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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 wvarious 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

AR

[

*G00002*




paper maki ng processes are al so described, with the

hel p of which sheets of paper are manufactured from

organic fibers or plastic fibers as well as pul p that

are treated with *@00Q3* 2 phenol resin and

subsequently dried, hot pressed, and carbonated in an
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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 availlability 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-like
materials prepared from fibers.

It is therefore the object of the present invention to
provide a method for the preparation of porous, essentially
carbon-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.



It is therefore the object of the present invention to
provide a nethod for the preparation of porous,
essentially carbon-based materials that allows for
the preparation of the_pespective 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. 3 A further object
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a) teppervabuoes of taheposbypger off 1280 §10ce80EBm films or

Acggrdin ng to the invention, it was found that from

polyner ilms that conprise both filns of suitable

pol ymer materials and coatings, carbon materials may
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In preferred embodiments of the present 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 both 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 film 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



prepared or comrercially available in al nost any

di mension. Polyner films are easily available and

cost-effective. In contrast to paper as starting

material for the pyrolysis and/or carbonization,

pol ymer fil ns, partlcularly films and -4 coatings such

as for exanple | acquers, have the advantage that
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etc. may be used, whereby the nethod according to the
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may be structured in a suitable manner by folding,
stamping, die-cutting, printing, extruding, spraying,
injection molding, gathering and the like, 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,
cyanocacrylates, 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 ndot have
to be prepared first and then, afterwards, in complex

forming steps, the degired three-dimensional structure that



for the preparation of specifically constructed three-
di nensi onal structures with ordered build-up fromthe
desi red porous carbon-based material. In this
connection, the car bon-bassed materi al does not have

to be prepared first andthen, afterwards, in conplex
form ng steps, the desired three-di nensional structure
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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;



chl oride or polyvinyl alcohol, poly(neth)acrylic acid,
pol yacrylonitrile, polyacryl ocyanoacryl ate; pol yam de;
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pol ytetrafl uoroet hyl ene;_gnol yners such as col | agen,
al bunin, gelatin, hyaluronic acid, starch, cellul oses
such as nethyl cel | ul ose, hydroxypropylcellulose,
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invention. These have the advantage that in the
carbonization step, materials with a pore structure that is
adjustable depending wupon 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



conventional foam ng nethods of the state of the art

using conventional bl ow ng agents such as hal ogenat ed
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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 pyrolysgis 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,



Is also a nethod that is usable according to the
invention for the provision of the polyner filmin
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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.
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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.
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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
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desakkar appyhiehysossQr carbonization through appropriate
aftertreatnent steps and are adjusted to each of the

desired applications. Suitable aftertreatnents are for
Suieabipl eafedutivegtatents are for example reducing or

oxidative aftertreatment steps, 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 reductively 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
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oxi di zing agents such as hydrogen, carbon di oxi de,

wat er vapor, oxygen, airp.nitric acid and the |iKke,

as well as optionally m xtures thereof. The

aftertreatnent steps may optionally be carried out at
mat@rirﬁlg?nertheermmf@tqg qriperteovwt hehoymatgsisls prepared

refergab ye%e];:qtr ﬁgcg%rp Kg%‘rg%éo gjffar fk]ﬁcgq%jc prenced

or mrxgedevé’@mrﬁ}@mmreef et'rfaml&glzomczpmpm@l @hdimesganic

naﬂﬁﬁﬁfﬂfﬂﬂéb 09 fanbBomBepeELa! Lyichr eferBhred 51llcates,
nents, the nmaterjal prepared accordlng to the

the n?\}’ef h REORFTdI S S P ddifctaia i b maki RRtiYdrgphblized
or \mytdrophedmidetht i on of these aftertreatnent steps at
room tenperature. Through oxidative or reductive
treatnment or also through the incorporation of
Adddddionales, sHitdleks addi phvesonalfill2nwat eraml sfutdieional

ma tSH A %E%peEB%esegngﬁg ngifﬁ ahs pre Q%gﬁ%num oxides,

according to the invention nay e speci fi
aluymifagdddé@tesr chahgeaniror e;eamﬁse t kedgym, graphite,

