Procedure for making pre-impregnated reinforced composite, as well as fiber reinforced composite,
and their application 5 The present invention concerns the procedure for making pre-impregnated
reinforced composite, as well as fiber reinforced composite, and their application. To make composite
materials, fibers are used as either woven or non woven textile structures, as well as in the form of
single loose fibers. One of the advantages of the fibers is that they can 10be introduced in large
guantities and with a comparably even dispersion throughout the composite. Another advantage is that
the fibers are embedded in the fabric and usually don't need any additional adhering to each other.
The downside is that the making of a fabric involves high costs, especially when it comes to delicate or
difficult to weaéedifteTor Hhiihas frbliafpriozaarepaenToredisenpbsraoN Walad\angeaifuttdey cost
far less to make. But at the same time, fiber fabrics alsp exhipit 4 very poor adhesion, which makes
their production more difficult, especiﬁﬁf}‘%?ﬁ“fh%“f@ﬁﬂfc%‘f%%ﬁf‘%view. In order to improve adhesion
of fibers, plies can be bonded, linked using the hot melting binding threads or they can be bonded by
needling. ?ﬂf rocedure for making a composite materigl.based.on a fiber structure through 20the use
of checal KRB ED A o e SRS ST ERT L ISP et Ot plies
produced bynmesidting reslliks fdrdy ieirdornpheatiyelsi tinsinddhes disnlichiben.fabrics, while a compound that
is bonded or linked using the hot melting binding threads carries the risk of insufficient strength at
higher temperatures, because the glue or hot melting binding 25 thread either melt or decompose.

When glud emsesmsniogitsinuiiegiatsdiessasiverslag ofhee Sorpodcienorean Ridije SBi580eS on the
fiber fabric, Thig i3 th IR HSAVMARIAAR RATIEH AN B AR QIR Ob the srRestitRRipEal, because

such residues can considerably disrupt the interconnection between the reinforcing fiber fabric and
compBsitebfitericsbiilerismtifestie Yol ucomraebly pea P s ioushaetihe of the
composite:Bagetial: Adverefane here is maardipdhisteldiirdnalemiiac tha dawgipasient of

additional procedures for making, the production of fiber reinfarced compasites easier, and to match
the individtEAGaN AKHENE AIRTE RSB A Lo iSSKHE R IR T RES 8%558&8}3?@‘{%
matrix matggiakeas)psrreiatianchbci1oometi rgdeledie v doffianenigale Tiverfollowing figures show, in
explanatory and not limiting way, fiber reinforced composite material according to the invention, and
multiple fiber fabric byproducts made during the invention procedure:

15  Fiber fabrics, in comparison to tissues, show the advantage that they cost far less to make. But

at the same time, fiber fabrics also exhibit a very poor adhesion, which makes their production
more difficult, especially from the technical point of view. In order to improve adhesion of

fibers, plies can be bonded, linked using the hot melting binding threads or they can be bonded
by needling. The procedure for making a composite material based on a fiber structure through

20  the use of chemical binders is described in the patent specification FR 1 394 271.

A compound of plies produced by needling results only in comparatively limited resilient fiber
fabrics, while a compound that is bonded or linked using the hot melting binding threads carries
the risk of insufficient strength at higher temperatures, because the glue or hot melting binding
25  thread either melt or decompose. When glue or hot melting binding threads melt down or
decompose, they can leave residues on the fiber fabric. This is a huge disadvantage particularly
in a production of the composite material, because such residues can considerably disrupt the
interconnection between the reinforcing fiber fabric and composite material matrix and
significantly reduce the load-bearing capacity and lifetime of the composite material.
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10Figure 1 shows a fiber fabric (+1-45 fabric) with a line of carbon fiber precursor fiber yarn. Figure 2
shows a fiber fabric (+1-45 fabric) with a line of carbon fiber precursor fiber yarn after treatment at
2000C. Figure 3 shows a fiber fabric (+1-45 fabric) with a line of carbon fiber yarn after carbonizing at
2000C. 15 Figure 4 shows a sheet of carbon fiber reinforced carbon ceramic made from the product
shown in Figure 3. The task of the present invention is, therefore, to provide a procedure for the
production of fiber reinforced composite material, in which the raw material components are matched,
as well as 20sufficient and reliable integrity of a fiber is maintained during and after production steps,
at very highHeeIpry aieres, dndbe irangeiofl Ad deHi REYG s taadhepnsknVisir equiaongtich procedure

should allow for,a cheap production of fiber fahric and through that cheap fiber reinforced composite
material, THEGHUBE o ST BRARE AU S B L e A RO BTINE TRt B (DRt e
achievabldrmati cidmi erabhateidgll spapohdndel shitatmiepicita paodiattihat of 2 Hdyeorepofetesedlcomposite

materials %‘a&pxir%g e%rl'iagosca(l)(;')l.effflsod Eneerirp\{lolged Igjne%tleria%% shgrlljelrclltsbe matched according to the
invention procedure in suchia Way%a o distortion or%lrllérug%?on appears in the fiber fabric and/or

fiber réinforced composite material after a heating and cooling down. 30The present invention relates

to a methoffop Araclyeing. .00 e ik selRIRUEeEhaaARAI Deleriah o usdRGly i dhs ollowing

steps: a) this arrangement comprises of prepafing a fiber clutch of two or more fiber layers that are
partially omespisleaedgrdinp dadis by eopet ane athliplefibeefatoisd wpratnesibaddapaizedBprise at least
50% by Wtinlgjz%@?%%gg%gefrom the group consists of carbon fibers, precursor fibers of carbon fibers,
ceramic fibers and their mixtures, affixing at least one fiber layer onto one or 5more other layers using
an affixing binder thread. b) The fiber clutch is treated at high temperature of at least 400 C under an

inert afMOosRhAE1HHING; CHbYE e PoLAturR bR IRaRALION e 4BERTBEF PRI GG bty ah least one
binder; d) hardening of the_impregnated fiber clutch during a curing period at a curjng temperature of

at least 40 EWFFLRRO AN Y5TaRR G fRadrbie Hift i oo R RI RS %R EEF & iutch before
beginning and/esaniMaasvobning a portion of the curing period, wherein a fiber clutch reinforced
CompOSiteFl}[]g%tl%rifl Ishows a fiber fabric (+/-45° fabric) with a line of carbon fiber yarn after carbonizing
at 2000°C.
15  Figure 4 shows a sheet of carbon fiber reinforced carbon ceramic made from the product

shown in Figure 3.

The task of the present invention is, therefore, to provide a procedure for the production of fiber
reinforced composite material, in which the raw material components are matched, as well as

20  sufficient and reliable integrity of a fiber is maintained during and after production steps, at
very high temperatures, in the range of 400° C to 2700° C and beyond. Moreover, such
procedure should allow for a cheap production of fiber fabric and through that cheap fiber
reinforced composite material. The steps of such procedure, in particular the making of fiber
fabric, should also be achievable at comparably high speed, to be suitable for a production of

25  fiber reinforced composite materials on an industrial scale. Also, the involved materials should
be matched according to the invention procedure in such a way that no distortion or disruption
appears in the fiber fabric and/or fiber reinforced composite material after a heating and cooling

down.

30  The present invention relates to a method for producing a fiber-clutch reinforced composite material,

which includes the following steps:




is formed; e) The present invention also relates to use of the high-temperature treated fiber clutch and
to fiber clutch reinforced composite materials. Furthermore, in the current invention, a fiber layer is
prepared according to claim 20. In 15 addition, the current invention teaches the use of composite
materials, composite products and bonded structures in accordance with the claim 21. Preferred
execution forms are indicated in the claims. During the numerous experiments that led to the current
invention, it was found that an 20inventive method provides the manufacture of a fiber
clutch-reinforced composite material that is used in coordination with materials that enable

manufactusp ifsauhigihaliyoagimnpasittrepidnala fibpactiauhastiveoQuesit vartigeasas atyprisingly
the production of a compgsite material based aqn a fiber clutch.that can be heated to temperature of at
I e BBHSToN BrUdLes Trtset gy

least 400 EGLHNGHE BRI B BE S TR S S TR R B HETE ShT LIt BrbVides a
reliable strarigikt 38%nblyals ot relmadicfi@hatbeigadble cateiitsaf ¢cadwostfibbmanedacturitgpracess. The
invention alsg offgrs an important advantage that can used to manufacture fiber, clg gig) which are
elatven e R e b e
providing anfibeetblertbtyefonsxgrap g iralrphoead eb3 0 e iabiersibristrengtiated ehhagier treating at

temperatue, 400, nge ROIAATATENS AN NADNE e T B RANRl adapted with one

another that the fiber layer has neither curled nor deformed. To supply the fiber clutch in first step, an
arrangemempiegprEoded gt eb Hrensbiiebfiih riyesst witdhndriyd dasteaiegiob kg ampisigasisthletely over
each othelzi fRNAANR A MU G HRSIAUELS @éﬁidg%&hﬁ@%&é’ Jraigbisehifibera giggiikom the group

consisting of carbon (based on the total weight of the respective fiber layer) and thus enable the

productiorPESHRh A (izsliaRe s BeR PaBiecohthosne reatsH b Phel BrB RSERis Pesealbp APt and their

precygsor flaer quAsgaloasosiIGiResSisikaowLiBiinEBYPElicRAddS Eepesinpeshelawtedsl The term
"fiber layer," as used.in_the present application includes an¥ layer of fiber from anxfégzitfrial or material

mixtures. i SFRHEE TR PEAYRR AR 0 Sne ot W IEDEFBP SR IS l'e. a fiber
layer for exitchlentias fibeluialicy afififerneintsmpossnmatdnisls. run generally parallel or substantially
parallel in one direction. This can be accomplished by spreading a rope or any parallel arrangement of
filaments or yams. In addition, the term fiber 15layer is of any order or pattern of filaments or fiber
segments Birghonerdemgtie, fanrexanvetsian, a fiber layer is prepared according to claim 20. In

15 addition, the current invention teaches the use of composite materials, composite products and
bonded structures in accordance with the claim 21. Preferred execution forms are indicated in

the claims.

During the numerous experiments that led to the current invention, it was found that an

20  inventive method provides the manufacture of a fiber clutch-reinforced composite material that
is used in coordination with materials that enable manufacture of a high quality composite
material. In particular the current invention was surprisingly the production of a composite
material based on a fiber clutch that can be heated to temperature of at least 400° C during the
inventive production process under an inert atmosphere and yet it provides a reliable strength

25 and also can be made at a suitable rate in an industrial manufacturing process. The invention
also offers an important advantage that can be used to manufacture fiber clutch, which are

relatively inexpensive cables with a high number of filaments.

The first of inventive method includes providing a fiber clutch, for example which can provide
30 areliable strength even after treating at temperature 400° C under an inert atmosphere and in
which the materials are so well adapted with one another that the fiber layer has neither curled

nor deformed.




non-woven layer. Specially, the fiber layers also have different lengths and / or width measurements or
a different shape. In this particular product, the fiber layer used is with one or more fiber layers and it
contains at 20least 50% wt including the selected fibers from the group consisting of carbon fiber,
precursor fibers of carbon fibers, ceramic fibers and their mixtures in any desired position. This fiber
clutch and mixture or both can, for example, be the lowest and the top fiber layer and / or between
other layers of fibers, fiber layers which are arranged in a certain manner, and they can be differentiate
too. 25 In addition to carbon fibers, the precursor fibers like ceramic fibers can be included in the fiber
layers thatfasappierihedibsctaat D inthahags of Aiagereialikpewvided byara ihenierdibeglajdite present

invention. 30 Fiber layer for producing composite materials with excellent properties.can be obtained,
when at Ieggﬁgvgl,aﬁ%éf’%%%? &aci?}%ﬁéct%rgsﬂls S BEF T D! 5%%2&6?&%@ v ai Ibgﬂ%}g%?s of the
fiber clutch tarrisss/obgetentkicbfifibrssisolertd)foup thepsstngpufisark of diverm hesdrsoitle carbon
fiber, ceramic,fibers and.their mixtures. In_addition..one or moye la el %Lf!) rsi0f composite materials
with very ég%é%?%ér%g}swfa?s egFg?f%%r?r%XZr ja/n v%tt,hg?ee ear%e@hﬁpgge I%Etén 8 %l%‘y vét p?goferably to be
more thand®2ghloyontpesisaviddiyianore than 98% by wt of fiber includes selected from the group
consisting of carbon fibers precursor carbon fibers, ceramic 5fibers and their mixtures or consists

entirely of these. Composites can be obtained of very good mechanical strength, when at least one

fiber clutcH BeRTpAsetionfobsarberdihestindrthserseamisoriierer an el ascesignic ShesrankRongets, such

as a rangeftQ,erR td Q0desEMbs rifiem 2 to 99% by wt, based on the total weight of fibers in
10each layer. In a further step of the method for providing an attachment to fiber clutch, at least one

fiber layer is made to mount on one or more fibers layers by binding thread. In particular the process of

attaclhéng meyislugsdhepitachrasat afite reanegivr hsaatchaes ghyakieast aber filkes layer 15and
one or more additional layers of fibers passed. The germ "attachment" also includes mfan other
r

particles. THESTA &5 MATRALFPLIRES JVEPSHR SOHSE LeRR AHRABB A T8 or SESESAR part of the

fiber layerstgmd ipaaysiore. lay®es fer for example has a plurality of filaments or yarns, which run
generally parallel or substantially parallel in one direction. This can be accomplished by
spreading a rope or any parallel arrangement of filaments or yarns. In addition, the term fiber
15 layer is of any order or pattern of filaments or fiber segments of shorter length, for example a
non-woven layer. Specially, the fiber layers also have different lengths and / or width

measurements or a different shape.

In this particular product, the fiber layer used is with one or more fiber layers and it contains at
20 least 50% wt including the selected fibers from the group consisting of carbon fiber, precursor
fibers of carbon fibers, ceramic fibers and their mixtures in any desired position. This fiber
clutch and mixture or both can, for example, be the lowest and the top fiber layer and / or
between other layers of fibers, fiber layers which are arranged in a certain manner, and they can
be differentiate too.
25
In addition to carbon fibers, the precursor fibers like ceramic fibers can be included in the fiber
layers that an expert can select on the basis of his general knowledge and the teaching of the

present invention.

30  Fiber layer for producing composite materials with excellent properties can be obtained, when
at least two, preferably 50% of the total number of fiber layers, preferably all fiber layers of the

fiber clutch comprises of selected fibers from a group consisting of carbon fiber, precursor
4




fibers is attached in one or more fiber layers. The first layers of the first manufactured fiber 20 clutch
create thus. Moreover, the term "attachment" that two, three or more fiber layers are arranged with
more than one fiber layer above each other and secured together. An additional advantage to this
inventive method is that the fiber layer in one or more sections has different numbers of fiber layers.
The stretching (or thickness) and resilience of the 25manufactured product are specifically altered and
customized, especially to produce a composite material. A fastening thread may include one or more
fibers that are selected from the group consisting of carbon fiber, carbon fiber precursor fibers, ceramic

fibers and gagibmtisi esrdinshobdikaledthardtiveied thatithesa, was & diawhaeksisftfiesteolinique so far,

the binding yarns.on the basis.Qf materials with high. brittleness / or breaking vulnerability, such
ihat carbon JHRTS G UFRT pRELIED: 5 PRI B R L A BT g BB e

compared 86% tyreachrefhiabl pro devesad deesdltinbyisvienpéniadl gmalt bieadd GoradiusoEBpacially when
such production takes place at an industrial.scale and.at a-high production speed, thus itﬁﬁgs assumed
the thread Mo D e S B R e
mounting thbeschod|itsé ssisotesidronmsises gntingycofidisting of pre - oxidized viscose fibers, per -
oxidized polyacrylonitrile fibers, pre-oxidized textile fiber, phenolic resin fibers, pitch based precursor
fibers and their mixtures. In addition, one or more carbon fiber -precursor fiber of a fiber layer, are

selected frofmprsitgoean bsresistings of peavadedagobmieds iiprgt, precpridrastiopsfberylstiliile fibers,
10pre-oxidiggehiexlils fRetcRRAICISHEIRET s REHNATEE HIRGHSH dbars-anid)glicmiktires. The

terms pre-oxidized poé%acgylonitrile fiber (commong referred to often as PAN-Ox-fiber), phenolic resin
&5

fiber, pitch#gssioptdcured PAMEPYSHen Kosivhiadd Aty desbatsdrBdrsvrtal detisht ThEdE P textile

fiber"jclugles agyrknown expert in textile fiber, especially textile fibers that contain or consist of
carbon compounds. 15 One or more ceramic fibers of the mounting thread and / or one or more
ceramic fibers of a fiber layer can be selected from the group consisting of, basalt fibers, based on Si,
C, B, N, Allos theflieamp isidtensctashfiperaditiieis hashchomn aluibenvntdyidecfihenrsiised on
zirconium axide, fibers based on TiC, fibers tﬁ)sed on WC %nd Ihe'{ miétlfres.lfrefer&b% one or more
yer 1§ made to mount on one’or more tibers layers by binding thread. In particular the process
of attaching may include the attachment of the connective thread through at least one fiber layer

15  and one or more additional layers of fibers passed.

The term “attachment” also includes many other particles. They are initially arranged over one
another and attached together to process only part of the fiber layers and then more layers of
fibers is attached in one or more fiber layers. The first layers of the first manufactured fiber

20  clutch create thus. Moreover, the term “attachment” that two, three or more fiber layers are

arranged with more than one fiber layer above each other and secured together.

An additional advantage to this inventive method is that the fiber layer in one or more sections
has different numbers of fiber layers. The stretching (or thickness) and resilience of the
25  manufactured product are specifically altered and customized, especially to produce a

composite material.

