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addition, the present invention relates to porous moulded

bodies produced according to one of said methods and the
use thereof, especially as cell culture carriers and/or
culture systems. '

As a result of the variability of its properties, carbon is
a versatile material in all areas of materials engineering.
Carbon-based materials are used in mechanical engineering,
vehicle construction, and also in medical engineering and
process engineering. Described in DE 35 28 185 is a method
for producing high-strength, high-density carbon materials
from special powdered carbon-containing raw materials

without using a binder.

DE 198 23 507 describes methods for producing carbon-based
shaped bodies by carbonising biogenic raw materials of
natural vegetable fibres or wood product. DE 100 11 013 and
EP 0 543 752 describe methods for producing carbon-
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DE 198 23 507 describes nethods for producing

carbon-based shaped bodi es by carboni si ng bi ogenic

raw materials of natural vegetable fibres or wood

product. DE 100 11 013 ang _EP O 543 752 descri be
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moulgggn 28 RN | BRs adjusted "sufficiently accurately
for these to be usable for example for biotechnological

applications, such as orthopaedic implants.

There 1is thus a continuous need for new and improved
methods for producing porous carbon-containing moulded
bodies.

It is thus an object of the present invention to provide a
simple method for producing porous carbon-based moulded
bodies which can be implemented under economical
conditions.

A further object of the present invention is to provide a
method for producing porous carbon-based moulded bodies
which allows the porosity, especially the pore volume and
the pore diameter, to be specifically adjusted in a

reproducible manner by varying simple process parameters.

A further object of the present invention is to provide

methods for producing porous carbon-based moulded bodies



A further object of the present invention is to

provide a nethod for producing porous carbon-based

noul ded bodies which allows the porosity, especially

the pore volune and the pore dianeter, to be

specifically adjusted in a reproducible manner by

varyi ng sinple process paraneters. A further object of
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during or following the pyrolysis.

In a first embodiment of the present invention a method is
provided for producing porous carbon-bagsed moulded bodies
which comprises the following steps:

- mixing organic polymer materials which can Dbe

carbonised to carbon with non-polymeric fillers;

- producing a semi-finished moulded 'part from the

mixture;

- carbonising the semi-finished moulded part in a non-
oxidising atmosphere at elevated temperature, wherein
a carbon-based moulded body is obtained;

- dissolving the fillers out from the carbonised moulded

body using suitable solvents.



oxi di sing atnosphere at el evated tenperature, wherein

a carbon-based noul ded body is obtained; dissolving

the fillers out fromthe carboni sed noul ded body using

sui tabl e sol vents. Accotdpng to this enbodi nent of the

met hod accordingto the invention, in this first step

the organic polyner materials which can be carboni sed
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espethelly salts of alkali and/or alkaline earth
carbonates, sulphates, sulphites, nitrates, nitrites,
phosphates, phosphites, halides, sulphides, oxides and
mixtures thereof. Further suitable fillers are selected
from organic metal salts, ‘preferably those of alkali,

alkaline-earth and/or transition metals, especially their

formates, acetates, propionates, maleates, malates,
oxalates, tartrates, citrates, benzoates, salicylates,
phthalates, stearates, phenolatesg, sulphonates, amine

salts, and mixtures thereof.

Suitable solvents for dissolving out the fillers from the

carbonised moulded bodies are water, especially hot water,

diluted or concentrated 1norgan1c or organic acids, alkalis

and the like. Suitable inorganic acids are, in diluted or
concentrated form, hydrochloric acid, sulphuric acid,
phosphoric acid, nitric acid as well as diluted
hydrofluoric acid.



car boni sed noul ded bodi es are water, especially hot
water, diluted or concentrated inorganic or organic
acids, alkalis and the like. Suitable inorganic acids
are, in diluted or concegtrated form hydrochloric
acid, sul phuric acid, phosphoric acid, nitric acid as
well as diluted hydrofluoric acid. Suitable alkalis
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prefartedi | | select surtable particle srzes of
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preferably 10 nm to 100 pm.

The person skilled in the art will select suitable particle
sizes of non-polymeric fillers depending on the desired
porosity and the desired pore dimensions of the ready-
carbonised moulded body.

In addition, suitable solvents for dissolving out the
fillers are organic solvents such as methanol, ethanol, N-
propanol, isopropanol, butoxydiglycol, butoxyethanol,
butoxyisopropanol, butoxypropanol, n-butyl alcohol, t-butyl
alcohol, butylene glycol, butyl octanol, diethylene glycol,
dimethoxydiglycol, dimethylether, dipropylene glycol,
ethoxydiglycol, ethoxyethanol, ethyl hexanediol, glycol,

hexanediol, 1,2,6-hexanetriol, hexylalcohol, hexylene
glycol, isobutoxypropanol, isopentyl diol, 3-
methoxybutanol, methoxydiglycol, methoxyethanol,

methoxyisopropanol, methoxymethylbutanol, polypropylene
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3- net hoxybut anol, nethoxydi gl ycol, nethoxyethanol,
nethoxyisopropanol nethoxynethylbutanal,
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carbonised to carbon with non-polymeric fillers;

- producing a semi-finished moulded part from the

mixture;

- carbonising the semi-finished moulded part in a non-
oxidising atmosphere at elevated temperature, wherein
the polymeric fillers are substantially completely

decomposged.

According to this embodiment of the invention, the pores in
the carbon-based moulded body are produced during
carbonisation such that polymeric fillers are incorporated
in the organic polymer materials to be carbonised, said
polymeric fillers substantially being decomposed under

carbonisation conditions.

Without wishing to be committed to a specific theory, it

has been shown that certain polymeric fillers, especially



in the organic polynmer materials to be carbonised,

said polyneric fillers substantially bei ng deconposed

under carboni sation conditions. Wthout wi shing to be
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pol yi sobut ene, polypentene as well as their
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person skilled in the art, such as for example mixing of
polymer pellets or granules, mixing polymeric'fillers into
melts of carbonisable organic polymer materials or
suspensions or solutions of these polymer materials,
coextrusion of the polymeric fillers with the carbonisable

organic polymer materials and the like.

