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present invention relates to nmethods forq@nﬂdu0|ng

car bon- based noul ded bodits. In particular, the

present invention relates to nethods for producin
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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 and -ER O 543 752 descri be
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for these to be usable for example for biotechnological

applications, such as orthopaedic implants.

There is 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
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In a first embodiment of the present invention a method is
provided for producing perous carbon-based moulded bodies

which comprises 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

a carbon-based moulded body is obtained;

- dissolving the fillers out from the carbonised moulded

body using suitable solvents.



a carbon-based noul ded body is obtained; - dissolving

the fillers out fromthe carboni sed noul ded body using

suitabl e solvents. - 4 According to this enbodi nent

of the nmethod according te #ghe invention, in.this

first step the organic polymer materials which can be

- carbonised to give carbon are m xed or blended _wth
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especially salts of alkali and/or alkaline earth
carbonates, sulphates, sulphites, nitrates, nitrites,
phosphates, phosphites, halides, sulphides, oxides and
miktures ‘thereof. Further suitable fillers are selected
from organic metal salts, 'preferably those of alkali,
alkaline-earth and/or transition metals, especially theif

formates, acetates, propionates, maleates, malates,
oxalates, tartrates, citrates, benzoates, salicylates,
phthalates, stearates, phenolates, 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 inorganic or organic acids, alkalis
and the like. Suitable inorganic acids are, in diluted or
concentrated form, hydrochloric acid, gulphuric 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 concentrgted form hydrochloric

acid, sul phuric acid, phosphoric acid, nitric acid as

well as diluted hydrofluoric acid. - 5 Suitable
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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 sguch 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 glyéol,
ethoxydiglycol, ethoxyethanol, ethyl hexanediol, glycol,

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

methoxyisopropanol, methoxymethylbutanol, polypropylene



al cohol, butyl ene glycol, butyl octanol, diethylene

gl ycol, dinethoxydi gl ycol, dinethylether, dipropylene
gl ycol, ethoxydiglycol, ethoxyethanol, ethyl
hexanedi ol , glycol, hexanedial, 1,2,6-hexanetriol,
hexyl al cohol , hexyl ene gl ycol, isobutoxypropanol,

i sopentyl diol, 3- nethoxybutanol, nethoxydiglycol,
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- 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.

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
commtted to a specific theoyy, it has been shown
that certain polyneric fillers, especially - 7
saturated aliphatic hydrocarbons under the conditions
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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 length, 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 carbonisatign. The porosity can be

adjusted by selecting the fibre dianeter and the

fibre length, larger fibre dianeters and |.engths
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el evated tenperature, wherein a carbon-based noul ded
body is obtained; - partial oxidation of the
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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;

- 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.

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, porosity is produced and/ or

enl arged in the carboni sed noul ded body by means of

sui tabl e oxi di sing agents, by pores being "burnt”
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cen ra ed n| ric acid in contact with the
carboni sed noul ded body at tenperatures above room
1heHReRAPDY B 1Ay preferred method of this embodiment, the

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 agents, 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



ensure superficial or deeper pore formation. The
af orenenti oned net hods for producing pores can al so be
conmbi ned with one another according to the invention.
Thus, in addition to solubkg fillers, it is possible
according to the invention to additionally use
polynmeric fillers which - 10 are volatile under
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to be committed bRGANTREPOLIMERNSAERTIAL, has been
shown that unsat orated, branchedatTphati c

hydr ocar bons, branched or unbranched, cross-I|inked or
10411 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 asgymmetrical
material under carbonisation conditions i.e. at elevated

temperature and in a substantially 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 into graphite-
like cross-linked six-ring structures under carbonisation
conditions which form the basic framework of the carbonised
moulded body.



cross-linked aromatic or partially aromatic

hydr ocar bons, and substituted derivatives thereof are

especially suitable for this purpose. Unsaturated

hydrocarbons, especially _ajematic hydrocarbons are

generally built into graphite- like cross-Ilinked

Si x-ring structures under carbonisation conditions
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polytartaric acid, polyanhydride, polyphosphazene,
polyamino acids; polyethylenevinyl acetate, silicone;
poly (ester urethane), 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, phenollresin,
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,




oxi de, pluronics, polytetranethylene glycol; polyvinyl
pyrrolidone, poly(vinyl acetate phthal ate), alkyd

resin, chlororubber, epoxy resin, acrylate resin,

phenol resin, amne resin, q@l@nine resin,

al kyl phenol resins, epoxided aromatic resins, tar,
tar-like materials, tar pitch, |liquid-crystal tar
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Improving the nechanical properties of the porous
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shaplng methods, for example winding methods or strand

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. Optionally, these protective gas atmospheres can be
used at underpressure 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,



In the method according to the invention,
carbonisation is carried out in a substantially
oxygen-free or oxidising- agent-free atnosphere.