A fastening thread may include one or more fibers that are selected from the group consisting of

carbon fiber, carbon fiber precursor fibers, ceramic fibers and their mixtures. It should also be
30  noted that there was a drawback in the technique so far, the binding yarns on the basis of

materials with high brittleness and / or breaking vulnerability, such that carbon fibers and their

precursor fibers and ceramic fibers are not suitable for operations as compared to a thread
5




20ceramic fibers are selected from the group consisting of, basalt fibers, and fibers comprising or
consisting of, SINC, SiBNC, SiC, B4C, BN, Si3N4, aluminum oxide, zirconium oxide, TiC, WC and
their mixtures and mixtures from these. The term "fibers on basis of a material” as used in the context
of the present invention describes that the fibers can consist of a specific material or include this. The
above mentioned ceramic fibers are well known to the expert and 25are further explained in detail.
Fastening binding threads of high strength can be obtained from different modes. For example, when
one or more fibers of the mounting binding thread at least contains one compound, that consists at

least one, piatarabhedvel occrgcasienants i eftheegaaupradiGs, SipdidByAthdd sidh3Podictiospecially

fastening threads with high Joad-bearing capacity, which may incl (}I}?, for example, cera ic%Rfli‘Pers, may
be obtained FURIELA BT H THHL ST APEhEroHUOR PO FTIY T SOt
preferably womid binculk 8@nwitetdypreferred more than 85% wt, especially more than 95% of the total
weight of the fastening thread, with the content of one or more of C, 5SI, B, N, Al, ZR, TI, W 0% wt.

The fastening thread can therefore only have a content of one, preferably two or more of C, Sl, B, N,
Al, ZR; TI,BapeThd faste ningahy cabarafitibe ieforesoe fzbeoofeint wbonenprefeadbifl tesdesiedre from C,

Si. B, N, A 7t dd M JBRRRINSSRAC Joainclicls, 0lags, 0585 ot eensisis oL RIBIaEARY not more

than 15% by wt of it, preferably hot more than 10% by wt of glass fiber (s) based on the total weight of
the fastenifigethrBedoxrtized tridadihon phanidifaesiméhsts pischihaseslaseciysaefitetarddbRistening

thread. If the siidatian dRMANdhe Wentste SRyt Ve Qi S5ERleN L AR bR seddndbgdastallation of

the multiple fastening threads, which may include the same or different fibers. 15Preferably a fastening
thread inciiidhe sets assisyarimeriEiizebscast Sbemetronilisd aehnrgrsoairs e, carbon

fiber-precyisas:dlREg, it s dibstisNd 1Al fBbyehbnsed nodhsdotskweighiefthexdasiening
thread. To i%%ve a fasteni{;glzthread a very good rating, it mle%/, be advanta?égous that the fastening

thread is at 1EAST S I TS BeLYARY difals Hoeo s o e prestsaety A tEadtsdad vy i idre

particularlplanislasteSBAitay, pitchbreehpeiaatpOFber 20 i itrawaoanp ate Yeafrftleanddsdiected from the
fibers, ceramic fibers, carbhon fibers arl}d their mixtures,

pased on Db B B THRLCAING At A VA OVA 4 it SRAIS KA e of 1K -
filaments, ffbersthespatial prashgst pénasbaitiedipoundseight per meter, can be used. They range from
0.0519 0.12 g/m. or carbon fiber - spun
One or more ceramic fibers of the mounting thread and / or one or more ceramic fibers of a
fiber layer can be selected from the group consisting of, basalt fibers, based on Si, C, B, N, Al
or their combinations, glass fibers, fibers based on aluminum oxide, fibers based on zirconium
oxide, fibers based on TiC, fibers based on WC and their mixtures. Preferably, one or more
20  ceramic fibers are selected from the group consisting of, basalt fibers, and fibers comprising or
consisting of, SINC, SiBNC, SiC, B4C, BN, Si3N4, aluminum oxide, zirconium oxide, TiC,
WC and their mixtures and mixtures from these. The term “fibers on basis of a material” as
used in the context of the present invention describes that the fibers can consist of a specific

material or include this. The above mentioned ceramic fibers are well known to the expert and

25  are further explained in detail.

Fastening binding threads of high strength can be obtained from different modes. For example,
when one or more fibers of the mounting binding thread at least contains one compound, that
consists at least one, preferably two or more elements from the group of C, Si, N, B, Al, Zr, Tij,

30 W.




yarn with a low weight per meter. Another way is a range of 0.04 tex to 1 tex can be used. These are
selected according to the situation. As optional, components can be fastening thread too. For example,
any expert based on his 30general knowledge select organic polymers such as polyacrylnitrile. These
are the polymers which are present in the form of fibers as well as metals. They are coming in the form
of metal thread-yarns of additives. An expert may select such optional ingredients based on his
general knowledge and the teachings of these descriptions. How ever, guidance will be given in the
beginning. A fastening thread can be as pure and initial form. For example, it cannot more than 1 Tex
or Spreferabiyeaiine AR smiiangirgds oitOhdstol6ad b tarn g etparineainc i pHROGHovwer¥@plE varies.

- This invention provides a particylar. advantage. The fastening thread used, whic omplete
noating or STERATIST B EIoty S A B b R SR o Fo oM Bbmie Sontaning
two or more fnom BarS5i084, B, PrsZrably; Mérittham d3ewirétepeadibyradixtare shen 869 pauexgsdiatly contain
silicon and, earbon thad can D, Cgi“’e{t%%ftﬁf;%‘é‘%&%%d -&Q'a'%%hdt'ﬂfgé‘éﬂ QP o hOLEXRAMRIEAter
heating at a temperature o T000 C for one hour under 99.9% by wt nitrogen in comprehensive
atmospher@l(Baded\biL lad ol Weighlbktfastening shisedenniteewlightdahatrangutdeiestdual

material INWIHEEINSIQIE! GOPLEIHE IS CRNTSIRILZION, W PheBadiininl (iAWY tlhGY Y Pe of

carbon and silicon"and with a weight of at least 90%. The 93% by wt'can be based on the total weight

after heatifgeai @i anfaBtefrag thrwagr marmirense; Hefdhtdht4r dheoriasiewpgthsiadimpy Al zr,

Ti, W can heR¥e buwirddus thonaighirghanas Rarp et SHeartpgd Jhe cRMRIUAIE Jod mixtures.
Heat is also affectingqit. 20 Fastening thread may be used specially as a high temﬁ‘%?ture resistant

binder threBare &N bpigh e& simsrhsrd dasedmophidetahmsiaht olthsdastraing safing@hccording

to thgisageaishe pampmintheltis usabén iRJiEsenidevRNdieRtwilghinelades any thread of material.
The exposure of the thread to a temperature of 405 C under a 99.9% by wt nitrogen comprehensive

25atmosphere may change its nature and activity. It is based on the total weight of the atmosphere.
If the situation demands, we can modify its way of creation. It can be used in the installation of

the multiple fastening threads, which may include the same or different fibers.

15  Preferably a fastening thread includes at least 15% by wt fiber (s) selected from the group
consisting of carbon fiber, carbon fiber-precursor fibers, ceramic fibers and their mixtures,
based on the total weight of the fastening thread. To have a fastening thread a very good rating,
it may be advantageous that the fastening thread is at least 75% by wt, preferably at least 85%
by wt, preferably at least 96% by wt more particularly at least 98% by wt, more precisely 99%

20 by wt or completely of fiber (s) selected from the group consisting of carbon fiber - precursor
fibers, ceramic fibers, carbon fibers and their mixtures, based on the total weight of the

fastening thread.

As fastening threads, for example can be of 1K — filaments, yarns, especially carbon yarns with
25  low weight per meter, can be used. They range from 0.05 to 0.12 g/m. or carbon fiber — spun
yarn with a low weight per meter. Another way is a range of 0.04 tex to 1 tex can be used.

These are selected according to the situation.

As optional, components can be fastening thread too. For example, any expert based on his
30  general knowledge select organic polymers such as polyacrylnitrile. These are the polymers
which are present in the form of fibers as well as metals. They are coming in the form of metal

thread-yarns of additives. An expert may select such optional ingredients based on his general
7




The pressure given from outside is also influencing it. A period of 8 hours projects the compound
without completely melting it or to decompose it completely. The form decomposed residue without
fibers formation, for example is the powder form. Preferably, it can be used in high mass high
temperature refractory binder thread also. Any thread can be used like this. 30It can be obtained by an
exposure to a temperature of 410 C under a 99.9% by wt nitrogen comprehensive atmosphere over a
period of 8 hours. A weight loss of no more 60% by wt occurs at that particular activity time It is based
on the total weight of the thread before heating. Again it can be used in a very high mass high
temperatuiecedisigniaminhietetiengSotiistdilesbapoicasititon beqayidareadviibelziseabiadned from an
exposure to a.temperature of 600 C under a 99.9% by wt nitrogen comprehensive atmosphere. It is
based on thetotal % eight of the atmosphere while over a period of 8 hours a weight loss of no more
than 60% by wt. 5The total weight of the threads before heating will change after heating. The more

suitable Coﬁ%%%ﬂ%agﬁ%%% %'0 r?ge"XLf}@ AAIEHIRN IR e RIg e MDRIR ﬁ%@ﬁﬁ@‘l@l@&er threads.

It can be any threa tained from an exposure to a temperature of 900 C under a 99.9% by wt
nitrogén consrehbnailiecaessosptioeciioasBd tnGAé totallcietightedfithRIRteRMh Eley Buging the activity,
over a periggiof 8 hours, a weight loss of no more than 60% by wt is happening. It 10is based on the
total weight of the threads before heating. In particular, extremely high temperature resistant binder
threads also submersing for a change. In that case, any thread that is obtained from an exposure to a

temperaturgafi20003i6n PRASIR 9PLhbdi WEVHEAZE TRE TAREENE SING AEROSPRRIE Rargdhon the total

weight of the atmosphere. In the activity time, over a period of 8 hours, a weight loss of no more than
60% by WISREHEALCHEREEr SAOHEPHSA SRR IP (FE0PHSABR OHRAS A A &EIMY<4heF 99.99% by wt
nitrogen ayBesphieds derisibiasttd ¥ RBRMRE T8N INB) M IVILR the wonteni b paiferdyly than 0.01% by
wt, based on the total Weight fgfhe atmaqsphere. It ga bco rise %itro en, ngrgle %afses, xXygen and
carbon oxiHESHRY 4O HiTOHER SiHEPRSS Cﬁéé)é]st BLEhaF. G AVt FARS e ddvantageous
novel fornilbidiser déffecafdraonioo sikeniphiafiatheaimpat abtaiped weert LBREP a5farfasidoing thread
that after heatin empetrature of 400 C. It can be occurred at preferably 410 C. 600,C and at 900
it can b e e AR e P A e A0 SO Ve as g e
comprehenshstere stiiteveighasatobange Thatesidigh noftthiel atrmbsghthetotdpmoiahys aftemaisteating
periofh of & ety & BiSeTParaiay! e AR5 BRI BN F UM A IRSIRPURAGA OF & Ioast S
MPa, preferably at least 10 MPa and 120 MPa. It can be pre erred 200 MPa too, especially another
preferred 406t0M4. ThrdiSndilevsirendhbeseitsa theaéotplimeachcebedivgtiogassiinabRstpgins. Moreover,

in the methnd;gefiinn: sRreiRrem@mriuhiondairctpe e fensilkiskengtws sxplaipdyndetail.
30Surprisingly, it was evident in many trials which led to the present invention for producing the
Thus the weight change happens according to the compounds and mixtures. Heat is also

affecting it.

20
Fastening thread may be used specially as a high temperature resistant binder thread. The term
“high temperature resistant binder thread,” carries many meanings according to the usage of the
compound. It is used in the present invention which includes any thread of material. The
exposure of the thread to a temperature of 405° C under a 99.9% by wt nitrogen comprehensive

25  atmosphere may change its nature and activity. It is based on the total weight of the atmosphere.
The pressure given from outside is also influencing it. A period of 8 hours projects the
compound without completely melting it or to decompose it completely. The form decomposed
residue without fibers formation, for example is the powder form. Preferably, it can be used in
high mass high temperature refractory binder thread also. Any thread can be used like this.

30 It can be obtained by an exposure to a temperature of 410° C under a 99.9% by wt nitrogen
comprehensive atmosphere over a period of 8 hours. A weight loss of no more 60% by wt

occurs at that particular activity time. It is based on the total weight of the thread before heating.
8




fiber clutch using fastening thread either before or even after heating that is used in the production of
the composite material temperatures, a satisfactory tensile strength. One more 9 surprising advantage
occurred here. It shows that by the use of fastening thread, the tensile strength increased up to 2000
C. These fastening threads are from precursor fibers of carbon fibers. For example, per oxidized
polyacrylnitrile (PAN-0x), which is already existing or being included after the original form created.
Fastening threads with one or more fibers selected from 5the group is consisting of precursor fibers
from carbon fibers or their mixtures. They lead to this invention of fiber clutch and composite materials
with excellaphmatesiabpigpeitias/diy additenihitdstenpgathre adh sanopiidasihseyell gme titary binding
thread can, be used. Any expert can use a known material to produce this, for exa 0n the basis of
o thread MBE IO Ay T BLRLR, rop B 4 LRt T BTG Sttty those
based on héting 998%lisntmaterah anohmebeosimorenssghion slaiebisetowitie sotl pptashierfitry binding
ihread. mosEimbl g Weathanused el Reien ot elspagiGat Asyie) oo
complement |r|pdl}ng threads. 15A Bmdlng thread may be, tor example, a yarn, especially a yarn

according ThDINabes0ht Phihy drreadalsiocitrereevoll sions ipbes keatinm [ expwrecatiatow yarn
construction |, Ray pﬁx%@@@&%ﬁ?HEJR&%@’E%&?M?ﬂiﬁﬁéﬂﬁf@ﬁ&?@%g%ﬁtﬂﬁﬂéﬁ MRads. It

counter-twisted yarns, since such a thread can be compressed to a lesser extent, particularly when the
fiber layer f8nBedni thigad shabisphiained| Fora anrierr I es it ermpdiEs P 880" &rsader 3788V more multi

filament 2Qstransieogu i diamasisianchdighay baa SRenegtlnBigHiasareQltRdiprerd. Daxng

Otherwise, it may have a fineness ranging from 0.04 to 0.75 Tex, determined according to DIN 60905.
In additionPSGStpRYEAPHRheht ParkSof ot PESABAre A CBd i are BB W8altening
threagh ang; agsadcompiaigiant Sisldipkbr@aEds before heating. In particular, extremely high

temperature resistant binder threads also submersing for a change. In that case, any thread that
is obtained from an exposure to a temperature of 2000° C under a 99.9% by wt nitrogen
comprehensive atmosphere based on the total weight of the atmosphere. In the activity time,
over a period of 8 hours, a weight loss of no more than 60% by wt happens, based on the total

15  weight of the threads, before heating. The 99.9% by wt nitrogen atmosphere is subject to
extensive contamination with the content of not more than 0.01% by wt, based on the total
weight of the atmosphere. It may comprise nitrogen, noble gases, oxygen and carbon oxides and

another set of nitrogen and noble gases together.

20 A very rare and advantageous novel form of fiber layer and composite materials can be
obtained when used as a fastening thread that after heating at a temperature of 400° C. It can be
occurred at preferably 410° C, 600° C and at 900° C; it can be happen especially at 2000° C
too. That is also under a 99.9% by wt nitrogen comprehensive atmosphere, based on the total
weight of the atmosphere, especially after a heating period of 8 hours at this temperature. In this

25  situation, it will show a tensile strength of at least 5 MPa, preferably at least 10 MPa and 120
MPa. It can be preferred 200 MPa too, especially another preferred 400 MPa. The tensile
strength can be determined according to ASTM D3379-75. Moreover, in the method section, a

preferred method for detecting the tensile strength is explained in detail.

30  Surprisingly, it was evident in many trials which led to the present invention for producing the
fiber clutch using fastening thread either before or even after heating that is used in the

production of the composite material temperatures, a satisfactory tensile strength. One more
9




25 The term "staple yam," as used in the present invention refers to yarn from the finite - length, for
example 1 to 50 mm, preferable 6 to 20mm, preferably 8 to 15 mm long fibers is constructed. Some
examples of these fibers of any length are obtained by twisting a plurality of fibers by spinning a yam.
The term "filament yam" as used in the context of the present 30invention refers to yarn from
theoretically infinitely long fibers, called filaments is constructed. In addition a fastening thread can be
close to a yarn that contains the carbon fiber (s) and / or carbon -precursor fiber (s) and / or ceramic
fiber (s), optionally a yarn on the basis of another material content. For example, the yarn includes an

organic polyimpeising paviicialar qolyaal yairileshowayhn tuilib esanof € skchiagiahieglfiie ashsilecombination
with an adjacent 5running,or Wit? stening thread an additional binding thread is twisted. Also
combinato S T RB PO  Fng tn] DRCIC e 08 T T & B SRt nature
of threads fibtw fRstenamiple astranadiizdrjalyecrymonk P AMdi@xaddlticnal flixadiagestngitir befagtening
thread 10 ”Pbé‘ﬁﬁe*ayaﬁ%trat%%ﬁ iheipzie g hread dirouah. a1Jeast 8.t [aves, LAQUAR, Qng.g| more
additional fiber ayer Is pass t%roug It The passageg of the fastening thread can result through
variou§ préeeerasinethknbngoipmrespeibdsimmaegshondbseswndgaetirodeariteoleraite s

procedures; andigr GIaNEtng. T REse L RRoRAIES SRR eRURRIET RIAREIY KRR expert on the

basis of his general knowledge of the invention. In some applications it may be advantageous for the
fastening thread to pass through gaps or spaces in the fiber layer, for example to run in between the

filaments. Thieugbthe HbRhIAY a8, heoiRRIRNIREhPIEaRH (O WRMAI ARG WS RieiEMaa Mg with a

needle. 1 It is very advantageous if the fastening is done by a sewing at least one fiber layer on one or
more addifiSPgt ﬁB‘éP?S;?e‘?’%?‘fmg%t%éw@Q@%@%ﬁ%?éw’%?&??ﬁé%féh‘i]é‘i‘?éé {FPRighly reliable
connegtionpeliytied yeisnRCivesiigl fayversmpl, Seeinenvihindusiiigl senibuhMaghieaa be selected by
an expert on the basis of his gen?ral knowledge. After that, tirtqe eacignl%%% the %rfse.nt invention can

be made 1BFHHEEra A SHTRLEASEA GBLATE Sh NS SFP S EHTGH SO AP AT B BIE e basis of
his generahkemlwidadgerni\ Shitdingahr&el’p ey iowt dd omilaténdly tanbilatenily thresdwingelliasgler use of a

30 waiter '[(I;’lol‘%a eaggt%iloallvertm%e gl that is one essentially under the fiber layer and one over the fiber
layer, that 1S st gfantlaﬁy bElow the fiber at least one of them, preferably both can be a fastening

thread.

