Carbon nanotubeg, coRpHisiRgdydroxy groups, method for the production therepf:and glyssiane

polymers comprising said carbon nanotubes The present invention relates to carbon nanotubes
comprising hydroxyl groups, the surface thereof comprising hydroxyalkyl ester groups bonded covalently
thereto. It further relates to a process for 5 preparlng carbon nanotubes comprlslng such hydroxyl
groups, to a procesa fon pre ! 0 [:] PESOME Y 0

polyurethane polyg@e;upgnyaggm%‘@glagmKg}m@ggweﬁe@ﬁbﬁtd@ast some of the carbon nanotubes are
bonded covalently to the polyurethane polymer. Carbon nanotubes (CNTs) are known for their unusual

properties. For exampig.dhg %85‘(9}# ré&é@?&%ﬂ%@h%%%@\?&%B% %ﬁbéﬁﬁé@ﬁfﬁ@ fFRACYctivity

thereof is about twice as great as that of diamond the thermal stability thereof ran% S up to 2800C in

vacuum and the ef8EPIENS SHERRYUNEY FRIFE SFIHBS, 18 Lo EPUMMRIE thdt LEIMGUCERAEP OF BIPBETSTIREse
structure-related ghapadterishosareahouiese rcabpaiiadleuah thy drigunsdartde ee poriyss/Hen fireppassible to
distribute carbon %%FH%%J‘BG%Q%H&!M J&&ﬂa@&mmmumm@m&w%w Bhgrigng the

15 medium, i.e. to make them compatible with the medium and hence dispersjble in a stapble manner. A
chemical functlonﬁﬁgé%ﬂaé‘f)&%oﬁ’vﬁgr‘?&ﬁega& EAMSo R B REPIRNPIHRGToRE (R RS ENEIl Yytﬂwg\’eof
among other propeetesetharevielynegticle by N. Tsubokawa (Polymer Journal 2005, 37, 637-655) lists a
multitude of options for such a functionalization. In addition to complex chemical reactions, for example
ligand exchange reacitonsapotiihbsdicartx)xyierkacenephiigy fieesisheaks2 0-polyxaspiratibn wingth
polystyrene apd reactignwitl,azides;Hhe Mxidatiomnpt ﬁ@%m &@HPEHQ%&%%UM%CMQ?&& Kown

in this field, and corresponding modifications based thereon were also mentioned. Tsubokawa reports

three options for tHR ARSI Yo ffniRR TR %%Rﬂ'&l’l\?@efﬁ%%‘@iﬂ)FPcﬁS@Qrﬁo%yY@%ﬂB@”ﬁﬁe%?s?@%‘f%nt for
this purpose is theamativaitioy bkthef avay droupsdnyl tmasythehloriciey folloometr 25Heygea Surthercresgatdn with
a nucleophile. A disadyaiage 3?8rﬁ%@x@?‘%ﬁg%ﬁﬁ%ﬁ%ﬁ?mg&%%ﬁeﬁﬁﬁQk&mwt%@fﬂﬂﬁt elhe

second variant is the reaction of the carboxyl groups of the carbon nanotubes with coupling reagents,
such as DCC kno$iH3P8n HRRS PREMRRRTOWRY 80f <R ERIAP RIEIBLCRNAL REMESH ngsﬂ V&%, this
method requites thedise,ofeaty exgertbare coupatiteradlydre madipddiuce slispecs hting dctdigecoapierg
reagent used, a sparingly soluble urea as a by- 30product. Finally, a third variant described in this review
article is based omcar@ﬁmafibansmhbahwdrfmmatbergmpduaseaﬁmmmgr@m@m&mfibe@spé@ﬁﬁa;tyn this

case, an anionic pRlymeri BR& &%SPBFﬂggg &“%4%\%%@%%@3%&%&%@5‘?6 %F SSUhAr Aknating ring

openings. This has aIrea een descri separately by the same author in o ymer Journal 2004, 36,
316-322. The synﬁ?&s@é@g&kﬁ@@%ﬁlﬁé@W%ﬁ@@éﬁ%@ﬂ%ﬁB%‘?’ﬂh@ CafsR % reup! ?iﬁ/%@fﬁc%s a
result, the polymeréizatiomsh&s wxdepte tigandeekohdhgepreseinag  of divavisngtbecscind)i tViny dlkkes dbisal
chemistry veny, expensive,afsh %%ﬁ'FoW&?F&B@P&%nWM?C tiig S%GH&BWOF'?ﬁeC@a{Fb%y@%&%%p of

the 5 carbon fibers is reacted with styrene oxide and phthalic anhydride. It can be inferred from a table
that the reaction o¥fAd'Bn8AaLE KIBHD %HHS&&I%@@%&?&@%%WSE@%P%?& DN PREWES A She
functionalization oheatiboey Tndhgiewa tkeopis|yresterpiohyoiaymthissisildisujobe it @ike3@ro8u87aNAI. To
prepare polyester galygisyyighapsacid number of less than 1, a hydroxyl number of about 20 to about 400
and a functionality of appropriately 2 to 3, polycarboxylic aC|ds 10 and/or anhydrides thereof and

polyhydric alcohols arg qondensgd. thé‘@‘r@g%%’%qg%g%g SR ARnE I guﬁ ?Qﬁ‘én‘?ﬁ Rt dNowed
esterification catalysts at temperatures o opt|ona y uhder reduced pressure.
Polycondens#tion¥ 2feb@yeeaptias diagiausiamue ot QGW%H@W@ IedRRR POt EieRSeSfte &Ere then
alkoxylated with 1use Sombpibpgr cashaxyT geaidemidalkyiten asaxibepfoofexanpleoky? poopylentexwlecand/or
preferably ethylene,gxige. dn) }jﬁa ‘Bﬁﬁé‘?@a%%? 13 [grtiany @) '}%6%%‘ gﬁﬂ%lﬂﬁ vﬁtﬁ@@%@&hgﬂm the

group of N-methylimidazole, icyclo[2.2.2]octane, diazabicyclo 7-ene an

pentamethylened@‘?ﬁ%’hé"t’ﬁﬁrﬁ|HHC'WE%t5I9§‘Fi§hﬁB%H?%?@W‘H§%dWﬁ HpFaPh AP HEO DL 1021696 by
weight, based on thegargightl girpdlyesnateonsditg. t8lkexytaiptngsresd ved tageparistyyestaaied as deampebatures
of 100C to 17Qf angljander a pressure of 1 to 10 bar. 20There has to date been no description of
functionalized carbon nanotubes in which, based on carboxyl groups present on the surface, hydroxyalkyl
eoter groaps i BARRAGRA AaAPEL AR PRI eSh g cserunclion A0d fhe L R D e L
present. Such carbon A Ranotu earlng roxyl groups would be S USErUT for functionalizations in WhICh
attachment via ang@ﬁ-P@?éEéV@%@melcéﬂ@fbﬂﬂ%ssH&Qﬁé (hEFRRC ANCHEOMITSRRNERSIZal0oN 0k §ROVARSBN
therefore proposesnd eardantyanatshekeerppisiag hydsoxybinatedsingpeinghersiy fage dhesapfbeen
comprises hydroxyalkyl ester groups which are bonded covalently thereto and are selected from the
group as claimed in the general formula (1) and/or the general formula (2), where (CNT) represents the
surface of the carbon nanotube and Rl and R2 are each independently hydrogen, an alkyl radical or an
aryl radical: OR1 ( CNT




(CNT) OH  30(1)(Z)o ThRassiyres according to the isomeric general formulag, £1) a0 (J)cage derived

from the reaction of carboxyl or carboxylate groups present on the surface of the carbon nanotubes with
epoxides bearing the Rl and R2 radicals. In this context, opening of the epoxide ring affords a carboxylic
ester with an OH group at a distance of 2 carbon atoms from the ester group. According 5 to how the
epoxide ring opendesbidhedteenreiqlyidutizesateoatieor irbBabingroal70a4ten AtT8rdinghe sunihesés (1) or
to the R2-bearing &ajioR atRNMhase dinaie aprstehiddnVVheRsons 10fihp lardiR2aadiGakis wdrogen

and the other of the (o radicals e pot.imarn.or econdaryalcoliol can be getained- the ferm alkyr
generally encomp%sges, in‘the contex (_)rf)efhe entire inv nﬁon, Sl_JQDS ituents rom Tﬁlﬁe group gﬁ\fyalkyl,
branched alkyl an¥¢6f eXRe6aI/RMThentalmwaiial el JndIsetin Brasels, MerradoKate 6faHe dVerall
invention, substituenksirararthie grastpdokimaneenelisicarkengicheteaary sebstiaentsandon pahswclic
carbo- or heteroar%l w\bstitu nts, The freéa O‘-| group obha}i ed ¢an then he used for. further reactions in

a er.eac ion of the car x%at rolip wi Xi q_ﬁlone esS o I%ad {0 réyr crion.
order to further functionalize the surface of the carbon nanotube. The conient of these free groups,
expressed in mmal of OH 15 %ﬁou S perigram olf carbon nanotubes, may, for exam_gle, be >I 0.1 mmol/g to
<5 mmol/g, preferiBfy MHBWMHET YL AR AR B _riloHHER PSPR e BRIV e TSRS Btube
comprising hydro)3f §foup87RAanToRZeprzecpalbicistde peldientihiapitt ogerbemestigs ¢l Lnaprygidxy!
isopropyl, n-butyl, sseesBubYlaisePEi/le sbubURY ARAORRBRMMIEFIRBRIIE] 3R 4CHRMWIRNBland R2

