- 1 - Process for incorporating carbon particles into a pol yurethane
surface | ayer The present invention relates to a process for

i ncorporating electrically conductive carlbon particles into a surface

| ayer containing pol yurethane. In particular these carbon particles

can be car B&# pugerperating carhion pagicles gato aolyurethang saripeedaveray er

whi ch contains electrically conductive carbon 5 particles and which
can be obt g0 pRsdY inRel¥oR 62ASs 186 GRIcEs Ter ih&r%di‘eﬁinh B)EREAIR b onddBve carbon particles
invention also relates to a pol yurethane object havinqﬁﬁ surface

| ayer obt aiHABIWIiRF 18y conaiawe fobyrediangy It dattiqalar Hgeniaftsn Rarftgles can be carbon

cont ai ni ng ngloRbes. 1€ Ak Yel RQNAUL bolYiBeb R0 r RMidh Ghfhs SRRRAN SRABRKNE S bon
(CNTs), are known for their exceptional properties. For instance,

t hei r st r e RgHFleS 814 BhighF3p BOPPAIRGIY & Prapesy peestddng to the piventiopeHiggipvention also

conduct i Vi tfatbsStodd PatAGethiMeBjckhiRlvingfa dir@fORPer dbh@lable t}0r bld&sEBdcording to the
stability is up to 2800C under vacuum and their electrical

conduct i vi tRYeRtSHR 2B copiiRing sleridcatiy sandpgtive bt partiglesa npl ecul ar | evel ,
however, these structure-related characteristics are only accessible
if the car lpamon anRhbBEE @) ard endWANBOMEGIe Oxtehtional pRépetiREtFRE ing@fkel MEir strength is
great est possjbl e contact ﬁétablLshedzgetmeen,the tubes and the. _
medi um i nTOERY10QGIes ey ofsslriBelt thermal Srpsstiviy ds airend sticedhaiof diaond, their

di spansi bl enewhdRtabifiey 8BS tB00NY drlder RE@AM alddh & 86diridaletndERREHEI e intMy times
it is also_ 15 necessary to form a honogeneous network of tubes in

f
whi ch i dealtiy of FeRPeR 4t § mralsshiandavely Apyesr theie simefure-relpted Chpmpeipristics are only

nanot ubes sheuide FerhaSaseP addtiBeRSanPRS Rt gBacolisI® distibARdfdh@Mhe greatest possible
aggl onerates, not oriented and in a concentratign in which a network

of this typeniechrsigblishedpgivgen thp fubepand ibe mediymadh gthenyyords By BBKingthep; coppatible

in electrigad h6RPUWBE Migediths wath fibgibdiOR. Ofitht lagar€ aneRGtEACLRM®ity it is also
carbon nanotubes (percolation limt). 20The incorporation of such

partilel es PFREEFARIP Jorara hagagpneaus nesvark qEtulgs in wiuchddeplly By prgdhpAngagt only at the

appl i cat i oggds. THO cABRERdnSUBAVROUIR bRGis tseieldle hh&siBRN Sé. dRleatdn® Badi@herftes, not
successful processing of carbon nanotubes, if the purpose of their

use i s to RHEREeANGdR & cougenteatian i1y Whigh p petwgrkRfchis e cppiustdRrpnshis being reflected

car bon naney uRebAPHlTRREEGal REMRCHVy RS aFiRkeN otiRe 8RS Hon nanotubes
conpletely, and the strong tendency of carbon nanotubes to

r eaggl oner éReéc"?ai“Hnlclﬁg)'sarre medi um during the ageing process or 25
during processing of such a dispersion to formthe finished material)
has 0 be Jupphesmedion Tdfeseh Qafticies Uhiol pelyher GafrkeN inanotdfbidterest for technical
processi ng are bas on the hydrophobjc character of the carbon,

hanot ube. S APRISEIPNS T L TRECHITGYF (5P BEE 17IR S5 BTt fgr a successfl processing of carbon

quasi - one- garvaibed, oMk pSipbseCdfukidr uskfis Gamiien mavedl hegicalyecdn8udi®e, for example:

prevented fromfindin n ener m ni in the for f bundl es
and/ or aggFBRet Bage tg‘ﬁF@‘i’IFer@ang EithibF {E?Q?ewu? H‘ng I‘?Eb“ﬁ'g%fﬁ LFH%“B@F%YO arb g gtrong
them nust Rdénd¢g bLadsEG. nahdtubed & £RQIdnErAe (i Headmt Ratiug diiagtitakeing process or

coval.ent functionalisatjon of. carbon nanqt ube an i, ove_ their

oo BS i | P DR aon ot & fisberiot B s ebetmnerl) it SopriFgsedyThese
increased (iffietielin cArbfOndn6fube pfoaddkihi tape WBEl shic ADEBPIEBicOTharacter of the carbon
reaggl onerati on duringcﬁﬁlé_rethane pr.oducti.on for exanple. However,
this surfal@oRarracatidhc Hperes fale ol ispH@ngdimsaspial MBS el ect r on

system of the tubes and thus |owers the electrical conductivity of

each i ndi vifkigdon tnefrdutae a@riélbe @rebéntddorfl €gAiag a® Enesdf mitifih ek ifSat dfhndles
- 2 - The nopn-coval ent fﬁnctionaﬁ{satjon of .car bon Q@$q%ubes
dl i i

, . by,
means of dPEPYrASRSMeRfs: Ty exnnapbilipuithihg medwmsprropy P St B ppfgesed. It
cheLn'zsoﬁl , @Kg)ﬁ&i lﬁﬁotdmﬁdtfa:dgaigibﬂnco&ﬁﬂgnt(fﬁlﬂﬂﬁaﬁdlibitioh%ﬁ'&dr@cﬁa @2hotlibe cEIUthhﬂ)ﬁove their
with the nedium . It shou be noted, ho er, that this approac as
o Do oot | R R P e Lo Rt for R EoRY b 5P Bl HRHEHp ge-term
mat eri al OktabiGfymahdAttheO Absehdd bEhEBgIOMetaién Cligd PblyMrediast hRRluction for example.

However, this surface modification also interrupts the delocalised #-electron system of the tubes
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and thus lowers the electrical conductivity of-each individual tube according to the degree of

35 functionalisation.



Sconcentration of the di spersion additive and can never represent a

uni versal solution. Finally it should be%moted that whenever fillers

- and hence al so carbon nanotubes - are processed, there is a risk

that al t hodgn renhevelest dpetienplisetion 198 csberpanotibes, diy sl dlispraion radditives for

conduct i Vi teyam lg NEaIR ARV bR &@M%Bﬁkaxﬁkﬁ%o&fﬁ@aﬂ&%fdaéo i 611e§f the tube
may be reduce his i s especiall é critical when carbon nanotu are
P

i ncor por at edthithy Ieedytrw disheuld be ofph dpwense At this apriopghehag y)she@n’gmlspt:hagm for each
conpact 1%\;}%&1&5@ %hethypo%Mh@rawr kA 3t fAGALATEALGR O\Nmefcﬁelﬁ%( thd the
not be conpletely broken ‘up during the di spersion process represen
predefer i weererratiak prilje plspantion addisiMasidcan ngyenyseicsdnba unvastil @sutlonfpact

resi stance and fracture resistance are reduced by such aggl onerates.

Accordi ng tehaliP8 sREd@be Adida thhWHAERF fill@s NRHiGheRceGMNIREbbn HiHoRIbEA! are processed,
el ectrically conductive by addi ng carbon nanotubes, the carbon

nanot ubes kSR i 2k at AithpRehoIpEIRSBY 12y belPaseingds darstantitle eleryieslcondpsivity, at
entire vol uEaRf ikl Sevels of Bl BEdh@Micad PoPerdibhayt ln:eretﬂf?:éci: QhRYE QBedidif ckitib when
exceeded and at the same tine no nore residual aggl onerates renmaln.

Thi s pr ocediiten Japlpbesare meprgprated dntenipareds sereachandfas dlexiblerpysienas. i 8 égmpact
in viigcosi hynuRRGeRs @ia%ﬂﬂé’)‘eshhﬁ aﬁQHﬁ@l@ﬂeg @chﬁ @&l@ﬁot% &Qﬂe@@%%léél? &P during the
whi ch are necessary in order to exceed percol ati on

Fur t her mor €isperpian pioerss Iprrsema e p@ﬁetevnmﬁémbwe@aet M@h@g@hyemﬁﬂemsty@ras impact

nanot ubes dufsnee 2ARALW RLiaRe aferle&ﬁeébynamﬁ%g@%er%s %e&eﬂg% 88 %rior art, in
directly prevented with this nethod. |In connection wt

processi ng obfer apdErt qeamatt tnesial eleqiqelly sensiuetiveibyadgios 9@1]3‘@1 llf?aﬁfehes the carbon
NUNEr OUS WLk 1RE %lsraome b BB EdARobreb iR dikrutel thﬁauf be & %&@ﬁe of the
polymer is first conpl etel d|ssoﬁved i'n an organi c solvent, then
nanotldbes &wErigl s‘ﬁérgﬁdﬂll? rPerchiagon Smjtnisrexgested pesh abfhe same time no more reSIdual
pol yur et hapgdispalyeilenB@sed nanot ube di spersion thus obtained is then
drawn into a filmor poured into a nould. 25 The |last step in these
processes i s the |aborious evaporation of |arge anounts of solvent.
Exanpl es hdhisdrocedise way pRemfalls simply beqagte of ferisapailsitisesdn iviseasity rpagndered by the
Sahoo, | C. cditRratibhslof c¥@Bn ndno¥ibehRich GRIMOSKArE $n %b%%ﬁce@fl‘ Ghe percolation limit.
Technol ogy 2007, 76, 1920-1929; N G Sahoo, IC Jung, HJ. Yoo, J. W
Cho, Macr ofBitherapigm thppigagslopmesion 26f7 hompgenequshp: diggrrsod,, carbon znaalﬁtglbess during
Qu, QO VVJ1 Qyuhen: Es@i@ﬂaﬁ%h@&c&gmnd%%ect eredtwith this ke, J-