The pores produced in the carbonised moulded bodies can be
suitably dimensioned or varied within wide limits by a
suitable choice of molecular weight, chain length and/or
degree of branching of the polymeric fillers. The polymeric
fillers can also be used in the form of thin fibres which
form suitably dimensioned pore passages during
carbonisation. The porosity can be adjusted by selecting
the fibre diameter and the fibre 1length, larger fibre
diameters and lengths producing greater porosity. In this

case, desired intermediate effects can also be achieved by



degree of branching of the polyneric fillers. The
polyneric fillers can also be used in the form of
thin fibres which formsuitably dinensioned pore
passages during carboni.sati-on. The porosity can be
adjusted by selecting the fibre dianeter and the
, fibre length, larger fibre dianeters and |engths .
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In gg/pgémlﬁr%cl @‘ﬁﬂb{o@ii@ferithe offor eﬁhi_EOFbrFé(tﬂﬁ@cﬂﬁ byafter
., et hods IIst s alrati.n Sujta e or ni.c or
carbpREPGRAPE. ke Ty L baR0 oh GE L HY bR oF deRG Sty With
suitahéei pxedtiibdngt antyar] cedmwkiay muendted toodiveshdrawmati £y
. . e " e .
the PEYe SLAOPCA | LEPeedbEttl|Mhddbdidd 66 ETBRHLEPDE Une

porepy odiRH NGXPERSEs bxr KO AAEk dmefrbegedwhblif ks geparating
suitBbO¥I | ,arﬁmh dfsmlggggﬁif:o xgwﬂ%oﬁsﬁr@an-%{péed%@ Nsed
a_ sem -finished noul ded par{ from carbonisabl e organjc
accopg e FomdE: | HNERt G Bon! S hGOFhBakEN MAuHdeibdodies
havifgubdedrpdr bropeaties- oxi di sing atnosphere at
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body is obtained; partial oxidation of the carbonised
Accondahdetdiobedychiord embodiment of the method according to

the invention, a method for producing porous carbon-based
moulded bodies is provided, comprising the following steps:

- producing a semi-finished moulded part from

carbonisable organic polymer materials;

- carboniging the semi-finished moulded part in a non-
oxidising atmosphere at elevated temperature, wherein
a carbon-based moulded body is obtained;

- partial oxidation of the carbonised moulded body to
produce pores.

According to this embodiment of the method according to the
invention, a moulded body is formed by carbonising suitable
polymer materials and after carbonisation, porosity is

produced and/or enlarged in the carbonised moulded body by



produce pores. According to this enbodi nent of the

nmet hod according to the invention, a noul ded body is

formed by carbonising suitable polynmer materials and

after carbonisation, porogity is produced and/or

enl arged in the carboni sed noul ded body by - 9 neans

of suitable oxidising agents, by pores being "burnt”
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Sui t abl e oxi dising agents for partial oxidation in an

oxi di sing gas phase are air, oxygen, carbon nonoxide,
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agents, liquid. oxidising agents can also be used,

such as for exanple concentrated nitric acid mhlch S
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concentrated nitric acid in confact with

car boni sed

In an especially preferred method of this embodiment, the

partlal

partial oxidation is carried out by treating the moulded
body with, optionally flowing, air at room temperature or
thereabove. '

In addition to the partial oxidation of the moulded body
using gaseous oxidising agentsg, liquid oxidising agents can
also be used, such as for example concentrated nitric acid
which is applied to the moulded body in a suitable manner.
In this case, it can also be preferable to bring the
concentrated nitric acid in contact with the carbonised
moulded body at temperatures above room temperature to

ensure superficial or deeper pore formation.

The aforementioned methods for producing pores can also be
combined with one another according to the invention. Thus,
in addition to soluble fillers, it is possible according to

the invention to additionally use polymeric fillers which



noul ded body at tenperatures above roomtenperature to
ensure superficial or deeper pore formation. The
af orenenti oned met hods for produci ng pores can al so be
conbined with one another jaccording to the invention.
Thus, in addition to Sol'dble fillers, it is possible
according to the invention to additionally use
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In all three said embodiments of the method according to

the invention, the materials used as the organic polymer
material which can be carbonised to form carbon are those
which remain carbon materials from amorphous, partially
crystalline and/or crystalline symmetrical or asymmetrical
material under carbonisation conditions i.e. at elevated

temperature and in a substaﬂtially oxygen-free atmosphere.

Without wishing to be committed to a specific theory, it
has been shown that wunsaturated, branched aliphatic
hydrocarbons, branched or unbranched, cross-linked or non-
cross-linked aromatic or partially aromatic hydrocarbons,
and substituted derivatives thereof are especially suitable
for this purpose. Unsaturated hydrocarbons, especially
aromatic hydrocarbons are generally built intoc graphite-
like cross-linked six-ring structures under carbonisation
conditions which form the basic framework of the carbonised
moulded body. |
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polyarehbaaker, pol ygekyester, polyhydroxyvalerlc acid,
polydioxanone, polyethylene terephthalate, polymalic acid,

polytartaric acid, polyanhydride, polyphosphazene,
polyamino acids; polyethylenevinyl acetate, silicone;
poly(ester wurethane), poly(ether urethane), poly(ester

urea), polyether such as polyethylene oxide, polypropylene
oxide, pluronics, polytetramethyléne glycol; polyvinyl
pyrrolidone, poly(vinyl acetate phthalate), alkyd resin,
chlororubber, epoxy resin, acrylate resin, phenol resin,
amine resin, melamine resin, alkylphenol resins, epoxided
aromatic resins, tar, tar-like materials, tar pitch,
liquid-crystal tar pitches, bitumen, starch, cellulose,
shellac, organic materials of renewable raw materials as
well as their copolymers, mixtures and combinations of

these homo- or copolymers.

The carbonisable polymer materials can furthermore contain

usual additives such as fillers, softeners, lubricants,



urea), polyether such as polyethyl ene oxi de,
pol ypropyl ene oxide, pluronics, polytetranethylene
gl ycol ; polyvinyl pyrrolidone, poly(vinyl acetate
phthal ate), al kyd resin,_ ;ghlororubber, epoxy resin,
acrylate resin, phenol resin, amne resin, nelamne
resin, alkyl phenol resins, epOX|ded aromati c resins,
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winding methods using flat starting materials.

CARBONISATION

In the method according to the invention, carbonisation is
carried out in a substantially oxygen-free or oxidising-
agent-free atmosphere. Suitable carbonising atmospheres,
for example, are protective gas, preferably nitrogen and/or
argon, inert gases, SiFs and mixtures of these protective
gases. Opticnally, these protective gas atmospheres can be
used at wunderpressure or overpressure. Carbonisation in
vacuum can also advantageously be used in the methods

according to the invention.

Furthermore, it can be preferable to add reactive gases to
the inert gas atmosphere. Preferred reactive gases for this

purpose are non-oxidising gases such as hydrogen, ammonia,



CARBONI SATION I n the nethod according to the

i nvention, carbonisation is <carried out in a

substantially oxygen-free or oxidising- agent-free

at nosphere. Suitable car oprsrng at nospheres, for

exanpl e, are protective gas, preferably nitrogen

and/ or argon, inert gases, SiF6 and m xtures of these
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preferably below 1 ppm. It is preferable to use hydrogen or
inert gas atmospheres, for example, of nitrogen, inert
gases such as argon, neon and any other inert gases which
do not react with carbon or gas compounds and mixtures
thereof. Nitrogen is especially preferred.

