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car bocationic polynerization of isobutylene and its

copol yneri zation with conononers |ike isoprene is
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PAIAGKEBOUNBS58 2 During the pol yneri zation

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 wit% 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 AICl; 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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al so produced using nethyl chloride. [0006] However, =
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processes in methyl chloride are used in the production of high molecular weight
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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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increases rapidly as reaction tenperature rises.
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inter alra, devices an urry polynmerization
prthe esslesluse ofjtheti dlwrentdluemh end unreacted monomers. The subject of

polymer accumulation has been addressed in several patents (such as U.S. Patent
No. 2,534,698, U.S. Patent No. 2,548,415, U.S. Patent No. 2,644,809). However,
these patents have unsatisfactorily addressed the myriad of problems associated
with polymer particle agglomeration for implementing a desired commercial

process.

[0008] SU 1627243 Al, RU 2097122 C1, and RU 2209213 C1 disclose,
inter alia, devices and slurry polymerization processes using diluents, when
stated, such as methyl chloride, including reactors having tube bundles used for

the circulation of cooling media.



stated, such as nethyl chloride, including reactors
havi ng tube bundl es used for the circulation of
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Wﬁhft meactien guitiry of ,a Hguwidrstream of previously prepared polymerization

catalyst consisting of boron trifluoride in solution in ethylidene difluoride,

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

of reasons.



and conmononer are all soluble and yet still affords a
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[0012] Additionally, Thaler Buckl ey, Sr., D.J.
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alia, the catlonic slurry polymerization of

copol yners of jsobutylene with isoprene (butyl r ubber)
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49(4) Rubber Chemical Technology, 960 (1976), discloses, inter alia, the cationic

slurry polymerization of copolymers of isobutylene with isoprene (butyl rubber)

and with cyclopentadiene in heptane.

[0013] Therefore, finding alternative diluents or blends of diluents to
create new polymerization systems that would reduce particle agglomeration
and/or reduce the amount of chlorinated hydrocarbons such as methyl chloride is
desirable. Such new polymerization systems would reduce particle agglomeration
and reactor fouling without having to compromise process parameters, conditions,
or components and/or without sacrificing productivity/throughput and/or the

ability to produce high molecular weight polymers.



create new pol ynmeri zation systens that would reduce
particle aggloneration and/or reduce the anount of
w@e hdoansss2ae ed hydrocarbons such as net hyl chl or PCEUS®03/040858
desi rabl e. Such new pol yneri zati on systens woul d
reduce particle agglonerationg and reactor fouling
W t hout having to conprom se process paraneters,
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re erences include WO 02/ 34794 that discloses a free
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U.1$0. SEHRT8, UMD PatentiR4, 337,810, Snd BB, PatentiMo. 545874870,
and U S. Patent No. 3,470,143. SUWARY OF THE

| NVENTI ON [ 0016] The invention relates to new

p@m{ARﬁftOFnrﬂEWﬁfléﬂ produce pol yners
utilizing bayonette cooled slurry reactor systems and

di | uents conpr|5|ng hydr of | uor ocar bons. In

p ul ar, entl rovides for a process
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r|S|n% one or nore hydrofluorocarbon(s) (HFC s)
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18 RRRC s SGRGHLRE ot Be2BobpobSeREE B3
msysthﬁ and auk‘h]hcﬂlt comPEkiag one [oe(ﬁio% hydrofla¥ro@hrbbh®) (HFC's) in a
enbo i ments described in this section, the reactor
RERFEOr GPIREPING 3 gy onelien vertical cylindrical housi ng,

an upper part, and a |lower part.

[0017] In any of the embodiments described in this section, the process

may be a slurry polymerization process and the reactor may be a tubular reactor.

[0018] In any of the embodiments described in this section, the reactor
‘may further comprise a vertical cylindrical housing, an upper part, and a lower

part.

[0019] In any of the embodiments described in this section, the reactor
may further comprise connecting pipes for delivery of the catalyst system in the

lower part, and connecting pipes for the removal of the polymer in the upper part.



[0019] In any of the enbodi nents described in this

section, the reactor may further conprise connecting
w@epessder delivery of the catal yst system in PEEUS2003/040858

| ower part, and connecting pipes for the renoval of

the polynmer in the upper party W 2004/ 058829

PCT/ US2003/ 040858 7 [0020] In any of the enbodi nents

described in this section, the reactor nay further

cojepedjse a shahy ofiHelenibodiEiBedtt JQCHLEMH KIS decto@Nhe bR tor
hei ght of the _shaft. [0021] In any of the enbodi nents

deBaY fusther qmprie s shal tvidvhlademixgrsynemntedealongithe height pEthe
anﬂllagr ality of tubes. [0022] In the previous

enbodi ment, the tubes may conprise sectors. [0023] In
any of the enbodi nents described in this section, the

b tte y conprise tube disks and tube baffles.
[%ﬁﬁﬁ I n t HB3B¥ @gﬁwént&%@}tﬁéwr}quﬁé thi seetignf the deyonette

ey, N G8%fhgkween the sectors. [0025] In
anya%f the p evioﬁé)e odi nents, when present, the

tube baffles nmay conprise holes. [0026] In the
reyious enhodi nents, the reactor may conprise a
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the open end located in the space between the tube
baffl es, when present. [0027] In the previous
enB82B]Iment , Inkhay obtha eoribdimfienthdescrtbedliy his sacsibathe bayonette
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a ‘m-xer. “enbodi nments described in
this section, the reactor nmay conprise one or nore

catal yst systemdelivery tube(s) conprising open ends.
[d8 I n t HB tharroviguseahesiaients Hie tuba bafessnay pempyiserspaces

e%'& in a downward direction toward a m xer.
WO %OR?@%%S%&PCT/ US2003/ 040858 8 [0030] In any of
t he enbodi nents described in this section, the reactor

[0025] In any of the previous embodiments, when present, the tube baffles

may comprise holes.

[0026] In the previous embodiments, the reactor may comprise a catalyst
system delivery tube comprising an open end, the open end located in the space

between the tube baffles, when present.

[0027] In the previous embodiment, the open end of the catalyst system

delivery tube is angled in a downward direction toward a mixer.

[0028] In any of the embodiments described in this section, the reactor

may comprise one or more catalyst system delivery tube(s) comprising open ends.

[0029] In the previous embodiment, at least one open end is angled in a

downward direction toward a mixer.



may conprises a m xer |ocated adjacent to a tube
baffle. [0031] In any of the enbodi nents described in

W@ hiog/0ss8ed i on, the one or nore nonomer(s) MayPCDOR200IGI0858
an isoolefin, preferably isobutylene, and a
mul tiolefin, preferably a congugated di ene, nore
preferably isoprene. [0032] In any of the enbodi nents
described in this section, the one or nore nonomer(s)
YO0 | S Enakly bf AR leBiboBimdH SRR dYin 50 Batkivh SRE reaf T
an alkylstyrene, preferably nethylstyrene, nore
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aspect of the invention, the invention relates to a
pol yneri zati on process conprising contacting one or
MJ0831TONONEITS, an§N6f 186 eniBIIEméRNMSsRbLA Sn A sBlfoO'the one or
nmore initiators in the presence of a diluent
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provi des a polynerization nediumsuitable to

pol ymeri ze one or nore nononer(s) to forma polyner,

t @g33ol ynermh zajohep J¥pett UsR SRREVeRtRY ﬁ‘?ein‘%rgm?lr Telates to a
Lewi s "acid(s), one or nore initiator(s), and a
dipolyengrizetiem presiessy comprising wontectingd pud lon onare anbeoiey, one or
( S) sl 0036 n_anot her enmbodi ment, the invention

o sT v O Rt TRy P A TS o 1 Breppos of  *Cituent
P@bineiking € 08¢ €00 mdérer Bydmflastsbind QHFE'IN & P! XABGr under
the, polynerization nmedi um conprising one or nore

L SRPENAEAHP§ondiong di | uent conprising one or nore

hydr of | uor ocarbon(s) (HFC); wherein the one or nore WD
2004/ 058829 PCT/ US2003/040858 9 Lewis acid(s) is not

a [e@¥ghound Mepmetenteatbodimémy nhik aindtBionieites M iaS peocess to

gr oup 13 .net al ?nd Xis hal ogen. ) .
produce “polymers of monomer(s) comprising contacting, in a reactor, the

monomer(s) and a Lewis acid in the presence of a hydrofluorocarbon diluent,
wherein the Lewis acid is not a compound represented by formula MXs, where M

is a group 13 metal, X is a halogen.

[0035] 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).

[0036] 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



[0037] In preferred enbodi nents, the polynerization

processes and nedia as described in any of the
we@pdvasssent s above produce pol ynmers that incl uPET/US2003/040858

(pol y)i sobutyl ene honopol yners, isobutyl ene-isoprene

(butyl rubber) copolyners, isobutylene and

al kyl styrene copol yners, and star-branched butyl

rubber terpolyners. [0038] Bayonette cooled slurry

r dastipacid(sy isa1os a gByMPOEAISrebeht DR TRALIONX ] \R}hé}?fM &fa group
th1 af olregg}?tl oned enbodi nents. W NGS f0039

Fi 3&?%“131% & Yhalpgenef the rel ati onshi p bet ween

di el ectric constant and tenperature. [0040] Figure 2

is a drawi ng of diluent mass uptake as a function of

vd0OUER f r actlhprefofrechyrdb@fimemes cha pblmdrRatiti fhskesses and media
chloyi de. [.OO41)J E:Ei gure 3.is a plot of peak nolecul ar
WeP f"rﬁws) n, Ays o throsipbrediments Abeve ivserluse pobimoess that include
| MyERTisobatRaleY Mk sndl gri | 042}, Fi.gure
4rﬁlgs%n eny‘godi ment %f% a dyoﬁg(?%%g%%éo{gg%’%g urb’?ﬁy] ribber)
r éapelpmerss ysobutylerfe0gui3hlkFisguere Sopodyrase! het seibestRRN butyl
ofrul%ep@%}g)oriette cool ed slurry reactor system [0044]

Fi gure |§n§Eﬁ anot her enbodi rent of a bayonette

cooled slurry reactor system WD 2004/058829

PCT/ US2003/ 040858 10 [0045] Figure 7 is a horizontal
clYSSl sect | Beyenetierreoled abmyrrestiavmystems Fhaybecuse bn combination

[ QP H ' horizontal cross section of a
bunéﬂeo o?g%geengeﬂé%ngdneem%?émﬁté‘ bayonetters shown in
Figure 6 and Figure 7. DETAILED DESCRI PTI ON [ 0047]

Var.| ci fic enbodi nents, versions and exanpl es of
tﬁmﬁfi on wll now be described, including
preferred enbodi nents and definitions

[0039] Figure 1 is a graph of the relationship between dielectric constant

and temperature.

[0040] Figure 2 is a drawing of diluent mass uptake as a function of

volume fraction of hydrofluorocarbon in methyl chloride.

[0041] Figure 3 is a plot of peak molecular weight (M,) versus monomer

conversion of certain inventive polymers as described herein.

[0042] Figure 4 is an embodiment of a bayonette cooled slurry reactor
system.
[0043] Figure 5 is another embodiment of a bayonette cooled slurry

reactor system.

[0044] Figure 6 is yet another embodiment of a bayonette cooled slurry

reactor system.



that are adopted herein for purposes of understanding
the clained invention. For determ ning infringenent,

w0 b@4oss3pe of the "invention"™ will refer to anRCDN82008/040858
nore of the appended clains, including their
equi val ents, and elenents or jplimtations that are
equi valent to those that are recited. [0048] For
pur poses of this invention and the clains thereto the
t gooasjcat al )Pi%ur%)’ﬁi% 8 RoFib:RA1%rds8 sédtibni oTehd S0 ARS WrSW Figure
acid(s) or other nmetal conplex(es) (described herein)
used to catal yze the polynerization of the olefinic
nononers of the invention, as well as at |east one
initiator, and optionally other mnor catalyst

cqopsient ( s)Fighre®48]a Hodizonisl Red3GEEtoRNdT,a biliklld t1aBdsi Fone of
provides a polynerization nediumsuitable to

pdhs haopstgers phovar inigere o g y- t o form a pol ymer,
the polynerization nmedium conprising one or nore
Lewi s acid(s), one or nore initiator(s), and a
diDEEAILEDPESCRIGTEON or nor e hydrof | uor ocar bon(s)
(HFC s). Optionally, the polynerization medi um nmay
i ncl ude one or nore nononer(s). [0050] In another

engest ment , hfus NYRRIACOBMBLAHIHRS RriGly TR | é@j}ﬂlp?ésg) of the

medi um sui tabl e to 'polynmerize one or nore nonone
t anfention avij) aloynisr destiiteed, moludimgrprefatied emiredimemts and definitions

c risi 0 or re Lew s acid(s). and a diluent .

c oS peth el (o pEmRG 0 R oRdPE o Spiediayention. For
WhRE@mhih enfBifSerRént MIeSscop ¥ the@GhinBibn* SvillQEfefto any one or
compound represented by fornula MX3, where Mis a

grisers YD enroBied 2daipeT/ivdpdiog/ thangepiivalants, 3anve telgments or
angd X i 0 ipnally, the polymerization
ngg‘u’%%rﬁ"ﬁ%?ﬂap ReiaiciPl B0 et are it Us) . [0051] The
phrase "suitable to polynerize nononers to forma
poléger" relates to the selectjon of pol%gerization

cdf

i ons dite RBAYEHOAt SIS ipgention and the ehansthareto ythpfterm
”L%%ﬁrs?.ké sieﬁ'? rbf@:(r# he aid RAR&ISahY L .@baélh@ L8€ other metal
producti on of a desired 'polyner in Iight of process
p aoapiixéess (descriloainporientsep to paalyze thededypmérivaton béthei alefinic
There are mer ous. pernut ati ons of the. polynmerization
prBgiers RS ayertions p el 2 Reléad) SpseRitaiRn g optonally other
C aHReN&MdI§sta¥Aipbakli@).t 0 produce the desired

[0049] 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).

Optionally, the polymerization medium may include one or more monomer(s).

[0050] 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 MXs, where M is a group



pol ynmer attributes. In preferred enbodi nents, such
pol yners include polyisobutyl ene honopol yners,

w0 s@bussgbene- i soprene (butyl rubber) copol ymerBCT/US2003/040858
i sobutyl ene and par a- net hyl styrene copol yners, and
star-branched butyl rubber terpolynmers. [0052]
Di luent nmeans a diluting or dissolving agent. Dil uent
is specifically defined to include chem cals that can

act3 mstabadd/Kri¢ 8 héloger. hOplieMIS, thépbEmedizAedn MBAifIn may include
conpl exes (as described herein), initiators, nononers

or Gt F ROt FPAPIEY®s. I n the practice of the invention,
the diluent does not alter the general nature of the
conmponents of the polynerization nmedium i.e., the
cofidtient s dfhe pivasecatizdysto polginesize AMONOGMEISo 184K a polymer”

Ho er, it s .recqgnjzed that interactions between
t &S i selggjon 8239 MeEzphgp agiions prd gerapenantsg well within
enthe ghilTB b hose RBilled i HERMt &9%3%12% obf&af 8%4&#@%@& a desired

cat al yst' system conponents, mers, e

aphaaérai dighi 08 mrocess diarameters| and th@pdmsnm [obereied described
ig_%lg%des],m xtures of at |east., t or rTPre di | uents.

[ OB ATIER Ao Aol PBHioR® of 45 PRIYATARtien process and
chenbtals eaet pélPmessHon. conﬁ&)?éﬂﬂs aﬁ’aﬁéﬁi@ F:St rSd&c%ﬂhgﬁdesired

reactor systemis any systemfor the polyreriza
ofPOBBRSF et tEibeisHpr i Bt nprefertadb gnzhoditeents, orsucionpolysieng include

0 e(s) used for the circul ation of
a'@%%ﬁb@&ﬁgﬁ%%@&lﬁerg Sl)s%blﬁxg.ﬁr}q-lﬁgprgﬂ? Qgtyl ru!ﬁaﬁ%rl) copolymers,
basabnetiére amlyphengtiyheret capdly el by sﬁf-b%@ﬂé@b?ﬁrl rubber
tybes. WO 2004/ 058829 PCT/ US2003/ 040858 12 [ 0055

SIEPPY™eB ers to a vol ume of diluent conprising
nononers that have precipitated fromthe dil uent,
mononers, Lewis acid, and initiator. The slurry

cdPBiht r at i dhlvest trheanyobudiutper agntisedlvinae apadtt | abiMent is
ol ymers based on the

or. copph.et el recipjtated

¢SSP et % FELEle et oubb amact o1t i the Hewis

Newid) WIS mhdtgl oRlRRs (& ddsBebdlend Qe Gnili

are used as i n CHEM O&L _Al\SlD ENG l{lEijl Néﬁﬁﬁgc%%for other

2 7d¢itiygs) In the poBTipe P6Khemmvention, the dikedt deesret altert he general

h r I rs i nt er.pol rs,. terpol yners,

AR SO S WIRGR 3 SHEELMIEL S o
the catalyst system, monomers, etc. However, it is recognized that interactions
between the diluent and reactants may occur. In preferred embodiments, the
diluent does not react with the catalyst system components, monomers, etc. to any

appreciable extent. Additionally, the term diluent includes mixtures of at least

two or more diluents.

[0053] A reactor is any container(s) in which a chemical reaction occurs.

[0054] A bayonette cooled reactor system is any system for the
polymerization of polymers comprising a tubular reactor comprising one or more
bayonette(s) used for the circulation of a cooling medium such as a réfrigerant(s).

The bayonette may be a tube or a plurality or bundle of tubes.



conprising at |east two nononmers, optionally wth

ot her nononers. [0058] Wen a polyner is referred to
W@32008/058829 Si ng a nononer, the nononer i s preskCt/USI003/040858

the polyner in the polynerized formof the nonomer or

in the derivative formthe ngnoner. Likew se, when

catal yst conponents are described as conpri sing

neutral stable forns of the conmponents, it is well

t ood I oni

QP T “the Sathactle 4 St O Ellopt POARIGHE rhBpfers th

t Hewmmmtﬁed fropr dutudibuept | pomarsers,| Dé)\sia] acid cmldefnitator. The

5t bl on e BORE miRREH IR PR 6 Gt
qui@éiﬁﬁat&%mefsmséa%@ tAANBume bORE Hurkl ast oner or

el'astoneric conposition, as used herein, fefers to any
pol ymer or conposition of polynmers consistent with the

A 1566 defi t on.,. The t

B noodb breitiete e FEF A SEERE Sthe £33 Raipdic Table
hemlemps are[U8EBA] in AHexhcAref e ENGREBRIR@NTWS, BBG), 27 (1985).
hydr ocar bon group which nmay be derived from an ai kane

by dropplng one or nore hydrogens fromthe fornula,

SRS, o CrnUELY & MBS 58 R, LEEbo REr polymer

PGiitekin?Ras Oktibanerd Setf. 0 WaRdwide, ¥ cdpelyeia hey gfer to a polymer
hydr ocar bon group that forng a ring structure
cHRPHEISEE % {52t thP menomers. OPHeAYE HEL otheraRoR@eTS.o
exanpl e, benzene, naphthal ene, phenanthrene,

ant hracene, etc., and typically possess alternate

dd085% bondiWoen @' poigmeuinteforned twi atshbcrmlbrﬁséngtar mohoiner, the

¢ et T BBt ot i B i@t og Bt menauner or in

f rRen defiQath @l PoHA tRU ﬁﬁ)noﬁ‘l%r fOike®8M/hen RABRYY| conflonents are
C6H5. [0064] Substituted refers to at |east one

h;ﬁ@fs@f@@d & coprHgingtncubals stablee formgbef ithaenmperinestieds well
f ﬁ&'&lers o%rd bgr)(@rgpékgledhﬁ RGN ﬁq p J[h%rIIOHI% fg]ﬁ”{lf% )l&/e ¢omponent is the

fluori amno, nitro,

( Sotrh mmcxsrwmi thy oty tatpedduct Ebl@lnersm kyl thiol, and
hydroxy; al kyl, straight or branched chain having 1 to
20 carbon atons which includes nethyl, ethyl, propyl,

gﬁpg?ﬁm Yl P RYdrs td ﬁﬂb&@ﬂl mcabftrer llﬁ'di}fé) tWo substitutions on

the same carbon.
[0060] Multiolefin refers to any monomer having two double bonds.

[0061] Elastomer or elastomeric composition, as used herein, refers to any
polymer or composition of polymers consistent with the ASTM D1566 definition.

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

[0062] Alkyl refers to a paraffinic hydrocarbon group which may be
derived from an alkane by dropping one or more hydrogens from the formula,

such as, for example, a methyl group (CHs), or an ethyl group (CH;CH,), etc.



or branched chain al koxy having 1 to 20 carbon atons,
and i ncludes, for exanple, nethoxy, ethoxy, propoxy,

WO s@posgsexy, but oxy, isobutoxy, secondary but oRgT/US2003/040858
tertiary butoxy, pentyloxy, isopentyloxy, hexyl oxy,
heptryl oxy, octyloxy, nonylaxy, and decyl oxy;
hal oal kyl , whi ch nmeans strai ght or branched chain
al kyl having 1 to 20 carbon atons which is
sUoeé3]t ut ed kil abfebLasth BRRoMRAIBRUpaRG: b ¥48% structure
for exanple, chloronethyl’, brononethyl, fluoronet
i cﬁ@éﬁ\é‘tew)?‘llc oparogiatio compdiyids suehasofayeimble, benzene, naphthalene

y 3-chl oroprop br ono

£ B BIBEhS el BSOhOP Y pieally HoRGBE fhate double bonding
di (CiMsatueatRinhy Withihi ey Qfﬁéﬂﬂé hhn, arylj%lﬁhﬁ(i’sf B LBbup derived from
di i odonet hyl, 2, 2-di chl oroet hyl di br ononet hyl ,

@M@pﬁm%@@mmwy dgopping @1 errg@pd;mlrogens from the formula such

j di chl orobutyl, 4, 4-

di% ’g’%fFJé %?él%"l?h%?? ’h¢ I?orret hyl, 4,4-difl uorobutyl,
trichl oronet hyl, trlfluoronethyl
2, triflu roethyl 2,3, 3- trifluoro ropyl

[ﬁ()él] 2-t et r%hs@t@}qgleqefpﬂ to ahlgast ogle3h}3fr)ogen group by at least one
t es‘ilﬁﬁfthéiﬂ [RRERR Yo g) Sxahfle ﬁﬁl@g@ﬂ gchl&mé WPShink UhiEidtine, or
styrenic unit" includes p-  nethyFstyrene,
p-ieding), styme métro,eitioxy (OEBHate or atigl euﬂtﬁrnﬂ'ta},eihiql alRyIshiol, and

o AT ST SRt R st SRyt byl GEahnge)which
anfé18desGhétRyl Bk Edrdpidl rt@&-@ﬁ@l@ rlﬁc?p)roﬁyq 1@5]9&‘%‘:&0 aﬁ&lxy aight

slurry which is I'éss prone .
olss dranshechelradn gllkaisys havigg] ta %%sarbom eﬂomswtd nnckudss, rfcnr axhmple,
wi.th.reduced adherence to th

oRthe) st Gromtly iieBLHHRRY s RBIORHp PP R eotiy Sutoxy,

2Q04AH5 SRASxF CHEMSRAY 3/ B4RBBG0oxyl 4 h@ﬁylw@} I h@ﬁtrﬁ@ﬁl}u Cedtyloxy,
particle to particle_ aggl oneration).
pdretylogy eandydecyiexy; hal i wah R SET: é@alght qrthsangbed ghain alkyl

b
A 55000 SO B B )L R, o

ori na rocar
b!mcdd@est for byt iclzlermmzlhyl;:bmmomm]uylz fluorenetiel,i iogométhil, 2-

d/ | kyl | ef
SiGer S buiferbiybo et ho-ShIgH YR n o yromeatasul -
r %@Eﬁroﬁﬂm 4QH}oroUﬁ't5rlt h!?fﬂuofdwuﬁyl' nd’i@lm)fo?ﬁbtﬁ}gl a&l%ﬁ)ntlcﬁnethyl,

the use of hydrof|uorocarbon di'l’uent(s)
bldeﬂwowthml hyditslometohs 2aedlidromobihyl, i n%ﬂeldaromomethyl 2,2-

ARPHRE PRGN akBT) Brotiller PRt cr h BB <44

V\Ildiﬁ[iuorobutyl, trichloromethyl, 4,4-difluorobutyl, trichloromethyl, trifluoromethyl,
2,2,2-trifluoroethyl, 2,3,3-trifluoropropyl, 1,1,2,2-tetrafluoroethyl, and 2,2,3,3-

tetrafluoropropyl. Thus, for example, a "substituted styrenic unit" includes p-

methylstyrene, p-ethylstyrene, etc.

[0065] In one embodiment, this invention relates to the use of
hydrofluorocarbon(s) or blends of hydrofluorocarbon(s) with hydrocarbon(s)
and/or chlorinated hydrocarbon(s) to produce a polymer slurry which is less prone
to fouling (i.e., also observed more glass like, less sticky particles in the reaction

vessel with reduced adherence to the walls of the vessel or to the stirring impeller



significantly reduced reactor fouling and hence | onger
run life for the reactors, as conpared to

w@orwnesiseonal systens. [0066] | n anot her enbodP@EN$2003/040858
t he hydrofl uorocarbons are used in a tubular reactor
to obtain reduced pol yner accynul ati on on the heat
transfer tubes and/or reduce polynmer accunul ati on on
the inpeller and thus obtain longer run Ilife. [0067]
| nasaell kg re@ite@ Habid) to (pARicRY BEAbMBRKEERT BARE REcutiBA this
in a tubular reactor at higher tenperatures to
prigyersiengelpteeie hearse pfibydrgflecroearbenydilueng(alyerdFC stilubntadends
gr rs refer eater than 20 .
h o‘gﬁ% q{yg %Ae?:" er ég I 335/118%5 r%‘é&énra&i%h g?%%ﬁa(}h%% odendsfoap glymenze and

pre&pelyatdriye dseéfits wWhandiddshaidrs AlkgstyBaRsitBl srowhdeNisoolefin
ot her hal ogenat ed hydrocarbons. [[0068] |n another .
privERANOESIMSHLHW reRelypses it cignibeaselr siveed rsacier douling.

i Y ' ' t i [ r ..l .ecul ar.
o RE TR B 953 QR B BT B
hab eglnaitle dybnpdarboas batier dilerintat hydrof48dn blend®&o polymerize
errb%di nment, thi.s inventjon_rel at es@io the discovery of

netl %PE/HEHZE a9 ?f¥r§y‘§{t]é (Fengs it Profucg dseddelin sopelyngry with

hygs @it @y QERIBY Bctof 6t k! HEGEE ﬁ)ngr%tf Iﬁgtlifé( o¥he reactors, as
di ssol ve the selected cat §I yst system and nononers Bor>
areempaeddao icomteptipaad sysgehsent s for the pol ymer product.

Pol ynmeri zation systens using these diluents are |ess
prone to fouling due to the aggl oneration of polyner

PA0066] €s t dneafthedt &BhodMEnt RBE MydRIRDIIdafdnO are used in a
pol ymeri zation hardware, |n WO 2004/ 058829

PaTPWEmadrniwoeiEn radicad nplymen acquiiudatiomvamthe dwatfteans fee tubes
f th i ts,i .
A3 Re b S Sl AR ok PR B s opigonser o

mdifecul ar wei ght polyners and copol yners at

equi val ent to or higher than to those polynerization
tenperatures using solely chlorinated hydrocarbon

difppgnts suah ARt IbodiGBhOHhd qu%o%%gdca}(y%né“h% N&Ed in a
enbodi ment, this invention relate o the discovery of
newpal seaeipi atbigber Eypemmessi pypditapolymetseat abiclp bdates run
h}igﬂg?ﬁsa(se&ngs gcl:‘ge{%grkﬂla?n Pg hours, preferably greater than 20 hours, preferably
greater than 30 hours, more preferably greater than 48 hours than possible with

other halogenated hydrocarbons.

[0068] In another preferred embodiment the hydrofluorocarbons are used
in a polymerization process to obtain higher molecular weights at the same

temperature than when other halogenated hydrocarbons are used.

[0069] In one embodiment, this invention relates to the discovery of new
polymerization systems using diluents containing hydrofluorocarbons. These
diluents effectively dissolve the selected catalyst system and monomers but are
relatively poor solvents for the polymer product. Polymerization systems using
these diluents are less prone to fouling due to the agglomeration of polymer

particles to each other and their depositing on polymerization hardware. In



di ssol ving the catal yst system These pol ynerization

systens are also beneficial for isoolefin slurry
w@odoynessezat i on and production of a pol yner s|PCT/YS1003040858

is less prone to fouling, while permtting

di ssol ution of nononer, conongner and the

comercially preferred al kyl al um num hal i de cat al ysts.

In addition, this invention further relates to the

usgldafont h@xse iddngiont SurfiRr FdifedrBPIHAL hRN o@f tﬂébﬁ Ndiluents in

mol ecul ar wei ght pol yners and copol yners at

de@Y@?rﬂzz'lﬁtm Shisteraprper theupreparataon oﬁh@nrmolemlar Welght polymers

¥ o e ReheaP YRk Aot " R iy W pedtpaaaion

I Ney@ératinet h@llhg esdleldli embtinatéd ik didbdohi Oudn® %ﬁﬁ? dsOmethyl
th prepar ation of isoolefinic honopol yners and

c rs, especially the polynerization reactions

required to produce the isobutyl ene-isoprene form of

butyl rubber and isobutyl ene-p-alkyl styrene

c dﬂ@TQ] mer s. IMemethpaeibodikgnt, \thistiiecntion aBlate@ o rigd aisBSvery of
a thod of onnerJZ|ng and copol yneri zi ng

| S5 AT RETTAti0n SRERE yingpreRicd X ipbHIcoiskaasasansoageble of
hXﬂis@fvﬁﬂgth@%ﬁfaE%f‘ sﬁ'téan&'ngqglﬁiegg ﬁg?ﬁ%ﬁﬁﬁ Systems are also beneficial

hydr of | uor ocar bons, ocar
dlprISQQ]Sﬁn IS]ukle’ mmgrizatlhﬂl and ﬁmductﬁdiﬂc?f?d pélpmen slhi‘i‘? fthat is less

d t f th t
e ool P B Sl phirPY [t rans s oS oIme i the
h&:\éhﬁ@rélﬁmfn ﬁrefe@rea GR RARNInBIO TR1iA dcaPeﬁ%s@s al gyl §&&f{1<§pethls

mgnoners. I n accordance with a preferre enbodi men
ofinygation Ay irelates tto ébes ysit efrtheseodiliesnts Gwpbe y)rﬂpaﬁatlon of high

i soo?&ﬁ% %lﬁgjtog%? %Bu‘f%ﬂog’%%e%gﬁtcplgléetr\%mbﬁ]ergﬁ%%ﬂ tegpgratures

amd dthpated 96 pblyilegizrma sydtdeyd %EMfgeﬂﬂ?elﬁ Llﬁl'lbrﬁﬁted hydrocarbon
pﬁﬂa ngég%jstyrene In accordance with another

BsHeKl eploridprer e gl assy or plastic materials
WD 2004/ 058829 PCT/ US2003/ 040858 16 are bei ng
produced as well, the copolynmers are conprised between
aﬂi@ﬂﬂ] 10 andn y@gubthet embodifneht) éhis fvehtddd mlatedrto the preparation

b- t d b t 0.5 90 wt. %of th
s %ﬁ@f‘%t%ﬂﬁl’g‘?@ ytﬁ%& g&ﬂ-‘é‘nﬁ‘ét r?;?lP%’E%%We H@e pphygresization
| Iﬂea@tlmselfeQﬁﬁ&ﬁt dﬁ%@ﬁ’ée‘%@tlsdﬂﬁtﬁeﬂeni‘é@ﬁ&ﬁ@Ft)rfnleé)iafn‘ra@l F®b& and

process to ce pol ynmers “of cati oni ca
péﬂoyn@}qnzaml lﬁfﬁmﬁ@@p@ymcmnﬁﬂolmmmcularly, the invention relates to

a method of polymerizing and copolymerizing isoolefins in a slurry
polymerization process using hydrofluorocarbon diluents or blends of

hydrofluorocarbons, and chlorinated hydrocarbon diluents, like methyl chloride.

[0072] In another embodiment, the polymerization systems of the present
invention provide for copolymerizing an isomonoolefin having from 4 to 7 carbon
atoms and para-alkylstyrene monomers. In accordance with a preferred
embodiment of the invention, the system produces copolymers containing
between about 80 and 99.5 wt. % of the isoolefin such as isobutylene and between
about 0.5 and 20 wt. % of the para-alkylstyrene such as para-methylstyrene. In

accordance with another embodiment, however, where glassy or plastic materials



contacting, in a reactor, the nononer(s), a Lews

acid, and an initiator, in the presence of an HFC
waldoyeses2at a tenperature of OC or |ower, prefBPCHDE2003/040858

-10C or lower, preferably -20C or | ower, preferably

-30C or lower, preferably -406 or |ower, preferably

-50C or lower, preferably -60C or |ower, preferably

-70C or lower, preferably -80C or |ower, preferably
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MYReAEIS1 P [ oners which may be

polyner?g dgg@g%ﬁggﬁé?gggﬁf%ﬁ%gﬁde any hydrocarbon

nmononer that is polynerizable using this invention.
noner.s include one or nore of ol efins,
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stopniaaiing, maya rectoutbe imaroewtr(shra Lbwisr adid)) and drhirdator, in the

| Kyl |, lj.d | koxi d . Pref bl th
a E%se ?ea%%aﬁ]t I—aIF ﬁ éjllggl%tgltt Qgemg%%@gq.]gé&gﬁﬁ 10}[1%;;, ;rréafera%fy -10§C or
preke: phifarallyt-00% oﬂb%r,rﬂ}éﬁra‘?ﬂffﬁf"@tﬁr}io%‘e% gre%erggl&g-%gc’c or

atonms. Exanpl es of gr eferred olefins inc e St
paPHera Prejerably -8R oplemer, prefetablis t60° € e, lowknp Ipeeferablyy70°C or

st Ll nydobenzene, di. sppr | benzene o

o ety U pirruRED IO ot Ry, 100°C or
2 1omerh ptefdaplei@n ©°Cits OB GB&sing Bonbdf B¥Cpolymerization medium
2, 3-di net hyl -1, 3- but adi ene, B-pi nene, nyrcene, ’
6,3%‘5}’0‘?535? yent gnd papomenfaixiteene, cycl opent adi ene,

pi peryl ene, nmethyl vinyl ether, ethyl vinyl ether, and

i sobutyl vinyl ether and the |ike. Mononer may al so be

c dioneers @isPadymenso or  nore nonomers. Styrenic bl ock
copolynmers may al so be used a nononers. Preferred

bl ock copol yners include copol yners of styrenics, such

agooFuyr ene, Mdid I : . rene

SO e OB AN KRS AR LY e s
PEdrosEDbers /Mess that7is polymerieablbutsag erie inamdoh.nePreferred
| rricularly preferre n r nmbi nat i ons

e RoER bl B B Bre R Sle PR, REng gty fapsted olefins,
i woblefiys, @bRjuURMEd IdE0BE, 8108 -corfigattl dierRS BATRROLYDE! SibSfituted

isobu&yle e. i
styrenics and vinyl ethers. The styrenic may be substituted (on the ring) with an

alkyl, aryl, halide or alkoxide group. Preferably, the monomer contains 2 to 20
carbon atoms, more preferably 2 to 9, even more preferably 3 to 9 carbon atoms.
Examples of preferred olefins include styrene, para-alkylstyrene, para-
methylstyrene, alpha-methyl styrene, divinylbenzene, diisopropenylbenzene,
isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene,
butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether, and
isobutyl vinyl ether and the like. Monomer may also be combinations of two or
more monomers. Styrenic block copolymers may also be used a monomers.
Preferred block copolymers include copolymers of styrenics, such as styrene,

para-methylstyrene, alpha-methylstyrene, and Cs to Csg diolefins, such as



[0075] Additionally, preferred nononmers include those

that are cationically polynerizable as described in
w@2104/058829 Pol yneri zation of Aefins, A Criti ceCT/US2003/040858

I nventory, Joseph Kennedy, WIley Interscience, New

York 1975. Mononers includejany nononer that is

cationically polynerizable, such as those nononers

that are capable of stabilizing a cation or

PrigRRER! bGdReEA £11 HETRYS @arﬁd%@ar@oﬁfélf@fedcrﬁgﬁcﬁﬁ&scoﬁ{bi ations

el ectron donating group. For a détailed discussion o
candlodd ¢) sabulylese sind| prasmethyd s@agrieo?) soRdyleme rnd d¢dpoene, as

of ef.i ns Critical . .Inventory, Joseph Kennedy,
wWeﬂ/asll}ﬁ’de#’SQ%%’iﬁgflsml%@rk 1975. [0076] The nononers
may be present in the polynerization nmediumin an

anmount ranging from75 wt%to 0.01 wt% in one

etB®Hilment | z%(gdlfe@n@élm vetefersd  menemers 0.includesy those that are
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al Grefidadt Invehtyranibsépto I ehbedyt, YONiteyl Ieféieice, aNeWh&fork 1975.

enbodi nent. [0077] Preferred pol ymers include
hoYippunsypriticludsrany yonemer flat ppersivrically pplymegizalles fick as those

Sgﬁ/ﬂ;ogg%% tﬁiy&?@fél &%aﬁ’l‘é &%Y%ﬂ%ﬂlﬁ'ﬁ&?%ﬂ{ry &e ﬁgo’%agating center because

ene, - pol ypar a-
pahy eapmen eontpiak wa tejgcane dopatingagrobp.- ek hydediledediscussion of
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al kyl styrene; an i sobutyl ene and i soprene. [0079]
In one enbodi nent butyl polyners are prepared by

| J08te179) ° . TSR TR B pE PR depo Bt i ip an
aSinicwab g M7 Y Ri%ao0 M1t Wehahidhe @iboaanéntgateshtively 60
e

di ene nmononer conponent. The isoolefin is in a ran

f vt 700 ovGo, Htejratively e gt woh to K2 tatemlaltemairshoABrio 0.5

entehi R BRRAR Tinbee Ate BT bk S G B e in
y ehothanérhiesdimeixodi ment the isoolefin is in the range

of 92 to 99.5 wt% The conjugated di ene conponent in
one enbodinent is present in the conononmer m xture

gf[gm Vﬁ& |t (n’ GrofedtdpdInRREn TR HH By mBRO AP BF R théhomers

listed in this Section. Examples of homopolymers include polyisobutylene,
polypara-methylstyrene, polyisoprene, polystyrene, polyalpha-methylstyrene,
polyvinyl ethers (such as polymethylvinylether, polyethylvinylether).

