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The incorporation of such particles into polymer matrices is thus of interest for
technical applications. Two aspects have to be taken into consideration for a
25  successful processing of carbon nanotubes, if the purpose of their use is to make a
materia) electrically conductive, for example: carbon nanotube agglomerates have to
be broken up and debunched completely, and the strong tendency of carbon
nanotubes to reagglomerate (in the same medium during the ageing process or
during processing of such a dispersion to form the finished material) has to be
30 suppressed. These difficulties in carbon nanotube processing are based on the
hydrophobic character of the carbon nanotube surface and the high aspect ratio of

this quasi-one-dimensional structure.
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This procedure very often fails simply because of the dramatic rises in viscosity
30 engendered by the concentrations of carbon nanotubes which are necessary in order

to exceed the percolation limit. Furthermore, the reagglomeration of homogeneously
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Processes are also known from the literature (B.S. Shim, W. Chen, C. Doty, C. Xu,
N.A. Kotov, Nano Lett. 2008, 8 (12), 4151-4157) in which cotton fibres are
immersed in carbon nanotube dispersions based on ethanolic Nafion solution or
aqueous PSS solution. This causes the carbon nanotubes to be adsorbed irreversibly
25  on the surface of the fibres, forming a homogeneous coating and making these fibres

electrically conductive.

B. Fugetsu et al. (Carbon 2008, ASAP, doi:10.1016/j.carbon.2008.11.013)
established a process in which polyester fibres were passed through a dipping bath,
causing their surface to be coated with CNTs. To this end multi-walled carbon
30  nanotubes were first dispersed in aqueous solution by means of surfactants and then

mixed with an anionic polyurethane dispersion. The temperature of the dipping bath
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I s capabl e of causing 15the swelling of & urface | ayer contai ni ng

pol yuret hane; (B) Bringing the pol yurethane-containing surface | ayer
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10 A process is therefore proposed according to the invention for incorporating
electrically conductive particles into a surface layer containing polyurethane,

comprising the following steps:

(A)  Preparing a solution of unaggregated carbon particles having an average
particle diameter of > 0.3 nm to <3000 nm in a solvent which is capable of causing

15  the swelling of a surface layer containing polyurethane;

(B)  Bringing the polyurethane-containing surface layer into contact with the

solution of carbon particles;

(C)  Causing the solution of carbon particles to act on the polyurethane-
containing surface layer for a period of time which is not sufficient to convert the

20  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
25  conductivity of less than 107 S/m are 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

30 two-dimensional surface, thus also means a three-dimensional material layer which



i ncludes the surface as one of its boundaries. The surface Ia¥er i S
delinmted on tW& 2H8/0860%f the object in question at | eastCHErEHL000220
fact that it contains the electrically comntluctive particles. The

pol yuret hane (PU) itself can initially be any type of pol yurethane

and can 5 confgiufed M€ sGIAERNO BRIt Bldidbiliske The s thcasayiet |5l detismitell bamie:
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30 preferably FBPHE %F\%@/B 4 g%%ocrer%fr‘ %t l%érsgf) g? gg’f’ﬁ%ﬁ%bm%e%r fotdr Week In
2010/ 086094 PCT4BER 1 fVepRO2%6h a sBlution the existing aggregates of carbon particles can be

25

30

broken up by the introduction of energy, for example by means of ultrasound,
grinding processes or high shear forces. Finally the solvent is chosen on the basis
that it can both form the solution of carbon particles and also cause the polyurethane

surface to swell.

The average particle diameter can also be in a range from > 1 nm to <1000 nm or
from > 3 nm to < 100 nm. It can be determined by scanning electron microscopy or

dynamic light scattering, for 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 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 sol vent, the carbon particles can be
deaggl onmer at edVi92HA@BMP4sur f act ants or ot her surface- actlQ/@EPz‘)lO’O“OZZO
subst.ances in solution and keeping themim®solution. 5 The carbon
particles can be present in the solvent in a concentration of for
exanple > 0.01 wt.%to <20wm.% > 0.1 w.%to <15 w.%or > 1 w.%
to < 10 wt.% The bringing of the pol yurethane-containing surface

| ayer into contact with the solution of carbon particles |C{18fste

takes place nalfthasqlyensiinag peueoys pelventotheicrebop diattifles Rams %IHWWéed by
subsequent ste, I . | 25,1864 S ik deBfie th
surface | ayer .wsu}$8%2§ﬁ9% @ggﬁ%gg%oﬁg@%@g%@é& HI?I§O ?g(g a%surreg tgha%m in
at | east the swidtiocmegnment dOfTB.I ns in the pol yurethane swell because

of the solvent and formpores in the surface |ayer and that carbon
particles can jmigrate int.o thes ores. l.n aqueous

wat er - cont al nlﬁlbe LoHPFERE CIF%&%&%B‘{CF ‘%fhetsﬁgle%]lnta %%’ﬁﬁ%tmm&oorg%%xaf@le
encouraged if 3p o REres t@keolwing, Pol1vet hab <SBORERLE > Nwh.Beto < 10 wt.%.

pol yurethane with a smal [ nunmber of carbon atons between the ether
bridges. Such domains are sufficiently hydrophilic to be able to

swel I . The parThe besgivarofpérepalnrethpng-sontpigingusrtice lpveydpta goad ety the
of < 150 nm

sol vent - based sg%@ggsi?e%arqugggg%é%gép ?éﬁ@){sgp %aﬁé(;g gﬁlpagmﬁttﬁé&m{%g Oféhe
pol yur et hane ipgblilrethets.f ace | ayer is not converted into sol ution.

I ncl uded herein are technically unavoi dabl e sol ution processes in

whi ch for exa % < % or < ‘
pol yur et haHb ﬁgstg"eéu'?sﬁﬂ‘é}*nﬁ ﬁ@Pégp é@nstom*ﬂ‘i‘eo ;f?g%?é‘sl?rtéﬁlfisoar%‘i %ﬁ"tecfuffﬂ‘ée layer.
I nventi on, V‘?}( But béinPGixel6h bRe WG i he a&%ﬁéﬁeﬂhaﬂ 8t fdabtSthe soft segment
hoaneneoust i ssol ved”and then the f1nished particles are obtained
in the matrix ckﬁneum@m Itle:rpwwtmthmanomtltbecﬁ@s dfythe énb@nhgnct frerms pprge ne the
| nst ead the e>c<£10§ time,i.s ch en suht a

pOT ymr St 1 acHPBGn EK v R GHOR AR ot R GE e ‘RRaBli e Foegus o

are? 1 mnute %ﬁl‘eﬁcé’rﬁﬁn gr!slél\%%ts tRE %@Elﬁ@b?ﬂlels@ftr@eghﬂéﬁsdoﬁﬁhufs 9Qncouraged if
m nutes, nore preferably? 3 mnutes to < 5 m nutes.

