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stretchabl e el ectrodes The present invention relates to a process

for produci ng extensi ble electrodes. Heré; electrically conductive
carbon particles are introduced into a surface |ayer conprising an

el ast oner . MIfeaSoit BRIuREST dGhERhAR e lDfrodbd) Particul ar, carbon

nanot ubes.” The invention rtartner r an Sextensibl e el ectrode
whi ch can be obtained according to the invention and al so the use of
such an el BetRrgat invitins felagniotapreessy foxrpsgduging ekigesiftie flgptrodpreitiere, electrically
ext r aor di N@hiudav®BabA Fﬁnclg_ b8 intf RLceANABR Surfabd Blykr &)tn{p?i@igé fan'e‘ﬁas@ﬁf&wmese
100 times that of stee heir thermal conductivity is about twc

that of di BHOAPAicS; fant breriglartishlanicaibesy neneiehsas T mvgnt@aoig@qyrr@@res to an
reduceds pr&asubR aRAodd\ehikh &hafkidhiagRl acc?)fellrf‘g,ng!llt@lh{réﬁ'u&y aftPisoliBe fse of such an
mul tiple of the conductivity of copper. However, these

struct ur e-§lefaf%ed characteristics can be obtai ned on a mol ecul ar

| evel only when carbon nanot ubes can be successfully distributed

honpgeneousiiyoreftobi sﬁﬁﬁ%&ﬂn?@%ﬂa@xﬁ%ﬁﬁ&w&e&&@ Tﬂap%r é&%ptl@%en

medi um can be establi shed, . the nanotubes are conpati bl ‘e Wth
medi um andtEagih fsrﬁbgutblé’oéw% that ofi %Eﬁle theis dhermal qopdyigtivity is Pl Prieqthat of chamond

conduct i Vithdfy thdrmhB sBbiiy RREEES 8p Mol @80be NG PRLEQNBlekdirel And their electrical
honngeneous network of tubes in which these, in the ideal case,
cont actd orfendicEy i Farops ¢ maltiplp of dideondyqsivisy of [seprenrtisstevera st sasture-related

shoul d i de@blateRRicPBS ARt obifinédS 6h &t efbidehell YhvAHRhiyN#RQL YRS nhndubes can be
aggl onerate-free, not_ be aligned and be present in a concentration at

whi ch suc wugpeﬁﬁé%%¢lktﬂ@a?ﬂ bemggspeondly anghp vBryilaree epntect aeed bepveem theduless and the
i ncrease ifedni o6l s@t»,&m@ﬂledCf)@dﬁ%anwuBég @éc@}nﬁaﬁﬂﬁtwmhefmehﬂﬁl and can thus be
concentration of carbon nanotubes (percolation limt). 20Electrically

conduct i vestablit dispeased- (b gazardsofientricel adpitivierit iie 8lse masesraroldl ferm an optionally

slightisy, Holmo@énedhd netWOees tﬁE%Q Whl@l@{heg {net%@ 1&@f‘ca@@ cUﬁtQ&l 059 bnother only at the
applications, for exanple, under the caftchword "intel

Igen
cl ot hi ng" ,enfls. diare|the earag %P}‘Otéb@rﬁb?ﬁl‘é idealjst %Bfﬁﬁﬂﬂéasels@étﬁ‘il n@nﬁuﬁbmqo@bes ie.
| npl ant's, RERHEARSHS, ndl bl NEARGhd Q%Qﬂ%%%néﬁﬁtﬁﬁ%t & chand fwork can be
dielectric elastoner actuators. In such applications, mechani ca
el ongat i orf§riesdn whish dereficeiad neids siep ineraBss, indhe slestriced gopductiyTthis ai firpasion o the
customary QIpRHAACR off%rb&{&ﬂbltﬁbé?,%e%&ﬁa%ﬂﬁ el ectr odes has been
restricted to the choice of €l ast oner lich withstands the

requi red nmechani cal stresses and subsequent treatnent thereof with

el ect r{%al Fl¢eticsHy Gerdueiivermateialsayose qupduciverntopetiay dhapggrpnbeslighty if at all, under
exanpl e, %ﬁé&ﬁ&a‘l “fes Al O ll%le@?&sap‘ﬁﬁcaﬁgﬁsalforp%ﬁes um Gk @Jt&“%@eﬁ%%ent
inaliquid matrix and painted onto the el astoner surface.

evapor at i c¥rtyng’s Hexiblgidiseley clementhientensile elegic pinauits. dmilants. N@S’fhWemiCactelectm-
remains 3 t(mgg t

found in %\%H%%%?lsﬁgeﬁﬁon ) ﬁd%é‘%ﬁﬁ%fl %&@E\ a(é?&% Ltﬁﬁ\m\l ?%EFW%PE hanicel
Opt oel ect reéfmg@t@naﬁ@rwm&sm@eﬁ”/p woyer90%. 9, 3585-3591. -

el astomer. The latter leads to the less elastic el ectrode rupturl ng

ear | i efs undgryikeed ga&!fél

COI’ldUCtSI vity almd Cgﬂ&%@éﬂ%fj rgg%a{%)l OH%&I{ 0SS |Sfri? t%&%?gér?clﬁg%g&% gtﬁcg&ﬁ% the
an ext ensidpiee el dlagipaer whish pithetends Meremyiehmedhenioal sirgsers and subpqaiugrit tgatment
the el ect rGalel winf QRAHEIH VS naRLES h:l@ﬂen%lg eper &leARg Eﬁage Ei%@@)ga%ﬁar conductive
enabl es a few percent of “elongation o ectro e to ed

in the rarfg@opfblacke opmetal payders odioh atrh@mbedde%sn @fllqg@nmer@mamdtpymted onto the
coating ofgARnel a5 ELIN Rebidlo@Rorfd i Jogﬁiﬁt Rl aiof%ﬁe-,cc% & &%%eﬁq 1 dEains
silver always brings about an undesirable |ncre Se in the E

and t ¥s |wmaths elgctepdgeediseisaipn off vagionh enathadh ani &8 ’{brmfbentth@snubhcatlh@ by
extensi bl & @l galfRLR et Q%H?&ﬂﬁa@?%@éloél&%ﬁ?ﬁinﬂ%%&n%@d ﬁfafénm&ﬁ §l3385.3591,

this can even lead to the stif e carrier elasto

The problems associated with this method are obvious. The electrode can deteriorate as a result of

mechanical stress and has fundamentally different mechanical extensibilities than the carrier



In a nore re%’eZHI”"s"Pﬁ%Py, E. Snrela et al. in the publicati orF AHFEAXLO4004283

Material s 2007, 19, 2629-2633, have reported, for exanple, that

extensi bl e el ectrodes can be obtained by-2vd xi ng of a netal salt with

a radiation-curabl e el astonmer precursor compound, curing and

reduction Ry pEansg; 5Two. aspect s

taken into account ?c?ﬁtgrsf&%g}ggé# 0]I@SS' e?%ﬁ%gﬁaﬁ)d% tunnrgb%ﬁler J]ef Hﬁ@%amcfﬂe%rcss
mat eri al i Suclf eyacke xepmgskt, breads b?ethnnctelueivumand cal dvpratidendLto tai lus Myhetﬁnmtron of
use: the compl.fteRugaki Nl d r nan

aggl oner at es an% SUppr essllg% B ?&] (?in ﬁg}%ﬂgrln%gtg aeI% te%% EIBPLg ?ecymeuy conductive
nanot ubes materiglaig pieelprgated(dlastonee ceahlis taIfews:amentrréohlqmgatdmrofnge tlagrode to be

agi Ng pkoCcesg.Lh ﬁ%g: ve,th

fini shed ngt eEFd?altg%Jrr lese egflﬁg ?&g?ﬁnﬁ&g&ﬁ@?g&fﬁ% éc@‘glr‘ﬁtb’ F %neg ‘%J hSlasidther with

pr ocessi ngavfledmdpontenalfothisesnducévedilecr nbvayhrigy dbapirobidesivhlariacdags in the E

f th t ; didohlg o

0 e car hpp.ha r [

pseudo- oneQ@I rrenéslﬂoﬂr#%el %dtgrtu%;a gtfng& Io%‘ it:T‘ItIe capﬁg%?ﬁ}oﬁ r? ogsﬂ?ea?x&aen iBle elecmde

prevent ed Pepamding i thg applicetiar gnd mitaiiate this mait leednr lead toethn atiffening of the carrier

arrangement, e

compat bi 1 P R PR tsHAg, &5 00, Rl RERLALE R oD llpicipge grateria

it shol®d bes hsenwechethat chemical, coval ent functionalization of 25

car bon nanot ubes can act uaI ly inprove their conpatibility with the

pol yrmer meg L [hies; d f K -

(thermal) I|ong- IIeer r% tst én‘?‘e@é&%} t‘#ﬁé gﬁ%@%@é‘?" %gg&a}eg%e?gﬁ% 2629-2633,

