POLYMERI ZATI ON PROCESS USI NG ZI NC HALIDE I NI TIATORS Field of the Invention
- The invention relates to the cationic polynerization of isoolefins and
optionally multiolefins using zinc halide initiators. Mre particularly,
the invention 5 relates to the cationic polynerization of isobutene and

I soprene to form butyl rubber polyners using zinc halide initiators and
optional | y al KPOLYMERIZATION PROCESS UBINGIINGC HALIDE INITIATORS

Pol y(i sobutyl ene-co-isoprene), or IIR is a synthetic elastomer comonly
known as _butyl rubber which has been prepared since the 1940's through the
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multiolefin.

Butyl rubber or butyl polymer is generally prepared in a slurry process using

a suitable polymerization solvent, such as methyl chloride, and a Friedel-Crafts

20  catalyst, such as AICI3, as the polymerization initiator. The methyl chloride offers

the advantage that AICI;, a relatively inexpensive Friedel-Crafts catalyst, is soluble

in it, as are the isobutylene and isoprene comonomers. Additionally, the butyl

rubber polymer is insoluble in the methyl chloride and precipitates out of solution as

fine particles. The polymerization is generally carried out at temperatures of about -

25 90° Cto -100° C. See U.S. Patent No. 2,356,128 and Ullmanns Encyclopedia of

Industriai Chemistry, volume A 23, 1993, pages 288-295. The low polymerization

temperatures are used to achieve molecular weights which are sufficiently high for
rubber applications.

Other compounds that have been found to be active as catalysts for
30 polymerizing isoolefins include organometallic compounds in combination with a
cation-generating agent, for example CsMesTiMes/B(CeFs); (WO-00/04061-A1),
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5 205. Nuyken, in collaboration with M Bohnenpoll (Chem Eur. J. 2004, 10,
. 6323), published a system based on [ Mi(NCMe) 6] 2+ salts of non-coordinating
borate anions which was active at roomtenperature: [M(NCWe)6]2+(X )2 X =
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(such as Me;CCl or MeCOCI) and used either in neat isobutene or in

isobutene/methy! chloride mixtures, proves to be inactive, and no polymer is
obtained. Recently however, Bochmann and coworkers filed a patent on the use of
20 Zn(CeFs)2 / BU'CI system for 1B homo- and IB/IP copolymerizations (Canadian
patent application 2,441,079, filed September 16, 2003). Zinc had never been used
as an initiator for cationic polymerizations before. This patent teaches that this
system possessed particularly good copolymerization characteristics and allowed
the formation of IB/IP copolymers in neat IB solutions (no solvent). The polymers
25 had up to 15 mol-% IP, with little gel content. However, monitoring the reaction of
Zn(CgFs), with tert-butyl chloride ('BuCl) always found substantial amounts of CsFsH
together with insoluble precipitates. In addition, the Zn(CgFs)2 is expensive to use in

a commercial scale process and lower cost alternatives are therefore being sought.

The need therefore remains for improved polymerization processes using
30  zinc-based initiators.



allow the zinc halide initiator to dissolve in the solution. An alkyl
. halide activator may 10 optionally be used and is preferably added to the
solution prior to the zinc halide initiator. Multiolefins nay optionally be
present with the isoolefin in the solvent and may participate in the

reacti onshmrf,g!g\@fqp)eweym%hs with the isoolefin. The isoolefin may
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may conprise Bgtyidinghbethe presEnt investidial thefe 1191 priodiddids alpRstess foRethe
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Detailed Description

20 The present invention relates to isoolefin homopolymers and co-polymers of
isoolefins, multiolefins and optionally other co-polymerizable monomers. In a
preferred embodiment, the co-polymer is a butyl rubber polymer. The terms “butyl
polymer”, “butyl rubber” and “butyl rubber polymer” are used interchangeably
throughout this specification and are intended to mean a polymer prepared by

25  reacting a major portion of an isoolefin monomer with a minor portion of a multiolefin

monomer.