Sui tabl e carboni si ng atnospheres, for exanple, are
protective gas, preferably ftrogen and/or argon,

i nert gases, SiF6 and m xtures of these protective
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preferably below 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 dlso 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



gases such as argon, neon and any other inert gases

which do not react with carbon or gas conpounds and

m xtures thereof. Nitrogen is especially preferred.

The carbonisation step will,preferably take place in a

di sconti nuous nethod in SU|tabIe furnaces but can al so

be <carried out in continuous furnace processes which
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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



the carboni sabl e or organic polynmer material used or
fillers used, a reduction in the weight of the
material fromabout 5%to 95% preferably from about
40%to 90% especially 50%to_70%takes place during
t he carbonisation step in the nethod according to the
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preferably 200°C to 800°C and especially at about 700°C. In

particularly preferred embodiments the porous moulded
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



preferably 200C to 800C and especially at about 700C
In particularly preferred enbodi nents the porous
noul ded bodi es produced according to the invention
are nodi fied reductively _opoxidatively, or using a
conbi nation of these after-treatnent steps at room
tenperature. The pore dinensions and their properties
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Vapour Infiltration) in order to further modify the 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,



chem cal gas phase separation) or CVI process

(Chem cal Vapour Infiltration) in order to further

nodi fy the surface or pore structure and its

properties, optionally to_superficially or conpletely

seal the pores. For this purpose, the carbonised

coating is treated with suitable carbon-separating
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mprevuesotbeireoffs possi bl e to use BC13, NH3, silanes
such as Si H4, tetraethoxysilane (TEQS),

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 uniformly 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



di chl orodi et hyl sil ane (DDS), nethyltrichlorosil ane
(MrS), trichlorosilyldichloroborane (TDADB),
hexadi chl or onet hyl si | yl oxi de (HDMSO), A1C13, Ti Cl3 or
m xtures thereof. These pregyrsors are used in the CVD
method mainly in low concentrations of about 0.5 to
15 vol . % m xed with an inert gas, such as for
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pore structure there and thus result in a
misqash twirdth YRR ous pore size and pore
dlstrlbutlon Pores in the carbon-containing porous
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nitride, carbonitride or oxynitride phases with
incorporated transition metals can be formed by
implantation of nitrogen, which significantly increases the
chemical resistance 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 subsequent
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



into the porous noul ded bodies, with the correspondi ng

carbi des usually being forned. Furthernore, the

surface properties of the porous noul ded body can be

nodi fied by nmeans of ion imlantation. Thus, nitride,

carbonitride or oxynitride phases with incorporated

transition netals can be fornmed by inplantation of
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r8%3ANLe 284 9liRRhSities. 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 agueous 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.



carrageenan, carboxynethyl cellul ose; chitosan,
poly-L- lysine; and/or phosphorylcholine. If
necessary, in especially preferred enbodi nents after
car boni sati on and/or after. gpfionally inplenmented
after- treatnent steps the porous noul ded body can be
subjected to further chem cal or physical surface
modi fi cations. O eaniMINEPBPHES| so be provi ded
here to renmove any residue and inpurities. The acids
al readggrrentl oned, in _particular oxidising acids or
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sbgga ¢e Or “also polygona shape c tetrahedral—
shaped; pyramidal-shaped, octahedral-shaped, dodecahedral-

shaped, icosahedral-shaped, rhomboid, prismatic; or
spherical, and possibly ball-shaped, spherical or
cylindrical lens-shaped or annular, honeycomb-shaped with
straight oxr 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 using one of the methods according to the
invention. In this case, a hose of natural or synthetic
rubber or suitable plastics 1is 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

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



correspondi ng bl anks, which optionally correspond to
the final shapes of the porous carbon-based noul ded
bodies bearing in mnd the dinmensional shrinkage

whi ch occurs during carbonisation. The porous noul ded
bodi es according to the~ i Avention can be produced in
the formof tubes, round rods, plates, bl ocks,
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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 Ehen be after-treated, post-

compacted or sealed.