[0078] Preferred polymers also include copolymers of 1) isobutylene and

an alkylstyrene; and 2) isobutylene and isoprene.

[0079] In one embodiment butyl polymers are prepared by reacting a
comonomer mixture, the mixture having at least (1) a C4 to Cg isoolefin monomer
component such as isobutene with (2) a multiolefin, or conjugated diene monomer
component. The isoolefin is in a range from 70 to 99.5 wi% by weight of the total

comonomer mixture in one embodiment, 85 to 99.5 wt% in another embodiment.



anot her enbodi nent. In yet another enbodinent, from8
to 0.5 % of the conobnoner m xture i s conjugated

waele@nesssThe C4 to C6 isoolefin may be one or POI/ESWN3/040858

i sobutene, 2-nethyl- | -butene, 3 -nethyl- | -butene,
2-nmet hyl - 2- butene, and 4-netigyl -1 -pentene. The
multiolefin may be a C4 to Cl4 conjugated di ene such

as isoprene, butadiene, 2,3-dinethyl-1,3-butadiene,
13mpjenancherdhbcii@entGh t sen8
cycpgpentadlene angﬂplgg?gkgﬁégﬁ%ﬁthﬁ Sf%%ﬁ{@95$ﬂ?® The
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i sambothiey legibe d it dnin anogréﬁﬁéﬁbﬂiér Qnﬁ)oﬂ&n{édtsﬁ“@frle@e[o' ('5‘53’\9{% of the
anot her enbodi nent following table illustTates

hFRMOREMSH BN UFeats coriveaigd wWiens el Qs tseCeismokdinadayde one or

Ve O/ I 70, 73.9
bty of oSy 2 MRy kgl a5l epeod nplng Hionc) and
994-6169191 6—p3ﬁ)teﬁ<6 The multloléfin mhyS bbuicylteas, &)n_]l!légéed dlene such as
i soprene &D 0] This |nvent|on further reI ates
t é?‘g’aﬁf“;‘?ne uta ]ﬁae’t et-p SpBeine}.3-butasignei s Prinensy myrcene 6,6-
C Qi f Preferre
o pgﬂﬂgfr-mﬁl?\?n@ héxtéﬁlgﬁg al l%'go F’;’ﬁ%tlflgéﬁee glilc?gg)\é%rl? {)ge e Sodiment
c@ﬁﬁh& ity ribbebpolyrenef thesmyesive ﬂrubtald?d/kb?%ééﬁﬁg ®5€0 99.5

YATEE S nmpri si. SO | ene, para-al kyl styrene
(VTR e s Mot GO o RepreRin Mofspeine 95 to 99.5 wis
P QdobiB/lhe GOIAP 5 I0SHvIvg
Dt L2063, 04085, fggb?jsg%? §/I e‘lﬁr%nﬁan pé\t?lgr f“gg‘?‘ﬁg‘%m The
stQisriag (f%hl%ﬂblﬁ%i@iwh@\aﬂmmqwm&rwahw) % mmwm sxpdfssed as

i $ohuyt yl ene cycl opent adi ene and i soprene, pol yners

conpri sing cycl opentadi ene, isobutylene, and nethyl
cycl opent adi ene, pol yners conpri sing isobutyl ene,

Wt % IC4* mol % IC4 wt % IC5P Mol % IC5

70 73.9 5 4
85 87.3 5 4.2
92 93.3 3 6.7
95 95.9 15 12.7
99.5 99.6 30 26.1

a. IC4 - isobutylene

b. IC5 - isoprene

[0080] This invention further relates to terpolymers and tetrapolymers

comprising any combination of the monomers listed above. Preferred terpolymers
and tetrapolymers include polymers comprising isobutylene, isoprene and
divinylbenzene, polymers comprising isobutylene, para-alkylstyrene (preferably

paramethyl styrene) and isoprene, polymers comprising cyclopentadiene,



paramet hyl styrene and cycl opentadi ene. Lewis acid
[0081] In a preferred enbodi nent the Lewis acid (al so

WO edogiossseb t 0 as the co-initiator or catal yst)PeEYS1963/040858
any Lewis acid based on netals from Goup 4, 5, 13,
14 and 15 of the Periodic Tablbe of the E! enents,
i ncluding boron, alumnum gallium indium titanium
zirconium tin, vanadium arsenic, antinony, and

bi isshuityleneDaad qdardall@d sty@eﬂeh@)rﬁéﬁabw pdrati 8HYD B ZBie, r1%?ymers of

some elenments are better suited in the pracCtice
t Heohubjens ?Y&}Ppenﬁad@ﬁ@ a’éfh!ﬁ@mmnmlymbr@ compsisingayelopentadiene,

GSTHERPe, R SR e bRt oot HaRets Sobuaylene,

( alakarhqtibsil Sy Rne @mt‘wwﬁﬂle@ed (C2H5) 3A12C13, BF3,
SnCl4, TiCl4. In a particularly preferred enbodi nent,

BF3 is not the chosen Lewi s acid. [O|O8f2] Thle GN;)(zp 4,
5 Lewi s aci ds have the genera ormul a ;
oA ddd is Goup 4, 5 or 14 netal; and Xis a
hal ogen i ndependently sel ect ed from t he group
| Sti Jorine, brom ne, and iodine,

oAlfiabry ShaimERHEd Siotodimant 05 bev AssLiaonafestero as the
F%-lhﬁl@t(@ e @ﬁ’cﬁE‘@t) Rhayl B gy UGS tabfarba‘%‘%fjon LRk 8111”&r0up 4,5,

theret o pseudohal ogén i s defined to be an azi
i ddeyhnnd &5 Oﬁthet Fﬁrmdyaﬁahl@ pf the Flsmbiits anyladmgdaomsn aluminum,

c i de. n- | ting .exa include titanium
tét%piac | OF1 {l{yn{ughl ik ’aﬁfl’o YARALIUR) o AESNIGmantimony, and
t disnachl One @muea iﬂnhetaﬁtwlﬂqe&c%hiz@%ﬁ@gm%'e!&&'ﬁ't better suited
tetrachl oride, The G.oup 4 . Lew s aci ds may

ali® dheprastigerotithe duvantian.oda ong p?@lh@ﬂlmqit,o@le rmetals are aluminum,
N@Bzdnl a{ﬂdttgﬁgurﬁxm laﬁﬁméﬂ%l ide t L4 3 gmsggtwwm%dpclude

trichlori titani um rom
brﬁdﬁiad éalkylekﬂH ofdHe), Aéidarid (Cﬂ{kbsaﬂi(d? BF& |f$ﬂ®1rl @*ﬁ:h In a

4 Lewi s acids use inth
i H@'Z’ﬁl‘a%ip 9“%4 ?Bbocgr@@@ BHelisgwh thephoses Lravinaouk x4 "
wherein Mis Goup 4, 5 or 14 netal; wherein Ris a
monoval ent hydr ocarbon radi cal sel ected from the group
cdM$2kt i ng a’%e Croup4, VDIRDML%B&ZMS P& ms&@ﬁaépfb@lﬁﬁﬁ MXy;

cy(l:jge%? E/} ky(?lga p& aﬁsora%%ﬁle% da§§ I1 k%klg]ﬁngn 1nfipmdgnt{yose,§ected
Xfiiof fheh@b@;g ednsi i RETRIRHnkY cRBHAS 6 {HeOd Rf1SH, Prdterably
cg}rﬁglngé I}I(’] %a(})/falso be a psuedohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples include
titanium tetrachloride, titanium tetrabromide, vanadium tetrachloride, tin
tetrachloride and zirconium tetrachloride. The Group 4, 5, or 14 Lewis acids may
also contain more than one type of haloéen. Non-limiting examples include
titanium bromide trichloride, titanium dibromide dichloride, vanadium bromide

trichloride, and tin chloride trifluoride.

[0083] Group 4, 5 and 14 Lewis acids useful in this invention may also
have the general formula MR, X,.,, ; wherein M is Group 4, 5, or 14 metal; wherein

R is a monovalent hydrocarbon radical selected from the group consisting of C; to



fluorine, chlorine, bromne, and iodine, preferably
chlorine. X may al so be a psuedohal ogen. For the
wWEeopossssd of this invention and the clai ns t heP@L/vS2003/040858

pseudohal ogen is defined to be an azide, an

i socyanate, a thiocyanate, ano isothiocyanate or a

cyanide. The term"arylalkyl" refers to a radica

containing both aliphatic and aromatic structures,
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4 and mis, an |nte%§r fromO to 4 such that the sum of

n Phgeylgnadivnnisichlpside. t han 4; X is a hal ogen
i ndependently selected fromthe group consisting of
fluorine, chlorine, bromne, and iodine, preferably

clipesdne. X Grayp @l SankdelALewiuritizhatngen thikdfventien may also
pg@eoses of thjis invention and the clalns ther eto
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psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy
position. The term "alkylaryl" refers to a radical containing both aliphatic and

aromatic structures, the radical being at an aryloxy position. Non-limiting

examples of these Lewis acids include methoxytitanium trichloride, n-
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trichloride, di(isopropoxy)titaniumdichloride,
wWEhb®nosssed t ani um tribrom de, phenyl met hoxyzi reORUS2U03/040858

trifluoride, methyl methoxytitanium dichloride,

met hyl nethoxytin dichloridegnd benzyl

i sopropoxyvanadi um dichloride. [00851 Goup 4, 5 and

14 Lewis acids useful in this invention may also have
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structures, the radical being at an arylacyloxy position. Non-limiting examples of

these Lewis acids include acetoxytitanium trichloride, benzoylzirconium
~ tribromide, benzoyloxytitanium trifluoride, isopropoyloxytin trichloride, methyl

acetoxytitanium dichloride and benzyl benzoyloxyvanadium chloride.

[0086] Group 5 Lewis acids useful in this invention may also have the
general formula MOXj; wherein M is a Group 5 metal; wherein X is a halogen
independently selected from the group consisting of fluorine, chlorine, bromine,
and iodine, preferably chlorine. A non-limiting example is vanadium

oxytrichloride.
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[0087] The Group 13 Lewis acids useful in this

WO pwensison have the general fornmula MX3; wher BETIUR2003040858
a Goup 13 netal and X is a hal ogen i ndependently
sel ected fromthe group consimting of fluorine,
chlorine, bromne, and iodine, preferably chlorine. X
may al so be a psuedohal ogen. For the purposes of this
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GrradiPal bdnia@lisg bothAlphific B aromatic structures, the radical being at an
aryl position. Non-limiting examples of these Lewis acids include ethylaluminum
dichloride,  methylaluminum  dichloride,  benzylaluminum  dichloride,
isobutylgallium dichloride, diethylaluminum chloride, dimethylaluminum
chloride, ethylaluminum sesquichloride, methylaluminum sesquichloride,

trimethylaluminum and triethylaluminum.

[0089] Group 13 Lewis acids useful in this invention may also have the
general formula M(RO),R'mX3.(m+n), Wherein M is a Group 13 metal; wherein RO
is a monovalent hydrocarboxy radical selected from the group consisting of C; to
Cso alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a monovalent
hydrocarbon radical selected from the group consisting of C; to Cj, alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals as defined above; 7 is a number from 0



I's a nonoval ent hydrocarboxy radical selected fromthe

group consisting of Cl1 to C30 al koxy, aryloxy,
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cycl oal kyl radicals as defined above; n is a nunber
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radicals as defined above; 7 is a number from 0 to 3 and m is a number from 0 to 3

such that the sum of » and m is not more than 3; X is a halogen independently
selected from the group consisting of fluorine, chlorine, bromine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this
invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The term
"arylalkylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an alkyacyloxy position. The term
"alkylarylacyloxy" refers to a radical containing both aliphatic and aromatic

structures, the radical being at an arylacyloxy position. Non-limiting examples of



selected fromthe group consisting of fluorine,
chlorine, bromne, and iodine, preferably chlorine. X
worag4abssed be a psuedohal ogen. For the pur posesPOf/US1903040858
i nvention and the clains thereto pseudohal ogen is
defined to be an azide, an i,gocyanate, a thiocyanate,
an i sot hi ocyanate or a cyanide. The term
"aryl al kyl acyl oxy" refers to a radical containing both
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trichloride and arsenic fluoride tetrachloride. [0092]
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from the group consisting of fluorine, chlorine, bromine, and iodine, preferably
chlorine. X may also be a pseudohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. The term "arylalkyl" refers to a
radical containing both aliphatic and aromatic structures, the radical being at an
alkyl position. The term "alkylaryl" refers to a radical containing both aliphatic
and aromatic structures, the radical being at an aryl position. Non-limiting
examples of these Lewis acids include tetraphenylantimony chloride and

triphenylantimony dichloride.

[0093] Group 15 Lewis acids useful in this invention may also have the

general formula MRO),R' X y.(mn), Wherein M is a Group 15 metal, wherein RO



chlorine. X may al so be a pseudohal ogen. For the

pur poses of this invention and the clains thereto
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skilled in the art would recognize that the terns
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aldifblvaemethaxychréneomat i ¢ structures, the radical being

at an al koxy position. The term"alkylaryl" refers to

a radical containing both aliphatic and aromatic
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Non-limtin exanpl es of these Lew s aci

t genregelh t AMREFOORBRMXy-(m+ny; Wherein M is a Group 15 metal;
di h i chl ti [ | th '
C%ﬁe&xﬁ@ﬁ%{%@)&g{ gr%)ﬁgl,/ﬂgﬁﬁhyd%cca?ba%gfﬁ)g 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 Cy; alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl
radicals as defined above; n is an integer from 0 to 4 and m is an integer from 0 to
4 and y is 3, 4 or' 5 such that the sum of » and m is less than y; X is a halogen
independently selected from the group consisting of fluorine, chlorine, bromine,
and iodine, preferably chlorine. X may also be a psuedohalogen. For the
purposes of this invention and the claims thereto pseudohalogen is defined to be
an azide, an isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The term

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



di fl uor onet hoxyarsi ne. [0094] G oup 15 Lewi s acids
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Lewi s acids i nclude acetatotetrachl oroanti nony,
( 5B e bemgrelersdoant i nony, and bismuth acetate
chloride. [0095] Particularly preferred Lew s acids
may be any of those useful in cationic polynerization
of[00pbut yI drevic apidb woelr as netlyldinntioxahd! (MAON and specifically
' i de,, alum.num tri brom de, ethylal um num
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[0097] Initiators useful in this invention are those initiators which are
capable of being complexed in a suitable diluent with the chosen Lewis acid to
yield a complex which rapidly reacts with the olefin thereby forming a
propagating polymer chain. Illustrative examples include Brensted acids such as
H,0O, HCI, RCOOH (wherein R is an alkyl groupj, and alkyl halides, such as
(CH3);CCl, C¢HsC(CH3)Cl and (2-Chloro-2,4,4-trimethylpentane).  More
recently, transition metal complexes, such as metallocenes and other such
materials that can act as single site catalyst systems, such as when activated with
weakly coordinating Lewis acids or Lewis acid salts have been used to initiate

isobutylene polymerization.



desi gned weakly coordinating Lew s acids such as

B(C6F5)3 are also suitable Lewis acids within the
w@oiesas2of the invention. Initiator [0097] |PCT/US1003/640858

useful in this invention are those initiators which

are capable of being conplexed in a suitable diluent

wWth the chosen Lewis acid to yield a conplex which

rapidly reacts with the olefin thereby formng a
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halide initiators include hydrogen chloride,

[00101] Preferred carboxylic acids included both aliphatic and aromatic
carboxylic acids. Examples of carboxylic acids useful in this invention include
acetic acid, propanoic acid, butanoic acid§ cinnamic acid, benzoic acid, 1-
chloroacetic acid, dichloroacetic acid, trichloroacetic acid, trifluoroacetic acid, p-
chlorobenzoic acid, and p-fluorobenzoic acid. Particularly preferred carboxylic

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

[00102] Carboxylic acid halides useful in this invention are similar in
structure to carboxylic acids with the substitution of a halide for the OH of the
acid. The halide may be fluoride, chloride, bromide, or iodide, with the chloride
being preferred. Preparation of acid halides from the parent carboxylic acids are
known in the prior art and one skilled in the art should be familiar with these

procedures. Carboxylic acid halides useful in this invention include acetyl



hydr ogen brom de and hydrogen iodide. A particularly
preferred hydrogen halide is hydrogen chloride.

WO 0®1038829r ef erred carboxylic acids included bPCTUS2003/040858
al i phatic and aromatic carboxylic acids. Exanples of
carboxylic acids useful in thigs invention include
acetic acid, propanoic acid, butanoic acid; cinnamc
acid, benzoic acid, 1- chloroacetic acid,
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chl ori de being ﬁ;eferred. Preparation of the sulfonic
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propanol, 2-propanol, 2-methylpropan-2-ol, cyclohexanol, and benzyl alcohol.
Phenols wuseful in this invention include phenol; 2-methylphenol; 2,6-
dimethylphenol; p-chlorophenol; p-fluorophenol; 2,3,4,5,6-pentafluorophenol; and
2-hydroxynaphthalene.



are known in the prior art and one skilled in the art
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initiators include tertlary sonpounds represented by

the formul a bel ow R3 ClX R2 n\00107] wherein X

i s a hal ogen, pseu et hgg r ester, or a

m xture thereof, gggf r abl a h preferably

chloride and Rl, R2 and R3 |nde endently any

linear, cyclic or brancked }{ | n al Kyls, aryls or

aryl al kyls, preferably ont ni ng ta 15 carbon

atons and nore preferably 1 to 8 carbon atons. n is

the nunber of initiator sites and is a nunber greater

t I‘[ﬂﬁll (ﬁ ﬂ e quatherain X is afiraifgen,aistyddbaloges razl’f]}ﬂer 1o esr, loﬂalrn(ﬁxture

a,nunber froml to 6, The a S

R LRI, o R DR BEY ferdeand R Bar b

of; [ a re | al k
m%%%. cnlY B Bl JORLET 4TRSS o

arpmfanabky c-mniammgphat 1§ catbonciterhe and i@t ersferhbBX &rpl8esarbon

initiators include.2- chloro-2,4,4-trimethyl pentane
Vs ghi5 5 Bkl o RGN FER PG i B GFeRue thar or Squal o 1,

¢T¥aBlyOP&R8en 2-18F e
 JHmLOgagess 1 Mg R S0 humbcsfom 1106 Th

ﬂﬁfléﬂfﬁls 2113-’»’ ]ZFJ wbsutp@dmmasuwvmm dre; thdpmipbms @flthis invention
%E?énof oe Fh[% E% e%Lal 1s%{e§?1gc? g}a rrgltegrl? a’'compound containing both

aromatic and ahphatlc structures. Preferred examples of initiators include 2-

chloro-2,4,4-trimethylpentane ; 2-bromo-2,4,4-trimethylpentane; 2-chloro-2-
methylpropane; 2-bromo-2-methylpropane; 2-chloro-2,4,4,6,6-
pentamethylheptane; 2-bromo-2,4,4,6,6-pentamethylheptane; 1-chloro-1-
methylethylbenzene; 1-chloroadamantane; 1-chloroethylbenzene; 1, 4-bis(1-
chloro-1-methylethyl) benzene; 5-tert-butyl-1,3-bis( 1-chloro-1-methylethyl)
benzene; 2-acetoxy-2,4,4-trimethylpentane ; 2-benzoyloxy-2,4,4-
trimethylpentane; 2-acetoxy-2-methylpropane; 2-benzoyloxy-2-methylpropane;
2-acetoxy-2,4,4,6,6-pentamethylheptane; 2-benzoyl-2.,4,4,6,6-
pentamethylheptane; 1-acetoxy-1-methylethylbenzene; 1-aceotxyadamantane; 1-
benzoyloxyethylbenzene; 1,4-bis(1-acetoxy-1-methylethyl) benzene; 5-tert-butyl-
1,3-bis( 1-acetoxy-1-methylethyl) benzene; 2-methoxy-2,4,4-trimethylpentane ; 2-
isopropoxy-2,4,4-trimethylpentane; 2-methoxy-2-methylpropane; 2-benzyloxy-2-



chl oro- 1-met hyl et hyl ) benzene; 5-tert-butyl-1, 3-bis(
1-chloro-I-nethylethyl) benzene;

WQ2@e05882y - 2, 4, 4-tri net hyl pentane ; 2-benzoyl oORGF/BS20031940858
trimet hyl pentane; 2-acetoxy-2-mnethyl propane;
2- benzoyl oxy- 2- met hyl pr opane;3o
2-acetoxy-2, 4, 4, 6, 6- pent anet hyl hept ane;
2-benzoyl -2, 4, 4,6, 6- pentanet hyl hept ane;

1 racihylpmpahe met hy?-aidiydye)2,8 165 -pdmt ARERY IYREAATBN LA ropoxy-
Eg% gloxyeth | benzene,;
1 2 5¥ sthyiicptangst hy| eﬂﬁWﬂ}O%’ehmﬂe’lethylbenzene 1-

5-
sttt | R, TR et
i slmpzﬁmpoi-yerﬂbmyh--l BFblE(EI hmﬂm&yilaﬂﬁemylethyl) benzene and 1,3,5-tris(1-

zdﬁﬁ)fr%%ééﬁé B Rsbots Bavasu=oRoN ey ﬁm“é)@md in US patent
which B I?brﬁyl éel);)r?(gfﬁfghydyhlee%r@&:% lgor he pur;?osey of this

2 4,476, }é pent anmet

1 -lmhglx yad {ne thinhe theydtd @Bmxelnhalogen iyeddioxy Q@i dEBAY AdRipound
tlshox%/zﬁ hyl benzene; ]1 }lhox -
AyTe lsaém%a BO%Y@P%temW lfczar@tesqr a cyanide.

1 nmet hoxy | - met hyl et hyl ) benzene and 1, 3,5-tris(1-

chl or o- 1- net hyl et hyqj) benzene. O her suitabl e

i 199508 ors céawtlwé emel] initiays ip atpeitmerit, Bl 8O ofR] QLD or
re| cor orat ref erence. For the purposes

oﬁ{%ﬁ % remainige R gapunspare defined as above.

p??éigﬁ&ﬁl 9&%% 'ﬁol Efs {ﬂcltuﬁctaﬁ gnyobu rI‘Ecoou2(Ij)olytplho"i‘)ylene and

an azi de, an isocyanate ana a

i @@lymxv@imadee Tre pwl}ar;aam dﬁlﬂ(ﬁl&ﬁiﬁﬁh@“ﬁéﬁliﬁ%@ﬁteﬁﬁ&fnﬁf}f &flbon
one O

hal
Dol i Goliintiva °gtq%év'1&wwaooaegmmlm When

defd (Bleﬁin @ﬁlyﬁﬁQ‘hﬁs muﬁﬁﬂé ﬁﬁlﬁg bk téfﬁéﬁf/%fb%nls ne%h%xdpendant
pol yi sobut yl ene, ropyfene, and
pfﬁﬂ O/ Viklyil Iné%/@ mlmer baﬁk OIFI?O Klwmodlmt inalytdoatai potesnefsavigich have

£ [ tioned at the chain
cad BP Tk aR oy 2% A8 4RRBbine Pudlue g1ty prmber and
V\bhnemélha)fahefhlalbgﬁﬂ layor®y inhese dTekid b@iyﬁle?allﬁﬁé‘\pls@t ﬁgﬁls@tof a
terti arxﬁcar bons, either pendant t0 or with

pSIP%}li’Té’P SERBO H@lynteﬁ é’ab?{% ditietoprpyovidast @mﬁﬂmﬂ faﬂepmducmg a
V\'Biroghcthﬁﬁ&mﬁygg M}%@B&%{% ye and/or side chain
ng on e

br anchi ng dependi r and placenent of
the hal ogen atons in the olefln pol ymer. Likew se, the

uﬁg’ﬁéa cﬁ%rlfnedte ymer halide initiator

p ! g]es a gty JirelsHs d@itﬁ@f% mayy bgasy ahitldse espful in
CedtfoRicnpdN Mez40R Ar YEPBLElene copolymers including: hydrogen chloride,
2-chloro-2,4,4-trimethylpentane, 2-chloro-2-methylpropane, 1-chloro-1-

methylethylbenzene, and methanol.

[00110] Catalyst system compositions useful in this invention typically
comprise (1) an initiator and (2) a Lewis acid coinitiator, or other metal
complex(es) herein described. In a preferred embodiment, the Lewis acid
coinitiator is present anywhere from about 0.1 moles times the moles of initiator
present to about 200 times the moles of initiator present. In a further preferred

embodiment, the Lewis acid coinitiator is present at anywhere from about 0.8



[00109] Particularly preferred initiators may be any
of those useful in cationic polynerization of

w0 s@bussgbene copol yners includi ng: hydrogen chP@r/Usm®03/040858
2-chl oro-2, 4, 4-trimet hyl pent ane,
2-chl oro- 2- et hyl propane, 1-chl oro-1I -
met hyl et hyl benzene, and nethanol. [00110] Catal yst
system conposi tions useful in this invention typically
CaQffRéd the moles o hitidtof prab&H tMbut 20 tifhel B FolRE bfinitiator present.
coinitiator, or other nmetal conplex(es) herein
dd&ct prrdeired embodimentethediditimpdyaidi present att heyvitent Sroaciabout 0.1

cQi. .l l.at | ent .an re fromabout 0.1 | es
¢ et bekdREr o AR o RINENRGS 1 SO BRBE hpdirodg g srater
t i or@essédnovmtses iitiaton hiel SEUIGTitHIA BfSRbpe dMhB ihPEntiBEr
preferred enbodinent, the Lewis acid coinitiator is
present at anywhere from about O. 8I WO 2]90_4/ 058829

P 003/ 8 1 ki t nol. es Lnitiator X
oSOk BEO0 T it of S RO, PR RSt wildsbfid on desired
prmcleatlar weight prdehasléatare gd@iglit gﬁ?ﬁribhﬁ\?h 1371 tHeAipk {ynﬁe‘ft being

resent anywhere from about O. moles per liter to
i u%?%ym&%léfstﬁﬁ e libe Fiom flipu X KB males HﬁldletplstO_&lo?iel 102
t I 4 of 1 3N 1 r..are sti
i T DB and ool FRARIF R & 10" R bR s roun

of the catal yst enployed will depenﬂ 03_ desi Lefl_ f

ar i ght and nol ecul ar wei.ght distribution of

{Tﬁé&];lgh yrre\rl\%@gqq% SYHPOS d@%ﬁd I {igs &lg‘ffmm% I‘?@Yr?&ié@r fpmprise a
beafatyaic tickXdSnSisiRy 88 aRSictivki@fiod And 1f-coordipati
m)lags}@ e?h?ﬁicler g\(%nd&#ms praef er abl yl?rom f)(;W4 -t';oci?f-]éléfng
nmenes (EMC ppipe’ or TWOAL'2gr "@Kizﬁl)yéﬁhesymlmomlpeﬁud)n Eemprising
t hi swi;Rv.ent i may further conprise a catalyst

e WA 1 Bde H heapliy B S5 ot idros are novel
weatalyst oeehdi nating  anion ("WC ani on" or "WCA" or
"NCA"). The catal yst conposition conprising the WC
anion will include a reactive cation and i glger;al n

i es arnge | J . SYSt . .
, J04aaF S avieaekookkabShiy B! &eq LO% EHo Mjih gier
eidpbsenot cdomlnaroto the catitinnatvehitloist weaktatdoddinged Whitehtation and

Kl dinated to the cation and when the anion
SR B o G QTPRE & e RIS BhiPR IR FHS (nfeBton the WCA

| Y@ML RE aeRion O8RS Ak ok APt ‘?J‘Hﬁruaagh (f}tlus creaating a

fragment or substituent  to the cation thus creating
neutral by-product or other neutral compound. Preferred examples of such

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

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

add to an olefin to create a carbocation.

[00114] The anion may be combined with the cation by any method known
to those of ordinary skill in the art. For example in a preferred embodiment the
WC anion is introduced into the diluent as a compound containing both the anion
and the cation in the form of the active catalyst system. In another preferred
embodiment a composition containing the WC anion fragment is first treated to

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



neutral by-product or other neutral conpound.
Preferred exanpl es of such weakly-coordinating anions
WO pakases29 al kyl tri s(pent af | uorophenyl) boron PCT/US2003/040858
(RB(pfp)3-), tetraperfluorophenyl boron (B(pfp)4-),
tetraperfl uorophenyl al um nums2car bor anes, hal ogenat ed
carboranes and the |ike. The cation is any cation that
can add to an olefin to create a carbocation. [00114]
Theaianis antivesd. Heikewoisd teeW OMdidh i be Ak leddWitBAM the presence
ngphgd known to those of ordinary skill in the art.
a5 A0 FationsoRtce Whigh ésrbesedrently dpeodupel. afn erpréferred
[ [ und cont ain
o RHESH a cBhibolilien Eodttille 85 oo AR A 0MR POk ing the
acetior acatonibystd Bysilemed ke reaboiohferm prgi pioted, the anion and the
enbpdi nent a conposition containing the WC ani on
frﬁg nt is first treated to produce the anion in the
presence of the cation or reactive cation source, i.e.
t he WO 2004/ 058829 PCT/ US2003/ 040858 32 anion is
acVeakdy-e@ordingtigissgontshe WC ani on may be acti vated
wi t hout the presence of the cation or cation source
whi ch is subsequently introduced. In a preferred
COELISENt QuGORBEP bi HRMIBANEShANEA ddBEoIE D AR af anionic
conposition containing the cation ar i ned
ICPWE& Whjch isdiatapeblefad transfetingr atattuentt drefr@menntoaﬂhd cation

3F L0 MR SRBLCL B3LL8 A2 OMIEL AV e

alanmnl cIn adﬂmblemny\hnéthl 015 meRtRRBRASLRS of Tﬁﬁﬁﬁ? al EdiRation
substLﬁ(qulHt or fragnent to the cation to neutralize

t M h & sptitRcwalgr meyielsalbersed on P@n‘rmsd brea mposmon
agorh ﬁsﬂ%:th@élh&i‘ shitbd el 1 H}cﬁﬂ% E[@ct Ing ll%ﬁ'e%l o O]Igmlnum

capabl e of formng a coor I on
sealdl Qlatlnuma’rmérthﬂm}(ealﬂnﬂabie ruseltoids 1IQQIaIe§lb1ﬁ1€ﬁe Indt &mited to,

c h conprisi ani on. Suitable netals

; BERaehoionsy St oRd e Bt & cipemPHRsonisigdIEdmions which
pb@h ﬂweo@ﬂﬁ itha

but gr e not ?ltm tcghlﬁ%XGSS%ﬂg&rigr?% J‘ﬁﬁ%b h%rtfgz)r hﬂa‘f%lfé%atom are
afbcQute, weldé(nomgrap@ 0Rgs, Reoticanty mg:ha;nmpnsndsmoﬁfalmng a single
CB&B atc‘cﬁn ?19 ! %HE)% o%?o&%%%?ae\%ﬁ e%? %grg%}%lgcgéﬂ}gmelmhsgbghgkﬁls salts
amhtaimmg am@’rst dognpiridinigya S6tEBinaREM OSMERx (RRtafifY A%ifkle boron

sin
atogq are preferred.

[00116] In general, WC anions may be represented by the following general

formula:
[M)™HQ;...Qu]d-
wherein:
M' is a metal or metalloid;
Q1 to Qp are, independently, bridged or unbridged hydride radicals,

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



boron atomin the anion portion, are available

comercially. In light of this, salts containing
W@pi0an0sssepnpri si ng a coordi nati on conpl ex cont BETUSZPOR040858

single boron atomare preferred. [00116] In general,

WC ani ons may be represented 9y the foll ow ng genera

formula: [(M)mQ ... QnJd- wherein: M is a metal or

metalloid; QI to Qn are, independently, bri gl_gedI or

undidi 1/ estaiyd bh @ Balb@bRakbstituidl 8t denbAM8; d Af 52\ %d ,

alko;?ge gn aryl%xidéﬂrad?kals,§%§dro€arbf? gng any one

s upH opt morecthiny oneoefzQ bio Qy sy balashalitiataiat,byl and

substi t ut ed- hal ocarbyl radicals WO 2004/ 058829

PCT/ USZB0SMmbessrepsseniig thy raehydgncesharge of M; ;

hal ocar.byl [ alloid radicals an

any oner?i)ét%iﬁ?%%@&%f@fl%a%@%%ﬁof Qlto Qn nmay be a

hal i de d mdindategeripréaterahar diteggalitonepr esenting the

formal val ence charge of M n is the total nunber of

ligands q, and d is an integer greater than or equa

t qod114 00114} ;4 E?f ' %uﬂzfe GRIRRHIURIL R 9%1‘3& *&%éctrfo&? above and

ani ons descri bed above an el ow nay be counter

b dtedave eaynbt reoantpo diatanvedl withharpgesidivelyniengsadt célh}&?qnehﬁ that is

renoved, before the. anion acts wth the cation. The )

s 4oy fbDF e° ?lber aop @gss““ e@’@r‘?%‘@ﬁ- 8¢ sa@e i trup fsecations

' I r e ' ' .
aniesdithed HBF uSX ¥Rl Be ARAE W_&%FM@%@M%Q}%%ﬁoﬁbmd

conposition conprising the anion

aGlieh Wi cdbthpRsilen cgf)%g%fg]qhslp?@i}% r(ﬁﬂz@dA%%%ﬁé\{g R85t with a Me

cat al yst system ani ons

e T 5 o P A S
in a val ence state of 3,
[00118] Preferred WC anions comprising boron may be represented by the
following general formula:
[BArjArpX3Xy]”
wherein:

B is a boron in a valence state of 3;

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

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

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

[00119] In general, Ar| and Arp may, independently, be any aromatic of

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

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



Arl and Art are the sane or different aromatic or
substituted-aromati c hydrocarbon radi cals containing

WO pnosiseut 6 to about 20 carbon atons and nmayPCDES2003/040858
linked to each other through a stable bridging group;
and X3 and X4 are, independenjly, hydride radicals,
hydr ocar byl and substituted-hydrocarbyl radicals,
hal ocar byl and substi tut ed-hal ocar byl radicals,

hysl teaubitimte@ R cafRAFRM oA YRSEE Uh8Hde, but are not necessarlly
or ganorret alloid radicals, disubstituted ’pnictoge

aliinded o, lmﬂimarhydltredncalh,abxgag@neta&ddaadsahn dlkbaylaiid aryloxy

gl Pricbiiina ki BocelS) FicRRriarine e soghas Those

Ariisefilyis X r@ﬂ@eﬁdﬁ“ﬁé kivbstiR@neAdy B Qfb] e or para, relatlve to the
substi t ut ed aromati c hydrocarbon radical . LP

ar aantsrni atomadondddstoi the butte, atbmt Waer efiigdr dri ot 9@ zlrﬁl, X4 are a
phen napht hyl and ant hracenyl radicals. Suitable
lh}ﬁg(w@ﬂ%’h taslical <200 #y3880e Smlbﬂsmbﬂlkﬁ‘aﬁlatlc 34 substituted-

|t Eg?%%tgsh}lgi&% gﬁq grae&g{mﬂgﬁégg § gak}%” mrag gﬁacqa lét%alght or branched
M T T R e e

arb

fl smbstﬁtntytdl lcmlﬂ:r}byﬂrodaﬂﬂin&aﬂﬁalam ihflieated KBovell Al 88d Ahfé&lld be
useful as X3 and X4. The substituent may be ort ho,

melinkedto pithen X3 ot Xyi Rindlly, Mreandcdy oy @dscobs linksidwkatl other
the boron atom Wen either or both X3 and X4 are a
hytBrosgh  isyitablebrideing ewoaph may be the same or a

different aromatic or substituted- aromatic radical as
are Arl and Ar2, or the same may be a straight or

br[@6t20¢d aIIKyétratlaé K yibt initBigk¥tiiplésost Korbn campdehisGhich
hydr og%t bon, radi_cal or an al kyl - subst ituted cyclic

hyB®o % Bi8Ff rasdiVG anieas | g daira@lenboberon Aeompgimdar such as
Cctéltlré{pl%?d {,Mghed to ei ttgﬁg(g)gﬁlyggﬂ Fi nal | ytetré%-t%f}?)boron

$o be’ linked to t hr ough
s uctrémmafblow@i@leng)@rmup E@@&Q}ﬁ}}ilméthylpha‘r@fl)ibvﬁm, buttethein,m-

SRR o PO S s AT Bibincls

such as tetra(phenyl)boron, tetra(p-tolyl)boron,
t et r a(lo tolyl)boron, tetr a( pent af | uor ophenyl ) bor on,
b, p- diSiiler ligh ef ysuitthde samppetnts containing other metals and

@p{g&%@;&' DU ad R ahichb YR, PHELIUL PRGSER BRI Oe not
deemed necessary to a complete disclosure. In this regard, it should be noted that
the foregoing list is not intended to be exhaustive and that other useful boron
compounds as well as useful compounds containing other metals or metalloids
would be readily apparent to those skilled in the art from the foregoing general

discussion and formulae.