15 A binding thread may be, for example, a yarn, especially a yarn according to DIN 60900. The
yarn may include one or more fibers and any expert can show yarn construction. It may be
advantageous for example when the thread includes at least two counter-twisted yarns, since
such a thread can be compressed to a lesser extent, particularly when the fiber layer is used to
form a composite. In addition, it can be a binding thread around one or more multi filament

20  strands, multi filament strand. It may have fineness in the range of 0.04 to 1 Tex. Otherwise; it

may have a fineness ranging from 0.04 to 0.75 Tex, determined according to DIN 60905.

In addition, both staple, and filament yarn or their mixtures as a string, both are used as a
fastening thread, and as a complement binding threads.

25
The term “staple yarn,” as used in the present invention refers to yarn from the finite — length,
for example 1 to 50 mm, preferable 6 to 20mm, preferably 8 to 15 mm long fibers is
constructed. Some examples of these fibers of any length are obtained by twisting a plurality of
fibers by spinning a yarn. The term "filament yarn" as used in the context of the present

30  invention refers to yarn from theoretically infinitely long fibers, called filaments is constructed.

10




The step of fastening may include that the fastening thread first enters the first ply, passes through the
first ply and at least one more ply, touching the next ply at the exit point and optionally after passing
the first ply, going through the next ply and touching back the first ply 5it come from after the second
exit point. Further optionally, the attachment binding thread at a third entry point to the first fiber layer
is entered again through the first fiber layer and is passed through at least one other fiber layer and
emerge at a third exit point on at least one additional fiber layer and in a fourth entry point on 10one
more fiber layer and enter through at least one additional fiber layer and the first fiber layer is to be

passed anthedmBnoad alsehonihdeadialtRxiles ihe fist Hactdayehs Thisabeyastessrarld process of
performing the binding thread attachment can be repeated several times. Preferably with some

P achmor G PSBREBUE B A5 0N Sy BT o o PR ch B CFeDAos SIAPAL R o
escape, andhathgatuhistequ@nt exirypbeitiiccaincisdsdepatialigfoic @oiynple jiiparsechnd, fourth, sixth entry
site, or have a distance of less than 3 mm. The.entry and exit points.on .a fiber layer.may, also be at
et par e B D A B B B R B G e iy
such &s @hmﬁn@@mwﬁﬂdm,faﬂdnﬁhg ool respditding biitingithrdat xtamisib fheofirembiinpaint,
substantiall perRepdiuanin pRh e ISP bRy A aQTRE! ipsailan hmppome

installation procedures, however, the attachment of connective threads are held at an angle through
the fiber lal#¢adio that an entry point and the corresponding exit point do not exist essentially in a
vertical line. 250ne area of the fiber scrim, which extends between the inlet and outlet points of a
mounting binding thread is called in the context of the present invention as a mounting portion, and in

case of fittiryfsEm #hlestnng fikea bucrive @ugon Besmedditional flstdaser st G Brmitsghisadad,
beforgy apphdagst daastipaetiaiiserafemhiyidacamplelaly: ixiseravadeddigta snewrtirgdluid such as

black wash/ cinder paste. Without the present invention that would be limited to the accuracy of the
following £E9SHIPRLICR Fostids@asisditieughibal or complete encapsulation of the mounting binding
thread with a mounting fluid 12 to help the fixing of sheets with a high temperature resistant and
therefore cﬁlrg aratlvel}zt%sI ntsensmve and./ or br'ttl?t a eﬂal as continue to carpy, out th{e increased

t
speed. Thisal SWEE Wor 68516%“5}856&&%61 fiie's \ﬁlﬁé, BRA R TiDEr é’g/eer ‘éfh"oYV thilsioer
scrim-reintonset forposiie, haterdiy foethods amiersr dante providectc aisd/effaotiieting. These
15  procedures can be adapted properly by an expert on the basis of his general knowledge of the

invention.

In some applications it may be advantageous for the fastening thread to pass through gaps or
spaces in the fiber layer, for example to run in between the filaments. Through the fiber layer,

20 the fastening thread, however under this piercing, dug with a needle.

It is very advantageous if the fastening is done by a sewing at least one fiber layer on one or
more additional fiber layers, this is a very safe and reliable way, and can be achieved in highly
reliable connection of the respective fiber layers.

25
Sewing with industrial sewing machine can be selected by an expert on the basis of his general
knowledge. After that, the teachings of the present invention can be made for the real
enthusiasts. Needle and stitch types can be selected by an expert on the basis of his general
knowledge. A stitch can be performed unilaterally or bilaterally. In sewing, under use of a

30  waiter thread and a lower thread, that is one essentially under the fiber layer and one over the
fiber layer, that is substantially below the fiber at least one of them, preferably both can be a

fastening thread.
11




5 A mounting fluid for example can be provided in the form of a liquid, a solution, a suspension, a fluid
mixture or aerosol. For example, the mounting fluid includes or consists of one or several compounds
selected 10from the group consisting of water, silicone oils, polyurethanes, epoxy resin compounds,
such as epoxy, polyvinyl alcohols, waxes, fatty acid, poly urethane esters, Poly urethanes, derived
derivatives, and mixtures thereof In addition, the mounting fluid optionally comprises solvents, such as
inorganic or organic solvents, bases, acids, buffer mixtures, Lubrication medium, dispersing agents
and other optional components that a skilled person may generally choose 15with his specialist
knowledge and the teaching of the present invention. Preferably, in the mounting fluid is a watery

mixture. In,Ickrder to ¥?ach high de%ceﬁéeesrillieq;[ mo ntiné; it ma lrQteen(éirvanta e UE/in that a mounting
u

portion, suc R G ﬁsrtgfn ilalﬁgly or su s?ttefnﬁa?ﬁ/eﬁlél? ghra?cu ar, I. e.rséfha?n angle dt’ai feast 10 20,

preferably ttdegsti30firgrele rallyt dsto 8Omip Ol yesteridsg thaneaxdgly, prdfeeablydine anthning in the
longitudinal direction of the fiber,scim langitudinal edge, of the. fi r 2 ' ortion, for
qlonaﬂ af%)%r ep%sr%lg%'l R eéi?/ggomﬁ’nﬁlrouéithtl?ef ﬁe%r#c?fg&f t'z%ﬁ%uﬁ}g@é%ﬁééﬁ%@p%l?

example, a’seam ¢an ced over its'entite len rom nting t eément
binding thriésdner BpticHtdyiesesand esistraipbrtion that is used in the 25place of a mounting binding
thread, a supplementary binder thread or no binding thread. Advantageous for the production of a fiber

scrim, it may be a fitting thread binding and complement binding thread in a weight ratio of 20:1 to

1:30, prefdiaBiproptionativs thyateekmy hinding thisad & oigdenbapoiigntlss M e iireads
and additiqpal-8inging tGamsm3 AigheIsyRreaans fakdaaHmbiaa HoRRJaYRE otft @SS Rlger and

advantageous arrangement of mounting thread binding and complement binding thread is shown in

Figure 1, RIEBTNOWEY YRR B TsH Sas AN HHomA LRGP feU P ARYEA et
portiqps (gseexR)dTiBediiian tadbbndingitigrd: least one additional fiber layer and the first fiber layer

is to be passed and emerged at a fourth point of exit on the first fiber layer. This above

described process of performing the binding thread attachment can be repeated several times.

Preferably with some attachment process one or preferably every other point of exit, such as the
15 first, third, fifth can escape, and the subsequent entry point coincides spatially for example, the
second, fourth, sixth entry site, or have a distance of less than 3 mm. The entry and exit points

on a fiber layer may also be at least partially spatially separated in each case.

In the finished fiber layer there can be a point of entry, such as the first entry point, and the

20  corresponding exit point, for example the first exit point, substantially perpendicular to each
other, preferably they are offset by less than 5 mm. Some installation procedures, however, the
attachment of connective threads are held at an angle through the fiber layer, so that an entry

point and the corresponding exit point do not exist essentially in a vertical line.

25  One area of the fiber scrim, which extends between the inlet and outlet points of a mounting
binding thread is called in the context of the present invention as a mounting portion, and in

case of fitting them by sewing, is described as a seam.

Furthermore, a mounting binding thread, before applying at least partially, preferably
30  completely, is surrounded by a mounting fluid such as black wash/ cinder paste. Without the
present invention that would be limited to the accuracy of the following assumption is assumed

that the partial or complete encapsulation of the mounting binding thread with a mounting fluid
12




5Attaching sections of three-thread attachment and mounting sections of complement binding thread
on the basis of the common general knowledge in the light of the teachings of the present invention
can be arranged in numerous ways, for example, and also can intersect or overlap. In many
applications it may be advantageous if one or more attachment portions of Attachment binding thread
installation of additional binding thread sections extend substantially parallel to 10each other. After
attaching the at least one additional fibrous layer on the first fiber layer with a mounting binding thread
a fiber layer is recovered. Preferably, it can be a multi-axial fiber layer. The term "multi-axial fiber
layer," as usédlnthledipiesefdheme ntidnadagh ribiasesafibe rdsiyanthat cheryfosesonmofiatlgast two
unidirectionaligyers (70 galied device Javers); helr respeqtive ionaitudinal dsetions are, not parallel
to one another. process for preparing Gnidirectional [Eyers are & wall kiown and are also explained
in detail belowkihg #rd psdustam, tine fivanipperthstshbj@ote thyor ad ghutefitor satimer ¢refatiersnt in order to
obtain a ZQOHH)%%%VI%QT&H%é%\(%%%%%&%ﬁ%e‘zﬁ@ﬁd%ﬁ Egggj%gmgnt in composite materials. During
such high temperature treatment, for example, carbonization or graphitization of carbon fibers or their
precursor fibers, which are present in fiber layers and / or occur in a binder thread. Fiber layers and /
or binding rgadkify MiiARGSRAMRRY day B maxcRmsI SN LRAHR0R Jigits) QLilsinaescursor
fiber(s) exist, after such treatment have a carbon content higher than 90 wt - 25 %, preferably more
than 92 W@-%‘%F@i‘é‘i‘&ﬁl?ﬁ%‘ﬁ’ﬁ% wt -% or more, based on the total weight of the fiber layer, and have
the connective thread or sub-region of the fiber layers. The temperature treatment of the fiber scrim
may, at a minimum temperature of 400 .C, preferably 405 C to 2700 C, preferably 500 C to 2500 C,
more prefeidofi BRI ClbBEFEBB0 ! Mghilas iy WHisE 2 PP EXAG) SMRIBITHEIBD0 C carried
out ungler anngid givnpsiohsiktingl SIS ek, 'INREMIIBSPOIgtREHALBS eiexEdh taepoasastsivention
includes any atmos hiere thag isslgrfe of oxy%ietn or.aﬁn ogy%re%content 0 Ielss than 5 wt -%, Hreferably
less than £ pre erlélﬁif BV 02 p—'%cjl 8F p St ?QBI?Y%‘"SS Ran 57T WE e o,e%\é%ecially less
than 0.00 dwiv86ydmsed mix theddiatent ihidafitioe, abtmospheng fiasl dptiveddly ednmperteatvivsptiere has,
for Sexample, a contentof At least W3 9end rs‘étsroa%%i[}, ao”?g X i”%?%?%fuig c%%%ergle%?u%]e total weight
of the atmosp ere. Mhe atmosphere at a gr’ac?e oF At 1east 99.9%% y Weight of nitrogen ahd / or inert
gas (it) is sidsjewsing agsntaanic ation eptiorecontponoits thatwskitled PG 0D waygsisagbdcbaaite total
weight of theatmasiere, BIGIALABY HATHE KA ERN AOTEN PARIG,ABRCRPAVBRN iRl carbon
oxides, preferably of nitrogen and hoble gases. Moreover, as "Iinert 10 atmosphere” and an
atmosphefoarsing Syidypicly ey aprassure of less than 1 tam, i.e. an atmosphere, which was
following a partial or complete evacuation of the atmosphere-comprising container obtained. The inert
atmosphere may advantageously include nitrogen and / or noble gases. 15The high temperature

treatment PePrIaTiorarrnab Aestsrisrlionfanunlingnitiagy BraidranReeons it thrbametRing eferably
2.5 10 12 hionESRACA AslastclToBNigha§ @ OsliBdfitially perpendicular, i. e. at an angle of at least 10

20  °, preferably at least 30 °, preferably about 80 ° to 90 ° extends to an edge, preferably the

running in the longitudinal direction of the fiber scrim longitudinal edge of the fiber structure.
A mounting portion, for example, a seam can be produced over its entire length from mounting
the thread or complement binding thread or optionally have at least a portion that is used in the

25  place of a mounting binding thread, a supplementary binder thread or no binding thread.

Advantageous for the production of a fiber scrim, it may be a fitting thread binding and

— complement binding thread in a weight ratio of 20:1 to 1:30, preferably 3:1 to 1:15, preferably

2:1 to 1:7, based on the total weight of mounting tie threads and additional binding threads,

30  which are present for use in the fiber layer.
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After completion of the high-temperature treatment, a high-temperature treated fiber layer is

recovered. In this fiber lay the fiber layers that are at least partially still attached to each other 20 with a
mounting thread. In a further subsequent step of the process, the high-temperature fiber layer treated
with a binder to be impregnated, with an impregnated fiber layer is first obtained the impregnation is
not yet cured. This impregnated fiber layer is referred to in the present invention as a pre-preg. The
binder may include one or more resins and / or one or more inorganic impregnating agents include,
and one or more solvents such as water, as well as graphite and / or soot, and other additives which

an expert Fapestibie hitvgengral knomisaoen anththentéacthirgdifithingrasbodmpleariptibimdarg be chosen.

Resins, WNIERATE BRYISIAMSHIRCIS of Rreenaan oLPende LRSS Al Br.Sraplp phonoli

. owi 1n
resins, epoxy resins, benzoxazine fesins, cyanate ester resins, ester- esterHarze, turan

resins, polyigriiteadsipelondateortiensderdeatiyasaddiide tivbihdesgrtisaades thereof. 5To impregnate the
scrim fiber also can be used inorganic impregnating agent, with the impregnation of bonded structures
such as liquid silicon, SiC precursor sor polymers, especially silazanes, SiC precursor oligomers and

their nlixtufeéeahing seadons o direthreThatesimediang reeunsve sesvinTsroeompderiay ipgiegpresent
invention deRGHRESIRWaSRIPAEREAMIR AFICIaWRI AR IIBAEL HhiRaRaMHI 3P Gumalsand that

contains silicon as well as carbon and/or nitrogen, and has, for example, a content from 10 to 99 wt.-%

of Si with rEYEREPHSIRSTSFEATGETHIH BIIRE BOMBGUIRY. SEHRRIS AP s SLINEB Bl forMEraPaliit is used
in the preseahinypidaiofias ailiese any KEIPEAINE ERIVAINING StHERRas Yoelloas sareRIaREOr nitrogen,
with at least two silicon atoms,.a mglecular mass_of up to and including 300 g/mol, and , for

T Bosamp B HRFE GBS ELHPER B DLPHEES 18 S R ESFINEPERA e,
Preferablyeah Sikzprecursor polymer or an SiC precursor oligomer converts at least partially into SiC
on heating to a temperature higher than 150 C under an inert atmosphere. On impregnation of fiber

fabrics, for example, very good results are obtained when at least one 20 compound is selected from
th_e group écfmistiar_;glmgcﬂiggslmamachbt_jmihiﬂmesswg@mﬂmﬂa;dﬂueslq;}@hywlaibms@kam_imgs,
0"905"3”%%11?91'%%'1%98?194%9? &9‘3%@8%%%1?9?%8'81%?&%%%%QQ%!Q&?&S%I HB%W&QJ.‘%%‘%%%”%’
methyl polysiloxanes, oligocar osﬂlanes, po ycar%oa anes, oligoborosilazanes, polyborosilazanes,
oligo (dialkyn¥itievakbEbeday ediafisyyesilioche preskgbisiisntine depuipsi oxEhme dater Sedvmprenpssy (dialkyl)

siloxgges, uheas RAVuAREURRIMSUOXBRSS JRELIATHIE POy, @anfes Sl SHEhAS Poly (

diphenyl) siloxanes, such as poly (monoalkyl-monoaryl) siloxanes, such as poly (mono methyl

monophersiipeionatadofiaralelivRnranaiermixareestHardstrrragamdirsridonaldaysiegre a
oligocarbogilazanes slipasilanesxplgrbamosatiasilaganes, methyl oligosiloxanes, oligocarbosilanes,

oligoborosilazanes, oligo (dialkyl) silicones, oligosiloxanes, etc. include any oligomers covered

In the next step, the fiber layer is subjected to a high temperature treatment in order to obtain a

20  fiber layer, the advantageous properties as reinforcement in composite materials. During such
high temperature treatment, for example, carbonization or graphitization of carbon fibers or
their precursor fibers, which are present in fiber layers and / or occur in a binder thread. Fiber
layers and / or binding threads, or strands of fiber layers, which may consist of carbon fiber(s)
or their precursor fiber(s) exist, after such treatment have a carbon content higher than 90 wt -

25 %, preferably more than 92 wt -%, preferably from 95 wt -% or more, based on the total weight

of the fiber layer, and have the connective thread or sub-region of the fiber layers.

