WD 97/ 45381 _ PCT/ EP97/ 02828 OPEN- CELL
EXPANDED CERAM C WTH A H GH LEVEL OF STRENGTH, AND PROCESS FOR THE
PRODUCTI ON THEREOF Technical Field The invention relates to the field of
ceram cs quﬁtggﬁgrected to an 5 open-cel |l expanded ceramic with high
strength such as can be used, e.g., for deep- bed filters, supporting
bedies for filtration, heat exchangers, regenerators, electrically heatable
thernostats, catalytic substrates or supports, burner elenents for surface
radi ant burners and vol ume burners, high tenperature reaction chanbers,
acoustic danpening or reinforcing material for panels for high 10
tenperature, and to a process for the production thereof. Prior Art
Processes are known for the production of open-cell expanded ceram cs by

t he Schwartzwal der nmethod, as it is called, which is utilized comrercially
and is nost conmmon. According to this process, the desired structural 15
conponent part is cut out of an open-cell polynmer foam and subsequently

i npregnated with a suspension of ceramic particles and water or solvent.
Afterward, the inpregnated polyner foamis repeatedly pressed out
mechani cal ly and then dried. The polynmer foamis then burned out and the
sintering of the remaining ceramc coating i s subsequently carried out
(U.S. 3,090,094).

OPEN-CELL EXPANDED CERAMIC WITH A HIGH LEVEL OF STRENGTH, AND
PROCESSFORTHEPRODUCﬂONTHEREOF



20 ‘ Open-cel | expanded ceramic produced according to this
process is a casting of the cell-Ilike polynmer structure of the starting
mat eri al . Because the polyner foamis burned out, the remaining ceramc
webs or struts are hollow These struts have a three-edged cross section
and the WYD7/45381l so have a three- edged shape in crBed/ERIE/02828 The
ceramc coating is frequently cracked at -the 25 edges of the cavities.
The cavities and cracks result in very | ow nechanical strength. Since the
contraction of the ceramic coating during sintering further WO 97/ 45381

PCT/ EP97/ 02828 -2 - increases susceptibility to crackin rel ativel
| ow- cont OREN-GELLBXPANDIED GERAVEG WETH AbiPH LRVl OFcS TRENSTH,AND

i nt er nal ' t-ah— H ' Thi ikew se | eads to a | ow nechani cal
st rengt ?%ﬁdﬁéé&ﬁ%ﬁd%@jﬁﬁﬁv({’@PN Tﬂg‘#%ﬁ( 1994)). In order to increase
strength, it has already been attenpted to provide 5 t he open-cell
expanded ceramic with greater strength by applying one or nore subsequent
coats tole¢hnicalifdeldc struts of the foam before or after sintering the

ceram ¢ foam These subsequent coats are applied by inpregnating either the
coated polynmer foamor the sintered expanded ceramc with a ceramc slurry

The invention relates to the field of ceramics and is directed to an
5 open-cell expanded ceramic with high strength such as can be used, e.g., for deep-
bed filters, supporting bodies for filtration, heat exchangers, | regenerators,
electrically heatable thermostats, catalytic substrates or supports, burner elements
for surface radiant burners and volume burners, high temperature reaction
chambers, -acoustic dampening or reinforcing material for panels for high
10 temperature, and to a process for the production thereof.

Prior Art

. Processes are known for the production of open-cell expanded
ceramics by the Sc_hwartzwalder method, as it is called, which is utilized
commercially and is most common. According to this process, the desired structural

16 component part is cut out of an open-cell polymer foam and subsequently
impregnated with a suspension of ceramic particles and water or solvent. Afterward,
the impregnated polymer foam is repeatedly pressed out mechanically and then
dried. The polymer foam is then burned out and the sintering of the remaining
ceramic coating is subsequently carried out (U.S. 3,090,094).

20 _ Opeh-cell expanded ceramic produced according to this process is a
casting of the cell-like polymer structure of the starting material. Because the
polymer foam is burned out, the remaining ceramic webs or struts are hollow.

These struts have a three-edged cross section and the cavities also have a three-
edged shape in cross section. The ceramic coating is frequently cracked at the

25 edges of the cavities. The cavities and cracks result in very low mechanical
strength. Since the contraction of the ceramic coating during sintering further



(suspénsion) (e.g., GB 2097777). 10 _ A problemconsists in
that the excess suspension cannot be:pressed out of the cells of the
expanded ceram c nmechanically wi thout destroying the now rigid foam
structure; for this reason, very thin suspensions with a | ow solid content
must be yweegd7/MsB8h can drip without leading to a cl oRECEERONARB2RI s and
accordingly to a reduction in the nunbez-of open cells. Thin suspensions
with | ow 15 solid content have the disadvantage that the coating of
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di sadvant ageous for nost applications (J. ram Soc. 77 (6), 1467-72
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e GUspension] te.g., Ié@&ﬁ%?%#)on As was al ready descri bed above, a very
10 A problem consists in that the excess suspension cannot be' pressed
out of the cells of the expanded ceramic mechan'ically without destroying the now
rigid foam structure; for this reason, very thin suspensions with a low solid content
must be used which can drip without leading to a closure of the cells and
accordingly to a reduction in the number of open cells. Thin suspensions with low
16 solid content have the disadvantage that the coating of ceramic particles is only thin
and this coating is interrupted during the drying of the suspension by drying cracks
or, during the sintering, by contraction cracks.
Further, the efficacy of an external multiple coating of the cell struts is
only slight because the unfavorable structure of the cavities in the struts is not
20 overcome. Further, a subsequent coating reduces the volume of the free cells of the
expanded ceramic, which is disadvantageous for most applications (J. Am. Ceram.
Soc. 77 (6), 1467-72 (1 994), page 1467, sécond paragraph, left).
A process is known from EP 0369 098 wherein a presintered open-cell
ceramic foam is impregnated with a suspension of colloidal refractory oxide and a
25 refractory oxide powder under a vacuum and, after the suspensioh drips off, is dried
and sintered. Accordingly, in addition to a coating of the cell struts (as was
mentioned above), the cavities of the cell struts must also be filled with the
suspension during impregnation. As was already described above, a very thin
suspension must be used for the impregnation, so that only a very small proportion
30 of ceramic particles can reach the cavities of the struts during the impregnation.
Therefore, the proportion by volume of the ceramic phase after sintering is only



suspensi on must -be used for the inpregnation, so that only a very small
proportion 30 of ceram c particles can reach the cavities of the struts
during the inpregnation. Therefore, the proportion by volume of the ceramc
phase after sintering is only WO 97/ 45381

PCT/ EPOAWNGR9Z/5381- extrenely small. Further, as was REMERPEOZ2ERBve, the
| ayers of |ow concentration ceranic susgensi on crack repeatedly during

drying and sintering, so that their reinforcing efficiency is further
di mi ni shgdrerélyismall.sBukthenvastwagmedtioredaboye the dayers of tow-cooeentsgtioneans
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structural component part. The carbon foam is then coated with ceramic :
components by means of CVD/CVI (Ceram. Bull. Vol. 70, No. 6, 1991, 1025-1028).
A production process of this kind is very expensive and requires elaborate plant

10 technology. The expanded ceramic produced by this process is also a casting of
the cell-like polymer structure of the starting material. The ceramic struts are formed
of a tight layer of the applied ceramic, wherein the struts are formed internally by the
original carbon skeleton. Due to the tightness and strength of the ceramic coating,
the expanded ceramic is very strong on the whole but, because of the internal

