-1- _Nano-structured pol yners based on conjugated di enes The present
invention relates to nano-structured di ené-polymers and their preparation
and to their wuse. 5 A special nmethod used in tyre construction |inks
living, in part alkali-netal-term nated, polyners based on conjugated

di enes or bNsedtortwed polgakeschasidamemnagdteddianeny| ar omati ¢ conpounds to

organi ¢ or inorganic conpounds particularly suitable for this purpose, thus
i nprovi ng processing properties in particular, and al so physical and
dynam c properties, in particular those connected wth rolling resistance
in tyres. 10 The linking/coupling agents used for the rubbers nentioned in
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havi ng approgrlate groups capable of linkage to the living polyners, e.g.
epoxy group¥°(German Ausl egeschrift 19 857 768), isocyanate groups, al dehyde
groups, keto groups, ester groups, and halide groups, but especially also
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functlonal|&9§kﬂﬂgq&mﬁﬂl¥g%§gg In the case of polybutadi ene catal yzed via
neodym um cont ai ni-ng Sys exanpl es of conpounds used are 20 epoxides,

substituted keto conpounds fromthe group of ketones, al dehydes or acid
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15 amines. German Auslegeschrift 19 803 039 describes rubber compositions for high-performance
tyre treads, the underlying rubbers of which have to some extent been coupled with tin compounds,

phosphorus compounds, gallium compounds or silicon compounds.

There are also various known methods for end-group functionalization of polydienes. In the case
of polybutadiene catalyzed via neodymium-containing systems, examples of compounds used are
20 epoxides, substituted keto compounds from the group of ketones, aldehydes or acid derivatives, or
substituted isocyanates, as described by way of example in US A 4906706. Another known method
of end-group modification uses doubly functionalized reagents. These react with the polydiene,
using the polar functional group, and use a second polar functional group in the molecule to

interact with the filler, as described by way of example in WO 01/34658 or US-A 6992147,

25 Some of the linking agents used hitherto have considerable disadvantages, for example leading to
end-group modification in diene polymerization reactions catalyzed via rare earths, in particular

via neodymium-containing systems, thus being unsuitable as coupling agents.

It was therefore an object of the present invention to provide nano-structured diene polymers
which have good processing performance and, by virtue of their nano-structured polymer fraction,

30 have an improved property profile in compounded rubber materials.

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
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compounds, and also those based on compounds of the rare earth metals. The Ziegler-Natta

catalysts mentioned can be used either individually or else in a mixture with one another.

It is preferable that Ziegler-Natta catalysts based on compounds of the rare earth metals are used,
examples being cerium compounds, lanthanum compounds, praseodymium compounds,
20 gadolinium compounds or neodymium compounds, where these are soluble in hydrocarbons. The
corresponding salts of the rare earth metals are particularly preferably used as Ziegler-Natta
catalysts, examples being neodymium carboxylates, in particular neodymium neodecanoate,
neodymium octanoate, neodymium naphthenate, neodymium 2,2-diethylhexanoate, or neodymium
2,2-diethylheptanoate, and the corresponding salts of lanthanum or of praseodymium. 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 1078939.

Nano-coupling agents used comprise compounds which react with the polymers, to some extent
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,

30 preferably by a factor of 7.
Preferred nano-coupling agents are oligomeric silicates of the formula

X3~ Si—(0—8i Xp)a— X,
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(ROY;Si-O-Si(OR),-O-Si(OR),-0-Si(OR),-O-Si(OR);,

(ROY;Si-O-Si(OR),-0-Si(OR)-O-Si(OR),-O- Si(OR);-O-Si(OR); or

(RO);Si-O-Si(OR),-O-Si(OR),-O-Si(OR),-O- Si(OR),-O- Si(OR),-O-Si(OR);

where R is methyl, ethyl, vinyl, propyl, isopropyl, butyl, pentyl, hexyl, octyl or their isomers.
15 These oligomeric silicates are commercially available and are preferably formed via candensation
of silicon tetraalcoholates, and can be defined compounds or mixtures of compounds having a

different degree of condensation.

Oligomeric silicates are obtainable by way of example with the trade mark Dynasil® 40 from

Degussa.

20 Less suitable compounds are those which contain groups having acidic hydrogen, for

example the hydrogen present in NH groups, in OH groups or in COOH groups.

