- 1 - Nanostructured polyners on the basis of conjugated dienes The
present invention relates to nano-structured diene polyners and their
preparation and to their use. 5A special,nethod used in tyre
construction links living, in part alkali-netal-terninated, polymers
based on capj ugat ed dienes or based on conjygated di enes and on

vi nyl ar omat conpounds

particularly suitable for this purpose, thus inproving processing
properties in particular, and al so physical and dynam c properties,

in particular those connected with rolling resistance in tyres. 10The
|'i nki ng/ couplel AQeAGRBLINYSRES b Aband HBctlind® BRESyIRRRES A @fdiriphphrion and to their
i ndustry conprise not only a very wide variety of organic conpounds
havi ng appr¥pri ate groups capable of linkage to the living polynmners,
e.g. epoxy groups (German Ausl egeschrift 19 857 768), isocyanate
groupss gl degyrdri Qétjﬁbmﬁscl d kefye ghdugin hﬁﬁstlﬁﬁnggihcpgﬂﬁlkfalaﬁﬁtlahﬁhh%d, p?lymers
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phOSphorUS\ﬁﬂﬁﬁﬂﬂ@ﬁ&ﬂ&@ﬂhf@&&]COﬁpoundS or silicon compounds. There
are al so various known net hods for end-group functionalization of

pol ydj£nes / WY
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aldehydes e S

descri bed obéﬁh eg %&ﬁ@b%ﬁ%ﬁﬁm%%nﬁuﬁﬁ%g%%&ﬁ@&ﬁggﬁgfﬁﬁﬁgﬁﬁe%gqm gddlde
end- gr oup rﬁmwﬂkefatgmns, a%@m»% Brdhalidaareups bt sspesilly alspyiprtoptisteppayigunds of
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second pol ar functional group in the nplecule to inter act with t

fillels as 2dserwee Byslwavh%ﬁt 1%§%%9edefqﬁlbw‘e}>fy umsgtiens fercigh- Derpmance

6992147, 25§9E@ad@fméﬁhﬂeﬂylmwlﬁrs%gﬁﬁkﬁh#gﬁﬂoﬂﬂb bk been BigRd 6 5h BQhRIh®,
di sadvant ages, . for exanpl e | eadi ng rou dification in diene
pol yner i 2 atPIERRNYTBSROMPOHES: @ I‘éfpﬁ?'é@“@%zgr?]é‘i"g ©in particular via
neodym um cont ai ni ng systens, thus being unsuitable as coupling
agents. Iih'&re\&&Saliol’l@ﬁ&fsdmewmmemb@sdbﬁ endfgrdup @urptie@siéntion sf\pelytiews. Inahe case
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di enes that can be used are any o I'cnown di enes ¢onventi onal
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the rare earth netals, as described in nore detail by way of ‘exanple
in EBOB 01bawasndrprewd propeagsefiie asypemdedaebbys aeTsls. Nat t a cat al yst s

The present invention provides nano-structured polymers based on conjugated dienes, obtainable

via polymerization of conjugated dienes with catalysts of the rare earths and subsequent reaction



exanpl es bei ng cerium conpounds, | ant hanum conpounds, praseodym um
conpounds, 20 gadol i ni um conpounds or neodym um conpounds, where
these are soluble in hydrocarbons. The c$rresponding salts of the
rare earth netals are particularly prefe any used as Ziegler-Natta
_catal ysts, exanpl es bei ng neodyn1un1carbo es,..in particul .
neodymm um nEBRRERAGIPENS FEEBAV AT IBF EEY gt °f8&r@53dvﬂ?%ﬁ¥“?}&fdﬁ15hg%%‘é@n in
neodym um 2w@c1dﬂh@h@uhiaﬁmma&g,at fFr@tioNRA dy Methie Qm]?ndaisegl’ﬁ@tbrhmmmaﬂ)&g/mol,
and the correspondln nun1or i
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rererences - - an .
Nano- coupl i "r?@teﬁtd’é?hesﬁnﬁ?é’aly@gﬁﬁr(lg/z %ﬁf)&fﬂe& fV\llﬁzl_%l z%gég?asﬁ QPyihg polymer, is

pol yners, t®os08® EXbewtigtoupl ing onto the polymer, and which form
nano-structures in a domnstrean1reaction where the average nol ar
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saturated or unsat ur at ‘al 1 phatic drocarbon radi cal
havi ng0 f r om, ﬂ:oc{t@i@@ % a;rdlm mhawbh%butahwaqr %nablb h&ﬂ’ﬂfedlﬁ?c&ﬁ‘b@@f #6And mixtures
radi cal hawgggs%ﬁgn15 to 30 carbon atons or an aronmatic hydrocarbon
radi cal having from6 to 30 5carbon atons and n is a nunber greater
Ean O, preferably greater than 1 and partjicularly prefera ly. greater

an 2. Exdpgsthests bved pererass predrablitomnoupts i dretgte fesh gietals, as {sppribed in more
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hexyl, octyl or their isoners. 15 These ol i goneric silicates are

comer ci al | optalistsimenipredaeg ba P@dpﬁﬂhﬂéﬁ%mdyalh’o?rﬁﬁa 1R,3 BUERS aHhoRe 2B piher
silicon tetraal cohol ates, and can be defined conpounds or m xtures of

conpounds hayiy E@eréoléﬂhﬁtfﬁé%&maﬁ@&&a@ﬁts%seaQ,a dehsuabdsQR the Ghrk 8QMBRdtAs are used,
silicates are obtainable way of exanple with the trade mark
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roups, . in roups or in The
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preferably in the range from0.001 to 10 o] articular from
D 01 o0 6 eatsEg SBE IR TeRTTCRER Y LB e S Aot ot apede i
can take plar@ethih@RBosd, afhecore§9Rding dalts dfIanfanirh 6rdf prakepdymium. The Ziegler-
25 Natta catalysts that can be used also encompass catalyst systems based on metallocenes, e.g.

described in the following references: EP-A 919 574, EP-A 1025136 and EP-A 1073939,

Nano-coupling 2gents used comprise compounds which react with the polymers, fo some extent
coﬁpling onto the polymer, and which form nano-structures in a downstream reaction, where the
average molar mass of the said nano-particles becomes increased at least by a factor of 5,

30 preferably by a factor of 7.

