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CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains the
benefit of Provisional Application Nos. 60/435,6061, filed Decenber 20,

2002, 60/ 464 2d03/658s84 | ed April 21, 2003, and 60/ 479, 08cThishesdndbasee 17,
2003, the disclosures of which are incorporated by reference. FlIELD OF

| NVENTI ON [ 0002] The invention relates o new pol ynerization processes

i ncluding diluents including hydrofluorocarbons and their use to produce
novel polynmers w th new sequence distributions. In particular, the

invention relates to cop®oliRés withiNenSéqiratEDistribiidikser abl y i sobutyl ene,
and an al kyl styrene, preferably nethylstyrene, even nore preferably

par a- net hyl styrene, with new sequence distributions. The copol yner may

optionally b gg%@m D[%%A’Pﬁﬂ'hgi n polymers are

prepared in carboc rrzatron processes. O special inportance
is butyl rubber which is a copolyner of "isobutylene with a small anpbunt of

i soprene. But ubber .is e.by low  t atyre. cationi.c polynerization
that gener al I[@qliqui r egﬁ‘{sﬁg?ﬂ‘iaﬂgxfl@W?/sﬁﬁg oﬁgﬁ%lsg’ pRlipa ¥9. 5 wt % and
t he i soprene ¢0a8s,081,PHled!t PeceinbeP 800200270600164 182 P8I ApAh210b@BUlAd Wei ght
butyl rubber. 00041 The carbhocationi c_polynerizatjon of isobutylene and its
copol ymer i zatG08H9: Bt nfiled Jyne dér 3003, e disdpiursreof which e drcernorated DY conpl ex.
See, e.d., Og@RRLE Chem stry, SIXTH EDITION, Morrison and Boyd,
Prentice-Hall, 1084-1085, Englewood Ciffs, New Jersey 1992, and K

Mat yj aszewski, ed, Cationic Polynerizations, Marcel Dekker, Inc., New York,

1996. The Catﬁh&ﬁOWSZS PCT/ US2003/ 040852 2

[0002] The invention relates to new polymerization processes including
diluents including hydrofluorocarbons and their use to produce novel polymers
with new sequence distributions. In particular, the invention relates to copolymers
of an isoolefin, preferably isobutylene, and an alkylstyrene, preferably
methylstyrene, even more preferably para-methylstyrene, with new sequence

distributions. The copolymer may optionally be halogenated.
BACKGROUND

[0003] Isoolefin polymers are prepared in carbocationic polymerization
processes. Of special importance is butyl rubber which is a copolymer of
isobutylene with a small amount of isoprene. Butyl rubber is made by low
temperature cationic polymerization that generally requires that the isobutylene
have a purity of >99.5 wt% and the isoprene have a purity of >98.0 wt% to
prepare high molecular weight butyl rubber.

[0004] The carbocationic polymerization of isobutylene and its
copolymerization with comonomers like isoprene is mechanistically complex.
See, e.g., Organic Chemistry, SIXTH EDITION, Morrison and Boyd, Prentice-Hall,
1084-1085, Englewood Cliffs, New Jersey 1992, and K. Matyjaszewski, ed,
Cationic Polymerizations, Marcel Dekker, Inc., New York, 1996. The catalyst




systemis typically conposed of two conponents: an initiator and a Lew s
acid. Exanples of Lews acids include Al Cl3 and BF3. Exanples of initiators
i nclude Bronsted acids such as HCO, RCOOH (wherein R is an al kyl group),

and H20. warhésséde pol ynerization process, in what i spEgue0edsdsst ef erred
to as the initiation step, isobutylene reacts with the Lewis acid/initiator

pair to produce a carbenium ion. Followi ng, additional nononer units add to
the formed carbeniumion in what is generally called the propagation step.
These steps typically take place in a diluent or solvent. Tenperature,

di l'uent pol ar kysiem RRPpiCAYNERERRES oW EmpoRnts: GaSHitdtdr vn@la IFAPaGAL i on. O
t hese, the dlluent is typically considered i nportant. [00051 Industry has

general |y acchQl@i ﬂe%’ﬂiié%léswbldéfmﬁssﬁnélﬁﬁt ﬁ?@lﬂphéloileatlﬁlt@lﬁ Ipql’éﬂ@ess (to
pr oduce butyI | n; t

chl ori de. Typ| c amdﬁ%éﬁ %OQE:H/% ?onﬁ%lr%%e}:%?sls a@n[allﬁ)gl %H']?ﬂg uses rret hyl
chloride at | Dunn@‘nhpgo}amenwmngmmssaid what m@nemhyarefer&ihl@p aaﬁlet:ﬂnaatdml uent for
t he reaction nixt.u Vet ri.de.is edfor a varie reasons,
i ncl udi ng t hat®f-tse ETP@?&FG%% St‘ﬂ{!zhﬁﬁ cﬁ}r@wﬁ RN it ’&IB’PaI yst but
not the pol ygar mmbmgt adMﬁbﬁBl'm&fbhﬁEhﬂi% EH heFostd ePbedin @fzinng and
boi i ng points permt, respectively, |ow tenperature Elgl ymerjzation and

effective sep&’%‘gﬂ? 5??31‘311 ¥ sAllqdBe propgentien stap Liase stepeiypicalin ‘?Blacel‘lﬁ@ slurry
pol yneri zat | Oalh%p%ﬁ%élvhﬁt ek xﬂan&@'cﬁrubﬁ&e%a 5 Snd® cBHTBSIns Oleredd et | OnAl

advantages in that a polyner oncentrati o appr oxi matel y 26%to 37% by
vol ume in t hechegdsity afiprofiagatione Ofdbese,she dibisntis pically copsidesasimportarite
concentration of only about 8%to 12%in solution polynerization. An
acceptable relatively |l ow viscosity of the polynerization nmass is obtained
enabl ing the [088§] of pdhywsetyi has igenerilly eceptednmuidsiproad evsef bk ismeﬂyy by
surface heat e chan e. S urry pol erEI’I zati o procesges i n nmethyl, chloride

are used int eR ipsprest (i ByRIYRS| Rl bbsse PRIISODWYIEDS, bl thene and
i sobut yl ene- Iam&hﬁﬂ@ﬂ@phmbnwbﬁr?ﬁmﬂgﬂ ¥Rty mériZiBam §ﬂ,ce§a@mww} akdsons  of

i sobutyl ene and par a- nethylstyrene are al so conducted using nethyl
chl ori de. Si nietiyl shloridezat ldyy temploratiren, gererally hoyegr than -20Y ap thedlilsend farsi ng

met hyl chl ori ﬂ]e reaction mixture. Methyl chloride is employed for a variety of reasons,
including that it dissolves the monomers and aluminum chloride catalyst but not
the polymer product. Methyl chloride also has suitable freezing and boiling points
to permit, respectively, low temperature polymerization and effective separation
from the polymer and unreacted monomers. The slurry polymerization process in
methyl chioride offers a number of additional advantages in that a polymer
concentration of approximately 26% to 37% by volume in the reaction mixture
can be achieved, as opposed to the concentration of only about 8% to 12% in
solution polymerization. An acceptable relatively low viscosity of the
polymerization mass is obtained enabling the heat of polymerization to be
removed more effectively by surface heat exchange. Slurry polymerization
processes in methyl chloride are used in the production of high molecular weight
polyisobutylene and isobutylene-isoprene butyl rubber polymers. Likewise
polymerizations of isobutylene and para-methylstyrene are also conducted using
methyl chioride. Similarly, star-branched butyl rubber is also produced using
methyl chloride.



WO 2004/ 058825 PCT/ US2003/ 040852 3 [0006] However, there are a nunber of
probl ens associated with the polynerization in nmethyl chloride, for

exanpl e, the tendency of the polynmer particles in the reactor to

aggl oner at @owoddns@2sh ot her and to collect on the reactgdryyediosdieat
transfer surfaces, inpeller(s), and the agitator(s)/punp(s). The rate of
aggl oneration increases rapidly as reacgi on tenperature rises. Agglonerated
particles tend to adhere to and grow and pl ate-out on all surfaces they
contact, such as reactor discharge lines, as well as any heat transfer

equi prent bel oS ed ol AR ficrk e X BLABKE pRBRnsChssBALKATLUF e O, Whi ch

Is ctitical s | ow tenperature reaction co t1ons nmust be nal ntained.
[ 0007] The copolpmeiization dmanethy chjqridealféryexagple, tthe tedencyhes éher pdijpmers ar e

wel | m xed vessels of. greater than 10 to 30.liters, in wolume with a high
circul ation Pgﬁ‘élesp’rncﬂ}'?ﬁg o9 a&%ﬁ‘ﬁfﬁ?@éfﬂr"%‘hﬂrﬁ’é‘d %oﬁoyﬁ%f)ggléeﬁeﬁ Tand t he
punp both geweaNdeat hasfer stdaces, TmPelte(s),laad Kieespitatoe(syputhp(y). Chdlratd b2 reaction
system needs to, have the ability to remve the heat. An exanple of such a

conti nuous f | BREIERFIRHGNYINCEeAsAY Tapidly 4% reactprs femNeraiures Bk PgelomStatadat ent No.
5,417,930, | g?ﬂﬁ%ﬁ% fb}nﬁ% Rifhert & &#@Q&%vhmﬂﬁﬁlﬁte%i bR'alll fEBELLHlef Codtikrgener al  as

a "reactor"” " yl reactor”™. In- these reactors, slurry 1s circul ated

t hr ough t ubessush aa réaster disghegenlines, asywell gsianp heatwransfer equipmeny beinpybedne on t he
shel | side prgyj i .h I : t .bei.ng .d ry.ned by the
boi i ng et hyl Sntove e Moo et %‘%ﬁ@i@gﬁ%@g@ Vi 1L e R L

resi st ance t otelgpatatire seasticercon@iohd@ust be irajntsingdle, t he heat exchanger

surfaces progressively accunul ate polyner, inhibiting heat transfer, which
would tend to cause the slurry tenperature to rise. This often limts the

practical sl ujgog7] concerte’ @hintdicihinRhctsd Ry Gl SREd t maRS the§EABb&S dref F OM 26 to
37 volume %relative to the total volune of the slurry, diluent, and

unr eact ed non¥EB mixedyeasels gijgesater gran 194e Joritersia valmeavithom highsirpdatipnaddr essed
in several pa L SUC 3 nt frenaftiof %hd e t No.
2,548, 415, U, 'Esa%%g‘%‘é%tu lgr\&ng‘s‘}dﬂé" 431’,’“5%?'. Thd Bolyt : ﬁ?gs%dpat i@%ﬁ@e
unsat i sf act or géneratel tieat asd dn tohder iy keepdthe klupny lolds i wactvni systeoh needs to

have the ability to remove the heat. An example of such a continuous flow stirred

tank reactor ("CFSTR") is found in U.S. Patent No. 5,417,930, incorporated by

reference, hereinafter referred to in general as a "reactor” or "butyl reactor". In

these reactors, slurry is circulated through tubes of a heat exchanger by a pump,
while boiling ethylene on the shell side provides cooling, the slurry temperature
being determined by the boiling ethylene temperature, the required heat flux and
the overall resistance to heat transfer. On the slurry side, the heat exchanger
surfaces progressively accumulate polymer, inhibiting heat transfer, which would
tend to cause the slurry temperature to rise. This often limits the practical slurry
concentration that can be used in most reactors from 26 to 37 volume % relative to
the total volume of the slurry, diluent, and unreacted monomers. The subject of
polymer accumulation has been addressed in several patents (such as U.S. Patent
No. 2,534,698, U.S. Patent No, 2,548,415, U.S. Patent No. 2,644,809). However,
these patents have unsatisfactorily addressed the myriad of problems associated
with polymer particle agglomeration for implementing a desired commercial

process.



wi th pol ymer particle agglonmeration for inplenenting a desired comerci al
process. WD 2004/ 058825 PCT/ US2003/ 040852 4 [0008] U.S. Patent No.
2,534,698 discloses, inter alia, a polynerization process conprising the
steps in cegRsalstsas of dispersing a mxture of i sobutydeiessidosa:

pol yol efin having 4 to 14 carbon atons per nolecule, into a body of a
fluorine substituted aliphatic hydrocarpon containing material wthout
substantial solution therein, in the proportion of fromone-half part to 10
parts of fluorine substituted aliphatic hydrocarbon having fromone to five
carbon at ons [pfy8] 0! eqys epabit Nb. 1255341608 | dkschised hareP aliy, B pbigRkiiSRohenper at ure
and polynerizing” the dispersed m xture of isobutylene and” polyolefin having
four to fourthEedsst omprisingt thes sigpy iprpeasehinationt of @ﬁWrsmmegnmw\@én -20C and
-164C by the, heat | A | - f yer, '698

t eaches t hat 1?(%@@51%1%%@?&1&&?@%@ g%ar 3ﬁ§q\%o%ag§%r%§%‘$%ﬁalﬁ%g&%l?£ﬁlﬁ?‘c system
wi th the nondwdy of adimoriaesnbstitutedl aliphatio/hydriverbon cutaitisnmatkiblywitharl ubl e in

t he fluorocarbpn naking.their, use  difficult, and un i sfactory. [0009] U. S.
pat ent . 2. Sagaa it Del, T i SropSrog, of ST HBERE Cplfl s 2a i on
process for tf{iRrine SRR ORiphhti PhyPRAIBOREaving Tons P ARRAbS MOms
continuously delivering to a polynerization reactors a stream consisting of

a maj or propRsF modaculstwWhish sidpidatdhepelymenzation tempsbiteiaod PPiyoisrigng; di | uting
the mxture i hltndfd ?ﬂ:ﬁ@e M@L&bﬁi@dén% af'[&’gé’l%wﬁﬁﬁaﬂlfég @W%@ follG05 cHishhuori de;
' sobut'y

copol ynerizing t mxture o ehe’1sopren he “cont1 nuous
addition to dtdmes peractleate @itarnperahues berween| 100C and ©by phecapptication pr epar ed

pol ymeri zati q cat al.ys onsi sti.ng of._boron trifluoride. in solution in

et hyl i dene ditF?rﬁ erié‘?{eJe}‘Fgfaﬁéafﬂ?]ﬂ 'tﬂ%o“feé'%ebgdt J?aé’B et%ﬁ@eﬁe-%ﬁ €and -1030C

t hr oughout t huoedtaitolls wealioleyileil Z Biph&ie §y8Ret with the monomer, édhodd@@ehes t he

use of boron triflyoride and its (_:orrﬁllbfxes as_ the Lewis acid catal yst and
58

1, 1- di f | uor ocBAF3talyst bsing substantially enigy the fluotesarbop apakings thedissr ovi des a
system i n whi §ichi and @hsalidtadtoryMONONMES

[0009] U.S. Patent No. 2,548,415 discloses, infer alia, a continuous
polymerization process for the preparation of a copolymer, the steps comprising
continuously delivering to a polymerization reactors a stream consisting of a
major proportion of isobutylene and a minor proportion isoprene; diluting the
mixture with from 1/2 volume to 10 volumes of ethylidene difluoride;
copolymerizing the mixture of isobutylene isoprene by the continuous addition to
the reaction mixture of a liquid stream of previously prepared polymerization
catalyst consisting of boron trifluoride in solution in ethylidene difluoride,

maintaining the temperature between -40°C and -103°C throughout the entire
copolymerization reaction . . .. '415 teaches the use of boron trifluoride and its
complexes as the Lewis acid catalyst and 1,1-difluorocthane as a preferred
combination. This combination provides a system in which the catalyst, monomer
and comonomer are all soluble and yet still affords a high degree of polymer
insolubility to capture the benefits of reduced reactor fouling. However, boron
trifluoride is not a preferred commercial catalyst for butyl polymers for a variety

of reasons.



and conmononer are all soluble and yet still affords a high degree of polyner
insolubility to capture the benefits of reduced reactor fouling. However,
boron trifluoride is not a preferred conmercial catalyst for butyl polyners
for a vari gg/2009bssiasons. WO 2004/ 058825 PCT/ US2003/ 04884s2003/d406501 U. S.
Pat ent No. 2,644,809 teaches, inter alia, a polynerization process

conpri si ng the steps in conbl nation of nixing together a major proportion
of a nmonoolefin having 4 to 8, inclusive, carbon atoms per nolecule, wth a
m nor proportion of a nmultiolefin having from4 to 14, inclusive, carbon
atons per an I A r [ tyr I ssol ved
Fri edel - Craft?ﬁﬂhfal ysftj}g?r?AEEE{eN%r ggglr‘f?gg o?ﬁéfﬂr%mﬂ rna;eg,lg o%{lljérﬁggé?lgorrput ed
upon the ni xpweedsetomprising the |stepai id s@nbmtm fof amixiitpe togethep a:(magostl ng of

di chlorodiflu romet trichl or rmnofl uar ne

di chl or ononof {?B?%F%gﬁemg Ig c}}a&“& r3 ﬁ%crhésf‘ﬁaﬁ%r %ﬁ@%g?fm” hereof

the nonool ef Withwﬂmasulptdpohﬁ:fm ¢f Duipledindm0ingeforh 4 Bal4] ind@iedearbsd carryi ng
out the polyneri zatlorigﬂéea te erature betweien -200C and the freezi ng
point of the aiMpeg mo E‘éi“ztl%ﬂﬁt’ief“?wgé‘fm@m St ¢ gssdeedt bons at

mai nt ai ni ng i @ﬁ@del-@réﬁsrdétalﬁ?%%‘é fredehtd &@&&Hq tmw mlﬁéw(gsﬁg‘%@ﬁ%ct Pul i ng,

but teaches the |ncorporat|on of “diolefin (i.e. isoprene) addi tion
of chl or of | uothsc ariksesh solgfmEy) of Ca:dlcﬂmiar%lect@domnt othbegmpneoniisph@t 01?19

(r:rgﬁm‘ gglt 3re a}iﬁf’@m‘ﬁ’éu‘@?‘gﬁlﬁ | (():P—%hls ér%r*(l\:aﬁll\fﬂglg thteélgéi!'i r%%/m&?o%ggne ’tract I ve

for commerci a&cbbmrmnoﬁnorrﬁdﬂﬁhhé,ldﬁﬂﬁrdt&taﬂabﬂe’;hana,'haidemaxﬁ%s Abereddlialkd ey, Sr.
D. J., H gh Ml ec - i ght, . H gh Unsaturatio nmer s, of Isobutyl ene
and” Con] ugat edroBrares and wiiens heley debdieti s bl ol gine i g

di scl oses, inp Sl?lrn@hta%lontd‘ieh F@iﬁe%hﬁ befibeeh r-!%@'a.‘dﬂ'&ﬁé FRbIRY pbint SO yrrer s of
| sobutyl ene wt rene (butyl rubber) and with cyclopentadiene in

hept ane. | 00111]1111%&0 ﬂlfﬁl@sesfﬂlﬁﬂﬁﬂﬁ@ ofrhlerpAuarpeasbeyisiat maintpining idealwismyof

diluents tO0  characteristics and minimizing reactor fouling, but teaches the incorporation of
diolefin (i.e. isoprene) by the addition of chlorofluorocarbons (CFC). CFC's are
known to be ozone-depleting chemicals. Governmental regulations, however,
tightly controis the manufacture and distribution of CFC's making these materials

unattractive for commercial operation.

[0011] Additionally, Thaler, W. A., Buckley, Sr., D. J., High Molecular-
Weight, High Unsaturation Copolymers of Isobutylene and Conjugated Dienes,
49(4) Rubber Chemical Technology, 960 (1976), discloses, inter alia, the cationic
slurry polymerization of copolymers of isobutylene with isoprene (butyl rubber)

and with cyclopentadiene in heptane.

[0012] Therefore, finding alternative diluents or blends of diluents to
create new polymerization systems that would reduce particle agglomeration
and/or reduce the amount of chlorinated hydrocarbons such as methyl chloride is
desirable, Such new polymerization systems would reduce particle agglomeration
and reactor fouling without having to compromise process parameters, conditions,
or components and/or without sacrificing productivity/throughput and/or the
ability to produce high molecular weight polymers. Additionally, finding new
polymers associated with the aforementioned processes would help supply the



create new pol ynerization systens that woul d reduce particle aggl oneration
and/ or reduce the anount of chlorinated hydrocarbons such as nethyl chloride
is desirable. Such new polynerization systens woul d reduce particle

aggl oner at weyroosdaghs eact or fouling w thout having to cop@fesHes4H59CESS
paranmeters, conditions, or conponents and/or w thout sacrificing

productivity/throughput and/or the abikity to produce high nol ecul ar wei ght
polymers. Additionally, finding new polynmers associated with the
af orenenti oned processes would hel p supply the WD 2004/ 058825

PCTI US2003/ 04Q3nd's i&raagﬁlgcﬁeﬁlam@as@aﬁéme@gﬁaf]aﬂ afsO pr&idS FQRAS e déeor al so

provide for new end use "applications. [0013] Hydrofluorocarbons (HFC s) are
cheni cal s t hatppdicgtiongir rently used as environnentally friendly refrigerants
because they have a very | ow (even zero) ozone depletion potential. Their

| ow ozone depletion potential is thought to be related to the |ack of
chlorine. The[(8Fs] s al Hydryfuceadakhonk GIECk0ave ichaniealbitht taye cyrfently esddar |y as
conpared to hydrocarbons, apnd ¢hl or.i nated hydrocaybons. 014]

| sobut yl ene/ p%"ﬁ?ﬂ‘@?‘?i@nﬁ‘eﬁ Hd?@ﬁ?ﬁ'mig?‘i%w tﬁ@(/a'_éa"ﬁée‘f?r; g’(%ﬁ?ﬂ%‘% #ounder a
variety of pobyde rdeﬁl@ﬁéd)?ot&ﬂ:ﬂﬂj.' tThef Jow REbiedepbtich bRABAL s HENBRIMB! bd eed

rati os, tenperatures, catalysts, and solventsS or diluents. A nunber of

t hese syst ensrdigebiogoe jackeofchlopag. The dRC yalsqtypcallynhaye low emmabilitys in .

El ast oneri cs gaﬂ ; Eﬂgﬁﬁs ﬁ ' ; cronol. Sci.-Pure
Appl . Chem 1@%&@111 1, L&?B%gr;e&??h@rgzag . A hlhgrgug&hjﬁgm‘aﬂg%%edy J. Phys.

Org. Chem 1995, 8, 258. [0015] The copol yneri zation of isobutylene and

p- met hyl styre s been nducted jn solution and i.n slurry. Solution

pol yneri zat i oﬂ@lgften ;‘ﬁ%ﬁ@m PS&"P"?B’[‘% hfﬂ?ﬂ%‘&? % Ul?ﬂvgt uP&d of

hydr ocar bons gééiuettd Qfndexta daridty A0 palyReRsiibe GRtiions Sndludiaf Vdfftrehtor t he
nononers, catalyst and the prepared olynmers, A typical exanple is nethyl

. CO 1]
chl or i de/ hexaRenpmsigedietios, terapergtusgs, calglystsyrdrsobignis o dilgenih| 4 mpmhered
hydrocarbon, ysuald ystBhisThive GRbiPtibdbed. SSdSEE! 36- Wang, K.W. Powers in

Elastomerics 1992, January, 14; Z. Fodor, R. Faust in J. Macromol. Sci.-Pure
Appl. Chem. 1994, 431, 1985; 1. Orszagh, A. Nagy, J.P. Kennedy, J. Phys. Org.
Chem. 1995, &8, 258.

[0015] | The copolymerization of isobutylene and p-methyistyrene has been
conducted in solution and in slurry. Solution polymerizations often employ
chlorinated hydrocarbons or mixtures of hydrocarbons and chlorinated
hydrocarbons to serve as a solvent for the monomers, catalyst and the prepared
copolymers. A typical example is methyl chloride/hexane mixtures. In slurry
copolymerization, a chlorinated hydrocarbon, usually methyl chloride, is used as a
solvent for the monomers and catalyst, but the copolymer produced is inscluble in
the diluent.

[0016] The sequence distribution, i.e. characterization of the arrangement
of the monomer units along polymer chain, of the prepared copolymers is
influenced by the polymerization conditions as well as the intrinsic reactivity of
the comonomers employed. The sequence distribution of a copolymer may be
expressed in terms of combinations of adjacent structural units. For example,

characterizable sequences of two monomer units are called diads. Three monomer



solvent for the nonomers and catal yst, but the copol ymer produced is

I nsoluble in the diluent. [0016] The sequence distribution, i.e.
characterization of the arrangenment of the nmononmer units al ong pol yner
chain, of whezdei/eeggsed copol yners is influenced by theppgi¥ssbhadl ON
conditions as well as the intrinsic reactivity of the conmononers enpl oyed.
The sequence distribution of a copolynmer, may be expressed in ternms of
conbi nati ons of adjacent structural units. For exanple, characterizable
sequences of two nononer units are called diads. Three nonomer WO

2004/ 058825 P Four
nmonomer unit g%%u %%g%é%@gﬁg&*?égy?%%gzﬁgﬁﬁgﬁgﬁg%ﬁ?gﬁ?ﬁ%ﬁ%%g&*%ﬂ%%g pr epar ed
under differeatd swichth.i dvpolynters prieparsdmedercdiffereotreonditinns rpith dhe sameray

exhibit differences in their. se uence.di.siributigns as expressed by t he
G ad (o tri sfomaoame; hepmhordtioR S5y REfbit Ginpsnortdn Hefseftence Bisfinten

di stri buti onsaaRfpresed tymiic maaogopqnaa,lae)a&&uam e rthd icopblyinet ichiigd by
probability statistics because of the conpetitive nature o he cheni ca

events i nvol vedrenss disHbriens and LOMeAomeY igeorporatiel anefpathematically, linked
characteri zat bf?%rd%abﬁlw Statistid BlchRBIPHEL: dotn ﬁverﬁa%&%lo\f&ﬁeyc}feﬁhé evéhtd ati 0 Of

the rate constants of "honopropagation (adding a MoNONer) to Cross
propagat i on ( &vdlved iseppalymerizatioon dsrmte)metercbfpi@i@smﬂs ohmaﬁeans afrthisconononer

I ncor poration |ff S xhi bi t

di fferent phy% I&oﬁmhé? LJ{EQ &étéo %9%& @léenﬁ%aﬁom%%rg 5@ g8 Pol yner
Chai ns, J.L. (@dﬁiﬂgga lﬂ%l myndnmr)e S @rcﬁEIQﬁopaMnY@rdBmg éxﬂ&ﬁlﬂ(ealﬂﬂ)nﬁ’mknyrrer
Sequence Deter rlatlo ) Ctsr bon- 13 NVR Met hod, %é‘ d Academi c Press,
1977. An extr SRB fhothe FaMREPTIANIST glcp@or{aﬂgn, BHTF;S%F@ FitSPIUERE physi cal

attributes of dfsﬁﬂﬂﬁ@i\saﬂﬁerb'e%&tc&ﬂ‘& hpsicdl QRdpdrtidst  1See 05 € CRbMiaknOWN t hat
p-al kyl styrenes are mor e reactive jthan |sobut ene in carbocationic

copol yner i zat Migrostuefusenol Pofymen £ haim JKﬂ@as HewnigrraencecNew, York,

p-met hyl styr e?ﬁSd Santclhﬁ)l@%lt S%ﬂegl:é’ ﬁrﬂ:ﬂaﬂoﬁoégtl%fiﬁqgi g&ftg (Meﬂ%é hy ?
I sobut yl ene. kyl'styrene is

Randall, Academic Press, 1977. An exireme, but clarifying example is the

comparison of the physical attributes of random and block copolymers.

[0017] It is generally known that p-alkylstyrenes are more reactive than
isobutylene in carbocationic copolymerization systems. Of the known linear
p-alkylstyrenes, p-methylstyrene is the most widely used in copolymerization with
isobutylene. The tendency towards higher reactivity of the p-alkylstyrene is
expressed in the sequence distribution of the prepared copolymers. At a given
copolymer composition, p-methylstyrene units exhibit a tendency to follow other
p-methylstyrene units in the copolymer chain. Consequently, BSB (B =
isobutylene, S = p-methylstyrene) triads are present at relatively lower
concentrations than copolymerization systems in which the reactivity of the

comonomers are more similar,

[0018] Because isobutylene/p-methylstyrene copolymerizations are often
conducted in chlorinated hydrocarbons or mixtures of hydrocarbons and
chlorinated hydrocarbons, the degree to which the sequence distribution can be
varied is quite limited, Expression of this limitation is found by examination of
the known reactivity ratios of p-methylstyrene for isobutylene/p-methylstyrene



expressed in the sequence distribution of the prepared copolyners. At a
given copol yner conposition, p-nethylstyrene units exhibit a tendency to
foll ow other p-nmethylstyrene units in the copolymer chain. Consequently,
BSB (B = #waolhwgskese, S = p-nethylstyrene) triads are pepsshbs@bssiel atively
| ower concentrations than copol ynerization systens in which the reactivity
of the conononers are nore simlar. [0Q18] Because

i sobut yl ene/ p- net hyl styrene copol yneri zation are often conducted in

chl ori nated hydrocarbons or m xtures of hydrocarbons and chlorinated

hydr ocar bons, C@B@%p@ev@%c?ﬁﬂwﬁﬁqg@ﬁg ][u& lﬁﬁdﬁ 4 egriggg vari ed

isquite limt pression o tation 1s foun xan mat i on of
t he known r ealaniarys 4; ZaFodo, RfFaustiet iVhaomok Sa.-Pare Appl. Chem. 1994, 431,

i sobut yl ene/ p; &t hylst yr.en 20Q4/.058825 PCT/ US2003/ 040
copol yneri zat iéﬁs Séés : .E'lﬁ%ycqq)\ld%&?e W %ﬁl\gﬁg' %erﬁl igfsor‘irzisé‘s 1992,
January, 14; BindfgdopolyrbriZafitis bystein th whiE pRIRYIsty 886 corRbtbe wiiEractiiem 1994,

A31, 1985; I. Orszagh, A Iﬁaé;%y, J.P.. Kennedy,, J. Phys. Org. Chem 1995, 8,
258.  Fi ndi ngt® (96| PrRReted ahisly s9es idibisrem Wianc Rhase apvallabley pEng koWered tri ad

fractions campBmieRi dolliiolh 3 cadiciiier eaboliiigh e sodud! hahhe Usi o

known copoly I’zation conditions is desirab rs th possess
hi gher concesincentiatings of isoglefih-pfalkylstyrendasoalefin énind- frantiohe fveruseful e fr acti ons

o Ces an « ke AR AR o PABHL 8 BRSPS Lot 13

02/ 34794 t hat gdups| oses a free radi cal polynerization process using
hydr of | uor ocar bons. O her background references include DE 100 61 727 A, WO
02/ 096964, WD 00/04061, U.S. Patent No. 5,624,878, U S. Patent No.

5, 527, 870, anfho9)S. Pat Gher Mekgrdudti/Rfetéhdes iRbINGARO 627347198 chAMisbibi&eh [ 0020]

Thi s invention provi des new polynerization systens andﬁﬁ’riocesses conpri si ng
hydr of | uor ocafrperdicabplymerization prasess psing hpdrotlugmeearbepse fithesrbagkgzenund

references include DE 100 61 727 A, WO 02/096964, WO 00/04061, U.S. Patent
No. 5,624,878, U.S. Patent No. 5,527,870, and U.S. Patent No. 3,470,143,

SUMMARY OF THE INVENTION

[0020] This invention provides new polymerization systems and processes
comprising hydrofluorocarbons to produce novel polymers. The invention also
provides for new polymerization processes comprising diluents comprising
hydrofluorocarbons and their use to produce novel polymers with new sequence
distributions, In particular, the invention relates to copolymers comprising an
isoolefin, preferably isobutylene, and an alkylstyrene, preferably methylstyrene,
even more preferably para-methylstyrene, with new sequence distributions. The

copolymer may optionally be halogenated.
[0021) In particular, the invention provides for a copolymer comprising an
isoolefin and an alkylstyrene, the copolymer having a copolymer sequence

distribution defined by:

F=1-{mA/(l+mA)}



provi des for new polynerization processes conprising diluents conprising
hydr of | uor ocarbons and their use to produce novel polyners wth new sequence
distributions. In particular, the invention relates to copol ynmers conpri sing

an i sool efsignoo4arsed€r abl y i sobutyl ene, and an al kyl st yreereusioodsessabl vy

nmet hyl styrene, even nore preferably para-nethylstyrene, with new sequence
distributions. The copolyner may optionally be hal ogenated. [0021] In
particular, the invention provides for a copolyner conprising an isoolefin
and an al kyl styrene, the copol ymer having a copol yner sequence .distribution

defined by: F=1-( HTRY : 9 rein mis
t he copol yner seqmé% di s%sr#igu%?%“%gga é?%ﬁkﬁgﬁla@&fﬁ%%ggn%ﬁa‘? 19‘(,;{??60 of
al kyl styrene to i soolasfitio afalkylstyreneto lispolefin imthd cépdlpmérhand

al kyl styrene-i sool gf.n;al tyrene . tri fractiondn.the copolyner; wherein
mis fromless t haﬁ Ig%'.e &F%@ﬁnel'lﬁo%?frﬁ]éa%@%m #@Ht%‘,‘m?wé‘ tﬁ%@’é’ﬁﬁ'ﬂ?ﬁ provi des
for a copol yner pihediad idffomes aaG8SS conpri sing contacting an isool efin,
preferably isobutylene, an al kyl styrene, one or nore Lewis acid(s), one or

nore initiator(s), and a diluent conprising one or nore

hydr of | uor ocaj S) (HECofhky : 0 i Y, uence
di stribution g‘ai%ed b:;!l:§l EE’)ff fnﬁ?ﬁﬂnﬁ’) ?%n%%%?inﬂ%viﬂg&?ﬁghcdgggvéﬁgr

sequence di st prdsiueddorbypaheinproesss fomprisinge conlabting ramt iispobffinal prgfesably ene to
| soolefm | n L GGORaL VISIKANLLE dnfof e PV SESTG 398 kbl Ly ene

triad fractionn € Cco InTnis tromless >[0023] In
the previous endodidileits comfsihg amleebt morayhyitofhiwediathondsh e(HRTS); tthe

all cyl styrene may be nefhyl styrene, preferably, a- et hyl styrene. [0024]
" oy of |t he combun g R ebmBEiabce pioevuin S PR
F=1-{mA/(1+mA)}

wherein m is the copolymer sequence distribution parameter; A is the
molar ratio of alkylstyrene to isoolefin in the copolymer; and

F is the alkylstyrene-isoolefin-alkylstyrene triad fraction in the copolymer;
wherein m is from less than 38.

[0023] In the previous embodiments, the isoolefin may be isobutylene and
the alkylstyrene may be methylstyrene, preferably, para-methylstyrene.

[0024] In any of the embodiments described in this section, the
alkylstyrene content is from greater than 0.5 mol%.

[0025] In any of the embodiments in this section, the alkylstyrene content

is from greater than 1.5 mol%.

[0026] In any of the embodiments in this section, the alkylstyrene content

is from greater than 6.0 mol%.

[0027] In any of the embodiments in this section, the alkylstyrene content
is from greater than 12.5 mol%.



al kyl styrene content is fromgreater than 0.5 nol % [0025] In any of the
enbodi nents in this section, the al kylstyrene content 1is fromgreater than
1.5 nmol % [00261 In any of the enmbodinents in this section, the al kyl styrene
content iwohs@ikd@seater than 6.0 nol % [0027] In any adcthiseorsiodvsst nents in
this section, the al kyl styrene content is fromgreater than 12.5 nol % WO
2004/ 058825 PCT/U82003/040852 10 [0028], I'n any of the enbodi ments described
in this section the copolymer nay be halogenated to form a hal ogenat ed
copolymer. [0029] In the previous enbodi nent, the hal ogenated copol ynmer is
hal ogenated with chlorine or bromne. [0030] In any of the enbodinents
described in this section, when present, the hal ogen content is greater

than 0.2 nol %0028]0311 IIn annpf the mﬁedmwcﬁembs@m@mecﬁmﬂhenopdhymersecu on,
when present, o] %to 5.0 nol % pref erably
fromO.2 nol w%@@]}ﬁ@eﬂgt?@(}o 10 %@Folg%nageg%%@y%ﬁé previ ous enbodi nents, the
copolyner has a Mv of from greater t han 50, 000. 100331 In any of the

previ ous enbogdi pen t he _copo f  from eate t han 100, 000.
[ 00341 In anyfbggﬁt he prIBvaGUQ “é’#b’édf"ﬁ’&?ﬂ@enttﬁg b ‘“‘9‘??8‘5 ?%Yéﬂ%\)sof from
greater than Rgf gﬁg@dwﬁtggﬁ@ﬁné&lﬁamf t he previous enbodi nents, the

copol ymer has a fromgreater than 1,000, 000. [00361 In any of the

previ ous enbodi rrents, t he copol yner has a MAD of fromless than 3. [0037]

In any of t he[dﬂ&ﬁi\/i ous Iﬁrarﬂf) gk R Urboditl Mt RRLYARI thﬁas%ct?on,wu}gcﬁ)fnesent,

the halogen content is greater than 0.2 mol%.

[0031] In any of the embodiments described in this section, when present,
the halogen content is from 0.2 mol% to 5.0 mol%, preferably from 0.2 mol% to
2.0 mol%.

[0032] In any of the previous embodiments, the copolymer has a Mw of
from greater than 50,000.

[0033] In any of the previous embodiments, the copolymer has a Mw of
from greater than 100,000.

[0034] In any of the previous embodiments, the copolymer has a Mw of
from greater than 500,000,

[0035] In any of the previous embodiments, the copolymer has a Mw of

from greater than 1,000,000.

[0036] In any of the previous embodiments, the copolymer has a MWD of
_ from less than 3.
[0037] In any of the previous embodiments, the copolymer has a MWD of

from 2 to 5.



from2 to 5. WD 2004/058825 PCT/ US2003/ 040552 11 [0038] In any of the

previ ous enbodi nents, the copolynmer has a Mooney viscosity of at |east 20:h
S (M 1+ 8 at 125C, ASTM D 1646). [0039] In any of the previous

enbodi ment o foboseRO! yner has a Mooney viscosity of fpefiygfdodosdssio 60 f 5
(M1 + 8 at 125C, ASTM D 1646). [0040] In any of the previous enbodi nents,
mis fromless than 38. [0041] In any of the previous enbodi nents, mis
fromless than 36. [0042] In any of the previous enbodi nents, mis from

| ess than 35. [0043] In any of the previous enbodi nents, mis fromless

than 30. [00 gl N ot r rom.,l- 0 I n ot her
enmbodi ment s, hﬁ n??g’% ﬁ@ﬁ%@féﬂ Pﬁ%ﬁ\'tﬁe eR%%H’%ﬁ%?#"g%ﬁ%l'%y be from
1-35. [0047] vismsﬁybéatlﬁsbwtm{m,sl+maﬂm5°©,eASmrﬁ)16t%). [ 0048] The invention
al so provides for a blend conprising the copolyner of any of the preceding
enbodi nents and a secondary rubber selected fromthe group consisting of at

| east one of pysor al r%%§10fﬂﬁ|ﬁf&ﬁ&%re%ﬂ% fhe copolymer has a Mooney
pol y(styrene-co-but adi ene) “rubber SBR but adi ené rubber (BRJ,

pol y(i sopr enevisepsiyiobfipm )iitﬂtﬁf’e‘r (MBF’z)*' 91t SERASBYR? H66)but adi ene rubber
(SIBR), ethylene-propylene rubber (EPR), ethylene-propyl ene-di ene rubber
(EPDM), pol ysul fide, isobutyl ene/cyclopentadi ene copol yner rubber,

i sobut yl ene/ nfld9] cycllnmenbfithe reyvions pmbydieents ih xefrom héss thah88r ubber ,

propyl ene oxi de polyners, star-branched butyl rubber and hal ogenated
star-branched butyl rubber, brom nated butyl rubber, chlorinated butyl
rubber, star-Eman ched Vlﬂaa%f‘rﬂx@ Zous Bbodine e 3h 0408Hh Zess thanpe!l yi sobut yl ene
rubber, star-branched brom nated butyl (polyisobutylene/isoprene copolyner)
rubber; poly(isobutylene-co p-nethylstyrene) and hal ogenat ed

[0042] In any of the previous embodiments, m is from less than 35.

[0043] In any of the previous embodiments, m is from less than 30.

[0044] In other embodiments, m may be from 1-38.

[0045] In other embodiments, m may be from 1-36.

[0046]) In other embodiments, m may be from 1-35.

[0047) In other embodiments, m may be from 1-30.

[0048] The invention also provides for a blend comprising the copolymer

of any of the preceding embodiments and a secondary rubber selected from the
group consisting of at least one of natural rubber, polyisoprene rubber,
poly(styrene-co-butadiene) rubber (SBR), polybutadiene rubber (BR),
poly(isoprene-co-butadiene) rubber (IBR), styrene-isoprene-butadiene rubber
(SIBR), ethylene-propylene rubber (EPR), ethylene-propylene-diene rubber
(EPDM), polysulfide, isobutylene/cyclopentadiene  copolymer rubber,
isobutylene/methyl cyclopentadiene copolymer rubber, nitrile rubber, propylene
oxide polymers, star-branched butyl rubber and halogenated star-branched butyl
rubber, brominated butyl rubber, chlorinated butyl rubber, star-branched



pol y(i sobutyl ene-co- p- net hyl styrene), hal ogenat ed

pol y(i sobutyl ene-co-i soprene-, co-p-nethylstyrene),

pol y(i sobutyl ene-co-i soprene-co-styrene), hal ogenated

pol y(i sob%(yg Qﬁéﬂﬁg | soprene-co-styrene), poly(isobutylperasemsnass ene- co- a-
nethylstyrené@ al ogenat ed pol y(i sobutyl ene-co-i soprene-co-a-net hyl styrene),
and m xtures thereof. [0049] This invenkion also relates to a polynerization
process conprising contacting one or nbre nononers, one or nore Lewi s acids
and one or nore initiators in the presence of a diluent conprising one or

nore hydr of | F%gg?ﬁméh% rublRE Gt braddhéd BréMidafd Hﬁﬁﬂ%olﬁwﬁﬁ&}egt e

condi ti ons. I'n anot her embodiment, this i'nvention re s to a

process to peapdlysenporuphess s poly(isehwbnencicoip-methplstysénsl eodt dslogengiedi n a

reactor, the - Tale .S A L] ng.e. of . ]

hydr of | uor oc a}?m%gl&&%g%lf 99 qn\/\%g*lg%?ﬁ?)hgmﬁé%ﬂgtg&}%# ﬁfsﬁgﬁx%{“’%" l:sg% Und
represent ed bgo-f-arethylstyrdf€d, whdy@sobhitylese-eo-isopepe-t3-stying),, XKalogermatddal ogen.
10051] In one ?%%Ei ngnt, the i nven%&rovild(fs a polynmerization medium
suitable to p¥fl P NG S IYPIRG RS r ( EPYHECHG FREELOPSIRIFRE Y he

pol yneri zati of \ foﬁﬁlégéﬁhﬁéﬂ 9619(1@5*0uwne-cbqyuﬁe@mod&-ﬁakmyggﬁerﬁ% nor e
initiator(s), and a di|luent conprising one or nore hydrofl| uorocarbon(s)

(HFC s). [ oonwmixfmesiberrel: enbodi nent, the invention provides a

pol ymeri zati on nedium suitable to polynerize one or nore nononer(s) to form

a polynmer, the polynerization medi umconprising one or nore Lewi s acid(s)
and a di | uent [00¢¥npr i siThys owentmn atwrrelatey thr @ pblymetieativnguéeys ¢diptsingwher ei n

t he one or nore ewi s acid(s) is not a conmpound represented by formul a MX3,
wher o W s a kit bl RESI noromeRy off FEMRELREV LB oEBemo®

PCT/ US2003/ O4iagtiators in3th Ptdsedke loff aRlilaé comprigngd ot sranére hytidlupebabsisi zat i on
processes and(}ﬂ%ﬁi a as described in any of_the enbodi nents above produce
pol yners t hat 9 dRya reactop poder eelymeriralink condidst ymer s, i sobut yl ene- i sopr ene
(butyl rubber)

[0050] In another embodiment, this invention relates to a process to
produce polymers of monomer(s) comprising contacting, in a reactor, the
monomer(s) and a Lewis acid in the presence of a hydrofluorocarbon diluent,
wherein the Lewis acid is not a compound represented by formula MXj;, where M

is a group 13 metal, X is a halogen.

[0051) In one embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s), one or more

initiator(s), and a diluent comprising one or more hydrofluocrocarbon(s) (HFC's).

[0052] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s) and 2 diluent
comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more
Lewis acid(s) is ndt a compound represented by formula MX3, where M is a group
13 metal and X is a halogen.



copol yners, isobutylene and al kyl styrene copol yners, and star-branched butyl
rubber terpolynmers. DRAWNGS [00541 Figure 1 is a graph of the relationship
bet ween dielectric constant and tenperature. [00551 Figure 2 is a draw ng
of di |l uent wipseydsgdzeke as a function of volune fracti opcEis2003/040852

hydr of | uorocarbon in nethyl chloride. [00561 Figure 3 is a plot of peak

nmol ecul ar wei ght (M) versus nononer cepversion of certain inventive

pol yners as descri bed herein. DETAI LED DESCRI PTI ON [ 00571 Vari ous specific
enbodi ments, versions and exanples of the invention will now be descri bed,

| ncl uding prey@sspd enbpdi iRt ARSiHEl, thd bdWiferi/alioh pRicSsBeipRlAg e el n T or
purposes of understanding the clalnmed Invention. For et erm ni ng
i nfringenent, as descsibeshin afy ofithe’ embalimensn abevel produsfeepolymerariiatainelude nore of

t he appended ¢l ains, including their equi n nd el ts

limtations tﬁ%‘)?}')g?gm@%ﬁ? va %n?pql%n?rﬁos éso\[ﬁﬁéfeng-ﬁsé)p Eeélg i téﬁ‘%{]o fieqzor

pur poses of t Bbpolymetsnisbifitylamd atd) alkelstirdtie dopolygiess, tahé stGrbfanchat alfybt system
refers to and includes any Lewis acid(s) or other netal conplex(es)

(descri bed hefdhbgyte b catal yze the pol ynerization of the olefinic
mononers of the invention, as well as at |least one initiator, and optionally
other mnor catal yst conponent(s). WO 2004/058825 PCT/ US2003/ 040852 14

[ 0059] In one%ﬂé]‘ﬁ@nt, the invention provides a polynerization nedium
suitable to polynerize one or nore nononer(s) to forma polyner, the

pol ymeri zati on medi um conprising one or nore Lewis acid(s), one or nore
initiator(s), [6M5d] a di | Pignde Iczrpgraph ofjthe nelatbonshiprietweedrdiéibctne omstahdn( s)

(HFC s). [0060],1n apother enbodi nent, the invention provides a

pol yreri zat i oA™ FERE Ui tabl e to pol ynmeri ze one or nore nononer(s) to form
a polyner, the

[0055] Figure 2 is a drawing of diluent mass uptake as a function of

volume fraction of hydrofluorocarbon in methy! chloride.

[0056] Figure 3 is a plot of peak molecular weight (M) versus monomer

conversion of certain inventive polymers as described herein.
DETAILED DESCRIPTION

[0057] Various specific embodiments, versions and examples of the
invention will now be described, including preferred embodiments and definitions
that are adopted herein for purposes of understanding the claimed invention. For
determining infringement, the scope of the “invention” will refer to any one or
more of the appended claims, including their equivalents, and elements or

limitations that are equivalent to those that are recited.

[0058] " For purposes of this invention and the claims thereto the term
catalyst system refers to and includes any Lewis acid(s) or other metal
complex(es) (described herein) used to catalyze the polymerization of the olefinic
monomers of the invention, as well as at least one initiator, and optionally other

minor catalyst component(s).



pol yneri zati on medi um conpri sing one or nore Lewi s acid(s) and a dil uent
conprising one or nore hydrofluorocarbon(s) (HFC); wherein the one or nore
Lewi s acid(s) is not a conmpound represented by fornmula MX3, where Mis a
group 13 w|s sba/eseghsXi s a hal ogen. [0061] The phrase "swctralloasb@s0! yneri ze
mononers to forma polyner" relates to the selection of polynerization
condi ti ons and conponents, well wthin he ability of those skilled in the
art necessary to obtain the production of a desired polynmer in |Iight of
process paraneters and conponent properties described herei n. There are
numer ous per ons o Z gl C : %ﬂﬂ, in the
pol ymeri zatlg]r@ ]rrponenitnstog‘\'e/ae{&@ab en{toﬂ%ro S@%&t ﬁg& SII’ po léaﬁr@?
attributes. | meplmaf s;litabht terpolyuienize 0BG oS MOt Wohgma(s) td fnrmmlgolypmt ythsobut yl ene

honopol yner s, but ene ene. (but rubber) co i sobutyl ene
and par a- net hy 08B P@ ﬁépnséﬂ%d Iget%’l n'bolr%\%gﬁgsdg% eéijm L Bh 81ore
ter pol yners. Iixﬁﬂﬁaﬂ(s)l;lﬂduﬁﬁhleﬁmn@nﬁngl bhesdr mere by drdflsaotarbdigs)auPats). Dil uent is

specifically defined to include chemcals that can act as solvents for the
Lews Acid, other metal conplexes as herein described, initiators, nononers

or other add'émFs | N SRR 2eibodineat, tﬁ@%ﬁeﬂt‘i’&ﬂbﬂo@i&es ta*}%lﬁhéﬁk‘iﬂ&n does not

alter the general nature of the conponents of pol ynerization medi um
i.e., the commediwm suitsble toipolymacriat pue osy@reempnwm(ﬁm formea polymendher, it is

recogni zed th t] Ll ue t occur.
In preferred g%%%%%lr%t% Q‘Qﬁm pogﬁﬁ\%gﬁt 6%08‘2“#??) i?eg%ggméﬁf%ﬁ?h%e&é% gl yst
syst em conponeciprising nmmr moree hydroflworesaybo(e) THBE); 0\5%@5 ﬂ?@]iﬁeUSQ &{ddd 040852
a0 Tonst .t o LEMAGIE) Mienpaomgaascae by doapuls EDrybas i Fadptr) Tn
at |eas in
whi ch a chem q3metasd KQa Q86s8ns. [0064] Slurry refers to a vol unme of

di l uent conprising nononers that have precipitated fromthe diluent,
nononmers, Lewis acid, and initiator. The

[0061] The phrase "suitable to polymerize monomers to form a polymer”

relates to the selection of polymerization conditions and components, well within
the ability of those skilled in the art necessary to obtain the production of a desired
polymer in light of process parameters and component properties described
herein. There are numerous permutations of the polymerization process and
variations in the polymerization components available to produce the desired
polymer attributes.  In preferred embodiments, such polymers include
polyisobutylene homopolymers, isobutylene-isoprene (butyl rubber) copolymers,
isobutylene and para-methylstyrene copolymers, and star-branched butyl rubber
terpolymers.

[0062] Diluent means a diluting or dissolving agent. Diluent is
specifically defined to include chemicals that can act as solvents for the Lewis
Acid, other metal complexes as herein described, initiators, monomers or other
additives. In the practice of the invention, the diluent does not alter the general
nature of the components of the polymerization medium, i.e., the components of
the catalyst system, monomers, etc. However, it is recognized that interactions
between the diluent and reactants may occur. In preferred embodiments, the

diluent does not react with the catalyst system components, monomers, etc. to any



slurry concentration is the volune percent of the partially or conpletely
preci pitated polyners based on the total volune of the slurry. [0065] As
used herein, the new nunbering schene for the Periodic Table G oups are
used as i nwgHobd/s8s25AND ENG NEERI NG NEWS, 63(5), 27 (198&6yus20086d06sp Pol yner
may be used to refer to honopol yners, copol yners, interpolyners,
terpolymers, etc. Likew se, a copolyner, yay refer to a polynmer conprising
at |east two nononers, optionally with other nononers. [0067] Wen a pol yner
is referred to as conprising a nononmer, the nononer is present in the
pol ymer i n theppelaiErelere hasiufilly! B Al Hotdbs RS 3bdsye form
t he nonomer. LTkew se, when catal yst conponents are described as conpri sing
neutral stabl évé ormeregliluette conponents, it is well understood by one
skilled in the art, that the ionic formof the conponent is the formthat
reacts with the nononers to produce polyners. [0068] Isoolefin refers to any
ol efin nononeroUs3yi g t AGestdrss artyltoh@iner(9)in whith ascheBicabelétivn deb@69]
Multiolefin refers to any nonomer having two double bonds. In a preferred
enbodi ment, the nultiolefin is any nononer conprising two conjugated doubl e
bonds. WO 2004diap825 PSilySRA0310408Rmne 36 ali00F Lhatpkisink QiGHonRs BlaRSt OMer i C
conposition, as used herein, refers to any polynmer or conposition of
pol yners consihaveprecipitatad tiom ATHilvens gaongatersyiliewimn acid,Tand indtiater. ndle be used
I nt erchangeabls u;hcteﬁkﬁaﬂt 0 afeY Pl%.{n(eséerc S P%ﬁed gﬂfaﬁgnor ¢ %B]%Ee Al kyl
refers to a paraffinic hydrocarbon grou wat ch maypbe erive rrom an
al kane by dr oppacipitated @olymenvbasedymithe tptal sofumerofthesldrgy. mul a, such as, for
exanple, a methyl group (CH3), or an ethyl group (CH3CH2), etc. [00721 Aryl
refers to a hydrocarbon group that forns a ring structure characteristic of
aromatic corrpcpwusﬁ suchAguised Kireif XBEBE nuRBOZR Rheé BitithaPaiic Table

r

phenant hrene, anthracene, etc., and tygglcal | y possess alternate double
bondi ng Groups are used as in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

[0066] Polymer may be used to refer to homopolymers, copolymers,
interpolymers, terpolymers, etc. Likewise, a copolymer may refer to a polymer

comprising at least two monomers, optionally with other monomers.

[0067] When a polymer is referred to as comprising a monomer, the
monomer is present in the polymer in the polymerized form of the monomer or in
the derivative form the monomer. Likewise, when catalyst components are
described as comprising neutral stable forms of the components, it is well
understood by one skilled in the art, that the ionic form of the component is the

form that reacts with the monomers to produce polymers.