The amount of the nano-coupling agents used depends on the desired degree of modification. The
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.

25 The reaction to form the said nano-structures can take place in one or more stages. It is particularly
preferable that the nano-coupling agent becomes coupled in a first reaction to the living polymer
group, and that, in a second stage used in combination with other modified polymer groups, it

undergoes agglomeration to give the nano-structures described.
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i nvent i on afisoSiprOvi¥éeha drocess for the preparation of nano-structured
pol ymers based on conjugated dienes, characterized in that conjugated
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15 X is an alcoholate of the formula OR, where R is a saturated or to some extent 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, preferably greater than 1 and particularly preferably greater than 2,
20 and

the amount of the nano-coupling agents used in relation to polymers is in the range from 0.001 to

10 g:100 g.

In the inventive process, the nano-coupling agent reacts with the polymers, in that the nano-
coupling agent first modifies the end group of the living polymer and then, in a subsequent stage,

25 the nano-coupling agent condenses to give relatively high-molecular-weight structures.

The inventive nano-structured polymers are prepared in successive steps. First, the polydiene is
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.

The conduct in the polymerization of the conjugated dienes is generally such that a catalyst system

is reacted with the respective diene in order to form the diene polymers.
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preferably from 40°C to 130°C. The reaction time likewise varies widely from a few minutes to a
few hours. The polymerization reaction is generally carried out within a period of from about 30
15 minutes to 8 hours, preferably from 1 to 4 hours. It can be carried out either at atmospheric

pressure or else at elevated pressure (from 1 to 10 bar).

The inventive polymers can be prepared either batchwise or else continuously. Preference is given
to the continuous procedure in a reactor cascade composed of a plurality of reactors in series,

preferably at least 2, in particular from 2 to 5.

20 The polymerization preferably continues as far as complete conversion of the dienes used. It is, of
course, also possible to interrupt the diene polymerization reaction prematurely as a function of the
desired properties of the polymer, for example at about 80% conversion of the monomers. After
the diene polymerization reaction, the unconverted diene can by way of example be isolated via

depressurization and distillation (a flash stage).

25 For the reaction with the nano-coupling agent, the polymerization mixture obtained during the

polymerization reaction is mixed with the nano-coupling agents mentioned.

The solvent or solvent mixture used for this is preferably the same aprotic organic solvent
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.
30 Examples of aprotic organic solvents that can be used are: pentanes, hexanes, heptanes,
cyclohexane, methylcyclopentane, benzene, toluene, ethylbenzene, preferably hexanes,

cyclohexane, toluene, very particularly preferably hexane. It is moreover also possible to
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15 corresponding to the temperatures for the polymerlzatlon 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
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 1 minute to about 1

20 hour.

After the reaction with the nano-coupling agents, the polymers, now end group-modified, are
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
introduction of water vapour during the stripping process. Additionally, it is also possible to add
25 other protic reagents with or prior to the addition of the water, examples being alcohols or
carboxylic acids. It is moreover advantageous that antioxidants are added to the reaction mixture

before the nano-structured polymer is isolated.

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

30 nano-coupling agents.
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depends on ehﬁh@lp‘olydﬁs nsrmdhdmggce&omfabamdlof) ne@to abiout moe)oo gaidl Owl&fre tham@ac@lulpl i ng

agent to pol yners i.s ferably i he r e from0.001 to 10

particul ar “I‘eﬂ%ﬂ‘?f EGTO&S%@“&“E@% @EWET‘H l?'eg}i -mgiAr-Ress Hrachin ﬁé%teggﬁﬁlﬂleﬁ@wagent
is usual Iy n@cﬁir%a@ﬂfr@dﬂfbn%th&W@%%&H&&s@d@ﬂ%&ﬁy%&%%f 51prefeRiblyas OB 8t O
the tenperatures for the p grrerlzatlon reaction. This neans that the

reacti on i ¢nd paitieplady ewfer%btly e fpfatier ofr Ws apd therhigh-mplaumag dractiombip@n average
preferably fnam.4QC rwerlﬁgf; 2 0800 g@g& gmra%n grea&ﬁ%a%es'aso g@rgiﬁlad iPWpcat

at mospheric pr essur se at el press from1 bar). The
reacti on tiandysis The ahamabf the high-atolegelaywsibigftactidns, haseduqnthﬁ@tir@w@enefr rlemtbﬁ)out
1 mnute to_ab eaction with the nano-coupling

agents, the anﬁo?ﬁm IA’tO%({‘\j\/prefedabg)F hﬁ%‘?’r%ogs%l ed, are
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
20 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 inflection 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

25 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

30 content) in the inventive polymers is preferably from 0.3 to 1% by weight, preferably from 0.4 to
0.8% by weight.