Preferred nano-coupling agents are oligomeric silicates of the formula

X5 —Si—(0—S8iXoa—X,



preferable that the nano-coupling agent becones coupled in a first
reaction to the living polyner group, and that, in a second stage
used in conbination with other nodified polyner groups, it undergoes
aggl oneration to give the nano-structures described. 4 The
aggloneratiog %rocess preferably takes place during the work-up of

t he pol yner¥™f%6r exanple during the stripping process, when the

pol ymer by way of exanple cones into contact wwth water. In one
preferred eXbodnminlolate b thedmmudoOBl whge &gt Shuezisd eretacromepjekiantopmeaturated
anot her at this. pQLNL.. . . Y1 Rf30exaR! 1

the free gr%ﬁ%@“ggm?ﬁgmﬁgﬁﬁfﬁgﬁ%ﬁ?ﬁgﬁég§ﬁ¥2, tOa&gﬁﬁ%?gﬁkﬁ%ﬁg%?y%@%&mn
groups hav erafies havimniien 5 to Hhestbonjetomrs one: aeTeatin dydrepadbor rdisaldwwins from 6de 30
nore nano- cQUpl Lig. agents to one another, where each of these in turn
may bear one or nore polynmer groups. The invention also provides a
process for the preparation of nano-structured polyners based on

conj ugat ed s @ pamber gisaierhandh prefEmbly graafather bdpadcderhar ey gregerthing
pol ynmeri zed in the presence of 10 an inert organic, aprotic solvents
and in the PERSROEHIEra nedlabyfl 2@htslohitic bt Rephdédise and the

pol ymers obtai ned after the polynerization reaction, based on the
nonomer s nmenti Qneq, e reacted wi th nano-coupling agents of the
fornul a XS(gbggksgﬂgﬁ&Si X2)n -X where 15X is an al cohol ate of the
formula OR, where Ris a saturated or to sone extent unsaturated

al i phati c hRMSE-A-FHER-QHIER):, having from 1 to 30 carbon atons, a
cxcloaliphatic hydr ocar bon radi cal having from5 to 30 carbon atons

o]

and

anuﬁronqkb%Spagkgﬁ%mpgﬂoﬁggigﬁﬁggaving from6 to 30 carbon atons
n i's a nunber greater than O, preferably greater than 1

and particulafl ref erahl re [ , 20 and the anount of the
nanoPcoupIﬂﬁ@hﬁég%KQRhéggﬂgﬁﬂfﬁﬁéﬁp6hﬁggm§bIyners is in the range
fromO0.001 to 10 g: 100 g. In the inventive process, the

nano- coupl i (R@:85@81(ORRAL-BEOR), {RSI{TR),-PosYORx-9;Si{OR)idrat t he

nano- coupl i ng agent first nodifies the end group of the |iving

pol ynmer an RNm.cl/AR A S HDS: S Lag ohh 1B | i ng agent
condenses 'Ehébglg{)% Slr(gﬁ 2t?§§?@ﬁf§?@o?e§&?§? - W%l(%%? st 6r?jljjkiéat ures. The

i nventive nano-structured polyners are prepared in successive steps.
First, the WereyRiiemetyls eirleariearordnitonenys 1ol mvehl. hegbiosty! 6 their dyogiers.
or noje of 1he JNafRre QbiRltk 0 ARERESAHALAREE st DAY BrefelidiyiBmeea RialcBRfnsation

react by way of éxanple with condensation to give nano-structured |
pol yners. méénéom@mr;‘lov@lsﬂﬁpﬁ, a0 sehst Slipedcopwouds symiures st uepyndyhaving 2
juncture ofygfhs Bl BREIEGEARA reaction, as 30a function of the
properties desired in the polynmers to be prepared. 5 The conduct in

the pol ymerj zation of the conjugated di s, K h
chialyst ydRBRrTEEEE AT e e g 3 BT or ek Hepst® 7 P

the (Il ene mghyarers. The pol ynerization of the conjugated dienes is
preferably carried out (see EP-B 011184 or EP-A 1245600) in the

resence of the. venmentioned Ziegler-Natta catal ysts, in.
o atiancd 5 SHEP T TP aifo oS MRS AR BRI aLaE oo bydrogen, for
preferably gahple@d dtogeMpichent B REQRGHsTh dmgbﬁ%s @i COOH sbyent s.
These inert aprotic solvents can be paraffinic hydrocarbons, e.g.
i soneric pentanes, hexanes, heptanes, .octanes,. decanes, .
2 4 trimet HyiF prepHoh pigthe E%P&T"B‘t?@ﬂg afats ued dPRRES R eﬁée{‘}r‘i’ﬁ?&%/%ﬁ’@r‘?@?a‘i‘@; The
et hyl cycl ohganaR @ -cobpithy QR tdyd1eHE! Rhestaidy inOhe ARGTREM ©.001 to 10 g:100 g, in
hydr ocar bons, such as benzene, 10tol uene, ethyl benzene, xylene,
di et hyl ben®afeEioprbPyie 8&H28Ee. These sol vents can be used
individually or in conbination. Cyclohexane and n-hexane are
pr ef ersr ed. Thbgaaidhuor®the S04 ¥LBiEGudas caRtaye placd & ghe of fnoteStapes Liads pyrtitul@in

about 300 tp1.'0&fta:lr''ELSb(i)eoﬂ'xE’catﬁehnatr)l —cc\:(\lg)lliggh .'Elgegt I’taco:lfnoe(s) c uapEeEism E %rsy\?elagx%% tc? J:he: ?i!\njng %I)lymer

group, and that, in 2 second stage used in combination with other modified polymer groups, it

undergoes agglomeration to give the nano-structures described.



preferably at least 2, in particcular from2 to 5. The pol yneri zation
preferably continues as far as conplete conversion of the dienes
used. It is, of course, also possible tg interrupt the diene

pol ymeri zation reaction prematurely as a function of the desired

properties Qf the palyner, fo | e at. abopt 8Q% canversion.of th
NMONOMET S. &ﬁ‘ﬁégé]?%‘gﬁﬁ’x HI8TE Pﬁgﬁlr%ﬁ’eatg%i B]?feodﬁ“P%g‘E OB T HE pﬁls e o e
di ene can hyiringthe ofipgixsprpdess, en thOpairs by vay dispareids comeg ata @ntastrveith water.

