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Poly(isobutylene-co-isoprene), or IIR, is a synthetic elastomer commonly known as butyl rubber which
has been prepared since the 1940's through the random cationic copolymerization of isobutylene with
small amounts of isoprene. The resulting commercially available [IR, has a multiolefin content of
between 1 and 2 mol%. As a result of its molecular structure, the IIR possesses superior air
20  impermeability, a high loss modulus, oxidative stability and extended fatigue resistance (see Chu, C. Y.

and Vukov, R., Macromolecules, 18, 1423-1430, 1985).

It has been shown that treatment of bromobutyl rubber with nitrogen and/or phosphorus based
nucleophiles leads to the generation of ionomers with interesting physical and chemical properties, which
are dependent inter alia on their initial isoprene content (see EP 1 922 361 A, EP 1 913 077 A, US

25 7,501,460, US 7,514,491, Parent, J. S.; Liskova, A.; Whitney, R. A.; Parent, J. S.; Liskova, A.; Resendes,
R. Polymer 45, 8091-8096, 2004, Parent, J. S.; Penciu, A.; Guillen-CasteUanos, S. A.; Liskova, A,
Whitney, R. A. Macromolecules 37, 7477-7483, 2004.

The bromobutyl rubber used to prepare butyl ionomers is typically prepared in a conventional manner.

In the conventional process for producing bromobutyl rubber, isobutylene and isoprene monomers are

30  first polymerized in a polar halohydrocarbon medium, such as methy! chloride with an aluminum based
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the residual monomers and medium would all have to be stripped together from the butyl rubber, as in

30 the slurry process, with the rubber being subsequently re-dissolved for bromination. This is, in fact,

more energy intensive than bromination from the conventional slurry process. The use of iso-pentane as

a common medium for producing bromobutyl rubber is therefore not practical using the conventional

solution process.
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“solvent replacement™ process still requires that all of the original media left with the rubber after the

polymerization stage are removed. The energy requirement is essentially the same as in the conventional

process. No common solvent is employed for both polymerization and bromination.

Consequently, there still remains a need for an efficient, environmentally favourable process for the

25  preparation of butyl ionomers,

Summary of the Inveniion

There is now provided a process for the preparation of ionomers comprising at least the steps of:

a) providing a reaction medium comprising
° a common aliphatic medium comprising at least 50 wt.-% of one or more aliphatic
30 hydrocarbons having a boiling point in the range of 45°C to 80°C at a pressure of 1013

hPa, and
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The scope of the invention encompasses any possible combination of definitions, parameters and

15 illustrations listed herein whether in general or within areas of preference.

As used herein the term “at least substantially dissolved” means that at least 70 wt.-%, preferably at least
80 wt.-%, more preferably at least 90 wt.-% and even more preferably at least 95 wt.-% of the rubber

polymer obtained according to step b) are dissolved in the medium.

In an embodiment of the invention the polymerization according to step b) and the provision of a solution
20 according to step a) is effected using a solution polymerization reactor. Suitable reactors are those known

to the skilled in the art and including flow-through polymerization reactors.

Step ¢) of the process may employ distillation to separate un-reacted residual monomers, i.e. the isoolefin
monomers and the multiolefin monomers from the medium, This mitigates the formation of undesirable
halogenation byproducts from the unreacted monomers. The process is conducted at a moderate or
25  relatively high ratio of monomers to the common aliphatic medium. Typically, the isoolefin monomers
hve a significantly lower viscosity than the common aliphatic medium and therefore, a higher monomer
level results in a lower overall viscosity. Overall energy efficiency and raw material utilization of the
process is improved by eliminating the need to separate the rubber from a first diluent or solvent used for
polymerization, then re-dissolve it in a second solvent for bromination and by recycling bromides

30 resulting from bromination back to a brominating agent. The integrated process according to the
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30 the column 60 to a solution bromination reactor 70. Additional common aliphatic medium S and/or

water W may be provided to the bromination reactor 70 in order to provide the desired conditions for
bromination. It is important to note that the same common aliphatic medium used for polymerization

accompanies the butyl rubber through the process to bromination and that there is no need to separate the
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process. Wbeoumspeact ed nononmers separated fromthe pol pegrEPs@liosisoh in t he
distillation colum 60 are sent as recycle stream MR to nononer recovery
unit 90 and are then purified in nonom®— purification section 100 prior to
being recycl ed back to the recuperative heat exchanger 10 and feed cool er
20. Additional fresh nononers MF nay be added either prior to nononer 15
puri fi galkinen bROHRr sobfchie pME BSbrohfinatibe MDTEALSS a NAVRInBG@Nagehe Bo (s deb@tbed The
use of a common aliphatic medium for both polynerizatjon a b l.nation
and optremalignysalepravisied inle bRyEtien Hicten’ -o%:@fr%m?t prddn r/{fﬁﬁ%ﬂﬁéﬁ% t§?

i mpact B¢ AREMES (SCOMRIThid REMERIORREED @f thehEorteBhREMAtIBRbNYI A§SiSal @ Safter
conpared with conventional approaches. The description of the process

gi ven Rewiimiyewad washisghteatepciamt). exrmdgidomphr indepeehang o RIGFRRBIPUS GoNtaInIng
al | phat, Ge ¥R GieP FPRRAibA PSR Serlial offtfic Sk alFRARTRIIGRNITRY RAME: (ION) is
conposi tions mentioned herein. It is wthin the scope of the present

i nvent ithsn subiggted teconsmmoBiishinenansf drying peesadoes. al iepioamiad aipbatisnmerBym Favyed
slightl ' , it £ .af: . f o g
s P B0 ATRESLL O, RELAE AT g STBYELnlh S G gashec
m xt ur escasey 140 pprotuseodiston troirdrenppinyfirstiorbsectier 120 oAdpitPyarspinmar iabphatia

not linmted to ific s ef i P i ded. i ndi Vi :
ronomer kUi § pBy B adRETIRE rh ARRIGH | 2b o BIAKLOR] f AR mcllih b EEen pre

t hat 40GiGdd. T Putifiddegorama afipeaticmrediver is micytled back&stha rﬂﬁhg&:ﬁi;/iﬁthyatlemngm an
the co l.i phat.i dium . However, i.soolefins wthi 0 m 4
to%s oA e TRl RY RS, TBORE okt ebdified DA onfole?

