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BACKGROUND

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

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




Exanpl es of Lewi s acids include AlCl3 and BF3.

Exanples of initiators include Bronsted acids such as
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solution polymerlzatlon. 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

methyl chloride.
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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.
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U S. Patent No. 2,534,698 discloses, inter alia, a
W@eIogoEss2y at i on process conprising the steps POT/US2003/040852

conbi nation of dispersing a m xture of isobutylene

and a polyolefin having 4 to414 carbon atons per

nmol ecule, into a body of a fluorine substituted

al i phatic hydrocarbon containing material w thout

sygvesant i al 189! pdbANG. SR 698 URIRS, RIBPASL,I #BoBinerization

fromone-half part to 10 parts of fluorine

spinsesst womprising pthgt siephyidr combbuationaed ngspersing enenikoire  of

five carbon,ato err. ol ecul e, whi.ch i.s |iquid,at, the
pBPTREIRS 200 G SlEnls s hetiPe Ll T SRORE AR g™ TRlCute, o a
dbs@e b 8 dludtiné dasstiafted slppHatiy AR caMdn RBh¥AISS hidtdRY Without
four to fourteen carbon atons per nolecul e at

t Sghstantielisodutiasethoren in he@reprition 64 Gobyoneeal bpast tc i paits of

t 0 = | | - Cr. . wever, 698

t SEORAE s sl Qo ol K3 ling AOREEC 15, 8 Partog ptoms
| Peramblepiila Sitdcls jssliceid Wi thd pbhiendrranee fempReiiias QAR holydndizing
catal.yst heing substantially insoluble_ in the

f thgstidnessed arxHikPhigotuRdene aridepolynletin baying foygto fourteen carbon

u [ [ eRho 4, f ot
PR e ol Bl Ben TR Eab na Balbd i spplication
ptlecsts sa f Briedeh€rafise patalgtt onHowewere 08 yenehes tiiee thieepsitable
c risin conti nyously.del.ivering to a

o bR PO Rt B & birTBH SSTPRINLR i Mgngier comonomer
MRh P Catdly2P BEihb AbMhntlaBP RN 10 8n AR (RofIcRBbn RA N use
isoprene; diluting the” mxture wth from1/2 volune

t difficulyandunsstidicteyhyl i dene di fl uori de;
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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.
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i on cop yrrers of isobutylene with
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49(4) Rubber Chemlcal Technology, 960 (1976), discloses, inter alia, the cationic
slurry polymetization of copolymers of isobutylene with isoprene (butyl rubber)

and with cyclopentadiene in heptane.

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

polymers associated with the aforementioned processes would help supply the
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hydrocarbons to serve as a solvent for the monomers, catalyst and the prepared

copolymers. A typical example is methyl chloride/hexane mixtures. In slurry
copolymerization, a chlorinated hydrocarbon, usually methyl chloride, is used as a
solvent for the monomers and catalyst, but the copolymer produced is insoluble in

the diluent.

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

characterizable sequences of two monomer units are called diads. Three monomer
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copolymer composition, p-methylstyrene units exhibit a tendency to follow other

p-methylstyrene units in the copolymer chain. Consequently, BSB (B =
isobutylene, S = p-methylstyrene) triads are present at relatively lower
concentrations than copolymerization systems in which the reactivity of the

comonomers are more similar.

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

the known reactivity ratios of p-methylstyrene for isobutylene/p-methylstyrene



copol ynmer conposition, p-nethylstyrene units exhibit a
tendency to follow other p-nethylstyrene units in the

w@opehsases chai n. Consequently, BSB (B = i sobetU82063/040852

S = p-nethyl styrene) triads are present at relatively

| ower concentrations than cgpol ynerization systens in
which the reactivity of the conononers are nore
simlar. [0018] Because isobutyl ene/p-nethyl styrene

c I e c in
CIBPUUTBATHA 08 SF ool Qg R AR S o

clflhmramatlgaﬁ Poddr OR.AFdaeria J. Maerodeyr . -Pure Wppt ICHehe 1994 A31,
uence distribution can be varied is quite limt

Ed8RSoh | Qrzah. t'hi Nagys iRt enady.st-1duisa Osg- Ehemi ALY, cﬁia 258.

T IO B0 4110 SRR IR s

PCan L&?O}&Bpﬁé@%rath appdiffprent i thar | those Seailablg. using Cknown
7 copggagpnvgq@%?l\(:\gégq&lgwajg S&ﬁé&nrlg@:qgs 1}%)23'(211’1erpu uar%s]sess higher
Cl@@fﬁeggrg@&ls @iﬁfkooleﬁﬁgiﬂé]lsty&é%@%lb nAt‘ﬂa&%éthl‘]S Ere useful for

Kenne , 8, 258 Finding a
pdhey prephmtivn af matstidmthat possash bptlabltoyd;lsﬂqngesleaswdt fBnetibnal
triad fractions can be prepared which are different
t B hose avail abl e usi ng known copol yneri zati on
conditions is desirable. Copolyners that possess
h| her concentrations of

%f i n- p- CéthklybagkgméwbrqfegemeéﬁﬂdﬂdﬁW@o@&‘H&ﬂu%ﬁﬁl@l@% a
bo e%l’%ladlce(ﬂ Sriolytﬁﬁhgrlﬁ{l(e) afoacteéso Wﬁ&g&mﬁéﬁbon@ abtﬁgrs%%:ﬁl%r]ound

Cros es an na grou

Qrbi%fenb@ﬁllﬁgmdblm 1&f e QZTEA$ W@@Zﬂl@@9@@ WO @761t UR. Patent
scloses a _free radica ol ynmerijzation process using

IR, 167 CH IS Balsnt N+ 12 HE10, nblirt Paieat Hpon i 145

i nclude DE 100 61 727 A, WD 02/ 096964, WO 00/ 04061,

U S Patent No. 5,624,878, U S. Patent No. 5,527,870,

arflMVARR2OETHRANVENYION43. SUMVARY OF THE

I NVENTI ON [ 0020] This invention provides new

pol ynmeri zati on systens and processes conprising

hygoxy! uor ocafidpRentdd Jﬁbﬂd%ﬁﬁ&?heﬁ%tmea’y&emy&ﬁd processes
i nvent| on also provi for new polymerization

preopwsising hydmstioseaatponts [ta@nedsice mopeli milypgers. The invention also

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

copolymer may optionally be halogenated.

[0021] In particular, the invention provides for a copolymer comprising an
isoolefin and an alkylstyrene, the copolymer having a copolymer sequence

distribution defined by:

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



hydr of | uor ocarbons and their use to produce novel

pol yners with new sequence distributions. In
w@aooiiosssekar, the invention relates to copol ynePGI/US2003/040852

conprising an isoolefin, preferably isobutylene, and

an al kyl styrene, preferably ngthylstyrene, even nore

pref erably para-nethylstyrene, with new sequence

di stributions. The copol yrrer may optionally be

hal Oger@ﬁe?& n mOR24L (J s%{;‘l.lle%ce cﬁ&ﬁbﬁtwﬁeg%rét?agtﬁr a‘ﬁ dlS the

provides Tor a copoly I'SITng an 1S5S0

an al kythelayratio®f aIld?Etﬁemmﬂoymefhawm@c@oQle iger
sequence, gl %&i’sbutl on defined by: F=1-{mA/ (1+mA)) WO
2004/ BB plsistiessnspelalomakylsy epsdriad fragtarsindhecopolymer;

C°p°|y“ﬁ&ﬂéﬁ%#ﬁﬂ@ﬁn@&éh&h@%t'on parameter; Ais the

molar ratio yl'styrene to isoolefin in the
copol yner; and F |s t he

al tyren I n-al k rene triad fraction in
CHosALY! Pﬂm}ﬁn b, The GREREEE HRUACS T forwpolymer
| Noro&dies %57’0% ";ﬁﬂééss ANENESRILRE O uh IS oléPhn, Apreferably

fi
copol ymer " produced by th glprocess compri si ng
c optbatyleney annlkydssyders,ione opmedre dabliy acidshbue yor emee imitiator(s),

" 5 ST cSRithe dRiuen thEy HoohtosAbol) (RS the
hysbpelyiiee hokas ReBpslyme feusice dtéﬁ%utféﬁmehﬁmy having a

copol ymer sequence distribution defined by:
F=1-{m¥ (1+mA)} wherein mis the copol ynmer sequence

di stribution paranete ratlo of
al kyl styrene to |sooli<;qef|rr? nAt}@ copgﬁy and F is

t he al kyl styrene-isool efin-al kyl styrene tr| ad fraction
in the copolynmer; wherein inis from]less than 38.
[0023] WhereiRempisethe ippolinss Feaisics distHutionoBitamEis Ay is the

be i sobytul &R o?ﬁfi(fy eaﬂolﬂdo%ﬁﬂ 1ﬁriﬁy jﬁger an

nmet hyl styrene, pre par a- nmet ne. d[ 0024]
I n any Bbis thé elkghmmamsmlsﬁrdelkyfstybanb trind fﬂacm;or&aché caorpolymer;

Enr;leo/ aIW elrgﬁl renﬁomtfess%an%s fromgreater than 0.5

[0023] In the previous embodiments, the isoolefin may be isobutylene and

the alkylstyrene may be methylstyrene, preferably, para-methylstyrene.

[0024] In any of the embodiments described in this section, the

alkylstyrene content is from greater than 0.5 mol%.

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

is from greater than 1.5 mol%.

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

is from greater than 6.0 mol%.

[0027] In any of the embodiments in this section, the alkylstyrene content

is from greater than 12.5 mol%.



[0025] In any of the enbodinents in this section, the
al kyl styrene content is fromgreater than 1.5 nol %

wQ 0@20%88kh any of the enbodinments in this sectPCHUS1008040852
al kyl styrene content is fromgreater than 6.0 nol %
[0027] In any of the enbodinegts in this section, the
al kyl styrene content is fromgreater than 12.5 nol %
WO 2004/ 058825 PCT/ US2003/ 040852 10 [0028] In any of
t he enbodi nents described in this section the
copol ymer may be hal ogenated to form a hal ogenat ed
COI}%@R mer. [[DGRglofiie ¢thbodiments dascribed adlihiesdction ke copolymer
hal %gﬁnﬁltled C ?I ﬁrrer fxaﬁ ha%ggen ted with chlorine or
br'8 ee.af’%f‘(?@%ﬁ ? TR PEFAEC CABYHMRENt s descri bed in
this section, when present, the halogen content is
greater than 0.2 nol% [0031] In any of the
en98nent s e s imvedous anphiogimends ithe, halbgamatede sepdlymer is

t n.content is fromO0.2 nol%to 5.0 nol %
ppgar“%%lé%?‘iwf‘t?‘é’ﬁnh’ 05 ok BIORips 5 0 ol % [0032] In any

of the previous enbodi nents, the copol yner has a Mwv of
fromgreater than 50,000. [0033} In any of the

pri@38us endaanrehths eebpsimens dosesibechisthis svptiorf, whenqresent,
ar Lhan , 0 any of the previous
eggggiﬁﬁ%nt S, tet}lgge; g?%ag%rlté%e@%%éé%a Mv of from greater

t han 500, 000. [0035] In any of the previous

e jments, the pol ymer has a Mw of fromgreater

t ﬁﬂﬁg , 000, dBEY Pg emiadingenss descrifed By this ssation, when present,
enhO HAITBEH Sontd? & £ORA).Y BRI 4 0

t han 3. [OO?I>17] I'n an?%@é’gﬁagw odéséeﬁgé@?rlﬁedr???? ltnﬁ%eA) to
cdmptfer has a MAD of from2 to 5.

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

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

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

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

from greater than 1,000,000.

[0036] In any of the previous embodiments, the copolymer has a MWD of

from less than 3.

[0037] In any of the previous embodiments, the copolymer has a MWD of
from 2 to 5.



WO 2004/ 058825 PCT/ US2003/ 040852 11 [0038] In any of

the previous enbodi nents, the copol yner has a Mooney
wo@gosisey of at least 20 5 (M. 1 + 8 at 125CPCHEIN0EN40852

1646). [0039] In any of the previous enbodi nents, the

copol ymer has a Mooney viscqggity of from20 5 to 60

5 (M 1 + 8 at 125C, ASTM D 1646). [0040] In any of

t he previous enbodi nents, mis fromless than 38.

| ) .
0689, STH 1, SRR S Bkl Eoney
e ntiedsitedit £ least 205+ E(dID 1 esz&lttlbﬁ"rC,MTM[IDM%]). In any of

t he previous enbodi nents, mis fromless than 30.
[0044] In other enbodi nents, mnmay be from 1-38.

[90680 |1 Sk BRI AT o L s a Mooney
[ 0GstBityt of foith 20 Jortoodl BV, 1 ermyzﬁ)"@,ﬁA{SfﬂMD BRL6).

[0048] The invention also provides for a blend
conprising the copolyner of any of the preceding

enbes TeNt S 13Rky 8f B8 %%W&fs%rﬂﬂé@ﬁﬁémss & fscﬁrﬁﬁ 1dsk ﬂiéhts'@e

group consisting of at |east one of natur rubber,
pol yi sopr ene rubber pol y(styrene-co-but adi ene)

Bt g 5o FElom s an 3.

styrene i sopr ene- but adi ene rubber (SIBR),
eth ene- propyl ene rubber (EPR),
B Rne- br dhyne AL PemE s ptoAimeEHDNS fromols e,
|sobutylene/cyclopentadlene copol ynmer rubber,
i sobut yl ene/ met hyl cycl opent adi ene copol yrmer rubber,

ni[0043]e r ublemny pf heyprahicus embodindied, yirdrfiom less than 30.
star-branched butyl rubber and hal ogenat ed
st ar-branched butyl rubber, brom nated butyl rubber,

b j4nat ed 1 %gﬁgﬁeﬁ%@% tsS a}g Jbﬁflﬂsﬁerd 2004/ 058825

U 2003/ pol yi so ene ru
star-branched brom nat ed butyl

o PRI oput Bl B SRR, Fboy é‘{rrg?l)"a]nggﬁg{ogenat ed

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

polxéisobutylene co-i soprene-,
[0046] In other embodiments, m may be from 1-35.

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

[0048] The invention also provides for a blend comprising the copolymer
of any of the preceding embodiments and a secondary rubber selected from the
group consisting of at least one of natural rubber, polyisoprene rubber,
poly(styrene-co-butadiene) rubber (SBR), polybutadiene rubber (BR),
poly(isoprene-co-butadiene) rubber (IBR), styrene-isoprene-butadiene rubber
(SIBR), ethylene-propylene rubber (EPR), ethylene-propylene-diene rubber
(EPDM), polysulfide, isobutylene/cyclopentadiene  copolymer rubber,
isobutylene/methyl cyclopentadiene copolymer rubber, nitrile rubber, propylene
oxide polymers, star-branched butyl rubber and halogenated star-branched butyl
rubber, brominated butyl rubber, chlorinated butyl rubber, star-branched



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

w@olngsssebut yl ene- co-i soprene-co-styrene), PCT/US2003/040852
pol y(i sobutyl ene-co-i soprene-co-a- nethyl styrene)
hal ogenat ed 12

pol y(i sobutyl ene-co-i soprene-co-a-nethyl styrene), and
m xtures thereof. [0049] This invention also rel ates

t opadyipatiuyyterd Zdbér) BtaRbRSERS B ateSl Byl d@ggﬁs%gﬁfxfégeﬁsoprene

or { rTnorrers one or nore Lewi s acl
notPROLYTEE) | Bitbdes | nely(isebpiytnerom- mfethalsuyrbm) Ntand halogenated

| (HFC
o I o B B R R RO sobiblgeorippprene-
amot-mmeﬂa'ﬂﬂnyxdnﬂe nt polylisSbuitylsendd- Bﬁpﬂeﬁé-% %@rér&?m hal?%:nated

pr ess. to groduce pol ynmers of nononer (s)
y&(@PP leng1504sqpEenercor sty ep), rmpdbfélﬁf(ksl)‘.ylamfdcc&lsbpnm&co e

aqhéi j/lE‘tyI‘é?l%) PLES é}ﬁ?edOfpo‘i’y(g%?ﬁtg %ég%:ﬂa;%gr}%g%)?élggeﬁgyégyrene)

wherein"the Lew S acid

byanfl orintures thd8of. where M is a group 13 netal, X is a
hal ogen. [0051] In one enbodi nent, the i nventi on
provides a polynmerization nediumsuitable to

PQOO4YRT | Ze s RfvefRrca 45@&%&53 %chgmeﬁQarpog i ?ﬁfr:é% Cothprising

the polynerization medium conpri
L SaRtaCcting O P myme numonmers onk mrtmatteohé\sl)s ac&l3tand one or more

Lisin nor e hydr of | uor ocar bon(s)
(rtRls B BS it o B Couthps e scor ore Aot bons
P(HYCEeH @repeiby dRlel polyhRAzatRtoHMHs t abl e to
pol ynmeri ze one or nore nononer(s) to forma pol yner,

t he polynerlzatlon medi um conprising one or nore

L 53 aci d($) ent nmprisin e or nore

h% of | uor ocar g‘l(qq ntwﬁB? éPYFnPﬂg @%éeso;;o fopEocess to

L ewidscagiodifradrsi sf mnom@@mmqﬂlsf PLesERiRd RY of APk a
MX3 mheregggls a group, 13 netaﬁ@%nd X f%ga hg oam%k the

\ABOEB’@EV(@S  Tieif 1gibimaii amesace o8 q UYIBQl]lu(}rncarbon diluent,

gz%ﬁ%gg 1?13 L%;ﬂi?%dé%cge C#oHﬁ)oHl% ¥ %:lﬁt% @}!,E%%pﬁ% S Where M

Hﬁvﬁoﬁmbﬁum@ﬂp&hymhdegmmat |nclude (pol y)i sobut yl ene
honmopol ynmers, isobutyl ene-isoprene (butyl rubber)
copol yners, isobutyl ene and al kyl styrene copol yners,

afodssy ar - br Bﬂ@ﬂ@derﬁbl&dﬂnent, 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).

[0052] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s) and a diluent
comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more

Lewis acid(s) is not a compound represented by formula MX3, where M is a group

13 metal and X is a halogen.



rubber terpolyners. DRAWNGS [0054] Figure 1 is a

graph of the relationship between dielectric constant
w@pa4088sper at ure. [ 0055] Figure 2 is a draw ngP@f/US2003/040852

di l uent mass uptake as a function of volunme fraction

of hydrofl uorocarbon in nethyl chloride. [0056] Figure

3 is a plot of peak nol ecul ar wei ght (M) versus

nononer conversion of certain inventive polyners as

d bed h

sp Cl?fl c emqg?r#g%%géb%egﬁgﬁs exa ﬁ %ofce?SﬁS AP media

i mseddstmdredwinl dnyn oﬁvtltee emtbsdiniehsdabova qubldilce Qpcﬂylﬁf:@ rthedinclude

finitions that are adopted herein

d
fg@ %%"@B@g&gf ERAYRRIE; nglseHEYIEneriseREEnE ny htybn . rubber)
FQdop oﬁ%}e?sr rfkdﬂuﬁgeﬁengﬁd 2l ne 'i:@ﬁol?xﬁ%@e afd o % ranched butyl

i nve refer to any one o nore
appbhﬂédpdbawns, i ncludi ng their equivalents, and
elements or limtations that are equivalent to those
that are recited. [0058] For purposes of this
I YRAMWENGSNd the clains thereto the term catalyst
systemrefers to and i ncludes any Lewi s acid(s) or
ot her nmetal conplex(es) (described herein) used to

c ze the..polynerizatio ni c nQmer s

o?ﬁ) ? % i nve tlglgﬁ,l E Gy %%P#l géh {eiqtlggéiyp E?ﬁ%”qeﬂidgag‘itﬂf constant
anshdaghp@nmtd. y other mnor catal yst conponent(s). WO
2004/ 058825 PCT/ US2003/ 040852 14 [0059] In one

enbodi nent, the invention provides a pol ynmerization

["g[ﬁi)%ﬂl]‘msu' ta}ﬁé té’l éiﬂé[‘%ﬁligigf%ﬂﬁe il ne%f@enormri:mgmm of

a pol neri zat
c omgburnes fragionre hg:droiﬁl‘u‘xbﬁ)chl@m $n Aethg{ sﬁlon@en e or nore
initiator(s), and a diluent conprising one or nore
hydr of | uor ocar bon(s) (HFC s). [0060] In another

erfpesjrent e I3 e lgﬁgfr ]i&;aﬁ\ih&i@aﬂ@r ‘QQFM{T%‘QZ‘%HP?E’}OHOIHGI

medi um swtab e to po e one or
t cohpersion of odriameinyventite pohohgmes desatibabhereidi um
conprising one or nore Lewis acid(s) and a dil uent

DETAILED DESCRIPTION

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

limitations that are equivalent to those that are recited.

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

minor catalyst component(s).



conpri sing one or nore hydrofluorocarbon(s) (HFC);
wherein the one or nore Lewis acid(s) is not a
W@ oivpos8sads r epr esent ed by fornula MX3, where M PGI/ES2003/040852
group 13 netal and X is a hal ogen. [0061] The phrase
"suitable to polynerize nonoggrs to forma polynmer"
relates to the selection of polynerization conditions
and conponents, well withi n the ability of those
ski d in the, r j .
ﬁbbéﬁem r ec}H 1%{ enﬁ%ﬁﬁ ‘%%18?%0 ‘Ié’gﬁﬁgrag?@g shidfbation
anﬁledmtrmrtdﬂé t® po]pﬁrehlzeSnd es mdr&.) etbnoher(g) to. fofmer ﬁol&frﬁr the
rous rmut ati ons of .the pol ynerizatj on_ process
arﬁﬂ’ YIK’/%YME 6%%da 131H ‘tqli‘é’r%}gyﬁ%‘? 02 dBPEnE Sk sone or more

PSS e BRSOy .

pol yi sobut yl ene honnpolyners |sobutylene i soprene

bb hut yI .
CabGl . o GG o et o he SRtEALOR o e Qe yREjAation
r lﬂ?&ﬁlﬁm SufEmeky BEFy?nerlsz BRLbr Qio'ré‘ %{Hnoﬁfeﬁg)stoafo%l é"?bl's}ﬁler the

or dissolving agent. luent is specifically detihed

t Q?Oﬂmrwd‘eom hleerﬁuual @ntmmngc ane actmers kovigeavid(s) and tehdiluent
Aci d, other S her,e

daSkrisg S PRt O SR S B Re kg gas or more

| "Lelieadi @Fisineea 8bmpbierd repesint by fon@uRiNINENh&dO &S is¥§roup
alter the %Eneral nature of the conponents of the

pdiBymeial ang i .e., the conponents of the

catal yst system rmnomsrs, etc. However, it is

recogni zed that interactions between the diluent and

r §a@61gnt s meBheqibease ."shitabpy ©f wily@erianoddmEs tts forhe polymer"
di | uent does._ naqt act wth the catal é@}{) system

cdripisadat Seiﬁsﬂem@f Bolymerzatioy congitipps srshagppengpts, well within

PG4 M3k RAQ8RFIed Frthe F%P(rn%Eé % ‘35 ﬁlnthe roduction of a desn‘ed
nt

Additionally, the termdiluent I'nclu xtures of
| gmdytmert Wo llght wﬁrmocﬁsd; L;mrrametel[s Omﬁts]compomttmopersesaldyscnbed

nt a h
PO o it ot pEMGRE R o RBGie DR prasesy and
maﬁaﬁdﬁs fnhéde pdlmeriRARGE! Rinignestsf HvamiBiBeo d;brbzmat the desired
nmononers, Lewis acid, and initiator. The slurry

c hobaverr AiriGHieh.s t e wisfared rarhodimenss, tsheh ppelyingry yinclude
orpo?ﬁgg%lugllgleyhomopolymers, isobutylene-isoprene (butyl rubber) copolymers,

isobutylene and para-methylstyrene copolymers, and star-branched butyl rubber

terpolymers.

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

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



preci pitated polymers based on the total volunme of the

slurry. [0065] As used herein, the new nunbering
w@elvenesstor t he Periodic Table G oups are usePCEHES1003/040852

CHEM CAL AND ENGQ NEERI NG NEWS, 63(5), 27 (1985).

[ 0066] Pol ynmer may be used tqsrefer to honopol yners,

copol yners, interpolyners, terpolyners, etc.

Li kewi se, a copolynmer may refer to a pol yrrer

COR- SRSt SR TEOPIRGS BB HRIOLL YA 1t

aswoanmiars dilgergs. nononer, t he rmnomer is present in
the polyner in the pol yrreri zed form of the nononer or
in the derivative formthe nononer. Likew se, when

Ce[b@&%“ Cor@%h%mr?fs ﬁ'[ on%ﬁr%?(s) REghiek a%ﬁéﬂlfcﬁf’riega'o occurs.
I 'S vvet ln

neutr stable forns he conponents, It
under st ood by one ski IIed in the art, that the ionic

f f the |st r that reacts wth

{ B oo STRED SPER, 13 stne ol Bisnh spmpages ahorpmers that

r q{a% ﬁ)r&&pl@dté/d @ﬂoﬁf kHE mmhoﬁtﬁﬂér@ O EWR S SAndt 1R The
he sane car bon. [00655] Miltiolefin refers to any

nmhumercona&ntmgonm th@u brblelmyo wersent of athep pasfiely eer completely
the nojer conpri si ng

Dug SRR ool BrRd & B el YR oEBP O RB e

PCT/ US2003/ 040852 16 [0070] El astoner or el astoneric

cgﬁgosition as used herein, refers to any polymner or

©3i ti on A ussel herein.cthe aayismberingjsehemefor AxTRermbis Eable
d
o bt 3 A0 BRI T BEGHEEN N R s

Al kyl refers to a paraffinic hydrocarbon group whi ch

derived froma alk ne by dro p| ng one or nore
H%Pgéens f riY PR Mgy |L§e g ut?)ﬁera@ PEPPAIYERE ¢opglymers,

| teffaTRhers Oftc AL iRIAE, L& Iﬁ%%f 8L £ pol
[OO ()%?ylpféfersm?o g h;drocarbéﬂkbroup te%orngognwr
r i qonpsisimgaat lgast twolmernmeass, ioptipmalkyf wigh otirett imnon@oerpounds

such as, for exanple, benzene, naphthal ene,
phenant hrene, anthracene, etc., and typically possess

al[pes7at e dowhke DeoIHRE is refeRsatiyr &t toMpmisiMg tahhfdnbihsr, the

structure. An aryl group is thus a group derived from
monomer is present in the polymer in the polymerized form of the monomer or in
the derivative form the monomer. Likewise, when catalyst components are
described as comprising neutral stable forms of the components, it is well
understood by one skilled in the art, that the ionic form of the component is the

form that reacts with the monomers to produce polymers.

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

the same carbon.

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

conjugated double bonds.



an aromati c conpound by droppi ng one or nore hydrogens

fromthe fornmula such as, for exanple, phenyl, or
w@sH8/05480073] Substituted refers to at | east OPET/US2003/040852

hydrogen group by at |east one substituent sel ected

from for exanple, hal ogen (dhblorine, brom ne,

fluorine, or iodine), amno, nitro, sulfoxy

(sul fonate or al kyl sulfonate), thiol, alkylthiol, and

hxlﬂ%bly , al Klhstorser ai aj;zi];tomafncb:fo&mbbmdn chpisRd g ) QefgzrsttQ any
ar bon at ons .whi i ncl udes nethyl, ethyl, propyl,

t é) r f YIRS % COmpagfien B§P°1yﬁn§@kﬁ99§)?teme‘t’]éh thea’ﬁﬁBMyDIS% definition.
stI@itght bdRAGH , n
car bon astnéér?rs and | ﬁ%hﬁ%%my?%{rﬁq}%t% £l ﬁcéi %Ss&ﬁed herein.
et hoxy, propoxy, isopropoxy, butoxy, |sobutoxy,
ary but.oxy tertiar ut o pent yl oxy,

. z@g@i tyl ox;%lfgﬁew? 5x9, 2 H@%e}tf i E}girogﬁgb% @xgup which may be
n@leﬁbwyr et ankesy b9Xdfop I
strai ght “or b?ancheg cﬁaé}ﬁé gﬁ%’f mg{%yﬁ%g%ﬁf?r%%the formula,
c &FPoi. r samplei @methy] grobp (CHl edarbgthpt grbqae@HmI@z) etc.
hal ogen, and includes, for exanple, chloromethyl,
br omonet hyl , quoronethyI i odonet hyl , 2- chloroethyl
2{007aoet hy |A.ry12reffé1@ %O@t}@}ﬁocal%oﬁ hg% HRRY orms @ ring structure
3 roi nopropyl, 3- fluorogrop chloro

chara PTG o) Rroreaticrionmewe aSilbe @rmmﬂt Hy:hzene naphthalene,
d t 0 di ch
Zbgédg?brég}réfo %{hﬁacghé &g n%@%y%ca?l%’ep?ﬁfass ternate cjouble bonding

3( Inghtabtion) pmdmy its sBududl fAnafy0OREUPYiL thus a group derived from
4, 4-di chl orobuﬁlﬁﬁ %4 di fl uorobuty
t P BB 5 TETRY 1tZly OBPINE 98¢ BhHEICYA hydf@gf@h ifeomothetfbsiyla such

t ad, FbrlebR) Ndnvl. o 2g2-trifluoroethyl,
2,3, 3- trl?ﬁfjgroyro C% ?1 1,2, 2- tetrafluoroethyl and

2,2,3,3 WO 2004/ 058825 PCT/ US2003/ 040852 17

t | uor opr.opyl.., Thus, for exanp "substituted
sﬁh r@iﬂ c unlgltlhsw%%c} ﬁ%‘g@ - a? A‘E’%W%PWTQE@I group by at least one
ps@tsﬂi]t}ﬂbﬁtt el fr8ing forl SQhthle, AIZRE (gﬂ@?% NBthinel Iﬁu?nsle or

| nventl on relates to the use of or ocar bon
o0 B!eler?agn‘bfnlﬁgw%fomm (ﬂ$ldﬁ>aﬁtbm(aé1§ylwuﬁhnetn§/)d t}nclaamylthﬁ)) and

r r bon uce a poly
e rrr )}r %\&}@hét%éfﬁg(ggyr%é%%g c?l?lg(lf%r ing ﬁgto( garborhpg)gus Which
obnslerdesethpl, etlgrll geepil] teg-bubydsiSombpAK¥ob@ I 'efél :88kd _I:tlfh‘?ght
with reduced adherence he wall's

Vess
o‘Fra‘iI %%%gl%?é a X¥ Baving 1de 2P erthgn piopes, ped lnChslesr;éblt exasple,
rlﬁgt%)@}d ‘ﬁﬁ&g}’ Cﬁfgp&g’ H%ﬂrbﬁdﬁ %89)&9 mﬂo% 0949,) secondary butoxy,

parti cul ar | Yy,
tertiary butoxy, pentyloxy, isopentyloxy, hexyloxy, heptryloxy, octyloxy,

nonyloxy, and decyloxy; haloalkyl, which means straight or branched chain alkyl

having 1 to 20 carbon atoms which is substituted by at least one halogen, and
includes, for example, chloromethyl, bromomethyl, fluoromethyl, iodomethyl, 2-
chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-bromopropyl, 3-
fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl, dibromomethyl,
difluoromethyl, diiodomethyl, 2,2-dichloroethyl, ~2,2-dibromomethyl, 2,2-
difluoroethyl, 3,3-dichloropropyl, 3,3-difluoropropyl, 4,4-dichlorobutyl, 44-
difluorobutyl, trichloromethyl, 4 4-difluorobutyl, trichloromethyl, trifluoromethyl,
2,2, 2-trifluoroethyl, 2,3,3-trifluoropropyl, 1,1,2,2-tetrafluoroethyl, and 2,2,3,3-



invention relates to the use of hydrofl uorocarbon

di luent(s) or HFC diluent blends wth hydrocarbons
wa@naiosssehl ori nat ed hydrocarbon bl ends to pol yrer/Ugm®03/040852

and copolynerize isoolefins with di enes and/ or

al kyl styrenes to produce isoqgkefin honopol yners and

copolynmers with significantly reduced reactor fouling.

Further, this invention relates to the use of

Vg y bgl?] Mol F}%]g b s t a1 3
hydr%zdgr@%ns an f&ﬁ .‘ﬁétgd %ngr&géga?tg%hﬁg elrtldénC tes p
pahsthelstyzene, pathysopedeyeer i ze | sool efins with dienes to

produce isoolefin copolynmers with significantly
reduced reactor fouling and hence longer run life for

E 5[@074ﬂaCt Or 9n Rdfe ERBHARRE:! ‘ﬁugoﬁl‘@ﬂﬁdrpﬁ%latc%y SheMBe use of

075] I n another enbodi ment uor ocar bons
arhydeafbracarten(s) udru blends ecfc hyxﬂroﬂoombarhom(s)' ewitic éydrocarbon(s)
the heat tr fe

|
DB pRAGHEY bR Sk Grrupdite arpo D e Bichds lesngrone
t hy &'oﬂhrégﬁ(l[x 8., kR @BEervéiimold §18ss QO TARL sﬁékyaﬂh%a&[ in the reaction

enbodi "t he hydr of | uordcar bons are used in a
t tisttchwithapdiced adherericglie thet Wi#ﬁewfeth@ vesseltay tp ﬂhﬂ:iestu‘eng impeller

PALRL 5 3 B TP o DAL Ry

pnﬁé@mah rlate gttt @ke bhiaylrSPudiedsitson diteft(HN @IEF@kMent blends
gr g er than 48 hours _than possible with other

dpdroserbpy B/ tfélkgmatedolmjrowb%h Slands tenpipingsiza and
t h:%g@%ﬁeﬁ% lfé?)ro fi’}? dires 'eﬁ]t(ﬁgtyr es to I,Prg%lucleslsooleﬁn

aut I ger at I Ng- poo reac ere
r élmwdlyin}emvcmﬂo n:apolymemf withe siDi2&A4Y ORd82&l reactor fouhng
nomers mnixture

2003/ 040852 18 dil uent an
S EVSROGlaiel g0 e of Wy rodgPoaEen AHer s pr diuent
f Yidrids %ﬁﬂﬁ?&o@éxb&{s &{H/&gﬁﬂoﬁ&ggdsil drBc BRhds to gola/merlze

preferred enbodi nent the hydrofl uoroc rbons are u

i rﬁiné q@@plym@mzq amOlﬁﬁnp reitle sleenes tolpraduce hsapien nqboéymémrwnh
hftlca ﬁt e 3 g &' a&@re tlf(ﬁn Whelil % é t

ha genat ed Bélgtl% ghee longrs e lifq 1q5 fhe reactors, as

embﬁ@afmm@coﬂ@hﬁoﬂamy@fgm@n relates to the discovery of

new pol ynerization systens using diluents containing

hydr of | uor ocar bons. These

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

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

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

other halogenated hydrocarbons.

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

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



di luents effectively dissolve the selected catal yst
system and nononers but are relatively poor solvents

wo e00408882p0l ynmer product. Pol ymeri zati on syst ePGT/US1003/040852
these diluents are |l ess prone to fouling due to the
aggl oneration of polymer parficles to each other and
their depositing on polynerization hardware. In
addition, this invention further relates to the use of
t [ n ' po i zat i yst.e for..t .
pr‘ggngt %‘%kﬁ %’f%nh‘fhéﬁ rrJtI)] ecul gt? V\r/gclli]%%t rﬁ%ﬁ[@rﬁe gll ;kﬁ'dlmg’ and
c ogmitatontmpelitr feding\aalomgtothed tidhgdli gher than to those
pol ymeri zation tenperatures using solely chlorinated
hydr ocar bon diluents such as nethyl chloride. [0080]
I ny t her ephodi | Sl ' h
di [g gzger y of ne%gfe;%%% ?g%%ﬁl@éﬂy@tg eh#@l‘oﬁ@?ﬁogc%%oﬁs fre used
f | 1no# i podstnectizatiop paddess iy dibtedaritighes makRadibe walghts at the same

di ssol ving .t he catal yst. system These pol ynerization
SQSPBFF@{‘Eg thag vdisn ik Balopdiated by drqCaghons arerpsedyr ¢ y
pol yneri zati on and production of a polyner slurry that

is |less prone to fouling, while permtting
di [999Nut i on lnfongembediment otiiniomentioandlatdseo the discovery of new

PP SHELS itk A PR DSbBer R s
usdiluehtstdiREEvely lUBHIvE thobeltdied PASRSY &t afd nitinBhhers but are
nol ecul ar wei ght pol yners and copol yrirers at hi gher

paE\aHEsly 2o0T splvensher the obner aodustyp Floldnerization systems using

. [ S{ sgl el hl orj nat ed
e R
| rpaytidlesatoiehdr otheb adil niaeit , depbiiting fb\ﬂeﬁ(BlF'ﬁﬁriﬁaﬁioﬁt Bfrdivre. In
th reparati.on of isoolefinic honmopolyners and )
c&%gﬁ’?ﬁer s dayretien) fythen erelaiesy er itheatyssn ofyghese  diluents in
2 R - CLi |
28 g8aien LA 0RaE 3 RSB S s
r wde copniyimetiss ab legyiveleat poabk yhighetr de ¢o phbysmgiodymerization

re particularly, .the invention relates. to a t hod
2/36%8%@5 i JP'Hg S ¢ %‘11%%# ihzﬁwgalibgao L4e4sS Spgh g methy]
sldutdride. pol yneri zati on process usi ng hydrofl uorocarbon

di l uents or bl ends of hydrofl uorocarbons, and
chl ori nated hydrocarbon diluents, |ike nethyl

ggp?/)gn‘%??za ¢ i[Ig %%é‘%l}g){ gfﬁ‘@&gl %ﬁ et ig?lg\gekﬁgrqtréla{eg %o the discovery of
new polymerization systems using fluorinated aliphatic hydrocarbons capable of
dissolving the catalyst system. These polymerization systems are also beneficial
for isoolefin slurry polymerization and production of a polymer slurry that is less
prone to fouling, while permitting dissolution of monomer, comonomer and the
commercially preferred alkylaluminum halide catalysts. In addition, this
invention further relates to the use of these diluents for the preparation of high
molecular weight polymers and copolymers at higher polymerization temperatures

as compared to polymerization systems using solely chlorinated hydrocarbon

diluents such as methyl chloride.

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

of isoolefinic homopolymers and copolymers, especially the polymerization



i nvention provide for copolynerizing an i sononool efin
having from4 to 7 carbon atons and para-al kyl styrene
WOorRewenessss | n accordance with a preferred enbpdi/Ds2903/040852

of the invention, the system produces copol yners
containing between about 80 ,gnd 99.5 w. %of the

i sool efin such as isobutyl ene and between about 0.5
and 20 wt. % of the para-al kyl styrene such as

PaLas; I I C e W not her

LR USRS oo P SOGROBIER AP 900 Sl e
arisotueilag-pahglstaenacopoBinters. t Miere Rt ylaky, Shéin@ention relates to
conpri sed between about 10 and 99.5 w. % of the

i SooMelpR, ofr PPlERENCe d fopokymstizing, Sseplefimo Wy a oplurry

of . - ty:ene a- I sty

[ ebafer ARG LR M By BB loREpBEE ALY 3V BRARs of
r dlydtafRiotaracbops,andshlorinatef hpdiocabow Hituemitss 1iké methyl chloride.
cationically polynerizabl e nononmer(s) conprising
contacting, in a reactor, the nononer(s), a Lews

aqi and an,iRh .

GPRRIETS, InE LBbed byt O pAS FERRR Ry Bs g e prosent
- io@ntion pravide for popdlpmetitiyg a@ 3Cmonobdlefie havipg éfoar 4bd Y carbon
-30C or Idovver, I referably -40C or, Iovverd, (?ref. r abl f

- SR e pe-alR BB pproBEE: or 1t AREP e A ypreferred
- E¥bodimert OWE Ithe PI@ERIGAD! the - Fprb@WRS » capoBinfr@ oitaining
-90C or lower, preferably -100C or |ower, preferably

f rgiveg abeut §barfdr W Whgo pbihstisasielithsch @b javbuiylear iaoh between

megdi S as o h i Luen d _nononer. mxture.
vegiED-S AReRR kdf o BB TR HE RS B gy, 1o
p Glcyordinczedit indthérSenshodliBent] Nsiaids vliye ghysr @csladiematerials

nononer that is pol Yneri zabl e using this inventiaon.
Prags Beipg drodused arrvelli the icaplywae a5¢ campesesk beswean ghout 10 and

al w0l ©f | di t.t: ef 1435882
BB s S R e b Sl 08 O TR o
ngazcalylstyatredsuthen @sra-methylstyrane. and/ or substi t ut ed

styrenics and vinyl ethers. The styrenic may be
substituted (on the ring) with an alkyl, aryl, halide

orjo@s3joxi de'rngf ?Hﬂerréar &hesBRkN i BIvERMRTRIatEOR @i fSceds to
to 20" carbon atons, nore preferably 2 to 9, even nore

priseducablpplyanery of c aatismirally opolymeEizablol enonsime(sgf eompusing
o'c%ﬁa@t?ngi, nglude. otr,yt%g NRonons: s},aall ﬁgl)v?st 3§ "Sid Bifiator, in the
presence of an HFC diluent at a temperature of 0°C or lower, preferably -10°C or
lower, preferably -20°C or lower, preferably -30°C or lower, preferably -40°C or
lower, preferably -50°C or lower, preferably -60°C or lower, preferably -70°C or
lower, preferably -80°C or lower, preferably -90°C or lower, preferably -100°C or
lower, preferably from 0°C to the freezing point of the polymerization medium,

such as the diluent and monomer mixture.