15 carbon skeleton which has substantially lower strength than the ceramic layer, the
mechanical strength is still not adequaie under high loading. Further, the carbon
skeleton is exposed to oxidative processes at high temperatures which greatly
undermines the otherwise favorable stability of the expanded ceramic at high
temperatures. For these reasons, the carbon skeleton is removed for applications at

20 higher temperatures, but this again results in hollow ceramic struts. |

Another known method for producing an open-cell expanded ceramic

is direct expansion using foaming agents. For this purpose, a suspension of
ceramic particles and water or a solvent is first produced. A foaming agent and
polymer components are added to this suspension. This suspension is

25 subsequently cast in a mold and the reaction of the foaming agent is initiated. This
reaction brings about the development of gas bubbles which cause a foaming of the
suspension. The polymer components are then cross-linked, so that the foam
hardens. The polymer components are then burned out and the remaining foam is
sintered (Product Brochure: Foaming Agents W 53 FL, Zschimmer & Schwartz

30 GmbH & Co., Lahnstein). The disadvantage of this procéss consists in that the
foaming is difficult to control.



original carbon skeleton. Due to the tightness and strength of the ceramc
coating, the expanded ceramc is very strong on the whol e but, because of
the internal 15 carbon skel eton which has substantially | ower strength
than the ceram c | ayer, the nechanical strength is still not adequate under
hi gh | 0adM@)97/4538fer, the carbon skel eton is exposed POTHEIYHORE28
precesses at high tenperatures which greftly underm nes the otherw se
favorabl e stability of the expanded ceram c at high tenperatures. For these

reasons, the car bonAskelpanded ceramioprduted bythisi protesshasa ridfd-like hi gher
tenperatures, but_this again results in hollow ceramc struts. Another
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Agents W53 FL, Zschinmer & Schwartz 30 GmH & Co., Lahnstein). The

di sadvantlayeselid cancenirationssead te avery lopserstructure afdhabugned ot egramiet to
control . When the ceramic is compressed by contraction during sintering, stresses and

10 cracks also occur, so that the strength of the ceramic is limited. If a ceramic system
with low contraction is selected, the porosity is maintained which likewise resuits in
low strength. Further, it is disadvantageous that the pore spacing is difficult to
control in general and especially 6ver the height of the mold which impairs the
through-flow capacity of the expanded ceramic.

16 Further, a process for the production of expanded ceramic through
direct expansion by means of air is also known. For this purpose, a polymer
component is added to a suspension of ceramic particles and water or a solvent.
Subsequently, air bubbles are introduced into the suspension by a high-speed
special stirrer. The foamy suspension is then poured into a mold and the foam is |

20 hardened by cross-linking the polymer component. The polymer component is then
burned out and the foam is sintered.

Only very fine foams with few open cells can be produced by the
process mentioned above. The struts are formed of ceramic material over the entire
cross section. The strength of these foams is likewise limited because a high |

25 concentration of particles is not possible and stresses and cracks which limit the °
strength of the expanded ceramic likewise occur during contraction while sintering.

.Further, the flow through the foam is also impaired in this case because the "pores"
.are often closed cells.



WD 97/ 45381 PCT/ EP97/ 02828 -4- An
expanded ceram c produced by this process has a net-like structure. The
ceram c struts are conposed of ceram c through the entire cross section- .
after sintering. The external geonetry of an expanded ceramic of this type

is |im W@ 97/45383t in one dimensi on by the open nol PCHWERITB282% f oani ng

takes 5 pl ace. The sintered expandedbeeramic is very nicroporous because
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and the pores of the ceramic struts are filled completely or partially with one or more

metallic phases and/or ceramic phases and/or glass phases.

The inner cavities of the ceramic struts, the cracks of the ceramic

10 struts and the pores of the ceramic struts are advantageously filled completely or
substantially completely with one or more metallic phases.

The inner cavities of the ceramic struts, the cracks of the ceramic
struts and the pores of the ceramic struts are likewise advantageously filled
completely or substantially completely with one or more ceramic phases.

16 It is also advantageous when the inner cavities of the ceramic struts,
the cracks of the ceramic struts and the pores of the ceramic struts are filled
completely or substantially completely with one or more glass phases.

It is also advantageous when the inner cavities of the ceramic struts,
the cracks of the ceramic struts and the pores of the ceramic struts are filled

20 completely or substantially completely with silicon or silicon compounds, with
molybdenum or metal silicides or with aluminum yttrium oxide or with calcium
silicates or strontium calcium silicates or fluorides for silicon carbide expanded
ceramics, with copper-titanium alloys or iron-titanium alloys or with titanium carbide
for aluminum oxide expanded ceramics, with mullite for zirconium oxide expanded

25  ceramics.

In a further advantageous variant of the invention, the inner cavities of
the ceramic struts, the cracks of the ceramic struts and the pores of the ceramic
struts of silicon carbide expanded ceramics are filled completely or substantially
completely with silicon and/or silicon compounds.
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corrpohent is added to a suspension of ceramic particles and water or a
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| nvention
dried, the polymer foam is then burned out or pyrolized, the coated foam is

subsequently sintered and, during or after the sintering, the cavities of the ceramic
struts, the cracks of the ceramic struts and the pores of the ceramic struts of the

10 sintered expanded ceramics are filled completely or partially with a melt or a
suspension, wherein the melt and the suspension comprise materials which melt
below the melting temperature of the expanded ceramics, have a coefficient of
expansion similar to that of the expanded ceramics, exhibit very good wetting and
react partially or not at all with components of the expanded ceramic, and wherein,

16 when the struts are filled with a suspension, the expanded ceramic filled with the
suspension is subsequently heated to a temperature above the melting temperature
of the materials, mixtures of materials or reaction products thereof contained in the
suspension.

The cavities of the ceramic struts, the cracks of the ceramic struts and _

20 the pores of the ceramic struts of the sintered expanded ceramic are
advantageousli//illed with a melt comprising silicon or silicon compounds,
molybdenum or metal silicides or aluminum yttrium oxide or calcium silicates or
strontium calcium silicates or fluorides for silicon carbide expanded ceramics,
copper-titanium alloys or iron-titanium alloys or titanium carbide for aluminum oxide

25 expanded ceramics, mullite for zirconium oxide expanded ceramics.

Also, the cavities of the ceramic struts, the cracks of the ceramic struts
and the pores of the ceramic struts of the sintered expanded ceramic are
advantageously filled with a melt comprising silicon or silicon compounds,
aluminum, boron, iron, copper or oxygen for silicon carbide expanded ceramics.

30 Another advantageous variant of the invention consists in that the
cavities of the ceramic struts, the cracks of the ceramic struts and the pores of the

This Sheet Has Been .Rﬁ

T




It is the 6bj ect of the invention to produce an open-cell expanded ceram c
with inproved strength by a sinple and econonical process. This object is
net by the invention indicated in the clains. In the open-cell expanded

ceram c with_hi strength according to the invention . r.cavities
of the cWQH H&i&"uts the cracks of the ceramc strngtlﬂéé'?@gsg res of

the ceramic struts are filled conpletetf-or substantially conpletely with
one or nore netallic phases and/or ceram c phases and/or gl ass phases. The
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cal ci um powder contained in the suspension and/or its reaction products are located in the
10 cavities, cracks and pores. Immediately after drying or later, this sintered éxpanded
ceramic with the powder and/or its reaction products located in the cavities, cracks
or pores is heated to a temperature above the melting temperature of the powder
components or their reaction products. Accordingly, the powder components and/or
their reaction products are melted. This melt then completely or partially fills the
15 cavities, cracks and pores of the sintered expanded ceramic and hardens therein
when cooled.