distillatiqn (a flas t gge). .For the reactio j - '
agent, t heolb(?{(f@%ﬁﬁg‘fq%b&ﬁ%?#‘%m a8 G HER ea%‘gnlctls U%P\é%a%ﬁggng In‘@%?r%ggﬁ % %dn?l%
reaction i sThai cegcbywidytoftehenpiake plaeephiting tadentesoupe nf tho new:-coupling lagents, to
sol ve or solvent. . m xture used f i.S..1S: f

pr ot i'c. or G aBIEh EOU5 R By Bl PioP E LA o o 05 o or e
pr epar at i omamf-ceuplingcigentcto pot ymhes whete epeh, of tifiese uinm anay b Onp OFsmeTH Ipelymer
change t he s%lgé/ent or to add the nano-coupling agent in another
solvent. & danpl es of aprotic organic solvents that can be used
are: pentanes, hexanes, heptanes, cyclohexane, nethyl cyclopentane,
benzene, t dlhgdrventioatalsy [Piifze perocess Erdhaprrgaration gheao-sEyrargRolyases based on
tol uene, V%Eﬁﬁléﬁ%tdﬁeﬁ&g, Bata¥tetR 5L AR uDeN B es drd filsBpdMReBR8HK thelpBBence of
possi bl e to add pol ar organic conpounds whi ch _can by way of exanple
servellas s@nvesat eregmins apRec pAYSE ang dr e FRgTenss oA . ezl ¢idhe e saEie s the
care has t%of}ﬁeﬁs%@aﬂlea hatr e STolRetidBor SABRRMN GedMah AR SO ABRiohed, AR
coupling of the nano-coupling agent to the polyner are preferably

excl uded. B@ﬁ%f”é@n@\‘"cgﬁgﬁgEﬁegtﬁﬂfﬂ“‘?f?ém%rrpounds are carbon di oxi de,
oxygen, water, alcohols, organic and inorganic acids. The reaction of
t he di ene pphlyse(G-8iXH,tXe nano-coupling agents is preferably '
carried out 10 in situ wi tthout internediate isolation of the

pol yners, z%vgret he di ene polyners here are reacted with the

nano- coupl i ng agents after the polynerization reaction, if
appropriate via the depressurization and distillation process (flash
st agels, wi Shisuan flephplatsrofithy &rmulaiQR: evbereeR ing feturated of i soRpppRiifnt Brsafufpted
nano- coupl i,RG,A0 B S %SF FhREPRAGE R | REBE L& 4166, deghIeRipRitic hydrocarbon
modi fication. The 15ratio of nano-coupling agent to polynmers is '
pr ef er abl y 1adiral kging Sage 1P BB KRrbonorioms; % 21 erogatirydpearpen rpisal havipe iont ¢ A0
0.01 to 6 @ufi@ns hite reaction with the nano-coupling agent is

usual ly carried out at tenperatures approxinmately corresponding to

t he tenaperatures for the pol ri zation, reaction. .This ns tha
the reacti @ 7 BUEREF BieaigF ﬂ’té)’é‘%/er}%%wﬁ?rﬁ%sl P e ‘Hﬁ‘rg’ti’é‘ff?rg@tg"teateﬁ%ﬁt?’
pr ef epabl y afig om 40C to 130C. The 20reaction can |ikew se be carried
out at atnospheric pressure or else at elevated pressure (from1l to
10 bar). The reacti.on_tine i.s preferahl | at i ho, telSal

t he range Fhe(f‘moﬁrgé’hﬁ‘e fanﬁ'cﬁld?hé’gta%mgsﬁl(% n %1%%@5?9 I!’c’xeﬁ%e\ésrfg%nhté'l'; 78 °cff‘%“29r'°5'l fo
wi th the naagit®mgipl i ng agents, the polyners, now end group-nodified,
are 25 bonded to give nano-structures, in that the reaction m xture
is prefera o t_jnto L Thi Sy §
Vi a separ a?rl eﬁlg?fﬁ%ﬁ fg‘%'rp r%%&sﬁ}%&%ﬁ?%&up #egt %3 yrrg{ts ‘SN;(I)EFGIT.%I on, e%s?%{\ifhg{ e Shano
i nt roduct i ooupbifig agantdirstyegisigs thdend grount dféhedivinigmolymgr g deasiy 2 subsequent stage,
Addi tisonal k. ﬂot—cog%mg!a%egt &?&&h@ hoibee BRI e Do IR Weight GRERALS W th
or prior to {'hie addition of 1he V\%ter, eXanpl es bei ng al cohol s or
carboxylic acids. It is noreover advantageous that antioxidants are .
added to t fke mEensive pamorimanekpadorst G erepied Hostecest e iort Fag, Pepglydiens i

I sol at ed. prepared, and this is then reacted with one or more of the nano-coupling agents defined above,

which can then react by way of example with condensation to give nano-structured polymers.
These nano-coupling agents can be added at any desired juncture of the polymerization reaction, as

30 a function of the properties desired in the polymers to be prepared.



7 It is noreover possible to use a known nethod for isolation,
purification and then work-up of the polyners obtained in the
presence of the Ziegler-Natta catalysts gand reacted with the .
nano-coupling agents. The inventive polymer can be isolated in a
known mann fo vi. a.st eam di.st

daing a sur Tisspaee s BT Er A B AT Sl R bl B
f 1 occul at eds pattydweith ths respeetive diensvaprdsf todanthd denegnivwed: from t he
resultant fluid by centrifuging or extrusion. Residual solvent and

ot her vol at4] e r

o1 A henr noleSy A ARALAAHPL B CRMARLEURY S LA ARl BEEBObYITRS o
froma bl oviER-A ‘[Iraessmy enuiharpmmngé]tofothet htmvammmWBd/eZw@mN&tar getelysted in
pol ymers can v 6‘%/ &Sflﬁ\{x For e 10 conventional applications of

t he |n§/ent|a\?%°8 §rretsa HiE ®r - average nolar mass (M) of the
entire polyner is in the range from about 100 000 to about 500 000

