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PCBACIRCGRODUND340 2 During the polymerization
process, in what is generally referred to as the
initiation

[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

system is typically composed of two components: an initiator and a Lewis acid.
Examples of Lewis acids include AlCl; and BF;. Examples of initiators include

Brensted acids such as HCl, RCOOH (wherein R is an alkyl group), and H,O.



step, isobutylene reacts with the Lewis acid/initiator
pair to produce a carbenium ion. Follow ng,
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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.

[0006] However, there are a number of problems associated with the
polymerization in methyl chloride, for example, the tendency of the polymer
particles in the reactor to agglomerate with each other and to collect on the reactor

wall, heat transfer surfaces, impeller(s), and the agitator(s)/pump(s). The rate of
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cofheitoRl velnRf oftthe BR:S/, B0uéhtAndl wHr€acid monomers. The subject of
polymer accumulation has been addressed in several patents (such as U.S. Patent
No. 2,534,698, U.S. Patent No. 2,548,415, U.S. Patent No. 2,644,809). However,
these patents have unsatisfactorily addressed the myriad of problems associated
with polymer particle agglomeration for implementing a desired commercial

process.

[0008] U.S. Patent No. 2,534,698 discloses, inter alia, a polymerization
process comprising the steps in combination of dispersing a mixture of
isobutylene and a polyolefin having 4 to 14 carbon atoms per molecule, into a
body of a fluorine substituted aliphatic hydrocarbon containing material without

substantial solution therein, in the proportion of from one-half part to 10 parts of
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vagbbiati®f. TIER8GMABination provides a system in which the catalyst, monomer
and comonomer are all soluble and yet still affords a high degree of polymer
insolubility to capture the benefits of reduced reactor fouling. However, boron
trifluoride is not a preferred commercial catalyst for butyl polymers for a variety

of reasons.

[0010] U.S. Patent No. 2,644,809 teaches, inter alia, a polymerization
process comprising the steps in combination of mixing together a major
proportion of a monoolefin having 4 to 8, inclusive, carbon atoms per molecule,
with a minor proportion of a multiolefin having from 4 to 14, inclusive, carbon
atoms per molecule, and polymerizing the resulting mixture with a dissolved

Friedel-Crafts catalyst, in the presence of from 1 to 10 volumes (computed upon
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[0011] Additionally, Thaler, WA., Buckley, Sr., D.J.,
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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.

[0013] Hydrofluorocarbons (HFC's) are chemicals that are currently used
as environmentally friendly refrigerants because they have a very low (even zero)
ozone depletion potential. Their low ozone depletion potential is thought to be
related to the lack of chlorine. The HFC's also typically have low flammability

particularly as compared to hydrocarbons and chlorinated hydrocarbons.



or conponents and/or w thout sacrificing

producti vity/throughput and/or the ability to produce
waizgia/osgd2ecul ar wei ght pol yners. [0013] PCT/US2003/040340

Hydr of | uorocarbons (HFC s) are chemicals that are

currently used as environmentally friendly

refrigerants because they have a very | ow (even zero)

ozone depletion potential. Their | ow ozone depl etion

0 al is

P F(@'}PL i gtﬂﬁ‘g%&grﬁ%&l@?fer&%ﬁn@ﬂﬁ%%b%ﬁ4"7@5 2k discloses a

f | frowredafidail pylym:mrzamcnu]bmcésy uaisig c}g'dnﬁ}mnbdadadmy.d akardaokgound

P CHHORAT0GWGD 108 o6l hUH ORI 04061, US. Paten

relgr £65£878 NEKUBR MR DI/ 534896, dduat. sdbsehi0s6Ss &70,143e€

radi cal pol ynerization pfocéess’ using
hydr of | uor ocar bons. Qther background references

in 02/ 096964, WD 00/ 04061,
%%%%@%@Wu S. Patent No. 5,527, 870,

and U S. Patent No. 3,470,143. SUWMARY OF THE

I NVENTI ON [0015] This invention provides new

polQMEl i zat i Bhisgpeméins pmmdq@m&\/e}sémenmnongystems and processes
h f duc nmers. [0016] This
" 058 bR RRRRRS AR R o L Oone

i nve i on process
conpr|5|ng contacting one or nore nononers, one or
nmore Lewi s acids and one or nore initiators in the
pr dfAke of Zhigi inverHor: seipies sPng REAEMeRiZatigneprocess comprising

P gétilﬁgac?mlcég(%blglgﬁe dlmtﬁ)!ﬁlglgeﬁ) fh% fg]nrufrn At QL %@fgﬁ "and one or more

ynerli 1 ons an 0
e nhxmhmns fih the presence) ¢ € atdilaent cohpiieBigtone ar piicde dgdroflaorocarbons

pr e polyners of mononer )ri sing contacting,
n&%&‘@ Sigracippd ehﬁﬂasws%l%érpn&ﬁa iHopewi s acid in the

presence of a hydrofl uorocarbon diluent, wherein the

Lewis acid is not a conpound represented by formula

MXB01#her e Mn iaao1aegreoﬂqodm&nnretlﬁ$ invenitisnarehmdzsogem process to
e enb ihe i nvention provi

Lo BeftEsS Mot riel HprP O SPYARITE o e Rpptor, the

NDERNHMBASEAIE ) evil QLD A BR! PERIce 0% hPRbHIRGOLABSA Afluent,
medi um conpri sing one or nore Lewis acid(s), one or

mowaereiniheilgpy 44 is nai@ componud rrpresenied ibyifognwa &6y, where M
o[, ¥ES 25 e CE N PRALS D, (HFC S) -

[0018] In one embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s), one or more

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

[0019] 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.



[0019] In another enbodi ment, the invention provides a

pol yneri zati on nedium suitable to polynerize one or
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medi um conpri sing one or nore Lewis acid(s) and a

di luent conprising one or norg hydrofl uorocarbon(s)

(HFC); wherein the one or nore Lews acid(s) is not a

conmpound represented by fornula MX3, where Mis a

group 13 netal and X is a hal ogen. WO 2004/ 058827
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[ 00 igure 1 is a graph of the relationship between
digﬁ%%fgﬁgE@8ﬂ§tant and tenperature. [0022] Figure 2

is a drawi ng of diluent nmass uptake as a function of
vol une fraction of hydrofluorocarbon in methyl
chPDRAWINGD023] Figure 3 is a plot of peak nol ecul ar
wei ght (Mp) versus nononmer conversion of certain

i nventive polynmers as described herein. DETAILED

DEfORIPTI ON Fi24] ié/argrgnﬁofsme%Iﬁﬁ@nsﬁ{ﬁ)@éiw@a{]%lecmc constant
ver si ons and exanples of the invention wll now be

ded’d fepwaratyrac| udi ng preferred enbodi nents and
definitions that are adopted herein for purposes of

under standi ng the clained invention. For determ ning
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are equivalent to those that are recited. [0025] For
purposes of this invention and the clainms thereto the
t eli¥23kat al yEigusy3tieaptatfofipsak modaedlar nvelighd €M, R RyrshemioSomer

acid(s).or .other .netal . .
con el)smn of ceptam 1nven?ive polymers as described herein.

DETAILED DESCRIPTION

[0024] 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.

[0025] 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) 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).
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ol efinic nmononmers of the invention, as well as at
woOeesosgme i nitiator, and optionally other m nBCT/US2003/040340
catal yst conponent(s). WO 2004/ 058827
PCT/ US2003/ 040340 8 [0026] | one enbodi ment, the
i nvention provides a polynerization nediumsuitable
to polymerize one or nore nononer(s) to forma
pol yner, the polynerization nmedi um conprising one or
nore Lewis acid(s), one or nore initiator(s), and a
di [0026] conphi Sinegedbediatentyothe Mw@ntéd yeoddes BOMOBmerization
(HFC s). £0027 I.n anot her enbodi nent, the invention
pr BPAHES suitabln (rRalymerzeopne oREPTINNPMELs)dotform a polymer, the
po n ( f
PR E AN Befun RO 57 ohdle IR BoRBHY BRE or more
Leiﬂitiatau(s)dﬁmb a dihetnbcathprirgmg onccanmerediydep flaosocarbor) €HFC's).
hydr of | uor ocar bon(s) (HFC); wherein the one or nore
Lemﬁs acid(s) is not a conmpound represented by fornula
ere h :
TSR e Dl Saandt Rt e ot ph o ppgfitrization
f omedamnpelitatrir to palgheatizesorneoort ineresmosamengs) tofform a polymer, the
pO|%ﬂEfIZ tion ﬁonditions and co oneﬁt . wel | 'EFin.
t hB XBW‘F? PHoPCEHEL SOTRFFPE P10 0% e“ﬂ%é‘ﬁ%‘é%}r?l g diluent
obt@hpridiRe oRE @8 Wedrk BRI r&8Riohey (HPehY Wﬁérehf‘ tHel & or more
of process paranetersS and conponent properties
deb@WlSkﬁédi(S)h&n@tu acontipang represenigddy dosnyle MX, atlicond! isfa group
F3HPEM”E g%%g process and variations in the
nerization CO onents avai |l abl e to produce the
deS|red pol ymer attributes. In preferred enbodi nents,
such olyners i ncl ude  pol yi sobuty| ene honopol yners,
i sHl?@g I/ ene- 5o phiase "quitablpito mobimedrize deenomere fos form a polymer”
i's r V.
o PP BBt R AT oG G RP Bl i Bge A0 el witin
D| theebilityrefthesaskdilddinithgard nedsssptoogin algeplodud dnudntdesired
eci.fi¢c IIX defined to include chem cals that can
2 CPOIEICE g it sOf BFocETie PRGelers A8H deompRpmgRt pepsrties described
COH&H%XGQT heteNhilel AlRESus TRARIEAShsObS @ﬁeh?& gﬁtio\ﬁeﬁroc!eﬁ and
the practice of the invention, the di g oes
al vatatiohs iy ghe malymaizatien @bmphnents available to produce the desired

polymer attributes.  In preferred embodiments, such polymers include
polyisobutylene homopolymers, isobutylene-isoprene (butyl rubber) copolymers,
isobutylene and para-methylstyrene copolymers, and star-branched butyl rubber

terpolymers.

[0029] 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, 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 appreciable



conmponents of the polynerization nmedium i.e., the

conponents of the catal yst system nononers, etc.
wolaoesss27it is recogni zed that interactions beCwasz3/040340

the diluent and reactants may occur. In preferred

enbodi ments, the diluent doesgnot react with the

cat al yst system conponents, nononers, etc. to any
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ex : : a r 3

o X o bRl SRk LA R deR 4 B oo more

r edidtents.i s any container(s) in which a chenical

reaction occurs. [0031] Slurry refers to a vol ume of

di l uent conprising nononers that have precipitated

fromthe diluent, nononers, Lew s acid, and initiator.

Th urry : [ L: : .

e B

on the total volunme of the slurry. [0032] As used

herei.n, the pew nunbering scheme for the Periodic

Ta[ﬂ%é” G oup luélWemggédoaasVPlﬁn@l—Efvﬂ@A@thghEEwms that

NEMRe }?%&i?)tategﬁ&ﬁgﬁéhilueﬂtp %l)m%fg, WBis TBM, Rfd Y58tok O The

refer to honopol yners, copolymers,’ "interpol yners,

t eslpoy yomrcsntragton. il ithewodene aparcgmo| yirahe nytialyf er tampletely

pol yner onprisin t |east.t nononers, optionally

Wi P%Glé’ftﬁtgg P%’M@%egm&ﬁf’twg@nﬁ 036‘?%%‘1% s referred

to as conprising a nononmer, the nononer is present in

the polynmer in the polynerized formof the nonomer or

i n[008RE der i daumisedchdreinptherevhuobering schkmwiferthe WMegndic Table

cat.al yst _conpane ' S,CONPLI Si

el e BRR A P AR ARE TG RTNER TS G B2 1089
understood by one skilled in the art, that the ionic
formof the conponent is the formthat reacts with

t hB0&Bhoner sPelymst dawst depwiednior sefer g0 IBmapsbaness,i popolymers,
re n [ n V] t [ Qns
R T
oot sitppatileegt tweomdoerhée, diodslly Widh 2004 m{indHRrs.
PCT/ US2003/ 040340 10
[0034] .  When a polymer is referred to as comprising a monomer, the
monomer is present in the polymer in the polymerized form of the monomer or in
the derivative form the monomer. Likewise, when catalyst components are
described as comprising neutral stable forms of the components, it is well
understood by one skilled in the art, that the ionic form of the component is the

form that reacts with the monomers to produce polymers.

[0035] Isoolefin refers to any olefin monomer having two substitutions on

the same carbon.

[0036] Multiolefin refers to any monomer having two double bonds.



[0037] El astonmer or elastoneric conposition, as used

herein, refers to any polyner or conposition of
weoabosrmssse7 consi stent with the ASTM D 1566 def i RCTiUSZN03/040340

The ternms nmay be used interchangeably with the term

"rubber(s)", as used herein. ,[0038] Al kyl refers to a

paraf finic hydrocarbon group ich my be derived

from an al kane by droppi ng one or nore hydrogens from

E 2@3({391 glrjl g’n Elaféﬁ)‘f?er%? gbals%%@r'e_é%@?oﬂggl&na%tlts%%g%%%:&ﬁrs to any

r epelymet or mmydﬁmmhyrﬁé@ \¢pndidiadt Wit 1 ASTNINY1566 definition.
st&ﬁcture aracteristic of aromatic conp ounqs such
ediseq Byierehpngesply Mithdhe team "ryther(a)it asusad herein.
anthracene, etc., and typlcally possess alternate
doubl e bondi ng ( unsaturation") within its structure.
An[(H]r3§] groupliyd tefurs ta grpatyfficier hyd@ecaib@Mer@d which may be
dr oppi ng one or nore hydrogens

£ SNHC 3 ko, o CriBRng G o anese iy igiany Fioofhe formula
Co6
hy E%gga{gg@grg%muﬁﬂg? 11zIalltHHPIZ%-st E)ne ’ éﬁ%@%‘tﬁlﬁﬁép éﬁeﬁecl%%’da te.

fron1 for exanple, hal ogen (chlorine brom ne,
|tro sul f oxy

di
Hﬁ’?’gﬂ ate ofAngo I Tr}gltﬂl % gl% Ofl HETOYD thaty Ffflﬁlaoi‘mg Sfycture
hYQBI@a@terlsﬁlc oy bron%tfc%oﬁ@ouﬁ&s ﬁ'&ﬁ g, rf@xde)faﬂﬂiel%‘ ﬂ;ﬁi’én@gna;ph }ﬁlene

20 carbon atons which 'includes meth
t ephengothyane, agtdj{ﬁcglpguetc; QD@GYBdballyepcsssessahlkamgte double bondmg

st n ale ed c y havi l1to

cal Boftradl) SRR IR SriRas" Aol & Mg eRgyerived from
et i&ommaﬂl’: @@mp&und B0ROEPIAY Yne BEIO¥Y hydr§ SN HRRY the formula such
secondary butoxy, tertiary butoxy, pentyloxy,
is@bgﬁﬁyﬁ@? lg, pheaylsos&gts-hept ryl oxy, octyl oxy,

nonyl oxy, and decyl oxy; hal oal kyl, whi ch neans

strai ght or branched chain alkyl having 1 to 20

Ca[ﬂﬂéﬂ] at orrBSuHmtmhed seferg s tat tleﬁsedn@ﬁy&xfogblegﬁduﬁoﬂ}e at least one
hal char onet hyl

ncl ud for exanp

br DITOHEER, 1o elecisd 5o ?fhviamnl%ﬁwﬁeﬁy@h lopine, chipwinse tivprine, or
2- ein‘ﬁirib’ ko]

o g{érgpr oH, nikd] édl'f%&gi{%g?délggfs? ﬁwlﬁﬂﬂffgﬁ%t{% ﬂ?lol alkylthiol, and
4- iy diosese mlﬂggu strajghmbrolmandieﬂydh,alrdhmngm nlBtIQ/Icarbon atoms which
gl lféllcféﬁ%s? Igle HV? pr%p)a teng/qtﬂo}%Béqogﬂc E]s% 1(1)’[?1} e¥c ; alkoxy, straight
3, & Bliukdhe® cRAh @by hdvidg dith |20Q5%h%ﬁ¥hs and includes, for example,
4, 4- dlchlorobutyl 4, 4- ~di fl uor obut yl ,

t ring HPBY,0PHRO X | pronowa dsenrapeyh huaxy, tisabubrixyg ceendydy, butoxy,

2 S0 PP wsrafyfs * okt B8 SR o dspiylonyarpptviony,

2, @yny]aXy, 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, 4,4-
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-
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tetrafl uoropropyl. Thus, for exanple, a "substituted
wenyu@mIsgxe7uni t" i ncl udes p- mnethyl styrene, PCT/US2003/040340

p- et hyl styrene, etc. [0041] In one enbodinment, this

invention relates to the use ¢f hydrofl uorocarbon(s)

or bl ends of hydrofl uorocarbon(s) w th hydrocarbon(s)

and/ or chlorinated hydrocarbon(s) to produce a pol yner

sl %Jaﬂu#&h@?gl S "Ilh%§s Légc’gﬁ'plet % ﬁs%BgtLtﬂt%d(étygrlgr&b lﬁllf’olnglﬁldes p-

observe Iass ess stic par
remthydnﬁyren@@ec&hylxﬂytdme;ﬂduced adherence to the walls
of the vessel or to the stirring inpeller as well as
reduced particle to particle aggloneration). Mre

L ?}“ arlyp, t ies eﬂﬂ&}ﬂ%ﬁ% tonth'isellF%: jon© rElla% u%@ Bk use of

uor ocar bon di | uent or uent bl ends
WI hydrhﬂdwmcabm(a)s oanblends (olﬁl luydroﬁlwdcdnbtdm)c amﬂno thydrocarbon(s)

e rize an copol yneri ze isool efi.n

ai ahber et RS i S DB Barobier SEEpophiR is165s brone
howmhuge e, ﬁmo&@%hxﬁ&res%wstmeSIemﬁdkwah cYesrlﬁcheC Rction
reactor fouling Furt her his i nvention rel ates

t heesselevidh radperdosdhersnoe b the wadis of €l Yesyel o t(dthew@mlng impeller

bl ends.,wi t h ;h rbons and/ or h or.i
ny i Sl oo B RER o PralomeRinil cHyr proigulary, this
| s pvkpfidd @] aestth tlli’é 8RS HydrdIfueebtamoniPRbe{d) br mhm&t Blends
w th nificantly reduced reactor foulin hence

e pasy & o

| oWl hydincarpans pnsi/on ghlorisated diyelrocasbone blep mbymerlze and

| )
TR, PRIt S04 P ISR Y oRE bt oot
t ohelbtpilymesd uﬁ@dcmﬂ}}tﬂﬁﬁ et uRighflcanily oledtided hertor fouling.
transfer tubes angé reduce Eh%%per accunul ati on on

t hEusthggetbisenverignrrigles dnthsidse o Rydipilperscarbpy dilugnighan diluent
| npRAGL st @@&%ﬁetmﬁo@ %Ihg%gﬁ%ﬁl FRGARONEN R B PSi§herize

in a tubul reactor at h er t eratures to
pr amtl cep@dphymer soakefinsiotithgdieateto prmlucd évogldiin {apotymeas with

O B bR M5, RS ShERLY, T8ttt o

pr edBpa8d 1o @neakiRinal aRknA8 hours than pOSSI ble with
ot her” hal ogenat ed hydrocarbons. [0044] In anot her

enbodi nent the hydrofl uorocarbons are used in an

[0042] 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.

[0043] 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.

[0044] In another embodiment the hydrofluorocarbons are used in an

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



autorefrigerated boiling-pool reactor where heat is
renoved by evaporation of the WO 2004/ 058827

WOCH4ISE03/ 040340 12 dil uent and nononers ni RCUAUS2(06/040340
reduce reactor wall fouling, and agitator/inpeller
fouling anong other things. [0045] |n another
preferred enbodi ment the hydrofl uorocarbons are used
in a poI yrrerl zation process to obtain higher nol ecul ar

PRE! afy r

haPogenat e%l cf&)ocar bgﬁs ar e{ useght?oa%gﬁ? %JHE fouhng’ and
enbglthtarénmclldsrrfbslmgmnm’@ atherrtbingbes to the d| scovery of
new pol ynerization systens using diluents containing
hydr of | uor ocar bons. These diluents effectively

di frpakye t hel§%&ﬁér%ﬂeﬁ%@le¥ﬁ5d§1¥ '{?ﬁ@ ?ﬁoﬁ@&egﬁ%ﬁ sbeHE used

are relatively poor solvents for the ymer pro
Poiry pepdlymtiizitionysoesss tosobigin higbere nitildcutant weights hteﬂ& same

ot B el e offsrapioaie BBy FoRefons y e T

poI ymerization hardvvare In addition, this invention
further relates to the use of these diluents i n
pol0PHel i zat i BhOIsey@nbfvﬁhmﬁm; thify emf@n‘epareiatbs)to thie disaghtery of new

oG Ra e, SR dinehe oS PRGn Tskofuorpoabons, These

t eamwhmt M@sweusyl cngsoml 1Bk Yseleble@r datidy <t Gy Syl BelambAdiners but are
di luents such as nethyl chloride. [0047] In another

n{%ﬁa‘/ﬁbfnﬁoorﬁﬁb@nﬁsnﬂ@é mq plymer atOésw& oP@lmmeaz@mv@rsgﬁmf using

ne Si,N

oo HeB MBI SR ARE AU R O G B e
sypdrtictes Themeh pnhe;tnmd A dépcsitﬁﬁgeﬁis mﬂ}&n@iﬁﬁon hardware In
be l.cial . for isool ean slurry polymerization an

fdqn, o Hhig ¢ myengin, furthey J?]ia'jﬁ’st tht theg upgsef tb?sénéhltl@ﬁts in
f oﬂélyﬁgnzém)hl & sR&lsMok thd 9r ?CI gﬁ%@h WYl gl—rn ; e&@af‘&r@&ght polymers

conohoner and the comme pre
al &y alopolymen el eqigvaentaky sirs hlghar attheli t foorthosehipslymerization
i nvent i n further e, use ofvﬁférese di L uents

¢ ot et stk le S AhRiga, fyabgiuen Forgethy]

anghis@@Q! ynmers at hi gher pol ynerization tenperatures
as conpared to polynerization systens using solely
chl orinated hydrocarbon diluents such as nethyl

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

diluents such as methyl chloride.

[0048] In yet another embodiment, this invention relates to the preparation

of isoolefinic homopolymers and copolymers, especially the polymerization



[0048] In yet another enbodinment, this invention
relates to the preparation of isoolefinic

waanapsssemer s and copol yners, especially the PCT/US2003/040340
pol yneri zati on WO 2004/ 058827 PCT/ US2003/ 040340 13
reactions required to produce,the isobutylene-isoprene
formof butyl rubber and |sobutylene p- al kyl styrene
copolyners More particularly, the invention relates

rhzZIi: | (1 zi

| oS UIR atL olRaMI b BSu B SR HEREE L By pyper and

hy iﬁobﬁﬂylb@é-@gﬂkjd@ﬂyrdﬂﬂe |cupd51§fﬁleﬂ;[ Mibrengastifarly, the invention relates to
hydr of | uor ocar bans, .and chl ori nated hydrqgcar bon
di Puditod | Pk ePRRBPRYFINghiagH | Gepolyperaing ispolsfipshdn a shumry

| Wgﬁh{éﬁ%tlont Cﬁrg?&g Y R a{q& RO SEE0F oﬁlhtlé}ft‘s Ph Sﬂéﬁds of

tion pro or C Meri zing an |I'SOnonoo
hauydgfifiivrotarBonsy aifd cldotimated by domrboddipens; Akdmyktlyy cldogde.
nononers. I n accordance with a preferred enbodi nent
of the invention, the system produces copol yners

CON@@P' ng ﬁ?ﬁﬁ&ﬁé} éi‘ll?&lﬂ'i ene aﬁ) eéﬂi@lﬁon % ém% Bgthg present

i sool efin such as 1sobuty t ween
anthvestiant proyidefiort ¢n@obammzaig<@d Jsmymmuéel%mha”vmgfrom 4 to 7 carbon

par - et h Ist accordance wth nother

TBOHP R, DISAO0 S YTe R P BEgR ey B HIGEIE Milber areferred
ar @mlBSthﬁnP rdIdH{ée(i'n\%‘ﬁtMﬁ' khe ts?ﬁefﬁo Bﬁid%ﬁ@sr %o%l‘?mers containing
conpri sed between about 10 and . %0

| s beimeen abous 80 jasd BASyWee breof the @soabéimsuch Bs anbntgl@nmnd between

A B T

r e hedoedant® wathRiho RS Smbedinithf HoGevED WheRS Slagly or plastic materials
cationically polynerlzable nnnoner(s) conpri sing
c o Ateheingnprodpgedaasrweth b conohemers aemeanuaysed detvieggngrbout 10 and

a Pé‘s W9, A7 thd bbb RER! or mpatg%ng,f&ﬁg%%‘f 0 2@ obRi$t. % of the

uent ‘at a tenperature o pre efably
- 1p£iaeﬂky1$tmme,,suph ef prralmeghyl@GEner | ower, prefer abl y
-30C or lower, preferably -40C or |ower, preferably
-50C or lower, preferably -60C or |ower, preferably

8| Lo BECISIHMIAE o A9V AL
f r pradoc t polytmersf r@ez@aﬁgnqg@hlsnt pofymetieabpol }mmpmz:la(s) ommprlsmg
Nbﬁ%rﬁ%%gl Z%hﬁg?scﬁ;g e molfllgrrrlltér(%nd IS8 rgl%{d ancyl an 1n1t1ator, 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

[0051] 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,



[ 0051] Mononers which may be polynerized by this

system i nclude any hydrocarbon nononer that is
weoabogrossd2zabl e using this invention. PreferredPCT/US2003/040340

nononers include one or nore of ol efins,

al pha-ol efins, disubstituted gjefins, WO 2004/058827

PCT/ US2003/ 040340 14 isool efins, conjugated di enes,

non-conj ugated di enes, styrenics and/or substituted

st WV h t b .

S PR, AR o LR B W i

or styirdrios abel gnylupherfr &he rsazbényc nfahébersnbsiiteted Com tal MiSez)Avith an

on.ato preferably 2 to 9, even nore

pr éﬁ%ﬁl a%:‘ﬂ’aly %311%01'9& %go rng&lpo Rre er?éal&ntbﬁ Sa019Mmes cepigHseyto 20

ol @hbB5 atdhtd, elfe ?fe)férﬁﬂl P9 A8 %réb%’e[fégﬁl ;?gﬁ)r@carbon atoms.

met hyl styrene, pha- styrene VI n?/’I

di E&empbpemf I kpeefmwﬂa olelﬁas;bunqhhcten estyrﬂneretldayd alkyBtyrare, para-

3-net.h | - but th pgent ene, i sopy.ene,

but 5 ﬁéfen ?ﬂ?ar}a?tﬁgf g'lgn‘fxutdéﬂp gizeng, siksghiapenylbenzene,

Y {808 1end, ﬁnﬁ%ﬁﬁllhwteﬂélbliﬁ&ﬁyl 1 B@t%ﬁ@'ﬁlﬂ@th -%— entene 1sciprene

cycl opent adi ene, pi peryl ene, methyl Vi nyl
vi hytadisnpe?,3-dimethyl-53thwadiensi fydinanch eryreane, 6,|66dlineﬂsl fulvene

nbi
molehEres e RiedRaf bR Bot pRerL el s oBL et e, and
Mo AR EyS VlnyPé@lEﬁéﬂcB&eklil&C KvieRAAEYREY 8lsb bel déifbinations of two or
copol yners of styrenjcs, such as styrene,
pafererangiemery r (Hiwenis| blek @pﬂyn@twn@ﬁealscahd ws4d tapmoBOmers.
di ﬂe%ﬂr o%ﬂc&gggrmér? PRI CO}?O fers or}e.?,tglﬁngcs; E%cihuase Styrene,

Parti cu y pr rred monomer I nat

1) pm&bﬂhyﬂs@?@earﬂpmaﬂﬂ&tﬁyﬂle sind ane t@) ChS AolefhseNsuch as
and i soprene palyners of |sobutylene

[ O@@E]enﬁed'&‘?t?416‘??alap§/ thep P&? e #’ﬁ@&u iy gifeterred agnparer tog@bénations
th e

Caﬁc(l)lﬁll’ecl)P%?%/ n'gl??éz: g%n{,l %’%&8‘@5@[ F@ﬁ;ﬁle eZAaﬁ%ﬁriﬁ?l%ﬂé Pﬁ&i 1§o%rene as
| nwehtas hgmopalymets dasubathleneW | ey | nt er sci ence, New

York 1975. Mbnoners include any nononer that is
cationically polynerizable, such as those nononers

thggosay e capallirionhllpt afblekel Ndnéhon@lé OMm@lide  those that are
propagati ng center because the nonomer contains an

eI edtianinsl iy obitmarizablessles@ihreddn detrianiceBolting iz ®inoaf @lefins, A

Si e S i opi.c PoI | zatign \
of CETBRE ARt Brephy R0, WAL “TiGagRroketehy Yor 1075
W Monohieteinsleide B moeiier tHak isl@fidnically 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.

[0053] The monomers may be present in the polymerization medium in an
amount ranging from 75 wt% to 0.01 wt% in one embodiment, alternatively 60
wt% to 0.1 wt%, alternatively from 40 wt% to 0.2 wt%, alternatively 30 to 0.5
wt%, alternatively 20wt% to 0.8 wt%, alternatively and from 15 wt% to 1 wt% in

another embodiment.



[ 0053] The nonomers nay be present in the

pol yneri zati on nmediumin an anount ranging from 75
woreedoss2701 w % i n one enbodi nent, alternativeCyus203/040340

w%to 0.1 wt% alternatively from40 wt%to 0.2 wm %

alternatively 30 to 0.5 w%alternatively 20wt % to

0.8 wt% alternatively and from15 wt%to 1 wt% in

anot her enbodi ment. WD 2004/ 058827 PCT/ US2003/ 040340
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mul tiolefin, or conJ ugat ed di ene nononmer conponent.