Cao, J. P ﬁf Tanlﬁ@ﬁ Zhang, Q Fu, Journalg%ﬁg 30 Applied Polyner
SC|ence 2008 108, 2023-2028; R N. Jana, J.W.  Cho Journal of Applied

Pol ymer ScitkrRaaeosign #ith fhyproosisipg of serhomprgotibesig fiermpplagtyg) P@“@hﬁﬁ@ nugerous
Li, X Yangsordd.arddknowd Gtk litanke iy WREL BeifRRE&E pdighdr i ¥irsPRkpRdly dissolved in
Chemi stry 2008, 46, 4857-4865, and in US 2005/0127329 Al. A review of
this fieldaamwaursvesk hegdprchanerungs sy diwsised @ hig polygerssolugion R@Q}E@polerethane-
E. Koni ng, /&hembabati@hotubeld¥pbrsiohShus Dbtaind®BIhehtBwn into a3film or M@@ i&% tnould.
2008, 8 (lﬁi 4151-4157) in which cotton fibres are imrersed in

carbdh nandtitibe S&ipsbé}esﬁ IRt isdbr labpriobhgprptioned dargmanaqunisiof splvess. Examples

aqueous PSgeset éélhlHérfoun-ﬁhlh&h@ﬁﬂl%ﬁﬁlgtﬂﬁﬁh&ﬁ&tbo|N easmwbﬁe 1u8g 08 7 280 T e Eho,
|rrevers|bhy on the surface of the fibr

coating an&CmaRTEYSHeReE an¢ Tasherlosy) 2087 r%céquloywa%rﬁigic%qhﬁ‘éY&ﬁ““%&ﬁet‘@ea IW.
et al. (Cainemaeogol. 6_&&5’ P}g@lzob@ 301 67743- 1@'@0 ;banx2008zrhis By, 1. Wy, Q Chen

establ i shed a process ester fibres were passed t hrouc

o o ng e el Ry 24t 54 5L D, e okis & T Orime 0 T Jaureal of

end nyl ti- \A@bhﬁcb&;aﬁebseleﬂ@rmmes 20858048 RN. 165 Per £86 Jélﬂnaaepgwéd Polymer
sol uti on b% means surfactants and then mixed with an anion

pol yur et ha é‘e’(’:ﬁeszﬁg$ slpé’nzgﬁ'ﬂé“t %ﬁlﬁér‘é@r@r é Be @h@aﬂ&ﬁbllhgxbﬁnﬁ’ ]ﬂ/a%l domal of

The i mrer sediyhebsgsmcaveag At PEPmbaalatkih2069) 46)\8B7 1185, 0 iS US2085/8137329 A1
10(100C abové the glass transition tenperature of the polyester

fibres). Depending on_the concentration of nanotubes, even after
A'review of this field can also be found in N. Grossiord, J. Loos, O. Regev, C. E. Koning, Chem.

Mater,, 2006, 18 (5), 1089-1099.

35 Processes are also known from the literature (B.S. Shim, W. Chen, C. Doty, C. Xu, N.A. Kotov,



One possible alternative is the approach by which not the entire”

pol ymer matrix but only a layer of materida directly adjacent to the
surface is provided with particles. Such a procedure woul d be

15desi r abl dNaag Lgitn@gd8s 8 d12)adbildtlag) inhehidh seitbrafiiresgers idostsed bredarben hdnetube

i ntroducti QA g}glo?soﬂ)a\égﬁgn &ﬂ%}j%ﬁ&{‘ dcﬁff\f!)rltc]?e.'aqlé‘| ouf PSEE] séﬁht?ocho?iéi% 3éausé; the carbon

process S t €rer ore proposed accor e 1 nventlion _
i ncor por at inagpteies tat brej adsrbsd irevedhildy pw the pmfm of s fibres.domnisgi# hersezchepyeoating

t Y] foll t A
con aln|ngaggh]ﬁ%§%ﬁggﬁﬁs%ggggmggggﬁﬁgga ol l owi ng steps: (A

Preparing a unaggr e car bon particles having an
average particle dianmeter 20of nmto 3000 tun in a solvent which is
capabPe of Bc&ugityiget el Cashpal 300B, AP, doigdfiri) bdiecattap @P0%IdH13] estahbished a process in

pol yur et hang; pfoﬁ)est ﬁﬁ?&' WAGe m&dnm aealpgﬂgsaf? @iy t?% %E%%e BHES with

into contact w't e solution of car ti1cCl es,; using t
sol uti on ofCNJar Bothipand maltewalied cathon gyanatihss p‘@wﬁrsétdhamedoorﬂqams isglution by

surface | ayen,25f sgffac?an&e‘fnh%n%lx d \W?h Méxﬁé}\b B Ethé‘lléfdl&léggljsgﬁltThtBQS perature of

convert the pol yurethane into so ution Ing t action o
sol uti on ofhecdiptiembailas 40%s Toa lmlh@rsqﬁoﬁly@sr@@rhm heated &y ami owgn SerrYace 170°C

! ayenyg E! egidobé a;lb|0¥e Qﬁg‘g}é&t 'tr\éﬁ)snﬁﬁr Eehg)%: réMotf h?@ é}%ﬁgstgfe ﬁglie t[%ﬁa&dqh% on the

present invention are firstl es o n-1Nsu
mat eri al . Seiwsntzatior of hanptubgs. avpneaf@cbpmz:adash@én*dthtcwatm the fibfes mpdied tm this way

10-8 S/m ar, thb@éq ei%ﬂcﬁ%hﬁ%c@ﬁ@%fupseiq adah la {Jils 3k fn&*gesm?)} E{tfsfallé?’pﬁa-q&%ons

particles are incorporated 1nto a polyurethane-contalnin
| ayer, which neans that it is not necessarily only the surface I tself
whi ch is c&ueedssibie Atemgévejatheiappreachiby twhidhaot th entirp pelyingl matgik b only a layer of

directly belgwat H‘l?ecﬁ%*' %&j@&‘ﬁt & 8@ s@x@&@ﬁpﬁrowa@d R IaflcRs. sdfhtd hﬁ[rgcetd{i'r% would be

context of the invention he term surface ayer In contras
two- 15- 4 desijablgrpsi «"omamseﬁ fepiding theudisasvanazas sessribed by He- laﬁrtpﬁelntsqnoﬁhsolvent

mat eri al |Q&%ﬁm$hhﬁﬁduﬁqEQQp§“%§@ surface as one of its boundaries.
The surface layer I1s delimted on the inside of the object in

question at least by the fact that it contains the electrically
conduct i ve ApHpeepTis disreforp aropeiey ascerdinge thepuyeniiensfer meerppraiing alqciichy gpaductive

any type obhaiieky il NFRQ IARH c@ihifP R dhdnB Somprising the following steps:

(A) Preparing a solution of unaggregated carbon particles having an average particle diameter
20 of 20.3 nm to <3000 nm in a solvent which is capable of causing the swelling of a surface layer

containing polyurethane;

B) Bringing the polyurethane-contaming surface layer into contact with the solution of carbon

particles;

(© Causing the solution of carbon particles to act on the polyurethane-containing surface layer

25 for a period of time which is not sufficient to convert the polyurethane into solution;

(D)  Ending the action of the solution of carbon particles on the polyurethane-containing surface

layer.

Electrically conductive particles within the meaning of the present invention are firstly all particles
of a non-insulating material. Substances having an electrical conductivity of less than 107 S/m are
30 typically described as insulating materials. The particles are incorporated into a polyurethane-
containing surface layer, which means that it is not necessarily only the surface itself which is
coated with the particles but that the material lying directly below the surface also absorbs the

particles. Within the context of the invention the term surface layer, in contrast to the two-



5 conventional additives such as fillers, flane retardants and the

| i ke. Exanpl es of pol yurethane_cl asses ar® PU foans including foaned

pol yur et hanes haV|ng a very high density of over 600 kg/n8, PU

casting resimensiomlserfase.ithuy also arsremeinzee aliroensionsl mofsiriakleyes Whigh (mobidps the surface
It is possibhge gk Wuﬁéa?ﬂéébflh@ sﬁx@efcetlzl}%r RYelift& é@ﬂﬁﬁ'&n fR ?l cl B Ghestion at
pol yur et hane- cont ai ni ng noul di ng or sem-fins 3 produc such as
films, tubéssstdy thaeitlnt 1t1fhléalpbﬂh9elp@tlwryiéoridyctmlpgmgbﬁer ally not 10i n

the form of a pol ymer dispersion. Step (A) conprises the provision of

a sol utionef JRRGMHR0IPEH 16 BN AR e 85 typbios ﬂsﬁa&alah@%d tche ontain. the
particles are present in the solvent in separate formor at |eas

t hat fhey &pwveniépnal pdgiiives sueh s diterse dlamp agtardipds gl theilikg. Evsangaﬂeamf@olwrﬁthane
a stabl e sqluei o Py a0 Cinhiadihe TohedPpRGirBhirRl 'hQﬁan W:l? %( tﬂ@ﬂhty of over
particles occurs when it is stored at roomtenperature f perio

of at | eastOQkemiRY castimg rpyinsi BY sistipe @iﬁ?éom@wddhem@mstm@@@PU) n or der

to prepare such a solution the existing aggregates of carbon

particles gag F?%lbm é?l'ﬂgy?ef IQYortﬂﬂ?suHQéer 19)‘1:9?3153%?1 94 2 %%ﬁﬁbﬁan&f [ Q2R b Bding

by neans of u asoun rindi ng processes or | ear forces.

