POLYMERI ZATI ON PROCESS USI NG ZI NC HALIDE | NI TI ATORS Field of the Invention
The invention relates to the cationic polynerization of isoolefins and
~optionally nultiolefins using zinc halide initiators. Mre particularly,
the invention 5relates to the cationic polynerization of isobutene and

i soprene to form butyl rubber polynmers using zinc halide initiators and

Pol y(i sobut y1 ehOLVMERTZATIQN PROCESS USIRE"ZRKY At IDE INTIATERS: ommoni
known as butyl rubber which has been prepared since the 1940's through the

10 randopm@bt M IvERREH Yeri zation of isobutylene with small amounts of
isoprene (1- 2 mole %9 . As aresult of its nolecular structure, IIR

possesses sUp¥hiOoinvhntioh TRaEMRAND | tHeY . catiohicdhdIAnerisBEBH Usr iodIdRd Vend

stability and extended fatigue resistance. Butyl rubber is a copolyner of
an i sool eptienaliydmahislefinsnusing pinefhalidlel initiatersc dipreg pagitularly, tthel istemtioras

o antspieSTTRE faBnifitatimEaPRI"Gis 8o hg kb Ehertp B kuylbBaF
Butyl rupblgmers ubtigydin® BbNEE inifitoBeaned abﬂidnd:ng%nwlmnba cd-ipltidtdrg. Process

using a suitable polynerization solvent, such as nethyl chloride, and a
Friedel -Crafts 20 catalyst, such as Al C13, as the polynerization

i nitiat oBackdieunAgt hyl chloride offers the advantage that Al Cl3, a
rel atively 1nexpensive Friedel-Crafts catalyst, is soluble init, as are

t he isobutyl eRelyéisobitypicettsisopi@neTesrs [IRAAGI & | giahétic didgoRiel YeorhHapsy
polynmer is insoluble in the nmethyl chloride and precigitates out of

sol ut i onKAWR j3fe byl tiubbes whpl fias peeni brepased isineribe al 940'e dhraugh $ie  at
t t - CtQ.- 128
aﬁgﬁg ?%ﬁ’?”&%%yclgtﬁé’af’%( o%r%lgﬁgﬂso?rl? aI %%8%5@??§?§Uo$”3§§ﬁ§°?§?°@855?1bages

288-295.2Theld &%) pAyreregat iainitd enplecalburstsiciure, Uk hdssesshs espenol egipll ar
wei ghts whi ch aﬁg. suf fi ci egtl hi %h for rubber appl.ications,. O her
compound§R&HCaRIDE BediPh JOSE MeTHMISacRXidRtIvEs Stabililyy and rxfensiasolfgligya zi ng

i sool ef i jagidiaedgide organonetal Iic conpounds in conbination with a
cation-generating agent, for exanple CoMe5Ti Me3/ B(C6F5)3 (WO 00/ 04061- A1),

Cp2A1Me/ B( C6 - 03, d i QN f zirco en an

rel ated conpr%étéls(rémjg?% ZSI t%1 hér%@%/ @%ES?@QQBS%QEB%@F—%’@M&(%?%55%@%?%-%\1,
DE- A%- 19%%rijig4t6d) mBtivlefinX.as Toedariopnerget (Corviner&at u@incorvbrises a major
Organonetal |1 cs 1998, 17, 1004, Carr, A G ; Dawson, D. M; Bochmann, M
Macr onpl POTHRR A isesiefim and g ginanamesipt not more a8, Moh %.0fl ausenigiaésd wi t h
M Bohnerﬂg ig)\efﬁw(:hem Eur. J. 2004, 10, 6323), published a system based on

[ Mn( NCve) ? salts of non-coordinating borate anions which was active at

room t enper atgir.e: 12+4(X )2 X = F5) 3B-N."-N C6F5) 3 B(C6F5) 4,
B{ C6H3( CF3) 2}%“&[)“&"}42’Q B %g}émg%nisoggp%{agg PR S5 3 SEPBISEs S s

showed np saithbéi p¥lymerXatioRosoM0Bit, Zaichoas methy! SRMHER, | IndlLWrieddl-crddd h
for | B honopol ynerizations), and there was some doubt about the nmechani sm

| B RBrofatgiel sughoasc Hifely rertbe malymarizat®romitiaton.0 Theometiaylvaiieriden ofiess

rapi dly i rl . LNG: 0 V. 0 0

been uediERRERRI R ACE, o BIa R RPoREy IR RS ST FRFSRR e
presencenat, absraciheofsobulpléndadridiéscpreny damondrbeed) aaddvBgiElly, aheMBGPL! )
and used ejther in neat isobutene or in isobutene/nethyl chloride m xtures,

proves t'HPBY POl ie Insbladn Hor meadhylichienidaphd preratates qutiodwelsion as
Bochmant;ans, GO88" keleSpdil hedizat8RIEn ORI MG e ol at temperatures of about -