carbdeOHRAAAL, T (Al deROF GaN¢ mAtanopard | Gligs Msilicates and
n nQconposi t es such .as | ayered silicates, the surface

the, tFRRE RTEEYRACALIA KRV het PyBREBRI Fikiddedorin the
arthydr ophobi zed. Additional suitable additives, fillers,

or functional materials are for exanple silicon or

al um num oxi des, alum nosilicates, zirconium oxides,
In tpireterred aphbodimesdshont iyt aeklj useolentresof cltlye porosity

l's 0 S e el ha e

e o o LRt ST T e h n f(ReCrE  muPh® as for
exaﬂPéﬁePPéd’VéWédﬁYr?émlsldCtﬂ% azﬂhmtﬂféﬂtertﬁ qheccr_)br ozl wyinum

pow&&)t Ocﬁﬁtih%@li@@ V\@ﬁbbf‘gwaﬂés(’foxf' LhelisisHsh 35afOffins,

e polyvin rrolidone, polyethylene gl'ycol,
carBOlarREm BUIRRL VSR alRFoRl dT MAGhEBRAkTe  Salts with

watemyl seohsenpar adéids, or bases, or by distillation or
oxidative or non-oxidative decomposition. The porosity may
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 coefficient,
so that by mixing of the components in the polymer system
the thermal expansion coefficient of the materials
according to the invention wmay 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



car bonat es, dissolved gases, or water-soluble salts
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Moreover, it is optionally ©preferred to at least
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.



applied, the materials according to the invention may
be provided wth |ipophobic properties with a high
degree of fluorination, and with Iipophilic
properties with a low deggree of fluorination.
Moreover, it is optionally preferred to at |east
superficially hydrophilize the materials according to
the invention by treatnment with water-sol uble
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The PlRIIMSIUrP- of hydrogen to appropriate depositing 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



These precursors are nostly used in CVD-nethods in

small concentrations of about 0.5 to 15 percent by
volune with an inert gas, such as for exanple
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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



metal s may be fornmed, which noticeably increases the

chem cal resistance and nechanical resistivity of the

carbon-containing materials. The ion inplantation of

carbon may be used for the increase of the nechanica

strength of the material's according to the invention

as well as for redensification of porous materials.
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car
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strughbver, adrergolahy f remeinang suinciEngest rudtviedg the
Yrgqyggstgtgﬁroly5|s and/ or carboni zation, for exanple
st anped, conbined with one another to structura

units, adhesively bonded, or mechanically bonded to
TheOp?ramybh%roerﬁ&bth&%EMohh%tep of the method according

to the invention is typically 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 °cC. Preferred temperatures in some
embodiments are at 250 °C to 500 °C. The temperature,
depending on the properties of the materials used, 1is
preferably chosen in such a way that the polymer film is
esgentially 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



possibility arises to suitably pre-structure polyner

film material that is easily forned in a sinple

manner, the structure essentially remaining unchanged

during the pyrolysis step._ The pyrolysis or

car boni zation step of the nethod according to the

invention is typically carried out at tenperatures in
exanpd & @igidfr eI told S0, syrlefas abyom mdon; a208ell

as Cati@ aBeHE,2, HRO-C, W&&q Pl ap! %oit-r%g%lﬁtivéooggsego or
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vapoghper®|ayir eocchy potmwsi byderhe tsi r eaghheaad tdhe desired
propdifiRgss of the material, and other properties may be

adj usted. The atnosphere during the pyrolysis or
carboni zation step is in the nmethod according to the

Thel PHAH1IVHL LB Al E¥rbbh8alloAXY9CRhelBRe 4R Uccording
|nE{t as at nospheres, for -17 exanple of nitrogen,
to h&be 35%"35’&&}?%5 & gSYPIEINY aCateried a0l | @t hepormal

preiswere, in thec prieeemen-de alt?rid'x\lgce HASOS baCH na&@&&gﬁ@d above.
S, reactive gases sugh.as. carhon dioxide,
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ctivation w reactive cases, al so
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vacaehi eve the desired properties. The pyrolysis and/or
carboni zation in the nethod according to the '
invention is typically carried out at nornal
The pyrolysis step is preferably 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



pressure in the presence of inert gases as nentioned

above. Optionally, however, the use of higher inert

gas pressures may al so be advantageous. In certain

enbodi ments of the nethqg _according to the invention,

the pyrolysis and/or carbonization may al so occur at

negative pressure or in vacuo. The pyrolysis step is
congligfiengh| y sewmty | @ oufiori n exangd i nlidfife farrtnacemperature