However, t hivs reppriedcler Mpﬂq, d;h,@t ﬁmwszbllesdeqtmﬁerqau;bbsubtahed te Inux:lag iof @dngpal salt

electron s e ri.c

conduct i vi oo FatpifrboRhaRd bl ESRd M RR Reog tpemses of o

f unct i onal regugtioomoluld@. The noncoval ent functionalization of carbon

nanot ubes by neans of, for exanple, dispersing additives represents

an al t g8 N,y Gl GRETHE B (i

2l e nakh Gicls GREETRE B 1akEO YR GRuiTOAl Laceggﬁpgro%&g%g%ya Bod Wenotubes if a

account t hagteripliis f@rm@iﬁ@aléhtol’oeqllﬁﬁ¢ elsctfigadly lomiuttivei by dhdiome: the campiee brealhng-up

the chem sttyieBidiihder SONGER [ ve.di reifl

additive for eea 1n%w neggjlﬁun{u{rt%aggfngé%&g?n %gﬁg& lohie ? uf, Sts(pn terf g%ooﬁlg?rbon

raw mat er i ginowpesaly wwhgaionorate (1HV®62@1ﬂﬁh®@@Eﬁ4@1PﬁWmER@ﬁgaﬁfO@giﬂ£3roces3 or during

formul atio I 0 al |

shoul d_be_RoPaqnt Aoy CE fepBUaY o dfcn Bl il Hitlme i Emigbiped win e

nanot ub@s, prakeseing € gabon menatibek atchdie @ the ydropipbict gharab’(ar oéthq:drlmni Te@otube

el ectrical ERBA il acp SRR Y Yol Sn BRGNS Bl B LS SaTe

time a nunber o F rrechnca pr op erles can be

worsened. This is 5 especially critical when car bon nanotubes are

i ncor por at Edh¢ parbonweingtulesdare ¢o hp acsverdeddfrom fetlgtaneneys nemsumRastheit alternate

aggl oner at Ghih I

during t he?ﬁ-gﬁ gé}lér Eil nglg g?rgg(gefs@ﬁ@g%%ggog ﬁ%ﬁ mPé?atQE %%nﬁomatﬁo%@ “g%hqhé/fumundmg

shaped parmedlamﬁwefOebeem@neeﬂed rHgse, ur éloyidlbnmoteﬂ/&ahalmrmaaﬂ cpvammﬁmcmnahmlhn of

as theyénp S i alred b

aggl oner at ga(sﬂgo Accg[?lg& §a“a&gﬂg%?1r°§? Z‘L@é %b%p%}ﬂ%a ‘Qﬁh %og}méerc%lér{f%%‘t Fhis i

mat eri al efededted, clat Ifyiamplec omohmcuncmseﬂy(thmlalr)l bng—tehncaaﬂmhm aaindieukesnce of

woul d requj, r net uhe ono ene usI ri

over the e}n%1 ?grlén%?atfo ?f%@;]p thgnsn%l r%?l 8f%mg;{%oInla %tgﬁ § 1?%5‘?1‘ qeﬁletlemmn

i s exceedesysemdofathetthipes saudethis reduaee tiiee sleatical cmgmb@umrtﬁt@sh auddvidual tube as a

present. r ften. founders on the dramatic viscosity

i ncreases %&1 og?hg%g qUI re%t]t%%alg'?(%:eed the percolation limt due to

t he carbon nanotube concentrations necessary. Furthernore, 15

reaggl Hhrer Bhd aencovaléns fagtnediegiop i @ﬂmnsmdotabasUunmnmaoctfuﬁzesexdmpliengispersing

el ast oner o e b ns. of- this od d

cannot rea%idﬁﬁfg%%pg %Sl&g%g %}tep%n%f kegléu Eal 8 B i NC olrﬁ f)aotlroﬁt ?nngmgl%?%gﬁe tubes
companble w1th the medium. However, it has to be taken mto account that this approach requires

fresh optimization in respect of the chemistry and the concentration of the respective dispersing

additive for each new medium regardless of whether it is an elastomer raw material or an elastomer



organic solv\ygnzto,u/???g“%anot ubes are subsequently di spersed PHT{52010/004283

pol ynmer solution and the resulting 20 nanot ube di spersion based on

pol yur et hane/ sol vent is drawn to forma f3imor poured into a nold.

In this process, the last step is always the time-consum ng _
evaporatio : @gg : t.. A possible alternative

is to pr ovirroeu}\%ltlag?%g&g%ﬁ r %8%]?6%?&% ?Ei‘lr}tionbut only a material |ayer
directly adjoining the surface with the particles. Such a procedure

woul d be dédiatlnbt shoyld be neted th@?ﬁ“&‘l’(ﬁ‘i@ﬁsmgefﬂ]&rammmbmmombes, also incurs the
di sadvant agag 40f 2 38} ¥SP L RP SR B8 LAGLERRI ' L L

t he adver sgﬁeff_e%:ts %nBtIREe nmec ?\e% cseg H%he&pgﬁ?@ﬁ%? gnn_%(%srs'sl?@%e\?%lglegbm at the
2008/ 1508672 tidiese Inggber of piherc dersexaipleembebduiicsig poaertiec baps bé wossened. This is
substratse. kRt srithPERSSecartfdn' %%e@e%o%%%@d Q%D&Hf@aﬂﬂe&n oﬁ{ act and/or elastic
particles having at |east one characteristic dinmension In N range

f rom about spstems Resiénah pealemeratesrwhich haysinobbeen @bletto be hskepep tongfletelyaluring the
substrate. i | | i : i t hat _the .
SUbst 1 at o SoPrene P S sene st amylp 1ok hel WEePr i i tRkndel Rptugp poit
| east part IMechsrtivairogeriies suble 25t inaprettonghyiss and fuphiie stempthtcpabeimpired by such

I t t I 2ne at _at. .| east.
one par i1 oI SophOReE REAE b and YASAAY s et HAICH, Skl haley FRGficany
heat i ndOcamorgduetiveh by eadsltitdi afy catbom aranptobess woilld ereguibe diti warbod mactobes to be
ticl / .00 -4 -
T DL

in this pat¥tedsdppd pighe saoe timoassiduelegelomoatdieregrotntsi | ver
nanoparticles in polyvinyl chloride. Consequently, there continues to

be a need f@fs ﬁrg&'ﬁlﬁl’ée\%rﬂ) 'E)R&Pﬁﬁﬁ(?erg 9h oy &qfﬁgﬁdqgﬁ&%frtf %ﬁ:‘tr%ée%evﬁggf %%g@&ﬁred to

havi ng conductive carbon particles Incorporate . _

surface. | exedithe peropdntion dindieduer talshe carbomheanetupe oeheentiatipnspreocsesy eurthemore,
such fygcti j I j d e 0 :
L i e AR O P R i fe e
The i nvent icenmot brapisd eutdypnaspoefdhis mehpd smkoantop reagiholbumevegtedxt ensi bl e

el ectrodes having a surface |ayer conprising electrically conductive

carbon par Unﬁh@%bje‘équ{?co%?ﬂfn%%%gﬁ heotbeRsto (th(ﬂ%ogparsf?éﬁ ic??fy?ﬁth%es,a‘fﬂe literature
el astomer which has a glass transition tenperatur Tg f“from = .
-130C to 109°GT BHBCIPY HiPpdiehin weick theelinishad dobrmends figgdy disselesdnantpletely in an
I 'ncreasi ng o%laﬂﬁ 9@dr®the ndnBRhb R AYVduBledibnl dRpdN-8RAHAL ogﬁlrrepgo ution a{ld the resulting
unaggr egat ed carbon particles having an” average particle diameter o

from 2V0. 3anotkbe dispergign basedon polyushhnedatvenitis diawndo Svhe flm C_brppmgcfi auﬁatnold.
swelling o : ner. . Cleln t he
surface | aill%gussz%{;ﬁgqgll' ga)séf%tﬁgg% %m‘b%ﬁ%{lﬁgﬁ]g ?@%g?gl%%ﬁ&g b h"té’ t%eglrag%namounts of
parti cl es; solvent.

A possible alternative is to provide not the entire polymer matrix but only a material layer directly
adjoining the surface with the particles. Such a procedure would be desirable in order to avoid the
25  abovementioned disadvantages of solvent consumption, the increasing viscosity and the adverse

effects on the mechanics of the polymer matrix.

WO 2008/150867 A2 discloses a process for embedding particles in a substrate. In this process, a
fluid which has a population of particles having at least one characteristic dimension in the range
from about 0.1 nm to about 1 cm is applied to at least part of the substrate. Application is carried
30 out in such a way that the substrate softens to such a degree that a number of particles are at least
partly embedded in the softened region of the substrate. At least part of the substrate is
subsequently hardened so that at least one particle is securely embedded in the substrate. It is stated

that heating can aid the embedding of particles. The embedding of carbon particles such as carbon



15(D) act i né"%’fz"m"e"%‘r‘%par ation of the carbon particles on RGLERZP}04004283
| ayer of the elastoner for a tinme which is insufficient to bring the

el astoner into solution; and (E)ending of4the action of the

preparation of the carbon particles on the surface |ayer of the

el ast omer. ,El [ical ' t rpases. of .
CheoLomeL PRASAE P Sl B B34k 850208 oAbt 16 Y ARACE Lo
mat eri al  wiprehmi the eppedding pietluérarupartiSigh stmhvew] dilirele. have an

el ectrical conductivity of less than 10-8 S/mare typically referred

to as | Usut%ﬁ&ﬁ%nﬂi[hlﬂe@a&hﬁﬁjﬁ% G h&hrﬂglﬁﬁﬁrqvéd‘lgx%cé%se%ufoi %F%uéi.ﬁ%ee&tensible
conprising an el astoner, wnich neans that not necessarily n(1y e
surface i t §eprodeshaying\prrdigtive qerbon hartigley in¢aspassicdinto thihelastemasinice. It would also
directly belawihhe (SivE 3ERuG oA PrdcBiEStothch %c@&{aﬁ%egle%tomgpmgeg%é}ydo not
the termsurface |ayer as used for the purposes of the Invention

means, in EYRRlpigktlose dheirpleegicalgondiichivtyongerepted glongation ang destressing.

