WO 2011/ 023763PCT/ EP2010/ 062478 - 1 - METATHESI S OF NI TRI LE RUBBERS I N THE
PRESENCE OF TRANSI TI ON METAL CATALYSTS FIELD OF THE | NVENTI ON 5 The
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20 dependi ng upon the pol ynmer grade, hydrogenation |evel and nature of the
feedstock. Furthernore, limtations associated with the production of NBR
itsel f diwopaba/ibms3l ow viscosity range for the HNBR f eedstrmpiololoses7s

WO A- 02/ 100905, WO A-02/100941, and WO Ay 2003/ 002613 a | ow Mboney HNBR i s
25 disclosed as well as a nethod for producing said | ow Nboney HNBR. Such
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in the range from 30 000 to 250 000, a Mboney viscosity (M. 1+4 at 100C) in
the range from3 to 50 and a pol ydispersity index PDl of |ess than 2.5 can
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for the prf@dlmzPiodwecpplymfﬁd\ab@%ﬁh@é@ﬂnohﬂﬂﬁm"f%hr dibpbytionol yners by net at hesi s
of njsrite butadiene rubber in the absence of a co-olefin, optionally

f ol | owed K drogenation of the resulting nmetathesized NBR is disclosed.
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the preparation of |ow nolecul’ar weight hydrogenated nitrite rubber is

di scl osed, Hmlf@ﬁﬁ’ﬁoql%e substrate NBR i s sinultaneously subjected to a

nmet at hesi s reaction and a hydrogenation reactl on. This reactions take place
in the presence of a known netathesis cataly The %dr ogenated nitrite

rubber pr dduWéHAHBé1089‘}$oIVEQm-&?-/leh@nMWOnA%@/‘E@ﬂ nder\ﬂOCfnﬁbﬁ{WO&’)o to
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PDI of 2.70. 25None of the docunents nentioned above discl oses
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techni ques, syl a%h&aggeﬂaﬁ 5 @Ns0MR paiyafgs@ila thdBR PRARDBPless thHOPS ORHRbtained

et hanol etc.) or steaniwater due to the extrene tackiness of the rubber

whi ch woulbty tBera Aceoriling foo¥ - Ibrﬂéﬂﬂ%%land | engt hy finishing tines.

Met at hesi s catal ysts are known, inter alia, from W) A-96/04289 and

VO A- 97/ 06185. They have the fol | ow ng in-principle structure:
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met at hesi Sha@l%}g%'n)ﬁd@ nﬁ%cﬁi%éllg}g%lskﬁlﬂﬁ&gﬁ p%hl%ﬁ ih€p RENRY 5t ARA@LhY 8] Ylefin
charged with a closed el ectron shell when regarded separately 5fromthe
netal centre. The netathesis reacti on of the nitrite rubbers is typically
carried out in a suitable solvent which does not deactivate the catal yst
used and al so does not adversely affect the reaction in any other



way. Preferred solvents include but are not restricted to dichl oronethane,
benzene, toluene, nethyl 10ethyl ketone, acetone, tetrahydrofuran,

t et rahydrwpyeonam23@doxane and cycl ohexane. One of the pretCempedosetsvents is
chl orobenzene. SUMVARY OF THE | NVENTI ON 415The present invention relates to
extrenely | ow nol ecul ar wei ght optionally hydrogenated nitrite rubbers
having a npleguyl.gr oﬂéeklg)% Mtathstls éQalngOAgc!OFﬁ-?lllg & tﬂeeesémﬁi@éj iRV EX{-HHaRleY3 | ow

pol ydi spersity index of |ess gresent i nvention further

rel ates td)l%trlpymgﬁplfomhlwl@p@fhﬂﬁg rptheniyyp dichlerifld (orrShdT Defathesiseadtadivt) dewred y
'0“’”D|eCQkéﬁwWﬁh&hBr@&&Hﬂi )5HPQ§BR%%H%H§E%aQMﬂ§MQ&%ﬁhhﬁgm%p%EH&h%@Obeber
to a nol ecular wel g dation via a metathesis reaction in the presence
of at | eadp 1FHO. ?@nwh@w @Pﬂ@ﬁ*ﬁéﬁﬁ@né&ﬁﬁﬁéx catal yst and optiona
hydraogenation of the nitrite rubber obtained, wherein the rubber is
isolated fromthe solvent through a process mhere the rubber is contacted

with a medndt® 041 0HS§AL Al pgresessiferehe pedustipEes (hErEaRNETY) OMriorubbEEP ¢ IRGERTY ON
25 It has 19&%69@5?53}1@611‘[5&1%6 Fu@@elni‘ﬁttﬁé Ql?s%h@e 5@@-9& blgﬂn Odcp‘u@mm)l Fo!lg@e([ ber
in the presence of a metal catalyst conplex in a solvent leads to a pol ymer
with a nolledmssnatien ghthesgswoog giatpthegred NBR isghigdesedbll e 101806, ¢R3198l1000
g/ mol , ”Drlﬁfdf?)r%&{a?erdaimrﬁe ABb QG &BO%QUIQ‘QQ&%’[ WP' in@Ca R RAIEGH ﬁﬂ%% 30 ((M Vh)

of less than can be isolated fromthe sol vent through rocess
wher ¥ t he Moprsivyvisrosity (Mni atEd80 Wice hChimbshangcal fra@glagsﬁ%gandewmg (The
present | ’b‘é%kb&ﬂt;l HeePBN&F Q! ALLS. 6 Rcc%rcﬂﬁgofé%éexfa%lepExﬁ@@rzbﬁlﬂﬂléﬁ‘sm Al a
optional |y hydrogénated nitrite rubber conprising subjecting a nitrite
rubber to Gubksl catngratione FHyst dedseddad thsnmelpelag Wha%e%f the Nggc‘th“[%?ﬁq et he
presence QEmﬁhHQﬂPQP£99M§e8@&&£Yﬁim@ﬂ9IQPbmpﬂﬁhh&nl R Rl 1+8@ 1¥@ld. as
in the 35 presence of a solvent, wherein the netat%e5|s Is carried out in
t he presed@ésﬁ¥mé@aP@ﬁ@POWﬁ@ﬁWb@ﬁ%ﬁﬂﬁ%ﬁoh%ﬁaI conpl ex catal yst, wherein the
optighal | y hydrogenated nitrite rubber is isolated fron1the sol vent through
a process where the rubber is contacted with a nechani cal gaSS|ng devi ce.

The WO 201 1WO2A138150R0E2 0 poXosLa7he prapatatign e§ kot mplegdat Veight idregspated
relates togi ﬁ%ermﬁéchaée&mfefemgm%m NBR' i¢ sifRRRLuIAMIbG e tJTPhl%ﬁHlleﬁE
wei ght (My) of 50, 000 g/ nol | ess and a pol ydi spersity index (PDI)
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i nvention ’méithesﬁshﬁta%{ 'T‘ﬂl:‘ h&(ﬁ@éengtfed Bﬁgfecff%b%r pédﬁ,@ﬁ A0EL BbRc@hir \@éigﬂt%aiﬂ thEeS
gi ven above or below in general ternms or in preferred ranges can

conbibhed VipHgs Oéﬁ@néﬁ@ﬂ%@rZSPﬁO%ﬁmey vigcogity (Mie | e W den b ithiae ra@ﬁ%oféfont he

reSpeCt'VQo%@QQ@%h@W@)@?ﬁ&?&&%%n&%ﬂgﬁﬁnnihﬁm&ﬁmﬁl2%“@&%h&ﬁ%ﬁ@ﬂw@§§ﬁp$9ﬁ the
esen ent_application in respect of the 10 netathesis

pur poses of the
cat al yst Otl‘h]ezgoéf O80HY0 2 @i@b@?éh egaETaign ealAlEst (5| e}npll@/ﬁ‘h and tha HNBRpRigdrs &t om

on an |ndhﬁ@&%gwa@ghgqlOpwmam@g&hg@Dpﬁngreplaced by one of the groups
indicated in each Case, wth the proviso that the val ence of the atom

indicated is not exceeded and the substitution |leads to a stable conpound.

15CARALYSTNR e | 09 tHe RIBCUMRE 8831 Red D& e dﬁk\ffaogbrs 'I&W molcBRaCRdigl: Yighid nffile T@SbRIs YRl

precursors used are transition netal COpr ex carbenes or transition netal
conpl ex cohprrapridiopiherets Bipaeiekanere efdhe dreumpnte displerrs &n geribve prasessdeichs on

condi ti onssdMitich @RAR 15 b 1R TR 2/ LBbdr) vERRE NRE fn@!%cM&rI\i?\m%{i 0PI Yhidet, s
agent. These catal ysts can be either ionic or nonionic. 20 Suitable

cat al yst s IRhrERRESP tBsepsmdard sofaian frehiigues segh ap geagglageevith pleglaly Gn%ﬁﬁhaaiale
conmpounds iQfyrdfafo19&REILE .S OF fibhRwAtkd due to the extreme tackiness of the rubber which would

30 result in lost product and lengthy finishing times.

Metathesis catalysts are known, inter alia, from WO0-A-96/04289 and WO-A-97/06185. They have

the following in-principle structure:



where 25M's osmumor ruthenium the radicals R are identical or different
and are each an al kyl, preferably C -C30-al kyl, cycloal kyl, preferably

C3- C20- cywbaaiikpbie3al kenyl , preferably C2-C20-al kenyl, aChyprgdio/opr4es er abl y
C2- C20- al kynyl, aryl, preferably C6-C24-aryl, carboxylate, preferably

Cl C20- car boxyl ate, al koxy, preferably C -C20-al koxy, al kenyl oxy, preferably
C2- C20- 3Qyialkany baXi¥m o@lrlhbféﬁwng)ﬁy and®, %ie%r?é?ﬁ&’ ra@gal%n‘%l KW Iragléé/ of Fu¥ufXY,
preferably C6-C24- aryl oxy, al koxycarbony preferab

C2- C20- al kewustioar Bord/ X, araprgie Hgands arﬁrleffnérlameyan@ar&ﬁzgele@nq@ﬁoam ridie custayary hi o,
pref er abl y G- a‘ﬁ@&@h&a\ﬁh& hl'S leeda%)ﬂllet lli't'eﬁturp 'fe%faﬁi'il?gbéu}fh %Tatlﬁ%i@ c@fa}ﬁJs{shb gescrlbe

al kyl sul phonyl, preferably G -C2 honyl sul'phi ny WO
2011/ 0237 6BPTH ERIGIOH pERAT A ively chars?%\fﬂéh HYpspd @iecmﬁhél ngrnsregqmlﬂdﬁwarately
radi cal , eaghmeiish. My optional ly be substituted by one or nore al kyl,
halogen, al koxy, aryl or heteroaryl radicals, X1 and X2are identical or
different and are two |igands, preferably anionic |igands, and Lrepresents

identical @Af lfh&:eMctibd FARLitrilR rrﬁ’Jb%fsaiQ lt%lémS? 'E!%lg@gut% QGhitAn 5‘3%9{ Whic? | N
the catal ysts of the general formula (1), X2 are identical or

di f f er ent deagnedeactivpye thegaiatist usse ankrlambiaps a?ﬁ adﬁ?féely Pidesh ths reaction in any gther

variety OwayeWeFeﬁ%&'Ecﬁ»&én&Q&the bhhﬁe ﬁ@ctré’swc%efdﬁo Qﬂ‘chlB}?)%qeﬁBﬁéfH&r?zel(el )ohﬁh@ kg i n
pri nci pl e, % from 10WO A WO A . Particul ar

pr ef Ky enceeﬂné giove r@C%tenqaéthh}/qir@&ﬁ@s tﬂ_rahmdrf)hséa@éh@%am alfdowﬁmhaxa(np) Oprepfrife
identical PiredidHREQDS chibtBbis¥hdhosphine Iigands in which at |east one of
the al kyl groups is a secondary al kyl group or a cycl oal kyl group,

preferably isopropyl, isobutyl, sec-butyl, neopentyl, cyclopentyl or
15cycl ohexyl . Parti cul ar pregﬁmmﬂgg“j@Fgﬁﬂgﬂyp@N@ﬂgyligand L in the general
formula (1) being a trial kyl phospnine Ti1gand I n ich at | east one of the

al kyl groups is a secondary alkyl group or a cycloal kyl group, preferably

i sopysopy| 7THe%9QUﬁchven§§PreQ% M extmaﬁmwﬁmle&ﬂaql\@e@?moyﬁomy w&&%&&ykﬁrngo

Two catal ysts which are preferred f he cat al syst em of e invention
and come uHehsrs herias g aekedlpr Vgt CP PO gne! @114@98 anq WXWI@@IY (9w polydigensiihs

(1) catal yigdek o2REs thand.0. (1% gl%@én (nlvéauoﬁ alrAbytates toMIGO&sbr proparing HRRE%Matly
(1) WD 2011/023763PCT/ EP2010/ 0624
hydrogenated extremely low molecular welght nitrile rubber ((H)NBR) by subjecting a nitrile

rubber to a molecular weight degradation via a metathesis reaction in the presence of at least one
20 transition metal complex catalyst and optional hydrogenation of the nitrile rubber obtained,
wherein the rubber is isolated from the solvent through a process where the rubber is contacted

with a mechanical degassing device.

DETAILED DESCRIPTION OF THE INVENTION

25
It has been determined that the metathesis reaction of a nitrile rubber in the presence of a metal
catalyst complex in a solvent leads to a polymer with a molecular weight 50,000 g/mol or less,
preferably 10,000 to 50,000 g/mol, more preferably 12,000 to 40,000 g/mol and a polydispersity
(Mw/Mn) of less than 2.0, which can be isolated from the solvent through a process where the

30 polymer is contacted with a mechanical degassing device.

The present invention therefore relates to a process for preparing an optionally hydrogenated nitrile
rubber comprising subjecting a nitrile rubber to a molecular weight degradation via a metathesis
reaction in the presence of a homogenecous catalyst and optionally a co-olefin, as well as in the
35 presence of a solvent, wherein the metathesis is carried out in the presence of at least one transition
metal complex catalyst, wherein the optionally hydrogenated nitrile rubber is isolated from the

solvent through a process where the rubber is contacted with a mechanical degassing device. The



-7 - (V) where Ms rutheniumor osmum Yis oxygen (0), sul phur (S), an
N-R1 radical or a P-Rl radical, where Rl is as 5defined below, X1 and X2are
i denti calwonrodif8®msent |igands, Rlis an al kyl, cycl oal kyCr/Ezbkienyi4; s

al kynyl, aryl, al koxy, al kenyl oxy, al kynyl oxy, aryl oxy,

al koxycar bonyl , al kyl am no, al kylthi o, arylthio, alkylsulphonyl or

al kyl sul phyny 1ﬁ%ﬁil&f'ihmhﬁ%ﬂte9fto Xﬁ‘bﬁl&nﬂ%ﬁy‘&%g%&%‘ ﬂlt)ﬁl@ﬁlb%l't}é%hé 'zltrﬁcﬁecla}ér ORZG

or 10nore al kyl, ha al koxy, ary heter oar radi cal s,  R2,

and R5are‘W@@ﬁfMeeﬁ5@ Wbﬂﬁpbwé%Em%ﬁdﬂ&ﬂépeﬁéwnﬁVdPéB@ﬁbﬁﬁh@éh@c or

i norgani c radicals, R6is hydrogen or an alkyl, alkenyl, alkynyl or aryl
radical and Lis a Irgand whi ch has the same neani ngs given for the fornula
(A). 15The o dreaiyixses offthe prescgepse(applinetion endivyensioa. qtiboActimtiqns jof eddidals

Repr esent %ka‘ﬁ?e%eré)f)r dx Bla%affdné%%ef?fab&s%PQHGQ% g&ﬁ*reh %ng @1: o ﬁf%§e(ﬂ§t§%§s'c§§ge by
Hoveyda et al. 1 n US 2002/ 0I07138 Al and Angew

4592, and combingdithypse gnaflss i P@eﬂamye@eu@ng ﬁom*lrﬁaﬂwmmh@%meve @pges agd

O g. Chem2003.q,903:966 and Angew. Chem Int. Ed. 2002, 41, 4038 and in J.
Org. Chem 2004, 9 6894-96 and Chem Eur. J 2004, 10, 777-784. The

catal ysts are commercially avail abl e 20or can be prepared as described in
the refer efeesnfhbdiutERrist S5 ahd Yurpdse! 80hE fé@éxﬁ{phﬁ%ﬁﬁap}éhéa%n R Rer fSRd 1 n
t he rocess of the present i1nvention are ca eneral fornul a
(V1) 10 wo 2natathegisyEaivetTy b cal D 09 478:ral fornyplp (B mgpap ghat 2 hygepgen atom on an
ML, X X R iRiBu& ABLR ot adnl1BN %eénn%plg&'a%gf%he 0%@%§hgﬁﬁd@ﬁgd RAdabi GML aFil1ihe

preferred meani ngs gi ven for the general fornu
proviso that the valence of the atom indicated is not exceeded and the substitution leads to a stable

compound.

15 CATALYSTS:
In the process of the invention, the catalysts or catalyst precursors used are transition metal
complex carbenes or transition metal complex compounds which form transition metal carbenes
under the reaction conditions or transition metal salts in combination with an alkylating agent.

These catalysts can be either ionic or nonionic.

20
Suitable catalysts which may be used in the process of the present invention are compounds of the
general formula (I)
X7 |L R
“,,
A=
X
L
where
25 M is osmium or ruthenium,
the radicals R are identical or different and are each an alkyl, preferably C;-Csp-alkyl, cycloalkyl,
preferably C;-Cy-cycloalkyl, alkenyl, preferably C,-Cy-alkenyl, alkynyl,
preferably C,-Cye-alkynyl, aryl, preferably C¢-Coy-aryl, carboxylate, preferably C;-
Cy-carboxylate, alkoxy, preferably C;-Cyp-alkoxy, alkenyloxy, preferably C,-Coyo-
30 alkenyloxy, alkynyloxy, preferably C,-Cy-alkynyloxy, aryloxy, preferably Cs-Coa-

aryloxy, alkoxycarbonyl, preferably C,-Cy-alkoxycarbonyl, alkylamino, preferably
C;-Csp-alkylamino, alkylthio, preferably C;-Cso-alkylthio, arylthio, preferably Ce-
Cys-arylthio, alkylsulphonyl, preferably C;-Cyg-alkylsulphonyl, or alkylsulphinyl,



These catal ysts are known in principle, for exanple fromUS 2002/ 0107138 Al
(Hoveyda et al.), and can be obtained by preparative nethods indicated

t here. wo 2011RaBte8cul ar preference is given to catal ysrsTaP2aibecgener al
formula (VI) in which 10Ms ruthenium Xl and X2are both hal ogen, in
particular, both chlorine, Rlis a straight-chain or branched G -Cl2-al kyl

radi cal , R2, R3, R4, . [RJ.have eNangenspihyndidi eleh bed Haam.posighyenn or
t he general formula (V) and Lhas the general and preferred nmeani ngs ‘gi ven

for the general for substtufodiby ongonyeqry alsgly haleggn.atkopy.afyd peltaodry reglisasn t o

catal ysts }_@fanEllie ge'a?é‘i@éntit:ﬁromh@reﬁt\éln_)i af-'erfwm-%&lhs, Me?erﬁﬂl-:fj Qﬁ&ﬂi&ﬂq@anag}alﬁlnd X2ar e
both chlorine, Rlis an isopropyl radical, 20R2, R3, R4, R5 are all hydrogen

and Lis alsubstitut @epresentpiisutisakqrdiffeecat lighndsa pisfarabbhenchagidetctrest danpis. f or nul a
(Ha) or (Ith), R8BRO RiiNyN R o (11a) where Rs, R9, R10, - 11 K are
identical or different and are each hydrogen, straight-chain or branched
Cl- C30- \iptizeatelyets 37 $s Rarr4Efrmul/(DeX 498l X e idegalzpolifigrad sydae Brnlgands,

G - C20- al kyd it Bb19 anibhic f2dhg@r y! t hi o, G - C20- al kyl sul phonyl,
Ci - C20- al Kyl sul phonat e; C6- C24- aryl sul phonate or G - C20-al kyl sul phi nyl. As
catal yst com ng under the general structural formula (VI) for the catal yst

systenms ofy Rfﬁ’r:ety of representatives of the catalysts of the formula (I) are known in principle, e.g. from
10 WO0-A-96/04289 and WO-A-97/06185.

Particular preference is given to both ligands L in the general formula (I) being identical or

different trialkylphosphine ligands in which at least one of the alkyl groups is a secondary alkyl

group or a cycloalkyl group, preferably isopropyl, isobutyl, sec-butyl, neopentyl, cyclopentyl or
15 cyclohexyl.

Particular preference is given to one ligand L in the general formula (I) being a trialkylphosphine
ligand in which at least one of the alkyl groups is a secondary alkyl group or a cycloalkyl group,
preferably isopropyl, isobutyl, sec-butyl, neopentyl, cyclopentyl or cyclohexyl.

20
Two catalysts which are preferred for the catalyst system of the invention and come under the
general formula (I) have the structures (11I) (Grubbs (I) catalyst) and (IV) (Grubbs (I1) catalyst),
where Cy is cyclohexyl.
PCYs Mes—N N—Mes
Cla,,
‘ Ru — CI 1y
/] .
Cl
PCy, PCy,
(1 (1Iv)
25

Further suitable metathesis catalysts which may be used in the process of the present invention are

catalysts of the general formula (V),



5i nvention, especial preference is given to those of the fornmula (VI1),
where Mes is in each case a 2,4,6-trinethyl phenyl radical. I-1 NN MeslVles
Thi s cat avpbi1ie3msBso referred to in the literature as ‘PHowPyda/ccaral yst”.
10Furt her suitable catalysts which cone_qunder the general structural
formula (VI) are those of the following fornmulae (MI1), (I1X), (X)), (XI),
(Xt1), (Xirrr), (Xrv) and (XVv), wherge Mes is in each case a

2,4,6-trinmethyl phenyl radical. 1--1] Mes R\-Mes 1--1 Mes NN-Mes (V1) (1X)

WO 2011/ 023763PCT/ EP2010/ 06247 8X"um, (XI'IR) [
1
R R’
R® R*
V)

where

M is ruthenium or osmium,

Y is oxygen (0), sulphur (S), an N-R' radical or a P-R' radical, where R' is as

5 defined below,

X" and X are identical or different ligands,

R is an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, alkenyloxy, alkynyloxy,
aryloxy, alkoxycarbonyl, alkylamino, alkylthio, arylthio, alkylsulphonyl or
alkylsulphynyl radical, each of which may optionally be substituted by one or

10 more alkyl, halogen, alkoxy, aryl or heteroaryl radicals,

R’ R’,R'andR’  are identical or different and are each hydrogen, organic or inorganic radicals,

R® is hydrogen or an alkyl, alkenyl, alkynyl or aryl radical and

L is a ligand which has the same meanings given for the formula (A).

15 The catalysts of the general formula (V) are known in principle. Representatives of this class of

compounds are the catalysts described by Hoveyda et al. in US 2002/0107138 A1 and Angew
Chem. Int. Ed. 2003, 42, 4592, and the catalysts described by Grela in WO-A-2004/035596, Eur.
J. Org. Chem 2003, 963-966 and Angew. Chem. Int. Ed. 2002, 41, 4038 and in J. Org. Chem.
2004, 69, 6894-96 and Chem. Eur. J 2004, 10, 777-784. The catalysts are commercially available

20 or can be prepared as described in the references cited.

Particularly suitable catalysts which may be used in the process of the present invention are

catalysts of the general formula (VI)



Mes ,,, NNMes Ci, ,,,,,,,, », C 1(CF13)2N\ O ----S'\ \\ O ye..-. O

(XI'V) (XV) S5Furt her suitable catal ysts which may be used |n the
process oWotha/msmsent invention are catal ysts of the geoemekoosmms a (XVI)
-8 -
L
leu,, |_ 2
““'M R
x‘/I
R1/ R3
R’ R*
(Vi)
where

M, L, X', X% R", R%, R’ R*and R’ can have the general, preferred and particularly preferred

meanings given for the general formula (V).