[00122] A particularly preferred WC anion comprising boron may be

represented by the following general formula:

[B(Ce6F5)3Q]-

wherein:



[00121] Simlar lists of suitable conponents

containing other netals and netalloids which are
was@iosssas WC ani ons may be made, but such | i SPGT/HEB03/040858

not deemed necessary to a conplete disclosure. In

this regard, it should be notsgd that the foregoing

list is not intended to be exhaustive and that other

useful boron conpounds as well as useful conpounds

cont ai 1 ROflWrie! CNBlealbdn ¥hd LAkl QiafiSas dHeH a?@ve Ilpstrative
readily apparent to those skllled in the art from H

f dtue gt dgnigegeeamples o€ Wheseoprefend f OWEL baiens [c0Bp2RIng Aboron
L, B RS E T SO ER R o
[ RyCoh&y3)! Qr—ph&hﬁf (ﬁl \Kiher@@ @Qﬁé@ﬁﬁ:ﬁ@ %y@@ér@?lz 8P }RARRS Bhain

35 Fjs fluorine, Cis carbon and B, are as
ddengia suchiss pelystyrangspalsisprrene, r@upokydzaramerthy stoyggne.
exanpl es of these preferred WC ani ons conprising boron
triphenyl methyl salts where Qis a sinple hydrocar byl

sr{ﬁﬁrl23$ rret Pplymerict Q) subsfiw@hl@hﬁi(}'ﬂe okt BREMED MioMNBFR the
rrerJC hy rocarb of i ndefinite chain

| é‘ﬂ&‘[‘lﬁa prggldbqg ¥ Iéﬁg kolopraxehangp eictivator component and
PEHmMt RataRREL hydigbiyr &ﬂﬁgstg 0 ] PIP gﬁﬁé&%f&% ptr%fgrred over

substituéents on the t prefer ani on o
advsohthdg evaks, pprbsu dlI sglids Iheg:hisy they ubhebé Odihﬁed: hangedesired

acti vea]tsror co E@ ‘SI nsi?’ catal yst. Sol uble

cat & Ug{ ga élsaetseﬁp 1§ cgvigpeatingpgymercial
||ps(§1iegg@[;.e vvaxes, 0| I's, or solids because they can be
diluted to a desired concentration and can be
transferred easi |y using sinple equipnent in

i al o 00124 i 0 containin
ur al Tty of orglgﬁﬁat ﬁ%@al%% %)epviﬁfaiiﬁf é}é POER Iflﬁgmay be
fcbéﬂremnmg by eiefollbwingr geakbae forpu@$) a( BX' ) mX"b] c- or [
[ [ (CX6) a( BX7) n( X82 b] c-]2Tn+] d-
[(CX)a(BX)mX"p]c~

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

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

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

aand b are integers > 0;

c is an integer > 1;

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

m is an integer ranging from 5 to about 22;

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

¢ is an integer > 2;



wherein: X X, X', X6, X7 and X8 are, independently,
hydri de radicals, halide radicals, hydrocarbyl

WO 20058829 substit ut ed- hydrocarbyl radicals, hetDUS2003/040858
radi cal s, substituted-hal ocarbyl radicals, or
hydr ocar byl - or hal ocar byl - sujgstit ut ed
organonetal loid radicals; Tis a transition netal,
preferably a group 8, 9, or 10 netal, preferably

ni ckel ,a%haéLaﬁf‘evérmﬁnbe%e@ﬂﬁeé%r%ﬁlub%% g >0 ¢

Is an integer > 1; a + = an even- nunbéer ed
i nt egermflf?@mnzegebfralmﬁjp abput 29 is an integer ranging

fromb5 t 22 d b are the same or a
di ffer e‘% I?tg%%rsuﬁlt%a@ﬂi snagli eger > 2; WD
2004/ O&Bﬁ%ﬁlﬁ@'érUSQOOS/ 040858 36 a + b + ¢ = an
even- nunbered I nfeger from4 to about 8 mis an

integer from6 to about 12; n is an integer such t hat

Exan'p{ses of ]%{rgg}per r egp %%Tla@t‘gﬁg&g; ns; ¢ PSP%Qh{OPo‘??mpnsmg a

cqﬂqmahsflcrfg)omnmbmsﬁiclddy of boron atons include: (1) A
bor ane ?{ orane anj on satisfying the general
f or mul &: [( T309 O §aEhqrane anipresasisfingihe genesalifhemula: or

rangi ng 1 rom abod{ BB (2) "A borane or o
catthesiane or a neutral borane or carborane conpound
ax is either 0 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)bylcy-
wherein:
ay is an integer from 0 to 2;
by is an integer from 0 to 3;
cy is an integer from 0 to 3;
ay +by+cy=4,
my is an integer from about 9 to about 18; or
(3) A metallaborane or metallacarborane anion satisfying the following

general formula:

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

mz is an integer from about 9 to 11;



satisfying the general formula: [(CH)ay(BH) ny(H)by]
cy- wherein: ay is an integer fromO to 2; by is an

WO paoegsss2d rom 0 to 3; cy is an integer from OPEDUSZ003/040858
ay+by+cy=4; ny is an integer fromabout 9 to about 18;
or (3) A netall aborane or netsal | acar borane ani on
satisfying the followng general formula: [ [ [(CH)
az (B Hynz(H) bz] cz-] 2Whz+] dz- wherein: az is an
i ntegergfrgmQ,t0.2,q bz is an integer fromO to 2;
cz is either 2 or’3; nz is an integer fromabout 9 to
11; mmd/cﬁas@:z@pmmeusmﬁalzme%al 37 az+bz+cz=4;
and nz and dz are, respectively, 2 and 2 or 3 and 1.
[00126] Illustrative, but not limting, exanples of WC

anoorzw]i ncl udgstratval e heNesitmyCikanplaetarabai At taclude:

decachl or odecabor at e, dodecachl or ododecabor at e,
1- car badtheamnssat e sudh car badecddstseahosate] - decachlorodecaborate,

tr r badecahor,at oran d car bor ane
codn'p {“aa%fs()§%dn ecai)lofa CgRdes :fﬁ’af ar bo aélﬁ?a@?ﬂgae 1-
suﬁmeﬂglgﬂ@mw@a@&abéﬁm,?, 8-di car badecabor ane( 13),

2, 7- di car baundecabor ane(13),
undecahydri do- 7, 8- di net hyl - 7, 8- di car baundecabor ane,

6-carb - rate, .

7, 8-di ?;(ﬁggé) ec zfg‘g é%ee?oznf‘ri]%{e?/eaﬁggﬁgsbor 3 n‘aen%aarr11 |d § ﬁ%’ O grions

asubh s( norahydr iddoabbrahe(14), 7,8-dicarbadecaborane(13), 2,7-
dicarbaundecaborane(13), undecahydrido-7,8-dimethyl-7,8-dicarbaundecaborane,

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

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

[00127] 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
trispentafluorophenyl boron anion groups covalently bond to a central atomic

molecular or polymeric complex or particle.

Cationic component

[00128] In various preferred embodiments of this invention the WC anion is
combined with one or more cations that are selected from different classes of

cations and cation sources.



di car banonabor at o) cobal tate(l11),
bi s(undecahydri do- 7, 8- di car baundecabor at 0)

WO eoonassstd | 1), PCT/US2003/040858
bi s(undecahydri do- 7, 8- di car baundecabor at 0)
cobaltate(lll), 3

8
bi s(undecahydri do- 7, 8- di car baunabor at 0)
ni ckel ate(l11), bis(nonahydrido-7, 8-
di met hyl -7, 8- di car baundecaborato)ferrate(lll),
bisétribronnoctahydrido-7,8-
di [08¥294 unde obor prefeyred isbisseataes( 1 1 1)
bi s(undecahydri dodi car badodecabor at.o cobaltate(lll)
ond bi s und by dVF B AOE o ATBRtT: AgR | Complexes’ and
cobaltate(l11). [{&¥zhles @ MC ani on conpositi ons nost
preferred for formng the catalyst systemused in
thi s procesdBar e a fbsiétutedreagionitian whose composition is represented
trisperfluorophenyl oron, tetrapentaf! uorphenyl
boron ani on and ﬁxg?egﬁgn@} nor e
trispentafl uorophenyl boron anion groups coval ently
bond to a central atomic nolecular or polyneric
conpl ex or particle. Cationiﬁlconponent [00128] In
various preferred enbodi nents_af this invention the WC
anion is conbined with orfe br nmbre cations that are
selected fromdifferent classes of cations and cation

SGiMer&in R 1\,/\@ Qt%kg 5438 %%dﬁ’%lﬁ,k%ﬁ%%@“&?&?g 6?621}:{%/ IQ)Q Jdg‘ggfatives

Sone preférred classes are: open

t riaereof; preferiBty &) 6 WHp B2 Sarfl) Bralkd @ BHo0Bs by 8ival8ds8hEreot:

(B) a substituted carbocati on whose conposition is
represent ed (Cpy tshistitetednsilgtium:Tipreféidbly thoE8 réfiesepted by the
Rl, R2 and R3 ar%%ﬂrpgen, al kyl, aryl, aral kyl

groups or derivat? & thereof, preferably Cl to C30

al kyl, aryl, aral kyl groups or derivatives thereof;

(C) substituted silylium preferably those represented
by the fornmula: R11 1}1

RS THR

wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C1 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:

g

R—R* —R_-
3 R¥ TRy

wherein Rj, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C1 to C3( alkyl, aryl, aralkyl groups or derivatives thereof, and
R* is Ge, Sn or Pb.



R -Si -R3 wherein Rl, R2 and R3 are hydrogen, alkyl,

aryl, aral kyl groups or derivatives thereof,
whe@hesssd y CL to C30 al kyl, aryl, aral kyl groR@EUS2003/040858

derivatives thereof; (D) conpositions capabl e of

generating a proton; and (E) gationic conpositions of

germanium tin or |lead, sone of which are represented

by the formula: RL R2 R* -R3 wherein Rl, R2 and R3

ar al kyl groups or

TR {O?glggdlf%g?‘g%t?{%‘?@f—g bly O to C30 alkyl,

aryl, aral kyl groups or derivatives thereof, and R*

S Sn or 04/ 05882 PCT/ .US2003/ 040858 39
m@%ﬂopent%@?éﬁé\o ng’%ﬂn qgéernﬁ’ tanyden [ metpBoferivatives include

Pr RaRIRImEME! apent adheRy! vid apstit %’lld%ﬁ%?legyledearivative of a

derivatives include trandition net
m)gt@up 4pp r 6d|rarlsmosl-mctyﬂlh Ipogferablyda mmyb cpteloparaadieney] gMono-Cp)

?{o pbé§/ alcg agbepgﬁ;@1f1g,‘éﬁomt aI ansﬁlonb rf\{etg] compositions,
bi ﬁmﬁmhgp@ﬁt@ﬂimmitaﬁlﬁmsor@afmﬁﬁ%ﬁ dsitis@nsi tion netal

conpositions, particularly a zi rconl um titanium or
haf ni um conpositions. [00131] Preferred

SIS LB GE had  o
r eqfnhﬁﬁﬁerd @\dthbyvehltlﬁ cootdimingJanibiey B¢l eireseRe@PBVNle following

éﬁ% Cp* Y- Mk CpR WO 2004/ 058829
P 903/ 040858 40

(A-Cp)MX;*,

(A-Cp)MLT;



(CHS) 55-y-xx (A) Y M zxy(z-1-y) ; and (CH
S)55-y-xx M R XY wherein: (ACp) is either

W@ apy0£gs29 or Cp-A -Cp*; Cp and Cp* are the saPET/U82003/040858
di fferent cycl opentadi enyl rings substituted wth
fromzero to five substituentyogroups S, each _
substituent group S being, independently, a radica
group which is a hydrocarbyl, substituted-hydrocarbyl,
hal ocar byl , substlﬂnued hakpqarbyl _
hydrocarbyl subst it gt edYot éhonetallpld, _ _
hal ocar byl - subst i t+dt ed or gan talloid, disubstituted
boron, di subgtiytuted pn|ctoge substi t ut ed chal cogen
or halogen radicals, or Cp and *\Q;SD
cycl opent adi enyl ngs in mh any adj acent S
groups are joined fprm dg C4 to C20X¥§ng to give a
saturated or unsaturat® pol yeyclic cycl opamd adi enyl
ligand; Ris a substituent on one of the
cycl opent adi enyl radicals which is also bonded to the
metal atom @& #S a kyiydging group, which group may
serve to restFléiYTﬁtéilon of the Cp and Cp* rings or
(C5H5-y-xSx) and JR ( -y) groups; Mis a group 4, 5,

or 6 transition netal; p 0 or 1; (C5H5-y-xSx) is a
cycl opentadi enyl ring su N{ed wth fromzero to
five S radicals;
Xy
wherein:

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

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

Ris a substftuent 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—I—y) groups;

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

yisOor 1;

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

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



x is fromO to 5 denoting the degree of substitution;

WO 2004/ 058829 PCT/ US2003/ 040858 41 JR (z-1-y) is a
whedoaossseom | i gand in which J is a group 15 el POrBDS2003/040858

with a coordination nunber of three or a group 16

element with a coordination nynber of 2, preferably

ni trogen, phosphorus, oxygen or sulfur; R' is a

hydr ocar byl group, preferably an al kyl group; X and X1

ar e i nargndenslayheterbatoini | ' WAEReA1BY: i

radi cal , gbggiituted hydg%%gﬁgyﬁﬁ?%ﬁica?,%ﬁégaggP%§PMHla

r adortihatioautisitiet uf ddedad ®esupyl6 lagiefdvith aaid@rdination number

hydrocar byl - and hal oc%r byl - substi t ut ed

orY En BIFERALY Bitepeemdihesthoras, pxygen ot sdlfurpni ct ogen

radi calp» Qr, i [ ; and L is
an IoI efIi{ nifg a&rﬁr gﬁ’géﬁbkp%rrsg%ﬁgﬁ%&l%gg%nﬂgﬁiﬁ& &llfs’ neut r al
Lewi s Pasand [XQO02B2Jindedelidentinad hydatie pedicalditsdydcarbyl radical,

congoynds that may be used in this invention are
desybytituied hydrocarByl tedicalnhalNoarbybradissl, 4818stitBed A8 pd:AByl radical,

5 USSR R Mg

Appidiegenphdital sradbsuted ehdledgeh hadieas;i;an i s substituted
carbocatjons. _Preferred exanples include substances

t hat arelsfgpidiediolefingy aryne ligandn ir & nemral [RWICHRG.
wherein Rl, R2 and R3 are independently hydrogen, or a
| inear, branched or cyclic aromatic or aliphatic

grleQix2] pr efAatditidngl aydopentaalidnz0 camnmpomids ahrmay bphatd &8 this
gr.oup,. provi ded that gnly one of Rl, R2 or R3 may be
nyEYBteR 419 AesSribrdondySe BateBhoti T 43%0 4781 113, P840+ and
R3 6864, whlchlaf! sty efridac! phenyl, toluyl,
xylyl " bi phenyl GBI ERRE LY Ao phati cs

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

oG} Y, n ecyl, dodecyl, 3-nethylpentyl, 3,5, 5-
t—F#%ﬁﬁﬁ&&%Q%ﬂggﬁéQE%e like. In a particularly

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

groups, the addition of an aliphatic or aromatic
{7 E TR gHiofhes araferyedeseivzascles therratipn lisy sbstitted aarbosttions.

| $00uLYY @}&‘fnples include substances that are represented by the formula:

wherein R, Ry and R3 are independently hydrogen, or a linear, branched or
cyclic aromatic or aliphatic groups, preferably a C1 to Cp( 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 Rq, Ry

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

significantly enhances the polymerization of isobutylene.



WD 2004/ 058829 PCT/ US2003/ 040858 42 C. Substituted

Silylium Cations [00134] In another preferred
weriedsasent , substituted silylium conpositi onNBCT/US2003/040858

preferably trisubstituted silyliumconpositions are

conmbined with WCA's to pol yngrize nononers. Preferred

silyliumcations are those represented by the

formula: RI R2-Si-R3 wherein RlL, R2 and R3, are

i ndependent|y hydrogen, or a linear, branched or

cyclic aromatic or aliphatic group, with the proviso

t Hat Sehstijuterh8ildiunRCati®RB and R3 may be hydrogen.

Preferably, none of RlL, R2 and R3 are H. Preferably,

Rl R2 and R3 are, independently, a Cl to C20 aromatic

orjogd34phat i qupgr \Y o] er R3 ci1o1:

ar[e H?(Hj)ependrelnt ?‘5&3%1 pﬁe(?%gd alc%?tlgdﬁgpg%b @ tﬂﬂﬁd 011ly11um

u §€WDSIH©W¢fGrabbr @up@tmw béylsmh eompdsmomre h:em@med pwith

c n t ol and .bi pheny
R fé? %{f&’?e&% Heteri sty “Bﬂéf“i“é’sg"lr%ﬁ]ﬁée frgyesented
bewaﬁéﬁﬁﬁ@mifron1 the group consisting of nethyl,
et hyl, propyl, butyl, pentyl, hexyl, octyl, nonyl,
decyl, dodecyl, 3-nethyl pentyl and
3,5,5-trinmethyl hexyl. Ap icularly preferred group
of reactive substituted sityl i um cations may be
selected fromthe group coansisting of
trimethylsilylium tr]R@t—hySi—i—Hy—l—R~ and
benzyl di met hyl silylium™ [00135] For a discussion of
stable fornms of the substituted silylium and

s;&a@hems t hereof, see F.A. Cotton, G W!I ki nson,
FaR &1 Faorngldka, @re@n@qﬁegdqn;ly hydmgqn,wﬂaelyleam bra8elesl or cyclic

Wﬂﬁfckor]a?ﬁﬂatlé—%xlﬁﬁ with Elfér &8{7@5) lctll'?t oRly Snel f I%fs iﬁr?&d R3 may

cationic i um - ane 0S1% Y
S)]Dﬁﬂiydmgsnt]]’lefeeﬂﬂy, me obiRyt Rpnad R;afre }pmaafaw &®;IR.Cand R

ds Hal I _New Yor k 1984.
S S PR, Do b UaDeEH of ABPmtcamEh MeTRetorably, R,
C@EQ@H R;Ure (RBBERIChNYa T, 75 f %gq[l % 613{(@11%1%&' gf‘ Hseﬁﬂ%&ga‘uc

for the cation is any conpoun
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.

[00135] 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.



prot on when conbined with the weakly-coordinating

anion or a conposition containing a
wowe@kiogssepor di nati ng ani on. Protons nmay be genPCHUSH03/040858

fromthe reaction of a stable carbocation salt which

contai ns a weakl y-coordinating, non- nucleophilic

anion wth water, alcohol or phenol present to produce

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

i rD1 Bempasitton Capdbl@bLGhRatip 6@ and al cohol in

the case of water). Such reaction may be preferred in

the event that the reaction of the carbocation salt

I Johpssier W € t .addi tive as coppar
w PPN S e Eo R BB SPGB SR produce a
gemeoat Wiy ceabinadtwith nbd wabaklyhiootEnatingahhiex Ydri £ composition
acids, .and the like. Simlar chemstries my be

r SAIRUERE & VRRKYcoendingting apione aPeatest may| be generated from the
PabdctioH ot is when R2, and.R3

are lgﬁ é_)%;} I é%ﬂr?% S%?F)Ea?ﬁ)g esgg | 1|Hg g&g?l\ﬁg% ‘2(%}%8??@%?“& non-
amyelgophiliainioh wlithsiage, ficolasitol pherphprsaR 30 bfiuce the tpaog(én and

pgﬂeyrreri zati.on .of isobutylene. [00137] Another ne

t 0" ENETRORIGE IRt ffther sBsthe siasi AF fg alceiduy phenel and
gafiéRol2n RS &dse oP : Ichib ' % '

b; ms_gmél of isﬁ oaﬁr\‘?ée?f a%clnlﬁdrﬁlbﬁ ?i{r%tb\r%né}r E:r;flreeséégl{:gleoeki grg 1 the
L é¢gcgom ot therdaghocaigmssalios faster eviftethe prétbhated additive as compared

pQl.y ey | i QN... SUC S olefin. It has been . .
oL it ol S Plhef pSler cersiing aerciimuinglegh ot
| sarpoegiRnicidy, thd tHegiler BiMilkr HendstRBS ﬁiayad%qre%}%d%{heﬁl lium
a proton is_generated. In a preferred enbodi nent t g

| Sptabsy dilh atnaﬁgvumymxeﬁegecgr:mbodimees.evheni Ry, tRyeand R3 are
"mgt" di | uent suah.lhat active catal yst is generated
BT HEEOWRS, (e pddigion cof an gliphatica ar egpmatiT plgphdATignifiemtly
S¥RHRM AL hRRBe ' nsition Metal Conpounds
[ 00138] T%gyl trgﬁgﬁyﬁgﬁhﬁé%%l cations (CpTmt+) can be
conbined into an active catalyst in at [east two

first thod i.s to conmbine a conpound WO
\gg%ﬁ? 6@8829%&%%{@%§7{6§6‘%§e 2PEOEB FPIPS ORIy 7 gHoup
Wil tolh gpoupED ateth] CORRPANI LIGRHR! with Rehtdrh SucACR byMMeSly oftil S et
react tq form by-product and the active
" ReUAREy 1 obe diPFraengsg of pai L_ew1s|_ib|a@;ew! thet, dohe WpTimterfere with
CROWRALHTRY shSR RACo18hk e Ry b3 s%?\ged%gthwﬁer}lea Bewfs base,
such as isobutylene, is present with the group 1 or 2 metal and the water, a proton
is generated. In a preferred embodiment the weakly-coordinating anion is also
present in the "wet" diluent such that active catalyst is generated when the group 1

or 2 metal is added.

ACTIVE CATALYST SYSTEM

A. Cyclopentadienyl Transition Metal Compounds

[00138] 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



to formthe active catal yst system Typically the WCA

is conbined with the cation/cation source in ratios
wW@B002/058829., however ratios of 100 to 1 (CpTmt+ POI/UYYGAY/040858

al so work in the practice of this invention. [00139]

Active cationic catalysts cangbe prepared by reacting

a transition netal conpound with sone neutral Lew s

aci ds, such as B(C6F6) 3n, which upon reaction with a

hy I . of the transition netal e

AREINE ARy Sl ORI LR L won- whih

V\hh@h 18idbid ifa@s byhprodatt @RH Cther adiblet "ABalRicBbrdinating” pair.

speci es gener at ed by the reaction. [00140] A novel

aslpkmnsc;ftm Bp3mi neoemtcuad m®y hlbe badireatly canbiaedinithnthe WCA-

st l ex which is forped and which can be
r 3&38%8%@ Ahea4c t% SRV TS e Typlcaﬂy the WCA is comblned with the

(2 %%/%‘uo% m(cf:% g’g gégl_; -hengKd&ﬁoi o&d 00 to 1 (CpTm™ to

A)atsohork G prabtic&bRhiGadediol: CPR WO 2004/ 058829
PCT/ USZOO3/ 040858 45 (C5H5-y-X Sx) (A )y M

(CH2- C&X-) g - CH2- C&+NCA- JR (zly) Xy and

NCA- R’ "
\Aﬁgr o) eac)lgca %gé%tﬁ i ‘fan ngﬂ by regﬁ)(ng a transition

armetalt ompound ithamemegtralubs wis I@Elﬂﬁ esualb by BaCEF @3}1 OWQEQ Qtpon
al i phatic group, and g is an integer representing t

reaction with a hydrolyzable ligand (X) of the transition metal compound forms an

anion, such as ([B(CgF5)3(X)]"), which stabilizes the cationic transition metal

species generated by the reaction.

[00140] A novel aspect of this invention is the active carbocationic catalyst

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

(A-Cp)l\l/I--(--CH2--CG2--)g--CH2--CG2+WCA'
X1

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

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

CpR



nunber of nononer units incorporated into the grow ng

pol ynmer chain, g is preferably a nunber greater than
wo@rooeqssako t o 1, preferably a nunmber from 1 to PEDUS1003/040858

150, 000. WCA- is any weakl y-coordinating anion as

descri bed above. Al other synbols are as defined

above. [00141] In another enbodi nent this invention

al so provides active catal yst conpositions which can

be represented by the fornmulae: (A-Cp) WCA-

+M-(--CH2--C&XR2--)g--CH2--C&x ; X1 (A-Cp) WO

2004/ 058829 PCT/@%Q}%OS/ @9858 46 WCA-

+M - (CH2CGZ Yo-TERR-KO® L p WCA!

+M - (-- --)g - CH2- - CpR (CBH5-y-x Sx) [/

NNCK_ (A' (CH2-CX-)g - cx \ L IWL(z-1- + )
Xy XY and (A%A H5-y-x Sx) NNCA? (Ci—@%@;v};"@'z)g 'C\ﬂ -CG, NCA
-CH2-CxR R wherei n eacly G i s\ ndependently a

ali phatic or arqmatic gro ly a C1 to 0100

al i phatic or arohatic gr up, and g is\@ n integer

representing the n nononer units i ncor por at ed
into the grow ng p{){]q& rygchaln gis pref>6}rably a

;and

(CSHS-y -X S )

/ \(CH2 CGy-)g -CHy-CG, "NCA™

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

[00141] In another embodiment this invention also provides active catalyst
compositions which can be represented by the formulae:
(A-Cp)
WCA- +M-—(--CH2--CG2--)g--CH2--CG2 ;
|

X1

(A-Cp)



nunber greater than or equal to 1, preferably a nunber
from1l to about 50,000. WO 2004/058829

wOERODANSROD3/ 040858 47 WCA- is any weakl y- coor PCTEHS1003/040858
ani on as descri bed above. Al other synbols are as
defi ned above. B. SubstitutedgCarbocation and Silylium
Conpounds [00142] Ceneration of trisubstituted
carbocations and silyliumcations my be perforned
bef ore use iR the pol ynerization or in situ.
Pre-formation and isolation of the cation or the
st abl e W&lA-0Msa+CH,wEG b, -acHenpG,shed by reacting
the alkali or alkaline earth netﬁl salt of the
weakl y- coordi nating anion with the corresponding
hal ogen of the potential carbocalion or silylium
simlarly to nethods known in the art. Formation of
the substituted catggcations or silylium in situ
occurs in a simlaf*manner to stable salts, but within

t he vessel an - Ir t eqpe r e of
polynerizatioﬁaﬂ%h "Ggﬁééﬁgﬂ§'“zﬁé 1 prrocedure
is that it is cap ?F@ of produci ng carbogati ons or
silyliumcations otherwi se too unstable fo be handl ed
by the first nmethod. The cation or the précursor to
the cation is typically used in 1 to 1 ratios;with
the WCA, however ratios of 1 to 100 (C+ or Si+ to
WCA) also work in the practice of this invention.
[00143] A novel«@gﬁg&g{g@)this invention is the active
t

carbocationic taly anﬁ which is forned and
epresentedcgy\i A&ornulae: Rl R
R : .

whi ch can be

(CH2- CR) ' 2- C&R2+ NCAV yfferein Eg
independe(?lat; hydr ogen or a hydkocar bé? F(ggé?)g"CHTCGZ
preferably a\d to C100 I phat™N¢ group, and g is a

i nt eger repres nonomer units

i ncorporated inte the gfowi ng polynmeNchain, gis
preferably a nunpRrr greater than or e | to 1, X
preferably a nunber ?r 1 to about 150,490. WO

2004/ 058829 PCT/ US2003/ 040858 48

; and

(CSHS-y-x Sx)
NCA®

M'—— (CH,-CGy-), -CH,-CG,

/

R"
Xy

wherein each G is independently a aliphatic or aromatic group, preferably a C1 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.



WCA- is any weakl y-coordinating ani on as descri bed
above. All other synbols are as defined above. .

WO 0@143482%et  anot her novel aspect of this invePCT/U82003040858
the active carbocationic catalyst conplex which is
formed and which can be repregsented by the formul ae:

RL R Si (CH2-CR)g -CH2 -C&R+ NCA" R3 wherein each
G is independently hydrogen or an aliphatic or

arwlqg{ - %&E@] | i
gr oup, lgr?gyg A w&élﬁét eér{uérane%r g%%ﬁ?%g@ Wit 1912 S%EFymbOIS
of areahdefmed ahotes | ncor por ated into the grow ng pol ynmer

chain, g is preferably a nunber greater than or equal
to 1, preferably a nunber from1l to about 150, 000.

WA Shisstiaidd OBBKEARARH BiIPRih T fs as descri bed
abﬁ/‘e—ﬁrr_m—s%—e—a%—ned above. GCe,

Sb, Pb [00145] In addition cationic conpositions of

' ed mhi nat i on
o PR i efiion i sy PRt ot sy ham cations may
Cc reppstdrined Sbefdn’é Glse Ciﬁ ﬂhB %ﬁ)gyrﬁ‘é"rlz‘éﬁo@ lof 1he§{ eS PRl ﬁ%?gﬂon and

the fornul a: wherei n R1, and
hyieRlgfipanot the I@S’/‘Ilon afrt}'lﬁ staéleasraklyn sgltmnpys be racctanphshed bysseactmg

a ral k
;:}gﬁ ggd% ropél e ralﬁ\ﬁ}gté i %/ﬁég ett"ﬂ sl,aggq?t % “féfﬁﬂ“% n with the
P@'ﬁh’e@fbﬁ@i&éOﬁﬂ8§(& oA XhE pdténtial  cafBd o dr éﬂjlhﬁm 51m11arly to

refer enbodj ment the R groups are a O to
ng E Jség@pvgrlg g, aﬁetﬁquatlcét cpifthe splpsé@pd cai]botﬁmow; or silylium

I ns ar
E’i‘%ﬁ%ﬁ B BEE AR el RuolE il N OBRRRF okt e
a I d@ﬁleeddlemlpnrawﬂblf patynomizaidy Thd advdnyaie offl the lBea biRBdure is
'that"¥t is capable of producing carbocations or silylium cations otherwise too
unstable to be handled by the first method. The cation or the precursor to the

cation is typically used in 1 to 1 ratios with the WCA, however ratios of 1 to 100

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

[00143] A novel aspect of this invention is the active carbocationic catalyst

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

R4

R: : (CH,=CG,)g=CH,~CG," NCA"
Ry

wherein each G is independently hydrogen or a hydrocarbyl group, preferably a
C1 to Cyqp aliphatic group, and g is a n integer representing the number of

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

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



conbi nation wth other diluents. For purposes of this
invention and the clains thereto, hydrofluorocarbons

W@ 2046058829 or "HFC') are defined to be sat urat eBCDDS2003/040858
unsat urat ed conpounds consi sting essentially of
hydrogen, carbon and fluorinegg provided that at |east
one carbon, at |east one hydrogen and at | east one
fluorine are present. [00147] In certain enbodinents,

t i riges. hydrof | uorocar. rep nt ed
oy VS ¥ P AR oR et B B SEPEBEL ot oghll Siep imabols
t card @s defialetl @bva | vel y froml to 30, alternatively from

1to 20, alternatively from1l to 10, alternatively
froml to 6, alternatively from2 to 20 alternatively

fr to 1 fr.omg.3
pr[g ol y ?Yrreg mih&? &l ?‘dve e EEH Y faﬁlas mé’lelétl(?nnt i§gdie active
amérlaicaﬁ@ms tatalyst. cohﬁﬂébéﬁ'hmhhb B iniedtand SVHRNPEAR BSrepresented by
ﬁ ? | uor onet hane; difl uoromnet hane;
f 1B SKRet hane; fl uoroethane; 1, 1-difl uoroet hane;
, 2-di fl uoroethane; 1,1, 1- trifluoroethane;
,1,2-trifluoroethane; 1, 1, 1,2-tetrafl uoroethane;
,1,2,2- tetrafl uoroet haneR;
2, 2- pent af | uor oet han¢; 1-fl uoropropane;
ropropane; 1, 1 -difl uoropropane;

0
i f I uoropropane; 1, 3-difluoropropane; 2, 2-
oropropane; Rs T, T B rftuci@hroPaeeCH,-CG," NCA"

2
, 1,1
flu
2-d
flu
2-
, 2, 2-
,1,1,2- tetrafluoropropang; 1, 1,
, 3-tetrafl uoropropane; 1, R, 2, 2- tetrafl uoropropane;
’V%I_he?eng e%g% ?ﬁﬁ ﬁgirg %{dgﬂ% %ydrogen or an aliphatic or aromatic group,
,p@eeraBLyt @tlratol Goge php]pﬂm%rouﬂ, andl, g is a n integer representing the
2, 2-pent af | uor opropane; 1, 1,

H@%@ﬁtr%ﬁnowr owEte pampomteﬂ 111tc8 {1g- growing polymer chain, g is
%Péfgrf %HIO%{ ﬁ%? é}ﬁa‘terl ’t}ila ZOrZeq%afJ?o ]iarfxle erab(w g o151)umnber from 1 to

Oor opr opané;
’ag(’)ﬁll’ 13 £l inatj i i

159 02’“2 oAt ot o AR 2Qrdipating anjoryas deggyibed above. Al
2@ﬂE¢&BB@QSWP@FﬂM@E@Gﬁb@dOSSS 50 hexaf | uor opr opane;

1, 1, 1,2,2,3,3 -heptafluoropropane; 1,1,1, 2,3, 3, 3-

hept af | uor opr opane; 1-fl uorobutane; 2-fl uorobutane;

1Gk; 8bfHnuor obut ane; 1, 2- di fl uor obut ane;

1, 3-difTuorobutane; 1, 4-difluorobutane;

2, 2-di fl uorobut ane; 2, 3- difl uorobut ane;

i{(g_ﬂl%_st rifl HPL ocﬁﬁ'él?gﬁion}d %On%pgsﬁtﬁgdsu?rg%%etm%um tin or lead, may

trifluoropropane 1,1,3- trifluoropropane;
trifluoropropane; 1,2,3-trifluoropropane;

1
1
1
1
2-
1,
di
1,1,
1
1
1
1
1
1
1

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

include those which are represented by the formula:

1

R;—R* —R
2 + 3
wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C1 to C3 alkyl, aryl, aralkyl groups or derivatives thereof, and



4-trifluorobutane; 1,2,2-trifl uorobutane;
3-trifluorobutane; 1,3,3- trifluorobutane;

@s48e¢ f | uor obut ane; 1, 1, 1, 2-tetrafl uor obRPECHES2003/040858
1,3- tetrafluorobutane; 1,1,1,4-tetrafl uorobutane;
2,2-tetrafl uorobutane; 1,40, 2,3- tetrafl uorobutane>
4-tetrafl uorobutane> 1>1>3>3-tetrafl uorobutane>
,3,4- tetrafluorobutane; 1,1, 4, 4-tetrafl uorobutane;

1
1

@

1

1

1

1,1

1,12, 2s Gel S baPbuolwbyrefoged mBodintent tlﬁtR%frd)u#Qra@@Ht@nﬁi C10
2

1

1

1

1

1

V
N
v -

3,3-tetrafl uorobutane; 1, 2,3, 4-tetrafl uorobut ane;
, k3, preferatly afethybrethyltmogyl, or butyl.

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

, 2, 3-pent af | uor obut ane;

1
1
JHydroBudolsndaf | uorobutane; 1, 1, 1,3,3

n ane; 1,1,1,3,4- pentafluorobutane; 1
, 1,4, 4-pentafluorobutane; 1, 1,2,2,3

’D@E ’ | ?gggﬁ?\gérgﬂlgqrgﬁll?oﬁﬁérez ’f?'éf’grgg ?&Fl_eg %go 1 lljlgl%g ?r’l tlile’ present
PeERVEfioHOrQeHé dRein loombinatiod- RAM afthdtOh9BERB®carbons or in
1,2, 2,3, 3-pent af | uor obut ane;

1,cpmpbimtigon yiigh gtherdilegnts aer purposes of tRis2ipgention and the claims
iqﬁé??{olz %ga%@#é%g%ba%sr é"tl)—%fi(gsr;'é(’)ré"“Hp@%a;rleu G%I%QCP ttc? %g;saturated or

1,ubsdtuzhted], donlysualld uedsitiab aReentially of hydrogen, carbon and fluorine,
1, 2,4, 4- hexaf | uorobut ane; 1, 1,

1,Psovidod that a legi 08 Geikeg; atileast png hydrggen and at least one fluorine
hexahledgiobut ane; 1,1, 1,4, 4, 4- hexaf | uor obut ane;

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

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

1, , 4, 4-hexaf.| uorohutane; 1,1, 2,3, 3, 4-
h e&oclﬁﬁ or obJP&faIn f’n&a’og%nge,rﬁg, 4he, @i‘é?ﬁ’i GorBBiss dpdrofluorocarbons
1.répréschited, By N ablhH@RORYHANCWherein x is an i
1,r%)rl? 5 2?13- hept af I uo? o ;vngr;em X 1s an integer from 1 to 40,

1 aitematively 4rom | ép 86/ dligorasivelyafiom 1 120, dtethaBiyedly from 1 to 10,

T%Ttiél%lfaé{@{l Z’Poiﬁ qﬁg);pq, :ﬁlﬁe{]}%}%%l%t 5(}{13324@h§€taﬁ6f:rlngtlovre yb %rtofanng ;to 10,
1 alerhativly fiept id 6/ene¥p giediebly Fiok 183 3wheréin y and z are integers
hept af ] uorobutane; 1, 1, 1,2,2,3, 3, 4-octafl uorobut ane;
12pdgtlgagione.q 4. octafl uorobut ane; 1, 1, :
1,2,3,3,4, 4-oct af |l uorobutane; 1,1,1,2,2,4,4,A4-

oct af l uorobutane; 1, 1, 1,2, 3,4, 4, 4-oct afl uorobut ane;
1,[a018p, 2, 3 IBustrative nonafplesorindiudearfioromethane; difluoromethane;

1,1,1,2,2,3,4,4, 4-nqgnafl uyo t ane; .
1_t@ﬂ%p@p@gﬁ%t e gﬁeﬁ,f-gﬁllljloroethane; 1,2-difluoroethane; 1,1,1-
LAf6orbbMMLD- 2-1MEL RNIRGORAAR; 1.181,1 2 tetrafluorgethane;  1,1,2,2-
-di fl uoro-2- net hyl propane; 1,1, 1-tri1fluor o-%-
méetraflupraspane;; 1,1,12,B3pentaflharostbar®; refluvydpropgmen;fluoropropane;
1,.3-difluoro-2- (flpugr t hyl ) propane;, .. .
11%% 1R Puor oﬂg'- 1&%9%8% ane; ?,3-d1ﬂuoropropane, 2,2-
1 diflwbrSprbpdnieal | UQT O-tdflubibitphid: 0PaNQA;2-trifluoropropane: 1,1,3-
1,1 3-tri?€fuoro-2- fI_uoroR}e?)?hyl)propan_e; PrOPARS: 7
1 trifluorgprepgneat aflldsdireluprogmopons/ 0388 ifluoropropane;  1,1,1,2-
P@E{alﬂﬁg%%%p%gﬁ 58 1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane;
1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;
1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-pentafluoropropane; 1,1,1,3,3-
pentafluoropropane; 1,1,2,2,3-pentafluoropropane; 1,1,2,3,3-pentafluoropropane;

1,1,1,2,2,3-hexafluoropropane; 1,1,1,2,3,3-hexafluoropropane; 1,1,1,3,3,3-



51 net hyl propane;
1,1,3,3-tetrafl uoro-2-(fluoronethyl) propane;
W@ 2@4/058824 et r af | uor o- 2- (fl uoronet hyl ) pr opane; PCT/US2003/040858
fl uorocycl obut ane; |, 1-difluorocycl obutane; 1, 2-
di f 1 uorocycl obut ane; 1, 3-di flsgor ocycl obut ane;
1,1, 2-tifluorocycl obutane; 1,1, 3-
trifluorocycl obutane; 1,2,3 -tifluorocyclobutane;

1, Mex@flibrogbpadd; uor OCYQHQZZQ'Ba’ﬂl@eptaﬂuoropro ane; 1,1,1,2,3,3,3-
1,1, 3, 3-tetrafl uorocycl obut ane; %

H@HPQPPWBF%’@?%I dbﬂl‘ﬂ(&ﬁ@m@,’ 124 :ﬂ@r@utane i 1 difluorobutane; 1,2-
p@ﬂ@&bb{ﬁﬁlgecyfg ﬁ'ﬂo%‘rﬁrtane 1.4- 1ﬂu robixtaile2 222 @ﬂgorobutane 2,3-

heéxa uorocycrobu

heixﬂuﬁdrquatm; dl, pbitiduneobutane; 1,1,2 trlﬂuorobutane 1,1,3-trifluorobutane;
hexafluorocyclobutane 1,1,2, 2,33, 4-

hellrt %ﬂlg'ﬂ)%li B butlah-TIBvRIObtRacr esl.2.Adrifladrobmidne;  1,3,3-
i Wﬁﬂh&bﬁl&aﬁ@ Xt Lﬂ??-tﬂfluo Daahddr Ia—lIFlng 1 'j tgg?ﬂla)éo Curtén%ed 1,1,1,3-

bel ow. Particul@rTy pre erred
dit¢traftyorabetamanel 1.1 pi-tetrafucoobatthene 1,10, z.tdﬂﬂaﬁh@h@bgﬁh@ ne,2,3-

- | fl th
T fugbdntand? | (e aoro G0l | ieseRerobutane: 1,13.4-
exarggluefobafany SlaI Hm%ﬁﬂldw%lﬁgﬂeuoi 992. &%ﬁu&%ﬁﬁt‘ﬂe 1,2,2,4-

Vi nyl fluori de; 1-di fI uor oet héen
1 tettafluprobytapes Hefhé 3-tetrafiwrotnitdrey oI asthenefludrobutane; 2,23 3-

f Ité%&??l? o(g)gfr%gg . o;%’i’édi %l Q[aﬁv? lﬁ%%r opeln]el 2,3-pentafluorobutane;

213, uzmpmta@]mbmbafaﬁe 3, 3- di. . BOY AR ARRRSbutane; 1,1,1,3,4-
1,1, -trlfluoropropene 1,1,°3% trifluoropropéne; >

1 peritaflygrobytens: o dplethéd-pentafugobutant;uorlon?,d fereatatRoRbatane:

t qqu fe:3: 3-11 0 en
I’u%?o& gﬂts I[e?)ﬁlelta % uorlof’#’%’g' egﬁagpuoﬁoe&'fa}nﬁor o- |1:1,2,4,4-
p@m@ﬂnmromtaﬂa,]or 0:1,3,3 4@Hhteﬂ&oroﬂtut&ne di fil2m8 8=pentafluorobutane;

1 2-difl “but e
TS e BgB G aEs o 4ldh m&rbexaﬂagxo@n@ne 11,1,2.24-
Zh&aﬂhﬁfo%ﬁfaﬁe - bytienes. I%xéﬂlgi {)l%LHﬁ{eo |- 1[3 t3eépﬁexaﬂuorobutane

3-di fl uoro-1-buténe; uor o- 12
41,4 ld.fichexaflvorpbntene: 1. 1] 253 344hékaihro®eHutabid; ene;1,1,1,3,4,4-

bbb B 0L O S0 sl | 4/08 8315 R0 B

11 3,2rmm1felxwmm butiie ene:; ilzé 4-h but
ﬁ trifluor oOI - but ene; 3, 3- t%ﬁﬁdggdrygpin%but qn1e23 ,3,4-

2ﬁ@3<a uoroppigngior b2, %ﬂéﬁéaﬂ@munamer i ﬂta,ag3,64-hmﬂemebutane
21 ﬁ IZ‘Z% ?:3;1:1%%@%0%@‘[3?@ °1§:1 2?’ 2ﬂ 4-heptt toreh %‘Ea%el ) tl)lit 6512 3,4-
Theptafl@rdbetanaf | uor o-1I,1 ba;m%egtaﬂu&oﬁmaﬁ@t raflueno-n 44 4.