together are - CH2?14-, the structure 20 Pf SéJCh invgntiv arbon nanot bﬁ]s would be derive[d rom the
. 1 and/or anB&drl e§t ereof and pol h%/ ric %co odz? n e]n%ﬁ . IES) IS a vanttaltjcbeousv\y one in
reaction of carboxyl or carboxylate groups present on the surface or the carbon nanotubes wit
cyclohexane oxidé¢hataksgnefepicdsivovaayestetiferineriasspeasaicren Wi Adgén torelse tndtdriignally
hydrogen and R2 ig#aetaylidsutbaiscanse RhgeiibeHdEacH BUSR-IRY BN thvic.ers Rampanatubes cath®ene

attributed to the reaction of carboxyl or carboxylate groups present on the surface, of the carbon
manotuies with ot e ey G A T B Ter LBl GASbAEh Rt B he P A Bon
nanotube comprisPi§iey@ro¥AH RS- RRYENE tREG AEYPh FRENISENI4eo8| Guiae) frbalsegrrgp of a
comprising sirgyletaatrgatainglamatuheriamultinmi carbendtanotears, ardnutivveiheaipendaaaetubes of
the cylinder type, gf the.scroll t f the multiscroll and/or with onion-like structure. 1t is favorable
when the carbon SERABSIoLE e da SR /B gl BRI RRM ol R
contrast to the alrd&8FHYRIGhRRPIGTORIS ¢ 4S8N rAhSRAESAE deel QU S INitPRERhP B e c¥ste b us or
interrupted grapheig tayesntaere mtsyexish eatioantarotlisiemiductwapardichsconmistofisavera graphene
layers which haveupg%pac&g%gmggft giyg gstack and are present in rolled-up form. Reference is made in
this context to the multiscroll type. These carbon nanotubes are described in DE 10 2007 044031 Al, to
which full reference is made, This structure with respect to the carbon nanotubes of the simple scroll type
o comparablelio U ERR ORIl oo A . BHOR IEERARES CSNAHEal R o PTG to
the structure of theasheykt-svalPs cyipsencan chrbevrirad ooz Y@lieidgieaPSWINTX YigtasdavdralsRsbenen the
carbon nanotube egimprissRgebiventivetby dineod 0 EdPhoacea diRpater HEsertNButa sakbbhniandiiBes
diameter is based here on the mean diamet%r of the car notubes. It ma o.be withina r nge from

beari ydroxyl groups would_be usef ct))ro{1 nnn%bz 10ns_in |c¥ al?ach ent via an ab .
>5nmto <80 nm an&%dvanta%’ggousqy fom >"6 N to < 60 Nm.-1he ?engvt\h 6f the carbon nasotubes is

basically unlimited'UmigyeRIREVEIE fohexenpgiE, e WaMiATSECeange from? 1 pm to < 100 km and
advantageously from? 10 pm to < 30 pm.
25 The invention therefore proposes a carbon nanotameprising hydroxyl groups, wherein the

surface thereof comprises hydroxyalkyl ester groupich are bonded covalently thereto and are
selected from the group as claimed in the generaidla (1) and/or the general formula (2), where
(CNT) represents the surface of the carbon nanotuttk R1 and R2 are each independently

hydrogen, an alkyl radical or an aryl radical:

O R1 0O R2
R2 OH
(CNT )/LO/K( (CNT ))ko/K(
OH R1

%0 1) @



The present invenfienJyidngEgypVides a process for preparing inventive carbonRapoies copyprising

hydroxyl groups, comprising the steps of: (a)providing carbon nanotubes whose surface comprises
carboxyl groups bonded covalently thereto; and -3-
15(b)reactingthecarbonnanotubesfromstep(a)withanepoxide 0 R1R2 where Rl and R2 are independently
hydrogen, an alkyT hedstractiret anedreéntidal thehisosyetib @sikeratitaes (A Riss{Drarte derbredritmibared to

the esterification VigasasRmdaehbyidsiscampariRee o fihersrHR0NARAOBINGS cHriforlnarioarbisy Rkl

advantageous tha (s, 20, svnthesis £n, b6 perornad wnder comparatively mid reagtion. condiiors. I
general, distinctly Righer temperatures are needed tor a direct esterification of carboxyl groups on the

surface of a carbotriraNditiBaleayit) s (it GF vRiehalfisiasg glmmer ations dfamahea st B@s R eakEnglace,
or else the individuahzatipe fdheeNaiphes tleesiaplRLpUEBkiEitaHb® chermisqiinsiiataizatiening

Relatively large nanotub lomerates with diameters in the ra from 100 to 200 n 25
v to b remov B B el AR 3 R o S
obtained after a fUrthERISAITESBINELTRR aRAmpIeisrL PO’ HEFFRAtdiRG PODAY AFSG 1 HREY RSt NToiiile

route, a further advapkag@rds. that the process according to the invention is an addition reaction which has
to proceed only with small amounts of a catalyst. In the esterification via an acid chloride, in contrast,

stoichiometric ameypte of RydregRALAIgride NP Le kelrastoihicBraRVAHHSKiatelyRalerighbe
removed. W?OZO 0/11555 PCT P2010/002002 df>/ obt inlaﬁ]le from thiﬁ %roce saccordinS%to the

/ 1] ki
invention. The cartbgnqrr?alfﬁoq[uNb'easW\/h?(r: n?:oernp?rlléltla%narlgro%ﬁ roupes.t ondey c ?/%ﬁ%anlﬁf tSHEET e and

used as starting nikgeataldrfitieeatyeiriddveoimnnflpsttisinegized aatbor manetvdissaponeartiesPaxidative

processes such agthQilddHaZIRESsH TR oy abaaraapyigsaups at the surface can be 5
determined by conductometric titration and reported in mmol of carboxyl groups per gram of carbon

nanotubes. The ceglepLmay B%u%t%ﬂ@%%n?h@rﬁb@ﬂ%@lﬁf?&%rﬁ?%ﬂy th W@JP{@EJM%R&EHH&QHQ <1

mmol/g The provision of carbon nanotubes in step (a) is effected advantageously as a dispersion in a

solvent. This solv&t SHEE ULLBARGE HE YUREHEP SOBHHIREEIl 80 X P WPt Sl U RRhEE @ 0
side reaction$switlyiheepexidenset .cBintablmsolviers imafuder acsangcttytirocatigois_suoimadoluene or

xylene, cycloalkangs:siieh).28 SYGiRNE8Re ndillges such as hexane, and ethers, especially cyclic ethers
such as tetrahydrofuran or dioxane. The concentration of the carbon nanotubes in a dispersion may, for

example, be Withiruh30H%’%Qﬁbﬁ&%mé’npcg%éé%%ﬁi%hﬁéﬁ’rﬁoﬂrﬂ%MSJ%mg %ﬁ%&?@)‘oﬁﬁwﬁl%@w" ght to

<5% by weight. The dispersion can be obtained by 15using a stirrer with' a rotor/stator system at high
speeds, for examSRFBEIRASAACBY Gty PpPR. dREHY 28100 BYASIR" QRN PH I SESRUNY: dsaP Ut Sitthe
dispersion. In ordéuty dnverthieerggctiangetisiepréb)Jn ththele Bitehd iRRobgathdreaepoRid ehearioguused in a

large excess Jglatiye [, SAROXIIIPHRD RBLDG SUHBEONRE FRRARMANRURESKI PEARBXIGR IS

gaseous under the reaction conditions, the reaction pressure (absolute) may, for e_xamPI_e, be from
groups present on the surface of the carbon naestulith cyclohexane oxide. It is preferred,

however, that R1 and R2 are each hydrogen, ortleddeR1 is hydrogen and R2 is methyl. In that
case, the structure of such inventive carbon nédmstgan be attributed to the reaction of carboxyl
or carboxylate groups present on the surface ofcrdon nanotubes with ethylene oxide or

25  propylene oxide.

In a further embodiment of the inventive carbonatahe comprising hydroxyl groups, wherein
the carbon nanotube is selected from the group demg@ single-wall carbon nanotubes,
multiwall carbon nanotubes, and multiwall carbomatabes of the cylinder type, of the scroll
type, of the multiscroll type and/or with oniondikstructure. It is favorable when the carbon

30 nanotubes have a ratio of length to external diam&ft> 5, preferably> 100.