Porous tubes thus produced can be completely or partially
sealed by suitable after-treatment by 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




The hose used to produce a porous tube can have a

mul tilayer structure, for exanple, conprising an inner
| ayer of foamed plastic and an outer |ayer of

non-f oaned plastic or convggsely The application of
further layers is also pos Dle according to the
invention. It is particularly preferable if the
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especi ally endl ess hoses in continuous met hods f or

produci ng carbon tubes. The use of fibre-reinforced
Ihoshs daseespechal lgwpbefiéesed fRemgeswenre bhdel dinbnased on

iﬁantﬁg 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
installations, Advantageous here is their heat resistance,
their chemical resistance and dimensional stability.

Furthermore, the moulded bodies and materials according to



selected fromtextile or fabric fibres, glass fibres,
carbon fibres, rock wool, polyner fibres, for exanple,
of polyacrylnitrile, nonwoven nmaterials, fibre
nonwovens, felts, celluloses RET fibres and any
m xtures of these materials. Asymmetric structures of
car bon-cont ai ni ng noul ded bodi es produced accordin
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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 closed-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.



stabl e under thermal shock, i.e., severe junps in
tenperature are tolerated wthout any problem By
applying netals, especially precious netals, and

ot her catalytically active,pmaterials, long-term
stable and highly effective“ catal yst supports can be
produced according to the invention. Plates nade of
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sur ace properties_such as adsorption
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cowlereky -ir@lluded herewith, especially the carbon and
ceramic materials, membranes and carriers described on
pages 24, line 11 to page 43. Symmetrical or asymmetrical,
textured carbon- or ceramic-based 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 1is
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 as carrier and culture systems according to the
invention as in vitro or in wvivo guide structures, so-

called, scaffolds for two- and three-dimensional tissue



It is especially preferable to use the ,carbon-based,
car bon-cont ai ni ng noul ded bodi es produced according to
the invention as well as ceramic materials and
conposites as carrier and/Qr culture systens (TAS)
for the cultivation of pfiﬁﬁry cell cultures such as
eukaryotic tissue, e.g. bone, cartilage, liver,
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i | isation of xenogenic, allogenic, eni c or
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mat eri al's, penbranes and carriers described on pages
dpizf exeniianlen,. page 43. Symmetrical or asymmetrical,

t extured carbon- cerani c-based materi al s and
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ﬂg § gLustnEnt of the conductivity of the noul ded
ol application of pulsed currents. Said
mat eri al s and noul ded bodies are further used in the

Hsaggr%ﬁcﬁﬁggheréﬂgiCM&&E&SdSyﬁbﬁqﬁsaU§HéHfHﬁﬁé)t@@ 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



invention as in vitro or in vivo guide structures, so-
call ed, scaffolds for two- and three-dinmensi ona
tissue - 25 growh; as a result of their specific
shaping it is possible to Itivate organ parts or
entire organs from cell ?gures. In this case, the
carrier and culture systenB support or nodul ate cel

hilghs ec?ﬁnﬁé{t@.@ﬂeggwcﬁnlrﬁébﬁﬁd?e spnlrpa,%ld road rﬁspelﬂ'te aSbody of
ui de struyctures suita adj ust oe
DateaE y TS 1 nit Eowidr e ReF oI SPnd TR cinygation
tdfw§@ dgF&nSd&a& Sapémy, ihplaaspeocitdldly atsocdaged with
apl e _provision, distri i epl. eni.
‘%:Yr‘? R s G iRTShH %ro‘ﬁ%d%gtre%%l gorﬂsghg S%‘Eri%@ltt Gxom
tH@/ Uit isng @wnpr0ﬂb1|ngameﬂbsandThu§su@an reduce or

cogr{ﬁg.légz %%t LOBi@n drefjéta{:]tf: g6aN K &ﬂbnfo S eifRupal d&fence

_ re systemns e mat r| s and noul ded bodi es
reggv Ismg-.wo- and t hree-di nensionally shaped. Suitable
macrostructures are, for exanple, tubes, especially
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detachment and then inplanted. Since carbon-based

materi al s and noul ded bodi es al so have
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 gystems,
especially in modular fashion in corresponding series

reactor systems and tissue cultures.