Monomers and Polymers

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

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



nmet hyl styrene, al pha-nethyl styrene, divinyl benzene,

di i sopropenyl benzene, isobutyl ene, 2-nethyl-I-butene,
wW@2008058805 | - but ene, 2- et hyl - 2- pent ene, i sopr ePET/US2003/040852

but adi ene, 2, 3-di net hyl - 1, 3- but adi ene, 13- pi nene,

nyrcene, 6, 6-dinethyl-ful vene, hexadiene,

cycl opent adi ene, piperyl ene, nethyl vinyl ether, ethyl

vinyl ether, and isobutyl vinyl ether and the I|iKke.

: . . Dr .
oo Bt BRpee Rk SR pHA Blentd o/ nie Rl orpiutes
mostpesics and Pingt ethexsd THeatkrenio modyyesubsiitueddi@a the ring) with an

Bt ety Bk AR e tie Preriablyy Hisamoppraercopniinggo 20
di QFESd NSms,SHER 1?§ferd'bg>p@ h& Q,eeveﬂ%@lg!p?&@rabﬁgg t<|§ Egatﬂggeatoms.

Particularly preferred nononer conbinatio

1) Exasaient yole refemmdd palefinsetihglidst styene, 2parbaitidyldtyrensie para-
and ispprene, .a | I as honopol rs of isobutylene.

[ ogeby A | FRGHIY - SPE o dIRENINEAS: ndipaIrERY Beizene,
t higbbuy1Bne, QahéRYL E8lede, BOMKIRT-1 RIS, At MBIV PG e! Roprene,
Cationic Polynerization of efins, A Citical

| nivsattieney 2,335ty enbhedgienayA-pipena; meyrsenice ibefe dinddghy1-fulvene,

Y 975. 2 s incl yde an no that .i s

o bRl ey ORORTRR: B, DR LSRPNEet Fih st sther and
t hissbuaylevigyl patit en@fthslikdi Mohbf@r a¢ aldode &mbinations of two or
propagating center because the nononer contains an

el 'BEICr BANRMBPFEL | DTG bk rapolymess aayealseibscused @ mayfomers.

cap.l.pni ' Loni ri zatiaon

o e e VAU L B BRSRAS A ORLE SRR G o Wyrene,

Wp%@gmemmtﬁehanabhamm%fﬂyﬂené,gﬁﬂd CDOtBS_Eg(T hdioREIAGNBlich as

may be present in the polyperization mediumin an |

e et %Htj‘ﬁwaefr ?“@rﬁtﬂ?éﬁ‘\%t SR GF ATy PR mmer combinations

enRadidre ) tisobityl Al HRh YocBl1 Wréhd ; i

al t er nat ?‘ngl yf rom40 wt %et@% C?Y% wt%o ﬁg]}%t rer%taln\c}elfciprgbe’ as

t ovgll & hamogplyahere phisohutgleye. 20wt % t o 0. 8 wt %

alternatively and from15 wt%to 1 w% in another

enbodi nent. WD 2004/ 058825 PCT/ US2003/ 040852 21

[ Q0684] Pr ef exddtloadllyy NBrefertddC| MELoMQNORALIART ShRE amM  are

of the nononers listed in this Section. Exanples of

harbperslepalymsarablreasetspribeshint Getémméc Polymerization of Olefins, A

p a S [ e gl ystyren

pglf%%l%g hén??r’eg@tp’é{’/l j;c%éé ) eﬁ%?lﬁg&% %Pery Tgterselenge, ek Sork 1975.
Monomers include any monomer that is cationically polymerizable, such as those

monomers that are capable of stabilizing a cation or propagating center because
the monomer contains an electron donating group. For a detailed discussion of
cationic catalysis please see Cationic Polymerization of Olefins, A Critical

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

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

another embodiment.



pol yvi nyl ethers (such as pol ynet hyl vi nyl et her,
pol yet hyl vinyl ether). [0088] Preferred polyners al so

wo poses2E opol ymers of 1) isobutylene and an PCT/US2003/040852
al kyl styrene; and 2) isobutylene and isoprene. [0089]
For the purposes of this invention, the relationship
between the triad fraction of an isoolefin and a
p- al kyl styrene and the nol % of p-al kyl styrene

R N L

belistod @mdhissSekianacEgamples dfyhéhepdlppelsyilude SESIVRHERylene,
di stributigon_parameter, m F=1-{m& (1+nA)} where: m
i SPlYRArEBISEIVSREENG o POBHIPIICs t PPIFEITTHR. pReludiphamethylstyrene,

t g%éﬁir@;etﬂeggn (58ciphs R B RINIGRG, bty BRl:Sldetl).n e

p- al kyl styrene-i sool efi n-p-al kyl styrene triad fraction

[ : 090] Th t fi f thi
cqbefion”y1 il enbareae dbp TheIFGr coRSbBEHy br) dssbrigiene and
Oforl 111§ RAL Sf) AR Kk Sbpfgpe | n each di | uent,

[0091]" I'h certain e Iments, mis fromless than 38;
alternatively, from less than 36; alternatively, from

IS e EhRERAL bRl R Riveen
al thigfl Akl MHLdYan kbS18Hd akPa g-eﬁkﬁ@tgfﬁi% M8t mbeaBr b-a38ylstyrene
and alternatively from 1-30. T0093] This invention

f upediperated| ite stheocemalymer e rdesentiebd: dyr dpolcypalysier sequence

R L R N R ——
PGequ£p20 aBtribifiBh daradéteand. t et r apol yners i ncl ude

pol ynmers conprising isobutyl ene, isoprene and
di vi nyl benzene, polyners conprising isobutyl ene,

para-al kyl styrene (preterapl\ alrlqlgg%hyl styrene) and
i soprene, polynmers conprising égclop t adi ene,
i sobut ywlere, m antthe pepapinkydeqaence eliveriypioafparaaddtat,

par anet hyl styrene), pol. rs_of isobutylepe.
cycl opent adi “é#e‘%ﬁ ﬁ%OI?l}S)TGB{Y gﬁ B‘,allﬁ’é‘f’tm? iy %?89119]%? 4R g copolymer
cycl opent adigge, :

F is the p-alkylstyrene-isoolefin-p-alkylstyrene triad fraction in the

copolymer.

[0090] The best fit of this equation yields the value of m for

copolymerization of the isoolefin and p-alkylstyrene in each diluent.

[0091] In certain embodiments, m is from less than 38; alternatively, from

less than 36; alternatively, from less than 35; and alternatively, from less than 30.

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

alternatively, from 1-35; and alternatively from 1-30.

[0093] This invention further relates to terpolymers and tetrapolymers

comprising any combination of the monomers listed above. Preferred terpolymers



i sobutyl ene, and nethyl cycl opent adi ene, polyners
conprising isobutyl ene, paranethylstyrene and

weyakopsset adi ene. Lewi s acid [0094] In a prefeP€PUS2003/040852
enbodi nent the Lewis acid (also referred to as the
co-initiator or catalyst) may,be any Lewis acid based
on netals fromGoup 4, 5, 13, 14 and 15 of the
Peri odi c Tabl e of the El ements, including boron,

al uni ;,giael. i i ndi ti I i ium. tin,
vaa!rllllg]d ?élj%%pd r seéni %{Qihg%{‘ﬁd rlrgr%rs §§1%Bh§?é mic h&&&% SKPF9"Ed and
| ditinglbanteney pdlymesogimmisingh &obsigheae £bauRilydstaete (preferably
better ited in the practice of the invention. In
orReTaERgRY rbyfene)r Red mitoRregear ROLEINGHS SQMPTisHEr siclapentadiene,

ti. . . . . e .
crisiiEhc, Mol oRlaHR) QR oo B ped 9 Byt of
( Cavi8ed2GrBpeRiadienSatl #opEn&lpblythers @ompaising eytlapéntadiene,
pr.ef erred enbodi t, BF3 is.not the chosen Lew s

DLy I60 St R B o Gy IaPeniAla. BPIIBF scaBpipih dsabutylene,
t R BRARY 18y rdn@ b feldféhiadicpBerein Mis Goup 4, 5, or

14 net a|§i§"gﬁél X is?ca ha aoi;een i ndependent |y sel ect ed
fromthe group consisting of fluorine, chlorine,
brom.ne,.,and i odine, preferably chlorine. X may al so
b(g“—egzl—%g—(agdohal ogen. For the purposes of this invention
and the clainms thereto pseudohal ogen is defined to be

an azide, an isocyanate, a thi oc*:anate, an

i 48094locyandpe preleared eabiodisnentighe Levistdcirdy (adscarefiiresd to as the

i nal: titani ' A4 tanium

t &Pricorich PRUMTAS) SEED POl Roid LA Retas from Group 4, 5,

t di3r a4 lahd b @ thaBeriidicDable 6T thetElasbhie) indRidink oré, QUninum,

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

trichloride, and tin chloride trifluoride.
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fromthe group consisting of fluorine, chlorine,
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pwhpadeanadiunt trichldarideent i on and the clains thereto
pseudohal ogen is defined to be an azide, an

i socyanate, a thiocyanate, an isothiocyanate or a

cyewAe. FOIGrols 4DYrRASRELSistdids dsBHE M T inf¥Bon may also
skilled in the art would recognize that the terns
a ek yhea geneaglyfosmylaaMER MRk arna); végodin dVleist Group 4, 5, or 14
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alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl radicals as defined above; n is an
integer from 0 to 4 and m is an integer from 0 to 4 such that the sum of # and m is
not more than 4; X is a halogen independently selected from the group consisting
of fluorine, chlorine, bromine, and jodine, 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
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gﬁs{tlgl?:‘%uﬁ%z og]rfpﬁlﬂlga}lg r‘tg)elillg)g Cgtnselms éllpgac(})roxy up%réitgg. The term
"alkylarylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an arylacyloxy position. Non-limiting examples of
these Lewis acids include acetoxytitanium trichloride, benzoylzirconium

tribromide, benzoyloxytitanium trifluoride, isopropoyloxytin trichloride, methyl

acetoxytitanium dichloride and benzyl benzoyloxyvanadium chloride.

[0099] Group 5 Lewis acids useful in this invention may also have the
general formula MOX3; wherein M is a Group 5 metal; wherein X is a halogen

independently selected from the group consisting of fluorine, chlorine, bromine,
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acids useful in this invention have the general
formula MX3; wherein Mis a Goup 13 netal and X is a
hal ogen i ndependently selected fromthe group
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i nvention and the clains thereto pseudohal ogen i's

dé‘flﬂ\*@éﬂeto be an azide, an isocyanate, a thiocyanate,

an isothiocyanate or a cyanide. The term "arylal kyl"
refers to a radical containing both aliphatic and

af@0idi c  stGroap UB dewis heids asifobin B MYe@ionaMalalesl have the
posi ti oF. ng t%;m "al kylaryl" refers to a radical
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| Bt aszlder,]\éﬁ qg(ic?‘g}la@ya ﬁlligc?lage%g,eant 1hs8thiocyanate or a cyanide. The
term "arylalkyl" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an alkyl position. The term "alkylaryl" refers to a
radical containing both aliphatic and aromatic structures, the radical being at an
aryl position. Non-limiting examples of these Lewis acids include ethylaluminum
dichloride, = methylaluminum  dichloride,  benzylaluminum  dichloride,
isobutylgallium  dichloride, diethylaluminum chloride, dimethylaluminum
chloride, ethylaluminum sesquichloride, methylaluminum sesquichloride,

trimethylaluminum and triethylaluminum.

[00102] Group 13 Lewis acids useful in this invention may also have the
general formula M(RO),R'nX3-(m+n); Wherein M is a Group 13 metal; wherein RO

is a monovalent hydrocarboxy radical selected from the group consisting of C; to
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from the group consisting of C; to Czg alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from
the group consisting of C; to Cy, alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl
radicals as defined above; 7 is a number from 0 to 3 and m is a number from 0 to 3
such that the sum of » and m is not more than 3; X is a halogen independently
selected from the group consisting of fluorine, chlorine, bromine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this
invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide.  The term

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



such that the sumof n and mis not nore than 3; X is

a hal ogen i ndependently selected fromthe group
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preferably chlorine. X may al so be a psuedohal ogen.
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the purposes of this invention and the clains thereto
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pentafluaride. The Goup 15 Lewi s acids may al so
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wherein Ris a nonoval ent hydrocarbon radi cal
sel ected fromthe group consisting of Cl to Cl2
al[RY105] ar yI  Graup 141 kepvis agidg yisefuy in gnsl invgotiominay| also have the

) T TS ARG 1008 18 gt 5 «
| ndepwakanhydroseb@ciadital selected from the group consisting of C; to Cp,
alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl radicals; and » is an integer from 0
to 4; y is 3, 4 or 5 such that # is less than y; X is a halogen independently selected
from the group consisting of fluorine, chlorine, bromine, and iodine, preferably
chlorine. X may also be a pseudohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. The term "arylalkyl" refers to a
radical containing both aliphatic and aromatic structures, the radical being at an
alkyl position. The term "alkylaryl" refers to a radical containing both aliphatic
and aromatic structures, the radical being at an aryl position. Non-limiting
examples of these Lewis acids include tetraphenylantimony chloride and

triphenylantimony dichloride.
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[00107] Group 15 Lewis acids useful in this invention may also have the
general formula M(RC=00)R'nXy-nin); Wherein M is a Group 15 metal;
wherein RC=00 is a monovalent hydrocarbacyloxy 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 Cy, alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl
radicals as defined above; # is an integer from 0 to 4 and m is an integer from 0 to
4 and y is 3, 4 or 5 such that the sum of 7 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



di met hoxyt ri chl or oanti nony, di chl oronet hoxyar si ne,
chl or odi net hoxyarsi ne, and difl uor onet hoxyar si ne.

WO 0®10788255 oup 15 Lewi s acids useful in this iPUBENIS10031040852
may al so have the general formula - -
M RC=00) nR nXy_(m#n); whereingMis a Goup 15 netal;
wherein RC=00 i s a nonoval ent hydrocar bacyl oxy radi cal
selected fromthe group consisting of C2 to C30
al : 0 I cyl .
BP0 e Rl AL TR Kpiggen i defined to be
hyair aride, orisocydiatala Sedogatiate] dnrioothidch@a@y 61R cyanide. The term
cqnsi@ﬁ(i ng of Cl to C12 alkyl, aryl, arylal ky?ﬁ, .

al ESlalkyleC ¥y Jrlpis atok § | radicaly penipigings befar plimiatia rmdearomatic

| SstRBukddt eaRr hiR -0, 4..an \ nt from.Q

to 4 and y isa3, Qi‘40t(>)e?1‘?g5 %ﬁcﬂ] %lg?a%#égysﬁ}]gg{onh anniﬂ emterm
i S'alkybmylatdoxy); refers stoaa hadiogle nonthinitep bodieatiphatis edndci@hatic
fromthe ro%ﬁ) % nsi st i ng{ygf Lclruori ne, chlorine,

brig eSS, the Tadica) hemg at gh EREacyiyy Rasition; Non-Kmiing expaples of
behasepsueslohal agrR. Fagmide YQiABRAL088R2n:

PCT/ US2003/ 040852 29 pur poses of tﬁ‘?h;i CAIIIONYn  ARgnzoato)
t Hetrachigreantinmmyesrs swudickethtsgblorids. defi ned to be an

azi de, an isocyanate, a thiocyanate, an isothiocyanate

or a cyanide. The term "arylal kyl acyl oxy” refers to a

r 00108] contmmmgbpﬂekbr@m 0 ia6id@NHay@ bOMBY Iof those useful in

stryctures, the radical being at an al'kyacyl oxy
pdafionien polsmesrization o ksyblalygngcyomlymeIrSeflmlgdmg: aaluminum

r ad : 30 [: 1l Ng . 3l i i c.and ar fjc .
AoaBraS OB BRI R, A RRNE, BleBRTids pviatuminum
possquidhioriddon- diethiylalurginemanmhesidef  mb®SRIEWIS adidoride,
i ncl ggle acet atot et rachl organti nony, (benzoato) ) )

t SRyth¥RiugHBYA SeBHchlondr dimstyiarainatng ellorde, daree trifluoride,

[ 40881 otk ar f d :'ﬁml .aG] .
of f;’gt hos e@gé&el%‘lﬁ#&e?néta c‘g{t?oeﬁllﬁ}{:lﬁpo ynefc}@g{)&%en 0 ekﬂ%lﬁﬂ%mum
i setauicplanls beoyggirefiesed i ncl udi ng:  al um num

tichloride, alum numtribrom de, ethylalum num

di chl oride, ethylal um num sesquichloride,

dqoomooR! um MeRic BLias isteh ad RlctyAlMHRLIE Fi%%@goe{dddﬁyeciﬁcally
met hyl al um num sesqui chl ori de,” di net hyl al um num

c Kiegienese wepldly ogpordingtingol-ewis, acids swohi asmB(EtHsac lleoalsa epitable

etL%wié"é%Fk \%ﬂgﬁélt@ éﬂﬂt&‘ﬂfﬁ&ﬂe ﬂ‘%"ﬁ%&e and et hyl al um num

sesqui chl or el ng preféerred.
Initiator
[00110] Initiators useful in this invention are those initiators which are

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

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



[00109] Lew s acids such as nethyl al um noxane (MAO
and specifically designed weakly coordinating Lew s
wa@ceiddssseth as B(C6F5)3 are al so suitable LewGT/a81003040852

within the context of the invention. Initiator

[00110] Initiators useful insphis invention are those

initiators which are capable of being conplexed in a

suitabl e diluent with the chosen Lewis acid to vyield
&Eﬁ’ 8oriab il £ aRidhardy ﬁlaEE\%ls icidn sélﬂelimf%ege'eﬂ dsOE t6 Mitiate
rmng a propagating polyner c arn ustrative

emao’qmlbd&lapvdj'mcrezaﬁomnst ed acids such as H20O HJ,

RCOCH (wherein R is an al kyl group), and al kyl

hal i des, such as (CH3)3CCl, C6H5C(CH3)2Cl and

(Z[O@I‘il‘?r 0- 2,14, Gné rdn%ﬁﬁﬂérﬁe@ﬁea'}@c)ctorwaﬁ@ thé C&RAY4tY system are

transition netal conplexes, such as netall ocenes and

otsubstansindly fravenferatel. sSuttstantialinfrae of sustesiindéfnedi asdess than 30

St Rl n O kBt e ST E RS ey I iien g pom.
Leptbforadby) s GanlEVbSmApiefersiitl tiSsshbxe 5%@1&1 M@ﬁ@amp less than 1

initiate isobutylene polynerization. [0011 In one
erftiotli Memeyer; Hach swéards selpeied n%a@mlaatylstlt i tathe catalyst

MLESréttFﬁllnté b% eér?sgé{jgt:%rg%temgfg ?)%qullabgb%&t r&‘lgn 9:6 ppm, and

t aivah mwet pleferabily toheataz aliaal 305pprs Yb?dsedl')lporplroeafl @Ve@éﬂt Y)f kies&talyst

than 20 ppm preferably |l ess than 10 ppm preferably

| e¥&Mhan 5 ppm preferably less than 1 ppm However,

when water is selected as an initiator, it is added to

the catalyst systemto be present at greater than 30

pdB0142] ef er dblaypregiesad embodhiawntthe ;inimiatoa ndmpﬂs&smnﬂm enore of a
pr.ef.erably. .gr han

\Ael%&ﬁctg%gflya{lﬂ% eagctéq? %}ga ac5 t%:;%o(x?' 1865 ;?aq{éﬁ 3 sﬁffomc acid, an

Praa¢dhol, o RABI0 diteminty zﬂtaﬁ Hallidb, @Ee@ﬁar?%kylst%d@ n@t&ﬁary alkyl

nore of a hydr ogen “hal | de, a carboxylic acid,

c aastsbxd teridars crdknagsiadea testisny| flloyli atheach dertiany aralkwb pidet, alkyl

a I . I haI| tlary ar al kyl
ha}f%ikﬁgg??ar}g ht%lelzlé1 ahi l%l’hx B eler11 lacﬁehra |ary ar al kyl

ester, a tertlary aI kyI ether, a tertiary aralkyl

et her, al kyl_halide, aryl haI i de, al kyl aryl halide,
or[()g],l)ﬁ] al kaa@]fegeqi] ahydggen halide initiators include hydrogen chloride,

hydrogen bromide and hydrogen iodide. A particularly preferred hydrogen halide

is hydrogen chloride.

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

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

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



[00113] Preferred hydrogen halide initiators include
hydr ogen chl ori de, hydrogen brom de and hydrogen
WO oei@sss2A particul arly preferred hydrogen hal PAdBUS2083/040852
hydrogen chl oride. [00114] Preferred carboxylic acids
i ncl uded both aliphatic and agomatic carboxylic
aci ds. Exanpl es of carboxylic acids useful in this
i nvention include acetic acid, propanoic acid,
d;
DU BRI, 858 o PETRS) Bitbth chbony i acids e
t rkmiwnoinothe girioc asicam, oter sKilled nmﬂmeimt ghauld e familiar with these

hl b Ci uor Qbenzoj.c acid.
ot | § ey 2l oBidrsgrara madhigsnysidiondiaclude acetyl
trdHdHRr 98%RA Ur6mat @mnﬁﬁlgf El&l@]lrl@%?regkcg}rl il Hide {’]&ﬁgﬂ. bromide,

p-f |l uor obenzoi ¢ acid yl'1c aci
usigtlibrgapetyh p]slonde/, etlrtﬂuomaactglchlqndlea triflworomdtetyll cthlorlet and p-

car bo I|c stitut of .a halide for
ﬁfl 0“ c.v%fpﬁ‘ﬁ%f?me?%dﬁ&ﬁ %agldm? ishydg@cetyl chloride,
Chic@ﬂ/’yl dBronﬁﬂ@mtﬁﬁhloﬁfacét | dforidd, ¢ RriflitRosdehy?" IcHRYO and p-
2004/ 058825 PCT/ US2003/ 040852 31 bei ng preferre
Pridypaobenrei cbieridei d hal i des from the parent carboxyllc
acids are known in the prior art and one skilled in
the art should be famliar with these procedures.
CG[DOD])6)]| ic Eﬂijliﬁini&a&dl@kﬂﬁsdﬁﬂeﬁsuimﬂlaﬂoﬂsrhhsthisnﬁﬁleﬁﬁ&ﬁ1nclude both
de acetyl chloride, acet br om de, cinnanyl
@H‘i‘ttfe amgé‘ﬁ%%tlc EWfeHs deid Sbeéz@lypleﬁ rafnpigéerred sulfonic acids
t r roa de, fluog t hl or
t rlfl?%égr oaglg%%%ne%ﬂroglﬁ de zaatr<1:(§i 3@?% I%erglgacl)lf 't #1 nbd de. acid,
Patrwlnlomrwthaylepﬂﬁhisracablaxﬂqr-dnlmmbmmld avéd.ude acetyl
chloride, acetyl brom de, trichloroacetyl chloride,
trifluoroacetyl chloride and p- fl uorobenzoyl
chioorizgle. [ QRidRL asld I{aﬁﬁéscus"éﬁil (ijx?t}#ssﬁ%éﬂuoﬂsaré Qhﬁfaﬁho{tﬁmture
in this invention include both atic and aromm
SLID fseionic aeids wthahawpbﬁﬁutcfn qzﬁfeh@lndeeﬁbr shd Oc‘bhof:t}mcpadmt acid.

t.h ul f fl |
aC| d Lh%?fi ?lﬁ%: ngo Hfé ‘Ié@ﬁﬁ%% ﬁ’F |°(§ul§ oSl § ¢ being
ppreferred eBiéphaibg of tHeGbulthRie labid habidles %irpth@‘iiagenh @ﬁlf&f?§ acids

useful in this invention are simlar in structure
s §rg kv Bctha prigr e andene geidled intheqwt hould bmfannﬂearfWh these

t t s
I'f)‘g% rgﬂlélgg Eﬁ Eﬁlgo%?é C%léi g%l%}egg\!lslgﬁl’? % ﬁ)hs tni).'Veentlon include
Chlh&fuhan&mlﬁmyh g:hlorlde methanesulfonyl bromide, trichloromethanesulfonyl

chloride, trifluoromethanesulfonyl chloride and p-toluenesulfonyl chloride.

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



preferred. Preparation of the sulfonic acid halides

fromthe parent sulfonic acids are known in the prior
wa@edodasss2dne skilled in the art shoul d be fam PCHUS203/040852

these procedures. Preferred sulfonic acid halides

useful in this invention inclygde mnethanesulfonyl

chl ori de, nethanesul fonyl brom de,

trichl oronmet hanesul fonyl chl ori de,

trifluoronethanesul fonyl chloride and

p-tol uenesul fonyl chloride. [00118] Al cohols useful in

t H0811%vent i Rraferned| tedinryredlkginahd  efatign Oinitiatd?s opahak , tertiary

2- propanol , 2-net hyl propan-2-ql, cycl ohexanol, and

bé%?¥£ug%Uﬁﬂﬁﬁﬁle eﬁﬁﬁgmué%PQPan this invention

i ncl ude phenol; 2-nethyl phenol; 2,6- dinethyl phenol;

p- chl or ophenol ; p-fl uorophenol ;

2,3,4,5, 6-pent af | uor ophepol ;  and

2- hydr oxynapht hal ene. 20%&305882 PCT/ US2003/ 040852
32 [00119] Preferred te tiarb al kyl \and ar al kyl
initiators include gertjiary~co ngds represented by
the formul a bel ow R1 - X n{ [ 00120] wherein X
i s a hal ogen, pseudohalipgen,| ether, pr ester, or a

m xture thereof, prefekabl hal ogen, preferably

chloride and Rl, R2 and ar I ndepepdent |y any
Il inear, cyclic or branched chain alkyls, aryls or
arylal kyls, preferably containing 1 to 15 carbon

atjoo20and noyierdih &f Badhloged, fsBudbhaREO Rthel 3 Bter, Br laSnixture
the number of initiator sites and IS a nunber greater

t Hhteels melgEblt @ halogen.episfashly ddendeeand Ro, BQ, ambrRg are
t.o. 6. The ryl al kyl s

pr.eferably n is.a number from a y
nﬁ@éeggncgeﬁ%lgtarn?u]ﬂ%e&r’o?yc ﬁs%b@“?’f"_ﬁ flethain=glkylsy éné% 0 Feylalkyls,
OfpréfotaBly EotRaAINGN tANS cAMONnCdtéhEBind REEBTRefe@bH @ltKW carbon
is defined to nean a conpound contai ning both

arddrat i Risdhrmumbesiodinitater ites eod éssa nupnledr greatet teaaorpeigesl to 1,

of ..l t] [ R - .C re:2. 4 4-trinethyl pentane
OB T8 e LR LAY 87O
metyiylkpls apaynies substiadoor 2msEistivitdd. I@RBS purposes of this invention
2-chloro net hyl hept ane;

2.2 8%0121121254 Hldége?@%g@g,ﬁ(g E dejinpd fr BIsan a TopppBRdqniaining both
aromatic and aliphatic structures. Preferred examples of initiators include 2-
chloro-2,4,4-trimethylpentane ; 2-bromo-2,4,4-trimethylpentane; 2-chloro-2-
methylpropane; 2-bromo-2-methylpropane; 2-chloro-2,4,4,6,6-
pentamethylheptane; 2-bromo-2,4,4,6,6-pentamethylheptane; 1-chloro-1-
methylethylbenzene; 1-chloroadamantane; 1-chloroethylbenzene; 1, 4-bis(1-
chloro-1-methylethyl) benzene; 5-tert-butyl-1,3-bis( I-chloro-1-methylethyl)
benzene; 2-acetoxy-2,4,4-trimethylpentane ; 2-benzoyloxy-2,4,4-

trimethylpentane; 2-acetoxy-2-methylpropane; 2-benzoyloxy-2-methylpropane;

2-acetoxy-2,4,4,6,6-pentamethylheptane; 2-benzoyl-2,4,4,6,6-

pentamethylheptane; 1-acetoxy-1-methylethylbenzene; 1-aceotxyadamantane; 1-

benzoyloxyethylbenzene; 1,4-bis(1-acetoxy-1-methylethyl) benzene; 5-tert-butyl-

1,3-bis( 1-acetoxy-1-methylethyl) benzene; 2-methoxy-2,4,4-trimethylpentane ; 2-

isopropoxy-2,4,4-trimethylpentane; 2-methoxy-2-methylpropane; 2-benzyloxy-2-



met hyl et hyl benzene; 1-chl or oadamant ane;
1-chl or oet hyl benzene; 1, 4-bis(1-

w@ hdoansssds met hyl et hyl ) benzene; 5-tert-butyl - IPGFDB®(3/040852
1-chl oro-I-nethyl ethyl) benzene;
2-acetoxy-2,4,4-trimethyl pentsgne ; 2-benzoyl oxy- 2, 4, 4-
trinmet hyl pent ane; 2-acetoxy-2-nethyl propane;

2- benzoyl oxy- 2- met hyl pr opane;

2 REBYBIYrage; . 4. 02 LABRyThept § _
2- benSZ]oyI - 264 4,6, 6- %f hypﬁ‘gpt an% eptane;  2-iSOpropoxy

1 %éét%eyentamahhﬂubmm@gl benzéﬂnethdxyabﬂmth(ﬂatﬁmhmﬁeaa;e; 1-
PR RRSR) | Ty PUbRep A methoxy-L methylethy)
5-Be@bdmed Qlté’ﬂt but]yl-:i 31515@( nﬂeth&@%%ﬁryle%hymﬁérﬁxh@&{w 1 3,5-tris(1-
benzene; 2-net ,4,4-tri et hyl pentrane ;

sqimrgﬁomymzleﬂlyj,) qnzm Byhey enitabheinitiators can be found in US patent

204‘65‘548%1@ Sk HBe08 R0 Rorsks SR | BPosmposes of tis

2-iieétioN end, te 41:6m 6 tiReatb F¥BIdoYAI0EE! aN@sfinédit6 MR RO Mpound
2,4, 4,6, 6-pent anet hyl hept ane;

1- thatiha% gzifle, gadisppy anais; lafikingxanate, an ispihigsyryeicionmenzaits;
1 met hoxyet hyl benzene; 1 , 4-bi s(1-nethoxy-
-met hyl ethyl) benzene; 5-tert -butyl -1, 3-bi s(
1-[108121gxy - | -Amdthet! petfeykd ildmoeien polgmésid hblidd, oaé &f R1, R2 or
chl oro- 1- nethylethyl) benzene. O her suitable
| nlm ii&tadr elefinrpabemerogrdl they resspipaeeRt gronp 46; golnedans ehove.

AR O PILED P bl RS
p%ﬁﬂyﬂ\ﬂ l:lﬂ@ﬁd’e | Fhélgblyhrelc iMitiROr alty HQEMABEhatdd Rltidry carbon

an azj an i socyanate, a t hi ocyanate, an

i smsmoa@fi/ alrthe ehain erd @ly%lﬂmgj@r W{ﬂmgilzellyackh@tehefrﬂmp@rymcr eWhen
| I

gth% nﬁo eqolyﬁné?i' l?a% Iﬁﬁﬁéfegl P(%eh %gdnr%s ar&e[ﬁl%af_:y call,rgﬂgs elé]i;eé pendant
detlbloln e\dthasthla lp@l/}&ner blaélﬂfoﬁé rtlﬁéi pfddaﬁﬂ I’ﬁaﬁ Gd)r}tiiliﬁrpﬁ)lymﬁ&b Wieh have
po sobut yl ene, pal ypropyl ene,

gymﬂh 5‘#% AIrBFgeAndig i %%Pﬁaéchlﬁg depangingepy thearpanber and

h t a c
e?l&%ﬁfﬂ%‘g{ gﬁ éﬁeﬁ%&leﬁrﬁ?’cﬁﬁt@ Egméac iy n}5 {gﬁgrt hglﬁquse BRI Bse of a
Wbiain envk taptiaf | polypoey hdidenmétiated piopldes mahretjmd ﬁt q:mdlmng a
tertiary.c ons, e endant to or within the
de?%ﬁ?xﬁgﬁﬂﬁﬁ%%”“?ﬂéﬂﬁLSEWanﬁﬁy contai n pol yners
whi ch have a conb |ike structure and/or side chain
branchi ng dependi ng on the nunber and placenent of

t H@Om]ogen arfyn prefecresi elfltlatoxsorrgawrebe ahy kfwfhoss us¢fel in
o %{}?131(3?01 Zﬁtlcc?P gf 58515‘%% ﬁ}é eSS 1nglud1%§ h}pdrgge%t 811or1de
2- chloro-2,4,4-tr1methy1pentane 2-chloro-2-methylpropane, 1-chloro-1-

methylethylbenzene, and methanol.

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

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



product which may contain bl ock copolynmers. [00122]

Particularly preferred initiators may be any of those
wWaIs@ioF8seh cationi c pol ynmerization of i sobut yPE@nes2003/040852

copol yners including: hydrogen chloride,

2-chloro-2, 4, 4-trimet hyl pent ape,

2-chl or o- 2- net hyl propane, 1-chloro-1I-

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

S p to sgiul. i I.s.4 nyentjion typical

R 0 R e el bE) Bt BCREGE, (' £ Preférred

c sintodimers theinititdres prasta at aoyphes frodhe abdtt e md@ds&ief liter to

Inba an‘erlred ogj[rret, the Lewis acid coinitiator
i & BPfggeer CARFHEr €' 159 TP usB HRdsteodrBregrepicnaslesssp amounts
nmfestiofor hrdistill Hidin %%éﬁﬂ@ot{tfﬁismy 000 times the

nmoles of initiator present. I'n a turther preferred
enbodi ment, the Lewis. acid coinitiator is present at

a e fr about .0.8 tinmes the les of initiator
\@‘%1/ 058825 BP0l GaipkED e BIPYBH ¥l depech B desited
2Q@ndlecig RIS nfledultirt WRIBE REEBEMn JrNiR pgltymer being

preferred_ enbodinment the initiator I's present

amjRdsed Frrieallytibeitange wilkbe ompabout 1x16F° thales pdrditér th3-:6107

1] s of der stood t hat
or SR bl Bk kR oS8 ¢ oy SRR e S et

nou%%
within the scope of this invention. [00124] The anount
of, catal yst enpl oyed wi |l depend on desired
mg?@ggl ar mé?/aaﬁifst sreempuaeiul ar thiginylsntio swyi fodtheroeomagrise 2
th ' : plcally the range will .
o Do bR RLBIE 6 reebfPf GRionf '] VGRS ectgiagring
periohi(tWC amoh'nostWAefoe"BIEIA") f MbICARATAL tomIdkitRor B stising
pﬁ%.ﬁhﬁerﬁ [09¢25i Cat al yst systens useful 1n this
i vent T SACRaY U BFiHe R tearihe edtio andinagejiain wsiepeesi ate giovel
coamplykisdys@n@f a reactive cation and a
weakl y-coordi nating anion ("WC anion" or "WCA" or

The catal yst conposition conprising the WC

NCA" ) .
amj il N e a rneactive catiop and in certain .
g P
weadsinpt comrditibtead itigeaaioh @8 whichdis hidARE @rdihtéMcBe Wi und
ei ther. does, not coordinate to the Cation or which is
WIHRY {Peciotyispaipning asiibe sabilisingammion ishiis inbentioi the WCA
: ﬁ%é;sﬁ{bi@gﬂﬁﬁéfalg& ohiB GraBhRRt b &M AR BMhk Takidl fius creating a

neutral by-product or other neutral compound. Preferred examples of such

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

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

add to an olefin to create a carbocation.

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

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



does not transfer an anionic fragnment or substituent

to the cation thus creating a neutral by-product or
wotdveissseut ral conpound. Preferred exanpl es of PGTIUK2003/040852

weakl y- coor di nati ng ani ons i ncl ude:

al kyl tris(pentafl uorophenyl) sgoron (RB(pfp)3-),

tetraperfl uorophenyl boron (B(pfp)4-)

tetraperfl uorophenyl al um num carboranes, hal ogenat ed

C &k i9 AeGvaadd 1Li

can _add to an o?g?FEH$6W§?§g§2529255%%g§%}%ﬁﬁ&ﬁ @%Tﬂwe

THd the: P@twmﬂycajwnmnmeneldcmm Buhsb@enay iimtfodugednn a preferred
.nose of . or nar i1l in the art.

gge‘rnt@ggﬁ HIPQS%P%F%WP%‘B]%& ﬁéﬂé aOREPOREOR APEANINg the

i rctm@ﬂw@&d)mbiﬁdal dridaidivkd € PRH Niyg!

both the anion and the ca%ﬁagﬁtoﬁfr?ﬁ?he fgl%dﬁ& {ht%ﬁgioggand the

aCeli% catal yst system In another preferred

enbodi mnent a conposition containing the WC ani on

fragnent is first treated to produce the anion in the

présakic-€oofdindi@g atibian or reactive cation source, i.e.

t he WD 2004/ 058825 PCT/ US2003/ 040852 35 anion is

activated. Likew se the WC anion nmay be activated

W'[M'IQB] the g @ﬁ? r ofdfal 1%&&0@%5 %Pn @at I 8@85 5 anionic

whi ch 1s subs quent y IRt rodo

ewbmﬁlewsviuclmsanmbletdfmmnﬁéﬁh@ enmﬂ)@uﬁlbﬁt FhRhean tﬁe cation
ng\% cont ai ni nrg the cation are conbi ned and
Theseion § Paea Ut Jaeleeule mray bnnend amthe WC

t Bﬁlonc aty Q&Hltlé/ﬂf%& ¥n&R06d ﬁaﬂl’oﬂg céKeHbgengf‘ [fcg)r%liZS] a?'?)n(%dination

nmetal or netallo corrpoun capab or m
afP®ples Whiehis! %ablwhl whiei may atsafkehised of cédtained &y 4 Ed@pdbition

¢ SR HE M Bl SR o 1Rl Ot Bipet i,

agolﬂh pla\ﬂﬁlm&ﬁ\idotﬂe ke, kb Qﬂetél'llﬁdﬁﬁicﬁlde%uﬁ&%h H{n‘?ted to,
cggwbl e of form ng a coordination

PeP hespheruer Sl#ﬁ‘gﬂ and @%bk@s@momdmmumMg mmans which

cQ o ani on,

| né(;fH dogmln%%%g@ﬁ%}g ({l‘ﬁadmtng 'ﬂﬁi? or &ﬂtagll%lc? atom are,

pbﬁ@om&mmﬁdknbh'ﬁ ahd keany Sphirti@lddry mi:h%bhl@bﬂﬁis' d@ﬁiaﬁﬁlﬁ‘g a single
ﬁt arg)not limted to; boron, phosphorus, silicon

a

FOp AL {1 the apoRDoTHRPs ateyRBIHe AgfBT Ly vinilight of this, salts
CedTRAih e &Qﬁfscﬂoﬁﬁkis efn Q(gﬁrx‘gﬁéﬁ&l 8819{)1%& rl:'oﬂ%m?ng? Ians(i]ng‘fe boron

metal or netal
atom are preferred.

[00129] In general, WC anions may be represented by the following general

formula:

[(M)™FQ;...QpI¢-
wherein:
M' is a metal or metalloid;
Q1 to Qq are, independently, bridged or unbridged hydride radicals,
dialkylamido radicals, alkoxide and aryloxide radicals, hydrocarbyl and
substituted-hydrocarbyl radicals, halocarbylland substituted-halocarbyl radicals



of course, well known and many, particularly such
conpounds containing a single boron atomin the anion
wW@orowiosss2s are avail abl e commercially. 1n |ightPOf/UB1903/040852

salts containing anions conprising a coordination
conpl ex containing a single bfgron atomare preferred.
[00129] In general, WC anions nay be represented by

the followi ng general fornula: [(M)mQ 1...Qn]d-
whg{dEhvilr ' l.ol.d .afe

i ndependent 'y, bridged or unbri

di butiopt metedban ank Qs fo Q) wyitete tatide aadjdadxi de

radi cal s, hydrocarbyl and substituted-hydrocarbyl
radi cal §,1S HAIERESF IRpresghiinssthp Sarimaliva endeathorgarof M

radi cal s; . PCT/ US2Q03/ 040852 36 and
Fisy it o thlteb Pl s

hydr ocar ituted organonetalloid

r adi cal disandnt@psr geater thidbr dy@bl tgure than one of Q1 to
O may be a halide radical; mis an integer
representing the formal val ence charge of M n is the

to unber i S | Si..an_integer.greater
t hfggl%or] equaIIJ£ q% c?' fl&%f%o‘i%]r%% ﬁlsajt Z]%e &8s e‘gﬁl“ﬁl}’gflﬁ g% and
t hizedow heayaibe arsntbe Smidnbed withow epositierelyb Sh-RPedT8YmpPShent that is

counter . balanced wth a pqsitively charged conponent
t Hafoyed %F}é’ﬁw%ed ABOPORES t“ﬂél Hii gationctlge wape ishisue for cations

C adds@fibed O£ uSARBth Mie tadnitfisf q‘or%ﬁfnﬁ%g %&%@@%zg@%b{e’g ombined

use with the anions. For exanple,

Co RS TR, A OPENIR R E0120 i « i

CratiipidEeVeAhe CB5AHYEE WAL &My Qgs{l:gh];] Preferred WC

ani ons conprising boron may be represented by the
foll owi ng general formula: [BArl Ar2X3X4]- wherein:
[00131] Preferred WC anions comprising boron may be represented by the
following general formula:
[BAr) ArpX3Xy]-
wherein:

B is a boron in a valence state of 3;

Arq and Arp are the same or different aromatic or substituted-aromatic
hydrocarbon radicals containing from about 6 to about 20 carbon atoms and may
be linked to each other through a stable bridging group; and

X3 and X4 are, independently, hydride radicals, hydrocarbyl and
substituted-hydrocarbyl radicals, halocarbyl and substituted-halocarbyl radicals,
hydrocarbyl- and halocarbyl-substituted organometalloid radicals, disubstituted
pnictogen radigals, substituted chalcogen radicals and halide radicals, with the

proviso that X3 and X4 will not be halide at the same time.