It is also advantageous when the cavities of the ceramic struts, the
cracks of the ceramic struts and the pores of the ceramic struts of the sintered
expanded ceramic are filled with a suspension which, in addition to water or a

20 solvent, contains powder of silicon or silicon compounds with alﬁminum, boron, iron,
copper or oxygen for silicon carbide expanded ceramics. The susbension is then
likewise dried and, immediately after drying or later, is heated to a temperature at
which the powder components and/or reaction products melt.

It is also advantageous when the cavities of the ceramic struts, the

25 cracks of the ceramic struts and the pores of the ceramic struts of the sintered
expanded ceramic are filled with a suspension which, in addition to water or a
solvent, contains powder of glass frit. The suspension is then likewise dried and
immediately after drying or later is heated to a temperature at which the powder
components and/or reaction products melt.



silicates or strontiumcalciumsilicates or fluorides for silicon carbide
expanded ceram cs, with copper-titaniumalloys or iron-titaniumalloys or

wi th titanium carbide for alum num oxi de expanded ceramcs, with nullite
for zirconi um oxi de expanded ceram cs. 6 In a further advant ageous

vari ant \BIO 88M4538%ent i on, the inner cavities of the cBCﬂEBgypgﬁgg, t he
cracks of the ceramic struts and the poBes of the ceranic struts of silicon
carbi de expanded ceram cs are filled conpletely or substantially conpletely
with silicon and/ olt isalsocadvantagenousds uselglasefrit comprisirefrit of bne granoted
ceramcs with _high strength according to the invention, whose inner
cavitiest!'P"tﬁ'l'&ag% sgsgg igumdboreR silicate glasses gracor Jithiymalyminyar es of

the cer agjjicaté |é%ﬁ%sare filled conpletely or substantially conpletely with
one or nore all1 ¢ phases and/or ceranic phases and/or gl ass phases is

produced, accor di nifis patticelariyadvantageous wiern thenutilized-maleriafsoofwhichitham i s
cut _to size, coated wth a suspension of ceramc particles and water or a

sol¥ent ,mplt és semPged oF whish afe comtaingd intbe susReRsian NAXe akamntact angle of

pyroli _zetsitéﬁﬁo ﬁ?ﬁ{eeﬂoitgﬁrg?é.té subsequently sintered and, during or after the
sintering, ecavities o he

In another possible arrangement of the invention, the utilized materials
of which the melt is comprised or which are contained in the suspension react
partially with components of the expanded ceramic in the molten state and

10 accordingly lead to a reaction bonding with the expanded ceramic.

The process according to the invention can advisébly also be arranged
in such a way that the filling of the inner cavities of the ceramic struts, cracks of the
ceramic struts and pores of the ceramic struts is carried out by means of melt
infiltration.

16 ' The melt infiltration is advantageously carried out by wick infiltration,
bulk infiltration or paste infiltration.

Thé expanded ceramic finally comprises the ceramic coating which
remains after the polymer foam is burned out. According to the invention, a melt or
a suspension is intfroduced into the inner cavities of the ceramic struts and the

20 cracks of the ceramic struts of this expanded ceramic.

As a result of the solution according to the invention, an open-cell
expanded ceramic with high strength and uniform pore structure can be produced by
a simple and economical process. This is achieved in that the former cavities,
cracks and pores in the ceramic struts are filled with a melt which then solidifies.

25 Further, the ceramic struts can also be filled with a suspension. The
expanded ceramic which is filled in this way is then heated to a temperature which
* lies above the melting temperature of the materials, mixtures of materials or reaction
products thereof contained in the suspension. The powder components which have
been contained in the suspension are melted and, due to the high wetting of the
30 ceramic with the melt, a redistribution is brought about in such a way that the inner
cavities of the ceramic struts, the cracks of the ceramic struts and the pores of the



ceram ¢ struts, the cracks of the ceramic struts and the pores of the
ceramc struts of the sintered expanded ceramics are filled conpletely or
substantially conpletely with-a nelt or a suspension, wherein the nelt and
t he suspension conprise materials which nelt below the nelting tenperature
of the eM¥arRit/d5381ani cs, have a coefficient of ex_panﬁ%ﬁEﬁQﬁQZﬁz o that
of- the expanded ceram-cs, exhibit very-§od wetting and react partially or
not at all with conponents of the expanded ceram c, and wherein, when the
struts acerdmid sirbtsiaré completplnon substaritially complietelycfilleawith the melt. Eracks he

suspension i s subsequently heated, {o, a tenperature abqgve the .ne]tjng
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10 and the pores of the ceramic struts are filled. After drying, a variously thick layer of
powder components and/or their reaction products is present at the outer surfaces
of the ceramic struts. When temperature is increased to a temperature above the
melting temperature of the powder components and/or their reaction products, these
layers also melt and completely or substantially completely fill the inner cavities of

15 the ceramic struts, the cracks of the ceramic struts and the pores of the ceramic
struts through the accesses to the cavities and the cracks and through the pores in
the ceramic struts.

Viscous-to-pasty suspensions which cause the ceramic struts to be
thickly coated, as well, can also be used to fill the inner cavities of the ceramic

20 struts, the cracks of the ceramic struts and the pores of the ceramic struts. Even a
partial closure of the cells of the expanded ceramic by the suspension is not '
troublesome, as this is eliminated again after the melting of the powder components
contained in the suspension and the distribution of the melt in the inner cavities of
the ceramic struts, the cracks of the ceramic struts and the pores of the ceramic

25  struts.

An expended ceramic produced in this way has a very uniform
structure with respect to cell size and strut thickness, has open cells, is very strong
and can be used near the melting temperature of the low-melting phase in the
expanded ceramic.

30 _ When the filling material contains components reacting with the
ceramic of the foam, this results, first, in a strengthening of the ceramic covering by



al um num boron, iron, copper or oxygen for silicon carbide expanded
ceram cs. Anot her advantageous variant of the invention consists in that
the cavities of the ceramc struts, the cracks of the ceramc struts and
t he pores of the WO 97/ 45381

PCT/ EPO MR 8ZME3B1. ceranic struts of the sintered exBGAMEROVOREZB: are

filled with a suspension which, in addit®-on to water or a sol vent,
conpri ses powder of silicon or silicon conpounds, nolybdenum or netal
si | i ci defilling the poresuwitly readtion productscandadditionaldianding ettherceramitit i um

|1 ci deiling yreadtion prodootscand:additianalarici .
copper - {PaTEia SAGak U35 redcon BIca R G 3 the MEAPC Al WE BRI °For
al um U 11 RRAAREN G L8N froMs drkFsuplf ol aRaeHiperatufss. expanded

cerami cs. % vities o e ceramc struts, the cracks of the
cerami c struts and the pores of the ceramc struts are filled with the

suspensi on, dryi s carrjed out. Accordingly, the powder contained in the
" suspensi BQSWBéB:?g’i @grwwbpgweg'ﬂsaﬂ_ N are located in the 10 cavities,

cracks and pores. Immediately after drying or later, this sintered expanded
ceramic with the powder and/or its reaction products located in the
cavbties, cracks oThedimention willddecdesasibedtherpimafterwithagferenceito sevarahg

tenperature of the powder
embodiment examples.