1evRNQCeSS £ FEIRIRDY ndte LRIJORA! 1y o ff uct ured, coated,

or pretreated polyner filns are supplied to the
furnace on one side and exit the furnace at the other
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flowng of the inert gas through the filns or

structural units during pyrolysis and/or
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condi tions, such as for exanple different tenperature

|l evel s, different inert gases or vacuum Furthernore,
Duripgappyvomlysties segmiéfvs ofatrbenfizandes, in the method

acc8tiehyr & NeAL St tsi%qh, ag TRl i on Rv%rio'“f'%h of the
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staf¥deumebrRage, = iEﬁerErF%tﬁéﬁgieﬁﬁép typically occurs.

Moreover, during pyrolysis and/or carbonization in the
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 5.

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

In the method according 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



then preferred, when the pyrolysis and/or

carboni zation is to be carried out in vacuo. During
pyrol ysis and/ or carbonization in the nethod
according to the inventign, a decrease in weight of
the polynmer filmof abodP-5 %to 95 % preferably
about 40 %to 90 % nost preferably 50 %to 70 %

1nc4%Q%%@!ngo¥p0@xﬁﬁﬁle5tﬁpt'Q@dﬂ@i@ﬁ'a&fasﬁraphlte to the
pre-treatnent used ical]l]y occurs reover
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10w@@0@@d@@qa&@r@@ﬁ i nvention, shrinkage of the polyner
filmor of the structure or structural unit created
from polynmer filnms normally occurs. The shrinkage may
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than +/- 1 % nost preferably no nore than +/- 0.3 %
ThetTh% R LA AR (RIS S pf eRRnRt ACCOT 81 N8t Ored
according to the invention 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.



i nvention exhibits, depending upon the starting
material, anmount and nature of the fillers, a carbon
content of at |east 1 percent by weight, preferably
at |east 25 percent Dby _wgight, optionally also at
| east 60 percent by weight and nost preferably at
| east 75 percent by weight. Material that is
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Rastheql RYE glg&dn@hefqﬁkgxanple occur as described in
82/32 a polynmer filmbeing used instead of the

paper base matri x described therein. The discl osures
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rorg e SETH 55 'St IS0 Shr SRS BB cersns
r gepdrarieen sueh genemmlvqpﬁdsmamb@m;onesmdheasdﬁramlcs,
s:.n@é@gﬁl emggé{ggn n%:& Qggn ‘58&@{13“ Orporﬁv%v I?etals, or

accunul ation fromair, separa IOh
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anbient air, purification, desalting, softening or
Aftégcgver ggflggtgzgiéagggﬁlé§gglona}s afdlé:%rbceerI lma%le%:‘clta{losdevuth a
superficial membrane 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.



Raschig rings and the like. In a special enbodinment of
the present invention, the polyner filmis applied to
conventi onal adsorber materials or nenbranes such as
activated carbon, zeolitey ceramcs, sintered netals,
papers, wovens, nonwovens, netals, or netal alloys
and the like, preferably to adsorber materials in
formof pellets or granBKAMEBLESor exanple in formof a
surface coating, prior to pyrolysis or carbonization.
ﬁ¢ter yro s or carboni zatjon, adsorber materials
}f%ﬁ%la%rﬁﬁ chRn zgfetoneyt e blelpseBcetate
fllmhatcorame,d wherdlyy bhe bekRctayvaey ofithe ﬁﬂ@@cﬁ@@Iﬁulése,

the.,selectivity medbr ane,
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thiskeysasrse @ 4 .I¥atmi sadrent |5,09Ig//rm7dsor b only those
substances that are able to perneate through the
menbrane. A qui ck exhaustion of the adsorber due to
Thec diidi ritpshi BYir@hyized r abl sazbordgedy atc @yorfehtisn isurified
nitldeRfeebya PhoEpRELET @lcﬁ\)’okggg derepy. 1 {he- eh)ang%er a

|nterv | 's of sor er cartridges in appropria
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g% and .carboni zat.i.on of
sreptoR ARS8 Frmlg, e Bane ke AN calpon sl er
MAth nitrocel | ul ose, manufacturer UCB Fllns type