In contrast to the already mentioned known carbanotubes of the scroll type with only one
continuous or interrupted graphene layer, there eksst carbon nanotube structures which consist

of several graphene layers which have been comhimgive a stack and are present in rolled-up



20> 2 bar to < 5 bgy~5,95¢,8880diment of this process, the reaction of the caghopnyaetHkesh step (b)

is performed in the presence of a tertiary amine as a catalyst. Preference is given here to tertiary
diamines. Examplesthereofarediazabicycloalkanessuchagl,4-diazabicyclo[2.2.2]octane,
diazabicycloalkenessuch as1,8-diazabicyclo[5.4.0Jundec-7-ene,triaminessuch as 25
pentamethyleneditthyletrieteneents, madeis(2higidrylexhivobikybrdthdypesutiess bisiRrdiraeekiiasniieethyl)

ether. Especially thesbigedrsinethylanonogioph sihes calalyedeads te eieffaes halany winereaglegule of
the epoxide react%vvtiﬁh the carboxg{ Ll%r%ug %uch. thﬁ\t therﬁ IS no.forma‘jt)ior{ gér%o(%{%[c er chains, In ﬁlfurther

. p e carbop, ,nan € _Sim scrol] t ampara (0] ultiwa
embodiment of this process, R"&N In rhe epo>8 eins eﬁﬂ% Are 68C ndepéendently y(Wogen,
methyl, ethyl, n-profiPArisaprapan Manaiub e CHintdicRIOWMNT séaisutpl BisdAgHpMEN Y, hetcietharadre
-(CH2)4-. Thesepayidriidsepudn isqreirallyiadeansahakylene oxide. In that case, at least one of the
RI and R2 radicals is hydrogen. Examples of such alkylene oxides are ethylene oxide, propylene oxide

and n-butylene oxjig tRIGIGIIBNASH H& EXH R RdRod SEBIBRSWIHIR: %9@(9@(@{%% RACE glahfardier
e

embodiment of thi>s rocess the carbon nanotubes in steg éa%n?re selected from %rou%ggomé)?rlsing
single-wall carbor a%tl?oégorﬂmtiw};ﬁlddarﬂ%‘ﬂ RAMSRHE e HeURRAEELOS FARSILAEL P e'&ylinder
type, of the scroll typepisbthe withltistreliay ierandiotayith omendikevastgectshe frxulvamtageausty, the

carbon nanott_Jbesﬁﬁbs&%@tﬁaafm@é/ea%qiaﬁaﬁtﬁﬁ%%%m&m&@ﬂmﬁm&b&&ﬂe&a&@meqm%f%fﬁ@l
lengths and %l] meters have al{e%dt% b%§§ descrllaagd above n cooqsrrlll%ctlort'l V<VI§B the inventive carbon

range fronr n 10< m and advantageously: f 0 m.
nanotubes. Therefore . Teferenct’is made 1o fhe aboveFor avaidance 6F repétition. In a further

embodiment of this process, the reaction in step (b) is performed at a temperature of 10 > 100C to <
150C. Advantageol/&y PIREEFEdBHBRH tErTHERSTUREMds T AR PERFTSTBRRIBE NP IBCa ) T3 0 EHRGS
comparatively lowcreguisinm teydpeyatiioepse nabeising foactepsalization of the carbon nanotubes without the
reagglomeration thereof becoming dominant. From a process technology point of view, such

temperatures, whiglh arehel@mdhetesnpeimius§ ancsallyuregdi ekt 2001 Greste rHivridarcofdlaatly
carboxyl groups with alcggpé%_adrned additionally associated with an 15energy saving. The inventive carbon
nanotubes comprising hydroxyl groups can advantageously be used additionally in the synthesis of

polyurethane geoly ers and thus in%orporat d covalent[%einto tZe olymer majrix. The present invention
therefore furth rp vidersegcﬂ?gces Sor p%%g?ing 'E)%rh? Sthan r‘ﬂ%lym%?g cor&ﬁgrigi% rboerﬁ’%%eotubes,

comprising the steps of: 20(@)providing a dispersion of carbon nanotubes whose surface comprises
carboxyl groups bonded R(:/ﬁggezntly thereto in a polyol; (b)reacting the dispersion from step (a) with an
epoxide 0 R1IR2, where Ri anRR2vaeecerehaiidlepeadte nidy fudaae myarogity| dacisdtar anaargryadical;
and 25(c)reacting the dispersion obtained in step (b) with a polyisocyanate. Without being bound to a
theory, it is assumed thdfi&ree hydroxyl groups of the inventive carbon nanotubes obtained after step

(b) likewise react at least partly with isocyanate groups during the formation of the polyurethane polymer.
The result here is tHit 8YpBIStiretAdie'HAY IRt chEnSSRiBRCRERETaleritly teSIRISAPACIDHIGHEX Y hon

nanotube. chlorides on the surface of the carbon nanotulieis. 4lso particularly advantageous that this
20 synthesis can be performed under comparatively neiftttion conditions. In general, distinctly
higher temperatures are needed for a direct astith of carboxyl groups on the surface of a
carbon nanotube, as a result of which the reagghmine of the nanotubes can take place, or else
the individualization of the nanotubes does notuocdue to the chemical functionalization.
Relatively large nanotube agglomerates with diarsete the range from 10@m to 200um then
25 have to be removed in a complex filtration proc&therwise, preferential fracture sites would be
obtained after a further processing, for example ipolymer molding. Compared to the acid
chloride route, a further advantage is that theegge according to the invention is an addition
reaction which has to proceed only with small amewf a catalyst. In the esterification via an
acid chloride, in contrast, stoichiometric amounitdiyydrogen chloride would be released, which

30 would ultimately have to be removed.

The inventive carbon nanotube comprising hydroxsdups can be described such that it is



used as a starting, patgigh ¢arbe obtained from unfunctionalized carbon nangtghesay MeaeLf

oxidative processes such as the HNO3 process. The content of carboxyl groups at the surface can be
determined by conductometric titration and be reported-is mmol of carboxyl groups per gram of carbon
nanotubes. The content may be, for example, > 0 1 mmol/g to <5 mmol/g, preferably 5 > 0.5 mmol/g to <
1 mmol/g The carbbiainapietitreshia etegesapasarding teleettepfrom the group comprising single-wall
carbon nanotubes, multiwall carbon nanotubes, and multiwall carbon nanotubes of the cylinder type, of
the scroll type, of the raulttscnahdiybe sanblicT auitipiist @arbkeys thbeimied Theleatlyan tharsitiyesain steq (a)
advantageously gye,&AmalEr tar bl A 4 Ahimaaes detalle-and prelasarAf landliisiaad

diameters have already béen described above in connection with the inventive carbon nanotubes.

Therefore, referer8IE AR AR H5otA R SSidHMe SV FRP &litfaH o $5PY0RiBN BESHISBA REnotubes
in step (a) is difectietbasiredispersiondeagiadytitalitie aohcepdrigtomolf theaddxghgneunstylee gimthg
dispersion may, f@aﬁa@m@ﬁo@@e‘é"“ﬂ% Al FﬁQ{Pb% Ofar"/%paf%@mrﬁe|@18"/@rxﬂm»@hﬁ«&é%%r@bly
from? 1% by Welght to < 5% by weight. The 15 dispersion can be obtained by using a stirrer with a
rotor/stator system8 égexample between > 20 000 rpm and < 25 000 rpm. In addition, it is
possible here for uItrasounds to act on the dispersion. Suitable polyols are in principle the polyols

customary in polytPetPAREsiHeRIiSBPObMERAMENE PoRjerHat [foREISIRNARS St PO dISPEBRalbénate
polyols, pochaprcdamnemdmlser&&p@jweeﬂowegwydsmd:pmyestemqmmoEntéiuntm palyolsvaned

described in jlimannsEarydaRRAiR ARG HRNIRERS S R, A RAULBYAURDG d i BormOdiB0 2s

Verlag Chemie, Weinheim, or in "Polyurethane - Lacke, Kleb- und Dichtstoffe” [Polyurethanes - Coatings,
Adhesives and Sé&iﬁ?ﬂ%] BS/ WiReR MgaalRIsH SHEN \AR CRIFONGURIBRESHRUTBYES, PBFNeIn Y 6 Brive
the reaction in stepsflerialyheydesiedtdiraations therepnokade aaivke e.s@ta canegeaonestcéss cabypared to

the carboxyl groups,oi e 3 é?Em?n‘F%f %F‘e%ﬂﬁaw bﬁwﬂﬁ%@%ﬁp@ i%qgiﬁ&ljﬁt Whdeediag reaction

conditions, the reaction pressure absolute or example, be > 2 bar to <10 bar. Suitable

polyisocyanates af&'@PbrRigrakiuil Wtﬂcﬂ’a)ltii‘bwgt%toﬁoeﬁc/l’oy SEY- p1e RGN ARG AR Y
functionality 66> 2:30& rastipée svih suohis(statbiespsibyis et epesds fredyatybén betwbatile OOPanetend

hexamethylene 1,6-£iga6Yanake {iifebn, |§q%gme%g1lggpy@5@&g,@pl) 2,2,4- and/or 2,4,4-trimethyl-
hexamethylene diisocyanate, the isomeric bis(4,4'-isocyanatocyclohexyl)methanes or mixtures thereof

with any isomer conieql, Féfﬁg%e&%? ?tf'u#.ﬂ“é?%c@”ﬂf‘m%&gﬂﬁgﬁ% }ﬁedﬁﬁéi&é{é‘géﬁeo j;’éXEeﬂeﬁa?‘g

and/or 2,6-diisocyanate (TDI), naphthylene 1,5-diisocyanate ane 2,2'- and/or 2,4'- and/or
4,4'-diisocyanate @VISPS 1e8U%RédPe 9?61%{2' HOEPaPR SR S5 -QBBé’ﬁE%bWXWB It the epoxide is
1,3-bis(isocyanataaeityd) bederehe (@dotiipnacuhditkyls? i6editspoyanatabbsaaentesy(ysireatiisocyanates)
having Cr to &s-alkyl,araups. i addition to the aforementioned polyisocyanate, it is also possible to use,
in portions or completely, modified diisocyanates with uretdione, isocyanurate, urethane, allophanate,
biuret, |mlnooxadlialzmed|oneuand/gr pgﬁadlazmetrl réeresat(r: %';“ Ire, al d unnr(r)]to ggelg] Qte(é/ gc an; gre h more
than 2 NCO groups per mcﬂecme or exam &4 |socyana omeéf'h fz{‘% "Octane diis @ nate ?nonane
triisocyanate) or tﬁ%éﬁfﬁﬁﬁﬁ@mﬁﬁ@ 4%%-%%&@90&%%.% AR pRRISI bR RIt8e, aymines.
polyisocyanate CORXg@Ipest, I\tﬁ&)etﬁrmmateobwemﬂymemafmne@lﬁmm the -aferemyoibaned]octane,

polyisocyanates ag\gzga}é/y%% a‘l; es%olg[j (l:‘ﬁ’ltlo of N?e r é%{‘g%ﬁ%g' LQ&@%WSQ%@”@ ? gbégco rg@%gg OH

groups may, for exam to<l1. 1 , pre more preferably > 1.02 to < 1.07.
In one emboaﬁneﬁ%‘?fﬂ%%l‘?ﬁeé%%{hm@?é’é?éﬁ'ﬁﬁ of tR8HispBEBAl @lﬁm%ﬁ?kyleﬁ@%%de Mep @ 15is
performed in the priegedioe bl Atettianyamine . asspecaiinlint(Paatetanamisogiugn dince datiestasadiamines.