25 90° C to -100° C. See U.S. Patent No. 2,356,128 and Ulimanns Encyclopedia of
Industrial 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)s (WO-00/04061-A1),
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20 Zn(C6F5)2 / ButCl systemfor |IB hono- and IB/IP copolynerizations

- (Canadi an patent application 2,441,079, filed Septenber 16, 2003). Zinc had
never been used as an initiator for cationic polynerizations before. This
patent teaches that this system possessed particularly good

copol ynmerggH| i n I fQr /I

copol ymrsgﬁmﬁ?@ﬂﬁso utslséor?g%%o%sng é@ﬁ??‘ah?ﬁs 4 M?gerg% aﬁad%latefjo 15
mol - % | P,complaxes witheither Bc(6llffémbr CIFkb'na[@.(@léFs m]o(wae@s/aggamv (EIE;W19T198)B6

of  corsn 1eoRb i HoaireBR, Gefinede du Whangtierailes 1AL 1A eBIE)5

i s expenstare, AOGISBalwdon, ERWEIBoHM&SR! 9. MIASEF D/ 2RY W%hrﬁ&)ﬁtw 8, 19,
alternatives are therefore bei ng sought. T'ﬁe need therefdre”’

remai As f499-i nproved pol ymeri zati on processes using 30zi nc- based
initiators. Summary of the Invention According to the present
i nvention, théluykes, jir coliabedatiorpwitbeds Bbhnetpell (GiéranEar.nbl 200 i12a6628), Of

an isool omer usin i nc ti at he process conprising
provi di ng"‘&?%ﬁt% o%/sgef ﬁ@s‘?é épﬁ’zﬁm%ﬁ]er qeﬁtsao NVLePHINAINgs Bp(aiAt ;
addi ng aahhdl%@ﬁ@ﬁdwéi‘é&t‘u@ﬂro%ﬁwmﬁér'é%r@“ al kyl or aryl zinc halide to
the solution; and, reactlng the solution containing the zinc-based

initiator to forma yJrer conpri th S Pol yneri zati on
reactions may bé\/‘@,(b'ﬁﬁl? e )at X(em; FggB @O%béﬁ&gﬁ(%p )ay oW {é}e) i nc
halide initiator to dissolve in the solut An al kyl fal’t’ AR éf:‘or may
10 o&hi onally be used and is preferably added to the solution prior to the
zinc'halide initiator. Multiolefins may optionally be present with the

isoolefin in the solvent and nay participate in the reaction to form
co- pol yners wilhis syetensopesdted. at‘l?kﬁz()%smol&fﬁH)Crhgaputehpwedmo aotinityerne)°q. he

Tubber © DellBl i BTR S6 08 REa RIe (54 ! [0 Y IRe 15, raskolpmer Retighds ane
i nvent i othereViaas awpee! obedbdei tth@lrﬁ@cﬁé}h%' gt B(omegblg?m%%g' é/ﬁ‘d“cogg@g?é g low

in cost. Further features of the invention an rred e nts

t her eof HAfIMMm&5$,800 rot@&0PACEoNYeIsiordwas rapidly. dépreasécddt Digher iRféaxh 20The

present invention relates to isoolefin honmopolymers and co-pol yners of

i sool%®fins, mding od:mpousdarirhvepmotomhmorw fbeem@séwlaysn@dtag@w fornBogIkere. | n

a preferre enbo i men mer is a but rubber polyner. The terns
o bR delE PR b, DUl Ober ol Yrer e
i nt er chapgeablas tiegoghoyt M@C?oége%'nfd' Gl MeifHY} %enleaf e@ﬁsﬁte‘h%m”ﬁgg%

pol ymer prepared by 25 reacting maj or portion of an 1so0
with a nisabutene/methyl ofhlaride tibdufsi norowesnter be inactiveheant areIolyrdenadt

from 4t BoEReEE BoRedLfgRelnt Badhianmand Faesk e s GrAaIoaLoh the USe of
| solpgt enn(GFaBt NBu'dt RYSRNR. for- IEHAhs-1ahyt ) fo’ﬁrﬂe\! |zeﬁgﬁ‘ét ?&r?adlan

4-net hyl -1- 30pentene and m xtures thereof are pre erred is
i sobut eneatent appllqml@ﬁ i j0g19% filadsS eptenprer sk 2003) t Hina kad never béen used t he
process t ific nultio fln Every nultio

copol yrre‘J’r]léz é\ﬂ' ﬁgfﬁ@(%oglﬁ:o%fm%”za“&ﬁﬁmﬁﬁe BiF-t hBISs Q??/q e?ﬁh?ﬁhéh@r thigan
be used. smmu pd)ﬁ‘els@éd%éﬂﬁculérlyhgodcﬁ%ﬁo@fméﬁ%ﬁ cﬁé#afét%rr#%ﬂes aatn‘a”gué\hsd

preferred. Apreferred 4" multiol éfin conprises a
conj ugatté‘& farrpption wf IB4Recepriymers imoaat IBnSDIu‘ﬁ@nex(amm@sem sTllnet polyeers

rruI P Ol qi&ﬁgd@éﬁ'gﬁ%'%g%%& hﬁlét&%' it ‘?r%tt PHTE g\ye!)rbgiqﬁ@aﬁngntge reaction of