g/ mol , whermetihentiel R26dsbsaik pﬂﬁir@m catied dut ﬁmabreﬁﬁnsé diﬁ iptrt, iapratic sudebnish®liese
the hi gh-mol ar - mass fracti S at.er han th WDl ar - mass
fraction | TEHErTeruEa" o) B RaOe REoubEr b el PGy Taases, heptancs
preferably dgnd, f dedafiss, 02,4 &imatiytbepante] i eydl@eﬁtgmepr efcirhentahsy bgeﬂarldya]ohaxane

of 10, and th i gh- nol an |0n has_an .av

gr eat er thef‘H’y%yg *H50% ﬁgqlameﬁ%{lcgf XB1ey o5 r BGEF ]?%dé%%goné’oﬁu 0%)S beifkene,
g/nmol10in (Eaﬁ‘eranaﬂhylbérseneThﬂerarrdmmeafzeﬁeh@r trogyitbenmne cCTHeser saentghzn be used
fractions, S on the en e froml%to
20% prefera 1Sua111 °rm§mflbm%gr% % e |nven ;ﬁ%ﬁﬁgﬁatsrbé ot éz}?ned in nore

detail using Fl gures 1 and 2. These show the rel atl ve flaction of the
pol yners i rfheemaynt ghsolvsnts han el widely-dF 130@&@1‘1?0#1@'“@1/‘ ARA to 1590warp Y RigHiST

line descr'ﬂeéﬁaﬁsfwwe%ﬂtmh@@Méﬁsncﬂ@fsght ‘di-stribution plotted against
t he nol ecul ar  wei ght.” The broken line is the associated integral. The

two graphs using Exanples 2 (Figure 1) .and 4 (Figure, 2 o
clearly théhpPAgREIZE tapperwe PB?WV@H&W@Y ﬁ'é’?’?ﬂ%ﬂfnt‘é‘? a?%?&f%%gﬁr‘ffﬁ /gC
reactisn. BP@ermlﬁﬂdﬂlzm@c/tol 180°EP Wi ﬁmom ﬂme maewmlveﬁaslvandw\em Btfew minutes o a
distribution via t arate gaeaks rated fgo each, %tlg% Xb £30
mi ni mum  THEY PR JPa PolEEZrian JCRc A6 P T6 SEEd Gt HE A RgHod of Fom. ¥bod
cor r espondinfigutésOtot moumlpe@uabay fro@51 Wwel Ghirs.di 84 bdoesirdiedngut eitlér anatmospheric

inflection in the curv S becone ticularly clear in

conpar i son KR THe Ei® &ﬁf“ee(?“gafe Fsé'ffegfg‘J&\gtoﬁﬂéﬂé'urve for the conparative
pol ymer without nano-coupling agent. In this exanple, the nol ecul ar
wei ght di stTht inveitiva psimes canrble prepared gtharkbatshetist beeliespegralslyr Frsfesnce is given
Cont 1 oSl A0 DL IRARL b X lof BECHL QR bpeay of kbl
peak lies mmférdﬂntlalst@./mpmcﬁaﬂohrbbﬁol d of 2 000 000 g/ mol, with

mol ar masses above 5 000 000 g/ mol. The sol ubility behavi our of the

inventive RBaR Pol%gﬁ%{}% ep?g‘er%} Yo Bhuek 85 fapfs c%ﬁ’i%te%@nvtegﬁbh oP{he 8fenes used_I_Ir'g| is, of

unnodi fied poly content of pol yne bel ow 1%
content of cgurse, plemppssivly rmqu@%ﬂleémlg qulﬁmﬂﬂﬁfélc’rl W@rwlpv@aﬁfﬁlwrf@crlgn of the

pl‘ ef er abl'y dfa.'{] eﬁnpgpé'hgsoofjﬁ%’ wyn%'fgthéxamﬁl% of Soabdoys EdnOdRith & tﬁ@m@ncgﬂéﬁﬁftcr

usual conpoundi ng conponents can, of course, also b
addedZSt 0 t Wee disneanbimpezaion pagios, thewsamicred Haieran by PR pkexagpl be fsolated via
pi gnents, ggﬁéfﬁhﬂﬁgm%g@&gghg&gﬁm@m@&@gC|ng agents. The known rubber
auxi liaries ‘and crosslinking agents can al so be added. The
i nventive nano-structured polyners can be used in_a known mgnner for
the pr oductFPbﬁleGFaCB%Wﬁlam""sn&?‘é"s"“&mgo"’fger%ﬁﬁ@PIYWB‘EﬂaH‘?‘hBEmB? obained: dysing the
Wien the i RyembiM8od YRGS kbl With theRoloy HiRlig o S8hedn tyre
m xtures, it was possible to obtain a mar 5 I nprovenent in the
dynam c pro erties of the conpoungﬁy teri The i nvention

nor eover iselyent;of §olyent ngiKtufe,pse i gre?fgﬂgy thersarae gPratic prppirsplyent

30 or solvent mixture also used for preparation of the diene polymers. It is, of course, also

possible to change the solvent or to add the nano-coupling agent in another solvent.



Conversions were determned gravinetrically; the polyner solutions

here were wei ghed after the . , specinen had been taken (still wth
sol vent and nonorer) and after drying (a¢ 65C in a vacuum drying
cabi net). The Mooney M. 1+4 (100) neasurenent was made on

equi prent from Al p usi ng the 10l arge, rotor frer |

preheat i ng,é’ﬁ\me%&ﬁ%ﬂmt&t i {ojv | ohad vﬁ%ﬂ}alt Ve %x%sn% .aég' %ﬁ%ﬁﬁ% ?’g%p% s
di i sobutyl adydmhsians) RethvicdelopehtdieX daezehd)l BRkhe, Alth¥eht e réfprabiydhekanes,
sol ution of ethylal um ni um sesqui ch] oride_in hexane, ( EASC, X

