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The package or spool conprising the fiber wet with nitric acid nmay be heat
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and above for graphiltP3HMl. t hel /3t WGPC'REHY ng may helmuch greater, and
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further"processing at a later ti ms. e infusibilized fiber may al so be

car boni zed usi ng conventi onal carbonrzrng processes such as those descri bed
herei n above. The preparation of thé ultra hi gh nodul us, high thermal
conductivity fibers of this invention will be better



5 understood by consideration of the followng illustrative exanpl es.

- EXAMPLES The test nethods enployed in the foll ow ng exanpl es for

determ ning strand tensil e prop&Ptd 37 930:B110 conti nuous carbon fiber are
described in ASTM D4018 and D3800. Electrical resistivity for carbon fibers
was determned b rreasurr n t he resistance per unit |length of 50 and 100 cm
| engt hé‘elﬁi{rtf’??g 37 dPFOUPP- ohm et er, then cal cul ating the yarn

resistivi 0y B8 e defleyia %{ﬁe‘eprﬂ‘iﬂ“tefpl i ed by the cross-sectional area.
Cross-sectional area s in turn determned fromthe ght per unit

| ength, nmeasured accqrteistigstieagtA T8/ DHOA BVah@s3en psif v, asured according to
ASTM D3800 usi ng o- ]Bengilchédylug bledB80@00AKNIN ¢136.000008psin | | | qui d. Met hods for
measur enent of ther mglviedbnduct i |@955c97mcar bon fiber have been described for
single filaments by I.9eM#¥aux et| &1 ¢/¢¢ "The Tenperature|Variation of the
Thermal Conducti vi ty | JPSi¥¥Nzene-[db4 Rie@omamstn Fi bers", [Solid State

Commsni cati ons 50, 697 - 700 (1984), and for corrposrtes by B. Bozone and

M C, Fl antigamsistnityConthe rcenare fitehn isThaeiRadly Ganauwedting sibsahal Rppsemaitinb@al
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have | dRYS I5cenridgsly aregler e dpeacackipviablp ingheearita thisgime, o1k isquts suamsieg..  The

appl Pcat i Bmpele SsPitch s tyR d1avingc?0ph iarespisrian seundremos 354 1 iaftaning apiot rodsomrasebon

fi bers h u 'rgﬁg‘ ‘B@fé?? @mPﬁrﬁrfbeﬁpO G e fherypesAum aS- ertrgsiog T 9740 kot (98- A- 4
005 a;me X su m t yith gg d ’r‘r'Cbéﬁ'd y'ézr'ﬁ’ @ PpRPiEIcupbipstediort Ersiigpst spun
AN T s
of 4 1 t r
andzg tagj,gg 8‘0| ahng o mf?:pé'ﬁry! &E/ % %bP”tlzﬁ’qgn# "erere! Be"hatkg/ hr
oﬂ?;vﬁn

(12 I b/ hr-}r@mgerz,gélth r&{emag) to pr ovide a total fiber weight of
1.9 kg . A mxture contarnrng aqueous nitric acid (25 wt9% and 35

o/l of car bon bI ack yas—apptietto—the—i+ber—aurirg—the) spi nning operation

- using a kiss wheel, B (PnsipcHT fhl 225990@2"'\%1"%%%00?% he f|nal wei ght of the
pitch fiber. The fi b=r’°"}§5§“ th W-90BHNVEF H38FRGOURFI B onto a graphite

bobbi n covered with 5mn( /9 ] ick carbon felt pad to give a

di aneter of 88.9 mm ?es &t ”J/.aﬂ;cr Roobﬁpr package pf fiber was

tapered, 254 mm (10" Aacrg g Lar ) -at top, and had an

out sPde di ameter of 165 nmm (6.5"). The package was pl aced in the top

posi ti on pmRles 4 nGjAdditiona vitghighamedulspdich densiticantinugys catbgofiberstweospbrared 186 at  a

