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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 1%@ s%gled April 21, 2003, and 60/479, 08}criush@siosboize 17,
2003, the 20 %s of which are i ncorporated by reference. FlIELD OF

| NVENTI ON [ 0002] The invention rel ates {o new pol ynmeri zati on processes

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

invention relates to cop mers .of can.sool efin . preferably isobutylene,
and a nultiolefin, prefer '9“&'8@%#%§t’%‘&“°ﬁi)é“ﬁ‘é@‘9ﬁwe preferably isoprene,
wi th new sequence distributions. BACKGROUND [0003] Isoolefin polyners are
prepared in carbocati oni ca{)ol merization rocesses. O special inportance

is butyl rubdeRORREFEBENGRTFEO RERATED AP JIGNS with a snall anmount of

i soprene. Butyl rubber is nmade by low tenperature cationic polynerization
that generally requires that the isobutylene have a purity of >99.5 wt % and
the i soprene (0684 a purThis/applicatid8 clims e tbenefiyof Pravisidnah ApphidaticuNas. wei ght
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Prentice-Hall, 108421085, Englewood Oiffs, New Jersey 1992, andyK.

Mat yj aszewskitefeggnce. Cati oni ¢ Pol ynerizati ons, Marcel Dekker, Inc., New
York, 1996. The catalyst systemis typically conposed of two conmponents: an
initiator and a Lewis acid. WO 2004/ 058836 PCTI US2003/ 040916 2 Exanpl es of
Lewi s aci ds i FIELDOFPINYBNIBMAINBF3. Exanpl es of initiators include

[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 a multiolefin, preferably a conjugated

diene, more preferably isoprene, with new sequence distributions.
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, S1XTH 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

system is typically composé'd of two components: an initiator and a Lewis acid.



Breasted acids such as HCl, RCOOH (wherein R is an al kyl group), and H20.
During the polynerization process, in what is generally referred to as the
initiation step, isobutylene reacts with the Lewis acid/initiator pair to
produce a \g@hhRkksds 1 on. Followi ng, additional nonomerpyNidseddidid 0 the
formed carbenfumion in what is generally called the propagatlon st ep.
These steps typically take place in a diluent or solvent. Tenperature,

di luent polarity, and counterions affect the chenistry of propagation. Of
these, the diluent is typicall y consi dered i rrportant [ 0005] Industry has

general ly acc te WI es rea, sl zat.ion process (to
produce butyl §/F‘§ %r%&i" g%)Fy #‘[’)‘?ﬂépeﬂhndgﬂ?mm

chlori de. TypB%Ltw ,aciabgudhoeisyﬂer 'R@@@HW%E%?R%S%@%@ gf rret hyl
chloride at |low tenperatures, generally |ower than as’ the d| Tuent for

the reaction Busingihe polymerigationiprasessein Wwhat @rgsn@w&adreﬁmedato aathednitiatioh r easons,
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boi I i ng poi nt fon. tKolloednp, laddmmmbennmm yinits aﬁﬂ toethp domiadr @rppduyirion @wat i on and
pol yrror| 7at1 N ety AAlshe FRrigien i BRRERePLOMGRBLROTackiaR | onal
advant ages | ndﬂhﬂ:ﬁ{ oft SQHEM”ETemE&QﬁFJ'tdiI%EﬂtOISbIQ{ Al Qﬁl‘:ﬂf@ﬁ(ﬁkhﬁ%@g/‘ﬂ{eo 37% by
volume in the reaction mxture can be ac |eved as opposed to the

concent r at i onchemigry of propagationyif shesedhe diluestois tipicoHy gonsiderad importent.  An
acceptable relatively | ow viscosity of the polynerization nmass is obtained
enabling the heat of polynerization to be renoved nore effectively by
surface heat [mosl]ange Iﬁﬂusuyyhmlgymallyzatéapted widespresd susen ofret Bidrychl or i de

d t duct f h tyl d
Sobut | ene- | BOPPETENGH R (5, ocz}%?ﬁvivﬁ SAbiadiseodleds, di) W ieons of
i sobut yl ene apigheRBfRMNE ERYHE, Y TEHEalRT ﬂle oRAn&rRRRME bddesd T itdsivelP tubesl

chloride. Simlarly, star-branched buty rubber is al so produced using

met hyl chl ori methy{@@@@arrbnet@@meraﬁmw ﬁenal’a&YéOWﬁxlﬂtﬁélr 90C, g5 tisIdidpent fersoci at ed
wth the POl MIGhARL! Mkl BBV o8 W Smplofbs B MWafery' Berchgency Of
including that it dissolves the monomers and aluminum chloride catalyst but not
the polymer product. Methy! 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 chloride 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 chloride. Similarly, star-branched butyl rubber is also produced using

methy} chloride.

[0006] However, there are a number of problems associated with the

polymerization in methyl chloride, for example, the tendency of the polymer



WD 2004/ 058836 PCTI US2003/ 040916 3 particles in the reactor to aggl onerate
wi th each other and to collect on the reactor wall, heat transfer surfaces,
i mpel ler(s), and the agitator(s)/punp(s). The rate of aggloneration

I ncreases \?{B%ﬂl@{ss@@ reaction tenperature rises. Aggl orgy 59903,09@?& icles
tend to adhere to and grow and pl at-e-out on all surfaces ey contact, such
as reactor discharge lines, as well as any heat transfer equi pnent being
used to renove the exotherm c heat of i’)ol yneri zation, which is critical
since |low tenperature reaction conditions nust be maintained. [00071 The

comrercial reactqgrs typically used to ke these rubbers ar wel | m xed
vessel s of grRAsEddes ip ei‘ﬁort% a@"ffl?rf“@r‘? ??“'{’/8&‘6@%1"1315?" AR §15 183Ul at i on
rate provi dedwhly, iRattrdiefel SRecEE impd s}?%d/ﬂﬁrdg&%f(gjklﬁﬁﬂs)t hfhe4iERHEDOL h

generate heat and, in order to keep thé slurry cold,” the reaction system
needs to havkegiameration| incigages rapidlyves raqetione tamperature xiigep| eAgglomenateda

cont i nuous flgm- | r y ') b Sif 0 U at ent No.
5,417,930, i cor%%gr%§€g° y pé?%’f%@gé{ggv,&ﬁgj%l'%g ?Jé?mrse errs'etgeyt‘(’:)0 Far‘ngeneral as
a "reactor" osuch bsitepttor diackiarge line,ras welles any ket transfer quipniepnt being usedul at ed

t hrough tubes of a heat exchanger by a,punp,. whil.e hoil.ing ethylene on the
shel | side prtB\/‘ieB’é’ge%F?%&m‘fﬁgeaél%rW%%@%tW@ % TR GUE A% ned by t he
boi l'i ng et hyl ghgerhRfPREG&Io Bnditi rhRtibd meRtRal flux and the overall

resistance to heat transfer. On the slurry side, the heat exchanger
surfaces progressively accunul ate polynmer, inhibiting heat transfer, which

would tend t use t | . j € l!;htz.u pmts the
practical sl u@?@ﬂ conceneﬁzla'%e}[nc@ﬁg%&%gﬁ@lﬁgg% tF)n nos ésrece%%%gsr éﬂef romz26 to
37 vol unme % reélhmixed vesselstoli gretiet thian 10 kadtelitefs ih helusiewitiya high timandtionand

unr eact ed nono ect . of ol,ynmer .accu Iatign has begn addr essed

...Jh bj
in several pdt nir”'s%v’(d% Sgsd“ﬂ?ps.lmwf nt Thepelymemzgriog gad the pump, poth g
2,548,415, U. Rnefded 1at ald) in drdef fo BeP)the EIaMR 61, thel feeH0n Rt tngedtary e

unsati sfactorily addressed the nyriad of problens associated wth pol yner

particl e agglkaveithaabdity toremoyp therhspt: iAnexampleofisueh & enptiapeysflow firgdess.
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 shurry
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.

[0008] U.S. Patent No. 2,534,698 discloses, inter alia, a polymerization
process comprising the steps in combination of dispersing a mixture of

isobutylene and a polyolefin having 4 to 14 carbon atoms per molecule, into a



[0008] U.S. Patent No. 2,534,698 discloses, inter alia, a polynerization
process conprising the steps in conbination of dispersing a mxture of

i sobutyl ene and a pol yolefin having 4 to 14 carbon atons per nolecule, into
a WO 2004/ QaBReboskiss/ US2003/ 040916 4 body of a quorinFCﬁygﬁFMh&ﬁgd
al i phati c hydrocarbon containing material w thout substantial solution
therein, in the proportion of fromone-half part to 10 parts of fluorine
substituted aliphatic hydrocarbon havin@ fromone to five carbon atons per
nol ecul e which is liquid at the polymnerization tenperature and pol yneri zi ng

t he di sperse ' re of i spbut ] n lefin.having four,tq fourteen
carbon at orrsdbogg)r%tftéoﬁ%%{ﬂeéug“?ﬁ%&n%l ?‘3@% ﬂ%cgé?%%t?%%%@% fﬁm? T%q?@'tby t he
application dubstatiab selufior @eRin, Gi tHetppopbaticl ofrom baVWaME part 16 PBpiraghes t hat

t he suitable _fluorocarbons woyl ﬂbéesul t in,a biphasic systemwth the

nononer, co nn%‘&ﬂ’f’é‘F S“'%‘?'i'&_“ﬁdaﬁléﬂh?’g? _ P??ﬁb%mi‘é”t"&r# 91810Rg 1o fyp carbpR atomst he
f I uorocarbon %@ﬂdr&ulmmrchwssﬁ%ui@mf&e?wyheﬂ%oﬂ@ dréﬂx&%ﬁrp‘égr[r& ] UsS.
4 es, alita, a con pal ymer

Pat ent No. 2,548, 415 di scl os i nte I nUousS zation

process for tthe disperpakabdue obisobutylensaing pelyolefin daving fsur tofourtesi cagbon
continuously deliver.i to ol ri,zat i on, Hheact of s,ea ,St.f eam.cqnsi sti ng of
a major prop ??FBW%&%@%B@F&P@%@%*&%@H or P 6L@r¢ibgﬁ£er FEIP8: diluting
the mxture thifetd far Bfiedel-Lrafey damlyso Iowevkt) 1688 Okachibd thitdgreswiableuor i de;

copolynmeri zing the m xture of isobutylene isoprene by the continuous
addi tion to Haosaghons vwyldresylt ia Siphasie systauy Witn, the mogpmET, COMEUANSF pr epar ed

pol ymer i zati Ofhd Gt %ﬁéﬁ%ﬁ&hﬁlﬁ!lﬁ‘%& ub?@{n%etfm&c&m[)&n%mhﬂg #pliufdeon 1N

et hyl i dene difl uoride, I ntainihg the tenperature between -40C and -103C
t hr oughout t hdiffenvitianéd unsatigfedtoryer i zati on reaction .... '415 teaches the use
of boron trifluoride and its conplexes as the Lewis acid catalyst and
1,1-difluoroethane as a preferred conbination. This conbination provides a
system i n whi [p09lhe catlaBy PatentriNwnE$§48,415d disclomsprimer alie, al tomsialetBl e and yet

RINALERR BT £ W P IR E A
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-difluoroethane 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.

[0010} U.S. Patent No. 2,644,809 teaches, infer alia, a polymerization
process comprising the steps in combination of mixing together a major
proportion of a monoolefin having 4 to 8, inclusive, carbon atoms per molecule,

with a minor proportion of a multiolefin having from 4 to 14, inclusive, carbon



trifluoride is not a preferred comrercial catalyst for butyl polyners for a
variety of reasons. 10010) U S. Patent No. 2,644,809 teaches, inter alia, a
pol ymeri zati on process conprising the steps in conbination of m Xxing

t oget her awgBdpfdiossddsoportion of a nonool efin having 4 tge-fyusiobidabbib Ve,
carbon atons per nolecule, wth a mnor proportion of a nu?tlole I n havi ng
from4 to 14, inclusive, carbon WD 2004/058836 PCT/ US2003/ 040916 5 atons
per nol ecul e, and pol yneri zing the resuPting m xture with a di ssol ved
Friedel-Crafts catalyst, in the presence of from1 to 10 vol unes (conputed

upon the mxed olefin f a,Jiquid selected. trom.the group.consisting of
di chl or odi f | u%tf’ ﬁé‘h@%"“ﬁ“r c?ﬂfl(ﬁ‘@r% e@gtrﬁ&l(l:?ﬂgolmmog’ftﬁoi) ﬂ’éf‘ﬂ?ﬂ e,

di chl or ononof Friedeletdfia Retalydi, G terpésehdeadf! frtmi ¢tthd0evohaied (Gbniptedapdnher eof

the nonool efin and multiolefjin heing dj ssgl ﬁgd itﬂ said liquid, and carrying
out the pol yHer B¥%a9 SHefips) a0k JeEciet el the ogreup neonsistng reezi ng

point of the dﬂcﬁlgfﬂdﬁ‘luo'rcﬁﬂe:?h;ﬂk?d OgRRlobSetittnb, | tyu&m&&h&ﬁ&ﬁb&%&sgr bons at

mai ntaining ideal slurry characteristics and mninzing reactor ‘oul i ng,
but teaches t iehloromonpucrmiethangf dicklprotetmfluor¢thane, andomixwrey thereafhéreaddi ti on

f chl fl CF . .t - | ety
cher cal 5. GoVRRUHR e Pilbieqt wie EhBiuadaR o, Rk PARF PP fc?
][ranuf act ure apélydesiation ut iat)ugg?%aﬁfgbmak i-ﬁpa hﬁ ﬁ;m&b@i&g;\b&ng UfIETet ractS ive
or conmerci al, qQperati on. X i.tiopally, aler, WA , Buckley, Sr.,
D.J., High NbL@E@l é& digglpgss the W"@ho‘gﬁé%{t’ﬂ?‘%‘? Ao HRpARE el u%/yl ene
and Conj ugat eghablcRfics arfiHnthimBipoREctEN&MiAE! bul 6 M8 Yinco?fHFatiochIto) -

discloses, inter alia, the cationic slurry polynerization of copolyners of
i sobut yl ene wiliokefindbprieapeenghbiy fhe addiisarof c ugracarbepe (Gt GiC e ae | n

hept ane. [001 b1 ndi nak| Ll Lve b of
diluents to %Igbea g({ ﬁé%%g%ﬁ é/é#%?ilklgg? %g%ygﬁgﬁn@%%? %éﬁ'\ag&}sé ﬁ@g&ﬁ’art icle
aggl oner at i ontiglatlyddoatrols et inemifintura amd distribiitiehdOCF O'a hreadtingythese aaatdrialss such as

met hyl chloride is., . .
y unatfractive 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, infer 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 pararmeters, 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
world's increasing demand for elastomers and/or also provide for new end use

applications.



desirabl e. Such new pol yneri zati on systens woul d reduce particle

aggl oneration and reactor fouling w thout having to conprom se process
paranmeters, conditions, or conponents and/or w thout sacrificing
productIVIﬁxﬂkmmggggput and/or the ability to produce pbﬂh:ﬁﬂ%ﬁ&ﬂkar wei ght
pol yners. Additionally, finding new polyners associated mn% e

af orenenti oned processes would help supgly the world's increasing demand
for elastoners and/or al so provide for new end use applications. WO

2004/ 058836 PCT/ US2003/ 040916 6 [00131 Fydrofluorocarbons (RFC s) are

chem cals th phe cur I us a frlendl refrlgerants
because they avé a vem 8‘&0 §r§ﬂns2@p§’s‘5 a&% é}agp{.l%wrgnu% Their
| ow ozone demsehmmmmtaﬁptﬁuaidly &ﬁﬁé&ﬂﬂdﬁ&echﬁsem@y Haet ave 1bw (bha zleﬁgk of
chlorine. The RFC s al so t I |y have | ow f| ammabi | laiy partlcul arly as

conpared to IR?GP%E!%‘II‘HWHSP" 5 lox %@“ﬁﬁ&l’]ﬁ@’a"r BYRRbal iptheught to be
| sobut yl ene/ i t a vari et
y RRESH heLRRO LY Hﬁ&ﬁﬂ@ E@é‘ g\’a?sf 5 eﬁ?@ﬁﬂz@%ﬁ‘ﬂaggg%%g y

of polynerizations conditions 1ncl nononer tios,
t emrper at ur es PadaiubklygsSommii@ﬂ@dlmwomandlchlmmtsdhﬁlrmmm of these
systens have been described. See e.g. Cationic Polynerizations of Aefins: A

Critical Inventory , J. P, Kennedy, (10-12 and 86-137) WIey-Interscience,
New York, 1%014]and C@yobﬁ@mhé/mﬁbﬁnE’Ob{)pmﬁﬁdﬁhﬁm hdveP. bdéanestiactel.

Mar echal , I nt ersci,ence, New Yor k 198 00 The copol rization
of isobutyl erf@%ghﬂvﬁ%‘ﬁbf’gﬁ YRgEZa508h condifinns %EJ t]ig%r%'woalﬁﬂ}‘q"ﬁ slurry.

Sol ution pol yiagss, Zcé}hfaé?ﬁtﬁxeﬁ?f &ﬁﬂyﬁﬂp&daysol@ﬂ'ts%f RAh&Rs. NYAREMePYRIhQE M Xtures
of hydrocarbons and chl orinated hydrocar bons t? serve as a soI vent for the

nmononers, cat®btgms hayribeanedegerihsdr ctbe e feati & |s et hyl

chl ori de/ hexa@_gt I 0, t |

hydr ocar bon, mﬂ_ﬁy@tﬁ 'T 3 EIL:}(I)&EEP (16?@ %ﬁ%@yﬁ%oﬁe J[?é;iﬂé X e nonomer s

and cat al yst , Yok} 1672 Mpma;hmm@wwgminmmngm.m&mwy} Et MMarekbaljent .
Wiley-Interscience, New York, 1982.

[0015} The copolymerization of isobutylene and isopfene has been
conducted in solution and in slurry. Solution polymerizations often employ
chlorinated hydrocarbons or mixtures of hydrocarbons and chiorinated
hydrocarbons to serve as a solvent for the monomers, catalyst and the prepared
copolymers. A typical example is ethyl 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 insoluble in
the diluent.

[0016] The sequence distribution, characterization of the arrangement of -
the monomer units along polymer chain, of the prepared copolymers is influenced
by the polymerization condiI:ions 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 exarple,
characterizable sequences of two monomer units are called diads. Three monomer
unit sequences are called triads. Four monomer unit sequences are called tetrads
and so forth. Copolymers prepared under different conditions with the same

comonomer incorporation may exhibit differences in their sequence distributions



[ 0016] The sequence distribution, characterization of the arrangenent of

t he nononer units al ong pol ynmer chain, of the prepared copolyners is

i nfluenced by the polynerization conditions as well as the intrinsic
reacti vi tngfm%u sgsgomononers enpl oyed. The sequence digdfid:Oisieaemi&f 2
copol yner expressed in terns of conbinations of adjacent structural
units. For exanple characterizabl e sequences of two nononer units are
call ed diads. Three nonomer unit sequences are called triads. Four nonomer
unit sequences are called tetrads and so forth. Cbpolyners prepar ed under

different conditjons th.th .C Il ncor n may exhl bi t

di fferences i % F%'Fstse‘im ugf?cg‘aaa@erq’f)‘g 'B’ggt%’\ﬁﬁ’ ﬁgﬁé ymer ¢

PCT/ 1352003/ 04&QRidkce (ﬁsﬁlﬁu@fﬂraﬁﬁ%Qﬁoﬁbm&rhﬁc&p@du&rpﬁretﬂiatﬁéinatﬁhﬁy linkdgactions in
the copol yner ain. gﬁauence di stri butions and conpnoner incorporation are

mat hemat i cal | by pxohkl@hty isHpsobpamise iof shesqomppgﬁv%@nsé@ﬁﬂyech@mqahevmet itive
nature of the 9;}] Bﬁlﬁﬁ% tioh" 8433’3?1%@1‘%& YR tér‘?ﬂ: A*oi%i anet er
chara

that aids in th rization atironship | ereact|V|ty
ratio, a rati mlambnslinplsrtbﬁ eactivify rativt, 8 rajifo df dhmoatecpagiants ofﬂlom(zpdopaggmm l'i ke

nononer) to cyQss pr tlon(ddln an unlik noner).. Cool rs with
the same corm{‘?gﬁ’\gg arﬁi&’)qﬂ?}?‘)ﬂ ?p\;apfaﬁ &‘ga@ﬁtm’s ¥ ri butions
of ten exhi bi t cepdlfraes Mithahy adxﬁeaéonwnemef int&porafiEie Hat Fith @Hﬁlifétﬁ 8tquence

M crostructure of Pol yner Chains L. Koenig, W/l ey-Interscience, New York,

1980, and Pol QIW“%UBQ% e@é@%r‘hﬁﬁrﬁﬁq BWSl%erS@i?Pﬁl@ NIRE Mg hhemisalc,
Randal |, ACaORRLERORRS of P8l her e /12 ocs WAL ALY A SNATRY G S e

conpari son of rand ‘copol yners. [0017]
It is general 1980k modnPaljmer Sequempaﬂ)etxbnmnenms Garbon-¢3 INMRa dMsthad, tEn

| sobutyl ene i bqgcatianig co | z st,e O th knogwn |inear
conj ugat ed di gﬁ%@h eﬁre gﬁt—}’ ﬁ'gﬁ eg"ﬁ %’é 55 ﬂ]e

copol yner i zat ¢afparisbr dsfthsplhysicﬁl mrbuteibfﬁnd@mdmwuyck @p@fyﬁfed. ower reactivity
of the conjugated diene 1s expressed in the sequence distribution of the

prepared copolymers. At a given copolyner conposition, isoprene units do
not exhibit ajgogmdency [ & Sbla@ykRé¥AEthat conjugated dienes are less reactive than

isobutylene in carbocationic copolymerization systems. Of the known linear

conjugated dienes, isoprene is one of the more reactive dienes in copolymerization
with isobutylene. This tendency towards lower reactivity of the conjugated diene
is expressed in the sequence distribution of the prepared copolymers. At a given
copolymer composition, isoprene units do not exhibit a tendency to follow other
isoprene units in the copolymer chain. Consequently, BII (B = isobutylene, I=
isoprene), IIB and III triad fractions are relatively low than compared to systems

with more reactive comonomets.

[0018] Because isobutylene/isoprene copolymerations 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 isoprene for isobutylene/isoprene copolymerizations See e.g., J.
E. Puskas, "Carbocationic Polymerizations" in Encyclopedia of Polymer Science
and Technology, (DOI: 10.1002/0471440264.pst040) John Wiley & Sons, New
York, 2003. Values for isoprene reactivity ratios, rp, under a variety of

polymerization conditions fall below 1.4 indicating a narrow range of available



i soprene units in the copolyner chain. Consequently, BE (B = isobutylene, I=
isoprene), IIBand Ill triad fractions are relatively I ow than conpared to
systens w th nore reactive conononers. [0018] Because isobutyl ene/isoprene

copol ynmer akpQidndésss Of t en conducted in chlorinated hydQea m xtures
of hydrocarbons and chl orinated hydrocarbons, the degree tga\%@?(gﬁgthe

sequence distribution can be varied is quite |imted. Expression of this
linitation is found by exanination of the known reactivity ratios of
i soprene for isobutyl ene/isoprene copol ynerizations See e.g., J. E. Puskas,

Technol ogy. - (BFReXG b0 AaioBeIh 40 369 150 Hh tw el SROm R vor k,

2003. Val ues Figding %Qﬁlﬁﬁéﬁiaﬁﬁﬁtsgéf&ilﬁnrvﬂﬁél?ﬂiffe}dnpgcohﬁéﬂﬁ&ﬁo%s \GRlisdphahe Of
pol ynmeri zation conditions fall below 1.4 indicating a narrow range of
avai | abl e WO czoBsEdotEiag Smcihar causho Pxrawd ot @ giBen SYpeRaTReT dR¢AIRGTEiPNt i ad

fractions (Bl desiréﬂlﬁfoq'}ﬂ?#a\%&h% gh{}od%@grg RLERN Ry tﬁ@ﬁﬂh%’tgi?eroﬁs (i)r%nlf)idﬂéuoﬁ%fa

pol yneri zati on system-i rent concentrations I soprene

cent ered tri adodslinldbg sites and finetipmabgangsd at a gi ven conononer incorporation
is desirable for preparing copolyners suitable for the sinultaneous

i ntroduction of crosslinking sites and functional groups. [0019] O her

background refigrgnces iRBErHASkAEAIIZRAELLA ihdiade WIOSE)/PE®S tit disélegs hadi cal

pol yneri zati on process using _hydrofluagrocarbons. O her background
ref erences i pohouergatigpprogess yiing hydroBumacarkgnso @torbackgraynd.  pat ent

€ jgalc
No. 5, 624, 87 : é%%? , 2?6% Dﬁﬁﬁ 0, 143.
SUWWARY OF Tﬁiﬁf"m‘?ﬁﬁ?‘wf)@& e ‘?’%@n(%l ongﬁ’ﬁg [ es‘?@g%"\{?}’gwﬁmﬂ
pol yneri zat i oNo.H,@248I89.S. BatenrN 5153 7,870, ned UsS. Patept Nei 3p4705a@r of | uor ocar bons

and their use to produce novel polyners with new sequence distributions. In
particular, the invention provides for copolyners conprising an isoolefin,

preferably i sSUMMARYOFAREINVENTION efi n, preferably a conjugated di ene,
nore preferably isoprene, with new

[0020] The invention provides for new polymerization processes
comprising diluents comprising hydrofluorocarbons and their use to produce
novel polymers with new sequence distributions. In particular, the invention
provides for copolymers comprising an isoolefin, preferably isobutylene, and a

multiolefin, preferably a conjugated diene, more preferably isoprene, with new

sequence distributions.

[0021] In invention provides for a copolymer comprising an isoolefin,
preferably isobutylene, and a multiolefin, preferably a conjugated diene,
preferably isoprene, the copolymer having a copolymer sequence distribution
defined by:

F=mA/(+mA)

wherein m is the copolymer sequence distribution parameter; A is the
molar ratio of multiolefin to isoolefin in the copolymer; and F is the
isoolefin-multiolefin-multiolefin triad fraction in the copolymer; wherein
m is from greater than 1.5.



sequence distributions. [0021] In invention provides for a copol yner
conprising an isoolefin, preferably isobutylene, and a nultiolefin,
preferably a conjugated diene, preferably isoprene, the copolynmer having a
copol yner (sequensgdi stribution defined by: F=mVN (1+mpg/uswheghfbis mis the
copol yner ‘sequence distribution paraneter; Ais the nolar ratio of
multiolefin to isoolefin in the copolynger; and F is the
isoolefin-multiolefin-nmultiolefin triad”fraction in the copol yner; wherein
mis fromgreater than 1.5. WD 2004/ 058836 PCTI US2003/ 040916 9 [0022] In

t he previous di men m_may be fraom . 3] In the
previ ous enbo& nt, m%%%o{?‘fsoembﬁﬁ%@é?ﬁnﬁgﬁé gg%g%eiqﬁ&%f? ‘n the previous
enbodi ment, mnmay be fromgreater than 3.5. [0025] In another aspect of the
invention, the inventiqn provides for, a copol r conprising_an isoolefin,
preferably i sﬁ’ﬂ%ﬂyl ene, ng}?cpr%"l?ﬂi‘lepﬁﬁ’ﬂ@fqnh}n& égg'P%‘tﬂrf/atg -tgat ed di ene,
even nore preferably isoprene, the copolyner having a copol yner sequence
di stribution defined by: F=n& (1+mA)2 wherein mis the copolyner sequence
di stribution [9824net er Intheipgevitns embotliament, m inay bé froml gréeas¢rghans.f.0 i sool efin in
the copolyner; and Fis the isoolefin-nmultiolefin-nmultiolefin triad
fraction in the copolyner; wherein mis from1.10 to 1.25. [0026] In the
pﬁrte)vidpus terrbo[ﬁl]laijn’lt3 , P[ﬁmylcihlle%ﬁipaaﬂldf.zgﬁ ih@snjligrg,omf ih%ﬁt A éh ﬂrdi\gicﬂd@efopﬁgvgpus t
enbodi rent, m may be from.1. 0 : n e previays odi ment ,
m may be abou$ePPYEWT cPBEDYPE 137 &ﬂﬂfﬁ%rpra@%g& Rpucyieas, Hichimefiol he
i nvention proMefiesdly arcojughiel Uidiee level RIS PELFINLIY SoRERS RS coRRhdrS| NY
contacting an isoolefin, preferably

having a copolymer sequence distribution defined by:

F=mA/(1+mA)

wherein m is the copolymer sequence distribution parameter; A is the .
molar ratio of multiolefin to isoolefin in the copolymer; and F is the
isoolefin-multiolefin-multiolefin triad fraction in the copolymer; wherein
m is from 1.10 1o 1.25.

[0026] In the previous embodiment, m may be from 1.15 to 1.20.

[0027] In the previous embodiment, m may be from 1.15 to 1.25.

[0028] In the previous embodiment, m may be about 1.20.

[0029] In another aspect of the invention, the invention provides for a

copolymer produced by the process comprising contacting an isoolefin, preferably
isobutylene, a multiolefin, preferably a conjugated diene, even more preferably
isoprene, one or more Lewis acid(s), one or more initiator(s), and a diluent
comprising one or more hydrofluorocarbon(s) (HFC's); the copolymer having a

copolymer sequence distribution defined by:

F=mA /(1 +mA)



i sobutylene, a multiolefin, preferably a conjugated diene, even nore
preferably isoprene, one or nore Lewis acid(s), one or nore initiator(s),
and a diluent conprising one or nore hydrofluorocarbon(s) (HFC s); the
copol ymer Ravhdi@sskie copol ymer sequence di stribution defgdiggkibusiosdorgV (1+mA) 2
WD 2004/ 058836 PCT/ US2003/ 040916 10 wherein mis the copol ynmer sequence
distribution paraneter; Ais the nolar_ratio of multiolefin to isoolefinin
the copolyner; and F is the isoolefi n-Wultiolefin-nultiolefin triad
fraction in the copolyner; wherein mis fromgreater than 1.5 or mis from
1.10 to 1.25. [0030] In the previous enbodi rent, mmay be from greater than
2.0. [00311 In the previous enbodi nent, mnmay be fromgreater than 2.5.
[0032] In the prewin aitio dherespolyhizrRYudie fdisibi@ios Jlabdmétéra 3 e [ 0033]
In the previous enbodi nent, mpay be from1.15 to 1.20. [0034] In the

previ ous enbodi medRoanakgyofm 1to1 i5oplgfin 1pthe cf ; pRd thhés Bieevi ous
enbodi nent, m may ; S . Backi I &YL oS

enbodi ments, the (}%(l)‘fﬁ#n%}ﬁﬁggh 6%“1 aﬂg‘%gg%at edla?gpfnbe?%])pg%e?bgle{%%ed

copol ymer. [0037] mis faom gesfater than drSearimp issrambdBitorbRdf.s, when present, the

hal ogenat ed copolyner is hal ogenated with chlorine or bromne. [0038] In
any of the previous enbodi nents, when present, the halogen content is
greater than [0S0 % bds de pipdsustefrboditnedt) in My bé froladrexgenbdne2i0, copol yner.
[0039] In any of the previous enbodi nents, when present, the hal ogen
content is from0.5 wt%to 3.0 w % based upon the wei ght of the hal ogenated

copol ynmer. WQog®fj4/ 058853 theRfrevidineRibaaia Hmay be from greater than 2.5.

[0032] In the previous embodiment, m may be from greater than 3.5.
[0033] In the previous embodiment, m may be from 1.15 to 1.20.

[0034] In the previous embodiment, m may be from 1.15 to 1.25.

[0035] In the previous embodiment, m may be m is about 1.20.

[0036] In any of the previous embodiments, the copolymer may be

halogenated to form a halogenated copolymer.

[0037] In any of the previous embodiments, when present, the halogenated

copolymer is halogenated with chlorine or bromine.

[0038] In any of the previous embodiments, when present, the halogen
content is greater than 0.5 wit% based upon the weight of the halogenated
copolymer.

{0039] In any of the previous embodiments, when present, the halogen

content is from 0.5 wt% to 3.0 wt% based upon the weight of the halogenated

copolymer.



10040] In any of the previous enbodi nents, the copol yner has a Mv of from
greater than 50,000. [0041] In any of the previous enbodi nents, the
copolymer has a Mv of fromgreater than 100,000. [0042] In any of the
previ ous gihofliBeis. the copolymer has a Mv of from giceatsessndeary S00, 000.
[00431 In any of the previous enbodi nents, the copolymer has a Mv of from
greater than 1,000,000. [0044] In any of the previous enbodi nents, the
copolymer has a MAD of fromgreater than 2. 10045] In any of the previous
enbodi nents, the copolynmer has a MAD of from2 to 6. [00461 In any of the

previ ous enbo nts, t f east 20
5 (M 1 + 8 l‘[%@50 Aéa%P%%?g{flaémeTW%&;%h%&@ éﬁr%?/gohﬁgt of

enbodi nment s, lthane50,008s a Mooney viscosity of from20:h 5 to 60 5
(M. 1 + 8 at 125C ASTM D 1646) [ 00481 In any of the previous enbodi nents,
the nultiolefin, or conjugated diene, or isoprene, when present, content is
from greater [obzu] 0.5 malay of MAfbvibils @fbodhertt)Rhd EEPolRNG HRRQdIENtS, the
mul tiolefin, or conjugated diene, or isoprene, when present, content is
from greater Fpmgrentey tagl109,0006050] I n any of the previous enbodi ments, the
mul tiolefin, or conjugated diene, or isoprene, when present, content is
from greater than 2.5 nol % WD 2004/ 058836 PCT/ US2003/ 040916 12 [0051] In
any of the pr@0dZjus entiodinpefitle previeunemhbadiherfts, rthe copotyogrugstddw ofi ene, or
i soprene, whe is fromgreater than 5.0 nol % [0052] The

i nvention al sﬁ‘g #ﬁégmfcsﬁﬂtoﬁgbl end conprising the copolyner of any of the
previous enbodi ments and a secondary rubber selected fromthe group

consi sting of[at | east one of natural rubber, polyisoprene rubber,

0043] In any of the previous embodiments, thé copolymer has a Mw of
from greater than 1,000,000.
[0044] In any of the previous embodiments, the copolymer has a MWD of
from greater than 2.
[0045] In any of the previous embodiments, the copolymer has a MWD of
from 2 to 6.
[0046] In any of the previous embodiments, the copolymer has a Mooney

viscosity of at least 20 = 5 (ML 1 + 8 at 125°C, ASTM D 1646).

[0047] In any of the previous embodiments, the copolymer has a Mooney
viscosity of from 20+ 5 to 60 + 5 (ML 1 + 8 at 125°C, ASTM D 1646).

[0048] In any of the previous embodiments, the multiolefin, or conjugated

diene, or isoprene, when present, content is from greater than 0.5 mol%.

[0049] In any of the previous embodiments, the multiolefin, or conjugated

diene, or isoprene, when present, content is from greater than 1.0 mol%.

[0050] In any of the previous embodiments, the multiolefin, or conjugated

diene, or isoprene, when present, content is from greater than 2.5 mol%.



pol y(styrene-co-butadi ene) rubber (SBR), pol ybutadi ene rubber (BR),

pol y(i soprene-co-but adi ene) rubber (I1BR), styrene-isoprene-butadi ene rubber
(SIBR), ethyl ene-propyl ene rubber (EPR), ethyl ene-propyl ene-di ene rubber
(EPDV) , p%pgw“&)gtﬁgﬁ i sobutyl ene/ cycl opent adi ene copol yeud:bi3Redo16

I sobut yl ene/ met hyl cycl opent adi ene copol ynmer rubber, nitrile rubber,

propyl ene oxide polyners, star-brancheg butyl rubber and hal ogenat ed
star-branched butyl rubber, brom nated “butyl rubber, chlorinated butyl
rubber, star-branched polyisobutylene rubber, star-branched brom nated

butyl (polyisobutylene/isoprene copolyner) rubber;

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

pol y(i sobutyl f0estjco- p- mataay o thereedgus ehibbdigRnn] @ multiolefin, or conjugated

pol y(i sobutyl gige- CO- 1 soprene- co-p-nethyl %tﬁ rene%r, ' .

pol y(i sobut yI JBBI-SPEIS%MDQ&S%%%WB{I? eftbays.0 mol%.

pol y(i sobutyl ene-co-i soprene-co-styrene), poly(isobutylene-co-isoprene-co-a-
met hyl st yrene% hal ogenat ed p(ijlﬁ?;(i sobut yl ene- co-i soprene-co- a-net hyl styrene),
and m xtures (0982)eof. [DesiByentionelsppravides dor aablend cemprising the capgdyhemer i zat i on
process conprisin ntactin n r one, g re.Lewi s acids
hnd one o o o (R Rrepets mbaimties A0 K MY Bpbet Pledd IR 6 one or
nmor e hydr of | ugfoap acdasisting (dfFat Spast none bPamtwesl wikher, polylsoprend atiblsen,

condi ti ons. [0054Eyéel n anot her enbodi his jpvention relates to a

process to pPYAEEEISHO engl i gp@}‘ "CO BE‘Pﬁll‘ﬁnecorWléb@fi B8R n a
reactor, the ,ADRQERLES)-tABiA) S¥bier 8gBR), BytdiR-iBYpaRbutadithe rubber

hydr of | uor ocar bon diluent, wherein the Lew s acid’is not a conpound
represent ed b{SIBB), mgthalenpropyitane e rubbey JEBRYr ethylens-prapyiene-dieng srubbéral ogen. WO

2004/ 058836 P ﬂﬁfoo : . odj t l.avention
provi des a po%ﬁrrer ’za#’ %%&%#gdl ﬁ%@%@‘%@%@?&?ﬁe%ﬁ o?lre r(}’rﬁbﬂrreo’re
nonomer (S) t oisbbutytere/methylreyclogehadiepo kopolymeratibloar, nitvdle vobleepoupdenegy one or
nore Lewis acid

one o r i,ni tiat.or and di | yent. c ri sing one
or more hydr Oppé%%;ﬁlgwo ﬁ%g—glpa{n%\_eéllgx!})hlm ber (ag& halogena%d sltaJ:Haranchedo &Ryll stng

rubber, brominated butyl rubber, chlorinated butyl rubber, star-branched

polyisobutylene rubber, star-branched brominated butyl (polyisobutylene/isoprene’
copolymer) rubber; poly(iscbutylene-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-o-
methylstyrene) halogenated poly(isobutylene-co-isoprene-co-a-methylstyrene),
and mixtures thereof. \

[0053] This invention also relates to a polymerization process comprising
contacting one or more monomers, one or more Lewis acids and one or more
initiators in the presence of a diluent comprising one or more hydrofluorocarbons

(HFC's) in a reactor under polymerization conditions.

[0054] 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 MX;, where M

is a group 13 metal, X is a halogen.



[ 00561 In another enbodi ment, the invention provides a polynerization

medi um sui table to pol ynerize one or nore nononer(s) to forma polyner, the
pol ymeri zati on medi um conpri sing one or nore Lewis acid(s) and a dil uent
conpri si NGwgNGesRsssI®r € hydrof | uorocarbon(s) (HFC); whergimudb@026gs OF nore
Lew s acid(s) 1s not a conmpound represented by fornmula MXS, ere Mis a
group 13 netal and Xis a hal ogen. [00§ ] I'n preferred enbodi nents, the

pol ymeri zation processes and nmedia as described in any of the enbodi nents
above produce pol yners that include (poly)isobutylene honopol yrers,

i sobutyl ene-i soprene (butyl rubber) copolyners, isobutylene and

al kyl styrene copol yners, and star-branched butyl rubber terpolyners.

DRAW NGS [ O(B@35]Fi gur & JorieSembgchmpdit ahe tithentien aprbude&liappblgmﬁmmi electric
constant and %ﬁ&ﬁer re. 0059 ure 2 is a g qﬁdng | uent nass

upt ake as a M I r%ft SRPIR RORORF) éﬁw Snibfet hy
chlori de. [O%Wmdazawnem%diu& %oﬁbﬁsm%ﬁon@%al&n&elmub%ld@ 8fé ot Yhork Versus
nononer conversion of certain inventive polymers as described herein.

[ 00611 Fi gur enifiatos(s) agg agilpest comprising aae obmers hydidlugeasarbones) g8 Eont age of
the nil triad fraction and the nol% I P incorporated into the copolyner. WO
20041058836 PCT/ US2003/ 040916 14 DETAILED DESCRI PTI ON [ 00621 Vari ous
speci fic enbd@osaint s, Wnewrsstherserabuliirmaranthk esvenfion ipeovidasve polymerimdtioh now be
descri bed, inclgdln%#%ﬁeferred enbodi nents and d flnétlons that are adopt ed
herein for pUP{i8 U dé"rlw%‘??ﬁ oF 1RROrE MenARagr(S) 9 fRTR 3 POLET: teet er ni ni ng

i nfri ngement , polifer&RRE mftivh @ompAiRF oh® dr xﬂbrla'Ldvﬁé QCid(9) AdYa @E!ﬁer@r nore of
the appended clai ns, includi ngw ei r equivalents, and el enents or

limtations t9emprigng oager vagre hydrodupiearhon(fFEL) e wherein the. one or more
Lewis acid(s) is not a compound represented by formula MX;, where M is a group

13 metal and X is a halogen.

[0057] In preferred embodiments, the polymerization processes and media
as described in any of the embodiments above produce polymers that include
(poly)isobutylene = homopolymers, isobutylene-isoprene  (butyl rubber)
copolymers, isobutylene and alkylstyfene copolymers, and star-branched butyl
rubber terpolymers.

DRAWINGS

[{0058] Figure 1 is a graph of the relationship between dielectric constant
and temperature.

[0059] Figure 2 is a drawing of diluent mass uptake as a function of

volume fraction of hydrofluorocarbon in methyl chioride.

[0060] Figure 3 is a plot of peak molecular weight (Mp) versus monomer

conversion of certain inventive polymers as described herein.

[0061}) Figure 4 is a graph of the relationship between the percentage of
the BII triad fraction and the mol% IP incorporated into the copolymer.



[ 0063] For purposes of this invention and the clains thereto the term
catal yst systemrefers to and includes any Lew s acid(s) or other netal
conpl ex(es) (described herein) used to catal yze the pol ynerization of the
olefinic RGSIRS f the invention, as well as at |easjcOnSobstadordt or. and
optionall yﬁgt her §8r3n@nor catal yst conponent(s). [00641 Islilc onemieswg%dé?rrent, t he
I nvention provides a polynerization nmediumsuitable to polynerize one or
nore nmononer(s) to forma polyner, the ! pol ymeri zati on medi um conpri si ng one
or nore Lewis acid(s), one or nore initiator(s), and a diluent conprising
one or nore hydrofluorocarbon(s) (RFC s). [0065] In another enbodi nent, the
I nvention provides a polynerization nmediumsuitable to polynerize one or
nore nononer (BETAILED'DESCRIFFION, the polynerization nmedium conprising one
or nore Lewis acid(s) and a diluent conprising one or nore
hydr of | uorocarbon(s) (HFC); wherein the one or nore Lews acid(s) is not a
conpound repr ted b : M JeSci fhed Melpalpe.and Xis a
hal ogen. [006@?&4% ph?véglgﬁ{néh?ctl%%%én%&%g §/n‘§?siléz:hg énﬁ%}r%g@eto fglrgm a
pol ynmer" r eliavention will new beldeseribed imfluding preferred embedimeun dind defirgtiensd
conponents,” wel | wthi the.abilit t.hose,.ski.] | Lh.the.art.necessary
o Dbt ai n i el b hebst 55 Pt Y oo e Flmed 1
g%rT?Bgtzgggl gzugagmim@m 5&1ﬁmh i gﬁmnﬁ%é scopel @ did Higebniiéh 2611 tFa0R dny or?e orh

erein ere, are_nuperous, pernutations of the
pol ymer i zat i oROr B dhes appraded, glaims,i g ‘eilnﬂ thele sVEXRIRIS, 280 SlFmEdmBnent s
avai | abl e t o RhRAIHE Hale SGRVAGH to BOSYHRardetitddbut €s. I n preferred
enbodi ments, such polynmers”include polyisobutyl ene honopol yners,
I sobutyl ene-i soprene (butyl rubber) copolyners, isobutylene and
par a- net hyl st e cop a - br an byt bbe rpol yners.
[0067] Dil uenptbbﬁ’ﬂans aglg?{{ﬁﬁ'{p?)ﬁegs {)}rdmg‘él ?svg%\l/o%'n d:ggn%i% ﬁﬁ’éeg I:f'llmsk%n
speci fically cefyshedisiemn irefelsucte =B eifichudés ahjalewianacid(s) a¢ sthbwveimdtdd for the
Lew s

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).

[0064] 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 hydrofluorocarbon(s) (HFC's).

[0065] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymeﬁzation medium comprising one or more Lewis acid(s) and a diluent
comprising one or more hydroflucrocarbon(s) (HFC); wherein the one or more
Lewis acid(s) is not 2 compound represented by formula MX3, where M is a group
13 metal and X is a halogen.