Al 2( C2H5) 3CHRlohpnedialuens, denapastilari pacrblpleeens dt HdBFFMcHAso possible to

versatate, gfagg)ofﬂaigpdaﬂfci ceﬂlagiénddamaﬁ %ﬁg%ﬁ&%&%w Q- NEHABR AN the nano-

Nd(02Clal 1 Swvere a to a so 0 3% by wei ght of
1, 3- bt adi exvepling 4gesthni cal - grade hexane in a dried 20 | steel reactor
under nitrogen, with stirring. The m xture is then heated to an

initial feed tenperature of ,73C., The reaction i ' . 1 N-
after the ??%{Ir r’% TR %aé%th ?Sotn%, bea{r%%natﬁ%o+%/nﬁ)glré E%I{ép%ﬁgnaesﬁ@g% (glgde{r?lﬂaﬁ[htge
nmodi fi cat i couplimggétite nho-boupDi agentad theepedymer pxs préferabln dxpdufed \Expmplendf wich
burette, wWith stifr] 1.states L at &84 inbidEnic acids.
nano- coupl i%?pglé%%%dpgggé%ﬁgg%ﬁ%%b%g va %é?mc?)ly ’toa%aHll%n CIh\I/lI val o
pol ymer specinmens prior to and after coupling. After one hour of

reaction tiThe readtien oéthetdiens rotymearppith themynedenniige 2geni is prefablycarried gut

t he ture_is bil i it h. 2 I ' '

100 11 of ShelunRitul it Eheflelducialof of e JAARAK cha e fth LBlohiek hile arc
pv\’eci pi t at adaceéd hitlaketiand Qotpling sgepteafies thd prdpoérization Rackidng o appropi@@eivia
a “vacuum dryi ng cabi.net. | nventive Exanples 2 to .5, e .pol.ymer .
or ked up. 1t ASpatgRaRishy 2, FFEn Sheree [T stoegb crirh AuE qfmmedite
drying cabiyigiment10 Table 1: Exanple 1 2 3 4 5 Hexane-[g] 1480 8500
8500 8500 8500

The amount of the nano-coupling agents used depends on their desired degree of modification. The
15 ratio of nano-coupling agent to polymers is preferably in the range from 0.001 to 10 g:100 g, in
particular from 0.01 to 6 g:100 g.

The reaction with the nano-coupling agent is usually carried out at temperatures approximately
corresponding to the ternperatures for the polymerization reaction. This means that the reaction is
carried out at temperatures of from about 0°C to 200°C, preferably from 40°C to 130°C. The

20 reaction can likewise be carried out at atmospheric pressure or else at elevated pressure (from 1 to

10 bar).

The reaction time is preferably relatively short. It is in the range from about I minute to about 1

hour.

After the reaction with the nano-coupling agents, the polymers, now end group-modified, are

25 bonded to give nano-structures, in that the reaction mixture is preferably brought into contact with
water, This can take place via separate addition of water to the polymer solution, or via

| introdﬁction of water vapour during the stripping process. Additionally, it is also possible to add

other protic reagents with or prior to the addition of the water, examples being alcohols or

carboxylic acids. It is moreover advantageous fhat antioxidants are added to the reaction mixfure

30 before the nano-structured polymer is isolated.



1, 3- But adi ene [g] 250 1300 1300 1300 1300 DB3AH 20% [mi] 4.0 21.6
21.6-21.6 21.6 EASC 20%[m] 0.6 2.5 2.5 2.5 2.5 NdV 8.8%[ni] 0.6
2.8 2.8 2.8 2.8 Dynasil 40 [g] 0.2 13 26,39 65
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It is moreover possible to use a known method for isolation, purification and then work-up

of the polymers obtained in the presence of the Ziegler-Natta catalysts and reacted with the

. nano-coupling agents.

The inventive polymer can be isolated in a known manner, for example via steam distillation or

flocculation using a suitable flocculating agent, such as alcohols. The flocculated polymer is then

by way of example removed from the resultant fluid by centrifuging or extrusion. Residual solvent

and other volatile constituents can be removed from the isolated polymer via heating, if

appropriate at reduced pressure or in a stream of air from a blower.

The molecular weight of the inventive nano-structured polymers can vary widcly.' For the
conventional applications of the inventive polymers, thé number-average molar mass (Mn) of the
entire polymer is in the range from about 100 000 to about 500 000 g/mol, where the molecular
weight has bimodal distribution, and where the high-molar-mass fraction is greater than the low-
molar-mass fraction in the average molar mass at least by a factor of 5, preferably by a factor of &,
-and particularly preferably by a factor of 10, and the high-molar-mass fraction has a1‘1 averélge
molar mass greater than 2 000 000 g/mol, preferably greater than 5 000 000 g/mol, in GPC
analysis. The amount of the high-molecular-weight fractions, based on the entire polymer, is in the

range from 1% to 20%, preferably from 3 to 15%.

The invention is explained in more detail using Figures 1 and 2. These show the relative fraction
of the polymers in relation to the molecular weight in g/mol. The continuous line describes the
molecular weight distribution plotted against the molecular weight. The broken line is the
associated integral. The two graphs using Examples 2 (Figure 1) and 4 (Figure 2) show very
clearly the bimodality of the inventive polymers after the coupling reaction. The bimodality is
apparent in the molecular weight distribution via two separate peaks, separated from each other by
a minimum. The integral separates the two peaks in a manner corresponding to the molecular
weight distribution, via an infleetion in the curve. This becomes particularly clear in comparison
with Figure 3, which shows the curve for the comparative polymer without nano-coupling agent. In
this example, the molecular weight distribution shows only one peak and the integral rises

continuously, and no bimodality is therefore present.

It can also be seen that, after the coupling reaction, the high-molar mass peak lies markedly above

the threshold of 2 000 000 g/mol, with molar masses above 5 000 000 g/mol.

The solubility behaviour of the inventive nano-structured polymer is the same as that of an
unmodified polymer. The gel content of the polymer is below 1%. The content of 1,2 bonds (vinyl
content) in the inventive polymers is preferably from 0.3 to 1% by weight, preferably from 0.4 to
0.8% by weight.



Prior to coupling M. 1-F4 (100) [MJ 25 32 33 34 35 M. 30s
relaxation [% 4.4 5.4 5.4 5.4 M1 [Wmol] 169500 144900 132200 Mw
[g/mol] 495400 430200 485800 2

The usual compounding components can, of course, also be added to the inventive polymers,
examples being fillers, dye, pigments, softening agents and reinforcing agents. The known rubber

auxiliaries and crosslinking agents can also be added.

The inventive nano-structured polymers can be used in a known manner for the production of

5 vulcanisates or of rubber mouldings of any type.