The process is not limited to a specific isoolefin. However, isoolefins within
the range of from 4 to 16 carbon atoms, in particular 4-8 carbon atoms, such as
isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, 4-methyl-1-

30  pentene and mixtures thereof are preferred. Most preferred is isobutene.
When multiolefins are present in the reaction mixture, the process is not

limited to a specific multiolefin. Every multiolefin copolymerizable with the isoolefins
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parts by weight of the C4 to C8 isool efin nonomer and from about 30 to

. about 0.5 parts by weight of the C4 to C14 nultiolefin nononmer. Nbre
preferably, the polyner is derived froma mxture conprising from about 80
to about 99.5 parts by weight of the C4 to C8 isoolefin nononer and from
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nmononmer. A nost preferred pol yner accordi %to the present invention is

deri ved fﬁ&W%Pﬂrﬁf&rW@f%@ﬁ?ffﬁr@ﬁnd\ prafairad tOQ@Mt'BUIil@!ﬂfU" WBFISQfaﬁtCét'l@y
Sopr eneCi4fattbuteaioRA, Sile 858khe RohTrfify B b Bubbies

i ncl ude melutat isopeéne, 2uthdiend, Gonethgtbutadienedd@editndibylipltadesrn | pipe@rylind;or
exanpl e Slb|e to include @ styreni ¢ nongomer in the nmonomer

TR o Sushelhil b Benadighea i iheiads et e eoRan y BLERHEN D, 2By 915+ he
mononer AbddiERe, THe. cmhfe{tmprzeﬂ hekyGienke TOAGHI-1 41 nea.e?@ e‘ét.rﬂgtﬂmfe.t he

group conprising p-net yrene, styrene,
p- chl or obegtadiene, pcyrudopemsdlgnenenettrytdyohn@lehmﬂlama cEI’(EIohexadlene 1-vinyl-
met hyl cycl(g&?enta | enei adene dene cierl vatives an?%mmﬁ res thereof. The

most pr BYEPRLFEALNS AR iKYy reRly 1BePSaeds pagtiqu rgPlHsedonpr i si ng
t |
ovol yer | zab) A HCE MR bR, iiled iont RChRRLre CoRBHisHY bR fie isoolefin

Sui tHbl empabyesr i Hw polynpﬂfdneﬁam bedepreddcma mbdaieciom- ai:mtt&ﬂwion@g 530

I t I yl bb I || ed
o The. =028 BiafeieBl of 15t oo BPBIERR Hotivier 368 108 Aauf I §SeES ' ©
pr ocessegart§1bg Iwaghmpmectnma ENERTRIASIRT ridnbhigre I\ﬁbt%sﬁr'e‘f&(éblgn tfe ﬁngh?é}' e
solvent. The solvents are generally organic fluids. O gani

sui t abl eisfdariveddrom a BweureFempasing ifranaisbent 8@ tp@IbsbuIéBQzﬁapamby medighteofi ner t

ydr ocar B8G: ok Boel A BRRAR nd i otk 2R, MEUR 5 rs' B Weidht' B ne
hal odenathedChyter OcanRdtisicimdnonemer. MIfosf pkdierralli pdigthie acBMﬂfﬁ%betﬂ@S
and m xtures of one or nore of the hal ogenat ed hydrocarbons and one or

m)r e of Presertveption i dedvashitem &mirure sopprising Epreaboutedt toabewi 8961 ui ds

o hor ‘P35 oy A SRR end S SBo0E &1oRCH Bk B9 e, "

di chl orasapﬂwee . Most preferably the organic fluid is a hal ogenated
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15 percent by weight of the monomer mixture. The preferred styrenic monomer
may be selected from the group comprising p-methylstyrene, styrene, a-
methylstyrene, p-chlorostyrene, p-methoxystyrene, cyclopentadiene,

25 methyicyclopentadieneindene, indene derivatives and mixtures thereof. The most
preferred styrenic monomer may be selected from the group comprising styrene, p-
methylstyrene and mixtures thereof. Other suitable copolymerizable termonomers
will be apparent to those of skill in the art.

Suitable polymerization processes for producing isoolefin-containing

30 polymers, particularly butyl rubber polymers, are known to persons skilled in the art
and are further described in US 2,356,128. Generally, the processes involve
providing the monomer mixture dissolved in a suitable solvent. The solvents are

generally organic fluids. Organic fluids suitable for use in commercial butyl rubber



that woul d be suitable for use as an initiator, it is not soluble in either
. neat IB or 113/solvent m xtures. The preferred zinc halides therefore
conprise soluble organic 15 zinc halides, nore preferably alkyl or aryl
zinc halides, yet nore preferably short- chain alkyl zinc halides. Since
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20 formula:

R-Zn-X 1)

wherein,
R is methyl, ethyl, propyl or butyl; and,
XisCl Br,orl.