The temperature treatment of the fiber scrim may, at a minimum temperature of 400 ° C,
preferably 405 © C to 2700 ° C, preferably 500 ° C to 2500 ° C, more preferably 600 ° C to
30 2000 ° C, especially 600 ° C to 900 ° C and / or 1600 ° C to 2000 ° C carried out under an inert

atmosphere.
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30 by the respective term and composed of at least two monomer units, which means any oligomer,
starting from a dimer up to compounds having a molecular weight up to and including about 300 g/mol.
The terms polysilazanes polycarbosilazanes, polysilanes, polyborocarbosilazanes, methyl
polysiloxanes, polycarbosilanes polyborosilazanes, poly (dialkyl) silicones, polysiloxanes etc. include
any polymers covered by the respective term having a molecular weight of more than 5about 300
g/mol. A fiber fabric may also be impregnated with both inorganic impregnating agents, as well as with
resins, preferably synthetic resins. For example, adjacent sections of a fiber fabric may be
impregnatdthevitdinotiecor amnoreplroct) anibe cymteginaiihg pgsnisimrdiamvititivoiee avyramrespdsias. 10 For
example, ippRgRaion, maY,alsa beberiormed In SRYCTRLBY Sie A g sagyenca.alimpregnation
processes with one or more inorgani %mpregnatlng ager?t% andior with ohe or more resins, and/or
impregnatiensfpeatibr iasscthasifg nviktdse mofeqmefenabip tesibegdhlcvitmpreenatint yalgentseatcDfdsins. The

choice of the suraLRIFHIONRJERIRE ARCRIRLIRE S mRRAOf e SRIESIErLITRIegpRtin

agent. 15 In a further procedural step, curing of the impregna ber fabric may be performed in such

a way s te*givele aseraefibel Adlser P8iAfdrcelnitsrapband mateeraBan(phlrishendioieigbsite material
that at leasihgtiaiiyhBamp fiRrfatricatpiniprertMmaifue b e R reontianieiper armes.al least

partially or completely using one or more organic resing, a matrix including 20or consisting of cured

plastic is FRiRIGSHesS SRS SHRIPTH FRFENBIEBHAOEH 8 GoseaRnEa9s BarRHBRY-9&8irde to as
fiber-reinfaygrd phagtcotlnl thagase ot atarhmribekfahns oaiakacihiatleebiiaeadanrdiber at least

in part, a carbon fiber-rejnforce plasti_lc (CFRP) is obtained. |n the case of impregpation with one or
more inordANESTIMPIL GHRAR G EhRrLe Ay dF R 28R AP A AR P IS s MIRRETiASr 2 impregnating
agentds olataiogthatenelsmngnaisphee: cueingeof wnecimhasegmatedtdibeletaliin maynh ¢ graferably in a

curing temperatyre range.of at least 40 C, at a curing temperature range from 50,to 260 C, preferably
50 10 200 B RGeS S B TE R A QR at lemst curing

part of thecourmipgkoukafoeratamplé B piessmpaipleasteapationtagdahsisurdodeoiitbasindne

surface of 30 H&g i gggnated fiber fabric using a pressing tool. The curing period, for example, may
/0 | ) .

be at least I minute; preferably between 10 minutes and 8 hours, preferably between 15 minutes and 3

hours. The period of curing under pressure may, for example, be in the range of | minute, preferably

between 1&%‘%&&%@1}@&&&&&&9‘ ﬁ@@& H%ﬁn flor &m&saﬁfégs?’ m%ﬁtez,rk?referably 1

hour to 24 hours, preferably 2.5 to 12 hours, especially last from 3.5 to 9 hours.

After completion of the high-temperature treatment, a high-temperature treated fiber layer is
recovered. In this fiber lay the fiber layers that are at least partially still attached to each other
20  with a mounting thread.

In a further subsequent step of the process, the high-temperature fiber layer treated with a
binder to be impregnated, with an impregnated fiber layer is first obtained the impregnation is
not yet cured. This impregnated fiber layer is referred to in the present invention as a pre-preg.
25
The binder may include one or more resins and / or one or more inorganic impregnating agents
include, and one or more solvents such as water, as well as graphite and / or soot, and other
additives which an expert based on his general knowledge and the teaching of the present
description can be chosen.

30
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pressing power may, for example, be at least 0.01 MPa, preferably 0.01 MPa to 100 MPa. The content
of binder with respect to the total weight of the non-impregnated fiber fabric may 5lie in a range from
10- 90 wt.-%, preferably from 30 to 70 wt.-%, preferably from 35 to 50 wt.- %. The content of resin
and/or inorganic impregnating agent with respect to the total weight of the non-impregnated fiber fabric
may lie in a range from 5 to 85 wt.-%, preferably from 25 to 65 wt.-%, preferably 30 to 45.-%. The
fiber fabric may be impregnated, for example, to saturation of the fiber fabric. In particular, 10liquid
resins or hot melt resin may be used, for example, phenolic resins. The procedural step of
impregnatiResangvdhitingrenaytivalpeyfouindit dsinmpaathaits iibomded stnycpeesare Shilkedimpibe art. Very
advaniagequs (Bsults are obtalned hen dhe impregnation s performed thrpughimmession.in a bath or
using a filrh transter proc SSFor eXamnrﬁe,atﬁese 15 Steps may be perr’fsérmgg continuously, i.e. the
fabric mayHerzexéumaplechiesupelpurderprlyacrylhtée thtir degimone endiore itivraceis area thitedfle
temperature and atmosphere, for example, 400 C or more under an inert atmosphere, and then further
guided through a resin bath and/or a bath with inorganic impregnating agents, and/or a calendar roll

and/op oth&p ipregfeity deviediber aldeliermbusdgrneaibe iparfegnatingesgivie e ®cdhtposite material
whose mafiy is ARG eseRMR RulREE S aRtiCad %ﬁf@éﬁ%,%@ﬂ?%ﬂgﬁﬁﬁp&%m@s‘? SigRiafiguring

may be performed either continuously or intermittently. The cured resin and/or the cured inorganic
impregnati§ZagehraemissHigrie rasetinstheitaixBrts ssneasistdarly d8tiaRkd after curing. To begin
with, the resin creates links between the warp and weft of the fiber fabric and fixes its position in the
fabric. Depending on.the composite application, the fiber fabric may be 25 completely or parti

nQ: ) ? . ] ”y
embedded BY SEBIGHS RISTHISHROBARbrising thfed! %pé?ﬁﬁ’fgﬂ?ﬂ%aﬂﬂeﬁ%l?%ﬁ%ﬁwﬁéﬂ% and/or
fully oo pastiaiy eevecathbmindpridualthifnesd anlyoooyeaiel] i thiitroafiasiilrod /4y itirgatitbon
impregnatin ent and/or tially free of resin. The cured bindey alsq,offers a mechanical
rinforcontB SR Hiie i TR SORRE 1 AT R IoF ot S0 R et Minforced
compositetotrtesigho p fthib esmiahnmd:r€hf anoe d SiChppasitepodidocicts, abtiaineded MAgle present

flber-fabrlc-r%ln&%c %! %l(ﬁgygosne materi groduct in the contexf of trgl(lab Besrga(l{l)(t)ralg%c%tlo\ghﬁﬁrs toa

. 1mnv any ¢ OUn: ontamjng silicorn as well as ¢ 5
partially or preterably fully 2dred fber-tabric-reinforced composite material, the optional fu
proceduralegté pyossibihaas tsuning mehequilag netss, ofiay veapéifoinent B0QEnprbsedthapdlitation, a cured

fib er'fé‘b”%{&‘ﬂ{ﬂf%[%%ﬁf%m%ﬁq 6“:@%'Wt'ﬁﬁﬁ%ﬁ%ﬂﬂ?gsﬁ‘éc%?ﬁ}ﬁ%% weight of the compound.

Preferably, an SiC precursor polymer or an SiC precursor oligomer converts at least partially

into SiC on heating to a temperature higher than 150 °C under an inert atmosphere.

On impregnation of fiber fabrics, for example, very good results are obtained when at least one

20 compound is selected from the group consisting of oligosilazanes, polysilazanes
oligocarbosilazanes, polycarbosilazanes, oligosilanes, polysilanes, oligoborocarbosilazanes,
polyborocarbosilazanes, methyl oligosiloxanes, methyl polysiloxanes, oligocarbosilanes,
polycarbosilanes, oligoborosilazanes, polyborosilazanes, oligo (dialkyl) silicones, poly (dialkyl)
silicones, oligosiloxanes, polysiloxanes for example poly (dialkyl) siloxanes, such as poly

25  (dimethyl) siloxanes, for example poly (diaryl) siloxanes such as poly ( diphenyl) siloxanes,
such as poly (monoalkyl-monoaryl) siloxanes, such as poly (mono methyl monophenyl)
siloxanes, their derivatives and mixtures thereof. The terms oligosilazanes, oligocarbosilazanes,
oligosilanes, oligoborocarbosilazanes, methyl oligosiloxanes, oligocarbosilanes,
oligoborosilazanes, oligo (dialkyl) silicones, oligosiloxanes, etc. include any oligomers covered

30 by the respective term and composed of at least two monomer units, which means any
oligomer, starting from a dimer up to compounds having a molecular weight up to and

including about 300 g/mol.
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5'body. Optionally, the partially or fully cured fiber-fabric-reinforced composite material may undergo
further processing steps such as, among other possibilities, thermal treatment, for example,
carbonization or graphitization, or more comprehensive heating and/or pressing, with or without 10the
intervening step of obtaining the partially or fully cured fiber-fabric-reinforced composite material
product. In a further procedural step, thermal treatment may be performed to give partial or complete
carbonization and/or graphitization of the cured binder. This procedural step may generally be 15
performed by any person skilled in the art by means of the known method for this and that is
hereinafter referred to as "binder matrix carbonization” or "binder matrix graphitization.”" The term

"partial or cgmplete carbanization (graphitization) of the, cured tIiP,der" as used in the present invention
demonsira e T P B B L R
treatment obpattieieoes oniptetbosdanonixdyier(gjtaasnitiz atbnidiabreb sds o whelystorpasesiowith that of

the compog|ig, MAIRYIAL AN RRIGES, NAUMALLEAITEHE HRSI2LIERME W JaY SR pERed In a

first temperature range (often referred 1o as "carbonization™) and may, for example, be performed by
. heating widh e 30ctBIn of substances causing oxidizing action, either under an inert atmosphere,
inert gas or by wrapping 25the sample to be burned in a lattice of the oxidizing media, especially of an

oxygen-binding substance, at a temperature or in a temperature range from about 800 C to about
1250 C, prefEPsbiFirinraselee ks dnpresnaisdaridihaiisaiesaty Eopyegpatios tithamtstAsatment in

the first terppanRbS, [REGePIYyAth R iREMe drerEngnpIBSsiRst &t fesiRppiais: leasic-3Rieutes,
preferably at least 8 hours, preferably. 30 minutes to 96 hours. The ?rgnwiiaertii%o atmoﬂgzé)here" has

been explATHRGEBISTLY" 4B P RS A FEAHIACHPIFERIIRE ARFHR QRGN in
accongdancBowekaanyepimpecppadhingayodltochp prefominl ansivrra lyysrcthods iapenrdéof person skilled
ir? the art Si%%t‘rea%&igé%go%%%gg\?%ﬁogxgig’rm% epeo‘#%‘?n?'c E?né?,{éj%ra%e%ﬁ AG0Iee,0000 %O‘é%fy leld, a first
eating phase may be‘initiated, for example, wi relatively fow érature gradient In the range of
300 to 600@et Esmaxamiion wipkdgnaephnpearfoomidusindervdanbamfedeundeopressgmacThe final
temperat“[%ﬁ?eﬁﬁ%ﬁfg"&gee%‘sr %L&tteegurlrs] Ughd Qﬁcﬁég %?ﬂl% %@gn% ’cg%rdﬁ%(o%gqﬁll?e's into account the
requirements of the selected impregnating agént.
15
In a further procedural step, curing of the impregnated fiber fabric may be performed in such a
way as to give a cured fiber-fabric-reinforced composite material, in particular, a composite
material that at least partially has a fiber-fabric-reinforced matrix. If the impregnation is
performed at least partially or completely using one or more organic resins, a matrix including
20 or consisting of cured plastic is obtained after curing, and where the composite so obtained is
commonly referred to as fiber-reinforced plastic. In the case of a carbon fiber fabric or a fabric
that contains carbon fiber at least in part, a carbon fiber-reinforced plastic (CFRP) is obtained.
In the case of impregnation with one or more inorganic impregnating agents, a matrix of at least
partially cross-linked, inorganic impregnating agent is obtained after curing.
25
The curing of the impregnated fiber fabric may be preferably in a curing temperature range of at
least 40 °C, at a curing temperature range from 50 to 260 °C, preferably 80 to 200 °C. The
curing may be performed under pressure, preferably before and/or at least during part of the
curing period, for example by pressing at least a portion of the surface of at least one surface of
30 the impregnated fiber fabric using a pressing tool. The curing period, for example, may be at

least I minute, preferably between 10 minutes and 8 hours, preferably between 15 minutes and

3 hours. The period of curing under pressure may, for example, be in the range of 1 minute,
17




5 Both fully as well as a partially cured fiber-fabric-reinforced composite materials may be subjected to
thermal treatment in a first temperature range. After thermal treatment in the first temperature range,
a composite material is obtained whose 10matrix comprises carbon that is reinforced with a carbon
fiber fabric (carbon fiber reinforced carbon, CFRC). As an alternative to the thermal treatment in the
first temperature range or in addition to it, an addition thermal treatment, especially afterwards, is
performed in a second temperature range 15 (often also referred to as "graphitization™). The
thermal-treatment in a second temperature range ("graphitization") may generally be performed by any
person skilpeeférmbhe tetivieypmi @anm ot the kB bonrsetifedtior bhisehn pamouias deliihgurs.drhénert

eimosohers g SRS (o AR IATIC R SN BISEIARNTIBIPGAFR00C for 2

period of, for exaniple, at least 30 minutes, prefer ours, especially from 30 minutes to
96 hours. The term "inert 20 atmosphere™" has been explained above. In the case of thermal treatment

in the first aRg/or,AEE R IRMRGIAIS LANG NS LPSIO JaYEF ShrinksiAs A estitafdhameiaht lost by the

elimination of volatile components. The composite material obtained after the thermal treatment is

characeriZidby @g R eskider ALne résiieiab nfiemBe i dPhd-tre atafeibbifiqe 35 to S0 wt.-
fiber-fabricveirfoteperrorpasialnaiatisianampratiainatedal Rintkishebadttkeaianweight of

fiber-fabric-reinforced composite material or composite material product(s) may be gbtained. Optional
processing&tap8 HIRyBR fhrs debrie mavdif fie? EgMEUR SHASM G etl. PESHHBRAINOThE X Bmposite
material, pestictiles|y @ feepRENIR ARtesial comprising carbon fiber-reinforced carbon material,
obtained frgm gne ar more thermal treatments in a first or second 20. temperature fange, may be
subjected S ATTH Y3 GRE O HBPE BBLES Sk FRERRR S S RRERy B ShiBa e Aprer e UehiBosice
matenial isligypdegsiated hbtlesdt estenespe sl fvitbxampld) phizatlie ragent, and/or at least once again
thermal treatment in a first or second temperature range (which is usually referred to as post-burn).

The compaction, in particular the steps of 5impregnation and thermal treatment, may generally be
performedTheauoordarid stepithi theptegrchion awilthe peewestbinperitionedysing petbals skitted inahe art by

means of e IQNAJAEINAG AT U NG AANEERSLAATIAANFIHSPALAEEANEK;O the presen

invention, refers to any treatment of a material or workpiece that leads to maintaining or increasing the
density of Beeferambthrough immersion in a bath or using a film transfer process. For example, these

15 steps may be performed continuously, i.e. the fabric may for example be unwound from a roll,
fed through one or more furnaces at a suitable temperature and atmosphere, for example, 400
°C or more under an inert atmosphere, and then further guided through a resin bath and/or a
bath with inorganic impregnating agents, and/or a calendar roll and/or other impregnating
device. In addition, curing may be performed to give a composite material whose matrix is

20 reinforced by a fiber fabric, for example, a carbon fiber fabric. The step of curing may be
performed either continuously or intermittently. The cured resin and/or the cured inorganic
impregnating agent serves multiple functions in the composite material obtained after curing.
To begin with, the resin creates links between the warp and weft of the fiber fabric and fixes its
position in the fabric. Depending on the composite application, the fiber fabric may be

25  completely or partially embedded by sections in a matrix comprising cured resin and/or
inorganic impregnating agent, and/or fully or partially covered by individual fibers only
covered by a film of resin and/or inorganic impregnating agent and/or be partially free of resin.

The cured binder also offers a mechanical reinforcement of the fiber structure.

30  After the curing and/or pressing step, a fiber-fabric-reinforced composite material or a fiber-

fabric-reinforced composite product is obtained.
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material or workpiece. Preferably, such compaction treatment may increase the density. The 10
impregnation and thermal treatment may be carried out particularly advantageously under the
conditions described above and below. For the impregnation, for example, the so-called
vacuum-pressure method may be used. For impregnating parts that contain or consist of carbon, the
impregnating agent may be of any 15 known materials such as fabrics with a coke yield of more than
30 percent by weight, for example synthetic resins, especially thermosetting resins or pitches and the
associated derivatives, and mixtures of resins and pitches and/or pitch derivatives. In particular,
phenolic resistifthigitioveiatooreR eswptysie, mharenmt psidwrt im fre gratxg fitchparenisep ifdemal

treatment f g, 113t 0F SRERPA SIURRIAVI PGS BB ASFIRRC AR ATSLIMARIAAUAD, (e so-called

post-burn with the 20exc of substances causing oxidizing, especially under an inert atmosphere.