2010/ oseogwmma@mbma@@mm segmentwéhe pefaigtharrg Whtarﬁélaémm%:é of carbon

| ayer can be r| nse o re I

exanpl e by r enf ﬁg’ & t ?%Sﬂ@% gcctéhmﬂ}g ar-?rqgﬁiscu gtﬁévdg ﬁlcf ﬁ)obe

be nodified framg aoclmnll rlglebpéﬁlcleJ hen qﬁ:ln@l@ite damp theesurPee rlaysed wdebth of

acet one for exarrg{l) SStep (D) is advantageously followed by a drying
B

step in which $h ﬁéﬁpnﬁ?@fs%ﬁ@nﬂhfqr%a@ﬁ}@l len surface layer is
removed, wherein the pores in the pol yurethane cl ose and the carbon

particles are gn %@[dtol %1%}1% bQﬁédYﬁ%Ees%Le &e%ﬁ@rléj'cﬂ&eh%uélﬁ‘@hat the
L|nvent|on thus o ers the possibility of selectively providin
surface | ayer pflyacthahy ir tetsarfeceolyecis not cdmvettat tnto selutign.dosld hevem are

technically unavoidable solution processes in which for example < 1 wt.%,

P

<0.1 wt.% or < 0.01 wt.% of the polyurethane passes into the solvent. The process
according to the invention, however, is not one in which the polymer is first
homogeneously dissolved and then the finished particles are obtained in the matrix
25  together with nanoparticles by removing the solvent. Instead the exposure time is
chosen such that a swelling of the polymer surface can take place. Examples of
suitable exposure times are > 1 minute to < 360 minutes, preferably > 10 minutes to

< 90 minutes, more preferably > 3 minutes to <5 minutes.

Finally step (D) involves ending the action of the solution of carbon particles on the

30 surface layer. The solution of carbon particles is thus separated from the surface



10 particles. The shape of the object is not destroyed b

di ssol uti on, sW%@ﬂHH’Ogﬁ;Wﬂshed moul di ngs can be treat ed. ﬁ??’ﬁg‘wwm“"zm
particles are concentrated in the area of- the obj ect close to the
surface, a relatively snmall amount is needed in total to obtain an

el ectrically capgughinyThe®kheietbanges et BCinselithathyve adhespntolagsn. tithis
sol uti on-based processes, there is no need to renove_ | arge armun{s Ff
sol vents in ore@rbetdong eraxamplesby reanaving tha ealyursblang obiechwith i surfage fayer
al so possi bl e ’[E)%CK’?S(B&EE‘%‘O?I?Q(&gbﬁ%{)éf[ﬁ%lg o8 RAR RA Be §sed with &etone for
range in which no technically difsatdvantageous rise in viscosity

occurs. An advaatmdeous application of the process according to the
invention is the treatnent of polyurethane noul di ngs which are

subsequently to be painted b 2 | ectrostati c powder. coati r .
gal vani sed.yThge_%h&SraHE?ﬂt? OBﬁﬁg?}iqwfigebyp%éﬁyP@ ’@nn“%flﬁléa?&opvgegpresem =
llayer ensure afeisQmRlIEY S6krRleCIa}dras tréthbeedd QMRS ARPhdrERH @8- poyfrbthbietlose
application relates to the treatnment of pol yurethane noul dings in
prepar ati on f omdghecarbophatieles erepaciosédig.thapelpmet i ve el ectrode
materials or flexible polyurethane capacitors can al so be obtai ned.
Furt her nore, ectroni.c_car 5 t Y [

Wth an anti st it BSBu FRERIA T8 B Bheffdh Turo SRy sSRRiG BF SukaRey
according to thevidmeethel @iftfatégayae tof e peifyutettens abjdct evithoélectsicdibn conductive
particles on the pol é_ur et hane- cont ai ni.ng surface | ag,er occurs wt

(Lhe use of 10l traddemd harrbps ohigtobierhds N9 destvisd indistolding: 59 5P Bnihed
| trasound an%Bﬁldﬁ%@%aﬁBE‘%?ﬁ%@ﬁ&?ﬂfe c@ésf%é-'c&ﬁbeﬁfrat@&lﬁﬁ fifel fea of the object
aggregat es, thus allFow ng higher particle 30concentrations 1n the

sol ution. The dlootopdreaturbrept fetutivplyr $rall esount & neelepanytotadtthaoksain an

surface |ayer is also accelerated. Wth ultrasound the frequency.i
WD 2010/ 08609WI@E‘Z&WB%‘Z@YU@M{&%&}%W%EB@ %\ ConisgSi o soffion-byged

M+ and indepe;fl@@é%%és HRAeTLRf ntdieoRenRive G8BS hinbuhtd o 3SIVEAL V€ BEdd: S0 Bbkin
VWA to < 200 WT. | eating Is introduced during the exposure period

t he tenper &t urthe dansted, froxdifeeda pplysrer. 30ds tabso<peBBE; i ket thb kgrengatianoof
< 150C. 5 In a further .enbodi nent of.the pr.ocess acgordi ng.to the. .
i nvention the %WW%%%P% 17t E@g%l’ewﬁ@l @otgﬁné%ﬁyﬁlﬁaéﬁ%ﬁ%ﬁ%ﬁ freel Vageostty

their surface.qockliiss means that the particles carry no additional
functional groups covalently bonded via additional reaction steps at
their surface. In particular, the use of oxidising agents such as .
nitric acid, hydrasyariageousxanplicatisy 8E She ArpreshasgaRRgeloafte SIeplen ds the

acid or a possj 0. f g r inted b
functional i satﬂlr%lrtlﬁ% ?ﬁéyggeg%%ep%r% F{ ?i?}ggsﬁpgﬁa%gisﬁtg%ﬁuiﬁlya (\)/abr?t g?:;lg eof Y
t he use of2morelearoatadintdoydtr bedtingnal gadbedispdr Thetlestricallyt batduttne particles in

it-electron systemof the surface js not disrupted and can..t hus ]
contribute wi tqhwﬂlrfﬁ%@sﬁwwn%ﬁe ) %Omde%ﬁ?trf@ e Ravitre (3ppligapiony A further

further enbodi éB?)PEathn [RReP I ARSReAMER ﬁf B%lyﬁﬁtl‘faﬁ@ rhdW&RAES A phdplration for

carbon 15 particles are sel ected fromthe gfoup conprising carbon
nanot ubes, si ngéarophbletd martingn Gradodttiveeslectrndkt natweihls et Bexiblenpolyurethane

nanot ubes, carbon nanohons, c¢arbpn. ngng:-oni ons, full erene raphite
graphene, car BGRA¢! B} ecém_raTﬁﬁ‘? eﬁ‘ﬁa’&?t %\‘/‘Etﬂ%r&’r%% nelﬁ?tbo@!i(f ﬁoﬁlpga?fﬁ% | Yntable
to increasjfng 4RAnELACH hrodlded MBUmdnvikladc codtigge particles can al so

i nprove nmechani cal properties of the surface |ayer, such as for

exanpl e elasticity and inpact ] . . )
In a preferred embodiment of the process according to the invention the action of the

solution of carbon particles on the polyurethane-containing surface layer occurs with
the use of ultrasound and/or heat. The introduction of energy by ultrasound and/or
heat counteracts the formation of particle aggregates, thus allowing higher particle
30 concentrations in the solution. The incorporation of the particles into the

polyurethane surface layer is also accelerated. With ultrasound the frequency is
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20r esi st ance. Carbon nanotubes wi thin the neaning of the invention

are all singl eMW201888694mul ti - wal | ed car bon nanot ubes ofPGHEP2010/000220
cylinder, scroll or nmulti-scroll type or t&ving an onion-Iike
structure. Miulti-walled carbon nanotubes of the cylinder, scroll or

nul ti-scroll tyRenQEedisKiMERHENE <SWf MAanR Il PERRniy USREbT thd pbwer density
beneficial for the carbdon 25nanotubes to have a ratio of length to

ext ernal di aneineghe oflvem, is arlePet thf 200 Pob. If bpatingds infeodupediuréng e gxposure

one_conti nuousbaPRanS s RTs et i AR P b B RR = Yo o

structures al so1gpdcst which consist of several graphene |ayers

stacked together and rolled up. These are known as the nulti-scroll
type. These carbon nanot ubes are 30 described in DE 10 2007 044%31