3- et hyblutlonbid tiendstil Beicreddiyhn &) e banes @tychd skieam &% b heneoér rarosenyreft €0 padare The

nost preferred jsoolefin is jl.sobutene. 30The nonone i xture is not. limted
(oo SR ESH ST PHLCcAiSU R (ROt Moot R Olsd i o WPy h e
ggilgihggx@ahggt $% haveed sdoan 2@5&@&10;%@ﬁrashhi?@m@fs@ﬁ@h@bwadhﬁw\ameih frécn tdDGhater

a, .and the mononer mnjxture has a vjiscosity.|ess than the co .
al il phaPreliseEen (TR onirETa8fsetithismpnngiershaye W&vaﬁe-abﬁifjteﬁo?ée 36 118G GHBhaP ¢
to be gRJRG] met‘%@@}neermtida A &rémaeiaf in opiemtly epadiabvencasioh® wsetlers WO
2011/ 089083PCT/ EP2011/ 050505 - 7 - However, nultiolefins conprising dienes,
i n par t99EEAsaENVETERPENEt BtPagli e SNPIRYEShPINPHE PealegBanGs ofr B ieggied RIEFSSHHS
at ons,  SHEHePRith SARERDER ptbadLene or m xtures thereof are preferably used.
The nost preferred nultiolefin is isoprene. In one enbodi nent, the nonomner
m xture for the preparation of the rubber polymer, preferably butyl 5
r ubber Theredgsceiphign o5 éhej Protdie givan JeredRbEO BOMPaD), 1 GO 5 %P}*ﬂbut%fﬂéﬁamﬁ
92,0 %aI'i]Shaﬁg rmedidOpdMRiods Wil Rlo AIPASH o End REGLEERRIYiiMENdnEiOnl 8 el
nmononer and 1 n the range of from0.5 %to 20.0 % preferably 0.5 %to 8.0 %
by wei ght of at |least one, preferably one nultiolefin nononmer. Mre
pr ef er ab yithinibe spepropfehe resentineentiondhal he somppsitign of Gia gameen hirdaionedumgray
98.5 % ] i InS0acRld8idnBmBR QIR 4i@Rehti N
t he raﬁg%e %@%‘H@T’%&"cﬁép{% %ﬁ{%? ga‘o?‘/o‘eﬁg‘{ %?é%?;"%lf&g% dlnggasct%l donde, pref erably one
10 nul teding bointswb Hotrerpontitist preferably, the nonomer mixture conprises in
the range of from97.0 %to 98.5 % by weight of at |east one, preferably
one | S%k %{olngmgmrﬁ e ﬁgg gooﬂr)]rgdﬁcg l%ler 1‘@?{%? P&&m&f lBrgof'utién %Bl&ﬂer?’zagor?/ %Rt MRiQNG 20f

at | east one, prerera e nultio n nononer.
25  specific isoolefin, provided that the individual monomers have boiling points lower than 45°C at 1013

hPa, preferably lower than 40°C at 1013 hPa, and the monomer mixture has a viscosity less than the
common aliphatic medium. However, isoolefins within the range of from 4 to 5 carbon atoms, such as
iso-butene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene or mixtures thereof are preferred.

The most preferred isoolefin is isobutene.

30 The monomer mixture is not limited to a specific multiolefin, provided that the individual monomers
have boiling points lower than 45°C at 1013 hPa, preferably lower than 40°C at 1013hPa, and the
monomer mixture has a viscosity less than the common aliphatic medium. Multiolefins that are known by

those skilled in the art to be co-polymerizable with the isoolefins mentioned above can be used.



In a preferred enbodi nrent of the invention the ranges given above apply to
nmononmer m xtures wherein the isoolefin is isobutene and the nultiolefinis

i soprene.wo2bn/mpms3enbodi nent, the multiolefin content eCThreyi/osesbber s
produced according to the invention is for exanple in the range of 0.5 nol %
to 20.0 mol % preferably 0.5 nol %to-80 nol % nore preferably in the
range of 1.0 mol %to 5.0 nol % yet nore preferably in the range of 1.5
rnol %to 5 nol % even nore preferably in the range of 1.8 nmol %to 2.2

mol % Howéwer,anofidieins @ lpabidmiénes, lif partitlidriconjefatad disnes, @nthinahe fage/df franbbers

produced according tqQ the invention is 20 for_ exanml referably in the
range GFPOR BOMb UL ASFOPENY BriAdicns ohBEHt Reterhb yf‘%@ﬂ%ﬁed%@s S PTGy
and eveniRee iPE&kakably in the range of 3.5 nol %to 5.0 nmol % One of the
ways in which the aforenentioned viscosity probl ens have been overcone is
by selecting a high ratio of nononmers to solvenf in the pol ynerization
step. M PRGGRRINEES theapprogncsmigipre 'gr BiS: ABPAASAB AE IS HlPen PPIIE: ipa‘:ef?@mf B8t bon

sol ¥ entybbB@VRaP eSS Btth Pankd8f 16rh 80.03% to 99.9%QREfAERE0L.0 Uh G BN R twedht of
invention utilizes higher ratios, for exanple from®61:39 to 80:
r

- 20
pr ef er #0F3t PcoPEBELEE e dsordetgynogep prskia tecerapge Hifighed-> HoRddr”e) Rsgiarekly Qi ch

are predg gant iy wihCOHMROEAd3naNTeRR¥E IRVBEIHVESE ARnbYed N8RS P_@fe@mmne
al i phatic nedium reduces the solution viscosity to tolerable imts and

al so peepime mixikieghepriss (i the rangg of frow HBé “ashPel dubxitirih ! polessers prfTan
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be reached at a higher tenperature than when |ower Tevels of nononer” 30are
enp! oywmdltioliie mmemet My hesferatdyyier monpmer mixttngreampeastes dede soige el GomWiCedi ty

and peggits, or ’ r i l.evel - 4 % 10.3.0
2011/ o808 B4 TR R Hor REBlcrh ohitferal b Ehmge fifhom 1.5 010
af or ety vonigd ofatdeeisint yprefeeblyens mplivefibewnowesrer cone i s by sel ecting the
comon al i phatic nmedium as a solvent. A solvent having a higher content or

consi stin f oHN Vi.n boi | jn i f at
To13 nie thsfira® RBGHRNE oK B Rt B Lt SR boanp RS lchBlectibespls M 2
separ athe dsvokefiofn ifdbetesohndtthomulolefio isrigpuint. i n si gni fi cant sol vent renoval .

5The use of a solvent having a higher content or consisting of conpounds

Lot 10y R AR B RS DET BRS AhsiCppEE MO, S iy

icultres n @ Separation from
sol ut i emmpisiaals mayzeuf @A delth ty20uWsecldh, mefefablydl vanlPstd &0 abb®, segniréferablntih y

hi gher .t han mﬁgﬁ tgg ommon .gl i phatic medi nakingéi spl,uti.on re

di 711 clrrans gdddnd 4 %@dﬁ’ﬁgﬁ g PrE PR e TRty 1?%‘&8?6’?‘? SRS

provi dedranréfBrablgen thie gdhgeoN0sBIO] %500 3QInveMt. rati os descri bed above. 10In a

preferred enbodi nent of the invention the comon aliphatic nmedium conprises
-0

at | eaﬁmt an%%e}/\%mbo{ﬁrggnt, the multiolefin content of butyl rubbers produced according to the invention is

20  for example preferably in the range of 3.5 mol % to 20.0 mol %, more preferably 3.5 mol % to 6.0 mol

% and even more preferably in the range of 3.5 mol % to 5.0 mol %.