Examples thereof gEeAZAHPURIpRIeRER S, AlRaA oNe 2 AIBRIRHG. e us Baliaues

such as 1,8-di azabicyclo undec-7-ene, trlamines su

pentamethylened|@?H9f§}?€ﬂ“aﬁ’ﬁﬁ?é’%mﬁb%‘@”81alkylammoalkyl)etherssuchas

In a further embodiment of this process, R1 and iR2the epoxide in step b) are each
30 independently hydrogen, methyl, ethyl, n-propybpiopyl, n-butyl, sec-butyl, isobutyl, tert-butyl

and/or phenyl, or together are -(gH. The epoxide in step (b) is preferably a termimélylene

oxide. In that case, at least one of the R1 andadRals is hydrogen. Examples of such alkylene

oxides are ethylene oxide, propylene oxide and tgiine oxide. Preference is given here to



bis(2-dimethylamipasthyb, ethiely Especially the bis(2-dimethylaminoethyl) ethep,&quglly%ll%%ég 20 the

effect that only one molecule of the epoxide reacts with the carboxyl group, such that there is no
formation of polyether chains. It has additionally been fognd that good dispersions are obtained in
systems comprising the bis(2-d methylaminoethyl) ether catalyst. In a further embodiment of this process,
the polyol in step Eipiterepuigetdrt popygefioea polyester polyol. Preferred polyether polyols have
hydroxyl numbers of > 25 mg KOH/g to 25 < 550 mg KOH/g, advantageously of > 100 mg KOH/g to < 520
mg KOHY/g. It is favosafoleharentbdinpoly etheispoty@issatbefacamadoexsis Sivetymtapred crelkaetyran the

basis of prOPy'enﬁ‘%r%S'%oBﬁﬁwé%g%'mt%ﬂemé%&GM&“MP&%%BHffﬁﬁ?%‘iﬁd%“?a%@]%%@é‘é@&ﬁ <530
mg KOH/g, advantageously of >20 0c%]to <500 mg KOH/qg. Itis Fossmie that the polyols

mentioned have MBI RESSELNR W@P&ﬁ@é"ﬁ 99568 9’%‘?}‘66 HIGE DrYaraRi e A8 18" CRERD g/mol,
and 30a functinaditydietevesdvaiiRencly, Ghpretebablynbetivees@md (85 baek <a3 bame@furtBememebodiment

of this process, RLaid Rf. 'ﬁ%?@%ﬁ@aﬁh%ﬁ&e@@i@@ﬁg&éﬂ%&%’?%@Bté)(ré}y BEEN dERHRYY BHk

n-propyl, isopropyl, n-butyl, sec-butyl, |sobu , tert-butyl and/or phenyl, or to er are -(CH2)4-. The
et in step (A CTNREITBIE oFHET R WA SR B e e IE 2080208 L6 e n

that case, at Ieastétynei@‘fqeheflfapambmz radicals is hydrogen. Examples of such alkylene oxides are
ethylene oxide, propylene oxide and n-butylene oxide. Preference is given here to ethylene oxide and
propylene oxide. Im a furthar eenbbdidienent afishisopeesese, v aligs oy BNaiddmstept (€ xémperature of

polyisocyanajg basggen égﬁ%eéykév‘én%%%ﬁ)éﬁf”ﬂ@ 0B, Té?ﬁp@ﬁ%%%%ﬁt&&'}é%%‘ﬁ)@%‘édscbased on

MDI means that it is monomeric nglycycllc or polymeric MDI. For examag it may have an NCO content
of > 25% by weigh"t"<d¥56% 5y WefgAP AR RIC B L SifteitmisyRass BraNR NS é“F&H@'&a%m‘i*PB 999 by
weight to < 31% hgavbergmantiepsesendunvbaticadgidneratinov itieseaqoilya rédhémen i dtyome racpomessing

carbon nanotubesteg%wgggg&rﬁtd@g}g@;vsgggﬁ RiAPE SArBONARBYMBE SR %%@%Q&?‘éﬁ@&lﬂy R ihed

polyurethane polymer. The polyurethane polymer is notable in that urethane bonds formed from
hydroxyalkyl estef %6&5&%85&?88088%@%? B R R L 00 U BB A8 85331 Y8 Anate

groups of thelpolyemethasmipglymer are present between the carbon nanotubes and the polyurethane
polymer, said urethane bonds being selected from the group of the general formulae (3) and/or (4):
15(3)(4) where (CiRE) r&mﬁsmtsatbersmﬁa@muﬁstr@m@rbm nNayedgiapsPLiR) sepsaseatasypokyulistdane

polymer and RI ar&%ﬁ%ﬁ.{@qﬁ in ,gtﬂgg]g%il cané{bt%m(?ﬁnve@procee q%%&%&%@&%&%gﬂ%mg the

structures of the gene ormula and (4 rom inventive on nanotubes

comprising hydroBAYRs( ﬁ@aé%oﬂf:ﬂﬁgﬁr@%ﬁ'ét d@%qopﬁ?[ﬁgée(tﬂahﬁ{ﬂoweﬁyaré’éeﬁ?ﬁ? 20'oPtREAfRS OH

group with an isoqyaynatehgreuywiaccachies aitachmeol tethea g yosethanefpolymer. Consequently,
the inventive polyurethane polymer can also be described such that it is obtainable from the above

process accarglingdp thepiavemiipa. #kdaesisly &tbeenenl Yiariiaee el SHipRng carbryPhrtped

compared to a polyurethb ne né)t(g) wcée with carbor] ?notubes and also compared to one comprising
ed covalently thereto in a polyo

carbon nanotubes not

(b) reacting the dispersion from step (a) with poxéde
O

R1 R2, where R1 and R2 are each independently hydragealkyl radical or an aryl

radical; and
25 (¢ reacting the dispersion obtained in step (i &ipolyisocyanate.

Without being bound to a theory, it is assumed that free hydroxyl groups of the inventive
carbon nanotubes obtained after step (b) likewesctr at least partly with isocyanate groups
during the formation of the polyurethane polymeneTesult here is that a polyurethane polymer

chain is attached covalently to the surface ofctmbon nanotube.

30 The carbon nanotubes which comprise carboxyl grdagpeled covalently to the surface and are



25functionalized i AcsQrdanegyvith the invention. Without being bound to a thgghy s i @ssipaed that the
reactive attachment of the polyurethane to the surface of the carbon nanotube results ina WO

2010/115550PCT/EP2010/002002 - 10 - more homogengous distribution within the polymer matrix and,
at the same time, the fixed attachment of the polyurethane favorably influences the mechanical
properties. Detailg/sedatimgtaneaanptstialnaotbd @HETRT frakmecrinaticeR 2arhdit kRN alivdeh &) ezraisnof

components from ayhisvthe RRYEEHiRRS ¥ NRKHRAR) THOBAIBRL N BN My gy Reandessdbed

5above, mcludlngboer%fe(?rred eml))odlm ngs. For Yr%{dance %ﬁftmon’ Tefere ce LS made comgr%e'%%ly

thereto in connection with the in é:r?ﬂvgcpoo ﬁtjrr'%t an'(camp"?‘)'rllf}I he %%Opggtfgﬁ orthe TAbBA Hahotlibes in

the inventive polyGaeREMapaaer Mgycdoieakaraplecbéos exauplel Warliet to S muneigweigirtabeferably?
0.5% by weiglst to><pl&nmhyompight. fadeiga low proportion of the carbon nanotubes can already lead to a
noticeable reinforcement of the 10material. The inventive polyurethane polymer may have, for example, a

modulus of elastic{y0f b NAEHRE TS LS N2 15RO QHBMERNbIRIAR SIARAUBRUMBA
modulus of elasticit eof > 10 N/mm2 to < 56%38% %>U}{(9)O N?mrln to@%ooo (I:\I/mm2 The

/mm2, preferably o ;
modulus of elasidiy a5 MLAT S3PSR EHBsS: 2 BHerhen, EBRHETHR: L RUndss P& from
the 15tensile test tecetdithgyre DINNEIBUEGothtymiendlcd 8fonmeadtibe Seatoreien 1he28%0anth0o08%s dtrain.