[0068) Isoolefin refers to any olefin monomer having two substitutions on

the same carbon.

[0069] Multiolefin refers to any monomer having two double bonds. In a
preferred embodiment, the multiolefin is any monomer comprising two

conjugated double bonds.



("unsaturation") within its structure. An aryl group is thus a group derived
from an aromatic conpound by droppi ng one or nore hydrogens fromthe
formula such as, for exanple, phenyl, or C6H5. [00731 Substituted refers to
at | east »0Y/dsgasen group by at |east one substituerCTastoesbdessefrom for
exanpl e, hal ogen (chlorine, bromne, fluorine, or iodine), amno, nitro,

sul foxy (sulfonate or al kyl sulfonate),sthiol, alkylthiol, and hydroxy;

al kyl, straight or branched chain having 1 to 20 carbon atons which

i ncludes nethyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl, etc.;

al koxy, strai[g0m] or bEbswhetorélastomeidompoitivn,ng uled ikeréf), xﬁﬁfdlﬁranﬁtorrs, and

i ncl udes, for ampl e, netho et hox DI ORQX o ut ox
i sobut oxy, s@@g’mg%lcmﬁ )%Blryﬂeﬁf‘r%’xﬂip i’a&%‘élﬁw I%gf’ é?fﬂ% I gxy,
hexyl oxy, hepithe Yér Ynay 0%t Dikkerchaf w %m,th@ﬁﬁndm&g %asﬂ@éd%fe!ﬁw whi ch

means straight or branched chain a having 1 to ‘carbon atons which is
substituted by at |east one hal ogen and I ncl udes, for exanple,

ghlo(r):)(r)mng: E;: [Glgf ?Imtjg‘r3 1 rfei‘e Popr opyﬁﬁﬁ% l 0%8 &Fi qusy puor opropyl ,

4- chor obut yl ,dedvéd frmncﬂwalkdme biy di’uppmgmmby)t mate lhydmgemstﬂym the dorfrulegr onet hyl |

oSOt i o R i P D A i G 2o

di fluorobutyl, trichloronmethyl, 4,4-difluorobutyl, trichloronethyl,

trifluororrethgl 222tr|fluoroetd}l/} 233tr|fluoropropyl
1,1, 2, 2-t et r dP1r oet hiryl weifers Jo 2 hydzospghon ograwm Sas Aot WD SOBIB20852 17

et af uor ObrhkbrerdHRUTordhflic SYARBL RS secroag};@f it & betiole SBREnelg | [ nol udes

p- nethylstyrene, p- styrene, I'n“one e this
i nvention relm:mﬂmlet Iaeﬂn:@ana;fetc hgadirwcaldw @ossmoai(an)at@rdobbletb@mdmg

hydr of | uor ocas arb b /.0 hI o | nat.ed rocar bon(s)
to produce a p‘% 5}%%%1011 F’)lia/ &"?’lpgrr%J e P ﬁlaru(elatg , al so
observed nor angkmﬁﬁiclcbk@ouﬂmsdrspplﬁgyonMmehﬁog&nstﬁm the dorriubsuclvessel with

r her en h I h | or h rrin 'l er
educed adeet&ge;a%pie%hg\gkoicﬁﬁt e vessel or to the stirring inpelle

[0073] Substituted refers to at least one hydrogen group by at least one
substituent selected from, for example, halogen (chlorine, bromine, fluorine, or
iodine), amino, nitro, sulfoxy (sulfonate or alkyl sulfonate), thiol, alkylthiol, and
hydroxy; alkyl, straight or branched chain having 1 to 20 carbon atoms which
includes methyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl, etc.; alkoxy, straight
or branched chain alkoxy having 1 to 20 carbon atoms, and includes, for exampie,
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, secondary butoxy,
tertiary butoxy, pentyloxy, isopentyloxy, hexyloxy, heptryloxy, octyloxy,
nonyloxy, and decyloxy; haloalkyl, which means straight or branched chain alkyl
having 1 to 20 carbon atoms which is substituted by at least one halogen, and
includes, for example, chloromethyl, bromomethyl, fluoromethyl, iodomethyl, 2-
chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-bromopropyl, 3-
fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl, dibromomethyl,
difluvoromethy], diiodomethyl, 2,2-dichloroethyl, 2,2-dibromomethyl, 2,2-
difluoroethyl, 3,3-dichloropropyl, 3,3-difluoropropyl, 4,4-dichlorobutyl, 4.4-
difluorobutyl, trichloromethyl, 4,4-diflucrobutyl, trichloromethyl, trifluoromethyl,
2,2,2-trifluoroethyl, 2,3,3-trifluoropropyl, 1,1,2,2-tetraflucroethyl, and 2,2,3,3-



as well as reduced particle to particle aggloneration). Mre particularly,
this invention relates to the use of hydrofl uorocarbon diluent(s) or HFC
di luent blends wth hydrocarbons and/or chlorinated hydrocarbon blends to

pol yreri zeygRghnsSsapd! yneri ze isoolefins with di enes andd@aysahdsihdsyrenes to
produce isool efin honmopol yners and copol yners with significantly reduced

reactor fouling. Further, this inventiﬁn relates to the use of
hydr of | uor ocarbon diluent(s) or diluent” blends with hydrocarbons and/ or
chl ori nated hydrocarbon blends to polynerize and copol ynerize isool efins

wi th dienes t S f] y e, s%'fte}tj? Lagni f1.6a; reduced
react or foul i%gﬂé‘%g&ﬁg?%eoﬁgﬁ’ggdr} e?c%%ﬂ*ei g‘gs‘?bor t es@gg%t%lrlg?ﬁ%%&s onpared to
conventi onal mythyktysene] Sothigkstyraneaetot her enbodi nent, the hydrof | uor ocar bons

are used in a tubular reactor to obtain reduced polynmer accunul ation on the
heat transfer tubes and/or reduce polymer accunul ation on the inpeller and

thus obtain | mpger run inl bhe. elhBiifitnt] HhRN@ivRBliore NRREHsTRAT thet hi€e of
hydr of | uorocarbons are used in ,a _tubular reactor at higher tenperatures to

h

produce pol ynirdsofioresaehent) <t blendsygf hydrpflupspcarbor(y) ydthy hydrosarbenian 15
hours, prefer r Is}qlmwf;‘;, 30 hours,
nore preferably %rcg%?géﬁéﬁgﬁa%&%ﬁﬁﬁﬁﬁ%% aSé)SSI l'e 'tﬁﬁhg{lﬁges 5l ogenat ed
hydr ocar bons. tof fo0ling (i.en akzo obseevedendire glase Like, tl¢se stghkyr mitticiex indbe tractionar e used
in an autorefrigerated boil.ing-pool react where heat is.renoved by
evapor ati on oYeSftﬂém%e%ﬁif%é%ﬁg%J&%gﬁﬁgéf 6356515?%%? Stﬁﬁ”f”ﬁ?e‘mpeﬁ?fd NMDNONET S
m xture to regiueell raeasdieed \patticlef @Updriigde aggldmergdon)at Moké pagichiaiy,f @isl i ng anong

ot her things., [0078] In another preferred enbodi nent e dr of | upr ocar bons
are used in BVESoprEates i g KSR uprge ?Iaiilﬂlem@ﬁgﬁf&%gﬁ@m Hendtei ght s at

the same  enpghatydiRuthan AIBH cRlohBked 3 adeaBs e dibMETOBIARIR R Used

[0079] In one enbodinent, this invention'relates to the di'scovery of new
copolymerize isoolefins with dienes and/or alkylstyrenes to produce isoolefin

homopolymers and copolymers with significantly reduced reactor fouling.
Further, this invention relates to the use of hydrofluorocarbon diluent(s) or diluent
blends with hydrocarbons and/or chlorinated hydrocarbon blends to polymerize
and copolymerize isoolefins with dienes to produce isoolefin copolymers with
significantly reduced reactor fouling and hence longer run life for the reactors, as

compared to conventional systems.

[0075] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor to obtain reduced polymer accumulation on the heat transfer tubes

and/or reduce polymer accumulation on the impeller and thus obtain longer run
life.

[0076] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor at higher temperatures to produce polymers at much greater run
lengths (such as greater than 15 hours, preferably greater than 20 hours, preferably
greater than 30 hours, more preferably greater than 48 hours than possible with
other halogenated hydrocarbons.

[0077] In another embodiment the hydrofluorocarbons are used in an

autorefrigerated boiling-pool reactor where heat is removed by evaporation of the



pol yneri zati on systens using diluents containing hydrofluorocarbons. These
diluents effectively dissolve the selected catal yst system and nononers but
are relatively poor solvents for the polymer product. Polynerization
systens “%6900440@35 diluents are | ess prone to foul i NnGcduRs2d03/050852

aggl oneration of polyner particles to each other and their depositing on
pol yneri zation hardware. In addition, this invention further relates to the
use of these diluents in polynerizatioff systens for the preparation of high
nol ecul ar wei ght polynmers and copol yners at equivalent to or higher than to
t hose pol ynerij.zatjon ,tenperatures using sglely chlorinated.hydrocarbon

di luents suchd'];%eni’re?]ﬁ{/l MoRHPGP i &%‘?‘"‘Foo O]Ieﬁ‘hcearfg?‘ﬁ r g%oﬁ?‘“‘@é’t, S

i nvention rel gdiksorinpéliee feliling amony othér thingsy pol yneri zati on systens using
fluorinated aliphatic hydrocarbons capable of dissolving the catal yst
system These polynerization systens are also beneficial for isoolefin
sturry pol yeoongf | on JiChnBhehietekion chbodinial HEARMblokarbbi ark fsdgesS  prone
to fouling, while permtting dissolution of nonofer, conononer and the
comercial ly efm)ﬁ)muizaﬁmym‘:gsﬁ tounbtaial highercamplerylan sveights aldthet same, this

I nvention fur r t h di | for the preparation
of high nol e?:eg} grrai]%eﬁ’&ﬁ%htﬁgP%gn&aggggﬂ%L%f%&;%%ﬁ%’%gr%’[hts%}'gher pol yneri zati on
tenperatures as conpared to polynerization systens using solely chlorinated

hydr ocar bon | pents ch as t hyl chloride. [0081]. | et anot her
e)r/rbodi nent , tm(’g nventSI]i‘J‘cﬂ’l‘eleg}bﬁ ’é‘?}{'{’&mf HEYeRRoDS itBkhe %Fééﬁv%cﬂr}é’le?’ni c

honopol yner s SRRBLY "BHEems QRRACHRAlhY Ednerimag HyRfdflidiocaBodO ABEd 058825
PCT/ US2003/ 040852 19 reactions required to produce the isobutyl ene-isoprene

form of but yl dilussiseatiogtively disstlve (Heesslectsd sptalyist sxstaah and B1o8PReRS b2t agbr e
particul arly, ' ' h : stefdsN@iRnd

copol yneri zi nfgetl%@gfgl eog P%‘gﬁl&ﬁg ?@Pﬁ??@ﬁi%gﬁo&g rrépf'r ?%zliﬁ%r%g%ér(dggéss BL% F%g

hydr of | uor ocaﬂbmdiilildntsemsles};r piohe el fowding duedioothe Lagglamraionsef poiymehl or i nat ed
hydr ocarbon di:zlirﬁglrelé ) elaclzhk{e)thgxgtaplg Ithe(irh ldglgolsgl%g on polymerization hardware. In

addition, this invention further relates to the use of these diluents in

polymerization systems for the preparation of high molecular weight polymers
and copolymers at equivalent to or higher than to those polymerization
temperatures using solely chlorinated hydrocarbon diluents such as methyl

chloride.

[0080] In another embodiment, this invention relates to the discovery of
new polymerization systems using fluorinated aliphatic hydrocarbons capable of
dissolving the catalyst system. These polymerization systems are also beneficial
for isoolefin slurry polymerization and production of a polymer slurry that is less
prone to fouling, while permitting dissolution of monomer, comonomer and the
commercially preferred alkylaluminum halide catalysts. In addition, this
invention further relates to the use of these diluents for the preparation of high
molecular weight polymers and copolymers at higher polymerization temperatures
as compared to polymerization systems using solely chlorinated hydrocarbon

diluents such as methyl chloride.

[0081] In yet another embodiment, this invention relates to the preparation

of isoolefinic homopolymers and copolymers, especially the polymerization



[0082] In another enbodi nent, the polynerization systens of the present

I nvention provide for copolynerizing an i sononool efin having from4 to 7
carbon atons and para-al kyl styrene nononers. I n accordance with a preferred
enbodi ment wefbdiRsggventi on, the system produces copol ypEfEsaeueisni N9

bet ween about 80 and 99.5 wt. % of the isoolefin such as isobutylene and
between about 0.5 and 20 wt. % of the par a- al kyl styrene such as

par a- net hyl styrene. In accordance w th anot her enbodi mnent, however, where
gl assy or plastic materials are being produced as well, the copolyners are

conprised bet A 095 %, G he 4 soal.ef r I sobutyl ene,
and sbout 0. 5 a8 g&lred o Bduee e JsoHhoriqhbropt OF 438 Of BT Bl ekl

Do & process Lo oo borvnar e ol oot Lot cal Ly ol yabr| bl o mononsr (5)
conpri si ng _cﬁntmff@“tq%ngc’,f iR‘?PH;/‘?r’éH’&t gpd f’?%’?%‘?f&i&g(’g?‘,ﬂe@‘%éw & S and an
initiator, inpbhReriRfRACHFG S &ind Miyddfusfithridh HiluERPCLAT YleBdLf oOC OF

| ower, preferably -10C or lower, preferably -20C or |ower, preferably -30C
or |ower, prehedrafipgrocatiyms.and chloviagted Ryrdegcarbepidiluerds dike methyhehloridsr ef er abl y
-60C or lower, preferably -70C or |ower, preferably -80C or |ower,

preferably -90C or |ower, preferably -100C or |lower, preferably fromOCto
the freezing (982} of tineanpthey ambodimentpthe pelymenizationlsybterms of e mesenient and

nmononmer m xture. Mononers.and Pol ypers [.0084 nQner s whi ch be
pol yner i zed biPVEPHER RYGIS TR ShRsiera R elB JAVE ML o TabgRe
pol yneri zabl eatagisngnd Miafa-4IRYIBHdne Nmol5iBérer I 8 adPoRIAA®S SwithG Weerdde Or nore

of olefins, alpha-olefins, djisubstituted olefins, W 2004/058825
PCTI US2003/ 046@bedimens jof ¢ elventione daf SHHerB dP@MEGes sCOPRBNSED FOBGRINgd di enes,

e subst 1 tut edeSat Tost B 0B BF 8GO St oo T fme BRPORME ] ° Moup.
Preferably, t heoutfdoarelr2wht%iofshpare-alkPlstyceanesoch ag pars-matiprisiyeneef by ably 2 to
9, even nore Q{Ec%;fa{lgeb\lw}{h %ncgtgergemcu%ﬁgﬁ)erﬁt,%o%g@ér, where glassy or plastic materials

are being produced as well, the copolymers are comprised between about 10 and

99.5 wt. % of the isoolefin, or isobutylene, and about 0.5 and 90 wt. % of the

para-alkylstyrene, such as para-methylstyrene.

[0083] In a preferred embodiment this invention relates to a process to
produce polymers of cationically polymerizable monomer(s) comprising
contacting, in a reactor, the monomer(s), a Lewis acid, and an initiator, in the
presence of an HFC diluent at a temperature of 0°C or lower, preferably -10°C or
lower, preferably -20°C or lower, preferably -30°C or lower, preferably -40°C or
lower, preferably -50°C or lower, preferably -60°C or lower, preferably ~70°C or
lower, preferably -80°C or lower, preferably -90°C or lower, preferably -100°C or
lower, preferably from 0°C to the freezing point of the polymerization medium,

such as the diluent and monomer mixture.

Monomers and Polymers

[0084] Monomers which may be polymerized by this system include any
hydrocarbon monomer that is polymerizable using this invention. Preferred

monomers include one or more of olefins, alpha-olefins, disubstituted olefins,



Exanpl es of preferred olefins inclide styrene, para-al kylstyrene, para-

nmet hyl styrene, al pha nethyl styrene, divinylbenzene, diisopropenyl benzene,

i sobutyl ene, 2-nethyl-I|-butene, 3-nethyl-I|-butene, 2-nethyl-2-pentene,

| soprene, wB‘i?tﬁ ke, 2, 3-dinmethyl -1, 3-butadi ene, A-pi NQAGYS2005/0368E

6, 6-di net hyl -tul vene, hexadi ene, cycl opentadi ene, piperylene, methyl vinyl
ether, ethyl vinyl ether, and i sobutyl 20vi nyl ether and the |ike. Mnoner
may al so be conbinations of two or nore nononmers. Styrenic bl ock copol yners
may al so be used a nononers. Preferred bl ock copol yners include copol yners
of styrenics, . Par.a- J rene, and
O 10" C30 i of DpfeHnd Sofbuhl enes RirRediRlagit HoHeC A6l RO RL ALY

Particul arly ptyehiesmaed vinyhethrens. dhaistynmic mag be substitatkel (b thesihg)twitlese and

par s- net hyl styrene i.sobutyl ene and 1S n as__well as honopol yners of
i sobut yl ene. f‘%@gﬂﬂ’ Fpﬁﬁg‘ﬁ‘@? i &?@g’%ﬁmmp@mﬂc‘l%ﬁgsﬁﬁs@ that are
cationically pabyiBibmsAbR fRefeFABECT 100 vérd mbRt prefeiablyPd ky R hibEA biofi. Of
Aefins, A Cdtical Inventory, Joseph Kennedy, WIley |nterscience, New York
1975. MononeFsamples yole Hﬁgﬁﬂﬁén@l@mt Histude s symneonpaatlkylssoeseneprgabl e, such

as those nongpmL g}r@:?et i I&}?% Shﬁ:@d |71 agEal.d pagati ng
center because t’?ﬁs mho%ﬁacoﬁ?gin an el e tlBron bnczla]{tfsl% 5088?)@%6.% or a
det ai | ed di scimbitylengf2-methyl- bhitens; dtradtindiIsbytérea? eetigd-26xmnienn, isoprene,

Pol yrmeri zation of. Aefjns, A Crjtical nvent or Jo . Ken Wl ey

| nt er sci ence, %Rf@%e%?é'%?fg?ﬂ'ﬁ%%&ﬁ% 'MSW@F&?%@H‘HF@QE&%% t he

pol yneri zat i ohexaditne,Bytlop&tadi@@Ppiptrylede,Ghdtlly] fvidMeibler, Wit tvinyDetBdr, wddo i N one

enmbodi nent , al,tgrn tively 60, wt%to 0.1 wt% alternatively from40 wt% to
0.2 wt % al t efSovyL Byl etheragd gheslike, Mpnomer anayalsa g gombingtuang gf trggor,y o

al ternatively nanpd p{dn8brk> $yRerk© b}'bck"tc%gélﬂ?me@r}ﬁ&)h‘ﬁfso%@QQH”?NWOMQS.
2004/ 058825 PCT/ US2003/ 040852 21 [0087]" Preferred pol yners i nclude

horopol yner s &feferrsd block wepalymenteingudd pepolsandrs of istygerBes; tsielh as Biyzenel es of
honmopol yner s lp&%'—n‘i'éiﬁylﬂ%lc}{é,s %H&Heﬂﬂr?s’tyrene, and C4 to Cy diolefins, such as

' isoprene, butadiene, and the like. Particularly preferred monomer combinations

include 1) isobutylene and para-methyl styrene 2) isobutylene and isoprene, as

well as homopolymers of isobutylene.

[0085] Additionally, preferred monomers include those that are
cationically polymerizable as described in Cationic Polymerization of Olefins, A
Critical Inventory, Joseph Kennedy, Wiley Interscience, New York 1975.
Monomers include any monomer that is cationically polymerizable, such as those
monomers that are capable of stabilizing a cation or propagating center because
the monomer contains an electron donating group. For a detailed discussion of
‘cationic catalysis please see Cationic Polymerization of Olefins, A Critical

Inventory, Joseph Kennedy, Wiley Interscience, New York 1975.

[0086] The monomers may be present in the polymerization medium in an
amount ranging from 75 wt% to 0.01 wt% in one embodiment, alternatively 60
wit% to 0.1 wi%, alternatively from 40 wi% to 0.2 wt%, alternatively 30 to 0.5
wit%, alternatively 20wt% to 0.8 wt%, alternatively and from 15 wt% to 1 wt% in

another embodiment.



pol ypar a- net hyl styrene, polyi soprene, polystyrene, polyal pha-nethyl styrene,
pol yvinyl ethers (such as pol ynet hyl vi nyl et her, polyethylvinylether). [0088]
Preferred polynmers al so include copolyners of 1) isobutylene and an

al kyl styr eR@iofiidss3s | sobutyl ene and isoprene. [0089] FaFr/iéreosndésapses of
this invention, the relationship between the ¢triad fraction of an isoolefin

and a p-al kyl styrene and the nol % of p-ga] kyl styrene incorporated into the
copol ymer is described by the copol yner“sequence distribution equation
descri bed bel ow and is characterized by the copolynmer sequence distribution

parameter, m . E=1:{mA/ (d+t [e: IS th opol r eSequence

di stribution @Pilmat er ,ﬂrﬂﬁc}%’b P ﬂl\émm lﬁ?lu%ealﬁnb@g*y%be?%?{y sotf @F%H%n%erﬁ sool efin
in the copol ymiged iandlis Sedtidont hBxgmplek wf dioyopoigmeo fichide Npdlyigdbayyligiey r ene
triad fraction jn the opol ynmer, .| 00901 The best fit of this equation

yi el ds the vapalgp@ﬂ-mﬁthywrﬁe%pwwpem%t iR9RYSEFenen e POlE Y Bhastriethyletygene,

p-al kyl styr en%of;?ig??&ﬂqrﬂsh&l?ﬁpolﬁrﬂ&ﬁﬁlh&l@th@éb&lgmyﬁm?%é?}ant s, mis from

| ess than 38; "altefnatively, from less than 36; altérnatively, fromless
than 35; and alternatively, fromless than 30. [0092] In other enbodi nents,

a1 or nat i vel y MO8l T Sobelist pplvhB e BB chFahL 671 obluglihg g =1

t er pol yner s apnd alkeglstyaqne] anded) $sobatylene sl isgpreaey conbi nati on of the nononmers
| i sted above. Preferred terpol yners WO 2004/ 058825 PCT/ US2003/ 040852 22 and
tetrapol yners include polyners conprising isobutylene, isoprene and

di vi nyl benzenqpogep! Y mer BorChBRiukpoiséidof R iHvhtRME thePRlldioasHiYy [beiwees ke
(preferably paranethyl styrene) and |soFrene, pol ymers conpri sing

cycl opent adi efféad fractigh of 90 ispelefityarg # amalieristyrenesand thémol’s of peallgibstyrerear anet hy|
styrene), pol \@fsdrfld into the copolymer is described by the copolymer sequence

distribution equation described below and is characterized by the copolymer

sequence distribution parameter, m.

F=1-{mA/(1+mA)}
where: m is the copolymer sequence distribution parameter,
A is the molar ratio of p-alkylstyrene to isoolefin in the copolymer
and, :
F is the p-alkylstyrene-isoolefin-p-alkylstyrene triad fraction in the
copolymer.

[0090] The best fit of this equation yields the value of m for
copolymerization of the isoolefin and p-alkylstyrene in each diluent.

[0091) In certain embodiments, m is from less than 38; alternatively, from
less than 36; alternatively, from less than 35; and alternatively, from less than 30.

[0092] In other embodiments, m is from 1-38; alternatively, from 1-36;
alternatively, from 1-35; and alternatively from 1-30.

[0093] This invention further relates to terpolymers and tetrapolymers

comprising any combination of the monomers listed above. Preferred terpolymers



| sobut yl ene cycl opent adi ene and i soprene, polynmers conprising

cycl opent adi ene, isobutylene, and nethyl cycl opentadi ene, polyners

conpri sing isobutylene, paranethylstyrene and cycl opent adi ene. Lewis acid
[0094] I n worosdiRsssd enbodi ment the Lewis acid (al so rpdgusRek/dstesas t he
co-initiator or catalyst) may be any Lewi s acid based on netals from G oup
4, 5, 13, 14 and 15 of the Periodic TaQJe of the El enents, including boron,
alumnum gallium indium titanium zitrconium tin, vanadium arsenic,
antinony, and bisnuth. One skilled in the art will recognize that sone

| t t | < ti f the. | ti
crbodi mont .t A (ErPRdfe ipflad WouRAE ity ARPLAKER, @Bront At i
bei ng desi rabkliginyllielnm) {A\ gglym e seotmr.miBF3 sigg Ci1'ts<|51.mlt)tl4 T_etg, g&hfi]l&lstfmhé(@rkwl e
C2H5) 2A1C1 an , ,_.Sn | . In a rticular
f)ref e%red ean%fP'&Fg'ﬁ‘P'l_F n)s 3¢ 1PARENG  FOBTPerS FOLIBLESing. %‘e%fa%ﬂm@ )CISroup 4,
> and 14 Lew %o&ﬁ&léﬁe,%‘dﬁaa&d%ﬂcyﬂ@@%@'(preﬁiﬂﬂ parbiiivdiny] YORNG), Polyers 6 OUP 4, S,

or 14 metal; and is a_hal ggien I ndependent]y seleCted fromthe group
consi sting of isphutslepe eyclenentadicne andyisentenite polymers anpasing sy elppaniasispe, chl ori ne.

X may al so be: o] p f | Sei | and the
clains theret (IJSQBS }&gdhgﬁjggﬁﬂ*lsgg%ﬁene td g?%ﬁgagllﬁg,%mﬂaq:\{g}gg%ﬁhte, a

t hi ocyanat e, paransthylsiyoeneandcyclapentadieyani de. Non-1im ting exanpl es incl ude
titaniumtetrachl oride, titaniumtetrabrom de, vanadiumtetrachloride, tin
tetrachl oride and zirconiumtetrachloride. The Goup 4, 5 or 14 Lew s acids
may al so contawiyagidr e than one type of hal ogen. Non-limting exanples
include titaniumbronide trichloride, titaniumdibrom de dichloride,

vanadi um brom de tichloride, and tin chloride trifluoride. WO 2004/ 058825
PCT/ US2003/ 04Qfid) 23 [ B09Glersaumbifdimnrthd rhil 06 SufloSrad S8 ablnd n L1 s

I nvention may al so have the general formula MR wherein Mi1s Goup 4,

5, or 14 net akg-ivhdprdneatalystiomay boamyleivanacid pased oanials fani Geoupdebect ed from
the group CO”%B,SH a4 I%f oqugic k’griodic Table of the Elements, including boron, alominum,

gallium, indium, titanium, zircomum, tin, vanadium, arsenic, antimony, and

bismuth. One skilled in the art will recognize that some elements are better suited
in the practice of the invention. In one embodiment, the metals are aluminum,
boron and titanium, with aluminum being desirable. Illustrative examples include
AlCly, (alkyl)AICl;, (C:H;s):AICH and (CaHs)sALCl;, BF;, SnCl, TiCly. In a
particularly preferred embodiment, BF; is not the chosen Lewis acid.

[0095] ~The Group 4, 5 and 14 Lewis acids have the general formula MXy;
wherein M is Group 4, 5, or 14 metal; and X is a halogen independently selected
from the group consisting of fluorine, chlorine, bromine, and iodine, preferably
chlorine. X may also be a psuedohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples include
titanium tetrachloride, titanium tetrabromide, vanadium tetrachloride, tin
tetrachloride and zirconjum tetrachloride. The Group 4, 5, or 14 Lewis acids may
also contain more than one type of halogen. Non-limiting examples include
titanium bromide trichloride, titanium dibromide dichloride, vanadium bromide
trichloride, and tin chloride trifluoride.



C12 al kyl, aryl, arylalkyl, alkylaryl and cycloal kyl radicals; and n is an
integer fromO to 4; X is a halogen independently selected fromthe group
consisting of fluorine, chlorine, brom ne, and iodine, preferably chlorine.

X may al sqyf§8e@nsdassedohal ogen. For the purposes of thimgtgstensiossssz and t he
clainms thereto pseudohal ogen is defined to be an azide, an isocyanate, a

t hi ocyanate, an isothiocyanate or a cygnide. The term"arylalkyl" refers to
a radical containing both aliphatic and aromatic structures, the radical
being at an al kyl position. The term"alkylaryl"” refers to a radical

cont ai ni ng bo | i phatg d td Core SE: es, e radical being at an
aryl posi '?i ont%n- Ioi m%ﬁgqéﬁgiﬁgﬁgst%\‘“ ?ﬁéésjgéelf@el\%ﬂsnlsgﬂe&gg? %@P’Lﬁ%@ °
benzyl ti t ani ubaverthecgeneral foemubdi MRIZy. tvherain Miis Gralpl 4 5] olel4 mésln whbzior coni um
trichloride, gi.benzyl zirconium di brom.de, hyltitanium  trichloride,

G ot gl 1 ¢ AR BORPREE BRSO RS S APty SRR GonsifiaR ot Gelpad urm
trichloride. £O08i, ML@Y‘@%’EM A E¥caRyl dlicahelald 4 R dnihegdvention

may al so have the gener erein MIs Goup 4,

. | RO)nR'mX4-§m+n); wh -
5, or 14 net Bpm QeetieX is Rbnlogemindencodently seleipd) s atounr epnbisting efel ect ed

fromthe grou NSEiSE: s C1 S L Y ,

al l cyl aryl oxyﬁlrl% 9{:3"‘??’*‘%’% lfgmg’ elIlrr(grlmva Z’r&]‘l[&&ﬁylgr%{é%r b?lxra i%‘:l% 5‘ge ect ed
from t he groupsvedoimlogen.ngFaf thel ptupoes 20of thiisk yventiory land athy | ddily | theratok y| ar y|

and cycl oal kyl F‘@‘ﬂ}ia%’al S .as%egiefé'l qedlg above:. n is.an integgt fI‘O{T’I Oto 4 and m
i s an integer P een, 15 delingd (p be A PZIdem 2B SRS S AT IOk e t han 4:
X i's a hal ogepoihftReRRRIGNE tyansk ETHeCHrmh "AFalkye" BF@Y o & aadita cbginingf
fluorine, chlorine, brom ne, and iodine, preferably chlorine. X may al so be
a psuedohal obeh aliphstic apd aypmalis seuctyes, thy redical\heing ¥ mnalkey! padtion. afhes t heret o
pseudohal ogeng, ' a b4 € cordinih W : [ ate, an

| sot hi ocyanat g&%r d‘%&}éy ni ]c}ieg?rpggr Qt‘%@:%u?oposesgo tmﬁ?t?ﬁea;r#iagﬁ?{&%ne skilled
in the art wetnictresethegailical beling attanearylgposition) RNpuylimiting exgples ofithesest r uct ur al

equi val ents t I | d n h | des. necti.vel yv... The t Jaryl al koxy™
refers to a rgawgalég&scéﬁég%n?oﬁﬁg)z@%mgﬂ ﬁ‘ﬁk@?@%’ glnb(? r%tarrga;p‘lglc dgcﬂgﬁlg?’ures, t he
radi cal bei ngbatzylaircatilnX trichloride, dibenzylzirconium dibromide, methyltitanium

trichloride, dimethyltitanium  difluoride, dimethyltin = dichloride and

phenylvanadium trichloride.

[0097] Group 4, 5 and 14 Lewis acids useful in this invention may also
have the general formula M(RO),R'nX4.(m+n); Wherein M is Group 4, 5, or 14
metal, wherein RO is a monovalent hydrocarboxy radical selected from the group
consisting of C; to Cyg alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a
monovalent hydrocarbon radical selected from the group consisting of C; to Cy,
alkyl, aryl, arylalkyl, alkylary! and cycloalkyl radicals as defined above; n is an
integer from 0 to 4 and m is an integer from 0 to 4 such that the sum of » and m is
not more than 4; X is a halogen independently selected from the group consisting
of fluorine, chlorine, bromine, and iodine, preferably chlorine. X may also be a
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy



WO 2004/ 058825 PCT/ US2003/ 040852 24 position. The term"al kylaryl" refers
to a radical cont®ining both aliphatic and aromatic structures, the radi cal
being at an aryl oxy position. Non-limting exanples of these Lewis acids

i ncl ude meyBo¥Mldsdsagi um trichloride, n- butoxytitani umgdg6dabeseks:z

di (1 sopropoxy)titaniumdichloride, phenoxytitanium tribrom de,

phenyl met hoxyzirconiumtrifluoride, methyl methoxytitanium dichloride,

met hyl nmet hoxytin dichloride and benzyl | sopropoxyvanadi um dichloride.
[0098] G oup 4, 5 and 14 Lewis acids useful in this invention my also have
the general f Hen?) gmmm@s; ' H 14

net al ; wherei g&gﬂé:%oﬁs a nonoval ent h;gyﬁg%&dyﬁ%gbgyd@gf%c% fromthe
group consi st Amgnati¢ sgRcturesCle zadicat \beingyat an yrdoxy eryitionr yNabdtivditingy | oxy,

al kyl aryl acyl radi cal,s: ' apn l,en %tﬁﬁlﬁ bon_.r.adi cal sel ected
from the grogp 5 siogt :ﬂ%ae cﬁ‘e@ t%%1 1gl\é@fi§yh3ﬁ1ér . a qugfl'a?}f“,fe’av'kyl aryl
and cycl oal kybutoxgitardeh striaklogiéd,| dicisoppdpoxe)titanivng dichlorfdes ghendxyatmidmi 0 4 and m
is an integer fromO to 4 such that the sumof n anpd mis not npre than 4,
Xis a hal ogeF‘HWFB@ﬁenBW‘IVL‘{h%Wf e gF@ﬁ’ﬁlccﬂ‘é‘i‘WW@u@f
fluorine, chl gichRgde,0aRHyDEmetBEE1in0 AicARride PmAl € balyy ﬁ&ﬁr@%dx?@an&&uﬁiay al so be
a psuedohal ogen. For the purposes of this invention and thé clains thereto
pseudohal ogendichlogid¢.i ned to be an azide, an isocyanate, a thiocyanate, an

I sot hi ocyanate or a cyanide. The term "arylallcylacyloxy"” refers to a

radi cal containing both aliphatic and aromatic structures, the radical

bei ng at an al0MP&ry| oxyGropid iScmd IBhbewie ranids ‘isdfidyinathisl iaegtion \niayradoer s to a

bei g at an. aPpeats B Sl MECRIR i g oSk s B 4 Aeet Al s
aci ds i ncl ude nie! Wharéih RAOHOMNS 4 infdAb@ilénd By drociBatyl Zidicab Rdletted frdrh oM de,

benzoyl oxytitaniumtrifluoride, isopropoyloxytin trichloride, nethyl
acet oxyt it ani 8FAUR; eomsistingectafe BenGyl alkatexy osylpariawy.uandalkdacylsy. [ 0099]

Group 5 Lew s zAGiatfady Rkl Yhdibdls; S al MMRAAIER hydFOEafbon Fadled Sefelted from

the group consisting of C; to Cj; alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl
radicals as defined above; n is an integer from 0 to 4 and m is an integer from 0 to

4 such that the sum of n and m is not more than 4; X is a halogen independently
selected from the group consisting of fluorine, chlorine, bromine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this
invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The term
"arylalkylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an alkyacyloxy position.  The term
"alkylarylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an arylacyloxy position. Non-limiting examples of
these Lewis acids include acetoxytitanium trichloride, benzoylzirconium
tribromide, benzoyloxytitanium trifluoride, isopropoyloxytin trichloride, methyl
acetoxytitanium dichloride and benzyl benzoyloxyvanadium chloride.

[0099] Group 5 Lewis acids useful in this invention may also have the
general formula MOX;; wherein M is a Group 5 metal; wherein X is a halogen

independently selected from the group consisting of fluorine, chlorine, bromine,



general formula MOX3; wherein Mis a Goup 5 netal; wherein X is a hal ogen

I ndependently selected fromthe group consisting of fluorine, chlorine,

brom ne, WD 2004/ 058825 PCTI US2003/ 040852 25 and i odine, preferably
chlorine. &gRpsdsssiist i Ng exanpl e is vanadi um oxytrichl pet/igaoods¥edsd0] The

G oup 13 Lews acids useful in this invention have the general fornula MX3;
wherein Mis a Goup 13 netal and X is g hal ogen i ndependently selected
fromthe group consisting of fluorine, hiori ne, brom ne, and i odine,
preferably chlorine. X may al so be a psuedohal ogen. For the purposes of this
I nvention and [ udo al def.ined o n azide, an
i socyanat e, m%‘ﬂ %’gifghgkéegs |so°?1fil| ocyg‘nélt%g%BPﬁlzg S‘ "f? ik 1‘15)”&‘%:‘l ting
exanpl es i ncouygteickibtide. num tri chl ori de, boron trifl uor| de, gallium
trichoride, and indium trifluoride. [00101] G oup 13 Lewis acids useful in
this invention may al so have the general fornula: MRNX3-n wherein Mis a

Group 13 net afpoigof s a M%bqalewmﬂidéci@éfﬁﬂﬂ ﬁ@%ﬁéﬁﬁoﬂﬁv@%&&n&@m the
group consisting of C, to Cl2 al kyl, %/ ar | Kyl aryl d

cycl oal kyl r a@%%%nﬂhﬁemsl\daﬁar@ﬁmﬂ meM iXotsa ha}oaes irdependentije

I ndependent | y 0 qom&!:li AN TTers r| ne,

brom ne, and F%%Q&%%glrg{eeépgw I%Eﬁ%{gl ne E Elﬁorﬁ’rtsbbk) lL:psue raiiﬂai ogen. For
the purposes pfeferably chivvinat Xomagatbotteea pimdaﬂmldglamr é‘bntlpsmumsbabﬁgm i's
defined to be an.azid SO ate hi o¢ t n |so anate or
a cyani de. Th¥™ P‘é%?“‘gpg?l ‘QPWN%P& setsahaloger 5%/ A0ReS g 0e, o e

al i phatic andisytpdiate] £ thisdyanidd, dh esthibdandte of £ ayaniRl flﬂ)nalﬁmftiﬂF%kiﬁﬁﬂ)le§05| tion.
The term"al kylaryl" refers, to.a radical contajning both aliphatic and

aromatic st rudihdgsahuninam, gighlogde, horamytrifucgde, saftipm oridgnand\gdium i t j ng
exanpl es of tRhegedgewi s acids include ethylalum num dichloride,

nmet hyl al um num di chl ori de, benzyl al um num di chl oride, isobutylgallium

di chl ori de, diethylal um num chloride, dinethylalum num chloride,

ethyl al um num[‘ﬁﬁ%gtli chl &Pduil% %Q%ﬁl‘; H&E@fﬁi“ﬁ‘ tﬁﬁ%ﬂ\%’nﬁgﬁ ?l{agrdzﬁm have the
general formula: MR, X3, wherein M is a Group 13 metal; R is a monovalent
hydrocarbon radical selected from the group consisting of C; to Ciz alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals; and » is an number from 0 1o 3; X is a
halogen independently selected from the group consisting of fluorine, chlorine,

_)-|

bromine, and iodine, preferably chlorine. X may also be a psuedohalogen. For
the purposes of this invention and the claims thereto pseudohalogen is defined to
be an azide, an isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The
term "arylalkyl" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an alkyl position. The term "alkylaryl" refers to a
radical containing both aliphatic and aromatic structures, the radical being at an
aryl position. Non-limiting examples of these Lewis acids include ethylaluminum
dichloride, methylaluminum  dichloride, benzylaluminum  dichloride,
isobutylgallium dichloride, diethylaluminum chloride, dimethylaluminum
chloride, ethylaluminum sesquichloride, methylaluminum sesquichloride,

trimethylaluminum and triethylaluminum.

[00102] Group 13 Lewis acids useful in this invention may also have the
general formula M(RO)nR'mX3.gmn); wherein M is a Group 13 metal; wherein RO

is a monovalent hydrocarboxy radical selected from the group consisting of C, to



trimethyl al um num and triethylalum num [00102] G oup 13 Lewi s acids useful
in this invention nay al so have the general fornula M RO nR mX3{mtn);
wherein Mis a Goup 13 netal; wherein RO is a nonoval ent hydrocarboxy

radi cal seypoheshségrom t he group consisting of C to W gOHgs0emaceE2
PCT/ US2003/ 040852 26 C30 al koxy, aryloxy, arylal koxy, alkyl aryl oxy

radicals; R is a nonoval ent hydrocar b£)6n radi cal selected fromthe group
consisting of Cl1 to C12 alkyl, aryl, arylalkyl, alkylaryl and cycl oal kyl
radi cal s as defined above; n is a nunber fromO to 3 and mis an nunber

fromO to 3 sgch EIE,?G u ”ﬂ];ﬁ?ﬂﬁ 1[1:9{;’3 han a hal ogen
| ndependent |y %e Q%d x?f ﬁ;ﬁm&f onsi s ing O T#U%I’I n%on(%ajnﬁorl ne,
Itgronl Ee and hyrﬂow@onpnadfcelraﬂﬂc%edcﬂdmﬂnmoup(cmstmg?ﬁ (het?eclz pﬁcg«lagmﬁa: ogen.
or e purpose | nvent | an ereto psepdohal ogen is
defined to beargf‘?uﬁé’l%lgl dscé’ﬁlﬁglﬁgt@‘g %"8 "‘a‘t‘r?n 5t HPB N anate or
a cyani de. FOfo351@1:9@5@%@&)@&0thﬂdﬁvleﬂiatme,suﬁﬂﬂ?n%hﬂ'rﬁi@(illotﬂﬂofehﬁan art woul d
recogni ze that the terns al koxy and aryl oxy are structural eqU| valents to

al koxi des and3pKeh@haipgsn ipdgperdept)y pjecterh Bomdhengronpqonsipting of feries to a
radical cont Q}ony Bid B! hﬁﬁ‘%&xﬁe,a?&fé}ﬁ g;EhISnﬁérU% ULGY : albdehd ?d' cal

being at an al position. The te l'ary ers to a radi cal
cont ai ni ng bopwewhamm cFemdhe auxpmsmf thig ieventions and Hthe rdalins athetfotsi ng at an

oLy PO o ifh. e SR o AR Bl i

met hoxyal um nbm um num
2, 6-di -t ert - bisbghiqeyanavxyred cyinide)NFt B porposts ofﬂﬁeiﬂvemmnmdﬁsldﬂwdumtmwm

chlorlde 2,6-di-tert-butyl phenox t hyl a num chl ori,de,

i sopr opoxygal Pt  repnEgize it %ﬁgﬁ@@/aﬁéw Xy 95 Hirrchiea] sAvyalents 1901031
G oup 13 Lew ﬁlk@ﬁﬂ@k’sadéﬁﬁ-feﬁbm&é& &iﬁeém}e[yV%E 'téiHh '@Ma]ﬁb)%ﬁ’ r@ﬁ}‘setoti‘ﬁ‘adlcglener al
formula M RC=00 nR mX3('mtn); wherein Mis a G oup tal; wherein RC=00

is a nonoval emntﬁl}@gd@& piphatic prdirematic strustires the tﬂﬁwﬂhbelw augn abpected from
a1 Ky 2 y1 2oyl BegRorbaTeE e |afofeifly AT P MRMcalEotealiy BAe MG ROV, OO
from aromatic structures, the radical being at an aryloxy position. Non-limiting

examples of these Lewis acids include methoxyaluminum dichloride,

ethoxyaluminum  dichloride, 2,6-di-tert-butylphenoxyaluminum dichloride,

methoxy methylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum

chloride, isopropoxygallium dichloride and phenoxy methylindium fluoride.

[00103] Group 13 Lewis acids useful in this invention may also have the
general formula M(RC=00)R'nX3.(m+n); Wherein M is a Group 13 metal; wherein
RC=00 is a monovalent hydrocarbacyl radical selected from the group selected
from the group consisting of C; to Csg alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from
the group consisting of C; to Cy; alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl
radicals as defined above; » is a number from 0 to 3 and m is a number from 0 to 3
such that the sum of » and m is not more than 3; X is a halogen independently
selected from the group consisting of fluorine, chlorine, bromine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this
invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The term

"arylalkylacyloxy" refers to a radical containing both aliphatic and aromatic



t he group consisting of Cl1 to C12 al kyl, aryl, arylalkyl, alkylaryl and
cycl oal kyl radicals as defined above; nis a nunber fromO to 3 and mis a
nunber fromO to 3 such that the sumof n and mis not nore than 3; X is a
hal ogen i NaRRhLsY selected fromthe group consi stipgred20830468st e,
chlorine, bromne, and iodine, preferably chlorine. X may al so be a
psuedohal ogen. For the purposes of this__invention and the clains thereto
pseudohal ogen is defined to be an azide; " an isocyanate, a thiocyanate, an
i sot hi ocyanate or a cyanide. The term "aryl al kyl acyl oxy" refers to a

radi cal contaipi both al i,phatj ¢ and arongtic WO 2004/ 0588
PCTI US2003/ 0468837 8¢ , GAIRAT cleind n Ao RS BPhgPrtom, o Mpad§xy
posi tion. The "heyidtylaciloky! aéfelsaeyh G¥dical @hfiifing Goth aBFHAR! andORbakAd Ng bot h

aliphatic and aromatic structures, the radical being at an aryl ac¥l oxy
posi tion. Non-Stpeies, e radisaleing ajpn aryiacyloxy pogition cNerslimiting eremples o

acet oxyal um n i o] AW T3 ?Sﬂﬁllf% | ' xygal [ i um
di fl uori de, net S%%%t%%a?ﬁ%%%%@ﬁ orl @%}%&%W@)&?@Wum
trichloride. [diadbwkE, Gneoytoxygplliih difworileamethy] atooxyalomimmemn elilatidd, andrul a MXy,
wherein Mis.a GOUIB 15 netal aﬁ%rx I s a hal ogen independently sel ected
from the groupsoPRPREPEYRHYIFICIPtds i ne chiorine, bromine, and i odine,
preferably chlorine and y is 3, 4 or 5. X may al so be a psuedohal ogen. For
the purposes of this invention and the clains thereto pseudohal ogen is

defined to be [8H04Li de, TehCraswchpdrativacids have theaeaerat formylg MXptwhessiy anat e or
a cyani de. NoRzxli optd AP k , : | | I mony
hexaf | uori de, rlgrllédgg%% gllsgrﬁpen Enafsjf hﬁ%g&n@e&bé@gﬁ%% evélg%gec?g'@ may al so
contai n nore tchosistingef flppene thlozihe deomingjoand ibding, tprefgrablyaninidrine andigliside

anti nony chl or3i ge Se&: afléor+de arse lc teifluori des %iisnutrt\i trichloride
and arsenic fPadPf de B8 AXhPoOF PHEIONRNETH TOrEPe BIPI%s PEIISINGERIgE a0 of 41 i n
this inventi onhdrelind BRrdid \peeridoRalogfnier @Ffinéd toTBE anMZide) -an WbGagdte) M is a

G oup 15 netal ;. wherein Ris a nonoval ent, hydrocarbon radical,6 sel ected from
the group con gngng)faﬁge,opn apothigcyapate or a cyanide. Non-limiting examples include

antimony hexachloride, antimony hexafluoride, and arsenic pentafluoride. The

Group 15 Lewis acids may also contain more than one type of halogen. Non-
limiting examples include antimony chloride pentafluoride, arsenic trifluoride,

bismuth trichloride and arsenic fluoride tetrachloride.

{00105] Group 15 Lewis acids useful in this invention may also have the
general formula MRyXy.., wherein M is a Group 15 metal; wherein R is a
monovalent hydrocarbon radical selected from the group consisting of C; to Cj;
alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl radicals; and » is an integer from 0
to 4; yis 3, 4 or 5 such that # is less than y; X is a halogen independently selected
from the group consisting of fluorine, chlorine, bromine, and iodine, preferably
chlorine, X may also be a pseudohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. The term "arylalkyl" refers to a
radical containing both aliphatic and aromatic structures, the radical being at an
alkyl position. The term "alkylaryl" refers to a radical containing both aliphatic
and aromatic structures, the radical being at an aryl position. Non-limiting
examples of these Lewis acids include tetraphenylantimony chloride and

triphenylantimony dichloride.



al kyl, aryl, arylalkyl, alkylaryl and cycloal kyl radicals; and n is an
integer fromO to 4; yis 3, 4 or 5such that nis less thany; Xis a
hal ogen i ndependently selected fromthe group consisting of fluorine,

chl orine, ' nd iodine, preferably chlorine. Xpg@yyahipis: a
pseudohal o‘gé%g@gssthe purposes of this invention and the clains thereto

pseudohal ogen is defined to be an azide, an isocyanate, a thiocyanate, an
i sot hi ocyanate or a cyanide. The term % ylal kyl" refers to a radical
contai ning both aliphatic and aromatic structures, the radical being at an
al kyl position. The term"al kylaryl" refers to a radical containing both
aliphatic and aromatic structures, the radical being at an aryl position.

Non-1limting UM | es @loup heSRwieHudiss aehifl Sn 1S iMABtde kbR ARG Mab@ el MONY
chl ori de and gshenyl ant rmny di chl oride. WD 2004/ 058825

PCT/ 1352003/ ogeyesp forpmly MEROBR w&yourp: vireinM is 26repp 1fsaetal, whareimRO i nvent i on

may al so have i?}éafe@l 4 y\,{;]g s, a Goup 15
nmet al , wherei i On&mﬁ{@odﬁ%\%%?a ydro%grdbox\hﬁ/w%o sﬁ'@”t% rom t he
group COI’]SI st Cryg alikbxyC L artyloxy Cafylalkdeyx yalkydarylogy yradiaaly) &' kiexy, mmidvylbﬁr yl oxy

radi cal s;

no rocgr bon radi cal the gro
consi sting of h@f 0é1r\égigﬁks§]ecte§&mm %'eag?‘l'paf’?{l&?’rsnn%f’ﬁﬂ g‘?ﬁd élk & ogl kylo

radi cal s as dgk ﬂgwmﬂdgglom#ﬂaaﬁa@as heray aQO\teon‘}s &nﬁnégetﬁoﬁn i nt eger
from0t04and$'/I or suc hat the sum of n mlslessthan y;

X is a hal ogefit @acb@n@lainm;ersﬁo@@tted amﬁlms,rﬂeorgiwb%fﬂmsmﬁgt
fluorine, Ch'%rb%&uﬁﬁ?%ﬂﬁah% el 919%%Hen?l&%@ﬁ5@{f%nfﬂk%¥%tﬁe n atf]%%’ al so be

a psuedohal ogen es o Is“invention an thereto
pseudohal ogenof ﬁucdﬁiej ciﬂolmleobhmnac; aad iickdine, qnmfemb]mﬂlmh:e Xamdhilsa panmat e, an

I sot hi ocyanate o ani For the p ses of th| v ntio one skilled
in the art gé‘b g%r Hh§ A PUIPRRES ¢ ‘gﬁ’};" FiveBLQn &H BRY tﬁf’ TE0st r uct ur al
equi val ent's tﬁseu@d»ﬁﬁmgbﬁ]6§ ®fided 16 X bl Fidet ARCBbEYARALY, aTﬂliR)chﬁfafE aryl al koxy"
refers to a radical containing both allphatlc and aromatic_structures, the

radi cal bei ngisathioganatanacyapide; Forghe Prpases of this wveations greskilleddn et o a
radical contapp Wagldt}%o@n&g P et rEﬂ(oxy and aryloxy are structural equivalents to

alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy
position. The term "alkylaryl” refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryloxy position. Non-limiting
examples of these Lewis acids include tetrachloromethoxyantimony,
dimethoxytrichloroantimony, dichloromethoxyarsine, chlorodimethoxyarsine, and

difluoromethoxyarsine.

[00107] Group 15 Lewis acids useful in this invention may also have the
general formula M(RC=O0)uR'nXy.imny; Wherein M is a Group 15 metal;
wherein RC=00 is a monovalent hydrocarbacyloxy radical selected from the
group consisting of C; to Cjp alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from
the group consisting of C; to Cy alkyl, aryl, arylalkyl, alkylaryl and eycloalkyl
radicals as defined above; » is an integer from 0 to 4 and m is an integer from 0 to
4 and y is 3, 4 or 5 such that the sum of »n and m is less than y; X is a halogen
independently selected from the group consisting of fluorine, chlorine, bromine,

and iodine, preferably chlorine. X may also bc a psuedohalogen. For the



aromatic structures, the radical being at an aryloxy position. Non-limting
exanpl es of these Lewis acids include tetrachl oronethoxyanti nony,

di met hoxytri chl oroanti nony, di chl oronet hoxyarsi ne, chl orodi nmet hoxyar si ne,
and difl arsine. [00107] Goup 15 Lewi s aci o) g8y thi s

I nvention 3&§hg%§ ave the general fornula.N(RC:CI»ngfﬂwy4ﬂ¥#$?§§herein M
iIs a Goup 15 netal; wherein RC=00 is a nonoval ent hydrocarbacyl oxy radi cal
selected fromthe group consisting of ® to C30 al kacyl oxy, aryl acyl oxy,
aryl al kyl acyl oxy, al kylarylacyloxy radicals; R is a nonoval ent hydrocarbon

radi cal selected from_ .the group .consisti of Cl . to Cl12, a] kyl ryl,

arylal kyl , al RVP%WIO?%WIW %’a%gﬁe claims tggrlego Rgw Oﬁ%THISéJc‘?g{v}%c! % s an

i nteger from gh bAldd aANSodYhrate, ANthiodyLER] al sBtMidkylutate dr ARGanidd. Theterth O 5 such
that the sumof n and mis less than_ y; X is a halogen "1 ndependently

sel ect ed from aalkylasylexyorafers tipray reskical |costainieg bethl aliphatic apd romatic and

I odi ne, fe h I nes X b : WO
2004] obsh2s PERITIDDO Y 0A0RSY e, i An SIGRASCDRBRTT 16 e T i

t her et 0o pseudtdlflagoylosy'dedfersetd 4 eadienl cantanungl @othasliplatic yaad adrematic

t hi ocyanate, an isothiocyanate or a cyani de. The rm, "aryl al kyl acyl oxy"
refers to a rgtﬂfc(t,lgf’s’ M&Fﬂﬁ’ﬁﬂ‘g%%%.ﬁcﬁﬂﬁ P%Sl%ﬁ%%% ex%‘fl;lﬁ%?ﬁr es, the
radi cal bei nggpte anLalisy acitidaXy iRdede | OdbetatdiétracRloffantidbity | ardmdsathbpXxy”

refers to a radical containing both aliphatic and aromatic structures, the
radi cal bei ngteatacla@roamwwymﬁlysrp%ia@qt@whlml imting exanples of these
Lew s acids include acetatotetrachl oroanti nony, (benzoato)

tetrachl oroanti nony, and bisnuth acetate chloride. [00108] Particularly
preferred Lewii0108} ds nBartibdarbnprefeired lewis asds mby iba ang aifithese awsglol imer i zat i on

f isobutyl | _ipcludi ng:. al.uni tichl.orid l,uni
Ori bront o, oEHGRE FTTARChI o | HeoRutt | ShPbivkietin Rebdfe: g
di et hyl al umi nygehtode ialigninit ybradnide] |dhigithhey i@&ﬂoﬂdapt&%llﬂwﬂlﬁum

sesqui chl ori de, dinethyl al un num chl oride, boron trifluoride .
sesquichloride, diethylaluminum chloride, methylaluminum dichloride,

methylaluminum sesquichloride, dimethylaluminum chloride, boron trifluoride,
titanium tetrachloride, etc. with ethylaluminum dichloride and ethylaluminum

sesquichloride being preferred.