A, to which rleferfbfbe pmbpdigent of the [Process agrayding nibeninpption the carbon
structure rel a : +Sl 0

"L 00 26107 0B AL 3%%‘?&8%}813'2%{%%%3%{)%2% i pEIECE. s }J\lxlg?/ﬁs?/ﬁﬁt the
whi ch t he strugiticles ofirrynrdot additibriad duogtionalderovad covalbiwly hamteduiliesadditional

(cylindrical MMANT) relateg to the structure of single:-walled .
Gy ndri cal - coBOIT R DS RS VaPROL FOHRTHS of f s abfis el ppnivic
oni on-type Stryef yf WRRoMEE WRAaskfint pASEmERAGd A kiBurid 8k ichl WahosBibl
gr aphene or graphi t}g g(gyers int hesse ca?bonnr%anotubes clrear Ify rpnbo_1 ©
cont i nuouslly fmotehd thesntagentsffon the foactivonlisation ol Bescarkon pastiglgs ravoided.

edge without ipterruption.This c al low,abetter and fast.ar_ .

i ntercal ation ‘g? agf’?fﬁ?gerrﬁg 9 'ésiesgﬁjﬂo?ﬁ%vagei%lg @'Q‘gtfoé?gﬁd ?aaé#lag Sbiee ! he 7-
as there are nédroaPSRted @ESh@saith@blsen@sdieiipied ahes tais ddd@ibute without
intercal ates as conpared wi th carbon nanotubes having a single scroll
structure (CarlggHction®,thgglectrigalmndaglivily. CNTs havi ng an oni on-t ype
structure (Science 1994, 263, 1744-7). In a preferred enbodi nent of

the process acgof djpget Q?Bg'ﬁaieﬂfr’rﬁ?tth%'}gﬁégs %%J?gigiﬁ%r fhiecﬂng&t%ethe carbon

non-coval ent |y functional i sed, ti- ed car nanot ubes having a
di anet er ofs > @irikted are<seldfednfroibhthe diravpe temprighatceboharagotubed, Isengle-walled

aver age di aneter_ of the nanotubes, It can also be i,n a raln e frgm> 5
nmto < 80 nm c&xﬁlapn nanotubes, multi-walled carbon nanotubes, carbon nanohotns, carbon nano-

onions, fullerene, graphite, graphene, carbon fibres and/or conductive carbon black.
In addition to increasing the electrical conductivity, these particles can also improve
mechanical properties of the surface layer, such as for example elasticity and impact

20 resistance.

Carbon nanotubes within the meaning of the invention are all single-walled or multi-
walled carbon nanotubes of the cylinder, scroll or multi-scroll type or having an
onion-like structure. Multi-walled carbon nanotubes of the cylinder, scroll or multi-
scroll type or mixtures thereof are preferably used. It is beneficial for the carbon

25  nanotubes to have a ratio of length to external diameter of > 5, preferably > 100.

Unlike the known carbon nanotubes of the scroll type previously mentioned, which
have only one continuous or discontinuous graphene layer, carbon nanofube
structures also exist which consist of several graphene layers stacked together and
rolled up. These are known as the multi-scroll type. These carbon nanotubes are
30  described in DE 10 2007 044031 Al, to which reference is made in full. The way in

which this structure relates to the carbon nanotubes of the single scroll type is



15 advantageously fron? 6 inn to < 60 nm There is no initial limt

to the | ength WO 2HBO086MEt ubes. However, it can be in a FEgEPFYP/000220
exanpl.e fron? 1 pmto < 100 pm and advantayeously fron? 10 gmto < 30
In a further enbodi nent of the process according to the invention

the pol yur et hang,fadbid% At dafad KhieMthd Srid@et dfomuRiwailtddy tnelyiemateson

Rm

w th pol yester polyols and/or 20
pol yi socyanat emngpises Em’él@db%é‘d“&%

ol yet her ﬁgl yols. Preferred Lo
T diefsiesntpl the shusarede|| Segle-avaded cyligrical

and tol uene diisocyana ) g ed pol yester polyols and

pol yet her poIﬁ@%gmégwgaﬁ§%&%&%?négsgggf%f > 100 ng KOH g to 150 ny

KOH/ g. Preferred polyols can furthernore have nolar masses in the

range from > 2hQohast t5QR0orgéwplpe spuefssatvhet?vid@6d frocrosS&0doy thedhdiaithal
i i ? ?

a functionality between? 1,8 25 gnd < 6, Ereferﬁbtgqlsﬁﬁggtmeen. 1.95 I?rt]r%m

< 3.5. | ncliudedapheas caigrphite layses inilksa crd

n gﬁl@)t Y AUR 8%nt1nuous

obt ai nabl e Trom REGROLY H:I%r&r%l %ﬁ#%uﬁaie%]%jt}&t &lidy e GATRAY RASTWIHOR This can

subsequent chal n extension.

urther enbodi nent of the process

according to tdilew avettt end faseer Sotevatution of sshercmatgrifls dm thé éubgr Sglston, for
conpri sing methanol, ethanol, isopropanol, .butanol . 30ethylene

glycol , propyl BAEP: gEHiCe HiRATE ﬂgeng‘?@é%?‘faﬂﬁ%@é%w “A%a E%rcfﬁ? Hsgalates as
acetone, et hyl Agatdt Kithlchieh!RhOEbEVARDD a §i Cgrmlcﬁﬂmidaam@ (Carbon 1996, 34,

trichl oronmet hane, nethyl ene WO 2010/ 086094P

/ EP2010/ 000220 - 10 -

chl ori de, cifc] oliéh ahiom &N sNagingeantopiidrotype Aingsurgi(Reiersgl 199t £ 203 HE4-7).