5
These catalysts are known in principle, for example from US 2002/0107138 Al (Hoveyda et al.),
and can be obtained by preparative methods indicated there.
Particular preference is given to catalysts of the general formula (VI) in which
10 M is ruthenium,
X" and X* are both halogen, in particular, both chlorine,
R is a straight-chain or branched C,-C,-alkyl radical,
R’ R’,R" R’ have the general and preferred meanings given for the general formula (V) and
L has the general and preferred meanings given for the general formula (V).
15
Very particular preference is given to catalysts of the general formula (VI) in which
M is ruthenium,
X' and X* are both chlorine,
R is an isopropyl radical,
20 R%L R, RY R’ areall hydrogen and
L is a substituted or unsubstituted imidazolidine radical of the formula (I1a) or (IIb),
11/T\10 11/T\10
(l1a) (llb)
where
R® R, R'®, R" are identical or different and are each hydrogen, straight-chain or branched C;-Cso-
25 alkyl, Cs-Cy-cycloalkyl, C,-Cy-alkenyl, C,-Cy-alkynyl, CqCyy-aryl, C;-Cyo-

carboxylate, C;-Cy-alkoxy, C,-Cy-alkenyloxy, C,-Cy-alkynyloxy, Ce-Cos-aryloxy,



(XVl) WO 2011/023763PCT/ EP2010/ 062478 -11- M L, X1, X2, R and R6have the
general and preferred neanings given for the formula (V), Rl2are identi cal
or differwotoandstsave t he general and preferred neani ng®CyipPeN0f6247¢ he
radicals R2, R3, R4 and R5 in the formulg (V), with the exception of
hydrogen, and 5Nis 0, 1, 2 or 3. These catalysts are known in principle,

for exanple from VOA: r% 00440376861 (& @Zﬁﬁﬂqltlﬂ@dcgéﬁ ali)ﬁthﬁybt@]' @?Qlk?ll‘ul{;}ﬂ)%yl

preparative nethods | icated there. Parti cul ar preference is given

catal ysts of the gererGi-alkdirionate, RiCp- ?fﬁlsm@htemg -Futahehiipthipylx1l and X2are
bot h hal ogen, in particular both chlorine, Rlis a straight-chain or
branched G -Cl2-al kyl radical, Rl2has the nmeanings given for the general
For mil & (VA cotantsoBingaundar e @ncimbytsichylriogan Ard Fuths CtnEshsarmgs (bt ven

for the gq{?%ﬁ!)n egﬂewi ei(e}é)nce is 1ven to thys%ro\f t}{%%ltlﬁlﬁ’é’j \ab, wh&t @fe@@ﬁ ch&h &ké’@n to
catal ysts of genera forrrulg in which M’s rut henium X1 and

X2ar e bott?‘b@rltfmiqﬂﬁ’épheﬂﬂ%ﬁ@h |sopropyl radi cal , n| s 0 and Lis a substituted
or unsubstituted im dazolidine radic the formula (Ha) or (Ith),
25(11a) (11b) where Rs, R9, RR), - 11

N N
Mes/ \Mes

CI huy,,, R

/u

Y

(VI

This catalyst is also referred to in the literature as “Hoveyda catalyst”,

10 Further suitable catalysts which come under the general structural formula (VI) are those of the
following formulae (VIII), (IX), (X), (XD, (XID), (XII), (XIV) and (XV), where Mes is in each
case a 2,4,6-trimethylphenyl radical.

Mes—N N—NMes

Mes—N N—Mes
Clllu

CI"I
CI
iPropyl-O Q

(Vi (1X)



K are identical or different and are each hydrogen, straight-chain or
branched, cyclic or acyclic G -C30-al kyl, C2-C20-al kenyl, C2-C20-al kynyl,
C6- C24- arwb,20Gi02€206- car boxyl ate, G - C20-al koxy, C2- C20Pralrkerayilooss’s

C2- C20- al kynyl oxy, ©C6-C24-aryl oxy, 30C2-§20-al koxycarbonyl ,

G - C20-al kyl thio, C6-C24-arylthio, G -C20-al kyl sul phonyl

Ci - C20- al kyl sul phonat - C24- aryl sul phona C - C20- al kyl sul phinyl. WO
2011/ 023763PCT/ EP2010 0624 8 - 12 - A partitularly suitable catalyst which
cones under the gleﬁ'era NroMes (XvI) B&s T NTcWifre (XVI1) (xvii) and

is also referred to in the literature as "Gella catal yst". A further
sui tabl e catal yst Wrﬁlel fgefes under the gé&ter.gl=fornul a (XVI) has the

structure (XViIl), I\/Ie is in each cepe/ 2,4 6 trimet hyl phenyl
radical. Il Mes N I\I—I\/Ie N III) 10In a ive enmbodi ment, it

is possible to use d | gta, (X X),

D3 where DI, D2, D3 an ave a struciure 0O general formul a
(XX) bel ow which is bound vi a—tHe net hyl ene group totke silicon of the
formula (XIX), 15 WO 2011/023763PCT/ EP2010/ 062478 - 13'ocHy where

X) (X1y

Mes——N N—NMes

\r Mes——N N—~Mes

CF CO i, —

= T
CF;SO0u, —

:::::

CF, co/ : z ool Ru
\( \’/

(XIl) (Xt
Mes——N N—NMes | |
\( Mes—N N—Mes
CI"";RU_ CIWU/—
cl I o I (CH3)2N\
o
Vs
~ N
o
O
(XIV) (XV)
5 Further suitable catalysts which may be used in the process of the present invention are catalysts of

the general formula (XVI)
L

X Iny,,,, |

‘ 1/I 7 N\ NO,

R

(R")

(XVI)

where



1212356 ML, X, X, R, R R R andR have the neani ngs given for the general

formula (V) and can al so have the abovenenti oned preferred neanings.

cat al yst swof2otinesmweneral formula (XX) are known from USPR2OGPL@A0O0GL38 Al
can be prepared according to the informgfion given there. Furt her
suitabl e catal ysts which nmay be used in the process of the present

i nvention Nr 19 }@af(a Ry §ﬂdSR60f2 1 Othg'\% t%%ﬂ&@ﬂ antl QFe@QHeé n(engs %1Mkdr tﬁelf'grlﬁﬂlﬂj\%

MO(XXI) X2' 17000, " RL4

R1 (XX |1
di fferent
di fferent

10

15

20

25

30

VA
Rﬁ where M's rut heﬁrmiﬁe@rcab%dfﬁqrermané V9<2th¢ ecpad ngride prefeged

l'igands, preferably anioni @vén' 9ARESadidhRAY, RARZAATE ih Gl
and neutral electron donor |igands,
(V), with the exception of hydrogen, and

N is0, 1,2 or 3.

These catalysts are known in principle, for example from WO-A-2004/035596 (Grela), and can be
obtained by the preparative methods indicated there.

Particular preference is given to catalysts of the general formula (XVI) in which

M is ruthenium,
X" and X* are both halogen, in particular both chlorine,
R is a straight-chain or branched C,-C,-alkyl radical,
R" has the meanings given for the general formula (V),
n is0, 1,2 or 3,

6 is hydrogen and
L has the meanings given for the general formula (V).

Very particular preference is given to catalysts of the general formula (XVI) in which

M is ruthenium,

X' and X* are both chlorine,

R is an isopropyl radical,
n is 0 and

is a substituted or unsubstituted imidazolidine radical of the formula (I1a) or (IIb),

\—(
Y

(lla) (llb)
where
R® R’, R", R are identical or different and are each hydrogen, straight-chain or branched, cyclic
or acyclic Ci-Cspralkyl, C,-Cy-alkenyl, C,-Cyp-alkynyl, Ce-Cog-aryl, C;-Coyo-
carboxylate, C;-Cy-alkoxy, C,-Cy-alkenyloxy, C,-Cy-alkynyloxy, Ce-Cos-aryloxy,
C,-Cyp-alkoxycarbonyl, C;-Cy-alkylthio, Ce-Coys-arylthio, C;-Cyp-alkylsulphonyl,
C,-Cypalkylsulphonate, Cs-Cos-arylsulphonate or C;-Cye-alkylsulphinyl.

Such

and

CcCC \R14

or



R13 and Rl4are each independently hydrogen or a substituent selected from
the group consisting of al kyl, cycloal kyl, al kenyl, al kynyl, aryl,

car boxyl ave,20nldesrey, al kenyl oxy, al kynyl oxy, aryl oxy, alPkompea@ninerays ,

al kyl am no, al kylthio, WD 2011/023763P¢J/.EP2010/ 062478 - 14 - arylthio,

al kyl sul phonyl and al kyl sul phi nyl radical, each of which may optionally be
substituted Qﬁﬁcﬁﬁ?y QitabiPL Qtal%tKyﬂlch Qcﬁllléggﬁlﬁer il ?%Yal fﬁ'ﬁl\ﬁla ?ﬁ&s%Q%%lture

radi cal s, and Lis a Ilgan 5 The catal ysts of the general tornula

(XX1) - (XXKKWYDare known in principle. Representatives of this class of
conpounds are the catal ysts describ G ubbs et al. in WD 2003/011455
A, Gubbs et al. V[)2003/087167 A2l Ordanonetallics 2001, 20, 5314 and
Angew. Chem Int. Ed. 2002, 41Mes e CHfal ysts are commercially
avai l abl e or can be prepared as descrrbed in the references 10cited. Z1 and
Z2 In the process of the present i®Hrepiiqn the catal ysts of genera

formulae (XXI'), (XXII) and (XXIIILré/f used in which Z1 and Z2 are
identical or different |igands being neuty el ectron donor ligands. 15
Such |igands are in general oord g Typically they represent
optional Iy substituted heter ocyz\T(gr ou ¥NOBY represent five- or

si x- menber ed nonocyclic groups containing to 4, preferably 1 to 3, nost
preferably 1 or 2 heteroatons, or bicyclic or polycyclic structures
conposed of 2, 3, 4 or 5 such five- @vipi x-nmenbered nmonocyclic groups
wherein al | nt on I oups._ar tionally substituted by one or nore
al kyl , prea1nera‘i)Ore Olnafnggpiﬁ gﬁd?gn?ﬁn preferably C3-Cs-cycl oal kyl
al koxy, preferably Cl G o- alkoxy, halogen preferably chl orine or brom ne,
aryl, pref or het ar 23 het ryl
radi cal s ere %uéﬁgeaﬁﬂséﬁ%ﬁ¥F%%§ %ﬁ%%teP%%ﬁ%Hmﬁi ]%h¥urn mumd%, i'tuted
by one or wiereMesadimcatlscaspa 2f értadnbtylgiehnglotdichlf r om t he group consrstlng of
hal ogen, in particular chlorine or ine, Cl-05-al kyl, Ci1-05-al koxy and
phenyl . 25 Exanples of Zi and Z2 ingludg, without limtation: nitrogen

cont ai ni ng heterocycles such aybﬁyrmdinéf—ﬂVFidazine, bi pyri di ne,
r

pyrim di ne, pyrazine, pyrazolidine rolidine, pip erazine, indazole,
qui nol i ne, purine, acridine, bisirf'%agegtse, picolylinne, imdazolidine and
pyrrole. 30Zi and Z2 together repRresent a bidentate |igand,
thereby formng a cyclic structure rtigutar preference is given to a
process according to the |nvent|0mcﬂ§|no cat 3§
(XXI') in which Ms ruthenium X and X2ake bgthigl ogen, in particul ar,
both chlorine, 35Zi and Z2are identical or different and represent five- or
si x- menber ed nonocyclic groups contarnrng 1to 4, preferably 1 to 3, nost
preferably 1 or 2 heteroatons, or bi V@)lc or polycycllc structures
conposed of 2, 3, 4 or 5 such five- or six-nenbered WO
2011/023763PCT/EP2010/062478 - 15 -

In an alternative embodiment, it is possible to use dendritic catalysts of the general formula

(XIX),

ysts of the general fornula

4 & 2
D—Si—D (XIX)

where D', D?, D* and D” each have a structure of the general formula (XX) below which is bound
via the methylene group to the silicon of the formula (XIX),
15



nmonocyclic groups wherein all aforenentioned groups are optionally
substituted by one or nore alkyl, preferably G -G o-al kyl, cycl oal kyl,

pr ef er ablwoG8t1@@3wycl oal kyl , al koxy, preferably G -cO-alPkompoloabngen,
preferably chlorine or bromne, aryl, pneferably C6-C24-aryl, or

het eroaryl, preferably C5-C23 heteroaryl radicals, or Zi 5and Z2 together
represent a bidenta | i gand, thereby formng a cyclic str ure, R13 and
R14 are identical o piﬁfereﬁt and are each Cl-C30-al kyl C3-C20-cycl oal kyl,

C2- C20al kenyl , C2- C2@=al byl , GB- C24-aryl, G - C20-car boxyl at e,

Cl- C20- al koxy, C2- C2pef H C2- C20- al kynyl oxy, C6- C24-aryl oxy,

C2- C20- al koxycar bonyl , & yl am no, C1-C30-al kylthi o, -C24-aryl thio,
Cl1- C20- al kyl sul phon IR"Ci O& kyl sul phi nyl cqyeach of whjch may

optionally be substituted b
het eroaryl radicals, and
radi cal of the for R8( ROR8( RO 1"" RIR11IN10 (11a)(11b)
where 15Rs, R9, Rio, - Kare identic® or different and are each hydrogen,
straight-chain or branched, cyclic or acyclic G -C30-al kyl, C2-C20-al kenyl,
C2- C20- al kynyl , Co-C24- aryl, Ci -C20-®arboxyl ate, G -C20-al koxy,

C2- C20- al kenyl oxy, C2-C20-al kynyl oxy, C6-C24-aryl oxy,

C2- C20- al K& carbonyl, ©C6-C24-arylthio, Cl-C2oal kyl sul phonyl ,

Ci - C20- al ky| sX'pkioRatRE, RCR @R ar y hawl thé onatiees afivelerGRo geRd Ifdeylumulivphindy | .
A particularly preferred catal yst which . .comes under th neral structura
formila (XX) 15 that of the formufa {SRAF) e 00sEyFLp R taecr o raapinte.

i denti cal or different and represent hal ogen, straight-chain or branched

Cl1- C20 al kyl - C20.het er oal kyl .-G o hal oal kyl i 5 O X c6; C24
Gl pr et SRS J5 g 3L ke Fipst BRu8o R Us Fa M S P oo
nitro, nitprgged abwtdiigroyiel isformgpiveketathby. pyri di ne, piperidine and pyrazi ne,
car boxy, al kyl carbonyl, hal ocarbonyl, carbanoyl, thiocarbonoyl, carban do,
thiofornyl, amno, trialkylsilyl und trial koxysilyl. 5The aforenenti oned
al kyl, hetrrtbalskigdble daalysawhyoh maglbk 0scd,in hh erogtss ofiiht peganinhetien aeyatadsts of

al kyJ car bagnyl . hal.ocarb , banmoyl, thiocarbanoyl and am no radicals
may %btioﬁﬁ?ngﬁﬁggnpﬁl@ﬁ%%)ggﬁgubstituted by one or nore substituents

sel ected fromthe group tongi sting of hal ogen, preferably fluorine,
chlorine, or bromne,, Ci402§glky?, Ci - 05- al koxy an ?enyl. 10In a
particularly preferﬂéd—ewbﬁdmhgpt the catal yst (XX |

structural formula 2" | R

nore al kyl, Hal ogen, alk
Kl nsghst it edct:

xy, aryl or
i dazol i di ne

has the general

2

4
L X' K
1 L / /
Z— M=—C—¢ (XXII)
X2 | , \R14
4
L 1
1 | /X /R13
Z_;M:C—C:C (XXIIT)
X2 | N1
2 R
4
where
M is ruthenium or osmium,
X" and X* are identical or different ligands, preferably anionic ligands,
15 Z'and 7 are identical or different and neutral electron donor ligands,
R"” and R" are each independently hydrogen or a substituent selected from the group

consisting of alkyl, cycloalkyl, alkenyl, alkynyl, aryl, carboxylate, alkoxy,
alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, alkylthio,



(XXI'Va) or (XXIVb),

structural

and R16 awe 2emah3teydr ogen, catalyst (XXIV) is referred trorae201Gosdans |1 |
in the literature. A netathesijg_catal yst which may be used in the
process of the present invention can also be prepared using catal ysts of

the general formula ( lthlo ;ﬁgztlsulphdﬂ\j/ll hnd MI_ZSIIJSZI {ny:l- r:%ﬂ::g ea%ﬂ%f’%@lqm

catal yst"

where is rutheniumor osm um

are ani oni

organi ¢ radicals, 25| mMigep.s¥balhtuhgd or unsubstituted imdazolidine
radi cal and Ani s an ani on.

10

15

20

25

30

35

is a ligand.

The catalysts of the general formula (XXI)-(XXIII) are known in principle. Representatives of this
class of compounds are the catalysts described by Grubbs et al. in WO 2003/011455 A1, Grubbs et
al. WO 2003/087167 A2, Organometallics 2001, 20, 5314 and Angew. Chem. Int. Ed. 2002, 41,
4038. The catalysts are commercially available or can be prepared as described in the references

cited.

Z' and 7}

In the process of the present invention the catalysts of general formulae (XXI), (XXII) and (XXIII)
are used in which Z' and Z’ are identical or different ligands being neutral electron donor ligands.
Such ligands are in general weakly coordinating. Typically they represent optionally substituted
heterocyclic groups. They may represent five- or six-membered monocyclic groups containing 1 to
4, preferably 1 to 3, most preferably 1 or 2 heteroatoms, or bicyclic or polycyclic structures
composed of 2, 3, 4 or 5 such five- or six-membered monocyclic groups wherein all
aforementioned groups are optionally substituted by one or more alkyl, preferably C;-Cj¢-alkyl,
cycloalkyl, preferably C;-Cs-cycloalkyl, alkoxy, preferably C;-Ci¢-alkoxy, halogen, preferably
chlorine or bromine, aryl, preferably Ce-Cos-aryl, or heteroaryl, preferably Cs-Coys-heteroaryl
radicals where these abovementioned substituents may in turn be substituted by one or more
radicals, preferably selected from the group consisting of halogen, in particular chlorine or bromine,

C;-Cs-alkyl, C;-Cs-alkoxy and phenyl.

Examples of Z' and Z include, without limitation: nitrogen containing heterocycles such as
pyridine, pyridazine, bipyridine, pyrimidine, pyrazine, pyrazolidine, pyrrolidine, piperazine,

indazole, quinoline, purine, acridine, bisimidazole, picolylimine, imidazolidine and pyrrole.

Z' and Z* together may also represent a bidentate ligand, thereby forming a cyclic structure.
Particular preference is given to a process according to the invention using catalysts of the general

formula (XXI) in which

M is ruthenium,
X" and X* are both halogen, in particular, both chlorine,
7" and 7* are identical or different and represent five- or six-membered monocyclic groups

containing 1 to 4, preferably 1 to 3, most preferably 1 or 2 heteroatoms, or bicyclic

or polycyclic structures composed of 2, 3, 4 or 5 such five- or six-membered

and X2can entical or different and
c ligands, tetipuadiydslsgbrityted by qné@ﬁm%aﬁlkak hglogpradkaxyaney! ar e

wherein R15 and R16 have the sanme nmeaning as given for
formula (XXI'V) R15 (XXI Va) (XXl Vb) 15In the case where R15

20



WO 2011/ 023763PCT/ EP2010/ 062478 - 17 - These catal ysts are known in
principle (cf., for exanple, Angew. Chem Int. Ed. 2004, 43, 6161- 6165).
5Furt her woi2oali2g766at al ysts whi ch may be used in the precesrab/otiaes present
i nvention are catalysts of the general _fijgrmula (XXvi), + ',3/ | AL3 L2 1
R18 C ? Y(XXVI) NA=c C] [ n\ R19 where

monocyclic groups wherein all aforementioned groups are optionally substituted by

one or more alkyl, preferably C;-Cy¢-alkyl, cycloalkyl, preferably C;-Cs-cycloalkyl,

alkoxy, preferably C,-Cjp-alkoxy, halogen, preferably chlorine or bromine, aryl,

preferably Co-Cos-aryl, or heteroaryl, preferably Cs-Cop; heteroaryl radicals, or Z'
5 and Z* together represent a bidentate ligand, thereby forming a cyclic structure,

R"“ and R™ are identical or different and are each C;-Csp-alkyl C;-Cyp-cycloalkyl, Cy-Cyo-
alkenyl, C,-Cy-alkynyl, Ce-Cys-aryl, C;-Cy-carboxylate, C;-Cyp-alkoxy, C,-Cyo-
alkenyloxy, C,-Cy-alkynyloxy, Ce-Cos-aryloxy, C,-Cy-alkoxycarbonyl, Ci-Csp-
alkylamino, C;-Csp-alkylthio, Cs-Cy4-arylthio, C;-Cy-alkylsulphonyl, C;-Cyo-

10 alkylsulphinyl, each of which may optionally be substituted by one or more alkyl,
halogen, alkoxy, aryl or heteroaryl radicals, and

L is a substituted or unsubstituted imidazolidine radical of the formula (I1a) or (IIb),

R R® R R
R‘l‘l/N\rN\R‘lO R‘l‘l/ T \R‘IO

(lla) (lb)
where
15 R® R’, R R are identical or different and are each hydrogen, straight-chain or
branched, cyclic or acyclic Ci-Csp-alkyl, C,-Cyp-alkenyl, C,-Cye-alkynyl, Ce-Cos-
aryl, C;-Cy-carboxylate, C;-Cy-alkoxy, C,-Cy-alkenyloxy, C,-Cy-alkynyloxy,
Cs-Cos-aryloxy, C,-Cy-alkoxycarbonyl, C;-Cy-alkylthio, CgCyy-arylthio, Ci-Cyo-
alkylsulphonyl, C;-Cyp-alkylsulphonate, Cs-Cos-arylsulphonate or C;-Cyo-
20 alkylsulphinyl.

A particularly preferred catalyst which comes under the general structural formula (XXI) is that of

the formula (XXIV)
Mes —N N—Mes
N
N—R=— XXIV
N7 | Cev)
Cl
16 N\
R
=
R'
25 where
RIS, R'C are identical or different and represent halogen, straight-chain or branched C;-Cyg

alkyl, C;-Cy heteroalkyl, C,-Co haloalkyl, C,—C,g alkoxy, Cs-Cy4 aryl, preferably



M's rut henium or osm um 10R18 and Rl19are each, independently of one

anot her, hydrogen, C -C20-al kyl, C2-C20-al kenyl, C2- C20-al kynyl

C6- C24- arwb,200Gi102€206- car boxyl ate, G - C20- al koxy, C2- C20_aCkargd10:0y2478

C2- C20- al kynyl oxy, ©C6-C24-aryl oxy, C2-C3@-al koxycarbonyl, G -C20-alkylthi o,
Cl C20- al kyl sul phonyl or G -C20-al kyl sul phinyl, X3is an anionic |igand,

15L2i s an unchar ged s Rongda,) mg@nﬂmgeﬁ%fe%c9a§s %iefé%‘r;, BeFidihd ﬁlp%namg%acl ic
or polycyclic, L3|saI|g fromthe group hines, sul phonat ed
phosphi nes, fluori n@v@amph@@r;bmmegkngm orlilalmaz'wy hexspiaks tHesarhegon t o
three ani noal kyl', a@%%ﬁ@'tﬁ%%omﬂlflk%lﬁéltgéﬂ(ylm@l piak&ybyeny! al kyl, hydroc
arb o nyl alkyl, 20 hydroxyal kyl~ or ket oalkyl groups, phosphltes

phosphi nites, phosphonites, phosphine am nes, arsines, stibines, ethers,

am nes, anhféea?foreh{@nﬂ&%ed ayylph%k&%l ﬁﬂbﬁ§§1h§flc%x§‘n;%1eﬁl rln%rgﬁe% he%ferbéyc@es
noncoor di nat i r;vgh?anl on and nis , UI‘t er suitable

cat al yst's #llgic ptlhh%wrhgéylu@élwmoml {ihecaphemerisad gminotadienlsemeneptionlyrlsodh ar e
catal ysts of, gheparnel 8l ohObMbR sGBEWldnts RR3Rd FbnNnMofIER 3 0fBQink of Xaf¥Edn)

preferably fluorine, chlorine, or bromine, C;-Cs-alkyl, C;-Cs-alkoxy and phenyl.

10 In a particularly preferred embodiment the catalyst (XXIV) has the general structural formula

(XXIVa) or (XXIVb), wherein R"* and R'® have the same meaning as given for structural formula

(XX1IV)
Mes —N N—Mes Mes—N N—Mes
_ Cl y — _‘\\\CI
R —Rui—
N— Ru—
N\ 7 o] \_7 ¢ !
R'6 ENj\ | X
7
=
RS g
R
(XXIVa) (XXIVDb)
15 In the case where R” and R'® are cach hydrogen, catalyst (XXIV) is referred to as “Grubbs III

catalyst” in the literature.

A metathesis catalyst which may be used in the process of the present invention can also be
prepared using catalysts of the general formula (XXV),

— — +

X1'/, Im -
= An
2 M_\ /R1 17 (XXV)
X P\—R
R
20
where
M is ruthenium or osmium,
X" and X can be identical or different and are anionic ligands,
the radicals R'” are identical or different and are organic radicals,
25 Im is a substituted or unsubstituted imidazolidine radical and

An 1S an anion.