One of the ways in which the aforementioned viscosity problems have been overcome is by selecting a
high ratio of monomers to solvent in the polymerization step. Although mass ratios of up to 60:40
monomers to aliphatic hydrocarbon solvent have been used in the prior art, in one aspect the present
25  invention utilizes higher ratios, for example from 61:39 to 80:20, preferably from 65:35 to 70:30.The
presence of higher monomer levels, which are predominantly C4 compounds and have lower viscosity
than the common aliphatic medium, reduces the solution viscosity to tolerable limits and also permits a
higher solids level to be achicved during polymerization. Use of higher monomer levels also allows an
acceptable molecular weight to be reached at a higher temperature than when lower levels of monomer
30  are employed. The use of higher temperature in turn reduces solution viscosity and permits greater

polymer solids level in the solution.



one or nore aliphatic hydrocarbons having a boiling point in the range of
45C to 80C at a pressure of 1013 liPa, preferably at |east 90 w.-% even
nor e prefwoabliysais3l east 95 wt.-% and yet even nore prefPermedoansisenst 97
Ww.-% Aliphatic hydrocarbons having a boiling point in the range of 45C to
80C at a pressure of 1013 hPa incl ude-&ycl opent ane, 2, 2-di net hyl but ane,

2, 3-di met hyl but ane, 2- 15rnet hyl pent ane, 3-net hyl pentane, n-hexane,

met hyl cycl opent ane and 2, 2-di net hyl pent ane. The common al i phatic medi um
may, faho@¥asmRl & hebien CROPiicSHoRhbRIoneDMREREproMtntmadd BecatovkRamt is by
substantiall¥ i nert under, polynerization conditions ;ﬁ%h as ot her aljgh tic
hydr oc & #8AS e REmes plipiatfpicd VRt B ta A dO BER ATEES A BN A OB BT PRYF 8B Cht
of nor gohNRARISAGnk HRiRESSRHELQfthahQkSC BPRss #10PANRSyoulkliA88 Soililg PERE ABE,
cycl ohexane as well as ﬁalohydrpcarbons such as rnethyl chl ori de and ot her
20 chl elepetatheanencmstrabdt drepgpasetiondmsthopetpnaywldresylidh signiéigs solvanf moyal-

i nert under reaction conditions as well as hydrofl uorocarbons whereby

hydg of Yo QCALRENSMEGing QhigBXAHTRIeR: IrROSGHEBf &RHRLAH HaVing Q%oﬂliﬁ% Patht@sf more
C. ,1-1yFz wherein x Is an |nte%er from1l to 20, alternatively from1l to
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medi umis substa _ ee of 25 hal ohydrocarbons.” As used herein the
t er m " glighstiamtdinhl pakingtbe sotetamonere dvhewdip hofdlheudomyeiiecheebiomstcnintths wagtere

connon i |.C: I £ .l -0 . ly less than | wt.-%
nor e p?ggéﬁ%gk§&vggg%¥ﬂ%ﬁmgggaﬁF%Pgﬁgﬁg%gggﬁ%ﬁ%§§£%%g?%rabIy absence of
hal ohydr ocar bons. The preferred ratio of nonomers to a hydrocarbon

sollenin & prefeoed eabaiithey bithe invarhcarteeconisn adightic medvreompBisrsas lchyf 8P et-&r9f ned
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preferably in the range of - 5 80 Cto -75 C. Al though higher tenperatures
are deShe abh@on BlighBad mediehgyayl Sagearisle furthbr t@girat bhar angoprlspihich {relaeletso

| ower viscosity at higher tenperatuyre) are reduced, .this neral l.y |1 eads to
R L AR o e I TR S ST
Howev eheptshd® abhd obihhs haein®h HiIGR PN MRord Mas 0WEN a pREJuASOH TD 18 hea, piresmed,

invention, a reduced but still acceptable nolecular mei%q% cgn.%g q?t i ned
with 10WRRSeMReBRper Gelopeene RVt oF dlalqhydmrarhms oiish 45y BeBNSRg iR aRd other

t enper akidfised dliphdiR h?f@f@gﬁb&xfs wht® afe 4t PeakiQBtarkiBBd iner! Bnder rdaéi@in@badidhsab&eC t o
-72 C, nDrelgreFerab y -59 Ctg -70 C, yet nore preferably -61 Ctao -69 C,
By Sr

are useéuhyipiinerasaiopps Whvrehyrvdtpuprecarbars: ¢g foropempledhosgasnyisentesd b theyfprmula:

rubber ¢ dhe, WeligRtis 3V RIB8S PN &CH, akerMBivODtEoRf 1 BYkdttraBIYRREI1 BO] WABES v and
produced usSing the procésses acoordi ng
z are integers and at least one.

In another preferred embodiment of the invention the common aliphatic medium is substantially free of

25  halohydrocarbons.

As used herein the term “substantially free” means a content of halohydrocarbons within the common
aliphatic medium of less than 2 wt.-%, preferably less than 1 wt.-%, more preferably less than 0.1 wt.-%

and even more preferably absence of halohydrocarbons.

The preferred ratio of monomers to a hydrocarbon solvent is not calculable in advance, but can, however,
30 easily determined by very few routine experiments. Although increasing the amount of monomers should

reduce solution viscosity, making accurate theoretical predictions of the extent of that reduction is not



15 to the invention, as neasured prior to bromnation, typically is in the
range of 200 to 1000 kg/nol, preferably 200 to 700 kg/nol, nore preferably
325 to 6580kgiwmsbes3even nore preferably 350 to 600 kg/t molr/EpPg@Et/opasne
preferably 375 to 550 kg/nol, even nore preferably 400 to 500 kg/nol. If
not nentioned otherw se, nolecul ar wei§hts are obtained using gel

perneati on chromat ography in tetrahydrofuran (THF) sol ution using

pol ystyrene nol ecul ar wei ght standards. 20The viscosity of the solution at
the di sedaE gee Of paiedGhOtorddlex Fry @i ciaddsiyy anle Ppit@k&Toa I Wali@s Sohpakni2 @D thee P,
preferably | ess than 1500 ¢cP, nore preferably | ess than 1000 cP. A nost

pr ef er PPEHIOR AHgecrenfipdsan ffnipgra?“l"%ﬁi’?b’@e‘f’ét OVBEP. |1f not mentioned

ot herwi se, viscosities are, if not mentioned otherw se, viscosities were
meas ur gthnk BmBodifb@] 1he akes REQFRIGE i0h tIk0BRzpIfal(® WypesCHaakRyablyAhlthgiangn
viscosities refer to the extrapol ated zero shear viscosity. 25The soligds
cont entf -8F "G Re®3 G T OPFE B A& R POW N Doy FreYst 74t Rﬁﬁ%’/‘ia@yb‘? BESgBPY i n
t hg ragige @f7§4om 3 to 25 % nore preferably 10 to 20 % even nore
preferably from12 to 1 8% vyet nore preferably from14 to 18 % even nore
preferably from14.5 to 18 % still nore preferably 15 to 18 % nost

pr ef er &bhughdiighst EgperaRyes a8t dirablad Yasrpigydgreseniehissraion mdgmer gl

cont enfofe AL BeREEHEhIBEL tcRipbrafiRl)ard rddIEECAHE LeSRUIL Al M BRES hbleculdih@elzhgher
nmononmer to solvent ratios used in the present process allow higher solids