The present invensiep MiriRaRIYAIES Hale 4196 AkIBY BRiHE CaHRIM RTINS SR Uath radrexy !
groups for prfgarzr\tir?r?hofaﬁ](al)émers com rising cdarBon nanotubes. This may, for example, be a a}rocess in

. . . le lameters have alfga een descr cannection with the. ilventive carbon
which the inventive cgarBon nanotubes are ad edyto t%e pofymer Ei'Pseﬂ’nor (I:O he reaction mixture from

which the polymenghelghsinethestiete d ¢tesenrennmraa todhepaongveidan2e Pagpgttivtane. Another example
is a reaction mixture which leads to an epoxy resin. The free hydroxyl groups can be used to bind the
inventive carbon ndmrotubeésiaowdleathom theopdigmer metr(x) Hoadeves, # igilikewise jposgsilgdhatttne

inventive carbon nanetihesA"s: RTE SRRt BRYal PR AHRRAME NN NE BRIV BRSTBR L ange Haf:

present invention is illustrated further by the examples which follow. In these exam les, the 25materials
[fee

and abbreviationsuSed 6 RGNS 10 WS HEHIPIRBNOTIB PP D owmel! tBn4FigBlyERSer polyol
with an OH nuUimbdispébi? ry KO gi(BapeuMaderisti SeieritedrBeson syie @D8hepekfie dipatymopianate

based on diphenybétﬁééﬂﬁ%%@\gmM&@@@d@%c_meaﬁieﬁ%%aié%béaabéeﬁév@f&rmﬁmcwm
2010/115550PCT/EP2010/002002 - 11 - N ax Al:amine catalyst; bis(2-dimethylaminoethyl) ether; 70%

solution in dipropﬂéeh@S@@/ébWMomentive Performance Materials Inc.)
Suitable polyols are in principle the polyols cus&ry in polyurethane chemistry, for example
polyether polyols, polyacrylate polyols, polycarbt polyols, polycaprolactone polyols,
20 polyurethane polyols and polyester polyols. Suchlygle are described in “Ullmanns
Enzyklopadie der technischen Chemie”, 4th editivolume 19, p. 304-305, Verlag Chemie,
Weinheim, or in “Polyurethane - Lacke, Kleb- undchBistoffe” [Polyurethanes - Coatings,

Adhesives and Sealants] by Ulrich Meier-Westhuéscéhtz Network, Hanover, 2007.

In order to drive the reaction in step (b) in tlesided direction, the epoxide can be used in a&larg
25 excess compared to the carboxyl groups on thecdhthe carbon nanotubes. If the epoxide is
gaseous under the reaction conditions, the reagiressure (absolute) may, for example, be

> 2 bar to< 10 bar.

Suitable polyisocyanates are aromatic, araliphailhatic or cycloaliphatic polyisocyanates

having an NCO functionality of 2.

30 Examples of such suitable polyisocyanates are @yl 1,4-diisocyanate, hexamethylene
1,6-diisocyanate (HDI), isophorone diisocyanate D)P 2,2,4- and/or 2,4,4-trimethyl-
hexamethylene diisocyanate, the isomeric bis(4d&yanatocyclohexyl)methanes or mixtures

thereof with any isomer content, cyclohexylene dijdecyanate, phenylene 1,4-diisocyanate,



DBTL:dibutyltin dilg\y 3t JARS:dipropylene glycol 5 Oxidized CNTs:oxidized caspen-nahpiidbsnof the
BaytubesO C150P type (Bayer MaterialScience), in which carboxyl groups have been introduced on the

surface by known processes The mechanical properties @f the elastomers obtained in the examples were
determined by the following standards: 10 Hardness [Shore A]:DIN 53 505 Tensile strength [MPa]:DIN 53
504 Maximum stradtyeng: DN 531804 Mdikdcxaoitel AEHRIitpdpiaRenDP-disanasiip edihg eyl oystraning. point of
thedsérggﬁ/-Strair_\ Cbhﬁuﬁ)ifolm-ﬂ&ﬂdEﬂSilﬁ’I@go@%%%M@@f Wik b%h H'rﬂm@iﬂﬁf@g%}%igfbéélb@%?ﬁh%%5%
and 0.05% strain remarks regardin exam : The S multiwall carbon
manotubes) axiciz oD e R S L A P G e e oA g e
(conductometric tigfiseeygnatpestavriiie dcligiiaRAotubes were introduced into a carrier polyether
polyol in two different concentrations (1% by weight and 20 3% by weight). For this purpose, they were
coarsely predfspehseativifidn atootos/ strensystemed(PdBdoagindid iR DERBIX @Y [6Sa, WeraetiGmbid & Co.

KG, Staufen, GermanybisyPrHBkiRORIAB-MsLdisitipuHan GkigAanatubrsia e mppimand watting

with the medium. _Sim(gl stjrri_r%% in the nanotubes was insufficient for the preparation of a stable

dispersion which CRRBE LR VY S MG PXAT BRERITOLE & BAY SRR G pRVTSHANLS Mt PEharged
in an appropriate tearHNERIY@uRINRTIOCRRIS felrekamipt eidositmptapyienetanddiisTdye e (senahthe

reaction was obsefygstianig acifRERRssSigteuminaten@acompletion of reaction, excess propylene
oxide was distilled off. WO 2010/115550PCT/EP2010/002002 - 12 - treated with ultrasound (HD 3200

sonicator profe, BANDILIN 8|6 He0if Gt & Cfe %ﬁg@ﬁé‘é@c%ﬂ%ﬂm&@f@%ﬁ%&@& Spraum

quality of dispersion This fine'dispersion was degasse fly under reduced pressure both before and
after the addition " %dcféﬁﬁht)%‘f.W@W&?ﬁﬁ%@%ﬁ%%??&eﬁ%@ﬂ?with the dispersion. This reaction
mixture was 5poured into a two-piece metal mold and heated at 70C. The carbon nanotube-containing
polyurethane elasid¥ersl#udishedinteP aeperanalyiPedrrly sReYR BRI eSaasHVR RYTI OSIHPRgIRYERImple 1:

(predispersion, 1%\ ayhpreisbtodispersias, brdeldfymldbeeaker wasdpitahaekhargeewito7 g of the oxidized
CNTs, and 99 g of Desmophen0 10 VP.PU 22HS51 were added. This mixture was sheared at 24 000 rpm

with a rotor/stator gystemh{Todh A b FRATIVRRAXQ atcAYerke GRbEh ISR IS Grittanath 0)
Germany) while cooling with ice-water for 2 n?3|nutes. Example Z%edls ersion, 3% by WEI%?L dispersion

2) A 150 ml bdaket WALTRIRLIY KRREEE 6P 5% B B AR AYCRITE HRES? 5 H SRS ARG

diamines. Examples thereof are diazabicycloalkarash as 1,4-diazabicyclo[2.2.2]octane,
diazabicycloalkenes such as 1,8-diazabicyclo[5uh@éc-7-ene, triamines such as
pentamethylenediethylenetriamine, and bis(2-dialkyhoalkyl) ethers such as
bis(2-dimethylaminoethyl) ether. Especially the(Bidimethylaminoethyl) ether catalyst leads to
20 the effect that only one molecule of the epoxidecte with the carboxyl group, such that there is
no formation of polyether chains. It has additibpakeen found that good dispersions are obtained

in systems comprising the bis(2-dimethylaminoetleyljer catalyst.

In a further embodiment of this process, the polyoistep (a) is a polyether polyol and/or a

polyester polyol. Preferred polyether polyols hawadroxyl numbers of> 25 mg KOH/g to
25 <550 mg KOH/g, advantageously 100 mg KOH/g to< 520 mg KOH/g. It is favorable when

the polyether polyols are formed exclusively ordamminantly on the basis of propylene oxide.

Preferred polyester polyols have hydroxyl numbefs>d00 mg KOH/g to< 550 mg KOH/g,

advantageously of 200 mg KOH/g to< 500 mg KOH/g. It is possible that the polyols nieméd

have molar masses in the range fre250 to< 5000 g/mol, preferably 400 to< 3500 g/mol, and
30 a functionality between 1.8 andk 6, preferably between 1.95 andk 3.5.

In a further embodiment of this process, R1 and iR2Zhe epoxide in step (b) are each
independently hydrogen, methyl, ethyl, n-propybpisopyl, n-butyl, sec-butyl, isobutyl, tert-butyl
and/or phenyl, or together are -(§H. The epoxide in step (b) is preferably a termimélylene



15 VP.PU 22HS5}, weys g4riedq This mixture was sheared at 24 000 rpm with géqygg%%%o%géem (T 18
basic ULTRA-TURRAXO, IKA Werke GmbH & Co. KG, Staufen, Germany) while cooling with ice-water
for 2 minutes. Example 3: (functionalization, dispersion-3 A 500 ml pressurized glass reactor was initially
charged with 227 g of a 1% by weight dispersion 20 of the oxidized CNTs in Desmophen0 VP.PU
22HS51 (dispersigwide. witih@. 225 gad fesisi 2rginfatieyRinsintseibgly sthedrogrieypoteeive guch @ivisgen),
and then heated t@xld%’é%r&l&%ﬂé’d@@ﬂhﬂe%r@@ﬁdﬂ@wm@%ﬁ’dﬂﬁﬂxﬂ@%%d@et&@&é‘ﬁc@|§h§i\%}’UH’é‘?e0foWhiCh
the reactor pressu§I rose toﬁ %%E(O olute% After 5 h of reaction while stirring at 125C, volatile
components were gﬁredpo Gf Vinbar) and the reaction mixture was then cooled to room
temperature. At the 25start of the reaction, the acid number of the reaction mixture was 0.55 mg KOH/g,
and at the end of A& R YRTAG R RG M5 2505 e PORIBRRITIAANSRONS BiRPKRIBRATE RR%5tPhI
pressurized glassdiphetyt fvdidiistiaiy aad el with f22(7titpohealBSodygnats ghbakssp ensidd lohéae sotiati e d

CNTs in Desmophepfydméld. %%U%éﬁc@ﬁﬂﬁﬁ@&%&”ﬁo@@%?e?l %%h&@ﬂme@x@w%@%) ether
under protective g?)y (nltroge@%ﬁ then heated to 125C. - 13 - Subseq uen@j/ 10 g.of §ylene oxide
|

were metered in, iVtHh&'8d RIS e HG Y preSeliRN T S8 181 PB V! B@%ﬂﬁtgj’ r5% of
reaction while stirrietpbt ti258 % blanitegbbmponents were distilled off at 90C (1 mbar) and the reaction
mixture was then cooled to room temperature. At the start of the reaction, the acid number of the reaction
rr_lixturel was 0.86 mg h’:@lsb!_gt &Nd_rarbthmand poivithes raamimm@@dplmgeKahﬂgiﬁ)gimlmB rﬁhmbeg,
dispersion, 1%qby yyciht, diRRersane3siis Tab el RERk R Lamitial&h %%ﬂéfﬁﬁ}é%@raﬁ%dé &ion 3.