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.



bonded to give nano-structures, in that the reaction mxture is preferably
brought into contact wwth water. This can take place via separate addition
of water to the polyner solution, or via84ntroduction of water vapour
during the stripping process. Additionally, it is also possible to add 25
ot her pr ot iThe ie&gévet sanwdstrictioed polymers tcan bhesa@ldidi 4 krownahartnbe fonaliceprodexienpf es
bei ng alcohols.og C%ébﬁ%XliCMaCidf' It i s noreover advantageous t hat

ant i oxi dant'¥ APE5HRTUP YT PRBIPEL YR PRi xture before the nano-structured
polynmer is isolated. It is noreover possible to use a known nethod for

i sol ati on, Whshithd @edntiOnamodtrhdiead palykersi rereQfsed iy aliytors, St Witm@bditgéltol ddtaire
presence of the Zie Ier-hﬁt&a catalysts,agf reacted, with the 30

nano- coupl iafRfkEgdmprovement imtae.dynamic rongries o thneampoupfed mafetigh at ed in a known
manner, for exanple via steamdistillation or flocculation using a suitable

fl occyl ati nge agRMAtion FdedvAS prak e HeSuse TdTethé lideatiNeah£A-sBONRE polythetshBA thdy
way of exanple renmoved fromthe resultant fluid by centrifuging

or

ext rusi on. Prustnnf bes apd of tyregaenpereiess ohasifdrlly andod trshrisal erhber ite. 49€ 2bsefbved

fromthe isglRle ﬂm%@qﬁﬁmgggﬁggg Egg%ﬁmnﬂﬁﬁggg%gpriate at reduced pressure
0

or in a streamof air froma r. e nol ecul ar wei ght of the inventive
nano- structured polynmers can vary widely. For the conventional applications
of the invditiewanped andefigiresttislowniemsetp -idwstratadlee impénaion, meidhoul any) repfltantHinitient i r e
pol yrer isehgmthe range from about 100 000 to about 500 000 g/ nol, where the
nmol ecul ar "weight has bi nodal distribution, and where the high-nol ar-nass
fraction is greater than the | ow 10 nol ar-mass fraction in the average nol ar
mass at | east by a factor of 5, preferably by a factor of 8, and
particularly preferably by a factor of 10, and the high-nol ar-nass fraction
has an average nolar nass greater than 2 000 000 g/ nol, preferably greater
than 5 000 000 g/nol, in GPC analysis. The anmpbunt of the

hi gh- mol ecul ar-wei ght fractions, based on the entire polyner, is in the
range from1%to 20% preferably from3 to 15% 15 The invention is
explained in nore detail using Figures 1 and 2. These show the relative
fraction of the polyners in relation to the nolecular weight in g/nol. The
continuous |ine describes the



mol ecul ar wei ght distribution plotted agai nst the nol ecul ar weight. The
‘broken line is the associated integral. The two graphs using Exanples 2
(Figure 1) and 4 (Figure 2) show very cl%arly the binodality of the
inventive polyners after the coupling reaction. The binmodality is 20

appar ent i Exhinelesol ecul ar wei ght distribution via two separate peaks,
separated fromeach other by a mninum The integral separates the two
peaks in a nner corresponding to the nolecular weight distribution, via
ot 1 ect 7GR PR FaRSon ek etrfe SRS R TE af o0 RoBirb gty