, 3 tetrafl uoro- 1 -butene;
hei)ttagﬂlgfqbél{qngf | uor o- 1|,l,bgtél@éh@-heptaﬂuorobutane 1,1,1,3,3,4,4-
Ihebtabibrdtatanaf | uoror | 1b L
%) 3, 3-tetrafl uoro- ’}’ bb%fggg Ociafﬂloéo%t%net raf | u]o} 022344+
aferobutanes, 4- teﬂ;lan 88144 -betafltierobutane; 1,1,1,2,2,4,4 4-
4-
00§afﬁrorobu?t afluoror | 50Ut 808, tatuorobuthne: 1,1,1,2,2,3,3 .4 4-

nonafluorobutane; 1,1,1,2,2,3,4,4,4-nonaﬂuorobutane; 1-fluoro-2-methylpropane;
1,1-difluoro-2-methylpropane; 1,3-difluoro-2-methylpropane; 1,1,1-trifluoro-2-
methylpropane; 1,1,3-trifluoro-2-methylpropane; 1,3-difluoro-2-
(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2 -methylpropane; 1,1,3,3-tetrafluoro-2-
methylpropane; 1,1,3 -trifluoro-2-(fluoromethyl)propane; 1,1,1,3,3 -pentafluoro-2-



tetrafluoro-1-butene; 1,4,4,4-tetrafl uoro-I-butene;
2,3,3,4-tetrafl uoro-1 -but ene;

W 284458824 et r af | uor o-| - but ene; PCT/US2003/040858
2,4, 4, 4-tetrafluoro-1-butene; 3,3,4,4-tetrafl uoro-1 -
butene; 3,4, 4, 4-tetrafl uoro-Ilsbutene;
1,1,2,3,3-pentafluoro-1-butene; 1,1,2,3,4 WO
2004/ 058829 PCT/ US2003/ 040858 52
galliagﬂgmﬂepeﬁi gygﬁcg?%ﬂdbré-Zz(tﬂﬂoﬁn{EWIﬁfréﬂéﬂE Or {18960 doro-2-
1, (ﬂugrozpe yé@mmﬁe,uorﬂuc}romm@;ne 1,1-difluorocyclobutane;  1,2-
L u(%rﬁc %ldgo%%af gﬁgﬁ]émro%%lggﬁénel ?’I%Lt%'ﬂ?flbrocyclobutane; 1,1,3-

pent af | Uor o-

1, t#fl8ordcyblgleimdrf | LOBOriflubtét@AEbutane; 1,1,2,2-tetrafluorocyclobutane;
1,2,4,.4, 4- entafl uoro-1- bu ene;

131 é,?zfetgfa, cyelopstaace;) - bl ;gg?e;’,-pentaﬂuorocyclobutane; 1,1,2,3,3-

2 uor o-4 t : 3,4, 4, 4-

2 udofodepaniatiac o-f hutenge bbb 11005
1 Jexdh@rebydlobaaé; uor m b; 53, uthexdluotocyclobutane; 1,1,2,2,3,3,4~
1,,2,4. 4, 4- h afluoro-_1 butene

1 hfptgﬂgorgc b uehd .- mixtungs)t ﬁm;eof and including mixtures of
1 73 e
szﬁm%teg %IP@ ﬁe}séufgeg elgﬁ{ engam_c[lﬂiﬂ)é %reg,errfd HFC's include

h @Fﬂw‘l’m@hmd biftvenenethane] , 21 31|.1ﬂudi=o ékhﬁl%pt afll uok@uctoethane,
t ene: 1 4 4- heptafluoro-1 utene
ogngﬁqnﬁ %ﬁhébﬁé?$ﬁﬁm%”$ ene; 1-fl uoro- 2- but ene

2- fluoro-2-butene; 1,1-difl uoro-2-butene;

2-di fl uoro-2-butene; 1, 3-difluoro-2- butene;
1 [Q!.QI&P} | uor Hlystmiive @Eﬂmﬁle8 -of i drisatueatéd hytiexfieprocarbons include

r,0 but gne 2-trifluo ut ene;
vid kb SR 12t fpthenss, b3 g Bbemathenc: 1-
1ﬂﬂoﬂ>prdpbné | llgr-dlﬂ&owkf}féﬁe ;22d141ubfdp%ﬁéﬁéo 123 Qﬂfu%ﬂﬁyropene
§(§ 2-tetrafl uoro-2 butene 1,1
t 5 HHIPQFOPERPONG Uyt ehd- dlﬂuolollomet r éﬂl Utnifte@oopare:  1,1,3-

itriﬂ&m%r&ﬁén'éaf | uos §—t1§ﬂ€ B@'&gene 1,3,3-trifluoropropene;  2,3,3-
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1 trg‘ll@rapromnﬁ aB Buetrifhidrdpudrene; 1-Hudroll -%u’&n@eﬂfﬂ%f)fd-‘ Pbiteds; 3-
t afl uoro-2-bute

Torf%gbiiélbée & ﬁfl?r&d, utgn% ub nqéfluogo-] - bytqpe4_1 2-difluoro-1-butene;

t t
g@?tcgﬂg&gﬁl‘gg%%ég;l réﬁgﬁfgo%f{ ilubﬁteﬁe 42 9?%1%&!) LiOI:;u(Een% El)-l &hfioro-1-

1Bge@,2§ hdidlaprogbbutege;Ba-difbord 1 -blltene 4,4-difluoro-1-butene; 1,1,2-
1tr§l § 1'%%%%%%' u r103 %m‘EUt eﬁ?Butﬁpe 1, I 1, 4-trifluoro-1-butene;  1,2,3-

4 hexar1 u

11;r141ufé|ro41-|bategé |bU ?EM%M@]%M&EL 1,3 34riftuoro- 1-butene; 1,3,4-
uor o- ut ene,
r@%gf% Buicagt afi4dniblueren thaitene; 1,23,3-td{laom0; Bbutene; 2,3 4-

h byt tur e
OGS, DAL ERSndiE T IS e, 30
aimxﬁkuero [-b0t68 14, Hm-@ﬁmoﬂﬂb&bdteﬁenl,,l A hetdils@0f-butene; 1 1 2 ,4-
| seg non- perfl uori nated conpounds or the dilu
ggﬁ‘f%?l FRFICY o i L8 deiradiupine hrbutepesy f 1.4i3¢4-tetraBoro- 1 butene

1 ,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-butene i 1,2,3,4-tetrafluoro-1-
butene; 1,2,4 4-tetrafluoro-1-butene; 1,3,3 4-tetrafluoro-1-butene;  1,3,4,4-
tetrafluoro-1-butene; 1,4,4 4-tetrafluoro-1-butene; 2,3,3,4-tetrafluoro-1-butene;
2,3,4,4-tetrafluoro-1-butene; 2,4,4,4-tetrafluoro-1-butene; 3,3,4,4-tetrafluoro-1-
butene; 3,4,4,4-tetrafluoro-1-butene; 1,1,2,3,3-pentafluoro-1-butene; 1,1,2,3.4-



conmpounds bei ng those conpounds consi sting of carbon
and fluorine. However, in another enbodi nent, when
wao b@4asdseent conprises a blend, the bl end nay PCDDOR2003€40858
perfluorinated conmpound, pr efer ably, the catalyst,
monomer, and diluent are pregent in a single phase or
t he aforemsnti oned conponents are mscible with the
di | uent as described in further detail below In
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diatir%'l Bt r E@u‘gh é\%ﬁk’uﬁeg@ab%% diiuso-2rpiiens; e|lelotqttiguoro-2-butene;
congbaRtustb-L hgesd; | ULBLERD LS -bEELELT M @qgflf.l&%r@ Futene 1,2,3-

nmeasurements of the capacitance of 'a parallel-pla
catpﬁump&butclmre]r Zddriflnotokbutehaieh, 1[2meaaﬂnnc&d Sviadtere; 1,1,1,3-

eren I d.of tric
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ditafesst dilel, %61P§I“&ﬂtl°r@f2 bwén¢,| ul.d, 3b41PWﬁ¢berQ'ﬁé3u'fene 1 1,1,4 4-
gﬁ%ﬁ%ﬁlﬁ&? 2 Eut'eﬁ@mr F?‘éa?bpg) Iltltgﬂﬁ&g-@géne Calpﬁgl tfl %aﬂuoro-Z-

e stray € ance. mthese™
nemgmep nent,$, 1203, 4 dexaflucen 2bytdnde  f of, 1|24, EBek4fRRrEA) butene;
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[00150] In one embodiment, the diluent comprises non-perfluorinated
compounds or the diluent is a non-perfluorinated diluent. Perfluorinated
compounds being those compounds consisting of carbon and fluorine. However,
in another embodiment, when the diluent comprises a blend, the blend may
comprise perfluorinated compound, preferably, the catalyst, monomer, and diluent
are present in a single phase or the aforementioned components are miscible with
the diluent as described in further detail below. In another embodiment, the blend
may also comprise chlorofluorocarbons (CFC's), or those compounds consisting

of chlorine, fluorine, and carbon.



and graphically depicted in Figure 1. W 2004/ 058829
PCT/ US2003/ 040858 54 Di |l uent sat -85C Methyl
W@ hdosnssses 18. 34 Di fl uor onet hane 36. 29 PCT/US2003/040858
1,1-di fluoroethane 29.33 1, 1, 1 -trifluoroethane
22.18 1, 1, 1, 2-tetrafl uoroetshane 23. 25
1,1, 2, 2-tetrafl uoroet hane 11. 27
1,1,1,2, 2-pentafl uoroet hane 11.83 [00152] In other
enbodi nents, one or nmore HFC s are used in conbi nati on

Wi ot her. dil m xt ur es of diluents. Suitable
ac[hﬁéﬁ nal dp e § ﬁffﬁ’é’ﬂ d%ghebomghtesmageatriojecular
hexanas LA Mlydrogarbon

es peglﬁal(Wc{gﬁgr i %Zée%}gﬁh%gocér@gns and e{ar?iy Inllq{%.than 50,000
Spdei frnere eixafepibds mc»rel uhdna 190t000anev)Nale Hésifell e uitdle diluents
Pr.oRa ds but ane, ﬁ\ He met hyc cI opent ane,

i SO ele}xy roliorpaar % figlectigeans rgafer than 10 at -85°C,

2-pregtiaplyb bteafe® than 350
di et hylyggt anet 2- rangt Hﬁ%@%‘%ﬁ?g}%ﬂgmaﬁeﬁ%ﬁé%gh more preferably

3287/ hamt2ananorg, eferibip éhydmpentandn embodiments where lower
2 t f.ane 4-d vl tane 3, 3-di nmet hyl
; g?br&lgdﬁlgﬁ Q&%@SE B¥ i?\ er @a@tlﬁxﬂOﬁ Ypreferably less than 5,000

2 Mbw dhinorst Itryfe%X}afb@s thén %4)00 Nk R fosteg meaﬁgectﬁﬁtcgﬂﬁmt may
dggi%gﬁémbm ane, ethane, methane, nonane

19nercbafidinglasesh smopmts nﬁ inittatat ottesnafee agent when the

CHCRECOSAR Y SO " THENEIEBETL SN ot e it o i
d dﬁietrmylbd:)fﬂhmmmatﬂ&mﬁenﬂs rete |cagacitbnidat by h e 1}&9@@&@ B&pacitor

trans- i net hyl cycl opent ane, ethylcycl opentane

cVEﬁHSWS‘J% ah éﬂe e WRexaie, Cobdnzeneferanot (b of known

X HefRB1 ene

st kbt U IO T e e .

phe?aéh &b‘iieyth@ hsagin¢deapacitande Ceris gives boTCFNeC 1 @0WRere ¢ is the
th

oGl ARt 15k BRI Shronion amess Gog the el
usaphtitanc&pati Ci Clsethémﬁh?%aba[b‘i’tlah&.e’ FREL Mdse GRLQlded8nts ep is
given by the formula ep=((Cp-Ca) &g + (Cr-Cp))/(Cg-Cp).  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.



WO 2004/ 058829 PCT/ US2003/ 040858 55 net hyl ene

chloride, ethyl chloride, propyl chloride, butyl
w@hdoanssseg chl oroform and the |ike. [00153] |PCEHOSI00E040858

enbodi ment, non-reactive olefins may be used as

diluents in conbination with HFC s. Exanples include,

but are not limted to, ethylene, propylene, and the

i ke. [00154] In one enbodinent, the HFC is used in

conbination with a chlorinated hydrocarbon such as

met hyl chloride. Additional enbodinments include usi ng

t he HFC|| conblnatlon wi th hexanes or nmefh chl orj de

and  hekXHEE™ |'n anot her enbodi ment t A&t K s are used

in conbination wWithn one or ngre gases jnert—to the

pol yner { Yathdshlonidd as car bon [di oxi de, Y34 ogen,

hydr oge, ——argorm, Teomn, hetTunr—krypton—zenon;,—andy or

ot her i 1@r1ﬂu<§91§lé@atl¢1at ar e pregferably 362fuid at entry

to the reactor—Preferretd—gasegs—tneclude—carbon—diox de

and/ or | hiltdiflgenethp®)155] | n gnot her er@®A8 nent the

HFC s aF Hoeod 1 n ~cAarh NAt T AN \A‘ t h ohe or ppLe

C OoCUT | I CuUuror o T orr o+

ni t r at ed1 Al kaifesrodtipeudi ng Cll to C40 miXr&ated |inejar,
cyclic orbranched alkanes. Preferred nitrated
al kanes| i ¢l uegraflabdoctafe NOt I|i m ted t g3 2y tronet hane,
nitroethane nitropraopane  nitlrobutane, nitropentane,

ni trohe (gn@ 2Jfgt1taﬂg81%e{h§ﬁ]@ nijt r ooct ane,; #4 t r odecange,
ni tronopane, nitrododecane, niltroundecané,

i LT oCyPh qnfes b ﬁmﬂﬂbﬂoetﬂ%' ogthane, 1 g3
ni trocycloprop ni trocycl ohut ane,
nitrocyclopentane ni trocycl ohexane,

n! [[)pfg{zgg: ggglg é)ﬁbe? em%f)a I E%ﬁ%&\rtalﬁg% HFC’s are used in combination

mwmo @ﬂ&h&dﬁlﬂl@ﬁﬁﬁ&mxﬁh&i LN BIAUNIQGRBR, addm&nap@ﬁﬁ&?srh%clude
and the di- and tri- nitro versions of the above.

fwﬂmca@@ns,e e8Rsiabhs nhexaneHR@ds hbpf@n@sedhamgetmated hydrocarbons

D o O R AR e s
dlalreu a0t lémited teepropiney édoPputand, weaans, rﬁ&ﬁydﬁ%ﬁéﬂﬂaﬂﬂﬁs@fﬂexane 2-

alternatively bet n 10 and 100 _vol ume %
a|f{l@f*ﬂa?fitw:y e PROEES, A ey DUl un%z%lmethylbu’fane 2,3-

alcﬁﬁéﬂﬁ?fﬂui’a?ky bﬁﬁﬁéﬁ%ﬂa&&eﬂ”% 100 RiARE Y03 -ethylpentane, 2,2-

alternatively betwe
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,



and 100 volune % alternatively between 30 and 100
volume % alternatively WO 2004/ 058829
weERONANSBO3/ 040858 56 between 35 and 100 vol uPET/¥$2003/040858
alternatively between 40 and 100 vol une %
alternatively between 45 and ;500 vol une %
alternatively between 50 and 100 volune %
alternatively between 55 and 100 vol une %
al fethprhé Calotidee 0 oA ;
al ter gat.i veloildg’e%&v\{gg Ehlggd%ﬁ%gg Oablééﬁq%érﬁre%%/f chloride, chloroform
al andrthelikesel y  bet ween 70 and 100 vol ume %
alternatively between 75 and 100 vol une %
alternatively between 80 and 100 vol une %

al pe15mt i velly bedtngeBmBadiafid:, LAGh-re&hem81%n
alternativel'y between 90 and 100 volume % = =% be used as

al 4iBlepistip \compingsionesith 8 C’anExamples ghalnde, Hut are not limited to,
al [ et n.97 and 100 vol ume %

al @zl%gef%@%éng’bagﬁgeehke% and 100 vol unme % and
alternatively between 99 and 100 volune % [00157] In

ﬁdﬁr ef erred enbodi ment the HFC is blended with one or
81544 or ilRatRa empadisesit.bthes HFCh innsehan gomaifieationd with a

erngpagi t i el ec frpm.the grou .

co ngg1t sn{gﬁﬂg hg‘?&%a%jgﬁﬂ osrilgrﬁrelfl i ar}ln(g[,gylt rclflg)lnﬁ1 or é%fg{l%(ﬂf% engbogiments
diibtlude eeinpaihe, HEC linl edrbihhticer eéthhBek@nesa88 methyl chloride and
1,,1,1, 2-tetrafl uoroet hane_and m xtures. thereof. In

arflSTRiss- g‘? ap ?r_eﬁn_@ﬁ{%’@ﬂ?%ﬁ Hiheaepreed i eumbispiéan Withene or
t Ko pasR in&?ﬁ%h@{)bl %eﬂgatfgﬂ%ﬁgﬂ HOLP08: Jlg‘?i?e nitrogen, hydrogen,

di fl uoronet hane, trifluoronethane, nonofltUoro
1,argon, aeén, thetvet keypéon, Zedon] and/of bther aetrthgases thbt drelprdferably

t | ugroethane, 1.1,1 2 2 pentaf.lyoroethane, and
mﬁiq[uﬁc{r 8§ SRR 24}? TP45Iq et Prefirindh gsses, r"é‘;ilé‘iqer sarbenstierside and/or
t htrdfiele. i s sel ected fromthe group consisting of

nmonof | uor onet hane, di fl uoronet hane, and
trifluoronmethane. [00158] In another enbodi ment the

di ' Lt ' ted .based,. it
SASERY, D et dhelo S ke BECR St o B ST REG wief one
S @i whdre nitratedelkapel yokidindCeft6 10,8 ditthitd LUBASaS, BRAYE or branched

IithI e tﬁ@?o sol.ubility in the polymer. Solubility in

t RE<ape yhisferied Hisated allanes inclydes Bty arqeotdinijerb o, infitasnethane,
f iht6eBfank N iR ne. b 0, ] then
sé‘a"kieﬁ%“?’t hiﬁﬁﬁl’di | u%ntﬁﬁ%gﬁ%ﬂghmtﬁgg%%%%f ﬂ‘ﬁé&??‘i‘em“‘%?%‘?’tane’
4 nifepectingt - FirGdecEhe, f i hitrohenanenoveitofiodstnid)e diifro@Rlecane,

ex ooscelet% room tengg[:qat ure for 90 seconds tg

evapor at & thengs s HFCYENEhANG m PIFOCKGIPRTgRRIeyf Mffacyclobutane,
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.

[00156] The HFC is typically present at 1 to 100 volume % based upon the
total volume of the diluents, alternatively between 5 and 100 volume %,
alternatively between 10 and 100 volume %, alternatively between 15 and 100
volume %, alternatively between 20 and 100 volume %, alternatively between 25

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



film and wei ghed. The mass uptake is defined as the

percentage increase in the filmweight after soaking.
wabh@4msdseeent or diluent mixture is chosen so tP@Er/US1963/040858

pol ymer has a mass uptake of less than 4 wt %

preferably less than 3 wt% W® 2004/ 058829

PCT/ US2003/ 040858 57 preferably |l ess than 2 wt %

preferably less than 1 wt% nore preferably |ess than

0. tetwéckh 35 QBATDD Volude PoLhiedrhffleBTBENBE A0, addN€00 volume %,
diluent or diluent mxture is selected such that the

di feeatively hsbvemaetd end 1AR yolimes) Vg | dtsmativelfidietwesm 50 and 100
: | it h 0, %
| RSRSneily bOE B TRE 10 Bk, LByl den 0

Wi dnkli 1001 66lume %o eltdigatifely Betweeoh Y0FeandTEEE volatheadd, @lteinhtively
been_fornmed into a filmof thickness between 50

Q?RST“{[W@ @rd Q0 yokume Nasalteseasyelyobgtwgen > Andubift volume %,
(ed'l‘t‘éﬂﬁﬁvéw HeR¥&h §0'8nd 1 b@?vofu?ﬂe %, ?tgfnﬁti%lg &%g)geen-rﬁe and 100

glass transition tenperaturée 1S detérmn _
di violwne b, ialernsigeriy betgveen D0 ahdd 00 wolubRBCo, altdrasthrlyb&@s/cen 95

IR AT NTEE SO
| thetiRRh ®RMHnA 300 981 ‘%D&H@iemﬁﬁ%l&%eﬁ%een? aﬁﬁ‘%gte) 3?165?1{@%,

of the 3 ass Transition, ASTM STP" 1249, :
American Society for Testing and Material s,

Ed.,

Phi | phi 199 p. .17-31. Th l.e j prepar ed
agbb eseri begh ﬁb%r\‘?g‘f?‘fegeegrbé’&"?%‘a‘? ggéa%?ngﬁ %‘g‘éﬁ?ﬁ‘ﬁ gr more
| ehivrinalddGydepibens. P andihéh prefertbdcR®ddidtent the HFC is selected
tenperature bel ow -80C until inmediately before the

DStOMe 8% r Erst . copsistieg awfy difteorqyethana, e driflperomieitiving,  1,1-
12« tidher . a i §hi C aof eac .

S LRSI 10 PERRETRA bl e
prikdrestablny anthdri pre@ficdfentadimeit hes HRY &f esladddy fromt theMgroup

8C of. each of her, referably within 7C of each_ ot her
prrRFg v Qi ¢ HRPnaStommethang, ot diguoromstiagng, abiriflugrargthane,

5@lofdfRiahdler . 1P afffoakknang t hi ﬂl,‘i-‘%ﬂﬁﬁoﬁg@gn@? her,; 1,0-
preferably wthin 3C of each other, preferably Within

3G tetluerasthane.hérl,1,2,3r geatafibdrpethand)i and2 Rixtiresathereof.nein yet

R e ER5 1l SO S i o

C @idriofluetétnelitie RE G oRIBHAS S8 trifluoromethane.

[00158] In another embodiment the diluent or diluent mixture is selected
based upon its solubility in the polymer. Certain diluents are soluble in the
polymer. Preferred diluents have little to no solubility in the polymer. Solubility
in the polymer is measured by forming the polymer into a film of thickness
between 50 and 100 microns, then soaking it in diluent (enough to cover the film)
for 4 hours at —75°C. The film is removed from the diluent, exposed to room
temperature for 90 seconds to evaporate excess diluent from the surface of the
film, and weighed. The mass uptake is defined as the percentage increase in the
film weight after soaking. The diluent or diluent mixture is chosen so that the

polymer has a mass uptake of less than 4 wt%, preferably less than 3 wi%,



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

WO Po0g/05882%€Nnt i on nmay be practiced in "butyl reaPtDUS2003/040858
Illustrative exanples include any reactor sel ected
fromthe group conS|st|ng ofs? conti nuous fl ow
stirred tank reactor, | ow reactor, a noving
bel t or drum WO 2004/ 058829 PCT/ US2003/ 040858 58
r r ]
iRy Rl Ban 2 O e B o d YR e s R s thon
| 0.awt¥oef er r ed errbodl ment, the processes of the
present invention are pr acticed with a bayonette
cooled slurry reactor system Such reactor systens

en dggcygi e,

DN . R e %I%S{r“tl%g (ffin mixdlhe s
erﬁ@b’dﬁede fech thaty dlet differsood eobtwtan rthie rm&ﬂ‘lmd sgladse n@nsition

T N e e
gﬁﬂ@{o&hdrs/ and adRd id Withine se€nirefe P of e gggjni/é?%é %lﬁ‘%(ll Mer it

react or vessel, along with one or m)re yonette
THes bagi famed ingya ﬁbnmf ithigkness betwebe S6rand fl0umidrorisy tlett has

b dl e e used f.
T e R
anﬂhmt1OMIﬁpcratﬁftdlsaTe€bﬂnﬂfbat diffefintiaP¥ANRINE caRFintdhs %)SC)
ggaﬁnery of the vessel. [0Q0162] In an enbodlnent

v arewst descebed imthe Literelire éormxaaapl@.Bst\Hmd:_eﬂmh “The
0
oavafien ool Ky IRELLSH b AUl LS el e i
erm@immnt of, the fitask Ei"yamﬂ'eibh,eAS’EM:S’DP 1345 Rem S‘F]e:ylear E@NQ6érican
i B2 T3 Faclatepily, BhitadEipsbniop chmibde. - The sample s
%@ate‘&l ﬁ@e&r%éfabox% Wiy 1%&&5’[ 2 a%ﬁ{g?l Ey?ﬁSC sample
rrve ubu

i npel lers are rotated
b ipaRH dal m@n&l@d A gipediue th)&V - m’[tﬂrlmmﬁdm:tdﬂy before the

coeqer P P IR CRL o uehaf e g™ of'cach other

P peiyrablyewithinh ¥ | ®hef asach tofiger! b{@eraﬂ_l ew1th§ﬂc 0GR Mach Sther,
ci rcul ted throu&h the tubul ar bundles using nozzl es

15redFg Y?Wlti’We o9% 1eaeh pthesngrefarably whidin Giler oheach fther,
t Berusbselvidie 7Heedr o add! &Jpgfer%lyf G889 of each other,

preferably within 5°C of each other, preferably within 4°C of each other,

preferably within 3°C of each other, preferably within 3°C of each other,
preferably within 2°C of each other, preferably within 1°C of each other.

Polymerization Process

[00160] The invention may be practiced in continuous and batch processes.
Further the invention may be practiced in a plug flow reactor and/or stirred tank
reactors. In particular this invention may be practiced in "butyl reactors."
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



catal yst systemto the reactor. Nozzle 23 is for the

renmoval of the polyner from the reactor. [00164] Wen
WO b@40sssed or i s operating, the inpellers 9 creRtBUS1003/040858

required high degree of m xing of the main body of

the reactor m xture and creatss high flow velocity

t hrough the tube bundles 13 and, therefore, intensive

renoval of the WD 2004/058829 PCT/ US2003/040858 59

heatctat arjeamtiozle rbatt@0 ARURIRQIAIH i iling-
[ n&ﬂal er 5is installed no nore thtgﬁdgﬁrla-ﬁt(())?%hgang%gfllbg}hng
di t%8F9Tf r om t he bottom head. This assures intensive
prem xi ng of the nmonomer m xture feed stream and

catal yst systemthat are introduced through nozzles
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through nozzle 27 j ust bél ow | mpe
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extencis beyond .t he done of th'(eg rea%tﬁic/)(%l%%.gr’taggta%nl Caéeid’ for
aPEPmR ﬁ&l%ﬁQFrlﬁ}e&P%eﬂéﬁseh he circul ation of the
cooling medium 25 is the line that carries the

mononmer ni xture feed streaminto the reactor. 33 is

t H9162act oin entdnetodirdht,aihd FheRbad IoNsér MR SredMated at a

opt j.onal provided.to sure the ol ymeri zation
n@ﬁf‘a&ﬁ’? f’tﬁ&é‘ﬁ-gﬂﬁ rtgf? l%elgg 3%&}6“?9&@%1?% eoresponding ead gf the
| opgg¢led adjacent to inpellers 26 and at the nain body
of the reactor. [00167] In another aspect of the

i nvention, the catal yst systemor catalyst system

I N R N —
dﬁdgbﬂﬁmg/td thb o BiSwinzNéin ER@Re AN theHeadthi E8prisel ARGk Nwith
concentric mixer comprising a shaft 3 with attached impellers 5, 7, 9. The
impellers are rotated by a drive 11. Tubular bundles 13 are installed on the
periphery of the vessel. During polymerization, they are filled with cooled
refrigerant, such as ethane, propane, propylene, ethylene and the like. The
refrigerant is circulated through the tubular bundles using nozzles 15 and 17. The
nozzles 19 and 21 in the lower head of the vessel are used for addition of feed and

catalyst system to the reactor. Nozzle 23 is for the removal of the polymer from

the reactor.

[00164] When the reactor is operating, the impellers 9 create the required
high degree of mixing of the main body of the reactor mixture and create high

flow velocity through the tube bundles 13 and, therefore, intensive removal of the



annul ar space between the bundles 49 and m xer 45. In

a preferred enbodi nent, the open end of the catalyst
wa@ledouwsssy9 t ube is | ocated near the bl ade tip OPCTUSKBN3/040858

45. In an enbodi nent, the catal yst delivery tube may

be arranged at angle to the spousing axis 39 with open

end, directed downward, as shown in Figure 6. In these

enbodi ments, an intense dispersion of the catalyst

Sieheaireactid@ e ¥ite BMbddifieni] BE 8ORE iRbelidd® i€ MBI ho more

del i very tube. Thus, polyner formed denonstrate
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venirbdirbd tiEo@Ssnczekt 19an@P1 ?esﬁ@@i%l@f- Figure 7 shows a
hori zontal cross section of the reactor in Figure 6.

Figure 8 shows a schematically enlarged cross section
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figure, and catalyst delivery tubes 63, 71

respectively to each corresponding figure. The

CqOOFGE] | NY h RBotheY asP6dtiof eeYinQéntioRerzatedd ¥idwd S havi
sgppl ied with a categ yst0 dellinvenry t%gfé 63, V%l,reacmr aving

r s préely stvaisien injected throngle sponeli2dgiuki belpw, inpeblen@28n In this

e : L.Gh arranged. in the space .betwee he
oot e fion dhileh o G PR e el o S tFe - Fatie e e o the
t utigh hepdléreeGenbatedapeitpitier 88 The bhgorfd3®Sis &o more easily
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[00167] In another aspect of the invention, the catalyst system or catalyst
system components may be delivered through a catalyst delivery tube 59 as shown
in Figure 6. The catalyst delivery tube 59, the open end of which is located in the
annular space between the bundles 49 and mixer 45. In a preferred embodiment,
the open end of the catalyst delivery tube is located near the blade tip of mixer 45.
In an embodiment, the catalyst delivery tube may be arranged at angle to the
housing axis 39 with open end, directed downward, as shown in Figure 6. In these
embodiments, an intense dispersion of the catalyst system is achieved by the
placement of the catalyst delivery tube. Thus, polymer formed demonstrate

i
improved homogeneity and composition consistency.



transverse fl ow around the heat-exchange tubes of the

bundl es. The polymer product is renoved fromthe
wappansgsart of the reactor. [00170] The embodi PETUS2003/040858

described in this section may be conbined with the

pl acement of the catal yst deld,very tube as shown in

Figure 6. Installation of the catal yst-delivery tube

in this manner inproves the dispersion of the catalyst

systemw thin the polymerization medium Thus, the

pol ymeri zati on processes of the present invention
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[ wn in Fi es 7 and 8  The openin
ISP ST eprasSHh S ecwariielsyerbeempe bR sectors
sg@gtors of the bayonette tubes. The openi ngs provide

addi ti onal pathways for the polyner to mgrate to the
upper part of reactor to be collected. [00173] The

aMe0g, e R Re a8 Bofel fitn ofc BN lingiy R chsiymidium
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olynmeri zati on nmedi um and
zll,#e; %ﬁ e? h%é?’g%ﬂn){% dpect mrd, catelystesysipm arpalelivered to the reactor

PRloYBE1b %2k Ofe hERor Q)fpelraﬁe@ G QF pollj-nl%rlzatlon medium. The mixers

rotate and provide the intensive mixing necessary during polymerization to
distribute the polymerization medium and to dissipate the heat of reaction during
transverse flow around the heat-exchange tubes of the bundles. The polymer

product is removed from the upper part of the reactor.

[00170] The embodiments described in this section may be combined with
the placement of the catalyst delivery tube as shown in Figure 6. Installation of
the catalyst-delivery tube in this manner improves the dispersion of the catalyst
system within the polymerization medium. Thus, the polymerization processes of
the present invention provide for at least one of an increase of the length of the
cycle and stabilization of polymerization, which in turn, enhances the quality of

the resulting polymer.



cool i ng nedi a may pass through the bayonette(s) as a
single liquid or gas phase, or may enter the

whaopenssse®e as a |iquid and be partially or conptBUS1093/040858
evaporated as it passes through the bayonette. In
preferred enbodi ments, the cqgling nmedia conprises
refrigerant(s). Suitable exanples of refrigerant(s)
include C1 to C30 al kanes and m xtures thereof,
alternatively, Cl to C10 al kanes and mi xtures
thereof. Illustrative exanpl es include nethane,
et[d8HH] and Ipramyaofethe @ravionsxdmbeelmenthané df andtheroispedt of the

r.ef erred enbodi.nents, other suitable exappl es include
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tetrafluoride, nethylene fluoride, trifluorcomethane,
1,the polymerigationanediwn dedinestes to the stagnant reglianorfdiat bagoestte tube
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ugkelbanelt@ng as they have freezing tenperatures | ower
than the desired tenperature of the polynerization
medium | n addition, cryogenic |iquids nmay be used.
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surfaces, such as in a tubul.ar, reactor where a cool ant
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mof orgtate todhe wrnst parhntiresetomioystcolieged har ged to t he

reactor and then polynerization proceeds to

conpl etion (such as by quenching) and the polyner is

t Heou13gcovermd. cddidg7ikedia) sefdfé@tdll edvEeRtag, cdiiiise any
invention is practiced using a slurr pol ymeri zat’ion
priotesd | thapmayebe hiledy o g?mmrétatq )é’ﬂloﬁvétt dlesizade operating

CQ%@%%@ the! %Xeaﬁet@ ?lfﬁ%rgt f.eggtop %JOY}/[H’?é’rizéﬁ(t)ﬁ Wedium and has

proc he pol yneri za
sufficient thermal capacity to remove the polymerization heat of reaction. The

cooling media may pass through the bayonette(s) as a single liquid or gas phase,
or may enter the bayonette as a liquid and be partially or completely evaporated as
it passes through the bayonette. In preferred embodiments, the cooling media
comprises refrigerant(s). Suitable examples of refrigerant(s) include C; to Csg
alkanes and mixtures thereof, alternatively, C; to C;o alkanes and mixtures
thereof. Illustrative examples include methane, ethane, and propane, and mixtures
thereof. In other preferred embodiments, other suitable examples include C, to
Cso alkenes, alternatively, C, to Cjo alkenes. Illustrative examples include
ethylene, propylene, and mixtures thereof. In still other preferred embodiments,
other suitable examples include C; to Cjo halogenated alkanes, especially

fluorinated alkanes. Illustrative examples include methyl fluoride, carbon



processes of the invention may be cationic
pol yneri zati on processes. [00178] In one enbodi nent,

WO b@4posisyneri zation is carried out where the PEI/EE2083/040858
nononer, and diluent are present in a single phase.
Preferably, the polynerizatiggn is carried-out in a
conti nuous pol yneri zati on process in which the
catal yst, nononer(s), and diluent are present as a
cat Iys}l(s), and initiator(s) are all m'sciblFe in the ’
di]bﬁéﬁltl wroethange fpotepteang and mixturesdlorsafi t ute a si ngl e
phase, while the polyner precipitates fromthe
di l uent with good separation fromthe diluent.
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Cgﬁecﬁeog{rrpglﬁ%%% g’dﬁ‘tufeﬁé og i cﬁéel%/sHiet he slurry is equal to

or greater than 10 vol % In another enbodi nent, the
concentration of solids in the slurry is present in
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| FPPEEYAtther enbodi ment, the concentration of

solids in slurry is present in the reactor from5 to

70 vol % In yet another enbodi nent, the concentration
of0H3V] ds i in sértain rbodinemts, ahd dvehtsorpiseprabiiced usiddea slurry
rﬁgﬁ, %gizftr om 10 to 70 vol % In?]%et anot her enbodi ment,
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[00178] In one embodiment, the polymerization is carried out where the
catalyst, monomer, and diluent are present in a single phase. Preferably, the
polymerization is carried-out in a continuous polymerization process in which the
catalyst, monomer(s), and diluent are present as a single phase. In slurry
polymerization, the monomers, catalyst(s), and initiator(s) are all miscible in the
diluent or diluent mixture, i.c., constitute a single phase, while the polymer
precipitates from the diluent with good separation from the diluent. Desirably,
reduced or no polymer "swelling” is exhibited as indicated by little or no Tg
suppression of the polymer and/or little or no diluent mass uptake as shown in

Figure 2. Thus, polymerization in the diluents of the present invention provides



in the reactor from20 to 70 vol % In yet another

enbodi nent, the concentration of solids in slurry
weongessseat i on i s present in the reactor from PSI/US2088040858

vol % In yet another enbodinent, the concentration of

solids in slurry concentratiqg is present in the

reactor from30 to 70 vol% In yet another enbodi ment,

the concentration of solids in slurry concentration
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desired characteristics Is duce
present in the reactor from 30 to 70 Vol% In yet another embodiment, the

concentration of solids in sturry concentration is present in the reactor from 40 to
70 vol%.

