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mesophase pitch based carbon fibers. According to this invention an electronic system has component

45 parts bonded by an adhesive layer of this carbon fibre filled adhesive resin. The carbon fibers are of

variable length and variable width. Preferably the fibers have a length to width ratio greater than 10 and the

fibers have a distribution of width of from about 1 to about 10 micrometers. These fibers are described in
U.S. Patent 4,861,653 which is incorporated herein by reference.

Suitable adhesive resins are synthetic adhesives such as thermosetting, thermoplastic, elastomeric or

s0 combinations of these types.

According to the "Adhesives Technology Handbook™ (Noyes Publications, 1985), there are four basic
types of adhesives: liquids, pastes, tapes and films, and powders or granules. The two most common type
of adhesives for structural and electronic applications are pastes and films. To make a three dimensional
structure of mesophase pitch based carbon fiber filled paste, the fibers are added as uniformly as possible

56 to the paste and the components are mixed to get a homogeneous blend. The rheology of the filled paste
would be closely controlled by varying the chemistry of the paste and the amount of fiber that is added.
(Pastes typically have high viscosities).
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through through-the-thickness (out-of-plane) reinforcement.

THERMAL CONDUCTIVITY MEASUREMENTS
45

Thermal conductivity (TC) is measured in accordance with the following methods and is designated as
(BTU)(in)/(hr)(ft2)(* F):

Laser Flash
50
This is a transient technique in which the thermal diffusivity of a composite is determined by subjecting
one face of the sample to a brief pulse of energy (less than 1 millisecond duration) from an infrared laser
and monitoring the temperature rise on the opposite face with an infrared detector. Knowing the
timeftemperature profile of the back face of the sample and the distance between the two faces, the thermal
ss5 diffusivity of the composite is calculated. Knowing this value and the density and specific heat of the
composite, the thermal conductivity of the sample is calculated by taking the product of these three values.
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i 40
EXAMPLES

Example 1

45 87.5 grams of Ciba-Geigy hardener HT9679 and 12.5 grams of Ciba-Geigy hardener HT939 were added
to a mixture of 60 grams of Dow Chemical "Quatrex" 1010 resin, 160 grams of Dow Chemical "Quatrex"
2010 and 180 grams of Union Carbide ERL-4206 resin. The resulting mixture was stirred until uniform. 40
grams of a three dimensional structure of mesophase pitch based carbon fiber were added to 60 grams of
the resulting mixture to form a 40 weight % fiber reinforced epoxy resin. This filled mixture was passed

so0 through a 3 roll mill five times and cast onto a 5 mil thick silicone coated polyester film using a spatula.
After curing at 160°C for 1 hour, the filled adhesive film was removed from the polyester film and was
polished using 500 and 1200 grit paper.

The polished film was tested for through-the-thickness thermal conductivity using the Guarded Heat
Flow:Thin Material method. The thermal conductivity of this adhesive, listed in Table 1, is at least equivalent

55 to those of 79 weight % silver flake filled Ditac® QL® Ribbon adhesives commercially available from Du

Pont, yet the weight percent fibers was only 40%.
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Pieces of the films were tested for in-plane tensile properties and coefficients of thermal expansions, as
well as through-the-thickness thermal conductivities. Becatise thermal conductivity measurements are made
50 using a variety of techniques and methods, the thermal conductivities were measured via four different
methods describad herein for comparisons and data validations.
Table 2 gives the results which indicate that the film properties are a function of fiber loading; as fiber
loadings increase, both out-of-plane thermal conductivities and tensile moduli increase while in-plane CTE's
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55 typical "target CTE" electronic packaging material. Compared to Ditac® QL® Ribbon adhesive data, the
thermal conductivity and modulus of the highest loaded film are at least equivalent and the CTE is 4x lower
than these silver filled adhesives, yet the fiber loading was only 39% by weight.
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t hr owgtiut theeadhbsive e beon filled wite PS 'eaight] pastant/of b thressdimensipitat st@otarecé aleddplaese Fitcbw. Thi n
Mat er i dpsegearbendiberitientdedrieasthe tvopart eppky was mixedTabl e 1 and i ndicate that the

t her mal cRatidsamples iwesp tedfted: fcthfolightthaithigkhiagsssystery tharmal gpndugiivities tsing ke Gdardpd

wei ght H%tﬁlqwevnafep'arééﬂam Thespal [‘@Fq"F'VRlTBﬁQIn"%HeE?\FE%Sm xmall epngyctivity 9k the

| oadi nggm%‘hf‘ ing gbg dw@reg'm wa 3.398<EBTUMYIMERIG" FrMee 278D (RISHBUEDRERN" F) tlesthef

