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1. Introduction

A new class of spray material — the suspension - is being used in
thermal spraying, using the known technologies of atmospheric
plasma spraying (APS) and high velocity oxy-fuel flame spraying
(HVOF). By analogy with powder and wire flame spraying, it ap-
pears advantageous to include the type of spray material in the
method name and use the abbreviation APS-S or HVOF-S.

As a rule, for the production of coatings, the conventional system
technologies of APS and HVOF are currently used with appropri-
ate modifications. This primarily concerns the feeding technolog
(suspension feeder) and the injection. To realise the technolog
industrial practice, besides having functional hardware (e.g. sus
pension feeder units, injectors), it is also necessary to resolve all
questions relating to the use of suspensions as a spray material.
At the same time, suspension feed rates and deposition levels
must allow coatings to be produced economically.

The use of suspensions for thermal spraying is currently i
on from development in the laboratory to industrial pra
process is developing rapidly, new features and
can be expected on a regular basis. At the same
work currently being done in the commer
application development) is being published
to secrecy restrictions.
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Figure 1: Parameters for suspensions - input parameters defined
for solids (blue) and resulting parameters (red) of the suspension
[L.-M. Berger, F.-L. Toma, A. Potthoff, Therm. Spray Bull., 2013,
6 (2), 98-101].

Figure 1 shows key parameters that determine the suspension
properties. All the suspension properties resulting from the raw
material properties (in the picture with blue background) which
can be optimised by including additives (in the picture with red
background) determine the suitability of a suspension for thermal
spraying. Good coating qualities can only be guaranteed through
the use of homogeneous suspensions with very good fluidity, be-
cause these allow a spraying process with high long-term stabili-
ty. That is to say, the suspension must not segregate during the
spraying process, but must be feedable with constant properties.
To achieve this, the particles must be isolated, i.e. in a colloidally
stable suspension.

Another requirement of the suspension is that it must have no cor-
rosive effect on the equipment.

he user should always check to what extent the contents are applicable to his particular case and whether the version on hand is still valid.
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The efficiency of the spraying process is positively influenced
when the solid content of the suspension is as high as possible
(up to 70 % by mass, as the volume of water to be evaporated is
reduced and spraying times are shortened. In particular the use of
powders with grain sizes > 1 ym allows such high concentrations.

4. System technology

Figure 2 schematically illustrates a system for thermal spraying
with suspensions. Specific components include a suspension feed
and injection unit and a modified spray torch.
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Figure 2: Schematic illustration of an installation for spraying with
suspensions [L.-M. Berger, F.-L. Toma, S. Langner, T. Naumann,
Therm. Spray Bull., 2010, 3 (1), 24-29].

In recent years, various activities have been carried out in indus-
try relating to the development of suspension feed units, some of
which are now commercially available. As well as feeding under
pressure, peristaltic pumps are also used as the feeding method.

In the case of injection, a distinction is made between external and
internal injection. Internal injection requires a higher modification
cost. In the case of APS, in view of the design, external radial
injection is almost the only possibility. Due to the small particle
size, injection requires particular care in the selection of injection
conditions. Only special plasma torch designs allow axial injection.
Axial injection directly into the combustion chamber is easier when
using HVOF.

Figure 3 shows different injection methods for suspensions wi
APS-S and HVOF-S.

Figure 3: Injection methods for
HVOF-S [images Fraunhofer IWS].
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6. Coating microstructures

The advantages of thermal spraying with suspensions incl
fact that completely different coating micro-structur:
— from porous to dense with large differences in coal
ses — can be produced. Figure 4 shows some sel
microstructures. The coatings in the light microsc
Figures 4a and 4b show HVOF-S sprayed Al203
image in Figure 4a shows a dense coating wi
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4:
a) 4,0, coating [L.-M. Berger, F.-L. Toma, A. Potthoff, Therm.
y Bull., 2013, 6 (2), 98-101],
Thin ALQO, coating [L.-M. Berger, F.-L. Toma, A. Potthoff,
Therm. Spray Bull., 2013, 6 (2), 98-101],
(c) Dense TiO, coating [L.-M. Berger, F.-L. Toma, S. Langner, T.
Naumann, Therm. Spray Bull., 2010, 3 (1), 24-29],
(d) Thermal insulation coating made from La-Al-Mg-Ta-Perovs-
kite with columnar structure [Forschungszentrum Jilich GmbH,
Institute for Energy and Climate Research].

7. Testing the coatings

The methods of testing the coatings described in DVS technical
bulletin 2301, point 11 can also be used here.

8. Applications

ZrO,-based thermal insulation coatings are the most intensively
studied up to now. In view of the special coating structures requi-
red here, APS-S offers particular advantages.

Developments for biomedical coatings are also extensively de-
scribed in the literature. In particular, hydroxyapatite and glass-
ceramics are used as coating materials.

Another special focus area is the development of photocata-
Iytically active TiO, coatings, which have only become possible
through the use of suspensions.

Suspension-coated Al,O, coatings exhibit more stable insulation
properties over the long term where used in conditions of high
humidity.

More detailed information can be found in the summarising publi-
cations mentioned in the references, as well as other publications
listed in the bibliography.




