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PRODUCI NG A POROUS, CARBON- BASED MATERI AL THiill lIPEKERS
pCcT/EBYEhLyeospehates to a nethod for producing a Qgrous,
car bon- based material by pyrolysis and/or
carboni zation of polyner films selected fromfilns or
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for selective fluid separation tasks. A series of
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Seleéglgelgiggga%gggggtégglkggkbon are essentially fibrous

ubstances o arious kin since these are usually
used on paper machines and the individual fibers in
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base W% Alfhe gﬁanggg in wo-dimensional in
partlcular in sheet form, are described in the prior art.
In WO 02/32558 for example is described a method for the

preparation of flexible and porous adsorbents on the basis

of carbon comprising materials, wherein a two-dimensional
base matrix, the components of which are essentially held
together by hydrogen bonds, is prepared on a paper machine
and subsequently pyrolyzed. The starting materials used in
this International Application are essentially £fibrous
substances of various kinds, since these are usually used
on paper machines and the individual fibers in the prepared

paper are then essentially held together by hydrogen bonds.

Similar methods are described for example in the Japanese
Patent Application JP 5194056 A, as well as in the Japanese
Patent Application JP 61012918. In these documents,
papermaking processes are also described, with the help of
which sheets of paper are manufactured from organic fibers

or plastic fibers as well as pulp that are treated with

T

*G00002*



Patent Application JP 5194056 A, as well as in the

Japanese Patent Application JP 61012918. In these

docunents, papermaki ng, processes are al so descri bed,

with the help of which sheets of paper are

manuf actured fromorganic fibers or plastic fibers as
phen%\aglolr@@ixpulfld hatulsseyiaregted datitdd 11 1ol 1 pressed, and

002' .2 eno [ d t rigd: o h

carbgiacedq a0 gt cpbERal | AHRERRLEY. 11 e Epner,
thickn t ppsomennerarbemi ckRhepbpoudiddy boreshekaBeg t ggainst

chemf@giét?55?e g@£9§galCESHHEEE§v§E9 RhOCHEl edtained.
conductivity nmay be obtal ned. However, a disadvantage
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pl astics. Just such hydrophobic plastics, such as for
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hydrophobic plastics, such as for example polyolefins, are,
however, often preferred starting materials over natural
fibers due to their relatively high carbon content and the

easy availability in constant quality.

Therefore, there is a need for a cost-effective and simple
method for the preparation of porous carbon-based materials
that does without the necessity of the use of paper-1like
materials prepared from fibers.

It is therefore the object of the present invention to
provide a method for the preparation of porous, essentially
qarboh—based materials that allows for the preparation of
the respective materials from starting materials that are
cheap and with respect to their properties widely variable

in a cost effective manner and with few process steps.




that does without the necessity of the use of
paper-like materials prepared fromfibers. It is
therefore the object of _the present invention to
provi de a nethod for th%'preparation of porous,
essentially carbon-based materials that allows for
the preparation of the respective materials from
starting_naterials that are cheap and with respect, to
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specifically adjusted in wide ranges dependi ng upon
In ngheeféjxoxl'élgeren{l;olé]iqm@r%tesri %lf tpgg V\Bf‘esent invention, the
pyrolysis and/or carbonization of the polymer £film is
carried out in an atmosphere that is essentially free of
oxygen at temperatures in the range of 200 °C to 2,500 °C.

According to the invention, it was found that from polymer
films that comprise Dboth films of suitable polymer
materials and coatings, carbon materials may be made by
pyrolysis and/or carbonization at high temperatures, the
porosity of which may be specifically adjusted in wide
ranges depending upon the polymer £ilm material that was

used, its thickness and structure.

Polymer films have the advantage that they are easily
prepared or commercially available in almost any dimension.
Polymer films are easily available and cost-effective. In
contrast to paper as starting material for the pyrolysis

and/or carbonization, polymer films, particularly films and



used, its thickness and structure. Polyner filnms have
t he advantage that they are easily prepared or
commercially available in al nost any di mension.