When the inventive nano-structured polymers were used in tyre mixtures, it was possible to obtain

a marked improvement in the dynamic properties of the compounded material.

The invention moreover provides the use of the inventive nano-structured polymers for the
production of tyres and of tyre components, of golf balls and of technical rubber items, and also of

10 rubber-reinforced plastics, e.g. ABS plastics and HIPS plastics.

~

The examples and figures below serve to illustrate the invention, without any resultant limiting

effect. -

S



Mz [g/mol] 1778000 1329000 1657000 After coupling M. 1+4 (100)
[MJ 32 39 44 44 50 -M. 30s relaxation [9%9 6.0 8.2 9.4 8.1 M
[g/mol] 179700 164500 202700 9

Examples

10

15

20

25

The polymerization reactions were carried out with the exclusion of air and moisture, under

| nitrogen. The solvent used comprised dry, oxygen-free techmical-grade hexane. The

polymerization reaction was camried out in an autoclave of volume from 21 to 201,

corresponding to the size of the batch.

Conversions were determined gravimetrically; the polymer solutions here were weighed after the
specimen had been taken (still with solvent and monomer) and after drying (at 65°C in a vacuum

drying cabinet).

The Mooney ML 1+4 (100} measurement was made on equipment from Alpha using the

large rotor, after one minute of pféhea:thlg, over 4 min. at 100°C.

Inventive Examples 1-4

A solution of diisobutylaluminium hydride in hexane (DIBAH; Al{C.Hs).H) and a solution of
ethylaluminium sesquichloride in hexane (EASC, Aly(C,Hs):Cls) in equimolar amount with respect
to neodymium versatate, and a solution of neodymium versatate in hexane (NdV, Nd(O,CyeHis)s)
were added to a solution of 13% by iveight of 1,3-butadiene in technical-grade hexane in a dried
201 steel reactor under nitrogen, with stirring. The mixture is then heated to an inifial feed
temperature of 73°C. The reaction is terminated 60 min after the start of the reaction, and a
polymer specimen is taken. The modification reagent with 100 mL of hexane is then added by way

of a burette, with stiming.

Table 1 states the amounts used, the nano-coupling agent used and the Mooney values of the

individual polymer specimens prior to and after coupling.

After one hour of reaction time, the reaction is stopped by adding 20 mL of water, and the mixfure

is stabilized with 2.6 g of Irganox 1520L dissolved in 100 mL of hexane.

In Inventive Example 1, the polymer is then precipitated with about 10 L of aqueous ethanol and

dried at 60°C in a vacuum drying cabinet.

In Inventive Examples 2 to S,Vthe polymer is worked ui: in a laboratory stripper and dried at 60°C

in a vacuum drying cabinet.



Mv [ g/ ool ]
Dynasi | 40:

i nventive polyners feature a sharp rise

803400 701900 932500 Mz [g/ nol]
polysilicate (snick ester) from Degussa,
1gh Mooney viscosity after

Et hyl

11

4087000 5798000 6478000

The

coupling, and this unanbi guously confirnms the rise in nolecular
wei ght sho way of exanple in Figures 1 and 2 for Inventive
Exanpl es 2 Figures 1 and 2 show the relative fraction of the
polymers in_relation to the nolar mass in g/nol. SFigure 1 sho t he
mol ecul ar WExghpledi stributfonlin [nvedti ve Bdanplle 24after 8oupling,
and Figure |2 shows the noljecul ar Jyeight djstributlion in |nventijve
Exanpl e 4 gL -FRUPHT Y. [THE WO [OT#&BHS VEelggos! gar k3hoSNPWeIghe |
bi nodal ity [(contuous |inge). ¢an al sof be seen that the
hi gh- nol ar -lmass peak bhegins at mollar _nasskes—aboveg 3 000 m@q’?a_pp-m
and, with avdmBupdiepplghr naisseCabovel38000p d8¥ g/{nol3%0 i bs1ifEr Ked! y
above the tlhreshold of 2 Q00 000 ¢,/ nol (broken 10line).| Conparfative
Exanpl es. 6 (@i 2690RAr at 1jve Fxanmpl eg1. & anhd 2f.ewerfe gagripdzpet jas
described ijn Inventive Exanple 2. |lnstead of the|nano-coupling jagent,
Si C14 was Lged—as—"“d'f"'-" agert-—rHhe—poyrer—erhitbitedi-re-Megney
rise after |HoaFEPe &Pﬂon Iin B%qh exarpl es| a’%er § atlé; t he
Mooney rel axati on values after 30] 15 seci were in the ranqe of t he
non- coupl edNpwiggeEls] W tH bel.dw 5% 2Ehe |mol 8ul ar B ght @i bits no
bi modal ity |after the reaction with SiCl4.| Figure[3. shows the
nol ecul ar werght—di stributirong T Congaratf veExanptgy7 af t &g tje
reaction wi|th glﬁ%%. Si C14 exhi bi{ed 'no activity|as nanofcouplijng
agent. Tablle 2 Conparative exanple 6

Prior to coupling

ML 1+4 (100) [MU) 25 32 33 34 35

ML 30s relaxation [%)] 4.4 54 54 .54

Mn [g/mol] 169500 | 144900 | 132200

Mw [g/mol] 495400 | 430200 | 485800

Mz [g/mol] 1778000 | 1329000 | 1657000

After coupling

ML 1+4 (100) [MU] 32 39 44 44 50

ML 30s relaxation [%] 6.0 8.2 94 8.1

Mn [g/mol] 179700 | 164500 [ 202700

w [g/mol] 203400 701900 932500
Mz [gfmbl] A(87000 | 5798000 | 6478000

Dynasil 40: Ethyl polysilicate (silicic ester) from Degussa,

(OEt);—Si—~O-Si(OEt),)n—OEt, where n = from 2 to 3, Si0, content = 40-42%



7 Hexane [g] 8500 8500 1, 3-Butadiene [g] 1300 1300 DD3AH 20% [ m ]
21.6 21.6 EASC 20% [m] 2.5 2.5 NdV 8.8%[nil] 2.8 2.8 SiCl4 [g] 13
39 12 Conparative exanple 6 7 Prior tojgoupling M. 1+4(100) [ MJ]

29 28

10

15

The inventive polymers featwre a sharp rise in Mooney viscosity after coupling, and this
unambiguously confirms the rise in molecular weight shown by way of example in Figures 1 and 2

for Inventive Examples 2 and 4.
Figures 1 and 2 show the relative fraction of the polymers in relation to the molar mass in g/mol.