\R21 WD 2011/ 023763PCT/ EP2010/ 062478 - 18 - 5 where /\42. R2 and R21 R22
and R23 is nol ybdenum or tungsten, are identical or different and are each
hydr ogen,wQi2eGa@3mbkyl , C2- C20- al kenyl , C2- C20- al kynyl , pCoAB2d1-0@62478

G - C20- car boxyl ate, G -C20-al koxy, C2-C36-al kenyl oxy, C2-C20-al kynyl oxy,
C6- C24- aryl oxy, C2-C20-al koxycarbonyl, G -C20-al kylthi o,

Cl C20- al kyl sul phonyl or G -C20-al kyl sul phinyl, and are identical or

di fferent Taagd cangstasdknaws Wbptiicipld @, F ctiaiptg ag el ISHheni. Uhe ddCRo0du3, aldy| |
C6-C24-ar¥g C6- C30-aral kyl radical or a silicone-containing anal ogue

t her eof 6Earther suitabl e catal ysts which nmay be used in the process of
the present invention are catalysts of the general formula (XXvVill), L zR"

Xoar & i dererbsrotiiears b Shich g1l PaFE ARPERREST PYRUE B ok SRRz oRl |

t he meani nesgaabraXioraith XXVI) t he general formulae (1) and (V), Lare
identical or different |igands which can assune gll t he general and

preferred 5
L
| _ /R18 ]
M=C==CC Y (xxv)
s/ | 19
X 3 R
L

where

M is ruthenium or osmium,

10 R"®and R are each, independently of one another, hydrogen, C;-Cy-alkyl, C,-Cy-alkenyl, C,-
Cy-alkynyl, Ce-Cys-aryl, C;-Cyp-carboxylate, C;-Cy-alkoxy, C,-Cy.alkenyloxy,
C,-Cyp-alkynyloxy, CgCos-aryloxy, C,-Cy-alkoxycarbonyl, C;-Cyp-alkylthio, C;-
Cyo-alkylsulphonyl or C;-Cy-alkylsulphinyl,

)& is an anionic ligand,

15 L is an uncharged n-bonded ligand, regardless of whether it is monocyclic or
polycyclic,

L’ is a ligand from the group of phosphines, sulphonated phosphines, fluorinated
phosphines, functionalized phosphines having up to three aminoalkyl,
ammonioalkyl, alkoxyalkyl, alkoxycarbonylalkyl, hydrocarbonylalkyl,

20 hydroxyalkyl or ketoalkyl groups, phosphites, phosphinites, phosphonites,
phosphine amines, arsines, stibines, ethers, amines, amides, imines, sulphoxides,
thioethers and pyridines,

Y is a noncoordinating anion and

n is0,1,2,3,4 or 5.

25
Further suitable catalysts for which may be used in the process of the present invention are

catalysts of the general formula (XXVII)

0 _TT_T/ (XXVII)
21
N



meanings of L in the general fornmulae (1) and (V), and R24 and R25are
identical or different and are each hydrogen or substituted or

unsubst i twoediia@ateByl . Al l the abovenenti oned cat al yst s pafi/Eroommoba7§1) can
ei ther be used as such in the reaction_ngxture of the NBR netathesis or can
be applied to and i mobilized on a solid support. As solid phases or
supports, Jfed S POSSible to use materials which firstly are inert towards
the reaction mxture of the 25 netathesis and secondly do not inpair the
activity off the cat at §pelybdepgmijostu ible to use, for exanple, netals,

gl ass, polynpise! cer il gRQirrRAPLYIBE. SRR hROr RN e, s9lagals for
i mobi | i zi ng ﬂhe ca?g?kg?FgN%??f%gﬂruﬁggfgé%0$§§%%§%é%g§gaggbgﬁﬁﬁﬁﬂ?%&fhe

i nvention uses nitriG&ridbyet£ads-yylakt-Cngasbgpbie. Gidre-tlkeyneraotaspgoxy,
reactgon. As nitril & Iublegsidy NBRE)sarfidxyl €, RISFkRLGarb Ryl SE-CORRIMAE' S - O
terpol ymers which conprise repeating units of at |éast One conjugated

di ene, at |east one %e-tkdatnhoayled Cnftorallgyésulphryl, pid desired, one or nore
further cqpolyreri zapl 8RNI Ferdnd atd e WAL NBSiFed &%‘dg%subst%ed Ci-Cao-
2011/ 023763PCT/ EP2010/ 062478 - 19 - The conjugated di ene can be of an
nature. Preference iaY§iGrén-arg. dstngralkshradey! o @hjligepstcentagingmaaogupgicrdot ul ar
preference is given to 1, 3-butadi ene, isoprene, 2,3-dinethyl butadiene,

pi perylene or mxtures thereof Very particular preference is given to

1, 3- But adiawberghitpblesaishats avhish ny e yseddn the grosesp 0%@9@@?@1 ingenEipp1g §REIYSY ofi ven
to 1,3-buhﬁg%gﬁgﬂﬁﬁnﬁ@,égy@ﬁg}urated nitrite, it is possible to use any
known 4-unsaturated nitrite, preferably a (C3- C5) 4-unsaturated nitrite
such as acrylonitrile, nethacrytonitriie, ethacrylonitrile or nixtures

t hereof Particul ar preference i$ given t*crylonitrile. 10A particularly
preferred nitrite rubber i sXthu _@__gngyner of acrylonitrile and

1, 3- but adi ene. Apart fronlthe/cgﬁrﬁgar o di ene af®Y'Ht 4-unsaturated
nitrite, it is possible to xde bne or norRE°further copol ynerizabl e nonomers
known to those skilled in the ért, e.g. 4-unsaturated nonocarboxylic or

di car boxylyeraci ds, their esters or am des. As 4-unsaturated nonocarboxylic
15 or dicarboxylic acids, preference is given to fumaric acid, maleic acid,
acrylic adfld and netha&EyrnEr §¢0gM. As esters of 4-unsaturated carboxylic
aci dg, pret'engRee | srdidegicdQrWstrldnt R 4re Bhiohlic BSIRIL SviAQHcAl kQxaklidhe
esters. Particularly preferred alkyl esters of 4-unsaturated carboxylic
acids are nethyl acryeaies ofat Ayl Xa@rha woeal figwae (Hepd (Mt e, butyl

net hacryl ate, 2-et hytdxmlcaP&rditr@t@ ligdndsQiHH ARAYun¥BIINAC LA SnARErREL !
acrylate. Particularly preferred al koxyal kyl esters of oi, 13- 20
unsat ur at ed car boxy/m@niges fd- iafhe srpard dyeter ) addddceryl ate, et hoxyet hyl

(et h) acr y’ag@ @nd Rt exyat fdi bRt diass é’dcﬁthgdro En bSsuBlif@tcRQP hRbQithied Use

m xtures of al kyl esters, e.g. those nentioned above, w th al koxyal kyl
estets, e.g. in the?dkm of those nentioned above. The proportions of

conj ugated di ene and 4-unsaturated nitrite in the NBR polyners to be used
25 can vary within wi de ranges. The proportion of or of the sumof the
conj ugat ed\Ythebeyementipgedeat YSFSrPfth@uE)aa@g‘én Fitlmba gsad@s 9edn ik the\igicgf mixture
pref er abl yorid NY€ nfcAN@Es b &H‘b@gl%ﬂligd B0 B mBsiligaton aRBBEippsH. AR PSRes or
pol ynmer. The proportion of or of the sumof the 4-unsaturated nitrites is

usual |y f r8pRoLS it & resdbleip weingfrrials pyhighelirgtly are inegipwads Be 2@ Pymixeigpf the
basegs on th&athQlsahd RRbY IR nol REpaRT tRPRYinPOShOfatdRE TP PRTBIeSo L}, RAGHNpRSE
add up to 100% by wei ght. The additional” nononers can 30 be present_in
amount s of M§#y raldys. thelyAIsY BSFaRNe] QNI PRYREsARArS arripgrganicrsol-gelu fusimipobibizigst |
particul ardycapii@f erably from1l to 30% by wei ght, based on the total
polymer. In this case, corresponding proportions of the conjugated diene or
di enes and/or of the 4-unsaturated nitrite or nitrites are replaced by the
propor ti ongiugk rikiReraddi ti onal nononers, with the proportions of al

nononers in each case adding up to 100% by weight. 35 WO )
20113%2376BPeTErXsseAmg 39 thg invention uses nitrile rubbers as starting rubber for the metathesis

reaction. As nitrile rubbers (“NBR?”), it is possible to use copolymers or terpolymers which
comprise repeating units of at least one conjugated diene, at least one o,f-unsaturated nitrile and, if

desired, one or more further copolymerizable monomers in the metathesis reaction.



- 20 - literature. In addition nitrite rubbers which can be used for the
purposes of the invention are also commercially avail able, e.g. as products
from t he woadua3iteange of the trade nanes PerbunanO andpKmynraei0/062408n
Lanxess Deut schl and GybH. 5The nitrite _nybbers suited for the netathesis
have a Mboney viscosity (M. 1+4 at 100C) in the range from25 to 120,

pr ef er abl Yrifolcif3ka! dond Qan (S f Al ESROBASC! 0o BelHITRAL (BYE] BGfudIRlAEHbLAT
weight Mi in the range 2 0, preferably in the range 200 000
- 400 000.Partigailasjprefercacy lﬁtgb‘éetnstodéeldﬂ%dl% Kewena 2 golipgihslbatedicns, pperylese gy M "
where M Ihﬁtlfr&ethé’i‘gbtgm‘:ry%ﬁ%c%gﬁ p@ér@ﬂl@gww{oglhﬁ bR e zlnd'lscop}éﬁ@ opﬂlq@ﬁres

aver age m)l ecul ar weight, in the ran% .0 and preferably in the
10range 2. thereof Especiaf pecfatence isrgiveatd bir @tﬁdlﬁlﬁe l\/boney viscosity is carried out
in accordance with ASTM standard D 1646. The determ nation of the nunber
average nol ecul ar wei ght and the wei ght average nol ecular weight M is
carri ed outs biuEPEritel Hgdo ftdaprseblgite hsepnNkagETRp-pnsatmataytiig, prafadly ybber s
obtai ned Ry, Ly Bl AkOERIE ARG o l%ﬁﬁerdfn@ﬁiaéﬁlohﬁﬁlepétﬁﬁ’ﬂ%nﬂtrm%f‘ﬁﬁ;&ﬁ'rebaVe
a wei ght average nmol ecul ar wei ght K/l O"g/nmol or less, preferably in
t he range th@e@dﬁﬂtc@lasﬂfe@(ﬂ!}c@ﬁﬁﬁ@ntOr?ﬁW@nﬁ}’l@f er abI y in the range 12,000 to
40,000 g/nmol. The nitrite rubbers obtained al so have a pol ydi sperS|ty PDI =
MV M" where Mi is the nunber average nol ecul ar weight of |ess 20than 2.0,
pr ef Bk abl yA particudartygrefessed nithlgrubbenis thyp peoppbates phasrylonitrije angd 18-titadigge.of ef i n:
The netathesis reaction according to the present invention may be carried
out in the presence of a co-olefin, which is preferably a C2 to C16 |inear
or br anchehpag fegm fhesgpneue! Eensying the, o.f- g@ﬁ@&l{f%w@ﬂtrﬂzst ig pYysiietogie Querps e,

Were the gangl c%&obﬂmie%zﬁ)ll: 'n%b&eﬁs%kbn% tHosREXERE) in ¥hféear@”9g'”h Bansaﬁ&atQJl efin
enployed is preferably in the range of from1 to 200 wei ght % \Were the

co- ol ef i n Manogarpeglig gm@wr%m rjdse e cotpre oanBisist: /o wRBoBIUERIdmenepiTbYetc i s
suchy 4 hat drfdlc&%wm%mup RIRERS %Lgl\%n't@ﬁltaﬂﬁc 5&@%&1&&&@%&% acm etnla%elﬂ?a@@'ﬁc of
from1l * 105 f? Pa, preferably in the range of from5 105 Pa
to 4 * 10@C1ﬂaAs ewrépéﬂ&mnyaﬂﬂrﬁ@d REDRIYHE 8fids, P@é@tﬂ?%r}ﬁ gisene g el aﬂ@fﬂ pReCTS

1- hexene. 33 afRLMAAY estJ;BQDaR{cgﬁﬁ? %re@énéd*&%y@és%‘r?@ﬁ o B%‘A?a!ﬂirht@&' calr§ox‘§zﬂ€ hdigdhrout

in a suitable solvent. The suitable solvént is a sol vent whi ch does not
deact i vat en¢thel %axlaqey%tbywwat&nwtal 4By lgtse Butibmegoatade| et hexyk aqrplate, 2

reaction idmARkyPhdfacB¥e afdf @cftﬁra'é{%ﬁ'até Wa%@&ll@rlﬁﬂlei’e%ﬁi%ll@&ﬁal?&l&%{&irscof a,B-
sol vents, in particul ar, hal ogenated dr ocar bons suc

di chlr orré{nﬁ%m@tedtcmb@mlefr%rﬁétarmméthowmyaémtb}aéwﬁt% aexyethyl (aetpacoriee ehdine

or trichl qhagbhRAK: (ﬁéﬁﬁ%wlgtecﬁrfpﬁ’l%‘ SssIER AR RRNGRIOGS af '1@@(91% e Xy liRRe,
cunmene or hal ogenobenzenes, preferably nonochl orobenzene , et’hers such

as di et hylmetipesd abevet widhylpoplisylpcm . v@hzmmﬂgmpweé@meo/ 062478 - 21
- di met hoxyet hane, acetone, dinethyl carbonate or alcohols. In certain
cases if a co-olefin is used which can itself act as a solvent (for

exanpl e, 1Chsexeneeionnef ernivgpted dichepid ¢B-upwiuaiednijrile Thibe MERcrty et o Wed t he

nitrid e rl{:}a@e&y'\xnth{nhﬁdé RAsLT AR gpsttdn®f bSofiRt suﬁfdfttlﬁe%hjugé’léd HORY isQldSd 1 in
should 5 be such that the reaction is not hanpered he m xture iS too

vi scous t dhpmnge frem &g taf®h by waighty prefeé%blﬁéwéhiﬂaége firpra P& toa®1"y by Right, based on
concent r ath ORPholNBR. TR frfhdrfte Jr3PG@hOTuni 51AM &g luRsadPoe LY MR Gihally RS 10

preferably in the range of from6 to 15/oby wel ght of the total m xture.

The net at Hedlg bseyétgihbrprﬁ@m@éy frioay! ot 404t by weégbfsebaef% Pa thztotr @opyargje The
from 15 t g dib@ons Qf'tﬁé ﬁ&@&heys hQhdh hfiedl aﬁlgﬁ 00% bfyr\&b'iQhZthE Q4B ral iR nRARMAT  Of

nmet at hesi s catal yst based on the nitrile rubber used depends on the nature
and ihe caedlrgintiraReeuntt 9f Bemilnie gy Ficiehtaraioydly fromel-hee ghte thpyaight of
cat al yst Lb%@t@cdl@rlyuﬁﬂé@érhlylyfff&ﬂ]l ko BO% by weight, based on the total polymer. In this case,

corresponding proportions of the conjugated diene or dienes and/or of the a,B-unsaturated nitrile or
nitriles are replaced by the proportions of the additional monomers, with the proportions of all
monomers in each case adding up to 100% by weight.

35
The preparation of nitrile rubbers by polymerization of the abovementioned monomers is

adequately known to those skilled in the art and is comprehensively described in the polymer



1000 ppm of noble netal, preferably from2 to 500 ppm in particular from5
to 250 ppm based on 15 the nitrile rubber used. In a preferred enbodi nent
of the prweenti/i2ementi on the wei ght anount of catal yst @Ecalezbysinéisoadi ng)
is in the range of fromO0.01 to 0.30 phpg.nore preferably 0.02 to 0.25 phr.
If a Gubbs (I) catalyst of structure (111), Gubbs (Il) catalyst of
structure 1M %d’dﬁf‘éﬁ%gﬁle(}%lﬁk\/ﬁﬁlc}?éan%ter NG e %Mlphges ogthgiﬁjeﬂtl(ﬁlaatrghl¥§t of
structure (XVI1), a dendritic catalyst of structure (X X), 1)
cat al yst oomaterqigdly g ailapleyg.8/ys mod@?t%%@aWﬂod@ﬂ 121189 opthe trade @me@: BQTBW@§® (am}q V),
(XXV),  20(RRMck frdmt@xkes RUtséfeMIdnhpn.i s enpl oyed, the catalyst loading is
for exanpl e even nore preferably in the range of fromO0.06 to 0.10 phr
(parts per hundred of rubber). The netat hetic degradati on process
accordi ng 19 £k ﬂuﬂé’e?s”édﬂ@&‘ (R ﬁaa&ebllé Rwed Won@y klmfsfeg ARl Qg R‘foowﬁl the
degraded nitrile rubbers obtained. This can be carried out in the manner
known to thegseropsakiol 128cprifsraplyefram 80 tof 70. This sersespeylds tq © nemler gvasaae mdigeular
hydr ogenat‘{,ﬁq ¢ Wi tih tﬁ&%@ng%fzob%@g ONEQMS pferddEl RHROGREHS 00y dUOGERAThORitrile
catal ysts. is al so possible to carry out the hydrogenation in situ, i.e.
in the sarfébheésaz@tsd P b@ég §énolyr1ﬁpw1yCHDIt=er%t whaeMcis d@gﬁ‘%ﬁi&ﬂ?%emeculm
previ ousl Xvégélﬁ PPN tRALbECaAMEe RBRIW NP (e %g@@@esé(b i p?efferhl?l?hf%b ng
the degraded nitrite rubber. Thé hydrogenation catalyst is sinply added to
the Heactietgcdssef).. The catal ysts used are usually based on rhodi um
rutheniumor titanium but it is also possible to use platinum iridium

pal | adium rhenium osmum cobalt or copper either as netal referably
35 in the Fhrdefeamingaonpf e AMrouadgiseestty is ¢agric i ippecordageawsh M(Tl\gst?ndard

DE- A- 25 3%, 168%, TRE 4frenihdttordBhe nidnberAvea é"ﬁ‘lof%ggl’ar Qgi'gﬁ’( ard ﬂ{% %é-léht &+Erafe 0
298 386, DE-A-35 29 252, DE-A-34 33 392, %JS— A4

US- A- 4, 503ndlggar weighy M@Iﬂvmmebé@%mqm@eezw@m p072- ISm tabl e catal ysts
and gol vents for a hydrogenation in the honbgeneous phase are descri bed

bel ow and are al so known from DE-A-25 39 132 and EP-A-0 471 250. 5The

sel ecti ve Hydviglenblaorbieag ethagsiaiveld process aesexdipd ©, the Arcpame ippehe df a

rhodi um  Qgeig M%O&élgteqﬂc‘slé‘cﬂ[ﬁ Qel¥hNOL, C@ﬁs@'obétg/mdltor {eSs ?Eb?e"rhlh& Gn kIR 1’a‘§% 106000 to
exanpl e, a catalyst of the general formula (R

r ut heni um38s00p Gerlumpretrfeieblaiie ke sange 13,080 F(d%@qoo%molo ffh%lmffﬂ@ Fabhers ézh‘@maqi e
each a G -48 ha@é %ﬁdlycﬁﬁp@ﬂé Pﬁl%@@ GG BRI iKHE nGHOY Bverfre6os1&hBr REXH: STQUP OF
a Cr-Cl5-aralk e%}‘oup hosphor'us, arsenic, sul phur or - a

sul pHoxi dehajrZotpreseegply 7(110§0 @3‘9£9v negyre prafeblyolnl togr%f er abl y hal ogen and
particularly preferably chlorine or bromne, 1is 2, 3 or 4, mis 2 or 3
and nis 1, 2 or 3, preferably 1 or 3. Preferred catal ysts are

tris(tri pk@h?‘lﬁﬁlhosphl ne) rhodi um(1) chlori de,

tris(tri phapyhRRRsRhiled J&QQHIH%(J thb %re@éﬁ't BF bBn 309 bk ChiSitAbdTBE M¥lpresence of a

sul phoxi de)rhodi un(111) chlori and al so
tetrakis( t@r%@nymhé%plﬁfer?@}w h&ditumsiingri derarhedrdefiroyush pacthidens ssytarh H

and jshe 1 GRIJrQIRRAM ROhEOMRRRIASin!iNa WNiE (subh s 1- héxl%ﬁ@nﬁhk RRGSRNF BRRAS
been conpl etely or partly replaced by tricyclohexyl {1) osphi ne. The catal yst
&

can be ut ipRyEd ispreferably e taesOf e AfptNtvaight th eV hange corolfin 198 &5 (Wek ght

preferabl yy 'eﬂlylelﬂ% tfl@-ﬁ‘fg&n@op&) Qe o%‘ 19 Qichand jRakltd fnui ﬁedsureﬁﬁ @He%ﬁlab]y in
the range 0.1-0.3% by weig hase t he V\qu%ht of the

oly
sui t abl e. @Eﬁlelmlﬂ%erﬂ%é’lflﬁymalpp}%ﬁ?‘it‘al IPOPaueréfer é/leéheaﬁlg@toffr@@ét%e%o \Pnatt% a

cocat al yst4 Wi*eh. pRrcfably @@Hl@tamfemstﬁagcut)ﬁ){srﬂé}f@mlé’h NEng Y&LR: R, mand B have
t he neani ngs given above for the catal yst. Preferably, mls 3, Bis

phos%horus and the radicals Rl can be identical or different. Preference is
given to creaf:al ysts having trialkyl, tricycloal kyl, trlaryl triaral kyl,
di aryl - monoal kyl , dlarylnnnocycloalkyl di al ky I-nnnoar di aIk

1- monocycl BsInKk§acss cditheyuesead IRyANLipR s 05?1n2§a1taé>§ﬁ‘ci10&>\§pl¥§r he %ﬁblarsgzlwem isa

radi cal s. golvent which does not deactivate the catalyst used and also does not adversely affect the reaction
in any other way. Preferred suitable solvents are organic solvents, in particular, halogenated

35 hydrocarbons such as dichloromethane, trichloromethane, tetrachloromethane, 1,2-dichlorocthane

or trichloroethane, aromatic compounds such as benzene, toluene, xylene, cumene or halogeno-

benzenes, preferably monochlorobenzene (MCB), ethers such as diethyl ether, tetrahydrofuran and



Exanpl es of cocatal ysts may be found in, for exanple, US-A-4,631,315. A
preferred cocatal yst is triphenyl phosphine. The cocatalyst is preferably
used i n awounti®28763t he range 0. 3-5% by wei ght, preferablpgTinP2dl0@624a51ge
0.5-4% by weight, based on the weight Qhithe nitrile rubber to be 30

hydr ogenat ed. Furthernore, the weight ratio of the rhodi um containing
catalyst t@mlRBRAGHRL Altsik, diey RLAAAL ¥r HBHLAC 1] 2GR &AM dodokfin ks R0y

nore preferably - in the range from1 1:45. Based on 100 parts by wei ght
of the ni twhighecap ifpsthieact ase spCIHyigF @@mé@s baexem) np othghiphvsplrip agcesstiy. use from 0. 1
to 33 parts by weight of the cocatal yst, preferably fromO0.5 to 20 parts by
wei ght and very particularly preferably from1l to 5 parts by wei in

parti cul arThespecentrgian of the tnifrilegybheh iythGrepetion gnixyrediienqd Friticabput Iy oegly. éh%‘ﬂ per
100 parts v wehghhe Igztctitoﬁ?s Rt ﬁnﬁﬂ&%@@ed i BR&Nixfuf: 0 %OWQB&QQ Bakckd effYc\i%ntly, for
2011/023763PCT/EP2010/06 - The practical inplenentation of "this
hydr ogen athamplﬁsl’ra@@atmﬂ@loynq@nmtwnwé NBois én thi irgnge gf fremtlHe 26tbyfycgght, most

US- A- 6, 683,381y hif thk ?ang'ééﬁilo'n% Al l%drvé?%ﬁt oPe tiBalitddg, the nitrile rubber to
be hydrogenated in a solvent such as toluene or nonochl orobenzene with
hydrogen at a tenperature in the range from 100 to 150C and a pressure in
the range 'lf}{e%a‘ﬁ%sﬁs QeadPfd P& ridQut Qtraqgﬂlgerﬁtgre 19mp PdhoS of 1501!1: @5 tot 1Q@°Cp YR Ty of
the present invention, hydrogenation is a reaction of doubl € bonds
preskht i rinflisgange aF From@0 M &RG| e rubber to an extent of at | east 50%
preferably 70-100% particularly preferably 80-100% 10Wen heterogeneous
catal ysts are used, these are usually supported catal ysts based on

pal | adi um Wisizeteusiras mefaghesis watabybtebasespaplbs tisde Byberawspshieperdsion dhe nagus and the

car bonat e c‘a{alﬁ%&ﬁif@y%‘f’{ﬂe @ﬁécﬁic ARt ThORE] %1 S4R5unPhs Jahaeryshus@a QARDAL ﬁ’(ﬂn 1%
hydrogenated nitril & rubber having a wei ght average | ecul ar wei

50, 000 g/ MdP0 ppm P’é&@le IB?télf eekmbly from 2 ped é’ﬁ@eml@“@%f from 5o doorg) ed Oli*mr e
15 prsef er ahl ¥indi0 rﬂb@@r tfs@(p @fa ﬂ%f&@@ eh@o&glegm tlQ/ ent lll;@ltlb]y e %%@-Erﬁgltﬁ orile

rubbers obtained al so have a pol ydi spersit wher e 4, is the

wei ght averilst (Erad ltadingie inghe raagroeffiom §- %P/tor@éomtmme Rvisrehlyd)- Q%cw 82aPhir

wei ght, ofiel @?@obﬁ h?&tteays(t) of s@t’h@ttn%r(ﬁf)l (ﬁru%bsl(H? c&tﬁ’lyit%? StrcRANT¥), o HORYBa catalyst
preferably 1. he process present invention, the

opti onal | wfﬁymtufgéﬁ&t @oﬁtﬁ@bﬂ@@#yst of steetugg @WH)F @ﬁ?rtdﬁ@c sepkyEref ssestiere (¥R, a

wher ei n t heqbplbgy ca'ta'iys‘% SPLARhRI WK R oRa %Ql@@tmf%ﬁt/ oFRIFRINIGs GEVNVG &ML h
the | ow nol ecul ar” wei ght of the i sol'ated rub it 1s not advantages fo

use ande(?@W%dP%?WBhOlt eeilhuesmalpynd.dge éﬁalgat lapdipg isaor l§xHNRIe Hles more

(”Etha”0|1rM&Qﬂ&%ﬂﬁQQ&ge&Hﬂﬁﬁ@b6ﬁWﬁu%ﬂ@Gm§§ﬁ%ﬁ%%@%%&nﬁ%&~tO the extreme
t acki ness of t he pol yner which would result in |ost product and | engt hy
finishing times. 25Therefore, a process through which the |ow nolecul ar

vei ght  optyRRRkdiend M%r&ﬂﬁ&ﬁ?t@&s@é@c&d 8 tcPfPtls Yr{v%ﬁtlo%% Ele }%ﬁmlvépdyasi t%rd‘gé&"ﬂibﬁ he
organi ¢ solvent in hi has been devel oped ymer |Isolation: It is

necessary 4 ¢he daginded pﬁ@lerr@%hemtalw vehtcag b@ﬁartl%omn Wanﬂléfrk@“%tﬁ thosg  of
reasgns: TRe3 BOlvents are harnful to health and the environnment and at

hi gh concentrations, degrade the polyner's performance. It is therefore
desirable to have a | ow residual solvent |evel of bel ow 2000 ppm preferred

be' ow 100G pppasade £5RER il the RY&lgEL R nREHIPW SOPhREBencous &ht%tér@gmfahé)gy

i sol ati ng rubbers from sol vents and of reaching | ow residuals
rubbers | SvgRoEpnag sk prEYHS I & it A3 Bosiblg toedrmy puttthrchygragenation ikt |- iR BpRPSes

coagul at i ngadifag vEéé@pﬁrwtﬁéﬂ g n%tﬁﬁmcocteg@ada@th ha3QPr¥BBEsly 68 boR dAgiddnsue 3Rd vent
fromthe rubber in the formof an aqueous susgen5|on With steamin WO

201 13% 237 6o thppeytsity sDigoiging tlze4degraded nitrile rubber. The hydrogenation catalyst is simply

added to the reaction vessel.