[00180] Typically, a continuous flow stirred tank-type reactor may be used.
The reactor is generally fitted with an efficient agitation means, such as a turbo-
mixer or impeller(s), an external cooling jacket and/or internal cooling tubes
and/or coils, or other means of removing the heat of polymerization to maintain
the desired reaction temperature, inlet means (such as inlet pipes) for monomers,
diluents and catalysts (combined or separately), temperature sensing means, and
an effluent overflow or outflow pipe which withdraws polymer, diluent and

unreacted monomers among other things, to a holding drum or quench tank.



feed-streamin one enbodi nent contains a total nonomer

concentration greater than 5 w % (based on the total
waowdoglsssed the nononers, diluent, and cat al ystPCT/US2003/040858

systen), preferably greater than 15 w% greater than

30 Mt % in another enbodi neng; I n yet another

enbodi nent, the feed-streamw || contain from5 w %

to 50 wt % nonomer concentration based on the total
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[00183] In some embodiments, the feed-stream is substantially free from
silica cation producing species. By substantially free of silica cation producing
species, it is meant that there is no more than 0.0005 wit% based on the total
weight of the monomers of these silica cation producing species in the feed
stream. Typical examples of silica cation producing species are halo-alkyl silica
compounds having the formula R;RyR3SiX or RjR,SiXj, etc., wherein "R" is an
; alkyl and "X" is a halogen. The reaction conditions will be such that desirable
temperature, pressure and residence time are effective to maintain the reaction
medium in the liquid state and to produce the desired polymers having the desired

characteristics. The monomer feed-stream is typically substantially free of any



the nature of the reactants, and simlar factors
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kF30°Coin yet another embodlment. In yet another desirable embodiment, the

temperature range is from -80°C to -100°C. Consequently, different reaction
conditions will produce products of different molecular weights. Synthesis of the
desired reaction product may be achieved, therefore, through monitoring the
course of the reaction by the examination of samples taken periodically during the

reaction; a technique widely employed in the art.

[00185] In a preferred embodiment, the polymerization temperature is
within 10°C above the freezing point of the diluent, preferably within 8°C above
the freezing point of the diluent, preferably within 6°C above the freezing point of
the diluent, preferably within 4°C above the freezing point of the diluent,
preferably within 2°C above the freezing point of the diluent, preferably within



1500 kPa i n anot her enbodi nrent, from 200 kPa to 1200

kPa i n another enbodi nent, and from 200 kPa to 1000
whRa4fos88yet anot her enbodi nent, from7 kPa tordD0S10P#040858

i n anot her enbodi nent, from 20 kPa to 70 kPa in

anot her enbodi nent, from 40 gPa to 60 kPa in yet

anot her enbodi ment, from 1000 kPa to 14,000 kPa in

anot her enbodi nent, from 3000 kPa to 10,000 kPa in
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t ithediugagisn§8$G.om 0. 01 second to 10 hours, and then is
injected into the continuous reactor through a

catal yst nozzle or injection apparatus. In yet another

erfporfeient , TiewesctRel stedtet wNEbLE Boki b @E&l@d@@m % one
t he reactor separ ately. In another enbodi nent,
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“Qa4A082) BTSRRIy ShgdTE LTS, e
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between 0.2 seconds and 1 mnute before I njection

into the reactor. [00190] In another enbodi ment of the

on, [ 0 Lewm s_acid e, al | oned
EU ?‘Z] cont actg gwem glil (r%gm?&%gt ﬁiell\% THRIRE 3%?%53{68@5 catalyst,
d |11h1tlaamt aatl dlltlcﬁmmyatauy femlaeit \weHOdBEknd iamoiR8.C,
typically between -40C and -98C. [00191] The overal
residence tine in the reactor can vary, depending

UPeu1.88] In another embodiment, the initiator and Lewis acid are pre-
contacted by mixing together in the selected diluent for a prescribed amount of
time ranging from 0.01 second to 10 hours, and then is injected into the
continuous reactor through a catalyst nozzle or injection apparatus. In yet another
embodiment, Lewis acid and the initiator are added to the reactor separately. In
another embodiment, the initiator is blended with the feed monomers before
injection to the reactor. Desirably, the monomer is not contacted with the Lewis
acid, or the Lewis acid combined with the initiator before the monomers enter the

reactor.

[00189] In an embodiment of the invention, the initiator and Lewis acid are
allowed to pre-contact by mixing together in the selected diluent at temperatures

between -40°C and the freezing point temperature of the diluent, with a contact
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concentration, feed injection rate, production rate,
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feed-streamin one enbodi nent contains a total WO

2004/ 058829 PCT/ US2003/ 040858 68 nononer

ctd@k r at i Bhe g@tela@fe@%ancmbmm%wmasmﬁoanﬂizh@ wibthel those
f REer iJ.uent. .and. c

oBBhucHal il s RADER Subdlb bRl mon BB Biftassesnt In one
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Cgiw?égléggﬁhég/ §é|s§1gble[6é?l?6'eo(§lﬁ%1elga{h@|r¥§5 oPTEIE 898 % (RSSO0 rom
0.5 to 10, or from 0.75 to 8. The overall concentration of the initiator in the
reactor is typically from 5 to 300 ppm or 10 to 250 ppm. The concentration of the
initiator in the catalyst feed stream is typically from 50 to 3000 ppm in one
embodiment. Another way to describe the amount of initiator in the reactor is by
its amount relative to the polymer. In one embodiment, there is from 0.25 to 20

moles polymer/mole initiator, and from 0.5 to 12 mole polymer/mole initiator in

another embodiment.

[00193] The reactor will contain sufficient amounts of the catalyst system
of the present invention 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



mai nt ai ned between 10, 000 pounds of pol yner per pound
of catal yst and 300 pounds of polyner per pound of

w@e 210al058829 and desirably in the range of 4000 POUOX08640858
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char ged | nt o the reactor, the feed-stream contai ning
| ess than 0. 0005 wt% of cation producing silica
c¥ddhds, &nd ongpiesetiddymentee thef  polymerizationonofiercationically
he reactor,

S th n._char ed i.n
¢ A ERPAYE BB Tondat et B B R b P R A ot 0
i fortr Bty rpblesE0dmpHsed mbﬁ[ sfe% b OFRét, br R G 2Avin@ a pump
10.0.. Wthin the reactor, the feed- stream of nonomers

aHaPlst epahle Bf SHRAIEPEEZAPT diRBa-IERien tI&thTOYiidéd The pump
a'ﬂﬁf)élﬁ? is t&{)}@?]ll}f cﬁ@%ﬁ'b@%téq%%né éﬁomr N1 Elk%@él amperage. The

poly but wherein

t mc’ls)k myplgalllyas equnpped: evithr @eralleh veftichlr @avtdd wmbEdwithindd jacket
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ST Bl sthdfmor D dgloh THEIDgl Fgiimey SBRgng dhe tubes, is

ableaie thdn03®@xd 50 tihes! 8RS @patid bP W&ge sédle %Mn% pOymerization

outflow | i ne while sinultaneousl | owm n
f eagtiensy edhe cbpstayi tﬁglcaltho U@@mhqmdeqthylbm te dneM ithesthiesmtgof the

t B&y&%ﬂ%ﬁtfbﬂ a?c‘u%ln 4a o YHE olrnznantg s(I)urry. The pump impeller keeps
a constant flow of slurry, diluent, catalyst system and unreacted monomers
through the reaction tubes. A feed-stream of the cationically polymerizable
monomer(s) (such as isoprene and isobutylene) in a polar diluent is charged into
the reactor, the feed-stream containing less than 0.0005 wt% of cation producing
silica compounds, and typically free of aromatic monomers. The catalyst system
is then charged into the reactor, the catalyst system having a Lewis acid and an
initiator present in a molar ratio of from 0.50 to 10.0. Within the reactor, the feed-
stream of monomers and catalyst system are allowed to contact one another, the
reaction thus forming a slurry of polymer (such as butyl rubber), wherein the

solids in the slurry has a concentration of from 20 vol% to 50 vol%. F inally, the



Advant ageousl y, the present invention inproves this
process in a nunber of ways, e.g., by ultimtely

w0 e@yo583g0 t he anmount of pol yner accumul ati on oPCT/082003/040858
reactor walls, heat transfer surfaces, agitators
and/or inpeller(s), and in tge outflow line or exit
port, as neasured by pressure inconsistencies or
"junps.” [00196] In one enbodi nent, the resultant
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(HFC s): B. The process of paragraph A, wherein the

di  uent conprises 1 to 100 vol une % HFC based upon

t al v j ; .
pLABEL ), AR e di et Wt oLy GRS fmBhciment of
cihesinwehticdf is23 mlyisshueylaie/is@éie polyltee (putgr essbeof thanthas a
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PhEFE R s bRt atele oGyl Bt
peusegsnbhalaggnatién weaftogd aphlogéyatdd butyl ribbeor E, wherein
the initiator is selected fromthe group consisting

of hydrogen halides, a carboxylic acids, water,

tgmnba y al kyhndiigdricd®sdintnfthd Hlvekies relakgig@of , VO
2004/ 058829 PCT/ US2003/ 040858 70 G The process of

any of paragraphs A, B, C D, E or F, wherein the

A. A polymerization process comprising contacting one or more
monomers, one or more Lewis acids and one or more initiators in
the presence of a diluent comprising one or more
hydrofluorocarbons (HFC's):

B. The process of paragraph A, wherein the diluent comprises 1 to
100 volume % HFC based upon the total volume of the diluent;

C. The process of Paragraph A or B, wherein the HFC has a dielectric
constant of 21 or more at -85°C;

D. The process of any of paragraphs A, B or C, wherein the polymer
has a diluent mass uptake of less than 4 wt %o;

E. The process of any of paragraphs A, B, C, or D, wherein the
diluent further comprises a hydrocarbon;

F. The process of any of paragraphs A, B, C, D, or E, wherein the
initiator is selected from the group consisting of hydrogen halides,
a carboxylic acids, water, tertiary alkyl halides, and mixtures

thereof;,



nononers are selected fromthe group consisting of

styrene, para- nethyl styrene, al pha-nethylstyrene,
waleawisngdskenzene, dii sopropenyl benzene, i sobutBpCEN003/040858

2-met hyl -1 -butene, 3-nethyl-1- butene,

2- et hyl - 2- pent ene, i soprene,;obut adi enes,

2,3-dinethyl- 1, 3-butadi ene, 13-pinene, nyrcene,

6, 6-di et hyl -ful vene, hexadi enes, cycl opent adi ene,

met hyl gycl o ' anPl i Nyl .
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process any oftepsarzrethyh2-panteBg, Gop®nefF bufadieGes, H,3-alimethyl-
|, wherein eratyre is within 10C et

freezi ng poi #T? %éa%fn%‘g’ dﬁf%%e’, K FRECpr ogé\émb‘?tgﬁ‘r@lvene’
of par agr aphigexAdieles, Gyclbbentadidne, ety dyclo?ént&diene, piperylene,
wherein the slurry is substantially abSent of water;

L. The proce®sthg} vimy elerpathalvimpthsetiser, Bsobatyl Djing, ether, and

G H I, Jop.K in the tenperature i s between
-105C and 6%1 s S?e geﬁog’bly -80C;, M The process of

any of Hpar agflappmcéss d3,ddy dP,pakagriphs@, B} Cl D, E, RlorlG, where
wherein the proc,eﬁj onprises an initiator greater

than 30 ppm SIHSRSLIQsLoRAYMSERIGATegPRt YA ther@nictinggep;
produc{ prodyge a SAAn By & D

F, G iH 1, J, Bko,%f, Q%F%"P%’.'a?%%’%o"ﬁ’eFf ?’clgblEé(}: 56, or H,
react or systwehereinith¢ eegewtirh is0fy @flotvee pr ecedi ng
processes t roduce an

A bayonhet t e CEONEESS Y g@,ﬁ)a{r%g&gg E/{’ji:c?@g%ﬁ)ldgéﬁ’ V‘Eﬁerein
(use) with any tehperiie I Q5B MO PBERS ARS itk PIHEDS the
any of the precedi ng pol yners.

diluent;

K. The process of any of paragraphs A, B, C, D, E, F, G, H, I, or J,
wherein the slurry is substantially absent of water;

L. The process of any of paragraphs A, B, C, D, E, F, G, H, 1, J or K,
wherein the temperature is between -105°C and -60°C, preferably
-80°C;

M. The process of any of paragraphs A, B,C,D,E,F, G, H, I, J, or L,
wherein the process comprises an initiator greater than 30 ppm
water (based upon weight); and

N. The product produced by any of paragraphs A, B, C, D, E, F, G, H,
LJK,L,orM.

0. A bayonette cooled reactor system utilized with any of the
preceding processes to produce any of the preceding polymers.

P. A bayonette cooled slurry reactor system utilized (use) with any of

the preceding processes to produce any of the preceding polymers.
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APPLI CATI ONS [ 00198] The pol yners of the invention
w@eanvosks2chen cal and physical characteri sti cBCT/081003/040858

make them highly useful in w de variety of

applications. The |ow degreeiof perneability to gases

accounts for the |argest uses of these polyners,

nanely inner tubes and tire innerliners. These sane

prINRUSTREABRIAPRILEOATDONSpPOrt ance in air cushions,

pneumati c springs, air bellows, accunul ator bags, and

pharnaceutical cl osures. The thermal stability of the

193]S of em.ideal, far rubber .
t i r e cur i ng lt)l{éag%lgﬂl\é%mﬁlf gtﬁ {I@%n%‘él?’gtl?ﬂ“él © sehemieal ‘H“(Slségysmal
amiilamoﬂmstws rthitehdle them Highly nséfar inakidd aRgbiyne: apbﬁél&%ﬁl The
T:] 8% ? exhi hi .t hi gh danpi ng and have uni quel y
g%qde RFTRAPIME OB 28888 oRasPHISH fp&ﬁbeslargnstbomh of these
t QOB e ful in nolde
r ubbere}%g{atﬁlgﬁg%g%?ﬁgﬁﬁ%egpp | cg{ i g%essgl ﬁmSé’f%ﬁBttﬁs aée also
s p@pgﬂtame b rivenushiong) pneexitiusiringargebsllov) dch@siator bags,

I f th
il eghiiethol SRRy c T Gkl SR (dlotts polymers of the
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i mpart ~ good ozone resistance, crack” cut

appatedas, aﬂﬁ@nmmrl’vehsfomﬂlotmmenalrhaﬁdhmg)n may al so be
bl ended. Properly formul ated bl ends with high diene
rubbers that exhibit phase co-continuity yield
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ag?o%e%?sﬁleg%yéauglﬁ rPgIe g[g rir%lfi ﬁ%‘t ? atpﬁﬁcarl%wgf dft 2utomobile
i ANspansionbuBe Glijo Bhewd hanfers, bed PalywiBiss of t he
invention with thernoplastic resins are used for

t ougheni ng of these conpounds. Hi gh- density

pgiogeojhyl engpa lyﬂ1§1§t (ﬁCEHe lg%ﬁ/ qﬁ\%?l)ﬁ go OIIStFﬁllP in tire

nodi fied with to polylso
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CRrESshe St ahich, GRTR AUhErontibrind SprBabey mibe PebmeReor the

| I;ﬁt?giguiélgy (;G{Mhde ?Bll{%ﬁfgﬂ IsgrloggrlPlfgﬂl‘ijtﬁgteW HlEhd%%}‘cﬁ”Hl&? Yiene
Bers that exhibit phase co-continuity yield excellent sidewalls. Improvements

in wet, snow, and ice skid resistances and in dry traction without compromises in
abrasion resistance and rolling resistance for high performance tires can be

accomplished by using the polymers of the instant invention.

[00201] Blends of the polymers of the invention with thermoplastic resins
are used for toughening of these compounds. High-density polyethylene and
isotactic polypropylene are often modified with 5 to 30 wt % of polyisobutylene.
In certain applications, the instant polymers provide for a highly elastic compound
that is processable in thermoplastic molding equipment. The polymers of the

instant invention may also be blended with polyamides to produce other industrial

applications.
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[ 00202] The polyners of the instant invention may al so
wheoowsssszas adhesi ves, caul ks, seal ants, and PCHES20093/040858

conmpounds. They are al so useful as plasticizers in

rubber formulations with buty), SBR, and natura

rubber. In linear |ow density polyethyl ene (LLDPE)

bl ends, they induce cling to stretch-wap filns. They

are also widely enployed in lubricants as di spersants

and in potting and electrical cable filling

mal08202| s. [De2@8lynans o thei imsegmpl ineattionnmayt fieo be used as

pol ymers of the inventiqgn nmake them al useful_ in

T e SRS, 0] RS compoupt | et Sitslsu el as

asplagfealerPiaaubh I |t 10 1;

r o}i)l ers. _[00204& %rrﬁlﬁﬂ%g?’?ﬁfhngﬁg&g%’ gé& ?%%'F%g?% " In linear
en®d dersity spdyethend (VePEDbrblands, thay einiycen clime dm sstretch-wrap

i d 0. be lintin f the. .scope of the invention. .
UL et ubiisy WRLLY SeheDihet 5 ARFRES s DRt e potting
gl agizldctil table HRIHS Shaferial@qui pped with a teflon

turbine inpeller on a glass stir shaft driven by an

external electrically driven stirrer. The size and

depi of t SS LS hoted for, each.set of
caRuSBICT TS R b RERES F ARGt of e TR GREET e them
t hedscs tusefub hiaf thewihouapcaupietl agdinadeididadagpiications such as
ini.tiator/coinitiator solutjons. The reactor was
cd&ae’aaqeaﬂ%ﬁﬁétoa@g?wa@é theagtstfoppainigrpesat ure, listed in

the Tables, by immersing the assenbled reactor into a
pent ane or isohexane bath in the dry box. The

t dARdt ur e Tofe follewsigi axamglds yreilat ambodintratdo s invention and
controlled to  2C. | ..apparatus in |jqujd contact
o7 B SRt oot SR iBR T oseopen! Hoteesin

cooled in a nitrogen atnosphere before use.

| sobut yl ene (Mat heson or ExxonMobil) and net hyl
ctﬁ’éﬂ‘é’e[‘@ﬁl r Products) were dried by passing the gas

t hrough three stainless steel columms containing

bari um oxi de and were condensed and collected as

| i[6€2053 in tlhe @olynkepixatiost eveR@t patied MBIAEY | reSdRr ivdSsels,
was dr |éed, by passihg the gas through stainless steel
c GHBIPRE gvghtaatpﬁq)lhalrgmp il@aelge@pn('mgass 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
cooled to the desired reaction temperature, listed in the Tables, by immersing the
assembled reactor into a pentane or isohexane bath in the dry box. The
temperature of the stirred hydrocarbon bath was controlled to + 2°C. All
apparatus in liquid contact with the reaction medium were dried at 120°C and
cooled in a nitrogen atmosphere before use. Isobutylene (Matheson or
ExxonMobil) and methyl chloride (Air Products) were dried by passing the gas
through three stainless steel columns containing barium oxide and were condensed
and collected as liquids in the dry box. Alternatively, methyl chloride was dried
by passing the gas through stainless steel columns containing silica gel and

molecular sieves. Both materials were condensed and collected as liquids in the



nol ecul ar sieves. Both materials were condensed and
collected as liquids in the WO 2004/ 058829

wERODANSROD3/ 040858 73 dry box. |soprene (Al drPChyS283/040858
dried over cal cium hydride and distilled under Argon.
p- Met hyl styrene (Al drich) wasgsdried over cal cium
hydride and distilled wunder vacuum TMPCI
(2-chloro-2,4,4,-trinethyl pentane) was prepared from
2,d4y 4ok! IsoBichY |(RER1cE ara;d | 44al @9y
I—|Cd£4L=y| n dlsgtpfﬁy (gt her)1 aed o%e@c;\%\i%gﬂ} d?%drl Iéélg @g?lgé;deunder
U ZOIFh - M@thy(wwmq @Hdrldgwwdm)d steyaielciwh ttydnide wad distilled

d bl t .of HCl
B8 Sl { PIRLY (O8nErS3 A, BnmeuRliRiRhen ey ARt from
Tl?eﬁl hyﬂmeﬂllyl{ﬁﬁ@ﬁ@-ﬂ kads 2.0aholes6luG6h lo€ Qi@ldinacﬁetﬁ&p@tﬁer The
orless lLiquids at -95C were used as received

%ﬂ was disiHesbbeforerise. Thedha] Gldrich, 98 pare) stack solution was

Vi 95C. til
g%&u@nﬁg%?@ggﬁg&%%bpr : C%L}%% o?iIeCA 2231 V\@gg[yls&e‘lé %bgeve 2-3
c 8h demsedlatiomcbyuseightas The hytaiudrocAblid ﬂa'aﬂﬁblrélb@illected as clear,
di CE)EOH es., (AI drich) were used as hydrocarbon
s6Platledn diquidy g s 9586 Wetieorsedwas aecsivieder Pbmir@ﬂlage@rbnns that
um num _di chl

P OEBBRTE AR, b o TBlaF i PR S & B omsadigiled

dlbs&@d: \ibd) 9 Prapan® (RldrieRY] e QIR 8efvel vl EhiRichidUsld €44 as a
dr of | uor ocar bon at poI ynmerization tenperature an

lFlPlrde Alkylalmypem glighdgriden ¢41dsichy weeregussg eEHyd:re¢anh®nscEBﬂﬁbns
t ThdQ0Q futl R wel Sithky Eml(‘)cfha?ae]dp b2 %reei%%? rﬁg i nqafe1 alkylaluminum

electric strrring no

stlichidritg. speed to within 5 rpm The
initiator/coinitiator solutions were prepared either
in the hydrofluorocarbon or, for convenience of

Qogpcal e Thex Y f Lret h

Ewor i Ee Tt?ggl % %Bo?%m Al ?Pa{@!\r&e g{ﬂ%&%bﬁ rdé%owmg

prr@pamed amyccun@rmm@v mttg thdwhqueufeﬂmﬂmﬂubfﬁcarbbh et gbllyuﬁﬁkatlon
emfdled 'dnt a of e exanpl.es) and addi ng

m X|p e i e 0 cﬁt&tl?rs clrming Stlﬁ‘l”’l’%/ﬁl%ﬂeﬁrheﬁ’ﬂﬁﬁnh@oi '@elOOO

Then.i Mhtiusé of 4 1@@6desstof 8ol R letchrRNstHASe URS allowed control of
i mredi atel y elnltlator/comltlat% ution was

atgedtigng pWegda tp owithia ﬁ)dlpyherlecitlmmmtodsmnglaa)r mwlidnedwere
ShaRBRoslEk PO M BTt b SBES) 8
r egetinentsy 68 Sekmall Wodiin® ose@emell @hlotidk.r dThe initiator/coinitiator
solutions were prepared by dissolving the initiator into the diluent (specified in
each of the examples) and adding, with mixing, a 1.0 M solution of the
alkylaluminum halide. The initiator/coinitiator solution was used immediately.
The initiator/coinitiator solution was added dropwise to the polymerization using a
chilled glass Pasteur pipette or, optionally, a jacketed dropping funnel for
examples using the 500 ml glass reaction vessels. When a second or third
initiator/coinitiator addition is specified in the examples, we refer to the
preparation and addition of a second or third batch of freshly prepared
initiator/coinitiator solution identical in volume and concentrations to the first
batch. The physical behavior of the rubber particles and the state of fouling was
determined at the end of the addition of each catalyst batch by stopping and



initiator/coinitiator addition is specified in the

exanples, we refer to the preparation and addition of
w@2@aeos8seh or third batch of freshly prepared PCT/US2003/040858

initiator/coinitiator solution identical in volune and

concentrations to the first -gatch. The physi cal

behavi or of the rubber particles and the state of

fouling was determned at the end of the addition of

e%ﬁh . ; i . ..

e OLBb05) ouay e PloShBE, PARRS iR AT AENGR. Stning

privdsi egun hgaip aantlitiod wectivn dqueachddi Witk dthesgpdhiitidraof Geater ihag 100

was. begun ain and the reacti.on quenched with the
BT of el ¢ AT i1 iePT dF svblehhgerrsorr the
CQﬁMﬁfnSérQBoﬂv%rté&Rﬁ;Bdlﬁﬂe@S wei ght percent of the

nmononers converted to polynmer. [00207] Pol ynmer

nol ecul ar wei ghts were determ ned by SEC (Size

j t h I WAt Al li Q...
SABATA D0 s Liadire AR ol s Skt oPE " sAE asize
Wi e hgiohl Chibim dt @@yl alsing e far Waited Al Bince 3800 %ﬁz{r%té%)s module

Tet r ahydr of uran was used as eluent (1 m/mn.,
wi SdHiPRed evithyf colygp chegtesy yandgel Warrs 410 dififsenstal 5@6ractometer

1 0 1 d 106A ize. . A . .
cg% 1Eog't ?ge%ra%lgérggu gﬁ ‘ﬁagrlfss 4 eﬁ)oer@g I(g:‘tﬁﬁ\%‘fngﬁ?s C) with a set of
POWNteRytagLIEAR 53 @elandst 500ATB60, 2800,PQ*Y 16 rand 10°A pore dsize.

St andards) was used to cal cuf ate nol €cular wei ght's”an
disst qalibration nbasefl 00 0B}roRo Inyaieularo veight apolyisotgitlene atandards

b etermned on.other, SEC |instrunmen usi.n )
PR P8 SR s oD : GLoide FifEchlar weights and
nelifigsatiogy. of SEC (al so know as GPC or gel perneation

chromat ogr aphy) to characterize polyner nol ecul ar
wei ghts has been reviewed in nmany publications. One

' ' i ded H. T [
SYPPARP C dPRSULEN R S0P ok Ehg 178, U s
Edsstruntdatswsing diffagantatibPiioh iand ersprotéevlsY ahls met@sitblgy of SEC

pgs. 93-100, erei n i ncorporated by reference.

[ 8%%3110 (ﬁ%avﬂf 8651 PETHEHR CBIPMHERS AR tichergctsize polymer

Lich R 1arSREERS B bES rdURAEA ,ﬁ;ﬁnﬁ e ' i

at a f[agl d g@ rength f:orreespozlgei{ toi%%ft\({)%{sl\/lg%@@%gume '8

Mibe revigw\pRVvided diyr o Hadiuag rie Polydent Ydarbawdyn H.-G. Elias and R. A.
Pethrick, Eds., Harwood Academic Publishers, New York, 1984, pgs. 93-100,

herein incorporated by reference.

[00209] Comonomer incorporation was determined by 'H-NMR
spectrometry.  NMR measurements were obtained at a field strength
corresponding to 400 MHz or 500 MHz. "H-NMR spectra were recorded at room
‘temperature on a Bruker Avance NMR spectrometer system using CDCl;

solutions of the polymers. All chemical shifts were referenced to TMS.

[00210] A variety of NMR methods have been used to characterize
comonomer incorporation and sequence distribution in copolymers. Many of
these methods may be applicable to the polymers of this invention. A general

reference which reviews the application of NMR spectrometry to the



tenmperature on a Bruker Avarice NVR spectroneter
system usi ng CDC13 solutions of the polyners. Al

W@ b@niossako shifts were referenced to TMS. [ 0021B¢T/BS2003/040858
vari ety of NMR net hods have been used to characterize
conmonomner incorporation and gequence distribution in
copol yners. Many of these nethods may be applicable
to the polyners of this invention. A genera
I ehRARAGALIN 0f Polydvdr& VS H IRE raRBLIdeA ihOPblgﬁzneNM@arbook; H.-G.
sEectronetry to the WD 2004/058829 P _ 8
7ElighandaR + Ar PethritlorEdst, Hrowoed Asademif| Puklishery, d¥eat dorls, 1984,

in P Year book, H. s Elias and R A. Pethri ck,
R 48 R R et TR “Row York, | 1084
pgs. 249-257, herein incorporated by reference.

[OOZléﬂ Table 1 lists the results of polynerizations
cM3idtk ed affabled lists thegzesults phpolymesratinss seadustadsat i@ to -95

(Bt O R T s RS (oD T BN ancgyopene
k gitstah@10eD fos&sinpRisoh.NBS0 1BXe#R neiBi-rebYHkekle was used for these -
(2-chloro-2 4-trimet hyl pentane) was used as an

L4

i pxamplesorTMRACH (rellerasidriasthyhsnige) NGE88ed as an initiator in
PET/ U 040858 76 Table V Tenp. Yield Conversion
&S%%%%%anple (O Diluent (g) (W. % x 10-3

MM/M IP1b-95 CH3F 0.80 21.1 225 2.4 1.2 2, d

93 CH2F2 3.28 83 305 3.1 1.7 3 -90 CH2F2 0.99 24.8

297 3.4 1.5 4 -95 CHF3 1.88 47.1 390 4.6 2.2 5 -95
CH3CHF2 1.48 37.3 842 2.5 1.4 6 ' d -95 CH3CF3 2. 89

72.1 327 2.3 2.0 7 0 -95 CH2FCF3 1.48 37.3 384 2.5
1.7 8 -95 CHF2CHF2 0.82 41.0 142 2.3 2.3



9c,

-95 CHF2CF3 0.39 29.3 106 2.8 2.6 10 -90 CH3C1

0.58 14.5 397 3.3 1.3 11 -95 Propane 2.370 59.4 67
wWQ@20h485882%9: Except where noted pol yneri zati onSPEEUS2003/040858
with 30 m of diluent,

m of

i soprene (I1P),
were prepared in 1.3 m of nethyl

5.4 nl of
initiatgg/ coinitiator

mcroliters of TMPCl and 11.5 microliters of a 1.0 M

hexane sol uti on
b: Three initiator/coiniti

of net

hyl

Fay }r"

um di chl ori de (MADC) .
atches added to the

i sobutyl ene and 0. 23
sol utions
chloride using 1.6

reactor c¢: Two initiator/coinitiator batches added to
the rea fnr Hth\/l al-ymnym-chl-ori-de (l:/\rY"\ wsed—in -
pl ace of TEWBC| e react]i I chEUerOmly Nvor | di | uen{ Mel%
[BampRl| Polcy mer iDidienon |i n(@ny| ofwt. e x10° | M,/M, | IP
ydrof l horocatbons resylted i rubber [ particlles tha
di dibnot | addwer ¢ t @,he viald.g of thejreactapsor [toghhe| 12
stirring shaff The pgrticles floated to thelsurface
of ot-the | i qey d|wheppstirrigxg st oppgd. The particles WO 17
04/ 058829 PCT/ US?2003/1040858] 77 werel hard aq
evi glenced iy preggimg qn gdem wi bhga childoed gpasylal 15
en tested mnear reactlion tenperaturel Polynerizati on
in gethyl enl ori gggpyesyl tiegh i n rubber | pagopi cllesgkhal 27
adheredi to both the regctor |ls and the stifring
shafit . [Thegpalt cel@sr, jeresscl ear bysrubbergiowhén peobed 4
ith a philled spatulalwhen tlested near reactilon
t egper af ures ol i zdtiogy in propane repylted by al 20
t wo- phase 1 qiii d- 17 qui reaction. Thel denser |phase
wasyecl epr Lys ri clap,cmolynesg wher g78s the jgughtieroghase 17
was rich in ptopane. Exanples! 12 - 14 1002131 [Result §
forgepol ymegs zatctm@ﬂ@pﬂdtmztzed at 4180 to -pb Clares 2.3
given j Tabll e Exanples 13 and 14 lare conparative
exanpl es. & 1()00911:@ ags gaoni | resign klettlpg was pged| 1256
for theke exampl es TNEC (2-chloro-2.14, 4-
trimmthylp@ﬁtanewags Useagsgas| aniypi tijat ofg7i n|t hese 1.3
exanpl es
11 -95 Propane 2.37° 59.4 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).

Three initiator/coinitiator batches added to the reactor

Two initiator/coinitiator batches added to the reactor

[00212]

reaction scaled to 10 ml of diluent

ethylaluminum chloride (EADC) used in place of MADC

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




Tabl e 2a Tenp. Yield Conversion MV Exanple (C) Diluent
(9) (W. % x 10 MM MI%IP 12 -55 CH2F2b 1.1 29.0

wQeWm4As8829. 9 13 -50 CH3C1 1.1 29.0 52 1.5 1. 1PCT/ES208%040858

Propaneb 1.2 30.9 87 2.2 1.8 a: Polynerizations were

run with 30 mM of diluent, 574 ml of isobutylene and
0.23 m of isoprene (IP), initiator/coinitiator

solutions were prepared in 1.3 nml of nmethyl chloride
USieROhdrd GisTBvidetdd BY ?re@ilng MBQhemaxK}ﬁlh %lchg’llé@ aflid WRES tested
of a 1.0 M hexane sol ution of nethylal um num

dhes|Igadtide tompdmabire.nialymenrationiiniméthylochl radec tessltelddedibber

t he r.eact.or /058 29 RPCT/ US2003/.040858 ...78 ..

C Beplfs SR SR ed oo e ot el g B M Ry e Dartices
r wieketleddBr fubbér® Swieh @Eobedxﬂﬂba tigted §pabifla FHRR @dsied near reaction
physi cal properties as_ evidenced by probing with a

c Fnpeggiures p Rplymerizetiqne e Prapane spgydieditinra twaviphese liquid-liquid
f t he a
SR 10 GO LR G L5 S WAFESL e e

i wagEith propideori de resulted in a vi scous coating of

pol ymer on both the reactor walls and the stirring
shaft. Very little of the polyner was "suspended" in
tﬁgalg? LUent ﬁrEdI um The propane based pol ynerization
expert ment |d not | ook appreciably different than

the run at -95C (Table 1, Exanple 11). Two phases were
appa ent in_th reator The denser phase was r|ch in
pgl yrrer andRieﬂ'g tsifp EPGWQ%S fonciycted at 0dparre °C prfegiven in

p 0 i1 .

oG SBrPIS BLERERE SRl ARG I8 il guin

t simekbtyle clbhsoor bske r fom. ﬁxm‘rphmﬂlés PNIP00Z2&hloro-2,4,4-
?bl e Eﬁ@eISt the r sul t.s. of rrerl Zaiil ons conduct ed
timeflylpentgnc) e it e dRiSRIRG i IR RGIPIENI or i de

blends. A 100 ml glass mni-resin kettle was used for

t hese exanpl es. TWMPC

(2-chloro-2, 4, 4-tri et hyl pEshle@®&) was used as an

Temp. Yield | Conversion M,
Example (C) Diluent | (g) (Wt. %) x10° | M,/M, | Mol% IP
12 -55 CH,F,’ 1.1 29.0 205 2.2 1.9
13 -50 CH,Cl 1.1 29.0 52 1.5 1.1
14 -55 Propane® | 1.2 30.9 87 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 TMPCI
and 11.5 micfolitegs of a 1.0 M hexane solution of methylaluminum
dichloride

b: Two initiator/coinitiator batches added to the reactor




initiator in these exanples. Table 3a Conversi on MV

Exanple Diluents Vol %Yield (g0 (W. %9 X 10"3 MW/ M
woRi0dsdB29 15 CH3CL/ CH2FCF3 95/5 2.97 74.0 234 BCBHUS2083/040858

16 CH3Cl/ CH2FCF3 90/10 1.90 47.0 600 2.9 1.6 17

CH3C1/ CH2FCF3 85/15 2.58 64.04435 2.5 1.3 18

CH3Cd / CH2FCF3 85/15 1.83 46.0 570 2.5 1.7 19

CH3C1/ CH2FCF3 80/20 1.85 46.6 285 2.7 1.5 20

01 4pH2F2 8- difdordméiphnd icl

SR 4 E o TR B e gafglubber particles that

2 Cxhitited st F-rBerBRA0G PagBBR:s aF @valendeddgpprobingrith a chilled

noted. pol yneri zati ons were. run with 30, nl. of dil yent,

5. g el st BmpPatiEs o Min! SORe of 1ol BRE pYIfRt on the

| eddt@t QRIS @hdistitrdlo05haf Oy b RPariMR! ShP HER LTt ethyl

m _of net hyl chsllorigge usi ng 3.? m croli ?e&g{e of %C% Y

arfillaglegesilied & o viseeusaioating opalymenaemioth dhaehdinr whils and the

t byl al umin di,chl orjde ( EADC) h:. net ,al um num )
i S A e, SE e P byrast sy swRARt SR rveht medium
diTHel gopate HasADpoly ¢ RSexBerimertdill 42 Ik Appedéldby @ferent
pol yneri zations conducted at -55 C are givenin Table
4 thanytheyan @h e25°6% (Tiahlet 1,dx@mpdo il hi. t Two phasss| wete epparertria the
ot A8 Ra AR el ik dnfrteder Shckhe izhEh s, i in
2, phrodentr i THRE ;bmmemrlaﬂlezpr&@ﬁc&@ﬁﬂ;e%oﬁimei dildeh@WA$ chibiderably
t hese exanples. Table 4a Conversion Exanpl e
D1P5i§é’h‘t°§u;%ra%hﬁ rolmerdfproagyin thg mthybetdonide yamr Mol %0 | P
22 CH3Od /CH2FCF3 90/10 2.35 61.7 84 1.7 2.2

Examples 15 - 21

[00215] Table 3 lists the results of polymerizations conducted at -95 °C in
hydrofluorocarbon / methyl chloride blends. A 100 ml glass mini-resin kettle was
used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an

initiator in these examples.

