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Preface

New production technologies for cellular 

ceramics have been developed by SiCeram 

with the overall target to achieve more re-

producible and tailored properties for differ-

ent applications. The requirements with re-

spect to porosity, pore sizes, permeability, 

thermal and mechanical properties vary so 

much that they can not be matched by one 

fabrication method, but diverse methods 

have to be applied in order to obtain the de-

sired properties. The process technologies 

selected are the following:

·  foaming by expandable space holders to 

obtain a fine pore structure

·  foaming by expandable polystyrene to ob-

tain a coarse pore structure

·  native bonding of hollow spheres.

Both of the foaming methods require a ther-

moplastic feedstock of the ceramic material 

for the shape forming process whereas the 

hollow spheres need an appropriate bond-

ing technology. By selecting the kind and 

quantity of the space holders and of the 

foaming conditions such as temperature, 

time and pressure, the porosity and the 

pore morphology can be adjusted. Poros-

ity values between 50 and 90 % and pore 

diam eters in the range of millimetres down 

to 80 µm are feasible. 

Values for compression strength between 

60 and 500 MPa and for 4-point flexural 

strength between 10 and 50 MPa have 

been determined. With increasing density 

values the mechanical properties improve, 

but the permeability decreases.  

Introduction

Porous structures of inorganic sintered ma-

terials are currently investigated by numer-

ous researchers worldwide. The targets of 

those efforts are to create materials with a 

high inner surface and low pressure drop 

for applications in catalysis, good heat 

transfer or thermal insulation, high ther-

mal shock resistance, high temperature 

strength, dimensional stability and others. 

It is obvious that all those requirements 

can not be fulfilled by one single material 

or by one preferred production technology 

alone. It is rather essential to select the ap-

propriate material and a suitable production 

technology in order to achieve the tailored 

properties for the respective applications.

State-of-the-art technologies

Porous ceramics of alumina and silicon car-

bide with pore diameters in the mm-range 

are widely used today for filtration of molten 

metals. The production technology applied 

is mainly infiltration of polyurethane spong-

es, burning out of the organic substance 

and sintering. Structures with 10, 30 and 

60 ppi (pores per inch) are commonly of-

fered on the basis of alumina, zirconia and 

silica bonded silicon carbide. Fig. 1 shows 

such a typical structure of alumina with 

10 ppi and an overall porosity of 80 % [1]. 

Lightweight materials with very open pore 

structures (3–15 % of the theoretical ma-

ter ial density) can be generated by cream-
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The requirements with respect to porosity, pore sizes, permeability, 

thermal and mechanical properties vary so much that they can not be 

matched by one fabrication method, but diverse methods have to be 

applied in order to obtain the desired properties. The process 

technologies selected are the following:

-  foaming by expandable space holders to obtain a fine pore structure

- foaming by expandable polystyrene to obtain a coarse pore structure

- native bonding of hollow spheres.

Fig. 1 
Sponge structure of alumina with 10 PPI; 
density: 0,80 g/cm3 corr. 20 % TD;  
porosity 80 %; scale bar: 9 mm;  
(Source: Selee Corporation/US [1])
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ing, reticulation and secondary coating of 

the primary structure eventually. Such a 

material is shown in Fig. 2 where the po-

lygonal openings, the pores, and the cells 

can be seen [2]. As basic or secondary 

ma ter ials ceramics, metals and reticulated 

carbon can be chosen.

For catalytic applications very often extrud-

ed comb structures are applied as demon-

strated in Fig. 3. They are characterized by 

the number of channels per square inch 

(CSI). The coarser combs exhibit an open 

channel width of 3,5 mm and the finer ones 

of 1,5 mm. Since finer structures, weather 

openings or wall thickness, are difficult to 

be achieved and the technology of extru-

sion can generate straight channels only, 

the degree of turbulence in the gas flow and 

thus the mixing effect is imperfect, leading 

to a low conversion factor in several hetero-

geneous catalytic reactions. 

New technologies 

The products described above exhibit some 

severe deficiencies when used in applica-

tions for which they have not been devel-

oped, but being applied anyway. The coarse 

sponge structures e.g. are not well suited 

as firing supports for sintering MIM- or 

high-tech ceramic components, because 

they might hamper the shrinkage process 

and thus lead to deformation and cracks. In 

heterogeneous catalysis the unobstructed 

flow through the grit does not guarantee 

sufficient contact with the catalytically ac-

tive substance which is coated on the solid 

struts. Porous structures produced by the 

creaming/reticulation process certainly lead 

to better results, but they are extremely 

expensive, from 1200 up to more than 

30 000 USD per litre volume of component.  