The catalysts used are usually based on thodium, ruthenium or titanium, but it is also possible to
use platinum, iridium, palladium, rhenium, osmium, cobalt or copper either as metal or preferably

35 in the form of metal compounds (cf., for example, US-A-3,700,637, DE-A-25 39 132,
EP-A-0134 023, DE-A-3541 689, DE-A-3540918, EP-A-0298386, DE-A-3529 252,
DE-A-34 33 392, US-A-4,464,515 and US-A-4,503,196).



stirred vessel and renoving the water fromthe stripping process with a
conbi nati on of dewatering presses and dryers. However, it proved inpossible
to use thwe2waahswmBogy for the | arge scal e comrercial protmpRe0nenf’s 5 the
| ow nol ecul ar wei ght rubbers according_be_this invention. It was
surprisingly found that the rubber could be isolated from sol ution and
brought to the I ow desired residuals |evels by a "dry" process, which does
not involve water. Therefore, the present invention provides a process,

wher ei n t halitae paspEty apdglaensyton ahedogenetion|ia the hompganpar phase preaiceriber balom t he
organi ¢ sqlyefty1ss Rhdthd K5 DRLLYIR 43 PLRGASR- 0§80 t he rubber is contacted
with a nechani cal degassi ng device, wherein the nechani cal degassi ng device
is preferably a single-, twin- or nmulti-screw extruder, nore preferably a
twin scr ewlﬁ&grea%rhﬁmeﬂa% A6k %Eﬁmew @orcégaﬁi?feaw MO prehde MaRh O ukWioD
screw extruder. 15Preférably, the polymér solution is prior to entering the
mechani caluderjasspreinie gatelest sliisjpewstbiarouer, &8ss, atciltélﬁSttOﬁFhG ggterad fipalket i ng
the polymer solution to distillationg!lg)@xfurther preferred enbodi ment of
the present process the polymer solution is prior to entering the

mechani cal Whttg¥s's FHbengey piododyb; e radiFaks & @Wé@ﬁlp?la’[f iddterany apslage pash atCheCe-

pol ymer soluuf i 9fp2Qt O 0UGR16EIK XL 4 dip BrVRld,- SIREL ALLLE. BEL ween
150C to 22(‘)%tl ggrgf era{) yal%;)ocpﬁgitoglgocft{%rtggergwﬁ{ apt énperatlure Pr%m ElOC to

18000 pr efrbpwhpiis, ERHECE wlﬂ@@@ a pHphpxfdgrarousr T4 €F Erhy dipsemeyodi A pisferatie

present p rlﬁﬁ)%@[?antd@@ﬁl@ﬂhﬂ}nﬁ{*feﬁmy%loﬁﬂe blsbrptlfﬂng i 9 3%&%'1@9 ot NEITRS ﬁ‘%r@al
degassi ng devi ce subjected to concentration by heating the solution in an

25evapor atirefsr#ilpd atherfacfeedgaraly tte giret Bt Windicay Iphhep hanapsydag dn cplopile; s
al so kept tﬁﬁﬁ%ﬁ@lp%@@@m@ﬂhc%mm)th?JrﬁE ahh an%(ﬂglghgfps@ﬁlggde)rhodluhﬂllﬁ dkrtber

preferred e I ment present process the yner exiti

nechanlcawnéé@@s?ﬁﬁﬁ“@@b@&hmp%mﬁﬁk@@ﬁmtWV@Hmahﬂ§|@V@ﬂmﬂﬁﬁﬁngﬁbﬂﬂédth%sh
Wi dtfy of %ﬁ!‘%@ﬁﬂlﬂ&coﬁﬁquﬁd@% whioh ﬁfemkﬁfl}?hos@ﬁ&flﬁﬁ B&lnY:o Elte%ed? ngQlty ced

m croneters referably, the polyner exi the sieve Is subjec to a
pol yrer cdmttlﬁglohﬁwlniwwhutehféhep@r ArEpanche wh!iz 1116@@ FRPUNHOMN ampw ingthgggnge

teﬁperatur@()lbﬁ% QRichp Yfer@ifly 906e Qﬁ%aﬁ%ﬁ !a$1 fef@ably in th
static-m xer W 1%9201%2376? /EP2010/y062478 Phaticulaply BhefStably in the

enbodi rrentfaltgﬁie@ 1pQ Bobritveighy bired omihe Meieht it R?b’r‘i*‘fﬂfall%%alde process for

i solation of a | ow ol ecular weight (H) NBR having a nol ecul ar wei ght Mv of
50,000 g/ nmol or less and a pol ydispersity index of < 2.0 conprising the

f ol | 8 ng I&tsapyally approprigiestoiuse Bicicatalyst togethed) WisRe sesfatrdyso whishtiap hgen dadfite
net at hesi Sfoﬁguld\BRBa@gerQRt PR B haﬁlesﬂ%bn?i&(ﬂ %VW%Q@@P%'cQthyQyPr%Q{a‘ﬁﬁln;n is

distillation to have a concentratlo in e rangé of from15 to
60 % by wel ghtis plpﬂﬂ@h%lﬁamdythzcra@@l%ﬁ W@Pe el or dffacyy Bredgrgmyleyis gepdo 40 %

by wei ght Qtafaig il Qb @noS@]alik{10Micycloflicyl) RiRyICORGEME at lig1-RAbnda 1d|(§a{: iLled
(H) NBR SO|Ut?Oﬂﬁ%btalﬁg ﬁ% % elcyco %% a c%ncentratloﬁggf 5% ﬁ% /ﬁ

wei ght of mwcv@koalkywhmlﬂwbmon%hﬁdl e Horandangeyistealkyhg @Fyqlw&ybrr@noaryl or

1OCQﬂpentnggggmgghﬁgggwﬁghyggon (ii1i) mechanically degassing the pol yner
sol ution obtained in step (ii);

Examples of cocatalysts may be found in, for example, US-A-4,631,315. A preferred cocatalyst is
triphenylphosphine. The cocatalyst is preferably used in amounts in the range 0.3-5% by weight,
preferably in the range 0.5-4% by weight, based on the weight of the nitrile rubber to be
30 hydrogenated. Furthermore, the weight ratio of the rhodium-containing catalyst to the cocatalyst is
preferably in the range from 1:3 to 1:55, more preferably in the range from 1:5 to 1:45. Based on
100 parts by weight of the nitrile rubber to be hydrogenated, it is appropriate to use from 0.1 to 33
parts by weight of the cocatalyst, preferably from 0.5 to 20 parts by weight and very particularly
preferably from 1 to 5 parts by weight, in particular more than 2 but less than 5 parts by weight, of
35 cocatalyst per 100 parts by weight of the nitrile rubber to be hydrogenated.



(iv) punping the nmechanically degassed pol yner solution obtained in step
(iii1) through a sieve, preferably having a nesh wdth of from10 to 100

m cr onet ewQ 2priai2ereably from 20 to 50 microneter; and optcomekéiy/ocnasi ng t he
pol yner obtained after sieving with a pekymer 15cool er; and (v) discharging
the polyner obtained in step (iv), preferably by discharging into trays or
by form ngryf, rib?acﬁga_ll Wémén%lgn laﬁ{h%shydrogenaﬁ_g&?ls aﬁé&u%@@n%ﬁ kPRl sy glrtﬁggﬂflat ed

nitrile rubber obtained after the"isolation process according to 20t

present i rfiahbBano6.085BH%r It sesudlysairige apt ba/é@ﬁtmgéhe le%erclbhﬂr waedwd@egawﬂen a
sol vent 1 egjdmuctPds higSR o %ﬂo&l@&%eﬂ%ﬂe wﬂ{hqlfyafogm ¥ o t&ﬁﬁergttlf’eﬂn %{%QQnngqmn@nd

even nore preferably less than Distillation T (H) NBR "pol yner
sol ution cORNEOFE ard nrresam dsthe r%nge g@ﬁ el 1r58tberdf0t ﬁi@re@gml%lwurﬁe nt

distidlation 25 to have a concentration of (HNBR in the range of from 15
to 60% by weight, nore preferably in the range of from20 to 50% by wei ght
and most  grosfhsmasogesion thetpeesend irysnigm, hydsecpsionds 2m9stiop ofidic gheblpporndh arcsest a

m xture. (1h'tﬁé°£t§rtﬁ1%@19@i“é Rl Ph A0Then@MBRAULAL 50N, plaéhbRY 1M, thRiaRIY ent
distillation is advantageously carried out in several steps, one conprising
a pre- condeeferebly 86mM0% 50% t o 80% wei ght of the total mixture and the next
step in achieving the desired residual solvent Ievels. In one preferred

nmet hod of carrying out the pre-concentration, the polymer solution after
the 1035 diWhen egrogsacess egfalyss preai ek these sanueoliysipaeriasiraishis baser en palladium
pressure Qfpiéhge RhRRarhsic, s oRBPHEAHREE NG &R IcRmPcaiat® oPGriuAREIphatPr €f er ably
between 1 and 4 bar) in that pipe so that the solution starts to evapor at e
partially at the walls, leading to a drop in tenperature and increased

t enper at ur grer THRcusYR @fot%é/h%’r%ge@éﬁg I BRARLH Q620 R 7ubBE Havi!d whiEhPRIALLN €
of the evaporatlon}ggt pe is also kept between 150C to 220C, agreferably 170C
P

to 200C. TRdealaapsicat plot-490 émeli os desarnelerablyein pheodngst 10,9060 0.8ehe(mat ingsie

vessgl, 1 NyRiagly ihhig MAROLY §0SERBIBE §/ma?. TH Lo @na@é&ﬂﬁﬁm fuBb&H o PHnY B
solutlon The pressure In that separation vessel i s kept between 200 nbar

abs. and 0% paslydpersity PO eManMy. WstMers thooveiahhrvertsg mokasular weight 2addl iTher e
are two ouhl flmsbdr Qvdri& ﬁ@l@&ﬂﬁtwe@ghtvcﬁﬁ&@ khan0N@, JrOkrablie> YAROW:S ARG R RGré OF

t he concentrated pol yner solution. The vapour outlet is connected to a
condenser mgferablyJddedih punp. At the outlet for the concentrated pol yner
solution, situated at the bottom of the separation vessel, a gear punp or
an extruder is 10 enployed for renoving the concentrated pol yner sol ution,
pr ef ¥ abl yin dhgrsasespafthe PTsent foieytien thsotisientlbavidegeraseionber 5osgleisd Sogpthe t he
outlet w tslalvgltf{%olhﬁ(m)%@r%ﬁlrﬂ?e ﬂB&PQ'cGﬂa&&l \gﬁ‘l %;ﬁ)ie(;lféﬁ}lgal dpga%‘lﬁg @cbicy WPk Gowl 30C
due to evaporation of the solvent. In another preferred method of carrying
out the prreolé@h%émghaf)f B isofarsl Hblioyriels neidyritegys &F e ptapdnsd isoBtien ehmiqust | on
step is trgat moa@nﬁmnwlﬁsﬂmoﬁ&egnethalnral i RpSi@AehanbiNg:. ﬁ&lstéafn%ter%upwmed

t hrough a heat exchanger wt wal | tenperature between 150C to

pr ef er abl yEXIyoCtaeknggotthe @Ollyé]ﬁtﬁhlﬁh W@Hﬁé?salitum bos§ ﬁreqiﬁcn&@ee@%hn@e@mg tlmes

pr ef gy abl Wh%?e@&: t@pl%@&%hrw RERN 18X NARGBEYIFBYciBR: @p@l@ﬁi | RRtsdetigs llﬁeﬁ&

exchanger, a pl ate heat excﬁen er or a static m Xer heat exchanger

static m xebmiesuidbaipitehion @eﬁr@ﬂeﬁﬂé@ﬁ imiHgh yjeld hinsehices davglopesh s t hen
flashed into an separation vessel by 20 neans of a flashing valve. The
pressure before the flashing valve is controlled so that the polymer

sol ution ddgnerdsolyint i n t he heat exchanger. The pressure in the

separ at i on eseakarl stO K&Q&Vebtﬁé Y&RINa12QR HPREm aRS po1dAd fr 3 RRE: %ragsreas&{sef[ﬁé ably

bet ween 100 nbar abs. and 1 bar abs. There are two outlets fo the
sepatlat i orrolE8¥are heﬁeulff@rheﬁlﬁléa%%@flglrw% ded piohich genceptivtinns r daeadiegbt yner

sol ution. ,HReney3Ramene! Bls thGeBRMELEDRAs hfied 169 RARDARLIVEN Geval HBEKWPoRY MP.
At the outlet for the 25concentrated pol ymer solution, situated at the

bot t om of APRePSENad blew A0QPewgrnd cspeeially prafaiss! bsfowadl0d®iy uder i s enpl oyed for
renovi ng the concentrated pol yner solution, preferably a gear punp.

The technology of isolating rubbers from solvents and of reaching low residuals for rubbers is well
35 known to those skilled in the art. It usually comprises coagulating the rubber using steam or a non-

solvent, stripping the solvent from the rubber in the form of an aqueous suspension with steam in



The process of treating the polynmer in a flash step i s advant ageously
carried out several tines in sequence. The preferred nunber of flash steps
is two orwohlnaen3tst preferred is two. After pre-concerCrarRan/06iie
concentrated polynmer solution is preferaply heated in another heat
exchanger, preferably a static-m xer design, with a wall tenperature

bet ween 15QC.andset gIQQ’emQ'l;lﬁ;; SRty flgﬁttﬁ\?ﬁl@pplﬂgq%‘o&&dw%pggmblﬁagoﬁof fRRREAL Ur e
of between 110C and 180C, preferably between 130C and 160C. (iii)Mechani cal
degassi ng PTWSM@E/Y@%?GBPCT/ EP2010/ 062478 - 27 - The polyner solution is

t hen di scharged into a nmechani cal degassing device. One preferred option of
t he mechani cal degassing device is an extruder. Single-screw, tw n-screw or
mul ti - scr ddpvexer lidersd mnpstide tpstsa tigechnrlogy futlisdarae sqsicep@mergil ipeodgction of

tW N-ssCr ewh X MEREuIANEL 87 RaSHA! a'c&’or@ihgﬁcﬁﬂmsqﬂv&us@'ﬂ RhalutRBingBetobiadVnRe hY
twin screw extruder. The extruder is equipped with a rear vent, where the

5 pol yner ke pedd baisplated dromaotign ﬁn%%rp\a@lt toathe layagrsirpsrosidpy levels by @nﬁﬁv’he

pol ymer sqfdlei:ORnith sl nbBR N RYE! 1 n the opposite direction fromthe
conveying direction of the extruder. The pressure in the rear vent is

between 5 and 150 nbar abs, preferably between 10 and 100 nbar abs. The
ext ruder 'ﬁe%f&@ tﬁgb'ﬂepé?i?glvg\ﬁﬂoa p?@\)f(?ersal pr&tegbeGth\fl%ﬁt the oﬁtmnglllsgf%rd\ﬁé]geﬁﬁed nitrile
addi ti onal vapour separated fromthe poly hese vents are
operbt ed gublepipdyol ﬂﬁe Ofgl%l? wéeqm Whﬁloarﬁlamﬂh arpecessapsTe the bkt agoptapied ween
1 and 10 nbaf 5 ARShanlddl gﬁ?s'ingt R vUOl HerBRShd ﬁ@é‘lﬁgr%alb&ﬁgﬁ‘é%ﬁ{g bR & M@fé}aﬁoiy a
liquid seals formed by the pol ymer are erzg oyed are caused by
back- punpisiglesewin engulgfscierexuyder wepas Pigfsragly %tézus@reav @eeéqr 8rd pest peeferably a
ful ly-fillgdomitdsdaliy ﬁ%"[wm-g&}@w\é@tlrddelt.enper ature of the extruder is between
150C and 220C, preferably between 170C and 200C with its turning speed 15
bet ween 200/ m n and 600/ m n, preferably between 200/ m n and 600/ m n.
Resi gence il {@RibiyNink g@lyﬁ%lt ffoll'lgf%ﬁ id p?lop% Weshe 1Y ARKANRAST 18ALinARvRE W?ed to
preferably between seconds and 180 seconds. Anot her opt’i on of

mechani cal conegaaion fjoubviljectipg ths pplymgesolbionredididlatiamuous kneader . Th| s
kneader may be single-shaft or twn-shaft, a twin shaft kneader may be
either co-rotating or 20 counter-rotating. Such a kneader is
di f f er ent ilaedertier pivfoaisd esboditrent obihepassrgrocsrghs pqheefrrdemel BiPRasto cpstiden
300 secon C{§e ARchahRA0I8 &R iR RbRERRIY c&%l‘{#ﬁfbn@@%ﬁs@&@ﬁh@ %oﬁy’ﬂ&%r 36@8on

seconds, havi ng only a single pressure zone, | arger "surface area
t harttan’ ext foyghet h“é‘h@lxcha%’twltbPé‘ﬁ‘ilé?mléﬁé‘ﬁ%lbﬁ“teﬁn é)$0°ﬁé&t22q Paﬁ@feé%blﬁdh@ £doit

| arger ar eggec ﬂédmla?e?np‘élfat&élﬁ&nliW@qgﬁ@@rﬁeﬁeﬂ&y%@% {-iByer the Buss-SM5
Reasol | . 25 The pressure in the kneader is kept between 0.5 and 20 nbar
abs, preferably between 1 and 10 nmbar abs. The wall tenperature of the
kneader i S,hef¥Re rem@eﬁﬂgdl%%%f ﬂer&éseﬁ@bwésshﬁé mﬁﬁerlséﬁgo@ﬁ%n&%@memé hi ng
speed i s between 10 and preferably between 50 and

30(iv)Si e\ﬁhﬁgler:mqlemdﬁgasmé %@ﬁaﬁﬁbl@&qeddegwpﬁgﬂ%w beatingtfhe golugon igyamr
punmsf or i REFRADH PhHe RHER tl?e'Walptel%b&Mtﬁrefo@Ehere%mvdtﬂaﬂ ip%thrléotldeﬁtsoefv&e@ﬁnl §de€ 1o
polyner. The sieve has a preferred mesh w dth of 1prom 10 and

mi cr onet er220r @redi#idy ! reom 29°@nd 50 nicroneters. After the SI eve there is
a preferred option to cool the polynmer with a polynmer cooler. The polyner
cool er cools the polynmer down to 160C 35to0 100C, with a wall terrperature
bet ween 150G &ﬁ@ergme%rre% embodipey oftthg gresydpEtcess shepolymgk prtingrfhgepechyipal WO
2011/ 02376@5@- hgﬁ@@é@{s%?ﬁ& %hrougaﬁa sickdwith BEAAF QI NGnAFHAN o fHBVdRY 0 @hd 100
optionally after the cool er, the product is discharged, preferably by

di scHar gi ﬁﬁlc%oﬁ“)étefﬁ%f?&blyhﬁ"&?e{l?%%dWrmlﬁl@medeffg the product into bales. 5The
nmet hod of heating of any of the heat exchangers can be electrical or

t hrough a condensing or liquid heating nedium As condensing heatin

medi um  stidslaby. BW@P&W@@XIH}A&M@ IS & SH@&%%@ HRAYBFH copliRga @Oh@atpogffna“hsf er
l'i qui ds SLHo%Ql)%(i)Q foheot@rnar AtvHil &nerdill® bBFvREE 3 S0°ar MdPvet alKsdn pSlyaRd: heat
transfer uids are generally well-known and comercially avallag and
can thenseioglé"slsﬁeaﬁ@&@’derém%er electrically or though a condensing medi um
Cool4sng can be done by a liquid nmedium 10preferably pressurized water or
an organic heat transfer |iquid.



The present invention further relates to pol ymer conposites conprising

besi de at | east one optionally hydrogenated nitrile rubber according to the
present iwoentivsredt her ingredients customary in the rulpbemprboielos247d5 The
present invention further relates to thesuse of the optionally hydrogenated
nitrile rubber according to the present invention in polyner conposites

conpri si NGy, RESAE e@bodifa? the PR eRRIVRRA that OXIRPANAL §FbcBs b ik (ﬁatfoﬂbﬁl@ § I’low
according to the present invention other ingredients custonary i

rubber fi engleculp Wight ABINEBR nkjvingi & readecalys tvesmght YW noft He09Uatae! qrj 1é$5danair@

known to apo%{sgémtyﬁmelxlo@d 210 ohipBsiAd the oG Heficps: MENtion is made to
cross-linking agents and/or curing systens, fillers and further auxiliary

products f6t rubbdlson giich HINBRaeliien obinst etlisr gnejathesis) efABRatapd rpptional

accelserators, vyl,cai# ﬁ%&@&n@tﬁﬁ%@&%ﬂt QRtiRSh b l?afvé §§oncaﬂﬁa{16}¥éfqﬁ5}ﬁ]§fi i t‘H@m ng
agents, anti-aging a heat Stabilizers, |ight stabilizers, ozone 25

stabilizers, prbeeselifn b @0 ‘pbryeichs pifosbly ?aQCtR |5f9 Pebgweishtompisgrolgay 33
dyestuffs, p|gngnmg%by@%ﬁﬁuﬁﬁkq&g%BQUmprganlc acids, inhibitors, neta

oxi des, and activators such as triethanol anine, po Iye;hylene glycol,.
hexanet ri ofidet cPre@epsssiationief fy disglied DNRB/ slutien phtagedipatop iy 3@ FhRECRFABgRNt

i nvention is nopr kp m tgpdot 9yave§g@@<amhe CSSkibMKAoRRERTy Rlatif! ok MG %stem
Sui tabl e curing systens are for exanple perOX|de curing systens, su

curiHg systens, caReietcd nplymg sofipins, UV curing systens, pol yval ent epoxy

curing systgys, nE&kMMﬁkﬁEg%hﬁQﬁM@&?&%mﬁHﬁb@QﬁﬁM&hﬁ&%p@ﬁZ'r'd'ne curing
systens, basic netal oxide curlgg Systens or organoneta1llc hal i de curing

systens. PHEf er PeBPieyihp Achepistibicearel nobimsk paeiogvbiaiigd sysdipdii thraqghmsieve,

curing systens, pRMEbE &u&g%&ﬁw&h%ﬁﬁowmw 100 i Om&YS hRIBabl ArRANbIgYh ar | y
preferred cross-|inking agent or curing systemis a peroxide system WD
2011/ 023763PCT/ BFEremyro apd gigionalygcoolipg g\ﬁm%rféneé Whieigd eljet Benimehwitly p dolier
inveption is nogmﬁ&nh@ed to a speci al peroxide cross-linking agent or
curing system For exa |nor?an|c or organi c peroxides are suitable.
Useful or ghi c pieshasg e P?i&llniifd@ red| Rk yiep &V b daebly ké@ﬁ%&%ﬂ&iﬂ@e@aw or by

ar al kyl per oxi degrmp gmgﬁbg%wehmﬁ&ﬁx peroxi de esters such as di-tert.

