WO 2011/042246 Al Composite material comprising soft carbon fiber felt and hard carbon fiber felt The
present invention relates to a composite material and in particular a high temperature-resistant composite
material. As thermal insulation in high-temperature applications, for example as thermal insulation in
high-temperatuf®furhaeés ratéridls based on carbon are often used on account of their high heat
stability and their chemical inertness with respect to the substances present in the furnace interior. In
order to prevent heaidossesthreugh thérmahradiation asafell as:throughi therma consudtion and
convection, composite materials comprising ferexampte adayet.gfcarbon fiber-reinforced carbon and a
graphite foil have already been proposed as thermal insulation in high-temperature applications. The layer
of carbon fiber-reinforced carbon particularly prevents heat losses due to thermal conduction, whilst the
graphite foil has AFeffé&iiiy effect 4t tidtefote Préverits hdaioBB Ui fo thekmal fddidtith. On account
of its outstandingrheatdnsalatihgpropertiés, Howeverptiermal insidation dased optrardidarbon fiber felt is
often used in pragtiee iHowever, hard carbon fiber felt is very brittle, for which reason it can only be
machined with difficulty. On account of these properties, when hard felt sheets are being machined to size
for example, it may | aé)fenlth.at m tetrial crumbLe.s away es ec1i:allly at thelc.orngr.s of thefsheets, and this
can lead to the She&ts h8 Tongérbeing able 18 be dsed M 8 pracisely fifting manhat it the Eomponent to
be insulated. THigP BbRM DCEDRS Bapediafy WiierP mdividhaPredi6Rs oF thethard felttetation are to be
replaced in an existing iisulationdsased ondnapd felta se that new harddelomateriabhas toolse inserted with
a precise fit inta. aa existinghinsulation: from whichpartstoi be replacedihavepreyiausly been removed.

Furthermore, hard carggntf!)berﬁgltss are, gg%)asratlvelg Lo, tI)_/L Ig)ntarllcecotmt of their. com ieox production

process. Finallyr,etrslg heat-insu ating pro erties of hard carbon fiber felts also need 1o e,ﬁn'proved. The

problem of the presehffifvehfior théfeford! 96 to makeSavaiab d high efperatareidsiant material
based on hard earborefider fedt, vihichusihthe baetaind hasdxeellent heatinsifating properties and can
be produced at conparativelytove easty and-whichi enthe atber hardrgairebeeasibyymachyred, in particular

can easily benmt@ﬂ%g)i%%tﬁl%%rced carbon and a graphite foil have

already Dbeen proposed as thermal insulation in high-

temperature applications. The layer of carbon fiber-
reinforced carbon particularly prevents heat losses due to
thermal conduction, whilst the graphite foil has a
reflecting effect and therefore prevents heat loss due to

thermal radiation.

On account of its outstanding heat-insulating properties,
however, thermal insulation based on hard carbon fiber felt
is often used in practice. However, hard carbon fiber felt
is very brittle, for which reason it can only be machined
with difficulty. On account of these properties, when hard
felt sheets are being machined to size for example, it may
happen that material crumbles away especially at the
corners of the sheets, and this can lead to the sheets no
longer being able to be used in a precisely fitting manner
in the component to be insulated. This problem occurs
especially when individual regions of the hard felt
insulation are to be replaced in an existing insulation
based on hard felt, so that new hard felt material has to

be inserted with a precise fit into an existing insulation



According to the invention, this problem is solved by a composite material, which comprises at least one
layer of soft carbon fiber felt and at least one layer of hard carbon fiber felt, wherein the at least one layer
of soft carbon fiber felt is connected to the at least one layer of hard carbon fiber felt via a binder. The
solution is based on the knowledge that, with a composite material wherein at least one layer of hard
carbon fiber felt is connected to at least one layer of soft carbon fiber felt via a binder, the positive
properties of hatddelt nat orily retained, but even impravedih réspect gfthe heat-insulating properties,
and at the same &ime, the negativerRrepsrties of harg felt gueh as cemparativelygreat byittleness, low
flexibility and higg nprodgggg]ré £osts, can b% ove(r:c%@gtoroaﬁ I%%sti%oncsoiderlaebly r%c(ljlé%edt. JIn rparticular, such
a composite material has a h[g% dcegreeyof fPexalblﬁty and a low gegree of | brlt}ﬁe%ess, or which reason it
can easily be mdchiret and iparticular Ban B5&ity bETHAEHMEY t&aRRsEct $ize *Apartfdm this, such a
composite material hsoeofigaratifell/inexpensivecbetause in the lattet expensive hard felt is replaced by
less costly soft felt. In addition, on account of the combination of soft felt-hard felt, this composite material
has better heatnsulaling puppediascoppated Lo apaieial of identical dimensions,made.of hard et
alone. On account oltfhelse prop}?rtl S, tt e comgg)sne_mate.rlq:f acgordlngeto. thle |rgvent(|jon is outstandingly
well suited, am8NGst Gther thingS; foF usE AR Thermar instfation i high-temperatdie funates. On account
of its easy machite@bflity e dorpssite htatetial aBcomling fo the invaiiionris f&spatictiarly well suited
for use in the repadrcofiexistiag thermabinsedatiorebasedron harddelt, whereinr forexamplea part of an
existing thermal isyiation; which ferexapple istnade solelyof haed felt ds replaged with,a precise fit by
the composite rggtseirial acg%ﬁdirqg Jo tkilg in\é%r%tioqjlvgjifthg:n the rapse@in%gf r%réec present igv%@ltion, in
conformity with the stgnéFar efinition in the technical field of relevance here, hard (carbon fiber) felt is
understood to defidté afeftSwhich, apart from carbon fibers, contains a matrix of binder, whereas soft
(carbon fiber) felt is a felt which contains no matrix and no binder. On account of this, soft felt is flexible,
whereas hard felt issdimensianally stableurthermore nwithip the meaning eftheqaresgnt invention,
carbon fibers are generally undexstood, alggipcopfarmity.with the §t@&d@rq>9@fir1iggeﬂn the technical field
of relevance here, fto mea fiber% r%ade f%otharbo(y-coQtaHning 1;starting rTateriaIs. fcchordiorﬂg to the
invention, the at feast orie é)y%r of soft carbon fiber felf is connected 16 the ateast one ?aryer of hard
carbon fiber feltAaRPBINHEPSThIS §d tind@Fst66d fo Fvartthat et iy els 8fe coinettéd directly to one
another by the effettcof & birderfwherein therhiaderdande-benstituiethas amintérayediate” layer between
the soft felt layerand the-hard teltlayer o1 the sgftfelt {ayer-and the hard felt layer can be connected to
one another by binder present at the boundary faces of the adjacent felt layers, without an intermediate
layer of binder having to be formed between the two felt layers. This connection is preferably a large-area
connection, i.e. th& wd‘relt1ag8rs are cBAfiEtedtd oh8andther at kst substantidif dvertheir whole
contact area vigarindeét. Theebatdct areahefthentwa felt laars isqpreferablie consfitutedrid each case by
a flat side of the-felblayersi Sircerthedtwo flatsiclescareanever eampletely opideally pltanaefthe two flat

sides will in reality-not make contaet gyer theewhole area, hut will jpake copfact (JT;M@E%Q%G number of
contact regions, Irnotheis case, a% Ifea tsggstapetiﬂly arlllotpe %onltact re i%n% are pr g{ablgvceonnnected to one
another via a bi%de?. As aeb_inder for this purpose, use mayrb made oflaﬁ%fnder_s which can connect a
hard felt layer aH&Pa SBftFett Tayet Fixedly toforté anbfier, wherdintuseisthateparfiéulartyPreferably of
carbon-containiag bihdersszand verg partculady pieferablyrthose seledteddromihétgroapadomprising
phenol resins, pitches,fgran rasiasphenykestass: epoxy eesins ang, any mixtyres ef, twearer more of the
aforementione%ggmpogggauéggg@ing:IDOS gstlighlgaq{ef%gbleo%@pggjr@enggf the presgnt.invention, a

