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Carbon fbey for composite materials having improved conductivity

Dascription:

The pvantion relates o carbon fher with & conductiva finlsh which sad toan
mprovad conductivity in fiberrainforcsd composiie malsnals, In addition, i relates

o fiberrelforced composite materialy having improved conductivity,

His known 1o use carbon fibars which have been provided with g matdd cosling o

mprove the condustivity of fiberreinforced composite materials, Fibers of this fype
andd the production thersof are dasoribad for exampls I ERAD 140 783 A,
Commarciafly svaliable corbon fhers with 8 nickel costing load 10 an improved
sonduchivity in composite materials produced therawith, However, sush composits
riaterials based on rickeboostad carbon fibers have the dissdvantags of 2 higher
specific gravity, which s dus to the nicke! proportion required to achieve good
conductiity and can be 30-40 wi. % relatien o the fiber weight. In addition, the use
of nickebcoated carbon fibars is also problamatio bacause of health and safety

Higks.

Iy an allemative R improving the conductivity of composits materials based on
sarbon Sbers, fat metal networks, such as copper iy the foen of grids or mashes,
arg applied to the composite maternisis sndfor Incorporated nlo the composite
niaterials, Copper or sluminum are ofn used as materials, In comparison o
cumposite materialy baged an nickebonatsd carbon fhers, wer specific grandties

can be realized tharshy with gond conduntivity i the axtension diveclion of the
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madal rmbworks. Howsver, the conduntivity parpandivaiar o the axiension of the

matal networks, Le in the divestion of ths thiskness of the composite materials, &

g AR

<

npuificient. In addition, the drapability of such metsl netwaorks during the

production of componenty with curved geametries fs often not satisfactony.

g Hhowing Rnown 1o use carbon fhers which have 8 yam finksh containing
carbon nanotubes (ONT) o improvs the conductivity of composite materials. &
mathod for producing dutonene polymsr composiie materals bassd on Sbers
whinh hayve & Goish containbyy nanolubes v discloged s.g i WO SG0TISS
LS QQINNOZENNER relates o formuiations for finishes conlaining nanopanticlss ang

{0 fibars which are provided with & Hinsb inowhich the nanoparticles are digparsad.

WS S01INARER discluses hybrid fibers having 8 costing with 8 pluality of

semponaris, whersin this costing s producad by stimudianenus deposition of
nanopaticlas and 8 melahig slsgiraphorstio andifor Galvanic progesses. As g

result of the shimultansous {ﬁ&g}s‘}& Hon, e manopativies are ambedded into and
surnundsd by the melal, and both adber fo the fiber swface, so thatl g mired
struclure i obisined, Carbon fiberg onfo whose swlaos 8 mabs! Bver conlaining

nanoparticlag is applisd are slse discioged I WQ 2011000384,

Althoeugh an improvarpent of the conductivity of Sher compostis malerials is
sohisved by misans of the koown msasures, there g nesed o furthey
mprovamants i view of the oordductivity of navboadibareainforcad sompasits

msdarialy

Tharsfors, s the abjest of the ressnt invention iy provide minforeiig fihees
which lead o a0 improved conductivily of the composite materiaty produssed
thorewith, i i likewise an object of the prosent invention o provide composite

materials with improved canductaty.



The obdect in achiaved by a carbon fibay with & conductive finish, consisting of
sarban fher Glamants which bave a metal coating, characianzed i that the carbon
fiber fHameants have g finish on tha melal coating based on at least o polvmay
bivder and containiig conductive nanupadicles, and that the concantration of the
metal coaling i & o Bwl% and the concentration of hs conductiva nanoparticies

s 0.1 10 Tl %, sach ralglive o tha we of tha carbon fibar provided withv the

maetal coating and finish.

it has hosn shown thal, by using carbon fhers costad in such & way, composile
materials are obtained which have an improved sonductivity and shinultanaousty
acoeptable spacific gravity, which can be reduced by up o approrimalsly 25% in
compsrisan o thes known composite madarnials based on nickeboosted carbion
fisers. in addition, twas founsd thal in particular the bulk conductivity, Le. the
sonductivity i the diraction of thickness of the composite materialg, nan be
substantially increased v comparisornt o known composits matatiaig in which a.g.

coppar ralworks ars incorporated o inprowve sonductivity.