Tab@é|hQpBﬁ&@hkbg%so&théﬂﬂfﬂrodéTfaﬂaﬁgsé%%t dﬁfﬂﬁmfg

0

o ?E bnz e TNE TTIMM Was pyrotyze@ or carbonrzed—at 836-C
€ g PPfied ni{F548R at mosphelBLEEFow rat e| @iffigrence
MS| bber/mn.) ovenpgropekied of {ppeodi,s48 holrg;in a
LefGUHELC Rl N ght sgperature 1 41.7
Length b [mm] 60 44 26.7

Area [mm?2] 7,200 3,080 57.2
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 wvalues are average values from

three measurements each.

Table 2: Membrane data:

Gas |Temperature |Pressure |Time Membrane Permeability
[°C] [bar] [sec] area [m2] | [1/m?*h*bar]

N, 25 0.10 Not measurable [0.000798 -

N, 25 0.20 Not measurable |0.000798 -

N, 25 0.50 Not measurabie 0.000798 -
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Example 2: Pyrolysis and carbonization of cellulose acetate
coated thinly on both
(pvdac),

total thickness 34.7 microns,

films sides with polyvinylidene

chloride
XS 500,

type Cellophane®
50 g/m2.

manufacturer UCB Films,

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

Cellophane” Prior to|After Difference
XS 500 pyrolysis pyrolysis [%]

Length a [mm] 120 67 44.2

Length b [mm] 60 41 31.7

Area [mm?] 7,200 2,747 61.9

Weight [g] 0.377 0.076 79.8
Example 3: Pyrolysis and carbonization of homogeneocus and

defect-free epoxy resin films, total thickness 7 microns

prior to carbonization, 2.3 microns after carbonization.



H2250. 4058. 00. 00079819 H2250. 5058. 00. 00079816
H2250. 9939. 10. 00079812 H2252. 0024. 90. 0007989
H2252. 5Tor n0. 000798 1- Exanple 2: Pyrolysis and
car boni zation of cellul gsg acetate filns coated
thinly on both sides with polyvinylidene chloride
(PVdC), manufacturer UCB Filns, type Cell ophane(r) XS
The5dq,1mt otad prewkred sbB4a7 soiloeans evapoghnd onT e fHiddn from
raly I r i.zed at 830 Cin purified
2 22? ngg%ta? é%ﬁéﬁg: qﬁﬁﬁfﬁ%e of 10 liter/mn.) over
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. Table 3:

. utts are canpiled in Table 3
detégrﬁ‘ﬁ%%g%yofcoﬁ?@rﬁ\%&é SFatté§ AVSHAEad JRaveEd veriuss of
eachooff tbrebi freetemgalXs FTAAmy pdleysiss pyiddlttsl Hasibdrenrtdet s
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3: Pyrolysis and carboni zati on of honbgeneous and
Tabm@fegtShgggkgggxbfrgggnebb&ggfiﬁgaaL thi ckness 7

M Crons — priof_to carbom zatjon,—2-3—mecrong_after
car boni zati onlFX¥H The fi |l kPyAEtpFepared by |Rifbleremce

evaporation ngihesi fean a 20ppestest s by meigﬁﬂ
ﬁg_HtIOE. he| carboni zation pccurred at 830 TC T A
Lemu~ RodMmd, | 46 54

B rogen
Length b [mm] 100 44 56
Area [mm?2] 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]
Carbonized sample 0,0031
a) Activated sample 00,0072




at nosphere (flow rate of 10 liter/mn.) over a period
of time of 48 hours in a commercial high-tenperature
furnace. Subsequently, the shrinkage occurring
t hereby was determ ned Q% conpari son of the averaged
nmeasur ed val ues of each “Of three rectangular film
pi eces and the carbon sheets prepared therefrom The

b) mexunclidiec ayidled | 0, tabke 4. Table 4: Shrinkage of
the epoxy filmPrior To After Difference
pyrol ysi spyrol ysi s[%4 Length a [mm] 1004654 Length b