Fi nal |y t her oteyisfipishad Iﬁ?ﬂ?é’éﬁ“@rﬁstfﬂlés tebsp or thgeis The pelymreBwRthisfiws gerdyaly not

sol utipon 051@gﬁggnf9§53h@}£§mgﬁg al so cause the polyurethane surface
to swell. The average particle dianeter can also be in a range fromm

to 1000 nmor fronmmimto 20100 nm It can_be determ ned by scanni ng

el ect ron niSEPJd4¢ 6PYPIEES thy mERYision ofghioludion of wragergeatedorarkon pafsicles. Hremeans that

sol vent Ca"thebﬁ‘arﬁd]esaﬂ‘éq%‘s%ntolﬁl tBe @Ql'%exﬁ%%@ﬁh?a@ FhMEDE at 1e'asttthﬁ th@;l Eu%rso slightly
case it is preferably a polar, rotic solvent. In_this way t

sol vent caRgsrRRksadpet thy F‘é‘&toi“\}% Ft? 16 e e %%?ttoné@gﬂ%ﬁ‘flat%rﬁilH‘Fé’lﬂltﬁthlh‘éf the

pol yur et hapgtonl BRik16Y FcuROMeAdH ROHSTed HEARS tRfdratlR RHdigeliNaf atiedsEbne day,
was added to the solvent, but 25it does not exclude the technically

unavdPdabl erefsraile gneyeskear &pur vregks. &y ardel te rrgparesueiha spleiontheexising ggeregates of

preferabl ywndh pafidiedREE bR rRdieh al ¥ ntrbductifie of @hat %)F'tfof %xa%fbl@-gyefﬁ)ééﬁs of
sol vent, the carbon, partlcles can_be deaggl onerat ed

sur f act ant &ltegpouge eaindiag progesses 28 hieh shesy fosges Fanady the Sglaplﬁﬁ "élﬁsear?ﬂ the basis that it

keepi ng t hggy hdth foph did BRtion MR 34hass Ha rarsb Eelu@@thﬁ g&ymeth&{eesﬁﬁme 1 Swell.
the solvent in a concentration of for exanpl e : %to 20 %

(1.1 w.%to :5.15 wt.%orwt Wbto Lc_10 wt particles in
step (B) t dRBavepiesPattislsdigmeter yan,lsp beqa aé'ﬁf}%Fé‘E?él &t n{nﬁg %QPWFQE figMe=3 nm to

hi the subsggoant itsheBe G&Bmiing Bkt eliros afikeRopast dyahBR 136 Sa@fing, for
the surface | ayer. Wthout being

example.

The solvent can be an aqueous or a non-aqueous solvent. In the latter case it is preferably a polar,

aprotic solvent. In this way the solvent can interact effectively with the soft segment domains in the

polyurethane. The term "non-aqueous” means that no additional water was added to the solvent, but
25 it does not exclude the technically unavoidable traces of water, for example up to an amount of

=<5 wt.%, preferably =3 wt.%, and more preferably <1 wt.%.

If the solvent is an aqueous solvent, the carbon particles can be deagglomerated by adding

surfactants or other surface-active substances in solution and keeping them in solution.

30 The carbon particles can be present in the solvent in a concentration of for example =0.01 wt.% to

<20 wt.%, =0.1 wt.% to <15 wt.% or =1 wt.% to <10 wt.%.

The bringing of the polyurethane-containing surface layer into contact with the solution of carbon



fixed on one theory, it is assunmed that at |east the soft segnent

dommi ns in the pol yurethane swel | _because of the solvent and form

pores in the surface | ayer and that carbon particles can mgrate into

5 these pomesdicles i siggBbiakesplecomrtenllicgnthaisviasg obibe pedymrgthalge swel | i ng

of the soft segment domains is encouraged if there are |ong polyether
segnents IR, ¥h|3%ulﬁ9%iéﬂtr s@ép@ﬁw%ﬁho@o%oh M@pﬁﬁctsoan tﬁ@-g&?ﬁ@e ﬂ&é}nﬁhthout being
bet ween the ether Dbridges. Such donai ns are sufficiently hydrophi

to be abl e fixed emens theomet ipayspmed dat 4 dggstibgofirsggreent dergainhia t pcflrats@thane swell
llayer to apdeRtdbrafe sollofl aRdorrh 30reD R 1BE supflcdMyer b th AR Bartidt¥ dAn migrate into
contrast to sol vent-based procésses, the exposure tine 1's chosen such
that fhe pdhoyePeEsh Ahadvicpust ¢ avasgicpaigiBing sgluenty e swelling Al e sefl sggmept domains is
sol ution. lpgidasie E}EFeeJré‘Ioﬁé ol&&ﬁé? @ég%%lan fh@ﬁéﬂ%r@ﬁ%eemﬁpé HﬁzL%mber of carbon

processes in which for exanple % or

pol yur et haAt®nsRsiaisen ihﬁptbeltbiélg%ﬁvérdpmamh arc snifeierily hydeonhidic frope ablethewell. The
| nventi on, pRAMEY el pehSrfOtPIE shifacblihyeltid DePby BSo i3 Lh8Ghm or <50 o, for
hom)geneousl y di sso ]I)ved and then the finished particles are obtal ned

in the mat ckk3@Edget her 15wi t h nanoparticles by renovi ng the sol vent.
Instead the exposure time is chosen such that a swelling of the

pol yngr surf @cﬁﬁ'aé% ?J‘soiv%ﬁt%a@éd%@cess@% %ﬁ&uﬁﬁm&% &@@n%u&%ﬁﬂﬁ%&l}u‘r%e in the
arem nute to Lc. m nutes, preferab m nutes to 90 m nut’es,

nore pref eFaHcy Mymﬁé@t t:Qslvwit%luﬂf@ssoluFPm{ml\}deéthéﬁﬁln(@y tqchien!ly expavaigsblegolution
the acti onppfcedsbien SAHidH foP Bxa@pleC &l AR, PGS T Webes 2001 Reosslr tB@Pﬁy&r@tlﬂgx{e passes
20 The sol ut| on of carbon particles i's thus separated from

surface | aye? thggalventTHepredss aseardiag b theipapntioprhoyever ip setgong én whigh the polymer
adherent sq #itki atho éﬁéb&lﬁ@&o%‘d simgexf ﬂié ﬁﬁféﬁ’éﬁ%ﬁmfw ar'é%%}ﬂe&‘% tthE1 ﬁlatnx together
pol yuret hane obj ectg the surface layer to be nodified f

di ppilfg batith mﬁ@a&bﬁleéctty Eaevingehe s vetnBiaigadathe I‘an‘éséteo%'éef%ﬁh@ﬁlaﬁ‘ﬁﬂhefhat a
Step (D) i swadyast megg&yﬁérxmff&b LRk phyceaﬁ;gmeegfs%&me &,ﬁsom lled £4€ 21 minute
sol vent present in the swollen 25surface I’ﬁe‘y is renoved, wherein

the pores ith $HE porigerweikahly 2118 ainggy ta Flcaibish @arremrefpr@blm?é minutes to
encl osed i n«thguRo! ymer. The process according to the invention thus
offers the possibility of selectively providing the surface |ayer of

a pol yurethane object with electrically conductive particles. The

shape of t IEB’aBthé% (D) iavalyse epring ﬁhéy"‘étﬂmlﬁ theiselwbpref “Gﬂ’on setigloeon the spie dpver.

nmoul gongs qap sQfidn’ SakRdn pASiclefI R (R debah8S idMmehe AREONGEHohi! ?ﬁ’en' tHe surface
the area of the qgbject close to the surface, a relatively snal

amount i s MYEIEE herrm@%% to repgveosthgient sahitian. é&lﬂ%qae&mdynﬁsmmnlvéy removing the

pol yur et haB@lﬁ%ihEl@eCt%JecFWﬂl@-tﬂe)éurfdc@ 158Mb b elodifd $OmUt dlﬁ}ﬁn?@aﬁ?@l“he object can then
processes, re i.s no need to renove | arge anmounts of solvents in

order to oBF&FSr?dMﬁtéaF‘?t?ﬂe§W€damﬂlﬁdl fied polynmer. It is also possible
to keep the concentration of carbon particles in a range in which no

techni cal | Btegi(BRAVRAIAPOORE, follGRed BY ¥ H5HEStebYn @GBRH e solventOpresent in the swollen
25 surface layer is removed, wherein the pores in the polyurethane close and the carbon particles are

enclosed in the polymer.