rate of'9pEofteping 'PEHP %‘FrPg’“‘th%ﬁ”b&{ama&!r§°T°Wa'ﬁd‘°fﬂf¢?a$sp§/°fa5cxa'[‘lé¢?]Thewﬁe ppatids was

hel d af"33% ?%l‘? mgh o §'i"? \;LP";;; ‘H| Ttgteé%! ed 'Il'h(es fiber hzﬁld t he follgwl ng

| I O
teney f'“‘%r'géé A Rk kb mle
0. 324 g?'ﬁg% ensi ?p 2.20 gl/cc resrstrvrty 1.51 mcro-ohmneter 45

Exanpl %o@par&?bé%mkk?er yarn having 2000 filaments was spun froma 355 C
sof t enfmg—pormt_mesophase pitch, using an average tenperature of [err] The

fibas waompatiivalExablE AL PikhifB8 Yafd ﬁavﬂ& 2800%idHEEnd 'wak Jsgunlpc{nhg)% s%mgl m n
(850 f pdiftintbsophbse pREM UsiklLandavérejebmicrdaes o2 9b. 1 fider WakSbuh 4 R)sron Xt ure
cont ai B#ghra(tRiIbOY Sanditttermasetayiheatihg i aitaldn aBdgedfiedt bodfcwas hmﬂ ParAGKI RS

appl i e8l mingbefdnebdinglyesledia reongrem pezatdp bhwdasd &b Dfreghaé badBinUSi Ng a ki ss wheel .

The fi berThevaeckegsuwas rigcedinl thevinduatiss fumgeeaargl f@atedh inoa aitroge RiFhdsphe0id RtecOVer ed
wi t M6 a5& /s §PA °( G/ apd)fingllyiat ROT Aw o M30D &G anddwidt av thgi teeperattliectoretive howé b&&e9 nM
(3. 5") coolmge The fiker wep dupadline piecokeagddn 82460 hiumacgalor blped eek. udibgl 6001y (ol @4y at

t he ba?és'%rntﬂem@nﬁme(nprqle'aranrqﬁen £ dgngedigraphite spoalrand heatddde ardérgametraaspiefe 665 nm
(6.5" )1 gf C\R]@? | 3¢ heléat 398 c%fWI“Bé‘PUfpa’@Ragféedr ncl uded 38 wt % aqueous
aci d m xt ?%afb°rr‘r8°f;5‘a% B floWRgSRARCRRATTE®I |y rotated and al l owed to dry at

r oo tenperature to amnisture content of 55 about 15 w% and then further
to a final noisture |cendiestength | @D20.d00&N/m (208,000 phine padkage was placed in

t he induction furnaceteasie maeuatsel 703000000KN MO gRDOBOIPSPHere at a rate of 25
/hr to [err], then agtyiflerr] /hr|108289&0 C, then to 130Q- C and held for 24
hr before bei ng coollegersityenpved| Rriboict he furnace and pllaced in a second

i nduction furnace. Thesipidkage W2J3 aiged-ghmiyediered i n an drgon at nosphere at
[err]/hr to [err], 6




EP'0 372 931 Bl held at. [err]for 2 hr, then cooled. The fiber had the
~follow ng strand properties: tensile strength 3,123,000 kN [err] (453,000
psi) tensile nodul us 938, 00GsOB7kdg1@rr] (136,000,000 psi) yield