Tha carbon fiber with 8 sonductive finish sccording (o the wvention can be basad
on conventional carbor fiber yams, Le. L oan be a vam made of short fibse
flaments or & yam made of continuous Hameanis. in the case that the yam
consists of continuous filaments, the number of flaments can Bie preforably inthe
range from 3000 1o 48000 and particularly praferably in the rangs from 8000 v
24000, Likewiss, yvarns having a insar density in the range from 200 o 32000 tex
are preforred, and varns are particularddy preforred that have g lineardensity in the
range from 400w 18000 tex. Regarding the mechanival characleristios of the
carbon fher, L. regacding the strength and modulus theres!, convertional carbon
fibars can be used. The parbon fiber can ikewisa be based on yams obiaingd from

pitch, polracnvknitiile, BN, OF VISCOSE Dratursaurs,

The metal forming the metal coating can be nickel, coball, copper, platinum, iy,

cadmiury, sing, siver, goid, atn. or alleys of of et b of these matals, Different



matals can also b applied in d¥ererd layers o the carbon fber Mamants,

/r.,

Praferably, the mets! forming the metal coading is copper,

For good nonductivity of the carbon fibers according to the invention, 1s inportant

hat the mstal costing covars the Slament surface unlformly and continususly.
Corventional thicknesses of the metyd coating 8o v the range rom 0.0 Lo .8 um.
Within the context of the prssent nvention, a concentration of the metal costing of
10 1o 28 wi % is preferrad. A concentration of the mustal soating ving Inthe rargs
fram 1010 20 Wi relative to the waight of the carbon fiber providad with the
mstal coating and fBnish i parioularly praferred. At melal concentrations of this
tvpe, & good hansdling abifity of the carbon fbars Is gusranteed on the one hand,
snd composite matenials with high conductivity and low spectfic gravlly can e

produced on the othey,

Tha conductive nanoparticies can be for sxample carbon nanoiubes {ONT},
carbon nanorods, carbon nanuings, carbon nanosphenss, Aillersnes, carbon
sanohuds, or graphenes, or nanmparticlss made of ransition metals, which
srafarably have dismeters in the range from 8.4 10 100 nm. The conductive
nanaparticlas contained In the finish sre preferably carbon nanolubes, which tan
be single- o mul-walind, The sonductive nanoparticlas dacishaly contribute o
the improvement of the conductivity of the composite matetials, o particudar, they
lad ko an improvement of the bulic sonductivity of the compaosite matarials
producad using the carbor fiber with 3 conductive finish according & the invention.
it hag bean shown that, during the production of composite materialy using the
carbon fihers acooding io the nventien, the conductive nanoparticles move gt
loast pactialy aut of the finish inte the matix material, disperse themin, and thus
fond to an nprovamant of the conductivity. In a8 preferred smbodimeand, the
conoentration of the conductive nanoparticles & 01 1o 0.5 % plative lo the

weight of the carbon fiber provided with the madal coating and finish.



The finigh on the metabocetad carbon Hibars it based o ot lesst one polymer
bindar In which the conductive nanopariiclss are embedded. Regarding the at
feast ong polymer binder, the componants corveantionally ussd for findshes for
cavbon fibars, such a8 resins whinh react fo duromsr polymens, of ih@mm@iass‘ﬁs
polymsrs, can ba usad, The finlsh praferably comprizes gl least ane epoxy mssin
andior &t logst one polpursthane regin, Invview of the type and propsities oftthe
ratrdx materdal, which s processed together with the carbon fihers according to
e mvention inls composits materialy, the finish ean contain additional
componants such as additional resing which reaat to duromsy polymers, of
thermoplastio components such ag polvamides, polyhydroxyathars, or
themnoplastic pobarsthans resing, which can also be prasant iy the form of fine

particles,

The invention also relales to & method for producing the carbon fiberss with g

sonductive finish ancording I the vention for composiie materials with improved

sanductivily, wherain the method comprizes the Rallowing sisps
al Provision of 8 carbon fiber consisting of carbam fiser flaments,

0y Parforming & coating process 1o deposit & metad in the formof g metsd
coating on the Hlaments, |

o3 Application of 8 finish o the flaments providen with the mels! costing,
wharsin the finish containe conductive nanopatticles, wherein the steos b

and o) ars sxaoutsd n such g manner that the connentration of the metal coating

@ 8 25wis and the concentration of conductive nanopartickss © 0.1 o twt %

ralative 1o the weight of the carbon fiber provided with the melal costing and fimsh,

The method atcording to the invantion can be performed a3 3 twostep methad in
which g.g. an urtraated carbon fbar s first prosdded with @ medal coating and aiter
the coating s preferabily wound up on & babbin In 2 ter msthod step, thecarbon
by provided with 3 metal costing can be deawn through & finishing bath which
contains, for axample, an agusous disparsion of the polymer hinder and the

conductive nanopatdicies.