The process according to the invention thus offers the possibility of selectively providing the
surface layer of a polyurethane object with electrically conductive particles. The shape of the object
is not destroyed by dissolution, so even finished mouldings can be treated. As the particles are
30 concentrated in the area of the object close to the surface, a relatively small amount is needed in
total to obtain an electrically conductive polyurethane surface. Finally, in contrast to solution-based
processes, there is no need to remove large amounts of solvents in order to obtain the finished,
modified polymer. It is also possible to keep the concentration of carbon particles in a range in

which no technically disadvantageous rise in viscosity occurs.



An advant ageous application of the process according to the invention
is the treatment of pol yurethane noul di nds which are subsequently to

be painted by electrostatic powder coating or galvanised. The

el ectri cal An ebrolagohy eppiatidnebledhei proedse aseordiag ¢o |they Bvemivguis ethgyrireatment of
i nproved e i

ol at es t o PEeepEhPhba AL BRI o f LTS (BRRMAEERIARY couing or
for el ect r gplvorisstli a”hpaﬁlqﬁrlcnl@f coxxﬁhldty‘@t particled axtthoderiagt By¢rabrsurgr an improved
flexible p r

el cot roni & SresERE IR ERRREEH 3 TP OB 16y FHERAE P Yofurcthane
anti sfat i c noublingadgn plrenarath@rfef elptrt@@h@ntipomlrnmgt Cofdutthve opcgedssmaterials or flexible
accordi ng i C I

par i cl oo SvplahspRibAial 16 BHAR b BRAE AR RinpB R cpe sheats
t he use of ced bomsadadavithiad antisthtio codtinat . The |ntroduct| on of energy by

ul trasound and/or heat counteracts the formation of particle

aggr e.gat eS:FhII %@e&hle&%&l&eﬂ' cﬂfrt'l?sr DS éc%!)rﬁ qg‘ﬁ%%&eﬁ 619@@ aétfbnto@?he solution of
sol uti on. e I ncorporation o he partlc s Into the polyurethane

sur face | ayaboii partitlepom theglobnesthade-contaiking burfege dﬁynldoqcm Wirhetha e pf lgrasound
advanpageoys t i Y. f r

GenaiiPy i ninpg Ay Tie iy Bl BRED SR 4 OGS o kiEa RO A ormpion of
during the p@%pl@@ggregaﬁeﬂb@ﬁalkowélglmlﬁmﬁ@lc oensentrfionsdn thyrsokkemylhe incg@oration
to .00C pro?f Q‘hé’les égig& thinr[é rifa!:{ar By xseﬁpcp%c{gﬁ%edﬁw&l‘h%ltrasound the
process accor gtot e|n tion t ecar on particles are no
covalently ﬁfemt«)r o ndianispepugly 220 &He (e 629 Hﬁi’;ﬂanfrmdspmé@ﬂs thetraf the pewer density in
particles ear{y..0;sadqi yiogak »HBet PR tmgﬁé)‘ﬂ%%d&%%ﬁlﬁg hé &EE&‘E&d SHof the
additional reaction steps at their sur I'n particular, & Use 0

oxi dil§i ng &y@statire crotbeder enimmle &30 t9, <WOUF, orrbamahe RERICe, <1|§6‘t(%,155| um

per manganate and 20 sulfuric acid or a possible m xture of these
agents for pf Q%M&P%ﬁnb@dlﬁlaﬁtscﬁtth@ﬁro%ss Ta&%rcﬁﬁ’% Rofe Weﬁt'i&' e ckx%ox@}éﬁh&i@sdare not
An advant age of the use non- coval ent | unctional i sed particles Is

t hat the rcevaiatly cfhm@?%%hé?ﬁ aff theisesusfage; %@ msangothatd ther pigticdey ey e mdditional
thus. cont r i nal bl \ovdlEly bfidel 9 difiibhE rBLGA 46 &l EPRSHEL i bdrfeutar the
In a further enbodi nent of process accordi ng tpo the 1 nventio

car bon par me p%@méﬁ@gsaémé&tsm aspmitricy aid, t ydrogen mprosidprppatasking Wmnate and
nanOt2Ub €s, sﬁﬁﬂﬂlaﬁd\e{?-L b&glbﬁi%l?ﬂﬂa Jraned é@gﬁt% forrﬁ‘rle| ﬁlhc'tﬁ’ﬁ@alhsﬁgn%@{hg e8bon ]i)al’thICS 1s

nanot ubes, carbon nanohorns, carbon nano-oni ons, fullerene, gjﬂa
graphene,  @idrsnAn afrastza Abiihe mse oo valently fensspnabbednarticles inte e rlectron
to 1ncr eaSI ﬂs&n{ Beme s Gigdt hSC&Ht dﬁ%%%hﬂ Vit ‘Bﬁus Eghﬁ%teoﬁﬁﬁohpf'e%ct%qoQflesacctncal
i nprove mechani cal properties of the surface layer, such as for

exanpl e el genduetivity. and i npact resistance. 30Carbon nanotubes within

the neaning of the invention are all single-walled or nulti-walled
carbon nang{ yaRMeimiolncayf tﬁ@ﬁ‘cheﬁEJc@ﬂdln Q4 t}m-fﬁxfehtl(ﬁl(‘tﬁ@&alrb&n)ﬂﬁﬁlc% are selected
havi ng an onion-like structure. lti- Ig car bon nanot ubes of the

cyl i Ader, 4$emghe siepp samMnrising 631691 naﬁl%b@Soﬁm&ﬁ%i&Fﬁégrb%é&ﬂ@b*besdmelu-walied carbon
pr ef er abl y s ibes | dartoft Iﬁmwsce@honf QJnoIoH%n§afﬁt?&éhengﬁgﬁx%b%ﬁapﬁ&eh@éfﬁor@ﬁbres
ratio of length to external dianeter of preferab %

cont i nuous A OroOBESHYS Githen dlagk-dp Addieon tg yasreasiag thi glsctrigt sensyetivity, these particles
structures .3 510 SXprsle Mhﬁxﬂcaﬁ%ﬁ?pkﬁﬁes of the aMAAR! L@t ARDERErk 3YEfte elasticity and
stacked together and rolled up. These are knowi as the multi-scroll
type. Thes@npagtiseiFfateanot ubes are described in DE 10 2007 044031 Al,

to which reference is made in full. The way in which this structure
rel atgs tocafiRn ﬁﬁ{om;@s @ﬁlﬂﬁiﬂéﬁﬁeﬁmﬂ& of 1€ inve M QreSAr §ldie-FMRA of fultPwalled carbon
conparable to the whi ch the structure of multi-wal

ed
cylindri cama@&rbswif thea%lp%esgrot Oy MpRigicradldyreankaying a8 %t@élkﬁétw%e Multi-walled

structure Qfihsi RAbRLARIL HRAyEL! RASI ShulGREBR ypB anﬁixup@s&h&@aflafawéfe&a& used.
SWNT). In contrast to the onion-type structures, when viewed
It is beneficial for the carbon nanotubes to have a ratio of length to external dlameter of =5,

preferably =100,

35 Unlike the known carbon nanotubes of the scroll type previously mentioned, which have only one



10 nanotubes to the outer edge without interruption This can allow a
better and faster intercalation of other-7materials in the tube

skel eton, for exanple, as there are nore open edges avail abl e as

entry zonesoftonoushe dispensinemb gtagkena $1yen mpaimednotithdstmetrizs also eno twhidsonsist of
havi ng a si II 't 6 , -3 r 1

navi ng an_ onen Apphde e GeTRERIEERR Ty ag Btk B NS e
preferred &ﬂ:b@charbemmamubbhae pewcbskindde 60 004403t Al thb mhénhtrefrentenis made in
car bon par I - I nciional i sed AN .
car bon nandtGogs ‘Rade MR ot eSS ARt b GERGHOPRRCLRG or AR Yz YEh B s
rel at s herempayatih¢o alveemwayen ditagtether stmttutchef malivtvelbdscylindriceh narbbrs @aipgubes
in a range Iﬁﬁ&hﬁ a n o 60

inn. There (%yglﬁérl%ca} nitia %&ﬁelgtt tsnegt i Qi %ggg{’?%%d cé{nl(rl)qn%%l Bbh Ranotubes
However, i fcyliadriddESWINTR r ange for exanple fromAmto 100 unland

advant ageously from 10 ktmto 3() ptm 20In a further enbodi nent of

the proces j i t e,

obt ai ned f ri%rgrﬁ%%getq!r) 2%0‘%“9 pl%f én%\é %s@%ﬁa‘ﬂ&f@gh \)/ém}qsﬁge%&yes ﬁ{b %‘%aP ?8?%"'“6 o
and/ or pol )geiphiear lapays yothese carbef eauoedbepdbgrlysrmcyamtmuwlyaffr@n ttlteorsetrtba‘é@d carbon
on di;ghenyl C e C

o of e1r8r ! yes{'{% ey !)1?:91‘ ﬁ‘égé‘ go N{Raln)upﬁ drﬁ@}a&{ apgwh 54\728@4@%&? rhelBhakion of
val ues of oﬂ_l@t)margrm{m @e tube sliﬁ@om@oﬂ@mge dé’rtlm‘r@mﬁambr@g}bey@kigescaamlable as entry

furt her nor

pr ef er abl y%ﬁ%g f?omgég%mg?% B Cblgpat[&fe‘tﬁlt@?? %ﬁgl [ Iggt‘%%g hg\% a S?r%?e chél‘g?tgi cture
pr ef er abl y (Bebwekid.. 3951@%5) gr CISTHhavinpeh uldeﬁtyaceiumdurm(@cnmcetlﬁ% 263, 1744-7).