5but yl peroxi de, 2,2"-bis-(tert.-butyl peroxyi sopropyl)-benzene,

di cunyl peroxi de, 2,5-dinethyl-2,5- di(tert.-butyl peroxy)-hexane, 2,

5-di met hy kg :1@1a@éd(oﬁoﬁ5ﬂally h%&@éhﬁe@ﬁ&ﬂé’ MbBE ¥bBMEd afleBIhe isblation Plosest hRbiding o
butylp eroxy-3 ,3 ,5-trinethyl-cycl ohex ane, b enzoylp ero xi de, tert.

- but3fl - curih? PCERbIN B OBNEPIIEFEs. & SOBiFRY e dich oG aYean OTEANGERIVOpt repides. it of
peroxi de iiRaid0g0 Wraﬁ? ROt ﬁ)O’()%pfnr&n@ Q\%n'hﬁ)@@&ef@lfabl Q% 560 goth. PO (=
parts per hundre rubber), preferably 1 to 8 phr. ring is usually
perfornmed at a tenperature in the range of from 100 to 200 C, preferably
130 to 18QyHC. ThsuRebRxi de m ght be applied advantageously in a

pol ynmer-bound form Suitable systens 15are commercially avail able, such as
Pol ydi sperSEsHNBR/ylYmersglupoy simingRieninatatlssis s fpesnHalgd h sghvqutdigiglfaginier

boung di - 11§ hhve abé&lyénlﬁ%ﬁ&?(d&‘(Hm @IPME pa%@@ §1dm 15\ dve, 9}“&/&@& &M&t&é'&rably S
am ne curing systen1usuallg yam ne cross-linking agent is d0
pr ef er abl ythq g0 aibireta 2P g S0% by welght and most preferably in the Tange of from 25 to 40% by

weight of the total mixture.

(i) Pre-concentration
30 The evaporation starting from the solvent distillation is advantageously carried out in several steps,
one comprising a pre-concentration to 50% to 80% weight of the total mixture and the next step in

achieving the desired residual solvent levels.

In one preferred method of carrying out the pre-concentration, the polymer solution after the
35 distillation step is heated in an evaporation pipe. The inlet pressure of the pipe is low enough
(between 0,5 and 6 bar abs., preferably between 1 and 4 bar) in that pipe so that the solution starts

to evaporate partially at the walls, leading to a drop in temperature and increased temperature. The



20w th crosslinking accelerator. The present invention is not limted to a
speci al pol yam ne crosslinking agent or cross-linking accelerator. The
pol yam neworesiai28Téki ng agent is not restricted in parti egrar2@s/obnng as the
said agent is (1) a compound having twa,gr nore amino groups or (2) a
species that forns a conpound having two or 25 nore am no groups during
crossli nking Aphthd of{ﬂg‘é%%fano@mﬁ@fm% REL WRGLE Thoec B et iptferMly Ipy(;dcqgens
of an allphatlc hydrocarbon or aromatic hydrocarbon have been replaced by
ani no gro¥8°r hydrazide structures (a structure represented by

- CONHNH2", wherein CO denotes carbonyl group) is preferred. As exanples of
pol yam ne crossllnklng agents (ii), the follow ng shall be nentioned: 30an
al i phat i ¢ Psleyaperatien pige dischergst e Rrodughinth y beprtiof erichan whish Bieeiyrseaparate

di amse c %Mfﬁ@k&leeﬁtﬁattgd L(ﬁﬂﬁ)npﬁﬁt@fg&lﬂg n thﬁ%%ﬁ%l@ﬂ L&na is kept between 200
di am ne-ci nnanmal d (ﬁ% uct, or hexaneth g ene di am ne-di benzoate salt;

an ar omat i"ebapabsy i aral?Sepréfeg?@Wewezn hP&mpayapy anghd brs Bbre ABSKS e e puflcts to
propane, 4héSqmﬂﬁ%H¥££9ﬁgh@ﬂkhhﬂ%moﬁ%9&?&%H%Pﬁ@b@ﬁkﬂ§Me@p&Qﬁ@Y&ﬁﬁﬁHf@H&ne
or 4,4 -nmethylene bis (o- 35chloroaniline); conpounds having at |east two
hydr azi de “$peuicriletésconpecisdep atsPydonsen pht herchem aBma. A thy ettler fog éhe camopirelcdei d
di hydr azi deingf SRR AuAS ol AR HE e R 2O %&E@&P@éfﬁ?&%@é&@%m
- 30 - Among these, an aliphatic polyamne is preferred, and hexanethyl ene
di amithe campAevad dorirgneydng the aeeen iAok noderer sefutiaT Rrefasgy @ B¢ar gpmp. Hehepslyynshi ne
crossl i nkigcAg8MRin dcRcHeH 80N % @@%Iazaaialoﬁua%ms 1ERRSE Ut PRirgSo 180 & R0scange
of fromO0.2 to 20 artsﬁbg preferably inthe range of from1l to 15
party by EsfeRbly 1Adiod 307 ‘@ﬁ%ﬁPQWBW“WﬁﬁﬁﬁQVS“tO 10 parts by wei ght based on
100 parts by weight of the nitrite rubber. The cross-1inking accel erator
may be any cross-Ilinking accelerator known in the art, for exanple a 10
basi ¢ cr os&RMeRF e aENehed efcarying out the PiF-d98s5aEationg (ha hPMsEs dytia dftEHRE ng

accejser at Qfistfidfibh a8 LetchRuet hyhgnarbeithenis gtsger a&tslamlngy@snpahm,thmugh a heat
di phenyl guani di ne, di-o-tolyl guani di ne, otol guani di ne a

di - 0- t ol yIGEHIHEHII agelllterppergiiiie ke e | 98¢ T%Zécwref@rrablaﬂa%ﬁytaé%ﬁﬁ@ 1@elhy s

l'i nki ng acggp&Lial ot Blveh AR, heirrhia deRy de aqteC] NR he@GRERhES Mud 8aruRMNI a
and hexanet hyl enet etr am ne, wher eby a guani di ne crosslinking accel erator,

especi al | ynishe hepjexghangersa 91@1eweafgf&shﬁna?rrﬂr a sfadic FHEF depEdchanferon S UHHEE nent

of the pragendxchdhgent ipRtertdue '[(H'e%gftﬂe'r @(klhﬂgi is %é\tﬂasﬁ‘@sahto%ese;belratld?lrvessel by
pol ycyclic am nic base. Suitable bi- or ycyclic amnic base are known to

a petlson SRy elp flashipg galyg. (The Wé@ﬂéﬁrbgﬁqrgﬂheEliashﬂeﬂvabwugzw&ml%i sqrthah fhe PlygsT i s

sel ect ed fsmm)ﬁ hss 961Q6R 11@91@$1b§ttekd'lﬁn%fr Tlae%rééé@@ﬁhh&ééﬁé@ﬁcﬁl \ﬂessQlfam@lﬁ%tzve@@e (
dlazablc%clo[4 nonen

di azzlﬁ)l cyc2|08 [bap absy gt BAday @As@ejerabiy ‘@tveﬁtnrlioéf%}mf glg’/%: Peg h‘b% 9@]9 deeresare figo
(TBD), 7- ngtibwy ko thd separbriordsdel: 3z R eéGh/luts $hd@hees 1R-SR&nt Byt doluish,

derivatives. The bi- or polycyclic am nic bases can be prepared by nethods
known in tHE ppur Q‘Hl?tbsr‘éi‘”é‘re?téél t‘b%s‘é@der‘i‘ﬁf“ﬁt%I@r?eba‘iuﬁmtlﬁénfbr‘%%‘é‘ﬁt"uﬂﬁ Bitthon

ar e BoMerGhéhtrite@yalhablotitio” 2htDated s (RNRRGEMe L Kgarﬁtlﬂﬁ WRELRB @REaripIMBRE bON A
bi - or polycyclic aninic base is used havin - value (measured in
mﬁ%m%

DVBO) in tHBUqehsganlped fopFmoying ghecppeentrated aefvtiany Preferaglyy gear pump.
cross-linking accelerators in the rubber conp05|t|on is usually in the
range of 0.5 to 10 parts by weig referably 1 to 5 parts by weight,
more pref ekhsreees thére fingAh¢ EOIWGTSO\R/@E‘@‘h%tGP E&é\@&taswum@aﬁ&fitogt S@yeredé}ngq%tm of
the nitrit@quchbbeho préfefrédi@nibs: &Tfﬁg}ﬁsrt@b iMwB ef e ekt P raedtsitng t he

vulggplzable pol ymer conposition to tenperature
After pre-concentration, the concentrated polymer solution is preferably heated in another heat
exchanger, preferably a static-mixer design, with a wall temperature between 150°C and 220°C,
preferably between 170°C and 200°C , to a temperature of between 110°C and 180°C, preferably
between 130°C and 160°C .
35

(iii) Mechanical degassing



in the range of from about 130 to about 200C, preferably fromabout 140 to
about 190C, nore preferably from about 150 to about 180C. Preferably, the
heat i ng iwocondusteed for a period of 35from about 1 m necexpre@oabnog 15
hours, nore preferably fromabout 5 mnyyes to about 30 m nutes. WO

2011/ 023763PCT/ EP2010/ 062478 -31 - in the range of from about 130 to about
200C, pref@Lablyhef £o@dﬂoﬂ@s°ﬂﬂ£n éiéléi’i 1§de ﬁaﬁ%ﬁqeé‘lﬁﬁ&l d@&@ﬁngoa&fc%r@m pretbh QMBpRBPUL
150 to about 1g> for a period hours  which is perforned out5|de
the die, efghe wyckﬁ\ma-‘@i Aggapting da\rlefam aﬂa?’@mdﬁf SingehisTave SPELCICoOVe OFf BYH-fFASY , i n
a standar d:xf?l\f&'&-m R foP thisSHBERMprUE FRBL 8 Y. sGUY L RY SR ER A EpKRAWD | N
the art. In the curing systemusually a photosensitizer

( phot opol yrRerPiRERg. sHl-iing tinoye)ew extrides dlhe EXigIAST i SQWIPCA M @S §prti vwherasthe

i ncl ude bepzeihn ﬂasﬁl@s”i%féﬁﬁ@&%@er bREIZR 0 &EE Lra%tf%%{ the PAPAS BBbMVhicRIHRET -
benzoi n i sopropyl ether, benzoin isob uP i benzyl ,

5- ni t r oac &rfapHA Hereposiie dirediion foay e %@ﬁm@ Fhé%wn pfthi: W&ﬂlprp higypressyse imteij ¢ r o

ani l'ine, ZefnBittid etldeh 8R4 k40N Bbar %bs p@ﬁ%%m&ﬁ]% BRIM®0 mbar abs.
3-net hyl -1, 3-di aza- 1, 9- benzant hrone. The photosensitizers can be usd singly

or in combination of two or nore of them The photosensitizer is
gener al | y pedirhder ﬁ@lé@%ﬂlﬂfaemlﬂpse%rﬁ%tﬁerQ@ﬁtg Sthr@ﬁ(ghv‘@lﬁlglhﬁddlt%glf\%f)ﬁm %a@bé‘- to
2 parts by weight, nore preferably O 1 parts by wei ght based on

part¥ by wepajHed @q*mttlwomnterﬂhésel@mﬁ@f%}perasdlaf lopverpreisHig. Bepgeca S and 2@wllbraur
curing is JsyabMbGalhl&d. loalﬂh Ianlﬁr %se@i?&td@ll toSVbildWhs Rkl IbbtWeck ARLEIALNI
vul cani zi ng agents 'known in the art. Said sul fur containing vul cani zi ng
agent s usd&lﬁl}%ﬁe%ﬁ&r@%bwﬁmmef]mﬁ cpgloyed. él‘ﬁ‘ilqhél@@luéﬁdrhy bRREpUTRIBRICEEES 9h f ur

at the curihdgkdiRBPSkiak ls'dil@e § sakibato MH§ %)led &uhfparynfép n@ﬁeswﬁﬁﬂaml@@raﬁymﬂ t4é ded
into those that can be substituted dire %/ for sSul wi t hout drastic
YW

change of &Hedeg isbetiger by Q@fi@?@%?a Rf%ferahb{@e 6% &7( ﬁafld %qoecé‘iﬁﬂm‘lsﬁ‘&ﬁ]ééﬁi%ele‘}

vul cgni zatyeRitea006 el Mdod/mikrReebE RiwdeReod/iiSind d0DEniar ﬁesmhceetm tBe
di t hi odi m)rgpol ine, and 25 caprolactandisulfide, N N-dit

bi s- ( hexalfpdsT Blheeh] hspends andlﬂ&P S%CGP‘fsul?re@B‘ﬁBrl@erﬁla?O %?F@ldaﬁnctwsg%zﬁ@ tine
vul cani zati on accel erators, the vul cani zati on system has to be properly
nodi fi ed, known b erson skilled in the art. Exanples of sulfur donors
that are atnatks Ogé%o 3 Hechgicelltezaineotp ViR e P diTae ap%lmarcémmuous kneader. This
2- nor phol 'k'?l@a&lrtrrﬁ'y%e@ﬁ&?@iﬂﬁft@ﬁ%ﬁrsh@ftpa iR UMb LIRS nfalibdredmt e d- 1%%#1'11% ogle,
Noxydi et hyl ene dit hi ocar banyl - N - oxyoxydi et hyl ene sul fenam de as wel [l as
t et rihet hyouiterigresng 3oWh 8 knfadgels dofasuiieddranpr griredshbuhhiinglopesdaiisrag
agent s ar ainfR@Natdeh 3@Lecthids dhd 180 se®@ndh, preEEkdbROBEPeckMD Esechifl LANMBI00¥Ecohdl ur am
nonosul fide, e, g. VulkacitO Thiuram MS/ ré tetramet hyl thiuram disulfide,
e.g. Vul kdwitegirernlirasee e g 28usihiarespfurfacgygyca than an extruder and a much
2011/ 0237 6384ek/ kP b DR hnster 3de 1o 1§H1|r§e'f| bire@d. Ebthp S o RBRkScadrS aHSBELAS
curing agent usually in an amount of 0.25 to 5 parts by wei ght based on 100
parts by V%thh%?usﬁﬁysrﬁqa?qll e rubber, preferably 1.5 to 2.5 parts by
wei gt based on 100 parts by weight of the nitrite rubber. SUsually, the
sul fur or sul fur containing vul cani zi n% agents are used together with a

I

vul cani zat Thsmresswe ibthg fagadey kepihietvagn Udamd 28tmksk a'é%é@lf‘@?‘%{YBFféVes?éaR%bQ/\m in

the art. EX@RbELIhaWEI %{p@ﬁmr@)oﬂﬁ@ﬁﬁe@a@tlpsesweesulsbmﬂﬁm WHe-@GR&ELR B LR en
t hi uram accel erators, dithiocarbamte accel erator

di t hi ocar by ¥4 PeKatreiresecedlichearssr 40 andsifdinp. @r%fere'élrf BFAESY Y and gYRmEE ne

accel erators, am ne accel eratorsthiourea accel erators, dithiophosphate

accel erators and sul fur donors.
30 (iv) Sieving

Following the mechanical degassing device, there is a gear pump for increasing pump and a sieve
for removing impurities from the polymer. The sieve has a preferred mesh width of from 10 and
100 micrometer, preferred from 20 and 50 micrometers. After the sieve, there is a preferred option
to cool the polymer with a polymer cooler. The polymer cooler cools the polymer down to 160°C
35 to 100°C, with a wall temperature between 150°C and 90°C. Preferably, this cooler is of static-

mixer type.



10 The vul cani zation accelerators are usually enployed in an anmpbunt of 0.5
to 1 parts by weight based on 100 parts by weight of the nitrite rubber.
When t he woceliematedr dosage is increased (for exanpl e 1PETIEP2R0H6p38ts by
wei ght based on 100 parts by weight of .bhe nitrile rubber), the sulfur
content should preferably be Iowered. 15 In a preferred enbodi mnent the

sul fur bas(ep VUi g@,gfg;@gtl on systens additionally conprise a peroxide such as
zinc peroxide. Fillers 20Useful fillers nay be active or inactive fillers

or a mixt ukfEer sikvipg preptippadly fafter thg cogley ﬂaf@rocfl@‘rls diselrepacd. prefprabihiby digfhopmngsibel
silicas, D&REEHoSafs Orl;ynﬁlﬁléethp{glggdcping@gaqégn of silicate solutions or the
flame hydrol ysis of "silicon halides, preferably with specific surface areas
in the range of from5 to 1000 n2/g, and with primary particle sizes in the
range; of fflf%%ej&g)dto@ néRf emnyton@he%hﬂ &aﬁnga@cglme' e@éaalcwor%%h/gﬁcom&éﬁghr as

m xed oxi desw th other netal oxides such as those of Al Zn,
Zr and Ti ;liquid/brapag medigin. iAs gpadensiag bpatpg medigmrmitesm sior¢fermed Dsdigdidhdgebng ne
earth net alcfin 'o%%hfé%eit'tﬂéﬁsfém&ﬁ% bHAb I kd e R eQFur o 1Rl I%&e%é %Lrl: &%Tfe‘r‘ped Such
preferably with ecific surface areas in the range from20 to 400
m2/ g and pierttengiepliguids ereecasabey di-sngvwn @Héom@ﬂ@@llbﬁwh&@maﬂéCﬁroth@@@l\f?ﬁioe

30- nat ur a'hea%él LifRE QSotriHE br BSu %%ﬁdén&ﬁ'gjm&iuﬁ}ﬁrcdaﬂﬁ E bk Yio R 1{guRBnediym,
silicates; glass fibers and glass fiber products (matting éxtrudates) or
gl as¥ mi cr%@f@‘ﬁ@ﬁ’é%essunﬁ%it"éﬂtef@k?fd@gam%lt?éﬂmé@feleilw oxi de, cal ci um oxi de,
magnesi um oxi de and al um ni um oxi de; netal carbonates, such as magnesi um
carbonate, calcium carbonate and zinc carbonate; net aI hydr oxi des, e.g.

al uni ni um Fpdresentiavarip g hessiclissty de b s ompssits cHBAriNabRYde piHgast aAbon
bl acks to Jﬁﬁoﬁil%ﬁ%’d@@%al‘éé%ﬂrﬂ@ru%h@r aﬁ:@ gﬁf'&ﬁﬁe 9&@%’[%%’[1%90&1@?11%&%%&
invention are prepared b urnace bl ack or gas black
process aﬁ@stom@yzletilir@bgfayba/ EP2010/ 062478 - 33 - have preferably BET
(DI N6 131) specific surface areas in the range of from20 to 200 n®/g,
e.g. SAF, |SAF, HAF, FEF or GPF carbon bl acks; -rubber gels, especially

t hose bas éﬂle@ﬁesﬁ’éﬂ 19‘tﬁ1?f191éllfélﬁléﬁf rplateadt dearspfihe ﬁétl‘élt%‘éﬂ}vﬁ’&%nated nitrile rubber

but adi ene/ a@sdrmhgw thé p&genﬁg%klxmrp%lmgc@moxﬁéalc% 1@1&81d§9tr1e4g1 Kl Wp&Shally

t her eof Exanpl es of suitable m neral | l'ers include silica, silicates,

cl ay such hygrogengted mittils rublgﬁpwmdlrw terﬁlqw@resetlﬁ g R AFoREEdients gystomamy W the es
of these, gnd:kbg |ike. These mineral particles have hydroxyl groups on
their surface, rendering them hydrophilic and ol eophobic. This exacerbates
the 2010 difficulty of achieving good interaction between the filler
particles q@fghit h@remetaig%ﬁsm&ﬁy i BOWbBYTRRELS kndwho %a@&@kﬂfea% MeakidpbGRe foOr
exanpl e, silica nmade by carbon dioxide precipitation of sodiumsilicate.

Dri ed arrorlbmelslssmarii: toLrosarinkipg agents and/ gisueng wystems.diliers aa¢ Buherangidanipt ¢iugth e
present i ¥ERILLEAR, TRY DAUSIA a@@é‘&a@ﬂgm%fz@ﬁ& &eél&ﬂafaksevélba@zahen Ldagicraabge of
from1l to 100 mcrons, for exanple between 10 and 50 nicrons or, for

exanpl e benbares1@tigHdas fosmitecgents, ApEagiog %ﬁjﬂf{sdleﬁ”rféablhf?)fsdrgé“s%?’hlllzieﬁv@%’?? on

| essyst han sléﬁll%fscﬁ‘aéesél}{g b, YiRtiOkert, h@ck@i%i %Wlﬁg BBl Ké‘shﬁﬁs SidRehd, \pﬁiepel ow
5 mcrons or over mcérons In size. A suitable anmorphous dried silica
nor eover Usaddry @ra@m%l apEy, glibitaice meta 20xXidepa st @dlivatpracEdY garteehifiolaim N
(Deut sche Jondusichd 8ydN@mAanbfiddle. of in the range of from50 and 450 square
neters per gram and a DBP absorption, as neasured in accordance with DIN
53601, of in the range of from 150 and 400 grans per 100 granms of silica,

and a dryi®@sd-Bfidng agents and/or curing systems
30 The present invention is not limited to a special cross-linking agent or curing system. Suitable
curing systems are for example peroxide curing systems, sulfur curing systems, amine curing
systems, UV curing systems, polyvalent epoxy curing systems, polyvalent isocyanate curing
systems, aziridine curing systems, basic metal oxide curing systems or organometallic halide curing
systems. Preferred curing systems are peroxide curing systems, sulfur curing systems, amine curing
35 systems or UV curing systems. A particularly preferred cross-linking agent or curing system is a

peroxide system.



20 as neasured according to DON I SO 787/11, of in the range of fromO to 10
percent by weight. Suitable silica fillers are avail abl e under the

t rademar kwoln 8112876210, Hi Sil 0 233 and Hi Sil 0 243 from PPGriErdusisi4es | nc.