The carbonisation step will preferably take place in a
discontinuous method in suitable furnaces but can also be
carried out in continuous furnace processes which can
optionally also be preferable.

In this case, the semi-finished moulded parts are supplied
to the furnace on one side and emerge again at the other
end of the furnace. In preferred embodiments the semi-
finished moulded part can be placed in the furnace on a
perforated plate, a sieve or the like so that underpressure

can be applied through the polymer £film during the




i nert gas atnospheres, for exanple, of nitrogen, inert

gases such as argon, neon and any other inert gases

which do not react with carbon or gas conpounds and

m xtures thereof. Nitrog]n is especially preferred.
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carbonisation is to be carried out in vacuum. Depending on
the carbonisable or organic polymer material wused or
fillers used, a reduction in the weight of the material
from about 5% to 95%, preferably from about 40% to 90%,
" especially 50% to 70% takes place during the carbonisation
step in the method according to the invention.

AFTER-TREATMENT

In preferred embodiments of the invention, the physical and
chemical properties of the carbon-based moulded bodies or
the pores produced are further modified after carbonisation
by suitable after-treatment steps and adapted to the

respectively desired intended usage.

Suitable after-treatments are, for example, reducing or
oxidative after-treatment steps in which the porous moulded

bodies are treated with suitable reducing agents and/or



carbonisation is to be carried out in vacuum

Dependi ng on the carboni sable or organic pol yner
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to ﬁ cP FéF %y Yy 10 to 850°C, especially
preferably 200°C to 800°C and especially at about 700°C. In
particularly preferred embodiments the porous wmoulded

bodies produced according to the invention are modified
reductively or oxidatively, or using a combination of these

after-treatment steps at room temperature.

The pore dimensions and their properties in the porous
moulded bodies produced according to the invention can be
specifically influenced or varied by oxidative or reductive
treatment or by the incorporation of additives, fillers or
functional materials. For example, the surface properties
of the carbon-containing material .can be hydrophilised or
hydrophobised by incorporating inorganic nanoparticles or

nanocomposites such as laminated silicates.

Furthermore, the porous moulded bodies can be sealed on one

or both sides by subsequent coating, e.g. with polymer



to 900C, particularly preferably 100C to 850C
especially preferably 200C to 800C and especial ly at
about 700C. In particularly preferred enbodi nents the
por ous noul ded bodies produced according to the
invention are nodified reductively or oxidatively, or
using a conbination of these after-treatnent steps at
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The Ié‘ﬁ%?%smﬁﬁhdﬁé badyr gaRaPEliPRedlyhelseaber Babiresed to

a sbhesglean emtd onldaede reheaseshin €, SQQtr@Ielp%@J.tlon,
fasﬂeon by suitable retardati on and/or sel ecr1v

chemiea he 83%nPRRGFer TTRATIFLAPhI 80 E¥At iIRKRCeThe (Eheadsal
Vapoupulnetll bodyiean ontbedek! yoakaetherswbdeetedno surface

or pore structure and its properties, optionally to
superficially or completely seal the pores. For this
purpose, the carbonised coating is treated with suitable
carbon-separating precursor gases at high temperatures.
Other elements can also be separated in this way, for
example, silicon, aluminium, titanium, especially to
produce the corresponding carbides. Methods of this type
are known in the prior art. By suitably pre-structuring the
moulded bodies, for example using fibre materials of
different length and/or thickness, graded materials can
thus be obtained which have concentrations of certain
interstitial or reaction compounds, for example, of metal
or non-metal carbides, nitrides or borides distributed
asymmetrically over the volume of the moulded body. Graded
materials can thus be obtained which are provided with

symmetrical or asymmetrical, isotropic or anisotropic,



a so-called CVD process (Chem cal Vapour Deposition,

chem cal gas phase separation) or CVI process

(Chemi cal Vapour Infiltration) in order to further

nmodi fy the surface or pore structure and its

properties, optionally to "superficially or conpletely

seal the pores. For this purpose, the carbonised
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These precursors are used in the CVD method mainly in low
concentrations of about 0.5 to 15 vol.% mixed with an inert
gas, such as for example, nitrogen, argon or the like. It
is also possible to add hydrogen to corresponding
separating gas mixtures. At temperatures between 500 and
2000°C, preferably 500 to 1500°C and especially preferably
700 to 1300°C, said compounds separatehydrocarbon fragments
or carbon or ceramic preceding stages which are deposited
substantially uniformiy distributed in the pore system of
the porous moulded body, modify the pore structure there
and thus result in a substantially homogeneous pore size
and pore distribution.

Pores in the carbon-containing porous moulded body can be
specifically reduced in size by means of CVD methods as far
as complete closure/sealing of the pores. The sorptive
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Furthermore, the surface properties of the porous moulded
body can be modified by means of ion implantation. Thus,
nitride, carbonitride or oxynitride phases with
incorporated transition metals can be formed by
implantation of nitrogen, which significantly increases the
chemical resigstance and mechanical resistivity of the
carbon-containing porous moulded body.

Coating with, for example, liquid-crystal tar pitch can
result in asymmetric material properties depending on the
alignment of the lattice structures during the subseqﬁent
cross-linking, carbonisation or graphitisation. These are
among others the thermal expansion, the mechanical

properties, the electrical conductivity, among others.

In certain embodiments it can be advantageous to at least
partially coat the porous moulded bodies with a coating of
biologically degradable or resorbable polymers such as
collagen, albumin, gelatin, hyaluronic acid, starch,

celluloses such as methyl cellulose, hydroxypropyl



m xed wth hydrocarbons. In preferred enbodi nents the
por ous noul ded bodies according to the invention can
be additionally coated or nodified by nmeans of
sputtering. For this pur ppse_ carbon, silicon or
metal s or metal conpounds™of SU|tabIe sputter targets
can be applied using nethods known per se. Exanples
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resiBaky (Awdlr Qi) . The acids already mentioned, in
particular oxidising acids or solvents can be used for this
purpose, boiling out in acids or solvents being

particularly preferred.

The pH and the buffer capacity in an aqueous environment of
the moulded bodies according to the invention can be
specifically adjusted over wide ranges by a suitable choice
of initial substances and additives. The pH of the moulded
bodies produced according to the invention in water can lie
in the range of pH 0 to pH 14, preferably in the range of
PH 6-8 and particularly preferably at pH values of 6.5 to
7.5. The buffer range of the moulded bodies produced
according to the invention preferably lies in the neutral
to acidic range, especially preferably in the weakly acidic
range, the buffer capacity can be up to 50 mol/litre,
preferably up to 10 mol/litre and in preferred applications
is usually 0.5 to 5 mol/litre. '



pol y(al kyl carbonate), poly(orthoester), polyester,
pol y(hydroxyval eri c acid), polydi oxanone,
poly(ethyl ene terephthalate), poly(mlic acid),
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pol y(am no acids) and their co-polyners or

non- bi ol ogi cal | y degradabl e or resorbable polyners.
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shaped2(0 pyramidal-shaped, octahedral- shaped, dodecahedral -
shaped, icosahedral-shaped, rhomboid, prismatic; or
gspherical, and possibly ball-shaped, spherical or
cylindrical lens-shaped or annular, honeycomb-shaped with
gtraight or curved channels, wound, folded with different
channel diameters and flow directions (parallel, cross-wise

or with arbitrary angles between the channels).