W th Fi gur @jtdgeWhiToR SNIOME §RE Eothpidseli Odryt Ry & abdnRaPRBlad Belexhd PRt
nano-coupling agent. In this exanple, r%,e nol ecul ar wei ght di stribution
shows onl y polymepizatioramehctiboe Wwast egried out Sesan 2% oclowe iof ansthy , freamd® heo 20 1,

bi rmd%lity i s ther.efor?ﬁpresqightl. It can also be seen that, after the

coupl Png r SQEEIPERLING R sisys-ddhehatthass peak |ies markedly above the
threshold of 2 000 000 g/nol, with nolar nasses above 5 000 000 g/ nmol. The
sol ubi | ity RERAYERULerOfett fftndd DYARMANEIPARO S MECIUBE: RAL VIR wdighed BerSATE as
that of an wunnodified polymer. The ge coﬁtent of the polymer Ts below 1%
The cont entspesfmen, ad heandigke(still with SOvendartdemenomien) antheftérrdrging (ay €5%60inyarmeewm s
preferably dbrirﬁjn@agi' g,t to 1% by weight, preferably fromO0.4 to 0.8% by weight.
The usual c unalkg conponents can, of course, also be added to the

i nventive polyners, exanples being fillers, dye, pignents, softening agents
and rei nf orftiedoagyiis.. 1-Bh@ ORnawasurethfrg rwasatixdd oedqEpmamdfremasipha nking ghe
agents can al so be added. 8 The inventive nano-structured polyners can be
used li0n a H#&rPtommAReroneaninpisol prabgeting everdrmingal E¥iCsat es or of rubber

nmoul di ngs of any type. \Wen the inventive nano-structured polyners were used
in tyre mxturese gid 1.possible to obtain a marked inprovenment in the
dynam c prcpeW?F—g]F&%z'e-' conpounded material. 5 The invention noreover
provi des the use of the inventive nano-structured polyners for the

product i on Aofolotymesf divobutflalimmgune bygrisiaenmthsxanef(DRAH; BHCIER).Hhdndh sbistémpal

H’I ggeL| :'its'? i%@'n%/!aﬂlrr]nqnilairlnssgsqgfchlo{‘iclilebipl%léiarngi(lﬂiﬁ, CA%?CBL%EH f%séqm%o%'r arﬁ\cl)?ﬁ%t &ltﬁrsets;i)e%ts and
to neodymium versatate, and a solution of neodymium versatate in hexane (NdV, Nd(O,C;oHjs);)
15 were added to a solution of 13% by weight 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 initial 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 stirring.

20 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 mixture

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

25 dried at 60°C in a vacuum drying cabinet.

In Inventive Examples 2 to S5, the polymer is worked up in a laboratory stripper and dried at 60°C

in a vacuum drying cabinet.



The exanpl es and figures below serve to illustrate the invention,
-9- Exanpl es The pol ynerization reactions
were carried out with the exclusion of ail®-and noisture,
The sol vent used conprised dry,
pol ymeri zatJiable 1t eacti on was carried out

‘any resultant

limting

ef fect.

oxygen-free technical

under
- grade hexane.
in an autoclave of volune from2 1

Wi t hout

ni t rogen.
The

to 201, 5 corresponding to the size of the batch. Conversions were
det er m ned rgraviretreal-y—the—pol-yrer—sgl-utiens—here—were Mn'ghed after
the speci ﬁ?? MplY been taken (%tlll wiZ h ol vént dnd noner) and after
drying (at{65C in a vacuum drying| cabi net). The Nboney M. 1+4 (100)
measur enentgi@ge fgpde on equi paemt fr @gpeN ghagsiso ng tgepo 10 Tgpge |rotor,
after one m nute of preheating, over 4 mn. at 10QC. Inventive Exanples 1-5
A solutionlof diisobutylalumniumhydride in hexane (DI BAH Al (C4H9) 2H) and
a sol uti on|b3-Butadieys Bl uni nj ur?Mesqui dAPGr i |de 1390 haxahady EASA30R 2( C2H5) 3C13)
in equinolar anount with respect fto neodyniun1versatate, and a sol ution of
neodym um Vg R Hexame ; (N 2O Y3 15 jgedito a
sol uti on of ?%5@%@ &elght 1)3- utgﬁlene in technica]-graggqﬁexane in a
dried 20l |[steel reactor under nitrogen, with stirring. The m xture is then
heat ed to aBASGRG% &hllf eed | t efifer at ur@Sof [73Q.5The reattign 2$ term nated 60
mn after the start of the|reaction, and a ponnEr specinen is ttaken. The
nndificatiﬁg—ﬁg@yﬁgﬁ—mf%+r— an fref—added—hy ‘ﬁ$f~_0f a
burette, w ﬁv try hg. 20| Tabte 1 g? the g ynt s~ 'used, ? e
nano- coupl | ng agent used apd the Nboney values of [the individual polyner
speci nens )Dygﬁlnggnd after oqouplingi3Aftier ome hour3of rleagsion time, the
reaction i § stopped by addjng 20 nmL of watier, and |the m xtijure i$ stabilized
with 2.6 g nox—1520L di ssolved-i-n 100 ofi hexane.