Table 3"
Conversion| M,
Example Diluents Vol % | Yield (g) | (Wt. %) | X107 | M,/M, | Mol% IP
15 CH;ClV/CH,FCF; | 95/5 297 74.0 234 3.5 1.2
16 CH;CI/CH,FCF; | 90/10 1.90 47.0 600 2.9 1.6
17 CH;Cl/CH,FCF; | 85/15 2.58 64.0 435 25 1.3
18 CH;ClI/CH,FCF; | 85/15 1.83 46.0 570 25 1.7
19 CH;CV/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/CH3CFs | 80/20 2.83 70.6 179 2.7 22




23 CH3Cl/CH2FCF3 85/15 2.96 77.7 77 2.2 2.2 24

CH3CO / CHzFCF3 80/20 2.37 62.2 82 1.9 2.0 25
WQERBTsEBP FCF3 75/ 25 2. 38 62.5 88 2.0 2.2 a: PCT/US2003/040858

Pol ynmeri zations were run with 30 ml of diluent, 5.4 n

of isobutylene and 0.23 m ofy i soprene (IP)

initiator/coinitiator solutions were prepared in 1.3

m of methyl chloride using 1.6 mcroliters of TMPCL

and 11.5 mcroliters of a 1.0 M hexane solution of

nmet hyl al umi num di chl ori de (MADC). Exanple 26 WO

2004/ 058820t WETE USEADEYpmesE8ion8 WefOMIF]th A0 ml of diluent, 5.4

G ol orha obowbend 3 G bl AT (13: ommBgiteaipiator

Vas predhitRes b@éréj?l‘éﬁﬁje& 09, 6 rQ} Qfsmﬂﬁlh?f SRIbh&S §sn‘i’§ 3 2 microliters
anhydrous net hanol 1nto 2. of lrquid 1,1,1

t et raf IQfofféé?@arﬁélda@—OssmcrOh@ers ho§ aol-Git M)nhqmse adigion of
23 n1cr&%1&ﬁﬁ§n hﬁn@e(ﬁ%b&é sol ution of

et hyl al um num or| ntane. This solution was
sthrr edneth?lhltﬂqﬁnﬂmn dichkorid& @‘ﬂA@J@ U EADERANRS ethylaluminum
prepar qo] in.the sane way. To each solution, 3.2
mi cr ol i dighlaridg (BARG) or 0- 2, 4, 4-tri net hyl pent ane was
added with stirring and cool ed -95C. Both solutions
wer e added dropwi se to the polynerization solution
wi Etangpledi2 4285d pi pette. . A 100 ml glass mni-resin
kettle was used for this exanple. Table 5 Exanple
Diluent Yield (g) Conversion (W. %9 MANXx 10- MWM

26 .
OO o SR 12 Pt Al foralydt B PIOT BBl in Tabl
cchdiliebdeitches of fitiatoramnitibed sblutians 8&7fclised \foikadh &achple. A

of 1.1 2-tetrafl et hane d 1- difl uoroget hane.
-i“iﬂb §le SRR e 365 dred, or fhesgesramples, TMPGF (2-chloro-

| @JP Wit RS IpenfAndBwid usell ad épﬂﬁtﬁft‘@r iAcksH 8 8n s,
initiator/coinitiator solution prepared In

met hyl chloride using 3.2 mcroliters of TI\/PCl and
32.0 microliters of a 1.0 ¥able4a

Conversion| M,
Example Diluents Vol% |Yield (g)| (Wt. %) | X10° | M,/M, |Mol% IP
22 |CH;ClI/CH,FCF3| 90/10 | 2.35 61.7 84 1.7 2.2
23 |CH;ClI/CH,FCFs| 85/15 | 2.96 77.7 77 22 2.2
24  |CH3;Cl/CH,FCF5| 80/20 | 2.37 62.2 82 1.9 2.0
25  [CH;Cl/CH,FCFs| 75125 | 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



hexane sol uti on of nethyl al um num dichloride (MADC). A

100 M glass mni- resin kettle was used for this
wWE@2@ap5ss29 WO 2004/ 058829 PCT/ US2003/ 040858 81rdHIDF®08040858

Conversion, M,, Exanple Yield (g) (W. % X 10"3

MVM MIMo IP 27 FO0.28 7 %42 2.8 1.8 Exanples 28 -

31 [002191 Table 7 lists the results of .

pol ynmeri zations that were conducted at - 95C in

hydr of | uorocarbons and a bl end of a hydrofl uorocarbon

and methyl chloride using p-nethylstyrene (pM5) as a

cdﬂ@?hl?l}er A 1@101}fmergdat1@$ wasi -coadiicied ketith emagtmxyslashinum

% ilﬁ?% ¢ atgéﬁ‘@ fﬁ? }Péfeﬂw/i%w{lawéfomgn Wgs @eepatsday dissolving

I Bl iy e, BECRIBIRTE) SRyl fd 30 M Ui 12

pNBrafl®raeiRBCrEs -15°87 I8 tB&Zso’BmianW&s a&&g%,féﬁlés%ﬁ% 2 1.0
2 2.2 .80/20 VIV 30b CH2F
9 Qg golzggébgf(gl@ﬁép@lquq ggoilg)rgipgn peptane. gThig solmjien peas stirred

V"ffgf €0 rlﬁfnﬁ%s poAy%F&%dg g(gtlft?(ﬂf Vx)@@rp% C?g%i gﬁ;ﬂ% S?agll‘;énw& To each

di l uent, 5. ene ‘a
-snhttlhy,l §t2y neereliterniof i -ohl/omaz 4;41-urmtemhiylpamdnet R sadded ewith

th hl d .
SR BIe caf scdiitt ThER. ot 3sofbutrﬁ%é'r aﬁréj 8 rdrapuise 1 the
h%gffﬁerﬁ%éﬂ bcﬁﬁ‘tlcﬁf Wltﬁtahwlqé xane sg{ 'ﬁqa?ss %%Agr%)sm kettle

mcroliters of a
etwaglua¢dufor thisrexchingddé.or i de was used i nstead of the
anount noted in (a) above.

Table 5

Examplel Diluent | Yield (g) |Conversion (Wt. %)] M, x 10° M,/M, | Mol% IP

26 CH,FCF; 2.61 65 248 2.6 2.6
Example 27
[00218] 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 m] 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.




WO 2004/ 058829 PCT/ US2003/ 040858 82 c: 1.6
mcroliters of 2-chloro-2-nethyl propane used in place
wo@RoohsssTMPCl  used in (a). [00220] Pol yneri zap¢DOS1003/040858
any of the diluents of Table 7 resulted in rubber
particles that did not adherg;to the walls of the
reactor or to the stirring shaft. The particles
floated to the surface of the liquid when stirring
stopped. Wen tested near yifig geaction tenperature,
the particles were hard as—evrdenced by pressing on
themwith a chilled spatula. Exanples 32 - 37 1002211
Tabl e81ists the resylts of pnl vnerizations that were
conduct ed at| - 95C]i nCWB‘iS]WIuorg\q[‘arb ns and |met hyl
chl or|iEkaniply | Yieldwg)y|i sawt. yanpl es 185 | agni7 | avie1% 1p
conp ' gx_a_mp_]__éc A three-neck 500 m gl ass
reactjor amas |usedgfar thegse exanphes.| Praor o epgh
pol y izatilon 300 m of nondner feed containing 10
wt % of nononers were charged into the chilled reactor.
Theampsbigatsgr/ coinitiator nolar ratio was controlled
at 1/3 and the concentration was set at 0.1 w % EADC
in MO . The initiator/coinitiator solution was added

ofOERIATE on tebleafits BRents ot Bolenestinry Tog perneancinied o -
r &3et Gh ﬁm@&éﬁ?ﬁon% e di1hdOF ael)l‘lg?x%ﬂuér(c}a%rg jand methyl

am)un_t of Inttrator/colnitiator so |on a
eabloride peing pemethyIstyeendpMiSg ds apomoBsmerc ANMDIAl €lass mini-resin

target. WO 04/ 058829 P 3/.040858 83 Tabl e 8a

8 i e o (ISR EAAEbIES NTPER 2 g0 B 4xtrimthy pentpgelgvas
Mk asMa iMial Pin BRsdRFGH3. 65 315 626 2.0 2.7 33
CH2FCF3 94 213 489 2.3 3.0 34 CH3CHF2 55 414 813 2.0

1.3

Table 7°
Conversion M,
Example Diluent Yield(g) | (Wt.%) | X10° | M,/M, |Mol% pMS
28 CH,FCF, 1.37 33 322 3.2 2.1
CH;Cl/CH,FCF3
29 80/20 V/V 0.96 23 762 4.2 2.2
30° CH,FCF; 3.81 92 160 33 3.6
310 CH,FCF; 1.18 28 278 32 1.8
a: Except where noted polymerizations were run with 30 ml of diluent, 5.4

ml of isobutylene and 0.34 ml of p-methylstyrene, initiator/coinitiator
solutions were prepared in 2.6 ml of methyl chloride using 3.2 microliters
of 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.



35 CH3CHF2 100 197 558 2.8 1.8 36 CH3Cl 54 170 628
3.7 2.0 37 CH3Cl 97 135 517 3.8 2.4 a:

w@loy/Essezat i ons were run with an isobutyl ene/ PEDPS®NF040858
nol ar feed ratio of 95/5 [00222] The exanples in
Tabl e 8 denonstrate the produgti on of high nol ecul ar
wei ght butyl rubber using an EAOCC/HCO initiator system
in CHF2CF3 and CH3CHF2 dil uents. The nol ecul ar wei ght
ofc:t he héitnyibroigdry BB RSChiBr2-tBthy BHAGE 3s@nth B'a@eCHF%le TMPCI
were significantly higher than polymers made
at si rHSPéH @noner conversion under sinilar
condi tions. The pol ydi spersity (Mwv W) of the butyl
pol ynmers made in both CH2FCF3 and CH3CHF2 was

na{ﬂﬂlﬂ.ﬂ@r aniPalyraetiatib it ey oDGe dﬁlﬁ@ﬂﬁ@*@f Table 7 resulted in rubber
pol ydi. spersity of 2.0 than the ymers made in MeC
rﬂ%ﬂ clegt E?"i Aa\ii nékfﬁf&er%ﬁh%lwa%ﬁﬂﬁiﬁr@%@r or e theswisrimgshaft. The
[ r

LR BT 8 O EPB IRy S W

paletur thk esactiand éeriperdioteh tHehi2FRES weard h@l’cﬁﬁl'ﬁi’deﬁbélﬁ’@}‘ pdsdifo on
3 Si |f|0ﬁ | ess sticky during handling than the

p PW&% ?p‘%’éﬂl‘? cles made in MCL under simlar
condi tions. Exanples 38-44 [00223] Table 9 lists the
results of copolynerizations of isobutylene and p-
meiXagipdasy3Zerdd t hat were conducted at -95C in

hydr of | uor ocar bons and net hyl WO 2004/ 058829
PCT/ US2003/ 040858 84 chloride for conparison.

EXeogdigs 41 bk $Bsta R CQMRIE ﬁblyﬁﬁzrﬁmltﬁcﬁ we‘%?1 conducted at -
t hree-neck 500 ml gl ass reactor "was used ese

eX2nplisdydmiiugrocaboanend npdiyf wbldarilatfoo nomﬁﬂﬁ)som Bfamples 36

f eed t ai ni 1 % of
g%glg g ! %{f\%pal%%g %k?rin’g%a ﬁ%@o 2 kgﬁgmﬁ; asss \rl\glgt%r was used for
i nhaseamm | Ni Priit @5 3B oly At wﬁssosom e e
1/3 and tt%&concentratl oanv\?a% set ' wt % EADCO)f&i%r feed

l\/t?@ltammﬁe 10§ wi% |0£tla¢m<é@¢rmw¢rat6bﬁrg§dllntq dm oilechdetothr. The
ﬁﬂgegls/@mhﬁla{dsﬁnﬁgll r HF é%&#}roﬁle ﬁl)t(i ggoricggtt‘rat{qq was set

contr sSuc
r eaaﬁﬂ ont% EMIEC ad Me€l. The initiator/coinitiator solut1on 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.



rai se did not exceed 4C. The anount of

initiator/coinitiator solution added in each depended
wo@poottlssseesi red nonomer conversion target. TabP@r/882003/040858

Conversion M MWV Exanple Diluent (W. % x 10-3 x

10"3 MV M Mol e% pMS 38 CHF2GF3 22 91 298 3.3 4.3 39

CHF2CF3 57 89 291 3.3 4.4 40 CHF2CF3 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 43 CH3C giP/s443 4.6 3.8 44 CH3C1

69 94 342 3.6 4.0 a: Polyrrerr—n"ahons were run with an

i sobutyl ene/ p-net hyl styrene nolar feed ratio of 90/10

[ Q6224)—The—exanples—in—Table 9 denpnstrate-that using
an EADC/ HC1  init 5‘?"6‘?‘*‘3&?& bm My a |0PECH3 di | uent
t heExamptiuc t Dibienof | | @bwra)l enexAVS |cepof yim,svyi [t Mol% 1P

corparable—rplecular—weights t o copgolymer

a| ML d ICEBRCE; | sobuwsyl eng/ p3rset Hyl &kyriene.o 2.7
Cclunl VRSP epa_p_ed in CH3CHE2  exhibit mich higher
mol ecasl ar| @8iL,BpCH;s] The4pMsS | ncoisporfat4gon |i n Ahe 3.0

CC,.."L"!TE'! WO 20041 058829 PCII/ 1US2003/ 0408588 85 ils
si|gni¥4i capClycHF.gher is3 CH2FCFBi4t hgn gi3 McCh usifng tihse

sgre—nronoper feedl conpositlon under simllar regctiaon

cclr;aiilsranscmmmddi tioon the polzymer sBurfry 2. garjti cligs

i N—CH2FCFB appears to be sj anifi cantly less stigky in
CH2F@®3 thagH,@1 M Cl.s4Exanpl es045-47628002251 Tabl e 210
| itsts—thel resultslof copolyherizatilons of

i Sobw7yl eneCprCinet hyl styyreng arsd i soutryljlena/g sapr eng
t hat—werel conducted at. -95C in an 80/ 20

oo —ooHtoaoaot

D

a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5

[00222] The examples in Table 8 demonstrate the production of high
molecular weight butyl rubber using an EADC/HCI initiator system in CHF,CF;
and CH3CHF; diluents. The molecular weight of the butyl polymers made in
CHF,CF; and CH3CHF, were significantly higher than polymers made in MeCl at
similar monomer conversion under similar conditions. The polydispersity
(Mw/Mn) of the butyl polymers made in both CH,FCF; and CH;CHF, was
narrower and closer to the most probable polydispersity of 2.0 than the polymers
made in MeCl under similar experimental conditions. The isoprene incorporation
in the copolymers made in MeCl falls between CH,FCF; and CH;CHF,. The
polymer slurry particles made in both CH,FCF; and CH;CHF; appeared to be
significantly less sticky during handling than the polymer slurry particles made in

MeCl under similar conditions.

Examples 38-44

[00223] Table 9 lists the results of copolymerizations of isobutylene and p-

methylstyrene that were conducted at -95°C in hydrofluorocarbons and methyl



m xture (by volune) of CH2FCF3 and CH3CHF2. A

three-neck 500 mMl glass reactor was used for these
we@2@apssss? Prior to each polynerization, 300 nmPCD1S2003/040858
nonomer feed containing 10 wt % of nononers were

charged into the chilled reggtor. The
initiator/coinitiator nolar ratio was controlled at

1/3 and the concentration was set at 0.1 wt% EADC in
VediloridEn®r | RirdphAéRY, / ERhmble 8105 2b Ukl QBm %ﬁv@%g?xgple . A
dropwi se to the polynerization m xture and the rater st
adbreeingpk |50 @bﬁfﬂsbll’ﬁi@tbri wasusdl in thase sxanipled tPRdr to each

. t [ di.d t 4C. _Th
iR PR LBL Y EBhiRer bearoustites ohvikeimproegervere
dehende dinh thélechillesl & tor T NAHEE finif HRYESiRiia by t 1?\(;\%? t %tiox was

Tabl e 10 Conversion Mh MV Exanpl e Conononer
1vogtrellegoatsl/Rippsthe amgentsasionamas 87 2809 w696 FATIC idGlieCl. The

; 9.1.04 , 47b 100.349 1,166 3.3 a: ) )
P iAo S8t tgion wif Bafddanpiig o, de lenertisibn quixture

nmaind thef ieextb fraddlition &f conBl18d i sutRlay KR isé lak ARS8 & embBrature
wi th an isobutyl ene/ p-nethyl styrene nolar feed ratfio

0frai9® dikDnMR:2661 4 U58828 a%ﬂnusz%ﬁé&ﬁ@&ﬁﬁa‘c&@ol&féﬁ%@hea in
Tabl e 10 denonstrates the production of high nolecular
wePeihterendssinmn the desiter segnoates comsadigmiarsst.and

i sobut yl ene- pMs copol yners using an EADC HCL

initiator systemin a mxture of CH2FCF3 and CH3CHF2

as the polynerization dil Waple.9°The pol ynmer slurry
parti.cles in the CH2FCF3/ C3CHFZ mi xture denonstrate

t he sane non-sticki ness appearance as in a pure

Zg—éﬁ’?[ 10227] Exacal el N Eg;@ﬁf‘?]?;e Sfrrres
dob¥Anmier|i Dilwewty fof (Wedbut | &d8” wilt m10° | M,/M, | Mole% pMS
38 CHF,CF; 22 91 298 3.3 4.3
39 CHF,CF; 57 89 291 33 4.4
40 CHF,CF; 98 74 244 3.3 4.6
41 CH;CHF, 56 188 1,091 5.8 4.1
42 CH;CHF, 100 169 908 54 4.9
43 CH;CI 57 97 443 4.6 3.8
44 CH;Cl 69 94 342 3.6 4.0
a: Polymerizations were run with an isobutylene/p-methylstyrene molar feed

ratio of 90/10
[00224] The examples in Table 9 demonstrate that using an EADC/HCI

initiator system in a CH,FCF3 diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent. Isobutylene/p-methylstyrene copolymers prepared in CH;CHF,

exhibit much higher molecular weights. The pMS incorporation in the copolymer



ot her conobnoners.
at two tenperatures and

The copol yneri zati ons have been run
in four diluents. [00228] The

w@eiogosssezat i on exanples listed in Tables 11 -PABUSEMNE040858

obtai ned by running slurry copolynerizations in test
tubes equi pped with rare eargsh magnetic stir bars.
Monomer sol utions were prepared in the test tubes at

the desired tenperature, which is identified in the

pas aipnifitantlp thngr DY H;BOB thaRGn %@eCl”ﬁlsn? tHeN@nlel MHhSner feed
di luent, 5 of 1 iquid isobutylene and enough | |qU|J

c SOBISFPD Ltnéeraélfﬂﬂéfl éeagtign wondifiewsofroadditibmettic polymer slurry
P | ticall

R T B S DU Sy Y T Sy bt Eefion in
drMedii. se addltlon of a stock coinitiator/initiator
solution using a chilled glass Pasteur pipette.
Conversion is reported as wei ght percent of the
nqy@ﬁﬁk%45ggnverted to polynmer. [00229] Table 11 lists
the résults of polynerizations that were conducted at
-95C either in methyl chloride (as a conparative,

e s 48, 4 57, 58, 59, 66, 67, and 68),
)EWSE t et rTél?Di9 ul)(?glétlsﬁéﬁ desgilts 1of jeopphymesizatians pfeisobutylene/p-

| sehmivlRne aﬂ@%ob&?féﬂkﬂ%@{ég@%%&tﬁz&r@ cgﬂcfuta‘? at -95°C in an 80/20

p-t-butyl styrene ( run
( mugl)ure (o 28lumie) pefr CHYRQF30md( GH@CHEpe A (t&iaé-ne&«z 300 Hhi glass
% as Iﬁg %H§ed in Table 18. A_ stock solution
o Fasl a8 Vet R RS KRBT g PERDey cashipplymesgation, 300 mi of
Chldhbhié@ féddCtontaiig 1 RRAS @fdnfoﬂ F%Fx‘sh%%:recm ehiqﬁtob}ﬁe chilled

adding 0.320 ml of "a 1.0 nol/ utio
1 reectpro . ilae riaitiayesicobtitrior nmiat Gat@6Ovasi comfroded . 1B ddd the

e oRUTh R . B A aR Nt epuinercpininr tution

metahaddeh darpveee tdPeHey ey indatdidRSmieie dntNthb
dropwise, 1.5 nl of fﬁﬂz st ock EADC/ HC1 solﬁ??gﬁpé&ﬁhonls

t bentsitlied fixe shichoR r'so tBA ke 1618y teRIHIRE |

tiLn1nated MAthQ?ﬁe addi ti on of R@ réﬁ!&ﬁ@ﬁt@§%8d4.c
POPS ABPTBtafipHator coinifiatsr sotonpddadfih @@qund@ebdndson the desired
r particles that did not adhere to
ﬁ@ﬁggffmh%?&#ﬁggkg%ctor or to the stirring bar. The
particles floated to the sapvi@e® of the |iquid when
stirring stopped. The particles were hard as

evi denced by pressing on themwth a chilled spatul a

when tegted Conversion M, M,

Example Comonomer (Wt. %) x10? x 107 M,/M,
45° Isoprene 87 309 676 2.2
46° pMS 76 449 1,048 2.3
47° PMS 100 349 1,166 3.3

a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5
b: Polymerizations were run with an isobutylene/p-methylstyrene molar feed

ratio of 90/10




near reaction tenperature. Polynerization in nethyl

chloride resulted in rubber particles that adhered to
woioh/054829 r eact or wal |l s and the stirring shaftpClakioe3/040858

11 Yield Conv. M,. nol% Exanple Diluent CoM

(W. 9% x.10"3 MV Mh CoM 48 ¢ggH3CL t-BuS 496 12.8 139

2.5 1.4 49 CH3Cl t-BuS 384 9.6 130 2.3 2.4 50 CH3C1

t-BuS 485 12.6 112 2.2 1.5 51 CH2FCF3 t-BuS 345 8.9

0
QR £ 0 P PR o By e e

32§O®Me@mogreﬁe lcopolysErCaadHERbIty BuS pMS dipoBn2ty Wi an

N RN T T i
1 poly rﬁ&lﬁfiﬁﬁjdﬂ'ueﬂ 1393 %?ﬂe@%h@g partibles68 Wﬁi@CHFz

2279 60. 8 131 2. Ind 1199 31.9 10
2. mixpurg doynonsdy @@881219 nPEFHCISREO 3p P8BS as $8a @Rre CHLFCF; or

116 2.2 2.0 63 CH3CHF2 Ind 323
Ig% ‘gﬁjﬁ%@% 6‘;%‘323 BPECHE2 1 nd 243 91.1 138 2.3 1.8
65 CH3CHF2 Ind 526 8.6 146 2.3 1.9 66 CH3CL pp 402

5 2 71083 67 CH3C1l pp 406 10.6 20.5 1.1 7.8
635 P35 6.2 17.6 1.0 8.9 69 CH2FCF3 pp 644

177295149.4

[00227] Examples 48 - 117 exemplify copolymerization of isobutylene with
other comonomers. The copolymerizations have been run at two temperatures and

in four diluents.

[00228] The polymerization examples listed in Tables 11 - 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at the
desired temperature, which is identified in the paragraphs below, by combining 20
ml of the liquid diluent, 5 ml of liquid isobutylene and enough liquid comonomer
to achieve a 3 mol% comonomer feed. Polymerization solutions were
magnetically stirred at the identified temperature and were initiated by the
dropwise addition of a stock coinitiator/initiator solution using a chilled glass
Pasteur pipette. Conversion is reported as weight percent of the monomers

converted to polymer.

[00229] Table 'llk lists the results of polymerizations that were conducted at
95°C either in methyl chloride (as a comépérative, examples 48, 49, 50, 57, 58, 59,
66, 67, and 68), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run), indene (Ind)
(0.23 ml] per run) or B-pinene (BP) (0.31 ml per run) as indicated in Table 18. A
stock solution of ethylaluminum dichloride (EADC) and hydrogen chloride (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



70 CH2FCF3 pp 833 22.1 39.7 1.4 8.1 71 CH2FCF3 pp 610

16.2 37.0 1.4 8.5 [002301 Table 12 lists the results
w@boopossgeeri zati ons that were conducted at - 5BCI/E51008040858

in methyl chloride (as a conparative, exanples 72, 73,

74, 81, 82, and 83), 1,1,1, Zstetrafl uoroethane or

1,1-di fluoroethane.. |sobutylene was copolynerized

with either p-t-butylstyrene (t-BuS) (0.36 nl per run)

Orsohd@rie hekdddty (0D 2 omméiﬁj{'l Jh%}deaSPélpgl'eﬁ%tﬁﬂs \Were run by

Tabl e 12. A stock solution o I'al um num

di addingy d@éW(SEAD@)mla?fdhh)%mCh@%D@ﬁiQirsphmm(l Iﬂi:ll)e stiared monomer

hl ddi
R N L T S
anﬂetﬁarﬂﬂi OP¢lymefizatioh B 68} ok tﬁ‘é h%ldh@huﬂi‘oez%bﬂé Q&Iuﬁéd % rubber
solution, in _hexane to 100 nmet hyl chlorid

Pd1aytdes; that did met aghese quﬁlewalbdzfﬂh@ reacior op i e, Stllrlﬁg har. The

the stirred

&a&tﬂjil%n@ag%étg Wx an‘p?thg&a GPSStlr%fg siopped. H%Eamdes
aner8 hard s ew&mb@%yﬁ:&essﬁ% on Thm &ith Behill&S sp#ild Wien tested
2.3 m of EADC/HCl sol ution was used. Polynerizations
wetRr TeaFtR ismpsTaiiten Pplymesigetian nmethyb chlofitle gesulted in rubber
MBI RRNQ! that R
hydr ?ﬁ%l}%%togg%g%ﬁ]ds@%g}%% 5%0?\2&1%58&%18%@@%%1{1% c}il es that

did not adhere to the walls of the reactor or to the
stirring bar. The particl e¥ablegqdted to the surface of

the liquid when stirring stopped The particles were

Much mor g stiff,as evi defigggqay RSSTIgypn tiem mol%%

with a chilled spdt ul a when tedted near yeaction S

teﬁwﬂﬁur Diluenttan WeM t hémgpt hy(wich)or el 05 ePas/A™d, | CoM

xanples——Peotyrerizati-on—-n—retthyl W0 2004/ 058829 =

PCT/ 4862003/ CHR8b8 | 3Bushl prddde |resud.ged | n1z3ubbera.s 1.4

particlesthat adhered tol bothlthe reactior walls and

tthe 4%tir|ri aghShafit +Bhibl g 382 Yi el g.dConv| My mbl % 9 2.4

E:Q(_a,np_l_g_m_l_uen_L CoM (ng) (wt % X10-3 MMM CoM 72

¢H3C30 t - F uScHZ@p 45t:1131r$8 A 4857 (2. 912,63 GH3(Gh t 1 BUS) 1.5

17 49.4 58 Q 1 ¢

51 CH,FCF; vBuS 345 8.9 128 2.0 2.0
52 CH,FCF5; | t-BuS 249 6.4 128 2.0 1.6
53 CH,FCF5; | t-BuS 295 7.6 119 1.9 1.9
54 CH3;CHF; | t-BuS 325 8.4 297 2.7 1.8
55 CH;CHF; | t-BuS 433 11.2 217 2.6 2.3
56 CH3;CHF, | t-BuS 333 8.6 303 2.7 1.8
57 CH,CI Ind * | 375 9.9 68 2.2 1.2
58 CH;Cl1 Ind 179 4.7 117 1.7 1.3
59 CH;Cl Ind 130 3.4 103 2.3 1.1
60 CH,FCF; Ind 2279 60.8 131 2.2 2.3
61 CH,FCF; Ind 1199 31.9 101 2.1 2.4
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w3 2002/038820 4. 3 77 CHZ2FCF3 t-BuS 568 14.7 39. 7 BCBU#&2083/040858

78 CH3CHF2 t-BuS 651 16.9 68.1 1.7 4.4 79 CH3CHF2

t-BuS 733 19.0 71.9 1.6 4.1 80 CH3CHF2 t-BuS 440 11.4
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OE%‘?E%’bry dr oﬁiﬂﬁ% el(ielistsst[ﬁ é/s t ﬁg@&%?gé@%%;ﬁgtj Bere conducted at

-50°C either in methyl chloride (as a comparative, examples 72, 73, 74, 81, 82,

A4

and 83), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run) or indene
(Ind) (0.23 ml per run) as indicated in Table 12. A stock solution of
ethylaluminum dichloride (EADC) and hydrogen chloride (HCI) was prepared in
methyl chloride by adding 0.320 ml of a 1.0 mol/L. HCI solution in 1,1,1,2-

tetrafluoroethane and 0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution
in hexane to 100 ml of methyl chloride. Polymerizations were run by adding,
dropwise, 1.5 ml of this stock EADC/HCI solution to the stitrred 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 m! 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



solution to the stirred nonomer sol utions, except for

exanpl es 98, 99, 100, 101, 102, and 103. For exanples
w@048882and 100, 3.0 ml of EADC/ HC1 sol uti on WaST/Uszei040858

For exanples 101, 102 and 103, 2.3 nl of EADC HCl

sol ution was used. Polyneri zations were term nated

with the addition of 0.2 m of nethanol.
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3047201 96 t-BuS 389 52 2.1 17997 t1-8BuS

445 14.5 24§H_aCi 1. 9-Buy %5&6 474283 260413 289 | 2.9

Immd—2405—10—7 2672314 1T1660tnd 2685 3t721+ 12

101 @gp 1346CIRECE; 104-Bu$ b @ 102 pp9375|185.8 79.441. 4 4.1

g4
76 CH,FCF; t-BuS 523 13.5 39.2 1.5 4.3
77 CH,FCF; t-BuS 568 14.7 39.7 1.5 4.3
78 CH;CHF, | t-BuS 651 16.9 68.1 | 1.7 4.4
79 CH3;CHF, | t-BuS 733 19.0 71.9 1.6 4.1
80 CH3;CHF, | t-BuS 440 11.4 70.3 1.7 2.8
81 CH;Cl Ind 704 18.6 49.9 1.4 1.0
82 CH;5Cl Ind 645 17.1 34.1 1.4 1.4
83 CH;3Cl Ind 319 8.4 44.6 14 1.1
84 CH,FCF; Ind 424 11.3 36.7 1.4 1.7
85 CH,FCF;3 Ind 464 12.4 37.9 1.4 2.0
86 CH,FCF; Ind 496 13.2 40.8 1.5 1.9
87 CH;CHF, Ind 328 8.7 40.8 1.5 1.4
88 CH;CHF, Ind 338 9.0 42.9 1.5 1.3

[00231] 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



103 pp 389 10.4 76.9 1.4 8.8 104 |IP/ pMs 331 8.9 632

1.8 0.49/1.7 105 | P/ pMs 423 11.3 699 1.8 0.67/1.5
wa0®4o5NspMS 361 9.7 989 2.1 0.71/1.5 [00232] Tedst/eS43/040858
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Table 13

: Yield | Cony. My : | mol%
E;;amplé : CoM | (mg) V' .‘ (wt.%) . x10° " M,V/M; CoM
89 IP 1147 U 31.1 453 2.0 '1.9 |

90 Ip 2061 55.9 628 1.8 2.0

91 IP 2382 64.6 276 2.0 22

92 pMS 654 17.3 782 3.4 2.8

93 pMS 722 19.1 624 3.0 2.8

94 pMS 795 21.0 665 3.0 2.7




Exanple Diluent '-(mg) (wt.% CoM- 107 CH3Cl 503 13.7

0.

wad
1

2 108 CH3C1l 689 18.8 0.1 109 CH2FCF3 448 12.2 0.2
10405482CF3 543 14.8 0.3 111 CH2FCF3 404 11.BCODUS2003/040858
12 CH3CHF2 338 9.2 0.2 113 CH3CHF2 481 13.1 0.1 114

CH3CHF2 352 9.6 0.2 115 CH3@F2/ CH2FCF3 453 12.4 0.3

1

16 CH3CHF2/ CH2FCF3 777 21.2 0.2 117 CH3CHF2/

CH2FCF3 573 15.7 0.2 Exarrpl es 118-141 [002331 The
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105 IP/pMS 423 11.3 699 1.8 0.67/1.5
106 IP/pMS 361 9.7 989 2.1 0.71/1.5
[00232] Table 14 lists the results of copolymerization of isobutylene and

butadiene (0.15 ml per run) that were conducted at -95°C in methyl chloride (as a
comparative, examples 107 and 108), 1,1,1,2-tetrafluoroethane, 1,1-difluoroethane
or a 20 wt.% blend (CH3CHF2/CH2FCF3) of 1,1-difluoroethane in 1,1,1,2-
tetrafluroethane. A stock solution of ethylaluminum dichloride (EADC) and
hydrogen chloride (HCI) was prepared in methyl chloride by adding 0.320 ml of a
1.0 mol/L HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L
ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
Polymerizations were run by the adding, dropwise, 1.5 ml of this stock
EADC/HCI solution to the stirred monomer solutions. Polymerizations were
terminated with the addition of 0.2 m! 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
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114 CH;CHF, 352 9.6

115 CH3;CHF,»/ CH,FCF3 453 12.4

116 CH3;CHF,/ CH,FCF3 777 21.2 0.2

117 CH;CHF,/ CH,FCF3 573 15.7 0.2

Examples 118-141

[00233] 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 éxamples 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



120 CH3C1 1.7 597 16.2 224 2.2 1.7 121 H2C=CHCF3 1.7

309 16.7 266 2.3 2.2 122 H2C=CHCF3 1.7 274 20.6 218
WQ@24/05829 123 H2C=CC12 1.7 118 3.2 33 1.4 1.4 pARUS2003/040858

H2C=CC12 4.0 447 13.4 47 2.1 1.0 125 CH3CHC12 1.5 112

3.0 108 3.1 1.7 126 CH3CHC1231.5 202 5.5 116 2.6 1.9

[ 002361 Table 16 lists the results of polynerizations

that were conducted at -35C Exanples 127 - 136 are
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a 0.16 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.
The final mol/L concentrations of ethylaluminum dichloride and hydrogen
chloride in the stock solution is the same for both preparations. Polymerizations
were terminated with the addition of 0.2 ml of methanol. Polymerization in 3,3,3-
trifluoropropene resulted in rubber particles that did not adhere to the walls of the
reactor or to the stirring bar. The particles'ﬂoated to the surface of the liquid when
stirring stopped. The particles were hard as evidenced by pressing on them with a
chilled spatula when tested near reaction temperature. Polymerization in methyl
chloride resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft. Polymerization in 1,1-dichloroethane or 1,1-dichloroethene resulted
in solvent swollen polymer particles that adhered t;) the reactor walls and the

stirring bar.
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[00236] Table 16 lists the results of polymerizations that were conducted at

-35°C. Examples 127 - 136 are comparative examples with Examples 137 - 141

being examples of this invention.

[00237] Polymerizations were run by the dropwise addition of a stock
solution of the coinitiator/initiator pair. A stock solution of ethylaluminum
dichloride and hydrogen chloride (HCI) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/L HCI solution in 1,1,1,2-tetrafluoroethane and
0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution in hexane to 100 ml of
methyl chloride. A separate stock solution of ethylaluminum dichloride and
hydrogen chloride was used for Examples 134, 135 and 136. This solution was
prepared from the addition of 0.034 ml of a 0.93 mol/L. HCI solution in 1,1,1,2-
tetrafluoroethane and 0.0960 ml of a 1.0 mol/L ethylaluminum dichloride solution
in hexane to 10 ml of methyl chloride. The final mol/L. concentrations of

ethylaluminum dichloride and hydrogen chloride in the stock solution are the




138 CH2FCF3 1.5 1024 27.8 92 1.5 2.2 139 CH3CHF2 3.0
1085 29.5 78 1.5 1.6 140 CH3CHF2 3.0 1104 30.0 92 1.4

W@ 2@4/038%829 CH3CHF2 3.0 953 25.9 95 1.5 1.6 Exari/es2003/040858

142-146 [00239] Table 17 lists the results of

copol yneri zati ons of isobutylgne isoprene that were
conducted at -95C CH2FCF3. The i sobutyl ene/i soprene
feed ratio was changed for each exanple. A three-neck

S04nRl £l Beth b%ﬁfaﬁﬁné’vaA 's!e?}ﬁﬁjatefs%ckt Q@Eﬁoﬁxm&ﬁylal inum

Prior to each polynerization, of nonomner
c ahcldolmlm gMﬂD@lt % Hchloomd ek Blmﬁhsdp@hmeg €0MPat)o wakeused for

Tt PR AR oh3Poarms s AR Ch S o BEPRRd m he

S%Iddltﬁl)‘h Qf 16wt YaibNRtert NoMEMIPCTN&d 0.0960 ml of a 1.0 mol/L
initiator/coinitiator solution was added dropwi se to

t HéetbﬂPMnmahﬂd@rﬁﬁ salutran mrexengetor B @l off raetbiylt ¢hiorides The

S a t the T e
; SBL AT D B8 B b RS SRR payenampt s
| rlistddahd’rabléqmnl ti at or solution added in each depended

on the desired nonomer conversion target. WO
2004/ 058829 PCT/ US2003/ 040858 97 Table 17 IB/IP

g 2n i Mo, ST BEEEEEAS ey 12 o

1.18ethdmbd. B @o]jz&&rliaﬂtionﬁﬁﬁlA ~difldordethdded 00 3/151, lﬁﬁra/]ﬁ@roethane
481 3. 45 93/ 7 74 4 2.4 3,8 146 90/10
1:@%@@ Barticlss thah oxly f? %kfé“ﬁ’i’ﬁﬁ‘pﬂ’}%lCa]eH‘Sﬁglith%ﬁ%e‘ﬂa@ced

Er@fpﬁfoﬂfﬂgoﬁlltﬁf Bhlﬂ@d g?!ltﬁféuétafea B @Pxf petitne! YRRAG %ﬁ@ﬁs of

I SOprene i ncor P ation oner ati on of
foullng were evident on the reactor walls and stlrrlng bar. In comparison, the

polymerization in methyl chloride resulted in a viscous coating of polymer on
both the reactor walls and the stirring bar. Very little of the polymer was
"suspended" in the diluent medium. Polymerization in 1,2-difluorobenzene or
1,2-dichloroethane resulted in solvent swollen polymer phases that adhered to the
reactor walls and the stirring bar. Polymerization in 1,1,1-trichloroethane occurred

in solution. Polymer was recovered by removing weathering off the solvent.