30cont kahtmsers thabere aghiseaparperdialy depirabire vera AEF iR HieaR] SdISROnoRIE B YBTERT t

use of., oscf?ln?ﬂp%reg%ﬂt RARL Gy, TEAIILE HAY stORe Ry fﬁ%{ehxﬁ;ﬁt%{a%@d&g HRr @i Ratdian.
WO 2011/ 089083PCT/ EP2011/ 050505 - 10 - As used herein the term "solids

colt enhither ¢hwemitures. wei ght percent of the pol yner obtained according to step
b) i.e. in polynerization and present in the rubber solution. In step c),

un-r eagfed,.eq Q{J@¢enf;§ao§@ﬁ5§dia5ﬁ, &gﬁ@%ﬁl ST QM tAge SPLI ¢OR, {oRlel AWhNYs o,

pol ymeri zation preferably using a distillation process. Distillation
pr oc esefsrably -6& fatai’d °Ci neiedseforhbld - 3F % ont0 Boivet mere poiferally Sdr € ipefd *Gertin

rechnot ey KR B ATER LR Eleet B S Iy Y P ncor porated

herein by reference. The degree of separation is |argely dependent upon the
nunber Tiof weightypseragadoleqular heeigho blipny! rabbenpdmperaptosueaddisipe difcaprpesdseh esoerdinf
resi dual n rs._in.the .sol uti -0l ow e | i

part s BetCIRREn abfeblfgiflol o S P pLRCEa B Aed Br 2R, [BeAR, |
achi evgrefchibly HEgIe®0dfe/ @, sepapraferably. 32Sep ar5atkigomloévet heore prateblaBEH ha b9

medi um from t he nonopers | 0 critical and conte of r,exanpl e up

1o 10 b hotut Pel B ERDs B B kel Reffisbre & meRLPrRORRE M 0d ReuekE RS 11

t he oveefikadl sticewing,f monrvilhe wiightsi hleabbt@ineprnomgssgel pamaatpnetiesmadgraphy in

enbodi ma% tge C ntls .of conppnent s o{e t.he c%iinnton ani phatic nediumin the

over helgHutrlym sPIEO s DR PPV ER B R MBS Y &P BES than 5 wt. % nore

preferably less than | wt.-%

20  The viscosity of the solution at the discharge of reactor 40 is typically and preferably less than 2000 cP,

preferably less than 1500 cP, more preferably less than 1000 ¢P. A most preferred range of viscosity is
from 500 to 1000 cP. If not mentioned otherwise, viscosities are, if not mentioned otherwise, viscosities

were measured in a rotational rheometer of cone-plate type (Haake). All given viscosities refer to the

extrapolated zero shear viscosity.

25  The solids content of the solution obtained following polymerization is preferably in the range of from 3
to 25 %, more preferably 10 to 20 %, even more preferably from 12 to 1 8%, yet more preferably from 14
to 18 %, even more preferably from [4.5 to 18 %, still more preferably 15 to 18 %, most preferably 16 to
18 % by weight. As described previously, higher solids contents are preferred, but entail increased
solution viscosity. The higher monomer to solvent ratios used in the present process allow higher solids

30 contents to be achieved than in the past and advantageously also permit use of a common aliphatic

medium for both polymerization and bromination.



15Wth reference to Fig. 1, the process of the present invention preferably
i ncludes purification of the un- reacted nononers separated fromthe

pol yrer i 280i20n/@a08at i on usi ng the distillation colunm 6@CTAPPUNIOFISORL i ON
unit 100 nay be provided for this purpose; alternatively, purification can
take place offsite in a separate purifiGation unit. The purified nononers
are normally recycled back into the process and m xed with fresh nononers;
however, they may alternatively be utilized in a different process or sold

20sepangtgldnerdih ettt doRIDQAABNERAD Wellfit PErOGe 86 the PelyHdLobiBGEacoRtingRa
purification and recycling steps in order to achieve advantageous over al

pr oces Stepbbiroifi redymepigationjaadpicent Bitharhbaeeldtidtay be carried out by passing
t hrough adsor bent col ums containing suitable nolecul ar sieves or alumna

based gdsn pﬁ,nﬁnn@&@(! ir@idal MOnOhAE ard RnfVE Fogethe NobL TBINGAnMpbRmbALition
pol yneri zati on reaction, the total concentration of water and substances

such agrefireninoting adishillstibreprogss. ligdiation wnspersh trserarath HEvigea! dHE GO PIREPIYS t he
[ eag |t b%ﬂ: @Jl%&%%iﬁé}?e%yanﬁ%%%@gib 8 il 85SxbAR, RE BHEIAPBS EenRSE THIRkbEN ON

t basis. proportion of nononers that arfe available for recycle
dependKidurOthiner, dbgdemnafp. 88 hisevhishoninotrperise Herdinby miefeteprs. pol ymeri zat i on
process. For exanple, taking a ratio of nononmer to comon aliphatic nedi um

of 66: %?iﬁe.e%rgé Q;? sgygalrétg)ﬁ EL qyrg%lgi)ciggéﬁgntglgghetﬁe %ghﬂéri &ntrgs%g@%d tkile'S coleh. Aﬁ'en

85% of nomers are ava to returned in the recycle stream If
t he sohkéwptablewed pieter@dilavel dasidhat wod@%ys intbnsohBin dpllavties srosraiinsyis legp tan 20

avail able for recygcle, . W ,2011 08 / E - Wt ber
i esor Jel P B B Ssient AR 1O RRE R e SR SRR Phafie R et 4P
st ep i separatiah.e Bepirhiivractbihe omaton catipgie nhedidi dloni heembivarersuisenbt jap cabisdrmoé or

presence of addi tj onal . oxj datlion agent .. .Suitable.reoxid.zl -
Phot agopsro e il B P e TR s e SRR Fp AR RS Rn
f ol | owisig>veibsdt Bnree Storhijiel dRgemiop erooxss de a psdeiadnmntoliateat the caatisunchnpmette,
sodi um hypochl orife qr brom.te, ox n, oxi.des, of. njt.rogen, ozone, ure
or oxi GALE oREpne Satn AUt flecRPeRrSt Fegacdslahbn A e S 35 nal 5a ¢
pert ungstuhGe pRRELDGS le& thadarphesphori c, perpyrophosphoric, persulfates,

perchloric, perchlorate and periodic acids or m xtures of the
af orenent i oned oxidatio ents