Th oIef| an rom.70 to 99.5 wt%.b .
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e”&ﬁﬂ(bﬂﬁimsfr miffuré, ohOhiErutet 4ving AN&sh@an aemRe @i Tsdlefin Mdnomer
yet anot her emmbodj ment the isoolefinis in the range

of ccglzpqn@nw% agsoputeRRWith §2) wa%t@éefm, eneorjegairshdinee menomer
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0. ﬁomwrikimem migtund heoneeesrbbliﬂnmiem 85 kn 99 6tw1&$lﬁi bmﬁher embodiment.

odi men 8t005vvt of  the conmono
mnﬁt Xﬁtémpél% E%gleabthaﬂ%wée {nrifein e FaZem! 0ageI9% W%, The
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Worﬁ’%qa?/e@?di@ﬁe_: g%@@n&ft éh%{éﬁ%ﬁ&ﬁhfgut oS e}?%éent in “th&'cEMBnomer

4- metthngl fr«bmpﬂhttce ﬁé witheinnoe embedimentyeandbfeorm 134 té @.¥#4% in

2. HH 508, DHT ol Srnuh SEERERERe v AN 0 %6 of the

di ¢ehdénOmer lﬂlfkﬁﬂ@ is &ﬁ?}lﬁ’@i‘t&m&en&thé’ egnb agl 1‘§&ﬁeﬁﬁ‘ ‘Ehay be one or
pi peryl ene One enbodi nent of the butyl ber

pomgreeef ipgbutane, 2-mesttli lobutene, atm@thwebrbbtpncr,@amthwyz%nm, and
294 Enetl)@l%’ ?Jntén% %%@B&g%ﬁy% 84 9) é 14\’(\:'t0101/fu|gzsit(e) 4508 such as

reac
isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-

dimethyl-fulvene, hexadiene, cyclopentadiene and piperylene. One embodiment
of the butyl rubber polymer of the invention is obtained by reacting 85 to 99.5
wt% of isobutylene with 15 to 0.5 wt% isoprene, or by reacting 95 to 99.5 wt%
isobutylene with 5.0 wt% to 0.5 wt% isoprene in yet another embodiment. The
following table illustrates how the above-referenced wt % would be expressed as

mol%.



i sobutylene with 5.0 % to 0.5 wt % i soprene in yet
anot her enbodi nent. The followng table illustrates
waaw4tosgs2above-ref erenced wt % woul d be expr esBew/U&2003/040340

nol % WO 2004/ 058827 PCT/ US2003/ 040340 16 vt %o

;1C42" mol % 1CA W' %I1C5b Mp) %IC5 70 73.9 .5 .4

85 87.35 4.2 92 93.3 8 6.7 95 95.9 15 12.7 99.5

99.6 30 26.1 a. IC4 - isobutylene b. 1C5 - isoprene
[0057] This invention further relates to terpolyners

and tetrapol ymers conprising any conbination of the

nmpno st gd ab Preferr polfymers and
tptra ngff}#ﬁ‘e i né'}‘ﬁ\(éflggl yire ?g/b %i si ng‘iﬁ@o’édﬁﬁ ene,
i sopre and [divin lbenzewéj POl yMers [conprisimg
sobut y?eoe gar a- a3k%ll styfene (preferably péranet hyl
yTren ano Isoprene potymers—conprising
cl ope‘%ﬁ adi erfe, 857@3outyl ene, afAd par dal kyI 48t yr eng
oreferabi y—pat aret ||y| St Y ci"lc) ; pOI D ALLSUES] of

sobut Y%ene cylcl opéi¥idi eng and Bsoprene, pobyers

l anant adi -sobutvl et e, anhd
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Cuupllolug ey gropentaatene
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A} ”4

ycl opeddt adi erle, pdS@rers conprik ng i sobutyjze’ne
araret-hylstyrnene and cyclppentadiene llew s acid
D058] 99.8 a prief er rgck enbofi nent3g he Lewis aggd (al $
referred to ad the co-initiator or catialyst) pmy b
any Lewis acid based on netals from Goup 4, 5, 13,
14, a Periodi c Table of the Elenents,

[ nc 1;((‘;4' #SO@IWI%H@ alumnum gallium indium titanium
zi b.cHIH usppren®, vanadi um arsenic, anti nmony, and

bi smuth. One skilled in the art will recogni ze that
sonme el enents are better suited in the practice of

t hosayent i ofyis! AvaRfneRRAE T8Res h RrIBH LS & tetrapolymers

al um num
comprising any combination of the monomers listed above. Preferred terpolymers

o
o

1%

and tetrapolymers include polymers comprising isobutylene, isoprene and
divinylbenzene, polymers comprising isobutylene, para-alkylstyrene (preferably
paramethyl styrene) and isoprene, polymers comprising cyclopentadiene,
isobutylene, and paraalkyl styrene (preferably paramethyl styrene), polymers of
isobutylene cyclopentadiene and isoprene, polymers comprising cyclopentadiene,
isobutylene, and methyl cyclopentadiene, polymers comprising isobutylene,

paramethylstyrene and cyclopentadiene.
Lewis acid

[0058] In a preferred embodiment the Lewis acid (also referred to as the
co-initiator or catalyst) may be any Lewis acid based on metals from Group 4, 5,
13, 14 and 15 of the Periodic Table of the Elements, including boron, aluminum,
gallium, indium, titanium, zirconium, tin, vanadium, arsenic, antimony, and
bismuth. One skilled in the art will recognize that some elements are better suited
in the practice of the invention. In one embodiment, the metals are aluminum,

boron and titanium, with aluminum being desirable. Illustrative examples include



boron and titanium wth al um num bei ng desirable.
IllTustrative exanples include WO 2004/ 058827

WOCI4ISE03/ 040340 17 A C13, (al kyl)Al1Cl2, (CREBNRADSL40340
and (C2H5) 3A12C13, BF3, SnCl4, TiCl4. In a
particularly preferred embodi ppnt, BF3 is not the
chosen Lew s acid. [0059] The Group 4, 5 and 14 Lew s
aci ds have the general forrmula MX4; wherein Mis

i ndeélé’n&a 1%{1 Mcbél ged?@a Al?l?%?nd ﬁzeﬁs 3?2%%}. SI%Clr"ig e Ina

fl pmjtﬂcmlerly pfﬂfmetdmnbdiﬁmantFg Bt tl@djhb@an Ipsveik aciabl y
chlorine. X may al so be a psuedohal ogen. For the
purposes of this invention and the clains thereto

ps al oge

Lol 200 Tnk it shd b DEVBISRRIA U hepery ot ek,
cy shiesken M\ter*ﬂorumm; Sngr &k areplemd Xds aldhelogEm ir_tﬂepetr&ently selected
tetrachloride, titani t et rabroni de, vanad
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Nothel tleind Hgrate apsphidshaloge u@leieﬁmd amlblanarbramde,den isocyanate, a
t.i t,ani um di brom de. vanadi um

hl ori de
or UPGIBner R PG & (4 R Gifr R FP GRREReS inlude
[ OgeRlunt etichlorie,aNHadidml Girsbra@idts Yaefdiimi @eﬁd&h}%nde tin

i nvention may al so have the general formula MR X
whigtiapionle andziengpium tetraclderidel Fes Grouphes ef bt LRWlssacals may

MOBRY ogﬂﬁn Iﬁ?o‘%%ﬁﬁ%% %8” r adl ﬁ%alosggl eck glgll{l}{lﬁ{r%(&?gmgfes YBelude

consit s

al ki;dnarny |br<ﬁﬁﬂlectﬁeh1©ﬁﬂ&yﬂ1taﬁ1aﬁi dl@h&mdal’hﬁc}ﬂohée aRnhdih@9Bbmide
fromO to 4; X is a hal ogen independently sel ect ed

fr B %@eg@f&}ﬁl%ﬁ%qlesﬁﬁﬂﬁ‘@né‘f fluorine, chlorine,

brom ne, and iodine, preferably chlorine. X nay al so

be a psuedohal ogen. For the purposes of this

i NY60] on anGrovpedch andd 4t hewistaoids pseﬁlﬁcnhﬂh@ @&rention may also
|ocyanate

d { t
an oY sy A 86 IS o ) CRRGTORE fh Sty Hanaigh wherein
r ekqg a nﬁ&m@al@ﬁ‘mﬁ%caﬁﬂiﬂtlﬁ&eﬂr&@lec@ﬁtfﬂ)n?hie%‘ nﬂ &Iﬁﬁgng of C; to

aromatic structures, the radical being at™ a

po§|11 iilll‘iﬁl arfle arylalkyh alidylayylaand qulwlle}rlsfadmala amij nCIaIan integer
tal t h aliphati.c and ar uctures
e oL R ARGy Rl B by Bt pyeistine of
ex ﬂﬁ@ﬂn@ cbforfnde Seomine\Muisd asdifts dprefé}dw}e CHE)E%M' K hRARi 48 be a
trichloride, di benzyl titani umdichl oride,
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. The term "arylalkyl" refers to a radical containing
both aliphatic and aromatic structures, the radical being at an alkyl position. The
term "alkylaryl" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an aryl position. Non-limiting examples of these
Lewis acids include benzyltitanium trichloride, dibenzyltitanium dichloride,
benzylzirconium trichloride, dibenzylzirconium dibromide, methyltitanium

trichloride,  dimethyltitanium  difluoride, dimethyltin  dichloride  and

phenylvanadium trichloride.



benzyl zi rconium trichloride, dibenzylzirconium

di brom de, nethyltitanium trichloride,
wdizoatosgd2ti t ani um di fl uori de, dinethyltin di chPOTiUS2003/040340

and phenyl vanadiumtrichloride. WO 2004/ 058827

PCT/ US2003/ 040340 18 [0061] @oup 4, 5 and 14 Lew s

acids useful in this invention nmay also have t he

general formula I\/(RO)nR' nX4_(mtn); wherein Mis Goup
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[0062] Group 4, 5 and 14 Lewis acids useful in this invention may also
have the general formula M(RC=00),R'nX4-(m+n); Wherein M is Group 4, 5, or 14
~metal; wherein RC=0O is a monovalent hydrocarbacyl radical selected from the
group consisting of C, to Czp alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from
the group consisting of C; to Cy2 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 such that the sum of » and m is not more than 4; X is a halogen independently

selected from the group consisting of fluorine, chlorine, bromine, and iodine,



metal ; wherein RC=00 is a nonoval ent hydrocar bacyl

radi cal selected fromthe group consisting of C2 to
wQ2M4aisssacyl oxy, aryl acyl oxy, aryl al kyl acyl oxyPCT/US2003/040340

al kyl aryl acyl oxy radicals; R is a nonoval ent

hydrocarbon radi cal selected fyom the group

consisting of Cl to Cl12 al kyl,” aryl, aryl al kyl,

al kyl aryl and cycl oal kyl radicals as defined above; n

is L0t e .fr te 4, and mi n_int fromOoO .
SRR SR 2T A e R R o i
X izentidinbad el chidapengdast psgudsialopeh €6l defined tdh deddPufde, an

consi sting of fluorine, chlorine, brom ne, and iodine,
WOISOBAISE 88 2 thipeyrnais) Ry /isetbvgpanatey ¢r f egyapidg.  The term
chhari y : E e .
pur e tacidiy Bt (P8, P MARMRIAE Wy b and aromatic
pssmddiras,ogkn rslicef beieg tad be atkyazyldey @osition.  The term
ISP nate, a fhiocyanate, ~an isothiocyanate or a .
cyaai@w'iaﬁﬁ@xverrﬁ#%r ' A ERGH fopladRye bodh liphatyy gnd aromatic
" aihichlre O ALIRLIGROL Ll RBAL T QRS

struct uFes, t hearged?éga e %gﬁgi‘{’;gﬁﬁg?‘ﬁyg@ﬂ%%}ng examples of
potliesé ohewiFheacidsr imcltidd k gdedogttitenyurox yichledfidy; s benzaylzirconium
radi.cal . cont ai nj ng..pbot h al.j.phatic and aromati.c .

st PLREvidEs Perdodloriaim Jftfieyite: TapRapeyleRin gighloride, methyl
POgdekd:QfitaniNRR dlchiBride Afd &P b&sofoxytPReRIn-EMbEdaci ds

i nclude acetoxytitaniumtrichl oride; benzoyl zirconi um
tribrom de, benzoyl oxytitaniumtrifluoride,

IS oyl oxytin trichlaride, thyl. .acet.oxytitani yum
o B3P e 2 tutben i, Bhi98 TiselTF v o et g o Hibe the
[ 0Q&i}al Gonmiila MOBW wheeind® LsseGebuy § idals whexen X B halogen
may al so have the general formula MOX3; wherein Mis

a Bdspgndsnthe selected frameths growns consigiing g rfluoringeelierins brgmine,
selected: £r r QUR.CONSi gt i Lfluqr . .
chiay ikl Wl QHBARETS) &' dRichy ' Skdits, s angium
nooxytiichlbridey exanpl e i s vanadi um oxytrichloride.

[0064] The Goup 13 Lewis acids useful in this

i nvention have the general fornula MX3; wherein Mis

a fgoeyp 13 mepaGrant BXLé.:\§is%cf&@hgéfﬁﬁg}tﬁgfiﬂ%ﬁ%ﬂth&ye the general

sel ected fromthe group consisting uori ne,
c hfesmiuleeM>at wiieredy Maisch GodlipnE3 mepal ehé Xabsl ayhalbgaor independently

may ;al sp .be suedohal.ogen. .For the jpur.poses of this ..
| S O e BiSR ConnE T of doring e ptlgHER. dyaries and lodine,
depiefRgbly @hleindn @zhdieals@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 aluminum trichloride, boron trifluoride, gallium trichloride, and indium

trifluoride.

[0065] Group 13 Lewis acids useful in this invention may also have the
general formula: MR,X3., wherein M is a Group 13 metal; R is a monovalent
hydrocarbon radical selected from the group consisting of C; to Cy, alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals; and # is an number from 0 to 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



i socyanate, a thiocyanate, an isothiocyanate or a

cyanide. Non-limting exanples include alum num
wonrbesger de, boron trifluoride, galliumtrichPoriudeg3/040340

and indium trifluoride. [0065] G oup 13 Lewis acids

useful in this invention may g} so have the genera

formula: MR'X3_,, wherein Mis a Goup 13 netal; Ris

a nonoval ent hydrocarbon radical selected from the
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exarfﬁétﬁ}%laﬁﬁmhﬁﬁ%ﬁd LeMhFaRaliflgni ncl ude et hyl al um num
di chl oride, nethylal um num di chl ori de, benzyl al um num

di chl ori de, |sobutylgalI|un1d|chlor|de

di al um pym ride Y% um nu

% B I AT v o
Segéferal tbanuld M(R@)QR’ alheTEiAUVD @Tact}roup 13 metal; wherein RO
triethylal um num [0066 éroup 13 Lewi s acids usef ul

i niSthngne yaleays hy drecarkgxnrasicah selected Bomyida greup gossigiimeof Ci to

M EL R0 SO0 DR A TP oo

sehpdrvetbdr mdldalh gelgetod frobo tisd sioup Gondistizik 6OC; BT, alkyl aryl,
alko oxy, arylal kqoxy,. al kyl aryl oxy radical s;

" sa Akl g léﬁ%(anfﬂg}%ql 1936%4*@556? el neééb%%ft &ds FPmeFlh%om 0
Or QHPakPRSS 8h hiddb& frdnt 0118 3Gkén ?Aalf We sufil ¥ n ancBhidb ﬁ!)tlﬁ{é]re than

al kyl aryl "and cycl oal kyl radical s as de |ne above,;
i s3:aXnigrebbalogenomdependently sglebted fremathergrotye lcorlimsbmgmftfbmrme

5o S i R PR o dBloPih ¢ né greulsd be
copsileddhalepedl fHodOthk NBurposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy
position. The term "alkylaryl" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryloxy position. Non-limiting
examples of these Lewis acids include methoxyaluminum dichloride,
ethoxyaluminum dichloride, 2,6-di-tert-butylphenoxyaluminum dichloride,
methoxy methylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum

chloride, isopropoxygallium dichloride and phenoxy methylindium fluoride.



chlorine, bromne, and iodine, preferably chlorine. X

may al so be a psuedohal ogen. For the purposes of this
wonvanssan and the clains thereto pseudohal ogeaTius2003/040340

defined to be an azide, an isocyanate, a thiocyanate,

an isothiocyanate or a cyanige. For the purposes of

this invention, one skilled in the art would

recogni ze that the terns al koxy and aryl oxy are

structural equivalents to al koxides and phenoxi des

respectively. The term "aryl al koxy" refers to a
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[0068] The Group 15 Lewis acids have the general formula MXy, wherein

M is a Group 15 metal and X is a halogen independently selected from the group
consisting of fluorine, chlorine, bromine, and iodine, preferably chlorine and y is
3,4 or 5. X may also be a psuedohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples include
antimony hexachloride, antimony hexafluoride, and arsenic pentafluoride. The
Group 15 Lewis acids may also contain more than one type of halogen. Non-
limiting examples include antimony chloride pentafluoride, arsenic trifluoride,

bismuth trichloride and arsenic fluoride tetrachloride.



"al kyl aryl acyl oxy" refers to a radical containing both

aliphatic and aromatic structures, the radical being
wano@nsgnyl acyl oxy position. Non-limting exanpCeasefo3/040340

these Lewi s acids include acetoxyal um num di chl ori de,

benzoyl oxyal um num di broni de,, benzoyl oxygal | i um
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radicals; and n_is an integer fromO to 4; yiIs 3, 4

or trphgpdantinpeny dichlerifess than y; X is a hal ogen

i ndependently selected fromthe group consisting of
fluorine, chlorine, bromne, and iodine, preferably
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cyanide. The term"arylalkyl"™ refers to
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at an aryl position. Non-limtin
0 to 4 and m is an integer from 0 to 4 and y is 3, 4 or 5 such that the sum of » and
m is less than y; X is a halogen independently selected from the group consisting
of fluorine, chlorine, bromine, and iodine, preferably chlorine. X may also be a
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy

position. The term "alkylaryl" refers to a radical containing both aliphatic and

aromatic structures, the radical being at an aryloxy position. Non-limiting
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[0072] Particularly preferred Lewis acids may be any of those useful in
cationic polymerization of isobutylene copolymers including: aluminum
trichloride, aluminum tribromide, ethylaluminum dichloride, ethylaluminum
sesquichloride,  diethylaluminum chloride, methylaluminum dichloride,
methylaluminum sesquichloride, dimethylaluminum chloride, boron trifluoride,
titanium tetrachloride, etc. ‘with ethylaluminum dichloride and ethylaluminum

sesquichloride being preferred.
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aryl al kyl, alkylaryl and cycloal kyl radicals as
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structures, the radical being at an aryl acyl oxy

pofiot74pn. NofritiAtBist iifeBulema N @svedfion ta?@%sb%ﬁltﬁt(ﬁgivﬁﬁch are
i nclude acetatotetrachl oroantimony, (benzoato)

t ecanablel ofr rang pcmmlyxeChnua ishigzhle Hilaenstveithe therdhosdrdbewis acid to

P96 i DR 02 ot s

bt g@oqi}fiﬂ@ Shaey, SIlthEl@dt%l ek8mphls 4Ad1HdE Bronsted acids such as
tr| lori al um numtribrom de, ethylal um num

di BP0t e REORY 4plsiciuR is e allh| spwle alkyl halides, such as

O IR S AL B G v

chteoemtqe triveitton tidtdll vanpldees, duichamd mntalmcemh laod | 6tBer such
et c. Eh ethylalun1n n1d|chI§,|de and ethylalun1num
s e UGt Bt B askrhYRglP stte crialyst steptp spehswgten activated with

Pq/eéﬁ;Q:ggfcﬁ)ﬁaQ %%e ¢ 2bR07 ]Lévﬁw 1da§aF FlshaﬁéJ BberPised to initiate

met hyl al um noxa MAO) and specifica desi gnhe
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preferably less than 10 ppm, preferably less than 5 ppm, preferably less than 1
ppm. However, when water is selected as an initiator, it is added to the catalyst
system to be present at greater than 30 ppm, preferably greater than 40 ppm, and
even more preferably greater than 50 ppm (based upon total weight of the catalyst

system).

[0076] In a preferred embodiment the initiator comprises one or more of a
hydrogen halide, a carboxylic acid, a carboxylic acid halide, a sulfonic acid, an
alcohol, a phenol, a tertiary alkyl halide, a tertiary aralkyl halide, a tertiary alkyl
ester, a tertiary aralkyl ester, a tertiary alkyl ether, a tertiary aralkyl ether, alkyl
halide, aryl halide, alkylaryl halide, or arylalkylacid halide.



propagati ng polymer chain. Illustrative exanples
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fluorobenzoyl chloride.

[0080] Sulfonic acids useful as initiators in this invention include both
aliphatic and aromatic sulfonic acids. Examples of preferred sulfonic acids
include methanesulfonic acid, trifluoromethanesulfonic acid,

trichloromethanesulfonic acid and p-toluenesulfonic acid.

[0081] Sulfonic acid halides useful in this invention are similar in structure
to sulfonic acids with the substitution of a halide for the OH of the parent acid.
The halide may be fluoride, chloride, bromide or iodide, with the chloride being

preferred. Preparation of the sulfonic acid halides from the parent sulfonic acids



chl orobenzoi ¢ acid, and p-fluorobenzoic acid.

Particularly preferred carboxylic acids include
wonrimisgsoaceti ¢ acid, trifluoroacteic acid, aRdT/US2003/040340

p-fl uorobenzoic acid. [0079] Carboxylic acid halides
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| nglhydﬁ,xyﬁdﬂhﬁ{aml fonic acid, trifluoronet hanesul fonic
aci d, trlchloronethanesulfonlc acid and

p toluenesulfonlc acid. [0081] Sulfonic acid halides
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theorﬁ];d)unﬂs tdpeespated by tikciosmulaBeRvhal i de may be
fluoride, chloride, bromde or iodide, with the
chloride being preferred. Preparation of the sulfonic
acid halides fromthe pargnt sulfonjc acids WO

2004/ 058827 PCT/ US2003/0 034Rt3 26 aNe known in the
prior art and one skillegd injthe art\should be
famliar with these_ pr cedu es. Prefierred sul fonic

acid hal i des useful orj i ncl ude

met hanesul fonyl chl ori dg¢, nefhanesul ffonyl brom de,
tri chor onet hanesul fonyl \ chlbri de,
trifluoronethanesul f onyl \chi®2i de and

p-t ol uenesul fonyl chloriade. [0082] Al cohol s useful in
this invention include nethanol, ethanol, propano

b eﬁ’g"ffl% %cghglhnﬁ)tggx Bs(e%ao nalggegl ethe}/ Ccl)rOIQS é(rarg)gl m&g(]t%re thereof,
preferably a halogen, preferably chloride and R1, R2 and R3 are independently
any linear, cyclic or branched chain alkyls, aryls or arylalkyls, preferably
containing 1 to 15 carbon atoms and more preferably 1 to 8 carbon atoms. n is the
number of initiator sites and is a number greater than or equal to 1, preferably
between 1 to 30, more preferably n is a number from 1 to 6. The arylalkyls may
be substituted or unsubstituted. For the purposes of this invention and any claims
thereto, arylalkyl is defined to mean a compound containing both aromatic and
aliphatic structures. Preferred examples of initiators include 2-chloro-2,4,4-
trimethylpentane ; 2-bromo-2,4,4-trimethy115entane; 2-chloro-2-methylpropane; 2-
bromo-2-methylpropane; 2-chloro-2,4,4,6,6-pentamethylheptane;  2-bromo-



Phenol s useful in this invention include phenol;
2- et hyl phenol ; 2, 6- di net hyl phenol ; p-chl orophenol;
weo-2bd4088aphenol ; 2, 3, 4, 5, 6- pent af | uor ophenol ; BAQ@US2003/040340
2- hydr oxynapht hal ene. [0083] Preferred tertiary al kyl
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represented by the fornula below R3 Rl C -X R2 n
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[0084] Another preferred initiator is a polymeric halide, one of R1, R2 or
R3 is an olefin polymer and the remaining R groups are defined as above.
Preferred olefin polymers include polyisobutylene, polypropylene, and
polyvinylchloride. The polymeric initiator may have halogenated tertiary carbon
positioned at the chain end or along or within the backbone of the polymer. When
the olefin polymer has multiple halogen atoms at tertiary carbons, either pendant
to or within the polymer backbone, the product may contain polymers which have
a comb like structure and/or side chain branching depending on the number and
placement of the halogen atoms in the olefin polymer. Likewise, the use of a
chain end tertiary polymer halide initiator provides a method for producing a

product which may contain block copolymers.



acet oxy-1-net hyl ethyl) benzene; 5-tert-butyl-1, 3-bis(
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trimet hyl pentane; 2-net hoxy-2-mnet hyl propane;

2- benzyl oxy- 2- net hyl propane; 2s

nmet hoxy- 2, 4, 4, 6, 6- pent anet hyl hept ane;

2- isopropoxy 2, 4 4, 6, 6- pentanEththeptane 1

1 ﬁféﬂ%ﬁ Xy et hy l\éget hn\é{”e?r%ﬁz Hitors mat %Oxxgyd%mﬂose Gseful in

1, éatloingd Iﬂolmhbfiﬁétbbn' Uﬂtﬁiﬂw’ﬂl@i&wpblﬁﬂﬁg eMfuding: hydrogen chloride,
5-tert-but -bi s( 1-nmet hoxy-1 - net hyl et hyl

be%zcblf?éo 1%4 1“186‘@?]!13?11@(1% chl & ro-i&rémbylmomne)) 1-chloro-1-
tiat be found in US
e P g ShAARURN L LSS R [hcor por ated by

ref erence. For the purposes of this invention and the
thereto seudohal ogen i s defined tq be an¥
ﬁ’&gghd t haf:af Séﬁygimd%omwm@ oks¢EH aine this invention typically
t hiQeMaRa akh hj t y [O
Anot h%r g@f err niotlﬁlﬂ%l %rlﬁi:\%( %I ge‘gfsp 18n§:!rﬂ|n§§ Sal i g&”a] gaegerred
of erﬁbodlmn‘o tthe mmlsslcmlrcomreaitbmsgnégcneanyaﬂﬂrd frem about 0.1 moles
f Pr ef
ﬂlfzaltggm“%s: gy F)Iﬁ’e? bg Qg%sﬁtynf g%lgﬁlﬂ: %?) ‘rémes t}{eem%ﬁersegf initiator
pobﬁé@é’r@ PY £ A& thed PrferRQl oAvh &l @ TdGis A€ ﬁitiém? id fresent at
initiator may have hal ogenat ed tertiary car
po@mtwmn%ﬁomtab&)h@ 8 iimies thevdolss 0£l1mhgonprewnt Itn abotuh 20 tlmes the
back

N N P AT S

peﬁlﬁaﬂ‘tere oD abt 11 Polldyepdd At ™RY ata€ KOONRoled PEr liter. It is of
product may contai n polynmers which have a conb Iike

st spEseHrdervigpd thas igerates (i lasser amennts of dueipietediang sidth within the
nment of the hal ogen atonms in the
ol EeE??EOflﬁﬁsm%Iﬂ%% kewi se, the use of a chain end
tertlary polyner halide initiator provides a nethod
may cont ai n_bl oc

coSBiFers. e 20bPbSB6? ek LoDy 6a0SH0IeTRSd on desired
[O%iﬂcuﬁﬁf\‘vé&l%ﬂ WY mILAF TSN AAIR FPIHE AR heing

those useful “in cationic Jnerization

i spﬂ@dtlgdde Aeypiaflp therenge Wﬂblba.lﬁiomgibotntymlﬁémnlem;bem diteteo 3 x 102
or 0-

5 Bhled e Brepai R HORAR gp 07 motes per liter.

met hyl et hyl benzene, and nethanol. [0086] Catalyst

system conposi tions useful in this invention typically
[0088] Catalyst systems useful in this invention may further comprise a

catalyst composition comprising of a reactive cation and a weakly-coordinating
anion ("WC anion" or "WCA" or "NCA"). The catalyst composition comprising
the WC anion will include a reactive cation and in certain instances are novel

catalyst systems.

[0089] A weakly-coordinating anion is defined as an anion which either
does not coordinate to the cation or which is weakly coordinated to the cation and
when the anion is functioning as the stabilizing anion in this invention the WCA
does not transfer an anionic fragment or substituent to the cation thus creating a

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



conprise (1) an initiator and (2) a Lewis acid

coinitiator. In a preferred enbodinent, the Lewi s
wacehw/osgi2ni tiator is present anywhere from aboBCTMS1003/040340

noles tines the noles of initiator present to about

200 times the noles of initiater present. In a

further preferred enbodi nent, the Lewis acid

coinitiator is present at anywhere from about 0.8

ti %ﬁkl&%o@#&ﬁﬁl{%ﬁ adiftist | BlcRldePr es ﬁ&ltﬁ%Paﬁgﬁ'ﬁoré&etnyﬂesboron

the nol es itrator present.

oo ﬁﬂ?’%‘) ié@ﬁpéxﬂhbfogl ct ylbctoR (SAR;  AtetraBit Fogﬁeﬁﬂaq&&hmmn

nol es per r to ab

| i taborahes, halogénat@Desib@ant’dad Sheoliet. tTiad caﬁbﬁ@é ﬁfy &kion that can
| esser amupnts of initiator are still wthin

scé%gto&fn lefinstq Geappicalocqvng7] The anount of the

catal yst enployed will depend on desired nolecular

wei ght and nol ecul ar wei ght distribution of the

pol0098} bei ndhe pniedum;@be congbigel With &lﬁei‘cdh@ﬁgb? atdy Irheth®] known

r?rr%abou #3‘110" rﬁo per liter to 3 x 10"2 noles
hopePt g skiligpd féﬁlamF;Pr eryRPlegnA prsleryd thediment the
pe‘Wd? bhi®h-is [r@r%%ﬁiedqa{oatw ShusH Sk %%ngb%ﬁfraj c?ﬁtgln%golioﬂ% the anlon

invention may further conprise a
coapt iksi engioof inathe dfanh iof Gthe: atfivn caitmlgistasystem In another preferred
vveak ;dlcoo di natin

" I\I@R mFH a 88F1§p§}g?n ani.on. ( n&E‘Jo‘?ﬁiPlil gll'agrgqenq )‘qeﬁWreated to
anpedudd the anftil iﬁdﬁﬁe %rers&%étdﬂ’tﬁe eaddrP8r RA Nenca]?l%%ts@hr'ae i.e. the

i nstances are novel = catal yst systemns.
vve%ﬂ'éply 150@@?"@!’?@@”1‘?\1:@’1%@ W¢ snivafrnajebe agivatedanitlont thiei ptrdﬂsence

ei coordi nat he c |on

ek B B ARl L B G b N R Boand o weterred
I Serﬁblétﬁh‘leﬁm é@nﬁ@sﬂidiﬁcoﬁta%ﬂhﬁ ke oA P& chrtpddich containing the
i nvention the WCA does not transfer an anionic

f r SAiRB e epmbinsd and alkowed © reass te fornba bytuedust.¢he Amign and the
é’e%tfoﬂl by- product or other neutral conpound.

Preferred exanpl es of such WD 2004/ 058827

PCT/ US2003/ 040340 29 weakl y-coordi nati ng ani ons

i ncl ude; f( tris(pentafl uorophenyl) boron

( RB( pf %M&é&é@%ﬂw 20t S phenyl boron (B(pfp)4-),
tetraperfl uorophenyl al um num carboranes, hal ogenat ed
carboranes and the like. The cation is any cation that

calP098ldd t o Any ahetdli or metalivid atompmund chprbdd bH forming an anionic
complex which is incapable of transferring a substituent or fragment to the cation
to neutralize the cation to produce a neutral molecule may be used as the WC
anion. In addition any metal or metalloid capable of forming a coordination
complex which is stable in water may also be used or contained in a composition
comprising the anion. Suitable metals include, but are not limited to aluminum,
gold, platinum and the like. Suitable metalloids include, but are not limited to,
boron, phosphorus, silicon and the like. Compounds containing anions which
comprise coordination complexes containing a single metal or metalloid atom are,
of course, well known and many, particularly such compounds containing a single
boron atom in the anion portion, are available commercially. In light of this, salts
containing anions comprising a coordination complex containing a single boron

atom are preferred.



[ 0090] The anion may be conbined with the cation by

any nethod known to those of ordinary skill in the
wanbe4/06g27 exanpl e in a preferred enbodi nent theCcTN¥2003/040340

anion is introduced into the diluent as a conmpound

containing both the anion ang the cation in the form

of the active catalyst system In another preferred

enbodi ment a conposition containing the WC ani on

fragnent is first treated to produce the anion in the

presence of the cation or reactive cation source,

i . B092f he almi general WiCtanioak @thy Heirkprabaeed hyethdoldowing general

ney be activated without the presence of the cation

og8ton source which is subsequently introduced. In

a preferred enbo@ipfgi osition containing the

ani on and a conpo oﬁgkoﬁogpnlng the <cation are

coaﬂ ep and allowed to react to forma by-product,

t he anlon and the cation. \Wakly-Coordinating Anions

[ 0091] Mihis avattal omemlal | oi d conpound capabl e of
form ng _an ani onic npl ex which js incapabl

transt o011 gl St apgudanly bﬂﬂ&%@ﬁtuﬁb@dﬁﬁ% Toarideadicals,
egialilan ot St BlkoStle; Gnl" RRIGHAS FEHCAy MHBioRROgE and

Megiktiated- @@Rﬁt‘@ikﬁrl Ghdibals ”hél@c@bﬁoé?r[dj 'sﬁl%tﬂhﬁ@d h&l@%bﬁxradwals
which is stable in water may al’'so be used or contal ned

i narsl hyidngreghivi innth haloearpyli-sibsitfuted @rgamiooetallid radivials and any one,
tals,incl de but ~are~not l.i m t 0,.al,um num

nod ot ditond o QRIS o they' tH B R HBIL T O o

include or us,

silicon angﬁtlﬁég‘%ﬁ%&e&!&%ﬂ%ogrg& al g%?é%hﬁp ani ohs

whi ch nuﬂheuﬁﬂmnmﬁmdoﬁhgmeqpnnmlexes containing a

single tal, met al ltgl d at orrLare of course, well

known & E%Hﬁ?gerp%ﬁt? P PY SAULOH - conpounds  cont ai ni ng

a single boron atomin the anion portion, are
avai l able commercially. In light of this, salts
comoas]m ng aliiiers @nmh@dm@ow tlwd rttle reariane ndesonipddexbove and

OB PR Ehsh h FBh 5F  Saptpe t i

}/‘Creﬁﬂilv@dli’oeﬁﬁr& the antir eaenviad iy catln. fitlel hd1gs @B efodcations
or mul a:
described for use with the anions. For example, CppZrMe)y may be combined

with a composition comprising the anion (WCA-R") where R acts with a Me

group to leave the Cp22r+Me WCA- catalyst system.

[0094] Preferred WC anions comprising boron may be represented by the

following general formula:
[BArj ArpX3X4]"
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



[((M)mQ 1...Qn]d- wherein: M is a netal or

netalloid;, QI to @ are, independently, bridged or
wanbwiodgeed hydride radicals, dialkylam do radPcalus2003/040340

al koxi de and aryl oxi de radi cals, hydrocarbyl and

substi tut ed- hydrocarbyl radicg|s, halocarbyl and

substi tut ed- hal ocarbyl radicals and hydrocarbyl and

hal ocar byl - substituted organonetal | oid radicals and

any onesyx g d%h aptp rﬁufepé}?i Qf %& IQdel 1Ia 1093, W&lr(?c%rb%fl and

hal i de radical; mIE an presen

f OEﬁ’H%tuu\féH ﬁﬁﬁ@ca‘fﬁﬁrﬁ&cglf Mtloceﬁbﬂlls atd) §uﬂsﬂi1 d- HMH@ﬁﬁylotfadlcals

ands q, is an integer greater than or
t o SldrO{:aij?iS]anﬂt hale;cawylfsubstmw migarmtrttdnilcmdt aadltatls; disubstituted

DAPARRAE G HS BB T ISCHER ALY ABLRBNTE FRleelh ith the

r epRWad thaN0! sd X e vallheNbldlRle W the shhietigRt | on. The
same is true for cations described for use with the

anlons For exanple, Cp2ZrMe2 may be conmbined with a

gsition conprising the anion (WCA-R+) where R+
2clW93] ¢ h°a Megengiadupri gud e%r\zem%em@pzz@% Peany aromatic of

SHICE T o ERUC i g R
f Oﬁﬂaﬂo@hnﬁt@d\'tolﬁh@z?f X{]a]phth“)‘fh 8 Ehthrabbry$ rafﬂl&?é' HifaBleBubstituents

val ence st at e 0of and Art are'the sane or
di Pt &Wlbswmq)ma‘fm hﬂd;b@b@mted@a&; orehtdecbut are not necessarily

DodER R B BREER P RaBirbrhetaiof, Pulils. k™ a5 arylony
t h@ugls, Ausicbiby]l Bhd dRbRthyafREDy] sdica¥OimD Y BRB8%H as those
PCT/ US2003/ 040340 31 X3 and X4 are, i ndependent |y,

hyBiefdleasrXzipehXe, Thedubstipeniimanbe ortho, meta or para, rélative to the
byl di cal s,. hal ocarb and

zﬂg%@%n% g{o&df tp?é‘aﬁ‘g gﬂﬂhﬂy qrélg @‘I@g‘pa s When e1‘31er or %c)th X3 and Xy are a

hydrocarbyl radical, each may be the same or a different aromatic or substituted-

aromatic radical as are Arj and Arp, or the same may be a straight or branched

alkyl, alkenyl or alkynyl radical, a cyclic hydrocarbon radical or an alkyl-
substituted cyclic hydrocarbon radical. As indicated above, Arj and Ary could be

linked to either X3 or X4. Finally, X3 and X4 may also be linked to each other
through a suitable bridging group.

[0096] Illustrative, but not limiting, examples of boron components which
may be used as WC anions are: tetravalent boron compounds such as
tetra(phenyl)boron, tetra(p-tolyl)boron, tetra(o-tolyl)boron,
tetra(pentafluorophenyl)boron,  tetra(o,p-dimethylphenyl)boron,  tetra(m,m-
dimethylphenyl)boron, (p-tri-fluoromethylphenyl)boron and the like.