i nvention are pol yurethanes obtai nable from prepol yners of the cited
starting c Hﬁg§ | i )
enbodi nment %g?gt S\rédgtggcgglglgc%gor ?ﬂ"é%@ﬁ@éﬁ‘ﬁ@g rlllﬁarcl)thc}ntq Fes ﬁq \}JE ﬁ{des gre non
sel edfed f covalanHe fugetonmplissdrmpiii-gialef entoh aprsiubeshdvangal dlamesem pf @féamdb <100 nm.
but anol , etI*Hé’ hﬁﬁﬁ@tegl'eYaQéglhereQB Walvglg &%ﬁ{&gj of théSIQdHQHBéél ﬁ@ﬁl Q %&I !n 'a range from
gl ycerol, hydroqui none, acetone, acetate, trichloroet

tri chl or oetamme to <80 g mdoadmrh@q@lsl hydene te Ferinclheryis ho mémrimnbto the
N, N-di net h r JFRg

N- net hy1- 2‘%%@roll ﬁmu g%%%%g'ﬁ%h§ﬁiﬁgpmn%§%;%ﬁxﬂ%g%%{é?#??%’<1m)#mand
pol yest er p@%@@ggmdpébyE¥Hbmnbbﬁ%%#@ m xtures of the aforenentioned
solvents with one another and/or m xtures of the aforenentioned

sol vept s V“lﬁ Qﬁl‘{’ﬁ&eermbodlmeﬁt ﬁ%&ﬂrb&&%c%r&ﬂ% %ohcﬁe ﬁl%l‘plgﬂ tHQ"i'JE)fyhl% h§§e &H%e 8btained
the same tine yur et hane “surface

M xt ur es oﬁ‘rOtrh@e aﬁﬂ@ﬂ@h@ﬁpqlﬂﬁ@da@tss v‘éﬁht @leptpn 9011/@5 endéerspalyethgh pelpiols. HRreferred
solvent in Bllj}ﬁo%f?dtés%je ﬂBQﬁﬁEetd' ogrhlﬁlénﬁﬁétﬁan%cﬂl %&atﬂms &id toiu@neadusocyanate

further engodlnen process accord |n he 1 hventl on

pol yur et haﬁ@ﬁ&f@%ﬁ?ﬂ I??@)Yes‘fér Epdyof sené pplagiber oo Obﬂ]ét@h‘ﬂrqxﬁlt‘@lu@b?ﬁ %ILQO g KRH/g

the sol uti gn<9ig GRKRRD: PRERHE SstydWeal rReRLbre BRE SRM: RssePl tﬁgﬂaﬁgz from 2250
brushi ng, spraglng and % pouring. Conplete objects for exanple can

easi 2§ be t¥ caP¥epl, dﬂif‘ffgia'?i@j ?WoatO#éiﬂor&jmblaaqd a fnetipnality betwserp 2iceanl <6,

for prOdUCg&%réol}P%tWE&{ =3 b:fnaM eat, ?ndﬁd£$h&o¥éﬁ1}g e BhR GRS olﬁﬁethanes
i npl enent e The 5élntln polyur et hane obj ect’s, by screen pr

for exanpl ebtaighlle m@r@@}yme@@f thy cieshirring apEpendg eiith sebseaygriishain extensmn
printed conductors to be produced on the 10pol yurethane object. In a

further enpodinimpl erffoatntat B Q€ S@@es@ﬁ&gfd%gqg tleindddfiod MY SRS deliBied from the
pol yur et hane-contai ning surface layer is partially covered at |east

in step (Cprayy @mpHsiRg mRthanelp sthanchy ispryopaapl duanglr stiglens shre, stapylgee slycol,
and l;gaves bﬁ‘ttyflﬁé g@!’:&aay&mq%ﬂquhsnet Qée‘éan\é’aéfhﬁ 'aé‘&&té 'tﬁahc!ra/eﬂg@éhg %Em&%ethane

structures, Such printed conduct ors and |1 Ke, can be produced

on the el aé‘?@iﬁé@m%hﬁﬂﬁaacléethﬁﬁ@t relaforiges quBlPEﬁxilBHl&pl Noedimgthykesmamids, udimethyl
of a mask igrdxReORhRhlbitH! RLhAGI1BLR231i8ne! REnLLI8SIn e, RnIVRIHKRERS Etyrene,

polyester polyols, polyether polyols, mixtures of the aforementioned solvents with one another

and/or mixtures of the aforementioned solvents with water.

35 These solvents combine in a particular way the ability to form low-aggregate or aggregate-free



The present invention also provides a pol yurethane | ayer containing

el ectrically conductive carbon particles%mnd obtainable by a process
according to the invention wherein the outer surface of the

pol yur et haselutiepserithctberprrberemartnlaspod andie samietimatd lorbktow twiellg of ermalysrethane
hei ght of the, BUNRR.QS of Rifed ARANG A ' i i
bet ween adj acent r?psoggg %e%epmeo 5‘% 1?2%5%% ngtlﬁltg%giﬁ%ﬁuftge desired
cal cul at ed pfavertion firelspsoluiblean welest ance from the hi ghest point of a

bunmp to the | owest point of an adjacent indentation. In visual terns
this distagcg fﬁﬁﬁéreeﬁl%%ﬁéné&f &Q?rdiééta@&%né kP We(ﬁtl&{ E{% oissfﬂre‘ﬁ@a}{ﬁcontainmg
trough. In visual terns ance bet ween ad j acent r‘Pp

t he dPst anserfasetlayseis ltrmhv\mtﬁecqzlraegtvéh tiptsokitiomaf wmml@stayMg, spreading,
pattern in GrasSpaeGhd Wyl B@ﬁg E5mpIBE oBRLY i kA cdn

for exanpl 3 ‘%%ztll%t utée &a}ﬁle%] dﬁtl | ongated b utrrpsr a&gﬂ fie %X%b%%atedby
cor r espondidmgingrip @ghppmdcﬁéd Aj qediemiong proeess foTreodasieg agelymer Gt trepfedtin ¢his way
bunps can al g be {188 da0Thd Bl r

to 300 mu %e gge?% e di aneclzle bet%/gentmgd %Olﬁ%tret u%pi%gghbglsgﬂg%%gg?t%@ for
a range fr erantplg agows ftl@tlpmlmonﬂmm .s_tslcglrfgmmhcﬁsrhete@ ofndtigtom tapetfiodulest on the
car bqgyg paripb x%ﬁmﬁ' &p the polyurethane segnent structure to swell

at the con t surface, which, depending on the polarity of the
solution used, leads froma swel | i ng of the 30 soft segnents through
to a swel | ihg fafther gmbpdigicet efelljerirpcess apeprding o hayinyeton the rohvupsthand-edngaining
can inter agﬁrfé%tlzl}eltﬂ%a@igfl%w&;eﬁ%pﬁas@ﬂgstaﬁ{@tb&aatrﬁasknmeﬁl & covers e am areas of
pol yur et hane matri x sequent evaporation of the sol ution

| eads t hr odfigrsuthes asgbeader etber areas pposedr Bohis ey talasirisall @néuc@hmtg@alres such as
nor phol ogy pﬂﬁte& hendfols ﬁ{adthé'l%dcéﬁoﬁé/ Pogidians &@Qﬁﬁ%ﬁér @ﬁrfatheAnogher possible

surface. In he atomc force mcroscopy I mage this can seen
exanpPe as am@lv:éﬁqm fRitheyuseres 2 syaek is FroRbipimmpY¥Eg areas g the adges of havodipieesf i ¢

resi stance can be determ ned by reference to DIN WC 60093(12).93. The

specific rasgt glte@éﬁ? Bv&tioh Riss Efb@ld}?yﬁ g&lp@&ﬁadea%%f cdn%a119ﬁ€él@§tﬁ&ll¥ cbldu@ive carbon
range fromO0.01 ohmcmto articularly preferably

111. 1 ohm @faigles am0OHBIRbISHH & Rioccss accordipgelos "e%lé?ﬂtloil Akhessi the, ontpikaniaeceof the
rel ates topg BRIy ﬁ&é}%%pgmse&hpm}fa ntgief'i’tat%ﬁ% fAtead é%?arge %@fgﬁ@bmﬂh@%umﬁs of
el ectrical Ipy conductive carbon particles and obtai nabl € by "a process
accor di ng t0tHEto] HYRMT arfl anpisrags Aisenes helirase adipesnt bums of 205 pnde eph5 pm.
in the pol yye ﬁé@%@tm\aﬂptlsoca&uﬂﬁeatﬁf&mhe %ﬂ@@h%&%ﬁ%h{%@ﬁ pd¥t of a bump to
al ready stated, the surface |ayer contains @ ur et hane

particles i lewesspantof ap adiposytdndesiavamimyanlisnys thisdisaacrargmordsdo e distance
that el ect hiofakave QRGN R Wk 1}uDE GHESual Té?ﬁs ﬁﬁrcﬁété}llcgﬁet@@& z@ﬁa%&ht BEmps is then the
positioned to a depth of 500 nmor ...150 inn below the surface. A's

i ncl uded adisBReR iV s twmvavel@;eﬁtwéﬁtcalbw)é% adfyed paitepgfsFIssfaston: Rbe Sutface

pol yur et hage tl%ufjél?tﬁ@ch&ﬁ)@?erWaﬁ)\fbldgﬁn'}ﬁ!et BorS@LRON nB@bIK 6f BienARd bumps and the
additionally al so havin urther materials. They can for exa be

cons@frer oﬁpr@dwﬁwg@h@g@%d@@aﬁs iThe gysrage helgimowfeéomah@ngﬁpﬁ)a@ea range
and wher ei o] R Bi¢to" LAR! dnY o FRATHFE) MR 18 & _@émnn %@Tav&ég%m%x@be@@&ﬂ adjacent
incorporated into this surface or pol yurethane surface |ayer.