Carrier and culture systems according to the invention can
also be used as ex vivo reactor systems, e.g.
extracorporeal assistance systems or as organ reactors e.g.
so-called liver assist systems oxr liver 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,



good nechani cal properties which nmake it possible to

use themas inplants, e.g. as artificial joints and

the like, according to the invention these can be

used in a tissue culture aspgubstrates or carriers

and following the growth of a- sufficient |ayer of
cartilage, they can be used as - 26 highly conpatible
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reactor systens and tissue cultures. Carrier and
culture systens according to the invention can also

ded Rodie® regereingy§perdie eipention can also be
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. _so-called liver assist sy%§ens or ver )
syg EfSenghi microarray systems” for drug dlscovery, tisgue

screening, tissue engineering etc.

EXAMPLES
The following examples are used 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



systens; or also in vivo or in vitro for encapsul ated

islet cells, e.g. as artificial pancreas,

encapsul ated urothelial <cells, e.g. as artificia

ki dney and the Iike which agf preferably inplantable.

In addition, the carrier and culture systens accordi ng

to the invention can be suitably nodified to pronote
membaroge EREs Y Des ewanel encadutedr oiséog yches bubble-point

| £ t t |t
<fSh| 008y 10| LA PSR S1c8 B, 00 posstron vas

daterméaed.bi ol ogi cal | y degradabl e or resorbable
polynmers. The carrier and culture systens according to
the invention are preferably further nodified by

E ‘i on and/or adsorption of growth factors,
cytokines, interferons, and/or adhesion factors.
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vinvéreetensresiprbgscdf ofFExangs B, | NRressuwlis¢ 3,1laying on
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I bronecti n, 'am™i n,” Vi bronectin
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029CQy/dimg 'ltrfétrhémbfé{ﬁét b%p@@ﬁ1els,sgveta;%I t@@@éuféd us1ng the
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C|aII used as carrie
bﬁég CPSé %?Ete&?sg%rE&?aé d|§’&%véaryp°f‘|ess%éze of 0.8
micreanwag,dEtasmenedglneerlng etc. EXAMPLES The
foll owi ng exanples are used to illustrate the
principles according to the invention and are not
Expmphded: to be restrictive. Exanple 1: To produce a
tube by the w nding nmethod having a DN25 core,

Tube production by the winding method as specified under
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
pyrolysis. 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 using a glass-fibre nonwoven of E-CR glass
(chemical-registant 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



500 nm |l ong, 300 mmwal | thickness, a glass fibre
fabric of E-CRglass (chem cal-resistant nodified E
glass), 30 mm w de, coated/inpregnated with
phenol -resi n- based GFK resin was |aid crosswi se on a
sui tabl e steel mandrel and the mandrel renoved. The
wei ght was 3.6 g/cm before pyrolysis. Pyrolysis was
legtinhigedbrot dal ndandgeh. afe BGHC Bof g@cmhberfereTipyrolysis.

ight .aft IS o T 8
BYEGITRAS g Fradehopl Rotch Elag fRofs” weight after
mebBW@Aﬁan@ d/est- (ASTM E1294) where a pore size of
500 Angstrom was determ ned. Exanple 2: Tube
product| on by the winding method as specified under

using a glass fibre nonwven of C-glass

(chen1ca|-re5|stant C gl ass, nonwoven), 30 mmw de and

vi nyl - est er -y esi ased GFK. resin, Ss-wi se | ayin
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d%?*&éyer%ﬁhﬁ%%ion in an air flow at 400C for 15

m nutes yie d an average pore size

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-shaped 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.



of 1.2 maccording to the bubbl e-point test. Exanple
4. Tube production by the w nding nethod as specified
under Exanple 1 using a glass-fibre nonwoven of E-CR
glass (chem cal -resistant gpdified E glass), 30 mm
wi de and polyacrylnitrile AN) nonwoven
(Freudenberg), 30 mmwide (ratio 1:1) and

THHhepakréRsi HaeRT &hosesino, awiss:iwrsecomp@rebdaywitgy the

on steel mandrel. Weight_g3. /gm | YySt Sni £
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using a glass-T1bre nonwoven of E-CR gl ass
pxahlearnical -resi stant nodified E glass), 30 nmw de and
pol yacrylnitrile (PAN) nonwoven (Freudenberg), 30 nm
wide (ratio 1:1) and phenol -resin-based GFK resin