[00109] Lewis acids such as methylaluminoxane (MAQ) and specifically
designed weakly coordinating Lewis acids such as B(C¢Fs); are also suitable

Lewis acids within the context of the invention.
Initiator

[00110] Initiators useful in this invention are those initiators which are
capable of being complexed in a suitable diluent with the chosen Lewis acid to
yield a complex which rapidly reacts with the olefin thereby forming a
propagating polymer chain. Illustrative examples include Bronsted acids such as
H,0, HCl, RCOOH (wherein R is an alkyl group), and alkyl halides, such as
(CH;)3CCl, CgHsC(CH3)Cl and (2-Chloro-2,4,4-trimethylpentane).  More
recently, transition metal complexes, such as metallocenes and other such

materials that can act as single site catalyst systems, such as when activated with



titaniumtetrachloride, etc. with ethylal um numdichloride and ethyl al um num
sesqui chl oride being preferred. [00109] Lew s acids such as

met hyl al um noxane (MAO) and specifically designed weakly coordinating Lew s
aci ds such 3 are also suitable Lewis acids w nt ext of

t he i nvent ivgérl?ﬁfﬁégzl@at or [00110] Initiators useful in E?}gg%&rq%nf%l}on are
those initiators which are capable of 3§| ng conpl exed in a suitable diluent
with the chosen Lewis acid to vyield a npl ex which rapidly reacts with the
olefin thereby form ng a propagating polynmer chain. Illustrative exanples

et SR e 18 o B B Bkt

(2-Chl oro- 2, 4,1ﬁbmyldﬁepbmﬁmm;a) More recently, tran3|t|on rret al
conpl exes, such as netall ocenes and other such materials that can act as
single site catal yst systens, such as when activated with WD 20041058825

PCT1U820031048§§131 130 Weakiny m&%tw%ﬂ%smﬁcw ng[y%te\f%%iﬁcdrg salts

have been used to Initiate isobutylene polynerization In one
embodi ment , trsgbatmdtlsofreanﬂwma Substantislly Geesofowatar is defintsbesaless thin §0free of

wat er . Substantl ne an..30 m (based
upon total wei a(Ib e ©X é‘f\g?&ﬁ]?og@%f%%h ggﬁgpaeﬁréblyg%sgﬂ}aﬂ%q B> ppm
preferably | esiﬁefeﬂablljr léﬁ thﬁmlo ppei @feﬁlhbly |1@93hatnhﬁlppﬁ proRralily aésertdal Y | ess
than I ppm Howev, water 1s selected, as an, i ni tor, it |s addedto

t he catal yst té?ﬁ"?"(?r eh Rl if Selecteft asnteiniyatorn ity to Hheeqatal

greater than ‘Est@rﬁ% b@%ﬂ:selﬁ\é? e%fﬁmm@fpsﬁaaplleyermf?ﬁeﬁfermﬂm nﬂraﬁa(based
upon total wei ht of t referred

e catalyst syste
enbod ment ¢ hevPmmeTeRRTSbhpe ok Hbores (eriron total widhéhe swdsde, o
carboxylic acig carboxyllc acid halide, a sulfonic acid, an alcohol, a
phenol , a tertt ary ‘al kyl halide, a tertiary aral kyl halide, a tertiary al kyl

[00112] In a preferred embodiment the initiator comprises one or more of a
hydrogen halide, a carboxylic acid, a carboxylic acid halide, a sulfonic acid, an
alcohol, a phenol, a tertiary alkyl halide, a tertiary aralkyl halide, a tertiary alkyl
ester, a tertiary aralky!l ester, a tertiary alkyl ether, a tertiary aralkyl ether, alkyl
halide, aryl halide, alkylaryl halide, or arylalkylacid halide.

[00113] Preferred hydrogen halide initiators include hydrogen chloride,
hydrogen bromide and hydrogen iodide. A particularly preferred hydrogen halide
is hydrogen chloride.

[00114] Preferred carboxylic acids included both aliphatic and aromatic
carboxylic acids. Examples of carboxylic acids useful in this invention include
acetic acid, propanoic acid, butancic acid; cinnamic acid, benzoic acid, 1-
chloroacetic acid, dichloroacetic acid, trichloroacetic acid, trifluoroacetic acid, p-
chlorobenzoic acid, and p-fluorobenzoic acid. Particularly preferred carboxylic

acids include trichloroacetic acid, trifluoroacteic acid, and p-fluorobenzoic acid.

[00115] Carboxylic acid halides useful in this invention are similar in
structure to carboxylic acids with the substitution of a halide for the OH of the
acid. The halide may be fluoride, chloride, bromide, or iodide, with the chloride



ester, a tertiary aralkyl ester, a tertiary alkyl ether, a tertiary aral kyl
ether, alkyl halide, aryl halide, alkylaryl halide, or arylalkylacid
hal i de. [00113] Preferred hydrogen halide initiators include hydrogen

chl ori de, brom de and hydrogen iodide. A partlifﬁwl@%%4%?f erred
hydr ogen h\gp%/zg(gé;%gfsgs hydrogen chloride. [00114] Preferred carboxylic acids

i ncluded both aliphatic and aromatic carboxylic acids. Exanpl es of
carboxylic acids useful in this inventi Un include acetic acid, pr opanoi c
acid, butanoic acid; cinnamc acid, benzoic acid, 1- chloroacetic acid,

di chl oroaceti¢ ,acid, trichloroacetic. aci. ri fluoroacetic.acid, p-
chl or obenzoi cg%}eg grefesred- BJ;%&W%PP)B@W? 1&%% %‘.’mlgéﬁ%r & PVlﬁraég]éPFeed
carboxylic aghéien i HeUsor laft £l SHeORSIRMI 6 (RS b, shbill feURARIRE tvitif thasd d, and

p-f 1l uor obenzoi c aci d. &@90115_] Car boxylic acid haljdes useful in this
i nvention ar ePeiceduresr  GRrboxyli¢ @eidr balidgs asefhsiy |this iavendion\jnelyde ragetyl

substitution i t L. I . he
fluoride, chl glﬁl?ﬁ%é,}gléértgﬁré@,meb Pﬁf‘%lﬁéem‘ﬁv%’e‘t Rt e BB MRNIAT o0
PCT/ US2003/ 04 @&hbrodétyb ehlogdgr wiflmproacktylehleqider, atiflosroadetyd aihtbriial amdep- f r om t he
parent carboxylic.acids .ar no in the pri. t.and one skilled in the
art shoul d be Pebezaylchiprde. cﬁﬁarlﬁfr E%Hﬂf%%&hﬂgeﬁW&%@c%%ﬁWi des
useful in thi gcdiylvemémias, ittichlotacagetdhloridehl eiflbeloacetd elcklorite Omhdlep- ci nnanyl
chl oride, benzoyl chloride, benzoyl brom de, trichloroacetyl chloride,
trifluoroacet fiverebenzpyichlorides | yor oacetyl chloride and p-

fl uorobenzoyl chloride. Particularly preferred acid halides include acetyl

chloride, acetyl bromide, trchoroacetyl chloride, trifluoroacetyl chloride
and p- fluorol@iély| ch$ufoniteacidsoasefid]asSnititons in thi$ chventiaf includs biothi t i at or s

in this inventj.qn..i ncl.ude t h.caliphati nd,ar opmat i-c_sul feni c_aci ds.
Exanpl es of pPi é?qu?e dsaff? gt(ril)‘f éulg%l%sm ‘ngﬁml%?ﬂgﬁﬂ%‘fﬁﬁf %lﬂfégl Ca \
trifl uoromet harbglel f onmethaisalfonid ri chtidr onethfwesuétharsdfond d aacld,

p-t ol uenesul foni ¢ aci d. 117] . Sul fonjic acjd .halides useful in this
i nvention ar e“ﬁhiﬁr?%?gmL@?M@d p-toluenesulfonic acid.

[00117] Sulfonic acid halides useful in this invention are similar in structure
to sulfonic acids with the substitution of a halide for the OH of the parent acid.
The halide may be fluoride, chloride, bromide or iodide, with the chloride being
preferred. Preparation of the sulfonic acid halides from the parent sulfonic acids
are known in the prior art and one skilled in the art should be familiar with these
procedures. Preferred sulfonic acid halides usefu‘l in this invention include
methanesulfonyl chloride, methanesulfonyl bromide, trichloromethanesulfony}

chloride, trifluoromethanesulfonyl chloride and p-toluenesulfonyl chloride.

[00118] Alcohols useful in this invention include methanol, ethanol,
propanol, 2-propanol, 2-methylpropan-2-0l, cyclohexanol, and benzyl alcohol.
Phenols useful in this invention include phenol; 2-methylphenol; 2,6-
dimethylphenol; p-chlorophenol; p-fluorophenol; 2,3,4,5,6-pentafluorophenol; and
2-hydroxynaphthalene.



to sulfonic acids with the substitution of a halide for the OH of the parent
acid. The halide may be fluoride, chloride, bromde or iodide, with the
chloride being preferred. Preparation of the sulfonic acid halides fromthe
parent sul ' ,ds are known in the prior art and ' yn the art
shoul d be &Q%b@{(%gzgvi th these procedures. Preferred s%ﬁ#gésgog?hgi hal i des
useful in this invention include nethagfsulfonyl chl ori de, nethanesul f onyl
brom de, trichl oronet hanesul fonyl chlotide, trifluoronethanesul fonyl

chl ori de and p-tol uenesul fonyl chloride. [001181 Al cohols useful in this

I nvention include nethanol, ethanol, propanol, 2-propanol,

2- met hyl propan-2-ol, cycl ohexanol, and benzyl alcohol. Phenols useful in
this inventi opo‘uml ude PBfARl ; teRiafe iyl PARIN Qtalkyd, fritiatdrsEinbild Nertiaty:

p- chl orophenol ; p-fl uorophenal; 2,3,4,5, 6-pentafluorophenol; and

2- hydr oxynaph€HEPRES repyeserirsintbe frmuladelons2003/ 040852 32 [001191 Preferred
tertiary alkyl and aral kyl initiators include tertiary conpounds
represented by the fornula below R3 Rl U-X R2 n [001201 wherein X is a

hal ogen, pseudohal ogen, ether, or ester, or m xture thereof, preferably a
hal ogen, preferably chloride and , Jand are independently any
linear, cyclic or branched chain gl kylg, aryls\or arylalkyls, preferably

containing 1 to 15 carbon ato ard_nq¥e_pLg§g ably 1 to 8 carbon atoms. n
I's the nunber of initiator siggﬂ and iy an r greater than or equal to 1,
preferably between 1 to 30, nore prefefably n fs a nunber from1 to 6. The
aryl al kyl s may be substituted or u sudi&itute . For the purposes of this
invention and any clains thereto, arylalkyl fs defined to nean a conpound
containing both aromatic and aliphatic structures. Preferred exanpl es of

initiators include 2-
[00120] wherein X is a halogen, pseudohalogen, ether, or ester, or a mixture

thereof, preferably a halogen, preferably chloride and R1, R2 and R3 are
independently any linear, cyclic or branched chain alkyls, aryls or arylalkyls,
preferably containing 1 to 15 carbon atoms and more preferably 1 to 8 carbon
atoms. n is the number of initiator sites and is a number greater than or equal to 1,
preferably between 1 to 30, more preferably n is a number from 1 to 6. The
arylalkyls may be substituted or unsubstituted. For the purposes of this invention
and any claims thereto, arylalkyl is defined to mean a compound containing both
aromatic and aliphatic structures. Preferred examples of initiators include 2-
chloro-2,4,4-trimethylpentane ; 2-bromo-2,4,4-trimethylpentane; 2-chloro-2-
methylpropane; 2-bromo-2-methylpropane; 2-chloro-2,4,4,6,6-
pentamethylheptane; 2-bromo-2,4,4,6,6-pentamethylheptane; 1-chloro-1-
methylethylbenzene; 1-chloroadamantane; 1-chloroethylbenzene; 1, 4-bis(l-
chloro-1-methylethyl) benzene; 5-tert-butyl-1,3-bis( 1-chloro-1-methylethyl)
benzene; 2-acetoxy-2,4,4-trimethylpentane : 2-benzoyloxy-2,4,4-
trimethylpentane; 2-acetoxy-2-methylpropane; 2-benzoyloxy-2-methylpropane;
2-acetoxy-2,4,4,6,6-pentamethylheptane; 2-benzoyl-2,4,4,6,6-
pentamethylheptane; 1-acetoxy-1-methylethylbenzene; 1-aceotxyadamantane; 1-
benzoyloxyethylbenzene; 1,4-bis(1-acetoxy-1-methylethyl) benzene; 5-tert-butyl-
1,3-bis( 1-acetoxy-1-methylethyl) benzene; 2-methoxy-2,4,4-trimethylpentane ; 2-
isopropoxy-2,4,4-trimethylpentane; 2-methoxy-2-methylpropane; 2-benzyloxy-2-



chloro-2,4,4-trinmethyl pentane ; 2-brono-2,4,4-trinethyl pentane; 2-chloro-2-
nmet hyl propane; 2-brono- 2-net hyl propane; 2-chloro-2, 4, 4,6, 6-
pentanethylheptane 2-brono-2, 4, 4, 6, 6- pent anet hyl hept ane; 1-chloro-| -

met hyl et hyLhen F 1- chloroadanantane 1- chl or oet hyl bepef§ioostososkz b1 S( 1-
chl oro-1-nmethy ethyF) benzene; 5-tert-butyl-1,3-bis( 1-chloro-I-nethylethyl)
benzene; 2-acetoxy-2,4,4-trinethyl penta £ 2- benzoyl oxy- 2, 4, 4-

tri met hyl pent ane; 2-acetoxy-2-nethy|propane; 2- benzoyl oxy- 2- met hyl pr opane;
2- acetoxy-2,4, 4,6, 6- pentanethylheptane 2- benzoyl -2, 4, 4, 6, 6-

pent anet hyl he cet ox ce nt ane; 1-
benzoyl oxyet h;%eﬁba@ﬁ%m%m% 1, 4- g (lﬁ %%&y&&&%ﬁ{}ﬁgpﬁr@) %Eaﬁéz/pagéo%
5-tert-butyl - 24,86 5ishtathethytieptaye;| - met hyﬂeﬂiobty-ll)méthyﬂzﬂw&a,enzene 1-
2-rrethoxy-2,44tr| th @ge_nian %& sopro é trinmethyl t ane;

2- met hoxy- 2- met % €2 ﬂ@ﬁw Xﬂl’%"zgﬂﬁ %{%5 5%‘8@8 qﬂﬁéﬁﬁﬁ?mosw
33 net hyl pr Opébla@aene 5@&%&1-123 -Bis@1- &eﬁmﬂ?—ﬂhﬁéfﬁﬂbﬂiﬂ)%@ﬁz%ﬁ@andzi B%QHE(@DOXY-
2,4,4,6, 6-pent anet hyI hept ane; |-nmethoxy-|-nethyl ethyl benzene;  1-

met hoxyadamantchleeo-1-metitethyly benzgne, Otfes fiitable njtipto cynrbetfwmdynllsrmtqnyl et hyl)

benzene; 5-tergt | & et

1,3,5-tris(l- 46%???% mei; %hﬁg{nﬁ?ﬂﬁb@gnzyﬁ g}%ﬁ%r %:ﬂ% @nl {I a‘?ors can

be found in U&mnmnand ﬁ),egﬂeﬁmsgﬁaremkpsmﬂohaiogmrleldaﬁne&mrhmmmmxh;iwnd ef erence.
For the purpo of Jnvention .and the clai.ns thereto psgudohal ogen is
defined to be%%’rsﬁ uﬂHS°‘iyﬁ%\a[te=|a$“8Wa3§tF’c?§,ls o?y%%?ﬁﬁ%f’%ﬁud;' t hi ocyanat e,
an i sothi ocyanate or a cyani de [00121] Another preferred initiator is a

pol ynmeric halide, one of R1, or R3is an ol eflgmgol ynmer and_t he
remai ni ng R grlg'ﬂﬁé are %P@ﬁ’éﬂ’e@m‘é%%"r is popyrsriehaia ong of Bﬂyﬂ%% i ncl ude

pol yi sobuty1 ey 1ok YRIAPKIGHE: of the PALAHEA GRLEL! fe qeles ROLMIR! | ©

I nitiator ave ogena tertrary car e chai n end

or along or V\APtriffeﬂed h61eﬂaclgzbmﬁer@f uichﬁepq:lowmmywae,n pdlﬂﬁ'oﬁﬁafd, nagdl ymer has
mul ti pl e hal ogen at%gls rtiary carhons, either pendant to or within the
pol yner backbd¥/viny, £ PRRYACES AIBRtAT 8y P Ralogenatpd Frsgjasy carbon

positioned at the chaln end or along or within the backbone of the polymer. When

the olefin polymer has multiple halogen atoms at tertiary carbons, either pendant
to or within the polymer backbone, the product may contain polymers which have
a comb like structure and/or side chain branching depending on the number and
placement of the halogen atoms in the olefin polymer. Likewise, the use of a
chain end tertiary polymer halide initiator provides a method for producing a

product which may contain block copolymers.

[00122] Particularly preferred initiators may be any of those useful in
cationic polymerization of isobutylene copolymers including: hydrogen chloride,
2-chloro-2,4,4-trimethylpentane, 2-chloro-2-methylpropane, 1-chloro-1-
methylethylbenzene, and methanol.

[00123] " Catalyst system compositions useful in this invention typically
comprise (1) an initiator and (2) a Lewis acid coinitiator or other metal complex
described herein. In a preferred embodiment, the Lewis acid coinitiator is present
anywhere from about 0.1 moles times the moles of initiator present to about 200
times the moles of initiator present. In a further preferred embodiment, the Lewis.

acid coinitiator is present at anywhere from about 0.8 times the moles of initiator



a conb like structure and/or side chain branchi ng dependi ng on the nunber
and placenent of the halogen atons in the olefin polyner. Likew se, the use
of a chain end tertiary polynmer halide initiator provides a nethod for

pr oduci ng 4&%% which may contain bl ock copol yner crifi2dodidlessz
Partlcular @' efred initiators my be any of those useful in cationic
polynerlzatlon of isobutyl ene copolyners including: hydrogen chloride,

2-chl oro-2, 4, 4-tri net hyl pent ane, 2-ch|dﬁo-2-nethy|propane, 1-chloro-| -

nmet hyl et hyl benzene, and net hanol. [00123] ' Catal yst . systen1conpositions

useful in this invention pj.cal | C ri.s.e an| at or (2) a

Lewi s acid co?rﬁs?eflflj? 008 tzgt h‘é‘?s r%cf ﬂ(ﬂgspr?tl’&?(a}%e%rﬁe ér &8F erre|d

preferred enmbafbd@dnént tlﬁmtiammgspxesejndatc@br%&ma’fm bt Dﬂ&i‘a@l&& perldityaer e from
about 0.1 noles tines the i nitiator fb@ent to about 200 tines the

nol es of i ni t#batlbw %%Wq?qfﬁ%dsfjtﬁquﬁér‘m gratoed thatiRresteioRy Ieaser amauets |ewi s.

acid coi nltla‘giqf,l}a &r HeQER Uithfl tha 56 g@gf@u flﬁ%&pout 0.8 tines the noles of
i nitiator WO 2004/ 058825 PCT/ US2003/ 040852 34 present to about 20 tines the

noles of initiator present. In a preferred enbodinment the initiator is

P torr 1 i o BPREAS, oo YReang o R ety R St W dfB G uRaly ° P!
i Pi t ihat or alr emslecﬁlhrl \Meﬁ%nt naridh enofezolae \oé1glghdstdbnﬁaﬂtolfoﬂwl b&@ﬂﬂﬂ]bﬁiﬁ@e Sm)unt

of the catalyst ed W esir ecu J‘WEI t ,an

mol ecul ar mY@‘HE‘“%Hs%P‘BﬁYﬁEWa%QWHgb%fqu ﬁé?“tgﬁ%g‘m'ﬁ?% E@'&":’%y‘& cally the
range will bemee@P%ﬁﬁ%dlﬂb% rEfefdbly oxﬁ%"'tdi(f?’(mblgsﬁeﬁhté'ro 2 rmoles per liter

and nost preferably from 10-4 to 10'3 noles per liter. [00125] Catal yst
systens useful in this invention may further conprise a catalyst

conposition c 5| ng &%§&%K&fﬁ%lm Mﬁ@n‘gﬁa?kfui‘th ngddggi'al ng anion

("WC ani on" e catal yst conpo I on conprising the WC
anion will i ncﬂta]yte campesitidri vemisingoof @rdctive catioh and al wedklyrcasdinatmgnovel

catalyst syst anior n ("WC anion” or "WCA" or "NCA"). The catalyst composition comprising

the WC anion will include a reactive cation and in certain instances are novel

catalyst systems.

[00126] A weakly-coordinating anion is defined as an anion which either
does not coordinate to the cation or which is weakly coordinated to the cation and
when the anion is functioning as the stabilizing anion in this invention the WCA
does not transfer an anionic fragment or substituent to the cation thus creating a
neutral by-product or other neutral compound. Preferred examples of such

weakly-coordinating anions include: alkyltris(pentafluorophenyl) boron
(RB(pfp)3), tetraperfluorophenylboron (B(pfp)4-), tetraperfluorophenylaluminum

carboranes, halogenated carboranes and the like. The cation is any cation that can

add to an olefin to create a carbocation.

[00127] The anion may be combined with the cation by any method known
to those of ordinary skill in the art. For example in a preferred embodiment the
WC anion is introduced into the diluent as a compound containing both the anion
and the cation in the form of the active catalyst system. In another preferred
embodiment a composition containing the WC anion fragment is first treated to

produce the anion in the presence of the cation or reactive cation source, i.e. the



[ 00126] A weakly-coordinating anion is defined as an anion which either
does not coordinate to the cation or which is weakly coordinated to the
cation and when the anion is functioning as the stabilizing anion in this
i nvention &{9200%829065 not transfer an ani oni c fragnmenicTass26osfosdsss uent to
the cation us creating a neutral by-product or other neutral conpound.
Preferred exanpl es of such weakly-coordinating anions include:

al kyl tri s(pentafl uorophenyl) boron (RB(pfp)3 ), tetraperfl uorophenyl boron
(B(pfp)4 ), tetraperfluorophenylal um num carboranes, hal ogenated carboranes
and the |iKke. - : [ | ; . llefin to create
a carbocati onﬁ{l‘gﬁ%ﬁa#lheﬁlz(aé}%enﬁm@gglkgg{r%ﬁ)%e%atlﬁmaq%h%ﬁh@%hgtp? %’ﬁ ct?y any

met hod known oft the tchisreoioéation dburae whidhi ik Isubsequcnédy dntrodubal bxaprferddn a
preferred enbodi nent the WC.anion.i.s i.ntrpduced into.p di l.uent, as a

he
conpound cont SPPAGTYETH GeRmPRYtOH pepining the anion anda comppsition.conigimng they he act i ve
cat al yst syst gifion kit GonHimtal and28bR6d React I RAMTER-pRIGAMAS Bhibh @Rd @RNt ai ni ng
the WC anion fragnent is first treated to produce the anion in the presence
of the cation®pPhyeactive cation source, i.e. the WD 2004/ 058825
PCT/ US2003/ 040852 35 anion is activated. Likew se the WC ani on nay be
activated without the presence of the cation or cation source which is
subsequent | y Webklpdiopetinating Amigsef erred enbodi nent a conposi ti on contai ni ng
t he anion and a conposition containing the cation are conbined and all owed
to react to forma by-product, the anion and the cation.
Weakl y- Coor di [0@128]9 Ani A6 mief3D b2 thbtahbid doRipalind Eapablealf! fointing @nagienit capabl e
of form ng an anionic, conplex which is inca&%ble of transferring a

substituent ofompleywhich iy wcansbleof trapsferring asubatituent otfragment iy the gati® produce a
neutral nolec %%zebﬁ 1o ' bl al or
netalloid capglb é] 0 fo?lr%‘iaﬁ(gn g’sgog'?cgiv%]:na?%%éeghn%l Ig‘%d\*/{/%nlugﬁﬁ’l ?srs%gﬁggl ein

wat er may al senidre UBeddition copitmétaleor inetalloidosapalglé taf dorming rpedogdingionhe ani on.
Sui tabl e met ac':osmﬁlgxc Lvﬂf(i:ﬁ is %le H Fatd? {nayl' hidd %g %setdoor%loﬂt%n@ﬁ' A a composition

comprising the anion. Suitable metals include, but are not limited to aluminum,

gold, platinum and the like. Suitable metalloids include, but are not limited to,
boron, phosphorus, silicon and the like. Compounds containing anions which
comprise coordination complexes containing a single metal or metalloid atom are,
of course, well known and many, particularly such compounds containing a single
boron atom in the anion portion, are available commercially. In light of this, salts

confaining anions comprising a coordination complex containing a single boron

atom are preferred.
[00129] In general, WC anions may be represented by the following general
formula: :
[M)PHQ;..Qpld-
wherein:

M’ is a metal or metalloid;

Q1 to Qp are, independently, bridged or umbridged hydride radicals,
dialkylamido radicals, alkoxide and aryloxide radicals, hydrocarbyl and
substituted-hydrocarbyl radicals, halocarbyl and substituted-halocarbyl radicals



gold, platinumand the like. Suitable netalloids include, but are not
limted to, boron, phosphorus, silicon and the |ike. Conpounds contai ni ng
ani ons which conprise coordination conplexes containing a single netal or
met al | oi d‘g 3{;94%58%25 of course, well known and many, paidingizbafokegssuch
conpounds containing a single boron atomin the anion portion, are

avail able commercially. In light of thi salts containing anions
conprising a coordination conplex containing a single boron atomare
preferred. 1001291 In general, WC anions may be represented by the foll ow ng

general for ' hida_ ejn: | tal or alloid, Q to
O are, i nde%@%%éé%by%%%%ﬂé@%@] S}r‘]%' u&%&@%@@?@é’ﬁ%@%@ﬂ%&&n& kyl am do
radi cal s, al kbuimbenmarothan yheooflQetor@pinaybes hdlidd ratieal byl and

substi tuted- hydrocarbyl radicals, hal ocarbyl and substituted-hal ocar byl

radi cal s WO 2004/ 0Bg825integer 9groeBing stegdsmal salengecchaed 06dhr byl and

hal ocar byl - substit lgd radi cals and any one, but not nore
than one of Q to %ﬁ]ﬁﬂ&&%%ﬂ%@aﬁﬂ gﬁ&rggd?‘gfal ; Mmis an integer representing

t he formal val enced idearintegafgrédter timni o eqiabta bt al nunber of l[igands g, and d
IS an integer greater than or equal to 1. 1001301 It is of course understood
that the anions descri bed above and below may be counter balanced with a
posi tively chjemag) conpRNSHf doliak inderstobdaNAth® @hing defRibediadbveasdd W th the
cation. The sane is true for cations _described for use with the anions. For
exanpl e, Cp2zbfiBY may bsccoupienibalaaced with aapesitinelis charged eemponeni gt éhe ani on
(WCA- R+) wher | . t + Wabss cat al yst
system [0013%@62%?}%?%\&&3%%%%%%% ?2‘?‘%3 gr%ﬁlercr‘gﬁ%%@epresent ed by

t he described for use with the anions. For example, CppZrMey may be combined

with a composition comprising the anion (WCA'RY) where RT acts with a Me

group to leave the CprZrMe WCA- catalyst system.

[00131] Preferred WC anions comprising boron may be represented by the

following general formula:

[BAr] ArpX3X4]"
wherein:
B is a boron in a valence state of 3;

Ar] and Arp are the same or different aromatic or substituted-aromatic

hydrocarbon radicals containing from dbout 6 to about 20 carbon atoms and may
be linked to each other through a stable bridging group; and

X3 and X4 are, independently, hydride radicals, hydrocarbyl and
substituted-hydrocarbyl radicals, halocarbyl and substituted-halocarbyl radicals,
hydrocarbyl- and halocarbyl-substituted organometalloid radicals, disubstituted
phictogen radicals, substituted chalcogen radicals and halide radicals, with the
proviso that Xg; and X4 will not be halide at the same time.

[00132] In general, Ary and Arp may, independently, be any aromatic of

substituted-aromatic hydrocarbon radical. Suitable aromatic radicals include, but
are not limited to, phenyl, naphthyl and anthracenyl radicals. Suitable substituents



foll owi ng general fornula: [BAx1Ar2X3X4]- wherein: B is a boron in a val ence
state of 3; Arl and Ar2 are the sane or different aromatic or
substituted-aromati c hydrocarbon radicals containing fromabout 6 to about

20 car bond@é(gﬁmmg&% may be linked to each other througirTaussbahlasdri dgi ng
group; an n 4 are, independently, hydride radicals, hydrocarbyl and

substi t ut ed- hydrocar byl radicals, hal ocgrbyl and substituted-hal ocar byl
radi cal s, hydrocarbyl- and hal ocar byl -substituted organonetal |l oid radicals,
di substituted pnictogen radicals, substituted chal cogen radicals and halide

radicals, wt i ] | | 4 he sane
tinme. [001321&f {#QSSS%%?‘%%G éﬁrrn%agiﬁﬁ(?%%éh% e%g%égﬁf?’g,%ﬁg&g%b“ romati c of
subst i t ut ed- atiwited ita; Hygdchcanbyl badivalsa drgeabmetailoid abdiealsr alkeyi and aglogl s

i ncl ude, but re ngt limted,tp, phenyl. naphthyl ,and.ant hracenyl radicals.
Su tabl & subsEeaEnoros 0 (Rissdl St yiaRian Bad B RS ok e itse

subst i t ut ed- afigfi tak X3hind BOC aTHROMbELREHE AlaF bel ofibb Uiddeta dp PhradtedatiRtio BRCESSAri |y
limted to, hydrocarbyl radicals, organonetalloid radicals, alkoxy and

aryl oxy radi cabon atbins bomdedrtdytie boron blomor Bingxl eitia b pbthr Hgiaad 3§ aad t he |i ke
such as those wuseful as X3 and X4. The substituent nay be ortho, meta or

pars, rel ati viydrerarhyd radicgl, isach mey ke thecame or eglifferenttasorasticoprowbstipdtedr ei t her or

bot h X3 and r . radi ' 3 a
different ar é%gﬁ]?gc gardﬁsﬁg%;%}:é%féhd ﬁgrg’o%#'? gﬁﬁﬁg}aggﬁ% J;%m%hz Oi\f% glﬁl’)lJ Art, or
the sane may Qﬁ%l? alifendll 6halkhylbtRARGNes cydidk WdrodhbanYddial & kv awlylr adical, a
cyclic hydrocarbon radical or an al kyl- substituted cyclic hydrocarbon

radical . As i sithstituted gyelisdwdrocabpn radicalr As indigptgd pove) Arkang Axz copldrher X3 or

X4. Finally, X d X4 be. | ipked h th h i t abl

bri dgi ng. ot ouPikRgn S84 N3 ey EieE, Rbat RGe A P Ged 8 eRiteandy “bor on
conponent s m{h?&hghasuitable bridging group.

[00133] Illustrative, but not limiting, examples of boron components which
may be used as WC anions are: tetravalent boron compounds such as
tetra(phenyl)boron, tetra(p-tolyl)boron, tetra{o-tolyl)boron,
tetra(pentafluorophenyl)boron,  tetra(o,p-dimethylphenyl)boron,  tetra(m,m-
dimethylphenyl)boron, (p-tri-flucromethylphenyl)boron and the like.

[00134] Similar lists of suitable components containing other metals and
metalloids which are useful as WC anions may be made, but such lists are not
deemed necessary to a complete disclosure. In this regard, it should be noted that
the foregoing list is not intended to be exhaustive and that other useful boron
compounds as well as useful compounds containing other metals or metalloids
would be readily apparent to those skilled in the art from the foregoing general

discussion and formulae.

[00135] A particularly preferred WC anion comprising boron may be

represented by the following general formula:

[B(C6F5)3QI

wherein:



may be used as WC anions are: tetraval ent boron conpounds such as
tetra(phenyl )boron, tetra(p-tolyl)boron, tetra(o-tolyl)boron,

tetra(pentafl uorophenyl)boron, tetra(o, p-di net hyl phenyl)boron, tetra(mm

di met hyl p'\?{i%&t#ﬂ?{s%’ (p-tri-fluoronethyl phenyl)boron agdnisacoslosdssz [ 001341
Simlar lists of suitable conponents containing other netals and netall oids
whi ch are useful as WC ani ons nay be ma:ﬁ;ﬁ, but such lists are not deened
necessary to a conplete disclosure. In is regard, it should be noted that
the foregoing list is not intended to be exhaustive and that other useful
boron conpounds . . aS SQBO Pl .al s or
nmetall oids would éﬂrﬂédﬁﬁ gqgg%gé%nt tb&%}ﬂgsagggi?%fﬂgg%ﬁ&%]ﬁ%usar ‘?ef romthe

f or egoi ng genbutahot lihiings sxamplesnofl theserpredi@red] OWI3 afliods pemprising dwoton pr ef er r ed

Tormil o [ B eBsBanety B YsR SoBaERsasdroRtsr Bshrs BIORS G ¢ i s
fluorine, CigycdcheRANoPHknt orauwikré X0 @ pt?nﬁ!v%td WalebcaRtyy 6f indbfinitel dhadfd Ve  but

not limting, exanples of these preferre ani ons conpri sing boron

tri phenyl met hippgthapehsas pobistyrane; rolyisaprens; o nolxipaameBylstysien as net hyl, butyl,
cycl ohexyl, or phenyl or where Qis a polyneric hydrocarbyl of indefinite
chain length such as pol ystyrene, polyisoprene, or poly-paranethylstyrene.
[00136] Pol yni90i36]Q subRalymerenQssubstituénds wpdhe pnast prefestedaaniom offef dre t he

advant age of viding a hi.ghly.sel ubl.a i.on- han Lvat or conponent and
final catal ysgc.[vgg%geuﬁggmg 4"% 9&@%#@?@? lp’?’ gc%’?%@r%%g@g g?lﬁéo(r?\w tr erred over
i nsol ubl e waxfiggl citdigst. OSokiblei cisalipsts amdfer toresnromn atee ofterl preferréd orerdesi red

concentration,and, can be transferyed easily using_singple equippent, in
commerci al  plSeubleewaxeso@ila7pr \ﬁﬁf“g‘nibﬁ‘f?é‘secéli‘ﬁyaf’?ﬂ g g‘ﬁ?‘hr"%l?t siggd por on

atoms My be concentration and can be transferred easily using simple equipment in commercial

processes.

[06137] WC anions containing a plurality of boron atoms may be
represented by the following general formulae:
[(CX)a(BX)mX"b]c-

or

[[(CX6)a(BX7)m(X8)pJc-12Tn1d-
wherein:

X, X', X", Xg, X7 and X8 are, independently, hydride radicals, halide
radicals, hydrocarbyl radicals, substituted-hydrocarbyl radicals, halocarbyl
radicals, substituted-halocarbyl radicals, or hydrocarbyl- or halocarbyl-substituted
organometalloid radicals;

T is a transition metal, preferably a group 8, 9, or 10 metal, preferably
nickel, cobalt or iron;

aand b are integers > 0;

¢ is an integer > 1,

a+ b+ ¢ = an even-numbered integer from 2 to about 8;

m is an integer ranging from 5 to about 22;

a and b are the same or a different integer 0;

¢ is an integer > 2;



represented by the follow ng general fornulae: [(CX)a(BX )mX"blc- or
[[[(CX6) a( BX7) m( X8) bl c-12Tn+l d- wherein: X, X, X', X6, X7 and X8 are,
independently, hydri de radicals, halide radicals, hydrocarbyl radicals,
substi t ut e\g Yfdfoogkas byl radicals, halocarbyl radicals,pcTns2003/040852
substi tut ed- hal ocarbyl radicals, or hydrocarbyl- or hal ocarbyl-substituted
organonetalloid radicals; Tis a tranS|Edon netal, preferably a group 8, 9,
or 10 netal, preferably nickel, cobalt™r iron; a and b are integers > O;
cCis an integer> 1, a+ b + c = an even- nunber ed integer from2 to about 8;

mis an integer gglbn Lragrgv&ﬁ &?%teééﬁ%gg%#&g e the sanme or a

di fferent integer c is an |n eger 25 PCT/ US2003/ 040852
39 a + b + ¢ = an sMean mepeefron d totabgen2from 4 to about 8, mis an integer
from6 to about 12; .,n i, an i er such that 2c - n =d; and dis an
integer> 1. [00138p} %F&Hﬁ?g%'s'*“&&%‘r%f"é’r FEMAC ani ons of this invention
conprising a pluralgdninRe?ofon atons include: (1) A borane or carborane
ani on satisfying the general”fornula: [(CH)ax(BH)bxlcx- wherein: ax is
either 0 or 1;

[00138] Examples of preferred WC anions of this invention comprising a
plurality of boron atoms include:

(1) A borane or carborane anion satisfying the general formula;

[(CH)ax(BH)bx]X-
wherein:
ax is either 0 or 1;
¢x is either 1 or 2;
ax+cx=2;
bx is an integer ranging from about 10 to 12; or
(2) A borane or carborane or a neutral borane or carborane compound
satisfying the general formula:
[(CB)ay(BH)my(H)by]cy-
wherein:
ay is an integer from O to 2;
by is an integer from 0 to 3;
cy is an integer from Q to 3;
ay +by +cy=4;
my is an integer from about 9 to about 18; or
(3) A metallaborane or metallacarborane anion satisfying the following

general formula:

[[(CH)az(BH)mz(H)bz]c2-J2Mnz+]dz-
wherein:
az is an integer from 0 to 2;
bz is an integer from 0 to 2;
cz is either 2 or 3;

mz is an integer from about 9to 11;



cx is either 1 or 2; ax+cx=2; bx is an integer ranging fromabout 10 to
12; or (2) A borane or carborane or a neutral borane or carborane conpound
satisfying the general forrmula: [(CH ay(BH) ny(H) by]cy- wherein: ay is an

integer froB.thiosssss Dby is an integer fromO to 3; cyedrasatsioddssger from O
to 3; ay+by+cy=4; ny is an integer fromabout 9 to about 18; or (3) A

net al | aborane or netal | acar borane ani on cat i sfying the foll ow ng general

f or mul a: [[[(CI—l)az(BI—I)rrz(H)bz]cz-]2|th+1dz- wherein: az is an integer fromoO
to 2; bz is an integer fromO to 2; cz is either 2 or 3; nz is an integer
fromabout 9 to 11?%42994/40 25 PCT/ US2003/ 040852 40 az+bz+cz=4; and nz
and dz are, respectively, 2 and 2 or 3 and 1. [001391 Illustrative, but not
limting, exanpl esnz¥ndV€asniespectively) Liakel2 orGaamiddr anes such as dodecabor at e,
decachl or odecaborate, dodecachl orododecaborate, | -carbadecaborate,

1- car badecaborate, 1- trinethylsilyl- | -carbadecaborate; Borane and

carborane conogz®s andilfsative, dlit ANidieng BghnGAES VIO AR Hofude:
carboranes such as dodecaborate, decachlorodecaborate,
dodecachlorododecaborate, 1-carbadecaborate, 1-carbadecaborate, 1-
trimethylsilyl-1-carbadecaborate;

Borane and carborane complexes and salts of borane and carborane anions
such as decaborane(14), 7,8-dicarbadecaborane(13), 2,7-
dicarbaundecaborane(13), undecahydrido-7,8-dimethyl-7,8-dicarbaundecaborane,
6-carbadecaborate(12), 7-carbaundecaborate, 7,8-dicarbaudecaborate; and

Metallaborane anions such as bis(nonahydrido-1,3-
dicarbanonaborato)cobaltate(IIl),  bis(undecahydrido-7,8-dicarbaundecaborato)
ferrate(I1I), bis(undecahydrido-7,8-dicarbaundecaborato) cobaltate(III),
bis(undecahydrido-7,8-dicarbaunaborato}  nickelate(IIT), bis(nonahydrido-7,8-
dimethyl-7,8-dicarbaundecaborato)ferrate(IIT), bis(tribromooctahydrido-7,8-
dicarbaundecaborato)cobaltate(IIT), bis{undecahydridodicarbadodecaborato)
cobaltate(IIT) and bis(undecahydrido-7-carbaundecaborato) cobaltate(III).

[00140] The WC anion compositions most preferred for forming the
catalyst system used in this process are those containing a trisperfluorophenyl
boron, tetrapentafluorphenyl boron amion and / or two or more
trispentafluorophenyl boron anion groups covalently bond to a central atomic

molecular or polymeric complex or particle.

Cationic component

[00141] In various preferred embodiments of this invention the WC anion is
combined with one or more cations that are selected from different classes of

cations and cation sources.



such as decaborane(14), 7,8-dicarbadecaborane(13), 2,7-

di car baundecabor ane(13), undecahydri do-7, 8-di net hyl -7, 8-di car baundecabor ane,
6- car badecabor at e(12), 7- car baundecabor at e, 7, 8- di car baudecabor at e; and

Met al | abor. 8o )3'5 ns such as bi s(nonahydrido-1, 3- PCT/US2003/040852

di car banona oratd@cobaltate(lll), bi s(undecahydri do- 7, 8- di car baundecabor at 0)
ferrate(ll1), bis(undecahydrido-7, 8-di cgrbaundecaborato) cobaltate(lll),

bi s(undecahydri do- 7, 8- di car baunabor at o) 'ni ckel ate(l11), bis(nonahydri do-7, 8-
di et hyl - 7, 8- di car baundecaborato)ferrate(l11), bis(tribronooctahydrido-7, 8-
di car baundecaborat o) cobaltate(l11), bis(undecahydri dodi carbadodecabor at 0)
cobaltate(ll1) and bi s(undecahydri do-7-car baundecaborato) cobaltate(lll).

[ 001401 The Vip0ad4djon cBoaegréfemabclasssargr eferred for form ng the catal yst
systemused in this . process are those containing a trisperfluorqgphenyl

boron, tetrapentaft¥or ¥ 9?“?%115‘?‘“8{: ansition o gtal g?mft’l%esoran%fl@va“ees

tri spentafl uorophenyl Rpgedt ani on groups covalently bond to a central atomc
mol ecul ar or polyneric conmplex or particle. Cationic conponent 100141] In
various preferred @bodi abstituted carbpgation whess ¢ampositien Wrepriserted By theonbi ned
with one or nore cationg,that are selected fromdifferent classes of

cations and cation sources. WO 2004/ 058825 PCTI US2003/ 040852 41 [001421
Sonme preferred classes are: (A) cyclopentadienyl transition netal conpl exes
and derivatives thereof. (B) a substituted carbocati on whose conposition is
represented by the formula: RI R2 +-EB wherein RI, R2 and R3 are hydrogen,
al kyl, aryl, aral kyl groups or deriRg%Evesg

wherein R{, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably Cq to C3 alkyl, aryl, aralkyl groups or derivatives thereof;

(C)  substituted silylium; preferably those represented by the formula:

it
RFSI—R,
wherein Ry, Ry and Rj3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C1 to C3q alkyl, aryl, aralkyl groups or derivatives thereof;

(D) compositions capable of generating a proton; and
(E) cationic compositions of germanium, tin or lead, some of which are

represented by the formula:

1

R;—R* —R,

wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C to C3¢ alkyl, aryl, aralkyl groups or derivatives thereof, and
R* is Ge, Sn or Pb. |



thereof, preferably C1 to C30 al kyl, aryl, aral kyl groups or derivatives
thereof; (C) substituted silylium preferably those represented by the
formula: Rl 2 Si -R3 wherein RI, R2 and R3 are hydrogen, al kyl, aryl,

ar al kyl gr‘gaegﬂwgssg@ri vatives thereof, preferably O tpr1aRR0mlokoskz aryl,
aral kyl groups or derivatives thereof; (D) conpositions capabl e of
generating a proton; and (E) cationic c&{"rpositi ons of germanium tin or

| ead, some of which are represented by the formula: 11 RR-R 2 + 3
wherein RI, R2 and R3 are hydrogen, al kyl, aryl, aral kyl groups or

derivatives h . C30 al kyl, aryl, aral kyl groups or
derivatives the*r—go%he—anf]—M%% , VAL 95'& or Pb. WD 2004/ 058825

PCT1U52003/ 040852 42 A. Cycl opentadi enyl Metal Derivatives [00143]
Preferred cyc t adi transjtion.netal derivatives .ingclude ransition
metal s t hat at@giﬁrmnp-eé%%fr d ‘i?’rcioP?I?tgd-‘e i/i# AR JaFeh “&”é’r"Fﬁla’(’t“_fl\}‘g of a
group 4, 5 Or rnsttfoankthlsQRat RS @l moddL SHigr GHatiy- &yclopeRmaiey] ARAAAR T |

(Mono-Cp) or bis-cycl opentadienyl (Bis-Cp) group 4 transition netal

conposi t i ons, SopRAt P ©YI6Eanyitign metal oprpigrablit # menpwielopentadienylidvlenmBRsi t i ons.
00144] Prefe . i er i [ o] :that may be

E:onbi n!ad W t hsﬁquﬁﬁ%@%%gr&%}len tﬁ%é-gﬂi oéﬁ@ar%e'?g%iﬁ%ée%%ﬁ E?/ﬁ? ﬁ%u‘%l(g)’l | ow %g

formul ae: , (Aps&fiyuledya zirqoAiudp tikdpiym oxdpefnium compositions.

[00144] Preferred cyclopentadieny! derivatives (cation sources) that may be
combined with weakly-coordinating anions are represented by the following
formulae:
(A-Cp)MX;t.
(A-Cp)ML*;
™
Y—M"

|
CpR



Y-1 I CpR WD 2004/ 058825 PCT/ US2003/ 040852 43 (5 HS-Y-x Sx) (A') y M+ X
ORY (z-1-y) ;and (C5HSS-Y-xx) M R/ \\ XY wherein: (A-Cp) is
either (Cp)(Cp*) or Cp-A -Cp*; Cp and Cp* are the sane or different

cycl opent agih99¥sloskgasds substituted wth fromzero to fpyguSURRUbdszEnt
groups S, each substituent group S being, independently, a radical group
which is a hydrocarbyl, substituted-hydgpcarbyl, hal ocarbyl,
substi t ut ed- hal ocar byl , hydrocarbyl -substituted organonetall oid,
hal ocar byl - substituted organonetal |l oid, disubstituted boron, disubstituted
pni ct ogen, substituted chal cogem or hal bgen radicals, or Cp and Cp* are
cycl opent adi enyl rings in whic §ﬁ§/'°‘t adj acent S groups are joined formng
a C4to C0ring to give a gaturated unsat urated pol ycyclic
cycl opentadi enyl ligangi'R,is a substituegt on one of the cycl opentadienyl
radi cal s which is al so boncHe\S\lto t he netal om A is a bridging group,
whi ch group nay serve to rest™ ct rotagfon of t %{Cp

Y

R (1 y)  and

wherein:

(A-Cp) is either (Cp)(Cp*) or Cp-A'-Cp*;

Cp and Cp* are the same or different cyclopentadienyl rings substituted
with from zero to five substituent groups S, each substituent group S being,
independently, a radical group which is a hydrocarbyl, substituted-hydrocarbyl,
halocarbyl, substituted-halocarbyl, hydrocarbyl-substituted organometalloid,
halocarbyl-substituted organometalloid, disubstituted boron, disubstituted
pnictogen, substituted chalcogen or halogen radicals, or Cp and Cp* are
cyclopentadienyl! rings in which any two adjacent S groups are joined forming a
C4 to Cpq ring to give a saturated or unsaturated polycyclic cyclopentadienyl
ligand;

R is a substituent on one of the cyclopentadienyl radicals which is also
bonded to the metal atom;

A'is a bridging group, which group may serve to restrict rotation of the Cp
and Cp* rings or (CsHs.y xSx) and JR'(z.1.y) groups;

M is a group 4, 5, or 6 transition metal;

yisOor 1;

(CsHjs_y-xSx) is a cyclopentadieny] ring substituted with from zero to five
S radicals;

x is from 0 to 5 denoting the degree of substitution;



and Cp* rings or (CoH5-y-xSx) and JR (z-1-y) groups; Mis a group 4, 5, or 6
transition netal; vy is O or 1; (C5H5-y-xSx) is a cycl opentadienyl ring
substituted with fromzero to five Sradicals; x is fromO to 5 denoting

t he degr equP F@Eg tution; WD 20041058825 PCTI US2003/ @p4qHm3003A40s8R (z-1-Y)
I's a heteroa I'gand in V\/mch J is a group 15 elenent with a coordination
nunber of three or a group 16 el enent th a coordination nunber of 2,
preferably nitrogen, phosphorus, oxygen or sulfur; R' is a hydrocarbyl

group, preferably an aI kyI group; X and Xl are independently a hydride

di |, hyd | d | byl
 adi cal | sﬁbéi’??Lt HAD S & HeterdAS el WIS BOPERYD 15l widl3' 0027Y
hal ocar byl - aﬁ%ﬁéﬁoﬁ bRRBOMRdeA: | Oug @ébﬁﬁlem v%mbatcbs tu?%ﬁ]pn Rl érogen

radi cal, or substitute chalco en radlcas IS an O |olef|n or
aryne | i gand, oftd, peeferably mittogem QSMOXBMW5D1ded| tional cycl opent adi enyl

conpounds that mayy,b | r escribed in U S. Patent

Nos. 5, 055, 438, 5,27 aﬁ@cﬁﬁlﬁ&%gfe?&%y%%% > which are incorporated
by reference hereiX.afd XJubmt independerdhyr bolm;ainﬂermdlbﬁl()]lﬁﬂjoc&rbgt hedicalr ef erred

source for the cation is substituted carbocations. Preferred exanples

i ncl ude subst m&teﬂﬁwﬂw&ﬁbﬂﬂe@ﬁdsbﬂo@wﬂ)mm spbstittitech halpoarbyRzadial3 wher ei n.
R, RR and R3 | , n " cyclic

ar omatic or a?tﬂ{)ﬁ’df qﬂﬁr gﬁlggﬁ"h (}’ %@ted%&ﬂtohm@ darragirr%t g‘(I;:.[’S:rﬂ)l"glil I phatics
group, provi dpdctb@ﬂtradlnddyombstﬂted%haldﬁ@emdil@ﬂsmﬁ be hydrogen. In a

preferred embodi npot, 906, Goulfior Badlighi, & SadhmT SfSLLEY 2r ot i 8

[00145) Additional cyclopentadienyl compounds that may be used in this
invention are described in U.S. Patent Nos. 5,055,438, 5,278,119, 5,198,401 and
5,096,867, which are incorporated by reference herein.

B. Substituted Carbocations

[00146] Another preferred source for the cation is substituted carbocations.

