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Designing Insulating Ceramic Foams for
High-Temperature Furnace Lining*
V. R. Salvini, J. A. Rodrigues, W. T. Neto, V. C. Pandolfelli
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Fig. 1 Electromagnetic spectrum of energy highlighting infrared radiation, where the
shortwave (SW) corresponds to a range of 3–5 μm and longwave (LW) to 8–12 μm [2]
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d the furnace was closed. The thermal shock tests of the ceramic foam door lining lasted 10
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les. After that the material of the door lining was visually evaluated in order to observe any

eloping cracking.
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evaluated in order to observe any developing cracking.

Heating Element
Secondary
Insulating Lining

3 Results and discussion

Thermocouple

Hot Face and Door Linings
– Ceramic Foam

This section is organized as follows. Firstly,
the effect of direct-foaming equipment on
the morphological, physical, mechanical
and thermal properties of Al2O3-based foam
is presented. Then, the power supply data
of the heating elements and thermal shock
performance of the ceramic foam as insulating lining are presented.
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Fig. 4 Schematic drawing of the glass melting furnace for 1700 °C
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foamed microstructures with denser pore walls were produced by the direct-foaming equipment

Using compressed air allowed for a more effective particle rearrangement decreasing the large
pores at the cell walls.
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Fig. 6 highlights the significant differences in the porosity and pore distribution of Al2O3-based
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Fig. 6 a–b μCT images of Al2O3 foams after sintering at 1500 °C for 5 h produced by
(a) foaming equipment (P: 76 vol.-%) or traditional stirring (P: 60 vol.-%), and (b) the
volumetric pore size distribution for both processing routes
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Tab. 1 Properties of macroporous ceramic compositions fired at 1500 °C for 5 h
Ceramic
System

Bulk
Density
ρ [g/cm3]

Relative
Density
ρrelative [–]

Total
Porosity
Pt [%]

Flexural
Strength
σf [Mpa]

Thermal Conductivity at 1200 °C
kt [W/m·K]

Al2O3

0,95 ± 0,06

0,24 ± 0,01

76,01 ± 1,44

15,23 ± 1,55

0,86

Al2O3-Mullite

0,87 ± 0,04

0,23 ± 0,01

78,14 ± 0,99

8,34 ± 1,08

0,72

Al2O3-CaO

0,66 ± 0,01

0,18 ± 0,01

84,61 ± 0,10

3,20 ± 0,35

0,25

1800

Ceramic Foam - 0.26W/mK

1600

Ceramic foam under vaccum

1400

Power , W (J/s)

Due to its interesting properties shown in
Tab. 1, the ceramic foam in the Al2O3–CaO
system was applied as the hot face and
door insulating linings in a glass-melting
furnace for 1700 °C.
Fig. 7 shows the power supply data of the
furnace heating elements as a function of
temperature for the two insulating mater
ials considered (ceramic foam and a commercial insulating refractory).
Regarding the commercial insulating material, it is important to mention that the
power data was collected up to 1300 °C
only. After that, the dotted line indicates a
possible trend of the results.
It can be observed at temperatures higher
than 700 °C that the heating elements required more power to achieve the temperature set point when the commercial mater
ial is used as hot face insulating lining. This
could be attributed to its properties (porosity of 55 vol.-% and thermal conductivity
0,41 W/m·K) and also to the ceramic system (62 mass‑% Al2O3, 34 mass-% SiO2 and
1,4 mass-% Fe2O3), which are not effective
for absorbing and/or scattering the thermal
radiation at high temperatures (Fig. 2–3).
According to the literature [2, 3], thermal
transmission by radiation is a major contribution to the total effective thermal conductivity at high temperatures. Obviously, this information is fundamental for the microstructure
design of insulating ceramic materials.
Power data supply of insulating ceramic
foam indicated this material consumed
around 6 % less energy at 1300 °C in comparison to the commercial one. The data
behaviour suggests the well-known link
between energy consumption by the heating elements and the properties of the considered insulating materials. In case of the
ceramic foam, the lower power supplied at
1300 °C may be explained by the low thermal conductivity associated to high porosity
volume of the foam material in comparison
to the commercial one.
In addition, it can be seen that the atmosphere of the furnace chamber also
has important implications concerning energy consumption by the heating elements.
When tests were carried out under vacuum
(10–12 bar), the power supply data for the

Commercial Insulating - 0.41W/mK

1200

trend up to 1700C

1000
800
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200
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Fig. 7 Power supplied to the heating elements as a function of temperature for two
types of insulating material lining
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Regarding the commercial insulating material, it is important to mention that the power data w

depicts the images of foamed ceramic samples without cracking or

hermal shock testing, indicating that the foamed material performed

e key
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The cyclic thermal shock tests were recorded on video, which was shown at the
ALAFAR 2016 presentation. Fig. 8 depicts
the images of foamed ceramic samples
without cracking or spalling after 10 cycles
of thermal shock testing, indicating that the
foamed material performed very well at the
severe thermal shock conditions.
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