] a Suppl enent al.. sol vent,, for. exa
combri SV Hyrefrenh i bifnbrirePPae! Ge RET I SHRaAETeRY iy PRI e o
t he sepakat afodotRReepSalctiti@dn teNpyiB@zafich §ditnausaRNBB tdididuidagedlinen desi Aed
properties for brom nation. Brornination in the co n aliph tig ne%Lum
used derTifigptionenip R he sevidse TttBis PO SH REGRGYEY yPuEH AbEn 8%6?’@%#’ %8 OL§HioAr ed
Wi th t he EonYentifioRsh uik UMY pRfiQGessndMerEhrk HoRddlly eyt RE bagertd BE psaparadi ng
the polyner fromthe pol ynerization nmedium, then re-dlssoIV|%gp%% in a

di f f er erixedraidh frstf Bpnastest hpieter. ohey mapalisraerizgly Yo utifred dma ghiter Biti%atiing
agept 's§paﬂ-eﬂel§/.rﬁeﬂéﬁé@&n@dirﬁéﬁ%mﬁhé‘p%&:sggcl%?le Re&f ekl Yurifidtibhend 8RG8Ng steps

in order to achieve advantageous overall process economics.

Purification of monomers may be carried out by passing through adsorbent columns containing suitable
molecular sieves or alumina based adsorbent materials. In order to minimize interference with the
polymerization reaction, the total concentration of water and substances such as alcohols and other
25  organic oxygenates that act as poisons to the reaction are preferably reduced to less than around 10 parts
per million on a weight basis. The proportion of monomers that are available for recycle depends on the
degree of conversion obtained during the polymerization process. For example, taking a ratio of
monomer to common aliphatic medium of 66:34, if the solids level in the rubber solution produced is
10%, then 85% of the monomers are available to be returned in the recycle stream. If the solids level is

30 increased to 18%, then 73% of the monomers are available for recycle.

Following removal of the un-reacted residual monomers, the butyl polymer is brominated In step d). The

brominated buty! rubber is produced using solution phase techniques. A “cement” comprising a solution



of 0.1 to 8% even nore preferably fromabout 0.5%to about 4% yet even
nore preferably fromabout 0.8%to about 3% even still nore preferably
from abowoXob%spas3about 2. 5% and nost preferably from PCH/RPR012/050HY

wei ght of the polyner. I n anot her enbodi nent the quantity of
brominating agent is 0.2 to 1.2 tines-the nolar quantity of double 20 bonds
contained in the butyl polyner, preferably 0.8 to 1.2 tines the nolar
quantity. The brom nation agent may conprise el emental bromne (Br2),
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conprising the bronmobutyl rubber poI ymer and the common aliphatic nmedium
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nuel eop®idie and/or organo-halide precursors thereto, for example dibromo-dimethyl hydantom N—
bromosuccinimide, or the like. The most preferred bromination agent comprises bromine. Even more

preferably bromine is used as brominating agent.

25  The bromination process may be operated at a temperature of from 10°C to 90°C, preferably from 20°C
to 80°C and the reaction time may be from 1 to 10 minutes, preferably from 1 to 5 minutes. The pressure

in the bromination reactor may be from 0.8 to 10 bar.

The amount of bromination during this procedure may be controlled so that the final polymer has the
preferred amounts of bromine described hereinabove. The specific mode of attaching the halogen to the

30 polymer is not particularly restricted and those of skill in the art will recognize that modes other than



As used herein the tem "nucl eophile" denotes a conpound having a | one

el ectron pair located on nitrogen or phosphorous which is capabl e of
form ng awoavalmsmssbond to form phosphoni um or amoni uMPCOMEP2011/050505
Preferred nitrogen and/ or phosphorous contai ni ng nucl eophiles are those of
formula | 25AR R2 R3(1) wherein Adenot#®s nitrogen or phosphorus and WO
2011/ 089083PCT/ EP2011/ 050505 - 13 - Cl1-C18-al kyl denotes a straight-chain,
cyclic, branched or unbranched al kyl radical which nmay optionally be
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nucl eophi | es of "foi mul a are ose wherein two or three of the residues

Rl1, R2 and R3 are |dent|cal 10More preferred nucl eophiles of formula (1)
are: t Acersting RasiFme the brpminaip SHiyhabbe PPiyEsheRipyIddnisite ) tsrrackd vothay leatione,

trinmet HMJo@QP&Hmr EﬁjspﬁJrélﬁtcBM!ilg E%Qﬁbdbﬁﬂe triisopropyl phosphi ne,
tri-n-butyl phosphine, triphenyllphosphine, 2-di nethyl am noet hanol

1-di met hyl am no- 2- pr opanol , 2- (i sopropyl am no) et hanol )
3- di netMigr ngmgmp oéﬁ}@d:gﬁgmahqq_rﬁﬁtﬁy irgiten WakePalymsemay be recovered by conventional
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15é@ hy Btdnpemg\ anwrbdpiatien uting aebkvamict@mi wel} as:asqi:r@laWJ fake by dsriapanol
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11 2- (digeihAm BR) Bhbud! @Rk%h 2 Rakies Baaebided vt teiaTgais RioRs:A: Rk 2-
example, be performed in an internal mixer, at a temperature and residence time sufficient to carry out
the reaction, Alternatively, the reaction may be carried out in solution optionally under elevated pressure

and temperature.

15 Where solution techniques are applied it is preferred to neutralize the rubber solution comprising the
bromobutyl rubber polymer and the common aliphatic medium obtained in step d) with an aqueous basic
material, for example a diluted aqueous solution of sodium hydroxide, to separate the organic phase
comprising the bromobutyl rubber polymer and the common aliphatic medium obtained thereby and to
react said solution, optionally after an additional drying step, with at least one nitrogen and/or

20 phosphorous containing nucleophile

As used herein the term “nucleophile” denotes a compound having a lone electron pair located on
nitrogen or phosphorous which is capable of forming a covalent bond to form phosphonium or

ammonium ions.

Preferred nitrogen and/or phosphorous containing nucleophiles are those of formula I

25 AR'R*R’ (D
wherein
A denotes nitrogen or phosphorus and
R, R?and R’ are independently of each other selected from the group consisting of C-Cg-

atkyl, C-Cys-arylalkyl or Cs-Cyg-aryl.