[0097] Similar lists of suitable components containing other metals and
metalloids which are useful as WC anions may be made, but such lists are not
deemed necessary to a complete disclosure. In this regard, it should be noted that

the foregoing list is not intended to be exhaustive and that other useful boron



hydr ocar byl - and hal ocar byl - substi t ut ed
organonetal | oid radicals, disubstituted pnictogen
woadi4masse; substituted chal cogen radi cal s and Rairiude03/040340
radicals, with the proviso that X3 and X4 will not be
halide at the sane tinme. [0093} In general, Arl and
Art may, independently, be any aromatic of
substi tuted-aromati c hydrocarbon radical. Suitable
ar osmponds adi wal as uSHiL8smpHtids Bh&iRS okﬂefnéﬁé?ﬂst ! metalloids
pheny napht hyl and ant hracenyl radicals S é
subsuld bereadily anparket touthssei skillelinathe et fromhthd rforegoingneeneral
ra [ d but are not necessarily limted
ﬁkﬁi%ﬁggg?gé ﬁ%dlcals, organonetal | oi d radical s,
alkoxy and aryloxy radicals, fluorocarbyl and
fluorohydrocarbyl radi cals and the |ike such as those
usIeQ‘l?ﬂ as X3Aamartivylarlynprefurest WG eartionrenpnipeisimgt hoton may be
arbon at ons bonded to
o?%tﬁgg’?’theri% n\éé%e% 8t PO Yoth X3 and X4 are a
hydrocarbyl rad|093«3 E%Hnay be the sane or a
different aromatic or Substituted- aromatic radical as
arwhégein:and Art, or the sane may be a straight or
radical, a cyclic

branche? %j é [kengl or alkynglj

hydr ocat BHHUP ’8ﬁ> s grbomangd By pod Q aystastdefiaerl afjasiei Blustrative
hyBiog&" adesd

CyeHORG: RRuied teafples AT 1K GRUBHCEDHE ailids Bfiodlike boron
Xatriphgnydinethybealts mhext Qmseacshnpih hgidrodatsyd bgbh @s methyl, butyl,

su tc?chﬁgylb‘rgi*( gﬁsa}yg gg 8&%"%095%% i édrra;;p:rve ofﬁlgéefggte chain
us&ﬂgt@%uzﬂfa@;su o8, Dol fptRéabEtHiy EQJ pnds

such as tetra(phenyl)boron, tetra oron
tetra(o-tolyl)boron, tetra(pentaf I uor ophenyl ) bor on,

B I O 5 L g i e

anativahiage ok @roididg 4] hiphlyi $oibit iish-exPansd! hét%tcﬁ" component and
Wh{rp nents containing other netals and netall oids

ctalyits e 9luble cpielysts @ﬁ@loﬁﬂe%@%@@ ﬁtﬂ:n pwd:‘drred over
[ e engd e
4 i?g(ﬁgglﬁr \eNQQés (ﬁﬁi S'B?rsedjgl? dﬁéc%{lél S&lge &g %lgigdt foy@ desired
t heontentegion and karsbe 1ransfmfedl dabibndsiag Elﬁlﬂb@ecﬁﬂﬁlﬁéﬁﬁh ¥6mmercial
and that other useful boron WO 2004/ 058827
PAYPEEHT03/ 040340 32 conpounds as wel | as useful
conmpounds contai ning other netals or netall oids

[00100] WC anions containing a plurality of boron atoms may be
represented by the following general formulae:
[(CX)a(BXImX"p]c-

or

[[[(CX6)a(BX7)m(X8)b]c- 12 Tr+]d-
wherein:
X, X', X", X6, X7 and X3 are, independently, hydride radicals, halide
radicals, hydrocarbyl radicals, substituted-hydrocarbyl radicals, halocarbyl
radicals, substituted-halocarby! radicals, or hydrocarbyl- or halocarbyl-substituted

organometalloid radicals;



woul d be readily apparent to those skilled in the art

fromthe foregoing general discussion and formnul ae.
wpQoRBpssA7particul arly preferred WC ani on conmpPCSiusgn3/040340

boron may be represented by the foll ow ng general

formula: [B(C6F5)3Q - whereinygsF is fluorine, Cis

carbon and B, and Q are as defined above. Illustrative

but not limting, exanples of these preferred WC

ani on I I r
ions qogny irﬁﬁsﬂg)nbﬂl%%m prEfe e %rtﬂﬁél%’y 9, 3 ylpfmmﬁ refably

is a sinple hydrocarbyl ‘suc

cynicbﬂeqqhaltomnrophenyl or where Qis a polyneric

hydr ocar bﬁcLb definite chain |ength such as

pol yst y#& {}’rggrép{ ne, or poly-paranethyl styrene.

[0099] E’ggmfelggrﬁlsubstltuents on the nost preferred

ani on offer thé -wadvantage of providing a highly

sol ubl eajrdnt excﬂiilaﬂvg@-nambﬁménmﬁg@d'mﬁémab@n& final

cat al yst.. Sol. cata tB g/or Jrecursors are
BB

of ten p?leﬁglrlruﬁﬁg%v@gmg oils, or solids

becausea ey afctfie BAnélod aualﬂérén@ 1rﬁegéeso red
concentration and can be transferred easily using

sinple @@ﬁﬂfﬁﬁ’@ﬁﬁriﬂ» commercial processes. [00100] WC
{ I4t. b
ani ons &t‘-%g) dﬁ%y a{?%v@?a%}lfh‘fbé‘lled n¥te ner‘%?ﬁ%%ﬁoﬁ% ay be

repr esen for

[ (CX) a(ﬂ)ﬁs)aﬂiﬁtegﬂrtfronoﬁ td ;[ﬂoﬁlﬁl@) a(BX7) m( X8) b] c-] 2Tn+] d-
wherei n: X, X" X7 and X8 are, independently,
hydrldenﬂ%@@ﬁggrsq“rhlthaégc paod@@fls, hydrocar byl

radi cal g aﬁi‘:@ tuged- hydrocar byl radl cal s, hal ocar byl
radi cal sTIS su Ft‘ut ed- hal ocar byl radicals, or

hydr ocar byl - or halocarbyl substitut ed
tallgid di ;\{}(2%904058 l . . ..
ggﬁ)ﬁﬁgﬁéog /0 %%{9‘]%1%5 Ig presferre am/ons o%%hls invention comprising a
plurality of boron atoms include:

¢)) A borane or carborane anion satisfying the general formula:

[(CH)ax(BH)bx] X
wherein:
ax is either O or 1;
cx is either 1 or 2;
ax+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



Tis atransition netal, preferably a group 8, 9, or

10 netal, preferably nickel, cobalt or iron; a and b
wanendioigegers > 0; ¢ is an integer > 1; a + bPETAIS2003/040340

even- nunbered integer from2 to about 8 mis an

integer ranging from5 to aboyt 22; a and b are the

sane or a different integer O; c is an integer > 2; a

+ b + ¢ = an even-nunbered integer from4 to about 8;

mis ang\nte t : [ . [ .

such t neY" 2o AtnghliArid A Atkarad Anfbr MRl EIRE fotowing

[00101] Exanpémesaldbrolef erred WC anions of this

i nvention conprising a lurality of boron_ atomns

include: (1) A bo[[&&g%l)az&iia)ntzbﬂh:z&cza}zw+%%isfyi ng

the. general fornula: [(CH)ax(BH)bx]cx- wherein: ax is

ei 9 or 1; cx is either 1 or 2; ax+cx=2; bx is

an i nt egefs handkaddh @ about 10 to 12; or (2) A

borane or carbofane or a heutral borane or carborane

conpountz issatiptege frgmtOte 2gener al  f or mul a:

(CH) ay(BH) b cy- wherein: ay is an integer from
0 10 2 S B LT

0 to 2; nteger fromO to 3; cy is an
i nt eger nfziofm thtdRr Fom MOHPY tEYF4
az+bz+cz=4; and

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

[00102] Ilustrative, but not limiting, examples of WC anions include:
carboranes such as dodecaborate, decachlorodecaborate,
dodecachlorododecaborate, 1-carbadecaborate, 1-carbadecaborate, 1-

trimethylsilyl-1-carbadecaborate;

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

6-carbadecaborate(12), 7-carbaundecaborate, 7,8-dicarbaudecaborate; and

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

[00103] The WC anion compositions most preferred for forming the
catalyst system used in this process are those containing a trisperfluorophenyl

boron, tetrapentafluorphenyl boron anion and / or two or more



ny is an integer fromabout 9 to about 18; or WO

2004/ 058827 PCT/ US2003/ 040340 34 (3) A netall aborane
wonrowsgi2l acar bor ane ani on sati sfying the foll 8GIrmg2003/040340

general fornula: [[[(CH) az(BH)nz(H)bz]cz-]2MWhz+] dz-

wherein: az is an integer fropg O to 2; bz is an

integer fromO to 2; <cz is either 2 or 3; nz is an

int eger fromabout 9 to 11; az+bz+cz=4; and nz and dz

fhs %@%gﬁ%@gyb fon ?iﬁ t%%nudj% gd;fgle?l [bQ)ngiO@ca central atomlc

|nnbhﬁehronpﬂpmeame@mphgbrpaﬁdhdecaborate,

decachl or odecaborate, dodecachl or ododecabor at e,

1- car badecaborate, 1-carbadecaborate, 1-

trb%ﬁhﬁyhéh(ﬁknﬁ car badecabor ate; Borane and carborane
Its of borane and carborane ani ons

such as decaborane(14) 7 8- di car badecabor ane(13),

car bapndecabor 3
o feCar VATIQUg P f?rb%inaw&%\%%ﬁf&@@gwaﬁmm anion is
6 @(ﬁfﬁﬁﬁ@&%@l‘)&% 8t hfore cﬁﬁ&?sr Dat prReeARYUPESm different classes of

7, 8- di car baudecaborate; and Metal | aborane ani ons such
ascamogé aicheetipd spuises. | 3-
dicarbanonaborato)cobaltate(lII),

bi s(undecahydri do- 7, 8- di car baundecabor at 0)

fef 00@0%]( I'1'1') Some preferred classes are:
bi s(undecahydr.i do- 7, 8-di car baundecabor at 0)
cobal tate(l1 (A) cyclopentadienyl  transition metal complexes and

bi s(undecahydri doagr \%u%it%gl%gf*”abor at o)

ni ckel ate(lll), bsnona do- 7, 8-

di net hyl - 7, 8Bl cas bﬁlhsmdﬁecabzﬁbadaﬂ))ﬁ evhiod¢ edpdsition is represented
bis(tribronnoctah dri do-7, 8-

di car baundecabor agb}l&fBﬂp‘ﬂ ate(lll),

bi s(undecahydri dodi car badodecaborato) cobaltate(lll)

and bi s(undecahydri do- 7- car baundecabor at 0)

cobaltate(lll). [00103] The Wﬁ ani on conpositions nost

preferred for farmng theR_C_R
2 X 3

wherein Ry, Ry and Rj3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C to C3() alkyl, aryl, aralkyl groups or derivatives thereof;,

(C)  substituted silylium; preferably those represented by the

formula:

1
R~ S +1 —R,
wherein Rq, Ry and Rj3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C{ to C3( alkyl, aryl, aralkyl groups or derivatives thereof;
(D)  compositions capable of generating a proton; and
(E)  cationic compositions of germanium, tin or lead, some of

which are represented by the formula:



catal yst systemused in this process are those
containing a trisperfluorophenyl boron,

woebwapegnt af | uor phenyl boron anion and / or tweCoOUSRDBE40340
WD 2004/ 058827 PCT/ US2003/ 040340 35
trispentafluorophenyl boron agon groups coval ently
bond to a central atom c nol ecular or polyneric
conpl ex or particle. Cationic conponent [001041 In
various preferred enbodi nents of this invention the WC
anion is conbined wwth one or nore cations that are
selected fromdifferent cl asseﬁlof cations and cation
sources. [001051 Sone preferreg,.clgsses are: (A
cycl opent adi enyl transition fetal cohplexes and
derivatives thereof. (B) a substituted carbocation
whosereiORPORb tdn@IR4 Srd’ BRIrEs@N B/, &y, tahgk{i Sor Bdrivati
R2C- R3 V\hmgr elbn R1,3R2 gﬁfj %ﬁagg h%r ogen}F O%rlg%l? Birivatives
ar thereofirmatfiesablygC p tp63 @ blkgE il adralk@berotybsesraletivatives thereof, and
preferably CL to C30 alkyl, aryl, aralkyl groups or
deRi vaGeresontBer eof ; (C) substituted silylium
preferably those represented by the fornmula: RI R2
S+-R3 wherein R, R2 and R3 are hydrogen, alkyl, aryl,
ar Al llclgpepd@isn@rMear DvavdiM@s thereof, preferably C
to C30 al kyl, aryl, aral Kyl groups or derivatives
thereof; (D) conpositions capable of generating a

pr - and tionic TPOsi tions of r gani .
ti @bggﬂl ead. ﬁlggerrr%%o }Cf)cri%?ngeﬁﬂ%y tFaélﬁE](—%lemegg % 1\{aﬁg2is include
f otransition MEaROBA Be8BtonECHIFH0B3! BfddMtadienyl derivative of a

group 4, 5 or 6 transition metal, preferably a mono-cyclopentadienyl (Mono-Cp)

or bis-cyclopentadienyl (Bis-Cp) group 4 transition metal compositions,

particularly a zirconium, titanium or hafnium compositions.

[00107] Preferred cyclopentadieny! derivatives (cation sources) that may be
combined with weakly-coordinating anions are represented by the following

formulae:
(A-CpMX1 T,

(A-Cp)ML™;

™
Y—M"

|

CpR



36 RL R2 -R* -R3 wherein RI, R2 and R3 are hydrogen,
al kyl, aryl, aral kyl groups or derivatives thereof,
wonefimsstaly C1 to C30 al kyl, aryl, aral kyl groBp$/US2003/040340
derivatives thereof, and R* is Ge, Sn or Pb. A
Cycl opent adi enyl Metal Derivatjves [00106] Preferred
cycl opentadi enyl transition netal derivatives include
transition nmetals that are a nono-, bis- or tris-
cycl opent adi enyl degiyativegof a group 4, 5 or 6
transition netal, prefemabl y*a nono-cycl opent adi enyl
(Mono-Cp) or bis-eycl opentédQnyl (Bis-Cp) group 4
transition m.?%oak conposi tions, @arti cularly a
zirconium titttanfum or hafnium ¢ ositions. [00107]
Preferred cycl opentadi enyl derfvativ (cation
sources) that may b&, conbined with X
weakl y- coor di nati ng anizedsyar e represent é’qam[ t he
following formulae: (A Cp)MX1+; (A-Cp)M+; Cp Y-
CPR WO 2004/ 058827 PCT/ US2003/ 040340 37 (C5 HS
5-y-X X ) (A'(Q:yHM ZxY) (Z-1-y) and (CHS) 5 5-y-x
X 5 5B-y-x x

.
OO

Y

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
Cy4 to Cpq ring to give a saturated or unsaturated polycyclic cyclopentadienyl
ligand; ’

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

A' is a bridging group, which group may serve to restrict rotation of the Cp
and Cp* rings or (C5H5_y_XSX) and JR'(z-1-y) groups;

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

yisOQor1;

(CsHs.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;



M R'" XY wherein: (A-Cp) is either (Cp)(Cp*) or

Cp-A -Cp*; Cp and Cp* are the sane or different
woyeldgpenat adi enyl rings substituted with fronPgems26/040340

five substituent groups S, each substituent group S

bei ng, independently, a radigal group which is a

hydr ocar byl , substituted-hydrocarbyl, hal ocarbyl,

substi t ut ed- hal ocar byI hydrocar byl - substitut ed

or gano

or ganomng":l' bgs gt It tedﬁﬁ‘%ﬁgﬁg{ %B%? 1? %emdent with a

pnb&dr@mmn ALRBE 6futh€éé &NPb6a8a8 e@éméﬁ'v@i&?ﬂ cbéi‘airféﬁbﬁ number
CE @JCQT* are cI opent adl enyl rings in any

direfe lstrgg@up O%Dherqsmxygan fnn:su}ftmg a C4 to czo

ring topgive satur.at ed or at ur ol ycyclic

cyclgope ésd? lémfpcarﬁd&éﬂﬂ) pﬁf?rgglg ag@@gﬁ,:%{(ﬁl@n{ gn one of

t he cyciopgat @i ﬁeyindéﬁsﬁusﬁgs avib@idd Fadibs0 hg%@%sil tr@dical,

gi ng group

the netal atomp A is a bri whi ¢ gr oup
mayubsetuvel hyalrocsby Ir@dlczﬂphzﬂbctwblyl ahditdle s&tmm’iﬂh@c“farbyl radical,

[ -y- z-1- rou

élr g\%lzho roéacggs a%dt ) anfg}psﬁéqeg or{lg?apcgmgtaﬁmgrrac:{lcal substituted
(C?[Eféf X 1 @dtgcp substi t ut ed
Wi .Oégm%a}écrao%g gu 5 g!mggb?ﬁllcaﬁéxﬁflii% fromO to 5
denot i n§ i AroktBgy @eleﬁh ;3 ame ligard, on 3 ne¥drd QRN ORB827

PCT/ US2003/ 040340 38 JR (z_1 y) is a heteroatom

Iigand in which J is a group 15 elenment with a

Coﬂ] 08|t i on ARUHRA] @fcldﬂ%ﬁﬁﬁleﬁfll @orﬂﬁ&hﬁﬁs 16t 8h8™BO used in this

a coordi nation riunb 2, preferably nitrogen,
phiswphigomuare dsserihed inrU. §uP¢tgmt,N<Fs 5855438y 823841 Hy3,198,401 and

are ,696,8%‘} ev]:d%&? er 1ngor}p(z)ir|a%( by%f%i‘le%;ce herein.

B. Substituted Carbocations

[00109] Another preferred source for the cation is substituted carbocations.

Preferred examples include substances that are represented by the formula:

wherein Ry, Ry and Rj3 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 R, Ry or R3 may be hydrogen. In a preferred
embodiment none of Ry, Ry or R3 are H. Preferred aromatics include phenyl,

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

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

significantly enhances the polymerization of isobutylene.



X and X1 are independently a hydride radical,

hydr ocar byl radical, substituted hydrocarbyl radical
woabamasstayl radi cal, substituted hal ocarbyl ra#CtaiS2003/040340

and hydrocarbyl - and hal ocar byl - substituted

organonetal | oid radical, substjtuted pnictogen

radi cal, or substituted chal cogen radicals; and L is

an olefin, diolefin or aryne ligand, or a neutra

Lewi s base. [00108] Additional cycl opentadi enyl

conmpounds that may be used in this invention are

de€c BultstithtedhSilylBim Patiemt Nos. 5, 055, 438, 5, 278, 119,

5,198,401 and 5,096,867, which are incorporated by

reference herein. B. Substituted Carbocations [00109]

AN[0i0] Pref 81 1 ehofRYT Chref@fed! NenbBHRML] S sabiHhtbd Ut &Hlium

carbocations. Preferred exanples include substances

t heempositianepprsaahly dripypstitutedt lytumaconRlositRng@re cRBbined with

wherein R R .and R3 | ly_hyd
TGS SpolRa By kOSFRT AT bt R Rprefented

gr ey foph@herably a d to C20 aromatic or aliphatics
group, provided that only one of R, R2 or R3 may be

hydrogen. In a preferred enbodi nent none of R, R2 or
R3 are H Preferred aronatu%§ i ncl ude phenyl, toluyl,

xyl yl, biphenyl and the |ikel Preferred aliphatics
i nclude nmethyl, ethyl, propyl, butyl, pentyl, hexyl,
octyl, nonyl, decyl, QQgeeﬂgf—s—ﬂg_hylpentyl, 3,5, 5-

trinmethyl hexyl and the fikeJIn a particularly
preferred enbodi nent, when RL, R2 and R3 are phenyl
groups, the addition of an aliphatic or aromatic

al ¥opsIn R iRgreinfl Roagre liydepenvient e by duagerp oF phimearz hraneledatr cyclic

sufofaf B8 Bl e, AP o WAP Oy Ut iRy, %6 anf Ry may
pr bé aydredere Maeldtabtin thons bD RG] Ry bediRg iakey H. Peferably, R; R, and Rj

conpositions, preferably trisubstjtuted silylium
oSO IEPBNENEY: @ Eolbf-mettoRptigor giphatic 2oy Mersrrelerably, Ry,

?213? grgdé ﬁ? gff:r ﬁg%e?%%ltg}oé ﬁl{lj :td; :@3 GRY BR%p 2ELarhPRS 6f 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.

[00111] 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.



Rl R2-Si R3 wherein Rl, R2 and R3, are independently

hydr ogen, or a linear, branched or cyclic aromatic or
wabpq@hasize group, with the proviso that only oreTalS20@3/040340

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

and R3 are H. Preferably, Rl ¥ and R3 are,

i ndependently, a Cl to C20 aromatic or aliphatic

group. More preferably, R1, R2 and R3 are

'ug SMdoh Capableld? (deAliliy h pgsgYP. Exanpl es of

cted fromthe group
consi sting of phenyl, tolyl, xylyl and biphenyl.

Non-l.ipjting | es of ueful al i phatic groups my
peliEL: ed i OHTEE Sarg Fof I Eafest 15 e GompowRd W il produce a

S;glﬁt?n gf)lggz‘%/omﬁ?gé&r’rglwp ﬁ‘[&t Wealflp gzﬁgxldma‘ﬁﬁé Yimiod &P yal composition

3, EQrBalnmgnetW\ﬁ;pkbeonlrdln@tlr@anmnul Brotgnspmey etver geherzged) dfpm the

Sereégﬁ?@g I(H)flilg%%i) St chg gnsélgllgﬁgi éia(m Caetnég ste Yy coordlnatmg, non-

trhnas |11¥d At With v&aﬁéreélaéd{o? bt ?ﬁén%ﬂbl%%t to produce the proton and
benzyl thyl silylium For™ a di SCBSSI on fp

St thsl QOITQSP e bt»’ﬂ?éocbwbsﬁeﬂteutmdhsudasd pfimnaalcbhol or phenol and

AR PHOPOER) e e et rreton Bty bardlrrsh i & pyent that the

Neﬂta?(@cﬁrkoﬂt@lg Qarbobdtfid a8 i§ @fsted bt Be fpP6toBated addiBve as compared
cationic tin, germanium and | ead conpositions and

syWﬂ‘he@l rgaqtioa vl the séafin; @theopeaian ginerating amﬁeéttamclude thiols,

ST URIER, 305, ShhyNOES 1304 WBrcd it iyt

Cap@blo&ta@fstsGe Deh phitieglasly Prefensd bRBGddid]ent) WitarR ) BOBICR 3 are
for the cation is any conpound that will produce a
pr phenyl vgneupsc dincb iadditiond athan rediphaick by -acomattti Rlbholg significantly

| n_or C 0si tion ntai ning a
ai}‘c'?:sotg? B&P{n%tepﬁadloé’lﬂfdﬁ‘?% fﬂ%’ceons may be gener at ed
fromthe reacti on of a stable carbocation salt which
contai ns a weakl y-coordi nating, non- nucleophilic
anl®A13) t h waAnether methodd gonerph @rprbtoprcemmsest @npiitg @egroup

t h? toﬁ g%u%g% C)gal a}%lh Felra&)cfr ﬁ%&rnnd%tglq%ﬁgra S degﬁcl%%ﬂ%grtlﬁh in a wet

t héﬂms,e inf theatpedsgnceSwEhar 8agid Wasdrehab eddes ehet lig@rfeR with
t he event that the reaction of the carbocation salt

i sPelyEeEzatign; piohiAs g Jeldmatlidhpsdwen obseevedsthebyrpen ad.cwis 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
présent 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

[00114] 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



with its reaction with the olefin. O her proton

generating reactants include thiols, carboxylic
weachdssand the like. Simlar chemstries may BeET/US2003/040340

realized with silylium type catalysts. In a

particularly preferred enbodi gpnt, when Rl, R2 and R3

are phenyl groups, the addition of an aliphatic or

aromati c al cohol significantly enhances the

pol ymer.i.zatj on, of i sobutylene. [00113] Anat.her d .

P o CHBRETAE e L b A B gh 1RO CBRRBTAAGPAS G Jbf WG Agphich
gr HéR Zead®lt8l forRf yepdlhot hid NhdMictive! P¥ALREoorAEANSS pair.
by nmeans of in a wet diluent, in the presence of a

L ehilewises ehet OpTmtavmpadahd ntiyelléebe ditedtly combined with the WCA-
pol ymeri zation, such as an olefin. It has been )
ob¥bferey thenagtiviratplyst 1Su5p®- baxpicallys theh WisA iis sombynedneith the

t with th 1 2 tal .and_t t
. pRsEdeon Sotydnep el of h ta JpheveveaatenBbahiny CRIm™ to
ne gt Xy £190 WHNRL thD BraRREORF th ifdtBonPr €SNt in the

"wet" diluent such that active catalyst is generated
when the group 1 or 2 netal is added. ACTIVE CATALYST

SY. . Cyqcl gpent adi.enyl . Transi.ti on Metal Conpounds . .
COBWENST e BsBFF HEie Bifeivats 340 it PORYeR &y rrSHResh twsition
C Ot @Emp bRl With saik ink@trAalediy atidd, udh ad B@@%F@%g which upon
ways. A first method is to conmbi ne a conpound

2000L0&8RRE aRgddB20RIILAD B Pof the tafsifien Sictiy cérhﬁoﬁﬁd-ﬁﬁﬁns an
with a second conpound conprising the WCA- whi c t hen

r eawibnt suchoasm{[B{C el 9)gl0)1 ). antlichhsiatzitizdsvihe cationic transition metal
"weak| y- coordi nating" pair. Likew se, the CpTmt

c o PSSR @epRigted by thaygaeiianect | y conbi ned with the. WCA-

to formthe active catal yst system Typically the WCA

is conbined with the cation/cation source in ratios

of [(0116] 1, haveorel aspatti cfshiBfinvedBoh @ the GEVarbstatiGdcatalyst
al so rk . iin the practice of this invention. [00115]
AcEoRRleE éi‘flﬁ“gwﬁ dorgiedang syhich-ean hegrepresssigadey thy forantas ng

a transition netal conpound with sone neutral Lew s

aci ds, such as B(C6F6)3n, which upon reaction with a
hydrol yzabl e ligand (X) of the transition netal

conpound forms an anion, such as ([B(C6F5)3(X)]-),

whi ch stabilizes (AneCp)i\Im-e(ni(CHtQF-ﬂG'QI-DémCH@t-@G;WCA'

X1

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

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

CpR



speci es generated by the reaction. [00116] A novel

aspect of this invention is the active carbocationic
woat@logs27 conpl ex which is formed and whi ch caOThS2003/040340

represented by the fornulae: (A-Co)M-(--CH2--C&XR--)g

-CH2--C&R+WCA | X1

(A-Cp) M - (- - CH2- - C®@2- - ) g- 3%2- - CR2+WCA- L p*

Y- M (--CH2--C&2--)g- CH2- - C&NCA- CpR WD 2004/ 058827

PCT/ US2003/ 040340 42 (C5H5-y-x Sx) (A)y M

(CH2-CRXR-)g -CH2-C& NCA- JR (Z_ 1-y) Xy and

(C5H5-y- X Sx)(ﬁgéi -)g -CH2-C& NCA- R' Xy

wher ei n each b 5+ynd ndently hydr ogen or an

aromatic o;{a1|phat|c g , preferably a Cl to C100

al i phatic oup, and g is n integer representing the

nunber (@"L)Yh)norrer units ing e(Cthi-€G ¢, CHw-@G, "NCA”

pol ynmer c g is prefefabl™ a nunber greater than
or equal to , preferab a nu r froml to about
150, 000. WCA-\i s any akl y-coordiRati ng ani on as

descri bed above._ Al other synbol s™re as defined
above. [00117] ﬂR~anDyher enbodi nent tii s invention
al so provides active catal yst conp05|tﬁons whi ch can
be represented by the formul ae:

; and

(CSHS-y-x Sx)

—— (CH,-CGy-), -CH,-CG, 'NCA”

RH
Xy

wherein each G is independently hydrogen or an aromatic or aliphatic group,
preferably a Cq to Cqqo 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.

[00117] In another embodiment this invention also provides active catalyst

compositions which can be represented by the formulae:

(A-Cp)
|
WCA” *M--(--CHp--CGy--)g-CHp--CGy ;
|

X1

(A-Cp)



(A-Cp) WCA- +M-(--CH2--CXR2--)g--CH2--Cx2 ; X1
(A-Cp) WD 2004/ 058827 PCT/ US2003/ 040340 43 WCA-

WO ho4(0582H2- - C&R2--)g--CH2--C&R L Cp* WCA" PCT/US2003/040340
+M-(--CH2--C&X--)g -CH2--C&x CpR (CoH5-y-x Sx) [/
NNCA " (A)y Mr (CH2-C&R2-)g -gH2-C & JR (z-1-Y) Xy
XY and (C5H5-y-x Sx) NNCA'" M+ (CH2-C&2-)g - CH2- C&R
R' X Y wherein each Gis independently a aliphatic or
aromatic group, preferably a CI to Cl100 aliphatic or
aromati c grou and g is a n integer representing t he
nunber WCAﬂ'dmpr(e.C 1@@2-L)§c_@f}p£r@(t} into the grow ng
pol ymer chain, g is preferably a ; nunber greater than
or equal to 1, preferably a nun‘oeL from1l to about
50, 000. WO 2004/ 058827 PCT/ US2003, 040340 44 WCA- is
any weakl y-coordi nating anion as descri bed above. All
ot her synbol s areélg*defi ned above.

WCA’ JFIM--(--CHZ--CG2--)g--CH2--CG2

CpR
Y
(CSHS-y -X S )
NCA'
')y\ / \(CHz - )g - Clcrz
R (z-1y) %y
; and
(CSHS-y-x Sx)
NCA™
/M+— (CHp-CGy-)g -CH,-CG,
R" X

y
wherein each G is independently a aliphatic or aromatic group, preferably a Cj to
C100 aliphatic or aromatic group, and g is a n integer representing the number of

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

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



B. Substituted Carbocation and Silylium Conpounds
[00118] Ceneration of trisubstituted carbocations and
weizboglosgazr cat i ons may be perforned before usePCIUSE®3/040340
pol ymeri zation or in situ. Pre-fonnation and
i solation of the cation or thg stable cation salts may
be acconplished by reacting the alkali or alkaline
earth netal salt of the weakly-coordinating anion with
orrespondi ng hal ogen of the entia
ats ?5%1{ gefrr%ﬁ?% ﬁanpgrwegcafb b Al et gspnbols
th%BQ£Heﬁﬁ&fﬂﬁ&é0n of the substituted carbocations or

silylitum 1n situ occurs in a simlar manner to stable
salts, but within the vessel and at the desired

iBEBe of produci ng

car bocatl ons or silyliumcations otherw se too

unstabl e to be handled by the first nethod. The cation

or [QﬂﬂéS]pr ecufsoeratien phiisubsgititoh carboeafioing andl yilylswa cations may

( o gt Bl Sl T, P RIS bt 38 ofte e Tpfipdion and

I nigentibRRf tHelehlidllor Ahariislk caﬁcﬂﬁﬁlts%a}l bé ScdorifBBhddOBy tedcting
the actlve car bocati oni c_cat al yst onpl ex which is

olispline eaxth I@éta} é?iif eE & wealﬁyrcowéufaanmnwe with the

. nd%peﬁ%eﬁn?gc‘?%%gr G 02 ol BEAhBR! B SHGH Uivitany o

pr skthodb kyown iiCtHe 4r0 Edfhtivhi qfithd smosgnmmcarwuiugns 6r dlylium
n | nt.eger representing the nunber of non
i nEoHBoYEHEI 8B leh BagRegdp ﬁ@abb‘bwn%ebutcwpﬁ thf‘qu:%el "and at the
pr t

o LA s R AR, N0 g3 gl procsr i
2004t @538@‘4’)&5’1@T¢ﬂﬁ®@0&h@4@mati(ﬂﬁ MCAlyllmn aalyons otherw1se too

weakl y-c di.na bed above

ot VLS b 7 SandrE by e R0 EEe f0R2s] hypecursor o the
angithris Bpi@llyaseest 1 & 1thics wlﬂy&fétm iweb&: Iﬁﬁ&l ¥l to 100
carbocationi ¢ catal yst conplex which is formed and

wh{ChocSirt tbavCapraiss evdirle th by prachiee bbthigihagition.

[00119] 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 ( ({CH,~CG,)y~CH,~CG,  NCA’
Ry

wherein each G is independently hydrogen or a hydrocarbyl group, preferably a

C1 to Cypo 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.



R I RS (CH-CXR)g -CH2 -C&+ NCA_ R3 wherein

each G is independently hydrogen or an aliphatic or
wanosse7 group, preferably a C 1 to CL00 al i paatiseo03/040340

group, and g is a n integer representing the nunber

of nmonomer units incorporated,snto the grow ng pol ymer

chain, gis preferably a nunber greater than or equa

to 1, preferably a nunber from1 to about 150, 000.

a ordinatjn descr,i be
b VA” g 17 BEekd-SagABRE Bhionas Frahsa bty Al ger symbols
Sbarelalg deRRAHovEN add| tion cationic conpositions of
germanium tin or |ead, may be used in conbination

mﬁth the WCA' s descri bed herein. Preferred

CORRAZDE | 015 vel NSNS HIPA° AP NoR! £id CBLESRN ST BY active

Pcﬂ'drb&%ﬁ@ﬁ{c%%ﬁ@ corhBlexhieieh & fokmeddn@RRidRZaf MR represented by
hydr g_gen al kyl, ary aral kyl groups or derivatives

t hthedermulpg:ef erably CL to C30 alkyl, aryl, aralkyl
groups or derivatives thereof, and R* is Ge, Sn or

Pb. In a preferred enbodi ment the R groups are a d to
C10 al kyl, preferably nmetB4, ethyl, propyl, or

butyl . Hydrofl uorocarbons 00122] Hydrof | uorocar bons
are preferably used as diluents in the present

i nvention, alone or in conbination with other

hydr of | uor ocar bonsR@T—l‘n_CSJrrm—nat(chh -@5)h -OHheEG,” NCA
di  uents. For purposes 'of this invention and the
clains thereto, hydrofluor carbons ("HFC s" or "HFC")
are defined to be saturated unsat ur at ed conpounds
consi sting essentially of qxdrogen car bon and
fluorine, provided that at 1east one carbon, at |east

on\?vhgl)égnr (e)gc%nGalnsdmgepengentI ﬁ}rl] roéenu or aﬂeahphatlc or aromatic group,

preferably a C1 to Cqq 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. WCA- is any weakly-coordinating anion as described above. All

other symbols are as defined above.
Ge, Sb, Pb

[00121] 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:

A1

R —R* —R
2 X 3



are present. [00123] In certain enbodi nents, the

di l uent conprises hydrofl uorocarbons represented by
woheosfosssrul a: CXHyFZ wherein x is an integer fPOmMUS2106/040340

40, alternatively from1 to 30, alternatively from1

to 20, alternatively from1l tg,10, alternatively from

1to 6, alternatively from2 to 20 alternatively from

3 to 10, alternatively from3 to 6, nost preferably

ex el R RS0 e @80, 106, BNEREURy| BRREb: derivaives
I

e T S

R+lis Qd; ishl M@etmaeﬂﬁreféreli eznlsddlﬁqlelﬁ%@qi BARBS are a bl to C10
tetrafluoroethane 1,1, 2,2- tetrafl uoroet hane;

2-

alkyl, Prefepbiytadthyioethel, bml of bldylior opr opane;

fl uoropropane; 1,1-difluoropropane;

2-di fl uoropropane; 1, 3-difluoropropane; 2, 2-

I

f

f

1,

1,

1,

2

1,

d| pags 1, 1, 1 -trifluoropropane;
1, %@ﬂt@%ﬂwg%r opane; 1,1,3- trifluoropropane;
1

1,

1

1

1

, 2, trifluoropropane 1,2, 3- trifluoropropane

2-
t et 0 ane;
: Bz or o%’?éﬁgﬁé Seqrtpns ase Pisfr Y orch Bt dfjugnés in the present
 invenifor, €hIoRE | UPTiAPBMBIAton with other hydrofluorocarbons or in
1, 3, 3-tetrafl uoropropane:
qubmamt wath| atherofieptnel; or\/j@rﬂmﬂbﬁﬂﬁsm’ven‘uon and the claims

eie%éolyf{ﬁ% 0033%512,%&5%% or1 af | léoﬁr?e[g 1o ge séturated or

peaﬁ@ﬁdrw@ﬂ QRBAPBAME; cohsibiie %ss%n@ﬁryt af hy}d}bg@f QBAR; and fluorine,
1,1, 2, 3, 3- pent af | uor opr opane;

mroylc@dzhg Fdsagt PROLBPID Fﬁéﬂ@‘s‘[ one hydrogen and at least one fluorine
]11 y 3- hexaf | uor opropane; 1,1,1, 3, 3, 3-
hexaf uoropropane 1, 1, 1,2,2,3,3
- hept af | uoropropane; 1,1,1, 2,3, 3, 3-

he t af | uor opr opane; 1- fluorobutane 2-f 1 uorobut ane;
0M28) yor oBuEEHER embodiments; ﬂ@rfbblﬁﬂfa?@npﬂses hydrofluorocarbons

! RopdsEhide AP YA Bimuta: 4 odir B, UORGRIAL @
2, ZngfS% uor@gut ane: ‘% 3- Obé’ffz | uor obut ai[réea][l integer from 1 to 40,
1, Altdrnativietyt fromobtat 30 eltedatiyély t frofl lutnrﬁbwﬂtanmlvely from 1 to 10,
1, 3-tri or obut ane: 1.1, 4-tri ut ane
T Sl HEFobd dnelternaarely Ferh Py b, §o.3 t© 10,
tr bidrHAaNRBUEERS tod, frodt %I‘éfécrélﬂg H8RHT 88 wHereiky and z are integers
1, 2-t et rafl uor obut ane; - tetrafl uorobut ane:
1, andatdeastoneaf | uor obut ane; 1,1, 2, 2-tetrafl uor obut ane;
1,1,2,3- tetrafl uorobutane; 1,1, 2,4-tetrafl uorobutane;
1,1, 3,3-tetrafl uorobutane; 1,1,3, 4-

[00124] Hlustrative examples include fluoromethane; difluoromethane;

trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-difluoroethane; 1,1,1-
trifluoroethane; 1,1,2-trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1,2,2-
tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-fluoropropane; 2-fluoropropane;
1,1-difluoropropane; 1,2-difluoropropane; 1,3-difluoropropane; 2,2-
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;



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

wa 20043582t et r af | uor obut ane; 1, 2, 3, 4-t et raf | uor sbTUAZ®3/040340
2,2,3,3- tetrafluorobutane; 1, 1,
1,2, 2-pentafl uorobutane; 1, 14, 1,2,3
- pent af | uorobutane; 1,1,1, 2, 4-pent af | uor obut ane;
1,1,1, 3, 3-pentafl uorobutane; 1,1,1, 3, 4-
pe f 1, 1, e; 1 .

