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Coarse-Grained Ceramic Heat Shields Made by
Pressure Slip Casting
N. Gerlach, Chr. G. Aneziris, F. Lange, H. Grote

Pressure slip casting technology is a common manufacturing process

in the silicate industry. The present study introduces a possibility for
the production of carbon-free coarse-grained materials using this
technology. At the beginning, the filtration behaviour of the slurries is
studied in a CPF (compression permeability filtration) test cell. The
specimens are ceramic heat shields manufactured by pressure slip
casting and had to fulfil several requirements given by Siemens Power
Generation. Ceramic heat shields are used as linings in gas turbine
combustion chambers.

Tab. 1 The requirements for ceramic heat
shields
Cold modulus of
rupture [MPa]

9–12

Hot modulus of
rupture1200 °C [MPa]

6–8

Dyn. Young’s
modulus [GPa]

<30

Open porosity [%]

18–20

Bulk density ρ 
[g/cm3]

2,8–3,0
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the ceramic component is affected to a large extent by its permeability. The body formation
rate rises with decrease of the specific surface of the raw materials [4-6].
The porosity of the mould material has a significant influence on the formation of the first
solid layer at the surface. The fine-grained particles are about a multiple smaller than the
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After a degassing time of 15 minutes the slip could be used
At the beginning an optimal system of deflocculants and bi
the maximum grain size of several mm, it was importan
slurry. Furthermore an optimal grain size distribution
evaluation using Dinger Funk equitation was needed [8].
(2)

q (x) is the cumulative mesh of fraction x, x the particle
minimum/ maximum particle size in the batch. The distrib
at 0,25. This is an optimal value for a stable slip [9].

The slurries were stabilized using an additive system c
temporary binder. The relatively high water content of the h
the use of a temporary binder necessary. Due to the temp
the heat shields could be increased after demoulding. Furth
reduced. To avoid sedimentation of coarse particles a
thickening agents increase the contact area between the par

Fig. 1 Quartered mould for heat shields

of DORST Technologies, Germany [7]. The
developed materials had to fulfil several
requirements given by Siemens Power Generation, as listed in Tab. 1.
In addition the potential use of pressure slip
casting technology to create ceramic heat
shields was a main objective in this work.

2 Experimental

Due to the coarse grain size distribution, the use of a rotati
≤ 1 mm) was not possible. Therefore a falling sphere vis
The falling sphere viscometer was calibrated with a New
temperature of the slurries was kept constant at 21 °C.
velocity of the sphere was calculated over a defined path p
be evaluated with the Stokes´ equation (3).

Fig. 2 Pressure slip casting machine DGM-80D from DORST/DE
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thickening agents increase the contact area between
the particles.
filtration resistance of cake, He the total cake height, Ve the total filtrate volume, V the filtrate
volume, H the cake height, and Rm is the filtration resistance of filter.
Due to the coarse grain size distribution, the use of a rotation viscometer (maximal
grain size
≤ 1 mm) was not possible. Therefore a falling sphere viscometer was preferred for testing.
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3 min. The pressure was increased in 5 min
to 20 bar. The casting time, e. g. closing the
form up to opening, amounted to 30 min.
For the removal of the heat shields release
air was given to the mould.
The drying process took place in three steps
in the drying furnace WSU 100 of the company MLW/DE (40 °C for 24 h, 80 °C for 6 h
and 120 °C for 24 h). The dried heat shields
were sintered in an electric furnace (Nabertherm/DE (276/17 HAVE)) at 1600 °C.
Apart from the rheological investigations
the sintered heat shields were cut in bars
with the dimensions 25 mm × 25 mm
× 150 mm and their cold modulus of rupture (TIRA test 2420, Franz well-being &
Partner/DE) and hot modulus of rupture
were determined (Hot modulus of rupture
tester 422, NETZSCH/DE). On cylinders with
a height of 50 mm and a diameter of
50 mm the refractoriness under load up to
1600 °C was quantified in an NETZSCH
TASC 414/4 hood kiln. The microstructure
was examined using scanning electron
microscopy at polished samples. Using the
water absorption method the total porosity
and the bulk density was evaluated.

3 Results

Max. Pressure
[bar]

Filtration Resistance of Filter
Rm [1/m]

Filtration Resistance of Cake
Rc [1/m]

4,0

6,56E + 15

4,50E + 15

1,5

9,95E + 15

3,50E + 10

Fig. 3 Heat shield made by pressure slip casting
Tab. 3 Mechanical qualities of the slip formulation out of Tab. 2
Cold Modulus
of Rupture
[N/mm2]
15,9 ± 0,17

With the aid of the CPF test the filtration
behaviour at 1,5 bar and 4,0 bar should be
regarded. The used filter paper possessed a
middle pore diameter of 20 µm according to
the material of the form. The filter filtration
resistance of the cake and the filtering medium were calculated using equation 2.
As expected the filtration resistance of filter
is equal for both pressures (Tab. 2). The differences of the filtration resistance of cake
at 1,5 and 4,0 bar suggest solidification. A
compression of the bodies due to higher
pressures takes place.
A lower filtration resistance of cake causes
a better filtration. The results show that the
dewatering occurs more slowly with increasing pressures. To result in short casting
times the pressure has to be increased. In
addition to this behaviour the filter cake resistance rises with increasing pressure. After
variation of the particle size distribution and
the optimization of the casting parameters
stable heat shields could be manufactured,
Fig. 3. The casting time was approx 30 min,
the maximum pressure 20 bar.
Subsequently the heat shields were sintered
as described in the experimental part and

refractories WORLDFORUM

Tab. 2 Computed filtering medium and filter cake resistances

Dyn. Young’s
Modulus
[GPa]

Bulk
Density
[g/cm3]

Total
Porosity
[%]

Hot Modulus
of Rupture
[N/mm2]

33 ± 1,08

2,87 ± 0,00

23 ± 0,05

8,7 ± 0,79

Tab. 4 Results of refractoriness under load
Softening Point
1495 °C

T0,10 %

T0,50 %

T1,00 %

1576 °C

>1650 °C (*)

>1650 °C (*)

(*) Measurement was possible up to 1650 °C

prepared for further investigations. In Tab. 3
the mechanical characteristics of the sintered samples are displayed. These results
relate to the requirements made by Siemens
Energy (Tab. 1).
For an employment in the gas turbine the
characterization by the refractoriness under
load was mandatory. The test results are
summarized in Tab. 4. The temperatures for
T0,50 % and T1,00 % could not be determined,
because the maximum temperature of the
Nabertherm kiln was achieved. For the application as a heat shield the temperatures
are in the rated range.
The microstructure characterization by
scanning electron microscope, shows a
homogeneously distribution of coarse and
fine particles (Fig. 4). No separation is vis
ible. The coarse grains are well sintered with
the bond matrix. The structure is porous;

7 (2015) [2]

Fig. 4 Microstructure characterized by
scanning electron microscopy, (REM Fa.
Philips, 25 kV, 200×, RE)

capillary tubes of the de-watering process
are remaining.
These results are supposed to be a very
good basis for ongoing developments for
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coarse grained refractory material manufactured by pressure slip casting.

temperature characteristics for the use in
the gas turbine are sufficient.

4 Conclusions
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