Before andipfieibfuribenrapersing stapinsuchirat ewiting seamdng etnperdianerianged Hadhagreseaboling is
performed jou);farisxarapied Siter QuRUEH fOr BX ROMIE e A B RRRA R &ds 1 bR eferred

periods of time and temperature ranges for thermal treatment in a first or second temperature range
are exﬁlaiﬁé’éXn detail in the example above. In this procedural step, one or more additional carbon
25material covers should be applied to the existing cover in order to fill the cracks and pores in the first
cover resulting from the first carbonization. This impregnation and post-burn process may also be

repeated prefBly- (G BAAHY ORfEN g bR REERY PrRSECAmBSHE AT HEM AL specific
applicationirienpio e sty eiaprgacki asiauaptig vt e SWNRS| ttcnake dahiyemens:0held0 thermal
treatment in a first temperatui:le Jange in which carbonization takes place, then by thermal treatment in
2 second (HSBFAHIPE PLAGEPBIHERSh o0 oA RS AR SR AR e
implermentdontaieninly steped sbranndtwewaizltudetolbyionad fibendsbiiasesfthedinahpdsitemperature
of 3000 C,nilgtgariicul(?r %4OOC for graphitization, is not exceeded. Preferably this is performed at

temperatures ot 1800 t6 2200 C. For this step, all known graphitization methods may be used. 5The

above-described compaction that comprises an initial impregnation and then a combustion process

may be re H?Qﬁ%ﬂl%‘??x%%éﬁ&fﬁ g&}f%&&%ﬂ%ﬁ%ﬁ?ﬂ&?'ﬁ@ﬁ&ﬁ%ﬁ&%%@ parRg BPERHpER depends

on the desired target density 0

carbonization and/or graphitization of the cured binder. This procedural step may generally be
15  performed by any person skilled in the art by means of the known method for this and that is
hereinafter referred to as "binder matrix carbonization" or "binder matrix graphitization." The
term "partial or complete carbonization (graphitization) of the cured binder" as used in the
present invention demonstrates that the content of carbon in a composite material sample
subjected to thermal treatment of partial or complete carbonization (graphitization) increases

20  when compared with that of the composite material sample before thermal treatment.

Thermal treatment may be performed in a first temperature range (often referred to as
"carbonization") and may, for example, be performed by heating with the exclusion of
substances causing oxidizing action, either under an inert atmosphere, inert gas or by wrapping

25  the sample to be burned in a lattice of the oxidizing media, especially of an oxygen-binding
substance, at a temperature or in a temperature range from about 800 °C to about 1250 °C,
preferably from 850 °C to 950 °C, in particular from 880 °C to 920 °C. The thermal treatment
in the first temperature range may be performed during a period of, for example, at least 30
minutes, preferably at least 8 hours, preferably 30 minutes to 96 hours. The term "inert

30  atmosphere" has been explained above. For the thermal treatment in a first temperature range
("carbonization") in accordance with any of the teachings of the present invention, any methods

known to a person skilled in the art such as a fixed phase pyrolysis may be used. In order to
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carbon fiber-reinforced carbon fiber ceramic, and may be performed one or more times, for 10
example two, three or four times or more, preferably in an immediately consecutive manner.
Preferably, the steps of impregnation and subsequent burning are each performed three times. After
compaction, for example, densities from 1.30 to 1.60 g/cm3, preferably from 1.30 - 1.55 g/cm3, are
achieved. Furthermore and optionally, the fiber-fabric-reinforced carbon composite material obtained
from 15 one or more thermal treatments and/or also compacted as explained above, may also be
provided with protective coatings made of refractory materials such as pyrolytic carbon, TiC, TiN or
SiC in addrabrets gogds@itagel doating Inating AIME prockss{@wd, o€ remmiglel WitharrBlgpadition) or
after the C C Iv filtratio ft entign, any
person skl\éekélpllrnt g%&%%% {Eha%p IC %o%%é?ﬁé @\930%/ %%éégcgg%b\ﬁgr?ﬁogi%re
20taught, foeekasashonized Brder3zassgeAlbe fnthécpumstivatiom SfiEpPiedirel skb, GIepve-
Ingenieur-TechRik 6, 0¢s Radiple. 46 (1985). In addition and optionally, the carbon
fiber-fabric-reinforced carbon composite material obtained after thermal treatment in a first or second
tempefature range and/or also compacted as explained 25 above, and/or also coated by the CVD
process orHyHHRIG Y HEPCASS PRAM INHSEIOrBICabZalR foRbe B RpasRS Mifd@lgHajyeexample, in
the publication of E. Fitzer et. al., Chemie-IngenieurTechnik 57, No. 9, p. 737-746 (1985).
SiliconizatBIVFF kiR Sl ﬁ%ﬁ?&gbﬁf‘ﬁgma@fémﬁ%ed in a method known to any 30 person
skilled in the art. Composite materials, especially of high quality, may be obtained, for example when
the silicon%én rr{t%ep erature ran%z_from 1450 C to 2200 ng% efera “ti!# aj E‘p range from
1650C to TATRERN RS PHSP A EITLAIAF; ProCRig MHASY B SRR Sﬁ%ler
vacuum mrﬂa&ﬂempmtﬁesrewﬁngelmf kG fortedlw b Ceaftftar fibaclaindy tieerbilichizatimfotendperature,
the time re red iltration of and reaction to SiC requires at least 10 minutes, for example 10
minutes to odr e case of a siliconization without using a vacuum, siliconization may be
achieved under an |nert atmosphere at temperatures of 2100 C to 52200 C. The sum of infiltration and
reaction fig g alse AMGH iR ARIPARLAL IR /A EYATRIEAEMESP A QdIRBIES 1e & hour. n
the case of siliconization even without the use of vacuum. Advantageodisly, the above-described
siliconizatiestfiiien thermal foearaantstare el s o feaiaadyitkorsErmmgd én aseapndietratiie 1oefes to be
silicopized g AN RO HERY ADSRIPRRLSRSRON BRdiRsAamRatedcitheslizaneApe-tiesadguer part

is immersed in liquid silicon. The silicon
("graphitization") may generally be performed by any person skilled in the art by means of the

known method for this. In particular, heating in an inert atmosphere at a temperature from about
1251°C to 3000 °C, preferably from 1800 °C to 2200 °C for a period of, for example, at least 30
minutes, preferably at least 8 hours, especially from 30 minutes to 96 hours. The term "inert

20  atmosphere" has been explained above.

In the case of thermal treatment in the first and/or second temperature range, the resin layer shrinks
as a result of the weight lost by the elimination of volatile components. The composite material

obtained after the thermal treatment is characterized by a high temperature resistance.

25
After the thermal treatment of the fiber-fabric-reinforced composite material or composite material
product, heat-treated fiber-fabric-reinforced composite material or composite material product(s)
may be obtained. Optional processing steps may be performed, for example, cutting or shaping,
etc.

30

Optionally, the composite material, particularly a composite material comprising carbon fiber-

reinforced carbon material, obtained from one or more thermal treatments in a first or second
20




10then rises through this wick to the bodies to be siliconized without the latter having a direct
connection with the silicon bath. The above-described steps of the compaction, particularly through
impregnation and optional subsequent thermal treatment in a first or second temperature range, the
siliconization and the gas 15 phase coating may be repeated one or more times and be combined in
any order. Composite materials of a particularly high quality may, for example, be obtained if, following
the step of curing and optional pressing of the impregnated fiber fabric and thermal treatment within
the first temperature range at which there may be carbonization, the previously described steps of 20
impregnatiemperdttinerangt {raayrbe ntbjcet it st additionsecarc tanopepatiHiectnngeatd) parteahslpl which
compaction s, acey et mayoe.[epeaied aliersl once, Prelerpply. one [odfes fimes, preferably three
times. As an OIE)'[IOFI and in addifio , slliconization or ggs pehase CO&%IHg’OI‘%IﬁCO ization may be
followed byasbgasgitasecnbatidpr Thisaghsshageiedztinmglitegibent btaifiest oshagrodiompartmixtures
containing, LAY ANk el RACESS BPSaIlRat ARANG SR IINGE spech the present

invention provides a fiber fabric that is obtainable by a process consisting of a) preparing an

arrandemempPETENG &Y nd theribal lepErsthanay & arabipopadenpr dhaaropdnse BB Be teaskinthe

other, Wh%?lﬂ%s@ﬁt%tﬁ%}% ﬁ&ﬁ_&ﬁ AR %ﬂ&'a%tf_ ﬁé%@&%ﬂ&% theurewn gggl.sisting of
carbon fibers, precursor fibers of carbon fibers, 30 ceramic fibers and mixtures thereof, affixing at

least one fHSIIBREPLHSVRRATEMRGIR B idharaBEKI A dhe RISHGARVERTARGTHALT MvELerRefirein

the affixing raquitesahatibepissemtihneas raasanilraueh atleashone fbaitpyetrneatieast one of
the said one or more additional fiber layers, wherein the fixing binding thread comprises one or more

fibers seleREHbAT HRIGHSED Risieibing HFR SPBURRSii CepruEtl SP Heres RSABR bR ceramic
fibers and imptagiesitheiabfhanti)daigiede Mpe battugit@ aiinartiafl tis tbeimiabesuslyahdenpesature of at
least 400 C under an inert atmosphere for a high,temperature treatment period. 5In a further aspect,
the preserC LR AR HEI ot DA FABT AT L T e S RTE  eordance
with the inpession mcthabmpobitesethaterial product and/or a fiber-fabric-reinforced composite material
or composite material product thermally treated in accordance with the invention and/or compacted
and/or siliconized and/or gas-phase-coated fiber fabric-reinforced composite material or composite
product inEegdomksenetingthaeth@inoeniioer gpesiibef fathdo.ithesvordgntmggenhmankeiomyor the
prodystion ghy Aaes PR UHY AONARIRIRIIAI W AGR A NAHEGHITS Ao armherdo

temperatures of, for example, at least 800 C, preferably at least 1100 , especially at feast 200
especiallyspibsEcicsisctnedrilyibeenageline sesiot PEgitshes a0diRg sBetierr A APTaEY tor b
productionz LR ABHHC RIS p B RTAMLGHRRA RS AHCE TRaREARBRPIEIHEC Yasuy ggitetion of

components 15for chemical reaction apparatus, and for producing hot extrusion dies.
Novolac or Resol type, furan resin or impregnating pitch are used. Thermal treatment in a first or

second temperature range, as defined above, after impregnation, the so-called post-burn with the

20  exclusion of substances causing oxidizing, especially under an inert atmosphere. Before and/or
after thermal treatment in a first and/or second temperature range, heating or cooling is performed
for, for example, 8 to 10 hours, for example at room temperature (20 °C). The preferred periods of
time and temperature ranges for thermal treatment in a first or second temperature range are
explained in detail in the example above. In this procedural step, one or more additional carbon

25  material covers should be applied to the existing cover in order to fill the cracks and pores in the
first cover resulting from the first carbonization. This impregnation and post-burn process may

also be repeated preferably 1 to 3 times depending on the intended protective effect for the fibers.

For specific applications, it may be advantageous to optimize the composite material by means of a
30  thermal treatment in a first temperature range in which carbonization takes place, then by thermal
treatment in a second temperature range under an inert atmosphere, in which graphitization takes

place. The implementation of such a measure is, however, quite optional. In most cases, the final
21




Very advantageous products that include or consist of the fiber-fabric-reinforced composite material
and/or thermally treated and/or compacted and/or siliconized and/or gas-phase-coated
fiber-fabric-reinforced composite material in accordance with the invention, include, among 20others,
high temperature resistance elements and devices such as furnaces, the inner cladding or hot region
cladding, heat conductors, chemical reaction apparatus, components for chemical reaction apparatus,
and hot extrusion dies. A fiber layer that is a very advantageous because it results in a very regular
fiber fabric is 25referred to as unidirectional fiber. To produce a unidirectional layer, one or more fibers
are used atechpemspeadd @\ 10, for paiaéd i2d 6l SO afos tgipp Hihieatinid irentionalestied shredsr ddyatrang ed
next to ea%&?&ﬁg%&%?é@%é‘r%}%g%ﬁ95'@%"’%\6605 '%%rut'ﬁ%‘é'5{%05'8&%%%5'195@%%i%%l?em%%s'é‘é)”ed o
be immediately 30 adjacent to one another, to be at a distance from one another or to over?ap one
another. ThaYdierustiber," as used in the present invention includes fibers of any materials selected by
a person skilled in the art. Fiber fabrics offering very advantageous properties may be obtained, for
example, when at least one fiber layer, especially having a unidirectional orientation (and preferably all

fiber IdyerdheabrimdescHbpdIsOmpRATMEMSCRMPESES 1§andia BoRIes0TiamaRe tbsp @ e3"BaBiR (500 000

Sfilaments)Gualeralive theatnbas of flarantssof a fiber layer having a unidirectional orientation is in
a range of IK (1000 filaments) to 400 K (400 000 filaments), preferably in a range from 12K (12 000

filaments) up to 60K (60 000 filaments). The method according to the invention therefore allows both
the use of fikersmabar ighbirpe fdaynteuinita e pagshal dup i o it daswatas: iadiseoef fibers of

a heavy type. ("heavy tow! in g range qf about 25 K). 10An extremely cost-effective, production of a
o e B O T R S e S AT b SIEPITRS RIS dtbroer of
filaments ekanask than taizet Zéis. timadditosr @ pek tpalsinatyandniyn edietgardaisactities m:&ylae spread
out, for ex mpleb\{wt onlg hakf.the number of |Iapwents ?fba fiber. 15Thﬁ: dla}meteeci1t fth(%iggsments of at

least one fibe refgygr‘ g\/sltn 2 ulnnllé)lrr%%f%lr?a Bfientat %?nprel%lér?%lf}rgﬁfbe?elra?/g?s a\fler?g a
unidirectioA&icorientattionfayehariple fansjteidrendple, bb6 Pomicmeterably from 1.30 - 1.55
g/em®, are achieved.
Furthermore and optionally, the fiber-fabric-reinforced carbon composite material obtained from
15  one or more thermal treatments and/or also compacted as explained above, may also be provided
with protective coatings made of refractory materials such as pyrolytic carbon, TiC, TiN or SiC in
addition to a gas phase coating by the CVD process (CVD = Chemical Vapor Deposition) or after
the CVI process ( CVI, chemical vapor infiltration). In the context of the above invention, any
person skilled in the art knows the application of the CVD/CVI method. CVD/CVI methods are
20  taught, for example, in DE 39 33 039 Al or in the publication of E. Fitzer et. al., Chemie-

Ingenieur-Technik 57, No. 9, p. 737-746 (1985).

In addition and optionally, the carbon fiber-fabric-reinforced carbon composite material obtained

after thermal treatment in a first or second temperature range and/or also compacted as explained
25  above, and/or also coated by the CVD process or by the CVI process may undergo siliconization.

Such a process is taught, for example, in the publication of E. Fitzer et. al., Chemie-Ingenieur-

Technik 57, No. 9, p. 737-746 (1985).

Siliconization in the context of the present invention is performed in a method known to any
30  person skilled in the art. Composite materials, especially of high quality, may be obtained, for
example, when the silicon is in the temperature range from 1450 °C to 2200 °C, preferably in a

temperature range from 1650 °C to 1750 °C under an inert atmosphere. In particular, processing
22




In addition, a single fiber layer having a unidirectional orientation may have an area-related 20 weight
in a range, for example, from 50 g/m2 to 500 g/m2, preferably in a range from 150 g/m2 to 350 g/m2.
Depending on the desired end product, it may be advantageous to select one or more unidirectional
fiber layers with an area-related weight of at least 305 g/m2. In the case of the use of carbon fiber
and/or its precursor fibers, both fibers that were obtained 25based on polyacrylonitrile as well as those
based on pitch or phenolic resin fibers, give a fiber layer very good mechanical strength. Fiber fabrics
can, in principle, be produced according to any methods known by a person skilled in the art. Fiber
fabrics witmagye adviantzgoodspraperties theetdibpertaiositpacfididieCol 3D5001sidtist atddtsg one

fiber layer, s Qfﬁ%@l%'ﬁ%}{i%#QQJ&?&QR@%%@%@?&?%%%&% ?ﬁ‘ JIREr VRIS SRERIA Y e at

unidirectional layers of carbon fiber and/or its p or ceramic fibers, wherein these
fiber fabrick#pialp Haipates nipntrermidikthnents o de fifwurajethheasn ol aridiceatrofanotidiisiniaa range
of 1K (1000, Hame szl A48 AP AR MNemenis) A1 Q! QuRSGIRERDYY «lhBeaRos oM de& {32 000

filaments) to 60K (60 000 filaments). S5Fiber fabrics with advantageous material J)rop_erties and
relativély 18&PmnuFhe s gidBEia sty BK SEine dRR B HOAEGHRABRE tAISE 193 e MERPEs &MY having

unidirectiogdmplR¥atiern aEnusattaithiaiunchige pakyareiilarsarRIPacRNY GRMe pedymer fibers,
or mixtures thereof In some a%g;ications, it may_prove to he advantageous to use fibers based on

polyacryloNAFHEMbuFEeBREEF SN R ARy s sradetbsPicritrealian reay e ReT B yRredMes 1d Hfiree
or more ofviidkectiheiglry @ishivayetaisislc fodaxampisicamiptetly o ird@3 st 89 isétbeat carbon

polyacrylopitrile and/or v&scotﬁg fibers, ba(lise on ghe total W&iﬂ]ﬁ of féberls iQi(ihS%;iberﬁ)éer Before,

during an 89151318?”51 ?reeaotl‘?wg a¥ I(éoﬁ’a%/rér\ﬁ AR TR o AP B e A e §f’§lr‘ting r%léﬁgrr]ial(s) may

optionally thenresiethwitphahs etidktrehettedhicaldaddisoniied wahdm thchatteetial/inpy dpraying the
binder, by diggéggailgl%)i@‘[aglhe (S:qlré%arlnig{g the binder, or by spraying a warm meltable or warm adhesive
polymer. When using a fiber fayer ]ﬂwat'is formed from noncontiguous filaments, a person skilled in the
art may, if desired, subject the filaments to a mixing and, for example, expose a fiber layer having

unidirectiongl oHEAHOIRA RUESSHIE: WAIRLISIAY BerRim:AaAlig belntecRiardig,TaRroduce a
fiber layer having unidirectional 20orientation, fibers may be’spread out individually and the resulting
unidirectioisegygat ihgymal treatment in a first or second temperature range, the siliconization and the gas

15  phase coating may be repeated one or more times and be combined in any order.