t hree-di nensional |ayer of material which has the surface as one of

i ts boundarrhesnvedtitd (BaHELRCRPRYES plodestl i frtiding ReEAndiFIO MebiliRied RIBEd Q%urface
of the object concerned at least I1n that it contains these

el ectri cal FAyeiSSRRERRE Glectpeatly pendastive carben rastiqles) Whighcampaisesdhstenss
provi ded. For the purposes of the present invention, elastoners are

pol yners WiArh brvRiod of b BlomiaRfci aGRRs RsBloASnifeAkdy TIS BB d130°C 1o
According to the inventjon, 30the elastonmer has a glass transition

t enper &Y ur & 07 20 inyyhagiy thestregsopydoes got deqygase Wik ngreasiag elengalor: i on
tenperatures can be determ ned in accordance with the standard DI N EN

| SO 6721- 1(B)nd gRRNisdhSH a preParatiodCofl uhagdiébatedN@fboh Haficks 180ks bR aVerﬁé@ﬁanicle
or from= -78C to_= -30C, Furthernore, the invention provides for the

stress a i A2PRET &f Hupend? tRde 3 P00 8B B ARt Whirh israblesip hging pbvy AWEIAE of a

Thi s ref er surtage lah@ dpeRaukme®f the stress a at the intended use
tenperature of the electrode. This nmeans, in particular, that in a
stress-strg&'n gra hf_ the curve for the stress a does not have a | ocal
maxi mum | 5 of fRACHngeidRe surfres Tayen ot tBnelasionrs widthedrensratign af the eqrbpn particles;
point in the stress-strain curve. Particularly suitable el astoners

have aistr@3s aastipehthepespeai@soMAOGHRRTaMRIeY oktekufRe838bMNEe elastomer for a

el ongation, w t hout displaying.a yield pojnt in the stress-strain
curve. Pref8f&REEY lgs“}q‘i}@%totn‘gmlgﬁ% eift*?oggémﬁ’ Sﬁh’l‘m’&é‘&ieasi ng with
i ncreasing elongation in the elastoner. Suitable elastoners can,

Wi t hout be{B)g r esiing dftteeladtiove betie, prépardomoShe kerbéh PafiddiesSthe Burface layer of the

accor dance 10 with I SO 868 of from= 20 to = 100. The pol yners can
glastomer, . h

def or m el a&fi€ar y under tensile and conpressive stress and have

tensile strengths in accordance with DIN 53 504 in the range from =

10kPa t o =EBCrikily.coAdictive partidasire)Jor thé1pyrpbses gty predént invehtidnf ALY all particles

origingl, undefo d_shape,. Good, el astone di spl nly a_ snal ..
Pesaudt ef BRBat SR AR Srish s P BRuaEr Sty uiRerton dhtg sl dieal conductivit
mec han:c cal (tﬂ easdthad he™ sgnee:e ttyﬁiml@nmﬂefnbm mgl@s iselan e Th bﬁ'zi@?d\bra‘ihtﬂ&ua&linto a
is prefera =, 20% and .15 r refera = 5% Ste B) .conpri ses, i
or ovi si on SF°8° 78 SAPREHER b = chg P BGLISERS S BO St P Ihdrqgrigce itself i
_rreanrs] t halt prohidedaith Itlte: ;&ﬂicaerse)upfhemh'aﬂﬁll'e%&pgﬂ&b &hel dﬁ]gl‘hdél ANdcthked A tthe picles.
in the solxent or.at |east have suc w degr ee .aggregation that

t he prepar g?ri‘SS%ueF%y’ gieé S.uﬁjf?‘f‘? layeg ?Salﬁf"gfoﬁﬁ’@ﬁ& ffis(S’ﬁa‘e V%gtf‘{’j‘(f%‘iﬁp%lt”il gytrast to
or preefpit aid-dime?ﬁioﬂahﬁlﬂ@&_r, bgﬂeqaﬁméﬂslfdnelslaﬁ@ 6%3@6&1 Rﬂéﬁbﬁ h&d 1]96 aﬁ%faas one of its
roomtenperatyre for a period of at .|east one, day, preferably one
ook or ol g e e GGt is BRI FEBIR it of Ve Ohgt  eRramed spfesst in
t he car bonthp@t édneliRshesbblediri@lle ciidaapBpativles.be broken up by input of
energy, for exanple by neans of ultrasound, mlling processes or high

shear forces. Féfpal I Y tt he sol v%h S sel ected %-gt hat it can both
formthe pPePd 4t/ 8hT6HOPHS PEVISH lE)%irt § FIRECH A he RESPnt P, &lasiomers are
polymers which have a stable shape but can be elastically deformed. According to the invention,
30  the elastomer has a glass transition temperature T, of from > -130°C to < 0°C. The glass transition

temperatures can be determined in accordance with the standard DIN EN ISO 6721-1 and can also



el astomer. The fue"‘rmn%ywnonaqueous means that no additional Wal/&F2RLY004283
been added to the solvent, 30 but includes the industrially

unavoi dabl e traces of mater, for exanpleap to an anmount of = 5% by

wei ght, preferably = 3% by wei ght and nore preferably = 1% by meight

concant, PEEPER AL IR 250, B Bee g, s, SR Yoy e imentn
, = o b

wei ght, fr @mvide for.%ewrem igtihe ¢leptamer 5oL tbylecmsg pith @Ircrdasmgrelmlgatlﬁm%twrefers to

vei ght 10 7 o801B¥ioMet Mtstress o EE%C ARhaGt ﬁsQQeIQ%elgét{}% cﬁ'l{flé (L.dg egns, in

conprising an el astomer with preparation he car par

in step (CPalit1§ulﬁrathatrlalaISyES§-aﬁr¢m e@p}omlne yerfotthestssy ¢ mnolfhatmaelocal maximum. In

el astomer. ol Lhs t R of the car

particles actg on 't ﬁg%ﬁﬁéﬁgceﬁ g&eoﬁ@%at ﬂlgld I;O%Rq%%é %%SS Jein Py tlg‘rmmmrly

theory, it shitabigselantaserrs hate @ hﬁ@egm fechdeh ipbreasee pedgafs:smiﬁmihsmsmeﬂnhgdlobyatmn

the sol vent,;;par f o nd .carbo

particles cétn md?s? enE| n’?%lgt%ﬁléﬂs% &ggté%ygth ?‘hrl’gﬁéfer% lg 1in Po the ftress o not

wat er - cont dﬁmﬂtﬁ@g@@ﬂlmﬁa@ng slmatmmgttbefelasmeel astoner is pr om)t ed when

10hydrophilic domains are present in the polynmer. The particles can,

for exanpl %ulté%?é‘laﬁs’f(ﬁﬁe?s bdﬂt Qiltﬁ(gﬁ b§1 \A%fr(%ﬁﬁteld@{e%to 1028 2 SRk ﬁ){r%rlef:sél‘g %%rdancc

=1 umor = 0. I ch préeparation o
particll@s a@tﬁlsISQnSQ&n@f 59#1@%03 tcr éﬂ@@ The Bté}'rem eeh defotnh glastidally ehdesttomsile and

of the sur fc@rﬁﬁeésﬁbé%freéé%ﬁ& h%t tefle SRR Gh YldoRAnce! »031}15%@@3 H?n ﬁ{e e apes from

i ndustrially unavoi dabl e di ssol uti on processes I n
= 1% by We,ZdﬁtkPa 10 . GQ@@IEW Alist ginessiog, thgy;‘,lafgebf B9 by theei tg“}g[nal ofndﬁhened shape.

el ast omer @Qok BhQorRgk ﬁl&}%l only F?%Mﬁeisldﬁa 90 ﬁ&?ﬂ'ﬁl n%fagé]xjggaﬂl{é@%fdngg 1bSo-term

not a process inh whic e po Irs eous
and the fi mieehdisaldasd Th¢ erser tandehey inerredrdenes ‘Glﬂl P&y EbthOaZ%edplb&rabénﬁQ&% and

of thejsol yepiptkBlide,sol ution of the polymer with nanoparticles.
Rat her, the tinme for Which the preparation of the carbon particles

acts is selected so that swelling of the polyner surface can take
pl ace. Ex arisp &2) empsaspatyisionaf gpseparmtioncafiunggeegeicd pashani@rtisles. Téscoers that the

360 min Uﬁjﬁﬁcletpz{r@ gl%geﬂpés\éeﬁaEQ&ndwgdum fes Eﬁh%foz&ﬁwrytjfe%? han.E?& a low degree

preferably rom= mnutes to = 10 utes
conpri ses Phggegaionghas thetrseparsion sistable. hlh@tqbleepmaartmmmo@bcmh@omarmpltatm

particles gpgt Iegrb&y{:eirﬁ'\ﬁgs dcRYE unn {otag Sur acgﬁmﬁéﬂeoﬂﬁ_%éeﬁorae(}f%ﬂeggQ)ne day,

particles I's separated again ayer
| ayer é&n siesaduen Vsekine f@llfﬁ?s;@hls fTo N@uwwcadhmmawgomrt@@gmgatomof fﬂalcarbon

can be car e : ol [ .
with the SB"#"?%C%E‘@% ot P T e BUCHAEEN) Dbt 08 oRsBE BN BkarR! BE g of
can then béltramund,em wgn)@ceas'rsmé.tthwhttahfm@e.tﬁmély, tht mbve(liﬁ) sdlected so that 1t can both
advant ageoﬁ%ﬁhg 4&19%9 P Qarg&yﬂaﬁg:létaﬁ" sl tﬂ%r]e%lasporﬁe? Surfa Ol vent present

in the swo ace fayer s rermve res epores in
the el astoner closing and the carbon partlcles belng encl osed in the
pol yrer . 3@irhevepge patide dirmetaecanaise e inghe rangecfson & 1pos®i<bl080 ho op frowi X2 nm to

the supface lb@%ﬁg 1C8ank ﬁét@r?utl%'a's fo O&‘aﬁﬁfe \%%ﬁf’@ f s&%ﬁ%%ﬁc rén | microscopy or

conductive sur ce In a targe manne 0 produce
ext ensi bl edynamic light scattering.