The observations described above repre-

Fig. 2
Structure of reticulated foam (Source:  
ERG Aerospace Corporation, Oakland/US [2]

Fig. 3
Extruded comb structures of cordierite with 50 
and 300 CSI, length of the scale bar: 30 mm,
values of open channel widths: 3,5 and 1,5 mm

sent the background for the developments 

presented in this article. Fig. 4 shows an 

overview of SiCeram of the three newly 

developed types of structures: microporous 

foamed alumina ceramics, coarse porous 

sponge-like alumina ceramics and alumina 

hollow sphere structure with native bonding. 

Depending on the chosen recipes and the re-

lated production parameters, porosity values 

from 50 % up to 90 % and pores sizes from 

80 µm to the mm-range can be realized. 

The selection of material is mainly deter-

mined by the requirements of the respect-

ive application. For the foamed structures 

any sinterable ceramic material, e.g. alu-

mina, zirconia or a mixture thereof, silicon 

nitride, solid state or liquid phase sintered 

silicon carbide and others may be used. The 

hollow sphere structures are only feasible 

of alumina, since other materials are not 

commercially available and native bond-

ing technologies therefore have not been 

developed so far. The table below gives 

an overview of possible material-structure 

combinations, the development status in 

the respective area and a characteristic  

geometrical value of the different structures.     

Characterization methods

According to the commonly applied nomen-

clature for porous materials, the number of 

pores per inch and the number of chan-

nels per square inch are determined. These 

characteristics are purely application ori-

ented and should be supplemented by 

some more basic characteristics such as:

· relative density/porosity

· cell and pore sizes

· pressure drop

· mechanical strength

· SEM-photographs

· chemical composition.

The relative density of a cellular structure is 

calculated as quotient of the actual dens-

ity divided by the theoretical density of the 

 respective material, whereby the actual 

dens ity calculates from the mass and the 

total volume. It is assumed that the solid 

studs of the structure are nearly 100 % 

dense which means that the porosity is only 

due to the voids created by the temporary 

space holders. The above said shall be illus-

trated by an example: 

A structure made of alumina (theoretical 

density of 3,99 g/cm3) with a geometrically 

determined volume of 100 cm3 and a weight 

of 60 g exhibits a density of 0,6 g/cm3. Div-

ision by the theoretical density leads to the 

relative density of RD = 0,6/3,99 = 0,15 

respectively 15 %. The corresponding value 

of the porosity, defined as 1 – RD, is then 

0,85 respectively 85 %.

The sizes of cells and pores are determined 

by image analysis from pictures as shown 

in Fig. 4, middle.

A systematic study of the pressure drop 

caused by different cellular ceramic struc-

tures has not been conducted so far. Initial 

tests by a potential user [3] have revealed 

the following trends. The tests were per-

formed at a constant average gas velocity 

of 0,08 m/s and a wall thickness of 2 mm:

·  A foamed ceramics with 120 µm pore 

size and 26 % of the theoretical material   

density (porosity 74 %) creates a pressure 

drop of 25 mbar.

·  The pressure drop increases overpropor-

tionally with higher density (density factor 

2 → pressure drop factor 3,14).

·  A foamed ceramics with 80 µm pore size 

and 27 % of the theoretical material dens-

ity (porosity 73 %) creates a pressure drop 

of 40 mbar.

·  The pressure drop increases overpropor-

tionally with higher density (density factor 

1,76 → pressure drop factor 4,00).

It can be derived from those initial results 

that decreasing porosity and/or smaller 

pore sizes lead to an overproportional in-

crease in pressure loss. 

Mechanical strength can either mean 

3-point-bending strength determined on 

beam-shaped specimens or compression 

strength determined on cylindrical test 

pieces. Fig. 5 shows the 3-point-bending 

strength as a function of the porosity for 
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SSiC foamed ceramics whereby the value 

of 400–450 MPa for low porosity rep-

resents the standard for dense sintered 

components. The compression strength for 

foamed alumina ceramics of different po-

rosities is presented in Fig. 6 including the 

value of 2800 MPa for a dense material with 

porosity near zero. All the measured values 

of bending and compression strength are 

located beneath the linear correlation be-

tween 0 % and 100 % porosity which is 

indicated as splash line in the figures.