Pol yner filns are easir§“available and cost-effective.
In contrast to paper as starting material for the

coat PY58! ¥Sich ANJESE %i%Rﬁ@bzquﬂheﬂgﬂYﬂﬁvefthgsadvantage
particularly filnms and -4 coatlngs 'such as for exanpl &

that|ébfqire@omemﬁﬁ@raa&§m%%t i ydraphoBes be used

withmaher ifl1pd het Wadaklvo@utAdl eberdisahl WiketdeupelipSn
mater-co nhlble natural fibers used.i.n

or
papeprmakindki iy OFbrtQ%eFﬁﬁﬁﬁ%£%£ﬁF6h Qf carbon-
basedamhbérlhased naterlals Polymer filmare easily
formabl e and may for exanple be processed to |arger
ensenbl es and structures prior to pyrolysis or
Polywerbdiilmt ave, exsilst farnabde egwsbnmayl |fpr bekxagple be
procé@%@&a' E‘?d Zgé'{“n% B pé(ﬂé’é&fﬁiéﬁcaémn'szt%d%fgst 1or to
terial is manner, It 1S possible
pyrogysmm@rp@lr%@m%@l%,tcﬁpl%h M BURES oﬁsﬁ@ln}ﬁérl Y
beingi Imalhealﬁéa;n ahrihggt pm@?%q%/@a@bgﬂti&%i@&t of the
s and/ or _ carbonization accordin
poLYREFRGI 15T THETI R onth iidht FORIED: gotie it PpagARge bY
multoplaDMHyatlagrwmtwmpsdﬂcnncm0®0Mercafbpblpaeedfllms to
filmnq%gné% that due 19 tge nech%nlcal streQ%Fh(% aﬁa/or
resultlng SraP8FERS nay Bg use AR supﬁ6ft|ng,
carboethahionl | scspablingretbr atbe omesdodr berf phekageesent
: Pr, py{-ol d
1nve££9%onlza?§@ﬁé99ﬁe g#ﬁ%ﬁg& 8? r&ﬁhﬁd@qée%uctures érom

car ns may be -structure
poroyug élaslthqlb‘ﬂ?ébs%nﬁ@rte&}aflol Elhﬁ@ dug afpi nghe mechanical

streﬂgeht:taﬂ i aﬁe [id St tich, fﬁaw@lwm, améngzsed na'agcltsieqrf-
I Ng, eri.n e tion
supPBEt b ded NPT SHidoher SCRBI-EL hMERReHFent Ponamdsorber

packkgemm1adﬁkandesepaﬁaouban sui tabl e adhesi ve materi al s
such as for exanple water glass, starch, acrylates,

cyanoacryl ates, hot nelt adhesives, rubber, or
Prlogopoe@yroly31s and/or carbonlzatlon, the polymer films

may be -structured in a suitable manner by folding,
stamping, die-cutting, printing, extruding, spraying,
injection molding, gathering and the 1like, and may
optionally be bonded to one another. For this, conventional
known adhesives and other suitable adhesive materials such
as for example water glass, starch, acrylates,
cyanoacrylates, hot melt  adhesives, rubber, or solvent-
containing as well as solvent-free adhesives, etc. may be
used, whereby the method.according to the invention allows
for the preparation of specifically constructed three-
dimensional structures with ordered build-up from the

desired porous carbon-based material.

In this connection, the carbon-based material does nobt have
to be prepared first and then, afterwards, in complex

forming steps, the desired three-dimensional structure that



containing as well as solvent-free adhesives, etc. may
be used, whereby the nethod. according to the
invention allows for the preparation of specifically .
constructed three- di medsi onal structures with ordered
build-up fromthe desired porous carbon- baseg
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of phase inversion methods (asymmetrical layer build-up)

from polymer emulsions or suspensions.

Suitable polymer films in the method of the present
invention are for example films, tubes, or capillaries from
plastics. Preferred plastics comprise homo- or copolymers
of aliphatic or aromatisc polyolefins, such as
polyethylene, polypropylene, polybutene, polyisobutene,
polypentene; polybutadiene; polyvinyls such as polyvinyl
chloride or polyvinyl alcohol, poly(meth)acrylic acid,

polyacrylonitrile, polyacrylocyanoacrylate; polyamide;
polyester, polyurethane, polystyrene,
polytetrafluoroethylene; polymers such as collagen,

albumin, gelatin, hyaluronic acid, starch, celluloses such
as methylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose, carboxymethylcellulose

phthalate; waxes, paraffin waxes, Fischer-Tropsch-waxes;



pol yet hyl ene, pol ypropyl ene, pol ybut ene,

pol yi sobut ene, pol ypentene; pol ybutadi ene; pol yvinyls
such as polyvinyl chloride or polyvinyl alcohol,
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carbonization step, materials with a pore structure that is
adjustable depending upon the foam porosity may be
achieved. For the preparation of the foamed polymers, all
conventional foaming methods of the state of the art using
conventional @ blowing agents such as halogenated
hydrocarbons, carbon dioxide, nitrogen, hydrogen and low-
boiling hydrocarbons may be used. Fillers may also be
applied into or onto the polymer films that are suitable to

cause foam formation in or on the polymer.film.