binder selected from the aforementioned group is used that contains two-dimensionally extending
particles of natJral §rapHite ard/or St Expanded yraphite - Whetéin twidimefsiondiiy @xtéiding particles
are understooditidretd Thedn particlég WHicty have afgrebteri ditderision il tife afsa @iameter) than the
thickness. The a¥eragerdiametss pf the-pattictes ean lierfor exampleshetinger-d and-250.pm and
preferably betwees 5 and 55.pm., Suchbipdersshave ghigh degree of anisetropy. wherein the thermal
conduction is or%lg/asrngh% over E%(al isntegfgcg bégtvcvgrcgn Jhetadj%g%rétrlgg?rsi Sbeggusgrtgg .tweol-dimensionally
extending anisotropic partlcr:[]es are ‘'orientated paraEerFtlo the a jJacen materlafn%yers.Lf[he e
inexpensive, because in the latter expensive hard felt is

replaced by less costly soft felt. In addition, on account



binders are then thermally and/or chemically hardened, wherein the chemical hardening can be achieved
for example by addition of acid and the thermal hardening can be carried out for example at a
temperature of at least 50C and preferably at 100 to 200C. After the hardening, carbonisation or
graphitisation can optionally be carried out. In principle, the at least one layer of soft carbon fiber felt can
have any layer thickness. Good results are obtained, however, especially with regard to excellent
heat-insulating properties-antd goodimachiheabiiity agkthe-cemposite matetials whenghe iatdeast one layer
of soft carbon fiber felt has g-thickness.betwgen i1,and 100,mm, preferablsbetween 4 and,50 mm and
particularly prefgratg{lgebreit\é@eg mm ¢ nldcgg rgglme'lhhsel present 'rév%nrii%nais O1Iik§ev\ii e not I[I)articularly limited
with regard to the IHensny and the weight per unit area of the at least oneﬁayer of soft ca?b'on fiber felt.
With regard to &hievfifgPBREell&it hEaERSulBHRG PropEties ARG g RcHifeabtity bf e composite
material, howevercivhasngroved tohlse advantageous thabthesaeledstohe layer lof softicadhon fiber felt has
a density between0.§drandch giem3, preferabhpbetween @95 anedh519/cm3 ang-pasticularly preferably
between 0.08 and 0,15.g/cm3, Farthe same reasons, i js preferable thagthe af least gne layer of soft
carbon fiber felt has a we h{ per uni'% %rea betweentSO andtlo,OO g/cm2, particularly pre erably between
100 and 5,000 §im2 ArdVery partictiarly preferably beflies 200 afd 1500'¢/&m> °As 4 development of
the inventive idé&\ieis prdposed thacthecdrber fibets of tHel atleaSeané Sbft ¥é1t laler hA%e a length
between 0.1 andsG0 mm fpreferabiynbetweermt and260 ;m andipartidularly peeferaisdy between 40 and
100 mm. Accorging &9 @ further pesfgrigdembodiment of the presentipventiay, thercarhen fibers of the at
least one soft felt I%yfg have a fineness.between 8 1 and 100 dtex Ereelferag%y Qgt]_y\clie?e 0,5 and 25 dtex
and particularly pre era%fy Bétween l1and 5 dtex. Tlhe.soft carbon ﬁ er felt layer can be produced by the
fact that fibers compriding StitabieStading Tiatetialsdre rﬁ&tte@%g%ﬁﬁ@oﬁf%ﬁd&‘?tbﬁ&@the felt is
carbonised or optionafly graphitised. Thewarbonisation is preferably carried out at a temperature of at
least 600C and at most 1500C, whereas the optional graphitisation is preferably carried out at a
temperature befyyegn 2000C and 2500C, Theperformange of graphitisation js espegiallyRreferred when
the composite ma;[: rlalt%reoducted ysing ﬂ]j% §oft f%t Ia}[yer. IS mtﬁgdegl to bel Qggtlc%llarli/ dstaéa e or inert with

respect to chenicals, iri partiséuf‘ar} with respeéfl to-molectifar (t)_'xygen.e The carbonisation and graphitisation

can also be carfied O EHELthBEGhelUthng stefPititie cotmsasiteimateriat prodiictivro ?.e. bRly after the
individual layersiefithe campesite niatetrial haverbeeir arrangedonefuiper the otheraAsanaalternative to
the aforementioned-embediment,dhe softicarban fikertelt tayencan alse be)preducedihy the fact that
fibers comprising syitable starting. maerials are first sathanised,or graphitisgd befgre the Garbon fibers
thus obtained are matted together. , , ,

this, soft felt is flexible, whereas hard felt is

dimensionally stable.

Furthermore, within the meaning of the present invention,
carbon fibers are generally understood, also in conformity
with the standard definition in the technical field of
relevance here, to mean fibers made from carbon-containing

starting materials.

According to the invention, the at least one layer of soft
carbon fiber felt is connected to the at least one layer of
hard carbon fiber felt via a binder. This is understood to
mean that the two layers are connected directly to one
another by the effect of a binder, wherein the binder can
be constituted as an intermediate layer between the soft

felt layer and the hard felt layer or the soft felt layer



In the case of both the aforementioned embodiments, fibers comprising any carbon-containing material
can be used as initial fibers, insofar as said material can be carbonised to form carbon or graphitised to
form graphite by a heat treatment. Cellulose fibers, polyacrylonitrile fibers (PAN fibers), peroxidised
polyacrylonitrile fibers (PANOX fibers) and pitch fibers have proved to be particularly well suited for this
purpose. Use is preferably made of monofilaments comprising one material, for example exclusively
polyacrylonitrilesfibershElomever fik is-alsoypossille tbaiseafiber mixtuse,suchaas toreexample a mixture

comprising polyacryenitiledibers and cellulose fibers ordifilaments i, fibess wdyeh, a the form of a

core-sheath structure, Con‘},alu{hb%tp polyaicr)éleonltrel!%a@% ccillulose.olp ttgt:eL same way.as the soft carbon

fiber felt layer, t e'at least one %yer of hard carbon fiber feft-also prefera% yeﬁas a Iaygr tFl?Ckness

between 1 and 200 HAT PleferaBii BetveEn 1"nd 56 mmad partithiatyreféably Betieen 2 mm and
20 mm. As a devetdpment of the invertiveridea, itdsiproposed thatithe- at Idast oreclayee bf hard carbon
fiber felt has a densitysbetween.f2ard 2g/Code paricthanty preferadly between Ol andyl.0 g/cm3 and

very particularly preferaply. betyween 0.15 and Q.3 glcm3. According, to;a furthgr preferred embodiment of
the present invention, the Wﬁi%hwer Ltmii area of the at least ope Ia%ﬁér{of hard carbondfiber felt amounts to
m :

between 200 ariid 50,000 g/fi2 antf particularly fréferably Betweers 3,600°aAd 107000 §/m2. The length
and the finenes3%TthE &b fiberfs ébntaiietl fthelat |€&sttore NaFd felPlayer pFéferatly correspond
substantially to fie vakiesestatedcabewve in respett of the soft felt layey. Phedengthtafdhedibers of the at

least one hard feltayer thus preferably amounts,ta,betwesn 0 d,50@ mme particularly,preferably between
1 and 250 mm and é’e%Bﬁrtiﬁuﬁr% &eéerabl;ggg,tcwgen 3 %nqloo mm V\éheerea§ tb:% Ifligggfss of the fibers

r U :
of the at least oanreehard felt layer pre erabﬁ/ogmounts {o befween 01 and 10 d)tex, particularly preferably

between 0.5 and®5 gtk andVvery gartictiaify préferabfPBEtwEER T-4Rd 5dte%. 1A principie, the at least

one layer of harebearbon filserifeltscarr comtait any!suitable carbord contaimingasindegingafar as the latter
can be carbonisedtotarm carbon or graphitised to form graphite by a heat treatment. Carbon-containing
binders have proved to be particularly suitable binders for the hard felt layer when they are selected from