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

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

are not limited to, phenyl, naphthyl and anthraceny] radicals. Suitable substituents



Bis a boron in a valence state of 3; Arl and Art are

the sane or different aromatic or substituted-aromatic
whyanosssephon radi cal s contai ning fromabout 6 POT/ERIINE/040852

20 carbon atonms and nmay be linked to each other

through a stable bridging grayp; and X3 and X4 are,

i ndependently, hydride radicals, hydrocarbyl and

substi t ut ed- hydrocar byl radicals, hal ocarbyl and

Suhsihi @b : eal s f - an .

hal oc gtrsgt))/sﬁ -su bél??%gtb gllcsil d%’r%gllf}\) %g r?%‘%l%?l%]g?(gg%g g |mc/ gﬁesr,?m bocessarily

dilboitet ke, dtydepcarbyl cadigads) orgaiaadtsljoid ubditalt,ublkdxy and aryloxy

o BUF S BB g Mol Sshun iRy od e ik @vat e those
t ivzetul RORE 3Rl X;g PRIl isuehY ﬁlaﬁ‘Bfg ofthd, HBY or para, relative to the

i ndependently, be any aromatic o

s ubsiontatéres badedad ithe byidhakeh b ONhéRsitiealor boH ngelna X4 are a
aromatic radicals include, but are not limted to,

phwdydcarbyhpsidical leacinohag ibeth@samy br & differedt Sirortid @bddstituted-
substituents, WO 200;1’{5&%52325 PCT/ US2003/ 040852 . 37 on
t REOBEHSSA Rt RtE Y, 12y GF REFFRENAR IF @asizpight or branched

roirbe il pRaffolfls REREERACHL skl el on meagiot-

ansdbstitytedryclichgdioeaibsn radieldr @GaAdYAte®Mbve, Arq and Ary could be

bl

fl uorohydrocarbyl radicals and the Iike such as tHose
udisked taaeithéd Xanet X4. Fiitetlysdhsind e ntay mby Religécddhd cach other
meta or para, relative to the carbon atons bonded to

t MaroBgh ® puiigblerhridgingrerein.her or both X3 and X4 are a

hydr ocar byl radical, each nmay be the same or a

different aromatic or substituted- aromatic radical as

af@0138] and IAistrativy, brhgotS 8ARinIPekaBPled oF bofindtHmRnents which
br anched | kyl .. al kenyl or a kynél radi cal, a cyclic
hyRPob8r BERY PRJINGI ampns rires Kstravakenb droreryt enpopells csuch as

hl’éifagﬂ%hm% di cal . A%ﬂéd@ﬂ-&é?@?&%iéove’ lAlr l)}’et?%g-t@%bboron,

coul e 'Iinked to eit Fi na
XaetragyentaflsiordpbenyilYokemh, t 0 tea(o,podiiethy [pHenolgdtod,  tetra(m,m-

sui tabl.e bridgi ng groyp. [00133] Illustrative, but not
I kifﬁl‘%gwahe pg&ﬁpe@g%‘fﬂ‘g‘HP%ﬁ&é’@ﬁW&W@ st the likery  be
used as WC anions are: tetraval ent boron conpounds

such as tetr a.éggh_enyl )boron, tetra(p-tolyl)boron,
t AHEEh- t ol Sinyitrsrlists of seitably penparfehtsoccmpdining | thar @metals and

t ﬁ{e'fa‘rl‘ﬁ)i)dsp\ifﬁicﬁ'%ehMsle?lﬁea%y{&)(}) ahions mta?ftbrealglgag}but such lists are not
deemed necessary to a complete disclosure. In this regard, it should be noted that
the foregoing list is not intended to be exhaustive and that other useful boron
compounds as well as useful compounds containing other metals or metalloids

would be readily apparent to those skilled in the art from the foregoing general

discussion and formulae.

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

represented by the following general formula:

[B(C6F5)3Q]-

wherein:



di met hyl phenyl ) boron, (p-tri-fluoronethyl phenyl)boron
and the like. [00134] Simlar lists of suitable
W@ oirpossset s cont ai ni ng other nmetals and et al POT/US2003/040852
whi ch are useful as WC ani ons nay be nade, but such
lists are not deemed necessajgy to a conplete
di sclosure. In this regard, it should be noted that
the foregoing list is not intended to be exhaustive

and t hat jofil6HincU eek Whrtoar 28 B, %Igf@%gﬁ ashiR! dbod lIlluatgative

usef ul conpounds contai ni ng ot metal s or nmeta
\Admt onq@ehmmg; Ieyam}pipwoérthesteopttefm&d SWQ lagibni reotrpeisiigt boron

Pt Buf BRAAE 15 5F o el hidkoRogh sy sty but,

b n> I
fm B, BB 1 P 8P iR o

PATalssudrsebisb2enegBolFisparent, vy polyepar@nethylsgrden and
B, and Q are as defined above. Illustrative but not
limting, exanples of these preferred WC ani ons

cqﬂﬂ]:?o&]l ng Rulpfierid § pltRHAeARE HY the ﬁ{Jsﬁ Ipm &1 Qubﬁ Offer the
ggle hydrocar byl such as nethyl, buty cycl ohexy

prépsA ob Pr%fbla&acblg@y eﬁoblbieymélrt’t}@hm}gﬁra@watby komponent and
[ [ ch sych. a yren
p(r)ﬁ:hf;tli S%E%l}gsﬁe §bfﬂ1b1e Fﬁglggkrs ame‘az i E’se{% re[ 6§<irgé1referred over
Pohgpﬂnﬁrle cwiesu bﬂkl briesolids dfec&dse tHegt ceﬁhr be edileed api Ndesired
%é? advant.age of providing a hlghly sol ubl e
i &ﬂn‘é AR &adean; beAtagsiensd sevysing-imple; aqiipmeat &l spsamercial
Sohsekgscat al ysts and/or precursors are often
preferred over insoluble waxes, oils, or solids
because they can be diluted to a desired

55f§ﬁrati and. can be.transfe %d easi |y using

i‘pre! equi phrenf™PRS ¢ E‘gaP p{ﬁ’l‘ tese sbor‘[l{)(ﬁi@ﬂi‘ pey be
ameprmnteamyah@fdmmgo dheAdl Fdru®fe: boron atoms may be
represented by the foll ow ng general fornul ae:

[ (CX) a( BX' ) mX" b] ¢€C0aBX)mX"plc-

or

[[[(CX6)a(BX7)m(X8)b]c-]2Tn+]d-
wherein:

X, X', X", X6, X7 and Xg are, independently, hydride radicals, halide
radicals, hydrocarbyl radicals, substituted-hydrocarbyl radicals, halocarbyl
radicals, substituted-halocarby] radicals, or hydrocarbyl- or halocarbyl-substituted
organometalloid radicals;

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

a and b are integers > 0;

¢ is an integer > 1;

a+ b+ ¢ =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;

¢ is an integer > 2;



[[[(CX6)a(BX7) M X8) b] c-]2Tn+] d- wherein: X, X, X',

X6, X7 and X8 are, independently, hydride radicals,
whadouaisss2s adi cal s, hydrocar byl radical s, PCT/US2003/040852

substi t ut ed- hydrocar byl radicals, hal ocar byl

radi cal s, substituted-hal ocar%\/l radi cal s, or

hydr ocar byl - or hal ocar byl - substituted

organonetalloid radicals; T is a transition netal,

preferably a.ar ] . I ref egably
ni ckel ?Qc)gbaft a%kgefl?gﬁl?lbgﬁgﬁég%e@{%lflﬁ?%%oé&g’ >0; ¢
i s an imtiegeinteget from 6tdabbuc12 an even- nunbered

integer from2 to apout 8; in is an integer ranging
from 5 ¥ a&gpigecrsych thapde- p=gkand he sane or a

differe@;sénqh%gﬁgg_; c is an integer > 2; WO
2004/ 058825 PCT/ US2003/ 040852 39 a + b + ¢ = an

even- nunbered integer from4 to about 8, mis an

in from6 tq abput 12; | S .an integer such that
2ol " Eigacles” P beedorilt Wb aniGms of 158 wmpian semppsing 2
of plpfagifyesfiRFolomRiiRilsdLf this invention conprising a

pl urallti of boron atons include: (1) A borane or

car bor ¢ anh boravator sérporage tilien gaiséying tHeqgenedabformula:
[ (CH)ax(BH) bx] cx-_wherein: ax is either 0 or 1; c¢x is
either 1 or 2: ak¢EDextBHYITS an integer ranging from

aboyt .10 to 12; or
ax is either O or 1;
cx is either 1 or 2;
ax +cx=2;
bx is an integer ranging from about 10 to 12; or
(2) A borane or carborane or a neutral borane or carborane compound

satisfying the general formula:
[(CH)ay(BH)my(H)by]cy-
wherein:

ay is an integer from 0 to 2;
by is an integer from 0 to 3;
cy is an integer from 0 to 3;
ay + by +cy =4;
my is an integer from about 9 to about 18; or
(3) A metallaborane or metallacarborane anion satisfying the following

general formula:

[[[(CH)az(BH)mz(H)bz]cz-]2Mpz+]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;



(2) A borane or carborane or a neutral borane or
carborane conpound satisfying the general fornula:

WO ¢@ipssseBH) my (H) byl cy- wherein: ay is an i nt eB€T/US20051040852
Oto2; byis aninteger fromO to 3; cy is an
integer fromO to 3; ay+by+cy=4; ny is an integer
fromabout 9 to about 18; or (3) A netall aborane or
net al | acar borane ani on satisfying the foll ow ng

generalazfp[)imlcg 4La£d[(CH) az (B Hne(H) bz] cz-]

2Mhz+] dz- wherein: az is an integer fromO to 2; bz
i s an inmtadelr afq, oespecthvely22 and2 or$ a@idtlher 2 or 3; nz is
an integer fromabout 9 to 11; WD 2004/ 058825

PCT/ US2003/ 040852 40 az + bz + cz = 4; and nz and dz

ar 560139? spectiy@laive i ﬂgt l%nﬁf lés -of [v98 %s include:

ustrative, but not |mt|n exrrpeso
| ncl udeoarbotli@ebor awach suchs as dimhbea:l:mlna:te at e, decachlorodecaborate,

d bor at e,
T I
t ririfRtHYWiIg1-1 hrballecabédaRadecabor at e; BOV ane and
car borane conpl exes and salts of borane and carborane

anions such as decaborane(l4),

7, 8- d' %ﬂ:da%b acgﬁ{o?%afgs%%}plexek and salts of borane and carborane anions

dlcarbaun or ane

ursuelcahydm do- 7 d8ca‘d>lomfehMJ) 7, 8- ARCRIPRHIBERRARRIBNE. 2.7
ar bad rate(12 7- car baundecabor at e,
aali)aélg é{%‘%{l})é)s al{lrglecghfdrldo 7,8-dimethyl-7,8- dlcarbaundecaborane

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(11I), bis(undecahydrido-7,8-dicarbaundecaborato) cobaltate(III),
bis(undecahydrido-7,8-dicarbaunaborato) nickelate(II), bis(nonahydrido-7,8-
dimethyl-7,8-dicarbaundecaborato)ferrate(III), bis(tribromooctahydrido-7,8-
dicarbaundecaborato)cobaltate(III), bis(undecahydridodicarbadodecaborato)
cobaltate(IIT) and bis(undecahydrido-7-carbaundecaborato) cobaltate(II).

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

molecular or polymeric complex or particle.

Cationic component

[00141] In various preferred embodiments of this invention the WC anion is

combined with one or more cations that are selected from different classes of

cations and cation sources.



Met al | abor ane ani ons such as bi s(nonahydri do-1, 3-
di car banonabor at o) cobal tate(I11),

whe@gossetahydri do- 7, 8- di car baundecabor at 0) PCT/US2003/040852
ferrate(lll),
bi s(undecahydri do- 7, 8- di car bgyndecabor at 0)
cobaltate(lll),
bi s(undecahydri do- 7, 8- di car baunabor at 0)
ni ckelate(l11), bis(nonahydrido-7, 8-
di met hyl -7, 8- di car baundecaborato)ferrate(lll),
bi[80142] br onrheaprgtiried olagseS-are:
dicarb decab rat o).cohbal tat.e(l|
bi s(un ahfé'F HB‘H? = a&éﬁ%@%om&t%) complxsst sAng( Ideriyatives
and bi s(undegghygdr i do- 7- car baundecabor at o)
cobaltate(lll). [00140] The WC ani on conpositions nost
preferr@d f orsubsiitnied gattveatiaratvhbsestongyositiemisiselesenited by the
this proces§. lg t hose containing a
trisperfluordphiéhyl boron, tetrapentafl uorphenyl
boron ani on and / or two or nore
tri spent af | uorophenyl boron ani on groups coval ently
bond to a central atomic noRecular or polyneric
conplex or particle. Catipnig_cgnponent [00141] In
various preferred enbodi nénts of3this invention the WC
anion is conmbined with one or nore cations that are

S O BTSSP
S o g atat s QO ELOBEBL AR e

(B) a gapst Isﬁbﬂhﬁde@ﬁf RAE ptderabR QR I
represgn?ed by the gghrrruﬁja' R1 %eq%%%tetdb?’gﬁﬁ)ﬂmla
R2 and R3 are hydrogen, alkyl, aryl, aral kyl groups or
derivatives thereof, prefergbly Cl to C30 al kyl,

aryl, aral kyl groups or deriVatives thereof, (O
substltuted silylium préfeﬁ§b+ygthose represented by
the formula: R

wherein Ry, Ry and Rj3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably Cq to C3q alkyl, aryl, aralkyl groups or derivatives thereof;

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

represented by the formula:

g
R;—R* —R,
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, and
R* is Ge, Sn or Pb. |



R2 Si-R3 wherein R1, R2 and R3 are hydrogen, alkyl,
aryl, aral kyl groups or derivatives thereof,
woe@hesski y CL to C30 al kyl, aryl, aral kyl gr ORPEIEUS2003/040852
derivatives thereof; (D) conpositions capabl e of
generating a proton; and (E) gationic conpositions of
germanium tin or |lead, sone of which are represented
by the formula: RL R2 R* -R 3 wherein Rl, R2 and R3
arg : aral kyl groups or
deri \%?{Oggggd‘?‘%gﬁ%?{ﬁ%?“é‘?&?%bl y Cl to C30 al kyl,
aryl, aral kyl groups or derivatives thereof, and R*
[ Sn or_ Ph. 2004/ 058825 PCT/ US2003/ 040852 42
A.S[O@ﬁ] opent %ra&éfﬁéﬂf)cm@qpsptaé@pm drepgisign [ potek 3jerivatives include
Pr¢ ; I j AERN; Lt . A
e R G RO B Pl S0l G eyl degivtive of a
msieup 4b$ or 6aransitios-metyle brfemblgdi moybd-cddopenaddisg] Oflodo-Cp)
groupD.4 or. §.transj.tion netal, preferably a o
mHo- é%;@f%%gﬁ@ﬁ]&p@ﬁ@w%ﬂ oS'eHp 4, transition metal compositions,
bi sartodr BREFFREIBtarki Bh Dr £BhiBh ORpsifigANST L on et al
conpositions, particularly a zi rcoﬁl um titanium or
haf ni um conpositions. [00144] Preferred

O R O e B ol By v
r epndiedt edthbyeilie-cbeldiuhs ganicggg i&}élogegoiesex{t@a @) M following

(A Cp)M.+: Cp* Y- M CpR WO 825
Pé‘?vﬂﬁ}é%osmmssz 43

(A-Cp)MX7 T,

(A-Cp)MLT;



(CHS) 55y-xx (A)y M Z JR X (z-1-y) Y;and
(CHS) 55-y-x x M R. XY wherein: (A-Cp) is
Wehesssep) (Cp*) or Cp-A -Cp*; Cp and Cp* ar ePCHESHaN®I0852
or different cyclopentadienyl rings substituted wth
fromzero to five substituentsysgroups S, each
substituent group S being, independently, a radica
group which is a hydrocarbyl, substituted-hydrocarbyl,
hal ocar byl , SubStIM%HBd hahD@arbyI
hydrocarbyl subst i t gt ed Yot éhonetaIIO|d _
hal ocar byl - subst i Gt ed or gan talloid, disubstituted
boron, disubgiiiyted pnlctogen substi t ut ed chal cogen

or hal ogen radicals, or Cp and re
cyclopentadieny?qhkngs in mh :;QTMD adj acent S

groups are joined tjgrm njc_; C4 to CZOXrgfng to give a
saturated or unsat uraf®d DYS ycyclic cycl opemi adi enyl
ligand; Ris a substituent on one of the

cycl opent adi enyl radicals which is also bonded to the
metal atom @& @S a hgidgi ng group, which group may
serve to restrict¥rdtation of the Co and Cp* rings or
(C5H5-y-xSx) and JR ( -y) groups; Mis a group 4, 5,
or 6 transition netal; 18 0 or 1; (C5H5-y-xSx) is a
cycl opent adi enyl ring su Jfiduted with fromzero to
five

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 Co ring to give a saturated or unsaturated polycyclic cyclopentadienyl
ligand,

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

A'ls a bridging group, which group may serve to restrict rotation of the Cp
and Cp* rings or (C5H5_y_XSX) and JR'(z—l-y) groups;

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

yisOor1;

(C 5H5-y-xSx) is a cyclopentadienyl ring substituted with from zero to five
S radicals;

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



Sradicals; x is fromO to 5 denoting the degree of
substitution; WO 2004/058825 PCT/ US2003/ 040852 44

WA REms8825y) is a heteroatomligand in which J PGI/ES2003/040852
group 15 element with a coordination nunber of three
or a group 16 elenent with a  oordination number of
2, preferably nitrogen, phosphorus, oxygen or sulfur;
R' is a hydrocarbyl group, preferably an al kyl group;
X and rare J I i.de;radical, .
hydr oc ﬁRb@T 1 '}’)alg %?%F&gagﬁb%%ﬁ%td E%( g\;cﬁ lﬁly{i }Sofg %f%‘%/’ 115 Slefneny with a
hadgegdndion Hudthet dF thr8d!BS b igkdie | K
and_hydr ocar byl - and hal ogg\éﬂlgyﬁ gﬁ@%ﬁﬁ%‘@dﬂap&lﬁﬁlm number
orfZnpreserably it gendihoaphorsybsygenutr sdlfurpni ct ogen

radi calgy Qr bstituted chal cogen radicals; and L is
an ol eft nlfg a(%ﬁ%’gfog 'bﬁij%rpu%’rgyﬁ%rq% g%{hﬂﬁy % >neut r al

Lewi s hiasand XQOAABlindehdenapal 1S1EHOREMLAC! :
conpounds thg{fi may Illadcggused P R inve%fi}?gy%fagbyl radical,

desbstitited hiydrothiByl fdicel halNosrbybra@fhl, 438stinfe® ABoddtByl radical,

5, 13%@101 nfeﬁﬂ% 096, 867, which are incorporated by

r teaRbt- e, hatocashsebstifitted orapp@etatipigriedical subtituted

A da6genRE@EA! (5res§%§°tﬁﬁ't%& hd104 ehti‘gdigaq;'aﬁg I s substituted
ex§rrp| es C

car bocati ons. Preferre I ricl Ude subst ances

t hat areisragplefime diobaefinyr aryre lfgandndra:neRralR2GriRBagaher ei n
R1, R2 and R3 are independently hydrogen, or a linear,
branched or cyclic aromatic or aliphatic groups,

priedEspbl y aAdditionhPc | L RRAt :

p;[ovi dieid that only o%%@?i%@&%o@?o%b% IB? be Uslt i this

hy@Yestjem are) deserihpdeindy.Se BateriiSosli T 4380627811 1R 5,1FR40F and
. ferred ar tics include phenyl, toluyl,

@FG}??MZ %E%ﬁ;‘% lgﬁ%pgﬁgeﬁ'lablyf&er‘ﬂcg &°fed al i phatics

i nclude nethyl, ethyl, propyl, butyl, pentyl, hexyl,

octyl, nonyl, decyl, dodecyl, 3-nethylpentyl, 3,5, 5-

= bogRHOBe |ike. In a particularly

preferred enbodi nent, when R, R2 and R3 are phenyl

groups, the addition of an aliphatic or aromatic

alley4e] Another preferred source for the cation is substituted carbocations.

Preferred examples include substances that are represented by the formula:

wherein R1, Ry and R3 are independently hydrogen, or a linear, branched or
cyclic aromatic or aliphatic groups, preferably a C1 to Cy aromatic or aliphatics
group, provided that only one of Rq, Ry or R3 may be hydrogen. In a preferred
embodiment none of Ry, Ry or R3 are H. Preferred aromatics include phenyl,

toluyl, xylyl, biphenyl and the like. Preferred aliphatics include methyl, ethyl,
propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl, dodecyl, 3-methylpentyl, 3,5,5-
trimethylhexyl and the like. In a particularly preferred embodiment, when Ry, Ry
and R3 are phenyl groups, the addition of an aliphatic or aromatic alcohol

significantly enhances the polymerization of isobutylene.



significantly enhances the pol ynerization of

i sobutyl ene. WD 2004/ 058825 PCT/ US2003/ 040852 45 C.
w®adpgosgset ed Silylium Cations [00147] | n anot hB€T/US2003/040852

preferred enbodi nent, substituted silylium

conpositions, preferably trisgbstituted silylium

conpositions are conbined with WCA' s to polynerize

nononers. Preferred silyliumcations are those

represented by the formula: RI | R2-Si R3 wherein

RlL, R2 and R3, are independently hydrogen, or a

| | GeSubstityied ikyligmdatiops| i ¢ aromatic or aliphatic

group, with the proviso that only one of RlL, R2 and R3

may be hydrogen. Preferably, none of Rl, R2 and R3

ar[80H7] Pr ef dnabhbyothdrl famel j:nd Y i1 @:

Cl to g;Z_O aromatic or gl%i: phat ':?cse%l?{)d%g?ﬂti\/bssgl%&ﬂﬁ{éh Sﬂ}%um

preeFPPsiEPYs, preferablyptrisweptiRged sidylium spmpostionsyara cGhbired with

I : feusefyl..aromatic roups
oy b PRz mAIRIEE SentS At Bsare fgnippresented
t dlyythe formlek and  bi phenyl. Non-limiting exanpl es of
useful aliphatic groups nay be selected from the
group consisting of nethyl, ethyl, propyl, butyl,
pentyl, hexyl, octyl, nony$§ decyl, dodecyl,
3-net hyl pentyl and 3,5, 5-t Jnethylhexyl. A
particularly preferred group of reactive substituted
silyliumcations nay]hg—séSéePeﬂRfron1the group
consisting of trinmethylsilyium é%iethylsilyliun1and
benzyl di net hyl silylium [00148] For a discussion of

st abl e for f the substituted silyliumand

S)W%F]r?é%{{k gﬁé’ﬁé%f ?Teg%igppi}d@pﬂwy{ir@ggn,@r a\jhedi biwoehed or cyclic
Adhatiie tr laiBRARNEu R Bl ovi | ons

New Yor K r121930. rLglrklévili sEeH ?‘rgr&%‘tflsa(gﬁgpf%lﬁ'rf)s%ooﬁqgh 2 and Rs may
c e hpdrogen. tHreferahlsy, mané ofiRa/ R, hedh#t; aenHOPidb@B, RIR, and Rs
synt ' reof,,, see Dictionary of Organonetallic

A DRt 30 oS TR B RRIHC £0B: VA preferably, R,
2BQ4nd RS 8ﬁn@@%ﬂ§ﬁ@%bpﬁpé§glkyﬂ§roup. Examples of useful aromatic

groups may be selected from the group consisting of phenyl, tolyl, xylyl and

biphenyl. Non-limiting examples of useful aliphatic groups may be selected from
the group consisting of methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl,
decyl, dodecyl, 3-methylpentyl and 3,5,5-trimethylhexyl. A particularly preferred
group of reactive substituted silylium cations may be selected from the group

consisting of trimethylsilylium, triethylsilylium and benzyldimethylsilylium.

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

Organometallic compounds, Chapman and Hall New York 1984.



D. Conposition Capable of Generating a Proton [00149]

A fourth source for the cation is any conmpound t hat
wowdok/opssetiuce a proton when conbi ned with thePCT/US2003/040852

weakl y- coordi nati ng anion or a conposition containing

a weakl y-coordi nati ng ani on. 4Prot ons may be gener at ed

fromthe reaction of a stable carbocation salt which

cont ai ns a weakl y-coordi nati ng, non- nucl eophilic

arfd.ofompbdditimaCepabladGhRkatdE aeieal present to produce

the proton and the correspondi ng by-product, (ether

in the case of an al cohol or phenol and alcohol in

t hgorg@se of ) .l on may be preferred in

t{w[e evgnt t hat tEegomr%gac t:hgﬁgtté 1578y €ampgead thghwdhproduce a

| prdtas tvelrenvcdrhbinbe vttt atealdly addidinatRie8niGP R3S @8mposition
its reaction with the olefin. O her proton

Wit ] .

g&ﬂ%ﬁ‘élﬂrrgn@ hd Bi-a%rélnﬁﬁlag gaent hPeitens megrtizogsterated from the
agédten and ' SI : LStries be,. .

real i %q _ WSHE;’%si ?rgﬁaf}%h ryt“‘li‘/ S";eh“%g?‘gt%%? %.Wfiag?%mfdma“nga non-
el o o Al B2 (Yacd%: @8 aud
A edtresbdndiny gﬂy‘@?%ﬁf fethefip ;ﬂge &AtfaRE s alenhol or phenol and
pelcyhal iih Zat dagd o PlvateHO her net had

to cgenelr ate aa gr o? o? ?gﬁ% h&gg%n %n%%?%}%féﬂgé lélr%ﬁ Svenf%?ﬂI the
gFEiprRotibe ghrbopatiohesalits $aster tithuiie protofutsbaditivesalcddndred
b%itﬁq@; '}gac(ﬁ%{l I@%hatéa\é\'z)iefﬁlglt(l)t?l%}téfﬁd@? @in%eapﬁé ?ga%{]a(r:l’% igzluc?e thiols,

Lew s base

pedrbomyliczaidspmd i dike aSiRNaod R Hifried fnad B8 D4 with silyli
og,ser ve@ that when a Lew s base,1 1eé_ucﬁpas rlgagfng)%twﬁhesﬁlg,hum
i §PPCREEAES. witt # Patieulgrl mpefarred em?wbmgt, aﬁnrgng{]e RQeettﬂth3 are
ajprofon is_generated.. In a preferred enbodi nent the
V\%Ige&‘P/@ BByt aﬁﬁ?%o%rﬂfofﬁl puphatig gor promensict alpehal heignificantly
* witiicdlithd SRlymeEdioh RRtsoBiylae, catalyst i s generat ed
when the group 1 or 2 net I's added. ACTIVE CATALYST
SYSTEM A. Cycl opent adi enyl Transition Metal Conpounds

[ ] Theﬁﬁ‘@q ransition nmetal cations (CpTm+) can be
c@%lﬁﬁed i nto g‘lﬁr m@o@?ﬁ:& {Reensraly § protom copprises §pmpigdng a group

ways grofp i mstal, e OBy Bthiudn, GRRIP WA i
2004/ 053525 PCT] US200: / 040852 47%5’25&%?{55?’23{1?%? b awet
AL, We dBf dPIEsRmsBURt & degisshang thes WRA nohi ierfere 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

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

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



then react to form by-product and the active
"weakl y-coordi nating" pair. Likew se, the CpTmt
W@ oirposssds nay al so be directly conbi ned with tPET/VER03/040852
to formthe active catal yst system Typically the WCA
is conbined with the cation/gation source in ratios
of I to 1, however ratios of 100 to 1 (CpTmt to WCA)
al so work in the practice of this i nvention. [00152]

Active, cati,on sts c ared by reactin
S U CRpia ) e SPTR Gl Bl which
acihes . readtC o ar( 9?%@()&%@’( A el URGR: "rvs%gﬁlkec%% d‘ﬂlétﬁlg pair.
hydrol yzabl e Iigand (X) of the transition f

confewird, herTpTnah cophaid, mapalio as &{e@ap@m&e&m the WCA-

whi ch stabilizes the cationic transition metal
spf@c o8 herfetiv edfalyst systerr.ealsiicsHy theON63) isscammbiaed with the
(E)ect of this inventi o? is the active carbocationic

akO/Sption: el (PR 19T | s‘wf brhaveevan eptipRicfH 09ate b&CpTm™ to
EZW&%@GJ‘%G\%&Mn E%&fc%lt‘ 1nv8&onv\CA ‘1

(A-Cp) M - ( - - CH2- - CGZ--)g - CH2- - CR2+WCA- LCp*

Y- M= (= - CH2-

20%} 8825 %%%e@%g%/%ﬁéﬁé%szcgﬁge Pﬁﬁé By geagfing pArapgition

M raéilc HWl@i‘%n%e"[ﬁ{@ﬁLev}g fd% éuc}i) >f& (o h

(CEre y&ﬁ?@é]}(l) V(oD o o ac pas (68)@n,wwhupon
reaction with a hydrolyzable ligand (X) of the transmon metal compound forms an
anion, such as ([B(CgF35)3(X)]-), which stabilizes the cationic transition metal

species generated by the reaction.

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

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

(A-Cp)l\I/I--(--CH2--CG2--)g--CH2--CG2+WCA'
X4

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

7
Y—l\I/I--(-—CH2--CG2-—)g--CH2--CG2+NCA'

CpR



R' Xy wherein each Gis independently hydrogen or an
arom):/\tlc or aliphatic group, preferably a Cl to Cl100
wabioplsiset group, and g is an integer represenPCTySI008/040852
nunber of nononer units incorporated into the grow ng
pol ynmer chain, g is preferahfgy a nunber greater than

or equal to 1, preferably a number from1 to about
150, 000. WCA- is any weakly-coordinating anion as
descri bed above. Al other synbols are as defined
above. [001541 In another enbodiment this invention
al so provides ac(@%H catalyyst conpositions which can
be represented y EVPoriul ae: (A-Cp) WCA-

+M - (- - CH2- - OG2¢ - CH2- - ; 9Xl (A-Cp) WO

. 2003/ 04085 §
2004 05883 f?’?g__w-- M WGHL-CGy-)g -CH,-CG, NCA
+M - (- - CH2-- OR--) g - CH2- - CpR (C5H5-y-x Sx) /
NNCA  (A)y M -C&R-)g A ACH2-CR \JR (z-1-Y) Xy XY
and (C5H5-y-x SN NNCA /Mt (CH2- C&-Vg - CH2- C&2

R @1y Xy
; and
(CSHS-y-x Sx)

/ \(CH2 CGy-)g -CH,-CG, NCA”

wherein each G is independently hydrogen or an aromatic or aliphatic group,
preferably a C1 to Cyqq aliphatic group, and g is an integer representing the
number of monomer units incorporated into the growing polymer chain, g is
. preferably a number greater than or equal to 1, preferably a number from 1 to

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

other symbols are as defined above.

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

compositions which can be represented by the formulae:

(A-Cp)
|
WCA- +M--(--CHQ--CGz--)g--CHz-—(IJGQ ;

X1

(A-Cp)



R' Y wherein each Gis independently a aliphatic or
aromati c group, preferably a C| to Cl100 aliphatic or
w@e@amssses group, and g i s a n integer represenPCNyS1008040852
nunber of nonomer units incorporated into the grow ng
polymer chain, g is preferablyy a nunber greater than
or equal to 1, preferably a nunber from1l to about
50, 000. WD 2004/ 058825 PCT/ US2003/ 040852 50 WCA- is
any meakly-ciordinating ani on as descri bed above. Al
ot her synbol are as defined above. B. Substituted
Car bocayican *and(-Stiyl-Com-§prem@ynds,[ 00155] Generati on
of trisubstituted carbocatTons apd~silyliumcations
may be perforned before use in Jhe pol yneri zati on or
in situ. Pre-formation and isolBbtion of the cation or
the stable cation salts may be acconplished by
reacting- the al ka_j,or al kaline earth netal salt of
t he weakl y-coordin P ng anion with the corresponding

hal ogen of th ntial r%ﬁgat'on si,Lylium
simlarly toa’r@?lh ol O s Ho-fePtmt i on of
the substituted c %ﬁgations or silylium|in situ
occurs in a simla nner to stable saltg, but within
the vessel and at the desired tenperaturg‘of
pol yneri zati on. The advantage of the |atter prqcedure
is that it is capable of producing carbocations or
silyliumcations otherwise too unstable to be handl ed
by the first ne(@ggé The fation or the precursor to
ypi

the cationis art y* seqwbgil to 1 ratios wth

the WCA, howeyer ratios dg\ib 00 (C+or Si+to

cti

[ 00156] n

carbocationi d catal yst coppl ex ich is fornmed and
resented Hy the fo lae: RI R

CH2- CX) g- CH2- + NCA" 7 R2 wherein ch Gis

i ndependent |y hydqggaQL9{ a hydrocar by :%youp, Xy

y

WCA) al s k in the pra ‘of this~ipv i on.

2\( el aspect of th'lg/l'nvent f@ﬁr@%&é&ﬁz— Gy
whi ch can be r
preferably a

; and

(CSHS-y-x Sx)
NCA™

M"—— (CH,-CGy-), -CHy-CG,

/

R"
Xy

wherein each G is independently a aliphatic or aromatic group, preferably a Cito
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.



A to Cl100 aliphatic group, and g is a n integer

representing the nunber of nononmer units incorporated
WO pa0a/058825 gr owi ng pol yner chain, g is preferabPgT/as2003/040852

nunber greater than or equal to 1, preferably a nunber

from1l to about 150, 000. WO 2004/ 058825 _ _

PCT/ US2003/ 040852 51 WCA- is any weakl y-coordinati ng

ani on as descri bed above. All oLher syrrlbol S a[e ?s

i-ned above.. ] 00157] Yet another novel aspect o

? ﬁ’*’ls,d}}el o5 SRY ik §°°t°ﬁ‘£11%mgi gpaon e feeEbed ahave: Al afhes tgymbOIS

c hedetiali ghoves fornmed and which can be represente

b;df@the formulae: RL | RR Si (CH2-CR)g -CH2 -CxR+

NCA" R3 wherein each Gis independently hydrogen or

a2l R FCOboBEAEL RO o Bl Sher a0l @ C 1 to

representing the nunber of nonomer units incorporated

into the growi ng polynmer chain, g is preferably a

nUABE] gr eat@metatign of trisdedtutedeathocptieisemdtsilyliamnuatibey may

0,.000. -.is any . . i
i s AR, 2 ba B8 pollbisalof B do gy o Profopmation and
otibmaticayofitht satisreorathe deblo@Eon RANEmaFEBe aS8bmPEIRhEPBY 28]cting
I {.ion _cationic conpositions of germanium tin or

: 35%? T affaling earth meta gt edtthe Aokl eoprinatDa’ anion with the
d%%éﬂ%ﬁ&ingeﬁﬁb&n BEehe [-#OZC it a§ eo'c%ﬂ'c?nns Iiﬂl&':uﬂld %ni_laély to

those "'which are represe ormif & _
R 13:thn@ls 200 4m05 882 brt PEBHUBRA0EY B4 88ERitutb® cavbeERions B silylium

| kyl , aryl ar al kyl roups or
S%il %@‘3?5&}‘@% {nea rs%% a? ear}lhera to s){able salfs, but Withinythe %esse 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

(CtorSitto WCA) also work in the practice of this invention.