(dii sopropyl am no) et hanol , N- but yl di et hanol am ne, N-tert-butyl di et hanol am ne,
2- (et hyl phenyl am no) et hanol , 3-(di met hyl am no) benzyl al cohol,

2- { 4- (di re0Ohgi1z208p038) phenyl j et hanol, 2- (N-ethyl an PCT/EP2011/050505

i 1'i no)ethanol, N-benzyl - N—nethylethanolanllne N- phenyl di et hanol am ne, 2-

20( di but yl ami no) et hanol , 2-(N-ethyl - hkhitoIU|d|no)ethanol
2,T-(4-nethy|phenylinino)diethanol tris[2-(2-

t net hoxyet hoxy) et hyl i am ne, 3- (dibenzylanino) 1- propanol or mxtures of the
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bronobut yl rubber obtained in c) is for exanple in the range from 0. 05

to 5 nmdF étrﬁlﬁwbvmﬂéﬁbg hydred Obﬁllé?’@r%?ﬂpé Theoring anplics tothpgigy meiglyioh an Erts and
even mMyfgdIRlgberably from0.2 to 3 nolar equivalents based on the total
nmol ar anount of allylic halide present in the bronDbutyI polynmer. In one
exenpl ary enbodi ment the nucl eophile and the bronobutyl polynmer can be

r eact edsforarggwtenigdensiss crgowypliGuadigelabut ajsp detejogipmpatis faé%?ﬁlw WRiER 1560, PftHIt es
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to 200 C, preferably from90 to 16 nore preferably from 100 to

30140Creplaggyl b0 hetgea08 sPaTyHPRO he 2050 Qﬁsttmgmsmphur or oxygen.

Alkoxy denotes a straight-chain, cyclic or branched or unbranched alkoxy radical.

Preferred nucleophiles of formula (I) are those wherein two or three of the residues R', R? and R’ are

identical.

10 More preferred nucleophiles of formula (I) are: trimethylamine, tricthylamine, triisopropylamine, tri-n-
butylamine, trimethylphosphine, triethylphosphine, triisopropylphosphine, tri-n-butylphosphine,
triphenylphosphine, 2-dimethylaminoethanol, 1-dimethylamino-2-propanol, 2-(isopropylamino)ethanol,
3-dimethylamino-1-propanol, N-methyldiethanolamine, 2-(diethylamino)ethanol, 2-dimethylamino-2-
methyl-1-propanol, 2-[2-(dimethylamino)ethoxy]lethanol, 4-(dimethylamino)-1-butanol, N-

15 ethyldiethanolamine, triethanolamine, 3-diethylamino-1-propanol, 3-(diethylamino)-1,2-propanediol, 2-
{[2-(dimethylamino)ethyljmethylamino}ethanol, 4-diethylamino-2-butyn-1-ol, 2-
(diisopropylamino)ethanol, N-butyldiethanolamine, N-tert-butyldiethanolamine, 2-
(methylphenylamino)ethanol, 3-(dimethylamino)benzy! alcohol, 2-[4-(dimethylamino)phenyl]ethanol, 2-
(N-cthylanilino)ethanol, N-benzyl-N-methylethanolamine, N-phenyldiethanolamine, 2-

20  (dibutylamino)ethanol, 2-(N-ethyl-N-m-toluidino)ethanol, 2,2'-(4-methylphenylimino)diethanol, tris[2-(2-
methoxyethoxy)ethyllamine,  3-(dibenzylamino)-1-propanol or mixtures of the aforementioned

nucleophiles.

The amount of nucleophile reacted with the bromobuty! rubber obtained in step c) is for example in the
range from 0.05 to 5 molar equivalents, more preferable from 0.1 to 4 molar equivalents and even more
25  preferably from 0.2 to 3 molar equivalents based on the total molar amount of allylic halide present in

the bromobutyl polymer.

In one exemplary embodiment the nucleophile and the bromobutyl polymer can be reacted for about 30

sec to 90 minutes, preferably from 45 sec to 7 minutes and more preferably from 1 min to 5 minutes at

temperatures ranging from 80 to 200° C, preferably from 90 to 160° C and more preferably from 100 to
30 140°C.



According to the present invention the resulting ionomer could also be a

m xture of the pol ynmer-bound iononerie noiety and allylie halide such that
t he tot alwoobarossrseunt of iononeric noiety and allylic Rrarirgeorfiosasos onal ity
are present in the range of 0.05 to 15.0 nol % nore preferably from0.2 to
1.0 nol % and even nore preferably frem6.5 to 0.8 nmol % with residual
multiolefin being present in the range 5from0.2 to 5. 0 nol % and even
nore preferably fromO0.5 to 0.8 nol % In a further step O the ionomner
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, tria eyanurate (TAC) 30or |iquid Polybutadlene known as RiconTm D

15§ (sﬁﬁﬁwﬁ@a tb?s‘ﬁh&bhasﬂé%qcﬁélﬁmfﬁm??ﬁ’?b@gﬁ higgYIdisyifidsl ent to the peroxide
curative or |ess.

In another embodiment of the invention curing is effected using peroxide curing agents such as dicumyl
peroxide, di-tert.-butyl peroxide, benzoyl peroxide, 2,2-bis tert.-butylperoxy diisopropylbenzene
(Vulcup® 40KE), benzoyl peroxide, 2,5-dimethyl-2,5-di(tert-butylperoxy)-hexyne-3, 2,5-dimethyl-2,5-
di(benzoylperoxy)hexane, (2,5-bis(tert.-butylperoxy)-2,5-dimethy] hexane and the like.

25  The peroxide curing agent is suitably used in an amount of 0.2 to 10 parts per hundred parts of rubber
(phr), preferably 1 to 6 phr, more preferably about 4 phr.

Vulcanizing co-agents known to be suitable by those skilled in the art can also be used. Suitable co-
agents include triallyl isocyanurate (TAIC), commercially available under the frademark DIAK 7 from
DuPont or N,N'-m-phenylene dimaleimide known as HVA-2™ (DuPont Dow), triallyl cyanurate (TAC)
30 or lquid polybutadiene known as Ricon™ D 153 (supplied by Ricon Resins). Amounts can be equivalent

{0 the peroxide curative or less.



WO 2011/ 089083PCT/ EP2011/ 050505 - 15 - An antioxidant may al so be included
in the iononer, suitably in an anmount up to 4 phr, preferably about 2 phr.
Exanpl es wb 28uiasadsBe anti oxi dants i nclude p-di cunyl di plremydraciios0505
(Naugard(r) 445), Vul kanox(r) DDA (a dlgpenylanine derivative), WVul kanox(r)
ZMB2 (zinc salt of methyl mercapto benzi¥i-dazol e), Vul kanox(r) HS

(pol ynerized 1, 2-di hydro-2, 2,4-trinmethyl quinoline) and |Irganox(r) 1035
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hexanetriol, etc., which are known to the rubber industry. The rubber aids
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to 50 wt.%, based on the ionomer.