Adhe®i FaEPloRaving, thg ypfilled adheiiveca 26""\/‘6?@?’6‘1"‘% Fibers Thermal Conductivity (BTU
Al hr ft2 F) Unfilled Adhesive 1.318 30

45 Cofivefsiéhs 40 56 11.512
25 a0, 9.571

Exanple 3 30 A three di 1'"°h6?1al structur mssophase pitch based carbon
3'1%&0 ?é;W@

fiber filled films cont Ehy a(ﬂz)g)cln.d fibers (10, 20 and 28
vol ume percent fibers, [gspectively) wer.gsghﬁ,pared s follows. Three
separate dry bl ends of Ht&ers and K C(kambm de powger (representing the
three fiber |oadings) were—prepared—by—practng—tte—t+required wei ghts of

fi b and powder in polyethyl ene bags, tying the bags off, and 35 then
shaki ng and m xing the blends to make as uniforma m'xture as possible. K
copol yi m de powder is based on pyronellitic dianhydride and a 70/ 30 (by
wei ght) m xture of 1, 3-bis(3-am nophenoxy)benzene and

35

50
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2- phenyl -1, 4-bis(4-am nophenoxy))benzene. Approxinmately 600 grans of each
bl end were prepared. Approximately 150-200 grans of a blend were spread out
bet ween two cover sheets of[err] Epdl466r8®1fi | m on a belt and the

"sandwi ch” was run through a continuous belt press with heated platens 40
(345 C). The cover sheets were renoved and a fiber filled filmremained.
Wien one bl end was c@npl ¢t ed and several pieces of filmmade, the procedure
was repeated for theTremiining two blends. After this initial pass through
the press (at a bel3 gs‘iae d ofe 5 .'.‘eeE/m:nute) t hey pi eces of filmwere run
t hrough t he press Yole tinmes (withTerr] covey sheets which were then
renoved) but at a speed f 1 foot/mnute to furth&ér reduce fil mthickness.
The resulting fil m® 8ere apprOX| mately 3-4 feet I$€ng, 6-8 45 inches w de,
10-19 nils thick. gnsegnforcdd 21 n§ w§f e nade sigilarly. The resulting
filnms were approxi a?yl|45 feet |ofg, ™0 inches *nide, 8-14 mls thick.

Pi ecegp of the film§ reltested for in-plane tend | e properties and
coefficients of therfggl ¢xpansions, as well as th¥ough-the-thickness
thermal conducti vi tii tBecause & hes.rral conducti A ty neasur emsr.fts are made
50 using a variety o ?e hni qUeS‘ and met hods, thegthermnal "COI’Idl!CtI vities
were neasured via #o r.é" fferent methods descrl befd herei n§f or gorrparl sons
and data validations§ Table 2 gives the results ich |ndacat.e t hat the
filmproperties are'? f upction of fiber |oading; gs fiber H oailllzngs

i ncrease, both outgo Bhne phersmal Ncomductl viti es and temsi I;a-rmdul [
increase while in-f§l 8 nﬁ'}, E § degredsed The hi ghest | oadeg 4id4 @ has a

uni form CTE (10 pp# a8 ™) near that of al um na (%-8 ppnl rﬁ a 55

typi c® "target CTE"ueI ettroni c packaging materi & . Corrpa ES [err]
Ri’bbon adhesi ve dat a$ J hg thermal conductivity arid nodul u he hi ghest

| oaded fil m are~at §i§: equigval ent anck the CTE |' 4x |l o r.tﬂ‘u n these
silver filled hedi Sep,, YL "'t he fiber ® oadi ng onl y 3 of B swei ght. 5
EP 0 456 428 B Exin%l 4 Twé identical® 2" 'x 2" guafes §:t froma
circulrt board constr efl of six layers of Du Por [ rr] 9 I

conposi tes bonded to athpr with [err] LGLO02 gl asss r |nfo% ;i dified
acrylic 5 adhesi v ¢h | ager f &l e ble conp vvas— uct ed with
a LF91 11 copper - c g/ nafie cbvell afed on bot \/\ét 0210
coverjay. Two i denfl i “p" x 2" squares were cut roSn a tﬂ:h. i ber

orientation was [er H the figeravokunme fractison ?vas 3 (V e surface of

rei nforced net al mat % conposi te heat sink cons uc ed 08 J. éayers of
each metal matrix s 10 was scraped with a rdzorkbl a