The solvent can be an aqueous or nonaqueous solvent. In the latter case, preference is given to a
polar, aprotic solvent. In this way, the solvent can readily interact with soft segment domains in the
elastomer. The term "nonaqueous"” means that no additional water has been added to the solvent,
30 but includes the industrially unavoidable traces of water, for example up to an amount of < 5% by

weight, preferably < 3% by weight and more preferably < 1% by weight.

If the solvent is an aqueous solvent, the carbon particles can be deagglomerated and kept in

suspension by addition of surfactants or other surface-active substances.



el ectrode. %%Zr?él/ %9_5#%e el astoner which is functionalized FQTE3010/004283

process being selected according to the invention, the electrode is

al so suitable for cyclic stresses. In the process, the shape of the

- 7 - object is not destroyed by dissolution, so that finished shaped
parts can ahsQ. B8 J4& J : I are.concentrated.in

t he region glose t% t éqgﬁ? I%%SBbggﬁgﬁ%%f%%?§w3“§H% ﬁggrgvggﬁ?PDHIZOQI%
amount i s roggusigheed £80%byaveighaniah 2dk ¥% dalweight e L% iby eveightist o> 0.04% by
surface. Fignahl ¥ <4 bl Sefaff nNecessary to renove |arge anounts of
soIventsirﬁ%%def‘tS %bf%ﬁh the finished nodified polyner, in

contrast to 5 dissolution-based processes. It is also possible to

keep the cdheepntpding oA thsfsurfaee lexartsomppsing frc Flegorher witly tha geepemationh pE thenmrbon
| ndust 1 sal lgidies BABRERA BAUANY BEHEPRF ol télsTERS L o QEGHRS: A FUTLher
advant ageous aspect of " the process of the invention for producing

extensible el ectrodes is the treatment of el astoner nol di ngs which

are to be Jufeachsequsaiisian (BY tha reereraion aftthecaseonderticlss asts erythe purficelaye:. Wehout
el ect ropl atygghingTia@calc@Gh fal Bt Yt SOBGHEE nv:e nRa%HLG &Smd @]Iagtg'rﬁer.si‘s' rs&r@lieec\l by the
| ayer here ensure 10 inproved el ectrostatic po ler application.

further usékethauradre fanedia diefarficedtyermistatiwr pamiolee Fangigfatsrinto these pores. In
prepar ati oy Qke 8F 84lch@PHOWRLLGOnkfRld Bvents! svlréljx%l SOMPARSHRLE is!fomoted when
obtai n _conductive elfectrode materials or elastiC capacitors.

Fur t herlfor éydraphili dossins s pistbitttie prlymablte rariskes vhm dorcxample, penevdtelmtb the
with an anghﬁk@hbﬁﬁggﬁhhﬁgf<i@uﬁﬂ§lEBQQQW. _of the process of the

i nvention, the process further conprisesS the step: 15(F)application

of an additjonal electrically conductive layer to the surface |ayer
conpri si ng T6f BB, the grraaation/ef thapaens peaiclss @pte on st aitfaesdayen istelgstsd so
(B) to (E) thatbiRr Qastofer e et PR 1afdr&@otd h&aol i¥tocé?nn.ﬁ1*dﬁ.t fn}ﬁﬁdédaiyefg are_industrialty
obt ai ned breaks up or ruptures on el ongation of the surface layer

bef ore t he UpaPidable disedutionproceasss i whish. fer exampies &11% by oreithic 51 0/8% [baryresight or
in steps(Fkoaa% Beweikal oreARldher fo ﬁ%iﬁ‘%ﬁ.“f—%w%%rr & @océ?oﬁ?@ﬁbé@i’on% not a
conductive paste, a netal layer or a layer of an electrically

conduct i ve PEFsy ik Fhickihenpsliaacr o fivydy hemogspepugfiy dissoludd apdithe Grighpe particles in the
and/ or ti nmaExanmRl @ %Etaﬁlﬂsf%rﬂeﬁl@{dl Yor RO NG Lt Vo Ghy Qﬁ{ﬁo aBiet}Se W}ﬂﬂ'g?{ with

pol yt hi ophenes, in particul af gol (3, 4- et hyl enedi oxyt hi ophene

i s usual |y FiopEtisley Rader thepi whiclbipprepationed the sarberpalyicleappls isegtlected so
for exanpl eyt Q¥elGhemisalol QSirick @4h lfaﬁé)ﬂ}ictehﬁx SR ESiBb1RINGS bEAtion are from
deposition fromthe gas phase or sputtering. Preference is here given

25 to 2PBut Edrsremgd dn o160 gunues, Preferabbpfrpmar | minugst tot 780 minutss.r el rferably from
conduct i ve>phyies © <C@mbgecarri ed out by neans of a pol yner

solution, followed by evaporation of the solvent. Further possible
materials for the additional |ayer are indiumtin oxide (ITO),

f 1 uor i ne- d&pely: step () \wpmpsises the(epdiay of the eptipm ofthel pisparatidnrf theycarpen paredps on the
and/ or anti t [ e It

electric | gd%?y%gﬁpﬁgl\s/’gl%ﬁ %tha(;f&%& Iogglie &ag%%pé‘ {t 1rcileg tlsesg&?ﬁtgt?gétao,fpdgﬂhe surface layer.
t hi ckness d&he fyBaplaye cen sybseiueylyberipsedinremoveragheringdBeparationy Thislcan e carried
The nmaberighe fhertdhg I?)gpérﬁdvﬁlgath @4a§8}§1§1’ of Wit ARAYGECY SaybP%S0e InSdified from a
sel ected so that the additi nal ayer eaks up or rupgures frrst on

el ongat i ondipping kethsihefohiset demihen be, ifar examplel viasadawjhogstoner e t hat t he

el ectrical conductivity of the overall system does not break down
abruptly dg@F (B) £ A ALkl Bfowed b? a'dgplﬁg gt@é]irwalﬁﬁ e%fvgﬁtgj%sg 3h ‘% wollen
with the surface layer conprising Carbon particles but instead 1s

mai nt ai nedsur&ca layeris smevddgeediing|in thet vees indiredsiastaater elpsigh andc the pashen particles
density of yap, gxlea6hRleSoRlRet rode decreases with time as a result of
the stress, it does not cease conpletely. This behavior is

particul arl y advantageous when the el astoner is subjected to cyclic

el onga#? onTg"hEFO@I%E Pk B8 invargioariepkes i possibéeato pewidtbe Fwfacylape of enalastenier object

with an electrically conductive surface in a targeted manner in order to produce an extensible

electrode. Owing to the elastomer which is functionalized in the process being selected according

to the invention, the electrode is also suitable for cyclic stresses. In the process, the shape of the



In a oref erY 248 ent of the process of the inventi onPGTHEP210{094283

of the preparation of the carbon particles on the surface |ayer of
the elastoner in step (D) takes place usiing ul trasound and/ or heat.
The energy i nput brought about by ul trasound and/or heating firstly

possi bl o t 1o el e eohpd SHE BN ERE 1 Ton e dbriad e e
Fur t her nor parti¢lpgeare mncc;dmﬁdumtheoégMMOspaw thle(shMe iofithe objee, £bmAslepd®srall amount

Frequoncy ey 5B & il SRR Bt HiARR iy, €% not necessary 1
i ndependentdmpve Fflaegeemﬁountsrwé sqdmm incbedes kd gbtain tHelfmished wedified polfmeirth dontrast to
WL L0, 2R RSB0 el SRR AU 0 BELD, bl Ao patites
t enper at ur gingam vech rfoonduetnalhpcﬂlsa,dvémagn@sMat@nmsa&ﬁ@pcqnfsef erably

fron? 40C to < 150C. 151t is possible for the car bon particles used

O e AR ICIB 00T B LUE IS B R UL RSB s
f unct i onal thgitigaimenivif elestomerana divgd wlrith are a:tbeﬁmffm doytembgadscmﬁtaﬁwdulfdef coating
reaction stepns &t

such as nitric tgg? ﬁﬂg‘ﬁg}’éﬁ? é(%g%g glgﬁtggﬁlﬁa&%&ﬁ ?ﬂd%espgrtﬁn%ﬁlbr%ﬁ% B H‘ffe ensure
sul furl® aimmgovsd slecosiatichpavder xpplicetionf At fu&he* meumserﬂlsothe treatment of elastomer
et Lon SRRSOk PUBBILRL S B R Ao A2 RANRD' Bt
el ectron ssistrede ofateriple Oswiaﬁfaceapatstorsofumesmmp,t dettranid compoxtehe reefealsle sheathing
continue t |caI conductivity. In a further
enbodi rrent&gﬁg?hgi%?g@gtsdga%gguﬁtoeﬁ jention, the carbon particles are
selected fromthe qgwoup consi sting of carbon nanotubes, single-wall

car bon nanBtanpesbodiment ofidik prosess bbthe maerdionsheprocsas fudthercamptisss ths step:
carbon nanooni ons, fifflerenes, graphite, graphene, carbon fibers,

car bon; pl agh 25,30di6R 'B?H&ta&diﬁon%ﬁélp&ﬁcaﬁ{r &ﬁiucty%qgﬁr PRTHe! Gl 1630 Bitbrising
only increase the electrical conductivi al so i nprove ne i
proper t i eseleftrigale copduchre cpige rparticlss @I@@mﬁl o dbms fB)ctOt yE)arvhererpc kdditional
" ouohess il PoRUARSERI A8 AKEUL S ot BRUABBDUIT s pver
type, scr oqufOI‘??}?éattehdneﬁl scrol|l type or having an onion-Iike

structure. 30 Preference is given to using nultiwall carbon nanotubes

of the cyl TRAMIHNARIccRLEB donhdRSe 108 thisRE " b¥p

thereof. It is advanteggeoﬁjs For th eaméijalr lg% (pjlaénagtb\éblg’gg%ao ééggg&rc t”{e girface
of | en%ﬁ h 08tiggtae PHERCYE aitpieen Teftal Igyer poref dayaibbf an m@tncauy Qonductive polymer.
conti NUOUSE Q¥ !{égt&fﬁb@fge;ﬁle %ﬁlpgﬁ% #:(ﬁ)égr? d%_’(gleﬁlf %rL_ a?%h%%é@% conduct1ve

nanot ube structures whi ch consi st o

whi ch ar e ROYHBIThEE peyhisphsngs. sinarakticalad ppb’[3 ‘édthulpnediﬁw‘t‘blmhenﬁ)sfv@rched tsoally
as the nultk BIRST r t