Al so suitable are Vul kasil S and Vul kasibt _N, from Lnxess Deutschl and GibH.
250ten, use of carbon black as a filler is advantageous. Usually, carbon
bl ack is PLSEM curlhg tsgﬁ IQol ymer conposite in an ampunt of in the range of
from20 to 200 parts ht, for exanple 30 to 150 parts by weight, or
for exanplgecpmesens lrm@mlq@aif 190,3; lbytem igitecial paioxide eross- ltlnlqmgg%?nt@écmamt%€@ns to
use a compALIOR& alﬁ@ P%Pgé%k@ﬁé‘ro%ﬂﬂs gtnghiabid | Uh&t b&ahﬁ%ek&k‘{@é@tlhé’lﬁde

pol ymer conposite. his conbl nation the ratio of mneral fillers

car bon bl ahqékxlgermdfallqesalnemtdﬁ@ ayaflgypsrogfdes, perxide eBers.gpemgide gyterggch s élxtalf‘rpl e

0.1 tpo 10. bum%r&%}/ HBF bg%ﬁomt&lﬁermso%%ﬁ%é}%wa cMm§!15E$oQ§1r f?'ah?éﬂﬂ/l oisher
natural or synthetic rubbe but adi ene),

(but adi enefi@tpriviperey)diegianes 2a1- wyrdst-op d&@ﬁob‘}}ﬂﬁ?f@)x) h@ﬁnf &34 ychl-pFGgitene)
I R (pol yi SRRiiRREY-3 %n(e%ﬁy}’ ERA R %&Bﬁp&@ﬁ‘ak %Qf@rb%énl RHEHGEAR Yani iR -
styrene 35 conten S In the Tange of to 60 wt EPDM

(et hyl ene/Qypdnsyrcarnesedi ene copol yners), FKM (fI uor opol ynmers or
fluororubbers), and m xtures of the given polymers. Careful blending with
sai d rubbers often reduces cost of the polyner conposite w thout

sacri% i ci rigpuethe tyyereasefiyieraxide. in e olngr 20mn9sge 378 SrameEri oy be2UWndr (= 34 -
amount of pat r%{mc@&ﬂ{f%bb%y%g%b@ﬂty@ s will depend on the process
condition to be applied duri ng manufac ure of shaped articles and is
readily available by few prelimnary experinments. Further auxiliary

products f@{frmg H’shgga{lﬁf p%ﬁb‘ﬁﬂela%f a E%Hfﬁblla{u?g il t@r%é%?%oﬁlqr()o E@metspreﬁ'fa%l)f 30 to
exarrpl e reaction accelerators, vul canization accelerators, VU| cani‘zati on

accel er at i I6A “aukicincepxide gnighd ke PI?I&IF@W@%@P%WWO&}@@#@@UM&W Syigbiepysigent s,
heat |55t abigi g&ﬁrﬁercmllg maﬂ%m@bgukm ;semydlg)%g% "/ b 4021e Fom EHACERSHiBRnIndS

pl asticizers, tackifiers, blow ng agents yes S, pignments, waxes

ext ender s G@?%d?lltpoé)éﬂedbouﬁdrﬂhieﬁ} g‘ﬁylﬁmﬁé{s@ﬂmm&h%@e )-and activators such as
tri et hanol am ne, pol yethyl ene glycol, hexanetriol etc. 10 The further

auxi | i arywﬁpoducts for rubbers (rubber ai ds) are used in conventional
anounts, g cep@sigteimt er alia on the intended use. Conventional amounts
are e.g. fAOmiRe é'urltng sﬁ%n%sual?g? ﬂ%@}%ﬁﬁine%sg WOBRE agchQl u UG Ably iN&nARTROS! t €
can contain in the range of O. 20 phr of an organlcfatty acid as an
auxid% ary Wlb@mé%hnkmg@ﬁceé@atar uﬂseanrmealtt av onEeR ys Bel laned tongsiséal Pl msre nor e
carbon  13.,douRl BAREScrbR- kB IRLRRWe Which can include 10% by wei ght or
nore of a conjugated diene am%i havi ng at | east one conjugated

car bon-carbon double bond in its nolecule. For exanple, those fatty acids
have in thg, p%nﬂaﬁu&fcreﬁs@fﬁml zg%nﬁ%mgstﬁ&@m pamcuia%s foasgqp!h@ sdida %&t isErpapl es
include stearic¢ acid, palmtic acid and oleic acid their ca

zinc-, maGEBSPUhaViRS YOS aTaiRel SEHPOI (R spegigsdhat ﬁmns agefhfsivad h‘«m@ twoor

conpgsi ti QRo aMitPEbANdrihe LRE s HAMELInQituSHbRRY, a@&fmﬁun@%hel?e% @-ﬁfuﬂlﬁ eras
an auxi Ilary product. Suitabl e acry ates are known from EP-AlL-0 20, in

parti cul arhygrogens of anjgiphsicaydrocsden o gomptig hydeerartmn Juge bea, regeged bz AUinQs t o
40, and f rg%ﬁpy oP- hy@@hde Nﬁlctlﬁesg(gebnﬁagve 1€1I5’rlesent%d b%f " é@NH@IH@Q whReli LB oteS

al so made 1o zinc acrylate, zinc diacrylate or zinc dimethacrylate or a

i qui d acroprbapd grapkin P&t met hyl ol propanet ri met hacryl ate (TRIM,

but anedi ol gl &E&E’l@%ﬂﬂo%ﬁm@%hnﬁaﬂg a&hliY] lﬁﬁlglfaaﬁ)qln;g slmi haginoate (EDMA). It
m ght be advantageous to use a conbi nation fferent acryl ates
and/¥r netsal saint glinhhiég eolyampe, @Exigpile, heﬁ@nqﬁ@éemethamnac hytagiegylong diamine
combi nati on wi th3mat ok iadiRliak %@ﬁtanﬁﬁ&s khe%ne%ﬁﬁgn'e ca?alnwe {lhrﬁq{%fd@ﬁ&fdg REARY, Sr
(e.g. methyl-substituted am’noal kyl phenol's, 1'n part

2, 6-di -t ert . - burcyamathydingdiamjie-dbanpestesalty | phenol) The conposi tion can

contalnl t he f t n i ke
e.g. 30 'rI'Lrl al Iaglfé}g%ag%a%ofﬁ%?%eo(@%%@} ZON; NQ (?% %ﬁkﬁgp&ﬁ‘?%ﬁ‘g@&a@e%gdiéor

hi gh vi nyl contmeethylingtiadilien en-plonploeddipmencs pmhemd@mﬂrymmesomm oiethydengdig-

vul i zation Cﬂ?’ﬁ&%lﬁ t o enhance the degree of crosslinking of peroxide
cured articles e Indgfedients of the final polyner conposite can be m xed
t oget her, ssui t aohpowis almvellgevatleadt 86 hwingzeicattrcair¢shatrefmblyr aagfehalic omi@®5 C
to 200 C. Nor e hour and a tinme in

t he range fromﬂ%ﬁa&gga plc gi&ﬂlﬁ@%ﬁ%g’aﬂ%Is%géagéggﬁgqrgﬁ%'the pol ymer
conposite is prepared vmthout sol vent or was recovered fromthe sol ution,
the m xing can be suitably carried out WO 2011/023763PCT/ EP2010/ 062478 -
35 - in an internal m xer such as a Banbury m xer, or a Haake or Brabender
m n| ature | nternal m' xer. Atwo-roll ml I m xer aI so prow des a good

Y b1 I DY L LT LT o oy o - L




5 stage in an internal m xer and one stage in an extruder. However, it
shoul d be taken care that no unwanted pre-crosslinking (=scorch) occurs
during t hwornmxingrest age. For conmpoundi ng and vul cani zat iPQm/EPe@®@0absios
Encycl opedi a of Pol yner Science and Engispeering, Vol. 4, p. 66 et seq.
(Conpoundi ng) and Vol. 17, p. 666 et seq. (Vulcanization). 10Due to the | ow
viscosity of the optionally hydrogenated nitrile rubber according to the
present invention as well as of the polymer conposite conprising the

opt i onal | YATRggr Bigen an edipbritic rpolaminghis erelgeed rapil rigxarectihenc pfiggian tcaibameiptis on,
t he optloqghcﬁhnygégﬂg@ated nitrile rubber according to the present
invention as well as of the polynmer conposite are ideally suited to be
processed by but not limted to nolding injection technology. The

opti Ojnal | Wﬂé)égﬁt%%@ﬁate %Qly%fn@ 'cf'o@slfnﬂiiﬁg GEenfnGRS wl&glzal;lé B&l?m&hfé bER&ENE in the

i nvention as wel %ITEI’ conposite can also be useful to transfer

mol di ng, tf@ngﬁ’dﬁé@é%%z Womzﬂrf@ M cighy pquf@fablél ip ficawnge oh frawl ldiod g parthby weight,
optional | Y&y gr-eaanpl a5 td ioepaﬂélb;b@.%l?ﬁ%é%ﬁ‘éh N80 hts bR e RhET IR it Rt ON

or the polyner conposite is usual roduced i n a conventional injection
nol ding and injected into hot (about 160-230 C) fornms where the

crossl i nkifig/a- ﬁﬁﬁh%?&él&ato? Rk e RlyAsRs ARRRHHCBIGralR khdih RAUMYIE For CUMASH t €
and tenperature of t The ‘i nventive optional |y hydrogenate

ni t rid e r JBbiecroselading ewgeler@torf Haclsrblyghfing gerndin crpssWing aeselerdotsoey aer

conposi ti QR &hethYEFAnYEhE, SHhLBFIABRidihe d'f‘@&‘ﬂ}r?g%faﬁfd@né)fd@ t§ﬁﬂ?€ﬂnéfﬁe‘ Gle,
such as a seal, hose, bearing § st at or seal ve plate,

cabl e shedphibigganidineeindr a| 4hé>rt0P>6glpféhl§é%walt obdcatheqollts aradiiataddchy dgtnnear

conponent ,cr@srsﬁfnﬁ{@gbéaeewreu%@g &dh byasl Nj.- sﬁghfa@hﬂwnqineg LRERA) RI%m FAFPLEF ST ON
mol di ng, transfer nmolding, liquid injection pressure free curing

or combi ndtekBPEhYlEnsicEaNIEGY R ﬁog@nldﬂq@émsw%mgla@ ?eﬁ@iP‘”y gecipibe RO TiGs(Rier vy

vel | ssui t aglyf @{ nitn§, & R ERR] &hcRABOIUGEHQD the PRRGR ;@bﬁtﬁ()nvﬂeaer&gcﬁlmaﬁg grat least
processes. present invention therefore further relates to a shaped

article cd’r‘Pﬁrbi sqrrwglyaychpéa@tlc bre: Ipeblskal arpohyrrlis ganaie sapesie opa tp gippspn

accor di ng dflell fenmPhe P8t rab PN pg[ycwhc%nﬂl@@a%s isSQBRCBPE YR APRRAi{tBg of
according to the present invention. present invention also rel ates

to the usel %flla¥aﬁ@Y@ﬂt514<9ﬂ|‘a1dF%77 K9 r 6% BhAt éeﬁ ﬁl?%a:blovcéo[ﬂé%érnoa@@or(d?%)35140 t he

present i rH{a?leSlbﬁ[b[@E 2§oB@nd b NIBRD), CIOSTRASIAifcyBB . @yu&gs bR i )DY 8RERI-1,5,7-
i nvention for the Faratlon of a shaped article

2011%b23768¢@@ﬁE¢i@i@‘bGQﬁ?BOﬂT%%)3”%&%%%Y%%e%or shaped articles as well as
exanpl es for preparation processes for obtaining the shaped articles are

ment i oned above. V[)2011/023763PCT/EP2010/062478 - 37 - EXAMPLES: A
PREPARATI GRieixaNmrRESY clicsuniply bikss Gt baprepisepremathpdy knpwa in the art. The preferred

- bi s- (2, 4, fasds hielBSHY tRRER¥hr idventif o 2@hhdbiny ddeng)
(tricycl ohexyl phosphi ne) - Rut heni um phenyl net’hyl ene) dichloride (G ubb' s

2nd CGeneration catalyst (NGG) (Materia Inc., U S A)

25 In one embodiment of the present invention a bi- or polycyclic aminic base is used having a pK-

value (measured in DMSO) in the range of from -2 to +12.

The content of basic cross-linking accelerators in the rubber composition is usually in the range of
0.5 to 10 parts by weight, preferably 1 to 7.5 parts by weight, more preferably 2 to 5 parts by
30 weight, based on 100 parts by weight of the nitrile rubber.

Curing is preferably performed by heating the vulcanizable polymer composition to a temperature
in the range of from about 130° to about 200°C, preferably from about 140° to about 190°C, more
preferably from about 150° to about 180°C. Preferably, the heating is conducted for a period of

35 from about 1 minutes to about 15 hours, more preferably from about 5 minutes to about 30 minutes.

It is possible and in some cases recommendable to perform a so-called post-curing at temperature



tris-(triphenyl phosphine) rhodiumchloride (WIkinson's catalyst) (Um core
AG Cermany) See Tables 1, 2 and 3 Monochl orobenzene (MCB) statistical

but adi enewacoyllnsiedri | e copol yner with an acryl onitril e Pcompeni/oefs784 nol %
and a Mooney-Viscosity (M (1+4) @100 Cijof 29 MJ. (Lanxess Deutschl and
GrbH, Gernmany) statistical butadiene-acrylonitrile copolyner wth an

acryl oni trjj i rg'r%@to? m)m%i)o&[i 36@5%‘[’)@@@0@Cl\/ﬁgﬂ%ry\ﬂ(§ﬁ Qlﬁ)'u{ Y406 M—alfox]tt"'fbb@ 108 O

of 35 MJ. (Lanxess Deutsch d GrbH, Germany) Cenent Concentrati on"
neans the rEefEeht ﬁr%muabwtdﬁo‘i Wé‘bﬁﬂtt ¥0te fqrwbmélrodpﬁum kel karet whish is parfpreed The

progress Qfytddgnd cﬁ@‘é% l%gplé(@t% HONIILQ1-8E, 1‘&%9%&1@3 d PR &0 5FRRGRa UL, DI N
55672-1. EXAMPLES 1 075 g of Perbunan(r) 3429 was di ssol ved in 5009

nonochl or obenzene in a 1L vessel. Upon conplete dissolution of the nitrite
r ubbey 4ptwvgﬁrlggg§§%glne was added to the vessel and the solution was
agitated for on whi ch

1, 3-bis- (251143186 QyERSIEiSHE AR Knoven intherat b1 thel Uiyquripesystem usually a photosensitizer

(tricycl o%ﬁ&bg@gﬁg}fﬁmn ﬁ%ﬁ@ﬂjhyme@phﬁmﬂl %Bhgh@t@@nsmz%m QLR BMSoin,

di ssolved in 2 and was added to vessel. The reaction
m xture wasnatnhens. beanzpwapethyloythey, prawpiggtive cds2hengpingserapiya cHicnubengsin 22C

whil e bei rlgob%%llte%e?ddlbéf rs. ﬁﬁ@ac%@iph{h'eﬂ@ hélalc%m%gé %df‘ei% L &tSdi BJ&?I
solution submtted C anal ysi s. 11/ 02 PCT/ EP2010/ 0

- Tal)l e 1:nitrogyling ?\ésq %lnwamhy@ﬂ %ﬁmzynwﬁqulp%ﬁ)mwl(lg?/ A2yl Phynzaiencol #1

69000 The photosensitizers can be usd singly or in combination of two or more of them.

The photosensitizer is generally used in an amount of 0.1 to 5 parts by weight, preferably 0.1 to 2
parts by weight, more preferably 0.1 to 1 parts by weight based on 100 parts by weight of the nitrile
15 rubber.

Sulfur curing system
Sulfur curing is usually carried out with elemental sulfur or sulfur containing vulcanizing agents
known in the art. Said sulfur containing vulcanizing agents usually contain sulfur in a heat-labile

20 form. They liberate sulfur at the curing temperature (sulfur donors).

Sulfur donors can be subdivided into those that can be substituted directly for sulfur, without
drastic change of the curing characteristics, and those that are simultaneously vulcanization
accelerators. Products of the first type are for example dithiodimorpholine, and
25 caprolactamdisulfide, N,N’-dithio bis-(hexahydro-2H-azepinone),. For sulfur donors that are at the
same time vulcanization accelerators, the vulcanization system has to be properly modified, known
by a person skilled in the art. Examples of sulfur donors that are at the same time vulcanization
accelerators are 2-morpholino-dithio-benzothiazole, dipentamethylene thiuramtetrasulfide, N-
oxydiethylene dithiocarbamyl-N’-oxyoxydiethylene sulfenamide as well as tetramethyl thiuram
30 disulfide.

Preferred sulfur containing vulcanizing agents are benzothiazol disulfide, e.g. Vulkacit® DM/C,
tetramethyl thiuram monosulfide, e.g. Vulkacit® Thiuram MS/C, tetramethyl thiuram disulfide, e.g.
Vulkacit® Thiuram/C and mixtures thereof..

35



217500 3, 15 Exanple 1 0,04 24500 48000 1,96 Exanple 2 0,06 19000 35500 1, 84
Exanpl e 3 0,08 16000 29500 1.77 Exanple 4 0,1 15000 25500 1,73 EXAMPLES
5-6: 700 woabiiRestsanan (r) T 3435 was di ssol ved i n 4667gcrmrecinloer4abenzene
in a 10L high pressure 5 reactor. Upon _genpl ete dissolution of the nitrite
rubber, 4phr of 1-Hexene was added to the reactor and the sol ution was

agi t at ed fsQ{lfu?S!r BlfurdifroN Qfé%s%és%lﬂn{l AR uNBn SRLMbLLR R 055 & Slgpg{ssbﬁgvx%ag%t

trimet hyl phenyl)-2-i m dazol 1 di nyli eneé (tricycl ohexyl phosphi ne) - Rut heni um
(pheny! - metapsd enldy Pvdsbravieislf of Gretifeila rapar arreferrly Isolork 1 pmts e sveidhhbasad Powed

to agitat e @haddly v@dnt 8f REL AN Bber2n. 1000 conpl etion of the metathesis
reaction the reactor was charged wth an MCB solution of tris-

(triphenyl phosphine) rhodi um chloride (0,06phr) and the reactor pressurized

wi t h shydr qgs%gll)t hBRRE or sIRE: Joﬁl%ﬁltl fq;ﬁl(ﬁhl)ﬁn? afenf@ate aéeldQ(\/g:éqle; Qith £3GikardiRfioR
period of 4h at a tenperature of e being agitated (600rpm at

whi ch ti neaceclpiptir oybtgakeadlqanizationeacegligseqrs @@llﬁlpwann W ro B amnples 2ig M4 capto evel

of Eyd;OQ%@élk&@oé%@%}larﬁﬁie' RV 108 140l 0QeNatk AT, difhfocsBhmibicABc@StoWor ked
usi
J dithiocarbamylsulfenamide accelerators, xanthate accelerators, guanidine accelerators, amine

acceleratorsthiourea accelerators, dithiophosphate accelerators and sulfur donors.

10
The vulcanization accelerators are usually employed in an amount of 0.5 to 1 parts by weight based
on 100 parts by weight of the nitrile rubber. When the accelerator dosage is increased (for example
1.5 to 2.5 parts by weight based on 100 parts by weight of the nitrile rubber), the sulfur content
should preferably be lowered.

15
In a preferred embodiment the sulfur based vulcanization systems additionally comprise a peroxide

such as zinc peroxide.

Fillers
20 Useful fillers may be active or inactive fillers or a mixture of both. The filler may be, for example:
- highly dispersed silicas, prepred e.g. by the precipitation of silicate solutions or the flame
hydrolysis of silicon halides, preferably with specific surface areas in the range of from 5 to
1000 m*/g, and with primary particle sizes in the range of from 10 to 400 nm; the silicas
can optionally also be present as mixed oxideswith other metal oxides such as those of Al,
25 Mg, Ca, Ba, Zn, Zr and Ti;
- synthetic silicates, such as aluminium silicates and alkaline earth metal silicates like
magnesium silicate or calcium silicate, preferably with BET specific surface areas in the
range of from 20 to 400 m*/g and primary particle diameters in the range of from 10 to 400
nm;
30 - natural silicates, such as kaolin and other naturally occurring silicates;
- glass fibers and glass fiber products (matting extrudates) or glass microspheres;
- metal oxides, such as zinc oxide, calcium oxide, magnesium oxide and aluminium oxide;
- metal carbonates, such as magnesium carbonate, calcium carbonate and zinc carbonate;
- metal hydroxides, e.g. aluminium hydroxide and magnesium hydroxide;
35 - carbon blacks; the carbon blacks to be preferably used in the composites according to the

present invention are prepared by the lamp black, furnace black or gas black process and



15 process wherein the rubber solution was heated and concentrated in a

roto-vap to a concentration that could still be poured. The rubber sol ution
was t han wounmd2em80 sheets and placed in an evacuati ngpChaEzb@d/ooaen unti
t he odor of MCB was no |onger present. _Eable 2: NBR HNBR Met at hesi s

Cat al yst (phr) Solvent Content * (1)PIn) M (g/nmol) Mw (g/nol) PDI Mh
(g/mol) Mw (g/ mRlq pra%labgoﬁ']tlf %H\#& 131§§&Qﬁ'w surface areas in the range of from 20 to 200

m’/g, e.g. SAF, ISAF, HAF, FEF or GPF carbon blacks;
- rubber gels, especially those based on polybutadiene, butadiene/styrene copolymers,
butadiene/acrylonitrile copolymers and polychloroprene;

5 or mixtures thereof.

Examples of suitable mineral fillers include silica, silicates, clay such as bentonite, gypsum,
alumina, titanium dioxide, talc, mixtures of these, and the like. These mineral particles have
hydroxyl groups on their surface, rendering them hydrophilic and oleophobic. This exacerbates the

10 difficulty of achieving good interaction between the filler particles and the rubber. For many
purposes, the mineral can be silica, for example, silica made by carbon dioxide precipitation of
sodium silicate. Dried amorphous silica particles suitable for use in accordance with the present
invention may have a mean agglomerate particle size in the range of from 1 to 100 microns, for
example between 10 and 50 microns or, for example between 10 and 25 microns. According to the

15 present invention less than 10 percent by volume of the agglomerate particles should be below 5
microns or over 50 microns in size. A suitable amorphous dried silica moreover usually has a BET
surface area, measured in accordance with DIN (Deutsche Industrie Norm) 66131, of in the range
of from 50 and 450 square meters per gram and a DBP absorption, as measured in accordance with
DIN 53601, of in the range of from 150 and 400 grams per 100 grams of silica, and a drying loss,

20 as measured according to DIN ISO 787/11, of in the range of from 0 to 10 percent by weight.
Suitable silica fillers are available under the trademarks HiSil® 210, HiSil® 233 and HiSil® 243
from PPG Industries Inc. Also suitable are Vulkasil S and Vulkasil N, from Lnxess Deutschland
GmbH.

25 Often, use of carbon black as a filler is advantageous. Usually, carbon black is present in the
polymer composite in an amount of in the range of from 20 to 200 parts by weight, for example 30
to 150 parts by weight, or for example 40 to 100 parts by weight. Further, it might be advantageous
to use a combination of carbon black and mineral filler in the inventive polymer composite. In this
combination the ratio of mineral fillers to carbon black is usually in the range of from 0.05 to 20, or

30 for example 0.1 to 10.

The polymer composite may advantageously further contain other natural or synthetic rubbers such
as BR (polybutadiene), ABR (butadienc/acrylic acid-C;-Cy-alkylester-copolymers), CR
(polychloroprene), IR (polyisoprene), SBR (styrene/butadiene-copolymers), preferably with styrene
35 contents in the range of 1 to 60 wt %, EPDM (ethylene/propylene/diene-copolymers), FKM
(fluoropolymers or fluororubbers), and mixtures of the given polymers. Careful blending with said

rubbers often reduces cost of the polymer composite without sacrificing the processability. The



238000 3,51 69000 243000 3,53 Exanple 5 0,07 200 9300 13700 1,48 8500 12000
1,42 Exanple 6 0,01 1900 12700 21000 1,67 11000 17500 1,58 WD

2011/ 023 AsBRGTI/(BFPZB10/ 062478 - 39 - EXAMPLE 7: Exanpl e PCcuaP2@o/c2acst ed
using the sanme procedure as outlined ahaye for Exanples 5-6 with the
exception that the nitrite rubber was Perbunan(r) T 3429 versus Perbunan(r)

T 3435, amount of natural and/or synthetic rubbers will depend on the process condition to be applied

during manufacture of shaped articles and is readily available by few preliminary experiments.

Further auxiliary products for rubbers
5 Further auxiliary products for rubbers, are for example reaction accelerators, vulcanization

accelerators, vulcanization acceleration auxiliaries, antioxidants, foaming agents, anti-aging agents,
heat stabilizers, light stabilizers, ozone stabilizers, processing aids, plasticizers, tackifiers, blowing
agents, dyestuffs, pigments, waxes extenders, organic acids, inhibitors, metal oxides, and activators
such as triethanolamine, polyethylene glycol, hexanetriol etc.

10
The further auxiliary products for rubbers (rubber aids) are used in conventional amounts, which
depend inter alia on the intended use. Conventional amounts are e.g. from 0.1 to 50 wt. %, based on
rubber. For example, the composite can contain in the range of 0.1 to 20 phr of an organic fatty
acid as an auxiliary product, such as a unsaturated fatty acid having one, two or more carbon

15 double bonds in the molecule which can include 10% by weight or more of a conjugated diene acid
having at least one conjugated carbon-carbon double bond in its molecule. For example, those fatty
acids have in the range of from 8-22 carbon atoms, or for example 12-18. Examples include stearic
acid, palmitic acid and oleic acid and their calcium-, zinc-, magnesium-, potassium- and
ammonium salts. For example, the composition can contain in the range of 5 to 50 phr of an

20 acrylate as an auxiliary product. Suitable acrylates are known from EP-A1-0 319 320, in particular
p. 3, L. 16 to 35, from U.S. Pat. No. 5,208,294, Col. 2, 1. 25 to 40, and from U.S. Pat. No. 4,983,678,
Col. 2, L. 45 to 62. Reference is also made to zinc acrylate, zinc diacrylate or zinc dimethacrylate or
a liquid acrylate, such as trimethylolpropanetrimethacrylate (TRIM), butanedioldimethacrylate
BDMA) and ethylenglycoldimethacrylate (EDMA). It might be advantageous to use a combination

25 of different acrylates and/or metal salts thereof. For example, to use metal acrylates in combination
with a Scorch-retarder such as sterically hindered phenols (e.g. methyl-substituted

aminoalkylphenols, in particular 2,6-di-tert.-butyl-4-dimethyl-aminomethylphenol).