Example 1

A ceramic water-based slurry is produced with a bimodal SiC

distribution, with grain size maxima of 1 and 20 um and a solid content of 55 - 65

10 percent by volume. A piece of polyurethane foam (10 ppi) with dimensions of 40 x .
40 x 25 mm is impregnated with this slurry. The excess slurry is separated by
means of a centrifuge to a mass of 15 g. The coated foam is then dried and the
polyurethane is burned out at 600°C. The remaining SiC expanded ceramic is
sintered at 2300°C under an argon gas atmosphere. After cooling, wick infiltration

15 with liquid silicon into the inner cavities, cracks and pores of the ceramic struts is
carried out under a vacuum. After the silicon hardens, there results a SiC expanded
ceramic in which the inner cavities of the ceramic struts, the cracks of the ceramic
struts and the pores of the ceramic struts are filled with silicon. The average load at
fracture when indented by an indenter having a diameter of 20 mm is 1500 N at a

20 mass of 19 g. The load at fracture of an expanded foam of comparable SiC material
(ceramically bonded or liquid-phase sintered) without filling of the pores and cavities
of the ceramic struts is approximately 300 N with the same coating thickness.

Example 2

A ceramic water-based slurry is produced with a bimodal SiC
25 distribution, with grain size maxima of 1 and 20 um and a solid content of 55 - 65



conponents or their reaction products. Accordingly, the powder conponents
and/or their reaction products are nelted. This nmelt then conpletely or
partially fills the 15 cavities, cracks and pores of the sintered
expanded ceram c and hardens therein when cooled. It is_als t ageous
when t haNEn971453810of the ceramic struts, the cracks d?CﬂFe"%engéf struts
and the pores of the ceramc struts of 1lhe sintered expanded ceranic are
filled with a suspension which, in addition to water or a 20 sol vent
cont ai npdreufiEhy 9blumé.i Aplecs obpolyarsthansfoam (K0 ppi) withl dimensionsiefréhx i r on,
copper or oxygen for silicon carbide expg&?ed ceram cs, The suspension is
ﬁyat ed to a

then |i Qw25 mm isdmpregnateswithihis slugl; Jiheexcess Sy is sqparated

t enper at ur L.ch. | i I't.
£ TS aibEad b AT I8 (B eke BE TR NG oddtButoanig Mermtribs e s
cracks ?olyﬂﬁétﬁaﬁ@rﬁ Surbledut 22600t B Tier remainingt8iCompandederamic isf t he
sintered expanded ceramc are filled with a SUSpI-?l?rﬁ'i! on which, in addition

to Dat ersioterad ab236AT C Mﬁwgﬂﬂ\%@twsah%r_@s er, yieeramic A o i s
termper at ALY T8 RroRuc it SOt vollstlt Spcker (o MRIAC 11 T
sintered expanded ceramic is impregnated with this slurry and the excess
suspension is centrifuged off in a centrifuge to a weight of approximately 19 g. The
impregnated sintered expanded ceramic is then dried and heated to 1600°C under a
10 vacuum. The applied silicon melts and saturates the SiC expanded ceramic. After
the silicon hardens, there results a SiC expanded ceramic in which the inner cavities
of the ceramic struts, the cracks of the ceramic struts and the pores of the ceramic
struts are filled with silicon. The average load at fracture when indented by an

indenter having a diameter of 20 mm is 1500 N at a mass of 19 g.

15 Example 3

A ceramic water-based slurry is produced with a bimodal SiC

distribution, with grain size maxima of 1 and 20 um and a solid content of 55 -65
percent by volume. A piece of polyurethane foam (40 ppi) with dimensions of 50 x
50 x 10 mm is impregnated with this slurry. The excess slurry is removed by

20 squeezing by'means of two fubber rollers. The coated foam is then dried. The
polyurethane is pyrolized and 20 to 40 percent by mass, in relation to the
uninfiltrated coated foam, of liquid silicon is simultaneously infiltrated into the inner
cavities, cracks and pores of the ceramic struts under a vacuum at 1600° Cinone
process step. After the silicon hardens, there results a SiC expanded ceramic in

25 which the inner cavities of the ceramic struts, the cracks of the ceramic struts and
the pores of the ceramic struts are filled with silicon. The average load at fracture
when indented by an indenter having a diameter of 20 mm is 1000 N at a mass of 18

g.



WD 97/ 45381 _ PCT/ EP97/ 02828 -8 - It is
al so advant ageous to use glass frit conprising frit of one or nore boron
silicate glasses, alum num boron silicate glasses and/or |ithium al um num
silicate glasses. It is particularly advantageous when the utilized

mat eri al P73 the 5 melt is conprised or whi RCAEPYHARER2Bed in the
suspensi on have a contact angle of 0 +d250[err] in the nolten state. In
anot her possi bl e arrangenent of the invention, the utilized naterials of

whi ch tHExample 4 s conprised or which are contained in the suspension react
partially with conponents of the expanded ceramc in the nolten state and
10 accordingly lead to a reaction bonding wth the expanded ceram c. The

process accor ding A ehifid iuRaaa SAin L ArAbkaa Aihch 8 BEMABIGANPaR/c 2

way that the filling o e | nner cav e ceramc s of

the cer agize m«mm:f%}dnmfceearbbntw@clcﬁ%m i relatiohstol SIC) with #dolid toftentreans
of nelt infiltration. he melt infiltration is

advant adfst §5@§F¢Q@@Yo\(ﬂlu'@? b pleceqaf |H°ﬂM?ﬁh@ﬁe feami{10ani) Wﬂﬁt ion or paste
i &1 SRR TR A0S S Bl RRTRIL R, g BRBR R ™
I nvent i ;separates by means of a centrifuge to a mass of 15 g and the coated expanded
ceramic is dried. The polyurethane is pyrolized and 20 to 40 percent by mass, in
relation to the uninfiltrated coated foam, of liquid silicon is simultaneously infiltrated
under a vacuum at 1600°C in one process step. The silicon initially reacts with the
10 carbon black in the strut coatings to form secondary SiC which additionally bonds
the existing SiC grains. The rest of the pores, inner cavities and cracks are
subsequently filled with silicon. After the silicon hardens, there results a SiC
expanded ceramic in which the inner cavities of the ceramic struts, the cracks of the
ceramic struts and the pores of the ceramic struts are filled with silicon. The
16 average load at fracture when indented by an indenter having a diameter of 20 mm
is 1300 N at a mass of 19 g.