Howsaver, the metal coating and the apphication of the finish praferably take pi

i1 & ontinuous process directly in ssquenos, La slaps &) ?if} harg ;:ﬁ?‘ﬁ?i"ﬂ‘?éﬁ@
sonsecutively in g continuous procass. The costing process for deposttion of a
matal on the Haments can compriss washing and i’if}" S staps which proneds o

follow the coating andfor daposition of the metal,

The conting process for deposition of a metal in the fom of a melal coating on the
flameants of the carbon fiber s preferably an sleciopiating proosss. Elsclroplatin
grocessas of this e for the deposition of matal coatings o carbon fbers are
desorthad for sxampls in EFA0 148 783 A or in the asticle, Y. X, Gan,
"Elactrohdin Metallic Coalings for Carbon Fiberg”, Mateddals aad Manuwfaoiwring
Fracessas, Vol B, No. 2, 283380, 1084, Marce! Dekker Ing, 1o whinh refarence s

axghicly mads with regard o the disclusure thaveul,

The metals appliad o 3 costing iy step b) can be the previcusly lsted metals or
metal allovs. Copper iv preferably appliad to the flaments of the catbon fiberin
glap b In this case, the copper ik preforably sppliad rom an agqusous slactnlvie
baih containing coppsy sulfate with the addithy of {artrates as complaxing aganis
The carbon fiber, provided with a mels! conting when lsaving the slectroivis bath,
is preferably washed fo remove axoess slectrolvte and loosely adbering

subisianoss and 8 subseguently dred in a dryer,

Kuown measurss can be used to spply the finish o the mstsbcoated garbon fiber
acoording 1o step ¢} of the mathod according fo the invention. For axample, the
finish can be applind by inpragnstion of the melsbooatad carbon tiher with a mall
st a solution of the polymer binder containing the conductive nanoparticles. The
spplication of the fintgh of step o) s praferably an impregrnation step &y which the
carbon fber Blaynents are impragnsted with the squsous dispersion containing tha
oulymer bindar and conductive nanoparticles. The sanductive nanoparticles

cantainad in the finish are preferably carbon nanotubes,



Subseguant to the impragnation, the catbon fiher now providsd with the Snish iy

gried. inthis cage, o drving tempenature in the rangs s 100 o 180°C has

provan 1o b panticularly suitable,

By means of the carbon fibers with a cunductive finish accornding fo the invention,
sompasis matardals or composite matenial compaonants can be produced which
have & high conductivity andd in padicular 2 high bulk condusthaty with
simulianaously ow spooilio grevity. Theraforg, the presant inventiun abbo relates fo
& fiharrainfomed composite matarnial of this vpe comprising carhon fibers with g
conduative findsh, consisting of carbon fiber Mamenis, wherein the cavbon fher
Hamants are costed with @ miatgl, Le. have a metad cogling, and a polymer-hased
matrly, wherain the percart by volums of the carbon fers Inthe composile
material Hes i the rangs from 30 o T8 vol %, and wherain the fherrgirdoroed
somposite malerialis charatlarzad in that B futher cuntaing conductive
ranopatvdes whinh are dispersad at lsast pordially in the matiiy, thatthe
concsntration of the melal It the composite material is in the range of S5 W 30
wit ralathve o the weight of the carbon fibers contgined inthe compuosiis matedial,
and that the concendration of the conductive nancparticles in the composite

matarial is in the range of 0.04 to §.88w.%.

The polvmer-baged malily can be a matnx of & thermoplastic or a dwomer.
Praferably, the polymer-hased maiix 1 an epoxy resin matiy, which howevear can

also contain sywventional additives for compostte matarials, such as thermoplastic

particlng o Dorease the npact strength of the composite matenal,

The invention s sxplained i moss datall on the basts of the following figurss,
gxamplag, and somparative sstamplas, Within the context of the present inverdion,

the following analysis and measudng msthods are used for this upose:



Consantatinn of e matal sosling s el as soncentration of the conductive

nanooaricles an the flamands of the sarthan fiher

The concentration of the motal comting a8 well as the concantration of the
sngductivy nanopariicles on the faments of the carbon Sber are determined using
EN IR0 10848,

i the process, e finish is ntiatly rmmoved from the carbon fber by means of
Soxhist extraction according o Method A of EN SO 10548, The concanteation of
aonductive nancparticles & then delermined using thermagravimatrio snalysis of

the sxtract in & nittogen almosphers,

After ramoving the finish from the sonduciive carbon fiber, the melsl coating on the
narbon fiber tlameonts i remmead Iy wad chamical oxidation using a sulfwie
goidihydragen peroxide miktipe aceurding o Method B of ENIBG 10848, and the
concentration of the matal cogling s caloulated by rewsighing the carbon fiber

residue after drying thereol,

Production of laminates for est bodies for determining condustivibe:

The production of the lamingtas took place following Method A desaribed in EN
2885 {wal appliication methed). To produns the carbon fiher composils, carbon

.

fibee yam was wournd up at 8 constant theead tsnsdon on a winding plate having
two paralis! forms ving opposita anthe sides of the wingding plats, which forms
have laleral bars for Imiting the coliing witth, During the winding up, the carbon
fier vam was impragnated with pre-hoated resin {rasin system BTME, Hescel)
The impregnation fook place by means of roller impragnation, wheredn the resin
smount i be applied was sel using & doctor blade. The winding on the plate ook

placs with 8 fibar mass per unit area of approximataly 300 gfm® per layeras s



e

farget variabls, The number of lavers then rasulted from the intended thickness of

the tost body, whersin the targst ragin content was 80 vol%.

During the subssquent reatment, e wo laminate sucturses aranged on the
opposing surfaces, with carbon fibers arangad widirsctionally in the §° dirsction,
wers curad for two hours in the autochive gt 180°C snd a pressurs of 10 bar, Tha
use of bleeder cloths for absorbing exoess rosin as well a3 cutling open the
laminate struchres on the front faces of the winding plate after achilaving the pot
time o relisve iner tension ars further measgures for achisving the quality of the
carbon-fiberreinforced tast plates required iy EN 2588, wherein all slegs arstn be
soordinated with sach other sueh that the resin propertion of the finished aminats
is proforably 40 & 4 vol %%

Tast bodis for the datarmination of the conduotivity wers ut from the aminadsg
shiained. Purther, somples were axtractsd from the hmingtes for groducing
rricrassctizns and scanning sdectron microscopic images as wall as for
delemmining the fiber volums proportion and the concentrations of the mntal
soaling.

The detarmination of conducthily ook placs via thy detsrmination of the alectical
resigtancs following DIN EN SO 3818,

From the aminstes produced, three eyl pistes were respectivsly provided in the

%

dimansions 14010 . Thees sontact arsas 20 304, with regpective contact

surfaces of 00 mm?, were marked on tos! pieces 1, as depicted in Figurs 1.

Toimgrove the slectrical contact, 5% of the hitis! thickness was subsequantly

ramoved from the fest boady &t the condact surlaces &, 3, 4 using a milling maching,



Ary approximately 1wy thiok layer of contact silver was N;}@,\i {0 the oniagt
gurfaces 8, &, 4 trested i this way and (he hickness of said Byver was determinad

Li“?‘ﬁ(} a thicknass aags.

The shobrioal resistance R was dotermined with s multimeter 8 {a.g. Kelthlay
Mode! 20001 acconding o the measwring points In Figures 28 and 28 using the foar
node mathod, o requirad in DIN BN EBO 3818

The resistivity ¢, expressed in shimecantimelars [ oml was calcuisiad according

iy the following equation:

R &

L
i,
i

whara:

0= rasistivity {0 omy;

R = resistance maasured Q)

& = thicknass X owidth of the test body o™y

L= 118 om {= distanoe of the massuning calipars, La, the path along the test bady

aurosy which the resistance v o be maasursd),

The conductiily o in [Siml s caloulated as the reciprocal of the resistivite:

]

%

£

£
el
St



The conduchivity determinad using measuring arangement 1, depioted i Figure
33, frwhich the slectiodes wore thugs looated al the contact armas 3 3 at the ends
of the fest bady and on the same sirface of the test body, s 8 measure of the
cunductivity in the Sber dirsction of the test body. In contrast, the conductivity
deteminsd using measuning arangement 2, deplaind in Figurs 2h, It which the
slectrodes warn thus boatsd al the contadt surfaves 2, 4 ot the ends of the test
hody and on different surfaces of the test body, is 8 measure of the conducthvity
transverse o the fiber diredtion, L in the divsction of the thiskness of the test

hody, and thus a measura of the budk conductivity,

Forcent by ovolums of Hher and conseniration of the melal costing i the composits

material

The percant by volme of the purs carbon fihers iy the composite matanal as wel
as the mass thaesot in hs tast body s determined aoonrding to BRSO 10548,

Meathod B, using axtraction by means of sulfurio scidihydrogen persside.