6063 al um num r ei nf E@d with E-120 conti nuous p||t cI‘L.fl be¥ g ¥ fiber
r n
e

cI eaned with

sol ve#t to renove aI uf face contaminants. One @ pcgit al quare was
bonded to a heat si ésquar eeusigng glysel Aerospacené | ndugt’: |§a Prooduct s
Di vi si on "Epoxi - patchf & epr 0151 two part epoxy atﬁhgs ve by hing a wel |
stirred mx on the céeanynetal surface, placing the |rcu£t1. %rd on the
.adhesi ve, and curi ngZtghe| | anknatwed sangl e under & in @i ) pressure.
The of’her squares we ébandea tai eagh ather w t.hit es sa gadhesi ve 15
but the adhesive had® beeh filled with 25 wei ghtﬂgeﬁc?nt Sa}e*g'-
t hr ee- di mensi onal st uct ir e of r;esoi)hase pitch &, & g o
§§ R E jEhsnendis
. & ~ -«
“ - | 1, IHHHEH
12| 33 2 =2 = i ggg.gggéaﬁ
s> 3 [ E P aZ.? }-h

50

Claims
Clalms for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, GR, IT, LI, LU, NL, SE

55 1. An electronic system having component parts bonded by a layer of adhesive resin filled with from
about 20 to about 60 weight % of a three-dimensional structure of pitch based carbon fibres.



based carbon fiber blended in'as the two part epoxy was nm xed. Both sanples
were tested for through-the-thickness systemthermal cond TN '

t he G@uarded Heat Fl ow. Dynatech C- Matic Ther nal Conductlvgmmmu'mmmaﬂll
The system thernmal conductivitygpip 4sga28®ip! € having the fil | &d adhtsive *

was 3.398 (BTU)(in)/(hr)([err])([err]) vs. 2.705 (BTU)(in)/(hr)([err])(
[err]) for the 20 sanple having the unfilled adhesive, a 26% i nprovenent.

Conversions 1 inch é")— 2.54 cm 25 1 psi
= 6.9 kPa 1 BTU(iU) (_hr)([err])([err]) = 14.42 W [err] 1 m
r 25.4 Jerr] 1 ft3 e 8 $ 05830 m30 35,40 45 50 55 6 EP O 456
—428 B1 5 10 15 40 ﬁrrs Clalms_for‘th"e follown§; Contracting States: AT,
BE, TH, DE, DK, FRZX GR IT, LIt LU NL, SE 5% 1. An electronic system
havi ng conponent pagts bonded by a | ayer of adheilve resin filled with from
about 20 to aboutg6p=we ght $% f agt hree- di nensi Pnal structure of pitch
based car bon fibr;sg & E E R s - P 0 456 428 Bl 10
10 ' '.t:' :.
-055: ~ "\ o ﬁ ‘.:
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Claims
Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, GR, IT, L}, LU, NL, SE

556 1. An electronic system having component parts bonded by a layer of adhesive resin filled with from
about 20 to about 60 weight % of a three-dimensional structure of pitch based carbon fibres.



EP O 456 428 Bl 2. The systemof claim 1l wherein said adhesive material is
sel ected fromthernoplastic, thernosetting, elastoneric a

thereof. 3. The system of eitheEP®f4568l428 B8 1 and 2 wherei ummmmmmn
resin is a thernosetting resin. 5 4. The systemof any one*ofclaifs £ t6 3
wherein said pitch based carbon fibres are nmesophase pitch. 5. The system
of any dnéh®pysiemayef Fiaim 1 whergin spid aghosive mpterial isrs9ierteq fresp dhermaplaglis. therasettings a
thermal ¢8RP #0d spmbigatiopstheregiae of from about 86.54 to about 173.08