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

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

R,

R: l’ {CH,~CG,)g=CH,~CG," NCA"
Ry

wherein each G is independently hydrogen or a hydrocarbyl group, preferably a
C1 to Cqqp aliphatic group, and g is a n integer representing the number of
monomer units incorporated into the growing polymer chain, g is preferably a

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



t hereof, preferably Cl to C30 al kyl, aryl, aralkyl

groups or derivatives thereof, and R* is Ge, Sn or
w®boo4/058825 pr ef erred enbodi nent the R groups arBPCHUS003/040852

to C 10 alkyl, preferably nmethyl, ethyl, propyl, or

butyl . Hydrofluorocarbons [0Q159] Hydrofl uorocarbons

are preferably used as diluents in the present

i nventi on aI one or in conbination vvi th ot her

hygcof-l;u conbln W th ot her
di | uent s or p p%gis)%%"{ P2 % §do3boxRd Alhether symbols

claa¢ asdefinkérbeve, hydrof | uor ocarbons ("HFC s" or "HFC')
are defined to be saturated or unsaturated conpounds
consi sting essentially of hydrogen car bon and

fl[oer57PEe, PrRVLASH e st one carbon, at | east
on[e hygrogen and atelf te}g% é ﬂ’ﬁ% IDYPRIGE dgeffie. active

[ Gatbepationse @éarlysmcnmpiﬁxodhmh g ﬁ)rmédﬂ énd Whit%rgan%r@ﬁﬂege%ed by

h rocarbons represented by the fornul
?{%&%&p Wherein x is an integer from1l to 40,

alternatively from1l to 30, alternatively from1l to
20, alternatively from1l to 10, alternatively from1
to 6, alternatively from Rto 20 alternatively from3
to 10, alternatively from3 to 6, nost preferably
froml to 3, whereiny and z are integers and at

| east one. [OOlle.IIIustrat|ve exanpl es i ncl ude

f | uor onet hane; puor onetiamer  (CHpiQG)g obis ' NCA”
fl uoroet hane; 1,1-difluorqgethane; 1,2-difl uoroethane;
1,1,1- trifluoroethane; 1]1,2-trif|uoroethane; 1, 1,

1, 2-tetrafl uoroethane; 1,1, 2,2- tetrafl uoroethane;
1,1,1, 2, 2-pentafl uoroet hagg; 1-fl uoropropane;
2-fluoropropane; 1,1-difl uoropropane;

IwRBerdinf é4¢8r QL QH@é%gnde:htl? l%’d% 43 r o I I%ﬁgl%ﬁt[l@ 2orzfjtroma’uc group,

di f| uor opr opane;

1Pfif329-bl13f BfCude 6o mphatlclgrbuﬁ aﬁd flg WOF q%g&%ﬁresemmg the
trlfluoropropane 1,2,3-tritluoropropane,

1riuiﬁbfr2) ERQIAGT| Wgtsomp@@ameqd into ]th? l.‘grcawmg polymer chain, g is
trafl yor opr opane;
r@ﬂefa%%’ # My ﬂo gge?ger’gr%a K équaﬁ %1 , pre erablg)/ a gumber from 1 to

Tbdut3] 58; 000t u
1, 2]:12, 3-tet ngtlAuggr opr ogﬁﬁy CoQRginating, #pj8B 8% described above. All

sgnbols ApssaBiineddote. 1, 1, 2, 2- pent af | uor opr opane;
1, 1, 1,2,3 -pentafluoropropane; 1,1,1,3, 3-

Ge, Sbh, Pb

[00158] * In addition cationic compositions of germanium, tin or lead may

be used in combination with the WCA's described herein. Preferred compositions

include those which are represented by the formula:

1

R;—R* —R
2 3 3



pent af | uor opr opane; 1,1, 2, 2, 3- pent af | uor opr opane;
1,1, 2,3, 3-pent af | uor opr opane;
wQ 2405822, 3- hexaf | uoropropane; 1, 1, 1,2, 3, 3 PCT/US2003/040852
- hexaf | uor opropane; 1,1,1, 3,3, 3- hexafl uoropropane; 1,
1, 1,2,2,3,3 -heptafluoroproggne; 1,1,1, 2, 3, 3, 3-
hept af | uor opr opane; 1-fl uorobutane; 2-fl uorobutane;
1, 1-difluorobutane; 1,2- difluor obut ane;

%’\gﬁegéipl rlgg g‘{‘gn@%’ ar% l-érdgc;&f #1,:"%[6 Ob %I’éllkyl groups or derivatives
1, therdot f)fefférﬂﬂﬁl‘lau%% alﬂyl largl' E\fa'lli}’fl Yo u?)@ WE ?Qr?vatlves thereof, and

,1,3-trifl uofobuta At
R % Gej $4 up !PBbU'I@Bf})ref%nré?d &nbédhfﬂeﬁpﬁﬁwtf?&% s ate -G to Cqg

|fluorobutane 2,2, 3-trifl uorobutane; \

,aﬂe;ﬂ,qtreﬁfdbhpmﬂm aatlgrl profyLlordutglet r af [ uor obut ane; 1,
1, 4-tetrafl uorobutane; 1,1,2,2-tetrafl uorobutane;

,1,2,3- tetrafl uorobutane; 1,1, 2,4-tetrafl uorobutane;
HyBofadridBldsuor obut ane; 1,1,3,4- tetrafluorobutane;
AN
2,

A-tetraftuor obut ane; 1, 2,2, 3-tetrafl uorobut ane;

, 2, 4- tetrafluorobutane 1 2 3 3-tetrafl uor obut ane;

T

2

, 4 tetr r obut ane; - tetraf] uorobut ane;

[ﬁq 91 2 2. P 1qu8%ﬁr€q;ﬁta5q:] Qrefqabl_y used as diluents in the present
iRy &tl@ﬁntaﬁﬂeu%oﬁpt&ﬂ%l tibn With other hydr

1, 2, pent af | uor obut ane; nall, n1 11 ?? 3er ydrofluorocarbons or in

p}@mbafaltlgo r\mﬁuoﬁnme dlluqnls 1Fe purppmtaffthlsanwmnbarmd the claims

Lo RIS e e s

1,ubsaturdted- @ioahlis! @61%@#1'&1@%@3%@1&1131 éf hydrogen, carbon and fluorine,
pentafluorobutane 1,1,3,3,4- pentafluorobutane

1 ppovadesl télab@rﬂp@ﬁt [ong p@t[bgtl,aqiéeast one hydrogen and at least one fluorine
xé? 4-pentaf | uorobutane; 1, 1, 1,2,2,3

-he uorobutane; 1,1,1,2,2,4- hexafl uorobutane;

1,1,1, 2,3, 3-hexaf |l uor obut ane,

1, 3, 4- hexaf.| uorohut ane;
1, [éo@ﬁ hex af CE43i8 @H}bgalénenj_s tlf dﬂuent comprises hydrofluorocarbons
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bbby RIS o .5 gy om s 10,
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12nd gt lsaspone.3. hept af | uor obut ane;

1,1,1,2,2,4, 4-hept af | uorobutane; 1,1,1, 2,2, 3, 4-

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

1 [ﬂﬂl]S,‘l]Z 3 4,'[14135‘[112’&13& aéﬁau@lssb llﬂo&m% ﬂlu,orcimethane difluoromethane;
1,2,4,4 hept af | uor obut ane; 3,3,4,4

h&rgaf{l%ﬂf?lasﬁha% gﬁeroe@anq’ Igl- @lﬂzme@aane,ods?adqﬂy@mmaneu,l-
1 4 ut ane; )
1Bk 0l P ERNRARR 15k L dyelapopogpanes 11,22
otetafliowethiane;ah b1 »212-pdntaflyoRoBhahes | 4hoedmbdpanes 2ltoaspeopane;
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’1]1 &iﬂubropropahe 1,2-difluoropropane; 1,3-difluoropropane; 2,2~

HI—\I—\I—‘H_I—\I—\I—‘H""I—\I—‘

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-tetrafluoropropane; 1,1,2,2-tetrafluoropropane;

1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;



nonaf | uorobutane; 1,1,1, 2,2, 3, 4, 4, 4- nonaf | uor obut ane;
1-fl uoro-2-net hyl propane;

wda 2d4@548k3ior o- 2- met hyl pr opane; PCT/US2003/040852
1, 3-di fluoro-2-net hyl propane; 1,1,1-trifluoro-2 WO
2004/ 058825 PCT/ US2003/ 0408523 54 met hyl propane; 1, 1
, 3-trifluoro-2-nethyl propane; 1, 3-difluoro-2-
(quoronEthyI)propane

1 Hl,lﬂ&-paﬁdfafompabpmﬁ met hyll Bafl
1,1,3 tetrafl uoro- 2- rreth g-g glluoropropane; 1,1,1,3,3-

pfntglﬂpg;qopyqpé% b1k, ér@ﬁ@tﬁﬁumpl)opammah@a,z 3,3-pentafluoropropane;

e T A

1h22<alﬂ®r¢1:ebpmj uor o- B1,1(£,2 90t tobRsRARane;
fl uorﬂp%rcl obutane; 1, 1 -di f|%°}" bﬁmane 1, L1,1,2,3,3,3-

dth‘P it CYOPa It éﬁ@orqb@ar@b f?‘@@pwy@hﬁ,b%h-ﬂﬁluorobutane 1,2-
I uqr e,

tr.f|5@?%%$cﬁéﬁﬁ¥§%ﬂﬁﬁ%ﬁg %?ﬂ%@ﬁ%?@ﬁ?c%@ﬂﬁﬁﬁﬁ@hﬂmw 2,3-

1 diflwrobutaner 4fl| litifhoyehutdg) 12-trifluorobutane; 1,1,3-trifluorobutane;
,1]1 %tr tet éﬁ{‘l uorgc%gl gé)ut ane;

1,17 5E 1 u whehuas; 11220 ®robutane; 1,3 3-

pamﬂﬁrbm@mcyclzwkm Butgrk; 2 4:131 3.
“hexaf | uor ocycl obut ane: 1 téfpeZ 2%31 l§tetraﬂuorobutane 1,1,1,3-

héstaflperebeeyes| dblut éftaraﬂuorobutane 1,1 2 2-tetraﬂuorobutane 1,1,2,3-

he but ane;
et B Ol B G o b Stk Bemobtane: 1,134
i tmiaﬂdwmbutmle)gt ll,rl$45 4Qétraﬂﬁ6ﬁﬁﬁ1%§t gdz b"iqeﬁ @Fo%%dt%?ed 1,2,2,4-
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1 or ge uor.onet han
pekefuobhidd O Ot e eﬁ‘éad"f’&&’i‘éa?i | T o mepigfiuorobutane;
eké;h;ﬂ @pemﬁﬂume‘mnaﬂeat ed hydros BURHAERERBARNEC! ude 1 13 4.

|de e& 1- di f | uor oet heéne
"é‘)(a&]r 36‘81 hehbl44-pergailyarebuanenet héie, 3-pentafluorobutane;
f1 mgfmpéﬁﬁﬂﬂﬁ)ro%t%ed' fl uog g%g &) nflagB%rHButane 1,1,2,4,4-

2-di fl uor opr opene;
ZDeQIQﬂuPIQh’@?aDgr opleha;3 @pﬁﬁaﬂtfolrchhmaﬂér OPED®,3,3-pentafluorobutane;

525 PG SRR e, 118,22 ereraisroprapene. | 2,13, 524
tlreb(ﬁﬂlumdﬂﬂm{r&perlel 13,33%- ﬁeia!ﬂuqo%afaﬁé” OP?Qez 34 -hee(gﬂuqrobutane

;%Lléoro I-butene 2- | uor o-1 -but
ot 2ifed-1 1gxaﬂ|ugmbytanp, - butlenb 3,3 B-Hexafludlobaane:; 1,1,1,3,4,4-

il
{ﬁ%ﬁfgll{bf?bl}%afnggr glbl 4 n,ggf égh%agllu?xiobgﬁage - bli2xd3-hexafluorobutane;

3,82 @i honflubrobutangie; 214513 hlaugsar e; 3
di fl uor,o- ?utene 3, 4-di f1uoro- mDEMLEQ 1%233AL

J;leﬁa om%ns | i %,ﬁ eg;aﬂgo@buttamq,f | UBR3,3,4- heimﬂtﬁ)mbutane
141 32073 benantphena 1 Ao LNV RNG, 55,
bega@uqrpbutanﬁor o- | - bl dr®3, 3%—1&p€aﬂuorobutane 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-



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

W@ 2004454825 f | uoro-| - but ene; 3,3, 4-trifl uoro-| - bPEBHNS2003/040852
3,4,4- trifluoro-1-butene; 4,4,4-trifluoro-I-butene;
1,1, 2,3-tetrafl uoro-1-but ene; 1 1, 2, 4-
tetrafluoro 1- butene; 1,1, 3, Sétetrafluoro | - but ene;
1,1, 3,4-tetrafl uoro-1 -but ene;

1, afl uor : ] ‘ :
Iﬁetgy@r(%&hé ’af | uor 81’1’3 %{lgﬁgfzq@ %‘y gjrglpatng’t r af | uob-g-gifluoro-2-
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4tetra£) | -butene; 1,3, 4
%‘51?6%?3%4 ég Bf%%f(ﬂl&?rrpm@ﬁhabpmmmee n1e1,1,3 3-pentafluoro-2-
1, f

Iﬂetﬂylgrép%hé q fi 3‘9rt9trz+ L@ut e'tﬁuorogleto}lyl)gr%a{l e 1311 Sisiafluqro-2-

tet raf I'uor o-
k(ﬂpemmetl@l)@;ro@anet etfhafrbeyoiabutane; but g¢rkfluctoSyclobutane;  1,2-

; djﬁ-lz‘_grg_é}{ Z fﬂnpudr odmugﬁ{c@ﬂgbutane' 1,1,2-trifluorocyclobutane; 1,1,3-
1 thfldordeykiommdmaf | 1o B%hu@ﬂ&:ﬁﬁ@but%el g fl% f'fetraflu%m{:%clobutane

pent af | uoro-1 - but éne; 1,1, 72, 4, 4- pent af ' tioro
1,131, 333‘-ewafb@mcafslotmﬁanel - hlllﬂe’:hi}pentaﬂuorocyclobutane 1,1,2,3,3-

1 p% %ﬂﬁoé g ate g%ql 38: 8 :, Eéxa{lugrogyglohutwe 1,1,2,2,3,4-
pelemtdomfye}olbutaué ene;] 112%,6 34 ﬁeﬁaﬂ%%@élloki%ﬂe | -but 8583 3 4.
u

4, 4-pent af I'uor o- | - t ene;
2 hgptgﬂgor@cgéqhuﬁqeu ol | migtianes ethereof and 1nclud1ng mixtures of

ey, SRS ebRl®a, b8 5 horieiludy oiirise) i factude

1 diﬂlié),t@ndthdnd; etrﬂ'fdlol:tﬁnefthzitnebbu,ﬂ Qﬁ\ﬁuoroethane, 1,1,1- trifluoroethane,
1 4 4 4-he uor o- | - but ene

1 [yorpmetheing, %QJ ﬂ@d?tsafﬂu%eﬁtm

1, 2 3,4, 4, 4- hexaf | uor o-1 - but ene;
2,3,3,4,4,4-hexaﬁ|uoro-l-butene; 1,1,2,3, 3,4, 4-

héMH4R] uor ollustratienexamples f ynbathrated dptailuomicarbons include

- 01.1.3,3.4.4,4- h | - but
; WhE Miogites ) bl d P o Hinbimadhong | | S 2 gt uproetbmne: 1
Zﬂuf)iolpﬁfpéné Dtﬂt-&!ﬁlﬁoroiarobeﬂéf |1@Hﬁfu8ro?>%p%§@ 1,3- dlﬂuoropropene
i f [ 'uor o- 2- but enée; 3- uor o-

12@ ‘gﬂflPrlﬁ’B’?QPﬁQeabut-’eﬁ-@lﬂ@r@rdpfmeur 0-121-,2}mﬂameopropene 1,1,3-
tr%ﬂliloréﬂrb %n%or 0- 1;2 glf{lﬁﬁ]orbpnf%)il% 42t H f l i 8@%{5&%%%2(3 2,3,3-

,3-tri uor o- ene;

1trﬁl®ropropefﬂeu B3 Rifluot@igrend; Bmofd-lfbhtéﬁé ;02 2Bk EBBiene; 3-
|.uor o- 2- but ene;

tet ,
t E‘P?fgffh%tg%é 2‘{ “Hierenksbutene; Tyl Mt@wdfhmqeo-lzz difluerve]-butene;
11 3, d%ﬂ@o%ﬁfoﬁ)@ﬁé Y- Ql“ﬂ%oﬁyi-%ﬂl%ne 2,3-difluoro-1-butene; 2,4-difluoro-1-

2, 4-tetrafl'udro-?2
1bgterss; ,3-difluafd- Lbniene-Hirdldhero- 1-b11tehe24 3 -dfidraf1-maes:; 3; 1,2-

bﬁlﬁffe r%l}f:‘uge’élﬁ,t afl',]ugﬁrbﬁlg)fr% ?léﬁ@% gu ,l,j}-tg}ﬂggoro -1-butene; 1,2,3-

&Hhﬁ&d&QhﬁmE—b t f -2 ne;
? 1,2, 4, 4- pent a? fzﬁﬁéq%qra“t}ﬁb%e& pepg? thHA5R- FRhE"*1,3.4-

1tr§iugr(zrl-rb@ $eAe] udgé’gél—gaﬂuqreﬂebutme 1,2,3,3-trifluoro-1-butene;  2,3,4-
ltr&}uf‘)r l%ﬁéﬂgl uar4o 4 %rlfkl)uoro riebutene 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-



1, 1, 1, 3,4, 4-hexafl uoro-2-but ene;
1,1,1, 4,4, 4-hexafl uoro-2-butene; 1,1, 2,3, 4, 4-
wheooafnbsses o- 2- but ene; 1, 1, PCT/US2003/040852

1,2,3,4,4-heptafl uoro-2-butene; 1,1,1,2,4,4,4-
hept af | uor o- 2- but ene; and m xtures thereof and
including mxtures of saturated HFC s described
above. [00163] In one enbodi ment, the dil uent

C asfpiflyes 1 akemRer f luuos. teﬁ%ﬂﬁ@ro ICB'H%@ nd293 8% te{' g%uoro liebutene

IS a non- perfluorlnated di 'uent rf14ori na
c Gwbtdrigsatbmiod -utanse a,éﬁp%wuaﬂumnsbs&n@g 33,4 aae®eMioro-1-

2 oL 0% ARG, SIS e R854

p@éﬁﬂaﬂﬁd&ﬂoﬂlab@tén@Onpogmm-p&{tﬁﬂlﬁ{ré‘ql %teﬂehe lcf‘ %lé%ﬁén’taﬂug}ro 1-
nomer, and diluent are present Iin a

t REteaeo -4 Peht-peplatuereripaens 4, b, mamfmoeo-wwtenw 2,3,3,4-

5 U / t he diluent as
SRR, R0 DA 80 S, LT %o
ebbede;n2813,4,4-pentbilesto-1-bashealsns 8 A0k ¥ Rioro- l-baltene 3,3,4,4,4-
chl or of | uor ocar bons (CFC s), or those compoun

c BREALRGTAY -bienes h] éﬂbih’e‘l -hexafbiorord;butane; clat,R Aok, 4-hTRGT0-1-
ool S84 o GEGHH IR EORAT B o BEEiRR oo
Mhi2. 3ot d el flyonvelr-Buttiean 2303, 0A0-hdWaflu st EbRERS: €1abd ¥ 3.4 4.
e A Do oo s drhenohioama] bownec colgt hat 44
OherJifBair& Elﬂé}fé 192 334 §§q1€ptaﬁglglf0- %—%H}l.e}{e 9n¢ ptjlltéq?élz lm??}]e 2-

15, nore pref era ﬁ%Ilogreater
gflberoet-buthagy As!-diftmor- jmbefeae abl y dfuc@6-2rmiténe; | 0.3-difluoro-2-

h t I 1
S e S e e R O DS enc
mhi 2-piflber-2iblient.e $3 ﬁ-ﬁ‘ﬁﬁhgﬁ)—@ (Bgtew 137£¢ Hﬁl%kd’-g%u{egg,i I% 2.3-

d| ectri c constant nay l ess than’
Fo-ZibHtsRes 1 354 mﬂmm%ntenc, ﬂrlaln%—taraﬂagﬁm bmﬂeﬁa t Inq 3-

t The ctr
?Sﬁé?%? RO 1 AR IE® P18 B oro-2 butene;
nhagi-etrefiaro ot buthes; e eitstamtorad-tatpar flliel 3-§=1?t5ﬁuoro 2-

d in the dil uent neasure
ébi%am O’al ?I R ro-2-hpignegs 1, RﬁeﬁM’Tpe@tiﬁﬁH@ot%bIdene 1,1,1,4,4-

.aAS bl I3 n -
Fﬁﬁag‘ig%?feodﬁ?g{egg e %leeacﬁgc azsg&éI 4 ngl’guﬂé‘EAerﬁgﬂuom 2
e t antd, lgjbﬁﬂshegaﬂmo-ﬁyblﬂﬂe ECc Jr@sl,,z Wasiekaffudrs-2LRene;
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.

[00163] 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



di el ectric constant of the fluid in which the

capacitor is imersed, Cc is the cell capacitance,
w@n@h4/0s8ses t he stray capacitance. Fromthese PCT/US2003/040852

nmeasurenents ED is given by the formula ED=((CD CA)

ER + (CR-CD))! (CR-CA). Alterggatively, a purpose-built

i nstrunent such as the Brookhaven [ nstrunent .

Corporation BIC-870 nmay be used to neasure dielectric

corilastt a9ldestribv@ M RurfheF &’&ﬁﬂ Uelox%‘ GR @H&ﬁé ﬁmeﬁthﬁeg end

dielectric constants (s) few sel ecte uents
-B8ralse qempvise @hldm@ﬂmmcaams gfllﬁp‘m),cm thpseleqipdieds iconsisting

Fi . 1. 2004 825 PCT/ US2003/ 040852 57 Di |l uent
sg%ﬁ.-i(gg%’ﬂ?\%tl Vi ?ﬁrg?rf de 18.34 Difl uoromet hane 36.29
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22 18 1,1,1, 2- tetrafl uoroet hane 23, 25
1[05}1@4]2 t et mapnatheroembediment; virn higher weight average molecular

sk AR SR Ra BHARh dRREd Bo8 Raw, 1SRRG Rk 50,900

wWWivh) @bt bﬁiferdbllyumte @iann1 00,00 MW 6 | SIS - suiebit ol Rnts
di l uents include hydrocarbons, especially

ddj ti on
ﬁ@ﬁ%ﬁ%ﬁ@ﬁﬂuw@ﬁréﬁ%wnh & Bejesint eonsignd pé‘gmﬁm| 5 10 at -85°C,
I I I ke.
pegel?éflf?% ée):(ag%p iah ﬁﬁgﬂ %yﬁi{c)a ﬂflgo%gf %?ﬁp!ﬁ f(% erélo?eopreferably
peregtan ¢hani 3Hboioen prefq&rahllyame or medrey C Y¢ leafdodingsifs where lower

| So ‘;‘? %’a{gitﬁegegc }P o ane f{% 1IN 05 RXl ,pglgtf'e%ably less than 5,000
dmtfmé briraasly 1855'@51{‘3' |Ob@ Wfare %‘eﬁ?écf‘t}'lls REAREe constant may

3- ethylpentane 2, 2- hyl‘pent ane,
oheglessi then Hslopdvitedding largar mmmﬂ ip#iatcaroe traBsfar afiemewha the
| hexane,

DRRLARE . coRslRL Y BRI S e iollet Ssiann af ths ot o is

Mewérﬂﬂﬁhd Boihameasugdhee of RS BafaBitarid® FANE ﬁaﬁﬁaaﬁlﬁte capacitor
dodecane, undecane, hexane, nethyl cycl ohexane

ngpicopathe, didyeat dpgesed Va]@yc(ﬂlﬂpemaarﬁerence fluid of known
r@&l@é‘th‘é 3681'15@291? Igt fxﬂgasu}edlvaﬂler@R] hthdo WD & 6%@nea§ulr§d vdlue Cal.

In each case the measured capacitance Cy is given by Cy= eCc+Cs, where ¢ is the
dielectric constant of the fluid in which the capacitor is immersed, Cc is the cell
capacitance, and Cg is the stray capacitance. From these measurements gp is
given by the formula ep=((Cp-Ca) er + (Cr-Cp))/(Cr-Ca).  Alternatively, a
purpose-built instrument such as the Brookhaven Instrument Corporation BIC-870
may be used to measure dielectric constant of diluents directly. A comparison of
the dielectric constants (g) of a few selected diluents at -85°C is provided below

and graphically depicted in Figure 1.



di net hyl cycl opent ane, trans-1, 2-di net hyl cycl opent ane,

trans-1, 3- di nmet hyl cycl opent ane, ethyl cycl opent ane,
weymkossszane, nethyl cycl ohexane, benzene, t ol PENES2003/040852

xyl ene, ortho-xyl ene, para-xylene, neta-xylene, and

the hal ogenated versions of sall of the above,

preferably the chlorinated versions of the above,

nore preferably fluorinated versions of all of the

above. Brom nated versions of the above are al so

useful. Specific exanples include, nethyl chloride, WO
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nipopdstd al KARER: emBEHHENRIofelord AofARF stk 2h&A ihcBEBIvation
cyclic or branched alkanes. Preferred nitrated
alvitnaptherlilude, or buixtaessondifuenisni $wdbleadditicnpbdibidnaniaclude
ni.t r,oet hane, ni trqopropane, ni,trobutane, .nitropentane,
niVPEREERE. ctheriilerang: 2t (PRBR o ailq Bidpgibons
Nigkpndiyadioridatddr QUSRS andl ithd RKEIASE@MEo examples include but
ni trocycl onet hane, nitrocycl oet hane,

ni2fe BehlEntipst peiapanenisobwiaye Ipsbidnarmecthycyclopentane, isohexane, 2-
ni enke yGl n T )
rﬁétﬂfl%/ﬁ%t Y p? E}H&hylﬁfnﬁtrﬁlgeg y g %g@?ﬁu?ahe, 2,2-dimethylbutane, 2,3
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nidimethybutade,c ardemethiylheRaec | ohandinghexane, 3-ethylpentane, 2,2-
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dlmetﬁyl%entane, gg-dlmethylpen ane, 2A-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, c¢is  1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane, methylcyclohexane,
benzene, toluene, xylene, ortho-xylene, para-xylene, meta-xylene, and the
halogenated versions of all of the above, preferably the chlorinated versions of the
above, more preferably fluorinated versions of all of the above. Brominated

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



ni trobenzene, and the di- and tri- nitro versions of

the above. A preferred enbodinent is HFC s bl ended
wowaok/0s8ses omet hane. [ 00169] The HFC i s typi cal PET/US2003/040852

present at 1 to 100 vol unme % based upon the total

volume of the diluents, altersgatively between 5 and

100 volunme % alternatively between 10 and 100 vol une

% alternatively between 15 and 100 vol une %

althehyiahd %Bﬂoﬁd&eétﬁﬁeéhlgz@dégﬁ%ﬂ;g8c61Yc9rkc1‘én%u€/ } chloride, chloroform

alternatively between 25 vol une

alandiimlikeyel y bet ween 30 and 100 vol ume %
alternatively WD 2004/ 058825 PCT/ US2003/ 040852 59
between 35 and 100 volune % alternatively between 40

arfe0168p vol unearsther by d@EML LY %o\ﬁ-lgﬁgtl‘r?g eg’lgﬁés \%g%u ??go%ed as

vol.unme % alternati \(elé bet ween 5
aldfluenis in gempingtionsith HBCZndE108ples inch@ic¥but are not limited to,

alat t .60 and 100 vol ume %
aletl@?é%%t#)rég#’lén%g%&m@gnlkgs and 100 vol une %
alternatively between 70 and 100 vol une %

al 4@&2@ ivel y between 75 and 100 vol une %
all tivell§ 96t siekedigentarie IBCvis| used ) combination with a

akhBrARALY Vv 85 .and 100 . vol ume %. .
al't erln BT Ve d;/fo%gt%oﬁgﬁchg%s aﬁlgt}?lgoclggrll ng%]/nmnal embodiments
alnchrdeavding|the BERCMbe wofbinatiosl AR NRhnedEorXnethyl chloride and

a}l%er natively between 97 and 100 vol ume %
PPEPRG: Ingighers nhreHECsGee vesdumsonsbimtidn with one or

i . 0,
P ofr o ors A Atk 39 ool Afoxie, pifgdh gy rogen,
neeenciosy heliackryptyoir oan,bomitor diheranedt Reses RhAT L6 peerably
e [ the . HFC i,s se| ected fromthe roup
cgﬁg?sﬁfé&%ryo e ifadP n?ﬁ?\éﬁ%, gapss Inglde rﬁ%fh?&néi,oxide and/or
Initrogéd.| uor oet hane, 1,1, 1- trifluoroethane, and 1, 1,

1, 2-tetrafl uoroethane and m xtures thereof. [00170] In
anot her enbodi mrent the diluent or diluent mxture is

spogesied bg 1$s solubid ity in the polyner.

£ rt ai]n di | uzaﬁl? tshlégér?rgbés%ﬁnﬁﬁﬁ tée ?fﬁ]dt sn%e s IQﬁBW:%lnatl?n with one
Fteherer gittatdil| alients iheluding iG)tloeCH, hiftfed BB Lid %I“bﬂaﬂ&ed
pag%%rrerpﬁolggijity in the polynmer is neasure y

FOr M hg  THETHOPSE alkangs iotydenbust are mot kméted to, btrovaethane,
SitradtBank) Qitld b ORS, nit akij it in.di]uent (enough
to cover the.I:fﬁi 119‘% ’ n% {)b?)ﬂtfig’oﬁirt{c,b%g%t%gelsﬁm i M,r,oggpqane,
retercdanes r omittddecaie] uenitronenges ed nitfodoB&ahe,t €MERHALINCEe
f nds to _evaporate excess diluent fromthe ’
S“Sé?%@g e nltrocycﬁ)ethane, nitrocyclopropane, nitrocyclobutane,
nitrocyclopentane, nitrocyclohexane, nitrocycloheptane, nitrocyclooctane,
nitrocyclodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecane,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred

embodiment is HFC’s blended with nitromethane.

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

and 100 volume %, alternatively between 30 and 100 volume %, alternatively



film and weighed. The mass uptake is defined as the

percentage increase in the filmweight after soaking.
wab@4asdseent or diluent mixture is chosen so tPEr/Us1v63/040852

pol ymer has a mass uptake of |ess than 4 w %

preferably less than 3 W% 4qreferably |ess than 2

W% preferably less than 1 w% nore preferably |ess

than 0.5 w% [00171] In a preferred enbodi nent, the

dibet@wedn 95 adil| OOl t94r Qltérﬁatn%gl BEwln i Cgl%qt Eﬁé vhllSne %,

di fference between the measured gl ass trans

e%ﬁﬁ@%‘aavdb’ebﬁ‘ge@f 43 land 460 yobmen4, helteessivepabetiech 96 %d 100

oi 1A 3 cHER e S ERGR o5 omg dPeuri e temesnats bt 60

h dbEmnydl aRéRatively bBwREn tdBi d i
aegll 1%’3“% S‘E“gﬁ? t%]a?@vhegys e 21604/%1%2% VBRhHE ahmatively

P £d 098 2volwoe k?ée@ltmmly betwaeh lSVénind( eomuglmme %,

I urs 75C. The ass
: %éfﬁ@*%ﬁ%l#ﬂé’éwn%eér 5 b0 VBN o ey st fapnd 100
scwmhnnm% QhEDalivEY bytweBiP0) and 166 I%Bhﬂiée%, aft@rnX@elly between 95
desa ed inthe |iterature, for exanple

Ylume fe altoupatively betwepre 9@ aels 10k anlsm’tel w0 a&miatlvely

Lt&%ﬁhgﬁg&l@@g‘%ﬁ. A AR bieck Do smd S ghime %.

Edn a mmrradaembﬁhmeﬁtt j/hef HFCTieslemizdawiih e s Aloso chlornaated
Phlladebghla 17-31. The sanple is repare

a Y EROSEP PR T%ﬁlae@er bEfried sbadimantoihy HFCos seloatellripm the
i @Y@@cdﬁ%lﬁ%ﬁphﬁluommﬁg Hﬁio%rﬁétﬂ?%i 3 ]bglfﬂélloreoeme 1,1,1-

erature 80C unti
vasegthansrend 1,12 fetmblbdrpethine: dfgl niidurestharedf. Wi t hi n
12C of each other, preferably within 11 C of each
ot her, preferably wthin 10C of each other,
P&FIgORbI y Mbhbtﬂergéin%dlﬁﬁﬁthth@tchﬁfent Bf gﬁ&?@%&ﬂl\i’é ﬁ{ééfected
8C of each other, preferably within 7 eac
%%eér‘awmyltwsmml%@ dhe @alyment h€ertain plibkeatsadrt ysoiMbleh i the

hi n.4C.of h ot he
N R S LA G SR
3@ dfe pdghlentlin emeasuredi eyeforilng Met PHIPmECiRb £30h Of BElkness

1 C of each other. Polynerization
bba5E5p Bl 1oy iient. stkersonone weip decm antizhad cbrer the film)

CRA RH@Y it ande@atel MLPEERRRSed from the diluent, exposed to room

temperature for 90 seconds to evaporate excess diluent from the surface of the

film, and weighed. The mass uptake is defined as the percentage increase in the
film weight after soaking. The diluent or diluent mixture is chosen so that the
polymer has a mass uptake of less than 4 wi%, preferably less than 3 wt%,
preferably less than 2 wt%, preferably less than 1 wt%, more preferably less than
0.5 wt%.

[00171] In a preferred embodiment, the diluent or diluent mixture is
selected such that the difference between the measured glass transition
temperature Tg of the polymer with less than 0.1 wt% of any diluent, unreacted
monomers and additives is within 15°C of the Tg of the polymer measured after it

has been formed into a film of thickness between 50 and 100 microns, that has



Further the invention may be practiced in a plug flow
reactor and/or stirred tank reactors. In particular

W0 boog/05882&Nt i on may be practiced in "butyl reaPCDUS2003/040852
[Ilustrative exanples include any reactor selected
fromthe group consisting of @4 continuous flow
stirred tank reactor, a plug flow reactor, a noving
belt or drum reactor, a jet or nozzle reactor, a

t Uhidh §6aHe§?i‘1§HfPl§ent Fé?l@ug}g %cﬁ%{%\@f BlrigS ?ﬁrgggo&g of —’%J’C el glass

reactor. [00173] aspect, can
r etmg@nttymp@etum ishdr¢rntinahby differautiaf ammngS(tMHﬁ@cry DSO).

ul ar react.,o coolant |s on aone_side of
E et Bt S s e et PerSC B Piveditivier The
siNgureHoRihe GYsATHAs B8N ra%ﬁm’seﬁe@}fn §t‘i’ %gitﬂeﬂgalt Rgalysm

poI ynerizing mxture, such as may
the &dass Jirdtisitionp ASITM e lﬂéﬁadi dr Sey%toEH@EAmerlcan

eXSr"o'IPet )florlfe ”lfesf’jl ng %t%\l{vaés, rPinal @ej%lag,afbrgg ggp]%héi ?nDFJgg ga@ple is
V‘@ré’;ﬂﬁéﬂ &5&8&%63@56@%@&3& %Q&?igtelﬁélﬁe?% fhtd QW%mple

the reactor. Another exanple is where eat IS renove

i rpaa, mrdgaintaingg dtemtameneratieelhy s80ICiontiheatediatatysbefore the

su r%c%&gg%&tteﬁep Pté%}gﬁ%f g?h\r/\o #SV%'E)L%]C aa%? 2@@’(‘% rﬁv\?{e?treea"h other,

p(prgfﬂmblyz atithon 112 & edehaciier) preferBYi RGthRL1D O ofdEdd other,
ge{aﬁgre di | uent/ mnoner/catal yst mxture is sprayed
orPc“ seihin 61" CapfirRagh otheatpréfsrabbmuvitin K87C of each other,

aBly QR Aol o 6%191? Yh@s éoaéij&%bfg'u %g{hllr(l) % ?;ngeedﬁ other,

I n addi t'i on heat may be renoV reac
smffffal@bl}’h wathint r586sbe rea(:]$ Luﬂneraspreﬂeﬁb@ WHithic OI9CaRE dash other,

h der_the belt
D RBETERbIyD e 3PS of ot cttiro @reIBP Bt MBI 176 6F Rl other,
behdfe@bly \ﬁﬂtmmrcﬁﬂeadheﬁhéry_@gfe%blf SAIOfoC F ddch §heP"

nozzl e reactor. These reac have a short residence
time where the nononer, diluent and catal yst system

a1t elgirocé]sst he Jet or nozzle and the
d—%‘erriﬁg—}—en—eecurs as the m xture passes through

the nozzl e at high velocity. [00174] Preferred
rz(g@bgis [ n&hude continuous flow stirred tank
g iERtign By the mgadtised Qﬂml@uousmdu hatebygocesses.
MPHiRher e ARG RGBT
agi tator or |ﬁn a ag% @Fg&t&ggélggg’l&gaﬁéw IF%Ct? %n#%ras@pgpgank
alresotorsic| lmdpartieelat ¢his invention may be practiced in "butyl reactors.”
Ilustrative examples include any reactor selected from the group consisting of a
continuous flow stirred tank reactor, a plug flow reactor, a moving belt or drum

reactor, a jet or nozzle reactor, a tubular reactor, and an autorefrigerated boiling-

pool reactor.

[00173] In another aspect, heat can be removed by use of heat transfer
surfaces, such as in a tubular reactor where a coolant is on one side of the tube and
the polymerizing mixture is on the other side. Heat may also be removed by
evaporating the polymerizing mixture, such as may be found in an
autorefrigerated boiling pool type reactor. Another example, is a plug flow

reactor where a portion of the polymerizing mixture is evaporated as the mixture



where the pol ynerization occurs on one side of a heat

transfer surface and the coolant is present on the
wWo@rlensssetle. An exanple is a reactor where tubRGT/US2003/040852

contai ning coolant run inside the reactor

pol ynmeri zati on zone. Another ggxanple would be where

the pol ynerization occurs inside a tube and the

coolant is present on the outside of the tube in a

shbdeedd BEduphlthd Rh&iot. N | - Leed in

bg? ch react o7g?]s wher gi tpl’?g&h&rrg%o reslgkvgj%fél}geﬁ?{sargﬁa%e&jm aplug

c dtaay yeseton haowdhasutfoct haat trhesfemasitgorootamd oh terother side of a heat

.Zatlo Qceeds  ;to ¢ | etion (such as by
g ket %‘é %&n %ng_{%’sr BESRle vorld b 4sacior Bhers Ry me TR tivg fakes
| plaerdmph @AKo BEINBN dium tikrd %ﬁﬁdeﬁﬂﬂoﬁﬁ%@ﬁ&%l?ﬁ%k&m is

using a slur rgp pol ynmeri zation process. wever
pSPiRYed patathebelherdibngand heat is smerep batesapasatidn efthadiluent as

S ' I zati .0rqcess. The pol rization

oA SLLoPSRNIEL B REAIGED By RS BN A28 o v
polisfacer heaa tiansfeip(sacie 86 Sherd\Be2Qn® 2B B3ent on the inside of the
PGT/ US2003/ 040852 62 [00177] In one enbodi ment, t ﬁe
pOFYASF Poder ithsnbslicand 2hg palymeiits mupduced phghe atheraidesaf the belt or
MRRRAE! ' cesent in_a single phase.

Pref er a%lnstﬂgrt ﬁgé Bgo 39%%?% gieﬁiogn%olzzsle E%arcf r’egth(?ﬁ%)“?aﬁto&s have a
c ghart mesidencpotiywewhemt then ngmlomss diltenidhar@h chidBst system are
cat al yst . noner(s), a iluent are present "as a

S| %‘8}%@6 Hbﬂ’gﬁ hq ‘@F%]F ?{%T ﬂ*ﬁd?ﬂ}m?mzzlapm gppurs pethaomisives passes
cﬁﬁaﬁg{ﬁﬂlé%zﬂ@a{jﬁ%}p{gﬂ)@{y@r(s) are all mscible in the

di luent or diluent mxture, i.e., constitute a single

phase, while the polynmer precipitates fromthe
i luent.

| i i on fromth
didg4ot Wit Bfeg%ge%e%% t'%gsﬁ%{cﬁgj'ey{{)g]gna@%e PV nijiredgtank reactors,

sirably,

ewhethiet epbrating Mchagadt @dcddYinhdust hde and WhEeher ?g&wﬁfilﬁ% fﬁ g@ank
of .the polymer_and/or little or no diluent Ss ake
aWith g Agitater op}ngadw@e bypemsacor. plye{emesd ireaptare nlsb indlide reactors

(oF ppvent i on provides .for high
oo AR S, bR Ph B ERoh 0uera ve
wkadlargoisdprheeat ont thansther sideedAaeekahgA€id®h f@blok Nohere ftubes

ho eneous, pol yner.i zation and/or the convenience o
sﬁ%g%a]ﬂg rff"’%ag%’&{{‘i IBﬁQ? 35’ J5actpy polymerizatiop zonet Weother example
r @6 uldtHeRghd? teBollymeH 2T Sccurs inside a tube and the coolant is present

on the outside of the tube in a shell.

[00175] This invention may also be practiced in batch reactors where the
monomers, diluent, and catalyst are charged to the reactor and then

polymerization proceeds to completion (such as by quenching) and the polymer is

then recovered.
[00176] In certain embodiments, the invention is practiced using a 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.



[00178] The reacted nononmers within the reactor form
part of a slurry. In one enbodi nent, the
w@orgmesssent i on of the solids in the slurry i s PCIYER2003040852
or greater than 10 vol % I n another enbodi nent, the
concentration of solids in thg slurry is present in
the reactor equal to or greater than 25 vol % In yet
anot her enbodi nment, the concentration of solids in
t o rry i : 0l %. In ye
amt ﬁgj enbo%‘l (l?rlgefl?rnf)% ﬁeefgttrb ﬁlgegﬁ@&ﬁeﬁg%&& Yss{:) |1%4¢, OP%WBere the
sl aatalysti mopo@senind dituehh erer presdnorinfa eiiigle pliasd0 Mefe¥ably, the
I n yet anat her enbodi nent, the confentrat,l on of )
s T HECHFIUGR ¢} ¢TI OB B ARPLRYPUS PelyTastization progegsEn wdich the
Q¥ Y0 mloRodie(s PRt Biiuent MO PrbRAT a5t P& [ atf,o
of asag*si ds i rc1) sI(LSR?ry cgn%egnt rgtCBlr%%HF sasp$§éﬁ{%?lﬁgef heIh Elurry
r endyroerifatiomy the manon@ry chidysi(s), yed imtiabi(ey are rblodistibh in the
the concentration of .solids.in slurry concenfratjon
et QE{atﬂiuﬁl_ltt P tHtEn d €or CoPpiiie18 s;naglmﬁv hiiG e polymer
angtdsiae e MNtieh @itk Q6EREFRMAN 18 #R!dif8nd MDesirably,
sl'urry concentration is present. in the reactor from
20edused Orvas Polymeryewelding't fre extébitast ppémdticatechby little or no Tg

concentrati of, solids in.slurr oncentration is .
CRBERLR bF e BRe pFp Bt 405 Foke ThlRE b Shown i
armgier2. eThey ipgBderizhiih BORE AhéRs o Melpresdtk iflentibh provides
slurry concentration is present in the reactor from

30for dighopelymes cppeepBatiomist he haedpddt dewtvisqosiey with good heat
2 8 0] 408 centrat.ion of

o ae Rt HigE CRRHAD BmoBeh ERE R Ry hnaior the
r ematveatierdoe afi shiBsdqaent A0actiohSto OB Breckyporc &ld Msulfing polymer
continuous flow stirred tank-type reactor nmay be used.
THEX&ctor is generally fitted with an efficient

agi tation neans, such as a turbo- m xer or

i mpel l er(s), an external cooling jacket and/or

i 08784l coolhengadtebewnomend/vaithic thd sactor fathent ofasiarry. In
of rempvi.ng the heat of.polynerizatign to naintain

¢ GO ae £ B P 4% el i g et sdpdl 8 e gusater
| nhat 1Pveles) If AlotiRRATMBASent, dhé b&teAtra FabRYR e slurry is
(combi ned or separately), tenperature sensing neans,

arfgesegh infthe yreaeton\egral] twosr sterter Ithan RiSpaolkhi clin yet another
R TRle ALh 5F oy BT S TIRBTE, S 7
Prvel%r dblygt addileer reaitotimnent, the us@etitrationfofl solfslin&ling{ W fresent
O}Iel thsekriegcltgrdfri)nq 1t trc]>670avrot1%YVih|1 yet énother 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



recogni ze proper assenbly and operation. [00180] The

reactors are preferably designed to deliver good
worRoodsosgsed t he catal yst and nononers within tP€T/US2003/040852

reactor, good turbul ence across or within the heat

transfer tubes or coils, and gnough fluid flow

t hroughout the reaction volunme to avoid excessive

pol ynmer accumnul ati on or separation fromthe diluent.