1t [gat 1094488nAthexrdimdh (st 00D, COPATAIMI ighition reduces

cndl G007, 02910 The Sheel IRl of 1 g pLEBALCTL TS,

of fhe-sheet makeyimlyre treatment in air at 350 C for 2
hours. b) In a second step provided with a hydrocarbon
- CVD |ayer, carried out at 700 Cin a second
—aﬂ@gﬁe@x 1 UP¥TOtY8aEmemd ot @bizat ien waf ehosiegemsousn and
defeapadirey ekarged rediirc/t e, MRASUN ath @Saiald ong; /2 ML
VE water was placed on the film surface with a™ -
pi pette (20 mm di aneter each) and allowed to act for
Thes filnumess pMfemamed dsy aheoleieght ediabbenenes Wathod from

ned. | L _Carboni.zed I,
2 L AT Rl VR SShOrk BonBias TR il ElD o iy ves
addegdnpile %0, 9028, PP veshyBensea yunlef (loasedabnt lepo@YD resin

lactueirf,i Cali 0n, beduesmolhhe jROT @S ihp WRId R tf method on
activation Lncr eases the porosity
stalnless 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 welghed.

Weight round plate without doating: 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.



of the sheet material. Exanple 4: Pyrolysis and
carboni zati on of honbgeneous and defect-free expoxy
resin filnms, total thickness 3 g/n2. The film was

PCT/gpgggg?gogy7a sol vent eyaporation nmethod from a 15
percent by wei ght epoxy coating solution to which was

added 50 % of a pol yet hyl ene gl ycol (based on epoxy
resin lacquer, Mv 1, 000L&I¥®I) in a dip coating
nmet hod on stainless steel substrates with a 25 wm
di aneter. The carboni zati on occurred at 500 C in

ok D&HWQQ&P@H?PégéﬂuaaPﬁﬁEﬁﬁ@FéoPHQ£NP%E%uﬁfQﬂfbon -based

| inheetfhl., ) com E&‘l@l@l@r o gbllbwitgokt8deaurs in a
commer ci al hi gh-tenperature furnace. Subsequently,

the coating was washed out at 60 C for 30 mnutes in
an) ul t pasotisdohatdf i a welgmeand Meai ghelecVed glfitromoufidi ms

pl ate t tlng 1.2046 g Wi ght
aftercggtgﬁé% 6 g Wei ght aftercarbonizati onl. 2061 g

Véi ght after washing-out procedurel. 2054 g. The

o815 bisdhyhe AIgEATplgebagssster by ey tyne:

met hod FEAM e 3B SpEIORBIGH Soft 6T s SEREBY. ceraRm s dTee of

mat eri gy g%%ﬂ&dSt@@?ébstuﬁééOmhn&Hﬂﬂﬁﬁhg@)o@r@wl90Nto
of a palynmer filmselected fromfilns or coatings; b)

pyroly§v 98ndfFor carboni zation of the polymer filmin
an atnosphere that is essentlally free of oxygen at

5. t%g%e eg%g%sgcgo HEFQ%F % 1€ to 3,500 C 2. The

accor aracterlzed in that the

pehpmrec tiinimeids %Ttrtlhﬁgr sde mqldfm% BBl y&i sStanirigrred
Cﬁ%@%&'4§5'B?r9¥y§5§”@ﬂa%orfé%f%éﬂlzgtfoﬁuhv|Ehamp1ng,

pr| nting, rudi n
folding, die- cuttlng, printing, extruding,

combinations thereof and the like.

3. The method according to claim 1 or claim 2,
characterized in that the polymer film comprises films
of homo or copolymers of aliphatic or aromatic
polyolefing guch as polyethylene, polypropylene,
polybutene, polyisobutene, polypentene, polybutadiene,
polyvinyls such as polyvinyl chloride or polyvinyl
alcohol, poly(meth)acrylic. acid, polyacrylonitrile,
polyamide, polyester, polyurethane, polystyrene,
polytetrafluorethylene, mixtures and combinations of

these homo or copolymers.