2 4 hevai1(€raE5)2 itreepebiiyl bumdee(?m;m?armwy ﬁouihd%udg@aqﬂfal %Pr?bunts of CoFsH
25d|rrethl 24hexad|ene 2-met hyl - 1, 4- pent adi ene, 2-nethyl -1,

hept adi dR8StEY WithBgekbig @F%:'plfﬁiﬁﬁyﬂ%?dﬁ@ﬁént%l@%*:sby& eshenrside écne:se in
1V|nI en rticul arl

pr ef e?/a g&ﬁg’%egjrﬁegegcﬂgﬁgéé(%gg?%\gépgésﬁ%”&”#E'F}g}r)% ar%tbé[ﬁ[} %%gl SgU ﬁatonl y
the isool efi 0 The may al sp be derived froma m xture

f rom about 73”1'le n§§% [Ff%ﬁo €y ni}@ rd‘?%f?l\ée‘gfofyd“@%@t%%qqeﬁsﬁﬁnmg and
fr oB0abaitic-Besédirafrdts. 0. 5 parts by wei ght of the &4 to Cl4 nultiolefin
nononmer. More preferably, the polyner is derived froma m xture conpri sing

fromabout 80 to about 99.5 parts by weight of the 04 to 08 isoolefin
nononer and from about 20 to about 0.5 parts by weight of

2



15 the C4 to 014 multiolefin nononer. A nost preferred polymer according to
~the present invention is derived froma mxture conprising fromabout 97 to
about 99.5 parts by weight of isobutylene and from about 3 to about 0.5
parts by weight of isoprene. Those of skill in the art will recognize that

it is poggit §rvt6¥th8q|ln%]|ﬁloﬂn optional 20 third nononer to produce a butyl
t er pol yner. exanpte, rt is possible to include a styrenlc nononmer in

the monormer %&wﬁn RbS{iRl Bhesnt MinBBn@SIP UitlertPis! Bratifad %e&%s%e'ﬂ%r Be
wei ght of the nonomer m xtu e pre re styr nlc nono

sel ect edcamcm‘m:tpoéyrgeozqmcxmmf)rans|sngqumrrmdnwln$eryuang asztuyas—basaed lnmator the
anet hyl st yrene, p-chl orostyrene, met hoxyst rene ent adi

net hyl cyBY%ﬁéﬁt%?&"%ﬂ%“%défﬁ\é/'d'fﬂ%ae‘%éufb%} Pflﬁ? HH”% rdg 3 hép)é@fbonl'he
most Prebererd LA AnEBASEE inifBIrRS FRITRS ki N9
styrene, pnet hyl stygreenenand m x"t“ur esf tr@‘rﬁ#e%'?é i %Ik?l@gt?@l%r@ﬁa e
copol yrreﬁ@lzia@m,eanér nemeingr thenisblutioe epptainémy the zihodbasedl iskiakdr ton foime aart .
Sui t abl e B L{i/e{‘nsrl zat . on oceliseﬁes for producing isool efin-containing 30
pol yner sP ‘8 CROTRI™ME Hist FPO¥UBoer pol yners, are known to persons skill ed

in the art an e further described in U 56, 128. Cenerally, the
processes i nngG'@"edfz@@'Pa.rﬁacvw Wﬁpoﬁk?@gétdﬁmr%)ﬂ% ley @'ﬂﬁ"ﬂgibF%

sol vent . 4ildig thsé)k\ﬁ%mﬁ%d@rlﬁtl ‘E‘Iliésl’)l\%r @QHé%o {dtlindan &Pk?argghﬁefeldﬁbg@{%j abl e
for use in comrercia uty ber ymerization I nc I nert

hal o&na@@fmbnaﬁdrmalsbdrmchmdpmfmtabﬂ)eadﬂbértedhe hutian Borts piatzine halide

hydr ocar b clic hydrocarbons t f_one or re of the
hal ogenaWﬁ@%Wyccjﬁb’gQ%Bm%X@McP%W a[&\‘ %ﬁd?rgsgrpt Wﬁé tg?' ?f”l:'rhm?r%é]o MeARd  and
m Xt ur esm@ At B0k r K ofdtth 5 re
of the cycplp??ﬁ?gr ocar bgnsab@agkﬁgﬁg@%&rﬁgﬁ\ggﬁlt%ﬁ% or ganlﬂggf uc?%gﬁrgr
sol vent sMiagictarderigse itagendetteneultiodgfinaneayasdmpriseuiseprenieeard fthei pdiymee