According to a particular embodiment of the present
invention, a tube of porous carbon-based material is
produced wusing one of the methods according to the
invention. In this case, a hose of natural or synthetic
rubber or suitable plastics is preferably carbonised as
mentioned above as carbon-containing moulded bodies which
can be carbonised to give carbon, which is optionally
reinforced with fibre or fabric inserts. It is especially
preferable to use a textile fabric impregnated with

gsynthetic resins in the form of a hose which is used as a



MOULDED BODI ES The noul ded bodi es produced by the

nmet hod according to the invention can be produced in
any two- or three-dinensional shapes. For this

pur pose, the sem -finished noul ded parts are
processed fromthe orQhﬁ?%'bolyner mat eri al s,
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Carb#ﬁi qgfw§ﬂ§§ car bon- contalnlng nmoul ded bodi es
can be carboni sed to give carbon, which is
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According to this method of production, a flat fibre
fabric, channel structures or felt structures as well as
all combinations thereof, is preferably impregnated and/or
coated with organic polymer materials and wound by means of
a suitable mandrel. Carbonisation is then carried out with
or without mandrel and the mandrel is then optionally
removed. In this way, simple and precise porous tubes can
be produced and these can tlhen be after-treated, post-

compacted or sealed.

Porous tubes thus produced can be completely or partially
sealed by suitable after-treatment Dby means of CVD or

coating, e.g. using organic polymers.

It is also possible according to the invention to use semi-

finished moulded parts to produce tubes such as polymer



reinforced with fibre or fabric inserts. It is
especially preferable to use a textile fabric

i npregnated with synthetic resins in the formof a
hose which.is used as a -_21 sem -finished noul ded
part to produce a tube of 2pofous car bon- based
material according to one of the nethods of the
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conpacted or seal ed. Porous tubes thus produced can be

conpletely or partiall seal ed by suitable
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in the semi-finished moulded part and these are then
‘substantially through-carbonised with closed pores. When
using polymer fibres and fabrics, solid-carbon module units
with exceptional adhesion between fibre and matrix are thus

produced.

The carbon-based moulded bodies produced by a method
according to the invention, especially carbon tubes, can be
used as tube membrane, in tube membrane reactors, in tube
bundle reactors and heat exchangers and also in
bioreactors.

The moulded bodies according to the inVention can also be
used - as porous catalyst supports, especially in the
automobile field or flue-gas purification in technical
ingtallations, Advantageous here is their heat resistance,
their chemical resistance and dimensional stability.

Furthermore, the moulded bodies and materials according to



coating, e.g. using organic polyners. It is also

possi bl e according to the invention to use sem -

finished nmoul ded parts to produce tubes such as

pol ymer - 22 hoses, espegjally endl ess hoses in

continuous nethods for producing carbon tubes. The

use of fibre-reinforced hoses is especially preferred
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production (carbonisation) or for graphitisation.

Moulded bodies produced by the method according to the
invention can also be used as medical implants, for
example, orthopaedic, surgical and/or non-orthopaedic
implants such as bone or joint prostheses, orthopaedic
plates, screws, nails, and the like.

As a result of their biocompatibility and the flexible
surface properties such as adsorption capacity, absorptive
capacity, adhesion of biological material, porosity which
can be specifically adjusted over wide ranges, pore sizes
and volumes as far as closged-pore moulded bodies etc., it
is especially preferable to use the moulded bodies produced
according to the invention as substrate or carriers for
colonisation with micro-organisms and cell cultures.




used as porous catal yst supports, especially in the
autonobile field or flue-gas purification in technica
install ati ons, Advantageous here is their heat

resi st ance, their chemical resistance and di mensiona
stability. Furthernore, 4*e moul ded bodi es and
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pages 24, line 11 to page 43. Symmetrical or asymmetrical,
textured carbon- or ceramic-baged materials and
combinations thereof are also suitable for use as carrier

and culture systems.

Said materials and moulded bodies can especially be used as
carrier and culture systems for nerve tissue. It is
particularly advantageous that carbon-containing materials
are especially adaptable and suitable here for the
cultivation of nerve tissue in particular by the simple
adjustment of the conductivity of the moulded body and the

application of pulsed currents.

Said materials and moulded bodies are further used in the
usage ag carrier and culture systems according to the
invention as in vitro or in vivo guide structures, so-

called, scaffolds for two- and three-dimensional tissue



capacity, adhesion of biological material, porosity
which can be specifically adjusted over w de ranges,
pore sizes and volunes as far as cl osed-pore noul ded
bodies etc., it is espeglally preferable to use the
noul ded bodles produced gbcordlng to the invention as
substrate or carriers for colonisation wth
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bodles produced according to the invention, it is
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In pHktYE@18¥St endhd OrmBeIN84t | BVB.ed t dScording to the
invention and other carbon-based materials can be after-
perceived for use as carrier and culture systems for
natural organ forms, e.g. cartilaginous joint surfaces of
knee, hip, shoulder, finger joints etc. which can then be
used to used to culture suitably shaped cartilage,
periosteum and the like. These can then either be implanted
with the grown tissue or the cultured tissue is separated
in suitably grown form by methods of the prior art, such as
for example mechanical or chemical enzymatic detachment and

then implanted.

Since carbon-based materials and moulded bodies also have
good mechanical properties which make it possible to use
them as implants, e.g. as artificial joints and the like,
according to the invention these can be used in a tissue
culture as substrates or carriers and following the growth

of a' sufficient layer of cartilage, they can be used as



particul arly advant ageous that carbon-contai ni ng
materials are especially adaptable and suitable here
for the cultivation of nerve tissue in particular by
the sinple adjustnment of the conductivity of the
noul ded body and the &Ilcatlon of pul sed currents.
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sensand culture systens for natural organ forns, e.g

cartilagi nous joint surfaces of knee, hip, shoul der,

finger joints etc. which can then be
Furthermore, by providing suitable devices such as, for

example, connections for perfusion with nutrient solutions
and gas exchange, the carrier and culture systems according
to the invention can be operated as reactor systems,
especially in modular fashion in corresponding series

reactor systems and tissue cultures.