Pol yur et haRempigR dlsp s inaregs fiame=8paeq e 1y of Bomehimte gl Bym.

el ectrostatic powder coating or by 15 electrophoretic painting or

whi ch are trge Bauddl wan ih%&ﬂrb@ﬁ‘%artﬁ@le§ EduS@ (BY p¥RMetincCBaT: Qtrurt AE swell at the
af orenenti oned pol yurethane objects. Ot her exanples are conductive or

conduct i ve SRt FyrEes prhicherlcpendingden thepedsrty phthe spluiqnrserl. deadsolim Asvieling f the

genengl or s&ﬂ@ég%eﬁt@%%ﬁ?ﬂ ﬁ@vgmu%rbf@m %H@&gﬁénﬁo%'tlﬂgwa#f@h@&rbon particles can
enbodi ment of th ﬁ?o yuret ane obj ect e carbon particles with t he

pol yur et hafféerait Bith aific gro W@Er@éc@elﬁtﬁﬁ%rm@o HeaPelyigthense makixe A S“bsequeﬂt

present in e@ap@faﬁ@rpéﬁ th®So1@fon- tﬁ’usjlea‘@% th(@ﬂgﬂ"t‘ﬁe eﬁibea-&]ﬁ% oPflle QﬁrQ&ﬁ%aﬂﬁc@é@ & @Rhanged
also be in a'range fromw.%to %or fromw.%to . %
morphology of the soft ‘and r1g1d polyurethane segments at the surface. In the atomic force

microscopy image this can be seen for example as wave-like bumps and indentations.

35 The polyurethane layer can have a specific resistance of for example =107 ohm em to <10% ohm



25i s exceeded such that the electrical conductivity is dramatically

I nproved. In a further enbodi nent of the9pol yuret hane object the
surface | ayer containing the carbon particles has a specific

r esi st ance cof ThOs8eibh rasisiancecsan D dadminshby THeaenppde PIY EEG e¥)i93(1 2 e Thaspecific

be det er ni ney ?stéﬁgl EFlfhErp% iR Bk]l;\x‘ EQf Wﬁ(%%h%egﬁom%ls&ﬁ{;% '§ <1,000,000

resi stance o s pol y ane I's prefe y in a range from
0.01 ohm cmhm@mlpﬁwﬂﬂl)@r@ihwbldrﬁo b@lmmtﬂ aH0,008obhemabl y 300. 1 ohm cm
to 100,000 ohmcm In a further enbodi ment of the pol yurethane object

the carbon Tﬁ{@r I’éséﬁt %ﬁ/ﬁﬁﬁo% 1{18@1& "I'Qgtgé Q%ldé%?ﬁlﬁn%h%&t}%gln%%%uﬁ?r!el%%r containing

nanot ubes havi ng a diameter ofnmto . _ ter rel
here fo t heleawissllygeondidtive carborppartities sndrdtainsdls. byl 2 pogess abeodipgetg fhe anvention,

range fromyp.t.anm Y T is

initial lim t; tot hegT en%%@%&hﬁg%m&&%%@\%r&%{h%f anﬁg below the

a range fomsudcand elrfadpntated the sudge ilaver emnehinsdelinr oo uBieypafticlnin -thlSj]_@lrface

- Amto In lfg’eif %ng%eoﬁpjﬁgﬁ ?ﬁ& of:}'cf susmat%@cﬂgﬁbmﬂl@ﬁwg}ycaﬁg 'I‘htre BMGS%&H also
ace |aye '

first and a“second sur r contalning electric y conductive
car bon par e ppsiipnesiioer dspi of F5E0 fulos t=15hem Selow il sytfadeasieo Inglpded ageading to the

posi yihoned,; %&%aatr@%ﬁ?&%ﬁﬂfiﬁ@ﬁ% gﬁ’é’ﬂg@{a cfharnfd) &tlé‘ﬂ:r fnro‘?flllec?{%ﬁh @é}%nzk%ﬁm@é and

a polyurethane nce o the oduction pro
the first aﬁdin@naéy sle@hmehg@mheaa@whdy dhsy eandori qxtaleglp &t tonsenerobistie dompyising at

the electr 'I&i@tl h a i I'elt e yglﬁt\bﬁeﬁ' ltI cttwgflfgbnﬁﬁé%ﬁé AL BSn EDI%ES have
éﬁ)l ?H(,}gn %e ro % é‘ﬁ sSuc ?

A fl exible capa _ . uced wt a structure o
el ectri cal Ibyelnmmat¢d/let0|th@wﬁcgmiﬂtmnb%rﬁcﬂﬁmrect ric. In a
further enbodi ment of the pol yurethane object it takes the formof a

conposite @’Blyﬁreﬁfzﬂ?@ﬂf)ﬁldmésowm &t 's@alse \%ﬁtf} 1 Ef% é&’WéfécH@ﬂﬁw%ﬁvﬁ&%@atmg or by

Iayer containing electricall ycon u Ive C on partlc es.
of support cleatrephprgtia paipéngcerr whick gre tadicagatvapisetl ednshs ¢teldy Wl 9fn@<@§1ple of the

such as po'aYo?élﬁéﬁH&?cﬁ%lﬁfetkﬁﬁé }Sfﬁleﬁi '(ﬂﬁcr ckitiSicd AE c%?ﬁﬁl@ﬁvceoxacoﬁﬁ&cﬁlze and flexible

nmoul ding can first be coated w't yurethane and then t

pol yur et haﬁhﬂctmﬁr:m@élaba%}@tm@laﬁomnpﬁtm sgeaial\or e4ble sheat@éwma alpéﬂﬂﬁflﬁ@q eogting.
The present invention is described in nore detail by reference to the
enbodi ment 1exANRRSndebote g,a cthRR dlbj’b%i O BarBbil fhrtdl8 withSHAhE Bolyiirbifane material

shows a pol ¥ur et hane obj ec aving a three-layer structure . .
of the surface layer contammg them are present in a proportion of =0.1 wt.% to <5 wt.%. The
20 proportion can also be in a range from =0.5 wt.% to <4 wt.% or from =1 wt.% to <35 wt.%.
Ultimately the content of carbon particles in the surface layer is therefore indicated by this means.
The limit of the surface layer inside the object, beyond which the polyurethane material no longer
enters into the calculation, is formed by the lowest (innermost) line at which the carbon particles
occur in the polyurethane. Within the specified ranges the percolation limit for the carbon particles

25 is exceeded such that the electrical conductivity is dramatically improved.

In a further embodiment of the polyurethane object the surface layer containing the carbon particles

has a specific resistance of =107 ohm cm to <10® ohm cm. The specific resistance can be

determined by reference to DIN IEC 60093(12}.93. The specific resistance of this polyurethane

layer is preferably in a range from =0.01 ohm cm to <1,000,000 ohm cm, particularly preferably =
30 0.1 ohm cm to <100,000 ohm cm.

In a further embodiment of the polyurethane object the carbon particles are non-functionalised,
multi-walled carbon nanotubes having a diameter of 23 nm to <100 nm. The diameter relates here
to the average diameter of the nanotubes. It can also be in a range from =5 nm to <80 nm and
advantageously from =6 nm to =60 nm. There is no initial limit to the length of the nanotubes.

35 However, it can be in a range for example from =1 pm to <100 pm and advantageously from



FIG 2 shows an atomic force m croscopy i mage of the cross-section of

a specimen FIG 3 shows another atomc féPce m croscopy i mage of the
cross-section of a specinen FIG 4 shows another atom c force

m cr oscopy Flifagetoo3dime cross-section of a specinmen 20FIG 5 shows

anot her atomc force mcroscopy i mage of the cross-section of a

speci men FiG, firflouoaRhh 8f 1Rl QiFhrethAl GBicll £35S GOMY% LPYSedhd shface layer
surface of a specinen FIG 7 shows another” atomc force m croscopy

i mage of t lsentgining gleetrigilycondistyheabommatigleprarieraiy sifiiskand pagoad iserfase layer are
used, poly : t : 1

pol yolhaving s Cpiar et spiiol SAARR Ak HEh (A0 an B 8y Kb ERINE 5% As o
mPa. s3at 2%5cnseanenteyaf thej pyodugtion precefis | the fisgt eand 0he seoppd syrfacHABEE are integrally
33-LV(r) ( R u S : : :
modi fi ed igg%ég\f%&att(e/ t%éawéefé%ﬁgﬂg’duﬁ‘%‘ﬁaetﬁlﬁl YRaRLE Ser i) %‘i%?;%n@?“é‘ A flexible
havi ng an Na@citwreebr producodwsh sush 3etr@tuse obvastecticallysoudictive laferp@parged by a
50 nPa. s a%ﬁ%égicpar bon particles: Milti-walled carbon nanotubes
(BAYTUBES (r) C 150 P) Di pping solution: D spersion of BAYTUBES(r) C