Table 16

Cat. L o ‘ :

: , l | Soln, Yield | Conv. | M,,v | mol%
Egample Diluent |- (ml) | (mg) | wt.%) | x10? M/M, | TP
127 CH;Cl 4.0 1953 53.1 45 1.2 1.2
128 CHsCl 4.0 1678 45.6 | 54 1.3 1.3
129 CH;(Cl 4.0 2339 63.6 51 1.2 1.4
130 CH3CCl3 4.0 3068 83.2 48 2.2 0.9
131 CH;CCl, 5.0 2993 81.2 59 2.2 1.0
132 1,2-difluorobenzene | 4.0 2033 55.1 35 1.6 1.5




slurry particles is significantly reduced in the
hydr of | uor ocarbon. The GPC traces of these

w0 s@bussgkene/ i soprene copol yners do not show aPgT/B5IPn3/040858

of gel formation or cross-linking, even for the
Exanpl e 146 which contains mgge than 5 nol % i soprene.
The hi gh di ene isobutyl ene/isoprene pol yners made
according to this invention can be hal ogenat ed

ubsequen ffré Vi a standard, estrabtishedhatggenation
>

dded dr gpwi s€ T0 1 he pal yrer i

dr ocBSses| Lérdiffrobegzens obbifyl| p20Yymer3l.6 Exardf e| 1418 1.4
[[60241—The dependence—of rotecttar—wetrght—on

donviedsi on weshCHSH AN nedt.Oon R&ToUt ydBhe/|i SBhr enel.9 1.3
opotyrerzattons—+unr—ta—rethy—ehl-ari-de—and—CHRFCE3

dt -B5C. [Thi SHdendibdince wa8 deR@0/iinetB.4 or] t24o 1.8 1.3
Hferent—+nHtiatorlcolbnitiatlor systens;—gne based on
TMPAI36and| t h€HeClEI,dlased 40 HCP683 BotTp.gatialyst 1.9 14
ystens used EADC. as the lewig acid]|coinitilator [A

tihr eg7neck SO0QH,FCFg! ass| react op3yps usegl flor7d heser ;5 23
xamples | Prior to each polynmerizatilon, 300 n of

nmonoyggr fleed egnarni ng (10 st % ¢fo4 he ppyoner® were; 5 29
harged into the chilled rea¢tor. A nolar |ratio]of '
95/ 51 3g9sobut yl epgiggpPr ene y\gs |uggek floroeach - 15 1.6
pol yneri zjation. "The”i ni tli ator/coinitliator nolar ratio )

was ntrolle 3 and e Q4/ 829

e D005 0abbEE ™ en mancit tat i %h e ol &P o)1 Voo, 16
EADG 4;n McCl. Enitioat COI Ryt i gt oljut{.on

s Gad! 4ot 0§'6 z?é%or Omfsx uredggd t\rlm\@ 1.6

rate of addition is controlled in such as way so that
the reactor tenperature raise did not exceed 4C. The
amount of initiator/coinitiator solution added in each
diyerulss 143-1%he desired rmonomer conversion target.
The data for these polynerizations are shown in

Figure 3 as a plot of peak nol ecul ar wei ght (M)

vgoe239] t he riablmd? lison\tes Sewilts oM copdtymdtartionPFt 86butylene
decl i ne nol ecul ar wei i i Nncreasi ng conver si on

 SopgedaiatEre PR AT A1 bHSRETnt Ras HaCHIeksoprone feed
2SSy 30 LObpE RN 0 B G GERwe
ardr thes¢ @pamplasli efriorvw@seach polymerization, 300 ml of monomer feed
containing 10 wt% of monomers were charged into the chilled reactor. The
initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set
at 0.1 wt% EADC in MeCl. The initiator/coinitiator solution was added dropwise

to the polymerization mixture and the rate of addition is controlled in such as way

so that the reactor temperature raise did not exceed 4°C. The amount of
initiator/coinitiator solution added in each depended on the desired monomer

conversion target.




conducted at -93C in CH2FCF3. A nolar ratio of 97/3 of

i sobutyl ene / cycl opentadi ene was used for this
w@eiogosssezati on at 10. 8 wt % nononers in the fREHUS2003/040858

Cycl opent adi ene was freshly cracked for this

experinment. The initiator/ceynitiator solution was

prepared by dissolving 200 mcroliters of a 1.0 nol/L

sol ution of hydrogen chloride in CH2ZFCF3 into 50 nml of

pre-chilled CH2FCF3. To t i uti on was added 500

mcroliters of a 1.0 nDI/L@hBe%% on of ethyl al um num

di chloride in hexane. This solution was stirred for 5

Miraut-es- Pelyoprizati-on-was—begun by the dropwi se

addi ti on Jof injtiator/coinitiatgr solption ijnto
t he rmnonFr Molaut i )ﬂOMﬂfdiSlSiii nrimg. |Ther,addition |of

f
bRl BT o Whhpor a8 |1 2 ) kgl | 6Ve

-QZC tiot al f the i tigtor/cojnitiator
solugf%;1 s° A 503) gl é rlesth keth% ﬂas 12
used th| xanple T ble 8 CONVersio

Exa { géﬁ % %9 10" 3 M\h“i‘w Mo CPD"O/%l 2 17
148 F 38/ 527 3 1I5|WD_ 20047058829

PCT/ 003/0 858 99 S]&IOubllltylzZ)f Et | ah usihum 29
Dif ¢ i&r {a rpfT'uor ocar bons _ano I:':I' en [00243}
The bili §/7y s reported|i n7fall €€319 - %5 ver S8

perf neat efhyl al um_num[di chiofi de (BADC)-
Each?{ est id/B]grf br rredg in the 1Polljow*g may:6 5 |m

t he condensed hydrofTuorocarbon were charged Tnto a
dried test tube cooled to -90C in the dry box cold
bd04240Fo t hildesq qmr@plai demoutrate the prapatition exfshigh molecular

i coBivilsR) b AL P pPyior Sy iPrsion ag e

t lshlmye;sanﬂidlémig signkficanty réElileedTirP(ﬂhB gdro\éﬁférdcbll:bﬁl\}m ar llieoﬁﬁé traces
e Il uen 11le

tg tgf P0|I|ng poi nt of t

PR DeARIER COPRIMckedq Bak showpany sign ef gelhformation

d'ok lé?d“s% h'hﬁﬁl h%@eﬂ o thOIHxh gleoﬁi@rwhléhh? rgilfﬁ H{ ofe tl%ﬁSS mol%
t fube

cooled to - I mersin ete
c adopirdnat h ThRélngiT qhenb isohgglenaisoprese pelymemadledaﬁctoefdm@ & this
C%U%nte (t)r? gan € ﬁalll(r)]ge/n%t%g sugs%qgé/ntiy via stang Eleéstatbﬁllshed halogenation

processes for making halobutyl polymers.

—B

Example 147

[00241] The dependence of molecular weight on conversion was
determined for isobutylene/isoprene copolymerizations run in methyl chloride and
CHFCF; at -95°C. This dependence was determined for two different
initiator/coinitiator systems; one based on TMPCI and the other based on 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 wi% 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



first heat/cool cycle, the catalyst did not dissolve,

0.5 m of nethyl chloride was added. The heat/ cool
w@eymhessses repeated. Subsequent additions of OrPGI/IE2003/040858

met hyl chloride were nade foll ow ng each heat/ cool

cycle until the EADC was obsggrved to dissolve or a

50/ 50 VIV bl end was achi eved. The fol |l ow ng

observations were nade and recorded.

1, - - . o .

L byl o a9 e DI T i yiggor v

EARG addbdidrbiiGsd 34 ahé polynsoizatidre mixthiepand #helrdborbf addition is

nmet hyl chloride 9 Fine-scale flocculation + 0.5m .

nmebhirbdllehhentldas day §o that the ataetdr tanparhiatd @ise Hidn&rekceed 4 C.
hyl chloride 23 O qudy suspension; slight floc at .

b e amptgt ShipitiAATRpIIEHP DI T ded Bueash dgpended pathe desired

: H : 3 . v .
PPl bofvchuio e RO B PS5 %y Bl iy Sown in
1(0gure G. d5rd ploesfydak aidleculateve@ght $M,) velses theahanothyer cénversion
0..5m et hyl chloride 4 arly clear .+ 0.5m nmethyl,K .
cHR &Y ejflﬁewaﬁeﬁ;ﬂeglvl@a& mg] Sodeiget Wi P econYsion is
Ol 8érvd. - THesd Bddty | a168 dblvdanm0 Hetieal 4 O0Lftteq! Mhifitsr for
tests in Table 19, the flocculation occurred after
cespelyinsrizasfons st CHeF@Hs. from a very cl oudy suspensi on.

The original “chips' were no | onger visible.
Di fl uor omet hane (HFC-32) Table 20 Preparati on Vol unme %

Matdamipldgger vat i on - Chl ori de

[00242] A copolymerization of isobutylene and cyclopentadiene was
conducted at -93°C in CHFCF;. A molar ratio of 97/3 of isobutylene /
cyclopentadiene was used for this polymerization at 10.8 wt% monomers in the
feed.  Cyclopentadiene was freshly cracked for this experiment. The
initiator/coinitiator solution was prepared by dissolving 200 microliters of a 1.0
mol/L solution of hydrogen chloride in CH,FCF3 into 50 ml of pre-chilled
CH,FCF;. To this solution was added 500 microliters of a 1.0 mol/L solution of
ethylaluminum dichloride in hexane. This solution was stirred for 5 minutes.
Polymerization was begun by the dropwise addition of the initiator/coinitiator
solution into the monomer solution with stirring. The addition of this solution was
maintained at a rate necessary to keep the polymerization temperature from rising
above -92°C. A total of 35 ml of the initiator/coinitiator solution was used. A 500

ml glass resin kettle was used for this example.

Table 18

Conversion | M,

Example | Diluent (Wt%) x10° M,/M, | Mol% CPD | %12

148 CH,FCF; 50 527 1.9 5.3 15




EADC + 5nml HFC-32 O Insoluble “chips' + 0.5n methyl

chloride 9 Slight cloudy + 0.5nl nethyl chloride 17
weosm/osdseccul ation + 0.5ml nmethyl chloride 23PCi/882003/040858

Fl uor of orm (HFC- 23) Tabl e 21 Preparation Vol unme %

Met hyl Cbservation Chloride 9EADC + 5ml HFC-23 0

I nsoluble “chips' + 0.5nm nethyl chloride 9 Insoluble

+ 0.5nml nethyl chloride 17 Insoluble + 0.5nl methyl

c S adubitity G fhy b em WRcAOHAE AP B APoRictoS03 404 83581
101 + 0.5nm nethyl chloride 29 Insoluble + 0.5l
met hyl chloride 33 Insoluble + 0.5ml nethyl chloride

bl i 41 | nsqaluble +
o PRt ny et Al S ot AL T8 gt SR Wiy erformed
chisongi et 4thylahsoinubl dichibride SBADTY! hFdchclobOfhdBerBmed in the
IQ§ luble 1,1,1-Trifluoroethane (HFC- 143a) Table 22
8@%‘?%‘6%?- Vo het shecprndenssd i hydrofiustapprboghwenei dhergedD@to a

r
8 AR b NS T
12 Clmiogbfitessi syf e, Oquid dhyBathmiseinhdictia (88D e alided.
S cgollﬁblil?tg was checked by vigorously agitating the resulting mixture. The mixture
was then allowed to warm to the boiling point of the diluent while agitating the
contents of the test tube. After the diluent reached its boiling point, the mixture
was cooled to -90°C by immersing the test tube into the cold bath. Reported
observations were made after the completed heating/cooling cycle. If after this
first heat/cool cycle, the catalyst did not dissolve, 0.5 ml of methyl chloride was
added. The heat/cool cycle was repeated. Subsequent additions of 0.5 ml of
methyl chloride were made following each heat/cool cycle until the EADC was
observed to dissolve or a 50/50 V/V blend was achieved. The following

observations were made and recorded.

1,1,1,2-Tetrafluoroethane (HFC-1 34a)

Table 19
Preparation Volume % Mefhyl 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 methy! chloride 23 Cloudy suspension; slight floc at b.p.
+ 0.5ml methyl chloride 29 Cloudy; very small particles
+ 0.5ml methy] chloride 33 Less cloudy; no visible particles




1, 1 -difluroethane (HFC 152x) Table 23 Preparation

Vol ume % Cbservation Methyl Chloride EADC + 5mi
WOHEG4/058820 0 Sol ubl e [ 00245] The sol ubility tesPGI/US2003/040858

performed in Table 24 were perforned using 1.0 nol/L

stock hydrocarbon sol utions g¢f, ethyl al um num

di chl oride (EADC) prepared at roomtenperature from

neat EADC and the hydrocarbon listed in the table.
Pentane refers to norma—pentane. TUCB hexanes refers

to AM-SMeen ehlpridsenzene gidade of | hexaneStll lgss dlensiyer i
MXture,. Whi cii_contai ns tess than 5 ppm WO 2604/05882
PCT/USPEostivheidssle 102 berfdene. The fi nal Nearly clear
1,1, I Z-tetraf t uorogt tane (HFC—13#a) sotutiom was

pil epdra megyl ehderidig [t he r dm t enper at ur e Hemby deasck
soration, volume {Tsted in the table,— to the tiquid
HECH PP meghyhehlride { ube het’d at - B5C. In al Clegases, an
imtial sotution, 1§ obtalned whichr s ctear and

col 0@y wethyhehloride it i ng s® ution|was then E&8red by
I MMErsing the test tube Tnto the dry box cotd bath
thernostated at -95C. The cloud point was determ ned
byl00&4di t or i Ay thertests empablatl Oy the Glocewiatidn apeintedvafiér @ssation of

t her mo er and visually determning. the . anset of

o BT aiEn <THy SuE: sitoticGn s e g yre no longer
alviigieng the solutions to warmto a tenperature above
the cloud point. The behavi or of the solution around
the cl oud point was observed for several mnutes by

r ' nd warm ng the solution. This
p%ﬁ%l%m%aﬁg 32 to be reproducible. Table 24

Hydr ocarbon Volunme (mcroliters) Vol une of Final EADC
Cloud of 1.0 M Stock EADC HFC-134a Concentrati on

Point Solution (nL) (W.%2 Opent ane 100 10 0.1 -87
Pentane 174 15 0.1 -87

wo

Preparation Volume % Methyl Observation
Chloride
EADC + 5ml HFC-32 0 Insoluble ‘chips’
+ 0.5ml methyl chioride 9 Slight cloudy
+ 0.5ml methyl chloride 17 Some flocculation
+ 0.5ml methyl chloride 23 Clear
Fluoroform (HFC-23)
Table 21
Preparation Volume % Methyl " Observation
Chloride
EADC + 5ml HFC-23 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Insoluble
+ 0.5ml methyl chloride 17 Insoluble
+ 0.5m] methyl chloride 23 Insoluble




wa 244058824 et r af | uor oet hane ( HFC-

ULB hexanes 174 15 0.1 -85 Solubility of
Al koxyal um num Di chl orides in

solubility tests reported in Table 25 were conducted
by preparing each al koxyal ugginum di chloride in situ.
A general procedure follows. A solution of the
correspondi ng aIcohoI was prepared by adding 0. 0001

134a) [ 00246]rdiEs2003/040858

n

nmgi-es _of thehg o —to 1O miiiim HFC—134a——=at
BiHe) 1

t;OSrpbmFtHy]é: mt i ters—of

(o

- i on wag%added |100 nicrol inselpkleof a
1. mol /L Stock penmntane sot utionm of EADC—After—this

I csTOS‘QH‘GF@chﬁmO“@%e HFC- 133a sol ution was shhiselpble

perl odicaf | y Ver the next _five rnutes, —The sotut+on

was” &PmoRehyle loﬂé‘?nnto -18% in a ¢l osed vesshisolyblg

t hen ﬁ%l ed @ s dry oox cotdaththernostated—at
- 9500 >hmethylsy “B%u nt was4WD 2004/058829  Insoluble
jsjots]

PCT/ US20037 04 T03 determ ned| by nmonitoring the
r#p%?lafla?téy Shlop
g the onset—of [ctoudimess, —The
ifacane cl 84r by al |l owi ng t hasoluble
S¢ 0 r.m
pciJ?]é'.SmQ‘H%tLylﬁgﬁH@‘? or of tA® solut{on around Iseulleoud
M Nutes by repeatedty
cool ing and warm ng the sol ution. [
f -lirgluoreethanp (dHGC4BRe. Tabl e 25 CH3O0AI C12
CH3CH2QAI O 2 (CH3) 3COALC12 CF3CH2QAICI2 FW (g/ nol)
0.12 0.14 @-40C d oud poi mhple@2 -85 -85 -85 w solids
-87 PROPHETI C EXAMPLES Prophetic Exanple 1 - Methyl

te e/ liquid¥ith a {her nonet er Ingpluble
i

scI i ?‘Bﬁ@et 8&?‘{‘5}

0 a tenperarure above the ctoud
pol N was obsServed for several

Thi s phenonenon was

128.92 142.95 171.00 196.92 W.% solution 0.09 0.10
Chl ori de (Con'paratlve) [00247] The process for

producT g hkgh T ubber gy, hesgondueted—usipg atign
I:ayonet te t ype slurry M%ﬂ&i emogagf i guration sucrﬁ
tfhat—depicted—n—Frgyres—4

EADC + 5Sml HFC-143a 0 Insoluble ‘chips’

+ 0.5ml methyl chloride 9 Cloudy suspension

+ 0.5ml methyl chloride 17 Cloudy suspension

+ 0.5m! methyl chloride 23 Clear solution

1,1-difluroethane (HFC-152a)
Table 23
Preparation Volume % Observation
Methyl Chloride
EADC + 5ml HFC-152a 0 Soluble

[00245]

The solubility tests performed in Table 24 were performed using

1.0 molVL 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



through 8. [00248] A m xture of nononers in nethyl

chloride solution containing 20 w % i sobutyl ene, 0.55
wWoReei0ssspy ene and 79.45 wt % et hyl chl ori de nmeRCDES2003/040858

continuously fed into a bayonette slurry reactor

through a feed injection nozzixe in the anount of 15

T/hr. At the sane tine, a solution of alum num

chloride in methyl chloride with a concentration of

O.benyér¥) MBe HRalf P@,l;ﬁkﬁaﬂﬁtﬁo&ﬁ%&nﬁ{ﬁ@w L%ro[ﬁhohe\ﬁ&st epared
thro h a catal yst 1 njection nozzle in amount o

g thyfeom ftespparpigre Ml@@ﬂt@clmwutbm Nn]ulma:shsmil i the table,

%%‘g;g lmuég ﬁ%@e}% 1nt Itgﬁtt %gf? h%%dzﬂa %r l(féraq?sggttl g{magaglutlon
r d86biagied Wiich id SPREIHALHHlek frh@ r&ﬂ}fﬂlgestoqlﬁv%l WA then cooled

reactor may be nmamintained within the r

200410888iRg IRCEAUISEO DB (aBEBox Lol lfat}Dmemee&ﬁ 96°C. The
us, 88C, registeri it with resistance Lo

C A RoRatereS SoRuminRd by TBoiociog lr (BRI a thediquid with a

I @REHMREhdidroMdt DRuMB) M&@ﬁﬁlﬁi gmgl di{s?]tyoﬁﬁou}iﬂlt@?sr ' H0%0lutions

l'iquid ethylene at "'mnus 11 ayonettes

[ Ggaiadiecahe clsat §y allowing rthmayzuticmsrtm avasmsipensmperanie fbove the

PR PERe THE R ST oS! e v R B g s for
UREAdrall ahingies By ié?eei’tecﬁ y MBdYing | %ﬁcﬂ’rﬁfﬁﬁmﬁgn%:ms%lut&ﬂe This
Mooney Vi scosity 1+8 at 125C) nmay be +/- 3, and

t PEeRERRROBWasdguskiodsITeproducipler at e cont i nuously for
an average of about 30 hours until excessive fouling
takes place wthin the reactor as neasured by warner
than m nus 88C slurry tenpeasle@d4e and / or excessive
power draw fromthe nultistage mi xer / agitator. The
conversion to polyners of isobutylene in the feed nay

nlnn..

SO &P YO VTEme (miceRGEE VO Y 5 Etoud

% The total Opﬁ@q\@gdcg@ butg} h e ¢(§h'f1 atw acto[;Omt

may be 2.45 T/ rsohﬁg&p et| ¢ @gﬂ 2/ (Tn o b
Al ity 4 har )n‘n\l hn( C)

[UULDUJ The PTOCESS tof S48 othie Tg—outy ISAS

condistteed in a bay@‘hette t)pe sIIQJrry react ®rl -87

¢onmfiguration—such—as—that—teptreted—+n—Hgures—4

t hr d§gng, (si ng 11141, 2 tetraf| bbroethane (OHFC 134a) -87

athrer thammethyt—chtoride

ULB hexanes 174 15 0.1 -85

Solubility of Alkoxyaluminum Dichlorides in 1,1,1,2-tetrafluoroethane (HFC-
134a)

[00246] 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



as the diluent for the feed and catal yst steans.

[00251] A m xture of nononers in HFC 134a sol ution
w@oovassseng 30 wt % i sobutyl ene, 0.65 w % i SOpPENESHNG040858

69. 35 Wt % HFC- 134a may be continuously fed into the

bayonette slurry reactor thrgg4gh a feed injection

nozzle in the amount of 15 T/hr. At the sanme tinme, a

sol ution of ethylal um nundi chl ori de (EADC) and

H y
TR TIROEASog BRI, e o
i niiguialy det,ermmingihe osseHaf ¢lovdingssolfhel eolat13n@gmi Bevame clear by

ra to formthe catalyst SYysS
é{”élm“s% hﬁ’y ‘éﬁ‘ﬁ%‘? VHEh (@ ERRCraE AbPKe ﬂi}faytﬂqg]m%nt The
S |Béh£\)io1r Somt %Iuhgﬁ Qﬂﬂlﬂd ttltbeclﬁﬁ’& ﬁ(l)ﬁiﬁ@vaé Bb&fddoBr BQ%L Sninutes
in the anount of O. hr. The reaction m xture my
b yi mpesitesily edoling anddwamlntg the splukibiLs (Thipeptmgomanar wasTfoand to
E%Ctor be mai ntained full of liquid during the WD
20547588¢39°pCT/ US2003/ 040858 105 course of the
reaction. The tenperature in the bayonette slurry
reactor may be nmaintained within the range from m nus
92 to minus 88C, registerifableR2Swith resistance
thernoneters. The heat of polynerization may be
renmoved fromthe polynerizing slurry by vapori zi ng

'085'53 “The E”@%@BS&H#&@%&# = GILRERATER dicmeoaicn,

artlc tha e pal ynmer centrlatiq
E é) reacf%%; g‘&é’ﬁt 27 %lﬁﬁ} pol ymer B6 92

nsmt%satlmamn mayogg 1 6 m)l 0/?0 t he I\/boney lél scosi|ty 4
1+8@auo125C) may ~ be 50 +/% 3, and the réactor |may gd

U ~C = = —

ble fo Operare continpousTy for gn avers oilg about
es

Aot §CO nor e ¥t i | exce§§| ve floul Tsﬁ | ace -

wWitThin the reactor as neasured by warmer thnan nus
88C sl ur tenperature and / or excessive power draw
frPdWPIEﬂSﬂEXéMﬁbE& xer / agitator. The conversion
to polynmers of isobutylene in the feed may be about
90% and of isoprene in the feed may be about 83 %

Threopietia Exphpruct MethydChiowidy (Cétiphefivé)n the reactor
may be 4.12 T/ hr. Prophetic Exanple (I'nventive)
[ 00253] The process may be conducted as in Exanple 2,

b%ﬂiﬁf bay %%tﬂrgcess for producing butyl rubber may be conducted using a
bayonette type slurry reactor configuration such as that depicted in Figures 4
through 8.

[00248] A mixture of monomers in methyl chloride solution containing 20
wt% isobutylene, 0.55 wt% isoprene and 79.45 wt% methyl chloride may be
continuously fed into a bayonette slurry rea;:tor through a feed injection nozzle in
the amount of 15 T/hr. At the same time, a solution of aluminum chloride in
methyl chloride with a concentration of 0.1 wt% may be fed into the bayonette
slurry reactor through a catalyst injection nozzle in the amount of 0.5 T/hr. The
reaction mixture may be intensively mixed with the multistage agitator. The
reactor may be maintained full of liquid during the course of the reaction. The

temperature in the bayonette slurry reactor may be maintained within the range



slurry reactor may be operated at minus 75C slurry

tenperature rather than mnus 90C slurry tenperature.
wah@4os8829 ng et hyl ene in the bayonettes nmay bePOPESBEDFC0858

at m nus 95C. [00254] Wth the feed stream and

cat al yst system conpositionsglescribed in Exanple 2,

the catalyst streamflowate to the reactor nmay be

| owered to 0.25 T/hr to form a suspension of fine

r ubbiarmBdas B b e8inSY 8k°C, ri@élsthl'iﬁ‘% B%Mﬁési&ﬁﬁ:% ecﬂérflﬁ)'iﬁe?é}s The

within the reactor may be ab e po

uriat wiapélymeriggtione niay6 be nshidyed hﬁeomlbtlmejoolymmmmgt glurry by

be 50 +/ d.the reactor may be

Ciyboltnd B8 e Aetl s T B pdstEge of ot

| east 45 hours until excessive fouling takes place

Wi thin the reactor as neasured by warnmer than m nus

79802401 ur r y Thenprayhrubber meyl fomore sxpesisinvel fiowesbber @w’ucles

I gs%gfé:iﬂ?f tﬁ%ol*fﬁ %c%ﬂtfaglﬁrel mﬂm? #éeart]@gcré%r ;FEE§ b%gl L]L?Jt % the
2 Qﬁ)fl)‘rﬂﬁ'&ﬁﬁﬁui%ﬁﬂiﬁ MS@OBBI 840898 (isckéneBtrenfy] t1Rf MosaR! @i%sﬁy
in the feed may be about 80 % The total productlon of

budy$ aty (el may PRt eikoBo ranreihe bieagonanay fhe. able to operate
Pr&ﬁﬁﬁ&du@lgg?éct ea@ rHed &p@ﬂ{ 3?( ﬁglétls %@ﬁf é)%cﬁg-sh&e RIuBEE 2akes place

be co as-in
hywilrtluﬁ theoreaxtar d3aneadited é)ytwaﬂmeﬂt}ﬂﬁymbm 88°C slurry temperature and
dl/f| uor oet hane (r 52a er than HFC-134a,
i1 SRR POyt 6 B, mh Baeb A be g e conversion

prie %Fytméﬂéi of isbbut FEHQ in EH%”;‘EE@ hla?od%\’?ﬁ)roﬁf 96‘? :{ﬁgyofggqpreﬁ]e in the

obt ai ned. Prop I nventi ve
prfé%%tsahwy 6%&% cdihd ljciabnroglsctlcm Exiautpl ebBer inuthe tréwetdranay be
?d f alyst diluent may be a 50 wt %/ 50 wt % m xture
nmet’ Ryl chloride and HFC- 134a. Simlar reactor
production, reactor operability, product quality, and
ng)nomsr conversi ons may be obtained. [00257] All
repfielic Sxampletledeveadpt)i cat i ons, test procedures (such
as ASTM net hods), and ot her documsnts cited herein
are fully incorporated by reference to the extent
sUyae250] scl odleeprosesndor procinsiag shuzyit rubbéhntaki e conducted in a
i pvent i or][ and for all
bayonette type slurry reactor configuration such as that depicted in Figures 4
through 8, using 1,1,1,2 tetrafluoroethane (HFC-134a) rather than methyl chloride

as the diluent for the feed and catalyst steams.

[00251] A mixture of monomers in HFC-134a solution containing 30 wt%
isobutylene, 0.65 wt% isoprene and 69.35 wt% HFC-134a may be continuously
fed into the bayonette slurry reactor through a feed injection nozzle in the amount
of 15 T/hr. At the same time, a solution of ethylaluminumdichloride (EADC) and
HEFC-134a may be mixed to a concentration of 0.1 wt%, chilled to minus 80°C,
and then mixed with the initiator, anhydrous HCI, to provide a 3.0 mol/mol ratio
of EADC / HCl to form the catalyst system. The catalyst system may then be fed
into the bayonette slurry reactor through the catalyst injection nozzle in the
amount of 0.3 T/hr. The reaction mixture may be intensively mixed with a

multistage agitator. The reactor may be maintained full of liquid during the



jurisdictions in which such incorporation is

permtted. [00258] When nunerical lower limts and
woeoseosssad upper limts are |isted herein, raPQEBESI0D0M08SS

any lower limt to any upper limt are contenpl ated.

[00259] While the illustratiyg enmbodi nents of the

i nvention have been described with particularity, it

wi || be understood that various other nodifications

Wi At t e. r '

R R R
amchistampé vathit ke range nfrormminAs O8r @i mglug, 88°C, regisva@ing it with
i ntended that the scope of the clains appenpded hereto
béeqlﬁtwéfaewn%%eé&eifglﬁgﬁeegoft %fﬁzﬂma%éaélpprxﬁfyoﬂ% refpevedglrqmy the
h j rﬁfrﬁer t [ opst o i
e%@?nn%bggggngs al’l b%] hgééoergt rgisqﬁgﬁé teeI%t gﬁlﬁe}ﬁhﬁgve t(;/: inthe
whiagénettesi de in the present WD 2004/ 058829

PCT/ US2003/ 040858 107 invention, including all
features which woul d be treated as equival ents thereof

byooispse sKinel e ﬂﬂbbé}em%v tforhP a%%p‘e‘ﬂsﬁ)ﬂ%fi fiéeRbb&Nparticles
pertai ns. WO 2004/ 058829 PCT/ US2003/ 040858 108 CLAI VB
Weingh thgt the molyier| c@ncentraiop withis thetreageraducbe platuy 28 rvet%, the

caPRy A ERONT 01 XiRe B PR Mo P BRG R TL R g mey

hydrsof-#/usr arahd esacor nlakiftie able forbparate esitiatow:dy T riadi avBrage of
b;a%onet te. 2. The process of claiml1l, wherein the
prégewse) heurs o mgre yniloexegfsive fouling taksp phase Vit theeactor as

" GAGLAE I RafdliUnAE ARACRRIC syt RERIRGRMAC] oPMbxhsive
t he precedi ng cl ai s, erein reactor further
c poper desv fomehe nodtistagel inixdr 1 egitatdro UBiengpnvensionptp @olymers of

A thEdetd R e thignt ABATCRLSeRRRA Hrgieed may be

PiaBES: $30%,. dBk kH&Pro@ictibher Bﬂ?%ﬁ&r A YR RE b mb Be b A9 hr.,
part, and connecting pipes for the renoval of” the

polymer in the upper part. 5. The process of any of
tlﬁoﬁ{e 18%9{5&81&] &hvrre%ﬁvgxher ein the reactor further

[00253] The process may be conducted as in Example 2, but the bayonette
slurry reactor may be operated at minus 75°C slurry temperature rather than minus
90°C slurry temperature. The boiling ethylene in the bayonettes may be operated

at minus 95°C.

[00254] With the feed stream and catalyst system compositions described in
Example 2, the catalyst stream flowrate to the reactor may be lowered to 0.25 T/hr
- to form a suspension of fine rubber particles such that the polymer concentration
within the reactor may be about 26 wt%, the polymer unsaturation may be 1.6
mol%, the Mooney viscosity (1+8 at 125°C) may be 50 +/- 3, and the reactor may
be able to operate continuously for an average of at least 45 hours until excessive
fouling takes place within the reactor as measured by warmer than minus 75°C
slurry temperature and / or excessive power draw from the multistage mixer /

agitator. The conversion to polymers of isobutylene in the feed may be about



conprises a shaft with blade m xers nounted al ong the

hei ght of the shaft. 6. The process of any of the
w@em@aesisey cl ai ns, wherein the bayonette conpPCBHES2083/040858

plurality of tubes. 7. The process of claim®6, wherein

t he tubes conprise sectors. fig The process of any of

the preceding clains, wherein the bayonette conprises

tube di sks and tube baffles. 9. The process of claim

8, ' t: rnS

Lo do g B PO S S RN DB 3B St R p gy

Threblgr acths seasfor mhayi bm BODI/HP, wherein the tube baffles

conprise holes. 11. The process of any of clainms 8-10,

wherein the reactor conprises a catalyst system

dehbMREY HiiRBlceTfdnil&g an open end, the open end

| ocated in the space bétween the tube baffles. 12. The

process of claim 11, wherein the open end of the

c t system delivery.tube is angled in a do rd
citPERT on Y T Breein o e Conbred g s Bl B oot the
¢ IhgtreEuBrot@rboag @it isddW@ay BEE LT fI6QOBhnSEGIFNESRY) rather than
nor e cat al %st system del i very tube(s) conprising open

eddféC-134a. ‘phuilasireastersprofiudtion; mae®r opprabiityy rroduc gwality, and
0 J: n d .i downward direction toward
aqﬁcl)rg’glfe?c%gkgr%nesa}%go%e%%ﬁggd'any of the preceding

clai ms, wherein the reactor conprises a mxer |ocated
aﬁ; acent to a tupbe baffle. 16. The process of any of

t Haoptele Eyrmplect Grylivédher ei n t he one or nore

nmononer (s) conprise an isoolefin, preferably

i sobutylene, and a nultiolefin, preferably a

cdf92ight ed diherpeocesmay freedondadied as soBrange 21 but Heefeed and

o= ECigh BifeRe ) B R D A g e BIHTC-
| 004t Kians, r%ﬂ)raﬁrodﬁ&]‘cﬁiﬂ, StMEBR eope[%afb?ﬁtﬁt| ;ﬂ}l?bdhct quality, and

met hyl styrene, nore preferably para- ne styrene.
monomer conversions may be obtained.

[00257] All patents and patent applications, test procedures (such as ASTM
methods), and other documents cited herein are fully incorporated by reference fo
the extent such disclosure is not inconsistent with this invention and for all

jurisdictions in which such incorporation is permitted.

[00258] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.

[00259] 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



18. The process of any of the preceding clains,
wherein one or nore hydrofl uorocarbon(s) is

wo epresssed ed by the fornula: CXHyFZ wherei n x PGI/US2003/040858
integer froml1l to 40 and y and z are integers of one
or noré. 19. The process of giaim 18, wherein xis from
1 to 10. WD 2004/058829 PCT/ US2003/ 040858 110 20. The
process of claim 18, wherein x is from1l to 6. 21.
Thevdiies er“m?lu@fngcillaf’eﬁﬁlﬂe% ’WMH?{N%{J& B aftédoa@ éq[ L\%le%ts t%gl‘eof by
The process of "any of clainms 1-17, ere n
mihese Shgﬂ@d@lﬁthmtrtdea‘rlb@h@s)n\destlompﬁpemBjent ly sel ect ed
fromthe group consisting of fluoroinethane;
di fl uoronet hane; trifluoronmethane; fluoroethane; 1, 1-
di fl uoroet hane; 1,2-difluoroethane; 1, 1, 1
-trifluoroethane; 1,1,2- trifluoroethane; 1, 1,
1, 2-tetrafl uoroethane; 1,1,2,2-tetrafl uoroethane; 1,
1, 1,2, 2-pentafl uoroethane; 1-fl uoropropane;
2-fluoropropane; 1,1- difluoropropane;

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

di fl uoropropane; 1,1,1-trifl uoropropane;

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

-tetrafl uoropropane; 1,1,2,2-tet

1,2,3

-tetr

1

pe

e | uor opropane; 1,
-tetrafl uoropropane; 1, 1,
t

r af
3,3
tra

tetrafl uoropropane; 1,2,2,3- tetrafluoropropane; 1,
, 1,2,2-pentafluoropropane; 1,1,1, 2, 3-
nt af | uor opropane; 1, 1, 1,3, 3-pentafl uoropropane;
,1,2,2,3- pentafluoropropane; 1, 1,2,3,3

-pent af l uoropropane; 1,1,1,2,2,3- hexafl uoropropane;

1, 1, 1,2,3,3 -hexafluoropropane; 1,1,1, 3, 3, 3-

hexaf | uoropropane; 1, 1, 1,2,2,3,3

- hept af | uor opropane; 1,1,1, 2,3, 3, 3-

hept af | uor opr opane; 1-fl uorobutane; 2-fl uorobutane;
1, 1-di fl uorobutane; 1, 2-difl uorobutane;

1, 3-di fl uorobut ane; 1, 4-difl uorobutane; 2, 2-

di fl uorobut ane; 2, 3-difluorobutane; 1, 1, 1
-trifluorobutane; 1,1,2- trifluorobutane; 1, 1,3
-trifluorobutane; 1,1,4-trifluorobutane; 1,2, 2-
trifluorobutane; 1,2,3-trifl uorobutane;
1,3,3-trifluorobutane; 2,2, 3-



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

wa 4858824 et r af | uor obut ane; 1,1, 2, 3- tetrafl uoPCbHUSANF40858
1,1,2,4-tetrafluorobutane; 1, 1,3,3

tetrafluorobutane; 1,1,3, 4q4getrafl uorobutane;

4-tetrafl uorobutane; 1,2,2,3- tetrafl uorobutane;
tetrafl uorobutane; 1, 2,3, 3-tetrafl uorobut ane;
tetrafl uorobutane; o2 A3pi 3-tetrafl uorobut ane;
2 WO 2004/ 058829 PCT/ US2003/ 040858 111

orobutane; 1, 1, 1,2, 3-pentafluorobutane;

4-
4-
2,
lu

.éﬁ#gf gpgﬁﬁﬁgibgoa?g?&?g?Z-1beﬁ{agi36?obutane;

4,
2
3,
1,
af

D - _
SHNNH(D
—_ - -

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

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

h 2 3$3prop@qqt tof |pmﬂug@mcéymers comprising contacting one or more
, 1,2, 4 f
ont ot 100G SR 998, BndiaSuiludi sompgising oe or more
, 2, 2, JiydrofARiaécatton ?)QHBC@F& a reactdr compristagda bayonette,

hexaf | uor obut ane; 2, 4- hexafl'uor obut ane; 1,

, 1,2,3,3 hexafluorobutane 1,1,1, 2,3, 4-

I

uorobu ane;
@rh&xﬁﬁxhdmhe e&idtaries tubulbr deadtof., 4-
uo
2

3 Qll&%gxaf tglal%n } 3\) rem If}iex Eflcg QR baugl%pr?f’polymerlzauon

f
1 1
3,4
xaf robutane; 1, 1,2,2,3,3 -hexafl uorobut ane;
,1,2,2,3,4- hexafl uor obut ane;
1l, 2,

af |

2

t

S b3 9 M R B o

, ZoBptisetwexatital gylindricahlegusibg, 4n uppe? p2:t,3nd a lower part.
afl uorobutane; 1,1,1, 2,2, 4, 4- hept afl uor obut ane;
12234heptaf|uorobutane 1,1,1,2,3,3,4-

f |mrﬁbé€s§l R€ cladm 31 whirefn thetredethe Eirﬁlfef HALARE RBBnecting

, 2,4 4- heptafluorobutane 1,
leﬁsrfepd@lwemo pﬁth@tcataéfst dystent mzﬂ@ ,18w8r gart, and connecting

,p
1,
)t a
1
, 3,
ot Y858, A0Semdvat b B bor out ane
, 2,
af |
2
f
|

4,4, 4- octafluorobutane 1,1,1,2,3,4, 4, 4-

uQr obut ane;

3Lhg progess ¢ af"FlD’ lfértb% Proshding claims, whoren thegreactor further
&

or

Qﬁl%ggésaepﬁraftjwﬁﬂ biHQS ﬁuérsr%ﬁ%la&’ EI%HQE}% he}ght %f the shaft.