0.355 g/mdensity 2.21 g/cc resistivity 1.14 mcro-ohmneter 10
The resistivity of the carbon fiber is remarkably | ow indicating

subst antGombarativprixeeplen® and_£h additipnal crsiad @ tdaipp ibers Herec BiepAeta {9 the good
canduetbtedireyol CimpertivecErameld by The preesssing (pmpgralyies (aad |spE sloppRiF{urgs gseq; iy o

ohm merepsring e PéchHiberR apdihe PIYSICHBIRITTRS of e eyl %W%Q]f'bg@f@o‘ﬁfﬁ‘,"ﬁ%d Brr
(125, bergetberovith ¥ propertien Al ulrgfion prdulus. fojsesistivity ibgrg, pidnisRYeiiny or eat er has been
achievable in the arf to this tine, and is quite surprising. 15 Exanpl e
3. Pitch fiber yarn phgving 2000 filanments was spun froma [err] softening
poi nt nesophase pitch,. ysi Ag~ad aver agey tvermerat ure of 400 C. The fiber
was spun at an extfupiorgrste 8f S7S0kg hr €13.4 I b/ hr). The fiber was
trqgted w th aqueols{®trlic acid, wound on a Hobbin and subjected to a
first heat treatmeptysubsftantially by the prodedures of Exanple 2. The

fi ber was then thr aaigil i ng processed in a [err]jfurnace for about 5 sec.
using 600 g of yarh® énsijon, wound in a parglllel manner on a flanged 20

graphite spool and|hgat NED 8r§0r$g;ru)smh re at 100 /hr to about [err].
C ur, then cooled. The fiber

Thasspool was hel d| a :tgib uf 33T0" or one h

had the follow ng ptrand |properties: 25 -~ & tensile
strength 2,593,0P0 kN [lerr] (376,000 psi) tdgnsi Iraegm;du-l us 952, 000, 000
kN [err] (138,000, pop psi)) yield 0. i g/mc@ar@ity 2.21
gfcc resistivity 18 47 gi gro- ghry etEre 3® Hxgnmydl €5 & - 6. Additional

ul t¥ahi gh nodul us, | h{ gh degspt® ol h@Us Farfp@n™ idhed stwere prepared from
hi gh softening tenpefalurle pitches, substantid By & & Ipvigng the processes

of Exanple 3. The {iber groperties and the pr cursiorép‘ft.fch data are

sunmmari zed in Tablp |.&
a}

e usedofe & [ gh Saftening. @ tEhEtogether with a
hi g{g spinning tenp e td
of

wi |1 b€ seen 4 q;contfr bt e, td 85 the i nprovenent
he conductivity @nd dul us of the fiber, fag i:sf-*qut%er confirmed by
the foll owi ng conpgrqtive exanpl es. Conparati egE&arﬁ)I-§S§40 Conparative
Exanple A. Pitch flberzyarn having 2000 fil amgnigs svas spgn froma 331 C
sof teni ng poi 4 nepoplRse| pitcl, G { ark alerjage tenperature of [err] The
fibgr was spu® at an{egtrusion™ & & 8t 5.2 Kg/he (92 1.H/Hr), and thernoset
by heating infair ft|ah ayverage rate of [err] fadd *he@ d3fér 5 min before
bei ng cooled to ropmtenperature and wound ont ma“’gr\ap%i’t*e bobbi n. The
package was placed|id thgl bhduct ion. fair@acesand shéatedsif a nitrogen

at nosphere at a rajejoé 4p™ F.ef“.r]“. &hd: fEralTy pC [@r7]2agd held at that
tenfserature for twh dhour & PefofetsbIT Y.~ The [ibés Swas €hreadline
processed in a [erf]ffurnage for about 5 sec. u igng' 6§0§ghgof yarn tension,
then wound in a pafalfl el ganner on a fl anged gf @pl¥ te sppol and heated in

an argon atnmospher¢ at@[ & ¢ = Th& $HadIT visthe| & & fekrf for two hours,
then cool ed. The carlhop % ber hads thhe-feldowi np ;st't a®idE pgoperties: 50
tensile strength 1210203000 kN [err] (293,000 gsi§ &edsi:l e nodul us
703, 000, 000 kN/[erT] (102} 000,000 psi) yield |3 £ § ©0£322 g/cc
o
TR TRTREY |22 Y
B RS TR Ff R Es =T @ 2 Eg ¢
. § EH IS TR | 5 28 8
» 29 O ~r
1] : o) 8 3
. o~ 2]
B% v @ @
= &5 B
o~y ¢« X Q (7]
50 SlaowdrSrnane |82, 2F
Flaa & &R 3 v xS ® 8
~ ~ ~ (3 Qa W ©
32 ] 8§ o E
xo'-vae\nw-tmu 29558
m =
55




55 density 2.16 g/cc resistivity 2.73

m cr o- ohm net er 7 "EP 0 372 931 B1. Conpar ati ve Exanples B and C.