Figure 1 shows the molecular weight distribution in Inventive Example 2 after coupling, and

Figure 2 shows the molecular weight distribution in Inventive Example 4 after coupling.

The two graphs very clearly show the bimodality (continuous line). It can also be seen that the
high-molar-mass peak begins at molar masses above 3 000 000 g/mol and, with average molar

masses above 5 000 000 g/mol, lies markedly above the threshold of 2 000 000 g/mol (broken

line).

Comparative Examples 6 and 7

Comparative Examples 6 and 7 were carricd out as described in Inventive Example 2. Instead of
the nano-coupling agent, SiCl, was used as modifying agent. The polymer exhibited no Mooney
rise after modification. In both examples, after modification, the Mooney relaxation values after 30
sec were in the range of the non-coupled polymers, With below 5%. The molecular weight exhibits
no bimodality after the reaction with SiCl,. Figure 3 shows the molecular weight distribution in

Comparative Example 7 after the reaction with SiCl,. SiCl, exhibited no activity as nano-coupling

agent.
Table 2

Comparative example 6 7
Hexane [g] 8500 8500
1,3-Butadiene [g] 1300 1300
DIBAH 20% [ml] 21.6 21.6
EASC 20% [ml] 2.5 2.5
NdV 8.8% [ml] 2.8 2.8
SiCls [g] 13 39




M. 30 s relaxation [%4 6.3 6.3 After coupling M. 1+4 (100) [MJ] 30
29 ML 30s relaxation [ 4.5 4.8 Conparative Exanple 8, Inventive
Exanples 9 to 10 For Conparative Exanpljg 8, Hunan' CB24 from Lanxess
Deut schl and GrbH was used. For Inventive Exanples 9 and 10, the

pol ynmers of ':"arrlpl.es 2—and—S—were—used: 75.':0." conpar abl e Mooney
viscosity d OPﬁﬁaEIBWSEIR&ed mat €ri al{s, i't wgs possible to inprove the
tear - propagation resistance |considerlably injthe Inventive Exanples 9
and 10 i n g¢briparicsoplimgi t h t he Conparjati ve EXanple 8. 13 M xture
studi es used the foll ow ng Jubstancgs: Tradge nmark Producer BunaTm
CB24, as nopmTiamint 1T zeq pohybutiadigie flanxess Deut schl and GrbH
Utrasil 7(8%“ ,Cfdggﬁ\gﬁ ica KI\/t2 Lahorchem e Handel s GrbH Si 69, as
silane Degussa Hills AG Cordx N 2341 as carhon bl ack KMF Laborchem e

Handel s GrbhML 30 s relaxation [%] 6.3 6.3
After coupling
ML 1+4 (100) [MU] 30 29
ML 30s relaxation [%)] 4.5 4.8
C

Comparative Example 8, Inventive Examples 9 to 10
! F;); Comparative Example 8, Buna™ CB24 from Lanxess Deuvtschland GmbH was used. For
Inventive Examples 9 and 10, the polymers of Examples 2 and 5 were used.
5 For comparable Mooney viscosity of the compounded materials, it was possible fo improve the
tear-propagation resistance considerably in the Inventive Examples 9 and 10 in comparison with

the Comparative Example 8.



Enert hene 1849-1, as oil BP G| Deutschland GrbH Rot si egel zinc
white, as zinc oxide Gillo Zinkoxid GrbH EDENOR C 18 98-100 (stearic
aci d) Cognis Deutschland GrbH Vul kanox(r} 4020/LO, as stabilizer
Bayer AG Brunsbl I tteI Vul kanox(r) HS/ LG as stabilizer Bayer

El ast oner e ( rubber chem cal Bayer AG
Ant wer p Vul 58”? (lfse%ﬂtmfgﬂ%‘%tgs ctﬁ%scal Bayer AG Leverkusen G ound

sul phur 90/ ¥mdemaarkel Deut sche Sol vay- WeiHreduedd Tabl e 3 I nyventive
olrbdbed aﬁw CHSZ, SRR ofiized 10 DUTfHehless Biukeniaid0  T[rventive
polybutadiene GmbH
XMF Laborchemie Handels
Ultrasil 7000 GR, as silica GmbH
8169, as silane Degussa Hiils AG
KMF Laborchemie Handels
Corax N 234, as carbon black GmbH
Enerthene 1849-1, as oil BP (il Deutschiand GmbH
Rotsiegel zinc white, as zinc oxide Grillo Zinkoxid GmbH
EDENOR C 18 98-100 (stearic acid) Cognis Deutschland GmbH
Vulkanox® 4020/LG, as stabilizer Bayer AG Brunghiitte]
( ' Vulkanox® HS/LG, as stabilizer Bayer Elastomeres S.A.
Vulkacit® CZ/C, as rubber chemical Bayer AG Antwerp
" [Vulkacit® DJC, as rubber chemical Bayer AG Leverkusen
Ground sulphur 90/95 Chancel . Deutsche Solvay-Werke




. Inventive Exanple 5 100 Carbon black (IRS 7, (N330)) 60 60 60
EDENCR C 18 98-100 2 2 2 Enerthene 1849-1 15 15 15 Vul kazit(r)
NZ/EGC, 0.9 0.9 0.9 Gound sul phur, 90/93 Chancel 1.5 1.5 1.5 Zinc
oxide (1RM 91, fromU. S Zinc) 3 3 3 Money NIL 1+4 |100C

Table 3
[[nventive example/Comparative
example*® ‘ 8* 9 10
Buna® CB 24 100
mventive Example 2 100
’ Imventive Example 5 100
Carbon black (IRB 7, (IN330)) | 60 60 60
EDENOR C 18 98-100 2 2 2
( | Enerthene 1849-1 15 15 15
Vulkazit® NZ/EGC 09 09 09
Ground sulphur, 90/95 Chancel 1.5 L5 1.5
Zine oxide (IRM 91, from U.S. Zinc) 3 3 3
Mooney ML 1+4 100°C
ML 1+4 [MU] 79 71 81
MDR (160°C, 30 min)
(. S roin [dNem] 324 3.09 35
S' max [dNm] 20.9 17.85 17.76
t 10 [s] 239 253 243
t 95 [s] 777 775 772
Test specimen: Graves DIN 53515
Median tear-propagation resistance [N/mmy] 33 72 65