121‘13 %ﬁBpe%@‘&cﬁpﬁopﬁut \ne! 14, f2 REL AU RLENe 111,133

1 BenBafRiofoppepunal 110102, 03deatufluoropropane; 1,1,2,3,3-pentafluoropropane;

1, , 3 af | uor obut ane 4-
pellwilﬁf%%rhsmﬁ%%pmnanf, 3,3l 14,12;&% ilm}m%%?ma 1,1,1,3,3,3-
i’ lgex%ﬂg rél_n%ggﬁeaf | uor qgﬂ;‘f,?,@% 3- %eptaﬂuoropropane 1,1,1,2,3,3,3-

nt &f | uor obdt’aneé:
1, ]&p&fﬁmt‘maﬂn&prbﬂubmbetand, P-fludrpButdne; 1,1-difluorobutane; 1,2-
hex robut

Eoré) gta&e,h Zﬁé}lﬂé@%hﬁﬁ%eaﬁgﬁ (P ﬁ Xo%];llaul?lcgr{eo bf& %nf?uorobutane 2,3~

1 éﬂﬁor%b&taﬂe hex a}fthHﬁ!’)1‘3)'8&@9%1@5‘eI,1,2-tr1ﬂuorobu‘£ame 1,1,3-trifluorobutane;
1,1, 3, 4-’héxaf | uor obut ane;” 1, 1, 1, 3, 4, 4-

hekéﬂkmﬂnombu‘ane 11,2, 2triludrobuteesaf | U@ obifvanebutane;  1,3,3-

1) %?%o%)bgtail ,ﬂ:i;&' u%}fg]gut bEae 1,1,1,2-tetrafluorobutane;  1,1,1,3-

1, irdfldordbftakee X a,fll,umaﬁwmaf&utaiael 121,83 ,23e#tafluorobutane; 1,1,2,3-
hexafluorobutane 1,1,2 4- hexafluorobutane

1, tetraflgprgbufangs x éfl[,z,,{{,ﬁqj@@pg@utane 1,1,3,3-tetrafluorobutane; 1,1,3,4-

b odngodas ERLE LABRRHbANGS: 1320 st 122

heﬁtraﬂlhatebmhm ang;3,3-ttrafludroduthng; hle;nB gtﬂeu@ﬂmbulmam&,, 2,2,3,3-
1,1,1,2, 3, 4,4- heptafl uorobut ane;

1, tgf[rg‘f’lmrgblﬁg& af b QaP uog_oblltqleg 3 141 142,3-pentafluorobutane;
he fq Al 1,1, 2,12, but ane;j )
" l;,ﬁ?,iz!# g&@gﬁﬁﬁe&taﬂe 12, B3 3. epden%hﬁfdbﬁ%g i,1,1,3,4

OctAf | uor obut’a

1, perafBiodobtitamet af 1,udrdbptantnordbitads; 2, 2,142,2,34pentafluorobutane;
ane or obut ane;

icg?f ! r 81%géu%ohuta%naf | uir%gégwg at uoro%utane "1,1,2,4,4-
1, ]%er&afﬁ)o?oﬁﬁtaﬂledf 41 nomed bk AstbBitghe;  1,2,2,3,3-pentafluorobutane;

| uor o- 2- met hyl propané;
1 L2343, 41-@gmt@ﬂ120rn’emth1yq pr opénlel 2,2.3 hexaﬂuorobutane 1,1,1,2,2,4-

2ot Bei3e ) oo St Otk sl h@atfiorobutane;

1, 113524 uitensfhrabuididdy| propases 4-heaftliokdbigare; 2-  1,1,1,3,4,4-
(fluor0|nethyl)propane

1, hexaflgorobytang;| ubd d.44; ﬂéleﬁ@ﬂhﬁ),r@lpgﬁ@? 1,1,2,2,3,3-hexafluorobutane;

1 p -
1, ill’lé%g% ?’f egﬁ%é%&gg"??l%uor owg%,’?% ’g ?lgg%ﬂnué) robutane; 1,12,3.3.4
1, Hexhfldordbmand;af 1,uar304, Z-heﬁﬁlhkwd)hﬂnmwand 2,2,3,3,4-hexafluorobutane;

T B33 Scheiattigrasnt, 1 doh badh iR bane: 1112234
archaRane, 11 4 L %%8{0%9%@”3 L 351,123,44-

uor ocycl obut ane; T,’3Zd1’T1 uotr ocycl obut ane;

1, HgpRaftuordtutrmepcycl o bl;l ,ér?eﬁt 4 3-Hep@fluorobutane; 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-



trifluorocycl obutane; 1,2,3-trifluorocyclobutane;
1,1,2,2-tetrafl uorocycl obutane; 1, 1,3,3

weotaddreagd2uor ocycl obut ane; PCT/US2003/040340
1,1, 2,2, 3-pent af | uorocycl obutane; 1,1, 2, 3, 3-
pent af | uor ocycl obutane; 1, 1,252,3,3
- hexaf | uor ocycl obutane; 1,1, 2,2, 3, 4-
hexafluorocyclobutane 1,1,2,3,3;

ﬁ&gcyclobu . o .
hep ﬁﬁl uor ocjycl obut gﬁgemﬂ]uggomg)?t%el}?}é@m?ﬁ%efeof andl’3 difluoro-2
' nﬁlmm@thm)mbpmms 1df1, 3-tllﬂmﬂluurcat-ambtlh‘ﬁ§i‘o$amteS(;ll’,?o,B&etraﬂuoro-Z-

bel ow. . Parti f d HEC |
o PR R a1 o GBI DPFOR 1 kb dcpipfivoro-2-
1 ﬂleﬁly Zﬂrf)betﬂeuprl aed RaR8uorol2- F@I&&ﬁ&t‘ﬁ?ﬁﬁﬁgé‘l@ 1,1,1,3 -tetrafluoro-2-

tetrafl Uoroet hane. [00125] trat
exé‘m@lr@nethyl)pmpatwr atfledrdey dobfithuy r odal—lddh@rmcryclodvdane 1,2-

By e 1 - U RIIESE ) 2 corgeclobutne 1,13

f | &m&%@@bﬂﬁtané I, Zj3ftﬂ1ﬂlﬂfr@é¥c@ﬂﬁ%e 1,1,2,2-tetrafluorocyclobutane;
d|fluoropropene 3-di f1 uor opr opene:

2, 81, 3'l€1§@ﬂ99170§}z5@ﬂ@1t31&, 3- di- Bﬁ&mnt ecyclobutane;  1,1,2,3,3-

1 Sedely o RbERR S ene 12 30 boRPhORPLIPRRRRE 2 13234

t r héladlaoRRYEPBIREe; 3, 3,132 B]34-HetdRbRIR§EI6butane; 1,1,2,2.3,3,4-
1-fl uoro-1|-butene; 2- quoro | - but ene; 3- fluoro- I

. phendgfluoracyrlobytane; |andy ypispges 1thereofj pnpdjoingluding mixtures of
ibglﬁsglﬁﬁ?te& Hrcdl fdle&:%bgd i)edo?ll"t eﬁﬁ“tl?ul%r 1y e%referred HFC's include

, uor opr opene;
2, Brfhhbfdmmhanel - thifiluervemetizang; di,1ddifuoedthardeut Bbgdr- trifluoroethane,
ﬁ di fl butgﬁ 3. 4-di fl uoro-1-butene;

u‘EﬁofT}e 6 aIndk}u]t éet”iﬂ”ff’r(’ée hanei £ | yor o-1 - but ene:
1,3-trifluoro-|-butene; 1,1,4-trifluoro-I-butene;
2,3- trifluoro-I-butene; 1,2,4-trifluoro-I-butene;
, [50,0325]r i f1 uBlustrhtiveuexanapled o3, whsaturdtéd dngdmﬂuomsmﬁma$ include

PO R eSO e,
bEt&Bpropdnes 4; lt(ﬂlﬂflbﬂé)@fdi)ené -1bUERSopRorfend; 1,3- dlﬂuoropropene
trifluoro-1-butene; 4,4 4-trifluoro-I-butene

1 3;3211ﬂu‘?rép1?0@ﬁ1ﬂ%or 3.8~ duﬂuoesmromwl 2 14L2-tr1ﬂuor0pr0pene 1,1,3-
&‘f@ h&i}% erng:IT Fﬂgl%?ltrléu%l‘oﬁro%eﬁeet r aﬁ |3L§o{r1 uorokf)%éeerﬁ(ee 2,3,3-

1 trifthofoprepanal B.BB-nifluokesirepedie; 1-fluoro-1-butene; 2-fluoro-1-butene; 3-
1,2,3,3-tetrafl uoro-| -butene; 1,2, 3,4- tetrafl uoro-| -
buﬂ'é‘?if@'l -hutene; 4rflpesor Lbpigagsol.l déﬂq(gﬁ-é-butene 1,2-difluoro-1-butene;

Siéé%&%) ?%1% qrépd violAg & 12§ cﬂ orx\q &9@1146[ %ﬁg&lﬁoro 1-

tetrafl uor
1, Hut&na} 3t3&drfhnbtajbﬂautehleb3m{elnﬁ40ro l-butene 4 4 dlﬂUOl‘O 1-butene; 1,1,2-

2 i VShAl! U ol e 4 LR RN 12
» AirfftdoBS-N fukdtRl 0-1,2 4-trifluoro-1-butene;  1,3,3-trifluoro-1-butene; 1,3 ,4-
trifluoro-1-butene;  1,4,4-trifluoro-1-butene;  2,3,3-trifluoro-1-butene; 2,3,4-
trifluoro-1-butene;  2,4,4-trifluoro-1-butene;  3,3,4-trifluoro-1-butene;  3,4,4-
trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-butene; 1,1,2,4-
tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-tetrafluoro-1-butene;
1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-butene; 1,2,3,4-tetrafluoro-1-
butene; 1,2,4,4-tetrafluoro-1-butene;  1,3,3,4-tetrafluoro-1-butene;  1,3,4,4-



butene; 3,4, 4, 4-tetrafluoro-I|-butene,
1,1,2,3,3-pentafluoro-1|-butene; 1,1, 2,3, 4-

woemi4ab8aor o- | - but ene; 1, 1, 2, 4, 4- pent af | uor o- | POTMUSZ®3/040340
1,1, 3,3,4-pentafl uoro-1- butene;
1,1,3,4,4-pentafl uoro-1-buteng,
1,1,4,4, 4-pentafl uoro-1-butene; 1,2, 3,3, 4-
pent af | uoro-1-butene; 1,2, 3,4, 4-pentafluoro- 1
bggt%ﬁﬁorgll ng%a? . d? grlllt f@%ﬁ]‘tﬁ?&f} 1 butgﬁét ©1%,3,4-tetrafluoro-1-butene;

2, 334, 41-Iefh=a}ﬁ1ﬁltoaf Jburne- | 2,hudereallGord-14bterl; 3,3,4,4- tetrafluoro-1-
petaflu rolbutffn 112334hexaf|uoro|-bute

utene; - 4,444, fastsgtluess--hutens, ¢ b he:3,rpentatluoro-1-butene; 1, T ,2,3,4-
1 gergfafguo%o-z- fdeuoror 211 4- Péﬂgﬁﬂﬁ)ro -1-butene; 1,1,3,3,4-pentafluoro-1-

exaf | uéro-
1, Bytdnet, Y1.3 e padithilaoro-1-buerteeriel 4, 4 4-pentafluoro-1-butene; 1,2,3,3,4-

h eaqr%ﬁlqg)g{)-ﬁ -l?ue%(}%: leﬁé 8, |,4_ gé'lnttaeﬁuoro ]I-b%lte?he3 3 1.2, 4441 ,4-pentafluoro-1-
1, gut@n@' A3 4,40 E@iﬁﬁﬂtﬁdrlﬁ'—q[lﬁi’téneb BiLN8 A dentaffroth-f-thtehe; 3,3,4,4,4-

hept af 'uoro- 1- but ene;
1 peBaiByoso-4 -utenept Bi 2803, d-hexdfinoeméd sbuterke} ulgt,d;324, dhexafhioro-1-
1.1- d| uor o-

Eftlaflféjlr 80 P;t Lfgﬁéafﬂu?ro\% Fepeor obf;E §{}u‘% &ihgxafluoro-1-butene;

1 4208 4 4 UK RaBodet Eh@ene?, 3;38 1 U RexdflOoENButene; 1,1,2,3,3,4,4-
1,1, 1-trifluoro-2-butené: 1,1 2-trifluoro-2-buteng:

1 hepgatiyareldurencz- but bha;3,4.4.; hﬁptaﬂubrmbrb@tezeb ut erlel.3,3,4,4,4-

1 %:pity.gotré) flrl:%‘h?‘% = 69§t ?jtg’élnheepg%ﬁlfrol ?u e(r)lE:O lzﬂgcyrto?i]gutene; 2-

t efluadol2+buitend - bll,ll-ﬁffﬁmrdrﬂbuiené t eprdflhetorPbdetdst anedifluoro-2-
1,1,2,3-tetrafl uoro-2-but .
hutgnq tb{l-,dgfﬂqqg@ﬂd:uzen@ut grﬁedlﬂuro -2-butene;  1,1,1-trifluoro-2-butene;

1 ? 1. fhffu%[id' %fﬂé&k_%eoﬁ $ ftﬁ{b‘f-o 2]=m%er§a 4, S REM R LRI Se21 2 3-

t'ene: , ehfa uor o-2
1 1;'t1ﬂ|u,03Q—& -tmeeneafll Wmﬂ@thMMe, 1,111,2; tétrafﬂuoro 2-butene; 1,1,1,3-

pe{%%r%hﬁgrgf%gﬁt?gél |t 32}?8 %tb&%tﬁicghé: egr}eif Ill,'ll% g-tetrafPuoro 5 butene;

1,213 Atéﬁ%ﬂﬁ&fo‘-@-‘bﬁfegé leﬁ 8Ctetrdflucko-2-butene; 1,1,1,2,3-pentafluoro-2-
1, 2, 4, 4- hexaf | uor o- 2-’but ene;

1 ‘Qutgn@ Ml,&%ﬁgﬁtﬁﬂ;@f@i’i@%&gdd 1,3,4-pgentafluoro-2-butene; 1,1,1,4,4-
h e?( r#il ué)rr% fl%%?eg(n) e_1%1 ,?, %r)]e%‘tafﬂ'dord g-b%’tedﬁed' 1,1,2,4,4-pentafluoro-2-

1, Butdnd}, 4- hept af3 4bsefldokt-BiRne;1, 1,111,224 4hdzafluoro-2-butene;
he tafl uor o- 2- butene and ni xt ures ther eof and

i nédl e -hd-hexaflugres-bitengat ukatledd Hrsfinagedditensy  1,1,2,3,4,4-

b
SOk on0 ETAIBnkIR SR 1100

| Sheptaftor@eriuteret iandtneisitudéd therdof aﬁe rihdludihg riﬁixaﬁes of saturated

co unds hei.ng those conpounds consisting of carbon

angggkﬂg¥ﬂﬂ§d Wever, in another enbodi ment, when

the diluent conprises a blend, the blend nmay conprise

perfl uorinated conmpound, preferably, the catal yst,

no09dR6], an dIrdidmenmboﬁn&nprﬁ)se diluént eonsprizgh enqrhpesBuainated

I h

t hgon%];o%rn ge glrt Itl(l)en ecﬂlu%gtnqg nae nr{o%-p%rrﬁuorﬂnsé%db dleluc\el\lnltt 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



WD 2004/ 058827 PCT/ US2003/ 040340 50 the diluent as

described in further detail below |n another
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chl or of  uorocar bons (CFCs), or those conpounds

consisting of chlorine, fluog ne, and carbon. [00127]

I n anot her enbodi nent, when hi gher wei ght average

nol ecul ar weights (My) (typi caIIy greater than 10, 000

r .
ol R BB R O B’ R BHEE e blend
i nmhjd d&oh;oeh;mfsb wmc@@@mdambohst(h:m sj; 6l thok¢ compowRls avhsisting
fgreater than 10 at_ -85C, preferably greater than

150 Ghipraepil E?ré?eaBlP‘ilcagP@bter than 20, nore preferably

greater than 25, nore preferably 40 or nore. In

enbodi nents where | ower nolecular weights (typically

| ofe8i27]han 1, efi@héempodifnenibihenl brghet meighb,d6ge Maplecular

. th 3, dt
3? é{%@ re@@ fztafﬁ{ca Sséﬁwarn%% @QW% Pi‘ﬁd %B rﬁvreaﬂ%ﬁ@ 000
| agG8 " mBAD PRESaBy {okd 1t8kOR 00000 MRS £E RIREY, WhEHIle! Bfuents

dieléctric constant I1s above '10. Thé dielectric
c omslugda thydfofluhmcaibbuewith2 diglectdetconstanted greaten than 10 at -85°C,

nmeasur nts of .t he capacitance .of a parallel-plate

T RtY Erfard e £ BB, bR eRrBRutn, A0, B Breforably
ChDbreateh than’ 25 CHRRE @rdfbidbl 80 dfn@wre. dh &dnf6ddidénts where lower
constant R [msasured value CR], and in air

[ mmalegrled weadhie (tmrally lqwmtbam é@@@o tMw, mﬁsn(abbfdlegs than 5,000

glae ;I tdargc?ec 8rre]181y e f%%/‘: 81:(*,' cﬁ%;,\ﬁd"ﬂﬁ rc? %lgctlrlg cons%ant may
caparkd than 16, drmjﬁ’fdﬂﬁ@ 1a@er aBotlidte of BlifiatorC@tamkicd Bgt when the
and Cs is the st ra aci tance. Fromthese . )

nediglecEivesrnstapt js ab 2% byThehéle%mm repstaat (ofhealilupnt,ep is

( C&t%l}léé Cﬁ*)eas@!ﬁrh@ﬁtg%tf't ac‘f‘claurl1 Stj{)f) %2&1:'91&'1 k)fate capacitor

i nstrument such as t roo ru
Compaemaed om th @il8ed [nmayurbé uahEdCb]g meae:afeeerﬂe eflhad tafi kmown
ari SO t

constant of diluents directly.. A co e

ai drlscit cen%tswssﬁimewsc{ Frloe il and &1 B (g Birhcnspicd Vatue Cal

- Bh{Cedch ciNeQME HRESRE] Qiacithde @WE’ {vef |b23Cé\g£§E§ft@gd where e is the

Figure 1. WD 2004/ 058827 PCT/ US2003/0 0 | uent

satlielegBiC constant of the fluid in which the capacitor is immersed, C¢ is the cell
capacitance, and Cg 1is 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.



Met hyl chloride 18.34 Difluoronethane 36.29 1, 1
-di fluoroethane 29.33 1, 1, 1 -trifluoroethane 22.18

wa 20@4/059822- t et r af | uor oet hane 23. 25 PCT/US2003/040340
1,1,2,2-tetrafl uoroethane 11.27 1, 1,
1, 2, 2- pent af | uor oet hane 11.835{ 001281 In ot her
enbodi nents, one or nore HFC s are used in conbination
with anot her diluent or m xtures of diluents. Suitable
addi tional diluents include hydrocarbons, especially
hexanes and hept anes, hal ogenat ed hydrocarbons,
especi al|ly. ori nated hydrocafbons and tphe 11 ke.
Specificlé%%%%les i nclude but |are notS@Tﬁgt dto
propane,| i sobut ane, pentane, nmgthycycl opentane,
isohexar@%etylaéhr pent ane, 3-nethy|peﬁ§éﬁe
2- net hyl{putane, 2, Z-dimethylbutane, 2, 3-
di met hy||delapemephaggt hy| hexane| 3- met hyPhdRane
3- et hyl gentame,—2, 2= dimethytpgntane;
2, 3- di metlalHigbwreatane2, 4- di met hyl pent and9.33, 3- di net hy!
pent ane,—2—fethytheptane—3—etfythexane;
2, 5- di matlhllfefleoresth2ne24, - tri ret hyl penani8, oct ane,
hept ane,—bttanre;—ethane—rethafhe—nronane—decane— |
dodecana,l,ih@eecmauorbsabaige, nethyl cycl ghggane,

cycl opr gpans, mjml obut ane, cy ol opentane,

met hyl cyadl, ppent@afuordethahe- di Met hyl cycopgnbane, cis
1, 2- dinethylcycl opentane, trams- |

, 2- di met|hy] eyol g ARG thdnkans 1, 3 - .83
di met hyllcycl opent ane, et hyl cyclopent ane, cycl ohexane,
nmet hyl cycl ohexane, benzene, tol uene, xylene,’

or a%y| ene ra-xyl gne,. neta-xyle ,and t he. ..
Ot | o0 S BRE PO G Bl € 18 % s i gppination
t hevithhinethenall@sht ve hikRs oTfdilubgts. 3@le adBiBnal diluents include
preferably fluorinated versions of all of the above.

Br Bydragarkens. \espesighhs hsxanese aadhobeptanes, dialagenaied uhydrocarbons,

SooPale SRRRAET BT rn B! il Shtelfc oxbitnles ipghude but
et ylnot hibdtedde prgpanpyisotntthre; petetand) wiethyoyblopértaies, isohexane, 2-

chloroform and the |ike.
methyﬁpentane, -methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-

dimethylbutane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-
dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethyl
pentane,  2-methylheptane, 3-ethylhexane, 2,5-dimethylhexane, 2,24,-
trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,
dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane,  1,1-dimethylcycopentane, cis 1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, 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,



[00129] I n another enbodi nent, non-reactive ol efins

may be used as diluents in conbination with HFC s.
waxenpser7i ncl ude, but are not limted to, et RgIrAIS203/040340

propyl ene, and the Iike. [00130] In one enbodi nent,

the HFC is used in conbinatiog,with a chlorinated

hydr ocar bon such as nethyl chloride. Additional

enbodi ments i nclude using the HFC i n conbination with

ek Ru e A S BHGE, Bfh, EERBEC e D B Bpgrotorm

or andnhedikgases i nert to the polynerization such as

carbon di oxi de, nitrogen, hydrogen, argon, neon,

hel ium krypton, zenon, and/or other inert gases that

ar erab Qi : r eI I

o QRO G" Gant anplil! R hohdodchGe AR may be used as
ni dilogénin f@OHiBAffor withridF@ar ExdmyslesrartudehbutHir€ ot dindited to,
used jn conbinatiopn with one or nore nitrated

al Ra¥% E?’Hrﬂﬁﬁlﬂkﬁ’ﬁﬁp@fl * CA0 nitrated |inear, cyclic

or branched al kanes. Preferred nitrated al kanes

i nclude, but are not limted to, nitronethane,

ni {00dd0hane, Imione opnophment, rthe ridBUt mnesednint combitatioe, with a

ni t.r.ohexa I trooheptane, nitroqggtane, ni.trodecane,.

ni f1?18ﬂ8%5(ﬂ ﬁyﬁ?ﬁ@&oﬁg 8, Mty o%ﬂﬂ’é@%néﬁdluom embodiments
Ni IncRE¥ChIRE HRAMERC Hh tdofbYithioRt WARhexanes or methyl chloride and
ni trocycl opropane, nitrocycl obutane,

ni bexsage | bpanethes embedinpent fied JREkszane used in combination with one or

ni trocvel e, nitrocycl ooct ane e )
i PEBEYERSNER 1 nelb K6 RBH A LSrbon dioxide,nitogen, hydrogen,

ni fuigosyedondbelaganaypton} z@o)ChUndetianert dabds BREE %ﬁ@ferably
ang the di- and tri- nitro versions of the above. /
pr BRWH & entigniso thengsastor.s Ripderied pgaserd énsluget earbon dioxide and/or
ni 1 #Q8EL hane. [00132] The HFC is typically present at
lto vol une % based upon the total volune of the
di luents, alternatively between 5 and 100 vol une %

i 0
oL HGRAER | Vel o G e B S miTeed pcombination withane
al bemad hivdked ARINSEMCRBIRNG, 400, VRHUNR HHear, cyclic or branched
alternatively between 25 "and 100’ vol ume %
al alsanest iRrefeyred itvaseshalBanesrivclad®) bub brermotHymited to, nitromethane,

A A T -
angitrb0&ans)| Urfﬁtr%ecane, nitrononane,  nitrododecane,  nitroundecane,
nitrocyclomethane, nitrocycloethane, nitrocyclopropane, nitrocyclobutane,
nitrocyclopentane, nitrocyclohexane, nitrocycloheptane, nitrocyclooctane,
nitrocyclodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecane,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred

embodiment is HFC’s blended with nitromethane.

[00132] 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



alternatively between 45 and 100 vol une %
alternatively between 50 and 100 volune %
wabhbv@rosstei vel y bet ween 55 and 100 vol une % PCT/US2003/040340
alternatively between 60 and 100 vol unme %
alternatively between 65 and L00 vol unme %
alternatively between 70 and 100 vol une %
alternatively between 75 and 100 voI umre %

! $E008E S5 18 V9GA-CE, Y SR 100 v v

al ztl&fﬁhﬂvblvyeﬂ)e}twb@i weand 900 aruduh® Qo valtatimivdy between 50 and 100
alternatively between 95 and 100 vol
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d
aI ter nat :Véﬁ]l[ry 6 %&B@@ﬁﬁ‘éﬁg§ {(}geeéo Vo liUG (%61111‘?@ %, alternatively

priafteesred0 eamtlolﬂ()masihm’erﬂé lalE@nandbjr ehadwnvﬂi hnd r1©0 oxolume %,

nor.e chIo i nat ed ro ns. | n anot he referr
e anateRly bouce ds@ & ef/e:oﬂ%qrﬂaéweélﬁ 6t 88 hnd 100

¢ OﬂﬁhﬁE lof Gl fknagiivElly %{&é‘éﬁtdﬁ)aaﬁﬁ 100" ¥J1hHO 0P %Hﬁﬁ@elX between 95

1-di fl'voroet hané, 1,1, 1- trifluoroethane
1 andt 890 ablunmr Yetaliemetively beiwdenr 85 and dﬂ@ mlmp@%saﬂcrma’qlvely

anot her odi rent the,dllu ] Xt i 0
o runeay B AT Hysine e binatively teh R it B olume %
Cent giphefdirbd@RibddRhdht I8¢ tmice id Blenbigd vﬁﬂi ¥he ror more chlorinated
Preferred diluents have little to no solubility in the

polﬂxdmarb@@l ulpi anioter prﬁferrhé epbtogiineent jthe FHHS i seledsed from the
fsgéfgh‘ﬁ %i%s%n%&fgdgguo P ﬁlage ft'f(l!ﬂ%roofn%e han%kﬂﬁ 3@%&1&?5’[ g h ,1

t otrifvIetiane, dndl 1"),1,2ft9tlfaﬂ’uoh(§liﬂlieﬁleaahd mi%firesthéedf. | mi s
removed fromthe dil uent, exposed to room tenperature
for 90 seconds to evaporate excess diluent fromthe

Zgﬁoﬁgﬁ of T e andihdrBmiHitnd! 80 eGued G ﬁgﬁ:ﬁ% Iﬁﬁlzﬁ&e is %lected

as the percentage Increase Iint
af based sapakiitsysolibibitydid lﬂ&anpoltyrnedi | Oertein rdi]mbmts eare $oluble in the

eyt BieTegielias Py Gdetnan spy 1h BRgeLigh ySolbility

| egste %eMs%neﬁ&ﬁ&P 153 Offo¥m! @S&egﬁtﬁpm& Wid0a PBHhCof thickness
preferaly ess than 05 wt % 341 In a preferred

enhﬂmmmam and heO uhiidromsn theprsoalkihg ann dﬂumtl(m@u to cover the ﬁlm)

ect d su t differ ence bet wee rreas
B 75 AR TP PROTEE 585 HE PR PR 6 room
| eﬁzﬁlpkfh&ﬁe God 9MMs¥eddids A0 evalhdrate Nixcesd NTiRBAL ﬁﬂm ﬂi@%ﬂﬁé@ of the
and additives is wthin 15C of the Tg of the polyne

mefibyraad vgigead. i The mass wniele is slefinerl pniths Rerdentage crcase in the
t DK ORSshe ARENESRimY R ah @ T FiRAR mixARE 1£'8Rosen so that the

polymer has a mass uptake of less than 4 wt%, preferably less than 3 wi%,
preferably less than 2 wt%, preferably less than 1 wt%, more preferably less than
0.5 wt%.

[00134] 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
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di l uent (enough to cover the film for 4 hours at
wo2603/058he gl ass transition tenperature i s dePermiSzmad/040340

by differential scanning calorinmetry (DSC).

Techni ques are well describedsgn the literature, for

exanpl e, B. Winderlich, "The Nature of the d ass

Transition and its Determ nation by Thermal Analysis",

in | S 2
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the DSC neasurenent. Preferably the Tg val ues are
vv| ABﬁlM@@OﬁfheéH@% brehsition, @W@rﬁ’ol%ﬂ%\& RiSeylet, Kd. oAmerican

o Stkisth 0 o e eyt P Bgbialiey 19FE E Q" whersote is

8Gprepared@add&ciBEd abdve Sdetled bﬂmhema&ély AftéGoakingastd aODse rsample
preferably within 6C of each ot her, preferably withi

SQra apdarigained at pﬂ@ﬂmrawq/b@bpm%°@@r@1ﬂ igaeriagaly évpfore the
Wt hi
DCBSE AU, e SR BRSSP E2 M ot

pr ety Wwidhih hi lr‘?ClofSe@cfh 6&@1‘1 pﬁeﬂﬁﬁbly RQitMﬁEI(D%bf @Ach other,
Pr OC?SS [ 00135] The jnvention practiced in

cobfeierily svilkig Bt o pRcdc elignspre ¥qral?1vméfrrthim 8°¢ nole seghowther,
rm% ef‘%?alﬂf agihigede dl rbfaeiﬂllhug Het oﬁgﬁ"&&l‘fl OLifd/60¢ St lehdre %ther

reactors. In partlcu ar this invention may be
prprefaradyl withihb8t§/|ofr eadit other,"” prefdrhblgt withinv G°@xaﬁmh<ﬂs other,

RS oo PR b PSS RGP T S

f 1 e AA¢ Wthin Z2CBRNaRE oBRl raeragrmthlhqaet&%ac@oﬂlai or
nozzl e reactor, a tubul ar reactor

aut orefrigerat ed boi | i ng- pool reactor. [00136] In
angéﬁé%ﬁmcgggat can be renoved by use of heat

tr , such as in a tubular reactor where
a coolant is on one side of the tube and the

E%ma\rlzmg m xture is on the other side. Heat may
138 r enolksiinggnticnmpn baprasicadiia qoptiywassiani bgich processes.

m K the> 1S BniRsh 8y Y %rgc%!@&j 1ﬂ Y pﬂ& flow reactor and/or stirred tank

reactors. In particular this 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.

[00136] 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



autorefrigerated boiling pool type reactor. Another

exanple, is a plug flow reactor where a portion of
woOheo4passemeri zi ng m xture i s evaporated as theParAS208/040340
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the reactor. Another exanple is where heat is renpoved

ina plug flowreactor through surface heat transfer

usi ng cool ant on the other side of a heat transfer

su [ I I where ..

oy REms (UPAGTEE (BARIP Lol cKule s HAGE bEh ¥ REhGheg n o piue

wWhilow rédeeordindougln b Gy thanfeayiag cﬁbmhwreth'b Sthes RIdRYEE heat

onto the belt or drum and heat is renoved
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time where the m)norrer di luent an yst system
ar érunc«mtndmeﬂhe ibalt ahé tl}eepolymems pzdcblcahdn theeother side of the belt or

i zati on _occurs as.the m xture passe t hr ou
P R, S W {rBrBE i et P 698AT BRRE orthets Toatldrs have o
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rm@rénblaeﬁummeneﬁ@r n@yé@ and thg polymerizain ogdurhashe mixture passes
J[h}glu% Zzpeae% 159{ e reactor. Preferred reactors
al so gh reactio ére the pol ynerization occurs

on one S|de of a heat transfer surface and the
coolant is present on the other side. Anp exanple is a
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r e@ﬁétﬂérhgsz% ! i ARS8 GRRGuodRbAE rag&mpl ggpwakhg HQE tank

wher e merization occurs I nsi ano
c owlithmh aigitatpr esmrd tube nypcheaciot. SPdéerefl redueors ube ihelude reactors

she 001381 Thi.s invention nmay a ctlcdln
bat" Fffe g g’l‘%“%ﬁ‘é%o?%s °Prrﬂ‘i‘8r?é‘¥% %@?ﬁeﬁteﬁ nsteryrface and the

Ca&@l%ﬁtls rBsenN 0B bBed BRI €G! Qianﬂﬂg ik hae?eactor where tubes
pol ynmerization proceeds to conpletion (such b

y
quecmtmmg)coahut mmalnpidb }ﬂmareacfsr pohmrmmmd Alﬁcﬂlj)erfﬁ]ample

:ng ﬁ nyme poly merlzatlon %cclzu%/ Fnrg}de tuioe ar?c{ ﬁl cool%nt 1s present

on the out51de of the tube in a shell.