I & further stap, the mass of copper which was contained i the fesd bady s
determined using slechrogravimateic datsrmination from the exiract thus obiained,
whtich extract containg the copper in on forn. The concendeation of the metal in the
ocomposite maternial, miative (o the weight of the pure carborn fiber contained in the

somposite material, reeults Trom the mass of cardon fibers containad in the lewt

body.

Ary untreated and dry carbon fiher Blament varm was provided having & vam linear
densily of 800 tax and 12000 Hlaments, The carbon Sber flamant yam was coated

with copper according 1o the galvanio method deseribad in the adicle by Y. X Gan,



"Rlentmdylic Medallic Costings for Carbon Fibars®, Materials and Manufacturing
Frocesses, Vol 8, No. 8, S83-280, 1884, Marce! Dakker Ing. The method was
carried oud using a coposy sulfate bath conditioned o 23°C with the sddiion of
potassium sodium torfrate, with 2 composiion of the slectiolvie bath of 80 g
GBSy ™ 5 M0, 100 g KNaCHDe ¥ & HaO, 30 g KO0 and 1 liter B, The
untreated carbon fiber flament yam was fed over a firgd cathode roller srrangad
autside of the gatvanio bathy and stbsegquantly over a fivst movesile spreader bar
{hrass rod) within the gelvanic bath and tershy ford past 5 copper anade boatad
iy tha bath, Subssguently, the carbon fiber Hament vam alresdy partially provided
with & metal coating was fad over & second cathude roller arranged sutside of the
gatvarde bath and then fad agein over movaalils spraader bars i the galvenie
bath past the copper ancde withiny the galeanic bath. The Sber apesd was
{3 mfrin, A voliage of 18 Vowas provided from s power supoly cormacted 1o the

cathodes and the capper anods,

Alter appiving the metal coating, the carbon Bher fament vam provided with
coppet was fed through & washing bath sontaining water (o wash away axosss
slactroivie. Subssquently, the coatad carbon fiher Hlament vam passed through a

dryer,

After drying, the coated cavbon fiber Hlament varm was fad through & bath having
an aquesus dispersion o apply the finish, which digpersion contained as solid
gomponans & polyurethans resin composition a8 well as mulf-walled carbon
pnanciubes, The solids groportion of the dispersion was 5wl %, The bath was

conditionsd to & empsrature of 33°C.

Tha disparsion contalned in tha finishing bath was oblained by combining two
initial digpersions. The firstinitial dispersion comptized s polysstendased
volvirethane rasin with a softening range of 18-185°C (Vondlo 1230 NE;

Daininppon Ink & Chamivals) as a dispersion i watsr. The first indtial digpersion



was difuted regarding the solids contant s0 that & solids concentration of 1 wi%

raguited,

The second initial dispersion had & solids content of approximately 28 wi% of &
solvagter-based urathane polvmerwhich wag modifisd with 8 w36 carbon
nanotubes. The seoowud inlsl dispension was diluted regarding the solids content

thorao! sunh that a solids concentration of $wt % resuling,

Firgt and second inlitsl disparsins wers miked ogather so thet the solids contents
of the rasulting dispersion, Le. the polvester-bassd polvursthane resin (Yondic
1230 NE) on the one hand angd the polvester-basad urethans polymar and carbon

nanolubas on the other, ware presard in a ratio of 2080

Aftar passing through the bath containing the agueous disparsion of the finigh, the

vam now also provided with the finish was drisd st & mparature of 1807°C,

The carbon fber yvam oblained, proavddad with finish and coppsy coating, had &
copper content of 13,14 wil % and 8 concentration of carbon nanotubag of
0,13 wi %, sach relative to the weight of the carbon fiber providad with the copper

noating and finish. The finish propurtion of the carbon fiber was 381 i %

This proceadad as iy Example 1. Departing fom Example 1 g vollage of 48 W

was apphsd tothe cathondes and the sopper annde,

To apply ths fnish, o dispension with an spoxy rasin compusition was used a8 the
first inflial dispersion, which dispersion compyised a first apoxy resin Mt and &
sgeond Spoxy resin M3, wharain the waight ratio of the resing M1 and M2 was 1.8