"Wl [E b _ 12, (BTU.(in)/(h ERR])- 10.. . . 6.
Tas syct etomodny ol SRa 4s? ot sRmbepts Ipias Sapasing rabe 1 1| e
inig i f t Th i 1to5
whor i rivt 10 S8 PO o bl 8o werad U iR bl o Mo B "?eilpﬁ%sg'f@u ai ?mh
for thes.fQM \éﬂ'em %5 Jirﬁ@ taxv reirthe Car ilrel sirplfias . n i in the
G e i it

conponent g tah 59'Y Sboty75.68 Wk ! aBout ‘W?T d( sive
resip fill .vm?hfromabout 20 to about 60 weight % of a three-di nensional
structure of pitch 20 based carbon fibres. 2. The process of claim1l

wher ei re. s Ihelsystdi @6any @ndidtcRImsal to b Whér6ih @66 ic@Bor ibRMiIléd YasiAR M # foknk of a paste.

t hernosetting, elastoneric and conbinations thereof. 25 3. The process of
ei t her f Thd systam oflangpte & clalvericd B wherbiol tha dlvben fibes fillebiesin isdn the tohhe bt t i ng
resim 4. The process of any one of clainms 1 to 3 wherein said pitch based
car bon Glalimsder the tollowing Chutsasting Sete.: B8, The process of any one of clains 1 to
4, wherein the carbon fibre filled resin has a thermal conductivity 30

i n the %afdgeoces o pending wherein §®. compengntpiadiaef an ploctogic\aEsgn arerbpnded iy @tlaysr efo
about 12 E‘%Me(f P} filleg, with fram akopt 20(tp ahout §0) weight %ok @ thipaydinensiorn steustyre gitchf
claiffs 1 PE5oLahoBfWPH the carbon fibre filled resinis in the formof a
pdste. 35_ 7. The process of any.one of clains 1 to 5 wherein the carbon
Fibre 1 [MpRss pf qai § whors E Frtedre Sepld i soBlrL it RefPs hormosoing,

Pat ent ans DPTHLC P POPRERPIEE r agsst aaten : AT, BE, CH, DE, DK FR GB,
&R, JsT’s. I‘Jl'he d‘r ssnl\gf bigl?IEOf Blaiméq a;id 2 valiigug ga?cﬂ%dﬁ%s?ﬁ zess%yﬁs ge ﬁngr]mr&etﬂing resin.

Konponent ent'el I e rch erne Schic arzesTgebunden si nd,

das m . e : _ .t anr nt e el di . I
St r ukt u4f Z%fpr%g%s% %%ygngﬁfe%gg&yg h é’%‘s}ts%? %é grgér?ggger? %I fﬁeg%st. %@Q%y@?‘ém nach
ANSPr UG he pASBSY of BR onlofdisih fo 4 WRIFPIRS Ettion 9618 illeAbSTEAS b irdAkal cAbialiy TET
oder sKonmbinnRe rafige of fromtdbeut 86.54 @V4bButi 198.08 Wem/y 6¢ GBI BQS a6 T (BFD)iAVRRS 2.
wobei das(lf)ebharz ein W rnehgrtendes Harz W. 4. System nach ei nem der

Ansprache 1 bis 3, wobei die auf Pech basi erenden Kohl enstof fasern auf 50
Mes ophds eThégudredsas argroael of claimsSyte tSavieraia die caiboreibralitied rass Brin tha eri obd asth, wobei
das mt Kohlenstoffasern gefUllte Harz eine therm sche Leiffghigkeit im
Ber eisc 7. vOhe paacess o8 @1yine bii claingst 1a 5 Whereid She\dgrwmibreJillédtesiaisn the forre bimafih2

(BTU) (i n)/(hr%ﬂﬁftZ)(* F)) hat. 55 6. System nach ei nem der AnsprUche 1 bis

5, wobdlateataasprigheKonh| enst of fasem gef Ulilte Harz in Form ei ner
Patentanspriiche fiir folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, GR, IT, LI, LU, NL, SE

s 40 1. Elekironisches System mit Komponententeilen, die durch eine Schicht eines Klebharzes gebunden
sind, das mit elwa 20 bis etwa 60 Gewichtsprozent einer dreidimensionalen Struktur auf Pech
basierender Kohlenstoffasern geflilit ist.

2. System nach Anspruch 1, wobei der Klebstoff thermoplastisch, wirmehartbar, elastomer oder Kombina-
45 tionen davon ist.