Carrier and culture systems according to the invention can
also be wused as ex vivo reactor systems, e.qg.
extracorporeal assistance systems or as organ reactors e.d.
so-called 1liver assist systems or 1liver replacement
systems; or also in vivo or in vitro for encapsulated islet
cells, e.g. as artificial pancreas, encapsulated urothelial
cells, e.g. as artificial kidney and the like which are
preferably implantable,

In addition, the carrier and culture systems according to
the invention can be suitably modified to promote

organogenesis, for example, with proteoglycans, collagens,



used to used to culture suitably shaped cartil age,

peri osteum and the |ike. These can then either be

implanted with the grown tissue or the cultured

tissue is separated in_sgihtably grown form by nethods

of the prior art, such as for exanple nechanical or

chem cal enzyrmtl c detachnent and then inplanted.
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screening, tissue engineering etc.

EXAMPLES
The following examples are wused to illustrate the
principles according to the invention and are not intended

to be restrictive.

Example 1:

To produce a tube by the winding method having a DN25 core,
500 mm long, 300 mm wall thickness, a glass fibre fabric of
E-CR-glass (chemical-resistant modified E glass), 30 mm
wide, coated/impregnated with phenol-resin-based GFK resin,
was laid crosswise on a suitable steel mandrel and the
mandrel removed. The weight was 3.6 g/cm before pyrolysis.
Pyrolysis was carried out in nitrogen at 800°C for 48

hours. The weight after pyrolysis was 3.0 g/cm. The



to the invention can be operated as reactor systens,

especially in nodular fashion in correspondi ng series

reactor systens and tissue cultures. Carrier and

culture systens according LA the invention can also

be used as ex vivo reactor systens, e.g.

ext racor poreal assistance systens or as organ reactors
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I NF-y. * Exanpl es of suitable adhesion factors are
fibronectin, lamnin, vibronectin, fetuin,
Exampaey3p-|ysin and the |ike. The noul ded bodi es
‘according to the invention can also be applied,
especj al |y when used as carrier and culture systens,
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Example 1 using a polyacrylnitrile (PAN) nonwoven

(Freudenberg) + 30 mm wide and phenol-resin-based GFK resin,
cross-wise laying on steel mandrel. Weight 3.5 g/cm before
pyrdlysis. Pyrolysis in nitrogen at 800°C for 48 hours.
Weight after pyrolysis 1.94 g/cm. The membrane properties
were measured using the bubble-point test (ASTM E1294). No
pore size (gas breakthrough) could be determined in the
measurement range. Subsequent partial oxidation in an air
flow at 400°C for 15 minutes yielded an average pore size

of 1.2 pm according to the bubble-point test.

Example 4:

Tube production by the winding method as specified under
Example 1 wusing a glass-fibre nonwoven of E-CR glass
(chemical-resistant modified E glass), 30 mm wide and
polyacrylnitrile (PAN) nonwoven (Freudenberg), 30 mm wide

(ratio 1:1) and phenol-resin-based GFK resin, cross-wise



screening, tissue engineering etc. EXAMPLES The

follow ng exanples are used to illustrate the

principles according to the invention and are not

intended to be restri ct_igg. _Exanple 1. To produce a

tube by the w nding nethod having a DN25 core, 500 nm

l ong, 300 mmwall thickness, a glass fibre fabric of
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g/ cm before pyrolysis. Pyrolysis was carried out in

nitrogen at 800C for 48 hours. The weight after
Exampdeabyisis was 3.0 g/cm The - 28 nenbrane properties

wer e neasured using the bubble-point test (ASTM

E1294 ere par.e size.of 500 Angstrom was, _.
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The shecositd warlethebxawpbhed usutng wsipe) yaorylmadHi lalkali
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soluQEéﬁ%l_resiﬁg agégéeg%%gggfg%s were measureg using the
bubble-point test (ASTM E1294) and a pore size of 0.6 um

was determined.

Example 6:

Carbon-based plates of natural-fibre-reinforced composite
polymer with inorganic fillers and having a weight per unit
area of 100 g/m* and a thickness of 110 micron were
produced. This flat composite material was provided with a
channel structure by a commercially available embossing
machine which yielded a channel diameter of 3 mm after
placing two sheets one on top of the other. These sheets
were glued to form honeycomb-ghaped blocks and were
carbonised in protective gas (nitrogen) at 800°C for 48
hours. The pressure loss in the channel direction was only
0.1 bar/m and a weight loss of 66 wt.% was obtained during
carbonisation.

A tube wound from this material, 10 cm long and 40 mm in
diameter with a wall thickness of 6 mm was adjusted in a

coupling-in test in a 8 kHz high-frequency heating device.




cross-wi se |laying on steel mandrel. Wight 3.5 g/cm
before pyrolysis. Pyrolysis in nitrogen at 800C for
48 hours. Weight after pyrolysis 1.94 g/cm The
menbr ane properties vver%(geasured usi ng the
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M&fu&léel mandrel . Weight 3.6 g/cm before pyrolysis.
Pyrolysis in nitrogen at 800C for 48 hours. Weight
fter rol.ysis.2.0 9/cm Exanple.5: Tube praqdyction
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br Sper t e P nBaREPed ] 785t RC RibbFS56Sht Of edi?d
carb¢STMt €8 284) meaduaripgr € 0si4fe i, Oedclgnéowam thick, were
fed 84S Mnet B¥ample€-Pont solution and 1.5 ml of cell
suspension each on conventional six-well tissue plates. The
cell suspension contains hybridoma FLT, cell lines
producing MAB against shigatoxin, known for non-adherent,

non-adhesive suspension-resistant growth.

As a comparison, six-well tissue plates without carbon
material were used under otherwise the same conditions and

loading.

The samples using carriers according to the invention
revealed a spontaneous quantitative immobilisation of the
cells and no clouding of the suspension could be detected.
Within an incubation time of 7 days, the cell density was
increased sevenfold to 1.8 x 10’ cells per ml. The MAB
production increased from initially 50 ug/ml to 350 ul/ml
of the average culture lifetime without any signs of
proteolytic degradation. Twelve of 12 samples were still
living after 25 days, after which incubation was
interrupted. This shows that the carriers according to the