Furthermore, in the method according to the invention, the
polymer film may be a coating, such as for example a
lacquer film, that was produced from a lacquer with a
binder base of alkyd resin, chlorinated rubber, epoxy
resin, formaldehyde resin, (meth)acrylate resin, phenol
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spraying, sintering or the like according to known methods.
The lamination of carrier materials with suitable polymers
is also a method that is usable according to the invention

for the provision of the polymer film in form of a coating.

The wuse of coatings in the method according to the
invention may for example occur in such a way that a
coating is applied to an inert carrier material, optionally
dried, and subsequently subjected to pyrolysis and/or
carbonization, the carrier material being essentially
completely pyrolyzed or carbonized through suitable
selection of the pyrolysis or carbonization conditions, so
that the coating such as for example a lacquer remains
after pyrolysis or carbonization in form of a . porous
carbon-based material. In the method according to the

invention, the use of coatings, particularly of lacquers,



spraying, sintering or the like according to known

met hods. The lam nation of carrier materials with
suitable polymers is also a nethod that is usable
according to the inventBon for the provision of the
polymer filmin formof a coating The use of coatings
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Possapbélcatlon of the coatings onto the transfer carrier
material, different gratings may optionally be used

Wit transfer methods of the kind described above it is also

possible to produce multilayer graded films with different

layer material sequences that after carbonization give

carbon-based graded materials wherein for example the

density of the material may vary depending upon the

location.

In case very thin polymer films are required for use in the
method according to the invention, these may be produced on
suitable films by the transfer method through e.g. powder
coating or hot-melt <coating and then stripped and
carbonized. In case the carrier film is to be completely
volatilized under carbonization conditions, such as e.g.
polyolefin films, a stripping from the carrier film may not

be necessary or even preferred.



for a lacquer distribution that is as honbgeneous as
possi ble. Wt transfer nethods of the kind described
above it is also possible to produce nultilayer

graded filns with diffePent |ayer material sequences
that after carbonization give carbon-based graded
materials wherein for exanple the density of the

mat eri al nay vary dependi ng upon the location. In
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The polymer £film used in the method of the present
invention may in certain preferred embodiments be coated,
impregnated, or modified with organic and/or inorganic
compounds prior to pyrolysis and/or carbonization. A
coating applied to one or both sides of the polymer film
may for example comprise: epoxy resins, phenol resin, tar,
tar pitch, bitumen, rubber, polychloroprene or
poly (styrene-co-butadiene) latex materials, siloxanes,
silicates, metal salts or metal salt solutions, for example
transition metal salts, carbon black, fullerenes, active
carbon powder, carbon molecular sieve, perovskite, aluminum
oxides, silicon oxides, silicon carbide, boron nitride,
silicon nitride, precious metal powder such as for example

Pt, Pd, Au, or Ag; as well as combinations thereof.




menbrane coating fromthe material producible
according to the invention. The polyner filmused in
the nethod of the present invention nay in certain
preferred enbodi nents bgepcoated, inpregnated, or
nmodi fied with organic and/or inorganic conpounds
prior. to pyrolysis and/or carbopizatiqon. A coati
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polymer filnms or the carbon-based materials obtained
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£i1mP¥EOoLY¥at $ngnakotneapBeinedt iFQAn ™M th layered silicates,
nanoparticles, inorganic nanocomposite metals, metal oxides
and the 1like, the thermal expansion coefficient of the
resulting carbon material as well as its mechanical

properties or porosity properties may be modified.

In particular during the preparation of coated substrates
that are provided with a layer of the material prepared
according to the invention, through the incorporation of
the aforementioned additives into the polymer film there is
the possibility to improve 'the adherence of the applied
layer to the substrate and for example to adjust the
thermal expansion coefficient of the outer layer to the one
of the substrate so that these coated substrates become
more resistant to breaks in and flaking of the membrane
layer. Consequently, these materials are substantially more



be specifically influenced and i nproved. For exanple
t hrough incorporation of |layered silicates into the
polymer filmor coating, of the polyner filmwth
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properties of the porous carbon-based material are
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oxidatiiust edf torenehtoént hesteps, wherein the material is
treated with suitable reducing agents and/or oxidizing
agents such as hydrogen, carbon dioxide, water vapor,
oxygen, air, nitric acid and the 1like, as well as

optionally mixtures thereof.