1% Aerosil R972, cross-wi se laying on stee

mandrel . Weight 3.6 g/cm before pyrolysis. Pyrolysis

in nitrogen, at .800C .for.48 hours, i ght :
PG ORI ) B AR BER oo a8 Eheh WASRouRbufor ool
cutunge 30% Yakinal kal &8 soatursh-fTheeneabtanaing  polymer
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inorganic fillers and _having a wei ght per uni rea
tgray: EPﬁQ%ﬂﬁi%PtWPéR%¥s§ BY i ¢ owewgh& 558 of 50
w@!%’ﬂb@:@drﬁgﬁj.sl’lfﬂéit resuposhy e mameariadl hwes pr oW dedd 7.4 in
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c8rbon afaeeriplacieagumings 2detdd ome oFRclops ©f umhshick, were
fgctih%}’i'th-rhisqnfh%%t Shutrient solution and 1.5 ml of cell

suspension each on conventional six-well tissue plates. The

E

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



were gl ued to form honeyconb-shaped bl ocks and were
carbonised in protective gas (nitrogen) at 800C for 48
hours. The pressure loss in the channel direction was
only 0.1 bar/mand a wei ght,]Joss of 66 wt.% was
obt ai ned during carbonisation. A tube wound fromthis
material, 10 cmlong and 40 nmin dianmeter with a
iwekhtibhcknesmlaf 6imm was aditestregptiiora abupthag- icontact
test.in a 8 kHz. requency. h n
1?ﬁé£&EFP8ntd§ﬁ% % rﬁ ot e%érﬁgﬁpoﬁdgﬁyigf E&%ﬁ1 aftér
ctrpeocqnseswanuonur r emd and:l'awmg S5 mMaBes mioduct ion is
L [ 0 al
RefBrnsplBty, JEBEETRa0 e ERE TRl phr ity megiun.
etc precisely and without any problem Exanple 7:
IEOf thae P&ﬂﬁagséléepl éﬁﬁékﬁﬂeﬁé BBy I i Se MRYET i@l dflftures
ture systensg, natural -fi bre-contai ni ng
SH§V}N€@ ugsigosi elﬁavﬁﬁﬁVa wei ght per unit area of
100 g/ n2 and a thickness of 110 p.m was carboni sed
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 cell suspension
each on conventional six-well tissue plates. The cel
suspensi on contains hybridoma FLT2 cell Iines

produci ng MAB agai nst shi gatoxi n, known for

non- adherent, non-adhesive suspensi on-resi st ant
grom h. As a conparison, six-well tissue plates

wi t hout carbon material were used.under otherw se the
same conditions and | oading.



The sanpl es using carriers according to the invention
reveal ed a spontaneous quantitative inmobilisation of
the cells and no cloudi ng of the suspension could be
detected. Wthin an incubation tinme of 7 days, the
cell density was increased sevenfold to 1.8 x 107
cells per mMl. The MAB produg2ion increased from
initially 50 gg/m to 350 pl/m of the average

culture lifetime wthout a ns of proteolytic
degradation. Twelve of 12 E%ﬁéig% were still living

after 25 days, after which incubation was

R S R P, 8F PREEME oAk Cnourdea

comaskites i nhi biti on despite the higher cell density.
Even after crycoconservation and thaw ng, MAB
production is spontaneoushﬁﬁﬂestored after addi ng

f r SRGARTSE RGN Umhe 1 Fedwingers ve experi nent

only one of 6 cultures survived until the 11th day.
- 32 CLAINS 1. Method for the production of porqus
carbon- BESEd houPHEA L Bod PeL Y ar 82 efF sl by WPeh can  be

fol | owi nprddcepissed o xdaupat gaintle pah el yheteei 8l Slers;

whi ch can be carbonised to carbon with non-pol yneric
fillers; producing a sem -finished noul ded part from

t he mi xtAxasucingr Fonisgmig- il sheed - fionbded rnpatdedfrom the
part in3.Qfye Oxi dising atnosphere at el evated -
tenperature, wherein a carbon-based noul ded body is
obt ai ned; dissolving the fillers out fromthe

carboni segbdmy ey Hledlysani ngisushall Aotk bErt 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 sol?ents.

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, benzoates, salicylates,
phthalates, stearates, phenolates, sulphonates, amine

salts,'and mixtures thereof.