Preferred examples include substances that are represented by the formula:

wherein R, Ry and R3 are independently hydrogen, or a linear, branched or
cyclic aromatic or aliphatic groups, preferably a C{ to Cpq aromatic or aliphatics
group, provided that only one of R}, Ry or R3 may be hydrogen. In a preferred
embodiment none of Ry, Ry or R3 are H. Preferred aromatics include phenyl,

toluyl, xylyl, biphenyl and the like. Preferred aliphatics include methyl, ethyl,
propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl, dodecyl, 3-methylpentyl, 3,5,5-
trimethylhexyl and the like. In a particularly preferred embodiment, when Ry, Rp

and R3 are phenyl groups, the addition of an aliphatic or aromatic alcohol

significantly enhances the polymerization of isobutylenc.



toluyl, xylyl, biphenyl and the like. Preferred aliphatics include nethyl,
ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl, dodecyl,
3- et hyl pentyl , 3 5,5- trinethyl hexyl and the like. In a particularly
preferred ﬁHQ MRd ., when R, R2 and R3 are phenyl grrogpszodshessddi tion of
an aliphatic or aronatrc al cohol significantly enhances the pol ynerization
of isobutylene. WO 2004/058825 PCT/ US20Q3/ 040852 45 C. Substituted
SilyliumCations [00147) In another preferred enbodi nment, substituted
silylium conpositions, preferably trisubstituted silylium conpositions are
conbined with WCA's to polynerize nononers. Preferred silyliumcations are
those represented by the fornula: RL R2-Si R3 wherein RI, R2 and R3, are
i ndependent | yChfubstitgted Silylium Qatipsar , br anched or cyclic aromatic or
aliphatic group, with the proviso that only one of Rl, R2 and R3 may be
hydrogen. Preferably, none of Rl, R2 and R3 are H. Pref erably, R R2 and R3
ar ef ingependmlaﬂ] a Ch t andtd agmfmﬁegc an@cliinﬁdﬂatimbgitaFﬁk) dilyliem
preferably, Rl e .i ndepe n a a rQup.
Exanpl es of u%‘E‘FRﬂS‘t‘QF‘% rPé‘Pl?g’@ B@ﬁggﬁgfﬁ%@“’éépm%ﬂoqs%% é‘”ﬁ‘?
consi sting of waea poljiéride monbinéts. Pacterrétl SRBINN|catidRrd Bl lep@seiicdp! es of
useful aliphatic rouﬁ)s may be selected from the group consisting of
met hyl , ethylb yrbp%mn aputyl, pentyl, hexyl, octyl, nonyl, decyl, dodecyl,
3- rrethyl pentyl and 3,5,5-tri rrethyl hexyl A particul arly preferred group of
reactive substituted silyliumcations nmay be selected fromthe group
consisting of trimethylsilylium trrd{lflrylsrlylrum and
benzyl di methyl silylium 100148) For di scussion of stable fornms of the
substituted silyliumand synt hﬁgr s t freo see F.A. Cotton, G WIkinson,
Advanced | norganic Chem stry, Sons, New York 1980. Likew se
for stable forns of the cationic ti n ger mani um and | ead conpositions and
synt hesis thereof, see Dictionary of

wherein R;, R; and R, are independently hydrogen, or a linear, branched or cyclic

aromatic or aliphatic group, with the proviso that only one of R;, Rz and R; may
be hydrogen. Preferably, none of R;, R, and R3 are H. Preferably, Ry R; and R;3
are, independently, a C, to Cyy aromatic or aliphatic group. More preferably, R;,
R; and R; are independently a C, to Cs alkyl group. Examples of useful aromatic
groups may be selected from the group consisting of phenyl, tolyl, xylyl and
biphenyl. Non-limiting examples of useful aliphatic groups may be selected from
the group consisting of methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl,
decyl, dodecyl, 3-methylpentyl and 3,5,5-trimethylhexyl. A particularly preferred
group of reactive substituted silylium cations may be selected from the group

consisting of trimethylsilylium, triethylsilylium and benzyldimethylsilylium,

[00148] For a discussion of stable forms of the substituted silylium and
synthesis thereof, see F.A. Cotton, G. Wilkinson, Advanced Inorganic Chemistry,
John Wiley and Sons, New York 1980. Likewise for stable forms of the cationic
tin, germanium and lead compositions and synthesis thereof, see Dictionary of

Organometallic compounds, Chapman and Hall New York 1984.



Organonetal i ¢ conmpounds, Chaprman and Hall New York 1984. WD 2004/ 058825
PCT/ US2003/ 040852 46 D. Conposition Capable of Generating a Proton [00149]

A fourth source for the cation is any conpound that will produce a proton
when conbi the weakl y- coordi nating ani on or a @OIVSIU0B/4D852
cont ai ni néﬂg y coordi nati ng anion. Protons may be generated fromthe

reaction of a st abl e carbocation salt which contains a weakl y-coordi nating,
non- nucl eophilic anion with water, alcohol or phenol present to produce the
proton and the correspondi ng by-product, (ether in the case of an al cohol
or phenol and). @bhiphtion Caphble of:gagerg{ng\&qir%), Such reaction may be preferred
in the event That the reaction of the carbocation salt is faster with the
protonated additive as conpared wth its reaction W|th the olefin. Oher
prot on gener reac | the |ike.
Simlar chematgq ?lgla a@gﬁ? gafiléc;%g%%ﬁééslislaﬁ%lﬂ? )(/i tgat?gﬁg ydé@p 9 In a
parti cul arl y pooted eavheadcomﬂmmlll wﬁht&eMmMyﬂoprcE&MgchnR& are cqn’qmmyibngr oups,

the addition of an ali ic 0 omat i c g{ ohol H)gnl fic nhances the

pol yneri zat i &R AigyInes g3 ye‘f?é’r‘{"[‘%ﬁgﬂo An EBEEY eg‘ﬁt €a proton

conpri ses corrbeLcﬁb@gfa stbleUgarbobativn GIOMECK cdiiﬂilﬁé a vitaRlydoeRdidating ! Abnum Wi th
wat er, such as neans of .jn a wet, diluent, in the presence of a Lews

base t hat doé’é“’]ﬁ%ﬂh‘h%*l"é?qmwef telcofel| of phenol et to E"B@‘Fi:eége matoBEagdin. 1t has
been observedpd ta@&espgklfaﬂn %Y\scﬁctbq.éme in ﬁl:'%@%f a8 ORcn¥] epghedof aRfesent wth

the group 1 or the ter, a proton is generat In a preferred
enmbodi ment t rdcoheldh e easpotivaian) ﬁgctemwnnwyéaesmefemcbmdh@ event thhtethe wet "

s added.  ACTORon REe VEPSRRRGE i APl B B0 S Bty 7 T
Conpounds [ OG#ifhlis rebatioywitlt tha slefino m)thmtpadton: péricautitig (réaothnts)inciade thinls; onbi ned

gnzgnggungm | V%ox)?l}caallc sE za.tlui1 thgtlikle.eg latrmﬁexyu\%%les mayfblerrce}lng;? ! htﬁ%ﬂgd?mltl 0 combine

type catalysts. In a particularly preferred embodiment, when Ry, Ry and R3 are
phenyl groups, the addition of an aliphatic or aromatic alcohol significantly

enhances the polymerization of isobutylene.

[00150] Another method to generate a proton comprises combining a group
1 or group 2 metal, preferably lithium, with water, such as by means of in a wet
diluent, in the presence of a Lewis base that does not interfere with
polymerization, such as an olefin. It has been observed that when a Lewis baee,
such as isobutylene, is present with the group 1 or 2 metal and the water, a proton
is generated. In a preferred embodiment the weakly-coordinating anion is also
present in the "wet" diluent such that active catalyst is generated when the group 1
or 2 metal is added.

ACTIVE CATALYST SYSTEM

A. Cyclopentadienyl Transition Metal Compounds

[00151] The Cp transition metal cations (CpTm™) can be combined into an

active catalyst in at least two ways. A first method is to combine a compound



WO 2004/ 058825 PCT/ US2003/ 040852 47 conprising the CoTmt with a second
conpound conprising the WCA- which then react to form by-product and the
active "weakl y-coordi nating"” pair. Likew se, the CoTm+ conpound nay al so be
directly crpbofiadsgssth the WCA- to formthe active cat ap¢isiis2605Ru6852
Typically the WCA is conbined with the cation/cation source in ratios of 1
to 1, however ratios of 100 to 1 (Cme+,}o WCA) also work in the practice
of this invention. [00152] Active cationic catalysts can be prepared by
reacting a transition netal conpound with sonme neutral Lewi s acids, such as

B( C6F6) 3n, whi ch ypon tion wth a dro able.lig %(% of the
transition mefpP %%%n@paflﬂrﬁ‘gthaﬁ se‘%?ﬁflc?ﬁmpg c‘%prtsf“ﬁ( 2\3’ el whi ch
stabilizes thehepatda@nits fobANBY-bioAlctTBAR! the SREGE CSwelRNUoodRthtiRY" thag, reaction.
[ 00153] A novel aspect of this invention is the active car bocatl oni c

cat al yst cor’rmhlemsdother(:p'hnf compmind mehyvdisoche dissetlp eombined switht thel WAt he
G Vg Ort- - COMIRCRY detes satsystphfin. fgpicaliothe) Y hcineonbbehin 4 cor wo
20041058625 P LSARRLAIEERZ Pt § G RMSR o 0 6 iR 19

- CH2- CG&Zi NCA-

WCA) also work in the practice of this invention.

[00152) Active cationic catalysts can be prepared by reacting a transition

metal compound with some neutral Lewis acids, such as B(CgFg)3p, which upon
reaction with a hydrolyzable ligand (X) of the transition metal compound forms an
anion, such as ([B(CgF5)3(X)]"), which stabilizes the cationic transition metal

species generated by the reaction.

[00153] A novel aspect of this invention is the active carbocationic catalyst

complex which is formed and which can be represented by the formulae:

(A-Cp)l\I/I--(--CHZ-—CGZ-—)g-—CHZ—-CG2+WCA'
Xi

(A—Cp)l\l/I-—(--CHz—-CGz--)g--CH2--CG2+WCA'
L

Cp*
Y—I\I/.[--(--CH2--CG2——)g--CH2-—CGz+NCA'
CpR



(C5H5-y-x SX) M (CH2-C&X2-)g -CH2-C&R+NCA- R' Xy wherein each Gis

i ndependently hydrogen or an aromatic or aliphatic group, preferably a d
to C100 aliphatic group, and g is an integer representing the nunber of
nonomnmer u@6§0w§;9{1500r ated into the grow ng pol yner chaicrusguoss4085er ef er abl y
a nunber greater than or equal to 1, preferably a nunber from1l to about
150, 000. WCA- is any weakly-coordinating anion as described above. All

ot her synbols are as defined above. [001541 I n another enbodinment this
invention also provides active catal yst conpositions which can be
represented by the formulae: (A-Cp) WCA-+M-(--CH2--CRXR2--)g--CH2-C&xR Xl
(A-Cp) WD 2004/ 058825 PCT/ US2003/ 040852 49 WCA-
+|\/+-(-CI—I2--CGZ--)g--CI—IZ--CQ@;S . 8%y VCAT +M-(--CH2--CX--)g -CHZ--C&X OCpR
Y (C5H5-y-x Sx) [/ \NCA"(/)y ( -C&xR-)g -CHZ-C&x TR (z-1-y) Xy XY
and

(Ay /M —— (CHy-CGy-)g -CH,-CG, "NCA”

R z1) X,

(CsHs.yx S)
\M

—— (CHp-CGy-)g -CHp-CGy 'NCA™

/

R
Xy

wherein each G is independently hydrogen or an aromatic or aliphatic group,
preferably a Cy to Cjoqp aliphatic group, and g is an integer representing the
number of monomer units incorporated into the growing polymer chain, g is
_ preferably a number greater than or equal to 1, preferably a number from 1 to

about 150,000. WCA- is any weakly-coordinating anion as described above. All

other symbols are as defined above.

[00154] In another embodiment this invention also provides active catalyst

compositions which can be represented by the formulae:
(T&-Cp)
WCA" *M-~(--CHp--CGp-)g~CHp-CG3 ;
X1

(A-Cp)



(C5H5-y-x Sx) \ NCA" Mk- (CH2-CR2-)g -CHZ- & R' Xr wherein each Gis

i ndependently a aliphatic or aromatic group, preferably a C1 to C100

al i phatic or aromatic group, and g is a n integer representing the nunber of
MONONer UnjoSoebdifsgzp0r ated into the grow ng pol ymer chap@gyshodsioadsef erably a
nunber greater than or equal to 1, preferably a nunber from1l to about

50, 000. WO 2004/ 058825 PCT/ U82003/ 04085 50 WCA- is any weakl y-coordinating
ani on as described above. Al other synbols are as defined above. B.
Substituted Carbocation and Silylium Conpounds [00155] Ceneration of
trisubstituted carbocatiions and silyliumcations may be perforned before
use in the polynerization or in situ. Pre formation and isolation of the
cation or the Stab“ﬂj&a‘tMQ(l.@H&l@G?ﬁ RCxPpl i shed by reacting the

al kali or alkaline earth netal  sal t he Iweakl y-coordinating anion wth
the correspondi ng hal ogen of the potential' carbocation or silylium
simlarly to methods known in the art. Fodmation of the substituted
carbocations or silylium in situ occurs in a simlar nmanner to stable

salts, but within the vessel g at the desired tenperature of

pol ymeri zation. The advantage[of the latter procedure is that it is capable
of producing carbocationgy@® _y__ ORS jse too unstable to be
handl ed by the first mathdA %neg}r2 }? dor to the cationis

typically used in 1 to 1 rati R/\nth t he V\CA howev r ratios of 1 to 100
(C+ or Si+ to WA) also work in the practice of thisg invention. [00156] A
novel aspect of this invention is the active carbocationic catalyst conplex
which is formed and which can be represented by the formilae: R R

CH2- C&) g CH2- C&+ NCA-

(CSHS-y-x S )
/ NCA'
(A!)y / \(CHZ CG,- )g ~CH,-CG,
IR (z-1.y) %y
; and
(CsHs.y.x Sx)

NCA’
M'—— (CH,-CGy-)g -CHp-CG,

/

R'I Xy
wherein each G is independently a aliphatic or aromatic group, preferably a Cy to

C100 aliphatic or aromatic group, and g is a n integer representing the number of

monomer units incorporated into the growing polymer chain, g is preferably a

number greater than or equal to 1, preferably a number from 1 to about 50,000.



R2 wherein each Gis independently hydrogen or a hydrocarbyl group,
preferably a Cl to Cl00 aliphatic group, and g is a n integer representing
t he nunber of nononer units incorporated into the growi ng pol yner chain, g
is preferafl er greater than or equal to 1, pr ds/03083! Mber from
1to abouf&?\éﬂe‘ﬁ’ﬁgﬁgbv\o 20041058825 PCTI US2003/ 040852 gﬁ@fv\[%%b i's any

weakl y- coordi nati ng ani on as descri bed ove. Al other synbols are as

defi ned above. 100157] Yet another novel™ aspect of this invention is the
active carbocationic catalyst conmplex which is fornmed and which can be
represented b the formulae: ti R2 S - (CH2-CX)g-CH2-CXR+ NCK R3

wher ei n each é’@é isrpay pEsskibyrrocydingpag sgion as desgribed phivat i All othen symbals ¢ group,
preferably a %eats‘aeﬂeg%b%é phatic group, and g is a n integer representing
the nunber of nononer units incorporated into the grow ng polyner chain, g
Is preferably a nunber greater than or equal to 1, preferably a number from
1 to about 150 gO. WCA- / oor di r&ati ng anion as described
above. Al othd Sl B BB Ge, Sh, Pb [00158] In
addition cationic corrp05|t|ons of germanium tin or |lead, nay be used in
conmbi nation with the WCA's described herein, Preferred conpositions include
t hose whi ch al®18lr eseHensertion of frsubghitpigd sarbpeptioppand:silyfigm\qationsonan 58825

PCT/ US2003/ 04%§%rfoéged before use in the polymerization or in situ. Pre-formation and
isolation of the cation or the stable cation salts may be accomplished by reacting
the alkali or alkaline earth metal sait of the weakly-coordinating anion with the

cotresponding halogen of the potential carbocation or silylium similarly to

methods known in the art. Formation of the substituted carbocations or silylium
in situ occurs in a similar manner to stable salts, but within the vessel and at the
desired temperature of polymerization. The advantage of the latter procedure is
that it is capable of producing carbocations or silylium cations otherwise too
unstable to be handled by the first method. The cation or the precursor to the
cation is typically used in 1 to 1 ratios with the WCA, however ratios of 1 to 100

(C* or Si* to WCA) also work in the practice of this invention.

[00156] A novel aspect of this invention is the active carbocationic catalyst

complex which is formed and which can be represented by the formulae:

R,

R i {CH,~CGy)g~CH,~CG," NCA’
Ry

wherein each G is independently hydrogen or a hydrocarbyl group, preferably a
Cq to Cyqp aliphatic group, and g is a n integer representing the number of

monomer units incorporated into the growing polymer chain, g is preferably a

number greater than or equal to 1, preferably a number from 1 to about 150,000.



wherein RI, R2 and R3 are hydrogen, alkyl, aryl, aral kyl groups or
derivatives thereof, preferably d to C30 al kyl, aryl, aral kyl groups or
derivatives thereof, and R* is Ge, Sn or Pb. In a preferred enbodi nent the
R groups are a Cl to Cl10 alkyl, preferably nethyl, etpgtusmpoomgssz or butyl.
Hydr of | uo ML HPHYEE2S [ 00159] Hydrofl uorocarbons are preferably used as
diluents in the present invention, alg e or in conbination with other
hydr of | uorocarbons or in conbination Wwith other diluents. For purposes of
this invention and the clains thereto, hydrofluorocarbons ("RFC s" or
"HFC') are defined to be saturated or. unsatura reag conmpgqunds consi sting
essential |y oVChyd 8FeleakOaPHBHnaling aniqnoas; c,:nbeé O el (Other symbelgast one
carbon, at |egsis fKRRedAtde9en and at |east one fluorine are present.
[00160] In certain enbodinments, the diluent conprises hydrofl uorocarbons
represented by the fornmula: CXHyFZ wherein x is an integer from1l to 40,

al ternativel 1t 0 e i fgro : . ternatively froml
to 10, al te)r/[gélﬁ;)g]el y ]S(regmanfﬂ{e% é&gl %@%‘ﬁat"?v@% 1%1?%1;{:71]95 ?‘J'o tﬁ{) %i &rnati vel y
from 3 to 10,cartebitivnitadatalyst yorfiploxwlichds formed ahd phichean bk yepirésented by 0 3,
wherein y and,z are integers and at |east one. [00161] Illustrative
exanpl es i nclPHETPPES: onet hane: di f1 uoronet hane;  trifl uor onet hane:
fluoroet hane; 1, 1-difluoroethane; 1,2-difluoroethane; 1,1, 1-
trifluoroethane; 1,1,2-trifluoroethape; 1,1,1,2-tetrafl uoroethane; 1,1, 2, 2-
tetrafl uoroethane; 1,1,1, 2, 2-pent af | ¢dr oet hane; 1-fl uoropropane;
2-fluoropropane; 1,1-difl uoropropaneg; 1,2-difl uoropropane;
1, 3-di fl uoropropane; 2,2- difluoroprqgpane; 1, 1, 1 -trifluoropropane;
1,1, 2-trifluoropropane; 1,1,3-_triflyoropro er -t Bl uar,opr opane;
1,2,3-trifluoropropane; 1,1, 122- tet&%FTEbr@%ﬂéﬁgé%?CﬁéJﬂézjNeA
1,1,1,3-tetrafl uoropropane; 1,1, 2, 2-tffetrafl uor opropane;
1,1,2,3-tetrafl uoropropane; 1,1, 3, 3-tletrafl uoropropane;
1,2,2,3-tetrafl uoropropane; WO 2004/R?8825 PCT/ US2003/ 040852 53

3

wherein each G is independently hydrogen or an aliphatic or aromatic group,
preferably a Cy to Cypq aliphatic group, and g is a n integer representing the
number of monomer units incorporated into the growing pelymer chain, g is

preferably a number greater than or equal to 1, preferably a number from 1 to

about 150,000. WCA- is any weakly-coordinating anion as described above. All
other symbols are as defined above.

Ge, Sb, Pb

[00158] " In addition cationic compositions of germanium, tin or lead, may
be used in combination with the WCA's described herein. Preferred compositions

include those which are represented by the formula:

i1

—T) e ——
R2 1;_’}._ R3



, 1,1, 2, 2-pent af | uoropropane; 1,1,1, 2, 3- pent af |l uoropropane; 1,1,1, 3, 3-
ent af | uor opropane; 1,1, 2, 2, 3-pent af | uor opr opane;

, 1,2,3, 3- pentafluoropropane; 1,1,1, 2,2, 3-hexafl uoropropane;

, 1,1, 2, 3,@%@@ ropropane; 1,1,1, 3,3, 3- hexafl uor opp@pa&sasoaoss:2
,1,1,2,2 pta | uor opropane; 1,1,1, 2,3, 3, 3- heptafl uoropropane;

-fl uorobut ane; 2-fluorobutane; 1,1- dlfguorobutane 1, 2- difl uorobutane;
, 3-di fl uorobut ane; 1, 4-difl uorobutane; :5 2-di fl uor obut ane; 2, 3-

i fluorobutane; 1,1,1-trifluorobutane; 1,1, 2 trlfluorobutane

| uoy ob £ | uor obyt fl
{11 SOURBERE v bad o8 MAMBEORIOETE, bbbt b BF SRS

e ek o S oo

o -
— -
e

1,1,1

pent a

1,1,2

1,1,1

1,1,1

1-flu

1, 3-d

diflu

1,1, 3-

1, 2, 3-

1,1,1

1,1,1

tetrafl uor obuRangGelsd of Ph: t B b pkdferaidhutioanifont thelR Jréugsairé 210, UBroRUt ane;
1,1, 3, 4- tetrafluorobutane; 1,1,4,4-tetrafl uorobut ane;

1,2,2,3-tet raalllqabpmfnmﬂylmeﬂm 211 drofyg tor bifitylior obut ane;

1,2,3,3-tetrafl uorobutane; 1, 2,3, 4-tetrafl uorobutane; 2,2, 3, 3-

tetrafl uorobutane; 1,1,1,2,2-pentafluorobutane; 1,1, 1,2, 3-pentafl uorobut ane;
1,1,1, 2, 4- penl—@ﬁlloﬂg&@bﬁb@,{ge 1,1,1, 3, 3-pentafl uorobut ane; 1,1,1, 3, 4-
pent af | uor obutane; I, I, T, 4, 4-pentafl uorobutane; 1, 1,2,2,3

- pent af | uorobut ane; 1,1, 2, 2, 4- pent af | uor obut ane;

1,1, 2,3, 3-pen or ob r

1,1,3,3,4- pen!@?#ﬂor ob%gtﬁ%ﬂu% %‘%m%aé‘g entp‘{z‘i)?st lﬁ%é?o%%g@gm the present

1, 2, 2, 3, 4- peninyEhtiom; otdomeary; i, c:bmerLatlQI;L thxaﬁbmdxydtnd&uamarbonsl ot, i 2, 4-
hexaf | uor obut an 1,1 3- For obut ane

I, 500 a: neRardsPoRR e oG, | PG SSA e s imvention,ppd e clgims;

i, i i j 2 zal;lﬂiéﬁﬂfttlﬁmyﬁﬁ)zbfmordbarboﬁs @'J—B?Cﬁzb" 3dﬂgﬂﬁﬁwﬁm§@% be saturated or
,1,1,4,4, exaf | uor obut ane; 1, ex uor obut ane;

1,1, 2, 2,3, 4- hERSHAIRIET GRANPOIAES canist% QSS&ntzFHHeefgimd{Raewﬂr%ﬁveandlﬂaor@ee 3, 4-
hexaf | uor obu tﬁfb%lde& tHat 4t Radt cﬂlerb’é%%ﬁ,l P98 HeAArogen and at least one fluorine

1, 2,2, 3,3, 4-hexafl uorobutane; 1, , 2,2, 3, 3- hept af | uor obut ane;

1,1,1, 2,2, 4, 4areapesantt uor obut ane; 1 1 1,2,2,3,4- heptafluorobutane; 1, 1,
1, 2, 3,3, 4-hept af | uorobut ane; 1,1,1, 2, 3,4,4- heptafl uorobut ane;
1,1,1,2,4,4,4-hept af |l uorobutane; 1,1,1,3,3,4,4- heptafl uorobutane; 1, 1,
1,2, 2, 3, 3, 4- ofdtabojuor obint certein embhdﬂne&tszma daLudnt coatpeifésuigdoiflubararbods 1,
1,2,3,3,4,4-octafl

represen ed %buhlanﬁ)nnul'al Cl HZF Whérelh x is an integer from 1 to 40,
alternatively from 1 to 30, alternatively from 1 to 20, alternatively from 1 to 10,
alternatively from 1 to 6, altematively.ﬁ‘om 2 to 20 alternatively from 3 to 10,
alternatively from 3 to 6, most preferably from 1 to 3, wherein y and z are integers

and at least one.

[00161] Hlustrative examples include fluoromethane; difluoromethane;
trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-difluoroethane; 1,1,1-
trifluoroethane; 1,1,2-trifluoroethane;  1,1,1,2-tetrafluoroethane; 1,1,2,2-
tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-fluoropropane; 2-fluoropropane;
1,1-difluoropropane; 1,2-difluoropropane; 1,3-difluoropropane; 2,2-
diﬂuoroproiaane; 1,1, 1-trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-
trifluoropropane;  1,2,2-trifluoropropane;  1,2,3-trifluoropropane;  1,1,1,2-
tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane;
1,1,2,3-tetrafluoropropane; 1,1,3,3-tetraflucropropane; 1,2,2,3-tetrafluoropropane;



oct afl uorobutane; 1,1,1,2,3,4,4,4-octafluorobutane; 1,1,1,2,2,3,3,4,4-
nonaf | uor obut ane; 1,1,1, 2, 2, 3, 4, 4, 4- nonaf | uor obut ane;

1-fluoro-2-net hyl propane; 1, 1-difl uoro-2-nethyl propane;

1, 3-di fluoro-2- g@%ﬁyl propane; 1,1, 1-trifluoro-2 WO 2004c9hR8805040852

PCTI Us2003Y@ %84 54 et hyl propane; 1,1, 3-trifluoro-2-nethyl propane;
1,3-difluoro-2- (fluoromethyl)propane; 4, 1,1,3-tetrafluoro-2-nethyl propane;
1,1, 3,3-tetrafl uoro-2- nethyl propane;
1,1,3-trifluoro-2-(fluoronethyl)propane; 1,1,1, 3, 3-pentafl uoro-2-

met hyl propaneg; 1 125, ro- 21 (4l uerg ane; .

1,3-tetrafl uglr’lcig.’%’Eh %%%ggggh@ﬁ) pr ogéf}é%ﬂyﬁ'%%é%%ﬂ%t ane; ll’!L}’Bf

- di f | uor ocyclpsblaflacrepropar®; 1dl,223epentafiobropropares ; 1,1,2,3;3dpdnkaflmompyophasdyut ane;

1,1,2-trifluogy lpbutgne: 1.1 3- trij rocygl obut ane;

1,2, 3-tifl uo?log%%ogﬁ?‘%ﬁ‘é‘?mﬁf’?,’“& 2-t i’&ﬁﬁaﬁ%‘ WrORsgPge;  1,1,1,3.3,3-

1,1, 3, 3-t exaftensmpespebpalet ane; 111,ﬂ,2,2,323-§[rag]nbﬁ)fptdyaﬁ@,cycl ohutpme33l, 1, 2, 3, 3-
e

pent af | uor ocycl ohutane; 1,1, 2,2, 3, 3-hexaf | uorocycl obut ane; 1,1, 2,2, 3, 4-
hexaf | uor ocydicBBiiuerpropane)  b-fiyorpbitane;, 4rilugmbytaps| dplrdiflverobutane;> 12-3 3, 4-

nept af | vor ocyghaRuANR; 1NGNhbiaRS | RAKRRTo:aAH:: 20Lidithiil yries of

unsaturated FIFC s described below "Particul arly preferred S ncl ude
di f | uor onet hadifnorobitdriey byl dnisifluarebutans; 11, H2-tifluoradwtingn &,1,34rifludrobutane;

trifluoroeth Y Aoy t hane,,_ 1 1.2-t atd uoroet hane, ,[,00162]
[llustrati veaf(;ggr%ﬁfl‘écgg%u?arﬁ%hsatli?r‘zaﬁlglgmf%'? P uol‘r?ia%i‘#%‘b"ﬁ%"‘i%t ud«]:\’3’3\7i nyl
fluoride; 1, ltritublobtaeet harme3-triflidrabutdne:or ogl,h2rtetraffuoiobitdnef | uplagt hene; 1-

f I uor opr opene, 1-difluoro pene; 1.2-difl uagropropene;
1, 3-di fl uor o&%%bﬂ@%“mﬁ?;s-ldﬁﬁﬁﬂf@m wARe; é’,lé%f) BerebERse bl 2,3-

1,1, 2-trifl uopRanRRMIRNe;1 111, B4-téthdtfubiéBhaRY; OPE NS tedraBuctobithdel UPT GRL OPENE;

1,3,3-trifluoropropene; 2, 373 trifl uor opropene; 3,3,3-trifl uoropropene;

1- f | uor o- | - buetaflrorobutang;o rlel4.4ietradiyerobutang; | L3/ 2e3-fetpfluerpbutane; f 1,88ro- | - but ene;

1, 1-di fl uoro- : - lté{féﬁl‘ﬁ' | ne; - A r e;

’ : t ’ - — <

1, 4-di f | uor o- %& ut gr%\’g?anél', é%??l GOr O Pguﬁ%egng’?’sfﬁfﬁgﬁﬁrh%@%@?-Q’g’?]'trsene;

3, 3- di f | uor o-tetriflmombetand, 4-U_l,ﬁ12;i&3pmdﬂubmbenam; 4,14L,H,Bﬁkmtatﬂubr0butame; 1,1, 2-

'&r |2f l?for 0-1- bﬂi,‘f,aﬁl’-pe]ﬁta%lugfo%ﬂtla};elz;uor 0- '1,‘1?155‘,?-&%:;&110%&»41&&11%! fl uorﬂi,ll,-?,,tﬁgt ene,
pentafluorobutane;  1,1,1,4,4-pentafluorobutane;  1,1,2,2,3-pentafluorobutane;
1,1,2,2 4-pentafluorobutane; 1,1,2,3,3-pentafluorobutane; 1,1,2,4.4-
pentafluorobutane;  1,1,3,3,4-pentafluorobutane;  1,2,2,3,3-pentafluorcbutane;
1,2,2,3,4-pentafluorobutane; 1,1,1,2,2,3-hexafluorobutane; 1,1,1,2,2,4-

hexafluorobutane; 1,1,1,2,3,3-hexafluorobutane, 1,1,1,2,3,4-hexafluorobutane;
1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-hexafluorobutane; 1,1,1,3,4,4-
hexafluorobutane; 1,1,1,4,4,4-hexaflucrobutane; 1,1,2,2,3,3-hexafluorobutane;
1,1,2,2,3,4-hexafluorobutane; 1,1,2,2,4,4-hexafluorobutane; 1,1,2,3,3,4-
hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane; 1,2,2,3,3,4-hexafluorobutane;
1,1,1,2,2,3,3-heptafluorobutane; 1,1,1,2,2 4 4-heptafiluorobutane; 1,1,1,2,2.3,4-

heptafluorobutane; 1,1,1,2,3,3,4-heptafluorobutane; 1,1,1,2,3,4,4-
heptafluorobutane; 1,1,1,2,4,4,4-heptafluorobutane; 1,1,1,3,3,4,4-
heptafluorobutane; 1,1,1,2,2.3,3.4-octafluorcbutane; 1,1,1,2,2,3.4,4-
octafluorobutane; 1,1,1,2,3,3,4,4-octafluorobutane; 1,1,1,2,2,4,4,4-
octafluorobutane; 1,1,1,2,3,4,4,4-octafluorobutane; 1,1,1,2,2,3,3,4,4~

nonafluorobutane; 1,1,1,2,2,3,4,4,4-nonafluorobutane; 1-fluoro-2-methylpropane;
1,1-difluoro-2-methylpropane; 1,3-difluoro-2-methylpropane; 1,1,1-trifluoro-2-



—h

uoro-1-butene; 1,2,4-trifluoro-I|-butene; 1,3,3-trifluoro-I|-butene;
trifluoro-1-butene; 1,4,4-trifluoro-I-butene;
trifluoro-|-butene; 2,3,4- trifluoro-1-butene;

tri f‘IvB mlsssgytene 3,3,4-trifluoro-I|-butene; 3, dpclrus2003/040852
u ene 4.4 4-trifluoro-l-butene; 1,1,2,3-tetrafl uoro-I|-butene;
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tetrafl uoro- 1 butene 1,1, 3, 3- %etrafluoro-l-butene;
tetrafluoro-1l-butene; 1,1,4,4-tetrafl uoro-I-butene;
tetrafl uoro-I-butene; 1234tetraf|uoro 1- butene;
tetrafl

4
4-

3-

4- but ene; l, u 1 but : 4 WO
58825 @2%3*040852 1]]533“} i @P”&P PPREL ene NS ihiofs- 4

j tetr atﬂuds%r@cthylhﬁbﬁh& 1,21 37taxﬁ}ubﬁi-2—ﬁ:fethyl}frq:dne,bul,&ﬁetetraﬂuoro-2-
4-
3
4
4,
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tetrafl 2,4, 4 4-tetrafl| uoro-| t ene;
etraft nsoxrane,biﬁgn@ﬂu@oz? -(flugramathylipropane; - ﬁﬁ&p%a@ltaﬂuoro-z-

penhﬁ{]{yzjﬂéﬁhnla, bus gﬁaraﬂﬁoﬂo-f-(ﬁlo‘fﬁmgﬁ;fl aﬁ&ﬂa&l@ Lt 13L}Hﬁ'ﬁﬂﬁm-2-

pent af | o- | - Butene; ["uoro-1"-
enffioreraethy)propinene; ﬂtmrqcynlohutanq@e ntldf-dhﬂn@rgc)rclqhmt@me 122, 3, 3, 4-

l, r enpﬂf#’ ?clmﬁm&be’,I?néﬂaggﬁébﬁa&g’pehl‘?ya#rﬁﬁgpgy?lo% e|’1e1 13-
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3-
4-
4-
uo
4-
, 4- enhﬂfidoumydobuthm; ene,s-tﬂﬂﬁorécyblobutapentlalfz Rmmﬂmeﬂouycﬂmiﬁnane
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4
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4
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p
p
4-
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4-
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&) 4ol eBuegidnahey o S speniatae dthine poldrie -

h
2 &ﬁiﬂdé%o?cl'obthhﬁeene 121 §23,34he4<aﬂ’u&6?@fdbuﬁh@ | - byt eres 4-

hept af [ uor o-1 - but ene; 4- hept af | uor o- | - but ene;

hexpdiperapyclehutans:. but bhe:3 314 hmﬂsorzecwi&bnﬁ*@p{ af | Lb@-3.3.but ene:

I ucz)r g”%@;ﬁﬁugﬁ%cy&%% ?Pﬁjorlgggm%u%gﬁgf 4 qﬁéﬁ%rg@gmbut ene;

| ur o- 2uimatueated HIFQ's 1daserifedu below2- tilarmwe;rly ;prel”emedt HEC's dndud but ene;

rifl uor ene; 1.1 .4-triflu :
o o DRGSR, dafutnthie Dl diforsde) 13 F: Bivoreshane, bt ene:
t et r @zbrefiethatle, Atid €161,2 -fbiriﬂﬂorécth@'&f af | uor o- 2- but ene;

tetrafl uoro- 2- but ene; 1,1,2,4-tetrafl uoro-2-butene;
tetrafluoro-2-butene; 1,1,1, 2, 3-pentafl uoro-2- butene;
4- pe nf[lﬂflkﬂ]or 0- Zﬂﬂbﬁ-ﬁ% ex&mﬂ»}c} ol s RaRteaf hﬂﬁéﬂ’u&a&%&@%clﬁdel 1,4, 4-

uoro-2-butene; 1,1, 2, 3,4-pentafl uoro-2-butene;
. 4, 4- penviyl ljblp@dg 1,1-difluoroethene; 1,2-difluoroethene; 1,1,2-triflucroethene; 1-
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fluoropropene, 1,1-difluoropropene; 1,2-difluoropropene; 1,3-difluoropropene;
2,3-difluoropropene;  3,3-difluoropropene;  1,1,2-trifluvoropropene;  1,1,3-
trifluoropropene; 1,2,3-trifluoropropene; 1,3,3-triflucropropene; 2,3,3-
trifluoropropene; 3,3,3-trifluoropropene; 1-fluoro-1-butene; 2-fluoro-1-butene; 3-
fluoro-1-butene; 4-fluoro-1-butene; 1,1-difluoro-1-butene; 1,2-difluoro-1-butene;
1,3-difluoropropene; 1,4-diflucro-1-butene; 2,3-difluoro-1-butene; 2,4-difluoro-1-
butene; 3,3-diflucro-1-butene; 3,4-difluoro-1-butene; 4,4-difluoro-1-butene; 1,1,2-
trifluoro-1-butene;  1,1,3-trifluoro-1-butene;  1,1,4-trifluoro-1-butene; 1,2,3-
trifluoro-1-butene;  1,2,4-trifluoro-1-butene;  1,3,3-trifluoro-1-butene; 1,3,4-
trifluoro-1-butene;  1,4,4-trifluoro-1-butene;  2,3,3-trifluoro-1-butene; 2,3,4-
trifluoro-1-butene;  2,4.4-trifluoro-1-butene;  3,3,4-trifluoro-1-butene; 3,4,4-
trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-butene; 1,1,2,4-
tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-tetrafluoro-1-butene;
1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-butene; 1,2,3,4-tetrafluoro-1-
butene; 1,24, 4-tetrafluoro-1-butene;  1,3,3,4-tetrafluoro-1-butene;  1,3,4,4-



butene; 1,1,1, 2,3, 4-hexafl uoro-2-butene; 1,1,1, 2, 4, 4- hexaf | uor o- 2- but ene;
1, 1, 1, 3,4, 4-hexafluoro-2-butene; 1,1,1, 4,4, 4- hexafl uor o- 2- but ene;
1,1,2,3,4,4- hexafluoro-2-butene; 1, 1, 1,2, 3,4, 4-heptafluoro-2-butene;
1,1,1,2,4

: 042'604}6533%?“ uor o- 2- but ene; and mi xtures ther agfr/@nehsiomssudi ng
m xtures of Saturated HFC s described above. [00163] In one enbodi nent, the
di luent conprises non-perfluorinated cgnpounds or the diluent is a
non-perfluorinated diluent. Perfluorinated conpounds being those conpounds
consi sting of carbon and fluorine. However, in another enbodi ment, when the

di | uent compriges foplifdle: 1240l ERMIRNI HERARY |56 ASHHAIRN-NRLRHCOTPOUNd.
t and di p

preferably, e catal yst, nononer, l'uent” "3r'e’ present in a single
phase or the 238 dretetaflucond duteosp Rrbhtsetraflmorn- Bbutbhe \3i3,h4-1rafiforb- 1358825

PCT/ US2003/ 040852 the dilue s described i farther dejail, pelow In
anot her enboéi?"ﬁ‘gﬁ , :’S’?ﬁé‘"tﬁ lﬁ’m'ﬂ%i}%ﬁ?’sg’sle%%'g'rﬂegtéﬁ?:?ﬁ)t}r' liﬁ?‘ﬁor ti%r:*b‘g“ns

(CFC s), or thasflueRRPBWBAS CQNUsiticatflutio- Chiterd; nel, 1,58 495enBeuodd car bon.

[ 00164] I n anot her enbodnent, wh hi gher wei ght average nol ecul ar wei ghts

(Mv) (typi cal pueng; éelt?e‘is‘*tpﬁafﬁﬂ%?egwt%, LpAdetpemntiuonesl dutenainl 28,5060 M,
more prefer agéeﬁtmsﬁ-f-hatenel,oc’li,%@,g,4- tafbrodeBitbRe, 53 hallRnAlbient s

I ncl ude hydr uorocarbons 'w i e[ ectric condtant of greater than 10 at
-85C, pref ertaéng; g3kt .drrentafivorad -butenee2 Bk epeditfuoge-ddutene;t had, 428, nore

preferably rt 9, r f erabl Q0 or () n._enbodi ment s
where | ower %ﬁfoé{rlg&glgﬁ h%’g& (31?3 y%lilg’%ﬁf’?mf%tv’\é@% h%ﬂafef’%hﬁ‘aﬁb!?mb “ef erabl y
ljgsls t[]an 5, Offlepeiv, I’ﬂl);Zg!Ig}M-‘héﬂﬂ&?ﬂﬁyl-bl?g&;t hag,z&,%@,@-hh&\?ﬂmfcﬁlﬁaﬁhé;e? th](ca

ielectric co n e | ess r addi n ar.ge nmounts o
initiator or ﬂié%s‘t‘%‘ﬂg’é&é‘ﬂ{o'_' RS hg’gﬁgﬂ’%f"g’ﬂ“ﬁ‘@% hutens:t 1?’35%36‘«/45 10. The
di el ectric comsptaibroof-blifie;di | UEND 36X i heptaBicRb TLtMRGe! I OMINERS YlI4TENT S Of
the capacitance of a 1par all'el -plate capacitor imersed in the diluent

[ measur ed val hgptafimpro-1-hutgng;ef 23ehbb4thepiatiuare-ldbiens:  biflssredthutenes chst ant ER

[reasured val 46, CRlpudRE § B-@idord-TATthe;l "EATHIGH-Y-Bhitdfe; CAl3-difluoro-2-
butene; 1,4-difluoro-2-butene; 2,3-difluro-2-butene; 1,1,1-trifluoro-2-butene;
1,1,2-trifluoro-2-butene; 1,1,3-trifluoro-2-butene; 1,1,4-trifluoro-2-butene; 1,2,3-
trifluoro-2-butene; 1,2,4-trifluoro-2-butene; 1,1,1,2-tetrafluoro-2-butene; 1,1,1,3-
tetrafluoro-2-butene; 1,1,1,4-tetrafluoro-2-butene; 1,1,2,3-tetrafluoro-2-butene;
1,1,2 4-tetrafluoro-2-butene; 1,2,3,4-tetrafluoro-2-butene; 1,1,1,2,3-pentafluoro-2-
butene; 1,1,1,2,4-pentafluoro-2-butene; 1,1,1,3,4-pentafluoro-2-butene; 1,1,1,4,4-
pentafluoro-2-butene; 1,1,2,3,4-pentafluoro-2-butene; 1,1,2,4,4-pentafluoro-2-
butene; 1,1,1,2,3,4-hexafluoro-2-butene; 1,1,1,2,4,4-hexafluoro-2-butene;
1,1,1,3,4,4-hexafluoro-2-butene;  1,1,1,4,4,4-hexafluoro-2-butene; 1,1,2,3,4,4-
hexafluoro-2-butene; 1,1,1,2,3,4,4-heptafluoro-2-butene; 1,1,1,2,44.4-
heptafluoro-2-butene; and mixtures thereof and including mixtures of saturated
HFC's described above.

[00163] Iﬁ one embodiment, the diluent comprises non-perfluorinated
compounds or the diluent is a non-perfluorinated diluent. Perfluorinated
compounds being those compounds consisting of carbon and fluorine. However,
in another embodiment, when the diluent comprises a blend, the blend may
comprise perfluorinated compound, preferably, the catalyst, monomer, and diluent

are present in a single phase or the aforementioned components are miscible with



In each case the neasured capacitance CMis given by CM= cCc+Cs, where s is
the dielectric constant of the fluid in which the capacitor is imersed, Cc
is the cell capacitance, and Cs is the stray capacitance. Fromthese

nmeasur enengs, J58dssas 9i ven by the formula sD=((CD CA) eRpcrri§drsdasst (CR- CA) .
Al ternatively, a purpose-built instrunent such as the Brookhaven Instrunent
Corporation BICG 870 may be used to nmeggure dielectric constant of diluents
directly. A conparison of the dielectric constants (s) of a few sel ected
diluents at -85C is provided below and graphically depicted in Figure 1. WD

2004/ 058825 k20l ok = [ gde 18.34

5 F 1 uor onat it degdiled iy fontfofdeaihblons o spbilr ofddippctll Bha® 0654
1,1, 1, 2-t et r abhdyalsoeihprise ABrefiuordcatbolls CCRES); af those oempaumds tdnsRiing

1,1,1,2, 2- perbggﬁjl yor ﬁl@t hane 4111%?3 [ 00165] In other enbodi nents, one or nore
HFC s are use A e ABPIEe BN ®P¥h anot her diluent or mixtures of diluents.
Suitable additional diluents include hydrocarbons, especially hexanes and
hept anes, hal ggenat ed hydrocarbons, especially chlorinated hydrocarbons and
the like. Spd@'?'ﬁg]: exaFPpIaE%tﬁ‘Frn'é‘PE‘Hiémﬁﬁt Wle"%R g‘ﬁh&f Weight average mplesylene

| sobut ane, p%ﬁié&ﬂ% (L#EW?E@?S&‘AH} %Pé%fkg% ld,mhﬁiéﬂ'lﬁefe?ablffﬁgf&’ﬁa&? 3H,306

3- net hyl pent ane, putane, 2,2-dinethyl butane, "2, 3- di m?t’hyl but ane,
2- met hyl hexardw, are tablyamore thagt HiR(9EnMavieare 2degired)i switebly | diluentane,

2" met hyt oot SREEISSrERE R VR E UARE . el e RO G, ) Dont ane,
oct ane, hept pieferablyt grester @ianans;, momet prafemblyn greatee  thale 2nmore grbdeddne,
undecane, hexane. §Bt Y oS oEXBN %0 §Y Kot WA SsodiiGhd oA Biwer

molecular weights (typically lower than 10,000 Mw, preferably less than 5,000

Mw, more preferably less than 3,000 Mw) are desired the dielectric constant may

be less than 10, or by adding larger amounts of initiator or transfer agent when the

dielectric constant is above 10. The dielectric constant of the diluent gp is
determined from measurements of the capacitance of a parallel-plate capacitor
immersed in the diluent [measured value Cp), in a reference fluid of known
dielectric constant eg [measured value Cg], and in air (e4=1) {measured value C,].
In each case the measured capacitance Cy is given by Cy= eCc+Cs, where € is the
dielectric constant of the fluid in which the capacitor is immersed, Cc is the cell
capacitance, and Cs is the stray capacitance. From these measurements gp is
given by the formula ep=((Cp-Ca) g + (Cr-Cp))/(Cr-Ca). Altematively, a
purpose-built instrument such as the Brookhaven Instrument Corporation BIC-870
may be used to measure dielectric constant of diluents directly. A comparison of
the dielectric constants (g) of a few selected diluents at -85°C is provided below
and graphically depicted in Figure 1.
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In other embodiments, one or more HFC’s are used in combination

with another diluent or mixtures of diluents. Suitable additional dituents include
hydrocarbons, especially hexanes and heptanes, halogenated hydrocarbons,
especially chlorinated hydrocarbons and the like. Specific examples include but
are not limited to propane, isobutane, pentane, methycyclopentane, isohexane, 2-
2,2-dimethylbutane, 273-
3-methylhexane, 3-ethylpentane, 2,2-
3,3-dimethyl
2,5-dimethylhexane, 2,24.-

trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,

methylpentane, 3-methylpentane, 2-methylbutane,

dimethylbutane, 2-methylhexane,

dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane,

pentane,  2-methylheptane, 3-ethylhexane,

dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,

cyclopentane, methylcyclopentane, 1,1-dimethylcycopentane, cis  1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane, methylcyclohexane,

benzene, toluene, xylene, ortho-xylene, para-xylene, meta-xylene, and the
halogenated versions of all of the above, preferably the chlorinated versions of the
above, more preferably fluorinated versions of all of the above. Brominated

versions of the above are also useful. Specific examples include, methyl chloride,



ni trocycl odecane, nitrocycl ononane, nitrocycl ododecane, nitrocycl oundecane,
ni trobenzene, and the di- and tri- nitro versions of the above. A preferred
enbodi ment is HFC s bl ended with nitronethane. [00169] The HFC is typically

pr esent asve(} 5)% %ng vol une % based upon the total vol poeysieodtessii | uents,
alternati §/° &P%een 5 and 100 vol une % alternatively between 10 and 100

volunme % alternatively between 15 and _100 volune % alternatively between
20 and 100 volunme % alternatively between 25 and 100 vol unme %
alternatively between 30 and 100 volume % alternatively W 2004/ 058825

and 100 vol uitetipiens RAGRIERR 0B st BOHTE, HhyPUBRAE Rl TP

bet ween 50 armd t¥Qikevol unme % aI ternatively between 55 and 100 vol une %
alternatively between 60 and 100 volunme % alternatively between 65 and 100
volume % alternatively between 70 and 100 volunme % alternatively between

75 and 100 vqbewss] % &b tabihed led@bdindest WeRhe&Rive NlefifdOmug! BRiséd as
alternatively between 85 and 100 volune %_ alternatively between 90 and 100

vol une % al tdélpmtﬁ m/émy bigatiopewith §8°C’sn Fxampley, iclide. bat ase nek limited &,y bet ween

97 and 100 v%lﬂqu& bet ween 98 and 100 vol une % and
alternatively bet ﬁ%‘g ngfq_%gkvol une % In a preferred enbodi nent the
HFC i s bl ended vvlth one or nore chlorinated hydrocar bons. | n anot her
preferred e jent the HFC i.s sel ect,ed omth grou COI’ISIS i ng of

di f | uor omet Hﬁﬁ@(ﬁfrl £1 OB dime ﬁl {{H:u%?r ’é‘n&p E with'
trifluoroet hahrina®d Bydtochrbdnt eichahs uﬁétﬁﬁt balaﬁdanﬂdma&halreﬁbédimwaf [ 00170]

| n anot her errbodl ment the diluent or diluent mxture is selected based upon
i ts sol ubi | i thelde uree gbe JHG in cembiaptipng it haxancsr & msibybchloride @Ré  pol ymer .

Preferred di Indgsles ReMSothdrlehb8dibint e FHAWME iuked ?nrbomﬁmﬂgﬁ YWilRlone 9¢! ubi ity

in the polynmer is neasured by formng the polyner into a filmof thickness
bet ween 50 armore@esesinsrtdn the nobyanerigation sugh s carhondioxiden nittogem ydrogen, cover t he

film for 4 Da Sedl kel RS kffibn, Jehd, e8P BB thekt' BB\ he: L bHRRkbly SXPOSEd L0

room
liquid at entry to the reactor. Preferred gases include carbon dioxide and/or

nitrogen.

[00168] In another embodiment the HFC's are used in combination with one
or more nitrated alkanes, including C; to Cyp nitrated linear, cyclic or branched
alkanes, Preferred nitrated alkanes include, but are not limited to, nitromethane,
nitroethane, nitropropane, nitrobutane, nitropentane, nitrohexane, nitroheptane,
nitrooctane,  nitrodecane, nitrononane, nitrododecane, nitroundecane,
nitrocyclomethane, nitrocycloethane, nitrocyclopropane, nitrocyclobutane,
nitrocyclopentane, nitrocyclohexane, nitrocycloheptane, nitrocyclooctane,
nitrocyclodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecane,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred

embodiment is HFC’s blended with nitromethane.

[00169] The HFC is typically present at 1 to 100 volume % based upon the
total volume of the diluents, alternatively between 5 and 100 volume %,
alternatively between 10 and 100 volume %, alternatively between 15 and 100
volume %, alternatively between 20 and 100 volume %, alternatively between 25
and 100 volume %, alternatively between 30 and 100 volume %, alternatively



tenperature for 90 seconds to evaporate excess diluent fromthe surface of
the film and weighed. The nmass uptake is defined as the percentage
increase in the filmweight after soaking. The diluent or diluent mxture
S chosen‘é‘?z&ogﬁ% jhe polymer has a mass uptake of | egeThUsacsdons2’
preferably Tess sﬁan 3 WM% preferably less than 2 wt% preferably |ess
than 1 wt% nore preferably | ess than .5 W% [00171] In a preferred
enbodi nent, the diluent or diluent mxture is selected such that the

di fference between the neasured glass transition tenperature Tg of the

polymer with t : ?{ﬁlﬁg ' ngr and
additives is %mﬁ%nniﬁg%@géowge g%g%rﬂ%ﬁ%gww%nggg&&?g{?oa ter io/?’ has been
formed into aalferdatively betwesk idsadbHiwendum 0o, aaltdrikGoelyibetveaen 50t dndt 100as WO
20041058825 PCTI US2003/ 040852, .60 bgen ked in,dil uent nough t.o0 .cover
the film for*e b aHeatNER begn %ﬁ"é’é‘g‘%t"u”%’i’%‘? ter BETR %B@r 8 60

det er mi ned byardi fotevdtinhe 3, Sleaiively tebheehi 65eindy 14(0Mime ke aletalively are wel |

described in the Iiteraiure, for exanp Winder i ch, "The Nature of the
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other. Polymegimalie@ind aRE $I3 2-tetrafluoroethane and mixtures thereof,

[00170} In another embodiment the diluent or diluent mixture is selected
based upon its solubility in the polymer. Certain diluents are soluble in the
polymer. Preferred diluents have little to no solubility in the polymer. Solubility
in the polymer is measured by forming the polymer into a film of thickness
between 50 and 100 microns, then soaking it in diluent (enough to cover the film)
for 4 hours at —=75°C. The film is removed from the diluent, exposed to room
temperature for 90 seconds to evaporate excess diluent from the surface of the
film, and weighed. The mass uptake is defined as the percentage increase in the
film weight after soaking. The diluent or diluent mixture is chosen so that the
polymer has a mass uptake of less than 4 wt%, preferably less than 3 wt%,
preferably less than 2 wt%, preferably less than 1 wit%, more preferably less than
0.5 wi%.

[00171}) In a preferred embodiment, the diluent or diluent mixture is
selected such that the difference between the measured glass transition
temperature Tg of the polymer with less than 0.1 wt% of any diluent, unreacted
monomers and additives is within 15°C of the Tg of the polymer measured after it
has been formed into a film of thickness between 50 and 100 microns, that has



[00172] The invention nmay be practiced in continuous and batch processes.
Further the invention may be practiced in a plug flow reactor and/or stirred
tank reactors. In particular this invention nay be practiced in "butyl
react ors. "wohbdstsfsh@t i ve exanpl es include any reactor seitees26md/ohessan t he
group consisting of a continuous flow stirred tank reactor, a plug flow
reactor, a noving belt or drum reactor,, a jet or nozzle reactor, a tubular
reactor, and an autorefrigerated boiling- pool reactor. [00173] In another
aspect, heat can be renoved by use of heat transfer surfaces, such as in a
t ubul ar react iR | ' a e

pol yneri zi ng %é%?}t’gg?ﬁ{aeﬁil@ on J’f%gB%%lﬂg%B‘éél?g% m’@g?roin%é}ﬂg#sg}%g% rqg?wﬁved by
evapor ati ng t trensgtizinytempérafurgyisnderdrmived byulifferestialmganbingf aalorndtty @SC).

autorefrigerated boilin opl e reactor. Another le,..i.S,. | ug fl ow
reactor wher elrﬁc i %tﬁ%ﬁ #ﬁ‘g‘t%g I%{?ﬁ?ﬂ%?%ﬁ'ﬁ ﬁr)?m@e%%%% e'ghegs t he

m xture WO 208ineb8Bile (edy Taasifion @dd &b Deteprhinatio &¢ dthethaloARNysideid eact or .
Anot her exanpl e .is whe heat is renoved in a pl u& flow reactor, through
surface heat &ﬁﬂ%ﬁﬁﬁgﬁm&ﬂw{eﬂ&h@éﬁ ilggexier, Bdpndaericany ansf er
surface. Anot ReLiets e Pdsinyaid NiReialk, Pﬁéaktgi[ﬁla}"’@}he gg.oiﬂﬁ‘ﬁr 3’3?3‘%“3@? fakes

pl ace on a noving belt or drumwhereée the uent/ mononer/ mxture is

sprayed ont o pieparsé ks deseribpdialp e dedeskbimnediatelyrafiergoiing indpa DSC samplef  t he
diluent as t r A ceeds. ln additi h . . repoyed in such
reactors by E%nr’fag@g&aﬁgé{‘&{ &aangégl Fm%*s'a?glggs_g\%ﬁ%ruga{ }%ﬁ%d&%?gnlp%ﬁrg?h& esent on
t he i nsi de of DSemeskiremnent. Paeferablyhthe UBd talaexdarehwitlinl \2%€r off eachradtkitced on t he
other side of the helt or _drun. Another of reactqr is a jet or nozzle
reactor. ThesB""‘?“é%tg}’ d’i“g“%é\}eéd’rp %ﬁ‘f@r‘lﬂ_“?’e‘é’ieg% 6 ‘Y‘mq&h‘gr@ ‘Eaﬁﬂ oner ,

di luent and caichrily Wwitiih €IPCRLE eablP IR Prefidabil Owitlih $7C RPZALE dmg, t he

pol ynmeri zati on occurs as the m xture passes rough the nozzle at high

t
vel ocity. [Ooprdgraly evighir G ohcreeh thenc predsally nvithin obé ©of gwck tathared tank
reactors, mgie?é;r%q}?%ﬁﬁh' £ 1of &8k P! pfeBdhtiy Uit LS of aEh Vi heT

operating in
preferably within 3°C of each other, preferably within 3°C of each other,

preferably within 2°C of each other, preferably within 1°C of each other.