3. System nach Anspruch 1 oder 2, wobei das Klebharz ein wArmeh&rtendes Harz ist.

4. System nach einem der Anspriiche 1 bis 3, wobei die auf Pech basierenden Kohlenstoffasern auf
50 Mesophase-Pech basieren.

5. System nach einem der Ansprliche 1 bis 4, wobei das mit Kohlenstoffasern geflilite Harz eine
thermische Leitfdhigkeit im Bereich von etwa 86,54 bis etwa 173,08 Wem/m2°C (etwa 6 bis etwa 12
(BTUXin)/(hr)(ft2)( * F)) hat.

55

6. System nach einem der Anspriliche 1 bis 5, wobei das mit Kohlenstoffasern geflilite Harz in Form einer

Paste vorliegt.



Paste vorliegt. 8 EP O 456 428 Bl * C L M * 7 S /st em nach
ei nem der AnsprUche 1 bis 5, wobei das nmit Kohl enstoffase llllw Iﬂ""ﬁumuﬂll
in Formeiner Folie vorliegt. PatEPmo dse428/Bhe flr fol gend

ES 5 1. Verfahren zum Kl eben, wobei die Konponententeile ei "ne$

el ektronischen Systens durch eine Schicht eines Kl ebharzes gebunden werden,

das mit &t vRYSon meehoeinem ger ArsPEERR; 1t % bl At MibKehlepsteffagamygetiliectar. in farmesiper
St.rukt ur auiP¥dROasi er ender Kohl enst of f aser n gefdit ist. 10 2.

fah bstoff th | asti sch,
:A//Sin:hrf?ﬁtgs‘a aiali'?ﬁﬁé&“%@%’ﬁﬁs :%{e?lt gavoﬁl ie;trmpSasviaf?ahren nach
Al h 1
Anspr uch . ry@ﬁge&umvn%g;%g ﬁ%&gﬁ:’% il %@ﬁ.&&@f@ dch 3ho s &
%Q@rér%a

Kohl enst of f@@@g%k@p uf eﬁr |t| r ahren nach el nem der
AnsprlUche 1 bis 4, wobel das mt Kohlensto asern gefU lte Harz eine

t her msgche Veftinrdna hdcB Katisprudn™ BRELRI @bt KigubtaRt M@’mgﬁasﬁébhbw&rnﬁﬁ%ar]%ﬁst%ervm 2 C
(etwa 6 bi Kofbingiodeh ddtbn ist. (BTU)(| n/(hr)(ft2)( *F)) hat. 6. Verfahren nach
ei nem der AnsprUche 1 bis 5, wobei das mit Kohlenstoffasern gefulite Harz

I N For m ai neffahrmIiach Adprucheiider 2 wobki dadadebrdi @mwarmelinendaeRargiet. Anspr Uche 1
bis 5, wobel das mt Kohlenstoffasern gefUilte Harz in Formeiner Folie
vor | i egt 4. Redaweatl agh bioens détcAnspriidhe at bio A.swabeiudie huf Petht besisreadsn tKobledstoffasern auf

sul vant s: Afesofbpse-Reph basieren.DK, FR, GB, GR, IT, Li, LU, 30 NL, SE 1. Systbne
dl ectroni que ayant des conposants |ids par une couche de resine adhdsive
char gde, Spdisrianeanvaach ginom der dosmlgee 3 diie howabsi, dag' mil Kollansigtiasern gefulite Harz eino
tridi mensi dipaisghe Leiliahigkejt (s Besgichovop 854 bigsetwa 173198 demings Cletwafdiscatea e | a
revend? cat |(BW)(1“)’("H@2|"¥§ F»@éfuel ledit materiau adhesif est sdI ect | onnd par i
des matd ther asti t her nodur ci ssabl es, dl asto

conbi nal WE% H?r "s%‘uchgﬂslf'so?ré”a% des ﬂﬂé“ﬂ'%’?mﬁﬁs\?@rﬂ?fu@t&tﬂaﬁrfg F?L’"bu 2,

dans quuel acf‘sie ne adhdsi ve est une rdsine thernodurcissable. 40 4.

|
?YE& 22;9(136%)5,5 Fbﬂ rQH'?E\a eAn &clhg 'vﬁ)g‘%lrc%@ﬁ\ng en%toﬁggm hlﬁtggﬁrz IB?-'gr jtes

| " une quelconque es revendlcatlons 1 a 4, dans quuel | a resine chargde de
fibres dRevdRdicationsdl bone a une conductivitd therm que conprise entre

envi ron Réveadicdtiond peurlss BGHS ¢tatractants @QIVant® NAP, BE, CH, DE, DK, FR, GB, GR, IT, LI, LU,
3o NL, SE

1. Systdme électronique ayant des composants liés par une couche de résine adhésive chargée, pour
environ 20 4 60% de son poids, d'une structure tridimensionnelle de fibres de carbone 2 base de brai.