100138} 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.
[00139] 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.



pol ymeri zati on process. However, other polynerization

nmet hods are contenpl ated such as a sol ution
weoabogrossd2zat i on process. The pol ynmeri zati on pPOTAESI@®S/040340

of the invention may be cationic polynerization
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[00140] In one enbodi nent, the polynerization is

carried out where the catalyst, nonomer, and dil uent

ar feUEent b offe ShibBlfndAGE- pdtBLELABA s chfifed out where the

pol'ynmerization 1s carried-out in a continuous

pokatakyst, zadrionrer.pawt ddserit mrevpredent rea stadlalphase. Preferably, the

nonaner (s), and diluent are present as .a single phase,
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little or no diluent mass uptaké as shown in Figure

2. refhged opapyrabymoraiswelling] ishexbifiited east indishted by pittlesenno Tg
i ' ' f ' | : tration t .
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r edipeed2r gant,qsolyraetiiation ih dhOGRRREUSE e lpydseht ménth provides
an%/ or. the conveni ence of subsequent reactions to be

r ufPrdiigl golymes rcoppentragien | to heghansisdnal lovhiviseesity, with good heat
[O T, a Sy WL E D h . fo
partiiat eapEr SRR ThdthodthBols" BelyiiiAliod “hilor  the
conaerhicatd ofisufsedqueat sakiias forbet tua ditestly Yoni the eepudtingt polymer
orH%reater than 10 vol % I n another enbodi nent, the
coFt8HtS ati on of solids in the slurry is present in

the reactor equal to or greater than 25 vol% In yet

anot her enbodi nent, the concentration of solids in

t hEOOJHL) ry | $he esastetl magnooners giithin the @& torotBopattrofyaedlurry. In
anot her. enbaodi nent . the .congentration, of. sol.ids in

S B &AL, e Fonpsp6 DE B sofias he 1ufg i gl foygr ercater
| nthaat1 0arkheh afGBeCHBSHimeht) theC@RE&Hatiah bOBoIRfs in the slurry is
solids in slurry is present in the reactor from5 to

70Piese, iy they aeackyoedial toepb@aeaternthant B2 va¥feenkr aet @nother
o Bhdipph el BRBCEL AR I Byl SRR e g o 7
t heoléanhenit madthenernbodiment, the concentration of solids in slurry is present
in the reactor from 1 to 70 vol%. In yet another embodiment, the concentration of
solids in slurry is present in the reactor from 5 to 70 vol%. In yet another
embodiment, the concentration of solids in slurry concentration is present in the
reactor from 10 to 70 vol%. In yet another embodiment, the concentration of
solids in slurry concentration is present in the reactor from 15 to 70 vol%. In yet
another embodiment, the concentration of solids in slurry concentration is present
in the reactor from 20 to 70 vol%. In yet another embodiment, the concentration
of solids in slurry concentration is present in the reactor from 25 to 70 vol%. In
yet another embodiment, the concentration of solids in slurry concentration is

present in the reactor from 30 to 70 vol%. In yet another embodiment, the



solids in slurry concentration is present in the
reactor from1l5 to 70 vol% In yet another

wenhadssent , the concentration of solids in sl BCTARS2003/040340
concentration is present in the reactor fromz20 to 70
vol % In yet another enbodi megs, the concentration of
solids in slurry concentration is present in the
reactor from25 to 70 vol% In yet another
enbgdi ' : ol -
conceﬁggg%PgﬁnﬁgGQgﬁesen§6¢%ﬂ?ﬂénf§§%§%?h J%%#%g%%gngb40to
volQwolh yet anot her enbodi nent, the WD 2004/ 058827
PCT/ US2003/ 040340 57 concentration of solids in
slurry concentration is present in the reactor from 40
t O[OOiQZd]VC" % THRRAAZl chvimeRk fow ﬁirfé?ﬂﬁﬁl@klﬁﬁsreefclt&%ay be used.
stirred tank-type reactor may be used. The reactor is
gehbe wactpr is geneepllyi fittedawithfahiefficiant agifation insanyrsuelsas a turbo-
such_as a. turbg-. mxer, or. inpeller(s) n external ..
coor g™ ¢ eé]farctg)n FPoFEieRek F?@fngcl%ﬁtnﬁmﬁ?fb erfial 9oling tubes
cobhddor SWilsPbhetheNBRAS O rebVNL 1he HeB€oMBslymefization to maintain
pol ynmerjzation to maintain the desired reaction
t ethseleaitest waction empaisiine. inlket ereans (Sugh @s igetoripys) fler monomers,
no r .
Sl MBS oty D Corilhed B Ryl SAHRARE Syging means, and
ef & wefdeno waetffloaw cor owfldw| pipe piipieh Whitledrawd totoasys diluent and
pol ymer, diluent and unreacted nononers anong ot her
t hPRGacted GRORORISTTAMGNE AT otiigSe i i Reldieg dippepeqapngp, tank.
NPk &R0 Ofhel 2 d@wigg,%ggge.fd G dir ANATRGEY Ghe SBGSH b &8t wint
in the art vvllffl recogni ze proper assenbly and .
opecagnipnprop&Oh4Sihblyhaad ppastimr.s are preferably
designed to deliver good m xing of the catalyst and
nmononers within the reactor, good turbul ence across or

Wi tosnasft he  rR@teabloBSt PrefbMBBSIQIone@id dcliRPGoSMBHERS of the
fluid flow throughout the reaction volume t0 avoid

exesalgstvandppbyerers avithimihe taagior,ogooslefusndgrico racfass r twithin the

di t. . 400144] Qkt-her .react.ois. that .may .be utilized
R B b B PR i PO e B potume
cotvgold eradsiveaatinéracandulaton vodphtatioh ROREME daanabl e

of performng a continuous slurry process, such as

disclosed in U S 5,417,930, herein incorporated by

RIS, OB SERS ) S Dl

r emvttioniriclude camy acomventfohak teattors and equivalents thereof capable of
performing a continuous slurry process, such as disclosed in U.S. 5,417,930,
herein incorporated by reference. The reactor pump impeller can be of the up-
pumping variety or the down-pumping variety. The reactor will contain sufficient
amounts of the catalyst system of the present invention effective to catalyze the
polymerization of the monomer containing feed-stream such that a sufficient
amount of polymer having desired characteristics is produced. The feed-stream in
one embodiment contains a total monomer concentration greater than 5 wt%
(based on the total weight of the monomers, diluent, and catalyst system),

preferably greater than 15 wt%, greater than 30 wt% in another embodiment. In

yet another embodiment, the feed-stream will contain from 5 wi% to 50 wt%



anmounts of the catal yst system of the present

invention effective to catalyze the polynerization of
woheod4rosssamer cont ai ni ng feed-stream such that BCT/US2003/040340

sufficient anmount of polyner having desired

characteristics is produced. The feed-streamin one

enbodi nent contains a total nononer concentration

greater than 5 wt % (based on the total weight of the

monoE ' . S y.st. r ef er ahl

gr eat e{n%{ ﬁgiﬁé#‘?a&f%%g?‘g gbgérhgt%%\ai %2153 8}}: irﬁorg)ﬁlbetrh }R{ent’ and

enbatdiystesystend. ' yet anot her enbodi nent, the

feed-streamw |l contain from5 w%to 50 wt % WD

2004/ 058827 PCT/ US2003/ 040340 58 nonomer

co atio I ' f

i ! o™ STRE By, Mhe il & (RARARLY free from

enbiida wetiirs prodheing espebist r Banubsargisiyt faset ofbiliya tatem producing

from.silica cataﬁ% roduci n [

B
S uBRSCISRt 11l TP Bl ghes 1 oamosR FIBR (o), BiYhgbased. on the total
SPQeidh® of | the | RofBRARL Jth@bse E‘iﬁﬁ? ¢ ﬁorﬂ%ré@fcﬁ%%@ie?iﬁoﬁé feed

Wt % based on the total weight of t nonormers o
t hetseansi Ty pisalcextaimphesprfcdlingi catjos pewivesigi spetihe afededo-alkyl silica

< pEe Bt Bl (5E AR RiRaG S SR AGRnien B mpereig R s an
f Oélﬁ'}l andRER2 {3 3l nhlePenRTHRE $ealtion @bAditioNORAILTHR subh that RSirable

al kyl ‘and "X" is a hal ogen. The reaction conditions .
wi kgmpseataige praspiae agdstiesidence time ape efeaiive, topmaivtain ¢hearedction
resi L e ar ffective t LRtain. the reacti.on, .
eSO o e o0 s o BT /e MG esiec
poklaradteridtiay.i Mhet endies feed stréha i aeipidallst SubStant¥dl§ free of any
mononer feed-streamis typically substantially free of
anyPYTHB UYRiEh IAdersels reral e s@hythe eaighist anddrthe prbymerization
ca un y oRdi 11

ookl R LSPIEK 8bRep SO0 Hfly RO protrtty
pr eicidibbey substentiadlybdresubsttzuses ablich faseeawtichasdfir-containing

th i s ol e compoutis (i
e eGP hitheapth NiltrddBl-C8REAMe bikelr Qgeg'éhcﬂﬁaﬁ‘ﬁiﬂ% Nhses such as

baseS, oxygen containing bases such @ al cohol's and
t halcphadean: iker Hovveveemoheee faed/mby bk ésss ppre; typically not less

typi.calby.nat | es n 95% based on.total ol efini
o R opiaPL plef} rpleP RS Ml Suhpoflsts t 8%, no
t hiags 8R%IMA M pfdEh@H e BB thS ihP@itiddRiE pids8R AN&s than
present at | ess than

10,000 ppm (by weight), preferably less that 500 ppm, preferably less than 250

ppm, preferably less than 150 ppm, preferably less than 100 ppm.

[00146] 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,



10, 000 ppm (by weight), preferably | ess that 500 ppm

preferably |less than 250 ppm preferably |ess than
wa304pe8R27 pref erably | ess than 100 ppm [ 00146RCRAIIS2@3/040340

normal |y the case, reaction tine, tenperature,

concentration, the nature of 54 he reactants, and

simlar factors determ ne product nol ecular weights.

The polynerization reaction tenperature is

Coﬂ}éeﬁlg Ehi’atﬁ 't%ﬁlfgg&uﬁési?‘%mn?%é%% d@)e{:y B4 HIRS 7l -70°C to -

nol ec nmononmer to neri Z

well00°asirs tyem aimlderpm&&ﬁﬁqemar IIIa tyleﬁ afmﬁele a&MaBleC embod1ment the
conS| derati ons, erature control, etc.

ThiSTRSFAIBIC AFAI8 if %f?om 80 ﬁgrﬁy at Conseayentlys liffergnt reaction
OCcond?ﬁcﬁfse\)[flﬂ ¥Rt é)ri]‘g ts Jpcﬁ:ff@féﬂt IEBECBIEF%%% p@%e of the

“the slurry in one I'ment, rom
i ndeset! herctemb pobidoen tnayl be )aemewabtthﬁéfoeﬂbﬂﬂd)lr@n inonWéting the

2004/ 058827 PCT/ US2003/ 040340 9 the pol ymerizatj on
C OREPSOL R Ao By (I AeT oD og e BN KPS RELoB el bghuing the
10R4chidh; ¥etchaRRERBbeIS 'E?ﬁgd}féﬁ% thel a?t yet anot her

desi rabl’e embodi ment ; tenperature range is from
-80C to -100C Consequent ly, di ffer ent reaction

ol WHATEr el BTl dBERGHEL e DooirE e dempespre i

Pr QauGt 1078Yateee @@J‘ﬁ@éﬂf 61ﬁ?51€tﬁ1@ rd@lueﬁthﬁl%?é}gbly%'tﬁlﬁ’ BbAGbove
the course of the reac |on %/ t he exam nati on of

s athsi feeszing peint pé teatiluent, pyefera ltyrvgﬂnm 6°C mbaict the ficeezing point of

g LSRG B ST B ten

i Sprefﬁrﬁlﬁy willi& 2a0abeve e fre€mad E@in@ of tHe @fuehh&referably within
dl|£ preferably wi t hin 8C above thefreezmg
17t abgvethrlrenzingapaint ofrthe diluast.yF ot the PRPEES S dhie inveation and

f r @RZiIq sR bBo \Qflen {Hale%l?bgeu hln ﬁf zﬁJo@QltHe We%ﬂhggplyt of the

above t reezing po uent, " prerer
wi difaemt’ 'Ze:usdntiv enchetht fwezing @omo bflihe Qﬁluérhqﬂab Xygant For example

pr ef W t.hi abov e freezing pojnt of

G B g Yot GOt st ber 1GniroR hndreopsspoint of
clgyjemuglhngfggcmhen the phrase "within XC above the
freezing point of the diluent"” is used it neans the
freezing point of the diluent plus X C. For exanple

RS R R S e IS A o
embodiment (where 0 kPa is a total vacuum), from 7 kPa to 12,000 kPa in another
embodi‘ment, 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.

[00149] The order of contacting the monomer feed-stream, catalyst,

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



[00148] The reaction pressure will be fromabove 0 to

14,000 kPa in one enbodinent (where 0 kPa is a total
woaowns3s27f rom 7 kPa to 12,000 kPa in anot her PCT/US2003/040340

enbodi ment, from 100 kPa to 2000 kPa i n anot her

enbodi ment, from 200 kPa to 500 kPa in another

enbodi nent, from 200 kPa to 1200 kPa i n anot her

enbodi ment, and from 200 kPa to 1000 kPa in yet

an enbog . Pa .t Q. i D :

nfIOnROl ot O SRty B Rilenh b Rkt S LARA e pro

e ndooap] eveedt by faixong ddpeltien i theGRlekeRd dilveytefor anmedeeibed amount of

enmbodi nent, fro 00 kPa to, 14,000 kPa in, anather . ~
crBO0 HEREE FPOPABOEFRRA Pol0 dlbb0 KA nGBRAR into the
e”(%ﬁhﬂ&@rea&&ﬂhfo%@ﬁ‘[ao%g%%]t hgl?izlé & igj 006k K5Rrdtls. YBL vet another

anot her enbodi ment. [ he order of contacting

t hembashorety Lewesceosd naithe indiatdryese addddriiotthatrenctor saparately. In
di | uent vary from.one e di,ment. .t ¢ anot.her. WO
TS R Pt so 0 S DR e s T SRBpRer before
enppgtioR s thetrBgetdi DéskaBly, AROmbAMM S 18 GbfcaHtfot® ith the Lewis
conpl exed by mi xi ng together in the selected dil uent

f orcidh 9p itlssbewis agidpepibinedowith thenimitiatoy diefge theompaorpdrs enter the
sel%gagrto 10 hours, and then is injected into the

conti nuous reactor through a catal yst nozzle or

i njection apparatus. In yet another enbodinment, Lew s

acid and the initiator are added to the reactor o
selffiztle| y. Iopn embadiaentaiihriinyention, thednitigiariand drevisacid are

bl andey t%ﬁ\"g%glc@@ie{( gg ?@i?ﬁ]‘{g}qgg&ﬁerQE 0 Riectdd cﬁﬁltehfgt Ct{aglgeratures

t he reac he“nononer 1S not con

W bdtwedie-40e@i md theifidezing polit ttrapératuds bfltheadihieng dviv & Rontact
the initiator before the nononers enter the reactor.
[ 00ms Petweenah Ok seesandpand ssyerahboyrpyansk beseen el seconds and 5

i %ﬁd@ésg E])re%}gbl el\ééssthaﬁiggﬁl@gfséytréefgﬁg& bAWRES 0P TRl 8ds and 1

by m xi together Int uent at

t emprenabaforednjebiddnmenthe 4€ctaand t he freezi ng point
tenperature of the diluent, with a contact tine
bet ween 0. 01 seconds and several hours, and between

0. fpogsHonds Anghother UM entPefheriablntioheaR filtf't?d?olg’and Lewis

m nutes, preferably between 0.2 seconds and m nut e
bedad ard allewed tn pieacamplie byemiting tode@i®et 52]th¢ selactot ibluent at

O e itts BetwediTsd AT SbU typilly Berwedi 3boC Rt HRELS

[00153] 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.

[00154] 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.



acid are allowed to pre-conplex by m xing together in

the selected diluent at tenperatures between 80 and
wo26R@58%2ypi cal | y between -40C and -98C. [ 0015B{T/TiS2003/040340

overall residence tine in the reactor can vary,

dependi ng upon, e.g., catalygt activity and

concentrati on, nononer concentration, feed injection

rate, production rate, reaction tenperature, and

desi I : i n I L be.. .

per st AndfBsE B Rbie U RAlng B the A7 BE Tty Mt g dfivor s from

t ypb aal 10y or FesnveeTs abeut THOowisll GOndeniuties of Viad irdhdtesS in the
i nfluenci ng resjidence tinme include _the nononer and

di Teaenk istuepllyniren i te 3 0P Rpesordftot28 rever Hirg cangepdtagipn of the
v 0Q.15 t:. (L ew ' 8 JHRRC -

r gitk]# l(;é‘?ourtﬁ &%e%;ta\}g ffegcfé‘tst?%]%éels ﬁ%@n;ﬁ? gﬁép t|8n t hi arl%1 one
f cemloatinentat Awther vyl tyrdesdribetthe ampunicefSiatmtor lim tleweactor is by
enbodi nent of the_invention, the oner to catal yét
mofeapayt delatiys fo the podupary Inpnue goents heregsdeem §7d to 20
| Nybiag /Sle Z08% ok 28R 0 @ es bR AR init¥br i
2 OBIIE LORRE T pls Brbibiat Aol I5Hn %, yet sgq?other initf#br in
demiotheh embedipmai.nent, the ratio of Lewis acid to
initiator is from 0.5 to 10, or fromO0.75 to 8. The
pveral I concentration of the initiator in the reactor

| sobyssical | yThd fiarfr ball 38RaRPAEicADahSurds 8f BRMatdh& system
concentration of the initiator in the catalyst feed ~
st ofdherprosentyyentipn Yo ¢atgdyrsie poly3cazapmed the ormmomer containing

enpodi nent. Anot her wa o _describe the anount,of. .

TR AR et MR AR SRR ohonRORRE) e dgeived
t hehapetori¥ecs islgrodured e Mhededefiteant L6 éBbddiehiOcodtriisda total
20 noles polymer/nole initiator, and fromO0.5 to 12
nORENGIBEL pRICERBILON] gipateiathgn 30y wi%ndesrsk o Mo tataetveight of the

[ 0Q3RGher h%tilﬁ&ﬂ‘?ta% Mg%lkf%‘cﬁ g\y%ghﬁ bl ClnERL22NPYNLS Qlother

t he catalyst system esefit I nvention 10
c atrabodimeth elnppdt yamother ainmbodineht, tthe femraen wilhtaitanfgom 30
feed-str

am such that a sufficjent ampunt of polyner
haVIAde & VIR qROTOREF SEReSPITaF bated B (etal welghe of monomer,
f egiflredt hB@BAh R sQYSefiTPOdi NNt contains a total
monomer concentration greater than 20 wt % (based on

the total weight of the nononers, diluent, and
han, 25 %. n_anot.he

c t syst.e reat er .
B ns “CRMs: LBy (GRB aPnehvis  pASY deqthe, resgter i
W thbin€@fdd@bdtwee®M0900 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.

[00157] 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



w%to 50 wt % nononer concentration based on the tota

wei ght of nononer, diluent, and catal yst system
wpQOwHBEs2Cat al yst ef ficiency (based on Lewi s aeCu)uS2i93/040340

the reactor is nmaintained between 10,000 pounds of

pol ymer per pound of catal ystsoband 300 pounds of

pol ynmer per pound of catal yst and desirably in the

range of 4000 pounds of pol yner per pound of catalyst

P
c%n%aqgaﬁhﬁlgg@?% & 1i géf%frlgs{ | 2%)%5 e ff;%g%é)gccaléé @Blﬁhﬁésﬁol%enzatlon
| rreztdtlahsar TI[ethhSt?)} ty;blcai}yeumsﬂaxpndrmﬂ’lyleneh‘e) draw the heat of the

merization of cati nlc I ] ri bIe rmno
P iR Sehaiion S5 OBy e SBRing UG & ¢t Keeps
f oF IR | 16w bBe 6D G0 r@aﬁeﬁe%aﬁg&ts T unféaEéH mBnomers

reactor having a punp 1 npeller capable of up-punping
orthxdxugkn -theinrpaatigni Bibes. oVvA deetl-stidam pdinthe qampmlcalé)r polymerizable

Lgald ( é?gﬁ.ﬁen £ rgn%ﬁgdﬁg@&bﬁ%q"?% Bi ;\{‘p\gqu cyﬁllegt is charged into
eGHE RREHr Wht Teddadtfthintdont@lihi ¢k th8rs b Wik atibh Ptdducing
a jacket "~ containing liquid ethylene. The total
i reilénarremppohdsrend ityratallyi freg aftasomaiieemonpmesap The catalyst system
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thMﬁﬁﬁ ipfcabhtdn a rhélaciatio B8 frothh®50 RAT0.0r Wittih €l reactois @R feed-
liquid ethylene to draw the heat of the

pmtrywarqula@mwrﬁ aa¢ crtghysagient a@rﬁltwdﬁ@rqm@@t enqanaher, the

o PR UEE (IR o ARl Alth b YW ruBbd Wherein the

t hsfohdgih ﬂlhelmﬁahztsl soconcetigsion Af fioad 268 tvoBano 60 Vbl% Finally, the

ca |on|cally pol yneri zabl oner S such
i SBpy Brmed RALRS K aérab@ 1 ryber rg“)asﬂ |(t<a gl thegreactor through
C har &ﬁﬁt b Eo)etﬂowﬁné GREd %uhfaﬁ@oufsgﬁgro%&lﬁgﬁm £e0MkRédHh Bfarging
| ess than 0005 wt % of cation producing silica
c aopoemdigpe,anthus y pionstituging r élee ofcontimmeasi cslwoy o rpetgnerization.
Th ca1 stem IS then. into the re
vty B b ieh iy S Mislotincg, tnter OF ways,

' rlé% B%'NQﬂtlrﬁﬁt@EIeféﬁuélﬁ g ThdBhaiint'F dolyrér ddc@ufitioR dnOthe reactor
hin the reactor, the feed- stream of nononers

anvalisaheatyieanstoy sudanear agitaiornardion Bnpedier(a) end e the outtlow line

ooy eops toneERE b TR R R h Sor s as i v

the slurry has a concentratlon of from20 vol%to 50

vol % _Final | 1y
[00158] n one embodlment 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.

[00159] 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



thus fornmed polynmer (such as butyl rubber) is allowed

to exit the reactor through an outlet or outflow line
wohbd4mssizmul t aneousl y al | owi ng the feed- st reanPchnaisgiong40340

to continue, thus constituting the continuous slurry

pol ymeri zation. Advantageousjgy, the present invention

i nproves this process in a nunber of ways, e.g., by

ultimately reduci ng the anount of pol yner accumnul ati on

on the react gén%fl er(sslt r(ﬂﬂ%kl 0 ﬁﬁ@hougf | gne | or  more

agitators and/or”inpe low i
or exit porthydsfluresib@ad (HFCip):essure i nconsi st enci es

or "j 00158] In_one errbodl nent ., esul t ant
pol ymagpf ronhé‘h@roéﬁﬁo%ﬁ Haéﬁgraﬁh A, Waersin ﬁtqﬂ[ﬁ‘ﬁn‘i gongprises 1 to

pol yi sobutyl JISARE H@ on(th! %df%l Jobhe 5% thk ﬁﬁgent,

has a nol ecul ar wel ght |s utton of froma

to 5, &hd anThmpatessaf iPalratgmpth onB, @héreirothg HF Crbhsea dielectric
100 nol e of nononer...This pr ¢t may be subjected to
subsequent h%ﬂnéﬁ%%wlo‘ﬁrf‘@pﬁ?dggr@ a hal ogenat ed butyl

rubber p, [ 00158] piBetao or patAQEipREAL B bf &, WRYRA iR olymer
relates to: A f)O yneri zatl on process conpri sing

cont act i ng ofes aghi reassmmn@flﬁssm%m%ore Lew s

acids an or_nore n|t| ors 04/ 058827 .
ST UsBo03l O MR oksof AbY elbRerablsy Ra i LudRL: Wherein the
conpri sing Odlﬂleﬁfﬁmhéﬁcorﬂpﬁbéﬁiﬁh &b@ﬁ%@ons (HFC s): B.
The process of paragraph A, vvher ein the diluent

conpri Ses 1 The progess\eil anveobpamraphssAd Bu&)rD:t treEt sthgtein the

vol ume of th e S
or B, wherei ﬁ]lt?athrUiaggeﬁgd fr:éHlthg 18 1§3r|§%n% S gs? %&@%g?‘%ﬁhdes
or nore at -85%@boRylidheid3l oeess texfua@n)allqﬂ Inidagr amh Snixtures

A, Bor C wherein the polymer has a diluent nass
upt ake of |ed8™Phan 4 wt % E. The process of any of

par agr gphs Aﬁl;/ea?rogess%f ally E\P’{B%L gfaghg hep, ¢! qu‘torfFu WHRSn the

conpri ses a ocar bon; rocéss 6

par agr aphs A;noﬁ;)m@,s ay s&iectﬁ froiethe |gmuph®n51snng Dﬁstgrenespara-

ﬁg: Iegtegd fr om ?st}ggl?eur) Cons gjlﬁ]e%hyqstyrelrlxdr ogen 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, L, or J,

wherein the slurry is substantially absent of water;



a carboxylic acids, water, tertiary al kyl halides, and

m xtures thereof; G The process of any of paragraphs
wa20B/05€827D, E, or F, wherein the nononers areCT/US2003/040340

sel ected fromthe group consisting of styrene, para-

met hyl styrene, al pha-net hyl styrene, divinyl benzene,

di i sopropenyl benzene, isobutylene, 2-nethyl-I|-butene,

3-methyl -1 - butene, 2-nethyl-2-pentene, isoprene,

but adi gnes, 3-dinethyl - A, 3- dj ; | ,

nyr ceng', 6, 6- ipﬁ%%eﬁ§/PP¥nL}1 ?/f ne?g%%hgx‘%’?’g(r%’e%%’pﬁ’r@’nﬁ’ LJork,

cycl opent adivitgein B¢ teyhpegataleod dRtvathenes (aRerol°Enpreferably

met hyl vinyl ether, ethyl vinyl ether, isobutyl vinyl

ether, and -AP¥tures thereof; H The process of any of

par agr gphs Ay g I i

bl ock 1glgpol ?r?gﬁjgoéérsse%?‘g’s%ﬁar?%aﬁ% ’coﬁ%ﬁ’%@t@r}f LorL,

| . The procesisreih theyprodespavmprisgshan AgitiBor Gredlyr than B0 ppm

G or H wherein the tenperature is 0C or |ower; J.

The process H§E @RS &PS@W%&SAPSB, C, D E F G H,

or |, whereifhe 1Bk B Sny S Pddbihs 0GB ABAY 8 &, 1

freezing poi nt %? tchg S‘Fﬁg}f}t ;}J K.Iyéd'rl'hég I|§ohrsoc’es’s of’any

of paragrapHs),A,1Bor®. D, E, F, G H, |, or J,

wherein the slurry is substantially absent of water;

WD 2004/ 058827 PCT/ US2003/ 040340 64 L. The process of

anNIPISPRIAD APPEIAATFONS D E. F, G H 1, J or K

wherein the tenperature i s between -105C and -60C

preferably -80C, M The process of any of paragraphs

A, D, F Ho L.Jd,. L wherein t.h :
oA CorpPrBaSineY of hsiiafongionapid Her b g physical
wadhafactobigs@dthanaskdeatiphlyanrefuNin Wik wieauet appliogiagd The

by any of paragraphs A, B, C, D, E, F, ,
low degree of permeability to gases accounts for the largest uses of these

polymers, namely inner tubes and tire innerliners. These same properties are also
of importance in air cushions, pneumatic springs, air bellows, accumulator bags,
and pharmaceutical closures. The thermal stability of the polymers of the
invention make them ideal for rubber tire-curing bladders, high temperature

service hoses, and conveyor belts for hot material handling.

[00161] 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.

[00162] 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



I,J,K L,orM | NDUSTRI AL APPLI CATI ONS [ 00160] The
pol yners of the invention provide chemcal and

wohywiosgl27 characteri stics that nake them hi ghPgTasefoai40340
in wde variety of applications. The |ow degree of
perneability to gases accountg for the |argest uses of
these polyners, nanely inner tubes and tire
i nnerliners. These sanme properties are also of
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i nvention make themideal for rubber tire-curing
bl adders, high tenperature service hoses, and

co r bel t pr=Y s . .
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tenperature and frequency. They .are useful in nplded
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nount s. he pol yners of the instant nvention
arbatissprogewable in thermoplastic devldingsequyznénteabhe polymers of the

TR R N R AT A -

apgfpiicansig: The pol ymers of the invention may al so be
bl ended. Properly formul ated bl ends with high diene
rubbers that exhibit phase co-continuity yield

ex nt sidewal ls. | venents .in.wet, sno nd
oL | o PO bkl TR, wPrdl st B8 hsed as

C oHeSiNess &uikl, WEAIA€) 445 8B2ihgPEahp&v2d0.3TRAO IAD alsbSuseful as
abrasion resistance and rol]ing resistance for high )
peblagichaercia wpbadopaapens widle byl o pngyratgalygbbéfe In linear
p -Of ' j iQn. S _
P BESIG) pigfiny Rl AL DPRYEA R iney S cBh g oot wrap
r eBinms Tlayeare aisd Widelytemygbpmi indubificantessedig@ngaatsnasl. in potting

H gh-density pnol.yet hyl ene and isotactic polypropyl ene
ar 1@?%0%#? ﬁﬁ&lﬁl%?tﬁr@st 0 30 wt % of

pol yi sobutylene. In certain applications, the instant
pol ynmers provide for a highly elastic conpound that
i s[0016%es s ablnecdriain heplivepdrss thee potyindisnef thguinpention. makeethem
POLYIRIRALT inf NBewin Il as in medi icati
g-gum, as well as in medical applications such as

pharmaceutical stoppers, and the arts for paint rollers.

[00166] The following examples reflect embodiments of the invention and

are by no means intended to be limiting of the scope of the invention.
EXAMPLES

[00167] 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



instant invention may al so be bl ended with pol yam des

to produce other industrial applications. [00164] The
weoabogrossse7of the instant invention may al so bePasas2@3/040340

adhesi ves, caul ks, seal ants, and gl azi ng conpounds.

They are also useful as plasiicizers in rubber

formul ations with butyl, SBR, and natural rubber. In

linear |ow density polyethyl ene (LLDPE) bl ends, they

D PRSI ARyd Is TTARLE 8 grin

I'spersan
podskémigled aeactet éatbr b Cntababbe idohkkdnegbadt Br il Hry box. The
[00165] In certain %Pglications, t he pol yners of thg

i nioepeiagre il ther pfared Aydiocuben path washequtrrdledutey Ta3°C.  All

orireatie, i (G EPafRuh G 4% ReR dRu R opers grise ot 120°C and
I Addo®dS -in [ §04:8@ken NRmbSdHepM trgoreX A5 e3sdbRifyi&fet (Matheson or
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delsi gassore thee oat Aysughe stadnlessi geqlorcdampy coniating sdicaogel and
e . [ C for -
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i ndrlyi ko Ifopednei (Allddiah) veasl driddosveer chletum @gdiide alﬁvl&ﬁlis\ﬂﬂ)ed under
2004/ 058827 PCT/ US2003/ 040340 . 66 cool ed to_the -
dedT&o8d R‘éfgf‘é‘ﬁ%ﬁmp% ﬁfggcfn&bh M@s dqniegtoaar FHcivpehyiislecand digtilled
[ [ e L € Of t

| SReF yAGnihs, TRATR L o A0k Akl p@h R A pfipared from
st 2,# Aedntetgr pandanieeln atshit 2. 0vel/Eosilutidn eHHCD in A@thylether. The

PR 5 b S BEL Ry, DS B
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dr Yoergnesntigtien bngveight ghke hydieugrhcarbensdhaftvedre beldssted as clear,
steel . col.ums confal-ning barium oxi de.an r
coiies g R, oI vt A4 15, R e Fetiiomgarbons tha
Al feslaliRH M6hdy ofBlalYVisiblY BlsbR8lVBRcHithR®Y at -95°C were distilled
before use. Propane (Aldrich), used as received, was condensed and used as a
liquid. Alkylaluminum dichlorides (Aldrich) were used as hydrocarbon solutions.

These solutions were either purchased or prepared from the neat alkylaluminum

dichloride.

[00168] 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



by passing the gas through stainless steel colums

containing silica gel and nolecular sieves. Both
worb@rosgd2s wer e condensed and col |l ected as | i qRCTAISRIV3/040340

the dry box. Isoprene (Aldrich) was dried over

cal ci um hydride and distilled,under Argon.

p- Met hyl styrene (Al drich) was dried over cal ci um

hydri de and distilled under vacuum TMPC

(2-¢chl -2 r t ent. . r
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stirring speed to within 5 rpm The

i NMENQINYE corverict taPYMEB| uti ons were prepared either

i n the hydrofluorocarbon or, for conveni ence of

smal | -scal e experinents, in a small volune of nethyl
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(s o & bromipeTaBia) s 7 sgparaiions module

iedt Qﬁheéﬁﬁﬁ’ﬁleﬁéatéi@ darddi 'Wateﬁé" M’O 'Hﬂ‘fbféﬁtlalaréfragtdﬂleter
sol ution of the alkylalumnum halid
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(American Polymer Standards) was used to calculate molecular weights and

distributions.

[00170] 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.



exanpl es using the 500 mM gl ass reaction vessels. Wen
a second or third initiator/coinitiator addition is
weoepewiosseed i n t he exanples, we refer to the PCT/US2003/040340
preparation and addition of a second or third batch of
freshly prepared initiator/cginitiator solution
identical in volunme and concentrations to the first
batch The physi cal behavi or of the rubber particles
st at et n e endi
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vvaeormmwdleasn@irp@’auom Bndi séqmemce d%ﬁfib)umm I sopdymerfs. Many of
ers S el .HR 5..cal.um 500 0,. 2000, 1
Lok e 58 wppEeble o g pelyeiscl BRsieieditnack ggpera
MOfeRGEH RN vVlﬁélQ hievReksy i tBObY %;nic@ﬂsn SBﬁ”NMI@Ss?e(cﬁﬁB{etr?arﬂo the
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nepgsow-gw qaéreﬁEﬁcol(paka%éd kaferasceGPC or gel perneation
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wei ghts has been reviewed in many publications.
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corresponding to 400 MHz or 500 MHz. 'H NWR spectra

were recorded at room tenperature on a Bruker Avance
wollebv4gpeset r onet er syst em usi ng CDCL3  sol ut i onBCofustdes/o40340

pol ynmers. All chemical shifts were referenced to TMS.