The chemical composition of the final com-

ponent is predetermined by the selection 

of the raw material powders, because no 

second phases are added as permanent 

binders.

 

Fabrication and resulting properties

Thermoplastic ceramic feedstock

In order to be able to generate a ceramic 

body of cellular structure, it is necessary 

that the ceramic mass can be plastically de-

formed under the exposure of temperature 

and pressure. The respective ceramic pow-

ders of sinterable particle size – in all cases 

smaller than 1 µm – must be blended with 

a composition of organics which allows the 

thermoplastic formation and ensures suffi-

cient binding forces for the further handling 

and eventually green machining before sin-

tering. The binder removal process should 

be easy and it should not create defects in 

the component. 

Blending of ceramic powders and the or-

ganic constituents is performed in a batch 

type mixer; the obtained premix is then 

subjected to heat- and shear treatment 

in a continuous double screw extruder 

and granulated to a so called feedstock 

of cylindrical shape with approx 3 mm di-

ameter and 3–5 mm length. The organic 

content of the feedstock lays in the range 

of 42 to 46 vol.-%, corresponding to 14 to 

25 mass-% for different specific gravities of 

the cer amic powders involved. The granula-

tion process may be dry or under water de-

pending on the granulate shapes required.

The size of the feedstock granulates is too 

coarse for the further processing steps, 

especially for the homogeneously fine dis-

tribution of the expandable space holders 

in the feedstock matrix. For said reason the 

feedstock granulates are milled by a spe-

cial size reduction process to a particle size 

below 250 µm and a mean value of approx 

100 µm. This particle size distribution is 

well suitable for the above mentioned mix-

ing operation.

Foamed ceramics by microspheres

The milled feedstock is blended with an ap-

propriate quantity of the microspheres in 

order to achieve the desired material dens-

ity respectively porosity and filled into the 

Fig. 4 
Comparison of the 3 newly developed cellular ceramic structures

Tab. 1
Overview of possible material-structure combinations; the dimensional ranges 
given denominate a characteristic length of the structure, such as cell or pore size

Material /Structure Foam Sponge-like Hollow Spheres

Al
2
O

3

YES 

80–150 µm

YES 

1–5 mm

YES 

0,1–5 mm

SSiC
YES 

80–150 µm

YES 

1–5 mm
NO

LPSiC
YES 

80–150 µm
FEASIBLE NO

Si
3
N

4

YES 

80–150 µm
FEASIBLE NO

ZrO
2

YES 

80–150 µm
FEASIBLE NO

a b c

YES: has been produced already, FEASIBLE: not yet produced, but feasible upon request,
NO: hollow spheres of respective material are not commercially available

Foamed structure, scale bar: 200 µm Sponge-like structure, scale bar: 9 mm Hollow sphere structure, scale bar: 9 mm
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cell sizes of 2,5–3 mm and pores of 0,7–

1,1 mm. 

Structures of hollow spheres 

by native bonding

Hollow spheres of white fused corundum, 

having a melting point of 2050 °C, are 

widely used today in the refractory indus-

try as light weight fillers or for production 

of low mass bricks. In all cases nearly, a 

secondary binding phase is applied which 

might evoke problems concerning thermo 

shock resistance due to different coef-

ficients of linear thermal expansion. In or-

der to achieve the native bonding, a very 

fine powder of metallic aluminium together 

with a temporary organic binder is coated 

onto the alumina spheres. After filling the 

mould and applying a slight compression, 

which should not be too high in order to 

avoid damage of the hollow spheres, a 

green body is obtained which undergoes 

binder removal and then a firing process in 

oxidizing atmosphere in order to generate 

the aluminium oxide bond. This method of-

fers the advantage that no shrinkage dur-

ing firing occurs and thus manufacturing of 

components with larger dimensions com-

prehends fewer problems with deformation 

or crack formation. 

In Fig. 9 the conversion rate of the alu-

minium coating on the alumina spheres  

is shown as a function of temperature. 

Nearly 100 % of conversion is obtained  

at 1600 °C. The method of determining  

the conversion rate by weighing is not  

very precise, because the theoretical 

The wall thicknesses of the solid ligaments 

in between the cells vary from 5–25 µm, 

thus enabling reasonable mechanical 

strength. The ratio of pore diameter to liga-

ment thickness, characterizing the path for 

the flow, is sufficiently large to allow almost 

unrestricted gas flow. The picture right with 

the high magnification represents a direct 

view on the solid walls of the foam, showing 

the small single crystallites of the sintered 

structure.  