[0066] 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



Acid, other netal conplexes as herein described, initiators, nononers or
other additives. In the practice of the invention, the diluent does not
alter the general nature of the conponents of the polynerization medi um
i.e., the wgnpRARsRse of the catalyst system nononers,p@igsoddRyer. it is
recogni zed that 1 nteractions between the diluent and reactants may occur.
In preferred enbodi nents, the diluent does not react with the catal yst

syst em conponents, nononers, etc. to an§/5 appreci abl e extent. Additionally,
the termdiluent includes m xtures of at least two or nore diluents. [0068]

A reactor is any. container(s) in which a chem.,cal ;reactj.on _occurs., [0069]
Slurry refer sﬁ?%ma ROTHEN fﬁ?ﬁfﬂ“&&?{m'&ts%ﬁ %ﬂ’t‘ﬁ PRIVIBHLAEOY jpRgCess, aud,
precipitated birfuiohdén did E@@mﬁmﬁe@ Rbpond@Vadaibledto produdenthei @ksPéd The

slurry concentration is the volune percent of the partially or, conpletely
preci pitated pOWpser dupatesd ofn t prefersd aembedimentsof SUch e PRIYRIers, inglndero] As

used herein, LOGiBERYIBHTRGD! L-%% {&r' 'Fubﬁé?lcﬁ ps are
used as in CHE CAL AND Eﬁ@‘ﬁ%@ﬁgﬁé‘%&“é 3 , %@9% 19857 . pTl%%] Pol yner
may be used t sobwflene and panaopshyistysess combohsrseand, statttmanshed bytyk ruhber

terpol yners, %é:{j Likew se, a copolyner may refer to a polynmer conprising
at least two (%%?rg', optionally with other nononers. WD 20041058836

PCT/ US2003/ 040916 16 [0072] Wen a polyner is referred to as conprising a
nononer, the _nononer is, present in the polyner in the polynerized form of
the nononer of0964A] the ﬁﬂ\‘q@a’PP% R ofitinge SFrofiSTREYNS | 386BM: s&MgRtass cat al yst
component s ar guecfiRatty ubAikas IRANR! LRhRGINEM! 6@ adt 3RbRehORIBME TR
conmponents, it is well understood by one skilled in the art, that the ionic
form of the cénidonthst metal icomplekes an harein described, initiators, reonamesirer gthe pr oduce
pol ymers. [00 .1so | fers, t o). efJ. '
substituti onszg’odr%m;q[%hgh?één@ aétgcfbogzl?e ?‘6% Ji%ﬁ llﬂ%ﬁ@?ﬁétﬁ%}r’gﬁ%hﬁﬁly nonomner
havi ng two dounittiee dfahelsompanents 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
appreciable extent. Additionally, the term diluent includes mixtures of at least

two or more diluents.

[0068] A reactor is any container(s) in which a chemical reaction occurs.

[0069] Slurry refers to a volume of diluent comprising monomers that
have precipitated from the diluent, monomers, Lewis acid, and initiator. The
slhury concentration is the volume percent of the partially or completely
precipitated polymers based on the total volume of the slurry.

[0070] As used herein, the new numbering scheme for the Periodic Table
Groups are used as in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

[0071] 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.



preferred enbodi nent, the multiolefin is any nononer conprising two

conj ugat ed doubl e bonds. [00751 El astoner or elastoneric conposition, as
used herein, refers to any polynmer or conposition of polyners consistent
with the A9dNhkasGs definition. The terns may be used gdtgheiar@eabl y with
the term"rubber(s)", as used herein. 10076] Al kyl refers to a paraffinic
hydr ocar bon group which nay be deri veq froman al kane by droppi ng one or
nore hydrogens fromthe fornula, such gs, for exanple, a nethyl group
(CH3), or an ethyl group (CH3CH2), etc. [0077] Aryl refers to a hydrocarbon
group that f arin ru .ch i.stic of. aro ic C ounds such
as, for exarrgﬁ@] benzeﬁgh,%}ln%ghlﬁlgfé(r§:15;gfreg%¢1§&r’1aa$1tﬁ%lgﬁg?lgaan9ﬁ}rngce gtgpetc., and
typi cal | y possemmenistpresanttift ticbopolbyraertin i padymelized famuofahe mofigmavidcha n its
structure. An aryl dro is,thus a grqup derived from an aromatic conpound
by droppi ng glﬁeed%‘i“aﬁﬁ? ﬁm&%mwgoﬁ@?ﬂ@%\" SRRy, COMPONCRIS areyy app| e,
phenyl, or Cdeferibbd Gé Schniphfamp! Aditr8d staBleCfo?mb Qdfathe | @Asjonedts, RYHreaen group by

at | east one substituent s_eFe_ct ed from for exanple, hal ogen (chlorine,
bromi ne, fl udwersioodby oneskilied in therartothaiihe ienic &y efidhe cempensatisehor al ky!

sul fonate), i Lol PCT/ US2003/ 040916 17

hydr oxy; al k;f , g’ﬁ%#%%%#ﬁ%ﬁ%n%sﬁggﬁ%gﬁéﬁgﬁ%g 1 to 20 carbon atons which
i ncl udes nethyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl, etc.;

al koxy, strai or branched chai n al koxy havi lto 2 rbon atons, and
o udtes. o0kl o IORERRGRES & Andaisi Bofiis vihe B SRR oy

i sobut oxy, serofdERMrHeHt OXYy, tertiary butoxy, pentyl oxy, isopentyl oxy,

hexyl oxy, heptryl oxy, octyloxy, nonyloxy, and decyl oxy; hal oal kyl, which
means strai ght or branched chain alkyl having 1 to 20 carbon atonms which is

substituted | eas | mﬁ% e
chl or onet hyl ﬁ“%‘?irmrret %@ﬁkﬁ? ugr?%ﬁ&af?glr}goqog%ghet WJ g‘?ubgé}(]@;ﬁﬁge% %/I ,
2- br onpet hyl préfefréd) cmedingdnt, 3hec hhvaltiolefinpisl ,ang- bropowpr oyepiprisidg twaior opr opy! ,

4-chl or obutylcbnﬁééé&lggu%g%o\éh& di chor onet hyl , di br onmonet hyl ,

[0075] Elastomer or elastomeric composition, as used herein, refers to any
polymer or composition of polymers consistent with the ASTM D1566 definition.

The terms may be used interchangeably with the term "rubber(s)", as used herein.

[0076] Alkyl refers to a paraffinic hydrocarbon group which may be
derived from an alkane by dropping one or more hydrogens from the formula,
such as, for example, a methyl group (CH3), or an ethyl group (CH3;CHy), etc.

[0077] Aryl refers to a hydrocarbon group that forms a ring structure
characteristic of aromatic compounds such as, for example, benzene, naphthalene,
phenanthrene, anthracene, etc., and typically possess alternate double bonding
("unsaturation") within its structure. An aryl group is thus a group derived from
an aromatic compound by dropping one or more hydrogens from the formula such

as, for example, phenyl, or C¢Hs.

[0078] 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



di fl uoronet hyl, diiodonethyl, 2,2-dichoroethyl, 2,2-dibrononethyl, 2,2-
di fluoroethyl, 3,3-dichioropropyl, 3,3-difluoropropyl, 4,4-dichlorobutyl,
4,4- difluorobutyl, trichloromethyl, 4,4-difluorobutyl, trichloronethyl,

trifluorongbbydsnsssds 2, 2-trifluoroethyl, 2,3,3-trifl uor ofiomsbosrnsots
1,1,2,2-tetrafluoroethyl, and 2,2,3,3- tetrafluoropropyl. Thus, for exanple,

a "substituted styrenic unit" includes p- nethylstyrene, p-ethyl styrene,
etc. [0079] In one enbodinent, this invention relates to the use of
hydr of | uor ocar bon(s) or bl ends of hydrofl uorocarbon(s) w th hydrocarbon(s)

and/ or chlori ) ar bon p . r.slurr ich is less

prone to foulp'iﬁhg&( ?H(g{’ OS%ﬁllgg O%E%Iééh\%gcf %gn@ﬁ%%brﬁ%aggé ?gelf%rb% eaéoéxss%ﬁy

particl es in intladesanahylpethyl | tewtBulbyly i , issbveylpdic.calkoyt bigaipl | s of the
vessel or to the an@ ryf ng )i(\r(rpe ﬁer :gv\glitlmlgg r educed gaar";!?y’(;:l e %‘% particle

aggl oner at i onfJF.oTHASHS charn alkony-having lttﬂ: 0 caqbﬂ%@ﬁ?ﬂso%?drlﬁ?lﬁ 88510 BXaMHUe, yse of

hydr of | uor oc aqBBRcA dikisit ﬁ,ﬁ)p J, %ﬁoﬁdﬂyy%ﬁbxﬂ RBBStoxyM deBodddAl BEBIPONS and/ or
chl orinated hydrocarbon b engs to ‘pol yreri ze 'and copol ynmeri'ze i sool efins

with di enes detiagr By, spentyary dwpgrplaxse hexdotef heptryhenyo podtyloey,s and

copol yners w Lgnj fi Y li ng. her ., Lhis
I nvention rellﬁidtﬁgg)k?’gdﬁdh%gﬂé’gxo %@/%gggﬁ cﬁ%ﬁ%aglgrs%%gmcﬂqﬁ’ﬁaéﬁg s‘%ha%lrall&fll uent
bl ends wi t h hiyatingchtd 30 sarbod/atoms hich i1 anbattuieddyo atalebaronk | lelvgen, tand pol yneri ze
and copol ynerj ze .i sqol efi i.th dj,epes to dyce isoolefjn copgl yners with
signi ficantl ymfﬁ@fﬁcgﬁ %@%ﬁ@o%?@ﬁf{hﬁg SHEPTH eHF‘B'Hﬁ‘Q&YL OF}ef*bﬁfQOr t he
reactors, as clﬁ&ﬂ@ﬁj?l?dz-Bﬁn%th}frﬁ nQJﬂﬁBﬂJeth?}ﬁSﬁﬁmmpmﬂ,og%r%gﬁaﬁyl, 3-

rofl uor ocar bons

PCT/ US20031040916 18 [0080] I'n_anot her “enbodi ment,” the h
are used in aflucremopyds 4-ehletobrtyl.o dofhcaphutyle ddisklgromsityie rdibriomamsthat.i on on t he

thus obtain | Saapmetile) @lodbHGE, PO MIRERRILT 2 uhiRtBlep ARel L er and

hydr of | uor ocadifioorsethyle 8.8 alichloropropylubdBdifluoespeomyl, a4-Hichlosbutybn@et-at ures to

produce poly r@hﬁor%ﬁut?ff %chﬂ{rgg&g{d, E,deiﬂuorobutyl, trichloromethyl, triflucromethyl,
2,2,2-trifluoroethyl, 2,3,3-trifluoropropyl, 1,1,2,2-tetrafluoroethyl, and 2,2,3,3-
tetrafluoropropyl. Thus, for example, a "substituted styrenic unit" includes p-

methylstyrene, p-ethylstyrene, etc.

[0079] In one embodiment, this invention relates to the use of
hydrofluorocarbon(s) or blends of hydrofluorocarbon(s) with hydrocarbon(s)
and/or chlorinated hydrocarbon(s) to produce a polymer shurry which is less prone
to fouling (i.e., also observed more giass like, less sticky particles in the reaction
vessel with reduced adherence to the walls of the vessel or to the stirring impeller
as well as reduced particle to particle agglomeration). More particularly, this
invention relates to the use of hydrofluorocarbon diluent(s) or HFC diluent blends
with hydrocarbons and/or chlorinated hydrocarbon blends to polymerize and
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.



| engt hs (such as greater than 15 hours, preferably greater than 20 hours,
preferably greater than 30 hours, nore preferably greater than 48 hours
t han possible with other hal ogenated hydrocarbons. [0082] |In another

embodi mentyé Bejosgdsof | uorocarbons are used in an aut onRifisaRsAIBEH
boi | i ng- pool reactor where heat is renoved by evaporation of the diluent

and nononers m xture to reduce reactor Il fouling, and agitator/inpeller
fouling anong ot her things. [0083] In anfother preferred enbodi ment the

hydr of | uorocarbons are used in a polynerization process to obtain higher
nol ecul ar weights at the sane tenperature than when ot her hal ogenated

hydr ocarbons are used. [0084] In one enbodinent, this invention relates to

the di scoveryjoo80lnew pplangikt Zaiboditesly Sthe iy diifiubbeaibbhie AteS usedni@iani ng
hydr of | uorocar paons. These_ diluents effectively. dissolve the selected

catal yst systURWETEaGeTE Pbtain teduced nolymes pegumplation gn dhe bent ransfer thlgs ¢ he
pol yer. pr gy RRlFRol AR LORSALE T tE Lielck 163l SER gl fnl 055 P One

to fouling due to th nmeration of polynmer particles to €ach other and
t heir depositlifag on pol yneri zation hardware. In addition, this invention
further relates to the use of these diluents in polynerization systens for
the preparation of high nol ecul ar wei ght polynmers and copol yners at

eqlui ?/al eﬂlt to[0081]3i ﬁhgrlntdmaﬂxet Qgﬁ}@ﬁﬂ&npahyriﬁrdfmfmﬁrbrﬁ@mﬁ?mﬁdgﬁea usi ng
solely chlorinate rocgrbon diluents such as nethy chl oride. WO

2004/ 058836 PRNIESFaHaY b temperptytss 59 Praduch BOIFEIETSAIBRANERAtSr TR S

i nvention relRh&8s (sRehd3Gréhter HRNE5hobs, prefRYSbROLATEY thibo Héhré)ﬁ?éf&%lyUSi ng
fluorinated aliphatic hydrocarbons capable of dissolving the catalyst
system Thesegrpaserythan B9 dowsnmeorespreferablyr greates thap dfdfouey tian ppssible withl ef i n
slurry pol ynmeri i %W jon of a polymer slurry that is |less prone
to fouling, véltlil%rgltajﬁgghn% |ng°%gll%§é%l ution of nononer, conononer and the
commercially preferred al kyl al um num halide catalysts. In addition, this

[0082] In another embodiment the hydrofluorocarbons are used in an

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

diluent and monomers mixture to reduce reactor wall fouling, and

agitator/impeller fouling among other things.

[0083] In another preferred embodiment the hydrofluorocarbons are used
in a polymerization process fo obtain higher molecular weights at the same

temperature than when other halogenated hydrocarbons are used.

[0084] In one embodiment, this invention relates to the discovery of new
polymerization systems using diluents containing hydrofluorocarbons. These
diluents effectively dissolve the selected catalyst system and monometrs but are
relatively poor solvents for the polymer product. Polymerization systems using
these diluents are less prone to fouling due to the agglomeration of polymer
particles to each other and their depositing 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.



i nvention further relates to the use of these diluents for the preparation
of high nol ecular weight polynmers and copol yners at hi gher pol ynerization
tenperatures as conpared to polynerization systens using solely chlorinated

hydr ocar bogo sjslosgaé s such as nmethyl chloride. [0086] |grygdro@neddier
enbodi nent, this invention relates to the preparation of 1soolefinic

honmopol yners and copol yners, especially _the polynerization reactions
required to produce the isobutylene-isdBrene form of butyl rubber and

i sobut yl ene- p-al kyl styrene copol yners. Mre particularly, the invention
relates to a nethod of polynerizing and copol ynerizing isoolefins in a
slurry polynerization process using hydrofluorocarbon diluents or blends of

hydr of | uor oce0b88)s, andn ahdthér dnstiodindiy,dhizdavdntion delhtee ks the disdogeryairhy|
chloride. [0087

] .In anat her enbodi nent, the, polynerjzation systens of the
present i nvelty BYBeRtiaR SYW%%‘&&Nﬁma@Bﬁ&ggﬁ%@%ﬁéﬁ%ﬁﬂﬂb}ﬁ&f ing from4
to 7 carbon (ﬁ§3@%1g31!ﬁg caﬁ{yﬁt’e@isﬂéﬁi STRESE P& B Systdis A6 GROARAGRM th a

preferred enbodi nent of nvention, the system produces copol ymers

contai ning bfer iseelafimplony pelymenidattd. apd produstiast oft polymerothary thatsdessas
| sobut yl ene bgt u W5 a \ 9 h ra-al kyl styrene
such as par aﬁ#g?%@l éﬁ@?ﬁér@ﬁﬁl%ﬁg@%?@sgﬁ%gwﬁftﬁngkgg’h%rnpo gﬁ%’(%lgﬁ%ﬁg, however,
ﬁggfyﬁéﬁisgre co_rara]?)r (e:pd tiet vvlegkﬁglbout 13“111%'0‘lr 9&. 5 \?\k?swﬁﬂor%t%sdol efin,
or isobutyl erfé‘,’engﬁngfﬁ%l‘?ﬁtreet.e%t"a usp ofthesey gFer’ttsh r the, prepagagion @ ﬁ’lghne, such
as_para- et Nyhalkil @ ReigHB SRR RRRERGYRET ot HRRO S AN AiordlnbQORRL | 1 2

o

preferred enbodi nent thisS i'nvention rel ates a process to = produce
pol ymers of ot ¢aspitacesl foy pplymgrgationatystemsonmgesqlely dinripatedi ygrocgdenacti ng, in

a reactor, thﬁlugagmragﬁwdﬂg%é acid, and an initiator, in the presence

of an HFC diluent at a tenperature of OC or |ower, preferably -10C or
| ower, preferably -20C or |ower, preferably -30C or | ower, preferably -40C

O o ner PrEhgg P!y 130G b ebodiRint this iveltion it to 1 prepardtion. © 20 Y
of iscolefinic homopolymers and copolymers, especially the polymerization
reactions required to produce the isobutylene-isoprene form of butyl rubber and
isobutylene-p-alkylstyrene copolymers. More particularly, the invention relates to
a method of polymerizing and copolymerizing isoolefins in a slurry
polymerization process using hydrofluorocarbon diluents or blends of

hydrofluorocarbons, and chlorinated hydrocarbon diluents, like methy! chloride.

[0087] In another embodiment, the polymerization systems of the present
invention provide for copolymerizing an isomonoolefin having from 4 to 7 carbon
atoms and para-alkylstyrene monomers. In accordance with a preferred
embodiment of the invention, the system produces copolymers containing
between about 80 and 99.5 wt. % of the isoolefin such as isobutylene and between
about 0.5 and 20 wt. % of the para-alkylstyrene such as para-methylstyrene. In
accordance with another embodiment, however, 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.



| ower, preferably -80C or |ower, preferably -90C or | ower, preferably -100C
or lower, preferably fromOC to the freezing point of the polynerization
medi um  such as the diluent and nononer m xture. Monomers and Pol yners

[ 0089] Md | ch may be pol ymerized by this systep-rRihisdfs081tY
hydr ocar b&ﬁgﬁn@?\%%}?&t hat is polynerizable using this i %ent %on. Preferred

nmononers i nclude one or nore of ol efins, al pha-olefins, disubstituted
ol efins, isoolefins, conjugated di enes?® non-conjugated di enes, styrenics
and/ or substituted styrenics and vinyl ethers. The styrenic may be

substituted ( he ring) with gn alkyl, aryl, halide or al koxi de group.
Pref erably, tﬁgsﬁbnorre g@oﬂ‘icgr‘??g embogingent this, iygption tkates R0t ETSEF Or abl y 2 to
9, even nore poH@kRr 3kneds t Bf IeAidhieAly %&j?iﬁcriza@éa%rﬁa&e%) Peiplsigd Ol efins

i nclude styrene, para-alkylstyrene, para-" nethylstyrene, ‘al pha-nmethyl
styrene, divi¢astingdne reaetos dhe opoomeiiona dewis adid.oindt an byiator, in the

2-nmet hyl -1 - bu e - et hydes 2- 15,0 ,

but adi one, 2. eareedt SPEEE el £ MnpekplfE uP Y &7 RELBMRerab y SRR

6, 6- di met hyl - bowley gneferablye26! enlewer; \pedfapblnt-30fiCesrdowpt, pesfsthislpe40°@edrthy |  vi nyl
et her, ethyl wvinyl her , | sobut vi nyl, ether and the |l ke. NMononer
may al so be c@ﬁﬁ%r?ﬁ%@ﬁ]& 'BWMOB'FL Pﬁéj?r@b%ﬁé)ﬁe‘?rgf’wg‘b W"’é?ff@yﬁhg@@rcopol yIer s
nmay al so be URGRr,PréfeRBIFERE°C orToWérS prefialily BORC &P RiveY, FEferabRCl1 poPe: Gopol ymer s
of styrenics, such as styrene, para-nethylstyrene, alpha-nethylstyrene, and

C4 to C30 di oloskr mseferablyhirem 0°C do thecfieezing pointi of the poliraerization imegium,
Particularly R{cﬁfa?ﬁfe%ﬂu g%{rﬁ) &H%Q@H ons include 1) isobutylene and

par e- net hyl styrene I sobu yPene and 1'soprene, as well as honopol yners of
i sobutyl ene. WD 2004/ 058836 PCT/ US2003/ 040916 21 10090] Additionally,

preferred non rs inc e those that are cationically polynerizable as
described in %ﬁi&gﬁ-@@ﬁi zation of Aefins, A Critical Inventory,
Joseph Kennedy, WIley Interscience,. New York 1975. Mbnoners include any
nononmer that is cationically polynerizable, such_as those .
[0089] 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,
isoolefins, conjugated dienes, non-conjugated dienes, styrenics and/or substituted
styrenics and vinyl ethers, The styrenic may be substituted (on the ring) with an
alkyl, aryl, halide or alkoxide group. Preferably, the monomer contains 2 to 20
carbon atoms, more preferably 2 to 9, even more preferably 3 to 9 carbon atoms.
Examples of preferred olefins include 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, 3-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether, and
isobuty! vinyl ether and the like. Monomer may also be combinations of two or
more monomers. Styrenic block copolymers may also be used a monomers.
Preferred block copolymers include copolymers of styrenics, such as styrene,
para-methylstyrene, alpha-methylstyrene, and C; to Csp diolefins, such as
isoprene, butadiene, and the like. Particularly preferred monomer combinations
include 1) isobutylene and para-methyl styrene 2) iscbutylene and isoprene, as

well as homopolymers of isobutylene.



nononers that are capable of stabilizing a cation or propagating center
because the nononer contains an el ectron donating group. For a detailed

di scussion of cationic catalysis please see Cationic Polynerization of

A efins, Ay&hbdioSabs | nventory, Joseph Kennedy, Wley lﬂ&%ﬁﬁdﬂ%g& New Yor k
1975. [0091] The nonomers may be present in the polynerization nmediumin an
anount ranging from75 wt%to 0.01 w%_.in one enbodi nent, alternatively 60
wo%to 0.1 wt% alternatively from 40 W%to 0.2 w % alternatively 30 to
0.5 wm% alternatively 20m%to 0.8 wt% alternatively and from15 wt%to 1

wt%in anot nbodi i. 092] Preferred pol rs ipnclu honopol yner s
of any of thgﬁéaﬁonersﬁait’?{’é&i ﬂ?l'etf SRS é@ﬁ%l 0%t %ﬁﬂ}mﬁﬁl yNer s
i ncl ude pol yicandHidally 9dBmerabl¥ R Hescibéd W Gt \BolyReizirioR Y Eins,R@! ySt yr ene,

pol yal pha- net hyl styrene, polyvinyl ethers (such as polynethylvinylether,
pol yet hyl vi nyt"&terb rventarpo dpseph cKenmnedyy Yleyndnterseiencs, i Ngw u‘é@ficéﬁgyrrer s of

1) isobutyle Iﬂ’B&E'S i 2): | 1 [ ne. [0094]
I n one enbod ir}ﬁn%nt utﬂls‘ua%é?{ iﬁn{g%{élﬁ%redemg?g%ﬁn éﬁ@a&éﬁ‘%ﬁ%ﬁg‘%}‘%%ﬁom

m xture, the minomerssthitaare vgpable dEstatiilifiny a zativh oopropfagatiog kaftérrbenpisener
conponent su as _isobutene with (2),a multioletin, or.conjugated._.di ene
nononer co @?P?m?h‘éon&??o?‘“e?lf’#qnsdopﬁmg FeRye “PT Brﬂe{ﬁ}e‘fgis sign o or, by

wei ght of t heatigi@catabR¥0 PRERY sd¥ XCukiéic | Polph@ 05w Gf \®Rfins, 85 €AY 5 WM % in
anot her enbodi ment. _ I'n_yet another enbodiment the 1soolefinis in the range
of 92 to 99. Frvaniry Joserk Kenngdy, Yalew Intersdpnce e 981975 one enbodi ment i s
present in the comononmer mxture from30 to 0.5 w% in one enbodi nent, and

from15 to 0.5 wt%in another enbodinent. In yet another enbodi nent, from8
to 0.5 wt % of[08H¢ WO 20bend5e886 nRFhepBsaii3n theq®ltnerizatioomediomsn ami xt ure i s

conj ugat ed di ene.. The to bSPO, ., nay._be one. or re.of i.sobutene,

o et gl 1 - b e BRI 75 v BuT Yo Sy, ARl 66

4- et hyl - | - pestete0.] Mo, mltkinatdvedy omnay wiie ta 0 wids, ienaivejyldaiost]s di ene such
as wit%, alternatively 20wt% to 0.8 wi%, alternatively and from 15 wt% to 1 wt% in

another embodiment.

[0092] Preferred polymers include homopolymers of any of the monomers
listed in this Section. Examples of homopolymers include polyisobutylene,
polypara-methylstyrene, polyisoprene, polystyrene, polyalpha-methylstyrene,
polyvinyl ethers (such as polymethylvinylether, polyethylvinylether).

[0093) Preferred polymers also include copolymers of 1) isobutylene and
an alkylstyrene; and 2) isobutylene and isoprene.

[0094) In one embodiment butyl polymers are prepared by reacting a
comonomer mixture, the mixture having at least (1) a C; to Cq isoolefin monomer
component such as isobutene with (2) a multiolefin, or conjugated diene monomer
component. The isoolefin is in a range from 70 to 99.5 wt% by weight of the total
comonomer mixture in one embodiment, 85 to 99.5 wi% in another embodiment.
In yet another embodiment the isoolefin is in the range of 92 to 99.5 wit%. The
conjugated diene component in one embodiment is present in the comonomer
mixture from 30 to 0.5 wi% in one embodiment, and from 15 to 0.5 wi% in
another embodiment. In yet another embodiment, from 8 to 0.5 wt% of the



| soprene, butadiene, 2,3-dinethyl-1,3-butadi ene, 13-pinene, nyrcene, 6, 6-

di met hyl - ful vene, hexadi ene, cycl opent adi ene and pi peryl ene. One enbodi nent
of the butyl rubber polynmer of the invention is obtained by reacting 85 to
99.5 Wt %\0h 2h03/0448¢/! ene with 15 to 0.5 w % isoprene, QicrR%26885d0119 95 to
99.5 Wt % 1sobutylene with 5.0 wt%to 0.5 wt% i soprene in yet another

enbodi nent. The followng table illustrates how the above-referenced wt %
woul d be expressed as nol% w %1 C42%ol %I1C4A W %ICS Ml %IC5 70
73.9 .5 .4 8587.354.2 92 93.386.7 95 95.9 15 12.7 99.5 99.6 30 26.1

a. I|C4 - isobutylene h. . I1C5 - isopr.epe 10Q9 oL th urposes of this
i nvention, t hcé’m)rég?lg?ri %ﬁ@ﬁ?bs BUYRERE ‘ﬁ‘ﬂ’g %?éfdgf %E?‘?‘Sﬁn YT TSI efi n and
a nul tiol ef i meéedf isbontem), YoneethylLiLhitele£3-ifdthyl-1dotdne) Bingthyl-Dbatehélemé opol yner

i s described by tﬁ]he copol yner sequence giéstri buti on, equatjon descri bed
bel ow and i s 4Rethzkl-Betisnsy Ty mylgolelimmay hep C+ 4 husorivgated dieng s16has

paraneter, mj;. ks (A : hs_ : ok S iStribution
par anet er, V@Sdé:)(i)'é(?% 058836&PC%%%§100 %%O%I%léﬁg’g %)bi{%ﬁ%’hgﬂ%% r%é?ts i o of

nul tiol efin tdimetbplofulsiens; tienaditne, cypharieptadiene audipiperylenet {ne embodiment
i 500l ef i n-mul ti.ol efin-multiolefin iriad £raction iathe .co . [0096]
hecbest 71 a5t Rl e aebiicn O i fRnidER A Epdd ol Roufi 81 655

wt% of iscbutylene with 15 to 0.5 wt% isoprene, or by reacting 95 to 99.5 wt%

isobutylene with 5.0 wt% to 0.5 wt% isoprene in yet another erﬂbodiment. The
following table illustrates how the above-referenced wt % would be expressed as

mol%.

WE%ICS | mol%IC4 | wt%ICS® | Mol%IC5
| 70” ‘73.9 | 5 7‘ 4

85 873 5 42

92 93.3 8 6.7

95 95.9 15 12.7

99.5 99.6 30 26.1

a. IC4 - isobutylene
b. IC5 - isoprene

[0095]) For the purposes of this invention, the relationship between the
triad fraction of an isoolefin and a multiolefin and the mol% or multiclefin
incorporated into the copolymer is described by the copolymer sequence
distribution equation described below and is characterized by the copolymer

sequence distribution parameter, m.

F=mA/(1+mA)

where: m is the copolymer sequence distribution parameter,



copol yneri zation of the isoolefin and nultiolefin in each diluent. [0097] In
certain enbodinents, mis fromgreater than 1.5; alternatively, from
greater than 2.0; alternatively, fromgreater than 2.5; alternatively, from
greater t eanNd alternatively, fromgreater than I n ot her
enbodinen?@?ﬂﬁ¥@?&%r0n1l.lo to 1.25; alternatively, frgﬁrﬁ?y%ggggkl.zo;
alternatively, from1l.15 to 1.25; and alternatively, mis about 1.20.

[0099] This invention further relates £b terpolymers and tetrapol ymers
conprising any conbination of the nononers |isted above. Preferred

terpolynmers and tetrapol ypers incl ud | rs co I Si i soput yl ene,

i soprene and divinylb Hiéﬁ%?‘%l?ﬂ‘bf’g nsto qgfifbb"c al%ecr?@?ymezl

par a-al kyl styrene (preggyably paranmethyl styrene) and isoprene, polyners
conprising cyclopentadj ene, isobutylene, and paraal kyl styrene (preferably

paranmet hyl styrene), pBlignthes isoplefinguitinlgfinemaltiolefing fréad: grtane imrtbe i sopr ene,
pol ymers conpri sing cy&igB%&&adiene, i sobutyl ene, and net hyl

cycl opent adi ene, pol yners “conpri sing isobutyl ene, paranethylstyrene and
cycl opentadi ene. Lewis acid [00100] In a preferred enbodi nent the Lew s acid

(al so referr to as t co-initi,ator or catalyst), may be agny Lewi s acid
based on net i&?ﬁ?rom C;llﬁ“upbe&t, %, of ; gus fﬂ“%ffr‘i’& ¥ %fﬂl‘%e%lbt‘-?rlogd\ﬁb Pabl e of the
El enents, i nebpylymeriAasobe the isdblefib Bhd mifblelid i edcAdiludhe, titani um zirconium

tin, vanadium arsenic, antinony, and bisnmuth. One skilled in the art wll
recogni ze that sone elenents are better suited W 2004/ 058836

PCT/ US2003/ 0 %17?3 24 i B&,,Eﬁl g&ﬁ’%} : i t4.0ng <l : odi nent ,
the metals aﬁe al um nutrfi]qc OI‘%HI’]] an &tﬁ?"?%rll%ﬁﬁl]n %}\né/d?% ﬂe{%rlnshlgjlrtn&@%v?l > desi rabl e.
|1l ustrative fexmgmates thanc?.OpelteradStl, fioal grdaleAIigh2?2.5( aRedbytdRlyCIfromnd

(C2H5) 3A12C13 F C14, TiClA. lp a rticylarly preferred enbodi nent,
BF3 i s not tl%cagﬁgggﬁ{tgm glteg%a[ﬂaglytgwgie%{%ﬁ-h@né%up 4, 5 and 14 Lewi s acids
have the general fornula MX4; wherein Mis Goup 4, 5 or 14 netal; and X

i s a hal ogen i ndependent I% sel ect ed . .
[0098] In other embodiments, m is from 1.10 to 1.25; alternatively, from

1.15 to 1.20; alternatively, from 1.15 to 1.25; and alternatively, m is about 1.20.

[0099] This invention further relates to terpolymers and tetrapolymers
comprising any combination of the monomers listed above. Preferred terpolymers
and tetrapolymers include polymers comprising isobutylene, isoprene and
divinylbenzene, polymers comprising isobutylene, para-alkylstyrene (preferably
paramethyl styrene)} and isoprene, polymers comprising cyclopentadiene,
isobutylene, and paraalkyl styrene (preferably paramethyl styrene), polymers of
isobutylene cyclopentadiene and isoprene, polymers comprising cycloﬁentadiene,
isobutylene, and methyl cyclopentadiene, polymers comprising isobutylene,

paramethylstyrene and cyclopentadiene.
Lewis acid

[00100] In a preferred embodiment the Lewis acid (also referred to as the
co-initiator or catalyst) may be any Lewis acid based on metals from Group 4, 5,
13, 14 and 15 of the Periodic Table of the Elements, including boron, aluminum,
gallium, indium, titanium, zirconium, tin, vanadium, arsenic, antimony, and

bismuth. One skilled in the art will recognize that some elements are better suited



fromthe group consisting of fluorine, chlorine, brom ne, 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

azi de, an ‘*,6%*0)(,3%{,@, a thiocyanate, an isothiocyanat §QfyusdolaaRide-
Non-limting exanples include titaniumtetrachloride, titani um
tetrabrom de, vanadiumtetrachloride, tin tetrachloride and zirconium
tetrachloride. The Goup 4, 5, or 14 Ledfi s aci ds may al so contain nore than
one type of hal ogen. Non-limting exanples include titanium brom de

trichloride, titaniumdibron de.dichloride, yanadjum bromd trichloride,
and tin chlorf epﬁcﬁ]eu%ﬂilaé‘?veflﬂ%oglo’é‘r B‘BBOdAIPe%’ gﬁ&%ﬁslﬁm%s usef ul
in this inverbdromantPitasiumOwith Aleniif beiRR AsitableO TNaskrati M BXdiplts ivialeei N M i s
Goup 4, 5 o0 4 tﬁl' wherein R is a monoval ent. hydr.ocarbon radi cal

sel ect ed froMk @‘@5 ﬁlg@m@@ﬁ)ﬂfhﬁncﬁddcﬂé‘:‘%l} BFeyPnClar YICL- adgal ky!

al kyl aryl andufiyGhfl dierrtdelhbrtfent OB, Mnbiih@thosdf B4GS acifr oM 0 10 4 X i's 2
hal ogen i ndependentl'y sel ected fromthe group consisting of fluorine,
chlorine, bromne, and iodine, preferably chlorine. X may also be a

psuedohal ogen L the r e f this i.nventd on..and | thereto
pseudohal ogenml0 (ﬁ&efi nélg1 tcﬁlgﬁ‘)eg’aﬁangzllmﬁ?m%ﬁm slba géhﬁageggﬁgfo%qﬁg%at e, an

| sot hi ocyanat wheréindM dy Grouget, SThe14 petal; aad K alakhalogen @idependetlyeselaattidcal

cont ai ni ng gﬁéhfﬁl i phatic ,apd e};ti)rrat ic strucfures, the radical being at an
al kyl posi ti ofomhe srqug cepsisting,qifluprine, chioring, promine, 4pd doding grteeMYng bot h

al i phati ¢ andyasaXekihay 8bd bEL phRaohadben, poH (8 buleidd b Mis Hvemion angOSi ti on.
Non-limting exanples of these Lew s acids includde benzyltitani um

trichioride, edaimy|theretonpsgndabinlogerons defined e rbey bty jagidentm dgorydnsts) ar i de,

di benzyl zi r copi Jibr.om de. |.1itant um 04/, 003/ 040916
25 trichlori d@olé I me r?g'ms?f?“é’ﬁ u%ﬂ%lo# PuaH 5‘, Vﬁoﬁ%@ﬁé&é’%ﬁ 1%%” e and
phenyl vanadi utitahininC hetpachibeide| kit Gteibpordide,S vanallidnd tetacllorids, dsinusef ul i n
S et O TRl 30 NSk RS0 e U £ SOFP ERDG Y wherei

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.

[00102] Group 4, 5 and 14 Lewis acids useful in this invention may also
have the general formula MR, Xy, ; wherein M is Group 4, 5, or 14 metal; wherein
R is a monovalent hydrocarbon radical selected from the group consisting of C; to
Cy2 alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl radicals; and » is an infeger
from 0 to 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 "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 benzyltitanium trichloride, dibenzyltitanium dichloride,
benzylzirconium trichloride, dibenzylzirconium dibromide, methyltitanium



nmetal, wherein ROis a nonoval ent hydrocarboxy radical selected fromthe
group consisting of Cl to C30 al koxy, aryloxy, arylal koxy, al kyl aryl oxy
radicals; it is a nonoval ent hydrocarbon radi cal selected fromthe group

consi sti Nowefobaloskds C12 al kyl, aryl, arylal kyl, alkyl aﬁdi‘m@iﬂ@'sﬂﬁyﬁk oal kyl
radi cal s as defined above; n is an integer fromO0 to 4 and mis an I nt eger

fromO to 4 such that the sumof n and mis not nore than 4; X is a hal ogen
i ndependent|y sel ected fromthe group consi st ng of fluorine, chlorine,
brom ne, and i odi ne preferably chlori ne X may al so be a psuedohal ogen.

For the purpose t hi vention a here o eudohal ogen is
defined to bemﬁﬁl HQ‘?’ ds'ﬁﬁg I5Ripmh ot W g‘ hi o&‘%‘gﬁﬁ@ chlp %q hi yanat e or
a cyani de. O{heh RalidiRRERRIRet Ni S | nvent i on, one ski I led in the art would
recogni ze tha e terns al koxy and aryl oxy are structural equivalents to

al koxi des and phenoxi des respectively. The term "aryl al koxy" refers to a

radi cal - cont fpfd1a DOl hoal 83 40P EARP LIS Sh S iffon WS 40 2

bei ng at an al kox posit term ylaryl Y G cal
cont ai ni ng bobkaveahé ghadralcfonndla M(RORR X4 6d-5ehareiasM ish@roupdi, Galorkdi ng at an

e bt P i Rk B R » Hanc ey eSO oF e i ' s
di (i sopr opoxygdnis@sy mptocqoqmosls%, aﬂh@ﬁwmkwﬁ la e ardl6kPFAAMBaHER! is a

phenyl met hoxyzirconiumtrifluorid hoxytitani um di chloride,

met hyl net hoxsapnwalwt:hwpw@mdlcwemkyﬂedu ﬂmﬁw}wmmmpf i &hCor i de.
[00104] G oup e al so
have t he genea]% ?‘3{?%&%%‘1{8}@ J&ﬁﬁ&%ﬁﬁkﬂ)rﬁ?ﬂg%?ﬁ %%%@ouga%‘, 5, or 14
net al ; wher elmteB&ﬁiﬁnl()stoa amﬂmomahmegehﬁtdnﬁbmr%mmthaﬁ&xélsuniofsmﬂcﬂ md fromthe
group con5|st| | kacyl ox X IaIk ony,

al kyl aryl acyl 3“ 6‘1*‘85'1 g(lslﬁ'%afg%l Ségﬂt@n%i ﬁ&?é Bﬁffhﬁ PSS sel ected
from the groepflesnring] SHlbme, Gfonfine,!#d Gddine lpkefbrablgr dhlorind X @bk ¥lso balaky! ar yl
and cycl oal kyl WD 2004/ 058836 PCT/ U82003/ 40916, 26 radicals as defined

above; n is apsupdpbalpgenf r Bon gher pupossh Pinthiss mygntion ape the g theyeto

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
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 methoxytitanium trichloride, n-
butoxytitanium ftrichloride, di(isopropoxy)titanium dichloride, phenoxytitanium
tribromide, phenylmethoxyzirconium trifluoride, methyl methoxytitanium
dichloride, methyl methoxytin dichloride and benzyl isopropoxyvanadium
dichloride.

[00104] Group 4, 5 and 14 Lewis acids useful in this invention may also
have the general formula M(RC=00),R'5X4 (m+n); wherein M is Group 4, 5, or 14
metal; wherein RC=00 is a monovalent hydrocarbacyl radical selected from the
group consisting of C; to Csp alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from
the group consisting of C; to Ci2 alkyl, aryl, arylalkyl, alkylary! and cycloalkyl



4 such that
I ndependent |
brom ne, and
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[ 00105]
ner al

i ndependent | yinwatiok tad the chim thegrto peevdokalogeni inglebhed ko be ianegzidshianr i ne,
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[00105] Group 5 Lewis acids useful in this invention may also have the
general formula MOX;3; wherein M is a Group 5 metal; wherein X is a halogen
independently selected from the group consisting of fluorine, chlorine, bromine,
and iodine, preferably chlorine. A non-limiting example is vanadium

oxytrichloride,

[00106] The Group 13 Lewis acids useful in this invention have the general
formula MX3; wherein M is a Group 13 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
mnclude aluminum trichloride, boron trifluoride, gallium trichloride, and indium
trifluoride.

[00107] Group 13 Lewis acids useful in this invention may also 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 Cy to Cyz alkyl, aryl,



27 arylal kyl, allylaryl and cycloal kyl radicals; and n is an nunber fromO
to 3; Xis a halogen independently selected fromthe group consisting of
fluorine, chlorine, bromne, and iodine, preferably chlorine. X nay al so be
a psuedohgq,@fiessksy’ the purposes of this invention apgrhii8Shabis thereto
pseudohal ogen is defined to be an azide, an isocyanate, a thiocyanate, an

| sot hi ocyanate or a cyanide. The term"arylalkyl" refers to a radical
cont ai ning both aliphatic and aromatic?’structures, the radical bei ng at an
al kyl position. The term"alkylaryl"” refers to a radical containing both

al i phatic and_ar tic. structure t he radi.cal bein a ryl. position.
ont 1 1 ng "B Bvist pfetelon el e enaun oA dundhds £

di chloride, rHalogy @ldépanaunilydieiddtedr frélf, thd gty BhsiEingUSN MicibeOEhIBkEne,

i sobutyl gal |l i um di chl oride, diethylalum num chloride, dinethylalum num

chloride, et hyomingand adise srefetaRlyoshlerine. 6oy altobs & osHedelalegean For i de,

ti met hyl al um %ﬂrﬁ&g et d o . ?EERM | lkds usef ul
in this inveriljt’nglfJ n mag'lbg soﬁﬁ%@gﬂﬁgmg%%@rggﬁég mul %W@‘?wn);
wherein M i s ba aBrazide, 38 ispeyanate, aihioeyanatROmn issthiocymnte at ercyatigelr dbar boxy

radi cal selegted,fr he gro consi sti ng. of t Q. 0 al.koxy, ..aryl oxy,
aryl al koxy, ?%I & iy r?igffi goglasfa%ﬁaficgﬂ%%getgl glmh%gﬁyﬂdoérg\ﬁiﬁgﬁ radi cal
sel ected fronmtrhdifregirthe fadivanbdifd attgh £kyl Qosition. CIRe idsy'hikyRi! referaty/h al Kyl ,

al kyl aryl and cﬁy | oal kyl radicals as_defined above; n is a nunber fromO to

3 and mis anf@ gntaingng hath pliphatic and aromatic stEctarss, the radical beingiat amot 1or e
Lh 3, X i . t : i sti f
an i %Pg thﬁh&Qmoﬁ ﬂﬂmﬁgﬁﬁ?ie}! o?ﬁlaﬁq‘egﬁs 551%{5];&1@% g?l ReffpsSi sting o

fluorine, chlorine, bromne, "and Todine, prefera . ne. X may also be
a psuedohal dlightorideor misthylalumiosms oficltride, i nbenaylabmmianm t hdichlbridess t her et o

pseudohal ogen_i i ned ¢ an | an i's at t.hi agcyanate, an

I sot hi ocyana’[i %Obgw?éﬁléﬁnid&c@gﬁg’r fi %@Ygag‘%"b%‘é’é‘s %ﬁgﬁw}r s%lirﬁgtg#ﬂ"%rﬁu%(l)ne skilled
in the art whisider eetiglalurgmirhatsesquichiceider mlethylafumindmar ysquivhleride, st ruct ur al
equi val ents taq @I _gi)xudes a&d. h@gom des respectively. The term "aryl al koxy"
refers to a rHEFE¥RURELH N F’r‘i’g‘y YA phat i ¢ and aromatic structures, the
radi cal being at an al koxy

[00108] Group 13 Lewis acids useful in this invention may also have the
general formula M(RO)uR'mX3-(m+n); wherein M is a Group 13 metal; wherein RO
is a monovalent hydrocarboxy radical selected from the group consisting of C; to

Csyp 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 a number from 0
to 3 and m is an 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. 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
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 methoxyaluminum dichloride,



position. The term"alkylaryl" refers to a radical containing both aliphatic
and aromatic structures, the radical being at an aryl oxy position.
Non-limting exanples of these Lewis acids include methoxyal um num
dichlorid 058836 PCT/ US2003/ 040916 28 et hox hl ori de,
2,6-di-tert- t“é%% ‘{enoxyal um num di chl ori de, nethoxy Xnﬁ%@um n6tCJm
chloride, 2,6-di-tert-butyl phenoxy nethylal um num chlori de

i sopropoxygal |'i um di chl ori de and phenoxX§ nethylindiumfluoride. [00109]

G oup 13 Lewis acids useful in this invention may al so have the general

formula M RC= NR mX3{ mtn erein Mis a 13 netal; r

is a nonoval & g‘)‘f’g}lﬂl b \Arﬂiﬁdl Cef-dictgnt-buty, gl} Ay - ighl ’é‘feect ed from
the group cowxlyngleﬂiyla@ammncsﬂoawa@wd%yt-bﬁmﬁasw QdthylafaidlKY! acyl oxy,
al kyl aryl acyl oxy radicals; R 1is nmonoval ent hydrocar bon rad| cal selected
from the gr @hﬁ@né@nmmonm@u@@chbndﬂmdmmmxy ragthylindipoy flagridel | al kyl aryl
and cycl oal kyl radicals as defined above; n is a nunber fromO to 3 and m

is a nunber fromO to 3 such that the sumof n and mis not nore than 3; X
i s a hal ogen [00188pbendeGirdup 135 Ebteitaeids fusefn) inhthisgineention ansi ko hayeathe f | UOr i ne,

psucdonal ogertenpg ot MREEORI e mimwhbreioHis 8/5rar1d RESBIRERES  ner et o

pseudohal ogerm=°ode§ amﬁomerh ﬁraﬁcﬁ%hd}!?rad@dll sdIGRSY BBR!Be gRoubibiRegnat e, an
I sot hi ocyanate or a cyanid e term él al kyl acyl oxy™ refers to a

radi cal cont dfom &g %@Mﬁ@ﬁlﬁwfﬂb@rﬁma}k ?ﬁYcal'Yb\PYIQEI,@néEUQ’l@%éOWadl cal
bei ng at an ;0 y Y, I r rs to a
radi cal cont %ﬁ%@%{)ﬁpﬁﬁic% FI 13-921%81503{3.% ﬁm@r&uljg ﬁgle%i&('?ﬁeﬁrngdl cal
bei gg at ?ndahqgmuylcowsqnga}ftﬁlgn %Ml l,ianylE anybllﬁl%:x,aeﬂk#lfml add c;tcllmﬂtyl Levmds
acids inclu t OX upi.num di ¢ o[)ggi nzoyl oxyal u om de,
benzoy! oxygal'?‘f??ﬁﬁ q\é? ‘Eff??bd’é'e’ THE f AR, ?%% n%‘ir%ifé“ E’réi

i sopr opoy| ox%héilihdtiihel saf & A 81 m 9 Qb BloreTihan & XU alimlbRW ifdepehdéatijave t he
general formula MXy, wherein Mis a Goup 15 metal and X isS a hal ogen

i ndependent | @elggp@&% the: ghoup (rengstingpof 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 acetoxyaluminum dichloride, benzoyloxyaluminum
dibromide, benzoyloxygallium difluoride, methyl acetoxyaluminum chloride, and
isopropoyloxyindium trichloride.