[00172] A variety of NWMR nethggds have been used to

characterize conpnoner incorporation and sequence

di stribution in copolyners. Many of these nethods nay

be applicable to the pol ymefg,ef2this invention. A

general reference which revrews-the application of

NVR spectronetry to the characterization of polyners

is H R_Kricheldorf in Polymer Yearbogk, H. -G El i as .
and R A TeB-Hr i ck, Eds], vx&?&vﬁﬁ‘gﬂgm Mpyb|i shers| Mol%
Nexunmysie K, (4984, Dent 249-@p7,| Iwielw). iincorgfor ptvagmyy| - 1P
referenge. [00173] Tableé 1 |ists the results of
pol ywrerilzabsons cepguctedogh 90 4101 -93 Gin | o4 12
hydr of | yorocarlbons and pethyl {chloride|(CH3C1) _
(Exanpl ¢ 10} and @ggpane 30kxdnpl g311) |f ogggonmparg gont 5
A 100 Ml glassl mMni-resin kett/l e was ugsed for fhese
exanpl eg. BYPA (@l of 0pdo4.|4- L34 gret iyl pept ane)s yas| 5
used aslan iniftiator _in| these exanples. WO
2004/ 0548235 PQT/ USAP03/ 49340 | 69,7Tabl ¢ |?9 emp. Mielf 5,
Conversilon 11 MOM ™ Exanpl e ((C) Diluent (qg) (W.
x1058 M{IMos!| H &5 PH3Fg0.80 2031 425¢2,4 L. 2,2 [ {4
.93 CHPK2 3.28 83 305°3[1 1.7|3 -90° CH2F2 % 99 21212.8
29%<3.4(1.55 4 - 95, &IF3[ 1,88 47. 1,390 4.6:2,2 |5 £5-9F 5,
CH3CHF2 [1.48 37.3 842 2|5°1.4]| 6 dz31?95 CH§%:F3 D | 8%
72.3: 321 203 2 Oopfce. - 951 GR2HCF3;7, 48 (37,3, 384 2, 5 :
1.7 8el-95 cF2cEs 0. 82'41. 4 1472, 312. 3% oc| 795 !
CHF3CR3 10.39 29 CRFl9r,2{ 80826 | 410 142 23 | 23
9% -95 CHF,CF; 0.39 29.3 106 2.8 2.6
10 -90 CH;Cl 0.58 14.5 397 3.3 1.3
11 -95 Propane 2.37° 594 67 24 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
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

[00174] 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



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 noted
weoabogrossd2zat i ons were run with 30 nl of di | uenPCT/US2003/040340

m of isobutylene and 0.23 m of isoprene (IP),

initiator/coinitiator solutigns were prepared in 1.3

m of nethyl chloride using 1.6 mcroliters of TMPCL

and 11.5 microliters of a 1.0 M hexane sol ution of
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sﬁeﬁw% Thp dpitel PR VBB polmar W £y the lighter phase
PCIALURA0R348823840 70 were hard as evidenced by
pressing on themwth a chilled spatul a when tested
near reaction tenperature. Polynerization in nethyl
chlori sulted in rubber particles that adhered to
bot P 8 i g or walls and the stirring shaft. The
partl cles were clearly rubbery when probed with a
Chb1%fd spatul a when tested near reaction
L‘pe at ur e. Reailtg den patpnénrations porolpated at €9ub 87 °C areagiven in

t wa- hs Ii id- I qui reacti on. The denser

W C R 2 CRE R R s T el PR
Ve sl ciaetue szé%paﬁ&d Exanpihes 12xam 5;5‘1@5 [091\1415@]1 Re sl dr§-2,4,4-
for polynerizations conducted at 0Oto - C are

gi trispetivylpentaits)) avas usq@asraplinigiatbd 1Iatlﬂéselekampéesc onparative
exanples. A 100 ml glass mni- resin kettle was used

for these exanples. TMPCI (2-chloro-2,4,4-

trimethyl pentane) was used 'Bgblan®i ni tiator in these

exanpl es. Tabl e 2a

Temp. | Yield ;| Conversion M, ,
Example | (C) | Dilent | (2 | (Wt.%) | x10° | M,/M, | Mol% IP
12 -55 CH,F,’ 1.1 290 205 2.2 1.9
13 -50 CH;C1 1.1 29.0 52 1.5 1.1
14 -55 Propane” | 1.2 30.9 87 22 1.8
a: Polymerizations were run with 30 ml of diluent, 5.4 ml of isobutylene

and 0.23 ml of isoprene (IP), initiator/coinitiator solutions were
prepared in 1.3 ml of methyl chloride using 1.6 microliters of TMPCl
and 11.5 microliters of a 1.0 M hexane solution of methylaluminum
dichloride

b: Two initiator/coinitiator batches added to the reactor



Tenmp. Yield Conversion MV Exanple " (C) Diluent (Q)
(W. %9 x 10 MNM MI%IP 12 -55 CH2F2b 1.1 29.0 205

wa200405882713 -50 CH3Cl 1.1 29.0 52 1.5 1.1 14P€BAIS2003/040340

Propaneb 1.2 30.9 87 2.2 1.8 a: Polynerizations were

run with 30 m of diluent, 5.4 m of isobutylene and
0.23 m of isoprene (IP), initiator/coinitiator

solutions were prepared in 1.3 nml of nmethyl chloride

us .6 m it er TP ] '

o 00Tt AR B e flon W it BRE ke Balt el piles that
di exhibited dafflrubbesyp phpsitdl ararettissi asievidenced bapobeg widbledhilled
to the reactor WO 2004/ OgﬁSZ? PCT/ US%OO%E‘{.MOMO Al

[ CO¥PE 2TIRACHRN (PRRETUET MO AROPPToE AR Mg gyigent on the
ryRR&s: RaNs lahl SSinttl2 ShateX th Rlohffrisdd, fthe eBREE ation in methyl
physi cal properties as evidencéd by probirng wth a

c hihlldrets resydtatl ih a visconeemeating nf payper an bod. thdreagior walls and the

unt s of. fouli i dent the . r, .walls ..
e st Vel OF e s W Susnradieh i b fibdgh gpedium.
| NTHEpYhne Bd3b® pbEerieatidn Setitedt HidSERUSOIE ArbdigblP different

pol yner on both the reactor walls and the stirring
shthén thevimnyat|-9390 €Table 1 hBxampleid). Waw plasepwatteappajent in the

the dil uent diu The pr.opane, based .pol yoeri zation. . .
e XSRPre e USRI SRSt SLPABIYFT vt (e JiRer e ich in
t Wgopate. athe ?51 T abhR Presdad@ PR prbbanc! WRudIR 8RR ToNEIEE ably
apparent in the reactor. The denser Ehase was rich in
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Table 3 lists the results of polynerizations conducted

at -95 Cin hydrofluorocarbon / nethyl chloride
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( ZhyehdMicRochrbord ethFEEMylidRebERie A YEBmUgREs ASniadsin kettle was
initiator in these exaggles. )
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.%) | X 10° | M,/M,, | Mol% IP

15 CH;Cl/CH,FCF5 | 95/5 297 74.0 234 3.5 1.2
16 CH;CI/CH,FCF; | 90/10 1.90 47.0 600 29 1.6
17 CH;Cl/CHoFCF; | 85/15 2.58 64.0 435 2.5 1.3
18 CH;CVCH,FCF; | 85/15 1.83 46.0 570 25 1.7
19 CH;Cl/CH,FCF; | 80/20 1.85 46.6 285 2.7 1.5
20 CH;Cl/CH,F, 80/20 3.22 80.0 312 32 1.9
21 CH;Cl/CH;CF; | 80/20 2.83 70.6 179 2.7 2.2




Tabl e 3a Conversi on MN Exanpl e Diluents Vol % Yield

(g9 (W. %9 X 10-3 MW M Ml %I P 15 CH3C / CH2FCF3
wWO3N®&/088827 74.0 234 3.5 1.2 16 CH3C1l/ CH2FCF3 901/1182003/040340

1.90 47.0 600 2.9 1.6 17 CH3Cl/ CH2FCF3 85/15 2.58

64.0 435 2.5 1.3 18 CH3Cl/ CHZFCF3 85/ 15 1.83 46.0 570

2.5 1.7 19 CH3C1l/CH2FCF3 80/20 1.85 46.6 285 2.7 1.5

20 CH3C1/CH2F2 80/20 3.22 80.0 312 3.2 1.9 21

CH3C1/ CH3CF3 80/20 2.83 70.6 179 2.7 2.2 WO

2004/ 058827 PCT/ US2003/ 040340 72 a: Except where

not:ed pBkeeptmihzet naad polmerizationsi wére 30n witho30 dill afetiluent, 5.4

5.4 m of jsobutyl ene a 0. 23 of isgprene.(1P), . ..
initiat /@ofsﬂgllﬁltp'éf&ands @gat T“in%fmmplgnf)r@g)ar e‘é‘lt}aFPréoB““ator
M of NRJINdnsGidre htParddsh D R &f Mefy?lchioside usil 3MMRfroliters
and 23.0 microlitéers of a 1.0 M hexane sol ution of

et hyl al ofri ARCHi et ci3.Glemicdlide)s of aed ByIMI bakangmsolution of
di chl or| MADC d.in of ethyl al um num

di chl or ft @a@%@%¢ee@@- 25 [00178] Results for
POby Mer imggiylMitGinee) HicH @AM AICE 368 BkKED ¢ cthMl@ninum
4. Two batches of initiator/coinitiator solutions were
used f odicklgeiHe &iaREle. A 100 m glass mini-resin

kettle was used for these exanples. TMPCl (2-chloro-
2,4,4-trimethyl pentane) was used as an initiator in

t hBsenslsapdl 5. Tabl e 4a Conversion' ML11 Exanpl e
Diluents Vol % Yield (g0 (W. % X10-3 MWM Ml %I P

22 CH3C1/CH2FCF3 90/10 2.35 61.7 84 1.7 2.2 23

CI—%%%QHZ FCFﬁes%%./s 5 &I%eﬂati&? Zor%ugtea 'ag-SS °C are given in Table

4. Two batches of initiator/coinitiator solutions were used for each example. A
100 ml glass mini-resin kettle was used for these examples. TMPCI (2-chloro-

2,4, 4-trimethylpentane) was used as an initiator in these examples.

Table 4"
G A ' Conversion| M,, .

Example| Diluents | Vol% |Yield (g)| (Wt. %) X 10° | M,/M, |Mol% IP

22 |CH;CI/CHFCF5| 90/10 | 2.35 61.7 84 1.7 2.2

23 |CH5Cl/CH,FCF5| 85/15 | 2.96 717.7 77 22 22

24  |CH5;Cl/CH,FCF5| 80/20 | 2.37 62.2 82 1.9 2.0

25  |CH;Cl/CH,FCFs5| 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).

Example 26



24 CH3Cl/ CH2FCF3 80/20 2.37 62.2 82 1.9 2.0 25
CH3Cl/ CH2FCF3 75/ 25 2.38 62.5 88 2.0 2.2 a:

weabogrmssd2zat i ons were run with 30 nl of di | uenPCTAISZ0084040340
of isobutylene and 0.23 nl of isoprene (IP),
initiator/coinitiator solutienps were prepared in 1.3
m of nmethyl chloride using 1.6 mcroliters of TMPCI
and 11.5 microliters of a 1.0 M hexane sol ution of

e T A TN o e N

paighididezat-HSAC. Withe iitiedoigdoinitivtot Rolurabdin oay prepatadlisg dissolving
dichloride at -95C. The initiator/coinitiator solutio

wddprisplsersbpf dpdydransnguethengl e r &6; tak Lfofiquid Dl12-

RGBT D28 5 4l b B i g 10

Z?mdm? EQhti 6 SetRfladmingn dichldridesi@lpehiag® This solution was stlrred
et hyl al um num di chl ori de .in pentane. This solution was

stipr A@cninptes. 14 seronst selution Fee onepased i it sype way. 1o each
pre d 3 G ] :
i CfrJo |S’t erjg nélpl%kl’?e?{:%f ﬁhl§9 43,??4]&1 ﬁwgérﬂ?}ﬁ] v added with
ag@aehgnvand c&dled riopec anCB(ﬁBOIS(ﬂdtlorQﬁGJerBOddde& oﬂmwms to the
wer e added dropw se to the %rrerl zation solution
wipolymaerigation selujiopsithe chillgd nzm@ - 41189 gnlnglass midiresin kettle
kettle r this exanple. Table 5 Exanple
D\Ya(fé%’??dgﬁzlilg%%agﬁlﬁgonversi on (W. % M, x 10" MWM
Mol % I P 26 CH2FCF3 2.61 65 248 2.6 2.6 Exanple 27
[00180] Table 6 lists the results of a polynerization
conducted at -95C conduct ek2bleSan 85/ 15 (V/'V) blend

of 1,1,1,2-tetrafl uoroethane and 1,1- difl uoroethane.
This run was made with 30 m of diluent, 5.4 nm of

Bihent PYRH (g) [Cohversiop (Wt nduwsHY a M,/M, | Mol% IP
F-tiator-sol ution—pregared—i-n——6-m

L= =0

de awing 3.2 neerolitgrs 048 TMPCl 2and 2.6
rs of a1l -0 M hexane-solution——of

nmet hyl al um num di chl oride (MADC). A 100 ml glass mni -
Example 27

[00180] Table 6 lists the results of a polymerization conducted at -95°C
conducted in an 85/15 (V/V) blend of 1,1,1,2-tetrafluoroethane and 1,1-
difluoroethane. This run was made with 30 ml of diluent, 5.4 ml of isobutylene,
0.26 ml of isoprene and used a initiator/coinitiator solution prepared in 2.6 ml
methyl chloride using 3.2 microliters of TMPCI and 32.0 microliters of a 1.0 M
hexane solution of methylaluminum dichloride (MADC). A 100 ml glass mini-

resin kettle was used for this example.

Table 6
Conversion M, .
Example | Yield (g) |  (Wt. %) X10° | M,/M, | Mol% IP

27 0.28 7 772 2.8 1.8




resin kettle was used for this exanple. Table 6
Conversion MV Exanple Yield (g0 (W. %9 X 10"3 MV M

wOnbRLoss82727 0.28 7 772 2.8 1.8 WO 2004/ 058827 PCT/US2003/040340

PCT/ US2003/ 040340 74 Exanples 28 - 31 [00181] Table
7 lists the results of polynegjzations that were
conducted at - 95C i n hydrofl uorocarbons and a bl end
of a hydrofl uorocarbon and nethyl chloride using

p- met hyl styrene (pMs) as a conononer. A 100 m gl ass
mni-resin kettle was used for these exanples. TMPC
( 2Ezinhples2@-3]14-tri met hyl pentane) was used as an
initiator in these exanples. Table 7a Conversion Mwv
Exawple Diluent Yield (g) (W. %9 X 10-3 MNM Ml % o

Borgh L5 TR 55 R A A BB g -

3 95% Gn }Szﬁbofmofﬁdafﬁalﬁs ahdls Bl¢hd? 68 a3hdrdflBoroaarbix capt methyl
where noted pol ynmerizations were run with 30 ni of

di plg}gﬁfle ugnglpﬂeﬂéylstygegg lgl;lqué ﬁsea g%ogorgqr A 109fml glass mini-resin
p- ol -

o SEUPHEREERE b0 LAY, 8RECH o ROHLLARAEAS) vas
m usendlaistaarilsitiatof 1nTﬂkiE@lexamqile23. O m' croliters of a 1.0 M
hexane sol ution of ethylal um num dichloride (EADC).

b: 32.0 mcroliters of a 1.0 M hexane sol uti on of

et hyl al um num di chl oride was ugfdsd nstead of the

anount noted in (a) above. c: T 6 mcroliters of

2-chl or o- 2- net hyl propane used in place of the TMPC

Conversion M, ,
Example| Diluent Yield (g) || (Wt.%) | X10° | Mw/M,. Mol% pMS
28 CH,FCF; 1.37 33 322 3.2 2.1
CH;Cl/CH,FCF;
29 80/20 V/V 0.96 23 762 4.2 2.2
30° CH,FCF; 3.81 92 160 3.3 3.6
31%° CH,FCF; 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 methsfl chloride using 3.2 microliters
of TMPCl and 23.0 microliters of a 1.0 M hexane solution of .
ethylaluminum dichloride (EADC).

b: 32.0 microliters of a 1.0 M hexane solution of ethylaluminum dichloride
was used instead of the amount noted in (a) above.

c: 1.6 microliters of 2-chloro-2-methylpropane used in place of the TMPCI

used in (a).

[00182] Polymerization in any of the diluents of Table 7 resulted in rubber
particles that did not adhere to the walls of the reactor or to the stirring shafi. The



used in (a). [00182] Polynerization in any of the

diluents of Table 7 resulted in rubber particles that
wdi2ob4rsgs2adhere to the walls of the reactor or PCO/USh®3/040340

stirring shaft. The WD 2004/ 058827 PCT/ US2003/ 040340

75 particles floated to the syrface of the Iiquid when

stirring stopped. Wien tested near the reaction

tenperature, the particles were hard as evi denced by

P S5AURATHRsa SR ki 5 b 3R AR 90 e

p cheamérel rzadtionrtsmpératureyehepartcldsi seschat as e@idéhded by pressing on
hydr of | uor ocar bons and net hyl chloride for conparison.

Ex ‘@’Eh%hl?lﬁg #l2are conparative exanples. A
three-neck 500 m gl ass reactor was used for these
exanples. Prior to each polynerization, 300 m of
nmobxameples 22637 cont ai ning 10 wt % of nononers were

charged into the chilled reactor. The
initiator/coinitiator nolar ratio was controlled at

1/ %Oilslﬁj the T 8Msfsahé RBUMGSS Sty medtatidnd that KefeAldadhdied at -
McCl. The initiator/coinitiator solution was added

dr 91\ mehydrofledrecapbinsrandi methiybohlniistt doreccmphrisore Examples 36

of jtion is ontrollled' suchlggq&owaglsothat t he df
r 3k U 1P SRBEPAIYT BXATIE 4iienBtckei0datielats reagier was used for
anpegd eRhmpleBi t IPROProCOAdM bRzt 300 AHdEImbRomer feed

each depended on the desired nononer conversion
t a¢qéainingalf) evi¥aof Gumwmess wierdvchavgedintapthe dbilledersactor. The

(W..% ,z.10"3 x 10-3. M /M P 32 FCF3 .65 315
§ oisttiatdyinacgs ol dticived Loeliba B 13 3iq P oot is set
S5atdil A wil3EADT ih- MeCBTheliithod/cd#8ial$ soRhdndvdd aHdéd defpwise

CH3Cl 54 170 628 3,7 2.0 37 CH3ClL 97 135 517 3.8 2.4
to the polymerization mixture and the rate of addition is controlled in such as way

so that the reactor temperature raise did not exceed 4°C. The amount of

initiator/coinitiator solution added in each depended on the desired monomer

conversion target.
Table 8"
x Conversion M, M,
Example | Diluent (Wt.%) | x10°  |"x10° | M,/M, Mol% TP
32 CH,FCF, 65 31 5 626 2.0 2.7
33 CH,FCF; 94 213 489 23 3.0
34 CH;CHEF, 55 414 813 2.0 1.3
35 CH;CHF, 100 197 558 2.8 1.8
36 CH;Cl 54 170 628 3.7 2.0
37 CH;C1 97 135 517 3.8 2.4
a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of

95/5



a: Polynerizations were run with an

i sobutyl ene/i soprene nolar feed ratio of 95/5 WO
waQod§a827 PCT/ US2003/ 040340 76 [00184] Therexansplogs40340

in Table 8 denonstrate the production of high

nol ecul ar wei ght butyl rubber,using an EADC/ HC1

initiator systemin CHF2CF3 and CH3CHF2 dil uents. The

nol ecul ar wei ght of "the butyl polyners made in

CHF2CF3 and CH3CHF2 were significantly higher than

polymers made in MeC at simlar nononer conversion

ungens4i m| aTh@ QRgthupleoria. TAtle P aeydinstpre Sthé Yprodhdtolyndf high

of the butyl polymers nmade in _both CH2FCF3 and CH3CHF2

vva@o legulay W\‘R]@ht by '%/i'l gytbse psing ap KA IediChingigen system in CHF,CF3

it 2.4 .t r
rbglpﬁlﬁ? r&lgg%%r |Fﬁrrl\gn{ijlg{%c{]:lcléalﬁ(\:f‘lFé ?é}%@ ﬁs“i'he i gpodpﬂg‘%]%qlade in

[ nCHFﬁ@FﬁdﬂddEHﬂIszt\bﬂe cignificanty hlgl’(aldkhah polMefers matd s MeCl at

between CH2FCF3 and CH3CHF2. Th mer slu

patieilar JRORARRE F?mﬁaﬁlw csECEimilary 0@%1 E[a%améisdlﬁn?rw

b fl
equ%yl\QHj off Ctﬁé‘tﬂp ?méxts Me GH TP gﬁ%ﬂi&? i ;nb}pC'HP% was

polymer slurry e in
c omatravenragd cE)satmpl ths ngBt grbbpble P8L]dispatsitg o 2.0 Hias thdrpolymers

rweeps uﬁéqt E&@gﬁg&gﬁym | r%gf)%gﬂ%g%{ Iag]g]lolf{g g E&Q eqquege E’ﬁcorporation
hyghr @1@'6695%@%36 an (’Mé@ﬁ Ba\ﬂls bebRbQ CF‘I@F@P{ and CH3CHF,. The
- conparison.” Exanples and 42 are conparative

expolpines sluxy parieles n@dlz i80®tnICIHFed's anée(éﬁlﬁHExa@ms@d to be

oS BER T T RS i BindiRe TR e BSLHR ShERungties B in

Cc hfe@® dndetsinilftRobditibhed reactor. The
initiator/coinitiator nolar ratio was controll ed at

-1/ 3 and the concentration was set at 0.1 wt % EADC i n

I\/bg;(amégg 845-”“ ator/coinitiator solution was added

0 %o the polynerization nmixture and the rate

of addition is controlled in such as way so that t he
alse di not exceed 4C

D0 lof 1 e aRibE Retihebro bR HOBtGo Y ene and p-
C o R g8 Pt SRt 1505 B AR Keftns and methy!
chloride for comparison. Examples 41 and 42 are comparative examples. A
three-neck 500 ml glass reactor was used for these examples. Prior to each
polymerization, 300 ml of monomer feed containing 10 wt% of monomers were
charged into the chilled reactor. The initiator/coinitiator molar ratio was
controlled at 1/3 and the concentration was set at 0.1 wi% EADC in MeCl. The
initiator/coinitiator solution was added dropwise to the polymerization mixture

and the rate of addition is controlled in such as way so that the reactor temperature

raise did not exceed 4 C. The amount of initiator/coinitiator solution added in

each depended on the desired monomer conversion target.



77 Table 9a Conversion .1VI" MN Exanple Diluent (W.

% x 10"3 X10-3 M,,/M Ml e% pMs 38 CHF2CF3 22 91
wa2B435824. 3 39 CHF2CF3 57 89 291 3.3 4.4 A0PCHERELH3/040340
98 74 244 3.3 4.6 41 CH3CHF2 56 188 1,091 5.8 4.1 42

CH3CHF2 100 169 908 5.4 4.9 A3 CH3CL 57 97 443 4.6

3.8 44 CH3C1l 69 94 342 3.6 4.0 a: Polynerizations
were run with an isobutyl ene/ p-nmet hyl styrene nol ar
feed ratio of 90/10 [OOlS@QBg]ﬁgexanpl es in Table 9
denonstrate that using an initiator system
in a CH2FCF3 diluent, the production of

i sohutyl ene-PMS  copolyners with conparable nolecul ar

ki ghts th copol yfr&eavesigllcedMin h Mtc| dil uet .
|

Smwﬁgieenemueﬁet nyleteyrgne coppl y rex 80 °p1 eviged | iMlole% pMS
H3 CHF xhi bit mich highar nmolechlar weights [The

MS izgcorp ¢@nlin bhe cqpolyimer| begsilgnghi cantly s
igher in CHPFCF3|than in NcCl usihg thelsane nmpnoner

eed 3gconpegif,drn| undey si I | agg reachppn |condi tions.44

additipn, the polymer sllurry particles in CH/FCE3
ppeaps tp dpfr,GFghi fiogntly legs stioky iin §sRFCF3 456
an in MO~ Exanples 45-47 [00187] Table 10 llists

he ngsul t gmEpeopol yrperi zati qgg of i gabutykgnelp- 41

pnduset ed| ar.cAPC| i n agp 80/|20 1681 Xt ulogg (Y wal une) ofg
HPFCF3 ahd CH3CHF2. A thrde-neck 500 nl |glass WO

004/,9588R7 Jfdf UB20034,040340 9778 feagion wag used fpg
hese exapples. Prior to edch polyperizatiion, 300 m

p
h
f
I
a
t
t
net hyl styrene and|i sobutyl gne/i sopfene that wer
c
G
2
t
0

Y CH,CI 69 94 342 3.6 4.0

a: Polymerizations were run with an isobutylene/p-methylstyrene molar feed

ratio of 90/10

[00186] The examples in Table 9 demonstrate that using an EADC/HCI
initiator system in a CH,FCF; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent. Isobutylene/p-methylstyrene copolymers prepared in CH3;CHF,
exhibit much higher molecular weights. The pMS incorporation in the copolymer
is significantly higher in CH,FCF; than in MeCl using the same monomer feed
composition under similar reaction conditions. In addition, the polymer slurry
particles in CH,FCF; appears to be significantly less sticky in CH,FCF; than in
MeCl.

Examples 45-47
[00187] Table 10 lists the results of cbpolymerizations of isobutylene/p-

methylstyrene and isobutylene/isoprene that were conducted at -95°C in an 80/20

mixture (by volume) of CH,FCF; and CH3CHF,. A three-neck 500 ml glass



nononer feed containing 10 wt % of nononers were

charged into the chilled
wOnbd4ioassar / coi niti ator

1/3 and t
Med .

addi ti on

argute SF

he

is

Initrator

RG] f’&r%@s/erééaﬁﬁléi'

mol ar

react or.
rati o was contr ol Ped/ug2003/040340
concentration was set at 0.1 wt% EADC in

The

The initiator/coinitiatgr solution

Borafieriza

was added
dropwi se to the polynerization mxture and the rate of

controlled in such as way so that the

dp g 1PXLH

col nrtiator sol uti

Re300
n eac

fr1nl of

dependes fad tchatathesg 1l @ dwtYfrof an®rontas wetrs ichail‘gtdi rnyetthe chilled

Tabl e 10

1(?"3%‘5[%- 10"

nverS|on

NNFiRfer/coiBtiatas

M. M

ol ymerizations were run Wt
novayr addedddropwise tof the §oiEndyizafion ymsture and dhe rafere addition is

wi th an isobutyl ene/ p-net hyl styrene nol ar feed

o}ﬁpEgﬁg%I e Conon

one

5§ 950 gnoliecs ot gt )and the
nz&tflaﬁgn %va@ 48 203 w4 @AHINEHHQQC@ AhelinBfrRothititor solution

an isobutyl ene/isoprene

ratio

of coabll&d nCDER 84 waglsd thal ﬂledeamOlstbmemlre haasqodld ahot esosad 4 C.

of h| gh nol ecul.ar wei |sobut ren
gH’dﬂ lewtnliriones Ipien & %Jﬁgm qp&v%& Qfpthe desired
Eﬁ%&iﬁé‘rdeﬁ{z&bl@h% systemin a mxture of CH2ZFCF3 and
as the fgyrreri zation diluent. The pol ynmer

sI urry partl cles | n the CHIRBESIIC3CHF2 mi xture
denonstrate the sane non-sticki ness appearance as in a

pure CH2FCF3 or CH3CHF2 dil uent descri bed above. WO
20041058827 PCT/ USZ00GGARRAD| 79 MEXanpl €S Mg~ 11 TR
[ 00189] Hxanples 48|- 117 exekl ify copol ymerlazatl on ;.
oftxamg bLt9P’é‘ﬂ’é°'W?"t h dtWere)conon s. The ¥1 - )MW/M.,
Cop0| yTTE |zaI| onNs ave Deen T umnm at _tWo [tEenmperatunes
and4?’n fqur lepregentg. . 87 309 676 22
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
[00188] Table 10 demonstrates the production of high molecular weight

isobutylene-isoprene copolymers and isobutylene-pMS copolymers using an
EADC/HCI initiator system in a mixture of CH,FCF3 and CH;CHF; as the
The polymer slurry particles in the éHzFCFg/C3CHF2

polymerization diluent.

mixture demonstrate the same non-stickiness appearance as in a pure CH,FCF;3 or

CH;CHF; diluent described above.




[00190] The pol ynerization exanples listed in Tables

11 - 16 were obtained by running slurry
woapalogsseri zati ons in test tubes equi pped w t hPCTAIS2003/040340

earth magnetic stir bars. Mnoner solutions were

prepared in the test tubes at the desired

tenperature, which is identified in the paragraphs

bel ow, by conbining 20 m of the liquid diluent, 5 ni

Ofgﬂﬁ%ﬂs%Sl qbutylene and enough |iquid conpnoner to

achieve”a 3 mol % conononer feed. Pol ynerization

sol utions were magnetically stirred at the identified

tenperature and were initiated bﬁ t he d[_g’pvviRsﬂrf ..
addi tion of [8068%ck cdixsmmlest 4% 1 ilA7 15XaBHIs BPRM Y BsFization of

Usi . ¢ : ! ) .
- s e Sher (Aol THE o loR e bR MER B ot o
t aerppdrytuess.anfl @D i@t diltas.e 11 |ists the results of

pol ymeri zations that were conducted at -95C either in

met hyl chloride (as a conparative, exanples 48, 49,

50, 57, 58, #1906, 67Fheaﬂq B8ization examples listed in Tables 11 -
1,1,1, 2-tet r[a?% l?gr oet hane 03r1 1, 1-difl uoPoet hane.

| slébwitrg lobtameddsy wopinig\sheTyi ecpdlymdrizagdnshiartest tubes equipped with

p-t-butyl styrene.(t-Bu 0.36 nl. per run | nden

it o AR it bt Mg Sttt pre e 5 Hiptest tubes
Pek theNesR&d téApdra@tE dwhidh TRPIdEntlfed fh Thé ParsPdphsi Bilow, by
of ethyl al um num di chl ori de (EADC) and hydrogen

c Ioothindag 20an) ofvdke pireidadibugnt, d mdtafyliquidhispbutidengyand enough
ding 0.320 m ,of_a. 1.0 yml/ ion; i o
TP Sttt 18 eclionk £ Tl oomoRfEt By | otgppizaion
etdaltidhy et lictibalBr dtifedse thetitanified thapantird sndlWerelthitiated

of net hc}ll chloride. Polynerizations were run by, .
i thg, drepwistiaddition of arptogh comitinta{igitintor Aplytigeusing 2 chilled

a
SQ [ ] ' | M1
P AR b Kot RO oa 3R, B recns of fhe mopomers
0.conwdrtedfto pelyn@nol . Pol ymeri zation in any of the

hydr of | uor ocarbons resulted in rubber particles that

did not adhere to the walls of the reactor or to the

stirring barppofdyg partigies 1f hqatrd (dQus e ﬁélfrﬁléﬁﬁati%s that
the liquid when'stirring stopped. The particles were

hawete asndwicden e Cajthpr msséthyl ahitoridedas WD1BRGAHGS882Tples 48,
[ bk OB oaP Toabe 5Trind Ebar b rerat RO RERF 2AL o pgrocthane,
gg[h«g%ﬂgg@%@o@%% t@ﬁpc{lﬁ%&lrlieegg\{vgl‘? e%ﬁif—bﬁ?fsﬁ’réﬂ@&-ﬁmt@S6 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 (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. 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



and the stirring shaft.

Tabl e 11 Yield Conv.

MWV ol %

Exanple Diluent CoM (ng) (w.%) x 10"3 M/M CoM 48
t - BABU38003/040340
9.6 130 2.3 2.4 50 CH3C1l t-BuS 485 12.6 112 2.2 1.5

wQhkeBH5882BuS 496 12.8 139

51 CH2FCF3 t-BuS 345 8.9 128

2.5 1.4

49 CH3C

&0 2.0 52 CHRFCF3 t-BuS

249 6.4 128 2.0 1.6 53 CH2FCF3 t-BuS 295 7.6 119 1.9
1.9 54 CH3CHF2 t-BuS 325 8.4 297 2.7 1.8 55 CH3CHF2

t-B 4 . 7 6 - s
5ot &gt st e esisd o R st Pilation in
| ngheths® chloridd tefulted/inlruBbergRurtidtChal mthedsdiOtoboth Me3redctdr walls
1.1 60 CH2FCF3 Ind 2279 60.8 131 2.2 2.3 61 CH2FCF3
| nendithestimingghafy) 2. 1 2.4 62 CH2FCF3 Ind 2299 61.3

116 2.2 2.0 63 CH3CHF2 Ind 323 14.0 141 2.3 1.8 64
CH3CHF2 Ind 243 9.1 138 2.
8.6 146 2.3 1.9 66 CH3C1

2004/ 058827 PCT/ US

003/ 04

gL

340

81 67 CH3C1

65 CH3CHF2 Ind 526

10.5 20.7 1.0 8.3 WO
106

13p

10.620.5[1. 1 7.8 | 68 CHaG1YiM 235Ceny 17 6V /5.9 | mol%
SO, TR | Goi® et 6059 S RS cow
48 CHiCl | tBuS | 496 12.8 130 | 25 | 14
49 CHiCl | tBuS | 384 9.6 130 | 23 | 24
50 CHiCl | tBuS | 485 12.6 12 | 22 | 15
51 | CHyFCF; | tBuS | 345 8.9 128 | 20 | 20
52 | CHFCF; | t-BuS | 249 6.4 28 | 20 | 16
53 | CHyFCF; | t-BuS | 295 7.6 119 | 19 | 19
54 | CHsCHF; | t-BuS | 325 8.4 207 | 27 | 18
55 | CH;CHF, | tBuS | 433 11.2 217 | 26 | 23
56 | CH;CHF, | t-BuS | 333 8.6 303 | 27 | 18
57 CH:Cl | Ind | 375 9.9 68 | 22 | 12
58 CHiCI Ind | 179 4.7 17 | 17 | 13
59 CH:Cl | Ind | 130 3.4 103 | 23 | 11
60 | CHLFCF; | Ind | 2279 | 608 131 | 22 | 23
61 | CHLFCF; | Ind | 1199 | 319 101 | 21 | 24
62 | CHLFCF; | Ind | 2299 | 613 116 | 22 | 20
63 | CHsCHF, | Ind | 323 14.0 141 | 23 1.8
64 | CH;CHF, | Ind | 243 9.1 138 | 23 | 18
65 | CH;CHF, | Ind | 526 8.6 146 | 23 | 19
66 CH;CI Bp | 402 10.5 207 | 10 | 83




71 CH2FCF3 13P 610 16.2 37.0 1.4 8.5 [00192] Table 12
lists the results of polynerizations that were

woandwsseed at -50C either in nethyl chloride ¢as/u82003/040340
conparative, exanples 72, 73, 74, 81, 82, and 83),
1,1,1,2-tetrafl uoroet hane or §; 1-difl uoroethane.
| sobutyl ene was copol ynerized with either
p-t- butylstyrene (t- BuS) (0.36 m per run) or indene

(rmd)—<(0-23t erJrun) as; T ndigated T Tabte1I2—A
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splution in 1.1 1 2- tety et hane-—and 0,960 of

a| 1. 0ol /|LCELIOF-al urrip,pum digaigl qri dezgol utizmns (n 1.4 9.4
hexane tol100 m of nethyl| chloride. Polynerizations

Wer e fgan tycﬂ%imlmjg, ? opwi sg3 1.5 9 j0f thgeystocky 3.1
EADC HO solution fo e stirred nononer | sol utjons

exce f or] es 81, 83 B7.. N
exanp 1es 'Zéﬁ%@l: %gl 826168’, a}]63§87 z?g@m o“'h 8.5

D/ HCL sol ution vvas used. Polynerizations were

t eqgy192f ed V\"Ifajb"letlbehs@:ﬂﬂb tré:sﬂl’ts ef p&y%eﬂkatﬁfns Rl RROtonducted at

Polymeri zation in any of the hydiofl uorocarbons
r es¥fI°Cecdthen in uietl chlaride ¢hes comptrativel exampladtt, §31 34, 81, 82,

bt o 1id A EhafERBAt raradel-SRIuBHRSH gy qloblne ves
St béﬁdlﬁﬁeﬁie‘ap@ﬁﬁj eltﬁaep%ﬁf}ils%l%ﬁe VEBESITHETb Ml Ger %hf br indene

as evidenced by pressingon-themw t’h a chille
spéﬁnd) d0wAemlt pest eh)nesirindisaiedi on "Jiablvpéflat uf?se$toclt hstution of

e neth chl,o exa
poFal o B Hien R ISP ahf 3 e BERHER Eh vamspored in
pakdetigi emldrhirt bypdhging .320 bdt &f & hieo edd HCMedihorame 1,1,1,2-
the stirring shaft. WD 2004/ 058827 PCT/ US2003/ 040340

g2 tetefnarogthang andi086Awml afiny 1.AunokL etheslabimainpm dighloridy Mlution
(03 803 B M SRR ST 39
74 dfdpSdse, t . Bubl 27 3Bis7dtodk HABCAHO! 208tion 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
chloride resulted in rubber particles that adhered to both the reactor walls and the

stirring shaft.