Sponge-like ceramics by  

expandable polystyrene

For generating the so-called sponge-like 

structure with cells and pores in the mm-

range, expandable polystyrene spheres are 

used as temporary space holders. They 

are filled into the mould and the feedstock 

powder is homogeneously distributed in the 

voids between the spheres. 

After closing of the mould it is heated in a 

pressure vessel by overheated steam thus 

causing the polystyrene spheres to expand 

and creating an internal pressure on the 

feed-stock powder.

The foamed component undergoes a sol-

vent extraction process in order to eliminate 

the polystyrene and parts of the organic 

constituents of the feed-stock. 

The following thermal process of binder 

removal may happen quite rapidly without 

creating defects in the ceramic structure 

as explained above for the foamed ceram-

ics. Fig. 8 shows structures of sponge-like 

alumina and sintered silicon carbide (SSiC) 

with porosities in the range of 85 to 90 %, 

mould for foaming. The closed mould with a 

given volume is then subjected to the tem-

perature/time cycle (150–170 °C/45 min 

e.g.) causing the microspheres to expand 

and thus creating an internal pressure on 

the feedstock. The walls of the foaming 

tool must be permeable in order to allow 

the included air to escape. After cooling 

the foamed component is taken out of the 

mould followed by partial binder removal in 

a solvent extraction process. The complete 

binder removal occurs thermally; it may 

happen quite fast, since the evolved gases 

can escape via a porous structure created 

by the proceeding extraction process. De-

pending on the ceramic material of choice, 

the final densification happens in an appro-

priate sintering cycle. 

The solid parts of the cellular structure and 

the voids undergo the same linear shrink-

age during the sinter ing process resulting 

in the same overall shrinkage value as 

observed for a solid cer amic component. 

Typical linear shrinkage values lay in the 

range of 15–25 % depending on the green 

density achieved by different ceramic raw 

materials.

Fig. 7 shows SEM-pictures in two magnifi-

cations of sintered aluminium oxide foam 

ceramics with an overall porosity of approx 

80 %. From the picture left it is obvious that 

it’s the matter of an open porous structure 

with cell sizes of 100–150 µm and pore 

sizes of up to 50 µm. 

The perforations inter connecting the cells 

are large enough in diameter to per mit a 

good flow ability of the spatial structure. 

Fig. 5 
3-point-bending strength of foamed SSiC ceramics as a function of  
porosity 

Fig. 6
Compression strength of foamed alumina ceramics as a function of
porosity 
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weight gain of 47,1 % caused by the reac-

tion (2 Al + 3/2 O
2
 → Al

2
O

3
) is diminished 

by the fact that only a few percent of alu-

minium are added to the alumina spheres. 

A more sophisticated method would be 

XRD, but it was not applied in the current 

investigations.

Fig. 10 shows a series of SEM-pictures 

which illustrate the appearance of the 

spheres and the nature of the bond. It is 

obvious that the newly generated alumina 

particles are concentrated in the contact 

regions of the single spheres creating the 

bond as a kind of sintering neck and that 

they are very small, thus contributing to a 

higher specific surface area.  

Hollow spheres of white fused corun-

dum are commercially available in differ-

ent particle sizes respectively size frac-

tions from 0,1 mm up to 5 mm. The larger 

spheres tend to show more defects in their 

shells whereas the smaller ones exhibit a 

higher bulk density, comparable nearly to 

solid grains. For manufacturing the hollow 

sphere structures a special sorting system 

for eliminating the defect spheres may be 

applied, if necessary. Fig. 11 shows a cylin-

drical component of 145 mm diameter and 

35 mm height made of 3,8 mm average 

sphere size. In this case, the interspherical 

void volume which is decisive for evolution 

of the gas flow amounts to 37 %.