The composition can contain in the range of 0.1 to 50 phr of other vulcanization co-agents like e.g.
30 Triallylisocyanurate (TAIC), N,N'-1,3-Phenylene bismaleimide or high vinyl content butadiene
homopolymers or copolymers which serve as vulcanization coagents to enhance the degree of

crosslinking of peroxide cured articles.

The ingredients of the final polymer composite can be mixed together, suitably at an elevated
35 temperature that may range from 25 °C to 200 °C. Normally the mixing time does not exceed one
hour and a time in the range from 2 to 30 minutes is usually adequate. If the polymer composite is

prepared without solvent or was recovered from the solution, the mixing can be suitably carried out



5Tabl e 3: Met at hesi s Catal yst (phr) Sol vent Content * (Kom) M (g/nol) Mw
(g/mol) PDI Control #1 69000 217500 3,15 Exanple 7 0,1 1300 19000 34000
1,78 * Sebwento2swatent, refers to the anount of nonochipor@resnpesE7S
remaining in the isolated and dried HNBRs_B) COVPOUNDI NG EXAMPLES

in an internal mixer such as a Banbury mixer, or a Haake or Brabender miniature internal mixer. A
two-roll mill mixer also provides a good dispersion of the additives within the elastomer. An
extruder also provides good mixing, and permits shorter mixing times. It is possible to carry out the
mixing in two or more stages, and the mixing can be done in different apparatus, for example one
5 stage in an internal mixer and one stage in an extruder. However, it should be taken care that no
unwanted pre-crosslinking (=scorch) occurs during the mixing stage. For compounding and
vulcanization see also: Encyclopedia of Polymer Science and Engineering, Vol. 4, p. 66 ¢t seq.

(Compounding) and Vol. 17, p. 666 et seq. (Vulcanization).

10 Due to the low viscosity of the optionally hydrogenated nitrile rubber according to the present
invention as well as of the polymer composite comprising the optionally hydrogenated nitrile
rubber according to the present invention, the optionally hydrogenated nitrile rubber according to
the present invention as well as of the polymer composite are ideally suited to be processed by but
not limited to molding injection technology. The optionally hydrogenated nitrile rubber according

15 to the present invention as well as the polymer composite can also be useful to transfer molding, to
compression molding, to liquid injection molding. The optionally hydrogenated nitrile rubber
according to the present invention or the polymer composite is usually introduced in a conventional
injection molding and injected into hot (about 160-230 °C) forms where the cross-
linking/vulcanization takes place depending on the polymer composite and temperature of the

20 mold.

The inventive optionally hydrogenated nitrile rubber according to the present invention as well as
the polymer composition are very well suited for the manufacture of a shaped article, such as a
seal, hose, bearing pad, stator, well head seal, valve plate, cable sheathing, wheel roller, pipe seal,
25 in place gaskets or footwear component, preferably prepared by injection molding technology,
compression molding, transfer molding, liquid injection molding, pressure free curing or
combinations thereof. Furthermore, the inventive polymer blend is very well suited for wire and

cable production, especially via extrusion processes.

30 The present invention therefore further relates to a shaped article comprising at least one optionally
hydrogenated nitrile rubber according to the present invention or at least one polymer composite

according to the present invention.

The present invention also relates to the use of the optionally hydrogenated nitrile rubber according
35 to the present invention or the polymer composite according to the present invention for the

preparation of a shaped article.



10Based on the hydrogenated nitrite rubber according to Exanple 7 (M
19000g/ mot; M 34000 g/ nol the follow ng polyner conposites nentioned in
tabl e 4 hwoeohwesrspr epared by m xi ng the conponents nencomedolbebnms at on
an open mill. The conponents of thejsyul cani zabl e pol ynmer conposition
were m xed on an open mll by 15conventi onal m xing. The pol yner

conposi ti gf W8k Fo@%pé’dﬂrﬁﬁ&'a%%ll% ex%ﬁlggs FRbrearREdnl R6bQbs RPoBRiHE 83 snaaP! e

4: Pol ynmer conposites Sanple Sanpl e 2 hydrogenated nitrite rubber 1) 100
100 CORAXWI%@EE@@}IOH@@WLKAQ L A13) 10 DI PLAST TM 8-10/ST4) 8 LUVOVAXX
CDPA5) 1,1 VULKANOX zZMB2/C56) 0,4 TAIC 70 (KETTLITZ-TAIC 70)7)



2 PERKADOX 14-40 B-PD8) 14 14 1)hydrogenated nitrite rubber (produced
according to exanple 7) 202)Carbon Bl ack (Evoni c-Degussa AG 3) M neral
Filler (bsoxesg2Pmatschl and) 4) Plasticiser (Lonza SpA) pEX/ERntiv/ém7g Agent
(Schill und Seil acher, Hanburg) 6) Anti_sAgi ng Agent (Lanxess Deutschl and)
WO 2011/ 023763PCT/ EP2010/ 062478 - 40 - 7) Co-Agent (Kettlitz) 8) Peroxide
(Al czo NobgkAmPigsproperties of the polynmer conposites according to table 4
are sumrertzed In Tables 5, 6 and 7. 5 Table 5: Properties of the polyner
conposites MDR 180 C Sanple 1 Sanple 2 S mn [dNn 0.02 0.03 S nax [dNn

5.23 10.23,)  pREPARATION EXAMPLES

5 Cement Concentration* 15% by weight
Co-Olefin 1-Hexene
Co-Olefin Concentration 4 phr
Metathesis Catalyst 1,3-bis-(2,4,6-trimethylphenyl)-2-imidazolidinylidene)

(tricyclohexylphosphine)-Ruthenium(phenyl  methylene)
10 dichloride (Grubb’s 2™ Generation catalyst (NGG))
(Materia Inc., U.S.A.)

Hydrogenation Catalyst tris-(triphenylphosphine) rthodium chloride (Wilkinson’s
catalyst) (Umicore AG, Germany)
Catalyst Loading See Tables 1, 2 and 3
15 Solvent Monochlorobenzene (MCB)
Perbunan® T 3429 (Control #1) statistical butadiene-acrylonitrile copolymer with an

acrylonitrile content of 34 mol% and a Mooney-Viscosity
(ML (1+4)@ 100 °C) of 29 MU. (Lanxess Deutschland
GmbH, Germany)

20 Perbunan® T 3435 (Control #2) statistical butadiene-acrylonitrile copolymer with an
acrylonitrile content of 34 mol% and a Mooney-Viscosity
(ML (1+4)@ 100 °C) of 35 MU. (Lanxess Deutschland
GmbH, Germany)

25 * “Cement Concentration” means the concentration of the nitrile rubber in the reaction mixture.

The progress of the reaction was monitored using GPC in accordance with DIN 55672-1.

EXAMPLES 1-4:

30 75 g of Perbunan® T 3429 was dissolved in 500g monochlorobenzene in a 1L vessel. Upon
complete dissolution of the nitrile rubber 4phr of 1-Hexene was added to the vessel and the solution
was agitated for 2h upon which 1,3-bis-(2,4,6-trimethylphenyl)-2-imidazolidinylidene)
(tricyclohexylphosphine)-Ruthenium (phenyl-methylene) dichloride was dissolved in 20mL of
MCB and was added to the 1L vessel. The reaction mixture was allowed to react for a period of

35 12h at a temperature of 22°C while being agitated. After the set time allotment was complete, the

solution submitted for GPC analysis.



S end [dNn] 5.09 9.99 Delta S [dNn] 5.21 10.2 TS 2 [s] 142 125 t50 [s]
165 193 t90 [s] 317 383 t95 [s] 382 464 Table 6: Properties of the polyner
conposi t e’¥0CGompnsTed Vi scosity Sanple 1 Sanpl e 2 Tenper arurE&pr3neas24Rat e
[1/s] Viscosity [Pa*s] Viscosity [Pa*s] 350C

Table 1:
Metathesis Mn Mw PDI
Catalyst (phr) (g/mol) (g/mol)

Control #1 - 69000 217500 3,15
Example 1 0,04 24500 48000 1,96
Example 2 0,06 19000 35500 1,84
Example 3 0,08 16000 29500 1.77
Example 4 0,1 15000 25500 1,73

EXAMPLES 5-6:

700 g of Perbunan ® T 3435 was dissolved in 4667g monochlorobenzene in a 10L high pressure
5 reactor. Upon complete dissolution of the nitrile rubber, 4phr of 1-Hexene was added to the reactor

and the solution was agitated for 2h at 22°C upon which time an MCB solution of 1,3-bis-(2,4,6-

trimethylphenyl)-2-imidazolidinylidene) (tricyclohexylphosphine)-Ruthenium (phenyl-methylene)

was added to the reactor. The solution was than allowed to agitate at 22°C for a period of 2h.

10 On completion of the metathesis reaction the reactor was charged with an MCB solution of tris-
(triphenylphosphine) rhodium chloride (0,06phr) and the reactor pressurized with hydrogen to
85bar. The reaction mixture was allowed to react for a period of 4h at a temperature of 138°C while
being agitated (600rpm) at which time a hydrogenated nitrile rubber solution was obtained with a
level of hydrogenation <0,9%. Following the hydrogenation the solution was worked using a

15 process wherein the rubber solution was heated and concentrated in a roto-vap to a concentration
that could still be poured. The rubber solution was than poured onto sheets and placed in an

evacuating, heated oven until the odor of MCB was no longer present.

Table 2:

NBR HNBR
Metathesis Solvent Mn Mw PDI Mn Mw PDI

Catalyst Content * | (g/mol) | (g/mol) (g/mol) | (g/mol)

(phr) (ppm)
Control #2 - - 68000 | 238000 | 3,51 | 69000 | 243000 [ 3,53
Example 5 0,07 200 9300 13700 | 1,48 | 8500 12000 1,42
Example 6 0,01 1900 12700 | 21000 | 1,67 | 11000 | 17500 1,58
20 * Solvent content, refers to the amount of monochlorobenzene remaining in the isolated and

dried HNBR.



1 1860 7150 75 C 1 370 2200 100C 1 129 937 50C 10 1620 4300 75C 10 336
1360 100C 10 109 440 10Table 7: Properties of the polynmer conposites
Tensi | e twet2oR/haredness (RT) Sanple 1 PCT/EP2010/062478
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15

20
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EXAMPLE 7:
Example 7 was conducted using the same procedure as outlined above for Examples 5-6 with the

exception that the nitrile rubber was Perbunan® T 3429 versus Perbunan® T 3435,

Table 3:
Metathesis | Solvent Mn Mw PDI
Catalyst | Content * | (g/mol) (g/mol)
(phr) (ppm)
Control #1 - - 69000 217500 3,15
Example 7 0,1 1300 19000 34000 1,78

* Solvent content, refers to the amount of monochlorobenzene remaining in the isolated

and dried HNBR.

B) COMPOUNDING EXAMPLES
Based on the hydrogenated nitrile rubber according to Example 7 (M,, 19000g/mol; M,, 34000
g/mol the following polymer composites mentioned in table 4 have been prepared by mixing the

components mentioned below at on an open mill.

The components of the vulcanizable polymer composition were mixed on an open mill by

conventional mixing. The polymer composition was then vulcanized at 180°C for a period of 20

minutes.
Table 4: Polymer composites
Sample 1 Sample 2

hydrogenated nitrile rubber ” 100 100
CORAX N 550/30” 35
VULKASIL A1” 10
DIPLAST TM 8-10/ST” 8
LUVOMAXX CDPA” 1,1
VULKANOX ZMB2/C5° 0,4
TAIC 70 (KETTLITZ-TAIC 70)” 2
PERKADOX 14-40 B-PD? 14 14

1) hydrogenated nitrile rubber (produced according to example 7)

2) Carbon Black (Evonic-Degussa AG)

3) Mineral Filler (Lanxess Deutschland)

4) Plasticiser (Lonza SpA)

5) Anti-Aging Agent (Schill und Seilacher, Hamburg)
6) Anti-Aging Agent (Lanxess Deutschland)



Sampl e 2 MLO [ MPa]
2.7 M30O [ MPa]

10

7) Co-Agent (Kettlitz)

0.1 0.3 M5 [ MPa]
1 EB[9% 376 192 TS [ MPa]
2011/ 023 A6BRAT/(EPRB10/ 062478 -

41 -
- 40 -

8) Peroxide (Akzo Nobel)

0.2 0.6 M5O [ MPa]
2.1 6.8 H [ ShA]

0.3 1 MLOO [ MPa]
22 51 WO
PCT/EP2010/062478

The properties of the polymer composites according to table 4 are summerized in Tables 5, 6 and 7.

Table 5: Properties of the polymer composites

MDR 180 °C Sample 1 Sample 2

S’ min [dNm] 0.02 0.03

S’ max [dNm] 5.23 10.23

S’ end [dNm] 5.09 9.99

Delta S° [dNm] 5.21 10.2

TS 2 [s] 142 125

t50 [s] 165 193

t90 [s] 317 383

t95 [s] 382 464

Table 6: Properties of the polymer composites

Compound Viscosity Sample 1 Sample 2
Temperature Shear Rate [1/s] Viscosity [Pa*s] Viscosity [Pa*s]
50 °C 1 1860 7150
75 °C 1 370 2200
100 °C 1 129 937
50 °C 10 1620 4300
75 °C 10 336 1360
100 °C 10 109 440
Table 7: Properties of the polymer composites

Tensile test & hardness (RT) | Sample 1 Sample 2
M10 [MPa] 0.1 0.3

M25 [MPa] 0.2 0.6

M50 [MPa] 0.3 1

M100 [MPa] 0.4 2.7

M300 [MPa] 1 -

EB [%)] 376 192

TS [MPa] 2.1 6.8

H [ShA] 22 51

0.4



The vul cani zati on behavior (MDR) was determ ned in accordance with ASTM D
5289 (180C, 10

, 1.7 Hz,wbBQonm}76€haracteristic data |like S mn [dNT PCEEPr®O/OFTNG], S
end [dNM, Delta S [dNnj, t50 [s], t9Qg4fs] and t95 [s] have been

determ ned, wherein 5 S mn [dNn] is the vulcaneter display in the mninmm
of the cross-linking isotherme S nmax [dNnm] is the maxi nrum of the

vul canet er_di SP| ay S end [dNn] is the vulcaneter display at the end of the
vul cani zatThgryulcanization ppipyigr @IDR oW defegmippingicdor dapemtrigh 6§¥Méé A2§{d30°C, 1°,

vul canet ery 4 H%P&@%ﬁl%.e&;fjha?é:%rié’tﬁddag 1ilEER¢ Iﬁl{at[éﬁmﬁﬁ,sg"éaxt [Iaﬁmt],' %nmmnﬁ%ta S’

conversion are reac [s]is the tine en 90% conversion are reached

t95 [s]is [ENaltihiel {#9dH 2086 ddhyerbspipdetamamed.odierdy . The tensile stress
at rupture ("tensile strength") of the vul canizates as well as the stress
val ues 15"M xxx" w th "xxx" representing the percentage of el ongation based
on the | engtin GNmlhds e vigranster disgley spbemmgnupasthe evsrikingdsothsrae cor dance

W th ASTM {412 180m HamdResimub @REulgseedi§Het er m ned using a Type A Shore
duroneter in accordance with ASTM D2240-81. 20 The determ nation of the
Mboney vi ST 684 kdmimis theyuleapmepoylisplay tdhe gnd @f Bgeulcanizatienr dance wi th ASTM
standard Dha46[dNm] is ﬂi@@ifféﬁéﬁl@é’ﬂ&%ﬁ’tlfé%fé&m@t&%%l@é:@%ﬁﬂén&]§pﬁzﬂgant on shear
rate and tenperature is carried out with a 25Rheoneter MCR 301 (Anton Paar,
Ger nkhy) WP Kl a Pl atiethptie ehgedlieeeyersing 2ig rgickade- di amet er of 25 nm WD
2011/ 023763p%T/ EP2030m0BRA (Ber 92 convibibl aldcSeahddl MED 1S 1. An optional |y
hydrogenated nitril e rubber having a wei ght average nol ecul ar weight M of
550, 000 g/thols] or | edsthatere ¥hepdyelr@pepion oy reagkrdx of | ess than 2.0. 2. A
process for preparing an optionally hydrogenated nitrile rubber according

to claiml, conprising subjecting a nitrile rubber to a nolecular weight
degr adat i orhevensile stiess at Rgdhie (-teatile; sgigngth“y ofdhgyidespiretes sfval Hohptjsrreniiss

cat ajsyst angxeptiitnakkYreprebrifd &k ip&cerﬁe?ge‘@’glellon ioh BaSﬁ%Qn’Ehla%n@fhecﬁQﬁbC&ig‘ﬂ{al a

solvent, wherein the netathesis is carried out int presence of at | east

one transi'est siscinsh aes deerprined ivaceeiiynse Withihed ™ R4 2n¥)- opt i onal | y hydr ogenat ed
nitrile rubber is isolated fromthe solvent through a process where the
rubber is contacted with a nmechanical degassing device. 153. The process
accor di ng Haydusss prppertigh¥ees ¢ptermancgtusingags TyRind Shprendiremelst etcaprdaesepl ik

cat al yst ig8glmeigd; fromthe group consisting of a conpound of the general
for r%l a(l), L

The determination of the Mooney viscosity (ML 1+4 @100°C) is carried out in accordance with
ASTM standard D 1646.

The determination of the viscosity dependant on shear rate and temperature is carried out with a
25 Rheometer MCR 301 (Anton Paar, Germany) with a Plate/Plate geometry and a plate-diameter of

25 mm.



A'". IR M=< )(1/ 1 L where 20M s osmiumor ruthenium the radicals R are
identical or different and are each an al kyl, preferably C -C30-al kyl,

cycl oal kywo 2prighsteabl y C3- C20- cycl oal kyl, al kenyl, pref ecalpgo10/062478

C2- C20- al kenyl, al kynyl, preferably C2-G20-al kynyl, aryl, preferably

C6- C24-aryl, carboxylate, preferably G -C20-carboxyl ate, al koxy, preferably
Ci - C20- al koxy, al kenyl oxy, 25 preferably C2-C20-al kenyl oxy, al kynyl oxy,
pref erably C2-C20-al kynyl oxy, aryl oxy, preferably C6-C24-aryl oxy,

al koxycar bORAT ISFeABMEBILH: C2- C20- al koxycar bonyl, al kyl anmi no, preferably

G - C30-al kyl am no, al kylthio, preferably G -C30-al kylthio, arylthio,
preferably Co6-C24-arylthio, alkylsulphonyl, preferably Ci-Car

al kyl sul phlony| ,Atoeptighatly |hydrogamaisy nitrilp Fubberrhating a eicighrycapgplseH!gsTcighf M., of
radical, each 3Q0{o whictbr 1@3%@95619&@&5}{;, Qﬁeémésg kfHb@d by one or nore

al kyl, hal ogen, al kéxy, aryl or heteroaryl radicals, X1 and X2 are
identical or different and are two |igands, preferably anionic |igands, and
Lrepresents i d%;)foe@sl ailag aﬁ@%ﬁdn‘a@%‘@qﬁogem}@({ IR b bEN &8, &%dto%ha@rﬁtlr on
donors; WO 2011 023763PCT/ EP2010] 0624 - (i) a conp havi ng t he
structure (111 )comprifipagubjogteg enigjje rubberfo é@&%@cg@é@e@ tdeéwé%wn vipgypgtpthegis
c,,,” 1Mes-NN re%én {lthe r ;{/)Qsleljréejo'falﬁg%g’éa A¥otis (:AtMgfst(ahd bﬂtloﬂalﬁfoar&q}!ﬁgl & wlihg i 1n
general fornmula ( where M s rutheniumor osmum Yis oxy

sul pHur (S), aﬁhwrﬁsfnieeaqﬁacsalve@r wherpinphie mefgihesds is corticd pe ixthegyeseicg gm I@%ﬂt or
different ligangls tralquByn%ta@-@orﬁ‘ﬂlg)yéataly%y GneR|nkid optﬁhahgf@&hmgéilaﬁx Rtdile rdbb¥ is

al koxy, al kenyl oxy, al kynyl oxy,
isolated from the solvent through a process where the rubber is contacted with a

mechanical degassing device.

15 3. The process according to Claim 2, wherein the at least one transition metal complex

catalyst is selected from the group consisting of

(1) a compound of the general formula (1),
|
X”/, R
M— < )
X1/ | R
L
where
20 M is osmium or ruthenium,

the radicals R are identical or different and are each an alkyl, preferably C;-Csp-alkyl,
cycloalkyl, preferably Cs;-Cy-cycloalkyl, alkenyl, preferably C,-Cye-alkenyl,
alkynyl, preferably C,-Cyp-alkynyl, aryl, preferably Cs-Cos-aryl, carboxylate,
preferably C;-Cy-carboxylate, alkoxy, preferably C;-Cyp-alkoxy, alkenyloxy,
25 preferably C,-Cyg-alkenyloxy, alkynyloxy, preferably C,-Cy-alkynyloxy, aryloxy,
preferably Cs-Cos-aryloxy, alkoxycarbonyl, preferably C,-Cye-alkoxycarbonyl,
alkylamino, preferably C,-Csp-alkylamino, alkylthio, preferably C,-Csp-alkylthio,
arylthio, preferably Cg-Cys-arylthio, alkylsulphonyl, preferably C;-Cyo-
alkylsulphonyl, or alkylsulphinyl, preferably C,-C,p-alkylsulphinyl radical, each
30 of which may optionally be substituted by one or more alkyl, halogen, alkoxy,
aryl or heteroaryl radicals,
X" and X? are identical or different and are two ligands, preferably anionic ligands, and

L represents identical or different ligands, preferably uncharged electron donors;



aryl oxy, al koxycarbonyl, al kylam no, al kylthio, arylthio, alkylsul phonyl or
al kyl sul phynyl radical, each of which may optionally be substituted by one
or nore avbybiiihraieegen, al koxy, aryl or heteroaryl radi ealr&r238/06238 R4 and
R5are identical or different and are eagh_hydrogen, organic or 15inorganic
radi cal's, R6is hydrogen or an alkyl, alkenyl, alkynyl or aryl radical and
Lrepresents i dqnf i Calcofhoilhlahent s&dcﬁﬁ’@@ﬁ) orrefxsf@ﬁ&ptylsq@%ﬁeg%y&é@gﬁr on
donors; (iv) a conpound of the general fornula (V)
2011/023763PCT/EP2010/062478pr44 - (V) where M L Xl X2, R, R2, R3,

R4 and R5have the neanings, gilveh for thevegengalNFbesul a (V) nentioned
under (iii); (v)a conpounﬁ“@f t he follomﬁn%aé{?tctures (Virn)y, (11X, (X)),

(X)), (XI1), (X111), (Xiv) |U : ere R n each case a
2,4, 6-trinmethyl phenyl radg akmzl-- S NN-quxil N-Mes WO
2011/ 023763PCT/ EP2010/ 062478 Y5 cl -

(111 (IV)

(i)  a compound of the general formula (V),

5 V)
where
M is ruthenium or osmium,
Y is oxygen (O), sulphur (S), an N-R' radical or a P-R' radical,

X'and X*  are identical or different ligands,

10 R is an alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkoxy, alkenyloxy, alkynyloxy,
aryloxy, alkoxycarbonyl, alkylamino, alkylthio, arylthio, alkylsulphonyl or
alkylsulphynyl radical, each of which may optionally be substituted by one or
more alkyl, halogen, alkoxy, aryl or heteroaryl radicals,

R* R’, R and R’ are identical or different and are each hydrogen, organic or
15 inorganic radicals,

R® is hydrogen or an alkyl, alkenyl, alkynyl or aryl radical and

L represents identical or different ligands, preferably uncharged electron donors;

(iv)  a compound of the general formula (VI),



112 A1(C-13)2N\ 0 ----¢cS" \\ O e 0 (XIV) (XV)
5(vi)a conpound of the general fornula (XVI) (XVI) where M L, X1, X2,
R1 and Rewbava/mbm3neani ngs gi ven for the general fornulpaT(E¥potioneid@i m 8,
the radicals Rl2are identical or differgpt and have the nmeanings given for
the 10radicals R2, R3, R4 and R5 in the general formula (V) in CaimS8,
with the exception of hydrogen, andq. nis 0, 1, 2 or 3;

XZMM,, | — 2
I||,M R
x I
R1 / R3
R’ R*

(V1)

where
M, L, X', X% R", R%, R’ R*and R’ have the meanings given for the general formula

(V) mentioned under (iii);

) a compound of the following structures (VIII), (IX), (X), (X1), (XII), (XIII), (XIV)
or (XV), where Mes is in each case a 2,4,6-trimethylphenyl radical,