The aftertreatment steps may optionally be carried out at a
higher temperature, but below the pyrolysis temperature,
for example from 40 °C to 1,000 °C, preferably 70 °C to
900 °C, more preferably 100 °C to 850 °C, even more
preferably 200 °C to 800 °C, and most preferably 700 °C. In
especially preferred embodiments, the material prepared
according to the invention is modified redﬁctively or
oxidatively, or with a combination of these aftertreatment
steps at room temperature.

Through oxidative or reductive treatment or also through

the incorporation of additives, fillers, or functional




desired applications. Suitable aftertreatnents are for
exanpl e reducing or oxidative aftertreatnent steps,
wherein the material is treated with suitable
reduci ng agents and/or -d%i-di zi ng agents such as

hydr ogen, carbon di oxi de, water vapor, oxygen, air,

ni.t i c id and the like, .as I [ Y,
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. optionally also be generated by structuring of the surface
with powdery substances such as for example metal powder,
carbon black, phenol resin powder, fibers, in particular

carbon or natural fibers.

The addition of aluminum-based fillers for example results
in an increase of the thermal expansion coefficient, and
addition of glass, graphite, or quartz-based fillers
results in a decrease of the thermal expansion coefficieﬁt,
so that by'-mixing of the components in the polymer system
the thermal expansion coefficient of the materials
according to the invention may accordingly be adjusted
individually. A further possible adjustment of the
properties may for example, and not exclusively, occur
through preparation of a fiber composite by means of
addition of carbon, polymer, glass, or other fibers in



exanpl e pol yvi nyl pyrrolidone, polyethylene glycol,

al um num powder, fatty acids, m crowaxes or

enmul sions, paraffins, carbonates, dissolved gases, or
wat er-sol ubl e salts with3-water, solvent, acids or
bases, or by distillation or oxidative or
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Moreover, it is optionally preferred to at 1least
superficially hydrophilize the materials according to the
invention by treatment with water-soluble substances such
as for example polyvinylpyrrolidone or polyethylene
glycols, polypropylene glycols.

Through these measures, the wetting behavior of the
materials may be modified in the desired manner.

The carbonized material may also optionally be subjected to
a so-called CVD process (Chemical Vapor Deposition) in an
additional optional process step in order to further modify
the surfaces or pore structure and their properties. For
this, the carbonized material is treated with suitable
precursor gases at high temperatures. Such methods have

been known for a long time in the state of the art.



fluorinate the materials prepared according to the

i nvention. Dependi ng upon the degree of fluorination

applied, the materials ﬂ%cording to the invention nay

be provided with |ipophobic properties with a high

degree of fluorination, and with |ipophilic.

properties mIth a low degree of fluorination.
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The addition of hydrogen to appropriate depos:.t:mg gas
mixtures is also possible. At temperatures between 200 and
2,000 °C, preferably 500 to 1,500 °C, and most preferably
700 to 1,300 °C, the mentioned compounds cleave hydrocarbon
fragments or carbon or ceramic precursors that deposit
essentially uniformly distributed in the pore system of the
pyrolyzed material, modify the pore structure there, and
that way cause an essentially homogeneous pore size and

pore distribution in the sense of a further optimization.

For the control of the uniform distribution of the
deposited carbon or ceramic particles in the pore system of
the carbonized material, for example during the deposition
of the carbon precursors on a surface of the carbonized
object, a pressure gradient, e.g. in form of a continuous
negative pressure or vacuum, may be applied, whereby the
deposited particles are uniformly sucked into the pore
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In further preferred embodiments, the material prepared
according to the invention is mechanically reduced to small
pieces after pyrolysis and/or carbonization by means of
suitable methods, for example through milling in ball or
roller mills and the like. The material prepared in this
manner that was reduced to small pieces may be used as
powder, flakes, rods, spheres, hollow spheres of different
granulation, or may be processed to granulates' or
extrudates of various form by means of conventional methods
of the state of the art. Hot-press methods, optionally with
addition of suitable binders, may also be used in order to
form the material according to the convention. All polymers
that intrinsically possess membrane properties or are

appropriately prepared in order to incorporate the



be nodified. Through inplantation of nitrogen,
nitride, carbonitride, or oxynitride phases with
included transition netals may be forned, which
noti ceably increases théb-chenical resistance and
mechani cal resistivity of the carbon-containing
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sui tabl e manner prior to pyrofysis and/or
PYTOL¥EBBnFEGPIron. In the enbodi nents of the method of the

present invention that are especially preferred,
The BUYEITbLe SR PO Er R aRarPY sEFBomtz M Rol e Sl ne
to taeanpetsnicionbi hedtwptibaddy carried out at temperatures
in the range of 80 °C to 3,500 °C, preferably at about
200 °C to about 2,500 °C, most preferably at about 200 °C
to about 1,200 °C. Preferred temperatures in some
embodiments are at 250 °C to 500 °C. The temperature,
depending on the properties of the materials used, is
preferably chosen in such a way that the polymer £film is
egssentially completely transformed into carbon-containing
solid with a temperature expenditure that is as low as
possible. Through suitable selection or control of the
pyrolysis temperature, the porosity, the strength and the
stiffness of the material, and other properties may be
adjusted.