[00110] The Group 15 Lewis acids have the general formula MX,, wherein
M is a Group 15 metal and X is a halogen independently selected from the group
consisting of fluorine, chlorine, bromine, and iodine, preferably chlorine and y is
3, 4 or 5. 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
antimony hexachloride, antimony hexafluoride, and arsenic pentafluoride. The

Group 15 Lewis acids may also contain more than one type of halogen. Non-



consisting of fluorine, chlorine, bromne, and iodine, preferably chlorine
and y is 3, 4 or 5. X may al so be a psuedohal ogen. For the purposes of this
i nvention and the clainms thereto pseudohal ogen is defined to be an azi de,

an isocya i ocyanate, an isothiocyanate or a ' -l imting
b fpgfeonis Rl

exanpl es anti nony hexachoride, antinony hexafl uori arsenic
pentafluoride. The Goup 15 Lew s acig% may al so contain nore than one type
of hal ogen. Non WD 2004/ 058836 PCT/ US2003/ 040916 29 limting exanples

i ncl ude antinony chloride pentafluoride, arsenic trifluoride, bisnuth

trichloride apd.arsenic,fluoride tetrachloride. 100111] G.o 15 .Lewi s acids
useful in thi@m'] eWP’BFFSr?Eg‘“Q? %nm%f}ye&p?fé&e m%lﬁ?’o%‘ﬁqﬂl%%m%m wher ei n
Mis a G oup BibmiilttathlondeiniskeRcifBoide telBsthloaident hydr ocar bon radi cal

sel ected fromthe group consisting of Cl1 to Cl12 alkyl, aryl, arylalkyl,

al kyl aryl and cycloal kyl radicals; and nis an integer fromO to 4; y is 3,

4 or 5 Such twi1f] 1S 6REp USAuG adfisusdrllah AUE TGP RAYSb! i3 gleoct o

fromthe group consisting fl'uorine, chlorine, bromne; and io |ene,
preferably cegeneral fermyta MR.%).s ovhereina Mp 3% ad Graipo & rmetalo rwhichein Riripases of

this invention and e.cla ms_thereto eudghal ogen is_ .deflpe 0 be an
azide, an i SOW@?{Q{B&% ﬁ%&ofﬁ%ﬂ?ﬂﬁ sg?ectgﬁ%ogb i SRR, Rapsisupg ogaéyoaﬁizde. The
term "aryl al kytkyl, &g, @ardalkel, alkylaiyd asdtyclallyhradidas; bet A idd phakd Gorawd aromatic
structures, the radical bei ngbaat an al kyl_position. The term "al kyl aryl"

b . :
refers to a r®db@dt 3o et dt lesstpabiial isce halogendndspendeatly palestadur es, the
adi cal bel noh 40 A ccpRsady orauphE- Lidhil Beom RKORR! SSne T ang Lovi <
efiyl ant i mony ¢

acids include tetra oride and triphenyl anti nony
di chl ori de. [doaim] Xomayalsodelagpscwlobddvgn. Koethelpurposesifshisiventiorandnay al so

have the gengral .formul y . ny.; rein Mi. oup 15
netal , wherei ﬁ'eﬁ(ljmtn?stﬂ%alreﬁ’oﬁ%gz%hgnﬁolge%9%%%%%%%&%0%:&%1 a‘%el?Oé’ ?‘%’ fr om t he
group consi st thiwgyadateCi ant BothiddParmatek ox ¥, cyanmide.0Xlye ity 'allatky)’, refdrk yd ar yl oxy

radi cal s; R bl (UONAL S0, INLOSY DOt adh Rl Sl oghed LAgide o ow
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.

[00112] Group 15 Lewis acids useful in this invention may also have the
general formula M(RO)R'mXy-(m+n); wherein M is a Group 15 metal, wherein RO
is a monovalent hydrocarboxy radical selected from the group consisting of C; to
Csyp alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a monovalent
hydrocarbon radical selected from the group consisting of C; to Cj2 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 and y is 3, 4 or 5 such that the sum of » 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 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



aryl al kyl, al kylaryl and cycl oal kyl radicals as defined above; n is an
integer from O to 4 and mis an integer fromO to 4 and y is 3, 4 or 5 such
that the sumof n and mis less than y; X is a hal ogen i ndependently

sel ected f\ﬁ(?%oﬁ)ﬂf‘saﬂsr oup consisting of fluorine, chlor 'P'i‘;‘i“ms%o@lﬁh@f‘e and

I odine, 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 thioc?gnate, an isothiocyanate or a

cyani de. For the purposes of this invention, one skilled in the art would

recogni ze that the t | kox and yl o ar ural equi aI ents to
al koxi des and’o ﬁ&lﬁlﬁ@gﬁ %‘r é{/‘F&rtﬁF &ﬁ;ae aﬂ ¥s to a
radi cal WO 2%%658&&6 taﬁrl'daﬁa&%'/ﬁfe%&ﬁa rﬁﬁbaceaﬁtaahmgnﬂotb@hﬂmﬁblaﬂ&atlc and

aromatic structures, the radical being at an al koxy _position, The term
"al kyl aryl " rAqBats stEichires, the fpdicynbeins iah grp&YIexY| Posiian; ¢ Nevdimisipg mt i ¢

structures, themn fa.gl ! C@gggngw&qsanﬁﬁg i O%Dﬁdposth&éc?ﬂbro&@tﬂoﬂaﬂfij%ﬂ}g exanpl es

of these Lew s a,l ds In e tetrac nmet hoxyant 1 nony,
di met hoxytri cdmgth@amcxhkungmmhwhdlohlormtddwxymlsc,r@lorcmhmﬂmdyamnﬂcangrar si ne,

and difluoro thox%tgrm [00113] Goup 15 Lewis acids useful in this
I nvention ma "e” general formula M RC=00),, R mXy. (mtn); wherein
Mis a Goup 15 netal; wherein RC=0O is a nonoval ent hydrocar bacyl oxy

radi cal sel ected from the Eup consi st | ng q%&XCZ to C30 I kacyl oxy
aryl acyl oxy, EOU3h| ky| QE?HPOE%/ eWig) agifls Jiseinh i Abk pvention gk ¢ S‘Rha‘fes 5

monoval ent hygéaaﬁnavf&emaramm—mlzecxeg+gre}mreﬁlhmqg%@r&ﬁms%agg of C to

Cl2 al kyl, aryl r I kyl," al k Iar cycl oal radical s as defined
above; n is awhwné&ro‘i’rl@m momvallenarhddnwarbaquvmégélr seflgotash ﬁomothe4 and y is

?ndgpg:]dgntsrfﬁ%g #%Ig Fg ?ﬁe gro pﬁ%“g lgl t ?#1&%&% u%}r]aﬁ(gl%cyq o??ﬂe,"
brom ne, andilkyldiiaeylonr ﬂﬂRmbRy;s(ﬁlimmb\taEnt Kydrax_;arbdxsﬂdbel sclqesedeftanal ogen.
o e U DR ATk Tk a0 B0 e CLaLE L e £, pecudatal ogen |
a cyani de. Thaditf§ /8 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 » and m is less than y; X is a halogen

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

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 acetatotetrachloroantimony, (benzoato)

tetrachloroantimony, and bismuth acetate chloride.

[00114] Particularly preferred Lewis acids may be any of those useful in
cationic polymerization of isobutylene copolymers including: aluminum
trichloride, aluminum tribromide, ethylaluminum dichloride, ethylaluminum
sesquichloride, diethylaluminum chloride, methylaluminum dichloride,

methylaluminum sesquichloride, dimethylaluminum chloride, boron trifluoride,



"aryl al kyl acyl oxy" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an al kyacyl oxy position. The term
"al kyl aryl acyl oxy" refers to a radical containing both aliphatic and
aromati c +ghhbflosdsss. the radical being at an aryl acyl Ger RSedskldds
Non-limting exanples of these Lew s acids include

acet atot etrachl oroanti nony, (benzoato)_, tetrachl oroantinony, and bisnuth
acetate chloride. [00114] Particularly3breferred Lewi s acids may be any of
those useful in cationic polynerization of isobutylene copolyners

i ncluding: al.puni nu ichl oride,, al,um, num t r . Lde. .ethyl.al um num
dichloride, € ,v?aa:f@&r%&ﬂr%o °’s°é“§qﬁi“&r?i“’8’?‘%‘c e,nu'&i %1?%‘;8/&? L?‘Pﬁln ﬂﬁlf‘w{nde,

met hyl al umi nesiyuiclbdide begigy prefeiedly | al umi num sesqui chl ori de, di nmet hyl al um num
chloride, boron trifluoride, W 2004/058836 PCTI US2003/ 040916 31 titanium
tetrachloride, etc. with ethylal um numdichloride and ethyl al um num

sesqui chl ori i ng el . e i gﬁt@?‘: .

met hyl al um n@égsei (I\/Aén)fﬁgﬁg&ggesg{l{h?%}:%ﬁ § déﬁ?’gﬁbe we kﬁ/da%gglﬁg?lﬁrati ng Lew s
aci ds such adesignesd yasaordingtingsLewialrctls suelniag B{€icBo; wiet bl stiteblecont ext  of
the inventio ] Nty 0] ni. 1] rs useful in this invention are
those initi apg?‘s?%&%‘%c %r%ég%ni%xg%f%l%‘#‘)eg‘%o?’hg conplexed in a suitable diluent
with the chosen Lewis acid to vyield a conplex which rapidly reacts with the
ol efin ther egﬁ .formng a propagating polymer chain. Illustrative exanples

i ncl ude Bron Phci ds such as H20 HCl, RCOOH (wherein Ris an al kyl
group), alkyl halides, such as (CH3)3CCl, C6H5C(CH3)2d and

(2-Chloro-2,4,4-trinethyl pentane). More recently, transition netal
conmpl exes, siMAI8s netlaitiatnse weeful i this inventiafcpre thasee iritigterstwhich exn act as

o exe: _ _
oot di nat i g Tage T eEthiForc et B BN B WU TP TantTRA b e

i sobutyl ene peld/mecemplex owhich rapidly reacts with the olefin thereby forming a

propagating polymer chain. Illustrative examples include Bransted acids such as
H,0, HCI, RCOOH (wherein R is an alkyl group), alkyl halides, such as
(CH3)sCCl, CgHsC(CHj3)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
weakly coordinating Lewis acids or Lewis acid salts have been used to initiate

isobutylene polymerization.

[00117} In one embodiment, the reactor and the catalyst system are
substantially free of water. Substantially free of water is defined as less than 30
ppm (based upon total weight of the catalyst system), preferably less than 20 ppm,
preferably less than 10 ppm, preferably less than 5 ppm, preferably less than 1
ppm. However, when water is selected as an initiator, it is added to tbe catalyst
system to be present at greater than 30 ppm, preferably greater than 40 ppm, and
even more preferably greater than 50 ppm (based upon total weight of the catalyst

system).

[00118] 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 balide, a tertiary alkyl



[00117] In one enbodi nent, the reactor and the catal yst systemare
substantially free of water. Substantially free of water is defined as |ess
than 30 ppm (based upon total weight of the catal yst systen), preferably

| ess than @ﬁzm;&,ﬁ,s(pr eferably | ess than 10 ppm prefer aﬁ&ﬁuégﬁiﬁ%a@?@” 5 ppm
i

preferably [ess than 1 ppm However, when water is selected as an
initiator, it is added to the catalyst systemto be present at greater than
30 ppm preferably greater than 40 ppm32and even nore preferably greater
than 50 ppm (based upon total weight of the catalyst systen). [00118] In a

preferred enbodinent the initiator conprises one o[ nor f a hydrogen
hal i de, a car8§% A eriane pglkyh estery B dsatinmycalkylicthenaA fegtary éfagm?fegﬁﬁcauﬁ’éi d, an

al cohol, a phanpgd t ' lary aral kyl halide, a
tertiary al k?lﬁHV\b 08%%5%%%%%&%%8%%%ﬁ§%2 ester, a tertiary

aral kyl ester, a tertiary alkyl ether, a tertiary aral kyl ether, alkyl
hal i de, aryl e, a | ary | i de,,.or. aryl al.kyl acid, halide. .}f 00119]
Preferred hyolpgiglgﬂ hal Pr@ﬁ%erfeﬁi h‘{ﬁ%‘*ﬂ’sﬁ%“ﬁ% Ill'}g’@yoﬁild?%%%n %q'{f’%?”i g@?rl&%ydr ogen
brom de and Mydroggebroinids ael hyBragat iddidel A partipulalyeprefesred hiddioganhdhidei de  is

hydrogen chlqrjde. [0012Q] Preferred carboxylic acids included both _
aliphatic andséﬁﬂ@%i"g&’“ggr boxylic acids. Exanples of carboxylic acids

useful in this invention include acetic acid, propanoic acid, butanoic
acid; cinnam c acid, benzoic acid, 1- chloroacetic acid, dichloroacetic
acid, trichl dP@ROkt | c Rrsferred: edrbaxylie wgidetingdudadi both pliphaticorsbarezatie aci d, and
p-fl uor obenzqj | Par+t| r LG ' i ncl ude
trichl oroac eﬁagboggllicg?m{;?i ]TE‘* u rl%aé:f%/ceaﬁ:&g@ é‘,q&aﬁ%h%%%%?%vggﬁggﬁlgiuggi d.

[00121] Car bacstic acidg iptbpandic desd, Usrdnosic iacidf Rimamit ecitl) benmice asidmllar in

structure to rboxyli ¢ i,ds wit.h the substitution of a halide, for the OH
of the acid.CHRroACHYS ‘F%adﬁﬁ@’fﬁ%cei‘?ﬂﬁ i ,°’é?ﬁ?“6ﬁ°iaa§: “Hilemaast}c %% iPodi de, with
the chloride chhebheeizdit abiar aROp-fiibRABIALD &tid. O Particidrl{ prdfelesd EdrBorylipe par ent

carboxylic acids are known in the prior art and one skilled in the art
shoul d be f arficids inclygettrichleraagetic acid, trifluoroacteic acid, and p-fluorobenzoic acid.

[00121)] 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
Eeing preferred. Preparation of acid halides from the parent carboxylic acids are
known in the prior art and one skilled in the art should be familiar with these
procedures. Carboxylic acid halides useful in this invention include acetyl
chloride, acetyl bromide, cinnamyl chloride, benzoyl chloride, benzoyl bromide,
trichloroacetyl chloride, trifluoroacetylchloride, trifluoroacetyl chloride and p-
fluorobenzoylchloride. Particularly preferred acid halides include acetyl chloride,
acetyl bromide, trichloroacetyl chloride, trifluoroacetyl chloride and p-

filuorobenzoyl chloride.

[00122] Sulfonic acids useful as initiators in this invention include both
aliphatic and aromatic sulfonic acids. Examples of preferred sulfonic acids
include methanesulfonic acid, trifluoromethanesulfonic acid,

trichloromethanesulfonic acid and p-toluenesulfonic acid.



procedures. Carboxylic acid halides useful in this invention include acetyl
chloride, acetyl brom de, cinnanyl chloride, benzoyl chloride, benzoyl

brom de, trichloroacetyl chloride, trifluoroacetylchloride, trifluoroacetyl
chl ori de - robenzoyl chloride. Particularly pr b hal i des

I ncl ude a?ﬂ?ﬂpmmikﬁflde acetyl brom de, trichloroace?gﬁh§%ﬁgﬁﬁgg
trifluoroacetyl chloride and p- fluorobenzoyl chloride. [00122] Sulfonic
acids useful as initiators in this invedtion include both aliphatic and
aromatic sulfonic aC|ds. Exanpl es of preferred sulfonlc acids include

net hanesul f o trifluorqnethanesul fonic acj
tri choronet hgllﬂéﬁf oni c‘ir“étjemaaa W"ﬁ&ﬁﬁé‘ﬂ%gﬂﬁ F’HFH‘E’“&E‘? smilgtin seucturgs 8836
PCTI US2003/ 04@¥hfon;d 3c0 94k 3he Sitsiflbs of & tlifeld: 4RC0RPSH ik phidnd dtice | nvent i on

are simlar in structure to sulfonic aci h the substitution of a

hal i de for thEbechalige maué:epfémdc, c&lbmle. brmedermxpdlée,mﬂlﬂws chianide ibgimg chl ori de,
brom de or ei. . pr d. t] of the
sul foni c aci d&hgﬁed\é\ﬁs)}e??%ﬁﬁﬁ ‘P%c ‘?ﬂ%lhl (S:%rgg{glg paraeggﬁgf%é@n ?drgl the prior

art and one sdet khewn nmth‘elpﬂoﬁmamwsﬂtﬂbe ﬁd{édﬁﬂroulmidfamlﬂmsmthptheseedur es.
Preferred sul fonic aci aI|d usef this |nve tion includ

met hanesul f orRFPCeEHTESy | i E B@u?@%r“?ﬂdﬁr Birfidetn % &Imeﬁﬁl%’rré‘t"ﬁ%ilﬁesul f onyl
chl oride, trihbieHeames n?ﬁ%ﬁ#idfzoﬁ’délthaﬁéyuﬁbﬂﬁebl%ﬂﬂddo trichlaRARMINERBAyIChI or i de.

[ 00124] Al cohol s usefu hi's invention includé nethanol, et hanol

propanol , 2- pthdpsideotriflupromethanessiond ehlprid anday tolusmesulinny], chigride.benzyl al cohol .
Phenol s useful in this invention include phenol; 2-nethyl phenol; 2,6-

di met hyl phenol ; p-chl orophenol ; p-fluorophenol; 2,3,4,5,6-pent af | uorophenol ;
and 2- hydr oxjax#)t hal eﬂdeohoﬂsomn?né{’dl] nPrthfselhmdtidrerindlmtw nﬁtﬁaynbl aﬂ:tliamt al kyl
initiators i ncI ude tfrt i ar ¥ r{rﬁ)?unds e I‘eSFlljlt ed I a, bel ow RR3
RLi X ropanol, Z-propanol, 2-me ylpropan-2-ol, cyclohexanol, hol

Phenols useful in this invention include phenol; 2-methylphenol; 2,6-

dimethyliphenol; p-chlorophenol; p-flucrophenol; 2,3,4,5,6-pentafluorophenol; and
2-hydroxynaphthalene.

[00125] Preferred tertiary alkyl and aralkyl initiators include tertiary

compounds represented by the formula below:

17\3
R+—C—X

|

Ry

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 2 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



R2 n wherein X is a hal ogen, pseudohal ogen, ether, or ester, or a mxture
thereof, preferably a hal ogen, preferably chloride and Rl, R2 and R3 are
i ndependently any |inear, cyclic or branched chain aIkyIs aryls or

aryl al kyl sywobRb&iodsab! Y cont ai ni ng | to 15 carbon ato eferably
1 to 8 carbon atons. n is the nunber of initiator stPeé ancf@éoq‘g?é\unb er

greater than or equal to 1, preferably,, between 1 to 30, nore preferably it
is a nunber from1l1l to 6. The arylalkyl5 may be substituted or
unsubstituted. For the purposes of this invention and any clains thereto,
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of initi ator gimethylpeean2-; Ghbromo-24, 4l-t1=ﬂmethylpem&ri%y2fmnﬁ@-ﬂeneﬂ1ylpropane 2-

2-bronp-2,4,4-tr ent ane; hI (o) ane;
br omo- 2- et h% oégeﬁ’r‘?g%’ oR%4For o- %Rﬁ%pgﬁ?“é%ﬂﬁ'ﬂaﬁ an@'br?m?fr ono-
2,4, 4,6, 6- peniAms ByAthachm taﬂschl orQ-clﬂdstm&tﬁ Mylbeﬁze%ee 1- 1.

chloroadanantane - chl oroet yl benzene; 1, 4- hl oro-1 - met hyl et hyl)

benzene; 5-t ehlpropdamantanes Jielloroethyibenzens; - nbt h9+beq(h9hlprq;bnw§w&ethyl)

2- acet oxy- 2 r t . ent ane;
2- acet oxy- 2- ﬁme %%%"%ﬁ ﬂ%#lﬂegf)%gﬁzcglofo W%tﬁﬁib%}z;énd iﬁée@&&@'ﬂ?

2- acet oxy- 2, ﬁ'uﬂetﬁylﬁentament amet I"Ql-bd:mpylax;ez 4 4-trimethylpentane; -acetoxy-z-

2- benzoyl ent anet hyl hept acet oxy-1- nethyl eth enzene;
1- aceotxyadai‘ﬁfﬁ'ty %P % be%%@ﬁ?&f‘fﬁ‘? &’i@"i‘ﬁe’ 1, 4- biZSYeewo XY% 4\%?

acet oxy- 1- mephthéththd tﬂﬁnzeaﬂxnﬁyyl&ﬂm,@&b&ﬂtarﬁetﬁylhéﬁén' 1-acetoxy-1-

1- acet oxy- | - et hYl et h I) benzene; 2-methoxy-2, 4, 4-trimethyl pent ane ;

2-i sopr opoxyn@thafeAhylbqnzm Wmadﬁéamazmnbbmy yatkylbspzenco hdrhis(1-
2-b I %g;r}? t A TR
2-1 ggf)%log)éiy%%%hmgg@? té’%n%zt"i.l% Eg%{gg%ﬁl ? b%é %@gé}&mneh{é#ﬁ%@&rﬁ benzene
1- net hoxyadabmzbm;e Zmnﬂtdxw&fe-ﬁ-ltmhﬂhﬁpmwe ; 2-isopropoxy-2,4,4-
1, 4-bi s(1- t hyl t - but b
e T r e o L
ngEne. Q herdettony @A, 6,64 gehiahitgligpaas) be found i n2lisphiior, 44,866, 899,
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pentamethylheptane; 1-methoxy-1-methylethylbenzene; 1-methoxyadamantane;
I-methoxyethylbenzene; 1,4-bis(1-methoxy-1-methylethyl) benzene; S-tert-butyl-
1,3-bis( 1-methoxy-1-methylethyl) benzene and 1,3,5-tris(1-chloro-1-methylethyl)
benzene. Other suitable initiators can be found in US patent 4,946,899, which is
herein incorporated by referencé. For the purposes of this invention and the
claims thereto pseudohalogen is defined to be any compound that is an azide, an

4

isocyanate, a thiocyanate, an isothiocyanate or a cyanide.

[00126) Another preferred initiator is a polymeric halide, one of R1, R2 or
R3 is an olefin polymer and the remaining R groups are defined as above.
Preferred olefin polymers include polyisobutylene, polypropylene, and
polyvinylchloride. The polymeric initiator may have halogenated tertiary carbon
positionied at the chain 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



herein incorporated by reference. For the purposes of this invention and the
clainms thereto pseudohal ogen is defined to be any conmpound that is an azide,
an isocyanate, a thiocyanate, an isothiocyanate or a cyanide. [001261

Anot her prglShhfiflsdspi tiator is a polyneric halide, one Pérfﬁgzogﬂoﬂk R3 is

an olefin polyner and the remaining R groups are defined as above.
Preferred ol efin polyners include polyisobutyl ene, polypropyl ene, and

pol yvi nyl chl oride. The polymeric initiafor may have hal ogenated tertiary
carbon positioned at the chain end or along or within the backbone of the

pol yner. Wen, the ol efin pol r..has.mul tiple hal ogen, atons at tertiary
carbons, eit HEANE PBIYB%%I% Hutater e ’B%E g??e?""f‘?f’é“ﬁo?oduct may
cont ai n pol yr’@&@cmmmﬂg?\égnmﬁlmmobﬁyﬁeﬁtructure and/ or side chain

branchi ng dependi ng on the nunber and "placenent of the hal ogen atons in the

ol efin polymer. Likew se, the use of a WD 2004/ 058836 PCTI US2003/ 040916 35
chai n end t ergg pol Qﬂli |k Gl |0 o} r._produci ng
a product m@gﬁi%y Cg’%l n |%§i&r§%%§§%r {s?l.gl?\[/ﬂgo%???fggﬁai %ﬁ%@rlfly

pref erred i nidatieniopslymerizdétionaf\isablutyléne cepelgmén lindwling: dtyidmges chlotiysyeri zat i on
of 1sobutyle 0 s Lncluding: rogen chloride

2-chl oro- 2, 4%?-01{1?5%%%%8%%5%@62 ch%&@@%{ﬁ?‘ﬁﬂﬂ?ﬂ’%ne, brehlerodro- 1 -

met hyl et hyl befzayiethylbetkei® i@ iethandl00128] Cat al yst system conpositions
useful in this invention typically conprise (1) an initiator and (2) a

Lews acid coinitiator or other netal conplex described herein. In a

preferred e Eent \ (o iBhd LR il Bhidh ere from
about 0.1 nonﬁggutﬁﬁnes ?ﬁ?ﬁ&%@f&%l Silhg%%)r pregeﬁlgytlﬁ%gg%nugﬁ;%m tinmes the
mol es of i ni tdoatpoise i) @agdmitiator andh(Z) wrlidvds agid ebipitiatat op wilwd imetal tcpmpler Lewi s
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ol es POr |1t e GaROU oS MELSS RYrobhd Sheterkds rmbodim the B S 00

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

present to about 20 times the moles of initiator present. In a preferred

embodiment the initiator is present at anywhere from about 0.1 moles per liter to

about 10 moles per liter. It is of course understood that greater or lesser amounts

of initiator are still within the scope of this invention.

[00129] The amount of the catalyst employed will depend on desired

molecular weight and molecular weight distribution of the polymer being

produced. Typically the range will be from about 1x1 0 moles per liter to 3 x 107

moles per liter and most preferably from 10 to 10 moles per liter.

[00130] Catalyst systems useful in this invention may further comprise a
catalyst composition comprising of a reactive cation and a weakly-coordinating
anion ("WC anion" or "WCA" or "NCA"™). The catalyst composition comprising
the WC anion will include a reactive cation and in cerfain instances are novel

catalyst systems.

[00131] 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



of initiator are still within the scope of this invention. [00129] The
anmount of the catal yst enployed will depend on desired nolecular weight and
nol ecul ar wei ght distribution of the polymer being produced. Typically the
range wil | f bout 1 xI O noles per liter to 3 X ptadaedRieds Per liter
and nost B?Q?ogﬁfgmﬁafrom 10-4 to 10'3 noles per liter. [00130] Catal yst
systens useful in this invention may further conprise a catalyst
conposition conprising of a reactive cafion and a weakl y-coordi nating anion
("WC anion" or "WCA" or "NCA"). The catal yst conposition conprising the WC
anion will include a .reacfive catiop and.i,n certain.instance re novel

cat al yst syst"éli‘ﬁ?.tﬁf %f%iﬂglﬂct\.‘r%'éﬂgl%?-tg?) n@l‘ﬂ&ﬁfﬂ@“%ﬂ%ﬁﬁv@%&ﬁgﬁg‘és an ani on
whi ch either dodoast ﬁkﬁﬁf@@@%ﬂieﬂﬁtﬁa§iﬁénf besubgith @t 16 thedation thus cvmh%u
coordinated to the cation and WO 2004/ 058836 PCTI US2003/ 040916 6 when the
ani on is funcicubali hyypesuether sthepinentsal epmnenad | Prefered exawplesi ofnsuche WCA
does not tra g L,Lani C g rs I atj t hus
creating a @%atﬂ;a‘fad%%@gduc Jr%r qg{] %e;) ne%@é@%ﬂoﬁ%ﬁgﬁlgf lie)}rnsr?’gd exanpl es
of such wea “HitdtaaberRtoRdphd H)ord’hquw 4Py rﬂh%?ﬁb% Ridmigaaprhenyl )
boron (RB(pfp) -?g?etrg%erflgorgpheny bor%‘nﬁ(B(%éfp)q , y

t et r aper f | uorcagiveangk, dalogemitcd cactardies ambthe likel Tigesative it angrchtisrothascaand t he

i ke. The catign is laaﬁ cation that .can add to an olefin to create a

car bocati on. ’ngé‘lér??e tp SRRt A SFFE9FEBR®% conbi ned with the cation by any met hod
known to those of ordinary skill in the art. For exanple in a preferred

enbodi ment the WC anion is introduced into the diluent as a conpound
cont ai ni ng bo0A132Zhe anildp anignaayrhe combingd with thieatiop bihapy methoddaewpe cat al yst

system |n angt efi el : ' ndp . LN the WC
ani on fragm::gt8 tF(gSEfo?rog. .’r’ggitue'g@égm'gr?%%ce ﬁ:@oa;%l{e%%@d%mt% %H&#lgglgnce of the
cation or rea¥( andorciatintoodusailinehe dilwent sshecomprivad corgaiagi bott the aniohkewi se t he
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embodiment a composition containing the WC anion fragment is first treated to

ot o
-

produce the anion in the presence of the cation or reactive cation source, i.e. the
anion is activated. Likewise the WC anion may be activated without the presence
of the cation or cation source which is subsequently introduced. In a preferred
embodiment a composition containing the anion and a composition containing the
cation are combined and allowed to react to form a by-product, the anion and the

cation.

Weakly-Coordinating Anions

[00133] Any metal or metalloid compound capable of forming an anionic
complex which is incapable of transferring a substituent or fragment to the cation
to neutralize the cation to produce a neutral molecule may be used as the WC
anion. In addition any metal or metalloid capable of forming a coordination
complex which is stable in water may also be used or contained in 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 compiexes containing a single metal or metalloid atom are,

of course, well known and many, particularly such compounds containing a single



enbodi nent a conposition containing the anion and a conposition containing
the <cation are conbined and allowed to react to forma by-product, the
anion and the cation. Wakly-Coordinating Anions [00133] Any netal or

net al | oi dyephgephdagsscapabl e of forming an anionic conplegXpsbiosuobss | Nncapabl e
of transferring a substituent or fragnent to the cation to neutralize the
cation to produce a neutral nolecule ngy be used as the WC anion. In
addition any netal or netalloid capable of form ng a coordination conplex
which is stable in water may al so be used or contained in a conposition

conprising t Mal(E b ts : i HSiEm are 1t rhi: m to

al um num gggm,ﬁmgﬁg?li%%ﬁlglg tﬂig’tal?éi f(vgﬂ&%tl tabmle&iJclgll ’tzgﬂlgli& sflﬂ%l%g ude, but are
not |imted cotainipgapions shmprisiog asoeondination romplex ichatainingea siGglehoronds

cont ai ni ng agi ﬁxnﬁe%:"egrhd conpri se coordi nati on conpl exes containing a single
metal or net &FoldPatomare, of course, well known and many, particularly
such conpounds containing a single WO 2004/ 058836 PCT/ US2003/ 040916 37

boron atomin the anion portjon, are available co ci,ally. In Ijight of
this, salts [Q,Oéﬁ‘ﬁai ni n@%ﬂ?&h@@%‘ﬁ‘b‘ﬁ‘%‘?ﬂ& rﬁp@mﬂm? oW AcER 2k ont ai ni ng
a single borgpmupt omare preferred. [00134] In general, WC anions nmay be
represented by the followng general formula: [(M)mQL... Qnld- wherein: M
is a netal or netall oid; Q[(Mgmmla@lgd-i ndependently, bridged or unbridged
hydri de radicals, dialkylamdo radicals, alkoxide and aryl oxi de radicals,
hydr ocar byl ahereinsubstit ut ed- hydrocarbyl radicals, hal ocarbyl and
substi t ut ed- hal ocgg byl _r.adi cal s,..and hydrocar byl and hal ocar byl - substituted
organonetal | oi d rg{j}scaéfl%tglg dm’é%{?“gne, but not nore than one of Q to O nay
be a halide radic@l;to Qq are, independently, bridged or unbridged hydride radicals,

dialkylamido radicals, alkoxide and aryloxide radicals, hydrocarbyl and
substituted-hydrocarbyl radicals, halocarbyl and substituted-halocarbyl radicals

and hydrocarbyl and halocarbyl-substituted organometalloid radicals and any one,
but not more than one of Q1 to Q, may be a halide radical;

m is an integer representing the formal valence charge of M;

n is the total number of ligands g, and

d is an integer greater than or equal to 1.

[00135] It is of course understood that the anions described above and
below may be counter balanced with a positively charged component that is
removed before the anion acts with the cation. The same is true for cations

described for use with the anions. For example, CpyZrMes may be combined
with a composition comprising the anion (WCA-R*) where R* acts with a Me

group to leave the CppZrtMe WCA- catalyst system.

[00136] Preferred WC anions comprising boron may be represenied by the
following general formula:

[BArjAnX3X4 1
wherein:

B is a boron in a valence state of 3;



mis an integer representing the formal val ence charge of M n is the total
nunber of ligands g, and d is an integer greater than or equal to 1. [00135]
It is of course understood that the anions described above and bel ow nay be
counter bay@hsedssgsd N @ positively charged conponent t hgtrissoosio®Ryved before
the anion acts with the cation. The sane is true for cations described for
use with the anions. For exanple, CP2ZrMe2 may be conbined wth a
conposition conprising the anion (V\CA—Iglgr) where e acts with a Me group to

| eave the Cp2Zr+Me WCA- catal yst system [001361 Preferred WC ani ons

| Si b b t foll f I L
AT 2X3XA1- %2@??4 a0 415 HE B e oF TG HOmDY o GuBRRSeEHEmEHD/ 053536
PCT/ US2003/ 040444 b&?m@{calsacggtﬁ@%@ 55 bl 68 Moo 20l ra%gm% RiOUR ¢ or

substituted-a s CSRE &I Ti ng frrom W% to about
20 carbon at Mnmddommhotb&ﬂmongdedstabjeba@ng)grbep, antir ough a stabl e bridging

Subst tﬁ?SdXﬁySPS (B4 “XadREa, ooty By e éaaﬂgm@g%ﬂf BLarbyl
radi cal s, pn| Cw&oc%rq%épg&a?ﬁsarﬁy yl?ﬁ%d %if)tsﬁﬂ (ar% d radi cal s,

dlsubstltute genr cogen d|c s and hal i de
radi cal s, wi thigdiokabylp randllﬁxdbcbjt&l-sdlé@nmted ofgdanoirletalloit rdd&alsalduﬂbstﬁﬁted he sane

time. 1001371 ]| n gene Y, ..l nde tly, pe y. aromati c of
SUbS i ¢ ut edl- BPSTRERR dxdicakh SEERiSERT Cifosk TiiGA S BAHoRdicnl. PER S o

i ncl ude, but r@ﬁ@tﬁglxidlﬂl ;&tbghﬂmlatmegﬁﬁghﬂlle and ant hracenyl radicals.
Sui tabl e subst ituents ™ on the substituted-aromatic hydrocarbon radicals,

i ncl ude, but are not necessarl ly limted to, hydrocarbyl radicals,
organonetal | %(?Hr'lfldl Ca‘.[nsgener OA}/1 anrlld 5 Xlay, %dependenﬂy, be any aromatic of

substituted-aromatic hydrocarbon radical. Suitable aromatic radicals include, but

are not limited to, phenyl, naphthyl and anthracenyl radicals. Suitable substituents
on the substituted-aromatic hydrocarbon radicals, include, but are not necessarily
limited to, hydrocarbyl radicals, organometalloid radicals, alkoxy and aryloxy
radicals, fluorocarbyl and fluorohydrocarbyl radicals and the like such as those
useful as X3 and X4. The substituent may be ortho, meta or para, relative to the

carbon atoms bonded to the boron atom. When either or both X3 and X4 are a
hydrocarbyl radical, each may be the same or a different aromatic or substituted-
aromatic radical as are Ary and Ary, or the same may be a straight or branched
alkyl, alkenyl or alkynyl radical, a cyclic hydrocarbon radical or an alkyl-
substituted cyclic hydrocarbon radical. As indicated above, Ary and Ary could be
linked to either X3 or X4. Finally, X3 and X4 may also be linked to each other
through a suitable bridging group.

[00138] Ilustrative, 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-fluoromethylphenyl)boron and the like.



radi cal s, fluorocarbyl and fluorohydrocarbyl radicals and the |ike such as
those wuseful as X3 and X4. The substituent nay be ortho, neta or para,
relative to the carbon atons bonded to the boron atom Wen either or both
X3 and X4 @b0o@nosdx¥lr ocar byl radical, each may be the Oboszadnd f erent
aromatic or substituted- aromatic radical as are Arl and Ar2, or the sane
may be a straight or branched alkyl, algkenyl or alkynyl radical, a cyclic
hydr ocarbon radi cal or an al kyl- substituted cyclic hydrocarbon radical. As
i ndi cated above, Arl and Art could be linked to either X3 or X4. Finally,

X3 and x4 myglsy be ISAEAIE of Shbfd Bfiponkils QUlEnheShbbRkAIDELIDI ng

group. [00138] IllTustrative, but not limting, exanples of boron conponents
which may bemetgBeidssvhigh aienuseful zsr WC agomsamay bemader on sudmbistsmadsnetuch as

tet h | -1 0l tet -t ol.
ot ra pont ot | SRS pedSAL e botngfta M Bre 5 GRNGbd  bI W boted gt 1 1
di met hyl phenyihg foregoing (list is' hotfihtendedmet ey extacstive Jahd rthatr athed dsefal boton. WO

2004/ 058836 PCT/ US2003/ 040916 39 [0013 SimJar |lists of suitable
conponent s cofBRONPHHAOVAL s eeiul E‘g”éﬁ’ﬂﬂm %@?%@83&@%@3%@%@@?% as WC

ani ons may beygadbe r@é&ily%lg) Breht ! tBose! RillRAlin ﬂ@ﬁ%@@ﬁ@%ﬁgﬁ%ggﬂ&ﬂcoml ete

disclosure. In this regard, it should be noted that the Ing list is

not intended discussionsidfioonilees and t hat ot her useful boron conmpounds as wel |
as useful conpounds containing other netals or netalloids would be readily
apparent to those skilled in the art fromthe foregoing general discussion

and formul ae. [00040]40] A\ pektidubalyapicfered W ragidn \ongpisig bovsar may g bor on may
be represented by the follow.ng general formula: [B(C6F5)3Q - wherein: Fis
fluorine, C i?P@é%&%{}’YatLﬁfﬁOWe%e‘&f mdlayef i ned above. Illustrative but
not limting, exanples of tliﬁa%l;gﬁﬁ]erred WC ani ons conpri sing boron

wherein:

F is fluorine, C is carbon and B, and Q are as defined above. Illustrative

but not limiting, examples of these preferred WC anions comprising boron

triphenylmethyl salts where Q is a simple hydrocarbyl such as methyl, butyl,

cyclohexyl, or phenyl or where Q is a polymeric hydrocarbyl of indefinite chain

length such as polystyrene, polyisoprene, or poly-paramethylstyrene.

[00141] Polymeric Q substituents on the most preferred anion offer the
advantage of providing a highly soluble ion-exchange activator component and
final catalyst. Soluble catalysts and/or precursors are often preferred over
insoluble waxes, oils, or solids because they can be diluted to a desired
concentration and can be transferred easily using simple equipment in commercial

Processes.

[00142] WC anions containing a plurality of boron atoms may be
represented by the following general formulae:

{CX)aBXImX"b]c

or

[[[(CX6)a(BX7)mX8)blc-12Trrt1d-

wherein:



triphenyl nethyl salts where Qis a sinple hydrocarbyl such as nethyl, butyl,
cycl ohexyl, or phenyl or where Qis a polyneric hydrocarbyl of indefinite
chain Ilength such as pol ystyrene, polyisoprene, or poly-paranethyl styrene.

[ 00141] P%?S'Iﬁdﬁoﬁss% substituents on the nmost preferred g8, t he
advant age or providing a highly sol uble ion-exchange activator conponent and
final catalyst. Soluble catalysts and/or precursors are often preferred over
i nsol ubl e waxes, oils, or solids becaud® they can be diluted to a desired

concentration and can be transferred easily using sinple eq'ui prent in
SOome s e © oot ey S 38 oot B i Rl *" "
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i ndependent | yaditals] sibbtitutedthaladaghy! raslidaticor liyaltecartys, oriplbeabgl-dupititntedi cal s,
substi t ut ed- Mroca{?@g.ld r(gdi cal s, hal ocarbyl radicals,
subst i t ut ed- WESEERFRIPId Tagipals;) s, or hydrocarbyl- or hal ocarbyl -substituted
organonet al | oi d r guisCatrénsiton Metl, pretBiablly £ Brolip 18219, oPNefeétabhiefaatdyoup 8, 9,
or 10 netal, preferably_ nickel, cobalt or iron; a and b are integers > O;
cis an int eg@}kel;,cq_l?alté)ruog; + ¢ = an even-nunbered integer from2 to about 8;
mis an integer rg%ghggugl Rl about 22; a and b are the same or a
different integer 0; c is dan immfeger > 2;

¢ is an integer > 1;

a+ b+ c = an even-numbered integer from 2 to about §;
m is an integer ranging from 5 to about 22;

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

c is an integer > 2;

a+ b+ ¢ = an even-numbered integer from 4 to about 8;
m is an integer from 6 to about 12;

n is an integer such that 2¢ - n=d; and

d is an integer > 1.

[00143] 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 O or 1;
cx is either 1 or 2;
ax+cex=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:
[(CH)ay(BH)my(H)bylcy-

wherein:

ay is an integer from 0 to 2;



a+ b+ c = an even-nunbered integer from4 to about 8 mis an integer
from6 to about 12; n is an integer such that 2c - n =d; and dis an
integer > 1. [00143] Exanples of preferred WC anions of this invention

conprisin lity of boron atons include: (1) A RerARRSe9he08a bOr ane
ani on satig% §x“.°£’lg’;é*§%e general fornmula: [(CH)ax(BH)bxlcx- wherein: ax is

either 0O or 1; cx is either 1 or 2; ax+cx=2; bx is an integer ranging
fromabout 10 to 12; or (2) A borane oflcarborane or a neutral borane or
car borane conpound satisfying the general fornula: [(CH) ay(BH)ny(H) by]y-
wherein: ay is an_integer fromQ to 2; WO 2004/ 058836 PCT/ US2003/ 040916 41
by is an integer PYBftonegerdromt9d an integer fromO0 to 3; ay+by+cy=4: ny

i's an integer frog&gt&gqﬁte?er nffeHd; 18, or (3) A netallaborane or
met al | acar borane anion satistying the follow ng general fornula:

[[[ (CH) az(BH) nz( HppZ by 2A-y2p:1Z+ dz- wherein: az is an integer from0 to 2;
my is an integer from about 9 to about 18; or
(3) A metallaborane or metallacarborane amion satisfying the following

general formula:

[[(CH)az(BE)mz(H)bzI¢Z-]xMnz+]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 9 to 11;
az+bz+cz=4; and

nz and dz are, respectively, 2 and 2 or 3 and 1.

[00144] Illustrative, but not limiting, examples of WC anions include:
carboranes such as dodecaborate, decachlorodecaborate,
dodecachlorododecaborate, 1-carbadecaborate, 1-carbadecaborate, I-

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(III),  bis(undecahydrido-7,8-dicarbaundecaborato)
ferrate(IID), bis(undecahydrido-7,8-dicarbaundecaborato) cobaltate(lI),
bis(undecahydrido-7,8-dicarbaunaborato) nickelate(TII), bis(nonahydrido-7,8-
dimethyl-7,8-dicarbaundecaborato)ferrate(I1I), bis(tribromooctahydrido-7,8-
dicarbaundecaborato)cobaltate(I1I), bis(undecahydridodicarbadodecaborato)
cobaltate(III) and bis(undecahydrido-7-carbaundecaborato) cobaltate(III).



bz is an integer fromO to 2; cz is either 2 or 3; nz is an integer from
about 9 to 11; az+bz+cz=4; and nz and dz are, respectively, 2 and 2 or 3

and 1. [00144] Illustrative, but, not Iimting, exanples of WC ani ons

i ncl ude: 8{&1@3@65@ s such as dodecaborate, decachl or odgeaRQs:@s/6s0916
dodecachl oro ecaborate, | -carbadecaborate, | -carbadecaborate, 1-
trimethylsilyl-I-carbadecaborate; Borane and carborane conpl exes and salts

of borane and carborane anions such as2decaborane(14),

7, 8- di car badecabor ane(13), 2,7- dicarbaundecaborane(13),

undecahydri do- 7, 8- di net hyl - 7, 8- di car baundecabor ane,

6- car badecaborat e(12), 7- car baundecabor at e, 7, 8- di car baudecabor at e; and

Met al | abor an izpNS S ' ngﬂﬁ&% LdQs 5 :
dicarbanonabg?gﬁgfcobaFﬁgte 1] ? |s(uﬁ%gggﬁ%éﬁfggFgé§®aﬁgg?ggd%ﬁecaborato)
ferrate(l11) catlyst aysthae abgddin this Progesdiaze thvae voetaiaingr &itogperfbiosdphenyd (111),

bi s(undecahydr.i do- - di.car baunaborat o) ni.ckelate(l11), ,.bi s(nonahydri do-7, 8-
di met hyl - 7, 85{)8 Bar é%tgaﬁg%%ﬁ%i’a@% £ GProny eﬂ(ﬁ),a&!)i g(t(#ri) bF"g"no Lt &WFGr i do- 7, 8-
di galr baun((jecatﬁweataﬂil;ﬁmﬁ&lnghb&ﬁhldn)%n g:‘oapmdmb t(}ydfogxdadix?éﬁmiigmdﬂml 'ab?rat ;))
cobaltate(ll1) an i s(.undecahydri do- 7- car baundecaborat o) cobaltate(lll). WO
2004/ 058836 @P@GEB&W&W’KQE"PW - The WC ani on conpositions nost
preferred for formng the catalyst systemused in this process are those
containing a trisperfluorophenyl boron, tetrapentafluorphenyl boron anion
and / or two Sationgcempenentpent af | uor ophenyl boron ani on groups coval ently
bond to a central atom c nolecular or polyneric conplex or particle.
Cationi ¢ conponent [00146] In various preferred enbodi nents of this

i nvention thq09¥aehni onln earious 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.