Example 5

A ceramic water-based slurry is produced with a broad A|203 grain

distribution (grain size maximum of 80 um) and 10 percent by mass of clay at a solid

20 content of 80 - 70 percent by volume. A piece of polyurethane foam (10 ppi) with
dimensions of 40 x 40 x 25 mm is impregnated with this slurry. The excess slurry is
separated by means of a centrifuge to a mass of 15 g. The coated foam is then
dried and the polyurethane is burned out at 600° C under air atmosphere. The
remaining Al,O; expanded ceramic is sintered at 1350°C. Subsequently, an

25 infiltration of the foam is carried out with a CuTi (20% Ti) alioy at 1350°C under a
vacuum, wherein the CuTi alloy is added in liquid form. There resuilts an expanded
ceramic in which the inner cavities of the ceramic struts, the cracks of the ceramic
struts and the pores of the ceramic struts are filled with a CuTi alloy. The outer



a suspension is introduced into the inner cavities of the ceramic struts

and the 20 cracks of the ceramc struts of this expanded ceramc. As a

result of the solution according to the invention, an open-cell expanded

ceranic with high strength and uniform pore structure can be7produced by a
b RS

si npl e aWO3HABABLal process. This is achieved in thACHEE
cavities, cracks and pores in the ceranf3-struts are filled with a nelt

which then solidifies. 25 Further, the ceram c struts can

al so be fcolverng of the strutssgomnprises. AlJOg pastictesdant ther Guilcalidyi istocatedi | | ed i n
this way is then heated tqQ a tenperature which |Ijes,aboye, the nelti

{omper o bebvesn e badicies. S avaTage jaal g aryis whES et by asingroic: s

t her eof ' ' AR nggé/p&r nponent s whi ch have been
cont ai neg‘gpfr'lﬁﬁ%ﬂ?&%?gﬁﬁ@ﬁgq%ﬁ'\éygn , due4(f§' the high wetting of the-
30 ceramic with the nelt, a redistribution is brought about in such a
way that fhe inner cavities of the ceramc struts, the cracks of the
ceram c &@MAIeHNd the pores of the WD 97/ 45381

PCT/ EP97/ 02828 -9- ceramic struts are conpletely or substantially
completely filled with the nelt. Cracks which may possible occur in the
dri &d suspensi on arfeceramicWwatgi-pbased siungtis gproduced with a solid content of 60

percent by volume. The solid in the slurry is composed of 80 percent SiC powder
with a bimodal grain size distribution with two grain size maxima of 6 and 20 um and
of 20 percent clay. A piece of polyurethane foam (10 ppi) with a diameter of 70 mm
and a height of 25 mm is impregnated with this slurry. The excess slurry is
10 separated by means of a centrifuge to a mass of 35 g. The coated foam is then
dried, the polyurethane is burned out and the ceramic is sintered in a chamber
furnace at 1200° C under air atmosphere. Immediately thereafter, saturation of the
sintered expanded ceramic is carried out with an aqueous suspensibn with 60
percent by volume of a mixture of 85% finely dispersed SiO2 and 15% sodium
16 silicate. The excess suspension is carefully centrifuged off in the above-mentioned
~ centrifuge to a mass increase of 25% and the saturated foam is dried. A through-
type second burning is then carried out at 1200°C. After burning, there results a
clay-bonded silicon carbide expanded ceramic in which the inner cavities of the
ceramic struts and the cracks of the ceramic struts are almost completely filled with
20 a silicate-type glass. The average ioad at fracture when indented by an indenter
| having a diameter of 20 mm is 800 N. In contrast, a specimen without filled struts
only achieved a load at fracture of 500 N. |

Example 7

A ceramic water-based slurry is produced with a solid content of 78
25 percent by mass. The solid of the slurry comprises a commercial Al,O4 sinter
mixture (96-%, average grain size 5 um). A piece of polyurethane foam (30 ppi) with
dimensions of 125 x 40 x 20 mm is impregnated with this slurry. The excess slurry



When this variant of the invention is realized, after the inner cavities of
the ceramc struts, the cracks of the ceramc struts and the pores of the
ceramc 5 struts are filled, only a partial filling of these areas with
powder an L,jts reaction products is initially carried out in accordance
wi th thg\’\&égﬂf‘éﬁﬁ%ent of the suspension that is usedPCH#RRIHO2828 t hi s
process variant, the ceramc struts ard4coated to varying degrees of

t hi ckness at the outer surface with a suspension at. the sane tinme as the

i nner cd$iseparated byrrpeans efiacentrifugs to Bamassiok80 gf Theccaated foamds thers 10

dth f th i filled. Af yi ng, i ousl
i okt 48 3p8 pohiaEeFEbR TS bulned i the earBic IR BAToRAH GaR Eoamber pr esent
at the Guirdcesat f6BPT Qhdéh&ir Qﬁhﬁ%ﬂrferé.t rlMﬁ%dié’fE%lhtbﬁéeH?@gaédée{ﬁFatloﬁ oftheeased

to a tenperature above the .rrel ti tenperature r conponents
and/ or tSiktered expanded peramictis carrtessautivitrears agueoussuspensior withlga el y or

Strat s, Adteet P VBLEIE ot Fely.grdfing et SiHhinum Bofey Bllcate GIRss.c Sham o
struts tdicassButpensi6h ¢§ ééﬁtr?fl.\ﬁ?éd‘@ff e aboveidntiofed b@ﬁffﬁu\/ﬁgn{ﬂh rough the

pores in the ceramc struts. scous-to-pasty suspensi ons cause the
cer ami c reaeling a mass in¢reake wf 30% and the saterated feamds deiede Aisecbricd fill the
uts, the cracks of the ceramc

i nner cgyjlies of the ceram on S
struts Anningds Jorn 68nfed AR €20 C. SMieh Blmingo 4765 8 uits.an BT of t he
cel I's ofoxidecerapmiBHe WHiGH HE mnBY chlifies Bf@@@ér@ﬁ\ié strifStarld Mﬁél@ﬁf s this
is elimnated again after the nelting of the powder conponents
10 ceramic struts are almost completely filled with a silicate-type glass. The average
load at fracture when indented by an indenter having a diameter of 20 mm is 2000
N. In contrast, specimens without filled struts only achieved an average load at

fracture of 1500 N.



contained in the suspension and the distribution.oé-heynelt in the inner
cavities of the ceranic struts, the clagks QMEET HASCBERN ¢ struts and the
pores of the ceramc 25 struts. An|expengepipgEDanm ¢ produced in this way
has a very uniform structure wth respect—+toe—eett—sTZ€_and strut thickness,
has opeWE:9T/45381 very strong and can be used near tHeTHEHS7/0B2& nperature

of the |lownelting phase in the expand#@-ceramnic. 30 “When
the filling material contains conponents reacting w _ ' f the
foam t RateneBldims, first, in a strengthening of t@!%@%ﬂk@pmﬂg by
WD 97/ 45381 P s- 1Y-
filling the pores with reaction products and additional bonding of the

ceram c particles.q4 Sec ' hi i,@m tgl tH. it QhicH tHehe
interior of the st1r'utsq?ﬂ?%%ﬂe?ﬁgﬁ§%€%{ﬂﬁ 0 rggcp?(r)‘%td'r'onté an
super el énrerachvitiogef theLceramiBsistits Mhvecraoks Githeycergmiastruts andtherpares ob
The invention wll be de§ﬁri bed herei nafter w IR reference to, several
enbodi miRe ceralms steuts are filled completely or partially with one or more metallic phases

and/or ceramic phases and/or glass phases.

- 2. Open-cell expanded ceramic according to claim 1, in which the
inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramic struts are filled completely or substantially completely with one or more

metallic phases.

3. Open-cell expanded ceramic according to claim 1, in which the
inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramic struts are filled completely or substantially completely with one or more

- ceramic phases.

4, Open-cell expanded ceramic according to claim 1, in which the
inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramic struts are filled completely or substantially completely with one or more

glass phases.