[Ocﬂ)hSédtraﬁbﬂ ofF s61aRGh Ryt bk

ﬁ{;tl ce of the pr esetﬁiyt |n%ﬂﬁﬁgﬁs#I%%dtél?ﬂ]ereacmrﬁom‘m to
W14 onal reactors and equi val ents thereof capable

of performng a continuous slurry process, such as

disclosed in U S. 5,417,930, herein incorporated by

ref0@rBjce. Theidatlgch osntions f6WRLit8d ta%ﬁ'}y}?sereg%xﬁ{ Hl%y BB used.

Uﬁ%lt variety or the down-punping variée
" eLe GGl 1l2endAlu ied arifh 1 eﬁlcwnammum méamhmch as a turbo-

c of t effective to
Colys jEramOL e B 5l ETan S e o
f @d@mpé@mm rhdvab of r&bdfihg e heat @F@Hlﬁne@i‘zaﬂ?&l W Hbintain

35 H%t‘ §5| rfd characteristics is producéd
f eeuYSTIPR APACHAD tonReTiHEse dnleianeans dsiichi asgnligt me:a)I for monomers,
MANAGRS af@ VEARLEALLABINIA 32 sEharktlR Rrlibelurl RASEG Qans, ana

the total weight ermn mers

c@naﬁﬁﬁentsmﬁw or pwélfow pniengrchatvﬁhdm@npowmw %muem- and
a&gdthaq)BO Wt % in ﬁnother enbodi ment. In yet
&1 RPEE TR fmongnahers ungsy i@ Arholding dowm s rquenchrtank.

5 P\Mf%ab@ B whdoR ARRA! 058P 2R RIS A9 9 %Hﬁ fn, @ %rt wil

nononer concentration based on

NEFFOSRIZS PIPPTRSsemMbLyraed operatibyst system [00182] I'n
sonme enbodi ments, the feed-streamis subst ant| ally
free from silica cation producing species.

s (sant i aI The teaetorobreSirbiefdlycddsigdidd RS QEikr %% H8X186 6)§ the

w? ﬂges is neant. that there is no nore
ﬁtsg{ﬂi lgﬁnqrﬁgstwlap thevegagter gﬁodt ﬂuebu}mme g 34e: ((»f within the

t Befrafiifhl @Be LA Ao, O&Uﬁéﬂ]ﬁuﬁ%{ ; gﬁlﬁ d‘aaébltlﬂlé volume

stream Typica exa

S Eﬁbﬁoecke@ﬁ@l\haiod:yraéﬂqcbumulatmmOr &pﬂﬁaﬁbhlﬂ ﬁ’énﬂﬁ& dNGedthe
formul a RIR2R3Si X or RLR2Si X2, etc., wherein "R' is an
al kyl and "X" is a hal ogen. The reacti on condi tions

P Sttt of STBLE 08 U334
invention include any conventional reactors and equivalents thereof capable of
performing a continuous shurry process, such as disclosed in U.S. 5,417,930,
herein incorporated by reference. The reactor pump impeller can be of the up-
pumping variety or the down-pumping variety. The reactor will contain sufficient
amounts of the catalyst system of the present invention effective to catalyze the
polymerization of the monomer containing feed-stream such that a sufficient
amount of polymer having desired characteristics is produced. The feed-stream in
one embodiment contains a total monomer concentration greater than 5 wt%
(based on the total weight of the monomers, diluent, and catalyst system),

preferably greater than 15 wt%, greater than 30 wt% in another embodiment. In

yet another embodiment, the feed-stream will contain from 5 Wi% to 50 wt%



mediumin the liquid state and to produce the desired

pol yners having the desired characteristics. The
wWorRa/088823 eed-stream i s typically substanti al | pCT/UE®08640852

any inpurity which is adversely reactive with the

catal yst under the pol ynerizali on conditions. For

exanpl e, In sone enbodi nents, the nononer feed

preferably should be substantially free of bases

(smeforae ectiesiitiaion bdskd Wir GRNIAAINHBGht ©PTROMIAS. (BMER and

as H2S, CCS, and organo-nercaptans, e.g., nethyf

nefetRyE systemet hyl ner capt an), nitrogen-cont ai ni ng

bases, oxygen contai ni ng bases such as al cohols and

the |ike. However nononer feed may be | ess pure,

t yi0018d]| y ndh doamSembdiinetsYtheaedstedant & albsRh@hllyifce from

content, nore preferably not less than 98% not Tless
t rﬁglhcag@%m IPFOpcHReRigs- e ByombReRtally: fiee phpilics chéen producing

g7 o 1855 By BOOOTATY O b g g

preferab
pprgightr ef éreatvoypomessoft tiese kBi3a prativn predieimbbpeciedsi the feed

than 10 00183].As is nornmally the case, .
- Glhon PR SR BB e R athslsvaligf ilica
Of coldpRuh @@y fhe 167818 'HIRQIQ%Sik%t}QR%Sﬁﬁt EcMferein "R" is an
product nol ecul ar wei ght's. The polyneri‘zati on

r edlctliand "B niser balogan. iThe ceantioni conditipns elik deeshch abatddesirable

R T A N v
vafiedirhan &diREDaAR1aAd €6 BRI Rk idedifed RlEmers halifle the desired
tenperature control, etc. The tenperature for the
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B RO R 1 LS g o e e Pt o bl o s
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the reaction by the exam nation of sanples taken
pdgss dhanc 3%y lawpreipmed prabodimentsi the imputteastane guasenti aldéss than

e%!O@U%n{ a)yI &‘/gigﬁ{),t preferably less that 500 ppm, preferably less than 250
ppm, preferably less than 150 ppm, preferably less than 100 ppm.

[00183] As is normally the case, reaction time, temperature, concentration,
the nature of the reactants, and similar factors determine product molecular
weights. The polymerization reaction temperature is conveniently selected based
on the target polymer molecular weight and the monomer to be polymerized as
well as standard process variable and economic considerations, e.g., rate,
temperature control, etc. The temperature for the polymerization is less than 0°C,
preferably between -10°C and the freezing point of the slurry in one embodiment,

and from -25°C to -120°C in another embodiment. In yet another embodiment,



[00184] In a preferred enbodi nent, the polynerization
tenperature is wthin 10C above the freezing point of

wo b@4@sdseent , preferably within 8C above the PCHEZ1008/040852
poi nt of the diluent, preferably within 6C above the
freezing point of the diluegs, preferably within 4C
above the freezing point of the diluent, preferably
wi thin 2C above the freezing point of the diluent,

pred bﬁ*ﬁ{e)‘lzﬂ\ﬂldﬂ”'teﬁlpeﬂat&eqp thgod LeeZdPe BYY l}t of (i%eto -
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1 .0n enbodi. where 0O kPa I.S.a total
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e nbotlbrRrte R A cifitoyed i?@R0,kPa i n anot her
enbodi nent, from 20 1500 kPa i n anot her

enbodi nent, from 200 kPa to 1200 kPa i n anot her

e ' nt, d 0.kPa t 00 kPa .in. yet
R R R N E—
embthei heAd abo‘ve ahe Reezdgapdint JOhk Baued, ARALHY W1th1n 8°C above

{;‘F%&_xgqnent m40 kPa to 60 kPa |n£et anot
eﬁJéllgtpmr%tro thexblyonty peeferably within6° E’boverthaﬁetztm point of

efHaodi t 3 k t O kPa in anot

enbod ﬁ%ﬂt préférgﬂ}’r 8’%91? ga% %FgggttoQGf GG e P P ﬁF diluent,

apl@fen-@bly Mo?lmgmbove{ ﬂ&lﬁ&jzm'@‘lﬁmﬁf dﬁﬂleodlldéﬁﬁtp?éﬁ:ﬂaﬁgf within
[Leed-strea

TR S 2P, FA Rt bon 2 e oo
2@1@4}'1&1518&3&618@%%@%&&@0 1n &6 £378 gl'l }'rQez o})(ple{ of the

bodi nent, the initiator and Lew s acl
eggtlé(ysqgiylt Fiegnsihe frggmlglpcplnt of thhdilsait phiséd d] | Kt Rkample

f nt . of .& g fromO0.01
Sig g%@%@ézﬁ%l%dlﬁtoo&’rt@en&g 1t 1598 ¢ gﬁg}f(g’g{ ve thegfreqing point of
cthedilnernus-33e@ct or t hrough a catal yst nozzle or

i njection apparatus. In yet another enbodi nent, Lew s
acid and the initiator are added to the reactor

?g%ﬂgel@/tﬁﬁ{‘ﬁa@tﬁ e}E}% uﬁéganfgl?'gmé{]e% raéove 34%58 kPa n one
embodiment (where 0 kPa is a total vacuum), from 7 kPa to 12,000 kPa in another
embodiment, from 100 kPa to 2000 kPa in another embodiment, from 200 kPa to
1500 kPa in another embodiment, from 200 kPa to 1200 kPa in another
embodiment, and from 200 kPa to 1000 kPa in yet another embodiment, from 7
kPa to 100 kPa in another embodiment, from 20 kPa to 70 kPa in another
embodiment, from 40 kPa to 60 kPa in yet another embodiment, from 1000 kPa to
14,000 kPa in another embodiment, from 3000 kPa to 10,000 kPa in another

embodiment, and from 3,000 kPa to 6,000 kPa in yet another embodiment.

[00186] The order of contacting the monomer feed-stream, catalyst,

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



injection to the reactor. Desirably, the nononmer is

not contacted with the Lewis acid, or the Lewis acid
w@oroiossses Wit h the initiator before the nobnonePGI/E81083/040852

the reactor. [00188] In an enbodi ment of the

invention, the initiator and ggew s acid are allowed

to pre-contact by m xing together in the sel ected

di luent at tenperatures between -40C and the freezing

pojoois7ienperiat ui®h& etbedificht!ehE  inMakdt Bnd QRUAE tacidt bR® pre-
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deipentomtyp thp aeactore. Idesirablay thie ynsdnongdr i1y h?tycogmﬁted with the Lewis

concentration, nmpnomer concentr.ation eed i njection

r b Obrl"cffofnﬁew aridicqmbiner yth th doigiaies beiore the megiggners enter the

deghdigd nol ecul ar wei ght, and generally will be

bet ween about a few seconds and five hours, and

typically between about 10 and 60 m nutes. Vari abl es

[ cing [fesidence ti i ncl ude he .mononer _and .

ol DOEERC, 09 hieh SRt Bt IF e Mo tne Gl aT AL ey acid are
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enthodi nent he invention, .tthe non r to talys

e pavTsa Yo Reopy B8 pvera) Mo rRgon Y e B 0B Ond 3
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2004/ 058825 PCT/ US2003/ 040852 67 In"yet another
degingteiedore ijeefiondnto, the reactent i o of Lewis acid to
initiator is from 0.5 to 10, or fromO0.75 to 8. The
overall concentration of the initiator in the reactor

i §0018%] cal | Yinfanotheb etmbodienp pihthe idv@ntion, 2he iRiPiEor BAG Lewis
concentr iion of the initiataor in the catalyst feed
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ator 1 n the reactor

[00190] 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.

[00191] The catalyst (Lewis acid) to monomer ratio utilized will be those
conventional in this art for carbocationic polymerization processes. In one
embodiment of the invention, the monomer to catalyst mole ratios will typically

be from 500 to 10000, and in the range of 2000 to 6500 in another embodiment.



its anmbunt relative to the polyner. In one enbodi nent,
there is from0.25 to 20 noles polyner/nole

WO pdowiosgses , and from 0.5 to 12 nol e pol yner/ noPE&T/US2003/040852
initiator in another enbodi ment. [00192] The reactor
Wi Il contain sufficient amoupts of the catalyst system
of the present invention to catalyze the
pol ynmeri zati on of the nononmer containing feed-stream
suych th f L Cl of.. g Ving... .
adBiveb AP Rl HEBbaBTRE he Biiohd PoRh SR i dp from

i ).9Re 10/Toodone075aorg. aihs vetfallt édncemteddABsf the initiator in the
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TS PO ke b1 RS h P o0 ST 12 PORIRLLIRER nifglgr in
pcunthsr ehbghingmer per pound of catal yst and desirably

in the range of 4000 pounds of polyner per pound of
catal yst to 1000 pounds of polyner per pound of

ca[o_ﬂigyz?_t by aRnNeac Wil cdhifinRtRtiert Al RNl ofLiB¥WIcEtaRGl §stem
to initiator. [00194] In one enbodi nent, the

paifyhepreseat inyantéiin toxatabyriedhe pglymporajivrof binenemermontagning

(such _.as_pol ri zation.of i.sqbutyl ene and isoprene ta.
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)00 53958 P homShabIcRansR bast Gh it el Heiahigef mgnomer,
SQuiluehtefutd caidWAR sgagabl e of | arge scal e vol ume

pol ymeri zation Teactions. The reactor typically uses

liquid ethylene to draw the heat of the .

gﬂh“%zﬁ%(%@eﬂgsr a(é%%cgeglcﬁa} \A@b\ésef(f W tchl,\(?visf Uetth "th Sﬁléj Medctor is
maintained between 10,000 pounds of polymer per pound of catalyst and 300
pounds of polymer per pound of catalyst and desirably in the range of 4000
pounds of polymer per pound of catalyst to 1000 pounds of polymer per pound of

catalyst by controlling the molar ratio of Lewis acid to initiator.

[00194] In one embodiment, the polymerization of cationically
polymerizable monomers (such as polymerization of isobutylene and isoprene to
form butyl rubber) comprises several steps. First, a reactor having a pump
impeller capable of up-pumping or down-pumping is provided. The pump
impeller is typically driven by an electric motor with a measurable amperage. The
reactor typically is equipped with parallel vertical reaction tubes within a jacket

containing liquid ethylene. The total internal volume, including the tubes, is



a constant flow of slurry, diluent, catalyst system
and unreacted nononers through the reaction tubes. A
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[00195] In one embodiment, the resultant polymer from one embodiment of
the invention is a polyisobutylene/isoprene polymer (butyl rubber) that has a
molecular weight distribution of from about 2 to 5, and an unsaturation of from
0.5 to 2.5 mole per 100 mole of monomer. This product may be subjected to

subsequent halogenation to afford a halogenated butyl rubber.
[00196] In another embodiment this invention relates to:

A. A polymerization process comprising contacting one or more

monomers, one or more Lewis acids and one or more initiators in



B. The process of paragraph A, wherein the dil uent

conprises 1 to 100 volunme % HFC based upon the total
waoldosssed t he diluent; C. The process of Par apCEHPR2003/040852

or B, wherein the HFC has a dielectric constant of 21

or nore at -85C, D. The procggs of any of paragraphs

A, B or C, wherein the polyner has a diluent mass

upt ake of less than 4 wt % E. The process of any of

par agraphs ApeB, prsend B WoerghByd h%omﬂﬁ%lﬂgntonfgurE)rhermore

conprises a hydrocarbon F. The process®o f

par agr aphs AlydB)ﬂLrﬁ;rod@rboms (' Cwherein the initiator is

sel ect fr t he ro consi.sting of hydrogen

hal i des; r BT i ¢ Ratagiph f%at"g}erenﬂ § idﬁvfgnt goprises 1 to
hal i des, andlomwshuﬁ@% HEO®a8R upofPthel Bl RERARSST 8] it

of paragraphs A B, C D, E, F, whereln

monomer(s ar elhegir e@tSSa df Par@gnaplhé cgrB;uph&mnshesHF@gla@ fa dielectric
styrene, parg¢ r ene, yha- met hyl styrene,

di 5. nyl benze%@gtg}%t %ﬁﬁlfgg(lé:gzene i sobut yl ene,

2-met hyb.- | - bﬂie%ﬁ@ces@oﬂﬁﬁﬁw pdra%rﬁ%ﬂseReB or C, wherein the polymer
2- et hyl - 2- pentene i sopr ene, di enes

2, 3-di net hylhas 2 ﬁuﬁﬁﬁlﬁéﬁéﬁékqueiﬂth@némﬁyr cene,

6, 6- di et hyl ien cy pent adi
met hyl I?(;ycl olgl;en}t)%g‘l%gnef &yge#’ g‘T gﬁ%’h ‘ﬁ’eg 3? yl"‘%erem the
et her, et hyldivemyflirtedrivempriseeiiiidydcavbony| et her and

' f, H The process of any of paragraphs
,TX}BW : th %oﬁfoceéF Oéanw%énpéfag Peﬁm% 6l &gl@r Eg wherein the

copol yner S hifiafd %Sﬁmctédrhilﬁ ?lAé: Qx@'ﬁs %Bh%& n%t %Eiydége%— rll]nahdes

process of any o par agr aphs

H,  wher ei n a baboerdisencitlyr waieg, @Giay ilkyehalides, Thé mixtures
process any f(ﬁ?ragraphs A B C D E F G H or

|, wherein tﬁeﬁ% enperature is within 10C above the

freezimy poiThe ce%:h@far%' éf‘éﬁ?ér_graﬂfrs A”]? @rlgcgs& Pfwii¥n the

of paragr ap?l?onomers are selected from the group consmtmg 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, isobutyl vinyl ether, and
mixtures thereof}

H. The process of any of paragraphs A, B, C, D, E, F, or G, where
styrenic block copolymers are present in the contacting step;

I The process of any of paragraphs A, B, C, D, E, F, G, or H,
wherein the temperature is 0°C or lower;

J. The process any of paragraphs A, B, C, D, E, F, G, H, or I, wherein
the temperature is within 10°C above the freezing point of the
diluent;

K. The process of any of paragraphs A, B, C, D, E, F, G, H, 1, orJ,

wherein the slurry is substantially absent of water:;



wherein the slurry is substantially absent of water;

WO 2004/ 058825 PCT/ US2003/ 040852 70 L. The process of
wa@py40888par agraphs A, B, C, D, E, F, G H, |, BCDUS})3/040852

wherein the tenperature i s between -105C and -60C

preferably -80C, M The procgss of any of paragraphs

A BC D E F G H I, J, or L, wherein the

process conprises an initiator greater than 30 ppm

wat er (Ihasedriénebcdsei ; T t d
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|, J, K, L, or MWhexgluSiiRieaperdrmic] ICATIVENS -] 0°TOF]d BoeC, preferably

pol ynmers of _%%,i nventi on provi de chenm cal and

physi cal characteristics that make them highly useful

in wi devyvar iHeyprédes@BPhdyCal pRATaphte BOW 4G €€ 1PH J or L

permeabi lity to gases accounts for the largésf Usés’ of "

these pol yritesein fherairgceshnemprisasean imidator geeater than 30 ppm

innerlinersw;l["g%ﬁ%eaqlﬁ %ﬁégﬁggti s are also of

I mportance in air cushi tic springs, air

bel | owd. ac et plodgsed byads oF a%mb'%l,@?b D,E,F,G H
cl osures. Ige thermaF stability o?)a{ e pol ymers of "the’ ™™

i nventi on nmekk X kel Mieal for rubber tire-curing

bl adders, high tenperature service hoses, and
conveyor belts for hot material handling. [00198] The
p NP EREAGIARRLIGAJRI@MNSpi ng and have uni quel y broad
danmpi ng and shock absorption ranges in both
tenperature and frequency. They are useful in nolded

r yod®r7] par t Thangbiimbd W d& mh{i&ﬁ?r%ﬁe idﬂeﬁ#ag rgglgl Il)heysical
suspensi on bunpers, auto exhaust ngers, af ody
msh#reeferiqtive 10 makhdhqo highty ssediil inhveide natietptof iappléuatibay) The
ah useful in.tire sidewalls d tread
cofsoiinfeSF pdamealili © 2FS Foryle doc b deee wer of these
| ppBinters, damelydAfseub&Hnd tR8 Gfher] feRC KT1RE sﬁﬁﬁ/ﬁfo%ell'tﬁggrbe also
apgearance._The polymers of the invention nay also be
bIo& HBRRFLanes Fpair (cyshionsmppeneatichipeings aii béllowsg hcaiineretor bags,
r ypipess: : hbit.ph -cagntinuity yield
e)_(celel{ eﬁ%g%ﬁta@mglgs&esl rrpalfhgvglr%enﬁgs stagllljity of 'the polymers of the
invention make them ideal for rubber tire-curing bladders, high temperature

service hoses, and conveyor belts for hot material handling.

[00198] The polymers exhibit high damping and have uniquely broad
damping and shock absorption ranges in both temperature and frequency. They
are useful in molded rubber parts and find wide applications in automobile

suspension bumpers, auto exhaust hangers, and body mounts.

[00199] The polymers of the instant invention are also useful in tire
sidewalls and tread compounds. In sidewalls, the polymer characteristics impart
good ozone resistance, crack cut growth, and appearance. The polymers of the
invention may also be blended. Properly formulated blends with high diene
rubbers that exhibit phase co-continuity yield excellent sidewalls. Improvements

in wet, snow, and ice skid resistances and in dry traction without compromises in



in wet, snow, and ice skid resistances and in dry

traction without conprom ses in WO 2004/ 058825
wWEOANSRED3/ 040852 71 abrasi on resi stance andP€DUB1003/040852

resi stance for high performance tires can be

acconpl i shed by using the polyners of the instant

i nvention. [00200] Bl ends of the polyners of the

invention with thernoplastic resins are used for

t cdbgiredt Rhisdinct hegerdimp eeistence i@ MhidR Nsdrfo¥mance tires can be
e
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papplieggionand el ectrical cable filling materials.

[00202] In certain applications, the polynmers of the
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pharmaceutical stoppers, and the arts for paint rollers.

[00203] The following examples reflect embodiments of the invention and

are by no means intended to be limiting of the scope of the invention.

EXAMPLES

[00204] The polymerizations were performed glass reaction vessels,
equipped with a teflon turbine impeller on a glass stir shaft driven by an external
electrically driven stirrer. The size and design of the glass vessels is noted for
each set of examples. The head of the reactor included ports for the stir shaft,

thermocouple and addition of initiator/coinitiator solutions. The reactor was
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[00205] The slurry copolymerizations were performed by dissolving
monomer and comonomer into the liquefied hydrofluorocarbon at polymerization
temperature and stirred at a pre-determined stirring speed between 800 to 1000
rpm. The use of a processor controlled electric stirring motor allowed control of
the stirring speed to within 5 rpm. The initiator/coinitiator solutions were
prepared either in the hydrofluorocarbon or, for convenience of small-scale
experiments, in a small volume of methyl chloride. The initiator/coinitiator

solutions were prepared by dissolving the initiator into the diluent (specified in



the stirring speed to within 5 rpm The
initiator/coinitiator solutions were prepared either
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A calibration based on narrow molecular weight polyisobutylene standards

(American Polymer Standards) was used to calculate molecular weights and

distributions.

[00207] Polymer molecular weights can be determined on other SEC
instruments using different calibration and run protocols. The methodolgy of SEC
(also know as GPC or gel permeation chromatography) to characterize polymer
molecular weights has been reviewed in many publications. One such source is
the review provided by L.H. Tung in Polymer Yearbook, H.-G. Elias and R. A.
Pethrick, Eds., Harwood Academic Publishers, New York, 1984, pgs. 93-100,

herein incorporated by reference.




instruments using different calibration and run
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% BSB = 100 (4A/(A+B))

where: A = integral value of the 2.8 ppm resonance

B = integral value of resonances between 2.6 and 2.2 ppm

[00211] For the purposes of this invention, the relationship between the
BSB triad fraction and the mol% p-alkylstyrene incorporated into the copolymer
is described by the copolymer sequence distribution equation described below and

is characterized by the copolymer sequence distribution parameter, m.

FBSB=1-{mA/(1+mA)}

where: m is the copolymer sequence distribution parameter,



is described by the copol ynmer sequence distribution

equation described below and is characterized by the
wa@opaloysses sequence distribution paraneter, m PEBBR061/040852

{mA/ (1 + md)} where: mis the copol yner sequence

di stribution paraneter, WO 2§94/ 058825

PCT/ US2003/ 040852 75 Ais the nolar ratio of isoprene

to i sobutylene in the copolyner, [pMS]/[I1B] and, FBSB

i s the BSB W isafle fnici&t 1200 dfMisd3en<CRPRbY IPEne ﬁrp%l&#)ol mer,

The BSB and nol % p- net hyl styrene (p- NS) data obta J

by 1H NWR i}@és,i/ﬂgﬂrﬁndy was fit by iterative solution

of the copokynmer ..s nee di.strihutio uation to

obtain a beé% is e tad fractiop iny tcﬂp‘gly@gﬂati on

yi el ds the sequence di stribution paranmeter, m for

ol émerl zation_of isobutylene and p- nethylstyrene

®deh di | JepBSH gubms|’ a-methylstyyenst (ONNR) d@tam@@penddame H-

Ckenjz n or tion and
sequen%)%gté{ng?&?% i glﬁ "‘k’nﬁ%%go?%"&wgn ﬁ\gﬁ‘y g? Oy gequence
nﬂistrdﬂﬁorr&guél&m&ﬁ bt bltest fit. t Tee Pest YR $hifleqlidtion yields the
i nventi on. ener al ref erence which reviews the

aPPIuERSE ﬁhé'ﬁlba OINREaEISESE+ o Rt $qpolinarization of isobutylene and p-
cgﬁﬂgg&ﬁ&hg&hﬁgﬁdg&m@olyners is H R Kricheldorf in

Pol yrrer” Year boo Elias and R A Pethrick,
Eds., Harwood Acadeni ¢ Publishers, New York, 1984,

49- 257, h b f . .
PRI 20k, RSES LR AR PRLEETe BELT e it
C@(Blﬁb‘ﬂdrﬁé} borpdfitibR alla5seqﬁ:eﬂce cﬂé/tﬁBQtfléﬂjﬂ{ ‘88?61%%@1% aWfhny of
nmet hyl chloride (CH3 (Exanpl e 10)

( hesgrpicghodls mayobe @mﬂq@a le dothe polmmersmf @isamsennm - rée gemeral

k for t
e SOt i, LR TR 85 AW Shpssromsy o the
| dhdrh@tridation of thoBstere KAHAP IRe KrichEldH0K B5198ED Yearbook, H.-G.
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lias and R. A. Pethrick, Eds., Harwood Academic Publishers, New York, 1984,

pgs. 249-257, herein incorporated by reference.

[00214] Table 1 lists the results of polymerizations conducted at -90 to -95
°C in hydrofluorocarbons and methyl chloride (CH3Cl) (Example 10) and propane
(Example 11) for comparison. A 100 ml glass mini-resin kettle was used for these
examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an initiator in

these examples.



Tenmp. Yield Conversion M Ml % Exanple (C) Dl uent
(g) (W. % x 10-3. MMM IP 1 b -95 CH3F 0.80 21.1
WQ2®H4/858%23.2 2 d -93 CH2F2 3.28 83 305 3.1 1.WCT/BS2098040852

CH2F2 0.99 24.8 297 3.4 1.5 4 -95 CHF3 1.88 47.1 390

4.6 2.2 50 -95 CH3CHF2 1.48637.3 842 2.5 1.4 6 d

-95 CH3CF3 2.89 72.1 327 2.3 2.0 7 0 -95 CH2FCF3 1. 48
37.3 384 2.5 1.7 8 -95 CHF2CHF2 0.82 41.0 142 2.3 2.3

9" e -95 CHF2CF3 0.39 29.3ThBk 2.8 2.6 10 -90 CH3C1

0.58 14.5 397 3.3 1.3 11 -95 Propane 2.37e 59.4 67

2.4 2.0 a: Except where not ed poI ymeri zations were run
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m. of i sopmr][l ng (1P, ini t| ator?c&ensl n I'pt OM solutions Mol%
E‘P!?r ep&E€ed|i NPiuedt mi| ofg) meft hgWt. &) of i sa0lsi nlyw/M,.G IP
fiet-ot-ters—of—FvPC—ard—11-5 m-croliters of a 1 0
hexdne solaft i on GH,Fnet hyd.&l ujm nami di chl apkde (I\/AI&)C) 12
b—Thr-ee—i-AitHatorlcoii-tiat chesladded fo the
reattor| €93 Tho CHLEI at/oryasoi|nit |83t or patyphes adgi@pl 1017
tor—di—et-hyl-al dmnrumichloride (EADC) iised in
pl ate of MADC| eCHg®act|i @xposclal edsgo 10 rﬂ97of disyent 15
66215+ Pebyrrprtzationin—anyl of the
hydt of | juorBcar boi@d s esyl tied i|n ryhber | pawodi cllesgghat -5
t-a—rot—adhere—tothevwalls of the reactor orlto the
stisfrinlg shsaf { . CHREHF,par tli4sl €s f bpat ed tgsbhe|sugface 14
of—the{H-gui-di-when—stidring-stopped. The particles
20047 058825 PCT/AISR6H3/ 04(@52 772.wer e hand a$ 23 2.0
evi-denced by bressi Ag—gA—t hemhwith a chilled spat ul a
whéhi tested he@H,FGRCY i amst gnpesAsureg. Bghymerizatipngy
H—retRy—ehl-pri-de—resilted iHnrubber
8° -95 CHF,CHF, 0.82 41.0 142 2.3 2.3
9%¢ -95 CHF,CF; 0.39 29.3 106 2.8 2.6
10 -90 CH;Cl 0.58 14.5 397 33 1.3
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
microliters of TMPCI and 11.5 microliters of a 1.0 M hexane solution
of methylaluminum dichloride (MADC).
b: Three initiator/coinitiator batches added to the reactor
c: Two initiator/coinitiator batches added to the reactor

d: ethylaluminum chloride (EADC) used in place of MADC

e: reaction scaled to 10 ml of diluent

[00215] Polymerization in any of the hydrofluorocarbons 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. The particles



particles that adhered to both the reactor walls and
the stirring shaft. The particles were clearly

WO aiwbesss2when probed with a chill ed spatul a wheeT/USHDE 010852
near reaction tenperature. Polynerization in propane
resulted in a two-phase liquig-liquid reaction. The
denser phase was clearly rich in polyner where as the
lighter phase was rich in propane. Exanples 12 - 14
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3078 n. bhesepisy St lsAly sh GO aies Sheis 4n ok lgiefphase
of w&l didh8Atrogand M of isobutylene and 0.23 m of
isoprene (IP), initiator/coinitiator solutions were
prepared in 1.3 m of nmethyl chloride using 1.6

m hter f TMPCI . and 11.5 mcroliters of a 1.0
M%Eea% r%%ﬁelszz-l 181“ on of nethyl al um num dichloride b: Two
initiator/coinitiator batches added to the reactor WD
2q&41/6058825 PCT/ US2003/ 040852 78 [OOZl?%(bThe
Y

ol yner i zat iRgsultnicaipplymsrizaiensonadupsteatr-bbrers5 °C are given in
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oL e BabilBles T B8 et Sealel Sl ity lass mini-
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fouling were evident on the reactor walls and
stifipethydpegianet way yed gppmmidaier infthese syayples.i zati on i n
methyl chloride resulted in a viscous coating of

pol ymer on both the reactor walls and the

Table 2°
Temp. ' Yield | Conversion M,
Example | (C) Diluent | (g) Wt. %) | x10° | MM, | Mol% IP
12 -55 CH,F,’ 1.1 29.0 205 22 1.9
13 -50 CH;CI 1.1 29.0 52 1.5 1.1
14 -55 Propaneb 1.2 30.9 87 2.2 1.8
a: Polymerizations were run with 30 m! of diluent, 5.4 ml of isobutylene

and 0.23 ml of isoprene (IP), initiator/coinitiator solutions were
prepared in 1.3 ml of methyl chloride using 1.6 microliters of TMPCI
and 11.5 miéroliters of a 1.0 M hexane solution of methylaluminum
dichloride

b: Two initiator/coinitiator batches added to the reactor



stirring shaft. Very little of the polyner was

"suspended” in the diluent nmedium The propane based
w@oeioyssseyat i on experinment did not | ook apprecP@big2003/040852

different than the run at -95C (Table 1, Exanple 11).

Two phases were apparent in tige .reactor. The denser

phase was rich in polyner and the |ighter phase rich

in propane. The polymer in the presence of the
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ChiBepahCHIMe3p 30 &0in2th8 praenét 37 fhe Prépahe 2ililht
304/ 058825 PCT/ U82003%040852 792pa R copt whay gonsiderably

notEF558vs,Ran thepoleres fowspes inghe methil ddonide wh. di | uent
5.4 mM of isobutylene and 0.23 m of isoprene (IP),
initiator/coinitiator solutions were prepared in 2.6
mExemphestlfyl21chl ori de using 3.2 microliters of TMPC
and 23.0 mcroliters of a 1.0 M hexane sol uti on of

et hyl al um num di chl ori de (EADC) b: nethyl al um num

dijgdn18| i de (INHQ 1ists A rlbﬁﬁ{s%@%oﬁftme?fzgt\@n%lc%rrpal?cl{éﬁ at -95 °Cin

hydrofluorocarbon / methyl chloride blends. A 100 ml glass mini-resin kettle was

used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an

initiator in these examples.

Table 3"
Conversion| M,
Example Diluents Vol % | Yield (g) | (Wt. %) | X10° | M,/M, | Mol% IP
15 CH;ClI/CH,FCF; | 95/5 297 74.0 234 3.5 1.2
16 CH;ClV/CH,FCF; | 90/10 1.90 47.0 600 2.9 1.6
17 CH;Cl/CH,FCF; | 85/15 2.58 64.0 435 25 1.3
18 CH;Cl/CH,FCF; | 85/15 1.83 46.0 570 2.5 1.7
19 CH3;Cl/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 CH3;Cl/CH;CF; | 80/20 2.83 70.6 179 2.7 22




di chl ori de (EADC) Exanples 22 - 25 [00219] Results for
pol yneri zati ons conducted at -55 C are given in Table
wa@ 200308880t ches of initiator/coinitiator sol utPONES2083/¢10852
used for each example. A 100 ml glass mni-resin
kettle was used for these exagples. TMPCl (2-chloro-
2,4,4-trimethyl pentane) was used as an initiator in
t hese exanpl es. Table 4a Conversion M,, Exanple
Diluents Vol % Yield (g) . (W., %9 X10 MWM MI % IP
22 CH3C / CH2FCF3 90/10 2.35 61.7 84 1.7 2.2 23
CHBC1/ Ghzrprahas/npted2pdpmarizationy werend, Rith 34 ml of diluent, 5.4

%81; %Eﬁgg% 8 /lél% %1@80 %glél 8§ i%dlgerge' gIPazsinitiator/coinitiator
Pol y e rdokatohd mreﬂﬁeﬁarewm Wt &Qn@&lypéhlsiﬂléléimg 3.3 ficHliters

|sobut3ﬁj ene and 23 m of isoprene

| ni ti atdr /TMFG tangt 83 0s gnigrolitens eferae 10 eMarlmxamen sblBion of
m of rggﬁﬁglhm? dcﬂleonld? (Elg]i)}%ﬁ mcroliters of TMPCI

and 11 m cro ers M hexane sol uti on of -
méi.hyl ahethylalmn’mdmmh Hiehiogide ( (VARG g W42 4dad 5 8B Zhylaluminum
PCT/ US2003/ 040852 80 Exanple 26 [00220] A
pol ymerdidiends{ERd2Conduct ed wi th met hoxyal uni num
dichloride at -95C. The initiator/coinitiator solution
was prepared by dissolving 0.93 mcroliters of
afixpdipbas22retShanol into 2.6 m of liquid 1,1,1, 2-
tetrafl uoroethane at -35C. To this solution was added
23 microliters of a 1.0 nol/L solution of
et um n Thi sc s@l_ut
. tllb?drlgilj folrlf@]s_gl'tscfblrgwé/qfer Qté(glg%h tcid{i gSn %a apt él%]n WeTable
prie pﬁwed)atqhest bﬁlrﬂ'ﬁﬂt&r/@\ﬂmtlaﬁﬁ selatibns @etellise@for SacB example. A

f. 2- 2.4, 4- t hyl t ane was
DIl B nbbiiif s e as Soadetr B CpBwIFS MR Gl g@schloro-
e £4.- 266 efy e RIaNe)SPastiRed Qsean 1|ﬁﬁ aYquﬁ 'tlfe@ébgaﬁhﬁ@g ution

with a chilled pi'pette. S mni-resin

kettle
Table 4°
Conversion| M,
Example - Diluents Vol% |Yield (g)| (Wt. %) | X 10 | M,/M, |Mol% IP
22 |CH;Cl/CH,FCF;| 90/10 | 2.35 61.7 84 1.7 2.2
23 CH;Cl/CH,FCF;| 85/15 | 2.96 77.7 77 2.2 2.2
24  |CH;Cl/CH,FCF;| 80/20 | 2.37 62.2 82 1.9 2.0
25 |CH;CI/CH,FCFs| 75/25 | 2.38 62.5 88 2.0 2.2
a: Polymerizations were run with 30 ml of diluent, 5.4 ml of isobutylene and

0.23 ml of isoprene (IP), initiator/coinitiator solutions were prepared in 1.3
ml of methyl chloride using 1.6 microliters of TMPCI and 11.5 microliters
of a 1.0 M hexane solution of methylaluminum dichloride (MADC).



was used for this exanple. Table 5 Exanple D | uent

Yield (g) Conversion (W. %9 MNx 10" MM, MI%IP
WQE00EHBEF3 2. 61 65 248 2.6 2.6 Exanple 27 [ 0BCRL$2003/040852

Table 6 lists the results of a polynerization

conducted at -95C conducted gon an 85/15 (V/V) bl end

of 1,1,1,2-tetrafl uoroethane and 1,1- difl uoroethane.

This run was nade with 30 m of diluent, 5.4 m of

| sebuipie efe, 0.26 m of isoprene and used a

initiator/coinitiator solution prepared in 2.6 nl

met hyl chloride using 3.2 mcroliters of TMPCI and

3 crolifer 0 M _hexane .sol ut.i,on of

nf:(toﬁ%ﬁnzll um n‘%m ! rﬁ?%ralﬁa% (RRpdyo™ }&Cti‘go Wifh gpgglgoxa@lﬁmmum
r edichlokdd 4tl-65%@S Tﬁ§ Qﬁtlﬁt@f/c&ﬁitﬁto?%@l'ﬁﬁbﬁ wa I\ﬁ@%@/ l%@l@go%mg
PCT/ US2003/ 040852 81 Table 6 Conversi on

Yi &9 miprolitows. of) an(nymm& WVtMnom/bir% | B6 2l Wf28iqHhid7 721,1,2-

Table 7 lists the
r e"g"a%f}“%m‘fhx I%né?c%gat % (ﬁ Ay ad %ﬁid%%paaroafers of a 1.0
95kl leMﬁ’(SIPM &Hﬁl@ﬁlﬁ’ﬁ%ﬁ%&ﬂ%& 1P g)r%f}%ggf Tﬁls solutlon was stirred

hydr of | uor ocar bon and nethyl ch usi
_fﬁgtlﬂyn@pgpsen,é fcpB) selution cewumepaeed nAt]ifO@arﬂé vglyas¥o each

o L T <

e s oA A, 8 SRR o

p Welynzgizafiprrgrgtian $ith3cclddal gipette.. 1A 100 nTHRGE /riin2 kShdkettle
— vgas%gec?%r ZhGISZ e}?an%plg 2

Table 5

Examplel Diluent | Yield (g) [Conversion (Wt. %)] M, x 10~ M,/M, |Mol% IP

26 CH,FCF; 2.61 65 248 2.6 2.6
Example 27
[00221] Table 6 lists the results of a polymerization conducted at -95°C

conducted in an 85/15 (V/V) blend of 1,1,1,2-tetrafluoroethane and 1,1-
difluoroethane. This run was made with 30 ml of diluent, 5.4 ml of isobutylene,
0.26 ml of isoprene and used a initiator/coinitiator solution prepared in 2.6 ml
methyl chloride using 3.2 microliters of TMPC] 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.




80/ 20 VIV 30b CH2FCF3 3.81 92 160 3.3 3.6 316 CH2FCF3
1.18 28 278 3.2 1.8
w@eiogossseyati ons were run with 30 m of di | ueneCT/BS20031040852

of

initiator/coinitiator

m of

et hyl al um num di chl ori de (
of a 1.0 M hexane sol ution
was used instead of the anount noted in (a) above.
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of the liquid when stirring stopped. Wen tested near
t MxafistIgQr it enperature, the particles were hard as

evi denced by pressing on themwth a chilled spatul a.
Exanpl es 32 - 37 [00224] Table 8 lists the results of

T e L e

PRIISF 7S dhat Wskpeendyeted at -

B8P0 | iashyBofl@Recadiond shd qMRasRlr e

hdd
thrgee_-neck 500 m gl ass reactor was gse {;rg)}?arb? easng methyl
ex

lopide ysingpimethylstyeensHphS) psre comahémer, A3MO mi gla$s mini-resin

RO 85y L e g1 2R

re
-trimethylpentane) was

| mbdd @tanrinitiaion i ihadedexaadl rati o was control |l ed at
1/3 and the concentration was set at 0.1 wt% EADC in
MeCl. The initiator/coinitiator solution was added
dropwi se to the polyneri zrﬂhgr,}am xture and the rate
of addition is controlled +f——Steh as way so that the

reactor tenperature raise did not exceed 4C. The
of

g | Conversion M,

Example| ~ Dilient | Yield(g)| (Wt.%) | X10° | M/M, |Mol% pMs
28 CH,FCF; 1.37 33 322 3.2 2.1
29 80/20 V/V 0.96 23 762 4.2 2.2
30° CH,FCF,4 3.81 92 160 3.3 3.6
310° CHLFCF,4 1.18 28 278 3.2 1.8
a:

Except where noted polymerizations were run with 30 ml of diluent, 5.4
ml of isobutylene and 0.34 ml of p-methylstyrene, initiator/coinitiator
solutions were prepared in 2.6 ml of methyl chloride using 3.2 microliters
of TMPCl and 23.0 microliters of a 1.0 M hexane solution of
ethylaluminum dichloride (EADC).