The atmosphere during the pyrolysis or carbonization step
is in the method according to the invention essentially

free of oxygen. The use of inert gas atmospheres, for



anot her to structural units, adhesively bonded, or
nmechani cally bonded to one anot her, since hereby the
possibility arises to suitably pre-structure pol yner
film material that is-éasily formed in a sinple
manner, the structure essentially remaining unchanged
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stiffness of the material, and other properties may be
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preferred. I'n sone cases, after Tarboni zation
vaCu@etivation with the reactive cases, which then also
conpri se oxygen or water vapor, may occur in order to

Th aChle&%sEge dQ§|red pro@%%%Ee%ly carried out in a
continuous furnace process. Thereby, the optionally
stiructured, coated, or pretreated polymer films are

supplied to the furnace on one side and exit the furnace at
the other end. In preferred embodiments, the polymer film
or the object formed from polymer films may lie' on a
perforated plate, a screen or the like so that negative
pressure may be applied through the polymer film during
pyrolysis and/or carbonization. This not only allows for a
simple fixation of the objects in the furnace but also for
exhaustion and optimal flowing of the inert gas through the
films or structural units during pyrolysis and/or

carbonization.

By means of appropriate inert gas locks, the furnace may be
subdivided into individual segments, wherein successively
one or more pyrolysis or carbonization steps may be carried

out, optionally under different pyrolysis or carbonization



The pyrol ysis and/ or carbonization in the nethod
according to the invention is typically carried out
at normal pressure in the presence of inert gases as
ment i oned above. Optioladly, however, the use of
hi gher inert gas pressures nmay al so be advantageous.
In certain enbodi nepts of the, ne rd
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pyrolysis step is preferably carried out in a
continuous furnace process. Thereby, the optionally
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method according to the invention, shrinkage of the polymer
film or of the structure or structural unit created from
polymer films normally occurs. The shrinkage may have a
magnitude of 0 % to about 95 %, preferably 10 % to 30 %.

The materials prepared according to the invention are
chemically- stable, mechanically 1loadable, electrically
conductive, and heat resistant.

In the method accbrding to the invention, the electrical
conductivity may be adjusted, depending upon the pyrolysis
or carbonization temperature used and the nature and amount
of the additive or filler employed, in wide ranges. Thus,
with temperatures in the range of 1,000 to 3,500 °C, due to
the occurring graphitization of the material, a higher
conductivity may be achieved than with lower temperatures.

In addition, the electrical conductivity may also be



Alternatively to this, the pyrolysis/carbonization my
also be carried out in a closed furnace, which is in
particular then preferred, when the pyrolysis and/or
carboni zation is to belarried out in vacuo. During
pyrol ysis and/ or carbonization in the nethod
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The bReRlei6: sh3toRer BetREinE U M Bl s Ao
accorfiang+/to 1tBe mostention is typically very small since
the porosity is smaller than is detectable with this
method. However, by means of appropriate additives or
methods (porosity agent or activation), BET surfaces of

over 2,000 m?/g are achievable.

The material prepared in accordance with the method
according to the invention in sheet or powder form may be
used for the preparation of membranes, adsorbents, and/or
membrane modules or membrane packages. The preparation of
membrane modules in accordance with the method according to
the invention may for example occur as described in
WO 02/32558, a polymer film being used instead of the paper
base matrix described therein. The disclosures of
WO 02/32558 are incorporated herein by reference.



preferably no nore than +/- 0.3 % The porous
carbon-based material prepared according to the
i nvention exhibits, depending upon the starting
material, anount and n2Qure of the fi llers, a carbon
content of at least 1 percent by weight, preferably
| e percent
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supe% 15?2 'aﬁgmbrane layer may be prepared that may,
whereby the selectivity of the adsorbers is determined by
the selectivity of the membrane. In this manner, for
example adsorber granulates may be prepared that
selectively adsorb only those substances that are able to
permeate through the membrane. A quick exhaustion of the
adsorber due to covering with undesirable accessory
components is thereby protracted or avoided. Hereby, the
exchange intervals of adsorber cartridges in appropriate
applications may be prolonged, which leads to an increased

cost effectiveness.