5 Open-cell expanded ceramic according to claim 1, in which the
inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramic struts are filled completely or substantially completely with silicon or
silicon compounds, with molybdenum or metal silicides or with aluminum yttrium .
oxide or with caicium silicates or strontium calcium silicates or fluorides for silicon
carbide expanded ce'ramics, with copper-titanium alloys or iron-titanium alloys or
with titanium carbide for aluminum oxide expanded ceramics, with mullite for
Zirconium oxide expanded ceramics. ——————

i



Exanple 1 sed slurry is produced with a binodal SiC
di stributi immmm“mmlli I“Ee Maxi nﬂs Jsﬁ,gﬁ‘d XS BEEN I m and a solid content
of 55 - 65 I0 ¢ pertent By volune: |A pi eqepafcepo! yur ¢t hane foam (10 ppi)

wi t h di nensi ons of 40x40x25mﬂ this slurr The
excess INQY97/4638%8eparated by neans of a centrifuge tRCUErP@ﬂO%Z&S g. The
coated foamis then dried and the pol ymBet hane is burned out at 600[err] C.
The renaining Si C expanded ceramic is sintered at 2300[err] C under an argon
- gas atnosphere. Af@.er dOpén-cgll expakded tetamiatacoardifg to claimi, in which thiel i con

into the inner _cavi cracks and pores of .the ceram c struts is carried
out unddpngl Q?é’étéﬁ.ﬁﬁft h?tcér amysteuts; &I?rf:'rﬁﬁ'fsd@ the Garamic stautsand thegares Ohanded

ceram cy ks of
The. cer A1 GBRfik, 4RGP BfeoR Sk SbE e hnbels oB nHEL Bné 84 Somplitol i
si | i con.substantiatly cgmpletely with silicohand/ovsiliicomcempednds; an i ndent er haV| ng a
dianeter of 20 mmis 1500 N at a 20 mass of 19 g. The load at fracture
of an expanded foam of conparable SiC nmaterial (ceram cally bonded or

| i qui d- phase si nt er ed) f t t he
ceramic struts i sei;ppr o%%?g g tgéyﬂﬂ‘v&ﬁ{oﬁ ?h%ﬁ@ggﬁﬁgﬂé&%@gs

Exanpl evﬂthdhlghrsan'engthvaﬁ/Ismsémmed cavities of the ceraducsttuts tracksloftibel gbrenic 25

distribution, with grain size maxim of 1 % ; 'L P a solid content
of 55 - Siits and pores o the ceramic struts are f|||ed comp etely or partia yW|th one or

more metallic phases and/or ceramic phases and/or glass phases, in which an
open-cell polymer foam is cut to size, coated with a suspension of ceramic particles
and water or a solvent, pressed out and dried, the polymer foam is then burned out
or pyrolized, the coated foam is subsequently sintered and, during or after the
sintering, the cavities of the ceramic struts, the cracks of the ceramic struts and the
pores of the ceramic struts of the sintered expanded ceramics are filled completely

- or partially with a melt or a suspension, wherein the melt and the suspension
comprise materials which melt below the melting temperature of the expanded
ceramic, have a coefficient of expansion similar to that of the expanded ceramic,
exhibit very good wetting and react partially or not at all with components of the
expanded ceramic, and wherein, when the struts are filled with a suspension, the
expanded ceramic filled with the suspension is subsequently heated to a
temperature above the melting temperature of the materials, mixtures of materials or
reaction products thereof contained in the suspension.

8. Process according to claim 7, in which the cavities of the
ceramic struts, thé .cracks of the ceramic struts and the pores of the ceramic struts of
the sintered expanded ceramic are filled with a melt comprising silicon or silicon
compounds, molybdenum or metal silicides or aluminum yttrium oxide or calcium
silicates or strontium calcium silicates or fluorides for silicon carbide expanded
ceramics, copper-titanium alloys or iron-titanium alloys or titanium carbide for
aluminum oxide expanded ceramics, mullite for zirconium omde expanded ceramics.

i




WD 97/ 45381 BEEN EP97/ 0Q)
vol unme. A piece of polyurethane foa'mes &Héé&gmgn th.d mns?ﬂmuﬂﬂﬂﬁmwﬂﬂ
25 mmis inpregnated with this slurny. Thg ss-s+tHry i s*separated By *
means of a centrifuge to a mass of 15 g. The coated foam.is then dried and
the pol MYEBH49881s burned out at 6000 C. The remi niPr@T@P@fQ%ed
ceramc is 5 sintered at 2300[err]-&under an argon gas at nosphere.
Further, a ceramic water- based slurry is produced with 50 percent by
vol'une of Si powdd. (d[Rrocpss accarding to alaim ¢j imwhich the cavities of theani ¢ i s

i _ d with thj | d the. ' ' L f d of f
s oo keraminatnts. e, Sacks bt HecaAmIC MU anc Geporen & e Seranic SHOE of o eq
expandeqng @frit8ied b ésrhﬁéa EBraRfic arsilaPvRA a Meft CBRIpPISINGSIlicCBITSF sificdR

vacuum The applie Ilicon nelts and saturates the SI'C expanded ceramic.
After t loompdungsyahamidens borom,ricon, €sppesonodigendopaitiden cachideexpandethi ch
the inner cavities of the ceramc struts, the cracks of the ceramc struts
and t he G¥5LSf the ceranmic struts are filled with silicon. The average
| oad at fracture when indented by an indenter having a dianeter of 20 nmis
1500 N at a mass of 19 g. 15 Exanple 3 A ceranic water-based slurry is
produced with a bithdal Peicessiascornding tooclaim/; im whighthe icawitiesof the of 1 and
- 20 d | tent, of .55 -65 . .

pm a%ergmlscostlru 's,C e grgckg of ﬁ\e ceramic struts and the pores of the ceramic struts of
the sintered expanded ceramic are filled with a suspension which, in addition to
water or a solvent, comprises powder of silicon or silicon compounds, molybdenum
or metal silicides or aluminum yttrium oxide or calcium silicates or strontium calcium
silicates or fluorides for silicon carbide expanded ceramics, copper-titanium alloys or
iron-titanium alloys or titanium carbide for aluminum oxide expanded ceramics,

mullite for zirconium oxide expanded ceramics.

11. Process acoording to claim 7, in which the cavities of the
ceramic struts, the cracks of the ceramic struts and the pores of the ceramic struts of
the sintered expanded ceramic are filled with a suspension which, in addition to |
water or a solvent, contains powder of silicon or silicon compounds with aluminum,
boron, iron, copper or oxygen for silicon carbide expanded ceramics.

12.  Process according to claim 7, in which the cavities of the
ceramic struts, the cracks of the ceramic struts and the pores of the ceramic struts of
the sintered expanded ceramic are filled with a suspension which, in addition to
water or a solvent, contains powder of glass frit.

13.  Process according to claim 12, in which glass frit comprising frit
of one or more boron silicate glasses, aluminum boron silicate glasses and/or
lithium aluminum silicate glasses is used.
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percerft ”" , apiggce of pol yurethane foam (40 ppi) with di mensions of

50 x 50 ,"mlu‘lmwmmggnat ed with {ITHS SHEET WASTBEENekcess slurry is

renoved By 20 + %queezi ng by neans off two EEMA@EWO' | efs. The coated foam
al Z el 20+

i S then dried. The pol yurethane is pytorzea—are—260-to e by mass,
in rel aWOOH4588% uninfiltrated coated foam of i qLﬁQl &'%%@é%%

simul taneously infiltrated into the inhr cavities, cracks and pores of the
ceram c struts under a vacuumat 1600[err] C in one process step. After the
silicon hardens, tidere Rrosess accor€ing toxglaimiédinoahiahitie utilizssl matedals iof t he

' I L f t.h ' tr Ut ‘th K f th ' trut d

the_por Wigh fa@eltds Spmprisear whipa 3re ppalaingdTh 1P sLsBRnRR BRP& age I oad

at fractghtactBnAgid aplbém sd° hyuv\%lrgt?,/[{gg%é}é having a dianeter of 20 nmis 1
g.