e oup compfsng ot et IS5 RISV er. Sognyess ffanymicres o
binders which can connect a hard felt layer and a soft felt
layer fixedly to one another, wherein wuse 1is made
particularly preferably of carbon-containing binders and
very particularly preferably those selected from the group
comprising phenol resins, pitches, furan resins, phenyl
esters, epoxy resins and any mixtures of two or more of the
aforementioned compounds. According to a highly preferable
embodiment of the present invention, a binder selected from
the aforementioned group is wused that contains two-
dimensionally extending particles of natural graphite
and/or of expanded graphite, wherein two-dimensionally
extending particles are understood here to mean particles
which have a greater dimension in the area (diameter) than
the thickness. The average diameter of the particles can
lie for example between 1 and 250 um and preferably between
5 and 55 pm. Such binders have a high degree of anisotropy,
wherein the thermal conduction is only slight over the
interface between the adjacent layers, Dbecause the two-
dimensionally extending anisotropic particles are

orientated parallel to the adjacent material layers. These



As a further development of the inventive idea, it is proposed that the at least one hard felt layer is
composed such that the latter has a bending strength measured according to DIN 29971 between 0.1 and
20 MPa, preferably between 0.2 and 5 MPa and patrticularly preferably between 0.5 and 1.5 MPa. To
produce the hard carbon fiber felt layer, a soft carbor fiber felt can be impregnated with a suitable binder,
in particular with a binder selected from the group comprising phenol resins, pitches, furan resins, phenyl
esters, epoxy resinsiand any ixtires ofciwo 4 Imere afthe aforementienad compelumds] before it is
carbonised or graphitised under the, conditions statedhabave inrespgetottheseroduction of the soft felt
layer. As initial ﬂbers Use ilsoalso Q&refgrab%/ rg%ge h&rg oft%eejgfunllo% fikpgg%l, e@ﬁlxac%%itri@eﬁbers’
peroxidised polygcry? n|tr1|:|e fﬁ)ers, pitcﬁjﬂ ers or any mixtures oF two or more of the aforementioned

fibers. Alternativély” tHiatleast e T hafd carbbiMiterTelt candss be Biddiced by mixing
cellulose fibers apolyaengdnitrdle fiberst petdXidised palyatlonitiiles fiberbandierpiteh fibers with binder,
then pressing the fibers aad hyncasbonisatien ok geaphitisation tberaafter: Accordingstora &drther
alternative, use jgmade of only one felt mixture, which has been hardened, as the case may be, by for
example pressing, vacuum application, treatment in a heating chamber, treatment in a drying chamber,
treatment in an autoclave or chemically by the addition of a hardening agent, said felt mixture being able
to be carboniseflaritior§idpifitised &fter‘théiPangeiiedttofthe Mdiviatial la5eRebf theédmposite
material upon ofielanothen together withythelather layerscfithe composite materiak S heapresent invention

is not limited withhregard o thespwpber of hasd felt ang sqft felt layers. For examples the.gemposite

material can comprise, only,one soft felt layer and one hard felt layer or ergg@ﬁ%gt{\g/elyQt%Notﬁke\ree or more

101 d
soft felt and hard felt Iéyers. T lengo,rﬁéggite materiéalnaccg%zmg {0 the invention can just as well comprise

a differing numb&r'&LSaft feltayérstand hardfielt iyers for'&ithpl€ Bhe o¥ctelt fiyerahd two or more
hard felt layers oroherhafd felt layet andiawo or mbiesoftfelt kyerseat [éastohe Havd felt layer is
connected to atdeasteone spftfelidayer averailarge areavia a bindernwhergingtisfpreferaple, however,
that all adjacent,harg.and soft felt Jayers are connected to one another in each case over a large area via
a binder.

The present invention is likewise not particularly limited
with regard to the density and the weight per unit area of
the at least one layer of soft carbon fiber felt. With
regard to achieving excellent heat-insulating properties
and good machineability of the composite material, however,
it has proved to be advantageous that the at least one
layer of soft carbon fiber felt has a density between 0.01
and 1 g/cm’, preferably between 0.05 and 0.5 g/cm’ and
particularly preferably between 0.08 and 0.15 g/cm’.

For the same reasons, it is preferable that the at least
one layer of soft carbon fiber felt has a weight per unit
area between 50 and 10,000 g/cm”, particularly preferably
between 100 and 5,000 g/cm® and very particularly
preferably between 200 and 1500 g/cm?.

As a development of the inventive idea, it is proposed that
the carbon fibers of the at least one soft felt layer have
a length between 0.1 and 500 mm, preferably between 1 and
250 mm and particularly preferably between 40 and 100 mm.



According to a preferred embodiment of the present invention, the composite material is built up
symmetrically in respect of the arrangement of the hard felt layers and soft felt layers. For example, the
composite material can comprise a central layer of hard carbon fiber felt, which is surrounded on both
sides by, in each case, a layer of soft carbon fiber—- 20~ felt, wherein the two layers of soft carbon fiber
felt are connected to the layer of hard carbon fiber felt in each case via a binder. A complementary
structure, i.e. a composite material with a central layer of soft carbon fiber felt, which is surrounded on

both sides by, in each.gase, alayerrof haisk carbondiber felt s ust-as suitable,whereigdhe two layers of
hard carbon fiber feltare gonngted fo i Iayer.of soft.carbon fibey fell I gach gase via.g,binder. The
aforementione composﬂe materlafs can comprise these arran ements, l.e. comprise no urther Iayers, or

can comprise additfonalE{ers of ARGHET maeiat For Bxaniple oh brinsie graphite-foilsand/or one or
more layers of tarbondfibet-reinforced cdtivon. sl adeveloprment of the inventive ideayitdsproposed that,
in the two aforementiorediembodiments, the outer layers are surrounded in each case by a further,
complementary felt layer. This leads to a structure with a central layer of hard carbon fiber felt, which is
surrounded on both sides by, in each f(:age],falfaeyletr 05 soft carbon f'g)eer felt, on WhicE a Ia%q%r of hard

. Th F1 Bom g .
carbon fiber felt'ian fiitharratiged in eathcass or o H Structlife COmpIEmentary theretd With a central

layer of soft carbeffiberFelt EwhfeHiscsurpaurided oRdthisides by intesche¢ase 1a ayerrsf hard carbon
fiber felt, on whichca dayer of softecarben fiber feltis ib4dmrarrangedmleachscase: o order] for example,

to increase the ynpermeahility or barier properiesofdhe compasite: material with kespgct Jo thermal
radiation and gases. ltgg cglgr%p%sciteam éeriaelrcaatrh%%mﬁgs% apart grton% at Lecaseg1 x?cﬁ‘easc()f% ':;esl layer and at
least one hard felt la er, one or more urther layers w |ch,l?or example, comprise carbon fiber-reinforced

carbon and/or grapRit€ foil TS {theSEFfufREF Rt (sY ORI | préfetably Appied bR GHE 8f the outermost
layers of the coffpositedmatérialtoreort botteoaterntostddyersof4Re0 °C and 2500°C. The

performance of graphitisation is especially preferred when
the composite material produced using the soft felt layer
is intended to be particularly stable or inert with respect
to chemicals, 1in particular with respect to molecular
oxygen. The carbonisation and graphitisation can also be
carried out as the concluding step 1in the composite
material production, i.e. only after the individual layers
of the composite material have been arranged one upon the

other.

As an alternative to the aforementioned embodiment, the
soft carbon fiber felt layer can also be produced by the
fact that fibers comprising suitable starting materials are
first carbonised or graphitised before the carbon fibers

thus obtained are matted together.