Preferred applications of such membrane-coated adsorbers
are for example in PSA systems, in automotive or airplane
cabins, breathing protection systems such as gas masks,

etc.



purification, desalting, softening or recovery of
drinking water, as fuel cell electrode, in form of
Sul zer packages, Raschig rings and the like. In a
speci al enbodi nent of tRk-present invention, the
polymer filmis applied to conventional adsorber
materials or nenbran%%ggﬁgg%ﬁz activated carbon,
zeolite, ceramcs, si tal s, papers, wovens,
nonwovens, netals, or nmetal alloys and the Iike,
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systens, in autonotive or airplane cabins, breathing

protection systens such as gas nasks, etc. -21
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Cel%ﬁbhghgtrocellLFgégg nanufggtﬁ?2?9UCB F||3%?f$§€§§06
MS B8Pl ophane(r) NBY5QdYSfigtal {BRYERAEEES34 7I# crons,
Lené@hgé”%mmThe fijhppwas pyrol yzedgor carboni zed at 830 C

T purt f1ed

Length b [mm] 60 44 26.7
Area [mm?2] 7,200 3,080 157.2
Weight [g] 0.369 0.075 79.7

Subsequently, the nitrogen and hydrogen permeability of the
carbon sheets prepared above was tested under different
conditions. The conditions and results are listed below in
Table 2. The permeability values are average values from

three measurements each.

Table 2: Membrane data:

Gas |Temperature |Pressure |Time Membrane |Permeability
[eC] [bar] [sec] ' area [m2] | [1/m2*h*bar]

N, [25 10.10 Not measurable |0.000798 |-

N, 25 0.20 Not measurable {0.000798 -

N, 25 0.50 Not measurabie 0.000798 |-




nitrogen atnosphere (flow rate of 10 liter/mn.) over
a period of tinme of 48 hours in a commerci al
hi gh-tenperature furnace. Subsequently, the shrinkage
occurring thereby was -d#&term ned by conparison of the
aver aged neasured val ues of each of three rectanqul ar
f1 T mpiecesl and the|lcarbon sheetg red therefro
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Examp?é D2251rB0Nal smeagducabibei®G@AMr of cellulose acetate
films coated thinly on both sides with polyvinylidene

chloride (PvAC), manufacturer UCB Films, type Cellophane0
XS 500, total thickness 34.7 microns, 50 g/m?.

The film was pyrolyzed or carbonized at 830 °C in purified
nitrogen atmosphere (flow rate of 10 liter/min.) over a
period of time of 48 hours in a commercial high-temperature
furnace. Subsequently, the shrinkage occurring thereby was
determined by comparison of the averaged measured values of
each of three rectangular film pieces and the carbon sheets

prepared therefrom. The results are compiled in Table 3.

Table 3: Shrinkage of the PVdC-coated film

Cellophane0 Prior to|After Difference
XS 500 pyrolysis pyrolysis [%]

Length a [mm] 120 67 44 .2
Length b [mm] 60 41 31.7

Area [mm2?] 7,200 2,747 61.9
Weight [g] 0.377 0.076 79.8

Example 3: Pyrolysis and carbonization of homogeneous and

defect-free epoxy resin films, total thickness 7 microns

prior to carbonization, 2.3 microns after carbonization.



H2250. 2069. 00. 00079833 H2250. 3060. 00. 00079825
H2250. 4058. 00. 00079819 H2250. 5058. 00. 00079816
H2250. 9939. 10. 00079812 H2252. 0024. 90. 0007989
H2252. 5Tor n0. 0007981- Hd&mnple 2: Pyrolysis and
carboni zation of cellul ose acetate filnms coated
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Tabl e
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2002, 74761 . 9 Vélghf [ g] 0. 3770 07679. 8 Exanpl e 3:
Tabl@a&rﬂ§hﬁkp c2f hblhe 7aPPHY_HE LHommgeneous and
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Length b [mm] 100 44 56
Area [mm2] 10,000 2,024 78
Weight [g] 0.0783 0.0235 70

The sheet material prepared in this manner was

a) In a second activation step subjected to a second
temperature treatment in air at 350 °C for 2 hours.

b) In a second step provided with a hydrocarbon CVD
layer, carried out at 700 °C in a second temperature
treatment.