000 N at a mass of
PCT/ EP97/ 02828 -12 - Exanple 4 A ceram c water-based slurry is produced

with a SiC powder with grain size maxi of 23 [err] mand.carbon black (4% C
0 Felation Lo S db-wi oSt ARTEb orkieint 70 whigh TS RRusAd Bteriaidt,  a
pi ece OlwHiGH tHY Rehas ohfpiidel Wt vifitn alé Entained in the suspension react partially

with components of the expanded ceramic in the molten state and accordingly lead

to a reaction bonding with the expanded ceramic.

16. Process according to claim 7, in which the filling of the inner
cavities of the ceramic struts, cracks of the ceramic struts and pores of the ceramic
struts is carried out by means of melt infiltration.

17.  Process according to claim 16, in which the melt infiltration is
carried out by wick infiltration, bulk infiltration or paste infiltration.
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5 di nensi ons of 40 x 40 x 25 nmis inpregnat § ' f . The
excess slurry is separated by neans of a centrifWS g and
t he coat ed expanded ceranic is dried. The pol yuriet han8EPAGEDr o1 i z¢d and 20
to 40 percent b s, In relation. to th n|n rate f
| i o <hionceotianian of Bakius (s orrtesible it Hraste<bid ciaks bl ifiL |
in one préh%?&@hQﬁthJ BRoandéd Bgraniit likélise dc.‘éﬂPHﬁn%anfrﬁ@hdr@whllecar bon
black in the stfut coatings to form secondary SiC additional |l y bonds
t he exi ssinterirg. CFgrthem:the flow theaughdhefoamps alss, impaired indbistdase keeauseacks
are subsg%sentlg Ic]‘lgged éylth Si 'IICOI’I After the silicon hardens, there
results ﬁ T Pﬁﬁ’i’é’e ¥ which the inner cavities of the ceramc
struts, the cracks of the ceramc struts and the pores of the ceramc
struts are filled with silicon. The 15 average |l oad at fracture when
i ndent edDiegcraptiomdetitednveatiomg a di ameter of 20 mmis 1300 N at a mass of
19 g. Exanple 5 A ceram c water-based slurry is produced with a broad A1203
grain distribution (grai n size maxi mum of 80 pm and 10 percent by mass of
clay at a solid 20y | of
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pol yur et hane foam | nmensi ons 40 X
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invention, the inner cavities of the ceramic struts, the cracks of the ceramic struts
and the pores of the ceramic struts are filled completely or substantially completely
with one or more metallic phases and/or ceramic phases and/or glass phases.

The inner cavities of the ceramic struts, the cracks of the ceramic
struts and the pores of the ceramic struts are advantageously filled completely or
substantially completely with one or more metallic phases.

The inner cavities of the ceramic struts, the cracks of the ceramic
struts and the pores of the ceramic struts are likewise advantageously filled
completely or substantially completely with one or more ceramic phases.

It is also advantageous when the inner cavities of the ceramic struts,
the cracks of the ceramic strute and the pores of the ceramic struts are filled
completely or substantially completely with one or more glass phases.

It is also advantageous when the inner cavities of the ceramic struts,
the cracks of the ceramic struts and the pores of the ceramic struts are filled
completely or substantially completely with silicon or silicon compounds, with
molybdenum or metal silicides or with aluminum yttrium oxide or with calcium
silicates or strontium calcium silicates or fluorides for silicon carbide expanded
ceramics, with copper-titanium alloys or iron-titanium alloys or with titanium carbide
for aluminum oxide expanded ceramics, with mullite for zirconium oxide expanded

ceramics.
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sintered |n a chanber
phases is produced, according to the invention, in that an open-cell polymer foam is

cut to size, coated with a suspension of ceramic particles and water or a solvent,
pressed out and dried, the polymer foam is then burned out or pyrolized, the coated
foam is subsequently sintered and, during or after the sintering, the cavities of the
ceramic struts, the cracks of the ceramic struts and the pores of the ceramic struts of
the sintered expanded ceramics are filled completely or substantially completely
with a melt or a suspension, wherein the melt and the suspension comprise
materials which melt below the melting temperature of the expanded ceramics, have
a coefficient of expansion similar to that of the expanded ceramics, exhibit very good
wetting and react partially or not at all with components of the expanded ceramic,
and wherein, when the struts are filled with a suspension, the expanded ceramic
filled with the suspension is subsequently heated to a temperature above the
melting temperature of the materials, mixtures of materials or reaction products
thereof contained in the suspension.

The cavities of the ceramic struts, the cracks of the ceramic struts and
the pores of the ceramic struts of the sintered expanded ceramic are

advantageously
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PCT/ EP97/ inx@p gavities of the ceramic struts, the cracks of the ceramic struts and the pores of

the ceramic struts are filled completely or substantially completely with one or more
metallic phases.

3. Open-cell expanded ceramic according to claim 1, in which the
inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramic struts are filied completely or substantially completely with one or more

ceramic phases.

4, | Open-cell expanded ceramic according to claim 1, in which the
~ inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramié struts are filled completely or substantially completely with one or more
glass phases. |

5. Open-cell expanded ceramic according to claim 1, in which the
inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramic struts are filled completely or substantially completely with silicon or
silicon compounds, with molybdenum or metal silicides or with aluminum yttrium
oxide or with calcium silicates or strontium calcium silicates or fluorides for silicon
carbide expanded ceramics, with copper-titanium alloys or iron-titanium alloys or
with titanium carbide for aluminum oxide expanded ceramics, with mullite for
zirconium oxide expanded ceramics.
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phases, in which an open-cell polymer foam is cut to size, coated with a suspension
of ceramic particles and water or a solvent, pressed out and dried, the polymer foam
is then burned out or pyrolized, thé coated foam is subsequently sintered and,
during or after the sintering, the cavities of the ceramic struts, the cracks of the
ceramic struts and the pores of the ceramic struts of the sintered expanded
ceramics are filled completely or substantially completely with a melt or a
suspension, wherein the melt and the suspension comprise materials which melt
below the melting temperature of the expanded ceramic, have a coefficient of
expansion similar to that of the expanded ceramic, exhibit very good wetting and
react substantially completely or not at all with components of the expanded
ceramic, and wherein, when the struts are filled with a suspension, the expanded
ceramic filled with the suspension is subsequently heated to a temperature above
the melting temperature of the materials, mixtures of materials or reaction products
thereof contained in the suspension.