Polymerization Process
[00172] The invention may be practiced in continuous and batch processes.

Further the invention may be practiced in a plug flow reactor and/or stirred tank
reactors. In particular this invention may be practiced in "butyl reactors.”
Illustrative examples include any reactor selected from the group consisting of a
continuous flow stirred tank reactor, a plug flow reactor, a moving belt or drum
reactor, a jet or nozzle reactor, a tubular reactor, and an autorefrigerated boiling-

pool reactor.

[00173] In another aspect, heat can be removed by use of heat transfer
surfaces, such as in a tubular reactor where a coolant is on one side of the tube and
the polymerizing mixture is on the other side. Heat may also be removed by
evaporating the polymerizing mixture, such as may be found in an
autorefrigerated boiling pool type reactor. Another example, is a plug flow
reactor where a portion of the polymerizing mixture is evaporated as the mixture



with an agitator or in a tube type reactor. Preferred reactors al so include
reactors where the polynerization occurs on one side of a heat transfer
surface and the coolant is present on the other side. An exanple is a
reactor WRgH ek kigss containing cool ant run inside the poTAS2ENG/040852

pol ynmeri zation zone. Another exanple would be where the polynerization
occurs inside a tube and the cool ant is;present on the outside of the tube
in a shell. [00175] This invention nay al so be practiced in batch reactors
where the nononers, diluent, and catal yst are charged to the reactor and

then pol ynerd,galeiOmrdigh 8Ra81dr0 AnSiHet Sl %&h@félﬁ&ti@)‘mﬂé&%&‘ﬁﬁ‘hﬂ% and the

polymer is then recovéred. [00176] In certain enbodi nents, the vention is

practi ced usiftay ceagtonthrqughsuiigosdent teanplonusingrnslant onghgother sidgrofie heat

pol yneri zat | I‘E\Q’ﬂﬁe ahfiothe¥hn l@&u‘f&’?é%’ﬁéﬁc@?wﬂcé%% c?i'%alﬁ&l rization

process. The polynerization processes o0 e 1 hvention may be cationic
pol yneri zat i gplager @c e sseving W @0drhOwB& R ShédilvudnBROAGhaAatbidt nfidufcdR177] In

one enbodi ment, the ri zation is carried.out where the .catalyst,
Tononer - and BERARDApLbH i b PN o rRloB s st

pol yneri zat i Ofle iractiah 'pr&@eddlt In AdditiciOBéadt HhUBe REhOVERT inZstch QBacRir®®9SS i N

whi ch the catalyst, nononer(s), and diluent are present as a single phase.

In slurry pofupiaes heatiapsfer ¢sueh apwberethe ceqland|iy present ongthe ipside phther (s) are

all mscible t et ' o j AL a single
phase, while the dg?flg/%eﬂlrl &%@f‘%ﬂ%‘%ﬁ? ﬁgﬁ#ﬂgnﬁﬁ ﬁgenrtsgwi th ég%% rsepar ation
fromthe dil udmn) Bastheatypy of reactduiisetjebor nezzigakymier Thesetdactory have aexhi bit ed
as indicated little or. no uppr.essi on,.of the, pa r and/or little or
o i uent oS bifeed imd whe, EPROATRES Dy, 8% BBKAE v 3HR 85 {1 L he

di luents of tdventniedsea e jetotGiokil® Andothe poaRrizdiion dotdh aPible VillRfur<RsSNt r at i on
to be handl ed_at Eow viscosity wth good heat transfer, reduced reactor

foul i ng, hondGEed the 19z7le AHel WRIOU- and/ or the conveni ence of subsequent
reactions to be run directly on the resulting polyner

[00174] Preferred reactors include continuous flow stirred tank reactors,
whether operating in batch or continuous mode, and whether operating in a tank
with an agitator or in a tube type reactor. Preferred reactors also include reactors
where the polymerization occurs on one side of a heat transfer surface and the
coolant is present on the other side. An example is a reactor where tubes
containing coolant run inside the reactor polymerization zone. Another example
would be where the polymerization occurs inside a tube and the coolant is present
on the outside of the tube in a shell.

[00175] This invention may also be practiced in batch reactors where the
monomers, diluent, and catalyst are charged to the reactor and then

polymerization proceeds to completion (such as by quenching) and the polymer is

then recovered.
[00176] In certain embodiments, the invention is practiced using a shury
polymerization process. However, other polymerization methods are

conternplated such as a solution polymerization process. The polymerization

processes of the invention may be cationic polymerization processes.



m xture. [00178] The reacted nononers within the reactor formpart of a
slurry. In one enbodi nent, the concentration of the solids in the slurry is
equal to or greater than 10 vol % |n another enbodi ment, the concentration
of solids {#fobGsgdzs'ry is present in the reactor equapci/@sRis@ogater than
25 vol % In yet another enbodinment, the concentration of solids in the
slurry is less than or equal to 75 vol% In yet another enbodi nent, the
concentration of solids in slurry is présent in the reactor froml to 70
vol % 1In yet another enbodi nent, the concentration of solids in slurry is
present in th tor . vl % . anot her dinqent, the
concentration of1 9?& i dsfﬂ; ér%)lms\%ﬂ{r’ér)dflgl g%thglgrﬁorl@?elr}o&%ﬁ?lglsp%%g%an Etlnﬁﬁ?rﬁe ®reactor
from 10 to 70cataly8y nmonoyet, amdodilvent saetpoeientein a sidpte phazeenPrefetabbn thd sol i ds
in slurry concentration.is rg(ﬁsent in the reeictor. from15 to 70 vol % In yet
anot her  embodPREMERZAHICE 1 GATET YLD AGRRTOL R HRSTAROR BrGosss B AR | on | &
present in tRgafSaGheHon{er@) 2 Hifued adOpfésertt Nasy 8L sifgIOtIRGEe. eNROGiFENt . the
concentration of solids in slurry concentration is present in the reactor
from 25 to 70Poymesizgtien, thetmenemere catalytsyi apdrinitiatonls) asrallamiseiblei inrhof sol i ds

in slurry con [ | : sent 0 o} 0 1% In
yet anot her eggtﬁj%ﬁliqn%n‘tﬂﬁw? & 1%28‘81/‘%@%%% dé’%‘%ﬁ{ﬁsf%%é/ ghﬁ%é‘% P%lgm\élo
concentration pmbipiioaie‘s (iom ﬂlesdilnemywiﬂmgmwpatatiom from heedibment. i Degitablyy eact or
e e R D
agi tati on neassppré&ioh ofshé@pblyikpandidrditle Of nb rAMREAAHASS Juptak® agxh@kmad cool i ng
j acket and/or _i nternal cooFi ng. t ubes cojls, or other neans of

ubes . and/ or
renoving the KEREe &f L5us-yaobmmerization inithe #ﬂremsa:rf e Pregeny daveptien Podides on

tenperature, g Bbh Pofmter (OHS o 10l 8 hAldRRSAt LY viISRBRRYRifh goddi hedent s and
catal ysts (conbi nedor separately), tenperature sensing neans, and an

ef fl uent over fiensferorreduget! ssactor plouling, chompgeneruswpolyoieyiration dnd/erertke and
unreact ed MONQERY.R: AP HEs 5 Rt ARy 1ol An'Wieliif In W BuRlind YEGHE: t aNK.

mixture,

[00178] The reacted monomers within the reactor form part of a slurry. In
one embodiment, the concentration of the solids in the slurry is equal to or greater
than 10 vol%. In another embodiment, the concentration of solids in the slurry is
present in the reactor equal to or greater than 25 vol%. In yet another
embodiment, the concentration of solids in the slurry is less than or equal to 75
vol%. In yet another embodiment, the concentration of solids in shurry is present
in the reactor from 1 to 70 vol%. In yet another embodiment, the concentration of
solids in slurry is present in the reactor from 5 to 70 vol%. In yet another
embodiment, the concentration of solids in slurry concentration is present in the
reactor from 10 to 70 vol%. In yet another embodiment, the concentration of
solids in slurry concentration is present in the reactor from 15 to 70 vol%. In yet
another embodiment, the concentration of solids in slurry concentration is present
in the reactor from 20 to 70 vol%. In yet another embodiment, the concentration
of solids in slurry concentration is present in the reactor from 25 to 70 vol%. In
yet another embodiment, the concentration of solids in slurry concentration is

present in the reactor from 30 to 70 vol%. In yet another embodiment, the



Preferably, the reactor is purged of air and noisture. One skilled in the
art will recognize proper assenbly and operation. [001801 The reactors are
preferably designed to deliver good m xing of the catalyst and nonomers

wi thin th%&‘??@%&ﬁz good turbul ence across or wthin thernseabiodossenst er

t ubes or il enough fluid flow throughout the reaction volune to
avoi d excessive polyner accunul ati on or..separation fromthe diluent. [001811
Q her reactors that nay be utilized in the practice of the present

i nvention include any conventional reactors and equival ents thereof capable
of performn S,
5,417, 930, hgorng?ﬂr?‘aﬁﬁ%g?%é?gt eﬂ[‘ﬁc@{c erence ﬁ@%g@@e%% %F%BS%‘&{ Al{brrtgel | er can
be of the up-7w¥i ng variety or the down-punping variety. The reactor will
contain sufficient anounts of the catal yst system of the present invention
effective to catalyze the polynerization of the nonomer containing

f eed- st r eam sfpol79]hat ary@icfaﬂy,ca ®htinucal Aowtstifttd paktiR reham Mgy biosed.ed
characteristi _clg%l s produced, eamin , one enbodi nent contains a

total nonomer W&‘gﬂ’tﬁséﬁmﬁﬁlb@lﬁgﬁﬂéﬁtﬁﬁﬁé %G%P%aﬁeﬂd%@ﬁsoﬁqd%ﬂseaf‘ﬁ?‘kl wei ght
of the moNOMesuer df iBiler(sAnkh GALALY SolYShAR) andBF Gi8rab LUiBE B! than 15

wt % greater than 30 Wt%l n anot her enbodi'nent. In yet anoth enbodi nment
t he feed- st r esnd/axicoils, s wiher mdans of Smovingttbe beat wf wolnmeripainn(s 3BdHain

PCT/ US2003/ 04 e S | _wei ght of
nmononer, dil u@%?@ sueﬁﬁeﬁﬁgﬁgﬁ% yps %’s e y %1"%‘8*8@@ gqﬁgpgﬁge‘%g}ngn%eﬁf 's, the

f eed- stream i dilwnissind rbtabisisy(chmbined boseparately)c @mpaianme spishuaeamg, #deci es. By
substantially fr of silica cation prodycin ecieg, it rre t that
there is no ndt&EMYEEh °‘CF‘€®\'55°W3}§18‘3$B‘H g""lha’g'ﬁ‘ﬁ P‘aﬂpﬁ‘htdﬂl}? € nononer s
of these sili gaesctdd MOnGh&d Ukddhg a@acmslﬂa 4 el armﬁto&ezﬁehchmm cal
exanmpl es of sjilica cation producin peC|es are hal o-al k silica_ conpounds

havi ng t he f oPefareblrthe ragpxisgpur gjingnd raeisture. e skifle F@tth@ffdﬁll al kyl and
"X" is a hal O%Sm%'ﬁoﬁe?%khm}&ﬁ%géﬁﬁ&ﬂs w ||l be such that desirable

[00180] The reactors are preferably designed to deliver good mixing of the
catalyst and monomers within the reactor, good turbulence across or within the
heat transfer tubes or coils, and enough fluid flow throughout the reaction volume

to avoid excessive polymer accumulation or separation from the diluent.

[00181] Other reactors that may be utilized in the practice of the present
invention include any conventional reactors and equivalents thereof capable of
performing a continuous slurry process, such as disclosed in U.S. 5,417,930,
herein incorporated by reference. The reactor pump impeller can be of the up-
pumping variety or the down-pumping variety. The reactor will contain sufficient
amounts of the catalyst system of the present invention effective to catalyze the
polymerization of the monomer containing feed-stream such that a sufficient
amount of polymer having desired characteristics is produced, The feed-stream in
one embodiment contains a total monomer concentration greater than 5 wt’%
(based on the total weight of the monomers, diluent, and catalyst system),
preferably greater than 15 wt%, greater than 3¢ wt% in another embodiment. In
yet another embodiment, the feed-stream will contain from 5 wi% to 50 wt%



tenperature, pressure and residence tine are effective to maintain the
reaction nmediumin the liquid state and to produce the desired pol yners
having the desired characteristics. The nononer feed-streamis typically
subst ant i afylpsodsoRg29f any inpurity which is adversely pegesdvsmandsih the
catal yst under the polynerization conditions. For exanple, In sone

enbodi ments, the nononer feed preferably, should be substantially free of
bases (such as caustic), sulfur-containing conpounds (such as H2S, COCS, and
or gano- mer captans, e.g., nethyl nercaptan, ethyl nercaptan),

ni t rogen- cont gioRbmer Bateftration Viskesd 6AMNthaitoial Svellhé OF MmbhdingS diladk 0@ S and the
| i ke. However nononer feed nay be |less pure, typically not less than 95%
based on tot aFat@ly8Sy#HE®- content, nore preferably not |ess than 98% not

| ess than 99% In preferred enbodinents the inpurities are present at |ess
than 10,000 ppm (by weight), preferably |ess that 500 ppm preferably |ess
than 250 ppm003B2) er ablnysomesembddimerts Ghe ford-speanh s adistantiaiys fitd fivml100 ppm

[001831 As is _nmormally the.case,. reaction t.in te rature, concentration,
the nature of sﬁiﬁ@%&&:&%{cg}g LR /Y15 ?@i{@ﬁ!‘éffgﬁ 85?@?%"%%"“&‘8 % nol ecul ar
wei ghts. The pgdciesEitiig aicmnthatcthetel 8 mot OREthai 0805 sviBObaRAi ddNhE StotaE! ect ed
based on the target tﬁgl ynmer nol ecul ar, vvelggtn and the nononer to be

pol yneri zed a¥eigheof the mongmersy of %@%@E@a GEHONAPOgUCIRg) SRRCH§ O the feed

consi derat i ONgyeap. gTypiéﬁteﬁamlﬁEﬁmﬁ&I dKi6n pRLCIRY speeies are Mo hRYPGLAL ure for
the polynerization is Iess than 0C_ pref erablﬁl between -10C and the
freezi ng poi ncompounte having the formya &1 B8 aeRiR2SiXn gtef, rvidhereir SR" ioan. 120C i n

PCT Us2003/ 0abiands ¥ HER ARG The SERECH PRMuenliyif s B8 Yegiis |, _ 100c

and from - 70Ctdnperatir®Ofitessarey artd reesidtiver tiregrhedéffetite td majredin ghotdaetiordesi r abl e

enbodi nent, the.te ratucre ran s fr -80C, tq -10QC.. Consequent |y,
different rea® g@ﬁ?‘ng‘ﬂ‘{‘ﬁi B*ﬁé"’%a?? pﬁ?#%ﬁggédeﬁ%%ﬁﬁmeﬁgﬂwgﬁéer%#%l ecul ar
wei ght's. Synt Gefhderidtics. NThe BRAbMEfeE38EAOD HpRAUC bub¥RNtislE fedbeusd,
therefore, through mpnitoring the course of the reaction by the, exam nation
of sanples t aRBPHIEEMHH BAdverselyireactve with the catalyst under the polymerization

conditions. For example, In some embodiments, the monomer feed preferably

should be substantially free of bases (such as caustic), sulfur-containing
compounds (such as H,S, COS, and organo-mercaptans, e.g., methyl mercaptan,
ethyl mercaptan), nitrogen-containing bases, oxygen containing bases such as
alcohols and the like. However monomer feed may be less pure, typically not less
than 95% based on total olefinic content, more preferably not less than 98%, not
less than 99%. In preferred embodiments the impurities are present at less than
10,000 ppm (by weight), preferably less that 500 ppm, preferably less than 250
ppm, preferably less than 150 ppm, preferably less than 100 ppm.

[00183] As is normally the case, reaction time, temperature, concentration,
the nature of the reactants, and similar factors determine product molecular
weights. The polymerization reaction temperature is conveniently selected based
on the target polymer molecular weight and the monomer to be polymerized as
well as standard process variable and economic considerations, e.g., rate,
temperature control, etc. The temperature for the polymerization is less than 0°C,
preferably between -10°C and the freezing point of the slurry in one embodiment,

and from -25°C 1o -120°C in another embodiment. In yet another embodiment,



reaction; a technique widely enployed in the art. 1001841 In a preferred
enbodi nent, the polynerization tenperature is wthin 10C above the freezing
point of the diluent, preferably within 8C above the freezing point of the
di | uent, ‘%Q{ ;ogggzsy wi thin 6C above the freezing poi ntpcafuszédde4e8sd uent ,
preferabl y W C above the freezing point of the diluent, preferably

wi thin 2C above the freezing point of tfge diluent, preferably within 1C
above the freezing point of the diluent. For the purposes of this invention
and the clai ms thereto when the phrase "within XC above the freezing point
of the diluggl ol éﬁﬁ&%l I t nt plus X
C. For exarrpl e %ﬁn rne{gz &ieoﬁshntﬁo%f Q'tgf%@‘gl @ a@isﬁ% Sg@dgﬁgn 10C above
the freezing ml’(btmcyfet mmherdemhodments In8R{f. anb(h@ﬂﬂ&aﬁraﬂ]beemlﬂﬂmhem,nt}m essure

will be fromabove 0 to 14 0 k in odi ne ere 0 kPa is a
total vacuum)ETPFAHe 1aag 1p %mﬁ %S tﬁﬁgﬂﬁgr? %‘Pwenq@n‘%%r%ﬁ?a@%m 100 kPa
to 2000 kPa idanaitiohdaill pratas fﬁm usofaﬁf&aﬁ&dre%alar Welgh&O(syhﬂ‘asw Bf 4ot her
enbodi nent, from 200 kPa to 1200 kPa i n anot her nmbodi ment, and from 200

kPa to 1000 k@ﬁ“?%%?o%ﬁ&dﬁétr mayihsdrahsyed, W’E’ﬁqf% thepught Bonitwingphei n anot her
enbodi ment , tﬂﬁh%@tﬂ%@@a&xﬁn%?tﬂé%ﬁmhﬂmﬁ&%f%p m‘%ﬁ ot ?(a%)grdﬁﬁh‘l@lekpa to 60

kPa in yet ano enbodi nmen from 1000 kPa"to not her
embodi nent , freastiopoECliguetwiddp empykdm theathnot her  enbodi ment, and from

3,000 kPa to 6, 000 kPa in yet another enbodi nent. [001861 The order of

contacting the nononer feed-stream catalyst, initiator, and diluent may
vary from onef0endi merh 4 (prﬁ'émédhembodMeﬂtOQHé Qﬁ@&%lz&ib’ﬁl LnRRee49852 66
[00187] In another enbodi the I, nitiat and s agi.d e pre-
contacted by it Ag ‘{'Jbg% ‘?‘F“’cgt@“ét@ é’&%%ﬁileaﬁ P ‘?"Ff‘ 1?6’\“ B%%‘?Pr"lebed amount
of time ran%@ﬁeéﬁ%rp brefeldbly Qithi 6°8HBotd 8P fleSzind petsilggd i nto the
conti nuous reactor

ou cat a yst nozzle or injection apparatus. In yet
anot her enbdhe riilvent, I.Féﬁg@b]é(clwéth@nﬂﬁ eboyehithe freering rmeingdefe thet dilyanb r eact or

separatel y. Iﬂfﬁ:fe:rably within 2°C above the freezing point of the diluent, preferably within
1°C above the freezing point of the diluent. For the purposes of this invention and
the claims thereto when the phrase "within X°C above the freezing point of the
diluent” is used it means the freezing point of the diluent plus X ° C. For example
if the freezing point of the diluent is -98°C, then 10°C above the freezing point of
the diluent is -88°C.

[00185] The reaction pressure will be from above 0 to 14,000 kPa in one
embodiment (where 0 kPa is a total vacuum), from 7 kPa to 12,000 kPa in another
embodiment, from 100 kPa to 2000 kPa in another embodiment, from 200 kPa to
1500 kPa in another embodiment, from 200 kPa to 1200 kPa in another
embodiment, and from 200 kPa to 1000 kPa in yet another embodiment, from 7
kPa to 100 kPa in another embodiment, from 20 kPa to 70 kPa in another
embodiment, from 40 kPa to 60 kPa in yet another embodiment, from 1000 kPa to
14,000 kPa in another embodiment, from 3000 kPa to 10,000 kPa in another
embodiment, and from 3,000 kPa to 6,000 kPa in yet another embodiment.

[00186] The order of contacting the monomer feed-stream, catalyst,

initiator, and diluent may vary from one embodiment to another.



anot her enbodi ment, the initiator is blended with the feed nononers before
I njection to the reactor. Desirably, the nononer is not contacted with the
Lewis acid, or the Lewis acid conbined with the initiator before the

mMoNoNer s ewbh&hosloigzs r eactor. [00188] I n an enbodi ment ofcHR003AMes8Ei On, the
initiator and Lews acid are allowed to pre-contact by m xing together in
the selected diluent at tenperatures bg§ween -40C and the freezing point
tenperature of the diluent, with a contact tine between 0.01 seconds and
several hours, and between 0.1 seconds and 5 mnutes, preferably |less than

3 minutes, preioasAbl y bl wesherOebditfandsheaittiator Ghd WetiP@tidr &eiptbecti on
into the reactor. [00189], I n anot her enbodi nent of the invention, the

i nitiator andCcPdied by uging tegether snthg selsctsd diluemtifar e pegsembedi ampunbekt her in
the sel ected gij.UaRbina! efRer % het ) 1 (@YAAY |y
bet ween -40C ang ﬁgg%@ ?8 190 %&%Hdgvergl Iiﬂﬁ?ém e%({:ég ltsi ﬁieglterc\l %fﬁdeqﬁéeactor can
vary, dependi nontiuppous reactorghrougint shtylyst nagalé or injectiomlapparatwsn tin Feti annthenononer

concentration d injection, rate..producti rate, reaction.tenperature,
and desired %P&%%Pﬁ?t’ J&@W@"h?c,ld 5‘?’?3'513 &ﬁ%t?raﬁrf’?d%%l 'ioa%%reﬁgfloﬁé@ﬁmé%u a few
seconds and f ai@hdrosHibodimend, thepinitidtdryis Bieides anitla bigel feed Omarsing$) befordit €S.

Vari abl es i nfluyencing residence {ime jnclude the rmnorrerwﬁgg)@di | yent feed
i nj ection rat &4YeCHAR 1§ e 1§59 Pesirably, ths mpBPMARSS no} eppfasied AEH st (Lewi s

acid) to MONOREH, drahd DewdsiabidBfibWell wilAGhd HRERor IRERY B hOHRerd dhdrlths art for
carbocationi ¢ pol ymeri zati on processes. In one enbodinment of the invention,

t he nononer t &ag@f.al yst nole ratios will typically be from500 to 10000,
and in the range of 2000 to 6500 in another enbodi ment. WD 2004/ 058825
PCTI US2003/ 040852 67 In yet another desirable enbodi nent, the ratio of
Lewi s acid to[001B8] at or In an dtmidimént bf the irbv@ntiar, tHerioitiatr d8d Lewis acidlaee over al |

concentration Qf the initiataqor in.the _reactor is typically from5 to 300
bpm or 10 1o 2oyl Priweniaes B ningbashes i i creledicn gt Yomrefhlings, o) vt
feed stream i petfaedh CAICCYankir tAENGREzHP pARORmPEGUrd 0P AR diluent, with a contact

time between 0.01 seconds and several hours, and between 0.1 seconds and 5

minutes, preferably less than 3 minutes, preferably between 0.2 seconds and 1

minute before injection into the reactor.

[00189] In another embodiment of the invention, the initiator and Lewis
acid are allowed to pre-contact by mixing together in the selected diluent at
temperatures between 80 and -150°C, typically between -40°C and -98°C.

[00190] The overall residence time in the reactor can vary, depending upon,
¢.g., catalyst activity and concentration, monomer concentration, feed injection
rate, production rate, reaction temperature, and desired molecular weight, and
generally will be between about a few seconds and five hours, and typically
between about 10 and 60 minutes. Variables influencing residence time include

the monomer and diluent feed injection rates and the overall reactor volume.

[00191] The catalyst (Lewis acid) to monomer ratio utilized will be those
conventional in this art for carbocationic polymerization processes. In one
embodiment of the invention, the monomer to catalyst mole ratios will typically
be from 500 to 10000, and in the range of 2000 to 6500 in another embodiment.



enbodi ment. Another way to describe the anount of initiator in the reactor
Is by its anpunt relative to the polyner. In one enbodinent, there is from
0.25 to 20 noles polynmer/nole initiator, and fromO0.5 to 12 nole

pol ymer / moxg) dobdsse@disor in anot her enbodi ment. [00192] JRpusReHtassaM ||
contain sufficient amounts of the catalyst system of the present I nvention
to catal yze the polynerization of the npnoner containing feed-stream such
that a sufficient anount of polyner hav?"ng desired characteristics is
produced. The feed-streamin one enbodi nent contains a total nononer

concentration,greater than 20 W %.(based op t total ight of the
nononers, dil Hgm%,ﬂﬂafﬁaf @eé&rglﬁ?,g%g egﬁ,d?l}e IBE%QF g‘Fw{shaé’Hi ﬁ"‘%}%ilﬁﬂam her
embodi ment . | p,5yet10RRe MR 0F5ReE. "HhE ovébE cbRREtraidreaMhe hitiafke i M1 from 30
wt%to 50 wt % nononmer concentration based on the total weight of nononer,

di l uent, and aeEripdypicallytfeom 5 fodAbnym entOo23P pamy [Thecarsenprasicacad then Lewi s
acid) in the fpeag ' | 'n&gfltﬂe 0 pol r per
pound of cat aFyst&g{[lld{hgocamSgtg%gs 0 p%}/@ﬁgarlpygggﬁpgddﬁﬂgggo g’h]tnaﬁyés{ and
desirably in thbodimege Asfothtd®@y tpdesade the amolmtrodinipator pothe deaotor sdtyal yst t o
1000 pounds of, pol r,.per und_ of at al yst .b trol Lin e lar ratio
of Lewi s aci dltfgmf)%?qﬁflgﬁv rt.ogﬁf)ﬁ‘i T ?Fﬁeg%%%nﬁgﬁ?r? 3 h@mg)oﬁ;ﬁ‘?ei&?zation of
cationically mswmm@iméﬁém@mm feleypatyhemhble inifiitod ObUt yI ene
and isoprene to orm hbutyl rubber) conprises several steps. First, a

react or havi ngtothgssmbodimepte| | er capabl e of up- punpi ng or down- punping is
provided. The punp inpeller is typically driven by an electric notor with a
nmeasur abl e anperage. The reactor typically is equipped with parall el
vertical reac{00382} ubesThsi tehitor wil] canitait sufficientodmiunts off haicatalysthgysteme. The
total internal .yolune. .incl.udjn he..tubes. is.WD 2004/058825 . .

T/ Us200/ 040658 Prggt il o el ghe g Rlner i & he oo FRRPIBINg: | a ge
scal e vol une febwtredm Z aichonhat! @aGuffivient dheurt eatt polyingpi kplingy desies | i qui d

ethylene to draw the heat of the
y characteristics is proJucecP The feed-stream in one embodiment contains a total

monomer concentration greater than 20 wi% (based on the total weight of the
monomers, diluent, and catalyst system), greater than 25 wt% in another
embodiment. In yet another embodiment, the feed-stream will contain from 30
wi% to 50 wt% monomer concentration based on the total weight of monomer,

diluent, and catalyst system.

[00193}] Catalyst efficiency (based on Lewis acid) in the reactor is
maintained between 10,000 pounds of polymer per pound of catalyst and 300
pounds of polymer per pound of catalyst and desirably in the range of 4000
pounds of polymer per pound of catalyst to 1000 pounds of polymer per pound of

catalyst by controlling the molar ratio of Lewis acid to initiator.

[00194] In one embodiment, the polymerization of -cationically
polymerizable monomers (such as polymerization of isobutylene and isoprene to
form butyl rubber) comprises several steps. First, a reactor having a pump
impeller capable of up-pumping or down-pumping is provided. The pump
impeller is typically driven by an electric motor with a measurable amperage. The
reactor typically is equipped with parallel vertical reaction tubes within a jacket
containing liquid ethylene. The total internal volume, including the tubes, is



pol ymeri zation reaction away fromthe formng slurry. The punp inpeller
keeps a constant flow of slurry, diluent, catalyst system and unreacted
nononers through the reaction tubes. A feed-streamof the cationically

pol ymer i Za\%bezoo‘;%? Jger (s) (such as isoprene and isobut yﬁ@f}ﬁgzoﬁﬁh@alsf’o' ar
diluent is ' chargéd'into the reactor, the feed-streamcontalining I'ess than
0. 0005 wt % of cation producing silica conpounds, and typically free of
aromati c nononers. The catal yst system °§ s then charged into the reactor,
the catal yst systemhaving a Lewis acid and an initiator present in a nolar
ratio of fromO0.50_.to .10.0 ythin the reagtor, the feed- stream of nononers
and cat al yst %’gﬁ%&e{emﬁ&ré’ o Y% Wesep: lﬂ%}lsccgﬂ?bzi%f’fgaﬁ%é ﬁ‘i’?get H%‘P{f‘etﬂ?i‘fmm% on thus
form ng a sl updavtidk. PPhe/ faREtof Ww?axswuigﬁidrdﬂm@fe)m AR fleMhebh@f dg0! i ds in
the slurry has a concentration of from20 vol"/o to 50 vol"/0. Finally, the
thus forned pbplymerizationseaction Hyayfrom thsptorming slugryl olhspumy ispelenkseps eact or

t hrough an oyt Sltat! t i i ' n ] e

feed- stream cgaérogl ng ﬂ?‘g %éo%ﬁrk’ugﬁueﬁﬂué&%%rsg#t%ﬁt %%ﬁ%%@%@% slurry
pol yneri zat i othroughdthenfeaciidoutubgs, tAhdeedrstremmtofi the enatiomivallynpolgmesizdble s pr ocess
I n a nunber of ways e.g., .by ultimtely reducing the anount of. pol ymer
accunul ati on H’r?n?%ﬁf(sr)é%ﬂﬁ 'S(%EI“P gﬁ@g?ty?PéﬁgﬁﬁogﬁﬁPﬁ‘%& gﬂ"é@?dt ’ﬁfoor s and/ or
i mpel ler(s), @aRdeidior! e fedddide@ cohtdiingdlessetkiard 0.000F wtd3 Sf RRESIFroSudhp Pr essur e
Il nconsi stencies or "junps." 1001951 In_one enbodi nent, the resultant polyner

from one embo8ififkeRmisunds, gad fymicaly g of aropafiemenemers: ihe gatalysosyseme pol yner
butyl rubb . | ' RITONg f t 2t
(butyl rubberjs ﬂa@z%hal?%eﬂolgto ﬂﬁ@r@&i&r%e%ﬁ?sﬁe@ %ag@gaoegwfa acld S8 @bou 0

5, and an unsaturatio from 0.5 to 100 nol e of nononer.
Thi s product maijatbrpresghy is @tnaalartratio efifirge 36 te 1he &thirathe acactop, thé feedd a

hal ogenated b | rubber. 100 L.n_anot her.. e di nment, this knvention
relates to: Ag&éénbgfyﬂﬁwqgﬁ%aa%y%gg%gm@{)%%l}qv\gﬁ%a c%tﬁ‘ftao&eiaﬁa She“or more
MONONEer s, onerdattididthas lfemifig acihitty ah @oliRr (uch@s dutyi rzblid)) rvtherdin \OR

2004 25 P 2 4 2 h f i i Si

20047 058825 P s 38 Ao shstry i3 2 concentraonof feam 36 volze o 90 veloh el e "9 ONe

thus formed polymer (such as butyl rubber) is allowed to exit the reactor through

an outlet or outflow line while simultaneously allowing the feed-stream charging
to continue, thus constituting the continuous slurry polymerization.
Advantageously, the present invention improves this process in a number of ways,
e.g., by ultimately reducing the amount of polymer accurnulation on the reactor
walls, heat transfer surfaces, agitators and/or impeller(s), and in the outflow line

or exit port, as measured by pressure inconsistencies or "jumps."

[00195] In one embodiment, the resultant polymer from one embodiment of
the invention is a polyisobutylene/isoprene polymer (butyl rubber) that has a
molecular weight distribution of from about 2 to 5, and an unsaturation of from
0.5 to 2.5 mole per 100 mole of monomer. This product may be subjected to

subsequent halogenation to afford a halogenated butyl rubber.
[00196] In another embodiment this invention relates to:

A, A polymerization process comprising contacting one or more

monomers, one or more Lewis acids and one or more initiators in



hydr of | uorocarbons (RFC s): B. The process of paragraph A wherein the
di luent conprises | to 100 vol une % HFC based upon the total volunme of the
diluent; C. The process of Paragraph A or B, wherein the HFC has a

dielectri cwgg&gﬁ%ggé of 21 or nore at -85C, D. The progessudiosaissPf

par agr aphs wherein the polynmer has a diluent nmass uptake of |ess
than 4 wt % E. The process of any of p%ragraphs A B, C or D wherein the
di luent further conprises a hydrocarbon,” F. The process of any of paragraphs
A B, C D or E, whereinthe initiator is selected fromthe group

consi sting of hydrogen tFal [ destl a tg_ar bo §.1| Ic acids,. water, tertiary alkyl
halides, and nixtures TherdBFIceG Ornd JEiERY s CRPPLSIE oPPBartigr®pWs A, B, C,
D, E, or F, wherein thehydreflueriRabomy @Fe)ected fromthe group consisting of
styrene, para- nethyl styrene, al pha-nethylstyrene, divinylbenzene,

di i sopr openyl benzebe, iﬁl?ol’f?%séﬁ paragrsph 4| whergin the, diluent gampgjses |1 topyt ene,
2-met hyl - 2-pentene, is trph 1B R - adi ene,

B- pi nene, nyrcene, 6 G?lg{o?e@a%%f}ﬁ/?%g‘?up o%e@%%:derﬁg@ﬂe(?;gfeo?ﬁp@ﬁtédi ene,

met hyl cycl opent adCene, Thei pyeceys efiRaragrapbtigt Bywhereingb HFC hes hylielegitity| et her

I sobutyl vinyl ether, and ' res ther ; H The process of any of
paragraphs A B, C D, cgwtﬁnwoﬁﬁkj&fmﬁﬁeaféﬁét yreni ¢ bl ock copol yners are

present in the conbactiTig pb&Rs of anyldfpapigtphs 3, Bf oraywidreinalicogilppls A, B, C,
NN RN ORI T O R
within 10C above the freRzbRgeUfny0df pdr&urahis! AEBL :C, or D, wherein the

diluent further comprises a hydrocarbon;

F. The process of any of paragraphs A, B, C, D, or E, wherein the
initiator is selected from the group consisting of hydrogen halides,
a carboxylic acids, water, tertiary alkyl halides, and mixtures
thereof;

G. The process of any of paragraphs A, B, C, D, E, or F, wherein the
monomers are selected from the group consisting of styrene, para-
methylstyrene, alpha-methylstyrene, divinylbenzene,
diisopropenyibenzene, isobutylene, 2-methyl-1-butene, 3-methyl-1-
butene, 2-methyl-2-pentene, isoprene, butadienes, 2,3-dimethyl-
1,3-butadiene,  B-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadienes, cyclopentadiene, methyl cyclopentadiene, piperylene,
methyl vinyl ether, ethyl vinyl ether, isobutyl vinyl ether, and
mixtures thereof;

H. The process of any of paragraphs A, B, C, D, E, F, or G, where
styrenic block copolymers are present in the contacting step;

I. The process of any of paragraphs A, B, C, D, E, F, G, or H,
wherein the temperature is 0°C or lower;

J. The process any of paragraphs A, B, C, D, E, F, G, H, or I, wherein
the temperature is within 10°C above the freezing point of the
diluent;

K. The process of any of paragraphs A, B, C,D, E, F, G, H, |, or J,
wherein the slurry is substantially absent of water;



K. The process of any of paragraphs A, B, C, D, E, F, G H |, or J,
wherein the slurry is substantially absent of water; WO 2004/ 058825
PCT/ U820031040852 70 L. The process of any of paragraphs A, B, C, D E, F,

G H, % sss\&]er ein the tenperature is between - I5uaiadsec,
preferably %6 The process of any of paragraphs A, B,C, D, E, F, 0, H
I, J, or L, wherein the process conprises an initiator greater than 30 ppm
wat er (based upon weight); and N. The product produced by any of 'paragraphs
A B C D E F G H I, J KL or | NDUSTRI AL APPLI CATI ONS [ 00197]

The polyners of t mvtmt g&lséa&\?aﬁg%?e gﬁiﬂ%a‘& ﬁar@p’plﬁ’ih%i (E"ﬁ{gl i;‘hrr ,cteri stics

t hat nmake them hi ghly usef y “of | ow
degree of pernmeability wiergasisstempentund & Yetweenhd05°Q grS60%S agefofablyhese

pol ymers, nanely inner gbl,%es and tire innerliners. These sanme properties are
al so of inportance in *cushi ons, pneumatic springs, air bellows,

accunul ator bags, mand mea;rraa%ﬁﬁyfanyaifpﬁﬂagﬁymseﬁ BH®, H) & ok, FtJa&']L'ty of the

pol ymers of the invention nake themideal for rubbér tire-euri ng bl adders,
hi gh tenperature serviwherdindhe progass eamprisssonn [ritiater Eegaten dhan3Q gpinal

handl i ng. [00198] The Bg%é(lrtggs%d émg.élﬁh‘goa? danpi ng and have uni quel y broad

danpi ng and shock abso I'on ran tenperature and frequency. They
are useful in nol dsd rliﬁh@rommtpmdmdbymmoﬂﬁaﬂagfaﬂplﬁ,&ﬁ,D};IE,F,rG,&m,tom)bi | e
suspensi on bunpers, auto ﬁé aus hangers, and body nounts. [00199] The

pol yners of the i nst antb 1» are also useful in tire sidewalls and
tread conpounds. In sidewall s, the pol ynmer characteristics inpart good
ozone resistance, crack cut growh, and appearance. The pol yners of the

i nvention may NPUSTRIAL AHQ¥®r1y fornulated bl ends with high diene

[00197]} The polymers of the invention provide chemical and physical
characteristics that make them highly useful in wide variety of applications. The
low degree of permeability to gasés accounts for the largest uses of these
polymers, namely inner tubes and tire innerliners. These same properties are also
of importance in air cushions, pneumatic springs, air bellows, accumulator bags,
and pharmaceutical closures. The thermal stability of the polymers of the
invention make them ideal for rubber tire-curing bladders, high temperature

service hoses, and conveyor belts for hot material handling.

[00198] The polymers exhibit high damping and have uniquely broad
damping and shock absorption ranges in both temperature and frequency. They
are useful in molded rubber parts and find wide applications in automobile

suspension bumpers, auto exhaust hangers, and body mounts.

[00199] The polymers of the instant invention are also useful in tire
sidewalls and tread compounds. In sidewalls, the polymer characteristics impart
good ozone resistance, crack cut growth, and appearance. The polymers of the
invention may also be blended. Properly formulated blends with high diene
rubbers that exhibit phase co-continuity yield excellent sidewalls. Improvements

in wet, snow, and ice skid resistances and in dry traction without compromises in



rubbers that exhibit phase co-continuity yield excellent sidewalls.

| nprovenents in wet, snow, and ice skid resistances and in dry traction

Wi t hout conprom ses in WO 2004/ 058825 PCT/ US2003/ 040852 71 abrasi on

resi stanc I kng resistance for high performance jg

acconpl i sﬁ‘g?}gg/‘”dégz%g t he pol yners of the instant inven{di:%,ﬁ?m?%dg%%g] Bl ends
of the polyners of the invention with thernoplastic resins are used for

t ougheni ng of these conpounds. Hi gh-density pol yethylene and isotactic

pol ypropyl ene are often nodified with 5 to 30 wt % of polyisobutylene. In
certain appli gghbLigNSesidtitiRe &t Allingd MsKIRES O ﬁighdgerfo%m?cehﬁﬁ@' asnetkeist' c
conpound that 1's processable i n thernoplastic noldi ng equipnment. The

pol ymers of t hecompfishediby using retpolinmersigf the instabieinidntinded wit h pol yani des to
produce ot her industrial applications. [00201] The pol yners of the instant
invention may al so be used as adhesives, caul ks, sealants, and gl azing
conmpounds. Th¢go2e0le al sBlendwdflthe polymptsoditthe investion with tepRoplhaicrigdiag i ons with

butyl, SBR, and natural rubher. In |inear |ow. densit | yet hyl ene ( LLDPE)
bl ends, they P’f"?dEF@é tor ¢ Tngs Of dHesh cqmaprnds Yﬁgﬁw\% bolyetiyieds Mdel y
enpl oyed in | %fdcﬁ@f]%lgglg%l&?esﬁé'bﬁé’@h%dﬁﬁ@ with PR30 #E% @F}Qal;ﬁk&%&ién@.a' cabl e

filling materials. ) n certain applications, the polyners of the
i nventi on makdé&n edriein applieations dieuibstamt pelyawrsgoidedor adghdy plagiic dompewnd cal

appl i cations h | .S I St t r | nt
rollers. [002 I%%?%ﬁ%ﬁ%%@%ce%&faggle@fp%g 'ogﬁ’ﬁg‘(ﬁg@‘ég o{ﬁ% i nvention
and are by ninstatinsentivhemyerdsotte Hiended with ipolyamidet repredaeetlodr itdustriehvent i on.
EXAMPLES 100204]1. The pol yneri zati ons were perforned gl ass reaction vessels,
equi pped wi t hBPYBYISn t urbine inpeller on a glass stir shaft driven by an
external electrically driven stirrer. The size and design of the gl ass

vessels is noted for each set of exanples. The head of the reactor included
ports for thel®20f] shafThe polymers of the instant invention may also be used as

adhesives, caulks, sealants, and glazing compounds. They are also useful as
plasticizers in rubber formulations with butyl, SBR, and natural rubber. In linear
low density polyethylene (LLDPE) blends, they induce cling to stretch-wrap
films. They are also widely employed in lubricants as dispersants and in potting
and electrical cable filling materials.

[00202] In certain applications, the polymers of the invention make them
also useful in chewing-gum, as well as in medical applications such as

pharmaceutical stoppers, and the arts for paint rollers.

[00203] The following examples reflect embodiments of the invention and

are by no means intended to be limiting of the scope of the invention.

EXAMPLES

[00204] The polymerizations were performed glass reaction vessels,
equipped with a teflon turbine impeller on a glass stir shaft driven by an external
electrically driven stirrer. The size and design of the glass vessels is noted for
each set of examples. The head of the reactor included ports for the stir shaft,

thermocouple and addition of initiator/coinitiator solutions. The reactor was



t her rocoupl e and addition of initiator/coinitiator solutions. The reactor
was WO 2004/ 058825 PCT/ US2003/ 040852 72 cooled to the desired reaction
tenperature, listed in the Tables, by inmersing the assenbled reactor into
a pentane @i hsfgsane bath in the dry box. The tenpergaétiisoffiosbdde stirred
hydr ocar bon bath was controlled to 2C Al apparatus in liquid contact
with the reaction nediumwere dried at 0OC and cooled in a nitrogen

at nosphere before use. |sobutylene (Matheson or ExxonMbil) and nethyl
chloride (Air Products) were dried by passing the gas through three

stai nl ess steeg| u contai ni n arium.oxi.de .a re condens and
coll ected as g?ﬂgfg’sﬁgﬁe T °§°‘bg¢§2’. eﬁqr%rlwgefiileélfe{}?a MR BEi was
dried by pasaésemblederegetsr tifito Oalentaheion! iesiexadec BhthCRl tH¥ndryc Bok.ai The1g Silica
gel and nolecular sieves. Both materials were condensed and coll ected as

liquids in théemperapusonf thes siprednbydragaghanchgth vias gentediedvier Ailei Wi hydri de
hyar i do and aPbts it TERT coRplC RN R KARRG heNh' wib 43 21565 BT Cal o um
(2 2;1Ch| oro-2, ﬁ,céoled rinmat h&ﬂoggﬂtmeéghmis}:mmpfused ﬁidb?iyleéle (Matgesonholl' ]

4, 4-trimet entene-1 an .mol /L _solution qf HC1 in, diethyl ether.
The TMPC mﬁxgwg\’l?blﬁ@ada%?t@ec P(ﬁsH(LePr c SAG"‘(H‘F FA bw%smsr@y £8% ock

sol ution was stn1&ls $Ral cbiuiths Bomt&iRi np @Rl Em R Hnd Werd EohddReq i n dry
McCl to achieve Z-3 % concentration by wei ght. The hydrofl uorocarbons that

were col | ect e@ndsoligctgdras liquigh dn thesky boxyuAliematively Bthnd chlotide swag driedkcei ved.

Hydr of | uor ocakrhons..] | ned r ﬂﬁl g/i ' '

precipitates (E? ]S%gig\%%er 55535@9% 8%%%#&&@5& ?%%igﬁng %ﬁ?%:é?fc%d used as
recei ved, was ndtiznsiesiesaiBoth sexderiats were lcondenskd addloplledtedanliquidl ialthor i des

(Al drich) were used .as hyd arbon sol utions. . These,sol puti ons, were eit her
pur chased or hﬁ%é&ﬁ?%@%&hgé@f%&ﬁfwwﬂﬁ% aﬂ?‘%ﬁ?‘gbﬁsﬂﬁ‘?‘i 051 The
slurry copol ynggbw, aﬁil\.@étﬁylﬁl?feﬁe RAIdreEYWak &¥edddves ehlvinfUhydHaB QHE iskilled conpnomer
into the |iquefied hydrofl uorocarbon at Eol_yrrerl zation tenperature and

stirred at a ppéerdecawr; ndNPG | Rrobipgo-ddeetrimethyleerans)d ovasoprepaed from
2,4, 4-trimethylpentene-1 and a 2.0 mol/L solution of HCI in diethyl ether. The

TMPCI was distilled before use. The HCl (Aldrich, 99% pure) stock solution was
prepared by dissolving a desirable amount of HCI gas in dry MeCl to achieve 2-3

% concentration by weight. The hydrofluorocarbons that were collected as clear,
colorless liquids at -95°C were used as received. Hydrofluorocarbons that
remained cloudy or had visible insoluble precipitates at -95°C were distilled
before use. Propane (Aldrich), used as received, was condensed and used as a
liquid. Alkylaluminum dichlorides (Aldrich) were used as hydrocarbon solutions.
These solutions were either purchased or prepared from the neat alkylaluminum
dichloride.

[00205] The slurry copolymerizations were performed by dissolving
monomer and comonomer into the liquefied hydrofluorocarbon at polymerization
temperature and stirred at a pre-determined stirring speed between 800 to 1000
rpm. The use of a processor controlled electric stirring motor allowed control of
the stirring speed to within 5 rpm. The initiator/coinitiator solutions were
prepared either in the hydrofluorocarbon or, for convenience of small-scale
experitnents, in a small volume of methyl chloride. The initiator/coinitiator

solutions were prepared by dissolving the initiator into the diluent (specified in



rpm The use of a processor controlled electric stirring notor allowed
control of the stirring speed to within 5 rpm The initiator/coinitiator
solutions were prepared either in the hydrofluorocarbon or, for convenience
of small - sgg) Roy@¥Peri ments, in a small volunme of met hybofibRbisiess: The
initiator/coinitrator solutions were prepared by dissolving the initiator
into the diluent (specified in WD 2004/Q§8825 PCT/ US2003/ 040852 73 each of
t he exanpl es) and adding, with mxing, a 1.0 Msolution of the

al kyl al um num halide. The initiator/coinitiator solution was used

I medi at el y. e Fniti Ol 1§ L. r | Ut . d ropm.se to the
pol yneri za%/i oﬁﬂ}s P%gh % eﬁ%’ﬁ#*@eé&i glag‘?}slgP‘é‘?ﬁeﬁMpé] p%\ﬁ%qgr ,géi‘étg‘%’ﬁ %#atﬁ‘f y, a

j acket ed dr opplkylaliminmel halide. Tednitibes/coisitingr tsblatisd Ovasiusegd hfmedistelgt | on
vessel s. Wen second or..third , initi r/coi.nitiator addition,is specified
in the exanpl ?‘W\Eﬁ rgcf"é‘?m?tfirﬁ °n%ﬁ‘i4¢a[‘4%“%ﬁ4ﬂ%ml¥rpﬁﬁamn¥%ond or
third batch ofhfile@Siie PisRRATSEkticl B, LopRoRAIS G Mckbdd Mropsthg!tfit igent i cal in
vol ume and concentrations to the first batch. The physical behavior of the
rubber parti clesamplegiusing the 308 mk glesy reapipnyesselsiet Whed mesecord ondhishd of the

addi ti on of eagt ?&o"i‘ﬁi b My [ 4. shaft and
pr obi ng the pgrrﬁi}?tg es %/{m&?%ggh@ﬁ?l#e%gegg%?u%aa%tcﬁlrﬁlmgé %\Na}sé?%eg%rﬁ%gai n and
the reacti on quepartied amdt hdditien axfdit sesondfor gthérdt batch hafh fib6lfly prepared i t er s of
nmet hanol . Conver.si on.i.s reparted. as.wei.ght. percent of the nponongr
converted to ﬁ%@ﬁ@?".ﬁu ﬁﬁﬁg@FE%F‘%HE&H’gIVQ ea?nc{/]\é?’ﬁﬁ'?'ﬁa%? b gﬁnﬁﬁsﬁ\ ned by
SEC (Size Ex®hidh! The Physiiibbelgip 0y thelttfibbeg pactit¥el ahd thdl stat@BCRHURRD Was
separations nodul e equipped with colum heaters and a Waters 410

di fferential dElmBiBedsbiher endyet Bt aiditioneet: eash crbahist datchey HemIPG:aNd| uent (1
m i, . 350 hdingudQlir Oan M S6GinSK PRIed i o Al DAl Rt 1000

2000, 104, 105 and "106A pore si Ze. calibration based on narrow nol ecul ar
wei ght pol yi sotmatbpgumragaint anddhe thactigniquenéhed rwithothg addition ahgrsatasthamd@l used to

cal cul ate nol %woﬁ{ers\’\%% %étﬁan%?d ngil\?etrsri&nb Y irgpr})%ed as weight percent of the

monomers converted to polymer.

[00206] Polymer molecular weights were determined by SEC (Size
Exclusion Chromatography) using a Waters Alliance 2690 separations module
equipped with column heaters and a Waters 410 differential refractometer
detector. Tetrahydrofuran was used as eluent (1 ml/min., 35°C) with a set of
Waters Styragel HR 5p columns of 500, 1000, 2000, 10*, 10° and 10°A pore size.
A calibration based on narrow molecular weight polyisobutylene standards
(American Polymer Standards) was used to calculate molecular weights and
distributions.

[00207] Polymer molecular weights can be determined on other SEC
instruments using different calibration and run protocols. The methodolgy of SEC
(also know as GPC or gel permeation chromatography) to characterize polymer
molecular weights has been reviewed in many publications. One such source is
the review provided by L.H. Tung in Polymer Yearbook, H.-G. Elias and R. A.
Pethrick, Eds., Harwood Academic Publishers, New York, 1984, pgs. 93-100,

herein incorporated by reference.




[ 00207] Pol ynmer nol ecul ar wei ghts can be determ ned on other SEC
instrunments using different calibration and run protocols. The nethodol gy of
SEC (al so know as GPC or gel perneation chromatography) to characterize

polymer nQ}psdd/edssiei ghts has been reviewed in many pubbigeideHiess2One such
source is the review provided by L.H Tung in Polynmer Yearbook, H G Elias

and It. A Pethrick, Eds., Harwood Aca? m c¢ Publishers, New York, 1984,
pgs. 93-100, herein incorporated by reference. WO 2004/ 058825
PCTI US2003/ 040852 74 [00208] Conononer incorporation was determ ned by

"H NMR spectr, y. re re t aj -at: a, fi g engt h
correspondi ng{@gﬁﬁgo I\/%EE%%% nﬁ%aﬁ%@%% e?%ﬂxmlrgerde P%cohglgﬁh{it room
t enper at ur e oBpatrBmekcer ANMMR embidireageatt rostet ebtampdt em aishield 6kt
solutions of the polyners. Al chemc shifts were referenced to TMVS.