In the case of both the aforementioned embodiments, fibers
comprising any carbon-containing material can be used as
initial fibers, insofar as said material can be carbonised
to form carbon or graphitised to form graphite by a heat
treatment. Cellulose fibers, polyacrylonitrile fibers (PAN
fibers), peroxidised polyacrylonitrile fibers (PANOX

fibers) and pitch fibers have proved to be particularly



composite material and are connected to the latter via a binder. However, at least one intermediate layer
of such a material can also be provided between individual felt layers, if at least one soft felt layer is
connected to at least one hard felt layer directly, i.e. without an intermediate layer (apart from binder). For
example, in the case of the aforementioned embodinfent, wherein the composite material comprises a
central layer of hard carbon fiber felt, which is surrounded on both sides by, in each case, a layer of soft
carbon fiber feltyalgraphite ¢l angd/ortanlayepotgaron fibes-reinforcedfeardionycandore arsanged on the

outside in eachgaserqn the twa outerlavers of soft carbon fikerfelts Analoggus theretgyincthe case of the
embodiment in Whi(ih the cgmpos'ge mate{i(galrl1 cggllpfés%%central Igai%er of soft.ccarbon fiber felt, which is
r son fib

surrounded on both sides b ) in eadh ca e, aJIayer of hard carbon gy?eﬁt’, algraﬁhalte oil and/or a layer

of carbon fiber-RSifforEed carbol Ean Be Siranged bhthEDutsids n &athcdlse BhtRB R0 Buter layers of
hard carbon fibayi feititfat deastore. geaphité foit iy provided e theidompositedmaterial Beeording to the
invention, said graphite, fod preferablnbas &, layeethieknessbetweern Oihapds3 mamangsparticularly

preferably betwgen0.3,and 1 mm. Such.a grapbite foil has a high reflection capacity.and andows the

composite matecrieaal in ﬁarticular with a good barrier property, and in particular against the passage of gas.

As a development o &5hventive idea, it is proposed that the graphite foil is made of natural graphite

and/or of expanded graphite. According to a further preferred embodiment of the present invention, the
density of the graphiteefoikamouats tos0thto &Eg/cm3 LAdensedrralket-griaphite, foillis peaeferably

least one layer of hard carbon fiber felt also preferably
has a layer thickness between 1 and 100 mm, preferably
between 1 and 50 mm and particularly preferably between 2

mm and 20 mm.

As a development of the inventive idea, it is proposed that
the at least one layer of hard carbon fiber felt has a
density between 0.02 and 2 g/cm’, particularly preferably
between 0.1 and 1.0 g/cm’® and very particularly preferably
between 0.15 and 0.3 g/cm’.

According to a further preferred embodiment of the present
invention, the weight per unit area of the at least one
layer of hard carbon fiber felt amounts to between 200 and
50,000 g/m2 and particularly preferably between 3,000 and
10,000 g/m?.

The length and the fineness of the carbon fibers contained
in the at least one hard felt layer preferably correspond
substantially to the values stated above in respect of the
soft felt layer. The length of the fibers of the at least
one hard felt layer thus preferably amounts to between 0.1
500 mm, particularly preferably between 1 and 250 mm and
very particularly preferably between 3 and 100 mm, whereas
the fineness of the fibers of the at least one hard felt

layer preferably amounts to between 0.1 and 100 dtex,



- 12 - used, which has a density of approx. 1.0 g/cm3. Use can however also be made of less densely
rolled graphite foils, such as for example those with a density of approx. 0.3 g/cn. The at least one layer of
carbon fiber-reinforced carbon (CFC) as an optional component of the composite material is composed of
a carbon matrix in which carbon fibers are contained® The carbon fibers can be continuous fibers, this
being preferable, or can be staple fibers, this being less preferable, said staple fibers for example having
a length betweerabtand:250 Ipmppreferaiily hetweeesr 4 ands108nmnrandipasticatady peeferably between

50 and 100 mm, Accordingto.a further preferredembadiment-ofthedqaresent invention, the carbon fibers
of the CFC layer are constituted in the form of a woven fabric. In an alternative embodiment of the present

invention, but one that is also preferred, the carbon fibers of the CFC layer are constituted in the form of a

non-woven fabric: WHerBfn- e mdividual TibeFs of tHehRon-wevenFabrie tdn Tr&randed thidirectionally or
multi-axially. Thecattleastione ORG layerprefesablydidsa lagebthickness:betweento.2&d 1 mm. Good
results with regardstorthe cenductivity ate pbtainedespecialby when the at deast ene-chCdayer has a

density between,4,a1h3 giems, paylipulady preterably between 08-a9d 2.0 g/cma aggvery particularly
preferably between 1 Qand 1 5 gms As the startln% mate%al for the ma&trlx of the CF 1aeyer use can be

I ave Ir S a
made of carbor=CBitaImnG At in PaHicUlar iose SeléGed Hom the Grovp Lomprising phenol

resins, pltches,?&Fﬁ?ﬁ?e%lﬁéj,rpﬁé?ﬂll%%%@rs,f%béxﬁf?é§ms“5rﬁilaﬁ§7?ﬁlxﬁﬁ%s§ﬁlt%t&dm%?é%f the
aforementioned-1&3 gconrpoungs;whereasppitcto or paricwtarlyppreferably furan resins,

phenyl esters, epoxy resins and any mixtures of two or more

of the aforementioned compounds.

As a further development of the inventive idea, it 1is
proposed that the at least one hard felt layer is composed
such that the latter has a bending strength measured
according to DIN 29971 between 0.1 and 20 MPa, preferably
between 0.2 and 5 MPa and particularly preferably between
0.5 and 1.5 MPa.

To produce the hard carbon fiber felt layer, a soft carbon
fiber felt can be impregnated with a suitable binder, in
particular with a binder selected from the group comprising
phenol resins, pitches, furan resins, phenyl esters, epoxy
resins and any mixtures of two or more of the
aforementioned compounds, before it 1is carbonised or
graphitised under the conditions stated above in respect of
the production of the soft felt layer. As initial fibers,
use 1is also preferably made here of cellulose fibers,
polyacrylonitrile fibers, peroxidised polyacrylonitrile
fibers, pitch fibers or any mixtures of two or more of the

aforementioned fibers.

Alternatively, the at least one layer of hard carbon fiber
felt can also be produced by mixing cellulose fibers,

polyacrylonitrile fibers, peroxidised polyacrylonitrile



polyacrylonitrile or peroxidised polyacrylonitrile is preferably used as the starting material for the carbon
fibers. Fiber mixtures of the aforementioned materials or bifilaments of two or more of the aforementioned
starting materials can also be used. The matrix can have a weight per unit area of 100 to 1500 g/m2.
Such CFC layers can for example be produced by the fact that peroxidised polyacrylonitrile fibers,
polyacrylonitrile fibers and/or pitch fibers are carbonised or graphitised, then the carbon fibers thus
obtained are processed tonfdrora woven fabie os anior=wbveddabric; hwhich is themimpregnated with a

binder, before thefabtic thus ghtained ds suhsequently heattreated of optionally carkanised and/or
graphitised. Carbon-containing compounds can be used as a binder, preference again being given to

those which are selected from the group comprising phenol resins, pitches, furan resins, phenyl esters,

epoxy resins arftFaAYy MixtureS ot o or'moré of thé afdrémentihed cBATFoUNdsC O aBEsunt of their

aforementionedfadvamageous propertiesh tie temposite dnatetialsacddrdingptoctheanvention can be used

espgcia!ly in he]ayShﬁd%gaﬂbemgkmm&t@n,x}@@@ﬂﬁwimﬁﬁme%ﬂtﬁmagea@t{rﬁ@@&hqrnh_igh-tempgrature

applications, for,example in foundries. Qp.account of its,easy machineability, the composite material

according to the invention is alsggarticularly V\{]ell suiteﬂ[for se in the reﬁlér. of existing thermal insulation,
e 4 1

wherein for example 3 paft 0 4h existing thefmal ihstilation, Which 16r example ’'made sdlely of hard felt,

is replaced with"@ précisadit by thetcompasite nmatekal Ré&orefity t@tHe thvetitibh. -tP4 - Bimensionally
extending, in particulan piate-shaped-foymg gt Canskavead reund lceoss=sectiemdre. befcoristituted

cylindrical or tubulaf-Apatfromthedatter, howeyer, theyean @lso Reduesant ingay othgrforms,
including geomgtrg:ta}lllgrcorpglee)%ﬁggp%. tbhfuq:tger sotgcmeécrt-nlatter of t%% pr{eﬁent inventéolr%ies a process for

the production of a comp05|tg material described above, whlgﬁ/%g%prlsest e fcﬁl%mw%ﬁg steps: a)
preparation of at1&&St'Gie layer of soft carbon fiber felt, b) preparation of at least one layer of hard carbon
fiber felt and