25 It might be advantageous to further add an activator or co-initiator to the
monomer mixture. The invention is not limited to any special co-initiator/activator as
long as the co-initiator compound does not adversely affect the polymerisation
reaction. Preferred are activators of the general formula HX, RX, R;CX or RCOX
with each R independently being a Cq to Csy hydrocarbon radical which may be |

30 linear, branched or cyclic and may contain one or more non-carbon atoms in the
carbon-chain, such as methyl, ethyl, n-propyl, n-butyl, s-butyl, t-butyl, pentyl, hexyl,
octyl, nonyl, decyl, dodecy!, cumyl, 3-methy|pen'tyl, 2,4 4-trimethylpentyl and 3,5 5-
trimethylhexyl and each X being a halogen, preferably chilorine, bromine or iodine.
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15 polynerized at tenperatures in the range of from-100C to 40C, nore

. preferably in the range of from-90C to 35C, yet nore preferably in the
range of from-80C to 35C, even nore preferably in the range of from-70C
to 35C, still nmore preferably in the range of from-60C to 35C, yet even
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preferably in the range of from - 3 35C and at pressurés in the
range fr8iflMasGly. Megtrprefaeed are BuCzhandmthohbrldeactor as opposed to a
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danpi ng 181 8REnt sveproere escferablysn thearangss of Tram peGrdo 350 sifleddre t hi s
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range of from —50°C to 35°C, yet still more preferably in the range of from —35°C to

20  35°C and at pressures in the range from 0.1 to 4 bar.

The use of a continuous reactor as opposed to a batch reactor may have a
positive effect on the process. Preferably, the process is conducted in at least one
continuos reactor having a volume of between 0.1 m® and 100 m®, more preferable
between 1 m® and 10 m®.

25 If polymerization is performed continuously, the process is preferably
performed with at least the following feed streams:
i) solvent/diluent (preferably dichloromethane) + i§oolefin (preferably
isobutene) + multiolefin (if present, preferably a diene, such as
isoprene); and,

30 i zinc halide compound (preferably ethyl zinc chioride)

The alkyl halide activator (if present) can be either pre-dissolved in the
solvent or added to the solvent in conjunction with or following addition of the
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as NR, BR, HNBR, NBR, SBR, EPDM or fl uororubbers. The preparation of these
. conpounds is known to those skilled in the art. In nost cases carbon bl ack
is 20 added as filler and a sul fur based curing systemis used.' Peroxide
based curing systens nay al so be used, particularly when the polyner

cont ai nsnnonesis! Fhe@kh haqfder@&%tdrrrg wérerrab%ﬂo\rﬁfédf;sw Bladdifst o0

mul tiol efin nononmer. For conpoundi ng and vul cani zati on, reference |s made
to Encycll@ﬁétﬂ"decbmlt!mryner Sci ence and Engi neeri ng, Vol . 4, S. 66 et seq.
(Conpoundi ng) and Vol. 17, S. 666 et seq. 25 (\Vul canization). The

vul cani zati onTbhé tine dmﬁﬂeuh'dﬁatbs syaiainl ymay fleet agedt to t prodatat sitiesr iIB t he
range of , 100 tp 200C pref rred 130 to 180C (optionally under ressure in
the rangBOTPP 98("1'635265 ymehce dJB &Néné @%aﬁpmoar%r prVHVPE'I et 6'9"9

illugr arr@anbheerprsefr@ﬁreh@verg 'é?ﬁp%ﬁ're'?xéfr@fbeénd Beai®! it m for

| B honopol yneri zations | S condensed into a g%adua ed vesse at
-78 C. Phemopplymst haja ahholeouﬁhwght/\ﬂ&n)nnjtbetradge of dromp 1268 G0t 3000000t al

reaction tockslutlonln

oo oy i BFARAPERPmar 85 A itfeci Weidhs T B JaRRe,R) e Imgnfoor

t Bul wasgo@dded to the reactor, followed by the addition of solid EtZnCl.
At this terrperature t he Wnite soI id did not change. However, when the

m xture was t o] t e | e)
The. Sori 6 i ool o res@%' FOE Gorlds Fﬁé@{r’ﬁ;@%‘s e R e
was s edptosess maybe ltHIEE stmlrr;grmatemirfona r‘rmlcﬁgmtrbh qarbcelsst inngrdee &gpruduce