8. Process according to claim 7, in which the cavities of the
ceramic struts, the cracks of the ceramic struts and the pores of the ceramic struts of
the sintered expanded ceramic are filled with a melt comprising silicon or silicon
compounds, molybdenum or metal silicides or aluminum 'yttrium oxide or calcium
silicates or strontium calcium silicates or fluorides for silicon carbide expanded
ceramics, copper-titanium alloys or iron-titanium alloys or titanium carbide for
aluminum oxide expanded ceramics, mullite for zirconium oxide expanded ceramics.
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en-cel |l expanded ceram c according to"tlaim1, in which the inner
cavities of the ceramc struts the cracks of the ceramc struts and t he

nor e
herspe 8 SEa8eeaq Sexpanded ceram ¢ according to claiml, in

whi ch the i nner caV|t|es of the ceramic struts, the cracks of the ceramc

struts and the pores of the ceramc struts are filled conpletely or

substantgégdrmngﬁraylﬂeéq{%n%hh one or nore glass phases. 5. Open-cel |
expanded ceram c according to claim1, in which the inner cavities of the

ceram c struts, the cracks of the ceram c struts and the pores of the

ol o or i 11 cont iaheide B it RvioRon RRTAGR HloseSa skbgaded] 1
al um nugeyarhid with iipftived stidrigth 8§ laCsimplesahd eabssmival prdcesisi um cal ci um
silicates or fluorides for silicon carbide expanded ceramcs, with

copper - tit ani um al Thig obiact is met by theninyantien igicaled in the claims.
In the open-cell expanded ceramic with high strength according to the

invention, the inner cavities of the ceramic struts, the cracks of the ceramic struts
and the pores of the ceramic struts are filled completely or substantially completely
with one or more metallic phases and/or ceramic phases and/or glass phases.

The inner cavities of the ceramic struts, the cracks of the ceramic
struts and the pores of the ceramic struts are advantageously filled completely or
substantially completely with one or more metallic phases.

The inner cavities of the ceramic struts, the cracks of the ceramic
struts and the pores of the ceramic struts are likewise advantageously filled
completely or substantially completely with one or more ceramic phases. %

It is also advantageous when the inner cavities of the ceramic struts, |
the cracks of the ceramic struts and the pores of the ceramic struts are filled
compietely or substantially completely with one or more glass phases.

it is also advantageous wheh the inner cavities of the ceramic struts,

.the cracks of the ceramic struts and the pores of the ceramic struts are filled
completely or substantially completely with silicon or silicon compounds, with
molybdenum or metal silicides or with aluminum yttrium. oxide or with\calcium
silicates or strontium calcium silicates or fluorides for silicon carbide expanded
ceramics, with copper-titanium alloys or iron-titanium alloys or with titanium carbide
for aluminum oxide expanded ceramics, with mullite for zirconium oxide expanded
ceramics.
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phases is produced, according to the invention, in that an open-cell polymer foam is

cut to size, coated with a suspension of ceramic particles and water or a solvent,
pressed out and dried, the polymer foam is then burned out or pyrolized,.the coated
foam is subsequently sintered and, during or after the sintering, the cavities of the
ceramic struts, the cracks of the ceramic struts and the pores of the ceramic struts of
the sintered expanded ceramics are filled completely or substantially completely
with a melt or a suspension, wherein the melt and the suspension comprise
materials which melt below the meiting temperature of the expanded ceramics, have
a coefficient of expansion similar to that of the expanded ceramics, exhibit very good
wetting and react partially or not at all with components of the expanded ceramic,
and wherein, when the struts are filled with a suspension, the expanded ceramic
filled with the suspension is subsequently heated to a temperature above the
melting temperature of the materials, mixtures of materials or reaction products

- thereof contained in the suspension.

The cavities of the ceramic struts, the cracks of the ceramic struts and
the pores of the ceramic struts of the sintered expanded ceramic are
advantageously filled with a melt comprising silicon or silicon compounds,
molybdenum or metal silicides or aluminum yttrium oxide or calcium silicates or
strontium calcium silicates or fluorides for silicon carbide expanded ceramics,
copper-titanium alloys or iron-titanium alloys or titanium carbide for aluminum oxide
expanded ceramics, mullite for zirconium oxide expanded ceramics.

Also, the cavities of the ceramic struts, the cracks of the ceramic struts
and the pores of the ceramic struts of the sintered expanded ceramic are
advantageously filled with a melt comprising silicon or silicon compounds,
aluminum, boron, iron, copper or oxygen for silicon carbide expanded ceramics.

Another advantageous variant of the invention consists in that the
cavities of the ceramic struts, the cracks of the ceramic struts and the pores of the
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coefficient of expansion simlar to that™of the expanded ceram c, exhibit
very good wetting and react substantially conpletely or not at all with
corrponeﬁ?&er&f ia S expanded ceranmic, and wherein, when the struts are filled
with a suspension, the expanded ceramc filled with the suspension is
subsequently heated to a tenperature above the nelting tenperature of the
material s, m xturds of Qperecelhkezpandedecaramicwithddgit stehdtty, towhidnthe ned i n
t he suspension, , 8. Process according to claim7, jn which the cavities of
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or fluorides for silicon carbide expanded ceram cs, copper-titanium alloys
or iron-titaniumalloys or titanium carbide for alum num oxi de expanded

ceramcs, nullitedor HgLHRLYEKOIAIKY EBAIESEcSRIrY Yo Saim 1, in which the
inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramic struts are filled completely or substantially corﬁpletely with one or more
metallic phases.

3. Open-cell expanded ceramic according to claim 1, in which the
inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramic struts are filled completely or substantially completely with one or more
ceramic phases.

4. Open-cell expanded ceramic according to claim 1, in which the
inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramic struts are filled completely or substantially completely with one or more
glass phases.

5. Open-cell expanded ceramic according to claim 1, in which the
inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramic struts are filled completely or substantially completely with silicon or
silicon compounds, with molybdenum or metal silicides or with aluminum yttrium
oxide or with calcium silicates or strontium calcium silicates or fluorides for silicon
carbide expanded ceramics, with copper-titanium alloys or iron-titanium alloys or
with titanium carbide for aluminum oxide expanded ceramics, with mullite for
zirconium oxide expanded ceramics.




(mm - REPLACEMENT SHEET

8. Open-cell expanded ceramic according to claim 1, in which the
inner cavities of the ceramic struts, the cracks of the ceramic struts and the pores of
the ceramic struts of silicon carbide expanded ceramics &re filled completely or
substantially completely with silicon and/or silicon compounds.

7. Process for the production of an open-cell expanded ceramic
with high strength, whose inner cavities of the ceramic struts, cracks of the ceramic
struts and pores of the ceramic struts ére filled completely or substantially
completely with one or more metallic phases and/or ceramic phases and/or glass
phases, in which an open-cell polymer foam is cut to size, coated with a suspension
of ceramic particles and water or a solvent, pressed out and dried, the polymer foam
is then burned out or pyrolized, the coated foam is subsequently sintered and,
during or after the sintering, the cavities of the ceramic struts, the cracks of the
ceramic struts and the pores of the ceramic struts of the sintered expanded
ceramics are filled completely or substantially completely with a melt or a
suspension, wherein the melt and the suspension comprise materials which meit
below the melting temperaturé of the expanded ceramic, have a coefficient of
expansion similar to that of the expanded ceramic, exhibit very good wetting and
react substantially completely or not at all with components of the expanded
ceramic, and wherein, when the struts ére filled with a suspension, the expanded
ceramic filled with the suspension is subsequently heated to a temperature above
the melting temperature of the materials, mixtures of materials or reaction products
thereof contained in the suspension.

8. Process according to claim 7, in which the cavities of the
ceramic struts, the cracks of the ceramic struts and the pores of the ceramic struis of
the sintered expanded ceramic are filled with a melt comprising silicon or silicon
compounds, molybdenum or metal silicides or aluminum yttrium oxide or calcium
silicates or strontium calcium silicates or fluorides for silicon carbide expanded
ceramics, copper-titanium alloys or iron-titanium alloys or titanium carbide for
aluminum oxide expanded ceramics, mullite for'zirconium oxide expanded ceramics.
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