Applications

Firing supports

MIM-components and high tech ceram-

ics are gaining importance in our days, 

but the respective sintering technologies 
Fig. 9 
Conversion rate of aluminium to aluminium oxide as a function of temperature 

Fig. 7
Foamed structure of sintered aluminium oxide (Al

2
O

3
); SEM-pictures of different magnifications 

Fig. 8
Sponge-like structures of silicon carbide (left) and alumina (right); cell sizes: 2,5–3,0 mm; pore 
sizes: 0,7–1,1 mm; the scales in both pictures represent 9 mm

a b

Al
2
O

3
; density 0,53 g/cm3; porosity 87 % SSiC; density 0,34 g/cm3; porosity 89 %
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are seriously affected by the lack of ap-

propriate support materials. Inappropriate 

in this case means that the thermo shock 

resistance is not high enough, especially 

for continuous sintering furnaces, and the 

mass related to the sintering goods is too 

high. Both deficiencies can be overcome by 

applying light weight cellular ceramics in-

stead of massive molybdenum plates with 

alumina separating plates on top as in the 

case of MIM-sintering. For sintering of high-

tech ceramics solid alumina plates with low 

thermo shock resistance or mullite/alumina 

fibre plates with poor mechanical stability 

are applied. For both of the applications 

mentioned, new kiln furniture components 

are desirable in order to achieve lower en-

ergy consumption, better product quality 

and reduced costs for production utilities. 

Fig. 12 exemplarily shows plates of foamed 

silicon carbide and silicon nitride.

A new generation of firing supports in the 

form of plates and saggars can be manu-

Fig. 10 
SEM-pictures of alumina hollow sphere structure: a) surface of spheres with alumina bonding; b) smooth, un-coated surface; 
c) accumulation of bonding particles forming a type of sintering neck; d) alumina particles on the surface

Fig. 11
Cylindrical component of hollow spheres with D = 145 mm and H = 35 mm; black scale 30 mm; 
sphere size: 3,8 mm; density: 0,66 g/cm3 

a b

c d



70 CERAMICAPPLICATIONS   2 (2014) [2]

TECHNOLOGY INSIGHTS COMPONENTS

ports is considered to be between 65 % and 

80 % porosity. Materials with higher poros-

ity values are predestined for catalysis or 

real light weight structures.

Catalysis 

Catalyst carriers of today consist either of 

extruded combs (confer Fig. 3) or closely 

folded and wound metal foils, both with 

straight channels, very open sponge struc-

tures (confer Fig. 1) or small solid bodies 

such as cylinders, rings etc. with the cata-

lytically active substance on the respec-

tive surface. As a common characteristic 

of the structures described, the relatively  

low pressure loss shall be mentioned as 

well as the poor mixing effect in the flow 

and the low specific surface area. A cyl-

inder of equal diameter and height of 

1 cm e.g. ex hibits a specific surface area 

of 6  cm2/ cm3, whereas foamed ceramics  

with approx 500–600 cm2/cm3 are feasible. 

The application of such carrier materials 

plication. With regard to the mechanical 

stability the porosity should not be too high, 

but in terms of thermo shock resistance in 

contrast the density shouldn’t. A good com-

promise for the applications as firing sup-

factured as ceramic foam or as hollow 

sphere structure using small sized spheres. 

It is important to select the right comprom-

ise between thermo shock resistance and 

mechanical strength for the respective ap-

Fig. 12
Foamed support plates for sintering made of silicon carbide (a) and silicon nitride (b); 
dimensions 150 mm × 150 mm × 5 mm; scale 30 mm

Fig. 13
Foamed alumina components for catalytic applications; scale bar 30 mm

a b

a b

dc

TubeCross flow channels

Square channelsCylinders: D ≈ 6 mm; H ≈ 8 mm
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that the internal cell structure is irregularly 

shaped with a statistic distribution of cell 

and pore sizes. This characteristic makes 

it difficult to calculate the behaviour under 

mechanical loads as it is feasible for regular 

shapes by FEM-methods, e.g. for an array 

of hollow hexagonal prisms. The cellular 

structures as such can be applied as void 

filler respectively as components subjected 

mainly to compression; hence the values 

of compression strength are considerably 

high for porosity values below 75 %.

The open porous structures of the materials 

allow their infiltration with molten metals 

by pressure or vacuum infiltration methods. 

It is necessary to investigate the compat-

ibility of the ceramics with the metal in 

advance, especially chemistry, wettability 

and coefficient of linear thermal expansion. 

As a result, metals with ceramic reinforce-

ment can be obtained which exhibit higher 

Young’s modulus, strength, hardness, wear 

and temperature resistance than the pure 

metals.  