[ 00209] The BgﬁT?@"ﬁ?%@b{?PJY‘JéHQF g@ h—ﬁ& W&W?@nﬂ?‘eﬁ?‘i% 4 M on was
obt ai ned fr omgepkhebl¥iReSHIECd IBHIR: XvﬁceaNW's?eé?ant Bystim ARhgOCTRYP Mz,

Pol ymer sanpl es 'were dissolved into CDC13 af 1-2 wv%_ The free induction
decays were c&plntensead therpolyeerse dilghamical shiftsovere srferencsdie TS with a 45

pul se, 1 second recycle delay and a 3.96 second acquisition tinme. Al

chem cal shifts were referenced to tetranethylsilane. [00210] The BSB tri ad
resonance was [e289pned TocBSHI(Bg iscbutyiéme; 8wt p-owthylsepene) &ihdi fracion Ras Ashbaugh,

C. J. Ruff, T.,D. ff | Sci . | 2000 8, 1680,
herei n incor pSPtéir\?g%" rqgf Mgﬁ%{}]‘m‘@%@ é@ﬁ“i%ﬁx%%h Iggg%f)ntqri 53’351"%*!3% t he
copol ymer vas peRitxsahss WerMiisiigvedHnhVBDERER! 1-0M/R9% OTH He iRduckbie

foll owi ng equation. % BSB = 100 (4A/(A+B)) where: A = integral value of the
2.8 ppm r esondpeays meee ¢olleeted an theodeyterated ehlerofrumceselitivat with 45° pulsedl 2. 2 ppm

[00211] For tRg RHTRIAEAeR) add'h §.95 WSRE bflisidAirh&! Aft LRARBMRRREWESN Lhe

referenced to tetramethylsilane.

[00210] The BSB ftriad resonance was assigned according to information
reported in J. R. Ashbaugh, C. J. Ruff, T. D. Shaffer J. Polym. Sci., A. Polym.
Chem. 2000, 38, 1680, herein incorporated by reference. The percentage of BSB
triads in the copolymer was calculated from the 'H-NMR spectrum according to

the following equation.
% BSB =100 (4A/(A+B))

where: A = integral value of the 2.8 ppm resonance

B = integral value of resonances between 2.6 and 2.2 ppm

[00211] For the purposes of this invention, the relationship between the
BSB triad fraction and the mol% p-alkylstyrene incorporated into the copolymer
is described by the copolymer sequence distribution equation described below and

is characterized by the copolymer sequence distribution parameter, m.

Fese=1-{mA/(l + mA)}

where: m is the copolymer sequence distribution parameter,



BSB triad fraction and the nol % p-al kyl styrene incorporated into the
copolyner is described by the copol yner sequence distribution equation
descri bed below and is characterized by the copol ynmer sequence distribution

par anet er, {m¥ (1+mA)} where: mis the copol yppfisReHiese
di stribution zgg@%g%er WD 2004/ 058825 PCT/ US2003/ 040852 75 A 1S the ol ar

rati o of isoprene to isobutylene in th 5copol ynmer, [pMS]/[IB] and, FBSB is
the BSB triad fraction in the copolyner.” [00212] The BSB and nol %
p- met hyl styrene (p-MS) data obtained by H NWR spectrorretry was fit by

iterative solution of t X‘n% nto
obtain a best fit. The zsstﬁlg??él {lt hi s %&gtt?géﬁ%%}ﬁdepds t e ug’nce

di stribution paraneter [pMS]t’[Idi}i agdypol ymer i zatl on of isobutyl ene and p-
met hyl styrene in each | ue f NVR net hods have been
used to characterize gﬁ%gé}?%&])d%ﬁ %8P§e°(5‘uence di stribution in
copol yners. I\/any of these nmet hods may be appl icable to the polyners of this
i nvention. eneral reference vvhl;:h reviews the a§pl i cation of NVR

6

spectrorretry Zme c hhe B3R And, mel% R-methylsiyiene (s M) dpta qbtaingd hd-dor f i n

Pol ymer Year baetg I Acadeni c
Publ i shers, New YOFEchg'rlnegg %S’s;ﬁ@'ﬂ it&ra‘d\re ?ﬁﬁﬁgﬂeﬁﬁ tPér?%gr&orat \éﬁﬁby ref erence.

[ 00214] Tabl edistribironsequation tosalitais ad:fest;ﬁﬂ yHhsrtiestafii mmm Bsddathe- 90 to -95
(Bxanp! e 11) FoRels BATERR AR, By Bvietpob AR P ol Tor
t hese exanpl methylbiyiiéie i4 2achidiloem:- 2, 4, 4-tri met hyl pent ane) was used as an
initiator in these exanples. WO 2004/ 058825 PCTI US20031040852 76

[00213] A variety of NMR methods have been used to characterize

comonomer incorporation and sequence distribution in copolymers. Many of

these methods may be applicable to the polymers of this invention. A general

reference which reviews the application of NMR spectrometry to the

characterization of polymers is H. R. Kricheldorf in Polymer Yearbook, H.-G.

Elias and R. A. Pethrick, Eds., Harwood Academic Publishers, New York, 1984,

pgs. 249-257, herein incorporated by reference.

[00214] Table 1 lists the results of polymerizations conducted at -90 to -95
°C in hydrofluorocarbons and methy! chioride (CH3Cl1) (Example 10) and propane
(Example 11) for comparison. A 100 ml glass mini-resin kettle was used for these
examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an initiator in

these examples.



Table V Tenp. :Yield: Conversion, M Ml % Example (C) Diluent (g) (W. 9% x
104 M;/M IP 1 b -95 CH3F 0.80 21.1 225 2.4 1.2 2'd -93 CH2F2 3.28 83 305
3.1 1.7 3 -90 CHZFZ 0.99 24.8 297 3.4 1.5 4 -95 CHF3 1.88 47.1 390 4.6 2.2
5C-95 %8&@@@&8 37.3 842 2.5 1.4 6 ' d -95 CH3GRI/ds20804eks 327 2.3
2.0 70 -9 1.48 37.3 384 2.5 1.7 8 -95 CHF2CHF2 0.82 41.0 142 2.3
2.3 9. ° -95 CHF2CF3 0.39 29.3 106 2.% 2.6 10 -90 CH3CQ 0.58 14.5 397 3.3
1.3 11 -95 Propane 2.37c 59.4 67 2.4 2.0 a: Except where noted

pol yneri zations were run with 30 m of diluent, 5.4 m of isobutylene and
0.23 m of isoprene (IP), initiator/cpiptit ator solutions were prepared in
1.3 mM of nmethyl chloride using 1.6 T<crotiters of TMPCI and 11.5
mcroliters of a 1.0 M hexane solution of methylal um num dichl ori de (MADC).

+

b: Three 'n"“mu-‘l‘féﬁ t;aLU'ILbaLbY m (éiﬁ?brély hc —eagtetr—=er
i ni tiator/cpinitiajor.bayches added to th actpr: ethyl.al um num th oride
(EADC) used| Exanle e("@?r) VADRiluent © 1 edle} | (n(%-d?s’:}ad wm“b i1l MoM,d| | JBnt| 1002151
Pol yneri zat H—pRy—efHhe—hydrgi-ttorgear-bons—est-ted—in—upber
particles thatl‘bli d| noe®5 adher@:Fo tjhé.30al I s Al tha re2actor 24 tp tte Stirring
shaft. The palt_fu es—oated—to—tHhe—stirface—of h%:quld whrep—St-F |ng
stopped. The par'ti ¢l e®3 20847,0548228 PCT/ USR003( 041852 | 771 1.7
3 -50 CH:F, 0.99 248 297 3.4 L5
4 95 CHF; 1.88 47.1 390 4.6 2.2
5°¢ -95 CH,CHF, 1.48 373 342 2.5 1.4
64 -95 CH;CF; 2.89 72.1 327 2.3 2.0
7° -95 CH;FCF; 1.48 373 384 25 1.7
g <95 CHF,CHF, 0.82 41.0 142 23 23
9=° -95 CHF.CF; 0.39 29.3 106 28 2.6
10 -90 | CHy(CI 0.58 145 397 33 1.3
11 -95 Propane 237° 594 67 24 20
a: Except where noted polymerizations were run with 30 ml of diluent,

5.4 ml of isobutylene and 0.23 ml of isoprene (IP), initiator/coinitiator
solutions were prepared in 1.3 ml of methyl chloride using 1.6
microliters of TMPCI and 11.5 microliters of a 1.0 M hexane solution
of methylaluminum dichloride (MADC).

b: Three initiator/coinitiator batches added to the reactor
Two initiator/coinitiator batches added to the reactor

d: ethylaluminum chioride (EADC) used in place of MADC

e: reaction scaled to 10 ml of diluent

[00215] Polymerization in any of the hydrofluorocarbons resuited in rubber
particles that did not adhere to the walls of the reactor or to the stitring shaft. The
particles floated to the surface of the liquid when stirring stopped. The particles



were hard as evidenced by pressing on themw th a chilled spatula when
tested near reaction tenperature. Polynerization in nethyl chloride
resulted in rubber particles that adhered to both the reactor walls and the
stirring sw,{“o#&\gﬁﬁsparti cles were clearly rubbery whep-pigheshdsth a
chilled spatula wnen tested near reaction tenperature. Polynerization in
propane resulted in a two-phase |iquid- ;quid reacti on. The denser phase
was clearly rich in polyner where as the |lighter phase was rich in propane.
Exanples 12 - 14 [002161 Results for polynerizations conducted at -50 to -55

C are given i Ar . rative gex les. A 100
i "ol ags i ni Vepali i SyidpRTYy oditeti g P o LRITRR RhLTUEE RS

(2- chl or 0- 2, 4 ndar rtadtion tiénypepatntea Pelymerisationcid mathychioridei retubted iin ribbes e

exanpl es. Table 2 Tenp.,Yield version npl.e. (O, Piluent (g) (W. %
X W IVM T M vBESiElepihayherca ttpég ff*.‘%m'z‘ﬁffwa%g’ef% %“‘Rl%ﬂ@ BHUEEBO 1.1
29.0 52 1.5 Lykre ddarly5GblRPHASE robewita 8hifldd Shafild wherticsB@ h¥aFRidcaa | ONS wer e
run with 30 m of diluent, 5.4 nl of isobutylene and 0.23 m of |soprene
(1P), initiat carpeeatare: | Belymenzation in pyonang gesuted da e tiva-phase Jiguid-luidiet hy |
chloride usin : ' | : ] L1 er 1.0 M
hexane sol uti gena%% %tgﬁy a{@{m ?18;%8 Ilg/iaglhfl%lﬁﬁ éﬂ%r:lé mg?%%ﬂegg%ﬁg%hg?em tiator
bat ches added wasrithin prepameor WO 2004/ 058825 PCTI US2003/ 040852 78 [00217]
The pol ynerization in difluoromethane gave rubber particles that exhibited
stiff-rubbery physical properties as evidenced by probing with a chilled

spatul a at re®xhmpls 1Z0perature. M nor anounts of fouling were evident on
t he

(002161 Results for polymerizations conducted at -50 to -55 °C are given in

Table 2. Examples 13 and 14 are comparative examples. A 100 ml glass mini-
resin kettle was used for these examples. TMPCl (2-chloro-2,4,4-

trimethylpentane) was used as an initiator in these examples.

Table 2°
_ Temp.' . " { Yield | Conversion | M, 1
Example | () | Diluent | @ | (Wt.%) |- x10° | MM, | Mol%IP
12 -55 CHF? | 1.1 29.0 205 2.2 1.9
13 -50 CH,Cl 1.1 29.0 52 1.5 1.1
14 -55 Propane® | 1.2 30.9 87 2.2 1.8
a: Polymerizations were run with 30 ml of diluent, 5.4 ml of isobutylene

and 0.23 ml of isoprene (IP), initiator/coinitiator solutions were
prepared in 1.3 ml of methyl chloride using 1.6 microliters of TMPCI |
and 11.5 miéroliters of a 1.0 M hexane solution of methylaluminum
dichloride

b: Two initiator/coinitiator batches added to the reactor



reactor walls and stirring shaft. In conparison, the polynerization in
methyl chloride resulted in a viscous coating of polyner on both the
reactor walls and the stirring shaft. Very little of the polynmer was

" suspendedyqly ﬂ“ flluent medi um  The propane based pUyURR603DAB5DON

experi ment 8 not | ook appreciably different than the run at -95C (Table
1, Exanple 11). Two phases were apparenjs in the reactor. The denser phase
was rich in polynmer and the |ighter phase rich in propane. The polyner in
t he presence of the propane diluent was considerably |ess viscous than the

pol ymer for rreﬂ) 02i7yt he MRl dlydiiAfidd &l!ﬂﬂoroﬁféﬁﬁﬂé E&éﬁbber%rtﬁ(@&?ﬂlﬂ Table 3

lists the results of pol yner’l zati ons conduct ed at
hydr of | uor ocaetidbited stiffirbbery: hbysicabipropértiesdas. evidencrd lmpl'gblasmﬁmwhﬂﬂml n kettle

d f >Cl
Uacd o an -1 MR RufEer Eeerki My SR o Sl SLETRGPSIVETS) "
Di | uents Vol %abfbﬁ wall§ @hd (sidring%haft X1ThOcoMipabibordyih®/pbiymefizatichiGit! nh&hﬂFCFB 95/ 5

2.97 74.0 234 3.5 1.2. 16 CH3Cl/ CH2FCF3 90/ 10 47.0 600 6 17
CH3Cl / CH2FCF3¢ Blﬁi%‘e%l@%l%ﬁ"@c%%"% pal me%"’dl%%ﬂ?eéﬁ%ﬂaﬂﬂﬁalé@fli €1.83 46.0

570 2.5 1.7 kﬁn%‘%\&&f(%?@ﬁﬁe% olmEPwA"sfs ﬁ&dﬂﬂﬂk(ﬁluex%qnééiﬁQ/CHZFZ
80/20 3.22 80.0 312 3 Cl / CH3CF3 80/20 2.83 70.6 179 2.7 2.2 WO

2004/ 058825 PR popassbasabpeymerizptign emezignt didaios lqvbt@arep@bbr@ffcrzatt i ons were
run with 30 dj | o %Eﬁ opr ene
(:JP)WI initi a?gmﬁc | In| ;JI a 3 FSCI%%]I&{}It’|h %Epl\ﬁ;lﬁzuﬂmpﬁ;& gqgergfp t“??h Imfzt Eyl

chl ori de usi ngacor MMherdensdrgihdse @hs HMPGH palithe? nd the Cighilet pphise dh & 1.0 M
hexane sol ution of
propane. The polymer in the presence of the propane diluent was considerably

less viscous than the polymer formed in the methy! chloride run.
Examples 15 - 21

[00218] Table 3 lists the results of polymerizations conducted at -95 °C in
hydrofluorocarbon / methyl chloride blends. A 100 ml glass mini-resin kettle was
used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an

initiator in these examples.

Table 3*

. R Conversion| M, S .
Example]  Diluents | Vol% |Vield(@)| (We%). | X10° |M./M, | Mol% TP
15 | CHCUCHFCE, | 9575 | 297 | 740 | 234 | 35 | 12
16 | CH;CUCHFCFs | 9010 | 190 | 470 | 600 [ 29 | 16
17 | CH:CUCH,FCF; | 8515 | 258 | 640 | 435 | 25 | 13
18 | CH;CUCH;FCF; | 8515 | 183 | 460 | 570 | 25 | 17
19 | CHCUCH,FCF; | 8020 | 185 | 466 | 285 | 27 | 13
20 | CHCUCHF, |8020 | 322 | 80 | 312 | 32 | 19
21 | CHCUCHCF; | 8020 | 283 | 706 | 17 | 27 | 22




et hyl al um num di chl ori de (EADC) b: nethyl al um num di chl oride (MADC) used

i nstead of ethylalum num dichloride (EADC) Exanples 22 - 25 [00219] Results
for polynerizations conducted at -55 C are given in Table 4. Two batches of
initiator/geiBhddsggr sol utions were used for each exanp¢-puszesckbddzm gl ass
mni-resin kettle was used for these exanples. TMPCO (2-chloro-
2,4,4-trinethyl pentane) was used as an ipitiator in these exanples. Table 4
Conversion M Exanple Diluents Vol% Yield (g) . (W., %9 Xle M/M MI%IP
22 CH3CUCH2FCF3 90/10 2.35 61.7 84 1.7 2.2 23 CH3CUCH2FCF3 85/15 2.96 77.7
77 2.2 2.2 24 C-LCI/CH2FCF3 80/20 2.37 62.2 82 1.9 2.0 25 CH3C/CHFCF3
75/ 25 2.38 62.5 88 2.0 2.2 a: Polynerizations were run with 30 m of
diluent, 5.4 &l of Ekepbwhyieamtedaprdymeizatonsi wereé rums siitheé3dem| bPYliluent, 5.4

initiator/coinitiater solutions r repared in md...of ,met.hyl chl oride
using 1.6 nicroli tﬁ#@?"%&ﬁ’e ﬁﬁm% Oi?.ogﬁn?af(rzfsfmefl :(g%’ oflmggtf/ﬁ”%n%tg&ane

sol uti on of nethyl gdluitns werelpepired irtE6 alidPethyl\ChidR8<H 85882 microlit

PCT/ US2003/ 040852 0 Eéﬂ ebZ% [002§01 A_pol yneri zation 1g_mcloeﬁsduct ed

wi t h met hoxyal umi n@in TMPEh @ dé-Oamuictelters phea; h0t Mt bixans s9iutiont 8F sol ution

was prepared by di gﬁgjauﬁ,ﬁgumgicgﬁ,ﬂgggg@cy ers of anhydrous nethanol into 2.6
m of liquid 1,1,1,2- tetrafluoroethane at -35C. To this solution was added

23 microliterd: of methylrlumisiun disblogide GMAPCrtused dhsterdn ofh dhdalimitude | n
pent ane. This sol ufj . @% red for 10 m nutes. A second sol ution was
prepared in the sa%ﬂfég\és 0 te:gich solution, 3.2 mcroliters of
2-chloro-2,4,4-trimethyl pentane was added with

Examples 22 - 25

[00219] Results for polymerizations conducted at -55 °C are given in Table
4. Two batches of initiator/coinitiator solutions were used for each example. A
100 ml glass mini-resin kettle was used for these examples. TMPCI (2-chloro-

2,4 4-trimethylpentane) was used as an initiator in these examples.

Table 4°
‘ - y Conversion| M, .

Example Diluents * - Vol%, Yieia @| (wt. %) X10° | M,/M, |Mol% IP
2 CH3CUCH;FCF3 90/10 [ 2.35 61.7 84 1.7 2.2
23 |CH;CVCH,FCFsf 85/15 | 2.96 77.7 77 2.2 2.2
24 |CH,CVCH,FCF,| 80720 { 237 62.2 82 1.9 2.0
25  |CH;CVCHLFCF,| 75/25 | 2.38 62.5 88 2.0 22

a: Polymerizations were run with 30 ml of diluent, 5.4 ml of isobutylene and
0.23 ml of isoprene (IP), initiatot/coinitiator solutions were prepared in 1.3
ml of methyl chloride using 1.6 microliters of TMPCI and 11.5 microliters
of a 1,0 M hexane solution of methylaluminum dichloride (MADC).



stirring and cooled -95C. Both solutions were added dropwi se to the

pol yneri zation solution with a chilled pipette. . A 100 mM glass mni-resin
kettle was used for this exanple. Table 5 fExanpl Diluent Yield (g~

Conver si ongwo\Bhos/oxgs2d! w x 10 MV M Ml % I P 26 CH2FCF3 2p@usebo3dd®s2. 6 2. 6
Exanpl e 27 [00221] Table 6 lists the results of a polynerization conducted
at -95C conducted in an 85/15 (VN) bleggd of 1,1,1,2-tetrafl uoroethane and
1,1- difluoroethane. This run was made with 30 m of diluent, 5.4 m of

i sobutylene, 0.26 m of isoprene and used a initiator/coinitiator solution
prepared in 2Egariple 26€t hyl chloride using 3.2 mcroliters of TMWPC1 and 32.0
mcroliters of a 1.0 M hexane sol ution of nethylal um num di chl oride (MADC).
A 100 Ml glass-mni- resin kettle was used for this exanple. WD 2004/ 058825

PCTI U82003104 201 81 Tabl & S Y/ | @ity % X 10
MV M, Mol % | NE0) 57 ¢ AP L GRANA Iw%xglarrprllcglgﬁgg‘-% 31?1%6&%"%38% 7 lists
the results oflichloriderat i92%¢.i dhe initiator/coinitatomnsetivion svhs irepar@iiy d1ssolv1ng
hydr of | uor ocar,hgns an a bl of .l uor o bo t chl ori de
usi ng p- net hylog fegghygr%mgﬁg}?@ I mo 1%%{ rﬂlpg?afnggﬁﬁ Lb&sin

kettle was usesiraﬁ@csmétnﬂﬁeateaewl q%ﬂnEl\Bﬁnoﬁzaasmdaem? ficrbliterd apﬁmd pent ane)
was used as an initiator in these exanples. Table Conversion M Exanpl e

Di | uent Yi el dnfoy]. soltion of eﬂlymbunlnmwdmhlmﬂVdanM8 T@WMnmsmz@i 322 3.2

2.1 for 10 minutes. A second solution was prepared in the same way. To each

solution, 3.2 microliters of 2-chloro-2,4,4-trimethylpentane was added with
stirring and cooled -95°C. Both solutions were added dropwise to the
polymerization solution with a chilled pipette. . A 100 ml glass mini-resin kettle

was used for this example.

Table 5

'ﬁample[ Diluent | Yield (g) [Conversion (Wt. %)] M, x10” | M,/M, |Mol% IP

26 CH,FCF, 2.61 65 248 2.6 2.6
Example 27
[00221] Table 6 lists the results of a polymerization conducted at -95°C

conducted in an 85/15 (V/V) blend of 1,1,1,2-tetrafluoroethane and 1,1-
difluoroethane. This run was made with 30 ml of diluent, 5.4 ml of isobutylene,
0.26 mi of isoprene and used a initiator/coinitiator sohution prepared in 2.6 ml
methyl chloride using 3.2 microliters of TMPCI and 32.0 microliters of a 1.0 M
hexane solution of methylaluminum dichloride (MADC). A 100 m] glass mini-

resin kettle was used for this example.



29 CH3Cl/ CHZFCF3' 0.96 23 762 4.2 2,2 80/20 VN 30b CH2FCF3 3.81 92 160 3.3
3.6 31b° CH2FCF3 1.18 28 278 3.2 1.8 a: Except where noted pol ynerizations
were run with 30 m of diluent, 5.4 m of isobutylene and 0.34 m of

p- et hyl SW&E@)%S&SEH tiator/coinitiator solutions were porapatedsasse 2. 6 nml  of
met hyl chloride using 3.2 microliters of TMPCl and 23.0 mcroliters of a
1.0 M hexane solution of ethylal um num,dichloride (EADC). b: 32.0
mcroliters of a 1.0 M hexane sol ution of ethylal um numdichloride was used
i nstead of the anmpunt noted in (a) above. WD 2004/ 058825 PCT/ US2003/ 040852
82 c: 1.6 mcroliters of 2-chloro-2-ngthilgpr opane used in place of the TMPCL
used in (a). [00223] Polynerization imany of the diluents of Table 7
resulted in rubber particles that did not adhere to the walls of the
reactor or to the—st+rrrng-shgtte—Ihe: FHgctes—oatgd—toe—thg surface of
the |iquid when stirring - -stoppec ¢sted  nhear -the. reactign
tenperature, the ®rle H¥td%ds evXd@ncedMeMpneMol’adPqn themwith
a chilled spatul 73— —Fabte—8—+t+sts—the—resul ts of

pol ymeri zat i ons uct ed” at - |9582i n| hy@&Bof lfuor b&ar Qons and

met hyl chl ori de r—conpar i Sor. —Exanptes 36 —amd—37are conpardti ve

exanpl es. A three-neck 500 m gl ass reactor was used for these exanples.
Prior to eachEpxwhplessd8-ZHti on, 300 M of nononer feed containing 10 w % of
nmononmers were charged into the chilled reactor. The initiator/coinitiator
nmol ar ratio was controlled at 1/3 and the concentration was set at 0.1 W%
EADC in Med [00220) i ni tTableOT ligtothieirésulté of poivherizationsbat vaskéleshddétepswi se to the

pol ymeri zation_mixture and the rate of additiqon _is controlled in such as way
. 95°C in hydrofluorocarbons and a blend of a hydrofluorocarbon and methyl

chloride using p-methylstyrene (pMS) as a comonomer. A 100 ml glass mini-resin
kettle was used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was

used as an initiator in these examples.

Table 7*

. . _ . '} Conversion | M, .
Example]  Diluent = |Yied(g)| (Wt%) | X10° | M/M, |Mol% pMS
28 CH,FCF, 1.37 33 322 3.2 2.1

CH;CVCH;FCF;
29 30120 VIV 0.96 23 762 4.2 22
30° CH,FCF, 3.81 92 160 33 3.6
315 CH,FCF,; 1.18 28 278 32 1.8
a Except where noted polymerizations were run with 30 ml of diluent, 5.4

ml of isobutylene and 0.34 ml of p-methylstyrene, initiator/coinitiator
solutions were prepared in 2.6 ml of methyl chloride using 3.2 microliters
of TMPCI and 23.0 microliters of 2 1.0 M hexane solution of
ethylaluminum dichiloride (EADC).

b: 32.0 microliters of a 1.0 M hexane solution of ethylaluminum dichloride

was used instead of the amount noted in (a) above.



so that the reactor tenperature raise did not exceed 4C. The amount of
initiator/coinitiator solution added in each depended on the desired nononer
conversion target. WD 2004/058825 PCT/ US2003/ 040852 83 Table 8a Conversion

Mo MV Exagi) fodiskignt (W 9% X10 -3 X10 * M IM Mol % | fer3&ebiiaiiss3 65 315
626 2.0 2. JO 4% ég%gws 04 213 489 2.3 3.0 34 GBoHE> EVITYRUEIESS 5 3
35 CH3CHF2 100 197 558 2.8 1.8 36 CH3C| 54 170 628 3.7 2.0 37 CH3Cl 97 135

517 3.8 2.4 a: Polynerizations were run®¥ith an i sobutyl ene/i soprene nol ar
feed ratio of 9515 [00225] The exanples in Table 8 denonstrate the

production of high, -molecul ar.weight,bu rubber usi an
initiator sysf'em i hﬁdﬂﬁ‘?@%&%ﬁ%ﬁ%ﬁ:ﬁ% TPRISRHEC 'fln@g%?fe%gw&(ei ght of
the butyl polynersusgd@e(@n CHF2CF3 and CH3CHF2 were significantly higher

than polyners made in Med at simlar nononmer conversion under simlar
conditions. The polydispersity (Mv Wi) of the butyl polynmers nmade in both

CHZFCF3 and Ctéiﬁ*zﬁ% wa olyﬁerﬁﬁﬂ&sli@ﬁf}&ltpéngg;eehie r???/bﬁlé@@sksﬂfeﬂ%m%a

pol ydi spersity of 2.0 thah the pol ynmérs under simlar

experi nent al patidles thehdid nphadhersdp itheeallsrof heusrctor aro therstirting shefioThaer s made

in Md falls n d 4E2. Dol yper sl uer rficles
made i n both ﬁ%gog%%%%%@eaogﬁﬁgédt@@ﬁgﬂ%ﬁgg%?ppf%ameé tFSgesés sticky
during handl i neprtikameadtion t@nperatere, the parttiglep avetd lnrd as evidbncedby Pplessingusider

imlar conditions, Ex e 8-44
> Itﬂem vswthacl?iﬂgé spsa a.

Examples 32 - 37

[00224] Table 8 lists the results of polymerizations that were conducted at -
95°C in hydrofluorocarbons and methyl chloride for comparison. Examples 36
and 37 are comparative examples. A three-neck 500 ml glass reactor was used for
these examples. Prior to each polymerization, 300 ml of monomer feed
containing 10 wt% of monomers were charged into the chilled reactor. The
initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set
at 0.1 wi% EADC in MeCl. The initiator/coinitiator solution was added dropwise

to the polymerization mixture and the rate of addition is controlled in such as way

so that the reactor femperature raise did not exceed 4°C. The amount of
initiator/coinitiator solution added in each depended on the desired monomer

conversion target.



[00226] Table 9 lists the results of copolymerization of

nmet hyl styrene that were conducted at

WD 2004/ 058825 PCT/ US2003/ 040852 84 chloride for
and 42 ar ewpQuRakaas ve exanpl es.

for these exanpl es.
containing 10 wt % of nononers were

initiator/coinitiator
concentration was set at 0.1 wt% EADC in M .

nol ar

A

cha
rati o was

| sobutyl ene and p-

-95C in hydrofl uorocarbons and net hyl

Prior to each polynerization,
ed into the chilled reactor.

conpari son.

m

Exanpl es 41
t hree-neck 500 M g@Es6ES200AG688F Was used
300

of npnoner feed

controlled at 1/3 and the
initiator/coinitiator

The

sol ution was added dropw se to the porykgg* zation mxture

addition is controlled in such as way™So that the reactor tenperature
did not exceed 4C. The anmount of

initiator/coi nitiator

and the

The

rate of
rai se

sol uti on added in

each dependedron—therdestedrt stefy arget—F ble—9
Conversion M, M -Exanplé Di '%ﬂ@ Iea 2" 1" M, /M Nbl €9 pMs 38
CHF2CF3 22 91 EW[@E B nll®ﬂt39 (ﬂm3 9319 3 MAM, A0MBMRICFR 98 74
244 3.3 4.6 KT F2—56—1B8—1-09% C.o t‘ﬁ;. 42—CHBEHF2—106—369—9P8 5.4 4.9
43 CH3Cl 57 9f 43123 4 @PEF@B 44 Cd3CI- o 015 34p €66 4. @-&: |Pol Yieri zati ons
were run wthiem iSUpu renefp=rethytstyrenenot=a eed—rat+o—of—p0/ 10
[00227] The ekarmdi es Fehl £ 9 @énongtrdte that8%us) ng&n EAD@SDHCI
initiator sysfemTm—a CHZE —dirtuent T the prpductd of—sobutytene- PMS
copol yners with ¥npa@bPdFnpl ecdfar vei gitt s 1 08Boppl ﬁ-ﬁsrc prdducefl in a
McCl dil uent. [TSODU _/Teneﬁﬁ)- T th STYT[ETTe_COppt YIETEprepgr ed_ L1 Gi3CHF2

35 CH;CHF, 00 197 P 58 2.8 1.8

36 CH;CI 54 170 628 37 20

37 CH;Cl 97 135 517 3.8 24

a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5
[00225] The examples in Table 8 demonstrate the production of high

molecular weight butyl rubber using an EADC/HCI initiator system in CHF,CF;
and CH3CHF; diluents. The molecular weight of the butyl polymers made in
CHF,CF3; and CH3CHF; were significantly higher than polymers made in MeCl at
similar monomer conversion under similar conditions. The polydispersity
(Mw/Mn) of the butyl polymers made in both CH,FCF; and CH3;CHF, was
narrower and closer to the most probable polydispersity of 2.0 than the polymers
made in MeCl under similar experimental conditions. The isoprene incorporation
in the copolymers made in MeCl falls between CH,FCF; and CH3CHF;. The
polymer slurry particles made in both CH,FCF; and CH3CHF; appeared to be
significantly less sticky during handling than the polymer slurry particles made in

MeCl under similar conditions.

Examples 38-44

[00226]
methylstyrene that were conducted at -95°C in hydrofluorocarbons and methyl

Table 9 lists the results of copolymerizations of isobutylene and p-



exhi bit much hi gher nol ecul ar weights. The pMS incorporation in the

copol yner WD 2004/ 058825 PCT/ US2003/ 040852 85 is significantly higher in
CH2FCF3 than in McCl using the sanme nononer feed conposition under simlar
reacti on cpGnsdRgss | n addition, the polymer slurry pecgiShoesfsbgdz CH2ZFCF3
appears to be significantly less sticky in CHZFCF3 than in MC . Exanples
45-47 [00228] Table 10 lists the resul ts of copol ynerization of

i sobut yl ene/ p- net hyl styrene and i sobut y1 ene/ i soprene that were conducted at
-95C in an 80/20 mxture (by volune) of CH2FCF3 and CH3CHF2. A three-neck
500 m gl ass d 1L.or t h
pol yneri zati oﬁf,ilgg‘g%%ﬁ éggﬁmH%.glho%egém#lgsgglacagzrfl?tgﬂr{?%Snlfo’élla\%wvg/oegﬁﬁ%shoéer S were
charged i nto three-mdvk|308cdm! gias treactor e used tibnthesd eramples. atfotor noleath rati o was

controll ed at 3 and. th opcentratio s .set at 0.1 wt% EADC in MeCl .
The initiat orPé%T‘ﬁPﬁ f‘ofﬂoslafﬁfmﬁ"m © qui\%dmagéBMg‘go{lﬁm’(‘%erB&%ri zation
m xture and t gRargel entOf thadetiflddd Redcfor. CARE I RitiaBf/chiithatsiN ndfar \AYio S@ad hat the
reactor tenperature raise did not exceed 40C. The anpunt

f
i ni tiator/coi Geutiolledat &3 andths congertration veas oot aa@plew%a%lactigédefésﬁeed

(Vo X PLAG R in ettt wh AR EblR0 1 e o R i R 0
1,048 2.3 476ndMBrae0f SMftion, it 6etdlled i subtossywayr sozhatitbnsacter empemtuv t h an

i sobutyl ene/isoprene nolar feged ratio of 95/5 b: Polynerizations were run
Wi th an i sobutaiseedid/not pxtehy UsCy rirecammintipf indtipdor/comtitigonsolginni@ided in

each depended on the desired monomer conversion target.

Table 9° -
) . ‘Conversion M, |[:M, _ : .
Example | Diluent | (Wt.%). | x10° | x10° | M,/M, | Mole% pMS |
38 CHF,CF; 22 91 298 33 43
39 CHF.CF; 57 89 201 33 44
40 CHF,CF, o8 74 244 33 4.6
41 CH;CHF, 56 188 1,091 5.8 4.1
42 CH;CHF, 100 169 9208 54 49
43 CH;CI 57 97 443 4.6 3.8
44 CH;CI 69 94 342 36 4.0
a: Polymerizations were run with an isobutylene/p-methylstyrene molar feed
ratio of 90/10
[00227] The examples in Table 9 demonstrate that using an EADC/HCI

initiator system in a CH,FCFs; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent. Isobutylene/p-methylstyrene copolymers prepared in CH;CHF,
exhibit much higher molecular weights. The pMS incorporation in the copolymer



WO 2004/ 058825 PCTI US2003/ 040852 86 [00229] Table 10 denonstrates the
production of high nol ecul ar wei ght isobutylene-isoprene copolyners and

i sobut yl ene- pMs copol yners using an EADC HCL initiator systemin a m xture
of CH2FCF3wansosideélsF2 as the pol ynerization diluent. pogugbiiesszs! urry
particles in the CH2FCF3/ C3CHF2 m xture denonstrate the same non-sticki ness
appearance as in a pure CH2FCF3 or CH3CHF2 dil uent descri bed above.

Exanpl es 48-117 [00230] Exanples 48 - 1 exenplify copol yneri zati on of

i sobutyl ene with other conmononers. The copol yneri zati on have been run at
two tenperatute exanpl es
listed in Tabl egigl??gamffgn %1%“ @I_tbt a?%ﬁ%“ %%ﬁ#ﬁ‘ﬁg%f%ﬂ%%@%ﬂyﬁg% zation
in test tubes cempoqumﬁmwlet‘ lsinyibar ercaction t:bndmxglsetln(addttlon, ﬂﬁrmlymﬁnﬂmmy

sol utions were .r mgg?%%%ggrg t tub at tig %%ggy&ﬁg%re \é\lhICh
i qui

is identified

diluent, 5 m Nﬁcuqu|d i sobutyl ene and enough I|qU|d conononer to achieve
a 3 nmol % conmononer feed. Polynerization solutions were nagnetically stirred
at the identified tenperature and were initiated by the dropw se addition
of a stock com&hbgﬁgggmqnltlator solution using a chilled glass Pasteur

pi pette. Conversion is reported as wei ght percent of the nononers converted

to polymer. 1002321 Table 11 lists the results of polynerizations that were

Conaust g 2t yodagy o iyl 0T e SRLOUSa0RRFRRRE g™ 40

1,1-difluor oehﬁa]ﬁ}estyﬂeﬁ@mafgétmﬁﬁen&ﬁsoprﬁﬁnmhm tonddcted 4h-969C iredin 80/20
p-t-butylstyrene (t-BuS) (0.36 er run indene (1 nd) ego 23 per run)

or [3-pinene @EEBye (by woluge) B%F:H? ol o fieerngok 098nﬂﬂlas§tock

sol ution of ethylaluyy e tﬁ@éeoéxhﬁilﬁleﬁEmt@@ﬁ’chh[ycﬂﬁrﬁ&%uﬁﬂlﬁd g of HC1)  was
prepared in nmethyl chloride by adding O HCL sol ution

monomer feed containing 10 wt% of monomers were charged mto the chilled

reactor. The initiator/coinitiator molar ratio was controlled at 1/3 and the
concentration was set at 0.1 wi% EADC in MeCl. The initiator/coinitiator solution

was added dropwise to the polymerization mixture and the rate of addition is

controlled in such as way so that the reactor temperature raise did not exceed 4°c.
The amount of initiator/coinitiator solution added in each depended on the desired

monomer conversion target.

Table 10
R Conversion |’ _M.. e | M. ‘
Example | Comonomer | .(Wt %) Cox10° Cx10° M./M,
45* Isoprene 87 309 676 2.2
46° pMS 76 449 1,048 2.3
47° pMS 100 349 1,166 3.3
a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5
b: Polymerizations were run with an isobutylene/p-methylstyrene molar feed

ratio of 90/10




WD 2004/ 058825 PCT/ US2003/040852 87 in 1,1,1,2 tetrafluoroethane and 0. 960
m of a 1.0 nol/L ethylalum numdichloride solution in hexane to 1

met hyl chl ori

de. Polynerizations were run by adding, dropwise, 1.5

this stockygAhddgkskssol ution to the stirred nononmer  sopeH/$#063/040852
Pol ynmeri zations were termnated wwth the addition of 0.2 m of net

Pol yneri zation in any of the hydrofl uorgcarbons resulted in rubber
particles that did not adhere to the walls of the reactor or to the stirring
bar. The particles floated to the surface of the liquid when stirring
particles were hard as evidenced by pressing on themwth a
chilled spatula when tested near reaction tenperature. Polynerizat
met hyl chl ori de [0@229] t eBable 19 (dstronstratesrthe prasiuctionaof hiphemelgcular weight t he

stopped. The

reactor wall s.
D | uent CoM (

1.4 49 CH3d EAIEMHCBSﬁmﬁtoB s¥88m 2in3a Znitturd @f GRFCR; -did SCASTHEY ab thHel 2 2

51 CH2FCF3 t -
53 CH2FCF3 t -
55 CH3CHF2 t -
57 CH3Cl Ind

Bty P yphichd (Ao gfR) end bl heS ooy Ul o
Belimongion iy 1T polymes Jumnganiks inghe QbR ingeR 5

ﬁhb&u&%%m%lxstﬁate?&% s&’m@ nen-stickmessdppbdritelas %&@ }?F@F%Qﬁ
3750 008 2.2 1.2 58 CHBCL I nd 179 4.7 137 1.7 1.

00 m of
m of

hanol .

lon in

Exarrpl e
39

21.5
2.0 1.6
.7 1.8
2.7 1.8
59 CH3C1

Ind 130 3.4 16%&@H§ziw$mt®@mmﬁémbm@ I nd 2279 60.8 131 2.2 2.3 61 CH2FCF3
Ind 1199 31.9 101 2.1 2.4

Examples 48-117

[00230] Examples 48 - 117 exemplify copolymerization of isobutylene with
other comonomers. The copolymerizations have been run at two temperatures and

in four diluents.

[00231] The polymerization examples listed in Tables 11 - 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at the
desired temperature, which is identified in the paragraphs below, by combining 20
ml of the liquid diluent, 5 mi of liquid isobutylene and enough liquid comonomer
to achieve a 3 mol% comonomer feed. Polymerization solutions were
magnetically stirred at the identified temperature and were initiated by the
dropwise addition of a stock coinitiator/initiator solution using a chilled glass
Pasteur pipette. Conversion is reported as weight percent of the monomers

converted to polymer.,

[00232] Table 11 lists the results of polymerizations that were conducted at
-95°C either in methyl chloride (as a comparative, examples 48, 49, 50, 57, 58, 59,
66, 67, and 68), 1,1,1,2-tetrafluoroethane or 1,1-diflucroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (t-BuS) (0.36 m! per run), indene (Ind)
(0.23 ml per run) or B-pinene (BP) (0.31 ml per run) as indicated in Tabie 18. A
stock solution of ethylaluminum dichloride (EADC) and hydrogen chloride (HCl)
was prepared in methyl chloride by adding 0.320 m! of a 1.0 mol/L HCI solution



WD 2004/ 058825 PCT/ US2003/ 040852 88 62 CH2FCF3 Ind 2299 61.3 116 2.2 2.0

63 CH3CHF2 Ind 323 14.0 141 2.3 1.8 64 CH3CHF2 Ind 243 9.1 138 2.3 1.8 65
CH3CHF2 Ind 526 8.6 146 2.3 1.9 66 CH3Cl PP 402 10.5 20.7 1.0 8.3 67 CH3CL
RP 406 10. \80%904%9851 7.8 68 ,CH3CI [3P 235 6.2 17.6 1.&1%ueBo03dssz2FCF3 (3P
644 17.7 2 354 70 CH2FCF3 pP 833 22.1 39.7 1.4 8.1 71 CH2FCF3 (3P
610 16.2 37.0 1.4 8.5 [00233] Table 12 k sts the results of polynerizations
that were conducted at -50C either in rret hyl chloride (as a conparative,
exanples 72, 73, 74, 81, 82, and 83), 1,1,1,2-tetrafl uoroethane or

L L1 o oeRDRR s LBERIRRE B0 966 ARG DR VMR B

run) as indi camlatlbn in Hexbheetal P00 /Al of awithy$ chlotido n Polymeeitzétidna lwere runnbydi chl or i de

acaing 0. 320 MR S5opp hotipk et o5 BRPEFREF S S3he Ve s ot e

and 0.960 m @$luﬁonl". 0 erizeidh | wére Nierminated @ﬁﬂplthedﬁdcﬁﬁélﬂtofm minofiexane to
100 M of methyl chloride., Polynerizations were run di ng, _dropw se,

1.5 m of thi $edhapel Pelyerigations g1 any Gﬁtheoh)t‘iﬁ@%qa?@&sﬁﬁiﬁ'&ﬂ%ﬂﬂ rébbeL)t i ons
except for ex%%p_ig th%?-g: @ﬁ?ﬁﬁ%%h%@ NWaddr or'tB tEX@RhEBar/The /3, 74,

81, 82, 83, a HC1 so t|on was used. ynmeri zations
wer e terni nat drtigles oathd tatheisuifave affth@liguidiwhet SmmBaslxwlped P&he pasticlesat i on i n

any of the hydro oroc rbo resulted in ru S th d not
adhere to the f'ag ﬁ%c é’c?%?’smgrm‘t%' 'Ph‘gl [ rr| % e S|5£gaidrt i cles
floated to t haeaufeidm& taﬁpérhiﬁrd |P@ly|n¢r1zaeﬂmnnah¢thyll dl@orﬁ:tecmﬁ&tdd iflebbparti cl es

were nmuch nore stjff, evi d ed b S on the th a chilled
spatul a when tpé@f‘% ﬂ‘ﬁ‘é%‘ﬁ"e?e@é‘&g?'g he 18 ‘é‘r"éailﬁ ‘?g‘e strring !

Table 11
._ = L i Yield | Conv. M, |- | mol%"
| Exal;fple | f)i_lnent | . CoM | (mg)- y (wt.%) ix 10‘3 MyM, | CoM
48 Cﬁg,Cl t-BuS 496 | 12.8 139 | i.S 1.4
49 CH;Cl t-BuS 384 9.6 130 2.3 24
50 CH;5Cl t-BuS 485 12.6 112 22 1.5
51 CH;FCF; | t-BuS 345 8.9 128 2.0 2.0
52 CH,FCF; | t-BuS 249 6.4 128 2.0 1.6
53 CH,FCF3 | t-BuS 295 7.6 119 1.9 1.9
54 CH;CHF,; | t-BuS 325 8.4 297 2.7 1.8
55 CH;CHF, | t-BuS 433 11.2 217 2.6 2.3
56 CH;CHF; { t-BuS 333 8.6 303 2.7 1.8
57 CH;C1 Ind 375 9.9 68 22 1.2
58 CH;Cl Ind 179 4,7 117 1.7 1.3
39 CH;C1 Ind 130 34 103 23 1.1
60 CH,FCF; Ind 2279 60.8 131 2.2 23
61 CH,FCF3 Ind 1199 31.9 101 2.1 24




than with the nmethyl chloride prepared exanples. Polynerization in nmethyl WO
2004/ 058825 PCT/ US2003/ 040852 89 chloride resulted in rubber particles that
adhered to both the reactor walls and the stirring shaft. Table 12 Yield
Conv. r@hgo 0 le Diluent CoM (ng) (wt.% x 10- 3 pdridviosfoadsz 72 CH3C
t-BuS 1750 031 1.7 2.9 73 CH3Cl t-BuS 1917 49.6 58.0 1.9 2.9 74
CH3Cl t-BuS 2758 71.4 60.4 2.0 2.9 75 GH2FCF3 t-BuS 500 12.9 35.3 1.4 4.1
76 CH2FCF3 t-BuS 523 13.5 39.2 1.5 4.3 77 CH2FCF3 t-BuS 568 14.7 39.7 1.5

3 78 CH3CHF2 t-BuS 651 16.9 68.1 1.7 4.4 79 CH3CHF2 t-BuS 733 19.0 71.9
6 4.1 80 CHICHFZ A7) 1174 0.3 117 2.3 S ¢h3Cr 1Tmg—704 18716 49.9
41.0 82 CH3®R |njq'§ﬂ§0 11 %o 1 129911 4 683 cHaCll9ng 324 8 4284.6 1.4
1 84 CH2FEF3—1md 113136, 7 I. |4 I 785 CH2FCF3 T 4641274 37.9 1.4
0 86 CroFbra6nd h66EHFs (10l 153230 348rBFH nil 28 o 7140.B 1.5
4 88 CH3CAFZImd B33 9.0 429 175 L. 3002321 Tabl e I3 trstsitireTesults

of polynerizati $fs t 15»‘1‘}13@5}’@ coffuctledddt| -g5E infald® .23 bjlfn&%f

PENREREA

1, 1-di f |l uor oettrane T 1, It 2-tetrafituoroettiranc: sobutytene

copol yneri zed wi®h ohEHsEHERd £ Bad owy 186 cprmonbfrer s| od48D| 2053/
PCT/ US2003/ 046852

53825

66 CH3Cl1 BP 402 10.5 20.7 1.0 8.3

67 CH;Cl BP 406 10.6 205 1.1 7.8

68 CH;Cl BP 235 6.2 17.6 1.0 8.9

69 CH,FCF; BP 644 17.7 29.5 14 9.4

70 CH:FCF; gP 833 22.1 39.7 1.4 8.1

71 CH,FCF; BP 610 16.2 37.0 1.4 85 |
[00233] Table 12 lists the results of polymerizations that were conducted at

-50°C either in methy] chloride (as a comparative, examples 72, 73, 74, 81, 82,
and 83), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run) or indene
(Ind) (0.23 ml per run) as indicated in Table 12. A stock solution of
ethylaluminum dichloride (EADC) and hydrogen chloride (HCI) was prepared in
methyl chloride by adding 0.320 ml of a 1.0 mol/L HC! solution in 1,1,1,2-
tetrafluoroethane and 0.960 ml of a 1.0 moV/L ethylaluminum dichloride solution
in hexane to 100 ml of methyl chloride. Polymerizations were run by adding,
dropwise, 1.5 ml of this stock EADC/HCI solution to the stirred monomer
solutions except for examples 72, 73, 74, 81, 82, 83 and 87. In examples 72, 73,
74, 81, 82, 83, and 87, 2.3 ml of EADC/HCI solution was used. Polymerizations
were terminated with the addition of 0.2 ml of methanol. Polymerization in any of
the hydrofluorocarbons resulted in rubber particles that did not adhere to the walls
of the reactor or to the stirring bar. The particles floated to the surface of the liquid
when stirring stopped. The particles were much more stiff, as evidenced by
pressing on them with a chilled spatula when tested near reaction temperature,

than with the methyl chloride prepared examples. Polymerization in methyl



90 conononer pairs as indicated in Table 13: isoprene (I1P) (0.20 m per
run), p- nethylstyrene (pMs5) (0.26 ml per run), p-t-butylstyrene (t-BuS)
(0.36 m per run), indene (Ind) (0.23 m per run), f -pinene ((3P) (0.31
nil per rugh 10603829/ 50 nol /ol bl end (1 P/ pMs) of i sopseEigs2063/0kékssi ) and
p-met hyl styrene (0.13 m) per run as indicated in Table 20. A stock

sol ution of ethylalum numdichloride ( ) and hydrogen chloride (HC) was
prepared in nethyl chloride by adding 0.320 m of a 1.0 nol/L HC solution
in 11,1, 2-tetrafluoroethane and 0.960 m of a 1.0 nol/L ethylal um num

di chl ori de sol I R ri zations
were run by ac}ﬂ{)ﬂrl]%g]reédﬁtgg\?\?(gggegl 5 rr%tﬂét agﬁ?rgﬂs({%dc %EA%%%Y&S aﬂPﬁlﬁaon to the
stirred nononstirrisgkhafii ons, except for exanples 98, 99, 100, 101, 102, and
103. For exanples 98, 99 and 100, 3.0 m of EADC/ HCI solution was used. For
exanpl es 101, 102 and 103, 2.3 m of EADC/ HCl sol ution was used.

Pol ynmeri zations were term nated with Tdide 82iditi on of 0.2 nl of nethanol.

Pol yneri zation in any of the hydrofl uorocarbons resulted in rubber particles

that did nof adherefto the yarts or T{gﬁ] CaghRYV.. O] WP, LMe SUTTTyf3@;bpr. The
particles floated tp the su.rfaqs ‘'t he ” iguid ’wh@n st_i fi:ng. sto ped The

particl es wel.&xaemple | aBilaentddri fmg)s 5i {ytom t 1éhl(w (M |G spat ul a
when tested hrear—+eattion—tdrperatdre—Peyrerzat-on—h cthy' eht-ori de
resulted in tubbB@r partCHRCEs [t hdduS adh’éﬂeﬂ t @530t h t%4reac1’.6r wakl9s and t he
stirring shapt—Fable—3+3—Y+rehd—Corv—1M +o5——ExarpteCoM{re)— X 10
MV Ma CON 85 | 731147 3H;C1453 tHhd 1.991792 | A92061|558.0 ©281.2. 8/ 220 P1 IP
2382 64.6 2762629 —92 “l‘v._ 6544-A-3—82 3428 1—93—p5—722191+6p4 3.0

2.8 94 pMB 95 741, 0| 66BLEIO0 |2.tBuS | 2758 | 714 | 604 | 2.0 29
4

75 CH,FCF; | t-BuS 500 12.9 35.3 1. 4.1
76 CHyF Cl:‘;3 t-BuS 523 13.5 39.2 1.5 43
77 CHoFCF; | t-BuS 568 14.7 39.7 15 4.3
78 CH;CHF; | t-BuS 651 16.9 68.1 1.7 4.4
79 CH;CHF; | t-BuS 733 19.0 71.9 1.6 4.1

80 CH3CHF; { t-BuS 440 11.4 70.3 1.7 2.8

81 CH;Cl Ind 704 18.6 49.9 1.4 1.0
82 CHaCl Ind 645 17.1 34.1 1.4 1.4
83 CH;Cl Ind 319 8.4 44.6 1.4 1.1
84 CH,FCF, Ind 424 11.3 36.7 1.4 1.7
85 CH,FCF; Ind 464 12.4 37.9 14 2.0
86 CH,FCF3; Ind 496 13.2 40.8 1.5 1.9
87 CH;CHF, Ind 328 8.7 40.8 1.5 14
88 CH;CHF, Ind 338 9.0 42.9 1.5 1.3
[00234] Table 13 lists the results of polymerizations that were conducted at

-95°C in a 20 wt.% blend of 1,l-difluoroethane in 1,1,1,2-tetrafluoroethane.

Isobutylene was copolymerized with one of the following comonomers or



WD 2004/ 058825 PCT/ US2003/ 040852 91 95 t-BuS 411 10.6 304 2.0 1.6 96 t-BuS
389 9.8 252 2.1 1.9 97 t-BuS 445 11.5 241 2.1 1.9 98 Ind 166 4.4 283 2.2
1.3 99 Ind 405 10.7 267 2.3 1.4 100 Ind 208 5.5 317 2.1 1.2 101 OP 1340

35.6 104 ﬁo@s 812%2 OP 375 10.0 79.4 1.4 8.4 103 pp meQudfesbsi@:9 1.4 8.8
104 1 P/ pVB 8’832 1.8 0.49/1.7 105 IP/pMs 423 11.3 699 1.8 0.67/ 1.5

106 | P/ pMs 361 9:7 989 2.1 0.71/1.5 [00g351 Table 14 lists the results of
copol yrmeri zati on of isobutylene and bufadiene (0.15 m per run) that were
conducted at -95C in nethyl chloride (as a conparative, exarrpl es 107 and

108), 1,1,1, 2, O/ bl end

(CH?%CHFZ/ CH2F %ﬁ@r%?ﬂ?ﬂ%ﬁ%@% E‘ﬁ%‘i h%oirf%jeﬁ@ 9?) (6)? ur S8y neenA

?'I[—I(C):IC? sol uti ome(ﬁyé&tyrbgd @Mﬂh(ﬁﬁglnﬂpex’ghm)épdéu@EMe g;BgS%tmwmgm rm’(gl or: ?E "
was prepayed i ride no

sol ution i P\ 1] ‘.‘Le Q“‘Béﬁ&éf‘%l?& E’é‘g AeC nﬁ%&%é”ggﬂrﬂer B §ra: WSQTBHO%@OJ

et hyl al umi nU”‘bléh&WP%MQ?oF%Ffeh@fo 1m1ﬂmeasm§:nie&1y1@ﬁeﬁﬂ (@3 mﬁtﬁ'm&aé oride.