75 CH2FCF3 t-BuS 500 12.9 35.3 1.4 4.1 76 CH2FCF3

t-BuS 523 13.5 39.2 1.5 4.3 77 CH2FCF3 t-BuS 568 14.7

wWG02004/0588874. 3 78 CH3CHF2 t-BuS 651 16.9 68.1 BCT/U$2003/040340
79 CH3CHF2 t-BuS 733 19.0 71.9 1.6 4.1 80 CH3CHF2

t-BuS 440 11.4 70.3 1.7 2.8

1

49.9 1.4 1.0 82 CH3Cl Ind 64
CH3C1 Ind 319 8.4 44.6 1.4 1.1 84 CH2FCF3 Ind 424

11.3 36.7 1.4 1.7 85 CH2F

2.0 86 CH2FCF3 Ind 496 13
nd 328 8 7 40.8 1

514

T 1%

CH3Cl

Ind 704 18.6

17.1 34.1 1.4 1.4 83

464 12.4 37.9 1.4
1.5 1.9 87 CH3CHF2

88 CHQ(‘I—IE’) lnd.-338 9.0 42.9

1.5 1.3 [D0193] Taple 13 I/i? heCPRY Y| t]s mol%
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run), > Fh i nd rrel%(éllnd %E!ﬁis n:?7e5[§e' ¥ (3- &Onene &%Bp)| 2.9

(03L_m per._run) pr_a 50/[50 _no|/ ol WO 20047058827
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i ndi d&t ed iQHffyé}ﬂse obBud 4t 2k Lol 5on qf 39.2 1.5 4.3

ethytatomnum—dichioride—(EADC and—hydrogen—chtorid

(HCJ)77vvas grgddted| | WBuBt hyb6&h| orilde/ by (ad@i"ng 0.1320 | 4.3
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spl ut800n 1@HJ¢EHP§t r-BdSnonaaer | solut4 ong, 7@xcept 1for 2.8

ey;mml es 98 09 100 101,
81 CH3C1 Ind 704 18.6 49.9 1.4 1.0
82 CH;Cl Ind 645 17.1 34.1 1.4 1.4
83 CH;C1 Ind 319 8.4 44.6 1.4 1.1
84 CH,FCF3 Ind 424 11.3 36.7 1.4 1.7
85 CH,FCF; Ind 464 12.4 379 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 14
88 CH;CHF, Ind 338 9.0 42.9 1.5 1.3

[00193] Table 13 lists the results of polymerizations that were conducted at

-95°C in a 20 wt.% blend of 1,1-difluoroethane in 1,1,1,2-tetrafluoroethane.

Isobutylene was copolymerized with one of the following comonomers or

comonomer pairs as indicated in Table 13: isoprene (IP) (0.20 ml per run), p-
methylstyrene (pMS) (0.26 ml per run), p-t-butylstyrene (t-BuS) (0.36 ml per run),
indene (Ind) (0.23 ml per run), B-pinene (BP) (0.31 ml per run) or a 50/50 mol/mol




102, and 103. For exanples 98, 99 and 100, 3.0 m of
EADC/ HCOl sol ution was wused. For exanples 101, 102 and
woQen4/028837m  of EADC/ HCl sol uti on was used. PCT/US2003/040340

Pol ynmeri zations were termnated with the addition of
0.2 m of nethanol. Polynerigation in any of the
hydr of | uor ocarbons resulted in rubber particles that
did not adhere to the walls of the reactor or to the
T e
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BExcdlmpialemGoivh (drgl)lbride Splutiof) inxh&0ns th 0F ntlohf B&hylPchloride.

1 31.1 453 019 | P, 2061 55.9 628 .1.8 2.
é’% SriZH0BS me gingby, a‘gcﬁn@zdrgamw@s% 3l %fg Stgzla%z\lgéfﬂﬂ
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9.4 1.4 8.4 103 RP 389 10.4 76.9 1.4 8.
Polymerlzatlon in any of the hydrofluorocarbons resulted in rubber particles that

did not adhere to the walls of the reactor or to the stirring bar. The particles
floated to the surface of the liquid when stirring stopped. The particles were hard
as evidenced by pressing on them with a chilled spatula when tested near reaction
temperature. Polymerization in methyl chloride resulted in rubber particles that

adhered to both the reactor walls and the stirring shaft.

Table 13
Lot Yield | - Conv. i My mol%
Example COM (mg). %) ' x10° | MM, | CoM
89 IP 1147 453 2.0 1.9
90 1P 2061 | 559 628 1.8 2.0
o1 1P 2382 | 646 276 2.0 22
92 pMS 654 17.3 782 3.4 2.8
93 pMS 722 19.1 624 3.0 2.8
94 pMS 795 | 210 665 3.0 27
95 +BuS | 411 10.6 304 2.0 1.6
9 +BuS | 389 9.8 252 2.1 1.9
97 +BuS | 445 115 241 2.1 1.9




104 | P/pMs 331 8.9 632 1.8 0.49/1.7 105 | P/ pMs 423
11.3 699 1.8 0.67/1.5 106 | P/ pMs 361 9.7 989 2.1

WO 200/058837[ 00194] Table 14 lists the results oPCT/US2003/040340
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ecular

eXlﬁJt&tﬁéﬂU(m 15t p@frUﬁMatSE&elcﬁﬁdﬁdet-9§F@m #6thyl chloride (as a
deternm ne the nol ecul ar wei qht s. The MW of these

potoynnstaiivesexapwles 1075nd 198k hig . 2tgmilysgwsinne, 1,1-difluoroethane
PCT. 4 :
di sl{ H %‘ugﬂaﬁsg%éab qullﬁ%ﬂé n”Zf&lbz 1dd@g%%%lege ig, L,1.1,2-

t hegeflwashles Aegatls eokmhoh hef hihgralumllnamu dinhloniieg tEADC) and
Table 14 Yield Co | %
Copjdrogen chllo%de (HCr11)vwasn}?reparecllEx n methyl 8'1101'1(?6 by ggg; Plg 8\1\50 ﬁl ofa

1.0 mol/L HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L

:T""U)

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
and the stirring shaft. The polymers listed in Table 14 exhibited molecular
weights that were higher than the exclusion limit of the SEC instrument used to

determine the molecular weights. The M, of these polymers is above 1.5 x 10



107 CH3C1 503 13.7 0.2 108 CH3Cl1 689 18.8 0.1 109
CH2FCF3 448 12.2 0.2 110 CH2FCF3 543 14.8 0.3 111

wWOoRAHOES2404 11.0 0.3 112 CH3CHFZ 338 9.2 0. 2PCT/A582003/040340

CH3CHF2 481 13.1 0.1 114 CH3CHF2 352 9.6 0.2 115

CH3CHF2/ CH2FCF3 453 12.4 Ocﬁg 116 CH3CHF2/ CH2FCF3

777 21.2 0.2 117 CH3CHF2/ FCF3 573 15.7 0.2

Exanples 118- 141 [ 001951 The pol yneri zati on exanpl es
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113 CH;3;CHF, 481 13.1 0.1
114 CH;CHF, 352 9.6 0.2
115 CH;CHF,/ CH,FCF3 453 12.4 0.3
116 CH;CHF,/ CH,FCF; 777 21.2 0.2
117 CH3;CHF,/ CH,FCF3 573 15.7 0.2

Examples 118-141

[00195]

The polymerization examples listed in Tables 15 and 16 were

obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at -
95°C for examples in Table 15 and -35°C for examples in Table 16. The solutions
were prepared by combining 20 ml of the chilled liquid diluent, 5 ml of liquid
isobutylene and 0.20 ml of isoprene. Exceptions to this procedure are noted
below. Polymerization solutions were magnetically stirred at temperature and
were initiated by the dropwise addition of a stock coinitiator/initiator solution

using a chilled glass Pasteur pipette. Conversion is reported as weight percent of

the monomers converted to polymer.
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1. dhloride 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.



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
W 2404058827124 H2C=CCl 2 4.0 447 13.4 47 2.1 1. 0PCT252003/040340
CH3CHC12 1.5 112 3.0 108 3.1 1.7 126 CH3CHCl12 1.5 202
5.5 116 2.6 1.9 [00198] Tabl 716 lists the results of
pol yneri zati ons that were conducted at

-35C. Exanpl es

127 - 136 are conparative exanples wth Exanples 137 -
141 being exanpl es of thi g ppvention. [00199]

Pol yneri zati ons were run by—at-&e—dr opwi se addition of a
cfnr\l/ SO ||f|nn nF fhn ﬁn|r=tiatr)r’l=n:>t at-oF qull_ A

Sit ock sol ution of ety ﬁfurri,num, di ehl ori‘de a|
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sl ution-pfethylalum num-dichlotide—and h\'djr ogen

chl oriode Wwas Qi€ for Exanpl 38 184,16185 amﬁs 136.1.9hils 1.8
siolution has preparled fromthe additiopn of 0,034 ni

of ajf) 93| mIdH,dd |soliuti gnson 1, Ieh 27 224 2.2 1.7
tetrafl uofoethane and 0.0960 m of a 1.0 ol /|

et hy]al um pye-eieif,or i de7 sal uppon gy hex%@ too2l ) m o9
of et hyl | chl oride. [The final nol/L concentrations of

et hy{sl u Rl i de; an s chl o{d de iy the ;g
st ock “sol Jth];Jon are th % O&4¥0'98%§ ' '
PCT/ 008/ P4 Bé@ 88 gare bot h; preparsat i pns. 4 A 1.4
separate sto } tli on of rretﬁ | al Um num "dijchl’oride
(|MAl /P 4 ri yI pent ane MPCl ) S
(eaHor [ {:gg 13241a6nd 7 by g 219 10
spl u ha addj .1 on 6l 6

m crgfte 881?&&@0 ar}dsoo Ogg% m %b a 1?{\18 npl /3L1 1.7
net hyl al'u hifori.de gol_ufion héx to 10 ni

of nﬁéﬁyl cfr}rﬁgb?ljgiz The- tctsgkﬁ vol u of ?ﬂé St &:@2 1.9
sof ution added to the pof ynerization for each exanpl e

i 5[00!@8’]t ed i p.p1aht Fistt®he results of polymerizations that were conducted at

-35°C. Examples 127 - 136 are comparative examples with Examples 137 - 141

being examples of this invention.

[00199]

solution of the coinitiator/initiator pair.

Polymerizations were run by the dropwise addition of a stock

A stock solution of ethylaluminum

dichloride and hydrogen chloride (HCl) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/LL HCI solution in 1,1,1,2-tetrafluoroethane and

0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution in hexane to 100 ml of

methyl chloride. A separate stock solution of ethylaluminum dichloride and

hydrogen chloride was used for Examples 134, 135 and 136. This solution was
prepared from the addition of 0.034 m! of a 0.93 mol/L HCI solution in 1,1,1,2-

tetrafluoroethane and 0.0960 ml of a 1.0 mol/L. ethylaluminum dichloride solution

in hexane to 10 ml of methyl chloride.

The final mol/LL concentrations of

ethylaluminum dichloride and hydrogen chloride in the stock solution are the




[ 002001 Pol ynerizations were termnated with the
addition of 0.2 m of nethanol. The polynerization in

wa 200405882001 oet hane or 1,1, 1, 2-tetrafl uor oet hareT/uga008/040340

rubber particles that exhibited stiff-rubbery physical
properties as evidenced Ky probing with a chilled
spatul a at reaction tenperature. M nor anounts of
fouI [ ng were evident on the reactor walls and stirring
0 h y .
A1 G o BREaRhs. A7 Sop ALY BEL ABhE bF SR Mhlurym
disbiidd RIATREX 1/ 02-chitakd- 8 AanttinhdiRylpéntane I@M?ﬂl) weéar ysed for

I|ttIe of t he "s ded" in the uen
Examplepml n’eﬁr zf’ .MAIPG/TNEEQSP UEBR ofen ?E%’éfeg frOm the
h r o r [ n I
adliondl hfét aﬁ s 66 MIIEEL PG BHOGS S D) HBPL
msﬂly]ahjrmgumahchlmdlw satutiaatn nexahe tdl 1Q ndl- afr methiybeldetidearlthe

curred sqQl uti on S recove
raimwfm ?@%%4@%@?%@8 polimerzaag tor f6<9¥ pple is
S?éqj Tabieled- - Conv. MW nol % Exanple Diluent (nl)

ﬂ)(a 0A)xlOBI\/WMIP 127 CH3CA 4.0 1953 53.1
451 12 128 CH3C1 4.0 1678 45.6 54 1.3 1.3 129

339 63 6 51 1. .
45 PIgaatipss e sfydialed Wy Fepiargod 03 Hil pf
mét:ﬁandlz @h@ blyRRrRREAE 80 e, 14di@ludfd3thahé of 1361 2-Btrdfiord¥thane

2004/ 058827 "PCT/ US2003/ 040340 89 133
gave 2ublief paticlss dlrat enbibited stiffgubltsry ghysical ppopertips ag gyidenced

b PPy 9 b §RUES Mhafils %t Fdadorudhnabarly NUSOOEEENDs of
fodlind wRrel ediderdt3oh Gd2faEtdr Svalls 284 8ti6InBba6 In Sodpa@isoh3the

CH2FCF3 1.5 1024 27.8 92 1.5 2.2
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. NOSTE I

| . | Soln. | Yield | Conv. | My | | mol%
Example Diluent | (ml) | (mg) | (wt%) | x10% | MM, | P
127 CH,Cl 40 | 1953 | 531 | 45 | 12 | 12
128 CH;Cl 40 | 1678 | 456 | 54 | 13 1.3
129 CH;CI 40 | 2339 | 636 | 51 | 12 | 14
130 CH;CCly 40 | 3068 | 832 | 48 | 22 | 09
131 CH;CCly 50 | 2993 | 812 | 59 | 22 | 1.0
132 1,2-difluorobenzene | 4.0 2033 55.1 35 1.6 1.5




139 CH3CHF2 3.0 1085 29.5 78 1.5 1.6 140 CH3CHF2 3.0
1104 30.0 92 1.4 1.6 141 CH3CHF2 3.0 953 25.9 95 1.5
wa 2604/06888anpl es 142-146 [ 002011 Table 17 |ists PO®US2003/040340

results of copolynerizations of
that were conducted at

i sobutyl ene/ i soprene feed

" 9%

i sobutyl ene
CH2FCF3. The

I soprene

rati o was changed for each

exanpl e. A three-neck 500 m gl ass reactor was used
for—these—exanpltes—Pri-or—te—each—potyrgzatiron,—300
M33of |MhRakfuorbiesmdenecon4.Qi ni A§OL0| wo¥Hof| ndhorrer $.8were 1.4
chargedinto the chilled reacter—Fhe
i T84t i at or CERCICH4CGIt or| ndhar| r&63 o] wes.5cont 2ol | ed1.at 1.3
1/3 and the concentration w L at 011 W% EADC inm
M@ . [The CHCICIYCIr / cpi ppt i|apge7 spl usuon was added 1.3
dropwise ta the polyherization mxture land the rate
of3eaddi ti eppcfcnt rol | £¢ iinoggeh agopay] 250 (thap the 14
react or tennerature rai se did not| exceed 4 C [The
apgunt| o éﬁ Pgtor/ Cot i t|i kg [sokyki gn fglded i 13 23
each depen ed on’the desirdd monope canver sijon }
get | 5882[7 / 40 Tab 17
1 A p I\/bI ar nvérsi o E?TML/J\ﬁEgan Ig?'geed %ti \eﬂl 2.2
9 0" 3 ; [ % I 142,98/ 2 1 209,205
/?339x1 8RR 100 130 dadbss 5f'2298 l449€5/ Igo| 16
7 481 145 P3[7 94 .174 42 .43 14
9 10 B5 1&12@%“22. 6 5.%-6 oéié‘} i@é %’ﬁle P4 1.6
denonsfrat e repafr afi.on Iecu i_ght
c]dggl yrrersq;ﬁﬁﬁ*lﬁgi gh %Bre eéﬁ-q’ %gg %)1? Th W? 1.6
aggtoneration of the

Examples 142-146

[00201]
isoprene that were conducted at -95°C CH,FCFj3.

Table 17 lists the results of copolymerizations of isobutylene
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.




slurry particles is significantly reduced in the

hydr of | uor ocarbon. The GPC traces of these
woOoeksgd2ene/ i soprene copol ymers do, not show RQy/USR@B/040340

of gel formation or cross-linking, even for the

Exanpl e 146 which contains mape than 5 nol % isoprene.

The hi gh di ene isobutyl ene/isoprene pol yners made

according to this invention can be hal ogenat ed

subsequent |y via standard, 16f2£l | shed hal ogenation

processes for making halobutyl—polyners. Exanpl e 147

[ 00203] The dependence of nol ecul ar wei ght on

conversion was__determned for | sobutylene/isoprene
copol yrer zat¥Bhs fun i-n methyl chlofide apd CH2FCF3

atl - 95C. ' [ThigoRependarvacerdda det Br,m hedrf o two :
diff ferent} i nitiator/cinjtiatior systens;; 0 Se
TNRErmRIf| FRed Bt b@éd‘l%’én I-+ICF‘.18 Bot"ﬂﬁcai ;ﬁy/g/ﬂ R/IP?(Q’IP
SYStens used EADC a5 the Lewi § acid polpitrator. A

t iir eddheck 5882 m |gl as&% eact|or?@as| uddt {or*fhese 12
eXanptes. [Prior. tojeach_potymari zatipn, 300 of

NNo f ped %6nt ailni ngl% wt % oflt he omer& > wefe 17
chra gfedi to the hifted Teacgtor._ AAnolar{ratio pf

95/ 51#40but yl9éf§e/ i sopr eh® was |usEd fpr4¥hch 38 29
puynerizauon e TN tTrator/[coi ni tfator mworar ratio
was déhtrpl | &4 7at 1/3 afd the WO Poou/ 858827 24 3.8
PC 1040320 91 concentrari om Was_setl  at W%
EADCI#h Ma 20/4he initi&@or/coinF?iato?4§olut?6n was-2
addeddropw se to the polynmerization m xture and (he

rate of addition is controlled in such as way so that
t H026ct or Tlespexamplee deaiasirate dthnapreparatéced o Gigh Thaecular

B Sl SRR R A0 BB e
hes

TheudpbatbRs if eS8 catlyyRBIdeaah By @6RubEMPor. The GPC traces
Figure 3 as a t of peak nol ecul ar weight (I\/g%
veqfstbssetlh«éoutﬁdm@epr@mmrms doraktshewrng sistpelcgd formation
decl i he nol ecul t 0
5 SR SR mERhel R hRRRSRRR R AR thots

prlg(ﬁlﬁélﬁeed Tind hllghtdmneflsdbut}d@w&bypréﬂid pallymerssmade eGbBIHG;Ftho this

Exanpl e 148 [ 002041 A capol yneri zati on Qhut

f
angvesfiondge he dyiagspatad subsequently via standarc? es’éa%hshed)ilaieogenatlon

processes for making halobutyl polymers.

Example 147

[00203]

determined for isobutylene/isoprene copolymerizations run in methyl chloride and

CH,FCF; at -95°C.

The dependence of molecular weight on conversion was

This dependence was determined for two different
initiator/coinitiator systems; one based on TMPCI and the other based on HCI.
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



conducted at -93C in CH2FCF3. A nolar ratio of 97/3 of

i sobutyl ene / cycl opentadi ene was used for this
weoabogrossd2zat i on at 10. 8 wt % nononers in the feewdUs2003/040340

Cycl opent adi ene was freshly cracked for this

experinment. The initiator/cgjnitiator solution was

prepared by dissolving 200 mcroliters of a 1.0 nol/L

sol ution of hydrogen chloride in CH2ZFCF3 into 50 nml of

pr E

i SpabpFE war S 0] v PEARC L 8 R BB Solution

divedsl atdededropwizexartke pdlyinserization lnﬁﬁtu!@an& tther tael of axddBion is

m nutes. Polynerization was begun by the dropw se

adBintrolonl iafsuthes way o tiadtheaedctrttbmpeanturs eliset didnoi eMceed 4 C.

t he nmononer solution wth stlrrlng The addition of

t hihe asegut pHIRARr comtiptonsliptaaddsd in pachyepeaded ap the desired

“GERNE, SRARER' GRLOHETRETS ek bEBALAAR o8 WEFn in
s diigiire Snasvigslot] Sﬁphak/hlﬁeﬁﬂaﬂﬁvelgh@@&p) Ve ﬂieenrlbh(&namnversion

leﬁgg%)r ﬁﬁh I%Spcfeg’z(e%géghne (}{ﬁa I?llpllegpu %}N Ver ogregs{k{\rllgfgfgl ers1on is

CE@ 50 Bte Lafa Sado LehoW0 RA04 qug fered initiator §
10a/ BESL AR o Pl Itlgty i ! B . ater for

Di chpblyniedizationskiy @b FChHor ocar bons and Bl ends [ 002051
The solubility tests reported in Tables 19 - 25 were
performed using neat ethylal um num dichl oride (EADC).
Eaghnigsi4gvas performed in the followng way. 5 ni of
t he condensed hydr of | uorocarbon were charged into a
dried test tube cooled to -90C in the dry box cold

b o thi | 90C; . m crol.ters

020417 "o TR ek, B by Bl Bt bipgladiene was
adg@@euctedt ul9r3,l=a:tm WRBFCheckadnidYarVier 60373 adi isabitine /
the resulting m xture. The m xture was then all owed

t ocywhopemtadienhavabaistd fiay thisi nelymérizatien @t Iloénwt%xmcbr@mers in the

a ontents of the te t

: eﬁcg rt?yeg 381% lene ~ was, ?ﬁ%hl%o Eec{ thj)r th1§ éxgerlme The
comitﬁebrxcalmﬁm& Roluti BHTRES ipfegpatedebyt @sﬁowm@ezaonhmalhers of a 1.0
cold bath. Reported observations were nmade after the

conpVlet wiitivaa o hyAessn i shpridgcine CHof CRp tigfo O ml of pre- “ehilled
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° | MJ/M, |Mol% CPD | %12

148 CH,FCF; 50 527 1.9 5.3 15




first heat/cool cycle, the catalyst did not dissolve,

0.5 m of nethyl chloride was added. The heat/ cool
woyel4®sses repeat ed. Subsequent additions of OPETMS2B/040340

met hyl chloride were nade foll ow ng each heat/ cool

cycle until the EADC was obsgrved to dissolve or a

50/ 50 VIV bl end was achi eved. The fol | ow ng

.observations were nmade and recorded. 1, 1,
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Fi ne- I 0. 5 hi
FIRGGTal o 1VSCEUNaiborsts WPARE o gIes il orisdgessperformed
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LRSS ULl GIRY, DER ok Oy PhrOBAI e
mefoliywinghiway.i GemB3f lies somdensedyhydnofludreédoben para chdrgsl into a

WO 2004/ 058827 PCT/ 03/ 040340 93 + ml. et h

c Hitisditess tafi egolqd toy ég&o& Bigdiry bex GO@nlh?ﬂhe&HWl ’f‘ﬂluﬁ?tdgooc’
41 .cle

e PSSR pst, Bty Py SRS el i qaac
c S clibitls Wik dBeelard l{yO\ﬁg@ﬁllsly ngitdimngtths tesuliting Tailstuee. 18he mixture
the fl OCCL{| ation occurred, after

ST TG APV B FER o GHo bR I8 (e AL B G Yy refafing the
(ﬁi@&%&% T J%Ptdb@nggﬁer WeSdiRleft reg%lfehliﬁr%%“ﬁ&ﬁt the mixture

I'e 20 Preparation Vol ume % Me
Ooweay vadlédto -I0RCoby dmmersing 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 | Observation
Chloride
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 methyl chloride 29 Cloudy; very small particles
+ 0.5ml methyl chloride 33 Less cloudy; no visible particles




EADC + 5mL HFC-32 0O

I nsol ubl e

+ 0.5nm nethyl

" chi ps'
chloride 9 Slight cloudy + 0.5nl nethyl
wa@eaow/obgsaccul at i on

+ 0. 5nml net hyl
chl oride 17

chl ori de 23PCraar003/040340

Fl uor of orm (HFC- 23) Table 21 Preparation Vol une %
Chl ori de ¢3EADC + 5nll HFC-23 0

Met hyl Cbservation
I nsol ubl e " chi ps'
+ 0. 5nml net hyl

+ 0.5nl net hyl
chloride 17 I nsol uble

chloride 9 Insol uble
+ 0.5nm nethyl

chtoride—23—nsotubi

94 #O@ngmethréﬁlﬂynidecr

e WO2004/ 058827

Vol N alaVaVaVaWl oW W aVa W WA
PCT/US2003/040340
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et S oo
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23 Clear solution
[00206]

stirring, from a very cloudy suspension. The original ‘chips’ were no longer

visible.

prEllbl OT1 +

Difluoromethane (HFC-32)

O 5mt—Tet llyl chioride

In the tests in Table 19, the flocculation occurred after cessation of

Table 20
Preparation Volume % Methyl Observation -
Chloride-

EADC + 5ml HFC-32 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Slight cloudy
+ 0.5ml methyl chloride 17 Some flocculation
+ 0.5ml methyl chloride 23 Clear

Fluoroform (HFC-23)
Table 21
Preparation Volume % Methyl " Observation
Chloride -
EADC + 5ml HFC-23 0 Insoluble ‘chips’

+ 0.5ml methyl chloride 9 Insoluble

+ 0.5ml methyl chloride 17 Insoluble

+ 0.5ml methyl chloride 23 Insoluble




1, 1-di fl uroet hane (HFC-152a) Table 23 Preparation

Vol ume % Cbservation Methyl Chloride EADC + 5mil
WOR@W445&270 Sol ubl e [ 002071 The sol ubility tesPET/US2003/040340

performed in Table 24 were perforned using 1.0 nol/L

stock hydrocarbon sol utions qf ethylal um num

di chl oride (EADC) prepared at roomtenperature from

neat EADC and the hydrocarbon listed in the table.

a r of ar o A e e | I} £
Penrtane—refers—to—formal—pentane—TutBhexanes—refers

t g JahSmlmﬁtayllcbWridbenzene gPade of {hexanes, aMnsplbleeric

mMxte—whieh—eontarns—tess—than 5 ppm W 2004/-058827
P(T#QJSED@S&IMM@G 95 benZéne. The fi nal Insoluble

[
1,5 t2=tetraftvorgethane (HFG134a) —sotutionmr—was

pr ep&ﬁle.blme@yl chbbdiderg the r é&m tenperature EAD@sslublek

sogtutt+on—voture—tHrsted—mthe—tabte; to—the+irquid

HFchﬂ_smhmpmylaphtoeldc tube hdlld at -35C. In all Insalbls, an

H ot o 2] 1o s 1 H
|rlllcll DUI ulIUII Ib oot darirreyud wWiITr gir 175 L.I cdl d.IIU

cal-bpbesmethYipblorideyl ti ng ¢81 ution |was then céespbllile py

1 r ot—inrn—t s s 4 I H 4 + L 1 1 1 | +—1
| MerStTg—thne TteStT [tude 11T o tNne ary 0oOX—Colra patn

t het fowi metbpl chitoridggC. The 47cl oud poi nt was déwseliiened

by—ont-tortng—thetrenperature of thetrqurd—wth=a

t het Abmbmethylahtpride Sual | y @8t er mi nijng t he onséusolyble

clotudiness—The—sotuttons—agairnbecane ctear by

all owing the solutions to warmto a tenperature above
t he1,1cTiflsbrpaharie. (HFGR1482havi or of the sol uti on around
t he cloud point was observed for several mnutes by
repeatedly cooling and warm ng the solution. This
phenonenon was found to be g oduci ble. Table 24
Hydr ocar bon Vol ume (m crol irters) Vol une of Final EADC
Coud of 1.0 M Stock EADC HFC-134a Concentrati on

Point inllflnn(nd\ W_Vo,aﬁonfann 100 1nr\_t g7

Pent ane I@i‘”i@“o 1 -8f e tl?y;l Cljl 0/;’.1 ae | Observation
EADC + 5ml HFC-143a 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Cloudy suspension
+ 0.5ml methyl chloride 17 Cloudy suspension
+ 0.5ml methyl chloride 23 Clear solution

1,1-difluroethane (HFC-152a)

Table 23
Preparation t Volume % - Observation
Methyl Chloride ‘
EADC + 5ml HFC-152a 0 Soluble
[00207] The solubility tests performed in Table 24 were performed using

1.0 mol/L stock hydrocarbon solutions of ethylaluminum dichloride (EADC)
prepared at room temperature from neat EADC and the hydrocarbon listed in the
table. Pentane refers to normal pentane. ULB hexanes refers to an ultra low

benzene grade of hexanes, an isomeric mixture, which contains less than 5 ppm



ULB hexanes 174 15 0.1 -85 Solubility of
Al koxyal um num Di chl orides in

wa 20040582t et r af | uor oet hane (HFC- 134a) [ 00208] PTinaIS2003/040340
solubility tests reported in Table 25 were conducted
by preparing each al koxyal uginum di chloride in situ.
A general procedure follows. A solution of the
correspondi ng al cohol was prepared by adding 0. 0001

I f h I I
"D, Tkl nd o o Reseb Sintodhdn! (icR 34 solfiion WS pRpared
1.9 dddinglths tavak tpeptrane BADA steauk smﬂutﬁﬁD@oluﬁ&fet leyted inithe table,
last addition, the HFC 134a sol ution was sh
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S Qlghinl K¥AEmME @leﬂﬁbﬁhﬂ@wﬁh TR hRdriste vadmvt@ 4 teepetadutd above the
point. The behavi or t he solution around the cl oud
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dahias(fotkd) SEALAEbAuEblBCH2O0AI C12  FW (g/ nol )
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-87 [00209] Al patents aggppaigent applications, test
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Solubility of Alkoxyaluminum Dichlorides in 1,1,1,2-tetrafluoroethane (HFC-
134a)

[00208] 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
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woOi2ni4t05827 any upper limt are contenpl ated. [ 08€TA]52003/040340

While the illustrative enbodi nents of the invention
have been described with pardgcularity, it will be
understood that various other nodifications wll| be

apparent to and can be readily made by those skilled
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the extent such disclosure is not inconsistent with this invention and for all
jurisdictions in which such incorporation is permitted.
[00210] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.

[00211] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.
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tetrafluoroethane; 1,1,2,2-tetrafluoroethane; 1,1,1,2,2-pentafluoroethane;
1-fluoropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2-
diﬂuoroproﬁane;( 1,3-difluoropropane;  2,2-difluoropropane; 1,1,1-
trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-trifluoropropane; 1,2,2-
trifluoropropane;  1,2,3-trifluoropropane;  1,1,1 ,2-tetrafluoropropane;
1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane; 1,1,2,3-
tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;
1,1,1,2,2-pentafluoropropane;  1,1,1,2,3-pentafluoropropane; 1,1,1,3,3-
pentafluoropropane; 1,1,2,2,3-pentafluoropropane; 1,1,2,3,3-
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, 3, 4-pentafl udro-T-butene; 1,13, 4, 4-
f | difinoro-t-buten¢;e rig4-difluoro-1 -butene 4,4-difluoro-1-butene; 1,1,2-
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trifluoro-1-butene; 1,4,4-trifluoro-1-butene; 2,3,3-trifluoro-1-butene; 2,3,4-
trifluoro-1-butene; 2,4,4-trifluoro-1-butene; 3,3 ,4-trifluoro-1-butene; 3,4,4-
trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-butene;
1,1,2,4-tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-
tetrafluoro-1-butene; 1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-

butene; 1,2,3,4-tetrafluoro-1-butene; 1,2,4,4-tetrafluoro-1-butene; 1,3,3,4-
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1123t afl r02but 1.2.4-tetyafl uoro-

but ene: peil ugro4 Eiepg’fl uo f’g’%'f %B?Igﬁ%uorﬁel ]T%erf ’2. 3 1’21’23 3,4-
- pent afyuof@rd-1ositene;  1,1,2,3,4,4-hexafluoro-1-butene; 1,1,2,4,4,4-
1,1,1, 2, 4tgentafluoro 2- butene

1,1, 1, hesaihenrodfbuiones- 2- bidsbhd;4-hexafluorg-lgbutene;  1,2,3,4,4,4-
pent af L}ye%aﬁlbo‘gﬂﬁ;?ﬁene’ Zél%ui é4= 41 hg)%ﬁfu?;cl Y%ru{)eng bUtl q[f’:% 3,4,4-

1,1, 2, uor o-

3, dhdpefiabldlOibatede bul enze3 4.4 Alhebtaflubradti-butene; 1,1,3,3,4,4,4-
af | uor o- 2- but ene; 4 4- hexaf | uor o- 2- buten

1,2,

IIe>1( fl @e@taﬂuom}(ﬁ)m:e@@,r 0- bZ,@t}tébﬁ,é—heptaﬂuoro [ Dufene; 1 ftuoro-2-
1,1,2, ?bu%en% ?Eﬁ%ﬂo@ﬁ&teﬁe,blﬂﬁ&muo% ib&'tege, 1 fﬁ'-&liﬂuoro-,’l-butene;
hept a - but'ene;

fl uoro-
1, 1, 1, 21,3 ddflubrtrepiuadrer dr,o-d Fliord-2+oatenan d, 3pdituco-2dutene; 1,1,1-

A AN o B T LY

from t hgirgbRMRLERAST St 1 08 @iublonberRE:hane? AW luoro-2-butene;
2004/ 058827 PCT/ USZ003/°040340 101 di f1 uoronet hane,

tri f | uolbi-tetraByora-2-butenti; f | udslobBHetrafluotg-2-butene; 1,1,1,4-

L VoEShaR ks Ly SUBIRTOSHARE. L300k oo

7, whergiténet he 101 3 yapkafiRipRithesef 0In11f;2,3-pentaﬂuoro-2 butene;
1,1,1,2,4-pentafluoro-2-butene; 1,1,1,3,4-pentafluoro-2-butene; 1,1,1,4,4-
pentafluoro-2-butene; 1,1,2,3,4-pentafluoro-2-butene; 1,1,2,4,4-
pentafluoro-2-butene; 1,1,1,2,3,4-hexafluoro-2-butene; 1,1,1,2,4,4-
hexafluoro-2-butene; 1,1,1,3,4,4-hexafluoro-2-butene; 1,1,1,4,4,4-
hexafluoro-2-butene; 1,1,2,3,4,4-hexafluoro-2-butene; 1,1,1,2,3,4,4-
heptafluoro-2-butene; 1,1,1,2,4,4,4-heptafluoro-2-butene; and mixtures
thereof.

