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Ceramic Raw Materials from the
Pulsating Hot Gas Stream
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Abstract: By using Glatt’s powder synthesis technology and the associated spray drying and
calcination processes, new opportunities in raw material production have been explored. In this
article, the inherent potential of barium strontium cobalt iron oxide (BSCF), doped and coated

zirconium dioxide is described.
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1. Introduction

High-tech ceramics are currently used for
various medical and technical applications.
Increasing competitive pressure is leading to
growing demand for these special materials.
As such, they are only commercially availa-
ble from a limited number of manufacturers
who have to produce batches of a specific size
to operate economically. As a consequence,
certain minimum purchase quantities at
high prices are mandatory, which often
makes them difficult to obtain. This makes
the development of innovative material and
product ideas enormously difficult.

An alternative approach would be to pro-
duce lab-scale amounts of ceramic raw mate-
rials in-house or modify existing ones as
appropriate. After successful testing, the man-
ufacturing process must then be scaled-up to
production volumes. Using two sample sub-
stances as examples, the advantages of such an
approach are illustrated below.

The key facts at a glance

Barium strontium cobalt iron oxide
(BSCF) BaSr .Co, Fe O, isa complex
compound with a perovskite-like structure
and is used as an ion conductor for oxygen
membranes and as an electrocatalyst for
hydrogen production [1][2]. Its use in fuel cells
is also the subject of current research, but is
often hampered by chemical instability. It has
already been shown that by varying the iron/
cobalt ratio, it is possible to adjust BSCF’s ther-
mal resistance at low oxygen partial pressures
[3] and increase its resistance to CO, by
decreasing the barium content [4]. As such,
this demonstrates the potential to modify the
property profile of complex materials to meet
the needs of a particular application.

The second example that will be dis-
cussed in more detail is zirconium dioxide
(ZrO,). It’s used for the large-scale produc-
tion of thermal insulation layers, medical
applications and commodity products such
askitchen knives. The material occurs in dif-

» In the article, the potentials of spray drying and spray calcination for the devel-
opment of ceramic raw materials are demonstrated using the example of barium
strontium cobalt iron oxide (BSCF) as well as doped and coated zirconia.

» A powder synthesis reactor from Glatt Ingenieurtechnik with a pulsating hot gas
flow was used for the production and coating of the powders.

» By modifying the frequency and amplitude of the hot gas flow, the particle size,
structure and morphology of the powders could be adjusted.

ferent crystalline structures; at room tem-
perature and normal pressure, pure ZrO,
exists in a monoclinic phase. With increas-
ing temperature, this changes to a tetragonal
structure (1170 °C) and, from approximately
2370 °C, into a cubic crystal structure [5][6].
Owing to this phase transformation and the
associated change in volume, it is not possi-
ble to manufacture components from pure
zirconium dioxide.

The high-temperature phase can be stabi-
lized by adding doping elements such as M*,
M or M*, or by charge compensation [7][8].
Even though numerous variations are already
commercially available, the combination of
different stabilizers offers further potential [9].
There is, however, another way to adapt its
material properties: studies show that doping
the powders before sintering is not necessarily
the optimal solution. According to current
research, excess doping elements diffuse to the
grain boundaries during sintering. Owing to
the low concentration differences, this process
takes place very slowly [10]. It is better to apply
dopingelementsasalayer onan undoped pow-
der. During the subsequent sintering process,
the high concentration gradient causes much
faster diffusion — this time from the outside
into the center of the grains. Therefore, coated
powders allow lower sintering temperatures
compared with homogeneously doped pow-
ders or the sintering time can be reduced.
Because of the finer-grained microstructures,
higher density components with better
mechanical properties can be achieved [11].
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Unlike conventional spray drying, this
system uses a pulsating hot gas flow that sig-
nificantly affects how the gas flow and the
sprayed material interact. When pressure is
applied, the droplets are atomized, resulting
in very fine powders in the nano- to sin-
gle-digit micrometer range. In addition, the
increasing/decreasing flow velocity creates
massive turbulence — especially near the
reactor wall. These compensate for any tem-
perature and velocity gradients inside the
reactor. At the same time, droplets or parti-
cles are also mixed transversely in the reac-
tor, thus homogenizing their residence time.

The constantly changing flow velocity, in
combination with the inertia of the particles,
means that a relative velocity between the

particles and the gas is maintained through-
out the entire length of the reactor. The
upshot is that no boundary layers can form
that would hinder the heat or mass transfer.

Fig ure T powder synthesis reactor. (© Glatt)
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The pulsation is induced mechanically and,
by choosing the geometry of the pulsator,
sinusoidal as well as jagged waves can be gen-
erated. Here, too, the drying and functional-
ization of the particles can be influenced.
The technology also differs from other
systems in terms of the heating source. By
using an electric heater, there isa high degree
of flexibility with regard to the process gases
(inert, oxidizing or reducing). The electric
heater also allows complete decoupling of the
temperature, pulsation and carrier gas flow.
Thus, the advantages of the pulsed gas flow

can be utilized at a wide range of tempera-
tures: from ambient to 1300 °C.