2. The nmethod according to claim 1, characterised in

that the fillers are selected from inorganic netal

salts, especially salts of alkali and/or alkaline

earth carbonates, sul phates, sulphites, nitrates,

nitrites, phosphates, phosphites, halides, sulphides,

oxi des and m xtures thereof. 3. The nethod accordi ng
toclaiml1 or claim2, chgtacterised in that the

fillers are selected from’”organic netal salts,

preferably those of alkali, alkaline-earth and/or.
transition netals, especially their formates,

acet ates, propionates, nal ates, maleates, oxal ates,
tartrates, citrates, benzoates, salicyl ates,

pht hal at es, stearates, phenol ates, sul phonates, am ne

salts, and m xtures thereof. -33 4. The net hod ) )
aclior dheightd angovdéngf tohamyr ikl A Ehgi preceding claims,
chalac &rd Segkd Nihhathyet gacer dbtutEd Wed oBgerddiddtt rated
i norgani c_ or organic acids are used for d ssoIV|nglout e
t HNgrgaRie. oF. OFRANME hB8188c A1f nYSEd aﬁﬁf of&SgpLving ou

cl@idssili i, characterised in that organic solvents
are used for dissolving out the fillers. 6. The

nmet hod according to any one of the preceding clains,
chpi@chet hsddaddotditg the dny |lers efedlamsi bttof3,

suhbst ances _which are er L o e fpLem d for
du‘?q"r‘?@adf%]él%%(?boﬁiqsa !go]é/n scglg%ﬂ%t Agong\?%fgp fof the - -
pratees ]l vinofoporoise £hkbews based noul ded bodi es,
characterised by the followi ng steps: m xing organic

pol ymer materials which can be carboEis%% to caQ?on laims
wi The noat pery mecordiing &&;anY pPRYubtngly Preceding ¢ ,

seghafhBishedeaoulided ot fulem tBellers 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,
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11.

12.

m xture; - carbonising the sem -finished noul ded part

in a non oxidising atnosphere at el evated tenperature,

wherein the polymeric fillers are substantially

conpl etely deconposed. 8. The nethod according to

claim7, -34 characterised in that the polyneric

fillers are selected from saturated, branched or

unbranched al i phatic hydrpcarbon hono- or copol yners,

preferably polyol efins suth as polyethyl ene,

pol ypropyl ene, pol ybutene, polyisobutene, polypentene

and m xtures thereof. 9. The nethod according to any

one of clains 7 or 8, ~characterised in that after

carbonisation the noul ded body is treated with

OX| dyei ng,.age hod: s

pr% u 969{ go#ghs éggbg%ébg ngnoulde&l e%g‘are SeleCted

chérgmtersegdr@yedhe f brepahag steps: unprafgbedg aaliphatic
atbBLshEA qﬁﬂ&gedoEaréoﬁéPy%éf%t“”ﬂﬁ%ﬁ@f%hﬁﬁgaﬁbeolef1ns

po mer materials; - carbonising the sem_-finished
noSiteled p&as |nP81HEEhY6§P8v3|né@ﬁﬁﬁﬁﬂﬂ%ﬂ%ﬁ%ﬂ polybutene,

el BYBy edobatpaeat pwypenfaehel and makbanebashérmul ded
f% 'S %h%%ned arth: oxi datign of g 1 s 7 or 8
oni L% ul?ﬁﬁp dr cbee Pt eSO 1 F1oHTE ’
ne&h@ﬂaatenide@glnothbalafiér chabantieantsed kthet matilded body
thes PRELLALg ogL£RL bl daekﬁg Bkagsduéxﬂgegaangg heat

at en n an oxidising at nos
nethod according to claim11, characterlsed in that

U h@e PROAT @b OXIlat hPHahSt $8AT 80 pEuYc8BBHE-Bhs@Hl moulded

oxggen car bon nonoxi de, carbon
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 claim 10,
characterised in that the partial oxidation takes place
by means of heat treatment in an oxidising gas

atmosphere.

The method according to claim 11,
characterigsed in that the partial oxidation is carried
out by means of air, oxygen, carbon monoxide, carbon



13.

14.

15.

-35 di oxide, nitrogen oxides at tenperatures in the

range of 50C to 800C. 13. The nethod according to

claim 10, characterised in 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

mat eri al conprises unsaturgted, branched aliphatic

hydr ocar bons, branched or -Unbranched, cross-1inked or
non-cross-1linked aromatic or partially aromatic

hydr ocar bons, and substituted derivatives thereof. 15.