7. The process of claim 1, wherein the one or more hydrofluorocarbon(s) is

independently selected from the group consisting of fluoromethane,



to 100 vol une % HFC based upon the total volunme of the

diluent. 9. The process of claim8, wherein the
wdizbugagsconpri ses from 20 to 100 vol une % HFEChAaS2@®3/040340

upon the total volune of the diluent. 10. The process

of claim9, wherein the dilugft conprises from?25 to

100 vol une % HFC based upon the total volune of the

diluent. 11. The process of any of claims 1 to 10,

wher ei t f i se bon,

a non- ?gg ?lve 0 %f nQﬁﬁaﬁﬁ%}ﬁ%ﬁélne?%lgggﬂﬁgg. i LL1

pr ocessrififiorobtabis, 11,1, Micrafivordetienbyxhidoniatirenthersof

hal ogenat ed hydrocarbon ot her than an HFC. 13. The

process of claim 12, wherein the hal ogenated

hydr ocap l*%gﬁ]oéeﬁs Mydsf cla&#}g Qrih e}ewhé-r%m thBRilRER 6 ?ri@és from 15

any of ereln the one or nore Lew s
aci d( s)to 180 velpnmesé HRC bimed tipen fhertatal woliMdé of tieatikient. M
is a Goup 4, 5 or 14 netal; and each Xis a

hal ogen. 15. The process of any of clains 1 to 13,

wWher ei rpe ofel8 dH IR 8, ltetn (RC HTGeR: dofphiSsy B8RN2@do 100
by the for > wherein Mis Goup 4, 5, or

14 et aioium@%‘ﬂRCm@sai upondletotal tvolome of tmélllltﬁ}ﬂbr ocar bon
radi cal independently selected fromthe group
consisting of an al kyl, aryl, arylalkyl, alkylaryl

ang. cy criRapioiéss! Fd1gia 9; v&ﬁ@r&@% Qﬁ&ﬁﬁ%omprlses from 25 to 100
PCT/ US2003/ 040340 102 n is an integer fromO to 4;

and eaciolvme ¥ HFGdasegeiponthbe tof@opesceidhe dduaghy of
clains 1 to 13, wherein the one or nore Lewis acid(s)
is represented by the formula M RO nR nX4- ( mtn);

whigr el MM précdsk 0finydof laimer td4 Onwherein thadiiudR®firshed comprises

nonoval ent. C1 to C30 hydr.ocar hoxy radica
| ndeperﬁj@fﬂm%ﬁf on, a non-reactlve olefin, and/or an inert gas.

12.  The process of claim 11, wherein the hydrocarbon is a halogenated

hydrocarbon other than an HFC.

13.  The process of claim 12, wherein the halogenated hydrocarbon is methyl
chloride.

14.  The process of any of claims 1 to 13, 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.

15.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula MR X4,
wherein M is Group 4, 5, or 14 metal;
each R is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;



sel ected fromthe group consisting of an al koxy,

aryl oxy, aryl al koxy, alkylaryloxy radicals; each R
woo0@/0emoval ent CL to Cl2 hydrocar bon radi cal PCT/US2003/040340

i ndependently selected fromthe group consisting of

an al kyl, aryl, arylalkyl, ajgylaryl and cycl oal kyl

radicals; nis an integer fromO to 4; inis an

integer fromO to 4, V\,herein the sumof n and mis not

mor e tt;]lq?an nte%@?roﬁ?@tbé?( a hal ogen. 17. The process

of any o 1to 13, wherein the one or nore
Lewi s each H(is) halogerepr esent ed by the fornul a

M RC=00 nR nX4- (mtn); wherein Mis Goup 4, 5 or 14
metal ; each RC=0C0 is a nonovalent C2 to C30

hygr OquhK%a;%&esé %@I&@' of dIEARPeERgent |vbhe§@h qRd ode for afideBewis
group consi sting of "an al kacyl oxy, ylacyloxy

aryl al Iayidésjyst mpyeselabdkw ﬁmﬁb&n@laé&@@h& m&aksp); each R

is a oval (g glz 1 ydr Of:ar bon radi cal

i ndepe KR 9 581 B et ¥rioM'f'Re group consisting of

an al kyheh RV ks a &hoHohléd C; 26 ngJ) afdocardogly eadidaddhdepbndently
radicals; nis an integer fromO to 4, mis anlnte

fromO st:lacmd fipror Bergohe consisne of Andalkexs HyloxpoRE %alkoxy,
t han 4; s a hal ogen. WD 2004/ 058827
PCT/ USZF%)kCY f%%j%d é’f%S 18. The process of any of
cl ai ms ehclt R'1i8,a Wvabeilentt Qe t6 r@lzdﬁydﬁ?ﬁrraebdnemdscal dndepesdently

is represented by the formu] a MOX3; erein
G oup Selesied| ffomfhe SEQPCORSISNG, oh A0 al?@ﬁ alkylaryl

pr ocessang y@iﬁXIkwraﬁichsm 1 to 13, wher e| n the one or

n is an integer from O 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.

17.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula M(RC=00)uR'mX4-(m+n);
wherein M is Group 4, 5, or 14 metal;
each RC=00 is a monovalent C, to Cszp hydrocarbacyl radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;
each R' is a monovalent C; to Cq, hydrpcarbon 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.



acid(s) is represented by the formula MR'X3-n wherein

Mis a Goup 13 netal; each Ris a nonovalent Cl to
wQ2v4lvggieocar bon radi cal i ndependently sel ect edTfuseivs/040340

the group consisting of an al kyl, aryl, arylal kyl,

al kyl aryl and cycl oal kyl radicals; n is an integer

froml to 3; and each X is a hal ogen. 20. The process

of any of clains 1 to 13, wherein the one or nore

Lewis -acid(s) is. represented by f .
Vo) it oE e e SR 1818 st B Rap gr mass e
RO i's aciis)ay sdpeétentell by eh«FBemtidvioxay boxy radi cal

i ndependent| sel ected fromthe group consisting of

an al koxBereian¥iox Grouny ymstakaed,  al kyl aryl oxy

radi cal s; R is a nonovalent Cl to Cl2
hydr ocg%g%%%gg&a%ogfﬁ.i ndependently selected fromthe

group consisting of an al kyl, aryl, arylalkyl,

al kylaryl and cycloal kyl .radicals; n is an integer )
frigh o ﬁlf processi & any pheleey 1itpold. ovhegeis, t%W?é]Fe?frﬂnP’f?eLeWIS

sum of e{%icgg)ﬁs éésgﬁ{eﬁ%‘é/;th% ?)nﬁilla%gn)éea(:h Xis a

hal ogen. Foce any of “clhins 1 to 13,

wher ei nwhdreindvigs @#Gromyr B3 inetal;s acid(s) is represented

by the fo l.a RC=00Q) nR_mX3- ( mtn) . erein.Mi.s.a

G oup 1%8°heR df ;a'vé?fé‘ﬂv ite G2 Qearaon rqsicyl jndepgndently

hydr ocarRagy! f5:8%hE Frouy BIRRENE & tdnYalREl @FH1EdryldIRM bik§laryl
gr oup ?%ggpenéently%%gﬁécted fgon1th% 6&) 004 OS%%E?HgEHy
PCT/ US261d3/yolwaladradicals; gr oup consi sting of an

al kacyl oxy, .aryl I ~aryl al kyl acyl oxy,
al kyl ar’f/}sa?é’y)?tgévaﬁéaﬁéé?s?n%ach R is a nonovalent Cl
to C12 hydnogarmdpenadi cal i ndependently

20.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula M(RO)nR'mX3-(m+n);
wherein M is a Group 13 metal;
each RO is a monovalent C; to Cs¢ 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 3;
m is an integer from 0 to 3, wherein the sum of » and m is from 1 to 3; and

each X is a halogen.

21.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula M(RC=00);R'1X3.(m+n);
wherein M is a Group 13 metal;
each RC=00 is a monovalent C, to Csz¢ hydrocarbacyl radical
independently selected from the group independently selected from the



sel ected fromthe group consisting of an al kyl, aryl,

aryl al kyl, al kylaryl and cycloalkyl radicals; nis an
wonv@Egsss2from 0 to 3; mis a integer from O toPBT/US2003/040340

wherein the sumof n and mis from1 to 3; and each X

is a halogen. 22. The procesgypf any of clains 1 to

13, wherein the one or nore Lewis acid(s) is

represented by the fornula MXy; wherein Mis a G oup

15 net al e . S I , d ' 4

23. Th egrg%l%cgérgl%gf’éar?? g %ﬁ%?#gﬁg, t%yl%élgﬂie rag?lﬁl%?/ ]ﬁagyloxy’
one or dRylerylewioky radical§;s) is represented by the

formul a MRnXy_n; wherejn |

is a nn‘?‘f’ébaﬁeﬁta aonoyalent Chy*@r@@%ﬁgﬂcqrgﬂ} 6%‘ﬁ°al mgependenﬂy
i ndepen Y 0 , of

an oy Co PR PRATERIPHREREY Shugf Sptiac

radi cal md@clo&ll@hradrﬂalsger fromO to 4;, yis 3, 4 or 5,

wherein n is less th § and each X is a hal ogen.
24. The' bragdet eroﬁmﬁ% f clains 1 to 13, wherein the

one or M 1to 3; and
one o S RihE fonPO R Sind S RRRASENS AL Pots 1o Lo 3; an

net al , mhﬂ(ﬁ@haﬂ;oannonoval ent Cl to C30 hydrocarboxy
radi cal independently selected fromthe group
consi sting of an al koxy, aryl oxy, aryl al koxy,

al fy! arTh@}SYoc@@sdbﬂ ahys of \WRiR9 Q4O PBBRHerein the one or more Lewis
PCT/ US2003/ 040340 105 each R is a nmonovalent Cl to

Cl2 hydaadd(@) isaepreseieddty thefupetadditl y  sel ected from

;:']Eylg;(r)vﬁeremnl@[’ 1saé]rguf))f15 %{J—:tazill kyl, aryl, arylalkyl,

each X is a halogen; and

yis3,4 or5.

23.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula MR Xy,
wherein M is a Group 15 metal;
each R is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;
yis 3, 4 or 5, wherein n is less than y; and

each X is a halogen.

24.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula M(RO);R'mXy-(m+n);
wherein M is a Group 15 metal,
each RO is a monovalent C; to C3o hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;



and cycloal kyl radicals; nis an integer fromO to 4;

mis an integer from0O to 4; y is 3, 4 or 5, wherein
woOher4pasa2of n and mis less than y; and each KCTAIS2003/040340

hal ogen. 25. The process of any of clains 1 to 13,

wherein the one or nore Lew sjgsacid(s) is represented

by the formula MRC=OO " R nXy_(mtn); wherein Mis a

Group 15 netal; each RC=00 is a nonovalent C2 to C30

hydrocaghgcyl axy hativaihe d,ndeps) 9@&hyrb§§'rs&qkadnfde dently

the group consisting of an a kacy?oxy, aryl acyl o

aryl al kydleuxted fmm thal grgm}alcyﬂlmyigoo@an alkyt adrgl, ae;dalﬂ{y]?alkylaryl
is a nonoyal g C12 hydr ocar bon radi cal

i ndepentféhtd ks}’ Fa%Y from the group consisting of

an al ky}, js &f Mleg elaﬁé(llnqj tw,, alkylaryl and cycl oal kyl
radicals; nis anlntegerfrom0t04 mis an

i nt egermflsemrﬂegemfmetQ%, 3, 4 or 5 wherein the sum
of n and less tha ach X | a_hal .ogen.
26, TheD i berus: Shetst B i s o sRad p B e
one or BRKEX kewhalogedCi d(s) is independently sel ected
fromthe group conS| sting of titanium tetrachloride,

titani umtetrabrom de, vanadi umtetrachl oride, tin

tetrac h [ i rag r a .
br %én ﬁ iP e(S)Sr 0de 0? ngtlaé%% ulm di g’r {3’%& H{ ﬁ+ (I:Peo,re Lewis
vanadi umlb(rspm ¥gretdntetiByothe demuld MRO=00)HR Xy @mn);

trifluoride, benzyltltanl umtrichloride,
di benzyVVlhplteHhM}ﬁwa TOHP b? imgdal; benzyl zi rconi um

trichl OE e Rdild? nZy hlz h{oﬁg{éﬂlé&g‘i {10 I@3?teha?fdrocarbacyloxy radical

rrethyltl anium trichlori ni um
di f 1 uor uﬂﬂepemﬂlemk)t hylebted fhioah [the igfeup qninsm’gvﬂlg/a]fadm uatkacyloxy,
trichlori met hoxytitapiumtric |de

but oxyt P P’lﬂxﬁ quylallgylasy oy, 2Ly Ty g%féf Qi‘éf&ﬁ?f‘f’l‘lﬁt anium
di chl or i g&, RV 20084182882 T, PleT A 52983/:848344dical 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;

yis 3, 4 or 5, wherein the sum of » and m is less than y; and

each X is a halogen.

26.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is independently selected from the group consisting of titanium
tetrachloride, titanium tetrabromide, vanadium tetrachloride, tin
tetrachloride, zirconium tetrachloride, titanium bromide trichloride,
titanium dibromide dichloride, vanadium bromide trichloride, tin chloride
trifluoride, benzyltitanium trichloride, dibenzyltitanium dichloride,
benzylzirconium trichloride, dibenzylzirconium dibromide, methyltitanium
trichloride,  dimethyltitanium  difluoride, dimethyltin  dichloride,
phenylvanadium  trichloride, = methoxytitanium  trichloride,  n-

butoxytitanium trichloride, di(isopropoxy)titanium dichloride,



106 phenoxytitaniumtribrom de, phenyl nmet hoxyzirconi um

trifluoride, nmethyl nethoxytitaniumdichloride,
waorbdaosssret hoxyti n di chl ori de, benzyl PCT/US2003/040340

i sopr opoxyvanadi um di chl ori de, acetoxytitani um

trichloride, benzoyl zirconi 35@ tribrom de,

benzoyl oxytitaniumtrifluori i sopropoyl oxytin

trichloride, nethyl acetoxytitaniumdichloride, benzyl

benzoyl d| um c | or.i,de -1 i de,

ot hyl 2| KUV BT g6 he{‘ﬁﬂr?eq’%‘&!rﬂz%ér(#‘%‘bgﬂhgéﬂll%é methyl
benzyl aheibytueigh! daémdﬁde |mby1t yhethbkytiim dichloride, benzyl
di chl ori de, diethylal um num chloride, dinethylalun num

chl or | d@pr@pwawmmum sidderiden| or PERIOXYHEAHIA| uniisbieride,
sesqui ;ﬁ%ngﬁlg?cdngrﬁr ' lg'x%n?cieu m nUgﬂﬁogf&xﬁﬁG}{ uﬁ{ um Moride,

met hoxyal um num di ¢hl ori ét hoxya

di chl oriselgopélbxydin trivhlorioe} yﬂlqnllnﬁnaneycadyumnnum dichloride, benzyl
di chl orjide, . met hoxy nethylal um num chl orj de, )
2, 6- di - pesgeyl B&X‘Sﬁpﬂh‘éﬁo@on%tWF‘%’I“%OH&%"E]I‘PF‘SW gibylaluminum

| sopr op@xygahl | Yt ﬁtlgmrgﬁﬁ,gl gmqn&{t%:y befBidRthirdi Uichloride,

fluoride, acet’oxyal Um num
benzoyl 1ea(bmyllgahlmnndrdhbndm diethy bmmioyhosiy giadd, idimethylaluminum

:j Is ]; lp lrJ 8 Lﬂﬁ M@W% ?ﬂ)é ll?llplgglrlg% ?pé:tﬁ%lﬁ[pmmum sesquichloride ,

hexachl ﬁ’ﬁﬁéﬁgylaﬁﬁlﬁﬁlﬁﬁ n YtrféﬁWlﬁMﬁfM e, m@hsRPHleminum  dichloride,
pent af | uor | antinmony chloride pentafluoride,

ar seni cethoxyalltummumsilcfﬂolsci}m 210- dlrﬁettmlﬁylpblﬁéloa}’démimlm dichloride,
fluoride tetrachl ori etraphe nti no hl
triph enVFé’m(Y m)n)fn tlayngl cHl\{)rl% ﬁ‘X diterl B ﬁdhenoxy

tetrac hﬂn@ﬁ@[@lﬁlﬁﬁ?&ﬂﬁnbhlﬁﬁﬂé’ , 1S ﬁoxygalhum dichloride, phenoxy
di met hoxytrichl oroanti rmny, dp or onet hoxyar si ne,

chl or odingdwhndiyar si ne, flugitkeuor onetcstoxyalbgyRED dichloride,

acet at &Eogl%?*ﬁﬁr%ﬁﬂﬁﬂ mléeb ?%%Qg}élg%}é%alhm%l d1ﬂu((>jc1c?e, methyl

tetrachloro

27. Th ea@t@@eﬁkﬁllﬁlﬁmawoﬁcﬁe Cisapmipoﬂlokynndﬁm wtichletide, t hl&imony
one or nore Lewis acid(s i ndependent |

from t heeXgFllapde o AREem dﬂeasﬁucgf%ywamﬁ e Hioride, % antlmony
o o g AU Sy e i
et hyl afluorideu metrashhaqde,c tdtmph@iylarxﬂimtmb'hyhlatldm mphpnylantlmony
chlori dglchl%rlge, e racﬁig}otmee ﬁo%%?r'n%&?y, dimethoxytrichloroantimony,
dichloromethoxyarsine, chlorodimethoxyarsine, difluoromethoxyarsine,
acetatotetrachloroantimony, (benzoato) tetrachloroantimony, and bismuth

acetate chloride.

27.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is independently selected from the group consisting of
ethylaluminum dichloride, ethylaluminum sesquichloride,
diethylaluminum chloride, methylaluminum dichloride, methylaluminum

sesquichloride, dimethylaluminum chloride, and titanium tetrachloride.

28.  The process of any of claims 1 to 27, wherein the process further

comprises one or more initiator(s) is independently selected from the



28. The process of any of clains 1 to 27, wherein the

process further conprises one or nore initiator(s) is
wondapsssdent | y sel ected fromthe WO 2004/ 05882PCT/US2003/040340

PCT/ US2003/ 040340 107 group consisting of a hydrogen

hal i de, a carboxylic acid, a garboxylic acid halide,

a sulfonic acid, an al cohol, a phenol, a polyneric

halide, a tertiary alkyl halide, a tertiary aral kyl

hal i de, I

ester . %I%Ué %1%?([1& (iqlk kl?ﬂJdrcf:tzﬁé}l%ahd@‘ a c%% x?fflg g?igiaig%boxyhc acid

et her, A#lidel Kyhlfdﬂﬁb laéiﬁ arafilceliol) a phﬁioil deepolgj‘ﬁleﬁb lhyluﬁ wiltertiary
hal i de and. an arylalkylaﬁ|? hal i de. e process of

any of @bkl halide, 3 grtsepy Brlifley ﬁéﬁfB‘ﬁ'éf aélfyq (8ifk a tertiary aralkyl

initiat r

consi ot Fiie el SEIRARETL lepderd By QAN BHE 8 aryl
C6H5C( ChifljdeCin alkPlath halide shdandaryinlkybicid/hadeat ane) and

2-chl oro- 2- et hyl propane. 30. The process of any of

claims 1 to 27, wherein the one or nore initiator(s)

201 depge gfd%ésvof%k/ & BAmE 1A 7D Y hBFeRt theCRRTr ThdrB gmﬁator(s)

ydr'ogen chloride, °hydrogen brom de, hydrogen i odi de,
aceti ¢ #&ciindeppndeptin osedechai dronbuthangionp aeisiktingi nhaiCt HyO,

acid, benzoic [ = chl or t] cl .

di chi or BHLERP 7@@3};0331,t CoRCEERRED, @-é}ﬂf’{ﬁﬂ 44-trimethylpentane)
trifl uopResRhicto-2Ghéthylprapah&r obenzoi ¢ acid, p-

fl uorobenzoic acid, acetyl chloride, acetyl brom de,

ci nnanyl chlorlde benzoyl chloride, benzoyl bronmi de,

8RR o PR g e o

uor | oni ¢
trifl Uoﬁﬂﬂﬂéﬂb@ﬂ@ﬁlﬁ sfeﬁi&te!d fagrh dhe group con51st1ng of hydrogen chloride,
trichl oronmet hanesul fonic acid - toluenesul fonic

acid, mbydrages bromg|hydresn ioflide, reEliapdd pPB#Apic acid, butanoic
br omi deacldt Qhﬁralgﬁhgﬁ?ﬁ?ﬁ: 1(§ Olné’ﬂlor%la!:é%fc a‘é:ﬁi dlchllc%roace ic acid,

trlfluoronb anes oride, p- toluenes
chl ori dejchhebhetiol acil h&rﬂ]io;roqaen@aamﬂ 12—ch10®q£t&nm1p ﬁeld p-
ohol

gﬁteﬂ)é: prﬂgg & _%ﬂ?%ﬁ %Lé%y QIFI?YE%J%&% plﬁcgﬁlé e, cindamyl chloride,
p- chl or gphgppl dBIdcrid'éor OFHéﬁfthl, Zpr3nftd®. 6- trichloroacetylchloride,
pentafluoropheno droxynaphthalene 31. The
process tmﬂiummcetyﬂcldmaiensp ﬂy wbeizoylidereden misthanemalfopic acid,
more | nItrti l?otrgmgt?l)anesulfomc acid, trichloromethanesulfonic acid, p-
toluenesulfonic acid, methanesulfonyl chloride, methanesulfonyl bromide,
trichloromethanesulfonyl chloride, triﬂuoromethanesulfonylnchloride, p-
toluenesulfonyl chloride, methanol, ethanol, propanol, 2-propanol, 2-
methylpropan-2-ol, cyclohexanol, benzyl alcohol, phenol, 2-methylphenol,
2,6-dimethylphenol,  p-chlorophenol,  p-fluorophenol,  2,3,4,5,6-

pentafluorophenol, and 2-hydroxynaphthalene.

31.  The process of any of claims 1 to 27, wherein the one or more initiator(s)
is independently selected from the group consisting of 2-chloro-2,4,4-
trimethylpentane; 2-bromo-2,4,4-trimethylpentane; 2~-chloro-2-
methylpropane;  2-bromo-2-methylpropane; 2-chloro-2,4,4,6,6-
pentamethylheptane; 2-bromo-2,4,4,6,6-pentamethylheptane; 1-chloro-1-



I's independently selected fromthe group consisting of
2-chloro-2,4,4- trinethyl pentane;

wa-24m38822, 4, 4-tri met hyl pent ane; 2-chloro-2-  PCT/US2003/040340
nmet hyl propane; 2- brono- 2-net hyl propane;
2-chloro-2, 4, 4,6, 6- pent anet hydshept ane;
2-brono- 2, 4, 4, 6, 6- pent anet hyl hept ane; 1-chloro-1 WO
2004/ 058827 PCT/ US2003/ 040340 108 et hyl et hyl benzene;

1- chl or eediytehybeeiend; Abt6ReddAneaR? eNBhlodoetifyibenzene; 1, 4-
bi s(1-chloro-|-nethyl ethyl) benzene;

Yy y : 4
5-t er t - B chlpres] pefhylethDor denzenget hiterebiyl-,3-bis(1-chloro-1-
benzene; xy=2. .4, 45t r et Byl pent : _
2- benz ow%@&ﬁgﬁ 4?{%-&?1}?’ m%ta%/tprE e 214a‘ﬁ§}m&ﬂﬁpentane, 2-benzoyloxy-

2- acet oy uimethylpphitapgne 2-aefoP20Me@Xprapane;  2-benzoyloxy-2-
nmet hyl pr opa}ge; 2-acet gxy-2, 4, 4, 6, 6- pent anet hyl hept ane;
2- benzoyithypigpanes; 6. deiseiarEifA Admeatmnethylheptane; 2-benzoyl-

1-acet oxyr A 5 RE ?ﬁ%&tt ene;_l- ) tane; .

1- benzoy%/(3><’y’§$lifwe)¥/l en}%irll%?é}%,’ 4- bll éc(ei@éérﬁgﬁl -%Hﬁ%enzene’ 1-
net hyl eabadtyyademamams;  1-benzoyloxyethylbenzene;  1,4-bis(1-acetoxy-1-
5-tert-butyl-1,3-bis(1-acetqoxy-|-nethy|ethyl)

benzene m@yﬂr@fl‘ﬂg Xy -bf’,g‘?jnﬁi tri ﬁ%@g’g'é v%bﬁ@;‘acemxy' 1-methylethyl)

2-1S0pr @peXHe;2, 4, Fmdihdxyel MULRGRIA N ntane: ¥ A
2- met hoxy- 2- met hyl pr opz;{;iwé;’ 2- benz@?%f;[/a.nf’_ 2-isopropoxy-2,4,4

met hy| piwpethglpe®anest hox g-1Rethoxy-B-netiptopamd; hy | hepieangpxy-2-
2-isopr xy- 2.4 4.6, 6: pentgnet hyl hept ane; 1- nef hoxy-

| - et h%@?ﬁ@ﬁ’%’ﬁzeﬁé?g‘ﬁgxyﬁ@#oéeg‘é’a’é‘ﬂ&ﬁﬁ%{ﬁ@tafe? -1S0pTOpOXy-
- met hoxgethy bhrhmaaiyllepfmil S( 1-MBhHQXY-mdthylethylbenzene;  1-

nethyleth¥l) benzene;
5-t er t - Bigthpyadamapiane;) - mbtresheryethyBtengenet hy Il Yi-bis(1-methoxy-1-

oenscne My CHUUBEC” S CF L S e

wher ei nbédren@raad ¢ $s5-tris 1-BRloro-C ARRRYIS@S]) denzene.
weakl y- coordi nati ng anion. 33. The process of any of
claims 1 to 32, wherein the process is substantially

abgent ¢fe Wab&ss otany B¢ BLBEES1Ph 1 a%e?éil& Ci!hgirﬂg)gélsst Rirther

32, wherein the one or nore I nitratot(s onp

gr eat er carhpnseS @ wapkiywaoedingthesmibniipon wei ght). 35. The
process of any of clains 1 to 34, wherein the one or
nore nononer(s) is independently selected fromthe

gre3ip CURS bbby Wreidifs 1 18!32hherein the process is substantially

absent of water.

34.  The process of any of claims 1 to 32, wherein the one or more initiator(s)

comprise greater than 30 ppm water (based upon weight).

35.  The process of any of claims 1 to 34, wherein the one or more monomer(s)
is independently selected from the group consisting of olefins, alpha-
olefins, disubstituted olefins, isoolefins, conjugated dienes, non-conjugated

dienes, styrenics, substituted styrenics, and vinyl ethers.

36.  The process of claim 35, wherein the one or more monomer(s) is

independently selected from the group consisting of styrene, para-



ol efins, disubstituted ol efins, isoolefins, conjugated

di enes, non-conjugated dienes, styrenics, substituted
woeryu®misxes, and vinyl ethers. 36. The process BETAISA1081040340

35, wherein the one or nore nononer(s) is

i ndependent |y sel ected fron1q%g group consi sting of

styrene, para WO 2004/ 058827 PCT/ US2003/ 040340 109

al kyl styrene, para-nethyl styrene, al pha-nethyl

e B BAABER PSSR it

g- geg hydiisﬁml;@@?ﬁ%ﬁg)zeﬂl% @s{@b&@&nebﬂ{nmﬂh}éﬂebutene, 3-meth$71-l -butene,
, 3-di net -1, 3- but adi ene, B- pj nene, rcene, .

6, 6- di Y-2cheptsRe, 19985ER8 Sﬁ@gleeﬁc Egrfﬁyﬂpﬁgﬁ mgbutadiene, 8-

met hyl gycl op Leng ¢ 1 A in :
et her, 1%1%{%% \T}{l}trﬁ%%’et ﬁ’g rc?fnegl% @%U@%@?eﬁ% %@S{Crl]?re.madlene’
37. Thempihgt egdomehtadiene opipedytinapmethyb viag] ethie rethyh vinga ether,
reactor is independently selected fromthe group

consi st #HgsA V@Bﬂ?ﬂﬁ&ous flow stirred tank reactor

a plug flow reactor, a noving belt or drumreactor, a

jet or nozzle reactor, a tubular reactor, a batch

r e3tt or Thapweess ofaby pEtlainget & 86, whrréinrle reaotor is independently

reactor. . 38.. The polynerization process.of any of .
cl ai s ?lﬁcge%;oﬁh g‘i‘ee 2% 8°1Eﬁlﬁ%%n?foah%\°§m§u%llilse¥188't siiged tank
const anfea86Eat g Fbdteddot m& At bdPor diveh RaO©LESSje0br nozzle
claim 38, wherein the dielectric constant is greater

T

t han 20reagtpr,a@BbulanEactPher batele eagstonfand|agi antyoirigrrated boiling-
the dielegtric constant is greater than 25 at -85C.

41. Thep%qﬁ(g%agg%‘ of claim 40, wherein the dielectric
constant is greater than 40 at -85C. 42. The

pol%rerization process of any of clains 1 to 41 to )
fo3%n a PBbe pRlymeripatianmRrogessiot enof wims I ploakle Wherep the diluent

than 4 sﬁdiél%%ﬁri]y}gn%f&ﬁng?&%er%aéﬂ PitTy4¢, Wwherein the

pol ymer uen ss uptake of Iless than 3 wt%

39.  The process of claim 38, wherein the dielectric constant is greater than 20

at -85°C.

40.  The process of claim 39, wherein the dielectric constant is greater than 25

at -85°C.

41.  The process of claim 40, wherein the dielectric constant is greater than 40

at -85°C.

42.  The polymerization process of any of claims 1 to 41 to form a polymer

having a diluent mass uptake of less than 4 wt%.

43.  The process of claim 42, wherein the polymer has a diluent mass uptake of

less than 3 wt%.



WO 2004/ 058827 PCT/ US2003/ 040340 110 44. The process

of claim43, wherein the polyner has a diluent mass
wapb@kssaf | ess than 2 Wt % 45. The process oPCTIUAR2098/040340

44, wherein the polyner has a diluent mass uptake of

less than 1 wt% 46. The proggss of claim 45, wherein

the polyner has a diluent nmass uptake of |ess than

0.5 % 47. The polynerization process of any of

cl gi ns / j ; Y

eyt Tigidete Lelain b4 dirdind Pyt pBRLEAPRE Ste of

i ndependsnhin/?2 sedected fromthe group consisting of

di f | uor onet hane, 1,1- difluoroethane, and 1, 1,

1,2-tetrafl uoroethane in a reactor. 48. The process of

clgm ' i 1 S ake of

;B e gfiORE b 48 HARR hetbel s SR AP RS

pol ynerlegsahamhw¥ocess of claim1l or any of clains 2

to 48, the, process conprising the steps of: reacting

the one or nore nononer(s) in the presence of one or

@Lf@ '—emé%é&k df Sthim Q@,%Héreimﬁ@ﬁbl's}hfet BAOL di%dent B1ask @ptake of

di [ uent conprising one or nore ydr of | uor ocar bon('s)

(HFC s)lessthen QiStwills.awi ng t he pol yner fromthe reactor.

50. The pol ynerization process of claim1l or any of

clains 2 to 48, the process conprising the steps of:

(@)7.i ntTRAPSIyRGrieRRNOFrobaE &f MR WTRILimE 1,8 @ B0 beadttors, the

(b) addi ng one or nore Lewis acid(s) and one or _nore

i ni tiat ditgeny conpprsingymeturl ehlegde and pie At mesnBydreflpgoemion(s)

o T2 PSP SRRl s B SRR et -

PCT/ US2@i@a6£4M346€), and 1]1,1,2-tetrafluoroethane in a reactor.

48.  The process of claim 47, wherein the diluent further comprises a non-

reactive olefin, and/or an inert gas.

49.  The polymerization process of claim 1 or any of claims 2 to 48, the
process comprising the steps of:
reacting the one or more monomer(s) in the presence of one or more Lewis
acid(s), one or more initiator(s), and a diluent comprising one or more
hydrofluorocarbon(s) (HFC's); and

withdrawing the polymer from the reactor.

50.  The polymerization process of claim 1 or any of claims 2 to 48, the
process comprising the steps of:
(@ introducing one or more monomer(s) into a reactor;
(®) adding one or more Lewis acid(s) and one or more initiator(s);
() introducing a diluent comprising one or more hydrofluorocarbon(s)
(HFC's); and

(d)  withdrawing a polymer from the reactor.



51. The pol ynerization process of claim1 or any of

clains 2 to 48 in which particles of polyner are
woabopossdzzed in a slurry using a catal yst systeqr/uammd3a40340

di l uent conprising one or nore hydrofl uorocarbon(s)

(HFC s). 52. A conposition camprising the product

obt ai nabl e by the polynerization process of any of

claims 1, 2 to 48, 49, 50 or 51. 53. A polynerization

Mesti um Bl hﬁnmoﬁaqirm@g bZ €lafE @ aryOSECIARROIES 48 )n which

to forma po mer, pol ymeri zati on medi um

conpr i spargclen ef polym @re p@lmna@d ti 8 )slupd usinglial easadyst system

conpri sj nof e hydr of '

wherer g EBRarlomRiT YE R RIS AMAR b on iR ).

conmpound represented by fornula MX3, where Mis a

group 13 netal and X is a halogen. 54. The L.

pod3 mer A ZemResitieRcomBrsnecihg i mpdIt ofindnable) by flee pplymsrization

nor e r e acid(s), the

one ornﬁggggfﬁl yo HEF%?.2Q§ %ﬁ?ggﬁF§ and the one or

nor e hydrofl uorocarbon(s) are defined as |n any of

cI al ns 1 t? 48, 55. A hom) ok) copoly

ol yfraohepirizaHamedpyn R tg lobydie OQE;PY 51oTe FepAer(s)

1 to 4

conpos |8%0| %ﬁno% %ﬁ%r’sﬂw 2& IinH Zté‘ﬁg% :@%é@flzgggﬁ) grﬁm il um ore

of cl ai hewi3 aord(sjlmdra ﬁhlenﬁﬁomﬁiﬁmn@onmpnhybr@hydroﬂuorocarbon(s)

copoly pol.ymer of cl ai 55 rein

oy er CHEESY SPGB St B (G alfor 1608 AHiria nol & compound
honopol sente&ms)l HRAla 11,1 BRI MR o Qo) & Mk and X is a
wherein the polymer has a Mv greater than 50, 000. 58.

The honkgdegeprrer, copol ymer, or terpol ymer of claimb57,
wherein the polyner has a Mv greater than 100, 000.

54.  The polymerization medium of claim 53, wherein the one or more
monomer(s), the one or more Lewis acid(s), the one or more initiator(s),
the diluent, and the one or more hydrofluorocarbon(s) are defined as in any

of claims 1 to 48.

55. A homopolymer, copolymer, or terpolymer obtainable by the process of
any of claims 1 to 48, 49, 50 and 51, or by the use of the composition of

claim 52 or the polymerization medium of claim 53 or claim 54.

56.  The homopolymer, copolymer, or terpolymer of claim 55, wherein the

polymer has a Mw greater than 10,000.

57.  The homopolymer, copolymer, or terpolymer of claim 56, wherein the

polymer has a Mw greater than 50,000.

58.  The homopolymer, copolymer, or terpolymer of claim 57, wherein the

polymer has a Mw greater than 100,000.