anot her d hydrocarbons such as methyl chloride and/or

di chl or o@gy\#ghﬂ’rg%l\%@y%‘&) F&r abl y the or ganl c fluid is a hal ogenated
hydr.acar bon sg| ect.ed froc{a ?%é up consi sting of rreth | chloride,

di cHPor onet hahe 2#BC nMaids: dartiaioss deted 1pathe pEoeRsse @f i thet P&%ﬂntd&‘f%%ﬁ’mg to

the pr eS&‘dVadté@é‘dUélP@xﬁuBﬁWﬁQﬁ§§Iu6||ﬂ} Y]at]h%@ol\?érﬂcanfaaéﬂeq?whﬁ‘@o& acid that is

preferably soluble 1n eith neat |I'B or in mxture and a suitable
organi c solv i I

t hat woul d bgfﬂlas'm?Arl ?ﬂﬂg@ O%tﬁg"g}s%ngéh%ﬁ}dgl ator, d efh 'l]r?gﬁ sstgfé’t“g?cfe i rﬁogft her
neat | B lwr mdBé sledbroeghlyndedatibed. The preferred zinc haI ides therefore
conprise soluble organic 15 zinc halides, nore preferably al kyl or aryl
zinc halides, yet nore preferably short-chain alkyl zinc halides. Since the
zi nc i s [Déteilé@Mesckiboe 1S only one al kyl or aryl group present in addition
to the halide group. The zinc halide preferably does not conprise an

al k@i de. TheTrpn pfe%’emdmtfmitmenelétesdbhwdléﬁn hahidpulghehy andl ve-palymalrs of be
used. Exa s of rred zinc, halides include conmpounds of the

201 of mul a00Rioe RUCiais cand GEiichBihe, ST GRGVMARA DPNBTE: M@ X
is d, t d Ve or
15O Dot crfkimBhtthe b5 ASYARY 080N | AU D3I TS b PhBLy
speci al padymai’t i ‘butyl/ adtherataord dbulybrgbbsr tiwlywer rirei ased intErpoangbabdes
not adv ct the merisation rea Preferred are activators
of the 3@ é{gg‘f) iéﬁﬁuﬁae?-&g thE' RIS INRAER V\jot At iR ﬁo[yﬁ'&%rpgmﬁﬁy by ei ng
a Cpst o rEBinY dR&j8F BBRIdPAGH &itlsoMEfmBRYNRE wiltPa lmineR rtf%rnacﬂfé‘ﬁ%lt%le C' Ic
and may contaln one Or nore non-carbon atonms 1n the ca suc

net hyl , neemgmer.n- propyl, n-butyl, s-butyl, t-butyl, pentyl, hexyl, octyl
nonyl, decyl, dodecyl, cunyl, 3-nethy|penty|, 2,4,4-trinethy|penty| and
3,5,5- trinetgd bmmlssasdwoemcﬂnte\ﬁ leeangpezifleaisoghfin. pHeveveh!iyosibting iw‘ith,ln

brom ne or i odi nq? gf er{\id co-initiators are Me3CClI, tBuCl, cuny
chl ori ddhe fRpge IHrep eamon QW%@CB?”'CM%t4'§r‘éﬂr@PF‘eQiOH}Se SM%C‘PS and

cunyl ¢ e er t i D ;
ol i ¢ T, 2 metyTHEHERSS SRR Bulingt 2mERIPIIeNE dmettiltins,
pr eB@r r penterta and smmturetnelwerangara)prd‘fermed 1Mo$tcpréfe3recﬁ§t$n’duten@c chI ori de

(EtznCl) is artlc referre c-based initjator, that exhibits
good sol ubi | &yﬁ Eﬁ W%S%qt'ﬁ‘ e rRastiRmMsire ofRReMrocess is not

di chl or grRfcades %gb@i@b?r%ult@létﬂnl E%HP% ﬁ?&lé’ﬁ”h 'chMXrﬁbﬁ}%%’ie With tRE486dIetifs @
Cl-bridged tetraner. The solid is sou In o nic solvents at room
tenperature. The system EtZnCl / ButCl shgws good activity for 1B

pol ymeri zation and IB/IP




10 copolynerizations. Because even in this systemthe in-situ generated

. ZnC 2 is insoluble in I B/CH2C12 m xtures at -78C, the system shows best
activities at tenperatures -35C. However, the system EtzZnCl / cunyl

chl oride has inproved | ow tenperature solubility and exhibits good

Pl yrTer | ZabupbAfe Yified M tHeeaip aAY B MulfiBerfe Wt B tme%afiallor kel The
nmononers are therefore preferably 1 polynerized at tenperatures in the
range of TArearbon@ians@reoefamede Ametferaol @4 to Cyhenultolgin abniprises -200Ets 0

35C, yet bly. i n.th e of from-80C to 35C,. .
oret er ablG eRNEREISLARIRYer SR SrRRBE Bnakting AmRIes af SvikAkis AMIGOISANE he
range of ifdiede ifeihe BRadient Zer\ﬁéﬂwyl?&ﬁt;ﬁd@n%f Qr,@-%'igmet;)wfylﬁfdﬁédiéﬁ ,g@pt%gylfé{om