The net hod according to any one of the preceding

clainms, characterised in that the carboni sable _

or ganj.c. bol y& t efds j I i

poc?ly?)ujt%%i eﬁ%&%’%?@v?’n&ﬁ% gsiacieﬁ%gﬁ%%?g%ip%l éﬁl otlrhiederange of
or5@d ya A0 §l.cohol, poly(neth)acrylic acid,

po:yacryl cyaroacryLate; pol yacrylnitrile, polyam de,

pol yester, polyurethane, polystyrene,

poThe @?Hﬁ?%o@%‘?ﬁ%%ﬁe‘?op@r?%‘ﬁr Osuch as col | agen,

al ui-fet 881 86N, ihy shyeonile aphetialarckidatebhulizssesarried
such as pet hyl cel | ul ose .5 dr oxypr opyl net hyl

cePWil B3EDT cFFHIRFHBE RGFL érlulose pht hal ate; casein,
dextrgp, pol ysaccharide fibrinogen, poly(D, L-lactide),

p : tide: - [ : |y g [ - i
Pory HEbBR iRy e £8P b A3 'Peceding claims,
potharatioesieed Il éwter thpol SARRRBIEARE @r (X RWGIF Ppolymer
po&%@é?f ponecompek ¥ekhyl aRsatergpbEhal abeanphkymal ktiphatic
acid, polytartaric acjd I

pohypresphazEfie, BBP?SHFﬁopgﬁyggg%géggggﬁhyI8ﬁ8§§ﬁ§ﬁnked or

acgbat 8roskligared pol yfessetc ur eithaneparnudlal(st her aromatic

O Taeh enBReL BBy AoaBehvELGes BHRDLAE
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, polytetrafluorcethylene; 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) ,



16.

17.

18.

oxi de, pluronics, polytetranethylene glycol; polyvinyl
pyrrolidone, poly(vinyl acetate phthal ate), alkyd
resin, chlororubber, epoxy resin, acrylate resin,
phenol resin, amne resin, nelamne resin,

al kyl phenol resins, epoxided aromatic resins, tar,
tar-like materials, tar pitch, [liquid-crystal tar
pitches, bitunen, starch, éﬂl ul ose, shellac, fibres
of polyacrylnitrile, cellﬁfose or novol ak, organic
material s of renewable raw materials as well as their
copol yners, m xtures and conbi nati ons of these hono-
or copolyners. 16. The net hod according to any one of
the preceding clainms, characterised in that the

Pa ri ontai n | ti uc '
PSRIPLCABEET Bl oROnSR) NSy B SR e B8y propyLene
gl exide gl apburenies, ceehveetraneshykteneondlyeabsicpolyvinyl

ne%@i‘rcppm&ﬁe, Melak, Qz‘i?ﬂ}qu%td@ abh@ﬁlagﬁ%e S'a{l}&ﬂi"a resin,

I con oxl de zeolltes Ti 02, al um ni um oxi d
al T FERTPRET e, CPPIYorfUithibxi ALY 1AFE, T§54Fhi t@enol resin,

SOofhine Ckayinnt elellamSnepdiesi Ialoqxlqmerﬂcﬂ d&eime) hefoxided
accordlng?to anﬁnone of the [

recedi ng_cl ai ms _
chaT YR et F setieF h B hat “he s%%?iff%?s%@ﬁéﬁ%h?aﬁd paffs pitch,
ar eiqpi ddocestay nmﬂSpd)tchast,i ref twexdn usisearch, cellulose,

I
DeFREEe o AT, T A A ShafMose  or
precedl alg, chaoanic cwdreatitdis sel renewablenhgaw materials as

capopni sal | PRehs A BAnOM, HQQ@GIB%M%&' onidations of
preferably nitrogen or "argon, optionally at

UNEREHE 3RTPe OF FAPYA¥IGHT- optionally with the
addhéi pacBbdr mdﬁdax@aaﬁs ?zwihoﬁé B}Edfthfrpr@d‘edlng claims,
eratures i nge,of 200C to 4000C

TrERRER OB LER8: (Png eGSR Sd YO M prkaks rpains usual

cl addbtivésr tsherth caspriisiley s, hessfegnefssefdatatiicents, flame

gﬁ%%@gg?azgiﬁéfo%%%sssﬂ léfggsa'}q/b esr,n:"t ééf‘ng rﬁ%lséso,f cotton,
fabric, 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 vacuum, optionally with
the addition of reactive gases such as hydrogen, at

temperatures in the range of 200°C to 4000°C.