10 2007 0445’%%&% b i chofrgg?ﬁlﬁér?%%%?%g%a#gg&b%%"%g‘? "%g Gl Hosition
struct ure fram thel aas abpse.physiesl denobibien fiam dheugse shos of halttsmlrggPEfxmcoisl hereSgiven
type i35 t hg sS@HB W f | r.bo
nanot ubes ( ngllﬁl nnrI Pg%l& e aélgl%r;&é) o?th eleg?ljl %1116}’ S%léuﬁg%{é uéo%imt%rg ?ﬁ;} vedaried out
si ngl e- wal 1Y ANk abe Pqianerc,sahb@rn ffrlbzwod bbe‘@pQI@Wn ofdhd ilentSYWTer pdgsiblekmaterials
the case O HBgaqA _
araph o | gy e autibie)s B B LR NAES (Ol s ol bl SBRERE QP ppminam
cross sectqoped zisoenide (g Iayd/tﬁrrmhmorbed@emnéW)a!mtemeT 010 car bon

nanot ubes to the outer edge without interruption. This can, for

exanpl e, af ﬂe‘%\&’dﬂtlgﬁ%ﬁ ou&fl Avg cfaﬁ‘ﬁév%rwftﬂ&ﬁgeﬁ% ik O Rl e [c LS A@S 10 am
into the tube framewor Since nore open J es are aval e as entry
zone ¥ ttﬁé1|0ntne¢rcfmna£é§nmd¢«ﬁén@d to car bon nanot ubes haV| ng a

sinple scroll structure (Carbon 1996, 34, 1301-3) or CNTs having an

The material of the additional electrically conductive layer is selected so that the additional layer
breaks up or ruptures first on elongation of the surface layer. It is advantageous here that the

electrical conductivity of the overall system does not break down abruptly due to contact of the



In a furthe” AR of the process of the invention, tRETEERIAIN004283
is selected fromthe group consisting of nethanol, ethanol,

i sopropanol , butanol, ethylene glycol, prepylene glycol, butylene

gl ycol, glycerol, hydroqui none, acetone et hyl acetate,

trichloroet trichl.oroet hane hl.or onet hane, th | ene . .
chl ori de, cyc*( Eﬁhr]lg)x%trnr&)lPntumdI\‘f RESS; Y B S ngcﬁ'&ﬂeﬂgomﬂ?% fells but instead is
sul f oxi de, metaiiey do af cartaim, dd‘gra&ehhpthexzwpyis,r flthiodgn éhe ﬂinmzela@s,ttytcﬁ“l dhe Bftensible
cthyl ket ongeeugly YoEREs o8BS, SresBEbtiRt il UGt hpPsalni g Js behavior s
m xt ures ofpauml@lb@&mgtdus) nbeh o Iekaetnmar insubfecedeo ayrtit befigatitdand dchitdssisg and

of the oV S0 vent s ter,. These solvents conmbine, in
a parti gsgl a%g@mrlgcawo@%gcug Srﬁf%/mf‘% Btrhrerf?tgv\plgagregate or aggregate-free

30 sol utions vvlth the carbon particles and at the sane tine |ead,

when t he polynerefarsd sppodipeit aifahe/ poedse of &, intentionmehd dangg of tliehﬁeparanon of the
el ast omer syrfa ntione vents i ncl

cases in V\h(iléc% t elcsMis)is&Le{%%%r?acetl gr glgﬁj eIrlmmmer W qg% &:)) taP eplﬁfgsqspédﬂtrasound
proportion dpf/ondiss. The edgy inpar biosghestbaarby ilésenndabridér H&etmgaﬁfsﬂ;edomwérs the

B gu?: Egl gg fo@zmoh %%dr&ﬂe a%érggtleb Ok tlhg ) Eae!*é {1! dssle ft%?/ é%%el&&%l’?ﬂlﬁﬁ F?‘Pé:el?tf?uons

a di ppiHy blatthe Swtmnfurﬂume pheouﬁséuchom of)thedaamc}mg ireto i@l laseoimek istrface layer is
treated in be real d Prin

el ast omer 02[) Q%%ta t\g@hf i QaS% 0? Qlltr%g% b }sﬁ(l:er eeé]hmc?’ v‘“ﬁléage%‘isfyoig\‘rgn t ﬁé Rtz to <20 MHz
producti on a@rﬂ mtiemndend)atﬂegpof; dmdpmter ‘dalSES tnr the belvens issfiah >asSWaaa eeo0 W/, In the

tracks on t ect

process of Jtage&% %\%@9 %ﬁl gbalf & té% P repr%r?tmn &{sﬂé‘? gb}foéldpaﬁci% Ot“hth ° §rbgp laven the
consi st i ng tefhpgahyezar bd, &irexangde, floine> ¥ Ces < 2UIBOeprefepblyyfaat ¥ KO < 150°C.
poly(acrylonitrile co- but adi eneco-styrene),

pol y( acy. e| gtgokslllo fbptﬂg%EI}BXIll gz{mélg%%gé/ Jl ttoege’ci? er}{ erchnaéIth fturtléeg Brthe surface

pol yam yester, er- et her
pol yet hyl eredter éterwb@n@mpth@pyf gms merpb dliaf tfpo;bayt(céas H;ehxemadxﬁxiona]lﬂmcnonal groups

tetrafluorogtiiyle @f?‘)alefl{f)p tYa(:ﬁedll’l%gfl mehns 6 furtfl ¥eact10n sttepB 8% ]thegg}ng%ek%wmcular the

pon(etherne co-vin Lor o8 i é6nes
pol ymers, (mabﬁvma)lts ISudilbie mtrlqoa]:hql by(hbgvyllperomde potassium permanganate and sulfunc acid or

met hacr yl at ep&s%% 1%{ é bF 'thesee & %n{) utfg ?un%ﬁcienflﬁ%% 1St XF §1ne%all‘br9 #Jﬂgtls avoided. An

nmet hacryl ate I ene-Cco-
pol yphd@¥phadieamesse opdieyqsqs obgdnemlenm ﬁmeumhlmpﬂ pﬁfﬂb}batsrtydtamee:) eIectron system of the

pol yur et ha or.i de vinyl fl.uorides ,and i,cones.
D8t or cpceBEsel Hshilen S b Bt EEe conbiE e e ppua S
surface |l ayer of the elastoner is, partly covered by a nask at | east
in step (Dn a'ﬂm@lm&kodd;romloétksqomcegiocﬁme 1mcfenﬁch]et1$wmfbaﬁ@a1aﬁlds zlreaeleﬁed from the

ot her regqi f el ectri of:) conductive. st ur es
such as co%ggu(?t Jo‘ﬁﬁ%tmg%lgtcﬂgﬁndnatnﬁmb?sr REelE:; gﬁ %’%f) 5%@%85 ORHER "Garbon nanotuibes,
el ast oner sartbaaanchding cgtbas mmmos:u Iffllkesde lptaghite draphane) chitdg fiberst Eebon black

i nventi,@n a CIfIC 20, resistgnce of the. |
ur f 2 gy eHRFE BB Ssct e hoR RS ot o G et sy sogeuctviy bu
r esi st ance atsaninpeowdemeshmiing dproperdscall hanaefacs taier] gr StaataelstARF Mo impact
257. This reshstance is preferably in the range from> 1 ohmcmto <

1 000 000 SR cn” nore preferably from> 10 ohmcmto < 100 000 ohm

cm The layer thickness required to calculate the specific resistance

p can be obtailrepiricsenofehe dtveiivnntabagiaapiises dhcladesieghgi®walt b ifultiwall carbon
section. 2 t on | i.kew se i.des anp extensi.bbl

el ectrode 2%%‘#‘?035?02% r?l Iﬁﬁernty% S"“’H AhI™ gpsgli‘} fEROT B Hhh PR fike structure.
conpri $8s drefetendec &l glyemo:naismglmmtmat leaibop antdtttee sofathel yHitleb@ype, scroll type,

b db
ol act oner BB EACorARERIS ek Bl £ Mo AP o ibsble e agiso o

length to extemal diameter of > 5, preferably >100.

In contrast to the abovementioned known carbon nanotubes of the scroll type having only one



In an enbod) Tetl895#%e el ectrode of the invention, the caPb&fEP2010/004283

particles are present in the surface layer to a depth of < 10 pm
bel ow the surface. 5In calculating the penetration depth, the
additional electrically conductive | ayer is not taken into account.