This mixture was sheared at 24 000 rpm with a rotor/stator system (T 18 asic 0O, IKA

Werke GmbH & CHSKeShstaH¢ @@Ym%rnif) Rﬂ‘iﬁ@"’cd’blFH@WH‘F?'?@B%%@F’R?MWMOWhéﬁtﬁeated
with 10 ultrasoundy(¢tips32Ddesbengaltortiprobiee BukfdExif iNeal@dinoutit &smbiHi&edso di&hakeaytinypS ef thany),
likewise while COOHB\?UY\Q%W@ pHRHle Q@b%’%@ﬁg%éﬁlﬂé{;@fh@c%ﬁmﬁog?Qfﬂsﬂﬁ@ %Hﬁé{ﬁaﬁ’#%twﬁﬂéé’as

used directly for the further reaction with an isocyanate. Example 6: (fine dispersion, 3% by weight,
dispersion 4A) A T8t HFB@&E@‘W?%%ﬂ%ﬁ?‘%ﬂ%&é@%%@@@?ﬂ%ﬂé%ﬁ%% (‘?hfg‘#ﬁ%ﬂ?e was sheared
at 15 24 000 rpm with a rotor/stator system (T 18 basic ULTRA-TURRAXO, IKA Werke GmbH & Co. KG,
Staufen, Germany) while co@ing wih ice-water for 2 minutes, and then treated with ultrasound (HD 3200
sonicator probe, BANDELIN glectrgnic GgpH & Co. KG, Berlin, Gefmany), likewise V\f\]|_|J1I|e cooling with ice,
until a total energy (IQNIT 5 RQ@ Theydispersion 4A thus(abiined wadtsethdiretity forthe Biwmther
reaction with an isocyanate. 20 Example 7: Hreparation of the PUR elastomgys Thg, polyols (with and
without Baytubes C150P) or the polyol digpersiorsieomprising oxidized CNTs (3A or 4A) were initially
charged in a 11 flanged pot, and degassgq briefly both before and after the addition of catalyst. The
isocyanate was stirred briefly at room temperature, and the reaction mixture was poured out into a
two-part metal mold and then subjected to a heating cycle. 25 The mixtures PURI to PURG6 are
reproduced ipgividually in the tabléBelow. Substance PURI PUR2 PUR3

where (CNT) represents the surface of the carbowtoae, (PUR) represents a polyurethane

polymer and R1 and R2 are each independently hgdraan alkyl radical or an aryl radical.

The structures of the general formulae (3) anatéh) be derived proceeding from inventive carbon
nanotubes comprising hydroxyl groups accordinghodeneral formulae (1) and (2), by reaction
20 of the free OH group with an isocyanate group, Whachieves attachment to the polyurethane
polymer. Consequently, the inventive polyurethanbymper can also be described such that it is

obtainable from the above process according tantrention.

In the inventive polyurethane polymer, stiffenirgndoe observed compared to a polyurethane not
provided with carbon nanotubes, and also compamedne comprising carbon nanotubes not
25 functionalized in accordance with the invention.thWdut being bound to a theory, is it assumed

that the reactive attachment of the polyurethanheosurface of the carbon nanotube results in a



PUR4 PURS PURG Desipapieg0 VP.PU 22H551 99.26 99.26 96.30 96.30 Dispersigh 3o y3-26

Dispersion 4A

10

15

20

25

30

99.30 DPG 0.14 0.14
-10 -
more homogeneous distribution within the polymertriraand, at the same time, the fixed

attachment of the polyurethane favorably influertbesmechanical properties.

Details regarding the carbon nanotubes (CNT), tHe @&Rd R2 radicals and the reaction
components from which the polyurethane polymer (PldRbtained have already been described
above, including preferred embodiments. For avaidamf repetition, reference is made

completely thereto in connection with the inventpayurethane polymer.

The proportion of the carbon nanotubes in the itiverpolyurethane polymer may, for example,
be>0.1% by weight te< 5% by weight, preferably 0.5% by weight te< 1% by weight. Such a
low proportion of the carbon nanotubes can alreladyl to a noticeable reinforcement of the

material.

The inventive polyurethane polymer may have, fareple, a modulus of elasticity &f1 N/mnf

to <10 000 N/mmy In one embodiment, it is an elastomer with a nheslwf elasticity of

> 10 N/mnf to <5000 N/mm4, preferably of>100 N/mni to <1000 N/mrA. The modulus of
elasticity can be determined as the slope at tleeatipg point of the stress-strain curve from the

tensile test according to DIN 53 504 with minimafarmation between 0.025% and 0.05% strain.

The present invention further provides for the w$anventive carbon nanotubes comprising
hydroxyl groups for preparation of polymers comipgscarbon nanotubes. This may, for example,
be a process in which the inventive carbon nanstye added to the polymer itself or to the
reaction mixture from which the polymer is obtain&lch a reaction mixture can lead to a
polyurethane. Another example is a reaction mixtwtech leads to an epoxy resin. The free
hydroxyl groups can be used to bind the inventiggbon nanotubes covalently in the polymer
matrix. However, it is likewise possible that thevéntive carbon nanotubes are present without

covalent attachment in the polymer matrix.

The present invention is illustrated further by the@mples which follow. In these examples, the

materials and abbreviations used are defined s\l

Desmophen® VP.PU 22HS51:  bifunctional polyether ypbl with an OH number of
112 mg KOH/g (Bayer MaterialScience)

Desmodur® CD-S: modified polyisocyanate based grhaliyl 4,4’-diisocyanate,
with an NCO content of 29.5% (Bayer MaterialScignce

DABCO 33-LV: amine catalyst; 1,4-diazabicyclo[2 p&ane; 33% solution in
propylene glycol (Air Products)



0.450.45 DBTL

Q3 R 9:04,0.02 0.02 0.02 WO 2010/115550PCT/EP201CI\_489?EQ%10%20§21bstance

PURI PUR2 PUR3 PUR4 PUBS PURG6 Dabco 33-LV 0.50 0.50 0.50 0.50 0.50 0.50 Niax Al
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25

-11 -

Niax Al: amine catalyst; bis(2-dimethylaminoethgther; 70% solution

in dipropylene glycol (Momentive Performance Maddsilnc.)

DBTL: dibutyltin dilaurate
DPG: dipropylene glycol
Oxidized CNTs: oxidized carbon nanotubes of thetBags® C150P type (Bayer

MaterialScience), in which carboxyl groups have rbee

introduced on the surface by known processes

The mechanical properties of the elastomers oldainghe examples were determined by the

following standards:

Hardness [Shore A]. DIN 53 505
Tensile strength [MPa]: DIN 53 504
Maximum strain [%]: DIN 53 504

Modulus of elasticity [N/mi}:  as the slope at the operating point of the stetgin curve from
the tensile test to DIN 53504 with minimal defotioa
between 0.025% and 0.05% strain

General remarks regarding the examples:

The Baytubes C150P (multiwall carbon nanotubesjin&d by the HN@process have a carboxyl
group concentration of 0.5 mmol/g (conductometitiation). These oxidized carbon nanotubes
were introduced into a carrier polyether polyotwo different concentrations (1% by weight and
3% by weight). For this purpose, they were coargwlydispersed with a rotor/stator system
(T 18 basic ULTRA-TURRAX®, IKA Werke GmbH & Co. KGStaufen, Germany) in order to
obtain a first distribution of the nanotubes in thedium and wetting with the medium. Simply
stirring in the nanotubes was insufficient for freparation of a stable dispersion which can be

used for a subsequent chemical reaction.

This dispersion was initially charged in an appraggrreactor with an aminic catalyst and admixed
with propylene oxide. The course of the reactios whserved by the acid number determination.

On completion of reaction, excess propylene oxids distilled off.

The polyol dispersion with PO-functionalized carbmanotubes thus obtained, directly before the

reaction with the isocyanate, was sheared once @gai rotor/stator system (UltraTURRAX) and



0.10 0.10 0.10 0.33, BesmagusP CD-S 30.73 30.73 30.66 30.55 30.55 30.37 BayhesdiocbsgP 1.00
298 Index 105.0 105.0'105.0 105.0 105.0 105.0

-12 -
treated with ultrasound (HD 3200 sonicator prob&NBELIN electronic GmbH & Co. KG,

Berlin, Germany) in order to ensure maximum quaditgispersion.