150 P in a solvent 5The cited polyol, catalyst and isocyanate

conponent s e fether seepdiragperhtie palyurcdions ehiesb érizites the forn gi ¥ eoraposite of a support
char qgt eri %a‘téfia}/@tth' Qheolgolﬁ.géhzin-g@ﬁtfg‘,'egp}ep goﬁﬁhiﬂé !ef%@tg\aé‘iﬁﬁ/ %&MQ@ garp%dparticles.

soni cating the carbon particles in an ultrasonic d was use
i medi at el Examplespigapportanaterislstarenseniesemethls apbalya gthar palmers gpdheas polypasbonates

Speci mens Wep& oo Bhe !t dxIHRE 355kl hdulingQh Bl 88 coalidl ilH olfuitréﬁza:r‘lg and then

with acetone after being renmoved and freed from excess sol'ven
el evat ed t digneharathass suBEsdaYsscen te provideNivith the qapbogipertislébund) : A t est
pi ece of a polyurethane elastonmer (7 x 7 x 0.2 cm was conpletely

i mersed i ruapandidv@RioRfis desMbedaBAYEUBEPGY tetfredce@o MeleMbodiment examples below
N- et hyl - 2-pyrrol i done. The exposure tine was 0.5 h with sonication

in ad3ul t r &enmiecartbdheiligncsaddi ti onal 5.5 h without sonication at
roomtenperature. The specinen was briefly rinsed with acetone and

freed frompsglvemve addolyhMané bbjéet HiNlgNOhRY 8Yer stdurthe measur ed
surface resistance was in the range from 102 to 104 ohmcm The

i ntegration_of the nanotuybes into the pol yurethane surface down to a
penetrati off I‘ﬁépf@?“@?“é}?ﬂ?‘b@ﬁ‘?ﬁ’%@wow Baes Hﬂ&&%r"%ﬁrflecémflafi‘)@’emme“
denonstrated by cl oser exam nation by AFM (FI G 3). Correspondi ng

conduct i Vi FYG.13e aisdwseBtBérsitcmisNA)e rhicto8h$ Ende BDIRS tlosd Reticai@i g ydcinent Y
at the PU surface (FIG 2).
FIG. 4 shows another atomic force microscopy image of the cross-section of a specimen
20 FIG. 5 shows another atomic force microscopy image of the cross-section of a specimen
FIG. 6 shows another atomic force microscopy image of the surface of a specimen
FIG. 7 shows another atomic force microscopy image of the surface of a specimen
Embodiment examples:

Materials used, pelyurethane production and general method:

25 Polyol: Polyether polyol having an OH value of 112 mg KOH/mg and a
viscosity of 140 mPa's at 25°C

Catalyst: Dibutyl tin dilaurate (0.02 wt.%), DABCO 33-LV® (0.54 wt.%, Air
Products)

Isocyanate: DESMODUR® CD-S: modified isocyanate based on diphenylmethane-4,4'-



Exanple 2 (in acetone, with ultrasound): 20A test piece of a

pol yur et hane el astonmer (7 x 7 x 0.2 cm \khs conpletely inmmersed in a
solution of 0.5 wt.% BAYTUBES(r) C 150 in acetone with sonication

in an ul trasonic bat ﬁllswa@%ﬂﬂ%%Npp@ﬂ%@f@% to BR8 Wt enfydraatispoaitygtt 20 to
t he di ppi ng sol ution s9a$.43Cse¢he speci men was briefly rinsed with
acetone and freed fromsolvent at 50C in a drying oven. The neasured
surface resistance was in_the region of 105 ohmcm 25Exag(ﬂ®e 3 (in

acet one, wiGaHOPaErEsasou %‘)ltl'WA“?%beE paolibet (BAYJSBESRE

el astomer (7 x 7 x 0.2 cm was imersed in a solution of 0.5 wt.%

BAYTUBES( r Difpid®@@ffiohn acelieRion bRBASXOBENIOE 1508 Waslvéht h, t he
tenperature of the dipping solution was 23C. The specinen was briefly

rinsed with_ aceton reeﬂ from solvent at 50C i %toa dryi ng oven.

The neasur ¢ &g Reeee °é@fygttaa dS9CygRate CAMPATENtS WETCRX st logeesT GhipPrytpmperature o

30FI G 1 showsa éhafeRENRL Jalue\dreNys OTheadifsthy sHl@idnans }ﬁ&jue&i byR6athd e teBrbon
the invention with a three- |ayer structure. Star

pol yur et et Kigindligsenls Bsharkaps st Bmrdiae !y H]tqr@f‘al%@actwﬂel&e fhepolyurethane

upper (1) amngacthe dp@mens(v%}e amﬁﬁi@ggz ihAYeEd @fthd iR BN e HARA Svith RESE: after
nanot ubes are i ndi c(gt ed - dashes or dots in the individual

| ayers (1, Psipgrqnove wdﬁée%g@ﬁ kst solvR! o SREATHEEPHAWE a | i mited
penetration depth in the surface |ayers. The surface |ayers are

separiat ed fBxefplon€inaMPp,kemh uiyassungp! yur et hane | ayer (3) which is free
from nanotubes. Owmi ng to the production process the pol yuret hane

object still has a ece s ruct e. W regard t he sur

Covers (1 Asptais pHOLR e Bt RS D aEER PubRily Hutietus 1w o
| ayer (3). 1\Wii% BMYTOREI@E L] 3 Pran}sli-rﬁmsymh@npnaqmr %h&ﬂ}ﬁ)sﬁbjtﬁ&l was 0 5 h with
illustrated can be use fil for. exa

of 1he pol JUPEERAMLED BBRTIc ALt AR b G SOBeEip Aoy fempetatre.
means of aﬂﬂlﬂ‘slﬁbcfnmhaﬂs IlShéﬂ}Oﬁﬁl:ﬁbeHﬁAEéﬁ@nel anagesd frémkolvemd atanoabiaut driifg oven.
pres t he car on na

ce arran vi ded by the
P unnan AFMI AR S s w1 raPgafont 0 e A B Tl Bieeplin of the
10The wi dt hamfubichatd magdysemhne(mffsdemmmws péetrgion depth bheppk@drhatélandg pm was
art of the terial i th cj.nen S ..
P nCapeul at 8ei R B iR ndber R ibistohonmh G 1 HoRfedtthe conducivii
ri ght - hand nfzasufrenheSitst(MENAN tharigaiimpadiiied ebliaceiitgat e PHlsurfBe(Fieen). t hem
is the surface Iayer perrreat ed by the tunnel current-conducting
car bon nanet ub ub Sy ace(ione nhblﬁr seen. as bright dots. FIG 3 and 4 show
di fferent IAagEC SERECANS: B Flfasy speci nen, viewed as a

Cross- sectlon and in
20 A test piece of a polyurethane elastomer (7 x 7 x 0.2 em) was completely immersed in a solution of

0.5 wt.% BAYTUBES® C 150 P in acetone with sonication in an ultrasonic bath. The exposure
time was 1 h, the temperature of the dipping solution was 45°C. The specimen was briefly rinsed
with acetone and freed from solvent at 50°C in a drying oven. The measured surface resistance was

in the region of 10° ohm cm.
25 Example 3 (in acectone, without ultrasound):

A test piece of a polyurethane elastomer (7 x 7 x 0.2 cm) was immersed in a solution of 0.5 wt.%
BAYTUBES® C 150 P in acetone. The exposure time was 1 h, the temperature of the dipping
solution was 23°C. The specimen was briefly rinsed with acetone and freed from solvent at 50°C in

a drying oven. The measured surface resistance was in the region of 10° ohm cm.

30 FIG. 1 shows a schematic view of a polyurethane object according to the invention with a three-
layer structure. Starting from a polyurethane workpiece carbon nanotubes were introduced into the

upper (1) and the lower (2) surface layer of the polyurethane. These nanotubes are indicated by



15 phase-sensitive node. The w dth of the i mage section shown was 2.5
p.m In the left-hand part of the imagesl#s matrix material in which
the specimen was encapsul ated in order to prepare the cross-sections.

In the riglashenaudgain thegndindual kysarded)- Potapesermivet Watmenqtghes have a limited
Bet ween t h?@ﬂe‘téh&n“@epﬁ#ﬁﬁtﬁ&?urfa@é’ %&ex@eh%eﬁ&f%& RYer€ %Q@ﬁ‘arél@d’%ﬂ%é andtfler by a
t he phase-sensitive images In and 4 the carbon nanotubes
enbedded i molynsthang fayee () ayhkieh ay éree | feogr Ingnofgbss. pPwingstopihp gieduciigne grocess the
can theref ore, 200% §c§?§;‘i‘ stﬂﬁ%fs%' clnetpﬂe%E st}&ﬁlré‘%ﬂﬁfr I%Sto@l‘ieesu?ﬂac%%%seﬁe@} and the
bel ow t he surface of "the pol yurethane. further

crossSsect isenfgk leyeeés/vam bendgdh to ﬁh@g@a@@éﬁrfm W‘fdtfﬁ) oWltB APIMOPHgle cimpsipns the
nanot ubes GahEAAgRt difkol MEsriith LALE: |s8Y Bl MATDEISCRRARpR] Car 1Y

vi si bl e bright |1 nes. and 7 show I mages of a top vi ew of the
surface of the speC|nen The hei ght image in FIG 6 shows a structure
featuring Buiwpdmandt the pakyprdirravect phieintdin fragple Theasgramnined by meens of atomic

i mage sectifQp. ZR55eM, M@M)%mé%e@ nhfdrfﬁaﬂ&ﬁeab%ﬁ)tr HEPROBEL Bl arrangement of the carbon
phase-sensitive view’in car bon nanot ubes accessible on t

surface of naipaibspisprerged by thefunnsbAPMgmagy indike. 2 This ds a cross-pgetion gf @Pﬁ@ecmen
1. Prqgess fq¢ wlﬁlﬁ%%%l%lgé‘gacﬁéwrﬁ%%%s 0 GRMHURL !e‘ﬁ@aaﬂ@?&r& 6f 8% inBdeOis natrix
surface layer containing pol yurethane, conprising t | om ng

st eps: majeriph mpwhich feaspeciinen eh CRRPWHHRGGIP 4T del PERaRTB dhe prarstseetioss In the
having an auelage ;ﬁﬁrfs' it %néghgéa‘ef)@fmrgtﬁane mateRAD) Betweess UG BiMileNsifface layer
sol vent whi ¢h 1's capable of calsinhg the swelling of a surface |ayer

cont ai ni ngPprEleyiad by tha fiamnelcpirerepnsypling cethen pasotphiese whigh eanchsiseqni ap bright dots.
surface layer into contact with the solution of carbon particles;