As indicat e rfa er. conprises_an el asto

particles F&gm |1\s{S qsrﬁétg% %Ld e?nea% ZLIE ngﬂgq ‘if‘sttOBflﬁ?oéaq‘?ét't;%Vﬁs @JS‘C}E‘ fiogsist of
el ectri cal agdwrdlity tof gﬂal?};ﬂn@tamrs svhickhe qnmbtnled:toefbmcastaad &d rbldp eBledis renﬁrred to
to a depth elowthe urface

i nventi on. thhe mtﬁn& ltg]é| i“he']t;egargtélp %aﬁlot 7S ﬁ%}begeﬂ,]?ﬁglégpgi/@%ogf)Aﬁ which is
provi ded Wlftllhf membw:ate@bcr tefeu:dmes Thiscstractalie tid rolagt ko/thl aarBon ralothiblstol @k single scroll
mat eri al:s I | de can be,  .f pl.e, .consune

articl eg vvh(,%{'p%hf?l pe Slal[ﬂg ga%t hl@%cmrr@ i %tbemtélﬁwgli élelt{"cad%?l ﬁbroflaft?gc’%{he(ﬁ feylindrical
whi ch the éﬂ\é@t‘l‘)lleaélttyd tmthdwtrhctme ctfathdoemglparatli@liﬁkicblambdnemnombes (cylindrical
i ntroduced sl\?&?)nt his surface or elastoner surface layer. In a further
enbodi nent o e el ectrode of the invention, the carbon particles

are present within the elastonmer material of the surface |ayer

sur r oundi ndndike thei qasaopthopoionilisn stctes the>in@ivit¥el hyraphbnanei g‘hlﬁhlﬂi‘ Oayersl %hese

b i gh he f
i gt to” <45 BRRRREL opAOBA g 3G uf Bkt B SEubBINY eny i Sovor g e

cont entlQof ceréplbewop!é?ps tOcthesutﬁnedgaemﬁmutf lat;‘euibtwye’fhm sanylfor exampleyallow improved
i ndi cat ed therahy indh i nggﬁ n.the interi

of the object, Phym i the %Ilg%?%%epﬁ)%%ggbl%gl r%wk AGEF “EEhER™ h({gf)s are
the cal cul avéighle aﬁ§nfhozcrmcfmb19le tiftercdlgwesampsted (o na:tbmmbl)lbd:m eingp dimple scroll
which the ¢ S el ast oner [

20t he rangeeaai EAPEL BB R IR| 8 OB R AR R TGon RS Qg Setnle 1994, 26,
particles da#t-He exceeded, so that the electrical conductivity is
greatly inproved. In a further enbodi nent of the el ectrode of the

i nventijgn, fbe.s8LeclLio A S e sur

| ayer of from 4 108 i gse %?cf@raﬁ?%&.gﬁ\hﬂl gagl%n ﬁﬁﬁ%@es&%hl% | %av?estlits gicter, %f from
can be det érmiméel S 180 amcanddin get W\tal@ntlhéurstKanMddTMtSﬁTMnaeﬂ&7hera'ﬂbasd on the

resi st ance r a of 10
000 ohm cmab%%érée&%)rrﬁéet?ﬁ hl'e rha%‘érj}gbnetr%ﬂ%% ﬁ?m I%:'E:mﬁqt %‘e iralﬁgggﬁ (T o?‘flrln Qq)lhm and
a further eftsouBEeoRpY fo-‘um Etﬁemeltecitﬁ()ante Bfe her@h loﬁwtennanombest henitialipant limited.

particles f t tube avin

di amet er o?{ ? it HQ%’ F}o%@?%ﬁﬁg%(s i rhﬁ% ﬁlo Qal%h‘&t? %%agghmy from
t he avéfage lﬁlt@n’et:’e?ro ofi. t he nanot ubes. | t can aI so be in the range

fron? 5 nmto S80 nm 30 and advantageousl y from> 6 tun to < 60 rm

-tl)-ge :c gpgte)r:gprr% fteufl]tﬁlr Eﬁtﬂﬁtﬁrﬂgﬁ%f tﬁﬁ;r {gr@!r:ﬁ%é %1” mv%%tlon %Os%gvenﬁg e&la from &% group
advant ageodgisistifig ofmethdol mltamolqsaoomnm butano!. Zthylm@ gtylcmlspmgylene glycol, butylene
el ectrical on Y r a egp MeLein = r.st d

second sur %bas(c(gl |§§°Cee%d§ gn f ?@%hegeéfte{g%%oéfh?’ e agﬁtgteanoathcer PRV r{e]whlommhane’
separ at ed fﬁcélﬂrmhaamotrh@hylw ashlaidast guiehexhaoper . NDudintethylfbrenamide, dimethyl
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The contacting of the surface layer comprising an elastomer with the preparation of the carbon
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Extensible electrodes according to the invention are, for example, useful in elastomer moldings

which are subsequently to be coated by means of electrostatic powder coating or electrophoretic
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In a further embodiment of the electrode of the invention, the carbon particles are unfunctionalized,
multiwall carbon nanotubes having a diameter of from > 3 nm to < 100 nm. The diameter is here
based on the average diameter of the nanotubes. It can also be in the range from > 5 nm to < 80 nm
30 and advantageously from > 6 nm to < 60 nm. The length of the nanotubes is initially not limited.
However, it can be, for example, in the range from > 1 pm to <100 um and advantageously from

210 pm to <30 pm.

In a further embodiment of the electrode of the invention, this has a first and a second surface layer
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comprising electrically conductive carbon particles, wherein said first and second surface layers are
arranged opposite one another and are separated from one another by an elastomer layer. Due to the
production process, the first and second surface layers are integrally joined to the separating,
electrically insulating elastomer. An elastic capacitor can be realized by means of such a structure
of two electrically conductive layers separated by a dielectric. An additional electrically conductive

layer as mentioned above is then arranged directly on the first and/or second surface layer.

In a further embodiment of the electrode of the invention, this comprises an additional electrically
conductive layer arranged on the surface layer comprising clectrically conductive carbon particles,
wherein the additional electrically conductive layer breaks up or ruptures on elongation of the

surface layer before the latter does.

The additional electric layer can be, for example, a conductive surface coating, a conductive paste,
a metal layer or a layer of an electrically conductive polymer. Examples of metals are noble metals,
copper and/or tin. The additional electric layer can, without being restricted thereto, have a
thickness of from > 10 nm to <50 um or from > 20 nm to < 10 pm. The material of the additional
electrically conductive layer is selected so that the additional layer breaks up or ruptures first on
elongation of the surface layer. It is advantageous here that the electrical conductivity of the overall
system does not break down abruptly due to contact of the broken-up or ruptured coating with the
surface layer comprising carbon particles but instead is maintained to a certain degree. In other
words, although the power density of an extensible electrode decreases with time as a result of the
stress, it does not cease completely. This behavior is particularly advantageous when the elastomer
is subjected to cyclic elongation and destressing and electrical conductivity is required over the

entire time.

The additional electrically conductive layer preferably comprises gold, silver, copper, indium-tin
oxide, fluorine-doped tin(IV) oxide, aluminum-doped zinc oxide, antimony-doped tin(IV) oxide
and/or poly(3,4-ethylenedioxythiophene). Gold can, for example, be applied by sputtering.
Poly(3,4-ethylenedioxythiophene) is usually referred to as PEDOT or PEDT and can be applied

from a preparation of the polymer.

It is possible for the elastomer object according to the invention to be in the form of a composite of
a support material with the elastomer surface layer comprising the electrically conductive carbon
particles. Examples of support materials are ceramics, metals and also other polymers such as
polycarbonates or polyolefins. Thus, for example, a shaped metal part can firstly be coated with the
elastomer and the elastomer surface layer can subsequently be provided with the carbon particles

and the additional electrically conductive layer.
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The invention further provides for the use of an electrode according to the invention as
electromechanical transducer, as electromechanical actuator and/or as electromechanical sensor,
The elastomer in the electrode is then an electroactive polymer and in particular a dielectric

elastomer.

The present invention is illustrated by the following examples in conjunction with the figures. In

the figures:
FIG. 1 shows an electrode arrangement having a multilayer structure

FIG. 2, 3 and 4 show conductivity measurements during elongation for various elastomer

specimens
FIG. 5a, 5b, 6a, 6b, 7a, and 7b show scanning electron micrographs of various elastomer specimens

FIG. 1 schematically shows an electrode arrangement according to the invention having a
multilayer structure. Starting out from an elastomer workpiece, carbon particles such as carbon
nanotubes were introduced into the upper surface layer (1) and the lower surface layer (2) of the
elastomer. These particles are represented by strokes or dots in the respective layers (1, 2). It can be
seen that the particles have a limited penetration depth into the surface layers. An additional
electrically conductive layer (4, 5) is present on each of the surface layers (1, 2). The surface layers
(1, 2) are separated from one another by a particle-free elastomer layer (3). Owing to the
production process, the electrode always has a one-piece structure in respect of the surface layers
(1, 2) and the surface layers are integrally joined to the particle-free layer (3). The electrodes shown
can, given suitable dimensions, serve, for example, as film-like capacitors or as electroactive
polymers (EAP).

Examples

The examples concern the functionalization of two elastomers El and E2. Elastomer El1 was a
thermoplastic polyurethane (DESMOPAN® 33804, from Bayer MaterialScience AG) having a
Shore A hardness in accordance with ISO 868 of 80 and a glass transition temperature T, of -35°C.
Elastomer E2 was a polyurethane prepared from a prepolymer obtained by preextension of a PO-
based polyether polyol (Acclaim® 6300, from Bayer MaterialScience AG) by means of
diphenylmethane 4,4’-diisocyanate (Desmodur® 44 M Flakes, from Bayer MaterialScience AG),
which was finally crosslinked by means of a polytetramethylene ether glycol (M = 2000 g/mol).

The glass transition temperature T, of the elastomer E2 was -65°C,

The carbon particles mentioned in the examples were in one case carbon nanotubes (CNT) in the
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form of multiwall carbon nanotubes having the trade name BAYTUBES® C 150 P from Bayer
MaterialScience AG. The other type of carbon particles was carbon black in the form of conductive
carbon black (Ketjenblack 600).

PEDOT used as coating agent was poly-3,4-ethylenedioxythiophene having the trade name
Clevios P® from HCStarck. This was in the form of a preparation containing 0.3% by weight in

deionized water.

The dipping solution was produced by sonication of a defined amount of carbon particles in the
solvent by means of an ultrasonic probe and used immediately. The frequency of the ultrasound

here was 20 kHz and the power density was 300 W/kg.