-50C to 35C, yet still nmore preferably in the range rom -35 8350
and a@ pBavstived 3-pentadiensge? Arienaniiana,o 2-nempentylbutatifemeys e2-ofethly-1,5-

. o S e
on the. proxadBfin 2R MRR0NSL dtesBoRdes " AR ettations) Cadiebrer & °°'
cont i nuokeptaidry, kgviopenta-dieheMemeth tAdiénBB8 adoHGdithe, MLANYI-
preferable between 1 nB and 10 nB. 251f polynerization is perforned

cont i nuoG¥Fighexadiens gnddrixfusep tharephbispprne isrmasticula iy praferatdy isedte

fol | ow f t ; ( di | t f bly.dichl t.h .+
o0l of 1 v ( pr PErBARRr baT et BB e 5 URKHE I b adad or BT SR o
di ent) sowimoaseri s poimeramdy B8 bpzddtivelatdren aaree Adni BHBHLETARS Yoes hy !
zinc chlori dﬁy non m?rs. The al kyl halide activator is preferrably

pr ovi dedPBHP WEIORB AN the,SedP €hiSoaialn manogeer and fabAbout 30 (o FHhe U i0hs
hali de i ALt . e . | ;
T, B By UeDAERE NI 08 U SSdongL A Rer, LAFE Al Ao IR et

i sopr eneis deréveddroml 3 mextuod coBpaisthgl fornsalimut 80 toudtbmrt. 09Th @akB HyoweRdk wier
has a m)g ec¢| %‘érd\ej gh%f.%) in the range of from 25 000 to 500,000 and the
| B/ 1 P _coforgmersn'dso& ol QEBW‘&F_"’WQ fg‘?ﬁ" aheytred tangeubp 5 pafs by, weight of
500,1300. tHeokyner &£ phmfibretiRImbRsifiral AdeisRl ?g?@g%%f gg@gﬂ%ﬁ&ér&fﬁ . gi‘n?he

inventive 10 process may be the starting nma ogenati
process Phiesentsventoprisdedeed fioor Buniktuneotomperising Braoniabaut 67 torabout 99.5

chl ori nat i an be perfornmed accordi ng to the procedures described in
rubber | TR &5 ofs Sha R eb U sty 680 HPeatiautes 1B, U asie. ot of
Publ i sheigsprape. 297 - 300 and references cited within this reference. The
copolyners presented in this invention are ideally suitable for the 15

producti on of I : L i icul | t

dust ri o rubber® of PR U art il t8coorlze Miay £ o TfdBas Bl Fn @l

fil @0, dbatimgsomehéo pobduaers baitye tepedyrher. t Rboserathpid) iPidrpSsHIAtOindAsd@

m xture w Lyh ot her rubbers, such as NR, BR, HNBR, NBR, SBR, EPDM or

f1 uor or FHEFENICTRENBMED AP APE SROBPMER SIS NPEIREDY § RRGRRCUY Y @bowit | | ed

in the arg petdeftOs) wié?@ﬁsopﬁ{eb%rm%&*yiftug& afffled a8 lely! ét?Fer@@g‘nggrglgtur

based curing systemis used. Peroxide based curing systens’ ma

used, pdnaycleardejeatadn frame piod ygeoupcocsmprisingt p-essthyldtyrends aftyre@peati ng
units djé%\ﬁgﬂstf romat |ea ongl nul tiol efin nmononer. For conpoundi ng and
vul cani ZAeTVSFYEBFer encB-GNOTRSHECTS EncyReMSIReXESIHENPo v nesydRheHadeaRd

EngQBeerrhémylc\/ﬁlopeﬁta(ﬁenéiﬁdéhe,s%ené@’é’ﬂi\%i@g% t d ANguvd tthélréof. S'Th@ﬁogt

seq. 25 (Vulcanization). The vulcanization o e conpounds I's usua
ef f ect edPrafertashplyreniamagnomet mayr ba gelested 00t the2gADp gorapesingdtyrddet p- 180C

(option pr.e re in . the ra of 10 to 200 bar). The foll ow ng
ear! o0y HEDP BUET Pkred ol KiBepulahie sdrrlitrbseble Renpneders
Exanpl e will bEtagifdre it tBBsE @F skill ihem@aR! ymeri zati ons IB (9 m) was
condensed into a graduated vessel at -78 C. Pre-chilled dichloronmethane was

injected to EURILK € pdiyReratidt 2lpré&a&kEsONFO! Wilucd BiéGblefin-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