(Q) Causi ngid; heind QlsHé, aftferht 1%@&@&@&(9@%“11%'3%& {Rcigeh, vidlveliR§a cross- sect1on and in
pol yur et hane-cont aj ni ng surfacé 10l ayer for a period of time which

not  daf f i ciPbase-sersitivempee tThe padth 6f (hgiBrgeas@ionthev s Hrut-» o I by le@nlamﬁgart of

the actiongpfinhfe iRtk hﬁfén&fm Gvﬁfcﬁ% sPihd Ol REen&PstINI& in order to prepare the cross-
pol yur et hane- cont ai ni ng surface | ayer.
sections. In the right-hand part is thie unchanged polyurethane material. Between them is the

surface layer permeated by carbon nanotubes. In the phase-sensitive images in FIG. 3 and 4 the
carbon nanotubes embedded in the surface layer are clearly visible as bright lines. It can therefore

20 be seen overall that the nanotubes are also present below the surface of the polyurethane.

FIG. 5 shows a further cross-sectional view with an image section width of 5 pm. The carbon

nanotubes embedded in the surface layer can be seen as clearly visible bright lines.

FIG. 6 and 7 show images of a top view of the surface of the specimen. The height image in FIG. 6
shows a structure featuring bumps and trough-shaped indentations. The width of the image section
25 shown was 2.5 um. In the corresponding phase-sensitive view in FIG 7 carbon nanotubes

accessible on the surface of the specimen can be seen as bright lines.



~ 2. Process according to claim1, wherein the action of the solution of
carbon particles on the 15po|yurethane-gqﬁtaining surface_| ayer

occurs with the use of ultrasound and/or heat. 3.Process according to
claim1l1, wherein the carbon particles are not covalently

functional iQgésat their surface. 4.Process according to claim!|l

wherein the carbon particles are selected fromthe group

conpri si ng .carhon nagnot ubes, single-walled carbon nanotubes, o
mul ti-wal | dd cAFBEH 190HErBe alnes cletaahy fopiRbYForRliclE R 9o SHERD [aRT etfaining
ful l erene, graphiqiethar eipeBRe e ddses and/ or conductive carbon

bl ack. 5. Process according to claim4 wherein the carbon particles

are non-coval ently functionalised, nulti-walled carhQon nanot ubes i
having a di ameter DFPAIEE SUBRPInef “‘@gﬁF%ﬁgarﬁ%B%@?ﬁghT’d}lgcF‘hiaﬁ‘?rige particle
wheL ei nlst he ?‘ ol Vlen&li_afh&exsef tzotslaﬁh flt)d cs:.mo?ﬁngh?}aﬂ@@m?{mi ilagcapa%& oil" causing the
met hanol , ethanol, isopragpangl,. butanol, et ne glycol, propyl ene

gl ycol, butyl ene g?V%HEfgnggﬁ?BV?CWVﬂPﬁéﬁP ﬁ@?“écetone, et hyl

acetate, trichloroethylene, trichloroethane, trichloronethane,

met hyl ene chl o(B)deBritpitd thegxhRtane-Mnididhdairfayd fagér iamndodact witiredehyplution of
sul foxi de, tetrahydrofuran, N-nethyl-2-pyrrolidone, benzene, toluene,
chl or obenzene, st yPER8 PSS est er pol yol s, pol yet her pol yol s,

m xtures of the aforenentioned solvents with 30one anot her and/or

m xtures of thg)afCaeingnlid @hsidn sHtaientpartises o y@be the polyuiethane-ontaining surface

P di t im1 .ei n.the. t - t ai ni .
Cur T acd ayer i o bBgHL * PRUY BoATAGCl EHo NUTGBT L R Df TEAPBahane i

particles by dippisentiospr eadi ng, printing, brushing, spraying and/or
pouring. 8. Process according to claim1 wherein the

pol yur et hane- cqnt aj. nj. ng..sur.f ac ayer.is partially Scoyered at |east. .
'n Lep (0 byts mabiiPuR ARt dHeh s b Bt RSP fenSRplpinine
conductive carbon juafhtdleyees and obt ai nabl e by a process according to
claiml1 wherein the outer surface of the pol yurethane | ayer conprises

b d i,nd ' ' ' | i
e i T T R

.500 rimand an av nce ween adj acen
m 15 polyurethane-containing surface layer occurs with the use of ultrasound and/or heat.
3. Process according to claim 1, wherein the carbon particles are not covalently functionalised

at their surface.

4.  Process according to claim 1 wherein the carbon particles are selected from the group
comprising carbon nanotubes, single-walled carbon nanotubes, multi-walled carbon
20 nanotubes, carbon nanohorns, carbon nano-onions, fullerene, graphite, graphene, carbon

fibres and/or conductive carbon black.

5.  Process according to claim 4 wherein the carbon particles are non-covalently functionalised,

multi-walled carbon nanotubes having a diameter of =3 nm to <100 nm.

6.  Process according to claim 1 wherein the solvent is selected from the group comprising

25 methanol, ethanol, isopropanol, butanol, ethylene glycol, propylene glycol, butylene glycol,
glycerol, hydroquinone, acetone, ethyl acetate, frichloroethylene, trichloroethane,
trichloromethane, methylene chloride, cyclohexanone, N,N-dimethylformamide, dimethyl

sulfoxide, tetrahydrofuran, N-methyl-2-pyrrolidone, benzene, toluene, chlorobenzene,

styrene, polyester polyols, polyether polyols, mixtures of the aforementioned solvents with

30 one another and/or mixtures of the aforementioned solvents with water.



1010. Pol yuret hane object having a surface layer (1) containing

el ectrically conductive carbon particlesjand obtai nabl e by a. process
according to claim1l, wherein the carbon particles are present in the
pol yur et hane down to a depth of pm bel ow the surface. 11.

Pol yur et harfe objceess aaeditigliongaiin0l &hékim tHOpseeRana-coMainh@rshdite layer is brought

particles within th olL.yuret hane paterial .of the surface. |ayer. .
ont ai ni ng- ¢ hetfarans Sul i ToROaT of Bt airts oy Lot s esbrist. Urushing,
Pol yur et hane obyrefig @aaeopslirag. t o cl ai m 10 wherein the surface |ayer

(1) containing the carbon particles has a specific resistance of 10-3

ohmcmto 108 ghmcmat.the surface. .13. Pol et hane obj ect . .
according fo cPRHE TS © TEPHoVESPBAlR RGP EEoRT Bivh BITTAH P PFally
functi ofal i sedcoveredtai lewunln segh (Cpboomaskanot ubes having a di ameter ofrun
to ..00 nm 2014. Pol yurethane object according to claim 10 having a

first (1) and second (2) surface,| a containing electrically.
Conduct i ve Sear RORTSRT: o SHGRER e SRRHEE o EEUELER prpepbie by 2
surface | ayer aroeespoesiotdignedclapioghicten treuaneirfies ofthe palyerethendnt ecmprises
fromone another b .pol yur et hane | ayer . . 15 | yure ne

by ect acoor di TR RPN WP aS et bebes s bumpd S P ot S and an
mat eri al w th 2&idve dpahyabicetdeandjaceuruapeof 2§ pmctontlai mhng

el ectrically conductive carbon particles.

10 10. Polyurethane object having a surface layer (1} containing electrically conductive carbon
particles and obtainable by a process according to claim 1, wherein the carbon particles are

present in the polyurethane down to a depth of <1 um below the surface.

11. Polyurethane object according to claim 10 wherein the carbon particles within the
polyurethane material of the surface layer (1) containing them are present in a proporiion of
15 =0.1 wt.% to <5 wt.%.

12.  Polyurethane object according to claim 10 wherein the surface layer (1) containing the

carbon particles has a specific resistance of =107 ohm cm to <10® ohm cm at the surface.

13. Polyurethane object according to claim 10 wherein the carbon particles are non-covalently

functionalised, multi-walled carbon nanotubes having a diameter of =3 nm to <100 nm.

20  14. Polyurethane object according to claim 10 having a first (1) and a second (2) surface layer
containing electrically conductive carbon particles, wherein said first (1) and second (2)
surface layer are positioned opposite one another and are separated from one another by a

polyurethane layer (3).

15. Polyurethane object according to claim 10, present as a composite of a support material with

25 the polyurethane surface layer containing electrically conductive carbon particles.