.,

t et rahydrof uran, N-nethyl-2-pyrrolidone, benzene, toluene,

chl orobenzene, st yf &g, %R%b}ﬁg%&e%'i oﬁ’%%’ g:ko\%me%ﬁgécw&l rt? R Yiefition the carbon

m Xt ures of the afof énmenti one

sol'ven one anot her and/ or

m xtures of theradley gEenhioreidnidplunetssalistd, muldiverled Taiboe senstobasertving a
conbine in a particular way the ability to forn1IOMF%%qé?§ate or
t

aggr egat e- f r eedi8®BFiGE PHRS U\%ttﬁ S HO iy B digmeter celales §

g ﬁ\éﬁr%ggrfiéameter

time to lead tyg 2155\2%&{1]5& 9 LhCRPEUeLARE: HEhacs. niM X W 88 fh and

t he af orenention

vents apply to cases in"which the solvent in

t he desirets praivantagansiysfrah$os smltols @ am. Wedre s nd imital Himit teahe length of the
enbodi nent of the process accordi ng to the.invent.i

pol yur et hane- TRHORBRY dFoWeYgH LranRe

n{adgkg® ot CYRlS o Arlun s EAQP b and

with the sol Ut&&allﬁée&@ry@an@;alf%rﬁk@g3bxl_nsi.i ppi ng, spreading,

printing,

brushi ng, “sprayi ng an

or pouring. Conplete objects for

exanpl e can easi Ig1 be treated by dipping in a di Fpi ng bath. A

conti nuous pr oees
can al so easi
by screen prin

;
A

20

25

30

reher epbodimsnhgl thepueseaprceprding tor Baneentian th roljgpthane
cz/apgoge (ifbggllngﬁr%eg‘{e r-é_hﬁ?ig\g\;oif rf)toiﬁ%c%naﬁ)e%l Wit EBI@@Q& f&&(ﬁgt&ﬁd/or
polyether polyols. Preferred polyisocyanates are those based on diphenylmethane
diisocyanate (MDI) and toluene diisocyanate (TDI). Preferred polyester polyols and
polyether polyols have hydroxyl values of > 100 mg KOH/g to < 150 mg KOH/g.
Preferred polyols can furthermore have molar masses in the range from > 250 to
<5000 g/mol, preferably > 400 to < 3500 g/mol and a functionality between > 1.8
and < 6, preferably between > 1.95 and < 3.5. Included according to the invention
are polyurethanes obtainable from prepolymers of the cited starting compounds with

subsequent chain extension.

In a further embodiment of the process according to the invention the solvent is
selected from the group comprising methanol, ethanol, isopropanol, butanol,
ethylene glycol, propylene glycol, butylene glycol, glycerol, hydroquinone, acetone,

ethyl acetate, trichloroethylene, trichloroethane, trichloromethane, methylene



15 electrically conductive structures such as printed conductors to
be produced onWOS1p@B6AMet hane object. In a further enbddiiER0184000220
the process according to the invention théopolyurethane- cont ai ni ng
surface layer is partially covered at least in step (C) by a mask

The nmask coverghgiffel ai Ry@bBa&ndie, t hey SudihRas1RAdahRIdY es dihdieyl arddxide,
exposed. In this way 20 el ectrically conductive structures, such as

printed conductrhydzafirany dl-methel-2wairolidonss benresd telyerh shiorekengshss styrene,
surface. Anothep i ' ' far ; :
bt ai i neul actibg e 2ablfy PEREREUR; Ml i PorGpBRThel Sofsbhts wit
i nvention al snereaviheesndionalyueesithe efdrayationedsdientnyitbvedrr i cal |y
conductive carbon particles and obtainable by a process according to

the invention 25 wherein the.outer surface of .the.pol yurethane | aye
conpri ses BunpSIesnh dOVARE FOMIIHHE iR VR Hige? Ig"iyg'%/?t o5 Wéa%%ﬁe ot

of > 50 nmto a?g%%gtepﬂéé‘wu@dhsa‘%ﬁﬁ{ A atloRl @ LRIMVR QR Sath@6RR to DEHANS a
of? 0.5 pmto 15 inn. The height of the bunp is calculated from

t he ver]'E i cal divedlimpoe! the polyurethdnic ghifade. Moktutesoff the Hargmengondslesol witssapply
poi nt of an adjacent ind ation. .lp visual ter t hi,s di ne
corresponds t dVSBF I’l‘éwgifcgtqbﬁ el vt ghﬂ\?é#\‘? iy egjrpég?orﬂgn R %O?I%DE%W ‘g?t%r‘

visual terns the distance between adjacent bunps is then the distance
between two wawe @iBst SmbddinsniCathe pRdedactord to the invention the polyurethane-

2010/ 086094PCT/ EP2010/ 000220 -11 -

, 10  containing surface layer is brought into contact with the solution of carbon particles
by dipping, spreading, printing, brushing, spraying and/or pouring. Complete objects
for example can easily be treated by dipping in a dipping bath. A continuous process
for producing a polymer film treated in this way can also easily be implemented.
The printing of polyurcthane objects, by screen printing for example, allows

15 electrically conductive structures such as printed conductors to be produced on the

polyurethane object.

In a further embodiment of the process according to the invention the polyurethane-

containing surface layer is partially covered at least in step (C) by a mask. The mask

covers certain areas of the surface and leaves other areas exposed. In this way

20 electrically conductive structures, such as printed conductors and the like, can be

( produced on the elastomer surface. Another possible application for the use of a

mask is to obtain insulating areas at the edges of a workpiece.

The present invention also provides a polyurethane layer containing electrically
conductive carbon particles and obtaiﬁable by a process according to the invention
25  wherein the outer surface of the polyurethane layer comprises bumps and
indentations with an average height of the bumps of > 50 nm to < 500 nm and an
average distance between adjacent bumps of > 0.5 pm to < 1.5 um. The height of the
bump is calculated from the vertical distance from the highest point of a bump to the
lowest point of an adjacent indentation. In visual terms this distance corresponds to
30  the distance from wave crest to wave trough. In visual terms the distance between

adjacent bumps is then the distance between two wave crests. This can produce a



(

frayed pattern in cross-section. The surface of the pol yurethane

layer can for WihiIp@8etstitute a network of el ongated BUMFEPHHE/0PH20
correspondi ng trough-shaped indentations-1tfhe average hei ght of the
bunps can also be in a range from> 100 nmto < 400 nmor fron 150
nmto < 300 nnpdhe AMRIRAAR &bstRO66n. DELMRETaR afjtRe @Blyubiine Bger ahsdor
be in a range fron? 0.7 pmto < 1.2 pmor fron? 0.9 pmto < 1.0 pm
The sol uti on vixampieheorséifion @%wprltpggloaaajg%bumé apd | the catrpgpaading trough-

segnent structuyre 10 1.a i i
on-the pol ari tigr! HENEh L 1B *GeEE hAghr 2l Beftes b At 5T R from
soft segnents 3 ho®@uaho 040 wel Fong> 050 hfeo K0 Theegerpt distahce bdtivecn
way the carbon particles can_interact with the_pol yurethane afnd
penetrat e int AHIFENHHIYRE GRHAID GRS [2REE ﬁ@@tﬁ)g@dﬂ'@# Sdvaptr Al g 2dho pm
the sol ution thus b%@rgs t hrough the enbeddi ng of the carbon particles
to a changed rmr_p]h'ol ogy of the soft and rigid pol yurethane segnents