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

gselected from lacquer, laminate, or finish.

5. The method according to claim 4,
characterized in that the polymer film is a lacquer

film prepared from a lacquer with a binder base of




10.

11.

conbi nations thereof and the Iike. 3. The nethod
according to claiml or claim2, <characterized in

that the polyner filmconprises filns of hono or

copol yners of aliphatic d6-aromatic polyol efins such

as pol yet hyl ene, pol ypropyl ene, pol ybutene,

pol yi sobut ene, pol ypentene, polybutadi ene, polyvinyls
suci kysl pragivi nydhlohe iona ted arulpodyvi eydxy atesto] ,acrylate
POLTRL ) BelC 26k, poé?(ﬁqéy'fagfﬂ' &1 PLYAT desero

pol yest er, “pol yur et hane, ystyrene
polbFsEtr &l é?felywsmﬁr@%, arkeROhbreRin onkawf tar-

t hq&@c&m&ﬁﬂ@olaﬁerﬁltéﬁ e R o ds AcLok di @Qli@lose,
claim.1l or claim?2, characterized in that the pol yme

f|IﬁhQ¥¥§§'canFﬁ@nJ§bleEFé@rﬂ@éﬁlIaéﬁ@@r FaReHapte orraw
fi Maglerialslhermeidiash mectsth nthdest ai m 4,

.characterized in that the polyner filmis a |lacquer

filmprepared froma |acquer with a binder base of -26

- al e m@ﬁh@d cldamdiatedo wierqf etﬁ&xyplr@siasus actyimad g

I ey, dEsiy r n s tr ;
base, rp?ol yestzer r}Tyure antgr§é r%‘%i mér%sﬁ%lﬂtl gor{l%l;l-ses
||léé10r¥ﬁftaéwcala§dntta;rvegﬁt% fnbllltemen starch, cellul ose,
shellac organlc materials from renewabl e raw

|aIs conbi nati ons thereof. 6. The net hod
dMsd AGFFAE G SABIS & ai s,

chamm*aeruezte&em tihmat ﬁmaa: pqinarerlximbgfax@mpri@@ﬁtwes or
in r nlc addltlv s or.fiillers

accor TI 3T %Fe%h5F8@t599288W|?ﬁlﬁﬁuqﬁﬂ¥m oxides,
|n@ﬂgmnn©a¥iﬂqauﬂ&;cw1r¢¢mi@msoanéeseleﬁﬂgmnﬁrqmwaphlte,

si Lihegpnor alBﬁh@kw‘ox'dgéollehgninOSiéi%gtes’ m%Ferlals,

zi rconi.um oxi des, talcum graphrfe, carbon bl
zeBhYLdesidiigptes ervaxs, Pasfifioei | sektes, Mparls, metal

paeahbbindsgl t soltBlal SorBBhak compounds such as e.g.
polyvinylpyrrolidone 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 film.

The method according to any of the previous claims,
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conmpounds, sol ubl e organi ¢ conpounds such as e.g.

pol yvi nyl pyrrol i done or polyethylene glycol and the
like. 8. The nmethod according to claim6 or claim?7,
characterized in that th 7Lillers are renoved fromthe
matri x by washing out wth water, solvent, acids, or
bases, or by oxidative or non-oxidative therm

dleehﬁna&_ it:eﬁﬂge@-iﬁﬂlﬁua{l@tﬂ@é’dﬂ_&@@f%étmggfﬁosf%!.&?jle%fted to an
Ccl al L0 , aracler,| ze I N a e | ers are
o BeTRaRing: Bna /R R ShtRst & ARG Subseauent to
nopwreéysislandfloe retdbethizeddioi.ng to any of clains 6

to 9, characterized in that the fillers are suitable
to cause foamformation in or on the polynmer film

. 112 Peomst hoh Zrwortisey tateyial thetphevipauwslucible in

cl gi z c t @iz | hat . t aterial_is .
SR eT S A e et et Bl e dRIR CEbTany® of * ene
af PEEVERHENEAR1®Shsequent to pyrol ysis and/ or

carboni zation. 12. A porous, carbon-based materia

that is producible in accordance wth the nethod
according to any of the previous clains.