Summary

It has been demonstrated in this article 

that foam and sponge-like ceramic struc-

tures can be manufactured by applying 

new production technologies, namely the 

thermo plastic forming under the impact of 

an inter nally generated pressure. The overall 

porosity, the cell and pore sizes, the mater-

ial selection and the component geometries 

are adoptable to the requirements of the 

ditions as observed for many of the pressed 

fibre materials. Foamed and sintered cer-

amics of alumina with low soda and silica 

content seem to be the most promising 

candidates. As indicated in Fig. 13 already, 

more complex shapes can be built-up from 

simple plates by a special bonding technol-

ogy after partial binder removal, but with-

out using a secondary binder phase as it 

is usual today. After the foaming process 

the material can easily be green machined, 

more or less like a plastic, by turning, mill-

ing and drilling, thus facilitating a large var-

iety of shapes.

For many sensitive products in high tem-

perature processes the fuzzy fall-out from 

the pressed fibre insulation creates qual-

ity problems on the surface of the articles. 

Those could be overcome by sheeting the 

thermal insulation in sintering furnaces by 

plates of the new, foamed alumina ceramics.

The flow bottom for high temperature fluid-

ized bed technology is a very interesting 

potential application which could be real-

ized by a plate consisting of two different 

sphere sizes, a coarse one to guarantee  

a possibly low pressure drop and a finer one 

to prevent rippling of the fine solids through 

the bottom [4]. Such a so-called bi-sized 

plate is shown in the photograph of Fig. 15. 

Lightweight structures

All the structures described in this art-

icle, weather foam, sponge-like or hol-

low spheres, exhibit as a common feature 

could reduce the reactor volumes consid-

erably. 

Foamed ceramics can be produced as 

tubes or other shapes (see Fig. 13) and 

thus the reaction happens while the reac-

tants are passing the permeable wall. Such 

a configuration eliminates the problem of 

upscaling, since the time available for re-

action stays constant and the output can 

be adopted by the number of parallel ar-

rangements, comparable e.g. to a tube heat 

exchanger. The pressure drop of the fine- 

porous ceramic foams is certainly higher 

than of the coarser structures, sponge-like 

and hollow spheres, but the optimal con-

figuration regarding mixing effect (high 

Reynolds number), heat and mass transfer 

(high Nusselt and Sherwood numbers) has 

to be identified individually for each cata-

lytic reaction system.

If a low pressure drop reveals as decisive 

for the catalytic application, hollow sphere 

or sponge-like structures as shown in 

Fig. 14 are probably more suitable than cer-

amic foams. In case of the hollow spheres 

the active surface may be increased add-

itionally by coating of the surface with alu-

minium powder and oxidation to very fine 

aluminium oxide, as can be seen from the 

SEM-photos of Fig. 10.

 

High temperature furnace components

For this application high temperature  stable 

components are required which don’t 

 under go shrinkage under operational con-

Fig. 14
Sponge-like structure; alumina disk with 65 mm diameter and 15 mm 
height; porosity ≈ 90 %; the scale represents 30 mm

Fig. 15
Structure of hollow spheres, consisting of two different sphere sizes: 
2,25 und 0,80 mm, 1 small scale line represents 1 mm
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al restriction in case of the foamed ceramics 

does not apply to the hollow sphere struc-

tures since the high temperature treatment 

in the course of the production process is 

not accompanied by shrinkage. 
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low pressure drop is important. Limita-

tions in component dimensions for both 

types, foam and sponge, have to be taken 

into consideration due to the unavoidable 

shrinkage during densification.   

For production of the hollow sphere struc-

tures a native bonding process has been 

developed in order to achieve the desired 

properties such as thermo shock resistance 

and corrosion stability. The main application 

of coarse grained structures (>1 mm) is ex-

pected to be in the catalytic area, where as 

finer structures (<1 mm) could also be ap-

plied as sintering supports or high tempera-

ture components in general. The dimension-

respective application. Components of alu-

mina (Al
2
O

3
), solid state (SSiC) and liquid 

phase sintered silicon carbide (LPSiC), sil-

icon nitride (Si
3
N

4
) and zirconia (ZrO

2
) have 

been manufactured; other ceramic mater ials 

and sinterable metals are feasible as well. 

For foamed ceramics with porosities in 

excess of 80 %, catalyst carriers are con-

sidered to be the main applications in the 

future, whereas sintering supports and high 

temperature furnace components require 

higher densities in order to achieve the 

necessary mechanical strength. 

Sponge-like ceramics will find their main 

field of application in catalysis where a 
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