at the surface. In the atomc force mcroscopy imge this can be seen
for exanpl e asTiwascdutidnkeithumpsarbordpirtiden tatstoths. polBirathanepskygnietttvginge to
| ayer can have a. specific resistance of for.exanple? .10-3 mGm-t o <
108 ohm om - Th el afi ceS BT CETE AeBE R B THRUTEY ¥ SPer e e
DI N | EC 60093(13zds. 88m ANKvaRKE iofithe s8R &gﬁf@ﬁ@ Bfodehi ® pOhElligt banke rigid
| ayer is preferably in a range from> 0.01 ohmcmto < 1,000,000 ohm
cm parti clil ardegmpnisf dnahisyway thelcaghan patii¢les eant mere@ ovigh thecpaly weothapgeand
present invention |ikew.se rela r j ec '
surface | ayer REGREEF A ﬂéheeﬁ’%ﬁllg fh o %gtrg‘og‘?fh‘%é#ﬂ@ée&%gg%’g%‘iogla‘%ftt?%%ﬂé@%&ﬁt us
obt ai nabl e by lgad¥rtBeREE tRcanbsidig dfahé babbmpatitieom a vhmped motpiwlogy of the
carbon particles are present in the pol yurethane dow to a depth of <
1 pm bel ow t hesodiandaégid payuEtthanecspeRenis ot therHE e 1 ACIPRfelOTCIRICKISHAPY
pol yur et hane. . I i i f . usly
form a networ kl-lqs}l gﬁﬂ% Fl%rﬂ)e:%glé ?l{%gﬁlp% uct ililk?%f);%/lh cgﬂgg}ﬁ%%g&%o
particles can also be positioned to a depth of < 500 nmor < 150, nm
bel ow t he sur fBieepolphrsthahe tdyadech lzeve arsgesific tasistdnee ioh (erexamplear &0 ohm cm

obj ects conprisingst he pol yuret hane surface |ayer proyjded wt
carbon particl@s ﬁﬁd’?’gﬂ t%ben%eF lcé?sé%ar}?ﬁ}‘f%be ﬁ?f?'i"ﬁ&?alh%feg?ﬁeﬁ(feg@ DINEC
can for exanpl £098(19993 RS sQRIMC F3isGABP bf %ii@%f)@'hl‘e%l@dnleqaﬁér ik Brdfefablydin a

pol yur et hane surface”and wherein the electricall'y conductive carbon
particl es haveabgerrimcoOgdr ahed cimtte £ hi,80000( &, ppariicitla h apeferably

surface | ayer. 2010/,08 + EP2010/ 000220 - 12 - Pol yuret hane
noul di ngs whi c%oé\g’éu%%&cfﬁgﬁtﬂrﬁ?% P8 painted by electrostatic

powder coating or by el ectrophoretic painting or which are to be

gal vani sedycanTie pekér dinbantisaylilkdwisx esmbe tob pdhpurathane objeti bndog a surface

- pol yur et hane obj ects. Qther exanpl es are conductive or condaﬁt' ve and

flexibl e el ectlppeonigining glegtricallzgendyptive SukprRATEHES AR ORAIARRG PY grProcess
cable Sheaths Qe 2 OB kA FAPLIM L, poeTRR! ke
polyurethane down to a depth of <1 pm below the surface. As already stated, the

surface layer contains polyurethane. The particles in this surface layer

25  advantageously form a network such that electrical conductivity occurs, The

particles can also be positioned to a depth of < 500 nm or < 150 nm below the

surface. Also included according to the invention are objects comprising the

polyurethane surface layer provided with carbon particles and additionally also

having further materials. They can for example be consumer objects comprising at

30 least in part a polyurethane surface and wherein the electrically conductive carbon

particles have been incorporated into this surface or polyurethane surface layer.



pol yuret hane material of the surface |ayer containing themare

present in a pMEHYHO80%: > 0.1 wt.%to < 5 wt.% The prdpdFF?HA00%320
also be in arange from 0.5 w.%to < 4-W-%or from? 1 wt.%to <5
w.% Utimately the content of 10 carbon particles in the surface

| ayer is therep@lygeilagde Gad@dingy Whick dreanbseqiérelyl kdrite pdintelebys wideaosatic
| ayer inside the object, beyond which the pol yurethane materjal, no
| onger ent ers PawdsT chaing0rchy alestErphoresicaintiaa opyhitieae dQggalvanised can be

(i nnernost) i a ' b Lk . ' :

pol yur et hane. %td h%%v@?%%sffog%rﬁ@ éd&:é}%é‘?r&ﬁg’ﬁ%’g@‘% ant"liﬁ(%{r}llgﬁ r?ib{ecltsérOther
t he carbon paréxaglpds ars cendeside dr sondudihatnd Hiexble clectiratl materials, electronic
15conductivity is dramatically inproved. .In a further enmhodi nent of

t he pol yur et haSPERSBFRE 0 geneTd OF F%‘éSheég@ﬁlaﬁlﬁﬁ@ﬁiaﬂﬁlﬂ@“ﬂ?@tlﬂ%r bon
particles has a specific resistance of > 10-3 ohmcmto < 108 ohmcm

The specific rgshstacRiGaN BE (HetRIARhePYbe&! RiceBSBok Dakidies Bithin the
60093(12).93. The specific resistance of this polyurethane layer is,
preferably in polywndend roatedd »f aho1suwhes dayer ocontainipgothgoy aghraresept in a

particularly preferably . >.0.1 m tqQ, 00, 000 I [
enbodi nent  of RrﬂgorBBP%rzeQ‘ﬁa e%rc}Bjég]tmt/ﬁ‘e eaPrlS’B%m%g[E‘taﬁ ¢ S((a)s%afr?ieEI %oh%]%c’m
functional i sedy oLt % wek laedt sapbaBmanoktiizen Lawing. ¥ltinarbt gk htent of
3 nmto 100 nm The dianeter relates here to the average dianeter of,

t he nanot ubfes. carborcpasticles ia the syace daygr isdheyefore mdioated byphisgneangolhgdimit of

and advant ageoysl > < ' i ni.ti i
T the Tongrn F Srab ey 108 e SoB0, Word St el Boly Bkt isBlidl no
exanpl e fron? [bngsneneersint® thepenl@anatioad isafotrageiow deylofvearhingGngum line 43¢hich

pm In a further enbodi nent of the polyurethane qQhject it has a
first and a se®srfdrr pytiglesmeayiein SesnpalATeRignes Quthih dip |Sye°dﬁ%§am&€%éhe
carbon particlgs., M $infle S8 dnd Ichffon@Pshicles is exceeded such that the electrical

15 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 polyurcthane layer is preferably in a range from

20  >0.01 ohm cm to < 1,000,000 ohm cm, particularly preferably > 0.1 ohm cm to
< 100,000 ochm cm.

In a further embodiment of the polyurcthane object the carbon particles are non-
functionalised, multi-walled carbon nanotubes having a diameter of > 3 nm to
< 100 nm. The diameter relates here to the average diameter of the nanotubes. It can
25 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. However, it can be
in a range for example from > 1 pm to < 100 pm and advantageously from > 10 um

to <30 um.