Thereby, the water-absorption capacity changed, which was

measured as follows: 1 mL VE water was placed on the film

surface with a pipette (20 mm diameter each) and allowed to

act for 5 minutes. Afterwards, the weight difference was

determined.

Water absorption [g]
0,0031
0,0072

Carbonized sample

a) Activated sample




a 20 percent by weight solution. The carbonization
occurred at 830 Cin a purified nitrogen atnosphere
(flowrate of 10 liter/m n.) over a period of tine of
48 hours in a commerci alZ4hi gh-tenperature furnace.
Subsequently, the shrinkage occurring thereby was

b) C@%t—?r{o@i %cf% ri EOBOQE t he averaged neasured
—WWEMWWt angul ar film pi eces and
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addeﬂeiEght—s o f f &r ppdgendyletet eylfasld. (Mosed ahS@pbbdyOTre81n

sacd s, HHEITHE, AR, 0995 Sl A W Goa on

stainless steel substrates with a 25 mm diameter.

The carbonization occurred at 500 °C in a purified nitrogen
atmosphere (flow rate of 10 liter/min.) over a period of
time of 8 hours in a commercial high-temperature furnace.
Subsequently, the coating was washed out at 60 °C for
30 minutes in an ultrasound bath in water and weighed.

Weight round plate without coating: 1.2046 g

Weight after coating 1.2066 g
Weight after carbonization 1.2061 g
Weight after washing-out procedure 1.2054 g.

The porosity of the films can be increased by the washing-
out procedure.
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It can be seen herefromthat the CVD nodification

reduces the porosity, while the activation increases

the porosity . of the sheet material. Exanple 4:
rolysi s and carbonlzatlon of honobgeneous and

PCT/gé?Q@ﬁ/ﬁP§87@kpoxy resi"R2fi |l nms, total thickness 3

g/nm2. The filmwas prepared by a solvent evaporation

met hod from a 15 perceptbyswei ght epoxy coating
solution to which was 50 % of a pol yet hyl ene
glycol (based on epoxy resin [lacquer, Mv 1,000 g/nol)

I A andi & 0FbN O HEt E)Q‘éi‘zrati@i %fs cHRfl eHPBbhabased

wth a.25 nmdi angter e1%%_rbonjza on occurred at
sPaterifla SOMELISHT ¢ RHTEPHET P | ow rate of

10 liter/min.) over a period of time of 8 hours in a

co rcial h-tepperature fur . ubsequent |y, .
RS CoRFPG SRE \REngd BT bt £ GPTES o el £41me
an ul t pasowad ibegsy i n water and wei ghed. Wei ght round
pl ate wi thout coating:1.2046 g Wi ght after
coatingl. 2066 g Wi ght after carboni zationl. 2061 g
Vel ght paredy sias hiemg/omt  grobetdrzet 12064 of. ‘polymer

porosi &Y 18f ithe ] iddi% f%fﬂH&EQﬁ§ags§¥nﬁbslm?shk€&'of
out procedure. PCT/EP2004/ 005277 -25-

‘et hod OR¥ESPhethr EBEPSEREHTEE ﬁé‘rotd%ecélaBSE feid °C to

mat eri al, so00mE.i sing the follow ng steps: a) provision
of a polyner filmselected fromfilnms or coatings; b)
pyrol ysis and/or carboni zation of the polynmer filmin
afthat nespldr addeatdiing essentaian |y, free of oxygen at

téﬁﬁﬁééw'}:&% 54 H‘etfw. %h;g écglfma%g £31300% & sgruyﬂ?lé:ed

accordin to c erized 1 n that
perasr Ha |pyrelysigct and/®r carbonization by stamping,

folding, die-cutting, printing, - extruding,
combinations thereof and the like.

The method according to claim 1l or claim 2,

characterized in that the polymer film comprises films
of homo or copolymers of aliphatic or aromatic
polyolefins such as polyethylene, polypropylene,
polybutene, polyisobutene, polypentene, polybutadiene,
polyvinyls - such as polyvinyl chloride or polyvinyl
alcohol, poly(meth)acrylic' acid, polyacrylonitriie,
polyamide, polyester, polyurethane, polystyrene,
polytetrafluorethylene, mixtures and combinations of

these homo or copolymers.

The method according to claim 1 or claim 2, .
.characterized in that the polymer film is a coating

selected from lacquéer, laminate, or finish.