The present invention is not limited with regard to the
number of hard felt and soft felt layers. For example, the
composite material can comprise only one soft felt layer
and one hard felt layer or respectively two, three or more
soft felt and hard felt layers. The composite material
according to the invention can just as well comprise a
differing number of soft felt layers and hard felt layers,
for example one soft felt layer and two or more hard felt
layers or one hard felt layer and two or more soft felt
layers. At least one hard felt layer 1is connected to at
least one soft felt layer over a large area via a binder,
wherein it is preferable, however, that all adjacent hard
and soft felt layers are connected to one another in each

case over a large area via a binder.

According to a preferred embodiment of the ©present
invention, the composite material is built up symmetrically
in respect of the arrangement of the hard felt layers and

soft felt layers.

For example, the composite material can comprise a central
layer of hard carbon fiber felt, which is surrounded on

both sides by, in each case, a layer of soft carbon fiber



c) connection of the at least one layer of soft carbon fiber felt to the at least one layer of hard carbon fiber
of felt by means of a binder. In process step b), the at least one layer of hard carbon fiber felt can be
produced for example by impregnation of soft carbon fiber felt with a binder and subsequent heat
treatment. Alternatively, the at least one layer of har&arbon fiber felt can be produced in process step b)
by mixing fibers with a binder, pressing the mixture thus obtained and subsequent heat treatment.
Furthermore, thesprocess aceording 4o the inwention cah compriseras pradéss-stepld), thecapplication of

at least one graphitedoill andiqy at least gpedaysar of casbanfiberreinforcedrcarbon onatleast one of the
carbon fiber felt Iagers. Far the a%pli%ation oga Iager (if carbon fiber-Eeinforced carbon, (peroxided)
C, S v1i a lﬁ‘b er . C S S T S a

- . o . pd el
polyacrylonitrile fibers and/or pitc ers for examrrﬂg can be acra¥bon|s€€jcorugrr% hitised in = 15 - process

step d), then thE T&HSH fiber8thas bbtairkd-Gre rocessed to fora wven¥ablic 6ARGRRvoven fabric,
which is then indgregnated with ehbinkder selegtathfronrethecgrobptdonsgiising phendhresing; pitches, furan
resins, phenyl esigks, epOXyLEgsiRS anel any raixtueseitwa opsrorerefi the afarementioned compounds,

before the fabrig thus gbtaingd is optjonglly carbopised and/er graphitised, fiper fe1t
are connected to the layer of soft carbon fiber felt in
each case via a binder. The aforementioned composite
materials can comprise these arrangements, i.e. comprise no
further layers, or can comprise additional layers of
another material, for example one or more dgraphite foils
and/or one or more layers of carbon fiber-reinforced

carbon.

As a development of the inventive idea, it 1is proposed
that, in the two aforementioned embodiments, the outer
layers are surrounded in each case Dby a further,
complementary felt layer. This leads to a structure with a
central layer of hard carbon fiber felt, which is
surrounded on both sides by, in each case, a layer of soft
carbon fiber felt, on which a layer of hard carbon fiber
felt is in turn arranged in each case, or to a structure
complementary thereto with a central layer of soft carbon
fiber felt, which is surrounded on both sides by, in each
case, a layer of hard carbon fiber felt, on which a layer

of soft carbon fiber felt is in turn arranged in each case.

In order, for example, to increase the impermeability or
barrier properties of the composite material with respect
to thermal radiation and gases, the composite material can
comprise, apart from at least one soft felt layer and at
least one hard felt layer, one or more further layers
which, for example, comprise carbon fiber-reinforced carbon
and/or graphite foil. This (these) further layer(s) 1is
(are) preferably applied on one of the outermost layers of

the composite material or on both outermost layers of the



After the arrangement of the individual layers upon one another, the composite material can optionally be
hardened, which can take place for example by pressing, by vacuum application, by treatment in a
heating chamber, by treatment in a drying chamber, by treatment in an autoclave or chemically by the
addition of a hardening agent. Finally, the composité material can then be carbonised and/or graphitised.
The present invention is described below, merely by way of example, with the aid of advantageous

embodiments makipg $eference to-thel appendededrawings:iardhe figures: $howsra cross-sectional view
of a composite piateral accarding-to the invgntion accarding e aifirstexample efembodimgent of the
present inventigﬂn ) tsehgvgia %rogs-saeicstioon% é/iew rof ai%%rgpqgietgwnélg%eriallna?c]lc\(]){gilgglto tpglijgvention
according to a second examp?e of embodiment of the present invention, shows a cross-sectional view of a

composite materfal dctording 16 tHE iierftivh &ctiording'to d iRt exdmpRe'BEERfbdiment of the present

invention, - 16 least one hard felt layer directly, 1i.e. without an

intermediate layer (apart from binder).

For example, in the case of the aforementioned embodiment,
wherein the composite material comprises a central layer of
hard carbon fiber felt, which is surrounded on both sides
by, in each case, a layer of soft carbon fiber felt, a
graphite foil and/or a layer of carbon fiber-reinforced
carbon can be arranged on the outside in each case on the
two outer layers of soft carbon fiber felt. Analogous
thereto, 1n the <case of the embodiment 1in which the
composite material comprises a central layer of soft carbon
fiber felt, which is surrounded on both sides by, in each
case, a layer of hard carbon fiber felt, a graphite foil
and/or a layer of carbon fiber-reinforced carbon can be
arranged on the outside in each case on the two outer

layers of hard carbon fiber felt.

If at least one graphite foil is provided in the composite
material according to the invention, said graphite foil
preferably has a layer thickness between 0.1 and 3 mm and
particularly preferably between 0.3 and 1 mm. Such a
graphite foil has a high reflection capacity and endows the
composite material in particular with a good Dbarrier

property, and in particular against the passage of gas.

As a development of the inventive idea, it is proposed that
the graphite foil is made of natural graphite and/or of

expanded graphite.

According to a further preferred embodiment of the present
invention, the density of the graphite foil amounts to 0.1

to 1.5 g/cm’. A densely rolled graphite foil is preferably



shows a cross-sectional view of a composite material according to the invention according to a fourth
example of embodiment of the present invention, shows a cross-sectional view of a composite material
according to the invention according to a fifth example of embodiment of the present invention and shows
a cross-sectional view of a composite material accofding to the invention according to a sixth example of
embodiment of the present invention. Composite material 10 represented in figure 1 comprises a central
layer of hard felt 424 on the opposing sides whiergofet layepobsoft feltdldg 14his arvargeckin each case,

wherein individyal,Jayers 12514 k4 areLeach ¢ennecieddogne-anotherpuera lakge &rea via a binder
(not representeg}ic'gheabin(%er can be rJ'Qf%Vidc d as an .i@l}g:rrge(gg%esla%/er ggween two a(ya}%ent felt layers

12, 14 and respectlvglySlZ, 2%, Afterr atively, the binder can orlglnéteyfrom the contact faces of adjacent

felt layers 12, 14/ % -In the case of composite material 10 represented in figure 2, the individual layers
are built up complementary to those of the composite material represented in figure 1, i.e. the latter
comprises a cential layer uf soft felid 4,1 ap dhe oppasing sides whereot allayerefihargrfelinl2, 12' is

arranged in eacfrgase, yuherein individual layers 14, 12.2nd respegtively 14, 12' are; each connected to -
one another over a Iarsgedare%]wa a binder (no represented@.— ]h? - layer of S%f.t felt 14', 14" is arranged in
1 .lC on

COmMPPS o) carbon o car bers are
each case on the’ Outsids oY thetwd Tayers of Rard felt 12, *
contained. The carbon fibers can be continuous fibers, this

being preferable, or can be staple fibers, this being less
preferable, said staple fibers for example having a length
between 5 and 250 mm, preferably between 10 and 100 mm and
particularly preferably between 50 and 100 mm.