19.

.20.

21.

22.

23.

24.

physi cal vapour deposition (CVD or PVD), sputtering,

ion inplantation or chem cal vapour infiltration

(CVI) on the surface of the noul ded body and/or in

its pores. .20. The nmethod according to claim 19,
characterised in that the pores of the noul ded body

are conpletely or partially sealed. 21. A por.ous

moul ded body which can be qgr.oduced by the nethod

according to one .of the preceding clains. 22. The

noul ded body according to claim?21, in the form of

tubes, round rods, plates, blocks, rectangular

par al | el epi peds, cubes, injection noulds, honeyconb
structures, inprinted, folded, wound, rolled two- or

t hnee- divRSS| aBabrai hyclr emy Wid ebanpel pHddediHLselaims,
solid or hollow spheres, .flanges, sgﬁas, housi ngs and
CHHTH%%, SSTPRIFARE wifth cahoBe rhuf SEPAFEA1HG ngearbom,
t hei tddead, attdedhngridy canymeteel ©f byl aneend 66 2hemical or
cQnpri si a ral ynt het ¢ r S .
clgkﬁﬁggg g%€§§§rg§ ﬁggggﬁgo$§‘cng%lggP?ésggﬁ%Eerlng’ on
opitrimieriiat @i ndorckemitah vapewrodnffidbriatiiomsef@&L) on the

24, Jfaecé@@@&%? Ainged bR IR CHRracs epds&d. i n
thé% atextile fabric |npre€ﬁate4%ﬁfr1 synthetic
resins is used as hose. -38 25. The tube according to

clﬁ%énrgé%ﬁyao@gbg&%i@mgsg@ icflatihxg_tlgi, mul t: I aye;shose i's
car.boni sed. . e tube according tq claim »
CEARAG T LEEPY n 1B SR (S5 BrTRGs Ot i REUAAeRnRady are
| aymipdt d oaned g astalclvangkaredut er | ayer of

non-foaned plastic. 27. The tube according to any one

of clainms 25 or 26, characterised in that the
mA tpouges hoskdedsbodyavhédhbyan 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, rolled two- or
three-dimensional structures, with channel structures,
solid or hollow spheres, flanges, seals, housings and the
like. '

A tube which can be manufactured using 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.



25.

26.

27

28.

29.

30.

31.

32.

co-extrusion bl ow noul ding. 28. A catal yst support

whi ch can be manufactured according to any one of
claims 1 to 22. 29. An insulating material 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 nenbrane, in tube bundle

reactors, in heat exchanggrs, for distillation
pervaporation, recovery and/or recycling of reaction
products and/or extraction in devices suitable for

this purpose. 31. Use of the noul ded body according to
claim?21 or 22 as a carrier and/or culture systemfor
the cultivation of primary cell cultures. 32. Use

aches diuke tcdd@dindlto Wwiesaheihe cell cultures are
sel.ect ed from eukaryotic tissue such .as bone, .
CEMATAGE T T er Witingy MU pank T EEs, FRRF vEY SREPTRESed-
like as well as -39 xenogenic, allogenic, syngenic or

a e and from geneti cal
rrgfc}% ?Cg“g&%e%e&%?%%y %Cg.éj[%%‘xg%%br ding to gl aim 31 o¥
3xhawareenised doul ded hodyiliayarselogs «@fiaiens an inner
SUYURL LT S5 T @6aklA- Aladiiceeindli AENS10B2I 1L E non-foamed
gro , especially“for culture of organs oOr organ
p&%&StBA: The use according to any one of claims 31

to 33, <characterised in that the carrier and/or

S T Sl YR M B LSS o 26

chetamca @resised nit hihat heheamuilénd laydiohomd twase obtained by
syst & tigsfgﬁdbi&v&g@@fnﬁn i npl ant. 36. The use
cl al

according to any one o ms 31 to 35,
characterised in that the carrier and/or culture

ts}’ﬁtééﬁft?i?stmghfnbggtWthﬁr O Wey GRltsuf £ A NSecording to
Iasr?;ec;ngpgf claims 1 to 22.

An insulating material which can Dbe 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, xrecovery
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



salts or biologically degradable or resorbable
pol yners. :

-39-

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 use 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 use 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.