Composite materials of a particularly high quality may, for example, be obtained if, following the
step of curing and optional pressing of the impregnated fiber fabric and thermal treatment within
the first temperature range at which there may be carbonization, the previously described steps of

20  impregnation and thermal treatment in a first and/or second temperature range by means of which
compaction is achieved, may be repeated at least once, preferably one to three times, preferably
three times. As an option and in addition, siliconization or a gas phase coating or siliconization
may be followed by a gas-phase coating. The gas phase coating may be obtained using carbon or
mixtures containing carbon using a CVD or CVI process as described above.

25
In a further aspect, the present invention provides a fiber fabric that is obtainable by a process
consisting of: a) preparing an arrangement of two or more fiber layers that are partially or
completely disposed one on top of the other, wherein one or more fiber layers of at least 50 wt.-
% fibers selected from the group consisting of carbon fibers, precursor fibers of carbon fibers,

30  ceramic fibers and mixtures thereof, affixing at least one fiber layer onto one or more additional
fiber layers using an affixing binder thread, wherein the affixing requires that the binder thread

passes through at least one fiber layer and at least one of the said one or more additional fiber
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optionally be laid out adjacent to each other to form a fiber layer having unidirectional orientation. The
spreading of one or more fibers may be performed using any method known to a person skilled in the
art who can also adapt and change the method based on the teachings of the present invention. 25
The method according to the invention enables in particular the production of a multi-axial fiber fabric,
wherein two or more unidirectional layers may be arranged on top of one another. The approach to the
spreading of the fibers and the production of unidirectional layers and 30bonded structures as well as
the preparation of multi-axial fiber fabrics are outlined below and are also, for example, described in
the publicdtipers, Frgtein 5 (084 Dl AR thread 80rO@dE:e2 OnF iyandablibersvtievisd dimmibeieproperties

may be obigined:by RrodusingyiRer fabrics, BRYNG ARy INREIOUL NG ShrSGYERclalat or more fiber

layers as desired and/or unidirectional layers. To achieve a high degree of resilient material, it may be

advantage®geetiatnd in kigbcaonataaye reameahgbthefibpofhar ohy arepseteieedirsneas thel of the
unidirectiopagalayshabarsaidierhelnsihe spichunidirestipnaplayer. Preferably, all unidirectional

layers in a fiber fabric will be arranged to extend in a different Ion(T:(itudinaI direction, It may be

advanfageB\a s s isam et dutamptionprvitan Srdhe use Al o Bbemlaldetsmitiessbr is arranged

at an angle ghpédpasiasstifiaferaktanideast 4R invalesallyaldrastiedn feRaceddusband@r to the
Iongitudin%l direction of at Ie%i[ one subse%\%ent unidirectional layer. 10 Whﬁg the unidirectional layers
each have AR HET MR S RAH R Q5 SRS BHR A Gt A S Al ARER Bbric is
obtained fraovrdsing: twichldhecits caticimxial/ baktmpmnablainéd fslinonsiad dndee guiighectiooatiyers, and a

quadraxialt{ggr;c irs obgaifed from usint% foyr ur]Iidirectiona{ la ers. ’[ll?l ;Fcréeljagggu%}{ ntog:c a unidirectional
fiber layer and oPa fiber Aric, espetia y%%'ﬁ {axaiser a%rll%:c, IS exp AiRed Befow'ih more detail. In
addition, ottremrancrfaditeingpiocessesdnay batls chedteditipa foetbopreftillemh o fHeraateBuring the
spreading ofr{a(i1 e1Je; gt@ glidir ctional Pri%nt:%ti r{haﬂ‘ib [ may ;etg w f&%xgg}pﬁ through
one or mofe gv?%eg%ﬁ%t aﬁ?)%vrﬁ]er% %%C;él%’n(gf tﬁ%lﬁ%eretoegén(,ég%tro eed, an(]i%l h?en pgsse’ tfmrough

one or mogaafelices I@ﬁssﬁ)@@a’i_@mgiﬁeaﬁb@tilﬁ@ﬂtdleltoﬁfpmmnidmdﬁ&ﬁ%%@@%fﬁp§§W@ﬁlbir@étional strip
can then b Jed thiaugh. devcR¥R-0%.6f /1956 AdaHR0at SitRs.ie RI0 e e, IBaRIhEH it form a

unidirectional layer. The one or more additional strips may be produced from fibérs of the same or
different heat conductors, the production of chemical reaction apparatus, the production of components

15  for chemical reaction apparatus, and for producing hot extrusion dies.

Very advantageous products that include or consist of the fiber-fabric-reinforced composite
material and/or thermally treated and/or compacted and/or siliconized and/or gas-phase-coated
fiber-fabric-reinforced composite material in accordance with the invention, include, among

20  others, high temperature resistance elements and devices such as furnaces, the inner cladding or
hot region cladding, heat conductors, chemical reaction apparatus, components for chemical

reaction apparatus, and hot extrusion dies.

A fiber layer that is a very advantageous because it results in a very regular fiber fabric is

25  referred to as unidirectional fiber.

To produce a unidirectional layer, one or more fibers are used and are spread out to form a
unidirectional strip. The unidirectional strips may be arranged next to each other to form a
unidirectional weave. The unidirectional strips may thus be positioned to be immediately
30 adjacent to one another, to be at a distance from one another or to overlap one another. The
term "fiber," as used in the present invention includes fibers of any materials selected by a

person skilled in the art.
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materials. Optionally, a fiber layer, especially a unidirectional layer may be treated with a 25 binder
after it is formed. Fibers made from the same or different flaments as well as fibers with mixed
filaments of different materials, may be used in the method according to the invention. Several
unidirectional layers may then be combined to form a fiber fabric, especially a multi- axial fiber fabric.
Unidirectional layers may be used here and are preferably so arranged with 30respect to one another,
that at least two of the longitudinal directions of the unidirectional layers form an angle of more than 5
with respect to one another. The unidirectional layers so used may have the same width or not. In the
production of a multi-axial fiber fabric, a person skilled 27 in the art would select one direction to be

taken as theyefprence dracloR Al SHSIRH R0 ARG A e SRR L FS B AU REHP tcast

corresponds to the longitudinal direction of thefiber structure to be produced. A unidirectional layer

running pa?&Rditer inrsaiverarelishasElg satedizestiogal ayisntaippdpachpigieraily il &hksr huees),
unidirectiopghiayeSnliab & srInMEARAAGHYILhERIRRLS 10 (YD Blamas) adiisnakuigiregyonal layers

that their respective longitudinal directions form the oppaosite sign with respect to the 0 angle direction,
wherefh thBIamGHR)r BiAStN ity BRrRkfi af dlemsat el adibrer kysr Baving: asaidifaeions /-60 or +45
I-45) or mayidaeeiffeikainta emifieot 1QresmRctiveniangid dinalkdimotionisiendnad)glesfakblyaind 90 to the
0 direction. The term "car iber" as used in the present application jncludes any carbon fiber that
can be pr&&ﬂ%%g?mﬁgﬁ&?gwﬁgﬂ?‘% %ﬁg%}ﬂpéggaﬁgé%?aéﬁ%ﬁs&srréefiﬁ’gpﬁgféﬁ%%ng to the
polyaeryloiitriieic filee foasalibon poly dcetytensisefine Dagedypa Oyploamilenesmpdibéntiased 15 on
pitch, or & ibes sdfie,bacis of pelulosequherein, his tenn eapecially tefers (o fibgrg havingg carbon
content hig‘fﬁer an 75 Wit -%, pre?era ly ' more f’han@é . %, pr% erab’l?/ (St fnore than 924w, -%,
with ridspedintexthenteliateseiffitctivther dibetiobhe tefibret tayrbidmfilbeg rapredinstpfileniagatisadnaythe
present aﬁ%‘S@&%&%ﬁéﬂ%ﬁﬁE%ﬂ?ﬁr&ﬁﬁ% number of filaments of more than about 24 K. In addition

and optionally, only one part of a fiber may be spread out, for example, with only half the

number of filaments of a fiber.

15 The diameter of the filaments of at least one fiber layer having a unidirectional orientation,
preferably all fiber layers having a unidirectional orientation, may be in a range, for example, of

6-8 microns.

In addition, a single fiber layer having a unidirectional orientation may have an area-related
20  weight in a range, for example, from 50 g/m’ to 500 g/m®, preferably in a range from 150 g/m’ to
350 g/m’. Depending on the desired end product, it may be advantageous to select one or more

unidirectional fiber layers with an area-related weight of at least 305 g/m’.

In the case of the use of carbon fiber and/or its precursor fibers, both fibers that were obtained
25  based on polyacrylonitrile as well as those based on pitch or phenolic resin fibers, give a fiber

layer very good mechanical strength.

Fiber fabrics can, in principle, be produced according to any methods known by a person skilled
in the art. Fiber fabrics with very advantageous properties are fiber fabrics that include or

30  consist of at least one fiber layer, especially having unidirectional orientation, preferably all
fiber layers, especially unidirectional layers of carbon fiber and/or its precursor fibers and/or

ceramic fibers, wherein these fiber fabrics may have a number of filaments per fiber layer
25




20 can be produced from a starting material fiber containing carbon fiber and used for the numerous
examples given above, wherein a "carbon fiber precursor fiber", however, has already undergone
chemical or mechanical changes such as oxidation in comparison to the starting material fiber.
Examples of carbon fiber precursor fibers (often abbreviated as PAN-OXx) include, among others,
pre-oxidized polyacrylonitrile fibers, pre-oxidized viscose fibers, 25any pre-oxidized textile fibers,
phenolic resin fibers, pitch-based precursor fibers, and mixtures thereof, although this list should not
be seen as conclusive. A fiber that is suitable for use as raw material for producing carbon fibers and
carbon fibdraprecungbreibenslisrécfitativt ase taogepd! VR 0O0NIfil lendntgddifioh Ko 4e0Mhsed on 30
polyacrylopitrile be used t duce a fiber.layer. fibers. made m re shown in
the bl oA A SRR PR SR AN C1F oo RN SO RS
Compositelglangpiiiger Verlag, Berlin, 1998, ISBN 3-540- 62933 - 5, p. 10-24, as well as described in
the publications U.S. 4 001 382, U.S. 6 326 451, EP 0 384 299 B1 and U.S. 6 054 214. 5 Starting
material fibers for producing a pitch-based precursor fiber may be either isotropic as well as

anisotfopid BitEhehBessy itoadMeaties s cRates Al R ReAHSH ANt helai vielx o HeaB REHIRE SRMHaBidd to a

melt spinniRG,BIALESS RAHHERIChB L ab i 1 a3, itdsdelanttaldelounatlienyyBaraiRRiichdbers may be
produced with a preferred orientation. Suitable production methods 10for pitch fibers and pitch-based

precursor Hehans hatigalnde nakyaesEbsrarrsnatialinossanie Behmed fiPese pUBREMItISRL fzer, LM

Manocha, séxashpplidaivie) cemsnisota e GaHInaitaHan (6 AR INRIebasINgtyéeylagiumerlin, 1998,
ISBN 3-54 -629833- , p-24 -34, and described in th? (;?)atentﬁDE ?97 32.825 T2. 15Methods far
producing BPERBPFES A ARRSRS G dRRAHE LOJPERTUEE SR A% RIS At T IR AP FR DB SR PE Y SPE known to

a person skidl@thanlilfyerainhaincaddiipfor suainpte o ack deacitasol (orteYaofpeyteibniit3R8 827 and

DE 2 328 313, Coramicibers wsefl Ior example, for Fbec jayers qraffing binding threads, oxide
and/or non- 200xide ﬁ%ers, Are based on one of more compounas conﬂ'i’lnlng at least one, preferably
at least

Before, during and/or after spreading a fiber layer having unidirectional orientation, the starting
material(s) may optionally be treated with one or more chemical binders. This can be achieved

15 by spraying the binder, by dipping into bath containing the binder, or by spraying a warm
meltable or warm adhesive polymer. When using a fiber layer that is formed from non-
contiguous filaments, a person skilled in the art may, if desired, subject the filaments to a
mixing and, for example, expose a fiber layer having unidirectional orientation to a pressure
water jet or perform needling before spreading. To produce a fiber layer having unidirectional

20  orientation, fibers may be spread out individually and the resulting unidirectional strips may
optionally be laid out adjacent to each other to form a fiber layer having unidirectional
orientation. The spreading of one or more fibers may be performed using any method known to
a person skilled in the art who can also adapt and change the method based on the teachings of
the present invention.

25
The method according to the invention enables in particular the production of a multi-axial fiber

fabric, wherein two or more unidirectional layers may be arranged on top of one another.

The approach to the spreading of the fibers and the production of unidirectional layers and
30  bonded structures as well as the preparation of multi-axial fiber fabrics are outlined below and

are also, for example, described in the publications FR A 2 581 085 and FR A 2 581 086.
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two, of the elements including carbon, silicon, boron, titanium, zirconium, tungsten, aluminum and
nitrogen. Preferably, the ceramic fibers are made entirely or at least 90 wt.-%, based on the total
weight of the ceramic fiber including compounds containing at least two of the elements including
carbon (C), silicon (Si), boron (B), titanium (Ti), zirconium (Zr ), tungsten (W), 25aluminum (Al) and
nitrogen (N). In particular, ceramic fibers are used where the sum of the contents of C, Si, B, N, Al, Zr,
Ti, W is more than 50 wt.-%, preferably more than 83 wt.-%, preferably more than 85 wt. -%, especially
more than 95 wt.-% of the total weight of the ceramic fibers, where the content of one or more of the
elements G181, Bbis AdjtE N aFioW mateyiblepGpertivs. 188y Frorobsanep by fibwhesing Sibeiaftpinégh-temperature
resistant fibers, Are e PasRARN Ix GeBaNeiBh QSR INAINR ID5IERL AN SipBfibers, for example,
denoted in DE 197 11 829 Cl also 29 called"Si/ C / B/ N-fibers"), and, in particular, ceramic fibers
based on cBndFstirmeCNestdingatisxa sthigh dicse o6 wsralisehmatgiphifimapsbsreduadastag thet

example in, RE&REhA38 & i&%ﬁ{@éﬁ T@%&R@%J%hﬁ%ﬁéﬂ@ff‘ecmﬁmg%gf &ﬂﬂ@iﬁﬁﬁf@&tﬁ%ﬁﬁ one
compound selected from alumina, zirconia, SINC, SIBNC, SiC, B4C, BN, Si3N4, TiC, WC, and

mixturés tHaYEoIses R RF OMaibesrid apidiesionidasiemRrcierabls o uniduscional deysriip dotal

weight of tedizessic wiladietiazsriaBriedibrr s M@raf Pasalidibarsiradier glagy Bbers or a mixture
thereof Method for the production of basalt fibers, as, w&_ll ?35 productign of,%ipding tl\j eads from these
threads ar@RABRECLY LD ERSSAKTIGE 7t trstdhe IRnsdurion LrRsH PRatb B STEHERRIB¥Y For 10

example, iarfafgd® 5t 38@@@‘&1;‘ ﬁ&ée&ﬁﬁ@le_, Methsils aa)de s mipiafititdyaeighit obthrepdsidlbiunless
explcity sialed PSS, e T eeigL e g e oLoths Ioahsiohtf e

10
When the unidirectional layers each have different longitudinal directions with respect to one
another, then a biaxial fiber fabric is obtained from using two layers, a triaxial fabric is obtained
from using three unidirectional layers, and a quadraxial fabric is obtained from using four
unidirectional layers.

15

The production of a unidirectional fiber layer and of a fiber fabric, especially a multi-axial fiber
fabric, is explained below in more detail. In addition, other manufacturing processes may be
selected by a person skilled in the art. During the spreading of a fiber to obtain a unidirectional
orientation, a fiber may be led first, for example, through one or more devices that allow the

20  tension of the fiber to be controlled, and then passed through one or more devices for spreading
the fiber in order to obtain unidirectional strips. A unidirectional strip can then be led through a
device with one or more additional strips to bring them together to form a unidirectional layer.
The one or more additional strips may be produced from fibers of the same or different
materials. Optionally, a fiber layer, especially a unidirectional layer may be treated with a

25  binder after it is formed. Fibers made from the same or different filaments as well as fibers with

mixed filaments of different’materials, may be used in the method according to the invention.