Addi tional prior art carbon fibero amresipiepared follow ng the procedure of
Conpar ative Exanple A The processing tenperatures and spin tenperatures
used in preparing the pitch fibers and the physical properties of the

resul ti ng" ¢4 Bofeen; 98y 3 capsidlewstininglrthe, altysical Prapetties pf the Ggrberhiher wf Cemnparative
proper tﬁ"é@p'%sf Aul¢ theh F"QI‘P"H’D% higls mofiulyg Gaghep dibars, pxhipitea Walt wsigtivity, el above dhet i on.
10 20 Z'Bss;g tVS’a"’es fﬁlﬂ‘ feps §f tﬁi'"]"’l"“% fd aslensity Bojov phoph 2. Qf‘i?n& deration of

8 es T;orrt n fBQF lél feglgerA C

that St s B Pl Thh b Ao aﬁtﬁewbt@ﬁt"}ewb°grp§° irle et oy i DS 1
Il above.. t a fi of .this invention,
\é\ﬁ d aa q;;{\ééo IJ %J( Vb 'S Xﬁ c?al h(l) &1 rﬁﬁg £ rrt'lo §|§:‘1 -based J tt:arl;:');o f E[{W?:p i aI
f

pi t ch- bza@admraanmrxséd B8, % it @& € 4~’=|‘tx ¢ Gm 2t(42§'><”{b6 %s%’stm €s to
det efomimerobhf-medfef, RCdendhf of £17834c8 ank R SFRdingt doS@daNBIH 378 A, Hlel 186r v thedt %
fiber nacibi @At £heatd haabt 33651 SF indi bifch 1S FRBIVRS WHE1 I6FMBIb-Bnrimetdr, the
comrer ceadity wasgh1861etd labtSthe 6 eticing 8O (0B4)ak aB7ibased car bon fi ber was obt ai ned
f r om AnroceoniRerafier Exanp® Pr ddeontnsrdian dighamodllvgr coatinubus] gith-©adeb asarbbih bdér Ravi ng a
t ensi | ebiinecing Amodo FedormpnaeFeatiudtp ipb.)as Thorbed RS0 eariyon dibdrinavirgfa B4kde strehgti b , a
r esi Bt iaA41tX/1065fkNMmM*3030 k8. antbrsiicomeduins IPE7Fr X 10f kiNomis( 10/X 06° B5i)19 Bosigiivite of 231d a d
spaci ngniegrol '@‘0‘4?9  (§density p52.268 gitre arid He spaging Cadefd) oir%3Te dd AResrthealiboutasthedtr s i n
a fur ng“ et“h%ma‘ rin @r?vrn "’a'f"?'é?d HAPAR G e tenailei naqdlys was FRAX 195 W@z (110 X 108
ni cro- P%?t""tyt‘?fé 3 %e §"'?’° Bys)5) ?eb éheaﬂ‘?EF'W Mes & 187 isiand thes! sped) was

I

'8

fP gt Y o R Arcineg ghison 6 gave @
TR R mb 3 P % PR pmmmreanwi#am ¢ | ne.