Reacti on r enched_i n net.hanol drr d at ntil constant weight.
Resul ts é?lgyﬁl@p%ﬂi’@ﬁrﬁ an%fBI'?é'oﬁ o Chﬁ{@ 9§tcéﬁ1 ge grned ageRIdRastohe ned
to the s r nigdi [ ahid t t he
nt er nal ﬁg;‘z%@%?e@éwf@ezgﬁ RPBST TechoBo} 257 Bq, TP iy Malfiedmétin are

very cl ogywescademincPublishers, Pph297 r—rﬁﬂt)randrlerferdnt@s crtecbwnhmtthsseefeoenoeach
the critical tenperature of -35 C where reaction starts). Cooling again to

- 78C gave on:?h%rcmpedymérspcprewrted {mntrﬁ§T)wer'ﬁlrdrF eg'faomtaltitﬂ?%urtdb% Fonthe f
t he 15y RHEPAST ot mbltind ph el K ébﬁé‘oc?s{rﬁc@gé&aé’&q%ﬁpném ymrq ilustral’
conver si @ibep ®ticts F aaHad tﬁ%nd’éso‘ﬂﬁnﬁﬁﬁgeél%@%ﬁ grf]rHﬁlegg’%? s, fr@ ‘i‘ﬁ%s

prepared showed Mh 'val ues conten
(Run 654 @FBErs\areeusiktb this gnddn pusafdm quasta mattuneewctbrotleersnubbersafstmh a 30

e DRk, AMRCBRRE Slm, BB fistonShe S S he mastohinl o brng O
reached.compounds is known to those skilled in the art. In most cases carbon black is
20  added as filler and a sulfur based curing system is used.” Peroxide based curing
systems may also be used, particularly when the polymer contains at ieast 4 mol%
of repeating units derived from at least one multiolefin monomer. For compounding
and vulcanization, reference is made to Encyclopedia of Polymer Science and
Engineering, Vol. 4, S. 66 et seq. (Compounding) and Vol. 17, S. 666 et seq.
25  (Vulcanization). The vulcanization of the compounds is usually effected at
temperatures in the range of 100 to 200°C, preferred 130 to 180°C (optionally under
pressure in the range of 10 to 200 bar).

The following Examples are provided to illustrate the present invention.
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Example 1: EtZnCl system for IB homopolymerizations

IB (9 ml) was condensed into a graduated vessel at —78 °C. Pre-chilled
dichloromethane was injected to complete a 22 mL total reaction volume. A ‘BuCl
stock solution in dichloromethane (100 umol/ mL CH.Cl) was prepared at —78 °C.
An aliquot with the appropriate amount of ‘BuCl was added to the reactor, followed
by the addition of solid EtZnCI. At this temperature the white solid did not change.
However, when the mixture was allowed to warm to -35°C (checked with internal
thermocouple) the solid dissolved completely. EtZnCl was used in an excess, and
'BuCl was used to control the polymerization rate as the limiting reagent. Reactions
were quenched in methanol, dried at 60 °C until constant weight. Resuits are

reported in Tables 1-4.

The system was sealed and was warmed to the set temperature indicated in
the tables. For reactions at 20°C the internal pressure has been calculated to be 2
bar. The solution became very cloudy after one minute (the time required for the
mixture to reach the critical temperature of ~35 °C where reaction starts). Cooling
again fo -78°C gave only traces of polymer (run 637). This shows that the zinc
species involved in the polymerization are insoluble at —~78 °C. However, if the
system is sealed in order to avoid [B evaporation, very high conversions are
reached at room temperature (run 639). Polymers thus prepared showed M, values
of 25 ~ 47 x 10°. High concentrations of 'BuCl (Run 654-655) were used to give
nearly quantitative conversions after a 30 minute reaction. A decrease of
temperature increases the molecular weights of the polymers. A molecular weight of

up tp M,=52 x 10° g - mol"" was reached.