Prior to coupling

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

ML, 30s relaxation [%)] 4.4 5.4 5.4 5.4

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 9.4 8.1

Mn [g/mol] 179700 164500 202700

Mw [g/mol] 803400 701900 932500

Mz [g/mol] 4087000 | 5798000 | 6478000

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

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



In Inventive Exanple 1, the polymer is then precipitated with about 10 L of

“aqueous ethanol and 25 dried at 60C in a vacuum drying cabinet. In

| nventive Exanples 2 to 5, the polynmer r$lworked up in a |laboratory stripper
and dried at 60C in a vacuumdrying cabinet. -10- Table 1: Exanple 1 2 3 4

5 Hexane [Ty ifivkBOvBHORMBS0{aiBE00 ﬁﬁn@OriseljrBJVBwhadivsm@ity@ﬁeﬂ&@upﬁliﬂ@OarﬁBﬂﬁb 1300

1300 DI BAH 20% 4. . 6. 21. 21. 6. EASC 20% [ 2.5 2
2.5 Ndv 8"8% ‘%F‘H‘Tllgﬁ."%‘fgﬁné rgeﬁ"é"lﬁc“éar WEiEhLbP bwf‘bf?%‘a‘?l’]’ié“ g‘é‘"ﬁbl%%d
Prior to c@&ph\ieﬂgvel\ﬂxaﬂ;m&s(ziﬁ)&z) [MJ 25 32 33 34 35 M, 30s relaxation [%
4.4 5.4 5.4 5 4 |vn [g/nol] 169500 144900 132200 Mw [g/ mol ] 495400 430200

485800 M 778000 1329Q00. 1657000 After . cou 1+4 (100) [ MJ
32 39 44 4 % @ é%J[%{tVFgﬁ“[%}qO?%‘e@O‘ﬁm?SQ“ wlaéloa% tkmmfG/L%ﬁS in g8k 00
164500 202700 MN [g/ nol ] 803400 _70_1900 932500 Mz [g/npl] 4087000 5798000
6478060 Dynasd 1 sivs faE Nydledatk Wedidht Giakrfbulisd lid Giventdet Blanpld 0aRdPEDUSISR, 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
10 line).

Comparative Examples 6 and 7

Comparative Examples 6 and 7 were carried 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
15 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 SiCls. SiCls exhibited no activity as nano-coupling

agent.



(CEt) 3-Si -

(O Si (CEt)2) n- CEt,

where n

=from2 to 3, Si02 content

= 40-42%

-11- The inventive polyners feature a sharp rise in Money viscosity after

coupl i ng,

and this
shown by way of exanple in Figures t and 2

f

unanbi guously confiri®-the rise in nolecul ar wei ght

or Inventive Exanples 2 and 4.

Figures 1 &nbtle2 show the relative fraction of the polynmers in relation to

t he nol ar
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very cl ear
the high-
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ity as nano-coupling agent.
[g] 8500 8500 1, 3-Butadiene

SiCl; [g]

13

39

Prior to coupling

ML 1+4 (100) [MU]

29

28

ML 30 s relaxation [%]

6.3

6.3

After coupling

ML 1+4 (100) [MU]

30

29

ML 30s relaxation [%]

4.5

4.8

Comparative Example 8, Inventive Examples 9 to 10

For Comparative Example 8§, Buna™ CB24 from Lanxess Deutschland GmbH was used. For

Inventive Examples 9 and 10, the polymers of Examples 2 and 5 were used.

For comparable Mooney viscosity of the compounded materials, it was possible to improve the

tear-propagation resistance considerably in the Inventive Examples 9 and 10 in comparison with

the Comparative Example 8.



EASC 20% [m] 2.5 2.5 NdV 8.8%[m] 2.8 2.8 SiCl4 [g] 13 39 Prior to
coupling M. 1+4 (100) [MJ 29 28 M 30 s relaxation [%4 6.3 6.3 After
coupling M. 1+4 (100) [MJ] 30 29 M. 30slBelaxation [ 4.5 4.8 Conparative
Exanpl e 8, Inventive Exanples 9 to 10 For Conparative Exanple 8, BunaTM CB24
For 5 Inventive Exanples 9 and

f r om LanxeMixeidhsdiddluagudth&Folibwing watstansed.