7

as Thorne 0 parlx%g EQFTBB” fﬁ\b&';nnﬁ Y; h {)u%m i téé; Ao\ Itjxase car%on X [err]

(350 KRBiaihed font BRdo! P"erfbmghge Fa\igg é i@ on 31 ' terfdilg Séil vity

_ of 2. 34 gBxcid-inne BRf Kdsi), e 5‘%1'0 HusWs 5 %IE\E (7330 aps asggigﬂv 2( 004)
of 3253 Fcrfohntihnbief, atdafsith loPEbes Bt d%ﬁa%ﬁ& é Phita.shs A Akdd 1368 \%é heat

Mai Nt aivegel Bf ato@rd rs k8 oldNSdintdeBRdt 846 C RS torfen® miaiiRIWal 71ald b AnA2Q1B% )

t he regospsiyinb yesistbty Was miso@d as 282 Blrdidhar-ete b BBHSRY wast 24675 Q8d &b lyspidy 2. 167

g/ cc argd (QUdpwad 3s3p2d8i ng Co (004) was 3.377 A A heat treatnent of the fiber

f or about CdnphanativierExample G e cameheandia higie thodulus 38@iBuoupighvased catbbn fib@wak bitaingadul us

of 889 fiam[Amor] Pesfoimanee Preducts tiicyast Thorpél P155 £3rbon fibeohagingra repile stranptl ob2.dex 305t y  Of

2. 180 4N (B18dnpaedersileempdulinel 886X 1R I0NMh96 ¢4 BF piil. glvesiatiityl of 8,73 awiero-bimarous

pi t ch- [giee@ dengith 8t2-935 l9é66: anpa d Gbacian Fe 6POFah A 28vb dierfesr floor wrshe triatestiabodtd | nc.

as Thorhhél a"P°"?5 maltes af ?Q?@r %éﬁﬁl "%1"10@1'#@ was 696 o H Vel (191eX1P° pstiy ek psi )

at ens |“T ﬁ‘gasﬁ'i‘ed %?F the ae'}s'é’s‘f"?t% 197 £ t8e d Fparipg £ (004) was

m crd at tr a {0 ansgyan Qafytaiasrh &t 3340 'CG qamarnﬁ\e 3.418

A. Aft m° ‘f'ﬁs °f 1Peglst')e?’dre 8‘?’""%6@? "2°"P1? "ater Wd&f@Hs'tHﬁ #it&i ned

at 301 rorﬁg%mjisg n o Egrq rltl I\:Na esB é[?rr] are gf {} S St V ty
was ma%ﬁ%rg fﬁ)grr% ?&s ft&F lt% ?neél ctnc&l be% b p veé i uuso su lers

Spach ngp;Qan h sc tﬁqgs E lﬂgh
modul UsioRé¥sd, it IWHI(Bésse&I l‘h& hhddasRdies afrﬂPierh flb raprwavsto(% r@dcﬁ"ﬁ itimPvalued Qtﬂgn
~ Per f or e trédtridhy Ghd thhted . incrsaselin @fefd) trbltrdnt G186l Rot sh oWl carbbreRbls! e
st r enghévingftheZmdddluantGesrislplopértigs skRdited Kp&b)‘lberﬁoﬂtlﬂé’hﬁ*&ﬁbnm ulus of 386 X
[ err] kN [Hewill thu§ B&saén Habthp piepent AvanBi iSh bitthibyised icorfinubds Edrisoh GibérMEving a density
45 of not less than 2.18 g/cc, a tensile modulus of at least 862 X 105 kN/m2 (125 X 10° psi), and an electrical
resistivity not more than 1.6 micro-ohm-meter. More particularly, the invention is a continuous carbon fiber
having a density in the range of from 2.18 g/cc to the limiting density of crystalline graphite, about 2.26
g/cc. a tensile modulus in the range of from 862 X 10° to 896 X 105 kN/m2 (125 X 10 psi to 150 X 10°
psi), and an electrical resistivity in the range of from 1.5 to about 0.95. The thermal conductivity of the
s0 continuous carbon fibers of this invention lies in the range of about 950 to about 1800 W/m-°*K, generally
above 1000 W/m-°K and more preferably above 1100 W/m-*K, and the fibers thus are particularly
attractive for use in fiber reinforced composites where good dimensional stability and dissipation of heat is
desired. The present invention is further directed to methods for making such carbon fiber and to
composites comprising such carbon fiber.
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meter, a density of 2.035 g/cc, and a d spacing Co (004) of 3.429 A After
the fiber was heat treated about 1 hr in an oven nmaintained at [err] the