M 1+4 [MJ 79 71.81 MDR (160C, 30 min) Smn [dNn] 3.24 3.09 3.5
S max [dNm 20.9 17.85 17.76 t 10 [s] 239 253 243 t95 [s] 777 775
772 Test specinen: Graves DIN 53515 15

Patent claims

1. Nano-structured polymers based on conjugated dienes, obtainable via polymerization of
conjugated dienes with catalysts of the rare earth elements and subsequent reaction with a
nano-coupling agent, wherein said nano-coupling agents comprise compounds which react
with the polymers, to partially coupling onto the polymer, and which form nano-structures in a
downstream reaction, where the average molar mass of the said nano-particles becomes
increased at least by a factor of 5, where the resultant polymers have bimodal molar mass
distribution in which the high-molecular-weight fraction has an average molar mass greater
than 2 000 000 g/mol, the amount of the high-molecular-weight fractions, based on the entire
polymer, is in the range from 1% to 20%, and the gel content of the entire polymers is < 1%
and the content of 1,2-vinyl units, based on the polymer, is from 0.3 to 1% by weight.

2. Nano-structured polymers according to Claim 1, characterized in that they comprise, as
conjugated dienes, 1,3-butadiene, 2,3-dimethyl-1,3-butadiene, 3-butyl-1,3-octadiene, isoprene,

piperylene, 1,3-hexadiene, 1,3-octadiene and/or 2-phenyl-1,3-butadiene.

3. Nano-structured polymers according to Claim 2, characterized in that oligomeric silicates of

the formula
X3~ 8i—(0-8iXy),— X,
are present as nano-coupling agent, where

X is an alcoholate of the formula OR, where R is a saturated or to partially unsaturated
aliphatic hydrocarbon radical having from 1 to 30 carbon atoms, a cycloaliphatic hydrocarbon
radical having from 5 to 30 carbon atoms or an aromatic hydrocarbon radical having from 6 to

30 carbon atoms and
n is a number greater than 0.

4, Process for the preparation of nano-structured polymers based on conjugated dienes,
characterized in that conjugated dienes are first polymerized in the presence of an inert
organic, aprotic solvents and in the presence of a catalyst of the rare earth elements, and the
polymers obtained after the polymerization reaction, based on the monomers mentioned, are

reacted with nano-coupling agents of the formula
X5-81—(0-SiXy),— X

where



Medi an tear-propagati-on resistance [NNmj 33 72 65 15 Patent clains
1. Nano-structured polyners based on conjugated di enes, obtainable
via polynerization of conjugated diend8 with catal ysts of the rare
earth el enents and subsequent reaction with_a nano-coupling agent,
wher ei n sai & AaAb-Alcgiginte vd thgy &pmalac@Rpr Fhde Bofpsammedy itfmarhfégzdtnswrﬁﬁd
the pol yner siipitafic Bdrbdadloh Yadt@URIVIlRF 20 © IN@rteR B! a cy@dlipMiiChydtaFon
nano-structures in_a downstreamreaction, where the average nolar

mass of t he T&hsahayvingdTosme {9 ) @ebop aBwes a1 Hemetisdwdrogarbereradical gvipg from 6 to
factor of 53pwh8beatbhieadsesul tant pol yners have bi nodal nol ar nmass

di stribution in which the high-nolecul ar-weight fraction has an
average nol ar. mass greater than 2 000 000 g/nol, the anount of the

hi gh- mol ecul™d? 2 REPRsherepeLin $38d pased on the entire polyner, is in
the range from1%to 20% and the gel content of the entire polyners
is < 1% and (idndu@nifens na@d-cdupBny Adats ubbiif felatiBR&AHIyMNErS 156 RO LY B om 001
from0.3 to 1% by weight. 2. Nano-structured polynmers according to
Claimi1, ché95%¥%QQ%ed in that they conprise, as conjugated dienes,

1, 3- but adi ene, 2, 3-di net hyl-1, 3-but adi ene, 3-butyl -1, 3-oct adi ene,

i soprerse, pilpebytengno-#ndtubdRBineRCaccdrdidp @ Ligddfar1gin8 N db arforthp BRaydtod of
, 3- but adi ene. 3.(£bgo-structured polynﬁrs ccor LQS to Claim?2

char act eri &% #Pd AL S FeERoRERS: f offi halls gud of tachpica! gpigr gems and of rubber-
X3 - Si - (Qeinfofdled ¥@tics, suck as MBS [4sA5MAH HABS pladhies.coupl i ng agent, where
X is an alcoholate of the formula OR, where Ris a saturated or to
partially unsaturated aliphatic hydrocarbon radical having from1l to
30 carbon atons, a cycloaliphatic hydrocarbon radical having from5
to 30 carbon atonms or an aronatic hydrocarbon radical having fromb®6
to 30 carbon atonms and n is a nunber greater than 0. 4. Process for
the preparation of nano-structured polyners based on conj ugated

di enes, characterized in that conjugated dienes are first polynerized
in the presence of an inert organic, aprotic solvents and in the
presence of a catalyst of the rare earth elenents, and the polyners
obt ai ned after the polynerization reaction, based on the nononers
menti oned, are reacted w th nano-coupling agents of the fornula X3 -
Si - (0- Si KA - X 16 X is an alcoholate of the fornula OR, where R
is a saturated or to partially unsaturated aliphatic hydrocarbon

radi cal having from1 to 30 carbon atons, a cycloaliphatic

hydr ocar bon radi cal having fromb5 to 30 carbon atons or an aromatic
hydr ocar bon radi cal having from6 to 30 carbon atons and n is a

nunber greater than 0, and the anmount of the nano-coupling agents
used in relation to polynmers is in the range fromO0.001 to 10 g: 100

g. 5.Use of the nano-structured polyners according to any of Clains 1
to 4 for the production of tyres and of tyre conmponents, of golf

balls and of technical rubber itenms and of rubber-reinforced

pl astics, such as ABS plastics and H PS pl astics.