X 0 QO 3
S~ 1 mo
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Table 3: Effect of EtZnCl/ 'BuCl concentration on homopolymerization of IB.

EtZnCl x 10° 'BuCl x 10° Yield Conversion M,x10° M, x10°

Run [molfL] [moliL} [a] [%] [g/moll]  [g/molj

643 6.4 1.6 0.42 6.8 27 52 1.91
645 6.4 2.5 0.82 13.2 25 47 1.87
646 6.4 29 0.97 15.6 29 48 1.65
647 6.4 4.8 1.36 306 17 34 2.00
654 19.3 14.5 5.9 95.0 15 30 2.06
855 387 20.0 5.9 95.0 10 25 2.49

Conditions: Solvent = CH,Cly, Vi = 31 mL, [IB]y = 5.03 M, reaction time = 30 min, T = 20 °C

Table 4: Temperature dependence of IB homopolymerisation with EtZnCl.

Run T Yield Conversion M,x 10° WM, x 10° PDI OBS
°Cl 9] [%] [g/mol] [g/mol]
648 35 0.21 3.5 22 38 1.70 Overpressure: loss of B
656 20 1.35 23 28 45 1.60
649 0 0.44 7.4 32 53 1.68
650 -156  0.50 8.4 38 64 1.68
651 -35 0.58 9.8 52 84 1.59

Conditions: Solvent = CH,Cl,, Viga = 22 mL, [IB]y = 5.03 M, [EtZnCl} = 9.1 x 10° M, [tBuCI] =45%10°
M, reaction time = 30 min.

Example 2; EtZnC| system for IB-IP co-polymerizations with ‘BuCl

The ability of the EtZnCI/'BuCl system to initiate co-polymerizations of IB and IP
was exemplified at 20°C. Experimental procedure was similar to that used in Example
1, with the replacement of IB monomers by a mixture of IB and IP monomers. The
volume of IP monomers used is provided in Table 5, with the volume of IB monomers

being the balance required to make-up a total volume of 9 mL.
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Et ZnCl x 103 tBud x 103 Yield Conversion Mn x 10-3 Mw x 10-3 Run PD

. [mol/L] [mol/L] [g] [Y4 [g/mol] [g/nDl] 643 6.4 1.6 0.42 6.8 27 52 1.91
645 6.4 2.5 0.82 13.2 25 47 1.87 646 6.4 2.9 0.97 15.6 29 48 1.65 647 6.4
4.8 1.36 30.6 17 34 2.00 654 19.3 14.5 5.9 95.0 15 30 2.06 655 38.]7 29.0
5.9 95.0 10 25 2.49 Conditiops: Solvent = CH2Cl 2, V. tai .= 31 nL, [IB]Jo =
5.03 M reaction time = 30 Tﬁpﬁ& -IE copolymerigatips vith BZnGid By at ur e dependence
of | B honopetyrersat-rer—wth—Et-Zrth—Rur——Yi el dConversion-n x 10-3 M,
x 10.3 PDI gBS [[B] [Tine[ Wieldg/ ndl] [g/ iFl] 648M3% 107221 #.px 2@ 38 1.70
Over pressur 821 oggy of b, 63@ 20 ofy 35 23428 45 1.@91 $49 0 0,44 7.4 & 53
1.68 650 -15 0.50 8.4 §8 1.68 651 -35 0.58 Y8152 84 %[n 9 Conditions:
Sol vent = CAB%I 202/ttai0= 22.2R1, 301 B]0 $8.03 M [#2ZnCl] =40.1 x 1053 M
[tBuC] = 4689 x 9A-3 350 My zgeachi on _tizﬂﬂg :C30 hmfg b_Ei(arrpI g?ZéhEt Zngl
system for -1 P co-polymerizatigns with BuCl The ability g e

Et ZnCl /tBuOE&syslog(m tgaoi ni 19§t e %o- pol yiri zati on¥ of 1B afdl IP wetd
exenpl i fiedé&l 208 Bdderi oAt al20procedidbe was sitéil ar to shat usadoin

: ] ™S T T > d
P honorer . R R o e B 2 SOL o A T B o0 & 10 p

the volune of IB nononers being the balance required to make-up a total
volunme of 9 nL. 11 Table 5: IB-1P copolynerisations with EtzZnCl /'BuC |P

. , ' j _ : “oA T |
o7 mol 1 658 0 50 M FGHeR IEAHOrEEy i the 8 Boyhitrs, Wy bahBgh o
1. 845 o6610lecHasoveightt Mp &f 4pptaxiBSatsly226 6602M0B. 300AvERIRD dbobéasks Ith
1.99

increasing concentration of IP.