32.0 microliters of a 1.0 M hexane solution of ethylaluminum dichloride

was used instead of the amount noted in (a) above.




initiator/coinitiator solution added in each depended

on the desired nononer conversion target. WO
wWQoMIB3B25 PCT/ US2003/ 040852 83 Tabl e 8a (RC/Esm0DMO8S2

M M Exanple Diluent (W. % x 10-3 x 10"3 M,/ M

Mol % 1P 32 CH2FCF3 65 315 636 2.0 2.7 33 CH2FCF3 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 CH3Cl1 54 170 628 3.7

2.0 37 . 3 3. ’ riszat |
wSfe ot TRt oCchbe oty Band BRI MRLAPEE Ty
of  95/ked DO@R5] The exanples in Table 8 denonstrate
the production of high nolecular weight butyl rubber

using an EADC/HCL initiator systemin CHF2CF3 and

di | . i [.
oo o Reri iy BB e AU b Roblk 5ol i rubber
sipgrtidiésahattdig nbi gthere to lanwpldd yhthe seartder itm thekbsGirimg shaft. The
simlar NONEr . CONVEr Si nde imlar conditigns.
B, AR e O g TR NBSrh e SERpHLr S fradested
| heROfhB rédddbieinmipduc BRI N&Syerd ﬁﬁfd%ic@ﬁged%}pﬁx%ﬁsing on
to the nost probabl e polydispersity of 2.0 than the

pdhgmevith a ¢haldiesl spatuls C1 under sinilar experi nent al
conditions. The isoprene incorporation in the
copol yners made in McCl falls between CH2FCF3 and

Chﬁ&%ﬁg%sjﬁh@7 polymer slurry particles made in both
CH2FCF3 and CH3CHF2 appeared to be significantly |ess

sticky during handling than the polyner slurry

DIAFEPA S 04 s A R T 2k G o -

c opolCineydzalioitarbohs bad Basihl ehtoriefoP comparison. Examples 36
and 37 are comparative examples. A three-neck 500 ml glass reactor was used for
these examples. Prior to each polymerization, 300 ml of monomer feed
containing 10 wt% of monomers were charged into the chilled reactor. The
initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set
at 0.1 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.



nmet hyl styrene that were conducted at -95C in

hydrof | uor ocar bons and nmethyl WO 2004/ 058825
WOEDDANSKBRD3/ 040852 84 chl oride for conpari SonPCT/US2003/040852

Exanpl es 41 and 42 are conparati ve exanples. A

t hree-neck 500 m gl ass react@gr was used for these

exanples. Prior to each polynerization, 300 m of

nononer feed containing 10 wt % of nononers were

charged into the chilled reqggjog. The

initiator/coinitiator nolarratto was controlled at

1/3 and the concentration was set at 0.1 wt% EADC in

MrCE—Fhe—iAi-tiatorlcoinitiator solution was added

drlopwi se to thep %Fﬁsg’gt on 'xturMIgW‘ and the [rate
of| Excidipld priDilsencont raVe. &g i h suoh: dsxwey sorymat| i e

r eactor—tenrperatute —raise Hid not lexceed 40C _ The

arnrour®2 of | ior,FCEt pr/ cagsni ti pt o315sol|utdogn faddgd in 57

each—depepnded-on the desired nonongr conversion

targeB. TalBFO® | Conwar si op Mi3M |[Exgeplle Bid uent 34

i 10-3 MV M| Mol e% gMS 38 CHF2CH3 22
D CHRZCF3 b7 A9 291 §33 4. 4 ¢ 40 1.3
3.3 4 6 M1 CH3CHFE2 56 {188 1,091 5.8

D0 166 908| 5.%74. 9 #§ QH3GIy 57 97 g
Cl 69 94| 342 3 6 4.Q a:

ere rsyn Wit h g 628 3.7 2.0
ylstyrenel nolar fleed rlatio off 90/10

es ion Tabl] e @sdenongtyr at e stghat] ushng
ator systemin alCH?FCH3 dil uent

the pr oductl on of isobutylene-PM5 copolymers with
qun‘par %ﬁﬁé@aﬁ% Were\Wah %h tlé%bﬁ &{eﬁ?@ﬁ&e%&gyﬁg&j rdtld of
[ uent Isobutylen rene
copol yr9ét‘55 prepared in CHSCHFZ exhl bit much hi gher
nol ecul ar wei ghts. The pMs incorporation in the
copol ymer
[00225] The examples in Table 8 demonstrate the production of high

molecular weight butyl rubber using an EADC/HCI initiator system in CHF,CF;
and CH3CHF, diluents. The molecular weight of the butyl polymers made in
CHF,CF; and CH;CHF; were significantly higher than polymers made in MeCl at
similar monomer conversion under similar conditions. The polydispersity
(Mw/Mn) of the butyl polymers made in both CH,FCF; and CH;CHF, was
narrower and closer to the most probable polydispersity of 2.0 than the polymers
made in MeCl under similar experimental conditions. The isoprene incorporation
in the copolymers made in MeCl falls between CH,FCF; and CH;CHF,. The
polymer slurry particles made in both CH,FCF; and CH;CHF, appeared to be
significantly less sticky during handling than the polymer slurry particles made in

MeCl under similar conditions.

Examples 38-44

[00226] Table 9 lists the results of copolymerizations of isobutylene and p-

methylstyrene that were conducted at -95°C in hydrofluorocarbons and methyl



WD 2004/ 058825 PCT/ US2003/ 040852 85 is significantly
hi gher in CH2FCF3 than in McCl using the sane nononer

WO e@d/0588ehposi ti on under simlar reaction condPCT/O803/040852
In addition, the polyner slurry particles in CH2FCF3
appears to be significantly Igss sticky in CHZFCF3
than in MCl. Exanples 45-47 [00228] Table 10 lists
the results of copolynerizations of i sobutyl ene/ p-

ggén %[rcctﬁfa ﬁlpg@%dl ﬁ%g(n k:? ZQ@/ L&PQ ur e %%?graﬁeﬁr%ﬁmglres
CFﬁi-E@E{échrS@OGhB@lEQ 1ea&tdrhwa§11§&b %r%@s&*&x@hﬂ§§ Prior to each

reacgt or .was us% or t hese Eﬁ? nples. Prior to each
pd? WRFHZAHPRG100 mbet mongmer frsd soatainirg 40 ¥6H af mongmers were
dRAPTVRE SCHFLE 1€ rgedmenmuatlaﬁf&ﬁidak&d molar_ratio was
reactor e Initiator/coinitiator
c ontroll¢deat BB ahd /il amrcbemlnaloncmscmntat aﬂlw’[%MDGah MéCl. The
Cl. The |n tiator/coinitiator

s dpﬂi&% Z‘Fom\ﬁé@or %HIXb PHFE R fh@pf"’lﬁsé 190ihs R4y metiFatin mixture
M 2HldUhErafd6F ddaRiohat SorffolRd % b8 s Wway 569 Rl defddol f%glpgrature

such as way so that the reactor terrperature raise

NOhis@ ROt diceed M€, aRURMogI: df "ihftlhi%ﬁ/@&/ ko %Jh?&&lr added in
sol uti on added 1 n each depended on 3ES Ire
nmovacirdependet/@r thie disitalrgetoméFabherdion Gogeter sion M M
Exanpl e Conmonomer (W. 9% x 10"3 x 10"3 MWM 4ba

| soprene 87 309 676 2.2 466 pMS 76 449 1,048 2.3 476
pM5 100 349 1,166 3.3 a: Pqlyyfega zati ons were run with
an isobutyl ene/isoprene nolar feed ratio of 95/5 b:

Pol yrrerl zatl ons vvere run with an

e e e 2 P e I I
Example | Diluent (Wt. %) x10? x10° | M,/M, | Mole% pMS
38 CHFZCF3 22 91 298 33 4.3
39 CHF,CF3 57 89 291 3.3 4.4
40 CHF,CF; 98 74 244 3.3 4.6
41 CH;CHF, 56 188 1,091 5.8 4.1
42 CH;CHF, 100 169 908 54 4.9
43 CH;Cl 57 97 443 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
[00227] The examples in Table 9 demonstrate that using an EADC/HC]

initiator system in a CH,FCF; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent. Isobutylene/p-methylstyrene copolymers prepared in CH;CHF,

exhibit much higher molecular weights. The pMS incorporation in the copolymer




86 [00229] Table 10 denonstrates the production of

hi gh nol ecul ar wei ght i sobutyl ene-i soprene copol yners
w@ea4i05ssbit yl ene- pMS copol yners using an  EADGPEIZIUS2003/040852

initiator systemin a mxture of CH2FCF3 and CH3CHF2

as the polynerization diluent. The polyner slurry

particles in the CH2ZFCF3/ C3CHF2 m xture denonstrate

t he sane non- stickiness appearance as in a pure

E%T?f ‘%8%%%}-& 21:@ {haﬂ %ﬁl ?ﬁ%@gﬁs%lféjﬁéesangxﬁgﬂ&%& feed

camﬁippambnzmdmosmnlfar lresxcbonh y:bﬁ:hﬁomj t In additieti, the polymer slurry
cormn nrers i zat ns qve heen. r at_two |
o R Py B be Sé@tz@lﬁ;] infELFCFs than in

qug@prlzatlon exanples |isted in Tables 11 - 16 were
obtai ned by running slurry copol ynerizations in test
tubes equipped with rare earth nmagnetic stir bars.
oner, s&l ions were prepared in the test tubes at
t HEYMPISSi Pt t enperature, which is identified in the
par agraphs bel ow, by conmbining 20 n of the liquid

diluent, 5 m of liquid isobutylene and enough |iquid
cdf8PSher tlnblech dists e Fesudisvofcenpohionuizatiensdof isobutylene/p-

P | t t |1y d
ettt B8 et et e Sphfitted S oo
drlﬁﬁmré f{b?%ldnhé)rbfot @FQ&A@ @@IﬁﬁtF% at Qribidaideb R0 ml glass

sol ution using a ch| | ass Pasteur pipette.
Copaersivan u$esl foe;ﬂmse eeetalag eveiRyinr tpesacle polyoferizagon, 300 ml of

ORI, PRI, AP 0B, kSR 6k, T80k, e g

- 9b4et @i t the hﬂtldi@ﬁ/élﬂlﬁltl@lblﬂ Qﬁbldfl rﬁt@& viasC BMAIRE I M€1/3 and the
exanpl es 48, 49, 50 66, 67, and 68),

1, cpnqeniration Was s at %étVHa{mEA@aC 111 Me@l flhe sribetpHeipitiator solution

L%g%ﬁdy y#@@ fqpeghéﬁrﬁ{eb&%gonmnﬁﬁu@ %rgiﬁ ;he rate of addltlon is
(1d3hrot n%ﬁc \9%}{ sd A3 th8% a%;{cgbr%léﬂﬁﬁgtuﬂset( OCE id &]ex@éed 4 C.

per run) as |n ed |n Ut 1 on

ofThetdmyduat afiinitistorttoinitiact déut{dnAlddyd anehchdpaded on the desired
chl ori de é@@rgw was prepared in nmethyl chloride by

adBeHRgAss © n{3fek 1.0 nol /L HCL sol ution WO
2004/ 058825 PCT/ US2003/ 040852
Table 10
Conversion M, M,,
Example Comonomer (Wt. %) - x10° x10° M,/M,
45° Isoprene 87 309 676 2.2
46° pMS 76 449 1,048 2.3
47° pMS 100 349 1,166 3.3
a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5
b: Polymerizations were run with an isobutylene/p-methylstyrene molar feed

ratio of 90/10



87 in 1,1,1,2-tetrafl uoroethane and 0.960 ml of a 1.0

nmol /L et hyl al um num di chl oride solution in hexane to
waom4mbssed net hyl chloride. Pol ynerizati ons wePET/Ds2005§40852

addi ng, dropwise, 1.5 m of this stock EADC/ HCl1

solution to the stirred monoggr solutions.

Pol ynmeri zations were termnated with the addition of

0.2 M of nmethanol. Polynerization in any of the

hydr of | uorocarbons resulted in rubber particles that

did not adhere to the walls of the reactor or to the

sti r[ﬂOﬁ@9barTab1reh ¢0 demonstcdtessthiel matiedionoof highsnolkader efight

t he ui d. when stlrrln st opped. The ticles were
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51 CH2FCF3 t-BuS 345 8.9 128 2.0 2.0 52 CH2FCF3 t-BuS
2 0 1.6 53 CH2FCF3 t-BuS 295 7.6 119 1.9
A%(a%ge %FZ 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
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[00231] The polymerization examples listed in Tables 11 - 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at the
desired temperature, which is identified in the paragraphs below, by combining 20
ml of the liquid diluent, 5 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.

[00232] Table 11 lists the results of polymerizations that were conducted at
-95°C either in methyl chloride (as a comparative, examples 48, 49, 50, 57, 58, 59,
66, 67, and 68), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run), indene (Ind)
(0.23 ml per run) or B-pinene (BP) (0.31 ml per run) as indicated in Table 18. A
stock solution of ethylaluminum dichloride (EADC) and hydrogen chloride (HChH
was prepared in methyl chloride by adding 0.320 ml of a 1.0 mol/L. HCI solution



88 62 CH2FCF3 Ind 2299 61.3 116 2.2 2.0 63 CH3CHF2
Ind 323 14.0 141 2.3 1.8 64 CH3CHF2 Ind 243 9.1 138

WQ2®4/05825 65 CH3CHF2 I nd 526 8.6 146 2.3 1.9 BEI/C5803/040852

RP 402 10.5 20.7 1.0 8.3 67 CH3Cl1 (3P 406 10.6 20.5

1.1 7.8 68 CH3C1 13P 235 6.2%717.6 1.0 8.9 69 CH2FCF3

RP 644 17.7 29.5 1.4 9.4 70 CH2FCF3 (3P 833 22.1 39.7
1.4 8.1 71 CH2FCF3 RP 610 16.2 37.0 1.4 T 8.5 [00233]
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n rubber particles that adhered to both the reactor

wordohmesssexl the stirring shaft. Table 12 Yiel drcmmpﬂmssz
nol % Exanple Diluent CoM (nmg) (w.% x 10-3 M v1M
CoM 72 CH3O t-BuS 1750 45.3848.4 1.7 2.9 73 CH3C1

t

-BuS 1917 49.6 58.0 1.9 2.9 74 CH3Cl1 t-BuS 2758 71.4

60.4 2.0 2.9 75 CH2FCF3 t-BuS 500 12.9 35.3 1.4 4.1
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FCF3 1 - H23 13. 5739, 2 [I75 4.3 77 CHZFCF3
t7 53Bu 568 fﬁzg&?@ 7 10§ 4 §3998 CHBEPIF2 1 - BUS 6512.26. 9 2.0

ST 17 @ H3CHEZ = BUS1733 19.01191()%*
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2411336, 7 1 41785 C2FgFR3—tnd—464—212-41 379
1.4 850 8@H659EIE§:F:3 mdi 4p65263.|2 48.8 1.5 14® |8723 1.9
(QH3CHF2—Hne—3268—8- 74081541488 CH3ICHE2 | nd 338
9.0 46.9 1. 6HICB [00BM1 [Tadil2e |13 16.5ts fhe.yesultg of g3
pobyreri-zZations—that werel conducted at  F95C jh a 20
wt . %Dl end OH;C1 14di fgpuor pefggane ifp.6 20.5 1.1 7.8
1.1 2-tletrafl uoqoet hane | sabut yl ene was
gopokynerfi zeg.wj th o of ol | Ng [COMPRIONTBr S 0r 1 o
2004/ 05882é CT/ US2003 Oj}§8': g\(?
69 CH,FCF; BP 17.7 29.5 1.4 9.4
70 CH,FCF; BP 833 22.1 39.7 1.4 8.1
71 CH,FCF; BP 610 16.2 37.0 1.4 8.5
[00233] 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 (HCI) was prepared in
methyl chloride by adding 0.320 ml of a 1.0 mol/L. HCI solution in 1,1,1,2-
tetrafluoroethane and 0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution
in hexane to 100 ml of methyl chloride. Polymerizations were run by adding,
dropwise, 1.5 ml of this stock EADC/HCI solution to the stirred monomer
solutions except for examples 72, 73, 74, 81, 82, 83 and 87. In examples 72, 73,
74, 81, 82, 83, and 87, 2.3 ml of EADC/HCI solution was used. Polymerizations
were terminated with the addition of 0.2 ml of methanol. Polymerization in any of
the hydrofluorocarbons resulted in rubber particles that did not adhere to the walls
of the reactor or to the stirring bar. The particles floated to the surface of the liquid
when stirring stopped. The particles were much more stiff, as evidenced by
pressing on them with a chilled spatula when tested near reaction temperature,

than with the methyl chloride prepared examples. Polymerization in methyl
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84 CH,FCF; Ind 424 11.3 36.7 1.4 1.7
85 CH,FCF; 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
[00234] 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
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particles that adhered to both t react or
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

“ Yield Conv. . M, : T mol%
Example CoM (mg) | wt.%) | x10° |M,/M,| CoM

89 IP 1147 31.1 453 2.0 1.9
90 IP 2061 55.9 628 1.8 2.0
91 Ip 2382 64.6 276 2.0 2.2
92 pMS 654 17.3 - 782 3.4 2.8
93 pMS 722 19.1 624 3.0 | 2.8

94 pMS 795 21.0 665 3.0 2.7
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QHZFCF3 402 1I1. 0 003 112 CH3CHFZ2 133892102113
QH3CAF2 481 tBud 0.4 44614 cHBIGHF2 35249. 6 (0.21 115 1.9
GH3CHF2—CH2FCF3 453124 03—t 6—CH3CHF—CEH2FERS
77 28_ 2 0.2 Infl17 QHIIGEF2/ CH2ZFCF3 52383157 D22 1.3
AAAAAA 119 1414 T 2921 Fhe—polvrerizatilon—examples
.I\Clllpl TS L LO™ L& 1 L LuUJ LILR A VA _yllv.,l T Z a1 T/ Cx| '_I“" T
listéd in Tablnds 15 aAd 16 wed.2 obt @6fied | by2Bunni ngl.4
S obyrerzat+ons—-i—testtubes egui pped Wi th
riar el00eart h nmhagnetic 28 rf bass. Mynorgar sol u2|1on<> wer.g
repared-finthe test tubes at - 95C for exanplesiin
Tlabl 115 jand gB5C fon3exanpl gs6in Tatlloa 16. T_lse 52
lutions ™ were prepared|by conbining 20 m of the
ghi l{ged 1| qU| ?Pdl | uenyzs 5 m 106 1ijauizd 4 i $obyyyl ene ¢4
and 0. 20 i soprene. |Exceptions to thiis procedurée
are ted w. Pol rni zatd pn sol ons re
nagnlg{gi cally é irred a# terrpfedr'gture gﬁg e 8.8
104 IP/pMS 331 8.9 632 1.8 0.49/1.7
105 IP/pMS 423 11.3 699 1.8 0.67/1.5
106 IP/pMS 361 9.7 989 2.1 0.71/1.5
[00235] Table 14 lists the results of copolymerization of isobutylene and

butadiene (0.15 ml per run) that were conducted at -95°C in methyl chloride (as a
comparative, examples 107 and 108), 1,1,1,2-tetrafluoroethane, 1,1-difluoroethane
or a 20 wt.% blend (CH;CHF,/CH,FCF5) of 1,1-difluoroethane in 1,1,1,2-
tetrafluroethane. A stock solution of ethylaluminum dichloride (EADC) and
hydrogen chloride (HCI) was prepared in methyl chloride by adding 0.320 ml of a
1.0 mol/L HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L
ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
Polymerizations were run by the adding, dropwise, 1.5 ml of this stock
EADC/HCI solution to the stirred monomer solutions. Polymerizations were
terminated with the addition of 0.2 ml of methanol. Polymerization in any of the
hydrofluorocarbons resulted in rubber particles that did not adhere to the walls of
the reactor or to the stirring bar. The particles floated to the surface of the liquid
when stirring stopped. The particles were hard as evidenced by pressing on them
with a chilled spatula when tested near reaction temperature. Polymerization in

methyl chloride resulted in rubber particles that adhered to both the reactor walls



WD 2004/ 058825 PCT/ US2003/ 040852 93 were initiated by

the dropw se addition of a stock coinitiator/initiator
w@olounssses using a chilled glass Pasteur pi petPE@I/US2003/040852

Conversion is reported as wei ght percent of the

nmononers converted to pol ynergp [ 00237] Table 15 lists

the results of polynerizations that were conducted at

-95C. Exanples 118, 119, 120, 123, 124, 125, and 126

ar&d%ﬁ%ﬁﬂﬁg \SBaft. EXBP St Msied BAPTSste ]lliseyaﬁgitéhl Bolecular

bei ng exanples of this invention. [00238]

Povsights ithad twaese digher than uhe bycludien Hnmip«rﬁ the SkfHinsiromentf used to

thijs stock of hy| aI r| de
TSR Gitoel P et S Vbt e ] dhgve 15 x 10°

MORHEET Mfdécildr %b‘ightl?hs‘iﬁ@lﬁk)ﬁ QMWDZ Ro@ill Kot %ddéfgnlned for
was prepared in chl ori de by addi ng 0.320

a thesg samples bH@llS%@ﬁ th@ D@h meleqular weight. t et r af | uor oet hane
and 0.960 m of a 1.0 nol/L ethylal um num di chl ori de

solutio
t ot al
pol ymer

n in he

vol une of the stock

i zation

xane to 100

or _each exanple

o&

nmet hy
n
is lis

| chl or

ed in

i de.

added to the

Tabl e

The

15.

A separ
and hyd
126. Th

at e StO

fﬁ%ﬁp

LS SO

orldq)wﬁ%'used1
on was pr epar ed|f

ck sol ution of efhYiedu

¢ Imgly

i G- d

L

i ot i

o

()

de

2.0 m
1,1,1,2

-te @%fl

16 nol /L:r[ﬁgpa sol

uoroetﬁ nd 0]9

th@ In

of34 1|

09-2rol

/L

et hyl al[u

of met hyl

QqL'% or

Chlorlg[é ol utl
C i nal

DN I N

198 cp

Nnexane 1

ndéft r

0 100 1
at Pdns

of

et hyl al
stock s

om num d
ol ut@n

chi-oride_and ny

s t heHeB&Es f or

frogen
hot¥8pr

chiori
epa?

at i on9:2

e

he

Pol ymer
0.2 m

Zzations

of X ha

wWere termmate

nol . PbbLGE

T i zati

—witth

orP48n

he—add

3, 34.8-

ton

triflu
not adh

stirring—bar-

the liq

ropropen
er elltlo t

L4 (-
resurteu 1i1r1u

he wafHsFQF; t he

Ia
poer—pa

r éddt o

ht oAl

+ 3 [
T CT©o

r &t.Oto

-h ~

ui dlhen

-
I

il £
T PalllbICDIIU

sti @Hs(ﬁlstt opp

3
cCyu LU

pd.33%he

the—st
p&2ic

th 1o

Ny P D {
%’m@”* w

hard as
spat ul 4
Pol ymer

evidene
whElB t e

Lzat i AN
ZCACT A AN ]

A
1% uy preSsSsHhg——o

st ed GHaCHFgact i

N mat hyvl chl or
LI TINoT II]I A A ] T

—t-hem
DN 48&np
de res]

parti cl
the stj

es Ilhlat

adher €H;CHFpot h |

[179

-dichlg
sol vent

r oetlrsane

swol |l en

hespea

Lon in

Al
AL LA A=Y

-t edi

er as.ar e,

o @D

ct are wa

- P
ST

557

yaft . Pol yiel
OH,CHFY cHbREw0f

rml yner parti cl

oefshen
bs t hat

11

e nzgul
adher e

1)

D_I—F
bt —

react or

welles a

n@H3U@1F2/ CH,FCF;

777

21.2

[« ai e O ToOoOPTOYIY DI ©

L P

117

CH3;CHF,/ CH,FCF;

573

15.7

<
b

Examples 118-141

[00236] The polymerization examples listed in Tables 15 and 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at -
95°C for examples in Table 15 and -35°C for examples in Table 16. The solutions
were prepared by combining 20 ml of the chilled liquid diluent, 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
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Table 15 Cat., Soln. "Yield Conv.. Mv Exanple Dl uent
w@ pdoy/of8sey (wt. %9 x 10"3 MV M TP 118 CH3Cl 1r(T/8482003/040852
22.9 271 2.2 1.7 119 CH3O 1.7 618 16.7 255 1.9 1.8
120 CH3C1 1.7 597 16.2 224 2.4 1.7 121 H2C=CHCF3 1.7
309 16.7 266 2.3 2.2 122 H2C=CHCF3 1.7 274 20.6 218
2.1 1.8 123 H2C=CC12 1.7 118 3.2 33 1.4 1.4 124
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cotﬁﬁg}"&f’{‘%s%’%é{ﬁ%? PRI Exanpl es 137 - 141 bei ng

exanpl es of this invention. [00240] Polynerizations
were run by the dropwi se addition of a stock solution
of [002¥7]coi ni Tatde b listaithe raswis qfpotymeizatiacskthstokert icondweted at

vt ep ket s b, ool et FE iy 66 o ammruraie
AR TBah PRl SR 1 bl o s O e
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t sol.ution of ethyl al ym nymdjchlorjde
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t ettifredl menomest sahéionnh dAGt @GO utonaff BADCOndoliCL was prepared in

cui el B! I R3S S 8, WRUHET Sobod .12
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/LL 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.
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 methyl
chloride resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft. Polymerization in 1,1-dichloroethane or 1,1-dichloroethene resulted
in solvent swollen polymer particles that adhered to the reactor walls and the

stirring bar.
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Rol ypwer i zam @Fl 2- di;f | yopebenzepg or 514 1.8
1, 2-di chllor det hane resu]ted I n_splvent [swoll €n polymer
pghas t hiat a@t@ﬁr: he ctor. Il s,and t

Sti r%%ng bar” PO ﬁmeri %"gti onlilﬁil 1, 312,\/611 33 E]'%' 14
-ltrighl orjog cqurred |[i 0 n.| P rer S
recol\?g'red b@@?ﬁ%\% ng H at hef}‘l”flg ﬁ%‘gt %Jé ?vlva 1.0
Tabl Y [d ol % a

Di u@é m?ﬁi‘?g? 2( Wt k/§ 08{% M%ll\/% b 1081 hdea | 17
4. O 53 53 28 CH3CI 4.0 1678(45.6 54

T3 05 hdergier 01%339 W2 e 55 2 118 1380 1.9

CC13 4.0 30068 83.2 48 2.2 0.9
[00239] Table 16 lists the results of polymerizations that were conducted at

-35°C. Examples 127 - 136 are comparative examples with Examples 137 - 141

being examples of this invention.

[00240] Polymerizations were run by the dropwise addition of a stock
solution of the coinitiator/initiator pair. A stock solution of ethylaluminum
dichloride and hydrogen chloride (HCl) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/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. A separate stock solution of ethylaluminum dichloride and
hydrogen chloride was used for Examples 134, 135 and 136. This solution was
prepared from the addition of 0.034 ml of a 0.93 mol/L. HCI solution in 1,1,1,2-
tetrafluoroethane and 0.0960 ml of a 1.0 mol/L ethylaluminum dichloride solution
in hexane to 10 ml of methyl chloride. The final mol/L concentrations of

ethylaluminum dichloride and hydrogen chloride in the stock solution are the




131 CH3CC13 5.0 2993 81.2 59 2.2 1.0 132
1, 2-di fl uor obenzene 4.0 2033 55.1 35 1.6 1.5 WO

WQOM40B2B25 PCT/ US2003/ 040852 96 133 PCT/US2003/040852

1, 2-di fl uorobenzene 4.0 1901 51.6 29 1.8 1.4 134
CH2C1CH2C1 4.0 2563 69.5 29 359 1.3 135 CH2C1CH2C1
4.0 2707 73.4 24 1.8 1.3 136 CH2C1CH2C1 4.0 2683 72.8
27 1.9 1.4 137 CH2FCF3 3.0 2348 63.8 76 1.5 2.3 138

CRE BBl B e oG TR e

1 AicHTbideHRIAD©) 953 clAbr02,95- timfeﬂ:iylﬁenteﬁveaﬁfMPé?l)l@s ldked for

s T End a5,k s%@ﬁ%m& ﬁ@%%ﬁ@st Pigparg fgom. the

COJatq%he%faM %ﬁ@ro@ké%fqlfﬁ T1\7ﬂ3€1 ' éﬂbtﬁod@n%ll EPLEN JpoliL

rati o was changed f each exanple. A three-nec
SODethyla@llrraan rdechderade :wélqumgedlexamﬂ tot Hesd of m’tknj’lecs}ﬂonde The

Pr | 0 wﬁ}q Wga%gl e\%% %OSP | zagﬂ&r dsto vﬁg‘? ggé’ﬁ’ﬁpéag% fﬁ?sacﬁqﬁéample 1S

chiskadqgﬁaggqtsor The initiator/coinitiator nolar
ratio was controlled at 1/3 and the concentrati on was
set at 0.1 wt % EADC in I\/bCl The

R0 SRt St LD PSR ARt o

CQﬁéthaﬂdl ethé po@ﬂ%ﬁzﬂ&nvﬂyl 1siflfdiaéthideeor @At Dhetrafluoroethane
tenperature raise did not exceed 4C. The amount of

i roVe BiRbeY pytidies that sxhibisidatithrbheyerhysisaleproperiepanerddenced

2034 SR b B PRLB TGO 5 ol hfefflrs. “Hipqregmounss 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
. Cat. : ‘ ‘ :
, Sbln. Yield | Conv. | My ‘ mbl%
Example Diluepf (ml) | (mg) (wt.%) | x10° | M,/M, IP
127 | CH;Cl1 4.0 1953 53.1 45 1.2 1.2
128 CH;Cl1 4.0 1678 45.6 54 1.3 1.3
129 CH;Cl 4.0 | 2339 63.6 51 1.2 14
130 CH;CCls 4.0 | 3068 83.2 48 2.2 0.9
131 CH;CCl; 50 | 2993 81.2 59 2.2 1.0
132 1,2-difluorobenzene | 4.0 2033 55.1 35 1.6 1.5




Mol ar Conversion M MN Exanpl e Feed Ratio (W. % X
10"3 x 10"3 MNVM Ml %I P 142 98/2 100 209 905 4.3

WA 204/0388235 97/ 3 100 141 636 4.5 1.7 144 95/5 1ROI/LIR3N03/040852
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 [00243] Thesggexanpl es denonstrate the

preparati on of high nol ecul ar
hi gh isoprene incorporation. The aggl oneration of the

wei ght copol yners with

sf-ur+y—partictes+sstgnficanttyreduced—n—the
hydr 673 u0'b,@ahﬂmrob6rlzelleGPC4-ﬂracd§01i Shése 29 | 18 | 14
| sebutyH-ehertsoprene—copphyriers—de—net—show-anry—S$+gh
of g&¥4 f of matGHRICHsClcr ops4.0i Nki2663 levensfor 2he| 1.9 1.3
aple—146—whi-ch—econtat-hs—rorethan -5 ol % | soprene

he t3gh di e@LICICHAClY| ened.0sqQpRedr |povyaeris pade 1.8 1.3
accordinglto this invention dan he hal ogenated
subsgzgient | y CH,&lgHaTIdar d, 4 estjabkgshed7hgl ogepat ijong 9 1.4
processes! for maki ng hal bbutyl| pol yners anpl e 147
[002431] The demgjrdgnce of sl ecubay Mepght onye 1.5 2.3
clonversiop was detern ned forl isobutylenel/li sopréne
clopo{ygrer | zat i@fgdpyn i n| neghyl (g4 ori geg andg, CH2FCE3
at -95C._This (%gzpeggence was determ ne%ﬂgor t?/\%o £ 2.2
di ff nt| inidy / coi ni % pat|on st ey~ ane,pased, gn
Tl\/PCfEmgnd t he dOI{I‘(’\’Ieﬂr%rzbased %9 F019§§/Eot%§'gat al zlés)t 13 1.6
slyst used the Lew S bd lcoLpjhtijator. |A
tihr eg{bﬁem SO%HE%I ass rggﬂct o?fg@s u%@é flor hesel’4 16
exa es. | Pri ach pol ynmerigatilon 00 of
n[ongf@r feed ?&#[@?Pgl ng 1O£'§1t % the onerg wer el 1.6
charged into the chilTed reactor. A nolar rati o of

95/5 isobutyl ene/i soprene was used for each

po ¢s72r 49, The initiator/coinitiator molar ratio

was controlled at 1/3 and the WO 2004/ 058825

PCT/ US2003/ 040852 98 concentration was set at 0.1 w%

EADG242) MeClTablhd 7i Hits i thé aesudni of cbpslpmerigdtidhk it isobstylene

added dropwi se to the polg%rreri zation m xture and the

r 2EQPTERe Tglaﬁwpll'ed:@nfigcted at -95°C CHoFCF3. The isobutylene/isoprene feed
ratio was changed for each example. A three-neck 500 ml glass reactor was used
for these examples. Prior to each polymerization, 300 ml of monomer feed

The

initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set

containing 10 wt% of monomers were charged into the chilled reactor.

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.




controlled in such as way so that the reactor
tenperature raise did not exceed 4C. The anount of
WO pootiose8eF / coi ni tiator sol ution added in each PEpEses040852
on the desired nononer conversion target. The data
for these pol ynerizations aresshown in Figure 3 as a
pl ot of peak nol ecul ar wei ght (Mp) versus the nonomer
conversion in w% The expected decline of nolecul ar
wei ght with increasing conyggpgi@en is observed. These
data al so show that HO is—apreferred initiator for
copol yneri zations in CH2FCF3. Exanpl e 148 [00245] A
copoelymerization of i sobutylene and cyclopentadi epe
wds condyct t 493C. i n CH2HCF3. A nol ar|ratio pf
91/ 3 of i pobMbldreng /Conedisionpent ®rji enempas| used fpr

t hi 0 i zati.on at .10 wt|% noponers i h the feed.

@ﬁ%ﬁ@ﬁg‘iﬁsﬁg*‘% fr(?é‘éh‘f’,"s crla&lBd | 0 h{ Mw/M, | Mol% IP
eXper.i ment . Tlggs i Mi {1 ator/ coi[ni tjatjor_sof prion 5
priepdfed by df<sol ying 280 nmidrd®iers®® a 149 ol 12
sl ution pf hydrogen chlioride (in CHFCE3 T Nto 50 it—of
prle- ¢t I 1 pd FCF3. T8 hi s [sol%tijonb3fas| adbted 50017
m[CrolTters of a 1|0 nol /L soffutjon pf _ethytaturprmom
dilch’8ti de i P°Rexane. THI% solluti®dn waddlst|rred fpr %9
mnut es. | POl yneri zati on was Qegun by the gropws
addi tfon pf RE initiat 8*/ coi ni ti’dtor 4ol [iti%h it o338
t he Nnoner solution W th Stifring. [1ne _additiom pf
thi s18d1 upi of%s | mai ndai ned at13g rlat #¥ecesktry| t 052
keep The polynerization tenperature fromrisimng bove
-92C. Atotal of 35 ml of the initiator/coinitiator

sd00243bn wasThese ¢xamplke Glemeinsigate ghe rpeepamationt of dighasolecular

0 I S l.e. .Tabl e .18 Conver sion Ex I
D P Copb e VRBEER is0P E  entis, 300 BaRORBRERS ! the
SGhb 7 pdrtifledis3idibiViaiz 008 88k Y12 H R4 PBS SP(Pfaces
Sol upi | i t% of Et hyl al um num Dichloride in

HyrBsse dstubdensarprentdcapobmesss dp oopale The sige| afigel ifargnation
t &3t FodsABREAL LvbA 1P E8xahible 146 WRES BEAF8 & 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

[00244] The dependence of molecular weight on conversion was
determined for isobutylene/isoprene copolymerizations run in methyl chloride and
CHFCF; 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



usi ng neat ethylal um num dichl oride (EADC). Each test

was performed in the following way. 5 m of the
w@orvdesssesl hydr of | uorocarbon were charged i nt oPEI/US200E€H0852

test tube cooled to -90C in the dry box cold bath. To

this liquid at -90C, 4.1 moegoliters of neat, liquid

et hyl al um num di chl ori de (EADC) was added. Solubility

was checked by vigorously agitating the resulting

m déhé’ern%raha_ﬁ" radbet bt ¢ MWEAH@%I@ECPWQ ififlat WE&hftﬁtotr RBiution

boi l'ing point of the diluent Ile agitatin

C omseatddsd alropige tte she polyeerisaitiar rmttered an ﬁwt rate af hddition is

its boiling point, the m xture was cooled to -90C by

i reostrellarginsheh asewty satbet fhe tcactdneempﬂraitutfaltahsc dRepaeirdxeetd 4°C.

P oHE, AR nb B s G B et Sy SadRg BT coch dpened o diolesired
Cl&ﬁc!)rﬁ)mérrh%nﬁéi%l@hyt el q“h@Qiatéj f(?rsﬂlleéée ol?nén%tlo% a'ir@tsMn in

chl ori de was ﬁ% The heat/ cool e was repeated.
Sutigergdensta Idd‘d@fth@h $nQi¢Clﬂnr5nghtc(Mp) Nelstwtheoind)rmmaﬂ @onversion

vver e eac at /. cool. until the

b oo Bips ot Ao BRSPS PeighL i shttpaving @gersion is
\/\I&fbs@%’d evethesel itd Odl§OWhBE, (RS ¢I(Matd Ocﬂspr@ﬁ:h‘e‘d ”ﬁﬁ'ﬁ‘a‘cor for
and recorded. 1,1,1,2-Tetrafl uoroethane (HFC 1

Taupelymsriptiona imEHFCRol ume % Met hy | Cbservatlon

Chl oride EADC + 5nmlL HFC-134a 0 Insoluble "chips' +
0.5nml nethyl chloride 9 Fine-scale flocculation +
0.Foainphet48yl chloride 17 Fine-scale flocculation +
0.5mL nethyl chloride 23 C oudy suspension; slight
floc at b.p. + 0.5nl nethyl chl oride 29 d oudy; very

Sabd4sparti o eg g@ne?ﬁgm lv%%glé/gea{f 0%‘%@ Bg}ltigép%ntadwne was

cloudy; no VISI art|

P@'ﬁﬁdﬁﬁﬁnai 091)’8{52n CILH,EFGF30 5¢m]mm‘at hytio cdtl o7//Bdef 3sbbutylene /
Still less cloudy + 0.5ml pethyl chloride 41 Nearly .
c|C¥&IPPenFa ensipasBtedyor dHf pplvaerisationeslr 198 aytiamonomers in the

feed.  Cyclopentadiene was freshly cracked for this experiment. = The
initiator/coinitiator solution was prepared by dissolving 200 microliters of a 1.0
mol/L. solution of hydrogen chloride in CH,FCF; into 50 ml of pre-chilled
CH,FCF;. To this solution was added 500 microliters of a 1.0 mol/L solution of
ethylaluminum dichloride in hexane. This solution was stirred for 5 minutes.
Polymerization was begun by the dropwise addition of the initiator/coinitiator
solution into the monomer solution with stirring. The addition of this solution was
maintained at a rate necessary to keep the polymerization temperature from rising
above -92°C. A total of 35 ml of the initiator/coinitiator solution was used. A 500

ml glass resin kettle was used for this example.

Table 18

Conversion | M,

Example | Diluent | (Wt%) | x10° | MyJ/M, |Mol% CPD | % 1.