Pol ymeri zations were run di ng, dropw Se, m  of s stock

EADC/ HCl  sol utllldclmtqddnﬂhblegﬁi & athckmmpf s‘rbylalunun@n dﬂthlqnder(EABCi) emk were
E ﬁ(ram E?Eﬂ?gf YmuoPocgé?‘bﬁ%i&rc sul %fplﬁj r ub Gﬁ}l P%@P&%@dl no ahﬂe?gyt gf
the walls of 1t(}molﬂegH(rlmohmbnt1m lxlrleﬁ-tetraﬂudrmjhdmrand'ﬂc%ow of l.6amdllloat ed to
L jsur 128 oL Eekudl Sy SLICL D9 SLEPREGoy The ALl e hard as
reaction tenp@oBinéfitatidns Wei® hinZ By hd¥ing, dropwise, 1.5 ml of this stock EADC/HCIL

solution to the stirred monomer solutions, except for exampies 98, 99, 100, 101,

102, and 103. For examples 98, 99 and 100, 3.0 ml of EADC/HCI solution was

used. For examples 101, 102 and 103, 2.3 ml of EADC/HCI solution was used.

Polymerizations were terminated with the addition of 0.2 ml of methanol

Polymerization in any of the hydroflucrocarbons resulted in rubber particles that

did not adhere to the walls of the reactor or to the stirring bar. The particles

floated to the surface of the liquid when stirring stopped. The particles were hard

as evidenced by pressing on them with a chilled spatula when tested near reaction

temperature. Polymerization in methyl chloride resulted in rubber particles that

adhered to both the reactor walls and the stirring shaft.

Table 13

N . (Yield | Comv. *| My | = |. mol%
Example| CoM | (mg) | wt%) | x10° [MJ/M,| CoM

89 1P 1147 311 453 2.0 1.9
90 1P 2061 55.9 628 1.8 2.0
91 P 2382 64.6 276 2.0 22
92 pMS 654 17.3 - 782 3.4 2.8
' 93 pMS 722 19.1 624 3.0 | 28

94 pMS 795 21.0 665 3.0 2.7




met hyl

chloride resulted in rubber particles that adhered to both the

reactor walls WO 2004/ 058825 PCT/ US2003/ 040852 92 and the stirring shaft.
The polyners listed in Table 14 exhibited nol ecul ar

hi gher thagoldgydRygasusion limt of the SEC instrument usefluéRosdd@ser m ne the

nmol ecul ar wei ghts.

wei ghts that were

The MWV of these polyners is above 1.5 x 106 gl nol.

Mol ecul ar wei ght distributions (MAD) cogf d al so not be determ ned for these
sanpl es because of the high nolecular weight. Table 14 Yield Conv. 'WI %
Exanpl e" Diluent (ng) (wt % oM 107 CH3C 503 13.7 0.2 108 CH3Cl 689 18.8
0.1 109 CH2FCF3_ 478 lzzug. Z [ I10 F—m—u—s 5#3 14810 3T CH2FCR3 404
11.0 0.3 112 c¥cHrp 35849 2 p. 4l 113 18MBCHF2 13.400.1 146 cHeCcHF2 352
9.6 0.2 115CH3CHFZ] CHZFCF3 B53 1274 0.3 106 AF2T —CH2FCF3—T777 21. 2
0.2 117 OBCHFH® cHpFCEBUS73 157.89_§E. 2 9fxanpl e¥211§- 131 [ 002361 THe
pol ymeri zati ¢nmexanpl es (1 stedfim_Tables 15 and_16 Wyere —optarmed 1y runni ng
slurry copol y merd7zat { on tB¥St es} quas i pped Win|ratd earthd magneti c
stir bars. NONET SPI Ut T ONS WeT'E _plepar ed—1 1 the st—tubes—at—95C for
exanpl es in Tabl® 15| andinB5C f obbexanptds i h T4 e |1622Thé sdhditidns were
prepared by c¢ombimmyg—20_mi—ofthe ¢t edHquid diftoernt; l'iquid
i sobutyl ene &and ¥. 20| ni i sopr¥ie| EX&bti ons2€% t|hi 83pr gcedit e dre noted

100 Ind 208 5.5 317 2.1 1.2

101 BP 1340 35.6 104 1.5 5.2

102 BP 375 10.0 79.4 14 8.4

103 BP 389 10.4 76.9 1.4 8.8

104 IP/pMS 331 8.9 632 1.8 0.49/1.7

105 IP/pMS 423 11.3 699 1.8 0.67/1.5

106 IP/pMS 361 9.7 989 2.1 0.71/1.5

[00235] Table 14 lists the results of copolymerization of isobutylene and

butadiene (0.15 ml per run) that were conducted at -95°C in methyl chloride (as a
comparative, examples 107 and 108), 1,1,1,2-tetrafluoroethane, 1,1-difluoroethane
or a 20 wt.% blend (CH3;CHF2/CH;FCF3) of 1,1-difluoroethane in 1,1,1,2-
tetrafluroethane. A stock solution of ethylaluminum dichloride (EADC) and
hydrogen chloride (HCI) was prepared in methyl chloride by adding 0.320 ml of a
1.0 mol/L. HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L

ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.

Polymerizations were run by the adding, dropwise, 1.5 ml of this stock
EADC/HCI solution to the stirred monomer solutions.

Polymerizations were

terminated with the addition of 0.2 ml of methanol. Polymerization in any of the
hydrofluorocarbons resulted in rubber particles that did not adhere to the walls of
the reactor or to the stirring bar. The particles floated to the surface of the liquid

when stirring stopped. The particles were hard as evidenced by pressing on them

with a chilled spatula when tested near reaction temperature. Polymerization in
methyl chioride resulted in rubber particles that adhered to both the reactor walls



bel ow. Pol ynmeri zation solutions were nmagnetically stirred at tenperature and
WO 2004/ 058825 PCT/ US2003/ 040852 93 were initiated by the dropw se addition
of a stock coinitiator/initiator solution wusing a chilled glass Pasteur
pipette. CQyRubisessi S reported as wei ght percent of tpereReibss2converted
to polynmer. [00237] Table 15 lists the results of polynerizations that were
conducted at -95C. Exanples 118, 119, ;20, 123, 124, 125, and 126 are
conparative exanples with Exanples 118 and 119 being exanples of this

i nvention. [00238] Polynerizations were run by the dropw se addition of this
stock of eth I @lﬁl& | Of ARG i sol ution
to the stirre @nt%%rrer ggg%'t ioic;ll'rllésj.so& St océe&;%rfgg?lgnmﬁ%@g{ﬁg was
prepared in meigiyd thehwereihighebthandl exph@ic®@Admitriof dfe SEQ irGstooment uselCto sol ut i on

in 11,1, 2- tetraflugroethane and 0. 960 a 1.0 mol./L ethyl al.ugm num

di chl ori de soPgFIRRe %mﬂ@%ﬂ ey lgl]ti'og%ﬁm?f){]?ﬁwly%ﬁﬁéﬁ‘ .eqT'Jhé 1kjot al

vol ume of t he gahélc Kvislebwir wéightalidabutions (MWVIPOEoulRslse abt W ddiemirAachr exanpl e
is listed in Table 15. A separate, . stock_solution of ethylal um num

di chl ori de andhesssaeiesbecanse pf the highanalequlpr wgight. ex appl es 125 and 126. This

solution was prepared fromthe addition of 2.0 mMl of a 0.16 nol/L HCG

solution in 1,1,1,2-tetraf|uoroethaneTﬁ@glg.QGO m of a 1.0 nol/L

et hyl al um nurn dichloride solution in e to 100 m of nethyl chloride.
} } f { hydr ogen

The final nol/L COM%%-OHS-&?—%WHWH?H—%“ }

chloride in the stock solufion is the sangl for bot "'b\"e arati-ons.

Pol yneri zati ons thmahqﬂé*fi nat edDilidnlt-, t he jad@ig)i QriwePse)] ACeéM o0f net hanol .
Pol yrmerization in 323 3- tgifluoropropene fesulted in rubber particles that

did not adhere to thejgmal | $ of the,creactor ep3ta tizey stima ng bar. The

particles floated flo_the silirface of the Iiluid when st rang stopped_ The
particles were hard agogvi dencedchyCpr essingegs themgn {h oa bhil | ed spatul a
when tested near reaction fenperature Dnlynpri7:finn in npfh‘l chl ori de

resul ted in rubber |panpocl és t hgu,pdiered to4hppthh tie r Fa@t_:pr wal | s and t he
stirring shaft. Pollymerization in 1 1-dichloroethane orl1 _1-djchl oroethene

resul t ed 110 CH,FCF; 543 | 148 | 03
111 CH,FCF; a04 | 110 | 03
112 CH;CHF, 338 | 92 | 02
113 CH;CHF; 431 | 131 | o1
114 CH,CHF, 352 | 96 | 02

115 CH:;CHF./ CH,FCF3 | 453 12.4 0.3

116 CH;CHF,/ CH,FCF; 777 21.2 02

117 CH;CHF,/ CH,FCF, 573 15.7 0.2

Examples 118-141

[00236] The polymerization examples listed in Tables 15 and 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at -
95°C for examples in Table 15 and -35°C for examples in Table 16. The solutions
were prepared by combining 20 ml of the chilled liquid diluent, S m! of liquid
isobutylene and 0.20 ml of isoprene. Exceptions to this procedure are noted

below. Polymerization solutions were magnetically stirred at temperature and



sol vent swol |l en polymer particles that adhered to the reactor walls and
stirring bar. WD 2004/058825 PCT/ US2003/ 040852 94 Table 15 Cat.:
Yield Cony.- M,. nmol % Exanple Diluent (mM) (rmg) (vvt.%®) x 10'3

| P WbDobaiddssbs 1. 7 844 22.9 271 2.2 1.7 119 CH3Clpdr/dsFdstaddsz 7 255 1.9
8 120 CH3Cl1 13 597 16.2 224 2.2 1.7 121 112C=CHCF3 1.7 309 16.7 266 2.3
2 122 H2C=CHCF3 1.7 274 20.6 218 2.14,1.8 123 H2C=CC12 1.7 118 3.2 33 1.4
.4 124 H2C=CC12 4.0 447 13.4 47 2.1 1.0 125 CH3CHCI2 1.5 112 3.0 108 3.1
7 126 CH3CHC12 1.5 202 5.5 116 2.6 1.9 [00239] Table 16 lists the results
of pol yner | zaljoRifdhal bPARE arRRACIRicAlof ¢ bk FHAR are
conparative exgrrp 1s w t drF@ les 137 - 014i?L gél ng ex‘gﬁrr%nééyg?méﬁ?s

i nvention. [00gn9h chilegralass PasteuspipeiterConvensionyis réperted apweigbt paictint bbn of a
stock soluti of th /|n|t|ator pair. A stock solution of

et hyl al um num%cfn%l}ﬂ%e? %% gﬂﬁ%ﬁﬂ? §&n chl ori de (HC]) was prepared in nethyl
chloride by adding 0.320 Ml of a 1.0 nol/L HO solution in

1,1,1,2-tetraf oet hape .and .0 nol /L ethylal um num

di chl ori de sol[‘ﬁf'tisgh %@J‘aﬁéhﬁ%t@(ﬁ“ﬁg °gP°IY‘H‘§"t‘?‘i‘§‘Pn§:WPfo‘?’?TIéondﬁl"@éﬁhr ate
stock sol uti ongpf etgyulaleydn ygum @fﬂog_o,dqzan sh Jas used
for Exanples 134, 1?@ ﬁe 136! +g I S so ution’ \(}/5213 X%gggﬁégmp%mt‘ﬁe addi tion

of 0.034 ni obxan;ﬂesi)@lthrﬁkamlbléﬁ1]§dndﬂil&)be1ng1e:€amplas,02{hmmexafdnuoroet hane and
0.0960 M of a 1.0 nol/L ethylal um num dichloride sol ution

O o>
=

EENE

[00238] Polymerizations were run by the dropwise addition of this stock of
ethylaluminum dichloride (EADC)/ hydrogen chloride (HCI) solution to the
stirred monomer solutions. A stock solution of EADC and HCI was prepared in
methyl chloride by adding 0.320 ml of a 1.0 mol/LL HCl solution in 1,1,1,2-
tetrafluoroethane and 0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution
in hexane to 100 ml of methyl chloride. The total volume of the stock solution
added to the polymerization for each example is listed in Table 15. A separate
stock solution of ethylaluminum dichloride and hydrogen chloride was used for
Examples 125 and 126. This solution was prepared from the addition of 2.0 ml of
a 0.16 mol/L HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0
mol/L ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
The final mol/L. concentrations of ethylaluminum dichloride and hydrogen
chloride in the stock solution is the same for both preparations. Polymerizations
were terminated with the addition of 0.2 m! of methanol. Polymerization in 3,3,3-
trifluoropropene resulted in rubber particles that did not adhere to the walls of the
reactor or to the stirring bar. The particles floated to the surface of the liquid when
stirring stopped. The particles were hard as evidenced by pressing on them with a
chilled spatula when tested near reaction temperature. Polymerization in methyl
chloride resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft. Polymerization in 1,1-dichloroethane or 1,1-dichloroethene resulted
in solvent swollen polymer particles that adhered to the reactor walls and the
stirring bar,



in hexane to 10 m of methyl chloride. The final nol/L concentrations of

et hyl al um num di chl ori de and hydrogen chloride in the stock solution are the
WO 2004/ 058825 PCT/ US2003/ 040852 95 sane for both preparations. A separate
st ock sol uiiogomissgiet hyl al um num dichloride (MADC) /  pCT/US2003/040852
2-chloro-2,4,4-trinethyl pentane (TMPCl) was used for Exanples 132 and 133.
The MADC TMPCI sol ution was prepared frgmthe addition of 6.6 mcroliters
of TMPCI and 0.0960 ml of a 1.0 nol/L nethylalum numdichloride solution in
hexane to 10 ml of nethyl chloride. The total volune of the stock solution
added to the pol ynerization for each fﬁgg@ge is listed in Table 16. [00241]
Pol ymeri zations were termnated with dition of 0.2 m of nethanol.

The pol yneri zat+er—tfr—t-t—ei- Lcr"ctt,.zn{:ﬁ}r 4 A-2-tetrafuoroethane gave
rubber parti¢les that “exhi bltec q Fr 1 - rubbgry “phygi cal |properties as
evi denced bJ pr obi n wi t hiza chi Bﬂ EWadldll| aCaiiv.r €abL,) dn t enper ablee M nor
amount s of f%'ém y\ﬁ!}e sevi derjt. on.'t he redctor Ll ssdnd stifring bar. In
conpari son, f “’;5’8‘1 P‘F‘itatloﬁ |(H‘1}Te I(’}'g);cff%r’f’hgxrlgsm%@ﬁ 1 alVvi sgous
coating of p¢tymer—oy—botir thg Teactpr_wat[ts_and tTr T Tgbar—Very
little of the pdi¥ne wé:g{SC'lsuspehaed' $44 the2dl | ue’%ﬁl ned?dm | Pol Jreri zation
in 1, 2-difl uorobenzemreor—t2=dichitoroetane resutted i m—sot-yent—swdl | en
pol ymer phases that Adh&FBElto {t h&7 r Lol T s | aB thheldtifri h@ bar .
Pol yreri zat i g7t I=trichigroettape ocqurred T nsototton—Potynmer was
recovered by |red®ing wédlkdring &t | h¥¥Tsql vlér& T%Zﬁ‘iq 182 Cht . 120 rﬁ. Yield
© . Conv. M anptre Drtgent—<{v lIVL X303 MM+ 127
CH3Cl 4.0 1953 3311 4%125—@H§F2 128 C 1, 06{b75 %6 d 5431, b 123 129
CH3C1 4.0 233 61
W H2C——CHCF 3 1.7 274 20.6 218 2.1 1.8

123 H,C=CCl, 1.7 118 32 33 14 1.4

124 H>C=CCl, 4.0 447 134 | 47 2.1 1.0

125 CH;CHCL, 1.5 112 3.0 108 3.1 1.7

126 CH;CHCl, 1.5 202 5.5 116 2.6 1.9

[00239] Table 16 lists the results of polymerizations that were conducted at

-35°C. Examples 127 - 136 are comparative examples with Examples 137 - 141

being examples of this invention.

[00240] Polymerizations were run by the dropwise addition of a stock
solution of the coinitiator/initiator pair. A stock solution of ethylaluminum
dichloride and hydrogen chloride (HCl) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/LL HCI solution in 1,1,1,2-tetrafluoroethane and
0.960 ml of a 1.0 mol/L. ethylaluminum dichloride solution in hexane to 100 ml of
methy! chloride. A separate stock solution of ethylaluminum dichloride and
hydrogen chloride was used for Examples 134, 135 and 136. This solution was
prepared from the addition of 0.034 ml of a 0.93 mol/L. HC] solution in 1,1,1,2-
tetrafluoroethane and 0.0960 ml of a 1.0 mol/L ethylaluminum dichloride solution
in hexane to 10 ml! of methyl chloride. The final mol/L concentrations of

ethylaluminum dichloride and hydrogen chloride in the stock solution are the



130 CH3CC13 4.0 3068 83.2 48 2.2 0.9 131 CH3CC 3 5.0 2993 81.2 59 2.2 1.0
132 1, 2-di fl uorobenzene 4.0 2033 55.1 35 1.6 1.5 WD 2004/ 058825

PCT/ US2003/ 040852 96 133 1, 2-di fluorobenzene 4.0 1901 51.6 29 1.8 1.4 134
CH2Cl CH2Clydy fos03bs3569. 5 29 1.9 1.3 135 CH2C1CH2Cl 4. Opyd/Bd2odapatsss4 1.8 1.3
136 CH2CI CHZ2Cl 4.0 3683 72.8 27 1.9 1.4 137 CH2FCF3 3.0 2348 63.8 76 1.5
2.3 138 CH2FCF3 1.5 1024 27.8 92 1.5 2,2 139 CH3CHF2 3.0 1085 29.5 78 1.5
1.6 140 CH3CHF2 3.0 1104 30.0 92 1.4 176 141 CH3CHF2 3.0 953 25.9 95 1.5
1.6 Exanples 142-146 [002421 Table 17 lists the results of copol ynerization

of isobutyl eng%%ér zﬁlgrbggﬁg}&rﬂ}a{iw eACQegagrﬂ%t SRl solutiny %ﬁ%ﬁ%ﬂg}gﬁfmr ee- neck

t
| sobutyl ene/i s atlro was ange or eéach'exa
500 m gl ass dizhlkide MDD} &d2-clilofo-2 hdaimethplpphtane (FVIPQL) tas aged for

pol yneri zati on, 300 of oner f aiping 10 wt % of nmonomers were
charged into lgﬁ%m@ﬁ‘? Hir’%c?“flg@gt g&‘?‘ Mﬁ‘@%/rﬁﬁ’ﬁ a?PB‘PP%o‘?’%i preRared fremn él_Fe rati o was
control | ed at addigor2¥F 6l ricRtieR It TMPMREnE€D.0960 ht lofWa %0 PARKelIN MCL.
The initiator/coinitiator_solution was added dropwi se to the polynerization

m xture and t Fethylalemigam diehleridensolution dn hexane éo 10 mlafonethy chlgridesThe hat t he
tor t ﬁ (A i , _ _
irﬁ?'?i g'[ or/egg??]@iq@ oreadso: u%?%nﬁg:gggé&cﬁ:ﬁq%gg%og epengegu%{r']#hgx%%%lf #sed nononer

conver si on t aligted in TBl204/ 058825 PCT/ US2003/ 040852 97 Table 17

[00241] Polymerizations were terminated with the addition of 0.2 ml of
methanol. The polymerization in I,I-difluoroethane or 1,1,1,2-tetrafluoroethane
gave rubber particles that exhibited stiff-rubbery physical properties as evidenced
by probing with a chilled spatula at reaction temperature. Minor amounts of
fouling were evident on the reactor walls and stirring bar. In comparison, the
polymerization in methyl chloride resulted in a viscous coating of polymer on
both the reactor walls and the stirring bar. Very little of the polymer was
"suspended” in the diluent medium. Polymerization in 1,2-difluorobenzene or
1,2-dichloroethane resulted in solvent swollen polymer phases that adhered to the
reactor walls and the stirring bar. Polymerization in 1,1,1-trichloroethane occurred

in solution. Polymer was recovered by removing weathering off the solvent.

Table 16
w1 Cat. - e .

o - Soln. Yiel(.l‘"“ . Conv. My mol%
Example | Diluepi (ml) (mg) |;(wt.%) x 10'3 M,/M, IP

127 N CH;3Cl 4.0‘ 1953 53.1 45 12 12 |
128 CH;Cl 4.0 1678 45.6 54 13 1.3
129 CH;Cl 4.0 2339 63.6 51 1.2 14
130 CH,CCl; 4.0 3068 83.2 48 2.2 0.9
131 CH;3CCl; | 5.0 2993 81.2 59 22 1.0
132 1,2-difluorcbenzene | 4.0 2033 55.1 35 1.6 1.5




IB/ 11" Mol ar,

[00243] Thagegiaekes denonstrate the preparation of hp@frusabasvdsar
copolynmers wth high isoprene incorporation.

i n the hydrofl uorocarbon.

Conversion MM Exanple Feed Ratio (W.
|P 142 98/2 100 209 905 4.3 1.2 143 97/3 100 141 636 4.5 1.7 144 95/5 100
127 481 3.8 2.9 145 93/7 94 174 423 2.4 3.8 146 90/10 85 133 348 2.6 5.2

slurry particles is significantly reducg

traces
formati on

or cross-linking,

even for the Exarrpl e 146

% x 10x 10a MV M Md] %

wei ght

The aggl oneration of the

The GPC

of these isobutylene/isoprene copol yners do not show any sign of gel

whi ch cont ains nore

than 5 nol % rsepreng—Thehrgh—drene—Tsobutyternersoprenerpol-yeyrs—rad
accordi ng to|thil83 iniendifilverobenzense rﬂaﬁ)o;e}ﬂﬂtled Slbseueht Iy LBa gt dddard,
establ i shed Hhad Ugeﬁatl O P1OCESSTES f-or—raki L) Frat-obt y%—pul yrer-s—bEah | e
147 [00244] The Idépeﬁder%CB@Hrﬁil eclule? yweliAt | 089Gonie?®i on Was | déSerpni ned
for isobutyl ref+Sopt cuc €01 IyIICIILat;UI et chiteri-de—and
CH2FCF3 at - 95C13¥hi s EHe@ wals 4@t ¢r2ddied 734 t vo24li f|f et.8nt| 1.3
i nitiator/ coimt+iatot oL es—o1e basedron—FPe—and—the—ogther—based—on
HC1. Both cat allyét syst@hﬂlﬂﬂs@l EArDG&s t2683Lewi72.8ac) d22oiini t.Pat pr 1.4A
t hr ee- neck 5¢0—m—gitass—reacter—was—uset—or—hese—exanrpl-es—Prp+r—te—each
pol ymeri zatign, 1300 | ofHsGRner |f ekl ¢d2p48i Pi 163.810| W6 ¢f t.he hoBSners
wer e char ged Hnto—th ehH-Hed—+eactor- rota—rat-+eof—95/-5—
i sobut yl ene/ ilso38ne |was GHgRCHsor eachS polO2deri 2d8i on. 9Xhe 1.5 22
i ni tiator/ coimt+atoefi—relar—rat+-o—was—eoht+oH-ed—at—3{3—ang—the \AFQ——
2004/ 058825 RCT/1882003/ 040B8HF,98 clorit@ni r Hi850n R8s set 7&t |0. L5wt Po EADJ i n
McCl. The i nift+atertgoetni-tator—sehut+on

140 CH;CHF, 3.0 1104 30.0 92 14 1.6

141 CH;CHF, 3.0 953 25.9 95 1.5 1.6

Examples 142-146

[00242]

Table 17 lists the results of copolymerizations of isobutylene

isoprene that were conducted at -95°C CH,FCF;. The isobutylene/isoprene feed

ratio was changed for each example. A three-neck 500 ml glass reactor was used

for these examples. Prior to each polymerization, 300 ml of monomer feed

containing 10 wt% of monomers were charged into the chilled reactor.

The

initiator/colnitiator molar ratio was controlled at 1/3 and the concentration was set

at 0.1 wi% EADC in MeCl. The initiator/coinitiator solution was added dropwise

to the polymerization mixture and the rate of addition is controlled in such as way

so that the reactor temperature raise did not exceed 4°C. The amount of

initiator/coinitiator solution added in each depended on the desired monomer

conversion

target.



was added dropwi se to the polynerization m xture and the rate of addition is
controlled in such as way so that the reactor tenperature raise did not
exceed 40C.

The anpunt of

pol ymeri zations are shown in

(Mp) versus the nononmer conversion

initiator/coinitiator
depended owd Jacu/skesplsr ed nononer conversion target.

sol uti on added i n each
Thepgpigaobinisodshese

Figure 3 as a plot of peak nol ecul ar wei ght
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W %
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[00243]

weight copolymers with high isoprene incorporation. The agglomeration of the

These examples demonstraie the preparation of high molecular

slurry particles is significantly reduced in the hydrofluorocarbon. The GPC traces
of these isobutylene/isoprene copolymers' do not show any sign of gel formation
or cross-linking, even for the Example 146 which contains more than 5 mol%
isoprene. The high diene isobutylene/isoprene polymers made according to this
invention can be halogenated subsequently via standard, established halogenaﬁon

processes for making halobutyl polymers.
Example 147

[00244]
determined for isobutylene/isoprene copolymerizations run in methyl chloride and
CH;FCF; at -95°C.
initiator/coinitiator systems; one based on TMPC! and the other based on HCl.
Both catalyst systems used EADC as the Lewis acid coinitiator. A three-neck 500

The dependence of molecular weight on conversion was

This dependence was determined for two different

m] glass reactor was used for these examples. Prior to each polymerization, 300
ml of monomer feed containing 10 wi% of the monomers were charged into the
chilled reactor. A molar ratio of 95/5 isobutylene/isoprenc was used for each

polymerization. The initiator/coinitiator molar ratio was controlled at 1/3 and the



100246] The solubility tests reported in Tables 19 - 25 were perforned

usi ng neat ethylalum num dichloride (EADC). Each test was perforned in the
following way. 5 m of the condensed hydrofl uorocarbon were charged into a
dried testyhulfmsgased to -90C in the dry box cold bat hpcri@siodbiosodst qui d at
-90C, 4.1 mcroliters of neat, liquid ethylalum numdichloride (EADC) was
added. Solubility was checked by vi gor%usl y agitating the resulting

m xture. The mixture was then allowed to warmto the boiling point of the
diluent while agitating the contents of the test tube. After the dil uent
reached its bgil.l N0l Lhe 1 Woxt ]-I\‘\/E,& egkihdr/c 'ﬁqu;rsing t he
test tube int gdrltcﬁgﬁggﬁﬁsaﬁth. I%{g%%%r%%gc 0 sg'(rf'\?lfiﬂtei onéﬁfl{gagﬁ%%%dla ter the
conpl et ed heawangddedodropwise e Ithe: polymafization trixgre find the tatenof edditiorcijscl e, t he
catal yst did not dissolve, 0.5 nl of nethyl chloride was added. The

heat / cool cycrantmied nepelhacday Suibaidhe mactonigmipetiabme raise did gotrexcastl 4 Get hy|

chl oride were de fol Low ng,each heat/.coo cle,until. the EﬁePC S
observed to ng"g%‘P?/‘g‘QSb%ﬁ%%f‘@B“‘%‘?f Sﬁfugﬂ% aéﬁgﬁgﬁ’ e g?fdeéfﬂg ﬂ*e EF%%%?ng
observati ons wehemeRsmvasidnrieger. d@te ditalfod thtsd gblyaicizatione tahasiownHDC- 134a)
Tabl e 19 Preparation Vol u % Met h Cbseryat.i on lorid" EADC. + 5ni
HEG. 1343 0 | nElgiiRs & 3 Bt @eafsnw.ﬁ@ﬁlar We1gRt (Mg ety He monames capvarsion

floccul ati on il 5the BRIRMH AR deIdAlaF WaRHS 6ith SndrbRGR oRldreiBn #s O- 5
met hyl chloride 53 o%?ﬁf Suspensi on; inghthPI'oc dncrpidrie + 0. 50 met hyl
chl ori de 29 Cpbsgoipd. veFhesendatd s tshewethat CEne aepreferred hintistete f@3 Less
cl oudy; no vigj rEi Gl 004/ 058825 PCT/ US2003/ 040852 100 + 0. 5m
met hyl chl ori @ﬁbﬁn@aﬁﬁlngggzc %Udy + 0.5n] nethyl chloride 41 Nearly

cl ear

Example 148

[00245] A copolymerization of isobutylene and cyclopentadiene was
conducted at -93°C in CHLFCF;. A molar ratio of 97/3 of isobutylene /
cyclopentadiene was used for this polymerization at 10.8 wt% monomers in the
feed. Cyclopentadiene was freshly cracked for this experiment. The
initiator/coinitiator solution was prepared by dissolving 200 microliters of a 1.0
mol/L. solution of hydrogen chloride in CH;FCF; into 50 ml of pre-chilled
CH,FCF;. To this solution was added 500 microliters of a 1.0 mol/L solution of
ethylaluminum dichloride in hexane. This solution was stirred for 5 minutes.
Polymerization was begun by the dropwise addition of the initiator/coinitiator
solution into the monomer solution with stirring. The addition of this solution was
maintained at a rate necessary to keep the polymerization temperature from rising
above -92°C. A total of 35 ml of the initiator/coinitiator solution was used. A 500

ml glass resin kettle was used for this example.

Table 18

‘ o Convel'sion M, . . . . o
Example | Diluent | (Wt%) |x10° | M,M, |Mol% CPD | %12

148 CH,FCF; 50 527 1.9 5.3 15




+ 0.5m nethyl chloride 44 Nearly clear + 0.5mL nethyl chloride 47 Cear +
0.5m nethyl chloride 50 Clear [002471 In the tests in Table 19, the
floccul ation occurred after cessation of stirring, froma very cloudy

suspensi oo bR eéshgi Nal chips' were no longer visiblgridhdswasseset hane
(HFC- 32) Table 20 Prepar ation Volune % Met hyl Qbservation Chloride EADC +

5m HFC-32 0 Insoluble “chips' + 0.5m thyl chloride 9 Slight cloudy +
0.5m nethyl chloride 17 Sone flocculati'on + 0.5nl nethyl chloride 23 C ear
Fl uor of orm (HFC-23) Table 21 Preparation Vol unme % Met hyl Qbservation

o’ . A s e G B
| nsol ubl e V\D 2004/ 058825 PCTI US2003/ 040852 101 + 0. 5nl net hyI chloride 29
ol U017 el e b BeReR s 1 S ] 11 32
| nsol ubl e using neat ethylaluminum dichloride (EADC). Each test was performed in the

following way. 5 m! of the condensed hydrofluorocarbon were charged into a

dried test tube cooled to -90°C in the dry box cold bath. To this liquid at -90°C,

4.1 microliters of neat, liquid ethylaluminum dichloride (EADC) was added.

Solubility was checked by vigorously agitating the resulting mixture. The mixture

was then allowed to warm to the boiling point of the diluent while agitating the

contents of the test tube. After the diluent reached its boiling point, the mixture

was cooled to -90°C by immersing the test tube into the cold bath. Reported

observations were made after the completed heating/cooling cycle. If after this

first heat/cool cycle, the catalyst did not dissolve, 0.5 ml of methyl chloride was

added. The heat/cool cycle was repeated. Subsequent additions of 0.5 ml of

methyl chloride were made following each heat/cool cycle until the EADC was

-observed to dissolve or a 50/50 V/V blend was achieved. The following

observations were made and recorded.

1,1,1,2-Tetrafluoroethane (HFC-134a)

Table 19
R Preparitioﬁ' . . Volume % Methyl - db#érvatiqn |
TR Chlorlde _ .;.‘;fu_: o
EADC + 5ml I-IFC~134a 0 Insoluble ‘chips’
+ (.5ml methyl chloride 9 Fine-scale flocculation
+ 0.5ml methyl chloride 17 Fine-scale flocculation
+ 0.5ml methyl chloride 23 Cloudy suspension; slight floc at b.p.
+ 0.5m! methy! chloride 29 Cloudy; very small particles
+ 0.5ml methyl chloride 33 Less cloudy; no visible particles




+ 0.5mL nethyl chloride 47 Insoluble + 05m nethyl chloride 50 Insoluble
1,1,1-Trifluoroethane (HFC 143a) Table 22 Preparation Vol unme % Cbservati on
Met hyl Chl ori de EADC + 5m HFC-143a 0 Insoluble “chips' +0.5m nethyl

chl ori de QygleHRyssssispension + 0.5nl nethyl chloride Ipey@Ru@widespensi on
+ O Sm nethyl chloride 23 Cear solution 1,1-difluroethane (HFC- 152a)

Tabl e 23 Preparation Vol unme % Observatign Methyl Chloride EADC + 5ni

HFC- 152a 0 Sol ubl e 1002481 The solubility tests performed in Table 24 were
performed using 1.0 nol/L stock hydrocarbon sol utions of ethylal um num

di chl ori de ( HADC) epar edat room tenperatiure—fromneat—EABC—and t he

hydr ocar bon Iisﬁéﬁn&ﬁ%é‘ﬂm@&bl e. PedBane rgfers t 8tihissyloudpent ang. ULB
hexanes referg To anm Ufrtra oWl beENZENE grade of texanes,  am TSongric

mi xture, whiclh cbimbmsiy! pledde; han 5 #bm WO 2004/ 0588Eabierr US2003/ (040852
102 benzene. [The Tinal. I, 1T T Z24Tetrafluoroeihane (HEC I3Z4a) solfutijon was
prepared by ad"d?'?'l'@l"[“f‘ilg’if"gﬁ‘?ﬂet per aftir e EADC stock@ﬂ)‘l‘ﬁﬁt‘?“ﬁn, vol ujme | i sted
in the table, ;g(?)sflhelll rd -13212|nate§Ffube [d at -35C | In all
cases, an inilial BEPER EHOdes | obt ai #8d whidh is clea™™hd col orl ess. The
resul ting solut}y wa n.cogl ed I merisi ng the st tube 1 ntjo the dry
box cold bath t"lh@?%“é%hé{l@mé‘% 195C. %e cl qud poi nt V\tc/’?z;esardeterm ned by
nonitoring the tenperature of the liquid with a thernoneter and visually

determ ning t I[]ﬁ)zgﬂset O[fll tﬁelt t%gtg iinmla‘gbﬁé 15-{ qﬁe ﬁc())clc1lf.lta{ig1il1 occurred after cessation of

stirring, from a very cloudy suspension. The original ‘chips’ were no longer

visible.
Difluoromethane (HFC-32)
Table 20
 Preparation | Volume % Methyl o " Observation
T . . ' Chloride =~ | | o
EADC + 5m] HFC-32 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Slight cloudy
+ 0.5ml methyl chloride 17 Some flocculation
+ 0.5ml methyl chloride 23 Clear
Fluoroform (HFC-23)
Table 21
Preparation Volume % Methyl Observation
o " Chloride = o
EADC + 5mi HFC-23 0 Insoluble ‘chips’
+ 0.5m| methyl chloride 9 Insoluble
+ (.5ml methyl chloride 17 Insoluble
+ 0.5ml methyl chloride 23 Insoluble




agai n becane clear by allowing the solutions to warmto a tenperature above

the cloud po
observed for

int.
sever al

sol ution. WBhi:gosegaeomenon was found to be reproduci bl epcrhéd2besodehs2

Hydr ocarbon Vol unme (mcroliters) Volume of Final
St ockEADC HFC- 134a Concentrati on Poi nt 1
10 0.1 -87 Pentane 174 15 0.1 -87 ULB

EADC. d oud

of Al koxyal um num Di chlorides in 1,1,1,2-tetrafl uoroethane (HFC- 134a)

The behavior of the solution around the cloud point was
m nut es by repeatedly cooling and warm ng the

of 1.0 M
ppol ution () (W.% (C) Pentane 100
exanes 174 15 0.1 -85 Solubility

[ 00249] The sptuobit iT% tests Teported T Tagie 25 were conducted by —
preparing eachtArrbmylylshicrdan di chl o¥% de in|situ. A gelmnelable procedure
follows. A sjotgtion of. The,. corresponading affconol was prepar ed by addi|ng
0.0001 1ol es ot O-SEHBEPCBREN {0 10 mi | i1itdrs of HEC. PSolbisE -30C. T¢ this
solution was @aggéd, T Groliters Qf a 1.0 nol /L Stogk ntane sol uti on of
EADC. After th?g%%g?&%af%f'ilq bn, the’™HFC- 134a sol ut i onﬁ\ﬁ%{gﬁghaken
periodically pyer. the.next .fiYe mnutes. THe solution alTowed tojwarm
to -10Cin a gl 'ssren m\‘?%lgscélorméend then "cooledjin the drymﬁmgibl%ol d bath

t hernost ated jat ,- oud poi nt, was WD 2004/ 058825 .PCTI US2003/ 040852
103 determ ned 8\‘/5%2%*{%&0%6 he tenperaturd of the Ii%‘ﬁ?] Cl%-\,ith a

ther nonet er and g sih @gﬂllﬂoqg erm ni ng; the orjset of cl oydijpgss. The solfutions
again becane clear by “allowhg the solutions to warmto a tenperature above
the cloud pointgshgemehRniot of theg solutijon around {Qggd oud point |was
observed for lseveral mnutes tby repeatedly icooling and warmng the

sol uti on.

Thi s phenonenon was found to

be r

1,1,1-Trifluoroethane (HFC-1432)

epr oduci bl e.

Table 22
Preparation - . - VYolume % Observation
' oo Methyl Chloride - o
EADC + 5ml HFC-143a 0 Insoluble ‘chips’
+ 0.5m! methyl chloride 9 Cloudy suspension
+ 0.5m] methy] chloride 17 Cloudy suspension
+ 0.5m) methy! chloride 23 Clear solution
1,1-difluroethane (HFC-152a)
Table 23
Preparation Volunie % -Observation
‘ O . | Methyl Chloride e
EADC + 5ml HFC-152a 0 Soluble

[00248]

The solubility tests performed in Table 24 were performed using

1.0 mol/L stock hydrocarbon solutions of ethylaluminum dichloride (EADC)
prepared at room temperature from neat EADC and the hydrocarbon listed in the
table. Pentane refers to normal pentane. ULB hexanes refers to an ultra low

benzene grade of hexanes, an isomeric mixture, which contains less than 5 ppm



Tabl e 25 CH30AI Cl 2 CH3CH2QAI Cl 2 (CH3) 3CQAI A 2 CF3CH2QAI C12 FW (g/ nol)
128.92 142.95 171.00 196.92 W.%solution 0.09 0.10 0.12 0.14 @-40C C oud
point (*C) -85 -85 -85 wsolids -87 Exanples 149-154 [00250] Exanpl es

149- 151 argo%egisygaer i zation of isobutylene and p- met hydghyhenegepnduct ed
at -95C using different isobutylene/p-nethylstyrene conononer ratios. The
copolyners are prepared with 30 m of djluent and 4.0 m  of isobutyl ene.

Fi ve copol ynerization for Exanple 149 were prepared in nethyl chloride
using 0.14, 0.35, 0.74, 1.18 and 1.67 m of p-nethylstyrene. Exarrple 149 is
a conparative I e Fettlah I in
1,1,1, 2- tetraP%ﬁ%e?ﬁ%%mulngg%ﬁmd 9@@&3@?%@3% %@ﬁaﬁ?d of p-
met hyl st yr eneby 8ilding hsabymuaempesatie BADG rStOEk aoiptien, volumedistedrin the table, 1-

di fl uor oet han S ,., and 1.6

p- net hyl st yreﬁoehll h@sm;pg ‘&éF%S?B’igB%@&g% t zfl]n“i“ a%W‘@?F‘HP‘E%t or

sol utions preppsiR@inédwhichlis etbar dnﬁ%ofoﬁ%ﬁecrhe\&%sﬂﬂlﬁglﬁﬂﬁudﬂw&dﬂbﬂ\%ol@d 6
mcroliters of a 0.93 ni/L hydrogen chloride solution in the diluent and

35.4 microl it by immersipgthe tegplube i wyldwmﬁmathﬂ@ﬁnm%atsaﬁlﬁum in

h Pol

| ﬁf(? |n:t or? cgrﬁH‘ ﬁ%tto{n?%g}éﬁfeﬁg%g@? %&%gﬂﬁ%ﬁ%qe&@ ?ﬁgﬁ%glr%gdr atlurae bel ow
-92C. Copol ynmiresmometer asd vistualty bgtemmmng hha gnseh of p:dxhydinessi. z dhe eolutivksh WO
2004/ 058825 PCT/.US2003/ 040852, 104 ne collect ng the pol r and
dryi ng t he o BB PSRFIE St Y ALHDE S0l HPRE 19 WA 6 & gro b ESRF H st yr ene.

and the Sequelanﬁdgbﬁt T Beh@of st @idion afbund €& dtetldaiond wae bbicp@adosanpl es is
given in Table 26. 00251£ Exanpl es 152- 154 are copol ynmerj zati ons  of
14

i sobut yl ene afeverl MRS Sy reppaedly nereling candy wagme Shen golutioner gl
i sobut yl ene/ ppABiothehSh WasfbGnd to be reproducible.

Table 24
Hydrocarbon | Volume (microliters) | Volaumeof -{ Final EADC Cloud
. .| of LOM Stock EADC | “HFC-134a | Concentration | - Point
_ - Solution - (mL) (Wt.%) 1 (°0)
Pentane 100 10 0.1 -87
Pentane 174 15 0.1 -87
ULB hexanes 174 15 0.1 -85

Solubility of Alkoxyaluminum Dichlorides in 1,1,1,2-tetrafluoroethane (HFC-
134a)

[00249] The solubility tests reported in Table 25 were conducted by
preparing each alkoxyaluminum dichloride in situ. A general procedure follows.
A solution of the corresponding alcohol was prepared by adding 0.0001 moles of
the alcohol to 10 milliliters of HFC-134a at ~-30°C. To this solution was added
100 microliters of a 1.0 mol/L stock pentane solution of EADC. After this last
addition, the HFC-134a solution was shaken periodically over the next five
minutes. The solution was allowed to warm to -10°C in a closed vessel and then

cooled in the dry box cold bath thermostated at -95°C. The cloud point was



conononer ratios. The copolyners were prepared with 300 ml of nononer feed
containing 10 w. % of the nononers in the diluent. The initiator/coinitiator
nolar ratio was controlled at 1/3 and the concentration was set at 0.1 w %
EADC i n ”\?02964}0%%- The initiator/coinitiator sol uti GrWeHoRMERe: dr opw se
to the polynerization mxture and the rate of addition is controlled in
such as way so that the reactor terrperg.}ure rise did not exceed 40C. Enough
initiator/coinitiator solution was added to reach 100% conversion. Five
copol ynmeri zations were in each diluent using 2, 4, 6, 8 and 12 nol %

p- met hyl styre IRt norer ol-yeyr.s .wer.e 1 sol at ed by .quenchi ng
t he pol yneri zg ?%n%nﬁ%&%ﬂ a tﬁl;g?éiincpgﬁ%gtof ?‘ilbe {l‘i%&m%ﬁ&@%%&gr%dng t he
pol ymer in vavigily dbtegemiBGEE the a6det ofvlelatiness. Thel shupion®agait scyhetlear ynd t he
sequence distrjbytion paraneter, m calculated for these sapples is given

in Table 26. W9WibYAheg)sHudons SeTwasEsH 90 Aenapsgaure aboxe g cloud pomtahice D | uent

Yi el d wt. % Mobefbabi¥B of iESBIulb afofd th3R1dhdPolte whs obsevedoft sevBraB fiduidy? 9 CHICL
40 -95 80.7 965 22.3 12,4 16.6 13.8 9.5 23.3 9.36 93.0 1.89 58.6 150

CH2FCF3 73. 1 hy epeatedlp codinggmd vggmingthesplaions Tds phepomenagwg fossl ® 16. 2 16. 4
82.9 1.63 44. Eew%?nd%aiﬁte% 28.2

Table 25
| | CH,0AICE | CHCHLOAICL | (CHR)sCOAICE | CRCH,0AICH,
FW (g/mol) 128.92 142.95 171.00 196.92
Wt.% solution
T 40°C 0.09 0.10 0.12 0.14
Cloud point (°C) -85 -85 -85 w/solids -87

Examples 149-154

[00250] Examples 149-151 are copolymerizations of isobutylene and p-
methylstyrene conducted at -95°C using different isobutylene/p-methylstyrene
comonomer ratios. The copolymers are prepared with 30 mi of diluent and 4.0 ml
of isobutylene. Five copolymerizations for Example 149 were prepared in methyl
chloride using 0.14, 0.35, 0.74, 1.18 and 1.67 ml of p-methylstyrene. Example
149 is a comparative example. Five copolymerizations for Example 150 were run
in 1,1,1,2-tetrafluoroethane using 0.14, 0.35, 0.74, 1.18 and 1.67 ml of p-
methylstyrene. Six copolymerizations for Example 151 were run in 1,1-
difluoroethane using 0.14, 0.35, 0.54, 0.74, 1.18, and 1.67 ml of p-methylstyrene.
Copolymers were prepared using initiator/coinitiator solutions prepared in 4 ml of
the respective diluent by adding 12.6 microliters of a 0.93 ml/L hydrogen chloride
solution in the diluent and 35.4 microliters of a 1.0 mol/L ethylaluminum
dichloride solution in hexane. Polymerizations were conducted at 800 rpm and
adding the initiator/coinitiator solution dropwise to maintain the temperature

below -92°C. Copolymers were isolated by quenching the polymerization with



151 CH3CHF2 58 -95 72.4 6.53 23.1 60.9 9.41 16.1 63.5 14.9 11.4 76.3 19.7
7.53 100 2.3 46.6 152 CH3Cl1 100 4.0 34.8 42 -80 100 9,4 21.8 100 12.8 15.1
100 100 2.1 53.5 153 CH2FCF3 100 4.2 37.3 35 -80 100 6.6 28.2 100 8.6 26.9
100 11.9 L§oag0akS2s- 2 43.9 154 CH3CHF2 100 4.1 28.9 S58c1@0s200s@dess2 7 20. 0
100 9.2 15.1 100 12.6 12.6 [00252] Al patents and patent applications,

test procedures (such as ASTM. net hods);ps and ot her docunents cited herein
are fully incorporated by reference to the extent such disclosure is not

i nconsistent with this invention and for all jurisdictions in which such

i ncor por at i ONpjethaRST Balleb@itl the GORFHr MK AFyifp R Jobther! i \Wakunh MThe BRAI
nunmerical upper limts are listed herein, ranges fromany lower Iimt to

any upper | i nifectipnalatsomolipraetbnlistyvane o Ahosasese distikutioo eragw8sn, 106
[ 00254] Whi | ecsh&ﬁatis&fo&'%eﬁééalni’p?es%'gﬁgﬁiﬁﬁfh‘b&z%f. the invention have been

[00251]) Examples 152-154 are copolymerizations of isobutylene and p-
methylstyrene conducted at -80°C using different isobutylene/p-methylstyrene
comonomer ratios. The copolymers were prepared with 300 m! of monomer feed
containing 10 wt.% of the monomers in the diluent. The initiator/coinitiator molar
ratio was controlled at 1/3 and the concentration was set at 0.1 wt% EADC in the
diluent. The initiator/coinitiator solution was added dropwise to the

polymerization mixture and the rate of addition is controlled in such as way so

that the reactor temperature rise did not exceed 4°C. Enough initiator/coinitiator
solution was added to reach 100% conversion. Five copolymerizations were in
each diluent using 2, 4, 6, 8 and 12 mol% p-methylstyrene in the monomer feed.
Copolymers were isolated by quenching the polymerization with methanol,
collecting the polymer and drying the polymer in vacuum. The BSB fraction data,
mol% p-methylstyrene, and the sequence distribution pararneter, m, calculated for

these samples is given in Table 26.
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Psple2d7 CLAIMS 1. A copolymer of an
copol ymer sequence

rat| &
by 114 NMR, FH

distribution defined by the copolymer sequence distribution parameter m
ed—bv—the—FfoeHo6 Aro—egati-ahs =1L AL 14.m/\\_L wherei i
ed—by—the—f-oHrowreg—eguaty AL ehn Als
Jé’lﬂﬂ wis‘!zi.o Mal% pMSt h% BSBOI ymer T &C)det er ni ned
‘ ] trilad fr ction in
as det efm ned by i is fromless t han 38.
148 c| ai0H:€1 Wher &4 in|is $tom | esé Ah pogf grably in
than 30} nore prefe%&’)l y | n i%0%rom 1238, art| cularlly inis
pbre partjcularlylin i%4from 1-1%$ 3.| The8copol ymer of |any of
clains,| wherein|the%Xoo0l bfi 3%k ilsoBdbyl ene dand t he
s nethy| styrene,| pr&3.erably, Ip&f a- |meb®§l skyrene. 4. [The
any th li ng7&lai np, whe¥ein t#&eéal tlyr @ge | cont-ent
D1 t1 D%%—Brr?rglﬁf/j p?w.erab y thed al Kyl s2.yre giioﬁt ggt is from
.5 nol % nore prefegaply | he afkyl gt ypgoe contgnt is | from
5. 0 nmol % particyl arkyet he| al kyg st yrlengggontent lis fragm
L2757t ps 82.9 1.63 447
72.4 6.53 23.1
60.9 9.41 16.1
63.5 149 114
76.3 19.7 7.53
100 23 46.6
152 CH;Cl 100 4.0 348 1 42 | 80
100 9,4 21.8
100 12.8 15.1
100
100 2.1 53.5
153 | CH;FCF; 100 42 373 1 35 | 80
100 6.6 28.2
100 8.6 26.9
100 11.9 18.2
100 2.2 43.9
154 | CH;CHF, 100 4.1 289 | 53 | 80
100 6.7 20,0
100 92 15.1
100 12.6 12.6
[00252) All patents and patent applications, test procedures (such as ASTM

methods), and other documents cited herein are fully incorporated by reference o

the extent such disclosure is not inconsistent with this invention and for all

jurisdictions in which such incorporation is permitted.

[00253]

When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.



5. A process for preparing a copolyner according to any of clains 1 to 4,
the process conprising contacting an isoolefin, preferably isobutylene, an
al kyl styrene, one or nore Lewis acid(s), one or nore initiator(s), and a

di | uent cowq'i'oﬁi, g@ne or nore hydrofluorocarbon(s) (HFpcBs20déesse. The
process of clarmb, wherein one or nore hydrofl uorocarbon(s) is represented
by the fornula: CxHyFz wherein x is an hﬁteger fromlto 40 and y and z are
integers of one or nore, preferably xis' from1l to 10, nore preferably x is
froml to 6, particularly x is from1l to 3. 7. The process of claim6,
wherein the one or nore hydrofluorocarbon(s) is independently selected from
the group consisting of fluoronethane; difluoronethane; trifluoronethane;
f1 uor oet hane; [@9254Hi f | udliolet theriipstrative enhbbdimentseafhtheaipvention have been
-trifluoroethane;..1,1,2-trifluorqethane; .1,.1 2- tetrat| uoreoet hane;
1,1,2,2-tetra??ﬁ%?ﬁ%?ﬂﬁﬁ@?wf#ﬁgﬁgfvg-58%?%§?ﬂ%v%%Fﬁ€H%? eﬁ@?@ﬁﬁaﬁﬁ?opane;

- f1 uor opr opardiil bk, appaheht td0dndWa (bateadily, rAadechyl thasy skilledian@e art without
i fl uoropropane; 2,2-difl yoropropane; 1,1, 1- trifluo,oqropane;

trifl uorsPartng fom thespiut an F%Fdﬁrtéﬁdﬁ‘éﬁnhil}-z,"z@c°f‘$ﬁlg Y:ulbridgobpane;

, 2, 3-tri T1 uonmpr AAFRG thelscope of thé tlafths AlPeHMIIGRIAHBE Gimited to the ekardples
tetrafl uoropropane; 1,1,2,2-tetrafluoropropane; 1,1, 2, 3-
t et raf | uor opr @pdrdsscriptions s@- foxthr bgreinobus prathenileat the 2lgimg-hee constrvedbadpr opane:

1,1,1, 2, 2- pent [ e , - pen r X , 3-
pent af | uor opr c?géér?g% S%Qélggqge gﬁ%%%t%ﬂ%ﬁ%%%%r %ngghg%ﬁ&ﬁ%gﬁgq%ﬂ% Bre;en?

pent af | uor opr dpantion, incliding alP fedtuBes-widotavbuid rbe preated me pquivalents thef®oBby
hexaf | uor opropane;..1,,1,.1 3 3,3 -hexafl uoropropane; 1,1,1, 2,2, 3, 3-

hept af | uor opr E%Eﬁék‘ﬁid ipthe ?1???%%1’ ﬁ@[b’f"z?fﬁi‘?{b? pane; 1-fl uorobutane; 2-
fl uorobutane; 1, 1-difluorobutane; 1,2-difluorobutane; 1, 3-difl uorobutane;
1, 4-di fluorobutane; 2,2-difluorobutane; 2,3-difluorobutane; 1,1, 1-

trifluorobutane; 1,1,2-trifluorobutane; 1, 1,3 -trifluorobutane; 1,1, 4-
trifluorobutane; 1,2,2-trifluorobutane; 1,2,3-trifluorobutane; 1,3, 3-

2-f

1,3-d
1,1,2
1,2,3
-tetr



trifluorobutane; 2,2,3-trifluorobutane; 1,1,1,2-tetrafluorobutane; 1,1, 1, 3-
tetrafl uorobutane; 1, 1, 1,4-tetrafluorobutane; 1,1, 2,2-tetrafl uorobutane;
1,1,2,3-tetrafl uorobutane; 1,1, 2,4-tetrafl uorobutane; 1,1, 3, 3-

t et raf | uor obut ane; 1,1,3,4-tetraf|uoro§g ane; 1,1,4,4-tetrafl uorobutane;
1,2,2,3-tetrafl uorobutane; 1,2, 2,4-tetrafl uorobutane; 1, 2,3, 3-

tetrafl uorobutane; 1, 2,3, 4-tetrafl uorobutane; 2,2,3,3-tetrafl uorobutane;
1,1,1,2,2-pentafluorobutane; 1, 1, 1,2, 3-pentafluorobutane; 1,1,1,2,4 109
pent af | uor obut ane; 1,1, 1, 3, 3-pent af | gqroimsane; 1,1,1, 3, 4-

pent af | uor obut ane; 1, 1, 1,4, 4-pentafluorobutane; 1,1, 2,2, 3-

pent af | uor obut ane; 1,1, 2, 2, 4- pent af |l uorobut ane; 1,1, 2, 3, 3-

pent af | uor obut ane; 1,1, 2, 4, 4- pent af |l uorobut ane; 1,1, 3, 3, 4-

pent af | uor obut ane; 1, 2, 2, 3, 3- pent af |l uorobut ane; 1, 2, 2, 3, 4-

pent af | uor obut aneA cbpdlyine? o2 aisoektih lab® bR B/Bf}%nelth'b cb &gﬁ}e{’rhavmg a
hexaf | uorobutane; 1, 1, 1,2, 3, 3-hexafl uorobut ane, E

hexaf | uor obut ane: copolymerisequenca distriuition deBrag byhe CQPOIYIBGBSGSUWCG

hexaf | uor obut ane; r , .
hexaf | uor obut ane; d%ﬁﬁgoép i?ira%l ﬁeexatf U%I#lggg@g%\@&e?e%?@é}lg,eﬁl-ﬁhon‘
hexaf | uorobut ane; 1,1, 2, 2, 4, 4- hexafl uorobutane; 1,1, 2,3, 3, 4-
hexaf | uor obut ane; 1,1, 2, 3, 4, 4- hexaf | uor obut ane; 1, 2, 2, 3, 3, 4-
hexaf | uorobutane: 1,1, 1,2, 2.3, 3Fiept AbtbbmANe: 1,1, 1,2, 2, 4, 4-
hept af | uor obut ane; 1 1, 1, 2, 2, 3, 4-hept af | uor obut ane; 1,1,1,2,3,3,4
hept af | uor obutane; 1, 1, 1,2, 3,4, 4-heptafluorobutane; 1,1,1,2,4,4,4-
hept af | uor obut ane whbrémJA B, the motlarhem afhlkp]ls'qzlncneanésoolqﬁhihtﬁ 2o ldAnér-

o1
oct af l uorobutane; 1,1,1,2, -0 0 ane; 1,11 2, 4, 4-
oct af | uor obut ane; asldetfrm‘i‘eé by ﬁ*m3{ ﬁ]? 53’5\5%‘?1@ -isqolefingt g tyaene 4.
oct af | uor obut ane; trsadlﬁa%nanme%oﬁmgmepwek&emw 1,1,2,2,3, 44,4
nonaf | uor obut ane; 1-fl uoro-2-net propane: 1, 1°-difluoro-2- met hyl pr opane;
1, 3-difl uoro-2- rreaItQ/Wbcroplanesfrmmlassthan?e&lfl uor o- 2-
2. The copolymer of claim 1, wherein m is from less than 35, preferably m is

from less than 30, more preferably m is from 1-38, particularly m is from
1-35, more particularly m is from 1-30.