Car bon- based pl ates of natural -fibre-reinforced
conposite polynmer with inorganic fillers and having a
wei ght per unit area of 100 g/n2 and a thickness of
110 mcron were produce 1Thls flat conposite
material was provided wit channel structure by a
conmercially avail abl e enb035|ng machi ne whi ch
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hi ckness of 6 nmwas adjusteed in a coupling-in
survigeg PRCtALgthez 1A gia% equency heating device. - 30
The current showed al nbst no variation conpared with
the quiescent current and after 5 mnutes no
significant heating of the material occurs. The
materi als thus produced can be sawn, drilled, mlled
etc. precisely and without any problem Exanple 7:
For the provided application as a carrier material for
cell culture systens, a natural-fibre-containing
pol ynmer conposite having a weight per unit area of
100 g/n2 and a thickness of 110 m was carbonised in
a nitrogen atnosphere at 800C for 48 hours, where air
was added towards the end to nodify the pores. A
wei ght loss of 50 wt.% occurred. The resulting
material has a pHof 7.4 in water and a buffer range
in weak acids. Pieces of this carbon materia
nmeasuri ng 20x40 mm each 60 mthick, were fed with 4
m of nutrient solution and 1.5 m of cel



suspensi on each on conventional six-well tissue

pl ates. The cell suspension contains hybridoma FLT2
cell lines producing MAB agai nst shi gatoxin, known

for non-adherent, non-adhesive suspension-resistant
grom h. As a conparison, six-well tissue plates :
W t hout carbon material- ve&ere used. under ot herw se the
same conditions and | oading. The sanpl es using
carriers according to th_kégégntion reveal ed a

spont aneous quantitative ilisation of the cells
and no cloudi ng of the suspension could be detected.
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PodligsB production increased frominitially 50 gg/
to 350 gl/m of the average culture lifetinme wthout
any signs of _proteolytic degradation. Twelve of 12
Shspres afdme s iy |the ifldpvemestePsFays, after which
i ncubation was interrupted. This shows that the
carriens.accordin%%to the.- 31 inventian result, in _an
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t hawi ng, MAB production is spontaneously restored

after adding fresh nutrient nedium In the conparative
exper PRORUOMY one ssmis Gintiaheds mauhdadd pant | ftwn  the
11th d@%tuyred?2 CLAIMS 1. Method for the production of
porous carbon-based nmoul ded bodies, characterised by

the follow ng steps: m xing organic polynmer materials
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Ikgle%§iéﬁ£gﬂfln%é%5§% égénlﬁﬂgdlQ%Q&E%E&R”ttJJﬁgQature,
wherein a carbon-based moulded body is obtained;

- dissolving the fillers out from the carbonised

moulded body using suitable solvents.

The method according to claim 1,

characterised in that the fillers are selected from
inorganic metal salts, especially salts of alkali and/or
alkaline earth carbonates, sulphates, sulphites,
nitrates, nitrites, phosphates, phosphites, halides,

sulphides, oxides and mixtures thereof.

The method according to claim 1 or claim 2,

characterised in that the fillers are selected from
organic metal salts, preferably those of alkali,
alkaline-earth and/or transition metals, especially their
formates, acetates, propionates, malates, maleates,
oxalates, tartrates, citrates, Dbenzoates, salicylates,
phthalates, stearates, phenolates, sulphonates, amine

salts, and mixtures thereof.




m xture; carbonising the sem -finished noul ded part in
a non oxi di sing atnosphere at el evated tenperature,
wherei n a carbon-based noul ded body i s obtai ned,;

di ssolving the fillers out fromthe carbonised

noul ded body using suitable solvents. 2. The nethod
according to claiml1, characterised in that the
fillers are selected fro i norgani c netal salts,
especially salts of al kaP? -and/or al kaline earth

car bonat es, sul phates, sulphites, nitrates, nitrites,
phosphat es, phosphites, halides, sul phides, oxides
and m xtures thereof. 3. The nethod according to claim
1 or claim2, characterised in that the fillers are
selected from organic netal salts, preferably those
of alkali, alkaline-earth and/or transition netals,
Ebperiediiod tdrtording nhoesnyacutaates, theopreseddsng claims,

FRL2Les erTBLeat 83, chtal Ahesy It BRANERedCi bfal®hcentrated
benzoates, salicylates, phthal ates, stearates

PREXEPALES, O%uloﬁﬁé‘ﬁdlcesach‘ﬁ? néresapeed £oF nfkpgpeying out
ther eafllerdd 4. The nethod according to any one of the
precedi ng clainms, characterised in that water or

diluted or concentrated inorganic or organic acids

The wettiotiomcdiossidng ng auty drke ofi ldlerisns 5L tkhes,

L09d GG g‘ ”nnt o LHa oro%‘?:g%f ‘i{ A b ’Saer(je ¢ used for

gracterise anic sol vent's are u
dn§§@ﬂv1ng out tthe ﬁﬂﬂﬂ@ﬂ§ 6. The net hod accordlng to
any one of the preceding clains, <characterised in

that the fillers used consist of substances i.ch ar
JBRv SRS M SHIIbFe PBFMALR i Py tPRePreceding claims,
chbkaoriceatiised stap. that the fillers wused consist of

substances which are converted into a soluble form during

the carbonisation step.

A method for the production of porous carbon-based moulded
bodies,

characterised by the following steps:

- mixing organic polymer materials which can be

carbonised to carbon with non-polymeric fillers;

- producing a semi-finished moulded part from the

mixture;

- carbonising the semi-finished moulded part in a non-
oxidising atmosphere at elevated temperature,
wherein the polymeric fillers are substantially

completely decomposed.

The method according to claim 7,



10.

11.

12.

7. A nethod for the production of porous carbon-based
moul ded bodies, characterised by the foll ow ng steps:
- m xing organic polyner naterials which can be
carbonised to carbon with non-polyneric fillers;
produci ng a sem -finished noul ded part fromthe

m xture; - carbonising the sem -finished noul ded part
in a non- oxidising atnnsphere at el evat ed
tenperature, wherein thé4polyneric fillers are
substantially conpletely deconposed. 8. The nethod
according to claim7, -34 characterised in that the
polynmeric fillers are selected from saturated
branched or unbranched aliphatic hydr ocar bon hono- or

%gg;é%ﬁ;&iﬁg efergﬁegylgﬁy fo 'Sﬁ hlfers are selected

ficbwi Solkutenatgil ypétamheand it unnﬂ:ﬁatmﬂmﬁ G®liphatic
h ac in f c

Eﬁaf%%%%??%%dﬁSﬁgthq?;aftg%lgﬂgggﬁl§g |on %ﬁg§}é??%¥%}eflns
| sasr eamimtth’ymedl si NngobYPrenyEeng . ageslybutene,

5@1 tha RuGld PR qaldansbased
ded bodles characterised by the foll owi ng steps:

EhSduwﬁﬁgoé sBRFOFAANShelOmDANYedoBar tOf r gfaims 7 or 8,
@ﬁé@@&t&&ﬁb@dﬂ&%amh%tpﬁfﬁéw’d&ﬂﬁaﬁﬁﬁétldﬁﬂdngﬂﬁddMHed body

ggﬁﬁgg%@ﬁg’%h% ed g% ded paréfﬁﬁﬁg non- o§ﬁ9|5|ng

car bon- based noul ded body IS obtained; partia

f d
BELSEL 91 0 SRS R, BOOKAG LA oo
odies,

characterised by the following steps:

- producing a semi-finished moulded part from

carbonisable organic polymer materials;

- carbonising the semi-finished moulded part in a non-
oxidising atmosphere at elevated temperature,

wherein a carbon-based moulded body is obtained;

- partial oxidation of the carbonised moulded body to

produce pores.