This fine dispersion was degassed briefly undeuced pressure both before and after the addition
of the catalyst. The isocyanate was stirred briefiy the dispersion. This reaction mixture was

5 poured into a two-piece metal mold and heated &€.70

The carbon nanotube-containing polyurethane elast®rthus obtained were analyzed for their

hardness and tensile strength.
Example 1: (predispersion, 1% by weight, disperdipn

A 150 ml beaker was initially charged with 1 g bétoxidized CNTs, and 99 g of Desmophen®
10 VP.PU 22HS51 were added. This mixture was shearé&d 800 rpm with a rotor/stator system
(T 18 basic ULTRA-TURRAX®, IKA Werke GmbH & Co. KGgtaufen, Germany) while cooling

with ice-water for 2 minutes.
Example 2: (predispersion, 3% by weight, disper&pn

A 150 ml beaker was initially charged with 3 g beétoxidized CNTs, and 97 g of Desmophen®
15 VP.PU 22HS51 were added. This mixture was shear&d 800 rpm with a rotor/stator system
(T 18 basic ULTRA-TURRAX®, IKA Werke GmbH & Co. KGgtaufen, Germany) while cooling

with ice-water for 2 minutes.
Example 3: (functionalization, dispersion 3)

A 500 ml pressurized glass reactor was initiallgrged with 227 g of a 1% by weight dispersion
20 of the oxidized CNTs in Desmophen® VP.PU 22HS51sfdision 1) with 0.227 g of
bis(2-dimethylaminoethyl) ether under protectives gaitrogen), and then heated to 125°C.
Subsequently, 10 g of propylene oxide were metereid the course of which the reactor pressure
rose to 3.0 bar (absolute). After 5 h of reactidmilevstirring at 125°C, volatile components were
distilled off at 90°C (1 mbar) and the reaction tuane was then cooled to room temperature. At the
25 start of the reaction, the acid number of the feaanixture was 0.55 mg KOH/g, and at the end

of the reaction 0.08 mg KOH/g.
Example 4: (functionalization, dispersion 4)

A 500 ml pressurized glass reactor was initiallgrged with 227 g of a 3% by weight dispersion
of the oxidized CNTs in Desmophen® VP.PU 22HS51sgedision 2) with 0.227 g of
30 bis(2-dimethylaminoethyl) ether under protectives gaitrogen), and then heated to 125°C.



The mechanical pypgejsigp itk resulting elastomers PURI to PURG are listeghithe g, tablgs below.
PURI PUR2 PUR3 Nanotube type BaytubesO C150P Inventive c(Nanotube) [% by weight] 0.76 0.76

Hardness [Shore A] 51 51 56 Tensile strength [MPa] 2.019.3 2.0 0.4 2.4 0.3 Maximum strain [%] 334.7

42.3 347.8 56.7 312.1 30.9 Modulus of elasticity [N/mm2] 1.9 0.1 1.8 0.1
Subsequently, 10 g of propylene oxide were metereid the course of which the reactor pressure

rose to 3.0 bar (absolute). After 5 h of reactidmlevstirring at 125°C, volatile components were

distilled off at 90°C (1 mbar) and the reaction tune was then cooled to room temperature. At the

start of the reaction, the acid number of the reaamixture was 0.86 mg KOH/g, and at the end
5 of the reaction 0.04 mg KOH/g.

Example 5: (fine dispersion, 1% by weight, dispamssA)

A 150 ml beaker was initially charged with 90 g difpersion 3. This mixture was sheared at
24 000 rpm with a rotor/stator system (T 18 badid RA-TURRAX®, IKA Werke GmbH & Co.
KG, Staufen, Germany) while cooling with ice-watler 2 minutes, and then treated with
10 ultrasound (HD 3200 sonicator probe, BANDELIN eftenic GmbH & Co. KG, Berlin,
Germany), likewise while cooling with ice, untiltatal energy input of 75 kJ. The dispersion 3A

thus obtained was used directly for the furthectiea with an isocyanate.
Example 6: (fine dispersion, 3% by weight, dispansiA)

A 150 ml beaker was initially charged with 90 g difpersion 4. This mixture was sheared at
15 24 000 rpm with a rotor/stator system (T 18 badiT RA-TURRAX®, IKA Werke GmbH & Co.
KG, Staufen, Germany) while cooling with ice-watfer 2 minutes, and then treated with
ultrasound (HD 3200 sonicator probe, BANDELIN etenic GmbH & Co. KG, Berlin,
Germany), likewise while cooling with ice, untiltatal energy input of 75 kJ. The dispersion 4A

thus obtained was used directly for the furthectiea with an isocyanate.
20 Example 7: Preparation of the PUR elastomers

The polyols (with and without Baytubes C150P) og ffolyol dispersions comprising oxidized
CNTs (3A or 4A) were initially charged in a 1 | figed pot, and degassed briefly both before and
after the addition of catalyst. The isocyanate wtised briefly at room temperature, and the

reaction mixture was poured out into a two-partahetold and then subjected to a heating cycle.

25 The mixtures PUR1 to PURG6 are reproduced indivigiialthe table below.

Substance PUR1 PUR2 PURB PUR4 PUR5 PUR6
Desmophen® VP.PU 22HS51 99.26 99.26 - 96.30 96/30 -
Dispersion 3A - - 100.26 - - -
Dispersion 4A - - - - - 99.30
DPG 0.14 0.14 - 0.45 0.45 -

DBTL 0.02 0.02 0.02 0.02 0.02 0.02




2.0 0.1 PUR4 PURSFI{REMgnotube type BaytubesO C150P Inventive c(Nanotube) i deyansioht]
2.28 2.28 Hardness [Shore A] 54 60 64 Tensile strength [MPa] 2.1 0.2 2.6 0.1 3.9 0.4 Maximum strain

[%] 339.0 28.6 243.0 1.7 227.3 24.4 Modulus of elastiaify: [N/mm2] 1.9 0.0

10

Substance PUR1] PUR2 PURB PUR4 PUR5 PUR6
Dabco 33-LV 0.50 0.50 0.50 0.50 0.50 0.50
Niax Al 0.10 0.10 - 0.10 0.10 -
Desmodur® CD-S 30.73| 30.73 30.66 30.585 30.55 30/37
Baytubes® C150P - 1.00 - - 2.98 -

Index 105.0 | 105.0| 105.0f 105.0 105.p0 105{0

The mechanical properties of the resulting elastesr®JR1 to PURG are listed in the two tables

below.

PUR1 PUR2 PUR3
Nanotube type - Baytubes® C150H Inventive
c(Nanotube) [% by weight] - 0.76 0.76
Hardness [Shore A] 51 51 56
Tensile strength [MPa] 20+£03 20+04 243%0.
Maximum strain [%] 334.7 £42.3 347.8 £56.7 312.30.9
Modulus of elasticity [N/mr] | 1.9 £ 0.1 1.8+£0.1 20+£0.1

PUR4 PURS PURG6
Nanotube type - Baytubes® C150H Inventive
c(Nanotube) [% by weight] - 2.28 2.28
Hardness [Shore A] 54 60 64
Tensile strength [MPa] 21+0.2 26+0.1 3.940.
Maximum strain [%] 339.0 + 28.6 243.0+1.7 227.344
Modulus of elasticity [N/mrj | 1.9 + 0.0 2.8+0.2 3.7+0.1

For better comparability, the table which followsos/s the percentage change in the material

characteristics determined for the elastomersdfileith carbon nanotubes compared to the

corresponding unfilled elastomer PUR1 or PURA4.

PUR2 PUR3 PURS5 PUR6
Hardness 0% 10% 11% 19%
Tensile strength 1.1% 19.5% 21.7% 82.9%
Maximum strain 3.9% -6.7% -28.3% -33.0%
Modulus of elasticity -3.1% 5.9% 48.1% 93.2%




2.8 0.23.7 0.1 Rppbsiisy smparability, the table which follows shows the pesecgntags, ghasgs in the

material characteristics determined for the elastomers filled with carbon nanotubes compared to the
corresponding unfilled elastomer PURI or PUR4. PUR21BUR3 PUR5 PURG6 Hardness 0% 10% 11% 19%

Tensile strength 1.1% 19.5% 21.7% 82.9% Maximum strain 3.9% -6.7% -28.3% -33.0% Modulus of
elasticity -3.1% 5.998 #8noyging influence of the carbon nanotuheefionalized in accordance with the invention

on the polyurethane elastomer is evident here. @omdpto the unfilled elastomer PURL1, the
elastomer PUR3 modified with inventive carbon nabes had a Shore A hardness greater by
10%, a tensile strength higher by 19.5%, a maxinstrain reduced by 6.7% and a modulus of
5 elasticity higher by 5.9%. The elastomer PUR2 casimy the carbon nanotubes of the Baytubes®
C150P type which had not been functionalized in @way had merely no increase in the Shore
hardness compared to the unfilled elastomer PUR1arginal increase in tensile strength, actually

an increase in the maximum strain, and a lowerfrtge@modulus of elasticity.

In the same way, the elastomer PUR6 modified withibventive carbon nanotubes, compared to
10 the corresponding unfilled elastomer PUR4, had ar&W\ hardness greater by 19%, a tensile
strength higher by 82.9%, a maximum strain loweBBY% and a modulus of elasticity higher by
93.2%. The elastomer PUR5 comprising the carborotmaes of the Baytubes® C150P type
which had not been functionalized in any way haly arslight increase in the Shore hardness and
in tensile strength and a small lowering of the imman strain compared to the unfilled elastomer
15 PUR4, and a much smaller increase in the moduluglasdticity compared to the inventive

elastomer PUR6 modified with carbon nanotubes.