According to a further preferred embodiment of the present
invention, the carbon fibers of the CFC layer are
constituted in the form of a woven fabric. In an
alternative embodiment of the present invention, but one
that is also preferred, the carbon fibers of the CFC layer
are constituted in the form of a non-woven fabric, wherein
the individual fibers of the non-woven fabric <can be

arranged unidirectionally or multi-axially.

The at least one CFC layer preferably has a layer thickness

between 0.1 and 1 mm.

Good results with regard to the conductivity are obtained
especially when the at least one CFC layer has a density
between 0.4 and 3 g/cm% particularly preferably between
0.8 and 2.0 g/cm’ and very particularly preferably between
1.0 and 1.5 g/cm’.

As the starting material for the matrix of the CFC layer,
use can be made of <carbon-containing materials, in
particular those selected from the group comprising phenol
resins, pitches, furan resins, phenyl esters, epoxy resins

and any mixtures of two or more of the aforementioned



The composite materials represented in figures 4 to 6 correspond to those shown in figures 1 to 3, except
for the fact that there is arranged in each case on their outer felt layers 14, 14' and respectively 12, 12
and respectively 14', 14" a graphite foil 16, 16' or a layer of carbon fiber-reinforced carbon 18, 18', which
can be connected to the felt layer lying in each caselthereunder by means of a binder. Alternatively, it
would also be possible to provide both a graphite foil and a layer of carbon fiber-reinforced carbon on
outer felt layerscbcbAirang, respectivedy 12, 12 @nd respectively 14 104" whereir the givaphite foil is
preferably arranged, in-this ase omthe oyter side gi.the: layer ofcarbon diberreinforeed cagbon. As an

alternative to the tgvgégggﬁn&%naellg eétseng}peq fortrgs shown in flg]lfjrgﬁl {%9 tpgecomgogge materials

) £ £
according to thé)lrnventlon gan aslso have any otl's\er For%nnsg, sﬂngh as for example a cy mérlcé)l or tubular

form. - 18 - 10 12°945 16 F18°F2 T4 A PA" 160 ERSIRARE MiiHBArstater fals or

bifilaments of two or more of the aforementioned starting
materials can also be used. The matrix can have a weight

per unit area of 100 to 1500 g/m®.

Such CFC layers can for example be produced by the fact
that peroxidised polyacrylonitrile fibers,
polyacrylonitrile fibers and/or pitch fibers are carbonised
or graphitised, then the carbon fibers thus obtained are
processed to form a woven fabric or a non-woven fabric,
which is then impregnated with a binder, before the fabric
thus obtained 1is subsequently heat-treated or optionally
carbonised and/or graphitised. Carbon-containing compounds
can be used as a binder, preference again being given to
those which are selected from the group comprising phenol
resins, pitches, furan resins, phenyl esters, epoxy resins
and any mixtures of two or more of the aforementioned

compounds.

On account of their aforementioned advantageous properties,
the composite materials according to the invention can be
used especially in heat shields, in thermal insulation, in
built-in fixtures in furnaces or in other high-temperature
applications, for example in foundries. On account of its
easy machineability, the composite material according to
the invention 1is also particularly well suited for use in
the repair of existing thermal insulation, wherein for
example a part of an existing thermal insulation, which for
example 1s made solely of hard felt, is replaced with a
precise fit by the composite material according to the

invention.

The composite materials according to the invention can be

constituted in any form. For example, they can have a two-



composite material hard felt(layer) softfelt(layer) graphite foil carbon fiber-reinforced carbon WO
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dimensionally extending, in particular plate-shaped form,
or can have a round cross-section, 1.e. be constituted
cylindrical or tubular. Apart from the latter, however,
they can also be present in any other forms, including

geometrically complex shapes.

A further subject-matter of the present invention 1is a
process for the production of a composite material

described above, which comprises the following steps:

a) preparation of at least one layer of soft carbon fiber
felt,

b) preparation of at least one layer of hard carbon fiber
felt and

c) connection of the at least one layer of soft carbon

fiber felt to the at least one layer of hard carbon

fiber of felt by means of a binder.

In process step b), the at least one layer of hard carbon
fiber felt can be produced for example by impregnation of
soft carbon fiber felt with a binder and subsequent heat
treatment. Alternatively, the at least one layer of hard
carbon fiber felt can be produced in process step b) by
mixing fibers with a binder, pressing the mixture thus

obtained and subsequent heat treatment.

Furthermore, the process according to the invention can
comprise, as process step d), the application of at Ileast
one graphite foil and/or at least one layer of carbon
fiber-reinforced carbon on at least one of the carbon fiber

felt layers.

For the application of a layer of carbon fiber-reinforced
carbon, (peroxided) polyacrylonitrile fibers and/or pitch

fibers for example can be carbonised or graphitised in



1. A composite material, which comprises at least one layer of soft carbon fiber felt (14, 14', 14") and at
least one layer of hard carbon fiber felt (12, 12'), wherein the at least one layer of soft carbon fiber felt (14,
14', 14") is connected to the at least one layer of hard carbon fiber felt (12, 12') via a binder. 2. The
composite material according to claim 1, charactetised in that the at least one layer of soft carbon fiber
felt (14, 14', 14") has a thickness between 1 and 100 mm, preferably between 1 and 50 mm and
particularly preferably etween 2anm and:20thm. Sadihencampesite ntaterialiaccondinigdo<laim 1 or 2,

characterised in,thatdhe af leastone layey of soft-carbon finerfel (14,44’ A4h)-has a.gdensity between
0.01 and 1 g/cm3, pcrgléenratgltx between %'Oéiac d Oa.Skgl/cQBransde Egrtﬁuéarglrgref%@ebly between 0.08 and
[ t

t : . : .
0.15 g/cm3. 4. The comp05|tgrrﬁg'Fear|a? according to at least one of the precengjlng clal%éj,u&aracterlsed in

that the at leastOHE Tayer'tt séft Garbon fibet feit (181 14099) hasra WeibRe hBF uniParfdabetween 50 and
10,000 g/cm2, particutarlyepreteratsy between 100vand 5006 g/crh2tard verynparticafariyhpreferably
between 200 and 4580g/chth & Thegsnpeasite material accerdingta at leaskona-ekthe-preceding

claims, is optionally carbonised and/or graphitised.

After the arrangement of the individual layers upon one
another, the composite material can optionally be hardened,
which can take place for example by pressing, by wvacuum
application, by treatment in a heating chamber, by
treatment in a drying chamber, by treatment in an autoclave

or chemically by the addition of a hardening agent.

Finally, the composite material can then be carbonised

and/or graphitised.

The present invention is described below, merely by way of
example, with the aid of advantageous embodiments making

reference to the appended drawings. In the figures:

Fig. 1 shows a cross—-sectional view of a composite
material according to the invention according to
a first example of embodiment of the present

invention,

Fig. 2 shows a cross—-sectional view of a composite
material according to the invention according to
a second example of embodiment of the present

invention,

Fig. 3 shows a cross—-sectional view of a composite
material according to the invention according to
a third example of embodiment of the present

invention,



characterised in that - 20 - the carbon fibers of the at least one soft felt layer (14, 14', 14") have a length
between 0.1 and 500 mm, preferably between 1 and 250 mm and particularly preferably between 40 and
100 mm. 6. The composite material according to at least one of the preceding claims, characterised in
that the carbon fibers of the at least one soft felt layé°(14, 14', 14") have a fineness between 0.1 and 100
dtex, preferably between 0.5 and 25 dtex and particularly preferably between 1 and 5 dtex. 7. The
composite material actordingtovat least one of the preceding cldims, charaeterisedudn shate

material according to the invention according to
a fourth example of embodiment of the present

invention,

Fig. 5 shows a cross—-sectional view of a composite
material according to the invention according to
a fifth example of embodiment of the present

invention and

Fig. 6 shows a cross—-sectional view of a composite
material according to the invention according to
a sixth example of embodiment of the present

invention.