PoPRPRoORP IR I—\SHI—\:TI—‘HSI—\' o |—\|—\'c|—\' RO RRRERR!

6. The process of any of the preceding claims, wherein the bayonette

comprises a plurality of tubes.
7. The process of claim 6, wherein the tubes comprise sectors.

8. The process of any of the preceding claims, wherein the bayonette

comprises tube disks and tube baffles.

9. The process of claim 8, wherein the tube baffles comprise spaces between

the sectors.



met hyl propane; 1,3 -difluoro-2-nethyl propane; 1, 1, 1
-trifluoro-2- nethyl propane;

wa 24854829 f | uor o- 2- et hyl propane; 1, 3-di f| uor oOPQF/US2003/040858
(fluoronet hyl)propane; 1, 1, 1,3
-tetrafl uoro-2- et hyl propanejgpl, 1, 3, 3-
tetrafl uoro-2-nethyl propane; 1, 1,3
-trifluoro-2-(fluoronethyl)propane; 1, 1, 1,3,3
- RNt afiHeQH Geeds HEGMN PHPDAMSreik thelmBe BaftleS b ALL UM Pss2-
(fluoronethyl)propane; 1, 1, 1,3
-tetrafl uoro-2-(fluoronethyl)propane;
flyorocycl obutane; 1,1-difl uo cl.obut ane; )
1,192 ai 1HIGOPTSGE o akrfl; claims. S0y \hsreia BF oisietan somprises a

1,1, 2- tohialysti @y QeMme HOBKRREHe Jaor}lPﬁsing an open end, the open end
trifluorocycl obutane; 1,2,3-trifluorocyclobutane;

1, 1, 2, docataskindle¢ space bsteieethedwhe; baffles.
1,1,3,3-tetrafl uorocycl obutane; 1,1, 2, 2, 3-

pent af | uor ocycl obut ane;

1,12, 2, 13- pedsafdfudaiacye) onbicandie dpeh énd of tie Whlalyst system
2004/ 058829 PCT/ US2003/ 040858 112

hexaf | uﬂ@}lwy dulsys engled in a downward direction toward a mixer.

1,1, 2,2, 3, 4-hexafl uorocycl obutane; 1,1, 2,3, 3, 4-

hexaf | uor ocycl obut ane;

1,18, 2, Zh8,[Bodeshepuny bfiolainy 8410buhareen eieckendtsit ediBSrises one or
thereof. 23. The process of any of clains 1-17,

wher ei FOQRE&ABlE! %yﬁteﬁba?eéwewab?iﬁ) WHRBEHRIRESNAS- s

i ndependently sel ected from nonof| uor onet hane,

di f 1 uoronmet hane, trifl uoromet hane, nonofl uoroethane,

1,1#. di fTheaproedsharieclaimi ] 3,1whdreint ati fehst aomeedpeanand ik, ankled in a
1,2-tetraf|uo({%iethan%S 161’1 2,2, pentafl uoroethane,

and ni XPUPRErS HEreHgr Bward appigety ocess of any of the
precedi ng cl aims, wherein the diluent conprises from

15 to 100 vol une % HFC based upon the total vol unme of

t He. di IThemprocespef amynef the oreeeding tlaims; vdferain shepreagenicangprises

voi ume SRR e AR st MR BB ST ure ot the.

diluent. 26. The process of any of the preceding
clainms, wherein the diluent conprises from25 to 100
vdPune e Hprecass ¥ rypeh thenreessing clpgnginwheseint the one or more

di | uent, R e q sgmpﬁ of eGeqd|
cl ai s, ?/l\ﬁereéﬁg % eﬁgsl%l uentlSO%uﬁ%f% ePIelP%SGI riqgogglggene’ and 2
hydr oc amboelefin, preferabbaz tonyegatddadieme, nmnelprferalbsly isvprene.
gas.
17. The process of any of the preceding claims, where the one or more
monomer(s) comprise an isoolefin, preferably isobutylene, and an
alkylstyrene, preferably methylstyrene, more preferably para-

methylstyrene.
18.  The process of any of the preceding claims, wherein one or more
hydrofluorocarbon(s) is represented by the formula: CyHyF, wherein x is

an integer from 1 to 40 and y and z are integers of one or more.

19.  The process of claim 18, wherein x is from 1 to 10.



28. The process of claim 27, wherein the hydrocarbon
is a hal ogenated hydrocarbon other than an HFC. 29.
wabh@4pssseess of claim 28, wherein the hal ogenap@dus2003/040858
hydrocarbon is nmethyl chloride. 30. The process of
any of the preceding clains, jyherein the catal yst
system conprises one or nore Lewi s acid(s)
represented by the fornula MX4; wherein Mis a G oup
4, 5, or 14 netal; and each X is a hal ogen. WD
2004/ 058829 PCT/ US2003/ 040858 113 31. The process of
amp- of ‘Bhegirpeesy obdainph®rdienein ixds fratal tosh. syst em
conprises one or nore Lewis acid(s) represented by
the formula MR, X4-n ; wherein Mis Goup 4, 5 or 14
mezial ; BaCitoddss 6f dai® DOWMeesh xGd b GbZ hydr ocar bon
radi cal independently selected fromthe group
consi sting of an alkyl, aryl, arylal kyl, alkylaryl

a c al ad cal s; +n j n, i,pteger fr 0 to 4;

a%' ggi:: >é§ i&lsesga ﬁi}al%ger?.f §%§m$hglz’r o‘gg%rgmogﬂé\nweofor more
cl ai ms Hydadluovdvart@in(s) tih tndepérlentdi sclycé® PotORRIIr8@S consisting
one or r}o e Lewis acid(s) represented by the fornula

M RO) f R néé!@-r?lp?thm}e,;)C}lﬂuvmewe&aﬁe;mr}fbm@r@@bam; fhl,or@gham; 1,1-
net al ; IS a I 1t Q.. r r hoxy )
r adi cal(ﬁiﬁ%ggéggﬁﬁ@fént I 13}9%2% er(g({ﬂé g1‘ r o%’ﬁgngggrﬁgt%gne’ 1,12
consi sttiiflgoroéthame; al kbkyl,2-eirgfloorgethamey| al K0R)2-tetrafluoroethane;

| kyl icals;, each is a nonovalent Cl to

Q15 b b iR SIRRIOPY® ooa-Bopmarietm  1.1-

the or lidudieOpdbaid: N9 03-dfi0RdY &ﬁl) e’ Y3 &ba ane;  2,2-
caafls; B ger

al kyl aryl - and cycl oal'kyl radi nis an inte
fromoO Cgﬂu%wmpii@; an,li, htréfyeroriropame) 1.4,24trifldosopeopanthel,1,3-
sum of tif1 @rgprrcr)]plaﬁe;nP,IZ,Zm?{fﬁlo}ol?)?gpaﬁé; 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-pentafluoropropane; 1,1,1,2,2,3-
hexafluoropropane; 1,1,1,2,3,3-hexafluoropropane; 1,1,1,3,3,3-

hexafluoropropane; 1,1,1,2,2,3,3-heptafluoropropane; 1,1,1,2,3,3,3-
heptafluoropropane; 1-fluorobutane; 2-fluorobutane; 1,1-difluorobutane;
1,2-difluorobutane; 1,3-difluorobutane; 1,4-difluorobutane; 2,2-
difluorobutane; 2,3-difluorobutane; 1,1,1-trifluorobutane; 1,1,2-
trifluorobutane;  1,1,3-trifluorobutane;  1,1,4-trifluorobutane;  1,2,2-
trifluorobutane;  1,2,3-trifluorobutane;  1,3,3-trifluorobutane;  2,2.3-
trifluorobutane; 1,1,1,2-tetrafluorobutane; 1,1,1,3-tetrafluorobutane;
1,1,1,4-tetrafluorobutane; 1,1,2,2-tetrafluorobutane; 1,1,2,3-
tetrafluorobutane;  1,1,2,4-tetrafluorobutane;  1,1,3,3-tetrafluorobutane;
1,1,3,4-tetrafluorobutane; 1,1,4,4-tetrafluorobutane; 1,2,2,3-
tetrafluorobutane;  1,2,2 4-tetrafluorobutane; 1,2,3 ,3-tetrafluorobutane;

1,2,3,4-tetrafluorobutane; 2,2,3,3-tetrafluorobutane; 1,1,1,2,2-



and each X is a halogen. 33. The process of any of
clains 1-29, wherein the catal yst system conpri ses

Wor@40588aDre Lewi s aci d(s) represented by the POF/DS81083/040858

M RC=00 nR nX4- (mtn); wherein Mis Goup 4, 5, or 14
metal; each RC=OO is a nonovahent C2 to C30

hydr ocar bacyl radical independently selected fromthe
group consi sting of an al kacyl oxy, arylacyloxy,

aryl al kydraaitlosobarl ky! ar yi ﬁ@,‘ﬁ'ﬁﬁiéﬁtéiﬂ%h&lﬁh 1,1,1,2,4-
2004/ 058829 PCT/ US2003/ 040858 4 eac

nonoval ktafloprebmtane? hydr dchi,Bciﬁpmmﬂlmad)butmﬂependenlt,l,y,3,4-

sel ecte group cgn al ky aryl|

aryl al k ol I k&qugafny' ndolcﬁ:’ﬁ ‘%m%{l}oé&‘%%e . n i sbhA23-
i nt egerpdntiootivand; M i S 112 PAERSRII ok HRel © 4 o g123:3
wherei n the sum of nand mis not nore than 4;

each X Patafluqmbmipmg; 34, Thk2, @%wéaéhmotameof c| ailyk3,3,4-

1- 29, i at al yst ri.ses one or
nor e L%%sﬁgglr& %)ng’r epreselh%'s%’gt3 n?al%gp %l%llﬁ%ﬁa MOX3; 1,2,2.34-
wher ei rpditdfosob@tanep 5 matial,2, 23 HexaBl@abkobtitahs; @ 1,1,1,2,2,4-

hal oge e process of any of clains 1-29,
vvhergl ﬂhelxﬁfzu‘trﬁ WeNRt sy st dml-basphaxsduorobyenesr nor é,1,1,2,3,4-

Lewi s qggxgﬁ@mm&s@sent e‘ilébp’zéﬁqeh%gﬁ%ijo 3 wher I,ﬂ334-

Mis a Goup 13 netal ach dgen.
The pr dessBuawbbutane; of cl a;1;m3,4,42&,xaﬂﬁ(&bbmmnd he 1,1,1,4,4,4-

pe L e RTINS
G oup ]lﬁ:xﬂﬁli(ﬁbbutane, 1,1,2,2.4,4-hexafluorobutane; 1,1,2,3,3,4-
hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane; 1,2,2,3,3,4-
hexafluorobutane; 1,1,1,2,2,3,3-heptafluorobutane; 1,1,1,2,2.4,4-
heptafluorobutane; 1,1,1,2,2,3 4-heptafluorobutane; 1,1,1,2,3,3,4-
heptafluorobutane; 1,1,1,2,3,4,4-heptafluorobutane; 1,1,1,2,4,4,4-
heptafluorobutane; 1,1,1,3,3,4,4-heptafluorobutane; 1,1,1,2,2,3,3 4-
octafluorobutane; 1,1,1,2,2,3,4,4-octafluorobutane; 1,1,1,2,3,3,4,4-
octafluorobutane; 1,1,1,2,2,4,4 4-octafluorobutane; 1,1,1,2,3,4,4,4-
octafluorobutane; 1,1,1,2,2,3,3,4,4-nonafluorobutane; 1,1 ,1,2,2,3,4,4,4-
nonafluorobutane; 1-fluoro-2-methylpropane; 1,1-difluoro-2-
methylpropane; 1,3-difluoro-2-methylpropane; 1,1,1-trifluoro-2-
methylpropane; 1,1,3-trifluoro-2-methylpropane; 1,3~difluoro-2-
(fluoromethyl)propane;  1,1,1,3-tetrafluoro-2-methylpropane;  1,1,3,3-

tetrafluoro-2-methylpropane; 1,1,3-trifluoro-2-(fluoromethyl)propane;
1,1,1,3,3-pentafluoro-2-methylpropane; 1,1,3,3-tetrafluoro-2-
(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-(fluoromethyl)propane;
fluorocyclobutane; 1,1-difluorocyclobutane; 1,2-difluorocyclobutane; 1,3-
difluorocyclobutane; 1,1,2-trifluorocyclobutane; 1,1,3-
trifluorocyclobutane; 1,2,3-trifluorocyclobutane; 1,1,2,2-
tetrafluorocyclobutane; 1,1,3,3-tetrafluorocyclobutane; 1,1,2,2,3-

pentafluorocyclobutane;  1,1,2,3,3-pentafluorocyclobutane; 1,1,2,2,3 ,3-



each Ris a nonovalent Cl1 to Cl2 hydrocarbon radica

i ndependently selected fromthe group consisting of
wa@eooaloksgeg aryl, arylal kyl, al kylaryl and cycPOHUE2003/040858

radicals; nis an integer froml to 3; and each Xis

a hal ogen. 37. The process ofj;any of clainms 1-29,

wherein the catal yst system conprises one or nore

Lewis acid(s) represented by the formula

M RO nRigiBudrideyblobuter @i1m Whissheaff al : ]
2004/ 058829 PCT/ U52003) 040858 115aea§%eﬁ%§?‘ggae’ L1534

nonov al kerefl@iroeyscldsaansy dd 28 Bakheptafliocadyclobutane and mixtures
[ ndepenﬂgl%%y sel ected fromthe group consisting of

an al koXy, aryl oxy, aryl al koxy, al kyl aryl oxy

radicals; each Ris a nonovalent Cl1 to Cl2 hydrocarbon
radi cal_independently selected fromthe group

comsi st Theg wecesp af kaay, odr glaimgr {414} kyhereal K¢ aond or more

and cyc .cal:s: IS it r. fromO.,to 3;
mis anﬂy@ﬁ%ﬂ%&g&?ﬁdgggdﬁ%@@mﬁﬁ@}( éaﬁag‘ﬁémghmoal?ﬂwawathm»
mis frdiftudrohetidne amifluosatdhale] BofoMaro@Rihe, 38 -difii6roethane,
process ﬁy of clains 1-29, wherein the catal yst

f a
syst em ]egrlrﬁFl yaroethdgpe or nodd,Lévgtetheresthape, 1,1,1,2,2,
repres ef f =00 NR mMX3- (mtn);
wher ei ?klﬁ\}l [ gt%goe%{{ag%pa%%@ﬂ Iﬁ@trégl(ﬂ;%g%h RC=00is a
nonoval ent hydrocarbacyl radical independently

S ct fromth ro i ndependently selected from
C e o The RGPy OM Sk DR ETEEIAG CHay B KA diyen: comprise
aryl acyhaniys tanvb b4 HrOW¥ased aﬁéé&{ﬂhtég&%@ﬁlﬁé ¥f the diluent.

radicals; each R is a nonoval ent
hydr ocar bon radi cal independently selected fromthe

g{ v Pagﬁﬂsﬁrgéésg r glfly 580 |p¥<=}</:|edin§1 rc}élirhs,avfzﬂérgiln K[Kel diluent comprises

from 20 to 100 volume % HFC based upon the total volume of the diluent.

26.  The process of any of the preceding claims, wherein the diluent comprises

from 25 to 100 volume % HFC based upon the total volume of the diluent.

27.  The process of any of the preceding claims, wherein the diluent further

comprises a hydrocarbon, a non-reactive olefin, and/or an inert gas.

28.  The process of claim 27, wherein the hydrocarbon is a halogenated

hydrocarbon other than an HFC.

29.  The process of claim 28, wherein the halogenated hydrocarbon is methyl

chloride.

30.  The process of any of the preceding claims, wherein the catalyst system
comprises one or more Lewis acid(s) represented by the formula MXy;
wherein M is a Group 4, 5, or 14 metal; and

each X is a halogen.



and cycloal kyl radicals; nis an integer fromO to 3;
mis ainteger fromO to 3, wherein the sumof n and m
wo goofiosasedl to 3; and each X is a hal ogen. 39.PdT1ES2003/040858

process of any of clainms 1-29, wherein the catalyst
system conprises one or norgidew s acid(s)
represented by the fornmula MXY; wherein Mis a G oup
15 netal; each X is a halogen; and yis3,40r5. WO
2004/ 058829 PCT/ US2003/ 040858 116 40. The process of
any of clainms 1-29, wherein the catal yst system
Cc o%p ri sBlee proness off anpoé claand $-28cwii¢rsin the palbyah bestenb yomprises

the formul a MRn n; rein Mis a.G.oup,l al ;
eagh %rclms‘? A %ﬁ%gyllgewvméfe rgsﬁ%ﬂﬁ éﬁ%%&&ﬁcal
i ndepengkditinM iSet@p£8, bf PMnbfAE group consisting of

an al kyl, aryl, arylalkyl, alﬁglaryl and cycl oal kyl
r adi cal %ch Rjis aamdnavaeetr Cf torfd hyslrdcarlyoni saddsal 4ndepesdently

i T B30t Ao S50 BB ERL st

cat al ysindsysloalkyLeidtaisses one or nore Lew s aci d(s)
represented by the formula M RO NnR n, Xy _(mtn);
wher ei i* Mandniggendem 04g4mndal | each RO is a nonoval ent

Cl to G0 RydnecRRexy radical independently selected
fromthe group cofsisting of an al koxy, aryl oxy,

aryl al koxy, al kylaryloxy radicals; each R is a
oval.ent Cl to_.Cl2 E drocirgon radi cal independently
sel%ect e rRIBRESE RE 2R 8 éa@bsn 231 Whgyeiwythe gatalyil systemp gemprises

aryl al kofle.or ahdry Lewi aciRE)de ¥Rl Hi¥the E‘(ﬂ'ﬂ{u‘fMRO)nR'mXL;-(mm);
wherein M is Group 4, 5, or 14 metal;
each RO is a monovalent C; to Csp hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;
each R' is a monovalent C; to Cyy hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;
m is an integer from O to 4, wherein the sum of n and m is not more than 4;
and

each X is a halogen.

33.  The process of any of claims 1-29, wherein the catalyst system comprises
one or more Lewis acid(s) represented by the formula M(RC=00),R'nXy-
(m+n)>
wherein M is Group 4, 5, or 14 metal;
each RC=00 is a monovalent C, to Csg hydrocarbacyl radical
independently selected from the group consisting of an alkacyloxy,

arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;



nis an integer fromO to 4, mis an integer fromO
to 4;, yis 3, 4 or 5 wherein the sumof n and mis

wo ewg/osd82n y; and each X is a hal ogen. 42. ThRCPUSEX610858
of any of clainms 1-29, wherein the catal yst system
conprises one or nore Lew s jagcid(s) represented by
the formula MRCOO)NnR nXy _ (mtn); wherein Mis a
Group 15 netal; each RC=00 is a nonovalent C2 to C30

hydr ocaghaci! axy fhadvaght d, r‘t@leéﬁnﬁgdg&éa)fb&? 'r&ftﬁéa‘f qnﬁ%;a%ﬂaently

t he group consisting of an al kac
aryl al ksdleotad Gsap, thal gegupracarsitipg O)fyanr dldyl(;ab&l ar\yﬁlkyl alkylaryl

2004/ 05 9 040858 117 each R is a
m)novalaé}zéf‘[2 é@cﬁ(@fp%% %ydr ocar bon radi cal independently
sel ect eglifanamebbierath QU 4consi sting of an al kyl, aryl,
aryl al kyl, al kyl aryl and cycloal kyl radicals; n is an

i nt egermf1$ aintegen fram 0 4, svhgrein Hrestyer offr @  i$ not4norg than 4;
is 3, 4.9 5, wherein the sumof .n and na is | ess than
y; and “each X is a hal ogen. 43. The process of any of

clai ms dacBX isWiRlIcgen. t he catal yst system conprises
one or nore Lewis acid(s) independently selected from
the gr oup consi sting of titaniumtetrachl oride,

tifani %E%’Q 9%9 6f cl\éﬁlgsa? '29%P£r%¥n & I?:l 1;% ygﬂf;eylﬂﬁtnll gomprises

tet rach Zirconi um ori de,

bromi d eonet(rrlrmhb Qreivibeacid(s)trapriesitet lk;rmmf&mlﬁu Ny i de,
vanadi um broni de trichl or{?fﬂ tin chloride
trifluoVieren Mdna Groun xmetahandi chl or i de,

di benzyéat:ht)@fglaqmor%ghchl ori de, benzyl zirconium
trichloride, dibenzylzirconium dibrom de,

thyltltanl umtr| chloride, dinethyltitanium
di f4 uor . di orj de, hen vanadi um
04 o e BB g kot e, pheny veragt
one or more Lewis acid(s) represented by the formula MXs3;
wherein M is a Group 13 metal; and

each X is a halogen.

36.  The process of any of claims 1-29, wherein the catalyst system comprises
one or more Lewis acid(s) represented by the formula MR, X3.,, .
wherein M is a Group 13 metal;
each R is a monovalent C; to Cj, hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 1 to 3; and

each X is a halogen.

37.  The process of any of claims 1-29, wherein the catalyst system comprises
" one or more Lewis acid(s) represented by the formula M(RO),R'uX3-(mn);

wherein M is a Group 13 metal;



butoxytitaniumtrichloride, di(isopropoxy)titanium
di chl oride, phenoxytitaniumtribrom de,

W@ b@npsssed hoxyzi rconiumtrifluoride, methyl PCT/US2003/040858
met hoxyti tani um di chl ori de, nethyl nethoxytin
di chl oride, benzyl isopropoyyvanadi um dichloride,
acetoxytitaniumtrichloride, benzoyl zirconium
tribrom de, benzoyl oxytitaniumtrifluoride,
I sopro | DodonbIRTE 08 CIPhUtboRGEL MRichf fdbERdent
dichlo?%%g,ﬁﬁgﬁggﬁ& %gnzofloxyggﬁg%?%nwc | oride, petidently
vanadi gebected tfrome hhorgroep, cahsistinguod ath ralkdyorarylexy, banyticoxy,
trifluoride, galliumtrichloride, indiumtrifluoride,
et hy! alahﬂ‘?%ﬁﬂﬁg}ﬂra&ﬂa i de, methyl al uni num di chl ori de,
benzyl ahympnym, oGéNMnk A8, 1d TP Wy RAIbh Wallical independently
di chl oride, diethylalum num chloride,
di met hyelattedifroumtlzhgonp densistingy ph b mkylinaryl, arylalkyl, alkylaryl

sesqui chlori.d t hyl al um num sesqui chl ori de ,
trinet ﬁ?ﬁ&Yﬂ?ﬁ%ﬂﬁ?ﬁE@%et hyl al uni num et hoxyal um num
di chl oniidan iftédeeXsal e 33um di chl oride, 2,6-di-tert-

but yl phenoxyal um num di chl ori de, methoxy )
met hy| & isranriniegesHiam O de 3, wherginghe sum of b@ad rip &Ky to 3; and

met hyl al ym hl ori de, isopropoxygallium WO
2004/ ogéé%q%@f‘%&%%oosl 040858 118 dichl ori de, phenoxy
nmet hyl i ndi um fl uori de, acet oxyal unmi num di chl ori de,

benzoyl oxyal um num di brogm de, benzaoyl ox%agail [ium )
di3fl uorkbgerogess ol amy #&é@g;@;}a?%ﬁylmﬁpghﬁ alygt system comprises

| SOPT OROX | PRGN Jfd ONVEBlck ed BBl MERC=00)RnXs

P
hexachorlge, ant 1 nony xafluor i arseni c
pent af l4k@f i de, antinony chloride pentafluoride,
arsenic tri.fluori i.smuth trichloride arsenic

e,
f1 uori d¥LER M ’fquag? ¢k aphenyl ant i nony chl ori de,

tri pherybiant Co00Y is H GhéRIvhRe: hydrocarbacyl radical independently
tetrachl or onet hoxyanti no %

ny,
di met horlgeteil drvn theagroi pendghidniselecad fioox ihgr& teCso group
chl or odi net.hoxyarsi ne, difluoronet hoxyarsine,
acet at c‘):f)%%lf’tg@hl o? oant] rmar%g(/a,‘cy Qﬁié’hzog’iy)cf)%yfo y, " arylalkylacyloxy,
t et r achilign@gntyloryydicanrg bi smuth acetate chloride.
44. The process of anyf of clainms 1-29, wherejn

cat al yseclFstiam BoRpraeEsCi ghorhydicaroayiadical tirgigge)ndenﬂy
| ndepengRpll Yrcif S bRfp oML o W UWhkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from O to 3;
m is a integer from O to 3, wherein the sum of » and m is from 1 to 3; and

each X is a halogen.

39.  The process of any of claims 1-29, wherein the catalyst system comprises
one or more Lewis acid(s) represented by the formula MX,;
wherein M is a Group 15 metal;
each X is a halogen; and

yis3,4or5.



consi sting of alum numtrichloride, alum num
tribrom de, ethylalum num dichloride, ethylalumnum

W@ emassskd ori de, det hyl al um num chl ori de, PCT/US2003/040858
met hyl al um num di chl ori de, nethyl al um num
sesqui chl ori de, dinethylal uiigrum chl ori de, boron
trifluoride, and titaniumtetrachloride. 45. The
process of any of clains 1-29, wherein the catal yst
SY4T, €M TIRIPOLES Bf bnsaf) n :
repr esent ed bf/sg? o?ﬁ},uﬁg%wg(%sép\%gbﬁgajmﬁ tl‘ﬁg %gttdl r%%%[g%gg&gp Hses
met al , oueiog nzorp Ak wipersid()GeprTreatqolryctbs forofulaMiR,Xf...t he

pr ecedi cl ai.ns, ~wherein the catal yst system
conpr i s‘gl_ger ‘nﬁXstr%Sé?W%fPa%ﬂ a carboxylic acid, a
car boxydatk RGhth BrhbeBentaC; $8!ld¢QMyelrathn %Ellél qg&b%lemdently

a phenol, a polyneric halide, a tertiary a

hal i de,selgctedrfromrthe rapkspnsisting @6 ancalkdr wivhr arylally,| alkylaryl

ester, t ' | kyl ester, a tertiary alkyl
et her, agldtcgp%):‘l%%rag{cg]lskyl ether, an al kyl halide, an

aryl  haisiadénteger falnkg kautyl hal i de or an aryl al kyl aci d
hal i de. 47. The process of any of clains 1-45, wherein

the catdfyst O5ysWasieinanipiassten yomrd or nore
initi ata&ﬁ%ﬁ%g@ﬁgdent ly selected fromthe group

consi sti ng 58829 PCT/ US2003/ 040858 119 of
HCl, H20, methanol, (CH3)3CCl, CBH5C(CH3) 2Cl,

2-Chl qQr,0- 2, 4, 4- .trinethyl pent ane) and
NI 3 T Gk S g ———

cl ai ms ched® moMEERIsRcid t o%mqugﬁ' .
one or rrgr e_n} niti atsoﬁ(s rﬁﬁ%ﬂ%%geﬁ(})gﬁ%{ff/ seFdec egi‘?f“bxrﬁ'(m’m)’
t he gr ovlereinMisa Grayp 16fmételdr ogen chl ori de, hydrogen
brom de, ;h ogen iodide, acetjc, acid, ropangi, c

aci d, t?ﬁ%}é%{g?é FERPOVEPIG T Cap o h‘_}’g’l i fpdependently
1- chl orsereRtl i £omagk darotlh COhASARACBE iaf ﬁﬁb)%ﬂ, aryloxy, arylalkoxy,
trichorgacetic acid, trifluoroacetic acid, p-

chl or otf¥favioxgesdicalss- | uor obenzoi ¢ acid, acetyl
g g0 R . oo SO i s

chlori ri oroac

trifl ucelsetedtfydns hho piotid , copsiklingd b b be RGN @ﬂfvl, Qiry1ey, alkylaryl
met hanesanlgfﬁni g acid, trifluoronmethanesulfonic acid,
t ri chorBAEYHAHEEURLiSHSc aci d, p-tol uenesul fonic acid,

met hangsyhi ﬁﬁé’éer 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.

42.  The process of any of claims 1-29, wherein the catalyst system comprises
one or more Lewis acid(s) represented by the formula M(RC=00),R'X,.
(m+n)s
wherein M is a Group 15 metal;
each RC=00 is a monovalent C, to Csp hydrocarbacyloxy radical
independently selected from the group consisting of an alkacyloxy,

arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;



chl ori de, nethanesul fonyl brom de,
trichl oronet hanesul fonyl chlori de,

wao eooftlossseo et hanesul f onyl chl ori de, p-tol uenesedT/O82003/040858
chloride, nethanol, ethanol, propanol, 2-propanol,
2- et hyl propan-2-ol, cycl ohexgnol, benzyl al cohol,
phenol , 2-net hyl phenol, 2, 6-di net hyl phenol ,
p- chl or ophenol, p- fl uorophenol,

2,3, 4, Bedoh PN Imoem@ﬁm e, toa@,g @yd}wa&%g ?egﬂ&ﬁ hﬁﬁe%@ﬁdently

49 The rocess of any of clains
cat al ysge fs:?es]t Bomcibearouresonsistiog af ampalkyl; miytlj adyballtd) alkylaryl

[ ndepend P/ e fromthe group consisting of
ﬁﬁ?!aﬁg?ﬁy

2-chl or 8" | pent ane;

2- brormn?saﬁuﬂte ¢ri ff6h D) pent ane;  2-
chl or o- 2- met hyl pr opane; 2- br ono- 2- nmet hyl pr opane;

2- chl or’givayingeer omdstatdanet hyl hept ane:

2-b t th hl o | -
Doy B R SR A s 181
1- chl oremeh Byisladnkgee; 1, 4-

bi s(1-chl oro-I|-nethyl et hyl) benzene;
5 tert-butyl-1,3-bis(1-chloro-I- nethylethyl) benzene;

2 B0 ot SRR MRS e BE Ao comriss
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isopropoyloxytin trichloride, methyl acetoxytitanium dichloride, benzyl
benzoyloxyvanadium chloride, vanadium oxytrichloride, aluminum
trichloride, boron trifluoride, gallium trichloride, indium trifluoride,
ethylaluminum dichloride, methylaluminum dichloride, benzylaluminum
dichloride, isobutylgallium dichloride, diethylaluminum chloride,
dimethylaluminum chloride, ethylaluminum sesquichloride,
methylaluminum sesquichloride , trimethylaluminum, triethylaluminum,
methoxyaluminum dichloride, ethoxyaluminum dichloride, 2,6-di-tert-
butylphenoxyaluminum dichloride, methoxy methylaluminum chloride,

2,6-di-tert-butylphenoxy methylaluminum chloride, isopropoxygallium
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45.  The process of any of claims 1-29, wherein the catalyst system comprises
a Lewis acid that is not a compound represented by formula MX3, where

M is a group 13 metal, X is a halogen.

46.  The process of any of the preceding claims, wherein the catalyst system
comprises a hydrogen halide, a carboxylic acid, a carboxylic acid halide, a
sulfonic acid, an alcohol, a phenol, a polymeric halide, a tertiary alkyl
halide, a tertiary aralkyl halide, a tertiary alkyl ester, a tertiary aralkyl
ester, a tertiary alkyl ether, a tertiary aralkyl ether, an alkyl halide, an aryl
halide, an alkylaryl halide or an arylalkylacid halide.

47.  The process of any of claims 1-45, wherein the catalyst system comprises

one or more initiator(s) independently selected from the group consisting
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of HCl, H,O, methanol, (CH;);CCl, C¢HsC(CH;),Cl, (2-Chloro-2,4,4-
trimethylpentane) and 2-chloro-2-methylpropane.

The process of any of claims 1-45, wherein the catalyst system comprises
one or more initiator(s) independently selected from the group consisting
of hydrogen chloride, hydrogen bromide, hydrogen iodide, acetic acid,
propanoic acid, butanoic acid; cinnamic acid, benzoic acid, 1-chloroacetic
acid, dichloroacetic acid, trichloroacetic acid, trifluoroacetic acid, p-
chlorobenzoic acid, p-fluorobenzoic acid, acetyl chloride, acetyl bromide,
cinnamyl chloride, benzoyl chloride, benzoyl bromide,
trichloroacetylchloride, trifluoroacetylchloride, p-fluorobenzoylchloride,
methanesulfonic acid, trifluoromethanesulfonic acid,
trichloromethanesulfonic acid, p-toluenesulfonic acid, methanesulfonyl
chloride, methanesulfonyl bromide, trichloromethanesulfonyl chloride,
trifluoromethanesulfonyl chloride, 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.

The process of any of claims 1-45, wherein the catalyst system comprises
one or more initiator(s) independently selected from the group consisting
of 2-chloro-2,4,4-trimethylpentane; 2-bromo-2,4,4-trimethylpentane; 2-
chloro-2-methylpropane; 2-bromo-2-methylpropane; 2-chloro-2,4,4,6,6-
pentamethylheptane; 2-bromo-2,4,4,6,6-pentamethylheptane; 1-chloro-1-
methylethylbenzene; 1-chloroadamantane; 1-chloroethylbenzene; 1, 4-
bis(1-chloro-1-methylethyl)  benzene;  5-tert-butyl-1,3-bis(1-chloro-1-
methylethyl) benzene; 2-acetoxy-2,4,4-trimethylpentane; 2-benzoyloxy-
2,4 4-trimethylpentane; ~ 2-acetoxy-2-methylpropane;  2-benzoyloxy-2-
methylpropane; 2-acetoxy-2,4,4,6,6-pentamethylheptane; 2-benzoyl-
2,4,4,6,6-pentamethylheptane; 1-acetoxy-1-methylethylbenzene; 1-
aceotxyadamantane;  1-benzoyloxyethylbenzene;  1,4-bis(1-acetoxy-1-

methylethyl)  benzene;  5-tert-butyl-1,3-bis(1-acetoxy-1-methylethyl)
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benzene; 2-methoxy-2,4,4-trimethylpentane; 2-isopropoxy-2,4,4-
trimethylpentane; 2-methoxy-2-methylpropane; 2-benzyloxy-2-
methylpropane; 2—methoxy-2,4,4,6,6-pentamethylheptane; 2-isopropoxy-
2,4.4,6,6-pentamethylheptane;  1-methoxy-1-methylethylbenzene;  1-
methoxyadamantane;  1-methoxyethylbenzene;  1,4-bis(1-methoxy-1-
methylethyl) benzene; 5-tert-butyl-1 ,3-bis(1 -methoxy-1-methylethyl)
benzene, and 1,3,5-tris(1-chloro-1-methylethyl) benzene.

The process of any of the preceding claims, wherein the catalyst system

comprises a weakly-coordinating anion.

The process of any of the preceding claims, wherein the one or more

initiator(s) comprise greater than 30 ppm water (based upon weight).

The process of any of the preceding claims, 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.

The process of any of the preceding claims, wherein the one or more
monomer(s) is independently selected from the group consisting of
isobutylene, styrene, para-alkylstyrene, para-methylstyrene, alpha-methyl |
styrene, divinylbenzene, diisopropenylbenzene, isobutylene, 2-methyl-1-
butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene, butadiene, 2,3-
dimethyl-1,3-butadiene,  B-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, methyl cyclopentadiene, piperylene, methyl

vinyl ether, ethyl vinyl ether, and isobutyl vinyl ether.

The process of any of the preceding claims, wherein the one or more
monomer(s) comprise at least 80 wit% isobutylene based upon the total

weight of the one or more monomer(s).
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The process of any of the preceding claims, wherein the polymerization

temperature is from 15°C to -100°C.

The process of any of the preceding claims, wherein the polymerization

temperature is from -30°C to -70°C.

The process of any of the preceding claims, wherein the polymerization

temperature is from -40°C to -60°C.

The use of a diluent comprising one or more hydrofluorocarbon(s) (HFC's)

in the process of any of the preceding claims.

A polymer produced by the process of any of the preceding claims.