In a further embodiment of the polyurethane object it has a first and a second surface
30 layer containing electrically conductive carbon particles, wherein said first and

second surface layer are positioned opposite one another and are separated from one



AT

second surface |ayer are positioned opposite one another and are

separ at ed fromVen1048509d10/ 086094PCT/ EP2010/ 000220 - 13 ECHRBIHR{00¢A20
a pol.yurethane layer. As a consequence of lBhe production process the
first and the second surface |layers are integrally connected to the

el ectrically ipgtHefbl APoBRktHARIARIEAS @M@se(ﬁféh@@oﬁﬂ@@fﬁh@ﬁoﬂ heass fhe first
fl exi bl e capacitor can be produced with such a structure of two

el ectrical |y cmddbetsesoad|sayfageslagensratrsesray eoneelrd e thecelegrigglyzinsulating

further enbodi nent _of the polyur j eck .
conposite of éz’r@ﬂﬁf)tg‘??e @ﬁ?‘g‘?’iﬁ%ﬁ S\%% E{F‘%Qiewggllpgl fil/eﬁgrﬂ‘l’el? %%gﬁ%%@a%gﬁpg%g%m
cont ai ni ng el ewtk hgahdtMrecsidy eldcuRallpchatuched ek espardtxdhbph dilafric.
support materials are ceramcs, netals and al so other pol yners such

as pol ycarbonat es_or polyol.efins, Thus for exanple tal nmoul ding .
can first Be dBatWghe ?TH%/%W%%WH%B@YHW@@ﬁ@EJ%%t%Sg@W fR&hé comiposite

surface 10l ayelr £3 R A 8k vifh P&l?ﬁre%_ﬁ@%ﬁr@&r fayel @Sntaithli electrically
ed e detall by t he

present invention’l escri I'n no et al reférence to
enbodi ment exawptediveehdonipartides} Bramplon ofvsuppott metdriaduiare serafi@, metals and

shows a pol yur et hape obhj ect having.a three-|ayer structure Fl G

shows an at om'aisof?:; e IE‘?"S%%b@S I%ﬂ%ﬁjébo&ﬁtef HEX@V%IS&SS gtchf"f ﬁcﬁ 65?‘11“8% a metal
speci men 15 FlyfauidinghwsiRned belie@Waii folihae®hend hied &R6QRY pblRethat suffece
cross-section of a specinmen FIG 4 shows™ another atomic force

m cr oscopyll ndgeershn bhpravidedsvidedeicerpoppagicseci men FIG 5 shows
anot her atomc force m croscopy inmage of the cross-section of a 20

speci nen FI G l%esitﬁ-%g@qt %ﬂlﬂgﬁ Si%ﬁ@s@iﬁe& %@%r@&ﬁ@%?%%téﬁ@gg 1R e%ggdiment

surface of a spectnen OWS ano omc force mcrosc

i mage of the samphs befowainsqapindton withels figmes. exanpl es: Material s
used, polyurethane production and general nethod: 25 Pol yol : Pol yet her

ol yol having an OH value of 112 K and a viscosjty of 140
ﬁpa?ls at 25Cg FIG. 1 shows apo?yuretl%anerg%jectq;equgg aﬂlree-layer structuré/
FIG. 2 shows an atomic force microscopy image of the cross-section of a specimen

15 FIG. 3 shows another atomic force microscopy image of the cross-section of a

specimen

FIG 4 shows another atomic force microscopy image of the cross-section of a

specimen

FIG 5 shows another atomic force microscopy image of the cross-section of a

20  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, polyurethane production and general method:

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



WD 2010/ 086094PCT/ EP2010/ 000220 - 14 - Catalyst:Dibutyl tin dilaurate
(0.02 w.%, DXBCOI®E840% (0.54 wt.% Air Products) | socy&fdER2010/000220
DESMODUR(r) CD-S: nodified i socyanate basé#i-on

di phenyl net hane- 4, 4' -di i socyanate having an NCO content of 29.0 to

530. 0 wt. % andcAaryétscosihpusi 1id UilaBradO 0828wt 96)aD AFRED G3LIDEB (0.54 wt.%, Air
particles: Multi-walled carbon nanotubes (BAYTUBES C 150 P) Di pping

sol ution: Di spersion of HBAYduBESe C 150 P in a solvent The cited
pol yol, catal yst and isocyanate conponents were m xed together at

roomtenperatuyre iv erishi€ v 105, di pRI.RY
sol ution was ;L)i?%c }‘Jugaet 133%%1&@@%%“ n(gbt e ?gg@ggé pa?%’lcggﬁebse i ntér?H on

ul trasonic bath and was distegyinmacaf £1dyisodyanae deving an INEO conmal ¢f9.0 to
the pol yurethane surface the specinens were conpletely ] rsed in

the solutidn, briefly rilf<bytvan aa‘@%“t"é%"ﬁ?‘%‘é’r P?’i@atr%sed and
freed fromexcess solvent at el evated tenperature. Exanple 1 (in NWP,

wi th ultrasount)ponparficle®St RIGESWAlcdRaRRNMhSLBANS A BSBRI®IC (0 K) 7
Xx 0.2 cm was conpletely imrersed in a solution of 1 w.% BAYTUBES C

150 P in N-nethyl-2-pyrrolidone. The exposure time was 0.5 h with
soni cati on i n Rippigtsphsioni ¢ BAspersipel cBRAYJURESH &) 139 Binrp salvenbut

soni cation at roomtenperature. The specinen was briefly rinsed with

e e 0, OB AL OO BN Mo

nmeasur ed surface 1 Stanc era

.cm The i nt egriampaatued td fiee Banarhstbesicivahe df165 giieydipgin aslatisumwhapeduced
‘down to a penetratjon depth of approxi mately O_.g nm was ab%ﬁ. to he
denonst rat¥d By sonsaung tiecahonmagiclosyn Arpftiasers 5yth apd yas dsehigimeiately. In

conductivity Ufe iBnali I GWhe s dETRAS BinfARANGET drhletel
at the PU sur@@% {OF?@&g?E.(liggg{ﬁygnﬁﬁe % (irn ace%}%ﬁég,% 1With Pletely
ul trasound): Aninestedphehesdfitian, pakflvriesdianeh etetetcoafar beihgaemoxedakl freed
cn) was conpletely i mersed i splution of 0.5 wt. % BAYTUBESO C 150

in a |
P in acetone WIHSEGH? E‘%{Y?lﬁﬁtﬁgﬁv% SMPFEEYRi ¢ bath. The exposure tine
was 1 h, the tenperature of the dipping solution was 45C. The

speci men was agfdly1 (innse®, With Qlrasaiye and freed from sol vent at

15 A test piece of a polyurethane elastomer (7 x 7 x 0.2 cm) was completely immersed

in a solution of 1 wt.% BAYTUBES® C 150 P in N-methyl-2-pyrrolidone. The

exposure time was 0.5 h with sonication in an ultrasonic bath and an additional 5.5 h

without sonication at room temperature. The specimen was briefly rinsed with

{ acetone and freed from solvents at 100°C in a drying oven. The measured surface
20 resistance was in the range from 10 to 10* ohm cm. The integration of the

nanotubes into the polyurethane surface down to a penetration depth of

approximately 0.5 pm was able to be demonstrated by closer examination by AFM

(FIG. 3). Corresponding conductivity measurements (TUNA) likewise demonstrated

conductivity at the PU surface (FIG. 2).
25  Example 2 (in acetone, with ultrasound):