Composite material 10 represented in figure 1 comprises a
central layer of hard felt 12, on the opposing sides
whereof a layer of soft felt 14, 14’ is arranged in each
case, wherein individual layers 12, 14, 14’ are -each
connected to one another over a large area via a binder
(not represented). The Dbinder can Dbe provided as an
intermediate layer between two adjacent felt layers 12, 14
and respectively 12, 14’. Alternatively, the binder can
originate from the contact faces of adjacent felt layers
12, 14, 147,

In the case of composite material 10 represented in figure
2, the individual layers are built up complementary to
those of the composite material represented in figure 1,
i.e. the latter comprises a central layer of soft felt 14,
on the opposing sides whereof a layer of hard felt 12, 127
is arranged in each case, wherein individual layers 14, 12
and respectively 14, 12’ are each connected to one another

over a large area via a binder (not represented).

The composite material represented in figure 3 differs from

that represented in figure 2 by the fact that a further



the at least one layer of soft carbon fiber felt (14, 14', 14") has been produced by felting and subsequent
carbonisation or graphitisation of cellulose fibers, polyacrylonitrile fibers, peroxidised polyacrylonitrile
fibers or pitch fibers. 8. The composite material according to at least one of the preceding claims,
characterised in that the at least one layer of hardcarbon fiber felt (12, 12') has a density between 0.02
and 2 g/cm3, preferably between 0.1 and 1.0 g/cm3 and particularly preferably between 0.15 and 0.3
g/cma3. 9. The compasitet matetialtadcordig tolat’least enenfdhe precedirly claisrs ccharasterised in that

the at least oneJayer gthard earban,fiberfelt (12, 4 2)-gontains.a carban-containing binder, which is
preferably selected from the group comprising phenol resins, pitches, furan resins, phenyl esters, epoxy -

21 -

The composite materials represented in figures 4 to 6
correspond to those shown in figures 1 to 3, except for the
fact that there is arranged in each case on their outer
felt layers 14, 147 and respectively 12, 127 and
respectively 147, 14" a graphite foil 16, 16’ or a layer of
carbon fiber-reinforced carbon 18, 18’, which can be
connected to the felt layer lying in each case thereunder
by means of a binder. Alternatively, it would also be
possible to provide both a graphite foil and a layer of
carbon fiber-reinforced carbon on outer felt layers 14, 14’
and respectively 12, 12’ and respectively 14’, 14", wherein
the graphite foil is preferably arranged in this case on
the outer side of the layer of carbon fiber-reinforced

carbon.

As an alternative to the two-dimensionally extending forms
shown in figures 1 to 6, the composite materials according
to the invention can also have any other forms, such as for

example a cylindrical or tubular form.



resins and any mixtures of two or more of the aforementioned compounds. 10. The composite material
according to at least one of the preceding claims, characterised in that the binder, via which the at least
one layer of soft carbon fiber felt (14, 14", 14") is connected to the at least one layer of hard carbon fiber
felt (12, 12'), is a carbon-containing binder which is $élected from the group comprising phenol resins,
pitches, furan resins, phenyl esters, epoxy resins and any mixtures of two or more of the aforementioned
compounds. 11The composite material according fe at teastrongoefthe preceding claims, characterised in
that the latter comprises a layer of hard carbon fiber felt (12) and two layers of soft carbon fiber felt (14,
14") arranged o d)pposing sides o{: tf}gz geslridcgarbaqcn ﬁgerlfelt (12), wherein the two layers of soft carbon
fiber felt (14, 145’1) are connected to t%epla%er of hard carbon fiber felt (12) in each case via a binder. 12The

composite materfal according to at1@ast ofiéof (1ayer)
14, 14’, 14" soft felt (layer)
16, 167 graphite foil

18, 187’ carbon fiber-reinforced carbon



the preceding claims, characterised in that the latter comprises a layer of soft carbon fiber felt (14) and
two layers of hard carbon fiber felt (12, 12") arranged on opposing sides of the soft carbon fiber felt layer
(14), wherein the two layers of hard carbon fiber felt (12, 12") are connected to the layer of soft carbon
fiber felt (14) in"achiddse’dia’d birfder. - 22 - characterised in that a further layer of soft carbon fiber felt
(14', 14") is arranged in each case on the outside on the two layers of hard carbon fiber felt (12, 12",
wherein the two outer layers of soft carbon fiber felt £14s14") are connected to the corresponding hard
carbon fiber felt layer (12, 12') in each case via a binder. 14The composite material according to at least
one of the pre(:(iqmg (Alairggmposite material, which comprises at least one
layer of soft carbon fiber felt (14, 14’, 14”) and at
least one layer of hard carbon fiber felt (12, 127),
wherein the at least one layer of soft carbon fiber
felt (14, 14', 14") 1is connected to the at least one
layer of hard carbon fiber felt (12, 12’) via a

binder.

2. The composite material according to claim 1,
characterised in that
the at least one layer of soft carbon fiber felt (14,
147, 14”) has a thickness Dbetween 1 and 100 mm,
preferably between 1 and 50 mm and particularly

preferably between 2 mm and 20 mm.

3. The composite material according to claim 1 or 2,
characterised in that
the at least one layer of soft carbon fiber felt (14,
14’7, 14”) has a density between 0.01 and 1 g/cm%
preferably between 0.05 and 0.5 g/cm’ and particularly
preferably between 0.08 and 0.15 g/cm’.

4. The composite material according to at least one of
the preceding claims,
characterised in that
the at least one layer of soft carbon fiber felt (14,
147, 14”) has a weight per unit area between 50 and
10,000 g/cm?, particularly preferably between 100 and
5,000 g/cm2 and very particularly preferably between
200 and 1500 g/cm?®.

5. The composite material according to at least one of
the preceding claims,

characterised in that



characterised in that the latter further comprises at least one graphite foil (16, 16') and/or at least one
layer of carbon fiber-reinforced carbon (18, 18'), which is (are) preferably arranged on one of the or on
both of the outermost felt layers (12, 12', 14, 14', 14") of the composite material (10). 15. The composite
material according to claim 14, characterised in that4Ae at least one graphite foil (16, 16') is made of
natural graphite and/or of expanded graphite and has a layer thickness of 0.1 to 3 mm and preferably
between 0.3 and 1 mmha6Thelgampasitermaterialraccardingdeo tclaine 14 ocharaeiarisegyiarthat the at least

one layer of carbon fibergreinfarcedcarpon {18, 18') eantainseentinuous fibers or coptains staple fibers
which have a length between 5 and 250 mm, preferably b en 10 and,100 mm an rticularly
preferably between 50 and L ?’rﬁn ?Fﬁ%hco%pogﬁé m%t'%sreialr%co?a%g ﬁ)aélg}rﬁulg; 68%{6,
characterised in that tREFibers of th& SaHsEH fibr-feififdritedCarbon (18, 18') are present in the form of a
woven fabric or a

6. The composite material according to at least one of
the preceding claims,
characterised in that
the carbon fibers of the at least one soft felt layer
(14, 14’, 14”) have a fineness between 0.1 and 100
dtex, preferably between 0.5 and 25 dtex and
particularly preferably between 1 and 5 dtex.

7. The composite material according to at least one of
the preceding claims,
characterised in that
the at least one layer of soft carbon fiber felt (14,
147, 14”) has been produced by felting and subsequent
carbonisation or graphitisation of cellulose fibers,
polyacrylonitrile fibers, peroxidised

polyacrylonitrile fibers or pitch fibers.