15 The cured or uncured ionomers may be used as a part of a tire including, but not limited to an inner liner,
tread, sidewall, an adhesive, as part of a thermoplastic elastomer, footwear, storage membranes,

protective clothing, pharmaceutical stoppers, linings, and barrier coatings.



total capacity running in a continuous node. Feeds to the reactors were
3.87 kg/h of isobutene, 0.09 kg/h 5 of isoprene and 2.0 kg/h of hexane
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tenperature used was -65C and a solution having a solids content of 16 w %
was produced. This material had a weight—average nol ecul ar wei ght of about
440 kg/ nol and an isoprene content of about 1.7 nol-% The solution from
the reactors was fed to a distillation columm with 40 trays and separation
of thegyq rs fromthe rubber solution was perforned. The sol ution was
preheated 10 10 42C and a re-boiler was used at the bottomof the colum to
mai ntain a bottomtenperature of 113C. A reflux condenser was used to

r et ur n Eyampledf- Rilemenjestine and Bistilatien o t he top of the columm nmintaining a
tenperature there of 36C. The separation achieved in the colum left |ess
than 1%8? RifQs 'E)?ﬁlle AHRbssiRQPHENS P@nq{ﬁ'@é bdeR op&fied BNALALAR WikPRSSors Bt MlitroN
and about 1 % of conponents of the comon aliphatic nediumin the overhead
nonome totdtcepagity nufihiag stengmatlws m@d@ reeds toibie acaptars Wire 887 k@ ef fsgbutens, 0.09 ke/h

I ntgodycgd, Lo LS §9 to!ffﬁ@x 1 AR/ cbRAGH fi haab e BRRAAL eslid Sbies.
solution in the co n al |p |c ne um was such that brom nation coul d be
acconpllhs tﬂedmbyemmgnmadw@ls -6PEG ad akofition deling oseligs C@éﬁ@pqﬁel@fﬁf/va‘wawﬁwﬁ-

al i pha Th )
avar | a0rs TR SPGB RDRL MHER dB A0 ST IR PR Eoen of g
poi nt  bout he mah@e Tife s65Gob dro80Ge atacwrpwes Sdrte aofistiBE hﬁan{s Nethrﬂé)smayz@b@i ng

aliphatic h arbons h il Qi_nt S 5C O hen
30C ot P EL SEE Berns bd e &inspfaP Salbrimed? Tht, (it e fratERlsE o

r ubber 48l dntiiaoabeifer xamat at the thb@@mametd nugiitaig apbit@b tempaﬂaelrebmibiriﬁ%am on
equi pneng . | ement al, conmon al i hat| unt. 9

e Pt saneBiet VA berd O oBun P8 oL Bk Bret etp ae ety RbPpRs eildEE e,

A br omidagdetird Wieyd oD MErheCRpiraioni dtbictedoo the eaum 1é£5 199§ et A6 hpimnoft feeidual
separated rubber so|ution. The Qﬁonlnated §ﬁpra r.ubber SOE§I on is then
fi ni shaWPEEs MPNEBFy Bt SRzaratet okE spiehon PHg’ TR FeERREIS cgmaon

Pr epar @Iub}ﬁﬂc HeaBhO SRS BBl GRATRET stdEin2Ofnb/ RSIN8S RCRéHR O/ ﬂﬁ%@&hea 7 -
ol cenment i s coagulated in ethanol and t e resul ti.ng, pol i drled

anél ana}tspzlwdwhw}aw robmeRjpRzion Aeaqiogh Thepspaied BEhrrapitiona t W jphatic

medium was such that bromination could be accomplished by conventional means with addition of

supplemental common aliphatic medium.

The common aliphatic medium used is commercially available and contained 97.5 wit.-% aliphatic
hydrocarbons having a boiling point in the range of 45°C to 80°C at a pressure of 1013 hPa the rest
20  being aliphatic hydrocarbons having a boiling point of less than 45°C or more then 80°C at a pressure of

1013 hPa.

Example 2 - Halogenation

The separated rubber solution of Example 1 was halogenated using pilot scale bromination equipment.
Supplemental common aliphatic medium in an amount of 10% was added to the separated rubber
25  solution in order to lower the viscosity. A brominated butyl polymer containing 1.6% bromine is
produced in the separated rubber solution. The brominated separated rubber solution is then finished

using conventional drying and finishing techniques.

Example 3 — Preparation of Phosphonium Ionomer

In a 2L Parr reactor, 100 g bromobutyl rubber of Example 2 is dissolved in 1000 mL of hexanes. To
30 this, 4 g of triphenylphosphine is added and allowed to react for 60 min at a temperature of 100 "C. The



Exanple 4 - Preparation of Amonium lononer In a 2L Parr reactor, 100 g
bromobut yl rubber of Exanple 2 is dissolved in 1000 nL of hexanes. To 5
this, 3.2wQ 20f1/a8d¥83di r net hyl am noet hanol is added and alPcomedoitiososenct for
60 mm at a tenperature of 100 C. The pol ynmer cenent is coagulated in

et hanol and the resulting polymer is dfied and anal yzed by 1H NVR A high
i ononer content was confirnmed.. The foregoing describes only certain
preferred enbodi nents and ot her features and aspects of the invention wll
be evi gephert @mperis orgubatet lih etlaioh atdvie agstltinyaolyant 5 daed eglinarentys' Hodnd *'P
descri | enents that, 10 function in the same way may be substituted
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sub- conbi nati ons of the described features are intended by the inventor to
be enc@rpapisad Hr¢piadon 6f Amwioniintloabner WO 2011/ 089083PCT/ EP2011/ 050505 -
18- Cainms 1.A process for the preparation of iononers conprising at
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| east ®MER.QL IISK icaOmBQbyBRMZablfeme®NoMer in a mass ratio of nmonomer mxture
to common aliphatic nmediumof from40:60 to 99:1; 10b) pol ynerizing the

monomer, m.xture within the reaction nediumto forma rubber sol ution
Ji‘he foregoing descrr;lbes onﬁ]y certagl pre?erreg%mbo iments and other f!éla‘fures an(? aspects of the

invention will be evident to persons skilled in the art. Variants or equivalents of described elements that
10 function in the same way may be substituted without affecting the way in which the invention works. All
sub-combinations of the described features are intended by the inventor to be encompassed by the

following claims.