[00147) Some preferred classes are:
(A) cyclopentadienyl transition metal complexes and derivatives
thereof.
(B) a substituted carbocation whose composition is represented by the

formula:

wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably Cy to C3 alkyl, aryl, aralkyl groups or derivatives thereof;,
(C)  substituted silylium; preferably those represented by the formula:

!
R 5 s -E. —R,
wherein R1, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C to C3 alkyl, aryl, aralkyl groups or derivatives thereof;

(D)  compositions capable of generating a proton; and



conbined with one or nore cations that are selected fromdifferent classes
of cations and cation sources. [00147] Sone preferred classes are: (A)

cycl opent adi enyl transition nmetal conplexes and derivatives thereof. (B) a
substi t ut i on whose conposition is represent rmul a:
Rl11 R2 + 9@%@9@?% R, R2 and R3 are hydrogen, aIkylﬁqg?¥F%B§#gFﬁyl gr oups
or derivatives thereof, preferably d to C30 al kyl, aryl, aral kyl groups or
derivatives thereof; (C) substituted si4ylium preferably those represented
by the formula: 11 R2 S+-x3 wherein Rl, R2 and R3 are hydrogen, alkyl,
aryl, aral kyl groups or derivatives thereof, preferably C_to C30 alkyl,
aryl, aral kyl groﬁg)s oFatingiq apgrpRsitians;of geaesmiung, (tn o dgdotome of vdhidgsabl e of
generating a proton; ag%,r t&@ﬂﬂﬂ@? .PCT/ US2003/ 040916 43 (E) cationic
conpositions of germanium tin or [ead, some of which are represented by
the formula: RL R Z R*-R3 wherein RI, R2 and R3 are hydrogen, alkyl, aryl,
aral kyl groups or derivatives thereof, preferably C1 to C30 al kyl, aryl,
aral kyl groups or derivatives thereof, atd R* is Ge, So or Pb. A

Cycl opent adi enyl Metal Derivatives [0%I2B FReferred cycl opent adi enyl
transition nmetal derivatives include transition netals that are a nono-,

hi's- or tris -wt(l:e¥e(ir|1 ?{01? ?{tzaé:lnldeﬂ%/ Iare eyrdlr(}/g%}l,l a l? Lryﬂ aralkyl groups or derivatives
thereof, preferably Cq to C3¢ alkyl, aryl, aralkyl groups or derivatives thereof, and
R* is Ge, Sn or Pb.

A. Cyclopentadienyl Metal Derivatives

[00148] Preferred cyclopentadienyl transition metal derivatives include
transition metals that are a mono-, bis- or tris- cyclopentadieny] derivative of a
group 4, 5 or 6 transition metal, preferably a mono-cyclopentadienyl (Mono-Cp)
or bis-cyclopentadienyl (Bis-Cp) group 4 transition metal compositions,

particularly a zirconium, titaniwm or hafnium compositions.

[00149] Preferred cyclopentadienyl derivatives (cation sources) that may be
combined with weakly-coordinating anions are represented by the following
formulae:
(A-CpIMX1 ™,
(A-Cp)ML;
™
Y—M"

I
- CpR



group 4, 5 or 6 transition netal, preferably a nono-cycl opentadi enyl
(Mono-Cp) or bis-cyclopentadi enyl (Bis-Cp) group 4 transition netal
conpositions, particularly a zirconium titanium or hafnium conpositions.

[ 00149] Pr‘%ﬁ‘b%%?fyc' opent adi enyl derivatives (cation pgqifse@sShadoftat may be
conbi ned w th weakly-coordinating anions are represented by the foll ow ng

formul ae: (A-Cp) MXI +; (A-Cp) ML+; *¥Y-1IM | CpR WD 2004/ 058836

PCT/ US2003/ 040916 44 (C5 H5 S -Y-Xx Az x IR Y (z-1-y) ;and (C5
H5-Y-x Sx ) M R/ \\ KY wherein: (A-Cp) is either (Cp)(Cp*) or

Cp-A -Cp*; Cp and Cp* are thessame orgdyfferent cyclopentadienyl rings
substituted wth fromzero to5fPwexsubstituent groups S, each substituent
group S being, independentlys a radicC group which is a hydrocarbyl,
substi t ut ed- hydr ocar bylc 3 al ocar byl , su s&itut ed- hal ocar byl ,

hydr ocar byl - substi t ut ed Ar'danonet al | oi d, \

"

JRY (Z“'l—Y) y;and .

(CH S )

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,;

Al is a bridging group, which group may serve to restrict rotation of the Cp
and Cp* rings or (C5Hs.y.xSx) and JR'(z.1.y) groups; '

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

yisQorl;

(CsHs.y.xSy) is a cyclopentadieny! ring substituted with from zero to five
S radicals; |

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



hal ocar byl - substituted organonetal | oid, disubstituted boron, disubstituted
pni ct ogen, substituted chal cogen or hal ogen radicals, or Cp and Cp* are
cycl opent adi enyl rings in which any two adjacent S groups are joined formng

a C4to 200k 8#6_0 gi ve a saturated or unsaturated pelygi¢sdobBaosis _
cycl opent adi eny I gand; R is a substituent on one of the cycl opentadi enyl

radi cals which is also bonded to the netal atom A is a bridging group,
whi ch group may serve to restrict rot at¥on of the Cp and Cp* rings or
(C5H5-y-xSx) and JR (z-1-y) groups; Mis a group 4, 5, or 6 transition

metal; vy is O or 1, (C5H5-y-xSx) is a,cyclopentadi enyl _ring substituted
with fromzero to‘]#( ¥)$s F‘i‘ﬂ °E‘¥?l°§‘,‘ﬁﬁaqd5‘xf“fh6%'glstaogr§uééﬁﬁi‘?“%§tY"Hﬁadegree of
substitution; : / 3 / US2 (7] 2 |

het er oat om | |%’§%&%§ﬁﬁ§§r gfﬁﬁg%gé)vg‘r%g%_( %&gﬂ‘gﬁe@ \%VI%P %éé&ué% J%%P%at i on
nun?er 8}‘ thrc:i‘e,mefaa@ymﬁé:ﬁphb@m,dwgdnmsui?&;d| nRgt!on nﬁm(:j)er oL I2
preferably nitrogep,. phosphorus, oxygen.or sulfur; i s a hydrocar by
group, preferabl yﬁgﬂsgg@wc@{)ﬁ@fm&é%ﬁ&f% ligﬁﬂﬁ’éendent!y a hydride

radi cal, hydr ocar byl aiast Oale, indahhRkituth o) dRde! BEREID Ml ofoaetoR raidagl ocar by!

radi cal, substituted hal ocarbyl radical, "and hydrocarbyl- an

hal ocar byl - sudubstitited gdrocgbylandital] haddcdbyhehidival, substifigéd halboeasbyl padicat,ogen
radi cal, or substituted chalcogen radicals; and L |s. .an olefin, diolefin or
aryne |igand, wgth&f%%manﬁL C'S‘rbﬁgﬁ.sm[“ﬁéPﬁ?}‘mﬂaﬁhf’ﬁdo‘ﬁ‘élf’alcws@ﬂ@ﬂt adi enyl
corrpounds'thg%ni nREdibkl €5 substinlibBchalcdy@ithdiods;ahg described in U S. Patent
Nos. 5,055,438, 5,278,119, 5,198,401 and 5,096,867, which are incorporated

by reference her eilnis aBolefinpdiplefintos aryea ligavd aariagieytral Lewis base.

[00150] 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

[00151] Another preferred source for the cation is substituted carbocations.

Preferred examples include substances that are represented by the formula:

wherein Ry, Ry and R3 are independently hydrogen, or a linear, branched or
cyclic aromatic or aliphatic groups, preferably a C1 to Co( aromatic or aliphatics
gr(;up, provided that only one of Rj, 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 dparticularly preferred embodiment, when Ry, Ry

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

significantly enhances the polymerization of isobutylene.



[ 00151] Another preferred source for the cation is substituted carbocations.
Preferred exanpl es include substances that are represented by the fornula: R
- R + R3 wherein R, R2 and R3 are independently hydrogen, or a linear,
branched Qg 4 @‘5 dgSs @aromatic or aliphatic groups, prefgicdRisfoidnsdod © C20
aromatic or a atics group, provided that only one of RI, R2 or R3 may be
hydrogen. In a preferred enbodi nent none of R, RR or R3 are H Preferred
aromatics include phenyl, toluyl, xylyl, blphenyl and the like. Preferred
al i phatics include nethyl, ethyl, propyl butyl, pentyl, hexyl, octyl,
nonyl, decyl, dodecyl, 3-nethy|penty|, 3,5,5- trinethylhexyl and the |iKke.
In a particularly preferred enbodi nent, when RI, R2 and R3 are phenyl
groups, the Gdslibstimedilytiamatdtiphati ¢ or aromatic al cohol significantly
enhances the polynerization of Tsobutylene. WD 2004/ 058836 PCT/ US2003/ 040916
46 C. Substituted Silylium Cations [00152] In another preferred enmbodinent,
substituted [gasg)i um I&Ofmﬁﬁieh eferrBd ef&ﬁ&@irﬁmﬁ“ Stbtihddd!t GftyRihY! 1 um
conposrtrons are conbi ned s to pol ynerrze nNoONOEr s. Preferred
silylium catqomgsmm@, prederebly @m@m@@ﬂylblyn compdsitions lage caRabing@wih R3 wher ei n

R1, R2 and h near. ran or cyclic
aromati c or %ﬁgﬁg%?oup%gé\ﬁh%‘ﬁ %g&%?g{/ ?ﬁl sg%lt?osgﬁ%g , R2 and R3
may be hydrlg'gbmforﬁuhferably, none of Rl, R2 and R3 are H Preferably, Rl R2
and R3 are, independently, a Cl to C20 aromatic or aliphatic group. Mre
preferably, RlL, R2 and R3 are mdeBg dently a d to Cs al kyl group.

Exanpl es of useful aromatic groups |may be selected fromthe group

consi sting of phenyl, tolyl, xﬁgl g} 3

wherein R, R, and R3, are independently hydrogen, or a linear, branched or cyclic
aromatic or aliphatic group, with the proviso that only one of R;, R; and R3 may
be hydrogen. Preferably, none of R;, R; and R; are H. Preferably, R; R; and R;
are, independently, a C, to Cy aromatic or aliphatic group. More preferably, R;,
R; and R; are independently a C; to Cg 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.

[00153] 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.



bi phenyl. Non-limting exanples of useful aliphatic groups may be sel ected
from the group consisting of nethyl, ethyl, propyl, butyl, pentyl, hexyl,
octyl, nonyl, decyl, dodecyl, 3-nethylpentyl and 3,5, 5-trinmethyl hexyl. A
parti cul arwbzw‘@g@gg ed group of reactive substituted sidyddabgdlesdlié Ons may
be selected fromthe group consisting of trimethylsilylium
triethylsilyliumand benzyldimethylsilylium [00153] For a discussion of
stable forns of the substituted silyli df and synt hesis thereof, see F. A
Cotton, G WIKkinson, Advanced | norgani ¢ Chenistry, John WIley and Sons,
New Yor k 198 C—lf the cationic tin, germni um and
| ead conposi & ‘ T F Dictionary of Organorret allic
conmpounds, Chapmrman and HaII New Yor k 1984 WO 2004/ 058836 PCTI US2003/ 040916
47 D. Conpositiaon. Capabl e of CGenerating.a Proton [00154] A fourth source for
the cation i 9Ua§] conpBurerth Frurcasor the seinm is énycompping thairelh Pexsies fed wi t h

the weakl y- coondi Rateh r&nﬂﬁﬁegnwﬁﬁ tHe SRR %b&fdﬂﬁtm%%ﬂio? 89 o?nposm

weakl y- coordi'nat1 ng ani on rot ons nmay e generate romt actl on of a
stabl e car bo@antammgsalweak}ymhrc&muingiamkma Rm@ddsync)odvpokmamedgfromdhe

nucleophlllc an al co r phenol present to.produce the
proton and "r‘“%%!ﬁ%ﬁ"d"’ ‘?B &‘ [E)né??ise? vf)ﬁﬁiﬁé’o@ Bf2°%h al cohol
or phenol andmclablﬂﬂiuﬁmdmmhwaﬁﬁ&&oml 0dpheédib) preSoety predukitypromei alxe pref erred
in the event that the _reaction of the carbocatloniﬁalt is faster with the

protonat ed adif cowREPNding. hrRFadyct, (fther inithe caycpf o alobal phebaokand,. O her
proton gener%ldoﬂalﬁﬁﬁ%%ﬁwataﬁl Hﬁ’&r%l%ﬁm?fbﬁifé}ﬂﬁdlh%@&eﬁﬂhaﬂﬁg the like.

Simlar chem stries na zed W ium e catalysts. In a
particularly rﬁﬁC@Oleofféd C@ﬂm@cﬂwnﬁait is fagterrwirk the mt@llﬁ@dqgidaw as porapared gr oups,

the addition nhances t he
pol erEI’I zati S‘ﬁ{hi?s% etﬁ%sfepgt)%]%ﬁ’tﬂ %%?&hgh&gﬁ%{g%dgra g’ a proton
conpri ses corcarbokylip zmdg; :m:ﬂa_he Liker Sofibw pheznisteitsinay pe eéaizebith silyliioum  wi t h
wat er, such as b ans_of in @}ﬂy@prefdllue t,.in the q{re enc of a Lew s

base that dod¥PefatalysiH: ot 2P rred embodiment, when R3 are
phenyl groups, the addition of an aliphatic or aromatic alcohol significantly

enhances the polymerization of iscbutylene.

[00155] 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 base,
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

[00156] 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



pol yneri zation, such as an olefin. It has been observed that when a Lew s
base, such as isobutylene, is present wiwth the group 1 or 2 netal and the
water, a proton is generated. In a preferred enbodi nent the

weakl y- coqpdhbaialkdass anion is also present in the "wet "Pclqi,l}%gdg{%og%ch t hat

active catalyst 1s generated when the group 1 or 2 netal | ACTI VE
CATALYST SYSTEM A. Cycl opent adi enyl Transition Metal Conpounds [00156] The
Cp transition netal cations (CpTmt) call be conbined into an active catal yst
in at least two ways. A first nmethod is to conbine a conpound WO 2004/ 058836
PCT/ US2003/ 040916, 48 corrpr+i sing the CpTm+ with a second conpound conprising
the WCA- whi $omprisipgrthe Epdm™ with & secerd prrapavad camarising the WGA™ which

" weakly- coor MNakidOio R b drbdRY SR ﬂieh%c@gﬂ%em&ﬂp%g?@g‘gyg%ig?n be

directly conbined with - to rmthe active cata

Typi cal | 'y t hEjk¥GRe,ithe CRTRIMBehpoitdimai Qlso 8 tdireatlycaimiifedSwith @ WrA-ati os of |
to 1, however ratios of 100 to 1 (CpTm+ toQ &), also work in the practice
of this inveletiosn. thg agsivsmatakyst sysiemat Tpinelly dhe N GAis compingd Wihethgr ed by
reacting a transjtion netal co upd. with so ne | Lew ci ds, such as
B OBFS) In. LR CESO FoRREE TGN T L 1P b PR b re P i dCeRFt P s he
transi tion macal) 20RRAK RhE PratliceddT thigRiveRionsuch as ([ B(C6F5)3(X)]-), which
stabilizes the cationic transition nmetal species generated by the reaction.
100158] A novel aspect of this invention is the active carbocationic

form e TR EBAGIF IR Sy pRase LR e

( A- Cp) M - ( - Chigtal @BIpouldywithizom ewis|aci@ls; 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.

[00158] A nove! aspect of this invention is the active carbocationic catalyst

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

(A-Cp)I\I/I--(--CHz--cGz--)g--CHz--CGZ*“WCA'
X)

(A-Cp)l\fl--(-CHg--CG ~)g-CH,~CG; WCA’
L

id
Y—L’/I--(—-CHZ--CGZ—-)g--CHz--CGz+NCA'
CpR



Y-M-(--CHZ--C&--)g -CH2-- C&Z{NCA" CpR WD 2004/ 058836 PCT/ US2003/ 040916
49 (C5H5-y-x Sx) (A') M- (CH2-CRXR-)g -CH2-C&NCA 7R (z-l1-y) Xy and
(C5H5-y-x Sx) \M- (CH2-CR2-)g -CH2-C&NCA- R Xy wherein each Gis

i ndependenjyoyofkydisdgen or an aromatic or aliphatic gr O%Tm%'inﬂfo‘iﬁﬁ ly a d
to ClOO0 aliphatic group, and g is an integer representing t er of
nmonomer units incorporated into the grqui ng polyner chain, g is preferably
a nunber greater than or equal to 1, preferably a number from1lto about
150, 000. WCA- is any weakly-coordinating ani on as descri bed above. All

ot her synbols are as defined above. [001591 I n another enbodinment this

i nvention al so provides acti ve cat al yst conpositions which can be
represented by the fornul a@C %3 WCA- +M - (--CHZ--CGZ--)g--CHZ--CGZ ;X
(A-Cp) WD 2004/ 058836 PCT/ 506§7 916 50 VICA

+M - (--CI-lZ--CGZ--)g--CI—lZ I p

(A')y\ / —— (CH;-CGy-)y -CH,-CGy 'NCA”
R’ -1y
; and
(CSHS-y-x Sx)
M, —— (CHp-CGy-)y -CH,-CG, 'NCA™

7

wherein each G is independently hydrogen or an aromatic or aliphatic group,

Xy

preferably a C1 to Cqqp 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.

[00159] In another embodiment this invention also provides active catalyst

compositions which can be represented by the formulae:
(?-Cp)
WCA™ *M--(~CHy--CGp~)g-CH--CG3 ;
X1

(A-Cp)



WCA' --(--CH2--C&X--)g -CH2--C&R CpRY (C5H5-y-X Sx) / \NCA (A)y M+
(CH2-C&XR-)g -CH2-C&R JW (z-1-y) Xy Xr and (C5H5-y-X Sx) \ NCA M+
(CH2-CXR-)g -CH2- & R' XY wherein each Gis independently a aliphatic or
aronmati ¢ oweUBesyRigsE erably a G to Cl100 aliphatic or agopgdhssddbqyP. and g
is an integer representing the nunber of nonomer units incorporated into
the grow ng polynmer chain, g is preferably a nunber greater than or equal
to 1, preferably a nunber from1 to abddt 50, 000. WO 2004/ 058836

PCT/ US2003/ 040916 51 WCA- is any weakl y-coordinating ani on as descri bed
above. Al other synbol s are as defined above. B. Substituted Carbocation
and Silylium Corrpounds 00160] Cenerati on of trisubstituted carbocations and
silylium cations Rgy " red Ref in the polynmerization or in
situ. Pre- formatlon and %%%3@ ion or the stable cation salts
may be acconplished by reacting the al kaI or al kaline earth netal salt of
t he weakl y-coordi nating anion with the correspondi ng hal ogen of the
potential carbocation or silyliumsimlarly to methods known in the art.
Formati on of the substituted af bocations or silylium in situ occurs in a
simlar manner to stable sal t?P but within the vessel and at the desired

t enperature of pol yneri Z@Hﬁ”'ls;ll?-?c?ﬂ‘fiﬁég—qi’ (EHI ecéatter procedure is

CpR
Y
(CsHs.y.x S
NCA~

(A')y / (CHZ CG2 )g CH2 CG2

IR (z.1.y) %

;and
(CSHS-y-x Sx)
NCA~
/M+—— (CH,-CGy-), -CH,-CG,
RH X

Y
wherein each G is independently a aliphatic or aromatic group, preferably a C; 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.



that it is capable of producing carbocations or silyliumcations otherw se
too unstable to be handled by the first nethod. The cation or the precursor
tothe cationis typically used in 1 to 1 ratios with the WCA, however,
rati os of {yg@oddgssc(C+r or Si+ to WCA) also work in the ' f this

i nvention. [00161] A novel aspect of this invention is Fﬁ%’ﬁg@kﬁ@gﬂ‘s
carbocationic catalyst conplex which is fornmed and which can be represented
by the formulae: RI R CHZ CXR)g CHz C3+ NCA- Rz wherein each Gis

i ndependent|y hydrogen or a hydrocarbyl group, preferably a C to C100
aliphatic group, and g is a n integer representing the nunber of nononer
uni ts i ncor poWeHheds et weakiie-coprdinating gion asedeseribgt mbove. i Allmthdreymboly a  nunber
greater than 1, preferably a nunber from1l to about 150,000. WO
2004/ 058836 M&%&%@X&Q% 52 WCA- is any weakl y-coordinating anion as
descri bed above. Al other synbols are as defined above. [001621 Yet

anot her novel_agpect af this.inventiaon is the active carbocationic catalyst
conpl ex whi ch2:2=F AIonealen g LAHVBLOEPOMMSont ed by the fornul ae: R1L
R2 Si - (CH7CRXR)g -CHZ-C&XR+ NCA R3 wherein each Gis independently
hydrogen or an aliphatic or aromatic group, preferably a A to C100

al i phatic gr d0Bl60hnd gGeseration phirisghstituted nagboestions gnd gidylivm easions B&y mrononer
units incorp ' e ' . LN 18, . y a nunber
areater ' han o eatirhfd Bl ol BICpRRh R 0P s, e (BRELEA BRYY )7 O
WCA- is any viedition-afale clitioator tigs ststilocatias salessmay be decabplishedAlyl reactibper synbol s

are as defi neuqe g]?(gl\l/ %i alkaline earth metal salt of the weakly-coordinating anion with the

corresponding 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 Sit to WCA) also work in the practice of this invention.

[00161) A novel aspect of this invention is the active carbocationic catalyst

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

Ry

R l {CH,~CGy)y~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 incotrporated 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.



Ge, Sh, Pb [001631 In addition cationic conpositions of germanium tin or

| ead, nay be used in conbination with the WCA's descri bed herein. Preferred
conpositions include those which are represented by the fornula: 11 R2 R
-R 3 VWO 20Q4L00Rm8sw8s PCTNS20031040916 53 wherein R, R2paigkbianddess Nydr ogen,
al kyl, aryl, aral kyl groups or derivatives thereof, preferably C 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 groupssére a Cl to Cl10 alkyl, preferably
met hyl, ethyl, propyl, or butyl. Hydrofluorocarbons [00164]

Hydr of | uorocar bons are preferably used as diluents in the present

i nvention, al¥RA™ éy anynweakieoesdingingmoion ast deseriteg above. uOH stharisymbolsr i n

conbi nati on W i,Luents. For purposes of this invention and the
claims there %Q%%%)ﬁ%%r ocarbons ("HFC s" or "HFC') are defined to be
saturated or unsaturated conpounds consisting essentially of hydrogen,

carbon and fl Lne, ovi ded that. at |eas ne .carhon, .at_ | east one
hydr ogen and {Q‘?{ngast &%te ot | pevel apseeth, QoS PYIER] I8 fht efPn

enbodi ment s, chiRcaiohi¢tatalyspbathplee Whithds &irnd® eAC dhieRREn be eRr&sRed 8¢ by the
formul a: CXHyFz wherein x is an integer from1l to 40, alternatively from!]l
to 30, alterﬁhﬁfmweffrom 1 to 20, alternatively from1l to 10,
alternatively from1l to 6, alternatively from2 to 20 alternatively from3
to 10, alternatively from3 to 6, nat preferably froml to 3, whereiny
and z are integers and at |east oneg [00166] Illustrative exanples include
fl uoronet hane; difluoronethane; trifll uoronethane; fl uoroethane;

1, 1-di fl uoroet hane; 1,2-diflyoroethane; 1,1, 1- if 1 uQr hapg:, -
1,1,2-trifluoroethane; 1,1,12-tet ran uor oe@h@%@féﬁ?@z NEA

Ry

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

preferably & 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

[00163] 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:

R|1
R.—R* —R
+

2 3



fluoroethane; 1,1,1, 2, 2-pent af | uoroet hane; 1-fl uoropropane;

oropropane; 1, 1 -difluoropropane; 1,2-difluoropropane;

i fl uoropropane; 2,2- difluoropropane; 1, 1, 1 -trifl uoropropane;
trif §9%02k5spane; 1,1,3- trifluoropropane; 1,2, Z-Qdﬁljslszog{@[(ppane
trifluoropropane; 1,1,1,2- tetrafluoropropane
3-tetrafl uoropropane; 1,1,2,2-tetgafl uoropropane,;

, 3-tetrafl uoropropane; 1,1, 3,3-tetrafl uoropropane;
3-
2,
| u

tetrafl uoropropane; WO 2004/ 058836 PCTI US2003/ 040916 54
2- pe 1 1.1 3 3-
ropp%%égﬁgq{]%’ﬂtfgﬁdgﬁé ate Ry d}c%en Flﬂlgﬂ%glanégglk??é%ﬁﬁ@& dekivhtives

uo
3, 3- penthedebt) prefiralslp @i o C3§alkyll ai3), Zradkyl ¥k UPdRivatas Hifereof, and

, 2, 3, 3- hexaf | uor opr opane; 3,3, 3- hexafl uoropropane; 1, 1,
3,
r

pent af

a
u
-d
2-
3-
1
2
2
1
ta
2
1
2, 3, 3- hepRHfid Gey Bprophneln 4 prefetred embsdmaenhdmtlhfgrmnps epr ofarte C10
uor obut ane; 2-fluorobutane; 1,1-djfluorobutane; 1,2- difl uorobutane;
di f | uor obalknereferably methyl, sthybproaneor butgl. di f | uor obut ane: 2, 3-
uorobutane; 1,1,1-trifluorobutane; 1,1,2-trifl uorobutane;
,3-trifl uorobutane; 1,1,4-trifl uorobutane; 1,2,2-trifl uorobutane;
3-
1
1
ra
3
2
3
a
t
1
1
2
a
2
f
1
1

rifl uoHpdroflegrecarord3, 3- tri fl uorobutane: 2,2, 3-trifl uorobutane;

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

|4u0r obufoeres] 1,1 Iiyd&oﬂlﬁ;&doafﬂou@mtpt&ﬁwy dsed aBdﬁuélﬁé ok padsaiut ane;

- tetrafl uor obut ane; 4-tetrafl uor obut ane
t et r ARVERSIOBH (AlONGe OF 1m2 cszmhmatm 5l (R$hesh by drauorocarbons or in

3-
3-tetr t @-t I PO
| uor obﬁédéllrrltgﬁﬁ%ﬁ ‘ﬁﬂ?gth%’ gﬂ pent a]%“ﬁid E&t ane; qﬂ%nfan %n%‘% claims
f | uor obtherztee hydxbﬂnpmcabdnsp(éﬁfé’fsf mm"HlEGt’Jaare defined to be saturated or
, 3,3-pentaflu but ane; nt robut
o o henbRpRO b ARges donkiptas’s e e bR and uorine,
2, 4- penpratided dob at laast ond car&oﬁ; ,aBleast qmeniyaxfoguombutlme one’Lﬂﬁorﬂle4, 4-
| uor obutane; 1,1, 3, 3, 4-pent af |l uor obut ane; 1, 2, 2, 3, 3- pent af | uor obut ane;
3,4- pen‘l‘rﬁﬂ’}"iﬁ?ﬁobut ane; 1, 1, 1,2,2,3 -hexafluorobutane; 1,1,1, 2,2, 4-
uorobutane; 1,1,1, 2,3, 3-hexafl uor obut ane,
,1,1,2,3, 4- hexafluorobutane; 1,1,1, 2,4, 4- hexaf | uor obut ane;
3, 3, 4- hid1é3)uor odotcariein embedimegtstha dituent comprises hydrofluorocarbons

represented by the formula: CyHyF, wherein x is an integer from 1 to 40, -

RPRISRTRRPE! "’i—‘l—‘l—""l—‘l—‘l—‘_HQ.l—‘HHi—‘l—"O PRPPRPPERNT

alternatively from 1 to 30, alternatively from 1 to 20, alternatively from 1 to 10,
alternatively from 1 to 6, alternatively from 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.

[00166] Hiustrative examples include fluoromethane; difluoromethane;
trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-difluoroethane; 1,1,1-
trifluoroethane;  1,1,2-triflucroethane; 1,1,1,2-tetraﬂuoroéthane; 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-
difluoropropane; 1,1,1-triftuoropropane; 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-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;



hexaf | uor obut ane; 1,1, 1, 4, 4, 4- hexaf | uor obut ane;

1,1, 2, 2,3, 3-hexafl uorobutane; 1,1, 2,2, 3, 4-hexafl uorobut ane;

1,1, 2, 2,4, 4-hexafl uorobutane; 1,1, 2,3, 3,4- hexafl uorobut ane;

1,1, 2, 3, 4, ¢dRypbsessgr obut ane; 1,2, 2, 3, 3, 4- hexaf | uor obut

1,1,1,2,2,3, 3-hept af | uor obut ane; 1 1 1,2,2,4,4- heptafluggg a?mymm9m
1,1,1,2,2,3,4- heptafl uorobut ane; 1 1 1 2 3 3 4- hept af | uor obut ane;
1,1,1,2,3,4,4- heptafluorobutane; 1,1, P42 4, 4, 4- hept af | uor obut ane;
1,1,1,3, 3,4, 4- heptafluorobutane 1,1,1,2,2,3, 3, 4-oct af | uor obut ane;
1,1,1,2,2,3,4,4 ct af | uor obut ane; 1 1 1 3,3.4, 4- oct af | uor obut ane;
1112 2 4 dbhi2gceatatiioropsmensio. 11 111 2 i‘PQmSﬂ‘EPrQPrQP@@t af | ubFd8wrane:;
b33 2,2,3 SefafiuopRphior e Afiatkartprbodd B1.4505 fefialoptigagbU ane:
1-fl uoro- rrgpt h pr ogg)?e | uor o- ropaﬁe 0&)

1,3-difl uor o-R1, gadlpenopropanel , 1-dl, ,QQ&*Wﬂ\I@OQIOQaﬂ0058QBBI 3,3,3-

PCT/ US2003/ 0 hyl prop r|quor - 2- met

1, 3-di fl uoro- %fﬁ*olr%é n%’t hyl )Blrgggﬁefa %’p ) og)p{%r{ap af | uor(}hlzi %’égﬁal pr opane;
1, 1, 3, 3-t et r dicptafinoropropand; hylffwoegbatage; 2-fluorobutane; 1,1-difluorobutane; 1,2-
1,1,3-trifluo 2- (1 uoropet hy 1,1, 3, 3: af | uor o- 2-

met hyl pr opane&‘ﬁ‘i"rﬁé"ﬁa‘@ leﬂi‘éhf’[fgyg ﬁg ??ﬁu‘éwm%’é al‘f?# ?’%r‘gé gbutane; 2,3-

1,1, 1, 3-tetrafiliu@bBundre; ({1 Hﬁ{fﬁﬁf‘&bméhé P P,@%‘Iﬁuor&ﬁdﬂﬁfeo?}i@ -QMbABRtanc:: 1
-di fl uor ocycl obut ane; i, 2 Iuorocyclo utane; 1, | uor ocycl oBut ane;
1,1,2-trifluoh b&mﬂmgblaam, 1 12 atriffuprobians; o c yic?, aﬁuﬂmrebutane, 1,3,3-
1,2,3-triflu raf I

113 3 terr AT IS BRI oo v impraulsBl’ LSRRI | Lld 1 1 25 s
pentafluorocwmhmmmﬁunmml.u1243mﬁﬂmmkmummflmﬂgnbymhﬂhubmnam 11123-2, 3, 4-

hexaf | uor ocyc| y hexaf | uo tan 3,3, 4-
hept af | uor ocy&¥ %f‘g’ﬁgne’a#d??nﬁfﬁfﬁ]@ d H‘é’i‘%oﬁ q%tq%ﬁﬂ]l?fa kji}r s of
unsat ur at ed Refaffucttdufankded] balt@ﬁ%ﬂuﬁ’@bﬁw aplys3 mﬂﬁéﬁ)@&mﬁm 8,2i40cl ude
di fl uoronet hane, trifluor onet hane 1-di f | uor oet hane, 1,

trifl uoroet hatﬁ’@aﬂqum@nek,%aﬁéeﬁmr@utme 1, 2@4-&@3&?4)@!3%@5 h38d:3-1001671
Il1ustrat t. |
ot gor | 1° EAORll, 1o 1 ShatbAiiibllabe| OCRT ANl BEb Gl Y|

1,1,1,2,4-pentafluorobutane; 1,1,1,3,3-pentafluorobutane; 1,1,1,34-
pentafluorobutane;  1,1,1,4,4-pentafluorobutane;  1,1,2,2,3-pentafluorcbutane;
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-hexafluorcbutane; 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-hexafluorobutane; 1,1,2,2,3,3-hexafluorobutane;
1,1,2,2,3 ,4-hexafluorcbutane; 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-heptafluorobutane; 1,1,1,2,2,3,4-

heptafiuorobutane; 1,1,1,2,3,3 4-heptafluorobutane; 1,1,1,2,3.4,4-
heptafluorcbutane; 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; 1,1,1,2,23,44-
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-frifluoro-2-



oropropene, 1, 1-difluoropropene; 1,2-difluoropropene;
|f|uoropropene 2, 3-di fl uoropropene; 3, 3-difl uoropropene;
trifluoropropene; 1,1,3- trifluoropropene; 1,2,3-trifluoropropene;

tri f\w%o%géﬁ? ne; 2,3,3- trifluoropropene; 3,3, 3116'1#@2?{13?09@5@'09”9

o-1- ene; quoro | - butene; 3- fluoro-1-butene; uor o- | - but ene;

or
| fluoro-I-butene; 1,2-difluoro-Il-butene; 1,3-difluoropropene;

i fluoro-I1-butene; 2,3-difluoro- I-Bﬁtene 2,4-difluoro-1- butene;
[

u

fl uoro-I-butene; 34d|fluorol-butene 4. 4-difluoro-1-butene; 1,1, 2-

oro-1-butene; 1,1, 3- tr|fI or e 1,1,4-trifluorq-I-butene;
trifl WT OpEEne: ‘frP’ Wgﬂﬁp‘fﬁ?ﬁ?@me 1,3-difluoro-2-

—_
-1

-d
2-
3-
u
-d
-d
di
3-
3-

-hwl\)_w-bl—‘_"wl—‘wc

—

i f 1 ugpRsrbmb ?E}B}%panjc §’1‘1 3-&&@&0‘1@?%&&1 ﬁﬂfe 1,1,3,3 tetraﬂuoro-2-
rifluoro-I-buténe’ 2] trifluoro-I-bu 27374

r o- 1- lgtlsipropaney lmai-mﬂuocm%ﬂmorm@tbyi@roma | lt,m ﬁ+pamnﬂudr0-6ut ene; 3;

oS 1 3 b RSB, 1 oo

t
4-t

uo

tr

3
, 3- t et r {flhatomethihiropaiee; fludrodyclobutahe;af Ilubdﬁlubrdwéleblﬁane 1,2-
4-

4-

4-

—_ -
1

ot r A EERaeIobutRR ol lab R del AU Bro B 113
Lt 1 AR lobh N2 by bR/ OESBERIBASARRIOONE 50

uoro-1| -butene; 1, 4,4, 47t etraf | uoro-1 - but ene
t et rdtl,héﬁﬁmﬂnbﬂ@@ﬂi@bm, 3, M&%%‘Pmi#ﬂumcdcﬂ@m%ne 1,1,2,3,3-

4-
o tetr deptifidiooy RUERE: | 152 A RLRbIN doRanaty | BIT2234-) o
uor o- hexaflwotcepdobutank; 2, 41 A,mmnmfekajhmmcyelbhutmee 1,1,2,2,3,3,4-
3 4 Dbt kBiens bt B Ll | Bl BULES: o
j, penﬁa&tbxu@ﬂomel@ua@gaﬁbedl b%lo‘h 4, ﬂarﬂanmgfl efefred - HPO% €GRude

ent af | uor o- | - but ene; 4.4 4 entafluorol-butene 3,3,4,4, 4-
r M@n@hm@; 1mﬂugfoalcﬂlaﬁ@x 4l difinazogthane; ehbl- trifluroethane,

4-
4-

4-

4-p

uor o-

3,4, 4- biufgq 4. 4- hexaf | uor o-1 - but ene;

3,4, 4- hexafu}l uor o- Eﬂjat%tuféne % ‘%’ %m} 4, 4- hexaf | uor o-1 - but ene;

4,4, 4- hexaf | uor o- I-butene 1,1, 2,3, 3,4, 4- heptafl uoro-1-butene;
3,4,4, afI u but ene; taf uor Q but ene;
3404 Golas 21 | U Bk UL B ot e pon BERLALANRY Gl

vinyl fluoride; 1,1-difluoroethene; 1,2-difluoroethene; 1,1,2-trifluoroethene; 1-
fluoropropene, 1,1-difluoropropene; 1,2-difluoropropene; 1,3-difluoropropene;

o -
— -
iy

D -
— -
iy

,_,_
WNWOND WWAWY AP WD WWAWN |

o -
NFPWNFRPSWONRPEPSARARWTWONRPERPEPRAT

PRPNPRPONRPPRPOWNNTRPRPRRPPRATRRRPTORRRRERE T

2,3-difluoropropene;  3,3-difluoropropene; ' 1,1,2-trifluoropropene;  1,1,3-
trifluoropropene; 1,2,3-trifluoropropene; 1,3,3-trifluoropropene; 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-difluoro-1-butene; 2,3-difluoro-1-butene; 2,4-difluoro-1-
butene; 3,3-difluoro-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-
triflucro-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-



fl uoro-2-butene; 1,1-difluoro-2-butene; 1, 2-difl uoro-2-butene;

1, 3-di fl uoro- 2- butene 1, 4-di fl uoro-2-butene; 2,3-difl uro-2-butene;
1,1,1-trifluoro-2-butene; 1,1,2-trifl uoro-2-butene;

1,1,3-trif o19s] Ut ene; 1,1,4-trifluoro-2-butene; 1 %@% 2003/040916
trifluo ro‘gguteﬁgssgl 2, 4- trlfluoro 2 butene; 1,1,1, 2- tetrnﬁuoro - but ene;
1,1,1,3- tetrafluoro-2-butene; 1,1,1, 4- tetrafluoro 2- but ene;

1,1, 2, 3-tetrafl uoro- 2-but ene; 1,1,2,4-¥btrafluoro-2-butene;
1,2,3,4-tetrafl uoro-2-butene; 1,1,1, 2, 3-pentafluoro-2- butene;

1,1,1, 2, 4- pentaf uor 2- but ene; , 3, 4-pent af ro-2- utene 1,1,1, 4, 4-
pent af | uor o- 2¢ bl‘tTGQ 544, ‘b@ﬁ'ﬁ‘i‘ﬂ“ﬂr&r@t”?e’bu% ga%é'teu uoro-1-butene;
1,1,2,4,4- pen&@l‘d@&&ﬁﬂ&mh%ﬁéﬁ% Lt efaffuct. ADRELUCL9 - DUARIR 1
1,1,1,2,4,4 hexaf | uor o- 2- but ene’ 1, 1, 3, 4, 4- hexafl uoro- 2- but ene: 1, 1,
1, 4, 4, 4- hexaf butemes- Qﬂﬁuﬁ-‘@treﬂuoxo-i-@t@m 11,2 A xeentafioprs- Dbuanend;1,2,3,4-

1,1

L1231 el S o 0 . DAL pu e o

m Xt ures ther udi n res 0 ur at ed | bed above.
[00168] In onbutemd;wddll mtpentaﬂ&otdulbmeﬁe damﬂ-gaemtaﬂme-pdﬁitémpmztmed

conpounds or th s a rfl or| ted di Per uor| nat ed
conpounds bei R tﬁfﬂ"ﬁ Bmﬁunhggéo£ B’gu@ﬁ?’boir\igrﬁl@“?? Fsl- However ,
in anot her enbﬁelﬁmrm 4w&]ﬁﬂtahb&odﬂ w@ﬂet 2 mps&aﬂ@orshe&ﬂenet hg,44 gnd may
conprise perfluori nat ed ¢ onpound, preferab ¥rb the catal yst, npbhdner, and

di l uent are penaflugro- 11‘?‘1@11@ hdi2s3, H-élsmﬂfblprq' utgnesr &d@at 4 4rhesatiormbnent s are
m scible wt hP c2004/1q §§ hFe) ulgﬁ?pgg{eg4091 235% Etre Q%&&}@'it descrl bed
al

in further "bel oW’ I'rf"ano I’ ment may U5 conpri se
chl or of | uor ocaﬁtﬁqus,wn@dﬂus)q—l-bmehho%& 3 dddcheraffuccoisiusinengl,1,8f3,3¢h4-0r i ne,

fluorine, and, car on. 00169] od t, when ht
avgralge mol echf 5 %HFEB’( M) T’( tajy}‘g% ggrheygg}l%fé e n 10P bgg X\BI ]
preferably nok tiﬁiﬁfb-ﬁ@uﬁQQ 1M&3mr46ha9faﬂﬁaefoabb&teﬁaarﬁ-ﬂhbmm@n@0@ My) are

desired, sui tabl e djluents  include hydr of | uor ocarbons with a dielectric

constant of gflEeroerbutensn 14- daﬂuorgg@utenﬁ,r ehérdifiopo-grbuteney Lrdluem-2npr e
preferably gregbfd UNARAAGr-FBiEnd" S LEAROY2-butene;  1,1,1-triflucro-2-butene;

1,1,2-trifluoro-2-butene; 1,1,3-triftuoro-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; 1,1,1,2,4,4,4-
heptafluoro-2-butene; and mixtures thereof and including mixtures of saturated
HFC's described above.

[00168] In 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



greater than 25, nore preferably 40 or nore. In enbodi nents where | ower

nol ecul ar weights (typically Iower than 10,000 Mv, preferably | ess than
5,000 Mw, nore preferably less than 3,000 MV) are desired the dielectric
constant n®pnkss8es than 10, or by adding |arger am%m%%si,mgtlg ator or
transfer agent when the dielectric constant is above 10. The dielectric
constant of the diluent ED is determ ped from neasurenents of the

capaci tance of a parallel-plate capacitor imersed in the diluent [nmeasured
value CD], in a reference fluid. of known dielectric constant ER [ measured

val ue CR], ' | =1). asure u I ach gase the neasured
capacit ance%@ng%%%%%&ﬁégﬁ?bm? §1 asc'&%‘l}hser £ 'ﬁlgo‘ﬁﬁllegﬁ’ glft%?? const ant

of the fl ui dmayaledicompiiseecidaipfiGorbeirbons (CRABY, 32 dhos€aoirpoiniis cofidisting

capaci tance, f?gﬂ) Csad s .the t%iy capaci tance. Fromthese neasurenents ED is
gi ven by t he®8oR1e “BD‘E?’(“@C ¥OER + (CR-CD))/(CR-CA). Alternatively, a
purpose-built instrunment such as the Brookhaven I nstrunment Corporation
BIC-870 may be used to neasure dielectric constant of diluents directly. A
conpari son of0016%e di dh dwpther embodiment svhew)higher avgighy avsragetmelecilldruent s at

-85C is provj i kGt ' ' ) 2004/ 058836
PCT/ US2003/ ﬁ%@%&@“@ﬁ%@x&%@% &&goﬁi%@’l ﬁ%ﬁ%}fé&%@;ﬂ%ﬁ%

Di f| uor onet hisineg mére 2%efeiably didre tharo @000 MAQ) 3R ddsirkd 1 siitablel dilueart hane 22. 18
1,1,1,2-tetraf |l yoyogt hane 23.25. 1, 1,2, 2-tetrafl yoroet hane, 11.27

1,1, 1, 2, 2- peRFlyfs %tg"l%oa‘i‘i‘é"’ﬂ%a‘ii@ﬁ‘itﬁﬁﬁr}sf?nbf’ﬁ@ieamﬁﬂﬁhtsg,C’one or nore
HFC s are usgfetdblyC greaien ahaPN5 WMot PREGINY gdédidteibn @0, Moré PréferaBly di | uents.

Sui tabl e addi tional "diluents include hydrocarbons, especially héexanes and
hept anes, hagegentee dShyaere qaefseably, 40 or more. In embodiments where lower

~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 &p 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 (s=1) [measured value C,].
In each case the measured capacitance Cy is given by Cy= £C¢+Cs, where € is the
dielectric constant of the fluid in which the capacitor is immersed, C¢ is the cell
capacitance, and Cg is the stray capacitance. From these measurements &p is
given by the formula ep=((Cp-Ca) sr + (Cr-Cp))/(Cr-Ca).  Alternatively, a
purpose-built instrument such as the Broockhaven 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.



especially chlorinated hydrocarbons and the |like. Specific exanples include
but are not |limted to propane, isobutane, pentane, nethycycl opentane,

i sohexane, 2- nethyl pentane, 3-nethyl pentane, 2-nethyl but ane,

2, 2- di met hybhbismagss 2, 3- di met hyl but ane, 2- met hyl exane, p G iBhihidsxane.

3-et hyl pentane, 2,2- dinethyl pentane, 2, 3-dinethyl pent ane,

2, 4-di met hyl pentane, 3, 3-di nethyl pentane, 2-nethyl peptane, 3-ethyl hexane,
2, 5-di met hyl hexane, 2, 24,- trinmethyl pentane, octane, heptane, butane,

et hane, nethane, nonane, decane, dodecane, undecane, hexane, nethyl

cycl ohexane, cycl opropane, cycl obutane, cyclopentane, nethyl cycl opentane,
1, 1-di net hyl cycopentane, cis 1,2- dinethylcycl opentane,

trans-1, 2-di net hy Bﬁclgpentane, trans- 1, 3- dlnethgg%%clopen ane,

et hyl cycl opent ane} "ty ohexane, net hyl &clohex%ﬂb enzene| tol uene,

xyl ene, ortho-xyl gEne a-xyrene, net g xylene,” and-the hal ogenat ed
versions of all okaﬂﬂPaH@W? preferably t he chl§rﬁnated velsi ons of the
above, nore prefefapy ftuorrmatedversions of art _of—theahpove. Brom nat ed
versions of the ab@#@mﬁF@ﬂ§¥§o usef ul . [Speci fi c 3828l es i n¢l ude, nethyl

chl oride, WO 2004f058836—PCTUS2003/ 04091659 et hyteme—hilori de, et hyl
chloride, propyl thigiflupsoetbazey| chlorilde, chIoﬂSﬁ@rn1 and fhe like. [00171]
| n anot her enbodi fremts—mon=reactive otrgftns—may be—used—as— di | uents in
combi nation with Hhclgnﬂgwambm@s i nclude, but ard.l8ot linted to, ethylene,
propyl ene, and t hp—t+ike—f66% Hr—oneembodtment—the—HFE{i s used in

conbi nati on with alhﬁﬂ%ﬁmﬂmﬂ@ﬁiﬂWdrocarbon sucR3@s nethyl ¢hl ori de.