Head For—comar abl
UJ U, LEAYA

10, the polyrers—of—Exanples—2—and-5-—were

vi scosity oﬁz’t‘aﬁé“atfbnpounged materials, it

CUTI g it

e Mooney

dedys8Esi bl e to i nprove the

t ear - pr opagpida™CRES la§ heIfBctioaMsLder abl y |
i n conpari $gdlybiddlne t he Conparative Exanpl

Nahtes bOMLALhy € EXGL”D! es 9 and 10
&by 13- M xture stjudi es used the
BunaTM CB24__as non-functionalized

foll owi ng substances: Trade mark Producer

Lanxess Deutschl and pol ybutadi ene GrbH K
7000 GR, agUbiabil eW0GHks 8lics9, as silane [

NMME bpkprdigmperfilandelandel s U trasil
Kgedta Hills AG KVEF Labor chenie

Handel s Q;S@?‘bg s%a?n" as carbonm bl-ack—Grbt ﬁ%@ﬁ’s’ss ﬂﬁfgtAé.SLig- i;

Deut schl ang

as oil BP Ol

Corax N 234, as carbon black

KMF Laborchemie Handels
GmbH

Enerthene 1849-1, as oil

BP Oil Deutschland 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 Brunsbiittel
Vulkanox® HS/LG, as stabilizer Bayer Elastomeres S.A.
Vulkacit® CZ/C, as rubber chemical Bayer AG Antwerp
Vulkacit® D/C, as rubber chemical Bayer AG Leverkusen

Ground sulphur 90/95 Chancel

Deutsche Solvay-Werke




Rot si egel zinc white, as zinc oxide Gillo Zi nkoxid GrbH EDENCR C 18 98-100
(stearic acid) Cognis Deutschland GrbH Wul kanox(r) 4020/ LG as stabilizer
Bayer AG Brunsbuttel Vul kanox(r) HS/ LG léas stabilizer Bayer El astoneres
S.A. Mulkacit(r) CzZ/C, as rubber chem cal Bayer AG Antwerp Vul kacit(r)

D/ C, as rultable3chem cal Bayer AG Leverkusen G ound sul phur 90/ 95 Chancel
Deut sche Sol vay-Wrke -14- Table 3 Inventive exanpl e/ Conparative exanpl e* 8
* 9 10 unELr 2 20 Fventve—EBxanpte—23100—+tnvertive—Exanpl e 5 100

A} CR.24 1
. S0 =
Car bon bl a ﬁvem'r?ee"?',“l’[ P3ralYf 60 60 | DENOR € 18 98-100 2 2 2 nerthene
1849-1 15 B@apdglex ul kazit(r) NZ/EGC 0.9 0.€+«0.9 Goound sujgphur, 90/95
Chancel 1.5 1.5 1.5 Zinc oxide (IRM91, from|U S. Zinc) 3 3 3 Money M
1+4 100C L|1+4 [MJ 79 71 81 DR (160G, 30 nid) S nig [dNai-3.24 3.09 3.5
S max [dNBEa®CB247 85 17.76 10 [s] 23910853 (243

Inventive Example 2 100

Inventive Example 5 100
Carbon black (IRB 7, (N330)) 60 60 60
EDENOR C 18 98-100 2 2 2
Enerthene 1849-1 15 15 15
Vulkazit® NZ/EGC 0.9 0.9 0.9
Ground sulphur, 90/95 Chancel 1.5 1.5 1.5
Zinc 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' min [dNm] 3.24 3.09 3.5
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/mm] 33 72 65