The method according to c¢laim 10,
characterigsed in that the partial oxidation takes place
by means of Leat treatment in an oxidising gas

atmosphere.

The method according to claim 11,
characterised in that the partial oxidation is carried

out by means of air, oxygen, carbon monoxide, carbon



13.

14,

15.

characterised in that the partial oxidation takes
pl ace by neans of heat treatnent in an oxidising gas
at nosphere. 12. The nethod according to claim 11,
characterised in that the partial oxidation is carried
out by neans of air, oxygen, carbon nonoxi de, carbon
-35 dioxide, nitrogen oxides at tenperatures in the
range of 50C to 800C. 13 The net hod according to
cl ai m 10, characterised"ﬁ‘that the partial oxidation
Is carried out using oxidising acids. 14. The net hod
according to any one of the preceding clains,
characterised in that the carboni sabl e organi c pol yner
materi al conprises unsaturated, branched aliphatic
Bydregar b%&%’rog ancheds oF ngE%r&@%%d’tu%%ssi" | Pk€919hge of
AOR-Cross-1inked aromatic or par |aF1y aroruti ¢
RO dzar®onE. and substituted derivatives thereof. 15.
The nmet hod according to any one of the preceding
cl ai s characterised in_that the carbonisable
TrganeEhpdl prePrddBgetrarlpdmsdlect ed from
phhyhutadiead; DOl YHatyl sheugnrtaisaPobyidayhiell oi sdearried
or pol¥vin§l.ﬁLcohol, .%ply(neth)acrylic aci d,
BBFyBEFDE RFAHOSLFF 8643 pol yacrylnitrile, pol yanide,
pol yester, pol yurethane, polystyrene,

y f yl eng; y S c S L , :
By nELER QRN E BB T St e Sai g e
chehagSeneshyl cen| dilvse, thedr o’ypeopyhmbehybrganic polymer

gettukase, ecamnBexyest hyleelhiH0eq,Pht hald{gieLaS@Nphatic
deétran, pol ysaccharide fibrinogen, poly(D, L-1actide),

By PEREPPRSY i dBXEBCHrFc orFde ainf@e%m iGress-linked or
pohybydeexhukylat e, apohyalikyl casbonatgrtially aromatic

ROLYALLERLE unaP QSRR O LML OO Sl o O
The method according to any one of the preceding claims,
characterised in that the carbonisable organic polymer
material is selected from polybutadiene; polyvinyls such
as polyvinylchloride or polyvinyl alcohol,
poly (meth)acrylic acid, polyacryl cyanoacrylate;
polyacrylnitrile, polyamide, polyester, polyurethane,
polystyrene, polytetrafluorocethylene; polymers such as
collagen, albumin, gelatin, hyaluronic acid, starch,
celluloses such as methylcellulose, hydroxypropylmethyl
cellulose, carboxymethyl cellulose phthalate; casein,
dextran, polysaccharide fibrinogen, poly(D,L-lactide),
poly(D,L-lactide-co-glycolide), polyglycolide,
polyhydroxybutylate, polyalkylcarbonate, polyorthoester,
polyester, polyhydroxyvaleric acid, polydioxanone,
polyethylene terephthalate, polymalic acid, polytartaric
acid, polyanhydride, polyphosphazene, polyamino acids;
polyethylenevinyl acetate, silicone; poly (ester
urethane) , poly (ether urethane) , poly (ester urea) ,
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17.

18.

pol yet hyl ene terephthal ate, polynmalic acid,

polytartaric acid, polyanhydride, polyphosphazene,

pol yam no acids; pol yethyl enevinyl acetate, silicone;

pol y(ester urethane), poly(ether urethane),

pol y(ester urea), -36 polyethers such as pol yethyl ene

oxi de, pol ypropyl ene oxide, pluronics,

pol yt et ranet hyl ene gl ycol ; pol yvinyl pyrrolidone,

pol y(vi nyl acetate phthaB@te) al kyd resin,

chl ororubber, epoxy resin, acrylate resin, pheno

resin, anine resin, nelanine resin, alkyl pheno

resins, epoxided aromatic resins, tar, tar-Ilike

materials, tar pitch, liquid-crystal tar pitches,

bi tu starch, cell hel | ac, fihres of

BOLYRERSFR { A | iocketiYTsmtol ar 1oy gamiqlyeropylens

prtidei, al plufrommewabpelyawtmnerthqll&ms gistdolgs tdwdiyvinyl
m ; Lpati hes - .

Rt B B PR s sy T resin,

EhéopPEe. ng RO, reghay a@{cevlse@ meqhet phenol resin,

BAK YEE - JIRYES i1 SO Rsssual k?ﬂﬂhéh&@s 2GR AS epoxided
illers, softeners | ubricants, retar ant s,

6F8@§tlﬁla§§sﬂPﬁwestaEarb6ﬁrflB#@s Medargls f atfdt, Pitch,
melt;ghdp@w%rcametalf q:ﬁrmmayiT 02 bﬂeh&anXIQ§§rch$l Idegqrulose,
S on oxi zeolit | m Nl u OoXl

Shﬁ%ﬁﬁgslllgépe Szir@ n|Lﬁﬁ%%ﬁ?ﬁyi#%5€%f%feuﬂﬁ?%QUlose - or
soublakclawgﬁnxulmmSerp@yeloﬁunanﬁwabldjraWhmanethads as
@eqsrdagg Ra e qnycsﬁsl%ﬁwe %sgtﬁgw% % ¥ Mombinations of

haracterised in that”the Sem parts
éhésepP@@ch@rbvoﬁﬁéﬁ@eeﬁ .casting, extrusion,

Phes sidtthod ia&@&tdm%n@al dihpg o@fe Qsmethesgmec%a%gn&lalms,
nﬁthod% od ,accor to an¥ Ee he 1
preceadi ﬁﬁléﬁ&nﬁF hﬁﬁu&kﬁé?? %ﬁ FnWRREELR Contalns usua
eddhodivesat i such s agarfiEteos) sofdenhaisot ettibvyecgass, flame

Brg [ ng§ ogen .90 tlonaII at. .
g%d%%%éur i Qg ac%ﬂnf%% ?ohaﬁﬁf h%lbres, cotton,
fabrlc, metal powder, metal compounds, metal oxides,
silicon, silicon oxide, zeolites, TiO;, aluminium oxide,
aluminosilicate, zirconium oxide, talc, graphite, soot,

clay materials, phyllosilicates.