5 stock solution in dichloronmethane (100 jtnol/ nmL CH2CA 2) was prepared at
-78 C An aliquot with the appropriate amount of tBuCl was added to the

reactor, followed by the addition of solid EtZnCl. At this tenperature the
white solid did not change. However, when the m xture was allowed to warm

to -35C (wangr&eshtint mdhm&rlﬁéil’[ @hetE)”@%C’HQfogl-:‘ngégi ?@H@ca\?\ggﬁﬁls%@dtmixturesr ol

conpl etel Et ZnCl was used I n an excess o con
t he pol yrﬁ%f?re@ét%)m Catadiphstic Hngdrqqarbonag Gseagegtcycmeagumasbm enigitigesefd i n
met hanol Results are reported in

Tobl ae 1 0" bFthdte 20 HaloenSfeE bR os i antaiendd mbra RE 18s(alphatic
t enper at lhzarddéfﬂb@r?é athd miktheed abbﬁé orFrﬁbrer 8%&%%&: a?ébchg@r%cb%cﬁ{é@hd

pressure has been calcul ated to be uti on becane ver
cl oudy aPherorgner ewfrtbe@y(:hm Byd rpnerbmu Erxempﬂeff of h@femrad irest O@am:aﬁlhlds o

critical where_reaction, st ain to -78C
gai/e onl ybﬁgﬁces g%(}tﬁé? S%ﬂn%Sbﬁp angiands gy “%%Htef?ﬂ Wgﬁ pae

i nvol vedor w:mhmlogéryateﬂ ingatd catb G siidls as whdtByPéhlorde §ndmw¢d&%mnﬂéth5hs
systemis sealed in order to avoid IB evaporation, very high conversions

are 20 r Rietarablydhet egpaicalividds (a lhﬁlc&wptem(lg/?%%?m@equ%pm él?eaem?g
0 ons
voed 1 o grSip Ehsisti, & ) h@RaGOAERI BiiPllis Soa bites B enctr on A

decrgase of t tur cr eases ecul ar wei ghts of the polyngers.
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0 and a suitable organic solvent. Although zinc chloride (ZnClg) |s a S|mple zinc hallde
that would be suitable for use as an initiator, it is not soluble in either neat IB or
IB/solvent mixtures. The preferred zinc halides therefore comprise soluble organic
15 zinc halides, more preferably alkyl or aryl zinc halides, yet more preferably short-
chain alkyl zinc halides. Since the zinc is divalent, there is only one alkyl or aryl
group present in addition to the halide group. The zinc halide preferably does not
comprise an alkoxide. The preferred halogen is chlorine, although bromine may
also be used. Examples of preferred zinc halides include compounds of the

20 formula:
R-Zn-X (1)

wherein,
R is methyl, ethyl, propy! or butyl; and,
Xis Cl, 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, R3CX or RCOX
with each R independently being a C; 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, dodecyl, cumyl, 3-methylpentyl, 2,4 4-trimethylpentyl and 3,5,5-
trimethylhexyl and each X being a halogen, preferably chlorine, bromine or iodine.

5
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Preferred co-initiators are Me;CCl, ‘BuCl, cumyl chloride, TMP-2-chloride, MeCOCI,

and Me3;CBr. Most preferred are 'BuCl and cumy! chloride.

The preferred ratio of zinc compound to co-initiator(s) is in the range of from

1:0.1 to 1:10 by mol, and the most preferred ratio is in the range of from 1:1 to 1:3.

Ethyl zinc chloride (EtZnCl) is a particularly preferred zinc-based initiator that
exhibits good solubilty in mixtures of IB with the halocarbon solvent
dichloromethane (CH,Cl,), but limited solubility in neat IB. EtZnCl is a Cl-bridged
tetramer. The solid is soluble in organic solvents at room temperature. The system
EtZnCl / Bu'Cl shows good activity for IB polymerization and IB/IP
copolymerizations. Because even in this system the in-situ generated ZnCl, is
insoluble in IB/CH,Cl, mixtures at -78°C, the system shows best activities at
temperatures > -35°C. However, the system EtZnCI / cumyl chloride has improved
low temperature solubility and exhibits good polymerization activity at temperatures
of —78°C down to —90 °C or lower. The monomers are therefore preferably
polymerized at temperatures in the range of from -100°C to 40°C, more preferably
in the range of from —-90°C to 35°C, yet more preferably in the range of from —80°C
to 35°C, even more preferably in the range of from —-70°C to 35°C, still more
preferably in the range of from —-60°C to 35°C, yet even more preferably in the
range of from —50°C to 35°C, yet still more preferably in the range of from ~35°C to

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®.

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

1)) zinc halide compound (preferably ethyl zinc chloride)

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

o
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monomers. The alkyl halide activator is preferrably provided prior to addition of the

zinc halide initiator.

The zinc halide initiator system may be used to produce either IB
homopolymers of co-polymers of IB and a diene monomer. When the diene
monomer is isoprene, the co-polymer of IB and IP is butyl rubber. The IB
homopolymer has a molecular weight (M,) in the range of from 25,000 to 500,000
and the IB/IP co-polymer has a molecular weight in the range of from 15,000 to
500,000.