93.2% - 15 - The jeinigreipgsiafuence of the carbon nanotubes functionalized i-agcosdanesyyith the
invention on the polyurethane elastomer is evident here. Compared to the unfilled elastomer PURI, the
elastomer PUR3 modified with inventive carbon nanotubes-had a Shore A hardness greater by 10%, a
tensile strength higher by 19.5%, a maximum strain reduced by 6.7% and a modulus of 5 elasticity higher
by 5.9%. The elasfih#ites PUR2 comprising the carbon nanotubes of the Baytubes0 C150P type which had
not been functionalized in any way had merely no increase in the Shore hardness compared to the
unfilled elastomer1PURI,fadavangimahitobeasenpriténsHedstseh gtby @steiatyizzd incheasesinuiieenduerenim

strain, and a lowering Ofct&ﬁd?’k%@tﬂyé&ﬁ%ﬁtlﬂ% R SRDe %@%d%&l@rﬁ &eRURS podificgkyith the

inventive carbon nanotubes, compared to 10 the corresponding unfilled elastomer PUR4, had a Shore A

hardness greater by 199%°% f@ﬁgﬂ%@t?@rﬂﬁ‘wﬁfbI‘i‘etpf)?eé‘f@"’/gorg‘wm#ﬂlm%ﬁﬁr‘l’?rﬁﬂ\f\%?‘ﬂ? £94'8R1§ a
modulus of elé&sticity higlie¥ Dy @pr2senFhénelasidmer FTURS carhpnisiagdbecrboandafudves exddine

Baytubes0 C150P type wRigh fiadhiohResse funsianaizschinaily sgiyahad only a slight increase in the

Shore hardness and in tensile strength and a small lowering of the' maximum strain compared to the
unfilled elastomer 15PUR4, and a much smaller increase in the modulus of elasticity compared to the

inventive elastomer PURG6 mOdIerd W|th arboﬁhanotubes - 16 - C ?A carbon nanotube
comprising hydroxyl groups, ch gurfaczt?‘r(i\‘l-ge esBdroxyalkyl ester groups
which are bonded covalently th nd ar sele ted from oup asclai ed in the general formula

(1) and/or the general formula (2) Where 5(CNT) ®presents the surface of thBtarbon nanotube and RI
and R2 are each independently hydrogen, an alkyl radical or an aryl radical: (CNT) R10R2 ( C NT OHR1
(1)(2) 2. The carbon nanotube comprisingAYdroxyl groups as claimed i claim 1, wherein Rl and R2 are
each independently hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, 10isobutyl, tert-butyl

and/or phenyl, or Q)geth%@%?ooﬁh%ﬁ@td%%&%@i%ﬂw?%@lﬂ@%%&ﬂﬁ%@lr%%ﬁsi,aﬁﬁ‘éﬂimﬁiié\r1@|aim 1,
wherein the carbon nan%tgbe is s cted fr m the OUJ) corrgﬁ)# Pﬂlels\(/)vall c r&t‘)ﬁjﬂ anot Ue?
cy 0

multiwall carbon nanotubes an muI \APaigtien n YRanstuses o th der yp crol e of the

multiscroll tyB€ and/or wighbohibirIikKasirard(RicdhEDv. AT raelss &&Horeparing carbon nanotubes
comprising hydroxyl groups as claimed in claim 1, comprising the steps of:
3. The carbon nanotube comprising hydroxyl groupsclaimed in claim 1, wherein the

carbon nanotube is selected from the group comgyisingle-wall carbon nanotubes,
multiwall carbon nanotubes, and multiwall carbomatabes of the cylinder type, of the

scroll type, of the multiscroll type and/or withion-like structure.

15 4. A process for preparing carbon nanotubes comgriydroxyl groups as claimed in

claim 1, comprising the steps of:

(a) providing carbon nanotubes whose surface ca@prcarboxyl groups bonded

covalently thereto; and

(b) reacting the carbon nanotubes from step (d) aitepoxide

0

20 R1 R2, where R1 and R2 are independently hydrogen, lai &ddical or an

aryl radical.

5. The process as claimed in claim 4, wherein ¢lagtion of the carbon nanotubes in step (b)

is performed in the presence of a tertiary amine eatalyst.

6. The process as claimed in claim 4, wherein RILR2 in the epoxide in step b) are each

25 independently hydrogen, methyl, ethyl, n-propybpopyl, n-butyl, sec-butyl, isobutyl,



(a) provi_ding carbgnyafgiRes,whose surface comprises car_boxyl groups bonded,cpyaisyotpereto; and
(b) reacting the carbon nanotubes from step (a) with an epoxide 0 20R1R2, where Rl and R2 are

independently hydrogen, an alkyl radical or an aryl radicat..5. The process as claimed in claim 4, wherein
the reaction of the carbon nanotubes in step (b) is performed in the presence of a tertiary amine as a
catalyst. 6. The processtas-blayasd/m ehainl Anidusitbi ®|e a§dR2 in the epoxide in step b) are each
25independently hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, WO
2010/115550PCTIEP20 T0 P26 2s-dk /ctaierebintylam i owipdremytiremtogetheear & Atdh@)prccesikeasd
claimed in claim 4, whergi {1 GIRERJHIIRIHE SR dbSHER (&A1 SRIRF A RN B AURJEASDE 510

single-wall carbon nanotubes, multiwall carbon nanotubes, and multiwall carbon nanotubes of the cylinder
type, of the scroll type, JPHE AT ARSI R/ BIS A IRT SYRAREE SRS & Hife PHYEE9Y B0 Iaimed
in claim 4, whérein the readiomith step{ikeistperioemed at a temperature of > 100C to < 150C. 9. A
process for preparing polyurethane polymers comprising carbon nanotubes, comprising the steps of:
10(a)providing a dispersinie gireesboRNBROHLAES WRAORE SWHaCH CBBRIISas SBBXYE retpmbonrded

covalently thereto in a ppé Iélfaq 5 t%‘%?ogi éion from step (a) with an epoxide 0 R1R2, where RI
and R2 are each indepenﬁntly?&yg}%gen, an_aJsI yl radical or an aryl radical; and 15(c)reacting the

dispersion obtainegd in stgp %? with a oégisocgapatehlo. Thlenqrocess as cﬁlimed int cblaim 9mwherein the
reaction of the dispersion Wity &R eﬁkﬁg & ORi 8¥Hr§%e%nfb5’?§' pg'ﬁg]rﬂrﬁ'g Rhe B?@geunceg oA Per'rsﬁré?y
amine as a catalyst. 11.MastppeeEss as claimed in claim 9, wherein the polyol in step (a) is a polyether
polyol and/or a polyester polyol. 2012.The process as claimed in claim 9, wherein Rl and R2 in the

epoxide in stép (b) are eath indepehdeatlgispasanpent naethyl natftoplibesprimgtfase prapylisasberpsgc-butyl,

isobutyl, tert-butyl and/or phenyl, QtegRERE A8 Idr REBIRFESDEoflaimed in claim 9, wherein the
polyisocyanate in step (c) is a polyisocyanate based on diphenyl 4,4'-diisocyanate.

(b) reacting the dispersion from step (a) with poxéde
O

R1 R2, where R1 and R2 are each independently hydr@gealkyl radical or

an aryl radical; and
15 (c) reacting the dispersion obtained in step (i &ipolyisocyanate.

10. The process as claimed in claim 9, whereirréhetion of the dispersion with an alkylene

oxide in step (b) is performed in the presenceteftary amine as a catalyst.

11. The process as claimed in claim 9, whereinpiblgol in step (a) is a polyether polyol

and/or a polyester polyol.

20 12. The process as claimed in claim 9, wherein IRILR2 in the epoxide in step (b) are each
independently hydrogen, methyl, ethyl, n-propybpiopyl, n-butyl, sec-butyl, isobutyl,
tert-butyl and/or phenyl, or together are -(H

13. The process as claimed in claim 9, wherein podyisocyanate in step (c) is a

polyisocyanate based on diphenyl 4,4’-diisocyanate.

25 14. A polyurethane polymer comprising carbon nabe$, wherein at least some of the carbon
nanotubes are bonded covalently to the polyurethawigmer, characterized in that
urethane bonds formed from hydroxyalkyl ester gsoopnded covalently to the surface of

the carbon nanotubes and free isocyanate groutieqiolyurethane polymer are present



2514.A polyurethgpe, BglymeisEeMPrising carbon nanotubes, wherein at least sqgme-pbthe 3N
nanotubes are bonded covalently to the polyurethane polymer, characterized in that urethane bonds

formed from hydroxyalkyl ester groups bonded covalenthgto the surface of the carbon nanotubes and free
isocyanate groups of the polyurethane polymer are present - 18- between the carbon nanotubes and the
polyurethane polymer, sbgtivgestibicadsoriti sansitgescinct e froiuathayedp otithergiaacabdornbikieg(3)

and/or (4):  (3)(4) whergo(EREh)riGRIAERYAT S REdaRe Afiha sask@yonanotube, (PUR) represents a
polyurethane polymer and RI and R2 are each independently hydrogen, an alkyl radical or an aryl radical.

15.The use of carbon nanifs comprising hydroxyl groups as claa')med Lr&claim 1 for preparation of

polymers comprising carbon ancﬁ:s/. H
R2 )k )\/0 N

NT NT S(PUR

(CNT)~”~ ™0 [+ (CNT)~~ ™0 Y (PUR)

R1 O
N(PUR)
0

3) (4)

where (CNT) represents the surface of the carbonotobe, (PUR) represents a
5 polyurethane polymer and R1 and R2 are each indigmtly hydrogen, an alkyl radical or

an aryl radical.

15. The use of carbon nanotubes comprising hydrgxglips as claimed in claim 1 for

preparation of polymers comprising carbon nanotubes