The method according to any one of the preceding claims,
characterised in that the semi-finished moulded parts are
produced by means of casting, extrusion, pressing,
injection moulding or other usual shaping methods.

The method according to any one of the preceding claims,
characterised in that the carbonisation is carried out
under protective gas, preferably nitrogen or argon,
optionally at underpressure or in wvacuum, optionaliy with
the addition of reactive gases such as hydrogen, at
temperatures in the range of 200°C to 4000°C.
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20.

21.

22.

23.

24.

the addition of reactive gases such as hydrogen, at
tenperatures in the range of 200C to 4000C. -37 109.
The net hod according to any one of the preceding
clainms, further conprising the step of separating
carbon, nitrogen, silicon and/or netals by neans of
chem cal or physical vapour deposition (CVD or PVD),
sputtering, ion inplantg&ion or chenical vapour
infiltration (CVI) on the’ "surface of the noul ded body
and/or in its pores. 20. The nethod according to claim
19, characterised in that the pores of the noul ded
body are conpletely or partially sealed. 21. A porous
nmoul ded body whi ch can be produced by the nethod

9qt f_ th . ] .
F6E0RAR BBy e PGS0 ) AR, 2Bl crase,
fusklery ouprME S NG| atCé@ b¥loriks, Ofect sepatating carbon,

H@E@b?@hep'&%ﬁ%o&UQﬁé/ofan%‘?ttdl@ ﬂp%@anshwyeﬁg{ralcal or
structures, inprinted, folded, wound, rolled two- or

PRYEECAE mdREIBiTal AR ekt 1R (CWPt P HRel  8PRLEEHiBE, ion
smpldnaathehl o seiesl Ha&ﬂﬂ.@ﬁ iseal srabOusi NQYIRNGn the

be nanufactured usi ng
PNECRRENGH ChEcOeliaga BoaYy SBRRE: T Hike PETEs 2o,
conpr|5|ng a hose of natural or synthetic rubber,

élH&eﬁF? gggé¥8§§§|go E%g?%bqg or plastics,

ﬁtlona rein re'or fabric inserts.
charggeeryBedadidoreialy theclrarpr30L clicadiatlded bady are

tbmblackeyt brephabhhgiimeeageated with synthetic
resins is used as hose. -38 25. The tube according to

claim23,. characterised in that a nmultilayer hose is
Bapbooiusetoulded body which can be produced by the method

according to one of the preceding claims.

The moulded body according to claim 21, in the form of
tubes, round rods, plates, blocks/ rectangular
parallelepipeds, cubes, injection moulds, honeycomb
structures, imprinted, £folded, wound, zroclled two- or
three-dimensional structures, with channel structures,
solid or hollow spheres, flanges, seals, housings and the
like. '

A tube which can be manufactured wusing the method
according to any one of claims 1 to 20, comprising a hose
of natural or synthetic rubber, cellulose, epoxy resin
compound or plastics, optionally reinforced with fibre or

fabric inserts.

The tube according to claim 23,
characterised in that a textile fabric impregnated with.

synthetic resins is used as hose.
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26.

27.

28.

29.

30.

31.

32.

26. The tube according to claim?25, characterised in
the nultilayer hose contains an inner |ayer of foaned
plastic and an outer |ayer of non-foanmed plastic. 27.
The tube according to any one of clainms 25 or 26,
characterised in that the nmultilayer hose was obtai ned
by co-extrusion bl ow noul ding. 28. A catal yst support
whi ch can be nanufactureﬁ according to any one of
clainmse 1 to 22. 29. An i gﬂlating mat eri al which can
be manufactured according to any one of clainms 1 to
22. 30. Use of the tube according-to any one of clains
23 to 27, as a tube nmenbrane, in tube bundle
reactors, in heat exchangers, for distillation,

@ﬁéveegéabbeerd&ﬁgo\ﬁ%rma&mﬂ/z@r recycling of reaction
g%oducts an /or extraction_ in devices suitable for

PE2ELPpOSEY 3D THEE & MURE iABIEFe dASEYY Sa SEFRATHE D

claim 21 or 22 as a carrier and/or culture systemfor

KHBoFHPrg B oRrARm 5P UAMLER e cel | cul tures are

ShheatedrﬁsedleukaﬂﬂﬂﬁImmlt$$ayesudhxﬁs koneains an inner

FQ&EE'%&e ﬁé&” bgégfgyﬁndp%‘”§ﬁ§ rnfévg§ %@dnon foamed

& as well Xenogenr c eni C, syngenlc or
alRstdgous ceIIs and ceII types and fron1genet|cally
nodi fied cell lines. 33. Use according to clain131 or

ein the mpul ded body is used: as gui de
E%?UCFH % fRFCPROITGr Fﬂre%nYdlﬁ%%S|Q#mﬂC¥¢%@®e 25 or 26,

ghan&btee$pedlawfwﬁaﬁ'Khétmmltiﬁay@fgﬁﬂﬁeOWa@r@%ﬁalned by

r use _accarding to any one of clainms 31
?8 é%trg arac rlsggi%ﬁn?hat the carrier and/or

culture system is used ex vivo as a reactor system
A catalyst support which can be manufactured according to

any one of claims 1 to 22.

An insulating material which can be manufactured
according to any one of claims 1 to 22.

Use of the tube according to any one of claims 23 to 27,
as a tube membrane, in tube bundle reactors, in heat
exchangers, for distillation, pervaporation, recovery
and/or recycling of reaction products and/or extraction

in devices suitable for this purpose.

Use of the moulded body according to claim 21 or 22 as a
carrier and/or culture system for the cultivation of

primary cell cultures.

Use according to claim 31, wherein the cell cultures are
selected from eukaryotic tissue such as bone, cartilage,

liver, kidneys, pancreas, nerves and the like as well as
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34.

35.

36.

35. The use according to any one of clains 31 to 33,
characterised in that the carrier and/or culture
system is used in vivo as an inplant. 36. The use
according to any one of clainms 31 to 35,
characterised in that the carrier and/or culture
system is nodified with proteoglycans, coll agens,
ti ssue-type salts or biglogically degradable or
resor babl e pol yners. =37

xenogenic, allogenic, syngenic or autologous cells and
cell types and from genetically modified cell lines.

Use according to claim 31 or 32, wherein the moulded body
is used as a guide structure for two- or three-
dimensional tissue growth, especially for culture of

organs or organ parts.

The wuse according to any one of claims 31 to 33,
characterised in that the carrier and/or culture system

is used ex vivo as a reactor system.

The wuse according to any one of claims 31 to 33,
characterised in that the carrier and/or culture system

is used in vivo as an implant.

The use according to any one of -claims 31 to 35,
characterised in that the carrier and/or culture system
is modified with proteoglycans, collagens, tissue-type
salts or biologically degradable or resorbable polymers.