95 [s] 777 775 772 Test specinen: G aves DI N 53515 edi an tear-propagation
'resfstance [NNnmm] 33 72 65 15- Patent clainms 1. Nano-structured polyners
based on conjugated di enes, obtainabl e via-pol ynerization of conjugated
dienes with catalysts of the rare earths and subsequent reaction with a
nano- couplPatst dgieist , where the resul tant pol ynmers have bi nodal nolar nmass
distribution in 5 which the high- nDIecuIar meight fraction has an average
nol ar nmass .grea he anmount

g ot ecdr ar - NansHI s eaes Pad o conbie BTer il e rongipon pl
range from 1% t @ord@fredatichet hith GetalySioRF ﬂi&tral‘éfealttlkLQanﬂl’!.hbd’e@ueﬂﬂfe}iﬁﬁh&wthsa nafio-1%
and the content of 1,2-vinyl units, based on the g is from03 to 1%

by weight. 10 2°umamgf§¥r\*jlaftrwf@dreﬁt&qavnwgmé?c%%#lﬁ@ csmﬂﬂram%ﬁﬁ flistribution in

charagterized i Quidiathet gl m%fé%lﬁn' @&ghtaﬁactlﬁﬁ)mak'%t qfbrslc€RBRr rlasd g@é&e@%ﬁﬂe
2,3-di et hyl -1, 3-but adi ene, 3-butyl -1, 3-octadi ene, isoprene, piperylene,

1, 3- hexadi ene, 2,080 ¢4 g{oiob e %[Wbpf the brgéﬁmlecylaswubta’@mﬁ@s, based on the entire

Nano- st ruct ur ed ' 9 r -

ol i gomer i o of 11 00 EE B BEERE raf LR (Rl i€ BV ARGE R0 olfle bifhers e
as nano- coupl i ng 1&gend thewvateet X i.8-vay] ahicohakdtoe thé polgmer, ar frunad. DR 14here R
is a saturated org%o sone extent unsaturated aliphatic hydrocarbon radical
having from 1 t 8% "carbon atonms, a cycloaliphatic hydrocarbon radical
having from5 to 30 carbon atons or an aromatic hydrocarbon radical 20

having from 6 t Mad@steRtudaNpE} TS aeddeting iosCIamnurﬂhe:ractgrﬁ;eatlenhat hiaary oempAse as
Process for the preparatjon of nano-struct ﬂ gners basg onj.ugat ed
di enes, conjugated dienes, 1,3-butadiene, 2,3- 1me yl- 1 ,3-butadiene utyl 1 ,3- octa iene,

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
15 X;-Si—(0-Si Xy - X,
are present as nano-coupling agent, where

X is an alcoholate of the formula OR, where R is a saturated or to some extent 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

20 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 earths, and the

25 polymers obtained after the polymerization reaction, based on the monomers mentioned,

are reacted with nano-coupling agents of the formula
X;-Si—-(0-8SiXy),~-X
where

X is an alcoholate of the formula OR, where R is a saturated or to some extent unsaturated

30 aliphatic hydrocarbon radical having from 1 to 30 carbon atoms, a cycloaliphatic



characterized in that conjugated dienes are first polynerized in the
presence of an inert organic, aprotic solvents and in the presence of a
catal yst of the rare earths, and the 25-pdt yners obtained after the

pol yneri zation reaction, based on the nononers nentioned, are reacted with
nano- coupl i ng agﬁhbﬁrlﬁbﬁ ridie@l hptingtran X8 Bl caftonStom¥2) 'an Xromatiehglrofatbén eudical

al cohol ate of t where Ris a saturated or to sone extent
unsaturated 30 ﬂ?W%%%PP? ﬁﬁ%ﬂ@@éFﬁBﬁ“ adi cal having from| to 30 carbon
atons, a cycloaliphatic -16- hydrocarbon radical having from5 to 30 carbon
atoms or an ar ogadd sunfvedgresarthorn, ki cal  having from 6 to 30 carbon atons
and n is a nunber greater than 0, and the anobunt of the nano-coupling agents
used in relatio to pol rsis the range from 0.001 tq 1 .
Use of the nanol$tamMpu Pr‘éﬂr}@g é&%‘&r‘&?‘ﬁ@‘ rtegt‘%t‘hﬁf’ R?Ily"t‘ﬂr%isr’r%]hf g‘@e rof“or

t he pgoducti on 0@51&ymﬁ§umqp of tyre conponents, of golf balls and of

techni cal rubber itens and of rubber- reinforced plastics, such as ABS

pl astics and H PS pl asti cs.
. Use of the nano-structured polymers according to any of Claims 1 to 4 for the production

of tyres and of tyre components, of golf balls and of technical rubber items and of rubber-

reinforced plastics, such as ABS plastics and HIPS plastics.