tensil e nodul us was 696 X [ er rgpkiNteg31]s1 101 X 106umy |vr ty
was neasured as 2.27 mcro-ohmneter, the density ' ” n "m’t@
spacing Co (004) was 35 3.377 A. A heat treatnent of @ he frbes f about 1
hr i nClaimsoven mai ntai ned at 3300 C gave a tensile nodulus of 848 X [err]
kN [err] (123 X 106 psi) a resistivity of 1.81 micro-ohmneter and a -
densi -y Aogongnuqugpi rtéa?ed mrkomiiger bengiadensia mestylug pf adsﬁspaff?e?fi%'@%ét?ﬁr@@ D- G
it wil I PEle aaa'a%tre PSigiMly "obRPrE HdR 46 At ?*rrgmet?' aﬁt’f’&?ns%}t'tm l?%?rtbﬂ'r? Bider may
sersve?to reb%Hjlger | ctrr cal resr Srﬁ r? xé rrg)dul us of
,[Slﬁlghflbt?g? aving a tensi E%o%lugl rpgt % %’ggﬁ‘@‘.}% gx'p {fc?ire%b (Ql?er of

t hat the propertres 0 prror art frbers appear to approach Irmtrng vaI ues

durd ng &l RbdTRS chif8@ i EEh 1 ARBint BAher@R sdid G A F6or ida LMFHUBR! pifch-BabAENT
al one i a8 ficdkiialing brEdibcticd sy iRs HaT RORici-dARLAeidtavi Ng the hodul'us and
thermal properties exhibited by the fibers of this invention. It will thus

be se&n a dudon b apRBERATN 4nP\6a& bl tBd) prleSeding Rlaire vhbras &ald carbdnl fibEIOnaS akiasisapn f i ber
havi ng aocdessshahp.24%c. of not | ess than 2.18 g/cc, a tensile nodul us of at

| east 862 X 106 kN [err] (125 X[ferr] psi), and an electrical resistivity
not n®r ¢ calngm fitler @s piditpdindliaim rdedng.a tm%mpmus ircthe rengeyof o @862 XUripBeX i s a
cont i nud@skat (8% Xfwb@ﬂsﬁavm%sa af @loglyiea) resiptivith ef frogm tog}-95f mignmebm-dteyy/ cc t o
the |i mi3pd meeaersirey) 24P tciopdaP Biche graphite, about 2.26 g/cc, a tensile
rodul us in the range of from 862 X 106 to 896 X 106 kN/#FerrJ 125 X 106 psi
t 02158 >€‘ %Jf'bg;ls?s °'a' in aﬁ‘F"% rpzqtgt"t’q g ploguinal weistiyihy 9s5 than fpaut a%é’@mo‘thmfrom 1.5
to about"f' 8§ YREpIRfen @ tivity of the 50 continuous carbon fibers
of this ,jnv |on | es L bo err],
gener,al IA car ber ff)f)l nt‘b'{'g(r%rﬁr %g"‘ﬁrgsﬁtg)vr' agbjee’ %r%g quaw %Ltterﬁggoq\% mm[K ‘and
the, fi bers thus are particularly attractive for use in fiber rei nforced
COITpOﬁétLﬁﬁngaﬁﬁhg good di nensional stability and dissipation of heat is
desired. The present invention is further directed to nethods for making
such gandamiuiblidhe KoRbitotisseCAUNPE Baki® SonOFBN) ldieSdirdl ZGdhdaulGan Rerigsfehdes2.x 06 EP
0 372 9%MmB1125 x 105 psi), einen elektrischen Widdrdtdddlvon hidtt rishedlsTse MikrofOHREMbtorUAD BiRe