Addi ti onal enbodi frefts—t+netude—trst Aot fre—HFE-tr—eorbtnat+oeth Wit h hexanes or
met hyl chloride antil,2iPetetafbenrodthananot hefr enbodi k@7 the HFC|s are used in
conbi nati on W th pre—e+r—nBre—gases—t+hert—to—the—poetyreri-zati on such as

car bon di oxi de, n|t.ddgshpentsfliroogptimpe arjgon, neorll.83elium kiypton, zenon,
and/ or ot her i nert—gases—that—are—preferably—+Hequrd—at—ent+¥y to the
reactor. Preferred gases include carbon di oxi de and/ or

[00170] In other embodiments, one or more HFC’s are used in combination
with another difuent or mixtures of diluents. Suitable additional diluents 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, isobexane, 2-
methylpentane, 3-methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-
dimethylbutane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-
dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethyl
pentane, 2-methylheptane, 3-ethylhexane, 2,5-dimethylhexane, 2,24 -
trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,
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, ecyclohexane, 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,



nitrogen. [00173] In another enbodi nent the HFC s are used in conbination
with one or nore nitrated al kanes, including ClL to C40 nitrated |inear,
cyclic or branched al kanes. Preferred nitrated al kanes include, but are not
limted to j hane, nitroethane, nitropropane, nj g

ni t ropent aﬁgaogflﬁ?ﬁexane, ni troheptane, nitrooctane, %.&W %Eé@g'ﬁgel?

ni trononane, nitrododecane, nitroundecane, nitrocyclonethane,

ni trocycl oet hane, nitrocycl opropane, ﬁ?trocyclobutane, ni t rocycl opent ane,
ni trocycl ohexane, nitrocycl oheptane, nitrocycl ooctane, nitrocycl odecane,

ni trocycl onan ni,t.r ogycl ododecane, nitrocycl pundecane, i tfobenzene, and
the di- and T?%Fﬁe’?ﬁ ?mgn%ﬁglyﬁﬁgﬁg‘?e’t @yéﬁ&wdgﬁgﬁng@PF 9 © Hnent is
HFC s bl endegld etitkeni t r onet hane. [00174] The HFC is typically present at |

to 100 vol ume % based upon the total volunme of the diluents, alternatively
between 5 and 100 volume % alternatively between 10 and 100 vol une %

al ternativel ween : 0% e j y 20 and 100
vol une % aI[?%irgﬁ ti veﬁ%%ggﬁ%eée%%ggmgﬁﬁfo%avoﬁuﬁe%% Ylga:yt g?ﬁ}gg\dig\efgl y between
30 and 100 wbiuents 8/ combinetioratvith dIRC’ WWOEXAQHlED 58888, PETAr&)R00RUENEH16 60

bet ween 35 and,100 voI.Iurre O/thab.%er natively between 40 and 100 vol unme %

al ternativel Yﬁ%’tev%ﬂ%?ﬁ’ﬁ‘%"’a‘h‘?d §05%vol une % alternatively between 50 and 100
volune % alternatively between 55 and 100 volunme % alternatively between
60 and 100 [éal ume % _alternatively hetween 65 and 100 vol une %

al t er nat i vel§)018¢t weefn 7a3e ssraborirerfo henBFe4, isapped;, i cpmbingtioeWileA 75 and 100
vol une % i aPsh 1 u 0 | {.4 el y between
85 and 100 %\%ﬁn&ngﬁ%{ fdg?(% er n\g'tg‘?é\;lelgg ]Egttg 1 ggloégé'aﬁdll{%gavtgﬁaan@dgz{@

al t er nat i velipclbda weing 186 HEChdn To@binetiemwwith hextanasr oratiethol yehlvgilowed 97 and 100

between 99" b Y Gt SooBRnt B IS B bl 5 rmhindO0 MRS bF ended
W th one or meregawh iRt todeqmblynhethtidasublofscarion didiadd) altroges hediogeh, enbodi ment

the HFC is selected fromthe
argon, neon, hel?um, ﬂypton, zenon, and/or other inert gases that are preferably

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

nitrogen.

[00173]) In another embodiment the HFC's are used in combination with one
or more nitrated alkanes, including C; to C4 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, mitrocyclohexane, 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.

[00174] 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



group consisting of difluoronethane, trifluoronethane, 1,1-difl uoroethane,
1,1,1- trifluoroethane, and 1,1,1, 2-tetrafl uoroethane and m xtures thereof.
[00175] In another enbodiment the diluent or diluent m xture is sel ected
based upongptdesaRssdi ity in the polymer. Certain dil U%ﬁu@b&m’i@ﬁ'b' ein
the polyner. Preferred diluents have little to no solubility 1n the
polymer. Solubility in the polyner is asured by formng the polyner into
a filmof thickness between 50 and 100 m crons, then soaking it in diluent
(enough to cover the filn) for 4 hours at -75C.. The filmis renoved from

t he diluent, @rate excess
di | uent from’tﬁﬁg surface @?%lﬁhﬁ”‘? F%éﬂ%tﬁgif&@ﬁ %%ﬁgﬁggg‘g up%ére S

defi ned as t hetepativain betyeen ﬁérmdskﬁmvohlﬂma%,failtbmahvmhgbetv\&éméﬂ amddibding. The

of 185 than YPHEPSA0 BIasPEval b vaRe s e 08 Volesat Yo AP By Perusde Ban 2 e o
of |ess an an 0
preferably | emg Idoafblﬁnﬂ\ﬂ“/’e@alféﬁfaﬁvﬂ?%ﬂ%%ﬁ'% érﬁsmﬂﬁﬁﬁkne%ﬁal‘i&'ﬂéhvfal?mm] In a
preferred enbodi nent, | uent _or diluent. mxture is _ selected such that

the differ enc‘@“ﬁ@!‘m&?ﬂq Ill‘éo Nﬁ‘é@lﬁ’r el aliernaiively; etwesn &y ang d9Bevolumg &.7g of the
olymer with Wh%af hg and

gdd?/t Ives i s Aléﬁ%fl{r’]é’fg%&%%nt he@gwgpﬁthﬂﬁé %%temmrggghtﬁgdn rgg{gggqlotﬁ has been

formed into avohitheVoalterhatbielychetwirat Iemd 190 vahl@tlel%oaltmmatwnly betwezn 95as WO

Che 11 1m ford {0Dpeduing 98 7 @maya tERwaR ¥ it MotoliRE o SlkpAely 0 V"
det erm ned bybetivécheagemtilad vamfer%n@dcmﬂeﬁmmy bytwe&SB) and Tm:bmmﬁuer& are wel |

described in the I|terat re, for_ exa derllch "The . Nature of the
d ass Transi t¥oh PrEfared; el ¢ the 9]"114?& °Aﬁ£ry§?”§ chlgripateds i gnment
of the G ass fisafRaibbhdNin Amkhér Pkt eﬂr@&l%mbﬁﬁmﬂ:m é‘émﬂ’: is 'é@leeted“ﬁ%fd f@n Society
for Testing and Materials, Philadel phia, 1994, ) . The sanple is

prepared as dgeen mzsheg)of/élﬂug@aie&mma,mxﬁmremenhgumflﬂedlﬂwakﬁhmg ldile a DSC
sapl e pan, - B LPH) 3% Rl FIRRIALY LR RSN m8AG unti | | mredi atel y

before the

[00175] 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 fo 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 wi%, preferably less than 3 wi%,
preferably less than 2 wt%, preferably less than 1 wt%, more preferably less than
0.5 wt%.

[00176) 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



DSC neasurenent. Preferably the Tg values are within 12C of each ot her,
preferably within 11C of each other, preferably within 10C of each other,
preferably within 9C of each other, preferably within 8C of each other,

pr ef er abl y wa 3dai of each other, preferably within 6 t her,

pr ef er abl ywve%oﬁ]“g\ks%% of each other, preferably within 4gcg;rllsg°§5c:1€4og6her,
preferably within 3C of each other, preferably within 3C of each ot her,
preferably within 2C of each other, preflerably within 1 C of each other.

Pol yrmeri zation Process [00177] The invention may be practiced in continuous
and batch processes.  Further the invention may be practiced in a plug flow

reactor and/ dieea sogked in dilugrt (enenghite paver the few) fardihonrs athi78°G-nTemglassn may be
practiced | N widith dfBGLRISs detelhinlf bl Aol AIRIED AT @Ry T cact or

selected fromthe gro consisting o cont1 nuous ank
reactor, a plTegphhiqoes arewell describedrimtha ttekanirt, for exhmple, B. ddmiderlicha“Thet or

nozzl e react a tubul ar reactor, an n aut orefrigerat boi ] i,ng- pool
react or . [Oo%g}g]"el ?*u'gﬁé'ﬁ%‘r rags&qpt aﬂ%h@% e@gﬁ!ﬂg@wé&ﬁgﬁwﬂg é‘sof‘_gheat
transfer surAst@sentoihe Glast Tradsitioh) WM SFRADAT, RMJESH1ar, EQOARBficahS ON one
side of the tube and __the polynerizing m xture is on _the other side. Heat

may al so be riafhedrolesting terials; Ym@dﬁbhi@nﬁ%spmd%ﬁlxtmee%mﬁ as may be
found in an l?r%aﬂétf&r c\iﬁ&fb@ﬁ%ﬁo&oéédeﬁ%ﬁﬁ tei)VifF‘erE@&f&{ to £D8ENGhLpRXaMPl e, 1S
of the pol ymeri

a plug flow Teactor ere a poftion I ng mxture’is
evapor at ed aspanhendimintaiesdVi® 2©0pEeHEEBE0WCENUSEANGISigHidy béforptheceeds

t hrough the r tor. Anat he le i ere heat,.i S, & ved in a plu
f1 ow grgeact or ﬁ%ﬁo’ﬂ‘a’ﬁm ngflgckr%g%ﬁ?ttﬁ%% ‘\é%}uelﬁsqrﬁdm@%ﬁ&n(?%gneafdthé’ﬁﬁf’hgr gi de
of a heat trpefidly MhiRAeC A ahtie bilek armpfefabWo Withid §0%C lofagéipbthshier e

pol yneri zation fakes .place on.a noving belt or drumwherg the
di | uent/ mnorﬁ?fe@é’fyal"v m %t OF &ashs othel,  preferabb gty 8°Gept eggh 9tefn and heat

is removed by, eraRds alitdd ©E bNRadi LERA! praferably SviltRRA G LOBf REQL R[S | N
addi tion heat” may be renoved in such reactors "by
preferably within 5°C of each other, preferably within 4°C of each other,
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

[00177] 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."
lustrative 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.

[00178] 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



surface heat transfer (such as where the coolant is present on the inside of
the drumor under the belt and the polyner is produced on the other side of
the belt or drum. Another type of reactor is a jet or nozzle reactor.
These reack@hsidtdsss @ Short residence tinme where the ”{fﬂﬂﬁﬁ id,.puent and
cat al yst g{‘/(stem%g%/e conbined in the jet or nozzle and e pg?sflogr@rlgzation
occurs as the mxture passes through the nozzle at high velocity. [001791
Preferred reactors include continuous flow stirred tank reactors, whether
operating in batch or continuous node, and whether operating in a tank wth
an agi tator Ofrobded@thirdtitfh the/ REctb KricdMer eRinRfISTs tkrd RAE [sGeDoRdSA alphtp! Ude

reactors where the polynerization occurs on one side of a heat ‘transfer

surface and tfew reastor fhroughssupfaessheat transfer heing e¢rdant on dlee other sidecofjalleat s a
reactor where nt,ai ni Ng._ . cQ LDsi he. I

pol yneri zat i oﬁ&%geggﬁ%%b her elégxélfﬁ ?%@Q@gégg r%a%?o\ghq\g}eée ?ﬂ%‘g%ﬁa%%ﬁ‘?at I on
occurs i nsi deplacd oba moving belt oo dhantwher the dilesait/mmdmet catalyitahptarels t he t ube
in a shell. [0018Q] Thjs.invention .also be practiced | atch reactors
where the WD%W_B§P"°(#’F belher ‘E'&W@ég?éﬁfg{m&?deb)gﬁ’éi’g@ﬂoq %tlfgﬁg‘?wé%st or and
then pol ymer iigathdidn HrocResS 1h 2dGAP heiti Aky b8 Uehodsd Ws&ﬂﬁ%ﬁ&b@% and the
polymer is then recovered. [00181] In certain enbodinents, the invention is

practiced usi #yfage Spatrtrapstep (suphnas iwhare b cpplavlels presepinely Ee, insidp of the _
pol ymeri zati o Seds, t?é Belt ME@@B@E&Q Pﬁi&&&d‘a}ﬁm e ?fﬁlef’gihé)&f tggiaéi | zation
Meri za S t e ca

process. The poly on ~proc es o e 1 nvention my lonic
pol yneri zat i odrupt)odartes typaof 2€424br 58 3 6r BGZEAd 5303/ THEI8 TeactobShgv@@182] I n

one enbodi nent,, the,polynerization is carried, out where.the catalyst,
monorer, and Eh%é‘?ﬂ&%&?% BresBite | ?@PW@W’e‘gﬂﬁagé‘F‘dFﬁag’?l@aﬁW, e

pol ymeri zat i OBorh§in&Pinth€fét 6thozzI afd € PolyhbERZEt ROGATR Mk Zad MBfur® pAE&SS 1 N
which the catalyst, nonomer(s), and diluent are present as a single phase.

In slurry pothyonghithenqzals at high veleepibher s, catal yst(s), and initiator(s) are
all mscible in the

'

[00179] 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.

[00180] 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.
[00181] In certain embodiments, the invention is practiced using a slurry
polymerization process. However, other polymerization methods are

contemplated such as a solution polymerization process. The polymerization

processes of the invention may be cationic polymerization processes.



di luent or diluent mxture, i.e., constitute a single phase, while the
polymer precipitates fromthe diluent wth good separation fromthe
di luent. Desirably, reduced or no polymer "swelling" is exhibited as

i ndi cat ed Ry 2bdsfokdsss Or N0 Tg suppression of the pol ynmgie@fdh@fosdoid t1 € or no
di l uent mass uptake as shown in Figure 2. Thus, polynerization in the

diluents of the present invention provides for high polynmer concentration
to be handled at |ow viscosity with godd heat transfer, reduced reactor
foul i ng, honmpbgeneous pol ynmerization and/or the conveni ence of subsequent

reactions to n dirtectly on_the resultin ol ymer . mi xture. [00183] The
react ed m)non(@& i t hi iP Phe e?"g%‘?’&?t’ F@rmlﬁ'a?? n3s §?%‘Fa1ﬁ“.t I"?]ilereo\[lfé

ermbodi nent tda@g&gnﬁ@{&ﬂeﬁt LN ddent AR Hetdnfln ialsifid)e pBhdé! ' PrelfatiflUdk to Or
greater than 10 vol % |n another enbodi ment, the concentration of solids in
the slurry i Polymesizalinn is ganried-opbing wntiepys Polyperzation Pxecess inveiclpievol % | n
yet anot her | B F e rafi f | & i e sl Is | ess

t han or equalcgﬁggg VO q%s?,l %&&;gﬁsé&&oﬁg?&gﬁb%%?n%ﬁ ,e aéaco%cgn ation of
sol i ds in sl yolymedrizatine tienmondnmers, vetalyste); and iittwords) ase alDmisitle inl the y et

anot her enbod,j. t e concentration of solids jn slurry is present in the
reactor f romd%ﬂfe'g %0 /om‘f‘wr?g‘te"a‘f?&f%'ie ?éﬁ‘&gedph‘ifﬁ’t ,wlﬁflﬁeth‘&d’ﬁg’é'?ﬁr ation of
solids in sl réipifaesd Rdh tid Hifiknt HitReR6& Répakdtioh Teom HeA&Hlwdnt.f DREYabB, t 0 70

vol % In yet another enbodiment, the concentration of solids in slurry
concent r at i orfedugesh o erpolymer trwelinge inh pxinbitad, assindisated Wolitle arnoy8e  anot her
enbodi nent, t e ' f i | hSA: ratd .S present
in the react o%ﬂﬁ]?r%%%% %lgtpl?%g Ia{’l/f)i;/9 1} hﬂl%ec{rmgn%é%/mg%gﬁg%ﬁe%t %hg?lﬁelﬁ

concent r at i orFigwe 2s dltiud,spalymsrizatiory incthe dénentsaof tha presemtriegemtion provides r eact or

from25 to 70..vol % _Ln et anot.her odi.men the concentratjon. of solids
in slurry corfgﬁﬁ{gﬁaml%ﬂer%/ nc?#@b%‘hlm g%‘ﬂ&é‘é{ﬁ%pswsb%‘@gh 38°d7gea\'}ol % In
yet anot her erdpef, Meddiced: Reackd 264Mi44 038H3GerR6 (POROHALAD 1hid/ob Aihe
concentration of solids in slurry concentration is present in the reactor
from40 to 7RenvEsmenpe of subsequent reactions to be run directly on'the resulting polymer

mixture.

[00183] The reacted monomers within the reactor form part of a slurry. In
one embodiment, the concentration of the solids in th‘e 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 slurry 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



[00184] Typically, a continuous flow stirred tank-type reactor may be used.
The reactor is generally fitted with an efficient agitation neans, such as a
turbo- mxer or inpeller(s), an external cooling jacket and/or internal

cool i ng t uURRS20090864e" COils, or other neans of rennvingPEQngﬁg@wQ%

pol ynerization to maintain the desired reaction tenperature, 1 nlet nmeans
(such as inlet pipes) for nononers, du uents and catal ysts (conbi ned or
separately), tenperature sensing neans? and an effluent overflow or outfl ow
pi pe which w thdraws pol yner, diluent and unreacted nononmers anong ot her

182" 12 S 8 e P Sl ISR T IS A L2, 200

and operati ol vpiOR185] The reactors are preferably designed to deliver good
m xi ng of the catalyst and nononers within the reactor, good turbul ence
across or within the heat transfer tubes or coils, and enough fluid flow
throughout t fgy184acCt | OTyNQUYPcontiBué ot KXRE UM RhUIEhaP6ELITY! at i on or
separation frmg’m f‘he di I'uent y’ [ 00186] O her regcgg?% t hat n%f; %e utilized in
t he practi ceTb¢ reapfer jsrasnemlly fitted) @ith aprefficient ugiationymenss b apadirbpeact ors and

equi val ent s reof. ) e, of fornmn ' | yrr focess, such
ag di scl osed%er@?ﬁgﬁ%%’, %Sﬁe&%{efg?ﬂr?gi ﬁ%%? gﬂg%k g%g%%l r%%(ﬂg]lggﬁl@%s The

r eact or pugpaﬁdanedoﬁle,rorcﬁallierbﬁnaﬁi ofi*eenc:cw]pg mumtnﬂp@wmsem]:mtﬁtﬂaanﬁﬁwml - punpi ng
variety. The reactor w contain s i cient anmpynts t he catal yst system
of theypr eseffe ‘Eﬂ‘(ﬁé‘ﬁf?"&'ﬁnéﬁf@%‘fm‘r‘e & meaps{sycheas ‘H&t PR&E F1°£‘%‘P?r6’nyof t%e
nmononer cont gihkinBCandeQtiysts’ @ambinke Br Sépatatdly)s tirlpefdn@8 senstEDBAns OdndP 0! y Mer
having desired characteristics is produced.” The feed-streamin one

enbodi ment ceémteiiluest gverBowl orrewdlawr pie vlieh rdthdmwsgpelamer, dilvant 8dnt % (based

on the total | |k UENE JAVAS ,
preferably gﬁ‘a%%cgér& Fﬁg%ﬁl% %wpc&;%ngpgﬂa@é’t ﬁ)a% @gm{?ﬁ ol N azgn “teﬁ%iﬂagg)bodi ment .
In yet anot Beaferablipodie neaotor is argédcefiais budemnistird.| Ooe skilled id therartSwillt % t o 50

wt % WO 2004/ 058836 PCTI USZO%E/@%O%G. 65 nononer concentrati on based on the
total wei ght "GPENBHERRT 2556 Opgrgon.

[00185) 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.

[00186] 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 wi%
(based on the total weight of the monomers, diluent, and catalyst system),
preferably greater than 15 wt%, greater than 30 wt% in another embodiment. In
yet another embodiment, the feed-stream will contain from 5 wi% to 50 wt%



catal yst system (001871 In sone enbodinents, the feed-streamis
substantially free from silica cation producing species. By substantially
free of silica cation producing species, it is meant that there is no nore
t han 0. 000oMo¥a/aeRrd on the total weight of the rmnorrg&fmﬁi(mg,p@ﬁ% Si I | ca
cation producing species in the feed stream Typical exanples of sili

cation produci ng species are hal o-alkyl silica conpounds having the fornula
R RRR3Si X or RIR2Si X2, etc., wherein "® is an al kyl and "X" is a hal ogen.
The reaction conditions will be such that desirable tenperature, pressure
and residence tine are fﬂ[.ec iv%t I nt.ai nﬁb{ freaction mediumin the

l'i quid st at PSAEE 9P d8% (!Ptf)lorvﬁ Ot TIRRCHS Tt feuegb s#%ed
characteri st¢myst§'mnﬂononer f eed- st reamis typically substantially free of
any inpurity which is adversely reactive with the catalyst under the

pol yneri zation conditions. For exanple, In sone enbodi nents, the nononer
feed preferag shoul Hﬂ’?}*’ austic),

sul fur-cont apmlsn coé%ggﬁa?ﬁ%% gsglﬂlﬁeygga%a?; @%ﬁ%@%ﬁcﬁnﬁ%g%t ans, e.g.,
met hyl mer caphmatm%ptgdbcmg rspegisanBy swlistantglbniresool silicd cﬁglobqse@gcmgxygen

b l. d feed b
Cess pure. CoRrEun b Mo RO S a8 due L6507 PRHS BRI Bitontent
mor e pref er atkighthof ﬂieemSndxﬂ@m oFQhesendilica ttidh Iirbtaiauﬁ%ﬁecﬂeﬁl irikd ggeded

enbodi ments the i [ re present at |ess than 00, ppm. (by wei ght),
preferably | ¥tam Hﬁfp"ﬁg) ogrsglfcg,cg%qnyprpgu;gngtquﬁeszgr@ hﬂg’p?#(yl pillfRer abl y | ess

than 150 ppnyonicahdd Biing th@m&ﬂmﬂz ?slmoapa,th&%é%m%hbfeu{l%nﬁ'alny the case,

reaction tine, tenperature, concen he nature of the reactants, and

simlar factdkd andt'ef"nis rchalogsriy, Ehe mapmwmﬂltwm%i“glhtbs Suqihéhapdbt‘l}lrabkl zation
reaction tenpg, ?faﬂﬁ? r{%s&@”&ﬁﬁ%ﬁ@%ﬂc}! tﬁfe' te Ras dmal‘ﬁ&:ﬁ t&f% %g&gr pol yrrer

nol ecul ar wel g e nononer to be polynerizZe andard
process vari mladhaman thedizpitbsvate ambfmsprd«hrcathecﬂtsnedq:ogymcrs hiving theelegirdat ur e

control, etc. tenperature for_t rrerl n|s | ess than 0C,
pref erabl y b@:t%@ﬁ‘s"-“‘fo té?n’ﬁ"’?‘?%erfff:@gﬁt}"ﬁﬁ’ %&Yﬂf Ffﬁmﬁﬁué'r P 8ne
enbodi ment,  ingeity Whith-id afverRly fedBiivel Wit AR &h@eﬂys@%ﬂ@&&ﬁ@@blyﬂeﬁzz&tﬁh anot her

enbodi nent ,

-

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.

[00188] 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 cousiderations, 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 to -120°C in another embodiment. In yet another embodiment,



WO 2004/ 058836 PCTI US2003/ 040916 66 the polynerization tenperature is from
-40C to -100C, and from-70C to - 100C in yet another enbodinent. In yet
anot her desirable enbodinment, the tenperature range is from-80C to -100C.
Consequenty¥.aofliokdsss €nt reaction conditions wll produse fsafusdets Of

di fferent nol ecul ar wei ghts. Synthesis of the desired reaction product may
be achi eved, therefore, through noni todg Puls) the course of the reaction by

t he exam nation of sanples taken periodically during the reaction; a

techni que widely enployed in the art. 1[00189] In a preferred enbodi nent,

t he pol yneri E@PB? & [ alyow e6mb poi nt of
the diluent, Ztﬁégggﬂﬁ a{&u{p d?{‘iﬁ 1%&% Qpﬁg%rg@z?h%gﬁn e@feg Re dil uent,
preferably w IU@P(D xﬁ@eab.ﬁmhertémbddhﬂﬁil 017 mlaﬁbﬂﬁf deﬁﬂablechxhhmlhhentpﬂﬁf erably
wi thin 4C above the freezin oi pnt, of the diluent rabl wjthin 2C
above the frd€PPHEVED F%gedqu-qg‘é gqputé’ntloo Tcg’tnéqﬂf"ﬁn&r E"t‘é’ﬁove t he
freezi ng poi Non@itioh$'@illploiideiproduiets &hﬁf&éﬁtm&ﬁwﬁm@fmss symﬁﬁa& oPtheand the
clains thereto when the phrase "wi thin XC above the freezing point of the

diluent” is udssided reagtiom praduet mapeche n@nmd,nﬂwvforph@rwahummtqmzsﬂw C. For
exanple if t i D04 illgai ove the
freezing poi n('%b%r 0§?ﬁemcf ueg%he%fgaﬁlg%@%%%bﬁﬁaﬁgﬁﬁ%%%mgn pr g}s%ure w | |
be from aboverefktion; d éckiifuekiiAdely emphged anthedit.nent (where 0 kPa is a total
vacuum), from7 kPa to 12,000 kPa in another enbodinent, from 100 kPa to
2000 kPa in anot her enbodi nent, from 200 kPa to 1500 kPa in anot her

enbodi ment, 008800 KRA 4 GrekdRd KRBodimhedt)GhE blynSrRatinedHiperatingd fsr om 200
kPa to 1000 k a |9§1 et ano?’her enbodi rreniw;I frgfm 7 kPa to 100 kPa i n anot her

enbodi nent , fViknA6°G phovedhy fresame paintafshadiluent preferably within 32 abayekpa to 60
kP h
oot mont . e BEELETRAG JFH dieh® Refiilly Wil B v D seband foidllt BT |

3,000 kPa to the Oﬁlmck!Peprd:fnrayb't withint H&C aénb@dheréx@zmg o9 13f Weediduaptr of
contacting t h;?re A% thmef"% a:o & e frgeantnagl ﬁ/ 3t 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.

[00190] 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.

[00191] The order of contacting the monomer feed-stream, catalyst,

initiator, and diluent may vary from one embodiment to another.



initiator, and diluent may vary from one enbodi nent to another. WO
2004/ 058836 PCTI US2003/ 040916 67 [00192] In another enbodi ment, the
initiator and Lewis acid are pre- contacted-by m xing together in the

sel ect ed digg'Rosk@k @ prescribed anount of tine rangip@rﬁlgﬁ@@gﬂa second

to 10 hours, and then is injected into the continuous reactor rough a
catal yst nozzle or injection apparatus. In yet another enbodi nent, Lew s
acid and the initiator are added to thé7reactor separately. In another
enbodi nent, the initiator is blended with the feed nononers before
injection to h‘?% eactor. Si r%gl ,, the mynonmer is not contacted wth the
Lewis acid, B01%he Lol angtheye R s dntiptor and; keves acids areopee- ¢ he

monoer'S ent QfnbE by GARLR opkARIAHe IdechR ETRRCITA Yo RHbiNmbAYSRL 0N,  he

initiator and Lewis acid are  allowed to pre-contact by m Xxing together in
t he sel ect ed e gangingafrope PfHr accondgo Kbhamtsn and Olerajigl injbeted imezthag poi nt

t enperat ure : 1) h t h t .t bet ween 0. 01 seconds and
sever al hourg,:m&an ugfe%aé\'tgg{rl]mal_ as%c&%ﬁ@%%&@%ﬁ&?%%%r%%&% | ess than
3 mnutes, preafbodintdny, lestivecd afd thednitiatod areaqided to the redctorisepaeatelyi Mhect i on
into the reactor. [00194] | n_anaother epbodi nen f the invention, the
initiator andmﬂt@ﬁ émgﬁ‘iF%martbe AHF e i E@“&de“’gérfgﬁcfﬁedbwoﬁ?%?rﬁgbef%ﬁet her in
the sel ect ed bt tBS reabBIPBEGHaLICte REIORRP isBibt AbftactdPAth dhe/Réwig! | ¥

bet ween -40C and -98C. [00195] The“overall residence time in the reactor can

vary, dependiasig, opthe Lewss agid canshingdywith the dnitiatoy befors thomoremers eiterthe nononer
concentratior}e fm(-i-_ed I njection rate, production rate, reaction tenperature,
and desired nolecul ar weight, and generally will be between about a few
seconds and five hours, and typically between about 10 and 60 m nutes.

Vari abl es inf I ng residepce ti I ncl ude he , pono apd djluent feed
i nj ection rat'b@ﬁgﬁd th msmﬁﬁw@ﬁf‘&lnww ne1 Wﬁgﬁiﬂﬁ'&‘@ GPyst (Lewis
aci d) to nMONOMBied & pR-déhiakd BEMIMhG loghBer QRE sel&V@chORabmpdiatirk s art for
carbocationi c pol ynmeri zation ‘processés. In one

between -40°C and the freezing point temperature of the 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.

[00194] 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.

[00195] The overall residence time in the reactor can vary, depending upon,
e.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.

[00196] 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 nent of the invention, the nononer to catalyst nole ratios wll
typically be from500 to 10000, and in the range of 2000 to 6500 in another
enbodi ment. WD 2004/ 058836 PCTI US2003/ 040916 68 In yet another desirable
enbodi nent jo of Lewis acid to initiator is fr , or from
0.75 to 8.W?tﬁgﬁ'g\$€égll concentration of the initiator %\E%’ﬁsgﬁoséﬂg'gi{)or IS
typically from5 to 300 ppmor 10 to 250 ppm The concentration of the
initiator in the catalyst feed streami® typically from50 to 3000 ppmin
one enbodi nent. Another way to describe the anmount of initiator in the
reactor is by its amount relative to the polyner. In one enbodi nent, there
i s from 0. 25 Ingepanothas|desirahls embodimentethe satia ef lgwis apid torinitiaor & from12 nol e
pol ymer/ nol e 4 pi.t iyat ' t er ' 94, .The.reactor wll
contain suffi%?é‘?ntla’a‘?r%ﬁh 30'25(%? %e gﬁ@%@ﬁ%ﬁ%ﬁ%o& tP%émB?t SsEht*i nvent i on
to catal yze tiesctqrds yypially &ohoHtod00tphm ord 0an250 prant The cagentiatied oftheeam such
that a sufficjient amount of pol yner havin es] redSrQ characteristics is
produced. The™jtialoy 18 the satalyst ffﬁé SERBR A} Xt#ﬂrﬁi oy S9Q6: BP™ iRYWSer
concentrat i Onergiodfhdik. ARBfherlRayto/ddsERaRk Shodnf 8f IRfiAbr WehORhctSH isbhe
mononers, diluent, and catal yst systen), greater than 25 wt % in anhot her
enbodi ment . | it arequntirebative rto diebpadymenmtin ong embedimest, thesgrisviram 02810 20n fr om 30

G Luent . and EaeapyepegSBRCRltah 28 MAEE0 Bl B0e bt liadly 7T CL ¢

acid) in the aethet enbiodémentai nt ai ned bet ween 10, 000 pounds of pol yner per
pound of catal yst and 300 pounds of polyner per pound of catalyst and
desirably in the range of 4000 pounds of polyner per pound of catalyst to
1000 pounds ofpopery mer e fred@i Al ontaGPdudfidi&it aBbuBRNIrRY LbitilgsttshReiOl ar ratio
of Lewis acid to initiator, [00199] In one enbodi nent, the pol ynerization of
cati oni cal | y ofgbs peiert inypationis saiabypethe polymerzation|of therponemes goritining obut y| ene
and i soprene fog Q" B Y that URPSERiRATRIARES SEVifthersStBRRg TSRk @
reactor having a punp

characteristics is produced. 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 wi% in another
embodiment. In yet another embodiment, the feed-stream will contain from 30
wit% to 50 wi% monomer concentration based on the total weight of monomer,

diluent, and catalyst system.

[00198] 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.

[00199] 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



| npel | er capabl e of up-punping or down-punping is provided. The punp
inmpeller is typically driven by an electric notor with a neasurabl e
anperage. The reactor typically is equipped with parallel vertical reaction

tubes wit containing liquid ethylene. The
vol une, | %Pudl ng tﬁe tubes, is WO 2004/ 058836 PCT/ USZ&@/@%B%%%(% gg greater

than 30 to 50 liters, thus capable of %arge scal e vol une pol yneri zation
reactions. The reactor typically uses T'iquid ethylene to draw the heat of
the polynerization reaction away fromthe formng slurry. The punp i npel |l er

keeps "a co I 0, I unr eact ed
nonomer s thg%%tgﬂ&ta&eﬁ\r,\{é)a% ?‘8% tt%‘g ‘%A"X"e? aégegl%%%iﬁhg&t {}‘?d%ﬁ} cal ly

pol ymer i zabl seactioms.o Ee( Sgactos Wypically 1isso fiquid eetinyiehei E)OﬂllaWﬂﬁnlﬁbht of) tlee pol ar
diluent is ch ed i.nto the reactor, the, feﬁl%fa'St'l[lagam cont agnl ngl?l ess than
0. 0005 wt % of® zﬁﬁ%ﬂ%m&m ey Lom;thefopping Sl The RymR inellen KeEps e of
aromat i mn@%ﬁﬁanﬁﬂ@wcaﬁ ﬂhﬁft dﬁlYe?&,eéHtaljrs‘f stykteﬁ &hmmgfﬁctb@treoﬂoﬁw eact or,

t he catal yst system havi ng ews acid and a initiator present in a mol ar

ratio.of fr omr@gboﬂlpdemog s hifh f@ﬁéﬁ?mcﬁtfothe qatenitadlyd polymedzableof nonomer s
and cat al yst . gl}t?ﬁ t Eieiﬂ tion thus
formng a slﬂ@%{@ﬁ%@%ﬁ/‘%l ?ﬁqgtﬁﬂ%gﬁ 1[)6) gt}ﬁ&? %érlgegﬁmg Fosol ids in

t he slurry hée reacbonthe feedaditeam mﬁtaﬁnnyﬂe@&hmol) 200 oW of(nhﬁbn priodwaditgy, t he

t hus forned | yner sch but.yl. rupber) .is all owe exit the reactor
through an %ﬁ?¥ ‘?%WM@W “%FWOP%WEYSU cataySLiYa™

f eed- stream ghaédms, edtlﬁtoC&Btréd%Hﬁ; the RaGlySIOdySieh! hevirOa LBﬁs%iH éﬂaluﬁils S| urry
pol ymeri zati on. Advant ageously, the present invention gg oves this process

in a number Butigigfpsesentdng molgratip @ﬁfrm@@ tq BB Within the rfhe fedpol yner
accunul ation t?é&g:t ?iﬁméﬁ(%out c}%ﬁr& sgﬁ&ﬂtaré SIRRRGD SHabasRSmofh@t g or s and/ or

i mpel ler(s), or exit port, as measured by pressure
i nconsi st encieasticor thhy dogosng alM@29 0] pb]iymnésllehrtasd:umdrrubbdr)}enheemmltheant pol ymer

N R A R A T
5, and an ungk feradel @Blydier f(Eu@Mas butyl rubber) is allowed to exit the reactor through
an outlet or outflow line while simultaneously allowing the feed-stream charging
to confinue, 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 accumulation on the reactor
walls, heat transfer surfaces, agitatoré and/or impellex(s), and in the outflow line

or exit port, as measured by pressure inconsistencies or "jumps."

[00200] 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.
[00201]} 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



0.5 to 2.5 nole per 100 nole of nononer. This product may be subjected to
subsequent hal ogenation to afford a hal ogenated butyl rubber. [002011 In
anot her enbodi nent this invention relates to: A A polynerization process

conpri si ”Qy{i%b&fﬁ&fs.isdﬁ'g one or nore nDNONErs, one or norERkRMbSHARIES and one
or nore inftiators 1n WD 2004/ 058836 PCTI US2003/ 040916 70 the presence of a

di uent conprising one or more hydrofljorocarbons (I1F Cs): B. The process
of paragraph A, wherein the diluent conprises | to 100 volunme % HFC based
upon the total volume of the diluent; C. The process of Paragraph A or B,

wherein the HFC has a &£l ﬁfésé{ic@ &pn%t afifue®’  m@HsidP" on@t r8YfwreD- The
process of any of paragraphs A, B or C, wherein the polynmer has a diluent
mass upt ake of |ess thapdedfluoroesrbéns (ME€'spr ocess of any of paragraphs A B,
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process of any of “paragr ) wher ei
sel ected fromthe group00etkinE% MFCHasdtygpon detofativoldes of the dilaéoxyl i ¢ aci ds,

water, tertiary alkyl | i des, and m xture t her.eaqf ; The process of any
of paragraphs A 8 C FPE?ceﬁrO%le’r% -q;f@,ﬁ@her%m;n@;gg hé?%d@&ﬁ@&t ed from
the group consisting ofeosdiih 881 oPA6Rat BBEHY! St yrene, al pha- net hyl styrene,
di vi nyl benzene, diisopropenyl benzene, i sobutgl ene, 2-nethyl-I-butene,

3-nethyl - |- butenB, 2- riseipyocess ofcany ofi paragraphsy 4nB or Ktvehireim e, pokyrgerdi net hy ! -
L butadicne, B et PGSRl E PR b dhagne, hevadt s,
et hyl vinyl etherE. i soliteyrosdss\of agy hdrparagraphs A, B, 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,
diisopropenylbenzene, 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, isobuty! 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;

L. 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, I, or J,
wherein the slurry is substantially absent of water;



m xtures thereof; H The process of any of paragraphs A, B, C, D, E, F, or
G where styrenic block copolyners are present in the contacting step; 1.
The process of any of paragraphs A, B, C, D, E, F, G or 14, wherein the

t enper at urgaql |l ower; J. The process any of parags@pis C, D E
F, G H o‘?olz,ﬁﬂ“% ergei n the tenperature is within 10C g{)ove ?ﬁg4®r’16eezi ng
point of the diluent; K The process gof any of paragraphs A B, C D, E, F,
G H I, or J, wherein the slurry is Substantially absent of water; WO
2004/ 058836 PCT/ US2003/ 040916 71 L. The process of any of paragraphs A B,

C, D E F G HL. I éoé*’%‘g“r’ﬁsm g)igggrta%%p%semrétﬂrﬁﬂ & R_gtl’%e& -105C and

-60C, preferably ™ - e pr ny’ "of “"pardgrap C, D, E F,
G H I, J, or L, whewierdin ilkctempoanss isdetpeensd6S°anandni60tGtmefegblat er t han
30 ppm water (based ug@;&'v\ei ght); and N. The product produced by any of
paragraphs A, B, C, D™gE~F, G H I, J, K L, or M |INDUSTRI AL

APPLI CATI ONS [ 00892) TR ﬁsuama@l@ffpﬁﬂg%ahﬁvx@,@@,mpycgﬁ,m?aii gal and

physi cal characteristics that na |gh1_y useful in Wde variety of

applications. The | owhtegindbe procpssrenmmisises &y initatgn geeatendbasudl ppmor t he
| ar gest uses of these wﬁ@%ﬁﬁﬁmﬂgﬁgﬁ#@”er tubes and tire innerliners.
SO ~of I r

These sane properties are a ance in air cushions, pneumatic

springs, air bel Nows, Hegquoddctprodudedyy any of shraphaptec B, C, DaE, E) @3 es. The
thermal stability of thgé{zil\t/' s of the invention nmake themideal for
rubber tire-curing bl dd 2 ﬁ%h tenperature service hoses, and conveyor
belts for hot material handling.

INDUSTRIAL APPLICATIONS

[00202] 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 gases 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.

[00203} 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.

[00204] 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



[ 00203) The pol yners exhi bit high danping and have uni quely broad danping
and shock absorption ranges in both tenperature and frequency. They are
useful in nolded rubber parts and find w de applications in autonobile

suspensi onyBYGRRkmas aut 0 exhaust hangers, and body nourgsyud0349his The
pol ynmers of the instant invention are also useful intire sidewalls and

tread conpounds. In sidewalls, the polynmer characteristics inpart good
ozone resistance, crack cut growh, and appearance. The pol yners of the
invention may al so be bl ended. Properly fornulated bl ends with high diene

rubbers that ibit. phase co-gontinuit i el. Ldewal | s.

ot overrent i pisBES Sad TafiRR einct Kty SR, BHERE o,
wi t hout conpacostplished By WihBe HoRERET RGRthBIORMMI0916 72 abrasi on
resi stance and rolling resistance for high performance tires can be

acconpl i shed by using the polyners of the instant invention. [00205] Bl ends

of the pol ynppses)f th%l&ﬂ&ﬁ;gtstﬂé)ﬂ)m‘ﬁ&ﬂ@ of RS iAPOiBA tith thBRhdphasti@r&idesed for

t ougheni ng of these conpou I gh-density polyethylene and isotactic

pol ypropyl elnie‘eawgi &t tonghepitigl ofethesd compounds. 3¢ligh-denssy H@biej;h)’m:omsi: ene. In
compound ¢ HaPRRE Rivorfent B¢ G RRHET M R U Sft o dF oy loBidepE’ 0" ©

pol ynmers of Inlwertaih applivationsnthe fristaptpslpmen lpasidecfobs Righlycelastit bopapdundi des to
produce ot her industri .applications. (00206] The, pol rs of the instant
i nvention nel %135950%3“3]& E‘ g‘ﬁ@%i% ng equplagnt. s@g‘? RRYTers,ofythe| azi ng

conpounds. TaeHntdhfendb May ABb Bb bRAded WP bl FafidEStol flodudh Ber indhsidiat i ons wi th
butyl, SBR, and natural rubber. In linear “|ow density polyethylene (LLDPE)

bl ends, theyapPHemii®es.cling to stretch-wap filns. They are also widely
enployed in lubricants as dispersants and in potting and electrical cable
filling materials. [00207] In certain applications, the polynmers of the

i nvention neje@0djem dhsopelgméns| of tthec liestdnh gagpmiipn asayveldo bs used rasdi cal

appl i cati Onsadillélsgves?%a\.ﬂks, 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 fo stretch-wrap
films. They are also widely employed in lubricants as dispersants and in potting

and electrical cable filling materials.

[00207] 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.

{00208} The following examples reflect embodiments of the invention and

are by no means intended to be limiting of the scope of the invention.
EXAMPLES

{00209} 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



pharmaceutical stoppers, and the arts for paint rollers. (00208] The
foll ow ng exanpl es refl ect enbodi nents of the invention and are by no neans
intended to be limting of the scope of the invention. EXAMPLES [00209] The
pol ymer i zagyoo0syoseizg Performed glass reaction vessels, pefiRpadedkth @
teflon turbine inpeller on a glass stir shaft driven by an externa
electrically driven-stirrer. The S|ze.gnd design of the glass vessels is
noted for each set of exanples. The head of the reactor included ports for
the stir shaft, thernocouple and addition of initiator/coinitiator

sol ut i ons. T&%la%a%@aesﬁ@érm&qgﬁga&éﬁms i HRAARe %%@&ﬁa%]ga%w' ed to

the desired reaction tenmperature Isted i n rsing the
assenbl ed r easstmbled meactar pmntaapentme D1s ddvbiocane H:mlthnlﬂhetdrg bbxy bhhe. The

tenperature of the stlr rocarb ath was controlled_t

apparat us i nTPgEEE (ﬁfn réﬁ? %P’é J¥es nguig éh&reed%it 120C and
cooled in a Iﬁﬁﬁ mg% ery H

ExxonMbbi | ) @ﬁgﬁne?ﬂy ?OI’I %?]e{h c 8uértlég V\/le%e;e%gﬂ éiv?d‘pasm ng the gas
t hrough thr e‘moﬁdauml esmtregeaelamphnmsbafmt aseni nipobutylenen @Adthsomnat wer e
condensed Cc u j.nthe d box. ternatiyvely, rret hyl
chl ori de vvas F’S’h’bﬁg %3?@1 @ﬁf’ g 8&&1’?%5‘8’6{;%"’ ‘ﬁ?ﬁqﬁl@’ Rasging dhe g5\ m

contai ni ng smlrd ﬂﬂ@ést&ﬁﬁssﬁéﬁl@ﬁﬂinﬁictﬁit@ﬁﬁ?barﬁﬁﬁ bmﬂa&ﬁwab%om&dcondensed
and collected as_liquids in the dry box soprene (Al drich) was dried over

cal ci um hydrﬁ@éoﬂﬁﬁe@%{lﬂmﬁ%@ tb%é’é’rbﬂxAriﬂéﬁmﬂtwﬂlvbmwggglp@dfewWéﬂd, ch) was
dri ed ¥ .
(2 ol or o2, B PRl LOPURIGN Mabibse S0 colinhy YARMNL ST bel and

2,4, 4-tri rretimylep'dmt ﬂﬂ@sJ Batidmatefiald wepd ¢dndesed tand noltfcted@s ligniddinethey| et her .
The TMPC S |s I e us The d h, .99%.puyre) stock
sol ution \/va\évél gquﬁ:n&gkﬁng Jed 0V (féé’%‘&‘ﬁb %Lﬂ'ﬁi ‘g Iuné?fs in dry

MeCl to achi gyge,nz &Me%ymﬁeﬁﬂwaﬁmrwabmwbﬁ calching Hyiddoaddidie@ltedr bons t hat
were coll ected, as cl ear, M%(Q,l orless |i HUI ds at -95C were used %s recei ved.
Hydr of | uor ocYrsh rYacyus ¢ T 1 (2-chioro-2,4,4,-trimethylpentane) was prepared

2,4,4-trimethylpentene-1 and a 2.0 mol/L. solution of HCI in diethyl ether. The
TMPCI was distilled before use. The HCI (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. .