Polymers comprising residual double bonds resulting from the inventive
process may be the starting material for a halogenation process in order to produce
halo-butyl polymers. Bromination or chlorination can be performed according to the
procedures described in Rubber Technology, 3™ Ed., Edited by Maurice Morton,

Kluwer Academic Publishers, pp. 297 — 300 and references cited within this reference.

The copolymers presented in this invention are ideally suitable for the
production of moldings of all kinds, in particular tire components and industrial
rubber articles, such as bungs, damping elements, profiles, films, coatings. The
polymers are used to this end in pure form or as a mixture with other rubbers, such
as NR, BR, HNBR, NBR, SBR, EPDM or fluororubbers. The preparation of these
compounds is known to those skilled in the art. In most cases carbon black is
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 least 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.
(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.

Cc?
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Examples

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

5  stock solution in dichioromethane (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 EtZnCl. 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

10 'BuCl was used to control the polymerization rate as the limiting reagent. Reactions
were quenched in methanol, dried at 60 °C until constant weight. Results 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

15 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 to -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 IB evaporation, very high conversions are

20 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.

25
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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 Conditions: Solvent = CH2C 2, Vtotal =31 nL, [IBJo = 5.03 M
“reaction time = 30 nin, T =20 C5 Table 4: Tenperature dependence of IB
honopol yneri sation with EtZnCl . RunTYield Conversionki n X 1 0-3icAwX 1
0-3 PDI OBS

Table 3: Effect of EtZnC!/ 'BuCl concentration on homopolymerization of 1B.

Run EtZnClx 10° 'BuClx 10° Yield Conversion M,x10° M, x10°
[mol/L] [mol/L] [a] [%] [g/mol] [g/mol]

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

Conditions: Solvent = CH,Cl,, Viga = 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° M, x 10° PDI OBS
[°C] gl [%] [g/mol] [g/mol]
648 35 0.21 3.5 22 38 1.70 Overpressure: loss of IB
656 20 1.35 23 28 45 1.60
6849 0 0.44 7.4 32 53 1.68
650 -15 0.50 8.4 38 64 1.68
651 -35 0.58 9.8 52 84 1.59

Conditions: Solvent = CH,Cly, Vi = 22 mL, [IB]o = 5.03 M, [EtZnCI] = 9.1 x 10 M, [BuCI] = 4.5 x 107
10 M, reaction time = 30 min.

Example 2: EtZnCl 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

15 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.

11



[Cl[g]ro][g/nol][g/nmol] 648350.213.522381. 700verpressure: loss of IB
- 656201. 352328451. 60 64900. 447. 432531. 68 650-150. 508. 438641. 68

651- 350. 589. 852841. 59 Condi tions: Solvent = CH2O 2, Vtotal = 22 niL,
[IBJo = 5.03 M [Etznd] =9.1 x 10-3 M [iBul] = 4.5 x 10-3 10M reaction
time = 30 mn. Exanple 2: EtZnCl systemfor |IB-1P co-polynerizations with
t BuCl The ability ofTabled: B-PrGhdlyrBerChticdy site Mzhol /i'BUdli at e
co-pol ynmerizations of 1B and I P was exenplified at 20C. Experi nent al

procedure was sinplaryt@ thgly used in Exanple 1%],< 108 thyp he pepl acement of
| B monomersRby a nixture of IB and I P monomers he vol ung’ of | P nBponer s

used i s providedTh T@EBle 591 wi ©'Rlt he viBtlume of WBofiononeisdndki ng t he

bal ance reqesgedotp_o madge upog tatpal volgape of 9 nky Tablegh: |1B-1475

copol yneri s Et Zn / tBuCl I PTinme YieldTlPkin x_10-3114, x 10-3
RunPD [m][gig%[ ][C][ 0] [é%ﬁml 19%/ ol 1> B580. 23017%6200. 6233401. 75'-84

6590. 4301. 34202. 0319353D. 8406610.2p300. 942403. 40143224 22 32 2.22

6600. 8300 988(5)3 %@16323% 990nd| ol ONs: 3%%| vent ot ai g m.,

[1Blo =
thmﬁ %@#s[lB]ww @%Mekﬁz'hﬁllé@@ﬂs ﬁ%ﬁé‘ctﬂ .

|P were i ncorC;S’GFé'PB%f Stowﬁﬁfﬁ bt
wei ght Mh of approximately 16 - 22,000. Conversion decreases with
i ncreasing concentration of I P. Exanpl e 3. EtzZznCl systemfor IB-IP

co- pol ymeri Zﬁl g‘?%\,\g t(g‘_%u chl ori de An experinmental procedure
was fol | owed “th Q% IFawere ingipomategtinippthe so- mlxme@umhld&rﬁwmltféi a
repl &ci Rgp EBUSH \ﬁélggbiel\rqﬂ_?_gfblé?p@éx:ﬂféqe@m%”‘?—r 12206 PNE SrYBALSH €deBlased OXRR

Results are report
increasing concentration of {P.