pi be h- b voanitto wefigdpels 2hagicmawwdsensi | e nodul us of at | east 862 X [err]
psi), an electrical resistivity not nore than 1.6 mcro-ohmneter and a
densi &y Keblenstofiassr naia Ansprutig 1.gfodie die Jerannti Kordanbiofpséri sine tondiguigrlichp feldenstoffac] ai m 1
wher ei n serAutides BesivyonfRepieist dig eigem EHEmMsulons meky AlsciFb i d SekN/mi Bn 16 psHand havi ng
a t ensi |wen@eliisgiendfidestiay vemwrgﬁrea'%] 5 M#rﬁo'ﬁhﬂetafr?”@@@bt rical resistivity

I eé%:I %[han 1.5 mcro- ohmntrsr;e ; Fdle Vo tsz)léron fi g'(ﬁa%m%%agaﬁrdg}egﬁhnveg gr m 1
or i a rbon
fiber havf ?j"eaﬁgk‘r' %?”r é‘afrta?d “é’f‘%vfri‘Wf"y ligro- E'Pfﬁpﬂgtf Bt cro-ohm eter. 4. A

car bOE' ]]:Ido ensto asserp rlta% rerr%gmldgr \%r}t/ O e%deo f Artsh ‘E‘D ZV%c(;’rEdJrengeggnn Iﬁle\,\é?c%‘rael 0 § ai d
carpon d' %I’ ﬁ?nt?veg%%srﬂé I'L% h tess car | er as

claimed in G arm |ng tensile m)dul us in the range of from 862 X 106

to 898 XohisHstolasBShakn ARIPrEh §Cdid bifdd ZupRSduP Il Hdrbidh h 863 Qs lnidede% 105 Rme -

M Ccr 0- ohBseiee bisaid@ x2108@BF ieln¥n BbKidsERIMWdelflankiQo R8s Fas2ik@/Ohm-Melél uné .

car bon feinb®ich®sorch, ed meetwa P2éd/ehimab having an el ectrical resistivity |ess

t han about 1.2 mcro-ohm neter and a density not less than 2.2 g/cc. 7. A
car bo6 fKollerstotissechaah meshrich sChiaieimerb elghtrisGhen | Witdistéma wom greriger lats retveal 1,2 Biikabeict | vity
gr eat er Ghivelvietdr @O ikl Bichte vi@dTicRatepigbraatesd? ¢/erctiet. 1. Kont i nui erl i che

Kohl enst of faser auf der Basis von Pech, die einen Zugnodul von weni gstens
862 x7.1(%@hikroffgen rap!b AnsprugieS pdsr Anspeich B rtliecdinsldhariniserad aitfikiiakelt won amelir alH1000i cht
mekt al Vm: e et-kr o- Chm Met er und ei ne 30 Di chte von nicht weniger als

2,18 g/ cn8 aufwei st.
evendications

1. Fibre de carbone continue & base de brai ayant un module de traction d'au moins 862 x 105 kN/m?

55 (125 x 105 psi), une résistivité électrique qui n'est pas supérieure 3 1,6 micro-ohm-métre et un poids
spécifique qui n'est pas inférisur 2 2,18 glem3.
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2. Kohl enstof faser -nach Anspruch 1, worin die genannte Kohl enstoffaser eine

_kontinui erliche Kohl enstoffa- ser auf.der Basis mmﬂmllLIﬂmque ei nem
Zugnodul von nehr als 896 x 106 BANS 622 3131 x 10 I ektrl schen

W der st and von weniger als 1,5 M kro-Chm Met er aut wei st. "35°3.