{00210] The shury 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 stiring speed to within 5 rpm. The initiator/coinitiator solutions were
prepared either in the hydrofluorocarbon or, for convenience of small-scale
experiments, in a small volume of methyl chloride. The initiator/coinitiator

solutions were prepared by dissolving the initiator into the diluent (specified in



remai ned cl oudy or had visible insoluble precipitates at -95C were distilled
before use. Propane (Al drich), used as received, was condensed and used as a
liquid. Alkylalum numdichlorides (A drich) were used as hydrocarbon

sol uti ons. wo'ig | uti ons were either purchased or pr t he neat
al kyl al um num ﬁ?gﬁ:{laori de. [00210] The slurry copol ynerlsggéjlg%g;f&m@ﬁg
performed by dissolving nononer and c%m)no'mer into the |iquefied

hydr of | uorocar bon at polynerization tenperature and stirred at a
pre-determ ned stirring speed between 800 to 1000 rpm The use of a

processor controld gd el ectric stirrin tor.allo ontrol o t he
stirring spe¥d t%tJ ©t ﬁ’faﬁnéesbp?ﬂ% ﬂ%@“&%é@ﬁ%oﬁ Wi@t%ﬁu@f}l ?J{ Mns wer e
prepared ei t fikylaluminuae halidl, oThe efitsterdviiitiae: sdloton. oay asidenasedatelsnal | - scal e

experinments, _jn a snmal] volume of nethyl .chloride. The initiator/coinitiator
sol utions wefBe IEF@BET;@@‘WTGP%B’F van éropmqeit‘aﬁﬁrmlyme@zew Wingdent

(specified ipy: 8836 1 LJS 091 %?f}# npl es) and
addi ng, wit h&}lnﬁgal %gl?éla 1.0 %fﬂsg(ggu#i %ﬁﬁ%&?,hg ﬁ<S;"1ll{e%§dl a l%mf%h"l}lg\ ?%fei The

i ni tiator/ coexamplest wpings theus0® mivglassursedtionnyesstlsat SVhen aTdeeond or third
initiator/coinitiator.sol yti.on was_a dr gpbw t0 the | yreri zat i on
using a chi fnlln%agorgf’%%a% aé@%‘ﬁ?“ pIF p@?&gg‘grﬂ tf:%aﬁmaql?sy,w% 'j'%geék{é?g%f dr oppi ng
funnel for picpirpiices andi adgitidie 0504 setond! as Sthiré abdtélorofv Geshéy sprepdhdn a second
or third initiator/¢oinitiator, addition.is zgﬁcified i.n the exanples, we
refer to theMAHFamMaISUrAidartRL M Yplume e otpacatratigns @ BatM of freshly
prepared i npithiat Prd ARisiAhE beAh@br SO titder pHBEES £ the @taié%ﬂfﬁﬁin@r}das
concentrations to the'first batch. The physical behavior of the rubber
particl es andetenminesk ait e ehdfofuthe radditian of ceete catalysidbateh biicstappingodnd: he

addi tion of . | re: iﬁzﬂ he,stir shaft and
probi ng the gﬁ%@%@%{%ﬂﬁgﬁwﬁﬁggat u%g%&iafﬁl:ﬂ% vvalé g‘é‘g’é{ﬁ agai n and
the reacti onwgsibepnhagainiahd thehreactindiquemhed ith tbasdeiitidrhafigrddé than W00l i ters of
gg;cgpf Ld togpn\é%{) Iﬁ’gp‘.’ ?nes;heagglr.t egon%%rs},c\ﬁll gh}epgxetécf ea'sthgifgh% r11Jeercenq0cr>]fo rﬂr%r S

monomers converted to polymer.

()

{00211} 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. ‘

[00212] 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.




1002111 Pol ynmer nol ecul ar wei ghts were determ ned by SEC (Size Exclusion
Chr omat ogr aphy) using a Waters Alliance 2690 separati ons nodul e equi pped
with colum heaters and a Waters 410 differential refractoneter detector.
Tet r ahydr o/ 840883 Used as eluent (I m/mn., 350 wit ShbsiRbors VAt ers
Styragel HR 5 col ums of 500, 1000, 2000, 104, 105 and ﬁ%@g\ pore sfze.

cal i brati on based on narrow nol ecul ar I ght pol yi sobutyl ene standards
(Ameri can Pol yner Standards) was used to cal cul ate nol ecul ar wei ghts and
di stributions. [002121 Pol yner nol ecul ar wei ghts can be determ ned on ot her
SEC instrune si ng @&l t ﬁ%@"% | OR8N QefeltRingl OLIRC O g NpRE

nmet hodol gy of ﬂ}g?gi (al s(ggrégr@vfe%gs ' ortfbtélel nger rrgg.d?%l%&ch oma?ogr aphy) to
characterize gmetiyometry. noINMRB| ancasmiegients Mass bebdainedevitewe dield steen:

gth
publications. One such .s I s r eyl rovided by L.H. Tung in
Pol yner Year bté%;g,qug‘&néto Eblé §§{7a?fd5 oh'ﬁﬁz ﬁ?@ﬁ(ﬂgi%‘?&m%‘? ?eci)-@f"a\ﬂ%rﬂo‘%c adeni c
Publ i shers, Newp¥etle chO84Brikgs. Aviacd QMR Bpdchiometen CY6teay akiag OpPCLef er ence.
WO 2004/ 058836 PCTI US2003/ 040916 75 | 00%2 Compnormer i ncarporation was
det er mi ned bySolyiogn/pl the palymersnefl ghemicnt shifts ssreseisnenceds BMSpt aj ned at a
field strength corresponding to 400 MHz or 500 MHz. 'H NWVR spectra were
recorded at room tenperature on a Bruker Avance NMR spectr%meter system
using CDC13 [9R1#]i ons Totadt kequendey distributiohy wdre ndtsined Hrdm s “WeMNMRef er enced

to TVMs. [00214] Triad uepce di-stributi r i pe C NWR
spectronetry S?Ftﬁ%meg“\}}?‘%aang%ﬂﬂdg&i)bg’&?%ﬁ% Teh aaifehg%%g&dgfsﬁjen of 125.7
Mz and a teagihaietiprafire FIC50°E0| \WlRyméasamme Were dibsaiseal vae Cpcy CDC13
(containing 1.5% w./v. of chromium (111) acetylacetonate as a rel axation

agent) at a Comewg hoYom/si %ch@@“m@%)bacqtﬁbcqﬁ?@éc AR TRl aNalion ageeBlys wer e
collected wth, &né%gﬁﬂé&@f 6309 W% 00 1le Egg%ﬁﬁ“é’@fg%’g%?ﬁ%g%a econd

acquisition tine. data set consisted o , 007 Hz and
30, 000 scans/ aBahpulsn B seddd recycle delay and a 2.133 second acquisition time. Each
data set consisted of a sweep width of 30,007 Hz and 30,000 scans/transients. All

chemical shifts were referenced to tetramethylsilane.

[00215]) Data processing was performed with the NutsPro NMR Utility
Transform Sofiware from Acorn NMR, Inc. (Livermore, CA). The carbon-13 free
induction decays were Fourier transformed with 65K points and 1 Hz line
broadening, and the resulting spectra were phased and baseline corrected. The
areas of the olefinic resonances were measured by peak deconvolution, rather than
manual integration, in order to optimize measurement accuracy. A peak profile of
85% Lorentzian and 15% Gaussian character was assumed for the calculation.

Linewidth, height, and position were varied to obtain the fit.

[00216] The isoprene triad resonances were assigned according to
information reported by C. Corno, A. Proni, A. Priola, and S. Cesca in
Macromolecules 1980, 13, 1092 and J. L. White, T, D. Shaffer, C. J. Ruff, and J.
P. Cross in Macromolecules 1995, 28, 3290, both herein incorporated by
reference. For each triad structure, a quaternary carbon and a tertiary carbon
resonance was observed. The BII (B = isobutylene, I = isoprene) olefin triad
fractions were calculated for each type of carbon, quaternary and tertiary. For
example, the BII value for tertiary carbons was calculated by dividing the average



chem cal shifts were referenced to tetramethylsilane. [002151 Data
processing was performed with the NutsPro NVR Utility Transform Software
from Acorn NVR, Inc. (Livernore, CA). The carbon-13 free induction decays
were Fouri g JbRsdser med with 65K points and 1 Hz Iine pbrpedeiisds and the
resulting spectra were phased and basel i ne corrected. Tﬂe ar eas o? t he

ol efinic resonances were neasured by peak deconvol ution, rather than nanual
integration, in order to optimze neasdfenent accuracy. A peak profile of
85% Lorent zi an and 15% Gaussi an character was assunmed for the cal cul ation.

Li new dt h, height, and positiqn were varied to obtain the fit, [002161 The
i soprene tri &é%%@gﬁ%E@Wénfﬁgéfﬂﬁe‘ge @mﬁmﬁaﬁ inteeral prhe 80+ eport ed
by C. Cono, K Wertiafy inklol IS esRa g\/?jyggg{i U 980, 13,
1092 and J. éfal\?v" te, aﬁ’mgégk%%%‘r%%%l J. Rgﬂﬁa%n J. P%Crh%?sﬂi n

Macr onol ecul duad fregtionomust3zoal, thp J1H, tiegr Faotionn cOnqsoBHttriad actionsfwarence. For

s obser ved. SuHRt; for BT e RSP B'oRuiil) Mk AP ot oo

fracti ons weraeragédandaised fdrajompaddontwifhethe amoantdrisopuetrtirtarporytedido t erti ary.
For example, the BIl value for, tectjary,caybons s cal cul ated_ by dividing
the average s 5 @§88é6pbﬁf6g°2%ggﬂéml xpregsed rasi 4, geigpntageapk plhr y car bon
integral and jtdpen@Bcbiiérkd 2fivds ad.20M0d Nt e\l akraltion) NeerSild Mmoo ?:Jobreh@e tertiary
integrals for BIB, BIl, IIB and Ill triads. By definition, the BIl triad
fraction rrustln@mﬂedhléothlﬂOpqlYla@W%maied@d@%ecrmetlbﬂOWad fracti ons were
cal cul ated for each carbon type, tertiary and quaternary, these values were
averaged and used for conparison with the anount of isoprene incorporated
into the cofo03iTer. AFpt the pafposdsef Blis invertion] tha rélationskip betiveas the BI&r cent age

of all isoprene.center triads e.g.. 100 L1 fraction ers | %
i sopr eneI i géﬂ?%ﬁ?%?&&"?ﬂledm{’l%m%%ﬁ‘% Wﬁ‘ﬁ?oréfﬁ "Z:t?é[%ﬁ“é’éflo T ilss‘{eﬁ‘iﬁ’&&iobed
bel ow. [0021Hy ey copslymen ce diduifhioh N¥QAtibO NdeséiRed! BElaki anshkp bet ween

the BU triad fraction and the nol % i soprene incorporated into the copol yner
i s descri bed characterized by the copolymer sequence distribution parameter, m.

Fepn=m A /(1 + mA)?
where: m is the copolymer sequence distribution parameter,
A is the molar ratio of isoprene to isobutylene in the copolymer,
[fP)/[1B] and,
Fgy is the BII triad fraction in the copolymer.

[00218] The best fit of this equation yields the value of m for

- copolymerization of isobutylene and isoprene in each diluent.

[00219] The data obtained by *C NMR spectrometry was fit by iterative
solution to the copolymer sequence distribution equation to obtain a best fit. The
best fit of this equation yields the sequence distribution parameter, m, for

copolymerization of isobutylene and isoprene in each diluent.

[00220] 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



by the copol ymer sequence distribution equation described below and is
characterized by the copol yner sequence distribution paraneter, in.
FBn=nmA/ (1+mA)2 where: mis the copol yner sequence distribution paraneter, A

is the nol | f isoprene to isobutylene in the c a00kd F1/[1B]
and, FSn i"gbtz@g}oggf"otri ad fraction in the copol yner. [%?lgi ‘i"ﬁe E)est fit of
this equation yields the value of in for copolynerization of isobutylene
and i soprene in each diluent. [00219] The data obtained by 13C NMR

spectronmetry was fit by iterative solution to the copolynmer sequence
di stribution equation to _obtain a best fit. The best fit of this equation

yi el ds t he s&bavasterization of pelymetsiis FhrRnreheldorfiin Rolymer: ¥easbgoker HzGt i on of

i sobut yl ene ' r ' ' t : ' f net hods
have been us%ﬁg‘% 0 cEh%gg?%??ggagtgwg%caé%%?%k%léhteysgﬁe%%‘orgba#gﬁce

di st ri but i on pgn 269267, \hemirsincddponatedtby refaresee. net hods may be applicable to the
polynmers of this invention. A general reference which reviews the
application of NVR spectronetry to the WO 2004/ 058836 PCTI US2003/ 040916 77
characteri zajemp1pf porase! JisisIhdtesils dfpblyhRtigaions condielel eLo0¥Ba9P00K, H. -G
Elias and R A, Petbrick, Eds., Harwood Academ c Publishers, New York, 1984,
pgs. 249- 257 “Crirkydraflyasecsrinss andmethy] ¢hiaridedHCl) (Bopmnle 1 Dasdropang st s t he

and mothyl  CRPAPEFDERIRAR A o fleniiahrcsitiente il (UEKR g0 PO7 20N

conpari son. Axdfflesy TNPGEE @-¢hilovo-2, g 4-timéthylbémbansh was ageld fhopntibigialer iexanpl es.

TMPCl (2-chlgro-2,4,4-trinmethyl pentane) was used as an initiator in these
exanpl es. TaffeEe ¥ ¥p. Yield Conversion. Mv Mul %
, Temp. Yield | Conmversion] M, : Mol%
‘Examllanle °C) | Dilment | (g). ':».‘(iv't._%) x10° | M,,,IM »
1° | -95 | CH;F 0.80 21.1 225 2.4 1.2
254 93 CH,F, 3.28 83 305 3.1 1.7
3 -90 CH,F, 0.99 24.8 297 34 1.5
4 -95 CHF, 1.88 47.1 390 4.6 22
5° -95 CH;CHF, 1.48 37.3 842 2.5 14
64 -95 CH;CF; 2.89 72.1 327 2.3 2.0
7° ) 95 CH,FCF; | 148 37.3 384 2.5 1.7
8 -95 CHF,CHF, 0.82 41.0 142 23 23
9% -95 CHF.CF; 0.39 293 106 2.8 2.6
10 -90 CH;Cl ¢.58 14.5 397 i3 13
11 -95 Propane 2.37° 59.4 67 2.4 2.0
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



(C Diluent (g .. i (W. %9 x 18 MMM IP 1 n -95 CH3F 0.80 21.1
1.2 2,d -93 CH2F2 3.28 83 305 3.1 1.7 3 -90 CH2F2 0.99 24.8 297
4 -95 CHF3 1.88 47.1 390 4.6 2.2 50 -95 CH3CHF2 1.48 37.3 842 2.5
"o .89 72.1 327 2.3 2.0 7 -95 CH2FCF 84 2.5
B N R T P I ALY S
0 -90 CH3C1 0.58 14.5 397 3.3 1.3, 11 -95 Propane 2.37 59.4 67 2.4
a: Except where noted polynerizations were run with 30 m of diluent, 5.
m of isobutylene and 0.23 m of isoprene (IP), initiator/coinitiator

sol utions were prepay j AAE O | gafys

2004/ 058836 PCTI Ugrg%gw %gﬁ%é%“ %ﬁé'rggﬁll@%ége?%f !I’%PCFI%%%% S%lf%gx\g croliters
of a 1.0 M hexane ofahatityildomirmin dichlhsdeaMDOYmM di chl ori de (MADC). b: Three
initiator/coipitiafor batches. adde t eactor ., c: Two

initiator/coifiti Z’f‘ﬁ?e‘B’ziﬂffﬁégl“ilfggg’a{°ge%éq§e‘{@3§?‘ES’P“*&‘. et hyl al uni num chl ori de
(EADC) used i& pl ap®o iitiddW¥eini®itor Kudhbd £ded thesbattor 10 nl of di | uent [00222]
Pol yrmeri zation in any of the hydrofl uorocarbons resulted in rubber

particles that di ccthdelumims; clerde(FAD A used igplacpaf MARE or or to the stirring
shaft. The parti cl&siohkoaded lb‘?rgtd?ﬁilﬁéhliface of the liquid when stirring

st opped. The particles were hard as evidenced by pressing on themwith a
chilled spatula when tested near reaction tenperature. Polynerization in

met hyl chl ori Rﬁziﬁs ul't Ei%lj}nqlenrzggcl))ne{n any of the hydrofluorocarbons resulted in rubber
particles that did not adhere to the walls of the reactor or to the stirring shaft. The
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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. The particles
were clearly rubbery when probed with a chilled spatula when tested near reaction
temperature. Polymerization in propane resulted in a two-phase liquid-liquid
reaction. The denser phase was clearly rich in polymer where as the lighter phase

was rich in propane.

Examples 12 - 14
100223] 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.



particles that adhered to both the reactor walls and the stirring shaft. The

particles were clearly rubbery when probed with a chilled spatul a when

tested near reaction tenperature. Polynerization in propane resulted in a

t wo- phase hQhssdshélui d reaction. The denser phase waspEhedidaadogéh i n

pol ymer where as the lighter phase was rich in propane. Exanples 12 - 14

1002231 Results for polynerizations cogéiuct ed at -50 to -55 C are given in

Tabl e 2. Exanples 13 and 14 are conparative exanples. A 100 ml glass mni-

resin kettle was used for these exanples. TMPO (2-chloro-2,4,4-

tri met hyl pentane) was used as an iniITi £ in these exanples. WO 2004/ 058836

PCT/ U52003/ 040916 79 Table 2' Tenp. Conversion My, Exanple (O

Diluent (g) (W. % a 103 M/M. M1%P 12 -55 CH2F2 b 1.1 29.0 205 2.2

1.9 13 -50CH3CL1.1-29.Q 52 1 5 1. 1_ 14 -55 Propane" 1.2 30.9 87 2 2 1.8

a: Pol ynerilzati.ong WEPB rjun with Yieldy .‘-‘d’F“"ﬂ?‘f’ﬁez.nt,_,v. »5: W m of| isobutyl ene and

0.23 nl of |iExepplerje (CP),| Diluédtal o(g) Qi gvtti By-on sabtit rMol%priepar ed in
i 1 6. ;

1.3 nil of lwethyllchlori usingtl. icrolitefs—of TIMRCL

mcroliters$ oftza 1. 0-99 hexa#gF2o| utiion of2owet hyl adosmi hum2 dilchliri dp b: Two
I ni ti at or/ ¢e+pitiator—batches—added-t+g9 the—+reatt-or—i the——

pol ymeri zafi on3i n |di #3uorloreBhne Bave rulstier pars2clfes ithat] exhi b ted

stiff-rubbery—phys opertd as—evi-dencedby—pr

spatul a at |reddtiqn t¥nperBbpane’. | M.2orl ar@®nt s |of 87 ou) i 1 wer e Ie&i dpnt on
t he react or—watts—aft—stirrrg—Shaft-—r—econpartson—the—peyrer+zation in
methyl chloride resulted in a viscous coating of polyner on both the

react or wal | a: andPblmerizations were run with 30 ml of diluent, 5.4 ml of isobutylene

ol 'a¥d Lo\ h_2o ||ed
A= Ry S A A= S A B ¥ Do ¢ v 1Tt TcTTo Tt 2NN SANR 4 SANLELT SR A LN L R e~ )

and 0.23 ml of isoprene (IP), initiator/coinitiator solutions were
prepared in 1.3 ml of methyl chloride using 1.6 microliters of TMPCl
and 11.5 microliters of a 1.0 M hexane solution of methylaluminum
dichloride

b: Two initiator/coinitiator batches added to the reactor

[00224] The polymerization in difluvoromethane 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 shaft. In comparison, the polymerization in methyl
chloride resulted in a viscous coating' of polymer on both the reactor walls and the
stirring shaft. Very little of the polymer was "suspended" in the diluent medium.
The propane based polymerization experiment did not look appreciably different
than the run at -95°C (Table 1, Example 11). Two phases were apparent in the
reactor. The denser phase was rich in polymer and the lighter phase rich in
propane. The polymer in the presence of the propane diluent was considerably

less viscous than the polymer formed in the methyl chloride run.
Examples 15 - 21

[00225] Table 3 lists the results of polymerizations conducted at -95 °C in
hydrofluorocarbon / methyl chloride blends. A 100 ml glass mini-resin kettle was



stirring shaft. Very little of the polynmer was "suspended” in the diluent
medi um  The propane based pol ynerization experinent did not | ook
appreciably different than the run at -95C (Table 1, Exanple 11). Two
phases wer ycfaaiReds i N the reactor. The denser phase y;?§mgﬁog_},}040§116polyrrer
and the lighter phase rich in propane. The polyner in the presence of the
propane diluent was considerably |essgyiscous than the polyner formed in
the nethyl chloride run. Exanples 15 - 21 [002251 Table 3 lists the results
of polynerizations conducted at -95 Cin hydrofluorocarbon / nethyl

chl ori de bl engsd e apSP -cHI&S1 @ihd andPeRl 36

PCTI US2003/ 0409186%7880 u)dsﬂélgmfor tg}age e(>§<}gr%?'#L By B3

TMPCL( 2- chl origitigtoningheseiexamnpled. pent ane) was used as an initiator in these
exanpl es. Table 3' Conversion M Exanple Diluents Vol %Yield (g) (W.;% X
10'3 M/M Ml %IP 15 CH3Cl/CH2FCF3 95/5 2.97 74.0 234 3.5 1.2 16
CH3Cl / CH2FCF3 90/ 10 1.90 47.0 600 2. Table®* 17 CH3Cl/ CHZFCF3 85/ 15 2.58 64.0
435 2.5 1.3 18 CH3CUCH2FCF3 85/15 1.83 46.0 570 2.5 1.7 19 CH3Cl/ CH2FCF3
80/20 1.85 46.6 285 2.7 1.5 20 CH3CI/CH2F2 80/20 3.22 80.0 312 3.2 1.9 21

CH3CUCH3CF3 807207283 70.06 17y 2.7 - 2@ g},ﬁemon.
pol yneri zati gns weie run with 3 m lof; di | dyent #omy of |sd)butnyl empe and
Bl NN { Molshap,

0.23 m of i ﬂ,%’fﬁ”&lf'ﬁ (| Pluents,; ¢ é’tf’b?“/ C%FHI@I a%“ A’)solxul( red in
gi‘ 6aml. gf Mrrﬁ':»rzl e <0&%Fﬂ§ﬁﬂ%g eﬁfﬁfll al % num a?%hl )r%&) ?gﬁbé]s- glrzn cjotiters
met hyl al um nym g el o 08 PO PootoCl 1567 139,20 ST MM 8T 16
17 CH,CVCH,FCF; | 85/15 2.58 64.0 435 2.5 1.3
18 CH,;CV/CH,FCF,; | 85/15 1.83 46.0 570 25 1.7
19 CH,CI/CH,FCF; | 80/20 1.85 46.6 285 2.7 1.5
20 CH;Cl/CH,F, 80/20 322 80.0 312 32 1.9
21 CH,CYCH;CF; | 30/20 2.83 70.6 179 2.7 22
a: Except where noted polymerizations were run with 30 mi of diluent, 5.4

ml of isobutylene and 0.23 mi of isoprene (IP), initiator/coinitiator
solutions were prepared in 2.6 ml of methyl chloride using 3.2 microliters
of TMPCl and 23.0 microliters of a 1.0 M hexane solution of
ethylaluminum dichloride (EADC)

b:  methylaluminum dichloride (MADC) used instead of ethylaluminum
dichloride (EADC)

Examples 22 - 25

[00226] Results for polymerizations conducted at -55 °C are given in Table
4. Two baiches of initiator/coinitiator solutions were used for each example. A
100 m] glass mini-resin kettle was used for these examples. TMPCI (2-chloro-

24,4-trimethylpentane) was used as an initiator in these examples.



di chl ori de (EADC) Exanples 22 - 25 [00226) Results for polynerizations
conducted at -55 C are given in Table 4. Two batches of
initiator/coinitiator solutions were used for each exanple. A 100 m gl ass
m ni -resi nwks doSssy@s used for these exanples. TMPC ( Z@ifRbdn4oo1s

2,4, 4-trine pentane) was used as an initiator in these exanples.

2004/ 058836 PCTI US2003/ 040916 81 Tab:vg 4a Conversion M Exanple Diluents
Vol % Yield (g0 (W. %9 X103 M,/ W P 22 CH3CI/CH2FCF3 90/ 10. 2.35
61.7 84 1.7 2.2 23 CH3CVCH2FCF3 85/15 2.96 77.7 77 2.2 2.2 24 C¥l/ CH2FCF3
80/20 2.37 62.2 82 1.9 2.0 1 25 CH3 PECF3 75/ 25 2.38 62.5 88 2.0 2.2 a:
Pol ynmeri zations were run with 30 nil  diluent, 5.4 nl of i sobutyl ene and
0.23 m of isoprene (IP), initiator/coinitiator solutions were prepared in
1.3 nm of npthyl chloride using 1 6 mcroliters of TVMPCL and 11
mcroliters lof a .0 Mhexaife sofuti:on|overgoRY | Mkum num ¢i chl or | de (MADC).
Exanpl e 26 [ 0dwplel A Pldener i ¥akh VeldqD | QWAL P 107 1 Mmrntamlmﬁ num
dichloride at-=95Cl The initilatorfcéainrtiator splutidn siprepared by
dissolving p. 23 rﬁcmoi/d:ﬂﬁcsgﬁ of/i@hhyss olis @it hahoka i mt q_~2. 6@ mpoof!liquid
1,1,1, 2- tetfafluctoethane =35 Tothis.solutioniwas added 23
mcroliters bf 23 1(1}13CUI®]H{FCF§ @b/ | onoef | ettt al priypun di.zhlforgde | n pent ane.
Thi s sol uti op—was—sti+r+red » 10 m%ﬁ% A—sepond -golutign-was-prepared in
the sanme way] Ta e cusnjmﬂ 8020 B. 23 croédzerfk &f 1.9 2.0

2- chl or 0- 2, 4-4—t+itethyl-pent-gre—whs—addpd—w-th—|stirti-rg—and—coskpd - 95C.
Bot h sol utiofps Z\EBFE}BGM@H;FEFQ[}M 238t he 6%l yheBs zqh |23fn ol agioh with a
chill ed pi pette——AL060——glassmpr—testa—kettte

a: Polymerizations were run with 30 m! of diluent, 5.4 m! 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).

Example 26

{00227} A polymerization was conducted with methoxyaluminum
dichloride at -95°C. The initiator/coinitiator solution was prepared by dissolving
0.93 microliters of anhydrous methanol into 2.6 ml of liquid 1,1,1,2-
tetrafluorcethane at -35°C. To this solution was added 23 microliters of a 1.0
mol/L solution of ethylaluminum dichloride in pentane. This solution was stirred
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
stirting 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,



was used for this exanple.

Exanple Diluent Yield (g) Conversion W:
CH2FCF3 2.61 65 248 2.6 2.6 Exanple 27 [00228] Table 6 lists the results of

a pol ynmeri aj s0gslossgygduct ed at -95C conducted in an 85/ LarkN¥iofdndgbgnd of

1,1,1,2-tetrafl uoroet hane and 1, 1- difl uoroet hane.
, 5.4 m of
initiator/coinitiator solution prepared in 2.6 m nethyl

m of dil uent

i sobut yl ene,

WD 2004/ 058836 PCT/ US2003/ 040916 82 Table 5

%W M x 10 M./ MMI%IP 26

.26 nml of

This run was nade with 30
i soprene and used a
chl oride using 3.2

mcroliters of TMPCL and 32.0 mcroliters of a 1.0 M hexane sol uti on of
resin kettle was used

met hyl al um num di chl oride (MADC). A 140pj

for this exanple.

lists the r
hydr of | uor oqg

Table 6 Conversion
MVM MIl%lip 27 0.28 7 77_2 2._8 1.8 Exanples 28 - 31 [00229] Table 7

gl ass m ni -

anple Yield (g) (W.

usi ng p- netH
kettle was Us

af--poly RS- y - 95C i1
B, DL RO o ot 7t 5 et D | e e A% T,
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PCTI US2003/ 040916 . 83 Table 72 Conversion MV Exanple Diluent Yield (Qg)

(W. % X 10'

Exammle %7

[00228)

1% pMVS

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 ml of isoprene and used a initiator/coinitiator solution 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 ml glass mini-

resin kettle was used for this example.

Table 6
- o Conversion M, . . ,
Example | Vield(g)| (Wt.%) | X10° | MM, | Mol% IP
27 028 7 772 2.8 1.8

Examples 28 - 31

(00229]

Table 7 lists the resuits of polymerizations that were conducted at -

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. TMPCl (Z-Chloro-2,4,4-h'imethy1pentane) was

used as an initiator in these examples.



28 CH2FCF3 1.37 33 322 3.2 2.1 29 CH3ClI/CH2FCF3 0.96 23 762 4.2 2.2 80/20
VN Sob 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
i sobutyl e m of p-methylstyrene, initiator/c | sol utions
wer e prepgﬁgﬁﬂ?ﬂggég m of methyl chloride using 3.2 n1@¢ﬂ?%@g%g&”6f TMPCL
and 23.0 mcroliters of a 1.0 M hexane solution of ethylal um numdichloride
(EADC). b: 32.0 microliters of a 1.0 M8Aexane sol ution of ethylal um num
dichloride was used instead of the amount noted in (a) above. c: 1.6
mcroliters of 2-chloro-2-nethyl propane used in place of the TMPClI used in
(a). [00230] Polynerization in any offable7"di | uents .of Table 7 resulted in
rubber particles that did not adhere to the walls of the reactor or to the
stirring shaft. The particles floated to the surface of the |iquid when
stirring stlopped.| Wen: tested‘ near. Khewwﬁattlommleﬂberatura; the particles

hard ds_ evi V ol g i ¢ clhi frs | Exanml
were hard agsmhcrcinb P 1SRO8 PO AT fue P e ¢ ﬁfﬁf” Bare
conduct ed gt ng 95C |(|9ﬂli%gr of lu ugrpca rbon§3 and rregft%l chlﬂi d %rnl‘l co rpari son.

Exanpl es 36__and |37 are cbnpar atlve| exanpl es. hr ele- neck 300 ljass
react or was u§§ed fCHLRCI/CHAEE, ¢ x | eb. 8%(” t{o Z@fh poltyfre zatjf , 1300 m
520
ed

of mononer |f eed WO B0B8MIBS836 / /04091 4 conf ai hi ng"10 Wt % of
nonomer s wer ewshqr ge@le[F@i;o thefc%[i I actqr. jdfe | inj4iator/coiniftiator
[ [

nol ar ratiQ_was_dontro ahd the concentratj on wasyset” at |0.1 wt %
EADC in MGl.31%hq i ngfijpaQr / ¢oinjgt i pt or ygol utli opsgras| adged Hropvg se

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 TMPCl and 23.0 microliters of a 1.0 M hexane solution of
ethylaluminum dichloride (EADC).

b: 32.0 microliters of a 1.0 M hexane solution of ethylaluminum dichloride
was used instead of the amount neted in (a) above.

c: 1.6 microliters of 2-chloro-2-methylpropane used in place of the TMPCI
used in (a).

[00230] Polymerization in any of the diluents of Table 7 resulted in rubber
particles that did not adhere to the walls of the reactor or to the stirring shaft. The
particles floated to the surface of the liquid when stirring stopped. When tested
near the reaction temperature, the particles were hard as evidenced by pressing on
them with a chilled spatula.

Examples 32 - 37

[00231] 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



to the polynerization mxture and the rate of addition is controlled in such
as way so that the reactor tenperature raise did not exceed 40C. The anount
of initiator/coinitiator solution added in each depended on the desired
nononer ' target. Table 8 Conversion M M nt (W.

% 110-3 ?@W‘W " Mol %I F 32 CH2FCF3 65 315 626 2.0 2. 26‘0§§hdaij|6§FCF3 94
213 489 2.3 3.0 34 CH3CHF2 55 414 813 2.0 1.3 35 CH3CHF2 100 197 558 2.8
1.8 36 CH3CI 54 170 628 3.7 2.0 37 Cl 97 135 517 3.8 2.4 a:

Pol ymeri zations were run with an isobutyl ene/isoprene nolar feed ratio of

95/5 [00232] The.exanples,in Table 8 de nstra,t he oductj on f hi gh
nol ecul ar vvei@‘i’?mf: DB V%tﬁ’grm?f?m?és Y ?}E{l‘fffrj T&GOFemi®n CHF2CF3
and CH3CHF2 dinitlae#chinitiatet nidlhraatd was vedirgidd ﬁflliélﬁlthelbdﬂceﬂﬁiﬂbﬂ&ﬁa% séde in
CHF2CF3 and CH3CHF2 were &%l cantly higher than_ polynmers made in McC at

simlar monon#0-EWEeHADG n (Theiipitiptgp/cipitigior seiuion wheadded dmpyyiser sit y

Mv Mh)  of
<(51nd clz)sgr Egﬁttﬁyﬁ%%mt prgga e po?y |I§%te°r@§‘|§?§gﬁ ﬂ%@han%%yngfgmmr

made in MeCl yndek 6l HLdcad; ﬁg@&hﬂ@%@é deP e ekQRE - 4"E0€ THROR,
I ncor poration WO 2004( 05883 CT(US2003( 040916 5 1n the copoly rrers made in

McCl falls beinitstn/cOiiia@r3scdutthn Gidd@HiER .eadth depepdéd) e rthe |desired pmnmmtrl es made
in both CH2FCE3 and %3 F2 appeared to be significantly |ess sticky during
handl i ng t han®PHESPB t slurry particles made in MC under simlar
condi ti ons.

Table 8"

. Conversion | M, [ M, o - '
Example | Dilient [ (Wt.%) | x10° | x10° | MyM, | Mol% IP
32 CH;FCF; 65 315 626 2.0 2.7
33 CH,FCF; 94 213 439 2.3 3.0
34 CH;CHF, 55 414 813 2.0 1.3
35 CH;CHF, 100 197 558 2.3 1.8
36 CH;Cl 54 170 628 3.7 290
37 CH;Cl 97 135 517 3.8 2.4
a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of

95/5
[00232] The examples in Table 8 demonstrate the production of high

molecular weight buty! rubber using an EADC/HCI initiator system in CHF,CF,
and CH3;CHF, diluents. The molecular weight of the butyl polymers made in
CHF,CF; 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 CHzFCFg, 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



Exanpl es 38-44 [00233] Table 9 lists the results of copolynerizations of

i sobutyl ene and p- nethyl styrene that were conducted at -95C in

hydr of | uor ocar bons and nethyl chloride for conparison. Exanples 41 and 42
are corrpar%z\gem% gpples. A three-neck 500 m gl ass repgefpiohaiodiged for
these exanple rior to each polynerization, 300 mM of nononer feed
containing 10 wl of nononers were charged into the chilled reactor. The
initiator/coinitiator molar ratio was °tontrolled at 1/3 and the
concentration was set at 0.1 W% EADC in MeC. The initiator/coinitiator

sol ution was.added dro V\nseto i za Xt,u nd e rate of
addition is & r%‘m" qrs, mage jn %ﬁkgg‘l%ﬁﬁ% bmﬁcge%?@téﬁ:“gg]rﬁpe&g?ure raise
did not exceggl aﬂawmaaﬁmabtbleﬁgrdm@nﬂlcmmz ag\%bayéd hbadded in
each depended on the esired nonagner, conversion target 2004/ 058836

PCT/ US2003/ 04&ig0tisantiplessicky wmschﬁﬁ@l&gs@%ﬂmpomfg‘ﬁwéﬂwhﬁ IRASAEN (W . %) X
10'" x 103 F2CF3 22 91 298 3.3 4.3 39 CHF2CF3 57 89
291 3.3 4. 4W%18¥§%W%§09§§ 4 3.3 4.6 41 CH3CHF2 56 188 1,091 5.8 4.1
42 CH3CHF2 100 169 908 5.4 4.9 43 CH3O 57 97 443 4.6 3.8 44 CH3Cl 69 94
342 3.6 4.0 a; Pofegsgri zations were run with an isobutyl ene/ p-nethyl styrene
nol ar feed /10 [002341 The exanples in Table 9 denonstrate that
using an EADC/HO initiator systemin a CH2FCF3 diluent, the production of

i sobutyl ene-PM5_ _copol yners w th conpar.abl nol ecul ar i ghts to copol yners
pr OdUC)el‘d i n 400233} P )f‘able 9 lists the reSIHg of copoeiymenzahons of l\SA%u lene and p- pory

methylstyrene that were conducted at -95°C in hydrofluorocarbons and methyl

chloride for comparison. Examples 41 and 42 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 wt% 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.



MeCl

di | uent.

exhi bit nmuch hi gher

copol ymer

nol ecul ar wei ghts.
is significantly higher

| sobut yl ene/ p- met hyl styrene copol yners prepared in CH3CHF2
The pMs incorporation in the
in CH2FCF3 than in McCl using the sane

monomner f eqd 2060¢65&s! t1 on under simlar reaction condi tiréf‘/%sﬁobﬂoﬁﬂ@i tion,

the polyner slurry particles in CH FCF3 appears to be signi
sticky in CH2ZFCF3 than in
results of copolynerizations of

McCl. Exanpl

8

i sobut yl ene/ i soprene that were conducted at

vol une)

of CH2FCF3 and CH3CHF2. A th

PCTI US2003/ 040916 87 reactor was us

t hese exanpl es.

Icantly | ess
S 45-47 [00235] Table 10 lists the
i sobut yl'ene/ p- net hyl styrene and

-95C in an 80/20 m xture (by
greeck 500 nil glass WO 2004/ 058836

Prior to each

pol ymeri zation, 300 m of nononer feed containing 10 wt % of nononers were
char ged i nt o—the-chitled react OF— Lheo— ap&%l-c L plar rati o was
control l ed aft 1/ 3 and:the - qorfMEHPPALT o ™iay. sEr at “ih MeCL The
i ni tiator/coi Bxdmplé Or. Diabatt iloqwimy added®driopuddq” j gation
m xture and e—f-at-d—of—additti-on—i-s—lcontrokil-ed—iy [ hat t he
reactor tenperasiire jrédBLFdild na? ex¢eed140¢. 298he
i nitiator/ cof-rrtrat-gr—solutitor—addedH-r—eacH—depended ed
nmononer convier sBdn t|a€PRLCF; Tabl €710 Cons8r sijorzav per (W .
% x10"3 z 1~ —PA- 30987622 —466—pHNE-—76 X 1,048 2.3
476 pMs 100 {34944, 146CBFEFa:| Pol%merilzatMong wede |rud.wi th ad.6
| sobut yl ene/ fsopteng—rotar—feetd—ratto—of—959 5b—Potyreftzat+ons re run
wi th an i sobut ykkne/|pChibitiylist yrséne nol 388 f ded,091 5.8 4.1
42 CH,CHF, 160 169 908 54 49
43 CH,(CI 57 57 443 4.6 3.8
44 CH,Cl1 69 94 342 3.6 4.0
a: Polymerizations were run with an isobutylene/p-methylstyrene molar feed
ratio of 90/10
[00234] The examples in Table S demonstrate that using an EADC/HCI

initiator system in a CH,FCF; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent.
exhibit much higher molecular weights. The pMS incorporation in the copolymer

Isobutylene/p-methylstyrene copolymers preparted in CH3;CHF,

is significantly higher in CH,FCF; than in MeCl using the same monomer feed
composition under similar reaction conditions. In addition, the polymer slurry
particles in CH,FCF; appears to be significantly less sticky in CHyFCF; than in
MeCl.

Examples 45-47

{00235]
methylstyrene and isobutylene/isoprene that were conducted at -95°C in an 80/20
mixture (by volume) of CH,FCF; and CH;CHF;. A three-neck 500 m! glass

Table 10 lists the resuits of copolymerizations of isobutylene/p-



ratio of 90/10 [002361 Table 10 denonstrates the production of high

nol ecul ar wei ght i sobutyl ene-i soprene copol yners and i sobutyl ene-pMs
copolymers using an EADC/HCI initiator systemin a mxture of CH2FCF3 and
CH3CHF2 aswihgos@@zymeri zation diluent. The pol yner sl Updyueabdidsgdigs 1 n the
CHZFCF3/ C3CHF2 m xture denonstrate the sane non-sticki ness appearance as in
a pure CH2FCF3 or CH3CHF2 dil uent described above. WO 2004/ 058836

PCT/ US2003/ 040916 88 Exanpl es 48-11787[ 00237] Exanples 48 - 117 exenplify
copol yneri zation of isobutylene with other conononers. The

copol ynmeri zati qn bgen, run_at .two,t. e nd,. i ou iluents.
[00238] The %@ﬁ@@?\zﬂgﬁ %ﬁrhé%?‘ér%?%gle‘f'i E{‘ﬁ‘gg’. %a%fi‘gj[??’g“s‘ea%“‘-’“’%é’i’v@{%ﬂ obt ai ned
by running sinehénderciepd leyintiningal @ o 6f mosdmdrsivese ekptzabito \Md fhilly €  earth

magnetic stir bars._Mnpqner soQl.utions vvereﬂp{vggared &H the testf tubes at the
a

desired tenpBPdPhr eThev\HFféﬂmi/c_é’“PHEtﬂf igqlargrafs cparlishaphdSbarbike by

conbi ni ng 20codtkntfitioh Was bt 4.6 viAdd KEDE in RITL. WHe ihitigtakLoibiialr stb@e and
enough |iquid conononer to achieve a 3 nol % conobnoner feed. Polynerization
sol uti ons wepes addegndropwise Ity tha pelymdrization hpixivge and theothie ofrpdditiomie and wer e
initiated by the dropw se addition of a stock coinitiator/initiator

sol ution usi peptelledin suehjagivasse theitbe egetoptepperatire Eine\lid sotercsed 4r€ported as
i ght " 1 . 02 T. 11 |i st
theresti 1 oo BapbBr MRMRRRR i Rl g faded b ot Tolende B ARl gel ©, 1 oy BT

chl ori de (asnenomemenedsivetargxanpl es 48, 49, 50, 57, 58, 59, 66, 67, and
68), 1,1,1,2-tetrafl uoroethane or 1, 1-difluoroethane. |sobutylene was
copolynmerized with either p-t-butylstyrene (t-BuS) (0.36 m per run), indene
(Ind) (0.23 m per run) or (3-pinempafikd (0.31 m per run) as indicated in
Table 18. A stock solution of ethylarumnumdichloride (EADC) and hydrogen
chloride (HC)

. ) Conversion | M, | M,

Example | Comonomer (Wt. %) x 107 x10? Mwan
457 Isoprene 87 309 676 22
46° pMS 76 449 1,048 23
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

[00236] Table 10 demonstrates the production of high molecular weight

isobutylene-isoprene copolymers and isobutylene-pMS copolymers using an
EADC/HCI initiator system in a mixture of CH;FCF; and CH3;CHF> as the
polymerization diluent. The polymer slurry particles in the CH,FCF3/C3CHF,

- mixture demonstrate the same non-stickiness appearance as in a pure CH;FCF; or
CH;CHF; diluent described above.




was prepared in nethyl chloride by adding 0.320 ml of a 1.0 nol/L HCl
solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 nol/L
et hyl al um num dichloride solution in hexane to 100 mM of nethyl chloride.

Pol yreri Z%bQﬂﬁO%S@ run by adding, dropwise, 1.5 m ofcfiNaG0sikddtd EADC HO
solution to the stirred nononmer solutions. Polynerizations were term nated

with the addition of 0.2 m of nethanal,. Pol ynerization in any of the
hydr of | uorocarbons resulted in rubber particles that did not adhere to the
wal I's of the reactor or to the stirring bar. The particles floated to the
surface of thgl.i S;g 44-¥f3en stirring stopped. The particles were hard as
evi denced by pressing on themwith a chilled spatula when tested WO
20041058836 PCTI US200 310 40 9 16 89 near reaction tenperature.

Pol yrmeri zat i o.Lhn.met h or, d_in, rubber s t at adhered
to both the r@gg:{]gr val ’@mgl?ad’%ﬁzi %bc@ﬂg’ﬂ nzﬁtboﬁl‘gaﬁ £ = ; Conv. :

Mv . ol % Exeled @mdnbies! The &opilyiBiikatidns hiveBeed hlh vk Mu@@Mturécﬁan@-BCl t-Bus
496 12.8 139 2.5 1.4 49 CH3Cl1't-BuS 384 9.6 130 2.3 2.4 50 CH3ClI t-BuS 485

12.6 112 2.2 nfourdilemtprcr3 t-BuS 345 8.9 128 2.0 2.0 52 CH2FCF3 t-BuS 249
6.4 128 2.0 1.6 53 CH2FCF3 t-BuS 295 7.6 119 1.9 1.9 54 CH3CHF2 t-BuS 325
8.4 297 2.7 1.8 55 CH3CHF2 t-BuS 433 11.2 217 2.6 2.3 56 CH3CHF2 t-BuS 333
8.6 303 2.7 1]08238)7 CH3Xbe Mﬁm&?&ﬁ@n%ﬁ&p&sﬂiﬂe@ in SBab{@s3ClL 4 i wée 4.7 117
%:7,) 1.3 59 %ﬁ%eci B}Cfi r&l?’ncl)ng?’sl‘1 10c?é;pc: ymenza ons 1n S?F('gégelq&gpez \Zv19th60 8 131 2.2

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

m] of the liquid diluent, 5 ml 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.