The BSCF powder was synthesized by
dissolving aliquots of BaCO,, SrCO,, CoCO,
and Fe(NO,),-9H,0 according to the chemi-
cal composition Ba  Sr .Co  Fe O, ina
solution containing citric acid. Spraying was
done with a temperature-compensating
two-substance nozzle at a spray pressure of
2.5bar. The powder was separated using H13
cassette filters.

Experiments to prepare ZrO, as well as
Yttrium-stabilized ZrO, (3YSZ) were done by

2. Experiment

A powder synthesis reactor from Glatt Inge-
nieurtechnik was used to produce and coat
the powders (Figure 1). The synthesis process
isbased on spray drying during which a solu-
tion is sprayed into a hot gas stream and
dried. Using spray suspensions produces
coatings in which the precursors are present
in solution. Here, the surface properties of
the core material can be influenced by
changing the pH value so that bonds form
between the core and the homogeneous coat-
ing. In addition to cost savings, this repre-
sents another clear advantage compared
with alternative technologies such as physi-
cal or chemical vapor deposition.
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Fig ure 2 X-ray diffractogram of the produced BSCF powder. (© Glatt)
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dissolving the corresponding carbonates in
diluted HNO, (1 mol/L). Spraying was done
with a temperature-compensating two-sub-
stance nozzle at a spray pressure of 2.5 bar.
Samples were taken from the process gas
stream usinga cyclone. ZrO, was coated with
Yttrium oxide by dissolving Y(NO,),-6H,O.
Commercially available ZrO, was then added.
The prepared suspension was sprayed using a

temperature-compensating two-substance
nozzle at a spray pressure of 2.0 bar.

3. Results and discussion

The production of the powders was con-
trolled using the reactor’s outlet temperature.
Controlling the heating stages of the jacket
heater was fully automated, although each

j [mA-cm™]

stage can be controlled separately if required.
In perspective, this allows defined tempera-
ture profiles to be displayed within the reac-
tion tube. The pulsating process gas was pre-
heated via a primary heating element.

The production of the BSCF material
took place at a reactor outlet temperature of
approximately 1240 °C. The product was
abruptly cooled by introducing cooling gas
and separated by filters. The phase composi-
tion was determined by powder X-ray dif-
fraction (PXRD) (Figure 2). At this stage, the
material had a cubic crystal structure in the
space group Pm-3m with high crystallinity.
Impurities were not detected. The deter-
mined lattice constant a = 0.3986 nm corre-
sponds to values from the literature [2].

Initial results (Figure 3) indicate a poten-
tial use for oxygen-separating membranes.
The subject of further investigations is its use
as a catalyst for hydrogen production by
alkaline water electrolysis. Initial studies on
this have been positive (Figure 4).

The production of ZrO, and yttrium-sta-
bilized ZrO, (3YSZ) took place at a reactor
outlet temperature of approximately 930 °C.
X-ray analyses of the undoped ZrO, showed
ahigh proportion of tetragonal crystal struc-
ture (approximately 90 mass-%) as well as the
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-0.7 -0.6 -0.5 -0.4 -03 -0.2 -0.1 -0.0 Fig ure 4 Electrochemical characterization of
BSCF for alkaline water electrolysis (Hydrogen Evo-
E-iRTV vs. RHE] lution Reaction). (© Fraunhofer IKTS)
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monoclinic modification (10 mass-%). The  phase (Figure 5) of 3YSZ is due to the nano-  crystallite size) [12]. An irregular particle
occurrence of the metastable tetragonal  and polycrystalline properties (20 nm  shape withalarge specific surface area canbe
seen in Figure 6 with scanning electron
micrographs (SEMs).

The coating of commercially available

m: monoclinic ZrO,
¢ t: tetragonal ZrO, ZrO, took place at a reactor outlet tempera-

ture of 425 °C. The influence of the process
conditions, especially the pulsation, can be
seen in SEM images (Figure 7). The spherical
and donut-like agglomerates are partially
broken up, but this does not hinder further
processing of the material. The crystallo-
graphic properties of the powder remain
unaffected at the selected process tempera-

Intensity [a. u.]

ture (Figure 8). Minor components, such as
Y,0,, were not detected. The elemental com-
position and distribution could be deter-

mined by energy dispersive X-ray spectros-
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10 20 30 40 50 60 70 copy (EDX). Investigations on single parti-
20107 cles reflect a successful coating of the ZrO,
Fig ure 5 X-ray diffractograms of the produced ZrO, powders. (© Glatt) with yttrium (Figure 9).

Fig ure 7 sem images of (A) uncoated Zr0, and (B) Y,0,-coated ZrO,. (© Glatt)
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Fig ure 8 X-ray diffractograms of the uncoated and coated ZrO, powder. (© Glatt)
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Fig ure 9 epx analysis of a coated ZrO, particle. (© Glatt)

4. Summary

Using the two sample substances, BSCF and
doped/coated zirconium dioxide, it was pos-
sible to show that it’s inherently possible to
produce complex ceramic substances on a
laboratory to pilot scale. The powder synthe-
sis technology used for this purpose offers
additional possibilities beyond drying in a
pulsating hot gas stream by adjusting the fre-
quency and amplitude to influence particle
size, structure and morphology.

The flexible development of ceramic raw
materials makes it possible to create and test
application-specific optimized materials
with little effort. After successful testing, the
technology can be scaled-up accordingly and
the batch sizes adapted to meet actual
demand. <
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