The firsl spoxy resin M1 had an epoxy value of approxdimately 2000 mmolky and



an averags molacular weight My of 800 ghmol, sod was solid at oom temperatury;
ihe second apoxy vesin HEZ had an spoxy valus of approsdmately 3400 mmotikg
and an sverages molacular weight My of < 700 gimol, and was Hguid at room

mperaturs. The first infial dispersion was diltted 1o vield & sy proportion of

The second intlis! dispersion had a solids content of approximately 8.3 wiBe of a
polvhwdroxyather, carbon nanctubes, and swiactants in the ratio 803018 The

second nitial dispersion was adso difuted tovisld & solids contant of 2.3 wiBs.

The first and second inltis! dispersions were mived togsther so that the solids
content of the resulling dispersion, ta, HT and H2 on the one hand and
polvhndroxysther, carbion nar;t}mi}e& and surfactants o the other, wars present i

3 ratio of 84654,

The carbon fber yam oblained, provided with finish and copper costing, had a
coppar oonisnt of 11,48 wi% and 3 concentration of carbon nanotubes of

0.87 wl%, each relathve o the weaight of the carbon fiber provided with the copper

soating ared finish, The finigh propoction of the carbon fibar was 2.1 w8

This progeaded as in Example 2. Departing from Bxampls 8, the first inlligd

disparsien was diluled © g concentration of 1.8 wi %

Tha first and second indtal dispenions ware mixed (o gether s that ths solids
contant of ths resulting disparsian, Le, HY and H2 on the one had and
polvhydroxyether, carbon aanotubes, and sufactants on the other, were prasent in
# ratio of BB



The carbon fibar v obilpined, provided with finish and copper coating, had »
sopper content of 107 wi % and & concantration of carbon nanolubes of
G2 wh i, each relative o the waight of the carbon fiber provided with the copper

coating and finlsh. The Hnish proportion of the carbon fibar was 0.84 wi

Lompan BONn *“)ir?}m{}i{l 1l

& oupper coating, as desoribed in Example 1, s well as SLS‘%:E&%(;L&{‘%?‘&EQ:}?* 3 Hnish,
was appiad o a carbon fiber vam ascurding o Exanple 1. Depasting from
Example 1, howaver, the fnish bath contained only the first inltal dispersion with
the epoxy resin composition as indicated in Example 2. The solids concentration of

tha dispersion was 4.3 wi %,

The carbon fiber varm obiained, provided with fnish and copper soating, had @
copper confent of 13,28 wi % relative Iy tha weight of the carbon fiber providad
with thes coppsr conting and finish, The finish proportion of the carbon fiber was

SET vl %

Examples 4 108 and Comparison examples 2 &

Laminates and tes! bodies ware produced from the carbon fibar vams producsy
aocording to Examples 1 1o 3 and Comparisan ssample 1 folbwwing the previcusly
chsgoribad methond, and the materiyd characteristios were detsrminad for these
farminates and {ewt bodies, i parficular the conducthvlly (Examples 4 o §,

Comparizon example 21 in sddition, corresponding laminates having the following

sonfiguration were produced and sxamined:



Comparikon axampls 30 A standard carbon ther was used ag 3 reinforas g fi

with & finish bassd on polywrethane rosln without nanopadictes {Teniy HTS40 F13

12K Toho Tenax Buwops Gmbil

Comparinon sampln 40 A standand carbon fibar was used as & reinforcing fibey

with & finjsh based on pobrurathans resin {Tonsx HTSA0 F13 12K, Toho Tenax
murops GmbHy During the ninale production, s coppsy mesh of the type
Astrostike CU 018 (manufactured by Asbrostrike) with g miass per unit sres of
73 gfm® wag laminaled o one of the surfaces of the laminate. The contant
surfaces for datermining the conductivity in the Sber divestion of the tast body

{messuring arsangemeant 1) Figurs da) wers Iocalad on this swrfags,

SOmpansen sxampie 5 A commercially svailable carbon fiber with 8 nickel

coating and a finish bosed on polvirsthaneg rasin {Tenay HTS40 AZ3 13K Toha
Tenax Europs GmbHbwas used as the reinforcing fiber. Tha fintah did not contain
any nancparticles. The nickelaostad carbon fibge had a nickel soncantration of
approximately 30 wi S elative v the welght of the carbon Bber providad with the

rickel coating anyd finish,

The characternistics of the minstes ndlaingd ave isted In Tables Y and &
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