A test piece of a polyurethane elastomer (7 x 7 x 0.2 cm) 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



WO 2010/ 086094PCT/ EP2010/ 000220 - 15 - 50C in a drying oven. The
measur ed surf a¥© 20380809 ce was in the region of 105 ohmP&HERS0AHAP0220

3 (in acetone, without ultrasound): A testdpiece of a pol yurethane
el astomer (7 x 7 x 0.2 cm was imrersed in a solution 5 of 0.5 wt. %

BAYTUBESO C 15°F inNa af9in@neven] MheerpABIEIdC sirtte 1oRiStadceNwak M@ the region of
tenperature of the dipping solution was 23C. The specinen was briefly
rinsed with acéf eh@ahd freed fromsolvent at 50C in a drying oven.
The neasured surface resistance was in the region of 106 ohmcm FIG

1 shows a sch\i%h{pge %’Kiﬁ‘gg%n@vﬂﬁlo}’l{-‘ﬁlﬁlagb%ﬂﬁ):()bj ect according to the

i nvention 10 r ayer structure.” Starting froma
pol yur et hane wor kpi ece carbon nanot ubes were introduced into the _
upper (1) and A test pieseesl o Blyswathhaceastamer (70f 7 ke po) was srhensed inThsedeion

nanot ubes are indica s .or..dots in the individual. | ayer
(1) o Santies SaeR BALTORRSE cnbilBat shiloie o The Mt limacV, g e
depth in the sghhaaRrd 8Y@EippliesdidnAes IRYSTHe PeRint@Patabadlyf a8l with
one anot her by a pol yurethane 15 | ayer éo?s which is free from

nanot ubes. Oniaseton® anthdrqsd dtierotsobienprioseys in Redrpivyarcat Bhnanespyred surface
still has a one-piece structure wW.tRs r,eqgard to the surface |ayers (1,
2) and the suﬁ?%é{%nqefya&rlgﬁéerlggﬁgﬁégg ?I%)Igtcﬁlé nanot ube-free | ayer (3).
Wth appropriate dinensions the pol yurethane object illustrated can

be used as a fEIGM GAPES hisoliemdtiorviex afpl plyu2@hdnesgigedt reecordingttbehe invention
{pol yur et hane obj ect obtained in Exa ns of

le 1 s exam ned by ne
atom c for®e ik @séb‘ﬁ?‘l%}ﬁmtmcﬁﬁ@eg&rﬁl?ﬁ #‘ﬁﬁt ?OPPT&‘HS%FH‘%/ H¥OTSPIESE rfdgbon
and arrangene ] i i .
Mmage | n B HnSlipt e ARRERAERAL IRPTolc? (I GE do bt (OF Sutiseier SEMe
of the i mage gethiretharshdhesevasndt@bediare ihdicatbd byeddshdsamd dparin ¢ indiwidual

i i tri ial in whi t 25 i ) ul at N
order to prepdhe ook Therkeders b e rate RS g e L Hid TRARron i ih the
unchanged pol yf@idapes MtehirBle 15eEWRE RefalR0d from! §iR MdiHenBS al @_Y}Qlﬁethane

perneated by the tunnhel current-conducting carbon nanotubes, whic
can be seeld adayeri Ghtwhichsis f¢eGfrod amootubesh dWwitigf foe thenpradusaiign process the

sections of the, sane specinen, viewed as a. cross- .30 ' '
Shase. sonsi t1 VEREE Rl E T Forasa et B h dh dfget s
um In the | ef%bgra@ldpﬂlet stfact NBydreaee HohGedTes the naBdtabd-fke ilayeph(33.nWith
t he speci nen 010/ 086094 PCT/ EP2010/ 000220 - .16 -

appropriate dimensions the polyurethane object illustrated can be used as a film

capacitor, for example.

( 20 A specimen of the polyurethane object obtained in Example 1 was examined by
means of atomic force microscopy (AFM) images. Information about the presence
and arrangement of the carbon nanotubes is provided by the tunnel AFM image in
FIG. 2. This is a cross-section of the specimen. The width of the image section
shown was 10 pm. In the left-hand part of the image is matrix material in which the

25  specimen was encapsulated in order to prepare the cross-sections. In the right-hand
part is the unchanged polyurethane material. Between them is the surface layer
permeated by the tunnel current-conducting carbon nanotubes, which can be seen as

bright dots.

FIG. 3 and 4 show different image sections of the same specimen, viewed as a cross-
30  section and in phase-sensitive mode. The width of the image section shown was

2.5 um. In the left-hand part of the images is matrix material in which the specimen



was encapsul ated in order to prepare the cross-sections. In the ‘
ri ght - hand par¥%O 20108604 changed pol yuret hane material . B&HER1PQAR20
is the surface | ayer perneated by car bon- h&not ubes. In the
phase-sensitive images in FIG 3 and 4 the carbon nanotubes enbedded
in the surfaceydsatRipsal-fedCine@inyio\préiabs gie @sosbise@ltins| Inrtks righthandrpakt is the
therefore be seen overall that the nanotubes are al so present bel ow
the surface ofunchanggé pplimesthansematerid, Bstvagenibery 1 &ﬁ%&ce ayer permeated by
cross-sectiongl .vie ' an,. i ' V\fgggdtgl@ e

nanot ubes errbgclé%lbec%l W%&tﬁ%ssg?f%{ggﬁ]agig‘%&@gﬁ e sseceiﬁ lglsd?c e%?lir/%éb&poon
vi si bl e bri ghtnahbtubss erhBeddet.in Ghawafate dhyrw dreralpedy ofsilble tasbrighelings It can
the surface of the specinen. The height image in FIG sho a
structure f5eatth?rF§)ée B‘ﬁ?ﬁfé‘ %’ﬁ@-ﬁtq‘e‘wg% g%‘&@ﬂ ?‘i'erﬂi%w&f‘?%ﬁglp“ﬁtﬁ% s{ifase Rt the
of the inmage %ﬁdl-&ﬁa&ho"‘“ was 2.5 pm In the corresponding
phase-sensitive view in FIG 7 carbon nanotubes accessible on the
surface of the specinmen can be seen as bright lines. 15 WO |

2010/ 086094 PCT/IEP3 Ghowe @0Raber crows-sectipral vigwl wWithgrelsge gection width of 5 pm.

i ncorporating.glectrically . conductive partigl |0t fac .
cont ai ni ng polyur %Oé%%%noi%)ﬁf)lﬁ @F‘i%edt‘ﬁgﬁﬁ %lfrfaggmﬁ#é:’?sc %g%?gg“ %A‘?eérﬁy\%&ble
Preparing a sdjright BResof unaggregated carbon particles having an
average 5Sparticle dianeter of > 0.3 nmto < 3000 nu in a solvent

whi ch is capabl e of causing the swelling of a surface |ayer, )
Con]E ai ni Ingl Opol §Jsr 6 ERGH ,hot’va)rr_wteﬁ ?Ei‘ P Ilzé_oééhzﬁﬂ%r@cﬁigéh%%}ﬁg&?eﬁi e height
surface layer b0 f RS CAHADRSh RAbb Bdentations,
(C Causing tﬁlenral %flﬁtﬁp(ﬁ)ﬁéc% O%argonﬁgg?tai cr'l%;btopsact on g'Itﬂhe ped dentations
pol yur et hane- clirt width nd thé smagasetibaysbowh ovasa2.pamiolh gk ¢orrespasidinghphase-

not sufficient tq.convert e . .
senscgtlve wi}lew in FIIE 7 carbon nanotubes accessible on the surface of the specimen

can be seen as bright lines.