Kohl enst of f aser nach Ansp ruch 1 oder 2, worin die kontan|erI|che

Kohl enstoff %é? cafﬂ?"egﬁsm B%\é‘?"g"%‘i'?"ljeéﬁ"seiaﬁ@"ﬁ iripeciitre de [sarhongy ask prat el dg on

weni ger aI°§rb ?‘fa" ‘f{%md&'e IR JRTHIan SPETauLE 896 h HEE HNEY (B30 x1f

vor her geh&fye r%'"Nﬁ'ﬁtP’& %Ct"%l”éﬂeué‘? 1 Y EVEHHE RGN enst of f aser ei ne 40

Di cht & bpé gyEar%Q erla?el g)fhuonq hat leéégh en tgf i ager n ? re\ do
Anspr uc %rb&“e %I yarltm‘» %glgw&qﬁélsﬂéﬁu inféri 12?715??51 ﬁ%’ Z(l 5_68 KN/ @
(125 x 106 brs Jieinen el ekt achen WdersTase Vol 8 bis
0,95 M kr gk Moﬁé sdtndufd QRIcEAEN B ¢ ﬁiﬂg , 45

6. Kohl ensbmbdeasflpoidsisiic mﬂﬁuﬁ‘ég &&éas g:gﬂdé%u&ng pmcétﬁa%/\@gﬁ 'gng\? er S{'lg% ?von
weniger als etwa 1,2 Mkro- Chm Meter und elne Di chte von nicht weniger als
2,2 g/ cHrB Fted de carbolodalor msb@hdiadier 1, apRhun &6 46 fradioDekede2 ANSDE 8ol 105 Kdine €i ne
t her mi sche12bed teF ghigphoeits psonureakisistiaitsssisbtiqls 66 1,6 2 0¥ ARcrd-ohkk-hdie. ot un poids
Revendi catspasiiguelde Z393remviche 2@ plbohie conti nue & base de brai ayant un nodul e
de traction d' au noins 862 x 106 kN nR2 55 (125 x 106 psi), une

rési & i % tFibregfieetrbingusslon s reyenslicatiop s aganpene sistiitéASlactBueriintdrieurs Bnenviednr €2 et un
poi ds sp6EF-eIsMEA ot 4 aAgs sphaifioueaub pled pps igfégeun B2gpEmB. 10 EP 0 372 931
Bl1 2. Flbr% de carbone selon |la revendi cation 1, dans |aquelle ladite fibre

de car b0n l‘j Bop; 5108 1Ry &everdiBtinned b Bt YAt U erRdyctivité ferpiausy suRérieurs odul e
de t%actlo% 6rieur a 896 x 106 kN n2 (130 x 100 psi) et une resistivite
6l ectri que |nf6r|eure al 5 mcro-ohmnetre. s 3. Fibre de carbone sel on

| a revendi cation 1 ou 2, dans | aquel l e ladite fibre de carbone est une

fi bre de carbone continue a base de brai ayant une resistivite eiectrique
inferieure A 1,2 mcro-ohm matre. 4. Fibre de carbone selon |'une )
guel gonque des revendi cations prdc~dentes, dans laquelle ladite fibre de
carbone a un poids sp6cifique qui n'est pas infé6rieur a 2,2 g/cnB. 10 5.
Fi bre de carbone selon | a revendication 1, ayant un nodule de traction de
862 x 106 a 896 x 100 kN n2 (125 x 106 A 150 x 106 psi), une rdsistivité6
6l ectrique de 1,6 a 0,95 mcro-ohmnbtre et un poids spé6cifique de 2,19 a
envi #on 2,26 g/cnB8. 1s 6. Fibre de carbone selon |la revendication 5, ayant
une resistivité 6lectrique infdrieure a environ 1,2 mcro-ohmnbtre et un
poi ds sp6cifique qui n'est pas inf~rieur A 2,2 g/cnB. 7. Fibre de carbone
selon la revendication 5 ou 6, ayant une conductibilite therm que
supj&ieure al OOONmM K 20 25 30 35 40 45 50 55

40

45

50

56
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