35 2. Systdme de la revendication 1, dans lequel ledit matériau adhésif est sélectionné parmi des matériaux
thermoplastiques, thermodurcissables, élastoméres et des combinaisons des précédents.

8. Systtme de I'une des revendications 1 ou 2, dans lequel ladite résine adhésive est une résine
thermodurcissable.

4. Systéme de I'une quelconque des revendications 1 & 3, dans lequel lesdites fibres de carbone & base
de brai sont en brai & mésophase.

6. Systdme de I'une quelconque des revendications 1 A 4, dans lequel la résine chargée de fibres de
45 carbone a une conductivité thermique comprise entre environ 88,54 et 173,08 Wem/m2° C (environ 6 2
12 (BTU) (in) / (hr) (ft2) (* F)).

6. Systtéme de l'une queiconque des revendications 1 & 5, dans lequel la résine chargée de fibres de
carbone est sous forme de pite.
50
7. Systtme de I'une queiconque des revendications 1 4 5, dans lequel la résine chargée de fibres de
carbone est sous forme de film.

Revendications pour I'Etat contractant suivant : ES
55
1. Un procédé de liaison dans iequel les composants d'un systéme électronique sont liés par une couche
de résine adhésive chargée, pour environ 20 & 60% de son poids, d'une structure tridimensionnelle de
fibres de carbone & base de brai.



12 (BTU) (in) / (hr) (ft2) ( F)). 6. Systeme de I'une quel conque des .. -
revendications 1 & 5, dans lequel |a resine chargde de fi qmui\cm“‘““t““m“'
est sous forne de pate. 50 7. SyER@AS6428 B1 une quel conque |aReER! TN REEHTEA BT
revendications 1 a 5, dans |lequel |la resine chargde de fibres de carbone
est sous forne de film Revendicatlons pour |I'Etat contractant sulvant: ES
55 1. UR pheopraefdé (e Ipjraveadicationahsdane desel Ipdits maldiiay RORGHIf sost s¢leptionpd trarmi des

di ect r oni (fidériagrihermppiastiquas. thepreedursistehies. §lastorpiees; Al desARpBINgjsons g PEgedentSour
envi.ron 20 a 60% de son poids, d' une structure tridimensignnelle de fibres
de.car baneteaw%g?%‘gabium R Toigndicatons T, B 455 7150 e, 43R0 BTEPER 6t PP £9Plane

| equel | edM™AWEPIN adh~sif est sdlectionn6 parni des mat6riaux

t her nopl,asit | r reis t,0 S C i pal des
or Geadert oua iLEis b Wik T Gle a0 ReBiacalhE T o S oR0eflhy e R0 1O

| adite rdsine adh~sive est une rdsine S ~ thernodurcissable. 4. Le
procdg6 gde d pratass G4RhS QubitdRauE 885 FeRHEIBADIR A @ \dand 1eRuoPla kB ThArGAURIfibleS S6l1 t €S

fibres de GaloRPiGneSohtiefit!ericab csiiilise Giire 3hviron 86, 5HLLS PRIVASKom/dD C @EnvirdB 2
procddd dazl(igtmqanpgﬁjm@cm_e des revendications 1 & 4, dans |lequel |a rdsine
e

chargde de fibres carbone a une conductivit4 therm que conprise entre
envi r on 686Lephocdilé de/iRiné GuewbiguaidesTre(edtivatibs $ 52dahs leQUBT lal)és{ne thargée(darfipres H6 2)  (
F)). 6. Lecamomcattiébusiorme dopdtequel conque des revendications 1 & 5, dans

| equel | a rdsine chargde de fibres de 15 carbone est sous fornme de
pite. 77 L® gocéds-dituie qieloamue gereicvandicaionsdied 51 dane laguet kirésina chargéw d8 fiba ds

| oquel | a garbonerast susifogrecdeditm.f | br es de carbone est sous fornme de film 20 25
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