[00239] 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-difluoroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (-BuS) (0.36 ml per run), indene (Ind)
(0.23 ml per run) or f-pinene (BP) (0.31 ml per run) as indicated in Table 18. 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/I. HC] 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
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



61 CH2FCF3 Ind 1199 31.9 101 2.1 2.4 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 CH3ClL RP 402 10.5 20.7 1.0 8.3 67 CH3Cl
pp 406 10. 7.8 WD 2004/ 058836 PCT/ US2003/ 040 Cl (3P
235 6.2 17 ‘68% @5%% 69 CH2FCF3 RP 644 17.7 29.5 1.4 S‘J‘ff’”s?%@“zg%s OP 833
221 39.7 1.4 8.1 71 CH2FCF3 PP 610 16.2 37.0 1.4 8.5 [00240] Table 12 lists
the results of polynerizations that wef® conducted at -50C either in nethyl

chloride (as a conparati ve,
1,1,1, 2-tetraf |l uor oet hane or
copol yrer i zedeH eaction; tampergure. (Folxpesizationia methy ehloridy @B‘ﬂ?ﬂi inapbhern) or
g&hd®- A stock solution

i ndene

(1 nd)paftidies

defh

exanples 72, 73, 74, 81, 82,

1,1- d|fluoroethane

£dd 16 Bbth tASrehdist wAlHd b sfi

spbuty

and 83),
| ene was

of ethyl al um num r| de EADC) and hydrogen c or| de (HCl) was prepared
in methyl chloride by addi ng 0. 320 m of a 1.0 nol/L HC1 solution in
1,1,1,2- tetrafl uoroethane and 0.960Tabledl a 1.0 nol/L ethyl al um num
dichloride solution in hexane to 100 0 m of met hyl chloride. Polynerizations
were run by faddi ng, dropw sE, : ﬂﬁ 1 hiConei ool% m FHCI s "zﬁl%? to the
stirred nongner * sol Utlons exce t f " ex gnpl es 72, 714, 81, .8 83 and
87. 1In exanﬂ@éﬂ“’i@? 7 Piluenty; ) !?% I 3) |antidR) 2, 319-13 ot €M S0l ut i on
was used. Pgtymerizatiorns——were LEI faradtwrttHe—additromrot—02-m of
met hanol . Pdl yn#§ i zdt i 6HsGln hnyBeS | (48 Hydr B8 uor ocléﬁbdnszﬁesml tled iin
rubber partictes—that—didnot—=adhergtotihewatts tHeTeactor—orjto the
stirring barl. TH: part¢Hi@s | bBeed|t3B4 He s@f ac 01f30t He Bidquid 2-4hen
stirring stgpped—Tre—particres—were nuctnore—stiifff—as—evidenced

50 H;Cl t-BuS 485 12.6 112 2.2 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,FCF; t-BuS 295 7.6 119 1.9 1.9

54 CH,CHF; | t-BuS 325 84 297 2.7 1.8

55 CH;CHF, | t-BuS 433 11.2 217 2.6 23

56 CH3CHF; | t-BuS 333 8.6 303 2.7 1.8

57 CH;Cl Ind 375 9.9 68 2.2 1.2

58 CH;Cl Ind 179 4,7 117 1.7 1.3

59 CH;Cl Ind 130 34 103 23 1.1

60 CHyFCF; Ind 2279 60.8 131 22 23

61 CH,FCF3 Ind 1199 31.9 101 2.1 24

62 CH,FCF; Ind 2299 61.3 116 22 2.0

63 CH;CHF, Ind 323 14.0 141 23 1.8

64 CH,CHF; Ind 243 9.1 138 23 1.8

65 CH;3;CHF, Ind 526 8.6 146 23 1.9

66 CHaCl gP 402, 10.5 20.7 1.0 8.3

67 CH;Cl pP 406 10.6 205 1.1 7.8




pressing on themw th a chilled spatula when tested near reaction
tenperature, than with the nethyl chloride prepared exanples.

Pol ynmeri zation in nethyl chloride resulted in rubber particles that adhered
to both th wal | s and the stirring shaft. WD 2

PCTT US2003) g bl o 12 Yield - _ Conv. % . M/\?Ei/é'grr%@%ﬂﬂ uent CoM
(m(w.% x'104 MWWM CoM 72 CH3Cl t-BuS 1750 45.3 48.4 1.7 2.9 73 CH3C
t-BuS 1917 49.6 58.0 1.9 2.9 74 CH3C “1-BuS 2758 71.4 60.4 2.0 2.9 75
CHZFCF3 t-BuS 500 12.9 35.3 1.4 4.1 76 CHZFCF3 t-BuS 523 13.5 39.2 1.5 4.3

2

77 CH2FCF3 t—BuS-568—14-7+ 39711543 S—CH3CHR2-+-BuS 651 16.-9 68,1 1.7
4.4 79 CH3CHFXS8t - BUSCR,E119. 0 L. 9 236 4.1 680 CHBTWB2 |t - BOS #48.911)4 70. 3
1.7 2.8 81\CH3CL Ihd 704 18 6 4991 4 1 0 82 CH3 C1 lind 645[17 1 B4.1 1.4
1.4 83 CH3CI lgyd SLTCIBFEFE4. 6 @p4 1.644 $4 QHFCF3 bod 424141.B 86 7(1.4 1.7
85 CH2FCF3 lind 464 12 4 37 1.4 2 86 {CHPECER lind 496 13.2 8 115 1.9
87 CH3CHF2 Iind £28 8.aHAQS 1-3?P1--4 $8 CH3GIH2 1 nd3838 (9. P442} 984 511.3
[00241] Tablle 13 lists the rlesults bf pollymerizatijons that werp condiicted at
-95C in a 20 wty% bl eRg pefr, 1l 1-4 | Lggigethang 4 n 1, 374, 2-tgyrar | yor oet hane.

| sobut yl ene jwas_ copol yneri zed th pne off the folllow ng|[conbnofrers of

[00240] ‘ Table 12 lists the results of polymerizations that were conducted at
-50°C either in methyl 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 (HCl) was prepared in
methyl chloride by adding 0.320 ml of a 1.0 mol/L HCIl solution in 1,1,1,2-
tetrafluoroethane and 0.960 ml of a 1.0 mol/L, ethylaluminum dichioride solution
in hexane to 100 ml of methyl chloride. Polymerizations were run by adding,
dropwise, 1.5 ml of this stock EADC/HC] solution to the stiired 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
chloride resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft.



conononer pairs as indicated in Table 13: isoprene (IP) (0.20 m per run),
p- methylstyrene (pM5) (0.26 m per run), p-t-butylstyrene (t-BuS) (0.36 m
per run), indene (Ind) (0.23 m per run), [3-pinene ((3P) (0.31 m per run)
or a 50/ 50‘6,160) 2004/ 058836 PCTI US2003/ 040916 92 M5) of

I soprene ( .1864@%83}5\% p- met hyl styrene (0.13 m ) per ru%@gfgm?#\déﬁ{:lgt ed in
Tabl e 20. A stock solution of ethylalunjnumdichloride (EADC) and hydrogen
chloride (HCl) was prepared in methyl chloride by adding 0.320 Ml of a 1.0
mol /L HCl solution in 1,1,1,2-tetrafl uoroethane and 0.960 m of a 1.0 nol/L
et hyl al um num di chl ori de sol ution, i xape to 100 m of nmethyl chloride.
Pol yneri zati ons were run by addi ng, me, 1.5 mM of this stock EADC/ HCl
solution to the stirred-mononer solutions except for_ex nmples 98 99 100,
101, 102, apd 103:. For e‘xanﬂl es 98, Ypld iy Sopy- 3 OMN of EADY Mel%shi ut i on

was used. FOExQupIP| €pildél |108mnd! 4R 2'(%%): ol ﬁl"/gf"g m? "
0 (0]
1S

used. Pol ymeriizatiohs were tlerm natled-w th ‘t'he ad Hition:

nmet hanol .  Pol rizati hn|a t ydr gffslauor oc ot
yngl (%Iﬂgh th QgB sy dr ofsls O?ﬁﬁ
ti

gsu tg@i

rubber parti¢les tha herje to the walls the reactpr or fo the

N
[
stirring bar] Thg pal 3 f l.gaed &Ignt e sdrgf ace e ot he | hquj dowhen
stirring stopped. The particlles werel hard| as evi denceg by presking on
with a chill¢d spatula tlest n eact49n te ratusg.
Pol yneri zati ¢n ?% e h\ﬁmgﬂl Q ﬁ sgﬁsred ir?lsraubbéargg'grﬁi g  haP hdher ed

ride re cles

to both the feacior nd tr th rdgphnN® shafgd . Ta 13 Ypeld ny{ MWV

Exanpl e CoM nq)cis?vw N%I{[z%g%ic tI\t/[]%".‘ﬁ.sl\/h SrggM 8 aI9tP 1.L4$§'§1. 1 }Ig3 P. 831. D 90

| P 2061 55.91628,.1.8 1HR 2 6|27 .0 2. 92 pMs 6b4,L7.B8 782
oot gl [Lg ) 58277108 0 F %a0F Pl S

3.4 2.8 93 p

t hem

77 CH,FCF; | t-BuS 568 14.7 39.7 1.5 43

78 CH;CHF, | tBuS | 651 16.9 68.1 1.7 44
79 CH;CHF, | t-BuS | 733 19.0 71.9 1.6 4.1
80 CH;CHF,; [ tBuS | 440 114 70.3 1.7 2.8
81 CH;Cl Ind 704 18.6 49.9 1.4 1.0°
82 CH;Cl 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 CHFCF; | Ind 464 12.4 37.9 1.4 2.0

86 CH,FCF; Ind 496 13.2 40.8 1.5 1.9

87 CH;CHF, Ind 328 8.7 40.8 1.5 1.4
88 CH;CHF; Ind 338 9.0 42.9 1.5 1.3
[00241] Table 13 lists the results of polymerizations that were conducted at

-95°C in a 20 wt.% blend of 1,1-difluoroethane in 1,1,1,2-tetrafluoroethane.
Isobutylene was copolymerized with one of the following comonomers or
comonomer pairs as indicated in Table 13: isoprene (IP) (0.20 ml per run), p-
methylstyrene (pMS) (0.26 ml per run), p-t-butylstyrene (t-BuS) (0.36 ml per run),
indene (Ind) (0.23 m! per run), B-pinene (BP) (0.31 ml per run) or a 50/50 mol/mol



94 pM5 795 21.0 665 3.0 2.7 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 WD 2004/ 058836 PCT/ US2003/ 040916
93 98 Ind 166 4.4 283 2.2 13 99 Ind 405 10.7 267 2.3 1.4 100 Ind 208 5.5

317 2.1 1@023(%5,;35 1340 35.6 104 1.5 5.2 102 pp 375 glsd@/ednols 4 8. 4
103 PP 389 10.4 76.9 1.4 8.8 104 |P/pV5s 331 8.9 632 1.8 0.49/1.7 105

| P/ pM5 423 11.3 699 1.8 0.67/1.5 106 |P/pMs 361 9.7 989 2.1 0.71/1.5
[00242] Table 14 lists the results of é&®pol ynerization of isobutylene and
but adi ene (0.15 nl per run) that were conducted at -95C in nethyl chloride

| d
(53 "1, £°175 oGS ket (02 i e sutinkirens, 0.2 2 e v g o
( CH3CHF2/ CH2Rtfidkedsh Tjabljc‘Zé' fAd #8GCRIRRRDS! th ﬂahx]:mﬁgs% d16h?6rfc@f umﬁfahﬁ
roge Iorlde

stock solution of ethylalum numdichlori and

(HC1) was pr dydrogen ¢hlomiet (Bigll) wid prepagksl ipymetid ichigride BQ@dde @132%11111 mf @ nol /L HO
solution in trafd u t 60 1

et hyl al um nu#]olp%}{ﬁﬁ@as@? ?ghlh?ﬂe exqiﬂéegthgb afgid) érﬁo ri%Jf | oride.
Po::%/:/rreri zat : Q@]Mﬁﬁﬁuﬂﬂﬁ ﬂlcb}pnﬂéleighlﬁdm,rig hastm&}om 960 x:ihl of lrﬁaetbil t:ltlbﬁdest ock

EADC/ HC1 so on fo.the stirrge noner Sso ut ns were
term nat ed witOW RSN Were APy Ac W‘Fﬁatl IOf %F‘éﬁ%mm in any of
the hydrofl lé@fu%ﬁ”‘tcbﬁﬁ%hﬁ%&&ﬁoh&ﬁeﬂ %Idﬂéﬁ?%céi‘ﬁ&‘éﬂ 1ek 98! 99li 1@o g1, adhere to
the wal | s of he reactor or to e stirrin articles floated to

the surface dﬂlt&nd 103¢ Jiog exagples %&l%@ﬂdoﬁig@)pdd)fw lisplatiow waer e hard as
evidenced by RLESELNG0Mek 1617102 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 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 chloride resulted in rubber particles that
adhered to both the reactor walls and the stirring shaft.

Table 13

b s T M Yield o Conve . | My o} L mol% |

Example | CoM © | mg)’| - %) | x107 | MyM; | CoM

%9 | 1 |ue7| 311 | 43 | 20 |. 19
90 P | 2061 | 559 628 | 18 2.0
91 P (2382 | 646 | 276 | 20 22
%2 pMS | 654 | 173 782 | 34 238
93 pMS | 722 | 19 624 | 30 2.3
94 pMS | 795 | 210 665 | 3.0 2.7
95 tBuS | 411 | 106 | 304 | 20 1.6
9 +Bus | 389 | 98 252 | 21 1.9
o7 tBus | 445 | 115 241 | 21 19




with a chilled spatula when tested near reaction tenperature. Polynerization
in methyl chloride resulted in rubber particles that adhered to both the
reactor walls and the stirring shaft. The polymers listed in Table 14

exhi bi t ed \F?E(ﬁ‘ﬁ)d 5 Weights that were higher than the pyflsdfbiveld Mt of

t he SEC i nstrunent used to determne the nol ecul ar weights. The MWV of these
polymers is above 1.5 x 106 WO 2004/ 058336 PCTI US2003/ 040916 94 g/ nol .

Mol ecul ar wei ght distributions (MAD) could al so not be determ ned for these
sanpl es because of the high nolecular weight. Table 14 Yield. Coriv: noll/6

Exanpl e Di | ugn Frgy —Cwt9)-—CoM—t 07 CHI G 5033377+ 62T 168—CH3{l 689
18.8 0.1 1OE—AC9§FCF3 449d12. 4 06€ 11(31‘CI—|2HCF?28543 14.3 0.3 l:Bll CH2 FCF3
404 11.0 0. 3—t2—Er3tHF2—338192 02— +13agi3eH2#81—13-4+—6—3+—4H 4 CH3CHF2
352 9.6 0.2 | 1189 CI—IFZIlndCI—IZH'CﬂBS 453 1874 0| 326T16| CHBEHAR/ (I]42Fd‘3 777
21.2 0.2 1l1fF—eBeHR2—ei2FeF3-—5+3i5—7 62 Exanptres—118-144+{06243] The
pol yneri zatijon &Oarrql es lndstec 208 Tabl &5 15 and116 (verza.l obt ailized by runni ng
sl urry copol yrertzator—+a—test—t ' t-Hh-rare——eartHh—ragnet i C
stir bars. MonoHdr spol ut BBns weliréOpPepéﬁéd I tlfé testl.fubes &2 - 95C for
exanpl es i n fable—45-ard—35CiFer—exanples—+p—Tabletl6—F bns ~ were
prepared by lcontiZni ng 20pm of| 8RA% chi 10.6d | qabd d IuIe41t, 5 84 of jliquid

103 pP 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 423 113 699 1.8 0.67/1.5

106 IP/pMS 361 9.7 989 2.1 0.71/1.5

[00242] 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 (CH;CHF,/CH;FCF;3) of 1,l-difluoroethane in 1,1,1,2-
tetrafluroethane. A stock solution of ethylaluminum dichloride (EADC) and
hydrogen chloride (HC) 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/LL
ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
Polymerizations were run by the adding, dropwise, 1.5 m! of this stock
EADC/HC! 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 chloride resulted in rubber particles that adhered to both the reactor walls
and the stirring shaft. The polymers listed in Table 14 exhibited molecular
weights that were higher than the exclusion limit of the SEC instrument used to

determine the molecular weights. The M,, of these polymers is above 1.5 x 10°



i sobutylene and 0.20 m of isoprene. Exceptions to this procedure are noted
bel ow. Pol ynerization solutions were magnetically stirred at tenperature and
were initiated by the dropwi se addition of a stock coinitiator/initiator

sol ution i illed glass Pasteur pipette. Conver rted as
wei ght perggk? 6 8£@he nononers converted to pol ymner. ?b@@g@?ggggg

PCTI US2003/ 040916 95 [00244] Table 15 lists the results of polynerizations
that were conducted at -95C. Exanples %418, 119, 120, 123, 124, 125, and 126
are conparative exanples with Exanples 118 and 119 being exanples of this

invention. [O 24 ] rrerl I,.0Ns wer b he dropwi_se addjfion of this
stock of et Mf?ﬁ 9@@@“‘(‘%&%&%)19@%6@?3 Bﬁfl 19f sol ution
to the sti rr@gge@meﬂe@%%@uﬁr}ﬁ yﬁoﬁéﬂﬁwﬁtutl on of EADC and HCl was
prepared in nethyl chloride by addl ng 0.320 of a 1.0 nol/L HCl1 sol ution
in 11,1, 2- tetrafluoroethane and 0.960 nml of a 1.0 nol L et hyl al um num

di chI ori de solution in hexane to 10aileldf methyl chloride. The total

vol une of the stock solution added to the polynerization for each exanple
is listed in Tabl g 15. -A deparate =stock soVied n(hhyeﬂh&bﬁ%lninum

di chl ori de and hycr en” chl-or .dg was used f S 125 .4nd 126. This
sol ution was prep @% l?lethe 6'8% o o 8’1@ n ggﬁ% £ é"%ﬁ nmol /L HCl
solution in 1,1,1,/2 ruorostnane aﬂau 60 —of a0l / L

et hyl al uni num di CIJI Ol‘ll ae dol ut i SHELA hexaned 100lhT qf Gt nyl chiori de.
The final nol/L cancentratiions of _er hyt-aym numdicitoride—and hydr ogen
chlioride in the stjockO8ol ytion i@sGhe sanp 8P Hot H‘-%rgpa‘?bti ons.

Pol ymeri zati ons wWere terminated W ih thejadditHon of—¢—2-mtof net hanol .

Pol ymeri zation in 3, 308- trif| fdtEpFepene| r 488 tied!3A rutdbér {particles that
did not adhere to [the_wattfs—of the Teactpr_or to thestTrring bar. The
particles floated|toAe qurfadedldChsne | {qdfd whekt8sti r®3ng stopped. The
particl es were harfdt—as evifdented by _pressing o thenrwith chilled spatul a

when tested near rjeadtion |t enper . Polyd8fiZat1h iin Gdthhyl chloride
resulted in rubber pairltzi cires tiat—adhered{to_bot hﬁgﬁze re%cgm wal I s and the

CH;CHF; 338
113 CH;CHF; 481 13.1 0.1
114 CH;CHF, 352 9.6 0.2

115 CH3CHF+ CH,FCF; | 453 12.4 03

116 CH;3CHF,/ CHyFCF; 777 21.2 0.2

117 CH:CHF./ CHFCF3 | 573 15.7 0.2

Examples 118-141

[00243] 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, 5 ml of liquid
isobutylene and 0.20 ml of isoprene. Exceptions to this procedure are noted
below. Polymerization solutions were magnetically stirred at 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 monormers converted to polymer.



stirring shaft. Polynerization in 1, 1 -dichloroethane or 1, 1

-di chl oroethene resulted in solvent swollen polyner particles that adhered
to the reactor walls and the stirring bar. W 2004/ 058836 PCT/ US2003/ 040916
96 Tabl e eld Conv. MM' nol % ?Exanple : 1;@)% ) (Wwt. %
o) x 10.3 ﬁ}ﬁ?ﬁsg\ﬂ; 118 CH3C1l 1.7 844 22.9 271 2.2 1.7 11 Sz%%‘i@.? 618
16.7 255 1.9 1.8 120 CH3Cl 1.7 597 16,2 224 2.2 1.7 121 H2C=CHCF3 1.7 309
16.7 266 2.3 2.2 122 H2C=CHCF3 1.7 27# 20.6 218 2.1 1.8 123 H2C=CCl2 1.7
118 3.2 33 1.4 1.4 124 H2C=CC12 4.0 447 13.4 47 2.1 1.0 125 CH3CHCl12 1.5
112 3.0 108 3.1 1.7 126 CH3CHC[2 1.5 202 5.5 116 2.6 1.9 [00246] Table 16
lists the results of polynerizations that were conducted at -35C. Exanples
127 - 136 ar fyogadpar at Tabfe EXEdPihe Sestité bf@lﬁﬁﬁizﬁﬁoﬂs&ﬁatwéé%ond%@ﬂeﬂ'ﬁt exanpl es
of this invention. [00247] Polynerizations were run the dropw se addition
of a stock sVI"Gti Example Hd8.cdlhi 130133/ ilatt lléisoﬁﬂdp&Z argn compatiativeo| ut i on of

et hyl al um nu prepared i n methyl
chl ori de by ghgg%lér%&bl %’%gﬂpgld“? %H& TP%Qem)é] %ﬁ%&h@&{ﬁg%‘l étl)ﬁgl%lnn

1,1,1,2-tetrafl uoroethane and 0.960 m of a 1.0 m)I/L et hyl al um num

di chloride s Lon i exane to 100 m.o rreth hl 0r| arate

st ock sol utigdr‘ﬂ%#] et hgﬁ"’g Iﬂ?ﬁﬁﬂ?ﬁsd‘”?‘fﬁl"‘ﬂ]rl?yd&‘ %HFB?OFIH vvas used
for Exanpl es ethgrlurdinmm adichidife e)/sawbgéancmsde gﬂ@gagcﬁdn&ﬂ enghhe addi tion
of 0.034 m of a 0.93 nol/L HC1l solution 1n t etrafl uor oet hane and

0.0960 m of stred mopasner solutiags. oA wtack selution EADEeﬂnécH@t wanprepared in
methyl chlonde. by adding 0.320 ml of a 1.0 mol/L 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 ml 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 methy]
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 nolfL concentrations of
et hyl al um num di chl ori de and hydrogen chloride in the stock solution are the
WO 2004/ 058836 PCTI US2003/ 040916 97 sane for both preparations. A separate
st ock sol utw®sopbsse®t hyl al umi num di chl ori de (MADC) /
2-chloro-2,4,4-trinethyl pentane (TMPCl) was used for E)?gqué(gm??gl 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 nil of nethyl chloride. The total volume of the stock sol ution
added to the polynerization for each pygepse is listed in Table 16. [00248)
Pol ymeri zations were term nated vmth The addition of 0.2 m of nethanol.
The pol yneri pation LTJ. t=dt-f+yo “anc ot HA72- raf-Haofoethang gave
[ 1

rubber parti¢les thal “exhibited s ft r,ybbe*f y,;-'ph.yp' cal ‘lproperties: as

evi denced by pr obl ng wi'th a chi Sbhd ?‘:NM!IH aCahiér CabL,i QN :f enpermblne. M nor
anmounts of | i n re evi dent: gl Wa] | 38 ifri bar. In
conpari son, 1%” gﬁ ) POt | of |(W%he 13? g‘r/f'lj xrlésu‘ A h avi sgous
coating of p e qUI TNy bar— very

DO[n[ 4 A rie—
little of the pgﬁi/rre wddCl gy peﬁg 4H’ f{hel2fl | Lett! ded?8m | Pol¥neni zati on
in 1, 2-di flugrofenzene or I, 29dichiofoet ngne respitedmm sotyent_swol | en
pol ymer phases #hat 1dh&%@lto the? reddBorl T s| atd tiheldtirri h§ bar.
Pol yreri zat i o i+, I=trichigroethape_ocgurred {1 sqgtotiomt—Potymer was
recovered by|remdind wEHKdr i ng b7t 1n¥7sql viék . | T2 ¢ 182 cat. Lol . Yiel d
Cons. M\/Irmldf'—Eﬁnp —M _ Drtfuent (Tt (g W Yo Tx 10 IV P 127
CH3CL 4.0 19%3 8311 4£Hz‘£“§HPF2 1b8 dﬁ@?@ef ﬁ}. J6ib7B %8, q 5331, 5 123 129
CH3C 4.0 2389636 5Hi 1

122 H2C-CHCF3 1.7 274 20.6 218 2.1 1.8

123 H,C=CCl, 1.7 118 3.2 33 1.4 1.4
124 H,C=CCl, 4.0 447 13.4 47 2.1 1.0
125 CH3CHCI, 1.5 112 3.0 108 31 1.7
126 CH;3;CHCI, 1.5 202 5.5 116 2.6 1.9
[00246) 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.

[00247] 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 (HCI) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/L. 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. 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 m! of a 0.93 mol/L HCI solution in 1,1,1,2-
tetrafluoroethane and 0.0960 ml of a 1.0 mol/L ethylaluminum dichloride solution
in hexane fo 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 CH3CC13 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 WO 2004/ 058836
PCT/ US2003/ 040916 98 133 1, 2-di fl uorobenzene 4.0 1901 51.6 29 1.8 1.4 134

CH2Cl CH2Cloudh 69.5 29 1.9 1.3 135 GH2Cl CH2CL 4. 0y T2t 1.8 1.3
136 CI-lZClé!éé?Mié%%%GSS 72.8 27 1.9 1.4 137 CH2FCF3 3.0‘2%@547?3 3.81276 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 P76 141 CH3CHF2 3.0 953 25.9 95 1.5
1.6 Exanples 142-146 [002491 Table 17 lists the results of

copol yneri zati ons,. of, i.sobutyl ene . soprene.that were conducted . at -95C
CHFZ)FC%;& lI'rz1e #@Sb{?fy?oléﬁel?rg @ﬁ'e‘%é@gﬂa?a??cg Sijution, #’V AR exanpl e.

A three-neck diMorite m%rﬁ@%ro%@%-ﬂﬁﬁﬂglﬁdﬁfméhﬁwwm| 8sed Rrior to

each pol yneri_zation, 300 of nononer. fee contali ning 10 wt % of nononers
wer e char ged Gxsmples WB2cmd 133 Tae MAPC/TMRCL solutiqns vas /mienarad; framothe nol ar

rati o was co L e 6l g t @ﬁg@ Ntdqatol t wt % EADC
in MeCl. Ther%dgflﬁtlliatgt(‘)r cofr%rte?[g o:a?so uteFon V\gs@gg\(lj\gg gfo%wﬁgegogf% t he

pol ymer i zat i onethylxiugwireina divhionide selirtioroin kectatiet fookd) md of mwthybkkledds. Theuch as way
so that the reactqr. tepperature rais | d, not, exceed 40C. .-The ampunt of
initiator/ coitﬁﬁﬁog%?o ﬁﬁofgﬁ&m%ﬁfxﬂ{oe %W‘&‘&B‘é@?&ﬂlg‘?{ﬁaﬁh&xﬂ?@&n ¥ed nonomer
conver si on t aisgdtin T¥R 2604/ 058836 PCT/ US2003/ 040916 99 Table 17

[00248} Polymerizations were terminated with the addition of 0.2 ml of
methanol. The polymerization in 1,1-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

; r T | s | Yield | Conv.| My | ¢ | ‘mel%
‘Eximple’| - ' Dilwent . . | (uD | (wg) ['(wt%)|x10° | MyMa| IP
| oma 40 | 1953 | 531 | 45 | 12 | 12
128 CH;Cl 40 | 1678 | 456 | 54 | 13 | 13
129 CH;Cl 40 | 2339 | 636 | 51 | 12 | 14
130 CH,CCl 40 | 3068 | 832 | 48 | 22 | 09
131 CHCCl; 50 | 2993 | 812 | 59 | 22 | 10
132 1,2-difluorobenzene { 4.0 2033 55.1 35 1.6 1.5




| BAIP Mol ar Conversion M Mn Exanple Feed Ratio
Mol % | P 142 98/2 100 209 905 4.3

(W

9

x 10 x 103 MW M
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 [0Qé50ds0kfieee exanpl es denonstrate the prepar atlL@qu%B

wei ght copol yners wth high isoprene incorporation.

slurry particles is significantly reduc

traces
formati on

of these isobutyl enel/isoprene c’%

The ag

gl o

d in the hydrofluorocarbon.
polynmers do not show any sign of gel
or cross-linking, even for the Exanple 146 which contains nore

035,];4@16 nol ecul ar
nmeration of the

The GPC

than 5 nol % —seprere—The—hi-gh—di-gRre—sebutyhenre/+-seprene—polyeis—had
according to| thl® ink2diflvorobeaenbe KA dgehdt gd Subseqdnt] y V8 a [stlahdard,
est abl i shed Hor—processes—For—raki-rg—hat-obity! st—y-ue-ﬁ.—-Ex—a#rpl e
147 100251] [Thel¥Xepende@GHeCIAH,Cbl ecukdy (wWebght| osP.Tonpveadsi pnigas | del eqni ned
for isobutyl] | zat-Haa—-uoAtH-A—retby-—chi-ori-de tand—
CH2FCF3 at -P5C35Thijs dEHeQIENRCE wasddetieeMdhgd T34 twR4dif f argent] 1.3
i nitiator/ cojhitd sy-st-ens—onetbased—on—INPCH-angthe other Based-on
HC1. Both cptal3ést sysCHpSIORREN EADZ.(as ©6583 Lewrs8 agi (27COLni1t9' atiort.4 A
t hree-neck 5 dfor th%@,—jixamc Prilor toteach
pol ynmeri zatipn, 13300 | M ¢H,FORpner | f a@d |cepasi|ni 6898 10 wis% pf 1tshe |monmner s
wer e char gedid chilled read¢tor mol ar—rati f ag/5
| sobutyl ene/ | sopggene| was CBBRAF{ or ¢agls [pabydrizegi on.92The 1.5 22
initiator/ copLniti molar ratio \KFLQP ntrollled at 1/3 3 the \
2004/ 058836 PCT{3952003/ 04PYEAF, 100| 3.0 | 1085 | 295 | 78 HF 15 | 16

140 CH;CHF, 3.0 1104 30.0 92 14 1.6

141 CH;CHF> 3.0 953 259 95 1.5 1.6

Examples 142-146

[00249]
isoprene that were conducted at -95°C CHzFCFi. The isobutylene/isoprene feed

Table 17 lists the results of copolymerizations of isobutylene

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 wi% 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 wt% 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.



concentration was set at 0.1 w% EADC in McCl. The initiator/coinitiator

sol ution
addition is
di d not EXG
each depende

was added dropwi se to the polynerization mxture and the rate of

controlled in such as way so that the reactor tenperature raise

g g
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(Me) versus the nononer conversion
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[00250]

These examples demonstrate the preparation of high molecular

weight copolymers with high isoprene incorporation. The agglomeration of the
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 halogenation

processes for making halobutyl polymers.

Example 147

[00251]

The dependence of molecular weight on conversion was

determined for isobutylene/isoprene copolymerizations run in methyl chloride and
CH,FCF; at -95°C. This dependence was determined for two different

initiator/coinitiator systems; one based on TMPCI and the other based on HCL
Both catalyst systems used EADC as the Lewis acid coinitiator. 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 the monomers were charged into the

chilled reactor.

A molar ratio of 95/5 isobutylene/isoprene was used for each

polymerization. The initiator/coinitiator molar ratio was controlled at 1/3 and the

The expected decline of
observed. These data al so
copol yneri zations in CH2FCF3.
i sobutyl ene and cycl opent adi ene
ratio of 97/3 of

yl ene /
rs in the

oIiters of
f
f al.0
on was

addi tion of

stirring.
to keep
35 m of
kettle
(W% x



100253) 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 testywlsmaaked to -90C in the dry box cold bathg fBSiOQiIO%?JéAqU' d at
was

-90C, 4.1 mcroliters of neat, liquid ethylalum numdichlori
added. Solubility was checked by vi gor@, sly 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 Iy er si ng the
test tube int %h‘lf “Hg“éﬁo‘ﬁggbsef #}th):%ﬁug: Sefl’:\?g%lle'tg%%&/c? gﬂﬁ%sé’l'“l Ber the
conpl et ed heavasngided dropvese yc k. pdlj"maizhmsn hiixtare énd e darass sdditoncikcl e, the
catal yst did not dissolve, 0.5 m of nethyl chloride was added._ The

heat / cool cycdontrodes mequé:aasenhy ssme%tgmmtoraeidpdrammé dfdl 1ot ekdeedd"C.met hy |

chl oride were_nmade fol | ow ng each heat/coo c ntil DC
observed to gp%"saﬁ?%t ?)grm’é‘aWPB’@“WoF/S%FEW‘{%‘gKh g@ eél%ﬂ"F F"f‘-'@a/?
obser vat i Ons Mk EnerRYRyESEn r@g&r d'?ﬁie déa fdp més@paﬁine&iéuuﬁg %t Jh%% lﬁHFC- | 34a)

Tabl e 19 Preparation Vol une observation™ Chlorid
HFC- 134a 0 | nféamra Blas a'peti qfspealenxolesﬂm weighty (Mg Nergwg te nmnpmq:ecmals@n

floccul ation . + 0.5ml
met hyl chl or |13 5%5@%&%%&%%%% gl %%%legnlﬁmlzh@g?foc g‘fcfr‘lﬁggg%@eb&g] met hyl
chloride 29 (dbtserdigd. vahysesrdatd afsor shaw ethat+HC15n§L H;efrccthilnﬁfatodefo% Less
cloudy; no visible particle 0041058836 PCTf US20031040916 102 + 0.5nml

met hyl chl orl‘ﬁ’g"lg@e Ompbég\ég dudy + 0.5ml nmethyl chloride 41 Nearly
cl ear '

Example 148

[00252] A copolymerization of isobutylene and cyclopentadiene was

conducted at -93°C in CH,FCF;.
cyclopentadiene was used for this polymerization at 10.8 wt% monomers in the
feed. The
initiator/coinitiator solution was prepared by dissolving 200 microliters of a 1.0
mol/L. solution of hydrogen chloride in CHyFCF3 into 50 ml of pre-chilled
CH,FCFs. To this solution was added 500 microliters of a 1.0 mol/L solution of

ethylaluminum dichloride in hexane. This solution was stitred for 5 minutes.

A molar ratio of 97/3 of isobutylene /

Cyclopentadiene was freshly cracked for this experiment.

Polymerization was begun by the dropwiée 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
_ . ,'Cdnv.ersiqn My L e _— - ‘
Example | Diluent | ~ (Wt%) | x10° |  MyM, |Mo%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 [00254] In the tests in Table 19, the
floccul ation occurred after cessation of stirring, froma very cloudy

suspensi onwolddGsessgi Nal chips' were no |onger Vvisibl ger Jo) t hane
(HFC-32) Table 20 Preparation Vol unme % Met hyl Qobservation B&Pgrpﬂge

EADC+Sm | -1 FC-32 0 Insoluble "chips' +.0.5m nethyl chloride 9 Slight
cloudy + 0.5m nethyl chloride 17 Sone 0fll occulation + 0.5m nethyl chloride
23 Cear Fluoroform (HF C-23) Table 21 Preparation Vol une % Met hyI

Observation e QEd de; 4 5ml. HFC,23 chi
net hyl chl or isggu 'W%ggﬁ?g@g%ﬂwgﬁﬁﬂg?ﬁm ﬁ%wgrg?'u%aﬁbf’ gi‘ﬂ?ﬂ“@ + 0 5ml
met hyl chloride 23 I nsol uble WO 2004/ 058836 PCTI US2003/ 040916 103 + 0.5m

met hyl chloride 29 Insg]uble + 0.5nl neth hl ori de 33 | nsol ubl + 0.5m
met hyl chl or i[&gséh I nsﬂ"hﬁ‘iﬂé‘bﬂm’ ¢estieporad H'de2543ﬂ’e¥%%f%£ + 0.5nl

met hyl chl or g 4ftatl dBAIRIRIM dichloride (EADC). Each test was performed in the
following way. 5 ml 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 afier 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
) Preparation - - | Volume % Methyl L | ,ObSewiitibn

g ;_ o Chloride SRR o . .
EADC + 5ml HFC-134a 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Fine-scale flocculation
+ 0.5m! methyl chloride 17 Fine-scale flocculation
+ 0.5mi methy! chloride 23 Cloudy suspension; slight floc at b.p.
+ 0.5ml methyl chloride 29 Cloudy; very small particles
+ 0.5m!l methyl chloride 33 Less cloudy; no visible particles




5m nethyl chloride 47 Insoluble + 0.5nl nmethyl chloride 50 Insol uble
1-Trifl uoroet hane (HFC-143a) Table 22 Preparation Vol une % Cbservation
Chl oride EADC + 5m HFC-143a 0 Insoluble "chips' + 0.5mL nethyl

+ 0.5n nethyl chloride g bibhadeye pensi on
+ 0. 5nl net oride 23 Clear solution 1,1-difluroethane (I-1FC152a)
Tabl e 23 Preparation volune % Cbservation Methyl Chloride EADC + 5nmi

HFC- 152a 0 Sol ubl e 1002551 The sol ubi | ?(Py tests perforned in Table 24 were
performed using 1.0 nolfL stock hydrocarbon sol utions of ethylal um num

+ 0.
1,1,
Met hyl

chl ori de %ﬁlfﬁdd%ﬁﬁsgyspensi on

di chloride ( —Leem—{-en@e—pat-upe_f_r_gm-naa;_ﬂac_amﬂ t he

hydr ocar bon |i 086l methyllekloridealyl e. Peddt ane rief er s tSeilliess aabdypent an¢. ULB
hexanes r ef efFs—to—anr—ui+ra—toW—benrzenre—grade—ofhexanes—aR—-soneric

m xt ure, whi ¢h+8cni methgl chlesde tlhan 5 4pm WO 2004/ 0588318y #lear/ US2003/ 040916
104 benzene. Hfhe—+rat—-1HA-tet+raftdvoroeep-rare—HFEC334a)—soel-utd4 on was
prepared by|at@iSmymethgl chiotde t|lenper at4ur e EADC st ocRNesdy eledson, vol ynme | i st ed
i n the tabl ej—tothe—+tgurdtHFc134e—t+n—atest—tube—Hetad—at—35c In all
cases, an initi&Smwetbylicbleridé § obt ai4fed which is cl edleand col orl ¢ss. The
resul ti ng solrutionr—was—then—cdoted—bhy—+mmersimg—thetest—tube—+n{o the dry
box col d bath tHémimsthyhclgrida |- 95C. Sthe cloud point &leas det ermi neéd by

nonitoring tf and—vi sual | y

determ ning the onset of cloudiness.

e tenperatureof —thetTqurd—wtira—thermometer
The sol utions

[00254]

In the tests in Table 19, the flocculation 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 Observation
AT o Chloride e
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 :Yolume % Methyl - Observation
. - Chloride . )
EADC + 5ml HFC-23 0 Insoluble *chips’
+ 0.5ml methy! chloride 9 Insoluble
+ 0.5ml methy! chloride 17 Insoluble
+ 0.5ml methy! chioride 23 Insoluble
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1,1,1-Trifluoroethane (HFC-143a)

Table 22
.~ Preparation - Volume % Observation
. ‘ Methy! Chloride R
EADC + 5m} HFC-143a ] Insoluble ‘chips’
+ 0.5m] methyl chloride 9 Cloudy suspension
+ 0.5m! methyl chloride 17 Cloudy suspension
+ 0.5m! methyl chloride 23 Clear solution
1,1-difluroethane (HFC-152a)
Table 23
Preparation. " Volume % - .. Observation
T Metliyl Chloride . B
EADC + 5ml HFC-152a 0 Soluble

[00255)

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 C930AI C12 CH3CH2QAI C12 (CHy) 3CQAI Cl 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 d oud
point ('C) -85 -85 -85 wsolids -87 Exanples 149-151 [002571

Copol yner i‘gatz'gogmsﬂfa& | sobutyl ene and i soprene were condygassadsnacefPC usi ng
di fferent 1Tsdobutylene/isoprene conmononer ratios. Al copolynerization were

run with 30 ml of diluent and 4.0 m of isobutylene. Six copolynerization,
varying in the amount of i soprene, wer & un in three different diluents.
The amounts of isoprene added to the nononer solutions to create siXx

di fferent isqprene ncentratjons for each dj were 0.11, 0.27, 0.41,
0.57, 0.89, SSHEDS. gf%erﬁ%‘."‘j éﬁpﬁ%@gmﬁ}&%&fﬁg‘@@o‘%%% SFRAEA i n net hyl
chloride Exaruylﬁd%g%é foofh RAFEANAS EXOCENNoRitioORMMEBESd fiPthe APl € 150

were prepared’in 1,1,1,2-tetrafl uoroet hane. Oopo1 mers for Exanple 151 were
prepared in 1o thediquid JFEdBHa ines tetHubedshbatyFASE. dn alfcasep) an initigl sebiopr epared i n

1, 1-di fl uor onet hane Dl es 15 151 a 152...are ampl es, of t I nst ant
i nventi on. ColﬁSF ?%mg °§%B‘é‘f‘é"d° °§?-ngg‘i’ F.%H%?&Pﬁ?SﬂE\’afi%ﬁloﬁpog& utions
prepared i n &ylinnRhsihdthe tes Retelints Shdldry beR kol batiémbsthtbdtit WBCOlThker s of a

0.93 nmol/L hydrogen chloride solution in CH2FCF3 and 35.4 microliters of a
1.0 mol /L etHeudapain Wesndeterarinasy hyimonigring; the, temperatyrgraf. theodigyidevity at i ons wer e

ducted b . 0 L .
ol ut [ons af SOBCREr At VGelly Uelipai B U0, of Dbkl T B T o se
t o nmmi nt ai n tdgaeintbengues dearrty dilekdng 66 2duti@spo wam ts avemperativecbatesttie by
uenchi ng the_ pol rizapi,on. Wi t hanol , collecting the pol r, and
gr yi ng tﬁe po‘ilw t ﬁ%hﬁq@ﬁﬁtﬁﬁgﬁp&q Q{OWctﬁﬁﬁlnou‘sfﬂ%ﬂbB’? ?@%rr e stored
in a freezer geérhl paRAby I8 réfardiecbSlinge dnd TWamBhg fhe agdlinsn, dafThis

phenomenon was found to be reproducible.

Table 24
Hydrocarbon | Volume (microliters) | - Volumeof | Final EADC | Cloud |
: - of 1.0 M Stock EADC | HFC-134a | Concentration | Point
Solution @b | W% | O
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-tetrafluorcethane (HFC-
134a)

[00256] 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 aliowed 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



(expressed as a percentage) for Exanples 149, 150, and 151 is shown in
Figure 4. The conparison of the sequence distribution paranmeter, in,
calculated for these exanples by an iterative fit of the copol ymer sequence
di stributi jspn  shown above is given in Table 2 oisbdis t he val ue
of the di eﬂgcztﬁﬁ?@&dgonstant of the diluent at -95C Tag‘i‘(ghg%ggpgrrpfe Di | uent
Yield w.% Ml %IP %BIl msat -95C 149 CH3Cl1 58.9 2.55 4.99 1.4 18. 34
58.4 5.61 7.41 46.9 9.16 10.9 45.1 12% 13.3 150 CH2FCF3 38.3 3.32 4.01 1.2
23.25 34.1 6.98 7.88 37.8 10.83 11.3 13.1 15.5 14.0 151 CH3CHF2 48.1 1.92
4.67 2.3 29.33 42.1.3.16,6.18 37.2-4.16 8.46,. 24.5.7.09 12.4 15 6 8.88
14.9 152 CHza‘i‘ e“%‘.’h"&?%°lll?ﬁgth§é?"2@eratﬁ'i§d§§%ﬁ hﬂh“é it %ﬁlﬁ%mawatebafede nt

appl i cati ons yish@B deRirRGRERHIE Dndet HELloREneds e SORIIIASISIin BerdmecRaF pylocunent s
cited herein are fully incorporated by reference to the extent such

di scl osur e i gll¢wingithe sofgtienseior wom fo eHPRIPsARERRYR theglovdrpoisty The

J ur ] al o1 100 Selabaler B ifBn HATAA AR AblRikrR SR LR L0 Sitllie"
nunerical lower Timts and numerical upper limts are [iste nerein, ranges
from any | owby rétieatedlytcoolingandppeming the solatien. ching phploserch wifd280 4 058836

PCT/ US2003/ 040916 ; 107,

[=]

Table 25
- | CB,0AICY |-CB;CR,0AICK | (CHL);COAIC, | CE,.CH,0AICK
FW (g/mol) 128.92 142.95 171.00 196.92
Wt.% solution
4050 0.09 0.10 0.12 0.14
Cloud point °C) | -85 -85 -85 wisolids 87

Examples 149-151

[00257] Copolymerizations of isobutylene and isoprene were conducted at -
95°C using different isobutylene/isoprene comonomer ratios. All
copolymerizations were run with 30 ml of diluent and 4.0 ml of isobutylene. Six
copolymerizations, varying in the amount of isoprene, were run in three different
diluents. The amounts of isoprene added to the monomer solutions to create six
different isoprene concentrations for each diluent were 0.11, 0.27, 0.41, 0.57,
0.89, and 1.27 ml. Copolymers for Example 149 were prepared in methyl
chloride Example 149 is a comparative example.. Copolymers for Example 150
were prepared in 1,1,1,2-tetrafluoroethane. Copolymers for Example 151 were
prepared in 1,1-difluoroethane. The copolymer of Example 152 was prepared in
1,1-difluoromethane. Examples 150, 151 and 152 are Examples of the instant
invention.  Copolymers were prepared using initiator/coinitiator solutions
prepared in 8 ml of the respective diluent by adding 12.6 microliters of a 0.93
mol/L hydrogen chloride solution in CH2FCF; and 35.4 microliters of a 1.0 mol/L

ethylaluminum dichloride solution in hexane. Polymerizations were conducted by



[ 002601 While the illustrative enbodi nents of the invention have been
described with particularity, it will be understood that various other

nodi fications wll be apparent to and can be readily made by those skilled
in the artywy departing fromthe spirit and scope ntion.
Accordi ngly, %@m¢%gﬁot I ntended that the scope of the Pﬁgpﬁgﬁg%%éﬁded
hereto be limted to the exanples and descriptions set forth herein but
rat her that the clains be construed asmsenconpassing all the features of
pat ent abl e novelty which reside in the present invention, including al

f eatures whi ch uld be treated as egui val ents ereof, h those skilled in
the art to wh gt B TRYRPBYT | l?fg?fésr?a TP nl(%& a&‘ﬂ%l\’%im é"&’ Wer of an
i sool ef i N andogtisl bidpMisel toMmaihti® GO RGhYIRENRYIWI92C. CORIVRES ﬁe@auence

di stribution defined by the copol ynmer 'sequence distribution paranmeter in,
which is def ﬂﬂ@lﬁﬂedaw Qﬂtmclﬁmgltlmmdngngq@'a@nwnhmﬂmml Ab(lwﬁng\)lﬁ piipmein A is the

nolar ratio l.t e soolefin in the co det erm ned by
|H NVR, and %L‘ilrs&l’f ?li‘ 861 ﬁoﬁdﬁ)ﬁﬁ GIFSFRE AT Ei eflylﬁle QO?YIE T r%%etion in
the copol ynestoaal dietae figbsee durlly abBlG}sdthbreapéi'ﬁwhﬁdEI Mhe NBILi fradtiofnd4g4 eat er t han
1.5, preferabhly injs fromagr el, than pre eraply inis from

gr eat er than??‘l’!'iess tqmeai%gé%hé’f@ &S g#@a?’é‘fli °§“§‘ﬁ(lgﬁlfei4n is from

1.10 to 1.257pp rc%ﬁﬁéﬁéthof' tHe 's&u%ﬁ&%émﬁéx&nopa}angﬁcr ﬁprcﬁlcﬁfa%defoﬂlﬁle\ée inis
from1.15 to 1.25, "particularly in is 1. . Thé copo yner of any of the

precedi ng cI akarsplesbr a ﬁemh%e ﬁmofutbe; sopqiymsr sequensa| ilgfabmbndwon preferably
| soprene. 3. 0 IR the
mul ti ol efi n . %}?ffgbnotlg‘)'8 rom 6;&%2 %hanp%ggﬁgé %ggfr%iee racgﬁﬂlﬁ £

mul ti ol efin gldikiht at -&5°Cr om gr eat er than 1.0 nol % nore pref erably t he
multiolefin content is fromgreater than 2.5 nol% particularly the
multiolefin content is from

U-

Table 26
‘Example | Diluent | Yieldwt.% | Mol% IP | % BII | m |gat-95°C
149 CH,Cl 58.9 2.55 4.99 1.4 18.34
584 5.61 7.41
46.9 9.16 10.9
45.1 12.7 13.3
150 CH,FCF; 38.3 3.32 4.01 1.2 23.25
34.1 6.98 7.88
37.8 10.83 11.3
13.1 15.5 14.0
151 CH3CHF, 48.1 1.92 4.67 2.3 29.33
42.1 3.16 6.18
37.2 4.16 8.46
24.5 7.09 12.4
15.6 8.88 14.9
152 CH,F, 100 24 4.3 1.9 36.29
[00258] All patents and patent applications, test procedures (such as ASTM

methods), and other documents cited herein are fully incorporated by reference to
the extent such disclosure is not inconsistent with this invention and for all

jurisdictions in which such incorporation is permitted.

