

Fig. 6 SEM of Fe,0, treated in the Pulsation Reactor at 500 °C

i
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Fig. 5 SSA of Fe,0, determined for the samples synthesized using a
Pulsation Reactor and a muffle furnace at different temperatures
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Fig. 7 SEM of Fe,0, post-treated in the muffle furnace at 500 °C
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Periodic Table of the Elements
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Fig. 8 Elements treated in IBU-tec’s Pulsation Reactors

The properties of the materials generated
are significantly different from materials
generated in conventional kilns, such as the
rotary type or muffle furnaces. In Pulsation
Reactors, metastable phases can also be

produced. The experimental results of the
material examples addressed in this work
(ALO,, CeO, and Fe,0,) can be viewed as
representatlve of a whole group of metal

oxides which could be developed with de-

fined properties using Pulsation Reactor
and rotary kiln thermal process engineering
supplied by IBU-tec. The elements that have
been thermally treated in IBU-tec's Pulsation
Reactors thus far are summarised in Fig. 8.
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