Example 3: EtZnCl system for IB-|P_co-polymerizations with cumyl chloride

An experimental procedure was followed that was similar to that of Example 2,
with cumyl chloride replacing 'BuCl as the activator and polymerizations conducted at —
10 78 °C. Results are reported in Table 6.

Table 6: IB-IP copolymerisations with EtZnCI / cumyl chioride

P Yield T ]= M,x 10° M, x 10°
Run PD
{ml] [9] [°C] [%] [g/mol] [g/mol]
- 0.3 071 -78 0.97 149 284 19
- 05 065 -78 1.95 162 295 1.8
- 06 060 -78 2.5 143 263 1.8
- 08 042 -78 3.7 132 205 15
- 1.0 010 -78 5.7 122 196 16

Conditions: Vcciz = 20 mL, Vig = 10 mL, [EtZnCl] = 1.6 X 10 M, [cumyl chloride] = 1.3 x 10°

Up to 5.7 mol-% IP were incorporated into the co-polymers, which exhibited a

15 molecular weight M, of approximately 122,000 — 149,000. Conversion decreases with

increasing concentration of IP. Higher incorporations of IP into the co-polymer are
undoubtedly possible at different experimental conditions.
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Condi tions: Solvent = CH2Cl 2, Viti =22 nm, [IBJo = 5.03 M, [EtzZnC]
»=['Bud]=13.6 x 10-3 M Up to 3.8 nol-%IP were incorporated into the
co-pol ynmers, which exhibited a 5 nolecular weight Mh of approximately 16 -
22, 000. Conversion decreases with increasing concentration of |IP. Exanple
3: EtzZnCl systemfor IB-1P co-polynerizations with cunvl chloride An

experi tal procedure was followed that was simlar to that of Exanple 2,
W th cgglﬂ@m or| de repI aC| ng tBuCl as the acti vator and pol yneri zations

conducﬁréﬁi o ﬁ'l u Is are regﬁrte in Ta 6. Table 6; IB-IP
copol yner i‘sath 8ﬁ§S\IP'i S @"C/p‘é HAZEHPD AT RN |§q§> Iy rgeROMer Jsing18-Zinity x

103 Run Pphaddd m,t{agcgr b pﬂo(ﬁasg%ﬁ?rﬂsw{ggl ml] - 0.3 0.71 -78 0.97 149 284
1.9 - 0.5 0.65 -78 1.95 162 295 " 0.6 0.60 -78 2.5 143 263 1.8 - 0.8

?/cﬁgm 58_351 p?&ﬁdlvg% ézoi%o%itr%éggé% lrmorioréeﬁ%?%@%ﬁ%r %\?&Ltth: 8?? de] =
which exni i eois’a 2b e hliaticinb NiRe B b oo AvatidlentSat Balte Lo the

149, 000. Congehsgioananigcr eases with increasing concentration of IP. Hi gher
incorporations of IP into the co-polynmer are undoubtedly possible at

di fferent @xpeddtimgntid Sonbn 'db'h%alpﬂ% thel ABe-baded AnRIREE IS fo?ﬁ'l tah‘goiymer

cationic polyneriZzation of an isoolefin nononer using a zinc-

initiator, tRemMpristgdbedsrnlefini ng: a) providing a solution of the i soolefin
nononer in a hal ocarbon solvent; b) adding a zinc-based initiator

conpr i shglenpedcess accoraling tajd:ln'mdr,IWhE'rein theaisodiefindistifisbutemé.ut i on; and, c)
reacting the solution containing the zinc-based initiator to forma pol yner

conpr i thgTh&ep'rmbefédborcﬁhﬁTh@ pEIaRESS, aWrélnngtHé) fbRIcEIbbn WeGIveR ishe
isoolefin s isobutene. 3) The process accor di ng to claim1, wherein the

hal ocar borfliglipirsngthage. di chl or onet hane. i

4) The process according to claim 1, wherein the ratio of isoolefin to halocarbon solvent
is in the range of from 1:1 to 1:3 by volume.