conprising a rubber polynmer which is at |east substantially dissolved in

t he medi um conprising the common ali phatic nmedi um and residual nononers of
t he nonorwo 2 xise0sd; c) separating residual nononers of PC&Pr@INOSESNS M Xt ur e
fromthe rubber solution to forma separated rubber solution conprising the
rubber polynmer and the comon aliphatiégﬁediunl 15d) brom nating the rubber
polymer in the separated rubber solution to obtain a solution conprising

t he brom nated rubber polyner and the common aliphatic nmedium e) reacting
t he br amaimat ed rubber pol yner obtained in step d) with at | east one

ni trogen and/ or phosphorous contai ni ng nucl eophile. 2. The process according

to claim1, mh he r .r.ubber . The process according
to ol atm 1 &5 e e PrrPiiaiot TR E IR SR R RE Fange of from
80.0 %to 99.9 % by weight of at |east one isoolefin nonomer and in the
range of frem fodididg t cca2@nlndtibycongiright of at | east one nultiolefin
nmononer. 4. The process according to one of the claims 1 to 3, wherein the

i sool efin nomer |s i SO ne_and the nultl efl n is_isopr
255 The. pr odess AcEuPiTl oS eonanr PR it R0 R pkn T8 EBfis
al i phatic nedi unﬁgﬂnq:arhosehamg d eakitg [BOht\M the%ngfe oﬁmé"@to AOCent alpiepduat 61013
hydr ocar bons hav%ﬂ% %iboiling point in the range of 45C to 80C at a
pressure of 1013 4" WD 2011/ 089083PCT/ EP2011/ 050505 -19- 6. The process
according to one of the clainms 1 to 5, wherein the process tenperature of
step b) is ien the maﬁmroﬁlixﬂﬁﬂ%nﬁ)ﬁsiﬂg% ledst dhlaempriatdis maaaodrdiangedso cane

of the clains 2 to wherein t ht a era e nDIecu ht of butyl
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kg/ mol . mass ratio of monomer mixture to common aliphatic medium of from 40:60 to 99:1;

10 b} polymerizing the monomer mixture within the reaction medium to form a rubber solution
comprising a rubber polymer which is at least substantially dissolved in the medium

comprising the common aliphatic medium and residual monomers of the monomer mixture;

¢) separating residual monomers of the monomer mixture from the rubber solution to form a

separated rubber solution comprising the rubber polymer and the common aliphatic medium,

15 d) brominating the rubber polymer in the separated rubber solution to obtain a solution

comprising the brominated rubber polymer and the common aliphatic medium,

e) reacting the brominated rubber polymer obtained in step d) with at least one nitrogen and/or

phosphorous containing nucleophile.
2. The process according to claim 1, wherein the rubber is a butyl rubber.

20 3. The process according to claim 1 or 2, wherein monomer mixture comprises in the range of from
80.0 % to 99.9 % by weight of at least one isoolefin monomer and in the range of from 0.1 % to

20.0 % by weight of at least one multiolefin monomer.

4, The process according to one of the claims 1 to 3, wherein the isoolefin monomer is isobutene

and the multiolefin monomer is isoprene.

25 5. The process according to one of the claims 1 to 4, wherein the common aliphatic medium
comprises at least 80 wt.-% of one or more aliphatic hydrocarbons having a boiling point in the

range of 45°C to 80°C at a pressure of 1013 hPa.



58. The process according to one of the clains 1 to 7, wherein the reaction
is performed in a polynerization reactor, and wherein the viscosity of the
sol uti on w0 20hiesgisschar ge of the pol ynmeri zati on react or PC3/HPe&Id/05¢58ah 2000
cP. 9. The process according to one of the clains 1 to 8, wherein the solids
content of the rubber sol ution obtaine# following in step b) is in the
range of from3 to 25 % 1010. The process according to one of the clains 1
to 9, wherein nolecular bromne is used as brom nating agent. 11. The

pr ocess. acchépragest accorngah ohdef ht aiafils Lol Q whbreinwhe pekdss tdagpemnmel of staf b) is
broninating.aﬂent useg g; ig %?e range of fromO0.1 to 20% by wei ght of the
rubber. 12. PAeBEo¥es¥ &6 Pding to one of the claims 1 to 11, wherein the
brom nating agent is used in 15conbination with an oxidizing agent. 13. The
process. acCOhélpdagest Gccoftingab ohdief @t alaiis A tot) whereinvheweigit dvbregahbleade veighd/ or

phosphor ous c¢ont ai.ni ng nucl epphiles are.those of for a ] A
R3( 1), wher ePhPUAHSHOFEE BRet wr&brﬁww%lmghmagezﬁ@bt@%%’"% are

i ndependently of each other selected fi-omthe group consisting of Cl-Cl18-
al kyl , 8C6- CIhe afocbal deydrdiap t£€snEbd tiar Yhims1¥ to Theh@eac@s seaGQo isdparprinal one of

the clains 1 to 13, wherein step e) i s accanplished by reactive, K kneadi or
carried out PPRMEHEtien 6?%%5@#}*{5@1'5&10@8s‘éscaeg}éPﬁiﬂﬁgs Igtognd ﬁlﬁ dipphargp aﬂqn@g 1
to 14, wher ghmbrivafod MEdHAE 15404 fobotthe i onomer is 25cured.

9. The process according to one of the claims 1 to 8, wherein the solids content of the rubber

solution obtained following in step b) is in the range of from 3 to 25 %.

10 10. The process according to one of the claims | to 9, wherein molecular bromine is used as

brominating agent.

11 The process according to one of the claims 1 to 10, wherein the amount of brominating agent

used is in the range of from 0.1 to 20 % by weight of the rubber.

12. The process according to one of the claims 1 to 11, wherein the brominating agent is used in
15 combination with an oxidizing agent.
13. The process according to one of the claims 1 to 12, wherein the nitrogen and/or phosphorous

containing nucleophiles are those of formula 1
AR'R*R? (D, wherein
A denotes nitrogen or phosphorus and

20 R',R*and R’ are independently of each other selected from the group consisting of Ci-Cig-
alkyl, C¢-Cys-arylatkyl or Cs-Cyy-aryl.

14, The process according to one of the claims 1 to 13, wherein step e) is accomplished by reactive

kneading or carried out in solution.

15. The process according to one of the claims 1 to 14, wherein in a further step f) the ionomer is

25 cured.

16. Use of an ionomer prepared according to one of the claims 1 to 14 to prepare cured ionomers.



16. Use of an iononer prepared according to one of the clains 1 to 14 to
prepare cured ionorners. WD 2011/089083PCT/ EP2011/ 050505 - 20 - 17. Use of
an i onomewopoapme@d according to one of the clainms 1 toPrid/Epeoia/ osesned

i onomer prepared according to claiml15_as a part of a tyre, an adhesive, a
t her nopl asti c el astoner, footwear, stb?@@e menbr anes, protective clothing,
phai i naceutical stoppers, linings, and barrier coatings.

17. Use of an ionomer prepared according to one of the claims 1 to 14 or a cured ionomer prepared
according to claim 15 as a part of a tyre, an adhesive, a thermoplastic elastomer, footwear,

storage membranes, protective clothing, pharmaceutical stoppers, linings, and barrier coatings.