148 CH,FCF; 50 527 1.9 53 15




+ 0.5m nethyl chloride 47 Cear + 0.5nl nethyl
chloride 50 Clear [00247] In the tests in Table 19,

w0 b@4fbssexul ati on occurred after cessation of PCT/US2003/040852
stirring, froma very cloudy suspension. The original
“chips' were no longer visihjge. Difluoronethane
(HFC-32) Table 20 Preparation Vol une % Met hyl
Ooservati on Chloride EADC + 5mf HFC-32 0 Insoluble

R e L
nethyl chlorlde 23 d ear FIuoroforn1(HFC—23) Table 21

L on}_ﬁ@l %E@{wageép%{ﬂpgrte it} g’f:ai)f)es_,lg”@,%a\lwg% pgjformed
Chﬁs‘ﬂ{g H@at %tﬂy'l‘aﬁ%ﬂﬁﬁx? dichRrll( EK@(Z‘% | pedi F%Eﬂb%s %)\%%&med in the

I nsoluble + 0.5nml nethyl chlori I nso
20&9110%&8@5y P(§T¥nlU£Bf ol3touessd hytdfluerGeabnin wetehgharged into a

G aTbe T8t ot e R bPs e dcpering S dbiF dtiig at -90°C,
O éf’mmf&%lﬁéﬁls &ﬂqh%,bﬁgulélethﬂﬁﬁﬂlﬂm dlﬁhlgﬁﬁ 2 g@({}ylvas added.

chl oride 44 Inso + 0. 5nl et hy
| nS@ubibtyewas checked by vigorously agitating the resulting mixture. The mixture

was then allowed to warm to the boiling point of the diluent while agitating the
contents of the test tube. After the diluent reached its boiling point, the mixture
was cooled to -90°C by immersing the test tube into the cold bath. Reported
observations were made after the completed heating/cooling cycle. If after this
first heat/cool cycle, the catalyst did not dissolve, 0.5 ml of methyl chloride was
added. The heat/cool cycle was repeated. Subsequent additions of 0.5 ml of
methyl chloride were made following each heat/cool cycle until the EADC was
observed to dissolve or a 50/50 V/V blend was achieved. The following

observations were made and recorded.

1,1,1,2-Tetrafluoroethane (HFC-134a)

Table 19
Preparation .| Volume % Methyl Obéervation
| Chloride V
EADC + 5ml HFC-134a 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Fine-scale flocculation
+ 0.5ml methyl chloride 17 Fine-scale flocculation
+ 0.5ml methyl chloride 23 Cloudy suspension; slight floc at b.p.
+ 0.5ml methy! chloride 29 Cloudy; very small particles
+ 0.5ml methyl chloride 33 Less cloudy; no visible particles




+ 0.5mL nethyl chloride 50 Insoluble
1,1,1-Trifluoroethane (HFC-143a) Table 22 Preparation

wO/eiouns88d% Cbservati on Methyl Chlori de EADC + Bei/US2003/040852

HFC- 143a 0 Insoluble "chips' + 0.5nl nethyl chloride
9 doudy suspension + 0.5m gethyl chloride 17 C oudy
suspension + 0.5m nethyl chloride 23 O ear solution
1, 1-di fl uroet hane (HFC-152a) Table 23 Preparation
Vgiume_ 9% Coservatiom —ivet ilg/i thtoride—EADE—+—5

HF C-H 052 maethed chiptide [100248]38The sol| ubi | i t till ésss loudy
performed T Tabte Z4—were perfor i

st|ock0- WylanesAeberdesdl ut i ondl of et hyl al uni Meealy clear

difchtoride (EADC —prepared at—rogomtenperature—from

neat" Empaeiiid chlpddenydr ocarfon |isfed in t MNesarly ebdre.

T T o

Pentane refers to ngrmat—pentane TUEBhexanes—+efers
t g arP-umkopeshyl goridserizene gt’ade of |hexanes, &Hearsoneri
MXTUr e, wWhi ctt_contgrns tess than 5 ppmWo-2604/-0588
PCT/ UsrtomtivAdgdgde 102 ben¥ene. The final  Clear

W=

1, T Z-tetraftooroethane(HFG134a)——sotuti+on—was
prepared by adding the roomtenperature EADC stock
sdP0247dn, vdhuhetektssh &dblier 91 the floabiletion beuté attbitttischtion of
HRC- 134 in a test t&Jbe hel d at _-35C, ,Iag all cases, an

i TR SR VR CIPUG BESREER- wiibg Prigingl | ‘sBips agre no longer
colighleess. The resulting solution was then cooled by
imersing the test tube into the dry box cold bath
thernostated at -95C. The cloud point was determ ned

by~0ni t ord n nperature of the liquid with a
t}bl@i[ao}0 haing B % ally determ ning the onset of

cl oudi ness. The solutions again becane clear by
allowing the solutions to warmto a tenperature above

t he Table 20
Preparation Volume % Methyl Observation
Chloride
EADC + 5ml HFC-32 0 Insoluble ‘chips’
+ 0.5ml methy! chloride 9 Slight cloudy
+ 0.5ml methyl chloride 17 Some flocculation
+ 0.5ml methyl chloride 23 Clear

Fluoroform (HFC-23)

Table 21
Preparation Volume % Methyl Observation
Chloride
EADC + 5ml HFC-23 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Insoluble
+ 0.5ml methyl chloride 17 Insoluble
+ 0.5m! methyl chloride 23 Insoluble




cl oud point. The behavior of the solution around the
cl oud point was observed for several m nutes by

w0 eeasssell y cooling and warm ng the sol ution. AET/ES2003/040852
phenonenon was found to be reproducible. Table 24
Hydr ocar bon Vol ume (mcrolitegs) Volume of Final EADC
Cloud of 1.0 M Stock EADC HFC- 134a Concentrati on
Point Solution (nm) (W.%9 (C Pentane 100 10 0.1 -87

Pentane 17415 0. 1-87 UtB hexames 17415031 —85
S I*UQ)?‘I“# ‘P?ﬂlﬂf"hwlﬁ‘b yal umi A%m Di chlfori des in Insoluble

1, Z-tetraftuoroetitane (HFC—134a){00249—The

sol u?)?ll“ ?hl’légl%d?r eported3¥n Tabl ¢ 25 were cbudublted

by & Blllail“ Ng_eact|atrkoxyat umnmumdi chioride—+f—s+tt-
gehen

A iyl &B’@H@Fr( fol lo#8. A solution of Hiseluble

c rresponolng at Was prepared by adding—0-06061
rml e%516¥met{1ﬂéhlﬁfl%hol to #0 mlliliters of HEerlugda at
-30C_To this 50 ronm was _added— 100 crotiters—of—a
1. 0F W?‘Ee@l’l&@r@“% itane séfution ¢f EADC. Af bsplublpj s

| & additiom, s HFC—134a sotutTom was —shaken

per i Q)@I‘Pl:‘ﬁ?tl‘X} CB\?éiiei he nexf#7five i nutes. ThBsesblation

1S alfowed to warinto -10Cimnma ttosed vesset—and

thenOSIEbIBFtE}ﬁICN‘?“@% dry bé% col d bath ther nobseltle at

-95C The ctroud point was WO 20047 058825

PCT/ US2003/ 040852 103 determ ned by nonitoring the

t dgbérlatiinowetfant EBFCilddap with a t her nomet er and
visual ly determ ning the onset of cloudiness. The

sol uti ons again becane clear by allow ng the
solutions to warmto a tenpgpRrt22r e above the cl oud
point. The behavior of thesofution around the cloud
poi nt was observed for several m nut es by r epeat edly

flound {5/ PRaqAL T ﬁ@:'@;ﬁ;ﬁ B T OHRBRIare
EADC + 5m]l HFC-143a Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Cloudy suspension
+ 0.5ml methyl chloride 17 Cloudy suspension
+ 0.5m] methyl chloride 23 Clear solution

1,1-difluroethane (HFC-152a)

Table 23
Preparation YVolume % Observation
' Methyl Chloride
EADC + 5ml HFC-152a 0 Soluble
[00248] The solubility tests performed in Table 24 were performed using

1.0 mol/L stock hydrocarbon solutions of ethylaluminum dichloride (EADC)
prepared at room temperature from neat EADC and the hydrocarbon listed in the
table. Pentane refers to normal pentane. ULB hexanes refers to an ultra low

benzene grade of hexanes, an isomeric mixture, which contains less than 5 pPpm



CH3QAI C12 CH3CH2OAI C12 (CH3) 3COAI C12 CF3CH2QAI C12 FW

(g/mol) 128.92 142.95 171.00 196.92 W. % sol ution
wO2@9/088820 0.12 0.14 @-40C C oud point (C) -8BCFBS2008640852

w solids -87 Exanples 149-154 [00250] Exanpl es

149- 151 are copol yneri zati ongypof isobutyl ene and p-

nmet hyl styrene conducted at -95C using different

i sobut yl ene/ p-net hyl styrene conononer ratios. The

capal, r p g - i

e oA o

14sy sdsling the epem deinparatuest BADC sthdlosdlden, solugedista in the table,

et Gl 3L s Pl R S5 o 9 e il soluon
cQ e ' )
LROMIRIL R RIS 196 iRy Yoy o ol
arkey ihrBetrsime thd tept tubee trty thet dry dor coldi batle tieahysaEed aia068MS The
for E(ran,pl e 151 were run in 1,1- difluoroethane using.
0.%loud poigs wap dglgrmpged by monifpringrifie fergpergfurgpt the liquid with a
B R R
t regainelsgeemt iclear by bhliewingliye saldiiorg td vmntiocr ehipt@tige abova the

0.93 m/.L dr.ogen c ride. solutjon in the diluent

o ouspoitn, RSOt SR sotirios”aind BEelapadteing bserved for
di ghb:ar ifRuke! by i RipedtBdIlie ¥t RAlY MBRh#HB! HRNSoWEOR.  This
conducted at 800 rpm and adding the

i ibenemergncwisifornditodre reprodudible. dr opwi se to maintain

the tenperature below -92C. Copol yners were isol ated

by quenchi ng the pol ynmerization with WO 2004/ 058825

PCT/ US2003/ 040852 104 net fraBri24 col | ecting the

pol ymer and drying the polynmer 1n vacuum The BSB
fraction data, nol % p-nethyl styrene, and the sequence

1 1 +. x|

STy e At b o
U ¥t

gre copolynerizat ggisePt 1 sqbut e al
e A A + o a

nd p o
. t. °
ethyt-styrene—conducted—at—80C—usrhng—gifier e“.?) )
i lsobRenianene/| p- met hyll08t yr ene | condfoner [rati okl The -87
g HH—360—m—oi—renerer—feed
Pentane 174 15 0.1 -87
ULB hexanes 174 15 0.1 -85

Solubility of Alkoxyaluminum Dichlorides in 1,1,1,2-tetrafluoroethane (HFC-
134a)

[00249] The solubility tests reported in Table 25 were conducted by
preparing each alkoxyaluminum dichloride in situ. A general procedure follows.
A solution of the corresponding alcohol was prepared by adding 0.0001 moles of
the alcohol to 10 milliliters of HFC-134a at -30°C. To this solution was added
100 microliters of a 1.0 mol/L stock pentane solution of EADC. After this last
addition, the HFC-134a solution was shaken periodically over the next five
minutes. The solution was allowed to warm to -10°C in a closed vessel and then

cooled in the dry box cold bath thermostated at -95°C. The cloud point was



containing 10 wt.% of the nononers in the diluent. The
initiator/coinitiator nolar ratio was controlled at
wa2®4ms8323 he concentration was set at 0.1 wt % BADISI003/040852
the diluent. The initiator/coinitiator solution was
added dropwi se to the polynggl zation m xture and the
rate of addition is controlled in such as way so that
the reactor tenperature rise did not exceed 4C. Eﬂough
[ / o_r
ORIl fhe SRS oL B B0 Rultla ii@idmejer and
d| \hsuaﬂy dﬂ’ﬁemgmig thé onﬁat oBclandinés% Mk ¥olutiond fpuirsbacagelear by
r.feed. Copolyners were isolated by
f‘?@ﬁ% & PRIy e VAR 9 @ntemnewt%tarbgwthe cloud”point. The
c odelhgﬁﬁf Gch'é @8111!51% YiRind 3 c1ghy | bGiglt /@ oB@r%’e}?"for ts@veml minutes
vacuum B fraction data,
arly ltep@tqﬁjq ueqfiug atidswariring ﬂmrsobm;()anﬁﬂm phambmad)rcwbﬁfc&ﬂd to
far 1sarrp,l es is given in Table 26. WD
28%5’5?‘ § BlepCT/ US2003/ 040852 105 Table 26 Exanpl e
Diluent Yield w.% Ml % pMs %BSB mT (C) 95.4 2.02
45.1 149 CH3CO 41.9 4.18 33.1 40 -95 80.7 9.65 22.3
12.4 16.6 13.8 9.5 23.3 9T3Ble2$3. 0 1.89 58.6 150
CH2FCF3 73.1 4.95 40.6 29 -95 39.8 7.60 32.5 32.2
9.75 28.0 55.6 16.2 16.4 82.9 1.63 44.7 151 CH3CHF2

o) .1 60.9 9 41T 71b. 1
1.0 4.U8 28. Cﬁ OAI%? %ﬁ éH Al%lz " (CH;);COAICL, | CF;CH,0AICk
FW (g/mol) 128.92 142.95 171.00 196.92
Wt.% solution
0. 0.10 0.12 .
@ -40°C 09 0.14
Cloud point (°C) -85 -85 -85 w/solids -87

Examples 149-154

[00250] Examples 149-151 are copolymerizations of isobutylene and p-
methylstyrene conducted at -95°C using different isobutylene/p-methylstyrene
comonomer ratios. The copolymers are prepared with 30 ml of diluent and 4.0 ml
of isobutylene. Five copolymerizations for Example 149 were prepared in methyl
chloride using 0.14, 0.35, 0.74, 1.18 and 1.67 ml of p-methylstyrene. Example
149 is a comparative example. Five copolymerizations for Example 150 were run
in 1,1,1,2-tetrafluoroethane using 0.14, 0.35, 0.74, 1.18 and 1.67 ml of p-
methylstyrene.  Six copolymerizations for Example 151 were run in 1,1-
difluoroethane using 0.14, 0.35, 0.54, 0.74, 1.18, and 1.67 ml of p-methylstyrene.
Copolymers were prepared using initiator/coinitiator solutions prepared in 4 ml of
the respective diluent by adding 12.6 microliters of a 0.93 ml/L hydrogen chloride
solution in the diluent and 35.4 microliters of a 1.0 mol/L. ethylaluminum
dichloride solution in hexane. Polymerizations were conducted at 800 rpm and
adding the initiator/coinitiator solution dropwise to maintain the temperature

below -92°C. Copolymers were isolated by quenching the polymerization with



63.5 14.9 11.4 76.3 19.7 7.53 100 2.3 46.6 152 CH3C1

100 4.0 34.8 42 -80 100 9,4 21.8 100 12.8 15.1 100
wAa®4/2588253. 5 153 CH2FCF3 100 4.2 37.3 35 -80 PADOSHNG040852

28.2 100 8.6 26.9 100 11.9 18.2 100 2.2 43.9 154

CH3CHF2 100 4.1 28.9 58 -80 1400 6.7 20.0 100 9.2 15.1

100 12.6 12.6 [00252] Al patents and patent

appl i cations, test procedures (such as ASTM nethods),

ande@hme collRetiMEE tHeSpotyth@dartiedi9iny @Rk %oiﬁﬁéréﬁaggcuum. The BSB

i ncorporated by reference to the extent such
di fsaction deie, molhdrmithylsatrst end thei sehudnie slistriweion paranznet, m,

iRl ol oL sy P8 oer 11 i1 and

numerical upper limts are |listed herein, ranges from

lower Iimt to any upper limt are contenpl ated.
%%Q%ﬁizl/ 058d2@mmdes/ l@%@ﬁ)‘g/gme%éymm@tipw@s@owlw and p-
t L4 raf i epbodi ts.of .the invention have
B e RRRO i e NG 2 iy isyrnc

Un@&fonb@efratibat THREbRIImEs Rere PRPuel GAIH S0Pm1 W IonBSer feed
apparent to and can be readil Hfr%gde by those skil nggr ©

i Popiaéning 10 witthefithe naeearars ingthe didnent Hbhesipitiaitar/cairdtiator molar
SGORE Rl coifoleB e 5! 21-th £ EGRE Iregg)lnyvvasl stet htSO.?%trt% EADC in the
diluent. The initiator/coinitiator solution was added dropwise to the

polymerization mixture and the rate of addition is controlled in such as way so

that the reactor temperature rise did not exceed 4 C. Enough initiator/coinitiator
solution was added to reach 100% conversion. Five copolymerizations were in
each diluent using 2, 4, 6, 8 and 12 mol% p-methylstyrene in the monomer feed.
Copolymers were isolated by quenching the polymerization with methanol,
collecting the polymer and drying the polymer in vacuum. The BSB fraction data,
mol% p-methylstyrene, and the sequence distribution parameter, m, calculated for

these samples is given in Table 26.



i ntended that the scope of the clains appended hereto

be limted to the exanpl es
W 200e/0588Ru t

enconpassi

whi ch reside in the present

by
pertains.

ng all

WD 2004/ 058825 PG4

i

ibyvent i on,

and descriptions set forth
rather that the clainms be construePCEHES2003/040852
the features of patentable novelty

i ncluding all
features which woul d be treated as equival ents thereof

those skilled in the art to which the invention
03/ 040852 107 CLAI M5

What is clainmed is: 1. Ac r conprising an
i sool efin and an al kyl styrene, the copolyner having a
copebyrer—sequencerdi-stribution defined by:
FIEamiyhle 1 +ridldenth e ridiehl wt.t/s | (V161% @S Y "% BSBAUGRCE| T (°C)
dijstributilon paraneter: A isithe nolan ratio jof
allkyl styrdne to isdol eP?ft in|theZdpol yre#5-land F ik
tHe al4pyl st ycemet i $ool 81.6n-allkyl 4tl§rene t33.hd fraetf omys
in the copgolyner; |wheB&i’n in is9%bom lesz2.3han 38.| 2.
The copol yner of cliai mMi2.4 whereimeon 13 frogn less than
35. 3. The copol ymer afs5claim 193 gher ei ngg@ ils from
! ESfS than 3 'Ti he gg).gloi y 129 N
ig fr e c in
i S frlgm 1- éHZE%F The gg’go%/y r 'fzgcl aim n i
ig from1-30. 7. The c ?I ymer oZ‘7§ny of |ng
cllai ns, wherein the |s§§ efimis sobut he
al ne is nethyl rene, n}@z?eral v16‘bara-
met hyl styrlene. 8. The %%Eol ymer &03any of44t e
prlecddilng |cCHICHF, pher 818 the al #PBstyrerd8.2 cantgnt| i S5
frrom greatler than 0.5 "#% WO 2063/ 058825.1
PCT/ US2003/ 040852 | 1086@9 The cogdlyner of6.mny of tjhe
precedi ng |cl ai ms, Wwhere3.p the al kybstyreng 4
76.3 19.7 7.53
100 23 46.6
152 CH.Cl 100 4.0 34.8 _
’ 100 0,4 g | 2| 0
100 12.8 15.1
100
100 2.1 53.5
153 CH,FCF 100 4.2 37.3 _
2 100 6.6 %2 | | %
100 8.6 26.9
100 11.9 18.2
100 2.2 43.9
154 CH;CHF 100 4.1 28.9 )
e 100 6.7 200 | %
100 9.2 15.1
100 12.6 12.6
[00252] All patents and patent applications, test procedures (such as ASTM

methods), and other documents cited herein are fully incorporated by reference zo

the extent such disclosure is not inconsistent with this invention and for all

jurisdictions in which such incorporation is permitted.

[00253]

herein, ranges from any lower limit to any upper limit are contemplated.

When numerical lower limits and numerical upper limits are listed




content is fromgreater than 1.5 nol % 10. The

copol ynmer of any of the preceding clains, wherein the
W@bkdoylosssgs ene content is fromgreater than 6.BCTDB203/040852

11. The copol yner of any of the preceding clains,

wherein the al kyl styrene copgent is fromgreater than

12.5 nmol % 12. A copol yner produced by the process

conprising contacting an isoolefin, preferably

I sobutyl ene, an al kyl styrene, one or nore Lewis

acid(s), one or nore initiator(s), and a dil uent

cdfP234di ng oWbilertheralestratiyel eofbodimmentsaob ahd $veftib 18)e been

the ¢ Lv.aer havir copol r equencge . .

o o BT O Peatfatad S50 B phiGistopd BT Py athe modipaions
t heilichpapparet 16 QAURRS Be GbREN RMdd BY tRAE %}Iﬂ%& lin the hﬁ without
the nmolar ratio of alkylstyrene to i1soolefin in the

c slspasjing rirom rfbie ppiré andescope of the invention. Accordingly, it is not

al; -1 500l efin-al kyl styrene triad.fraction in
LS ENEe sSSP (B G Rk bdR il B sximpies
Thad cdpoliptions @t fohRiHardiz, bubh@fiRk Nthit tHeS clhfMbk €Stistrued as
than 35. | 14. The_ copol yner of claim 12, wherein in is

f EBRRPRASSINg Hdlnthg features of pgtentablrohgvrbty whick residn irpthe present
PESS el i A
A gk 4l 0 1 SRl ot

cltbosmskitled wheheatrio iwhidhsthé iroentloBpbrtails. 2004/ 058825

PCT/ US2003/ 040852 109 18. The copol yner of any of
clainms 12-17, wherein the al kyl styrene is

nmet hyl styrene, preferably para-nethylstyrene. 19. The
copol ymer of any of clains 12-18, wherein the

al kyl styrene content is fromgreater than 0.5 nol %
20. The copol ymer of any of clains 12-18, wherein the
al kyl styrene content is fromgreater than 1.5 nol %
21. The copol yner of any of clainms 12-18, wherein the
al kyl styrene content is




fromgreater than 6.0 nol % 22. The copol yner of any
of clains 12-18, wherein the al kyl styrene content is
wo e@aosgsent er than 12.5 nol % 23. The copol ynePCDUSENS 040852
of clains 12-22, wherein one or nore
hydr of | uorocarbon(s) is repregented by the fornul a:
CXHyFZ wherein x is an integer froml to 40 and y and
z are integers of one or nore. 24. The copol yner of
claim23, wherein x is frogyhifig 10. 25. The
copol ynmer of claim23, wherein x is froml to 6. 26.
The copol yner of claim23, wherein x is from1l to 3.
27,, The copolymer of claim 23, wherein the one or nore
thP@PFﬁ%P€?£¥bon(s) i s i ndependently sel ected from
t he group consisting of fluoronethane;
di fl uoronet hane; trifluoronmethane; fl uoroethane;
1,11- di fA gepdemergemprising-andsddlefor awk aneadleylstyrent, thd copolymer
-triflyoroethane; 1,1,2-trif.l.uoroet e..1,1,1,2-
et r af ISP EA AR Sedtshds dBLER A8 Rl e
1,1,1, 2, 2-pent af | uor oet hane; 1-fl uor opr opane;
2-fluoropropane; 1, 1 -difluoropropane; 1, 2-
di f1 uor opropane; 1, 3-BFfll usr 4pr(dpamd)}
2, 2-di fl uoropropane; 1,1,1 W 2004/ 058825
PCT/ US2003/ 040852 110 trifl uor opropane;
1, 1, 2- twhekéin anoisr thp asoolyhed sdquehtd ldisdiiRpioaPpdrmetts; 2A s the
trifluoraopropane; 1,2,3-trifluagraopropane;
1, 21_1?1@1{ p|o§ 6]}(@16;%5%@ gsoofﬁn];p tllq cg)poiymer; and
af " r I X )
, ??‘ H?fé??lgﬂ@ﬁ}lg%g plg'ooo]tp%%e%lkgfﬁ{y'ié}{e tHRd ARERINAH Ehe copolymer;
, 3whes¢in af {sufomo pese fmn 8.
, 3-tetrafl uoropropane;
, 2, 2- pent af | uor opr opane;
Z513-cRBbly et HOEIRK PPANSein In & fond 1eds than 35.
uor opr opane; 1,1,2, 2, 3-pent af | uor opr opane;
, 3, 3- pentafl uor opropane;

20 AL SRR 088y i858 opane

i
,2,2,3,3- heptafl uoropropane;

, 2,3, 3, 3-hept af | uor opr opane; 1-fl uorobutane; 2-
obhe£RBolymer ofelaim brwltsieiame1s florp 1% | yor obut ane:
[
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, 3-di fl uorobut ane; 1, 4-difl uorobut ane;

, 2-di fl uor obut ane; 2, 3-di fluorobutane; 1,1, 1-

5. The copolymer of claim 1, wherein m is from 1-35.

6. The copolymer of claim 1, wherein m is from 1-30.

7. The copolymer of any of the preceding claims, wherein the isoolefin is
isobutylene and the alkylstyrene is methylstyrene, preferably, para-
methylstyrene.

8. The copolymer of any of the preceding claims, wherein the alkylstyrene

content is from greater than 0.5 mol%.



trifluorobutane; 1,1,2-trifl uorobutane;
1,1,3-trifluorobutane; 1,1,4- trifluorobutane;

wa 24/ms588e3 f | uor obut ane; 1, 2, 3-tri fl uor obut ane; PAT/BSBW3/040852
trifluorobutane; 2,2,3-trifl uorobutane;
1,1,1,2-tetrafl uorobutane; 1,4s 1, 3- tetrafl uorobutane;
1, 1, 1,4-tetrafl uorobutane;

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

t®t r af THeQIoPbYHRAST ardy Jf tRe frcbEdih @b L, AREANE;

, 1, 3, 3- te?ygfluorgébtane?rl,1,%,4-tétra¥lugﬁégﬂgg'%?e

.1, 4, xoptent wffrons grsigter thae:1.5 mol2, 3-t et r af | uor obut ane:

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

,2,3,4-tetrafl uorobutane; 2, 2,3, 3-tetrafl uorobut ane;

10, 1, 2The-dppolly alelk bSO tRO Breceding claims, wherein the alkyl

, 1,1, 2, 3-pent af | uor obut angr; 1, 1g 2,4- i the alkylstyrene
nt

3, 4- pentafl uorobutane; 1, 1,
- pent af | uorobut ane; 1,1, 2,2, 3- pentafl uorobutane;

, Zhé-cppolyaiet opamyifttadgrecddidg daitas3 wherein the alkylstyrene
fl uorobutane; 1,1 4, 4- pent af | uor obut ane;

2,4,

, Sontentis foxs greaten High e, mol%.

, 3, 3-pent af | uor obut ane; 1, 2, 2, 3, 4- ‘
af l uorobutane; 1, 1, 1,2, 2,3 -hexafl uorobutane;
1,12, 1, 2 gopblythexabtiumddyuhapsicess, colpriking Gndacting an isoolefin,
- hexaf | uar oﬁ tane, 1,1, 1, 2 i% 4- hexaf | uor obut ane; 1,
1, 1,2PFrga @%ﬁ‘ﬁ?lﬁ%l%%&? istyjrene, png og mpre Lewis acid(s), one or
hexaf | wedre bUin@@or(sh, 1, 3, 44ifieheX ut ;
111, A g, s Horads gnec;hﬂlf?tel%fi’%“%%&g Bl o more
- hexaf Ihyéiodlborosadon() 1(BFQ'sB, 4he hepalyimeor hbvingne; copolymer
1,1, 2, - h f | Lor tane, 1,1, 2,3, 3, 4-
hexaf | é%(ﬁlggﬁet(glﬁtglfbuﬁ?rl,&%?@afﬁ- hexaf | uor obut ane;
1,2,2,3,3,4 WO 2004/ 058825 PCT/ US2003/ 040852 111
hexaf | uorobutane; 1, 1, 1,2,2,3,3 -heptafl uorobutane;
1,1,1,2,2,4,4- hept aff Gdrdpufditk;+ mA)}
1,1,1,2, 2,3, 4-heptafl uorobutane; 1,1,1, 2, 3, 3, 4-
hept af | uorobut ane; 1, 1, 1, 2,3, 4, 4- hept af | uor obut ane;
1,1, 1, yhéredn 4 ihelxt abpalpmebséqpace distribution parameter; A is the
1,1,1,3 4 4-I$Téﬁf(alfl uor obut a g; J1,.1,1,2,2,3, 3, 4-
oct af | (BB RNeAlkylstysene o soelefn in the sepalymesrasBut ane:
1,1, 1, F!ig’t ) y 1 1 i .
1.1.1, 2, 2,}%, azif}ﬁ%t%%?gﬁdﬁ %ﬁ%@%&ﬁnﬁ trjad fraptign jn the gopolymer;
wherein m is from less than 38.
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af 159BteBbiS kome greater than b, Bmel%ent af | uor obut ane;
1
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13. The copolymer of claim 12, wherein m is from less than 35.

14.  The copolymer of claim 12, wherein m is from less than 30.

15.  The copolymer of claim 12, wherein m is from 1-38.

16.  The copolymer of claim 12, wherein m is from 1-35.

17. The copolymer of claim 12, wherein m is from 1-30.



oct af | uor obut ane; 1, 1,
1,2,2,3,3,4,4-nonaf | uorobutane; 1,1,1, 2,2, 3,4,4,4-
waoemafssses obut ane; 1-fl uoro- 2- net hyl propane; 1pC1/US2003/040852
-di fl uoro-2- net hyl propane;
1, 3-di fluoro-2-nethyl propanejgl, 1, 1-trifl uoro-2-
nmet hyl propane; 1, 1,3 -trifluoro-2-nethyl propane;
1, 3-di fluoro-2- (fluoronethyl)propane; 1, 1, 1,3
-tgt raf [ .pK0 =1, 49 37 3 . .
. etﬁ;tr oe | Tj%é‘r) ggpzcg}r’rrgt&fqu %ﬁlgp gﬁg?anf% %2 g’;’, wherein the alkylstyrene is
-t ri f | uoetbyBtytdneyonetemailh pbigemethalseyrenel, 1, 1,3, 3
- pent af | uor o- 2- et hyl propane; 1, 1,3,3 -tetrafl uoro-2-
(fluoronet hyl ) propane; 1,1,1,3
- 1t r aftheQdoPolmiek bp&{f@ﬂlgﬁﬂs) PL P& Herein the alkylstyrene content is
fl uorocycl obut an 1-di fl'uor ocycl obut ane;
1,2-dif @n@ﬁ@#ﬁﬂﬁmdtém®ﬂél 3- difluorocycl obut ane;
1,1, 2-trifluorocycl obutane; 1,1, 3-
trifluorocycl obutane; 1,2, 3- trifluorocyclobutane
1,20, 2, 2Fhet@dpoighlevof W@ﬂ &ﬁllﬁsﬂ@em wherein the alkylstyrene content is
1,1, 3, 3 tetrafl uorocycl obutane; 1,1,2,2, 3-
pent af | Beeytqr a%@ml% 1,2,3,3
-pentafluorocyclobutane; 1,1,2,2,3,3-
hexaf | uor ocycl obut ane;
1,2, 2, Az, oﬂyphlgmf bﬂa’fy()@tyclduﬁblltzam whéreln thelIdidyrene content is
hexaf | orocyclo t ane;
1, 1, 2, Jrosn gregtey QQ%}écycl obut ane; vinyl fluoride;
1, 1-di fl uoroet hene; 1, 2-difl uoroet hene;
1,1,2-trifluoroethene; 1- fluoropropene, 1, 1
- &2 | udrhsmopplgmer ofl iy~ ofi dl4ioerl@pr8y pdiein theikylstyrene content is

di fl uorgpr opene;, 2, 3-di f] uoropropene;
3,3-di#ﬁﬁ%ggﬁgﬁﬁgﬁééj%Pibg- trifl uoropropene;
1,1,3-trifluoropropene; 1,2,3-trifluoropropene; 1,3, 3-

trlfluoropropene 2,3,3-trifluoropropene;
3.23; 3- tlhef (capelpmenpeheany1-of| ghins  12-B24 eM]eqrelﬁ fdngomo- inore

;L bgt egi%fy %gu%}qlgg{?g%k is &%}%Q geq %X (;dl) orfmlab lﬂxgl:gz Wherein x is

1, 3- di fahioegpfopehes 40 arkt y éhd ¥ verifitegdrs oPbhEMNhore.
2,3-di fluoro-I-butene; 2, 4- dlfluoro | - but ene; 3, 3-

dlfluoro | - bbut ene; 3, 4- dlfluoro | - but ene;

4.4 di fT'h@QBﬂol&mQx%ﬁgﬁm A :lvvh%reiﬁ &'Asf ft\ % 1'0bUt ene; 1,

1,3 -trifl uoro- ri quoro-

-butene 1,2, 3- trlfluoro 1- but ene;

1Q§ qu ro-| - , 3,.3-1r] oro | - but ene;
Y‘ES‘% b DBSTRRK Ay %‘B to g2

trifluoro I-butene 1,4,4-trifluoro-I-butene;

2,3,3-trifluoro- I-butene 2,3, 4-
26.  The copolymer of claim 23, wherein x is from 1 to 3.

27.  The copolymer of claim 23, wherein the one or more hydrofluorocarbon(s)
is independently selected from the group consisting 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;  22-difluoropropane;  1,1,1-



trifluoro-1-butene; 2,4,4-trifluoro-I-butene;
,3,4-trifluoro-|-butene; 3,4,4- trifluoro-1-butene;
2004454823 f | uor o- | - but ene; PCT/US2003/040852
,2,3-tetrafl uoro-1-butene;

,4-tetrafluoro-I|-butenej

,3-tetrafluoro-|-butene; 1,1, 3, 4-

quoro 1-butene; 1,1,4,4-tetrafl uoro-I|-butene;

1
1,
1,
etr
2,3, o1l i .

5 etrlflg‘??gédﬂ’ﬁ 01 1 Zb%’ttfgtgﬂ@propane 1,1,3-trifluoropropane; 1,2,2-
2,
etr
4
3
3
u

. 4rifluenopfapes; o- Il-,h&{teﬂeoroﬂm@aﬁi:, - 1,1,1,2-tetrafluoropropane;

) ,Ag,ggsrt%%ﬁ@?gnep s, anal -1 3 -RurattRoopropane; "’ 1,1,23-

4
, AettSlorddroteine; | ,13U-88@Huoropro ane; 1 2,2.3-tetrafl
A-tetrafl uoro-|-but ene; H Z? tet rafelrﬁolioéoprlopane

t endsl, 32@-pezntezﬂqoectpfr@namg,or ds 1 1,2 3mm®tﬁb1pr®ropane 1,1,1,3,3-
4, 4£te§{aﬁa£ro§$c1puo & o- I EH%B-pentaﬂuoropropane 1,1,2,3,3-

, 2, pent

1,2
1, 2, %.eﬂtaﬂ&dilbpfd[pu@d’ 0- | - butiene;3-hexafluoropropane; 1,1,1,2,3,3-
1,2, 4 ent af [ uor o-1| - but ene;
1, 3,
nt af

3
wel
1
1,
1,
t
1
1
1,
t
1
2
2

, Bexaformniepans: o- | 14y, RS- hexaflugopropane;  1,1,1,2,2,3,3-
e a4 ~l fluoro;z
Put on P RAbBIARE 1 L1 2 fachebiaiicRH R, °1-fhorobutanes 2-
1 2, 3f léfluérqfumtafa;‘ Ié;ledlﬁuoﬂobutbntt enefﬁh&o&%’tlﬂn& 1,3- dllﬂuorobutane
ent af |.u ut ene pent af | uor o-
but end; f%‘%?owbﬁta&e peht: élfff‘l%?lﬁlt‘lmeb ut 8fedifluorobutane;  1,1,1-
3 3, 4, hifhhdsRltRld:; uor q- i-frﬁﬂlto%b%taf% 1, ?1% tﬁﬂﬂorobu ane; 1,1,4-

hexaf | uoro- 1 - but ené’ he’xaf uor o-
- but endrifluorabwant; 4, 4, 2. Jeihbkabotane] - bR Saeifluorobutane;  1,3,3-

1, 2,3, 3. hexaf ut ene
hexaf | %Bﬁ% Pblg n%?%frlgu%rogut&n% ﬂéx]af'lt‘?}@?]b“”f(’bﬂ@?%né 1,1,3-
1,1, 2, &tafhorbbuhagg! afl!lk@ﬂ-@etfaﬂ%lﬁ%ﬂ?&ne 1,1,2.2 tetraﬂuorobutane

T RRRRE-

1,1, 2, 3,4, 4, 4-hept af | uoro-1 - but ene; 1,334

hept af Lot é.tetg_aﬂu@mb@‘p@@e 1,1,2,4 tetraﬂuorobutane 1,1,3,3-

1, 2,3, af | 1-fluo

but ene%etr%ﬂé PU gp%ﬂé b&ﬁgﬁg tétrf,%f aH%’r 0- 1;1 {’ téﬁaél,uorobutane'

1, 2- di fl|2m3-cet2lnotobogne; 1, 3- dif waeﬁaﬂu&ama& 1,2,3,3-

1,4-dif|u ro- -but.eni 23d|flur02 but ene; 1-

triflubieiontrens: 1.293.diqteflppigbrgne. bath?n%rtetraﬂuorobutane

1,1,3- tlrlllftg eArafubiobbife; 1. 1147085 ten

1,2,3-trif ro- a2u tenee 1, %’,lélll-’t’r ip:p{lﬂﬁg%r%%ﬁg%eneﬂ’l’z4

1, 1, Delﬂaﬂlmm]aﬁmcor 0- 2- bl;ﬂ,é[ﬁg}péntaﬂuorobutane; 1,1,1,3,4-

1, 3-tetr uor,0- 2- but ene; 1, 4-

tetraf Pﬂ%?fh)uof lf}ﬂi”bene 1, 1L.b1dh %E?I}t%ﬂ‘ll‘ﬁ%h"ﬁa@i but enels1,2,2,3-

1,1, 2, ferdt@liicrbbuiied- 2- buf £29.4-pentaflyorobutane; 1,1,2,3,3-

123,4tetraf|uor02bute 1, 1, 1,2,3

- pent aP¢iidffuprobuianesne; 1,1 2 4 ,A4-pentafluorobutane; 1,1,3,3,4-

1, 1,1, lor o- 2- .