Several unidirectional layers may then be combined to form a fiber fabric, especially a multi-
axial fiber fabric. Unidirectional layers may be used here and are preferably so arranged with

30  respect to one another, that at least two of the longitudinal directions of the unidirectional layers
form an angle of more than 5 ° with respect to one another. The unidirectional layers so used

may have the same width or not. In the production of a multi-axial fiber fabric, a person skilled
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thread" refer to a dry fiber, as well as to a thread before application of a affixing fluid (or so-called
"wash"), whereby the drying is performed using drying methods known in the state of the art.
Preferably, drying takes place in accordance with ISO 1889. 20 b) Determination of mass loss of a
filament on heating After determining the weight of a dry thread, obtained as described in the previous
paragraph a) above, at 20 C, the dry thread is subjected to an inert atmosphere at a pressure of 1013
hPa and at a temperature of 20 C, where the inert atmosphere is 99.9 wt.-% of nitrogen based on
25the total weight of the inert atmosphere, is heated for 12 hours at a respective selected temperature,
as explaindd thpevevonlthisleasenodar¢sigintento salicnres theistennty didc UOBIR! & vefeyrbdgia aemperature

resistant thygagh 410.GoPORSRARAYY HIGRISMBRRPNLGS HRNGRT PR LA £2EP&Y high

temperature resistant thread: 900 C, a highest high'temperature resistant thread: 2000 C),. After
reaching tii&edmsefad eatrisbeadird upiditestiparhloirer Wineipe porabeldaisslimationss drrignatesbling takes
place for 2gshaurgat20 C. After cooling to 20 C, the relative weight of the thread treated at the
selected temperature is compared with the respective weight of the dry thread before heating, and the
mass foss determined. 5c) Determination of the tensile strength of a thread after heating The thread is

subjected tadBriberusiigasiheeatapmastmaliRisthRannrd aranROpetoiRaftddwe,ovhere the
inert atmosphere,is 99.9 wt.-% of nittqgen based on the tatal weight of the inert attosphere, is heated
for 12 houf8%at 3@388%N}EdéEﬁ‘é%?é‘ﬁﬁ%ﬁﬁ%‘%h%‘(lf@@’ﬁc,nﬁff:elf@}%ﬁ}lf ﬂ&@oﬁﬁe{%% 600 C, more
preferably &G0 ¢ experidlye2000 16 theAftesngladiagitihe whegeh ttie pegala emthatempeeatud is kept
constant for 8 hours. Then cooling takes place for,20 hours, at, 20 C. The tensile strength js determined
atter coolis RS R R e e B e e BB it om tonie

strenifth archphesiterisigisidend thinaipizdipetfargletirlfcust8aride Wil & gresadure known to a person
skilled in the art. In particular, determination may be performed in accordance with ASTM D3379-75.

The term "carbon fiber" as used in the present application includes any carbon fiber that can be
produced from a raw material fiber containing carbon, such as a fiber based on
polyacrylonitrile, a fiber based on polyacetylene, a fiber based on polyphenylene, a fiber based
15 on pitch, or a fiber on the basis of cellulose, wherein this term especially refers to fibers having
a carbon content higher than 75 wt. -%, preferably more than 85 wt. -%, preferably from more

than 92 wt. -%, with respect to the total weight of the fiber.

The term "carbon fiber precursor fiber" as used in the present application includes any fiber that
20 can be produced from a starting material fiber containing carbon fiber and used for the
numerous examples given above, wherein a "carbon fiber precursor fiber", however, has
already undergone chemical or mechanical changes such as oxidation in comparison to the
starting material fiber. Examples of carbon fiber precursor fibers (often abbreviated as PAN-
Ox) include, among others, pre-oxidized polyacrylonitrile fibers, pre-oxidized viscose fibers,
25  any pre-oxidized textile fibers, phenolic resin fibers, pitch-based precursor fibers, and mixtures

thereof, although this list should not be seen as conclusive.

A fiber that is suitable for use as raw material for producing carbon fibers and carbon fiber
precursor fibers is a fiber based on polyacrylonitrile. In addition, a fiber based on

30  polyacrylonitrile may be used to produce a fiber layer as such.

Production process for polyacrylonitrile fibers, pre-oxidized polyacrylonitrile fibers and carbon
28




20The weight of fibers, such as that of a fiber layer, is the weight of dry fibers, wherein the drying may
take place using a drying method known to person skilled in the art. Preferably, drying takes place in
accordance with ISO 1889. When there are several versions available of standards such as DIN,
ISO or ASTM standards, 25reference should be made to the most current version as of 8.1.2008. The
invention will now be further illustrated by the following non-exclusive examples: Examples 30
Example 1: Production of a fiber fabric and its further processing Heavy-tow carbon fibers with
50,000 individual filaments from the SGL Group, Meitingen, Germany, having the trade designation

Sigrafil C30brosnap frapeticpraesseman hanyhlieatianfablichiteshindltdgrsghee Grakeal fabric with a

weight of 420,G0Remeigtafii €3 BReF-PAY e shiismale st VerRBSpa-ARNEIROfsh RO g3, a
tensile strength of 3.8 GPa (determined in 5accordance with ASTM D3379-75, "tensile strength"), a

carbon co 3in 2dtdilidfcds Wit assteraribse an teopyblicgtont 106 AR B theSRAREightd the

fiber. To aghigyedhaiegidned tgersnaligtability of the fabric in the subsequent thermal process,
especially during the above-described high-temperature treatment, various binding threads were

10used as affixing binding threads with high thermal stability. Fabrics with only one type of binding
thread as Welttag wiikedainfibirations:adleingdin gitthaadsd yeseutesidibéraray bigeithshizaisopic axample of a

+/-45 fabric (fiber fabric with upidirectional layers where the longitudjnal directions of the unidirectional
ayers forrti ARG BT UE8 SRAS. 45 RS TEOA AU HIRAGH Bh e TRSABR (o rection)
with a/sarrqule’:fw@aimm‘ yelnspinpieg pvclidﬁzlsedqddya!mtyddméttﬂegﬁ’sﬂit\ﬁmm&adbf dafmama(gllme yarrll: Sigrafil
Nm25/2,y é e savailable from SGL Graoup. -Meitingeq, : e e seam
can be see%?%n %?g%r?{i %%St%}glﬁﬂf% g)gr%c éomt aer%léerggt %Htgglﬁﬁl%ég%fé:%ﬁéﬁ\f/%?gaﬁir )g(?tn,. he other
seamd arefonaiehoibeasriest pifclphiased nrgvarserddedeste dyed nwncthe réeiteef tho@oeng are

described in the publication by E. Fitzer, LM Manocha, "Carbon Reinforcements and
Carbon/Carbon Composites," Springer Verlag, Berlin, 1998, ISBN 3-540-62933-5, p. 24 - 34,
and described in the patent DE 697 32 825 T2.

15 Methods for producing phenol resin fibers as well as production of binding threads from these
threads are known to a person skilled in the art. In addition, such methods are described, for

example, in DE 2 308 827 and DE 2 328 313.

Ceramic fibers used, for example, for fiber layers or affixing binding threads, oxide and/or non-

20  oxide fibers, are based on one or more compounds containing at least one, preferably at least
two, of the elements including carbon, silicon, boron, titanium, zirconium, tungsten, aluminum
and nitrogen. Preferably, the ceramic fibers are made entirely or at least 90 wt.-%, based on the
total weight of the ceramic fiber including compounds containing at least two of the elements
including carbon (C), silicon (Si), boron (B), titanium (T1), zirconium (Zr ), tungsten (W),

25  aluminum (Al) and nitrogen (N). In particular, ceramic fibers are used where the sum of the
contents of C, Si, B, N, Al, Zr, Ti, W is more than 50 wt.-%, preferably more than 83 wt.-%,
preferably more than 85 wt. -%, especially more than 95 wt.-% of the total weight of the
ceramic fibers, where the content of one or more of the elements C, Si, B, N, Al, Zr, Ti, W may
be 0 wt.-%.

30
For example, fibers, especially high-temperature resistant fibers, are used based on Si, C, B, N,

Al or combinations thereof (all such fibers, for example, denoted in DE 197 11 829 C1 also
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20 Figure 2 shows the same fabric after heating to 2000 C for 8 hours under an inert atmosphere, of at
least 99,9 wt.-% nitrogen. The PAN-Ox binding thread has withstood the graphitization with the
necessary strength to undergo impregnation (prepreg process), while the yarn of the prior art has
withstood the heating without destruction. Experiments were performed where 25heating to 2200 C
gave similar results. Adequate strength of the seam for the subsequent impregnation (prepreg
process) could be detected. Similar results were also obtained, for example, even when a staple
binding yarn of spun stretch-torn, pre-oxidized polyacrylonitrile (trade name of the yarn: Sigrafil SPO
Nm14 / 2, elledafiable/ fRonNSBerS)ound, Meidinigelar,Germaniipers dasadoonciibpoyads amapdsimpination
of at least r on fiber yarn, staple fiber r

pre-oxidizég\év%o g&%ﬁgﬁ%ﬁg@éﬁ%@g afs?%% %:r:% f’nscé t%%’afs].r §anﬁ%€f : a?rgo)\gvas&gﬁl %g%%e of a +/-45
graphitized-rapmie dthetadawifrcaaropldibeslutin e fabrivsterhetitradt ioneremtipustd bidedigd fothe thermal
resistance g Hig.bindehiDIGRAS YaREositaElYs sRUIL Re ArReapRediltRiRIGRIGHS IR Subsequent

impregnation with g,henollc resin as a matrix. The (_i;aphltlzatlon was carried out for 8 hours at 2000 C

underan iRERMERBSIHE Asash Aaiing Dagieabbog agt Bowittedgiased pr theaprdgedigbRicle from the
graphitizedifalyitdnsaribes ahayvec WekesRasesIndRignear e JHasseiniaicsd ¢RRaR aRiRETCS. In

this case, the prepreg was first heated as a sample plate to temperatures of up to 180C over a period
of up to eight hours, more preferably up to three 10 hours and under pressure, to obtain a green body.

In the presdethedavinie, phehsaioples plate \WBsHrassel ai frobtedon 4 ahimy tklekd Brassuescof 10
N/cm2. This green body was then heat.ireated in subsequent steps; first for 8 hours at a temperature
o1 1000 C IS 8 R A SSERERe UG At L1000 B FRSgaFF LB, and thon
impregnatexhwiile,im@EGatiy599chlanttbeéburned again at a temperature of 1000 C for 8 hours
under an inert 15atmosphere containing at least 99, 9 wt.-% nitrogen. For example, for the

compaction, thermoset resin with high carbon yields, particularly from the group of phenolic resins,
may also Bdetheds Experiments with pitches and derivatives also show good results. The number of

compactiogqj&%ﬁglg%e‘ggg ALMedegired target density of the

15 Unless explicitly stated otherwise, the terms "weight of the thread" or "the total weight of the
thread" refer to a dry fiber, as well as to a thread before application of a affixing fluid (or so-
called "wash"), whereby the drying is performed using drying methods known in the state of the
art. Preferably, drying takes place in accordance with ISO 1889.

20  b) Determination of mass loss of a filament on heating

After determining the weight of a dry thread, obtained as described in the previous paragraph
a) above, at 20 °C, the dry thread is subjected to an inert atmosphere at a pressure of 1013 hPa
and at a temperature of 20 °C, where the inert atmosphere is 99.9 wt.-% of nitrogen based on
25  the total weight of the inert atmosphere, is heated for 12 hours at a respective selected

temperature, as explained above (in the case of a high temperature resistant thread: 405 °C, a
very high temperature resistant thread: 410 °C, an especially high temperature resistant thread:
600 °C, an extremely high temperature resistant thread: 900 °C, a highest high temperature
resistant thread: 2000 °C),. After reaching the selected temperature, the temperature is kept

30  constant for 8 hours. Then cooling takes place for 20 hours at 20 °C.
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20 carbon fiber reinforced carbon ceramic, but is carried out up to four times to give densities of 1.30
-1.58 0.03 g/cm3. In the manner described above, the carbon fiber reinforced carbon ceramic so
obtained was characterized by a subsequent heating to 2000 C for 8 hours in an inert atmosphere.
Fig. 4 25 shows this carbon fiber reinforced carbon ceramic. The properties obtained are summarized
in Table 1. 30 Table 1: Overview of properties of carbon fiber reinforced carbon ceramic produced
according to Example 1 Orientation Property Units 0 (Sample 1) 45 (Sample 2) Density [g/cm3] 1.47

1.47

10

15

20

25

30

After cooling to 20 °C, the relative weight of the thread treated at the selected temperature is
compared with the respective weight of the dry thread before heating, and the mass loss

determined.

¢) Determination of the tensile strength of a thread after heating

The thread is subjected to an inert atmosphere at a pressure of 1013 hPa and at a temperature of
20 °C, where the inert atmosphere is 99.9 wt.-% of nitrogen based on the total weight of the
inert atmosphere, is heated for 12 hours at a respective selected temperature (400 °C, preferably
410 °C, preferably 600 °C, more preferably 900 °C, especially 2000 °C.). After reaching the
target temperature, the temperature is kept constant for 8 hours. Then cooling takes place for 20

hours at 20 °C. The tensile strength is determined after cooling according to ASTM D3379-75.

d) Other methods

The determination of maximum tensile strength and the tensile strength may be performed in
accordance with a procedure known to a person skilled in the art. In particular, determination

may be performed in accordance with ASTM D3379-75.

The weight of fibers, such as that of a fiber layer, is the weight of dry fibers, wherein the drying
may take place using a drying method known to person skilled in the art. Preferably, drying

takes place in accordance with ISO 1889.

When there are several versions available of standards such as DIN, ISO or ASTM standards,

reference should be made to the most current version as of 8.1.2008.

The invention will now be further illustrated by the following non-exclusive examples:

Examples
Example 1: Production of a fiber fabric and its further processing
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Bending strength [MPa] 127.3 52.0 Interlaminar shear strength [MPa] 5.6 5.0 Specific electric
resistance [Ohm um] 26.0 27.0 Samples 1 and 2 are each rectangular specimens that were cut from
the composite material. 5Sample 1 has longitudinal edges that run parallel to the grain, while Sample 2
has longitudinal edges that run at 45 to the fiber direction. Example 2: Change in tensile strength of a
pre-oxidized polvacrylonitrile fiber when heated to 2000 C

Heavy-tow carbon fibers with 50,000 individual filaments from the SGL Group, Meitingen,
Germany, having the trade designation Sigrafil C30 T050 EPY were processed on a multi-axial
fabric machine, to produce biaxial fabric with a weight of 450 g/m”. Sigrafil C30 fibers have a
diameter of 6.5 microns, a density of 1.80 g/cm’, a tensile strength of 3.8 GPa (determined in

5  accordance with ASTM D3379-75, "tensile strength"), a carbon content in accordance with

ASTM D5291-02 of > 95 wt.-% based on the total weight of the fiber.

To achieve the required thermal stability of the fabric in the subsequent thermal process,
especially during the above-described high-temperature treatment, various binding threads were
10 used as affixing binding threads with high thermal stability. Fabrics with only one type of

binding thread as well as with combinations of binding threads were tested here.

Fig. 1 shows an example of a +/-45 ° fabric (fiber fabric with unidirectional layers where the
longitudinal directions of the unidirectional layers formed angles of +45 © and -45 ° to the

15  longitudinal direction of the fiber fabric (0 ° direction)) with a sample seam of yarn of pre-
oxidized polyacrylonitrile (PAN-Ox) (trade name of the yarn: Sigrafil Nm25/2, yarn fineness.
1.7 dtex, available from SGL Group, Meitingen, Germany). The sample seam can be seen in
Figure 1 as the fifth seam from the top that is made of relatively darker yarn,. The other seams
are made of yarn of the prior art that is not destroyed when heated to 2000 °C. |

20
Figure 2 shows the same fabric after heating to 2000 °C for 8 hours under an inert atmosphere,
of at least 99, 9 wt.-% nitrogen. The PAN-Ox binding thread has withstood the graphitization
with the necessary strength to undergo impregnation (prepreg process), while the yarn of the
prior art has withstood the heating without destruction. Experiments were performed where

25  heating to 2200 °C gave similar results. Adequate strength of the seam for the subsequent

impregnation (prepreg process) could be detected.

Similar results were also obtained, for example, even when a staple binding yarn of spun
stretch-torn, pre-oxidized polyacrylonitrile (trade name of the yarn: Sigrafil SPO Nm14 /2,

30  available from SGL Group, Meitingen, Germany) or a carbon fiber yarn or a combination of at
least two yarns selected from among carbon fiber yarn, staple fiber and yarn from the pre-

oxidized polyacrylonitrile, were used as the binding thread.
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10 The following table compares the tensile strength of PAN-Ox yam (yam of pre-oxidized
polyacrylonitrile) (yarn designation: Nm25/2, available from SGL Group, Meitingen, Germany), which
can be used for the production of a fiber fabric in accordance with the invention, before and after
treatment at 2000 C. In this treatment, the yarn is heated under an 15inert atmosphere at a pressure of
1013 hPa and at a temperature of 20 C, where the inert atmosphere contains 99.9 wt.-% nitrogen
based on the total weight of the inert atmosphere, for 12 hours at 2000 C . After reaching 2000 C, the
temperature was kept constant for 8 hours. Then cooling took place for 20 hours at 20 C. 20 Table 2
Treatment Kigtdrshasigran] grenhpietion ate/ +ehSitsaptrisizgdniiNi Tesiishled stignestth il Bbdruilitre &tbiic0.080 7.2

124 treatm{%%gﬁﬁ&@%&&y@?ét;ﬁﬂ% 43to the thermal resistance of the binder threads used so that this
could be processed into prepregs in a subsequent impregnation with phenolic resin as a matrix.
The graphitization was carried out for 8 hours at 2000 °C under an inert atmosphere containing

5  atleast 99.9 wt.-% nitrogen.

The prepregs produced from the graphitized fabric described above were processed into carbon
fiber reinforced carbon ceramics. In this case, the prepreg was first heated as a sample plate to
temperatures of up to 180 °C over a period of up to eight hours, more preferably up to three

10 hours and under pressure, to obtain a green body. In the present example, the sample plate was
pressed at 150 °C for 4 hours under a pressure of 10 N/cm?. This green body was then heat
treated in subsequent steps; first for 8 hours at a temperature of 1000 °C under an inert
atmosphere, containing at least 99, 9 wt.-% nitrogen (carbonated), and then impregnated with
impregnating pitch and then burned again at a temperature of 1000 °C for 8 hours under an inert

15  atmosphere containing at least 99, 9 wt.-% nitrogen.

For example, for the compaction, thermoset resin with high carbon yields, particularly from the

group of phenolic resins, may also be used. Experiments with pitches and derivatives also show

good results. The number of compactions required depends on the desired target density of the
20  carbon fiber reinforced carbon ceramic, but is carried out up to four times to give densities of

1.30-1.58 + 0.03 g/cm’.
In the manner described above, the carbon fiber reinforced carbon ceramic so obtained was
characterized by a subsequent heating to 2000 °C for 8 hours in an inert atmosphere. Fig. 4

25  shows this carbon fiber reinforced carbon ceramic. The properties obtained are summarized in

Table 1.