[00259] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.



greater than 5.0 nol % 4. The copolyner of claiml1l to 3 wherein the
isoolefinis isobutylene and the nultiolefin is a conjugated diene,
preferably isoprene. 5. A process for preparing a copolynmer according to any
of clains &o&%ﬂ)sss%‘e process conprising contacting anpdseabiitieve
preferably isobutylene, a 109 nultiolefin, one or nore Lews acid(s), one
or nore initiator(s), and a dil uent clcajl'rprisi ng one or nore

hydr of | uorocarbon(s) (RFC s). 6. The process of claimb5, wherein the
multiolefin is a conjugated diene, preferably isoprene. 7. The process of
claim5, wherein one or nore hydrofluorocarbon(s) is represented by the
formul a: CXHYF, wherein x is an integer froml to 40 and y and z are

i ntegers of [B0268]r norwhilpried eliwbrhtivexemboditents bftthe tfvention davepbedrer ably Xxi s

from1l to 6, particularly xis fro to, 3. 8. The process of_claimb5,
wherein the %@WWB&@WJ%&&L&%@%@@WV@WWR@E@ ected from
the oroup cogal 8¢ bt o6 LH@LATEL RARGy medb bl URSRTRIIRANS thd bk fwitRGO TSt hane,

f1 uor oet hane; : fl'uoroethane; 1,2- difldoroethane; 1, 1, 1

-trifluor oet fepaginglfram2the rspirituandowopran€ thel jnvention.  tecerdinglioribés hene;
1,1,2,2-tetr ol 2 2- fi | t . - f r opane;
2-fl uoropr op%#él Hg‘i&%{lﬁl%g? ?qeu%fﬂtg%crﬂglggsnag)’%%g -hg%hoﬁeug@ggdr t(?péﬁ 31;(%?&&0

1, 3-di f | uor opd> dedeeiptidhs?set i fotth Gictgd dpanather] thiht the claiths ber amsoyednss

1,1, 2-trifluoropropane; 1,1, 3-trifluoropropane; 1,2,2- .trifluoropropane;
T2 511 f1 GHOAPOaHGAL Hertoaturss o RERRBlS AR p aich reyde in top eseR
-tetrafl uor Oﬁﬁ@ﬂﬁiﬁ?incﬂtndﬁa§2allzfeﬁtﬁfe§ HhidhOkANd BPaBAed ds dquivaltnts thereof by

tetrafl uoropropane, 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane,
1,1, 1, 2, 2- pethoss skilladop thgpahie  which the inyention DSEMLAT | uor opr opane; 1,1, 1, 3, 3-
pent af | uor opropane; 1,1, 2,2, 3-pent afl uoropropane; 1,1, 2, 3, 3-

pent af | uor opropane; 1, 1, 1,2,2,3 -hexafluoropropane; 1,1,1, 2, 3, 3-

hexaf | uor opropane; 1,1, 1, 3, 3, 3- hexafl uoropropane; 1,1,1, 2,2, 3, 3-




hept af | uor opropane; 1,1, 1, 2,3, 3, 3-hept af | uoropr opane; 1-fl uorobutane; 2-
fl uorobutane; 1, 1-difluorobutane; 1,2-difluorobutane; 1,3-difluorobutane;
1, 4-di fl uor obut ane; 2, 2-di fl uorobutane; 2, 3-difluorobutane; 1,1, 1-
trifluorobutane; 1,1,2-trifluorobutane;l0f, 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

110 tetrafluorobutane; 1, 1, 1,4-tetrafl uorobutane;
2-tetrafluorobutane; 1,1, 2, 3-tetrafl uorobutane;
4-tetrafluorobutane; 1,1, 3, 3- ttE@ABMBuor obut ane;

,4-tetrafluorobutane; 1,1, 4, 4-tetrafl uorobut ane;

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

f1 uor obyt anep chpdiytned ot &h 'Is%BieBﬁraﬁ@ 4 Molcfn %hécépotlﬁhm{aw%raobut ane;

1, 1, 2, 2- pent af | uor obut ane; 1,1, 1, 2, 3- pent af | uor obut ane;

pe nt af | uor obut anec¢opblymer skqGerge d;s&mhlmbhldoﬁnﬂﬂh)auhe conqlﬂcmil; $gdence

pent af | uor obut ane; 1..1.4 4-pentaflu ]

pent af | uor obut aneis %ﬂ&‘h?h? ﬁnﬁg‘“f’éf‘?’lﬂa? hﬁ?‘@?y é‘?%{’é‘?‘ﬁ‘,ﬂg-‘aq‘lmmn'

pent af | uor obut ane; 1,1, 2, 4, 4- pent afl uorobut ane; 1,1, 3, 3, 4-

pent af | uor obut ane; 1, 2, 2, 3, 3- pent af | uor obut ane, 1,2,2,3,4-

pent af | uorobutane; 1,1,1,2, 2, 3- heRafhdot Gbumdn®: 1,1, 1, 2, 2, 4-

hexaf | uor obut ane; 1, 1, 1,2,3 3- hexaf | uorobutane, 1,1,1, 2, 3, 4-

hexaf | uorobut ane; 1,1,1, 2, 4, 4- hexafl uorobutane; 1,1,1, 3, 3, 4-

hexaf | uor obut ane; wiaerein Ajls ﬁle‘lnélaf‘ﬁﬁ@fo‘f Hﬁﬂtﬁlﬂéﬁlﬁféﬁsooleﬂn ih the dopblymer as

hexaf | uor obut ane; 1,1, 2, 2, - hexaf | uorobutane; 1,1, 2, 2, 3, 4-

hexaf | uor obut ane; dq_teqmgeQb;q HNMBaMdJBFsdbcit‘u‘@ﬁ]@ﬁﬂﬂmﬂtlgleﬁnamﬂlhdeﬁn

hexaf | uor obut ane; hex | uor o ne; 2 3.4

hexaf | uor obut ane; trfidjfi c’tl?hén%‘egog P@ﬁ{ %Sf(? ’bdt?tbéin C%\?\%]f Encgwlzergmlfn

hept af | uor obut anejs f;'omjgreaierZhﬁm Bﬁ?rbﬁﬁﬁb@ﬂnd@ﬁ@hﬂﬁr@ﬂ@rthlmlﬂlnﬁr@ 3, 4-

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

hept af | uor obut anepfefefibly TBI@WH@Wﬁ Ldmeiguialy mis from greaterghan 4

3.5; or
m is from 1.10 to 1.25, preferably m is from 1.15 to 1.20, more preferably

1,1, 2,
1,1, 2,
1,1,3
1,2,2
tetra
1,

m is from 1.15 to 1.25, particularly m is 1.20.

2. The copolymer of any of the preceding claims, wherein the multiolefin is a

conjugated diene, preferably isoprene.

3. The copolymer of any of the preceding claims, wherein the multiolefin
content is from greater than 0.5 mol%, preferably the multiolefin content
is from greater than 1.0 mol%, more preferably the multiolefin content is
from greater than 2.5 mol%, particularly the multiolefin content is from

greater than 5.0 mol%.

4. The copolymer of claim 1 to 3 wherein the isoolefin is isobutylene and the

multiolefin is a conjugated diene, preferably isoprene.

5. A process for preparing a copolymer according to any of claims 1 to 4, the

process comprising contacting an isoolefin, preferably isobutylene, a



oct af l uorobutane; 1, 1, 1,2,2,3,4,4-octafluorobutane; 1,1,1, 2, 3, 3, 4, 4-
octafl uorobutane; 1, 1, 1,2,2,4,4,4-octafluorobutane; 1,1,1,2,3,4,4,4-
octafl uorobutane; 1,1,1, 2,2, 3, 3,4, 4-nonafl uorobutane; 1,1,1, 2,2, 3, 4,4, 4-
nonaf | uor obut ane; 1-fl uoro-2-nethyl progéfe; 1, 1-difluoro-2- nethyl propane;
1, 3-di f | uor o- 2- et hyl propane; 1, 1 1 -trifluoro-2- nethyl propane;

1,1,3-trifluoro-2-nethyl propane; 1, 3-di fluoro-2- (fluoronethyl)propane; 1,
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- pent af | uor omznltir.é@fhy Iopc opewoes; Lawis a8d3) tameoainare iroti&tor(s), and a
(fluoronethyl)pro

| -2-(f hyl ;111
f1 uor ocycl obut aneg‘?l enic%rppxitﬂgg 8%?@?%%%ﬂ§’9{“%rofam%f¢sggﬁg€$ I gbtfgﬁg?ni, 3-

di fl uorocycl obutane; 1,1, 2-trifluorocyclobutane; 1,1, 3-

trifluorocycl obut ane; 1 2 3-trifluorocycl obutane; 1,1, 2, 2-

t et raf | uor occl obiﬁh@p@ceﬁ of_t_lag;m:é whereirathe oorbelgfin isaconiegated dier, 2, 3-

pent af | uor ocycl obuyt ﬁ qﬂ 3,3 -pentafluorocycl obutane; 1,1,2,2,3, 3-
hexaf | uor ocycl obuPZHa? Xl$?5?§;3,4-hexafluorocyclobutane; 1,1, 2, 3,3, 4-
hexaf | uor ocycl obut ane; 1,1, 2, 2, 3, 3, 4- hept af | uor ocycl obut ane; vi nyl
fluoride; 1,1-dif|uoroethene; 1,2-difluoroethene; 1,1, 2-trifluoroethene; 1-
f | uor opr opené, 1, The mcfelswf@émmpén@fhe@wnae fqrunmphnbeﬂ@eroqarhon(S) is

di f | uor opr opene; fl prope fluor [O

trifluoropropene; reﬁ’? ?%?'ftﬁ o?lgn :T% 13 %h?egl%{ E@?%CB oper%2t0 4? 3, 3-
trifluoropropene; ar?d}?aﬁd rzrate‘llnwgmnﬁ@ﬂeae:noae ffarc’feﬂabl 4 lsa¥capnapaoemork- f | uor o-
1-butene; 2-fluoro-I|-butene; 3-fluoro-I|-butene; | uor o- I-butene 1,1-

difluoro- | -buteBeferably xds fiogbl tn 6, partisylaglye: lsif.m@l 49 Buor opr opene; 1, 4-
di fluoro-1-butene; 2,3-difluoro-I|-butene; 2,4-difluoro-I-butene; 3, 3-
di fl uoro-1| - but ene; 3,4-dif|uoro-|-butene; 4,4-dif|uoro-|-butene; 1,1, 2-
trifluoro- | 8:-but&heprobesslofdclaind bf Whereir thé onb ek @i@e hydrofluorocarbon(s) is
1,1,4-trifluoro-1-butene; 1,2,3-trifluoro-I-butene;

1,2,4-trifluoro-| lflS‘GP@ﬁ‘éﬂt 1, 931931‘361r oy dho- gro%t@ﬁ@stmg of 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-difluoropropane; 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-tetraflucropropane; 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-pentaflucropropane; 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-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-

trifluorobutane; 2,2,3-trifluorobutane; 1,1,1,2-tetrafluorobutane; 1,1,1,3-



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

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

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

| uoro-1-butene; 4,4,4-trifluor@-1-butene; 1,1,2,3-tetrafl uoro-|I-
butene 1,1,2,4-tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-I-butene; 1,1, 3, 4-
tetrafluoro-l-butene; 1,1,4,4-tetrafl uoro-I-butene; 1,2,3,3-tetrafluoro-|-
butene; 1,2,3,4-tetrafluoro-I|-butene; 1,2,4,4-tetrafluoro-|-butene; 1,3, 3, 4-
tetrafluoro-1-butene; 1,3,4,4-tetrafluoro-1-butene; 1,4,4,4-tetrafl uoro-1-
but ene; 2, 3, 3, 4-t adtraflubrodiutmt; butlehg:tettafBiotbbhitdnes r af,l Jonerdfhbribange; 2, 4, 4, 4-
tetrafluoro 1- butene 3,3,4,4-tetrafluoro-1-butene: 3,4, 4, 4- tetrafluoro I-

butene: 1,1, 2,3, 31pehdAstrafbiombutangt ene: hli"zteﬁaﬂug@hwaﬁq ;uor o- ILIshidene;

11244pentaf| e; Jur 3,4, 4-
pent af | uor o-1 - but gér%?ru& O?Hﬁﬁg 4 1%%%#3?%@?83%?{ ’[eﬁliéio‘1 Zl‘ t%\‘@ﬁ@?%u%m]:
pent af | uor o- | - but are2, 3-1et?afﬁx,oéob4ﬁmnt af | uQQQ,éI-teh'aﬂemebutﬁneZ 4,4, 4 2 3,3-

pent af | uor o- 1- but ene; 3,4, 4- pent af | | -butene; 2,3 .4,4,4 112
pent af | uor o- 1 - but éq{gaﬂugroimmnaj 41 f‘é?tF%B‘PBJh“I%Gt erfe?3 ?‘titr@‘@r@“@ne

hexaf | uoro-1-bute af |l yar p _
hexaf | uor o- 1- but egg %2%‘0%“%} ﬁroj) Eﬁéafl Egr’§2:3 P%gﬁaglﬂgr;()b%m% 1’ ’1324
hexaf | uor o- 1 - but epentaBu&pButdnet, 4- hexajllluhﬁ@ehtaﬂummbetané, 1, 2 31,3 1434—
hept af | uoro-1-butene; .1 1b2 3,4,4,4-h t@fluorﬁ ut ene; 1,1 ﬁ 4,4, 4-
hept af | uor o- | - but FFafOTsbEARS 1 4 4_ hdphhfrsaipbueroBiensie’ 1.7 Lddd3n-

but ene; 2-fl uor o- 2= huhEenSbutine di f ugnor 24 0dh@AGrobuandi f | uorq)-lzzjagltene
1, 3-di fl uoro-2- bu?’gne uénfl uor o- 2- E)uteﬁj'é %md}l%Puro 2-butéene; 1,1, 1-
trifluoro-2-but en@pntaﬂuombumndl uor o- 2;1#4, éﬂnentaﬂluombetane rifluodgd;3s, H;ut ene;
1,1,4-trifluoro-2-butene; 1,2 3-trif - 2-but.ene

12 At or o > PRRRgebig o (1O A TenhhEib e 12234
1,1,1,3-tetrafl UO?:@nt%ﬂﬁb%Bﬁ'ﬁne 1,1, 11‘1 1 iQtSE}ﬁ:&!aﬂ&erb&a&"t ene; 1.1,1,2,2,4-
1,1,2,3-tetrafl uoro-2-butene; '1,1,2, 4 {étrafl uoro-2- butene;

1,2, 3, 4-

1,1,1,2

tetrafl uoﬂl@xaﬂmmmme 1,1, 11, 2 lﬁ,héﬂwadﬂm@mmbut enel,1,1,2,3,4-
, 4- pent af | :ﬁluorcpbu aenre]:e 1 11 } l?? 44 ee)r(]att uoro Ourta(,)ne2 but ep? 1, 3]'5& 1.4,4-

hexafluorobutane; 1,1,1,3,4,4-hexafluorobutane; 1,1,1,4,4,4-
hexafluorobutane; 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-
heptafluorobutane; 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-
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-difluorc-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;



pent af | uor o- 2-butene; 1,1, 2,3, 4-pentafl uoro-2-butene; 1,1, 2,4, 4-

pent af l uoro-2-butene; 1, 1, 1,2, 3, 4-hexafluoro-2-butene; 1,1,1, 2,4, 4-

hexaf | uor o- 2- butene; 1,1,1, 3,4, 4- hexafl uoro-2-butene; 1,1,1, 4,4, 4-

hexaf | uor o- 2- butene; 1,1, 2, 3, 4, 4- hexaf lludr o- 2- butene; 1,1,1, 2, 3, 4, 4-

hept af | uor o- 2-butene; 1,1,1, 2,4, 4, 4-heptafl uoro-2-butene; and m xtures
thereof. 9. The process of claimb5, wherein the one or nore

hydr of | uorocarbon(s) is 1independently selected fromthe group consisting of
fl uoronet hane, difluoronethane, trifluoronmethane, 1, 1 -difluoroethane,
1,1,1- trifluor oeﬂhanmeycldzbutane 1, Rdifloraafytlobutas; Haz}diﬂlmm:byniobmanesl,?n-her eof

10. The process of, ¢l ai m‘SQ wherein threjmldé')l nt copprises betwegn :?/ and 100
vol ume % HFC base lfﬁ‘SFﬂFYP kutaBeial vol u striffyogoyelabeRkRne: pr ef er dbls from 15
to 100 volume % HF 1dbRRRe ! he totgah 3vtghggggc€gl?g%edl | uent 1,1

I uent

preferably the d onprises from?Z20°to 100 ume % HFC ba éd uponthe
total volune of t etraflubmeptlobutmet; evenrl, hdSdaetpafbfossabloputahe; 1131,1¢%,3,3rent

conprises from25 tg 100 vo ne%HF onth ot al of the

G hent 11 “The BrBRdemofeichiEmg: 51, Lip s Ao BAERS: ur b ppr | ses a
hydrocarbon, a “Oﬁefa?ﬁﬁﬁdc‘ygloﬁﬁt%ﬁé n 1 ﬁQ@/?‘i—h@}EhﬂuB%cSrclgﬁﬁtanéz 1,Thg pjocess of
claim11, V\/nerel n the hydfocarbon is ‘a hal ogenated” hydrocarBon 6ther than

an HFC, preferabl hexaliﬁhelomwglgbman%d hl/dif%&ﬁﬂdlﬁptafblomhljbbum orideyl 13. The

HSER G WU TR R M

p/%(zgﬁné O\rNh te ?Z. ﬁﬂ&oxfb@ dgéh@ Le\’M ﬁflﬁmbﬂ%ﬁapehg r enreaffioespropente f3.mul a
dlﬂuoropropene 2,3-difluoropropene; '33- -difluoropropene;  1,1,2-
trifluoropropene; 1,1,3-trifluoropropene; 1,2,3-trifluoropropene; 1,3,3-
trifluoropropene; 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-
difluoro-1-butene; 2,3-difluoro-1-butene; 2,4-difluoro-1-butene; 3,3-
difluoro-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; 1,2,4,4-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-



each Ris a nonovalent C, to Cl2 hydrocarbon radical independently selected
fromthe group consisting of an alkyl, aryl, arylal kyl, alkylaryl and
cycloal kyl radicals; nis an integer fromO to 4; and each X is a hal ogen;
or the one or nore Lewis acid(s) is repnesented by the formula M RO nR nX4-
(mtn); wherein Mis Goup 4, 5 or 14 netal; each ROis a nonovalent C, to
C30 hydrocarboxy radical independently selected fromthe group consisting
of an al koxy, aryloxy, arylal koxy, alkylaryloxy radicals; each R is a
nonoval ent C, to Cl2 hydrocarbon radical independently selected fromthe

group consisting géntaffuctblybutess:y! 3a_v,r4/hal MtafluatcKVbatene; and] oycd pal Kyl
radicals; 114 n iIs an integer romO . mis an |nteger fromO to 4,

wherei n the sum ohexaflgep-fnbutenaot nbl%%%’é—hexﬁﬂuo%él -buteon; X i k1.3.4%bfogen; or

the one or nore Lew LS T S8 rrrula

M RC=00) nR mX4- ( nﬁ%’jﬁsﬂ“" e?(é’%%\enﬁn is ‘@ ppfﬁ",ﬁg’_??%Fc"H’“r%‘F’al Wdbt=0is a
monoval ent C2 to Geghflfupel-obatdaacy! 2B§!§4,¢alhexhﬂﬂﬂ§ﬂnl§lﬁfﬁe| y agai,zgtsem-fromthe
group consi sting of an al kacyl oxy, aryl acyl oxH aryl al kyl acyl oxy

al kyl aryl acyl oxy heptrlegre:1-biene: R1.5,43 é%ia aflegro-Ichutens: cil2 h;drfbﬁ-ar bon

radical 1 ndependegtlynyGehiegie. 1 315108 U RUR RIS AR, O ALKV, Ay

aryl al kyl , al kyl ar oal kyi I'S "an 1 nt eger Prom o to 4,
butene; 2-fluoro-2-butene; 1,1-difluoro-2-butene; 1,2-difluoro-2-butene;

1,3-difluoro-2-butene; 1,4-difluoro-2-butene; 2,3-difturo-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; 1,1,1,2,44-
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.

9. The process of claim 5, 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.

10.  The process of claim 5, 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 the diluent comprises from 20 to 100 volume % HFC

based upon the total volume of the diluent, and even more preferably the



mis an integer fromO to 4, wherein the sumof n and mis not nore than 4,
and each X is a halogen; or the one or nore Lewis acid(s) is represented by
the forrmula MOX3; wherein Mis a Goup 5 netal; and each X is a hal ogen; or
the one or nore Lewis acid(s) is repredéfted by the formula MX3; wherein M
is a Goup 13 netal; and each X is a hal ogen; or the one or nore Lew s
acid(s) is represented by the fornmula MRX3_ n wherein Mis a Goup 13 netal;
each Ris a nonovalent C, to Cl2 hydrocarbon radical independently selected
fromthe group consisting of an alkyl, aryl, arylalkyl, alkylaryl and

cycl oal kyl radi cadidyeni tbmprisdssfram Inted@d vbhora % HFC3basaddipenche ¥tals a

hal ogen; or the onel or re.l_evm' s acid(s) is represented by the formula

M RO nR mx3_  ( mHSlumgodthe dilvgpt s a2 G oup 13 metal; each RO is a rmonoval ent
C, to C30 hydrocarboxy radical independently selected fromthe group

consi sting of an al koxy, aryloxy, arylal koxy, alkylaryloxy radicals; each
R is a nonoVhl enThel prboes€18f holaimocyr bbereiradhe adilient] efugthele reoinprissselaect ed

cyol oal Kyl 1 adi caP RO pah & RoREaURE oleBr ARG an 1 ot ogor from 0 to
3, wherein the sumof n and mis from1l to 3; and each X is a hal ogen; or
12. The process of claim 11, wherein the hydrocarbon is a halogenated
hydrocarbon other than an HFC, preferably the halogenated hydrocarbon
is methyl chloride.

13.  The process of claim 5, wherein the one or more Lewis acid(s) is
represented by the formula MXy;
wherein M 1s a Group 4, 5, or 14 metal; and

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 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 4; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula M(RO),R',Xs4.
{m+n);

wherein M is Group 4, 5, or 14 metal;

each RO is a monovalent C; to Cjp hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;

gach R' is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;



the one or nore Lews acid(s) is represented by the formula

M RC=00 nR mX3-(mtn); wherein Mis a Goup 13 netal; each RC=OOis a
nonoval ent hydrocarbacyl radical independently selected fromthe group

i ndependently selected fromthe C2 to @39 group consisting of an

al kacyl oxy, arylacyl oxy, arylal kyl acyl oxy, alkylarylacyloxy radicals; each
R is a nonovalent C, to Cl2 hydrocarbon radical independently selected
fromthe group consisting of an al kyl, aryl, arylal kyl, alkylaryl and
cycloal kyl radicals; nis an integer fromO to 3; mis a integer fromO to
3, wherein the sumﬁnlﬁte@aﬂfr@miostow omlto 3; and each X is a hal ogen; or

the one or nore Lewis acid(s) is represented by the formula MXy; wherein M
is a Goup 15 net®|is an igeges dom &tq 4, %h%ﬁn&yeﬂmamasdwsaotmor@rth@ sor the
one or nore Lew s id(s) is represented by the formula MM Xy ,,; wherein

Mis a Goup 15 netal; each Ris a nonovalent C, to Cl2 hydrocarbon radical
i ndependent |y se¢abUeid & adsgenher gr oup consi sting of an al kyl, aryl,

aryl al kyl, al kylaryl and cycloal kyl radicals; nis an integer fromO to 4;
y is 3, 4 or 5 wherein nis less than y; and each Xis a hal ogen; or the

333 glr n”ﬁﬂr ?SL:V“GSOgS' %S)r%'t g'fo’rrgpi‘é@f‘snta%ﬁl(gy it Neepk Qi a bW 3R Rty (M)
M(RC=00)R ' nX4-(m+ny;
wherein M is Group 4, 5, or 14 metal;
gach RC=00 1is a monovalent C, to C;p hydrocarbacyl 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, 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 X;., .
wherein M is a Group 13 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;



each ROis a nonovalent C, to C30 hydrocarboxy radical independently

sel ected fromthe group consisting of an al koxy, aryl oxy, aryl al koxy,

al kyl aryl oxy radicals; each R is a nonovalent C, to Cl2 hydrocarbon radical
i ndependently selected fromthe groupid¢dnsisting of an al kyl, aryl,
aryl al kyl, alkylaryl and cycloalkyl radicals; nis an integer fromO to 4;
mis an integer from0O to 4; y is 3, 4 or 5, wherein the sumof n and mis

| ess than y; and each X is a hal ogen; or the one or nore Lewis acid(s) is
represented by the formula MRC=00O)nR nXy_ (m+n); wherein Mis a Goup 15
met al ; each RC=00niisarsintagapfradnelnto 3Cand o C30 hydr ocar bacyl oxy radi cal

i ndependently sel ec .fromthe group consisting of an al kacyl oxy,

aryl acyl oxy, aryIQF%?f&E&? R8FD: AY kyl aryl acyl oxy radicals; 117 each R is a
nonoval ent Cl to Cl2 hydrocarbon radical independently selected fromthe
group consisting of an al kyl, aryl, arylalkyl, alkylaryl and cycloal kyl
radi cal s; n i s anthernmegemore bew( acil(s);is reprasented by tHecfganulb MR@),R'aX4; y is 3,
4 or 5, wherein the sumof n and mis less than y; and each X is a hal ogen.
14. The process ofm*®l aim5, wherein the one or nore Lewis acid(s) is

i ndependent |y sel gabReh M @MB8p 98 Atggaiconsi sting of titani umtetrachloride,
titaniumtetrabromde, vanadiumtetrachloride, tin tetrachloride, zirconium

tetrachl oride, ti tahi RO ibraomiodevalentdhl tor Cgeyydracaehoxy madicdrindemtedatitiyh| or i de,
vanadi um brom de L S0 Hond the ‘group Coistag of b My IGiISSN A hhbE! UM

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 3;

m is an 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
MRC=00)aR'mX3-(nny;

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 C3g 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 O 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;



trichloride, dibenzyltitaniumdichloride, benzylzirconiumtrichloride,

di benzyl zi rconi um di brom de, nethyltitaniumtrichloride, dinethyltitanium
di fl uoride, dinethyltin dichloride, phenylvanadium trichloride,

met hoxytitaniumtrichl oride, n-butoxytillaniumtrichloride,

di (1 sopropoxy)titaniumdichloride, phenoxytitaniumtribrom de,

phenyl met hoxyzirconiumtrifluoride, nmethyl nmethoxytitani umdichloride,

met hyl nmet hoxytin dichloride, benzyl isopropoxyvanadi um dichlori de,
acetoxytitaniumtrichl oride, benzoyl zirconiumtribrom de,

benzoyl oxyt it ani usadhrX id aibaloghm; andopr opoyl oxytin trichloride, methyl
acetoxytitaniumdichlorid benzyl benzoyl oxyvanadi um chloride, vanadi um
oxytrichloride, aVdhiruth 5% chl ori de, boron trifluoride, gal | i um
trichloride, indiumtrifluoride, ethylalum numdichloride, nethylalum num
di chl ori de, benzyl al um num di chl ori de, isobutylgalliumdichloride,

di et hyl al um num ctieamede mate Erewiswciﬂ(sjrﬁ; rapreseiited by dke, foemblal MRLX . num

sesqui chl ori de, &?ﬁ%/ % hloride , trinethylalum num
triethylal umi num Hy OHH foride, ethoxyal uninum dichl oride,
2,6-di-tert-butyl anRXiéathﬁbﬁB:bmeﬂt @]' o WZI hydPB LB ra&‘[@ilhﬂ:l@ﬁéﬁﬁhﬂljrm

chI oride, 2,6-di-tert-butyl phenoxy nethylal um num chlorid

i sopr opoxygal | i unseleated dromd &he piwepwoyswtmghqﬂ amdlkyin Mh@ryldlkyl hilglaryl

acet oxyal um num d| I or(gﬁi]g)g ﬁ‘ﬁfaﬁoyl oxyal um num di brom de, benzoyl oxygal I i um
di fl uoride, nethyf™ Ir im chioride, isopropoyl oxyindium
trichloride, anti gooyn f &Baro ey, antinony hexafluoride, arsenic
pent af | uori de, anti non | oride pentafluorlde arsenic trifluoride,

bi smuth trichl ori gds 3r @1115 oviferainpiisilsss den soidor i de,  t et r aphenyl ant i mony
chloride, tri phen§ %&r& d| chloride, tetrachloronethoxyantinony,

di met hoxytri chl or E ?1 oy 8F|oromet hoxyar si ne, chl orodi net hoxyar si ne,

di f1 uoronet hoxyarsi ne, acetatotetrachloroantinmony, (benzoato)

tetrachl oroanti nony, and bi snuth
the one or more Lewis acid(s) is represented by the formula M{RO);R'nX.-

(mrtn);

wherein M is a Group 15 metal,

each RO is a monovalent C,y to C;3p 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 O to 4;

m is an integer from 0 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'mXy-(m+n);

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;



acetate chloride; or the one or nore Lewis acid(s) is independently sel ected
fromthe group consisting of alumnumtrichloride, alumnumtribrom de,

et hyl al um num dichl ori de, ethylal um num sesquichl ori de, diethylal um num

chl oride, nmethylal um num dichloride, nmgthyl al umi num sesqui chl ori de,

di met hyl al um num chl ori de, boron trifluoride, and titaniumtetrachl oride.

15. The process of claim5, wherein the Lewis acid is not a conpound
represented by formula MX3, where Mis a group 13 netal, X is a hal ogen.

16. The process of claim5, wherein the one or nore initiator(s) conprise a

hydrogen hal i de, sachaRbexyl méenéaileht @ GAICHOKyllocarden dadiadli thdependentlyf oni ¢
acid, an al cohol, a phenol, a polyneric_halide, a tertiary alkyl halide, a
tertiary aral kyl Faegtedh from ther gronp opsigting elsempalkyl argh ardaliylaetivigy! ester, a

tertiary al kyl et ' .aral kyl ether, an al kyl halide, an aryl
halide,  an al kyl gﬁ{,fYCﬂ‘g\H%téﬁﬁééf%n aryl al kyl aci d halide. 17. The process of

claim5, wherein nhieaimeger fromy®tdfi tiator(s) is independently sel ected
fromthe group consjsting of HCl, H20O nethanol, (CH3)3CCl, C6H5C(CH3) 2Cl,
(2-Chl or 0- 2, 4, 4- t P} FBRAYEREHfumB)to 4nd 2- chl or o- 2- met hyl propane; or 119 the

one or nore initiat i e gro
consi sting o:‘ IhyId?ggﬁe’?%:rh%’ﬁqeﬁgﬁﬁﬁm%ﬂerynmﬁﬁ?ﬁg%%g%&ggn igodiuge, acetic

aci d, propanoi c aeadh Xluu Balogen. aci d; ci nnam c acid, benzoic acid, 1-
chl oroacetic acid, dichloroacetic acid, trichoroacetic acid, trifluoroacetic
acid, p-chlorobenzoic acid, p-fluorobenzoic acid, acetyl chloride, acetyl

brom de, cinpgnyl Tﬁ@!@é&&%ot??ﬁﬁﬂyﬁ, GJEE,IQ;A {fe ,d%n&roydor@n;wﬁgeacid(f) is

trichl oroacetyl chlori trifluoroacetylchloride, p-fluo enzoyl'chl ori de,
met hanesul f oni ¢ adiddperidenfly sddeaserbfrhotbs giduprousistoigdf titanium tetrachloride,
trichl oronet hanes

chl oride, net haneglf?}c“?‘g% tr%glr"g#id ‘}a%%‘ lﬁéﬁé%’%icﬁaﬁgi%tafgiﬁ%ia‘g%%g':‘i;@g?/l
tetrachloride, titanium bromide trichloride, titanium dibromide dichloride,
vanadium bromide trichloride, tin chloride trifluoride, benzyltitanium
trichloride, dibenzyltitanium dichloride, benzylzirconium trichloride,
dibenzylzirconium dibromide, methyltitanium trichloride,
dimethyltitanium difluoride, dimethyltin dichloride, phenylvanadium
trichloride, methoxytitanium trichloride, n-butoxytitanium trichloride,
di(isopropoxy)titanium  dichloride, = phenoxytitanium  tribromide,
phenylmethoxyzirconium trifluoride, methyl methoxytitanium dichloride,
methyl methoxytin dichloride, benzyl isopropoxyvanadium dichloride,
acetoxytitanium trichloride, benzoylzirconium tribromide,
benzoyloxytitanium trifluoride, isopropoyloxytin trichloride, methyl
acetoxytitanium dichloride, benzyl benzoyloxyvanadium chloride,
vanadium oxytrichloride, aluminum trichloride, boron trifluoride, gallium
trichloride, indium trifluoride, ethylaluminum dichloride, methylaluminum
dichloride, benzylaluminum dichioride, isobutylgallium dichloride,
diethylaluminum chloride, dimethylaluminum chloride, ethylaluminum
sesquichloride, methylaluminum sesquichloride , trilﬂethylaluminum,
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,



trifluoronethanesul fonyl chloride, p-toluenesul fonyl chloride, nethanol,

et hanol , propanol, 2-propanol, 2-nethyl propan-2-ol, cycl ohexanol, benzyl

al cohol, phenol, 2-nethyl phenol, 2,6-dinmethyl phenol, p-chlorophenol, p-

fl uorophenol, 2,3, 4,5, 6-pentafluoropherid8, and 2- hydr oxynapht hal ene; or the
one or nore initiator(s) is independently selected fromthe group

consi sting of 2-chloro-2,4,4-trinethyl pentane; 2-brono-2,4, 4-
trimet hyl pent ane; 2-chl oro-2- et hyl propane; 2-brono- 2- net hyl propane;

2-chl oro-2, 4, 4, 6, 6- pent anet hyl hept ane; 2-brono-2, 4, 4, 6, 6-

pent anet hyl hept anec¢etdxyahinpinom1 - nﬂidh}dr&iehyl benzatexyaliimiaihor odibesmideane;

1- chloroethylbenz

; i s(1l-chlaro-I- yl ethyl) benzen
5-tert-butyl - EF%ZGI}%‘HE%}E Wfﬁ‘et h "ﬁwgeﬁfeﬁqéya lomipust ofglorlde
2,4,4-trinet hyI pe I 4- h Xy-
2- met hyl pr opane; gkto ggﬁ’g 8%’?‘2’2“3@ m%%jﬁéopg%%m@ ag%‘?%%&@g4 %ltgﬁ%{jp
pent anet hyl hept anhexaifhlbddz,oyrseﬁi,m péntaflGerpient avtiet duyl hhm'ﬂneperﬂammetdexy-

1- net hyl et hyl benzene;. 1- darra tan benza yI benzene;

1, 4- bi s(1- acet oxyaTS"W'Eth ‘é’t’ 1 ‘%’é‘ﬁ emﬂ?%l‘%‘ e ASEH ta}‘c\’/ tfa‘?"s"%rﬁa‘?et oxy-
1-net hyl et hyl) bepzg ﬁenﬁaxﬂﬁﬂd?xgxy Zottforftiel T MRk p;méh gﬂﬁﬁﬂﬁy 2- 'd&ﬁRfrfd@OXY'
2,4, 4-trimet hyl pent ane; “2- met hoxy- 2- et hyl pr opa 2- benzyl oxy- 2-

met hyl propane; 2- mtahbhoyor@sthoxyabiidopgnt anet hyI heqietiexyichkbogandpony
24466pentarreth hept an 1- met hox | et hy enzen 1-

et hoxyadanant ane SCHERFERS AT et AeoF 5 Be1 SRERGRToXFBine,

met hyl et hyl) benzﬁ&ﬁatoén*aél{lbrolaﬂﬁﬂibnyl @eﬁ%oﬁt() tétRichR¥mbiniay ¥l Ebiduih
benzene, and 1,3,5-tris(1-chloro-I-nethylethyl) benzene. 18. The process of

claimb5, wherein uatatategblosidemre initiator(s) further conprise a
weakl y-coordi nating anion. 19. The process of claim5, wherein the one or
nore initiator(s) conprise greater than 30 ppm water (based upon weight).

20. The process OfheChitd B2 moreewdy icid(BpisCinbéRatiémE {dlctddefroMmOR &S
consisting of aluminum trichloride, aluminum tribromide, ethylaluminum
dichloride, ethylaluminum sesquichloride, diethylaluminum chloride,
methylaluminum dichloride, methylaluminum sesquichloride,

dimethylaluminum chloride, boron trifluoride, and titanium tetrachloride.

15. The process of claim 5, wherein the Lewis acid is not a compound

represented by formula MXj3, where M is a group 13 metal, X is a halogen.

16. The process of claim 5, 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 5, wherein the one or more initiator(s) is
independently selected from the group consisting of HCI, H;O, methanol,
(CH3):CCl, CgHsC(CH;3),Cl, (2-Chloro-2,4,4-trimethylpentane) and 2-

chloro-2-methylpropane; or



contacting one or nore nononer(s) independently selected fromthe group
consisting of olefins, alpha-olefins, disubstituted ol efins, isoolefins,

conj ugat ed di enes, non-conjugated di enes, styrenics, substituted styrenics,
and vinyl ethers. 21. The process of clH9m 5, wherein the contacting further
conprises contacting one or nore nononer(s) independently selected fromthe
group consisting of styrene, para-alkylstyrene, para-nethylstyrene,

al pha-nmet hyl styrene, divinyl benzene, diisopropenyl benzene, isobutyl ene,
2-met hyl -1 - butene, 3-nethyl-I|-butene, 2-nethyl-2-pentene, isoprene,

but adi ene, 2, 3- ditheetohy|orlmdrdinitiastosejs hdppereestly nylecedefrom the group

A L TN R e
ether. 22. The prQe&RSaGd, ;Bpandic &:llcP'HﬁFanélctéhc?Jemdﬁﬂﬁé §é15 Eéﬁ‘%oi%%ﬂ yoer is
hal ogenated to form a hal'ogenat ed copol ymer, preferably t he hal ogénat ed

copol ynmer i s hal ogblaoasdtiovatid, di@hlnwa@etl@acltlr trehheoace8c aTide tpflwressstiof ¢l ai m
22, wherein the hal 1(é)lgen ontent .

h
o o e bl Bheaoinand SHPlrkitle a3, st SBRSE RN TS 1 om

0.5 w%to 3.0 wt %&ﬁﬁi@d BiRRAmYhecmBridd)t tehzdyhe chibaegemalzed aapmlderer. 121
24. The copol yner of any of clains 1 to 4, or the process of any of clains 5

to 23, wherein thdricidpwhgetgichiosde,a tiflnarpaderydehlonideat prluorebengy]diwide,

preferably the copol as a Mv of .from at er f.han Q, 000, nore
D of or abl 3 the cofSIUMErIRdte & wv 8191 rom gpaavereTifrddiieooo,

particularly the Qﬁﬂﬂbthﬁ@&ﬂﬁ)nMNa@lﬂ f-@Neaeadonlic bbidD netRRs@@Myl 25. The
copolymer of any of clainms | to or 24, or the process of any of clains 5

to 23 or 24, wher ¢hlpridge m@bmeyw&nyhalsromldmnrléhlommﬁhm@hfwl ¢Herde2, nore
pref er ?‘b ly the COQ@Q @Qﬁﬁe&l% %loﬂ&eoga-(%)rlﬁeglﬁg.ﬂ%o?@l Cﬁﬁ%dg,o&%lmi; of any

of clains 1 to 4 proces
ethanol, propanol, 2-propanol, 2-methylpropan-2-ol, cyclohexanol, benzyl

alcohol, phenol, 2-methylphenol, 2,6-dimethylphenol, p-chlorophenol, p-
fluorophenol, 2,3,4,5,6-pentafluorophenol, and 2-hydroxynaphthalene; or

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-
I-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-
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-



clainms 5 to 23, 24 or 25, wherein the copolyner has a Money viscosity of

at least 20 5 (M. 1 + 8 at 125C, ASTM D 1646), preferably the copol yner
has a Mooney viscosity of from20 5to 60 5 (M. 1 + 8 at 125C, ASTM D
1646). 27. A blend conprising the copoligger of any of clains 1 to 4 or 24 to
26 and a secondary rubber independently selected fromthe group consisting
of at |east one of natural rubber, polyisoprene rubber, poly(styrene-co-
but adi ene) rubber (SBR), pol ybutadi ene rubber (BR), poly(isoprene-co-

but adi ene) rubber (IBR), styrene-isoprene-butadi ene rubber (SIBR),

et hyl ene- propyl engefliyipiRy]) ( ERERzen®t hLieRauB1apy bRIEmEtRRE- 1LMBReTethy{ )EPDM
pol ysul fide, isobutylene/cyclopentadi ene copol yner rubber,

i sobut yl ene/ net hybengpas, apé diaurste-chlopnl yletiybdenzenet ril e rubber,
propyl ene oxi de pol ynmers, star-branched butyl rubber and hal ogenat ed
star-branched butyl rubber, brom nated butyl rubber, chlorinated butyl

rubber, stari®r antheproddsyicfollbity | g nehereiabdiE, orfd 3f thére NmkiRgorly) ofiitthat ed
butyl (polyisobutyl ene/isoprene copolyner) rubber; poly(isobutylene-co-

p- met hyl st yrene) BerEPHY oYeHdY-eeprgBaling awput y| ene- co- p- net hyl st yrene)

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

pol y(i sobutyl ene-co-i soprene-co-styrene), hal ogenated pol y(i sobutyl ene 122

Co- i sopr ene- ¢9- st TheProcesP @F WdimoDUhvlitreire tiROones OP heRe ifitlaRdr(sredbMptist yr ene)
hal ogenat ed pol y(i sobutyl ene-co-i soprene-co-a- nethyl styrene), and m xtures
t her eof . greater than 30 ppm water (based upon weight).

20,  The process of claim 5, wherein the contacting further comprises
contacting one or more monomer(s) independently selected from the group
consisting of olefins, alpha-olefins, disubstituted olefins, isoolefins,
conjugated dienes, non-conjugated dienes, styrenics, substituted styrenics,

and vinyl ethers.

21.  The process of claim 5, 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.

22.  The process of any of claims 5 to 21, wherein the copolymer is
halogenated to form a halogenated copolymer, preferably the halogenated

copolymer is halogenated with chlorine or bromine.

23.  The process of claim 22, wherein the halogen content is greater than 0.5
wt% based upon the weight of the halogenated copolymer, preferably the
halogen content is from 0.5 wt% to 3.0 wt% based upon the weight of the
halogenated copolymer.



24,

25.

26.

27.
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The copolymer of any of claims 1 to 4, or the process of any of claims 5 to
23, 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
preferably the copolymer has a Mw of from greater than 500,000,
particularly the copolymer has a Mw of from greater than 1,000,000.

The copolymer of any of claims 1 to 4 or 24, or the process of any of
claims 5 to 23 or 24, wherein the copolymer has a MWD of from greater
than 2, more preferably the copolymer has a MWD of from 2 to 6.

The copolymer of any of claims 1 to 4, 24 or 25, or the process of any of
claims 5 to 23, 24 or 25, 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 5 (ML 1 + 8 at
125°C, ASTM D 1646).

A blend comprising the copolymer of any of claims 1 to 4 or 24 to 26 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-
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co-isoprene-co-styrene), poly(isobutylene-co-isoprene-co-o-
methylstyrene) halogenated poly(isobutylene-co-isoprene-co-a-

methylstyrene), and mixtures thereof.