1,1,1, §enja%g’2{’ﬂ%“um 0- 2- gﬂ% dried-Peptafluorgbujanc; 1,22,3,4-

pent af peraftnootauirene; 1,112,039, @h@ﬂﬂlﬁfd&%@'Z butienen 2 4-

1,1,2,4,4- pentafluoro 2 but ene; 1,

1, 2, 3, BOREREPUBRS- 2- butlehb2,383- he@ﬂzowbntane 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~
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-



hexaf | uor o- 2- butene; 1, 1,
1, 3,4, 4-hexafl uoro-2-butene; 1,1,1,4,4,4-
wheooassses o- 2- but ene; 1,1, 2, 3, 4, 4- hexaf | uor o- 2POTIUS2V63/040852
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hept af | uor o- 2- but ene; 111
1,1,1,2,4,4, 4- hept af | uor o- 2- but ene; and m xtures
thereof. 28. The copol ynmer of claim 23, wherein the
one or HERhudelild. UOT OCRTDONS SheplafybBRRRRRACNT LY 195 44.
selected fromthe group consisti ng of Fluor et haneg;
di f | uortepttfhiarcdutane; f | ubi dr2,BAreeptafluofobutane; 1,1,1,2,3,3,4-

11, 1, SBANARRUSFEct hahbrl i TR EG B eor | 13d,2.44.4

The coppyMmbroblitaabai M1 43,3 Wel-BlRatilfoBlithdent 1.1,1.2233 4
conpri gieég fro];n 15 to 100  'vol une I%J%IHFCoglaseél updn the ™’

total \astailveradutanhe di H,héﬁt2,3,$,(4.-001’dfhlomimgﬂn¢ne ; Obt,1,2,363,4,4-
claim 23 erein the dj onprj ses from
vol une Q%t%@gta@&’ upo]ni’h%?j%’é’t%éqryg Offﬂ’élta@F t helj=?’233’£4=4'

di I uentoctadfuorobu@neOPQ1yINEDR, 30 4 Elndhiflwb3ebuthRs €i1n §he 3 4.4 4-
di l uent conprises from25 to 100 vol ume % HFC based

upon t H@ngBeerpbutanqime of Iflerod2meghsdprogane; The  1,1-difluoro-2-
copol y .M 234 ;v ei.n 1h | Luent further . .
conpr | gﬁe?éthgl r‘%ﬁ%‘%’ocar %’g;@ﬁgorﬁoﬁn&re glgg{r?%ebl ef !lr#?mﬂuom 2
and/ or methylpespangas. 3,3,3-tmoﬁﬁlmheﬂﬁsﬂpmgﬁneﬁl 3' m,@-%lii)ﬂuoro-Z—
wherei n_t he hydrocarbon is a hal ogenate rocar bon

ot her t(ﬂaﬂrogr?¥haii}9¥0@a¢; Trﬂelaééptéwfﬁwoafm@qh& peepzge;  1,1,3,3-

wher ei RedfiioRRb AHGRALRD A AT OCRY BAR 1li§ro- TR N meth ropane;
grg, ereln Ylﬁ%

chloride. 35. The copolymér of ’cTal'm
one or Inbi8,3-pentaflmeco-3{mdthylpropaepr esent ed biyl,83etetrafluoro-2-

_ . . B
and  edBHoR MR Regen. WhldonFEBuges - fuotomeihy bropane;
PCT/ US&Q%@@%%GJE?@%MJ&%IO%H%?E{ H?gdiﬂ’ﬁorsé}%ﬁdﬂugﬁe; 1,3-

wherein the one or nore Lewi S aci

difluorocyclobutane; 1,1,2-trifluorocyclobutane; 1,1,3-
trifluorocyclobutane; 1,2,3-trifluorocyclobutane; 1,1,2,2-
tetrafluorocyclobutane; 1,1,3,3-tetrafluorocyclobutane; 1,1,2,2,3-

pentafluorocyclobutane; 1,1,2,3,3-pentafluorocyclobutane; 1,1,2,2,3,3-
hexafluorocyclobutane; 1,1,2,2,3,4-hexafluorocyclobutane; 1,1,2,3,3,4-
hexafluorocyclobutane; 1,1,2,2,3,3,4-heptafluorocyclobutane; vinyl
fluoride; 1,1-difluoroethene; 1,2-difluoroethene; 1,1,2-trifluoroethene; 1-
fluoropropene, 1,1-difluoropropene; 1,2-difluoropropene; 1,3-
difluoropropene;  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-



represented by the fornula MRnX4-n ; wherein Mis

Goup 4, 5 or 14 netal; each Ris a nonovalent Cl to
wE&i4lgsseDcar bon radi cal i ndependently sel ect BCI/U§2903/040852

the group consisting of an alkyl, aryl, arylalkyl,

al kyl aryl —and cycl oal kyl ragjgals; n is an integer

fromO to 4, and each X is a hal ogen. 37. The .

copol ymer of claim 23, wherein the one or nore Lew s

aci d(s) ted. q e 1. . i

M RO f trﬁlﬁor ?JBﬁszéﬁ@\%ﬁ@g tgﬁuckrpﬁ lfn%éﬂg" b% 3 trg'luoao 1{bjtene; 2,3,4

met al ; taﬂuhroRDbmsna mm@mﬁh@ntl -tede) 3@?41&%@-@ My 3,4,4-

r adi cal i-ndependent | y cted fromthe

consi stfifgowr legﬁteﬁ? k&fyj W%%;bu’[‘é}eyl bil Qg&gﬁraﬂuoro 1-butene;

al kyl ary{ Q)QYtefré‘ﬁilﬁcﬁ@lleu[t%Ch R1.1 d§ ?fftﬁ?l[ﬁgfq P{eagl t o1 ,1,3,4-

Cl12 hydrocarbon radical | hdepehdént se

t he gr depafbonsil diteng; ofl, 1k -tdtaflnproar- iz)htene;r Y| E,BByﬂetraﬂuoro 1-

P om 0 ens! 1t ARl RRE L2 L el B34

sum of tBrAMréll Lisitdie! TBI4e4-tdhARudro-1 Bﬁ‘@n@acp4%4' éﬁgﬂuoro-l-
hal ogen. 38. The copol ymer of claim 2 wherei h

one or hvine; Qé\sﬁ,é-‘tfamﬂﬂl@s)}l-|b9tenc,eb,6ésﬁ’etﬁtleﬂuduy It-batene; 2,4,4,4-

]:)(r)r mul %etthf%f (? l{%ll‘%ﬂg:x‘l (3%{_4{1 ge‘tﬁqﬁ’ﬁer 5 Htt';\s/lnel@; %%Q%S’rﬁtraﬂuoro 1-

hydr ocajfultaﬁw 111528 Qﬁﬂentaﬂﬂsl%PF-Bdl%ﬁé 1y13el ﬁ&b@&aﬂﬁ&mltmene
gr oup conS|st| of an al kacyl ox i aryfacy
aryl al Kyl B@(&aﬂl’é’lfwr‘%ﬁﬂ}lleadyll dxy-peatiiberes1- b@lmh ’.1,3,4,4-

! S a gﬁ%ﬁ%ﬁﬁhgfbtl ?eC]'Z nyﬁgﬁ-,gg)%;l%?lﬂo{o p'buf%g%l ngy &fZ 3,3,4-

i ndep entl d fromit roup consi
an al kyﬁentaﬂuyﬂo l-hmy:hal kyl 1,2§G,4K,}ll;&h’galﬂuoﬁ)nﬁ-bﬁbéﬁé ;0al kyl2.4.4 4-
radical pséntaﬂuoro 1-butene; 2,3,3,4,4-pentafluoro-1-butene; 2,3,4,.4.4-

pentafluoro-1-butene; 3,3,4,4,4-pentafluoro-1-butene; 1,1,2,3,3,4-
hexafluoro-1-butene; 1,1,2,3,4,4-hexafluoro-1-butene; 1,1,2,4,4,4-
hexafluoro-1-butene; 1,2,3,3,4,4-hexafluoro-1-butene; 1,2,3,4,4,4-
hexafluoro-1-butene; 2,3,3,4,4,4-hexafluoro-1-butene; 1,1,2,3,3,4,4-
heptafluoro-1-butene; 1,1,2,3,4,4,4-heptafluoro-1-butene; 1,1,3,3,4,4,4-
heptafluoro-1-butene;  1,2,3,3,4,4,4-heptafluoro-1-butene;  1-fluoro-2-
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-difluro-2-butene; 1,1,1-
trifluoro-2-butene; 1,1,2-trifluoro-2-butene; 1,1,3-trifluoro-2-butene; 1,1,4-
trifluoro-2-butene;  1,2,3-trifluoro-2-butene;  1,2,4-trifluoro-2-butene;
1,1,1,2-tetrafluoro-2-butene; 1,1,1,3-tetrafluoro-2-butene; 1,1,1,4-
tetrafluoro-2-butene; 1,1,2,3-tetrafluoro-2-butene; 1,1,2,4-tetrafluoro-2-
butene;  1,2,3,4-tetrafluoro-2-butene;  1,1,1,2,3-pentafluoro-2-butene;
1,1,1,2,4-pentafluoro-2-butene; 1,1,1,3,4-pentafluoro-2-butene; 1,1,1,4,4-
pentafluoro-2-butene; 1,1,2,3,4-pentafluoro-2-butene; 1,1,2,4,4-
pentafluoro-2-butene; 1,1,1,2,3,4-hexafluoro-2-butene; 1,1,1,2,4,4-
hexafluoro-2-butene; 1,1,1,3,4,4-hexafluoro-2-butene; 1,1,1,4,4,4-
hexafluoro-2-butene; 1,1,2,3 .4 ,4-hexafluoro-2-butene; 1,1,1,2,3,4,4-
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fromO to 4, mis an integer fromO to 4, wherein the
w@omo5882s and na is not nore than 4; and eachrPOI/US2083/040852

hal ogen. 39. The copol yner of claim 23, wherein the

one or nore Lewis acid(s) isqyjyepresented by the

formula MOX3; wherein Mis a Goup 5 netal; and each

X is a hal ogen. 40. The copol yner of claim 23, V\,heLei n

the on Se b

for mul 2 TRATRAR IS, PELTEM i honERERPE AR, Pl Mfhpcturs

X i s a thadeofjen. 41. The copol yner of claim 23, wherein

the one or nore Lewis acid(s) is represented by the

formula MR'X3-n wherein Mis a Goup 13 netal; each R

I sp NONRVRIBRimdrbf tRif 33, \QH&EﬁHCtﬁé BROOS ﬁgfeclﬂjdroﬂuorocfarbon(s)

| ndependently sel ected fromthe group consi’stin

an al kyis,independendlyy bed¢dtgd fromd Kyd - gran) cmwtlng cxifoﬁlhdryﬂnethane

radi cal nis.an integer from1l ach X is

a halo %ﬂ orpicthene, coptg g}a"‘E’I ai rﬂ é%lng‘\‘zﬂ’i%‘?d%?% t hel:1:1-
one or tﬁﬂﬁ@rdeﬂié&l§ 1ap,n,Q(tér}aﬂ@rod%meeﬁﬂ%ﬁﬁul@yth%fé%f
formula M RO nNR mx3- (mtn) ;. wherein Mis a Group 13

mat al ; each RO is a nonoval ent Cl to C30 hydrocarboxy

Cal &%@W&%& c}éuma% %ﬁ r%m tfhr %npvfzrg{l clgﬁspg}tlélgs from 15 to 100

conS|st|ng KOXY, ary OXY,

al kyl aryloxy % HECGk&d updl RO QoRBRDof the diluent.
PCT/ US2003/ 040852

30.  The copolymer of claim 23, wherein the diluent comprises from 20 to 100

volume % HFC based upon the total volume of the diluent.

31.  The copolymer of claim 23, wherein the diluent comprises from 25 to 100

volume % HFC based upon the total volume of the diluent.

32.  The copolymer of claim 23, wherein the diluent further comprises a

hydrocarbon, a non-reactive olefin, and/or an inert gas.

33.  The copolymer of claim 32, wherein the hydrocarbon is a halogenated

hydrocarbon other than an HFC.

34. The: copolymer of claim 33, wherein the halogenated hydrocarbon is

methyl chloride.

35.  The copolymer of claim 23, wherein the one or more Lewis acid(s) is
represented by the formula MXy;
wherein M is a Group 4, 5, or 14 metal; and

each X is a halogen.



116 each R is a nonovalent Cl to Cl2 hydrocarbon

radi cal independently selected fromthe group
wa@omgiosssehg of an al kyl, aryl, arylal kyl, al kyP&Fr/ys2003/040852

and cycloal kyl radicals; nis an integer fromO to 3;

mis an integer fromO to 3, perein the sumof n and

mis from1l to 3; and each Xis a halogen. 43. The

copol ymer of claim 23, wherein the one or nore Lew s

t I . .
Vo) 1€ R BF KR, aferiR ¥ e o poreaL e s
each RamsemeébymmﬂaMM[nocar bacyl :jadi cgl N
d d tl t roup i ndependently
Isgl 2'3?2%{ ?rreﬂﬁ}@ﬁg‘ec /EE?L g cog5| sting of an
al kacy! @i, RaYa MO@éMM el y[t)a@(zglﬁﬁ&a?%yn radlca[l 1n%1ep&5}dently

al kyl aryl acyl oxy radical s; a nonov
to C12 M@tqﬁc&omothe rgrolie adnsistide pefrbe ity aryie hetaley, alkylaryl

fromthe Lsting of an alkyl, aryl, _

aryl al K< 3#@%%?%‘?0“ nd cycl oal kyl radicals: nis an
i nt egern{srg@lr[hfégém@m Of’fb|43a1ﬁl integer fromO to 3,
wherein the sumof n and mis from1 to 3; and each X

is a hatashenis adwlogkhe copol yner of claim 23, wherein
the one or nore Lewis acid(s) is represented by the
formula MXy; wherein Mis a Goup 15 netal; each Xis

a ¥al ogBiy cepudlynier 6f dlaird 230 wheredh® thel B8e %%&%n@é’m@famd(s) is
claim23, wherein the one or nore Lewis acid(s) is

r epr es eiPEEERSA bhtheromla MRRIR/mKs-maerein Mis a
Group 19nafeilis WR.AOP4Y O5RARG,FCT/ US2003/ 040852

each RO is a monovalent C; to Csp hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy 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 4;

m is an integer from 0 to 4, wherein the sum of » and m is not more than 4;
and

each X is a halogen.

38.  The copolymer of claim 23, wherein the one or more Lewis acid(s) is
represented by the formula M(RC=00),R "0 X4-(mrin);
wherein M is Group 4, 5, or 14 metal;
each RC=00 is a monovalent C; to Cjs hydrocarbacyl radical
independently selected from the 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;



117 each Ris a nonovalent Cl to Cl12 hydrocarbon

radi cal independently selected fromthe group
wa@omgiosssehg of an al kyl, aryl, arylal kyl, al kyP&Fr/ys2003/040852

and cycloal kyl radicals; nis an integer fromO to 4;

y is 3, 4 or 5 wherein nisess than y; and each X

is a halogen. 46. The copol yner of claim 23, wherein

the one or nore Lewis acid(s) is represented by the

fornulani\é(%qt R aX¥%oltoqin); wherein Mis a Goup 15

nmetal , eac I's a nonoval ent Cl to C30 hydrocar boxy

radi cal miinde peepge froly0 tosd virieinl tHer s 6fea@! MUPnot more than 4;
consi sting of an al koxy, aryloxy, arylal koxy,
al kyl ar§%xy radicals; each R is a nonovalent Cl to

Cl2 hydgagﬁ%g%qlaq@%hpal i ndependently selected from
the group consisting of an al kyl, aryl, arylal kyl,

al kylaryl and cycloal kyl radicals; n is an integer
fr 0to 4, mis an integer. fromO to 4; yis 3, 4, .
or 55, i ebntie efiflaut 1 QIR the B8 ST bewiargid(s) is

each X jeprelediéd BPAR fofhfula GxgOPOIl ymer of claim 23,
wherein the one or nore Lewi s acid(s) is represented

by the Wherein M isg RE=@C) nRtaldand( men) ; wherein Mis a

G oup 15 al ; tleach RC=0C0 is a nonovalent C2 to C30

hydr ocaefakgg?%sw 9858i cal i ndependently selected from
the group consisting of an al kacyl oxy, aryl acyl oxy,

aryl al kyl acyl oxy, al kyl aryl acyl oxy radicals; each R

i s*h rml\ﬁlaﬁ/ammfmmﬁ elam 23 yehesinrthoone sdimere Lewis acid(s) is

i ndepe KA. t he group consisting of
an al k%gﬁg‘%}}ﬁ?dg}g{r@ﬁéﬁ%{l arkyl aryl and cycl oal kyl
r adi cal wherein M is a Group 13 metal; and

each X is a halogen.

41.  The copolymer of claim 23, wherein the one or more Lewis acid(s) is
represented by the formula MR, X3, .
wherein M is a Group 13 metal;
each R is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 1 to 3; and

each X is a halogen.

42.  The copolymer of claim 23, wherein the one or more Lewis acid(s) is
represented by the formula M(RO)nR'nX3-(m+n);
wherein M is a Group 13 metal;
each RO is a monovalent C; to C3p hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,

alkylaryloxy radicals;



nis an integer fromO to 4, mis an integer fromO

to 4; WD 2004/ 058825 PCT/ US2003/040852 118 y is 3, 4
wW@eo008/05882rein the sumof n and mis | ess thanPgT/uszvd3/040852

each X is a hal ogen. 48. The copol ymer of claim 23,

wherein the one or nore Lew §;@cid(s) is

i ndependently selected fromthe group consisting of

titaniumtetrachloride, titaniumtetrabrom de,

vanadi u.h et RCHRE{I8lent ) theE[,2 ﬁ{drgézﬁ rfdu%a‘f qﬁ&léf)@hdently

tetrachloride, titanium rom det richl ori dé tanrum

di br oni shecttidcfibmr the egroupy emaaitingnafrannalklel, tatsilc htytilkydealkylaryl
tin chlorjide twl or de benzyl titanium trichloride,

di benzy#d Y&leati tden OI‘I de, benzyl zirconi um

trichl of jsdg, inte@dXRRR YItg Br coni um di brom de,
rrethyltltamumtrlchlorlde di met hyl titani um

di f | uorfirdean uiteget frgmt( to diwdiatedr thdepmpiferardvaisafiorrhto 3; and
trichl O“ﬁ?% mj}?rox titaniumtrichloride,

n- but ox§ETali2dii ¥ P chl ori de,  di (i sopropoxy)titani um

di chl oride, phenoxytitaniumtribrom de,

phenyl met hoxyzirconiumtrifluoride, nethyl
nmethoxythe QWQLYW@‘ @WwJ@rm @3, wheesimghe wae leoxpeterLewis acid(s) is

acet onye P ERane P el RRRCRASEE o bt um

tribr onwlﬂﬁemmemz@ﬂ)@(y;mtatani umtrifluoride,
I sopropoy] oxytin trichloride, nethyl acetoxytitanium
di chl or§%8, %l is b nBeYP SIS ahediPeatbashl gierligal independently

d I
UEi 1 uor Gt T RO ind el T EIcb el ik 1 (284 P grous

: um
et hyl alqmslstimg d| oﬁl oan dealkaqtldww,al lanylmyﬂnxydl chhydlkdecyloxy,
benzyl a i chl gride, isobutylgalliumdichloride,

di et hyl% #ﬂﬁﬁyrﬂfﬁféﬁlr #4S,  di met hyl al umi num chl ori de,
et hyl al dagh nems §%§(ﬂié'\f§l@1‘1tofl'l 48, C Jelrbakbyn E&&F@a 1ndeﬁ)endently

sesqui chloride , trinmethylalumnum triet
met hoxysﬁle@'mdn@@mdh@ lgrip emsistng of yal atkylneryl, arylalkyl alkylaryl

di chl or t but yl phenoxyal um num
di chl orl gcyd%aﬁcﬁ aﬂlca t hyl al um num chl ori de,
2, 6-di -/ Brah-ibegat fdae0@xy; met hyl al um num

m is a integer from 0 to 3, wherein the sum of n and m is from 1 to 3; and-

each X is a halogen.

44.  The copolymer of claim 23, wherein the one or more Lewis acid(s) is
represented by the formula MXjy;
wherein M is a Group 15 metal;
each X is a halogen; and

yis3,4orS5.

45.  The copolymer of claim 23, wherein the one or more Lewis acid(s) is
represented by the formula MR, X, ..

wherein M is a Group 15 metal;



chl oride, isopropoxygalliumdichloride, phenoxy

nmet hyl i ndi um fl uori de, acetoxyal um num dichl ori de,
whesaogdsexyal um num di brom de, benzoyl oxygal | PCIMUS2003/040852

di fl uoride, methyl acetoxyal um num chl ori de,

i sopropoyl oxyi ndium trichlorigde, antinony

hexachl ori de, antinony hexafluoride, arsenic

pent af | uori de, antinony chloride pentafluoride,

arsenic i®lori ' th tkic ' ar senk G

fluori deea‘t%l eltirlgce[w ngoﬁoar@%ﬁ\'}% 3%0(21/2 OI@égé%gl?on ratfich independently

PCT/ US20xtdd4f8in2the kidupt ednsiihe f | aanilkyip ayylC dytilicydealkylaryl

tri phenyl an%ﬁ{}}i di chl ori de,

tetrac e 1pditelshony |

di met hoxyt iiﬁ{ékélfﬁ)(ﬁﬂbit&'gny’ di chl or onet hoxyar si ne,

chl or odi net hoxyar si ne, di fl uoronmet hoxyar si ne,
acet at gt Bt3; dohSpwbeamin mishess tHanen andt o)

tetrachl oyQanti.npbny, and bisnmuth acetate chloride.
49. Theeafgggs)?r]’g?o%? clai m 23, wherein the one or nore
Lewis acid(s) is independently selected fromthe

group consisting of alumnumtichloride, alum num
t r4tr ondleke copalymeradi piaimy 23 divdietadn ithie one tol yhere ubdwisiracid(s) is

sesqui chl ori de,, dj,ethyl al umn ,;gloride,

met hyl arleﬁliﬁs?{g?ﬁ@f I%%?‘@%W afmtmi num
sesqui cRh&eindd is QG?&IIJWBB @k#d1 num chl ori de, boron
trifluoride, and titaniumtetrachloride. 50. The

copol yrgeh GO ds aimemyalonh€r ¢ 150 Medioseubexy cadical dndependently

conpou Present.e ) a , ere i.S a

oroup 15160 HCBroRY BB o Rt RISV Sl Argiony.
cl ai m 28kylatyboxgiradicsle, one or nore initiator(s)

conpri se @@y,dr ogen halide, a carboxylic acid, a

car boxydatR Bcisae mamoyalentaCe dp fomi ey dragarkpn gadical dedsppndently
a phenalejectdPRbHMBE | IdRd iIRYIY aBh K i

a tertieaerc y aral kyl gﬁ%%ddg,gﬁgnggr?%% aérl$léfaﬁj3lfl leglsat rl’, nglaryl
t erti arandayalokldyl mdicels; a tertiary al kyl ether, a
tertiary.aral kyl ether, an alkyl halide, an aryl

hal i de,'ylsa?ﬁlﬁﬁeé?ﬂfg%ﬁt‘?@ ide or an aryl al kyl acid

hal i de.;,%2an ihbgeenp@l Ry of claim 23, wherein the one

or nore initiator(s) is independently selected from

t he gr ouls 3¢ 695 P svhergindhe sy of #ia@l mieldsathah y; and

each X is a halogen.

47.  The copolymer of claim 23, wherein the one or more Lewis acid(s) is
represented by the formula M(RC=00)nR ' Xy-(mn);
wherein M is a Group 15 metal;
each RC=00 is a monovalent C, to Cs hydrocarbacyloxy radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;
each R' is a monovalent C; to C;; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;

m is an integer from 0 to 4;



(CH3) 3CC1, CeH5C(CH3) 2C1,
(2-Chloro-2, 4, 4-trinmethyl pentane) and 2-
w@ hdoansss2s met hyl propane. 53. The copol ynmer of BCHUS2088040852
wherein the one or nore initiator(s) is independently
sel ected fromthe group consigting of hydrogen
chloride, hydrogen brom de, hydrogen iodide, acetic
acid, propanoic acid, butanoic acid; cinnamc acid,

benzoi ¢, aai - [ ' di iC

aci d. W 3008 GBI AR Rk SE RS s bR aR!

tri choreak&tisa hatigdn. trifl uoroacetic acid,

p- chl or obenzoi ¢ acid, p- fluorobenzoic acid, acetyl

‘chl oride, acetyl brom de, cinnanyl chloride, benzoyl

C ri I ' vt .
FrTT1 oriacahiiler O a3, R PEe 858 PY nfifle M ucide) i
met haneasdépfeodéntlyaseledied ftom fhegrouneinsatiag of finium setdchloride,

trlchloronetha ni c Cld - tal uenesul foni i )
wei d rEHERCCRTRORAS. LiERinle PP AL AR resarde, zirconium
br om deetradhldride! Qf-amRt Bﬁﬁ‘xﬁaé‘ kA DOt deC ma‘ﬂ{drﬁi @ibromijde dichloride,
trlfluoronethanesulfonyl chloride, p- toluenesulfony

chi or i cNenadivmh drwhide etrishiosile, finogalntis tﬁﬂpomﬂnanbﬂnzylmamum

gﬁte%: p&lgﬁﬁgfl‘% dbl?]@ﬁ% a%ﬂ’gl)l(galgh%{ enz%ﬂléil& 00k trichloride,

p- chl Ofcﬁbehﬁmzircorﬁuﬁﬂ uor Qgpdienade, 2, 3méth'§'ltﬁamum trichloride,
pent af | uorophenol and 2- hydroxyn tpht hal ene. 54. The

copol yrfimegyl tianipm, xBfluggidsr edimeihygtinndichiorider ephenylvanadium

i nitiat t} cte
consi sttﬁ%ﬁ)&?é Céﬁ'i@&ﬂ{aagﬂ%{‘ r%?ﬁﬁ r(rig’t hyﬁutg{#g%%?m ichibride,
2- br omudi@scprepoxyjtitedituyl Dedlbhlnﬁde 2- cphaoy@tanium  tribromide,
rzre E; mllofr ggﬁmeﬂwgy%wog&ﬁ élgﬁ eﬁ rgg:?}gyﬁ gnethoxyutamum dichloride,

2- br omgp@hdh, %e@h&yﬁﬁ n&l@ﬂl@ﬁﬁé/ | %ﬁ??ﬁé&p&?kﬁ{aﬁlulm dichloride,

met hyl et hy benzene 1-chl or cad

1-chl ora@eﬂohyﬂltbmnmene tdichldride, benzoylzirconium tribromide,
bi s(I - Ior th t. benzene;
5-tert- lluﬁ( % ﬂﬁ?%dreo [SOPERRPKIOKE Ry Fichiifse nmethyl

2-acet Qﬁéh’toﬁyﬁltaﬂluhfl arhivldeenbansi %eﬁ%ﬂ&%’vﬁfféﬂ'lum chloride,
2,4,4-trinet hyl pentane; 2-acetoxy-2-nmethyl’propane;

2- benzd@p&gymzoxyﬁ%qhkgr ¢ Blyaieum trlchlorlde boron trifluoride, gallium
2-acet %Xhlgrlée fnfloR- tﬁﬁﬁsﬁcﬁe Etmﬁaﬂﬁx%lﬁlqledlcl‘?log nzoé{hylalummum

dichloride, benzylaluminum dichloride, isobutylgallium dichloride,
diethylaluminum chloride, dimethylaluminum chloride, ethylaluminum
sesquichloride, methylaluminum sesquichloride , trimethylaluminum,
triethylaluminum, methoxyaluminum  dichloride, ethoxyaluminum
dichloride,  2,6-di-tert-butylphenoxyaluminum  dichloride, methoxy
methylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum
chloride, isopropoxygallium dichloride, phenoxy methylindium fluoride,
acetoxyaluminum  dichloride, benzoyloxyaluminum dibromide,
benzoyloxygallium difluoride, methyl acetoxyaluminum chloride,
isopropoyloxyindium trichloride, antimony hexachloride, antimony
hexafluoride, arsenic pentafluoride, antimony chloride pentafluoride,

arsenic trifluoride, bismuth trichloride arsenic fluoride tetrachloride,



2,4, 4,6, 6-pent anet hyl hept ane;

1- acet oxy-1- net hyl et hyl benzene; 1- aceot xyadanmant ane;
wda23venzs3y3 oxyet hyl benzene; 1, 4-bi s(1-acet oxy- PCFUS2003/040852

nmet hyl et hyl ) benzene;

5-tert-butyl -1, 3-bi s(1-acet oxyg | - met hyl et hyl )

benzene; 2-nethoxy-2, 4, 4-trinet hyl pent ane;

2-1i sopropoxy-2,4,4- trinethyl pentane;

2-meth pan abenzy = Aants : .

nethylg%gggﬁg?bgyﬁg? oxyiéIle,oﬁaf,dgf)’,6,6{-r éﬁ?@ﬁ%?ﬁ?phepﬂggg?ndg

2- i soprigpashjoromethosyBitidaquent amet hy| heplirmethoxytrickbioanymony,

| -nmethylethyl benzene: 1-, net.hoxyadanmant ang; )
- ot nodsEPR ARG B oS REhRERNR - Wuoromethoxyarsine,
met hy| eddaitoteteRREROMitimony, (benzoato) tetrachloroanti d bismut
5-tert-butyl -1, 3=bis(1- m}e,t F]boxy- 1-)met hyl ertoﬁlgllm)aony’ and bismuth
benzeneacetgitchiomddes- t ri s(1- chl or o- 1- net hyl et hyl )

benzene. WD 2004/ 058825 PCT/ US2003/ 040852 121 55. The
copol ynmer of claim 23, wherein the one or nore

| LT at D sgpolyhéher clak@ B! iviRrein Wed khy o8 aR6E1 ik NBid(s) is
ani on. 56. The copol %/rrer of claim 23, wherein the one ’
or nor enfependentlyrselepied drasm theegroup eensisting lof alue@nypririchloride,
wat er ( p l.ght) ] co of .cl.ai m.
23, Me%}%?ﬁﬁ?ﬂeq@gmg i ngthgﬂa}?ﬁglﬁnco%érh?{%gse ’ etﬁylafummum
cont actsieacgiidﬂeric:]rg diethglabmmmiaomr chlorided ?mﬂpdfﬁmhm dichloride,
selected fr t.he group. consisting of olefins )

a1 pha- gPehy BB SR Gt o) imaay eieyeme chisride, boron
conj ugatiedoRiE ARS titARA kaAbHesEd di enes, styrenics,

substituted styrenics, and vinyl ethers. 58. The
copol ynmer of claim 23, wherein the contacting further

C ri sgs. contacti .0neg, or. nore noner (.s).

i faep eﬁﬁgnf’qp)? Pyé’éffreocf?%ﬂmf ?%)’lﬁ)v herel %nﬁ[?m% Séfgii 1§Mohg pmpound
St yr enaepiesdnfed®kiokahMMRE, wiRAE B RRIIYhS 1Y FRAE X is a halogen.
al pha-nmet hyl styrene, divinyl benzene,

di i sopropenyl benzene, isobutylene, 2-nethyl-I- butene,

3-gyet hy-l - , y -pentene, i sopren .

s os coBUyERE i°ﬁ§¥aE§P?1, e Raf & g rir(s) comprise

myr ICenea, hﬁiéﬁgaﬂn ll[ﬂi)‘dh,yzliq eiﬁrlbb)d}ﬂlfteacid,@g@m)@ﬂﬁ@,qcid halilde, a sulfonic

cycl opent adi ene, t ycl opent adi ene, piperyl ene,

met hyl aci: A algiplra p lﬁ@a pplriperis thadide, Eaﬁmg@ryo%bxlylnahde, a

vinyl etfi@fy aralkyl halide, a tertiary alkyl ester, a tertiary aralkyl ester, a
tertiary alkyl ether, a tertiary aralkyl ether, an alkyl halide, an ary! halide,

an alkylaryl halide or an arylalkylacid halide.

52.  The copolymer of claim 23, wherein the one or more initiator(s) is
independently selected from the group consisting of HCI, H,0, methanol,
(CH;5)3CCl, CsHsC(CH3),Cl, (2-Chloro-2,4,4-trimethylpentane) and 2-
chloro-2-methylpropane.

53.  The copolymer of claim 23, wherein the one or more initiator(s) is
independently selected from the group consisting of hydrogen chloride,
hydrogen bromide, hydrogen iodide, acetic acid, propanoic acid, butanoic

acid; cinnamic acid, benzoic acid, 1-chloroacetic acid, dichloroacetic acid,



59. The copol yner of any of the preceding clains,

wherein the copolymer is halogenated to forma
whaloagsssas ed copol ymer. 60. The copol yner of cPei/msZ93/040852

wherei n the hal ogenated copol yner is halogenated with

chlorine or brom ne. 61. Thegppol ymer of claim59 or

60, wherein the hal ogen content is greater than 0.2

nol % WD 2004/ 058825 PCT/ US2003/ 040852 122 62. The

copol y”ﬁfchﬁfroé‘ckﬁé "hé@ quﬂggroam%r eld e S?}g@ 1c: acid, p-

content 1s fromO %to y from
0.2 nol %Qrob@zﬁlcnml% a8l chihwrideo mottyhibroraiile aal‘ymazﬁylt blﬂorlde
cl.ai ns Wnerel t he cogol yner has

di
From gr GRPEYL 1 nENOBEE 000begaY] ThorBise: yné‘i*‘*%‘?“’ﬁwyl@m"“de

e Premoacel By s or g oo GRURLL TS ol i

of fromagreater than 10
of the @Eb‘émlilﬁbﬁr@stéfom whisk e tndhtueomet}ha]hqsnkfomh asac1d, p-

500 copol r of .
any o PREnSERb sk Elupetiinet rdnandiBerden Rapide
a Mwv oftrfchmmrﬁétﬁaiegmfdns}ar@hrbn@@Otmroﬁ&hm?éaﬁlf&@ww&?de p-

of any of the precedi ng cl ai ms, wherein the copol ymer
has a tRiNonesuliprgnchlexde,t methagol, 6@hannh,e pmppmly rdepropfinol, 2-

b of Ay BESEELOECAL BT S0 0,07 0, R v

pr ecedl 76- dm%mheMer eprthl(h}@p}mppl y npfluBaspherdl I\/borzey4 5.6-
Vi scosi t %f Ieast 20 5 (M. 1 + 8 at 125C, ASTM

1646) . %‘53 UPH Wl?éhydé?xyélﬁphthﬂleﬁﬁe precedi ng

clains, wherein the copol ynmer has a Mooney viscosity

of from20 5 to 60 5 (M1 + 8 at 125C, ASTM D

1646) . The cdpdlymet iobreddimz @31, ovheledh ctbeméedr @rﬁﬂ@hﬁﬁﬁfor(s) is

O BRI SR LSS T 2 oo 0

al ky| stiinRbsipentane; 2-bromo-2,4,4-trimethylpentane; 2-chloro-2-
methylpropane;  2-bromo-2-methylpropane; 2-chloro-2,4,4,6,6-
pentamethylheptane; 2-bromo-2,4,4,6,6-pentamethylheptane; 1-chloro-1-
methylethylbenzene; 1-chloroadamantane; 1-chloroethylbenzene; 1, 4-
bis(1-chloro-1-methylethyl)  benzene;  5-tert-butyl-1,3 -bis(1-chloro-1-
methylethyl) benzene; 2-acetoxy-2,4,4-trimethylpentane; 2-benzoyloxy-
2,4,4-trimethylpentane; ~ 2-acetoxy-2-methylpropane;  2-benzoyloxy-2-
methylpropane; 2-acetoxy-2,4,4,6,6-pentamethylheptane; 2-benzoyl-
2,4,4,6,6-pentamethylheptane; 1-acetoxy-1-methylethylbenzene; 1-
aceotxyadamantane;  1-benzoyloxyethylbenzene;  1,4-bis(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-
methylethyl)  benzene; 5-tert-butyl-1,3-bis(1-methoxy-1-methylethyl)
benzene, and 1,3,5-tris(1-chloro-1-methylethyl) benzene.



preferably nethyl styrene, nore preferably

par a- met hyl styrene, represented by the fornmula: WO
wQoe4N8B3825 PCT/ US2003/ 040852 123 H j - G CHPET/USRD3/@0852

H 12 R wherein each R and R2 are independently

selected fromthe group congjssting of hydrogen, an

al kyl, a primary hal oal kyl, and a secondary

hal oal kyl'; the copol ymer having a copol yner sequence

distribution defined by: F=1-{mA/ (1+mA)} wherein m

is the copol ymer sequence distribution paranmeter; Ais

t K. nolher copmiyngeradf d&lkyl?&twhtﬁnm the dns ael ebrerinitiator{s® further

copol yne and

aIEyIZt PgﬁgeP§33k§T¥W“BP%§%§W§F%ne triad fraction in

the copolynmer; wherein mis fromless than 38. 72.

The functionalized or hal ogenated copol yner of claim

7156. wheFles ¢opalyinger of elaim 28 s whetetmths 5ne B8 moFb nitiator(s) comprise

oL B 58 NGRS SR gTBL, o m 7

functi onal | zed or hal ogenat ed copol ymer of claim 71,
wherein in is from1-38. 75. The functionalized or _
hal’oge nHice BORMYFBETy pE £lagn 23, ewlmrem_l thmmcnng rfuitker Eomnppnises

1-35. \an%lggﬁlé Qrg’estﬁ%gorp g&n%%?&)?' epen ently se ?’ected from the group
consisting of olefins, alpha-olefins, disubstituted olefins, isoolefins,
conjugated dienes, non-conjugated dienes, styrenics, substituted styrenics,

and vinyl ethers.

58. The copolymer of claim 23, 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.

59.  The copolymer of any of the preceding claims, wherein the copolymer is

halogenated to form a halogenated copolymer.

60.  The copolymer of claim 59, wherein the halogenated copolymer is

halogenated with chlorine or bromine.

61.  The copolymer of claim 59 or 60, wherein the halogen content is greater
than 0.2 mol%.



76. The functionalized or hal ogenated copol yner of
claim71l, wherein mis from1l-30. 77. The
wo covesssedl | zed or hal ogenat ed copol yner of angCDiS100#040852

preceding clainms, wherein the al kyl styrene content is
fromgreater than 0.5 nmol % 48, The functionalized or
hal ogenat ed copol yner of any of the preceding clains,
wherein the al kyl styrene content is fromgreater than
1.5 nol [ I I
c oépzol y rr'?e@rle “3"’5%‘3& &Ef lé[%ﬁré S‘g@cdgé Iﬁ%ex%fn {?1@ h%%%@%&ﬂem is tfrl(w)m 0.2
al kyl st poBa¢ 5.0mheli, preferbblyrragi Gatrﬁbl% a0 mdlol %
80. The functionalized or hal ogenated copol yner of any
of the preceding clainms, wherein the al kyl styrene
c ent r 0
U5t o SRR 2%%82%%?’2%&%%1 ST whin (36 Eopolymr has
pr ecedi alylve bbfrom, grevtertkim5@,000. i sool ef| n and the
al kyl styrene are present in the copolyner in anmounts
such that the isoolefin is fromabout 75.0 wt% to
9%H W PhDfopbRens @ ah |
aboct | 200D s e oL Opehctelng LK) ShUCR o Lo iReT has
upon t heMrephfiemefeattréhaoliL§dfer) . 82. The
functionalized or hal ogenated copol yner of any of
clainms 71-80, wherein the isoolefin and the
al &y/1 st ylicedvpoBinger RIf @i L Bf thie Hrédaging QRAIY Wherkin th@wrﬁerh
such thatee?%egfsool ef?n |srpfrom gbout 10.0 W% to 99. ®

wt % of & MV ollsems| gyerter thand Q000! kyl styrene is from
about 90.0 wt%to 0.5 wt% of the copolyner (based
upon the wei ght of the copolyner). 83. A blend
c (ﬁlﬁ) r i sThegedpobynom mxﬁ byyref ’:che rprédedflg [ ot]}ﬁmh b, \il@&igmrthe ccl)polymer has
al ogen r 0 of the preceding clains
and a s@&@bﬁ%ﬁ?ﬁg @&g@%ently sel ected from
the group consisting of at | east one of natural
rubber, polyisoprene rubber,
Pt ( st?hﬂe@@@c)bfmdwtfaw ey pregobieg c{z8BR) when@n the copolymer has
2004/ OSB@%‘;D ) 31200%?1&) 0852 125 pol ybut adi ene
rubber )IR e- co- but adi ene) rubber (IBR),
styrene |soprene but adi ene rubber (SI BR),

| ene- propyl ene rubber (EPR),
w% enkEhesopg of amepkthe prseding cRDRY,, Wrstipdhg ¢opelymer has

a MWD of from 2 to 5.

69.  The copolymer of any of the preceding claims, wherein the copolymer has
a Mooney viscosity of at least 20 +£ 5 (ML 1 + 8 at 125°C, ASTM D 1646).

70.  The copolymer of any of the preceding claims, wherein the copolymer has
a Mooney viscosity of from 20 + 5 to 60+ 5 (ML 1 + 8 at 125°C, ASTM D
1646).

71. A functionalized or halogenated copolymer derived from a copolymer
comprising a C4-C5 isoolefin, preferably isobutylene, and an alkylstyrene,
preferably  methylstyrene, more preferably para-methylstyrene,

represented by the formula:



i sobut yl ene/ cycl opent adi ene copol yner rubber,

i sobutyl ene/ net hyl cycl opent adi ene copol yner rubber,
woRaoriobss2F ubber, propyl ene oxi de pol yners, PCT/US2003/040852

star-branched butyl rubber and hal ogenat ed

star-branched butyl rubber, ;byom nated butyl rubber,

chl ori

nat ed butyl rubber, star-branched

pol yi sobut yl ene rubber, star-branched brom nated butyl

(pol yi
pol y(i
pol y(i
pol y(i
pol y(i
pol y(i
pol y(i

hal ogenat ed pol y(i sobutyl e

met hyl

72.

73.

74.

75.

sobut yl ene/ i soprene copol yner) rubber;

sobutyl ene-co p- nethyl styrene) and hal ogenat ed
sobutyl ene-co p-nethyl gtyrene), hal ogenated
sobut yl ene- co-i sopreneqco- p- net hyl styrene),
sobut yl ene- co-i sopr ett&¢{cocEtyYtene), hal ogenat ed
sobut yl ene- co-i sopreng-co-styrene),

sobut yl ene-co-i sopr effé-cy-a- net hyl styrene)

1.
Q-1 S0oprene-Cco-a-

styrene), and m xture

wherein each R' and R? are independently selected -from the group
consisting of hydrogen, an alkyl, a primary haloalkyl, and a secondary
haloalkyl; the copolymer having a copolymer sequence distribution
defined by:

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

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

wherein m is from less than 38.

The functionalized or halogenated copolymer of claim 71, wherein m is

from less than 35.

The functionalized or halogenated copolymer of claim 71, wherein m is

from less than 30.

The functionalized or halogenated copolymer of claim 71, wherein m is
from 1-38.

The functionalized or halogenated copolymer of claim 71, wherein m is
from 1-35.



WO 2004/058825 PCT/US2003/040852

76.

77.

78.

79.

80.

81.

82.

83.

124

The functionalized or halogenated copolymer of claim 71, wherein m is
from 1-30.

The functionalized or halogenated copolymer of any of the preceding

claims, wherein the alkylstyrene content is from greater than 0.5 mol%.

The functionalized or halogenated copolymer of any of the preceding

claims, wherein the alkylstyrene content is from greater than 1.5 mol%.

The functionalized or halogenated copolymer of any of the preceding

claims, wherein the alkylstyrene content is from greater than 6.0 mol%.

The functionalized or halogenated copolymer of any of the preceding

claims, wherein the alkylstyrene content is from greater than 12.5 mol%.

The functionalized or halogenated copolymer of any of the preceding
claims, wherein the isoolefin and the alkylstyrene are present in the
copolymer in amounts such that the isoolefin is from about 75.0 wt% to
99.5 wt% of the copolymer and the alkylstyrene is from about 25.0 wt% to
0.5 wt% of the copolymer (based upon the weight of the copolymer).

The functionalized or halogenated copolymer of any of claims 71-80,
wherein the isoolefin and the alkylstyrene are present in the copolymer in
amounts such that the isoolefin is from about 10.0 wt% to 99.5 wt% of the
copolymer and the alkylstyrene is from about 90.0 wit% to 0.5 wt% of the
copolymer (based upon the weight of the copolymer).

A blend comprising the copolymer or functionalized or halogenated
copolymer of any of the preceding claims 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),
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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(isbbutylene-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-o-

methylstyrene), and mixtures thereof.