To functionalize the elastomer surfaces, the specimens were immersed completely in the dipping
preparation and treated with ultrasound for a defined time in an ultrasonic bath. Afier the specimens
had been taken from the bath, the surface was briefly rinsed with acetone, dried completely at room

temperature and subsequently rubbed down with an aqueous soap solution.

The optional coating of the elastomers which had been CNT-functionalized in this way was carried
out in a second step by vapor deposition of gold (Sputter Coater 108auto from Cressington) or
dipping for 20 seconds into the abovementioned PEDOT-containing solution. The goid layers
applied were opaque and had a metallic shine. A layer thickness of over 10 nm was therefore

assumed.

Surface and volume resistances were measured in accordance with the standard ASTM D 257 on
the elastomers which had been treated in this way, Furthermore, the surface resistance was
measured as a function of the mechanical elongation. Here, rectangular bars for tensile tests
analogous to DIN 53504 were stamped from the elastomers and the clamps were equipped with
contacts which were conductively joined to the specimen and electrically insulated from the tensile
tester. The resistance across the specimen was measured continuously by means of a conventional
multimeter from Keithley, model 2400, during the slow-running tensile test, strain rate 1 mm/min,
and, in a second step, the force-deformation curve was synchronized with the resistance

measurement via the time stamp of the individual measurement.

The experimental conditions and the results obtained are shown in the following tables.

Elastomer Specimen | Filler ¢ [% by weight] | Solvent Time of action
of preparation

fmin]
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El a - 0 Acetone 60
El b CNT 0.05 Acetone 30
El c Carbon black 0.05 Acetone 10
El d CNT/carbon black | 0.05/0.05 Acetone 10
El e CNT 0.5 Acetone 10
E2 a - 0 Acetone 10
E2 b CNT 0.05 Acetone 3
E2 c Carbon black 0.05 Acetone 3
E2 d CNT/carbon black | 0.025/0.025 Acetone 3
Elastomer | Specimen | Volume resistance | Surface resistance R Specific resistance p

[ohm cm] [ohm/square] [ohm cm] *
El a 4,0-10% 7.3- 10" 2.2-10"
El b 42108 7.7 10° 2310
El c 2.6-10° 1.7 - 10° 5.1+ 10
El d 2.8 108 1.3-10° 3.9-10
El e 2.9-10° 3.9-10° 1.2-10
E2 a 1.9 - 10" 8.0-10% 24-10°
E2 b 3.6+ 10° 7.6 10° 2.3 - 10°
B2 c 57-10° 4210 1.3- 10!
E2 d 3.5-10° 3.6-10° 1.1-10

*: specific resistance of the surface layer; calculated according to p = R - d with a layer thickness
d=0.3 um

5  Theresult of these experiments are shown in figures 2, 3 and 4.
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FIG. 2 shows the dependence of the force F (lefi-hand y axis) or the resistance of the tensile bar of
the specimen R (right-hand y axis) on the elongation E (x axis) for various variants of the elastomer
Ele. The measured curves 100 and 110 relate to the force during deformation. Curve 100 is a
superimposition of two curves which are virtually identical. One of these curves relates to the
elastomer specimen Ele without a further coating, while the other relates to the elastomer specimen
Ele with a gold layer. The measurement for the gold-coated specimen Ele was stopped at an
elongation of about 275%, as can be seen from the reduced thickness of the curve 100 above this
¢longation. The shape of these curves indicates that the additional gold layer has no influence on
the mechanical properties of the clastomer. The measured curve 110 relates to a specimen of the

elastomer Ele with an additional PEDOT layer.

Curves 120, 130 and 140 indicate the resistance R as a function of the deformation D for various
specimens of the elastomer Ele. The curve 120 relates to a gold-coated specimen, Here too, the
measurement was stopped at an elongation of about 275%. Curve 130 relates to an elastomer Ele
without a further coating. Finally, curve 140 relates to a PEDOT-coated specimen of the elastomer
Ele. It can clearly be seen that elastomer Ele has a conductivity which does not disappear under
deformation and can be significantly improved further by means of an additional, conductive

surface layer in certain deformation ranges.

FIG. 3 again shows the dependence of the force F (left-hand y axis) for the elastomer Ele in
measured curve 210. A rough estimate indicates that the resistance is increased by about two

powers of ten in the measured elongation range of about 230%.

FIG. 4 relates to an untreated specimen which had not been functionalized with carbon particles of
the elastomer E1 which had also not been dipped in acetone (as would be the case for a specimen
denoted as Ela). The figure shows the dependence of the force F (left-hand y axis) in measured
curve 310 or the resistance R (right-hand y axis) in measured curve 300 on the elongation E (x axis)
for a specimen of the elastomer E1 which had been sputtered with gold on both sides. Without a
CNT layer introduced into the elastomer, the conductivity of the gold-sputtered specimen breaks

down on deformation even at small deformations.

Figures 5a, 5b, 6a, 6b, 7a and 7b show scanning electron micrographs (SEM) of various specimens
according to the invention. They were produced by means of an SEM model ESEM Quanta 400
from FEL

FIG. 5a shows a scanning electron micrograph of the surface of a specimen of the elastomer E2b.
An enlarged micrograph of this specimen is shown in FIG. 5b. FIG. 6a shows a scanning electron

micrograph of the surface of a specimen of the elastomer E2¢ and FIG. 6b shows an enlarged
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micrograph of this specimen. Correspondingly, FIG. 7a shows a scanning electron micrograph of
the surface of a specimen of the elastomer E2d and FIG. 7b shows an enlarged scanning electron

micrograph of this specimen.

It can be seen in the scanning electron micrographs that the particles, i.e. carbon nanotubes and/or
5  carbon black particles, are embedded in the polymer matrix and enclosed therein. The surfaces
show at most a relief structure caused by the particles. Only occasionally do loose nanotube ends
project from the polymer matrix. Overall, the particles were thus incorporated firmly into the

polymer surface.
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the el astonmer specinen El e wwth a gold | ayer. The neasurenent for

t he gol d- ctaX edpopisivhmEnn Ekstenearhict lap p gthsatranaitior teaipgaturoT, dfffraabBut 30°C to
275% as capede,s86R:d" e thickness of the curve 100

above tﬁi s_el(gn%(g]?i%@ﬁgh t%é}e%hsa%%g%‘ﬁ%%ﬁeeageem%W@gsu?gh e3t%s that the

addi ti onal g)ol d layer has no influence on the nechanical properties

of the el afonmeprovitive afeapiaparetion nfweageidpated |catbes puticlas dpend meavahed peticle
10 el ast ongy, e iR idd : | .ayer.. . ves .12 30 and
140 indicate t eregr %@lsﬂg%(I:ugqﬁz_a%dag%dgcl‘;i%ﬁmo‘%{hl%g(géfgftgiﬁﬁg fq%oﬁl}fi”?lﬁ?g of a
vari ous speusfapelayerof thelslsteinast oner El e. The curve 120 relates to a

gol d-coat ed speci nmen. Here too, the neasurenent was stopped at an

el ongati on(®f ahQw.; 0y V. : = —_
without a gét}rt her coa ﬁgé&é?ﬁg?}ﬂeggf%%l%&ﬁg%}l g‘%a"t?ééng%%lgnngfrthe cafbon partcles;
PEDOT- coat ed speci men of the elastomer 15 El e. It can clearly be

seen t kAt EPast #kieg ofthe prapargtien efdhricconvattiglenhi gie sudies layet ofdheselpyeser for a

under - def 0B LhRR ;ARG AN Reoritk o B hib bIERERYRE further by means

of an additional, conductive strface layer in cértain deformation
ranges. FI G 3 again shows the dependence of the force F (left-hand

y axis) fof®t heendingsfdhetction ef he praparatioreef the earborpnaniclos angheyburiase layet of the
i ndi cat es tlhadmdrhe resistance is increased by about two 20 powers of
ten in the neasured el ongati on range of about 230% FIG 4 relates to
an untreated speci men whi ch had not been functionalized with carbon
particl es of fEREcEs as¢lawmer eslaimy which futhar compriens tsestan: di pped i n

acetone (as would be the case for a specinmen denoted as El a). The

figurelshows thgpepiendeasad@iioda8ledt a0 chndub@e LRRRE 1 BHh@)ladedd comprising
measured cyrve 310 or the resistance right-hand y axis

nce R (rig| ) in
measur ed cUPRASPFoBRPEiNG calbam atticlss iyinedain; sipps2 B B (B). Syhees then adgitional
t he el ast ogedtridally \Wohd@btieaRly &bkl WrdaRE @ ok '
W thout a CNT Ia};{er introdﬂced into the gl astﬁgunlgfwteﬁ)gg%g%%?tl?\%ﬁafe layer
of the goI?ﬁf%rE)ﬂ’tet@fﬁéﬂO%peci men breaks down on defornation even at
smal | deformati ons. Figures 5a, 5b, 6a, 6b, 7a and 7b show scanni ng
el ectron m.amegrRpRSs CREMI i tlalna | WheseiS DR GEART ¢ ol i
invent'&on. Ttgggr}z\ere praoduced by neans of an SEMl?&rrﬁD- el E%EMma%ghﬁ)?%paﬂICIBs
400 3024 r ot tREFuriaps leyerss theclasiemer in stam HRriekea Plaes ysing ulraseund padder hsht. ¢ he
surface of a specinen of the elastomer E2b. An enl arged m crograph of
this speci #eThel groceiomnclaifhed ifsclafaD 1, Whdin G SRVDHSHRicRS ARGl R B roup
m crograph of, the su%f ace of a specinen of the elastoner E2c and FlI
6b shows afPREgaf&efbon napptubes,ipgleyalh Gerbest nanpiubess palsivgll garbon nanotubes, carbon