Example 3: EtZnCl system for IB-IP 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 EtZnCl / cumyl chloride

P Yield T IP M,*x 10° M, x10°
Run PD
[mi] gl  [°C] [%] [g/mol] [g/mol]
- 03 071 -78 0.97 149 284 1.9
- 05 065 -78 1.95 162 295 1.8
- 06 060 -78 25 143 263 1.8
- 08 042 -78 37 132 205 15
- 1.0 010 -78 5.7 122 196 1.6

Conditions: Ve, = 20 mL, Vig = 10 mL, [EtZnCl] = 1.6 X 10° M, [cumyl chloride] = 1.3 X 107

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.

12



Table 6: I1B-1P copolynerisations with EtZnCl / cunyl chloride

| PYi el dTIP71//, x 10-3TV/"" x 10-3 PD [m ][g][00][0O/0][g/ nol][g/nol]

0. 30. 71- 780. 971492841. 9 0. 50. 65-781. 951622951. 8 0. 60. 60- 782. 51432631. 8

0. 80. 42-783. 71322051. 5 1. 00. 10-785.71221961.6 Conditions: VcH2c1l2 = 20 ni,
VIE3 = &AAU}R [EtZnd] = 1.6 X 10-3 M [cunyl chloride] = 1.3 X10-3

Up to 5: B¥-% | P were incorporated into the co-polymers, which exhibited
a 15nol ecul ar wei ght Mh of approximtely 122,000 - 149, 000. Conversion
decr easés wi Alprocessdarthe gatooivgettmextzaton offan iEboleﬂirghemomwomir}sm ang-vasedbf | P
into the co- pglaycgremeeprr&eggd@,upﬁg 'y possible at different experinental
conditions. afbiolifis alsd?ma%%? d?é .rmsn&ﬁéﬂ.ee'h%ho%%éﬁ%avéaﬁl on of an

| ef t
o e Db Shed Bt e P rgpsnﬁr'ﬁ%g.éwgpoqr}?sg‘?ﬂ%f‘)@av%oﬁ"g‘ﬁ{'leu”g )

addi ng a zi nc- bas®+4mii at or conprising compounds of the formula: R-Zn-X
wherein, R is netkreiret hyl, propyl, or butyl; and

R is methyl, ethyl, propyl, or butyl; and

X is Cl, Br, or I; and,
¢) reacting the solution containing the zinc-based initiator to form a polymer
comprising the isoolefin.

2. The process according to claim 1, wherein the isoolefin is isobutene.
3. The process according to claim 1, wherein the halocarbon solvent is dichloromethane.
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 Cert-butyl
chloride (‘BuCl) or cumyl chloride.

7. The process according to claim 5, wherein the alkyl 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 -90° 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.

12. The process according to claim 1, wherein the solution further comprises a multiolefin
monomer in an amount of from 1 to 15 mol % of total monomers in the solution.

13



Xis d, Br, or I; and, <c) reacting the solution containing the zinc-based
initiator to forma polynmer conprising the isoolefin. 2. The process
according to claim1l, wherein the isoolefin is isobutene. 3.The process
according to claim1, mherein t he halocarbon solvent i s dichl oronet hane.

4. The p cess.accor in11 er ei rat.i 00l |n to

nal ocar Bn s QP GRETCert Srh aRG S Ak B Erame i 1t § BpobBRsEleS. The
process accorsPoiin@sd henpitielelinAONeMgrs: he process further conprises adding
an al kyl halide activator to the solution prior to addition of the

f, i Incdbaaad | Mheippddes a@conﬂﬁg B @4if6 52, aaRedifl tHgsddefi rabmrfer .mzeb@ugne ttl;@_l_ﬁl kyl
al1de activ cnl ori ae e
process aCCO?rli nogléf?]O ai mH%béBe\Ar%g{? gf‘%%‘%@vgy% bﬁtg| ri[aggé(act ivator is pr esent

in a nolar anount Iess than or equal to the nolar anobunt of the zinc-based
initiator. 8. The process according to claim1, wherein the zinc-based
initiator is added to the solution as a solid. 9. The process according to
claim1l1, wherein the zinc-based initiator is added at a tenperature of from
-90 C. to -35 C. 10. The process according to claim1l, wherein the reaction
is conducted at a tenperature of from-90 C to 35 C. 11. The process
according to claiml1l, wherein the polyner is an isool efin honopol yner.

12. The process according to claim1, wherein the solution further conprises
a multiolefin nmononer in an anobunt of from1l to 15 mol % of total nononers
in the solution. 13. The process according to claim 12, wherein the
polynmer is a co-polyner of the isoolefin and the nultiolefin nononers. 14.
The process according to claim 12, wherein the isoolefin nononer is

i sobutene, the nultiolefin nmonomer is isoprene and the polymer is butyl

r ubber.
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