8. The composite material according to at least one of
the preceding claims,
characterised in that
the at least one layer of hard carbon fiber felt (12,
127) has a density between 0.02 and 2 g/cm%
preferably between 0.1 and 1.0 g/cm’ and particularly
preferably between 0.15 and 0.3 g/cm3.

9. The composite material according to at least one of
the preceding claims,
characterised in that
the at least one layer of hard carbon fiber felt (12,
12’) contains a carbon-containing binder, which is
preferably selected from the group comprising phenol

resins, pitches, furan resins, phenyl esters, epoxy



- 23 - non-woven fabric, which is preferably constituted unidirectionally or multi-axially. 18. The composite
material according to at least one of preceding claims 14, 16 or 17, characterised in that the at least one
layer of carbon fiber-reinforced carbon (18, 18') has a thickness between 0.1 and 1 mm. 19The composite
material according to at least one of preceding claints'14, 16, 17 or 18, characterised in that

resins and any mixtures of two or more of the

aforementioned compounds.

10. The composite material according to at least one of
the preceding claims,
characterised in that
the binder, wvia which the at least one layer of soft
carbon fiber felt (14, 147, 14”) is connected to the
at least one layer of hard carbon fiber felt (12,
12"), 1s a carbon-containing binder which is selected
from the group comprising phenol resins, pitches,
furan resins, phenyl esters, epoxy resins and any
mixtures of two or more of the aforementioned

compounds.

11. The composite material according to at least one of
the preceding claims,
characterised in that
the latter comprises a layer of hard carbon fiber felt
(12) and two layers of soft carbon fiber felt (14,
147) arranged on opposing sides of the hard carbon
fiber felt (12), wherein the two layers of soft carbon
fiber felt (14, 14’) are connected to the layer of

hard carbon fiber felt (12) in each case via a binder.

12. The composite material according to at least one of
the preceding claims,
characterised in that
the latter comprises a layer of soft carbon fiber felt
(14) and two layers of hard carbon fiber felt (12,
127) arranged on opposing sides of the soft carbon
fiber felt layer (14), wherein the two layers of hard
carbon fiber felt (12, 12') are connected to the layer
of soft carbon fiber felt (14) in each case via a

binder.

13. The composite material according to claim 12,



the at least one layer of carbon fiber-reinforced carbon (18, 18") has a density between 0.4 and 3 g/cm3,
preferably between 0.8 and 2.0 g/cm3 and particularly preferably between 1.0 and 1.5 g/cm3. 20. Use of
a composite material according to at least one of claims 1 to 19 in heat shields, in thermal insulation, in
built-in fixtures in furnaces or in other high-temperatdre applications. 21. A process for the production of a
composite material according to at least one of claims 1 to 19 comprising the following steps: a)
preparation of at leastcone tayesof soft carbondfiber felt (14, 14', 14"), b) preparation of at least one layer

of hard carbon fiber felt (22, 123.and.q)-connectienr of the-atleast gae layerof soft-carhan fiber felt (14,
14', 14") to the gt Ieas}gp% la aenrgoewariqlcaergg}rl] flgaegéelto(%&t%ze) %Jgéelagles oofna btlﬂcejertm;om -22. The
process according to claim 21,

layers of hard carbon fiber felt (12, 12’), wherein

the two outer layers of soft carbon fiber felt (147,

14"”) are connected to the corresponding hard carbon

fiber felt layer (12, 12’) in each case via a binder.

14. The composite material according to at least one of
the preceding claims,
characterised in that
the latter further comprises at least one graphite
foil (16, 16’) and/or at least one layer of carbon
fiber-reinforced carbon (18, 18’), which 1s (are)
preferably arranged on one of the or on both of the
outermost felt layers (12, 12', 14, 14’, 14") of the

composite material (10).

15. The composite material according to claim 14,
characterised in that
the at least one graphite foil (16, 16’) is made of
natural graphite and/or of expanded graphite and has a
layer thickness of 0.1 to 3 mm and preferably between
0.3 and 1 mm.

16. The composite material according to claim 14,
characterised in that
the at least one layer of carbon fiber-reinforced
carbon (18, 187) contains continuous fibers or
contains staple fibers which have a length between 5
and 250 mm, preferably between 10 and 100 mm and
particularly preferably between 50 and 100 mm.

17. The composite material according to claim 14 or 16,
characterised in that
the fibers of the carbon fiber-reinforced carbon (18,

18’) are present in the form of a woven fabric or a



characterised in that, in step b), the at least one layer of hard carbon fiber felt (12, 12") is produced by
impregnation of soft carbon fiber felt with a binder and subsequent heat treatment. 23. The process
according to claim 21, characterised in that, in step b), the at least one layer of hard carbon fiber felt (12,
12" is produced by mixing fibers with a binder, pressifigthe mixture thus obtained and subsequent heat
treatment. 24The process according to at least one of claims 21 to 23, characterised in that the latter
further comprises, as step-d)the application ofwatledst ane graphitertdill(16, d6r)<and/or atileast one layer

of carbon fiber-reinforged garhon (18,18 onatleast ong of the carbon fiber felt layers (12, 12', 14, 14,
14".
18. The composite material according to at least one of
preceding claims 14, 16 or 17,
characterised in that
the at 1least one layer of carbon fiber-reinforced

carbon (18, 18’) has a thickness between 0.1 and 1 mm.

19. The composite material according to at least one of
preceding claims 14, 16, 17 or 18,
characterised in that
the at least one layer of carbon fiber-reinforced
carbon (18, 18’) has a density between 0.4 and 3
g/cm’, preferably between 0.8 and 2.0 g/cm® and
particularly preferably between 1.0 and 1.5 g/cm’.

20. Use of a composite material according to at least one
of claims 1 to 19 in heat shields, in thermal
insulation, 1in built-in fixtures 1in furnaces or in

other high-temperature applications.

21. A process for the production of a composite material
according to at least one of claims 1 to 19 comprising

the following steps:

a) preparation of at least one layer of soft carbon
fiber felt (14, 14’, 147),

b) preparation of at least one layer of hard carbon
fiber felt (12, 12') and

c) connection of the at least one layer of soft
carbon fiber felt (14, 14'’, 14”) to the at least
one layer of hard carbon fiber felt (12, 12') by

means of a binder.



25The process according to claim 24, characterised in that, in step d), peroxided polyacrylonitrile fibers,
polyacrylonitrile fibers and/or pitch fibers are carbonised or graphitised, then the carbon fibers thus
obtained are processed to form a woven fabric or nonwoven fabric, which is then impregnated with a
binder selected from the group comprising phenolresins, pitches, furan resins, phenyl esters, epoxy
resins and any mixtures of two or more of the aforementioned compounds, before the fabric thus obtained
is carbonised oegraphitiseghrocess according to claim 21,

characterised in that,

in step b), the at least one layer of hard carbon
fiber felt (12, 12’) is produced by impregnation of
soft carbon fiber felt with a binder and subsequent

heat treatment.

23. The process according to claim 21,
characterised in that,
in step b), the at least one layer of hard carbon
fiber felt (12, 12’) is produced by mixing fibers with
a binder, pressing the mixture thus obtained and

subsequent heat treatment.

24. The process according to at least one of claims 21 to
23,
characterised in that
the latter further comprises, as step d), the
application of at least one graphite foil (16, 16")
and/or at least one layer of carbon fiber-reinforced
carbon (18, 18’) on at least one of the carbon fiber
felt layers (12, 127, 14, 14’7, 14").

25. The process according to claim 24,

characterised in that,

in step d), peroxided polyacrylonitrile fibers,
polyacrylonitrile fibers and/or pitch fibers are
carbonised or graphitised, then the carbon fibers thus
obtained are processed to form a woven fabric or non-
woven fabric, which is then impregnated with a binder
selected from the group comprising phenol resins,
pitches, furan resins, phenyl esters, epoxy resins and
any mixtures of two or more of the aforementioned
compounds, before the fabric thus obtained is

carbonised or graphitised.