Cor r espondianghdtns, EArbon’ Randhauys, AillseAlN i@ SapHeas b6 ﬁgéréﬁ:larbgﬁ HidAE and/or
surface of a _specinen of the elastoner E2d and FIG 7b shows an

enl arged sWadMiNGcEPBR%n ni crograph of this specinen.
25 5. The process as claimed in claim 1, wherein the solvent is selected from the group consisting of
methanol, ethanol, isopropanol, butanol, ethylene glycol, propylene glycol, butylene glycol,
glycerol, hydroquinone, acetone, ethyl acetate, trichloroethylene, trichloroethane, trichloromethane,

methylene chloride, cyclohexanone, N,N-dimethylformamide, dimethyl sulfoxide, tetrahydrofuran,

N-methyl-2-pyrrolidone, benzene, toluene, chlorobenzene, styrene, polyester polyols, polyether



It can be sePYH%9974%scanning el ectron micrographs that tREI/EP2010/004283

particles, i.e. carbon nanotubes and/or 5 carbon black particles, are
enbedded in the polyner matri x and encl aged therein. The surfaces
show at nost a relief structure caused by the particles. Only

occasi onal L.y, do | 09s of ube .ends prqgject. fromth I r trix.
Ovoral |, t Pt PRPEaR IRy T el arateiyr o et Hsel Burdis of the
surface. -abd&meni@nai nslvénts Avithr e emsthéroandpmidites othe xbenrgieMidded solvents with
el ectrodes %?ﬁ\éi ng a surface |ayer conprising electrically conductive
carbon particles, which conprises the steps: (A) provision of an

el astonmer which has a glass transition tenperature Tg of fronf?: -130C
to 5< 0C arfdTheprefestds cldmpedsinckas 1 avivodsthn elastomerie setedifoln thagoeasimBting of
el ongat izon; rQul si r i.on_ of .unaggr.eqated carbon

part el co. FyREbR Bk AeP Bl oERRGAME Mo ARIEY R i strenc)
3000 nu i n palyéaskwenitrilemv-methylonelipklate), iyangdea balyimideitide] pajyesfer, dolyether ether

surface |l a f as r, contacting of. the rface.l aye
of the el a)sk'? {())?r%r é\nafﬁﬁ%rhegsgér;[gpg?liétlg%%nebf B@}:{ieng-gfo%ﬁnepa@q%gpesgoly(gt\ﬁyfene-co-
10( D) act i ndetofluernghyempar aiolygethdénetcherinyar bacetasa)y t | wil@sthdmetdoevisur f at@hol),
| ayer of t I r. for IJre ich is insufficient to hring th
el ast onmer Pﬁf) %szig‘%n%g? ﬁlffﬁlglf? lk%% éjr?\g\d‘ikl]nﬁg’és’ oknaf'ﬁagf a%l[’%’e&n p8£yofl?'@q methacryfate-co-
pr epar dOi onrcwyionithle-codmindienpen-ftirehadpobiimethd satlidendiae-balasdiab-cbBBrene), nitriles,

el ast oner. h s.claimed in claiml, which.furthe .
conpri ses t 4 ngt éoplﬁ) ﬁlgﬁ)?ig—%ﬁ%p Iplglé’%rto}’%%nebp 013#%13'&1{1?&6%9’&&@1 B‘EWF%Q}GIS’;/POIYWHYI
conduct i ve chlayide, polgvinjldlwriddsaodsiliapes. conprising electrically

conductive carbon particles obtained in steps (B) to (E), where the

addi ti onal ' : uct.ive Layer . obtai ned break or,

rupt ur es orrll'e Jg?eg%ré}é‘%?%)énéﬁ%& %?gne&élﬂir 3 efnat;l/“élg’ur%lé: e ?fﬁge "?%%#‘{%Ef isseily covered
3. The prodbgssnas atleadt iredlep (B).cl ai m 1, wherein the acting of the
preparation of the carbon particles 20on the surface |ayer of the

el ast oRr ign sst - i | trasound apd/ or t..4. )
The pr g'éeség ' QIE egﬁgi&%cfﬁﬁ%ﬁg%l al %ﬁ%ﬂg %grgset?%ert ﬁaé'm Eat %%P ceng( ?rih@fggmgrcé'mpmes
sel ect ed f ebatricdly epandugive eadbprs pirfigesodndoan e robtemedt iybe procest ag klpinval in one of
carbon nan es, Lyal d 0 .carbon nanoho car
nanooni ons?f#g’ ?é? Zﬁgé%r@glr%%%lﬁ{tgﬁé}g@ggt%ér%g?l%%%%lotﬁmF ?r%erregﬂ 0@?%% LGRS
bl ack and/ ¢r0°€end dathieymoreghdsiressyt doeknot &GeasT With proedsselagatidndh teckldstomer.
claim1, wherein the solvent is selected fromthe group consisting of

met hanol , gt SR | g, bt . 18t Dyl glycol Qpyl en

Gl yeol - butyl o aespheaURBRNR i Plot ol LT BRI EEbrescBl BHE &Pcc 1ayer
acet at @0 t (Ddétk denvieetsy | ©mm belowithdsudacset hane, trichl or omet hane,

net hyl ene chl ori de, cycl ohexanone, N, N-di nethyl formam de, di net hyl

sul f oxi de, 16.%15@@114&&9%%%%@&‘1 et B,Z;év?%/rjéﬁlgt!g‘a ch{ﬁﬁré rpQI%@l%:? & pr%&eky &%in the

chl orobenzene, styrene, yester poly
elastomer material of the surface layer (1) surrounding them in a proportion of from > 0.1% by

weight to < 10% by weight.

I

11. The electrode as claimed in claim 8 having a specific resistance to the surface layer (1) of from
25 >107 ohm cm to < 10° ohm cm.

12. The electrode as claimed in claim 8 having a first (1) and a second (2) surface layer comprising
electrically conductive carbon particles, wherein said first (1) and second (2) surface layers are

arranged opposite one another and are separated from one another by an elastomer layer (3).

13. The electrode as claimed in claim 8 which further comprises an additional electrically
30  conductive layer (4) arranged on the surface layer (1) comprising electrically conductive carbon

particles, where the additional electrically conductive layer (4) breaks up or ruptures on elongation
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di et hyl ene gl ycol, nlxtures of the abovenentioned solvents with one

anot her and nixtures of the abovenenti on@d-sol vents with water. 6.

The process as clained in claim1l, wherein the elastonmer is selected
fromthe g@pg@sﬁgﬁ§k§&“@gx9§ ﬂéléﬁ&% [acryl ate, acrylic ester rubber,

pol yacrylonitrile, poly( acry onitrile-co-butadi ene-co-styrene),
poly(acrylonitril e-co-nmethyl nethacrylate), am de, pol yam dei m de,

pol yest er, Ipothrerlastpdecastidaimpeinoriem 1o ihereinghe E‘%‘#@iﬂal shrsirigalishgandensive layer (4)
et hyl ene- p'&@tﬁﬂﬂ&:@@@olﬁuﬁp@{ 1colﬂﬁ¥ Xﬁ&ﬁﬂth%ﬁﬁi’ecﬁﬁﬁH’e(ﬂEﬂ)édq{lﬁw h?!( ﬂ%).\smnum -doped

pol y(et hyl ene- co-vinyl acet at e pol y(et hyl ene-co-vin
f1 uorosil i éWAeside,satimenyotaped )oe;@pyn%@rs)oly@éﬁhwangdlq«Mhene)
pol y(net hyl nethacrylate-co- 10

acryl onktr itk eT60- Rt Fb€ NPechOAS bY T@AGId i HIMLMBE B lelectromechanical transducer, as
met hacryl at e- co- but adj ene-co-styrene), nitriles, olefins,

pol yphosph&Zefaec ﬁéﬂaﬂ/ﬁ%ﬁjﬁ%@ as lsFiipmeehamirRl BChacr vl at e)

pol yur et hanes, polyvinyl chloride, polyvinyl fluorides and silicones.
7. The process as clainmed in claim1, wherein the surface |ayer of
the elastoner is partly covered by a mask, at least in step (D). 158.
An extensible electrode conprising an el astoner having a surface

| ayer (1) which conprises electrically conductive carbon particles
and can be obtained by a process as clainmed in one of clains 1 to 7,
wherein the el astoner has a glass transition tenperature Tg of from>
-130C to < OC and, furthernore, the stress a does not decrease with

i ncreasi ng elongation in the el astoner. 9. The el ectrode as
clainmed in claim8, wherein the carbon particles are present in the
surface layer 20(1) to a depth of < 10 um bel ow the surface. 10. The
el ectrode as clained in claim8, wherein the carbon particles are
present within the elastoner nmaterial of the surface |ayer (1)
surrounding themin a proportion of from> 0.1% by weight to < 10% by
wei ght . 11. The electrode as clainmed in claim8 having a
specific resistance to the surface layer (1) of from25 > 10-3 ohmcm
to < 108 ohmcm 12. The electrode as clained in claim8 having a
first (1) and a second (2) surface |layer conprising electrically
conductive carbon particles, wherein said first (1) and second (2)
surface | ayers are arranged opposite one another and are separated
from one another by an el astoner |ayer (3). 13. The el ectrode as
claimed in claim8 which further conprises an additional electrically
30conductive | ayer (4) arranged on the surface |layer (1) conprising
el ectrically conductive carbon particles, where the additional

el ectrically conductive |layer (4) breaks up or ruptures on el ongation
- 20 - of the surface layer (1) before the latter does. 14. The

el ectrode as clainmed in claim 13, wherein the additional electrically
conductive | ayer (4) conprises gold, silver, copper, indiumtin

oxi de, fluorine-doped tin(lV) oxide, alum num doped zi nc oxide,

ant i nony-doped tin(lV) oxide and/or poly(3,4-ethyl enedi oxyt hi ophene).
515. The use of an electrode as clained in claim8 as

el ectromechani cal transducer, as el ectronmechani cal actuator and/or as
el ect romechani cal sensor