The method accordlng to claim 4,
characterlzed in that the polymer film is a lacquer

film prepared from a lacquer with a hunder base of
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11.

prior to pyrolysis and/or carbonization by stanping,
folding, die-cutting, printing, extruding,

conbi nati ons thereof and the like. 3. The nethod
according to claim1l or cjaim2, characterized in

that the polyner filmconprises filns of hono or

copol yners of aliphatic or aromatic 'polyoleflns such

as Palyetihvd gne, cﬂP&¥Pﬁ99¥he9§Fb pol ? Tesin, acrylate
pol yi sobut ene,  pol ypent ene, gufa pol yvi nyl’s
sudiBSH polBRANGA  Eeisdi dea@ﬁnﬁolyeshw @1%0@88, nitro

po:be(smft rﬁ@pyé/ét@r ?ﬁpglyﬁﬁéﬂﬁéit&w Oﬁhéhbﬂereslfi%' yaErde tar-
pol.y.es re ane Yy rene
pol q%ﬁﬂ%fﬁyl%ﬂ% Pﬁ??% ? tHW&“eoﬁﬁPﬁ&onﬁ?%%U1ose:

t heste= IHa®, Or dzzgmhycmsr Snat!bri'Ehle metfhash ace@rliwvihled raw
Ia| 1 .0r,claim?2 gracte zed i_n that the L

polyner%%%ﬁﬂl%F c%@%&?ﬁ 1ORY ?anfron1lacquer'

'Ian1nate or ‘finish. 5. The nethod accordlng to claim

’ f|In1 repared 6%?%$ Etéggngf%%”?ﬁ% hg 5§ebg%q%§%

Eﬁ$q§%EQ¥l%§ﬁcwimat%@aﬁub%b¢ Egbxveresinlmacpmmmﬂ;ses

r e&n@rg‘&hﬁ@'ad&ﬁﬂ.ﬁe@%feﬂfﬁéﬁs. oi | base, nitro
base, polyester, polyurethane, phenol resin, tar, tar-

like materials, tar pitch, 1bitunen, starch,

. cenh&lmsthodﬂuﬁddﬁdimggﬁwn@laamesiaIs from renewabl e

| . Of coj i hatj.ons thereof
%%5 g?%ﬁi %%;t%?anqg triee pr%%?ﬁ%gn&Falﬁégltlves or
phinédﬁgﬁ:aﬂtl$elhatedhérpmlwmmlcdnlmmcahpmnna& oxides,
in itjves o . The . .
anagpteadddivus o fibhery oyl LG, srashice.
|n8P§§ﬁPc addPlpg¢ks or FEeplétssare serdeved froaterials,

si bho0Noeh 1alcamdaum ﬁékde%aréﬁﬂirﬂ Noghlteal §fetals, metal
Z|rcon|un1OX|des qlcu g hite,
ompounds, solu org nlc compounds such as e.g.
polyv1nylpyrrolldone or polyethylene glycol and the:

like.

The method according to claim 6 or claim 7,
characterized in that the fillers are removed from the
matrix by washing out with water, solvent, acids, or
bases, or by oxidative or non-oxidative thermal
decomposition.

The method according to any.of claims 6 to 8,
characterized in that the fillers are present in -form

of powders, fibers, wovens, nonwovens.
The method according to any of claims 6 to 9,
characterized in that the fillers are suitable to

cause foam formation in or on the polymer f£ilm.

The method according to any of the previous claims,



12

carbon bl ack, zeolites, clay materials,

phyll osilicates, wax, paraffin, salts, netals, netal
conmpounds, sol ubl e organi ¢ conpounds such as e.g.

pol yvi nyl pyrrolidone or polyethylene glycol and the
like. 8. The method accordimig to claim6 or claim 7,
characterized in that the fillers are renoved fromthe
natrlxaﬁ¥ washi ng, out with water, solvent, acids, or

baSPRTAGEARI ARG bR FRALr thenMptiegadlvel s hevbhected to

demﬂa}wﬂv@ rfand/ od hee ded 1od é‘ﬁ@@fgkggtﬁnen@nﬁuggequent
% roly'to 8, fharacterlzed (n that the fillers are

S G U RRP S22 BRrs, wovens,

nonmovens 10. The method according to any of clains 6

.t 0A9 OIQJ?_?H acéﬁljbéffd ége&h%tatter&ﬁflt ﬁlg%é:gl al € SUI tab}:)fe 1

use f'oa orna I on

8%ioud’ ARaracterized in that the material is
jected to an oxidative and/or reducing '

aftertreatnent subsequent to pyrolysis and/or

car boni zation. 12. A -porous, carbon-based materia
that is producible in accordance with the nethod
according to any of the previous clains.
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