N—NMes

Mes——N N—Mes Mes——N
Cl lu,,,,\“r Cl Iu,,,\(

c./f_ c,/"f“_
m:r \l/
o O

(vimn (1IX)
Mes—N\rN—Mes Mes—N\(N—Mes
Clu,,;Ru_ Cl iy, —_—
cl a””
\< Br \( OCH,

OCH

(X) (x1)



(vii) a compound of the general formula (XIX), WO

2011/ 023763PCT/ EP2010/ 062478 - 46 - (XIX) where D1, D2, D3 and D4 each
have a stwocbuwreswt the general fornula (XX) bel ow whi clrCirerbaone24vs a t he
net hyl ene group to the silicon of the fgsmula (XIX), Swhere M L, X1, X2,

R, R2, R3, R5 and R6have the neanings given for the general formula (V) in
(i ii); (viii) a corrpour]d—e-f—lthe general fornmula (XXV) X1, ", 1M 17
,M\..,,R 1 X2 PR7 R17 | XXV)| 10where M s rutgem—ﬂ?or osm um X1 and X2are
i dentical or diff&eentMnd Mgfi onic |igands, the radicals RLl7 are
identical or different anfl are organic r”ﬁg'l_cﬂ ¥m ¥ substituted or
unsubstituted im d%!'zqéw"dl adi cal and 15An| m ani on; (ix)a conmpound of

t he gener al forrrulc’q:é 2011/ 023783°° / Ru
CF,SO; z

(X1 (XI)

Mes——N N—Mes Mes—N| N—Mes
Cl u,,,,?(_ Cl u,,,,\r_

U Ru

o o (CH,),
\ Z°
\( S
N\
o
o}
(XIV) (XV)
5 (vi)  acompound of the general formula (XVI)
L RS
X ’llu, |
of
R1/ / \ N02
(R12)Irl

(XVI)

where
M, L, X', X*, R" and R® have the meanings given for the general formula (V) in Claim 8,
the radicals R are identical or different and have the meanings given for the
10 radicals R”, R’, R* and R’ in the general formula (V) in Claim 8,
with the exception of hydrogen, and
n is0,1, 2 or 3;

(vil)  a compound of the general formula (XIX),
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D1
D“—Ti—D2
D3
(XIX)

where D', D?, D* and D* each have a structure of the general formula (XX) below which is

bound via the methylene group to the silicon of the formula (XI1X),

L
X%’l | R6 2
lln,,,M— R
x” T
Y
R THs
. O\/\/Ti CH;
R
1 CH,
(XX)
where
M, L, X', X* R', R% R®, R® and R® have the meanings given for the general formula
g8 g
(V) in (iii);

(viii) a compound of the general formula (XXV)

— —_ +
X1’/, Im -
I\III L A
17 n
\ _R
Xz/ Pi_ R
R
(XXV)

where
M is ruthenium or osmium,
X" and X are identical or different and are anionic ligands,

the radicals R are identical or different and are organic radicals,
Im is a substituted or unsubstituted imidazolidine radical and

An is an anion;

(ix) a compound of the general formula (XXVI)



n\ R19 L (XXVI') where Ms rutheniumor osmum R18 and R19 are each,

i ndependently of one anot her, hydrogen, G -C20-al kyl, C2-C20- 5 al kenyl,
C2- C20- al wornyi1/02€63C24- aryl , G - C20- car boxyl ate, C - C20Pralrkrzy10/0278
C20_al kenyl oxy, C2-C20-al kynyl oxy, C6-C24-aryl oxy, C2-C20-al koxycarbonyl,
G - C20-al kyl thio, G -C20-al kyl sul phonyl or G -C20-al kyl sul phinyl, X3is an
anionic ligand, L2is an uncharged n-bonded |igand, whether or not it is
nonocyclic or polycyclic, 10 L3 is a ligand fromthe|group of phosphines,
sul phonat ed phosphi nes, quorinatedehosphines, functionalized phosphines
having up to three am noal kyl ,| ammoni oal kyl , al koxy=al
al koxycar bonyl al kyl , hydrocar bpnyl al kyl , hydr oxyagt Ryl
phosphi tes, phosphinites, phosphoni MessCpho6piare am
sti bines, ethers, amnes, am dess/ifines, 15sU pﬁq%Wd
pyridi nes, Y-is a noncoordi natffig anion and nis 0, '1,
conpound of the general fornmulla (XXVII) OR23R20 2/
20( XXVI 1) where 1\ 42is nol ybdenum or tungsten,

(XXVI)

or ket oal kyl groups,
es, arsines,

s, thioethers and

2, 3, 4o0r 5 (x)a
0O MH\ R21 N\ R22

where
M is ruthenium or osmium,
R¥and RY are cach, independently of one another, hydrogen, C;-Cy-alkyl, C,-Cy-
5 alkenyl, C,-Cy-alkynyl, Cs-Cy-aryl, Ci-Cyp-carboxylate, C;-Cy-alkoxy, C,-
Cy.alkenyloxy, C,-Cy-alkynyloxy, CgCoys-aryloxy, C,-Cy-alkoxycarbonyl,
C,-Cyp-alkylthio, Ci-Cyp-alkylsulphonyl or C;-Cy-alkylsulphinyl,

)& is an anionic ligand,
L? is an uncharged n-bonded ligand, whether or not it is monocyclic or polycyclic,
10 L’ is a ligand from the group of phosphines, sulphonated phosphines, fluorinated

phosphines, functionalized phosphines having up to three aminoalkyl,
ammonioalkyl, alkoxyalkyl, alkoxycarbonylalkyl, hydrocarbonylalkyl,
hydroxyalkyl or ketoalkyl groups, phosphites, phosphinites, phosphonites,

phosphine amines, arsines, stibines, ethers, amines, amides, imines,

15 sulphoxides, thioethers and pyridines,
Y is a noncoordinating anion and
n is0,1,2,3,40r5;

(x) a compound of the general formula (XXVII)
OR23

20 (XXVII)

where

M? is molybdenum or tungsten,



WO 2011/ 023763PCT/ EP2010/ 062478 - 48 - R2 and R2lare identical or different
and are each hydrogen, G -C20-al kyl, C2-C20- al kenyl, C2-C20-al kynyl ,

C6- C24- arwb,200Gi102€206- car boxyl ate, G - C20- al koxY, C2- C20- aCkargd10:0y2478

C2- C20- al kynyl oxy, C6-C24-aryl oxy, C2-C2Q-al koxy- carbonyl,

G - C20-al kyl thio, G -C20-al kyl sul phonyl or G -C20-al kyl sul phinyl, 5 R22 and

R23 are identigab,Qrp>di f f,er i%@ﬁtu?a'i‘gr AR r&RGRd %eselé@ﬂcl%&r'dg@rﬂ Q¥ C20 alkyl, Co-Cao-
hal ogen-substituted G -C20-al kyl, Cb6- C24-ar aral kyl” radical or a

si |i cone-cont ai ni ng anal 6§eyk keCedtkynykiGs Gutyhporcaboxylide.dareralkoxy,
formula (XXVI11) L X/ 21R24 %@k&y@%/@_/@ggﬁyﬁylgg >@§3@2 gl)ylyy{(};e’rcg M- Sikoxy-

rut heniumor osmum X1 an 2are | are anionic

| i gands whi ch can assune cabpnyl.Ke-Grealkylhis C@rﬁzokaéﬁﬂh)hwl PHC the-abkglielphinyl,
formy ae (A) ang: a(rﬁ)RB 15|af"J ﬁeﬂtﬁ!@l% lgfree® ﬁn(fidrg Eﬁ:‘h%@hbétl‘ﬂg@cﬂﬂ% W?Erpglb%ﬁ‘ted

assune all the neanings of in the general fornulae (1) V), R24 and
R25are identical or di ff@n@n&ta”é)ﬁdcaﬁe %ﬁcﬁé'ﬁyw?ti]@éﬁa@ﬁial%@sﬂl@m eentaping
unsubstituted al kyl; and ,20,4Xkle}eot COMpound of the general formula (XXI),
(XXI'1) or (XXII1), WD 2011/ 23763F30T/ EP2010/ 062478

(xi)  acompound of the general formula (XXVIII)

L
R
X3 |
> M=—C—C
17/ 25
X L R
10 (XXVII)
where
M is ruthenium or osmium,
X" and X* are identical or different and are anionic ligands which can assume all the
meanings of X' and X’ in the general formulae (A) and (B),
15 L are identical or different ligands which can assume all the meanings of L in

the general formulae (I) and (V),
R* and R* are identical or different and are each hydrogen or substituted or
unsubstituted alkyl;
and
20
(xii)  acompound of the general formula (XXI), (XXII) or (XXIII),



- 49 - (XXAl) where is rutheniumor osmum X1 and X2 are identical or
different |igands, preferably anionic |igands, 5Z1 and Z2are identical or
di fferentwandimestssal el ectron donor |igands, R13 and RedéT@mpeotio@ersts cal or
di fferent and hydrogen or a substituent 4§elected fromthe group consisting
of al kyl, cycloal kyl, al kenyl, al kynyl, aryl, carboxylate, alkoxy,

al kenyl oxy, al kynyl oxy, @ryloxy, al koxycarbonyl, alkylam no, dialkylam no,
al kylthio, arylthio, aIkMR§XIphopy? and al kyl sul phinyl radical, each of

whi ch 10may optional}ly besuk tTtuted by one or norgXXistituents,
preferably al kyl, halo eg, al koxyt4 aryl or heteroaryl radicals, and is a

| i gand. 4. The process/accgeording to claim3, wherein in the conpound of the
general formula (V) 15M& ruthenium X1 and X2are both hal ogen, in
particular, both chlorine, Rlis a straight-chain or branched G -Cl12-al kyl
radi cal, preferably an isopropyl radical,

R2, R3, R4, Rs have the nteanjings gi vegifor the general formula (V),
preferably R2, R3, R4, 20Rpare all hydrogen, and has_the general and
preferred meani ngs géven. Mer—Che—general formula (VXX eferably, L is a
substituted or unsubsty®uted im dazokjigjne radical of the formula (Ha) or
(I'th), WD 2011/023763PCTzEP2010/ 062478 - 50 - R8\zROR8 (RO R 1 - 1

L 1
X 13
| p R
Z—M—C—c—c~ (XXII)
X2 N\ 14

72 R
where
M is ruthenium or osmium,

X"and X*  are identical or different ligands, preferably anionic ligands,
5 Z'and Z*  are identical or different and neutral electron donor ligands,

R” and R arc identical or different and hydrogen or a substituent selected from the group
consisting of alkyl, cycloalkyl, alkenyl, alkynyl, aryl, carboxylate, alkoxy,
alkenyloxy, alkynyloxy, aryloxy, alkoxycarbonyl, alkylamino, dialkylamino,
alkylthio, arylthio, alkylsulphonyl and alkylsulphinyl radical, each of which

10 may optionally be substituted by one or more substituents, preferably alkyl,
halogen, alkoxy, aryl or heteroaryl radicals, and

L is a ligand.
4. The process according to claim 3, wherein in the compound of the general formula (VI)
15 M is ruthenium,
X" and X* are both halogen, in particular, both chlorine,
R is a straight-chain or branched C,-C,-alkyl radical, preferably an isopropyl
radical,

R’ R’, R R’ have the meanings given for the general formula (V), preferably R*, R, RY,

20 R’ are all hydrogen, and
L has the general and preferred meanings given for the general formula (V),
preferably, L is a substituted or unsubstituted imidazolidine radical of the

formula (IIa) or (1Ib),



1ININ\1 RioyR NI\l i y Ro (1l1a)(1l1b) where Rs, R9, R10, - 11 K are
identical or different and are each hydrogen, straight-chain or branched

G - C30- alwpl2011@@31630- cycl oal kyl , C2- C20- al kenyl , C2- C20Pralrkpoyilojo61d6s C24- 5
aryl, G -C20-carboxyl ate, G -C20-al koxy,)C2- C20- al kenyl oxy,

C2- C20al kynyl oxy, C6-C24-aryl oxy, C2-C20-al koxycarbonyl, C -C20-al kylthi o,
C6- C24-arylthio, G -C20- skyl sulp mnyl , G- al kyl aul phonat e, C6-C24-
aryl sul phonate or Cl1-C20- | sul |nyI 105%%3 according to claim
4, wherein the conpound of t rrula (VI) has|the|follow ng formla

(VII) where Mes is in e 46tr|mej/ Nenyé radical; -1 NN
Mesl Vles 6. The process COI’dI ng t cl ai m§ wherleint n t he corrpound of
52

the general fornmula (XVl) 1 MX1l and X2 RL R12 n R6 L is ruthenium are
bot h hal ogen, in particular bdbd) chlorine, is a sfilbai ght-chain or branched
G -Cl2-al kyl radical, preferably an isopropyl radical, has the neanings
given for the Eral formula (V), is 0, 1, 2 or 3, preferably O,

R® R’, R" R are identical or different and are each hydrogen, straight-chain or branched

Ci-Cspalkyl, Cs3-Cyo-cycloalkyl, C,-Cyp-alkenyl, C,-Cyp-alkynyl, Ce-Cos-

5 aryl, C;-Cy-carboxylate, C;-Cy-alkoxy, C,-Cye-alkenyloxy, C,-Cyo-
alkynyloxy, Cs-Cyg-aryloxy, C,-Cy-alkoxycarbonyl, C;-Cy-alkylthio, Ce-
Cyarylthio, C;-Cy-alkylsulphonyl, C;-Cy-alkylsulphonate, Cg-Coys-
arylsulphonate or C;-Cyg-alkylsulphinyl.

10 5. The process according to claim 4, wherein the compound of the formula (VI) has the

following formula (VII), where Mes is in each case a 2,4,6-trimethylphenyl radical;

]

Mes/N N\Mes
Cllu.,,,,
1
Vi)
6. The process according to claim 3, wherein in the compound of the general formula (XVI)
15 M is ruthenium,
X" and X* are both halogen, in particular both chlorine,
R is a straight-chain or branched C,-C,-alkyl radical, preferably an isopropyl
radical,
R" has the meanings given for the general formula (V),
20 n is 0, 1, 2 or 3, preferably 0,
R® is hydrogen and
L has the meanings given for the general formula (V), preferably, L is a

substituted or unsubstituted imidazolidine radical of the formula (Ila) or

(Ib),



i s hydrogen and has the neanings given for the general fornula (V),
preferably, L is a substituted or unsubstituted i m dazolidine radical of
t he formwe20HzR3®ms (1th), WO 2011/ 023763PCT/ EP2010/ 0624TAP2015062478
RB(ROR8(RO Rii...... rrRioRii....... T.N_sRio (11a)(11b) 5 where Rs, R9, RR)
-11 Kare identical or different and are each hydrogen, straight-chain or
branched, cyclic or acycliqga -C3OT@IkyI, C2h€20-alk ayl, C2-C20-al kynyl ,
C6- C24-aryl, Cl-Car carboxyl af e - C20- al koxy\_C2- £20- al kenyl oxy,
C2- C20- al kynyl oxy, C6-C24-arylloxy| C2-C20-al koxycarlbonyl, G -C20-al kylthi o,
C6- C24-aryi thio, G - C20-al FWJ/E‘TH%@VI , O - Q0= sl phonat e,

I

C6- C24- aryl sul phonate or G -C204al kyl sul phinyl. (7. The process according to
claim6, wherein the conpound of the general formula (XVI) has 10t he
structure (XVII1) 1--1 Mes-NN Mes (Xvil) 8. Thﬁwﬁrocess according to
claim 6, wherein the conpound gt he general for a (XVl) has the
structure (XVI e Where Mes is in each case a 2,4, 6-trinmethyl pheny
radical 15(XVII1) 9. The process aqcording to claim3, wherein in the
conpound of th& g@n8raR fesriutieal Oxifyromagd pigtepdriydivgenx siraghit cheomprebrinshied.
hal Ogen’ In part I Cu'C%ﬁC (pgé)h‘,hg bll-@[;()l-arﬁ%f’l, CQ-Czo-alkel’l}d, Cz—Czo—alkynyl, C6—C24—aryl, Cl'CZ()'

5 carboxylate, C;-Cy-alkoxy, C,-Cy-alkenyloxy, C,-Cy-alkynyloxy, Cs-Cog-aryloxy,

C,-Cyp-alkoxycarbonyl, C;-Cy-alkylthio, Ce-Cys-arylthio, C;-Cyp-alkylsulphonyl,

C,-Cypalkylsulphonate, Cs-Cos-arylsulphonate or C;-Cye-alkylsulphinyl.

7. The process according to claim 6, wherein the compound of the general formula (XVI) has
10 the structure (XVII)
Mes—N\(N—Mes
o f
o
RS
(XVII)
8. The process according to claim 6, wherein the compound of the general formula (XVI) has
the structure (XVIII), where Mes is in each case a 2,4,6-trimethylphenyl radical
Mes—N N—NMes
Clluuj/—
~Ru
a” f
o
e~
NO,
15 (Xvii)
9. The process according to claim 3, wherein in the compound of the general formula (XXI)
M is ruthenium,

X" and X* are both halogen, in particular, both chlorine,



WO 2011/ 023763PCT/ EP2010/ 062478 - 52 - Z1 and Z2are identical or different
and represent five- or six-nmenbered nonocyclic groups containing 1 to 4,
pr ef er ablwokotiw23763nost preferably 1 or 2 heteroatons, eCThPeyolosn7Or

pol ycyclic structures conposed of 2, 3,.s54_or 5 such five- or six-nenbered
nmonocyclic groups wherein all aforenentioned 5 groups are optionally

substituted by mpg;pr nor ?elﬁkrmégl’ormf?efréﬁ%m% Iggen%&a|0|§¥1&=m%¥eg%dﬁ¥&ychc
preferably C3-Cs-cycloal kyl, al koxy, pref erag Ci oal koxy, hal ogen,

preferably chlorine or brésesmeongying Inioek, @ﬁﬁbr%blsc@i@ézlmoafr ieforafly 1 or 2
heteroaryl, preferably Cﬁle%tolﬂﬁt &HRALN o' RicEA c%tru&ﬁre;éon%gedz% A 994351h§r

represent a bidentate ligand, thereby formng a cyclic structure,
and R14 are identi caI or seibFfiver errsix-mpribesedemenperelicierampowhdrgdy pll afOfememloned

C3- C20- cycl oal kyl , - Oal.l?L 51%'3}5{1%21% s&%@t’u%ldlﬁy%}{é or I%e% %fe)férably C1 Cio-

G - C20- car boxyl at e, koxy - C20- al keny - al kynyl oxy,

C6- C24- aryl oxy, C2- CZOaI I@B‘%}/@ﬁ‘?l%ﬁg}l pre@abkzs@%@rqyylodhﬂn@&om pebwaby Eyptom 0,
C6- C24-aryl thio, Cl- C20- aﬁJo% %Hh%%férabl@chl%& & lg?)ﬁlnﬁl\:'l QPF B%k‘erab%a@h cof

whi ch may optionally 15be su st 1 tut ed one or nore al g
al koxy, aryl or heteroar ylr eidheiepayl, Fﬁﬁefi’—_hlfé CGa-Csubgeroprt éadlcélls Bl‘n ulsd 7 ut ed

' m dazol i d' ne I’adl cal Of téééﬁlelf Igﬁllgy:lnfaa lgllffa])caté)l'i a(lwt?ﬂerebgg&ﬁ%ggi(gghc structurear o

...... . Ri ORi % wher e

i den]tq cal or dif @}déﬁzt‘ e @?@C@(% hh F?m% é’gfbﬁe caghy G v ke hai- Goosyelomiah red,

cyclic or acyclic G - CSO divdny1, C&;-620makkenyl ¢ 1 C20at K¥ Y bwylabd- €2¢€5 aryl
Ci - C20- car boxyl at e, ng ny % (gk.{f en§/4g(23y><y lo( -Xga kyny o>2<0y

C6- C24- aryl oxy, C2- czo alalke&ﬁycﬁrémﬁyqenyl@% zo-zlgawkw rﬁs&m-aryloxya Co-Coo-

C6- C24-aryl thio, G -C20- %lkléy(ﬁll{% opY¢ Tl 1RO ~arylthio, C)-
C6- C24- aryl sul phonate or G >L 1[9}} %( o a@ﬁ’ %?ﬁw RBICE-arylthio, C,

2011/ 023763PCT/ EP2010/ 06Mmkﬂswonylmscmlmﬁsuwglyl each of which may optionally
15 be substituted by one or more alkyl, halogen, alkoxy, aryl or heteroaryl

radicals, and

L is a substituted or unsubstituted imidazolidine radical of the formula (IIa)
or (1Ib),
S

(lla) (llb)
20 where
R® R’ R" R are identical or different and are each hydrogen, straight-
chain or branched, cyclic or acyclic C;-Csp-alkyl, C,-Cyp-alkenyl, Cp-Cyo-
alkynyl, Cs-Cos-aryl, C;-Cyp-carboxylate, C;-Cye-alkoxy, C,-Cyp-alkenyloxy,
Cy-Cyp-alkynyloxy, Cg¢Cos-aryloxy, C,-Cy-alkoxycarbonyl, Ci-Cyo-
25 alkylthio, C¢-Cy4-arylthio, C;-Cyp-alkylsulphonyl, C;-C,-alkylsulphonate,
Cs-Cu-arylsulphonate or C;-Cyg-alkylsulphinyl.

10. The process according to claim 9, wherein the compound of the general formula (XXI) has

the formula (XXIV)



where R15, Rl6are identical or different and represent hal ogen,
strai ght-chain or branched Cl-C20 al kyl, C1-C20 heteroalkyl, C-C o
hal oal kylwoGnti@i2e76al koxy, C6-C24 aryl, preferably 5 phemrgir/ErR@omyi4ss nitro,
nitrogen heterocycles, preferably pyridisge, piperidine and pyrazine,
car boxy, al kyl carbonyl, hal ocarbonyl, carbanoyl, thiocarbonoyl, carbam do,
thi ofornyl, am no, trial kyl si tyI u rial koxysi tyl. 11. The process
according to claim 10, wherei m of the general formula (XXVI)
10has the fornmula (XXl Va) or '9 &E’él n R15 and R16 have the sane
meani ng as given for structuyral for | &1 ( XXI V) R15 (XXI Va) ( XXl Vb)
12. The process accordi ng to/any claing 2 t % g wherein nitrite

adi ene

rubber is a copol yner of acky| gni t] anu but 15 13. The
process according to any one aINTB 3 tg in which the mechani cal
degassing device is a si ngl e-R"®twih- dr mul screw extruder, preferably a
tw n screw extruder. 14. A pol yner o osite conprising at |east one
optionally hydrogenated nitrite g4 as 20claimed in claiml1, at |east
one cross-1linking agent and/ or Buri ng system optionally at |east one
filler and optignally further auxiliary products for rubbers, preferably

reaction accel era ors vul cani zati on accel erators, vul cani zation
accel eration al¥i,[R'ari es areﬂd¢ntlgad|0ddrﬁfes%m irxdanprmgntdgéxgbls straglitichagionraadhedt s,

heat stabili zer Qzo

D011/ oar6apey Eissn i BNoE3k gl BRE Sr %gag%m AP pi(%iscéé\i%@i‘ g1y}, preferably
tackiXiers, bl phmd, fagemtmstro, aiyegtmha‘t@pcypleg,rrmﬁ:@blymﬁése @xtcane ped p}@atzgmni c
acids, inhibitaqr e chival, t
conprising an opti oﬂ% @lcaﬁég‘go%eorfa{w@ﬁ éa ba% 8f %g)r()éé) Q%&E n@s tdn% OF‘EYIm 1
50r a conposi t emaeg oratiybdyltund cladliomysiigl. 10

11. The process according to claim 10, wherein the compound of the general formula (XXVI)
10 has the formula (XXIVa) or (XXIVb), wherein R and R'® have the same meaning as
given for structural formula (XXIV)

Mes—N N—Mes

(XXIVa) (XXIVb)

12. The process according to any one of claims 2 to 11, wherein nitrile rubber is a copolymer
of acrylonitrile and 1,3-butadiene.
15
13. The process according to any one of claims 3 to 14 in which the mechanical degassing

device is a single-, twin- or multi-screw extruder, preferably a twin screw extruder.

14. A polymer composite comprising at least one optionally hydrogenated nitrile rubber as

20 claimed in claim 1, at least one cross-linking agent and/or curing system, optionally at least
one filler and optionally further auxiliary products for rubbers, preferably reaction

accelerators, vulcanization accelerators, vulcanization acceleration auxiliaries, antioxidants,

foaming agents, anti-aging agents, heat stabilizers, light stabilizers, ozone stabilizers,



10

WO 2011/023763 PCT/EP2010/062478
-54 -

processing aids, plasticizers, tackifiers, blowing agents, dyestuffs, pigments, waxes

extenders, organic acids, inhibitors, metal oxides, and activators.

15. A shaped article comprising an optionally hydrogenated nitrile rubber according to claim 1

or a composite according to claim 14.