30
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The determination of ultimate tensile strength and tensile strength according to ASTM D3379- 75.
Surprisingly, it turns out that both the ultimate tensile strength as well as the tensile strength of
PAN-Ox yam increased after the heat treatment. This shows that yam, including or consisting of the
precursor fiber of carbon fibers, especially PAN-Ox yam, serves very well as affixing thread for
producing suitable composite materials and fiber fabric in accordance with the 5invention. 10 15 20 25
30 Patent claims 1.Method for producing a fiber-clutch reinforced composite material, comprising: a)
preparing a fiber clutch, comprising, 5preparing an arrangement of two or more layers of fiber that are
partially or Eaphpleteredisposéoropration ebpavahdiotherinfinesdivaiboe carenveafislictdyrsosingprise at
least 50 wis%,Qffjiesis selected from the group consisting of carbon fibers, precursor fibers of carbon
fibers, ceramic fibers and mixtures thereof; affixing at least one fiber layer onto one or more other fiber
layers using an_10affixing binder thread, wherein the affiXieii@édes passing the affiking binder
thread through BPR#AEf ane fiber layer and Biigh at leadt’dSanelady dbtHS =i Hher layers; wherein
the affixing bi #ad comprises one or ig¢@lhers ddiddted from HhéGroup consisting of carbon

fibers, carbon fB@dinsstessifiners ceramidYB#bers antlAfbdures thefdl:
Interlaminar shear strength [MPa] 5.6 5.0

Specific electric resistance [Ohm pm] 27.0

26.0

Samples 1 and 2 are each rectangular specimens that were cut from the composite material.
5  Sample I has longitudinal edges that run parallel to the grain, while Sample 2 has longitudinal

edges that run at 45 ° to the fiber direction.

Example 2; Change in tensile strength of a pre-oxidized polvacrylonitrile fiber when heated to

2000 °C

10
The following table compares the tensile strength of PAN-Ox yarn (yarn of pre-oxidized
polyacrylonitrile) (yarn designation: Nm25/2, available from SGL Group, Meitingen,
Germany), which can be used for the production of a fiber fabric in accordance with the
invention, before and after treatment at 2000 °C. In this treatment, the yarn is heated under an

15  inert atmosphere at a pressure of 1013 hPa and at a temperature of 20 °C, where the inert
atmosphere contains 99.9 wt.-% nitrogen based on the total weight of the inert atmosphere, for
12 hours at 2000 °C . After reaching 2000 °C, the temperature was kept constant for 8 hours.

Then cooling took place for 20 hours at 20 °C.

20 Table2
Treatment Meter weight [g/m] | Ultimate tensile Tensile strength
strength [N] [MPa]
untreated 0.080 7.2 124
treatment at 2000°C | 0.034 8.2 435

The determination of ultimate tensile strength and tensile strength according to ASTM D3379-

75.
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b) high temperature treatment of the fiber clutch at a temperature of at least 400 C under an inert
atmosphere for a high temperature treatment period; c) impregnating the fiber clutch treated with high
temperature with at least one binder; 20d)curing the impregnated fiber clutch during a curing period at
a curing temperature of at least 40 C, and optionally pressing at least one surface section of at least
one surface of the impregnated fiber clutch before beginning and/or at least during a portion of the
curing period, wherein a fiber clutch reinforced composite material is formed; and 25e)optionally
obtaining a fiber clutch reinforced composite material or composite material product after the curing
and option&hpresisgly, stépss 2 drtduthdberdinmate ciasile strevigiblraisdlcstiprisese strengthefmal
treatment giARebgh AHICR SR RIEEAAIPOSIE TAIPHR! 26 60 TRPSIS IRAMRIRHAL RN, A

optionally obtaining a thermally treated fiber clutch reinforced compdsite material or composite
material prodiisPasar wpielibrphspthoatfihsrt sargeialp PAN-O vemhomes sriinyed asiaffixmavhich also

comprises ens iispioduang/Qli lRAIHHS ROHAESAS RROGEFEAHNG PLIBS RGN fgated fiber

clutch reinforced composite material or composite material product, and 5optionally obtaining a
densifitd dAfB8FRiconized and/or gas phase coated fiber clutch reinforced composite material or
composite material product after the densification and/or siliconizing and/or gas phase coating stage.
4. Method according to any preceding claim, wherein affixing involves sewing.

10

15

20

25

30
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10 5. Method according to any preceding claim, wherein at least one fiber layer comprises more than
70 wt.-%, or preferably more than 85 wt.-%, or preferably more than 92 wt.%, or in particular more
than 98 wt.-% of fibers selected from the group comprising carbon fibers, precursor fibers of carbon
fibers, ceramic fibers and mixtures thereof, 15related to the total weight of the particular fiber layer. 6.
Method according to any preceding claim, wherein an affixing binder thread is used with a sum of
contents of the elements C, Si, B, N, Al, Zr, Ti, W of more than 50 wt.-%, or preferably more than 83
wt.-%, or preferably more than 85 wt.-%, or in particular 20more that 95 wt.-% of the total weight of the
affixing binder thread, wherein the content of oPstertrrdeimef the elements C, Si, B, N, Al, Zr, Ti, W can
be 0 wt.-%. 7. Method according to any preceding claim, wherein the affixing binder thread is partially
or completely enveloped by an affixing liquid before affixing. 25 8. Method according to any preceding
claim, whetein thMeHpdfgrinradacagicihmeitial miniteednaapositantigritle mpriBaglayer at it first

entry point, is fedjhrough.tag first fibgrRver, aqd ;Sggﬁ’st the next fiber layer, and leaves at its first
emersion point in at least the next fiber layer. Optionally, it enters through a second entry point in at

least the 30next fiber |aBASPHENS MhREABECHICRIaE (e MExRER 1335 AUnBibgietims erb 8ATESY &hd

leaves at a second emeksignapAntiRpIRa Hisd ThabpyeheS%ivietRadRaceding tRoanYiRseasding claim,
wherein one or more carbon fiber-precursor fibers of the affixing thread are selected from the group

comprising pre-oxidize § {EWIESFHEras iR Wit A RE SElEipe rLoBr S TR e PR RE it Ribers,
phenolic resin fibers, pifitedhasedpsecttesy dibeidantitse, cvduie$iteeyend. mixtures thereof;

affixing at least one fiber layer onto one or more other fiber layers using an
10 affixing binder thread,

wherein the affixing involves passing the affixing binder thread through at least

one fiber layer and through at least one of any of the other fiber layers;

wherein the affixing binder thread comprises one or more fibers selected from

the group consisting of carbon fibers, carbon fiber precursor fibers, ceramic
15 fibers and mixtures thereof;

b) high temperature treatment of the fiber clutch at a temperature of at least 400 °C

under an inert atmosphere for a high temperature treatment period;

c) impregnating the fiber clutch treated with high temperature with at least one
binder;
20 d) curing the impregnated fiber clutch during a curing period at a curing

temperature of at least 40 °C, and optionally pressing at least one surface section
of at least one surface of the impregnated fiber clutch before beginning and/or at
least during a portion of the curing period, wherein a fiber clutch reinforced
composite material is formed; and

25 e) optionally obtaining a fiber clutch reinforced composite material or composite

material product after the curing and optional pressing steps.

2. Method according to claim 1, which also comprises,
thermal treatment of the fiber clutch reinforced composite material or composite
30 material product, and
optionally obtaining a thermally treated fiber clutch reinforced composite material or

composite material product after the thermal treatment stage.
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5 10. Method according to any preceding claim, wherein one or more ceramic fibers of the affixing
thread are selected from the group comprising basalt fibers, Si, C, B, N, Al based fibers or compounds
thereof, glass fibers, aluminum oxide-based fibers, zircon oxide-based fibers, TiC-based fibers,
WC-based fibers and mixtures thereof; wherein 10 one or more ceramic fibers are preferably selected
from the group comprising basalt fibers, fibers including or comprising SINC, SiBNC, SiC, 134C, BN,
Si3N4, aluminum oxide, zircon oxide, TiC, WC and mixtures thereof, and mixtures of all of these. 11.
Method according to any preceding claim, wherein at least one fiber layer has a surface- 15specific
weight preferably in the range of 50 g/m2 to 500 g/m2, or preferably in the range of 150 g/m2 to 350

g/m2, or especialydihedangn ol Alieass IMRA N ConGhiHM2. 12. Method according to any

preceding claim, wherein the number of filaments in at least one fiber layer is in a range of 0.5 K (500

filaments) to 5009€1%062H50D MdfAE sildgorape RHBT LR Riessgoding R HTob My isy s 46oK
(400,000 filamenggt prerstacBlYdmsbsaoasREidRE (bAPORdiamans)iitaKa(R0,000 filaments). 13.

Method according to any preceding claim, wherein the binder comprises one or more resins and/or
one ormore inor§BHRhp PRLHBMSA Alfastacd snker siloonizest i masipbasrecpriad By duiekted
from the group ceshifoisied phiepalice BsiBSalEPOXERFESIESMARNEDNFINR T OFIBS thy aatefRstRmresins,
polyester/vinyl este({/resjp resins, furan resinsﬁgolyacrylate resins and mixtures thereof

S, polyimid
and/or wherein off&'SF ﬁ\ﬂ)‘f‘é‘?’ﬁ &R 0&%?@&%6“%&3@%& %re selected from the group comprising

silicone, SiC-precursor polymers, SiC-precursor oligomers and mixtures 30thereof
4. Method according to any preceding claim, wherein affixing involves sewing.
10
5. Method according to any preceding claim, wherein at least one fiber layer comprises
more than 70 wt.-%, or preferably more than 85 wt.-%, or preferably more than 92 wt.-
%, or in particular more than 98 wt.-% of fibers selected from the group comprising
carbon fibers, precursor fibers of carbon fibers, ceramic fibers and mixtures thereof,

15 related to the total weight of the particular fiber layer.

6. Method according to any preceding claim, wherein an affixing binder thread is used
with a sum of contents of the elements C, Si, B, N, Al, Zr, Ti, W of more than 50 wt.-%,
or preferably more than 83 wt.-%, or preferably more than 85 wt.-%, or in particular

20 more that 95 wt.-% of the total weight of the affixing binder thread, wherein the content

of one or more of the elements C, Si, B, N, Al, Zr, Ti, W can be 0 wt.-%.

7. Method according to any preceding claim, wherein the affixing binder thread is partially
or completely enveloped by an affixing liquid before affixing.
25
8. Method according to any preceding claim, wherein the affixing includes the mounting-
fixation thread entering the first fiber layer at it first entry point, is fed through the first
fiber layer and at least the next fiber layer, and leaves at its first emersion point in at
least the next fiber layer. Optionally, it enters through a second entry point in at least the
30 next fiber layer, is fed through at least the next fiber layer and the first fiber layer and

leaves at a second emersion point on the first fiber layer.
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14. Method according to any preceding claim, wherein at least one and preferably all fiber layers are in
the same direction. 15. Method according to any preceding claim 7 to 14, wherein the affixing liquid
includes 5 one or more compounds, selected from the group comprising water, silicone oils,
polyurethanes, epoxide resin compounds, especially epoxy esters, polyvinyl alcohols, waxes, fatty acid
esters, polyurethane esters, polyurethane ethers and mixtures hereof. 16. Method according to any
preceding claim, wherein the affixing binder thread has a 10 linear density of not more than 1 Tex, or
preferably a linear density in the range of 0.04 to | Tex, or preferably a linear density in the range of
0.04 to 0.7% Tex,Metethiseerdinadecraanesseditte Dlains0gbeg elyom s meduectrrednfliasdreswigsite

material product b BReiralialiieinforsed aransie: IRMARY idlqb e assoidibap.ameiiod

according to claim | and 4 to 16, if it is not based on claim 2 or 3. '18. Thermally treated fiber clutch
reinforced compdSEsmBlesnAIdredi it tHabaial GoxidHwh e bRACAYEROFOSE cBRSpOISE Aterial,

obtained accordimipdes,piatbagtlPrecaisitiddr one®t tha flriMBZand 4 to 16, if it is not based on
claim 3. 19. Densified and/or siliconized and/or gas phase coated fiber clutch reinforced composite

. material product or densified and/or siliconized and/or gas phase coated fiber clutch reinforced
composite Idaterislcthbiaioest diagatd iy orecedripethrecotdirthtolamaddaabife 2Beksibenigdutch,

arrangement of 0 S nAFE Ky irs SFAE: DA 416 BRAHBI B S0hngpIEte P AISpLets dhe o of he
other, wherein orbased rfibees filvesdapersds thereof, glass fibers, aluminum oxide-based fibers, zircon
oxide-based fibers, TiC-based fibers, WC-based fibers and mixtures thereof, wherein
10 one or more ceramic fibers are preferably selected from the group comprising basalt
fibers, fibers including or comprising SiNC, SiBNC, SiC, B4C, BN, Si3Ny4, aluminum

oxide, zircon oxide, TiC, WC and mixtures thereof, and mixtures of all of these.

11.  Method according to any preceding claim, wherein at least one fiber layer has a surface-
15 specific weight preferably in the range of 50 g/m” to 500 g/m?, or preferably in the range
of 150 g/m”® to 350 g/m?, or especially in the range of at least 305 g/m” to 500 g/m’.

12. Method according to any preceding claim, wherein the number of filaments in at least

one fiber layer is in a range of 0.5 K (500 filaments) to 500 K (500,000 filaments),

20 preferably in a range of 1 K (1000 filaments) to 400 K (400,000 filaments), or preferably
in a range of 12 K (12,000 filaments) to 60 K (60,000 filaments).

13, Method according to any preceding claim, wherein the binder comprises one or more
resins and/or one or more inorganic impregnating agents,

25 wherein one or more resins are preferably selected from the group comprising phenolic
resins, epoxide resins, benzoxazine resins, cyanate ester resins, polyester/vinyl ester
resins, polyimide resins, furan resins, polyacrylate resins and mixtures thereof, and/or
wherein one or more inorganic impregnating agents are selected from the group
comprising silicone, SiC-precursor polymers, SiC-precursor oligomers and mixtures

30 thereof.
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corresponding to the total weight of the particular fiber layer comprise at least 50 wt.-% of the fibers
selected from the group consisting of carbon fibers, precursor fibers of carbon fibers, ceramic fibers
and mixtures thereof, affixing at least one fiber layer onto one or more other fiber layers using an
affixing binder thread, 5wherein the affixing involves the passing of the affixing binder thread through
at least one fiber layer and through at least one of the one or more other fiber layers, wherein the
affixing binder thread comprises one or more fibers selected from the group consisting of carbon
fibers, precursor fibers of carbon fibers, ceramic 10fibers and mixtures thereof, b)high temperature
treatment dfithe Metheflitchoading eorpor areredihigtlsast WG« wdessaoninendagirasghie @lféber high

temperature treajment petiog..21. Uge.of 4,composite material or composite material product
according to any of the 15 claims 17 to 19 or a fiber clutch according to claim 20 for manufacturing
furnaces, especially for manufacturing lining for the heating areas of furnaces, heating elements,

chemical regction et QrEIRme s PRIEfmRNGRtPIE TS MRlESi 2t EIRMAR! RLAR Ytk dReIuding

or comprising a composite material or a composite 20 material product according to any of the claims
17 to 19, or prefeé¥abl§ aR ¥ HREIAPSISyiselcesb dram b SRV oGS &g orHlifARE cils,

especially their inggyisinghey, Rpakide assa lbdRgoNRRtiRGRBISMENIse o) ebNea seBSIIR dRIESIS, O

components for the latter, and hot press molds. 25
P waxes, ?afty acid estgrs, polyurethane esters, polyurethane ethers and mixtures hereof.

16.  Method according to any preceding claim, wherein the affixing binder thread has a
10 linear density of not more than 1 Tex, or preferably a linear density in the range of 0.04
to 1 Tex, or preferably a linear density in the range of 0.04 to 0.75 Tex, determined in

accordance with DIN 60905.

17.  Fiber clutch reinforced composite material product or fiber clutch reinforced composite
15 material, obtained according to a method according to claim 1 and 4 to 16, if it is not

based on claim 2 or 3.

18.  Thermally treated fiber clutch reinforced composite material product or thermally
treated fiber clutch reinforced composite material, obtained according to a method

20 according to one of the claims 2 and 4 to 16, if it is not based on claim 3.

19.  Densified and/or siliconized and/or gas phase coated fiber clutch reinforced composite
material product or densified and/or siliconized and/or gas phase coated fiber clutch
reinforced composite material, obtained according to a method according to claims 3 to

25 16.

20.  Fiber clutch, obtained according to a method, comprising:
a) Preparing a fiber clutch, comprising,
preparing an arrangement of two or more layers of fiber that are partially or
30 completely disposed one on top of the other, wherein one or more fiber layers

corresponding to the total weight of the particular fiber layer comprise at least 50
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21.

22.

b)

wt.-% of the fibers selected from the group consisting of carbon fibers, precursor
fibers of carbon fibers, ceramic fibers and mixtures thereof,

affixing at least one fiber layer onto one or more other fiber layers using an
affixing binder thread,

wherein the affixing involves the passing of the affixing binder thread through at
least one fiber layer and through at least one of the one or more other fiber
layers,

wherein the affixing binder thread comprises one or more fibers selected from
the group consisting of carbon fibers, precursor fibers of carbon fibers, ceramic
fibers and mixtures thereof, |

high temperature treatment of the fiber clutch at a temperature of at least 400 °C

under an inert atmosphere for a high temperature treatment period.

Use of a composite material or composite material product according to any of the

claims 17 to 19 or a fiber clutch according to claim 20 for manufacturing furnaces,

especially for manufacturing lining for the heating areas of furnaces, heating elements,

chemical reaction devices or elements thereof, and hot press molds.

Element or device, including or comprising a composite material or a composite

material product according to any of the claims 17 to 19, or preferably an element or

device, selected from the group comprising of furnaces, especially their inner lining or

heating area lining, heating elements, chemical reaction devices or components for the

latter, and hot press molds.
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