3. The copolymer of any of the preceding claims, wherein the isoolefin is
isobutylene and the alkylstyrene is methylstyrene, preferably, para-
methylstyrene.

4, The copolymer of any of the preceding claims, wherein the alkylstyrene
content is from greater than 0.5 mol%, preferably the alkylstyrene content
is from greater than 1.5 mol%, more preferably the alkylstyrene content is
from greater than 6.0 mol%, particularly the alkylstyrene content is from
greater than 12.5 mol%.

5. A process for preparing a copolymer according to any of claims 1 to 4, the
process comprising contacting an isoolefin, preferably isobutylene, an
alkylstyrene, one or more Lewis acid(s), one or more initiator(s), and a

diluent comprising one or more hydrofluorocarbon(s) (HFC's).



met hyl propane; 1, 1, 3 -trifluoro-2-nethyl propane; 1, 3-difluoro-2-
(fluoronethyl)propane; 1, 1, 1,3 -tetrafluoro -2-nethyl propane; 1,1, 3, 3-
tetrafl uoro-2-nmethyl propane; 1, 1,3 -trifluoro-2-(fluoronethyl)propane; 1,
1, 1, 3,3 -pentafluoro-2-nethyl propane;jpg, 1,3,3 -tetrafl uoro-2-
(fluoronethyl)propane; 1, 1, 1, 3 -tetrafrluoro-2-(fluoronethyl)propane;

fl uorocycl obutane; 1,1-difluorocycl obutane; 1,2-difluorocycl obutane; 1, 3-
di fl uorocycl obutane; 1,1,2-trifluorocyclobutane; 1,1, 3-

trifluorocyckobut ahe;prdoeds 3ftdldifd YOLMEE %Hé'tcﬁ‘rlﬁbrelh}]drgﬂgérocarbon(:s_)) is

tetrafl uorocycl obutane; 1,1,3,3-tetrafl uorocycl obutane; 1,1, 2, 2,3-

pent af | uor ocycl obtepagsented by, the Sormylas it ddyFuwhereinck abhen énteger from 2,10 49, 3-
hexaf | uor ocycl obut ape; 1,2 2,3, 4--hexaf | uorocycl pbutane: 1,1.2,3,3,4 110
nexaf | wor ocycl obuf i and sinfests 5B B miry, et Geddi L BUram 410 3y
fluoride; 1,1-difpreasrisdlyRe8Eomll & 6lipattitald9tieH®dm 11d32-trifluoroethene; 1-
fluoropropene, 1, 1 -difluoropropene; 1,2-difluoropropene; 1, 3-

di fl uoropropene; 2, 3-difluoropropene; 3, 3-difluoropropene; 1,1, 2-
trifluoropropene; -1 pr. ney 1.2, . 3-1ritl yoropr nei~ &, 3, 3-
trifIuoroprogéne;Tg?§F§9#ﬁ#%#§§¥gb?@%%ﬁé?e§P§P§P%¥%%V%%@%%F%%@ﬂ@?)%—fIuoro-
1-butene; 2-fl uor idepdndeste; sefetedudiogr [thd Uirete; cofisibtingorof- HubréiilRne;l, 1-

di fl uoro-1-butene; 1,2-difluoro-I|-butene; 1,3-difluoropropene; 1, 4-

di f 1 uor o- | - but enedifrommgthangs iriflyarpmetbans; fb%ome&h@%ésrldﬁﬂu%ﬁ??@ﬁ@; 132-3-

di fluoro- 1 -butepsg; -diLfl yoy o= ne: . 4, if: |- hut 51,1, 2-
trifIuoro-l-butengﬁhﬁgfﬁﬁg%Ti#?hg?%g@#%u.%ﬁé; Q¥5fﬁgﬂ§%§ Jgroiﬂ?;%butene;
1,2,3-trifluoro-| tdaaflatrecthine, 4;1(2,2dtiafluordethand;eng;,1,2,2-pentaflucroethane;

1,3,3-trifluoro-l-butene; 1,3,4-trifluoro-I|-butene;

1.4 4-trifluoro-| Jtinosspsopanes 3. 2rfluorqQRIpRANE:. byt éeledifluoropropane; 1,2-
2,3,4-trif|uoro-|a@ﬁ spafed 41 814 sdnelUt 8B&iin . .
3,3,4-trifluoro-|I- u%)gd%g?p %’, 4, 4§tdrlif1¢#ﬁ%r§géﬂei but’enel; woropropane;  1,1,1
4,4,4-trifl uoro-| giflitcespeopahel, 21 2-trfluosdprepane- | 1, 1,Butifneropropane; 1,2,2-
1,1,2,4-tetrafluorg:|-butene; 1,1 3 3-tetrafluoro-I-bytene. 1,1, 3, 4-
tetrafl uor o- 1- but BEHBIOrQprapaney étjzr’i'hq}lﬁ’lr?ﬂr??%t ené:l’ggi?@?@p’fo@fqp&w’uor o-1-

1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane; 1,1,2,3-
tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;
1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-pentafluoropropane; 1,1,1,3,3-
pentafluoropropane; 1,1,2,2,3-pentafluoropropane; 1,1,2,3,3-
pentafluoropropane; 1,1,1,2,2 3-hexafluoropropane; 1,1,1,2,3,3-
hexafluoropropane; 1,1,1,3,3,3-hexafluoropropane; 1,1,1,2,2.3,3-
heptafluoropropane; 1,1,1,2,3,3,3-heptafluoropropane; 1-fluorobutane; 2-
fluorobutane; 1,1-difluorobutane; 1,2-difluorobutane; 1,3-difluorobutane;
1,4-difluorobutane; 2,2-diﬂuorobqtane; 2,3-difluorobutane; 1,1,1-
trifluorobutane;  1,1,2-trifluorobutane;  1,1,3-trifluorobutane; 1,1,4-
trifluorobutane; 1,2, 2-trifluorobutane;  1,2,3-trifluorobutane;  1,3,3-
trifluorobutane; 2,2,3-trifluorobutane; 1,1,1,2-tetrafluorobutane; 1,1,1,3-
tetrafluorobutane; 1,1,1 4-tetrafluorobutane; 1,1,2,2-tetrafluorobutane;
1,1,2,3-tetrafluorobutane; 1,1,2,4-tetrafluorobutane; 1,1,3,3-
tetrafluorobutane; 1,1,3,4-tetrafluorobutane; 1,1,4,4-tetrafluorobutane;
1,2,2,3-tetrafluorobutane; 1,2,2,4-tetrafluorobutane; 1,2,3,3-
tetrafluorobutane;  1,2,3,4-tetrafluorobutane;  2,2,3,3-tetrafluorobutane;
1,1,1,2,2-pentafluorobutane; 1,1,1,2,3-pentaflucrobutane; 1,1,1,2.4-



butene; 1,2,3,4-tetrafluoro-1-butene; 1,2,4,4-tetrafluoro-I|-butene; 1,3, 3, 4-
tetrafluoro-1-butene; 1,3,4,4-tetrafluoro-|-butene; 1,4,4,4-tetrafluoro-|I-
butene; 2,3,3,4-tetrafluoro-|-butene; 2,3,4,4-tetrafluoro-I|-butene; 2,4,4,4-
tetrafluoro-1-butene; 3,3,4,4-tetrafl uofp-|-butene; 3,4,4,4-tetrafluoro-|-
butene; 1,1, 2,3, 3-pentafluoro-I|-butene; 1,1, 2,3, 4-pentafl uoro-I|-butene;
1,1,2,4,4-pentafluoro-1-butene; 1,1, 3, 3,4-pentafluoro-I|-butene; 1,1, 3,4,4-
pentafluoro- 1 -butene; 1, 1,4,4,4-pentafluoro- 1 -butene; 1,2,3,3,4-

pent af | uor o- | - but @egtaflderdbidtade; 4- Pent afi DB Qenthflnbreb@Rgs; 1. 2, 4,14;143 4-
pent af | uor o- 1- but ene; 2, 3, 3, 4, 4- pentaf uor o- | - but ene; ,3,4,4

pent af | uor o- | - but @aeiaflworebutane; 4- pent hilil/bf-pentafiuorehatane 1, 2, 313,242,3-

hexaf | uoro- 1 -bu 2 1 - but ene; 4.4, 4-
hexaf | uor o- 1- but e&?gﬁ%} ‘5%%"4 4- hexgﬁ%%ge?tagﬁ?rgh%taml 2,3, 4}4%
hexaf | uor o- 1- but epentafluctoButdne}, 4- hexafllztwmpent&ﬂu&ubm 1,1, 2133334-, 4-
hept afl uoro- 1 -butene; 1, 1,2, 3,4, 4 tafluoro- 1 -but

1,1, 3, 3,4, 4,4 he@?@ﬁﬂ%@bﬂt@%utene 2223 gpsntaﬂuombmrpﬁ,afl uoré)QLZ,Eben ene; 1

-fluoro-2 111 bu 0-2-b f 2- but

1, 2-di fl uoro-2- buﬁ)gﬁgﬁlu&f{,’@%’f | uor gﬁ;ﬁ:%%fgéiﬁ%ﬂioré! ghﬁl uor o- gﬁ]’on éne

di f1 ur o- 2- but haﬁxﬂubrdhuimtai riflugl,e;223, Mbﬁfmordbuianz triflyone4but ene;
,1,3-trifluoro-2-butene; 4-trjfluoro-2-bute

2, 3-

1,1, 3-

1,2, 3-trifl uoro-2 m@bﬁanzw tribldesbd éwas%ﬂl@r@utanf; 1, 1,1,1,33.4-
1, 2-t

tetra

but en

etrafluorozpk%? tar ne;

raf | uor o- 2- but ene; bugan tetra’?’ggfﬁaflgg@g%%ﬂﬁ%%l 2, 4- #%‘ﬁfﬁ ’l'uor o- 2-
utene; 1,2, 3, 4- t(htxaimlomhumnﬁ butenbl 2J2,31,3-h¢i’af1310pcdj1nltamkl uor o- P13\t Bae;
1,1,1, 2, 4-pentafl ut ene, 1 ent af | yor o- 2- but en 1.1,1,4,4-
pent af | uor o- 2- but BF??%“FO?’“?“S’ 4- pen]t é?i%u‘b‘r"g‘ ’Eafgﬁf‘?iﬁ‘@n €1,1, 2, 14?3334'

pent af | uor o- 2- but ﬁ@)?aﬂu%rolb%tanl 2, 4r hQﬁh%@iﬁT& Ytk R1Re; 1 11%2%?44'

hexaf | uor o- 2- but ene; 1, uor o- 2 utene 1,1, 1,7474,4-
hexaf | uor o- 2- buteh@;aﬂuonqbZI@ﬁA 4 IidxhﬂlZ;Bo} bemaﬂw:trebuianel 1, Jl,,]?,l,2?444—

heptaf | uor o- 2- but it taﬂudr%blilt 4 4 41 Pﬁlﬁtfﬁ Ihu}g)tt'iﬁuoroglli{ar?ne alnijl 513)% «&Ir ©s
heptaﬂuorobutane; 1,1,1,2,3,4,4-heptafluorobutane; 1,1,1,2,4,4,4-
heptafluorobutane; 1,1,1,3,3,4,4-heptafluorobutane; 1,1,1,2,2,3,3,4-
octafluorobutane; 1,1,1,2,2,3, 4 ,4-octafluorobutane; 1,1,1,2,3,3,4,4-
octafluorobutane; 1,1,1,2,2,4,4 4-octafluorobutane; 1,1,1,2,3,4,4,4-
octafluorobutane; 1,1,1,2,2,3,3,4,4-nonafluorobutane; 1,1,1,2,2,3,4,4,4-

nonafluorobutane; 1-fluoro-2-methylpropane; 1,1-difluoro-2-
methylpropane; 1,3-difluoro-2-methylpropane; 1,1,1-trifluoro-2-
methylpropane; 1,1,3-trifluoro-2-methylpropane; 1,3-difluoro-2-

(fluoromethyl)propane;  1,1,1,3-tetrafluoro-2-methylpropane; 1,1,3,3-
tetrafluoro-2-methylpropane; 1,1,3-trifluoro-2-(fluoromethyl)propane;
1,1,1,3,3-pentafluoro-2-methylpropane; 1,1,3,3-tetrafluoro-2-
{fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-(fluoromethyl)propane;
fluorocyclobutane; 1,1-difluorocyclobutane; 1,2-difluorocyclobutane; 1,3-
difluorocyclobutane; 1,1,2-trifluorocyclobutane; 1,1,3-
trifluorocyclobutane; 1,2,3-trifluorocyclobutane; 1,1,2,2-
tetrafluorocyclobutane; 1,1,3,3-tetrafluorocyclobutane; 1,1,2,2,3-
pentafluorocyclobutane; 1,1,2,3,3-pentafluorocyclobutane; 1,1,2,2,3,3-
hexafluorocyclobutane; 1,1,2,2,3,4-hexafluorocyclobutane; 1,1,2,3,3,4-



thereof. 8. The process of claim®6, wherein the one or nore

hydr of | uor ocarbon(s) is independently selected fromthe group consisting of
fl uoronet hane, difluoronethane, trifluoronmethane, 1,1-difl uoroethane,

1,1,1- trifluoroethane, 1, 1, 1,2-tetr J}uoroethane, and m xtures thereof.

9. The process of claim6, wherein the diluent conprises between 5 and 100
vol unme % HFC based upon the total volune of the diluent, preferably from 15
to 100 vol ume % HFC based upon the total volunme of the diluent, nore

preferably from 2Qxbfuck8crsiutiii; % HHC basealninofudBeyd Sudine: VO! of the

di luent, and even nore preeferably from 25"t0 100 volune % HFC based upon
the total vol une fifortdee 1di-fliflontocthtte; TReliffucvosbenenfl, G2 dnifluGoethdre; d-n t he

di luent further c rises a hydrpgarbon, a non;reagtive olefin, and/or an
nert gas. 115 SRR Ggces b TROMTEIRPYS: " whbaHURER i ocalton 5 a
hal ogenat ed hydr Qﬁﬂﬁ&@ﬁrogkﬁ@,r DhnpifROrdpFSpen®’ ef £3AMOréf8pdR! 00ENL ed
hydrocarbon is nmethyl chloride. 12. The process of claim6, wherein the one

or nore Lew s acittflyyropeopeneipriekériridorpyropens; f ds2arkrifluaxapropdnst el .3.3M i s a

Goup 4, 5, or 14 metal: and h-X is a hal.ogen. he on Lew
aciog(ps) i s rg:)res'ﬂélﬁ?'t%%pgi?%fqﬁez’s ggtﬁlﬁlflgllom&ﬂ&nﬁ?’%" @%E’ré)tﬂ’ﬁ"eﬁeﬁ‘?’g"%{‘i%{?gri, EWI gr

14 metal ; each R i-ButendiDRgHRrEMbutehe! B-flotol1yBlitatar RPMoFALbGRKe;] Mdependent |y
selected fromthe ﬁroup consi sting of an alkyl, aryl, arylalkyl, alkylaryl

and cycl oal kyl radifleerost-butenes ah.2-diflagrer!-butens:0 { &-diflugrepropeash X4rs a
hal ogen; o NS offus. TRliend: 3.l Aokt o £ARS 1 Bludhle L™ 2
difluoro-1-butene; 3,4-difluoro-1-butene; 4,4-difluoro-1-butene; 1,1,2-
trifluoro-1-butene;  1,1,3-triflucro-1-butene;  1,1,4-trifluoro-1-butene;
1,2,3-trifluoro-1-butene; 1,2,4-trifluoro-1-butene; 1,3,3-trifluoro-1-butene;
1,3,4-trifluoro-1-butene; 1,4,4-trifluoro-1-butene; 2,3,3-trifluoro-1-butene;
2,3.4-trifluoro-1-butene; 2,4,4-trifluoro-1-butene; 3,3,4-trifluoro-1-butene;
3,4, 4-trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-
butene; 1,1,2,4-tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-
tetrafluoro-1-butene; 1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-
butene; 1,2,3,4-tetrafluoro-1-butene; 1,2,4,4-tetrafluoro-1-butene; 1,3,3,4-
tetrafluoro-1-butene; 1,3,4,4-tetrafluoro-1-butene; 1,4,4,4-tetrafluoro-1-
butene; 2,3,3,4-tetrafluoro-1-butene; 2,3,4,4-tetrafluoro-1-butene; 2,4,4,4-
tetrafluoro-1-butene; 3,3,4,4-tetrafluoro-1-butene; 3,4,4,4-tetrafluoro-1-
butene; 1,1,2,3,3-pentafluoro-1-butene; 1,1,2,3,4-pentafluoro-1-butene;
1,1,2,4,4-pentafluoro-1-butene; 1,1,3,3,4-pentafluoro-1-butene; 1,1,3,4,4-
pentafluoro-1-butene; 1,1,4,4,4-pentafluoro-1-butene; 1,2,3,3,4-
pentafluoro-1-butene; 1,2,3,4,4-pentafluoro-1-butene; 1,2,4,4,4-
pentafluoro-1-butene; 2,3,3,4 4-pentafluoro-1-butene; 2,3,4,4,4-
pentafluoro-1-butene; 3,3,4,4,4-pentafluoro-1-butene; 1,1,2,3,3,4-
hexafluoro-1-butene; 1,1,2,3,4,4-hexafluoro-1-butene; 1,1,2,4,4.4-
hexafluoro-1-butene; 1,2,3,3,4,4-hexafluoro-1-butene; 1,2,3,4,4,4-
hexafluoro-1-butene;  2,3,3,4,4,4-hexafluoro-1-butene;  1,1,2,3,3,4,4-
heptafluoro-1-butene; 1,1,2,3,4,4,4-heptafluoro-1-butene; 1,1,3,3,4,4.4-
heptafluoro-1-butene;  1,2,3,3,4,4,4-heptafluoro-1-butene;  1-fluoro-2-



(mtn); wherein Mis Goup 4, 5 or 14 netal; each ROis a nonovalent Cl to
radi cal i ndependently selected fromthe group consisting

C30 hydr ocar boxy

of an al koxy, aryloxy, arylal koxy, alkylaryloxy radicals; each R

nonoval ent Cl to
group con5|st|ng

Cl12 hydrocar bon radlcgr i ndependently selected fromthe
al kyl, alkylaryl and cycl oal kyl

of an al kyl, aryl, ary

is a

radicals; n is an integer fromO to 4, mis an integer fromO to 4, wherein

the sumof n and mis not nore than 4; and each X is a halogen; or 113
the~p one or noreyl&d: S AbMSbutefie;’ @Hrcﬁﬁ%‘rbe?bl@ﬂéné h‘? 2L cﬁﬂﬁyﬂoaz butene;
M RC=00) nR nX4- (mtn); wherein Mis Goup 4, b5, nmetal ; each RC=00

s a

monoval ent C2 to CSfﬂlﬂWDdebmtm(:yll 4~ddhloaa2-butmd,e@éﬂdiﬂmd - -betenect 4d-f rom t he

PPt osRek  F 2 SRl RE bR e i Bk ar bon

group consisting
al kyl aryl acyl oxy

radi cal i ndependent laytrifingtceZ-beféné; rpmtthﬁu&roozlsuteﬁm 3 uitAduSo-RBuBhdY |
aryl al kyl, al kyl aryl and cycl oal kyI radicals; n is an integer fromO to 4;

mis an integer fhdhDtetrefluoronhbutenay t hd, IsLintestaflwosma-butens; not Lkdide t han 4:

aryl,

and each X is a h%{rg 8I2ob Lhe gqgg%%gf g_wu%gg,glgi?#_g%%ﬁa e(grr%;ent ed; b)c/)r

the fornmula MOX3;

10.

butene; 1,2,3 4-tetraﬂuor0-2-butene, 1,1,1,2,3-pentafluoro-2-butene;
1,1,1,2,4-pentafluoro-2-butene; 1,1,1,3,4-pentafluoro-2-butene; 1,1,1,4,4-
pentafluoro-2-butene; 1,1,2,3,4-pentafluoro-2-butene; 1,1,2.4,4-
pentafluoro-2-butene; 1,1,1,2,3,4-hexafluoro-2-butene; 1,1,1,2,4,4-
hexafluoro-2-butene; 1,1,1,3,4,4-hexafluoro-2-butene; 1,1,1,4,4,4-
hexafluoro-2-butene; 1,1,2,3,4,4-hexafluoro-2-butene; 1,1,1,2,3,4.4-
heptafluoro-2-butene; 1,1,1,2,4,4,4-heptafluoro-2-butene; and mixtures
thereof.

The process of claim 6, wherein the one or more hydrofluorocarbon(s) is
independently selected from the group consisting of fluoromethane,
difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1-
trifluoroethane, 1,1,1,2-tetrafluoroethane, and mixtures thereof.

The process of claim 6, wherein the diluent comprises between 5 and 100
volume % HFC based upon the total volume of the diluent, preferably
from 15 to 100 volume % HFC based upon the total volume of the diluent,
more preferably from 20 to 100 volume % HFC based upon the total
volume of the diluent, and even more preferably from 25 to 100 volume %

HFC based upon the total volume of the diluent.

The process of claim 6, wherein the diluent further comprises a

hydrocarbon, a non-reactive olefin, and/or an inert gas.

| ogen



t he one or
is a Goup

nore Lewis acid(s) is represented by the fornula MX3; wherein M

13 netal ; and

each X is a halogen; or the one or nore Lew s

acid(s) is represented by the formula MR* X3-n wherein Mis a Goup 13
netal; each Ris a nonovalent C to Cl3,hiydrocarbon radical independently
selected fromthe group consisting of an al kyl, aryl, arylal kyl, alkylaryl

and cycl oal

hal ogen; or the one or

kyl radicals;

M'RO) nR' mX3- 1 MtMpe H&g

nonoval ent

Cl to Cap hy

nis an integer froml to 3; and each Xis a

nore Lewis acid(s) is represented by the fornula

R e e i G R

group consi sti ng lyfdremartainkather, than ah BEC, preferablk theyhalogenktetl drydtosanponadi cal s;

each R is a nonoval
sel ected fromtheS@t

and cycl oal

kyl radicals;

egl?;é c&l? t,0 C12 hydrocarbon radical independently

Fsting of an alkyl, aryl, arylalkyl, alkylaryl
nis an integer fromO to 3; mis an integer fromO

to 3, wherein the sumof n and mis from1l to 3; and each X is a hal ogen;
or the one ol2.nor'Ehd gwossaof oglaim i6s wheseinsthat et vy mhee Lowinukeid(s) is

mX3- (, +n).: wherejn i oup 13 netal; each RC=QO is a
hydr ogﬁp%a%v?ﬁ%ﬂ\eﬂwlﬁﬁ%ndent ly selected fromthe group
i ndependent | y sel whdreit MioaGrb§p £5, 0P 148tallraddp consi sting of an

M RC=00) nR
nonoval ent

al kacyl oxy,

aryl acyl oxy,

aryl al'kyl acyl oxy,

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MR X4,

wherein M is Group 4, 5, or 14 metal;

each R is a monovalent C; to C; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 4; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula M(RO),R'Xa.
{mrtn};

wherein M is Group 4, 5, or 14 metal;

each RO is a monovalent C; to C3p hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;

each R' is a monovalent C; to Cy; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 4;

m is an integer from 0 to 4, wherein the sum of n and m is not more than 4;
and

each X is a halogen; or



al kyl aryl acyl oxy radicals; each R is a nonovalent Cl1 to Cl2 hydrocarbon
radi cal i ndependently selected fromthe group consisting of an al kyl, aryl,
aryl al kyl, al kylaryl and cycloal kyl radicals; nis an integer fromO to 3;
mis ainteger fromO to 3, wherein th umof n and mis from1 to 3; and
each X is a halogen; or the one or noré Lewis acid(s) is represented by the
formula MXy; wherein Mis a Goup 15 netal; each X is a halogen; and vy is
3,4 or 5;or the one or nore Lewis acid(s) is represented by the formula

MRXy-n;  wher ei npM ighe aof pidR: 1Pe Rt aal:ifdgylﬁs f(}@féaeﬁcasbﬁ mhopahagt G to
y selecte r

Cl12 hydrocarbon radical independentl om t he” group consi sting of
an al kyl, aryl, aMREFRD)RaKkyharyl and cycloalkyl radicals; nis an

integer fromO to 4; y | , 4 or. 5, erein nis less than y; and each X
is a hal ogen; or ‘P'h"ewm&&m‘gsh%}{g&@id(s) is represented by the formula
M RO nR mXy- (mtigach WREE-RDO M 15 Aokdwiidht 1T, MRS ag,, %‘&fbcﬁ@abyﬁ]héa&@ﬂovm ent

Cl to C30 hydrocarboxy radical independently seléectéd fromthe group
consi sting of an iaHependently wtlested from| diek group ceomsistingr pf @y atkacyleayt,s; each

From the or oup coMieriRY BraRyREr RS Mot s By SRS 2l kyl 2ryi - and
cycl oal kyl radi cadagh R' is a monovalent C; to Ci2 hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;
m is an integer from 0 to 4, wherein the sum of n and m is not more than 4;
and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MOXj;
wherein M is a Group 5 metal; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MX;;
wherein M is a Group 13 metal; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MR, X3, .
wherein M is a Group 13 metal;

each R is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 1 to 3; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula M(RO)R'nXi.

{mtn);



nis an integer fromO to 4, mis an integer fromO to 4; y is 3, 4 or 5,
wherein the sumof n and mis less than y; and each X is a hal ogen; or the
one or nore Lewis acid(s) is represented by the formula

M RC=00 nR nXy- (mtn); wherein Mis a Gjegp 15 netal; each RC=Q0is a
nonoval ent C2 to C3o0 hydrocarbacyl oxy radi cal independently selected from
the group consisting of an al kacyl oxy, arylacyl oxy, aryl al kyl acyl oxy,

al kyl aryl acyl oxy radicals; each R is a nonovalent Cl1 to Cl2 hydrocarbon

radi cal independe@hépkin 918k 8¢66h 13 a@tdhe group consisting of an alkyl, aryl,
aryl al kyl, alkylaryl and cycloal kyl radicals; nis an integer fromO to 4;

mis an integer feasmROtip agmonawgleny GistoI 30 hydrocBrbowpaadical ingependantlyf n and m
is less than y; an h X.s a halogen. 13. Th rocess of claim 6,
wherein the one ofesiFE ot e’ sl ep Rl of amy ARy F5 0! el om « ne
group consi sting gkylaiiédy tadichigf rachl oride, titaniumtetrabronm de, vanadi um
tetrachloride, tin tetrachloride, zirconium tetrachloride, titanium brom de
trichloride, titatdchnRdiso? dnersvalent Qo Ge, hydrasrsbm rediead independandhil or i de,

tin chloride trif i bgnz I i | C i.dg, . dj z i.tani um
di chl ori de, benzy+egé%?é£ﬁpwm ré{-éﬁ&# %@{f%ﬁh %T%‘e%%% zalgﬁtgﬂéleﬁﬁ ﬂ?{%&%‘hﬁde,
met hyl titani um t r agidyeldatkg] radiabeet hyl titani um di fluoride, dimethyltin

di chl ori de, phenylyanadium _trichloride, nethoxytitaniumtrichloride,
n- but oxyt i t ani um B 5 anniseefEom 0dp3; sopr opoxy) ti t ani um di chl ori de,

phenoxytitani umt 4 iEFxg?H;t%r froff 603, VR YR SuGPB¢ MR ' i BB 1 s, oHET Y

met hoxytitaniumdic
each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula
M(RC=00)R'mXs-(ma)

wherein M is a Group 13 metal;

each RC=00 is a monovalent hydrocarbacyl radical independently
selected from the group independently selected from the C, to Csg group
consisting of an alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals;

each R' is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 3;

m is a integer from 0 to 3, wherein the sum of n and m is from 1 to 3; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MX,;
wherein M is a Group 15 metal;

each X is a halogen; and

yis 3,4 or5;or

the one or more Lewis acid(s) is represented by the formula MR Xy.n,

wherein M is a Group 15 metal;



met hyl nmet hoxytin dichloride, benzyl isopropoxyvanadi um dichlori de,
acetoxytitaniumtrichloride, benzoyl zirconiumtribrom de,

benzoyl oxytitaniumtrifluoride, isopropoyloxytin trichloride, nethyl
acetoxytitani umdichloride, benzyl benzqyl oxyvanadi um chloride, vanadi um
oxytrichloride, alumnumtrichloride, boron trifluoride, gallium
trichloride, indiumtrifluoride, ethylalumnumdichloride, nethylalum num
di chl ori de, benzyl al um num di chl ori de, isobutylgalliumdichloride,

di et hyl al um num cBl@r RAR, 2 dhamvakhalCYMone) RfdrOEdrbeh r&dib! RbeHEhadHTly

sesqui chl ori de, nethyl al umi num sesqui chloride , tinethylalumnum

triethyl al uni num seleatétb fipad thei gronp donsistingi efean elkibraydl arsilalkyh abtkiybanylor i de,
2,6-di-tert-butyl pheno |.ym num di chl ori de, methoxy nmethylal um num
chloride, 2,6-di -&CF?X%@WH%CQWE&y met hyl al uni num chl ori de,

i sopropoxygal | i unh 6§ shin@cefgom@nexy nmet hylindi um fl uori de,

acet oxyal um num di chl ori de, benzoyl oxyal um num di brom de, benzoyl oxygal | i um
di fl uori de, nethyy iadek edyatheraimnns lesd than Beand i sopr opoyl oxyi ndi um
trichloride, antipp &gse%%qgé %rilde, antinony hexafluoride, arsenic

pent af | uori de, antion Fae pent afl uoride, arsenic trifluoride,

bi smuth trichloride arsenic fluoride tetrachloride, 117 tetraphenyl anti nony
chloride, triphenylantinony dichloride, tetrachloronethoxyantinon
dinethoxytrichIoréﬁﬁ@?@ﬁﬁ??eLﬁW@HFEK@H%EﬁB%?ﬁP%Ph@Fi@ﬁﬂ%ﬁ@éﬂﬁ%&%m ar si ne,

di fl uor onet hoxyar si ne, acetatotetrachl oroantinmony, (benzoato)
tetrachloroantinnﬂ??’and bi smuth acetate chloride. 14. The process of claim
6, wherein the onehereimbfie alGoup 18aietls) is i ndependently selected fromthe

group consi sting of mnumtrichloride al.um num tri.brom.de,
et hyl al uni num di cmcbfﬁﬁel,s ae’ﬂ’l‘???‘éﬂi% i Crodwgencarosy itadicalgndenepientiyni num

St o A S S consT P S, A, DAY
alkylaryloxy radicals;
each R' is a monovalent C; to C;; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;
m is an integer from O to 4;

y is 3, 4 or 5, wherein the sum of n and m is less than y; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula
MRC=00)R uXy-(msny;

wherein M is a Group 15 metal;

each RC=00 is a monovalent C; to Cj¢ hydrocarbacyloxy radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;

each R' is a monovalent C; to C;; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 4;

m is an integer from 0 to 4;



trifluoride, and titaniumtetrachloride. 15. The process of claim®6, wherein
the Lewis acid is not a conpound represented by formula MX3, where Mis a
group 13 nmetal, Xis a halogen. 16. The process of claim®6, wherein the one
or nore initiator(s) conprise a hydroggqghalide, a carboxylic acid, a
carboxylic acid halide, a sulfonic acid, an alcohol, a phenol, a polyneric
halide, a tertiary alkyl halide, a tertiary aralkyl halide, a tertiary

al kyl ester, a tertiary aralkyl ester, a tertiary alkyl ether, a tertiary
aral kyl ether, anya v oihitfifoin B2 sBfYdf BldiHSs lesPBaiklg@ar yl halide or an
aryl al kyl acid halide.” 17. "The process of claim®6, wherein the one or nore
initiator(s) is eadePermlkalogan. sel ected fromthe group consisting of HC,
H2O, net hanol, (CH3)3CCl, C6H5C(CH3)2Cl, (2-Chloro-2,4,4-trimethyl pentane)
and 2- chl oro-2-net hyl propane. 18. The process of claim®6, wherein the one
or nmore initi@torhe process siepRnAent Wekpl @td dee foroMok L O URIFONS Sting of
hydrogen chl oride, hydrogen brom de, hydrogen iodide, acetic acid,

propanoi ¢ aci d, bindgpesidentlyedleptedifromahe group cansisimgaditisardern detrathlonider oacet i ¢

acid, dichloroacet.jc. aci 11 trichorqacetic. aci trifl.yoroacetic acid,
p- chl or obenzoi c a?:“.l"%{“%%'f‘?q‘i"f“ﬁ’é’?‘ S%evr??%ﬁn%mg& acf?’io&dgtﬁtemflgwgeé,mﬁ‘g&%

brom de, cinnanyl tetdatilbide titaiezRymidehricklotige, thafigaydibldhide dRhloride,
trichloroacetylchloride, triflugroacetylchloride, fﬁffl uor obenzoyl chl ori de,

met hanesul foni ¢ a¥inpdiun bromids drchioridee tin feblaride atifiporide, benzyltitanium
trichl or onet hanes | & agd - 1.0l ue -§ oni o l,£ onyl
R, bt BiediBl AARIE T KB ConfiE} "BRARMA

chl ori de, methanesultonyl brom

trifl uoromet hanesdibeanytircohiudi i de, dipronbide,uenesndthyltitahiveh! or i fehlofdé,hanol ,
et hanol, propanol, 2-propapol, 2- nethylpropan-2-0ql,  cyclohexanol, benzyl
al cohol, phenol , é@FéﬁY‘l?ﬁﬂﬁ’é‘hoﬂ%ﬂ“OE?@- dhimethplimg khighderidey . phenylvppding) |

p-Tluorophenol,  2¢fnflrited mPHBkHthHOMORRGIHide, 2RDutoxIUELAKY "RRATRGL ENe-

di(isopropoxy)titanium  dichloride, = phenoxytitanium  tribromide,

phenylmethoxyzirconium trifluoride, methyl methoxytitanium dichloride,
methyl methoxytin dichloride, benzyl isopropoxyvanadium dichloride,
acetoxytitanium trichloride, benzoylzirconium tribromide,
benzoyloxytitanium frifluoride, isopropoyloxytin trichloride, methyl
acetoxytitanium dichloride, benzyl benzoyloxyvanadium chloride,
vanadium oxytrichloride, aluminum trichloride, boron trifluoride, gailium
trichloride, indium trifluoride, ethylaluminum dichloride, methylaluminum
dichloride, benzylaluminum dichloride, isobutylgallium dichloride,
diethylaluminum chloride, dimethylaluminum chloride, ethylaluminum
sesquichloride, methylaluminum sesquichloride , trimethylaluminum,
triethylaluminum, methoxyaluminum dichloride, ethoxyaluminum
dichloride, 2,6-di-tert-butylphenoxyaluminum dichloride, methoxy
methylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum
chloride, isopropoxygallium dichloride, phenoxy methylindium fluoride,
acetoxyaluminum  dichloride,  benzoyloxyaluminum  dibromide,
benzoyloxygallium difluoride, methyl acetoxyaluminum chloride,
isopropoyloxyindium trichloride, antimony hexachloride, antimony
hexafluoride, arsenic pentafluoride, antimony chloride pentafluoride,

arsenic trifluoride, bismuth trichloride arsenic fluoride tetrachloride,



19. The process of claim6, wherein the one or nore initiator(s) is

i ndependently selected fromthe group consisting of 2-chloro-2,4,4-

trimet hyl pentane; 2-brono-2, 4, 4-trinmethyl pentane; 2-chloro-2- nethyl propane;
2- brono- 2- met hyl propane; 2-chloro-2, 4, 4,46, 6- pent anet hyl hept ane;

2-brono-2, 4, 4, 6, 6- pent anet hyl hept ane; 1-chloro-1- nethyl et hyl benzene;

1- chl or oadamant ane; 1-chl oroet hyl benzene; 1, 4- bis(1-chloro-I-nethylethyl)
benzene; 5-tert-butyl-1,3-bis(1-chloro-1- nethylethyl) benzene;

2- acet oxy- 2, 4, 4- t hdtrphénIARMAL; 2cHISMEDY! OXiphedyhndmbhy et RidhReeane;

2- acet oxy- 2- net hyl propane; 2-benzoyl oxy- 2- rret%yl propane; .

2- acet oxy- 2, 4, 4, 6 \@rashleramethexyantipoane:; 2- benzoydlimethoxytrichloroantimony,

2,4,4,6, 6-pent anetjh . 1- acet Ll - et hyl et hylbenzene: 1- .

aceot xyadamant ane;dl%ﬁ(gglﬁ%@gg&r%%%hyﬁhggéé‘%l@iﬁg% ijxrﬁl-nﬁi S%l?lﬁg{:og{e YpIsIne,

net hyl et hyl ) benzegegatofetiacilbroantimbnyl, Beios(o} t@thyantinttaly N ¥hEbisiuih
benzene; 2-nmet hoxy-2,4,4-trimethyl pentane; 2-isopropoxy-2,4, 4-

tri met hyl pent ane; aectﬁtétchwez- nmet hyl propane; 2-benzyl oxy-2- met hyl propane;
2- met hoxy- 2, 4, 4, 6, 6- pent anet hyl hept ane; 2-i sopr opoxy-

2,4,4,6, 6-pent anet hyl hept ane; 1-net hoxy- 1- net hyl et hyl benzene; 1-

met hoxyadamangane Thi- pretdsexyfechymbénzdeain the -dres 6rl niart hbesyis | acid(e) | et hyl )
benzene; 5-tert-buytyl-1, 3-bis(1-methoxy-1-nethylethyl) benzene, and
1,3,5-tris(1-chl oﬂ‘?fiép@fiﬁé‘flﬂi}ﬁ%lﬁﬁﬂ fropeihs greup consisting)of alpminim, fchlorde, ¢ ai m 6,
wherein the one or I Ny S) iR huf O [ Y= - i nating
anion. 21. The pr &@éﬁgf él'? l!g?%%‘?%e(, V\;'Itiél#lel n ?lﬁg gﬁ%hgj?ldﬁb\r,\g%%{?ﬁgltg’gg( S)
conpri se great er sédgaichRoidpprdisthylelun(iinas echlomdey methgheiymindt dichéorglepcess of

claim6, wherein the ntacting further. conpri.s contacjing one or nore
rononer (5| ndeperRRp eIt o sedtichliden OB EgE: oCHAgter TG i no
al pha-ol efins, di sgfpsdrideVieti@hitld ReacHISRR! efins, conjugated di enes,
non- conj ugat ed di enes, styrenics, substituted styrenics,

15. The process of claim 6, wherein the Lewis acid is not a compound

represented by formula MX;, where M is a group 13 metal, X is a halogen.

16.  The process of claim 6, wherein the one or more initiator(s) comprise a
hydrogen halide, a carboxylic acid, a carboxylic acid halide, a sulfonic
acid, an alcohol, a phenol, a polymeric halide, a tertiary alkyl halide, a
tertiary aralkyl halide, a tertiary alkyl ester, a tertiary aralkyl ester, a
tertiary alkyl ether, a tertiary aralkyl ether, an alkyl halide, an aryl halide,
an alkylaryl halide or an arylalkylacid halide.

17. The process of claim 6, wherein the one or more initiator(s) is
independently selected from the group consisting of HCI, H,O, methanol,
(CH3):CCl, C¢HsC(CH;),Cl, (2-Chloro-2,4,4-trimethylpentane) and 2-
chloro-2-methylpropane.

18.  The process of claim 6, wherein the one or more initiator(s) is
independently selected from the group consisting of hydrogen chloride,
hydrogen bromide, hydrogen iodide, acetic acid, propanoic acid, butanoic

acid; cinnamic acid, benzoic acid, 1-chloroacetic acid, dichloroacetic acid,



and vinyl ethers. 23. The process of claim®6, wherein the contacting further
conprises contacting one or nore nononer(s) independently selected fromthe
group consisting of styrene, para-al kyl styrene, para-nethylstyrene,

al pha-nmet hyl styrene, divinyl benzene, gugsopropenylbenzene i sobut yl ene,
2-met hyl -1 - butene, 3-nethyl-I|-butene, met hyl - 2- pent ene, isoprene,

but adi ene, 2, 3- di nethyl -1, 3-but adi ene, B-pi nene, nyrcene,

6, 6-di met hyl -ful vene, hexadi ene, cycl opentadi ene, nethyl cyclopentadiene,
piperylene, et hyliobiibedt ha%ﬁ% Hillidrod Y aeffdhem1 Sbdn3iautalla, vpyl
ether. 24. The process o clalns erelin the copdlyner is
hal ogenated to forﬂnomb‘eatmgemat, eadetybpbloyllda,r acqbylel’nenatlhd yciﬂ:tm;ﬂadl'ﬂxg'ehat ed

copol ymer i s hal ogenat hI or| ne Qqr p ss, of claim
24, wherein the hgﬁ"%‘g co &is nEler E’ Hﬁzwmaﬁﬁm Tty t he
hal ogen content | %ﬂﬁ&@h&tﬂclﬂ@h&@ L p- fﬁao@oﬂ‘éﬁko@lehl@ﬁ&é‘ ehRBlaedul BRIc0 adidm! % t O
2.0 nol % 26. The copol yner of clains 1 to 4 or the process of any of

clains 5 to 25, m@ummeﬂhae%dfpmlwn@cldhastrlahllbwmthﬁneaﬁf(gmeat@ndthaﬂ 50, 000,
preferably the co

preferably the 003@1 ylﬁegplfﬂrig agidmeﬁ?nfsm)a E'ECFE{“ &‘ﬁ“?b‘gbfiggj fofe 120

particularly the Qﬁﬁﬁbbﬁ%thdﬁ@ﬁdﬁm%%ﬂlbnﬁé OffiflilofRh&hardebdfonyl QAGHALOp- 27. The
copolymer of any of clains 1 to or 26, or the Frocess of any of clalnB 5

to 25 or 26, wher é@hﬂemqself@@ﬂoclglﬁ@de hmsthancph/\ntlwo r piepRrads 2tprapancl 2-

preferably the co t of any
of clains 1 to 4, q@%ﬁ)‘?{c’fﬁa'& %ég pr%nggg)enzcﬁl a?co%bl % ﬁel}ﬂigfli ]r]rléﬁ-g’?q%ﬂgs 26 or
27, wherein the copebiniehylphehod MoprAlLrapIRa6IS | typ-ﬁtxorophedoqa,ast 2234.58- (M. 1 +

8 at 125C, ASTM D 1646), prefer ably the copolynmer has a Mooney viscosity of
from20 5 to 60 Msntefjporpphenpland 21iprleoxynaniihalenss6) .

19. The process of claim 6, wherein the one or more initiator(s) is
independently selected from the group consisting of 2-chloro-2,4,4-
trimethylpentane; 2-bromo-2,4,4-trimethylpentane; 2-chloro-2-
methylpropane;  2-bromo-2-methylpropane; 2-chloro-2,4,4,6,6-
pentamethylheptane; 2-bromo-2,4,4,6,6-pentamethylheptane; 1-chloro-1-
methylethylbenzene; 1-chloroadamantane; 1-chloroethylbenzene; 1, 4-
bis(1-chloro-1-methylethyl) benzene;  5-tert-butyl-1,3-bis(1-chloro-1-
methylethyl) benzene; 2-acetoxy-2,4,4-trimethylpentane; 2-benzoyloxy-
2,4,4-trimethylpentane;  2-acetoxy-2-methylpropane; 2-benzoyloxy-2-
methylpropane; 2-acetoxy-2,4,4,6,6-pentamethylheptane; 2-benzoyl-
2,4.4,6,6-pentamethylheptane; 1-acetoxy-1-methylethylbenzene; 1-
aceotxyadamantane; 1-benzoyloxyethylbenzene; 1,4-bis(l-acetoxy-1-
methylethyl)  benzene;  5-tert-butyl-1,3-bis(1-acetoxy-1-methylethyl}
benzene; 2-methoxy-2,4,4-trimethylpentane; 2-isopropoxy-2,4.4-
trimethylpentane; 2-methoxy-2-methylpropane; 2-benzyloxy-2-
methylpropane; 2-methoxy-2,4,4,6,6-pentamethylheptane; 2-isopropoxy-
2,4,4,6,6-pentamethylheptane;  1-methoxy-1-methylethylbenzene;  1-
methoxyadamantane;  1-methoxyethylbenzene;  1,4-bis(1-methoxy-1-
methylethyl) benzene;  5-tert-butyl-1,3-bis(1-methoxy-1-methylethyl)
benzene, and 1,3,5-tris(1-chloro-1-methylethyl) benzene.



29. A functionalized or hal ogenated copol ynmer derived froma copol yner
according to any of clains 1 to 4 conprising a C4-C7 isoolefin, preferably

i sobutyl ene, and an al kyl styrene, preferably nethyl styrene, nore preferably
para-met hyl styrene, represented by the figrmula: H R-CH 12 wherein each R
and R2 are independently selected fromthe group consisting of hydrogen, an
al kyl, a primary hal oal kyl, and a secondary hal oal kyl. 30. The
functionalized or hal ogenated copol ymer of claim 29, wherein the isoolefin

and the al kybat yr gmg gogesd! SSEAIm i 6) WR&GHORR! ¥ br | HoRMBiMtSr(h2Awrthepch that
the isoolefin is fromabout 75.0 % to 99.5 wt% of the copol'yner and the

al kyl styrene is fcomprbpuweddy@oodinating@ni®nwt % of the copol ymer (based upon
t he wei ght of the copolynmer). 31. The functionalized or hal ogenated
copol ymer of claim?29, wherein the isoolefin and the al kyl styrene are

present in tRe COMbeYBéess DfaIEHNES whetead tHehahe bhendrs Agititdr) icombrigam about
10.0 wt%to 99.5 wt% of the copolyner and the al kyl styrene is from about

90.0 W% to 0.5 weseatar thans30 prsp Hajarébasedapaweigbt: t he wei ght of the
copolymer). 32. A blend conprising the copolyner or functionalized or

hal ogenated copolyner of any of clains | to 4 or 26 to 31 and a secondary
rubber i ndependermheypretscodclaions,t hbe@in Uhe Caontdcsibg Nfurther adonipgiRed one of
natural rubber, polyisoprene rubber, poly(styrene-co-butadi ene) rubber

(SBR), pol ybut adicepactingsansor mps masemer¢kiagencadently sslectedi feame shergiomier (1 BR)
styrene-i soprene- eneer t - 0ri0 e ; EPR) ,
et %yl ene- prgpyl engy%?g%lg ?’Sbg’g?ﬁ%é@k}?&e{ﬁy%@?@‘é@d %Yéfﬁﬂ’ 15&}?8%{5’ ( )

i sobut yl ene/ cycl openjugsted dieney mohycorpugatath desnes, isgatnity |satrtitured biytenics,

and vinyl ethers.

23. The process of claim 6, wherein the contacting further comprises
contacting one or more monomer(s) independently selected from the group
consisting of styrene, para-alkylstyrene, para-methylstyrene, alpha-methyl
styrene, divinylbenzene, diisopropenylbenzene, isobutylene, 2-methyl-1-
butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene, butadiene, 2,3-
dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, methyl cyclopentadiene, piperylene, methyl

vinyl ether, ethyl vinyl ether, and isobutyl vinyl ether.

24.  The process of any of claims 5 to 23, wherein the copolymer is
halogenated to form a halogenated copolymer, preferably the halogenated

copolymer is halogenated with chlorine or bromine.

25.  The process of claim 24, wherein the halogen content is greater than 0.2
mol%, preferably the halogen content is from 0.2 mol% to 5.0 mol%,
preferably from 0.2 mol% to 2.0 mol%.

26.  The copolymer of any of claims 1 to 4 or the process of any of claims 5 to
25, wherein the copolymer has a Mw of from greater than 50,000,
preferably the copolymer has a Mw of from greater than 100,000, more
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28.
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30.

The copolymer of any of claims 1 to 4 or 26, or the process of any of
claims 5 to 25 or 26, wherein the copolymer has a MWD of from less than
3, preferably the copolymer has a MWD of from 2 to 5.

The copolymer of any of claims 1 to 4, 26 or 27, or the process of any of
claims 5 to 25, 26 or 27, wherein the copolymer has a Mooney viscosity of
at least 20 + 5 (ML 1 + 8 at 125°C, ASTM D 1646), preferably the
copolymer has a Mooney viscosity of from 20+ 5t0 60 £+ S (ML 1+ 8 at
125°C, ASTM D 1646).

A functionalized or halogenated copolymer derived from a copolymer
according to any of claims 1 to 4 comprising a C4-Cy isoolefin, preferably
isobutylene, and an alkylstyrene, preferably methylstyrene, more
preferably para-methylstyrene, represented by the formula:

R'—C—H

R2

wherein each R' and R? are independently selected from the group
consisting of hydrogen, an alkyl, a primary haloalkyl, and a secondary
haloalkyl.

The functionalized or halogenated copolymer of claim 29, wherein the

isoolefin and the alkylstyrene are present in the copolymer in amounts
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such that the isoolefin is from about 75.0 wt% to 99.5 wi% of the
copolymer and the alkylstyrene is from about 25.0 wt% to 0.5 wt% of the
copolymer (based upon the weight of the copolymer).

The functionalized or halogenated copolymer of claim 29, wherein the
isoolefin and the alkylstyrene are present in the copolymer in amounts
such that the isoolefin is from about 10.0 wt% to 99.5 wt% of the
copolymer and the alkylstyrene is from about 90.0 wt% to 0.5 wt% of the
copolymer (based upon the weight of the copolymer).

A blend comprising the copolymer or functionalized or halogenated
copolymer of any of claims 1 to 4 or 26 to 31 and a secondary rubber
independently selected from the group consisting of at least one of natural
rubber, polyisoprene rubber, poly(styrene-co-butadiene) rubber (SBR),
polybutadiene rubber (BR), poly(isoprene-co-butadiene) rubber (IBR),
styrene-isoprene-butadiene rubber (SIBR), ethylene-propylene rubber
(EPR), ethylene-propylene-diene  rubber (EPDM), polysulfide,
isobutylene/cyclopentadiene  copolymer rubber, isobutylene/methyl
cyclopentadiene copolymer rubber, nitrile rubber, propylene oxide
polymers, star-branched butyl rubber and halogenated star-branched butyl
rubber, brominated butyl rubber, chlorinated butyl rubber, star-branched
polyisobutylene rubber, star-branched brominated butyl
(polyisobutylene/isoprene copolymer) rubber; poly(isobutylene-co-p-
methylstyrene) and halogenated poly(isobutylene-co-p-methylstyrene),
halogenated poly(isobutylene-co-isoprene-co-p-methylstyrene),
poly(isobutylene-co-isoprene-co-styrene), halogenated poly(isobutylene-
co-isoprene-co-styrene), poly(isobutylene-co-isoprene-co-a-
methylstyrene) halogenated poly(isobutylene-co-isoprene-co-o-

methylstyrene), and mixtures thereof.