15



pol yuret hane into solution; (D) Ending the action of the solution of

car bon part i¥0@814p860HE poI yur et hane- cont ai ni ng surface Ia>1’¢,frT"]3I’2(’10"000220
2. Pracess according to claim1, wherein thé-action of the solution of
carbon particles on 15the pol yurethane-contai ning surface | ayer

occurs with the use of ultrasound and/or heat. 3.Process according to
claim1, wh&laims t he carbon particles are not covalently

functionalised at their surface. 4.Process according to claiml

wher ein the jcar p%eé@@%ﬂ gxlxc%§pcﬁ15t?n %e%ﬁfcﬁﬁly feamdiie gﬁl‘ﬁeﬁs 9l a surface layer

conpri sing carbon nano sin ed carbon nanot ubes,

mul ti-wall ed cacdusinh@meinivethane; actpnsingtheHolieyingatepen nano- oni ons,

Lrllﬁrene, graphite, graphene, carbon fibres and/or conductive carbon
ack. 5.Process,acgording to cl.aim4 wherein.the carb

are non-coval enf‘ﬂ/ Preparing’ a FolHen o‘)r’faP‘?@glé?ga%I ?qrb%lﬂagﬁlegah%vd%g an average

nanot ubeg having a gh:aaBtEIMEEr 3f 3 (1Mi025 304N a GolPEMOREISh is capable of

according to claiml wherein the solvent is selected fromthe group

conpri si ng met hanol sausingarmswellispptr dpafiet layplrcatoning eehyreiaeyl ycol |
propyl ene glycol, butylene glycol, glycerol, hydroqui none, acetone,

ethyl acetate, (é/)O 38384188@}39659{%'?}?%9 chﬂtgf?lg‘?gzgurface layer into contact with the

solution of carbon particles;

(C) Causing the solution of carbon particles to act on the polyurethane-containing
10 surface layer 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.

2. Process according to claim 1, wherein the action of the solution of carbon particles on
15 the 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
20 comprising carbon nanotubes, single-walled carbon nanotubes, multi-walled carbon
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

25 < 100 nm.

6. Process according to claim 1 wherein the solvent is selected from the group
comprising methanol, ethanol, isopropanol, butanol, ethylene glycol, propylene

glycol, butylene glycol, glycerol, hydroquinone, acetone, ethyl acetate,
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trichl or oet WO&AE/9§6084| or oet hane, tri chl or onet hane, net hyl e&cHEB2918@00220
cycl ohexanone, N, N-di net hyl f or mani de, di né8hyl sul f oxi de,

t et rahydrof uran, N nethyl-2-pyrrolidone, benzene, tol uene,

chl orobenzene, styrene, polyester polyols, polyether polyols, )
m xtures of thetrighétesbenenedrigdpipshiase.wi tHeROmERer  Mstylme  chloride,

5m xt f th ti . h . .
ures o 8¥c%$t%'k T é: ngﬁlgloh&ﬁﬂﬁﬁarﬁﬁ[’:, éﬁﬁ'feﬂ{acl %ulfg){lg&?Ztgtéahydromran,

according to cla he polyur et hane-contai ning sur
| ayer i s broughN-insthgl-2anyimtitiond, blnche, tslobnd, chloradfenzme baprepa ritolyektes polyols,

by di pping, spreading, printing, brushing, spr.ayi and/ or, pouring.

8. Process accppalb’ﬁ%‘e*t B‘Elé’P]gi M u%@?é@%a%%“%%ﬁw&lﬁ%%w&%prﬂnﬁieWPﬁkjr and/or
surface kayer i §;l0PAIriml d¥rchRYAEAR BlvehRafin kitestep (C) by a mask.

9. Pol yurethane layer containing electrically conductive carbon

particles and obtainable by a process according to claim1 wherein )
t he outer sdrfaBmcess adeerding yuph@:malnerhle@yethecmg:mris@@@e—wn@@lr@nﬂlrface layer is

i ndentations with an avera ei.ght of .the h of 2.5 t0 < 5Q .
nm and an avera @ugﬂtsf%?nccé’ggg{]mtg‘nﬁlgdﬁogglé)ﬁt0 g%%%n gﬁglcge.sg@quﬁ}p RS S%egdlng’
p.m 1510. Pol ygrgidaneusBligesirafiay hiorpsiningace | ayer (1) containing

el ectrically conductive carbon particles and obtai nable by a process

according to claiml1, wherein the carbon particles are present ip the .
pol yur et hand: doRkPcess accqrhesg toflam 1l &hﬁﬁ%?fﬁv@qlh@e%ﬁlq-a%@mmﬁﬁu ace ?ayer 15
Pol yur et;hane obj.ec ;. di . | ein the carbon

particl el? W t hi hﬁﬁh%?gﬁ%g% %?eegtsﬁ%lﬁgé%n@t)éogia\ém%gf the surface layer (1)
containing themare present in a proportion of? 0.1 w.%to <5 w.%

.

9.  Polyurethane layer containing electrically conductive carbon particles and obtainable

by a process according to claim 1 wherein the outer surface of the polyurethane layer
comprises bumps and indentations with an average height of the bumps of > 50 nm to

< 500 nm and an average distance between adjacent bumps of > 0.5 pm to < 1.5 pm.

15 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 pum below the

surface.

(_ 11. Polyurethane object according to claim 10 wherein the carbon particles within the
20 polyurethane material of the surface layer (1) containing them are present in a

proportion of > 0.1 wt.% to <5 wt.%.

12. Polyurethane object according to claim 10 wherein the surface layer (1) containing
the carbon particlés has a specific resistance of > 107 ohm cm to < 10° ohm cm at the

surface.

25 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.

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



12. Pol yuret hane object according to claim 10 wherein the surface
layer (1) cOKPIOH/§0he carbon particles has a specific rd&GLERHE000220
of ? 10-3 ohmcmto < 108 ohmcm at the sutface. 2513. Pol yuret hane
obj ect according to claim10 wherein the carbon particles are non-

covalently functionalised, nulti-walled carbon, nanot ubes having a

diameter of > 3sasend 6)-suiver Ffer a@osonsbeRISPEN EItharege Saratadfiom

- second (2) sugpface r il opposi te one anot her and

are separated félftl)m oﬁlléeqéﬁgt}%g)ﬁlrﬁg%aet%gﬁsa et hane |l ayer (3). 15.

Pol yur et hane object according to claim 10, present as a conposite of

a support mabter Pallyussthiane t dhgeqp cicyordightnelagur flageesenly ey acomupasiie red a support

electrically conduct l Ve 5c§r_ bon LP-at'iti cl es. - . .
material with the polydrethane” surface layer containing electrically conductive

5 carbon particles.