5) The process according to claim 1, wherein the process further comprises adding an
alkyl halide activator to the solution prior to addition of the zinc-based initiator.

6) The process according to claim 5, wherein the alkyl halide activator is tert-butyl
chloride ('BuCl) or cumyl! chloride.

7) The process according to claim 5, wherein the alky! halide activator is present in a
molar amount less than or equal to the molar amount of the zinc-based initiator.

8) The process according to claim 1, wherein the zinc-based initiator is added to the
solution as a solid.

9) The process according to claim 1, wherein the zinc-based initiator is added at a
temperature of from —80 °C to =35 °C.

10)The process according to claim 1, wherein the reaction is conducted at a
temperature of from —90 °C to 35 °C.

11)The process according to claim 1, wherein the polymer is an isoolefin homopolymer.
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4)”‘ The process according to claim1, wherein the ratio of isoolefinto

. hal ocarbon solvent is in the range of from1l:1 to 1:3 by volune. 5) The

process according to claim1l1l, wherein the process further conprises adding
an alkyl halide activator to the solution prior to addition of the

zZi nc-bas%gl jnitiator. 6) The process according to claimb5, wherein the

al kyl halid) §iae aBfacess orcéaydingr fo belain 1.c whareie th@usplytion fuihgr eonprisase.a 7)

pr asent 1 ri R o fbrtin L atiou Sy, 13 75 Rt G IABINASE il fe

zi nc- basedsalofign.at or. 8) The process according to claim 1, wherein the
zinc-based initiator is added to the solution as a solid. 9) The process

accor di ng)Tihe Procass! acobreigy Mo IMn? 12C WRTER tHY bofntr iss_aa&ﬂﬁgiyﬁ{er?‘of the
tenperature of from-90 Cto -35 C 10) The process according to claim 1,
wher ei n t hisoplefia@ngrthgdnelbialefioteencmers. t enperature of from-90 C to 35 C.
11) The process according to claim1, wherein the polyner is an isoolefin

honopol yidgeFhe pigess)akiverging ¢e shaimct vdiergin thecisaolkfit, mad@ner i isbleuteakuthieon
further conﬁhi?i‘{fs a nultiolefin non rin an,agougt f froml1l to 15 nol %
of total nd 0 MRNPHIET IS FORIENGAN YRS &eluty E!-’@g’ie&i ng to claim 12,
wher ei n %51& polynmer is a co-polynmer of the isoolefin and the nmultiolefin
mononer $: hTepated By the piosgss aceprding toxclaifhdr ei n t he i sool efin

mononmer is isobutene, the nultiolefin nmonomer is isoprene and the polymer
i s but yl16) Thseelymes)of glimy herwhereimthedisbglefinds faobeitane and wheireig the polyanen 1.

16) The pol; | - ein the isoolefin is isobutene and wherein
t he pol y@%%%ﬁépﬁlg%g&}isﬁgﬁ%&i sobutene. 17) The pol yner according to

claim1l erein the polyner has a | ecul.ar, wei ght NO of from 25,000 to
500, ooo?UL'%]eApBléﬁ"}%?cg‘?rQﬁ"& Lo SRy 1 WRSERIE She RAVBER §36 2 (PaleRYIED weightrhe
pol ymer of (M) af froAB25,0001t81500tdt®. | sool efi n nononmer is isobutene, the multi-
ol efin nmonomer is isoprene and the polynmer is butyl rubber. 20)The pol yner

accor di e\ BoftilBréBaretlie) fidpioBEsPabdtRing Bicidinfrbecul ar wei ght (M) of

19)The polymer of claim 18, wherein the isoolefin monomer is isobutene, the multi-
olefin monomer is isoprene and the polymer is butyl rubber.

20)The polymer according to claim 19, wherein the polymer has a molecular weight
(Mp) of from 15,000 to 500,000.
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